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Abstract: Interest rates have been very low for several years, which is particularly challenging for life
insurers. Since 2001, German life insurers have had to set an additional reserve due to low interest rates
to ensure the protection of policyholders. However, the method introduced at that time to calculate
these reserves was criticized, therefore, the German Federal Ministry of Finance replaced it with a
new approach. In this article, we investigated the effects of the different methods on a typical German
life insurer in various future interest rate scenarios and from various perspectives. For this purpose,
we modelled such a life insurer holistically, considered its asset liability management and projected
its future development in different interest rate scenarios using simulation techniques. Taking into
account dependencies between assets, liabilities and interest rates, we analyzed and discussed our
results from the life insurer’s, equity holders’, policyholders’ and regulators’ perspectives. The results
show that the new method eliminated the weaknesses of the previous one and seems to be a suitable
alternative to determine the additional reserve.

Keywords: life insurance; actuarial reserves; interest rate risk; asset liability management

1. Introduction

For several years, interest rates have remained nearly at zero. This is especially challenging for life
insurers, since they have many long-term contracts in their portfolios, with high guaranteed interest
rates exceeding currently achievable interest rates. Due to the fact that local GAAP (generally accepted
accounting principles) in Germany is a system with hidden assets in contrast to a market valuation,
the actuarial reserves actually carefully calculated based on the actuarial interest rate determined at
policy begin are in part inadequate, which is why there is the risk that promised guarantees cannot be
met. In a system with market valuation on both sides of the balance scheme, the liabilities would already
consider the current low interest rate environment reflected in higher market values of the obligations
towards policyholders. To also consider the low interest rate environment with its implications on
the actuarial reserves in German local GAAP and to ensure the protection of policyholders, since
2011, German life insurers have been required to provide an additional reserve due to low interest
rates (“Zinszusatzreserve” or “ZZR”) that can be financed from the current surplus at the expense
of, inter alia, profit participation. As described below in more detail, the ZZR is a step towards a
more market-oriented valuation, taking into account the current interest rate environment but still
considering the principles of a careful calculation in the German local GAAP. Since life insurance
products with guarantees had been very popular in Germany, the low interest rate environment
is particularly challenging for German life insurers. Some countries, such as Austria, have similar
concepts (they are not the same due to different legal frameworks), while other countries, like France
and Italy, do not intend to have such additional reserves.
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Despite the fact that there seems to be agreement in Germany that the ZZR is necessary and useful,
the method used to calculate the ZZR in Germany since 2011 has been under criticism. The German
Actuarial Association (“DAV”) argued that the amount to be reserved increases very quickly in a very
low interest rate environment. From 2011 to 2018, life insurers in Germany reserved in total nearly
60 billion EUR due to low interest rates (see Assekurata 2018), which was more than 6% of the total
actuarial reserves (see GDV 2018); the share of the ZZR in the total actuarial reserves has risen sharply.
If the interest rates stay comparably low or fall even further, the ZZR and its share in the total actuarial
reserves will continue to rise (see Assekurata 2018; GDV 2018). To finance such a high ZZR, life insurers’
surplus may not be enough and they may have to realize their hidden assets, which implies that they
must sell old high-yield securities (see DAV 2017)1. Besides causing transaction costs, life insurers
are unable to find attractive investment opportunities when reinvesting this money (see DAV 2017).
In particular, old high-yield securities are very important for life insurers in order to be able to meet
their obligations towards policyholders in the future. Consequently, a fast rise in the ZZR may lead to
problems for the insurers and threaten, instead of support, the protection of policyholders.

Moreover, even when the interest rates rise, there might be a time lag, meaning that despite
increasing interest rates, it is likely that insurers still have to reserve more money (see DAV 2017).
This is particularly challenging since hidden reserves on securities decrease when interest rates
increase, implying that it might be difficult for life insurers to finance the rise of the ZZR, which could
finally threaten their existence. Therefore, the DAV (2017) suggested a so-called corridor method,
or Korridormethode, as an alternative. Recently, the German Federal Ministry of Finance followed this
suggestion (see BMF 2018) and changed the calculation method of the ZZR.

One strand of the literature focuses on the effects of a low interest rate environment on life
insurers in general (see, e.g., Berdin and Gründl 2015; Hieber et al. 2015; Holsboer 2000), while
other literature investigates the risk management and value of guarantees in life insurance (see, e.g.,
Consiglio et al. 2001; Eckert et al. 2016; Eling and Holder 2013; Hieber et al. 2019; Kling et al. 2007b;
Schmeiser and Wagner 2014). Further studies analyzed innovative product designs in life insurance,
which rather avoid guaranteed interest rates (see, e.g., Alexandrova et al. 2017; Reuß et al. 2016; Wieland
2017). Finally, some papers (see, e.g., Albrecht 2015a; Albrecht and Weinmann 2015; Dalmis et al. 2013)
focused on the impact of the ZZR (calculated using the old method) on German life insurers and
Albrecht (2015b) compared the German case with Austria. However, to the best of our knowledge,
no study investigated the effects of the different ZZR calculation methods on a life insurer. However,
this is very relevant for life insurers (especially in Germany), policyholders, equity holders, politicians
and regulators.

Thus, the aim of this paper was to investigate and discuss these methods from a holistic point of
view, that is, from the perspective of a life insurer as well as their policyholders, equity holders and
regulators. For this purpose, we modelled a typical German life insurer with a typical portfolio of
policies and a standard asset allocation, taking into account their asset liability management. Using
Monte Carlo simulation techniques, we simulated the life insurer’s future development for the next
10 years, depending on the ZZR calculation method, under various interest rate scenarios. This allowed
us to study the effects of the two different ZZR calculation methods on certain key figures, such as the
ZZR, the whole actuarial reserves, the development of hidden reserves, ruin probability and dividends,
as well as surplus for policyholders. Only with a holistic model that considers the dependencies
between assets and liabilities is it possible to analyze the full effects of both methods on the life insurer.
Interpreting and discussing our results, we indeed found weaknesses in the old ZZR method, while
the new corridor method managed to address these criticized points. As a result, the corridor method
seems to provide a suitable solution in very low and in rising future interest rate scenarios.

1 By “old high-yield securities”, we mean securities the life insurer has had in their books for a long time. Book value and
market value for these securities differ particularly strongly from each other, implying high hidden assets.
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This paper is structured as follows. Section 2, “Materials and Methods”, presents the old method
to calculate the ZZR, as well as the new corridor method, and introduces our model framework.
Section 3, “Results”, contains the calibration of the model life insurer and a resulting numerical analysis
in different interest rate scenarios. Section 4, “Discussion”, summarizes and discusses implications.

