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In this paper we explore the use of the carrier approximation for the multi-year projection of
risk and capital metrics. The carrier method1 is attractive as it provides a fast alternative to
the calculation of risk and capital metrics that otherwise require nested scenarios. Through
the annuity book run-off case study presented here we outline the key factors influencing the
performance of the carrier method when applied to the projected IFRS 17 risk adjustment and
the projected Solvency II solvency capital ratio (SCR).
The results show that the approximation quality is mediocre when used for the required capital
but can be stable and precise when used for the risk adjustment when the true SCR is available.
While it is reasonable to expect a greater challenge for more complex balance-sheets, various
aspects of the projections such as asset rebalancing and new business may actually help
improve the carrier method approximation quality.
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To estimate the value X(T) of metric X at future time T the carrier method uses another observable metric Y called the
“carrier” to approximate the value of X(T) as follows: X(T) ~ X(0)*Y(T)/Y(0) with the obvious needed precaution of using
a carrier for which Y(0) ≠0
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The challenges of calculating projected capital metrics
The efficient projection of exact risk and capital metrics for insurance balance-sheets usually presents two major challenges. The first
challenge is the availability of a projection capability in the asset and liability management (ALM) system. This capability is required
to project a base balance-sheet but also to stress from a future base balance-sheet. When the ALM system is able to perform these
projections, the second challenge is computation time. The set of nested scenarios required to be run through the ALM model might
simply be too large for practical use.
This motivates the use of approximation methods such as the carrier which are relatively easy to implement and can be
computed quickly.

The case study
The case study presented here is the run-off projection of an annuity book. The liabilities are modeled as 12 separate model points
covering ages 65, 70, 75, 80, 85 and 90 for both males and females. The matching asset is assumed to be a mix of sovereign bonds
and corporate bonds. The initial Solvency II style balance-sheet and capital position are in Figure 1:
Figure 1: The initial Solvency II style balance-sheet and capital position

Using Moody’s Analytics Economic Scenario Generator we generated a set of 100 real world scenarios over 40 years. In each scenario
and at each point in time, we calculate the following balance sheet items:
»» Bonds value and BEL. These are calculated exactly, without any approximation.
»» Required capital2. This is calculated exactly and using a carrier approximation.
»» Risk adjustment3. This is calculated exactly and using three different carrier approximations.
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We used the Solvency II Standard Formula SCR as the measure of required capital. We restricted the constituents to SCR for rates, spread and longevity.
The risk adjustment was calculated as the Solvency II risk margin. In this caclualtion, the unhedgeable SCR is defined as the SCR for longevity risk and market risks
beyond 30Y.
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Carrier approximation for the required capital
The charts below show a comparison between exact required capital and carrier approximation across all 100 scenarios for three
different projection times (1, 10 and 20 years). The chart on the left is for the full SCR, the chart on the right is for the non-hedgeable
SCR (defined as the SCR for longevity risk and market risks beyond 30Y).
Figure 2:

Figure 3:

The performance of the carrier is not good. For the full SCR shown in figure 2 the scatterplots are very volatile around the Y=X line and
there is a systematic bias for the non-hedgeable SCR shown in figure3. To complement the analysis shown above we also looked at
the scenario with the largest absolute deviation between actual SCR and carrier estimate in year 1 (which happens to be above 10%).
To understand why the error is so large in this scenario we have displayed the evolution of the swap curve and A-rated credit spread
curve between t=0 and t=1 in figure 4 and a comparison between the specific rating migrations for year 1 in this scenario and the
average transition matrix across all 40 years and 100 scenarios in figure 5. Specific numbers of interest have also been highlighted in
the transition matrices.
Figure 4:

Figure 5:

