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INTRODUCCION

Today’s actuary can get a certain
amount of social respect anywhere ...
by pretending to be an economist

actuarialjokes.com

El Diccionario de la Real Academia de la Lengua de#he al “actuario” como aquella persqna versaga en
los calculos matematicos y en los conocimientgg“@stadisticos, juridicos y fingRgieros/concern sa
los sequros y a su régimen, la cual asesora a las entidadds ase '
operaciones de estas.

Los seguros se asocian a lo contingente, lo azaroso y lo incierto. Se asocia a la antigua necesidad
humana de protegerse frente a los eventos dafiinos a través de la solidaridad. Protegerse del riesgo. La
estadistica se junta con los datos, la probabilidad y la inferencia. Era inevitable el matrimonio entre
ambas. La solidaridad se convirtio en “ley de los grandes numeros”, el dafio en “esperanza
matematica”, y lo actuarial en una profesion

El desarrollo de los mercados internacionales de capitales y el potencial de las nuevas tecnologias
permiten la innovacion de nuevos y atractivos productos. La ingenieria financiera desarrollada a finales
del siglo pasado introdujo nuevos paradigmas de valoracion en los productos financieros. La solidaridad
paso a negocio. La estadistica se cans6 de su viejo y rancio actuario y se fue con el joven triunfador de
las finanzas. Los actuarios tuvieron que ponerse al dia. Un famoso actuario definid a estas nuevas
promociones como “Actuarios de Tercera Generacion”.

El mundo de los servicios financieros se ha vuelto complicado. Reguladores y accionistas luchan
contra el riesgo. Unos quieren proteger a los ciudadanos, los otros la supervivencia y rentabilidad del
ciclo productivo. El riesgo es ahora un mercado y un negocio, hasta da nombre a una honorable
profesion: el Director de Riesgos. Pero hay cosas que nunca cambian, la estadistica sigue siendo su
arma, eso si, actualizada a los nuevos tiempos en forma de procesos estocasticos, modelos lineales
generalizados o las siempre atractivas “copulas”.



El MERCADO. Actuario, una profesion st
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WWhat is an actuary?

Im spite of the very importanmnt role of actuaries, in Most countries the profession is Mot
wvwell kmowwn, sormetinmes not even knowwn at all. We camn surm up thheir activities as followws:

Acturaries cope A Efr wrncertafintye Fmaa’ ffnamncial risks.

To that ermnd actuaries design schemes to contraol the fimanmncial risks or future

unNncertainties, vwhich, as yvou kmnow: are plentitful -_

SAcctuaries apply mMmathematical, statistical, economic and fimnancial analyses and theories to

solve a wide ranmnge of real business problems: in insurance, pensions, iNnvestments and
banmnking. Part of their job is to try and predict what momney will do when it is invested in
imnsurance, pensions, stock Mmarkets or other fimancial services. Actuaries are therefore

among the most influential professionals in the financial vworld. A lot of the actuaries”

wwork can be described as ‘risk managerment’, that is, assesment of the probabbility of

events and of thhe associated costs .

Acctuaries hawe always combimned excellent mathematical skills wwith the ability to thimnk
clearhy and logically. They also mneed to be sharp-focused and detail-oriented. Actuaries
must be interested im such subjects as probakbkilicy and risk iIidentification ard
assessment, and hawe the ability to understamnd such complex financial topics as
derivatives. Actuaries should also be on easy termis wwith their professiomnal envirconNnment

as well as solutionmn-oriented.

Wiwhere do actuaries worle?

The traditional areas in which actuaries operate are: life and general insurance, pensions,
consultancy and investment. Actuaries are also mowving iNnto other fields where their

analytical skills are useful.

Im carrying out this work, actuaries draw on resources prowvided by other professionals:
legal, accounting, medical, economic, etc. They refer to information prowvided in journals,
mathematical tables, statistical anmnd other records and use sophisticated computer

programimes o process the relevant data.
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El MERCADO

Ley de Ordenacion y Supervision INTRODUCCION
de los Seguro Privado

Artfculo dnico. Aprobacion del texto refundido de /la Ley de ordenacidn y supervisién de los seguros
privados
DISPOSICIONES ADICIONALES
Disposicion adicional dnica Remisiones normarivas
DISPOSICIONES DEROGATORIAS
Disposicién derogatoria dnica Normas derogadas
DISPOSICIONES FINALES
Disposicion final dnica Entrada en vigor
TEXTO REFUNDIDO DE LA LEY DE ORDENACION Y SUPERVISION DE LOS SEGUROS PRIVADOS
EXPOSICION DE MOTIVOS
IO I Disposiciones generales
Articulo 1 Objero de la ley y definiciones
Artfcule 2 Ambito subjetivo y principio de reciprocidad
Artfcule 3 Ambito objetivo y territarial
Articulo 4 Operaciones prohibidas y sancion de nulidad
TITULO 1. De /a actividad de entidades asequradoras espafiolas
CAPITUNO I. Del acceso a 1z actividad aseguradora
Articulo 5 Necesidad de autorizacion adminisirativa
SECCION 1. FORMAS JURIDICAS DE LAS ENTIDADES ASEGURADORAS
Artfcule 7 Naturaleza, forma y denominacion de las entidades

aseguradoras

Artfculo 8 Vinculos estrechos

Artfculo 9 Mutuas y cooperativas a prima fija
Artfculo 10 Mutuas y cooperativas a prima variable
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El MERCADO. Los productos

Articulo 6. Ramos de seguro.
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10.Responsabilidad civil en vehiculos terrestres automoviles
11.Responsabilidad civil en vehiculos aéreos

12.Responsabilidad civil en vehiculos maritimos, lacustres y fluviales
13.Responsabilidad civil en general

14.Crédito

15. Caucion

16.Pérdidas pecuniarias diversas

En el seguro directo distinto del seqguro de vida la clasificacién de los riesgos por ramos, asi como la denominacion de
la autorizacion concedida simultaneamente para varios ramos y, finalmente, la conceptuacion de riesgos accesorios, se
ajustara a lo siguiente:

Clasificacion de los riesgos por ramos.

Accidentes.
Enfermedad (comprendida la asistencia sanitaria y la dependencia)
Vehiculos terrestres (no ferroviarios).
Vehiculos ferroviarios.

Vehiculos aéreos.

Vehiculos maritimos, lacustres y fluviales
Mercancias transportadas

Incendio y elementos naturales

Otros dafios a los bienes

17.Defensa juridica.
18. Asistencia
19.Decesos.
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El MERCADO. Los productos

Articulo 6. Ramos de seguro.

2. El seguro directo sobre la vida se incluird en un solo ramo, el
ramo de vida, con el ambito de todos los ramos del seguro directo
sobre la vida enumerados en las directivas comunitarias reguladoras
de la actividad del seguro directo sobre la vida.

A. Ambito del ramo de vida.
El ramo de vida comprendera:

a) El seguro sobre la vida, tanto para caso de muerte como de
supervivencia, o ambos conjuntamente, incluido en el de
supervivencia el seguro de renta; el seguro sobre la vida con
contraseguro; el seguro de «nupcialidad», y el seguro de
«natalidad». Asimismo, comprende cualquiera de estos seguros
cuando estén vinculados con fondos de inversion. Igualmente,
podra comprender el seguro de dependencia.

b) Las operaciones de capitalizacion del articulo 3.1.b) de esta ley.

c) Las operaciones de gestion de fondos colectivos de jubilacion y
de gestidén de operaciones tontinas.

4.3.3 Tontines

An early example of interest and survivorship accumulation is illustrated by the concept of a
tontine. This is a scheme named after Lorenzo Tonti, a Neapolitan banker, who introduced it
in 1653. It refers to a plan whereby a group of individuals all contribute to a fund, with the
provision that the last one living among the group takes the entire amount. We will consider
a somewhat modified version.



El

MERCADO. Los productos

Mon-life insurance directives

These directives harmonise the essential rules on insurance. They provide for:

1

a common prudential framevsork

single license and exclusive prudential supervision by the compstent authorities in B
oountries

that insurance undertzkings may operate in any other B country

the protection of insured persons and policyholders, in particular by determining the
lanw applicable o insurance contraciks concluded in the BU

darity abowt what information must be provided to policy holders before enbering inbo
a contract /' throwgh the duration of the contract.

EU directive 72/229/F5C — taking up and pursuit of the business

amendead by:

o EL) directive 84/641 '/FEC — towrist assistance

e EU directive 87/3243/EEC — credit insurance and suretyship insurancea

» EU directive 88/357/EEC — exercise of freedom to provide services

s EU directive 2002/13/EC — solvency margin for non-kife insurance underizkings

s EU directive S0/618/EEC motor wehide liability insurance

s EU directive 32/49'FEC — coordination of laves relating to direct insurance

s EU directive 35/26/EC — reinforcing prudential supervision

o EU directive 2000754 EC — exchange of information with non-EU countries
Bl directive 73/240,/EE8C — abolition of restrictions on freedom of establishment
EU directive 78/473/FEC — Community co-insurances
EU directive 87/244/FEC — legal expenses insurances

Life assurance directives

The long list of life sassurance directives has been combined into a

(200223 on life accurance — providing a2ll the provisions in a single text.
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RIESGO: Primay Provision

El “negocio financiero”, entendido de forma general, se
dedica a la transferencia de fondos vy riesgos de unos
agentes a otros, en operaciones con duracion variable en el
tiempo. Si las transacciones asi generadas tuviesen un final
feliz, es decir, que los fondos retornasen al agente que los
colocé sin ningun contratiempo, entonces el precio por
realizar esos intercambios solo reflejaria |la traslacion de las
unidades monetarias de unos periodos a otros y la
recompensa por trasladar el uso y disfrute de esos fondos
hacia el futuro

Sin embargo, esto no siempre es asi y existe la posibilidad
de que los fondos no retornen en la forma pactada
(contingencia) o0 que se produzca un conjunto de
circunstancias que lo impiden. Por esta razon, junto con los
fondos, las operaciones financieras transfieren riesgos, Yy
asi, la remuneracion de los mismos debera reflejar la
posible ocurrencia de esas contingencias

N
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RIESGO: Prima y Provision 'L"Lf‘ ~ ﬁ

La esencia del seguro es la transferencia o desplazamiento del riesgo de
unidades econdmicas relativamente pequeinas (las personas) a unidades muy
grandes o al total de la sociedad

12



RIESGO: Prima y Provision 'L"Lf‘ ~ ﬁ

El seguro es un sistema no_para reducir el riesgo (eso es imposible), sino para
redistribuir _su_incidencia, para amortiguar sus efectos sobre los individuos
aislados y extenderlos entre un numero grande de personas que estan
dispuestas a compartir riesgos ajenos (pago prima), a cambio de una cierta
compensacion (recibo indemnizacion).

