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Abstract
Life insurers are exposed to interest rate risk as their liability side

is typically more sensitive to interest rate changes than their asset

side. This paper explores why insurers assume this risk using a new

accounting-based method to measure the interest rate sensitivity of

assets and liabilities. Calculation at the insurer level yields a wide

duration gap with pronounced heterogeneity in the cross-section.

This could be explained by alternative investment strategies, such as

asset insulation, which are at odds with interest rate risk manage-

ment.Using a2014–2018panel, factors associatedwith interest rate

risk support this view.
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1 INTRODUCTION

Life insurers assume interest rate risk. This indicates that firm value changes as interest rates fluctuate. The reason for

this is that insurers offer long-term savings products with guarantees. In doing so, they must deliver on their promise

of fixed interest payments irrespective of their interest income from investments. Matching thematurities of interest-

bearing assets and liabilities acts to reduce risk, and it is indeed the case that insurers invest primarily in long-term

bonds to match the maturities of their long-term liabilities. However, asset-liability maturity matching is ultimately

imperfect and insurers engage inmaturity transformation. The liabilities of life insurers, unlike those of banks, typically

have maturities that are longer than those of investments. As such, life insurers tend to benefit from rises in interest

rates, but lose if interest rates fall.
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duction in anymedium, provided the original work is properly cited.
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Although it is well established that life insurers bear interest rate risk, there is no consensus as to whether this is

goodpractice. In addition, little is knownaboutwhether thereare significantdifferences in the cross-sectionof insurers

and, if so, why. This paper discusses the reasonswhy life insurers assume interest rate risk. In particular, it examines the

rationale for assuming interest rate risk as a deliberate choice. The theoretical idea is that risk management is at odds

with alternative investment strategies. Insurers have specific expertise in managing financial risk and they have the

competitive advantage that they canhold securities for the long term. This is because insurers’ future cashoutflows are

relatively stable and predictable. One typical investment strategy that harnesses this competitive advantage involves

holding illiquid and long-term assets to maturity. This strategy saves insurers portfolio adjustment costs and enables

them to earn an illiquidity premium. Chodorow-Reich, Ghent, andHaddad (2018) call this asset insulation. By contrast,

interest rate risk management involves the holding of liquid assets and regular asset sales and reinvestment and, as

such, high portfolio adjustment costs and the realization of short-term value fluctuations. This implies that insurers’

asset managers could face a trade-off between interest rate risk reduction and investment strategies.

To reconcile the trade-off with data, this paper develops a new accounting-based method to estimate interest rate

risk at an insurer level. The goal is to compare twovaluations of the sameportfolio under twodifferent interest rate val-

ues.Observingmarket valueandbookvalueallowsme todoso.Market value reflects the current interest rate,whereas

bookvalue reflects the interest ratewhen theportfoliowas first purchased. Toestimate interest rate sensitivity, I relate

the difference between the two valuations to the change in the discount rate. In other words, the paper uses a reverse

engineering approach that extracts interest rate sensitivity from fair value and historical cost accounting data.

This results in estimates of the (modified) duration of assets and liabilities. In portfolio management, duration is

a simple and well-known measure of first-order sensitivity to interest rate fluctuations. In insurance, risk managers

make similar use of duration to estimate the interest rate sensitivity of asset portfolios and insurance liabilities. My

top-down approach allows me to quantify interest rate sensitivity on both sides of the balance sheet at the insurer

level for the entire industry within a country. This was not possible with the previous approaches that only work with

limited samples or are limited to the asset side. The paper provides the first comprehensive analysis of the duration of

the liabilities side for which there is little data.

As an empirical application, I calculate the interest rate risk of German life insurers. The German market provides

a rich environment to study interest rate risk. First of all, it is one of the largest insurance markets in the world. In

addition, owing to their focus on long-term endowment policies and annuities (e.g., the average contract length of life

policies is 31 years) with minimum return guarantees, German life insurers have liabilities that are highly sensitive to

interest rates (Berdin&Gründl, 2015; Kablau&Weiß, 2014). This has brought thema great deal of attention regarding

the potential risks to financial stability (IMF, 2016). The association between the wide duration gap (i.e., the difference

in interest rate sensitivity between liabilities and assets) and capital investment behavior is discussed by Domanski,

Shin, and Sushko (2017), who find that the objective of German life insurers of narrowing an existing duration gap

puts downward pressure on long-term interest rates. In addition to the interesting market characteristics, it is also

worth investigating theGerman case as I have special, unique data at hand. I exploit data from a recently enacted piece

of legislation that makes it possible to observe detailed information on liability valuations with different underlying

discount rates. In some other countries, themarket value and historical cost value are observed, but not the underlying

discount rates.

I obtain on aggregate amodified duration gap for German life insurers of around six. This means that for the sector,

a one percentage point drop in interest rates leads to an increase in themarket value of liabilities that is approximately

six percentage points greater than the relative increase in themarket value of assets. I find pronounced heterogeneity

of interest rate sensitivity in the cross-section on the asset side and, to an even greater extent, on the liability side.

This indicates that insurers are exposed to quite different degrees of interest rate risk. The wide dispersion implies

differences in terms of themanagement of interest rate risk.

Using a 2014–2018 panel, I study factors associated with interest rate risk. The goal is to provide evidence of

a trade-off between interest rate risk reduction and alternative investment strategies, such as asset insulation. The

challenge is that interest rate risk reduction and asset insulation may be at odds with each other, but they are not fully
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exclusive. More generally, there is an empirical challenge to identify a preference where there is only one choice and

multiple factors could influence this choice. I tackle the challenge by approximating asset insulation preferences with

specific characteristics of insurers’ investment behavior. I take advantage of the fact that certain asset classes and a

particular trading behavior clearly make sense for asset insulation, while being counterproductive for durationmatch-

ing. Then, I demonstrate that asset insulation approximated in this way has a strong negative correlation with asset

duration. After that, I demonstrate, in an empirical horse race, that the proxy for the asset insulation strategy is a bet-

ter predictor of investment duration than a duration-matching strategy. This difference in predictability runs counter

to the view that the duration of liabilities is the main driver of asset duration. Investment characteristics that are typi-

cal for an asset insulation strategy go someway toward explaining why insurers have not changed their asset duration

in order to reduce their interest rate risk. Thus, the result suggests that high levels of interest rate risk are at least, to a

certain extent, explained by a deliberate choice.

The remainderof thepaper is organizedas follows. Section2develops the theoryas towhy life insurersbear interest

rate risk. Section 3 elaborates as to how accounting valuations can be used to calculate a measure of interest rate risk.

Section 4 presents the data and explains the institutional context. Section 5 calculates the duration gap using company-

level data and explains the results of the empirical analysis, whereas Section 6 provides my conclusions.

2 WHY DO LIFE INSURERS BEAR INTEREST RATE RISK?

2.1 Initial thoughts

This section dealswith possible explanations for interest rate risk exposure. Households demand life insurance policies

with guarantees as long-term savings schemes for various reasons, including the benefits of compulsory saving, tax

advantages, and insurers’ expertise inmanaging long-term capitalmarket risks. Because customers seek these policies,

the long-term horizon on the liability side of insurers’ balance sheets is a business feature. Product characteristics of

existing contractual relationships determine it and cannot be influenced in the short term.1 Therefore, I take the long

duration on the liability side as a given.

It is the duration on the asset side, then, that determines the interest rate risk exposure. The question is, given the

long duration on the liability side,whydomanagers decide not to invest inmatching long-dated assets? There is no easy

answer to this question and, to my knowledge, there has been no research that studies the optimal amount of interest

rate risk that insurers should bear. I see two possible kinds of explanations. First, interest rate risk could be a deliberate

choice. That is, there are greater benefits for the firm associated with interest rate risk than costs. In addition, interest

rate risk could be accidental in the sense that insurers have a liability side that they cannot purchase in capital markets.

2.2 Interest rate risk exposure as a deliberate choice

2.2.1 Firm perspective

Interest rate risk comes with costs and benefits. Regarding costs, a duration mismatch gives rise to reinvestment

risk as future interest income is uncertain and, as a consequence of falling interest rates, may fall short of interest

expenses (French, Vital, & Minot, 2015). A prolonged low interest rate environment could lead to a situation where

sufficient returns can no longer be earned. As IMF (2016) highlights, sector-wide interest rate risk also contributes to

macro-prudential risk as it increases the common exposure tomarket risk within the insurance sector. Finally, insurers

couldmiss out on additional yield potential when the yield curve is upward sloping.

