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ABSTRACT

Inflation risk is of high relevance in non-life m®rs’ long-tail business and can
have a major impact on claims reserving. In thisgnpawe empirically study claims
inflation with focus on automobile liability insuree based on a data set provided
by a large German non-life insurance company. Tiheia to obtain empirical
insight regarding the drivers of claims inflatioskr and its impact on reserving.
Toward this end, we use stepwise multiple regresammalysis to identify relevant
drivers based on economic indices related to heaiis and consumer prices,
amongst others. We further study the impact of licitly and explicitly)
predicting calendar year inflation effects on claimeserves using stochastic
inflation models. Our results show that driversdi@ims inflation can considerably
vary for different lines of business and emphagi® importance of explicitly
dealing with (stochastic) claims inflation whenadating reserves.

Keywords Separation method, claims inflation, regressioalysis, simulation, Vasicek
JEL ClassificationC53; E31; G22; G32

1. INTRODUCTION

For non-life insurers, inflation associated witimdeterm liabilities represents one major risk
source and can considerably impact the adequat@adsin of technical provisions, thus
directly influencing future earnings (see, e.g.,thvich, 2010; Ahigrim and D’Arcy, 2012a,;
D’Arcy, Au, and Zhang, 2009). Furthermore, in thenext of new risk-based capital
requirements for insurers as imposed by Solvencalllimaterial risks have to be considered
in the calculation of solvency capital requirememitsd the Own Risk and Solvency
Assessment (ORSA), implying that inflation risk gltbat least be taken into consideration
within an internal model of an insurance companye Bim of this paper is to empirically
study claims inflation in non-life insurance basad automobile liability insurance, fully
comprehensive car insurance, and third party lighisurance data provided by a large non-
life insurance company in Germany. Toward this emé,first focus on claims inflation by
determining the main driving factors for inflatioisk based on economic indices for different
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lines of business of the considered non-life insud&cond, we model claims inflation based
on the calendar year effects and assess its impactlaims reserving for the case of
automobile liability insurance, which is of spedialevance in the presence of superimposed
inflation.

In general, inflation is measured as the percentdgmge in the overall level of prices
measured by a price index such as the consumes pritex (CPI). However, insurers are
likely to be exposed to specific components of @8 such as medical inflation rather than
the overall level of price changes (see, e.g., Cumaand Derrig, 1993; Ahlgrim and D’Arcy,
2012a). In this context, Masterson (1968), foranse, measures the impact of inflation on
insurers by isolating components of the CPI that mated to specific lines of business.
Morrow and Conrad (2010) identify economic indicatonvhich best measure the inflation
inherent in claims costs. In addition, Ahlgrim aDtArcy (2012a) investigate the effects of
inflation or deflation on the insurance industryganeral, thereby indicating that property
liability insurers are impacted by inflation in seal ways, e.g. by means of costs of future
claims on current policies and calculation of losserves. Regarding loss reserves, D’Arcy
and Au (2008) and D’Arcy, Au, and Zhang (2009) paint that loss reserves are commonly
calculated based on the assumption that the ioflatate experienced in the recent past will
continue until these claims are closed, which, h@arecan take decades. Thus, if inflation
increases, costs will be more than expected, whigarticular affects long-term liabilities. In
this context, Verbeek (1972) and Taylor (1977) sa&fgathe impact of inflation from the run-
off triangle, which allows incorporating a diffetanflation rate in the calculation of reserves.
Moreover, inflation also affects asset returns,(seg, Fama and Schwert, 1977) and thus the
asset side of an insurer. While this may offseimaignify reserving risks in the presence of
inflation, in this paper we specifically focus dretliability side of the insurance company.

In this context, claims inflation can be definedtlas general inflation plus all other relevant
influencing factors, whereby these other factore also referred to as “superimposed
inflation”. The average motor insurance claim, fiestance, is not only affected by general
inflation, but also by the wages of the people mapg vehicles, medical costs for those
injured in vehicle accidents, and litigation cofse Swiss Re, 2010). Moreover, as pointed
out by Swiss Re (2010), for instance, the termléidn” may be misleading as it refers to
quality-adjusted price increases, which is why tiseyggest the term “change in claims
severity” as an alternative, which refers to chanigethe average value per claim. However,
to be consistent with the academic literature, imawfollows we use the term “claims
inflation”.



With respect to non-life insurance claim costs, @Guns and Powell (1980) compare two
different approaches to forecast claim costs faraobile insurance. They show that
econometric models (univariate and multivariate ety which take into account economic
indices (e.g. price and wage indices) to foreqamtrance claim costs, are more accurate than
exponential trend models. They also point out théation plays an important role in this
context. Cummins and Griepentrog (1985) further para econometric models with ARIMA
models, which do not require forecasts for the dgiolgy economic indices, and find that
econometric models do better in forecasting autol®absurance claim costs. In addition,
Cummins and Derrig (1993) first review differentpapaches in the previous literature on
forecasting insurance claim costs and then useyfsetztheory in order to combine forecasts
from alternative models in order to derive a goodp(oved) forecast of insurance claim
costs.

In the academic literature on the modeling of cddenyear effects (diagonal effects) and
claims inflation, Clark (2006) and D’Arcy, Au, arghang (2009) model claims inflation
using a mean-reverting time series model, whilenBttrand Zehnwirth (2000) study calendar
year effects within a probabilistic trend familyge dong (2006) uses a calendar-correlation-
model, and de Jong (2012) develops and implementsdel for dependences between loss
triangles using Gaussian copulas. In addition, W¢hh(2010) studies a Bayesian chain
ladder model that allows for calendar year effeetd, using a gamma-gamma model, shows
that calendar year effects substantially impact uheertainty of prediction of the claims
reserves. Moreover, Shi, Basu, and Meyers (20zn8nn and Wthrich (2012), and Merz,
Wiithrich, and Hashorva (2013), also study calengdsr effects in a Bayesian inference
approach using Markov chain Monte Carlo simulatimethods, while Saluz and Gisler
(2014) analyze the difference between the besmasti predictions of the ultimate claim in
two successive calendar years. In addition, JeasdrRietdorf (2011) present two different
approaches in order to include diagonal effectslamms reserving, and Bjorkwall, HOssjer,
and Ohlsson (2010) introduce a bootstrapping praeetbr the separation method in claims
reserving. Thus, while these papers analyze cleaéserving, they do not specifically focus on
the (stochastic) modeling of claims inflation inaichs reserving or the identification of
driving factors of claims inflation.