Primera idea de Riesgo: la posibilidad de que “algo malo” pase. Algo malo es
algo que supone una “pérdida econdmica”

Una familiar fallece ¢Para quién? : Las personas
Mi casa se quema

Mi coche se estrella

Me pongo enfermo

Pierdo mi trabajo

Me demandan

Mis clientes no me pagan
Pierdo mi cosecha

Mi cirujano se equivoca

Se cancela o retrasa mi vuelo

13



El MERCADO. Los productos ) ;ﬁw

Accidentes

Atencion TELEFONICA
902 555 550
91 557 83 22 A\ N

Asistencia en VIAJE

902 555 777 _
91 342 07 58 Sy ey

ONLINE
* Nuestras
oficinas - Accede a nuestro (Eb,

formulario de contacto

mejor prec
Obtenga el jor io i Si cliente acceda al:
en 53 Seguro de e i

) Recuperar presupuesto @& Area personal

Seguros de Coche Seguros de Moto

Seguros de COCHE

Tedamos hasta 100€ e Te damos 50€ Seguros de MOTO

e — \7 . .
-~ - Calcula tu seguro online % Confrata tu seguro de moto Seguros de HOGAR
ﬂ Comunicar un siniestro = Descubre nuestros nuevoes Seguros de VIDA

: — seguros de moto

Seguros de ACCIDENTES

Seguros de SALUD

Seguros de Hogar Ahorro e Inversién Seguros de DECESOS

Kl Calcular precio online Fondos de Inversion

Nuestros seguros de hogar Seguros de Ahorro Fondos de INVER SION

Planes de pension

Las mejores garantias

. Planes de PENSIONES
opcionales

Seguros de AHORRO
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RIESGO: Prima y Provision 'L"LS‘ ~ ﬁ

1. Asegurado 2. Presupuesto

DATOS DEL ASEGURADO

Datos del tomador

i Es “d. mutualista® ™ : Si e Mo

Datos del asegurado

Fecha nacimiento *: Sexo ™ : ®) Hombre Mujer
Altura * : Peso ™ : 7D Kg

Profesion *: | Estadistico, Matematico, Actuario (Sin activid:

Riesgos y garantias cubiertos

Cobertura por fallecimiento®: 100000 €

15
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RIESGO: Primay Provision

T M

= TABLA DE PRIMAS

www.mutua.es

Ano

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

43417 €

48112 €
53381€
591,75 €
65545 €
21,09 €
fég20 €

858,38 €

Prima con descuentos
JO00A43 €
274,28 €
J0442 €
337,28 €
JT4AT £
414,72 €
459,31 €
505,26 €
552,24 €

601,37 €

Capital de fallecimiento
100.000,00 €
100.000,00 €
100.000,00 €
100.000,00 €
100.000,00 €
100.000,00 €
100.000,00 £
100.000,00 €
100.000,00 £

100.000,00 €

16



RIESGO: Prima y Provision 'L'S‘ ~ ﬁ

La esencia del seguro es la transferencia o desplazamiento del riesgo de
unidades econdmicas relativamente pequeinas (las personas) a unidades muy
grandes o al total de la sociedad

< >

1 Siniestro (€100.000) 283 personas (€352,86)

Frecuencia = 1/283

17



RIESGO: Prima y Provision “An‘actuaty is

someone who
expects

everyone to be

dead on time.”
Acrtnarial Life Table

actuarialjokes.com

A period life table is based on the mortality experience of a population during a relz

Office of the Chief short period of time. Here we present the 2010 period life table for the Social Se

Actuary population. For this table, the period life expectancy at a given age is the average reme
_ number of years expected prier to death for a persen at that exact age, bern on January
Life Tables using the mortality rates for 2010 over the course of his or her remaining life.
Period Life Table, 2010
Male Female
Exact Death Number of Life Death Number of Life
age probability * lives © expectancy probability lives © expectancy
0 0.006680 100,000 76.10 0.005562 100,000 80.94
1 0.000436 99,332 75.62 0.000396 99,444 80.39
2 0.000304 99,289 74.65 0.000214 99,404 79.43
3 0.000232 99,259 73.67 0.000162 99,383 7o.44
4 0.000172 99,235 7269 0.000132 99,367 77.46
5 0.000155 99,218 71.70 0.000117 99,354 76.47
6 0.000143 99,203 70.7M 0.000106 99,342 75.47
7 99,189 69.72 0.000095 99,332 74.43
3 99,176 63.73 0.000093 99,322 73.43
9 99,164 67.74 0.000050 99,313 72.50
10 0.000082 99,155 66.74 0.000090 99,304 71.50
(h 0.000086 99,147 65.75 0.000096 99,295 70.51
12 0.000125 99,133 64.76 0.000111 99,285 69.52

18
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RIESGO: Primay Provision

T M

2.1. Life tables

A life table is a positive decreasing function / of £20 with L=0, where of
course L, = limg_, Iz = 0. We imagine a closed group of persons with the
same age, called lives, observed over time. Then /; is the number of persons
alive at age &. This is a convenient interpretation (the construction of prac-
tical life tables is not based on it).

In theoretical life tables, /: is not necessarily an integer. The theoretical /;
is a continuous function of & and the derivative /' 1s supposed to exist
whenever it 1s used.

2.2. Future lifetime X

We consider a life x aged x at the origin 0 of time. Hence x denotes the
person and also her or his age. We denote the future lifetime of x by X.
Hence, X is a random variable and x dies at the instant X, at age x+X.

X xTX age |
X time
px = P(X>t) 0]
denotes the probability that x will attain age x+t.
x = P(Xt) @)

denotes the probability that x will die within t years. By (2), the function
s of t20 is the distribution function of the random variable X.

3.7 A sample table

To do the spreadsheet problems in the following chapters that require a life table, we introduce
a sample table. It is given by

(3.11)

| — —0.00005(1.09)" 0,1,..., 118,
qx = 1. 119.

2.6. Analytic life tables

With the advent of high speed computers, the advantages of analytic life
tables has decreased in recent vears. But some of them remain interesting,
for instance Makeham’s life table. Analytical life tables are defined for all
ages x = 0. In practice, they used on particular age intervals only.

de Moivre (1729)
I.= (86—x) (0=x<86),

(and 7,=0 if x=86). Of course, this table is completely obsolete.
Gompertz (1925) Ix=a gc"’

where a>0, 0<g<1, c¢>1. In the last member, ¢* must be evaluated, not g’.
Gompertz’s life table results from the force of mortality function

e = Bch,
by (9), after the introdufction of new parameters (take s=1 in the following
life table by Makeham).

Makelam (1860) le=a sx gc’,

where a=0, 0<s<1, 0<g=<1, c>1. In the last member, ¢” must be evaluated,
not g°. Makeham's life table results from the force of mortality function
He = oL+ ﬂcg, (15)
by (9), after the introduction of new parameters. Indeed,
S0 pedE = Jio) (0t BHAE = ax + B Jo.0 3dE
tzx-'-ﬁf{gx)d ¥ og c)c” — (B/log c)

19



RIESGO: Primay Provision

Insurance
Risk and Ruin
DagC. v Dk

3

Principles of premium calculation

A1 Introduction

Although we have previously used the term premium, we have not formally
defined it. A premium is the payment that a policyholder makes for complete
or partial insurance cover against a risk. In this chapter we describe and discuss
some ways in which premioms may be calculated, but we consider premium
calculation from a mathematical viewpoint only. In practice, insurers have to
take account not {:unl\-' of U'Lc u:h:l.ramcnstlc:s {:ul' risks lh:)' are insuring, but other

factors su

We de ik X.
When wi I I — E g k are
distribute X —— ® on of
X.and a nium

caleulaticn primapic. towe, a oo poasipin e o Wi s sey —

where ¢ is some function. In this chapter we start by describing some desirable
properties of premium calculation principles. We then list some principles and
consider which of the desirable properties they satisfy.

3.2 Properties of premium principles

There are many desirable properties for premium calculation principles. The
following list is not exhaustive, but it does include most of the basic properties
for premium principles.

(1) Non-nepative loading. This property requires that Ty > E[X], that is that
the premium should not be less than the expected claims. In Chapter 7 we

will see the importance of this property in the context of ruin
theory.

(2) Additiviry. This property requires that if Xy and Xz are independent risks,
then the premium for the combined risk, denoted Iy .,y . should equal
My, + My,. If this property 15 satisfied, then there is no advantage, either
to an individual or an insurer, in combining risks or splitting them, as the
total premium does not alter under such courses of action.

(3) Scale invariance. This property requires that if Z = a X where a = 0 then
Mz = alx. As an example of how this might apply, imagine that the
currency of the United Kingdom changes from sterling to euros with one
pound sterling being converted to a euros. Then, if a British insurer uses a
scale invariant premium principle, a premium of £100 sterling would
change to 100a euros.

(4) Consistency. This property requires that if ¥ = X + ¢ where ¢ = (), then
we should have My = My + c. Thus, if the distribution of ¥ 15 the
distribution of X shifted by c units, then the premium for risk ¥ should be
that for risk X increased by c.

(3) No ripaff. This property requires that if there 1s a (finite) maximum claim
amount for the risk, say x,,. then we should have Iy < x,. If this
condition is not satisfied, then there is no incentive for an individual to
effect insurance.

3.3 Examples of premium principles

3.3.1 The pure premium principle

The pure premium prin-:iple 515

Thus, the pure premium 15 ual to the insurer’s expa€ied claims under the nisk.

From an insurer’s point o he=pure-TTemium principle is not a very
attractive one. The premium covers Ihe expected claims from the risk and con-
tains no loading for profit or against an adverse claims experience. Itis unlikely
that an insurer who calculates premiums by this principle will remain in busi-
ness very long. In the examples given below, the premium will exceed the pure
premium, and the excess over the pure premium is referred to as the premium
loading.

