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ABSTRACT

This paper extends the continuous credibility weighting introduced to haz-
ard estimation in Hardy and Panjer (1998) and Nielsen and Sandqvist (2000)
to the more general case, where the common basis is a proportional hazard
model.
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1. INTRODUCTION

Inspired by the credibility approach to hazard estimation of Hardy and Pan-
jer (1998), Nielsen and Sandqvist (2000) considered hazards of different groups
assuming the hazard of each group to fluctuate across a common baseline
hazard. They modelled this fluctuation by a heterogeneity parameter captur-
ing the particular properties of each group allowing for a surprisingly simple
credibility estimation procedure. The new estimation procedure can extend non-
parametric smoothing techniques to a number of data sets from the insurance
industry or other places including, for example, credit risk, where transitions
from one credit risk group to another are modelled. Nielsen and Sandqvist
(2000) considered hazards of the i ’th group given by

qi (t)a(t),

where a(t) is a smooth baseline intensity and qi (t) is a stochastic risk process
with E{qi (t)} = 1. This model was estimated by a combination of nonpara-
metric estimation (in the t-dimension) and credibility (between groups: e.g. the
i-dimension) where information from one group is guiding estimation of hazards
of other groups.

In this paper we consider the situation, where the proportional hazard
model takes over in case of data sparsity instead of a common baseline hazard
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As a consequence of standard kernel hazard estimation techniques, see
Nielsen and Tanggard (2001) or the appendix of Nielsen and Sandqvist (2000)
we get 

E (ĵi(t) | qi(t)) = {1 + o (1)}Diqi(t)

and 

Var (ĵi(t) | qi(t)) = {1 + o (1)}C2Diqi(t)a–1(t){bYi.(t,b)}–1,

where C2 = ÒK 2(u)du. Thus 

E (ĵi(t)) = {1 + o (1)}Di,

Cov (ji(t), ĵi(t)) = {1 + o (1)}Di
2st

2

and 

Var (ĵi(t)) = {1 + o(1)}[C2Di a
–1(t){bYi.(t,b)}–1 + Di

2st
2].

Due to the first lines in this section we can replace b̂i(t) with b̂i (t) = {Di}–1

ĵi(t)a(t) and we conclude that 

E{b̂i(t)} = {1 + o(1)}a(t),

COV{bi(t), b̂i(t)} = {1 + o(1)}st
2a2(t)

and 

VAR{b̂i(t)} = {1 + o(1)}[Di
–1C2a(t){bYi.(t,b)}–1 + st

2a2(t)].
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