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[bookmark: _GoBack]EIOPA's catastrophe risk work stream (CAT WS) - 
description of recalibration process

Scope of the mandate
According to the IPC mandate of 18 May 2017, the CAT WS has to recalibrate parameters for 13 scenarios within its work on the proposals to the SCR review Project Group (SCR PG) for the Technical Advice to the European Commission, which will be submitted by the end of February 2018[footnoteRef:1]. These 13 scenarios are: [1:  See document EIOPA-IPC-17/033 for more information on the recalibration mandate.] 

Hail risk in Czech Republic,
Windstorm risk in Finland,
Earthquake risk in Greece,
Windstorm and hail risks for Slovenia,
Windstorm risk in Sweden,
Flood and windstorm risks in Hungary,
Earthquake risk in Slovakia,
Windstorm risk in Spain,
Windstorm and Flood risk in Germany,
Earthquake risk in Italy.
NCAs, public consultation respondents and national insurance associations (upon specific request) provided input on the appropriateness of the calibration. This input led to the identification of the above mentioned scenarios as recalibration candidates.
The Standard Formula (SF) uses three sets of parameters per scenario to determine the NatCat SCR of an insurer, based on the particular exposure that must be allocated to risk zones[footnoteRef:2]:  [2:  The country factors and risk zone weights are given in terms of occurrence-losses, i.e. they are not losses aggregated over a certain period of time; to obtain the losses that correspond to the SF definition, scenarios are to be applied using the sets of parameters;] 

country factor ("Q" in SF notation): representing the loss of an average industry portfolio (i.e. with diversification in the given country) being hit by a 1-in-200-years event of the respective peril (severity of hazard, vulnerability, policy conditions and spatial concentration of insured property); the calibration of Q must be consistent from a cross-border point of view ("neighbouring Qs" must reflect the differences and similarities in risks for portfolios in neighbouring countries);
risk zone weights ("W", formerly "F"): addressing spatial allocation of exposure natural peril risk to a segmentation of the country (administrative zones, like the CRESTA zones) where it deviates from a 'countrywide average portfolio' -> a  for zone r means that, on average, there is less exposure risk in zone r, than the average exposure risk at country level;  W_{r}>1 means there is more exposurerisk;  W_{r}=1 means that exposure risk in zone r bears exactly the countrywide (average) risk; W needs also to be consistent with the risk in neighbouring zones (but only those with in the same country), vulnerability, policy conditions and concentration of exposure;
zone correlations ("Corr", fomerly "AGG"): the values are organised in a symmetric n x n matrix, with n being the number of regions within a given country; they reflect the correlation of event occurrence for each pair r, c of regions (Corr_{r,c}∈{0, .25, .5, .75, 1}) including the region r itself (Corr_{r,c=r} = 1), where in principle Corr_{r,c}=0 would mean statistical independence of event occurrence in two distinct regions, and  Corr_{r,c}=1 would mean (deterministic) dependence (occurrence in region r means also occurrence in region c and vice versa); due to the construction of the Corr matrices: they are rather so-called 'aggregation matrices', as they are calibrated in an iterative approximation process, rather than being calculated like Pearson correlations (values between -1 and +1).

Purpose of the process
This document serves mainly two purposes:
agreeing on technical details of the process helps the CAT WS members to efficiently and consistently recalibrate the necessary parameters of each of the scenarios, 
a clear definition of the necessary steps also helps documenting the CAT WS' work in a transparent and comprehensible way. 
Consequently, the following criteria were taken into account, when determining the process:
eligibility of a given approach for producing documentation with sufficient details for SF user's ORSA;
time consumption (the deadline needs to be met); 
flexibility (a given approach might be able to better reflect factual properties of a given set of model inputs, than a different one)
From the perspective of EIOPA staff, the first two criteria are certainly the most important ones.
Pros and Cons for three different approaches have been given by Ian Cook (Willis Re) on p19-21 of his presentation during the 13 July 2017 telecon. These were subsequently reflected by the CAT WS when agreeing on the approach.

