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1. Introduction

The insurance market has grown substantially in Brazil over the last few
years. The last report from SUSEP (the Brazilian insurance supervisor
body) says the insurance market represented 3.88% of the Brazilian GPD
in 2014 whereas in 2004 this figure was 2.69% (SUSEP, 2015, p. 3) with
an increase in foreign companies among the top 20 insurers (SUSEP,
2016). This development can also be seen in the supervisor body, which
has publicised their intention to sign an agreement with EIOPA to follow
closely the directives from the so-called Solvency II (SUSEP, 2014).
It is a fact that the more similar the regulations requirements are across
the globe the easier for companies to have business abroad. However,
if on one hand the Brazilian supervisor is keen to follow the Solvency II
on the other hand it seems that there are substantial differences, which
can turn this process into a more complicated matter. The key factors
are the high inflation and interest rates.
In the Brazilian regulatory framework there has been significant
improvements over the past years which can be expressed as a movement
towards the Solvency II. First the risk-based minimum capital requirement
is now divided into underwriting, credit, operational and market risks.
Second modern international financial report standards (IFRS) is fulfilled
in the reports regulation rules. Finally, technical provisions are following
very close the best practice of developed countries. However, still there
is a remarkable difference in the regulatory structure as the risk margin
on top of the technical provisions is not implemented yet.
The risk margin is a measure of the variability of the technical provisions
in an insurance company and has been used along with the best estimate
of the claim reserve to determine a fair price for a liability portfolio.
The development of the risk margin lies above the modern concept
of risk-based balance sheet where both assets and liabilities must be
assessed by the amount they could be transferred or settled. In section
2 we discuss the concepts and principles of the risk margin and how
European authorities regulate it.
Many times fresh concepts are theoretically perfect but difficult to
implement in practice and this applies for the risk margin. In reality
companies experience challenges to achieve a consistent calculation
of the risk margin. In section 3 we reproduce the method of Merz and
Wüthrich (2015) which uses the popular Chain-Ladder algorithm to
calculate a risk measure for each future calendar year of the total claim
reserves run-off.
Using the method of Merz and Wüthrich (2015), full calculation of the
risk margin is performed in two examples in section 4. Real Brazilian
insurers data is used in order to have an idea about the real greatness
of the risk margin in case of an implementation in Brazil followed by an
interview with a Brazilian regulator expert.
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2. Risk Margin
2.1 The market
approach for
assets and
liabilities

The foremost goal of the Solvency II risk-based balance sheet it is to
produce an “economic, market-consistent approach to the valuation of
assets and liabilities” (European Commission, 2010, p. 6). For financial
companies it is fairly simple to produce an economic valuation for assets,
since there are deep and liquid markets trading vast assets all over the
globe. Therefore, assets have been consistently marked-to-market for
many years in insurers’ balance sheets.
However, when it comes to liabilities there is a different picture. Trading
markets for liabilities are tiny. In fact, for some people it is actually
difficult to rationalise this form of trade. Tsanakas et al. (2013, p. 2) drew
attention to the development of the insured-linked securities, especially
the catastrophes bonds and weather derivatives. However, as far
as insurance liabilities are concern in most cases they are in the
books as the best estimation of the policy’s loss.
Consequently, given that assets and liabilities are assessed in distinct
forms, the balance sheet of the insurance companies is difficult to
understand and compare with their competitors. The question that the
Solvency II answers is how can companies produce a market approach
for liabilities when there is no market available. The answer for this
question is the use of the market-consistent valuation from which the
risk margin has derived. (Wüthrich, et al., 2010, p. 2).

