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Abstract:



This article provides a case study that analyzes national macroprudential insurance regulation in Switzerland. We consider an insurance market that is based on data from the Swiss private insurance industry. We stress this market with several scenarios related to financial and insurance risks, and we analyze the resulting risk capitals of the insurance companies. This stress-test analysis provides insights into the vulnerability of the Swiss private insurance sector to different risks and shocks.
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1. Introduction


The insurance market is an important sector to the real economy. On the one hand, insurance companies provide financial services such as protection against financial losses and channeling savings into investments. On the other hand, they act as large investors supporting government, financial institutions and economy with capital. To ensure the proper functioning of the insurance industry, the companies are regulated by supervisory authorities. Their target is that each insurance company is able to meet its obligations towards its policyholders, even under adverse scenarios. For instance, in Switzerland private insurance companies are monitored by the Swiss Financial Market Supervisory Authority (FINMA). Its supervisory tool is the Swiss Solvency Test (SST) [1], which analyzes the balance sheet exposures and the solvability of an insurance company. This solvency test considers whether the risk capacity of the company is sufficient to run its business safely. Each Swiss private insurance company has to pass this SST on a stand-alone and annual basis.



Because of their similar underlying business, insurance companies invest into the same asset classes and they share the same liability classes. Consequently, the companies are exposed to the same risk factors so that adverse scenarios may disrupt these companies at the same time. This may imply that a large proportion of the companies cannot maintain their business, which may result in a severe shortage of the overall provided services. Therefore, it is of great importance that the insurance industry as a whole is resilient to adverse scenarios. This motivates us to consider the (Swiss) insurance market from a macroprudential perspective. This can be achieved by considering a network of insurers, where the companies are linked through common asset and liability classes. Moreover, these companies are linked through reinsurance agreements and through the holding of participations in other companies of the insurance market.



The structure of this insurance network is crucial for its vulnerability to financial shocks. One crucial characteristic of this structure is market concentration. A high market concentration may imply that the business of failed companies cannot be provided and maintained by other companies. Sources of high market concentration are the lack of competition, low price levels of premiums, and legal and regulatory constraints, see [2]. Figure 1 presents the market shares (based on earned premiums) of the three largest Swiss insurers for selected lines of business in year 2014. We observe rather high market concentration in many business lines.


Figure 1. Market shares based on earned premiums of the three largest Swiss insurers in selected lines of business in year 2014, see [3]. The values shown are additive and different colors reflect different insurers/groups.



[image: Risks 04 00047 g001]






Another crucial feature are investment and regulatory guidelines imposed by the supervisory authority. These guidelines may be reasonable for individual companies, but they may restrict asset portfolio choices too strongly so that several insurers have common investment strategies. These insurers are then exposed to very similar risks, and shocks may impact them simultaneously. This may also amplify the negative effects of their potential pro-cyclical behavior, see [2,4]. Figure 2 illustrates the asset allocations of 11 large Swiss life insurers by the end of year 2014. We observe that these insurers have very similar asset allocations.


Figure 2. Asset allocations of 11 large Swiss life insurers by the end of year 2014, see [3]. The values shown are in percentage (lhs) and in billion Swiss franc (rhs), respectively.
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For a more comprehensive overview of the risk drivers of an insurance market we refer to [2].



In this study we analyze the vulnerability of the Swiss insurance market as a whole to different risks, given its network structure. We introduce different stress scenarios and study their impact on the insurance network from a macroprudential point of view. The scenarios considered reflect two types of risks: financial market risks and insurance risks. Additionally, for these scenarios we study possible cascade effects arising from the network structure of the insurance market and from policyholder behavior. Such cascade effects are typically not considered in classical regulatory frameworks.



Besides classical financial risks, we also consider insurance risks that may impact the entire insurance industry, such as catastrophic events or changes in legislation. As an example for the latter, legal changes in the social security system may lead to a large number of (unexpected) disability claims for private companies offering accident insurance. Another example is that legislation and government in Switzerland decide on minimal financial guarantees and conversion rates in the pension system. This may heavily impact the life insurance sector, see the discussion on longevity in [5].



We define corresponding stress scenarios and investigate their impacts on the balance sheets of the insurance companies in Switzerland. This macroprudential analysis provides insights into the ability of the Swiss insurance market to absorb or to augment different risks and shocks.



Literature review. The macroprudential perspective is closely related to the concept of systemic risk; for an overview of the existing literature on systemic risk in insurance we refer to [6]. The latter reference analyzes the ability of the insurance industry to disrupt the financial market. It is indeed observed that insurers may contribute to the instability of the financial sector, especially through their noncore activities, see [7,8,9,10,11]. These observations are based on systemic risk measures that allow for the study of the interconnectedness between insurers and other financial institutions, see [12,13,14]. Such measures were also applied to parts of the European insurance industry, see [15]. Network analysis of the EU insurance sector is considered in [16], and its interconnectedness with the European banking sector analyzed in [17]. For further mathematical analysis of systemic risk in financial networks we refer to [18]. For a discussion on macroprudential regulatory frameworks we refer to [19,20,21].



In another stream of literature it is argued that a disruption of the insurance market does not have severe consequences to the financial sector, see [22,23,24,25]. In a similar spirit, [26] argues that the Swiss insurance market may not be systemic. Conversely, disruptions of the financial market may impact the insurance industry. Corresponding stress test analyses have been performed for some European countries, see for instance [27]. A stress test analyzing the wider European insurance market as a whole was performed by [28], see also [29]. The Swiss insurance market is not part of these studies. The present case study provides a stress test analysis of the Swiss insurance market by shocking this market with different scenarios. In contrast to the other studies, we also consider potential cascade effects resulting from these scenarios. Moreover, we explain in detail how the stress scenarios impact the balance sheet positions of a company, this also considers possible network effects. Additionally, to design the financial scenarios we consider market dependencies that are calibrated from historical data provided by FINMA [30]. This also allows us to back-test the scenarios and model calibration.



Outline of this paper. In the next section we formally introduce the market, in which we describe insurance companies and their balance sheets. Section 3 and Section 4 discuss the changes in the balance sheet positions when different risk factors are stressed. In Section 5 we provide a case study based on data from the Swiss private insurance market. We introduce an insurance market that has features similar to those of the Swiss market, see Section 5 for details. Then, we stress this market with different scenarios and analyze their impacts on the balance sheet positions of the insurance companies.




2. Insurance Market and Balance Sheet Structure


In this section we formally introduce the insurance market in which we study the impact of different risks. In Section 2.1 we describe insurance companies by their balance sheets and we link the companies through their investments and business. The different asset and liability classes are specified in more detail in Section 2.2.



2.1. Insurance and Financial Market


Denote by [image: there is no content] the number of insurance companies considered in the market. We assume that each insurer [image: there is no content] can invest into [image: there is no content] different asset classes [image: there is no content], [image: there is no content]. Its liabilities can be allocated to [image: there is no content] different liability classes [image: there is no content], [image: there is no content]. The balance sheet of company i is denoted by [image: there is no content] and is described by a vector


Vi=Vi(a1),…,Vi(aJ),Vi(l1),…,Vi(lK),Vi(r),Vi(e),








where the components are defined as follows:

	
[image: there is no content] denotes the (market-consistent) value of company i’s investment into asset class [image: there is no content], j=1,…,J.



	
[image: there is no content] denotes the total liabilities of company i in liability class [image: there is no content], [image: there is no content]. This value is before (gross of) reinsurance.



	
[image: there is no content] denotes the total reinsured part of the gross liabilities of company i. Hence, the net liabilities faced by company i is given by [image: there is no content].



	
[image: there is no content] is the resulting own equity of company i that reflects its risk bearing capital.








We denote by [image: there is no content] the total market capitalization of asset class [image: there is no content] for [image: there is no content]. Note that


∑i=1IVi(aj)≤Aj,








because the insurance market shares asset class [image: there is no content] with other financial institutions. We may now think of the insurance market forming a network, since the insurers share the same asset and liability classes and they exchange reinsurance contracts. This implies that they are exposed to the same risk factors that link the insurance companies.