It is a straightforward exercise to show that the pure premium principle
satisfies all five properties in Section 3.2,
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RIESGO: Primay Provision. Modelo Individual del riesgo

El pago esperado del total de todas las indemnizaciones como la suma de los

valores esperados de cada contrato (variables aleatorias individuales)

X = x(1) +x(2) + x(3) +
E[X] = E[x(1)] +E[x(2)] + E[x(3]) +

Contratos
Hipotesis
Independencia

NO

1

100

200

500
1.000
2.000
3.000
5.000
10.000
20.000
50.000
100.000
500.000
1.000.000

Suma

Asegurada

Individual

100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000

M M M YN Y Y Y N Y Y N N T

Suma

Asegurada Binomial

Cartera

100.000
10.000.000
20.000.000
50.000.000

100.000.000
200.000.000
300.000.000
500.000.000
1.000.000.000
2.000.000.000
5.000.000.000
10.000.000.000
50.000.000.000
100.000.000.000

Prob

p(x)

0,350%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%

+X(283)+ et + x(N)
o HE[X(283) ]+ + E[X(N)]
Prima
E(x) V(x) Desv(x) Coef. Var
(x)*Prob n*p(x)*(1-p(x))
350 34.877.500 5.906 1687,35%
35.000 3.487.750.000 59.057 168,73%
70.000 6.975.500.000 83.519 119,31%
175.000 17.438.750.000 132.056 75,46%
350.000 34.877.500.000 186.755 53,36%
700.000 69.755.000.000 264.112 37,73%
1.050.000 104.632.500.000 323.469 30,81%
1.750.000 174.387.500.000 417.597 23,86%
3.500.000 348.775.000.000 590.572 16,87%
7.000.000 697.550.000.000 835.195 11,93%
17.500.000 1.743.875.000.000 1.320.559 7,55%
35.000.000 3.487.750.000.000 1.867.552 5,34%
175.000.000 17.438.750.000.000 4.175.973 2,39%
350.000.000 34.877.500.000.000 5.905.718 1,69%
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RIESGO: Prima y Provision. Diversificacion 'L"Lf‘ ~ ﬁ

Esperanza matematica = pagos esperados = Provision Técnica = Prima
Transferencia de riesgo = Ley Grandes Numeros = Diversificacion.
Ley debil jester
La ley dabil de los grandes nimeros establece que si Xy, X, X5, .. 85 Una sucesion infinta de variables aleatorias independientes que tienen el mismo valor esperado Ji y varianza UQ. entonces el promedio
IJI = [X'[ 'I' e 'I' .rl(u}l;‘rn
converge en probabilidad a 1. En ofras palabras, para cualquier ndmero positivo ¢ s tiene

lim P[m—p‘ < J =1

=X

COMO &5 I3 imporiancia de I3 estadistica

Leyfuerte fedtar

L2 ley fuerte de los grandes nimeros establece que s G, Xz, X, .. €5 Una sucesion infinfta de variables aleatorias independientes & identicamente distribuidas que cumplen E{JX]) <= y fienen e valor esperado p, entonces
P(I'Lm I;l=u):1.
=X

es decir, el promedio de las variables aleatorias converge | casi seguraments (en un conjunto de probabilidad 1).

Esta ley justifica la interprefacion infuifiva de que el valor esperado de una vanable aleatoria como el ‘promedio a largo plazo al hacer un muestreo repefitivo”
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“If you put 5 red, 4
yellow, and 3 green
. . ., . . balls in an urn, what’s
RIESGO: Prima y Provision. Modelo Colectivo del riesgo the probability
of.....you coming home
with me
tonight?”

actuarialjokes.

Hay situaciones donde es dificil aplicar un modelo individual:

- Pueden existir varios siniestros en un mismo periodo de tiempo| Accidentes de
trafico, danos en el hogar, visitas al medico

- El importe de la perdida econdmica es aleatoria. Dafios en un bien, importe de
las facturas meédicas o legales

Juego:

- Lanza dos moneda. Por cada cara lanza un dado.
Resultado: (0,1,2,3,.....,12)

- Lanzo 10.000 monedas. Por cada cara lanza un
dado. Resultado ¢,?

- Lanzo 100.000 monedas. Por cada cara escojo
una carta. Resultado ¢,?

- Tengo 100.000 clientes. Cada uno puede tener
una accidente con su coche. Cada colision tiene
un coste

¢,Cual es la Funcion de Probabilidad?

23



RIESGO: Prima y Provision. Modelo Colectivo del riesgo 'L"LS‘ ~ ﬁ

El modelo colectivo. 2 componentes: Frecuencia y Severidad

Freguoency Distribution Severity Distribution
= 1 ‘ _ ; o - — -
: l"l { ""‘x — - | -\a“- | .
-.zlll h ! “II“_IM:: ..... S =9 W fe — T
Aocounting {discrete} distribtson: how many A continuous distributicon: candstional on aloss,
lasses will cccur during a poriod; ¢c.g., one year? wihatis the doliar Ioss amount?

Numero de siniestros. Discreta Perdida econémico. Continua

»
: ACTUARIES Y
g do it discretely and 2

i, e, =
0 | f: TN\ 0
U o
= £ 2 Fd
E E.' n- .‘_v )
" E 7l
2t 7~ A
D5 op

I R / \

VHJU.I s IIl‘ IH '\'ﬂfjﬂl.l]' Hl.l‘ H‘Uﬂ.' x1 x2

| — —
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RIESGO: Primay Provision. Modelo Colectivo del riesgo

Fom

El modelo colectivo identifica 2 factores: Frecuencia y Severidad

Freguoncy Distribution

il {{”"llnu...,,..._

A counting {discrete} distribtson: how many
lossos will cccur during a poeriod; ¢c.g., one yoear?

Scvority Distribution

'
e -

A continuous distribution: candstional on aloss,
wihatistheo doliar Ioss amount?

N: numero de Siniestros
X(i)= Cuantia de cada siniestro
S=X1+X2+---+XN.

S =Distribucion compuesta

Binomial
Poisson
Binomial Negativa

Personal Injury claims

Normal
Lognormal
Gamma
Pareto

Vehicle damage claims

Ventajas del modelo. Cambios de las condiciones:

- Obligacion cinturén de velocidad: cambio en
severidad, no en frecuencia

- Mejora iluminacion carreteras: cambio en
frecuencia , no en severidad

reenc

0 1000 2000 000 4000 5000 6000 000

L L L L L L L L
S

—— Normal

Log claim size

T T T T T T T T T
2 4 6 8 10 12 14 16 5 6 8 0 1
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RIESGO: Primay Provision. Modelo Colectivo del riesgo

17.2 The mean and variance of S

As mentioned, although it may be difficult to calculate the distribution of § exactly, it is
quite simple to find its mean and variance, given the corresponding quantities for N and X. Actuaries 4o jt

Throughout this chapter we will let p denote the probability function of N. From the law of w:: dFreQ"e_"cY
. Severity
total probability (A.30).

E(S) = Z E(S|N = n)p(n).

When N =n, § is just the sum of n independent copies of a random variable with the
distribution of X. By using the fact that N and X are independent, we can write

E(SIN =n)=nE(X|N =n) =nE(X),

an intuitively obvious result. Similarly,

Personal injury claims Vehicle damage claims

800

leading to

500

400
600

200 00
1
400

200

100

E(S*) =) E(S’IN =n)p(n).

T T T T T T T T T T
0 20 40 €0 80 100 0 5 10 15
laim size 1000s laim size 1000s
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RIESGO: Capital -1"5‘ ~

La esencia del seguro es la transferencia o desplazamiento del riesgo de
unidades econdmicas relativamente pequeinas (las personas) a unidades muy
grandes o al total de la sociedad

-

.

Segunda idea de Riesgo: la posibilidad de que “algo malo” pase. Algo malo es
algo que supone una “pérdida econémica”

¢, Para quién? : Las Compaiias que aseguran
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RIESGO: Capital

Segunda idea de Riesgo: la posibilidad de que “algo malo” pase. Algo malo es

algo que supone una “perdida economica” para la empresa aseguradora.

Contratos
Hipotesis
Independencia

NO

1

100

200

500
1.000
2.000
3.000
5.000
10.000
20.000
50.000
100.000
500.000
1.000.000

Suma

Asegurada

Individual

100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000

M M M YN Y Y Y YT Y Y N N T

Suma
Asegurada
Cartera

Binomial
Prob

p(x)

100.000
10.000.000
20.000.000
50.000.000

100.000.000
200.000.000
300.000.000
500.000.000
1.000.000.000
2.000.000.000
5.000.000.000
10.000.000.000
50.000.000.000
100.000.000.000

0,350%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%
0,35%

Prima
E(x)

(x)*Prob

350

35.000
70.000
175.000
350.000
700.000
1.050.000
1.750.000
3.500.000
7.000.000
17.500.000
35.000.000

V(x)

n*p(x)*(1-p(x))

34.877.500
3.487.750.000
6.975.500.000

17.438.750.000
34.877.500.000
69.755.000.000
104.632.500.000
174.387.500.000
348.775.000.000
697.550.000.000
1.743.875.000.000
3.487.750.000.000

175.000.000 17.438.750.000.000
350.000.000 34.877.500.000.000

Desv(x)

5.906
59.057
83.519

132.056
186.755
264.112
323.469
417.597
590.572
835.195

5.905.718

Coef. Var

1687,35%
168,73%
119,31%

75,46%
53,36%
37,73%
30,81%
23,86%
16,87%




RIESGO: Recargos

Insurance
Risk and Ruin

DagE M 0

,‘3’

3.3.2 The expected value principle
The expected value princig

My =1+ aE[X],

where 8 = 0 is referredNQ@
premium is thus 8 £ [X].

The expected value principle 1s a very simple one. However, its major de-
ficiency is that it assigns the same premium to all nsks with the same mean.
Intuitively. risks with identical means but different variances should have dif-
ferent premiums.

The expected value prninciple satisfies the non-negative loading property
since (1 + & E[X] = E[X]. (Strictly this requires that E[X] = 0. but this is
invariably the case in practice.) Similarly, the principle is additive since

the premium loadiggefctor. The loading in

(1 +E[X, + X1 =01 +8)E[X ]+ (1 + 8)E[X7],
and is scale invariant since for £ = a X,

My = (1 +0E[Z]
=a(l + 0 E[X]

=ﬂn]'.
The expected value principle is not consistent, since for ¥ = X + ¢,
My =l +8NE[X]+¢c) = My +rc.