2.2 Valuation
of technical
provisions

Under the Solvency II directives, “liabilities shall be valued at the
amount for which they could be transferred, or settled, between two
knowledgeable willing parties in an arm’s length transaction” (European
Commission, 2009, p. 45). This means that now insurance liabilities have
to have a fair price which companies with opposing interests can agree
with.
This price consists in two parts. The first one is the best estimate of
the claim provisions and the second it is the risk margin. Accordingly
to Wüthrich et al. (2010, p. 24) both have the provision nature which
means the amounts belong to the policyholders. Where “The best
estimate should correspond to the probability weighted average of future
cash-fl ows taking account of the time value of money.” (European
Commission, 2010, p. 25).
Finally, the Solvency II directives pronounces that technical provisions
must be set gross of the reinsurance recoverable incomes and other
special purpose vehicles. As well as they must be set considering only
insurance contracts already in effect.
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2.3 Valuation
of the risk
margin

To introduce the idea of a risk margin we developed the following toy
example. Let us suppose that insurance company A wants to transfer two
liabilities X ≥ 0 and Y ≥ 0 to two different insurance companies B and C
respectively and we assume there is no risk diversification benefit in this
transaction. It is known that X follows an Exponential distribution with
parameter λ = 0.5 whilst Y follows a Weibull distribution with parameters
α = 1 and β = 0.5.
It can be shown that both liabilities have the same expectation where

However, despite the fact that the they have the same expectation, it can
be shown that liability “Y” is riskier than liability “X” so “Y” needs to have a
higher price than “X”. To demonstrate this, we perform the calculation of the
value at risk (VaR) at 99.5% of confidence level for each risk as follows:

Figure 1 – ECDF(x) and ECDF(y) – toy example

Exponential × Weibull
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Figure 2 – R-Script for toy example

Therefore, if company “B” decides to receive the liability “X” from “A”,
it has also to set a solvency capital of SCR (X) = VaR99.5% (X) – E(X) = 8.16
in order to reduce the probability of default whereas company “C” has
to allocate solvency capital of SCR(Y) = VaR99.5% (Y) – E(Y) = 26.1 for the
same reasons. Note that the necessity of capital for liability “Y” is over
three time as much as liability “X”.
The concept of the risk-margin is that there exists a cost for an investor
to allocate risk capital in a financial company and run such business.
For Merz and Wüthrich (2015, p. 23) this cost can be thought of as
shareholder’s capital which the company need to pay back dividends.
This can also be explained as the opportunity cost that an investor is
paying while he is putting his money in a riskier business giving up the
opportunity to invest it in a safer asset.
Under the Solvency II as well as the Swiss Solvency Test (SST) the cost of
capital rate (CoC) is defined as 6% of the Solvency Capital Requirement
(SCR). It is arguable the fact that different companies should use the
same cost of capital due to the fact that some insurance markets are
very heterogeneous. However, this paper will not discuss the criteria for
the cost of capital rate determined by European authorities. For a deeper
discussion within the topic refer to Tsanakas et al. (2013).
To finish the toy example, we calculate the risk margin as follows
RM(x) = CoC6% × SCR(X) = 6% × 8.16 = 0.49,
RM(y) = CoC6% × SCR(Y) = 6% × 26.1 = 1.57.
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Thus, the definition of risk margin is “the amount that insurance and
reinsurance undertakings would be expected to require in order to take
over and meet the insurance and reinsurance obligations” (European
Commission, 2010, p. 55). At the regulatory point of view, the risk margin
is important to guarantee that policyholders will continue to be protected
in case of insolvency of their actual insurer because the policies can be
transferred to another company in order to run-off the risk. (Wüthrich,
et al., 2010)
The Solvency II directives emphasize that the risk margin has to be
calculated as “the cost of providing an amount of eligible own funds
equal to the SCR necessary to support the insurance and reinsurance
obligations over the lifetime thereof.” (European Commission, 2010, p.
55). This simply means that the risk margin is meant to replicate the cost
that an insurance company has to set up solvency capital necessary to
carry out the transferred risk.
The regulator y bodies choose to use the methodology of the
cost-of-capital because it is consistent with the pricing method that
most insurance companies practice for their insurance contracts.
There were discussions to use the 75% percentile of the liability
distribution. However, it has been shown that, in some cases, the
expected value of the liabilities was beyond this percentile. In addition,
since the principle of pricing for insurance risk is that technical premium is
set bigger than the expected liability, and, to comply with the International
Financial Reporting Standards (IFRS), this idea was discarded. (FOPI,
2006)
However, the approach for the risk margin has to be consistent with
the one for the technical provisions. Therefore, our simplifications in
the toy example must be addressed in practice. In section 2.2 it has
been said that technical provisions must be set as a present value of
expected discounted future cash flows, gross of recoverable assets and
considering only currently business. The same basis applies to the risk
margin with the following formula

