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Optimal reinsurance under adjustment coefficient measure
in a discrete risk model based on Poisson MA (1) process
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In this paper, we study the retention levels for combinations of quota-share and excess of loss reinsurance
by maximizing the insurer’s adjustment coefficient, which in turn minimizes the asymptotic result of ruin
probability. Assuming that the premiums are determined by the expected value principle, we consider a
discrete risk model, in which a dependence structure is introduced based on Poisson MA(1) process between
the claim numbers for each period. The impact of dependence parameter on the adjustment coefficient is
discussed and numerical examples are provided to illustrate the results obtained in this paper.

Keywords: reinsurance; ruin probability; adjustment coefficient; expected value principle; discrete risk model;
Poisson MA(1) process

1. Introduction

The quest for optimal reinsurance involves formulating an optimization problem and deriving its
optimal solution based on certain criterion. A number of optimization criteria have been used by
researches in the study of optimal reinsurance. Gajek & Zagrodny (2004) concern the problem
of purchasing a reinsurance policy that maximizes the survival probability of the insurer. Cai &
Tan (2007), Cai et al. (2008) and Tan et al. (2011) present two optimal reinsurance models by
minimizing the value at risk and the conditional value at risk of the insurer’s total risk exposure.
Kaluszka & Okolewski (2008) demonstrate that the limited stop-loss and the truncated stop-loss
are the optimal treaties under some criteria including the maximization of the expected utility,
the stability, and the survival probability of the cedent.

Naturally, as a primary risk measure, ruin probability has been studied as regards the effect
of reinsurance in several papers. Hesselager (1990) considers optimal reinsurance structures
when the ceding insurer and the reinsurer seek to minimize the probabilities of eventual ruin.
Centeno (2002) investigates the insurer’s adjustment coefficient as a function of retention levels
for combinations of quota-share and excess of loss reinsurance in the Sparre Anderson model.

*Corresponding author. E-mail: huxiangaq@ 126.com

© 2013 Taylor & Francis
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Mileage-based pricing insurance and its impact on China

Weiwei Sun*, Baige Duan® and Lianzeng Zhang®
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Mileage-based pricing insurance, such as PAYD, is known as the “green insurance” because it is low-carbon and
environmentally effective, which is the biggest innovation in the global auto insurance industry seen in the past decade.
Starting from the perspective of economic externalities, vehicle negative externalities in China are described. In order to
introduce mileage-based pricing insurance to the Chinese insurance industry, this paper reviews the current practice of
PAYD insurance and its impacts on transport externalities, including air pollution, climate change, energy dependency,
congestion, accidents, and others. Finally, enlightenment and policy suggestions are proposed, in the hope of better
promoting the low-carbon economy development over the whole of China.

Keywords: mileage-based pricing insurance; externalities; low-carbon economy

1. Introduction

The rapid growth of vehicle usage and the popularity of
the private car has brought about certain negative extern-
alities, with a significant impact on the survival of our
environment. Wu and Liu (1994), investigating Western
countries, found that automobile exhaust pollutants
accounted for more than 60% of the total air pollution,
traffic noise accounted for more than 70% of urban envir-
onmental noise, while the proportion of automobile energy
consumption was about 70-80% of energy consumption
among various transport modes and 40-70% of oil con-
sumption. Since 1983 the auto insurance business has
made considerable progress, and is known as the “leading
insurance” in the property insurance market in China. The
China Vehicle Emission Control Annual Report
(2009-2012) shows that production and sales increased
rapidly as China became the world’s largest producer and
consumer of vehicles.

From early 2012, international insurance giants began
to enter the compulsory auto insurance market, which is
undoubtedly a challenge to Chinese-funded insurance cor-
porations. “The National Twelfth Five Year Plan” indi-
cates the direction for the regional development of the
insurance industry. How does the insurance industry
develop considering the influence of environment, popula-
tion, energy, and transport, in order to give full play to the
role of financial compensation? In response to these
issues, domestic insurance companies need to increase
product innovation and expand auto insurance product
variety. Only in this way will they be able to meet the
public’s growing demand for insurance and obtain a suffi-
cient market share.