Additionally, asset classes themselves form a network with interacting asset classes. This second network will play the role of a feedback network to the insurance network. In particular, a relative change in total value [image: there is no content] of asset [image: there is no content] may also induce a change in total asset value [image: there is no content] of asset class [image: there is no content] for [image: there is no content] due to market dependencies. These changes may then influence [image: there is no content] and [image: there is no content] simultaneously, and potentially other items of the balance sheets [image: there is no content]. More details are given in Section 3 and Section 4.




2.2. Balance Sheet Structure


We structure the balance sheets [image: there is no content] according to the Swiss Solvency Test (SST) guidelines, see for instance [30]. We choose Swiss franc (CHF) as the domestic currency and, for simplicity, we only consider euro (EUR) and U.S. dollar (USD) as foreign currencies. For term-dependent asset and liability classes we consider maturity buckets [image: there is no content] {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30}; here, [image: there is no content] represents times to maturity of 10−12 years, [image: there is no content] represents 13−17 years, [image: there is no content] represents 18−24 years and [image: there is no content] represents times to maturity of at least 25 years. To simplify notation, we set


T={1,2,3,4,5,6,7,8,9,10,15,20,30};C={CHF,EUR,USD};R={RF,AAA,AA,A,BBB,BB},








where [image: there is no content] lists credit ratings for term-dependent assets. Rating RF corresponds to risk-free assets. These we define to be term-dependent assets whose valuations do not consider any credit spread, see next paragraph. We use this balance sheet structure for our analysis, but it can easily be extended.



Table 1 lists the asset classes considered. We consider term-dependent assets, i.e. fixed-income securities, loans and mortgages, for different maturities [image: there is no content], ratings [image: there is no content] and currencies [image: there is no content] as separate asset classes. By the SST guidelines, real estate is considered to be term-independent. We assume that only government bonds with currencies CHF and USD are considered to be risk-free assets, and that mortgages have rating [image: there is no content]. This is in line with the SST guidelines, see [31]. However, we include all ratings to every term-dependent asset in order to have a consistent notation. If there is not a currency explicitly mentioned, the underlying currency is assumed to be CHF.



Table 1. Asset and liability classes under consideration, including their notation. The upper indexes run over maturity buckets [image: there is no content], currencies [image: there is no content] and ratings [image: there is no content], respectively.







	
Asset Classes [image: there is no content]

	

	
Liability Classes [image: there is no content]

	






	
real estate:

	

	
insurance provisions for

	




	
 − residential real estate

	
[image: there is no content]

	
 − collective life insurance:

	




	
 − commercial real estate

	
[image: there is no content]

	
  occupational benefits insurance

	
[image: there is no content]




	
participations in

	

	
 − individual life insurance:

	




	
 − other network participants

	
[image: there is no content]

	
  endowment insurance

	
[image: there is no content]




	
 − real estate related firms

	
[image: there is no content]

	
  pension annuities

	
[image: there is no content]




	
 − others

	
[image: there is no content]

	
  unit-linked life insurance

	
[image: there is no content]




	
fixed-income securities

	
[image: there is no content]

	
  other individual life insurance

	
[image: there is no content]




	
loans

	
[image: there is no content]

	
 − non-life insurance:

	




	
mortgages

	
[image: there is no content]

	
  accident insurance

	
[image: there is no content]




	
equity

	
[image: there is no content]

	
  health insurance

	
[image: there is no content]




	
collective investments in

	

	
  motor insurance

	
[image: there is no content]




	
 − real estate funds

	
[image: there is no content]

	
  property insurance

	
[image: there is no content]




	
 − equity investment funds

	
[image: there is no content]

	
  casualty insurance

	
[image: there is no content]




	
 − others

	
[image: there is no content]

	
  other non-life insurance

	
[image: there is no content]




	
alternative investments in

	

	
 − business abroad

	
[image: there is no content]




	
 − hedge funds

	
[image: there is no content]

	
 − backing cover

	
[image: there is no content]




	
 − private equity

	
[image: there is no content]

	
liabilities from insurance and

	




	
 − others

	
[image: there is no content]

	
investment activities

	
[image: there is no content]




	
investments from unit-linked life insurance

	
[image: there is no content]

	
other liabilities

	
[image: there is no content]




	
cash and other assets

	
[image: there is no content], [image: there is no content]

	

	










Table 1 also lists the liability classes considered. Typically, the largest liability class of an insurer consists of its insurance provisions (reserves) for different lines of business. For each line of business we consider the provisions for different expected maturity dates [image: there is no content] separately. Note that, except for business abroad, the underlying currency is assumed to be CHF. This is because we aim at studying the local business. Below, we may further categorize some lines of business because of the different structures of their payment patterns. For example, for accident insurance we distinguish between insurance provisions for annuities and for short/long-term liabilities.





3. Risk Factors and Their Impact on the Market


In the previous section we have introduced the insurers’ balance sheets [image: there is no content] and the financial market. We will shock these by stressing risk factors which we categorize into two groups: in Section 3.1 we consider financial market risk factors, and in Section 3.2 we consider other risk factors that do not directly impact the total market capitalizations, such as biometric risks and risks arising from policyholder behavior.



We denote the risk-free zero-coupon rates by [image: there is no content] for currency [image: there is no content] and maturity bucket [image: there is no content]. The credit spreads are denoted by [image: there is no content] for currency [image: there is no content] and rating [image: there is no content]. Here, the spreads for a given currency and a given rating are assumed to be constant over different maturities. Recall that rating [image: there is no content] corresponds to term-dependent assets where no credit spread is added to the risk-free rates. Therefore, we set [image: there is no content] for all [image: there is no content], throughout.



3.1. Market Risk Factors


We consider the market risk factors listed in Table 2, their changes are denoted by [image: there is no content]. The changes in zero-coupon rates and credit spreads are assumed to be absolute changes. The changes in the remaining market risk factors are considered to be relative changes. As an example, a change [image: there is no content] implies a new exchange rate EUR/CHF given by [image: there is no content] times the previous rate. We set [image: there is no content] and [image: there is no content] for each [image: there is no content], throughout. Shocking risk factors will result in [image: there is no content] being different from 0.



Table 2. Market risk factors considered, including the notation for their changes. The lower indexes run over maturity buckets [image: there is no content], currencies [image: there is no content] and ratings [image: there is no content], respectively.







	
Market Risk Factors

	






	
zero-coupon rates

	
[image: there is no content]




	
credit spreads

	
[image: there is no content]




	
exchange rates

	
[image: there is no content]




	
equity

	
[image: there is no content]




	
hedge funds, private equity and real estate funds

	
[image: there is no content], [image: there is no content], [image: there is no content]




	
residential real estate and commercial real estate

	
[image: there is no content], [image: there is no content]




	
participations

	
[image: there is no content]










Changes in market risk factors affect the total market capitalizations of the asset classes listed in Table 1. In turn, these changes impact each insurer’s balance sheet. This is explained next.



Fixed-income securities, loans and mortgages. The relative change in the total market capitalization of fixed-income securities with underlying currency [image: there is no content], maturity date [image: there is no content] and rating [image: there is no content] is given by


ΔAbondsw,t,rAbondsw,t,r=1+ΔZwFX1+ΔZw,tzeros+ΔZw,rspreads1+rw,t+sw,r−t−1.











Similarly for loans and mortgages.



Equity and equity investment funds. The relative changes in total market capitalizations of equity for currency [image: there is no content] and of equity investment funds are given by


ΔAequitywAequityw=1+ΔZwFX1+ΔZwequity−1andΔAci,efAci,ef=ΔZCHFequity,








respectively.



Participations. The relative change in market capitalization of participations in real estate related firms is modeled by


ΔApart,rewApart,rew=1+ΔZwFX1+ΔZre,r+ΔZre,c2−1,








for [image: there is no content]. The relative change in total market capitalization of participations in other firms, except other network participants, is given by


ΔApart,owApart,ow=1+ΔZwFX1+ΔZpart−1,








for [image: there is no content].



Remark 1.

Observe that a company [image: there is no content] of the insurance market may hold participations in other network participants, its total investment is denoted by [image: there is no content]. The change in value of an investment in network participant [image: there is no content] is dependent on the risk bearing capital of company [image: there is no content]. This will be modeled more explicitly in Section 4.





