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Motivation
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Insurance premiums are subject to insurance premium tax (PT)
instead of value-added tax (VAT).
Characteristics of PT:

Insurance companies cannot deduct VAT payed on inputs from PT.
Corporate buyers of insurance cannot deduct PT payments from VAT.

⇒ PT leads to a higher taxation than VAT!

Compare tax systems with PT and tax systems that allow for
deductions applying mathematical models!
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Impact on Insurance Companies



Setting
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gross premiums: π ∈ R
VAT rate: τVAT ≥ 0; PT rate: τPT ≥ 0
taxed/untaxed input: L̄ = (1+ τVAT) · L
rate of input: α = L

π

Deduction if VAT was paid on outputs:

L̄− L = τVATαπ

From BaFin-data, we estimate α ≈ 5.2%. Setting τVAT = 19%, we obtain

L̄− L ≈ 0.99% · π



Equivalent VAT Rate
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PT: Basis of assessment are the premiums.
Equivalent VAT�τVAT: Basis of assessment is the value added �W.

Equivalent VAT rate:

�τVAT
�W = τPTπ ⇐⇒ �τVAT = τPT · π�W

From BaFin-data, we estimate �W ≈ 31.3% · π. Setting τPT = 19%, we obtain

�τVAT ≈ 60.7%
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Impact on Insurance Holders



Setting
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Assumptions:

Hypothetical tax system in which deduction is possible.
All tax savings are passed to a corporate buyer of insurance contracts.

Notation:

total revenue of the corporate insurance holder: U ∈ R
untaxed cost of insurance: V ∈ R
insurance ratio: β = V

U ∈ [0,1]



Tax Savings
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Tax savings of the corporate buyer of insurance:

E = (τVAT α+ τPT)βU

Setting α ≈ 5.2% and β = 0.5%, we obtain

E ≈ 0.1% ·U
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Impact on Tax Revenues



Tax Revenues
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S = (τVATα+ τPT) ·Π+ τVAT · (1+ τPT) ·ΠG

where ΠG are the untaxed insurance premiums of corp. insurance holders.

Assumptions:

Insurance premiums are subject to VAT instead of PT.
τPT ≥ τVAT and �W < Π.

Hypothetical tax revenues S̃:

S̃ = τVAT
�W < τPTΠ < S



Equivalent VAT Rate
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Equivalent VAT rate�τVAT that leads to the same tax revenues, but now
also incorporates taxes on PT paid by corporate policyholders:

�τVAT = (τVATα+ τPT + τVAT(1+ τPT)g) · Π�W
where g := ΠG

Π
.



Tax Revenues/Equiv. VAT: Example
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Assume g = 35%.

Setting �W ≈ 31.3% ·Π, α ≈ 5.2% and τPT = τVAT = 19%, we obtain

�τVAT ≈ 89.2%
Replace PT by VAT, then total German tax revenues decrease by approx.

S− τVAT ·�W ≈ 22% ·Π



Agenda

4 - 8 June 2018, www.ica2018.org 15

Impact on Insurance Demand



The Model
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Proportional insurance contract over a fixed time horizon.
initial wealth of the insurance holder: w > 0
random loss: X ∈ L1(R+)

fraction of the loss that is covered by the insurance: ν ∈ [0,1]
premium: π ∈ R+ (full insurance), ν · π (partial insurance)

Terminal endowment of the insurance holder:

Xν =w− X+ ν(X − π) = (1− ν)(w− X) + ν(w− π)
⇒ Compute ν as the solution to an expected utility maximization!



Expected Utility Maximization
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u : S→ R Bernoulli utility function, S ⊆ R

Optimal insurance contract is characterized by the maximizer
ν∗ ∈ [0,1] of the expected utility

ν 	→ E [u(Xν)]

Necessary condition for an interior solution ν ∈ (0,1) is
∂

∂ν
E [u(Xν)] = 0



Optimal Insurance Demand
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CARA-utility function: uκ1(x) = 1− e−κx, κ > 0.