It is only two years since domestic scholars began to
introduce the concept of mileage-based pricing insurance
in China (Pan 2011; Zhang 2011). Duan et al. (2012)
collated and summarized the theory and practice of foreign
auto insurance systems, and discussed in depth the poten-
tial problems in implementing PAYD. The aim of the
present paper is to describe the negative external effects
currently generated by vehicle use and the introduction of
mileage-based pricing vehicle insurance, and to discuss
the positive effects of the latter in reducing negative
externalities in terms of the following five main aspects:
air pollution, climate change, energy dependence, traffic
congestion, and traffic accidents. The conclusion reached
is that mileage-based pricing auto insurance will bring
wider social benefits to China, its possible contribution
being in providing a reference point for Chinese insurance
companies to develop new products such as PAYD.

The paper is organized as follows. Section 2 clarifies
the definition of economic externalities. Section 3 describes
the negative externalities of vehicle use in China. Section
4 introduces overseas mileage-based pricing vehicle insur-
ance and the current state of PAYD. Section 5 summarizes
and explores the impact of PAYD insurance on reducing
negative externalities. Section 6 provides the conclusion.

2. Definition of externalities

In the process of the development of external theory, the
economists Marshall, Pigou, and Coase made significant
contributions. As the founder of the British “Cambridge
School”, Marshall (1890) divided the increasing returns
problems brought about by economies of scale into two

*Corresponding author. Email: sunweiwei5555@126.com

© 2014 Shandong Normal University
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The Application of Bayesian Non-linear Hierarchical

Model in Multivariate Claims Reserving

Abstract: The paper innovatively proposed a Bayesian non-inear hierarchical model
for multivariate stochastic claims reserving based on different business lines, designed a
suitable model structure through combining non-inear hierarchical model with Bayesian
method, so as to provide some numerical analysis for the classic run off triangles data in
the actuarial practice with WinBUGS software, and further obtained the complete predic—
tive distributions of claims reserves under the hierarchical model structure using MCMC
stochastic simulation method. The proposed method extends and goes beyond best estima—
tors and estimators of mean square error of prediction for claims reserves at the present
multivariate claims reserving methods. The ability of the Bayesian framework to carry out
simultaneous inference based on the joint posterior distributions is of great importance for
non-life insurance solvency monitoring and industry decision making.

Key words: Dependence Structure; Bayesian Method; Non-inear Hierarchical

Model; Multivariate Claims Reserving; Predictive Distribution
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Dynamic Evolution of All Ages Life Expectancies in China

DUAN Baige
(School of Economics, Fudan University, Shanghai 200433, China)

Abstract: In the present paper we elaborate thoroughly the dynamic evolutions of all ages (0 —100 +
years old) mortality rates and all ages life expectancy for male, female and total population
respectively for China mainland 1994 - 2060 and Taiwan province 1970 — 2060, based on three
applications of Lee-Carter model, i.e. fitting and forecasting all ages mortality rates, calculating all

ages life expectancy, and constructing dynamic life tables. We further discuss the effectiveness of
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Robust Chain Ladder Method Based on Outlying Values

DUAN Bai-ge', ZHANG Lian-zeng’
(1. School of Economics, Fudan University, Shanghai 200433, China;
2. School of Economics, Nankai University, Tianjin 300071, China)

Abstract: The paper focuses on the appearance of outlying values in the run-off triangles of
claims reserving. It is demonstrated that claims reserves based on chain ladder method are highly
dependent on outlying values. In order to solve this problem, we consider robust chain ladder
methods, including the robust method with development factors and the method of detect and
adjust outlying values. On the basis, we apply the classical run-off triangles data and real run-off
triangles data from a non-life insurance business in Belgium to have an empirical analysis. The
numerical results show that the robust chain ladder method has an excellent performance.
Regardless of there are single or multiple outlying values in the raw data, robust chain ladder
method can also effectively identify and adjust these outliers, in order to reduce the impact of
outliers on claims reserving. In the non-life actuarial practice, several abnormal claims amount are
likely to appear completely, some non-life actuaries can further analyze the hidden reasons of
leading to abnormal claims amount by comparison the assessment results both chain ladder
method and robust chain ladder method, and depended on the specific situation, they can also take
a reasonable approach to adjust or retain the abnormal claims amount to improve the accuracy of
the estimated claims reserve.