1Even though the liability duration is fixed in the short term, it can, of course, be reduced in the long term. To reduce the liability duration, the main candidate

is new business. Koijen and Yogo (2015) find that insurers changed their offering of policies during the financial crisis with the goal of adjusting the structure

of their liability side. In addition to the slow-acting effect of new business, insurers could sell existing contracts to other companies, purchase reinsurance

solutions (Koijen & Yogo, 2016), or try to nudge their policyholders to surrender their contracts.
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There are benefits associated with investment strategies that have the side effect of increased interest rate risk.

Insurers have specific expertise in managing interest rate risk and, when compared to other intermediaries, they can

expect to hold investments for the long term. Chodorow-Reich et al. (2018) argue that life insurers are asset insulators.

They create value by buying illiquid and high transaction cost securities and holding them to maturity. The reason for

this value creation is that insurers can pursue an investment strategy that is complementary to their stable liabilities.

This strategy saves insurers portfolio adjustment costs and enables them to earn an illiquidity premium. Asset insu-

lation is not feasible for other investor types as their financing is less long term. This strategy is, to a certain extent,

contrary to a duration-matching strategy as the two strategies require different investment choices. Duration match-

ing involves the holding of liquid assets and regular asset sales and reinvestment, and, as such, significant portfolio

adjustment costs and the realization of short-term value fluctuations. It is sufficient for insurers’ investmentmanagers

to believe in asset insulation benefits. It does notmatterwhether such a strategy really generates higher returns or not.

It is useful to distinguish asset insulation from reaching for yield. Following Haltom (2013) and Choi and Kronlund

(2017), reaching for yield suggests that a low interest rate environment incentivizes assetmanagers to shift their port-

folio holdings toward riskier assets because they are eager to reach a target level of investment return. This risk tends

to materialize only in rare events such that, in most cases, higher returns are generated. The main difference to asset

insulation is that reaching for yield implies taking a bet that risk premiumswill notmaterialize. Asset insulation, in con-

trast, implies undertaking an option that is risky for most investors, but not for insurers. For example, insurers may not

be concerned, due to their long-term perspective, if assets cannot be sold over a longer period due to illiquidity. This

does not apply to investors with short-term financing. Reaching for yield includes many sub-strategies. Some of them

are consistent with asset insulation (e.g., buying leveraged loans and private debt). In fact, insurers state that reaching

for yield is amajormotivation for a shift of investments towardmore illiquid assets. In any case, reaching for yield is, to

some extent, aligned to asset insulation and also, in part, contrary to interest rate risk management, in particular with

respect to illiquid assets.

2.2.2 Policyholder perspective

Firm and policyholder interests regarding duration matching are not aligned if policies offer a minimum return that is

irrespective of investment returns. In an unregulated insurance industry, policyholders recognize the incentive prob-

lem and could use contracts to limit risk taking (Mayers & Smith, Jr., 1981). However, this is usually not possible, as

advocated by Plantin and Rochet (2009), with incomplete contracts. Policyholders are not sophisticated investors, and

a prudential authority is needed to introduce regulatory constraints.

It is difficult to gauge the extent towhich regulatory constraints are binding, such that companies reduce their inter-

est rate risk as a result. Empirical evidence generally underlines an association between regulation and interest rate

risk. The risk is higher in countries inwhich it is penalized less byway of specific reserve requirements or less transpar-

ent due to historical cost valuation on the balance sheet (Moody’s, 2015). Several papers emphasize the link between

valuation rules in regulation and asset allocation. Becker (2016) provides an overview as to how insurers accumulate

more risk than intended and how regulation-driven investment practices distort investment decisions. Fleuriet and

Lubochinsky (2005) demonstrate the effect of accountingmethods using the example of reform inDenmark. Following

a stipulated change in thediscount rates used for provisions,Danish life insurers substantially increased thedurationof

their investments. Koijen and Yogo (2015) and Ellul, Jotikasthira, Lundblad, andWang (2014) determine that noneco-

nomic valuation in external accounting can distort investment decisions. Becker and Ivashina (2015) find that insurers’

asset allocation depends upon regulatory requirements related to bond ratings. Finally, Andonov, Bauer, and Cremers

(2017) note that pension funds increase risk taking in response to a regulatory link between the liability discount rate

and the expected rate of return on assets.

At the start of 2016, European insurers entered a new regulatory erawith the launch of Solvency II. This regulatory

framework has two key principles: the introduction of risk-based capital requirements and the mark-to-market mea-

surement for assets and liabilities. Under Solvency II, capital requirements take interest rate risk into accountwith due
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emphasis. Simply put, the greater an insurer’s interest rate risk, the higher the capital requirements. Thus, with Sol-

vency II, interest rate riskmanagement is a key factor in the optimization of investment portfolios (Braun, Schmeiser, &

Schreiber, 2017). However, in the past and, in particular, in Germany, this was not quite so. Before Solvency II, the regu-

latory landscape differed among countries. For instance, the United Kingdomwas early in introducing capital require-

ments that were sensitive to durationmatching (Swain & Swallow, 2015) and Solvency II has been evolutionary, rather

than revolutionary. For Germany, where the regulatory regime has been based around historical cost accounting, Sol-

vency II has been a large change (Rae et al., 2018). This suggests that, particularly in Germany, regulatory constraints

varied over time. Prior to 2016, the constraints of regulation addressing interest rate risk had a limited effect, whereas

after 2016, the constraints of regulation have a large effect.

Taking all this into account, the degree of interest rate risk assumed before Solvency II ultimately depends upon the

optimization of the firmand the relationship between themarginal benefit from this andmarginal costs. The exact rela-

tionship is, however, difficult to estimate. Therefore, I do not attempt to estimate anoptimal amount of durationmatch-

ing. Instead, I examine the trade-off between a specific investment strategy, asset insulation, and risk management.

2.3 Accidental explanation

The accidental explanation, in the sense that life insurers have a liability side that they cannot purchase in capital mar-

kets, is a story often told by practitioners. Some argue that there is a shortage of long-term bonds. In addition, a dearth

of long-term bonds puts pressure on yields at the long end of the maturity spectrum (Greenwood & Vayanos, 2010).

Besides, ultra-long bonds usually belong to the safe assets category and researchers observe a shortage of safe assets,

such that the yield on safe assets is so low that they become unattractive as an investment class (Caballero, Farhi, &

Gourinchas, 2017).

Recent evidence suggests that asset cash flows denominated in euro with a maturity of 30 years are sufficiently

available to cover life insurers’ liability cash flows up to 30 years and markets for ultra-long euro-denominated

sovereign bonds are sufficiently liquid (ESRB, 2017). Furthermore, German insurers historically held only a small share

of the ultra-long bonds outstanding, and they have only recently increased their share (Shin, 2017). Finally, there is

no significant cross-country association between asset durations as reported by EIOPA (2014) and the average term

to maturity of government securities. On the basis of these empirical observations, I believe it is not plausible that a

shortage of long-term bonds alone can explain limited durationmatching.

3 MEASURING INTEREST RATE SENSITIVITY

3.1 Approaches

In the literature thus far, there are three approaches to estimating the interest rate risk of insurers. First, in a bottom-

up approach, the European insurance regulator EIOPA (2014) and (2016) estimates, in the context of its stress tests,

the interest rate risk at the country level. It uses detailed internal cash flow data requested from a sample of insurers

for this purpose. A bottom-up approach is convenient. However, owing to data constraints, it is not feasible for most

research purposes. In addition, Berends, McMenamin, Plestis, and Rosen (2013), Brewer, Carson, Elyasiani, Mansur,

and Scott (2007), and Hartley, Paulson, and Rosen (2016) use a top-down approach to estimate the interest rate sensi-

tivity of insurers’ stock prices. However, the main constraint here is that only a few insurers are listed, and those that

are typically operate several business segments. Finally, Kirti (2017) and Domanski et al. (2017) estimate the duration

of investments on an asset-by-asset basis, whereas on the liability side they use simple estimates. This reflects that it

is especially difficult to estimate the duration on the liability side and not so much on the asset side. To my knowledge,

the present paper is the first to estimate insurers’ interest rate risk using accounting data, which has the advantage of

estimating interest rate risk separately for assets and liabilities at the insurer level for broad and balanced samples.
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3.2 Reverse engineeringwith accounting data

This approach reverse engineers inputs used by insurers when they estimate valuations of assets and liabilities for

reporting purposes. The process is as follows. First, insurers project cash flows. Then, the cash flows are discounted

with different legally stipulated discount rates depending upon the purpose of the reported present value. I take dif-

ferent present value estimates and, together with the stipulated discount rates, reverse engineer the implicit duration

used by insurers as an input in their estimations.

