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framework for insurance regulation in the United States. It does so in part by
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Copyright 1995.
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auto insurance pricing, residual markets, reserving and solvency monitoring.
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non-technical language. Copyright 1996.

International orders must be prepaid, including shipping charges. Please contact an NAIC Customer Service Representative, Monday - Friday, 8:30 am - 5 pm CT.
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Evolution or Revolution? 
How Solvency II Will 

Change the Balance 
Between Reinsurance  

and ILS 

Alexander Braun* 
Joel Weber** 

Abstract 

The introduction of Solvency II has decreased regulatory frictions for insurance-
linked securities (ILS) and thus redefined how insurance and reinsurance companies 
can use these instruments for coverage against natural catastrophe risk. We introduce 
a theoretical framework and run an empirical analysis to assess the potential impact 
of Solvency II on the market volume of ILS compared to traditional reinsurance. Our 
key model parameter captures all determinants of the relative attractiveness of these 
two risk mitigation instruments beyond market prices. It is estimated by means of 
OLS, decomposed into a trend and a cyclical component using the Hodrick-
Prescott filter, and forecasted with an ARMA(3,3) model. We complement the 
resulting baseline prediction by a scenario analysis, the probabilities for which are 
based on a Gumbel distribution. Judging by our findings, we expect Solvency II to 
increase the volume of ILS to more than 24% of the global property-catastrophe 
reinsurance limit or approximately $101 billion by the end of 2018. 

* Institute of Insurance Economics, University of St. Gallen, Tannenstrasse 19, 9000 St. 
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1. Introduction 
 
In recent years, insurers have increasingly employed insurance-linked 

securities (ILS) to cede risks to the financial markets. Given its continuing rapid 
growth, the ILS market has the potential to disrupt the reinsurance industry. 
During the last four years alone, it exhibited an impressive average annual growth 
rate of more than 15%, and today ILS capital of almost $80 billion is outstanding 
(see, e.g., AON Benfield, 2017). Alongside the rise of ILS, an important 
regulatory change took shape within the European Union (EU). Solvency II has 
come into force at the beginning of 2016, redefining capital requirements for the 
insurance industry. As many countries are seeking Solvency II equivalence, the 
impact of these new standards is not limited to the EU itself, but extends far 
further (see, e.g., Lloyd’s, 2015). 

According to Swiss Re (2009), the regulatory environment has an important 
influence on the extent to which insurance companies use alternative risk transfer 
instruments.1 The new solvency standards will force the industry to rethink its 
strategies for the management of catastrophe risk. So far, regulation regarding ILS 
has been heterogeneous and ambiguous. For a long time, the U.S. probably offered 
the most favorable regulatory environment. The National Association of Insurance 
Commissioners (NAIC) generally considers properly structured ILS as 
reinsurance. In the EU, in contrast, the regulatory framework was less obvious. 
Under Solvency I, risk transfer instruments without an indemnity trigger were 
generally not treated as reinsurance and therefore disregarded for solvency capital 
measurement (see, e.g., Swiss Re, 2009). 

Of course, existing rules and regulations did not prevent the strong growth of 
the ILS market in recent years. Nevertheless, there is untapped potential since 
“regulatory developments could lead to more adequate treatment of risk transfer 
and, thus, have a favorable impact on the use of ILS” (see Swiss Re, 2009). More 
specifically, the introduction of Solvency II should be an important catalyst, as it 
improves the instruments’ regulatory recognition and facilitates capital relief (see, 
e.g., Artemis, 2015c). The Committee of European Insurance and Occupational 
Pensions Supervisors (CEIOPS) wrote that “under the new Solvency II 
framework, European insurance and reinsurance undertakings can use 
securitization in the same way as they use reinsurance to meet their capital 
requirements, which should have a positive effect on supply and facilitate the 
development of the insurance securitization market” (see CEIOPS, 2009). In 
particular, ILS are now incorporated into the calculation of the solvency ratio of 
insurance companies, thus decreasing the Solvency Capital Requirement in the 
same way as traditional reinsurance (see, e.g., Dittrich, 2010). Hence, according to 
both industry professionals and policymakers, the new regulatory framework 

                                                 
1. Apart from the prevailing regulatory regime, insurance companies also need to consider 

accounting standards, as well as the treatment of ILS by rating agencies. Under International 
Financial Reporting Standards (IFRS) and U.S. generally accepted accounting principles 
(GAAP), most ILS are treated as reinsurance (see, e.g., Swiss Re, 2009). 
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could further fuel the expansion of the ILS market. A crucial question is, however, 
whether insurance companies are able to account for ILS through the Solvency II 
standard formula or whether a more complex internal model is required. In the 
latter case, the instrument would remain unattractive for smaller insurance 
companies. The fifth quantitative impact study conducted by CEIOPS (2010) 
mentioned that “[...] when a risk mitigation technique includes basis risk, the 
insurance risk mitigation instruments should only be allowed in the calculation of 
the SCR with the standard formula, if the undertaking can demonstrate that the 
basis risk is either not material compared to the mitigation effect, or if the risk is 
material that the basis risk can be appropriately reflected in the SCR.” 