An alternative way of showing that a premium calculation principle does not
satisfy a particular property is to construct a counter example. Thus, we can
see that the no ripoff property is not satisfied by letting PrlX = &) = | where
b=0.Thenas =0, My = (1 + &M = b.

3.3.3 The variance principle

Motivated by the fact that the expected value principle takes account only of
the expected claims, serfilice principle sets

My = E[X]+aV [X],

where o = 0. Thus, the s prefiortional to V[ X].
Since o = (0, the variance principle clearly has a non-negative loading. The
principle is additive since VX + X2] = VIX,] + V[X3] when X, and X5 are

I

independent, so that

My = (1 +60)E [X]

S e e o o

=TIy +ec.
However, the vanance prnciple 1s not scale invariant since for Z = alX,
Ny = E[Z] +aV[Z]
=aE[X]+oa’V[X]
#Fally,
nor does it satisfy the no ripoff property. To see this, let

PriX =8)=Pr(X = 12)=05.

Then E[X] = 10and V[X] = 4. Hence My = 10 + 4 which exceeds 12 when
a = 0.5

3.3.4 The standard deviation principle
The standard devjpeM principle sets

My = E[X]+eV [X]'2,

wherea = 0. Thus, o et (he loading is proportional to
the standard deviation of X. Allhough the motivation for the standard deviation
prnciple 1s the same as for the variance principle, these two principles have
different properties.

As in the case of the vanance principle, as & = 0 the standard deviation
principle clearly has a non-negative loading. The principle is consistent since
for¥ =X +c.

My = E[¥]+aV [F]72
= E[X]1+c+aV[X]'?
=My +v¢,
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RIESGO: Capital

Pensemos que el negocio tiene un
Ciclo de Explotacion Inverso. Primero
se cobra y luego se paga.

Las Primas (Provisiones) deben reflejar
los pagos esperados. La siniestralidad
es una variable aleatoria y los
resultados estan sujetos a variabilidad,
sujetos a pagos no esperados.

Para hacer frente al impacto negativo
gue suponen la desviacion en los pagos
esperados, las entidades financieras,
bancos y aseguradoras, deben disponer
de un excedente de fondos que sea
capaz de absorber las posibles pérdidas
gue se puedan producir.

www.mutua.es

Figure 2.7 Rationale to hold capital

Capital required o
prevert faiure
{economic insolvency)

Average loss
incorporated fnto
premiums

l

P L L E L L L R T [y ey e

Claim
amounts

Accurnulate windialls
in order to absorh
future selbacks

Years

¢, Cudl deberia ser el importe optimo
de esos fondos?.

A mayor cantidad de fondos, mayor
seguridad y tranquilidad pero menor
cantidad disponible para operar, con lo
gue se pierde en rentabilidad

30



RIESGO: Capital. Margen de Solvencia

Condiciones para el ejercicio de la actividad aseguradora
Seccion 1.7 Garantias financieras

Articuleo 16. Prowvisiones (écnicas.

1. Las entidades aseguradoras tendran la obligacion de constituir v mantener en todo
momento provisiones tecnicas suficientes para 2| conjunto de sus actividades.

A estos efectos, deberan estar adecuadamente calculadas, contabilizadas e invertidas
=n activos aptos para su cobertura.

Son provisiones técnicas las de primas no consumidas, de riesgos en curso, de seguros
de wvida, de participacion en los beneficios, de prestaciones, la reserva de estabilizacion vy
aquellas otras que, con arreglo al reglamento de desarrollo de esta Ley, sean necesarias al
abjeto de cumplir la finalidad a que se refiere el parrafo anterior.

2. La cuantia de dichas provisiones se determinara con arreglo a hipotesis prudentes vy
razonables.

Reglamentariamente se fijaran los métodos y procedimientos de calculo de las
provisiones tecnicas, asi como 2| importe de éstas gque debe cubrir la entidad aseguradora.

3. Los activos representativos de las provisiones téecnicas deberan tener en cuenta el tipo
de operaciones efectuadas por la entidad aseguradora para garantizar la seguridad, el
rendimiento v la liguidez de las inversiones de la entidad, con una adecuada distribucidn
diversificada de dichas inversiones.

4. En &l seguro de wvida, la entidad aseguradora debera tener a disposicion de quienes
esten interesados las bases y los métodos utilizados para el calculo de las provisiones
tecnicas, incluida la provision de participacidon de los asegurados en los beneficios.

5. Reglamentariameaente ss determinaran los activos aptos para la cobertura de las
provisiones técnicas, los porcentajes maximos de éstas que puedan estar invertidos en cada
tipo de estos activos, las demas condiciones que deban reunir dichas inversiones, asi como
los criterios de wvaloracion de éstas v las normas vy limites para | cumplimiento del principio
de congruencia

1. Las entiths s deberan disponer en todo momento de un margen de
solvencia suficiente respe::t::: al conjunto de sus actividades.

2. El margen de solvencia estara constituido por el patrimonico de la entidad aseguradora
libre de todo compromiso previsible v con deduccidan de los elementos inmateriales.

3. Los agrupos consolidables de entidades asequradoras deberan disponer en todo
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RIESGO: Capital. Margen de Solvencia

El Capital refleja los pagos no
esperados que aseguran el
complimiento de las
obligaciones para los clientes y
la continuidad de la explotacion
a los accionistas.

¢,Donde tiene la empresa los
fondos?. Balance

Overview of the Economic Balance Sheet

Market
value of
total
assets
(MWVA)

# -

Available J
for
SCR/MCR {

ASSETS LIAEILITIES

+ Excess capital
- N

Min. Capital
Requirement
(MCR) )

“| | Marketvalue
margin (MVM)

'3

! + Best estimata’

]
4

Valuation of
focus of this

Solvency

| Capital

i Requirement
(SCR)

Market-
| consistent
,} value of
liabilitie
(MWL)

MVL -
paper

1. It shouid be noted that for prices directly Infermed from market prices, the price already IncCludes Bhe risk margin (or market value margia)

Copyright & 2005 Chief Risk Offcer Forum, Comié Européen des ASSURANCES
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RIESGO: Capital. Solvencia ll

Bl

e

i il
ST
i

Home Contacts Complaints MNewsletter CEIOPS Archive Extranet

203

EURCPEAN §INSURANCE
AND OOOUPATIONAL PENSIONS AUTHORTY

Search... o

Regdulation & Financial stability &

MRgut EIOPA - — e .
upervision - crisis prevention -

Consumer protection -~  External relations -  Press Room -  Publications -

Colleges of Insurance
supervisors

e objective of EIOPA is to protect the public interegi/Among its tasks in the field of insurance is to contribute

Reporting Format to the s - regulatory and supervisory standards and practices in the
European Union. EIOPA's powers include issuing guidelines and recommendations and developing draft

Investment in regulatory and implementing technical standards. EIOPA is also entitled to provide opinions to the European

infrastructure Parliament, the Council of the Eucopeam=trrersrre=tre—toropesm—Cemarisalon on insurance related issues.

projects
e main aims of EIOPA for the coming years is the preparation of the new supervisory regim

+ Saolvency II insurance and reinsurance undertakings and particularly the conduct of all the necessary work for the

implementation of the EU Directive on the taking-up and pursuit of the business of Insurance and Reinsurance
- Solvency I lvency II).

Technical Information

EICPA is also advi pean Commission on the revision of the n Directive, and will

support the development of industry training standards in this area. In this respect, EIOPA is also working on the

Risk Free Interest

Rate Term Structures development of common disclosure rules, and regulation of the sale of Packaged Retail Investment Products
(PRIPS).

Symmetric adjustment

of the equity capital EIOPA also provides input into the European Commission's policy-making with regards to Insurance Guarantee

charge Schemes (IGS) with a view to contributing to the assessment of the need for a European network of national

Insurance Guarantee Schemes which is adequately funded and sufficiently harmonised.

Tonl far UUndertakinns
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RIESGO: Capital. Solvencia ll

Fondos (Capital) como la desviacion negativa del valor
de la Compainia
Lo que tengo (Activo) — Lo que debo (Pasivo)

— Ll

w1

IT]TT- |
T -
e o
Ran o s

Tamy o

Ll - -
-

Ak Pasi
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RIESGO: Capital. Solvencia |l

3 in millions 2010 2011 2012 2013 2014
Cash and Investments 51,5671 $2,086.6 52,6964 54,5878 55,6649
Reinsurance Recoverable 7754 1,098.6 13184 1,929.8 24406
Premiums Receivable, Net 727 6 933.0 1,2513 15940 1,826.2
Goodwill and Intangable Assets 2041 3925 5326 665.4 667.7
Deferred Policy Acquisition Costs 247 2810 3491 468.4 6284
Other Assets 706.8 9708 1,2884 2,033.8 26196
Total Assets $4.2057 $5,762.4 574365 11,2791 $13.847 4
Loss and LAE Reserve 1,263.5 1,879.2 24264 4,368.2 56642
Uneamed Premiums 1,026.0 1,366.2 1,7736 2681.0 34472
Debt 1448 2796 3020 5602 7579
Reinsurance Payables, Accrued Expenses
and Other Liabilities 1,031.4 1.277.1 1,686.5 2,090.2 1,781.3
Total Liabilities $34647 $4,802.1 56,1885 59,6996 511,650.6
Redeemable Mon-Confrolling Interest 0.6 0.6 06 06 06
AmTrust Financial Shareholders' Equity 7165 a90.6 1,144 1 1,441.0 2.037.0
Mon-Controlling Interest 239 69.1 1033 137.9 159.2
Total Shareholders’ Equity 741.0 9603 1,2480 16795 21962
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PERDIDA :

Pérdida registrada Resultado esperado
1 de caca 100 anes |premedic)

w——  Distriducion de ganancias y pérdidas economicas

Fondos (Capital) como la desviacion negativa del valor de la
Compaiiia en un periodo de tiempo hasta un determinado nivel de

confianza.

¢,Cual es la funcion de densidad de probabilidad del valor de la

Compafia?
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¢,Cual es la funcion de densidad de probabilidad del valor
Yela Compaiiia?