Modified duration (Dur) is a measure of first-order interest rate sensitivity. It is defined as the semi-elasticity, the

relative change in value V for an absolute change in the discount rate r.

Dur ≡ − 𝜕V
𝜕r

1
V

(1)

In principle, modified duration is defined if the market value is continuous and differentiable with respect to the

discount rate. As a stricter version of the durationmeasure, I assume that the underlying cash flow is not contingent on

the discount rate. I discuss this assumption in detail in Subsection 5.6.

Consider r0 and r0 +Δr as two discount rates. I relate the change between two values Vt0 and Vr0+Δr to a change in
discount rates from r0 to r0 +Δr. This meansmodified duration is determined by linear approximation:

Durr0 ≅ −
Vr0+Δr − Vr0

Δr
1
Vr0

. (2)

With discretization, the accuracy of the durationmeasure depends upon the curvature of the relationship between

the market value and discount rates. The relationship is convex and the sensitivity increases when discount rates fall.

Equation (2) measures the slope of the secant line between the market values for two discount rate levels that lies

between the sensitivity at the lower market value (higher discount rate) and the sensitivity at the higher market value

(lower discount rate).

Equation (2) sheds light on what inputs are needed. It is my goal to compare two valuations of the same portfolio

under two different interest rate values. The idea followed here is that observing market value and book value allows

doing so. Market value reflects the current interest rate, whereas book value reflects the interest rate when the port-

folio was first purchased.

Let us consider a historical cost accounting regime. Each item has two observable valuations: the book value at his-

torical costBV and themarket valueMV.MVr0+Δr andBVr0+Δr are observable, butMVr0 andBVr0 are not. I approximate

MVr0 with BVr0+Δr , which is sensible if some conditions are met. First, the book value and the market value were iden-

tical when rates are r0. In addition, the book value does not change when rates change (BVr0+Δr = BVr0 ∀Δr). These
conditions are typically met in a strict historical cost accounting regime.

I transform Equation (2) with a view to an approximation of the modified duration by the standardized amount by

which themarket value differs from the book value relative to the underlying change in discount rates.

Durr0 ≅ −
MVr0+Δr − BVr0

Δr
1

BVr0
. (3)

I improve this approximation by making two extensions. Equation (3) only considers the value effect of a change

in discount rates. With the use of accounting values, one must consider that time has passed since the discount rates

changed and that somebook–market differences disappear due to portfolio shifts. These are in particular gains trading.

Insurers sell theirwinners, assetswith a significant difference between theirmarket value andbook value, and, in doing

so, they generate profits by realizing capital gains (Ellul, Jotikasthira, Lundblad, &Wang, 2015).

I set the current year as v0 +Δv and the time of discount rate change in the past as v0 withΔv> 0.Δv represents the
number of years that have passed. Incv0+Δv is the sum over the yearsΔv of the yearly gains through portfolio changes.
The following holds:

Durr0 ,v0 ≅ −
MVr0+Δr,v0 − BVr0 ,v0 + Incv0+Δv

Δr
1

BVr0 ,v0
. (4)
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Equation (4) is similar to Equation (3), apart from the stipulation that the discount rate change takes place without

any passage of time. Because I observe neitherMVr0+Δr,v0 nor BVr0 ,v0 , I need an approximation based onMVr0+Δr,v0+Δv
and BVr0 ,v0+Δv , which I observe. I approximate the change in the book–market difference for a change in observation

time.

For a simple presentation, I use a valuation at different years z of a future payment a at time to maturity T. I start

with a time structure that discount rates changed from r0 to r0 + Δr just after the item was recognized on the balance

sheet and then, from time v0, a timeΔv passed while rates remained constant. The market value is calculated with the

current interest rate r0 + Δr as the discount rate. For the book value, the prechange rate r0 is the discount rate. Book
andmarket values conditional on observation year z∈N can bewritten as

MVr0+Δr (z) =
a(

1 + r0 + Δr
)T−z , (5a)

BVr0 (z) = a(
1 + r0

)T−z . (5b)

This means that the face value is discounted back to an earlier date with a later year z. The sensitivity to a change in

z is

𝜕MVr0+Δr
𝜕z

1
MVr0+Δr

=
ln
(
1 + r0 + Δr

)
a

(
1 + r0 + Δr

)T−z
1

MVr0+Δr
= ln

(
1 + r0 + Δr

)
, (6a)

𝜕BVr0
𝜕z

1
BVr0

=
ln
(
1 + r0

)
a

(
1 + r0

)T−z
1

BVr0
= ln

(
1 + r0

)
. (6b)

In the following, I approximate the value change at interest level r0 +Δr for an absolute time change. Amulti-period

value change is derived from multiple stages of one period difference equations. Consider a change of Δv years. This
provides the following relationship between themarket and book values at year v0 +Δv and year v0:

MVr0+Δr,v0+Δv ≅
(
1 + ln

(
1 + r0 + Δr

))ΔvMVr0+Δr,v0 , (7a)

BVr0 ,v0+Δv ≅
(
1 + ln

(
1 + r0

))Δv
BVr0 ,v0 . (7b)

The later the discount rate changed, the less the present value increased with the passage of time. I relax the full

consideration of the time passage effect, which is attributable to the basic case of an abrupt change in discount rates

first, and time passage afterward. Instead, I take half of the time period of Δv in the exponent. This roughly approxi-

mates that interest rates uniformly decreased over time. It gives the following approximate relationship:

MVr0+Δr,v0+Δv ≅
(
1 + ln

(
1 + r0 + Δr

))0.5ΔvMVr0+Δr,v0 , (8a)

BVr0r,v0+Δv ≈
(
1 + ln

(
1 + r0

))0.5ΔvBVr0 ,v0 . (8b)

Then, I derive the following estimate of the bookmarket difference that considers the time passing effect:

MVr0+Δr,v0 − BVr0 ,v0 ≅
MVr0+Δr,v0+Δv(

1 + ln
(
1 + r0 + Δr

))0.5Δv −
BVr0 ,v0+Δv(

1 + ln
(
1 + r0

))0.5Δv + Incv0+Δv. (9)
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This gives the following approximation of the duration prior to the change in discount rate and the related time

change:

Durr0 ,v0 ≅

MVr0+Δr,v0+Δv

(1+ln(1+r0 +Δr))0.5Δv
−

BVr0 ,v0+Δv

(1+ln(1+r0 ))0.5Δv
+ Incv0+Δv

Δr
1

BVr0 ,v0+Δv

(1+ln(1+r0 ))0.5Δv
. (10)

Thus, the duration estimate is the relative change in the valuation ofmarket over book value divided by the discount

rate change, where the book and market values are the currently observed valuations discounted back to the time of

recognition on the balance sheet. Because the book value is discounted at a different rate than the market value, the

difference in valuation between themarket and book values changes through discounting relative to the undiscounted

difference. This reflects that the currently observed difference in valuation differs from the original valuation differ-

ence. In addition, an adjustment is made to cover portfolio changes.

Using Equation (10), the duration of liabilities DurLiabilitiesr0 ,v0
and the duration of assets DurAssetsr0 ,v0

can be separately

calculated. The duration gap is the difference between the two.

Duration gap = DurLiabilitiesr0 ,v0
− DurAssetsr0 ,v0

. (11)

This difference should be interpreted as a comparison of sensitivities and not as a difference in value changes

because the asset value usually exceeds the liability value.

3.3 Simulations

To analyze the quality of the duration estimate, I construct hypothetical asset portfolios calibratedwith the yield curve

ofGerman sovereign bonds. The portfolios consist of sovereign bonds purchasedbetween2004and2013. For the year

2014, I calculate both the actual modified duration and the duration estimate using Equation (10). One assumption is

that coupons of bonds are equal to the yield at the time of bond issuance. The first portfolio consists only of a single

30-year German sovereign bond purchased in 2004. In 2014, the estimated duration of this portfolio is 13.4, which is

2% higher than the actual duration (13.1). The second portfolio consists of two 30-year German sovereign bonds, one

purchased in 2004 and one purchased in 2009. In 2014, the estimated duration is 15.4, which is 1% higher than the

actual duration. The third portfolio consists of ten 30-year German sovereign bonds, one purchased in each year from

2004 to 2013. In 2014, the estimated duration is 17.0, which is 2% higher than the actual duration.