The literature on ILS and regulation is generally scarce. An early advance was 
made by Cummins (2008), who suggested that an explicit inclusion of the financial 
strength of reinsurance providers into regulatory capital requirements would 
modernize solvency regulation in general and provide a substantial upswing to ILS 
markets. Similarly, Cummins and Weiss (2009) identified both the regulatory and 
the accounting treatment of ILS as major impediments for further growth of the 
alternative capital. In their view, a major issue for many ILS structures is that 
regulators are not prepared to grant sponsors the advantages of reinsurance 
accounting and solvency capital relief. Hence, a resolution to these obstacles 
would clearly benefit the market for ILS. Furthermore, Eling and Pankoke (2016) 
evaluate the contribution of the insurance sector to systemic risk. Based on their 
analysis, they conclude that ILS products are a valuable backstop for sponsors, 
since they tap into the financial markets to allow for the diversification of large 
insurance risks such as natural catastrophes or pandemics on a global scale. Finally, 
Smack (2016) focuses on the regulation of catastrophe bonds, which have been one 
of the fastest growing ILS market segments in recent years. She argues that 
regulators should address existing problems with regard to documentation, 
collateralization, accounting and tax treatment to promote a wider adoption of 
these instruments. 

Against this background, we study the potential impact of Solvency II on the 
volume of ILS relative to traditional reinsurance. In doing so, we rely on a two-
step approach. First, we develop a theoretical framework to identify the main 
factors that play a role in an insurance company’s decision between these 
alternative forms of coverage. Second, we run an empirical analysis to provide a 
concrete forecast for the outstanding ILS capital as a percentage of the global 
reinsurance limit at the end of 2018. We will proceed as follows. In the next 
section, we lay the theoretical foundation by introducing our model economy, 
solving the insurer’s profit maximization problem and identifying the key drivers of 
the demand for ILS. The empirical analysis is then conducted in the third section, 
including a description of our data, the employed regression model, the estimation 
procedure for the key parameters and the forecast of the ILS market development 
following the introduction of Solvency II. The fourth section contains economic 
implications and recommendations for investors, insurance and reinsurance 
companies. Finally, we present our conclusion in section five. 
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2. Theoretical Analysis 
 
2.1  The Model Economy 
 
Profit Function 

Our model economy is inspired by the work of Koijen and Yogo (2016).2 It 
consists of a representative property/casualty (P/C) insurance company ܫ, which 
sells a quantity ܳ௧ of an insurance policy for a premium ௧ܲ in period ݐ and may 
purchase reinsurance coverage of volume ܴܧ௧ or transfer a risk amount ܵܮܫ௧ to the 
capital markets. Both instruments allow it to reduce its exposure and, thus, the 
need for costly reserve capital. The respective prices (per unit of risk) are the 
reinsurance premium, ܴܲ௧, and the risk spread on the ILS instrument, ܴ௧. Hence, 
the insurer exhibits the following period-ݐ profit function Π௧: 
 

Π௧ ൌ ௧ܲ ⋅ ܳ௧ െ ௧ܸ ⋅ ܳ௧ െ ௧ܴ௧ߛ ⋅ ௧ܵܮܫ െ ܴܲ௧ ⋅ ௧ܧܴ ൅ ௧ܸ ⋅ ௧ܵܮܫ ൅ ௧ܸ ⋅ ௧, (1)ܧܴ

 
where Vt is the actuarially fair value of the insurance policy (expected value of the 
liabilities).3 The insurance company can influence its profit through the decision 
variables ௧ܲ, ܵܮܫ௧ and ܴܧ௧. However, it bases its decisions on a subjective ILS 
price ߛ௧ܴ௧ instead of the market price ܴ௧. The coefficient ߛ௧ ൒ 1 represents the 
insurer’s individual assessment of risk mitigation through ILS relative to 
traditional reinsurance.4 It captures the ILS experience of the firm, as well as the 
regulatory recognition of such coverage. At the same time, it indirectly allows 
potential advantages of traditional reinsurance such as underwriting assistance and 
advisory services to enter the model. For ߛ௧ ൌ 1, ILS and traditional reinsurance 
are perfect substitutes.5 For ߛ௧ ൐ 1, in contrast, spending one dollar on ILS 
coverage is less attractive than spending one dollar on traditional reinsurance. As 
an example, consider an insurance company that aims to transfer some of its 
natural catastrophe risk to the capital markets or to a reinsurance company. 
Assume that the insurance company has little experience with ILS and is unsure 
about their regulatory treatment. In contrast, it has strong ties with its reinsurer and 
heavily relies on the advisory services of the latter. The insurance company thus 
subjectively perceives ILS to be more expensive than reinsurance, even if both 
instruments have the same objective price. It exhibits a ߛ௧ ൐ 1.6  