Description of the process
Input to the recalibration
Two different types of input are used in the recalibration process:
Models:
Compared to the situation of the CAT Task Force (CTF) of EIOPA's predecessor organisation CEIOPS, nowadays more models are available for most of the scenarios. This means in all but one case, that now at least one model exists in the market, where the CTF might have had to find solutions without any model as a starting point. Models are generally available to varying extent from academia (Athens University), model vendors (AIR, Corelogic, RMS), reinsurance brokers (Aon Benfield/Impact Forecasting, Guy Carpenter, Willis Re, JLT Re) and reinsurers (Hannover Re, Munich Re, Swiss Re).	Comment by Eduard-Held: update
Industry Exposure Ddata:
The data used is, were available for a particular scenario, provided by PERILS AG. Where this is not the case, model owners are asked to use their own data. 
In all cases, model and data providers are requested to reveal features, assumptions and policy conditions, implicit to their input. This requirement arises from the obligation on EIOPA as a public authority to be transparent to the public about the foundations of its conclusions and recommendations. 
As justified needs for protection of intellectual property of contributing parties limit the degree of transparency achievable in some cases, certain approaches were not possible to be taken:
construction of a 'reference portfolio' for each market: as neither EIOPA can provide such representative portfolio, nor can an exchange and averaging of portfolio data between competitors be performed; this would be a conceptually flawed approach with respect to implicit assumptions, policy conditions and traceability of features of the data;; 
choosing one model/ranking models available per scenario: such an approach would have the advantage of having just one proposal for the recalibrated parameter to look at and no 'convergence process' towards one final number would be needed; picking from (or ranking) these models would disregard information that will be added by the process outlined below until the final outcome; these models may all have their merits and drawbacks, but no set of objective criteria could be derived, which would allow consistent discrimination between the well-established models in terms of the quality of their output;
Given the outlined impossibilities, the CAT WS had to resort to having models run on proprietary data, which clearly increases uncertainty about the comparability of results; as the alternative would be to have no recalibration proposals to start discussion on, the use of proprietary data on proprietary models must be accepted.
[bookmark: _Ref488660965]Recalibration of the country factors
It was agreed in the CAT WS to first recalibrate the country factors, as these have the most impact on a (re)insurance undertaking's SCR.
The following steps were agreed to arrive at a proposal value[footnoteRef:3] for the country factor of a given scenario ('mini Delphi method'): [3:  'proposal value' here means a value that the CAT WS will eventually propose to the SCR review Project Group (SCR PG) for adoption and subsequent submission to the European Commission as part of the envisaged Technical Advice, i.e. 'output' of the recalibration process. The term 'candidate value' is used for submissions of, e.g., own model output of model vendors to the CAT WS as input to the recalibration process.] 

1) Initial input to the (re-)calibration process:
a) [bookmark: _Ref491096704]PERILS AG to cCollateion of candidate values from all models available for a given scenario, incl. a set of objective criteria (model origin[footnoteRef:4], sample size/time span of input data, year of last model revision, year of origin of the model, limitations of the model - especially regarding spatial scope and exposures - as voluntarily submitted by the provider, tbc); Country factors of neighbouring (current, and potentially recalibrated values) regions/countries need to be taken into account to ensure proper risk relativities per perils.	Comment by Roy Nitze: Comments by model owners welcome what further criteria could be helpful - and would be provided! [4:  Is the candidate model challenged by stakeholders/clients similar to the one of (a) a model vendor, (b) a reinsurance broker, (c) a reinsurer, or (d) is it not challenged by (other) industry participants?] 

b) In case there is no model available for a given scenario, …	Comment by Roy Nitze:  In Ian’s updated presentation of 11 Aug 2017, there is an approach given for the more granular parameters (see below). Specification of what to do for calibrating a country factor is pending for the case of # of models for the respective scenario equals 0.
2) Anonymisation of input values and circulation to CAT WS members.
3) Comments from CAT WS experts to be collected, incl. recommended value (or ranking thereof) and explanation of choice; calculation of SCR resulting for the given scenario on the basis of each candidate value.
4) Comparison and subsequent consolidation of recommendations and comments to a 'dominant set' (alternatives which strictly dominate others in terms of how many times they have be chosen as the principal candidate value) of proposals and re-circulation to CAT WS members.
5) Continue with step 3 until a single value is identified as the final proposal to the SCR PG.
Along the sequence of steps above, CAT WS members are requested to continuously document the decision process and all relevant input information available.
Decision on recalibration of more granular parameters
For certain regions (currently: Greece, Hungary, Slovakia), particular zonal weights and correlations have been challenged. For others, it needs to be checked with NCAs and national stakeholders, whether the request for recalibration covers only the country factor or more. 
By 27 July 2017, Insurance Europe provided an overview to the CAT WS. It shows the scenarios that Insurance Europe members expected to be (re-)calibrated by the CAT WS – and to what granularity:

	Country
	Risks
	Country factors to be recalibrated?
	Zone relativities/ aggregation matrices to be recalibrated?
	Specific zones

	Czech Republic
	Hail
	Not currently in DR
	Not currently in DR
	

	Finland
	Windstorm
	Not currently in DR
	Not currently in DR
	

	Greece
	Earthquake
	Yes
	
	

	Slovenia
	Windstorm
	Not currently in DR
	Not currently in DR
	

	
	Hail
	Not currently in DR
	Not currently in DR
	

	Sweden
	Windstorm
	Yes 
	Yes  - specific zones highlighted
	Zone 23 County of Jämtland 
Zone 09 County of Gotland 

