
 

  

 

 

 
 
 
Laupenstrasse 27, 3003 Bern, Tel. +41 (0)31 327 91 00, www.finma.ch  

 

  
 

 

 

Technical description of the 
SST standard model 
reinsurance captive 
Standard model insurance 
 
31 October 2023  



 
  

 
 
 

 2/35 
 

 
 

Contents  

1 Aim .................................................................................................................................................... 4 

2 Scope ................................................................................................................................................ 4 

3 Captives insurance business ......................................................................................................... 5 

3.1 SST balance sheet ................................................................................................................... 5 

3.2 Glossary ................................................................................................................................... 6 

3.3 Reserves and premiums reporting requirement ....................................................................... 7 

4 The one-year change in risk-bearing capital ................................................................................ 8 

4.1 Introduction to cash flows and best estimates ......................................................................... 8 

4.2 One-year change in scope ..................................................................................................... 10 

4.3 Partition of the business ......................................................................................................... 11 

4.4 Definition of reserve risk and premium risk ............................................................................ 12 

4.5 Currencies .............................................................................................................................. 13 

5 Reserve risk model ........................................................................................................................ 14 

6 Premium risk model ....................................................................................................................... 15 

6.1 Introduction ............................................................................................................................. 15 

6.2 Ground-up modelling .............................................................................................................. 16 

6.3 Maximal possible loss modelling ............................................................................................ 20 

7 Individual events risk (IE3)............................................................................................................ 21 

8 Aggregation into the non-life insurance risk .............................................................................. 22 

9 Expected insurance result of new business ............................................................................... 23 

10 Input from the captive model into other modules ...................................................................... 24 



 
  

 
 
 

 3/35 
 

 
 

10.1 Cash flows from insurance business ..................................................................................... 24 

10.2 Market value margin (MVM) ................................................................................................... 25 

11 IT implementation .......................................................................................................................... 28 

11.1 Description of the SST-Captive-Template.xlsx ...................................................................... 28 

11.2 Features in R-tool ................................................................................................................... 30 

12 Appendix ......................................................................................................................................... 31 

12.1 Moment aggregation and disaggregation .............................................................................. 31 

12.2 Properties related to the lognormal distribution ..................................................................... 32 

12.3 Gamma distribution ................................................................................................................ 33 

13 Record of changes to the captive model ..................................................................................... 34 

 



 
  

 
 
 

 4/35 
 

 
 

1 Aim 

This technical description defines the standard model for reinsurance captives (in the sequel: captive 
model) according to article 45 ISO (AVO/OS, SR/RS 961.011, version as of 1. January 2024) and is in-
tended for reinsurance captives (in the sequel: captives) subject to the Swiss solvency test (SST). For 
the record of changes relative to the technical description of the SST standard model captive of previ-
ous year, see Section 13. 

A captive reinsures normally only risks of its parent company, typically in an industrial conglomerate. 
There is a strong connection between them, e.g. detailed information about the ground losses are avail-
able to the captive and participation in a cash pool is likely. The following figure illustrates this, with dark 
grey coloured boxes being in the industrial conglomerate. 

 

 

 

2 Scope 

The captive model covers the non-life insurance risk of captives, which is illustrated by the dark gray 
box in a typical SST model, see figure below. For the modules for market risk, credit risk and aggrega-
tion please refer to the dedicated technical documentations on the SST page of the FINMA website1.  

 

Target capital (TC) 
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1 These can be downloaded at www.finma.ch > Supervision > Insurers > Cross-sectoral tools > Swiss Solvency Test (SST) 
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This technical description provides 

• the description of the captive model; 
• guidance on the positions of the SST balance sheet related to the inward reinsurance and outward 

retrocession business of the captive; 

• formulas for calculating the market value margin; 
• guidance on input coming from the captive model for the other modules, e.g. interest rate risk on the 

insurance cash flows and spread risks due to reinsurance and retrocession agreements in the mar-
ket risk model.  

Company-specific adjustments are subject to prior approval in the sense of marginal nos 107-109 of cir-
cular FINMA 17/3 "SST" unless permitted in the sense of marginal no 106. The latter have to be ade-
quately documented, see Section 11.1.4. The sections below provide more specific guidance where 
company-specific adjustments can be made.  

3 Captives insurance business  

Insurance business means here inward reinsurance and outward retrocession of a captive. This section 
explains in which positions this is reflected in the SST balance sheet. A glossary for items related to 
captive business is provided. Moreover, a reporting requirement of the portfolio into a standardised seg-
mentation is defined that is independent of the risk model. 

3.1 SST balance sheet 

The following indicates the positions in which the insurance business of a captive has to be reported in 
the SST balance sheet. See margin nos 18 to 21 of FINMA Circ. 17/3 "SST" for the scope of the SST 
balance sheet. 

Name Num-
ber in 
SST 
balance 
sheet  

Position number 
(Kontenplan)  

Description in the SST balance 
sheet of the corresponding position 

Explanation 

Assets 

Retro        
receivables 

115) 110200100XXX Forderungen gegenüber Versi-
cherungsgesellschaften: abgeg-
ebene 

Receivables from retrocession-
aires for retrocession claims pay-
ments for already paid reinsur-
ance claims  
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Retro        
recovera-
bles 

101) 106203000BE Aktive Rückversicherung: 
Schadenversicherungsgeschäft 

Receivables from retrocession-
aires for retrocession claims pay-
ments for not yet paid reinsur-
ance claims  

Reinsur-
ance pre-
mium re-
ceivables 

116) 110200200XXX Forderungen gegenüber Versi-
cherungsgesellschaften: übernom-
mene 

Receivables from cedants (or in-
termediaries) for reinsurance 
premium payments 

Reinsur-
ance depos-
its  

88) 104000000MCV 1.4 Depotforderungen aus über-
nommener Rückversicherung 

Receivables from cedants (or in-
termediaries) for reinsurance 
premium deposits 

 

Liabilities 

Reinsur-
ance re-
serves 

150) 201203000BE Aktive Rückversicherung: 
Schadenversicherungsgeschäft 

Obligations towards cedants for 
inward reinsurance claims pay-
ments (gross) 

Retro       
premium    
liabilities 

185) Diverse Konti Sonstige Verbindlichkeiten aus 
dem Versicherungsgeschäft 

Obligations towards retroces-
sionaires for retrocession pre-
mium payments 

Retro        
deposit       
liabilities 

182) 206000000MCV 2.6 Depotverbindlichkeiten aus 
abgegebener Rückversicherung 

Obligations towards retroces-
sionaires for retrocession pre-
mium deposits 

 

3.2 Glossary 

We define the following terms for the insurance business of a captive in alphabetical order:  

• Accident year (occurrence year): losses occurring (and premiums earned) in the corresponding 
calendar year. This is (only) from inward reinsurance contracts that are in force for some period in 
the calendar year and may include contracts on risk attaching basis and on loss-occurring basis. 
• Current accident year (CY) refers to the period from 𝑡𝑡0  to 𝑡𝑡1   

• Prior accident years (PY) refers to the period before 𝑡𝑡0   

• Earned business: existing business with losses having occurred in the prior accident years 
• Existing business: business incepted until 𝑡𝑡0  

• Gross loss: losses ceded to captive gross of outward retrocession 
• Inception/incepting: refers to the coverage period in the sense of margin no 20 of FINMA Circ. 

17/3 "SST" 
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• Inward reinsurance: refers to all assumed inward business of a captive. In the SST balance sheet it 
is denoted by the term active reinsurance. 

• LOB: line of business 
• Material/materiality: as defined in the FINMA circular 2017/3 "SST", margin nos 15 and 16 

• Net loss: losses ceded to captive net of outward retrocession 
• New business: business incepting between 𝑡𝑡0  and 𝑡𝑡1 
• Outstanding losses: includes all outstanding loss payments, regardless of whether they are re-

ported or not ("ultimate view"). Includes in particular case reserves, ACR (additional case reserves), 
IBNyR (incurred but not yet reported), IBNER (incurred but not enough reported) and the corre-
sponding claims adjustment expenses (ULAE and ALAE).   

• Outward retrocession: this terms is used to refer to all outward reinsurance protection of a captive 
(i.e. retrocession) 

• SST currency: as defined in the FINMA circular 2017/3 "SST", margin nos 25 to 27. (In order to use 
a currency other than the provided default SST currencies, the captive must apply for a company-
specific adjustment according to margin nos 107-109 of FINMA Circ. 17/3 "SST".)   

• 𝑡𝑡0   (or 𝑡𝑡 = 0): reference date of the SST calculation  

• 𝑡𝑡1 (or 𝑡𝑡 = 1): end of the one-year period starting from the reference date 

• Underwriting year: losses arising (and premiums) from any inward reinsurance contract written (i.e. 
incepting) in the corresponding one year period. This may include contracts on risks attaching basis 
and on losses occurring basis. (Note that the SST balance sheet and the modelling are supposed to 
be in line with margin no 20 of FINMA Circ. 17/3 "SST".)  

• Unearned business: existing business with losses occurring in the current or future accident years 
• Ultimate losses (at time 𝒕𝒕 ): sum of cumulated paid at time 𝑡𝑡 and outstanding losses  

• Best estimate of ultimate losses (at time 𝒕𝒕 ): sum of cumulated paid at time 𝑡𝑡 and best esti-
mate of outstanding losses conditional the available information at time 𝑡𝑡  

• Final ultimate losses (at time 𝑡𝑡): cumulated paid losses at time 𝑡𝑡 when the best estimate of 
outstanding losses conditional the available information at time 𝑡𝑡 equals 0, i.e. settled losses 

 

3.3 Reserves and premiums reporting requirement 

Net reserves (reinsurance reserves minus retro recoverables) at 𝑡𝑡0 and net expected premiums have to 
be reported in the prescribed reporting segmentation, possibly through appropriate proxies, as pub-
lished in the SST-Captive-Template2. Note that here the reporting of undiscounted values is requested. 

 
2 This corresponds exacly to the "RE_reserves_and_premiums" sheet in the SST-StandRe-Template, see the technical descrip-

tion for the SST standard model reinsurance (StandRe), Section 3. The prescribed reporting segmentation defines LoBs, geo-
graphical regions and types of contracts. 
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4 The one-year change in risk-bearing capital 

4.1 Introduction to cash flows and best estimates 

4.1.1 Discounting  

The SST reference time for discounting is 𝑡𝑡0, the start of the current year. The risk-free yield 
curve specified by FINMA for SST currency (see margin no 46 of Circ. FINMA Circ. 17/3 "SST") is 
denoted by {𝑟𝑟𝑘𝑘}𝑘𝑘≥1. For instance, 𝑟𝑟2  denotes the annual risk free interest rate for maturity at time 
𝑡𝑡2 starting from time 𝑡𝑡0 and indicates a two-year term. Accordingly, the corresponding discount 
factors from 𝑡𝑡𝑘𝑘 to 𝑡𝑡0 are written  

𝜈𝜈0: = 1,  𝜈𝜈1 =
1

1 + 𝑟𝑟1
 , 𝜈𝜈2 =

1
(1 + 𝑟𝑟2)2  , … , 𝜈𝜈𝑘𝑘 =

1
(1 + 𝑟𝑟𝑘𝑘)𝑘𝑘  , … 

Further, we extend the notation of interest rates by writing 𝑅𝑅𝑗𝑗,𝑠𝑠 for 0 ≤ 𝑗𝑗 < 𝑠𝑠: it means maturity at 
time 𝑡𝑡𝑠𝑠  starting from time 𝑡𝑡𝑗𝑗 , a term of 𝑘𝑘 = 𝑠𝑠 − 𝑗𝑗  years. Capital letters emphasise the stochasticity 
viewed from 𝑡𝑡0 for 𝑗𝑗 > 0 and for instance 𝑅𝑅1,3 denotes the two-year term risk free interest rate 
starting from 𝑡𝑡1 until maturity 𝑡𝑡3. For 𝑗𝑗 = 0,  𝑘𝑘 = 𝑠𝑠 and 𝑅𝑅0,𝑘𝑘 = 𝑟𝑟𝑘𝑘 is deterministic. 

We assume (as simplifying independence assumption on interest rates) the following relations: 

𝐸𝐸�(1 + 𝑅𝑅1,𝑘𝑘+1)𝑘𝑘� =
(1 + 𝑟𝑟𝑘𝑘+1)𝑘𝑘+1

1 + 𝑟𝑟1
 

Writing and assuming  𝜈𝜈1,𝑘𝑘+1 = 1 𝐸𝐸�(1 + 𝑅𝑅1,𝑘𝑘+1)𝑘𝑘�⁄ ≈ 𝐸𝐸�1/(1 + 𝑅𝑅1,𝑘𝑘+1)𝑘𝑘�  for the expected discount 
factors from time 𝑡𝑡𝑘𝑘+1  to time 𝑡𝑡1, it follows that: 

𝜈𝜈1,2 =
𝜈𝜈2
𝜈𝜈1 

 , 𝜈𝜈1,3 =
𝜈𝜈3
𝜈𝜈1 

 , … 𝜈𝜈1,𝑘𝑘+1 =
𝜈𝜈𝑘𝑘+1
𝜈𝜈1 

, … 

The above can for example be used for discounting of a cash flow 𝐶𝐶𝐶𝐶(𝑡𝑡1) =  {𝐶𝐶𝐶𝐶2,𝐶𝐶𝐹𝐹3, … }  out-
standing at time 𝑡𝑡1 (we will show two cases: discounting to 𝑡𝑡1 and discounting to 𝑡𝑡0). In this nota-
tion the superscript (𝑡𝑡1) indicates that future cash flows after 𝑡𝑡1 are considered. The sequence 
begins with 𝐶𝐶𝐶𝐶2  which represents the sum of all cash-inflows and cash-outflows between 𝑡𝑡1 and 
𝑡𝑡2. It is assumed as a simplification that cash-inflows and cash-outflows occur at the end of the 
respective time interval.  

Assuming deterministic discounting, the value of this total cash flow discounted to time 𝑡𝑡1 is given 
by: 

𝜈𝜈1,2 ∙ 𝐶𝐶𝐹𝐹2 + 𝜈𝜈1,3 ∙ 𝐶𝐶𝐶𝐶3 + ⋯ = �
𝜈𝜈𝑘𝑘+1
𝜈𝜈1 

∙ 𝐶𝐶𝐹𝐹𝑘𝑘+1
𝑘𝑘≥1

 

and the same total cash flow discounted to time 𝑡𝑡0 is given by 
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𝜈𝜈2 ∙ 𝐶𝐶𝐹𝐹2 + 𝜈𝜈3 ∙ 𝐶𝐶𝐹𝐹3 + ⋯ = � 𝜈𝜈𝑘𝑘+1 ⋅ 𝐶𝐶𝐹𝐹𝑘𝑘+1
𝑘𝑘≥1

 

4.1.2 Best estimate of a cash flow 

We denote with 𝐶𝐶𝐶𝐶(𝑢𝑢) =  {𝐶𝐶𝐶𝐶𝑢𝑢+1,𝐶𝐶𝐹𝐹𝑢𝑢+2, … }  an undiscounted cash flow outstanding at time 𝑢𝑢 ≥ 0 (by 
convention 𝑢𝑢 = 0 meaning 𝑡𝑡0,  𝑢𝑢 = 1 meaning 𝑡𝑡1, etc.). For a given time 𝑡𝑡 ≥ 0,  we define 𝜈𝜈𝑡𝑡,𝑠𝑠 = 𝜈𝜈𝑠𝑠

𝜈𝜈𝑡𝑡 
 for 

𝑠𝑠 ≥ 0  as the discount factor from time 𝑠𝑠 to time 𝑡𝑡  and write ℱ𝑡𝑡 for the information known until time 𝑡𝑡.  