Other asset classes. The market capitalizations of the asset classes in {hedge funds, private equity, real estate funds, residential real estate, commercial real estate, cash} are influenced by the market risk factors in Table 2 in the intuitive way. For simplicity, we assume that the asset classes [image: there is no content], [image: there is no content] and [image: there is no content] are not influenced by changes in market risk factors. Due to the strong linkage of a company’s investments from unit-linked life insurance to its corresponding insurance provisions we assume that changes in these two positions are equal. Hence, a change in value of these investments does not affect the insurer’s risk bearing capital. As such, we forgo modeling impacts on asset class [image: there is no content] due to changes in the market risk factors.



The changes in total market capitalizations described above directly impact the value of each insurer’s investments. The relative change in value of company i’s investment into asset class [image: there is no content] is modeled by


ΔVi(aj)Vi(aj)=ΔAjAj,








for each asset class [image: there is no content] listed in Table 1 and each insurer [image: there is no content].



Changes in market risk factors also impact the liability side of an insurer’s balance sheet. For simplicity, we assume that the market risk factors only affect the insurance provisions, see Table 1. Note that these typically form the largest position on the liability side. Recall that [image: there is no content] denotes company i’s gross value of the outstanding liabilities with expected maturity date [image: there is no content] for line of business [image: there is no content]. The relative change in this value is given by


ΔVi(lkt)Vi(lkt)=1+ΔZCHF,tzeros1+rCHF,t−t−1,








for each line of business [image: there is no content] listed in Table 1 (except business abroad and unit-linked life insurance) and each [image: there is no content]. Similarly for business abroad and for the relative change in reinsured liabilities.



Finally, the relative change in the own equity [image: there is no content] of insurer [image: there is no content] is given by


ΔVi(e)Vi(e)=1Vi(e)∑jVi(aj)ΔAjAj−∑kΔVi(lk)+ΔVi(r).











Remark 2.

For the case study provided in Section 5 we approximate the changes in the market risk factors listed in Table 2, except [image: there is no content] and [image: there is no content], by a multivariate normal distribution with mean vector being the null vector and a predefined positive definite covariance matrix. This is in line with the SST guidelines, see [31], and allows us to model market dependencies. In fact, the only property of this approximation we explicitly need in our analysis is the following: conditionally given fixed changes in selected market risk factors, the conditional changes in the remaining risk factors have again a multivariate normal distribution with mean vector and covariance matrix given by Lemma 1, below, see for instance [32]. We emphasize that the tail of the normal distribution is not used, because we will stress-test selected risk classes and analyze the conditionally expected influence on the remaining risk classes. More precisely, for the case study in Section 5 we consider stress scenarios defined as follows: we predefine changes [image: there is no content] in selected market risk factors and, given these changes, we consider the conditionally expected changes [image: there is no content] in the remaining components according to Lemma 1. We set [image: there is no content] and [image: there is no content]. We will illustrate this in the figures in Section 5.1 by showing the predefined risk factor changes [image: there is no content] in green color and the conditionally expected changes [image: there is no content] in the other risk factors in orange color. Given these changes in the risk factors, we update the market capitalization of each asset and the balance sheet of each company accordingly, as described above.





Lemma 1.

Fix [image: there is no content]. Let [image: there is no content] have a multivariate normal distribution with mean vector [image: there is no content] and positive definite covariance matrix [image: there is no content]. Let [image: there is no content] and write [image: there is no content] with [image: there is no content] and [image: there is no content]. Accordingly, we write


μ=(μ1′,μ2′)′andΣ=Σ11Σ12Σ21Σ22,








with [image: there is no content], [image: there is no content] and [image: there is no content]. Then, the conditional distribution of [image: there is no content], given [image: there is no content], is again a multivariate normal distribution with mean vector [image: there is no content] and positive definite covariance matrix [image: there is no content] given by


μ2|1=μ2+Σ21Σ11−1y1−μ1andΣ22|1=Σ22−Σ21Σ11−1Σ12.








Thus, [image: there is no content] describes the conditionally expected outcome in [image: there is no content], given [image: there is no content].






3.2. Further Risk Factors and Cascade Effects


For the case study in Section 5 we consider further risks that do not directly impact the total market capitalization. Examples are biometric risks and risks arising from policyholder behavior. In this section we discuss some of these risks and their impact on the balance sheets. Note that some of these risks may arise as cascade effects triggered by changes in the market risk factors as discussed in Section 3.1.



Longevity risk. We only consider longevity risk for life and accident insurance. Let [image: there is no content] be the probability of a policyholder with age [image: there is no content] to die within the current accounting year [image: there is no content]. Denote by [image: there is no content] the probability of a policyholder who is aged [image: there is no content] in accounting year [image: there is no content] to die within that accounting year t. We assume that [image: there is no content], [image: there is no content], is of the form


qx,t=qx,0e−λx,t,








for some [image: there is no content]. We model longevity risk by considering a relative change in [image: there is no content], denoted by [image: there is no content], for all [image: there is no content] and [image: there is no content]. The resulting mortality rates are then given by


q˜x,t=qx,0e−(1+ΔZλ)λx,t=qx,te−ΔZλλx,t,



(1)




for [image: there is no content] and [image: there is no content], and [image: there is no content], else. The absolute change in insurance provisions resulting from the new mortality rates is given by the difference between the insurance provisions calculated using the new mortality rates [image: there is no content] and the insurance provisions calculated using the initial rates [image: there is no content].



Decline in new business. We consider a financial loss that arises due to planned but unearned future premium in new business. This assumes that administrative expenses of a company are non-linear in the earned premium on a short time scale. The unexpected relative change in new business is denoted by [image: there is no content]. We model the resulting absolute loss in cash of firm [image: there is no content] by


[image: there is no content]











Here, [image: there is no content] denotes the cost ratio of company i and [image: there is no content] denotes its expected earned premium in new business for the coming accounting year.



Lapse risk. We consider lapse risk only for individual life insurance. Lapse risk could also be considered in occupational benefit insurance (and in other lines of business). However, in contrast to individual life insurance, surrendered portfolios need to be transferred to other insurance companies or pension funds, including the investments. Therefore, the impact on the market as a whole presumably stays small. For this reason we only consider surrenders in individual life insurance, namely in unit-linked and endowment insurance. We denote the absolute change in the expected lapse rate by [image: there is no content].



The relative changes in investments and insurance provisions for unit-linked life insurance of firm [image: there is no content] due to the unexpected surrenders are assumed to be equal. We model these changes by


ΔVi(aul)Vi(aul)=ΔVi(lul)Vi(lul)=−ΔZlapse.











Here, we assume that the aggregated surrender value equals [image: there is no content] and is raised by selling the underlying investments. However, note that asset prices are typically stressed if lapse rates are unexpectedly high. Therefore, we assume that the investments [image: there is no content] can only be sold at a price which is ℓ times the booked value, for some [image: there is no content]. The remaining part [image: there is no content] of the aggregated surrender value is then, for example, raised by cash.



For endowment insurance, typically only policies with a savings part can be lapsed. For company [image: there is no content], we denote by [image: there is no content] its insurance provisions for these policies. We denote by [image: there is no content] the insurance provisions for such policies with a remaining duration of [image: there is no content] years, note that [image: there is no content]. Among all unexpected surrendered policies, let [image: there is no content] be the proportion of lapsed policies with a remaining duration of [image: there is no content] years, observe [image: there is no content]. Factors [image: there is no content] will be used to model policyholders’ surrender behavior which typically depends on the remaining duration of the individual contract. We model the relative change in insurance provisions for endowment insurance due to the unexpected surrenders by


ΔVi(lel,m)Vi(lel,m)=−ΔZlapse∑smsVi(lei,m(s))Vi(lel,m).











For company [image: there is no content], denote by [image: there is no content] the total surrender value if all its policies (with a savings part) with a remaining duration of [image: there is no content] years were lapsed. The total amount insurer i has to pay to the surrendered policyholders is assumed to be


[image: there is no content]



(2)







We assume that this amount is raised by cash or by selling investments. We further assume that these investments can only be sold at a price which is ℓ times the booked value, for some [image: there is no content]. Again, factor ℓ will be used to stress asset prices.



