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Abstract: Equalization reserves is an insurance liability with features of own capital. By law, Swiss
reinsurance and non-life undertakings must hold equalization reserves within their statutory accounts.
Regarding Swiss solvency modeling, the equalization reserves are set to zero. Swiss reinsurance and
non-life undertakings define the upper limit and the corresponding transfer rule to the equalization
reserves; however, this information is not disclosed. The goal of the study is to find a relationship
between the equalization reserves and the publicly available technical account items, applying a
generalized additive model (GAM). Thereafter, we transform the continuous variables into discrete
ones, and we apply a generalized linear model (GLM). The study is based on published data from
1997 to 2018, whereby we restate the implicitly published equalization reserves. For reinsurance
undertakings, the GAM model captures the relationship better than the GLM one; for non-life
undertakings, the GLM model performs better. For reinsurance undertakings, the equalization
reserves depend on the equalization reserves of the previous year, on the calendar year, on the legal
form, on the technical result, on the administration and commission costs and on other costs. For non-
life undertakings, the equalization reserves depend on the net claims payments, on the equalization
reserves of the previous year, on the net change in claims reserves without change in equalization
reserves, on the calendar year and on the net earned premium. Furthermore, we look at the need
for equalization reserves: do the undertakings accumulate and release the equalization reserves?
Further, the impact of taxes on the equalization reserves is looked at. The concept of equalization
reserves avoids the misuse of tax optimization. We conclude that the discussion about disclosure of
equalization reserves will restart. In addition, the definition of the upper limit of the equalization
reserves could be widened by linking the equalization reserves to the insurance/reserving risk from
the capital modeling.

Keywords: equalization reserves; GAM; GLM; reinsurance; non-life; Switzerland; tax

1. Introduction

Within the nature of the insurance business, and well-documented, for instance, by
Wüthrich and Merz (2008) or by Farny (2011), the determination of claims reserves is
related to uncertainty. Models are used to reflect complex circumstances. Parameters are
estimated, resulting in parameter risks. Unpredictable loss occurrence is observed and
caused, for instance, by random fluctuations. Changes in the claims handling process or
legislative amendments bear further unexpected uncertainties. Safety considerations finally
join the reason to build up equalization reserves for reinsurance and non-life undertakings,
requested by the Swiss Financial Market Supervisory Authority—(FINMA 2008a, rank
no. 8; 2011, rank no. 37). For example, a natural catastrophe (CAT) has a low probability
of occurrence, and by occurring, CAT causes a high loss. In good financial times, the
insurance undertaking put aside the equalization reserve to dampen the future loss burden,
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see Dacorogna et al. (2013). These authors explain how even shareholders benefit from the
equalization reserves.

1.1. Equalization Reserves in Other Countries

Hindley (2017) defines “equalization reserve” in the UK as an amount to smooth
the reserves over time, typically considering low frequency/high severity events.
Akhurst et al. (1992) point out the philosophical viewpoint of holding either a specific
reserve or a surplus solvency fund after tax to finance a future large claim. Furthermore,
non-technical elements such as investment and management costs could require a kind of
equalization reserve in some countries, see Akhurst et al. (1992). These authors present the
calculation and the handling of the equalization reserves for the UK, Denmark, Finland,
France, Germany, Italy, The Netherlands, Norway, Spain and Sweden.

1.2. Swiss Insurance Supervision

In order to protect creditors, investors and policyholders, FINMA supervises, among
others, private insurance companies, complying with the Insurance Supervision Act (ISA)1

and with the Ordinance on the Supervision of Private Insurance Companies (ISO)2. FINMA
has regulatory power and regulates using ordinances and circulars as stated in the core
tasks, see FINMA (2019b). FINMA’s predecessor was the Federal Office of Private Insurance
(FOPI), being responsible until 2008. In Switzerland, reinsurance and non-life undertakings
are obliged to hold equalization reserves within their statutory accounts, regardless of
whether these entities cover low frequency/high severity events. The handling of the
equalization reserves has to be described in the technical part of the business plan of an
undertaking. Appendix C of ISO-FINMA (2015) does not explicitly list the equalization
reserves to be disclosed.

The reserves of the Swiss capital model (SST) are based on the best estimate principle,
as stated by FINMA (2017): the insurance liability includes all future financial expenditures
to fulfill those liabilities, excluding the capital costs. As a consequence, the equalization
reserves are set to zero. Target capital is the calculated capital to meet the quantitative
requirements under the SST, see FINMA (2018a). The target capital has to be covered by
own funds. Insurance/reserving risk is part of this target capital. In the case in which the
actual case reserves would not be sufficient, the shareholder’s own fund would fill this gap.
Due to safety considerations, the SST requests for insurance/reserving risk and the statutory
accounts request for equalization reserves. However, within SST, the insurance/reserving
risk is covered by own funds, and within the statutory accounts, the equalization reserves
are insurance liabilities.

Due to solvency requirements, the focus of the recent actuarial studies lay on market-
consistent valuation of the balance sheet. Wüthrich (2016) presents market-consistent
actuarial valuation of the insurance reserves. In the literature the classical claims reserving
methods are well studied, see Wüthrich and Merz (2008). On the other hand, the calculation
or the handling of the statutory required equalization reserves are not explicitly covered.
FINMA’s circulars clarify the legal requirements.

1.3. Literature Review

The Swiss Association of Actuaries, SAV (2006), publishes guidelines for loss reserves
in non-life insurance, focusing on required reserves for claims handling costs. However, the
equalization reserves are not mentioned. FINMA’s circulars define the legal scope to handle
this kind of reserve for reinsurance and for non-life undertakings. Hindley (2017) discusses
the equalization reserves in the UK. Akhurst et al. (1992) present equalization reserves
modeling in UK, Denmark, Finland, France, Germany, Italy, The Netherlands, Norway,
Spain and Sweden. De Vylder and Goovaerts (1999) present a theoretical evaluation of the
equalization reserves. A broad literature regarding Swiss equalization reserves does not
exist. This article steps forward to fill the gap.
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1.4. Present Research

We start defining “equalization reserves” separately for reinsurance and for non-life
undertakings. Thereafter, we look at the handling of the equalization reserves within
International Financial Reporting Standards 17 (IFRS 17) and within the capital modeling.
As tax consideration impacts the insurance undertakings, we look closer at the mechanism
from an actuarial point of view. We do not know how the undertakings calculate the equal-
ization reserve. FOPI and FINMA implicitly disclose the equalization reserves. Therefore,
we describe our method to estimate the equalization reserves from the reported statutory
accounts and we apply a model to detect the relationship between the equalization reserves
and the statutory accounts items.

This paper is structured as follows: in Section 2, we define equalization reserves
and we look closer at accounting and capital model aspects. Hereafter, in Section 3, we
formalize the model and based on this, we consider taxes. Further, in Section 4, we
concretize the formalism on the publicly available data, we present the general approach of
the generalized additive model (GAM), the generalized linear model (GLM) and the model
results. Finally, in Section 5, we discuss the results and in Section 6 we conclude.

2. Definition, Accounting and Capital Model Aspects

In Switzerland, equalization reserves are defined separately for reinsurance and for
non-life undertakings. In principle, these definitions are the same for both types of un-
dertakings. However, there are small differences, which we point out in the following. In
Section 2.1, we define equalization reserves for reinsurance and for non-life undertakings in
Switzerland. Thereafter in Section 2.2, we look at the handling of the equalization reserves
within statutory accounting, within IFRS and within the Swiss capital modeling.

2.1. Definition

In Switzerland, the ISA distinguishes between legal entities, writing direct business,
for instance, non-life undertakings, and legal entities only writing indirect business for
reinsurance undertakings. Non-life undertakings control each single risk, by selecting the
risk and by complying with the underwriting policy. In general, reinsurance undertakings
protect the portfolio of undertakings, whereby the single risks could not be controlled. In
consequence, the risk profiles of non-life undertakings and reinsurance undertakings are
different and a separate analysis is appropriate. In this section, we define equalization
reserves for reinsurance and for non-life undertakings in Switzerland.

2.1.1. Equalization Reserves for Reinsurance Undertakings

In Switzerland, the equalization reserves3 for reinsurance undertakings are defined
as the technical reserve, balancing unfavorable development and fluctuations of incurred
claims, see FINMA (2011, rank no. 37). According to FINMA (2011, rank no. 8*) rein-
surance undertaking could keep equalization reserves within the statutory accounts and
are requested to specify methods and principles to establish and to dissolve equalization
reserves within the business plan in accordance with Art. 4, section 2, letter d of ISA.

2.1.2. Equalization Reserves for Non-Life Undertakings

In Switzerland, the equalization reserves4 for non-life undertakings are defined as the
technical reserves, wholly or partially balancing unfavorable development and fluctuation
of incurred claims, see FINMA (2008a, rank no. 8). In particular, the equalization reserves
comprise:

• The reserves covering parameter risk, safety considerations and unpredictable loss
fluctuation according to FINMA (2008a, rank no. 16);

• Equalization reserves for the credit insurance business, see FINMA (2008a, rank
no. 18).

There is no general standard formula for the non-life undertakings to calculate the
equalization reserves5. Thus, each company determines its own method. According to
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Art. 69 of ISO, the equalization reserves are part of the total technical reserves of a non-life
insurance undertaking. FINMA (2008a, rank no. 14 ff) requests the non-life undertaking to
specify methods and principles to establish and to dissolve equalization reserves within
the business plan in accordance with Art. 4, section 2, letter d of ISA.

2.2. Accounting and Capital Model Aspects

In this section, we look at the handling of the equalization reserves within statutory
accounting, within IFRS and within the Swiss capital modeling.

2.2.1. Statutory Accounting

The required equalization reserves are technical reserves reported as a liability in the
statutory balance sheet, see ISO-FINMA (2015). For non-life undertakings, according to
Art. 71 of ISO, the equalization reserves are part of the amount covered by the tied assets.
From the Swiss statutory accounting point of view, the equalization reserves belong to
the policyholders. However, the equalization reserves cannot be uniquely assigned to a
single customer. In the case of discontinuation of a company, the release of the equalization
reserves could strengthen either the case reserves or the own capital, taking into account
the tax requirements.

2.2.2. IFRS

Regarding IFRS 17, the best estimate of liabilities should be among others “current”,
reflecting the most recent existing information, for instance, see Dunne et al. (2017). As
a consequence, within IFRS 17, future catastrophe losses occurring outside the contract
boundaries are not considered within the insurance liabilities. Nevertheless, within the
Swiss statutory accounting, these catastrophe losses could be covered by the equaliza-
tion reserves.

2.2.3. Capital Modeling

The SST assesses the capital solvency situation of an insurance undertaking, see
FINMA (2018b). The valuation of the liability as “best estimate” for claims, incurring prior
to the reference date of the balance sheet, is the basis for the risk-bearing capital-calculation
according to FINMA (2017). As a consequence, equalization reserves are not considered
in the SST balance sheet. The European Solvency II framework uses a similar approach to
define the insurance liabilities: equalization reserves are excluded from the best estimate
of liabilities, see EIOPA (2015). Thus, the handling of the equalization reserves within
Solvency II and IFRS 17 is the same.