In this paper, we analyze claims inflation in nde-Insurance on the basis of empirical data
for automobile liability insurance, fully comprelsve car insurance, and third party liability
insurance provided by a large German non-life iasce company. We thereby contribute to
the literature in two main ways. First, we identifye main driving factors for claims inflation
with focus on automobile liability insurance baseda real and representative data set for the



non-life insurance market in Germany and thus g®uinique empirical insights into the
market. More specifically, we first empirically eatt calendar year effects by means of the
separation method, and then determine main drifaotprs (economic indices) that influence
the observed inflation risk in automobile liabilitysurance, fully comprehensive car
insurance, and third party liability insurance lsing stepwise multiple linear regressions.
This allows central insights in regard to main dra/of the respective claims inflation as, e.g.,
the progress in medical technology may consideradgeed the standard inflation as
reflected by the consumer price index. Thus, aneese in prices for certain therapies may
influence the costs for bodily injuries in, e.gcc@ent insurance, but may not affect the costs
for other lines of business such as fully comprehancar insurance. We show that inflation
risk strongly depends on the line of business &atlits major influencing factors may differ
considerably.

Second, we introduce and present a modeling apptbat comprises several steps of dealing
with claims inflation in non-life insurance in ragato controlling and arriving at a final
claims reserve. This approach is applied to theprehensive data set of a large German non-
life insurer consisting of the run-off triangle ftine claims payments of the business line
automobile liability insurance. Hence, we furthentibute to the literature by studying the
impact of the empirically observed superimposedhaiitn (addressed in the first step) on
claims reserving for the considered business Mimsvard this end, we use the bootstrapping
procedure of the separation method presented inkBgll, Hossjer, and Ohlsson (2010),
where the incremental claims are assumed to be gadmstributed, to obtain the predictive
distribution of the claims reserves, while we acgtofor an extrapolation of future claims
inflation based on key economic indices. In additito explicitly account for calendar year
effects, we model and calibrate claims inflatiomngsa multiple linear regression model and
the Vasicek (1977) model and thus extend the mbgeBjorkwall, Hossjer, and Ohlsson
(2010). Our findings indicate that inflation riskarc be substantial, thus being of high
relevance in regard to the calculation of clainserees.

The remainder of the paper is structured as follo@sction 2 illustrates the empirical
extraction and analysis of the claims inflationngsihe separation method. Section 3 presents
the modeling and calibration of the insurer’s claimflation using multiple linear regression
and the Vasicek (1977) model, whereas the modeiinfpe claims reserves is presented in
Section 4. The empirical analysis of claims inflatrisk in the case of the automobile liability
insurance of the German non-life insurer is presgm Section 5, and Section 6 concludes.



2. EMPIRICAL DERIVATION AND ANALYSISOF CLAIMSINFLATION
2.1 Empirical derivation of the claimsinflation

To empirically derive the historical claims inflatt from the available claims data by the
non-life insurer, we apply the separation methodjctv was first introduced by Verbeek
(1972), who applied the model in the reinsuranageod to the projection of the number of
reported claims. Taylor (1977) further generalizleid method in order to apply it to claim
amounts rather than claim numbers.

Let iD{O,...,n} denote the rows corresponding to the accident yedhe triangle, and
kD{O,...,F} denote the columns corresponding to the developiyear in the triangle. In
addition, we assume that the claims are fully edtih development year. The expected
value of the incremental claingk (i.k 00, where 0={i =0,...n;k=0,.. n~i refers to
the upper triangle), can then be stated as foll®ese, e.g., Bjorkwall, Hossjer, and Ohlsson,
2010¥%

E[ Z, ] = vAS, with zn:ﬁk =1, (1)

wherev; are volume measures of the accident yedinat are assumed to be known (e.g. the
expected number of claims for the correspondingdact yeaii) andd denotes the unknown
effect of the development yelr The also unknown effedt of the calendar yedr= i+k,
represents the inflation parameter that has tostenated. The idea behind the separation
method is thus to distinguish the factors for thevedopment year and the calendar
(accounting) year effects. The development yeagcesfimpact the columns of the run-off
triangle, whereas the calendar year effects opevatehe diagonals of the table. The
fundamental assumption of the separation methtdthisthese two patterns are independent of
each other. By means of the separation methodgdtee are analyzed to reveal the inflation
inherent in the data, which can then be used tectst the inflation rates for future years,
e.g., for a specific line of business (see Se@ijon

1 Here, claims inflation is defined as the sum @f gleneral inflation and the superimposed infla(see Swiss
Re, 2010).

2 The notation in Bjorkwall, Hossjer, and Ohlss@®10) is also consistent with the notation in Sahmi
(2007), which is suggested by the German Insur&sseciation (see GDV, 2011).



The separation method consists of two steps: Fitst, incremental claimsZx are
standardized by the known number of clawmis the accident year

Z
xl — I,k
ik V,

and, second, the unknown parameters of the caleyear effects/] and the development
yearsd, are estimated by

t n-k

~ in,t—i ~ Z xi,k

A =2 and§, =0 , respectively, (2)

wherek0{0,1,...1} denotes the development year 484{0,1...n} denotes the diagonal of
accident year and development yedri.e.t = i+k. The calculation of the parameters is done
recursively with a starting poirit= n. As a result of the separation method, one obtidias
estimates of the calendar year effe&,tswhich can be interpreted as the average claintiseof
different calendar years. The specific claims infla rater: is then calculated as the rate of
change between two sequent calendar year effexts, i
= j 1. ©

-1

2.2 Analyzing claimsinflation: Deter mination of main economic drivers

Given the historical claims inflation rates empatlg extracted from claims data, one relevant
guestion concerns the main economic drivers ohdanflation, which might deviate from

the classical consumer price inflation index (general inflation) as laid out in the previous
subsection. In particular, causes of superimposgation (i.e. inflation superimposed on top
of the regular CPI) discussed in the academicalitee especially comprise legal and
legislative changes that increase the average slg@ayments (see Brickman, Forster, and
Sheaf, 2005; Pearson and Beynon, 2007; Cutter,;20808in, 2009; Swiss Re, 2010). In

addition, superimposed inflation arises from chaggsocial conventions and medical cost

3 See Taylor (1977, p. 228) for a numerical exanpflehe separation method on automobile insurance
illustrating the process from a reserve triangléhtocorresponding vector of calendar year effects.



inflation (see Pearson and Beynon, 2007; Lewin92@&wiss Re, 2010), where medical cost
inflation also includes advances in medical techgp] which create new treatment options,
changing costs of medical treatment, and an incrgdiespan of seriously injured claimants.