Podemos descomponer las diferentes causas de
incertidumbre en factores de riesgo de los cuales
podemos estudiar sus funciones de distribucion de
probabilidad. Parece l6gico pensar que si entendemos el
cambio de todos los factores de riesgo entenderemos pues
el cambio de movimiento del Balance Econdmico.

Mot fo scale

VaR (99.5" percentile)

Tail-vaR (89 5" percentile)
: = average of losses in the shaded area
H Loss

La clasificacion de moddulos y submodulos es la
descomposicion bajo Solvencia Il de los diferentes factores
de riesgo que afectan al negocio asegurador.
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SCR
o [ B=em, °
Market Health Default Life Non-life
N | I | I | | |
| Interest SLT CAT Non-SLT | Mortality ';'Emi“m
rate Health Health eserve
L
Equity = Longevity
Morizlity g | Premium Lapse
Reserve
| Property L it Disability
onaevity Morbidity
Lapse CAT
Spread Disability Lapse
Morbidity —
| Currency Lapse Expenses
= included in the
| Con- Revision adjustment for the loss -
centration Expenses ™ __ absorbing capacity of
technical provisions
Revision CAT under the modular

approach

Caracterizar la funcion de probabilidad de cada uno de los factores de riesgo de
la cartera de la Entidad y “encontrar” el percentil.
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Market Health Default Life Non-life Intang
| I_I—I—I | I
| Interest SLT CAT Non-SLT | Mortality | F;emium
rate Health Health eserve
|
| Equity " | Longevity
AT - Premium Lapse
Reserve -
| Property - | Disability
Longevity _ | Morbidity
Lapse CAT
Spread Disability | Lapse |
Morbidity =
| Currency Lapse | Expenses
= included in the
Con- Revision adjustment for the loss -
centration ErEED = absorbing capacity of
technical provisions
Revision CAT under the modular

approach

Revaluar el Balance con el escenario “Worst Case” de cada uno de los factores
de riesgo
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Cobertura del Capital de Sclvencia
ISCH)

"i

Valor de
Mercado

Activos

Valor de
Mercado de

Fasivos

Fuente: Deloitte

L_ Capital Capital de Solvencia 5CR

-
|
"

Cispanible
Capital Requerido para afrontar
Y9 5 de perdidas en
un harizonte de 1 anc

Distnbucién de la pérdida econémica en un ano

Probabilidad
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Correlacion entre Riesgos

No todos lo malo ocurre a la
vez (jGracias a Dios!)

La formula estandar tiene en
cuenta una matriz de
correlaciones para agregar los
resultados

SCER.131. The BSCE 15 determmed as follows:

LT TILT

BSCR = sz-;;, x SCR, x SCR, + SCR

where
Corr,; = the entnes of the correlation mamx Corr

SCR,, SCR,= Capital requirements for the mdividual SCE. nsks according to the rows
and columns of the cormrelation matrix Corr.

SCR,guss= the capital requirement for intangible asset nsk calculated i accordance
with SCE.4

SCR.132.  The factor Corr,; denotes the item set out n row 1 and m column j of the
following correlation matrix Corr:

. ] Market Default Life Health Non-hfe
1

Market 1

Defanlt 0.23 1

Life 0.25 0.25 1

Health 0.25 0.23 0.25 1

Non-life 0.25 0.5 0 0 1
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La agregacion matricial implica una relacion lineal
entre los diferentes riesgos.

La vida real nos muestra que las relaciones no
son lineales.

Cuando algo va bien y cuando algo va mal no
tiende a afectar al resto de variables de la misma
manera.

1

15+

L il
e
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08 08 |
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MODELOS

Cash Flow Model "=

% in millions
Cash and Investrents

Reinsurance Recoverable
Premiums Receivable, Net
Goodwill and Intangable Assets
Deferrad Policy Acquisition Costs
Other Assets

Total Assets
Loss and LAE Reserve
Uneamed Premiums
Debt

Reinsurance Payables, Accrued Expenses
and Other Liabilities

Total Liabilities
Redeemable Non-Controlling Interest
AmTrust Financial Shareholders’ Equity
Non-Controlling Interest

Total Shareholders’ Equity

Cash Flow Model

2010 2011 2012 2013 2014
$1,567.1 $2,066.6 $2,696.4 $4,587.8 $5,664.9
754 1,098.6 1,318.4 1,929.8 24406
7276 933.0 1,251.3 1,594.0 1,626.2
2041 3925 532.8 665.4 667.7
247 2681.0 3491 468 4 6284
706.3 970.8 1,288.4 20338 2,619.6
$4,205.7 $5,762.4 57,4365 $11,279.1 $13,847 .4
1,263.5 1,879.2 24264 4,368.2 5,664.2
1,025.0 1,366.2 1,773.6 26810 34472
1443 2796 302.0 560.2 7579
1.031.4 1.277.1 1.686.5 2,0802 1,781.3
$3,464.7 $4,802.1 $6,188.5 $9,699.6 $11,650.6
06 06 06 0.6 06
716.5 890.6 1,144.1 1,441.0 2,037.0
23.9 69.1 103.3 1279
741.0 960.3 1,248.0 15795

TAX

EXPEMSES

REINSURANCE

SHAREHOLDERS

Equities
Bonds
Property
ILBonds
Cash
Loan
Fixed Assets

Technical
Reserves

Free Reserves

v

CLAIMS

o ~— '.

do it with models
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Cash Flow Model ===

MODELOS

Datos del asegurado

Afio Prima
. P *. - ] : Sexo (® Hombre ) Mujer
Fecha nacimiento *:  |D1/04M970 L= : v i 2015 441,08 €
> Attura * 180 cms * Peso *: @ 2016 485,41
+ Profesion *: |Estad|'sti[: o, Matematico, Actuario (Sin actividi 2017 542,72 €
2018 601,40 €
Riesgos arantias cubiertos
gesyd 2019 667,27 €
> Cobertura por fallecimiento®: 100000 € 2020 73969 €
> ; Para que va a destinar su seguro de vida? * : (@) Cubrir a mi familia (_) Cubrir préstamo
Datos del asegurado
Afio Prima
- Fecha nacimiento *:  |p1/04/1970 =) » Sexo " el e 2015 502,86 €
> Mltura * ; 180 cms > Peso ™ : 70 Kg 2016 341,12€
L : 2017 CHE N S
» Profesion *: |Trat:-ajadc-res de la labra de piedras, marmole
2018 631,12 €
Riesgos y garantias cubiertos 2019 683.81€
» Cobertura por fallecimiento™: 100000 € 2020 TS e
N7 ank AR £
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MODELOS

Cash Flow Model ~_————_

y= o+ b

4.1 History and terminology of linear modeling

There is a smooth line of development from Gauss’ original idea of simple

least squares to present day generalized linear modeling. This line of thought
and development is surveyed in the current chapter.

(1)

(i1)

(111)

(1v)

(V)

Simple linear modeling. The aim is to explain an observed vari-
able y by a single other observed variable x. The variable y is called
the response variable and = the explanatory variable. Alternative
terminology used in the literature for y are dependent, outcome, or
(in econometrics) endogenous variable. Alternative names for x are
covariate, independent. predictor, driver, risk factor, exogenous vari-
able. regressor or simply the “z” variable. When =z is categorical it is
also called a factor.

Multiple linear modeling. Here simple least squares is extended by
supposing that x contains more than one explanatory variable, the
combination of which serve to explain the response y.

Transforming the response. A small extension is to replace y, the
variable to be explained. by a transformation g(y). In this case the
aim is to explain observed values of the transformed response g(v)

by the observed explanatory variables in z. Typical transformations
are the logarithm or logit. For obvious reasons g is constrained to be
monotonic.

Classical linear modeling. A more subtle. conceptual, change is to
replace the response y by its expected value E(y). or more specifically.
E(y|z). In this case the statistical average of ¥ is modeled in terms
of x.

Generalized linear modeling. Here ¢{E(y|z)} is explained in terms
of z. Similar to above, g 1s a monotonic function and called the “link.”

Generalized
Linear Models for
Insurance Data

Plet de Jong and
Gillian Z. Heller

4.4 Multiple linear modeling

With multiple regression it is supposed that

Y~ Go+ Brxs + -+ By
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Cash Flow Model "=

Table 1.1 Major methods of statistical analysis for response ond ezrplanatory vari- ( )
ables measured on vorious scales and chapter references for this book.
Response (chapter) Explanatory variables Methods
Continuous Binary t-test
[Chapter &)
Nominal, =2 categories Analys=is of variance
Crrdinal Analv=is of variance
Continuous Multiple regression
Nominal & some Analvsis of
COntIrnos COVATIAICE
Categorical & continuous  Multiple regression
Binary Caterorical Contingency tables
[(Chapter T) Logistic regression
Continuous Logistic, probit &
”‘:;rld““‘mm"* Y Claim Claim Average Probability
maodels . .
frequencies | numbers or claim (eg of
Categorical & continuous  Logistic regression counts amounts 1'e11ewi11g)
Nominal with Nominal Contingency tables
2 categories Link function g(x) In(x) In(x) In(x) In(x/(1-x))
(Chapter 5 & 9) Categorical & continuous Nominal logistic
TEETEssIon . ] . .
- . - . — Error Poisson Poisson Gamima Binomial
Ordinal Categorical & continuous Ordinal logistic
(Chapter 8) TEETessIon ]
Counts Categorical Log-linear models Scale parameter ¢ 1 1 Estimated 1
(Chapter 9) R
Cateporical & continuouws  Polzson regression Variance function V(xj X X X X(]-X)*
Failure times Cateporical & continuous  Survival analvsis
(Chapter 10) (parametric) Prior weights @ Exposure 1 # of claims 1
Correlated Categorical & continuous  Generalized
TESPONSES estimating equations Offset ‘_-f.: 0 ]J](EX[JOSUI'E:} 0 0
[Chapter 11) Multilevel models -
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g

How much is 2 plus 2?
-A marketing guy will say “22”

“I’ve never met an

-An accountant will say “4.00” actuary whose rates <
M O D E LOS -A mathematician will say “I can didn’t depend on the
demonstrate it equals 4 with the cost of his character

following proof ... ” actuarialjokes.com <

-An actuary will ask “What do

you want it to equal?”

Figure 1 provides a top-level indication of the various
steps involved n establishing a Best Estimate.

In chapter | we reviewed the varnous data sources, the
chapters that follow look into each further stage of this

diagram in more detail.