We denote by 

𝐵𝐵𝐵𝐵𝑡𝑡
(𝑢𝑢) = 𝐵𝐵𝐵𝐵𝑡𝑡�𝐶𝐶𝐶𝐶(𝑢𝑢)� 

the best estimate at time 𝑡𝑡 of an underlying cash flow 𝐶𝐶𝐶𝐶 outstanding at time 𝑢𝑢, discounted to time 𝑡𝑡0, 
defined by:  

          𝐵𝐵𝐵𝐵𝑡𝑡
(𝑢𝑢) = 𝜈𝜈𝑡𝑡 ∙ 𝐸𝐸 � � 𝜈𝜈𝑡𝑡,𝑡𝑡+𝑘𝑘 ∙ 𝐶𝐶𝐹𝐹𝑡𝑡+𝑘𝑘

𝑘𝑘≥1+𝑢𝑢−𝑡𝑡

�  ℱ𝑡𝑡� = 𝐸𝐸 � � 𝜈𝜈𝑡𝑡+𝑘𝑘 ∙ 𝐶𝐶𝐹𝐹𝑡𝑡+𝑘𝑘
𝑘𝑘≥1+𝑢𝑢−𝑡𝑡

�  ℱ𝑡𝑡� =  𝐸𝐸 � � 𝜈𝜈𝑗𝑗 ∙ 𝐶𝐶𝐹𝐹𝑗𝑗
𝑗𝑗≥1+𝑢𝑢

�  ℱ𝑡𝑡� 

Note that we use discounting to time 𝑡𝑡0 in our definition, see factor 𝜈𝜈𝑡𝑡 at the first equality above. If 𝑢𝑢 =
𝑡𝑡 and the underlying cash flow is for business in scope of the balance sheet at time 𝑡𝑡, this provides as a 
special case the classical best estimate reserves in the SST balance sheet at time 𝑡𝑡: 

          𝐵𝐵𝐵𝐵𝑡𝑡
(𝑡𝑡) = 𝐸𝐸 ��𝜈𝜈𝑡𝑡+𝑘𝑘 ∙ 𝐶𝐶𝐹𝐹𝑡𝑡+𝑘𝑘

𝑘𝑘≥1

�  ℱ𝑡𝑡� =  𝐸𝐸 � � 𝜈𝜈𝑗𝑗 ∙ 𝐶𝐶𝐹𝐹𝑗𝑗
𝑗𝑗≥𝑡𝑡+1

�  ℱ𝑡𝑡� 

and if 𝑢𝑢 < 𝑡𝑡, one has a decomposition into cash flows between 𝑢𝑢  and 𝑡𝑡  and the corresponding reserves 
in the SST balance sheet at time 𝑡𝑡: 

𝐵𝐵𝐵𝐵𝑡𝑡
(𝑢𝑢) = � 𝜈𝜈𝑗𝑗 ∙ 𝐶𝐶𝐹𝐹𝑗𝑗 +

𝑡𝑡

𝑗𝑗=𝑢𝑢+1

𝐵𝐵𝐵𝐵𝑡𝑡
(𝑡𝑡) 

If the undiscounted cash flow 𝐶𝐶𝐶𝐶(𝑢𝑢) =  {𝐶𝐶𝐶𝐶𝑢𝑢+1,𝐶𝐶𝐹𝐹𝑢𝑢+2, … } is further decomposed into 𝑁𝑁𝑠𝑠𝑒𝑒𝑒𝑒 segments (e.g. 
lines of business) by using the superscript 𝑚𝑚  for a segment, i.e. 𝐶𝐶𝐶𝐶𝑚𝑚,(𝑢𝑢) =  {𝐶𝐶𝐶𝐶𝑢𝑢+1𝑚𝑚 ,𝐶𝐶𝐶𝐶𝑢𝑢+2𝑚𝑚 , … }  for 𝑚𝑚 =
1, … ,𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠  and 𝐶𝐶𝐶𝐶𝑢𝑢+𝑘𝑘 = ∑ 𝐶𝐶𝐶𝐶𝑢𝑢+𝑘𝑘𝑚𝑚𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠

𝑚𝑚=1  for 𝑘𝑘 ≥ 1, then the corresponding discounted best estimates add up:  

𝐵𝐵𝐵𝐵𝑡𝑡
(𝑢𝑢) = � 𝐵𝐵𝐵𝐵𝑡𝑡

𝑚𝑚,(𝑢𝑢)

𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠

𝑚𝑚=1

 

and for each 𝑚𝑚 it would be preferable to use discount factors of the currency underlying the segment 𝑚𝑚, 
which can possibly differ from the SST currency. 
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Where an undiscounted best estimate is needed, we use the notation (𝑁𝑁) for "nominal" in superscript 
𝐵𝐵𝐵𝐵𝑡𝑡

(𝑁𝑁),(𝑢𝑢) = 𝐵𝐵𝐵𝐵𝑡𝑡
(𝑁𝑁)�𝐶𝐶𝐶𝐶(𝑢𝑢)� and this is defined by setting all 𝜈𝜈𝑗𝑗s to one in the above formulas. 

The risk resulting from the stochasticity of the yield curves is modelled in the market risk module of the 
SST, see also section 10 in this document. Within the insurance risk we assume deterministic discount-
ing, i.e. we consider expected cash flow patterns and expected yield curves as basis for the discount 
factors. The interest rate risk is solely considered in the market risk module. 

Unless otherwise stated, in the following sections amounts are deterministically discounted to time 𝑡𝑡0 
(the reference date of the SST calculation) and expressed in SST currency. 

4.2 One-year change in scope 

The captive model quantifies the one-year change (from time 𝑡𝑡0  to time 𝑡𝑡1) in the risk-bearing capital re-
lated to non-life insurance risk, assuming what is described in Section 3.1 Simplification for the one-year 
change and target capital of the technical description for the SST standard model aggregation and mar-
ket value margin.  

Remark: The target capital is given by the negative of the Expected Shortfall 𝐸𝐸𝐸𝐸𝛼𝛼, where the Expected 
Shortfall corresponds in the continuous case to the mean of the 𝛼𝛼 lowest outcomes, with 𝛼𝛼 ≪ 1. In this 
representation, losses are negative numbers. For the parts of the captive model where losses 𝑆𝑆 are rep-
resented as positive numbers, we define the right-hand expected shortfall as 𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑆𝑆) ≔ −𝐸𝐸𝐸𝐸𝛼𝛼(−𝑆𝑆). 
The following properties hold:   

i. If 𝑆𝑆 ≤ 𝑇𝑇,  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑇𝑇) ≥  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑆𝑆) ;  

ii.  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑆𝑆 + 𝑇𝑇) ≤  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑆𝑆) +  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑇𝑇) ; 

iii.  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑎𝑎 ∙ 𝑆𝑆) = 𝑎𝑎 ∙  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑆𝑆) if 𝑎𝑎 > 0 ; and  

iv.  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑆𝑆 + 𝑎𝑎) =  𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑆𝑆) + 𝑎𝑎  for 𝑎𝑎 ∈ ℝ. 

The scope of the target capital for insurance risk consists of all insurance-related cash flows outstanding 
at time 𝑡𝑡0 for the business assumed by the captive which incept until time 𝑡𝑡1. The cash flow consists of 
all relevant premiums, losses and expenses net of outward retrocession, and is in line with margin no. 
20 of the FINMA Circ. 17/3 "SST". 

We use the notation " → 𝑡𝑡0 " for the business incepted until time 𝑡𝑡0  and " → 𝑡𝑡1 " for the business incepted 
until time 𝑡𝑡1 .  

Writing  𝐵𝐵𝐵𝐵𝑡𝑡
→𝑠𝑠,(𝑢𝑢) = 𝐵𝐵𝐵𝐵𝑡𝑡�𝐶𝐶𝐶𝐶→𝑠𝑠,(𝑢𝑢)�  for the discounted best estimate at time 𝑡𝑡 of an underlying cash flow 

𝐶𝐶𝐶𝐶 outstanding at time 𝑢𝑢 for the business incepted until time 𝑠𝑠, the one-year change in the risk-bearing 
capital related to non-life insurance risk is expressed as: 

𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1,(𝑡𝑡0) − 𝐵𝐵𝐵𝐵𝑡𝑡0

→𝑡𝑡𝑜𝑜,(𝑡𝑡0) = 𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1 − 𝐵𝐵𝐵𝐵𝑡𝑡0

→𝑡𝑡0 

omitting (𝑢𝑢) = (𝑡𝑡0) in the notation on the right-hand side of the equation. 
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Remark: Using   𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1,(𝑡𝑡0) = 𝜈𝜈1 ∙ 𝐶𝐶𝐶𝐶𝑡𝑡1

→𝑡𝑡1 + 𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1,(𝑡𝑡1) it can be shown that this change corresponds to the 

one year change in risk bearing capital due to insurance risk. 

Writing further  " 𝑡𝑡0 → 𝑡𝑡1 " for the business incepted between 𝑡𝑡0 and 𝑡𝑡1 (referred to also as new business), 
the above one-year change can be decomposed into a term that represents the one-year change in 
best estimate for the same cash flows and the same business incepted until 𝑡𝑡1 (whence, by definition of 
best estimate, with mean zero i.e. centered), and another term that represents the expected non-life in-
surance result of the new business, as follows:  

𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1 − 𝐵𝐵𝐵𝐵𝑡𝑡0

→𝑡𝑡0 =  𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1 + 𝐵𝐵𝐵𝐵𝑡𝑡0

𝑡𝑡0→𝑡𝑡1 − 𝐵𝐵𝐵𝐵𝑡𝑡0
𝑡𝑡0→𝑡𝑡1 − 𝐵𝐵𝐵𝐵𝑡𝑡0

→𝑡𝑡0 = �𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1 − 𝐵𝐵𝐵𝐵𝑡𝑡0

→𝑡𝑡1� + 𝐵𝐵𝐵𝐵𝑡𝑡0
𝑡𝑡0→𝑡𝑡1 

where we define the term 𝐵𝐵𝐵𝐵𝑡𝑡0
𝑡𝑡0→𝑡𝑡1 as 

• expected non-life insurance result =  net expected premiums minus net expected discounted 
losses minus expected expenses of the new business.  

The captive model assumes that premiums and operating expenses are deterministic or can be mod-
elled deterministically. Loss dependent expenses (e.g. ALAE, ULAE, sliding scale commissions, etc.) 
should be modelled within the losses. Thus, the remaining of the captive model provides a distribution 
for 𝑍𝑍𝑁𝑁𝑁𝑁-𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖-𝑟𝑟𝑟𝑟𝑠𝑠𝑘𝑘 defined as 

• centered non-life insurance risk = one-year change in the best estimate of the cash flow arising 
from losses only, equals 𝐵𝐵𝐵𝐵𝑡𝑡1

→𝑡𝑡1 − 𝐵𝐵𝐵𝐵𝑡𝑡0
→𝑡𝑡1. 

The distribution reflects events that occur during the current one-year period, i.e. between 𝑡𝑡0 and 𝑡𝑡1. The 
distribution models new claims, but also takes into account any new information like court decisions that 
may have an impact on the business in scope. 

Unless otherwise stated, distributions and expectations are meant to be related to the information avail-
able at time 𝑡𝑡0. 

Note that the word "risk" refers to different objects according to the context: a random variable; the cor-
responding distribution; the corresponding stand-alone capital requirement from the expected shortfall 
at the prescribed confidence level 1 − 𝛼𝛼 . 

The captive model provides separate distributions for reserve risk and premium risk and gives assump-
tions for their aggregation.  

More precisely, we first introduce a partition of the business in scope, i.e. incepted until 𝑡𝑡1. Then we ex-
plain how this is related to the one year change 𝑍𝑍𝑁𝑁𝑁𝑁-i𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟. In this way we introduce proper defini-
tions of reserve risk and of premium risk, respectively. The latter is again split into CY risk and URR risk.  

4.3 Partition of the business 

The partition of the business incepted until 𝑡𝑡1 in five sets denoted {"𝑒𝑒𝑒𝑒-𝑒𝑒"; "𝑒𝑒𝑒𝑒-𝑢𝑢-𝑒𝑒1"; "𝑒𝑒𝑒𝑒-𝑢𝑢1"; "𝑛𝑛𝑛𝑛𝑛𝑛-
𝑒𝑒1"; "𝑛𝑛𝑛𝑛𝑛𝑛-𝑢𝑢1"} is as follows: 
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• existing, earned (ex-e): business incepted until 𝑡𝑡0 and earned at time 𝑡𝑡0; 
• existing, unearned (ex-u): business incepted until 𝑡𝑡0 and unearned at time 𝑡𝑡0. This will be earned at 

a latter time and thus can be further split into an earned at 𝑡𝑡1 and unearned at 𝑡𝑡1 parts: 
• existing, unearned, earned(𝑡𝑡1) (ex-u-e1); and 

• existing, unearned, unearned(𝑡𝑡1) = existing, unearned(𝑡𝑡1) (ex-u1) 
• new: business incepted between 𝑡𝑡0 and 𝑡𝑡1. Can be further split into: 

• new, earned(𝑡𝑡1) (new-e1); and 

• new, unearned(𝑡𝑡1) (new-u1). 
 