2. Materials and Methods

2.1. Methods to Derive the ZZR Due to Low Interest Rates

2.1.1. Old Method of Calculating the ZZR in Germany (Valid from 2011–2018)

The old method of calculating the ZZR in Germany was legally based on § 341f para. 2 HGB
(local GAAP) and § 5 paras. 3 and 4 DeckRV. § 341f para. 2 HGB stated that the actuarial reserve
must consider interest rate obligations that can no longer be met by the current or expected returns.
§ 5 paras. 3 and 4 DeckRV then concretized how to calculate the expected return and described the
measures to be taken if they are insufficient.

§ 5 para. 3 DeckRV required the calculation of a so-called reference interest rate (“Referenzzins”),
denoted by rre f , t for year t, as the arithmetic mean over the last 10 years of yearly averages (rounded
up to the second decimal place) of the zero-coupon Euro interest swap rates with a maturity of 10 years
at the end of each month. These yearly averages are called basic interest rates (“Bezugszins”) and are
denoted for year t by rbas,t. Hence, it is

rre f ,t =
1
10
·

∑
9
j=0rbas,t− j.

Finally, following § 5 para. 4 DeckRV, for every contract, life insurers had to compare the current
reference interest rate rre f with the highest relevant actuarial interest rate ract. If rre f ≥ ract, life insurers
had to use ract to calculate the actuarial reserve. However, if rre f < ract, life insurers had to adjust the
individual policy calculation of the actuarial reserves as follows: when calculating the present value,
they had to use min(rre f , ract) for the next 15 years and ract for the time after the expiration of 15 years.
Nevertheless, if using these specification results in a lower actuarial reserve for a contract than when
using ract, life insurers had to use ract.

Consequently, for every contract, using this method leads to a higher or equal actuarial reserve
than when always using ract. The difference between the actuarial reserve calculated in this manner
and the actuarial reserve only calculated with ract is the additional reserve due to low interest rates,
known as ZZR, which is not negative by definition.

2.1.2. New Corridor Method to Calculate the ZZR in Germany (Valid from 2018)

The DAV suggested to change the previously mentioned method and to use the corridor method
(see DAV 2016). In the corridor method, the calculation of the reference interest rate is based on the
reference interest rate rre f , t of the old method, but it is updated so that it can only move within a
certain corridor from year to year, which implies an upper and a lower bound for each yearly new
reference interest rate. As a result, this method limits the speed to build the ZZR.

Recently, the German Federal Ministry of Finance followed the suggestion of the DAV
(see BMF 2018). Again, the calculation of the ZZR is legally based on § 341f para. 2 HGB (local
GAAP) and § 5 DeckRV. However, § 5 DeckRV was updated as described below.

Let rre f ,t denote the reference interest rate at the time t calculated in the same manner as the old
method (see Section 2.1) and rre f ,t represent the updated reference interest rate calculated using the
new corridor method. Since the formulas depend on the calculation method used in the previous year,
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they would differ in the first year the corridor method is introduced. Consequently, we introduce an
auxiliary variable raux,t−1, defined by

raux,t−1 :=
{

rre f , t−1, in the f irst year o f the corridor method,
rre f ,t−1, in the f ollowing years.

Depending on the given percentage of deviation, denoted by x = 9%, the maximum deviation
maxdev(t) of the reference interest rate rre f ,t in year t to the reference interest rate one year before raux,t−1

is defined by
maxdev(t) := x·

∣∣∣rbas,t − raux,t−1
∣∣∣.

This implies for rre f ,t the following upper bound upb(t) and lower bound lob(t), respectively,

upb(t) := raux,t−1 + maxdev(t)

and
lob(t) := raux,t−1 −maxdev(t).

Since there are further conditions on the reference interest rate rre f ,t, we first define r̃re f ,t as

r̃re f ,t :=


upb(t),
rre f , t,
lob(t),

i f upb(t) < rre f , t,
i f lob(t) ≤ rre f , t ≤ upb(t),

i f rre f , t < lob(t).

Even when interest rates rise, the reference interest rate in the old method might still drop,
implying a higher ZZR due to the calculation as a 10-year arithmetic mean. To avoid this lag effect,
the new method requires a comparison of the basic interest rate of the current year rbas,t with the
reference interest rate of the last year raux,t−1. If rbas,t > raux,t−1, the new method does not allow rre f ,t to
be lower than raux,t−1 and vice versa, if rbas,t < raux,t−1, it does not allow rre f ,t to be higher than raux,t−1.
In this case the new method requires the use of the respective reference interest rate for the last year,
i.e., rre f ,t = raux,t−1.

Finally, the new reference interest rate in the corridor method is calculated by

rre f ,t :=


raux,t−1, i f r̃re f ,t < rre f ,t−1 < rbas,t or

i f r̃re f ,t > rre f ,t−1 > rbas,t,
r̃re f ,t, otherwise.

2.2. Model Framework

2.2.1. Overview

We followed Bohnert and Gatzert (2014) and considered a German life insurer with the simplified
balance sheet at time t, given in Table 1.

Table 1. Balance sheet of the life insurer at time t.

Assets Liabilities

At Et
PRt
Bt

At denotes the book value of assets. The liability side comprises the book value of equity Et,
the book value of the policy reserves PRt and a buffer account Bt, which contains already generated
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surplus that is intended to be distributed to the policyholders via surplus distribution and to equity
holders via dividend payments.

2.2.2. Asset and Liability Dynamics

In the following section, we described the asset and liability dynamics from t to t + 1.

Time t

At the balance sheet date t, the balance sheet is provided in Table 1. Additionally, we assumed,
as in Eckert et al. (2016), that At is divided into stocks and bonds.

At = AB
t + AS

t ,

where AB
t is the book value of bonds and AS

t is the book value of stocks. The proportion of the book
value of stocks to the book value of the total assets at time t is denoted by βS

t , i.e.,

βS
t :=

AS
t

At
.

Moreover, we denote with Ãt the market value of assets at time t and with ÃB
t and ÃS

t the
corresponding market values of bonds and stocks. Therefore, the hidden assets HAt are given by
HAt = Ãt −At.

The policy reserves PRt at time t consist of policy reserves for annuities PRA
t and for endowments

PRE
t , as in Bohnert et al. (2015), where PRA

t and PRE
t already comprise the respective current ZZR.

Additionally, we assumed, as in Bohnert et al. (2018), that the life insurer was already declared to
withdraw S f Pt+ + Dt+ from the buffer Bt immediately after the balance sheet date at time t+. S f Pt+ is
the surplus intended to be distributed to the policyholders and Dt+ are the dividend payments to the
equity holders.