                                                 
2. An overview of the notations for our theoretical framework can be found in the 

Appendix. 
3. For the sake of simplicity, we abstain from modelling operating costs of the insurance 

company. 
4. In other words, traditional reinsurance acts as a numeraire good. 
5. This implies that both instruments are equally well understood by the insurer and lead to 

exactly the same capital relief. 
6. The provision of underwriting assistance and other technical services by reinsurance 

companies are often mentioned as additional benefits of a reinsurance contract. The price of the 
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The Subjective ILS Price Coefficient ࢚ࢽ 
Data from Guy Carpenter (2008) regarding the number and volume of first-

time and repeated sponsors covering the years 1997 to 2007 provides support for 
our assumption of a subjective ILS price. While in the early years up to 2004, the 
issuance volume by first-time issuers remained often well below $800 million and 
the market was dominated by repeat issuers, this changed between 2005 and 2007. 
The strong growth in first-time issuance has additionally been fueled by 
Hurricane Katrina, which led to a sharp increase in U.S. property-catastrophe 
reinsurance rates (see, e.g., Hartwig, 2012). Due to this hard reinsurance market, 
the industry likely became more comfortable with the use of ILS as a substitute for 
traditional contracts. In 2007, the issuance volume of first-time issuers grew 
significantly and reached $3.5 billion. This development indicates that, over time, 
more and more insurance companies became familiar with ILS, implying that the 
subjective price of the instrument decreased. In the empirical analysis, we will see 
that this period coincides with a sharp decline in our estimated γt. (See Figure 2.) 
Consequently, Guy Carpenter (2008) highlighted that ILS were becoming 
mainstream. For the sake of completeness, it should be noted that the learning 
process associated with ILS was not limited to the sponsor side. In the early days 
of the market, investors were also reluctant to engage in the ILS market. Their 
skepticism led to the emergence of a novelty premium in returns (see Bantwal and 
Kunreuther, 2000).7 

 
Convex Marginal Costs for Traditional Reinsurance 

Under the current setup, either reinsurance coverage strictly dominates ILS 
(ܴܲ௧ ൏ ௧ܴ௧) or vice versa (ܴܲ௧ߛ ൐  ௧ܴ௧). Hence, it can never be optimal to useߛ
both instruments at the same time. This is clearly not what we observe in reality. 
To allow for coexistence of reinsurance and ILS within a single insurance 
company, we thus assume that the marginal cost curve for traditional reinsurance 
is convex. In other words, the price (ܴܲ௧) is a function of the quantity purchased 
 :and the first-order derivative of the price function can be expressed as ,(௧ܧܴ)
 

௧ሻܧ௧ሺܴܴܲߜ
௧ܧܴߜ

ൌ ൜
൑ 0, ௧ܧܴ ൑ ∗௧ܧܴ

൐ 0, ௧ܧܴ ൐ ∗௧ܧܴ
. (2)

 
The marginal costs are decreasing until quantity ܴܧ∗	is reached. From this 

point on, they begin to increase. According to Froot and Stein (1998), a U-shaped 
marginal cost curve makes theoretical sense, as reinsurers face financing 
constraints that render larger coverages more expensive. Similarly, Froot and 
O’Connell (1999) argue that capital market imperfections “raise the marginal costs 

                                                                                                                
latter can, thus, be seen as the cost for the whole package, including, but not limited to, the 
transfer of risk (see, e.g., Gibson et al., 2014). 

7. This is consistent with the results of Braun et al. (2013), who show that experience and 
expertise are key determinants of insurers’ demand for cat bond investments. 
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at which reinsurers are able to offer successively greater exposure protection to 
insurers.” In contrast to individual reinsurance companies, risk transfer solutions 
that tap into the financial markets are associated with a lower cost of capital and 
are nowadays virtually unconstrained in terms of volume (see, e.g., Gibson et al., 
2014). We, therefore, assume that the marginal costs of ILS are constant. In such a 
setting, insurance companies will have an incentive to cover lower loss layers 
through traditional reinsurance and higher layers (low- frequency, high-severity 
events) through ILS. 
 
Balance Sheet Dynamics 

Since a major purpose of risk management instruments is capital relief, we are 
now going to model the effects of traditional reinsurance and ILS on the capital 
requirements of the insurance company under Solvency II. To this end, we first 
need to describe how the balance sheet of the insurance company evolves from one 
period to another. The change in the liabilities of the insurance company in period 
 :௧, can be described as followsܮΔ ,ݐ
 

Δܮ௧ ൌ ௧ܸሺܳ௧ െ ௧ܧܴ െ ௧ሻ. (3)ܵܮܫ

 
Therefore, the liabilities of the insurance company grow whenever the 

actuarially fair value of the written insurance business is larger than the actuarially 
fair value of the ceded insurance business. Selling policies generates revenue, while 
ceding risk to a reinsurance entity or to the financial markets generates costs. Both 
effects are reflected in the change of the insurer’s assets in period ݐ, Δܣ௧: 
 

