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Abstract: In recent years, there has been a change in the main regulations governing the solvency of
the world’s main insurance markets. Sustainability is an issue that is becoming increasingly important
among to the various stakeholders in the insurance industry. It is a complex concept that has many
different dimensions that can be included in these regulations, allowing for a more sustainable
solvency. The paper uses a qualitative model previously designed and tested in the literature to
analyse the solvency regulations of the European Union, United States of America, China, Australia,
Brazil and South Africa and determine their level of convergence. It also links the criteria set out in
these models to the dimensions of sustainability in order to determine the degree of sustainability of
solvency systems and the questions that regulators will need to consider in the near future in order to
achieve more sustainable solvency.

Keywords: insurance sustainability; insurance supervision; risk management; capital requirements;
solvency

1. Introduction

Sustainability is an increasingly important topic in the insurance industry. The debate
began in 1997 with the creation of the United Nations Environment Programme Finance
Initiative (UNEP FI) [1]. This organisation promotes research and development in sustain-
able insurance. Among others, the global survey on the status of sustainable insurance [2],
the promulgation of the Principles for Sustainable Insurance [3] and the agenda for their
implementation [4].

Sustainability is a concept that has various definitions [5] and dimensions [6] in the
field of insurance industry’s investments (Table 1).

Solvency must be understood as the guarantee of adequate capital to meet liabilities
to policyholders and beneficiaries. Regulation can be adjusted to incorporate one or more
elements of the above dimensions in order to make solvency more sustainable (sustainable
solvency [7]). In the insurance sector, the environmental dimension, especially climate
change because of its impact on underwriting risk, and the governance dimension are
important. The qualitative pillars of most insurance regulations deal with this dimension to
a greater or lesser extent. However, the development of the concept of sustainable solvency
in the literature is scarce and limited to several papers including [6,8–11].

The main purpose of insurers is to accept, manage and transfer Risks. Therefore, risk
management is a fundamental element that must consider all these dimensions. Accord-
ing to [9], the dimensions in Table 1 require strategic risk management, while solvency,
sustainable or not, requires tactical risk management.

In recent years, changes in solvency regulations have led to the development of tactical
risk management and promoted a process of convergence, which analysis may be useful
for strategic risk management. This is because some regulators [12–14] now consider that
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insurance regulation implicitly addresses the environmental and governance dimensions
of sustainability and plan to address them explicitly in the future [14,15].

Table 1. Dimensions of sustainability in investments: Source: [6].

Environmental Social Governance

Climate change Human rights Board structure, size, diversity,
skills and independence

Renewable energy Workplace health and safety Executive pay

Air, water or resource
depletion/pollution

Human capital
management/employee

relations
Bribery and corruption

Changes in land use Diversity Internal controls and risk
management

Controversial weapons

In the case of insurance companies, the relationship between sustainability and sol-
vency has been through pensions [7]. Although there are areas such as Europe that have
begun to establish processes such as the European commission for opinion on sustainability
within Solvency II, focused on the suitability of the system, climate change mitigation and
sustainable investments that are taken into account in solvency calculations [13].

Another link between these two concepts in the insurance industry is the solvency
ratio related to socially responsible investments. Thus, companies that are more concerned
about their sustainability also tend to have a strong focus on solvency [16]. The underlying
idea is that there is a relationship between the needs of the policyholder, their future
sustainability and solvency.

An evolutionary change has occurred because, since the 1990s, regulation of the global
insurance industry has evolved from a simple rule-based legislation, which measures
solvency in a static manner [10], to a more complex risk-based legislation, which measures
solvency in a dynamic manner [11,17]. This process has been encouraged by the Inter-
national Association of Insurance Supervisors (IAIS), [18,19], whose main objective is to
protect the rights of policyholders and beneficiaries from insurance company insolvency. In
this sense, the European Commission (EC) determines that adequate corporate governance
is necessary because it leads to a more competitive and sustainable insurer in the long
term [20,21].

Therefore, two regulatory models can be distinguished (Table 2) depending on how
capital is incorporated into management. Some authors claim that principle-based models
are more flexible [22]; however, most sophisticated models are imperfect because they
depend on assumptions and inputs.

Table 2. Regulatory solvency models. Source: Own work.

Principle-Based Models Rule-Based Models

Definition Responsibility delegated to
each company [17] Detailed set of rules [22]

Feature Freedom and flexibility No change option
Capital requirements and risk

management Integrated Non-integrated

Numerous authors have investigated the predictive power of solvency models [23–25];
the establishment of minimum capital reduces insolvencies [26], although their complete
elimination is impossible [27].

Regulation of the insurance sector may differ from country to country, depending on
the structure and degree of regulators’ risk aversion, but its purpose is the same: to avoid
bankruptcy.
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Ref. [28] established a theoretical qualitative framework with seven criteria for model
analysis and risk detection to analyse the capacity of a regulation/system to predict in-
solvencies. Which has been justified and critically discussed in the literature by different
authors of the insurance market. This qualitative used by [29] to analyse the European
Union model. Later, [30] extended this framework to eleven qualitative criteria in order to
adapt them to the market changes (structures, risks and complexity), which was adapted to
the latest regulatory changes by [31,32].