This is illustrated for typical one-year contracts in the following representation: 

 

 

 

4.4 Definition of reserve risk and premium risk 

From the partition above, by linearity of expectations and assuming implicitly linear and unbiased 
related estimators, the following decomposition of the one-year change holds: 

𝑍𝑍𝑁𝑁𝑁𝑁-𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1 − 𝐵𝐵𝐵𝐵𝑡𝑡0

→𝑡𝑡1 = �𝐵𝐵𝐵𝐵𝑡𝑡1
𝑒𝑒𝑒𝑒−𝑒𝑒 − 𝐵𝐵𝐵𝐵𝑡𝑡0

𝑒𝑒𝑒𝑒−𝑒𝑒�
+ �𝐵𝐵𝐵𝐵𝑡𝑡1

𝑒𝑒𝑒𝑒−𝑢𝑢−𝑒𝑒1 − 𝐵𝐵𝐵𝐵𝑡𝑡0
𝑒𝑒𝑒𝑒−𝑢𝑢−𝑒𝑒1� + �𝐵𝐵𝐵𝐵𝑡𝑡1

𝑛𝑛𝑛𝑛𝑛𝑛−𝑒𝑒1 −  𝐵𝐵𝐵𝐵𝑡𝑡0
𝑛𝑛𝑛𝑛𝑛𝑛−𝑒𝑒1�

+ �𝐵𝐵𝐵𝐵𝑡𝑡1
𝑒𝑒𝑒𝑒−𝑢𝑢1 − 𝐵𝐵𝐵𝐵𝑡𝑡0

𝑒𝑒𝑒𝑒−𝑢𝑢1� + �𝐵𝐵𝐵𝐵𝑡𝑡1
𝑛𝑛𝑛𝑛𝑛𝑛−𝑢𝑢1 −  𝐵𝐵𝐵𝐵𝑡𝑡0

𝑛𝑛𝑛𝑛𝑛𝑛−𝑢𝑢1�  

Time t 
t0 t1 

Existing 
and earned  

Existing but 
unearned  

New and 
earned at t1 

New but  
unearned at t1 

Earned business 
(prior accident years PY) 

Unearned business,   
earned between t0 and t1 
(current accident year CY) 

Business unearned at t1 
(URR accident years) 

Existing business  

New business  
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From this, we define 

• 𝑍𝑍𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = �𝐵𝐵𝐵𝐵𝑡𝑡1
𝑒𝑒𝑒𝑒−𝑒𝑒 − 𝐵𝐵𝐵𝐵𝑡𝑡0

𝑒𝑒𝑒𝑒−𝑒𝑒� , the reserve risk (also named PY risk); and 

• 𝑍𝑍𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑍𝑍𝐶𝐶𝐶𝐶-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑍𝑍𝑈𝑈𝑈𝑈𝑈𝑈-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟, the premium risk, where 
• 𝑍𝑍𝐶𝐶𝐶𝐶-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = �𝐵𝐵𝐵𝐵𝑡𝑡1

𝑒𝑒𝑒𝑒−𝑢𝑢−𝑒𝑒1 − 𝐵𝐵𝐵𝐵𝑡𝑡0
𝑒𝑒𝑒𝑒−𝑢𝑢−𝑒𝑒1� +  �𝐵𝐵𝐵𝐵𝑡𝑡1

𝑛𝑛𝑛𝑛𝑛𝑛−𝑒𝑒1 −  𝐵𝐵𝐵𝐵𝑡𝑡0
𝑛𝑛𝑛𝑛𝑛𝑛−𝑒𝑒1�  defines the CY risk, and 

• 𝑍𝑍𝑈𝑈𝑈𝑈𝑈𝑈-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = �𝐵𝐵𝐵𝐵𝑡𝑡1
𝑒𝑒𝑒𝑒−𝑢𝑢1 − 𝐵𝐵𝐵𝐵𝑡𝑡0

𝑒𝑒𝑒𝑒−𝑢𝑢1� + �𝐵𝐵𝐵𝐵𝑡𝑡1
𝑛𝑛𝑛𝑛𝑛𝑛−𝑢𝑢1 −  𝐵𝐵𝐵𝐵𝑡𝑡0

𝑛𝑛𝑛𝑛𝑛𝑛−𝑢𝑢1� defines the URR risk  

PY stands for previous year, CY for current year and URR for unexpired risk reserve. 

Remark 1: 𝐸𝐸�𝐵𝐵𝐵𝐵𝑡𝑡1
→𝑡𝑡1� = 𝐵𝐵𝐵𝐵𝑡𝑡0

→𝑡𝑡1 and the same holds for e.g. 𝐸𝐸�𝐵𝐵𝐵𝐵𝑡𝑡1
𝑒𝑒𝑒𝑒−𝑒𝑒� = 𝐵𝐵𝐵𝐵𝑡𝑡0

𝑒𝑒𝑒𝑒−𝑒𝑒. 

Remark 2: The decomposition above plus the expected non-life insurance result is the formula (21) of 
the technical description for the SST standard model non-life insurance. The following table provides the 
correspondence: 

Above formula of technical description for the SST 
standard model captives (this document) 

Formula (21) of technical description for the SST 
standard model non-life insurance 

expected non-life insurance result term excluded expected non-life insurance result term included 

deterministic discounting stochastic discounting 

implicit discount factors (representation of discounted 
amounts) 

discount factors shown explicitly and representation of 
undiscounted amounts 

symbols for cash flows outstanding at 𝑡𝑡0 where applicable, decomposition into cash-in and 
cash-out between 𝑡𝑡0 and 𝑡𝑡1 and cash flows outstand-
ings at 𝑡𝑡1 

𝑒𝑒𝑒𝑒-𝑒𝑒 𝑃𝑃𝑃𝑃, 𝑡𝑡0 

𝑒𝑒𝑒𝑒-𝑢𝑢-𝑒𝑒1 𝐶𝐶𝐶𝐶,𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 

𝑛𝑛𝑛𝑛𝑛𝑛-𝑒𝑒1 𝐶𝐶𝐶𝐶,𝑁𝑁𝑁𝑁𝑁𝑁 

𝑒𝑒𝑒𝑒-𝑢𝑢1 𝑈𝑈𝑈𝑈𝑈𝑈, 𝑡𝑡0 

𝑛𝑛𝑛𝑛𝑛𝑛-𝑢𝑢1 𝑈𝑈𝑈𝑈𝑈𝑈,𝑁𝑁𝑁𝑁𝑁𝑁 

 
 

4.5 Currencies 

The standard currencies of the captive model are CHF, EUR, USD, GBP and JPY. 

For other currencies, the mapping to the standard currencies has to be consistent with the mapping 
used in the SST standard model market risk. 
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If the captive needs to use its own currency, it has to apply for a company-specific adjustment in the 
sense of mn 107-109 FINMA Circ. 17/3 "SST". 

5 Reserve risk model 

The captive model assumes that the reserve risk component of the decomposition given at Section 4.4 
can be further decomposed as a sum of random variables, i.e. 𝑍𝑍𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = −𝑋𝑋𝑃𝑃𝑃𝑃 − 𝜖𝜖𝑃𝑃𝑃𝑃. The minus 
sign is on purpose, because we work in this section with loss variables (a loss is represented by a posi-
tive value). 𝑋𝑋𝑃𝑃𝑃𝑃 represents a loss resulting from the lognormal distribution of the reserve risk model be-
low, whereas 𝜖𝜖𝑃𝑃𝑃𝑃 represents the part of the reserve risk that is not or not sufficiently modelled by the re-
serve risk model. 𝜖𝜖𝑃𝑃𝑃𝑃 can be partially modelled by individual events, see Section 7. The aggregation to 
non-life insurance risk, including the dependency assumptions and the non-modelled remaining part, is 
explained in Section 8.  𝑋𝑋𝑃𝑃𝑃𝑃results from net cash flows after retrocession recoverables if applicable. 

Writing 𝑋𝑋𝑃𝑃𝑃𝑃 = 𝐵𝐵𝐵𝐵𝑡𝑡1(𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0) − 𝐵𝐵𝐵𝐵𝑡𝑡0(𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0) with 𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0 denoting outstanding losses at time 𝑡𝑡0 for the busi-
ness incepted in previous years and earned until 𝑡𝑡0, the captive model assumes that 𝐵𝐵𝐵𝐵𝑡𝑡1(𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0)  is 
modelled by a log-normal distribution. See Section 12.2 in Appendix for properties of the log-normal dis-
tribution. 

With 𝐵𝐵𝐵𝐵𝑡𝑡1(𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0) = 𝑑𝑑𝑃𝑃𝑃𝑃 ∙ 𝐵𝐵𝐵𝐵𝑡𝑡1
(𝑁𝑁)(𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0) , it follows that the distribution of 𝐵𝐵𝐵𝐵𝑡𝑡1(𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0)  is specified by the 

discount factor 𝑑𝑑𝑃𝑃𝑃𝑃, and by the mean 𝜇𝜇 and the coefficient of variation 𝐶𝐶𝐶𝐶  of the undiscounted 
𝐵𝐵𝐵𝐵𝑡𝑡1

(𝑁𝑁)(𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0). 

The captive defines an appropriate set of segments regarding its earned business, the previous years' 
parameter segments, providing the decomposition 𝑌𝑌𝑃𝑃𝑃𝑃,𝑡𝑡0 = ∑ 𝑌𝑌𝑚𝑚

𝑃𝑃𝑃𝑃,𝑡𝑡0
𝑚𝑚∈𝑃𝑃𝑃𝑃-𝑠𝑠𝑠𝑠𝑠𝑠 . We denote the mean and 

the coefficient of variation of 𝐵𝐵𝐵𝐵𝑡𝑡1
(𝑁𝑁)�𝑌𝑌𝑚𝑚

𝑃𝑃𝑃𝑃,𝑡𝑡0� by 𝜇𝜇𝑚𝑚 and 𝐶𝐶𝑉𝑉𝑚𝑚, resp., and the components of the related cor-
relation matrix by Γ𝑖𝑖𝑖𝑖. It suffices to provide estimates to 𝜇𝜇𝑚𝑚, 𝐶𝐶𝑉𝑉𝑚𝑚 and Γ𝑖𝑖𝑖𝑖 to obtain 𝜇𝜇  and 𝐶𝐶𝐶𝐶 by moment 
aggregation, see Section 12.1 in Appendix. 

𝜇𝜇𝑚𝑚 is equal to the 𝐵𝐵𝐵𝐵𝑡𝑡0
(𝑁𝑁)�𝑌𝑌𝑚𝑚

𝑃𝑃𝑃𝑃,𝑡𝑡0� , i.e. the net reserves for earned business at 𝑡𝑡0 related to parameter 
segment 𝑚𝑚.  However, no reserve risk needs to be allocated for claims that are reserved in the SST bal-
ance sheet up to the full contract limit without the possibility of further deterioration . In other words, the 
input value 𝐵𝐵𝐵𝐵𝑡𝑡0

(𝑁𝑁)�𝑌𝑌𝑚𝑚
𝑃𝑃𝑃𝑃,𝑡𝑡0� of the reserve risk component can be reduced by the share of the reserves 

meeting the conditions given above.  

The correlation between parameter segments is set to 0.5, i.e. Γ𝑖𝑖𝑖𝑖 = 0.5 for 𝑖𝑖 ≠ 𝑗𝑗 and Γ𝑖𝑖𝑗𝑗 = 1 else. 

The coefficient of variation 𝐶𝐶𝑉𝑉𝑚𝑚 is set to 15% for each parameter segment. Alternatively, a company can 
or might even have to use its own CVs if, when using the standard CV, the capital requirement is not 
sufficient in relation to the risk situation. In this case, own CVs have to be derived and applied to each 
and every parameter segment. The choice of the individual parameters shall be justified. Own CVs may 
be based on gross rather than net data for simplification. 
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The discounting in the parameter segment 𝑚𝑚, typically to compute the discounted value 𝐵𝐵𝐵𝐵𝑡𝑡0�𝑌𝑌𝑚𝑚
𝑃𝑃𝑃𝑃,𝑡𝑡0� 

from its undiscounted value 𝜇𝜇𝑚𝑚 , is done by the deterministic discount factor  

𝑑𝑑𝑚𝑚𝑃𝑃𝑃𝑃 = �𝜈𝜈𝑘𝑘 ∙ 𝜋𝜋𝑘𝑘
𝑃𝑃𝑌𝑌,𝑚𝑚

𝑘𝑘≥1 

 

where  𝜋𝜋1
𝑃𝑃𝑃𝑃,𝑚𝑚, 𝜋𝜋2

𝑃𝑃𝑃𝑃,𝑚𝑚, …  is an expected incremental payment pattern ( ∑ 𝜋𝜋𝑘𝑘
𝑃𝑃𝑃𝑃,𝑚𝑚

𝑘𝑘≥1 = 1) provided by the 
captive. Payments are expected to be in the underlying currency of the parameter segment, which may 
differ from the SST currency. Accordingly, discount factors 𝜈𝜈𝑘𝑘   should be those of the currency of the pa-
rameter segment. However, if this simplification is not material, discount factors corresponding to the 
SST currency can also be used. The discount factor for all PY parameter segments can be obtained by 

𝑑𝑑𝑃𝑃𝑃𝑃 =
∑ 𝑑𝑑𝑚𝑚𝑃𝑃𝑃𝑃 ∙ 𝜇𝜇𝑚𝑚𝑚𝑚∈𝑃𝑃𝑃𝑃−𝑠𝑠𝑠𝑠𝑠𝑠 

∑ 𝜇𝜇𝑚𝑚𝑚𝑚∈𝑃𝑃𝑃𝑃−𝑠𝑠𝑠𝑠𝑠𝑠 
 

The reserve risk module in the captive model uses the value of the net reserves. It is not based on ex-
plicit ground-up simulations and/or the explicit modelling of reinsurance conditions. If the risk situation 
requires to model the reserve risk in an alternative way, the captive has to apply for a company-specific 
adjustment in the sense of mn 107-109 FINMA Circ. 17/3 "SST". 

6 Premium risk model 

6.1 Introduction 

The premium risk model is a model for the current year risk component of the decomposition given at 
Section 4.4. Thus, similar to reserve risk, the captive model assumes a decomposition 𝑍𝑍𝐶𝐶𝐶𝐶-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
−𝑋𝑋𝐶𝐶𝐶𝐶 − 𝜖𝜖𝐶𝐶𝐶𝐶 and 𝑍𝑍𝑈𝑈𝑈𝑈𝑈𝑈-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = −𝜖𝜖𝑈𝑈𝑈𝑈𝑈𝑈, where 𝑋𝑋𝐶𝐶𝐶𝐶  represents a loss coming from the distribution of the CY 
risk model below, 𝜖𝜖𝐶𝐶𝐶𝐶 represents the part of the current year risk that is not or not sufficiently modelled 
with 𝑋𝑋𝐶𝐶𝐶𝐶, and 𝜖𝜖𝑈𝑈𝑈𝑈𝑈𝑈 emphasises that no specific model is defined for the URR risk. 𝑋𝑋𝐶𝐶𝐶𝐶 results from net 
cash flows after retrocession recoverables, if applicable. Nonetheless, 

• If URR risk is material, the following rules can be applied within the CY risk model: artificially expand 
the frequency of a parameter segment or duplicate the parameter segment into a CY and a URR 
segment or alternatively, if applicable, into two segments based on underwriting year (e.g. 1 Janu-
ary CY to 30 June CY, and 1 July CY to 30 June CY+1). If these rules are too broad to model the 
URR risk sufficiently, e.g. due to certain annual aggregate limits, the captive has to apply for a com-
pany-specific adjustment in the sense of mn 107-109 FINMA Circ. 17/3 "SST"; 

• Gross instead of net modelling (of outward retrocession) is possible if it is conservative. Gross mod-
elling means that reinsurance conditions are applied only to inward reinsurance contracts. 