According to Art. 41 para. 3 of ISO, the market value margin (MVM) corresponds to
the capital costs of the risk bearing capital. MVM has to be kept as an insurance liability
in the SST balance sheet, see FINMA (2017, rank no. 51) and MVM intends to fulfill
the insurance liabilities, see FINMA (2017, rank no. 52). Similar to MVM, Solvency II
requires a risk margin, based on the one-year view. In IFRS 17, a margin is requested for
risk adjustment, based on a lifetime view, to be taken into account within the technical
provisions, see England et al. (2019). However, this discounted capital cost does not have
the same purpose as the statutory equalization reserves: MVM’s purpose is to cover capital
costs and the equalization reserves’ purpose is to balance unfavorable development and
the fluctuation of incurred claims. Similarly, MVM and the equalization reserves intend to
provide an additional safety cushion to develop incurred claims.

Within the SST standard-model for non-life undertakings, target capital consists,
among others, of the insurance risk comprising reserving risk, normal, large and NatCat
claims according to FINMA (2018a). The definitions are as follows:

• Reserve risk: risk out of claims being greater than expected;
• Normal claims: risk out of claims below a threshold—high frequencies/low severities;
• Large claims: risk out of claims above a threshold—low frequencies/high severities;
• Nat Cat: risk out of claims occurred due to natural catastrophe event.
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SST’s insurance risk and the statutory equalization reserves have some features in
common. However, SST’s insurance risk is part of the target capital, and the equalization
reserves are statutory balance sheet liabilities.

Similar to SST’s insurance risk, Solvency II handles reserves risk, for which
England et al. (2019) present analytic and simulation-based approaches. In the classical
sense, the prediction error to quantify reserve risk consists, in general, of the uncertainty
within the estimation of parameters and within the underlying claims generating pro-
cess. This reserve risk heads in the same direction as the equalization reserves, balancing
unfavorable development and fluctuation of incurred claims.

3. Preparation for the Model and Tax Considerations

This section starts with basic ideas to model equalization reserves. Thereafter, in
Section 3.2, we use the introduced formalism to develop tax considerations linked to
these equalization reserves. While FOPI and FINMA implicitly published the equalization
reserves as part of the technical reserves, we restate these equalization reserves by using
FOPI’s and FINMA’s published figures. In Section 3.3.1, we present the restatement for
reinsurance undertakings, and in Section 3.3.2, for non-life undertakings.

3.1. Basic Idea of the Model

We present a model to study the factors influencing the equalization reserves. We start
looking at the modeling in Europe and thereafter, we develop our conceptual approach.

3.1.1. Modelling in Europe

Akhurst et al. (1992) list two features to build up the equalization reserves: the upper
limit of the equalization reserves and the transfer rule to build and to release reserves. They
present four formulas to define the upper limit:

• Short-term fluctuation, cycles, trends and potential risk cumulation;
• Standard deviation of the claims;
• A coefficient, depending on the line of business, multiplied by the premium income;
• A combination out of premium income, variance and oversea risks.

Within Europe Sandström (2005) promotes further harmonization of the equalization
reserves by linking the equalization reserves to the volatility of business. As transfer rules
Akhurst et al. (1992) present:

• Recognition of the underwriting result;
• Deviation of the incurred claims ratio from the average level;
• Deviation of the incurred claims ratio from a fixed constant level;
• An asymmetric formula depending on the underwriting result;
• An open and half-open transfer (not only depending on the underwriting results);
• Other specific rules.

3.1.2. Conceptual Approach

In its business plan, each Swiss insurance undertaking defines the upper limit and
the corresponding transfer rule to the equalization reserves. Both are unknown to us
since they are not disclosed. Nevertheless, we propose to approximate a transfer rule
to the equalization reserves with the help of the profit and loss items. We analyze the
transfer rule based on the underwriting result: premium income, other income, insur-
ance costs (payments and change in technical reserves) and administration costs. The
classical approach to calculate the technical result (TRe) of an undertaking is, according to
Farny (2011), the sum of the income, premium (Pre) and other income (OIn), minus the
costs, insurance cost (ICo) and operation cost (OCo):

TRe = Pre + OIn− ICo−OCo. (1)
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Insurance cost (OIn) consists of claims payments and changes (“∆”) in total technical
reserves. The equalization reserves (ER) are part of the total technical reserves. There-
fore, insurance cost is the sum of insurance cost without change in equalization reserves
(ICo_wo∆ER) plus change in equalization reserves (∆ER). Accordingly, we transform the
insurance costs:

ICo = ICo_wo∆ER + ∆ER. (2)

The actual equalization reserves (ER) are the sum out of the change in equalization
reserves (∆ER) and the equalization reserves of the prior year (ER_PY):

ER = ∆ER + ER_PY. (3)

Using (2) we transform (1) into:

∆ER = Pre + OIn− ICo_wo∆ER−OCo− TRe, (4)

which yields for (3):

ER = Pre + OIn− ICo_wo∆ER−OCo− TRe + ER_PY. (5)

The size of the equalization reserves depends on the profit and loss items and on their
previous year’s amount.

In addition to the above, we are interested in the potential influence of the accounting
year, of the company age and of the legal form. In Section 4, we use FOPI’s and FINMA’s
published net data to analyze the impact of these items.

Equation (5) could take outward reinsurance into account. The equalization reserves
have to cover the whole gross business on the one hand. On the other hand, the net business
reflects the remaining risk exposure to be covered. An undertaking does not transfer parts
of the equalization reserves to the reinsurer and independently, the reinsurer estimates
the equalization reserves on its own portfolio. As net data are available, we analyze the
numbers net of reinsurance.

3.2. Tax Considerations

To quote the words from Benjamin Franklin, “Nothing is certain but death and taxes”.
Therefore, we consider tax in connection with equalization reserves.

In Switzerland, the net profits of corporations are taxed and corporations pay tax on
their own share capital, see Swiss Confederation (2018b). Thereby, a net loss at the end of
the fiscal year can be fiscally offset by future profits for seven years, see Swiss Confederation
(2018a). Swiss GAAP FER 40 provides accounting principles for insurance companies, see
Foundation for Accounting and Reporting Recommendations (2018): equalization reserves6

from the insurance techniques are considered as part of the liability “technical reserves”.
The company has to define the valuation of the equalization reserves in alignment with
Swiss GAAP FER 40 (Foundation for Accounting and Reporting Recommendations 2018);
in the business plan of the insurance company, this assessment is fixed and supervised
by FINMA.

Change in the equalization reserves impacts the net profit of the fiscal year and
herewith the taxable amount. Therefore, we take a closer look at the taxation and the
net profit of insurance companies. An insurance undertaking’s net profit consists of a
non-technical and technical part. We are only interested in the technical one (TRe). The
taxation rate (Tax) could change over the years. To keep the system simple, we assume a
constant taxation rate over time (t). Adding the time reference (t) to the items we obtain
from (1) in combination with (2):

Tax ∗ TRet =Tax ∗ (Pret + OInt − ICo_wo∆ERt − ∆ERt −OCot)

=Tax ∗ (Pret + OInt − ICo_wo∆ERt −OCot)− Tax ∗ ∆ERt.
(6)
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The change in equalization reserves reduces the taxable amount in the fiscal year t.
Let us assume T̂ is the year in which a significant loss occurs of height LT̂ , triggering the
equalization reserves and assuming LT̂ > ERT̂−1. Thus, the equalization reserves of the
prior year are dissolved completely (ERT̂−1). The taxable amount of (6) is transformed to:

TReT̂ = (PreT̂ + OInT̂ − ICo_wo∆ERT̂ −OCoT̂) + ERT̂−1. (7)

Due to the assumption LT̂ > ERT̂−1 we know that ICo_wo∆ERT̂ > ERT̂−1. Further-
more, we assume that the income does not cover the cost. This results in

TReT̂ < 0. (8)

The release of the equalization reserves reduces the loss of the technical result in the
year T̂. This reduced loss may be offset by future profits over a period of seven years after
the year T̂. Changes in equalization reserves reduce future profits. However, to benefit from
loss-offsetting with future profits, a profit has to be reported. This conflict of interest is born
within the loss-offsetting with future profits over a period of seven years and the conflict is
solved by the written business plan: the rules to establish the equalization reserves define
how much the undertaking has to build up the equalization reserves. Table 1 illustrates
this circumstance:

Table 1. Illustration of the impact of taxes from equalization reserves on the net profit.

Time ∆ERt ERt Tax Saving in t

1 ∆ER1 ER1 = ∆ER1 Tax ∗ ∆ER1
...

...
...

...
T̂ − 1 ∆ERT̂−1 ERT̂−1 = ∑T̂−1

1 ∆ERt Tax ∗ ∆ERT̂−1

T̂ −ERT̂−1 0 0

T̂ + 1 ∆ERT̂+1 ERT̂+1 = ∆ERT̂+1 Tax ∗ (∆ERT̂+1 + min[TReT̂+1; |TReT̂ |])
...

...
...

...
T̂ + 7 ∆ERT̂+7 ERT̂+7 = ∑T̂+7

T̂+1
∆ERt Tax ∗ (∆ERT̂+7 + min[TReT̂+7; max[0; |TReT̂ | −∑T̂+6

T̂+1
TRet]])

The Swiss tax regulation counteracts tax-optimization, using the equalization reserves:
the scope of the business plan limits the establishment and the release of the equalization
reserves. The loss-offsetting with future profit incentivizes an optimization-problem of
profit shifting over time. Going concerns assumed, the equalization reserves belong to
the insured, and some day, they will be taxed. From the pure actuarial point of view, tax-
optimization is not taken into account to define rules to establish or release the equalization
reserves, and by defining an upper bound for the equalization reserves. As equalization
reserves may be easily misused for tax-optimization, governments looked at different
possibilities to handle the valuation of equalization reserves. Akhurst et al. (1992) state
that the taxation legislations “vary widely in different countries”. In some countries, the
established equalization reserves should be released within a duration of, e.g., ten years.

3.3. Restatement of Equalization Reserves

By act of law Art. 25 of ISA, insurance undertakings report to FINMA the financial
statements and the supervisory report, and FINMA publishes the annual financial state-
ments7,8. FOPI (2007) disclosed the financial years 1997 to 2007 and since 2008 FINMA is in
charge, see FINMA (2019a).

FOPI and FINMA have disclosed the figures in a different setup.
In Appendices A and B, further details of the main changes and the source of the variables,
which we use as explanatory ones, are provided. In Section 4, we describe the variables of
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interest. Based on FOPI’s and FINMA’s items, one database was created in order to analyze
the equalization reserves.

Akhurst et al. (1992) remark that disclosure of the equalization reserves is an open
question. The equalization reserves reveal the prosperity of a company. To compare among
insurance companies, Akhurst et al. (1992) use among others the equalization reserves.
Since the reporting year 2019, the Swiss equalization reserves have been officially published.
Nevertheless, the prior amounts are included in the published total of technical reserves
and could be restated.

In the following, we describe the method used to estimate the equalization reserves
for reinsurance and for non-life undertakings, taking into account FOPI’s and FINMA’s
published figures for the years 1997 to 2018. We use FOPI’s and FINMA’s notation referring
to the corresponding documents.

3.3.1. Restatement of Equalization Reserves for Reinsurance Undertakings

Since 2008, FINMA (2008b) has published the key metrics for insurers on its website:
files reporting the balance sheets and profit and loss items, and files reporting statistical
details9. FOPI’s and FINMA’s reported file “AR13A” states the main liability items for rein-
surance undertakings: “net claim reserves” (AR13A_CR) including the equalization reserves
and “net other reserves” (AR13A_oR) excluding the equalization reserves. In file “AR14K”
the reinsurance undertakings report the single component of the technical reserves for the
whole business: “net claim reserves” (AR14K_CR) excluding the equalization reserves and
“net other reserves” (AR14K_oR) including the equalization reserves. Table 2 provides an
overview of the handling of the equalization reserves for reinsurance undertakings.

