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1. Executive summary

Solvency II allows insurers to assess regulatory minimum (“Pillar 1”) capital requirements based
on insurers’ own internal models of risks, subject to these models meeting regulatory standards.
In addition to the measurement of individual risks, a key element of these models is the level of
diversification assumed between risks. This can reduce the amount of capital required by up to
70%' compared to the sum of individual risk capital requirements before diversification.

There is a need to justify such diversification benefits given the size of these, both in
terms of empirical data (where available) and also with regard to underlying economic and
other inter-dependencies between risks. This paper focuses on identifying the variables
driving dependencies between risks to help justify diversification benefits, and is split into
two parts.

The first part of this paper considers dependencies between different market and credit risks.
There is generally sufficient empirical data to assess the degree to which different markets are
correlated under normal conditions, but such correlations may overstate the degree of diversifi-
cation in stressed conditions where there is less data available. There is a need to overlay empirical
correlations with expert judgement to allow for how risks may interact at the tail which drives
capital requirements.

Based on analysis of historical market crashes; academic, industry and other papers; and
forward-looking scenarios, the paper identifies three components to stressed markets:

o fragilities which build up in the financial system such as excessive credit growth, or financial
de-regulation;

o initial shocks to the system such as rate rises or economic downturns which can expose these
fragilities; and

o transmission of shocks between markets, for example due to reduced investor appetite
and/or forced sales coupled with monetary and fiscal responses.

From this we can identify linkages between market and credit risks in stressed market conditions
to help adjust correlation assumptions for tail dependency.

The second part of the paper considers wider dependencies with other risk categories such as
insurance risk (including lapse and expense risk) and operational risk. There is usually little data
to assess correlations with these risks, which also vary from company to company, so there
is a greater degree of reliance on expert judgement and consideration of drivers of dependency.
Key drivers identified include:

ISection 8 of “Solvency II Life Insurers’ Capital Model Survey Summary Report”, PwC, November 2019.
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« economic downturns which may affect lapses and other risks;
« pandemics and other extreme scenarios which can impact financial markets; and
« reputation damage which can lead to lower sales, higher lapses and higher unit costs.

This paper is intended to provide a basis for insurers to identify dependencies between risks to
meet regulatory requirements, and to ensure correlation assumptions driving diversification
benefits are sound.

2. Introduction

As part of the Statistical Quality Standards which insurers’ internal models must meet under
Solvency II, Delegated Regulation Article 234 (Diversification Effects) specifies:

“The system used for measuring diversification effects referred to in Article 121(5) of
Directive 2009/138/EC shall only be considered adequate where all of the following condi-
tions are met:

(a) the system used for measuring diversification effects identifies the key variables driving
dependencies;

(b) the system used for measuring diversification effects takes into account all of the following:

i. any non-linear dependence and any lack of diversification under extreme scenarios;
ii. any restrictions of diversification which arise from the existence of a ring-fenced fund
or matching adjustment portfolio;

ili. the characteristics of the risk measure used in the internal model;

(c) the assumptions underlying the system used for measuring diversification effects are justi-
fied on an empirical basis.”

This paper seeks to identify key variables driving dependencies as per delegated Article 234
(a) above, and also to highlight any lack of diversification in extreme scenarios as per (b) (i).
The paper does not seek to measure diversification effects on an empirical basis, though empirical
data is investigated as it is a prima facie indicator of dependency between risks.

The paper focuses on Market, Credit, Insurance and Operational Risks which contribute to
Solvency II capital requirements. It does not consider Liquidity Risk nor Strategy Risk in detail.

Dependencies are generally modelled using either copula or variance-covariance matrix
approaches, both of which are based on correlation assumptions between different risk pairs.
Note that while dependency is used interchangeably with correlation throughout this paper, there
are differences®. The paper does not aim to cover different measures of correlation nor aggregation
methods in detail. Instead, the author would refer the reader to Dorey et al. (2005) and Shaw et al.
(2010) which provide good coverage of these topics.

Correlation estimates used to investigate dependencies are generally based on the Pearson
correlation measure, and are classed as low for correlations <30%; medium for correlations > 30%
and <60%; and high for correlations >60%. To understand the impact of different correlation
assumptions, Appendix I illustrates the impact of sample correlation assumptions.

While the author’s experience predominantly relates to UK life insurance, it is hoped that this
paper will be of wider interest to those modelling diversification benefits for Solvency II* and
economic capital modelling purposes.

2See section 2 of Shaw, Smith and Spivak as well as Embrechts et al. (1999).

3While the UK is no longer subject to EU law including the Solvency II Directive, at the time of writing, UK regulations
were aligned with Solvency II which has been transposed into the PRA Rulebook for insurers (see in particular http://www.
prarulebook.co.uk/rulebook/Content/Part/212824/26-01-2021).
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2.1. Limitations of the paper

The topic of dependencies between risks is wide ranging and difficult to cover completely.
The author would draw the reader’s attention to the following limitations of this paper:

The focus of the paper is on dependencies over a 1-year period consistent with the timeframe
of Solvency II, but considering longer timeframes may give a different perspective of
dependencies: for instance, climate change may have little impact on mortality rates and
assumptions over a 1-year period, nor on bond defaults and downgrades, but considering
say a 20-year period, climate change could have a significant impact both on mortality rates
and on default rates for certain bond sectors such as oil and gas.

« The paper’s focus is on the drivers of dependency rather than the calculation of empirical
correlation estimates, which are just used as indicators of dependency. For simplicity, empir-
ical estimates of correlations are generally based on the Pearson linear correlation measure
but there are a number of limitations to this measure compared to other measures such as the
Spearman rank measure of correlation — see Embrechts et al. (1999) for a more detailed
discussion of correlation measures.

o The author was unable to analyse data for private equity and private credit and therefore was

unable to draw on conclusions on dependencies between these asset classes and other

markets and risks.

Part | Market and credit risk dependencies

3. Empirical analysis

Empirical correlations can be estimated from market data in liquid markets and these are a
starting point for correlation assumptions between most market and credit risks. However,
a key contention of this paper is that while empirical correlations can point to dependencies
between risks, they are flawed, and need to be supplemented with wider analysis.

For the purposes of this paper, empirical correlations have been estimated from:

« MSCI local currency equity price indices®;

« Government bond yields from the Bank of England® and US Federal Reserve;

« Currency rates from the Bank of England’;

« Commodity prices in US Dollars from the US Federal Reserve®;

o Credit spreads: ICE Bank of America Merrill Lynch (BofAML) US Corporate index’;
« CBOE VIX index of equity option volatility'’

« Inflation and GDP statistics from OECD';

“End of day equity index data sourced from: https://www.msci.com/end-of-day-data-search.

3Archived yield data from https://www.bankofengland.co.uk/statistics/yield-curves.

Board of Governors of the US Federal Reserve System, retrieved from FRED, Federal Reserve Bank of St. Louis; https://
fred.stlouisfed.org/.

’See https://www.bankofengland.co.uk/statistics/exchange-rates.

8See section 3.1.2 below.

°ICE Data Indices, LLC, ICE BofA US Corporate Index Option-Adjusted Spread [BAMLCOAOCM], retrieved from FRED,
Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/seriess BAMLCOAOCM, January 28, 2021.

Unless otherwise specified, references to credit spreads and bonds spreads in this paper shall relate to investment-grade
corporate bond spreads.

YHjistorical data sourced from y.

See https:/stats.oecd.org/
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Chart 1a. Key market variables and events - Equities, Bond Spreads and Volatility.

o US Commercial Property data sourced from the US Federal Reserve!?; and the
« Wilshire US Real Estate Investment Trust (REIT) Total Market Index!?.

However, there are issues with empirical correlation estimates for property risk: these are
discussed in section 3.4.4 below.

Comparison is also made with global default data from Moody’s 2021 annual corporate bond
default survey', but data is limited - see section 3.4.5.

Note that many other sources of data are available, and these may yield different correlation
estimates.

3.1. Correlations between different risk types

Chart 1a below highlights the links between rolling (overlapping) 12-month changes in
bond spreads, equities and point-in-time option implied volatilities based on data from 1997
(from when spread data is available from ICE) to end 2020.

From this chart we can see that there is a significant positive correlation between falling equity
markets and rising bond spreads (or negative correlation between rising equity markets and rising
spreads), particularly in stressed markets such as those during the Global Financial Crisis of
2007/09. A similar relationship can also be seen between equity market movements and implied
volatility levels. As we shall see, in stressed conditions, risk aversion can lead to a re-pricing of risks
with adverse consequences for equity and corporate bond values, as well as higher option prices
and implied volatilities.

Considering equity market correlations with safer assets, for the purposes of this paper,
US Treasury Bonds (“T-bonds”) are considered to be risk-free assets with nominal yields on
US T-bonds a proxy for interest rates'®>. From Chart 1b below, we may discern a correlation
between falling equity markets and falls in US T-bond yields. In part this reflects risk aversion

2See https://www.federalreserve.gov/apps/fof/SeriesAnalyzer.aspx?s=FL075035503&t=&bc=:F1075035503&suf accessed
through the BIS Commercial Property Price page - https://www.bis.org/statistics/pp_commercial.htm.

BWilshire Associates, Wilshire US Real Estate Investment Trust Total Market Index (Wilshire US REIT) [WILLREITIND],
retrieved from FRED, Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/series/ WILLREITIND.

MExhibit 24 of Moody’s Investor Services report: “Annual default study: Annual default study: Following a sharp rise in
2020, corporate defaults will drop in 20217, January 2021.

1>T-bonds here refers to fixed income bonds issued by the US Treasury as opposed to US Treasury Inflation Protected
Securities (TIPS). While proceeds from such T-bonds are fixed with minimal risk of default, they are exposed to inflation
eroding the real value of payments, as well as the risk of losses in value if not held to maturity, so are not strictly risk-free.
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Chart 1b. Key market variables and events - Equities and T-bond yields.

in stressed markets which will lead to investors switching into highly rated government bonds and
other low risk assets, driving down yields on these. Also, central banks tend to react to falling
markets by lowering interest rates and, since 2009, by using Quantitative Easing (QE) to print
money which is then used to buy assets and support markets, driving down bond yields in
the process.

These relationships are reflected in empirical correlation estimates which suggest medium/high
correlations between most market variables as the following Table 1 shows.

Table 1. Estimated Correlations between Market Variables from 1997 to 2020

MSCI World Corp. Bond VIX Equity 2-year US  10-year US  30-year US

Risk variable!® Equities Spreads Volatility T-Bond rate T-Bond rate T-Bond rate
MSCI World Equity 100% —58% —58% 62% 54% 40%
price index!’

ICE US Corporate Bond 100% 45% —30% —36% —41%
Spreads

CBOE VIX equity 100% —56% —42% —31%
volatility index

US 2-year Treasury 100% 73% 46%
Bond rate

US 10-year Treasury 100% 91%
Bond rate

US 30-year Treasury 100%
Bond rate

Note that the positive correlation between equity market falls and US T-bond yields decreases
with bond term'®. This may be because in the past the US Federal Reserve has cut short-term base

16These correlations relate to 12-month absolute changes for bond spreads and T-bond rates; the 12-month %age change in
equity index; and the level of the VIX.

7MSCI World is an index of Developed Market equities going back to 1969; and correlations are based on the US$ variant
of this index. MSCI also produce the ACWTI index which includes Developed Markets but with data only going back to 1987.

8In practice, interest rates are modelled using Principal Component Analysis or similar techniques to simplify yield curve
modelling, and we assess correlations with these components as opposed to rates at different terms.
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rates as a response to market crashes. However, this relationship may no longer be valid as base
rates have been cut close to zero and there is limited potential for base rates to go negative, while
QE has increasingly been used to support markets and this will drive down yields at longer terms.

Looking only at changes since 2009, correlations between the MSCI World equity index and
2-, 10- and 30-year US T-bond rates are 20%, 59% and 59% respectively, highlighting the sensi-
tivity to the time period used. The low short-term correlation may be due to low, stable base rates
since 2009, with the US target federal funds rate unchanged between 2008 and 2015 at 0.25% and
never exceeding 2.5% p.a. since!®. Meanwhile the impact of QE can be observed most recently in
early 2020, when sharp market falls due to COVID-19 triggered unprecedented central bank inter-
vention, with the combination of QE and “flight to quality” pushing US 10-year T-bond rates from
1.92% p.a.at the start of the year to 0.66% p.a. by mid-year.

As well as the time period over which they are assessed, correlations between equities and
T-bond rates are also sensitive to the measure of change. The figures above are based on absolute
changes in rates, defined as:

Change = {T — bond rate@ t} — {T — bond rate@t—12 months}

If instead we based correlations on relative changes in rates defined as:

Change @ time t = [{T-bond rate @ t}/{T-bond rate @ t-12 months}] - 1we get revised
correlations between the MSCI World equity index and 2-, 10- and 30-year US T-bond rates
of 49%, 46% and 37% which are noticeably lower, highlighting the sensitivity of empirical corre-
lation estimates to different measures such as absolute or relative changes.

3.1.1. Correlations between currencies and other market risks

A key market risk not considered above is currency risk. Here correlations with other market risks
can be less clear cut as they may depend on the exchange rate in question. By way of example
consider the following Table 2 of correlations for rolling 12-month movements in the Sterling
values of the US Dollar, Japanese Yen and the Australian Dollar with other market variables from
October 1993 (12 months after “Black Wednesday” and Sterling’s exit from the European
Exchange Rate Mechanism (ERM) to float freely on markets) to 2020:

Table 2. Estimated Correlations between FX Rates and Other Market Variables from 1997

USD1 in AUD1 in JPY1 in UK 10-year  US 10-year MSCI UK MSCI World
Correlations fstg fstg fstg Gilt T-bond Equities Equities
USD1 in £stg 100% 13% 68% —34% —21% —28% —41%
AUDL1 in £stg 100% 42% 9% 10% 10% 1%
JPY1 in £stg 100% —23% —15% —32% —42%

From these correlation estimates, we can observe the following:

First, correlations between different exchange rates differ — for instance there is a high corre-
lation between changes in the Sterling value of the US Dollar and Japanese Yen, but a low corre-
lation of the former with changes in the Sterling value of the Australian Dollar.

Second, there would appear to be at least a low/medium negative correlation between rising
equity markets and rising Sterling values of the US Dollar and Yen assets (or a low/medium posi-
tive correlation of US Dollar and Yen exchange rates rising against the pound and falling equities).

YDetails of the target federal funds rate can be found at https://www.federalreserve.gov/monetarypolicy/openmarket.htm.

https://doi.org/10.1017/51357321722000095 Published online by Cambridge University Press


https://www.federalreserve.gov/monetarypolicy/openmarket.htm
https://doi.org/10.1017/S1357321722000095

British Actuarial Journal 7

This could be because in stressed market conditions, investors tend to buy US Dollars and Yen as
part of a “flight to safety” to safer assets and currencies.

By contrast, the correlation between the Sterling value of the Australian Dollar is slightly
positive with equity markets.

The following Charts 2a and 2b compare changes in the Sterling value of US and Australian
Dollars with UK equity movements.
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Chart 2a. Sterling: USD exchange rates and UK equities from 1992.

Of note is the sharp rise in the value of the US Dollar against the Pound during the Global
Financial Crisis arising in conjunction with a sharp fall in UK equities. This may point to a higher
degree of dependence at the tail between UK equity market falls and Sterling deprecation against
the US Dollar than might be suggested by the empirical correlation estimate.

This correlation between sterling depreciation and falling equity markets is not observed when
considering the value of the Australian Dollar against the Pound. If anything, the Australian
Dollar has often depreciated when UK markets are falling. One reason for this may be the “carry
trade” where investors borrow money in Yen and other currencies with low interest rates to invest
in currencies with higher interest rate — such as the Australian Dollar during the mid-2000s. This
is a risky strategy as it leaves investors exposed to falls in the higher interest rate currencies, and is
sensitive to investor appetite. In stressed conditions where investors become more risk averse, they
will seek to unwind positions in the higher interest rate currencies, which may explain the depre-
ciation of the Australian Dollar during the Global Financial Crisis. However, looking forward, this
relationship between the Australian Dollar and the carry trade may no longer hold, highlighting
the perils of trying to infer future correlations from the past.
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Chart 2b. Sterling: AUD exchange rates and UK equities from 1992.

Finally, considering exchange rates and bond yields, there is a negative low/medium correlation
between rising UK Gilt yields and rises in US Dollar and Yen against Sterling. Examining possible
drivers for this correlation:

« This correlation could be because of higher UK interest rates and yields boosting the value of
Sterling.

o Alternatively, it could be because better UK economic prospects are driving up both bond
yields and Sterling — correlation does not imply causation, and often there may be other
underlying variables (in this case UK GDP growth) driving the correlation.

« As we shall see, the Bank of England’s 2019 stress test for banks involved a “run” on Sterling
pushing up UK bond yields, i.e. implying a strong positive correlation between rising UK
bond yields and rises in US Dollar and Yen against Sterling, highlighting how empirical esti-
mates may not capture tail risks such as a loss of investor confidence in the UK.

Again, the correlation between UK bond yields and changes in the Sterling value of the Australian
Dollar exhibits a different pattern.

The above highlights that there is no “one size fits all” correlation assumption when it comes to
currency dependencies. Depending on exposures to different currencies, there may be a need to
either set correlations by currency, or to group exposures to currencies with similar characteristics
(like the US Dollar and Yen above).

3.1.2. Correlations between commodities and other market risks
Another market risk where correlations vary by sub-type is commodity risk. Within commodities,
we can distinguish between different types of commodity such as copper, oil and gold. While the
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first two are commodities required by the real economy, the third is more a store of value and is
seen as a “safe haven” in turbulent markets.

As aresult, correlations with equities and bond yields will vary by type, as can be seen from the
following Table 3 of correlations estimated from 12-month changes from January 1991:

Table 3. Estimated Correlations between Commodities Rates?® and Other Market Variables

Copper Crude Oil Gold MSCI World US 10Y T-bond yields
Copper 100% 54% 48% 33% 45%
Crude Oil 100% 29% 24% 43%
Gold 100% —-11% -11%

All other things being equal, higher oil prices increase production costs and dampen demand,
but they will be a boon for oil and gas stocks, so the impact of oil prices will vary by equity market
depending on the weighting of the market to oil and gas stocks. Moreover, higher oil and copper
prices may also be indicative of broader economic growth which may also help drive up share
prices, illustrating the multi-faceted nature of dependencies between commodities and shares,
and between market risks more widely.

The link between economic growth and prices of commodities like oil and copper may also be a
reason for the medium positive correlations observed between these and bond yields.

By contrast, gold’s status as a safe asset in turbulent times leads to low negative correlations
between gold and both equities and bond yields with gold prices often rising in stressed markets
when equities are falling along with bond yields. This relationship is not clear cut however and
there are other factors which affect the gold price such as production and consumer demand.

Finally, the correlations above are based on US Dollar prices of commodities as commodity
prices are typically quoted in US Dollars. Correlation estimates will change if looking at say
the Pound Sterling equivalent of commodity prices, though these estimates would implicitly
capture an element of currency risk as well.

3.1.3. Correlations between inflation and other market risks
Another key market risk variable is inflation. In assessing correlations between inflation and other
market risks, there is a need to distinguish between:

o Actual inflation relating to changes in retail prices over the past month/year; and
« Implied inflation which is inferred between from the difference between nominal and index-
linked bonds, and which is a measure of market expectations of future inflation.

Implied inflation will vary by term, and will be relevant to the market consistent valuation of
future inflation-linked liabilities and expenses, as well as values of general insurance claims where
there is an inflationary element to claim payouts. For economic capital purposes, we will be
looking to model changes in implied inflation rates. However, for the purposes of modelling
expense and claim outflow over the coming year, actual inflation would be more relevant.

Sources: U.S. Energy Information Administration, Crude Oil Prices: Brent — Europe; International Monetary Fund,
Global price of Copper; and ICE Benchmark Administration Limited (IBA), Gold Fixing Price 3:00 P.M. (London time)
in London Bullion Market, all retrieved from https:/fred.stlouisfed.org/.
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The following Chart 3 compares UK actual and implied inflation from 1986%':
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Chart 3. UK Actual v Implied Inflation.

We can see there is a significant disconnect between actual inflation at a given point in time,
being the change in prices over the past 12-months, and implied inflation at that point in time
inferred from nominal and real Gilt yields, highlighting the need to consider these separately when
analysing dependencies.

As an example of this disconnect, we can discern a shift in actual inflation following Sterling’s
exit from the European Exchange Rate Mechanism (ERM) in September 1992, after which the
Bank of England adopted an inflation targeting approach to monetary policy*?. This has proved
successful in taming inflation which has generally remained below 5% p.a., with the Retail Price
Index (RPI) measure averaging 2.7% p.a. since October 1992, consistent with the Bank of
England’s target of 2.5% p.a. for RPI. However, market expectations of inflation took some time
longer to adjust, and only started to align with the Bank of England’s target after the Bank of
England was made independent in 1997.

Since 1997, market implied UK inflation has generally been around 3% p.a. This is higher than
the Bank of England’s target rate, which could reflect the risk the Bank of England might abandon
this for a looser target, but it may also have to do with demand from pension scheme and others

“Implied inflation data available from the Bank of England from January 1985 (first 12-month period to January 1986) at
https://www.bankofengland.co.uk/statistics/yield-curves while actual inflation figures based on the Retail Price Index from the
UK Office of National Statistics — see https://www.ons.gov.uk/economy/inflationandpriceindices/timeseries/czbh/mm23.

2Further detail on the Bank of England’s inflation targeting approach can be found in “Targeting Inflation:
The United Kingdom in Retrospect” by Andrew Haldane, available at: https://www.imf.org/external/pubs/ft/seminar/2000/
targets/strach7.pdf.
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for index-linked Gilts to hedge inflation-linked liabilities. This will reduce index-linked Gilt yields
relative to nominal Gilt yields and push up implied inflation, highlighting another difference
between actual and implied inflation.

Examining correlations between UK actual and implied inflation rates with rolling 12-month
changes in 10-year Gilt yields and global equities in Table 4 below, we can see significant differ-
ences in correlations depending on which measure we consider:

Table 4. Estimated Correlations between Inflation Rates and Other Market Variables from 1986

RPI 10Y Implied 5Y Implied MSCI World
12m  10Y Implied Inflation - Inflation - UK 10Y Gilt Yield Equities -
Correlations (%A) Inflation 12m A 12m A -12m A 12m A
12-month change (%A) | 100% 62% 12% 14% 27% 8%
in RPI
10-year implied inflation 100% 7% 8% 21% 19%
12-month change in 100% 91% 7% 12%
10-year implied inflation
12-month change in 100% 1% 25%
5-year implied inflation

From above, we can see that actual changes in prices in the past 12-months have a high corre-
lation with current implied inflation, which we may expect, but will have little relevance to
changes in implied inflation which will impact on economic capital.

Changes in UK implied inflation are highly correlated with changes in UK nominal Gilt yields,
which is what we might expect given the link between inflation and bond yields, while there is a
low correlation between global equity movements and changes in UK implied inflation (correla-
tions between UK equities and UK implied inflation will be covered in section 3.4.1 below).

3.2. Correlations between government bond yields

As well as dependencies between different types of market risk (equity, interest rate etc.), we also
need to consider dependencies within market risk types, including interest rates in different coun-
tries and currencies. Table 5 below considers correlations between rolling 12-month absolute
changes in US, UK, German and Japanese 10-year government bond yields from 1990.

Table 5. Correlations between 10-Year Bond Yield Changes from 1990

12-month change in: US 10Y T-bond UK 10Y Gilt German 10Y Bunds Japanese 10Y Govt. bond
US 10Y T-bond 100% 2% 67% 54%
UK 10Y Gilt 100% 83% 66%
German 10Y Bunds 100% 71%
Japanese 10Y Govt. bond 100%

There is broadly a high correlation between bond yields of these highly rated sovereign issuers.
The lower correlations for Japanese bond could in part be because Japanese bond yields were
significantly lower over the period, with yields less than 2% p.a. since 2000. Just looking at changes
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over the 1990s, the correlations between Japanese bond yields and US, UK and German yields are
significantly higher at 62%, 75% and 83% respectively.

The high correlations may be expected as interest rates in one currency will be influenced by
interest rates available in other currencies. US bond yields in particular have a strong bearing on
other yields. This was illustrated by the spike in US bond yields in 1994 following unexpected
tightening of US monetary policy. This led to US 10-year bond yields rising 201bps from
5.83% p.a. at the start of the year to 7.84% p.a.at year end. This helped drive similar rises elsewhere
with 10-year UK Gilts yields rising by 234bps from 6.25% to 8.59% p.a., 10-year German Bunds
rising 163bps from 5.83% to 7.46% p.a. and 10-year Japanese government bonds rising 116bps
from 3.40% to 4.56% p.a. over the year.

Another example of the impact of US monetary policy on wider bond yields was the “taper
tantrum” that followed the announcement of the US Federal Reserve in May 2013 that it was going
to scale back bond purchases under its QE programme. US 10-year T-bond yields rose sharply from
1.7% in April to 3.0% p.a. by year end. Over the same period and UK and German 10-year bond yields
rose by 137bps and 60bps respectively, though Japanese 10-year bond yields only rose by 10bps.

Note for lesser rated sovereigns such as Greece, it may be better to assess government bonds
yield dependencies based on the yields on highly rated sovereign bonds (e.g. German Bunds) plus
a sovereign spread. The latter is likely to widen in stress conditions.

Also, bond markets where there are currency restrictions (e.g. Malaysia) may be substantially
uncorrelated with other bond markets as these restrictions will lead to a disconnect between local
and global rates.

3.3. Correlations between equity markets

Examining correlations between rolling 12-month changes in MSCI price indices from December
1987 (December 1992 for China)?® in Table 6a below:

Table 6a. Correlations between Changes in MSCI Price Indices from 1987

MSCI Index?* WORLD USA UK EUROPE  JAPAN ASIA ex JAPAN CHINA  EMERGING MARKETS

WORLD 100% 92% 86% 93% 76% 57% 50% 57%
USA 100% 82% 83% 53% 45% 40% 45%
UK 100% 91% 54% 49% 40% 55%
EUROPE 100% 64% 50% 41% 56%
JAPAN 100% 56% 48% 51%
ASIA ex JAPAN 100% 78% 91%
CHINA 100% 80%
EMERGING 100%

As we might expect there is generally high degree of correlation between developed equity
markets, except perhaps for Japan. Asian and emerging markets also exhibit a high degree of
correlation which is to be expected as China and other Asian markets form a large part of the
MSCI Emerging Market index.