(2.1)

Where:
• CoC is the cost of capital rate of 6%
• SCR(t) CB is the solvency capital requirement for year t considering
only the currently business (CB).
• rt is the risk free interest rate maturing at time t.
Under the solvency II directives the Solvency Capital Requirement (SCR)
should correspond to the Value-at-Risk (VaR) in a confidence level of
99.5% over a one-year period for existing business and also the new risks
expected to be written in the same period. However, to be consistent with
the technical provisions the SCR for the risk margin should not consider
the expected new business.
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Thus, the challenge for actuaries is to calculate the solvency capital
for each calendar year (excluding new business) of the full expected
run-off of the portfolio and discounted it back to the present value.
However, it is not straightforward to do this and some simplifications
are usually done.
It is worth mentioning though that under the Swiss Solvency Test (SST)
the risk margin does not sum the capital requirement for the year t = 0.
The SST assume that when a company transfer liabilities, it has ruined,
and the ruin occurs at the end of the year so the insurer undertaking the
portfolio takes it from the beginning of year t = 1. Therefore, the formula
for the risk margin under the SST is given by

(2.2)

3. Methodology

This section summarises the method introduced by Merz & Wüthrich
(2015). This method is widely used for practitioners in order to calculate
the risk margin. First, there is a brief introduction of the Chain Ladder
Algorithm followed by the contribution of Mack (1993) since both are
the foundation of the Merz and Wüthrich proposition. We highlight that
this section presents the work of Merz and Wüthrich (2015) and, unless
otherwise stated, all the formulas and ideas are replicated in the same
fashion. We additionally inform you that only the non-informative prior
case is shown in section 3.3.

3.1 Chain
Ladder
Algorithm

For many years, actuaries have been using the Chain Ladder (CL) method
as an algorithm to calculate the outstanding insurance reserves with
consistent outcomes. We introduce this method as follows:
At time t ≥ I we denote Ci,j as the cumulative claim payments for accident
year i = 1, 2, …, I and development delay j = 0, 1, …, J where I > J.
We assume that the maximum settlement delay for a claim occurred in
year i is J years. First we calculate the unbiased and uncorrelated CL
development factors,

(3.1)

Second we use this factors to estimate the ultimate claim for each accident
year i > 1,

(3.2)
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Third we calculate the outstanding reserve for each accident year i > 1,

(3.3)

Finally doing
time t.

we ended up with the total claim reserve at

In addition, we denote the expected claim reserve cash flow for each
future calendar year I + 1 ≤ t ≤ I + J as follows

(3.4)

3.2 Mack’s
formulae

Although very simple and efficient, the CL algorithm had a lack of
statistic support. To address this issue, Mack (1993, as cited by Merz &
Wüthrich 2015) proposed a very popular stochastic method to underlie
the CL method. His aim was to deliver a variability measure for the claim
reserves for each accident year estimated as
. The so-called
conditional mean square error of prediction (MSEP) was proposed as
follows:
(3.5)

This can be read as the expectation of difference between the true value
of the ultimate claim and the estimate obtained using the CL estimator
for each accident year.
To estimate this, Mack (1993) developed formulae for the MSEP which
is following shown.
First the MSEP is calculated for each accident year by

(3.6)

where

can be estimate by

(3.7)
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Finally, the estimation of the total aggregation of accident years is
provided by
(3.8)

The blue term in (3.6) resemble with the process variance due to the fact
that this is a prediction of future random variables. The red terms both
in (3.6) and (3.8) correspond to the parameter estimation uncertainty
because the true f j is not known.
Note that the outcome is the total run-off prediction uncertainty from
time = I until time = I + J when we assume all claims are fully settled.
The calculation of the aggregate MSEP is very important to actuaries
since it can be used to work out the risk capital necessary to absorb
unexpected losses during the entire run-off of the liabilities. The method
presented by Merz & Wüthrich (2015) is called variance risk measure
(VRM) and it is performed at time = t by