Muestra
Tables, data, mformation Own raw data
l Data cleansing
Market benchmark Company specéic
Prepare the data for
L consistent A/E analysis l
Expected Actual
AJ/E analy=is

Credibility rating, analysis of results,
further adjustments

Best estimate
assumption
Fuente: Partner Re 4,
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MODELOS

Cash Flow Model

1. Full Credibility Standard: The number of
exposure units needed for full credikility, caleculated
according te limited fluctuatieon credibility theory. This
cutput can enly ke calculated feor count basis.

2. Credibility of Sample (Z): The credibility cof
the cbserved propeorticn, calculated as Z = % (expcocsure
units in study / full credibility standard) foxr count, and
a3 Z= |(standard normal value of sample/standard normal
value of desired confidence lewel).

3. Credibility-Weighted Estimate: The
credikility weighted best estimate of the rate,
calculated as Z ¥ Ohserwved Rate + (1 — Z) % Initial
Assumption

Credibility Model

Full Credibility Standards
Determine the minimum number of claims which vields full credibility for a particular risk

classification or cell. Denote this number as_1,. Assume normal approximation of claim count,

e Y (i)

Oy

N
thatis. assume_

e 1y on claim count basis (Frequency)

1+
Let’s assume significant level p =90%. then the p percentile of Standard Normal?

1+
issy, = (I)_l(—p] =1.645. The goal here is to compute the full credibility number
- J

such that the chance of being within & of themean is p . That is,_

-

N—p, v, )
p=Prob{~kJn, <= <k fn}. Let], {f | =1082.41. By classical
Ty )
credibility model, we have full credibility (Z=1) if claim counts = Hy . where
2.
Ry =Jjy—% and 4,=1082 41

Hy

This simple mode! calculates the credibility of any observed binomial event using imited fluctuation ("classical credibility”] theory.
Examples of applicable events would be a mortality rafe for life insurance, an incidence rate for accident and health insurance, or an annual lapse rafe.

1. Enter initial assumption (pricing basis, rate manual basi{ _ 0,0035

2. Enter the observed number of events: 935

0,0031

3. Enter the number of exposure units studied:

Experience rate:

Therefore, partial credibility factor could be defined as:

Where # is experience claim counts and 7, is full credibility standards defined above.
FAr )

1% Fluctuation 2% Fluctation 5% Fluctuation 10% Fluctuation

Full Credibility | Credibility-|  Full Credibility | Credibility-|  Full Credibility | Credibility-|  Full Credibility | Credibility-

Credibility |of Sample | Weighted |Credibility [of Sample | Weighted | Credibility |of Sample | Weighted | Credibility |of Sample | Weighted

Confidence Level Standard (Z) Estimate | Standard Z) Estimate | Standard iZ) Estimate | Standard (Z) Estimate
80% 4676.075  25% 0,003403 [1.169.013  51% 0,003306 | 187.043  100%  0,003117 | 46.761 100%  0,003117
90% 7.703.069  20% 0,003424 |1.925.767  39% 0,003349 | 308.123 99% 0.003122 | 77.031 100%  0,003117
95% 10937182  17% 0,003437 |2.734.296  33% 0,003373 | 437487 83% 0,003183 | 109.372  100%  0,003117
99% 18.890.4958 13% 0.003452 |4.722. 625  25% 0,003403 | 755.620 63% 0,003255 | 188.905  100%  0,003117
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MODELOS

Mortality

-

— Longevity

Modeklng the volatility
Maortality rates will vary armound a deterministic best-esimate due to Auctuabon risks, sudch as an
unpredictable single hot summer or cold winter, brend risks, such as an unexpected new medical
treabtment, and pandemic risks, shack risks which may then disappear aftar a perod of ime.
Auctuation risks berome insignificant whean shudying a large partfolio, pandemic risks can ba
easily built intm models of deviabion over time; it is brend risks that are the bue drivers of

wvolatility in the result

The obhserved morality in cur model is described as the exgprect=d morality (dete ministic]
multiphed by a stadhastc process {(Ti) that is Bme dependent. In simphe terms:

YWhers for age @ at s 5 q“_t

Fuente: Partner Re

i
T = Ty “ Gy T By

A

is the obswrved mortality

q“'t Iz the sxpached mo veality (b eart-ssHmabe )
C': i a Log-Hormal stodhastic process entared around 1
£, !5 the random noixe

Modelo

Formula

Lee-Carter

Inm(t,x)= ﬁi” + ﬁi::'l(r'::'

Renshaw y Haberman

Inm(nx) =+ pt g pliyly

APC

Inm {L.\’} = ﬁ"\,” + KE::' + T!iflf

B-splines y P-splines

Inm(t,x)= 20”3‘:” (x.0)

CBD

log :'.rq(r..r} =p!! 4 |’>'__E'Kf:"

CBD con efecto cohorte

13}, (3]

logitg(r,x) = ﬂ',_”h",” + [‘}I\EIKE:] +p

CBD con efecto cohorte
y componente cuadratico

lagitg(1,x) = k" + (x = %)™ 4 Y [{\ -7) —U] +q'

CBD con efecto cohorte
decreciente con el tiempo

(2] (2) (3], (3)

logitg(s,x) =Pl + plhel? + ply)2)

Tabla 1. Ecuaciones de los B modelos de mortalidad considerados. Las funciones By, Ky, Yex
corresponden a efectos de edad, periodo y cohorte, respectivamente.

EL RIESGO
DE LONGEVIDAD
Y SU APLICACION
PRACTICA A
SOLVENCIA Il

FENDAVCIOMAPFRE

a3

3.8 “+ + * t f t * " t t
2000 240 1010 202) 0N 20N 2000 MY I0M M50 10

— e vene Dulh A
e O P Y
sane Py

o— Craher oy iy — My
Fath b P <
e Pah Pwh 4

Figave 1 5020 coni » S0 yew Uma gancd af the cumulates desinncn (Ct) Batvean the
Saerrin s mak sty peanare (Black Bine ) ard the ttech arsc projacion. Thate coves
provida & reare robvah and corvglete rmaiuce of volabity stpand e madalty bart-arimiste
Thady ansgin-paivt 1biess sinniaves
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0,01000 !
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MODELOS Premium

T Raserve

Table 2.2 Observed historical cumulative claims C; ; and estimated CL factors }-J

0 1 2 3 4 5 6 7 8 9

0 5946975 [0668212  10563020] 10771690 10978394 11040518 11106331 11121181 11132310 11148124

I 6346756 [9593162  10316383] 10468180 10536004 10572608 10625360 10636546 10648192

2 6269000 |9245313  10092366] 10355134 10507837 10573282 10626827 10635751

3 5863015 8546230 0268771 9459424 9592399 0680740 9724068

4 5778885 |8524114 9178009 9451404 9681692 9786916 ) . ,

5 6184793  |9o013132  0585897| 9830796 9935753 IBNR is like having a

6 5600184 |8493391 9036 505 9282022 love child that you

7 5288066 |7728169 8256211 did not know about;

g8 57200 793 7648 729 sooner o later he is

1] 2675568 going to turn up on your

. ) doorstep”

I 14925 C 10778 ) 1.0229 1.0148 1.0070 1.0051 1.0011 1.0010 actussiljolses.com ‘

Table 2.3 Predicted cumulative CL claims ?_"J-d'-u' and CL reserves ‘.:,“.r.[. —Cip, /\/\/\

0 1 2 3 4 3 6 7 8 9 CL reserves

0 0

| 10663 318 15126

2 10646884 10662008 26257

3 9734574 0744764 9758606 34538

4 9837277 9847906 9858214 0872218 85302

5 10005044 10056528 10067393 10077931 10092 247 156 494

6 9419776 9485469 9534279 9544580 9554571 9568 143 286121

7 B445057 8570389 8630159  B674568 8683940  B693030 8705378 449167

8 8243496 8432051 8557190 8616868 8661208 8670566 8679642 8601071 1043 242

9

8470080 912969 9338521 9477113 9543206  95923¢T__ V602676 _TBI2T 9626383 3950815
Total 6047061
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MODELOS Premium
=~  Reserve
C; = Incremental claims in origin yeari and development year ;
—
C, ~ ODP(11,.4,) G
C.
£ [Caf] = Hy '
Var[C?_.’,.] =@, 1L, < Variance proportional

to expected value
With constant scale parameters, ¢, = ¢ V j

Bootstrapping the Chain Ladder

Over-dispersed Poisson model

Stochastic Reserving in

General Insurance

Peter England, PhD
EME

GIRO 2002

7 T
1. Fit chain ladder model and obtain fitted incremental values ~;
2. Obtain (scaled) Pearson residuals . L C, — e, StOChaStlc
3. Resample residuals’ ¥ e claims reserving
. _ - s methods
4. Obtain psgggo data, given 7. Ay gﬁj In Insurance
REAL WORLD y /;OO’ISTRAP WORI;N\
[ ) c - ¢
i S ¢_}#§j’ —+ Ay MARIO V. WOTHRIGH
% \ Ry, MICHAEL MERZ
Statistic of intorest A amnmp-epmjay
5. Use chain ladder to re-fit model, and estimate future incremental payments
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Unscaled Paid Claims Development - 2001

8,000,000 —
®  paid Claims
7,000,000 — i
ot 90% Percentile
6,000,000 — e 75% Percentile
o 5,000,000 — N 25% Percentile
€
>
=}
E = 10% Percentie
£ 4.000,000
E’
o L Mean
3,000,000 —
2,000,000 —
1,000,000
0 1'/ I I | I | I | | | | |

Development Year
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MODELOS

The most common model for equity retumns is geometric Brownian motion (GBM), which uses a
stochastic process called a Wiener process, denoted by W,. The Wiener process starts from zero,

has independent and_nomally distributed increments, and is continuous in time r as defined by
increments of dW,. The stochastic differential equation (SDE) for GEM is as follows:

|
ds, = u,S,dt + .S, dW, | (ILA-14)

There are two components of this equation. The drift component is the coefficient of df and the
diffusion component is the coefficient of dW¥;. Here the drift component u; is a deterministic function
of ¢, and the diffusion component &; is a deterministic function of 7. To remove excess noise from

the simulation of 5;, the log transform is applied using lto’'s lemma. After applying the log transform
the equation is as follows:

dsS, =S, exp{(u, — ]/ 2)dt + o,dW,} (ILA-15)