Table 2. Equalization reserves (ER) within the reinsurers’ files.

Reporting File Net Claim Reserves Net Other Reserves

AR13A ER included ER excluded
AR14K ER excluded ER included

Thus, the equalization reserves (ER) should be the difference of “AR13A” and “AR14K”
by comparing “net claim reserves” and “net other reserves”. These restated equalization
reserves should be the same. However, some reinsurance undertakings stated the ER,
e.g., in file “AR14K” within the “net claim reserves” and not within “net other reserves”,
resulting in correct the sign.

ER = |AR13A_CR− AR14K_CR|
= |AR13A_oR− AR14K_oR|.

(9)

Due to data quality or maybe due to non-disclosure of the equalization reserves, for
some undertakings, the calculated amount of the equalization reserves using “net claim
reserves” on the one hand and “net other reserves” on the other hand is not the same.
Therefore, the maximum of both values is taken for the analysis. ER calculated regarding
“net claim reserves” and regarding “net other reserves” is not normally distributed. Their
Spearman’s rank correlation coefficient is 0.99, and both values are monotonically related.

3.3.2. Restatement of Equalization Reserves for Non-Life Undertakings

For non-life undertakings, the method, laid out above, cannot be applied: “AS14K”
captures only the Swiss business, whereas “AS13A” captures the Swiss and the abroad
written business. Nevertheless, FOPI has published the item “general reserves”10 in file
“AS14K”, not being allocated to any line of business. We use the general reserves as an
approximation of the equalization reserves.

In addition, in file “AS14K”, FOPI published the total net technical reserves, including
equalization reserves for the Swiss business (AS14K_TR), in file “AS14A” the net premium
reserves for the Swiss business (AS14A_PR), in file “AS14B” the net claim reserves excluding
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equalization reserves for the Swiss business (AS14B_CR) and in file “AS14D” the net
annuities reserves for the Swiss business (AS14D_AN). Table 3 provides an overview of the
handling of the equalization reserves for non-life undertakings.

Table 3. Equalization reserves (ER) within the non-life’s files.

Reporting Total Premium Claim AnnuitiesFile Reserves Reserves Reserves

AS14K ER included
AS14A ER excluded
AS14B ER excluded
AS14D ER excluded

Thus, the equalization reserves (ER) could be approximated by calculating the differ-
ences of the reported numbers. Nevertheless, we need to keep in mind that herewith “other
reserves” would be a part of the equalization reserves. We have:

ER = AS14K_TR− AS14A_PR− AS14B_CR− AS14D_AN. (10)

FINMA has changed file “AS14D”: the sum out of gross annuities, gross other technical
reserves and gross equalization reserves are reported. Thus, Equation (10) cannot be
evaluated anymore. In consequence, the equalization reserves cannot be restated with the
above-listed files from the year 2008 onward. As a consequence, for non-life undertakings
we study the calendar years 1997 to 2007.

We observe that several insurance undertakings report the general reserves as zero
while reporting the equalization reserves non-zero. Therefore, we use the maximum value
for our analysis. ER is calculated by using either the reported “general reserves” or restated
using Equation (10). ER is not normally distributed. The Spearman’s rank correlation
coefficient is 0.95.

4. Regression Models for Equalization Reserves

In Switzerland, (re-)insurance undertakings accumulate equalization reserves, as
stated in their business plan. Each undertaking defines its own rule to build and to
release the equalization reserves. However, this information is not publicly available and
unknown to us. The objective is to identify the items of the technical result, which could
have influenced the amount of the equalization reserves. In this section, we present two
regression models to study the factors impacting the equalization reserves.

In Section 4.1, we present FOPI’s and FINMA’s items as input data for our models.
Thereafter, in Section 4.2, we explain the approach to set up the GAM and the GLM
model. The models for reinsurance undertaking and the ones for non-life undertakings are
provided in Sections 4.3 and 4.4.

4.1. FOPI and FINMA Data as Explanatory Variables

In this section, we describe FOPI’s and FINMA’s items, used as explanatory variables.
Equation (5) is the formula to evaluate ER, using profit and loss items. FOPI’s and

FINMA’s data offer further granularity in respect of operation and insurance costs. We
change the notation to be used within our R modeling; we abbreviate all, except one,
possible explanatory variables with three capital letters. In Table 4, an overview of all
variables, a short description and the mark, whether we use the item in Equation (5) or
whether the variable could be an explanatory one within our model of ER, are presented.
The operation Cost (OCo) is split into “administration cost and commission” (ACC) and
“other costs” (OCC). “Administration cost and commission” are the costs to administer
and to conclude the insurance contracts, considering the related costs of the inward and
outward reinsurance contracts and the costs out of profit participation. “Other costs”
comprise all further underwriting costs, for example, the costs for preventive measures,
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whereby detailed components of “other cost” are not available. The insurance cost (ICo) is
broken down into claims payments (NPA), change in claims reserves and change in other
technical reserves (NOR). The correction of the change in equalization reserves is taken
into account within the change of claims’ reserves (NCR_woD_ER). The items are net of
reinsurance. Using the new notation, Equation (5) is transformed to:

ER = NEP + OIN − NPA− NCR_woD_ER− NOR− ACC−OCC− TRE + ERP. (11)

In addition to the profit and loss items, FOPI’s and FINMA’s data offer information
about the legal form (LEF), the company age (COA) and the calendar year (YEA), which
we consider as a further additional explanatory variable in our model. As branch offices do
not report profit and loss files within FOPI’s and FINMA’s reporting, the corresponding
cost items are missing. Therefore, we only retain stock companies and mutuals. We analyze
799 data points for reinsurance undertakings, having the legal form “stock company”. For
non-life undertakings, we look at 340 data points, having the legal form “stock companies”,
and at 73 data points, having the legal form “mutuals”.

Table 4. Description of variables in alphabetical order.

Abbreviation Description Variable in Explanatory
Equation (5) Variable

ACC Administration and
Xcommission cost

COA Company age X

ER Equalization reserves, used as
Xresponse variable in our R model

ERP Equalization reserves of previous year X
= ER_PY X

ER_PY Equalization reserves of previous year X

ICo Insurance cost
X

= NCR_woD_ER + NOR + NPA
LEF Legal form X

NCR_woD_ER Net change in claim reserves
Xwithout change in ER

NEP Net earned premium X
= Pre X

NPA Net claims payments X
NOR Net change in other technical reserves X
OCC Other costs X

OCo Operation cost
X

= ACC + OCC

OIN Other technical income X
= OIn X

Pre Premium X
= NEP X

TRE Technical result X
= TRe X

YEA Calendar year X

For the modeling, the software environment R is used. Profit and loss items are
modeled as continuous variables. In our analysis, undertakings can have either the legal
form (LEF) mutual or stock company (plc). As all reinsurance undertakings have the legal
form stock company, we use the explanatory variable, legal form, to capture (reinsurance)
captives, 470 data points being available, and professional reinsurer11, 329 data points
being available. Thus, the categorial variable legal form contains the items “mutual”, “stock
company”, “captive” and “professional reinsurer”. Calendar years (YEA) are 1997 to 2018.
The company age (COA) is calculated as the difference out of the calendar and foundation
year, being in the range of 0 to 180. To reflect the categorial character of the variables legal
form, calendar year and company age, we enter these variables as factors in our model, see
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Spector (2011). We look at 12 available explanatory variables: 9 continuous and 3 categorial.
In Sections 4.3.1 and 4.4.1, we comment and provide descriptive statistics for the variables.
In Appendix B, the source of the variables is presented.

FOPI and FINMA have published the figures mentioned in Table 4. We used the
data as reported and checked these figures. Statistical outliers are double checked. As the
peculiarity could be explained, we keep these records. Some companies do not follow the
instructions, to implicitly disclose the equalization reserves. Therefore, these companies
report the equalization reserves as zero. Therefore, we study only these data points, having
positive equalization reserves for a given calendar year, resulting in limiting the insurance
market to a subset. Small, medium and large undertakings are reported and we keep all
these records. We intend to have a picture of all available records and not of a smaller subset.

4.2. Model for the Response Variable, Equalization Reserves

In this section, we explain the approach to setting up the GAM and the GLM model.
Our objective is to find a GAM and a GLM model once for the reinsurance and once for
non-life undertakings. We acknowledge that reinsurance undertakings could be seen as
a special line of business and that in consequence we could consider a joint modeling,
see Jeong and Dey (2020); Merz et al. (2012); Shi and Frees (2011). To reflect the two
different types of business, we separately consider reinsurance and non-life undertakings.
Nevertheless, we use the same approach for both. We apply a popular approach, described
in the literature, for example, by Staudt and Wagner (2021). In a first step, we define
the GAM model by selecting the explanatory variables, having the highest impact on the
equalization reserves. In a second step, we transform the selected continuous variables to
discrete ones by defining optimal classifications with the help of evtree. In the third step,
we apply the GLM model by using the discrete and the transformed variables.

This section is structured, as follows: first, we determine the distribution of the
equalization reserves, presented in Section 4.2.1. In Section 4.2.2, we define the GAM
model by selecting the explanatory variables. Thereafter in Section 4.2.3, we present how
we find a GLM model by applying evtree to define classifications for the continuous
explanatory variable.

4.2.1. Identification of the Distribution

In this section, we determine the distribution of the equalization reserves.
De Vylder and Goovaerts (1999) present a theoretical evaluation of the equalization re-
serves. However, the literature does not discuss the class of distribution for the equalization
reserves, and a recommendation is missing. As mentioned, we apply a GAM model, and
one assumption of the GAM is that the response variable has an exponential family, see
Hastie and Tibshirani (1990). We identify the type of distribution of the equalization re-
serves by calculating the AIC value of the exponential, Weibull, Gamma and log-normal
distribution, see Akaike’s Information Criterion in Parzen et al. (1998)12. AIC’s formula
values the performance of the fitted model by taking into account the log-likelihood of this
model and the number of parameters of the model; the smallest AIC defines the best fit, see
R Core Team (2021).

4.2.2. Approach to Set Up the GAM Model

Our objective is to set up a GAM model to analyze the relationship between the
equalization reserves and its explanatory variables, being discrete and continuous.

Selection of Explanatory Variables to Define GAM

Hastie and Tibshirani (1990) explain the generalized linear models (GLM): assumed
is that the predictor effects are linear in the parameters; however, the distribution of the
responses and the link between the predictors and this distribution could be general. As
we assume that the response variable, equalization reserves, has a non-linear dependency
from the prior mentioned discrete and continuous explanatory variables, a GLM model
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is not suitable, and instead, we use its extension, the generalized additive model (GAM).
Hastie and Tibshirani (1990) discuss GAM models and how to replace the linear predictor
with an additive one. As Fridley (2010) illustrates, a GAM model lets “the data to ‘speak
for themselves”’ by using a smoothing function13.

Our goal is to link the response variable, equalization reserves, with the explanatory
variables, presented in Table 4. We utilize a common approach, described for example
by Staudt and Wagner (2021) to obtain the optimal GAM model: the best performance of
variously defined models determines the best GAM model. The start is a GAM model hav-
ing only one explanatory variable: each of the 12 available possible explanatory variables
defines its own GAM model and the corresponding AIC value captures its performance.
The explanatory variable, having the lowest AIC value, is kept as the best suitable ex-
planatory variable for the next iteration. In the next iteration, each of the remaining 11
possible explanatory variables defines its own GAM model, having two explanatory vari-
ables; again, the corresponding AIC value captures the performance. The iteration process
is continued until the AIC value would not change and would increase. This approach
selects the best explanatory variables. Illustrative for the algorithm in iteration i, having the
smoothing function s(.), the best explanatory xi out of the set X of all explanatory variables
is defined by

Illustrative14 for iteration i:

min
AIC(GAMk , k ∈ {1, . . . , i} )

argmin
xi∈X\{x1,...,xi−1}

AIC(GAM(ER ∼
i

∑
j=1

s(xj))) (12)

The selection is needed to construct the GAMSelect. Note that the order of the explana-
tory variables is not relevant for the modeling.