Time t+

Following Bohnert et al. (2018), we assume that at time t+, i.e., immediately after the balance
sheet date t, policyholders pay their annual premiums Pt+ , which already includes premiums for
new business. The set of new policyholders is denoted by NA

t+ regarding annuities and NE
t+ regarding

endowments. Furthermore, we assume that the life insurer pays the benefits St+ to the policyholders2

and their share in surplus S f Pt+ , as well as the dividends Dt+ to the equity holders. Therefore,
the current market value of assets at time t+ is given by

Ãt+ = Ãt + Pt+ − St+ − S f Pt+ −Dt+ .

Moreover, we assume that Pt+ − St+ − S f Pt+− −Dt+ is invested according to the asset allocation
between the stocks and bonds (book values) at the previous balance sheet date, which is why

ÃS
t+ = ÃS

t + βS
t ·(Pt+ − St+ − S f Pt+ −Dt+)

and
ÃB

t+ = ÃB
t + (1− βB

t )·(Pt+ − St+ − S f Pt+ −Dt+).

2 We assume that the life insurer pays the annuities to the policyholders at the beginning of the year. Moreover, we assume
that the life insurer pays the lump sum payments on maturity to endowment holders at the beginning of the year. However,
lump sum payments on death are paid at the end of the year.
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The current (hypothetical) book value of assets at time is then, due to accounting standards,
given by3

At+ = At + (Pt+ − St+ − S f Pt+ −Dt+)·1(Pt+−St+−S f Pt+−Dt+>0) + (Pt+ − St+ − S f Pt+ −Dt+)

·

(
βS

t ·
AS

t

ÃS
t
+

(
1− βS

t

)
·
AB

t

ÃB
t

)
·1(Pt+−St+−S f Pt+−Dt+<0)

with
AS

t+ = AS
t + βS

t ·(Pt+ − St+ − S f Pt+ −Dt+)·1(Pt+−St+−S f Pt+−Dt+>0) + βS
t ·(Pt+ − St+

−S f Pt+ −Dt+)·
AS

t

ÃS
t
·1(Pt+−St+−S f Pt+−Dt+<0)

and
AB

t+ = AB
t +

(
1− βS

t

)
·(Pt+ − St+ − S f Pt+ −Dt+)·1(Pt+−St+−S f Pt+−Dt+>0) + (1−

βS
t )·(Pt+ − St+ − S f Pt+ −Dt+)·

AB
t

ÃB
t
·1(Pt+−St+−S f Pt+−Dt+<0).

Time (t + 1)−

The market value of assets evolves between t+ and (t + 1)− from Ãt+ to Ã(t+1)− , where we model
the dynamics of the stock and the bonds separately.

In accordance with Bohnert et al. (2013) and Bohnert et al. (2018), we assume that the market
value of stocks follows a geometric Brownian motion, which, for an investment It, is given by

dIt = µ·It·dt + σ·It·dWP
t ,

where µ is the drift, σ the volatility and WP a standard Brownian motion on the probability space
(Ω, Φ, P), with the filtration Φ generated by the Brownian motion and the real-world measure P.

The solution to this stochastic differential equation is given by

It+1 = It· exp
(
µ−

σ2

2
+ σ·

(
WP

t+1 −WP
t

))
,

which is why the one-period return (continuous) is normally distributed with mean m = µ− σ2

2 and
volatility σ.

As a result, in our case, the market value of the stocks ÃS
(t+1)−

at time (t + 1)− based on ÃS
t+ is

given by

ÃS
(t+1)−

= ÃS
t+ ·

It+1

It
.

To simplify, we assume that the life insurer has only zero-coupon bonds in their portfolio,
which have different maturity dates and par values. Given the par value Par j and time to maturity M j,
the present value PV j of the zero-coupon bond j is given by

PV j =
Par j

(1 + i)M j
,

3 If Pt+ − St+ − S f Pt+ −Dt+ > 0, the life insurer must invest the money, which is why this increases the market value and the
book value of assets exactly in that amount. However, if Pt+ − St+ − S f Pt+ −Dt+ < 0, the life insurer must pay the negative
amount. The market value is therefore reduced exactly by that amount. However, the book value differs, possibly due
to hidden reserves from the market value, and therefore must be reduced by an amount that has to be adjusted by the
difference between the book and market values of assets. The philosophy behind this asymmetric treatment is the careful
accounting principles of local GAAP in Germany.
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where i is the current corresponding market interest rate. In our model, i depends on the respective
interest rate scenario considered in the next section; ÃB

(t+1)−
is then given as the sum of the present

values of all zero-coupon bonds in the life insurer’s portfolio.
For pricing and reserving, we used mortality tables from the DAV, i.e., “DAV 2004 R” for annuities

and “DAV 2008 T” for endowments. These mortality tables are first-order mortalities including a
safety loading. Therefore, to more realistically model the deaths in the time between t+ and (t + 1)−,
we followed Bohnert et al. (2015) and used the aforementioned tables’ underlying best estimates,
which are second-order mortalities without safety loadings. We then denoted the set of policyholders
that died between t and t + 1 by TA

t+1 if they had annuities and TE
t+1 if they had endowments.

The life insurer then has to make the lump sum payment on death to endowment holders as in
Bohnert et al. (2015), denoted by S(t+1)− , which implies a reduction of S(t+1)− of the market value of

assets Ã(t+1)− with the effects on the corresponding book value of assets, as mentioned above. Here,
we assume that the life insurer reduces stocks and bonds in the same way as before.

To calculate the policy reserves at (t + 1)− including ZZR, we first calculated the new reference
interest rates rre f ,t+1 and rre f ,t+1, depending on the chosen ZZR-method and the respective interest
rate scenario.

The policy reserve is then given as the sum of the policy reserves of all annuities PRA
(t+1)−

and

endowments PRE
(t+1)−

in the current portfolio of the life insurer, i.e., without the policies of the

policyholders who have already died. Thus, following Bohnert et al. (2015), the total policy reserve
PR(t+1)− is given by

PR(t+1)− = PRA
(t+1)−

+ PRE
(t+1)−

=
∑

i∈(PHA
t ∪NA

t+
)\TA

t+1

mi
VA,ZZR

xi
+

∑
j∈(PHE

t ∪NE
t+

)\TE
t+1

m j
VE,ZZR

x j
,

where PHA
t and PHE

t are the set of policyholders of annuities and endowments at the balance sheet date
t, and mi

VA,ZZR
xi

and m j
VE,ZZR

x j
denote the actuarial reserve for an individual annuity and endowment

including ZZR. Here, xi and x j denote the age of policyholders i and j at the beginning of the contract
and mi and m j represent the time between the beginning of the contract and now.