Cutter (2009) further points out that claims hamgllipractices may also contribute to

superimposed inflation. In addition, according tacBman, Forster, and Sheaf (2005), wage
inflation, changes in policy limits, and underwrgidecisions can also play a relevant role.

In line with these observations, it has been shtvan different individual economic indices
are related to the specific claims inflation offeliént lines of business (see, e.g., Masterson,
1968; Cummins and Powell, 1980; Cummins and Grigpgn 1985). Morrow and Conrad
(2010), e.qg., identified economic indicators thestbexplain claims inflation, e.g., the indices
consumer price index (CPI), CPI-total medical canel CPl-medical services for fully
comprehensive car insurance, as discussed laterone detail. Thus, the determination of
explanatory economic indices can contribute toraproved understanding of the drivers of
claims inflation and hence improve the calculatdrclaims reserves as well as asset-liability
management decisions, for instance.

Following Colquitt and Hoyt (1997) and Manab anda@di (2013), we use stepwise
regression to determine the relevant economic ifdgifactors” of claims inflation. The
stepwise regression combines forward selection hattkward elimination in order to select
the best subset of predictor variables, i.e. ah st@&ge, a variable may be added to the model
or be removed from it. We fit the model based a ¢bmmon Akaike information criterion
(AIC), and choose the model that minimizes the A$€e, e.g., Young, 2012, p. 161-188).
The selection of potential explanatory variablesb® included in the stepwise multiple
regressions is based on economic arguments bygtakin account the academic literature
and an analysis of the unique characteristics ®fbtlsiness line (see Verbeek, 2012, p. 63).
The analysis focuses on the attributes that bestcterize the costs of the respective line of
business. The multiple regression model can beemrds follows:

n=c+> B0, +g, (4)
j=1

4 A detailed description of the stepwise regresgimtedure can be found in Frees (2010), for ingtawthile
stepwise regression ignores nonlinear alternatarek the effect of outliers, the procedure is stdeful to
search through several theoretically relevant nodelorder to select the explanatory variables @Eees,
2010). See also Samson and Thomas (1987) and Bretka. (1994) for applications of stepwise npi#i
regressions.



wherer: denotes the claims inflation as the dependenalbriat timet D{O,l,...n}, c the
regression constarit,; the value of the explanatory varialjlat timetD{O,l...n} (i.e., the
economic index)s; the corresponding regression coefficient arte error tern?.

3. MODELING AND CALIBRATING CLAIMSINFLATION

Apart from identifying main drivers of inflation, stochastic model for claims inflation is
needed when forecasting future claims and for ¢atitig claims reserves. In this context, we
model claims inflation in two different ways: (1)naultiple linear regression model, and (2)
the Vasicek (1977) model.

Multiple linear regression model

First, we use an empirical multiple linear regressimodel, where claims inflation is
explained by different economic indices. Multipkgression is a widely used method to fit
the observed data and to create models that cardakfor prediction in different fields, such
as biology, medicine, and economics. Multiple regien models have also been used to
forecast indices, in particular stock indices (e@@heng, Lo, and, Ma, 1990, and Sopipan,
Kanjanavajee, and Sattayatham, 2012). In regardotecasting insurance claim costs,
Cummins and Powell (1980) and Cummins and Griepgn{985) also use econometric
models (univariate and multivariate models) that laased on relevant economic indices, in
particular price and wage indices, since insurariaens payments are closely related to
economic indices. In addition, Masterson (1968)wshthat different economic indices are
related to the specific claims inflation of diffatdines of business and Morrow and Conrad
(2010) identify economic indicators that best ekplalaims inflation. Thus, as claims
inflation is driven by different economic indices,multiple linear regression model allows
combining these different economic indices in otdefiorecast claims inflation.

The multiple linear regression model can be contpéwethe stochastic investment model of
Wilkie (1986), where the behavior of various ecommnfactors is described by a stochastic
time series. The Wilkie (1986) model comprises smvaseparate variables, which are
modeled in a cascade structure based on pricetianflas the driving force. Thus, price
inflation is described first, and the remainingiahles are constructed next based on the
modeling of the previous variable(s). In the preégmaper, focus is laid on the modeling of
claims inflation based on the explanatory indickestified following the procedure laid out in

5 Since moving averages can cause pseudo-corredatioen if the data is independent, we do not aralyz
moving averages and time-shifted reactions (setnjt2011).



Section 2.2. In addition, before the multiple lineagression model can be used to forecast
claims inflation, the explanatory variables havebéopredicted into the future. In this paper,
to obtain first insight, we use a simplified apprieand do not model the explanatory indices
ltj in Equation (4) stochastically, but instead usedmpirically estimated med_r] , which is
constant fort ({n+1,...,2} and implies less model volatility, thus reducihg model risk
potentially arising due to the aggregation of nplétistochastic processes. Thus, the multiple
linear regression model used for forecasting clanfiation is given by (see DAV, 2013)

r=c+) B +g, (5)
j=1

wherer: denotes the forecasted claims inflation at futiimee tC{Nn+1,...,2} | ande the
normally distributed error term with mean 0 andndead deviations. Furthermore, the
constant, and the coefficientg are derived with Equation ().