4.2.3. Approach to Set Up GLM

Our objective is to set up a GLM model to analyze the relationship between the
equalization reserves and its explanatory variables, being discrete and transformed to
discrete ones. To transform the continuous variables to discrete ones, we classify these
variables by using evtree, as presented in the paragraph hereafter.

4.2.3.1. evtree to Define Classifications for Explanatory Variable

Having determined the GAMSelect, we look for optimal categorization of the significant
explanatory variables, using evolutionary trees according to Staudt and Wagner (2021).
Grubinger et al. (2014) explain the optimal classification and regression trees in R: a
recursive partitioning by choosing splits that maximize the homogeneity at the next step.
The response variable of the evtree is the fitting effect (Fitxl ) of GAMSelect and the predictor
variable of the evtree is one out of our selection. The split consists out of splitting variables
vl

r ∈ {observation of xl} =: Xl and splitting rules sl
r for the internal nodes, while r ∈

{1, . . . , Ml − 1}, Ml denoting the partition of the input space of the predictor variables.
Among others, the minimum number of observations (b) within an interval [vl

r; vl
r+1] can be

controlled and the complexity of the splitting rule (α)15. Our goal is to find the best splitting
variables vl

r: Xl =
⋃

r∈Ml−1[vl
r; vl

r+1] conditional to minimize the AIC and conditional b ∈ B
and α ∈ A, B being a set of possible minimum number of nodes and A a set of complexity
parameters. Again, we let the selected data speak for themselves. For each variable of the
selection xl we determine the optimal buckets size of the tree and regulate the complexity
of the tree, whereby optimal is in the sense of minimizing the AIC value of the GAMSelect
in which we replace xl by the new classification. The minimal AIC-value determines the
best buckets’ size (b̂) and the complexity parameter (α̂), receiving the best categorization of
the analyzed explanatory variables of the selection (xl ∈ Selection). Illustration of the R
algorithm is as follows:
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Illustrative ∀xl ∈ Selection :

argmin
α∈A,b∈B

AIC(GAM(ER ∼ ∑
xj∈Selection\{xl}

s(xj) +
⋃

r∈Ml−1

[vl
r; vl

r+1] | evtree(b, α))) (13)

4.2.3.2. Defining GLM

The result of the previous paragraph is the transformation of the continuous variables
to discrete ones. Thus, we can apply a GLM model on the previously selected explanatory
variables, according to Hastie and Tibshirani (1990).

4.2.3.3. General Remark

We are aware that we base our model on 799 observations for reinsurance undertak-
ings and on 413 observations for non-life undertakings, not reflecting the whole Swiss
insurance market. Furthermore, we are aware that the 12 explanatory variables are cor-
related, which we looked at. Due to the fact that our model can only provide a first
indication of the real circumstances, we refrain from modeling the correlations between the
explanatory variables.

4.3. Model of the Equalization Reserves for Reinsurance Undertakings

To explore the equalization reserves for reinsurance undertakings, we base the analysis
on FOPI and on FINMA data. In Section 4.3.1, we look at the data, and thereafter, in
Section 4.3.2, we present the model result, using the approach described in Section 4.2.

4.3.1. Data for Reinsurance Undertakings

FOPI and FINMA have published equalization reserves of reinsurance undertakings
for the calendar years 1997 to 2020. As FINMA changed the reporting system in the
year 2020 and presents the data for the reporting years 2019 onward in a different setup,
we focus on the calendar years 1997 to 2018. For our analysis, we filter the data points,
having positive equalization reserves, and 799 data points are available for our study.
Table 5 captures the summary of the equalization reserves and of the explanatory variables,
covering the years 1997 to 2018. The currency is CHF. Minimum (Min.), first quantile
(1st Qu.), median, mean, third quantile (3rd Qu.) and maximum (Max.) are presented.

Table 5. Variable summary for reinsurance undertakings, observed in the years 1997 and 2018.

Variable Min. 1st Qu. Median Mean 3rd Qu. Max.

ER 1000 533,000 4,615,772 58,007,935 16,883,679 3,531,957,000
ACC −234,455,888 215,796 736,604 165,830,866 14,841,470 7,165,666,533
COA 0 26 56 62 92 135
ERP 0 25,000 2,128,000 52,440,000 14,570,000 3,532,000,000

NCR_woD_ER −10,670,000,000 −220,400 1,005,000 72,290,000 10,300,000 8,241,000,000
NEP −1,260,000,000 2,994,000 7,439,000 572,500,000 81,780,000 20,330,000,000
NOR −1,338,000,000 0 0 3,208,000 1,769,000 429,200,000
NPA −5,580,000,000 147,900 3,024,000 329,200,000 39,540,000 20,090,000,000
OCC −63,649,261 0 0 12,202,336 58,062 1,487,351,655
OIN −120,478,524 0 43,051 51,501,126 1,553,194 2,502,998,729
TRE −2,206,000,000 −175,700 462,700 18,820,000 4,974,000 2,088,000,000

“Min.” stands for minimum, “1st Qu.” for first quantile, “3rd Qu.” for third quantile and “Max.” for maximum.

Equalization Reserves

The smallest equalization reserves amount to CHF 1000 and the highest to CHF
3.53 billion (Swiss Re 2001)16. In the Appendix C.1, Figure A1 shows the relative frequency
of the equalization reserves and of the one of the previous year. In total, 82% report the
equalization reserves lower than CHF 24 million, and 82% report the equalization reserves
of the previous year lower than CHF 20 million.
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Calendar Years and Legal Form

In the year 2007, most observations are noticed; hence, we re-level the variable calendar
year to the year 2007. The number of observations in a calendar year increased from 21
in the year 1997 to 62 in the year 2007 and dropped to 34 in the year 2008. In the year
1997, 3% and in the year 2018, 4% of the observations occurred. FOPI published the years
1997 to 2007 and FINMA uses another reporting system for the calendar year 2008 to
2018. FINMA (2009) supervised 28 reinsurance undertakings (2007: 25) and 42 captives
(2007: 46) in the calendar year 2008; as a consequence, mergers and acquisitions would not
explain the drop from the year 2007 to 2008. We think our counting method, companies
having a positive equalization reserves, causes the drop: some reinsurance undertakings
would have used the occasion of the new reporting system to change the reporting of the
equalization reserves.

All analyzed reinsurance undertakings and reinsurance captives are stock companies;
therefore, the variable “legal form” would not be suitable for an explanatory one. Instead,
we analyze the kind of reinsurance, captive and professional reinsurer. In the year 1997,
38% were captives, increasing to 78% in the year 2011 and dropping to 56% in the year
2018. As more observations for captives are available, we re-level the explanatory variable
to “captive”.

Net Earned Premium

The smallest net earned premium amount was CHF −1.3 billion and the highest was
CHF 20.3 billion (Swiss Re 2008). Europäische Rückversicherung reported in the year 2005
indeed a higher ceded premium (written: CHF 6.0 billion) than the gross one (written: CHF
5.1 billion), resulting in a negative net earned premium (CHF−1.3 billion). In Appendix C.1,
Figure A2 displays the relative frequency of the net earned premium and the one of the
calendar year. In total, 94% have a net earned premium lower than CHF 2.0 billion and 62%
lower than CHF 20 million.

Insurance Costs

The insurance net claims payments are within the range from CHF −5.6 billion to
CHF 20.1 billion (Swiss Re 2009). Europäische Rückversicherung reported in the year 2009
CHF 5.6 billion as payment, having an opposite sign to all other undertakings. In total, 87%
have net claims payments lower than CHF 200 million and 70% lower than CHF 20 million.
The highest release in claims reserves without change in equalization reserves was CHF
10.7 billion (Swiss Re 2009) and the highest accumulation CHF 8.2 billion (Swiss Re 2016).
Furthermore, Swiss Re reported in the year 2017 the highest release in other reserves of
CHF 1.3 billion and in the year 2014 the highest accumulation of CHF 429.2 million. In
total, 80% report a change in claims reserves without change in equalization reserves in the
range from CHF −10.7 billion to CHF 20 million and 62% a change in other reserves in the
range from CHF −1.3 billion to CHF 320 million. The relative frequency of the insurance
cost of reinsurance undertakings are shown in Appendix C.1 in Figure A3.

Operational Costs and Other Technical Income

The operational costs consist of administration cost and commission, being in the
range from CHF −0.2 to CHF 7.2 billion (Swiss Re 2006), and other cost, having values
from CHF −63.6 million (Swiss Re 2013) to CHF 1.5 billion (Swiss Re 2018). Europäische
Rückversicherung reported in the year 2008 CHF −0.2 billion as operational costs, having
an opposite sign to all other undertakings. This could occur due to ceded costs from
outward reinsurance. Indeed, in the year 2013, Swiss Re reported other costs with a
negative sign. Other technical income comprises technical interest income, attributed to the
technical part, and other technical insurance income. This item is in the range from CHF
−120 million to CHF 2.5 billion (Swiss Re 2007). Europäische Rückversicherung reported
in the years 2013 CHF 120 million as other technical income, having an opposite sign to all
other undertakings. Due to ceded cost out of outward reinsurance this could happen. In



Risks 2022, 10, 55 15 of 41

Appendix C.1, Figure A4 presents the relative frequency of the operational costs and of the
other technical income. In total, 70% of the administration and commission costs are below
CHF 8 million, 73% of the other costs are below CHF 13,000 and 69% of the other insurance
income is below CHF 1 million.

Technical Result and Company Age

The smallest technical result amounts to a loss of CHF 2.2 billion (Swiss Re 2001) and
the highest to CHF 2.1 billion (Swiss Re 2007). A total of 78% report a technical result lower
than CHF 6.4 million. In Appendix C.1, Figure A5 shows the relative frequency of the
technical result and of the company age. The company age is in the range from founded to
135 years. In our analysis, 88% of the companies have a company age below 30.

4.3.2. Model for the Reinsurance Undertakings

Our objective is to find a GAM and a GLM model for the reinsurance undertakings, as
presented in Section 4.2. First, we determine the distribution of the equalization reserves for
the reinsurance undertakings. In the second step, we define the GAM model by selecting
the explanatory variables. Thereafter, we study the result and apply evtree to define
classifications for explanatory variables. Finally, we apply the GLM model by using the
discrete and the transformed variables and present the main results.

Equalization Reserves’ Distribution

As mentioned in Section 4.2.1, the literature does not propose a class of distribution
for the equalization reserves. Therefore, we let our equalization reserves’ observations
speak for themselves. We fit some distribution of the exponential family (exponential,
Weibull, Gamma and log-normal distribution) on our data and compare the theoretical
and the sample quantiles, presented in Appendix D Figure A11. In Figure A11, the q-q
plots of all fitted distributions are far off the diagonal. The log-normal distribution is the
only suitable one; for the other three distributions, insufficient observation points exist
to properly fit the tail. In addition, we calculate the AIC values for these distributions,
presented in Table 6. For the reinsurance undertakings, the log-normal distribution best
approximates the response variable, equalization reserves.

Table 6. AIC values for possible distributions of equalization reserves (reinsurer).