The aim of this paper is to find common principles for the development and con-
vergence of the world’s most important solvency regulation models, which will increase
innovation between different countries and therefore an increase in productivity. We will
also focus our analysis on the overall structure of the schemes without going into the life
and non-life business, as most insurance systems use a comprehensive approach to risk.
The selection criterion used is the volume of premiums marketed in 2018, according to
the Swiss Report 2019, which is amongst the most relevant in the insurance market. The
countries selected for each continent are the European Union (EU), United States (US),
China, Australia, Brazil and South Africa (Figure 1). America is divided into North America
and Latin America, and the European Union is considered a country because it represents
95.82% of Continental Europe and has common regulations [33].
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Historically, the insurance market has focused on Sustainable Development Goal
(SDG) 3, because survival and mortality modelling are key within life and health business.

With the incursion of new solvency valuation systems, the focus has been shifting
towards SDG 8, which focuses on business continuity as well as business development, so
that policyholders are protected. Actuarial climate risk pricing models for floods, storms,
winds and fires are currently being implemented. These models are aligned with SDG 13.

This SDG adaptation process is being developed following IAIS guidelines [18], con-
ducted through the Own Risk and Solvency Assessment (ORSA).

The assessment requires the inclusion of qualitative factors linked to corporate gover-
nance and decision makers [29,31]. In addition, climate risk modelling is included, with the
aim of addressing the challenges of the future. Most regulatory systems, however, address
sustainability through company transparency and a long-term approach that contributes
to company growth and corporate governance [47]. The insurance industry advocates
management based on truthful and transparent reporting to stakeholders, oriented towards
a reputational benefit [48].
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In the insurance sector, solvency systems are not only quantitative but corporate
governance leads the insurance industry to be sustainable.

This work is structured as follows. The second section describes the evolution and
current situation of the five countries’ solvency models, and a bibliographical review is
presented. The eleven criteria established by [28,30] are then developed (Cummins and
Holzmüller Criteria). The fourth section uses these criteria to analyse the main solvency
models, and the fifth and sixth discuss the results and set out the conclusions.

2. Regulatory Changes in Insurance Solvency: Literature Review
2.1. European Union (Solvency II)

The European Union is one of the most important insurance markets in the world
with a premium volume in 2018 of USD 1.49 trillion, representing 95.82% of the European
market and 28.8% of the world market [46]

Prior to the Solvency II Directive (SII) [49], EU countries used a ratio-based methodol-
ogy to determine solvency so that companies with different degrees of risk exposure could
have the same solvency margin. SII provides for individualised risk management because
the directive creates a global framework for risk management [50] and is structured on three
pillars [51,52]: capital requirement, the monitoring process and corporative governance and
market discipline. The paradigm change establishes new systems of corporate governance
that will establish effective management, with good control of decision making as well as
the qualification of decision makers. In fact, the second pillar of this directive focuses on
this work, integrating governance into the day-to-day business of insurance companies [49].
Additionally, the importance of adapting to sustainability by incorporating demographic
change or new environmental models. However, until it was initiated on 1 January 2016,
its implementation was a long and slow process due to the complexity and number of
countries involved [13].

SII has increased the need to develop and apply new methodologies for risk analy-
sis [53] and requires the determination of solvency capital requirement (SCR) and minimum
capital requirement (MCR), which can be calculated using two methods: standard formula
or internal model. According to [54], there are several approaches that can be used for the
standard formula (factor-based formula, scenario simulation, etc.), to guide companies
towards better governance and thus more sustainability.

2.2. United States of America

Premium volume in 2018 in the US was USD 1.47 trillion, representing 92% of the
North American market and 28.29% of the world market [46].

The US experienced major insolvencies in the 1980s and 1990s, which increased the
interest of supervisors in regulation [55]. State regulators developed—through the National
Association of Insurance Commissioners (NAIC)—a uniform system composed of risk
modules that established categories in which risk was measured by means of risk-based
capital models [33]. This model was subsequently improved in many ways, including the
development of life insurance scenarios. However, compared to other systems, it tends to
separate the calculations according to whether the line of business is claims, life, etc.

In 2008, the Solvency Modernisation Initiative (SMI) began. This regulation has various
objectives, including protecting policyholder interests and determining a solvency capital
in line with the risk [38]; updating the regulatory framework for insurers, which dates back
to the 1980s [39]; and limiting the frequency and severity of insurers’ insolvencies, which
are very costly for policyholders and beneficiaries [56]. The SMI assesses solvency and also
other areas of insurers such as capital requirements, governance and risk management,
group supervision, statutory accounting and financial reporting and reinsurance [57]. These
practices and processes support good management and are part of the increased importance
of corporate governance to be developed in the light of the 2007–2013 crisis [58].
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2.3. China

China’s premium volume has progressively increased and in 2018 was USD 574.877 billion,
representing 11.06% of the world market and placing it behind the US.