For the sake of simplicity, we assume that the life insurer sells only annuities with pension
payments starting immediately. The actuarial reserve without ZZR mVA

x for an at policy begin x-year
old person after m years with yearly annuity payments R is given by

mVA
x = R·äx+m. (1)

However, as described in the previous section, calculating the ZZR requires using the minimum
of the reference interest rate and the actuarial interest rate instead of the actuarial interest rate for
discounting cashflows that occur over the next 15 years. Therefore, Equation (1) must be adjusted.
Since mortality tables calculate a maximum age ω, it is possible that the annuity could expire within
the next 15 years. Consequently, we must distinguish between two cases.

mVA,ZZR
x =

 R·
(
äre f

x+m:15|
+

(
1

1+rre f

)15
·15px+m·äx+m+15

)
, i f x + m + 15 < ω,

R·äre f
x+m, else.

The superscript re f in the present values means that these cashflows are discounted using the
current reference interest rate; no superscript means the standard actuarial interest rate is used.
Note that the reference interest rate differs when using the old or the new corridor method to calculate
the ZZR.

In terms of endowment policies, for the sake of simplicity we assume that policyholders pay a
single premium at the beginning of the contract instead of annual premiums. The actuarial reserve
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without ZZR mVE
x for an at policy begin x-year old person after m years with a guaranteed lump sum

payment S on maturity in n years or on death is given by

mVE
x = S·Ax+m:n−m|. (2)

Taking into account the ZZR, we again have to adjust the calculation without the ZZR given in (2).
Letting the superscript re f denote that cashflows are discounted using the current reference interest
rate (depending on the ZZR calculation method) and allowing no superscript to mean that cashflows
are discounted using the standard actuarial interest rate, we get

mVE,ZZR
x =

 S·
(
|15Are f

x+m + 15Ere f
x+m·Ax+m+15:n−m−15|

)
, i f n−m > 15,

S·Are f

x+m:n−m|
, else.

Just before the next balance sheet date t + 1, we aim to model the management decisions of the
life insurer regarding the realization of hidden reserves, deposits from the surplus in the buffer and
withdrawals from the buffer in the next period (dividends and surplus for policyholders).

Therefore, we calculate the current (hypothetical) book value of assets A(t+1)− , which, due to
accounting standards, is given by

A(t+1)− = min
(
AS

t+ , ÃS
(t+1)−

)
+ min

(
AB

t+ , ÃB
(t+1)−

)
.

Following Kling et al. (2007a, 2007b), we assume that the book value of equity Et is constant over
time except if the life insurer gets into a critical situation. Moreover, we assume that the life insurer
aims to pay at least constant over time dividends D or dividends higher than this constant value, i.e.,
D(t+1)+ ≥ D, ∀t, since equity holders demand a certain return.

Furthermore, we assume, as in Bohnert et al. (2018), that the life insurer aims to declare deposits
from the surplus in the buffer S f B(t+1)− , as well as withdrawals from the buffer, indicating a surplus
for policyholders for the next period S f P(t+1)+ that are also at least constant over time or higher than
this constant value, i.e., S f B(t+1)− ≥ S f B, ∀t and S f P(t+1)+ ≥ S f P, ∀t. The reason is that the buffer and
the withdrawals from the buffer (dividends and surplus for policyholders) influence the reputation of
the insurer and its attractiveness for possible new business.

The aforementioned goals of the life insurer must be financed by its surplus. Surplus is generated
since the mortality rates used to calculate the policy reserves have safety loadings, compared to the
more realistic mortality probabilities. Moreover, surplus is generated due to the return on the assets
that exceeds the required return for the liabilities (including ZZR). Here, we must consider that the life
insurer can influence this part of the gross surplus within certain limits due to possible realizations
of hidden reserves, which are given by HR(t+1)− = Ã(t+1)− −A(t+1)− . Due to accounting standards,
the book value of assets does not necessarily increase when the market value increases. Consequently,
if market values increase but the life insurer does not sell assets, this does not generate surplus;
only the hidden reserves on the assets increase. Selling assets and reinvesting them, however, decreases
the hidden reserves but increases the book value of assets and therefore generates surplus. On the
other hand, this implies possibly selling high-yield bonds and buying bonds with lower coupons,
which weakens the substance of the life insurer by decreasing its buffer off hidden assets.

To model the management decision with respect to selling assets and reinvesting them, we first
calculate the gross surplus GS(t+1)− at (t + 1)− without realizing additional hidden reserves, dividends
and surplus distribution, i.e.,

GS(t+1)− := A(t+1)− − PR(t+1)− − Et − (Bt −Dt+ − S f Pt+).
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If GS(t+1)− is already enough to finance the aforementioned assumptions, i.e.,

GS(t+1)− ≥ D + S f P(=: S f B), (3)

we assume that the life insurer does not realize any hidden reserves, since it is not necessary and
would weaken its substance. If the left side in (3) is strictly greater, we assume that the life insurer
deposits more money in the buffer during this period and withdraws accordingly more money in the
next period to let the policyholders and equity holders participate in this surplus.

However, if the inequality (3) is not satisfied, i.e.,

GS(t+1)− < S f B,

we assume that the life insurer realizes hidden reserves, increasing A(t+1)− so that GS(t+1)− increases
for as long as

GS(t+1)− = S f B, (4)

so that the life insurer can pay the policyholders and equity holders the intended dividends and
surplus benefits in the next period.

However, if the hidden reserves are not sufficient to obtain the equality in (4), the life insurer faces
a critical situation. As a result, the life insurer reduces the deposit in the buffer, the dividend payments
and the surplus benefit for the policyholders as follows:

Instead of D, the dividend payments in the next period are only

D(t+1)+ = GS(t+1)− ·
D

D + S f P
,

and the surplus benefit for the policyholders instead of S f P is accordingly

S f P(t+1)+ = GS(t+1)− ·
S f P

D + S f P
,

where GS(t+1)− is the gross surplus after realizing all of the life insurers hidden reserves.
Therefore, the deposit in the buffer S f B(t+1)− = D(t+1)+ + S f P(t+1)+ is lower.
If, after realizing all hidden reserves, we still have GS(t+1)− < 0, the life insurer is allowed to use

the remaining money from the buffer in this critical situation, i.e., Bt −Dt+ − S f Pt+ to strengthen their
equity. However, if

GS(t+1)− + Et + Bt −Dt+ − S f Pt+ < 0,

then the life insurer is insolvent.
Time t + 1
Based on the balance sheet of the previous balance sheet date and the dynamics and decisions

mentioned above, we finally obtain the balance sheet at time t + 1, which is given in Table 2.