ZFor many MSCI indices such as its Asia ex Japan index, data is only available from December 1987, while its China index,
data only goes back to December 1992. The first rolling 12-month periods are to December 1988 except for China, where
correlations based on 12-month changes from December 1993.

*Indices relate to standard, large and mid-cap price indices denominated in local currency.
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There appears to be lower levels of correlation between western and Asian/emerging markets
but this is due to the Asian Financial Crisis of 1997/98 where Asian shares saw significant falls
while western markets were growing. If we just look at rolling 12-month returns based on data
from January 1999 (first 12-month period to January 2000) in Table 6b below, correlations
between western and Asian/emerging markets are ca.20% higher:

Table 6b. Correlations between Changes in MSCI Price Indices from 1999

MSCI Index ASIA ex JAPAN CHINA EMERGING MARKETS
WORLD T7% (4-20%) 65% (+15%) 75% (+18%)
USA 73% (+28%) 63% (+23%) 70% (+25%)
UK 71% (+21%) 60% (+20%) 73% (+18%)
EUROPE 75% (4-25%) 61% (4-20%) 76% (+20%)

It is worth noting recent increases in China’s weight in global equity indices. In 2019, MSCI
quadrupled the weight given to Chinese A shares in its ACWI global (developed 4 emerging
markets) index, so that Chinese equities now account for over 5% of that index®. Not only will
this increase global equity portfolio allocations to Chinese equities, it will also increase the degree
of correlations between global indices and Chinese shares.

Other observations:

o The high degree of correlation between the MSCI World index and US equities is to be
expected given that the US accounts for ca. 2/3rds of that index?.

o Smaller markets may be dominated by individual firms or sectors which may have a bearing
on correlation. For example, the insurer ATA currently accounts for over 27% of MSCI’s
Hong Kong equity index?” while financial services accounts for 47% of that index.

« Linked to this, different correlations may exist between broad and narrow indices of the same
market. For example, looking at the broader MSCI UK All Cap index which is available from
November 2007, the correlation of rolling 12-month returns with the MSCI World index is
slightly higher than the correlation between the standard MSCI UK index, with its narrower
market coverage, and the World index (86% v 84%)*.

3.4. Limitations of empirical analysis
There are a number of notable limitations in using empirical analysis to identify dependencies:

Nature of dependencies

1. Empirical correlations provide an indication of the direction and strength of dependencies
between risks, but they don’t really provide an explanation for why the dependency exists in
the first place.

25See MSCI ACWI Index; details of the 2019 increase in weightings can be found at THIRD STEP OF THE WEIGHT
INCREASE OF CHINA A SHARES IN THE MSCI EMERGING MARKETS INDEXES IN 2019

2See https://www.msci.com/documents/10199/178e6643-6ae6-47b9-82be-elfc565ededb

YAs at January 2021 - see https://www.msci.com/documents/10199/f0d9136a-€74f-469d-9e0e-f75075695c6f. Note the
alternative Hang Seng index restricts individual shares weight to 10% which may affect correlations estimates (see https://
www.hsi.com.hk/static/uploads/contents/en/dl_centre/factsheets/hsie.pdf).

28The MSCI UK All Cap index is based on nearly 800 stocks covering 99% of the market; the standard MSCI UK index
covers the top 88 or so stocks accounting for 85% of the market.
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2. Being based on historical data, they implicitly assume that historic dependencies between
risks continue, but there may have been changes in the interaction between risks which
mean historic relationships are no longer relevant. Empirical analysis needs to be supple-
mented with a forward-looking view of dependencies.

3. Depending on the time period used, there is the possibility that empirical estimates straddle
periods where the relationships between risks was different, with the resulting correlation
not a satisfactory measure of either period - see 3.4.1 below.

4. Empirical correlations may not fully capture tail dependence for risks which are not closely
correlated in normal market conditions but which may be heavily correlated in stressed
conditions — they may implicitly average out correlations resulting in an estimate that
doesn’t reflect either state of the markets.

5. Some empirical correlations may be spurious, driven by random coincidence rather than
any true dependency between risks.

6. Correlations do not necessarily imply causation - it may be that two risks are not directly
linked but both may be affected by another variable.

Data issues

7. Empirical estimates are based on the shortest dataset, for example correlations involving
credit spreads may only be based on data back to 1997 where spread data is based on that
available from ICE which is only available from that date.

8. Results may be sensitive to the frequency of data, the length of the dataset and the correla-
tion measure used - see section 3.4.2 below.

9. There will be a degree of statistical error around empirical correlations depending on the
length of datasets — see section 3.4.2.1 below.

10. Following on from 4.above, where risks are more heavily correlated in stress conditions,
empirical correlations may drift downwards over time as data is added when conditions are
benign, but can then spike up again in stress conditions.

11. Risks may be correlated but with a time lag, in which case there will be a need to identify
the extent of the lag and correct correlation estimates where appropriate — see for example
the links between equity market and GDP falls in section 3.4.3.

12. Correlation estimates may be distorted by implicit smoothing in data, for example in
valuation-based property indices - see section 3.4.4.

Consistency

13. Unadjusted empirical correlations may be inconsistent with each other, resulting in corre-
lation matrices which do not meet Positive Semi Definite (PSD) criteria of consistency
which underpins copulas and other aggregation methods®.

3.4.1. Changes in dependency over time

An example of changing relationships between risks, and the distortion they can create with
empirical estimates, is the correlation between UK equities and Gilt yields changes. If we look
at rolling 12-month changes in Gilt yields and the MSCI UK equity index, we get very different
answers depending on how far back we go, as illustrated by the following Table 7:

Put simply, if risk A was strongly positively correlated with risk B which was strongly positively correlated with Risk C, we
would not expect a negative correlation between risks A and C - see section 7.7 of Shaw et al. (2010).
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Table 7. Correlations Between Changes in UK Equity Prices and Gilt Yields

UK equities v 2-year UK equities v 10-year UK equities v 15-year

12-month changes from: Gilt yields Gilt yields Gilt yields
January 1971 (BoE Gilt data available —19% —42% —50%
from 1970)

May 1998 (BoE made independent 48% 27% 12%
May 1997)

March 2010 (QE started March 2009) 24% 36% 36%

We can see that there has been a marked change in the correlation between UK equities and
Gilt yields, from a negative correlation between falls in equities and Gilt yields (positive correlation
between Gilt yield rises and equity falls) in data going back to 1970, to a positive correlation
between falls in both equities and yields.

Looking at rolling 5- and 10-year correlations between 10-year Gilt yields and equities in
Chart 4a below, the shift appears to occur in the early 2000s.
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Chart 4a. Rolling correlations between changes in UK equities and 10-year Gilt yields.

An explanation for the change would be the shift from the high-inflation, high interest rate
environment that existed from the 1970s to the early 1990s to a lower inflation and rate paradigm.
Prior to Sterling’s exit from the ERM in September 1992, there were frequent spikes in inflation,
either due to oil price and other shocks or due to an overheating economy. These drove up Gilt
yields and base rates, which in turn led to economic downturns and equity market falls, hence the
correlation between yield rises and equity falls.

As noted in section 3.1.2, following the ERM exit, the Bank of England adopted an inflation
targeting approach to monetary policy which proved successful in taming inflation and “boom
and bust” economic cycles. Now, rather than rate rises triggering equity market falls, interest rates
and Gilt yields may be more driven by equity market falls, with the Bank of England responding to
market crises such as the Global Financial Crisis of 2007/09 and more recently market falls due to
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COVID-19 by cutting rates and buying bonds under QE. This would explain why the current
direction of correlation relates to falls in both Gilt yields and equities.

It is interesting to note that correlations between changes in UK equities and implied inflation
in Chart 4b below show a similar pattern:

=== Rolling 5-year corelation s=m=Qoling 10-year correlafion

Chart 4b. Rolling correlations between changes in UK equities and 10-year implied inflation.

Again, until the early 2000s, rises in implied inflation were negatively correlated with equity
market rises (/positively correlated with equity falls) as higher inflation — and higher market
expectations of inflation, as reflected in implied inflation — would have fed through into higher
base rates which will have had a negative impact on equities.

More recently, that direction has changed so that now equity falls are correlated with reduc-
tions in implied inflation. It may be that QE in response to more recent equity market falls has
driven down implied inflation as well as nominal Gilt yields and/or that market falls have led to
lower expectations for economic growth and inflation.

These examples highlight the need for care in choosing the timeframe over which we base
empirical correlation estimates. Consideration needs to be given to paradigm shifts such as the
shift a low inflation environment in the 1990s, and whether data before is relevant. In the case
of UK equities and Gilt yields, while we have data going back to 1970, using this data leads to
correlation estimates which do not reflect the current correlation between Gilt yields and equity
markets, so it would be probably more appropriate to base correlations on data from the 1990s
or later.

However, as we shall see, the dynamic that previously existed between rising rates and Gilt
yields driving down equity markets has not disappeared altogether, and there may be a case
for carrying out sensitivity testing to the impact of a future change in the direction of UK equity
and Gilt yield correlations.
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3.4.2. Sensitivity of estimates

Empirical correlation estimates are not just sensitive to the time period over which they are
assessed, they are also sensitive to the choice of risk variable. From section 3.1, we saw how
correlations between rolling 12-month changes in equities and bond yields varied depending
on whether we were looking at absolute or relative changes in yields.

Another example would be the correlation between the MSCI World index of equities and VIX.
The correlation in Table 1 of —58% was based on the correlation between the 12-month change in
the equity index with the point-in-time value of VIX. If instead we looked at the correlation of
rolling 12-month changes in the equity index with (a) rolling 12-month absolute changes in VIX;
and (b) rolling 12-month relative changes in VIX, we would get revised correlation estimates of
—56% and —49% respectively.

Yet another example would be where we looked at monthly changes as opposed to rolling
12-month changes. From Table 1, the correlation between rolling 12-month changes in MSCI
World equities and absolute changes in US 10-year T-bond yields is +54%, but if we looked
at monthly changes, the correlation estimate would be significantly weaker at just +33%.

In practice, we would base correlation estimates on measures corresponding to individual
calibrations of risk. For instance, if our model of corporate bond spreads was based on rolling
12-month absolute changes in spreads, then this is the measure we would use in estimating
correlations, but it would be useful to consider the sensitivity of correlation estimates to different
measures.

Finally, the above correlations relate to the Pearson measure of correlation. If instead we used
the Spearman measure of rank correlation® between rolling 12-month changes in MSCI World
equities and US corporate bonds spreads, we would get a revised correlation estimate of —48% as
opposed to —58% based on the Pearson measure.

Further details on the sensitivity of correlation estimates can be found in section 7.5 of Shaw
et al. (2010).

3.4.2.1. Parameter estimation error. As well as the sensitivity to different data and measures, there
will also be a degree of statistical parameter estimation error in empirical estimates, which can
sometime be substantial. Taking the example of equity returns and corporate bond spreads, from
Table 1, we arrived at an empirical correlation estimate of —58% based on 276 overlapping
12-month periods from 1997 to 2020. Using the Fisher transformation® to assess the degree
of statistical error around this estimate gives a range of —49% to —65%, and this would be larger
for smaller datasets, which illustrates how significant parameter estimation error can be.

3.4.3. Lag effects

An example of lag effects we may need to allow for in correlation estimates is that between equity
returns and GDP growth. If we take the example of US quarterly GDP growth rates and equity
returns from 1970, the unadjusted empirical correlation is only +4%, and only +7% based on data
from 2000. This seems counter-intuitive as we would expect a link between stock markets and
economic growth.

39This method ranks data points in either ascending or descending order of size, and estimates correlation between risks
based on the rank of each risk making up a data point as opposed to its value. This can help avoid distortion caused by outliers
in data.

3For more detail, see “Correlation testing via Fisher transformation” at https://www.real-statistics.com/correlation/
one-sample-hypothesis-testing-correlation/correlation-testing-via-fisher-transformation/. Note no adjustment has been made
to the range to reflect the overlapping nature of data points.
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However, markets often react in anticipation of events so they may rise or fall before rises and
falls in GDP come through in economic statistics, while market crashes such as those during the
Global Financial Crisis can in themselves trigger a wider recession. For these reasons, we may
expect a lag between markets and GDP changes. If we allow for a one quarter lag between equities
and GDP, the revised correlation estimate based on data from 1970 is +31%, and +44% based on
data from 2000.

Lag effects can also be observed between equities and unemployment rates, as the following
Chart 5 of US equities and unemployment rates illustrates.

Covid-19

,’l US sub-prime
crisis begins

+—— WorldComm
bankruptcy

Lehmans
bankruptcy

Chart 5. Quarterly US equity returns and unemployment rates from 2000.

Of particular note is the unemployment rate during the Global Financial Crisis. This peaked at
9.9% in Q4, 2009 by which time equities (and bonds) were recovering from their trough in
Q1 2009.

Similar effects can be seen during the “dot.com” bust of 2000/03 where peak unemployment
was reached in Q2/Q3 2003 when markets were recovering strongly, and during the COVID-19
pandemic, where there was a sharp fall in markets in Q1 2020 but unemployment rose sharply in
Q2 despite central bank intervention leading to a sharp recovery in markets. The lag between
markets and unemployment rates may be expected as it may take time for economic downturns
to translate into job losses.

Lag effects are significant in the context of a one-year value at risk (VaR) assessment such as
that required under Solvency II. While over the 2-3 years of a market downturn like that of the
Global Financial Crisis we may see significant declines in both equities and GDP say, over the
12-month period where we might see the worst equity market falls, only part of the fall in
GDP may come through due to a lag effect. It may be appropriate to scale back correlations
between the one-year impact of GDP falls with one-year equity returns and other market variables
to reflect this partial impact.
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3.4.4. Property risk

The empirical analysis above does not include property risk but index data is available such as
MSCT’s Investment Property Databank (IPD) indices for commercial property, and residential
property indices like the Nationwide House Price Index for UK housing.

However, caution should be exercised in using commercial property index data to
assess correlations. These indices are usually based on subjective property valuations
(though transaction-based indices may also be available in some cases). A problem
with valuation-based indices is that there can be implicit smoothing in the index in part
because of valuations being anchored on historic transactions. This results in the volatility of
commercial property being understated and could also distort empirical correlation estimates with
other risks.

Implicit smoothing is covered in the Investment Property Forum’s 2007 paper on index
smoothing® and also Booth and Mercato (2003). These also set out approaches to “de-smooth”
indices, correcting for historic bias in valuations. Empirical property correlations should be calcu-
lated based on de-smoothed as well as unadjusted indices in order to gauge the impact of
smoothing on correlation estimates.

Booth and Mercato (2003) also highlights differences in performance assessed against different
indices, and different indices could also give rise to different empirical correlation estimates.
Where data for different indices exists, the sensitivity of empirical correlations to different data
sources should be assessed.

As an alternative to valuation-based indices, correlations could be calculated based on
indices of Real Estate Investment Trusts (REITs) where available. These should reflect
market views on the value of property assets and may be a timelier reflection of changes
in value than valuation-based indices. However, a problem with basing property correlations
on REITSs is that being listed on stock exchanges, REITs will be affected by wider rises and
falls in other shares and so will be more correlated with equity markets than direct invest-
ment in property.

To illustrate the difficulties of assessing property correlations empirically, consider the
following example of US commercial property price correlations with US equities. Sourcing
commercial property price data from the US Federal Reserve and looking at quarterly changes
from Q1 1978 against quarterly returns on the MSCI US equity price index, the standard deviation
of unadjusted property price changes is 2.9%, and the correlation of this unadjusted data series
with US equities is slightly negative at —7.5%.

There is a significant degree of correlation (ca.40%) between returns in successive quarters
suggesting smoothing in data. De-smoothing the data in line with the adjustment outlined in
section 3.6 of Booth and Mercato (2003), the standard deviation of quarterly changes is substan-
tially higher at 4.4% but in this instance the correlation with US equities is only slightly larger
at —11%.

Considering next the alternative of using REIT indices, data for the Wilshire US Real Estate
Investment Trust Total Market Index goes back to Q1 1978. The standard deviation of quarterly
changes in this index is higher again at 5.3% but crucially, the correlation between this index and
the MSCI US equity price index is +-60%, i.e. a high positive correlation compared to the slightly
negative correlation assessed based on the US Federal Reserve’s commercial property data.
Comparing quarterly changes graphically from 2000 in Chart 6 below:

32See “Index Smoothing and the Volatility of UK Commercial Property - Research Findings” produced by the Investment
Property Forum. March 2007 and available at https://www.ipf.org.uk/asset/B27841C4-365C-4CF5-A092F14CBB053832/.
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Chart 6. US equity, REIT and commercial property quarterly returns from 2000.

We can perhaps see a degree of correlation between US REIT and broader US equity indices,
particularly during the Global Financial Crisis. The sharper fall in the REIT index in Q4 2008 may
be due to concerns over commercial property valuations following the default of Lehman’s, which
had a significant property portfolio to be realised.

Notwithstanding the low negative empirical correlation estimates above, we also see a sharp fall
in the unadjusted (smoothed) commercial property index in this period, albeit with a lag with the
index reaching its trough in Q1 2010 when equities had recovered strongly from their trough in
Q1 2009. We could adjust the calculation of empirical correlations between property and equity
returns allowing for say a 2-quarter lag, which would change the correlation from —7.5% to +14%,
but even this revised figure doesn’t reflect the sharp falls in both US equity and commercial
property indices during the Global Financial Crisis.

This example highlights the difficulties of basing property risk correlations using empirical
data. The high correlation between equities and REITs could be due to REITs being stock market
vehicles as much as any links between equity and property markets, but the low correlation
between the US Federal Reserve commercial property data and US equities does not properly
capture tail events seen in historic data. Significant expert judgement is required to arrive at a
suitable correlation figure.

Complicating matters is the lag between changes in equities and property values. This could be
a function of implicit smoothing in property valuations but it could also reflect underlying delays
in the transmission of market shocks to property markets: market falls could in time lead to a
“credit crunch” affecting the roll over commercial property loans, triggering distressed sales.
As noted in section 3.4.3 above, this lag is significant in the context of a one-year value at risk
(VaR) as while over the 2-3 years of a market downturn we may see significant falls in both prop-
erty and equity markets, over the 12-month period where we might see the worst equity market
falls, only part of the fall in property values may come through due to a lag effect. It may be appro-
priate to scale back correlations between one-year property returns with equities and other market
variables to reflect this partial impact.
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3.4.5. Bond default and downgrade risk

From section 3.1, there is strong correlation between corporate bond spread indices with equities
and other markets, but these index changes mostly relate to general movements in spreads as
opposed to defaults and downgrades. Spread changes will be driven as much by changes in
investor sentiment regarding credit risk as actual defaults and downgrades.

Spread changes will also be affected by bond market liquidity issues, with forced sales in
stressed markets pushing down mark-to-market prices and pushing up spreads. In some
instances, liquidity issues could cause spreads to exceed even pessimistic forecasts of defaults:
in the aftermath of Lehman’s for instance, US investment grade corporate bond spreads exceeded
6% p.a. By contrast, the worst single year of the Moody’s 2021 Corporate Bond Default Survey was
1938 when the investment grade default rate reached 1.55%°.

Given the impact of investor perceptions of credit risk as well as market liquidity factors on
spreads, there is a need to consider bond default and downgrades separately from spreads in
assessing correlations.

Chart 7 below compares Moody’s yearly data on global investment grade and aggregate bond
defaults with the investment grade US corporate bond spread index from 1997 (see section 3.1) as
a proxy for global bond spreads.

In terms of correlations, the key issue to note is the limited data on investment grade defaults
which are zero in most years, while others just relate to a single default — for example, the 2019
investment grade default figure is due to the bankruptcy of the Pacific Gas and Electric Company

Lehmans -
WorldComm Default — 4| Eurozone crisis
Default Q3,2008 2010-2012 Covid-19

'ﬂ : Commodity Bust: Oil & Gas
s 0 account for 1/2 of defaults
. . as oil falls to US$33/barrel

LTCM Crisis
Q3,1998

Q2,2002
Enron Default Start of US
Q4,2001 . sub-prime

" \ b crisis Q2,2007

bps

Pacific Gas &
Electric Company

Default Q1,2019 \’-\_
—3.00

Chart 7. Moody’s bond defaults and US IG corporate bond spreads 1997-2020.

33This comparison needs to be caveated: the spread will also reflect the risk that a bond may be downgraded, possibly to
sub-investment grade, resulting in higher default rates. On the other hand, the loss rate will be lower than the default rate due
to recoveries on default.
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following forest fires in California for which it was held partially culpable®*. This is likely to distort
any empirical correlation estimate.

This could be addressed by incorporating downgrade losses, which are likely to be more
important for investment grade bond portfolios anyway. Moody’s supply details of downgrade
(and upgrade) rates as part of their annual default study, and losses on downgrade could be esti-
mated by reference to historic differentials in corporate bonds yields for different ratings and
terms, though this would not be a trivial exercise.

Notwithstanding the issues with limited data, from Chart 7, we can draw two broad conclu-
sions. First, as we may expect, there is a link between bond defaults and bond spreads, particularly
in stressed market conditions like the Global Financial Crisis. This isn’t perfect however, as spread
rises may be driven as much by investor fears (e.g. of systemic risk issues during the Eurozone
crisis) and liquidity issues as credit risk.

The other thing to note is the lag between spread rises, with their concurrent market falls, and
defaults emerging. Taking the Global Financial Crisis as an example, spread started rising in H2,
2007 due to a mixture of credit concerns and a squeeze in liquidity caused by the US sub-prime
crisis. The big surge in defaults however arose in 2008, and continued into 2009, even though bond
spreads had started to recover after Q1, 2009.

This lag between market expectations of default, as expressed in spreads, and defaults them-
selves is to be expected, particularly as bonds usually go through a number of downgrades before
finally defaulting. There may also be a lag in terms of how market downturns and financial crises
transmit to the wider economy through a “credit crunch” triggering recession and defaults by non-
financial issuers. As for property risk, there may be a case to scale back bond default and down-
grade correlations with spreads, equities and other market variables for a one-year VaR assess-
ment to allow for lag effects so that only part of any stress to defaults and downgrades comes
through in the worst 12-month period for spreads etc.

3.4.6. Other counterparty default and downgrade risk

In terms of other counterparty defaults and downgrades, such as reinsurers and derivative coun-
terparties, it will generally be impractical to assess these on an empirical basis due to the more
limited number of counterparties involved. Instead, correlations are likely to be based on expert
judgement.

3.4.7. Addressing limitations in empirical analysis
Given the limitations of empirical analysis, there is a need to supplement this with qualitative
analysis to form a better understanding of dependencies. This should encompass analysis of

« historic periods of stress to better understand tail dependence;

« academic research and other papers on dependencies between risks, how these have changed
in the past, and how these may change in the future; and

o forward-looking scenarios, again to understand how risks could interact in the future.

These are considered in the following sections.

3See “Pacific Gas & Electric Company’s Fall from Investment Grade into Bankruptcy”, New England Asset Management, 2"
April 2019 available at: https://www.neamgroup.com/insights/pacific-gas-electric-companys-fall-from-investment-grade-
into-bankruptcy. This default is an example of the potential impact of climate change on corporate credit risk.
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4. Analysis of stressed financial conditions

Appendix IT includes details of historic stress periods and how these affected multiple risks. Based
on an analysis of these, the following observations can be made on the relationships between
markets at the tail.

4.1. Equities and corporate bond spreads in stressed market conditions

There is a strong degree of correlation between equity falls and corporate bond spread rises in
stressed conditions, though the link is not perfect. If we consider the peak 12-months movement
in the ICE BofAML US Corporate Bond (COAO) spread index from 1997, this was a rise of
+456bps in the year to 31%* October 2008, compared with the 99.5"" percentile of the empirical
distribution of rolling 12-month changes from 1997 of +428bps®**. The MSCI US equities index
fell —37.5% in the same period, which would be close to the 98™ percentile fall in the empirical
distribution of US equities from 1997°¢. The peak fall in US equities since 1997 was —44.5% in the
12-months to February 2009 when the 12-month change in (COAO) spreads was +296bps which
would equate to the 98™ percentile of the empirical distribution of spread changes.

The 98" percentile movement in equities/spreads when spreads rises/equity falls peaked
suggest very high correlation but not 100% - otherwise both would have peaked at the same time.
The close correlation can be explained by investor risk aversion affecting both corporate bond and
equity markets in light of losses on US sub-prime securities and the subsequent default of
Lehman’s in September 2008.

If we look at the “dot.com” bust, there were fewer extreme movements in both spreads and
equities. The maximum fall in US equities over 2000/03 was —28% in the 12-months to end
September 2001, which is unsurprising given the events of 9/11. This equates to a 97" percentile
fall from the empirical distribution of US equity price changes from 1997%. However, there was
only a + 32bps rise in spreads in this month, and spreads were only up +19bps on the year before,
which equates to the 66" percentile of one-year movements from 1997.

The peak rise in spreads in the period 2000/03 was +86bps in the 12-months to end 2000,
which would equate to the 927 percentile of the empirical distribution of spreads. Over the same
period, US equities fell by —14% which would equate to the 88" percentile of the empirical
distribution of returns while the MSCI World index fell by —11%, which would be roughly
the 84" percentile.

Another notable spread shock was the rise of +77bps in the 12-months to end July 2002,
shortly after the WorldCom bankruptcy, one of the largest in US history. This equates to the
90t percentile of empirical spread movements. US equities fell by —7% in this month and were
down —25.5% over 12-months which would be around a 96 percentile fall from the empirical
distribution of price changes. From Appendix I, given a 95 percentile movement in risk A, the
average movement in risk B is the 90 percentile assuming a + 75% correlation and a Gaussian
copula®, so we could infer a correlation of around +75% from the combination of spread and
equity changes in the 12-months to end July 2002.

In general, the period of the “dot.com” bust again illustrates the close correlation of equities and
spreads in stress conditions, but also that the correlation is less than perfect. This reflects different

3Based on data from January 1997, with 277 rolling 12-month changes from January 1998 to December 2020, the 99.5%
percentile of 428bps was evaluated using the PERCENTILE function in Excel.

3Data from 1997 used for consistency with spread data. US equity data is available from 1969 from MSCI, with 601 rolling
12-month changes from January 1970 to December 2020. The 99.5™ percentile fall of —40% based on data from 1969 is the
same as that from 1997, but the 98™ percentile fall would be ca.-28%, and a fall of —37.5% would be more akin to the 99™
percentile.