(3.9)

where κ > 0.
Note though that the use of the standard deviation based risk measure
(SDRM) is more popular among actuaries given the fact it is in the
same units as the expected present value of the technical provisions.
The SDRM is given by

(3.10)

3.3 Merz &
Wüthrich (2015)

As discussed in section 2.3, the problem is that actuaries in modern
regulatory frameworks need to have a short-term view of both liabilities
and risk capital. In practice actuaries need to calculate the risk capital
for each future calendar year and the Mack’s formulae (section 3.2) can
only deliver risk measures either for accident year or the total run-off.
The merit of Merz and Wüthrich (2015) is to derive a gamma-gamma
Bayesian CL method consistent with Mack (1993) which provides a risk
measure for each calendar year until the total run-off of the liabilities
which does not count for new business. Their aim is to quantify the
change in the claim expectation for each future year = t.
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To do so, they presented the idea of claim development result (CDR) as
follows,
(3.11)

is the ultimate claim for accident year i estimated with
Where
information available up to time t and
is the ultimate claim for
accident year estimated with information available up to time t + 1.
Note that the aggregation of the estimation of CDRi,t +1 for all accident
years can deliver a risk measure for the calendar year t + 1.
The claim development regularly affects the profit & loss (P&L) statement
(at time t + 1) most because it is usually predicted by zero in the budget
statement (at time t). The method first introduced by Merz and Wüthrich
(2008) analyse how far can the CDR move away from the initial prediction
in a prospective view for the first year of the run-off of the portfolio with
the following formula

(3.12)

Where:
• DI is the information available at time t = I.
•

And

is the weight for each development year at time t.

Note that the same separation between process variance (blue
term) and the parameter estimation uncertainty (red terms) is used.
However the parameter uncertainty is scaled by the
factor which
reflects the decrease in the uncertainty of
is available in time = I + 1 and so on.
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In Merz and Wüthrich (2015) the total run-off of the liabilities is
finished with a formula which can calculate each future calendar year
(t → t + 1). Then again, it is important to bear in mind that in a claim CL
triangle with I accident years, J development years and I > J we assume
that there are J future calendar year corresponding to time = (I + 1, I + 2, …,
I + J). Therefore, the claim development result prediction uncertainty
from time = I + k to time = I + k + 1 is given by

(3.13)

Note that this is a view from time I with DI information available. For the
full comments of the formulae above refer to the section 2 of the Merz
& Wüthrich (2015). It is worth mentioning though, that these are very
computer demanding formulae and we have only demonstrated the
formulas for the non-informative prior case. Note that both risk measures
VRM (3.9) and SDRM (3.10) can also be performed using the formulas
(3.12) and (3.13).

4. Numerical
Examples
4.1 Introduction

In this section, we carry out two examples that aim to show a simple
calculation of the risk margin for the whole portfolio of obligations of an
insurance company followed by a brief interview with a Brazilian regulator
expert.
We use real data from different Brazilian insurance companies, which have
been grouped as only one company due to data confidentiality issues.
The grouping criteria follows three common factors: size, business lines
and geographic operation.
The dataset considers claims payments from 01/01/2004 to 31/12/2015
which have been adjusted for inflation up to 31/12/2015. In both examples
there are I = 12 accident years with a maximum development delay of J
= 11 years. The calculation of the risk margin is realised in 31/12/2015,
which corresponds with end of the time t = I = 12 when DI information is
available.
In line with the Solvency II directives, SUSEP also publishes
monthly the risk-free interest rate term structure so the supervised
companies can use it to discount the future cash flows and calculate
the provisions. Using the SUSEP’s curve we next denote LTNt,d the
price of the zero coupon bond with a face value of one monetary unit
of the Brazilian treasure at time = t with a maturity of d years. At time
I = 12 we had the LTN as follows
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Table 4.1 – LTN prices in 31/12/2015
d