Lapsed policies further imply losses due to the absence of corresponding planned future premium. These losses are modeled similarly as for a decline in new business.



Other risks. Further risks such as underreserving, catastrophic events or a failure of reinsurers are discussed in the case study, see Section 5.



Remark 3.

If an insurer [image: there is no content] runs out of cash, i.e. [image: there is no content] for all [image: there is no content], we assume that it generates amount −∑w∈CVi(acashw) by selling investments. Again, we assume that all these investments can only be sold at a price which is ℓ times the corresponding value in the balance sheet, for some [image: there is no content].







4. Network Effects Followed from Changes in Risk Factors


In Section 3 we have studied risk factors and their impacts on the balance sheets of the insurers. These impacts may lead to further cascade effects. This is because of market dependencies and the network structure of the insurance market. In the following we discuss some of these effects that we consider for the case study in Section 5.



Market impact due to the sale of assets. We assume that the sale of an asset in large amounts changes its price. This, in turn, impacts each insurer investing in this asset class. Let [image: there is no content] be the total value of asset [image: there is no content] sold by all the insurers, for instance, due to unexpected lapses or a liquidity shortage. We model the relative change in the total market capitalization of asset [image: there is no content] triggered by the sales of this asset by


ΔAjAj=pj=e−αSj/Aj−1,withα>0.



(3)







Here, [image: there is no content] denotes the total market capitalization of asset [image: there is no content] (which may have changed due to changes in market risk factors), and the second equality defines the price impact [image: there is no content]. We choose α such that [image: there is no content]. This choice implies a [image: there is no content] drop in total market capitalization when [image: there is no content] of the corresponding assets were sold, and is supported by [33].



These price impacts further affect the market capitalization of other assets due to market dependencies. Since we study a local market with domestic currency CHF, we only focus on assets with this underlying currency. We model their dependencies through the market risk factors listed in Table 3 in the following way. For example, consider asset class [image: there is no content] and assume a nonzero price impact [image: there is no content]. Note that this price impact changes the total market capitalization of [image: there is no content] as if we would set [image: there is no content], see Section 3.1. Then, under the assumptions of Remark 2, the conditionally expected changes in the remaining risk factors in Table 3, except [image: there is no content], are again given by Lemma 1. We will illustrate this in the figures below, see Section 5.2, by showing the risk factor changes [image: there is no content] given by the price impact in green color, and the conditionally expected changes [image: there is no content] in the other risk factors due to market dependencies in orange color. Given these changes in the risk factors, we update the market capitalization of each asset and the balance sheet of each company as described in Section 3.1.



Table 3. Market risk factors considered for modeling the market impact caused by the sale of assets in large amounts.







	
Market Risk Factors

	






	
CHF zero-coupon rates for maturities [image: there is no content]

	
[image: there is no content]




	
CHF credit spreads for ratings [image: there is no content]

	
[image: there is no content]




	
equity for currency CHF

	
[image: there is no content]




	
hedge funds, private equity and real estate funds

	
[image: there is no content], [image: there is no content], [image: there is no content]




	
residential real estate and commercial real estate

	
[image: there is no content], [image: there is no content]










Remark 4.

If we consider a nonzero price impact of a term-dependent asset, say, [image: there is no content] for fixed-income securities with currency CHF and maturity [image: there is no content], we represent this price impact by setting


ΔZCHF,tzeros=1+rCHF,tpbondsCHF,t+1−1/t−1.








The conditionally expected changes in the remaining risk factors listed in Table 3 are then defined as above using Lemma 1. Observe that [image: there is no content] as defined above does not exactly imply changes in market capitalizations [image: there is no content] given by (3) for every rating [image: there is no content]. This is because in [image: there is no content] above we have ignored any credit spread.





Reinsurance. We do not consider any explicit links between primary insurers and reinsurers within the insurance network (except potential participations, see below). In particular, we do not specify which reinsurers take over the reinsured liabilities [image: there is no content] of firm [image: there is no content]; note that reinsurance business is typically on a global scale, whereas we consider a local insurance market. Instead, we introduce a global reinsurer that undertakes all the reinsured liabilities [image: there is no content] of the network considered. In case this global reinsurer is not able to meet all or parts of its obligations, each company [image: there is no content] pays reinsurance premiums again and increases its net values of liabilities accordingly. That is, we neglect diversification between reinsurers; for a more detailed model of a network consisting of insurers and reinsurers we refer to [34]. More details are given in Section 5.3, where we discuss a stress scenario based on the failure of reinsurers.



Participations. Consider a firm [image: there is no content] that holds participation in another insurer [image: there is no content] of the network. If the own equity of firm [image: there is no content] changes by a factor [image: there is no content], we assume that the corresponding holding of company i changes by


ΔVi(apart,ins,i′CHF)Vi(apart,ins,i′CHF)=ΔVi′(e)Vi′(e).











Here, [image: there is no content] denotes the value of participation that firm i holds in insurer [image: there is no content]. Note that [image: there is no content] denotes the total value of participations company i holds in the network, see also Remark 1.




5. Case Study Based on Data from the Swiss Private Insurance Market


In this section we aim to stress the balance sheets of the Swiss private insurance companies with different scenarios. Since we do not have access to the full information about these balance sheets, we do not consider the Swiss private insurance market directly. Instead, we stress-test an (artificial) insurance market that has features similar to those of the private insurance market in Switzerland. The insurance market considered for this case study, which we shall call CHF insurance market, involves 73 insurance companies in four different insurance branches: 15 life insurers, 28 non-life insurers, 16 health insurers and 14 reinsurers.1 The basis of their balance sheet exposures and portfolio structures is publicly available data from the Swiss market at the end of year 2013. Since this data is not complete, we had to make some additional assumptions that are based on typical insurers as well as on information provided by some Swiss private insurers. The balance sheets considered for the CHF insurance market are structured according to the SST guidelines, see Table 1. The aggregated balance sheets over all companies in each branch of insurance are illustrated in Figure A1 in Appendix A. Figure A2, Figure A3 and Figure A4 present the primary insurers’ balance sheets as well as their insurance provisions in more detail. These figures additionally indicate the market shares of primary insurers based on earned premiums. We observe a market concentration of the CHF insurance market that is similar to Figure 1. Figure A5 summarizes the balance sheets of the reinsurance companies of the CHF insurance market. Note that the balance sheets considered for this case study were adjusted for special phenomena.


Figure A1. Aggregated balance sheets for each branch of insurance as used for the case study. Assets (top) and liabilities (bottom). Values on (lhs) are relative and in percentage, values on (rhs) are absolute and in billion CHF.



[image: Risks 04 00047 g013a][image: Risks 04 00047 g013b]





Figure A2. Life insurers’ assets (top), liabilities (middle) and insurance provisions (bottom) as used for the case study. Values on (lhs) are relative and in percentage, values on (rhs) are absolute and in billion CHF. For each line of business we indicate by ▴, ⧫, ▾ the market shares based on earned premiums of the first, second and third largest insurer, respectively.



[image: Risks 04 00047 g014a][image: Risks 04 00047 g014b]





Figure A3. General insurers’ assets (top), liabilities (middle) and insurance provisions (bottom) as used for the case study. Values on (lhs) are relative and in percentage, values on (rhs) are absolute and in billion CHF. For each line of business we indicate by ▴, ⧫, ▾ the market shares based on earned premiums of the first, second and third largest insurer, respectively.



[image: Risks 04 00047 g015a][image: Risks 04 00047 g015b]





Figure A4. Health insurers’ assets (top), liabilities (middle) and insurance provisions (bottom) as used for the case study. Values on (lhs) are relative and in percentage, values on (rhs) are absolute and in billion CHF. For each line of business we indicate by ▴, ⧫, ▾ the market shares based on earned premiums of the first, second and third largest insurer, respectively.