Table 2. Balance sheet of the life insurer at time t + 1.

Assets Liabilities

At+1 Et+1
PRt+1
Bt+1
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3. Results

3.1. Input Parameters and Interest Rate Scenarios

3.1.1. Input Parameters

We started at the balance sheet date 31 December 2017 and denoted this date for ease of notation
by t = 0. Based on statistics regarding the asset allocations of German life insurers provided
by Assekurata (2016), we assumed that, at this time, the book value of assets of the life insurer was
50 billion EUR with a market value of 60 billion EUR. Following Assekurata (2016), the majority was
invested in bonds (book value 47.5 billion EUR, market value 57 billion EUR) and the minority in
stocks (book value 2.5 billion EUR, market value 3 billion EUR). Therefore, we had a proportion of
stocks of βS

0 = 5%. Considering the monthly performance of the German stock market index DAX
between January 2005 and December 2017 to calibrate the stock dynamics, this led to one-year stock
returns of 10.45% on average and a corresponding volatility of 19.54%. According to Assekurata
(2016), the average duration of bonds in the portfolio of a life insurer is approximately 10 years.
Since in our model the life insurer only had zero-coupon bonds with duration equaling their time to
maturity, we assumed that the life insurer holds a portfolio of zero-coupon bonds with an average
time to maturity of 10 years. More precisely, we assumed that the life insurer’s investment was evenly
distributed (with respect to book value and market value of the bonds) on zero-coupon bonds with
time to maturity of 5, 10 and 15 years. To keep the insurer’s duration approximately at 10 years over
time, when reinvesting money in the following years, the life insurer invested in zero-coupon bonds
with a maturity of 15 years, which were priced based on the interest rate of the respective interest rate
scenario. Thus, the interest rate scenarios determined their future dynamics.

Following Eckert et al. (2016), the equity E0 was 1% of the total assets, i.e., E0 = 500 million
EUR. Moreover, based on empirical data from Assekurata (2016), we assumed that B0 = 3 billion EUR,
with D0+ = D = 50 million EUR and S f P0+ = S f P = 500 million EUR.

Since total assets equal total liabilities, policy reserves were PR0 = 46.5 billion EUR. Based on
statistics from Assekurata (2017), we assumed that PRA

0 = 26.5 billion EUR and PRE
0 = 20 billion

EUR. Regarding pricing and reserving, we used mortality tables from the DAV, i.e., “DAV 2004 R”
for annuities and “DAV 2008 T” for endowments, which use a maximum age of 121. For the sake of
simplicity, we assumed that each annuity was sold to a 70-year-old person, starting immediately with
annuity payments of 2000 EUR until the policyholder dies. With regard to endowments, we assumed
that each endowment holder was 25 years old at the start of the policy and the time to maturity was
45 years, with a lump sum payment of 50,000 EUR.

Due to the regulatory requirements, the actuarial interest rate used to calculate annuities and
endowments in Germany changes over time. However, the ZZR depends on the actuarial interest rate,
which is why we assumed that our life insurer had policies with different actuarial interest rates and
policy begins in their portfolio. The proportion of the actuarial reserve of each policy generation of
the total actuarial reserve was calibrated based on data from Assekurata (2017). The resulting input
parameters for the portfolios of annuities and endowments are given in Tables 3 and 4, respectively.
To simplify, we assumed that the annuities of one policy generation were sold on one date.
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Table 3. Annuities in the portfolio.

Start Date
(01/01)

Actuarial Interest
Rate in %

Annual Annuity
Payment in Million EUR

Actuarial Reserve (Excl.
ZZR) at t = 0 in Million EUR

ZZR at t = 0 (rref,0 = 2.21%)
in Million EUR

1986 3.00 143.36 834.75 25.89
1994 3.50 599.41 4348.65 262.12
2000 4.00 600.85 5514.65 525.99
2003 3.25 302.39 3185.30 200.51
2006 2.75 322.05 3884.90 142.49
2011 2.25 289.13 4282.40 136.64
2014 1.75 151.67 2615.55 0
2016 1.25 62.54 1219.00 0
2017 0.90 29.26 614.80 0

Table 4. Endowments in the portfolio.

Start Date
(01/01)

Actuarial Interest
Rate in %

Lump sum Payment in
Million EUR

Actuarial Reserve (Excl.
ZZR) at t = 0 in Million EUR

ZZR at t = 0 (rref,0 = 2.21%)
in Million EUR

1986 3.00 819.56 630.00 55.32
1994 3.50 5321.17 3282.00 532.64
2000 4.00 8526.75 4162.00 918.83
2003 3.25 5012.82 2404.00 329.22
2006 2.75 6211.13 2932.00 218.16
2011 2.25 7064.13 3232.00 18.65
2014 1.75 3842.03 1974.00 0
2016 1.25 1519.91 920.00 0
2017 0.90 672.66 464.00 0

Since we simulated the next 10 years, we assumed that new business every year was constant and
the same as in 2017. Therefore, we assumed that every year the life insurer sold 14,631 immediately
starting annuities to 70-year-old persons, with an annual annuity payment of 29.26 million EUR in
total and 13,454 endowment policies to 25-year-old persons with time to maturity 45 years and a lump
sum payment in total of 672.70 million EUR on maturity or on death. For pricing, we used the current
actuarial interest rate of 0.90%.

3.1.2. Interest Rate Scenarios

The basic interest rate at the end of 2017 rbas,0 was 0.90% and the corresponding reference interst
rate rre f ,0 was 2.21%. Starting at the end of 2017, we considered, in our simulation, four different
interest rate scenarios, which are given in Table 5. In each scenario we made assumptions about the
basic interest rate for the next 10 years. Based on this, we then calculated the respective reference
interest rate of the old and the new corridor methods in each scenario. Using these interest rates, in the
next subsection we simulated the future dynamics of the life insurer from 2018 to 2027. Note that we
followed the German Federal Ministry of Finance (see BMF 2018) and assumed that x = 9% in our
base case, while we also conducted sensitivity analyses for different values of x.