Keywords: Claims Reserves; Outlying Values; Robust Chain Ladder Method; Residuals
Diagnostic; Sensitivity Analysis
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Bayesian Non-linear Hierarchical Models for Claims Reserving
DUAN Bai-ge!, ZHANG Lian—zeng®

(1. School of E conom ics, Fudan U niversity, Shanghai200433;
2. School of E conom ics, N ankaiU niversity, T ian jin 300071, China

Abstract: The paper proposes Bayesian non-—linear hierarchical m odels for univariate stochastic clain s reserving in non-—life
insurance, designs ten suitable m odel structures through com bining non—linear hierarchical m odels w ith Bayesian m ethod, so as to provide
som e num erical analysis for the classic runoff triangle data in the actuarial practice with W mBUGS software, and further obtains the
predictive distrbutions and relevant distribution characteristics of ultin ate loss and clain s reserves under various m odel structures using
M CM C stochastic sin ulation m ethod. The proposed m ethod overcom es som e inherent defects of the other reserving m odels. The m ethod can
notonly consider the hom ogeneity and heterogeneity of clain s developm ents in differentaccidentyears, butalso can m easure effectively the
uncertainty of tail developm ent.

Key Words: Bayesian M ethod ; hierarchicalm odels; non—linear grow th curve; clain s reserving; predictive distribution
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Simulation of the present value of perpetuity in CIR interest model

Zhang Lianzeng', Duan Baige®

(1. Department of Risk Management and Insurance, School of Economics, Nankai University, Tianjin 300071, China;

2. Department of Risk Management and Insurance, School of Economics, Fudan University, Shanghai 200433, China)

Abstract: When the force of interest is a CIR process, the analytical expression for the distribution of present
value of perpetuity is difficult to obtain. In this paper we consider the perpetuity when the force of interest is a
CIR process. First, we provide with the explicit expression for the mean of the present value of perpetuity using
the hypergeometric function o F;. Then we provide with an upper bound for the second moment of perpetuity
in CIR model. Using the software Mathematica, numerical results are provided. As a benchmark, the present
value of perpetuity in the CIR model is simulated, which is implemented with the R software. For the mean of

the present value of perpetuity, the simulated results fit very well to the analytical solution.

Key words: perpetuity; present value; CIR model; stochastic simulation
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Abstract: As arandom variable, the present value of a perpetuity with the interest accumulation
function governed by a Brownian motion with positive drift has been investigated thoroughly in
actuarial literature. This random variable has inverse gamma distribution. When the force of interest is
governed by either Vasi\v{c}ek or CIR process, it is difficult to obtain the exact distribution of the
random variable. In this paper we first consider the present value of a perpetuity under Vasi\v{c}ek
model, and provide an approximate expression for the first moment of this random variable by using
the hypergeometric function $_1F_1$. We then consider the present value of a perpetuity under CIR
model, and provide an upper bound for the second moment of this random variable under CIR model.
We provide some numerical illustrations about the means of these random variables by using the
software {\textsf{Mathematica}}. As a benchmark, we propose to simulate these random variables
using the software {\textsf{R}} under both Vasi\v{c}ek model and CIR model, respectively. We find
that for the means of these random variables, the simulated results fit very well to the approximate
results derived from the approximation formulas.
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Abstract

As a random variable, the present value of a perpetuity with the interest accumulation
function governed by a Brownian motion with positive drift has been investigated thoroughly
in actuarial literature. This random variable has inverse gamma distribution. When the
force of interest is governed by either Vasi¢ek or CIR process, it is difficult to obtain the
exact distribution of the random variable. In this paper we first consider the present value
of a perpetuity under Vasicek model, and provide an approximate expression for the first
moment of this random variable by using the hypergeometric function ; ;. We then consider
the present value of a perpetuity under CIR model, and provide an upper bound for the
second moment of this random variable under CIR model. We provide some numerical
illustrations about the means of these random variables by using the software Mathematica.
As a benchmark, we propose to simulate these random variables using the software R under
both Vasicek model and CIR model, respectively. We find that for the means of these
random variables, the simulated results fit very well to the approximate results derived from
the approximation formulas.