[image: Risks 04 00047 g016a][image: Risks 04 00047 g016b]





Figure A5. Reinsurers’ assets (top) and liabilities (bottom) as used for the case study. Values on (lhs) are relative and in percentage, values on (rhs) are absolute and in billion CHF.
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Figure 3 specifies the values considered for the risk-free rates [image: there is no content] and for the credit spreads [image: there is no content], for [image: there is no content], [image: there is no content] and [image: there is no content]. These values are based on FINMA [30] as well as on Moody’s and Bloomberg indexes. Moreover, the dependencies between the market risk factors listed in Table 2 are modeled by the covariance matrix provided by FINMA [30], see also Remark 2. Data on total market capitalizations are based on values published by SIX Swiss Exchange.


Figure 3. Zero-coupon rates [image: there is no content] (lhs) and credit spreads [image: there is no content] (rhs) considered for the case study.
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Using these market input parameters we perform for each insurer a market risk analysis based on the SST guidelines, see also [30,31]. This analysis provides the contributions of selected market risk factors to the total market risk across the four insurance branches, see Figure 4. In particular, this indicates how severely certain market risk factors affect the insurers’ risk bearing capitals in comparison to other factors. For example, the equity risk contributes on (weighted) average [image: there is no content] of the total market risk for general insurers (neglecting diversification effects). Comparing Figure 4 to the corresponding survey of the SST published in [35] shows that our CHF insurance market reacts to market sensitivities similarly to the Swiss private insurance market. This justifies our design for the case study.


Figure 4. Market risk analysis of the CHF insurance market based on the Swiss Solvency Test (SST) guidelines. On the level of a single company, this analysis provides the contributions of selected market risk factors to the total market risk. Each box plot considers all companies in a given branch of insurance individually. The superimposed waterfall diagram illustrates weighted averages over all companies in a given branch of insurance. These diagrams also show the weighted average diversification effect for each branch of insurance. (a) life insurance; (b) general insurance; (c) health insurance; (d) reinsurance.
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In the following sections we introduce different stress scenarios which are defined through changes in the risk factors as introduced in Section 3. For each scenario we analyze its consequences for the CHF insurance market according to Section 3 and Section 4. The impact of a scenario on company i is measured by its impact ratio


ϱi=1+maxΔVi(e)Vi(e),−1.











Here, [image: there is no content] denotes the relative change in the own equity of company i resulting from the given stress scenario. Observe that [image: there is no content] describes the resulting own equity relative to the initial own equity [image: there is no content] of company i. Equivalently, [image: there is no content] is the loss relative to the initial risk bearing capital of the company.



Solvency guidelines typically measure a company’s solvency by its solvency ratio. The latter is defined by the company’s risk bearing capital relative to its target capital. Here, the target capital corresponds to the amount of risk taken by the insurer, based on a one-year time horizon, see [1]. A company’s solvency ratio should ideally be at least [image: there is no content]. In this CHF case study we do not consider a target capital for each single company. However, we would like to recall the weighted average of solvency ratios for each branch of insurance in the Swiss insurance market at the beginning of year 2014. These are roughly [image: there is no content] for life insurers, [image: there is no content] for general insurers, [image: there is no content] for health insurers and [image: there is no content] for reinsurers, see [35]. Note that for an insurer with a solvency ratio of [image: there is no content], an impact ratio [image: there is no content] of less than [image: there is no content] implies that the insurer’s initial target capital is larger than its remaining risk bearing capital.



5.1. Financial Market Scenarios


First we consider scenarios defined by changes in the market risk factors listed in Table 2. For these scenarios we respectively predefine changes in some of the market risk factors. We then define the changes in the remaining factors, except [image: there is no content] and [image: there is no content], to be the conditionally expected changes given by Lemma 1, see also Remark 2. If not predefined, we set [image: there is no content] and ΔZpart=ΔZCHFequity, throughout.



In the figures below we illustrate for each of these scenarios the changes in the market risk factors, see for example Figure 5 (rhs). The predefined changes in market risk factors are colored green, while the conditionally expected changes in the remaining risk factors are colored orange. Absolute changes are shown in basis points (bp) and relative changes in percentages. For a given currency, changes in zero-coupon rates are sorted by maturity [image: there is no content], with maturity [image: there is no content] year on top. Similarly, for a given currency, changes in credit spreads are sorted by rating [image: there is no content], with rating AAA on top. For better illustration in both cases, zero-coupon rates and credit spreads, we indicate different currencies with different saturations.


Figure 5. (rhs) illustrates the changes in market risk factors due to a decline in all zero-coupon rates. The changes colored green are predefined, the changes colored orange result from market dependencies. (lhs) illustrates the resulting impact ratios [image: there is no content] of the insurance companies, where ▴, ⧫ and ▾ correspond to the impact ratios of the first, second and third largest company, respectively, in each branch of insurance.
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Further, for each stress scenario we present in the same figures box plots summarizing the impact on the CHF insurance market, see for instance Figure 5 (lhs). Each box plot illustrates the impact ratios [image: there is no content] of the companies in a given branch of insurance. The plots colored red correspond to life insurers; we choose green for general insurers, blue for health insurers and we choose orange for reinsurers. Moreover, in each box plot we indicate the impact ratios of the three largest insurers (in terms of balance sheet total) respectively by ▴, ⧫, ▾ in decreasing order, with ▴ indicating the largest insurer.



Decline in risk-free rates. We consider a decrease in each zero-coupon rate by 100 basis points, see green color in Figure 5 (rhs). The market dependencies imply, in particular, an expected increase in credit spreads and an expected decrease in the total values of equity, hedge funds and private equity, see orange color in Figure 5 (rhs). Figure 5 (lhs) illustrates the resulting impact on the CHF insurance market.



The median impact ratio [image: there is no content] for life insurers is [image: there is no content]. The two insurers having almost solely insurance provisions for unit-linked life insurance benefit from this scenario. This is due to the low impact on their respective liability side.



The median impact ratio [image: there is no content] for general insurers is [image: there is no content]. The loss faced by the largest insurer mainly originates from its participation in the life insurer of the CHF insurance network that has an impact ratio of [image: there is no content]. The general insurers with an impact ratio over [image: there is no content] mainly have insurance provisions for other non-life insurance such as legal protection insurance.



The impact on health insurers and reinsurers is comparably low, with median impact ratios [image: there is no content] of [image: there is no content] and [image: there is no content], respectively.



Conclusion. We observe that most of the insurance companies are able to absorb this stress scenario in an adequate way. Therefore, the scenario does not have a severe macroprudential effect on the CHF insurance market.



If, instead, we increase each zero-coupon rate by 100 basis points, we virtually get mirrored plots compared to Figure 5. Note that a considerable rise in interest rates may additionally cascade an increase in lapse rates. This is analyzed separately in Section 5.2.



Fall of the equity market. We analyze the impact on the CHF insurance market when the total value in equity drops by [image: there is no content] for all currencies, see green color in Figure 6 (rhs). The market dependencies imply an expected drop of [image: there is no content] in total value of private equity, an expected drop of [image: there is no content] in total value of hedge funds and remarkable changes in risk-free rates and credit spreads, see orange color in Figure 6 (rhs). The impact on the CHF insurance market is illustrated in Figure 6 (lhs).


Figure 6. (rhs) illustrates the changes in market risk factors due to a fall of the equity market. The changes colored green are predefined, the changes colored orange result from market dependencies. (lhs) illustrates the resulting impact ratios [image: there is no content] of the insurance companies, where ▴, ⧫ and ▾ correspond to the impact ratios of the first, second and third largest company, respectively, in each branch of insurance.
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The median drop in risk bearing capital is [image: there is no content] for life insurers. This drop is mainly caused by the changes in the risk-free rates and credit spreads. Again, the two life insurers feeling nearly no impact mainly have insurance provisions for unit-linked life insurance.



The median drop in risk bearing capital is [image: there is no content] for general insurers. This drop mainly stems from losses in equity, collective and alternative investments and, if any, participations in life insurers of the CHF insurance network.



The picture is similar for health insurers, though the corresponding median drop of [image: there is no content] in own equity is less pronounced. However, the five lowest impact ratios [image: there is no content] belong to the five largest insurers. The impact is low for most reinsurers, with a median impact ratio of [image: there is no content]. The largest reinsurer suffers a loss amounting to [image: there is no content] of its initial risk bearing capital mainly due to its participations in companies (none of these is part of the CHF insurance network). The outlier with an impact ratio of [image: there is no content] suffers losses primarily because of its holdings in equity and alternative investments.