The supervisory body is the China Insurance Regulatory Commission (CIRC) and its
solvency model is the China Risk-Oriented Solvency System (C-ROSS), the project for which
began in 2012 and was implemented in 2016. C-ROSS is consistent with a structure that
requires asset and liability management [32] and focuses on three objectives: quantitative
risk assessment, developing minimum capital and implementing a regulatory system.

The Chinese system follows the guidelines of the IAIS, [19] and the experience of SII.
It is based on three pillars, according to its objectives: quantitative capital requirements,
qualitative supervisory requirements and market discipline. Governance is addressed in
the second and third pillars. Firstly, by establishing management requirements, as well as
the evaluation of the company and its decision-makers. It then addresses the obligation of
transparency of information and reporting to authorities.

2.4. Australia

Australia’s premium volume in 2018 was USD 79.98 million, ranking it thirteenth
worldwide with 1.5% of the world market [46].

The supervisory and control body is the Australian Prudential Regulation Authority
(APRA). The solvency model was introduced in 1973 by establishing the requirements for
access to the insurance market [59], and in 2013 it was updated with the Life and General
Insurance Capital Standards (LAGIC), whose aim is to standardize capital requirements
and increase risk sensitivity.

The Australian model is similar to SII and is based on three pillars [60]. An insurer
is compliant if its capital base exceeds 90% of the capital requirements [61–63] and also
has appropriate valuation strategies and systems in place. However, it goes deeper into
governance since its requirements are prescriptive, although the requirement for pub-
lic information is more diffuse. Being part of the analysis not simply technical but of
management and governance.

2.5. Brazil

Brazil is the leader in Latin America with 44.8% of the premium volume and ranks
sixteenth worldwide with 1.4% of the world market [46].

The supervisory and control body is the Superintendence of Private Insurance (SUSEP).
This body deals with the minimum capital requirement (MCR) for access to insurance
activity, the definitions for the subsequent development of the solvency regulations and the
capital requirements are in [64]. Current legislation identifies the MCR [55] and the main
requirements for valuation [65,66].

2.6. South Africa

South Africa’s premium volume in 2018 was USD 48.269 million, ranking it nineteenth
worldwide with 0.9% of the world market [46]. The supervisory and control body is the
South African Reserve Bank. The regulation governing solvency is the Solvency Assessment
and Management, which began in 2010 and was implemented in 2018.

This regulation complies with the Insurance Core Principles of the IAIS [19], is similar
to SII and is based on three pillars: its objectives are to align the capital requirement
with risk, to develop appropriate risk models for all insurers, to encourage the use of
more sophisticated risk monitoring tools and to maintain financial stability [67]. Promotes
governance, increases reporting and processes focused on the ORSA.

3. Materials and Methods

The models are a simplified representation of reality. An insurer’s solvency depends
on numerous factors and all cannot be measured [54]. Likewise, simple measures can be as
effective as complex ones [58].
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Ref. [28] established a theoretical framework with seven criteria for model analysis
and risk detection and this analysis was used by [29]. In the face of major changes in
the markets and in insurance companies’ structures, risks and product complexity have
evolved [68]. In fact, [30] extended the criteria to eleven and analysed the US, EU and
Swiss regulations, focusing on the possibility of dynamic changes and market capital. This
model (Cummins and Holzmüller criteria) was subsequently used by [31,32] with the latest
regulatory changes.

These criteria are:

C1: The risk-based capital formula should provide incentives for weak companies to hold more capital
and/or reduce their risk exposure without significantly distorting insurers’ financial decisions.

In this approach a rule-based model will be simple and less risk oriented [29]. The cap-
ital requirement in a rule-based model is obtained as a function of determined magnitudes,
such as size.

The supervisor sets minimum requirements that insurers must meet to avoid inter-
vention and that are public, which provides an incentive to maintain capital in line with
the risk [29]. The establishment of several capital requirements allows for early interven-
tion and the creation of an efficient and stable structure. An appropriate system should
therefore:

• Facilitate the rehabilitation of weak insurance companies.
• Facilitate the orderly liquidation of companies.
• Limit the risk of insurers at risk of insolvency

C2: The risk-based capital formula should reflect the main risks affecting insurers and be sensitive to
how these risks differ between insurers.

The identification of risk types and risk sensitivity allows the detection of weak
insurers and the reduction of arbitrage possibilities, which entails:

• The establishment of internal controls and an appropriate governance structure, which
can reduce bankruptcies because these are often due to a combination of risks [69,70].

• Risk sensitivity reflecting the differences between different insurers [30]; however,
it should not encourage discrimination against small insurers by setting excessive
requirements that could drive them out of the market, thereby harming supply and
market freedom [68].

C3: The weight of each risk must be proportional to its impact on the total insolvency risk. The
criterion is met if:

• The regulation promotes a calculation method in which the majority of risks are
considered, and their weight is according to the importance in insolvencies [29]. To
this end, risks must be adequately calibrated [30] and the case-by-case approach of
each insurer must be considered [28].

• An insurer’s insolvency probability is calculated using a consistent risk measure [71]
and the parameters are correctly estimated to avoid distorting the weight of risks or
misleading capital requirements [29].