These simulations demonstrate that the duration estimate is accurate. The estimation error does not change sub-

stantially between the simulated portfolios and exemplifies that the heterogeneity in the time atwhich the assetswere

added to the portfolio does not significantly affect the estimation accuracy.

4 APPLICATION TO GERMAN LIFE INSURERS

4.1 German insurance sector

As an empirical application, I estimate the interest rate risk of German life insurers. This subsection introduces impor-

tant characteristics.

Life insurancewithinGermany is always regulated as a standalone entity and, consequently, it is organized andman-

aged as a separate subsidiary. In 2014, there are 86 German life insurers that are subsidiaries of 54 insurance groups.

Among thegroups, 15are listedon the stockexchange, four arenonlistedprivate corporations, 28aremutual insurance

companies, six are public sector firms, and one is the policyholder protection scheme, a corporation with German life

insurers as the shareholders. The listed groups include insurance companies headquartered in Germany (e.g., Allianz

and Munich Re) as well as companies with headquarters abroad (e.g., Axa, Generali, and Zurich). Most of the groups
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operate only in insurance, but a few are large diversified groups with additional activities in asset management and

banking.

Germany has a large insurance industrywith endowment policies and annuities as important long-term saving vehi-

cles.2 Total financial assets of the life sector are 818 billion euro (year 2014), which corresponds to about 28% of the

gross domestic product (GDP). Approximately 90% of financial assets are fixed income investments. The vast majority

of customers’ claims and the corresponding liabilities of insurers have fixed interest rates. The premium reserve is the

most important liability at 750 billion euros. Life insurers create this provision to provide for future net benefit obliga-

tions that are guaranteed and attributed to individual policies. If in the following, the term liabilities are used, then this

refers to the premium reserves.

The fixed interest liabilities arise from minimum return guarantees that are applied on a year-by-year basis to the

policyholders’ savings (Eling &Holder, 2013). Theminimum return is set at the inception of the contract and cannot be

changed afterward. All insurance contracts entered into within the same period have the same minimum return. For

example, all insurance contracts entered into between July 1994 and June 1999 provide 4%. Over time, the minimum

return guarantee was reduced for new contracts. For this reason, the average is essentially determined by the years in

which the policies were sold. The industry average in 2014 is 3.1%, which is much higher than current market yields.

This implies that the expense for the minimum return makes up the lion’s share of expenses. This contrasts with, for

example, Francewhere the averageminimum return ismuch lower and usually not binding (Hombert& Lyonnet, 2019).

German life insurers’ liabilities are highly sensitive to interest rates. EIOPA’s (2014) estimate for the duration gap

of Germany’s life sector is one of the widest of all the countries included in its analysis. Typical characteristics of long

duration insurance policies are long-term contracts with a long-term accumulation phase that provide fixed minimum

returns that are independent of theunderlying investment returns. Alternative popular productswith lower or no fixed

interest rate guarantees, such as unit-linked policies, have rarely been sold in Germany. The tax system has also con-

tributed to long duration policies as very long-term annuity policies with an accumulation phase offer tax advantages

compared to other saving options. In contrast to Germany, life insurers in the United States have a narrower duration

gap and those in the United Kingdom have none at all.3

4.2 Basics of German insurance accounting

This paper uses insurancedata taken fromsingle entity balance sheets. Life insurers prepare their single entity financial

statements in accordancewithGermangenerally acceptedaccountingprinciples, theGermanCommercialCode (HGB),

and regulatory provisions.

On the asset side, investments are, in principle, valued at the lower of current market value or historical cost. In the

low interest rate environment, this implies that fixed income securities are carried at par value. Insurers also report

the difference between market and book values. For this reason, the financial statements disclose two valuations for

investments that differ mainly in terms of the discount rate.

Liabilities are valued at the present value of expected cash flows. There are two parts, an interest rate insensitive

reserve (denoted here as the book value) and an interest rate sensitive surcharge, the additional interest provision.

The surcharge has the effect of adjusting the level of reserves toward the market value. The reasoning is to increase

provisions for under-provisioned policies. However, the adjustment is only partial and there remains a significant

2Simply put, an endowment policy is a savings vehicle for which policyholders pay monthly premiums and the full benefit becomes due at an expiry date (or

before if the policyholder dies). Annuity policies provide life-long annuity payments after either a large one-time payment or as a savings vehicle following the

payment of regular monthly premiums. Term life policies, in contrast, do not accumulate savings and benefits are only paid if the policyholder dies before the

expiry.

3EIOPA (2014) and Moody’s (2015) provide overviews of duration gaps by country. There is no comprehensive estimate of the duration of U.S. life insurers.

Estimates are available from the International Monetary Fund, which assumes a duration gap of two based on expert judgment and discussion with market

participants (IMF, 2015, p. 60) and from Moody’s, which estimates a duration gap of less than one based on data reported by large insurance companies

(Moody’s, 2015). In contrast, empirical studies, such as Berends, McMenamin, Plestis, and Rosen (2013), find considerable interest rate risk for U.S. insurers.

An estimate for the United Kingdom is included in EIOPA (2014).
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TABLE 1 Descriptive statistics of key balance sheet items for the year 2014 (bn euro)

Balance sheet items Mean SD Median Total

Book value assets 10.8 21.7 3.7 814

Underlying discount rates 3.7% 0.5% 3.6%

Market value assets 12.6 26.5 4.1 948

Underlying discount rates 1.0% 0.2% 1.0%

Book value liabilities 10.2 19.9 3.6 767

Underlying discount rates 3.1% 0.3% 3.1%

Market value liabilities 12.2 23.8 4.2 918

Underlying discount rate 1.2% 0.0% 1.2%

Note. The table provides descriptive statistics of key balance sheet items for 75German life insurers in 2014 based on theGer-
man generally accepted accounting principles. The book value of liabilities is the premium reserve and excludes the additional
interest provision. Themarket value of liabilities is the premium reserve including the additional interest provision and the hid-
den losses approximated with what is known in the German legislation as the safeguarding amount. The underlying discount
rate for the book value of the premium reserve is the average discount rate reported by insurers. The underlying discount rate
for themarket value of liabilities is themarket rate used for calculating the safeguard amount,which is the same for all insurers.
The underlying discount rate for the book value of assets is based on average yearly coupon payments. For the discount rate
for themarket value, an estimate based on the portfolio composition is used.

portion of hidden losses. It recently became possible to observe the hidden losses on the balance sheet and, as such,

the market value of insurer liabilities. In 2014, there was a major reform in Germany, the Life Insurance Reform Act,

which included a block on dividend payouts. Insurers are only allowed to distribute dividends depending upon the hid-

den losses carried on the liability side. Thus, I effectively have two valuations of liabilities that differ primarily in terms

of their discount rate. The difference between the two valuations, the book value and the market value, is the sum of

the hidden losses and the additional interest provision.

4.3 Dataset

The dataset I use is the extended forecast collected by the Federal Financial Supervisory Authority (BaFin). The pub-

licly unavailable cross-sectional dataset includes detailed reports from the financial reporting systems of all German

life insurers. The data are based on company business plans at September 30 for the full year assuming stable capital

market conditions for the fourth quarter. The detailed accounting and business plan data are collected in the process

of preparing financial statements, but are not published.

For the year 2014, the data contain 86 life insurers, of which I exclude three insurers with missing observations.

These three are very small insurers. In 2014, all three combined have liabilities of around 0.25 billion euro compared

to an average of 9 billion euro. This leaves mewith a sample of 83 insurers.

Thedataset is available yearly. The2014edition is the first one that includes data on themarket value on the liability

side. Thus far, fourmore recent versions have become available that include this information, the 2015–2018 editions.

The annual cross-sections aremerged on the basis of a unique identification number for the insurers. Adding the addi-

tional years reduces the sample to 75 insurers. This is due to eight insurers going out of business, being converted to a

pension fund, or reportingmissing data. These insurers are relatively small with average liabilities of 0.5 billion euro.

To provide an overview of the data, Table 1 presents the key balance sheet items and the underlying discount rates

for the year 2014. The totalmarket value of investments is 16%higher than the book value. This difference in valuation

corresponds to a decrease in discount rates of 2.7 percentage points. The total market value of liabilities is 20% higher

than the book value. This difference in value corresponds to a decrease in the average underlying discount rate of

1.9 percentage points. Already, these descriptive statistics suggest that liabilities are more sensitive to interest rate

changes than assets.
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F IGURE 1 Book-market difference of German life insurers, asset versus liability side
Note. The graph displays the aggregate book–market difference relative to the book value of 75 German life insurers
over time. The solid line displays assets and the dashed line displays liabilities based on German generally accepted
accounting principles. The book value of liabilities is the premium reserve and excludes the additional interest
provision. The book–market difference is the additional interest provision and the hidden losses approximated with
what is known in the German legislation as the safeguarding amount; 2014 is the first year that includes data on the
market value on the liability side.