In this scenario, risk-free yields and credit spreads both increase while at the same time the realized rating migrations are significantly
skewed to the upside (numbers highlighted in green 1 and 2 notches on the left of the diagonal are much higher than the blue
equivalent). This large change to the bonds portfolio composition is the main driver of the poor performance here.
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Extending the use of carrier methods to the projected risk adjustment
There are many different ways to calculate a risk adjustment4. Here we have chosen a definition similar to the Solvency risk margin
based on the Cost of Capital formula. The exact definition we have used is the following:

where
is the required capital for non-hedgeable risks at future time t+i-1 and N is chosen to ensure a full run off of the
business. There are two key aspects of methodology to decide upon:
»» Which risks to include in the calculation of the SCR for non-hedgeable risks: We have used the risk from interest-rates and credit
spreads for maturities beyond 30 years as well as the whole of longevity risk5.
»» What is meant exactly by “future SCR”: The value of the SCR for future time t+i-1 is not known at time t. For the calculation we
are using a single deterministic “forward path”: for market risks we have used the path given by forward curves at time t and for
longevity we have simply used constant mortality tables.
We consider 3 different carrier-based methods to approximate the projected risk adjustment. Method 1 directly approximates the
risk adjustment itself using a carrier. Methods 2 and 3 use the Cost of Capital formula, but with a carrier used to approximate the
projected non-hedgeable SCRs in this formula.

Method 1: Direct carrier
The first method consists in applying the BEL as carrier for the risk adjustment directly. The formula below shows the exact
estimator used:

Figure 6 below shows the approximation quality across all 100 scenarios for three different projection times (1, 10 and 20 years)
Figure 6:

The overall performance of this carrier is similar to the performance obtained when using the BEL as the overall carrier for the SCR.

4
5

For an overview of different methods for calculating the risk adjustment, see ‘Calculating the IFRS 17 Risk Adjustment’ (Moody’s Analytics white paper, 2018).
For IFRS 17 the risk adjustment would only apply to non-financial risks i.e longevity risk only here.
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Method 2: Double carrier
For this method, the BEL carrier is applied separately to each non-hedgeable SCR term in the Cost of Capital formula. In addition,
Method 2 assumes that for each projection time t the true value of the non-hedgeable SCR at t is unknown. We therefore
first approximate the non-hedgeable SCR at time t, and then approximate each forward SCR beyond t conditional on this first
approximation. The formula below shows the exact definition of the estimator used:

In the equation the estimator does not depend on the value of the BEL at time t, which disappears as a result of the “double carrier”
structure explained above. In this formula, the “forward BEL” for time t+i-1 is the value of the BEL projected i-1 periods forward
according to the forward curves observable at time t. Figure 7 shows a comparison between exact risk adjustment and the double
carrier approximation.
Figure 7:

We note that the approximation is biased at all times, with the carrier method consistently underestimating the actual risk
adjustment at all times. In particular, this method underestimates the risk adjustment at t=0 (unlike Method 1, which exactly
matches the t=0 risk adjustment by construction). We can however implement a simple correction to the estimator that forces the
approximation to match the true risk adjustment value at t=0:. This ‘adjusted’ estimator is defined below:
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Figure 8 below shows the resulting approximation quality once this correction has been applied. By adjusting the estimator to remove
the bias in the t=0 value, we also reduce the bias at future times. Although the bias is reduced (particularly at short horizons) it is not
eliminated completely.
Figure 8:

Method 2 presented here was assuming that the true value of the SCR is unknown at the time we are trying to estimate the risk
adjustment from. This aspect is critical and method 3 below shows how the approximation quality changes when the true SCR is
available for use in the risk adjustment estimation.

Method 3: single carrier
Method 3 also approximates the future non-hedgeable SCRs in the Cost of Capital formula. However, in contrast to Method 2, here
we assume that for every calculation time t, the true value of the non-hedgeable SCR is known. The application of the BEL carrier to
each projected non-hedgeable SCR in the Cost of Capital formula leverages this information:
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In Figure 9 we can see that the approximation quality is much better than the corresponding estimator using Method 2. This is the
direct consequence of the rebasing of the estimator for each time t relying on the true value of the non-hedgeable SCR at time t.
Figure 9:

As with Method 2 however we have the same problem of not matching the true value of the risk adjustment at time 0. To fix this
problem, we apply the same adjustment as for Method 2:

The resulting quality of fit is shown in Figure 10. This estimator provides an excellent quality of fit at all times in all scenarios, and is
the best performing estimator of all considered. However it is important to note that we have assumed the true non-hedgeable SCR
is known at each valuation point within the projections.
Figure 10:
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Limitations of the carrier-based methods
Our case study illustrates that the quality of approximation provided by carrier-based methods can vary quite a lot depending on the
details of the metric being estimated and the estimator used. In the annuity-centric run-off case study presented the approximation
obtained for the SCR is arguably just mediocre, while for the risk-adjustment it is only good when the underlying SCR is known and
can be used to improve the approximation quality. We note however that the assessment of quality of fit is somewhat subjective, and
the required level of accuracy dependent on the particular application.
It is important to note that the practical use of the carrier methods presented in this paper and the performance associated are
specific to the type of balance-sheet analyzed. For use with other types of balance-sheet or applications other than high-level capital
planning, the following aspects would need to be assessed carefully:
1. Is there a strong asymmetry of risk exposure between the assets and the liabilities? As this asymmetry grows, it becomes harder to
capture the behavior of the SCR simply by using the BEL as the carrier.
2. Is the projection a run-off or are assets and liabilities rebalanced? Rebalancing may result in carrier methods performing more
accurately than presented here (where we assumed a run off).
3. How complex are the assets and the liabilities? For more complex balance-sheets the calculation of the true projected SCR would
typically require the calculation of more sub-modules of the Standard Formula. This increased complexity of the SCR could lead to
a reduction of the overall approximation quality for carrier-based methods (or the need for individual carriers for each SCR submodule, which makes the approximation less attractive).

Conclusion
In this paper we have presented the application of the carrier method to the calculation of projected required capital and projected
risk adjustment. We illustrated the performance of these approximations with an annuity-centric balance-sheet with a traditional
bonds matching portfolio. Our results show that the approximation quality is mediocre when used for the required capital but can
be stable and precise when used for the risk adjustment when the true SCR is available. While it is reasonable to expect a greater
challenge for more complex balance-sheets, various aspects of the projections such as asset rebalancing and new business may
actually help improve the carrier method approximation quality.

CONTACT DETAILS
Visit us at moodysanalytics.com or contact us at a location below.

AMERICAS

+1.212.553.1653
clientservices@moodys.com

EMEA

+44.20.7772.5454
clientservices.emea@moodys.com

ASIA (EXCLUDING JAPAN)

+852.3551.3077
clientservices.asia@moodys.com

JAPAN

+81.3.5408.4100
clientservices.japan@moodys.com

© 2019 Moody’s Analytics, Inc. and/or its licensors and affiliates. All rights reserved.