• The risk dependency structure is considered. In this way, the correlations reflect the
dependencies and can even be developed using internal models [30].

C4: The risk-based capital system should focus on identifying insurers who generate the highest
insolvency costs.

Insolvency of small insurers is usually more frequent but large insurers generate a
higher cost to the economy. The regulator is therefore interested in reducing bankruptcies
of insurers with higher systemic risk [28,29].

Insolvencies in the insurance sector are caused by shocks related to assets, liabilities or
both [50]. Historically the prediction of these shocks has focused on liabilities because they
are more frequent in weakly capitalised insurers [69].
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C5: The formula and/or measurement of real capital should reflect, where possible, the economic
values of assets and liabilities.

An insurance company’s balance sheet can sometimes be far from economic. The
calculation of technical provisions and minimum permitted capital must therefore be made
using the economic value of assets and liabilities because book values may provide biased
results [30]. The International Financial Reporting Standards (IFRS) use this principle and
therefore compliance with the criterion leads to convergence with them, especially in the
case of liabilities [72,73].

C6: Whenever possible, the risk-based capital system should prevent inaccurate reporting or loss of
reserves and other forms of insurer manipulation.

The criterion’s relevance is due to the accounting frauds discovered in the 2008 crisis.
Supervisory and control regulations focus on policyholder safety and/or market efficiency,
while an accountant must avoid inaccurate information, but without neglecting qualitative
characteristics.

Market efficiency and competitiveness depends on participants, especially the super-
visor, having access to relevant information. Information accuracy requires instruments
that detect and sanction fraud. Therefore, the solvency regulation should reflect the risks
and control them in a feasible way [28] and formalise corporate governance or on-site
assessment [30]. In the case of insolvency, the supervisor is the reference agent, so sanctions
must be clearly defined and made known to the other agents [30].

C7: The formula should avoid complexity by maintaining equity in the increased accuracy for risk
measurement.

This criterion is complex because the models must encourage risk management and
reduce insolvency costs [29]. Two positions can be found (Table 3).

Table 3. Main characteristics of the calculation formula. Source: Own work.

Simple Formula Complex Formula

Favour • Easy to explain, understand and use. • Improves prediction [36].

Against

• It does not capture all the
information [74].
• It does not observe inefficiencies in
transparency [75].

• Cost for insurer and regulator [30].
• It is difficult to analyse [28]:
- The management of the company;
- Effect on capital;
- Market impact.

The balance is difficult and the insurance industry is complex by nature. However,
the formula’s level of complexity must on the one hand be appropriate and encourage
overall risk management [70] and on the other hand not make premiums more expensive or
reduce innovation [68]. In this sense, it should be noted that there may be simple formulae
underlying complex calculations [76] and that inappropriate formulas will worsen market
security [77]. Internal models are more risk sensitive and are included in the management
of an insurer [76,78] but they are complex and costly [50]. While complexity is somewhat
necessary, it should be at an appropriate level with a comprehensive approach to risk [70].
In addition, the internal models are more in line with good governance.

C8: The structure must be appropriate to economic crises and systemic risk. Regulation should
anticipate systemic risk and prevent the insurance industry from being involved in the economic
cycle when crises occur.

Systemic risk has mainly been associated with the banking sector, but globalisation has
increased its importance in insurance. The lack of regulation encourages systemic risk [30],
although the use of the same model provokes the same response to similar events.

Internal models [79] are a tool for systemic risk reduction [80]. These models arise from
the evolution of profit testing that emerged in the 1980s [81]. They relate risk to an insurer’s
experience and risk profile and are the basis for risk management and assessment [82].
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C9: The regulation must carry out an evaluation of the management processes and must mainly
consider the determinants of the management capacities. This criterion requires:

• A structure and instruments that allow the regulator to detect situations and causes of
insolvency in its early stages [70]. There must be an indicator that prevents the lack of
solvency capital.

• Qualitative analyses to be conducted which detect those qualitative factors that lead
to an insurer’s insolvency—such as management inexperience, incorrect business
plans [30,69], mismanagement or strategic risk [29,83,84]—and those that provide for
it—such as internal controls or expert advice—which can be even more effective than
strict capital requirements [69].

• Regulators to have supervisory and monitoring tools in addition to capital require-
ments [85].

C10: Flexibility of the structure to adapt to the times. The model must be flexible in general concepts
and parameters. Empirical understanding and theoretical development, as models and concepts,
must lead to the structure’s improvement. This criterion analyses whether:

• The market moves faster than regulation, so imbalances can affect policyholders [30].
The sustainability of the regulatory regimes, mainly those of solvency, is thus based on
the level of market competition and a system’s capacity to adapt to change. A system
that is very demanding in terms of the levels of solvency capital requirement can push
more insurers out of the market than is necessary [50], which results in a reduction in
the number of entities that make up the market by changing from an atomised to a
centralised market.

• The degree of market competitiveness when agents interfere tends to limit regulation.
Highly regulated markets allow firms to be highly competitive and each individual
player has less power [86].