LTN12,d

0.5

0.93532

1

0.87231

1.5

0.81100

2

0.75241

2.5

0.69731

3

0.64601

3.5

0.59851

4

0.55461

4.5

0.51403

5

0.47650

5.5

0.44174

6

0.40950

6.5

0.37955

7

0.35170

7.5

0.32579

8

0.30167

8.5

0.27920

9

0.25828

9.5

0.23879

10

0.22065

10.5

0.20377

11

0.18807

According to Merz and Wüthrich (2015), in order to be able to use the
non-informative prior formulas demonstrated in section 3.3 the conditional
must be fulfilled. Where
(4.1)

4.2 Company A

We consider the company A, which is a union of large size companies
operating mostly in credit, property, casualty, automobile and rural
insurance all over the Brazil. The policyholders are mainly individuals
or small businesses which buy policies directly from the bank branches.
In table 4.2 we present the cumulative payments Ci,j, the CL factor
estimates
(3.1), variance parameter
(3.6) and
(4.1) along
with the weights
. Note that claims are settled very rapidly indicating
a short tail claims distribution and the conditional
is satisfied.
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937,487,383.92

1,044,642,079.16

1,090,789,548.76 1,793,721,806.51

1,141,908,985.92

1,210,664,204.44 1,997,760,101.91

1,214,121,920.23

1,425,377,640.24 2,105,894,388.33

1,721,788,732.00

2,161,315,708.18

2,198,848,241.88 3,476,977,603.04

1,883,215,960.79

2

3

4

5

6

7

8

9

10

11

12

1.09

967,559.71

815,646.06

15.56%

1.55

22,477,200.71

9,338,412.44

11.56%

3,492,498,860.56

2,709,517,119.19

1,786,113,247.33

1,744,006,558.24

1,457,494,715.36

1,226,938,853.41

561,844,857.51

260,824,212.81

1

1

0

Accident
Year
i
606,669,676.79

3

1,306,944,074.91

629,165,043.57

4

2,029,858,129.60 2,050,636,118.11
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18.79%

403,165.01

432,088.44

1.04

3,862,011,662.20

18.17%

785,302.95

816,202.41

1.02

16.78%

52,029.02

52,930.66

1.01

2,276,488,088.12 2,419,645,549.47

3,001,405,476.86 3,139,883,010.72

2,208,126,170.01

2,099,734,462.25

2,244,353,564.37 2,274,804,558.69

1,963,760,172.22 2,071,217,419.10

2,179,485,063.74

1,907,690,810.88 1,935,436,481.85 1,952,571,819.19

1,939,474,177.67

1,614,328,706.87 1,683,691,651.66 1,687,329,668.95

1,286,373,048.34 1,297,513,695.04

595,927,091.54

2

2,075,379,143.27

1,698,678,176.56

1,316,428,376.59

637,201,574.78

6

17.50%

25,674.26

26,020.65

1.01

2,117,993,365.65

23.32%

10,340.93

10,439.16

1.00

2,316,777,689.92 2,344,626,320.58

1,963,832,056.95 1,981,563,776.43

2,067,416,052.39

1,691,597,715.18

1,313,423,011.57

633,686,959.99

5

Development year j

25.72%

11,398.12

11,449.04

1.00

1,992,089,819.83

2,092,015,207.25

1,701,998,389.51

1,320,900,361.07

638,775,610.09

7
649,263,401.72

9
651,715,172.73

10

36.25%

11,857.54

11,982.36

1.01

2,090,164,924.01

46.45%

376.65

379.02

1.00

1,708,778,979.87 1,716,474,147.03

67.17%

0.00

0.00

1.00

1,325,206,735.56 1,329,923,545.68 1,333,706,056.91

642,376,805.93

8

Table 4.2 – Cumulative payments, estimated CL factors, variance and weights parameters for Company A

654,876,913.43

11
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The following table presents the nominal values of the reserve of
company A calculated using chain ladder algorithm described in 3.1.
Alongside with the standard deviation of the final prediction, which
corresponds to the square root of the Mack’s mean square error
prediction (3.6 and 3.8).

