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The use of internal models by financial ins tu ons to measure and manage their risk exposures has grown considerably
over the past decade. However, the recent global financial
crisis (GFC) has raised concerns over the increased reliance
on internal models. The financial crisis exposed the limitaons of models and the way they failed to measure extreme
financial events and par cular risks (e.g., liquidity). Tes fying
before the U.S. Congress in 2008, former Federal Reserve
Chairman Alan Greenspan said, “Had instead the models
been fi ed more appropriately to historic periods of stress,
capital requirements would have been much higher and the
financial world would be in far be er shape today....”
The evolu on toward internal models in the U.S. statebased system has been incremental. Internal models have
been used for years in U.S. insurance regula on, but in controlled and prudent ways and with significant built-in safeguards. For example, the NAIC’s newly adopted principlebased reserving (PBR) method is essen ally models-based,
but has a number of features designed to control for possible misuse of models. This ar cle will discuss the diﬀerent
ways internal models are used, and will be used, in U.S.
insurance regula on.
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The Interna onal Associa on of Insurance Supervisors (IAIS)
defines an internal model as “a risk measurement system
developed by an insurer to analyze its overall risk posi on,
to quan fy risk and to determine the economic capital required to meet those risks.” Internal models may also include par al models which capture a subset of the risks
borne by the insurer using an internally developed measurement system used in determining the insurer's economic
capital.
The use of high-performance compu ng systems to measure and manage risk exposure has increased significantly.
Many companies use customized internal models to determine regulatory capital, as well as for cash flow tes ng,
pricing, fair value of liabili es calcula on, economic capital
calcula on and business planning. These models can take
many forms and vary from simple, even standardized, calcula ons to extremely complex models. There are many such
models, but by far the most widely used is called VaR (value
-at-risk). VaR calculates the worst expected loss over a given
horizon at a given confidence level under “normal” market
condi ons. VaR es mates can be calculated for various
types of risk: market, credit, opera onal, etc.1
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VaR models were developed and popularized in the early
1990s by a handful of scien sts and mathema cians (or
“quants” as they are called in the business world).2 J.P. Morgan is credited with developing VaR in the early 1990s and it
quickly became an industry benchmark for risk management. The adop on of VaR by the Basel Commi ee on
Banking Supervision (BCBS) in 1999 gave further impetus to
the use of VaR. Banking regulators placed considerable
weight on internal modeling. The Basel II Capital Accord
allowed banks to choose between a prescribed standardized calcula on and the use of their own internal VaR models to determine their regulatory capital requirement for
market risk.
However, in the a ermath of the GFC, risk metrics such as
VaR have been widely cri cized. VaR failed to capture nonlinear events in the markets and was highly suscep ble to
operator inputs.3 VaR’s shortcomings and limita ons in es ma ng risks le many large banks more exposed to losses
in the financial market than expected. In a 2012 consultave document, the BCBS noted, “The financial crisis exposed material weaknesses in the overall design of the
framework for capitalizing trading ac vi es and the level of
capital requirements for trading ac vi es proved insuﬃcient to absorb losses.” The report added, “In addi on to
the flaws in the overall design of the framework, risk measurement under both the models-based and the standardized approaches proved wan ng.”4 In response, the BCBS
has proposed to remove VaR as the basis for modeling market risk capital requirements.5
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The GFC has resulted in a plethora of studies examining its
causes and has prompted significant global regulatory reforms in both the banking and insurance industry. Over the
past few years, regulators and policymakers have taken a
number of steps to enhance models by adding features that
will cover previously unforeseen issues and generally speaking, to make them more complex. However, more complex
models are not necessarily be er. In a paper tled “The
Dog and the Frisbee,” presented at the Jackson Hole confer(Continued on page 23)
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ence in 2012,6 Andrew G. Haldane, Execu ve Director for
Financial Stability at the Bank of England notes: “Complex
regula on developed over recent decades might not just be
costly and cumbersome but sub-op mal for crisis control …
in financial regula on, less may be more.” He goes on to
note models are so complex the banks themselves do not
adequately understand them.
Following the GFC, ques ons have been raised as to whether the use of complex internal models is more eﬀec ve at
preven ng insolvencies. Concerns have been raised about
the over-reliance on an internal model’s results which can
create a false sense of security. Earlier this year, Moody’s
Investors Service noted providing companies “with the opon to determine required capital via complicated internal
models will reduce transparency of capital adequacy calcula ons and leave the system more suscep ble to gaming.”