370r 98 percentile based on the empirical distribution of 12-month changes from 1970 above.

38A T-copula with 5 degrees of freedom would have a similar average percentile change - see Appendix I.
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drivers - for instance, equity market falls were driven in part by a bust in internet stocks which
were not major issuers of corporate bonds.

Finally, considering the recent COVID-19 pandemic, the initial shock led to a spike in spreads
and sharp equity falls in February/March 2020 before intervention by the US Federal Reserve and
other central banks on 23" March stemmed market falls. At this stage, US corporate bonds had
peaked at 401bps, up +276bps on the year before. This would be close to the 98" empirical
percentile of spread changes. US equities fell —20.3% in the 12 months to 23" March, broadly
akin to the 92" empirical percentile fall. Again, this points to a high but not perfect correlation
between bonds spread and equity changes in stress conditions.

4.1.1. Bond default and downgrades in stressed market conditions

From section 3.4.5, Chart 7, we can see a clear link between bond defaults and downgrades and
spread rises — and from above equity falls - in stress conditions such as the “dot.com” bust of
2000/03 and the Global Financial Crisis of 2007/09. Falls in the value of property and other collat-
eral will exacerbate losses on default.

However, the correlation is not perfect. For instance, from the Moody’s 2021 default study,
there was over US$2bn of investment grade defaults in 2005 in what was a positive year for equi-
ties, with the MSCI World index of developed market equities up nearly +14% on the year.
Looking back further, there were no investment grade defaults in 1987 or 1988, despite the large
equity market falls in October 1987.

Following on from section 3.4.5, there is also a lag between market falls and defaults coming
through. This is illustrated by the continued rise in defaults caused by the COVID-19 pandemic
over 2020 while markets recovered from their trough in March 2020: of US$228m of (mostly sub-
investment grade) bonds and loans defaulting in 2020, 92% have arisen after Q1, at a time when
bond spreads have fallen back to end 2019 levels and equity markets have risen on average by
+60% since 23" March 2020.

4.1.2. Derivative counterparty default and downgrades in stressed market conditions

Considering first derivative counterparties, the example of the Lehman’s default during the Global
Financial Crisis highlights both how stressed markets could trigger counterparty default and how
such a default could amplify a crisis. Amongst other things, market falls reduced the value of
collateral held, while rising option prices post-Lehman’s increased the price of replacement
hedges, exacerbating losses on default.

Looking forward, the move towards central clearing of derivatives should limit the impact of
individual counterparty default, but it will not remove this entirely: even if central clearing can
mitigate counterparty losses, the removal of an investment bank counterparty will limit market
capacity to provide hedging solutions and will drive up the price of option protection and implied
volatility.

Central clearing also creates a tail risk in respect of the failure of the central clearing house.
While remote, this is not improbable: a notable feature of the 1987 stock market crash was
the failure of the Hong Kong Futures Exchange clearing house, which required a government
bailout, highlighting that even clearing houses could fail in extreme market events®”. Were a major
clearing house to fail, the impact on markets could be even greater than that of Lehman’s.

39See “Central counterparties in evolving capital markets: safety, recovery and resolution” by Paul Tucker of the Bank of
England, Banque de France Financial Stability Review No. 17, April 2013, available at: https://www.bankofengland.co.
uk/-/media/boe/files/paper/2013/central-counterparties-in-evolving-capital-markets-safety-recovery-and-resolution.pdf?la=
en&hash=C2A8FFF6F1CFOE99B96DE150731948E1A5B5C44A
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4.1.3. Reinsurance counterparty default and downgrades in stressed market conditions

Reinsurers are a key counterparty for most insurers. A notable failure during the Global Financial
Crisis was AIG which amongst other things was a major reinsurance counterparty, as well as a key
writer of bond default protection for other insurers. AIG was bailed out by the US Government
due to the potential impacts of a default on other market participants, but this “near miss”
highlighted the potential for market stresses to undermine reinsurance counterparties — and also
that the Global Financial Crisis could have been so much worse.

Other victims of the crisis were monoline insurers such as Ambac and MBIA. These were
AAA-rated insurers who obtained a premium from issuers to cover investor losses should the
issuer default. This guarantee allowed issuers to share in the insurers’ AAA-rating, but heavy
losses from US sub-prime and related bonds they insured led to Ambac declaring bankruptcy
in 2010 while MBIA was downgraded to B in the same year. The failure of these guarantors
led to mass downgrades of the bonds they guaranteed, further contributing to downgrade losses
in the crisis.

Aside from AIG and the monoline insurers, other reinsurers suffered losses as a result of the
crisis which resulted in many being downgraded. Among these was Swiss Re which was down-
graded in 2008 due to market and credit losses which gave rise to a loss of CHF864m*. Looking
forward, such reinsurer downgrades may give rise to losses due to the need to increase counter-
party adjustments to reinsurance assets in the calculation of insurers’ technical provisions,
highlighting the link between stressed markets and reinsurer counterparty losses.

Note that as well as market losses impacting on reinsurer financial strength and credit rating,
catastrophic events can lead to large insured losses and drive down markets. An example of this
would be 9/11. This gave rise to one of the largest cumulative insured losses of all time at
US$26bn*!. Of 20 major reinsurers, 14 were downgraded in the following two years*’.
Meanwhile MSCI US and World indices fell by —7.7% and —9.0% respectively in September
2001, and by —23% and —22% respectively over the following 12-months, while US investment
grade corporate bond spreads rose by +52bps over the year.

That said, the costliest event for insurers to date was Hurricane Katrina in August 2005, with
total losses of US$82bn. While this triggered reinsurer downgrades, the impact on markets was
more muted: MSCI US and World equity indices only fell by —1.1% and —0.1% respectively that
month with little impact on corporate bond spreads.

On balance, while reinsurers do seem to be vulnerable to the risk of downgrade in stressed
market conditions, and while catastrophic events can also trigger market falls as well as large
insured losses, the link is far from perfect. There may be no more than a medium correlation
between reinsured default and downgrade and market falls.

4.1.4. Retail loan defaults in stressed market conditions

From section 3.4.3, falling markets are correlated with lower economic growth and higher unem-
ployment, albeit with a lag. If we look at the Global Financial Crisis, market falls led to a “credit
crunch” which transmitted market falls to the wider economy leading to recession and higher

“Rating Action: Moody’s Downgrades Swiss Re Ratings (Senior to Aa3); Ratings on Review Down”, Moody’s 6 February
2009 (see https://www.moodys.com/research/Moodys-Downgrades-Swiss-Re-Ratings-Senior-to-Aa3-Ratings-on-PR_172287)
with loss figure of CHF864m from Swiss Re’s 2008 annual report available at: https://www.swissre.com/dam/jcr:17¢c37fad-
ac3c-44aa-b65a-a12ad8052525/SwissRe_AR08.pdf

Source: “Most costly catastrophes to the insurance industry worldwide from 1970 to 2017”, Statista, available at https://
www.statista.com/statistics/267210/natural-disaster-damage-totals-worldwide-since-1970/

“280urce: S&P survey referenced in “Cedents focused on security due to reinsurer downgrades”, Judy Greenwald, Business
Insurance, November 9th 2003 - see https://www.businessinsurance.com/article/20031109/ISSUE03/100013713/cedents-
focused-on-security-due-to-reinsurer-downgrades
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unemployment. In the UK for example, there was a peak-to-trough fall in GDP of ca. —6% while
unemployment rose from 5.35% in Q2, 2007 to 8.0% by QI, 2010.

The economic downturn and higher unemployment led to a marked increase in mortgages in
arrears with UK mortgage arrears rising from just over 40,000 at the end of Q2, 2007 to a peak of
nearly 81,500 in Q1 2009*’. They then decreased as banks took possession of homes and sold these
off. Exacerbating losses, UK house prices declined by nearly —20% in the same period, though they
recovered from Q1, 2009,

Note that even before the crisis, unsecured loan losses were rising in the UK with the number of
personal insolvencies in the UK spiking upwards by 60% in 2006 to 100,000%. It is likely that high
house prices were masking underlying issues with mortgage creditworthiness that were then
exposed by the fall in house prices during the crash. In this way falls in house prices during a
crash can crystallise credit losses on mortgages, which may in turn lead to losses on bonds linked
to these.

The link between market downturns and mortgage and other loan defaults is far from perfect
however. During the 2000/03 stock market downturn, while US unemployment rose, UK unem-
ployment declined and UK house prices grew strongly during the period.

More recently, although the COVID-19 pandemic led to sharp market falls initially as well as a
modest increase in UK unemployment from 4% to 5.8%, arrears totals have stayed broadly similar
over 2020 at just under 40,000, while UK house prices have risen +7% over 2020.

4.2. Property in stressed market conditions

From section 3.4.4, there were sharp fall in US commercial property markets during the Global
Financial Crisis. UK and other commercial property markets also experiencing sharp falls at this
time, while there were also sharp falls in house prices, with US house prices falling —17.5%
between June 2007 and March 2009* and UK house prices falling —20%. This suggests at least
a medium correlation between property, equities and bond spreads.

However, one would argue against a high correlation for two reasons. First, as noted in section
3.4.4., there is a lag effect which should temper correlation assumptions. The US property index
only reached its trough 12 months after the low point for US equities in Q1 2009. The UK reached
its trough sooner in Q2 2009, but again this was at a time when UK equities were recovering
strongly. Average US house prices, which were already falling before the crisis began, continued
falling as markets recovered from March 2009, not reaching their trough until early 2012,
by which stage they had fallen a further —8%.

Second, it is also worth noting that during the “dot.com” bust, property prices were generally
growing while equity prices were falling, so the connection between property and equity markets is
not as strongly linked as say equity and corporate bonds.

4.3. Interest rates in stressed market conditions

Mindful of the potential knock-on impact of market falls on the wider economy, central banks
have frequently responded by easing monetary policy. For instance, during the “dot.com” bust,

“3Regulated mortgage loan totals - see detailed tables spreadsheet, section 1.6, of the UK Financial Conduct Authority’s
Mortgage Lending and Administration Return (MLAR) statistics, March 2021, available at: https://www.fca.org.uk/data/
mortgage-lending-statistics

#Source: Nationwide UK monthly house price index data downloaded from https://www.nationwidehousepriceindex.co.
uk/resources/f/uk-data-series

45Page 20 of the Bank of England’s April 2007 Financial Stability Report: https://www.bankofengland.co.uk/financial-
stability-report/2007/april-2007

46S&P Dow Jones Indices LLC, S&P/Case-Shiller U.S. National Home Price Index [CSUSHPISA], retrieved from FRED,
Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/series/ CSUSHPISA
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having initially increased federal funds rates from 5.5% to 6.5% p.a. over 2000, the US Federal
Reserve then cut base rates to 1.75% p.a. by end 2001, 1.25% by early 2002 and 1.00% by June
2003. Similarly, having increased base rates to 6% p.a. in 2000, the Bank of England then cut these
to 3.5% by July 2003.

The rate cuts helped drive down bond yields with 10-year US T-bond yields decreasing from
6.45% p.a.at the end of 1999 to 3.37% by May 2003, though the reduction in 30-year yields was
smaller, falling from 6.48% p.a.at the end of 1999 to 4.59% by May 2003. The fall in UK Gilt yields
was more muted, with 10-year yields falling from 5.38% p.a. at the end of 1999 to 4.16% by May
2003 while the 25-year yield was generally higher over the period than 4.23% at end 1999.

During the Global Financial Crisis, central banks responded to falling markets not just by
cutting short-term base rates but also by buying bonds under QE programmes. In doing so, mone-
tary policy started to directly impact on longer-term bond yields.

The US federal funds rate was cut from 5.25% p.a.to 4.25% by end 2007, to 2% by April 2008
and then to 0.25% by the end of 20087, with the US Federal Reserve also starting to buy US$600bn
in mortgage-backed securities from November 2008 as part of QE*. Similarly, the Bank of
England cut base rates from 5.75% p.a. in July 2007 to 2% by end 2008 and 0.5% from March
2009*, at which stage it started buying £165bn of Gilts as part of QE. The European Central
Bank (ECB) cut its deposit facility rate from 3% p.a.in mid-2007 to 2% at end 2008 and
0.25% in April 2009°°, with a €60bn QE programme buying covered bonds starting in May 2009.

Combined with investor risk aversion and flight to quality, this monetary stimulus pushed
down government bond yields. 10-year US T-bond vyields fell from 5.03% p.a.at the end of
June 2007 (when troubles were starting to emerge with US sub-prime assets) to 4.04% at end
of 2007 (—99bps over H2 2007), then to 3.83% by the end of August (pre-Lehman’s) and
2.25% by end 2008, a fall of —179bps over the year, before recovering to 3.53% by mid-2009.

UK 10-year Gilt yields did not fall as far, but still fell from 5.36% p.a.at the end of June 2007 to
4.52% p.a. (—84bps) at the end of 2007 and 3.39% by end 2008 (—113bps over the year). They then
spiked upward by nearly +70-bps in January 2009 as there were concerns over the solvency of the
UK government following the bailout of banks. The price of insuring UK government bonds over
5 years rose from less than 20bps in August 2008 to more than 100bps by the end of the year and
to ca.150bps by mid-January 2009°'. However, the introduction of QE in March 2009 helped drive
10-year Gilt yields down to 3.30% at end March, before yields recovered to 4.20% p.a.by the end
of 2009.

German 10-year Bund yields also saw significant falls, from 4.56% at mid-2007 to 4.21% by end
2007 (-35bps) and 3.05% by end 2008 (a fall of —116bps over the year). Ominously, however, the
yields on 10-year Greek government bonds rose from 4.53% p.a. at end-2007 to 5.08% at end-
2008, as the 10-year spread over Bunds rose from +32bps to +203bps. This rise in sovereign
spreads would ultimately lead to the Eurozone crisis of 2010/12.

From the Global Financial Crisis, we can see a link between equities and spreads on the one
hand and interest rates and highly rated government bond yields on the other. Central banks
respond to market turmoil by cutting rates and pushing down longer-term bond yields using
QE. Yields on US T-bonds and other highly rated government bonds will also be driven down
by a flight to quality into safer issues, but for lesser rated sovereign issuers, the same investor risk
aversion could see government bond yields rise due to a rise in sovereign spreads.

“https://www.federalreserve.gov/monetarypolicy/openmarket.htm

A good summary of QE programs can be found at: https://en.wikipedia.org/wiki/Quantitative_easing

“https://www.bankofengland.co.uk/monetary-policy/the-interest-rate-bank-rate

50https://Www.ecb.europa.eu/statS/policyﬁandfexchangeirates/keyﬁecbiinterestfrates/html/index.en.html

>1See section 7.3, pages 139-140 of “The IFS Green Budget” by the Institute for Fiscal Studies, January 2009 at https://www.
ifs.org.uk/budgets/gh2009/09chap7.pdf
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This dynamic was also seen more recently with the response to the COVID-19 pandemic. The
US Federal Reserve cut its federal funds rate by —150bps in March 2020 to near zero. While other
central banks had less scope to cut rates, the Bank of England also cut its base rate from 0.75% p.a.
to 0.1% p.a.at this time.

Central banks also expanded QE programmes. The Federal Reserve announced US$700bn of
asset purchases, and crucially expanded the range of bonds it would buy to include some
sub-investment grade bonds which stemmed a rout in markets for these. The Bank of
England bought another £200bn of Gilts while the ECB launched a €750bn programme to drive
yields down.

Coupled with a flight to quality, this result was a sharp fall in government bond yields with
10-year US, UK and German bond yields falling by —122bps, —46bps and —24bps in Q1 2020
to 0.7%, 0.36% and —0.54% p.a. respectively. However, investor risk aversion saw yields on
10-year Greek bonds rise from 1.42% to 1.97% p.a. over Q1 and 2.05% by the end of April, before
falling back to 1.32% at the end of Q2 as markets recovered.

4.3.1. Upward shocks to interest rates

It is important to note that the experience of the Global Financial Crisis and COVID-19 may not
always hold for future market crises. There is another dynamic between interest rates and markets
where interest rates may be the cause of market falls as opposed to just being driven down by these.
An upward shock to rates, particularly if unexpected, can trigger falls in equities and other
markets.

An example of this is the sharp rise is US T-bond yields in 1994 (see section 3.2). In the first
instance, US stocks fell initially but recovered, in part because the rate rise came to be seen as
indicative of the health of the US economy. However, UK, European and Asian (ex Japan) shares
ended down —9.9%, —8.4% and —20.5% respectively due to the impact of higher rates.

This link is far from perfect, and even unexpected monetary tightening may not trigger wider
market falls. For instance, the “taper tantrum” of 2013 — where mooted reductions in QE by the
US Federal Reserve triggered a spike in global bond yields - did not stop the MSCI World index
rising +26.3% over the year, with little impact on corporate bond spreads. However, the MSCI
Emerging Markets index fell —5.0% over the year, so these markets are likely to be more vulnerable
to tighter US monetary policy.

Another dynamic to consider is the impact of inflationary shocks on both interest rates and
equity markets. A classic case of this is the 1973/74 oil shock, which led to the MSCI World index
falling by —39.2% in the 12 months to end September 1974 while long-term US T-bond yields rose
by +88bps in the same period. While central banks have been successful in keeping inflation low
in recent times, there is still a risk of a shock to inflation either because of a geopolitical event like
the Yom Kippur War in 1973, or at an individual country level, because of a sharp depreciation in
currency. This could lead to higher base rates to combat inflation which would push up bond
yields and also depress economic demand, which could in turn lead to equity falls and rising bond
spreads.

4.3.2. Real yields and implied inflation rates in stressed conditions

Rises in inflation can trigger interest rate and wider market stresses, but market stresses will also
have a bearing on real yields and market implied inflation rates. The following Chart 8 highlights
UK and US> real yields and implied inflation rates, highlighting periods of market stress.

2Source: US Federal Reserve - https://www.federalreserve.gov/data/tips-yield-curve-and-inflation-compensation.htm
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Chart 8. Change in US and UK real yields and implied inflation rates from 2000.

Looking first at real yields, like nominal yields, QE and a “flight to quality” could drive these
down in stress conditions, as happened with the COVID-19 pandemic.

However, the experience of the Global Financial Crisis suggests other factors at play: while
generally US and UK real yields were falling from the start of the crisis in June 2007 to
August 2008, they spiked upwards after Lehman’s: 10-year US real yields rose + 174bps from
1.78% p.a. at the end of August to 3.52% by the end of October 2008 before falling back, while
10-year UK real yields rose + 181bps from 0.97% p.a. at the end of August to 2.78% by the end of
November 2008. Real yields at other terms also rose in this period - from August to October 2008,
US 5- and 20-year yields rose by +235bps and +106bps, while from August to November 2008,
UK 5- and 20-year real yields rose by +292bps and +83bps respectively.

The spike in real yields after Lehman’s is puzzling as nominal yields were falling in the same
period. Index linked government bond markets are smaller and less liquid than nominal markets,
and these could have been more affected by forced sales, for example to raise cash to meet
margin calls.

In any case, rising real and falling nominal yields resulted in a significant reduction in implied
inflation. In the UK,10-year implied inflation fell from 3.56% p.a. at the end of August to 1.23% by
the end of November 2008, before rising to 2.23% p.a. by March 2009 and 3.31% by end 2009.
Similarly, US 10-year implied inflation fell from 2.33% p.a.at the end of August to 0.39% by the
end of November 2008, before rising to 1.45% p.a. by March 2009 and 2.58% by end 2009. This
highlights the potential shifts in implied inflation rates in stressed conditions which could have
significant implications for valuations based on these.

Examining other periods of stress, the fall in US real yields and more limited reductions in UK
real yields during the 2000/03 downturn are broadly consistent with changes in nominal yields in
the same period, while the rise in real yields during the 2013 US QE “taper tantrum” is again
broadly consistent with rises in nominal yields.
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In summary, in stressed conditions, drivers of nominal yield changes are likely to have a similar
impact on real yields, but other factors could lead to a disconnect like that in the months after
Lehman’s, so the correlation between the two will be far from perfect. Different changes in real and
nominal yields could lead to significant variations in implied inflation at the tail.

4.4. Currencies in stressed market conditions

The evidence of the Global Financial Crisis of 2007/09 is that in stressed market conditions safe
haven currencies such as the US Dollar and, to a lesser extent, the Yen, Euro and Swiss Franc tend
to appreciate against other countries. For instance, during the Global Financial Crisis, the Pound
Sterling depreciated by —29% against the US Dollar, —27% against the Euro and by —43% against
the Yen between June 2007 and March 2009. This could have been due to concerns over the UK’s
prospects following its bank bailouts, but the Australian Dollar also depreciated by —18% against
the US Dollar over the same period. Given the falls in equities and rises in corporate bond spreads
in this period, this points to at least a medium correlation between these and US Dollar
appreciation.

More recently the COVID-19 pandemic again highlighted the role of the US Dollar in partic-
ular as a safe haven currency. Between the end of 2019 and the 23" March, when the US Federal
Reserve took action to stabilise markets, the Pound Sterling and Australian Dollar had depreciated
by —13% and —18% respectively against the US Dollar and even the Euro and Yen had depreciated
by —4% and —2% respectively in a period which also saw sharp falls in equities and spikes in bond
spreads. As well as its status as a safe haven currency, this appreciation of the US Dollar may have
also been due to issues with US Dollar funding markets.

The “dot.com” bust also saw depreciation in the Pound Sterling and Australian Dollar against
the US Dollar initially, with falls of —12% and —26% from end 1999 to March 2001. However,
these currencies recovered to end up stronger against the US Dollar by end 2003 than at end
1999 due to better economic conditions than the US with unemployment latterly falling in the
UK and Australia as it was rising in the US. This highlights another dynamic in currency move-
ments beyond flight to quality into safe haven currencies, relating to relative impacts on economic
growth in different countries (/currency zones) and hence on interest rates.

Another dynamic to consider is fixed exchange rates and how these may come under pressure
in stressed market conditions. For instance, the Eurozone crisis of 2010/12 brought the future of
the Euro into question and the Euro fell by —10% against the US Dollar in the 12-months
following the first bailout of Greece in May 2010. It subsequently recovered from May 2011
and it is worth noting that the major falls in European equities arose in the subsequent 12-months
to May 2012.

A more serious example is the collapse of the pegs to the US Dollar during the Asian Financial
Crisis of 1997/98, starting with the Thai Baht in July 1997 and then encompassing Malaysia
Indonesia, the Philippines and South Korea. This led to depreciation of —40% or more against
the US Dollar which in turn led to a banking crisis as borrowers could no longer service US
Dollar loans. This and the resulting economic downturn led to a fall in the MSCI Asia ex
Japan index of —58% from July 1997 to a trough in August 1998, with spreads on Asian US
Dollar-denominated bonds increasing by 680bps to September 1998 and significant falls in prop-
erty values.

4.5. Commodities in Stressed Market Conditions

The links between what may be termed resource commodities such as oil and copper and other
financial markets in stressed conditions may differ from investment commodities such as gold
which may be viewed as a safe haven in market turmoil.
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Chart 9. Falls in commodity prices compared to equity prices, 2014-2016.

4.5.1. Resource commodities - Oil and copper

The impact of the Global Financial Crisis of 2007/09 on commodities can be broadly split into two
parts: the 12-months following the emergence of problems with US sub-prime securities in June
2007, and the period from then until markets started to recover in Q2 2009.

Up to Q2 2008, oil and copper prices, though volatile, were increasing, with copper up +10% in
the 12-months to end June 2008 while Brent crude was up +92% to US$138.4/barrel in the same
period. This was at odds with market falls with the MSCI World index down —17% over this
period and US corporate bond spreads increasing by +174bps, but it should be noted that up
until Q2, 2008 economies were still growing despite financial market turmoil and a looming credit
crunch. However, as economies started to move into recession in Q3, 2008, and particularly after
Lehman’s defaulted, oil and copper prices crashed, with copper down —55% and Brent crude
down —67% in the nine months to end March 2009.

As well as price fluctuations during the Global Financial Crisis, it is also worth noting the collapse
in commodity prices between 2014 and 2016: between June 2014 and January 2016, Brent crude fell
—70% to just over US$33/barrel, while copper fell —34% over the same period. This was driven more
by structural supply issues than economic growth or market turmoil®®. Economic growth was steady
over the period, with OECD economies growing 6.8% over 2014/16.

As we can see from Chart 9 below, the MSCI World index was broadly rising over the same
period, while investment grade corporate bond spreads were broadly stable for most of the period,
except for a brief spell at the end of 2015/start of 2016 where they rose on fears of a slowdown in
Chinese economic growth before falling back. However, from section 3.4.5, Chart 7, the decline in
commodities did affect sub-investment grade defaults which spiked in 2015/16 with oil and gas
accounting for half of these.

In conclusion, resource commodity prices will be driven more by structural issues and
(prospects for) economic growth than by equities and other financial markets, though to the
extent market turmoil feeds into lower growth there will be a link, while shares and bonds linked
to commodity prices will be vulnerable to falls in these.

5%“The collapse in commodities”, MoneyWeek, 31 July 2015
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4.5.2. Investment commodities - Gold

Investment commodities such as gold are less linked to economic growth and may be sought as
safe haven in times of market turmoil. Considering the Global Financial Crisis, in the 12-months
to end June 2008, gold prices had risen +43% to over US$930/troy ounce which we might expect
given gold’s reputation as a safe haven. However, it then fell —21% up to end October 2008,
despite — or perhaps because of - the turmoil caused by Lehman’s, before recovering +25% to
end March 2009 to US$916.5/troy ounce.

This rally continued even as equities and bond markets rebounded over the rest of 2009, finishing
up at US$1,087.5/troy ounce by end 2009. While we might surmise a negative correlation between
gold prices and say equity markets up to mid-2008, the evidence beyond that is mixed to say the least.

A similarly mixed picture emerges when considering gold prices during the “dot.com” bust.
In 2000, when the MSCI World index fell by —10.8%, gold prices fell by —5.4%. The following
year, with the MSCI World index falling a further —15.2% following 9/11, gold rose slightly by
+0.7%. Then in 2002, with the MSCI World index falling —25.2%, we start to see gold moving in
the opposite direction, ending up +25.6% on the year. It then rose + 19.9% in 2003, but by this
stage, equities had reached their low point around the time of the Second Gulf War and had
rebounded with the MSCI World index ending up +22.8% over 2003.

In summary, while from section 3.1.2, the empirical correlation estimate between gold and
equities is slightly negative, the evidence from the “dot.com” bust and the Global Financial
Crisis of a significant negative correlation at the tail is not conclusive.

