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1) Admissibility of Internal Models

Internal models for insurance and reinsurance companies (“insurers”), insurance groups and conglomerates serve – in the context of this paper – as a framework to determine and discuss available and required economic capital. This determination and discussion take place firstly within an insurer in the process of managing risk and secondly in connection with solvency supervision.

An internal model therefore does not only serve to determine available and required (“target”) economic capital, but it also provides a common framework for discussing risks, dependencies among them and links between different areas of the business among other matters. Available economic capital in the context of this paper will also be termed “risk bearing capital”, where required economic capital in the regulatory context is often known as “target capital”.

A model consists of:

· a methodology: this comprises assumptions, mathematical models, mappings of the real world to a conceptual framework, …

· parameters: estimates, mortality tables, claim size estimates, frequency and severity probability distributions, …

· data: position / exposure data on investments, data on financial instruments, data on insurance policies, i.e. portfolio exposure information, … 

· an implementation: software code, IT platforms, data warehouses, …

· processes: testing, back-testing, falsification, plausibilisation, estimation, sensitivity analysis,…

Models are more or less simplified descriptions of the real world. In that sense all models are “wrong”, but obviously some models are more appropriate than others. In the sequel, criteria are listed which are supposed to help the Swiss insurance supervisor (Federal Office of Private Insurance, FOPI) to distinguish appropriate from less appropriate models for the Swiss Solvency Test (SST).

A simple check-list will not be suitable to decide on the “appropriateness” or “inappropriateness” of any given internal model. Therefore, FOPI can only decide whether a given internal model is admissible and suitable for the SST, but not whether an internal model is suitable to measure and to manage the insurer’s risks.

An internal model should change over time together with the company, the insurance market and the changing risk landscape. Internal models should take best-practice developments for modelling risks into account. Also, assumptions on parameters can change. It is important that continuing improvement of the internal model is not restricted by an overly onerous regulatory approval process. Also, the regulator accepts that errors are inevitable in a sufficiently complex model and that it is important that these errors are continuously exposed and eliminated rather than hidden away. 

2) Basic Framework for the Use of Internal Models in the SST

The SST is a principles based framework for solvency testing, requiring the determination of required target capital and available risk-bearing capital of an insurer. The quantifications are based on a full market consistent valuation of both assts and liabilities and the realistic modelling of all market-, credit- and insurance risks which can have an impact on the insurers economic balance sheet. The principles of the SST are implemented in the standard SST model and are to be followed also when the internal model’s approach is chosen or required.

The following are the basic principles and definitions of the SST:

1. All assets and liabilities are valued market consistently. The market consistent value of liabilities is defined as the sum of the best-estimate and the market value margin;
2. Risks considered are market, credit and insurance risks;
3. Risk-bearing capital is defined as the difference of the market consistent value of assets less the market consistent value of liabilities plus the market value margin;
4. Target capital is defined as the sum of the Expected Shortfall of change of risk-bearing capital within one year at the 99% confidence level plus the market value margin;
5. The market value margin is defined as the discounted future capital costs of regulatory capital required for the run-off of the portfolio of assets and liabilities

6. The SST defines an insurer’s capital adequacy if its risk bearing capital is in excess of target capital;
7. Scope of SST is legal entity and group / conglomerate level domiciled in Switzerland:
8. Scenarios defined by the supervisor as well as company specific scenarios have to be evaluated and, if relevant, aggregated within the target capital calculation;
9. All relevant probabilistic states have to be modelled;
10. Partial or full internal models can and should be used. Internal models have to be used when the standard model is not appropriate;  

11. The internal model has to be integrated into the risk management processes within the company;
12. SST Report to supervisor such that a knowledgeable 3rd party can understand the results;
13. Disclosure of methodology of internal model such that a knowledgeable 3rd party can get a reasonably good impression on methodology and design decisions;
14. Senior Management is responsible for adherence to principles.
The market value margin represents the cost of capital necessary for a hypothetical run-off or sale of the portfolio to a knowledgeable and willing party. The market-consistent value of liabilities is defined as the discounted best-estimate of liabilities plus the market value margin. “Liabilities” for the sake of these definitions are defined as provisions for insurance and senior debt. Subordinated forms of debt (satisfying the conditions of AVO Art. 39) count towards risk bearing capital, where it is not the specific legal form of debt, but the economic function that defines which form of subordinated debt has the character of risk bearing capital that can be counted as such.

Conceptually, within the SST there are no explicit limits on particular asset classes, liabilities or risk mitigations.  However, an insurer is responsible to properly take into account all market, credit and insurance risks emanating from all assets and liabilities on its economic balance sheet. There are however certain limits defined within the AVO. These limits are defined due to the fact that the Standard Model of the SST does not take into account all risks. A company using an appropriate internal model can request a change of these limits. The precondition for approval by FOPI of such  a change is that the internal model captures the relevant risks.For assets in particular, the potential loss in value in case of financial distress has to be modelled and properly reflected in the target capital to account for the limited extent it would be available as risk bearing capital in financial distress. 