Figure1compares thedevelopmentof book–marketdifferencesbetween theasset and the liability side. It is evident

that thedifferenceon the liabilities side exceeds thedifferenceon the assets side. This is an indicationof higher interest

rate sensitivity on the liabilities side.

Insurers report income from gains trading in their profit and loss statements. In 2014, the aggregate valuation

reserves that disappeared due to the realization of capital gains are 28 billion euro or 21% of the book–market differ-

ence. The corresponding effect on liabilities is that some policyholders lapse their insurance contracts and policyhold-

ers receive approximately the book value of the provisions. The difference between the book value and market value

can be regarded as a lapse gain. I use the yearly lapse rate of insurers and multiply it for each year by the observed

book–market difference. In 2014, the aggregate hidden losses that disappeared due to lapses are 27 billion euro or

18% of the book–market difference.

5 RESULTS

5.1 Estimation of the duration gap

On the basis of the data discussed in the previous section, I calculate the duration of assets and liabilities for German

life insurers, as well as the difference between the two, the duration gap. In the aggregate, this sector has an estimated

asset duration of 11 and a liability duration of 17 in 2014 (Table 2). The resulting duration gap amounts to six. This

suggests that a one percentage point decrease in interest rates leads to an increase in the market value of liabilities

that is approximately six percentage points greater than the relative increase in themarket value of assets. The aggre-

gate viewweighs larger insurers more heavily than smaller ones. Themedian duration gap is larger than the aggregate
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TABLE 2 Interest rate sensitivity estimate of German life insurers (2014–2018)

Total Mean SD p25 p50 p75

2014 Asset duration 11.4 10.0 1.7 8.8 10.0 11.0

Liability duration 17.1 17.4 3.8 14.1 16.8 20.0

Duration gap 5.7 7.4 4.1 4.2 6.8 10.4

2015 Asset duration 11.9 10.7 2.2 9.1 10.6 12.1

Liability duration 17.4 18.3 4.6 14.7 17.8 20.6

Duration gap 5.5 7.5 5.0 4.1 6.6 10.0

2016 Asset duration 14.0 12.3 2.3 10.6 12.1 13.9

Liability duration 17.5 18.7 5.9 15.8 17.8 20.8

Duration gap 3.4 6.4 6.2 2.5 5.4 8.4

2017 Asset duration 13.8 11.6 2.2 10.3 11.4 12.9

Liability duration 16.1 16.9 3.7 14.5 16.4 18.9

Duration gap 2.4 5.3 4.3 2.8 4.7 7.3

2018 Asset duration 14.9 12.6 3.0 11.0 12.7 14.5

Liability duration 15.7 16.9 4.6 14.2 16.1 19.0

Duration gap 0.8 4.3 5.9 1.1 3.3 6.1

Note. The table provides the descriptive statistics of the modified durations estimated in Equation (10) and the duration gap
estimated in Equation (11) for 75 German life insurers. The wider the duration, the more sensitive is the value of the balance
sheet side to a change in interest rates. The wider the duration gap, themore an insurer is exposed to interest rate risk.

estimate implying that smaller insurers tend to have awider duration gap than larger insurers. In fact, the insurerswith

particularly large duration gaps tend to be small.

Reviewing the time series, both asset and liability duration grow over time until 2016. Asset duration grows

more strongly and the duration gap narrows. Insurers adjust their portfolio, but the adjustment takes place gradu-

ally so that the duration gap slowly narrows over time. This result is largely in line with the development described

by Domanski et al. (2017). It is also consistent with the result of Koijen, Koulischer, Nguyen, and Yogo (2017)

that insurers were net buyers of government bonds in the environment of quantitative easing and falling interest

rates.

Other results are in a similar range. EIOPA (2014) derives a (Macaulay) duration for assets of 10 and for liabilities of

21. The rating agency Assekurata estimates themodified duration for fixed income investments at eight for 2011with

an upward trend since that time. The German insurance association estimates in an unpublished analysis the modified

duration for fixed income investments at seven for 2009, again with an upward trend since then, and the duration for

liabilities at 15 (no estimate for different years). Domanski et al. (2017) estimate the asset duration at about 10 for

2010with an upward trend since.

To provide an overview of the association between the duration gaps across different years, I graphically compare

the duration gap of the year 2014 with the duration gaps of other years (Figure 2). The correlation between the indi-

vidual years is high.

5.2 Variation in interest rate risk between insurers

Figure 3 illustrates the distribution of the estimated duration between insurers, both for the asset and the liability side.

The variation in duration on the liability side iswider than on the asset side. Although the asset duration is approaching

a normal distribution, the distribution of the liability duration is relatively broad with a long tail. The wide distribution

of liability durations illustrates that it is advisable to take into account large differenceswhenmaking statements about

the interest rate risk of life insurers. The cross-insurer standard deviation of the gap is 4.1 for the year 2014, which is
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F IGURE 2 Comparison of duration gap estimates between years
Note. The scatterplots illustrate the association between the duration gaps estimated in Equation (11) across different
years. The dots are averages between three insurers selected at random to comply with data confidentiality. The
mid-lines indicate combinations for which the duration gap is identical in both years.

higher than the cross-country standard deviation of 3.6 reported by EIOPA (2014). A comparison of distributions on

the asset and liability sides indicates that the variation of both contributes to the cross-sectional differences in the

duration gap.

5.3 Relationship between liability duration and product characteristics

Thewide liability duration results from the product characteristics of existing contractual relationships. To investigate

the relationship between liability duration and the product characteristics, Pi,t, I estimate:

(
DurLiabilitiesr0 ,v0

)
i,t
= 𝛽0 + 𝛽1Pi,t + 𝜀i,t. (12)

Standard errors are clustered by group to address the potential correlation of insurers’ durations across the firms in

a group. Extremevalues of liability duration are set to themeanplus/minus the2.5 standarddeviations if they exceeded

this value. I use both random effects and pooledmodels. The first product characteristic is a dummy variable capturing
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F IGURE 3 Distribution of asset and liability duration (2014)
Note. The histograms provide the distribution of themodified durations estimated in Equation (10) for 75 German life
insurers for the year 2014. The left-hand side indicates the distribution of asset durations and the right-hand side
reports the distribution of liability durations .The wider the duration, themore sensitive is the value of the balance
sheet side to a change in interest rates. Each bin illustrates the number of insurers with a duration within the interval.

whether the insurer is a direct insurer. These are insurers that do not work with brokers or insurance agents. Instead,

they sell policies primarily through their websites. This variable is an indication of recently established contracts with

a lower guaranteed rate and less accumulated funds. The lower level of consultation needed may also indicate that

policies are, to a lesser extent, used for retirement savings and more for other saving purposes. The second variable is

the share of term life policies relative to other life insurance policies. Term life policies are insurance policies without

a saving accumulation that are mainly a protection against death. In addition, I control for the share of annuity polices

relative to other life insurance policies. Annuity policies usually have a long duration because they are lifelong (i.e.,

they end with the death of the policyholder). The fourth variable is the share of contracts expired over the last 5 years

relative to the total numberof contracts5years ago.Ahighvariable indicates a relatively lowremaining contract length

of a contract portfolio. Finally, I control for the level of yearly sales commissions paid relative to the book value of

liabilities. This variable captures the extent to which insurers rely on new business and, in particular, new business

sold by sales agents and brokers. All of the variables are available on an insurer-year level. Descriptive statistics are

displayed in Table 4.

The results displayed in Table 3 indicate that liability durations tend to be wider for insurers with a focus on annu-

ity policies and for insurers that sell products through sales agents and brokers. The pooled regression results sug-

gest that high sales provisions are correlated with liability duration. As expected, insurers with more recently expired

contracts tend to have lower liability duration. However, this effect is not significant. Overall, the regression results

indicate that product characteristics are an important factor in explaining the cross-sectional differences in liability

duration.