4.6. Option implied volatilities in stressed market conditions

Looking at the VIX index of implied equity option volatility since 1990 in Chart 10 below, we can
see that VIX spikes during periods of market stress, and so rises in implied equity volatility will be
highly correlated with equity falls and corporate bond spread rises in such periods.
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Chart 10. VIX and market stresses from 1990.
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Implied option volatilities will be a function of supply and demand. During periods of stress
there will be greater demand for option protection, pushing up implied volatilities. The default of
Lehman’s in September 2008 removed a major counterparty from the options market, which both
restricted supply and also increased demand for replacement cover. This helped VIX reach a then
high of 80.86 on the 20" November 2008.

Increased central clearing put in place since the Global Financial Crisis should reduce the
impact of an option counterparty defaulting, but this does not prevent imbalances arising between
those needing option protection and those willing to provide it. If anything, the tighter market risk
capital requirements imposed on banks after the Crisis will restrict capacity, which may be further
restricted by mark-to-market losses in stressed conditions. This may be why the November 2008
high was superseded during the COVID-19 pandemic, with VIX reaching a high of 82.69 on 16"
March 2020 following the largest one-day absolute rise in VIX to date of 24.86.

It is worth noting that there can be short-term spikes in VIX caused by transient market effects.
An example of this is the “flash crash” of Monday 24" August 2015 when the S&P500 fell by —5%
in the first few minutes of trading. This was blamed on falls in Asian markets leading to increased
demand for put option protection, which in turn led to increased shorting of the index**. Linked to
this increased demand, VIX jumped to 40.74 by the end of 24" August and while it subsided to
28.43 at the end of the month, it was still considerably ahead of its closing value on 31% July
of 12.12.

Another example would be the spike in VIX on Monday, 5" February 2018. This was triggered
by investment funds which were shorting VIX having to unwind positions™. The result was the
greatest one-day rise percentage rise in VIX of +115.6% from 17.31 to 37.32, with one fund run by
Credit Suisse having to wind up as it lost more than 90% of its value by Tuesday 6th>°. However,
by the end of the month, VIX had fallen back to 19.85.

Note that VIX just relates to 30-days options whereas most insurers will be exposed to move-
ments in implied volatility on longer-term equity options which are likely to be more stable. Such
transient spikes in VIX may be of little consequence to the assessment of correlations for a one-
year VaR assessment.

As well as equity options, insurers will also be exposed to implied swaption volatilities. While
there will be different drivers to these, similar dynamics in terms of supply are likely to arise in
stressed market conditions which might suggest a medium correlation between swaption and
equity implied volatilities which in turn would be highly correlated with equity market falls
and corporate bond spread rises.

4.7. Correlations between stressed equity markets

The following Table 8 summarises price returns for different markets in the worst 12-month
period for US equities during the “dot.com” bust, Global Financial Crisis and COVID-19
pandemic.

4Details can be found from “What happened during the Aug 24 flash crash”, CNBC, 25" September 2015, available at:
https://www.cnbc.com/2015/09/25/what-happened-during-the-aug-24-flash-crash.html and “The 2015 Flash Crash (August 24),
Definition and Brief History”, VantagePoint, available at: https://vantagepointtrading.com/trading-glossary/trading-glossary-
1/2015-flash-crash-definition-and-brief-history/#:~:text=The%202015%20flash%20crash%20refers%20t0%20the%20rapid,
flash%20crash%E2%80%9D%20and %20the%20%E2%80%9C2015%20stock%20market%20crash.%E2%80%9D

SSFor further details, see “What Caused the Volatility Tsunami on 5-Feb-2018?", Vance Harwood, February 142,021 avail-
able at: https://sixfigureinvesting.com/2019/02/what-caused-the-february-5th-2018-volatility-spike-xiv-termination/.

Note the ECB had presciently identified the risk that an increase in volatility could be exacerbated by investors winding
down short volatility positions in its November 2017 Financial Stability Review - see p180 of: https://www.ecb.europa.eu/pub/
pdf/fsr/ecb.financialstabilityreview201711.en.pdf?388c155a5c6018f984e46a69823a6268

56“Credit Suisse says it will end trading in the volatility security that’s become the focus of this sell-off”, CNBC, 6th February
2018, available at: https://www.cnbc.com/2018/02/06/the-Obscure-Volatility-Security-Thats-Become-the-Focus-of-this-sell-
off-is-Halted- After-an-80-Percent-Plunge.html
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Table 8. Equity Prices Returns during the Worst 12-Month Period for US Equities

MSCI Index: Asia x Emerging
Stress period: USA World UK Europe Japan Japan China Markets
“dot.com” bust —27.9% -28.5% —20.0% -—-28.8% —-30.4% —32.7% —45.4% —34.9%

(12 months to 28/9/2001)

Global Financial Crisis —44.5% —43.8% —35.3% —-443% —445% —47.0% —51.1% —57.2%
(12 months to 27/2/2009)

COVID-19 pandemic —-8.9% —11.4% -22.8% -158% -11.0% —14.1% —8.2% —19.8%
(12 months to 31/3/2020)

As we might expect, there is a high degree of correlation between markets, even with Asian and
Chinese markets which had lower levels of correlations estimated from data in Table 6a. However,
the correlation is not perfect — for instance, while the fall of —44.5% to end-February 2009 is
beyond an empirical 99.5" percentile fall for US equities, the fall of —47% for the MSCI Asia
(ex Japan) equity index is broadly akin to an empirical 98" percentile fall.

Looking at other tail events, we see other instances of differing equity markets diverging:

« 1973/74 - while US equities fell by —42.3% in the 12-month to end September 1974, UK
equities fell a lot further, by —55.8%, due to factors bespoke to the UK including secondary
banking crisis, industrial unrest and political turmoil.

« Asian Financial Crisis 1997/98 — while the MSCI Asia (ex Japan) fell by —50.9% in the 12-
months to end July 1998, the US market grew by 4-18% over the same period, with the MSCI
World index up +13% (though Japanese equities fell —16%).

These divergences would suggest a high but not perfect correlation between equity markets at the tail.

4.8. Correlations between stressed corporate bond markets

The experience of the Global Financial Crisis suggests a high degree of correlation between corpo-
rate bond markets, with rises in US investment grade corporate bond spreads to +641bps
matched for example by similar rises to +623bps and +689bps for UK and Asian US Dollar-
denominated investment grade issues.

Similarly, during the Eurozone sovereign debt crisis, spreads rose sharply over 2011, peaking
around the 5™ October at 4-272bps, + 310bps, 4-311bps and +343bps for US, UK, European and
Asian US Dollar investment grade indices™.

More recently, during the COVID-19 pandemic, spreads peaked around the 23 March 2020
when the US Federal Reserve intervened decisively to support markets. By this stage US, UK,
European and Asian US Dollar investment grade corporate bond spreads had reached
+401bps, +276bps, +243bps and +300bps respectively, representing increases of +300bps,
+144bps, +149bps and +166bps from the end of 2019.

The higher stress for US corporate bond spreads in Q1 2020 suggests correlations between
corporate bond markets, while high, are not perfect, with different markets experiencing different
percentile stresses. It should also be noted however that bond markets had seized in this period,
with prices and hence index spread levels more indicative than reflective of actual transactions.
A similar comment can be made for spread levels during the Global Financial Crisis. Low liquidity
in stressed markets will distort index spread levels and could lead to the level of correlation
between bond markets at the tail being under-estimated.

’Based on COA0, UC00, ER00 and ACIG investment grade corporate bond indices from ICE BofAML.
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That said, there can be genuine divergences between bond markets. For instance, during the Asian
Financial Crisis, Asian US Dollar investment grade corporate bond spreads increased by +680bps
between June 1997 and September 1998 while US corporate bond spreads only rose by +74bps in
the same period, and of this +57bps came in Q3 1998 and was driven more by the near failure of LTCM.

There are also instances of divergence between different classes of bonds by market. For
instance, during the Global Financial Crisis, spreads on investment grade US asset-backed secu-
rities (ABSs) nearly reached +1,000bps in the aftermath of Lehman’s, but spreads on UK ABSs
never exceeded +500bps°®. This was due to differences in profile, with US ABSs affected by sub-
prime mortgage losses whereas UK ABSs had a higher proportion of issues linked to whole-
business securitisations (WBSs). This highlights the heterogeneity that exists in bond markets
which always needs to be considered in modelling both bond spreads and correlations.

In summary, corporate and other bond markets may seize in stress conditions which may
understate both spread movements and correlations between markets. Correlations between
different corporate bond markets are likely to be high but not perfect.

4.9. Correlations between stressed property markets

The Global Financial Crisis saw property markets falling across different countries but at different
levels. Based on the US Federal Reserve commercial property data from section 3.4.4, US property
peaked in Q3, 2007 and then fell —37.9% to Q1, 2010 when it started to recover. Based on IPD valua-
tion data®®, UK property peaked earlier in Q2, 2007 and fell by —42.4% to a low point in Q2, 2009.

However, Eurozone property peaked later in Q4, 2007 and then only fell —8.8% to a low point
in Q4, 2009. This would suggest that while UK and US commercial property may be strongly
correlated, this is not the case for Eurozone property.

These comparisons need to be caveated that the figures are based on valuation-based indices
and could be distorted by different levels of implicit smoothing in these. If we look at quarterly
transaction-linked data from IPD which is available for UK and Eurozone property, both UK and
Eurozone indices peaked in Q3, 2007 and both reached their low points during the crisis in Q2,
2009 with peak-to-trough falls of —44.8% UK property and —14.7% for Eurozone property, which
suggests a greater degree of synchronicity between markets in timing if not impact.

If we look back further before the Global Financial Crisis, the worst year for UK property was
1990%° when the IPD price index fell —16.2%°!. While there was also a downturn in US commer-
cial property in this year, the US Federal Reserve property index was only down —2.6% on the
year. The fall in the UK market was exacerbated by an over-supply of office space in London,
highlighting the impact of idiosyncratic factors in individual markets.

On balance, there may be a medium/high correlation between some property markets in stress
conditions, such as the US and UK during the Global Financial Crisis, but other markets may be less
correlated at the tail, and with different markets being driven by idiosyncratic as well as global factors.

4.10. Correlations between government bond yields in stressed markets

As noted from section 4.3, central banks are likely to react to stressed markets by monetary easing.
Combined with flight to quality this will drive yields on most government bonds down, but the

>8Based on analysis of daily spread levels for ICE BofAML’s ROAO index of US investment grade ABSs and the UA00 index of UK
investment grade ABSs, the former peaked at +980bps on the 5% January 2009, while the latter peaked at +495bps on 3¢ April 2009.

Sourced from p36 of “The IPD Solvency II Review - Informing a new regulatory framework for real estate” (IPD, April 2011
- see https://www.ipf.org.uk/static/uploaded/5cef46ff-4c4f-4f4c-9fb26d5d70842d79.pdf).

In real terms, 1974 was the worst year with a real return of —29.4% - see “UK commercial property falls looks set to beat
landmark 1990s crash, IPD Index shows”, Europe Real Estate, 15™ December 2008, available at https://europe-re.com/uk-
commercial-property-falls-looks-set-to-beat-landmark-1990s-crash-ipd-index-shows-uk/31068

1Source: Booth and Mercato (2003), table 3.6.2.1.
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impact may differ depending on (a) the extent of monetary stimulus; and (b) how safe a govern-
ment’s bond is perceived to be.

If we consider the Global Financial Crisis, 10-year US T-bond yields fell by over —275bps
between June 2007 and end 2008 driven by both flight to quality and aggressive monetary easing,
including the introduction of QE in November 2008.

German Bunds only fell by around —150bps in the same period, as while Bunds are perceived as
a safe haven, the ECB did not relax monetary policy as much as the US with the ECB base rate still
at 2% p.a.at end 2008, and with Eurozone QE not introduced until May 2009.

10-year UK Gilts fell by around —130bps in the same period. The Bank of England was not as
aggressive as the US Federal Reserve and, as noted in section 4.3, the effects of monetary easing on
yields were partially offset by concerns over the solvency of the UK government following its
bailout of banks. Amongst other things, the introduction of QE in March 2009 allayed some
of these concerns by highlighting the UK’s ability to finance deficits by effectively printing money.

This option was not open to the Greek government which lost the confidence of investors at a
time of high levels of risk aversion, so notwithstanding the monetary easing by the ECB, the yields
on their 10-year bonds rose by +55bps over 2008. We may look at Greek government bond yields
as the combination of the yield on high grade government bond such as German Bunds plus a
sovereign spread, and the latter will widen like corporate bond spreads in periods of market stress.

Considering upward scenarios, the example of rising US T-bond yields in 1994 and 2013 cited
in section 3.2 again highlights the close synchronicity of rates, albeit with different impacts. For
instance, in 1994, the rises in 10-year yields varied from +201bps and +234bps for US T-bond
and UK Gilts to 164bps for Bund and +116bps for Japanese government bonds. Lower rated
issuers saw higher rises in yields - Italian 10-year government bonds rose by +326bps®, with
the spread over Bunds widening by +162bps, highlighting a positive correlation between such
sovereign spreads and upward stresses to higher rated government bonds.

Upward yield shocks may be driven by inflationary shocks. Some like the oil shock in 1973/74 will
have a global impact but the extent of the impact on inflation and government bond yields will vary:

« US inflation rose from 7.4% p.a.in September 1973 to 12.3% by end 1974(+490bps), with
10-year bond yields rising from 6.9% to 7.4% p.a. (+50bps) over the same period.

« UK inflation rose from 9.3% p.a.in September 1973 to 19.1% by end 1974(+4980bps), with
10-year bond yields rising from 11.1% to 15.9% p.a. (+480bps) over the same period.

o German inflation rose from 6.3% p.a.in September 1973 to 7.9% by end 1973 (+160bps)
before falling back to 5.7% by end 1974, with 10-year bond yields rising from 9.6% in
September 1973 to 10.8% in Q3, 1974 before falling back to 9.9% by end 1974.

The differences in inflation and bond yield impacts can be attributed amongst other things to differ-
ences in monetary policy and central bank arrangements which will vary from country to country
highlighting that even the impact of a common shock will have idiosyncratic, country-specific elements.

Furthermore, there is the risk that an inflation shock could be specific to a country or region, for
instance if there is sudden depreciation in a country’s currency. An example would be South Korea
which saw the Won depreciate by over 40% against the US Dollar during the Asian Financial Crisis
of 1997/98. This caused inflation to double from 4% in June 1997 to 9.55% in February 1998, which
in turn caused benchmark 3-year Treasury yields to rise from 12% p.a. to nearly 18% p.a.>.

%2Qrganization for Economic Co-operation and Development, Long-Term Government Bond Yields: 10-year: Main
(Including Benchmark) for Italy [IRLTLT01ITM156N], retrieved from FRED, Federal Reserve Bank of St. Louis; https://
fred.stlouisfed.org/series/IRLTLTO1ITM156N, March 5, 2021.

9See figure 1 of http://www.keia.org/sites/default/files/publications/kei_koreas_economy_choi.pdf - note that 3-year
Treasury bond yields was the benchmark at the time, though 10-year data is available from 2000.
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As an aside, it should be noted that although Hong Kong was able to defend its peg to the US
Dollar during the crisis, spreads on 10-year Hong Kong Dollar and US Dollar bonds widened to
over 5% by August 1998, with 10-year yields of 10% p.a. some 2.5% higher than their August 1997
level, highlighting the impact of speculation on individual country bond yields.

In conclusion, based on the Global Financial Crisis, there is likely to be a medium/high corre-
lation between downward movements in highly rated government bond yields in a market crisis,
though this will not be perfect as central banks will react in different ways, and flight to quality
may drive down US T-bond and perhaps German Bund yields lower than say UK Gilts.

There is likely to be a similar correlation for upward shocks to yields though again there will be
variances due to idiosyncratic features such as monetary policy and currency movements.

Sovereign spread rises are likely to be correlated with both downward shocks to yields of highly
rated government bonds arising from responses to market crises, and also upward shocks to yields
on these bonds.

4.10.1. Government bond yields and swap rates in stressed markets

Risk-free rates used in valuation may be based on government bonds, but alternatively - as under
Solvency II - they could be based on swap rates giving rise to a mismatch between liabilities
discounted at swap rates and government bond assets, and exposure to changes in the difference
between the two. The following Chart 11 shows how Sterling swap rates less Gilt yields have varied
from 19974,
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Chart 11. UK swap rates based on LIBOR less Gilt yields for selected terms from 1997.

%4Swap rates based on bank liability curves from the Bank of England, with data out to 15 years available from July
1997 - see https://www.bankofengland.co.uk/statistics/yield-curves
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We can see that market crises lead to spikes in the 1-year swap rate over Gilts. This is to be
expected as the swap rate at this duration will be driven by short-term LIBOR rates. These rates
reflect bank funding costs which will increase in stress conditions, most notably during the Global
Financial Crisis where there was a growing crisis of confidence in bank counterparties even before
Lehman’s defaulted, leading to a wide gap emerging between LIBOR and the base rate.

For the 15-year rate however, there appears to be a shift in how the swap spread changes in
stress conditions. In Q3, 1998, the near failure of LTCM led to a spike in swap spreads. LTCM had
built a very large position in swap spreads, betting on these falling, but suffered large losses as a
result of the Russian sovereign default of August 1998. This forced it to unwind its swap spread
positions, pushing spreads up. LTCM was rescued by a consortium of banks in late September
1998 and its positions were liquidated over the following year, with the fund wound up by early
2000. While the rescue helped ensure an orderly wind-down of its positions, this wind-down may
have contributed to further rises in swap spreads over the period.

While LTCM highlights the impact of counterparty risk in the swap market, with the Global
Financial Crisis we see a different dynamic emerging: hedging by pension funds and other finan-
cial institutions using swaps drove down swap rates relative to Gilt yields with the result that swap
spreads at the long end became negative. They have remained negative for most of the period
since, though the 15-year swap spread went slightly positive in April 2020.

Looking forward, the abolition of LIBOR will lead to swaps being based on interest rate bench-
marks such as SONIA which will not be as affected by bank counterparty concerns, so these will play
less of a role in changes in swap spread. At the long end, a key driver of changes may be the balance of
demand from institutions seeking swaps to hedge interest rate risk and supply from investment banks.

4.11. Conclusion - Analysis of stressed financial conditions
Analysing past periods of market stress, one can draw the following conclusions:

o Correlations between many risks at the tail is higher than what we may infer from empirical
correlation analysis, including:

o Equities v corporate bond spreads — while empirical analysis in section 3.1 might imply
medium/high correlations between equity falls and spread rises, analysis of stressed
markets suggests this is high, potentially 75% or more; and

o Equities v property — analysis of tails suggests at least a medium correlation whereas from
section 3.4.5, empirical correlations based on commercial property (as opposed to REIT)
indices was low even with allowance for lag effects.

« That said, correlations are not perfect — even in the highly synchronised events following the
default of Lehman’s, different markets peaked at different times, and there are many
instances of stressed conditions having little impact on some asset classes (e.g. property
during the “dot.com” bust of 2000/03).

o There is clear evidence of lag effects with many variables reaching their low point after equity
markets and bond spreads have started to recover, including:

o Property (though noting potential distortion caused by implicit smoothing);

o Bond defaults;

o Economic growth and unemployment.

« Key drivers of risks during downturns include:

o Investor risk aversion leading to selling of risk assets such as equities and corporate bonds
and a flight to quality into safer assets such as highly rated government bonds and safe
haven currencies.

o Central bank responses including rate cuts and QE which further drives down yields of
highly rated government bonds.

o Increased demand for option protection, driving up option implied volatilities.
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5. Academic research

Analysis of empirical correlations and stress events is intrinsically backward looking, and needs to
be supplemented by a forward-looking view of how risks may interact in future. This can be
found from academic research into systemic risks. There is extensive research available on this
(see section 5.3) but the author would note two papers in particular:

o “Systemic Risk in Financial Services” (Besar et al., 2009); and
o “Systemic Risk in Insurance” (Geneva Association Systemic Risk Working Group, 2010).

5.1. “Systemic risk in financial services”

This includes a detailed analysis of historic banking and wider market crises drawing on the
seminal analysis by Reinhart and Rogoff in “This Time is Different: Eight Centuries of
Financial Folly.” Tt examines the causes of these crashes and the transmission of shocks across
markets and institutions.

The key cause of market crises identified is a credit boom, leading to increased leverage and
maturity mismatch at banks and unsustainable rises in asset prices. Other causes include:

« Financial de-regulation - this is more a contributory factor as de-regulation helps credit
expansion while governance and risk management may not be adapted to the new regulatory
paradigm.

« Financial innovation - again governance and risk management may not be adapted to
handle new instruments such as Collateralised Debt Obligations (CDOs) in the run-up to
the Global Financial Crisis.

« Unsustainable fixed exchange rates — giving rise to “twin crises” when a country is forced to
abandon a currency peg with (a) banking losses on foreign currency debt and (b) high
interest rates required to limit depreciation of the currency triggering recession.

The paper does however note that before it broke down, the Bretton Woods system of exchange
rates and strict capital controls saw markedly fewer crises than other periods.

« Weak governance and control - the paper notes that typically a large share of losses arise in
a small number of institutions.

+ Accounting rules and risk management systems — mark-to-market accounting can create
damaging feedback loops, with forced sales by one firm triggering wider write-downs by
other firms; while pro-cyclical VaR and other risk measures could lead to risk being
under-estimated in benign conditions.

The paper then defines systemic risk as the transmission of shocks across networks inter-
connecting firms, resulting in the degradation of these. Four key networks identified are:

1. Short-term inter-bank and other funding markets;

2. Common exposure to assets and derivative markets;

3. Counterparty exposures, particularly in over-the-counter markets; and

4. Payment systems and other financial infrastructure including clearing and settlement.

For life insurers and pension funds, the key network is common exposures with banks, hedge

funds and other institutions to asset and derivative markets, with forced sales or position closures
by non-insurance firms leading to write-downs of asset values and position values. An extension
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would be increases in liabilities due to lower bond yields reducing liability discount rates, which
might be driven by increased demand for bonds and swaps to improve asset liability matching.
At the tail, there is also exposure to reinsurance, derivative and bank deposit counterparties.

5.2, “Systemic risk in insurance”

This paper was produced by the Geneva Association Systemic Risk Working Group in the after-
math of the Global Financial Crisis. It covers both the systemic risk posed by insurers, and also
how insurers can be affected by systemic risks.

In terms of the systemic risk posed by insurers, it notes that few insurers required state bailouts
and those that did, like AIG, were engaged in quasi-banking activities. Of those insurers that did
require support during the crisis:

o There was significant exposure to credit losses, for example ING reported a €2.6bn loss on
credit assets in 2008 while Aegon had €2.5bn of unrealised losses on its credit portfolio.

« Aegon also had €390m of gross counterparty exposure to Lehman’s and Washington Mutual,
highlighting the potential for counterparty losses in stress events.

« Hartford incurred US$1bn of losses on variable annuity guarantees, reflecting the combina-
tion of falling asset values and bond yields together with rising option prices.

As well as these exposures, other potential sources of systemic risk highlighted by the paper:

« Exposure to the shares and bond of banks and other financial institutions.

« Potential mismatches that may arise on callable bonds when interest rates fall.

« Automated/programme trading and stop-loss limits can amplify adverse market movements.
An example cited is hedging by Dutch pension funds in December 2008 when falls in
solvency ratios triggered actions which led to a —13% fall in the 50-year Euro swap rate
in one day, and —18% the next, though the market recovered soon after.

« Extreme insurance losses could in theory lead to widespread reinsurer counterparty default,
though the paper highlighted that aggregate (re)insurer capital in 2010 was ca.2.5 times the
combined impact of a 1918 flu pandemic (total losses US$332bn) and 2005 levels of catas-
trophe loss (Hurricane Katrina etc. — total loss & US$120bn).

However, the paper does note the possibility of reinsurance “spirals” of interconnected losses
could cause problems for some reinsurers.

« Securities lending - insurers could be affected by default of borrowers of securities they lend
in stress conditions, and also could be exposed to losses on collateral they receive in return
(noting that AIG invested 60%+ of collateral in mortgage-backed securities).

o Mass lapses - insurers should have sufficient resources to cover these, particularly as these
are likely to arise over a long period, but if mismanaged, insurers could be forced into “fire
sales” of assets when markets are stressed.

5.3. Other Academic Research
There is a wealth of other academic research into systemic risk. The author would note in partic-

ular the work of the Systemic Risk Centre at LSE®.

See https://www.systemicrisk.ac.uk/
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The author would also note Allan et al (2011) for the techniques it outlines to model complex
systems as well as follow-on work by the authors on systemic risk for insurers®.

6. Financial Stability Reports and Other Papers

Financial Stability Reports (FSRs) produced by regulators and other similar papers provide a
forward-looking perspective of risks and their interaction.

6.1. Financial Stability Reports

Most financial regulators and central banks produce Financial Stability Reports (FSRs). Notable
examples include:

o IMF Global FSRs and related World Economic Outlook reports;

« US Federal Reserve FSRs;

« European Central Bank (ECB) Financial Stability Review;

o European Insurance and Occupational Pensions Authority (EIOPA) FSRs; and
« Bank of England FSRs.

In addition to the above, the Financial Stability Board, which was set up after the Global Financial
Crisis to monitor the global financial system, produces regular and ad-hoc papers on threats to
financial stability®’.

FSRs are a source of detailed analysis of recent market events and how risks interacted. For
instance, the Bank of England’s August 2020 FSR® analysed COVID-19 market turmoil in the
earlier part of the year and noted the following interactions:

« Margin calls on derivatives resulted in a sudden and sharp strain to liquidity.

To raise cash to meet these calls, some UK pension funds and insurers had to sell or borrow
against gilts or sell short-term corporate bonds, adding pressure to these markets.

o Dealer capacity appears to have been constrained, including in the US Treasury and gilt
markets, so the cost of trading spiked and market illiquidity intensified just as market partic-
ipants were seeking the cash to meet margin calls.

« Leveraged investors predominantly hedge funds looking to unwind large posi-
tions in US T-bonds that became loss-making contributed to unusual price movements in
that market.

« Money market funds (MMFs) experienced large outflows and there was a risk of funds
suspending redemptions as they sought to sell money market instruments to meet redemp-
tions and build cash buffers, but were affected by a lack of liquidity in money markets.