We aimed to cover all the relevant future interest rate scenarios. In Scenario 1, we assumed that
the basic interest rate from 2017 (0.90%) remained the same until 2027. Scenario 2 considered a situation
in which the basic interest rate fell from 0.90% in 2017 evenly to 0.00% in 2020 and remained there until
2027. Scenario 3, however, focused on a situation in which interest rates increased evenly from 0.90%
in 2017 to 3.00% in 2027. Finally, in Scenario 4, we assumed that interest rates first increased evenly to
3.00% until 2020 and then plummeted immediately to 0.50% in 2021, where they remained until 2027.
Hence, we considered interest rate scenarios of constant, rising and falling interest rates, as well as a
mixture of a rising, then falling and then constant interest rate scenario.
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Table 5. Overview of interest rate scenarios for the basic interest rate rbas,t.

Scenario
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
(t=1) (t = 2) (t = 3) (t = 4) (t = 5) (t = 6) (t = 7) (t = 8) (t = 9) (t = 10)

1 0.90% 0.90% 0.90% 0.90% 0.90% 0.90% 0.90% 0.90% 0.90% 0.90%
2 0.60% 0.30% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
3 1.11% 1.32% 1.53% 1.74% 1.95% 2.16% 2.37% 2.58% 2.79% 3.00%
4 1.60% 2.30% 3.00% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50%

3.2. The Impact of the ZZR Method on the Life Insurer under Various Interest Rate Scenarios

In the following subsection, the results of our Monte Carlo simulations (10,000 simulation paths)
for each interest rate scenario are presented. Figures 1–4 show the average future development of a life
insurer under various interest rate scenarios, meaning that they display expected values.

3.2.1. Interest Rate Scenario 1

Our results in interest rate scenario 1 are given in Figure 1. In interest rate scenario 1, the basic
interest rate was constantly 0.90% from 2017 to 2027 (see Table 5). Figure 1a shows that the reference
interest rate rre f ,t, calculated using the old ZZR method, already reached the constant value of 0.90%
in 2026 (since 2023 it was nearly 0.90%). In contrast, the reference interest rate rre f ,t, calculated using
the new corridor method, decreased much more slowly, and in 2027, was still 1.41%, since in the
new corridor method the reference interest rate is only allowed to decrease within the corridor. As a
result, the increase of the ZZR in billion EUR (Figure 1b) and in percentage of the total policy reserve
(Figure 1c) was faster using the old method compared to the new corridor method. The ZZR using the
old method reached its peak in 2024 and slightly decreased until 2027, while the ZZR using the new
corridor method still increased until 2027, which is why the ZZRs in 2027 are closer together. For the
years after 2027, it should be the case that they come even closer (with the ZZR slightly decreasing
using the old method and slightly increasing using the new corridor method) until they are on the
same level, since both methods aimed at the same amount. However, the old method reached that goal
much faster than the new corridor method, which led to an even higher increase of the ZZR using the
new corridor method.

This can also be seen in Figure 1d,e, in which we see the hidden reserves over time and the
respective realization of hidden reserves. Using the old method, the life insurer had to finance
much more ZZR in the first years compared to using the new corridor method. Since, in this case,
the gross surplus without the realizing hidden reserves was not enough, in the first years the realization
of hidden reserves using the old method was much higher than using the new corridor method.4

Therefore, the hidden reserves decreased much faster using the old method than when using the new
corridor method.

However, in both methods, dividends and surplus for policyholders could be kept constant over
time (see Figure 1f,g). Therefore, in this scenario, in the first years the effort for the life insurer using
the old method was higher than when using the new corridor method, where the efforts were more
evenly distributed over time. However, in this setting, the effort was not too high for the life insurer,
which can also be seen when considering the one-year ruin probability from 2018 to 2027, which is,
in both cases, always nearly zero (see Figure 1h).5

4 Note that we neglected transaction costs. Taking transaction costs into account would have worsened the effect of realizing
hidden reserves.

5 Note that the results using the new corridor method were based on x = 9% (see BMF 2018). Sensitivity analyses for the new
corridor method showed more similar results compared to the old setting using a higher x and less similar results using a
lower x. This was also the case for the other interest rate scenarios.
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Figure 1. Simulation results in interest rate scenario 1.

3.2.2. Interest Rate Scenario 2

In interest rate scenario 2, the basic interest rate fell in the next three years evenly to 0.00% in 2020
and stayed at 0.00% until 2027. Figure 2 shows the corresponding results of our simulation analysis.
While the reference interest rate using the new corridor method is only allowed to decrease within
the corridor, again, it clearly decreased more slowly than when using the old method (see Figure 2a)
and in 2027 was nearly zero (0.09%), as compared to 0.90% in the new corridor method. Similarly to
interest rate scenario 1, Figure 2b,c show that the ZZR increased more quickly when using the old
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method than when using the new corridor method. However, in this scenario, neither method seemed
to reach their peak until 2027 and the ZZR increased in both cases.
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Figure 2. Simulation results in interest rate scenario 2.

The hidden reserves of the life insurer (Figure 2d,e) rapidly decreased from 2020 onward using
the old method, which is much faster than in the new corridor method; from 2025 onward they were
nearly zero, while they were still 2.76 billion EUR in 2027 when using the new corridor method. Since
the life insurer had more ZZR in 2027 using the old method, having more hidden reserves was not
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necessarily an advantage of the new corridor method in this case. However, Figure 2e shows that the
realization of hidden reserves using the new corridor method was more even over time.

In particular, Figure 2f,g show the advantage of the more even realization of hidden reserves.
Using the new corridor method kept more hidden reserves and allowed the life insurer to use the gross
surplus over more years to finance the ZZR. As a result, the life insurer could keep their dividends
(Figure 2f) and surplus for policyholders (Figure 2g) constant over time. In addition, the ruin probability
in this case was nearly zero over the years (Figure 2h). However, using the old method, the life insurer
had to finance very high increases of the ZZR, especially until 2024, which decreased their hidden
reserves to zero. Since interest rates remained very low, the life insurer did not generate many new
hidden reserves and did not have enough gross surplus to finance the remaining ZZR and dividends
as well as the surplus for policyholders. Due to the critical situation of the life insurer, dividends and
surplus for policyholders were zero in 2026 and 2027 (see Figure 2f,g). Moreover, the life insurer’s
one-year ruin probability increased to 2.43% in 2027. Therefore, the results show that the fast increase
of the ZZR using the old method was too much for the life insurer; in interest rate scenario 2, the new
corridor method was more useful from the perspective of all the considered stakeholders (life insurer,
regulators, policyholders and equity holders).