C11: Strength of risk management and market transparency. Solvency regulation requires insurers
to manage risk quantitatively. Increased market transparency ultimately reduces the need for
regulation.

Regulation must include market discipline and not be limited to solvency capital. To
this end, transparency must be increased, which provides information that allows insurers
to be evaluated [50] so they adapt to regulation and maintain an adequate risk level, and so
that the market is more efficient and information asymmetries are reduced.

The model must therefore analyse internal factors such as quality or suitability of
management, adapting governance and risk management [70].

4. Results

The regulation of the main insurance markets is analysed (Appendix A) based on the
Cummins criteria set out in the methodology section.

4.1. C1: Provides Appropriate Incentives

SII will not significantly alter the asset structure of EU insurers with good credit
ratings [87], although capital optimisation will bring them value [70] and internal models
may lead to regulatory arbitrage and consequently increased risk [20].

Brazil is evolving to a principle-based system and therefore partially complies with
C1 because it includes the main risks but does not contemplate internal models, while
Australia and South Africa have a risk-oriented system. The US and China have a rule-
based approach, although in both cases the current regulations have improved on the
previous ones.

The supervisor sets capital requirements that allow for early intervention which
can prevent insolvency. In this sense, the most developed systems are in the EU and
Australia (SII), followed by South Africa and Brazil (SII oriented), which have double
capital requirements. The standard SII formula may not achieve all the legislative objectives,
but internal models allow for individualised risk management, as in Australia [62].
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China is aligning itself with C1 as the CIRC establishes greater regulation for insurers
with weak results. When risk is poorly managed, it can lead to weak corporate governance.
This leads to a penalty in the form of higher capital requirements. However, distortions can
occur as in SII or risk-based capital [32]. In the US, the valuation of assets was aligned with
C1 before the SMI came into force [30], so the main changes are in liabilities. The NAIC [88]
developed an ORSA process that provides incentives to insurers who are in line with C1.

4.2. C2: Risk-Sensitive Formula

SII aims to ensure that all business insurance risks are taken into account [22] and
the system is risk sensitive, the standard formula is simple and well-calibrated and allows
for internal models [39,40]. The standard formula includes the main risks (market, credit,
underwriting and operational) and is therefore C2 compliant, although underwriting risks
in non-life and health insurance can be refined to increase risk sensitivity [29].

RBC employs a rule-based approach with detailed calculation, which considers the var-
ious risks and the relationship between them, although it presents difficulties in identifying
financial weaknesses [16]. The NAIC plans to implement a principle-based, risk-oriented
approach that is not as meticulous as SII, but it can detect weakly capitalised companies by
business line. Furthermore, operational risk is not explicitly identified [88], although it is
planned to incorporate it.

China covers most risks, requires a minimum capital requirement and the risk assess-
ment is more qualitative. Brazil can improve on C2 because it mainly uses accounting
information and does not consider disaster risk. Australia stresses risks such as mortality
and morbidity to assess disaster risk.

Operational risk is complex to assess quantitatively [29], but qualitative requirements
can be used [20]. Australia devotes legislation to this risk [63], the EU and South Africa
set qualitative requirements, but quantitative requirements could be improved, and Brazil
uses a premium-based formula.

After the 2008 crisis, liquidity risk has become relevant. However, many models, such
as the Australian or Brazilian model, do not mention it [63].

The Chinese C-ROSS is C2 compliant, as it considers most of the important risks,
although some risks (operational, strategic, reputational or liquidity) are addressed in a
qualitative way [32], which can be improved. The system forces the use of the standard
formula and limits parameters and scenarios.

4.3. C3: Well-Calibrated Formula

European Union, Australia, Brazil and South Africa consider the dependence between
risks and some sub-risks by means of correlations, so it complies with C3.

The risk measurement is carried out using a risk measure. The EU, Australia, South
Africa and China use VaR with a 99.5% confidence level, although in the latter market it is
only for catastrophic risks. The US risk-based capital and Brazil use the same risk measure
with a 99% confidence level [89].

Risk-based capital was not effective in identifying weaknesses in the past. The SMI
improves the adequacy and risk weighting, but since the NAIC has no authority to imple-
ment methods or parameters, because it can only make suggestions but not enforce their
implementation [88], there is room for improvement in C3.

C-ROSS determines capital requirements by using solvency ratios and aggregating
them by means of a correlation matrix. It also considers the dependence between insurers
by classifying them. These would all be in line with C3 [32]; however, the ratios do not
fully capture capital needs [30].

4.4. C4: Identification of High Insolvency Costs

All systems except China and the US are principle-based systems and calculate capital
requirements using VaR, which increases risk orientation [89].
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Internal models can optimise the capital requirement and reduce it [30]. SII, Australia
and South Africa allow such models, while Brazil does not mention them in its regulation,
although some authors advise their inclusion [89,90].

South Africa considers an insurer’s size [91] and Australia, in addition, considers the
complexity of the operations [62], both of which are in line with C4.

Risk-based capital can be refined using either size adjustments or adjustments for
catastrophic risk exposure [22]. These size adjustments are complex and these needs to be
taken into account because different sized companies could have the same result [30], which
is against C4. The fundamental objective of risk-based capital is to limit the frequency
and size of insolvencies by reducing their cost to policyholders [58]; however, delegating
supervision and control to states makes this task difficult, which is detrimental to C4.