Conclusion. This stress scenario has a significant impact on the life insurers of the CHF insurance market. The weighted average of impact ratios is [image: there is no content] for these insurers. Assuming a weighted average of solvency ratios of [image: there is no content], this scenario is a severe danger to the life insurance market. Special measures, like a temporary relaxation of solvency requirements, possibly need to be applied in order to ensure the continuous functionality of that market.



The stress scenario has a comparable impact on general insurers and a less severe impact on health insurers and reinsurers. Supported by the high average means of solvency ratios for these branches of insurance, we conclude that the scenario does not pose a great danger to these insurance sectors.



Real estate market crash. Next, we analyze the consequences of a real estate market crash for the CHF insurance market. For this, we set the changes in all real estate related market risk factors to [image: there is no content]. This decrease can be compared to the real estate crisis in Switzerland in the 1990’s, in which real estate price indexes declined by more than [image: there is no content], see [36]. The conditionally expected changes in the remaining risk factors and the resulting impact ratios [image: there is no content] are illustrated in Figure 7.


Figure 7. (rhs) illustrates the changes in market risk factors due to a real estate market crash. The changes colored green are predefined, the changes colored orange result from market dependencies. (lhs) illustrates the resulting impact ratios [image: there is no content] of the insurance companies, where ▴, ⧫ and ▾ correspond to the impact ratios of the first, second and third largest company, respectively, in each branch of insurance.
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The median impact ratio is [image: there is no content] for life insurers. In particular the large companies suffer high losses. These losses are mainly caused by real estate related investments. The losses on the asset side and the gains on the liability side due to the changes in interest rates practically compensate each other.



The median impact ratio is [image: there is no content] for general insurers. These insurers mainly face losses due to their participations (in life insurers of the network) and due to the drawdown of the equity market. For instance, the loss in participations of the largest general insurer contributes 20 percentage points to the drop of [image: there is no content] in its own equity.



The median impact ratio is [image: there is no content] for health insurers. The losses primarily originate from real estate related investments and holdings in the equity market. The median impact ratio for reinsurers is [image: there is no content]. Observe that these insurers do not have big investments in real estate, see their balance sheets in Figure A5. Some reinsurers benefit from the scenario due to the increase in risk-free rates.



Conclusion. The real estate market crash defined above has a severe impact on the life insurance sector of the CHF insurance market. Especially the large companies are highly affected by the scenario, the life insurers’ weighted average of impact ratios is [image: there is no content]. Assuming a weighted average of solvency ratios of [image: there is no content], we conclude that the life insurance market as a whole may not bear a real estate market crash in its current state. The analysis of this stress scenario illustrates that the real estate exposure of (large) life insurers poses a severe danger to the continuous functionality of the life insurance industry.



From a macroprudential point of view a real estate market crash has a severe impact on the general insurance market as well, with a weighted average of impact ratios given by [image: there is no content]. However, the weighted average of solvency ratios for general insurers is sufficiently high in order to appropriately absorb the losses resulting from the scenario.



The impact on health insurers and reinsurers is less pronounced. Additionally, their respective weighted averages of solvency ratios are sufficiently high in order to bear the consequences of a real estate market crash.



Financial crisis as of 2007/2008. We consider a scenario where the market risk factors are stressed according to the financial crisis of 2007/2008. The changes in the risk factors corresponding to this crisis are provided by FINMA [37] and illustrated in Figure 8 (rhs). Credit spreads increase, all other risk factors are negatively shocked. The resulting impact ratios are summarized in Figure 8 (lhs).


Figure 8. (rhs) illustrates the changes in market risk factors corresponding to the financial crisis of 2007/2008, see FINMA [37]. (lhs) illustrates the resulting impact ratios [image: there is no content] of the insurance companies, where ▴, ⧫ and ▾ correspond to the impact ratios of the first, second and third largest company, respectively, in each branch of insurance.
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The median impact ratio is [image: there is no content] for life insurers, while three companies face losses larger than their respective risk capacity. For each of these three companies, more than [image: there is no content] of insurance provisions correspond to reserves in endowment insurance which, in all three cases, increase by roughly [image: there is no content] due to the decline in risk-free rates. The increase in credit spreads dampen the corresponding gains on the asset side, which finally results in negative own equity for all three insurers. Similar effects hold for the other life insurers, but to a less extent. The two life insurers feeling nearly no impact mainly have insurance provisions for unit-linked life insurance.



The median impact ratio is [image: there is no content] for general insurers. Three insurers face losses larger than their respective risk bearing capital. For one of these three insurers this is due to the devaluation of holdings in collective investments, which represent [image: there is no content] of the insurer’s asset side. The other two insurers, as well as a further insurer having an impact ratio of [image: there is no content], mainly have insurance provisions for (annuities in) accident insurance.



The impact on health insurers is comparably low. However, especially the large companies are highly affected. Generally, health insurers face losses mainly because of their investments in the equity market. The impact on reinsurers is comparably low as well. The loss of the largest reinsurer results from its participations. The outlier having an impact ratio of [image: there is no content] particularly suffers losses related to its investments in the equity market and holdings in alternative investments.



Conclusion. A financial crisis as of 2007/2008 has a severe impact on most life insurers of the CHF insurance market; the weighted average of impact ratios is [image: there is no content] for life insurers. Assuming a weighted average of solvency ratios of [image: there is no content], such a crisis would highly disrupt the continuous functionality of the life insurance industry. We conclude that the life insurance industry in its current state would not survive a financial crisis of size 2007/2008. Of course, we may argue that this scenario is unlikely to happen twice in 10 years. In particular, the current low interest environment does not support another massive decline in the interest rates.



The general insurance market is hit to a less extent. The scenario results in a weighted average of impact ratios of [image: there is no content]. However, assuming a weighted average of solvency ratios of [image: there is no content], we conclude that a financial crisis of size 2007/2008 is a severe danger to the continuous functionality of the general insurance market.



The impact on health insurers is less pronounced. Although the large insurers are hit particularly by the scenario, the weighted average of solvency ratios for health insurers is sufficiently high in order to appropriately absorb the consequences of a financial crisis as of 2007/2008. This conclusion also holds true for the reinsurance market.



Stock market crash as of 2000/2001. We consider a scenario where the market risk factors are stressed according to the stock market crash of 2000/2001. The changes in the risk factors corresponding to this crash are provided by FINMA [37] and illustrated in Figure 9 (rhs). Note that these changes are similar to the ones corresponding to the financial crisis 2007/2008, see Figure 8 (rhs), but less extreme. Therefore, the losses on the asset side are smaller compared to the previous scenario. The impact ratios in turn look more comforting, see Figure 9 (lhs).


Figure 9. (rhs) illustrates the changes in market risk factors corresponding to the stock market crash of 2000/2001, see FINMA [37]. (lhs) illustrates the resulting impact ratios [image: there is no content] of the insurance companies, where ▴, ⧫ and ▾ correspond to the impact ratios of the first, second and third largest company, respectively, in each branch of insurance.
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Note that this historical scenario is also similar to the fall of the equity market scenario in Figure 6 (rhs). This supports the choice of the covariance matrix (provided by FINMA) to evaluate Lemma 1, as well as the design of our scenarios.



Conclusion. We observe that the scenario impacts the CHF insurance market similarly to the fall of the equity market scenario, see Figure 6. However, compared to the latter scenario, the life insurance market is hit considerably less extreme (which is due to the rather small changes in credit spreads). We therefore conclude that the CHF insurance market is able to absorb a stock market crash as of 2000/2001 in an adequate way.