Δܣ௧ ൌ ௧ܲ ⋅ ܳ௧ െ ௧ܴ௧ߛ ⋅ ௧ܵܮܫ െ ܴܲ௧ ⋅  ௧. (4)ܧܴ

 
While conducting its activities, the insurance company has to comply with the 

statutory capital requirements under Solvency II, ܭ௧∗, imposed by the regulator. 
The latter are based on two measures: 1) the Solvency Capital Requirement (SCR); 
and 2) the Minimum Capital Requirement (MCR). For the purpose of simplicity, 
we focus on SCR, which is set above MCR (see, e.g., European Commission, 
2015).8 Given the dynamics for the assets and liabilities, the firm’s available 
regulatory capital in period ܭ ,ݐ௧, is defined as: 

 
௧ܭ ൌ ௧ܣ െ ሺ1 ൅  ௧. (5)ܮሻߩ

 

                                                 
8. The European Commission (2015) defines SCR and MCR as follows: “The Solvency 

Capital Requirement is a level of financial resources that enables insurers to absorb significant 
losses and that gives reasonable assurance to policyholders and beneficiaries that payments will 
be made as they fall due. The Minimum Capital Requirement is a lower, minimum level of 
security below which the amount of insurers' financial resources should not fall, otherwise 
supervisory authorities may withdraw authorisation.” 
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The risk charge ߩ (൐ 0) is the decision variable of the regulator and inflates 
the insurer’s liabilities to create an additional capital buffer for the absorption of 
shocks. The higher it is, the tighter the regulation. Due to the low frequency of 
changes in regulatory standards, we are going to treat ߩ as a constant. By 
decreasing the liabilities ܮ௧, both reinsurance and ILS can have a positive impact 
on the available capital ܭ௧. 

 
Cost of Regulatory Friction 

If the insurance company’s capital ܭ௧ falls below ܭ௧∗, a costly intervention by 
the regulator is triggered. Costs are particularly high for very low levels of capital 
(e.g., close to MCR) as in this case the regulator may withdraw the insurer’s 
authorization to operate (see European Commission, 2015). We model these 
regulatory costs in line with Koijen and Yogo (2016) through a function ܥ௧, which 
depends on the capital level ܭ௧ held by the insurance company: 
 

௧ܥ ൌ  ௧ሻ. (6)ܭሺܥ

 
 :௧ exhibits the following first and second-order derivativesܥ
 

௧ܥ݀
௧ܭ݀

൏ 0, (7) 

݀ଶܥ௧
௧ܭ݀

ଶ ൐ 0. (8) 

 
Hence, an increasing level of capital ܭ௧ reduces regulatory frictions, while low 
levels of capital are associated with costly regulatory intervention by the 
supervisory body. 

 
2.2  Insurance Company’s Maximization Problem 
 
Firm Value Function 

Taking these costs into account leads to the following firm value function ܬ௧: 
 

௧ܬ ൌ Π௧ െ ௧ܥ ൅ E௧ሾ݀௧ାଵ ⋅  ௧ାଵሿ, (9)ܬ

 
where ݀௧ାଵ is the stochastic discount factor. In other words, firm value consists of 
current profits minus regulatory costs plus the present value of expected future 
profits. The latter are summarized in the firm value at time ݐ ൅ 1, which is also 
influenced by the level of capital held today. The insurance company maximizes ܬ௧ 
by deciding on the price ௧ܲ, the amount of traditional reinsurance ܴܧ௧ and the 
amount of risk transferred to the capital markets ܵܮܫ௧.  
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Optimal Insurance Price 
The first-order condition for the insurance price can be obtained by taking the 

first partial derivative with regard to ௧ܲ and applying the envelope theorem:  
 

௧ܬߜ
ߜ ௧ܲ

ൌ
௧ߎߜ
ߜ ௧ܲ

െ
௧ܥߜ
௧ܭߜ

⋅
௧ܭߜ
ߜ ௧ܲ

൅ ௧ܧ ൤݀௧ାଵ ⋅
௧ାଵܬߜ
௧ܭߜ

⋅
௧ܭߜ
ߜ ௧ܲ

൨
!

0. (10)

 

Subtracting 
ఋ௽೟
ఋ௉೟

 and dividing both sides by 
ఋ௄೟
ఋ௉೟

 yields  

 

െ
௧ߎߜ
ߜ ௧ܲ

⋅ ൬
௧ܭߜ
ߜ ௧ܲ

൰
ିଵ

ൌ െ
௧ܥߜ
௧ܭߜ

൅ ௧ܧ ൤݀௧ାଵ ⋅
௧ାଵܬߜ
௧ܭߜ

൨
ᇣᇧᇧᇧᇧᇧᇧᇧᇤᇧᇧᇧᇧᇧᇧᇧᇥ

௖೟

, (11)

 
with ܿ௧ being the marginal costs of regulatory friction. The latter measure the 
reduction in profit that the insurance company is willing to accept in order to raise 
its capital level by one dollar (see Koijen and Yogo, 2016). Inserting in (10), we 
obtain 
 

௧ܬߜ
ߜ ௧ܲ

ൌ
௧ߎߜ
ߜ ௧ܲ

൅ ܿ௧ ⋅
௧ܭߜ
ߜ ௧ܲ

!

0, (12)

 
which describes how changes in the insurance price influence the firm value ܬ௧. 
 