Table 4.3 – IBNP and Mack’s standard deviation of prediction for
Company A
Accident year i
1

0.00

0.00

2

6,470,361.00

220,709.80

3

13,760,316.00

1,140,969.30

4

27,816,052.00

6,456,118.70

5

31,014,850.00

8,407,257.70

6

47,785,874.00

11,013,190.20

7

57,697,009.00

13,291,637.20

8

87,358,773.00

19,331,625.50

9

176,747,722.00

62,393,522.90

10

361,193,153.00

86,686,076.50

11

664,148,660.00

110,002,787.20

12

1,596,560,065.00

278,831,603.90

Total

3,070,552,834.00

347,383,848.60

The following table presents the expected future cash flows for the claim
reserves

(3.4) and the claim development result

(3.12 and 3.13) for each future calendar year 13 ≤ t ≤ 23 discounted back
to 31/12/2015 using the SUSEP’s yield curve given in section 4.1. We use
the simplification that, on average, the claim reserve cash flow occurs
halfway through the year while the CDR takes place at the end of the
year. So for example for the claim reserve in calendar year 13 we have
× LTN12,0.5 = 1,619,281,960.64 × 0.93532 = 1,514,549,927.30.
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Table 4.4 – Discounted claim reserves and CDR cash flows for Company A
Calendar year t
13

1,514,549,927.30

261,975,709.24

14

451,477,389.73

95,841,876.08

15

202,771,686.85

59,121,582.95

16

105,178,223.22

36,375,632.25

17

58,761,215.91

13,105,699.25

18

38,344,701.19

8,342,500.59

19

26,417,596.56

5,338,938.63

20

18,996,080.84

3,366,645.78

21

14,338,838.94

1,822,036.14

22

7,370,810.30

276,355.25

23

3,423,397.15

40,748.26

Total

2,441,629,867.98

485,607,724.44

Observe that the relation of the total estimated CDR over the total
incurred but not payed (IBNP) is approximately 20%. In the balance
sheet of Company A the amount of R$ 2,845,176,343.25 was allocated
as (IBNP) in 31/12/2015 while the solvency capital requirement (SCR)
calculated by SUSEP was R$ 675,511,553.19. We therefore find that the
real relation of the SCR over IBNP is 23.74%. We use this later relation
to find a consistent constant K in order to calculate a risk measure to
the portfolio in harmony with the SDRMt (3.10) presented in section 3.2
as follows
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Note now that
it is a good approximation of the
(2.1) since considers only current business and it is the present value of
a risk measure run-off consistent with the solvency capital requirement
(SCR). Therefore, we can calculate the risk margin (RM) for the portfolio
as follows
RMt=12 = 6% ×

= 35,159,470.10

Note that the risk margin calculated represents 1.24% of the IBNP
reported by the company or 1.44% of the IBNP calculated using the CL
algorithm. We understand that this value it is small due to the fact that
this company has a very standard operation with light-tail risks.

4.3 Company B

Company B is a union of large size companies, which operates mostly
in comprehensive enterprise insurance, casualty and shipping in the
south and southeast of Brazil. Policyholders are mainly companies that
buy policies through insurance brokers.
The same approach for example 1 is repeated and the fi rst table
presents the cumulative payments C i,j, the CL factor estimates
(3.1), variance parameter
(3.6) and
(4.1) along with the
weights
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is satisfied.
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444,429,774.10