Exponential Weibull Gamma Log-Normal
AIC 30,166 27,702 27,944 27,685

Number of
Parameters 1 2 2 2

Log-likelihood −15,082 −13,849 −13,970 −13,841

Selection of the Explanatory Variables to Define GAM

Our goal is to figure out the relationship between the response variable, equalization
reserves, with the explanatory variables, as presented in the Section 4.2.2.

In the previous paragraph, we worked out that equalization reserves could be
fitted by a log-normal distribution; thus, logER is normal distributed. According to
Wood (2010) we implement in R a GAM model with the family Gaussian and we use
the link function identity, ignoring the correlation of the explanatory variables, as men-
tioned in Section 4.2.3.3. We apply the algorithm, outlined in Equation (12), and obtain the
GAM model, as follows:

E(log(ER)) = f1(ERP) + β2 ·YEA + β3 · LEF + f4(TRE) + f5(ACC) + f6(OCC) + β0. (14)

Equalization reserves of the previous year head the selection of the explanatory vari-
ables for reinsurance undertakings. The categorial variable calendar year has the second
highest impact on the equalization reserves, according to our approach. Thereafter, the legal
form (capitves or professional reinsurers) shapes the equalization reserves. The variable
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technical result has position four, administration and commission cost position five, and
the variable other costs terminate the selection of the explanatory variables, shaping the
equalization reserves of the reinsurance undertakings. An additional explanatory vari-
able would not improve the fitting. In Appendix E, Table A3 shows the AIC values for
the iterations.

In the first column of Table 7, we list the intercept, the coefficients of the discrete vari-
ables, the estimated degree of freedom (edf) of the continuous variables and the significance
level of the GAM model. We use the star-notation to mark the statistical significance level
of the variables in Table 7: “.” for a p-value below 0.1, “*” for a p-value below 0.05, “**”
for a p-value below 0.01 and “***” for a p-value below 0.001. The smoothing functions of
the continuous variables are statistically significant, the intercept and some coefficients
of the discrete variables. As Fridley (2010) explains with respect to the GAM model, the
predictor variable is separated into sections and fitted by polynomial functions in each
section separately. These turning points are measured as edf: the higher the edf, the more
complex the smoothing. The continuous variables equalization reserves of the previous
year, technical result and the administration and commission costs have an edf-value of 9.0,
7.44 and 8.45, which have the highest complexity to be smoothed. The variable other costs
has an edf value of 5.03, which is the lowest complexity to be smoothed. The categorial
variable year has 2007 as the base line and the categorial variable legal form has captive as
the baseline.

GAM Result and evtree to Define Classifications for Explanatory Variable

Visualization of the fitted smoothing curves reveals the highest insight into the rela-
tionship of the explanatory variables on the equalization reserves. As outlined above in
Equation (13), we define the optimal classes of the explanatory variable and in Table A5
the used parameters of the evtree are listed. We add this information in Figure 1: for
each explanatory variable its GAM prediction on the equalization reserves is shown (solid
line), the 95% confidence interval is marked (dashed lines), the boundaries of the bins are
displayed by the vertical lines and the predicted mean effect for each class is indicated by
the dashed-pointed horizontal lines.

Equalization Reserves of the Previous Year

Equalization reserves of the previous year are shown in Figure 1a and we find three
classifications. Around 680 companies report the equalization reserves of the previous year
lower than CHF 22 million, which has a negative impact on the equalization reserves. The
next class is up to CHF 305 million, consisting of around 90 observations, influencing the
equalization reserves to increase. The higher the equalization reserves of the previous year,
the more equalization reserves are built up. As a take away, we note that the smaller the
equalization reserves of the previous year, the more these equalization reserves would be
released in the next year. To transform this continuous variable into the discrete one, we
define three classes. In the class CHF 0 to 22 million, most observations occur, on which we
level this variable.

Calendar Year

In Figure 1b, the impact of the discrete variable calendar year is displayed and two
classes are found. The calendar year is re-leveled to the year 2007. The years could be
split in the range 1997 to 2006, having a negative impact on the equalization reserves,
and 2008 to 2018, having a positive impact on the equalization reserves. By adding the
categorial variable legal form to the GAM model, the year 2017 moved from the class
2008–2018 to 1997–2006 due to a reduction in the equalization reserves of a reinsurer of
around CHF 1 billion. In the years 1997 to 2007, FOPI was in charge of the supervision and
since 2008, it was FINMA.
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Figure 1. Effects on the equalization reserves for reinsurance undertakings. (a) Effect of the equal-
ization reserves of the previous year. (b) Effect of the calendar year. (c) Effect of the technical result.
(d) Effect of the accumulation and commission costs. (e) Effect of the other costs.
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Table 7. Output of the GAM and GLM for reinsurance undertakings.

GAM GLM
Explanatory Variables Star Explanatory Variables Star

(Intercept) 14.77 *** (Intercept) 14.10 ***
Categorial: Coefficient Categorial: Coefficient

YEA (baseline: 2007) YEA (baseline: 2007)
1997 −0.30 1997 −0.99 *
1998 −1.90 *** 1998 −2.28 ***
1999 −1.69 *** 1999 −2.08 ***
2000 −1.96 *** 2000 −2.32 ***
2001 −1.93 *** 2001 −2.28 ***
2002 −2.13 *** 2002 −2.47 ***
2003 −1.19 *** 2003 −1.55 ***
2004 −1.41 *** 2004 −1.78 ***
2005 −1.08 *** 2005 −1.42 ***
2006 −0.03 2006 −0.34
2008 1.12 ** 2008 1.15 **
2009 1.03 ** 2009 1.18 **
2010 0.66 2010 0.95 *
2011 1.04 * 2011 1.19 **
2012 0.98 * 2012 0.93 *
2013 0.30 2013 0.26
2014 0.22 2014 0.15
2015 0.45 2015 0.49
2016 0.50 2016 0.66
2017 0.32 2017 0.55
2018 0.33 2018 0.53

LEF (baseline: Captive) LEF (baseline: Captive)
Prof. RE 1.03 *** Prof. RE 0.82 ***

Continuous: edf Categorial: Coefficient
s(ERP) 9.00 *** ERP (baseline: 0–22 m.)

22–305 m. 2.41 ***
305–3550 m. 4.51 ***

s(TRE) 7.44 *** TRE (baseline: −60–2100 m.)
−2200–−60 m. 0.53

s(ACC) 8.45 *** ACC (baseline: −235–15 m.)
15–55 m. 1.18 ***
55–115 m. 2.05 ***

115–470 m. 2.09 ***
470–1300 m. 1.75 **

1300–2900 m. 2.58 ***
2900–7200 m. 2.50 **

s(OCC) 5.03 ** OCC (baseline: −64–40 m.)
40–200 m. 0.06

200–550 m. −1.18
550–1500 m. −2.41 *

AIC 3218 AIC 3337
N 799 N 799

Star represents significance levels of p-values: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1. edf stands for estimated
degree of freedom and Prof. RE for professional reinsurance undertakings.

Legal Form

Reinsurance undertakings are either captives or professional reinsurance undertakings.
Baseline is the category captive. As presented in Table 7, the coefficient for the profes-
sional reinsurer is 1.03: compared to captives, professional reinsurers tend to build more
equalization reserves.
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Technical Result

The effect of the technical result on the equalization reserves is presented in Figure 1c,
with two classes. The first classification consists of 20 nodes, and the loss of the undertaking
is higher than CHF 60 million. The effect on the equalization reserves is negative. The
second class comprises 780 observations, and the impact on the equalization reserves is
slightly positive. As a take away, we note that for reinsurance undertakings, even positive
technical results have only a slightly positive impact on equalization reserves. To transform
this continuous variable to the discrete one, we define two classes. As the most observations
occur in the class CHF −60 to 2100 million, we level this variable on this class.

Administration and Commission Costs

In Figure 1d, the effect of the administration and commission costs on the equalization
reserves is presented, with seven classes. The first class consists of 600 companies, with
administration and commissions costs up to CHF 15 million and a slightly negative impact
on the equalization reserves. In the next class, around 70 companies are collected, with
costs up to CHF 55 million and a slightly positive impact on the equalization reserves.
The class, with costs between CHF 470 million and CHF 1.3 billion, has a negative impact
on the equalization reserves, whereby this class consists of 15 observations. The higher
the administration and commission costs, the higher the accumulation of the equalization
reserves. To transform this continuous variable to the discrete one, we define seven classes.
Most observations occur in the class CHF−235 to 15 million on which we level this variable.

Other Costs

Figure 1e presents the effect of other costs on the equalization reserve, with four classes.
The first class contains 775 observations with other costs up to CHF 40 million. This class
has a sightly negative effect on the equalization reserves. In the second class, 12 companies
are captured, having other costs up to CHF 200 million; the impact on equalization reserves
is positive. Seven observations are in the third class, having other costs up to CHF 550 and
having a higher positive effect on equalization reserve than for the first class. The class
number four has five observations, having other costs up to CHF 1.5 billion and a negative
effect on equalization reserves. To transform this continuous variable to the discrete one,
we define four classes. In the class CHF −64 to 40 million, most observations occur, on
which we level this variable.

GLM Model

We apply the GLM model on the initial discrete variables year and legal form and on
the initial continuous variables, as transformed and described in the previous paragraph.
We mark the transformed variable with “c”, and Equation (14) turns to the GLM model:

E(log(ER)) = β1 · ERPc + β2 ·YEA + β3 · LEF + β4 · TREc + β5 · ACCc + β6 ·OCCc + β0. (15)

In the second column of Table 7, we list the intercept, the coefficients of the discrete
and of the transformed variables and the significance level of the GLM model. In the
GAM model and in the GLM one, the intercept has a statistically significant level “***” and
amounts to 14.77 in the GAM and to 14.10 in the GLM one. The significance level of the
initial discrete variables either remains the same or changes to the next significance level.
All except one coefficient of the initial continuous variables have a significance level of
“***” or “**” in the GLM. However, the coefficient of the technical result is not statistically
significant in the GLM model. Furthermore, the GAM model has an AIC value of 3218 and
the GLM one an AIC value of 3337, making the GAM a better one, see Table 7.

Result

For reinsurance undertakings, the GAM model performs better than the GLM one.
Based on the GAM model, we find the use of equalization reserves: accumulation and
release of the equalization reserves are observed. From the GAM and from the GLM model,
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we note that, compared to captives, professional reinsurers tend to build more equalization
reserves. Based on the GAM model, we show that reinsurance undertakings, having small
equalization reserves of the previous year, would release the equalization reserves. In
addition, from the GAM model, we find that for reinsurance undertakings, even positive
technical results have only a small positive impact on equalization reserves.

4.4. Model of the Equalization Reserves for Non-Life Undertakings

To explore the equalization reserves for non-life undertakings, we base the analysis on
FOPI data. In Section 4.4.1, we look at the data, and thereafter, in Section 4.4.2, we present
the model result using the approach described in Section 4.2.

4.4.1. Data for Non-Life Undertakings

FOPI published the equalization reserves for non-life undertakings for the calendar
years 1997 to 2007. For our analysis we filter the data points, having positive equalization
reserves, and 413 data points are available for our study. Table 8 captures the summary
of the equalization reserves and of the explanatory variables, covering the years 1997 to
2007. The currency is CHF. Minimum (Min.), first quantile (1st Qu.), median, mean, third
quantile (3rd Qu.) and maximum (Max.) are presented:

Table 8. Variable summary of non-life undertakings, observed in the years 1997 and 2007.

Variable Min. 1st Qu. Median Mean 3rd Qu. Max.