From Equation 11.A-15 it is clear that the S; term has been removed from the diffusion coefficient

and reduces noise when simulating the process. To generate scenarios, the discrete-time
approximation of Equation 11.A-15 becomes

S, =S, exp{(y, —o] /1 2dt + o,¢,} (I.A-16)

where ¢ is a normal random number drawn at time ¢, S; is the equity level at time ¢, y, is the drift
component at time ¢, and &; is the volatility at time ¢. Equation 11.A-16 represents the most common

simulation technique for generating equity scenarios. From this equation we can see that the equity
level cannot drift below zero.
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MODELOS

ESTRUCTURA TEMPFORAL DE TIPOS DE IMTERES
Tipos da Intarés Cupbn Cero

T.o
=.0
.0 4
-q ]
=0
.
i.0
iDL of S [ M- Fa ] L] L1 1a re 17 =% Rl
—— 0 D —— 0 2
FIGURE 13-2 Movements in the U.S. Yield Curve
= — Yield
G _
< ;
/! i 7 i
j%/{//m/ - 8
/j[/‘;[/’.ﬂ/’@ L7
Wiy = 6
I,
| L4
3
(<o)
28890 ] N -2
@ i
Dgggg%)%)gggmm -1
0QA239 8PP0 o
CoB28520292 o -0
[m] o 9 [} : —
0088 9% S Yo X
Date o 8 8 g 35,"’ a
= Maturity

30.8.1 Vasicek

The Vasicek model takes the form of (30.6) and (30.7) but with @ =0, f# = 0 and

with all other parameters independent of time:
dr = (n—yr)dt + p/*dX.
30.8.2 (Cox, Ingersoll & Ross

The CIR model takes (30.6) and (30.7) as the interest rate model but with f =0, and

again no time dependence in the parameters:

dr = (n— yr)dt + ar dX.
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MODELOS -
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_  Equity
A = > U E r L3 H I 5 P L Wi I

linterest Rate One;Factor Equilibrium Models
Source: Hull, John C., Options, Futures & Other Derivatives. Fourth edition (2000). Prentice-Hall. P. 567 "
Models:
Vasicek, O. 1977 "An Equilibrium Characterization of the term structure.” Journal of Financial Economics 5: 1
Cox, Ingersoll, and Ross. "ATheory of the Term Structure of Interest Rates”. Econometrica, 53 (1985). 3854

ACTUARIES

do it with varying rates
of interest

Vasicek Model (discrete version)

Ar = alb —1)At + e~/ AL

o |
Stochastic process for short-term interest rate r: Simulati f short-t int t rat
o "strength” at which r is pulled backto imuiation ot short-term Interest rates
b: long-term equilibrium of short-term rates
o volatility superimposed (annualized) 10,009"’0 T
e is a random drawing from a standardized normal distribution, Q,DD,.-"'O e
8 DD,E"‘ 1] 'I Vasicek
Cox, Ingersoll, Ross Model (discrete version) V% Bl 4 2
AR W
oL | " lid
N =cdb—1r)At+rosl At 7,0% Ty, .
L R —— | ¢ Cox et al.
Parameters as for the Vasicek model. 6,0% W l'
Because the volatility is proportional to the square root of r, r cannot 5 0% - 5 -
become negative. As the rates increase, their volatility increases. At ! 1 "
the same time, the model has the same mean-reverting or "pull-back” 40% 4  vidwe - ____. P
properties as the Vasicek model. ’ Equilibriu
oL | PTIONS,
3’0 /o ;‘\L\"I‘LLIlfli.s
AND O1 R
2 0% - DERIVATIVES
Ll
Mumerical examples (press F9 to generate new random numbers) 1.0% -
Vasicek CIR '
Rate ry at t=0 8,00% 8.00% 0,0% . . . . .
Total simulation time (T} 2 2 year(s)
"Pullback” o 0.0v 0,07 0 0’5 1 Tm; 5 = 2’5 JOHN C. HULL
Equilibrium b 6,00% 6,00%
Volatility o 3.00%  10.61%
At 0.0067
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AHORRO. ¢,Seguros o Finanzas? e

Articulo 6. Ramos de seguro.

2. El seguro directo sobre la vida se incluird en un solo ramo, el ramo de vida, con el
ambito de todos los ramos del seguro directo sobre la vida enumerados en las directivas
comunitarias reguladoras de la actividad del seguro directo sobre la vida.

Productos A.  Ambito del ramo de vida.

SE

El ramo de vida comprendera:

Plan Ahorro

Rentabilidades historicas

Simular seguro de ahorro N Plus

Para saber mas ...

seguro sobre la vida, tan

6y

caso de muerte como de

supervivencia, o ambOS conjdntamente, incluido en el de
supervivencia el seguro de renta; el Sobre la vida con contraseguro; el
segu Tt seguro de «natalidad». Asimismo, comprende
cualquiera de estos seguros cuando estén vinculados con fondos de inversion.
Igualmente, podra comprender el seguro de dependencia.

PRO

Club Soy Ahorrador

Blog Mutuactivos P'an Ahorro P|US

ore 2 g b) Las operaciones de capitalizacion del articulo 3.1.b) de esta ley.
reguntas frecuentes

| R

Contacta con Nosotros Rentabilidad garantizada ] (x) (y * anual hasta P c) Las operaciones de gestion de fondos colectivos de jubilacién y de gestion de
Area persona para este trimestre: ] O  30/06/2015 operaciones tontinas.

6.4.2 The risk—savings decomposition

We now look at a useful decomposition of the policy into a risk portion and a savings portion.
Multiply Equation (6.7) by v(k, k 4+ 1) and rearrange to obtain

T = v(k,k + I)‘Ix+knk + [V(k, k+ 1)k+l v —k VI

ARTICULO 7. VALORES GARANTIZADOS
El Tomador del seguro tiene derecho, previa sclicitud por escrito, a proceder al:

Rescate Total:

ability of dying in year x
Consiste en percibir un capital con cargo a la provision mateméatica constituida. El valor de rescate
serd igual a la provision matematica acumulada en la fecha en la que se gjercite el derecho. Si se
hubiera convenido algln tipo de penalizacion en las Condiciones Particulares, dicha penalizacion se
aplicara sobre la provision matematica resultante. El rescate total de la pdliza implicara la extincion
del contrato.

probability of not dying in year x

n
]—l(l ~ py) = probability of still being alive at end
x=1

of yearn
]—[(1 — px) = probability of living forever
=1

The solution to mortality:

ﬁ(] =pPg) >0
x=l
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MINISTERIO DE ECONOMIA'Y COMPETITIVIDAD

2919 Resolucién de 9 de marzo de 2015, de la Direccion General de Seguros y
Fondos de Pensiones, por la que se publica el tipo de interés maximo a utilizar
en el calculo de la provision de seguros de vida, de aplicacion al ejercicio
2015.

El Reglamento de Ordenacion y Supervision de los Seguros Privados, aprobado por
Real Decreto 2486/1998, de 20 de noviembre, regula, en su articulo 33.1, el tipo de
interés aplicable para el calculo de la provision de seguros de vida. Este articulo ha sido
modificado por el Real Decreto 128/2015, de 27 de febrero, por el que se modifica el
Reglamento de Ordenacion y Supervision de los Seguros Privados en materia de tipo de
interés aplicable para el calculo de la provision de seguros de vida. El mismo articulo
tambien establece que la Direccion General de Seguros y Fondos de Pensiones publicara
en su pagina web la resolucion en la que se determine el tipo de interés resultante.

En su virtud, esta Direccion General hace publico que el tipo de interées maximo
aplicable para el calculo de la provision de seguros de vida durante el ejercicio 2015 es
el 1,91 por 100.

Madrid, 9 de marzo de 2015.—-La Directora General de Seguros y Fondos de
Pensiones, M.? Flavia Rodriguez-Ponga Salamanca.
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TANTOS ptgtien ikipeeia o huikipctuaral nctation
Pre able: A principio del periodo ; sy=] _ —
Posgpaaggable:ﬁapﬂnalgel perigdu v=(1+1) nPz = ‘f-‘f+ﬂf’f# ndz =n d.r,”.r Pz = EPH"H‘T
| TANTOS FINANCIEROS | | TANTOS DE MORTALIDAD
Interés Técnico | Tablas de Mortalidad |
Tantos financieros para Pricing | Tantos para analisis | | Mortalidad para Pricing | | Mortalidad para analisis | E
Captializacion | Descuento
Edad Pre Pos Pre Pos Pre Pos Inversa
X b O A S " VAt 1/V*n-t)  1/V*n-t) 140V tPx It 1+t nPx+t 1Px tl
1 0,00000000
1,000 1,019 1 0,981258 1,32816493 1,30327247 I 101591 .l 099730160 0,002609840 0,00269340 1,08156425 0,99730160 0
1,015 1,035 09813 0962567 1,30327247 1, 2788485 1,0151 0,99436514 0,00563136 0,00294140 1,07884578 0,959705360 0
1,038 1,058 09629 0944321 12788485 1,25487333 1,081 099116756 0,00833244 0,00321570 1,07347303 099578130 0
1,058 1,079 09448 0927113 1,25487833 1,23135038 1,0191 098766498 0,01233502 0,00353380 1,07201141  0,99646820 0
1,079 1,099 09271 0909737 1,23135038 1,20328119 1,091 0,95384123 0,01615877 0,00387150 1,06822313  0,99612350 0
1,088 1120 09097 08926587 1,20823119  1,18563555 1,0151 0,97969175 0,02030822 0,00421760 1,08408751  0,99578240 0
1,120 1,142 08927 0875956 1,185383555 1,16341434 1,081 0,97520695 0,02479305 0,00457730 1,05859981 099542220 0
1,142 1183 0,876 0859539 1,16341434 1 1416006 1,0191 097037226 0,02062774 0,00495760 1,05474303 0,99504240 0
1,183 1,126 08595 0,543429 1,141680968 112021352 1,091 096516855 0,03483145 0,00536260 1,045951995 0,90463740 0
1,185 1,208 06434 0827622 112021352 1,095921345 1,0151 0,95957202 0,04042795 0,00579550 1,04385180 0,99420150 0
1,208 1231 08276 0812111 1,08821845  1,07351585 1,081 0,953655473 0,04644527 0,00627030 1,03783879  0,99372520 0
1,231 1,255 08121  0,79689 1,078616858 1,0584014 1,0191 094708477 0,05291523 0,00678510 1,03133071  0,993214590 0
1,255 1279 0,7969 0,781955 1,0584014  1,03356481 1,091 0,94012654 0,05987346 0,00734700 1,02433303 0,95265300 0
1,279 1,303 0,782 0,767299 1,003855481 1,01%1 1,0151 0,93264115 0,06735885 0,00796210 1,01680725  0,95203750 0
1,303 1,328 0O,7673 0,752919 1,081 1 1,081 0,92458677 007541323 0,00863610 1,00871133  0,99138380 0
1,328 1,354 07520 0,733807 0 0 1,0191 0,91591933 0,08408067 0,00937440 1,00000000 0,99062560 0
1,254 1379 0,7388 0,724961 0 0 1,091 0,90659270 0,09340730 0,01018280 0,99062560 092981720 0
1,379 1406 0,725 0O,711373 0 0 1,0151 0,89655962 010344035 0,01106630 0,980538258 0,93353320 0
1,406 1433 07114 0695041 0 0 1,081 0,585538656 011416135 001195790 095953684 0,93304210 0
1437 1 4R0 0.RG9R N.RR49ARR n n 1 0191 NA7T448388 0AZ2ARR1R12 LM ZR4R40 N 852058147 098718180 n