1,023,310,263.00

1,265,552,375.00

1,544,853,893.00

9

10

11

12

1,863,839,467.00

1,596,314,131.00

761,395,678.50

495,056,217.40

17.36%

385,656,158.30

8

470,333,470.20

16.76%

367,724,112.10

7

523,127,189.70

931,076.96

411,736,955.20

6

812,927,189.30

14,182,872.70

688,492,138.70

5

1,099,520,163.00

992,004.19

839,140,646.80

4

1,220,282,642.00

27,794,940.88

958,067,708.50

3

1,267,123,836.00

1.03

975,089,727.10

2

627,316,256.20

1

1.40

310,736,026.70

0

1

i

Year

Accident

656,529,856.50

3
678,601,717.70

4
690,434,679.00

5
701,339,860.50

6

1,367,211,817.00

714,350,573.40

7
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18.03%

235,008.90

245,451.26

1.02

1,651,664,969.00

829,141,152.20

559,654,642.70

478,532,731.80

533,370,442.20

821,285,677.70

1,109,583,414.00

11.10%

212,131.77

219,546.27

1.02

851,921,145.10

594,985,525.70

500,062,647.10

540,566,587.20

827,536,323.80

1,119,371,653.00

9.02%

16,833.71

17,108.24

1.01

626,084,929.40

519,394,322.50

549,307,279.00

832,354,218.70

1,132,684,107.00

8.26%

13,273.84

13,497.51

1.01

525,501,742.60

555,105,958.50

838,617,098.40

1,136,212,171.00

9.53%

50,130.80

51,246.42

1.01

561,216,801.60

846,744,747.10

1,146,010,753.00

16.05%

7,018.58

7,108.61

1.01

864,389,646.60

1,151,931,769.00

1,244,351,384.00 1,254,102,015.00 1,264,991,418.00 1,274,211,948.00 1,280,565,060.00 1,287,188,055.00

1,288,416,502.00 1,327,361,788.00 1,335,271,204.00 1,343,786,324.00 1,351,473,236.00

643,121,534.70

2

Development year j

25.53%

167.20

168.83

1.00

1,161,449,750.00

1,292,566,621.00

1,374,164,478.00

721,403,056.60

8

Table 4.5 – Cumulative payments, estimated CL factors, variance and weights parameters for Company B

38.14%

1,385.89

1,409.32

1.01

1,298,423,492.00

1,381,355,454.00

724,838,815.80

9

65.62%

0.00

0.00

1.00

1,393,805,291.00

730,123,596.80

10
733,505,991.50

11
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Table 4.6 presents the nominal reserve of company B calculated using
the CL method as well as the standard deviation of the final prediction,
which corresponds to the square root of the Mack’s mean square error
prediction (3.5 and 3.7)

Table 4.6 – IBNP and Mack’s standard deviation of prediction for
Company B
Accident year i
1

0.00

0.00

2

6,456,988.00

827,371.00

3

16,998,779.00

1,898,147.00

4

20,930,082.00

1,835,554.00

5

21,202,680.00

3,140,556.00

6

20,128,806.00

6,277,256.00

7

23,414,777.00

6,729,781.00

8

33,207,548.00

8,262,836.00

9

60,729,248.00

18,213,034.00

10

156,622,554.00

36,090,360.00

11

242,449,707.00

65,181,599.00

12

899,126,280.00

266,390,064.00

Total

1,501,267,449.00

285,082,280.00

Table 4.7 shows the present value of the future cash flows of
(3.4) and the claim development result
the claim reserves
(3.12 and 3.13) for each future calendar year
13 ≤ t ≤ 23 discounted back to 31/12/2015 using the SUSEP’s yield curve.
Then, again, we use the simplifi cation that on average the claim
reserve cash fl ow occurs halfway through the year while the CDR
takes place at the end of the year.
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Table 4.7 – Discounted claim reserves and CDR cash flows for Company B
Calendar year t
13

723,143,214.73

234,241,867.85

14

148,503,288.88

55,282,486.01

15

90,968,940.66

28,181,546.86

16

57,275,668.61

17,471,945.27

17

36,584,741.24

9,209,580.55

18

29,060,863.75

6,733,194.88

19

22,210,864.31

4,780,322.46

20

14,515,475.38

1,619,727.23

21

10,476,843.75

655,865.29

22

7,169,846.20

480,432.10

23

2,296,453.81

132,109.60

Total

1,142,206,201.31

358,789,078.11

In the balance sheet of Company B R$ 1,234,283,916.06 it was reported
as IBNP in 31/12/2015 while the solvency capital requirement (SCR)
calculated by SUSEP was R$ 885,108,731.59. This indicates that the
SCR over the IBNP is 71.71%. We again use this relation to find a
consistent constant K in order to calculate a risk measure to the portfolio
in harmony with the SDRMt (3.10) and finally determine the risk margin
as follows

Note that the risk margin calculated represents 3.98% of the IBNP
reported by the company or 4.30% of the IBNP calculated using the
CL algorithm which is significantly higher than the one for company A.
This can be explained as a result of the fact that the operation of company
B is focused in more heterogeneous lines of business and likely to have
extreme claim values.