5.2. Real Estate Market Crash Together with Cascade Effects


We revisit the real estate market crash scenario from Figure 7. Given both the stressed market situation and the increase in risk-free rates, we additionally consider a cascading increase in lapse rate of 20 percentage points as well as a cascading decline in new business of [image: there is no content] in life insurance and of [image: there is no content] in non-life insurance. This first cascade effect implies a further cascade effect. This second cascade effect originates from the sale of assets by life insurers in order to raise the surrender values given by (2). We assume that asset prices are stressed so that they can only be sold at a price which is [image: there is no content] of the corresponding value in the balance sheet. Moreover, we assume that each insurer raises the surrender values by selling fixed-income securities with currency CHF. The proportion of assets sold having maturity [image: there is no content] and credit rating [image: there is no content] is according to market liquidity. More precisely, the relative amount of sold fixed-income securities with currency CHF, maturity [image: there is no content] and credit rating [image: there is no content] is given by [image: there is no content] (with a small modification if a company has not sufficiently many holdings in these assets). Here, [image: there is no content] denotes the total market capitalization of fixed-income securities with currency CHF.



Figure 10 (lhs) illustrates the resulting impact ratios for primary insurers. Figure 10 (rhs) shows the changes in the market risk factors in Table 3 implied by the sale of assets (second cascade effect). The changes caused by the price impact are colored green and the changes caused by market dependencies are colored orange.


Figure 10. (lhs) illustrates the impact ratios [image: there is no content] for the real estate market crash scenario (left plots), see Figure 7, together with declined new business and increased lapse rates (first cascade effect) (middle plots) and together with the market impacted triggered by the sale of assets (second cascade effect) (right plots). (rhs) illustrates the changes in market risk factors corresponding to the market impact. The changes colored green are caused by the price impact, the changes colored orange result from market dependencies.
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The cascading surrenders and the cascading decline in new business (first cascade effect) do not substantially change the median impact ratio of [image: there is no content] (given by the real estate market scenario) for life insurers. The aggregated surrender value in endowment insurance amounts to [image: there is no content] (median value) of the corresponding insurance provisions. Despite the increase in risk-free rates of the base scenario, this is a peculiarity of the present low interest rate environment. To raise the surrender values, [image: there is no content] billion CHF are liquidated by selling fixed-income securities with currency CHF. This corresponds to roughly [image: there is no content] of the total market capitalization. The market impact caused by the sale of assets (second cascade effect) implies that some assets gain in value and in turn affect the impact ratios of most life insurers positively. The median impact ratio finally is [image: there is no content], i.e., we observe an easing of the scenario.



For general insurers, considering the cascading decline in new business and the cascading increase in lapse rates in addition (first cascade effect), the median impact ratio drops to [image: there is no content]. However, due to the sale of assets by life insurers and the resulting changes in market risk factors (second cascade effect), the impact ratios of most general insurers increase again.



Similarly for health insurers, however, the cascading impact is less pronounced due to their higher risk margins, see their balance sheets in Figure A4. The median impact ratio for these insurers is [image: there is no content].



Conclusion. The two cascade effects positively influence the solvency results of most life insurers of the CHF insurance market. Especially the market impact (second cascade effect) improves the impact ratios. The resulting weighted average of impact ratios is [image: there is no content] for life insurers. Recall from Section 5.1 that the real estate market crash without cascade effects results in a weighted average of [image: there is no content]. The cascade effects therefore significantly dampen the impact of a real estate market crash in our model. This is a peculiarity of the present low interest rate environment and should not be generalized to other market environments.



The market impact triggered by the sale of assets by life insurers (second cascade effect) positively affect the solvency results of most general and health insurers. In particular, despite the losses from the decline in new business (first cascade effect), the two cascade effects dampen the impact of a real estate market crash on the general and health insurance sector of the CHF insurance market.




5.3. Failure of Reinsurers in a Stressed Market Situation


In this section we analyze the consequences for the CHF insurance market of a cascading failure of reinsurers, given a disruption of the financial market. We consider the fall of the equity market scenario given in Figure 6 (rhs) as a base scenario. Because of the stressed market situation, we assume that not every reinsurer is able to meet its obligations. As cascade effect we think of the global reinsurer introduced in Section 4 can only cover [image: there is no content] of the total reinsured liabilities [image: there is no content] of each company i. We model the loss faced by primary insurer i by


[image: there is no content]








where [image: there is no content] models the costs for buying new reinsurance coverages, which we assume to be available on the global reinsurance market. We also assume that there are no other open claims against reinsurers on the asset side of each insurer’s balance sheet. Figure 11 recalls the impact ratios for the fall of the equity market, see also Figure 6 (lhs), and additionally presents the impact ratios after the cascade effect.


Figure 11. Impact ratios [image: there is no content] caused by a fall of the equity market (left plots), see Figure 6, and combined with the cascading failure of reinsurers (right plots).
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The reinsured liabilities only amount to [image: there is no content] of the gross liabilities on average for life insurers. Therefore, the additional impact caused by the cascading failure of reinsurers is rater low. The median impact ratio drops by roughly one percentage point to [image: there is no content] for life insurers.



When considering the cascading failure of reinsurers additionally, the median of impact ratios drops from [image: there is no content] to [image: there is no content] for general insurers. These insurers of the CHF insurance market reinsure [image: there is no content] of gross liabilities on average. However, there are two insurers with reinsured liabilities that amount to [image: there is no content] and [image: there is no content] of gross liabilities, respectively. Their impact ratios of [image: there is no content] and [image: there is no content], respectively, given by the base scenario drop to [image: there is no content] each because of the cascade effect.



Similarly to life insurers, the additional impact from the cascade effect is low for health insurers. This is due to the fact that reinsured liabilities only amount to [image: there is no content] of gross liabilities on average for the health insurers of the CHF insurance market.



Conclusion. This stress scenario illustrates that the failure of reinsurers does not impact the life and health insurance market to a great extent. In particular for the life insurance sector of the CHF insurance market, the cascading failure of reinsurers does not remarkably amplify the threatening impact of a fall of the equity market.



Many general insurers face significant losses caused by the cascading failure of reinsurers. The weighted average of impact ratios is [image: there is no content] for general insurers. However, assuming a weighted average of solvency ratios of [image: there is no content], we conclude that a fall of the equity market combined with the cascading failure of reinsurers may still be absorbed by the general insurance industry. This stress scenario in particular illustrates to what extent a cascading failure of reinsurers amplifies the initial impact on the general insurance sector caused by a disruption of the financial market.




5.4. Longevity and Underreserving


In this section we analyze the impact on direct insurers when mortality rates are decreased and when insurance provisions for non-life insurance additionally have to be increased. A joint reserve strengthening may be motivated by changes in legislation. Furthermore, we assume that this reserve strengthening cascades a decline in new business. This might be motivated by mistrust in insurance companies or by an increase in price levels of premiums as a consequence of the reserve strengthening.



In the following we assume that the mortality rates [image: there is no content] are changed according to (1) with [image: there is no content] and with [image: there is no content] for [image: there is no content] and [image: there is no content], see also [38]. Therefore, the insurance provisions of a company are revalued by using the new mortality rates given by


q˜x,t=qx,0e−2λx,t=qx,te−λx,t,








for [image: there is no content] and [image: there is no content], and [image: there is no content], else. This change in mortality rates has comparable size to the longevity scenario considered for solvency requirements in the SST, see [39]. Additionally, we increase the insurance provisions in non-life insurance by [image: there is no content] for each company. As a cascade effect we consider a decline in new business of [image: there is no content] in all lines of business.



Figure 12 (lhs) illustrates the resulting impact ratios for primary insurers. The left plots only considers the decline in mortality rates and the reserve strengthening. The right plots additionally consider the cascading decline in new business.


Figure 12. (lhs) illustrates the impact ratios [image: there is no content] for longevity risk and a reserve strengthening (left plots) as well as together with a cascading decline new business (right plots); (rhs) illustrates the impact ratios [image: there is no content] resulting from a terrorist attack.



[image: Risks 04 00047 g012]






For life insurers, the median of impact ratios is [image: there is no content] for the scenario considering only the decline in mortality rates. The impact of the cascading decline in new business is small. This is because the earned premium in new business is typically low compared to the total earned premium.



For general insurers, the median impact ratio is [image: there is no content] when considering the reserve strengthening and the decrease in mortality rates only. The lowest three impact ratios in general insurance belong to firms which considerably have insurance provisions for annuities in accident insurance. Hence, they face losses also because of the decrease in mortality rates. Considering the decline in new business as cascade effect, the median impact ratio drops to [image: there is no content].