Keywords: Perpetuity; Vasicek model; CIR model; Simulation

1. Introduction

Vasicek model and CIR model are two well known interest rate models in finance. (See
Vasicek (1977) and Cox et al. (1985)). Later extensive discussions have been devoted to
them in the literature. For instance, as shown in Babbel and Merrill (1996), the price of zero
coupon bond (i.e. the mean of the present value of the bond at time ¢) under CIR model
can be expressed as the solution of a partial differential equation, and fortunately it has an
explicit expression. Similarly Georges (2003) discussed in detail the price of zero coupon
bond under Vasicek model. The properties of Vasicek model and CIR model, and their
relationship can be found in Shreve (2008). Zeytun and Gupta (2007) described these two
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Abstract

During the last two decades, quantification and management of longevity risks have been
discussed increasingly by both academics and practitioners from pension plans and life insur-
ance industry. The most fundamental work in quantifying longevity risks is on the methods
of modeling dynamic mortality rates. Currently, scholars have realized that mortality rates
are partial in the sense that they are limited to a broad age group and not to all ages or
the entire life spans. In the present paper we propose to study the dynamic evolution of
mortality rates across the entire life spans with respect to male, female, and total popula-
tion respectively in USA from 1933 to 2010, from a hierarchical modeling perspective based
on extended Lee-Carter model and generalized Pareto distribution. The proposed model
can handle effectively the existing deficiencies resulting from age extrapolation of old-oldest
mortality rates, and quantify reasonably tail behavior of the survival distribution of human
life spans. In this way, we can conclude that some finite upper bound on USA life spans
distribution does exist, and reveal the dynamic changes of the limiting age over time. Based
on the aforementioned studies, in combination with U.S. mortality data, we further discuss
some applications of hierarchical modeling of dynamic mortality rates proposed in the present
paper, such as forecasting the mortality rates across the entire life spans in the next fifty
years, forecasting the life expectancies for all ages in the future, and constructing dynamic
life tables. The hierarchical modeling further improves the existing methodology as it pro-
vides with a statistically sound method, which not only can be applied to quantification and
management of longevity risks in pension systems and life insurance companies, but also are

suitable for other statistical analysis related to human mortality modeling.

Keywords: Longevity risks; Dynamic mortality models; Age extrapolation; Trends

forecast; Hierarchical modeling; Extreme modeling method

1. Introduction and Motivation

During the last two decades, quantification and management of longevity risks have
become an active issue in both pension plans and life insurance companies. The most fun-

damental work in quantifying longevity risks is on the methods of modeling mortality rates.
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1; Abstract

;g The chain ladder (CL) and Bornhuetter-Ferguson (BF) methods are the most commonly

21 used claims reserving methods in actuarial practice. As a special case in generalized linear

gg models (GLM), (overdispersed) Poisson model is a stochastic motivation for CL algorithm.

24 In the derivation of the conditional mean square error of prediction (MSEP) of the ultimate

gg claim in the BF method, the estimation of the variance of claims development pattern is a

27 key step but requires much more effort. It is done in the framework of GLM and Taylor

gg approximation method is employed, wherein a quadruple summation shows up. In this paper

30 we identify that the quadruple summation is essentially a quadratic form. In this way, we

g; provide with a direct approach to computing the variance of claims development pattern.

33 As a benchmark, we also provide with a simulation approach, which illustrates the accuracy

2‘5" of the approximations. Numerical illustrations using the software R show that the results

36 from different approaches are very close. We then simulate the predictive distributions of

g; ultimate claims, from which the predictive distributions of claims reserves follow. Finally,

39 the adequacy of the model is discussed via residuals diagnostics.

3(1) Keywords: Claims Reserving; Claims Development Pattern; Overdispersed Poisson Model;

42 Generalized Linear Models; Residuals Diagnostics
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45 1. Introduction

46

jg The chain ladder (CL) and Bornhuetter-Ferguson (BF') methods are the most commonly

49 used claims reserving methods in actuarial practice. A number of papers have appeared in
g

g? recent literature as regards stochastic models related to the CL. and BF methods of claims
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