China has a rule-based system, takes a deterministic approach and does not allow
internal models, which is contrary to C4. However, insurers that pose a systemic risk are
required to have greater controls and capital requirements in line with C4.

4.5. C5: Economic Values Considered

In EU, creditworthiness is measured using market values rather than historical costs.
Brazil uses a model with market-consistent valuations, Australian LAGIC uses economic
values linked to market values, best estimate and IFRS guidelines, and South Africa follows
the same path as Australia. All these regulations therefore comply with C5.

The RBC uses standardised data, obtained from the balance sheet and close to market
values [30], so it complies with C5—although there is room for improvement. In China,
liabilities are valued at market value, except for non-life insurers, which must value assets
and liabilities at book value, so C5 is partially compliant.

4.6. C6: Avoid Inaccurate Information

Solvency II regulation and the regulations that take it as a reference use two capital
requirements, which improves the prediction of insolvency by establishing two barriers
to it. This regulation is one of the most advanced and effective systems [22], reduces
inaccurate information and has tools to avoid errors in reporting, although the reports do
not explicitly address erroneous information [30]. The second pillar of the South African
regulations includes corporate governance and carries out on-site capital monitoring. In
Australia, corporate governance is highly developed and focuses on internal audits and
technical basics. All these regulations comply with C6.

The systems in Australia, Brazil, South Africa and the EU are principle-based and
reduce inaccurate reporting [30]; they provide for internal controls that mainly focus on
accounting audits [65] and therefore comply with C6. However, some systems use data at
book value, making it difficult to comply with this criterion.

China’s Solvency Aligned Risk-Management Requirements and Assessment quali-
tatively assesses internal control [32] and establishes reporting requirements with high
penalties for non-compliance, although corporate governance can be improved.

In the US, the NAIC is the federal agency in charge of designing control systems based
on the experience of the 2007 crisis. The SMI’s objective is a global reform covering capital
requirements, governance and risk management, group supervision, statutory accounting
and financial reporting and reinsurance [57]. It therefore complies with C6.

4.7. C7: Simple Formula

The risk measure used by all systems is VaR, except in the US where the NAIC cannot
impose its use. Unlike TvaR, VaR is not generally a consistent risk measure [92]; however,
it is analytically and numerically calculable. It is therefore more practical than TvaR [30],
although the latter is more compliant with C7.

SII uses VaR complemented by the development and application of methodologies for
analysis [53], while Australia, Brazil and South Africa use a dynamic approach based on
SII. All these systems except Brazil—with a 99% confidence level—use VaR with a 99.5%
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confidence level and are therefore C7 compliant. These systems additionally allow for
internal models and the inclusion of scenarios, which encourages C7. Brazil also requires
the publication of information on the calculation of the MCR, which makes its value
verifiable.

The risk-based capital for the life sector has introduced changes in interest rate risk [93],
which improves insolvency prediction in exchange for a more complex and costly model
and a reduction in the comparability of the results.

China uses deterministic models with parameters set by the CIRC, making the formu-
lation simpler and the cost of the model lower.

4.8. C8: Structure Appropriate to the Crisis

None of the systems analysed explicitly consider systemic risk, although Australia,
European Union and South Africa allow internal models, which can indirectly reduce such
risk and would therefore be in line with C8. The Brazilian system does not address internal
models [65].

C-ROSS requires a capital charge to address systemic risk and introduces mechanisms
to adjust capital requirements to market fluctuations. However, it does not allow for the
development of internal models, which makes compliance with C8 difficult.

No system provides for a review period that ensures their adaptation to a dynamic
financial environment [50] and avoids results contrary to the initial objectives [94], which
makes it difficult to comply with C8.

4.9. C9: Evaluation of the Management System

SII explains corporate governance, internal control and the ORSA process [49]. Aus-
tralia addresses corporate governance and actuarial advice and South Africa requires
actuaries to be professionals with appropriate knowledge and experience to carry out their
work. China conducts a thorough inspection and requires management to have ongoing
training [32]. All of these systems comply with C9 and are orientated to a better corporate
governance and for instance to the sustainability.

Brazil requires managers to be experts in the field [65] and provides for internal con-
trols, which focus on accounting audits rather than overall analysis of corporate governance,
and thus partially complies with C9.

None of the systems define or address strategic risk, or business risk, to the detriment
of C9.

4.10. C10: Flexibility in Adaptation

In the US, the states are responsible for developing regulations for the supervision
and control of insurers. In Brazil, the numerous interest groups and the geographical
extension make system changes difficult. In the EU there are also multiple stakeholders
and, in addition, SII is being reviewed to adapt to the new developments introduced by the
Lisbon Treaty and the new financial supervision measures. All these circumstances make it
difficult to comply with C10.

In China, by contrast, the CIRC makes the decisions and has implemented C-ROSS
within four years, so the system is unbureaucratic and very flexible to change. Australia
and South Africa also have a single monitoring and control body, which gives them a good
capacity to adapt to change. All these systems are in compliance with C10.