The captive defines an appropriate set of segments regarding its unearned business, the current year 
parameter segments, providing the decomposition 𝑋𝑋𝐶𝐶𝐶𝐶 = ∑ 𝑋𝑋𝑚𝑚𝐶𝐶𝐶𝐶𝑚𝑚∈𝐶𝐶𝐶𝐶-𝑠𝑠𝑠𝑠𝑠𝑠 . The CY parameter segments 
may differ from the PY parameter segments if necessary. The captive model assumes independence 
between CY parameter segments.  
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We write 𝑋𝑋𝑚𝑚𝐶𝐶𝐶𝐶 = 𝐵𝐵𝐵𝐵𝑡𝑡1�𝑌𝑌�𝑚𝑚
𝐶𝐶𝐶𝐶,𝑡𝑡0� − 𝐵𝐵𝐵𝐵𝑡𝑡0�𝑌𝑌�𝑚𝑚

𝐶𝐶𝐶𝐶,𝑡𝑡0� with 𝑌𝑌�𝑚𝑚
𝐶𝐶𝐶𝐶,𝑡𝑡0 denoting outgoing cash flows (as positive values) 

outstanding at time 𝑡𝑡0, for business earned between 𝑡𝑡0 and 𝑡𝑡1 (current accident year CY made of un-
earned existing business and new business), in the parameter segment 𝑚𝑚. For CY, the captive model 
assumes modelling of ultimate instead of best estimate at time 𝑡𝑡1 , that is 𝑋𝑋𝑚𝑚𝐶𝐶𝐶𝐶 ≈ 𝑑𝑑𝑚𝑚𝐶𝐶𝐶𝐶 ∙ �𝑌𝑌�𝑚𝑚

𝐶𝐶𝐶𝐶,𝑡𝑡0 −

𝐵𝐵𝐵𝐵𝑡𝑡0
(𝑁𝑁)�𝑌𝑌�𝑚𝑚

𝐶𝐶𝐶𝐶,𝑡𝑡0�� where the discount factor 𝑑𝑑𝑚𝑚𝐶𝐶𝐶𝐶 is defined similar to 𝑑𝑑𝑚𝑚𝑃𝑃𝑃𝑃 but with the corresponding pay-
ment pattern for new claims. For CY risk  two approaches are available in the captive model (the second 
being a simplified conservative approach): 

• ground-up modelling based on ground-up claims of the parent company, for deriving the distribution 
of 𝑌𝑌�𝑚𝑚

𝐶𝐶𝐶𝐶,𝑡𝑡0  (see section 6.2); or 

• maximal possible loss (MPL) modelling (see section 6.3). 

 

6.2 Ground-up modelling 

By ground-up modelling CY claims, the company uses a transformation function from ground-up claims 
to captive claims, including conditions across several parameter segments if necessary. Frequency-se-
verity models by CY parameter segment 𝑚𝑚 are assumed for ground up claims, and then the transfor-
mation modelling the inward reinsurance and outward retrocession is applied to obtain the desired distri-
bution of captive claims. The followings applies by parameter segment; we omit the index 𝑚𝑚 of the pa-
rameter segment. 

6.2.1 Ground-up claims model 

The ground-up claims consist of attritional claims or large claims, both modelled by a frequency-severity 
approach: 

• attritional claims are assumed to have a Poisson-distributed frequency 𝑁𝑁𝑎𝑎 and a Gamma-distributed 
undiscounted severity 𝑌𝑌𝑎𝑎; 

• large claims are assumed to have a Poisson-distributed frequency 𝑁𝑁𝑙𝑙 and a Pareto-distributed un-
discounted severity 𝑌𝑌𝑙𝑙; 

• all random variables 𝑁𝑁𝑎𝑎, 𝑌𝑌1𝑎𝑎 ,𝑌𝑌2𝑎𝑎 , …, 𝑁𝑁𝑙𝑙, 𝑌𝑌1𝑙𝑙 ,𝑌𝑌2𝑙𝑙 , … are independent. 

Thus the corresponding ground-up parameters have to be estimated by the captive: 

• the frequency 𝐸𝐸(𝑁𝑁𝑎𝑎) of attritional claims which can be estimated by the average number of histori-
cal attritional losses. The same applies mutatis mutandis to the frequency of large claims 𝐸𝐸(𝑁𝑁𝑙𝑙). Ex-
pected changes in the frequency due to risk of change (e.g. legislative changes, behavioural 
changes, etc.) need to be taken into account;  

• the expected severity of attritional claims 𝐸𝐸(𝑌𝑌𝑖𝑖𝑎𝑎) which can be estimated from the average amount of 
historical attritional claims. The corresponding standard deviation 𝑠𝑠𝑠𝑠(𝑌𝑌𝑖𝑖𝑎𝑎) is obtained in a similar 
way; 

• the large loss threshold 𝑥𝑥0 and Pareto shape 𝛼𝛼 which can be obtained based on data and using ac-
tuarial expert judgement. 
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It might be the case that historical attritional claims (paid and incurred) and the number of attritional 
claims are only available on an annual aggregate basis. This means that only the historical realisations 
of the random variables 𝑌𝑌𝑎𝑎 = ∑ 𝑌𝑌𝑖𝑖𝑎𝑎𝑁𝑁𝑎𝑎

𝑖𝑖=1  and 𝑁𝑁𝑎𝑎 are available. In that case the following procedure can be 
applied: 

• The expected number of claims 𝐸𝐸(𝑁𝑁𝑎𝑎) together with the mean 𝐸𝐸(𝑌𝑌𝑎𝑎) and standard deviation 𝑠𝑠𝑠𝑠(𝑌𝑌𝑎𝑎) 
of the aggregate claim amount can be estimated. 

• The mean 𝐸𝐸(𝑌𝑌𝑖𝑖𝑎𝑎) and the standard deviation 𝑠𝑠𝑠𝑠(𝑌𝑌𝑖𝑖𝑎𝑎) of a single loss are derived by using the follow-
ing formulas:    𝐸𝐸(𝑌𝑌𝑎𝑎) = 𝐸𝐸(𝑁𝑁𝑎𝑎) ⋅ 𝐸𝐸(𝑌𝑌𝑖𝑖𝑎𝑎)  and 𝑉𝑉𝑉𝑉𝑉𝑉(𝑌𝑌𝑎𝑎) = 𝐸𝐸(𝑁𝑁𝑎𝑎) ⋅ 𝑉𝑉𝑉𝑉𝑉𝑉(𝑌𝑌𝑖𝑖𝑎𝑎) + 𝐸𝐸(𝑌𝑌𝑖𝑖𝑎𝑎)2 ⋅ 𝑉𝑉𝑉𝑉𝑉𝑉(𝑁𝑁𝑎𝑎). 

Historical data used for the estimation of parameters have to be adjusted such that they are comparable 
over time. For instance, incurred losses should be adjusted according to the corresponding inflation. 
When historical data are insufficient to obtain reliable estimates, the captive explains how the estimate 
was chosen. 

The frequency distribution is assumed to be Poisson for 𝑁𝑁 = 𝑁𝑁𝑎𝑎 or 𝑁𝑁 = 𝑁𝑁𝑙𝑙; in particular 𝑉𝑉𝑉𝑉𝑉𝑉(𝑁𝑁) =
𝐸𝐸(𝑁𝑁).  In case of over-dispersion (i.e.  𝑉𝑉𝑉𝑉𝑉𝑉(𝑁𝑁) > 𝐸𝐸(𝑁𝑁), which is possibly the case if the number of losses 
is large), the frequency can be modelled by a negative binomial distribution instead of a Poisson distri-
bution, or must be if the impact on solvency is material. By using a negative binomial distribution, the 
variance 𝑉𝑉𝑉𝑉𝑉𝑉(𝑁𝑁) needs to be estimated, too. 

If the expected frequency of attritional claims is high and might cause a long run-time for the simulation, 
the frequency-severity model can be replaced by an aggregated claims distribution using the following 
property: 

• The sum of 𝑁𝑁 independent identically distributed Gamma distributed random variables is Gamma 
distributed. The mean and the standard deviation of the distribution of the aggregate claim can be 
deducted from the expected frequency 𝑓𝑓, the mean 𝑚𝑚  and the standard deviation 𝑠𝑠 of the single 
claims. They are given, respectively, by 𝑓𝑓 ∙ 𝑚𝑚 and �𝑓𝑓 ∙ 𝑠𝑠 . 

In the captive model, it is possible to replace the frequency-severity model by an expected frequency of 
1 and a severity using the expectation and standard deviation of the aggregate above. Note, however, 
that applying on the aggregate ground-up claim transformations to the captive defined on single claims 
(see below) yields incorrect results. This simplification can be accepted if the impact on solvency is low. 
The replacement of values is used by default when the estimated expected frequency in the input is 
greater than 10, see Section 11.1.7. Not replacing values in the frequency-severity model remains al-
lowed as alternative.  

The model above is used with simulations. One simulation year for the underlying parameter segment 
𝑚𝑚 and regarding ground-up claims is depicted as follows, with 𝑟𝑟.𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 denoting a random draw 
from the underlying 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷; for the parametrisation of the Gamma distribution, see Section 12.3 in 
Appendix.  
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Attritional ground-up claims 

𝐸𝐸(𝑁𝑁𝑎𝑎)   →    𝜆𝜆 = 𝐸𝐸(𝑁𝑁𝑎𝑎)   →    𝑟𝑟.𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝜆𝜆)   →   𝑛𝑛𝑎𝑎 

𝐸𝐸(𝑌𝑌𝑎𝑎),  𝜎𝜎(𝑌𝑌𝑎𝑎)  → 𝑘𝑘 = 𝐸𝐸(𝑌𝑌𝑎𝑎)
𝑠𝑠𝑠𝑠(𝑌𝑌𝑎𝑎)

,   𝜃𝜃 = [𝑠𝑠𝑠𝑠(𝑌𝑌𝑎𝑎)]2

𝐸𝐸(𝑌𝑌𝑎𝑎)
 → 𝑟𝑟.𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺(𝑘𝑘, 𝜃𝜃)    [ 𝑛𝑛𝑎𝑎  independent draws]  →   𝑦𝑦1𝑎𝑎, … ,𝑦𝑦𝑛𝑛𝑎𝑎

𝑎𝑎  

or if 𝐸𝐸(𝑁𝑁𝑎𝑎) > 10: 

𝐸𝐸(𝑌𝑌𝑎𝑎),  𝜎𝜎(𝑌𝑌𝑎𝑎)   →   𝑘𝑘 = 𝐸𝐸(𝑁𝑁𝑎𝑎) ∙ 𝐸𝐸(𝑌𝑌𝑎𝑎),   𝜃𝜃 = �𝐸𝐸(𝑁𝑁𝑎𝑎) ∙  𝑠𝑠𝑠𝑠(𝑌𝑌𝑎𝑎)   →   𝑟𝑟.𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺(𝑘𝑘, 𝜃𝜃)  →   𝑦𝑦1𝑎𝑎 = 𝑦𝑦𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  

 

 

Large ground-up claims 

𝐸𝐸(𝑁𝑁𝑙𝑙)   →    𝜆𝜆 =  𝐸𝐸(𝑁𝑁𝑙𝑙)   →    𝑟𝑟.𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝜆𝜆)   →   𝑛𝑛𝑙𝑙 

𝑥𝑥0 , 𝛼𝛼  →    𝑟𝑟.𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑥𝑥0(𝛼𝛼)    [ 𝑛𝑛𝑙𝑙  independent draws]  →   𝑦𝑦1𝑙𝑙 , … ,𝑦𝑦𝑛𝑛𝑙𝑙
𝑙𝑙  

 

 

6.2.2 Transformation into captive claims 

The undiscounted net claims 𝑌𝑌�𝐶𝐶𝐶𝐶 of the reinsurance captive are obtained by applying the inward reinsur-
ance and outward retrocession structures to the ground-up claims. These structures can be modelled by 
a transformation 𝑓𝑓:ℝℕ → ℝ with 

𝑌𝑌�𝐶𝐶𝐶𝐶 = 𝑓𝑓(𝑁𝑁𝑎𝑎,𝑌𝑌1𝑎𝑎 ,𝑌𝑌2𝑎𝑎 , … ,𝑁𝑁𝑙𝑙 ,𝑌𝑌1𝑙𝑙 ,𝑌𝑌2𝑙𝑙 , … ). 

The following non-exhaustive list of basic operations allows the definition of such a transformation func-
tion: 

Name of the transformation Parameters, symbols Definition 

Excess of loss 𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋(𝑑𝑑, 𝑙𝑙):ℝ → ℝ   𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋(𝑑𝑑, 𝑙𝑙)(𝑥𝑥) = min (max(𝑥𝑥 − 𝑑𝑑, 0) , 𝑙𝑙) 

Excess of loss to 𝑛𝑛 segments* with 
the same conditions 

𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋,𝑛𝑛(𝑑𝑑, 𝑙𝑙):ℝ𝑛𝑛 → ℝ𝑛𝑛  𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋,𝑛𝑛(𝑑𝑑, 𝑙𝑙)(𝑥𝑥) =
�𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋(𝑑𝑑, 𝑙𝑙)(𝑥𝑥1), … , 𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋(𝑑𝑑, 𝑙𝑙)(𝑥𝑥𝑛𝑛)�  

Excess of loss to 𝑛𝑛 segments* with 
distinct conditions 

𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋,𝑛𝑛�𝑑𝑑, 𝑙𝑙�:ℝ𝑛𝑛 → ℝ𝑛𝑛  𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋,𝑛𝑛�𝑑𝑑, 𝑙𝑙�(𝑥𝑥) =
�𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋(𝑑𝑑1, 𝑙𝑙1)(𝑥𝑥1), … , 𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋(𝑑𝑑𝑛𝑛, 𝑙𝑙𝑛𝑛)(𝑥𝑥𝑛𝑛)�  
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Trivial embedding                           𝜋𝜋1: ℝ𝑛𝑛1 → ℝ𝑛𝑛1 × ℝ𝑛𝑛2  and 
𝜋𝜋2: ℝ𝑛𝑛2 → ℝ𝑛𝑛1 × ℝ𝑛𝑛2   

𝜋𝜋1(𝑥𝑥) = (𝑥𝑥, 0),   𝜋𝜋2(𝑦𝑦) = (0, 𝑦𝑦) 

(𝜋𝜋1,𝜋𝜋2)(𝑥𝑥,𝑦𝑦) = 𝜋𝜋1(𝑥𝑥) + 𝜋𝜋2(𝑦𝑦) 

Trivial aggregate from segments* 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠:ℝ𝑛𝑛 → ℝ   𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥) = 𝑥𝑥1 + ⋯+ 𝑥𝑥𝑛𝑛  

Quota share 𝑓𝑓𝑄𝑄𝑄𝑄(𝜌𝜌):ℝ → ℝ   𝑓𝑓𝑄𝑄𝑄𝑄(𝜌𝜌)(𝑥𝑥) = 𝜌𝜌 ∙ 𝑥𝑥  

* The word "segment" is used generically here, e.g. a segment of an aggregate claim is a single claim. 

 

The captive model proposes a default transformation defined as follows. 