Vasicek (1977) model

Second, we use the Vasicek (1977) model to foredasns inflation. The Vasicek (1977)
model is often used for modeling inflation ratesg(se.g., de Melo, 2008; Falbo, Paris, and
Pelizzari, 2010) due to its mean-reverting proparty the feature of negative inflation rates.
Chan (1998) and Ahigrim and D’Arcy (2012b) also rabithe behavior of the inflation rate by
means of a stochastic Ornstein-Uhlenbeck procedsCéark (2006) and D’Arcy, Au, and
Zhang (2009) model claims inflation using a mearertng time series model. In addition,
the Vasicek (1977) model is often used to moddaimmn indices that describe the average
rate of price increase for a specific basket. Thassferred to a non-life insurer, this means
that we consider a portfolio of claims and thatrok inflation denotes the change of the
average rate of price increase for this specifgkbaof claims (see DAV, 2013).

The Vasicek (1977) model is described by

dr, =a(6-r,)dt+odw, (6)

wherea, o, andd are strictly positive. Here, controls the speed of the mean reversion to the
long-term meamd (see Cairns, 2004). The volatility of the inflaticate process is represented
by 0. The resulting inflation rate

6 An application of this model to claims inflatios also suggested by Towers Watson, who calculae th
“Towers Watson Claim Cost Index”, which is constadt from a variety of economic indices that reflect
insurance costs (see Pecora and Thompson, 2012).
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r,=b/ a[ﬁl— e_amn_t’l)) + e +o0e™ J:i & dw ¥

is normally distributed with mean(rS exp(-a [t -s)) +of1- ex;(a[ﬂt—s)))) and
variance(azlzm)[ﬁl— ex;(—ﬂr[ﬂt—s))) . Fort - o the mean converges to the long-
term mearg with long-term variancer®/ 2@ .

To calibrate the Vasicek (1977) model based orethpirical claims data provided by a non-
life insurer, Equation (6) has to be rewritten by

dr =a(6-r,)dt +odW = (b~ aJ) dt+o dw. 7)

Next, Equation (7) has to be considered in disargpeesentation at time (see Glasserman,
2010), such that

r, =b/alfi-e*)+ e O +0./(1- ) /20207,

Where; denotes a standard normally distributed randombaun(see Brigo and Mercurio,
2007). The time step is given t@t :ﬁ —ﬁ_l with a total ofn observed data points. Setting
the coefficient to

c=e? d=h/ a[@l e""m“) andV = a\/ 2|M“)/ZEH 7

the unknown parameters can be derived by an OL®ssign (see Brigo et al., 2069).
4. THE IMPACT OF CLAIMSINFLATION ON RESERVING

As one main application and to identify the impatitstochastic claims inflation on claims
reserving, we calculate the reserves by meanseokéiparation method with the stochastic
claims inflation for the calendar year effects. Wiextrapolating the calendar year effects to
provide an estimator for future claims (and theeres) by means of the separation method,
we distinguish three cases. First, we assume #imslinflation rate: is constant over time,
ie.r =r for tO{n+1..,2} . Second, we stochastically model the future clainfiation

7 Applying the Euler discretization scheme, the paterV simplifies tov = o+/At (see Glasserman, 2010).

8 OLS (ordinary least squares) can be used to eaihmknown parameters by a linear regression. When
distribution of the underlying process is Gaussiarin the case of the Vasicek (1977) model, thighatkis
in accordance with the maximum likelihood estimdsee Brigo et al., 2009).
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ratesr; according to Equation (5) using the multiple linesgression model and, third, we use
the Vasicek (1977) model (Equation (6)). By applyithe inflation estimators: with
tO{n+1..., 2}, the unknown calendar year effectsfor tC{n+1,...,2} can be calculated
via

A=A, 1+1) 8)

with a given)IA (see Equations (2) and (3)). The future incremeritams 2, « (i,koa,
where A={i =1,...n;k=n-i+1... 1} denotes the unobserved future triangle) in the towe
triangle can thus be predicted with the separatiethod byZ K —V/LzS{(, wherez9 is derived
from Equation (2) and/] Is given by Equation (8) with either a constarilaition rater: = r

or a stochastic inflation ratefor t[l{n+ZL...,2"} , modeled by the multiple linear regression
model or the Vasicek (1977) model. The accident gé@ct V is assumed to be known and
represents the number of claims per accident yidas. leads to a total reserve estimakor
given by

R=Y72,. (9)

The separation method of Taylor (1977) is a deteistic method similar to the classical
chain ladder method. To provide a full predictivistbution, Mack (1993) analytically
calculates the mean square error of prediction (MSEor the chain ladder method and
England and Verrall (1999) introduce bootstrappisgng a generalized linear model (GLM)
framework. In case of the separation method, GL&bti cannot be applied directly, since all
incremental claims of the same accident year stimresame number of claims and are thus
dependent. Furthermore, the analytical calculatadnthe MSEP requires an explicit
expression of the MSEP and further distributionasuaptions in order to derive the
predictive distribution of the claims reserves (8p@kwall, Hossjer, and Ohlsson, 2010, p.
866). Hence, we apply the parametric bootstrappiragedure of Bjorkwall, Hossjer, and
Ohlsson (2010) to obtain the predictive distribntmf the claims reserves for the separation
method.

The starting point of the bootstrap procedure ésupper run-off triangle. Based on the claims
data in the upper triangle, the aim of the bogpsmacedure described in Bjorkwall, Hossjer,
and Ohlsson (2010) is to obtain a full predictivetrtbution of the claims reserves. Thus,

® In Mack (1993) the MSEFmsep( I% of the estimatorR of the total claims reserveR is defined by
mse;:( F) Eé( )HD) where[] refers to the upper triangle.
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instead of a deterministic point estimate, which ba derived by the separation method of
Taylor (1977), the bootstrap procedure allows deg\a full distribution of claims reserves.
The distribution of claims reserves is therebystibased on the sum of the point estimates
and the additional uncertainty of the predictiohjek in turn is derived in two steps. First, we
draw B pseudo upper triangles and predict the correspgniditure incremental claims with
the separation method, and second, we directly @dimes the pseudo future incremental
claims in the lower triangle. The prediction uneerty is then obtained by the standardized
difference between these two pseudo claims reserves

In particular, following Bjorkwall, HOssjer, and @Bon (2010), the relation between the
claims reserveR and its estimator in the real world, which is obtained by Equati®iy, can
be substituted by the true outstanding clair’s in the bootstrap world and the estimated
outstanding claimsx" in the bootstrap world. Thus, the process errdrthe estimation error
are included inR” and R, respectively, which allows approximating the pctde
distribution of the claims reserves. Hence, we thgenotation * for random variables in the
bootstrap world, which correspond to estimatorthenreal world. The notation ** is used for
random variables in the bootstrap world, if theresponding variable in the real world is not
observed.