Moody’s added, “Complex capital adequacy models, no
ma er how robust, may not be suﬃcient to iden fy and
prevent the next crisis.”7 In addi on, the U.S. Government
Accountability Oﬃce has noted the increased complexity of
regulatory capital calcula ons, “heightens the challenge of
eﬀec ve oversight.”8
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In contrast to the banking industry, state insurance regulators have adopted a cau ous and targeted approach to the
use of internal models and are taking steps to introduce
internal models incrementally, while maintaining a number
of controls as they are introduced. The NAIC first introduced models more than 20 years ago in its risk-based capital (RBC) regime. The NAIC RBC regime limits the use of
modeling to specific products and risk models within an
otherwise standardized approach. Par al models are limited currently to life and annuity products with guarantees
subject to interest rate or market fluctua on risk.9
Models are also used for cash flow tes ng, stress and scenario tes ng, and, in the future, RBC for catastrophe risk
will use internal models. The following outlines the many
ways state insurance regula on allows, requires or will require the use of internal models for business and risk management.
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ry insurance types: life, property/casualty, health and fraternal. The formula used is factor-based, generated from
historical industry-wide data experience, with some use of
internal models regarding interest rate and market risk.10
The NAIC introduced addi onal internal models-based components into its RBC system for life insurers in the late
1990s. The first phase (known as C-3 Phase I) was implemented Dec. 31, 2000 and specifically targeted interest rate
risk associated with fixed annui es. The second phase (C-3
Phase II) was implemented Dec. 31, 2005 and introduced a
new capital requirement for equity risk associated with variable annui es. This was mo vated in large part by the
recogni on insurers were developing products with increasingly complex guarantees, and the risks embedded in these
guarantees were not captured by the basic factor-based
capital requirements.11
One significant safeguard built into internal models is the
incorpora on of a standard scenario in capital requirements
and reserving standards for variable annui es. State insurance law requires the RBC component for variable annui es
be calculated using an internal model. The law requires the
RBC component is the higher of the standard scenario reserve or the 90% condi onal tail expecta on of the distribuon of the RBC component run under a set of randomly
generated economic scenarios. The standard scenario reserve is the reserve that results from running the model
using the standard scenario. The standard scenario is prescribed by state law and it is a single economic scenario
whose parameters are defined by law. The rules governing
the use of these models are fairly prescrip ve, as companies use prescribed sta s cal parameters and me horizons, including discount rates, lapse and withdrawal rates,
mortality rates, treatment of hedging strategies, etc. This
standard scenario serves as a floor for the reserves and required capital.
As RBC has been updated, it has been done so incrementally, with new factors aimed at specific risk and/or lines of
business. Updates are targe ng missing risks or outdated
(Continued on page 24)
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factors. In addi on, new internal models-based requirements o en supplement, rather than replace, exis ng factor-based requirements.12 Internal models will not fully replace RBC requirements; they are used only when a more
simple formula will not suﬃce. One area of focus for the
NAIC’s Solvency Moderniza on Ini a ve (SMI)—which was
ini ated in June 2008 as a cri cal self-examina on to update the U.S. insurance solvency regula on framework—is
reevalua ng areas of the RBC formula that may need upda ng. Work is under way to develop a new RBC requirement for life products (C-3 Phase III).
Asset Valua on
In 2009, the NAIC ini ated its Structured Securi es Project
to assist state insurance regulators in establishing a new
methodology to determine RBC requirements for residenal mortgage-backed securi es (RMBS) and commercial
mortgage-backed securi es (CMBS) held by insurers. During
this me, the financial crisis and the collapse of the housing
market greatly impacted the mortgage-backed market, as
delinquency and loss performance of RMBS rapidly deteriorated to a degree that far exceeded the level of default expecta ons of credit ra ng agencies. Aggressive downgrades
by credit ra ng agencies directly impacted insurers’ RMBS
investment por olios and the assessment of their RBC
charges, which are ed to NAIC designa ons mapped to
na onally recognized sta s cal ra ng organiza on (NRSRO)
credit ra ngs.
Accordingly, the NAIC retained third-party financial modelers
to undertake the modeling of expected losses for more than
20,000 non-agency RMBS held by the insurance industry. In
2010, the project was expanded to include CMBS holdings.
The regulators’ goal in adop ng this new process was to increase the accuracy in assessing expected losses, and to use
the improved assessment to determine a more appropriate
capital requirement for these securi es. The new approach
reduces regulatory reliance on credit ra ng agencies and
allows for greater regulatory input into the modeling process
and the assump ons used. This process supplements the
exis ng factors used, by upda ng the structure for assigning
designa ons with the matrix with current expected recovery
values. This modeling will con nue in 2013 and is expected to
con nue for the foreseeable future.
Principle-Based Reserving
Reserve calcula ons for life insurance have been unchanged
for many decades. Currently, insurers use a formula-based
sta c (“one-size-fits-all”) approach to calculate reserves for
products. However, insurance products have increasingly
grown in sophis ca on and complexity which has led to a
need for a new reserve method. The NAIC adop on of revi24
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sions to the Standard Valua on Law (#820) in 2009 introduced a new method, referred to as principle-based reserving (PBR), for calcula ng life insurance policy reserves.