Optimal Traditional Reinsurance 

Employing the definition of ܿ௧, we can write the first-order condition for 
traditional reinsurance as follows: 
  

௧ܬߜ
௧ܧܴߜ

ൌ
௧ߎߜ
௧ܧܴߜ

൅ ܿ௧ ⋅
௧ܭߜ
௧ܧܴߜ

!

0. (13)

 
When deriving (9) explicitly, we obtain 
 

௧ܸ െ ܴܲ௧ሺܴܧ௧ሻ െ ܴܲ௧
ᇱሺܴܧ௧ሻ ⋅ ௧ܧܴ

൅ ܿ௧ሺെܴܲ௧ሺܴܧ௧ሻ െ ܴܲ௧
ᇱሺܴܧ௧ሻ ⋅ ௧ܧܴ ൅ ሺ1 ൅ ሻߩ ௧ܸሻ

!

0. 
(14)
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Rearranging yields the following expression for the reservation price of traditional 
reinsurance: 
 

ܴܲ௧௥ሺܴܧ௧ሻ ൌ ൬
1 ൅ ܿ௧ሺ1 ൅ ሻߩ

1 ൅ ܿ௧
൰ ௧ܸ െ ܴܲᇱ௧ሺܴܧ௧ሻ ⋅ ௧, (15)ܧܴ

 
where ܴܲ௧௥ሺܴܧ௧ሻ represents the insurer’s reservation price for traditional coverage. 
The firm, therefore, purchases reinsurance as long as ܴܲ௧ is smaller than or equal 
to ܴܲ௧௥ሺܴܧ௧ሻ. Equation (15) also shows how the reservation price behaves, given 
changes in its various components. More specifically, it increases in the marginal 
costs of regulatory friction (ܿ௧) and in the regulator’s risk charge for the capital 
requirements (ߩ௧). In addition, marginal reinsurance costs have an impact. 
Whether the corresponding relationship is positive or negative depends on the 
quantity of coverage purchased. Due to the convex cost function ܴܲ௧ሺܴܧ௧ሻ, the 
reservation price for traditional reinsurance will drop below the reservation price 
for ILS once some non-negative quantity ܴܧ௧∗ is exceeded. 

 
Optimal Reinsurance through ILS 

In the same spirit, we can write the first-order condition for ILS coverage as 
follows: 
 

௧ܬߜ
௧ܵܮܫߜ

ൌ
௧ߎߜ
௧ܵܮܫߜ

൅ ܿ௧ ⋅
௧ܭߜ
௧ܵܮܫߜ

!

0. (16) 

 
Explicitly calculating the partial derivatives from (9), we obtain 

 

௧ܸ െ ௧ܴ௧ߛ ൅ ܿ௧ሺെߛ௧ܴ௧ ൅ ሺ1 ൅ ሻߩ ௧ܸሻ
!

0. (17) 

 
Hence, the ILS reservation price, ܴ௧௥, is given by: 

 

ܴ௧௥ ൌ ൬
1 ൅ ܿ௧ሺ1 ൅ ሻߩ
௧ሺ1ߛ ൅ ܿ௧ሻ

൰ ௧ܸ. (18) 

 
It is now apparent that the willingness to pay for ILS depends on four factors:  
1) the actuarially fair value of the insurance policy ( ௧ܸ); 2) the strictness of the 
regulatory capital requirements (ߩ); 3) the marginal costs of regulatory frictions 
(ܿ௧); and 4) the subjective ILS price coefficient (ߛ௧).

9 

                                                 
9. Note that if the insurance company already has a sufficiently high amount of traditional 

reinsurance in place, ܿ௧ and hence the willingness to pay for ILS will be low. Therefore, the 
reservation price for ILS depends indirectly (through ܿ௧) on the amount of traditional reinsurance 
and vice versa. 
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The Relationship Between Reinsurance and ILS 
Finally, we compare the reservation prices for reinsurance and ILS: 
 

൬
1 ൅ ܿ௧ሺ1 ൅ ሻߩ

1 ൅ ܿ௧
൰ ௧ܸ െ ܴܲᇱ௧ሺܴܧ௧ሻ ⋅ ௧ܧܴ ⋛ ൬

1 ൅ ܿ௧ሺ1 ൅ ሻߩ
௧ሺ1ߛ ൅ ܿ௧ሻ

൰ ௧ܸ. 
(1

9) 
 
Since ߛ௧ plays a crucial role in Equation (19), it is a key driver of the relative 

demand for the two risk mitigation instruments. For ߛ௧ ൌ 1, reinsurance and ILS 
are perfect substitutes. Thus, the only decisive factor are the marginal reinsurance 
costs ܴܲ௧

ᇱሺܴܧ௧ሻ. In contrast, if ߛ௧ ൐ 1 (e.g., due to additional benefits provided by 
the reinsurer), ILS are perceived to be less attractive than reinsurance. 
Consequently, the marginal costs for the latter need to be high so that the insurer 
also purchases ILS coverage. 