R. Bras. Risco e Seg., Rio de Janeiro, v. 13, n. 22, p. 51-76, out. 2016/set. 2017

71

Risk Margin Under the Brazilian Regulatory Framework

4.4 Expert
comments

In this section, we discuss the challenge of the implementation of the
risk margin in Brazil, interviewing the chief of the offsite supervision
of technical provisions department in SUSEP Mr Roberto Seabra.
We emphasize that his words reflect his own opinion and not the opinion
of the institution.
We start by asking him to comment about his concerns about the risk
margin. Seabra told me that the majority of liabilities transfers in Brazil
take place with a value equal or below of the provision reported in the
books (such transfers are pre-approved and recorded by SUSEP).
He believes that companies see most transfer deals as a good
opportunity of obtain more clients and therefore more contract renewals
in the future. He understands that companies do take account of the cost
of capital, however as a part of the whole transfer valuation. Everything
considered he does not see the necessity of implementing such margin
mostly because in reality the future gains are more likely to overcome the
initial costs to run the new portfolio. Therefore, implementing a positive
risk margin could be an unnecessary regulatory onus.
He also thinks that the risk margin does not fit under the accounting
principle of continuity. Then again, considering a liability transfer
scenario, the risk margin would make sense as long as its assessment
take account of the release of its own solvency capital requirement.
Because when an insurance company sells part of their own obligation
there is a prompt release of part of the SCR likely to be higher than the
risk margin itself.
Finally, we asked how important is to implement a model for risk margin
which can be replicated by the regulator. Seabra answered that from
a supervisor point of view it is very important to roughly replicate this
numbers to avoid arbitrage.
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5. Conclusion

This paper discussed that the growing insurance market in Brazil is
following the best practices of the developed countries in order to attract
more companies and also to guarantee that the market is well regulated
and policyholders are protected with the most modern risk management
systems. However, still there is no use of risk margin for the Brazilian
insurance market.
We have shown that the Solvency II takes advantage of the use of risk
margin on top of technical provisions in order to have an economic-market
approach of the insurers liabilities and the calculation can be done with
the method developed by Merz and Wüthrich (2015).
We have performed calculations with data from Brazilian insurance
companies that ended up showing that the risk margin for these cases
was fairly small. We highlight the fact that Brazil has remarkably high
interest rates that push down the value of future obligations, which the
risk margin is based on.
The comments from the Brazilian regulator expert inform that the majority
of the liabilities portfolios transfers are agreed with a value equal or
below the best estimate of the technical provisions. This supports his
argument that there is no need for such a margin in Brazil. It is worth
adding though that many Brazilian insurers do not discount to the
present value their future technical obligations because of taxes issues.
This leads to an implicit margin in the claim reserves likely to be bigger
than the risk margin itself.
In conclusion we believe that before the implementation of the risk margin
in Brazil the regulator must rule that all companies should calculate
their provisions taking into account that the value in time like Solvency
II framework does (described in item 2.2). There is also the need to
investigate the real cost of capital rate in Brazil, since the reality is very
different from Europe with government bonds with yields above 15% per
annum. Finally, a quantitative study must be carry out in order to evaluate
the impact of the implementation.
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Appendix
R-Script for the Merz and Wüthrich formulas.
library(ChainLadder)
data <- read.csv(“~/data.csv”, header=FALSE)
tri <- as.triangle(as.matrix(data))
dimnames(tri)=list(origin=1:nrow(tri),dev=1:ncol(tri))
View(tri)
plot(tri,ylab=””,main=””)
plot(tri,lattice=TRUE,ylab=””,main=””)
M <- MackChainLadder(tri,est.sigma=”Mack”)
M
plot(M)
plot(M,lattice=TRUE)
str(M)
M$FullTriangle
CDR(M)
CDR(M,dev=”ALL”)

R. Bras. Risco e Seg., Rio de Janeiro, v. 13, n. 22, p. 51-76, out. 2016/set. 2017

75