5.4 Relationship between asset duration and liability duration

Asset–liability management implies that insurers with higher liability duration should have higher asset duration. The

idea is that the investment process is liability driven. An insurer should adjust the duration of its investment portfolio

as the duration of its liabilities changes. This implies that, in theory, liability duration causes asset duration. Figure 4

compares asset and liability durations in the cross-section of insurers from2014 to 2018. Given completematching, all

of the dots would be on themid-line. However, this requires only low degrees of freedom for investment management

and only limited opportunities to follow alternative investment strategies. The relationship between asset and liabil-

ity durations is weak. The scatterplots suggest that the two sides of the balance sheet are barely related. This implies



MÖHLMANN 601

TABLE 3 Association between liability duration and product characteristics

Dependent variable: Liability duration

(1) (2)

Random effects Pooled

Variable Coeff. (SE) Coeff. (SE)

Direct insurer −4.9*** (1.5) −4.0*** (1.4)

Share term life policies 5.1 (3.5) 4.4 (2.9)

Share annuity policies 6.4** (3.1) 7.1** (3.0)

Share contracts expired last 5 years −3.3 (4.5) −3.6 (4.3)

Sales provisions paid 3.0 (31.1) 31.6* (16.1)

Year fixed-effects Yes Yes

Adj. R2 .24 .28

Note. The table presents the results from Panel Regression (12). The sample consists of 75 life insurers from 2014 to 2018.
The dependent variable is the liability duration estimated in Equation (10). Column (1) displays results of a random effects
regression, whereas Column (2) provides those of a pooled-model. Standard errors are clustered by group and displayed in
brackets. *, ** and *** represent significance at the 1%, 5%, and 10% level, respectively.

limited liability-driven investment and insurers giving low priority to duration matching compared with other invest-

ment objectives.

To investigate the asset–liability correlation of investment duration with liability duration, I estimate:

(
DurAssetsr0 ,v0

)
i,t
= 𝛽0 + 𝛽1

(
DurLiabilitiesr0 ,v0

)
i,t
+ 𝛽2Xi,t + 𝛽3Pi,t + 𝜀i,t. (13)

Standard errors are clustered by group to address the potential correlation of insurers’ durations across the firms

in a group. Extreme values of the durationmeasures are set to themean plus/minus the 2.5 standard deviations if they

exceeded this value. I use both fixed effects and random effects models. The liability duration cannot be influenced by

the insurer in the short term,whereas the asset duration is the result of decisionsby the insurers’ investmentmanagers.

Nevertheless, the regression results should, in principle, only be interpreted as the correlation between the asset-side

and liability-side duration. If insurers seek to exactlymatch the durations of assets and liabilities, I would expect 𝛽1 = 1.

Where asset–liability management takes place, but duration matching is done only partially, I expect 𝛽1 to be substan-

tially larger than 0, but below 1.

Some specifications include firm characteristics Xi,t and product characteristics Pi,t. Table 4 displays the detailed

descriptive statistics of the firm and product characteristics. I expect asset and liability duration to differ between

insurers with different attributes, though I do not have directional hypotheses. The first firm characteristic is the size

measured by the natural logarithm of the book value of liabilities. A dummy variable is used to control for insurers in

run-off. These are insurers that have stopped selling new policies. I also control for growth perspectives measured by

the planned annual premium growth in percent during the next 3 years. Further dummy variables are used to control

for the following aspects: whether the final shareholder of the life insurer is an exchange-listed group, a mutual insur-

ance company, or a public sector firm. The remaining insurers’ final shareholders are private corporations or it is the

policyholder protection scheme. Finally, I control for whether an insurer used interest rate derivatives as a hedging

instrument from 2010 to 2013. The derivatives data are taken from regulatory reporting.

Table 5 displays the results. The relationship between asset and liability duration is not significantly different from

zero. In addition, the coefficient is far from one. This is contrary to liability-driven investment. It suggests that insurers

do not attach great priority to duration matching. The control variables reduce the strength of the effect, but do not

change the lack of significance.
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F IGURE 4 Comparison of the distribution of asset and liability duration of German life insurers (2014–2018)
Note. The scatterplots illustrate the relationship between the asset duration on the x-axis and the liability duration on
the y-axis from 2014 to 2018, both estimated in Equation (10), for 75 German life insurers. The greater the duration,
themore sensitive is the value of the balance sheet side to a change in interest rates. The dots are averages between
three insurers selected at random to comply with data confidentiality. Themid-line indicates combinations for which
the asset duration equals the liability duration. The distance to themid-line indicates the duration gap.

5.5 Role of asset insulation

This subsection examines the trade-off between interest rate risk reduction and investment strategies. Asset insula-

tion preferences are approximated with specific traits of insurers’ investment behavior, as certain asset classes and

a particular trading behavior make sense for asset insulation, while being counterproductive for duration matching.

Characteristics from the past must be used as the interest rate risk calculated in this paper is the result of investment

strategies from the past. Detailed data on predefined categories of investments are available for the German market,

but not on an asset-by-asset basis. On this basis, I use five variables whose values can be considered typical for asset

insulation.
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TABLE 4 Descriptive statistics of life insurer attributes

Variable Mean SD p25 Median p75

Firm characteristics

Planned premium growth −0.05 5.20 −1.80 .21 2.08

Run-off 0.07 0.25 0 0 0

Size (log premium reserve) 15.04 1.65 14.03 15.17 16.38

Final shareholder listed group 0.36 0.48 0 0 1

Final shareholdermutual insurer 0.45 0.50 0 0 1

Final shareholder public 0.11 0.31 0 0 0

Interest rate derivatives 0.44 0.50 0 0 1

Product characteristics

Direct insurer 0.08 0.27 0 0 0

Share term life policies 0.26 0.27 0.07 0.15 0.35

Share annuity policies 0.49 0.27 0.35 0.47 0.71

Share contracts expired last 5 years 0.18 0.13 0.11 0.16 0.21

Sales provisions paid 0.013 0.027 0.002 0.006 0.011

Note. This table reports the descriptive statistics of company attributes separated by firm characteristics and product charac-
teristics. The firm characteristics include two continuous variables: projected premium growth for the next 3 years measured
in percent and size measured as the natural logarithm of the book value of the premium reserve. It also includes the following
dummies. Participating in run-off and being a subsidiary where the final shareholder is a listed group, a mutual insurance com-
pany, or in public ownership. The remaining insurance companies are subsidiaries of a private corporation that is not listed or
the policyholder protection scheme. Finally, it includes as a dummyvariable the use of derivatives as a hedging instrument from
2010 to 2013. The product characteristics includes one dummy variable regarding whether the insurer is a direct insurer (i.e.,
it does not work with brokers or insurance agents). All of the other variables are continuous variables: the share of term life
policies to all policies, the share of annuity policies to all policies, the number of contracts expired over the last 5 years relative
to the total number of contracts 5 years ago, and yearly sales provisions paid to agents and brokers relative to the book value
of liabilities.

TABLE 5 Association between asset and liability duration

Dependent variable: Asset duration

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Fixed effects Random effects Pooledmodel

Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.

Variable (SE) (SE) (SE) (SE) (SE) (SE) (SE) (SE) (SE)

Liability duration 0.047 0.046 0.034 0.039 0.041 0.027 0.002 0.026 −0.003

(0.058) (0.052) (0.039) (0.049) (0.051) (0.048) (0.040) (0.041) (0.048)

Firm characteristics No Yes Yes No Yes Yes No Yes Yes

Product characteristics No No Yes No No Yes No No Yes

Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

Adj. R2 .51 .56 .59 .15 .34 .39 .15 .35 .42

Note. The table reports results from Panel Regression (13). The sample consists of 75 life insurers from 2014 to 2018. The
dependent variable is the asset duration and the variable is the liability duration, both estimated in Equation (10). Columns
(1)–(3) display the results of a fixed effects regression, Columns (4)–(6) that of a random effects regression, and Columns (7)–
(9) that of a pooled model. Standard errors are clustered by group and displayed in brackets. *, **, and *** indicate a significance
level of 0.1%, 5%, and 10%, respectively.
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F IGURE 5 Distributions of typical investment features that suggest a prevalence of an asset insulation strategy
(%)
Note. The top-left histogram presents the distribution of asset turnover measured as the average yearly income from
realized capital gains from 2006 to 2013 as a percentage of total investments for the year 2014. The higher the
income, the greater the asset turnover. A high level indicates a low degree of asset insulation. The top-right histogram
provides the distribution of public sector bond holdings measured as the holdings of public sector bonds as a
percentage of total investments for the year 2013. A high level indicates a low level of asset insulation. The center-left
histogram reports the distribution of real estate investments measured as the holdings of real estate investments as a
percentage of total investments for the year 2013. A high level indicates a high level of asset insulation. The
center-right histogram illustrates the distribution of nonlisted equity investments measured as the holdings of
nonlisted equity as a percentage of total investments for the year 2013. A high level indicates a high level of asset
insulation. The bottom-left histogram presents the distribution of realized capital losses from 2008 to 2009 divided
by total investments during these years. A high level indicates a low level of asset insulation. The sample is 75 German
life insurers. Each bin illustrates the number of insurers with a level within the interval.