Linked to this, demand for bank short-term debt instruments remained constrained after the
initial shock, contributing to elevated LIBOR rates

+ Open-ended fund redemptions led to these funds disposing assets, adding to selling pres-
sure which was particularly problematic where the funds were investing in less liquid assets

%See for instance Allan, Cantle and Ellinas, “The surprising systemic risk of insurers”, article for Solvency I Wire, February
24th 2016.

7See https://www.fsb.org/publications/

%8See in particular the “Building the resilience of market-based finance” section of the August 2020 FSR
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like corporate bonds. Overall, open-ended funds acted pro-cyclically, selling into falling
markets and driving these down further.

Flight to quality — while rational from the point of view of individual investors, in aggregate
this led to a seizure of markets.

FSRs also provide a forward-looking view of risks. For instance, the Bank of England’s December
2020 FSR notes the following risks:

Unemployment and corporate insolvencies may rise in 2021;

There is a risk of corrections to prices of risky assets like equities. . .

... with the FSR noting corporate bond spreads are low relative to economic conditions and
credit fundamentals.. ..

...and elevated risk of “fallen angels” - investment grade bonds being downgraded below
BBB-; and

The risk of a “flight to quality” like that seen in Q1, 2020 has not disappeared and more work
needs to be done to mitigate this.

This may point to a scenario across risks where rising unemployment and corporate downgrades
and defaults trigger re-pricing of corporate bonds and wider market turmoil. However, the FSR
also notes that household indebtedness fell in H2, 2020; that banks capital positions remain
strong; while most Brexit-related risks have been addressed which may limit the scope for these
items to exacerbate any downturn.

Sometimes, FSRs can be remarkably prescient. For instance, the October 2019 IMF Global FSR
noted amongst other things the following risks:

1.

2.

In general, low returns — over US$15 trillion of bonds had negative yields at the time — was
prompting investors to take on riskier, less liquid assets;

US and Japanese equity markets appeared to be overvalued, as were sub-investment
grade bonds;

. High levels of corporate indebtedness such that even in a mild recession, debt owed by firms

unable to cover interest could rise to US$19 trillion (40% of total);

. Rises in emerging market debt from 100% of exports in 2008 to 160% which could lead to

difficulties in rolling over debt in stressed conditions;

. US Dollar funding fragilities could be a source of vulnerability for non-US banks;
. Increased foreign investment by insurers could increase transmission of shocks across coun-

tries (e.g. Taiwanese insurers holding 7% of all US$ corporate bonds);

. The increasing illiquidity of pension funds’ assets as well as increasing derivative exposure,

with notional exposure for the largest funds rising from 95% of net assets in 2011 to
155%; and

. Open-ended fixed income fund redemptions could amplify asset volatility: scenario analysis

by the IMF estimated a liquidity shortfall of fixed income funds of US$160bn with funds
with estimated shortfalls accounting for nearly 1/6'" of all fixed income funds and nearly half
of all high-yield fund assets.

To some extent, most of these risks crystallised during Q1, 2020:

The pandemic led to a significant rise in corporate downgrades and defaults, though govern-
ment support has helped firms raise funds to cover cash shortfalls;

There were sharp falls in equity markets and rises in bond spreads in Q1 though markets
have since recovered;
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« Emerging markets were particularly badly hit by the pandemic with emerging market bond
spreads exceeding +600bps and sharp depreciation in currencies®’;

« Strains arose in US Dollar funding markets until central banks intervened with swap lines in
March 20207%

o As noted from the Bank of England’s August 2020 FSR, derivative margin calls on life
insurers and pension funds contributed to selling pressure for Gilts and short-term corporate
bonds, adversely affecting the value of these; and

« Similarly, open-ended funds acted pro-cyclically, further driving down prices, with ETF sales
leading to a discount opening up between the value of these and their underlying NAV which
was only addressed by US Federal Reserve intervention’”.

It should be noted that without central bank intervention, impacts could have been significantly
worse. In particular, the decision of the US Federal Reserve to extend QE more widely to invest-
ment grade corporate bonds, and then to “fallen angels” and sub-investment grade/high-yield
bond ETFs is likely to have prevented a collapse of bond markets.

In the author’s experience, most extreme market events, and combinations of events, will have
been called out in a prior FSR or similar publication.

6.2. Other papers

In terms of similar papers to FSRs, the author would note in particular the World Economic
Forum (WEF) Global Risk Report. This is produced annually and like the FSRs provides a good
overview of recent events combined with a “big picture” view of risks that could crystallise
including climate change, geopolitical tensions, rising inequality and (since 2006) pandemics.
The report includes an annual Global Risks Perception Survey, completed by over 650 members
of the WEF’s different communities, capturing a wide range of views on which can crystallise
and how.

The 2021 WEF Global Risks Report gives a good overview of the economic and wider societal
impact of COVID-19 including collateral impacts on health treatment. Looking forward, based on
the Global Risks Perception Survey, the survey identifies a number of causal drivers such as infec-
tious diseases (e.g. COVID-19) or extreme weather events, and then the knock-on impacts of these
over the next 3-5 years. Economic risks feature prominently in the latter with knock-on impacts
including asset bubbles, price instability, commodity shocks and debt crises; followed by geopo-
litical risks, including trade wars, interstate relations and conflict, and resource geopolitisation.
This provides useful insight into what experts think the key risks are and also the underlying
drivers of risks across categories.

The theme of asset bubbles and debt crises is common to FSRs, but the potential for commodity
shocks, inflation (covered as part of price instability) and/or geopolitical conflict could suggest
upward shocks to inflation, interest rate and bond yields, which could lead to wider market falls.
This is a scenario which may be at odds with empirical correlations which suggest correlations
between falling yields and markets.

Beyond the WEF, insurers and others produce papers on risks which may give useful insights
into potential risk events which in turn may shed some light on dependencies between these.
Examples of these include:

%See box #9, chart A of the Bank of England’s August 2020 FSR (p82)

"See “US dollar funding tensions and central bank swap lines during the COVID-19 crisis”, Gianluca Persi, ECB Economic
Bulletin, Issue 5/2020 available at: https://www.ecb.europa.eu/pub/economic-bulletin/focus/2020/html/ecb.ebbox202005_
01~4a2c044d31.en.html#:~:text=US%20dollar%20funding%20tensions%20and%20central %20bank%20swap,to%20rising%
20funding%20premia%20amid%20volatile%20financial%20markets.

"I“Credit Trends: How ETFs contributed to Liquidity and Price Discovery in the Recent Market Dislocation”, S&P,
8th July 2020
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o Lloyd’s market’s emerging risk and innovation reports’*;
« Swiss Re Institute’s SONAR emerging risk reports’?;

« Aon’s Global Risk Management Survey’; and

« Allianz Risk Barometer”.

Ultimately the more we understand about risks, the better we can understand how they may
interact going forward, particularly in stress conditions.

7. Forward-looking scenarios

Another forward-looking perspective can be gained from consideration of regulatory scenarios
and internal scenarios used in the Own Risk and Solvency Assessment (ORSA).

As part of regular stress and scenario testing of financial services firms, regulators will specify
multi-risk scenarios to be assessed. These include:

« UK PRA stress tests for insurers;

« EIOPA insurance stress tests;

« Scenarios assessed as part of the Swiss Solvency Test;

 Bank of England Solvency Stress Test for banks and building societies;

o ECB/EBA stress tests for banks; and

o Supervisory Dodd-Frank Act stress testing of banks carried out as part of the US
Comprehensive Capital Analysis and Review (CCAR) regime.

While typically set a very high confidence level, these scenarios often highlight plausible combi-
nations of risks which may not be obvious from empirical analysis. For example, the 2019 PRA
insurance stress test’® included climate change scenarios, addressing an emerging risk which has
yet to crystallise fully for financial markets. This included sharp falls in the share prices for sectors
such as oil and gas, related falls in their corporate bonds, as well as shocks to property values and
sovereign and municipal bond downgrades.

Another interesting scenario was the 2019 Bank of England stress test for banks””. This was
based on a global economic downturn (-2.6% fall in global GDP) with sharp falls in equities
(including a —53% fall for US equities) and rising spreads (US investment grade spreads rise
by +391bps). It also included a bespoke UK element to the scenario whereby a loss of overseas
investor confidence leads to a “run on the pound,” highlighting the UK’s dependence on overseas
investors. This leads to a sharp depreciation of Sterling, falling by nearly —30% against the US
Dollar; a consequent rise in UK inflation to ca.5%; base rates being increased to 4% p.a. to prevent
further depreciation; and sharp spikes in Gilt yields (10-year yields rise by 545bps). This combi-
nation of rising Gilt yields with falling share prices is at odds with recent experience where corre-
lations have been in the opposite direction (see section 3.4.1) but is nonetheless plausible.

72Gee https://www.lloyds.com/news-and-insights/risk-reports/library.

73See https://www.swissre.com/institute/research/sonar.html

7A copy of their 2019 survey can be requested from https://www.aon.com/2019-top-global-risks-management-economics-
geopolitics-brand-damage-insights/index.html

75See https://www.agcs.allianz.com/news-and-insights/reports/allianz-risk-barometer.html

76See https://www.bankofengland.co.uk/prudential-regulation/letter/2019/insurance-stress-test-2019

77See  https://www.bankofengland.co.uk/-/media/boe/files/stress-testing/2019/stress-testing-the-uk-banking-system-key-
elements-of-the-2019-stress-test.pdf?la=en&hash=9F5CF1B969F5987CE2DBE1F1EA50D7ED5786ABA4F as well as supple-
mentary paths for the stress tests which can be found in: https://www.bankofengland.co.uk/-/media/boe/files/stress-
testing/2019/stress-testing-the-uk-banking-system-variable-paths-for-the-2019-scenario.xlsx?la=en&hash=7CB27E1C23A4
C64A547F391338FA25FA451EEC6D
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Appendix III gives more details on regulatory scenarios for insurers as well as a synopsis of the
2021 Bank of England stress test for banks which includes a severe case scenario for how COVID-
19 may continue to affect the economy.

ORSA scenarios will be bespoke to an individual insurer’s own business model and are worth
considering for any insights they may shed on the interaction between risks, for example the
impact assessed of market falls and economic downturns on lapses, sales and expenses.
ORSAs will also include Reverse Stress Tests scenarios which seek to identify the combination
of events which may cause a firm to fail, and again these may shed some interesting insights
on the interaction of risks and how it affects that firm.

Other scenarios which could be considered for their potential impact across risk categories
might include:

+ Global transition from a “US-led-era” to a “great-powers” or “China-led era,” with conse-
quent geopolitical instability including:
o Trade disputes depressing global economic growth, with knock-on impacts for markets;
and
o In extremis, a Chinese invasion of Taiwan would amongst other things trigger falls across
markets (noting Taiwanese insurers’ holdings in US corporate bonds from section 6.1
above).
« Rising inequality leads to a rejection of the current economic model and political turmoil
with adverse consequences for markets.

8. Fragilities, shocks and transmission across markets

Synthesising sections 3-7. above, dependencies between market and credit risks can be analysed in
terms of the build-up of fragilities, initial shocks and how these shocks are transmitted and ampli-
fied across markets.

8.1. Market fragilities
Fragilities can arise as a result of:

—_

Protracted credit boom leading assets to rise to unsustainable level;

Compressed risk premia, linked to (1);

Poor governance and risk management;

Financial de-regulation which facilitates credit booms and also creates the risk that senior

management fail to understand the risks associated with newly de-regulated markets;

5) Financial innovation, increasing the risk that senior management don’t understand the risks
they are taking on (e.g. CDOs in the run-up to 2007); and

6) Fixed exchange rate regimes without capital controls, which makes economies vulnerable to

capital flight, particularly where there is borrowing denominated in overseas currency

which can lead to default when local currency depreciates.

B W N

)
)
)
)

8.2. Market shocks
Initial shocks might include:

a) Economic downturns;

b) Unexpected monetary policy developments; (e.g. 2013 “taper tantrum,” 1994 rise in US
rates) and/or spikes in inflation;

c) Counterparty defaults (e.g. Thai finance houses in 1997);
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d) Unexpected losses in particular instruments (e.g.US sub-prime mortgages in 2007)

e) Geopolitical events (e.g. 1973 oil shock; 9/11; or looking forward, trade disputes between
China and the USA escalate, or a possible Russian invasion of Ukraine); and

f) Pandemics (e.g. COVID-19).

8.3. Fragilities, shocks and transmission across markets
Shocks may be transmitted and amplified between markets and economies as follows:

i. Risk appetite — shocks to one asset class can lead to investors becoming more risk averse
and demanding higher risk premia for other classes, pushing down asset prices across
classes. This will affect riskier assets like corporate bonds, equity and property as well
as riskier currencies associated with “carry trades™’®.

ii. Flight to quality - linked to movement out of risky assets, the move into safer assets will
drive down yields on US T-bond and other highly rated government bonds, and lead to an
appreciation of the US Dollar (and possibly other safe haven currencies such as the Yen
and Swiss Franc) against other currencies.

iii. Demand for hedging instruments linked to flight to quality may also increase option
prices and volatilities which will have an adverse impact on the cost of guarantees and
options.

iv. Fund redemptions - a variation of the flight out of risky assets is where investors in hedge
funds and other open-ended funds (e.g. corporate bond funds) redeem holdings. While
the fund may be able to defer redemptions (which may cause alarm and increase redemp-
tions on other funds), the funds would in time be forced to sell those holdings. In the case
of large-scale corporate bond fund redemptions this could trigger a rise in spreads, partic-
ularly if (as the IMF October 2019 Global FSR highlighted) they have to sell illiquid bonds
at distressed prices. The falls in bond value will in turn lead to further fund redemptions.

v. Market (il)liquidity - as investors lose appetite for riskier assets, there may be a dearth of
buyers making it difficult to sell assets. The imbalance could be exacerbated by asset sales
triggered by automated programme trading (as in the case of Dutch pension funds
hedging in December 2008 - see section 5.2 above). This lack of buyers may result in
uncertainty over the price of assets, higher transaction costs and/or forced sales at
distressed prices.

vi. Mark to market valuation - even if an institution does not have to sell assets at distressed
prices, it may have to write down the value of its holdings to reflect distressed market
prices giving rise to significant mark-to-market losses for banks, insurers and others.
These may also trigger margin/collateral calls, giving rise to liquidity strains.

vii. Short-term funding markets - risk aversion and uncertainty over prices will narrow the
collateral investors will accept and who they deal with, and the result could be a seizure of
short-term funding markets, as happened during the Global Financial Crisis of 2007/09.
This could lead to difficulties for banks rolling over wholesale funding, exacerbating
liquidity strains, and trigger further forced sales (e.g. by investment banks funding posi-
tions using repo).

78From section 3.1.1, currency carry trades involve borrowing in a currency with low interest rates (e.g. Yen) and investing
the proceeds in a currency with a higher interest rate (e.g. Australian Dollar). The trader benefits from the interest rate differ-
ential but is exposed to the risk the latter currency depreciates against the former. Before the Global Financial Crisis, it was
estimated that USS$1 trillion was at stake in carry trades involving the Yen (see https://en.wikipedia.org/wiki/Carry_
(investment)).
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viii. Runs on banks and other financial institutions - actual or rumoured issues with
accessing funds and/or market losses could lead to runs on banks like Northern Rock
in the UK.

ix. Credit crunch - disruption to inter-bank funding markets, limited investor appetite for
securitisations and mark-to-market losses on banks’ portfolios could have an impact on
the supply of credit to individuals and businesses, transmitting the stress to the wider
economy.

x. Economic recession - the credit crunch in turn is likely to lead to a recession with higher
unemployment and business failures triggering credit losses on banks’ loan portfolios and
bond downgrades and defaults, while reduced earnings will depress share values.

xi. Retail loan losses — economic recession leads to cuts in income which along with higher
unemployment will cause some borrowers to default, while there may be a need to increase
loan provisions to cover increased credit risk for other borrowers. Falls in house prices
could trigger mortgage defaults — borrowers may be more likely to default if equity is nega-
tive — and will exacerbate losses on default for mortgages.

xii. Monetary response — central banks have responded to recent market crises through relax-

ation of monetary policy, cutting rates and buying assets under QE programmes. These
will drive down yields on bonds covered by QE programmes which in turn will lead to
lower risk-free rates used in discounting liabilities, increasing the value of these.
Note however that in some circumstances, central banks may not be in a position to cut
rates and may need to raise rates to limit currency depreciation (e.g.as in the Bank of
England’s 2019 stress test for banks). This will compound market falls and the economic
downturn.

xiii. Counterparty default — market losses and liquidity strains could ultimately lead to major

counterparty failure, like Lehman’s in 2008. As well as direct counterparty losses, this
could lead to investor panic, triggering “fire sales” of risky assets as well as increased
demand for hedging instruments pushing up option volatilities (noting the historic peak
in VIX post-Lehman’s). It could also lead to wider loss of confidence in institutions which
could trigger further defaults and/or require government bailouts.
Looking forward, increased central clearing should limit the impact of individual coun-
terparty defaults, but there may still be spikes in option volatilities, while there is the tail
risk of a central clearing default (e.g. like the Hong Kong Futures Exchange in 1987) which
if anything could be more disruptive to markets than Lehman’s.

xiv. Reinsurer downgrades — while these are well capitalised and should be able to withstand
market shocks, market and credit losses could prompt downgrades which will impact on
ceding insurers due to counterparty allowances they need to make to reinsurance assets in
calculating Technical Provisions.

xv. Sovereign debt crises — the cost of bank bailouts, coupled with lower tax receipts and
higher spending in a recession, will lead to a large increase in government debt (which
has been estimated to increase by an average of 86% in the three years after a bank
crisis”®). This in turn could lead to a loss of confidence in sovereign issuers, as happened
with the Eurozone crisis of 2010/12, pushing up yields on government bonds (or sover-
eign spreads over risk-free rates in the case of the Eurozone), trigger downgrades of sover-
eign debt - which may trigger downgrades of corporate and other debt associated with
that country — and possibly sovereign default.

7See pgh.3.1.1 of Besar et al., 2009 based on analysis by Carmen Reinhart and Kenneth Rogoff for their 2009 book “This
Time is Different: Eight Centuries of Financial Folly”.
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xvi. Currency depreciation — countries which are particularly affected by crises may see a
marked depreciation of their currencies, increasing inflation and either limiting the scope
to cut rates to protect the economy, or worse require higher interest rates which would
exacerbate recessions. The depreciation could be exacerbated by the unwind of “carry”
trades as part of the flight to quality in (i).

xvil. Fixed exchange rate pegs - for those pegs without capital controls, a crisis can lead to
speculative pressure which is likely to force the abandonment of the peg (as happened to
Thailand, Korea and other countries during the Asian Financial Crisis), leading to signif-
icant currency depreciation, high interest rates to prevent further depreciation, defaults
on loans denominated in overseas currency, and potential bank failures due to these
defaults and defaults linked to wider contraction in the economy.

Note it is by no means certain that all these elements will occur, but the potential linkages should
be reflected in market risk correlations.

9. Conclusion - Market and credit risk dependencies
9.1. “Risk on” asset classes

Assets may be grouped into “risk on” and “risk off” asset classes with investors moving between
the two groups depending on their risk appetite. “Risk on” assets include:

« Equities;

« Corporate and other risky bonds. ..

o ....including the bonds of lower rated sovereigns such as Greece, other peripheral Eurozone
issuers and emerging market bonds;

o Property - both commercial and residential; and

« Resource commodities such as oil, copper etc.;

“Risk on” assets are likely to see significant falls in stress periods as risk is re-priced, possibly
exacerbated by distressed sales. As such, equities and spreads on corporate and lower rated sover-
eign bonds will be highly correlated in stress conditions, pointing to a high correlation (>60%)
between equities and bond spread risks.

Stress periods in markets will usually spread to the wider economy, in part due to their impact
on the availability of credit. Difficulties re-financing debt and lower economic activity will lead to
higher corporate bond downgrades and defaults, but while these may be strongly linked with
equity falls and spread rises over the medium term, there is likely to be a lag between market falls
and corporate bond downgrades and defaults. When considering correlations over a 1-year time-
frame, there may be a case for a medium (>30%, <60%) correlation between equity falls and
bond spread risks on the one hand with bond downgrades and defaults on the other to reflect
the possibility that only part of the rise in downgrades and defaults will come through with peak
falls in equities and rises in spreads.

While derivative counterparty default may be rare, its likelihood and impact will rise during
market crisis so there may be a medium to high correlation between derivative counterparty
default losses with equity falls and spreads risks. Market and credit losses could also lead to
reinsurer downgrades pointing to a low to medium correlation between reinsurer counterparty
losses with equity and bond spread risks, noting this won’t be high because catastrophic losses
which affect reinsurer credit ratings do not always have a significant impact on wider markets.

Investor risk aversion, difficulties rolling over loans due to a credit crunch and the transmission
of market shocks to the wider economy will link property with equity and corporate bond markets,
but once again it may be appropriate to have a medium correlation between property, equity
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and corporate bond spread risks to reflect lag effects as well as the fact that equity downturns
have not always led to falling property values (e.g. 2000/03).

Resource commodities like oil will be affected by economic demand, and so there will be a link
between these and equity and corporate bond markets which will be driven by prospects for
economic growth. However, commodity prices will also be driven by supply factors unconnected
to equity and bond markets so there may be no more than a medium correlation between
resource commodities and other risky assets.

9.2. “Risk off” asset classes
“Risk off” assets are less risky and include:

« Sovereign bonds of highly rated issuers such as US T-bonds, German Bunds and Gilts*’;

« US Dollar and other safe haven currencies like the Japanese Yen and Swiss Franc which
might appreciate against the Pound Sterling as well as emerging market currencies;

« Options (Equity and other) — demand for option protection in stress situations will drive
up option prices and implied volatilities, particularly if an imbalance emerges in supply
(as occurred after the Lehman’s default); and

 Gold and similar investment commodities.

“Risk off” assets will benefit together from flight to quality in stress conditions, pushing up prices
and pushing down highly rated bond yields.

As well as flight to quality, in recent times, market falls have triggered monetary stimulus
further pushing down highly rated bond yields. This points to a medium correlation between
falls in highly rated sovereign bond yields with falls in “risk on” assets like equities (/ rises
in bond spreads).

However, there is another dynamic where inflation or unexpected monetary tightening leads to
equity falls and spread rises as well as pushing up bond yields. Having regard to the inflationary
shock element of 1973/94 and the impact of rising US T-bond rates in 1994, but also noting the
limited impact on equities and bond spreads of the 2013 “taper tantrum,” we could also suggest a
low/medium correlation between rising yields and falls in “risk on” assets.

The links between falling “risk on” asset values with both rising and falling bond yield is chal-
lenging to model, particularly in a copula structure where dependency is expressed in just one
direction. In such a case, there is a need to at least perform sensitivity analysis on the impact
of a change in the direction of correlation between interest rate risk and falls in risky assets.

In terms of currencies, based on the appreciation of the US Dollar during the Global Financial
Crisis and more recently the COVID-19 pandemic, there is likely to be a medium, possibly
strong, correlation between US Dollar appreciation and falls in “risk on” assets. A similar
correlation may exist for other safe haven currencies such as the Yen and Swiss Franc, but possibly
not as strong as that for the US Dollar. A corollary of correlation between US Dollar appreciation
and falls in risky assets is correlation between these falls and depreciation of Sterling and also
emerging market currencies against US Dollar and other safe haven currencies.

Judging by rises in VIX in stress conditions, there is likely to be a high correlation between
rises in implied volatilities and falls in “risk on” assets. This is driven by a combination of
demand for option protection coupled perhaps with reduced investment bank capacity to provide
this protection.

A similar dynamic may exist for swap spreads over government bond yields as demand for
swaps for hedging purposes in falling markets may push down swap rates relative to government

89Though noting market concerns over UK government solvency in 2008/09 as reflected in the sharp rise in CDS premiums
on Gilts.
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bond yields at longer durations, but rises in swap spreads in the aftermath of the LTCM crisis
could suggest a different direction.

Finally, while gold is often touted as a safe haven asset, its performance in stress conditions is
mixed. There may be a low correlation (<30%) between rises in gold price and falls in “risk on”
assets.

9.3. Intra-risk correlations between different markets
Summarising correlations within each main risk category:

« Equities — there will be a high correlation between equity markets, though not perfect
as countries and regions may experience their own shocks (e.g. Asian Financial Crisis of
1997/98) and even where there is a downturn in all markets, the impact will vary.

« Corporate bonds - again there will be a high correlation between different corporate
bond markets but again this will not be perfect with variations by country, region and type
(e.g. UK ABS v US ABS in the Global Financial Crisis).

o Property - there may be a medium correlation between different property markets which
may be affected by idiosyncratic factors (e.g. over-supply of office space in the London
market in early 1990s) as well as global downturns (e.g. Global Financial Crisis).

o Government bond yields:

o There is likely to be medium/high correlation between downward movements in highly
rated government bond yields in a market crisis, noting differences in the amount and
timing of monetary responses to market crises.

o There may be a similar correlation for rises judging by the impact of rises in US T-bonds in
1994 and 2013, but again this will be far from perfect due to differences in monetary
policies and responses, as well as country-specific issues such as currency depreciation.

o For lower rated sovereigns, bond yields can be expressed as highly rated government yields
plus sovereign spreads. The latter will be closely linked to corporate bond spreads.

Part Il Other dependencies

10. Other dependencies - General
10.1. Non-market/Credit risks
As well as market and credit risks, insurers will also be subject to insurance risks including:

« Mortality Risk relating to higher-than-expected death claims, and related Longevity Risk
relating to exposure to longer life expectancy;

« Morbidity Risk relating to higher-than-expected disability claims and lower recovery rates
on income protection policies (IPP or Permanent Health Insurance (PHI));

o Health Insurance Risks relating to higher-than-expected claims on health insurance
policies;

« General Insurance Risks varying by class of business (marine, property, employer’s liability
etc.), which may be split further into higher-than-expected costs from:
o Incurred but not reported (IBNR) claims;
o Reported but not settled claims;
o From future claims emerging on policies in-force (unexpired risk); and
o Exposure to catastrophe risks (e.g. windstorm, hurricane).
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« Lapse Risk relating to rates of lapse, surrender, reduction in premium and suspension of
premiums (making policy “paid-up” or PUP) being different from expected, split:

o Lower than expected lapses etc. on policies with valuable guarantees, increasing the value
of those guarantees, and on other policies where lapses are a source of profit (e.g. some
term assurances); and

o Higher-than-expected lapses and surrenders on other (profitable) policies;

« Expense Risk relating to higher-than-expected expenses allowed for in pricing and reserving,
and including higher-than-expected expense inflation.