First, the number of claimg per accident yearis assumed to be known. In addition, we
follow Bjorkwall, Hossjer, and Ohlsson (2010) arssame that the independent incremental
claimsZixare gamma distributeld,i.e.

Z~ ( L, Akﬁtc?)] (10)
o

~A A A A 2 A ~
with meanVi44 and variance;, ()ltﬂk) @, where( is given by

A A \2
~ 1 (Zi,k_vi/‘tﬁk)
? -z (vA3.)

where C denotes the upper trlangI‘E] Is the number of observations in the upper trieyal
denotes the number of parameters that have totlmeagsd andz9 and/] are derived from
Equation (2). Thus, the expected value of the memtal claimsZk is given by\/i/lzz, which

10 See also Wuthrich (2010), where the cumulativerdaalso follow a gamma distribution.
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is in line with Equation (1). In order to approxiteahe predictive distribution of the claims
reserves, we next calculate the estimated outstgndaims in the bootstrap world and the
true outstanding claims in the bootstrap world.

The estimated outstanding claims in the bootstrapgdv

To calculate the estimated outstanding claiRisin the bootstrap world, first, eaczi*,k
(ikoo, with 0={i=0,...nk=0,..,n=i) is drawnB times from Equation (10), to
obtain B pseudo upper triangles. Second, for each pseugerupiangle, the future
incremental cIaimsZAi*‘I< (i,kOA WithA:{i =1...n;k=n-i+1... ,r}) can be predicted
with the separation method tﬁ{k = Vl/izgf( (Wherezgfz is derived from Equation (2) anaf is
given by Equation (8) with either a constant inflatrater: = r for tEI{n+ZL...,2”} or a
stochastic inflation rate: for tD{n+L...,2}, modeled by the multiple linear regression
model or the Vasicek (1977) modéhwhich leads to the estimated outstanding claRhsn i
the bootstrap world

R = z Zk '
i
True outstanding claims in the bootstrap world

Next, to calculate the true outstanding claiRs in the bootstrap worIdZ;ﬁ< (i,k O A with
A:{i =1...nk=n-i+1... ,r}) are sampledB times from Equation (10) to obtaiB
pseudo lower triangles and the true outstandingnslan the bootstrap world are given by

R"=>7,.
A
Calculation of the predictive distribution

Using R and R”, the predictive distribution of the outstandingiois R™ is obtained by
the sum of the estimated claims reserve in the weald R (see Equation (9)) and the
prediction errorpe” multiplied by the estimator of the variance of th&ms reserveR, i.e.

R = R+ pé+/Va( B,

where the estimator of the variance of the claieserves is given by

1 Note that the parameters for modeling the stoithastation rater; using the Vasicek (1977) model and the
multiple regression model are based on the empulata for all simulation8.
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var(R)= Y voY (§,4.) » With i,k D4 andA={i=1...nk=n-i+1..1}.

The B prediction errors are in turn derived by the stadized difference between the true
outstanding claimR™ and the estimated outstanding claiRsin the bootstrap world, thus
the prediction errorpe™ are given by

. R -R
pe =-—
ar(R”

%‘

where the estimator of the variancemf is given by
var(R™)=Y vo Y (84 )2 cwith i koa andA={i=1...n;k=n-i+1..1},

and the estimato% is derived by

5. EMPIRICAL ANALYSIS OF CLAIMS INFLATION: THE CASE OF A GERMAN NON-LIFE
INSURER

This section presents an empirical and numericalyars of claims inflation based on a data
set provided by a German non-life insurer. In wibdows we first describe the data provided
by the insurer and the economic inflation indiceedito analyze the empirically estimated
claims inflation. Next, the process of derivingabmzing, calibrating and simulating claims
inflation is illustrated for the line of businesautomobile liability insurance” along with the
impact of inflation on claims reserves. Last, weliidnally study further lines of business
(third party liability insurance and fully compreistve insurance) and identify relevant
driving factors of claims inflation.

5.1 Data

We use a comprehensive data set of a large Gerpratifa insurer consisting of the run-off
triangle for the claims payments of the businesse fiautomobile liability insurance”. In

automobile liability insurance, liabilities can s&ifrom bodily injuries or physical damages.
Since bodily injuries and physical damage are dbfig claims inflation may differ between
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these two types of damage and thus, splitting aobile liability insurance into separate
portfolios or the use of policy-level data may iloye the estimation and allow further
analyses. However, due to the availability andcstme of the data, we use a data set which
contains both bodily injuries and physical damagasan aggregated level. The run-off
triangle contains annual incremental payments foe tlimensions accident year and
development year for the years 1983 to 2012. Assalt of the separation method, we obtain
the calendar year effectsfrom the year 1983 to 2012 and the specific clamfiation r: for

the years 1984 to 2012, which is calculated asr#te of change between two sequent
calendar year effects (see Equation (3)). The geecdaims inflation in automobile liability
insurance in the time interval 1984 to 2012 wad%2and the total claims inflation ranges
between -5.17% and 7.65% (see Table 1) and Figultastrates the extracted historical
claims inflation development over time. Note thae tempirical data were scaled for
anonymization.

Figure 1: Historical claims inflation development in the tinmeerval 1984-2012

historical claims inflation development
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5.2 Analyzing claimsinflation in automobile liability insurance

We next study the historically observed claimsatdéin in more detail by identifying the
relevant economic driving factors based on therditee and stepwise regressions. As
described before, the selection of relevant vaemhb be included in the stepwise multiple
regressions is based on economic arguments andse®con the attributes that best
characterize the costs of the respective line @lirtass, i.e. the business line automobile
liability insurance of the German non-life insuneiour case.