The first variable covers the holding period of investments. I use the average yearly income from realized capital

gains between 2006 (i.e., the first available year) and 2013 (i.e., the last year prior to the first measure of interest rate

risk) observed in the accounting statements. Income is shown relative to themarket value of total investments in 2014.

The higher this proxy, the greater the share of securities sold at a profit before the maturity date. This approximates

asset turnover and the tendency whether an insurer holds assets for the short run or the long run. For insurers with a

full buy-and-hold strategy, this variable is 0. Themore an insurer pursues an asset insulation strategy, the lower I expect

this variable to be. The reason for this is asset insulators hold securities through price fluctuations and, as such, trade

less. This is also in line with evidence in Chen, Huang, Sun, Yao, and Yu (2019) that insurers who hold a more illiquid

bond portfolio tend to have lower portfolio turnover. Being an asset insulator is related to holding an illiquid portfolio.

In contrast, it is advisable for a duration matching strategy to regularly sell assets. A typical strategy for extend-

ing the duration of asset holdings is to replace securities with a diminished duration with newer long-dated securities

because the duration of an asset typically declines over time because the residual maturity shrinks (DeCosta, Leng,

& Noronha, 2017). A histogram illustrates some heterogeneity between insurers with the median insurer retaining a

yearly income from gains trading of 0.3% relative to total investments (e.g., top-left side of Figure 5).

The second variable covers the typeof investments. Insurersmiss opportunities to create value if they hold a certain

amount of public sector bonds. Instead, the advantage of asset insulation is greatest if illiquid and volatile securities
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are held. In contrast, public sector bonds are essential for durationmatching as they are often the only bonds available

with very long-term maturities. I use the share of public sector bonds compared to total investments in 2013, 1 year

before the period used for the remaining analysis (2014–2018). Themore insurers pursue an asset insulation strategy,

the lower I expect this variable to be. There is considerable heterogeneity among insurers with the median insurer’s

holdings of 23% relative to total investments (e.g., top-right side of Figure 5). The third variable covers real estate

investments. Real estate is an attractive investment class for asset insulation as real estate investments are illiquid

and have high transaction costs. In contrast, real estate is of limited use for duration matching because the duration

of real estate is typically lower than the duration of long-term bonds (Constantinescu, 2010) and, at the same time,

higher transaction costs do not permit a regular adjustment of portfolios. I use the share of real estate investments

compared to total investments in 2013. The variable covers the following investments: (a) direct investment in land

and land rights, (b) direct investment in real estate, (c) shares of real estate companies, (d) real estate investment

trusts, (e) shares in closed-end real estate funds, and (f) shareholder loans to real estate companies. Although many

insurers invest less than 2% in real estate, there are those that invest considerable shares in this investment class (e.g.,

center-left side of Figure 5).

The fourth variable covers nonlisted equity investments, an investment class that is also typically illiquid and has

high transaction costs. The variable covers the following investments: (a) intragroup equity investments, (b) private

equity investments, and (c) shares in private–public partnerships. I use the share of nonlisted equity investments com-

pared to total investments in 2013. Most insurers invest less than 2% of their portfolios in nonlisted equity, though

there are some that invest a considerable share of their portfolios in this asset class (e.g., center-right side of Figure 5).

Finally, the fifth variable covers realized capital losses during the peak of the financial crisis in 2008–2009. Dur-

ing this time, the prices of many financial securities plummeted, particularly those of equity and other risky assets. If

insurers sold assets at market prices below book prices, they would have realized capital losses. However, if they held

securities to maturity, potential losses would not be included in this income category. In 2008, German insurers real-

ized, on aggregate, capital losses of 2.3 billion euro, an increase of 90% compared to 2007 and of 230% compared to

2006. The realization of capital losses on this scale is at odds with the idea of asset insulation that insurers could actu-

ally hold securities to maturity and, as such, endure interim losses. Although it was indeed the case that many insurers

did not realize any capital losses at all, there are some who realized losses amounting to more than 0.5% of assets.

Overall, the distribution is right-skewed (e.g., bottom-left side of Figure 5).

I construct two indices of asset insulationwith five variables all having an equal weight. The first one is a normalized

index between zero and one. For asset turnover, public sector bonds, and realized losses in 2008–2009, it is oneminus

the cross-sectional quantile category divided by the number of insurers. For real estate and nonlisted equity invest-

ment, it is the cross-sectional quantile category divided by the number of insurers. The second one is a standardized

indexusing the z-scoreof the fivevariables.Asset turnover, public sectorbonds, and realized losses enter the indexwith

a negative algebraic sign, whereas real estate and nonlisted equity investment enter the indexwith a positive algebraic

sign. The higher the indices, the greater the degree of asset insulation. Figure 6 displays the scatterplots between asset

duration and the two indices of asset insulation. In line with a trade-off, the correlation is negative.

Table 6 displays a correlation matrix of the five variables, the indices, and the asset duration estimate. All of the

correlations aremostly as predicted. That is, insurerswith higher asset duration investmore in public sector bonds, less

in nonlisted equity, trade more often, and realized more capital losses during the financial crisis. Only the correlation

with real estate investment is largely zero. The correlation of the asset insulation indiceswith asset duration is negative

as expected.

To conduct anempirical horse racebetween interest rate risk reductionandasset insulation, I estimate the following

regressions whose results are comparedwith Equation (13):

(
DurAssetsr0 ,v0

)
i,t
= 𝛼0 + 𝛼1Traitsi + 𝛼2Xi,t + 𝛼3Pi,t + 𝜀i,t , (14a)

(
DurAssetsr0 ,v0

)
i,t
= 𝛽0 + 𝛽1AssetInsulationi + 𝛽2Xi,t + 𝛽3Pi,t + 𝜀i,t , (14b)
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F IGURE 6 Distribution of asset duration and the proxy for the degree of asset insulation
Note. The scatterplots illustrate the relationship between the average asset duration from 2014 to 2018 on the x-axis
and indices for the degree of asset insulation for 75 German life insurers. The dots are averages between three
insurers selected at random to comply with data confidentiality. Asset duration is estimated in Equation (10). The
greater the duration, themore sensitive is the value of the balance sheet side to a change in interest rates. The index
displayed on left-hand sidemeasures the degree of asset insulation as a normalized index. The index displayed on the
right-hand sidemeasures the degree of asset insulation as a standardized index. The higher the indices, themore
likely the investment strategy of an insurer has the typical traits of an asset insulator strategy.

where the dependent variable is the asset duration of insurers i at year t, Traitsi is a vector of characteristics (Var1)

to (Var5) in Table 6, and AssetInsulationi is one of two indices (I1) and (I2) in Table 6, which approximate asset insula-

tion. The regressions include firm characteristics Xi,t and product characteristics Pi,t as in Equation (13), which includes

time-varying variables, as well as variables that do not change over time. First, I estimate a random effects model with

and without firm characteristics included (Columns 1 and 2). Column (3) displays a pooled model without a control for

company characteristics. Column (4) reports the samemodel, but with firm characteristics included.

Table 7 displays the results. Formultivariate regressions, any interpretation should bear inmind that the small sam-

ple and multicollinearity make it difficult to obtain significant results for each variable. I find the coefficient of asset

turnover is highly significantly positive in all specifications. The effect of public sector bond holdings on asset duration

is also significantly larger than zero in all specifications. The effect of real estate investment on asset duration is, as

expected, negative, but not significant in most specifications. The estimated effect of nonlisted equity is negative as

expected, though it is not significantly different from zero. The effect of realized losses in 2008–2009 does not have

the expected algebraic sign (even though the bivariate correlation indicated otherwise). The indices of asset insulation

have a negative significant effect in all specifications. In summary, investment features that approximate asset insula-

tion have a significant negative effect on asset duration.

In a comparisonof the regression of asset duration on liability duration (Table 5) and the regression of asset duration

on the indices for asset insulation (Table 7), I find that asset insulation is much better at explaining asset duration than

the liability duration. This result suggests that asset insulation goes someway toward explainingwhy insurers have not

changed their asset duration in order to reduce their interest rate risk.