Within the SST, future cash flows have to be modelled taking into account their risk characteristic. In particular, the risks from random cash flows have to be quantified properly. Uncertainty about the true nature of risks has to be taken into account by conservative parameter assumptions.

The standard model of the SST is by definition a simplified framework so that less complex companies can calculate target and risk bearing capital. Since the standard model has to be used by a variety of companies, some simplifications and limits were employed, amongst them:

· Restrictions on eligible capital (see AVO);

· a simple credit risk model where a credit risk charge is added according to the standardized Basel II approach;  

· Normality assumptions for market risk factors.

These simplifications and limits however do not necessarily apply to the internal model’s approach within the SST framework. Limits – if they are imposed, will be based on the specific shortcomings of internal models.
The AVO and the White Paper on the SST permit a whole spectrum of possibilities for how an internal model can replace or enhance the standard SST model. The realm of possibilities ranges from simple adjustment of parameters to a complete replacement of the standard model by the insurer’s internal model.

In some more detail, the broad distinctions are:

· use of company and insurance group / conglomerate (“insurance groups”) specific observable parameters instead of default parameters;
· changes to standard SST models for market, insurance and credit risk;

· replacement of standard SST model modules for insurance, market and credit risk; 

· replacement of asset or liability valuation rules by internal valuation models that ensure market consistent valuation;

· complete replacement of the standard SST model by an internal full economic capital model.

If the standard model is not appropriate to measure the risk of an insurer or no standard model exists for the company, this insurer has to have and has to use own internal risk and valuation models. In particular, this is the case for: 

· reinsurers (there is no standard SST model for reinsurers);

· insurers with foreign branches (there is no standard SST model for branches);

In what follows, mostly the situation is addressed where an internal model replaces partly or fully the standard SST model or where the standard SST model will be applied in substantially modified form. The admissibility criteria are formulated in broadly two areas: 

· criteria for the design of models and

· organizational requirements. 

They have to be satisfied before an internal model is admitted to replace partly or wholly the standard SST model. Or, where there is no standard model, before an internal model is deemed to be admissible for SST purposes.

It is necessary that FOPI can compare the results of target capital calculations of different companies. Therefore, one aim of the rules mentioned above is to be as specific as necessary to ensure comparable modelling quality and comparability of results. 
There is a set of parameters which can not be changed. This would include the risk-free yield curves, the confidence level for the risk measure, the cost of capital for the market value margin, etc. 

Nevertheless, the Swiss regulator wants to encourage insurers to explore different approaches, methodologies and techniques for risk and value quantification. There is no intention by the Swiss regulator to limit the admissible models to only a few.

3) Criteria for the Design of an Internal Model

Principles

Scope and granularity

The scope of the internal model has to comprise all risks that could potentially have a material impact on the claims paying ability of the regulated entity, called the “relevant risks”. The internal model has to be capable of measuring down to the granularity required by the Swiss regulator.

The SST is performed separately for each legal entity subject to FOPI’s supervision.
Valuation framework

Assets and liabilities have to be valued on a realistic and market consistent basis. Risks have to be modelled by their realistic and market consistent impact on the value of the risk bearing capital of the insurer. If an insurer’s internal valuation models deviate materially from the stipulations given in FOPI’s SST Guidelines on market consistent valuations of assets and liabilities, they have to be explained and justified and are like the other parts of the internal model subject to FOPI’s approval. However, there can be no deviation from the principle of market-consistent valuation.
Completeness and consistency

The internal model has to allow for all relevant risks. They must be taken into account realistically and market consistently. Similar risks have to be modelled similarly and similar balance sheet items have to be valued similarly. The underlying methodology needs to be consistent among the different risks. 

The internal model is considered “consistent”, if no contradictions within its foundational assumptions are apparent. For instance an internal model which would

· mix  market consistent and traditional, market inconsistent valuations;

· add different risk measures (e.g. Expected Shortfall and Value at Risk) to aggregate risk;

· aggregate non-Gaussian distributions using linear correlations
could give an indication of being an inconsistent model.

Risk Bearing Capital

The AVO (decrees to the Insurance Supervision Act) defines which assets are not admissible as risk bearing capital. For those insurers that use the standard SST, lack internal valuation models and therefore have to resort to traditional, possibly market inconsistent valuation, these restrictions stay in place. In addition, the SST Guidelines give additional detailed guidelines and valuation methodology.

For an insurer that employs a full internal model, some restrictions on forms of capital can be lifted. In all cases, the ranking of the insurer’s obligations, including the obligations towards shareholders has to be taken into account properly (see AVO Art. 39). A company has to obtain approval by FOPI for adjusting these limits. 
Risks within scope 

The following risk types 
· financial market, 

· insurance risk and 

· credit risk types, 

which are listed in the SST White Paper and the SST Technical Document have to be modelled. Furthermore, they should also contain any other exposures to one or several risk factors that the insurer deems to be potentially material. Material deviations from prescriptions in the SST Guidelines have to be explained and justified toward the FOPI. If the internal model does not give due consideration to risk scenarios described by the SST Guidelines, the insurer has to explain to the Swiss supervisor why this is so. 