Similarly for health insurers, however, the impact is less pronounced due to their higher risk margins, see their balance sheets in Figure A4. The median impact ratio for these insurers is [image: there is no content].



Conclusion. The life insurers of the CHF insurance market are able to absorb a reserve strengthening caused by a decrease in mortality rates in an appropriate way. The cascading decline in new business has a low additional impact on these insurers.



The reserve strengthening combined with the cascading decline in new business has a significant impact on most general insurers. However, we conclude that from a macroprudential point of view the general insurance market is able to absorb the reserve strengthening and its cascade effect in an adequate way. This is supported by the high solvency ratios of the general insurers.



The impacts of the reserve strengthening and the cascading decline in new business are less extreme for health insurers because of their high capital buffers.




5.5. Terrorist Attack


We consider an event that is motivated by a possible terrorist attack in Switzerland, for example, at Zurich central railway station with roughly 450,000 travelers a day, see [40]. The attack together with the chaotic and disastrous situation results in many deaths as well as injured and disabled people.



We assume that 500 people die, 500 get fully disabled and 2,500 people additionally get injured. [image: there is no content] of the deaths leave a spouse behind, to which a yearly widow annuity of 32,000 CHF is paid on average. Female spouses are aged 38, while male spouses are aged 42. Moreover, every spouse has [image: there is no content] children on average, each of these children is aged 16 and receives a yearly orphan’s pension of 12,000 CHF on average. Each disabled person is aged 40 and receives a yearly disability annuity of 64,000 CHF on average. Moreover, we assume that the nominal value of all types of annuities above is increased by [image: there is no content] every year. Additionally, each injured person costs the corresponding insurance company 20,000 CHF. The resulting costs are then carried by general and health insurers proportional to their market shares in accident insurance, based on earned premiums. Finally, we consider a property damage of 600 million CHF (net of reinsurance) that is covered by these insurers proportional to their market shares in property and casualty insurance. Note that some of the affected people may have life insurance and there might be claims arising from interruption of business, which is not considered for this scenario. Additionally, we assume that the shock at the financial market evaporates quickly with no sustainable effect. Therefore, the total market capitalizations of assets are not affected by this scenario.



This scenario is comparable in size to a similarly motivated catastrophic event considered by the Swiss Federal Office for population protection, see [41]. The total costs of the scenario above amount to [image: there is no content] billion CHF. Figure 12 (rhs) illustrates the impact ratios for primary insurers. By assumption there is no impact on life insurers. The median impact ratio restricted to those general insurers facing a loss is [image: there is no content]. The three outliers with impact ratios [image: there is no content], [image: there is no content] and [image: there is no content], respectively, have a combined market share in accident insurance of less than [image: there is no content].



For health insurers, the median impact ratio is [image: there is no content] when considering only those insurers facing a loss. The lowest impact ratio of [image: there is no content] belongs to the health insurer with the highest market share in accident insurance ([image: there is no content]) among all health insurers.



Conclusion. The impact of the event described above does not disrupt the CHF insurance market to a great extent. The analysis illustrates that for the absorption of such an impact, the CHF insurance market has a sufficiently low market concentration and its companies have sufficiently high capital buffers. Recall that this is under the assumption that there is no sustainable disruption of the financial market and the economy.




5.6. Pandemic Event and a Big Earthquake


We forgo modeling in detail the impact on the CHF insurance market caused by a pandemic event. To quantify the implied losses faced by an insurer needs detailed knowledge about its contracts underwritten. However, the total loss restricted to Switzerland resulting from an influenza can be estimated, see for instance [42]. In the analysis of [42], roughly [image: there is no content] million out of [image: there is no content] million Swiss habitants (as of year 2000) are affected by an influenza, with roughly 20,000 deaths aged between 15 and 65 and roughly 17,300 deaths aged above 65.



The total costs of illness sum up to approximately [image: there is no content] billion CHF, from which about 400 million CHF correspond to costs to the health care system. Note that a proportion of these latter costs would be carried by health insurance funds, which are not part of the CHF insurance market (recall that we only consider supplementary health insurance companies). The remaining costs of about [image: there is no content] billion CHF stem from absence from work.



Additionally, a pandemic event would possibly cascade a disruption of the global financial market leading to further losses. FINMA [39] provides changes in the market risk factors caused by a pandemic event. These changes are comparable to the ones corresponding to a fall of the equity market, see Figure 6 (rhs).



We also refrain from detailed modeling of the impact on the CHF insurance market resulting from a severe earthquake. The Swiss Seismological Service estimates that the financial costs caused by an earthquake of magnitude [image: there is no content] to 7, occurring in Switzerland roughly once every 1500 years, would be around 50 to 100 billion CHF. However, a large proportion of this loss would not be insured, since most insurers in Switzerland do not offer insurance against earthquakes and there does not exist compulsory earthquake insurance. A severe earthquake may also disrupt the whole economy and industry, and recovery can only be managed by a general political initiative of the whole country. For information about the consequences of a big earthquake in Switzerland we refer to [43,44].





6. Conclusions


In this case study we have considered an insurance market, called CHF insurance market, that has features similar to those of the Swiss private insurance market. The basis of this CHF insurance market is publicly available data from the Swiss market. We have analyzed the vulnerability of this market to different risks and shocks from a macroprudential perspective. This analysis is based on stress scenarios related to financial market risks and insurance risks. Additionally, for these scenarios we have considered potential cascade effects arising from policyholder behavior and from the network structure of the insurance market. We have analyzed in detail how these scenarios and cascade effects impact the balance sheets of the insurance companies.



The analysis has shown that the CHF insurance market is able to appropriately absorb scenarios related to insurance risk, such as longevity risk and the risk of underreserving. Therefore, from a macroprudential point of view, these scenarios do not essentially disrupt the CHF insurance market. An exception would be for an event with much wider economic consequences like a severe earthquake.



In particular for the life insurance sector of the CHF insurance market, we have observed a significant sensitivity to disruptions of the financial market. For two of the financial stress scenarios considered the life insurance market is not able to fully absorb the related losses. The continuous functionality of the life insurance industry is most likely not guaranteed under these two scenarios. One of these scenarios is a real estate market crash, in which especially the big companies are highly affected because of their large real estate exposures. Given this event, a temporary relaxation of solvency requirements or other regulatory measures need to be applied in order to support the solvency results of these insurers and, in turn, to ensure the continuous functionality of the life insurance industry. The second scenario which cannot be absorbed by the life insurance market of our model is a financial crisis of size 2007/2008. However, it is likely that a crisis with similar changes in the interest rates does not occur in the current low interest rate situation.



Also the general insurance sector of the CHF insurance market is vulnerable to financial stress scenarios. However, in comparison to the life insurance industry, this sector has a sufficiently high risk capacity to absorb most of the financial scenarios considered. An exception would be for a financial crisis of size 2007/2008 which poses a great danger to the continuous functionality of the general insurance market of our model.



From a macroprudential perspective, the health insurance and reinsurance sector of the CHF insurance market are less exposed to the consequences of financial market stress scenarios. This is supported by the high risk capacities of these insurers.



We have demonstrated that cascading effects may dampen the impact of financial market stress scenarios on the CHF insurance market. Given a disruption of the financial market, we have observed that the sale of assets by life insurers triggered by unexpectedly high lapse rates may cascade a market impact that dampens the initial impact for most companies in all insurance branches. Furthermore, we have observed that the consequences of a failure of reinsurers may be absorbed by the CHF insurance market. However, given a stressed market situation, a cascading failure of reinsurers may amplify the financial distress in such a way that the continuous functionality of the general insurance market is not necessarily guaranteed.
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The following abbreviations are used in this manuscript:



	lhs
	left-hand side



	rhs
	right-hand side



	bn
	billion



	SST
	Swiss Solvency Test



	CHF
	Swiss franc



	EUR
	Euro



	USD
	U.S. dollar



	FINMA
	Swiss Financial Market Supervisory Authority



	FX
	foreign exchange



	bp
	basis points
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1.Only supplementary health insurance companies are considered, because basic health insurance is run like social insurance in Switzerland.
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