As discussed above, regulatory acceptance has the potential to improve the 
insurance company’s perception of ILS compared to traditional reinsurance. We, 
therefore, expect a decline in ߛ௧ associated with the recent introduction of 
Solvency II. According to our model framework, we should, in turn, witness an 
acceleration in the growth of ILS relative to traditional reinsurance. Based on this 
theory, we will now conduct an empirical analysis with the goal of forecasting the 
future balance of volumes ceded in the two markets.  

 
 

3. Empirical Analysis 
 

3.1  Regression Model 
 
We begin by developing an econometric framework for the estimation of the 

key variables that have been identified based on our theoretical model. Since ܿ௧ and 
 are the same for both ILS and reinsurance, we ignore them in favor of ߩ
parsimony. Hence, our empirical analysis is centered on the market prices per unit 
of risk, ܴ௧ and ܴܲ௧, as well as the subjective ILS price coefficient ߛ௧. More 
specifically, the ratio of alternative reinsurance capital to total reinsurance capital, 
௧ܧ௧/ሺܴܵܮܫ ൅  ௧ሻ, will be described by the following linear regression:10ܵܮܫ
 

௧ܵܮܫ
௧ܧܴ ൅ ௧ܵܮܫ

ൌ ߙ ൅ ߚ ൬
ܴ௧
ܴܲ௧

െ 1൰ ൅ ߳௧, (20)

 

                                                 
10. By considering the sum of traditional and alternative capital, we accommodate the fact 

that Solvency II will improve the sponsors’ ability to account for ILS as reinsurance, thus being 
able to treat the two risk transfer channels as real substitutes. 
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with intercept ߙ, regression coefficient ߚ, and error term ߳௧.
11 Assuming a well-

behaved empirical demand function, the volume ratio (ܵܮܫ௧/ሺܴܧ௧ ൅  ௧ሻ) mustܵܮܫ
decrease in the price ratio (ܴ௧/ܴܲ௧ െ 1ሻ. Therefore, we expect the estimate for ߚ 
to turn out negative. As the time-varying parameter ߛ௧ in our theoretical model by 
definition summarizes all determinants of the relative attractiveness of the two 
instruments other than market prices, its mean will be captured by ߙ and its 
variation by ߳௧.

12 The relationship, however, is an inverse one: A reduction of ߛ௧, 
implying that the representative insurance company perceives ILS to be more 
appealing, must lead to an increase in the ILS volume relative traditional 
reinsurance. We, therefore, obtain our estimate ߛො௧ by halving the reciprocal of the 
sum of the estimate for the intercept ߙො and the fitted residuals ݁̂௧: 

 

ො௧ߛ ൌ
1
2
⋅

1
ሺߙො ൅ ݁̂௧ሻ

ൌ
1
2
⋅ ൭

௧ܵܮܫ
௧ܧܴ ൅ ௧ܵܮܫ

െ መߚ ൬
ܴ௧
ܴܲ௧

െ 1൰൱

ିଵ

. 
(2

1) 

 
Hence, the simple regression model in (1) is aligned with our theory from the 
previous section. In case both instruments exhibit exactly the same objective price 
ሺܴ௧ ൌ ܴܲ௧ሻ, the dependent variable is solely determined by ߙ ൅ ߳௧.

13 If 
additionally ߛ௧ ൌ 1, both instruments have the same volume ሺܵܮܫ௧ ൌ  .௧ሻܧܴ

 
3.2  Dataset 

 
Our dataset has been compiled based on several sources and covers the period 

from 2002 to 2016. When- ever possible, we performed cross checks to ensure 
reliability. We measure the variable ܵܮܫ௧/ሺܴܧ௧ ൅  ௧ሻ through the ratio ofܵܮܫ
alternative capital in percent of the global catastrophe reinsurance limit, as 
published by Guy Carpenter (2016a).14 Their reported alternative capacity is an 
aggregate measure, comprising the volumes of cat bonds, Industry Loss 
Warranties (ILWs), sidecars and collateralized reinsurance.15 

 
 

                                                 
11. The linear relationship between the two variables has been chosen based on a 

scatterplot. Although the ܴଶ of the trendline can be further improved by resorting to higher-order 
polynomial functions, this is not advisable due to the limited degrees of freedom offered by our 
short data series. 

12. As a corollary, we do not need to include any further control variables. 
13. This is why, in the regression model, the actual price ratio ܴ௧/ܴܲ௧ has been corrected 

by minus 1. 
14. All figures have been cross-checked with data from the annual reinsurance market 

report by AON Beneld (2017). Although the individual observations do not match perfectly, they 
are highly correlated. 