ER 1000 3,006,000 13,370,000 50,401,719 64,925,000 375,394,000
ACC −171,143 4,123,740 12,809,683 209,586,622 159,078,572 6,319,819,394
COA 0 33 74 77 113 181
ERP 1000 323,000 9,499,000 44,157,007 43,442,000 375,394,000

NCR_woD_ER −314,512,646 127,408 3,165,646 93,267,811 25,688,850 3,984,956,385
NEP −12,140 13,710,000 45,890,000 749,700,000 519,300,000 22,760,000,000
NOR −40,069,000 0 0 4,487,718 1,395,000 379,109,740
NPA 0 7,280,000 28,800,000 468,700,000 328,400,000 12,160,000,000
OCC −27,034 0 229 4,603,862 742,376 327,609,822
OIN −18,428,688 52,965 2,682,174 74,735,601 22,955,164 2,456,748,842
TRE −1,192,000,000 −394,700 875,600 40,420,000 7,049,000 2,420,000,000

“Min.” stands for minimum, “1st Qu.” for first quantile, “3rd Qu.” for third quantile and “Max.” for maximum.

Equalization Reserves

The smallest equalization reserves amount to CHF 1000 and the highest to CHF
375.4 million (Mobiliar 2004). In Appendix C.2, Figure A6 shows the relative frequency
of the equalization reserves and of the one of the previous year. In total, 70% report the
equalization reserves lower than CHF 40 million, and 71% report the equalization reserves
of the previous year lower than CHF 30 million. For the year 1997, information regarding
the equalization reserves of the previous year could not be calculated and the analysis will
lack this item for the year 1997.

Calendar Years and Legal Form

In the year 1998, most observations are made; hence, we re-level the variable calendar
year to the year 1998. The number of non-life entities were reduced, on the one hand, due
to mergers and acquisition and, on the other hand, due to our selection criteria, analyzing
records with positive equalization reserves. In the year 1997, 10% and, in the year 2007, 8%
of the observations occurred. The share of mutual companies increased from 15% in the
year 1997 to 25% in year 2007.

Net Earned Premium

The smallest net earned premium amounted to CHF −12,140 and the highest to CHF
22.8 billion (Zurich 2008). Unifun reported in the years 2004 and 2005 a higher ceded
premium than the gross one, resulting in a negative net earned premium. In Appendix C.2,
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Figure A7 displays the relative frequency of the net earned premium and the one of the
calendar year. In total, 70% have a net earned premium lower than CHF 353.9 million and
47% lower than CHF 40 million.

Insurance Costs

The insurance net claims payments are within the range from CHF 0 (Polygon) to
CHF 12.2 billion (Zurich 2007). In the year 2003, Baloise reported the highest release in
claims reserves without change in equalization reserves of CHF 314.5 million, and in the
year 2003, Zurich reported the highest accumulation of CHF 3.98 billion. Furthermore,
the highest release in other reserves was CHF 40.1 million (Mobiliar 2005) and the highest
accumulation CHF 379.1 million (Zurich 2006). The relative frequency of the insurance cost
of non-life undertakings is shown Appendix C.2 in Figure A8. In total, 70% have net claims
payments lower than CHF 823.3 million and 43% lower than CHF 20 million. Furthermore,
60% report a change in claims reserves without change in equalization reserves in the range
from CHF −15.1 million to CHF 11.7 million.

Operational Costs and Other Technical Income

The operational costs consist of administration cost and commission, being in the
range from CHF−0.2 million (Appenzeller 1997) to CHF 6.3 billion (Zurich 2007), and other
costs, having values from CHF −27,034 (Orion 2006) to CHF 327.6 million (Zurich 2004).
Appenzeller received more compensation for the cost from the ceded reinsurance contract
than indeed paid, resulting in a negative administration and commission cost. Indeed,
Orion reported other costs with a negative sign. Other technical income comprises technical
interest income, attributed to non-life insurance, and other technical insurance income; this
item is in the range from CHF −18.4 million (Vaudoise 2002) to CHF 2.5 billion (Zurich
1998). Vaudoise reported in the year 2002 a negative technical interest income of CHF
20.2 million compensated by a positive other technical insurance income of CHF 1.8 million.
In Appendix C.2, Figure A9 presents the relative frequency of the operational costs and of
the other technical income. In total, 72% of the administration cost and commission are
below CHF 99.8 million, 73% of the other costs are below CHF 0.6 million and 73% of the
other insurance income is below CHF 21.6 million.

Technical Result and Company Age

Zurich reported in the year 2002 the highest technical loss of CHF 1.2 billion and in
the year 2006 Zurich had the highest technical result of CHF 2.4 billion. In Appendix C.2,
Figure A10 shows the relative frequency of the technical result and of the company age. In
total, 70% report a technical result lower than CHF 5 million. The company age is in the
range from founded to 181 years. In our analysis, 67% of the companies have a company
age below 100.

4.4.2. Model of the Non-Life Undertakings

Our objective is to find a GAM and a GLM for the non-life undertakings, as presented
in Section 4.2. First, we determine the distribution of the equalization reserves for the
non-life undertakings. In a second step, we define the GAM by selecting the explanatory
variables. Thereafter, we study the result and apply evtree to define classifications for
explanatory variables. Finally, we apply the GLM by using the discrete and the transformed
variables and present the main results.

Equalization Reserves’ Distribution

Like the reinsurance procedure, we let our equalization reserves observations speak
for themselves. We fit the exponential, Weibull, Gamma and log-normal distribution, being
of the exponential distribution family, on our data and compare the theoretical and the
sample quantiles, presented in Appendix D Figure A12. Furthermore, we calculate the
AIC values for these distributions, presented in Table 9. For the non-life undertakings, the
Gamma distribution best approximates the response variable, equalization reserves.
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Table 9. AIC values for possible distributions of equalization reserves (non-life).

Exponential Weibull Gamma Log-Normal
AIC 15,478 15,053 15,050 15,135

Number of
Parameters 1 2 2 1

Log-likelihood −7738 −7525 −7523 −7566

Selection of Explanatory Variables to Define GAM

Our goal is to figure out the relationship between the response variable, equalization
reserves, with the explanatory variables, as presented in Section 4.2.2.

In the previous paragraph, we worked out that equalization reserves could be fitted
by a Gamma distribution. According to Wood (2010), we implement in R a GAM model
with the family Gamma and we use the link function log, ignoring the correlation of the
explanatory variables, as mentioned in Section 4.2.3.3. We apply the algorithm, outlined in
Equation (12), and obtain the GAM model, as follows:

logE(ER) = f1(NPA) + f2(ERP) + f3(NCR_woD_ER) + β4 ·YEA + f5(NEP) + β0. (16)

Net claims payments head the selection of the explanatory variables. The equalization
reserves of the previous year have the second-highest impact on the equalization reserves.
Thereafter, the net change in claim reserve without change in equalization reserves shapes
the equalization reserves. The categorial variable calendar year has position four, and the
net earned premium terminates the selection of the explanatory variables, impacting the
equalization reserves of the non-life undertakings. An additional explanatory variable
would not improve the fitting. In Appendix E, Table A4 presents the AIC values for
the iterations.

In the first column of Table 10, we list the intercept, the coefficient of the categorial
variables, the edf of the continuous variables and the significance levels of the GAM
model. We use the star-notation to mark the statistical significance of the variables in
Table 10. The smoothing function of the net claims payments has significance code “**”,
whereby the smoothing functions of the continuous variables equalization reserves of the
previous year, net change in claim reserves without change in equalization reserves and net
earned premium have each the significance code “***”. Thus, all smoothing functions of the
continuous variables are statistically significant. In addition, the intercept and the coefficient
of the year 1997 are statistically significant. The continuous variables equalization reserves
of the previous year and the net change in claim reserves without equalization reserves
have an edf value of 8.79 and 7.88, having the highest complexity to be smoothed. Net
claims payments and net earned premium have an edf value of 4.94 and 3.41, having the
lowest complexity to be smoothed. The categorial variable year has 1998 as the baseline.

GAM Result and evtree to Define Classifications for Explanatory Variable

Visualization of the fitted smoothing curves reveals the highest insight into the rela-
tionship of the explanatory variables on the equalization reserves. As outlined above in
Equation (13), we defined the optimal classes of the explanatory variable and in Appendix F
in Table A6 the used parameters of the evtrees are listed. We added this information in
Figure 2: for each explanatory variable of the selection, its GAM prediction on the equaliza-
tion reserves is shown (solid line), the 95% confidence interval is marked (dashed lines),
the boundaries of the bins are displayed by the vertical lines and the predicted mean effect
for each class is indicated by the dashed-pointed horizontal lines.

Net Claims Payments

Net claims payments are shown in Figure 2a, and we find seven classes. Around
300 claims payments, being lower than CHF 180 million, have a negative impact on the
equalization reserves. The next class is up to CHF 470 million claims payments, consisting
of 45 observations without any impact on the equalization reserves. The higher the claims
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payments of the company the more equalization reserves are built up. As a take away,
we note that companies with small claims payments tend to release equalization reserves,
and the ones with high claims payments tend to establish more equalization reserves. To
transform this continuous variable into the discrete one, we define seven classes. Most
observations occur in the class CHF 0–180 million, on which we level this variable.

Equalization Reserves of the Previous Year

In Figure 2b, the impact of the equalization reserves of the previous year is displayed
and eight classes are marked. The first class has around 130 companies, having equalization
reserves of the previous year lower than CHF 2.0 million. Its impact on the equalization
reserves is negative; small companies more often release the equalization reserves of the
previous year to finance the claims. Each of the remaining seven classes have around
40 nodes. To transform this continuous variable to the discrete one, we define eight classes.
In the class CHF 0–2.0 million, most observations occur, on which we level this variable.

Net Change in Claim Reserves without Change in Equalization Reserves

Net change in claim reserves without change in equalization reserves is presented in
Figure 2c and has eight classes. The first classification consists of 20 nodes and the release
in claim reserves is higher than CHF 20 million; the effect on the equalization reserves is
negative. The next class has around 250 observations covering the release of claim reserves
up to CHF 20 million and the accumulation of claim reserves up to CHF 11 million. The
average effect on equalization reserves is negative. Within the third class, the claim reserve
would accumulate up to CHF 37 million, whereby the impact on the equalization reserves
would still be negative half as much as in the second class. The higher the accumulation of
claim reserves of the company, the more equalization reserves are built up. Releasing of
claim reserves impacts a release in equalization reserves; an accumulation of claim reserves
higher than CHF 35 million would impact an accumulation of equalization reserves. In
consequence, a small accumulation of claim reserves up to CHF 35 million would shift the
reserves from equalization to claim. To transform this continuous variable to the discrete
one, we define eight classes. In the class CHF −20–11 million, most observations occur, on
which we level this variable.

Calendar Year

In Figure 2d, the effect of the calendar year on the equalization reserves is presented;
no evtree could be found. The baseline is the year 1998. As for the year 1997, information
regarding the equalization reserves of the previous year is missing, and the effect of the
year 1997 on the equalization reserves could not be observed. All other years have a small
effect on the equalization reserves.

Net Earned Premium

Net earned premium is presented in Figure 2e, having five classes. The first class
contains around 290 observations up to CHF 300 million net earned premium. This class
has a positive effect, being close to 2, on the equalization reserves. In the second class,
around 60 companies are captured up to a net earned premium to CHF 1000 million, and
the effect is slightly negative. The higher the net earned premium of the company, the fewer
equalization reserves are built up. To transform this continuous variable to the discrete one,
we define eight classes. In the class CHF 0–300 million, most observations occur, on which
we level this variable.