4.11. C11: Strength of Management and Market Transparency

The Australian and EU systems’ third pillar provides that insurers are obliged to report
information to the supervisor and be transparent, thus reducing information asymmetry
problems. The South African system’s third pillar also promotes an internal system and
market discipline. The second pillar of the Chinese C-ROSS establishes the obligation for
management to be involved in the risk management process and direct and up-to-date
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reporting requirements to the supervisor, along with sanctions for non-compliance. All
these systems are in compliance with C11.

Although the obligation to inform the SUSEP is established, the Brazilian system does
not contemplate corporate governance and has therefore been left behind.

5. Discussion

The Cummins and Holzmüller criteria establish a framework for analysing different
solvency systems. Using this framework, it can be said that the Australia and South Africa
followed by the European Union and Chinese systems are the most developed, largely due
to their approach to the path marked out by SII. Australia, Brazil and South Africa use the
SII model as a reference.

The US is gradually moving towards a risk-based model and Brazil needs to improve
some of the criteria as can be seen in Table 3:

After reviewing the EU, US, Chinese, Australian, Brazilian, and South African systems,
it is clear some systems are more developed than others (Table 4). All of them are relevant
and have undergone a renewal process in the last decade, which has tended to be mainly
based on dynamic criteria for evaluation. It should also be noted that the risk measure
used by these systems is VaR with a one-year time horizon and various levels of confidence
(99%; 99.5%).

Table 4. Summary of criteria. Source: Own work.

Criterion EU US China Australia Brazil South Africa

1. Provides appropriate incentives
√√√ √ √ √√√ √√ √√√

2. Risk-sensitive formula
√√√ √ √√√ √√√ √√ √√√

3. Well-calibrated formula
√√√√ √√ √ √√√√ √√√ √√√√

4.Identification of high
insolvency costs

√√ √ √√ √√√
-

√√√

5. Economic values considered
√√√√ √ √√ √√√√ √√√√ √√√

6. Avoid inaccurate information
√√ √ √√√ √√√ √ √√√

7. Simple formula
√√√ √√ √√√ √√√ √√ √√√

8. Crisis-appropriate structure
√√√ √ √√ √√√ √ √√√

9. Evaluation of the
management system

√√
-

√√√√ √√√√ √ √√√

10. Flexibility in adaptation
√√

-
√√√√ √√√ √√ √√

11. Strength of management and
market transparency

√√√√
-

√√√√ √√√√ √√ √√√√

Legend: Fully satisfied
√√√√

; Greatly satisfied
√√√

; Partially satisfied
√√

; Poorly satisfied
√

; Not satisfied.

6. Conclusions

In recent years, regulatory changes in the world’s major insurance markets have
promoted a process of convergence and the development of risk management, both in
quantitative and qualitative terms. However, solvency regulations still need to be improved
in order to develop the qualitative aspects and to include the different dimensions of
sustainability in order to make them sustainable.

The Cummins and Hozmüller criteria, with the exception of C5 and C7, make it possi-
ble to determine the degree of sustainability of solvency from a tactical risk management
point of view. In addition, criteria C2, C6, C9 and C11 make it possible to do so from a
strategic point of view by considering governance, one of the dimensions of sustainability
(Table 1). None of them permits to determine the environmental and social dimensions of
sustainability.
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All these criteria have been analysed for the solvency regulations of the European
Union, United States of America, China, Australia, Brazil and South Africa. Likewise, the
results obtained for C2, C6, C9 and C11 allow us to establish an ordinal ranking of the degree
of sustainability of these regulations in the area of governance. Australia, China and South
Africa rank first, the EU second, Brazil third and the US fourth. Therefore, the regulation
of the latter two countries has a margin for progress in terms of both sustainability and
degree of convergence with the regulations of the rest of the countries analysed.

The regulators play a key role in the sustainability of the insurance industry. They
establish a regulatory framework that encourages sustainable decision-making and sets
restrictions and/or limitations on decisions that damage sustainability. This facilitates the
transfer of financial resources to sustainable alternatives, which should ultimately facilitate
the transition to a more sustainable insurance industry.

In this sense, many regulators have started to incorporate various aspects of sustain-
ability into their supervisory process [95] in order to make solvency more sustainable.
These modifications have mainly taken place in the area of governance, while at present no
regulation explicitly includes the environmental and social dimensions of sustainability. So
that all regulators can make their solvency systems more sustainable by incorporating one
or more of the elements of the environmental and social dimensions shown in Table 1.

The process requires the interaction of regulators with insurance stakeholders, in
particular with major insurance companies, many of which have also started to incorporate
various aspects of sustainability into their management processes with the aim of becoming
sustainable insurers and responsible investors [96]. Insurers need to incorporate climate
risk and its effects into both their offerings and the management of their insurance business.

(i) Establishing limits and restrictions on investments, activities, energies and/or tech-
nologies that are considered unsustainable;

(ii) Providing incentives for those that are sustainable;
(iii) Creating new lines of business to offer products and services that are sustainable,

promote sustainability and create social value or have a positive impact on the envi-
ronment;

(iv) Complying with current and future standards, especially those related to sustainabil-
ity.