For the underlying parameter segment 𝑚𝑚, five inputs can be provided by the captive, derived from its 
inward reinsurance and outward retrocession conditions: 

• Annual aggregate limit 𝐴𝐴𝐴𝐴𝐴𝐴 ∈ (0,∞] 
• Each and every loss limit 𝐸𝐸𝐸𝐸𝐸𝐸 ∈ (0,∞] 

• Annual aggregate deductible 𝐴𝐴𝐴𝐴𝐴𝐴 ∈ [0,∞) 

• Each and every loss deductible 𝐸𝐸𝐸𝐸𝐸𝐸 ∈ [0,∞) 
• Quota share 𝜌𝜌 ∈ (0,1] 

By default, 𝐴𝐴𝐴𝐴𝐴𝐴 = ∞, 𝐸𝐸𝐸𝐸𝐸𝐸 = ∞, 𝐴𝐴𝐴𝐴𝐴𝐴 = 0, 𝐸𝐸𝐸𝐸𝐸𝐸 = 0  and 𝜌𝜌 = 1 when the corresponding input is not pro-
vided. The default transformation into the captive claim 𝑦𝑦� = 𝑦𝑦�𝑚𝑚 of the underlying parameter segment 𝑚𝑚 
and the default aggregation of the parameter segments are defined by 

Default transformation into captive claim 

Default transformation into captive claim 𝑦𝑦� = 𝑦𝑦�𝑚𝑚 of the underlying parameter segment 𝑚𝑚 

𝑦𝑦1𝑎𝑎 , … 𝑦𝑦𝑛𝑛𝑎𝑎
𝑎𝑎  → 𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋,𝑛𝑛𝑎𝑎(𝐸𝐸𝐸𝐸𝐸𝐸,𝐸𝐸𝐸𝐸𝐸𝐸)  

 (𝜋𝜋𝑎𝑎,𝜋𝜋𝑙𝑙)   →   𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠   →   𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋(𝐴𝐴𝐴𝐴𝐴𝐴,𝐴𝐴𝐴𝐴𝐴𝐴)   → 𝑓𝑓𝑄𝑄𝑄𝑄(𝜌𝜌) → 𝑦𝑦� 

𝑦𝑦1𝑙𝑙 , … 𝑦𝑦𝑛𝑛𝑙𝑙
𝑙𝑙   → 𝑓𝑓𝑋𝑋𝑋𝑋𝑋𝑋,𝑛𝑛𝑙𝑙(𝐸𝐸𝐸𝐸𝐸𝐸,𝐸𝐸𝐸𝐸𝐸𝐸)  

 

Default transformation from CY parameter segments claims 𝑦𝑦�𝑚𝑚  into the captive CY aggregate claim 𝑦𝑦�𝐶𝐶𝐶𝐶,𝑡𝑡0 

𝑦𝑦�𝑚𝑚 , 𝑚𝑚 ∈ CY-seg    [𝑚𝑚 independent segments]  →   𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠   →   𝑦𝑦�𝐶𝐶𝐶𝐶,𝑡𝑡0 

Please note that this default transformation may not be applicable; in particular, the following conditions 
apply: 
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• Reinsurance conditions across several LoBs cannot be calculated. 
• The effect of reinstatement premiums is neglected (in case these are considerable, they should in-

crease the net loss). 
• The effect of sliding scale commissions and profit commissions have been neglected. 
• The default transformation assumes that the reinsurance contracts are applied in the order given 

above.  

• Applying both inward reinsurance conditions and outward retro conditions might not be possible. 
• EEL and EED conditions cannot be applied meaningfully for aggregate modelling of parameter seg-

ments with expected frequency greater than 10, see also "Ground-up model" above. 
• The default transformation concern plain traditional reinsurance structures without loss sensitive 

features. Loss sensitive conditions in reinsurance structures, like paid reinstatements, swing rates 
or sliding scale conditions, loss corridors or multi-year-structures with material impact on recoveries 
need also to be taken into account.  

Companies can use the default transformation to determine the premium risk only if they have con-
vinced themselves that none of the simplifications above or similar lead to a material underestimation of 
the risk.  

Within the captive model, a company-defined transformation from ground-up claims modelled with the 
ground-up model above into the net captive claim (after retrocession) is permitted. In that case, the cap-
tive describes the selected transformation.  

If there are dependencies between CY parameters segments such that the independence as-
sumption between CY parameters segments leads to a material underestimation of solvency, the 
captive has to apply for a company-specific adjustment in the sense of mn 107-109 FINMA Circ. 
17/3 "SST", unless these dependencies are sufficiently modelled by Maximal possible loss model-
ling (see below) or by an appropriate IE3 event (see Section 7). 

The ground-up modelling has provided a distribution of 𝑌𝑌�𝐶𝐶𝐶𝐶,𝑡𝑡0, allowing to obtain that of 

𝑋𝑋𝐶𝐶𝐶𝐶 ≈ 𝑑𝑑𝐶𝐶𝐶𝐶 ∙ �𝑌𝑌�𝐶𝐶𝐶𝐶,𝑡𝑡0 −  𝐵𝐵𝐵𝐵𝑡𝑡0
(𝑁𝑁)�𝑌𝑌�𝐶𝐶𝐶𝐶,𝑡𝑡0�� 

where 

𝑑𝑑𝐶𝐶𝐶𝐶 =
𝐵𝐵𝐵𝐵𝑡𝑡0�𝑌𝑌�

𝐶𝐶𝐶𝐶,𝑡𝑡0�

 𝐵𝐵𝐵𝐵𝑡𝑡0
(𝑁𝑁)�𝑌𝑌�𝐶𝐶𝐶𝐶,𝑡𝑡0�

 

 

6.3 Maximal possible loss modelling 

The captive can select CY parameter segments where instead of ground-up modelling the following 
conservative approach is used.  
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For such a parameter segment 𝑚𝑚 with a maximal possible net loss to the captive 𝑀𝑀𝑀𝑀𝐿𝐿𝑚𝑚 and expected 
net loss 𝐸𝐸𝐿𝐿𝑚𝑚, it is assumed that the loss amount 𝑀𝑀𝑀𝑀𝐿𝐿𝑚𝑚 is almost surely an upper bound to 𝑌𝑌�𝑚𝑚

𝐶𝐶𝐶𝐶,𝑡𝑡0. As a 
simplification, no discounting effect is taken into account.  

The random variable 𝑋𝑋𝑚𝑚𝐶𝐶𝐶𝐶 in focus is replaced by a deterministic upper bound, that is: 

𝑋𝑋𝑚𝑚𝐶𝐶𝑌𝑌 ≈ 𝑀𝑀𝑀𝑀𝐿𝐿𝑚𝑚 − 𝐸𝐸𝐿𝐿𝑚𝑚 

The captive provides values for 𝑀𝑀𝑀𝑀𝐿𝐿𝑚𝑚 and 𝐸𝐸𝐿𝐿𝑚𝑚 with explanations. It is possible that some segments 
may be modelled with the MPL approach and other segments may be modelled with the ground-up ap-
proach.  

7 Individual events risk (IE3) 

Each captive is subject to specific risk stemming from the economic activities of the group owning the 
captive. Part of this risk is (to a large extend) not covered by estimations from data history and/or by the 
standard modelling of insurance risk in the captive model.  

Therefore the captive company has to define one to three scenarios related to its own exposure and 
evaluate these by their occurrence probability and impact related to insurance risk. These scenarios will 
be aggregated WITHIN the insurance risk (see Section 8) and are part of the captive model, under the 
name individual events (IE3; "3" is to differentiate them from the IE1 and IE2 scenarios used in Stan-
dRe).  

IE3 scenarios can be defined as a classical event (e.g. an industrial accident), but may also be under-
stood in a broader sense, e.g. that a limit is reached (whatever is the underlying event) or that a court 
decision has an impact on the company insurance business. IE3 scenarios typically cover events with 
low occurrence probability and severe impact, but may also cover events with larger occurrence proba-
bility. The trigger is that IE3 risk covers insurance risk that is not (enough) represented by the premium 
risk model or the reserve risk model, e.g. it has not yet been observed in the data which were used for 
the calibration of the model parameters.   

The overarching scenarios of the SST (as described in the Technische Beschreibung Szenarien / De-
scription technique scénarios) remain outside the scope of the captive model. Their aggregation, re-
spectively non aggregation, into target capital is explained there, most notably concerning concentra-
tions.  An IE3 scenario modelled within the insurance risk should not be aggregated again as a scenario 
to the overall one-year risk. 

The distribution of three IE3 scenarios 𝑆𝑆1,  𝑆𝑆2 and 𝑆𝑆3 is discrete and specified by the probabilities and im-
pacts of the seven combinations. For the case of three IE3 scenarios, at least the occurrence probabili-
ties  𝑝𝑝1,  𝑝𝑝2 and 𝑝𝑝3 as well as the impacts 𝑐̌𝑐1, 𝑐̌𝑐2 and 𝑐̌𝑐3 (with loss as positive value) when no other sce-
nario occurs have to be given by the captive. Default formulas are given below based on the assumption 
of independent scenarios and without special reinsurance conditions, but the input can be changed by 
the captive. In particular, if 𝑝𝑝1,  𝑝𝑝2 and 𝑝𝑝3 are small enough, one can assume that at most one scenario 
occurs, by setting 𝑤𝑤1 = 𝑝𝑝1, 𝑤𝑤2 = 𝑝𝑝2, 𝑤𝑤3 = 𝑝𝑝3 and the combined 𝑤𝑤𝑖𝑖s to nil. 
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Name of the IE3 sce-
nario combination 

IE3 scenario      
combination 

occurrence probability of the 
combination 

impact of the           
combination 

𝑆𝑆1 only 𝑆𝑆1 \ (𝑆𝑆2  ∪  𝑆𝑆3) 𝑤𝑤1 = 𝑝𝑝1 ∙ (1 − 𝑝𝑝2) ∙ (1 − 𝑝𝑝3) 𝑐̌𝑐1 = −𝑐𝑐1 

𝑆𝑆2 only 𝑆𝑆2 \ (𝑆𝑆1  ∪  𝑆𝑆3) 𝑤𝑤2 = (1 − 𝑝𝑝2) ∙ 𝑝𝑝2 ∙ (1 − 𝑝𝑝3) 𝑐̌𝑐2 = −𝑐𝑐2 

𝑆𝑆3 only 𝑆𝑆3 \ (𝑆𝑆1  ∪  𝑆𝑆2) 𝑤𝑤3 = (1 − 𝑝𝑝1) ∙ (1 − 𝑝𝑝2) ∙ 𝑝𝑝3 𝑐̌𝑐3 = −𝑐𝑐3 

𝑆𝑆1 and 𝑆𝑆2 only (𝑆𝑆1  ∩  𝑆𝑆2) \ 𝑆𝑆3 𝑤𝑤1,2 = 𝑝𝑝1 ∙ 𝑝𝑝2 ∙ (1 − 𝑝𝑝3) 𝑐̌𝑐1,2 = 𝑐̌𝑐1 + 𝑐̌𝑐2 

𝑆𝑆1 and 𝑆𝑆3 only (𝑆𝑆1  ∩  𝑆𝑆3) \ 𝑆𝑆2 𝑤𝑤1,3 = 𝑝𝑝1 ∙ (1 − 𝑝𝑝2) ∙ 𝑝𝑝3 𝑐̌𝑐1,3 = 𝑐̌𝑐1 + 𝑐̌𝑐3 

𝑆𝑆2 and 𝑆𝑆3 only (𝑆𝑆2  ∩  𝑆𝑆3) \ 𝑆𝑆1 𝑤𝑤2,3 = (1 − 𝑝𝑝1) ∙ 𝑝𝑝2 ∙ 𝑝𝑝3 𝑐̌𝑐2,3 = 𝑐̌𝑐2 + 𝑐̌𝑐3 

𝑆𝑆1 and 𝑆𝑆2 and 𝑆𝑆3 𝑆𝑆1  ∩  𝑆𝑆2  ∩  𝑆𝑆3 𝑤𝑤1,2,3 = 𝑝𝑝1 ∙ 𝑝𝑝2 ∙ 𝑝𝑝3 𝑐̌𝑐1,2,3 = 𝑐̌𝑐1 + 𝑐̌𝑐2 + 𝑐̌𝑐3 

The individual events IE3 are represented by a discrete random variable 𝑋𝑋𝐼𝐼𝐼𝐼3 and a distribution, defined 
by eight values and probabilities, the seven above and 𝑐̌𝑐0 = 0 with 𝑤𝑤0, the probability that no IE3 events 
occurs, given by 𝑤𝑤0 + 𝑤𝑤1 + 𝑤𝑤2 + 𝑤𝑤3 + 𝑤𝑤1,2 + 𝑤𝑤1,3 + 𝑤𝑤2,3 + 𝑤𝑤1,2,3 = 1. 

 

8 Aggregation into the non-life insurance risk 

From the previous sections we have the decomposition 

𝑍𝑍𝑁𝑁𝑁𝑁-i𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = −𝑋𝑋𝑃𝑃𝑃𝑃 − 𝑋𝑋𝐶𝐶𝐶𝐶 − 𝜖𝜖𝑃𝑃𝑃𝑃 − 𝜖𝜖𝐶𝐶𝐶𝐶 − 𝜖𝜖𝑈𝑈𝑈𝑈𝑈𝑈 

where 𝜖𝜖𝑃𝑃𝑃𝑃 , 𝜖𝜖𝐶𝐶𝐶𝐶 and 𝜖𝜖𝑈𝑈𝑈𝑈𝑈𝑈  represent the risks not modelled by the reserve risk model (see Section 5) or 
by the premium risk model (see Section 6), respectively. 

The individual events enhance the reserve risk model and premium risk model by assuming the rela-
tion: 

𝜖𝜖𝑃𝑃𝑃𝑃 + 𝜖𝜖𝐶𝐶𝐶𝐶 + 𝜖𝜖𝑈𝑈𝑈𝑈𝑈𝑈 = 𝑋𝑋𝐼𝐼𝐼𝐼3 + 𝜖𝜖𝑁𝑁𝑁𝑁-i𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 

i.e.  
𝑍𝑍𝑁𝑁𝑁𝑁-i𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = −𝑋𝑋𝑃𝑃𝑃𝑃 − 𝑋𝑋𝐶𝐶𝐶𝐶 − 𝑋𝑋𝐼𝐼𝐼𝐼3 − 𝜖𝜖𝑁𝑁𝑁𝑁-i𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 

where 𝜖𝜖𝑁𝑁𝑁𝑁-i𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟  is an independent random variable for the remaining error term, neglected in the 
captive model.  
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In the special case where all CY parameter segments are modelled with the MPL approach (see Sec-
tion 6.3) for 𝑋𝑋𝐶𝐶𝐶𝐶, one can neglect 𝑋𝑋𝐼𝐼𝐼𝐼3 in the above relation if it can be justified that the risk of 𝑋𝑋𝐼𝐼𝐼𝐼3 is 
sufficiently covered.  

The previous sections provided a distribution to each of the random variables 𝑋𝑋𝑃𝑃𝑃𝑃,𝑋𝑋𝐶𝐶𝐶𝐶 and 𝑋𝑋𝐼𝐼𝐼𝐼3. For 
the required distribution of the sum  −𝑋𝑋𝑃𝑃𝑃𝑃 − 𝑋𝑋𝐶𝐶𝐶𝐶 − 𝑋𝑋𝐼𝐼𝐼𝐼3, the captive model assumes: 

• 𝑋𝑋𝑃𝑃𝑃𝑃 and 𝑋𝑋𝐶𝐶𝐶𝐶 are comonotone; 
• 𝑋𝑋𝐼𝐼𝐼𝐼3 is independent of 𝑋𝑋𝑃𝑃𝑃𝑃 + 𝑋𝑋𝐶𝐶𝐶𝐶.  