3.2.3. Interest Rate Scenario 3

In interest rate scenario 3, we assumed that the basic interest rate increased evenly over the next
10 years to 3.00% in 2027 (see Table 5). Figure 3a shows that using the old method, the reference interest
rate decreased from 2.21% in 2017 to 1.33% in 2022, even though the basic interest rate increased from
0.90% to 1.95%. Using the new corridor method, the reference interest rate did not show such a lag
effect, since it decreased only slightly and remained at 1.97% from 2021 onward. This was due to its
definition in the new corridor method that did not allow the reference interest rate to decrease when in
an increasing interest rate environment. In 2027, both reference interest rates were nearly the same (old
method: 1.93%, new corridor method: 1.97%). Figure 3b,c then reveal a big disadvantage of the old
method. Since the reference interest rate using the old method decreased until 2022, the ZZR increased
and reaches its peak in 2022. In 2027, the ZZR was nearly the same in both cases, while the ZZR using
the new corridor method was approximately at this level since 2018. As a result, using the old method,
the life insurer first had to finance high increases in the ZZR, which was then no longer necessary and
was reduced again. Using the new corridor method, the life insurer did not have to make this effort.6

6 Note that this also shows a problem regarding a fair distribution of hidden reserves among policyholders. Terminating
policies obtain a share of hidden reserves. If hidden reserves are realized before terminating, this increases the surplus,
in which policyholders also participate. However, since realized hidden reserves are used to finance the ZZR, policyholders
do not participate in them. Only when the ZZR decreases does this allow the policyholders to participate. Therefore, in the
case of the old method, the share of hidden reserves for policyholders with terminating policies, e.g., in 2022 was too low,
while other policyholders (especially new policyholders) benefited, implying an unfair distribution among policyholders in
the portfolio.
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Figure 3. Simulation results in interest rate scenario 3.

Since the interest rates increased, hidden reserves decreased in both cases (see Figure 3d). However,
using the old method, they decreased much faster and were zero from 2024 onward, while they were
still 2.02 billion EUR in 2027 when using the new corridor method. Figure 3e shows the reason for
this. Since the life insurer had to finance higher increases of the ZZR, they had to realize more hidden
reserves. As a result, from 2024 onward, the life insurer was in a critical situation and did not have
enough hidden reserves left to finance the aimed dividends and surplus for policyholders. In contrast,
using the new corridor method, enough hidden reserves were left to keep constant dividends and
surplus for policyholders (see Figure 3f,g).

Moreover, the one-year ruin probability increased to 2.46% in 2027 using the old method,
as compared to 0.36% using the new corridor method.
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3.2.4. Interest Rate Scenario 4

Finally, interest rate scenario 4 described a situation in which the basic interest rate first increases
to 3.00% evenly over the next three years, before plummeting to 0.50% in 2021 and remaining there
until 2027 (see Table 5). Figure 4a shows the corresponding reference interest rates. The reference
interest rate calculated using the old method decreased every year to 1.04% in 2027, even when the
basic interest rate increased. Due to its definition, the reference interest rate calculated with the new
corridor method did not have such a lag effect. While the basic interest rate increased, it remains at
2.16% and decreased due to the corridor slower to 1.36% in 2027.

Accordingly, using the old method, the ZZR increased from 2018 to 2020 in a growing interest
rate environment, while it decreased using the new corridor method. With the basic interest rate
falling to 0.50% in 2021 and remaining there, both methods led to a rise of the ZZR, which resulted in a
similar ZZR in 2027. However, the increase of the ZZR was more greater over the years using the new
corridor method.

Interestingly, in this scenario, in 2027 hidden reserves were higher in the case of the old method
in comparison to the new corridor method (see Figure 4d). The reason is that the life insurer, using
the old method, had to finance a high ZZR, while the basic interest rates rose in the first years. As a
result, the life insurer had to realize more hidden assets (see Figure 4e). However, in this interest rate
environment, the life insurer can reinvest the money to relatively high-yield bonds, which provide the
life insurer with higher market values and higher hidden reserves in the lower interest rate environment
from 2023 onward. This might be an advantage of the old method.

However, financing a high ZZR from 2018 to 2022 in a high interest rate environment leads to
critical situations for the life insurer. Figure 4f,g show that, in contrast to using the new corridor
method, using the old method caused dividends and surplus for policyholders to be zero in 2020 due
to a critical situation. Accordingly, in this time frame, the ruin probability when using the old method
is much higher than when using the new corridor method. For instance, the one-year ruin probability
in 2020 using the old method was 2.78%, as compared to 0.42% using the new corridor method.

J. Risk Financial Manag. 2019, 12, x FOR PEER REVIEW 16 of 19 

 

Moreover, the one-year ruin probability increased to 2.46% in 2027 using the old method, as 
compared to 0.36% using the new corridor method. 

3.2.4. Interest Rate Scenario 4 

Finally, interest rate scenario 4 described a situation in which the basic interest rate first increases 
to 3.00% evenly over the next three years, before plummeting to 0.50% in 2021 and remaining there until 
2027 (see Table 5). Figure 4a shows the corresponding reference interest rates. The reference interest 
rate calculated using the old method decreased every year to 1.04% in 2027, even when the basic interest 
rate increased. Due to its definition, the reference interest rate calculated with the new corridor method 
did not have such a lag effect. While the basic interest rate increased, it remains at 2.16% and decreased 
due to the corridor slower to 1.36% in 2027. 

Accordingly, using the old method, the ZZR increased from 2018 to 2020 in a growing interest rate 
environment, while it decreased using the new corridor method. With the basic interest rate falling to 
0.50% in 2021 and remaining there, both methods led to a rise of the ZZR, which resulted in a similar 
ZZR in 2027. However, the increase of the ZZR was more greater over the years using the new corridor 
method. 

Interestingly, in this scenario, in 2027 hidden reserves were higher in the case of the old method in 
comparison to the new corridor method (see Figure 4d). The reason is that the life insurer, using the old 
method, had to finance a high ZZR, while the basic interest rates rose in the first years. As a result, the 
life insurer had to realize more hidden assets (see Figure 4e). However, in this interest rate environment, 
the life insurer can reinvest the money to relatively high-yield bonds, which provide the life insurer 
with higher market values and higher hidden reserves in the lower interest rate environment from 2023 
onward. This might be an advantage of the old method. 

However, financing a high ZZR from 2018 to 2022 in a high interest rate environment leads to 
critical situations for the life insurer. Figure 4f,g show that, in contrast to using the new corridor method, 
using the old method caused dividends and surplus for policyholders to be zero in 2020 due to a critical 
situation. Accordingly, in this time frame, the ruin probability when using the old method is much 
higher than when using the new corridor method. For instance, the one-year ruin probability in 2020 
using the old method was 2.78%, as compared to 0.42% using the new corridor method. 