If X ∼ Ber(x̂, p), the optimal insurance contract is characterized by

ν∗(π) =

⎧⎪⎪⎨
⎪⎪⎩

0, π ≥ px̂eκx̂

1−p+peκx̂ ,

1− 1
κx̂ ln

�
1
p−1
x̂
π−1

	
, px̂eκx̂

1−p+peκx̂ > π > px̂,

1, px̂ ≥ π.



Modification of Effective Premium
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taxed premium: π̄PT, π̄VAT

VAT and PT can be deducted from each other.
All tax savings are passed to a corporate buyer of insurance.

The effective premium equals

π̄VAT = γ · π̄PT, γ := 1− τVATα+ τPT

1+ τPT

Setting α ≈ 5.2% and τPT = τVAT = 19%, we obtain γ ≈ 83.2%



Optimal Insurance Demand: Example
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Impact on Competitiveness



The Model
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Tax savings lead to a reduction of the sales prices.
Reduced prices increase the relative competitiveness.

Assumptions:

Two firms that produce different goods i = 1,2.
Sales prices: pi, i = 1,2

Demand for the two goods is the solution to a utility maximization!



Utility Maximization
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budget: w ∈ R+

utility function of the consumer: u : X → R, X = R+ × R+

The consumer’s demand x∗ = (x∗1 , x
∗
2 ) solves her utility maximization

problem
x∗ ∈ argmaxx∈R2

+
u(x1, x2)

subject to her budget constraint

p1x1 + p2x2 =w



Price Reduction
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When the tax system is changed, the sales price of the domestic firm (here,
firm 1) decreases by

θα,β · p1
where

θα,β := (τVATα+ τPT)β

and p1 denotes the original price with premium tax.

Decreased unit price:
p̃1 = (1− θα,β) · p1



Relative Shift in Demand
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Relative shift in demand after modifying the tax system for
Cobb-Douglas Utility Function:

Let x̃
(a)
1 be the demand of product 1 after modifying the tax system. Setting

Δx
(a)
1 = x̃

(a)
1 − x(a)1 , we obtain

Δx
(a)
1

x
(a)
1

=
θα,β

1− θα,β

With parameters from above, we compute θα,β ≈ 0.1%, thus
Δx

(a)
1

x
(a)
1

≈ 0.1%
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Impact on Ruin Probability



Ruin Probability
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initial wealth: w ∈ R
risk process: (Rwt )t≥0, Rw0 =w

The ruin probability of insurance companies is

ψw(π) := P


inf
t≥0R

w
t < 0
�

The design of the tax system and a modified tax rate on premiums
alter the financial resources and ruin probability of the insurance
company!



Cramér-Lundberg Model with Taxes
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taxed premiums: π̄ = (1+ τ) · π, τ ∈ [0,1]
realized tax charged on L: ϵτ, ϵ ∈ [0,1]

The after-tax risk process is

Rw,τ,ϵt =w+

�
π̄

1+ τ
− (1+ ϵτ)L


t −

Nt∑
k=1

Xk

The effective insurance premium is

πτ,ϵ :=
π̄

1+ τ
− (1+ ϵτ)L



Heavy-Tailed Loss Distributions
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Impact on Solvency Capital Requirement



Solvency Capital Requirement
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SCR = ρ(X)

where ρ is a monetary risk measure and X denotes the random change in
the net asset value of the company.

Assumptions:

Deduction of VAT paid on inputs is permitted.
Tax savings are retained by the insurance firm.



Reduction of SCR
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The SCR is reduced to �SCR = SCR− τVATαπ

Setting α ≈ 5.2% and τVAT = 19%, we obtain

�SCR ≈ SCR− 0.99%π
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Conclusion



Conclusion

4 - 8 June 2018, www.ica2018.org 34

Competitiveness of corporate buyers of insurance,
ruin probabilities of insurance firms and
solvency capital requirements

are hardly affected. In contrast, the influence of the tax system on

the cost of insurance,
insurance demand,
tax revenues and
the profitability of insurance firms

is significant.
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