Regarding automobile liability insurance, liab#si can arise from bodily injuries or property
damage sustained by others in an automobile adcidenaddition, automobile liability
insurance protects the insured against being hedhdel for others’ losses (see Cummins and
Tennyson, 1992). Hence, claims can be divided pitgsical injuries, bodily injuries, and
pure financial losses. In this context, Cummins Bogvell (1980) consider several price and
wage indices in their model to forecast automobkurance claim costs. Their findings
indicate that inter alia “the implicit price deftatfor gross national product, the implicit price
deflator for autos and parts, and wage indicegherservice sector and for the private sector
of the economy” (Cummins and Powell, 1980, p. 96 anportant variables for the
prediction. Moreover, Cummins and Griepentrog (d9&&ditionally find the implicit price
deflator for personal consumption expenditures, @, the CPl-medical care, and the
service sector wage rate to be relevant indices aisiomobile insurance. In addition,
Masterson (1968) identified the indices CPIl-aufgans and maintenance, average annual
earnings and average annual income in the transpotor and a bodily injury loss index as
relevant for automobile liability insuranéé.

We thus hypothesize that the indices CPI, CPIlramation, CPl-purchase of motor
vehicles, turnover—motor vehicle maintenance anpairg gross earnings, and indices
regarding health costs as stated in Table 1 hasigraficant impact on claims inflation in

automobile liability insurance. Apart from providirdescriptive statistics for our sample of
explanatory variables, Table 1 also contains maferination about the estimated claims
inflation in automobile liability insurance.

2 Masterson (1968) developed claim costs indicesvéoious lines of business, using weighted averades
governmental price and wage indices. Cummins argifdfder (1978) also refer to the list of available
indices of Masterson (1968).
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Tablel: Estimated claims inflation in automobile liabilitjwsurance and selection of

explanatory variables for automobile liability imance: Descriptive statistits

Automobile liability

Standard

) Interval N Mean . Minimum Maximum
Insurance deviation
Estimated claims 1984-2012 29 2.21% 2.55% 5.17% 7.65%
inflation . 1995-2012 18 1.32% 2.42% 5.17% 5.68%
. 1092-2012 21 1.81% 0.92% 0.36% 4.30%
1995-2012 18 1.55% 0.63% 0.36% 3.17%
L - 1092-2012 21 2.70% 2.03% 2.79% 6.15%
—transportaton
P 1995-2012 18 2.54% 2.16% -2.79% 6.15%
CPI—purchase of motor 19922012 21 1.08% 1.28% 20.49% 3.96%
vehicles 1995-2012 18 0.85% 0.95% -0.49% 3.32%
;‘;ﬂ”ﬁ!ﬁ;ﬁfé dvf:[')‘:ﬁ 1995-2012 18  -1.02%  11.00%  -20.03%  32.57%
Sross earmings 1092-2012 21 1.74% 1.93% 20.13% 8.72%
|
g 1995-2012 18 1.27% 1.05% -0.13% 3.02%
Cou'zrr%[;thea'th_mta' 19952012 18  3.41% 1.83%  -0.07%  7.52%
COaErgD health-nursing 1 g9c 5912 18 5.52% 4.30% 1.11% 18.47%
OECD health-medical ) goc 5515 1 3.38% 3.83% -5.81% 9.63%

goods

In order to test these hypotheses and to idertidgymost relevant driving factors among the
considered ones, we next conduct the stepwise sgigre procedure. Due to the limited
availability of the economic indices (first line efch variable in Table 1), we base our
analysis on the relevant variables given in Tabkerlthe time interval from 1995 to 2012
(second line of each variable in Table 1, if add#) using annual datd.Furthermore, we
control for multicollinearity, which arises in casehighly correlated explanatory variabfés.

13 The economic indices stem from two sources: thatdse GENESIS-Online from the Federal Statistical
Office of Germany and the Organization for Econonfio-operation and Development (OECD). The
database GENESIS-Online contains a variety of plyblavailable indices that cover different publieda
economic fields (www.destatis.de). The OECD prositlee index “Health Expenditure and Financing” that
reflects prices of different aspects of medicalecawww.oecd.org), which contains the sub-basketstdl
current expenditure” (here referred to as OECD the#dtal current), “Services of long-term nursirgye’
(here referred to as OECD health—nursing care) “etlical goods” (here referred to as OECD health—
medical goods). Note that the indices OECD heattta-tcurrent, OECD health—nursing care, and OECD
health—-medical goods are German specific in oug.cas

¥ The time series of the indices “turnover—motor iglshmaintenance and repair” and “OECD health—total
current” are only available after 1995.

15 Results show that the index CPI-transportatidnighly correlated to the CPI, as it representslkiategory
of the CPI.
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Table 2 shows the result of the final multiple e=gion model. It can be seen that especially
the indices OECD health—total current and turnowveter vehicle maintenance and repair
show a high statistically significant relationshygh the claims inflation rate of the business
line automobile liability insurance. The indicesl@m®Rd gross earnings also exhibit a positive
relationship, which, however, is only statisticallignificant at the 10% level. Thus, the
results emphasize that the general CPI is notcserfii to explain empirical claims inflation
inherent in the considered automobile liability urence claims data, which exceeds the
standard inflatiort® The analysis shows that it is particularly the @Eealth—total current
index that contributes most to the observed clainfigtion according to the considered
regression model, as the progress in medical téohnpstrongly affects the costs for bodily
injuries and thus strongly drives the claims inflatof the business line automobile liability
insurance. As the risk of bodily injuries typicafiyrther depends on the respective portfolio
(countryside versus cities), insurers should cohéluther detailed analyses and distinguish
between respective portfolios when studying clamfiation.

Table 2: Estimates of the multiple linear regression mddelthe business line automobile
liability insurance (yearly observations from 19852012)

Business line automobile Regression coefficieff Standard error Empirical mean
liability insurance

Intercept -0.045** 0.014 -

CPI 1.256* 0.682 0.018
Tur.nover—motor vehlclg L0.131 *+* 0.042 0.010
maintenance and repair

Gross earnings 0.908 0.447 0.017
OECD health—total current 0.757 0.236 0.034

Notes: * statistical significance at the 10% ldy&** statistical significance at the 1% levelAIC = -142.43;
R’= 0.6214; p-value = 0.0091; VIF = 2.64.

