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Loss Ratio Method
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For i+ k > n+ 1 predict Si,k by

bSi,k := vi ·cmk

with

cmk :=

∑n−k+1
j=1 Sj,k
∑n−k+1

j=1 vj
=

n−k+1
∑

j=1

vj
∑n−k+1

ν=1 vν
·
Sj,k

vj
.

Question: Why volume proportional weights for the loss ratios Sj,k/vj?

Answer: These weights minimize the variance of cmk in the additive model!



Additive Model
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Model Assumption 1: The increments Si,k, i, k ∈ {1, . . . , n}, are
independent.

Model Assumption 2: There are parameters v1, . . . , vn > 0 and
parameters m1, . . . ,mn such that

E(Si,k) = vi ·mk.

Model Assumption 3: There are parameters s2
1, . . . , s

2
n
> 0 such that

Var(Si,k) = vi · s2
k
.



Additive Model
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Question: Is the additive model realistic?

My opinion:

Yes,

at least if IBNR is dominated by IBNYR component,

but

it is not realistic to assume that the model parameters v1, . . . , vn are
known!



Available Volume Measures
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Volume measures available in practice:
Trended premium
Vehicle years (motor)
Total sum insured (property)
Payroll (worker’s compensation)
Number of beds (medical malpractice)
Tonnage (marine)
. . .

These volumes are only approximations for the model volumes vi!



Extended Additive Model
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We now assume that

the model volumes (i.e. the parameters vi of the additive model) are
unknown

the available volumes bvi are estimators for the model volumes vi (i.e.
observations of random variables).



Extended Additive Model
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Model Assumption 4: The estimators bv1, . . . , bvn for the unknown
model volumes v1, . . . , vn satisfy

bvi+1

bvi
=
vi+1

vi
· fi

with independent positive random factors fi with

E(fi) = 1 and Var(fi) = ϵ2 > 0.

Moreover, we assume that σ{fi} and σ{Si,k} are independent.

Without loss of generality we may assume that bvn = vn.



Simulated Volume Estimates
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200 Simulations, n = 10, ϵ = 3%

Year i

Volume estimate bvi

1 2 3 4 5 6 7 8 9 10

Model volumes vi



Extended Additive Model
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An additional distributional assumption is convenient for
parameter estimation:

Model Assumption 5: For a given subset K ⊆ {1, . . . , n− 1} with 1 ∈ K the
increments Si,k are lognormally distributed for all i ∈ {1, . . . , n} and k ∈ K.

Recommendation: Choose K as large as possible for parameter
estimation, i.e.

K := {k ∈ {1, . . . , n− 1} |Si,k > 0 for all i with i+ k ≤ n+ 1}.



Loss Ratio Method in the extended additive model
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For i+ k > n+ 1 predict Si,k by

bSw
i,k

:= bvi ·cmk with cmk :=
n−k+1
∑

j=1

wj,k ·
Sj,k

bvj
,

where wj,k are weights with w1,k + · · ·+wn−k+1,k = 1.

Remark: Compared to the formula above,
we allow to use arbitrary weights (which is of course also allowed in the
additive model)
we have replaced the unknown model volume vi by its estimate bvi.



Extended Additive Model
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Questions:

�Ø Is it possible to calculate optimal weights wj,k for the loss ratio method
in the extended additive model?

�Ø Is it possible to calculated the mean squared errors of prediction for the
loss ratio method in the extended additive model?

�Ø Can the loss ratio method be generalized in order to take
the uncertainty of volume measures into account?



Idea of the Generalized Loss Ratio Method
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Replace bvi by more accurate volume estimates bv
(∞)

i and
predict Si,k by

bS
(∞)

i,k := bv
(∞)

i ·cm(∞)

k with cm
(∞)

k :=
n−k+1
∑

j=1

bh
(∞)

j,k ·
Sj,k

bv
(∞)

j

,

where bh
(∞)

j,k are approximately optimal weights.

Question: How to obtain more accurate volume estimates bv
(∞)

i ?



Idea of the Generalized Loss Ratio Method
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As a consequence of Model Assumption 4, bv−1
i is an unbiased

estimator for v−1
i . But we have additional unbiased estimators for v−1

i , that
make use of the claims data:

bri,(j,k) :=
1

bvj
·
Sj,k

Si,k
γ−1
i,k

with γi,k := 1+
vis2

k

v2
i m

2
k

for i ≤ n− 1 and (j, k) ∈ I∗
i
:= {(j, k) |k ∈ K, j 6= i and max(i, j) + k ≤ n+ 1}.

We define (bv∗
i
)−1 as the convex combination of these unbiased estimators

for v−1
i , which has minimal variance.



Idea of the Generalized Loss Ratio Method
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Estimators bri,(j,k):
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Parameter Estimation
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Parameter estimation is more difficult than in the additive model.
Parameters of the extended additive model have to be estimated
recursively.
If we replace the unknown parameters by their estimators in the
formula for (bv∗

i
)−1, then we obtain the estimators

1

bv
(∞)

i

for v−1
i .
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Contact details:
Ulrich Riegel

address: Munich Re
Königinstr. 107
80802 München, Germany
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mail: uriegel@munichre.com
web: www.munichre.com

Thank you very much for your attention!
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