Operational risk should not be considered for the purpose of target capital calculation. If it is part of the existing internal model, the contribution from operational risk should not be considered. If an existing internal model captures operational risks, it is not FOPIs intention that the internal model should be changed to neglect operational risk effects. But for reasons of comparability of results between companies, for SST purposes, only market, credit and insurance risks are considered.
Target Capital

The role of the target capital is to be a measure of the total risk taken by the company. Target capital has to be smaller than the risk bearing capital. The market and insurance risk assessment must be based on a probability distribution for the change in risk-bearing capital within one year. If no internal integrated model for credit risk exists then a credit risk charge should be calculated and aggregated according to the SST guidelines. 

The market value margin reflecting the run-off risk should be calculated and aggregated according to the SST guidelines.

Specific Rules

Risk measure

For market and insurance risks, the insurer has to be in a position to determine the relevant portion of the probability distribution of the change in the risk bearing capital over the period of one year. For the sake of comparability with other insurers’ risk and with the standard SST risk measure, the insurer has to determine Tail Value at Risk (TVaR, “Expected Shortfall”) of the change of risk bearing capital at the 99% confidence level.

Scenarios:

The insurer has to demonstrate that its internal model considers risk consistent with the set of scenarios specified by FOPI. Additionally, the insurer’s internal risk model has to comprise company specific scenarios that the insurer deems to be relevant for its portfolios. As with all risk modelling, the effects on the risk bearing capital have to be assessed and disclosed to the supervisor. 
The internal model has to capture the risks described in the scenarios either in a distribution function (i.e. analytically) or via a scenario which is aggregated to the distribution function.

Should the insurer’s internal risk model lack these scenarios, then it has to evaluate them separately and aggregate the results with the result of the internal model calculations. If the internal model does not have its own specified aggregation methodology, aggregation has to take place according to the stipulations in the SST Guidelines. If an internal model has an aggregation method which deviates from the one defined for the standard model, it has to be shown to the supervisor that the aggregation method is mathematically sound and combines the results of analytical models with the evaluation of scenarios such that the probability of the scenarios is taken into account. 
FOPI will propose a set of scenarios which will be discussed with the supervised insurers. FOPI will require the evaluation of a common set of scenarios specific for reinsurers.

Risk mitigation transactions

As is stipulated in the scope of internal modelling all risk exposures with a potentially material impact on the insurer have to be modelled. In particular the internal model has to take into account all transactions and agreements with a risk mitigation effect. This has to be done realistically and market consistently. It particularly applies to reinsurance (retrocession for reinsurers) agreements, options and guarantees that could legally be enforced and financial hedges. The possibly increased credit risk exposure to the legal counterparties of these transactions has to be modelled, too.

Additional organizational requirements for internal models and their backtesting

Internal models and their changes should undergo review, scrutiny and defined internal approval processes before they are used to determine risk bearing and target capital. The basic set of requirements are those that apply to all insurers subject to the SST.

Partial or total reviews of the internal model should take place at least once a year.
Review processes might require backtesting of models. However, stochastic solvency models for insurers can hardly ever be “backtested” in the strict sense. Events and scenarios in the focus of internal models take place very rarely such that a statistically sufficient amount of historical experience data will not be available. “Backtesting” should therefore be understood in the sense of: 

· making model outcomes plausible in light of generally accepted reasoning; 

· making model outcomes plausible in the light of existing historical time series; 

· testing the model with simplified and standardized portfolios, testing with extreme stress cases;

· review of the internal model or parts of the model by independent professionals;

· analysis of model changes and explaining the results;

· comparison of both methodological and organisational aspects of the model with industry practice, if available, and explaining the differences;

· company internal audits and external reviews of the modelling and data processes.

Furthermore, an internal model should satisfy:

· Stochastic variables and risk factors have to be modeled stochastically;

· The model needs to be regularly recalibrated;

· If the model consists of a collection of separate models (e.g. for insurance, market, credit risk) then the aggregation is done consistently, taking into account interdependencies; 

· The dependence structure between risks needs to be taken into account in the aggregation;

· The model documentation is transparent on which effects were neglected, on idealizations used and on simplifications applied.

Stress Testing

The internal model has to also be assessed by using stress tests to estimate the impact of one or more extreme moves in particular risk factors or parameters, or a small number of closely linked risk factors or parameters. Stress tests can be used to evaluate the domain of applicability of the internal model, i.e. in assessing where the underlying assumptions of the model break down.

It is the responsibility of the insurer to determine which key risk factors the company is exposed to. The assumptions on the key risk factors used in the model have to undergo the same review and approval processes as the internal model. (See Annex: Organizational Requirements for Model Use in SST)
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