The present parameterization of the multiple resioesmodel leads to an AIC of -142.43, an
R-squared of 0.6214, a corresponding p-value @Fttest of 0.0091, and a variance inflation
factor (VIF) of 2.64, which rejects multicollinearity.Hence, the chosen indices contribute to
the observed claims inflation and are thus ablexjglain a large part of the specific claims
inflation of the business line. The analysis ofirol inflation in regard to the various
economic indices allows insight regarding the maoonomic drivers of claims inflation.

6 Note that the same holds true for the indices @&hsportation and CPl—purchase of motor vehicles
according to further analyses.

17 High values o¥IF indicate multicollinearity, such as values gredban 10, which denotes a typical rule of
thumb in the literature (see O’Brien, 2007).
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This is also of relevance in regard to risk manag@nand asset-liability management, for
instance, in order to predict inflationary impaots reserves (see also Morrow and Conrad,
2010).

5.3 The impact of stochastic claims inflation on reserving in automobile liability
insurance

We next examine the impact of claims inflation @serving by comparing the predictive

distributions that are obtained with the separati@thod (Section 4) including stochastic and
constant claims inflation rates. In addition, wenpare our results with the classical chain
ladder method. Based on the historical claims filitadata for automobile liability insurance,

the Vasicek (1977) model and the multiple lineagression model can be calibrated. The
resulting input parameters for the Vasicek (1970det are given in Table 3, while the

parameterization of the multiple linear regressiwodel is given in Table &

Table 3: Estimates of the Vasicek (1977) model for the hess line automobile liability
insurance

Vasicek (1977)
a 2.101
6 0.023
0.052

To calculate the claims reserves of the insurerfikge simulate the claims inflation rate for
the Vasicek (1977) model and the multiple lineagression model using Monte Carlo
simulation with 50,000 sample patiisin addition, we apply two constant claims inflatio
rates of 2.44% and 5.00%, where the first corredpdon the implicit inflation rate of the
classical chain ladder method and the latter iliies the case of a substantial increase in
claims inflation. The bootstrapping procedure odmRyvall, Hossjer, and Ohlsson (2010) as
described in Section 4 is then applied vtk 50,000 simulations for each predictfdn.

8 Note that the Kolmogorov-Smirnov test showed tit null hypotheses of normally distributed infbati
rates cannot be rejected for the historical claimfiation rates (D = 0.1089, p-value = 0.8451), goiping the
assumption of normal distribution as is the casdtfe Vasicek (1977) model.

19 We chose a sufficiently high number of sample pathd ensured that the results remain stable farelnt
sets of random numbers.

20 Since we use 50,000 simulations for each predtictiod the same number of stochastic inflation rétes
case of the Vasicek (1977) model and the multiplear regression model), we generate one pathaghsl
inflation rates for each simulation path.
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Figure 2 displays the predictive distributions lué tlaims reserves of the automobile liability
insurance calculated by means of the separatiohadeusing two constant inflation rates,
the Vasicek (1977) model, and the multiple lineegression model to forecast the claims
inflation rates (calendar year effects). In the empfeft graph of Figure 2, the predictive
distribution of the claims reserves is displayethve constant claims inflation rate of 2.44%.
In this case, the expected value of the claimsrvesecoincides with the claims reserves
calculated based on the deterministic chain laddegthod, since the claims inflation rate is set
to the intrinsic inflation rate of the chain laddeethod. It can be seen that the mean of the
distribution is about 248 million with a standarevétion of about 66 million, and that the
distribution is skewed to the right due to the gaandistributed incremental claims. In the
upper right graph, the predictive distribution bétclaims reserves is displayed, now with a
constant claims inflation rate of 5%, which illiges an increase in claims inflation, e.g. an
unforeseen increase in medical inflation. It cansken that the predictive distribution is
shifted to the right and the mean of the distrimutof the claims reserves increases to about
368 million. Thus, the classical chain ladder mdtlhwuld underestimate the claims reserves,
since it is not able to account for unforeseeablk@nges in the calendar year effects, which
emphasizes the importance of explicitly dealinghwdlaims inflation when calculating
reserves.

In the lower left graph of Figure 2, the predictoistribution of the reserves is calculated with
the stochastic claims inflation rates of the Vasi(E77) model. It can be seen that the mean
of the reserve distribution is about 273 millionhiah lies above the reserves predicted
according to the chain ladder method, and the standeviation is considerably larger with
about 90 million. In comparison, the mean of theeree distribution in the lower right graph
of Figure 2, where inflation rates are forecastéith whe multiple linear regression model, is
about 234 million and thus, lies slightly below tieserves calculated by the classical chain
ladder method, and the standard deviation is aé8uillion, which at first glance appears
similar to the deterministic model in the uppet gfaph. However, depending on a required
risk-based solvency margin, e.g. a pre-defined lojgantile of the reserve distribution, the
claims reserves would be considerably higher, dng,tlie considerably above the one
calculated by the chain ladder method. This caa bés seen in Figure 3, which shows the
cumulative distribution functions of the reservepending on the respective approach (see
Figure 2).
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Figure2: Distribution of the claims reserves calculated thg separation method using
different claims inflation rates as a result of Mente Carlo simulation
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Figure 3: Cumulative distribution functions of the claimseesges in Figure 2
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To further compare the claims reserves deriveddasethe different models, we tested for
stochastic dominance using the algorithm presemteorter, Wart, and Ferguson (1973)
(see, e.g., Aboudi and Thon, 1994). The resultsvstimt the reserves calculated with a
constant inflation rate of 5% (unforeseen increasgaims inflation) dominate the other three
distribution functions of the claims reserves bgos® and third order (by first order in case
of a constant inflation rate of 2.44% and the mpigtiinear regression model). In addition, the
test shows that the distribution function calcudatgth a constant claims inflation of 2.44%
dominates the distribution of the claims reservased on the multiple regression model by
first order. Thus, as also seen in Figure 2, thdtiphe regression model leads to slightly
lower reserves in the present setting than thetanhsflation model under the assumptions
in Equation (5). However, this may change when onenore explanatory indices increase
due to environmental changes, for instance, oistbahastic representation of the explanatory
variables is used for forecasting instead of tlsohical mean. In such a situation, the claims
reserves calculated with the multiple linear regi@s model would increase, while the
reserves calculated with the Vasicek (1977) modelld/not be impacted. Hence, in this way,
multiple regression models allow incorporating fetexpectations in regard to the underlying
economic indices driving claims inflation, which @& central importance in case of high
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unforeseen inflation (see also Cummins and Pod@B0). Thus, the reserve calculation and
the drivers of the reserves as related to inflatimy be assessed on sounder IFasis.