Writing 𝐹𝐹0 for the cumulative probability distribution of −𝑋𝑋𝑃𝑃𝑃𝑃 − 𝑋𝑋𝐶𝐶𝐶𝐶, the convolution with the discrete 
distribution of −𝑋𝑋𝐼𝐼𝐼𝐼3 yields the cumulative probability distribution 𝐹𝐹 of −𝑋𝑋𝑃𝑃𝑃𝑃 − 𝑋𝑋𝐶𝐶𝐶𝐶 − 𝑋𝑋𝐼𝐼𝐼𝐼3: 

𝐹𝐹(𝑧𝑧) = 𝑤𝑤0 ∙ 𝐹𝐹0(𝑧𝑧) + 𝑤𝑤1 ∙ 𝐹𝐹0(𝑧𝑧 − 𝑐𝑐1) + 𝑤𝑤2 ∙ 𝐹𝐹0(𝑧𝑧 − 𝑐𝑐2) + 𝑤𝑤3 ∙ 𝐹𝐹0(𝑧𝑧 − 𝑐𝑐3)
+ 𝑤𝑤1,2 ∙ 𝐹𝐹0�𝑧𝑧 − 𝑐𝑐1,2� + 𝑤𝑤1,3 ∙ 𝐹𝐹0�𝑧𝑧 − 𝑐𝑐2,3� + 𝑤𝑤2 ∙ 𝐹𝐹0�𝑧𝑧 − 𝑐𝑐2,3� + 𝑤𝑤1,2,3 ∙ 𝐹𝐹0�𝑧𝑧 − 𝑐𝑐1,2,3� 

where the 𝑤𝑤s and the 𝑐𝑐 = −𝑐̌𝑐s are given by the individual events IE3 specification of Section 7. 

In the particular case where it is assumed that IE3 scenarios are pairwise excluding (at most one sce-
nario can occur in the year), the second line is nil. This is the SST standard aggregation method for sce-
narios albeit at the insurance risk distribution level, see Technische Beschreibung für das SST-Stand-
ardmodell Aggregation und Mindestbetrag / Description technique du modèle standard SST pour l'agré-
gation et le montant minimum.  

In the general case, setting 𝑆𝑆1′ ,  𝑆𝑆2′ ,  𝑆𝑆3′ ,  𝑆𝑆4′ , 𝑆𝑆5′ ,  𝑆𝑆6′  and 𝑆𝑆7′  as new scenarios defined by each mutually exclu-
sive combination of 𝑆𝑆1,  𝑆𝑆2 and 𝑆𝑆3, the SST standard aggregation method applied to the 𝑆𝑆′s provides the 
above formula. This expansion of the aggregation method is especially useful if an IE3 scenario is set 
with relatively high probability, meaning that the underlying assumption of at most one scenario occur-
ring within one year is likely to be violated.  

The stand-alone non-life insurance risk provided by the captive model distribution 𝐹𝐹 is given by  

−𝐸𝐸𝐸𝐸𝛼𝛼(𝑍𝑍𝑁𝑁𝑁𝑁-𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖-𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟) = 𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑋𝑋𝑃𝑃𝑃𝑃 + 𝑋𝑋𝐶𝐶𝐶𝐶 + 𝑋𝑋𝐼𝐼𝐼𝐼3) 

where the expected shortfall 𝐸𝐸𝑆𝑆𝛼𝛼 is defined on the left side of a profit loss random variable, see margin 
no 58 of FINMA Circ. 17/3 "SST", and 𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑆𝑆) = −𝐸𝐸𝐸𝐸𝛼𝛼(−𝑆𝑆) was defined at Section 4.2 for a random 
variable 𝑆𝑆.  Moreover, by comonotonicity assumption  

𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑋𝑋𝑃𝑃𝑃𝑃 + 𝑋𝑋𝐶𝐶𝐶𝐶) = 𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑋𝑋𝑃𝑃𝑃𝑃) + 𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑋𝑋𝐶𝐶𝐶𝐶) 

9 Expected insurance result of new business 

Recall that from the one-year change in scope (see Section 4.2 ), the expected insurance result was de-
fined as 
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• expected non-life insurance result = net expected premiums minus net expected discounted 
losses minus expected expenses of the new business,  

reflecting only the business which is not in the balance sheet at 𝑡𝑡 = 0. Here a gain is represented by a 
positive value. 

In line with the specifications from margin nos 4 and 48-49 of the FINMA Circ. 17/3 "SST", the ex-
pected non-life insurance result is required to include all costs (including administrative and over-
head costs) needed for the own fulfilment of the insurance liabilities written until time 𝑡𝑡1 under the 
assumptions from margin nos 35-43 ("run-off").  

The captive has to estimate its expected insurance result, typically by using budget figures (cf. margin 
no. 34 of FINMA Circ. 17/3 "SST"). As a simplification the expected value stemming from individual 
events can be set to nil. 

The error due to  the estimation of the expected non-life insurance result is neglected. 

In case of gross instead of net (of outward retrocession) modelling of the reserve risk and/or premium 
risk, the expected insurance result has to be computed on a net basis nonetheless. This is necessary 
for consistency with the SST balance sheet. 

The stand-alone one-year risk capital due to non-life insurance business is given by the stand-alone 
non-life insurance risk minus the expected non-life insurance result. 

10 Input from the captive model into other modules 

This section describes the necessary inputs from the insurance business that are required for the calcu-
lation of the market risk and that are necessary for the aggregation with the other risk categories, such 
as market risk and credit risk. This section also explains the computation of the market value margin 
(MVM) from the inputs of the captive model. 

10.1 Cash flows from insurance business  

In order to calculate the market risk and its components like FX and spread risk, the cashflows from the 
insurance business are a necessary input.  

This input is derived as follows: The positions of the SST balance sheet as described in Section 3.1 are 
grouped to produce net figures. Payment patterns of the captive model are then used to produce the 
suitable cash flows. Alternatively the company can input its own cash flows if justified. This is the same 
approach as in StandRe, cf. the detailed explanations given in the technical description for the SST 
standard model reinsurance (StandRe), Section 8.2. 
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10.2 Market value margin (MVM) 

According to the technical description for the SST standard model aggregation and market value mar-
gin, the market value margin discounted to 𝑡𝑡0 is defined by 

𝜈𝜈1 ∙ 𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡1 = 𝐶𝐶𝐶𝐶𝐶𝐶 ∙�𝜈𝜈𝑘𝑘+1 ∙ 𝑆𝑆𝑆𝑆𝑅𝑅𝑡𝑡𝑘𝑘
𝑘𝑘≥1

 

where 𝐶𝐶𝐶𝐶𝐶𝐶 is the cost of capital rate prescribed by FINMA and 𝑆𝑆𝑆𝑆𝑅𝑅𝑡𝑡𝑘𝑘 is the expected one-year risk 
capital at 𝑡𝑡𝑘𝑘, i.e. for the period 𝑡𝑡𝑘𝑘 to 𝑡𝑡𝑘𝑘+1, defined by the target capital for that period. Under simplifying 
assumptions stated in the technical description for the SST standard model aggregation and market 
value margin, the market value margin in the SST balance sheet at time 𝑡𝑡0 is given by 𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡0 = 𝜈𝜈1 ∙
𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡1. 

In the following, the concrete computation of 𝜈𝜈1 ∙ 𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡1for a captive is documented. As a simplifying 
assumption, the captive model assumes that the non-hedgeable market risk, the credit risk of outward 
retrocession and possible scenarios are neglected in the calculation of the MVM as explained below. 
Alternatively the captive can compute its MVM by the method of StandRe and follow the assumptions 
of that method, see also the technical description for the SST standard model reinsurance (StandRe), 
Section 8.3. 

The following explains the method and assumptions behind the computation of 𝑆𝑆𝑆𝑆𝑅𝑅𝑡𝑡𝑘𝑘 for 𝑘𝑘 ≥ 1  in the 
MVM for captives.  

For this we define a convenient partition of the cash flows outstanding at time 𝑡𝑡𝑘𝑘  for 𝑘𝑘 ≥ 1  regarding 
the business in scope (see Sections 4.3 and 4.4) as follows: 

Partition of business in scope of SST along existing business at t0 (i.e. incepted until t0)   

and new business between t0 and t1 

regarding time t0, for one-year risk from t0 to t1 regarding time tk ≥ t1, for one-year risk from tk to tk+1 

Reserve 
risk 

𝑃𝑃𝑃𝑃 
existing at 𝑡𝑡 = 0 and 
earned at 𝑡𝑡 = 0 

existing at 𝑡𝑡 = 0 and earned at 𝑡𝑡 = 0 

𝑃𝑃𝑌𝑌𝑘𝑘 
Premium 

risk 

𝐶𝐶𝐶𝐶 

existing at 𝑡𝑡 = 0 and un-
earned at 𝑡𝑡 = 0 but earned 
at 𝑡𝑡 = 1 

existing at 𝑡𝑡 = 0 and unearned at 𝑡𝑡 = 0 
but earned at 𝑡𝑡 = 1 

new between 𝑡𝑡 = 0 and 𝑡𝑡 =
1 and earned at 𝑡𝑡 = 1 

new between 𝑡𝑡 = 0 and 𝑡𝑡 = 1 and 
earned at 𝑡𝑡 = 1 

𝑈𝑈𝑈𝑈𝑈𝑈 
existing at 𝑡𝑡 = 0 and unearned at 𝑡𝑡 = 1 
but earned at 𝑡𝑡 = 𝑘𝑘 
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existing at 𝑡𝑡 = 0 and un-
earned at 𝑡𝑡 = 1 

 

new between 𝑡𝑡 = 0 and 𝑡𝑡 =
1 and unearned at 𝑡𝑡 = 1 

new between 𝑡𝑡 = 0 and 𝑡𝑡 = 1 and un-
earned at 𝑡𝑡 = 1 but earned at 𝑡𝑡 = 𝑘𝑘 

existing at 𝑡𝑡 = 0 and unearned at 𝑡𝑡 = 𝑘𝑘 
but earned at 𝑡𝑡 = 𝑘𝑘 + 1 

𝐶𝐶𝑌𝑌𝑘𝑘 
new between 𝑡𝑡 = 0 and 𝑡𝑡 = 1 and un-
earned at 𝑡𝑡 = 𝑘𝑘 but earned at 𝑡𝑡 = 𝑘𝑘 + 1  

existing at 𝑡𝑡 = 0 and unearned at 𝑡𝑡 =
𝑘𝑘 + 1 

𝑈𝑈𝑈𝑈𝑅𝑅𝑘𝑘 

As a simplifying assumption, the captive model neglects the hatched boxes of this partition referring to 
the URR. It means for 𝑘𝑘 ≥ 1  that 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘

𝑃𝑃𝑃𝑃𝑘𝑘 , i.e. the 𝐶𝐶𝑌𝑌𝑘𝑘 risk and 𝑈𝑈𝑈𝑈𝑈𝑈𝑘𝑘  risk are neglegted, and 
that 𝑃𝑃𝑃𝑃𝑘𝑘   risk comes only from PY and CY. 

Additional simplifying assumptions are 𝑆𝑆𝑆𝑆𝑅𝑅𝑡𝑡𝑘𝑘 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘
𝑃𝑃𝑃𝑃 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘

𝐶𝐶𝐶𝐶 (i.e. PY and CY are comonotone), and 
further partitioning in PY parameter segments and CY parameter segments it is assumed that: 

𝑆𝑆𝑆𝑆𝑅𝑅𝑡𝑡𝑘𝑘 = � 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘
𝑃𝑃𝑃𝑃,ℓ

ℓ∈𝑃𝑃𝑃𝑃-𝑠𝑠𝑠𝑠𝑠𝑠

+ � 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘
𝐶𝐶𝐶𝐶,ℓ

ℓ∈𝐶𝐶𝐶𝐶-𝑠𝑠𝑠𝑠𝑠𝑠

 

The following expressions of the expectations by segment ℓ  for cash flows outstanding at 𝑡𝑡𝑘𝑘 are applied 
later on: 

𝐸𝐸 �𝐵𝐵𝐵𝐵𝑡𝑡𝑘𝑘
(𝑁𝑁),𝑃𝑃𝑃𝑃,ℓ,(𝑡𝑡𝑘𝑘)� = 𝐵𝐵𝐵𝐵𝑡𝑡0

(𝑁𝑁),𝑃𝑃𝑃𝑃,ℓ ∙ ∑ 𝜋𝜋𝑗𝑗
𝑃𝑃𝑃𝑃,ℓ

𝑗𝑗≥𝑘𝑘+1 ,     𝐸𝐸 �𝐵𝐵𝐵𝐵𝑡𝑡𝑘𝑘
𝑃𝑃𝑃𝑃,ℓ,(𝑡𝑡𝑘𝑘)� = 𝐵𝐵𝐵𝐵𝑡𝑡0

(𝑁𝑁),𝑃𝑃𝑃𝑃,ℓ ∙ ∑ 𝜈𝜈𝑗𝑗 ∙ 𝜋𝜋𝑗𝑗
𝑃𝑃𝑃𝑃,ℓ

𝑗𝑗≥𝑘𝑘+1  

𝐸𝐸 �𝐵𝐵𝐵𝐵𝑡𝑡𝑘𝑘
(𝑁𝑁),𝐶𝐶𝐶𝐶,ℓ,(𝑡𝑡𝑘𝑘)� = 𝐵𝐵𝐵𝐵𝑡𝑡0

(𝑁𝑁),𝐶𝐶𝐶𝐶,ℓ ∙ ∑ 𝜋𝜋𝑗𝑗
𝐶𝐶𝐶𝐶,ℓ

𝑗𝑗≥𝑘𝑘+1 ,     𝐸𝐸 �𝐵𝐵𝐵𝐵𝑡𝑡𝑘𝑘
𝐶𝐶𝐶𝐶,ℓ,(𝑡𝑡𝑘𝑘)� = 𝐵𝐵𝐵𝐵𝑡𝑡0

(𝑁𝑁),𝐶𝐶𝐶𝐶,ℓ ∙ ∑ 𝜈𝜈𝑗𝑗 ∙ 𝜋𝜋𝑗𝑗
𝐶𝐶𝐶𝐶,ℓ

𝑗𝑗≥𝑘𝑘+1  

𝐵𝐵𝐵𝐵𝑡𝑡0
(𝑁𝑁),𝑃𝑃𝑃𝑃,ℓ , the best estimate of reserves for PY business at time 𝑡𝑡0 and the corresponding incremental 

expected payment pattern 𝜋𝜋𝑗𝑗
𝑃𝑃𝑃𝑃,ℓ are given by the reserve risk model. 𝐵𝐵𝐵𝐵𝑡𝑡0

(𝑁𝑁),𝐶𝐶𝐶𝐶,ℓ, the expected losses for 
new business in the current year and the corresponding payment pattern 𝜋𝜋𝑗𝑗

𝐶𝐶𝐶𝐶,ℓ are given by the premium 
risk model. Related discount factors to time 𝑡𝑡0 are calculated from the inputs as follows  𝑑𝑑ℓ𝑃𝑃𝑃𝑃 =
∑ 𝜈𝜈𝑗𝑗 ∙ 𝜋𝜋𝑗𝑗

𝑃𝑃𝑃𝑃,ℓ
𝑗𝑗≥1  and 𝑑𝑑ℓ𝐶𝐶𝐶𝐶 = ∑ 𝜈𝜈𝑗𝑗 ∙ 𝜋𝜋𝑗𝑗

𝐶𝐶𝐶𝐶,ℓ
𝑗𝑗≥1 . 