GLM Model

We apply the GLM model on the initial discrete variables year and legal form and on
the initial continuous variables as transformed and described in the previous paragraph.
We mark the transformed variable with “c” and Equation (16) turns to the GLM model:



Risks 2022, 10, 55 24 of 41

logE(ER) = β1 · NPAc + β2 · ERPc + β3 · NCR_woD_ERc + β4 ·YEA + β5 · NEPc + β0. (17)

In the second column of Table 10, we list the intercept, the coefficients of the discrete
and of the transformed variables and the significance level of the GLM model. In the
GAM and GLM models, the intercept of the initial discrete variable year has a statistically
significant level “***” and amounts to 16.35 for the GAM model and 13.86 for the GLM
one. For the discrete variable year in the GLM model, only one coefficient has a statistically
significant level “*” and the other years are not significant. All coefficients of the initial
continuous variables ERP and NCR_woD_ERc have a significance level of “***” or “*” in
the GLM model. Two coefficients of net claims payments have a statistical significant level
“**” and “*”; the others are not significant in the GLM model.

In the GLM model for the initial continuous variable net earned premium, three
coefficients could not be defined, as net earned premium and net claims payments have
an exact linear relationship between them. In Section 4.2.2, we explain how to select the
best GAM model by looking at the AIC values. In Appendix E Table A4, we present the
AIC values: in the first iteration, the AIC value of the net earned premium is 14,948, while
AIC of the net claims payments is 14,944. The net claims payments are the best explanatory
variable in the first iteration and the net earned premium is selected in the last iteration. We
cannot explain why the last iteration, selecting the net earned premium as the explanatory
variable, should improve the GAM model. This is a limitation of our paper.

The AIC values of the GAM and GLM models are reported in Table 7: the GAM model
has an AIC value of 14,485 and the GLM one has an AIC value of 14,454, making the GLM
a better one.

Result

For non-life undertakings, the GLM performs better than the GAM model. Our ap-
proach to select the best GAM model by looking at AIC values has not detected the strong
relationship between net earned premium and net claims payments. Based on the GAM
model, we find the use of equalization reserves: accumulation and release of the equaliza-
tion reserves are observed. From the GAM model, we notice an opposite effect between
small-sized and large-sized non-life companies: for small-sized companies, the release
effect is observed regarding the insurance expenses, whereby the premium income variable
indicates an accumulation one. For large-sized companies, the release effect is observed
regarding the premium income variable, whereby the insurance expenses indicate an ac-
cumulation effect. Based on the GAM model, we note that non-life undertakings, having
small equalization reserves of the previous year, would release the equalization reserves.
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Figure 2. Effects on the equalization reserves for non-life undertakings. (a) Effect of the net claims pay-
ments. (b) Effect of the equalization reserves of the previous year. (c) Effect of the net change in claim
reserves without change in ER. (d) Effect of the calendar year. (e) Effect of the net earned premium.
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Table 10. Output of the GAM and GLM for non-life undertakings.

GAM GLM
Explanatory Variables Star Explanatory Variables Star

(Intercept) 16.35 *** (Intercept) 13.86 ***
Categorial: Coefficient Categorial: Coefficient

YEA (baseline: 1998) YEA (baseline: 1998)
1997 1.70 *** 1997 1.81
1999 0.11 1999 0.01
2000 0.06 2000 0.04
2001 −0.01 2001 0.04
2002 −0.29 2002 −0.45 .
2003 −0.19 2003 −0.16
2004 0.05 2004 0.04
2005 −0.22 2005 −0.33
2006 −0.27 2006 −0.47 *
2007 0.01 2007 −0.32

Continuous: edf Categorial: Coefficient
s(NPA) 4.94 ** NPA (baseline: 0–180 m.)

180–470 m. −0.40
470–800 m. −0.10
800–1500 m. −0.28

1500–2200 m. −1.37 *
2200–3000 m. 0.58

3000–12,200 m. −2.06 **
s(ERP) 8.79 *** ERP (baseline: 0–2.0 m.)

2.0–4.8 m. 1.57 ***
4.8–8.0 m. 1.90 ***

8.0–12.4 m. 2.36 ***
12.4–18.0 m. 2.78 ***
18.0–71.0 m. 3.38 ***

71.0–160.0 m. 3.97 ***
160.0–380.0 m. 4.42 ***

s(NCR_woD_ER) 7.88 *** NCR_woD_ER (baseline: −20–11 m.)
−315–−20 m. 0.62 *

11–37 m. 0.86 ***
37–70 m. 1.06 ***
70–115 m. 1.30 ***

115–170 m. 2.67 ***
170–700 m. 2.76 ***
700–4000 m. 3.91 ***

s(NEP) 3.41 *** NEP (baseline: 0–300 m.)
300–1000 m. 0.11
remaining na

AIC 14,485 AIC 14,454
N 413 N 413

Star represents significance levels of p-values: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1. edf stands for estimated
degree of freedom.

5. Discussion

One result of this paper is that the Swiss equalization reserves could be restated out
of the publicly available figures for the years 1997 to 2018 for reinsurance undertakings
and for the years 1997 to 2007 for the non-life undertakings, although the equalization
reserves are not explicitly published. We detect that profit and loss items are identified as
explanatory variables for the equalization reserves and that the equalization reserves could
not be misused for tax optimization by defining the upper limit and their accumulation
and their release. Undertakings need the equalization reserves.

In the literature, the Swiss equalization reserves are not studied, and Swiss undertak-
ings do not publish how their equalization reserves are handled. This paper fills the gap
and starts the discussion about the equalization reserves.
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Disclosing the equalization reserves reveals the financial cushion of the undertaking
and could awaken the covetousness of some greedy short-term investors.

Equalization reserves should smooth the volatility of the case reserves, which should
be studied in detail, being a further research topic. Another further research topic could be
a study about the determination of the optimal upper limit of the equalization reserves. The
basis of this paper is the restated equalization reserves. Thus, the study could be enriched
by using the equalization reserves reported by the undertakings. In addition, a future
research direction could be the impact of the equalization reserves on the (tied) assets.

6. Conclusions

In this paper, we use publicly available data from FOPI and FINMA to restate the
equalization reserves for the years 1997 to 2018 for reinsurance and for non-life under-
takings in Switzerland and we analyze the relationship between these equalization re-
serves and the profit and loss items, using a GAM and a GLM model. The analysis
is limited to 799 observations for reinsurance undertakings and to 413 observations for
non-life undertakings.

For reinsurance undertakings, the equalization reserves depend on the equalization
reserves of the previous year, on the calendar year, on the legal form, on the technical
result, on the administration and commission costs and on other costs. The GAM model
performs better than the GLM one for reinsurance undertakings. For non-life undertakings,
the equalization reserves depend on the net claims payments, on the equalization reserves
of the previous year, on the net change in claims reserves without change in equalization
reserves, on the calendar year and on the net earned premium. The GLM model performs
better than the GAM one, for non-life undertakings.

We figure out the use of the equalization reserves for reinsurance and for non-life
undertakings: accumulation and release of the equalization reserves are observed. Based
on the GAM model, we note that reinsurance and non-life undertakings, having small
equalization reserves of the previous year, would release the equalization reserves. From
the GAM and from the GLM model, we note that, compared to captives, professional
reinsurers tend to build more equalization reserves.

We illustrated that by fixing the accumulation and the release of the equalization
reserves within the business plan, no tax advantage could be gained out of the equalization
reserves. The equalization reserves belong to the policyholder and to the portfolio.

The discussion about the disclosing of the equalization reserves should be restarted.
After finding a positive consensus, the analysis could be repeated based on more

observations and real figures.
Reinsurance and non-life undertakings should reflect whether the definition of the

equalization reserves, fixed in the business plan, should be linked to the outcome of the
capital modeling for insurance/reserving risk or linked to other profit and loss items or on
a mixture of both.

Another future research question could be derived: do the equalization reserves impact
the variance of the technical reserves within the statutory accounts for an undertaking?
Furthermore, a future research topic could be the missing explanation as to why the last
iteration improves the GAM model when defining the best GAM model, whereby the
selected last explanatory variable is highly correlated to an already identified one.

The work is limited to publicly available data, whereby the equalization reserves were
restated. To improve the GAM and the GLM model, the database should take the reported
equalization reserves as a basis. First, this would enlarge the number of observations the
analysis is based on. Second, the restated equalization reserve could be replaced by the
observation, avoiding unnecessary inaccuracies.
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Appendix A. Main Changes within FOPI’s and FINMA’s Reporting

The appendix starts in Appendix A with a short overview of the main changes within
FOPI’s and FINMA’s reporting. In Appendix B the source of the available explanatory
variables within the R model is presented: once for FOPI in Table A1 and once for FINMA in
Appendix B.2. Thereafter, in Appendix C the relative frequency of all available explanatory
variables is presented: once for reinsurance undertakings in Appendix C.1 and once for
non-life undertakings in Appendix C.2. In Appendix D the fit of the response variable’s
distribution function, equalization reserves, is depicted for reinsurance and for non-life
undertakings. Then, in Appendix E the AIC values for reinsurance and for non-life under-
takings are shown. Finally, in Appendix F the parameters of the evtree for reinsurance
and for non-life undertakings are listed.

FOPI and FINMA have disclosed the figures in a slightly different setup. The main
changes are:

• For life undertakings, FINMA changed the presentation of the number of individual
and collective contracts and the sum insured, written directly in Switzerland;

• For non-life undertakings, FINMA changed the presentation of the number of contracts
and number of risks, written directly in Switzerland;

• For life and for non-life undertakings, FINMA changed the presentation of the equal-
ization reserves, written directly in Switzerland;

• For life undertakings, FINMA publishes the written periodic premium of the direct
business in Switzerland;

• FOPI published the number of workers within the insurance industry;
• FOPI published the profit and loss and the balance sheet information of each single

(re-)insurance, undertaking each in one file. Furthermore, FOPI published these gross
and net items; FINMA publishes only the net ones;

• For non-life undertakings, FOPI published tied assets information, whereas FINMA
publishes tied assets for life and non-life undertakings within one file. Furthermore,
the composition of “Sollbetrag” changed over time.

finma.ch/FinmaArchiv/bpv/e/dokumentation/00439/01389/index.html?lang=en
finma.ch/FinmaArchiv/bpv/e/dokumentation/00439/01389/index.html?lang=en
finma.ch/en/documentation/archiv/insurers-reporting-portal/
finma.ch/en/documentation/archiv/insurers-reporting-portal/
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Appendix B. Source of the Available Explanatory Variables

Appendix B.1. FOPI’s Available Explanatory Variables

Table A1. FOPI published the files “Jahresrechnungen” in each calendar year for each undertaking.
This is the source of the available explanatory variables for reinsurance and non-life undertakings.

Variable FOPI’s Title and Calculation Cell

ACC Aufwendungen für den Versicherungsbetrieb für eigene Rechnung C32
COA Calendar Year - Foundation Year (as stated in Zefix)
LEF Included in the name of the undertaking (as stated in Zefix)

NCR_woD_ER Veränderung der Schadenrückstellungen für eigene Rechnung C19
NCR_woD_ER = C19 + ER− ERP

NEP Verdiente Prämien für eigene Rechnung C9
NOR Nicht anderweitig auszuweisende Veränderung vt. Nettorückstellungen C21
NPA Zahlungen für Versicherungsfälle für eigene Rechnung C16

OCC
Nicht realisierte Verluste aus Kapitalanlagen für anteilgebundene Lebensversicherungen C33

Sonstige vt. Aufwendungen für eigene Rechnung C34
OCC = C33 + C34

OIN

Der technischen Rechnung zugeordneter Zinsertrag für eigene Rechnung C10
Nicht realisierte Gewinne aus Kapitalanlagen für anteilgebundene Lebensversicherungen C11
Sonstige vt. Erträge für eigene Rechnung C12
OIN = C10 + C11 +C12

TRE Ergebnis der vt. Rechnung C35
YEA Calendar Year

“vt.” stands for versicherungstechnisch. Zefix is the Swiss Companies’s register.