BP57292

© 2019 Moody’s Corporation, Moody’s Investors Service, Inc., Moody’s Analytics, Inc. and/or their licensors and affiliates (collectively, “MOODY’S”). All rights reserved.
CREDIT RATINGS ISSUED BY MOODY’S INVESTORS SERVICE, INC. AND ITS RATINGS AFFILIATES (“MIS”) ARE MOODY’S CURRENT OPINIONS OF THE RELATIVE
FUTURE CREDIT RISK OF ENTITIES, CREDIT COMMITMENTS, OR DEBT OR DEBT-LIKE SECURITIES, AND MOODY’S PUBLICATIONS MAY INCLUDE MOODY’S
CURRENT OPINIONS OF THE RELATIVE FUTURE CREDIT RISK OF ENTITIES, CREDIT COMMITMENTS, OR DEBT OR DEBT-LIKE SECURITIES. MOODY’S DEFINES
CREDIT RISK AS THE RISK THAT AN ENTITY MAY NOT MEET ITS CONTRACTUAL FINANCIAL OBLIGATIONS AS THEY COME DUE AND ANY ESTIMATED
FINANCIAL LOSS IN THE EVENT OF DEFAULT OR IMPAIRMENT. SEE MOODY’S RATING SYMBOLS AND DEFINITIONS PUBLICATION FOR INFORMATION
ON THE TYPES OF CONTRACTUAL FINANCIAL OBLIGATIONS ADDRESSED BY MOODY’S RATINGS. CREDIT RATINGS DO NOT ADDRESS ANY OTHER RISK,
INCLUDING BUT NOT LIMITED TO: LIQUIDITY RISK, MARKET VALUE RISK, OR PRICE VOLATILITY. CREDIT RATINGS AND MOODY’S OPINIONS INCLUDED IN
MOODY’S PUBLICATIONS ARE NOT STATEMENTS OF CURRENT OR HISTORICAL FACT. MOODY’S PUBLICATIONS MAY ALSO INCLUDE QUANTITATIVE MODELBASED ESTIMATES OF CREDIT RISK AND RELATED OPINIONS OR COMMENTARY PUBLISHED BY MOODY’S ANALYTICS, INC. CREDIT RATINGS AND MOODY’S
PUBLICATIONS DO NOT CONSTITUTE OR PROVIDE INVESTMENT OR FINANCIAL ADVICE, AND CREDIT RATINGS AND MOODY’S PUBLICATIONS ARE NOT AND
DO NOT PROVIDE RECOMMENDATIONS TO PURCHASE, SELL, OR HOLD PARTICULAR SECURITIES. NEITHER CREDIT RATINGS NOR MOODY’S PUBLICATIONS
COMMENT ON THE SUITABILITY OF AN INVESTMENT FOR ANY PARTICULAR INVESTOR. MOODY’S ISSUES ITS CREDIT RATINGS AND PUBLISHES MOODY’S
PUBLICATIONS WITH THE EXPECTATION AND UNDERSTANDING THAT EACH INVESTOR WILL, WITH DUE CARE, MAKE ITS OWN STUDY AND EVALUATION OF
EACH SECURITY THAT IS UNDER CONSIDERATION FOR PURCHASE, HOLDING, OR SALE.
MOODY’S CREDIT RATINGS AND MOODY’S PUBLICATIONS ARE NOT INTENDED FOR USE BY RETAIL INVESTORS AND IT WOULD BE RECKLESS AND INAPPROPRIATE
FOR RETAIL INVESTORS TO USE MOODY’S CREDIT RATINGS OR MOODY’S PUBLICATIONS WHEN MAKING AN INVESTMENT DECISION. IF IN DOUBT YOU SHOULD
CONTACT YOUR FINANCIAL OR OTHER PROFESSIONAL ADVISER.
ALL INFORMATION CONTAINED HEREIN IS PROTECTED BY LAW, INCLUDING BUT NOT LIMITED TO, COPYRIGHT LAW, AND NONE OF SUCH INFORMATION MAY
BE COPIED OR OTHERWISE REPRODUCED, REPACKAGED, FURTHER TRANSMITTED, TRANSFERRED, DISSEMINATED, REDISTRIBUTED OR RESOLD, OR STORED FOR
SUBSEQUENT USE FOR ANY SUCH PURPOSE, IN WHOLE OR IN PART, IN ANY FORM OR MANNER OR BY ANY MEANS WHATSOEVER, BY ANY PERSON WITHOUT
MOODY’S PRIOR WRITTEN CONSENT.
CREDIT RATINGS AND MOODY’S PUBLICATIONS ARE NOT INTENDED FOR USE BY ANY PERSON AS A BENCHMARK AS THAT TERM IS DEFINED FOR REGULATORY
PURPOSES AND MUST NOT BE USED IN ANY WAY THAT COULD RESULT IN THEM BEING CONSIDERED A BENCHMARK.
All information contained herein is obtained by MOODY’S from sources believed by it to be accurate and reliable. Because of the possibility of human or mechanical error
as well as other factors, however, all information contained herein is provided “AS IS” without warranty of any kind. MOODY’S adopts all necessary measures so that
the information it uses in assigning a credit rating is of sufficient quality and from sources MOODY’S considers to be reliable including, when appropriate, independent
third-party sources. However, MOODY’S is not an auditor and cannot in every instance independently verify or validate information received in the rating process or in
preparing the Moody’s publications.
To the extent permitted by law, MOODY’S and its directors, officers, employees, agents, representatives, licensors and suppliers disclaim liability to any person or entity
for any indirect, special, consequential, or incidental losses or damages whatsoever arising from or in connection with the information contained herein or the use of or
inability to use any such information, even if MOODY’S or any of its directors, officers, employees, agents, representatives, licensors or suppliers is advised in advance of
the possibility of such losses or damages, including but not limited to: (a) any loss of present or prospective profits or (b) any loss or damage arising where the relevant
financial instrument is not the subject of a particular credit rating assigned by MOODY’S.