We can now provide a formula computing 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘
𝑃𝑃𝑃𝑃,ℓ (and similarly 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘

𝐶𝐶𝐶𝐶,ℓ) for each PY parameter seg-
ment ℓ. The captive model assumes: 

𝜈𝜈𝑘𝑘 ∙ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘
𝑃𝑃𝑃𝑃,ℓ = 𝛿𝛿𝑘𝑘

𝑃𝑃𝑃𝑃,ℓ ∙ 𝑆𝑆𝑆𝑆𝑆𝑆∗𝑃𝑃𝑃𝑃,ℓ 

where  

𝛿𝛿𝑘𝑘
𝑃𝑃𝑃𝑃,ℓ =

𝐸𝐸 �𝐵𝐵𝐵𝐵𝑡𝑡𝑘𝑘
𝑃𝑃𝑌𝑌,ℓ,(𝑡𝑡𝑘𝑘)�

𝐵𝐵𝐵𝐵𝑡𝑡0
𝑃𝑃𝑃𝑃,ℓ =

∑ 𝜈𝜈𝑗𝑗 ∙ 𝜋𝜋𝑗𝑗
𝑃𝑃𝑃𝑃,ℓ

𝑗𝑗≥𝑘𝑘+1

∑ 𝜈𝜈𝑗𝑗 ∙ 𝜋𝜋𝑗𝑗
𝑃𝑃𝑃𝑃,ℓ

𝑗𝑗≥1
= 1 −

∑ 𝜈𝜈𝑗𝑗 ∙ 𝜋𝜋𝑗𝑗
𝑃𝑃𝑃𝑃,ℓ𝑘𝑘

𝑗𝑗=1

𝑑𝑑ℓ𝑃𝑃𝑃𝑃
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is a run-off factor based on discounted best estimates and 𝑆𝑆𝑆𝑆𝑆𝑆∗𝑃𝑃𝑃𝑃,ℓ is an auxiliary one-year risk capital at 
𝑡𝑡0 as explained further below. 

Writing 𝜇𝜇ℓ𝑃𝑃𝑃𝑃 = 𝐵𝐵𝐵𝐵𝑡𝑡0
𝑃𝑃𝑃𝑃,ℓ and 𝐶𝐶𝐶𝐶ℓ𝑃𝑃𝑃𝑃 for the mean and coefficient of variation selected in the PY parameter 

segment ℓ of the reserve risk model, we assume that 

𝑆𝑆𝑆𝑆𝑆𝑆∗𝑃𝑃𝑃𝑃,ℓ = (𝑓𝑓1−𝛼𝛼(𝐶𝐶𝐶𝐶ℓ𝑃𝑃𝑃𝑃) − 1) ∙  𝜇𝜇ℓ𝑃𝑃𝑃𝑃 ∙ 𝑑𝑑ℓ𝑃𝑃𝑃𝑃 

where, writing Φ for the cumulative standard normal distribution, the factor 𝑓𝑓1−𝛼𝛼(𝐶𝐶𝐶𝐶)  for the risk meas-
ure expected shortfall at confidence level 1 − 𝛼𝛼  and given a coefficient of variation CV is defined by: 

𝑓𝑓1−𝛼𝛼(𝐶𝐶𝐶𝐶) =
1
𝛼𝛼
⋅ �1 −Φ�Φ−1(1 − 𝛼𝛼) − �log(1 + 𝐶𝐶𝐶𝐶2)�� 

Remark 1: 𝜇𝜇ℓ𝑃𝑃𝑃𝑃 can be reduced by the net reserve amount which is not under risk, for claims that are re-
served in the SST-balance sheet to the full contract limit without further deterioration possible. 

Remark 2: If 𝑋𝑋 = 𝑑𝑑 ∙ �𝑌𝑌 − 𝐸𝐸(𝑌𝑌)� with 𝑌𝑌 lognormally distributed and coefficient of variation 𝐶𝐶𝑉𝑉𝑌𝑌 and with 
𝑑𝑑 > 0  (here 𝑑𝑑 is a discount factor), the following property holds:  

𝐸𝐸𝐸𝐸1−𝛼𝛼(𝑋𝑋) =  𝑑𝑑 ∙ (𝑓𝑓1−𝛼𝛼(𝐶𝐶𝑉𝑉𝑌𝑌) − 1) ∙  𝐸𝐸(𝑌𝑌); 

for the derivation, see formula (145) of the technical description for the SST standard model non life. 

It follows that the formula for the discounted MVM used in the captive model is given by: 

𝜈𝜈1 ∙ 𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡1 = 𝐶𝐶𝐶𝐶𝐶𝐶 ∙�𝜈𝜈𝑘𝑘+1 ∙ � � 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘
𝑃𝑃𝑃𝑃,ℓ

ℓ∈𝑃𝑃𝑃𝑃-𝑠𝑠𝑠𝑠𝑠𝑠

+ � 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘
𝐶𝐶𝐶𝐶,ℓ

ℓ∈𝐶𝐶𝐶𝐶-𝑠𝑠𝑠𝑠𝑠𝑠

�
𝑘𝑘≥1

≈ 𝐶𝐶𝐶𝐶𝐶𝐶 ∙�� � 𝜈𝜈𝑘𝑘
𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟ℓ ∙ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘

𝑃𝑃𝑃𝑃,ℓ

ℓ∈𝑃𝑃𝑃𝑃-𝑠𝑠𝑠𝑠𝑠𝑠

+ � 𝜈𝜈𝑘𝑘
𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟ℓ ∙ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘

𝐶𝐶𝐶𝐶,ℓ

ℓ∈𝐶𝐶𝐶𝐶-𝑠𝑠𝑠𝑠𝑠𝑠

�
𝑘𝑘≥1

 

where for ℓ ∈ 𝑃𝑃𝑃𝑃-𝑠𝑠𝑠𝑠𝑠𝑠 

𝜈𝜈𝑘𝑘
𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟ℓ ∙ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘

𝑃𝑃𝑃𝑃,ℓ = 𝜇𝜇ℓ𝑃𝑃𝑃𝑃 ∙ (𝑓𝑓1−𝛼𝛼(𝐶𝐶𝐶𝐶ℓ𝑃𝑃𝑃𝑃) − 1) ∙ � 𝜈𝜈𝑗𝑗
𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟ℓ ∙ 𝜋𝜋𝑗𝑗

𝑃𝑃𝑃𝑃,ℓ

𝑗𝑗≥𝑘𝑘+1

  

and for ℓ ∈ 𝐶𝐶𝐶𝐶-𝑠𝑠𝑠𝑠𝑠𝑠 

𝜈𝜈𝑘𝑘
𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟ℓ ∙ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑘𝑘

𝐶𝐶𝐶𝐶,ℓ = 𝜇𝜇ℓ𝐶𝐶𝐶𝐶 ∙ �𝑓𝑓1−𝛼𝛼�𝐶𝐶𝐶𝐶ℓ𝐶𝐶𝐶𝐶� − 1� ∙ � 𝜈𝜈𝑗𝑗
𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟ℓ ∙ 𝜋𝜋𝑗𝑗

𝐶𝐶𝐶𝐶,ℓ

𝑗𝑗≥𝑘𝑘+1

  

𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟ℓ denotes the currency of the underlying parameter segment ℓ and the second line of the formula 
is implemented in the captive model. 
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11 IT implementation  

11.1 Description of the SST-Captive-Template.xlsx 

The Excel workbook SST-Captive-Template is intended to collect all parameters and to support some 
computations related to the captive model. We explain the purpose and possible special feature of each 
worksheet below. 

All values have to be entered in millions of SST currency throughout the template. 

11.1.1 Intro_SM_Captive 

This sheet states the purpose of the template and asks for a few company specific general inputs used 
throughout the template. 

11.1.2 CA_update 

Contains the change log of the template.   

11.1.3 CA_prescribed_parameters 

This sheet contains the FINMA prescribed parameters, such as yield curves and FX exchange rates. 
Parameters relating to 31 December are updated in January. In case JPY is used, please copy the yield 
curve from the SST-StandRe-Template here. 

11.1.4 CA_calculation_documentation 

This sheet is intended to explain how the captive model was specifically applied by the company. 

A selection of topics is listed (cf. columns "Field" and "Description/question"). Computations from differ-
ent sheets are provided as information and helper for consistency checks (cf. column "Value"). 

Where explanations are needed for a third person familiar with the topic to understand the approach, 
please provide comments (mn 13 and 174 of FINMA Circ. 17/3 "SST"). In particular, this applies to 
places where the model allows for company-specific inputs or alternative approaches (mn 106 of FINMA 
Circ. 17/3 "SST").  

Explanations can be provided directly in this sheet (in the column "Comments/explanations"), or a pre-
cise reference to the SST report (e.g. page, section) can be given instead.  

11.1.5 CA_reserves_and_premiums 

This is a reporting sheet to provide a standardised overview of the captive portfolio. It is based on a sim-
ilar sheet already used in StandRe. The data must be entered by the company from column N onwards. 
The information in this sheet is not directly linked to the risk calculation.  
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11.1.6 CA_reserve_risk 

This sheet reports the parameters of the reserve risk model. The reserve risk parameters have to be en-
tered by the company per parameter segment. 

Undiscounted reserves, column alternative: If a full limit loss has been reached for a segment, there is 
likely no more reserve risk: the reserve in the balance sheet is considered as deterministic. In that case, 
it is possible to write the value 0 instead of the effective reserve value.  

Coefficient of variation, column alternative. If the company uses its own coefficients of variation, they 
have to be entered here.  

11.1.7 CA_premium_risk 

This sheet reports the parameters of the premium risk model. The premium risk parameters have to be 
entered by parameter segment by the company. 

For parameter segments with a frequency of attritional claims greater than 10, the transformation of pa-
rameters for an aggregate loss model instead of a frequency-severity model is implemented in the sheet 
CA_input_SST_Template. 

11.1.8 CA_expected_result 

In this sheet, the company needs to enter all the relevant information for the calculation of the expected 
insurance result. The expected insurance result of the new business, i.e. incepting between 𝑡𝑡 = 0 and 
𝑡𝑡 = 1, is computed. An additional input for the calculation of the market value margin (MVM) is also en-
tered in this sheet. 

11.1.9 CA_IE3_risk 

The company must propose one to three business-specific scenarios for insurance risks that have not 
been modelled (such as previously unobserved or emerging risks) or have been insufficiently modelled 
in the reserve risk or premium risk models. Occurrence probabilities and impacts are specific to the cap-
tive company, and have to be explained. More than one of these so-called individual event (IE3) scenar-
ios can occur within one year (this should typically be the case if an occurrence probability is "high", e.g. 
10%), and the aggregation is within insurance risk, i.e. with reserve risk and premium risk. 

11.1.10 CA_discount_factors 

In this sheet, the payment patterns by parameter segment have to be entered. This sheet provides the 
information needed in other sheets using pattern information, and in particular computes the PY dis-
count factor for reserve risk and the CY discount factor for premium risk. 
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11.1.11 CA_MVM 

Computes the MVM. The necessary inputs are linked from the other sheets. There is no additional input 
required by the company. 

11.1.12 CA_insurance_cash_flows 

In this sheet, the cash flows stemming from the insurance business of the captive are calculated for the 
market risk model.  

The company has to enter the positions of the SST balance sheet (to be found in the SST-Template) 
which are related to the insurance business. The breakdown into currency and into cash flows is linked 
from inputs of the other sheets used for the captive model. The company may provide alternatives to 
these default-calculated cash flows, with explanations.  

11.1.13 CA_input_SST_Template 

This sheet collects inputs from other sheets which are required by the SST-Template from the captive 
model and which have to be copied into the SST-Template. 

Each section of this sheet corresponds to a specific sheet of the SST-Template. Further explanations 
can be found, in particular regarding the aggregation of reserve risk, premium risk and IE3 risk into in-
surance risk, and regarding the decomposition of insurance risk into PY and CY as shown in the FDS. 

If all CY parameter segments have been modelled with the MPL approach and the IE3 risk can be ne-
glected, see Section 8, it is permitted to change the probabilities of the IE3 scenarios to nil in that sheet. 

As the non-hedgeable market risk is neglected for captives, see Technical Description Aggregation and 
Market Value Margin, the value𝜒𝜒𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is set to nil – and 𝐵𝐵𝐵𝐵�𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ≔ 𝐵𝐵𝐵𝐵𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 has no relevance.  

11.2 Features in R-tool 

For the implementation of the R-Tool please consult the section System requirements of the executable 
version in the document IT Notes. 

The captive specific features in the R-Tool for the calculation of the insurance risk include the following 

• Modelling of CY risk by CY parameter segment (with indicator for the CY parameter segment 
model: ground-up loss or maximal possible loss, see Section 6) 
• by CY parameter segment modelled by ground-up loss approach according to the specification 

in the template:  
• As frequency severity model for attritional claims with frequency (Poisson), mean and 

standard deviation for the gamma distribution as inputs 
• As frequency severity model for large claims with frequency (Poisson), shape and thresh-

old (scale) for the Pareto distribution as inputs 
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• Transformation into a yearly loss distribution CY parameter segment according to the 
standard transformation defined at Section 6.2.2. 

• by CY parameter segment of maximal possible loss model as a deterministic distribution with 
maximum net loss and expected net loss as input 

• Aggregation of the net losses across the parameter segments for CY independently, see Section 6 
• Aggregation of PY risk and CY risk comonotonic, before IE3 risk, see Section 8 

To run the above features with the R-Tool, select « captive » in the sheet Non Life of the SST-Template. 
Else, in particular if the standard transformation cannot be used, select « simulations » or « cumulative 
distribution function », and enter the corresponding simulations or cumulative distribution function ob-
tained by your external tool in this sheet.  

• The R-Tool aggregates the individual events IE3 given as input in the sheet Non Life of the SST-
Template, regardless of whether « captive », « simulations » or « cumulative distribution function » 
has been chosen, see Section 8.  

• The FDS shows the stand-alone non-life insurance risk with and without IE3 risk. If « captive » has 
been selected, the PY risk and CY risk shown in the FDS is computed by the R-Tool from the pa-
rameters of the captive model. 

12 Appendix 

It may happen that the company's segmentation built and used for internal purposes does not match the 
specific segmentation for the capital risk model, i.e. the SST standard model for reinsurance captive. In 
this case, the properties of Section 12.1 on moments should be used. Section 12.2 provides the most 
common properties when working with lognormal distributions. In particular, relationships are shown 
when lognormal distributions are assumed at the segment level or on an aggregate segment. Section 
12.3 shows the parametrisation used here for the Gamma distribution. 

12.1 Moment aggregation and disaggregation 

Let 𝑋𝑋 = 𝑋𝑋1 + ⋯+ 𝑋𝑋𝑛𝑛 be a decomposition into 𝑛𝑛 segments of a random variable 𝑋𝑋 with positive values. 
Denote the corresponding mean and standard deviation by 𝜇𝜇 = 𝐸𝐸[𝑋𝑋], 𝜎𝜎 = �𝑉𝑉𝑉𝑉𝑉𝑉(𝑋𝑋),  𝜇𝜇𝑖𝑖 = 𝐸𝐸[𝑋𝑋𝑖𝑖] and 𝜎𝜎𝑖𝑖 =
�𝑉𝑉𝑉𝑉𝑉𝑉(𝑋𝑋𝑖𝑖), and let Γ𝑖𝑖𝑖𝑖 for 𝑖𝑖, 𝑗𝑗 = 1, … ,𝑛𝑛  be the components of the corresponding correlation matrix Γ. The 
related coefficients of variation are 𝐶𝐶𝐶𝐶 = 𝜇𝜇 𝜎𝜎⁄  and 𝐶𝐶𝐶𝐶𝑖𝑖 = 𝜇𝜇𝑖𝑖 𝜎𝜎𝑖𝑖 ⁄ . 