PBR would introduce the calcula on of reserves under a
variety of economic condi ons using jus fied company experience factors, such as for mortality, policyholder behavior and expenses. Companies will “book” the higher of the
formulaic reserve and the modeled reserve calculated using
those jus fied company experience factors. A Valua on
Manual was established by the Model #820 and will be
used to detail the reserve calcula on requirements. Variable annuity reserves are the excep on to the formulaic approach where reserves must be set at the higher of: 1)
standard scenario reserve (a single economic scenario with
prescribed parameters defined in law); or 2) an internal
model.
Although PBR is mostly models-based, it contains numerous
safeguards designed to control for possible misuse: prescripve and limi ng elements have been introduced into the
Valua on Manual that will limit the extent to which reserves
will be reduced from the current levels; if the new PBR
method produces higher reserves than the minimum reserve
floor, that higher reserve must be booked; PBR will be
phased-in over three years a er the Valua on Manual is in
eﬀect so to allow the industry me to comply with the new
approach; and PBR only applies to new policies issued a er
the revised Model #820 and Valua on Manual are in eﬀect.
Reserve Adequacy Tes ng
Reserves for life insurance and fixed annui es are currently
calculated on a formula basis, and state insurance law establishes the valua on interest rate and the valua on mortality tables that must be used in the formula reserve calcula on. The formula-based reserve establishes a minimum
reserve. Because this formula reserve is a “one-size-fits-all”
minimum reserve, insurance companies are required to test
the formulaic reserves for adequacy given the assets the
insurance company owns, by projec ng cash flows over
numerous economic scenarios, which may be generated by
internal models. If for any economic scenario the aggregate
results of these projec ons show the ending surplus is not
posi ve, then addi onal capital must be held.
Catastrophe Modeling
Catastrophe (CAT) risk is currently not adequately addressed in the RBC calcula ons. In the future, a property/
casualty catastrophe charge for earthquakes and hurricanes
will be introduced into the RBC. To accomplish this, models
(Continued on page 25)
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of the proven CAT modeling companies will be used with
some s pula ons added around the models. The CAT
charge will be based on the results of one of the approved
commercially available catastrophe models—AIR Worldwide, EQECAT, RMS, ARA HurLoss (hurricane only) or the
Florida Public Model (hurricane only)—and using the insurance company’s own insured property exposure informa on as inputs to the model. Insurers may elect to use the
modeled results from any one of the models, or any combina on of the results of two or more of the models. Each
insurer will not be required to u lize any prescribed set of
modeling assump ons, but will be expected to use the
same data, modeling and assump ons that the insurer uses
in its own internal catastrophe risk-management process.
Recent advances in technology have enabled insurers and
reinsurers to apply computer modeling to es mate the
eﬀect catastrophe losses could have on their book of businesses. The results of these models are used to assist with
decisions about where an insurer will choose to write business and how much to charge for business wri en. Insurers
have replaced the tradi onal catastrophe loading in rate
filings with numbers supported by computer models.
Own Risk and Solvency Assessment
Resul ng from the NAIC’s SMI, in an Own Risk and Solvency
Assessment (ORSA), large- and medium-size U.S. insurers
and/or insurance groups13 will be required to provide state
insurance regulators with an internal assessment of the
material and relevant risks iden fied by the insurer associated with an insurer’s current business plan and the suﬃciency of capital resources to support those risks. Insurers
are not required to use an economic capital model(s) to
complete this assessment, but they are required to make
this determina on of risk capital based on the nature, scale
and complexity of risk within the group.
Companies will be required to regularly conduct an ORSA
star ng in 2015. The Risk Management and Own Risk and
Solvency Assessment Model Act (#505) provides the requirements for comple ng an ORSA and provide guidance
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and instruc ons for filing an ORSA Summary Report. The
informa on an ORSA contains will supplement the risk focused examina on process and provide regulators with a
more dynamic view of each company’s risk profile.

C
The GFC has underscored the cri cal importance of eﬀecve risk management systems. While internal models are a
useful and important tool for risk management, they should
be subject to a rigorous and verifiable process and supported by sound risk management prac ces. Regulators should
evaluate a company’s model, but not overly rely on the
output. In the paper tled The Implica ons of Solvency II
for U.S. Insurance Regula on, former NAIC CEO Therese M.
Vaughan, Ph.D., recommends: “The use of internal models
to establish regulatory capital requirements cannot and
should not disappear. However, they must be used appropriately, with recogni on of their significant limita ons.”
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The ORSA will apply to any individual U.S. insurer that writes more than $500 million of annual direct wri en and assumed premium, and/or insurance groups that
collec vely write more than $1 billion of annual direct wri en and assumed premium.
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