	Hungary
	Flood
	Yes
	Yes – specific zones highlighted
	City of Győr
Csongrád

	
	Windstorm
	Not currently in DR
	Not currently in DR
	

	Slovakia
	Earthquake
	Yes
	Yes
	

	Spain
	Windstorm
	-
	- 
	

	Germany
	Windstorm
	Yes
	Not priority
	

	
	Flood
	Yes
	Not priority
	

	Italy
	Earthquake
	-
	-
	


It needs to be assessed, for which scenarios (apart from the few already identified given before) recalibration of the risk zone weights and/or aggregation matrices is still required to address identified inconsistencies.
This identification process needs to be performed on the basis of the individual evidence provided to EIOPA by interested stakeholders during the Consultation phase.
Recalibration of risk zone weights and aggregation matrices
Due to the increased granularity, only a subset of the models used to provide candidate values for the recalibration of the country factors above (section 3.2), will be capable of providing candidate input for risk zone weight and/or aggregation matrix recalibration.
For scenarios where it was agreed to also recalibrate these latter sets of parameters, it was proposed to choose only one model per scenario is chosen to provide candidate sets of zonal weights and correlations, as the use of more than one model would increase the complexity by several orders of magnitude[footnoteRef:5]. The choice of the appropriate input model is done according to the criteria under 1)a) of section 3.2 above.	Comment by Roy Nitze: In light of comments received already, it could be regarded as an option to potentially identify a “leading” model among those available, according to their impartial features, which should be given by each of the model owners, such as date of last model review, model origin,average standard deviation for 1-in-200a estimate for risk zone weights/aggregation matrix for the scenario under consideration. The other models owners could be requested to briefly compare their output with the one of the “leading” model and discussions would only be started, where the values differ “substantially”. [5:  n risk zone weights, plus n² aggregation matrix entries equals n(n+1) times the same mini-Delphi method to be applied as described above for the country factor; in addition, certain scenario-specific restrictions on the risk zone weights and between the aggregation matrix entries might further complicate the iterations involved when using more than one model for input.] 

The following steps should be followed when recalibrating risk zone weights and aggregation matrix for a given scenario:
Choose a model, output of which provides for a level of granularity that corresponds to the SF's risk zones for a given scenario; the model picked should be in the subset of those used for the first iteration of the country factor recalibration above (section 3.2); the choice should take into account any piece of information about the respective model that is available to CAT WS members and which can be included in the documentation; by referring to this information, the CAT WS should be able to defend its decision for the respective model (and against the other candidate models) as the source of input to the risk zone weights and aggregation matrix recalibration process at all times;	Comment by Roy Nitze: When commenting on this step, please reflect Ian's remark ('It may be appropriate here to use a varying approach here between different country/perils[…]'; p25 of Ian's presentation, held during 13 July 2017 telecon)
Calibrate and normalise the aggregation matrix and the risk zone weights by the following procedure (all amounts w.r.t. the specific peril, e.g. is meant to be the industry exposure to windstorm risk in risk zone j of a given scenario, when windstorm risk is calibrated for this scenario):
Risk zone weights / zonal relativities
Calculate
with
		–	non-normalised zonal relativity for zone i in region r,
	–	1-in-200a occurrence industry gross loss ratio in risk zone i,
	–	1-in-200a occurrence industry gross loss ratio for region r 	(current country),
where
 is calculated as /, with  being the 99.5% quantile of the distribution of industry gross loss for zone i and  being the total industry exposure in zone i and
 is calculated as /, with  being the 99.5% quantile of the distribution of industry gross loss for region r and  being the total industry exposure in region r (i.e. the country which’s scenario is currently calibrated).
Aggregation Matrix Coefficients
Method 1 (to be used for most windstorm, flood and hail scenario calibration cases): calculate

with
		–	non-normalised correlation of risk zones i and j,
	–	1-in-200a occurrence industry gross for risk zone i and
	–	1-in-200a occurrence industry gross loss for risk zones i and 
				j combined
Method 2 (to be used for most earthquake scenario calibration cases): calculate

with
		–	non-normalised correlation of risk zones i and j,
	–	1-in-200a occurrence industry gross for risk zone i and
	–	1-in-200a occurrence industry gross loss for risk zones i and 
				j combined,
where  is the mean of all losses larger than the 1-in-200a loss. This parameter/random variable is sometimes also designated as ‘Tail Value-at-Risk’ (TVaR), ‘Conditional Value-at-Risk’ (CVaR), ‘Average Value-at_Risk’ (AVaR), or ‘expected tail loss’ (ETL).

Rounding and normalisation
Rounding and normalisation of both the risk zone weights and the aggregation matrix coefficients is done according to the following steps:
Set each , i.e. choose the value from this set that is closest to the  above; zonal relativities to be rounded to one decimal place;
risk zone weights and aggregation matrix are normalised under the restriction that for an exposure with industry average spatial distribution across zones (PERILS data sets to be used where available) the SCR based on risk zones and their aggregation must equal the total exposure times the region factor;
Input the industry zonal distribution into the formula (PERILS data sets to be used where available);
Set the normalisation weights to 1;
Repeat the following steps as many times as necessary:
[bookmark: _Ref491092779]Multiply the raw zonal relativities by the normalisation weights and round to the nearest 1-digit mantissa;
[bookmark: _Ref491092710]Calculate the result of the scenario as a percentage of exposure using the normalised relativities;
[bookmark: _Ref491092731]Divide the result of (2.3.6) by the country factor;
If the result of (2.3.7) is not sufficiently close to 1, then multiply the normalisation weights by (2.3.7) and repeat from step (2.3.5); 
otherwise: arrive at final  and  (i.e. the calibrated versions of the vector  of risk zone weights and of the aggregation matrix for the current scenario).
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