15. AON Benfield additionally provides a breakdown across different types of ILS, showing 
that collateralized reinsurance has outgrown cat bonds to become the largest ILS segment in 
2013. 
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3.5  Scenario Analysis for ߛො௧ 
 
Building on the baseline scenario without Solvency II as introduced above, we 

will now consider potential positive and negative consequences of the new 
regulation for ߛො௧ and, in turn, the volume ratio. On the one hand, a positive impact 
could arise due to an improved regulatory treatment. On the other hand, a negative 
effect could be caused by relatively high practical hurdles for a full recognition of 
ILS. In both cases, we would expect to see a change in the trend of ߛො௧. There are 
two ways to incorporate such a change into our model forecast. First, it could be 
treated as a shock, which instantly disrupts the historical path in the form of a 
jump. Second, one could assume that the transformational potential of Solvency II 
will unfold over some period of time, thus changing the slope of the trend. We opt 
for the second alternative, as we did not detect any signs of a jump since the 
introduction of the new framework in January 2016. In addition, we will assume 
that any structural breaks in the trend pattern will be a temporary phenomenon. By 
the end of 2018, the impact of the new regulation should have fully kicked in. 
Hence, in the absence of further groundbreaking events in this market, we deem it 
reasonable that within three years of Solvency II being in place, the trend 
component will return to its original trajectory—at least in the short term. (See 
Figure 3.) 

In Table 4, we develop a range of scenarios for the change in the trend of 
 ො௧. As there are no precedents to Solvency II in the history of ILS, we need to relyߛ
on expert judgment. Instruments with an indemnity trigger will be fully recognized 
under the Solvency II standard formula (see Swiss Re, 2009). In addition, the 5th 
Quantitative Impact Study (QIS5) indicates that mitigation instruments without 
basis risk or those for which it can be shown to be immaterial may be used under 
the standard formula (see CEIOPS, 2010). This currently holds for the largest ILS 
market segment of collateralized reinsurance and for around 60% of the second 
largest segment of cat bonds, which are based on indemnity triggers (see Artemis, 
2015b; AON Benfield, 2017). However, even for the remaining 40% of cat bonds, 
as well as other types of ILS with nonindemnity triggers, a deterioration of the 
regulatory treatment under the new rules is hardly conceivable. 

We, therefore, deem it to be extremely unlikely that Solvency II will reverse 
the normal trend of ߛො௧ and adopt a slight slowdown as the worst-case scenario. 
More specifically, we assume that relatively high practical hurdles for a full 
regulatory recognition of ILS instruments, such as the necessity to run a complex 
internal model, could lead to an absolute annual change in the ߛො௧-trend of merely 
0.5 times the one that occurs in the baseline scenario (i.e., -0.045 instead of -0.09). 

                                                                                                                
their operations beforehand. This, however, refers to the models for economic capital and internal 
processes. The improved regulatory recognition of ILS, in contrast, could not be exploited before 
the actual launch of the new framework. In addition, even after the new rules have been put in 
place, some uncertainty about the actual interpretation of the ILS rules ILS in practice remains to 
date. Hence, the long time period from 2002 to 2016 allows for the derivation of a clean baseline 
scenario. 
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Table 4: Scenario Analysis for γt in 2018 
 

        Trend 

Cycle 
1.69  1.59  1.50  1.36   

0.00  3.14  2.86  2.60  2.26   

-0.05  3.01  2.73  2.49  2.16   

-0.09  2.87  2.61  2.38  2.07   

-0.14  2.75  2.50  2.27  1.97   

-0.18  2.63  2.39  2.17  1.89   
 

Table 4 shows the range of outcomes for the subjective price factor γ̂t in 2018 based on the different 
scenarios for the trend and the cyclical component. For the trend component, the following four 
scenarios are considered: pessimistic (1.69), baseline (1.59), mean (1.50) and optimistic (1.41). For the 
cyclical component, we add two equally-sized steps above and below its mean (-0.09) to generate five 
subscenarios for each value of the trend component. The probabilities for all 20 outcomes are derived 
from a Gumbel distribution. 

 
3.6  Probability Distribution for the Volume Ratio 

 
We can now translate the values for γ̂t into volume ratios in 2017 and 2018. 

For this purpose, we employ the relationship shown in Equation (20) and assume 
that the price ratio stays on its historical average level.23 Overall, the outcomes for 
2018 lie between a minimum of 19% and a maximum of 28%. Figure 4 illustrates 
our four main scenarios. In the pessimistic scenario, we obtain volume ratios of 
approximately 19% in 2017 and 20% in 2018. Furthermore, the respective values in 
the baseline scenario are 20% in 2017 and 22% in 2018, and the mean scenario is 
associated with volume ratios of 21% in 2017 and 24% in 2018. Finally, the 
optimistic scenario leads to volume ratios of to 22% in 2017 and 27% in 2018. 
Thus, we expect the volume ratio in 2018 to be approximately 10% higher than 
without Solvency II (compare mean and baseline scenario).24 

Due to the shape of the Gumbel distribution for γ̂t, 80% of the potential 
outcomes for the volume ratio in 2018 are located between 20% and 27%. To 
translate the volume ratios into absolute figures, we will rely on approximations 
based on the overall market size (ILS plus reinsurance capital) of $420 billion at 
year-end 2016 (see Guy Carpenter). Assuming that this figure will stay roughly 
constant, our most likely estimates for the ILS market range from $85.93 billion to 
$114.58 billion. The expected volume ratio of 24% in 2018 (mean scenario) 
corresponds to an ILS volume of around $101.14 billion, which is $8 billion higher 
than in the baseline scenario (without Solvency II) and corresponds to an increase of 
approximately $27 billion compared to 2016.  