Appendix B.2. FINMA’s Available Explanatory Variables

Table A2. FINMA published the data within a “cube” for the years 2008 to 2018. Section “Bilanz
and Erfoglsrechnung” is the source of the available explanatory variables for reinsurance and non-
life undertakings.

Variable FINMA’s Title and Calculation Section

ACC Aufwendungen für den Versicherungsbetrieb für eigene Rechnung Erfolgsrechnung - Aufwand
COA Calendar Year - Foundation Year (as stated in Zefix)
LEF Included in the name of the undertaking (as stated in Zefix)

NCR_woD_ER
Veränderung der Rückstellungen für Versicherungsfälle/ Erfolgsrechnung - Aufwand

Schadenrückstellungen (Leben und Schaden) vt. Aufwand
NCR_woD_ER = ∆claims reserves + ER− ERP

NEP Versicherungstechnische Erträge Erfolgsrechnung - Ertrag

NOR

Veränderung der übrigen vt. Erfolgsrechnung - Aufwand
Verbindlichkeiten für eigene Rechnung (Leben) vt. Aufwand
=: X1
Veränderung der übrigen vt. Erfolgsrechnung - Aufwand
Verbindlichkeiten für eigene Rechnung (Schaden) vt. Aufwand
=: X2
NOR = X1 + X2

NPA Zahlungen für Versicherungsfälle für eigene Rechnung Erfolgsrechnung - Aufwand
(Leben und Schaden) vt. Aufwand

OCC Sonstige Aufwendungen aus der Versicherungstätigkeit Erfolgsrechnung - Aufwand
OIN Sonstige Erträge aus der Versicherungstätigkeit Erfolgsrechnung - Ertrag

TRE
vt. Aufwendungen Erfolgsrechnung - Aufwand

=: X3
TRE = NEP + OIN + X3 + OCC + ACC

YEA Calendar Year

“vt.” stands for versicherungstechnisch. FINMA’s cube offers the possibility to download the data as selected; we
state the section where the items are reported. Income items have positive and costs negative signs. Zefix is the
Swiss Companies’s register.
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Appendix C. Relative Frequency

Appendix C.1. Relative Frequency—Reinsurance Undertakings
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Figure A1. Relative frequency of the equalization reserves (ER) and of the one of the prior year (ERP)
for reinsurance undertakings. The figure presents twice the relative frequency of ERP: once sliced by
the optimal bin out of our model and once sliced by equal bands, whereby the last band includes all
remaining higher observations.
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Figure A2. Relative frequency of the net earned premium (NEP) and of the calendar year (YEA) of
reinsurance undertakings. The figure presents twice the relative frequency of the NEP: once sliced by
billion and once sliced by million, whereby the last band includes all remaining higher observations.
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Figure A3. Relative frequency of the insurance cost for reinsurance undertakings: net claims pay-
ments (NPA), net change in claim reserves without change in ER (NCR_woD_ER) and net change
in other technical reserves (NOR). The figure presents twice the relative frequency of the NPA,
NCR_woD_ER and NOR: once sliced by billion and once sliced by million, whereby the last band
includes all remaining higher observations.
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Figure A4. Relative frequency of the operation cost, administration cost and commission (ACC) and
other costs (OCC), and of the other income (OIN) for reinsurance undertakings. The figure presents
twice the relative frequency of ACC, OCC and OIN: ACC and OCC are once sliced by the optimal
bin out of our model and once sliced by equal bands. OIN is once sliced by billion and once sliced
by million.
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Figure A5. Relative frequency of the technical result (TRE) and of the company age (COA) for
reinsurance undertakings.

Appendix C.2. Relative Frequency—Non-Life Undertakings
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Figure A6. Relative frequency of the equalization reserves (ER) and of the one of the prior year (ERP)
for non-life undertakings. The figure presents twice the relative frequency of ERP: once sliced by
the optimal bin out of our model and once sliced by equal bands, whereby the last band includes all
remaining higher observations.
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Figure A7. Relative frequency of the net earned premium (NEP) and of the calendar year (YEA) for
non-life undertakings. The figure presents twice the relative frequency of the NEP: once sliced by
the optimal bin out of our model and once sliced by equal bands, whereby the last band includes all
remaining higher observations.
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Figure A8. Relative frequency of the insurance cost for non-life undertakings: net claims pay-
ments (NPA), net change in claim reserves without change in ER (NCR_woD_ER) and net change
in other technical reserves (NOR). The figure presents twice the relative frequency of the NPA
and NCR_woD_ER: once sliced by the optimal bin out of our model and once sliced by equal
bands, whereby the last band includes all remaining higher observations. NOR is sliced in two
different intervals.
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Figure A9. Relative frequency of the operation cost, administration cost and commission (ACC) and
other costs (OCC), and of the other income (OIN) for non-life undertakings. The figure presents
twice the relative frequency of ACC, OCC and OIN: ACCand OCC are once sliced by billion and
once sliced by million. OIN is sliced in two different intervals.
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Figure A10. Relative frequency of the technical result (TRE) and of the company age (COA) of
non-life undertakings. The figure presents twice the relative frequency of TRE: once sliced by billion
and once sliced by million.

Appendix D. Fit of the Distribution Function of the Equalization Reserves
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Figure A11. Fit of distribution of the equalization reserves for reinsurance undertakings.
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Figure A12. Fit of distribution of the equalization reserves for non-life undertakings.

Appendix E. Model Output—AIC Values

Table A3. AIC values of the explanatory variables for the reinsurance undertakings.

AIC Iteration 1 Iteration 2 Iteration 3 Iteration 4 Iteration 5 Iteration 6
ACC 3761 3466 3303 3257 3232 0
COA 3894 3466 3354 3262 3252 3259
ERP 3528 0 0 0 0 0
LEF 3888 3468 3289 0 0 0

NCR_woD_ER 3854 3519 3378 3274 3247 3224
NEP 3742 3466 3312 3257 3241 3233
NOR 3885 3521 3402 3286 3256 3234
NPA 3744 3478 3314 3261 3249 3234
OCC 3885 3518 3401 3283 3248 3218
OIN 3824 3507 3343 3264 3241 3221
TRE 3816 3489 3357 3256 0 0
YEA 3820 3406 0 0 0 0

Table A4. AIC values of the explanatory variables for the non-life undertakings.

AIC Iteration 1 Iteration 2 Iteration 3 Iteration 4 Iteration 5
ACC 14,952 14,895 14,929 14,585 14,493
COA 15,076 14,995 14,677 14,643 14,608
ERP 14,999 14,793 0 0 0

NCR_woD_ER 14,971 14,942 14,591 0 0
NEP 14,948 14,946 14,930 14,572 14,485
NOR 15,020 14,948 14,932 14,583 14,501
NPA 14,944 0 0 0 0
OCC 15,006 14,949 14,992 14,588 14,500
OIN 15,003 14,908 14,866 14,593 14,501
TRE 15,000 14,946 14,926 14,593 14,502
YEA 15,070 14,957 14,674 14,500 0
LEF 15,052 14,828 14,747 14,592 14,502
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Appendix F. Parameters of evtree

Table A5. Parameters of the evtree for reinsurance undertakings.

Reinsurance
Explanatory A α̂ B b̂ # ClassesVariables

ERP
{1, 1.5, 2, . . . , 9.5,
10, 15, 20, . . . , 95,

100, 150, 200, . . . , 950}

2 {5, 10, 15, 20, 25, 30, 35, 50} 30 3
YEA 950 {10} 10 2
TRE 950 {10, 20, 30, 50, 100} 20 2
ACC 1 {5, 10, 15, 20, 30} 15 7
OCC 15 {5, 10, 15, 20, 30} 5 4

For all explanatory variable the same set A is used.

Table A6. Parameters of the evtree for non-life undertakings.

Non-Life
Explanatory A α̂ B b̂ # ClassesVariables

NPA {1, 1.5, 2, . . . , 9.5,
10, 15, 20, . . . , 95,

100, 150, 200, . . . , 950}

1 {5, 10, 15} 5 7
ERP 4.5 {5, 10, 15, 50, 100} 15 8

NCR_woD_ERP 2.5 {5, 10, 15} 10 8
NEP 7 {5, 10, 15} 10 5

For all explanatory variable the same set A is used.

Notes
1 In German: Versicherungsaufsichtsgesetz—VAG, see ISA (2006).
2 In German: Aufsichtsverordnung—AVO, see ISO (2006).
3 In FINMA (2011) the German expression “Schwankungsrückstellungen” is used.
4 For non-life undertakings the German expression “Sicherheits- und Schwankungsrückstellungen” is used to reflect the nature of

the reserves “safety” and “fluctuation”. In this paper we simplify this expression by using the name “equalization reserves”;
however, another reasonable name would be “fluctuation reserves”.

5 For the Credit Insurance line of business a methology is given; see Swiss Confederation (1993).
6 In FER (Foundation for Accounting and Reporting Recommendations 2018) the German words “Schwankungsrückstellungen”

and “Sicherheitsrückstellungen” are used; in this paper we refer with “equalization reserve” to both of these reserves.
7 With respect to Art. 958 of OR, the financial statements comprise balance sheet, profit and loss accounts and the notes of these

accounts; the financial statements “must be signed by the chair-person of the supreme management or administrative body and
the person responsible for financial reporting within the undertaking”.

8 The statutory accounting is the basis for the calculation, see FINMA (2019c), whereby the Swiss Code of Obligations (OR)
regulates the statutory accounting, see Swiss Confederation (1912).

9 For the years 1997 to 2018, the structure of the name of the statistical files is, as follows: two letters, two figures, followed by one
letter. The first two letters mark the type of insurance such as reinsurance or non-life undertakings. The two figures refer to the
line of business, in general. The last letter indicates the reporting item, in general.

10 In German: “Pauschalrückstellung”.
11 In order to keep the terminology simple, we use the word “reinsurance” designated for both captives and for professional

reinsurers. In the subsection for reinsurance, we are more precise.
12 Burnham and Anderson (2004) study AIC and explain the relationship between reasonable data and a good model by separating

“information” and “noise”. “Here, information relates to the structure of relationships, estimates of model parameters, and
components of variance. Noise, then, refers to the residuals: variation left unexplained.” Burnham and Anderson (2004).

13 To cite Fridley (2010): “GAMs take each predictor variable in the model and separate it into sections (delimited by ‘knots’), and
then fit polynomial functions to each section separately, with the constraint that there are no kinks at the knots (second derivatives
of the separate functions are equal at the knots).”

14 Simplicity within the notation is made; for i = 1 we define X\{x1, . . . , x0} = X. Furthermore, we neglect that categorial variables
should not have any smoothing functions.

15 Grubinger et al. (2014) explain that the parameter alpha of an evtree “regulates the complexity part of the cost function.
Increasing values of alpha encourage decreasing tree sizes.”
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16 Notation is simplified: e.g., CHF 3.53 billion (Swiss Re 2001) is the shortcut for “the reinsurance undertaking Swiss Re reports in
the calendar year 2001 CHF 3.53 billion”.
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