To the extent permitted by law, MOODY’S and its directors, officers, employees, agents, representatives, licensors and suppliers disclaim liability for any direct or
compensatory losses or damages caused to any person or entity, including but not limited to by any negligence (but excluding fraud, willful misconduct or any other
type of liability that, for the avoidance of doubt, by law cannot be excluded) on the part of, or any contingency within or beyond the control of, MOODY’S or any of its
directors, officers, employees, agents, representatives, licensors or suppliers, arising from or in connection with the information contained herein or the use of or inability
to use any such information.
NO WARRANTY, EXPRESS OR IMPLIED, AS TO THE ACCURACY, TIMELINESS, COMPLETENESS, MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OF
ANY CREDIT RATING OR OTHER OPINION OR INFORMATION IS GIVEN OR MADE BY MOODY’S IN ANY FORM OR MANNER WHATSOEVER.
Moody’s Investors Service, Inc., a wholly-owned credit rating agency subsidiary of Moody’s Corporation (“MCO”), hereby discloses that most issuers of debt securities
(including corporate and municipal bonds, debentures, notes and commercial paper) and preferred stock rated by Moody’s Investors Service, Inc. have, prior to assignment
of any rating, agreed to pay to Moody’s Investors Service, Inc. for ratings opinions and services rendered by it fees ranging from $1,000 to approximately $2,700,000. MCO
and MIS also maintain policies and procedures to address the independence of MIS’s ratings and rating processes. Information regarding certain affiliations that may exist
between directors of MCO and rated entities, and between entities who hold ratings from MIS and have also publicly reported to the SEC an ownership interest in MCO of
more than 5%, is posted annually at www.moodys.com under the heading “Investor Relations — Corporate Governance — Director and Shareholder Affiliation Policy.”
Additional terms for Australia only: Any publication into Australia of this document is pursuant to the Australian Financial Services License of MOODY’S affiliate, Moody’s
Investors Service Pty Limited ABN 61 003 399 657AFSL 336969 and/or Moody’s Analytics Australia Pty Ltd ABN 94 105 136 972 AFSL 383569 (as applicable). This
document is intended to be provided only to “wholesale clients” within the meaning of section 761G of the Corporations Act 2001. By continuing to access this document
from within Australia, you represent to MOODY’S that you are, or are accessing the document as a representative of, a “wholesale client” and that neither you nor the
entity you represent will directly or indirectly disseminate this document or its contents to “retail clients” within the meaning of section 761G of the Corporations Act
2001. MOODY’S credit rating is an opinion as to the creditworthiness of a debt obligation of the issuer, not on the equity securities of the issuer or any form of security
that is available to retail investors.
Additional terms for Japan only: Moody’s Japan K.K. (“MJKK”) is a wholly-owned credit rating agency subsidiary of Moody’s Group Japan G.K., which is wholly-owned
by Moody’s Overseas Holdings Inc., a wholly-owned subsidiary of MCO. Moody’s SF Japan K.K. (“MSFJ”) is a wholly-owned credit rating agency subsidiary of MJKK.
MSFJ is not a Nationally Recognized Statistical Rating Organization (“NRSRO”). Therefore, credit ratings assigned by MSFJ are Non-NRSRO Credit Ratings. Non-NRSRO
Credit Ratings are assigned by an entity that is not a NRSRO and, consequently, the rated obligation will not qualify for certain types of treatment under U.S. laws. MJKK
and MSFJ are credit rating agencies registered with the Japan Financial Services Agency and their registration numbers are FSA Commissioner (Ratings) No. 2 and 3
respectively.
MJKK or MSFJ (as applicable) hereby disclose that most issuers of debt securities (including corporate and municipal bonds, debentures, notes and commercial paper)
and preferred stock rated by MJKK or MSFJ (as applicable) have, prior to assignment of any rating, agreed to pay to MJKK or MSFJ (as applicable) for ratings opinions and
services rendered by it fees ranging from JPY125,000 to approximately JPY250,000,000.
MJKK and MSFJ also maintain policies and procedures to address Japanese regulatory requirements.