Note that for life insurance business, as well as variations in actual mortality, morbidity, persis-
tency and expense rates from expected over the coming year, there is also the impact of changes to
long-term expectations for these rates. A risk driver may have little impact on rates in the coming
year but could necessitate a revision to assumptions which should be allowed for in correlations.

For general insurance business, there is a need to consider the interaction of other risks on both
future claims and past claims which have yet to be settled. The drivers of dependency may differ
for both - for instance, an economic downturn may lead to higher future property claims, but the
impact could be benign for past claims if say, it leads to lower rebuild costs.

Also, components of claims may interact with risks differently. For instance, for motor claims,
personal liability claim amounts may be sensitive to index-linked government bond yields used to
discount lost earnings, but these will have little impact on car repair costs.

Insurers will also be exposed to:

« Operational Risk relating to losses arising from inadequate or failed internal processes,
personnel or systems, or from external events, including:
o Conduct Risk including mis-selling and other regulatory breaches;
o Cyber Risk and data protection breaches; and
o IT systems failures and other business continuity/operational resilience events;
« Liquidity Risk relating to the inability to meet financial obligations as they fall due; and
o Strategy Risk relating to the risks to the sales of profitable new business and strategic initia-
tives such as investment to drive down costs and improve persistency.

Operational Risk dependencies are considered in section 13.

Liquidity risk is addressed by systems and controls, including liquidity stress testing, and by
having adequate liquid resources rather than by economic capital. As such it is not directly rele-
vant to modelling of dependencies and diversification benefits. However, it will be noted from Part
I that in stressed market conditions, liquidity may dry up limiting the ability to realise risky assets,
while margin calls on derivatives may also pose a strain. The combination of these should be fed
into liquidity stress testing.

The value of future sales and strategic initiatives is typically excluded from Solvency II*! and
economic capital assessments, and again is not usually relevant to the modelling of dependencies
and diversification benefits, though as we shall see, reputation damage and lower sales can be a
means by which shocks are transmitted across categories.

10.2. Assessing correlations for insurance risks

While we may estimate correlations from historic data for market and credit risks, there are
usually insufficient data in terms of length or granularity to permit similar analysis for insurance
risks. There is a need for expert judgement to identify and set correlations for insurance risks.

81Though consideration may be given to the impact of one year’s worth of new business on capital requirements, while the
overall assessment is usually predicated on the assumption the insurer remains open for business.
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Based on expert judgement, the author has identified the following general interactions
affecting insurance risks with other categories:

« Economic conditions: recessions will affect persistency levels and potentially mortality rates
and general insurance claims, while upturns could lead to higher expense inflation.

« Pandemics and other catastrophes will have an impact on market and credit risks as well as
insured losses.

« Reputation damage can impact on persistency levels and sales, which could lead to portfolio
contraction, higher unit costs and potentially adverse selection.

These are covered in the following sections, with reputation damage considered alongside oper-
ational risks in section 13.
Other more specific dependencies identified:

« Lapses linked to interest rates: lapses on many products may be influenced by prevailing
interest rates, for example policies offering a certain guaranteed return may be more likely to
lapse when interest rates and bond yields are high and higher returns are on offer elsewhere.
This may be addressed through dynamic lapse assumptions explicitly linked to interest rates
and so would not need to be addressed through correlations.

o Options and guarantees: more generally, policies with market-related guarantees and
options (e.g. guaranteed annuity rates) may be less likely to lapse in market conditions which
make these more valuable (e.g. lower bond yields, or higher life expectancies pushing down
prevailing annuity rates). These lower lapse rates will increase the value of guarantees and
options. There may be a case for expressing lapse rates for these policies as a function of
guarantee and option value rather than seeking to allow for this relationship through corre-
lations between market and persistency risks.

« Anti-selection: there may be a link between persistency and mortality and morbidity rates if
those lapsing are healthier than average, with insurers left with those in poorer health who
cannot move elsewhere as they might see premiums loaded or cover refused.

+ General insurance claim discount rates - claim amounts may be affected by changes in
nominal and real government bond yields. For instance, in the UK, Ogden tables® for calcu-
lating lump sum compensation on personal injury and fatal accident claims are based on
discount rates linked to index-linked Gilt yields. Where this is the case there will be strong
link between these yields and claim costs.

Note that exposure to non-market risks may vary from company to company which may in turn
affect dependencies. For instance, lapse experience may depend on product, channel and customer
profile, and lapses on policies for high net worth clients may be less vulnerable to economic down-
turns than for mass market policies. In assessing dependencies, expert judgement needs to take
into account the specific nature of the firm, its customers, products and distribution channels.

Finally, relationships between insurance and other risks are often asymmetric, for example
higher inflation may increase general insurance claims, but higher general insurance claims
may have little or no impact on inflation. There may be a need to adjust correlation assumptions
to reflect this asymmetry.

11. Economic impacts

From Part I, market downturns can feed through in time to lower economic growth or even reces-
sion as well as higher unemployment, perhaps driven by reduced investor confidence and/or

828ee: https://www.gov.uk/government/publications/ogden-tables-actuarial-compensation-tables-for-injury-and-death
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a credit crunch. Alternatively, economic shocks such as an unexpected downturn in demand can
be the trigger for market falls.

Reduced economic demand will dent corporate profitability, leading to bond downgrades and
losses. Meanwhile lower disposable income and higher unemployment will lead to increased bad
debts on personal loans. Falls in residential property values will exacerbate losses on mortgages.

Economic conditions can also affect:

« Persistency levels;

« Mortality and morbidity rates;
o General insurance claims; and
« Expense risk.

11.1. Economic conditions and persistency

Economic downturns are likely to have an adverse impact on individual persistency levels. People
may be unable to keep up premiums due to cuts in income - including lower overtime and
bonuses - as well as higher unemployment. The self-employed may have less profits, so may
cut or suspend contributions to pensions policies.

For corporate pensions, a weaker labour market may lead to lower staff turnover which would
reduce scheme leavers, which may be positive for persistency in the first instance. This will be offset
by lower numbers of new joiners so overall scheme contributions will be static — or may decrease if
earnings on which contributions are based are lower (e.g. if they include overtime and bonuses
which are cut) and/or if the number of staff employed is cut through redundancy exercises.

The economic growth link between market falls, credit losses and persistency could suggest a
medium or even high correlation between persistency and market and credit risks, but as noted in
section 3.4.3, there can be a significant lag between markets falling and this feeding through into
lower economic growth and higher unemployment. For a one-year VaR assessment, it may be
appropriate to scale back the correlation as only part of the economic impact on persistency
may start to come through in the worst 12-month period for markets.

Also, persistency is driven by other factors including:

« Changes in distribution channels - loss of a channel could lead to re-broking of business
arising from that channel, while looking forward, the growth of InsurTech could disrupt existing
relationships with intermediaries and customers and again lead to re-broking of business.

o Competitor premiums - the level of churn of life insurance protection and general
insurance® portfolios will be dependent in part on whether competitors are offering cheaper
rates which in turn will be driven by factors such as reinsurance rates.

« Tax relief - changes in this could have a significant impact on persistency if it reduced the
attractiveness of saving in pensions or other tax-advantaged products, or if tax changes
encouraged brokers to review and re-broke arrangements (e.g. pensions simplification in
the UK).

« Regulation - tighter regulation of sales could restrict churning by brokers, but other changes
such as greater disclosure could lead to higher lapses.

These factors are likely to have little bearing on financial markets (beyond the shares of insurers
and intermediaries), and there is a need to adjust correlations downward to reflect this asymmetry.

Overall, allowing for lag effects and asymmetry, there may only be a low to medium correlation
between persistency and market and credit risks, with the notable exceptions of (a) policies where
persistency may be driven by prevailing interest rates and bond yields; and (b) policies with

8Generally, persistency levels will not be that significant for general insurance business written as one-year policies.
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market-related guarantees. From section 10.2, a high correlation may be appropriate for these - or
alternatively dynamic lapse assumptions fluctuating with interest rates, bond yields and the value
of guarantees.

11.2. Economic conditions and mortality rates

The COVID-19 pandemic led to a + 13% increase in UK mortality between 2019 and 2020. The
Institute and Faculty of Actuaries’ Continuous Mortality Investigation Bureau noted that the last
time such an increase was observed was in 1929 at the outset of the Great Depression®. However,
analysis by Tapia Granados and Diez Roux (2009) suggests that US mortality actually improved
during the Great Depression, with the exception of suicides, while analysis of 11 European coun-
tries by Bruckner et al. (2013) suggests the Great Depression did not have a material impact on life
expectancy.

While the evidence of the Great Depression may not suggest a link between markets, economic
growth and mortality, analysis by Karanikolos et al. (2013) suggests that austerity measures
resulting from the Global Financial Crisis and the related Eurozone Sovereign Debt Crisis had
a significant impact on mortality including increased suicides offset by lower road traffic deaths
but also increases in infections.

Further analysis by Maruthappu et al. (2016) suggested that higher unemployment and public
sector health cuts following the Global Financial Crisis led to over 260,000 additional cancer
deaths estimated in OECD countries by 2010, of which 160,000 were in the EU. Based on this,
we can conclude that there is a link between market falls and mortality by virtue of the impact of
the resulting economic downturns and fiscal austerity on public health spending.

That said, there is likely to be a lag between market falls triggering cuts to health spending, with
a further lag before these cuts come through in higher mortality rates. For a one-year VaR assess-
ment, the impact on mortality over the coming year is likely to be slight (and perhaps implicitly
covered by pandemic risk - see section 12.1.1 below) and might only be material if mortality
assumptions were increased to reflect future deterioration. The author is of the view that such
a change in assumptions is not likely unless austerity measures are severe, and that a low level
of correlation is appropriate to reflect the link between markets, economic downturns, austerity
and mortality.

11.3. Economic conditions and morbidity rates

The economic downturn and austerity link between market falls and mortality rates also holds for
morbidity rates as well — for instance, the higher cancer deaths identified by Maruthappu et al.
(2016) will have given rise to higher critical illness claims. However, cuts to public health spending
could also result in delayed diagnosis of cancer and other critical illness, which may reduce critical
illness claims in the short-term, so the link may not be as strong.

One area where economic conditions are likely to have a direct impact is on IPP/PHI recovery
rates. Higher unemployment and wage cuts will reduce the incentive to go back to work, so reces-
sions may lead to lower recovery rates. By contrast, in benign conditions, the incentive may be
there to return to work resulting in higher recovery rates.

84“CMI says 2020’s 13% rise in death rates worst since 1929”, Institute and Faculty of Actuaries, 12th January 2021 available
at:  https://www.actuaries.org.uk/news-and-insights/media-centre/media-releases-and-statements/cmi-says-2020-s-13-rise-
death-rates-worst-1929. The CMI has been collecting and analysing mortality data since the 1920s.

Note that for the UK, the Great Depression was not as severe as other countries as industry was already in recession due to
the UK re-joining the Gold standard at its pre-WWI rate — see https://en.wikipedia.org/wiki/Great_Depression_in_the_
United_Kingdom.
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11.4. Economic conditions and general insurance claims

There is evidence to suggest that economic downturns could increase the incidence of fraudulent
claims. In the UK for example, it has been estimated that fraudulent claims rose by 4+-30% in 2008
as the economy went into recession during the Global Financial Crisis®*. To the extent fraud
controls are not perfect, this will lead to higher claims experience. Recessions can affect risk profile
in other ways. For instance, they could lead to shops and warehouses being left empty and more
prone for fire risk.

However, there may be positive impacts to economic downturns. For instance, repair and
rebuild cost inflation may be lower than expected due to higher unemployment and greater
competition for business by tradesmen.

On balance, depending on fraud controls and business line, the correlation between economic
growth and general insurance claims could be low and possibly negative.

11.5. Economic conditions and expenses

Economic recession may reduce general price inflation, while higher unemployment may
moderate wage increases, both of which will have a positive impact on expense inflation.
However, some economic shocks such as an oil shock like 1973/74, or sharp currency depreciation
(like that envisaged in the 2019 Bank of England stress test for banks), will involve an increase in
inflation as well as economic contraction in real terms. Such inflationary shocks will also impact
on government bond yields and implied inflation and there is likely to be a positive correlation
between higher-than-expected expense inflation and rises in government bond yields.

As well as the impact on expense inflation, to the extent that economic contraction leads to
lower sales and higher lapses, it may lead to portfolio contraction and push up unit costs.
Furthermore, lower sales may lead to a greater proportion of fixed overheads (e.g. senior manage-
ment costs) being allocated to maintenance and claims as opposed to acquisition, again pushing
up maintenance and claim costs. This suggests a positive correlation between economic recession
and adverse variations in base expense levels.

12. Pandemics and other catastrophes
12.1. Pandemics

From Part I, COVID-19 has had a significant impact on markets and continues to impact on bond
defaults and the wider economy, suggesting a medium/high correlation between pandemics and
market and bond credit risks at the tail. Table 9 overleaf compares the impacts of this on mortality,
markets and economic growth along with:

» 2002/03 SARS epidemic and 2009/10 Swine Flu pandemic;

« Moderate and severe scenarios from the Society of Actuaries 2007 Delphi Study of the impact
of a flu pandemic on economic values; and the

« Swiss Solvency Test Pandemic Scenario.

It is difficult to disentangle the impact of SARS and Swine Flu on markets from other drivers such
as the run-up to the 2"! Gulf War for SARS and recovery from the Global Financial Crisis for
Swine Flu, but considering the impact of SARS just on Asian stocks and credit spreads, the impact
appears modest.

The COVID-19 pandemic has involved harsher shocks than the Society of Actuaries severe
scenario but a faster recovery. The sector specific equity shocks of the Swiss Solvency Test scenario

85“Recession ‘fuels insurance fraud”, BBC News, 161 April 2009 available at: http:/news.bbc.co.uk/1/hi/business/8000630.stm
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Table 9. Pandemic Impacts

SARS
November Swine Flu
2002 - June March 2009- Society of Actuaries 2007 Swiss Solvency
COVID-19 2003 August 2010 Study®® Moderate Severe Test Scenario
Mortality c.800k US c.775 deaths US: ca.12k 209k US 1.9m US 100 deaths per
deaths; 5.3m globally deaths, with at deaths deaths 100k, akin to
globally to least 18k ca.330k US
December globally®® deaths
2021%
Equities —30% initial Hang Seng fell {it is difficult to —7% fall in —18% fall in  Section specific
fall in MSCI —9% from isolate S&P500 over  S&P500 over  impacts ranging
World index; October 2002  pandemic 180 days from 180 days from from +25% for
then +60% to March 2003 impacts from  onset of onset of pharmaceuticals
rise to year though this the wider pandemic pandemic to —50% for
end, but with  could be due  recovery in with markets ~ with markets  tourism and
UK (+27%) to 2" Gulf War markets from  expected to expected to transport with
and European  with S&P500 March 2009 recover over  recover over  —25% for certain
(+39%) falling —4% in  following the  the following the following  other sectors
markets same period Global 11 months 30 months
lagging US Financial Crisis,
(+72%) and while 2009
- " " saw further ;
Investment  US investment  No increase in  yofy.its and + 12.5bps + 18bps rise  Spreads
Grade grade spreads  Asian US$ recession, this rise in AA- in AA-rated increase + 75bps
Corporate  rise by 300bps spreads over ¢ likely to rated bond bond yields for AAA, +100bps
Bond to 23/3/20; the period fnave laaan yields over over 180 days, for AA, +150bps
Spreads then fall by driven by the 180 days, with recovery for A, +200bps
similar amount after-effects of With recovery —over following for BBB, & +400
by 31/12/20 the Global over following 27 months bps for <BBB
Financial Crisis} 9 months
Bond US$228bn of  USS$2.6bn of {Varying responses by {No specific shock
Default and mostly sub- Asia Pacific participant, noting that the but implicit in
Downgrades investment (excl. Japan) bond yield rises above are a above spread
grade loan loan and combination of rises in spreads stresses}
and bond bonds defaults for default and downgrade risk
defaults over  in 2002/03 offset by reductions in T-bond
2020 with (incl.unrated), yields, for example +125bps
large-scale but this may increase in spread offset by
downgrades not be —75bps reduction in T-bond
and with pandemic yields}
defaults specific given
continuing in  high global
2021 default totals
at the time.
Economic Record falls in  Estimated GDP Real GDP Real GDP 5%
impact GDP (e.g. in impact of 1.5% lower lower than
UK), followed  —2.3% for than otherwise
by strong Hong Kong & otherwise
recovery —1% for
China, with
global impact
US$50bn

86Based on round 2 mean responses — see https://www.soa.org/globalassets/assets/files/research/projects/resrch-li-econ-

delphi-study.pdf

87Sourced from https://covid19.who.int/table
88US figure based on CDC estimate of 12,469 deaths; global figure based on 18,849 laboratory confirmed deaths according
to the WHO - see https://en.wikipedia.org/wiki/2009_swine_flu_pandemic
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appear apt but while the initial COVID-19 spread shock is comparable to this scenario, spreads
have recovered strongly so there is little impact over a one-year period.

That said, as noted in section 4., the recovery in bond spreads and wider markets since March
2020 has been due to unprecedented levels of central bank support including the expansion of the
types of bonds that could be purchased under QE. There is no guarantee that central banks will be
able or willing to provide such support in a future pandemic, or that markets would react so posi-
tively to such support. Also, while markets have mostly recovered from COVID-19, the wider
economy still requires significant fiscal support to prevent a significant downturn and again such
fiscal support cannot be taken for granted in future. As it is, even with significant monetary and
fiscal stimulus, there has been large-scale downgrades and defaults and these could still have a
knock-on impact on markets, lending and the wider economy.

On balance, the author believes that epidemics like SARS and mild pandemics like Swine Flu
will have little impact on markets and the wider economy, but a severe pandemic like Spanish Flu
1918/19 or COVID-19 may have similar market impacts to the COVID-19 pandemic initially:
equity falls of —30% or worse; spread rises of +300bps or more; “flight to quality” pushing down
highly rated government bond vyields; and increases in downgrades and defaults. Furthermore,
recovery may be more muted if central banks and governments are unable or unwilling to provide
the same level of monetary and fiscal support, with more severe economic conditions and defaults
and downgrades creating adverse feedback loops driving markets further down.

To reflect such a tail risk, the author believes a medium to high correlation should be assumed
between pandemics and market and bond credit risks in the first instance, before any allowance
for asymmetry (see below).

12.1.1. Pandemics and counterparty credit risks

The 2010 paper “Systemic Risk in Insurance” (see section 5.2) estimated that most reinsurers
should be capable of withstanding both a severe pandemic akin to 1918/19 Spanish Flu and
extreme catastrophe losses like Hurricane Katrina. This financial strength was demonstrated
during the COVID-19 pandemic with most reinsurers retaining their financial strength ratings,
albeit with a negative outlook in many cases®.

That said, while the risk of a pandemic triggering reinsurer default may be low, looking
forward, the combination of pandemic-related losses (higher death claims etc.) coupled with
pandemic-related losses on asset portfolios could lead to reinsurer downgrades and consequent
reductions in the value of reinsurance assets, so there may a low to medium correlation between
pandemics and reinsurance counterparty risks.

Pandemic-related asset losses could also affect the financial strength of investment bank and
other derivative counterparties as well as pushing up exposure on default, so there may also be a
low degree of correlation between pandemic and derivative counterparty risks.

12.1.2. Asymmetry adjustment between pandemics and market and credit risks
While pandemics may trigger market falls and credit deterioration, such falls do not lead to
pandemics. Reflecting this asymmetry, it is common to adjust the correlation downwards, for
example if a high correlation of +75% is assumed between pandemics and market falls, we might
halve this to 4+-37.5% to reflect asymmetry.

This adjustment could lead to the impact of pandemics on markets being under-estimated in
economic capital models. Taking pandemic and bond spread risks as an example and assuming a
Gaussian copula with a + 37.5% correlation between risks, then given a 99.5" percentile pandemic

89See “Financial Institutions — Global - Ratings Review Summary” by Moody’s, 8" June 2020 4-5), available at: https://www.
moodys.com/researchdocumentcontentpage.aspx?docid=PBC_1232240; and “Global Reinsurance Highlights 2020” by S&P
Ratings (at https://www.spglobal.com/_assets/documents/ratings/research/global-reinsurance-highlights-2020.pdf
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event, the expected change in spreads would be around the 77" percentile or a rise of +42bps
based on the empirical distribution of US investment grade corporate bonds from 1997%.
If we had not halved the correlation, leaving this at +75%, the expected change in spreads would
be around the 96" percentile or +172bps based on the same empirical distribution, which may be
more commensurate with a 1-in-200 pandemic.

Of course, not adjusting the correlation would mean that a 99.5" percentile rise in spreads
would also be associated with a 96 percentile pandemic stress when in practice spread stresses
have no bearing on pandemics. However, any over-statement will depend on the shape of the
pandemic distribution - it may be a 96" percentile pandemic stress may have little impact on
mortality over the coming year, for example if the impact at this level was similar to the
Swine Flu impact. Also, as noted in section 11.2, market shocks can have an impact on economic
growth and mortality rates, and this could be implicitly allowed for by a pandemic correlation
assumption unadjusted for asymmetry.

12.1.3. Pandemics and mortality and morbidity risks
Beyond the direct effects of the coronavirus, COVID-19 has highlighted the impact of pandemics
on wider mortality and morbidity including impacts on:

o Other infectious diseases, for example influenza deaths may be lower as a result of social
distancing and other infection control measures to limit the spread of COVID-19%};

« Road traffic deaths and injuries — while the indications are that lockdown brought lower
deaths in the UK®, road traffic deaths have increased in the US**; and

« Diagnosis and treatment, with screening and procedures deferred as a result of the strain on
health services and with people reluctant to seek medical treatment for fear of infection.

Pandemics may have longer-term impacts on mortality and morbidity risks. Taking
COVID-19 as an example:

o Those affected by COVID-19 may suffer “long-COVID” with long-term health complica-
tions reducing quality of and lower life expectancy.

« Linked to the above, long-COVID could lead to higher long-term disability claims as well as
higher heart attack and other critical illness rates™.

o There is a possibility that coronaviruses like COVID-19 may become endemic, occurring
seasonally like influenza, adding to seasonal mortality and reducing general life expectancies.

9Expected changes based on same simulation model used in Appendix I; empirical distribution of spreads based on that in
section 4.1.

91Covid-19 measures may explain the —32% reduction in Australian influenza deaths in 2020 - source: “Provisional
Mortality Statistics” released by the Australian Bureau of Statistics on 31% March 2021 and available at: https://www.abs.
gov.au/statistics/health/causes-death/provisional-mortality-statistics/latest-release

92Provisional statistics for the year ending 30t June 2020, which included 3 months of lockdown, indicate road deaths have
reduced by —14% on the previous year — see UK Department for Transport statistical release “Reported road casualties in Great
Britain: provisional estimates year ending June 2020” issued 28" January 2021 and available at https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/attachment_data/file/956524/road-casualties-year-ending-june-2020.pdf

%The US National Highway Traffic Safety Administration estimated that 28,190 people died in traffic crashes in the first 9
months of 2020, up +4.6% on the same period in 2019 - source: “US traffic deaths up despite COVID-19 lockdowns”, New
York Post, 14th January 2021 available at https://nypost.com/2021/01/14/risky-driving-us-traffic-deaths-up-despite-virus-
lockdowns/

9There is a possibility that the Spanish Flu pandemic of 1918/19 may have contributed to a subsequent rise in coronary
heart disease — see “INFLUENZA AND CORONARY HEART DISEASE” by Stephen Richards, Managing Director of the
demography specialists Longevitas at https://www.longevitas.co.uk/site/informationmatrix/influenzaandcardiovascular
mortality.html
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o Another possibility is that COVID-19 vaccines have hidden long-term side effects, leading to
higher disability and possibly mortality rates in future years.

« The disruption to other medical services during the pandemic will have led to missed diag-
noses and treatments, which is likely to lead to rises in cancers and other deaths in the
coming years.

« While missed diagnoses may have led to fewer critical illness claims during the pandemic,
higher claims are likely to arise in the near future as health systems seek to catch up with
backlogs in screening programmes.

« The economic effects of the pandemic could also have longer-term impacts on mortality —
one study estimated that the rise in unemployment in 2020 could lead to 900,000 excess
deaths in the US over the next 15 years®.

Note there may have been an element of “mortality displacement” to pandemic mortality with
many dying of COVID-19 likely to have died in the next few years anyway. Particularly among
the elderly, survivors may be healthier than the average before the pandemic, which may offset
adverse impacts above.

Finally, an unknown long-term impact of COVID-19 is the impact on health spending. The
large public sector deficits could lead to austerity and cuts to public health spending in future
years, but alternatively the vulnerabilities highlighted by the pandemic could trigger increased
investment in services.

To conclude, pandemics - and responses to these in terms of vaccines and fiscal deficits — are
likely to have an impact on long-term mortality and morbidity rates. The author is of the view that
they may lead to higher rates and/or trigger upward revisions to long-term rate assumptions but
the impacts are varied and complex and arguments could be made for pandemics to reduce rates
going forward.

12.1.4. Pandemics and other insurance risks
Pandemics are also likely to affect other insurance risks:

« General insurance claims:

o From above, COVID-19 has had an impact on road traffic accidents which will affect
motor claims, though this has varied by country.

o Stay at home measures could affect home insurance claims, for example lower theft claims
as homes are not left unoccupied during the day.

o Commercial property claims may also be affected as business are shut-down.

« Persistency - the economic impact of COVID-19 and related lockdown measures may
increase lapses due to reductions in disposable income from furlough schemes, lower over-
time etc., as well as higher unemployment.

« Expenses - higher lapses and lower sales may feed through to lower unit costs, but furlough
schemes may have helped insurers manage costs.

12.1.5. Pandemics and operational risk

Pandemics are business continuity events and so will give rise to operational losses associated with
managing the disruption caused - for instance, laptops and other costs incurred to enable home
working. Worse, during COVID-19 many firms found that business interruption policies
contained pandemic exclusion clauses and so would have to bear the costs themselves.

%See “900,000 excess deaths expected over next 15 years from pandemic rise in unemployment” by Cassidy Morrison,
Washington Examiner, 4th January 2021 available at: https://www.washingtonexaminer.com/news/900k-excess-deaths-15-
years-pandemic-unemployment-rise
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From the perspective of general insurers, such clauses were seen as a way to mitigate pandemic
losses, but they also gave rise to conduct risk as policyholders and regulators mounted legal chal-
lenges to their validity. In the UK, the Financial Conduct Authority (FCA) successfully sued
general insurers, invalidating exclusion clauses on business interruption policies and exposing
insurers to over 370,000 additional claims with over £1.2bn”. If exclusion clauses are to be relied
on going forward, they need to be legally watertight, and the operational risk assessment should
consider the conduct risks that may arise from the clauses.