To do so, they need to adapt or modify their strategy, create new departments and
re-strengthen some existing ones, establish or increase collaboration, communication and
transparency with existing public or private institutions or with new actors to increase the
sustainability of the business and protect the data of the insurer’s stakeholders, especially
the customers.

In that direction, the regulator should focus on generating scenarios, rather than strict
formulas, for adequate long-term sustainability of insurance companies, as better risk
management increases business sustainability. In addition, any country that wishes to
increase the protection of policyholders should increase the control of corporate governance
by requiring at least quarterly reporting and public publication of this information by the
companies. These actions would increase market transparency. In the same sense, the
technical department should integrate professionals with appropriate expertise into senior
management. It is therefore necessary to establish criteria for monitoring the quality of
professional qualifications, as is the case in Europe or China.

As far as the control of the solvency, corporate governance and sustainability of
companies is concerned, a change in structure will be required. Internal control departments
must be set up to verify the correctness of results with solvency regulations, as is the case in
Australia, South Africa or the EU. In addition, companies must develop their own analysis
of their situation with ORSA-type reports established by the IAIS. All of this implies an
increase in the cost of business.

As far as investors are concerned, any increase in transparency, improved management
and image, implies the continuity of the company and therefore represents a benefit
for them.
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The experience obtained in the area of insurance market solvency regulation may be
useful in addressing the reforms required by the Principles for Sustainable Insurance [3].

Finally, the Cummins and Hozmüller criteria analyse the degree to which a solvency
regulation is able to determine whether an insurer’s capital is enough to meet the obligations
of policyholders and beneficiaries. However, these criteria are not sufficient on their own to
analyse the sustainability of such regulation because, as discussed in this paper, they only
consider one of its dimensions: governance. Therefore, it would be useful to complement
them with other criteria to analyse the other dimensions of sustainability: environmental
and social. This would make it possible to determine whether the solvency regulation
of an insurance market is sustainable, as well as the level of convergence towards the
sustainability of the solvency of the different insurance markets.
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Appendix A Summary of the Models Analysed

Table A1. Summary of global regulatory models analysed. Source: Own work.

System EU (SII) US China Brazil Australia South Africa

1. General information

1.1. Country of
application European Union Unites States China Brazil MCR Australia South Africa

1.2. Year of introduction 2016 2008 2016 2015 2013 2018

1.3. Main pillars

1. Quantitative
requirements on
capital

1. Rule-based
formula

1. Quantitative
requirements on
capital

1. Quantitative
requirements
on capital

1. Quantitative
requirements on
capital

1. Quantitative
requirements
on capital

2. Qualitative
review by the
supervisor

2. Qualitative
review by the
supervisor

2. Qualitative
requirements
on the
characteristics
of the
investments

2. Qualitative
review by the
supervisor

2. Qualitative
review by the
supervisor

3. Public
information

3. Public
information

3. Public
information

3. Public
information

1.4. Regulated companies
Insurance and
reinsurance
companies

Insurance and
reinsurance
companies

Insurance and
reinsurance
companies

Insurance and
reinsurance
companies

Insurance and
reinsurance
companies

Insurance and
reinsurance
companies

1.5. Consideration of
management risk Slightly catch 2 No Yes No

1.6. Public information
requirements Yes Yes Yes Yes, but

administrations Yes Yes
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Table A2. Summary of global regulatory models analysed. Source: Own work.

System EU (SII) US China Brazil Australia South Africa

2. Definition of required capital

2.1. Typology of the
model

Static factors +
dynamic cash
flow models

Static factors
Static factors +
dynamic cash
flow models

Static factors +
dynamic cash
flow models

Static factors +
dynamic cash
flow models

Static factors +
dynamic cash
flow models

2.2. Rule-
based/Principle-based Principle-based Rule-based Rule-based Principle-based Principle-based Principle-based

2.3. Orientation to the
global balance Yes No Yes Yes Yes Yes

2.4. Time horizon 1 year 1 year 1 year 3 months 1 year 1 year

2.5. Risk/calibration
measure 99.5% VaR VaR 99%

VaR 99.5%
(Catastrophic
risk)

VaR 99% 99.5% VaR 99.5% VaR

2.6. Operational risk Qualitatively No Qualitatively Yes Yes Qualitatively

2.7. Catastrophic risk Yes No Yes No Yes Yes
2.9. Internal models Yes No No No Yes Yes

3. Definition of available capital

3.1. Definition based on
market or accounting
values

Market values Book values Book and
market values Market values Market values Market values

3.2. Classification of
available capital Yes (3) No Yes (4) Unspoken Yes Yes

3.3. Considerations of
off-balance sheet items Yes No No No Yes Yes

4. Intervention

4.1. Levels of intervention 2 4 4 2 2 3

4.2. Transparency of
sanctions Are not explicit Strict, regulated Strict, regulated

Yes, deadlines
but no
sanctions

Are not explicit Are not explicit
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