In summary, as the classical chain ladder methadchealates the claims inflation using a
constant factor based on the internal historicaint$ inflation rates, it is not able to account
for unforeseen changes in the calendar year effadigch may be due to, e.g., external
effects. In this case, the classical chain laddethod would underestimate the claims
reserves, which emphasizes the importance of ettplaealing with claims inflation when
calculating reserves. In this study, we proposeal pwssibilities for the stochastic modeling
of claims inflation. As the Vasicek (1977) model dalibrated based on historical data,
external effects cannot be taken into account; kewesconomic indices are not needed as
the calibration is directly based on historicalagathich in turn eases the implementation. In
comparison, the multiple regression model usesrexiteeconomic indices, thus requiring a
determination of explanatory variables, but it @doinsight regarding the major economic
drivers of claims inflation, which is of great reémce in regard to risk management and
asset-liability management.

5.4 Comparing claimsinflation in different lines of businessin non-lifeinsurance

In this subsection, we further study two additioliaés of business of the German non-life
insurer, namely fully comprehensive car insuraned third party liability insurance. We
determine the relevant economic driving factorstfa two lines of business using stepwise
regressions and select potentially relevant vaemlddased on economic arguments (see
Sections 2.2 and 5.2). For fully comprehensive inaurance, we include the indices CPI,
CPI-transportation, CPI-purchase of motor vehictasjover—motor vehicle maintenance
and repair and gross earnings in the stepwise sgigres. For third party liability insurance,
we include the CPI, CPI-household equipment andishings, CPI-home maintenance and
repair, gross earnings, and three indices regatuadth costs in the stepwise regressions (see
Masterson, 1968). Table 4 gives an overview ofréseilts of the stepwise regressions for the
three business lines fully comprehensive car ima@athird party liability insurance, and
automobile liability insurance as studied in theywus subsection along with the relevant
economic indices.

21 See also Cummins and Griepentrog (1985) regartliaguse of econometric models in this regard, and
additionally Cummins and Derrig (1993) concerningaanparison and combination of different forecagtin
methods to derive good forecasts.



24

The results show that the business line fully cahpnsive car insurance is influenced by the
indices CPl-transportation, CPIl-purchase of motehniales and turnover—motor vehicle
maintenance and repair. For third party liabilitgurance, we find significant relations of the
business line’s claims inflation data with the geli CPI, CPI-home maintenance and repair
and OECD health—total current.

These observations emphasize that the driving factbclaims inflation in different lines of
business can differ considerably and that clainfietion should be analyzed and modeled
separately for each line of business. In additab@ms inflation may even considerably differ
between portfolios within the same business linpedding on the respective risks (e.g.,
cities, countryside) as also discussed in SectidnFor instance, the negative signs in Table 4
may arise from such selection effects in the pbafef an insurer (e.g. selling fully
comprehensive insurance with focus on certain aveatients). Therefore, the interpretation
of the empirical results should take into accotetaggregated structure of the dataset, which
already provides relevant first insight, but whéuether research is necessary, e.g. on a
policy-level data.

Table 4: Relevant explanatory indices for different linéoosiness (regression coefficients)

Automobile liability ~ Fully comprehensive Third party liability

Economic indices insurance car insurance . _
(VIF = 2.64) (VIF = 2.06) insurance (VIF = 1.35)

CPI 1.256* - 0.183*

CPI—home maintenance i i 0.094 *

and repair

CPI-transportation - -9.609 ** -

CPI_—purchase of motor ) 2 151 * i

vehicles

Tur.nover—motor vehlclg 10,131 *+* 0.179* i

maintenance and repair

Gross earnings 0.908 - -

OECD health—total 0,757 i 0.091 *

current

Notes: ™ Statistical significance at the 10% léve*’ Statistical significance at the 5% level***' Statistical
significance at the 1% level
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6. SUMMARY

This paper empirically and numerically analyzesnetainflation in non-life insurance with
focus on automobile liability insurance based aata set provided by a large German non-
life insurance company. We empirically identify magconomic drivers of claims inflation
by means of a stepwise multiple linear regressioraddition, we assess the impact of an
empirically calibrated (stochastic) claims inflationodel on ultimate loss estimates and
reserving and compare the results to the classiah ladder method.

Our results show that claims inflation is particlyadriven by factors and economic indices
related to health costs and consumer prices, amotigs's. The extent and the key drivers of
claims inflation thereby strongly depend on thecepeline of business, where we compare
the lines of business automobile liability insurantully comprehensive car insurance and
third party liability insurance. Our analysis releshthat influencing indices in regard to the
automobile liability insurance are the CPI, turneveotor vehicle maintenance and repair,
gross earnings, and OECD health—total current.elgard to the line of business fully
comprehensive car insurance, driving factors aee @fl-transportation, CPI-purchase of
motor vehicles and turnover—motor vehicle mainteeaand repair. For third party liability
insurance, we found indices CPI, CPI-home maintemamd repair, and OECD health—total
current to be driving factors of claims inflatic@verall, the basic findings are consistent (if
available) with the very rare academic literatiitewever, more research is necessary, e.g. by
using policy-level data and by distinguishing betweslaims data which results from bodily
injuries or physical damages. Moreover, our findirgnphasize that reserves calculated by
the common chain ladder method may be misestimagecbmpared to stochastic reserving
models that explicitly account for (stochastic)ermlar year inflation effects and take into
consideration econometric indices driving clainf&aiion, for instance.

In summary, our results emphasize the importan@efuately dealing with claims inflation
risk when calculating reserves. Our findings furtileow that drivers for claims inflation can
considerably vary depending on the respective ¢dihbusiness and that an inflation model
thus should be calibrated separately for differéines of business and companies,
respectively. Finally, an analysis of relevantuethcing factors of claims inflation is of great
relevance for risk management when consideringifft impact of inflation on assets and
liabilities. In this regard, more research is neeeg for a comprehensive asset-liability
management.
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