The disruption caused by pandemics such as a shift to home working also creates opportunities
for cyber criminals and other fraudsters:

« Just in the first 4 months of 2020, over 900,000 spam messages and 737 malware attacks
linked to COVID-19 were detected”” highlighting how quick criminals are to respond to
disruption.

« UK police have since reported over 6,000 incidences of COVID-19 related fraud and cyber-
crime costing £34.5m in the year since the pandemic®.

« COVID-19 also exacerbated an adverse trend in ransomware cyber-attacks: analysis suggests

US$350m was paid in Bitcoin ransoms in 2020, up 311% on 2019%.

It is likely that future pandemics will see a similar increase in fraud attempts and cyber-attacks by
criminals looking to exploit the confusion caused.

To the extent the pandemic gives rise to higher death and other claim volumes, this could
increase the risk of claim processing errors and possibly claims fraud if the higher volumes lead
to fraud controls being weakened.

While pandemics will impact on fraud, cyber-attack, claim processing and business disruption
losses, this relationship is asymmetric as operational risks should not affect pandemic risk. It may
be appropriate to scale back correlations between pandemic risk and operational risks to reflect
this asymmetry.

However, there is a potential boundary risk that pandemics expose short-comings in reinsur-
ance treaties which could increase pandemic exposure net of reinsurance. If this is plausible then
there may be case to not scale back correlations for asymmetry.

12.2. Other catastrophes

12.2.1. Catastrophes and financial markets

From section 4.1.3, the 9/11 terrorist attacks had a significant impact on financial markets and the
wider economy as well as on reinsurer counterparty risk and of course on insurance claims,
including US$1.3bn of life insurance claims'®. However, Hurricane Katrina had little impact
on financial markets despite much heavier insured losses.

%“Supreme Court rules insurers must pay £1.2bn compensation to businesses affected by Covid disruption” by Claire
Schofield, Scotsman, 15" January 2021 available at: https://www.scotsman.com/health/coronavirus/supreme-court-rules-
insurers-must-pay-ps12bn-compensation-businesses-affected-covid-disruption-3101848

7Source: “INTERPOL report shows alarming rate of cyberattacks during COVID-19”, INTERPOL, 4 August 2020 available
at: https://www.interpol.int/en/News-and-Events/News/2020/INTERPOL-report-shows-alarming-rate-of-cyberattacks-during-
COVID-19

%Source: “Covid fraud: £34.5m stolen in pandemic scams” by Dan Simmons & Matt Quinton, BBC Click, 24t March 2021
available at https://www.bbc.co.uk/news/technology-56499886

%Source: “Ransomware gangs made at least $350 million in 2020” by Catalin Cimpanu for Zero Day, 2"¢ February 2021
available at: https://www.zdnet.com/article/ransomware-gangs-made-at-least-350-million-in-2020/

19Source: “Life insurance regulators look back on 9/11 after 15 years” by Arthur D. Postal, ThinkAdvisor, 9" September
2016 available at https://www.thinkadvisor.com/2016/09/09/life-insurance-regulators-look-back-on-911-after-15-years-2/
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In fact, if we look at the aggregate of insured catastrophe losses - including natural and man-
made disasters like 9/11 - by calendar year from 1970 (Chart 12 below)'®! there appears to be little
correlation between these and equity returns.
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Chart 12. Insured catastrophe losses and global equity returns from 1970 to 2020.

The empirical correlation between catastrophe losses and equity returns by calendar year from
1970 to 2020 is slightly negative, at —10%, suggesting a low correlation between above average
catastrophe losses and equity market falls, but this is sensitive to the data period chosen - looking
just at catastrophes and equity markets from 2000, the correlation is close to zero.

Another issue with empirical correlation estimates is that they could be distorted by coinci-
dence. For example, 2011 saw falls in global equities as well as catastrophic losses resulting from
the March 2011 Tohoku earthquake and tsunami in Japan and the resulting Fukushima nuclear
disaster. However, while the MSCI World index fell —1.5% in March, it recovered by +2.0% in
April. The key driver of the falls in equities over that year was the Eurozone crisis with European
equities falling —16% from May, when Portugal sought a bailout, to the end of the year.

Nonetheless the example of 9/11 and the market falls cited in section 4.1.3 does suggest some
link at the tail between insured catastrophe losses and market falls, though this link is far from
perfect.

12.2.2. Catastrophes and credit risk

Catastrophes can affect the credit worthiness of individual bond issuers and sectors. For instance,
from section 3.4.5, Californian wildfires led to the US$20bn default of the utility Pacific Gas and
Electric in 2019. This incident also points to a common dependency of catastrophe and bond

101Source: Swiss Re Institute Sigma reports 2020-02 and 2021-01 reports on catastrophe losses available at: https://www.
swissre.com/institute/research/sigma-research.html
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defaults on climate change: as well as greater natural catastrophe losses from hurricanes, wind-
storms etc., climate change could also trigger defaults and downgrades among certain sectors such
as utilities and oil and gas. As well as the direct effect of climate change and catastrophes, there is
also the knock-on impact of government responses to climate change, for example if oil company
reserves cannot be exploited due to climate change legislation. However, this may be more a long-
term relationship and the common impact on catastrophe and default losses may be slight over a
1-year period.

There will be a stronger link between insured catastrophe losses and reinsurer downgrades, as
seen by downgrades of reinsurers after 9/11 and Hurricane Katrina, though from section 5.2.
reinsurers should have sufficient capital to withstand all but the most extreme catastrophes.

12.2.3. Catastrophes and the wider economy

In terms of the economic impact of catastrophes, 2020 has seen US$89bn of catastrophe losses
which is the 5% highest on record, as well as records falls in GDP for some countries like the UK.
However, it would be wrong to infer a correlation between catastrophes and economic declines
from 2020 as the economic declines were driven more by COVID-19 than catastrophic events,
highlighting how unrelated factors could give rise to spurious apparent correlation.

Looking further back, 9/11 occurred at a time when the US economy was slowing anyway with
annual GDP growth slowing from +4.2% in Q1, 2000 to +1.1% in Q2, 2001, before falling further
to +0.5% in Q3, 2001 and 4-0.2% in Q4 2001 before recovering to +1.3% in Q1, 2002. It may be
that the adverse impact of the 9/11 attacks on consumer confidence was offset by cuts to interest
rates in its aftermath with the US Federal Funds rate falling from 3.5% p.a. before the attacks to
1.75% p.a.by year end, highlighting the impact of monetary and fiscal responses to catastrophes.

Hurricane Katrina in August 2005 does not appear to have had a significant impact on the US
economy either. US GDP grew at a slightly higher rate in Q3 2005 compared to the Q2 and
Q4 - 0.89% compared to 0.46% and 0.63% respectively — though the impact on the Gulf region
of the US was more significant.

Looking beyond the US, the March 2011 Tohoku earthquake and tsunami in Japan caused
significant loss of life and damage to property, but Japanese economic growth in Q1, 2011 of
—1.06% was only marginally worse than Q4, 2010 (-0.84%) and Q2, 2011 (-0.85%). The main
long-term consequence was the related Fukushima nuclear disaster which led to a re-appraisal
of the merits of nuclear power, with Germany deciding to phase this out.

On balance the author believes that while catastrophes can give rise to significant business
disruption in the short-term, this impact will be transient. Rebuilding and repair work will provide
an offsetting impetus to economic activity, as may any fiscal or monetary response to the catas-
trophe, so the impact on the economy is likely to be modest for all but the most extreme events.

12.2.4. Catastrophes and mortality and morbidity risks
Catastrophes could give rise to mass death and injury claims but beyond this, it is not clear what
their long-term impact on mortality and morbidity rates might be. A possible exception could be
nuclear accidents, but often these risks are not insured - for instance, Japanese property and casu-
alty insurers excluded the nuclear contamination arising from the Fukushima disaster from
 iagl02
policies™’~.
The Fukushima nuclear disaster led to a sharp increase in mortality for elderly people who had

to be re-housed as a result of the disaster with other evacuees suffering psychologically'*’; while at

102See “Swiss Re provides estimate of its claims costs from Japan earthquake and tsunami”, Swiss Re press release 21% March
2011 available at: https://media.swissre.com/documents/pr_20110321_japan_en.pdf

103Gee “Radiation: Health consequences of the Fukushima nuclear accident” by the World Health Organisation (WHO),
10 March 2016 available at: https://www.who.int/publications/i/item/9241594179
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the tail, a disaster like Chernobyl could have a material impact on population cancer incidence,
with an estimated 5,000 cases of thyroid cancer in Belarus alone attributed to Chernobyl'*“.

That said, the worst nuclear accident in the UK, the 1957 Windscale fire, is estimated to have
led to only 240 or so cancers'® so even nuclear disasters may have only a modest impact on
mortality and morbidity rates.

While there might be little long-term direct impact from catastrophes on mortality and
morbidity, these may have a common dependency on climate change. As noted, this is likely
to lead to more extreme weather events like hurricanes and windstorms, which will push up catas-
trophe losses, but climate change may also affect mortality and morbidity. For instance, heatwaves
can lead to higher mortality in the elderly'®, while warmer temperatures could lead to tropical
diseases expanding into higher latitudes.

On the other hand, a warming climate could have positive impacts, for example there may be
lower deaths due to cold winters. The impact is likely to vary by country - the author would
recommend the 2017 International Actuarial Association paper on climate change and
mortality!?” for a more detailed analysis.

Also, it may be that while there may be a long-term link, the impact over a 1-year period of
climate change and catastrophes on mortality and morbidity rates (including changes in rate
expectations) may be light. Still climate change is something to consider in considering correla-
tions between catastrophe and mortality and morbidity risks.

12.2.5. Catastrophes and other insurance risks
In terms of what may be termed “normal” general insurance claims other than catastrophe claims,
these could be adversely affected by catastrophes. For instance, the volume of catastrophe claims
could push up repairs and replacement costs on other claims. The strain of processing catastrophe
claims could also lead to additional expenses such as overtime costs.

In terms of lapses, this may depend on the economic impact of the catastrophe. From above,
these are likely to be transient, and the author would not expect a significance impact on lapses —
unless these trigger cuts in interest rates and bond yields which then impact on lapses.

12.2.6. Catastrophes and operational risk
Like pandemics, catastrophes will be a business continuity event and could give rise to business
disruption losses. However, only those businesses in the affected area will be disrupted compared
to all businesses in the event of a national lockdown. Also, business disruption insurance policies
may be more likely to cover the cost of such disruption.

For general insurers, catastrophes will give rise to higher claim volumes and this could increase
the risk of claim processing errors. It would also lead to greater claims fraud if the higher volumes
lead to fraud controls being diluted.

1MSource: “Health Effects of the Chernobyl Accident”, Canadian Nuclear Safety Commission, August 2018 at http://www.
nuclearsafety.gc.ca/eng/resources/health/health-effects-chernobyl-accident.cfm while more detailed analysis is available from
WHO - see “Health effects of the Chernobyl accident and special health care programmes - Report of the UN Chernobyl Forum
Expert Group “Health™, 1st May 2006 available at: https://apps.who.int/iris/rest/bitstreams/51546/retrieve

195Source “Windscale fallout underestimated” by Rebecca Morelle, BBC News, 6 October 2007 available at: http://news.
bbc.co.uk/1/hi/sci/tech/7030536.stm

106For instance, a 2003 heatwave in Europe lead to over 14,000 deaths in France alone - see “Europe recalls lethal 2003 heat
wave” by Camille Feanny and Kiesha Porter, CNN, 3 August 3, 2004 available at: http://edition.cnn.com/2004/TECH/
science/08/02/heatwave.europe/

W07“Climate Change and Mortality” - discussion paper prepared by the Resources and Environment Working Group of
the International Actuarial Association (IAA) available at: http://www.actuaries.org/CTTEES_ENVIRO/Papers/REWG_
CCandMortality_final_Nov2017.pdf
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While catastrophes will lead to business disruption and possibly claim processing and fraud
losses, this relationship is asymmetric as operational risk should not affect catastrophe risk so
it may be appropriate to scale back correlations between catastrophe and operational risks to
reflect this asymmetry.

Note however, there is also a potential boundary risk that catastrophes expose errors in rein-
surance treaties which could increase catastrophe exposure net of reinsurance. If this is plausible
then there may be case to increase correlations between catastrophe and operational risk to allow
for this interaction.

13. Operational risk dependencies

The Institute and Faculty of Actuaries’ Operational Risk Working Party has produced a paper on
operational risk dependencies (Kelliher et al., 2020) covering interactions both between opera-
tional risks and between operational risks and non-operational risks such as market and credit
risks. With regard to the latter, the following Chart 13 taken from that paper summarises relation-
ships between operational and other risks:
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Chart 13. Operational v Non-Operational Risks.

The impact of pandemics and catastrophes on operational risks has been considered in
sections 12.1.5 and 12.2.6 respectively, but in terms of other interactions:

« Operational losses may be conditional on other risks - for instance:
o Mis-selling losses on investment products may only crystallise if markets fall;
o Dealing errors could actually give rise to gains depending on how markets move;
o Loan documentation errors may only crystallise if the borrower defaults;
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o As noted in sections 12.1.5 and 12.2.6, flaws in reinsurance treaties may only come to light
when pandemics and catastrophes occur; and

o The loss from underwriting errors and fraud may depend on actual experience - for
instance, Sphere Drake insurance Ltd. experienced losses in excess of US$250m in respect
of US workers compensation business fraudulently accepted by agents, with losses exac-
erbated by heavy claims on that line of business'®.

o Claims experience will implicitly reflect the impact of underwriting and claims errors as well
as non-disclosure and other fraud at underwriting or claim stage to the extent this is not
identified. Insurance risk economic capital based on this claims experience will therefore
allow for these operational risks as well, and this should be considered in setting correlations
between insurance and operational risks.

o Economic downturns could have an impact on operational losses, for example if they
increase the incentive for fraud. If so, this could be a link between operational losses and
market falls which might either cause the economic downturn (as during the Global
Financial Crisis) or be triggered by the downturn, as well as credit and insurance losses.

« Business models could be a source of systemic risk affecting operational and other risks. For
instance, the “originate and distribute” model adopted by US banks in the run-up to 2007
gave rise to a number of operational failings as well as contributing to the Global Financial
Crisis.

« However, it is important to note that there may be a lag between market events and opera-
tional losses emerging. For example, profits from (mis-)selling Payment Protection
Insurance (PPI)!® encouraged UK banks to lend aggressively in the run-up to the Global
Financial Crisis, but while the losses from such lending crystallised in 2007/09, large-scale
PPI mis-selling losses only started to emerge from 2011. As for property and bond credit
risks, there may be a case to scale back correlations for a 1-year VaR assessment that even
where there is a link between say market events and operational losses, only part of the latter
may crystallise in the same 12-month period as the market event.

o Also, operational risks will generally be asymmetric in that market and other risks may affect
operational losses, but these losses generally have little impact on markets, defaults or claims
experience, so it may be appropriate to scale down correlation to reflect this asymmetry.

13.1. Reputation Damage

Operational risk events can have a severe impact on a firm’s reputation. This reputation damage
can in turn lead to higher lapses, lower sales and higher unit costs. An example of this would be the
mass lapses triggered by the Equitable Life’s loss of litigation concerning guaranteed annuity rates
in 2001, which damaged its reputation and financial strength.

Claim outflow more than doubled in 2001 to £6.2bn from £3.0bn in 2000, with £3.7bn of
surrenders in 2001 followed by a further £3.8bn in 2002. Along with market falls, this led to a
reduction in non-linked assets from £30bn at the start of 2001 to £21bn at the end of 2002'"°.
Based on this, there appears to be a link between extreme operational risk events and mass lapses
stemming from the reputational impact of the former.

108See “FSA bans four linked to Sphere Drake losses”, Insurance Times 14th December 2007 - see https://www.
insurancetimes.co.uk/fsa-bans-four-linked-to-sphere-drake-losses/1368273.article

199See “PPI claims - all you need to know about the mis-selling scandal’, by Gill Treanor, The Guardian 2" August 2016
available at: https://www.theguardian.com/business/2016/aug/02/ppi-claims-all-you-need-to-know-about-the-mis-selling-
scandal. The biggest loss was suffered by Lloyds Banking Group (LBG) which first set aside £3.2bn in provisions in QI,
2011 - see LBG’s QI interim statement at: https://www.lloydsbankinggroup.com/assets/pdfs/investors/investor-news/
archive/2011/2011may5_lbg _q1_ims.pdf

110Gee section 4.1 of “Liquidity Management in UK Life Insurance”, Kelliher et al, April 2005 available at: https://www.
actuaries.org.uk/system/files/documents/pdf/liquidity_mgt.pdf
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As well as mass lapses, severe reputation damage is likely to lead to lower sales and possibly
even closure to new business — Equitable Life had to close to new business shortly after it lost its
guaranteed annuity rate court case.

The combined impact of mass lapses and a collapse in new business volumes will in turn
increase unit costs as fixed overheads will have to be spread over a shrinking number of policies.
In this way, operational losses and reputation damage can have a bearing on expense risks.

We can view reputation damage as a “vector of transmission” whereby operational losses in
turn impact on lapses and expenses. This relationship should be allowed for in the correlation
between operational, lapse and expense risks.

Note that reputation damage may not arise due to any operational failing. It could also arise
from unguarded remarks by senior management'!!, by actions which while legal are nonetheless
perceived negatively by customers, or by scurrilous rumours. The rise of social media has
increased the potential for gaffes and rumours to spread, or to amplify any negative commentary
on a firm’s actions, increasing reputation risk. While not triggered by an operational loss, these
could still have the same impact on lapses, sales and unit costs, so reputation risk can be viewed as
a more general link between lapse and expense risks.

14. Conclusion - Other dependencies
14.1. Mortality and morbidity risks

These risks may be affected by cuts to health expenditure resulting from economic downturns and
the need for fiscal austerity. Such downturns could be a link between mortality and morbidity rates
and falling markets and higher credit losses, but the relationship is asymmetric (higher long-term
mortality and morbidity rates won’t trigger market falls and recessions) and there will be a signif-
icant lag between market falls, recession and austerity starting to have an impact on mortality and
morbidity. Thus, there is likely to be no more than a low correlation between mortality and
morbidity risks with market and credit risks.

Severe pandemics will affect markets and credit losses, but having regard to asymmetry, a low
correlation between pandemic with market and credit risks may be appropriate.

Beyond their direct impact on short-term mortality and morbidity, pandemics could have
adverse impacts on long-term mortality and morbidity rates, but again this relationship is mostly
asymmetric so there may be no more than a low correlation between pandemics and longer-
term mortality and morbidity risks.

Other catastrophes will usually not have a significant impact on long-term mortality and
morbidity rates, with the possible exception of nuclear accidents. Climate change could be a driver
of both catastrophes and mortality and morbidity rates, but the link may be long-term with little
direct correlation for a 1-year VaR assessment. There may be no more than a low correlation
between mortality and morbidity risks with catastrophes other than pandemics.

14.2. General insurance risks

General insurance claims may be affected by economic conditions which may be a link between
these and market and credit risks. However, impacts may vary: recessions may lead to an increase
in fraudulent claims, but could reduce repair, rebuild and replacement cost inflation. The impact
of recession on claims will vary by business line and with the strength of controls.
Catastrophes other than pandemics could affect non-catastrophe claim costs as the volume of
claims associated with the former could push up repair, rebuild and replacement costs but this

A stunning example of this was the remarks made by Gerald Ratner about his jewellery firm’s products in April 1991
which nearly destroyed the business — see for example “The man who destroyed his multimillion dollar company in 10 seconds”
at https://www.businessblogshub.com/2012/09/the-man-who-destroyed-his-multi-million-dollar-company-in-10-seconds/
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relationship is asymmetric so there may be no more than a low correlation between catastrophe
claims and other general insurance claims.

Catastrophes could also trigger market falls and defaults as well as general insurance claims, but
the relationship is both weak and asymmetric, so the author believes that the correlation between
market, credit and general insurance risks is low or zero. An exception would be where liability
claim values are closely linked to real or nominal government bond yields.

14.3. Lapse and expense risks

Lapse experience will be affected by economic downturns which may cause or be driven by
markets falls, and which will also lead to higher credit losses.

This points to a link between lapse, market and credit risks but there are other drivers of lapse
risk such as sales regulation which will be unconnected to market and credit risks. Also, the link is
asymmetric — higher lapses on insurance policies will have little bearing on financial markets and
the wider economy. On balance there may be a low/medium correlation between lapse risk and
market and credit risks.

There may be a case for higher correlations for policies where lapses are sensitive to prevailing
interest rates and bond yields, and/or where market falls increase the value of guarantees, reducing
lapse rates on policies with these guarantees. However, these effects could be addressed by
dynamic base assumptions as opposed to adjustments to correlations.

The impact of pandemics and other catastrophes on lapses will depend on the impact of these
events on the economy but while COVID-19 has highlighted the potential impact of pandemics on
economic growth, the impact of other catastrophes on economic growth is less obvious.

Weak economic conditions may lead to lower sales as well as higher lapses, and this could lead
to portfolio contraction and higher unit costs. Reputation damage could also trigger higher lapses,
lower sales and higher unit costs. Taken together, the author believes there is a case for a medium
correlation between lapse and expense risks.

Expense inflation will be affected by economic conditions. In recent years, economic down-
turns have been associated with lower price and wage inflation and hence lower expense inflation,
but there is also the potential for price shocks like the oil price shock of 1973/74 to lead to both
higher inflation and lower economic growth.

14.4. Operational risks

Operational losses may be conditional on market, credit or insurance experience, so this will be a
link between operational and market, credit and insurance risks. However, this relationship will be
asymmetric and often there will be significant lags before operational losses start to emerge, so the
author believes that there may be no more than a low correlation between operational and
market, credit and insurance risks.

There are two exceptions. First, operational loss events could lead to reputation damage in turn
triggering higher lapses, lower sales and hence higher unit costs pointing to a higher correlation
between operational risk and lapse and expense risks.

Second, pandemics and other catastrophes will lead to higher claim volumes which may place a
strain on processing and lead to higher process errors and claims fraud. The disruption caused by
pandemics in particular could also lead to increased cyber and other fraud. This points to a higher
correlation between operational risk and pandemic and other catastrophe risks.

In setting the correlation between insurance and operational risks, it is worth bearing in mind
that there may be implicit allowance for operational risks in claims experience and insurance risk
capital based on this experience which should be factored into both operational risk capital and
correlations.
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Appendices
Appendix | Impact of different correlation assumptions

This appendix considers two different measures of the effect of correlation assumptions. The first Table 10a covers the condi-
tional joint exceedance probability (CJEP), the probability that an event will arise under risk B as bad as it not worse than a
similar percentile event under risk A. The second Table 10b covers the conditional tail expectation (CTE), i.e. the average
percentile movement for risk B given a stress equal to or worse than a certain percentile for risk A.

CJEPs and CTEs are based on Gaussian copula simulation!!? for sample correlations of 0%, 25%, 50% and 75%
corresponding to low, medium and high correlation assumptions in the Solvency II Standard Formula. A well-known flaw
of the Gaussian copula it that it has a zero co-efficient of tail dependency so it will give a lower CJEP than other copulas such as
the T-copula, particularly at the 99.5% percentile, but CTEs will be similar.

Appendix Il Historic periods of stress

The following tables summarise key historic periods of global stresses from the Great Depression of 1929/33 to the Global
Financial Crisis of 2007/09 and the impact of the COVID-19 pandemic (to 31 January 2021). It is followed by a table detailing

Table 10a. CJEPs for Sample Probability Levels and Correlation Assumptions

Correlation P (Risk B > 90%ile | Risk P (Risk B > 95%ile | Risk P (Risk B > 99.5%ile | Risk
Assumption A > 90%ile) A > 95%ile) A > 99.5%ile)

0% 10% 5% 0.5%

25% 19% 12% 3%

50% 33% 24% 10%

75% 51% 44% 27%

Table 10b. CTEs for Sample Probability Levels and Correlation Assumptions

E (Risk B %ile | E (Risk B %ile | E (Risk B %ile |
Correlation Assumption Risk A > 90%ile) Risk A > 95%ile) Risk A > 99.5%ile)
0% 50% 50% 50%
25% 62% 65% 70%
50% 74% 78% 85%
75% 86% 90% 96%

regional stresses including the Asian Financial Crisis of 1997/99, the SARS outbreak in 2002/03, the Eurozone crisis of 2010/12
and Japan’s lost decades. Both tables cover the drivers of stress — including both the initial stress and factors which exacerbated
impacts and/or transmitted these more widely - as well as the consequences on markets and the wider economy. It should be
noted that this is not an exhaustive list — academic research has identified over 100 major banking crises dating back to the
1800s'"%. Some other notable periods of stress are covered after Table I1.2.

112250,000 simulations have been used except for the 99.5% percentile CJEP figures which are based on 1m simulations to
mitigate simulation error at such extreme percentiles.

13 This is based on analyses by Reinhart Rogoff (2008) and Laevan and Velencia (2008) - see pgh.3.1.8 of “Systemic Risk in
Financial Services”, Besar et al. (2009). This paper also gives details of historic stress periods in section 6.and elsewhere, which
was used in the analysis.
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Table I1.1. Analysis of Historic Periods of Global Stress

Period Cause and Transmission Impacts
Great Depression « Initial shock: stock market crash in October 1929 « US equities: having nearly recovered its pre-crash levels in April 1930, the Dow Jones
1929/33 following market bubble, though fall in economic output  Industrial Average fell 89% to a trough in July 193214,
was already underway. « US investment grade corporate bond default rates rose from 0.24% p.a.in 1929 to 0.86% in
« The main causes of the depression were instabilities 1932, and peaked at 1.55% in 1938 during a follow-on recession'®®.

which led to the collapse of the Gold standard in 1931;  « US BBB corporate bond yields rose from 6% p.a.in Q3 1929 to 11% by Q2 1932116,

widespread bank failures in the US and elsewhere; and  « US T-Bond vyields fell from 3.7% p.a. to 3.2%, spiked up 4.3% in Q1 1932, then fell back'’.

protectionism which severely damaging global trade. « Global manufacturing output fell 40% between 1929 and 19328, with the depression leading to
deflation; mass unemployment (reaching 25% in the US'®); and a rise in political extremism.