                                                 
23. Given the comments of industry experts, pricing for both reinsurance and ILS has 

reached a floor and could stay there for some time (see, e.g., Artemis, 2014, 2015a). Therefore, a 
constant price ratio does not seem to be a strong assumption. 

24. The following calculation applies: 24/22 = 1.10. 
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a price advantage over traditional contracts because reinsurance companies exhibit 
a higher cost of capital (see, e.g., Cummins and Trainar, 2009). However, it is 
worth pointing out that prices for both instruments recently seem to have reached a 
lower bound (see, e.g., Artemis, 2014). This suggests that the ability of ILS to gain 
further market share through a reduction of the objective price will be limited in 
the next years. 

Reinsurance companies will experience additional pressure on their market 
share. This is supported by a recent report of the rating agency Moody’s, 
indicating that the number of traditional reinsurance contracts is in decline (see 
Moody’s Investor Services, 2014). Also, AON Benfield (2015b) emphasizes that 
ILS have begun to progress into higher-margin lines, which represent the main 
profit pool for reinsurance companies. Given our forecast for the ILS market size, 
this tendency will probably increase. To cope with these developments, 
reinsurance companies will need to rethink their business models. AON Benfield 
(2015b) suggests that one solution is to offer better services and conditions to 
clients, implying an upward pressure on our subjective price factor γt. According 
to Moody’s Investor Services (2014), it might be easier for large reinsurance 
companies to offer generous line sizes and a full product suite. Hence, some firms will 
pursue a growth strategy, while others will scale back their business or become 
acquisition targets. The consolidation of the reinsurance industry that we witnessed 
in the years 2014 and 2015 is, therefore, likely to continue (see, e.g., A. M. Best, 
2015). The best solution for reinsurers to cope with the growing influence of 
alternative capital is not to fight it but to embrace it. AON Benfield (2015b), e.g., 
suggests that companies that are successful in incorporating ILS into their value 
proposition could be able to flourish in the new environment despite the increased 
competition. New activities could range from bridge covers between the issuance 
dates of cat bonds to ILS structuring advice (see Swiss Re, 2015b). All in all, if 
traditional reinsurance became more specialized and ILS more standardized, the 
two instruments could continue to be complements instead of substitutes. 

Regulators need to be aware of the aforementioned consequences for both ILS and 
reinsurance markets. One explicit objective of Solvency II is to reward companies 
with appropriate risk-management techniques in place (see European Commission, 
2007). Hence, the capital relief that will now be achievable for a wider range of 
instruments and the associated increase in the adoption of ILS coverage is certainly 
a desired outcome. In addition, the further dissemination of modern risk transfer 
techniques meets the regulatory goal of promoting financial stability. It is also in 
the interest of regulators to establish a level playing field between different 
providers of coverage. We expect this to be achieved, although certain ILS with 
non-negligible basis risk will only be admissible, if the sponsor runs a complex 
internal solvency model rather than the Solvency II standard formula. Finally, 
regulatory authorities need to consider potential negative consequences for both the 
insurance and reinsurance sector as well. Since Solvency II is likely going to 
strengthen ILS as a substitute and, therefore, as a competitor for traditional 
reinsurance contracts, the reinsurance industry might face a prolongation of the 
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currently prevailing soft market, as well as a further deterioration of their 
financials.  

 
 

Conclusion 
 
We took a two-step approach to assess the potential impact of Solvency II on 

the volume of ILS as a percentage of the global property-catastrophe reinsurance 
limit. First, we introduced a normative model framework to determine how 
insurance companies should decide between traditional and alternative reinsurance 
coverage. Second, we complemented our theory by an empirical analysis to 
generate a concrete set of potential future outcomes. Our key model parameter, the 
subjective price factor, was estimated by means of an OLS regression based on 
data for the period from 2002 to 2016. We decomposed the resulting time series 
into a trend and a cyclical component using the Hodrick-Prescott Filter and 
forecasted it with an ARMA(3,3) model. Finally, we added a scenario analysis 
based on expert judgments and probabilities from a Gumbel distribution. 

Our results suggest that Solvency II will have a positive effect on the ILS 
markets, thus further increasing their importance within the risk transfer industry. 
In particular, we expect that their size will grow to more than 24% of the global 
property-catastrophe reinsurance limit by late 2018. Based on the overall amount 
of available reinsurance capital at the end of 2016, this is equivalent to an ILS 
market volume of $101.14 billion. These findings bear important economic 
implications for investors, insurers and reinsurance companies. Particularly the 
latter will need to rethink their business model to fully embrace ILS. Only then will it 
be possible to offer clients a comprehensive range of products and services tailored 
to their needs. Those who master this transition well are likely to gain a competitive 
edge and see their profitability rise.  

A major limitation of our work is the lack of suitable data for a purely 
objective assessment of the relationship between Solvency II and the subjective 
ILS price coefficient. Hence, our results need to be treated with all due caution, 
and follow-up research throughout the upcoming months should focus on the 
accumulation of additional evidence to support our forecast. 
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