It is important to acknowledge that the empirical analysis is basedon correlations. The sameeffect could result from

omitted variables that are related to asset duration, as well as to the investment features. I explicitly control for firm

characteristics to mitigate this concern. Nevertheless, there is not a conclusive identification strategy, so the results

should be interpreted carefully.
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TABLE 6 Correlationmatrix of the asset duration estimate, asset insulation indices, and the five characteristics
typical for asset insulation

Predicted correlation
with asset duration Dur I1 I2 Var1 Var2 Var3 Var4 Var5

Dur Mid asset duration
2014–2018

1.00

I1 Asset insulation
(norm.)

– −.34 1.00

I2 Asset insulation
(stand.)

– −.29 .87 1.00

Var1 Asset turnover + .49 −.20 −.31 1.00

Var2 Public sector
bonds

+ .38 −.68 −.64 .18 1.00

Var3 Real estate – .13 .53 .51 .40 −.14 1.00

Var4 Non-listed equity – .07 .55 .38 .31 −.02 .45 1.00

Var5 Realized losses
2008–2009

+ .06 −.15 −.52 .36 .18 .02 .25 1.00

Note. The table reports the correlation matrix calculated for 75 German life insurers. Dur is the average asset duration from
2014 to 2018 for each year estimated in Equation (10). I1 measures the degree of asset insulation as a normalized index. I2
measures the degree of asset insulation as a standardized index. The higher the indices, themore likely the investment strategy
of an insurer has the typical traits of an asset insulator strategy. Both indices are based on Var1–Var5. Var1 is the average
yearly realized capital gain between 2006 and 2013 relative to total investment in percent. A high level indicates a low level
of asset insulation. Var2 is the average holding of public sector bonds relative to total investment in 2013 in percent. A high
level indicates a low degree of asset insulation. Var3 is the investment in real estate relative to total investment in 2013 in
percent. A high level indicates a high degree of asset insulation. Var4 is the natural logarithm of the investment in nonlisted
equity relative to total investment in 2013 in percent plus one. A high level indicates a high degree of asset insulation. Var5 is
the natural logarithm of average yearly capital losses in 2008 and 2009 relative to total market value of investments plus one.
A high level indicates a low degree of asset insulation.

5.6 Data application andmeasurement: Discussion and robustness checks

5.6.1 Nominator

The duration measure used in this paper is based on the comparison of two accounting valuations. It implies

the assumption that observed differences between historical cost valuation and market values are predominantly

attributable to a change in the level of discount rates. This is valid as life insurers invest primarily in fixed income securi-

ties and liabilities are calculated as the present value of guaranteed future payments. Balance sheets of insurers change

very little over time and short-term holdings of derivatives play only aminor role.

Accounting data may underestimate the risk mitigating effect that some future cash flows are not fixed. Variability

of future cash flows is disregarded inmy setting, two sources ofwhich aremeaningful. Typical contracts inGermanypay

a higher benefit to customers for investment income that significantly exceeds the contract-specific minimum guaran-

tee (i.e., future discretionary benefits). One concept to incorporate future discretionary benefits is effective duration

based on scenarios (Briys & De Varenne, 1997). However, I believe that interest rate risk is not materially reduced by

the argument that in future, in some scenarios, there are additional variable benefits that could be reduced in stress

scenarios. Thus, I seemodified duration as themore intuitive andmore useful measure.

Another source of variability of future cash flows is the policyholder option to surrender contracts. Empirical stud-

ies report many reasons why policyholders let their contracts lapse (Nolte & Schneider, 2017). Insurers can calculate

that a significant proportion of their obligations for a distant future will be incurred much earlier. From a purely finan-

cial view, the option to lapse becomes more valuable when interest rates rise (Tsai, 2009). However, in a low interest

rate environment, lapses are unattractive and this does not change with moderate increases in interest rates. Rather,

in a low interest rate environment, an increase in lapses is a tail risk. Lapses would rise if interest rates rose sharply
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(Förstemann, 2019; Kubitza, Berdin, & Gründl, 2019). Therefore, lapse behavior does not materially influence future

cash flows, at least in the context of a persistent low interest rate environment or amoderate rise in interest rates.

In sum, there are concepts for considering interest rate sensitive cash flows, such as effective duration. However,

effective duration can only be interpreted with respect to the scenarios compared. This paper focuses on interest rate

risk that is based on fixed cash flows from guarantees and should be interpreted accordingly.

5.6.2 Discount rates and time

Equation (10) uses an industry-wide discount rate prescribed by regulators for discounting of liability market values.

For thebook value of liabilities, I find an insurer-specific underlying discount rate. Inmany jurisdictions, life insurers are

required to report estimated market/fair values and historical costs. However, it is the underlying discount rates that

are frequently not observed. The dataset has themain advantage that I observe both. On the asset side, both discount

rates must be estimated. I estimate the discount rate for the book value at an insurer level based on average yearly

coupon payments. The idea is that coupon payments roughly correspond to the yield at the issue date. Regarding the

discount rate for the market value of assets, I estimate the current yield based on the insurer-specific portfolio split

between investment-grade bonds and high yield bonds. For the share of investment-grade bonds, I use the average

current yield of outstanding debt securities in Germany. For the high yield bonds, I use the sum of the average current

yield of debt securities in Germany and the spread of euro denominated high yield corporate bonds.

The time estimate on the investment side is based on a matching of the current return adjusted for portfolio risk

with the yield of a typical investment, German mortgage covered bonds outstanding with 10 years maturity, by year

in the past. For 2014, this approach results in an average asset age of 6.0 years with a standard deviation of 0.8. For

the liability side, I use a contract breakdown by guaranteed interest rate that can be transformed in a contract break-

down by starting year. For 2014, this approach gives me an average contract age estimate of 13 years with a standard

deviation of 2.4.

As a robustness check, I repeat the analysis with simple estimates of interest rate sensitivity starting with the ratio

of thebook–market difference to thebookvalue. This is important as it couldbe argued that the asset insulation indices

and discount rates used in the estimation partially rely on related input such that the association could be mechanical.

The use of sensitivity estimates without discount rates is robust to this argument. Table 8 displays the results that are

similar to the ones obtained previously. The effect of asset insulation is negative and highly significant in most specifi-

cations. The effect of the interest rate sensitivity of liabilities, calculated in analogy to the asset side, is much lower.

6 CONCLUSION

This paper sheds light on the still incomplete picture regarding the degree of insurers’ interest rate risk andwhy insur-

ers assume this risk. Using a new approach and innovative leverage of existing data, it estimates the duration of assets

and liabilities. Calculation at the insurer level for German life insurers yields wide duration gap with pronounced het-

erogeneity in the cross-section. A panel analysis supports the view that insurers could assume interest rate risk as a

deliberate choice with the goal of following alternative investment strategies rather than pursuing a strict duration

matching strategy.

The results of this paper have important implications for the understanding and interpretation of insurers’

interest rate risk. Insurance policies compete with other intermediaries’ products. Insurers might be able to

generate extra returns in the short term through investment strategies that distinguish insurers’ investment approach

from the other intermediaries. Potential additional profits add to the attractiveness of insurance products for policy-

holders. The creation of value is, however, limited by the trade-off that alternative investment strategies have the side

effect of higher interest rate risk. Life insurance is a businesswith a long horizon, and short-term private benefits come

with long-term risks. A prolonged low interest rate environment could lead to thematerialization of reinvestment risk

andeventually solvencyproblems. The consequencesof distress arebornebypolicyholders at the timeof the failure (or
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the insurance protection fund), not by managers and policyholders at the time when the increased investment returns

were realized. This trade-off points toward an important role for prudential regulation.

Degrees of freedom of investment are important. However, interest rate risk should be limited to a degree that

long-term risk is kept at bay. Regulation takes place in severalways. Since2016, Europe’s Solvency II regime sets capital

requirements that are responsive to interest rate risk. This is a huge step forward compared to the previous regulations

that differedwidely in Europe. Regulation inGermany before Solvency II was particularly unresponsive to interest rate

risk. One could argue that differences in regulation were driving the difference in interest rate risk assumed among

countries. I see this as an important area for further research. One interesting point to keep in mind is that the regula-

tion of interest rate risk, even under Solvency II, is not strict in every way. For example, negative interest rates are not

further stressed and it is assumed that rates cannot decrease further. This suggests that, ultimately, capital require-

ments for interest rate risk are limited in a very low interest rate environment. Further research into effects of this

aspect would be helpful.
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