12.1.1 Moment aggregation 

From mean and standard deviation per segment, aggregated mean and aggregated standard deviation 
are derived by: 

𝜇𝜇 = �𝜇𝜇𝑖𝑖

𝑛𝑛

𝑖𝑖=1

             𝜎𝜎 = ��𝜎𝜎𝑖𝑖 ⋅ 𝜎𝜎𝑗𝑗 ⋅ Γ𝑖𝑖𝑖𝑖
𝑖𝑖,𝑗𝑗

= �𝜎⃗𝜎𝑇𝑇 Γ 𝜎⃗𝜎 
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If Γ𝑖𝑖𝑖𝑖 = 𝜌𝜌 for 𝑖𝑖, 𝑗𝑗 = 1, … ,𝑛𝑛 and 𝑖𝑖 ≠ 𝑗𝑗 , i.e. the same correlation 𝜌𝜌 > 0 is assumed between distinct pairs, one 
has 

𝜎𝜎 = �𝜌𝜌 ∙�𝜎𝜎𝑖𝑖 ⋅ 𝜎𝜎𝑗𝑗 + (1 − 𝜌𝜌) ∙�𝜎𝜎𝑖𝑖2
𝑖𝑖𝑖𝑖,𝑗𝑗 

 

12.1.2 Moment disaggregation 

Assume we have an aggregated coefficient of variation 𝐶𝐶𝐶𝐶 and want to get the coefficients of variation 
of the segments 𝐶𝐶𝐶𝐶𝑘𝑘. Based on the assumption that all segments have the same coefficient of variation 
𝐶𝐶𝐶𝐶𝑘𝑘 = 𝐶𝐶𝐶𝐶1, the disaggregated standard deviation 𝜎𝜎𝑘𝑘 of a segment 𝑘𝑘 is given by  

𝜎𝜎𝑘𝑘 = 𝜎𝜎 ⋅ 𝜇𝜇𝑘𝑘

�∑ 𝜇𝜇𝑖𝑖⋅𝜇𝜇𝑗𝑗⋅Γ𝑖𝑖𝑖𝑖𝑖𝑖,𝑗𝑗 
    or equivalently   𝐶𝐶𝐶𝐶𝑘𝑘 = 𝐶𝐶𝐶𝐶 ∙ ∑ 𝜇𝜇𝑖𝑖

𝑛𝑛
𝑖𝑖=1

�∑ 𝜇𝜇𝑖𝑖⋅𝜇𝜇𝑗𝑗⋅Γ𝑖𝑖𝑖𝑖𝑖𝑖,𝑗𝑗 
 

and the coefficients of variation 𝐶𝐶𝐶𝐶𝑘𝑘 of the segments are greater than the aggregated coefficient of vari-
ation 𝐶𝐶𝐶𝐶 unless all correlations Γ𝑖𝑖𝑖𝑖 are equal to one. In that case, 𝐶𝐶𝐶𝐶𝑘𝑘 = 𝐶𝐶𝐶𝐶. 

Proof. The formula follows from  

𝜎𝜎 = ��𝜎𝜎𝑖𝑖 ⋅ 𝜎𝜎𝑗𝑗 ⋅ Γ𝑖𝑖𝑖𝑖
𝑖𝑖,𝑗𝑗

= 𝐶𝐶𝑉𝑉1 ∙ ��
𝜎𝜎𝑖𝑖
𝐶𝐶𝑉𝑉𝑖𝑖

⋅
𝜎𝜎𝑗𝑗
𝐶𝐶𝑉𝑉𝑗𝑗

⋅ Γ𝑖𝑖𝑖𝑖
𝑖𝑖,𝑗𝑗

 

  

The inequality relation between CVs is due to 

�𝜇𝜇𝑖𝑖 ⋅ 𝜇𝜇𝑗𝑗 ⋅ Γ𝑖𝑖𝑖𝑖
𝑖𝑖,𝑗𝑗 

= 2 �𝜇𝜇𝑖𝑖 ⋅ 𝜇𝜇𝑗𝑗 ⋅ Γ𝑖𝑖𝑖𝑖
𝑖𝑖<𝑗𝑗 

+ �𝜇𝜇𝑖𝑖2 ∙ Γ𝑖𝑖𝑖𝑖 ≤
𝑖𝑖

2 �𝜇𝜇𝑖𝑖 ⋅ 𝜇𝜇𝑗𝑗
𝑖𝑖<𝑗𝑗 

+ �𝜇𝜇𝑖𝑖2 = ��𝜇𝜇𝑖𝑖
𝑖𝑖

�
2

𝑖𝑖

 

with equality if and only if Γ𝑖𝑖𝑖𝑖 =1 for 𝑖𝑖, 𝑗𝑗 = 1, … 𝑛𝑛  ∎ 

 

12.2 Properties related to the lognormal distribution 

12.2.1 Reminder of properties related to a lognormal random variable 

Assume 𝑌𝑌 is a lognormal distributed random variable with parameters 𝜇𝜇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 and 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙, i.e. 
(log(𝑌𝑌)−𝜇𝜇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)

𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
  is standard normal distributed.  

Writing  𝜇𝜇𝑌𝑌,𝜎𝜎𝑌𝑌 and 𝐶𝐶𝐶𝐶𝑌𝑌 = 𝜎𝜎𝑌𝑌 𝜇𝜇𝑌𝑌  ⁄ for mean, standard deviation and coefficient of variation of 𝑌𝑌, respec-
tively, the parameters of the lognormal distribution are given by 𝜇𝜇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = log�𝜇𝜇𝑌𝑌� − 0.5 ⋅ 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

2  and 
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𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = �log(1 + 𝐶𝐶𝐶𝐶𝑌𝑌2). Conversely, 𝜇𝜇𝑌𝑌 = exp(μ + 0.5 ⋅ 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2 ) and 𝜎𝜎𝑌𝑌 = 𝜇𝜇𝑌𝑌 ∙ �exp((𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2 ) − 1 . Moreo-
ver, if 𝑌𝑌′ = 𝑑𝑑 ⋅ 𝑌𝑌 with 𝑑𝑑 > 0, then 𝑌𝑌′ is lognormal distributed with parameters 𝜇𝜇′𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 𝜇𝜇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + log(𝑑𝑑) and 
𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
′ = 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙. This property is used for discounting, where 𝑑𝑑 > 0 is a deterministic discount factor. 

The 𝑢𝑢-quantile and the right-hand expected shortfall at confidence level 1 − 𝛼𝛼 are given respectively by: 

𝑞𝑞𝑢𝑢(𝑌𝑌) = inf{𝑦𝑦|𝑃𝑃(𝑌𝑌 ≤ 𝑦𝑦) ≥ 𝑢𝑢} = 𝑒𝑒𝑒𝑒𝑒𝑒�𝜇𝜇 + 𝜎𝜎 ∙ Φ−1(𝑢𝑢)� 

𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌) =
1
𝛼𝛼

� 𝑞𝑞𝑢𝑢(𝑌𝑌)𝑑𝑑𝑑𝑑 =
1

1−𝛼𝛼

𝑓𝑓1−𝛼𝛼(𝐶𝐶𝑉𝑉𝑌𝑌) ∙  𝐸𝐸(𝑌𝑌) 

where 𝑓𝑓1−𝛼𝛼(𝑐𝑐) = 1
𝛼𝛼
⋅ �1 −Φ�Φ−1(1 − 𝛼𝛼) −�log(1 + 𝑐𝑐2)�� with Φ−1(1 − 𝛼𝛼)  the 1 − 𝛼𝛼 quantile and Φ the 

cumulative distribution function of a standard normal distribution.  

When discounting with a deterministic discount factor 𝑑𝑑 > 0 and centering, the right-hand expected 
shortfall is given by the formula 

𝐸𝐸𝐸𝐸1−𝛼𝛼�𝑑𝑑 ∙ �𝑌𝑌 − 𝐸𝐸(𝑌𝑌)�� =  𝑑𝑑 ∙ [𝑓𝑓1−𝛼𝛼(𝐶𝐶𝐶𝐶) − 1] ∙  𝐸𝐸(𝑌𝑌) 

 

12.2.2 Properties of a sum of lognormal random variables 

Let 𝑌𝑌1, … ,𝑌𝑌𝑛𝑛 be 𝑛𝑛 lognormal distributed random variables with mean 𝜇𝜇𝑘𝑘 = 𝐸𝐸(𝑌𝑌𝑘𝑘), standard deviation 𝜎𝜎𝑘𝑘 =
𝑠𝑠𝑠𝑠(𝑌𝑌𝑘𝑘)  and coefficient of variation 𝐶𝐶𝑉𝑉𝑘𝑘 = 𝜎𝜎𝑘𝑘/𝜇𝜇𝑘𝑘 for 𝑘𝑘 = 1, … ,𝑛𝑛 , and Γ𝑘𝑘𝑘𝑘 their correlations for 𝑘𝑘, 𝑙𝑙 = 1, … ,𝑛𝑛.  

𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌1) + ⋯+ 𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌𝑛𝑛) ≥ 𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌1 + ⋯+ 𝑌𝑌𝑛𝑛) and usually 𝑌𝑌1 + ⋯+ 𝑌𝑌𝑛𝑛 is not lognormal distributed.   

If 𝐶𝐶𝑉𝑉1 = 𝐶𝐶𝑉𝑉2 = ⋯ = 𝐶𝐶𝑉𝑉𝑛𝑛 and Γ𝑘𝑘𝑘𝑘 = 1  for 𝑘𝑘, 𝑙𝑙 = 1, … ,𝑛𝑛, then 𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌1) + ⋯+ 𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌𝑛𝑛) =
𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌) , where 𝑌𝑌  is a lognormal distributed random variable with mean 𝜇𝜇 = ∑ 𝜇𝜇𝑘𝑘 𝑛𝑛

𝑘𝑘=1 , standard devia-
tion  𝜎𝜎 = ∑ 𝜎𝜎𝑘𝑘 ∙ 𝜎𝜎𝑙𝑙𝑘𝑘,𝑙𝑙  ,  and coefficient of variation 𝐶𝐶𝐶𝐶 = 𝐶𝐶𝑉𝑉1 . 

Proof. From moment disaggregation above, 𝐶𝐶𝐶𝐶 = 𝐶𝐶𝑉𝑉1. With the expected shortfall formula for a lognor-
mal distribution, ∑ 𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌𝑘𝑘) =𝑘𝑘 ∑ 𝑓𝑓1−𝛼𝛼(𝐶𝐶𝑉𝑉𝑘𝑘) ∙ 𝜇𝜇𝑘𝑘𝑘𝑘 = 𝑓𝑓1−𝛼𝛼(𝐶𝐶𝐶𝐶) ∙ 𝜇𝜇 =  𝐸𝐸𝑆𝑆1−𝛼𝛼(𝑌𝑌) ∎ 

 

12.3 Gamma distribution 

The parameters are 𝑘𝑘 > 0 for the shape and 𝜃𝜃 > 0 for the scale. The probability density function on the 
support 𝑥𝑥 ∈ (0,∞) is given by  

𝑓𝑓(𝑥𝑥) =
1

Γ(𝑘𝑘) ∙ 𝜃𝜃𝑘𝑘
∙ 𝑥𝑥𝑘𝑘−1 ∙ 𝑒𝑒−

𝑥𝑥
𝜃𝜃 
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and the parameters can be derived from mean 𝑚𝑚 and standard deviation 𝑠𝑠 by 𝑘𝑘 = 𝑚𝑚
𝑠𝑠
  and 𝜃𝜃 = 𝑠𝑠2

𝑚𝑚
 . 

13 Record of changes to the captive model 

Where changes have been made they are marked in dark blue. Where a chapter has been fully revised 
only its title is marked in dark blue. Corrections of typos or presentation styles are not marked.  

 

Version 31 October 2023, changes from 31 October 2022 

• References and terminology are modified according to the modification of ISO (AVO/OS) in 
force the 1st January 2024. For general explanations according to the modified ISO, see the 
technical description for the SST standard model aggregation and market value margin. The 
captive model is unchanged.  

 

Version 31 October 2022, changes from 31 October 2021 

 

• A few further explanations are marked in dark blue, there is no model change 
• Section 11.1.13: an explanation was added which relates to the input of the non-hegeable 

market risk 
 

Version 31 October 2021 

Changes compared to the version 31 October 2020 are as follows. 
 

• Section 1 Aim. The explanations have been rewritten. 

• Section 2 Scope: unchanged, up to a comment on company-specific adjustments. 
• Section 3 Captives insurance business: unchanged. 

• Section 4 The one-year change in risk-bearing capital: 
• Section 4.1: subscript 𝑚𝑚 used for segments (formerly ℓ), else unchanged. 

• Section 4.2: sign error corrected in formula iv. 

• Section 4.3: formerly 5.1, else unchanged. 

• Section 4.4: formerly 5.2, else unchanged. 
• Section 4.5 Currencies: Section added. There are no changes compared to the shadow compu-

tation 2021. 
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• The model changes reflected in Sections 5 to 9 below are those tested in 2021, see Manual for 
the shadow computation 2021 (SC 2021 captive). There are no changes compared to the shadow 
computation, except the one displayed at Section 6. 

• Section 5 Reserve risk model (formerly Section 6). This section has been entirely rewritten.  
• Section 6 Premium risk model (formerly Section 7). This section has been entirely rewritten. 

There is an additional possibility for segmentation for URR compared to the shadow computa-
tion. 

• Section 7 Individual events riks (IE3). This is a new section.  

• Section 8 Aggregation into the non-life insurance risk. This section has been entirely rewritten.  
• Section 9 Expected insurance result of new business. Section added. 

• Section 10 Input from the captive model into the other modules (formerly Section 9): 

• Section 9.1: unchanged. 
• Section 9.2: claims that are reserved in the SST balance sheet to the full contract limit without 

further deterioration possible can be ignored in the calculation of the MVM. This has been 
changed compared to the shadow computation 2021. Else unchanged. 

• Section 11 IT Implementation (formerly Section 10): 
• Section 11.1. The explanations regarding the SST-Captive-Template are copied from the Man-

ual for the shadow computation 2021 (SC 2021 captive). The change compared to the shadow 
computation is that inputs must be provided in million SST currency, as it was the case for the 
official SST 2021. Changes in the SST-Captive-Template compared to the SST-Captive-Tem-
plate provided for the shadow computation 2021 are directly described in the sheet CA_Update. 

• Section 11.2. The features of the R-Tool tested in the shadow computation 2021 continue to be 
used for the SST 2022. This section, compared to that of SST 2021, has been shortened for the 
information already in previous sections of this document and completed for the features not 
existing in the SST 2021. Change compared to the shadow computation 2021 is that the FDS 
shows also the stand-alone non-life insurance risk before aggregation of the IE3 risk. 

• Former Section 11: removed. 

• Section 12 Appendix: added. 

• Section 13 Record of changes to the captive model: added.  
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