Life Actuz;t‘-ies

‘Sometimes we have to manipalate the dita.
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DIFERIDO PURO (Ahorro) - Pago contingente a la SUPErVIVeNC wpuwmipsdierghiii e

Life

PRESTACIONES CONTRAPRESTACIONES EQUILIBRIQ FINANCIERQ - ANALISIS LONGEVIDAD kong
bugeltonibipedinorglukilForce of mortality
r;E.r Z,Fj};i'.'“. PRIMA 5 Puntos Basicos 69 Puntos basicos: 35
100.000 75282 69.614 1500 1318 12,83 BEBET 100.000  s13 100.000 97.445
5 678 100 W6 2558 2.25%
Provizion | Provisidn Mort.Real

Pay Off VA.Finan VA Finan.Act Prima VAFinan VA Finan.Act|Imposicion Capitaliz. |Prima Capitaliz. | Tipo Equivalente Tipo Equivalente| Prima Unica |Pima Periodical  Capitaliz. Tipo Equival
0 0 0 0 1 1,000 1,000 5711 7585 5424 7792 1,91% 244% 71135 5.543 7.492 218%
0 0 0 0 1 0,981 0979 5711 7443 5424 7.625 1,91% 2.46% 72708 11.209 7.341 2,19%
0 0 0 i 1 0,963 0,957 5711 7304 5424 7.450 1,91% 248% 74.336 17.006 7.193 2.20%
0 0 0 0 1 0,945 0,936 5711 TA6T 5424 =iy 7297 1,91% 2,50% 76.024 22939 7.047 221%
0 0 0 0 1 0927 0916 5711 7032 5424 7135 1,91% 2.52% 771778 28017 6.903 222%
0 0 0 0 1 0,910 0,895 5711 8401 5424 6.974 1,91% 2.55% 79.509 35245 6.760 223%
0 0 0 0 1 0,893 0,875 5711 6771 5424 6814 1.91% 257% &1.492 41640 6620 2.24%
0 0 0 0 1 0,876 0,854 5711 6644 5424 6.656 1,91% 2.50% 83463 48202 6.431 2.25%
0 0 0 0 1 0,860 0,834 5711 8520 5424 6.499 1,91% 262% 85.515 54.945 6.343 2,26%
0 0 0 0 1 0,843 0814 5711 6398 5424 6.343 1,91% 2.64% &7 657 61.880 6.2[!8. 2.27%
0 0 0 i 1 0,628 0,794 5711 62786 5424 6.188 1,91% 267% £9.695 69.023 6.074 229%
0 0 0 0 1 0812 0,774 5711 6.160 5424 6.034 1,91% 2,70% 92235 76.387 5.941 2,30%
0 0 0 0 1 0,797 0,755 5711 6.045 5424 5,551 1,91% 273% 04 695 83.991 5810 232%
0 0 0 0 1 0,782 0,735 5711 5931 54M 5726 1,91% 2,76% 97.278 91.854 5.680 233%
100,000 75292 60614 92459 1 0,767 0,716 5711 5820 5424 5.576 1.91% 2.80% 100.000 100.000 555 2.35%
0 0 0 0 0 0,000 0,000 0 0 0 0 0,00% 0,00% 0 0 0 0,00%

! 0 0 0 0,000 0,000 0 0 0 0 0,00% 0,00% 0 0 0 0,00%
N 7\l 0 0 0 0,000 0,000 0 0 0 0 0,00% 0,00% 0 0 0 0,00%
@3 fl n i {1 ona {1 ona fl i i fl 1 D%, 1 D%, fl i i 1 D%,

Life Actuziwr"ies
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Ya lo ve, si quiere invertir en su futuro con un
producto garantizado, Generacion F Unico es la
solucion:

1000/ de su inversion garantizada, al

0 cumplirse el periodo de garantia

-I 000 / de la revalorzacion de su inversion,
0 sin medias ni porcentajes

Estd claro: invertir en bolsa es la mejor manera de
rentabilizar su dinero. Sobre todo si lo hace con su
capital 100% garantizado. Ademas, Generacion F
Unico le ofrece unas expectativas de revalorizacion
a las gque ahora puede acceder sin formulas que
limiten sus ganancias y sabiendo que, al final del
periodo contratado, le garantizamos

su capital.

Con Generacién F Unico no tendra que
preocuparse, porgue al cumplirse el periodo de
garantia, siempre recibira el mayor de estos 2
valores:

+ Elwvalor de la inversion
= EI1100% del capital invertido

Fuente: Www.nnseguros.es/

Planning for retirement is challenging. Regardless of the encounters you may face, you may want to achieve some

fundamental goals: Protect your Income, Preserve Your Legacy. Participate in the Market.

The Accumulator® variable annuity is a long-terrg retirement product ghat allows you the ability to invest for growth
potential on a tax-deferred basis. In the most basic i€ are contracts between you and an insurance
company to accumulate funds and then to provide lifetime payments. There are contract limitations and fees and
charges associated with Accumulator®, which include, but are not limited to, operations, distribution, withdrawal and

administrative expense and charges for optional benefits.

Accumulator® provides for guaranteed benefits through optional riders available for an additional fee; the Guaranteed

Minimum Income Benefit (GMIB) can protect retirement income, and the Guaranteggs

which provide the ahility to preserve the value of your death benefit for your legad
you to participate in the market.

PROTECT
Protect your income, with predictable guaranteed payments, regardless of
market turbulence.

Fuente: www. us.axa.com
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EQUITY-LINKED INSURANCE AND OPTIONS
call and Put Options

Although the risks associated with equity-linked insurance are new to

insurers, at least, relative to life-contingent risks. thev are very familiar

to practitioners and academics in the field of derivative securities. The

payoffs under equity-linked insurance contracts can be expressed in terms
of options.

There are many books on the theory of option pricing and risk manage-
ment. In this book we will review the relevant fundamental results, but the
development of the theory is not covered. It is crucially important for prac-
titioners in equity-linked insurance to understand the theory underpinning
option pricing. The book by Boyle et al. (1998) is specifically written with
actuaries and actuarial applications in mind. For a general, readable intro-
duction to derivatives without any technical details, Boyle and Boyle (2001)
is highly recommended.

The simplest forms of option contracts are:

® A European call option on a stock gives the purchaser the right (but not
the obligation) to purchase a specified quantity of the underlying stock
at a fixed price, called the strike price, at a predetermined date, known
as the expiry or maturity date of the contract.

® A European put option on a stock gives the purchaser the right to sell
a specified quantity of the underlying stock at a fixed strike price at the
expiry date.

drift

=y

ASy — S, ge dt + Sy o = ~NAT -r_',l.l-! == i‘jlﬂ ﬂ.:":l-:' I-‘I —

J

unNncertainty

Representacion de Compra de una PUT
Resultadol

(E-m)

Beneficio Limitado
B= E-(S+p}

0 Precio de la
Accidn
FPérdidas limitadas
-pp ormpra PUT
S=E
QT

Investment

Modeling and Risk Managerment
for Equity-Linked
Life Insurance

N, MARY HARDY

62


http://www.google.es/url?sa=i&source=images&cd=&cad=rja&docid=wepvopdvW4ZjoM&tbnid=wsAqnFvfgkAwwM:&ved=0CAgQjRw4Dw&url=http://www.monografias.com/trabajos38/opciones-financieras/opciones-financieras2.shtml&ei=h0b3UvunCdCg7Abq0oCQCQ&psig=AFQjCNG-oE1kz8rNF98y03skqvKVi_NMlg&ust=1392023559233508
http://www.google.es/url?sa=i&source=images&cd=&cad=rja&docid=wepvopdvW4ZjoM&tbnid=-EdsV8X26ye7wM:&ved=0CAgQjRw4Dw&url=http://www.monografias.com/trabajos38/opciones-financieras/opciones-financieras2.shtml&ei=hUb3Uvu4AuXR7Aat94GYCA&psig=AFQjCNEnDwtcCBzPs60-lbV1c14INjRjuw&ust=1392023557121729
http://www.google.es/url?sa=i&source=images&cd=&cad=rja&docid=Z5NDg9gpLP_RxM&tbnid=4lM6ZE55mjgNdM:&ved=0CAgQjRw&url=http://investexcel.net/geometric-brownian-motion-excel/&ei=G_v1UoXbJMnN7Aat3oDYCQ&psig=AFQjCNFPVrBhpEgqn5wvRK3e2I30nXjKnA&ust=1391938715677487
http://www.google.es/url?sa=i&source=images&cd=&cad=rja&docid=ZFHT-WVz2rAJaM&tbnid=dyrV8Ki8qI6j6M:&ved=0CAgQjRw4Kg&url=http://en.wikipedia.org/wiki/Geometric_Brownian_motion&ei=Lfv1UofpKqjC7AaVwYCICA&psig=AFQjCNEXDA4EAMl8QjEjnBzSgkzwAj0YFQ&ust=1391938733784701

GRACIAS

|

J

"
KEEP

CALM g

AND

TRUST YOUR
ACTUARY :

63