  
(a) Interest rates (b) ZZR 

  
(c) ZZR in % of PR (d) Hidden reserves 

0.00%

0.50%

1.00%

1.50%

2.00%

2.50%

3.00%

3.50%

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

In
te

re
st

 ra
te

 

Year

r_bas r_ref (old) r_ref (new corridor)

0

1

2

3

4

5

6

7

8

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

ZZ
R 

in
 b

ill
io

n 
EU

R

Year

ZZR (old) ZZR (new corridor)

0%

2%

4%

6%

8%

10%

12%

14%

16%

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

ZZ
R 

in
 %

 o
f P

R

Year

ZZR in % PR (old) ZZR in % PR (new corridor)

0

2

4

6

8

10

12

14

16

18

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

HR
 in

 b
ill

io
n 

EU
R

Year

HR (old) HR (new corridor)

Figure 4. Cont.



J. Risk Financial Manag. 2019, 12, 119 18 of 20

J. Risk Financial Manag. 2019, 12, x FOR PEER REVIEW 17 of 19 

 

  
(e) Realization of hidden reserves (f) Dividends 

  
(g) Surplus for policyholders (h) One-year ruin probabilities 

Figure 4. Simulation results in interest rate scenario 4. 

4. Discussion 

This paper compared two different methods for additional reserves due to low interest rates in 
the German life insurance industry: the old method and the new corridor method. 

Modeling a typical German life insurer and using Monte Carlo simulation techniques, we 
holistically analyzed the effects of these different methods under various future interest rate scenarios 
from the perspective of various stakeholders (life insurer, regulators, equity holders and 
policyholders). Focusing on the effects of both methods on the reference interest rates or the liabilities 
of the life insurer, it is evident that the ZZR increased more slowly using the new corridor method as 
compared to the old method and that the new corridor method did not lead to lag effects as in the 
case of the old method. The introduction of the corridor in the definition of the reference interest rate 
in the new method led to a slower decrease of the reference interest rate and therefore a slower 
increase of the ZZR in Scenario 1 and 2, as well as in Scenario 4 in the years from 2021 to 2027. In our 
numerical study, the requirement that the sign of the change in the smoothed interest rate is the same 
as the sign of the change in the realized interest rate affected the periods of increasing interest rates, 
i.e., Scenario 3 and the years 2018–2020 in Scenario 4 by avoiding the time lag. However, only by 
comprehensively modeling a life insurer (including its assets and dependencies between assets and 
liabilities) as was done in this paper, can we fully analyze the effects of both methods. Only this 
allows to investigate whether the increase of the ZZR in the old method is too fast and whether the 
new corridor method provides a more suitable increase of the ZZR. 

Our results show that using the old method leads to faster increases of the ZZR than using the 
new corridor method. This is not necessarily a bad thing; however, our analysis reveals that in three 
out of four interest rate scenarios, financing such a high ZZR led to critical situations for the life 
insurer. These critical situations resulted in an increase of the one-year ruin probability (that is higher 
than the aimed 0.50% Solvency II level), lower dividends for equity holders and a lower surplus for 
policyholders. In contrast, using the new corridor method, the ZZR increased more slowly but also 
more evenly and helped the life insurer to avoid such critical situations. Related to this, our analyses 
show that realizations of hidden reserves in low interest rate environments were typically higher 

0

0.5

1

1.5

2

2.5

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

HR
 in

 b
ill

io
n 

EU
R

Year

HR (old) HR (new corridor)

0

0.01

0.02

0.03

0.04

0.05

0.06

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Di
vi

de
nd

s i
n 

bi
lli

on
 EU

R

Year

D (old) D (new corridor)

0

0.1

0.2

0.3

0.4

0.5

0.6

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Sf
P 

in
 b

ill
io

n 
EU

R

Year

SfP (old) SfP (new corridor)

0.00%

0.50%

1.00%

1.50%

2.00%

2.50%

3.00%

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
Ru

in
 p

ro
ba

bi
lit

y
Year

Ruin probability (old) Ruin probability (new corridor)

Figure 4. Simulation results in interest rate scenario 4.

4. Discussion

This paper compared two different methods for additional reserves due to low interest rates in
the German life insurance industry: the old method and the new corridor method.

Modeling a typical German life insurer and using Monte Carlo simulation techniques,
we holistically analyzed the effects of these different methods under various future interest rate
scenarios from the perspective of various stakeholders (life insurer, regulators, equity holders and
policyholders). Focusing on the effects of both methods on the reference interest rates or the liabilities
of the life insurer, it is evident that the ZZR increased more slowly using the new corridor method as
compared to the old method and that the new corridor method did not lead to lag effects as in the case
of the old method. The introduction of the corridor in the definition of the reference interest rate in the
new method led to a slower decrease of the reference interest rate and therefore a slower increase of
the ZZR in Scenario 1 and 2, as well as in Scenario 4 in the years from 2021 to 2027. In our numerical
study, the requirement that the sign of the change in the smoothed interest rate is the same as the sign
of the change in the realized interest rate affected the periods of increasing interest rates, i.e., Scenario 3
and the years 2018–2020 in Scenario 4 by avoiding the time lag. However, only by comprehensively
modeling a life insurer (including its assets and dependencies between assets and liabilities) as was
done in this paper, can we fully analyze the effects of both methods. Only this allows to investigate
whether the increase of the ZZR in the old method is too fast and whether the new corridor method
provides a more suitable increase of the ZZR.

Our results show that using the old method leads to faster increases of the ZZR than using the
new corridor method. This is not necessarily a bad thing; however, our analysis reveals that in three
out of four interest rate scenarios, financing such a high ZZR led to critical situations for the life
insurer. These critical situations resulted in an increase of the one-year ruin probability (that is higher
than the aimed 0.50% Solvency II level), lower dividends for equity holders and a lower surplus for
policyholders. In contrast, using the new corridor method, the ZZR increased more slowly but also
more evenly and helped the life insurer to avoid such critical situations. Related to this, our analyses
show that realizations of hidden reserves in low interest rate environments were typically higher using
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the old method. Reinvesting the money in such interest rate environments led to lower future asset
returns, causing critical situations for the life insurer.

Moreover, our results confirm that using the old method led to lag effects, meaning that the ZZR
increased even in an increasing interest rate environment. This was especially challenging because
hidden reserves to finance the ZZR decreased in such an environment, which led to more critical
situations for the life insurer. Since the new corridor method also avoided this problem and still
provided a high level of ZZR when needed, the new corridor method seems to be a suitable solution to
contend with the coming interest rate developments.
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