1973/74 0il Shock « Yom Kippur War in Middle East in October 1973 followed « US equities fell 39% in 12-months to September 1974, while US commercial property fell

by oil embargo on western countries and a 400%-+- rise by 26.7% over 1974.

in oil price. « UK equities fell by 57% in 12-months to November 1974 as oil shock compounded the
« Arose at the time when the Bretton Woods system of end of the “Barber boom” and a secondary banking crisis, and was in turn exacerbated

fixed exchange rates - which had given rise to an era of by industrial and political unrest (3-day week; shock Labour victory).

low market volatility with few market crises - was « Largest 1-year falls also arose for Hang Seng (-76%) and MSCI Singapore (-57%).

unravelling, leading to depreciation in currencies such as « Note strong recovery in equities in 1975: +31% in the US and +136% in the UK.
Sterling, which in turn exacerbated the inflationary shock « US BBB default rate ~0.5% in 1973; ~2% p.a. rise in BBB corporate bond yields.

of higher oil prices. « Long-term US T-Bond yields rose from 6.2% p.a.to 7.3% in August 1974 before falling
« The oil shock helped give rise to a period of back; while 20-year UK Gilt yields rose from 10.8% p.a.to 21.4% p.a. by end 1974.

“stagflation” with the rest of the 1970s marked by high  « US inflation rose from 7.4% p.a.in September 1973 to 12.3% by end 1974; UK inflation

inflation and low growth in many countries. rose from 9.3% p.a.to 19.1% over the same period; while inflation in Korea went from

just over 1% p.a. in September 1973 to 29.2% a year later.

(Continued)

Figure taken from section 6.2.5 of Besar et al. (2009). See also the Dow Jones Industrial Stocks Index History at: http://www.dow-jones-djia.com/history-of-dow-jones-industrial-average-
index/

115Gee exhibits 23 and 37 of Moody’s 2020 Annual Default Study. Note this is based on limited exposure with 3 investment grade defaults in 1929 rising to 10 in 1932 with a further 9 in 1938
arising from a shrunken pool of investment grade bonds following the Great Recession giving rise to the peak rate. In 2008 by contrast, 21 investment grade issuers defaulted, but the default
rate was only 0.62%

16Moody’s US BBB Corporate Bond Yield index (comprising risk free rates plus spreads) for bonds with outstanding terms of 20+ years and going back to 1919 was sourced from the St
Louis Federal Reserve at https://fred.stlouisfed.org/series/BAA

17Based on a long-term US Government securities index produced by the US Federal Reserve from 1925, but now discontinued. This was sourced from the St. Louis Federal Reserve at:
https://fred.stlouisfed.org/series/ LTGOVTBD

118Gection 6.2.3 for Besar et al. (2009)

19See https://www.businessupside.com/2020/10/27/unemployment-during-the-great-depression-facts-and-figures/
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Table 1l.1. (Continued)

Period

Cause and Transmission

Impacts

« US unemployment rose from 4.8% in Q3 1973 to 8.9% in Q2 1975 before subsiding, and
while UK unemployment was broadly static at around 3.6% over 1974, it rose to 5% by
end 1975. (This highlights the lag between market falls and unemployment.)

+ US unemployment rose from 4.8% in Q3 1973 to 8.9% in Q2 1975 before subsiding, and
while UK unemployment was broadly static at around 3.6% over 1974, it rose to 5% by
end 1975. (This highlights the lag between market falls and unemployment.)

« Peak-to-trough falls in GDP (from Q3 1973) of —3.1% in the US (to Q1 1975) and —4.5% in the
UK (to Q3 1975, highlighting the lag between markets and GDP growth)'?°.

“dot.com” crash
2000/03

« Boom in technology shares turns to bust.

« Market falls were exacerbated by the 9/11 terrorist
attacks and the build up to the Second Gulf War, while
investor confidence is also dented by as the high-profile
failures of Enron and WorldCom.

« US Federal Reserve responded by cutting rates from 6%
at the start of 2001 to 1.75% in December 2001 and
1.25% in November 2002, driving down bond yields.

« Peak-to-trough falls of —48%, —44.5% and —53% in US, UK and Japanese equities, with
largest 12-month falls of —28%, —32% and —30% respectively.

« US corporate bond spreads rose from 122bps at the start of 2000 to 202bps by the end
of year, fell back and then rose again to 246bps by October 2002 before falling back to
95bps by the end of 2003.

« Investment grade bond defaults rose from US$460m in 1999 to USS$4.2bn in 2000, US
$21.2bn in 2001 and US$46,4bn in 2002, but fell back to US$0 in 2003.

» However, US and UK commercial property rose over the period.

« US 30Y T-bond yields fell from 6.5% to 5.5% p.a. over 2000, and varied around this level
until 2003, while UK 25-year Gilt yields rose from gradually from 4.3% p.a.at the start of
2000 to 5.0% in May 2002 before falling back to 4.6% at end 2003.

«» US and UK economies grew over 2000/03, but while UK unemployment fell over the period
from 5.8% to 4.9% over the same period, US unemployment rose from 4% in early 2000 to
6.2% in mid-2003 before falling back to 5.8% at end 2003.

Global Financial
Crisis 2007/09

« Low interest rates encouraged credit and housing
bubbles.
« US sub-prime mortgage risks under-estimated until

« Protracted fall in equities:

losses started to arise in Q3, 2007, triggering widespread MSCI Index World UK us Europe  Japan  Asia x Japan

loss of confidence in the pricing of asset-backed

securities and other structured securities such as Peak to trough —52.2% —-43.6% —52.2% —-53.0% —58.4% —56.2%

el s AR (ol £ (20 Max 12-month fall —43.8% —-353% —44.5% —443% —-47.7%  —54.3%
(Continued)

120Rolling 12-month inflation rates, quarterly unemployment rate and quarterly GDP growth rates for different countries sourced from OECD - see https://stats.oecd.org/.
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Table 11.1. (Continued)

Period Cause and Transmission Impacts

« This in turn triggered a liquidity crisis for banks, and « US investment grade corporate bond spreads peak at 641bps in Nov 2008 with largest 12-
falls in market values as banks and hedge funds month rise + 456bps to Oct 2008. Similar spikes in spreads on other bonds, for example UK
liquidated positions, often at “fire sale” prices. and Asian USS investment grade spreads peak at 623bps and 689bps with largest 12-month

« Confidence in the banking system undermined by the rises +366bps and +546bps respectively'?,
failure of Lehman in September 2008, ultimately « Peak-to-trough falls in US, UK and Eurozone commercial property of —38%, —42% and —9%
requiring government bailouts, including a bailout of AIG  with maximum 12-month falls of —15%, —30% and —5.5% respectively'%.
due to losses on its credit portfolio. « Globally US$182bn of investment grade bonds default in 2008, with a further US$35bn in

- Selling by hedge funds to meet client redemptions*?! 2009. In total, over US$600bn bond and loans default over 2008/09.
helped to further depress bond and equity markets until « US base rates cut by 4% to 0.25% p.a. over 2008, with UK and ECB base rates cut by 3.5%
these reached a trough in Q1, 2009. and 1% over 2008, and a further 1.5% and 1.75% in H1 2009 to 0.5% and 0.25%. respectively,

» Monetary policy weakened to support markets including with QE programmes of US$600bn, £165bn and €60bn launched.
sharp cuts in interest rates and the introduction of « 10-year US, UK and German government bond yields fell by —99bps, —84bps and —35bps
Quantitative Easing (QE) in many countries, pushing over H2 2007 and —179bps, —113bps and —116bps over 2008, with the largest one-year fall
down bond yields. over the period —179bps, —113bps and —116bps

« After Lehman’s, option volatilities rose sharply with VIX reached its highest ever value in
October 2008.

« Growth slowed sharply with peak-to-trough falls in US, UK and Eurozone GDP of —4%, —5.9%
and —5.6% respectively (to Q2, 2009). US unemployment rose from 4.5% in Q2, 2007 to 9.9%
in Q4, 2009 while UK unemployment rose from 5.35% in Q2, 2007 to 8% in Q1, 2010.

COVID-19 pandemic - The pandemic, with lockdown and other measures to « Equities fell by —30%+ from end 2019 to 23™ March when US Federal Reserve intervened
2020 contain it, lead to a sharp decline in economic growth. (UK fell by —33%; Asia and Japan fell by —25%).
« Markets fell over Q1 on the back of economic fears, with « US investment grade corporate bond spreads increased by +300bps in same period with
risk aversion and liquidity issues compounding sharp similar rises in other markets.
falls in the value of risky assets, and flight to quality « VIX reached a new all-time high of 82.69 on 16th March.
driving down risk-free rates. » QE plus flight to quality drive 10Y US T-bond, UK Gilt and German Bund yields down by
« Central banks acted decisively in late March to support —122bps, —46bps and —24bps in Q1 to 0.7%, 0.36% and —0.54% p.a.
markets, with US Federal Reserve alone announcing US  « Sharp appreciation of US$ due to banks issues with USS$ funding and flight to quality:
$700bn QE*?, £stg falls —13% against USD by 23 March

« However, while markets recovered after Q1, economic
recovery has been hampered by further lockdowns which
has led to more corporate failures, particularly in retail,
hospitality and travel.

« Equities have since recovered with MSCI World rising +60% from 23rd March to year end
but with UK (427%) and Europe (+39%) lagging behind others (US: +72%).
(Continued)

121 According to hedge fund data obtained by the US Financial Crisis Inquiry Commission, hedge fund redemption requests were ca.20% of hedge fund AUM in Q4, 2008 and 15% in QI,
2009 - see slide 7 of the Hedge Fund Survey PowerPoint at http://fcic.law.stanford.edu/resource/staff-data-projects/hedge-fund-survey.

1220ption adjusted spreads from ICE BofAML UC00 index of UK investment grade corporate bonds and ACIG of Asian US$ investment grade corporate bonds.

125US changes based on unadjusted index from section 3.4.4; UK and Eurozone figures based on valuation data sourced from p36 of “The IPD Solvency II Review - Informing a new
regulatory framework for real estate” (IPD, April 2011 - see https://www.ipf.org.uk/static/uploaded/5cef46ff-4c4f-4f4c-9tb26d5d70842d79.pdf).

124For more details on the decisive impact of this intervention, see https://www.crystalriskconsulting.co.uk/the-phoney-war-in-markets-19.html
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Table 11.1. (Continued)

Period Cause and Transmission Impacts

« Credit spreads recovered to be back at end 2019 level by end 2020....

« ...but credit defaults continued rising after Q1, with Moody’s reporting over US$225bn
of bond and loan defaults in 2020 (202 issuers, mostly sub-investment grade), mostly
arising after Q1, and with more expected in 2021.

« Largest ever 1-year fall in UK GDP with economy contracting by —9.9% in 2020, with
OECD overall experiencing a record contraction of —4.9%'°,

« From 3.6% at the end of 2019, US unemployment rose to 14.8% in April 2020 before
falling back to 6.7% at year end; UK unemployment rate has risen from 3.9% to 5.1% at
end 2020 but this excludes those on furlough; while in the OECD as a whole,
unemployment has risen from 5.2% to 7.2% over 2020.

125Gee  https://www.oecd.org/sdd/na/gdp-growth-fourth-quarter-2020-oecd.htm#:~:text=OECD%20GDP%20growth%20slows%20t0%200.7%%20in%20the,countries%20Download %20
the%20entire%20news%20release%20(PDF%20120KB)
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Table 11.2. Analysis of Historic Periods of Regional Stress

Period Cause and Transmission Impacts

Asian « Ultimate cause: reliance on short-term « Economic output fell 8% in Thailand, 7% in

Financial external funding while maintaining a currency ~ Malaysia and 16% in Korea, with

Crisis 1997/98  peg with the USS. unemployment over the region rising sharply
» Initial shock - problems in Thai finance from under 2% to over 6%.

houses in H1 1997 - lead to loss of investor + MSCI Asia x Japan index fell —47% in 12-months
confidence, ultimately leading to Thailand to to June 1998, and fell —58% from peak to

abandon the peg in July 1997 followed by trough in August 1998. Korean, Malaysian, Thai,
Malaysia, Indonesia, the Philippines and Hong Kong and Singapore equities experienced
ultimately South Korea. similar falls from peak to trough respectively,

« Subsequent currency depreciation of 40%--+ though the impact on the Chinese stock market
caused banks who had advanced USS$ loans was more muted, while US equities grew by
to fail. over 28% in the year to June 1998

+ Need for IMF support required sharp increases « Asian US$ corporate bond spreads increased by
in interest rates and fiscal consolidation, 680bps from June 1997 to September 1998, with
further exacerbating economic decline. similar rises in non-financial and government/

agency bonds, while financial bond spreads
increased by over 1100bps in the same period,
with maximum 1-year increases of 641, 667, 635
and 1110bps respectively.

Including unrated issues, Moody’s recorded 126
defaults in this period affecting US$25.3bn of
debt!?.

Property: from June 1997, Hong Kong office
prices fell by —61% to low point in Q4, 1999'%
while Singapore property fell —40% to low point
in Q3,1999'%,

While Hong Kong was able to defend its peg,
the spreads on HKD and USD bonds rates
widened to over 7% on 2-year bonds and 5%
on 10-year bonds by August 1998, with rates
4.5% and 2.5% respectively higher than their
August 1997 level.

SARS « Emergence of Sever Acute Respiratory + No increase in Asian US$ corporate bond

(November Syndrome (SARS) in China in November 2002 spreads nor the spread of HKD over USD

2002 - June spreads to Hong Kong and other countries, interest rates.

2003) with 775 deaths from 8,273 cases before WHO « Hang Seng fell 9% from October 2002 to
declared this contained in July 2003. March 2003 but this could also have been due

« This impacted on the economy due to to the prospect of the Gulf War, with the

disruption to travel and loss of consumer S&P500 falling 4% in the same period.
confidence. « Pandemic may have driven falls in property

with Hong Kong office property falling by
—18% in year to June 2003, and Singapore
falling —15% over the same period,
Estimated GDP impact of —2.3% for Hong
Kong and —1% for China!?, with total global
impact US$50bn?%,

(Continued)

126Moody’s “Default and Recovery Rates of Asia-Pacific Corporate Bond and Loan Issuers Excluding Japan, 1990 - Q3 2012”,
8 April 2013 (only 13 of 126 issues rated).

127Based on quarterly price index for grade A offices in core districts available from the Hong Kong SAR Rating and
Valuation Department - see data series #10 at: https://www.rvd.gov.hk/en/publications/property_market_statistics.html

128Price index of office space in central region from 1975 - source: Urban Redevelopment Authority (URA); downloaded
from Singapore Department of Statistics at https://www.tablebuilder.singstat.gov.sg/publicfacing/viewMultiTable.action
(see Economy/Price sand Price Indices)

2%Jong-Wha Lee and Warwick J. McKibbi, “Estimating the global economic costs of SARS” (2004) available at: https://www.
ncbi.nlm.nih.gov/books/NBK92473/

130See p47 of the WEF Global Risks Report 2019 - http://www3.weforum.org/docs/WEF_Global_Risks_Report_2019.pdf
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Table 11.2. (Continued)

Period Cause and Transmission Impacts
Eurozone « Investor risk aversion following the Global « From April 2010 when Greece first sought a
Crisis Financial Crisis led to a rise in sovereign bailout, spreads on 10-year Greek bonds over
2010 — 2012 spreads, increasing the cost of funding large German Bunds rose from 477bps to 2739bps
public deficits due to the great recession. In in February 2012, with spreads on Irish,
time, these countries found themselves Portuguese and Spanish bonds rising from
unable to fund deficits on markets and had to  170bps, 172bps and 84bps to 517bps, 1096bps
seek bailouts from other EU countries, which and 326bps respectively in the same period,
came on condition of austerity. with 10-year German Bund yields falling from
« Fears these countries could be forced to leave  3.06% p.a. to 1.85% in this time due to a
the Eurozone led to a wider loss of investor flight to quality.
confidence across markets globally which was « European investment grade corporate bond
only allayed by ECB president Mario Draghi’s spreads rose to +337bps at the end of
July 2012 vow to do “what it takes” to November 2011, with investment grade US
preserve the Euro. and UK corporates peaking at +266bps and
+328bps (Asian USS inv.grade corporates
peaked at +346bps in June 2011).
» While MSCI European equities grew +8% in
the 12-months to April 2011, they then fell by
—20% to a low point in May 2012 before
recovering.
» Greek GDP fell —27% from end-2009 to
Q1,2013 with unemployment peaking at 28%
in May 2013; while GDP falls were much
smaller, unemployment still peaked at 15.9%
in Ireland (Q1,2012); 17.0% in Portugal
(Q1,2013); and 26.2% in Spain (Q1,2013).
Japan from » Plaza Accord of 1985 led to an appreciation » Over the period of 1995 to 2007, GDP fell
1990 of the Yen against the US$ of up to 70%-+. from $5.33 trillion to $4.36 trillion in nominal

Cuts in interest rates to offset the impact of
lower exports lead to a credit bubble. The
bubble led to equities and commercial
property trebling in value: the Nikkei 225
index trebled from 12,700 at the start of
September 1985 to 38,916 by the end of 1989.
Around the same time, property prices rose
nationally by 46% but within the six largest
cites, residential property increased by 163%
and commercial property by over 290%%3L,
Boom turned to bust in 1990 due to a
tightening of monetary policy and the shock
of the First Gulf War, and despite significant
fiscal and monetary stimulus Japan entered a
period of protracted asset prices falls, low
growth and deflation.

terms, real wages fell around 5%, while the
country experienced stagnant prices'*2.

Nikkei 225 fell 39% in 1990, and then
continued to fall from end 1989 peak of
38,916 to 15,910 (-59%) by July 1992. It
recovered but then fell 21% in 1997 when a
sales tax rise triggered an economic
downturn. It has since risen and fallen with
global markets, with the Nikkei reaching a
low of 7568 in February 2009.

Property prices kept rising until 1991 but by
March 1995, residential property prices in the
6 largest cities which were at the epicentre of
the 1980s boom had fallen over 40% from
1990, while commercial property prices in
these cities fell by nearly 60%.

Having risen from 4.8% p.a.at the start of
1989 to 8% in September 1990 as monetary
policy tightened, 10-year bond yields fell to a
low point —0.28% in August 2019 and were
0.2% at the end of 2020 notwithstanding an
increase in government debt to 236% GDP by
end 2019'*, The maximum 1-year fall was
—195bps to September 1991,

Despite the protracted economic problems,
default rates among Japanese debt issuers
have been relatively low with one-year default

(Continued)

B1property price movements were sourced from the Japan Real Estate Institute.

132Source Wikipedia entry: https://en.wikipedia.org/wiki/Lost_Decade_(Japan). Japan’s GDP fell a further —6% during the
Global Financial Crisis but has since recovered.

133Government debt: GDP figure of 236% at end 2019 sourced from Ministry of Japan
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Table 11.2. (Continued)

Period Cause and Transmission Impacts

rates averaging only 0.16% for all rated
issuers and 1.20% for speculative-grade
issuers versus corresponding rates of 1.57%
and 4.06% globally***. However, this is due in
part to forbearance by banks which has
hindered fresh lending and contributed to
Japan’s low growth.

Other notable market events
As well as the major periods of stress above, the following are also worth noting:

Volcker shock - to curb inflation, the US Federal Reserve chairman Paul Volcker raised the US Federal Funds rate from
11% in 1979 to 20% p.a. in June 1981. 10-year US T-bond yields rose + 210bps over 1980 (from 10.35 to 12.4%) and
then by a further +340bps in the next 9 months before peaking at 15.84% p.a. at end September 1981 and then falling
back. 10-year UK Gilt yields actually fell in 1980 (from 13.9% p.a.to 13.3%), but then increased to 15.4% in September
1981. Initially equity markets rose in 1980 with the MSCI World index up +19% but US shares then fell by —20% to
mid-1982 as high interest rates lead to a recession in the US, with unemployment exceeding 10%.

Plaza Accord agreement - this was an agreement between the US, Japan, West Germany, France and the UK in
September 2005 to depreciate the US Dollar. As a result, the Yen appreciated by +19% against the US Dollar between
August 1985 and end 1985. The Pound Sterling was already appreciating and ended up +28% on the US Dollar. This did
not have a negative impact on equities with the MSCI World index ending up 25% over 1985, with US equities up 27%
and with Japanese equities up 13% (notwithstanding the negative impact of the stronger Yen on exports). However,
10-year US T-bond yields fell by 255bps to 9.0% p.a., while 10-year UK Gilt yields fell 45bps.

October 1987 stock market crash — US equities fell 22% in October and a further 9% in November, but was still up 0.6%
over 1987 as a whole. The MSCI World index fell 20% in October and 6% in November but was only slightly down
(-1.5%) on the year. While impacts were generally transient, what is notable is the failure of the Hong Kong Futures
Exchange clearing house, which required a government bailout, highlighting that even Central Counterparty (CCP)
clearing houses could fail in extreme market events.

USS$ interest rate widening 1994 - this is an example of unexpected tightening of US interest rates from 3% to 5.5% p.a.,
which lead to 10-year T-bond yields increasing by over 200bps with large rises on other bonds (see section 3.2). While
US equities fell —4% in Q1, they recovered by year end, but MSCI UK, European and Asia x Japan indices fell by —10%,
—8% and —20.5% respectively, though Japanese equities ended up +8%.

Long-Term Capital Management (LTCM), 1998 - this is notable as a “near miss” as the failure of this hedge funds
threatened to result in a large volume of illiquid assets coming onto the market which would have depressed prices and
could have brought down other financial institutions. The situation was stabilised through the acquisition of LTCM’s

positions by a consortium of banks organised by the New York Federal Reserve.

2013 “taper tantrum” - following the announcement of the US Federal Reserve in May 2013 that it was going to scale

back bond purchases under its QE programme:

o 10-year US T-bond yields rose + 134bps from 1.7% p.a.at end April 2013, to 3.04% by end 2013, with other bond
yields also rising sharply (see section 3.2).

o US corporate bond spreads rose slightly but ended the year lower.
o Equity impacts were similarly transient apart from emerging markets (see section 4.3.1)

Appendix Il Regulatory scenarios

This Appendix covers the:

« PRA 2019 Insurance Stress Tests;

o EIOPA 2019 Insurance Stress Tests;

« Swiss Solvency Test scenarios; and

« Bank of England 2021 bank stress test which includes adverse economic outcomes for the COVID-19 pandemic.

B4Source: “Default and Rating Transitions of Japanese Debt Issuers, 1990 - 20157, Moody’s, August 2016.
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PRA 2019 Insurance stress test
The 2019 PRA insurance stress tests comprise of the following scenarios:

1. Deterioration in the economic environment scenario with the following market and credit impacts:
o Level fall in risk-free rates of —100bps across the yield curve;

o Widening in corporate bond spreads dependent on their current credit rating (4150/170/200/300/400bps for bonds
rate AAA/AA/A/BBB/<BBB);

o Simultaneous mass downgrade of credit assets;
o Falls in other asset values including equities down —30%, commercial property down —40% and residential property
down —30%); and
o Option implied volatilities increase by +7% at all tenors.
2. For life insurers'®, 3 supplementary stressed based on the scenario above plus:
o Shock to the Fundamental Spread used in the Matching Adjustment;
o Longevity shock based on —15% reduction in mortality rates;
o Longevity shock varying by insurer based on the reduction in mortality rates that would result in a SCR coverage
ratio of 100% (i.e. reverse stress test)
3. For general insurers'*, 5 supplementary stresses based on scenario 1.plus:
o Adverse US hurricane season with US$181bn of industry losses (v. U$125bn in 2017);
o California earthquake of magnitude 8.0 plus an aftershock;
o Tokyo earthquake of magnitude 8.1 followed by a tsunami with US$37bn of industry losses;
o Large UK windstorm and flood with £37bn of industry losses;
o Shock to technical provisions which need to be increased to reflect claim inflation +2.0% p.a. higher than base
reserving assumptions.

In addition, general insurers were asked to assess their exposure to a severe cyber-attack.

4. Climate change scenarios - these are based on:

o Scenario #1 - a sudden, disorderly transition to a low carbon economy to keep the increase global temperatures below
2°C by 2100 in keeping with the Paris Agreement on climate change;

o Scenario #2 — a more gradual, orderly transition to a low carbon economy in keeping with the Paris Agreement; and

o Scenario #3 - failure to make the transition to a low carbon economy with temperatures projected to increase by 4°C
by 2100, with elevated physical risks from climate change.

Different impacts arise depending on the scenario involving:

o Falls in the values of shares in certain sectors such as oil and gas; power transmission and agriculture;

o Falls in the value of corporate bonds for these sectors equating to 15% of the fall in value of shares;

o Shocks to property values varying by region based on their exposure to climate change risks; and

o Downgrades to sovereign and US municipal bonds based on the cost to them of mitigating climate change impacts.

As well as the climate change scenarios noted in section 7., it is also worth noting the shock to implied volatilities in the
economic scenario, and also the higher shock to commercial property relative to equities in this scenario. The commercial
property shock is in keeping with the shock used in the Bank of England’s 2019 stress test for banks, but that scenario had a
shock to equities of —41% as opposed to —30%.

13:—’“Life Insurance Stress Test 2019 - Scenario Specification, Guidelines and Instructions FINAL”, PRA, 18™ June 2019 avail-
able at: https://www.bankofengland.co.uk/-/media/boe/files/prudential-regulation/letter/2019/life-insurance-stress-test-2019-
scenario-specification-guidelines-and-instructions.pdf

136“General Insurance Stress Test 2019 - Scenario Specification, Guidelines and Instructions FINAL”, PRA, 18™ June 2019
available at https://www.bankofengland.co.uk/-/media/boe/files/prudential-regulation/letter/2019/general-insurance-stress-
test-2019-scenario-specification-guidelines-and-instructions.pdf
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EIOPA 2018 stress tests
The latest set of stress tests at the time of writing involved two key scenarios'®’:

« Scenario #1: upward yield shock driven by an increase in inflationary pressures and a re-pricing of risk premia affecting
wider markets, with the following impacts:

o Swap rates increase + 85bps in the Eurozone and +100bps in other developed markets;
o Risk premia on EU sovereigns increase by 4-36bps on average against German Bunds;

o Average —39% fall in equities, i.e. Solvency II Type 1 (developed market) stress;

o

-31% fall in commercial property;

o Marked increases in spreads of +300bps or more for BBB rated Financials while even AAA-rated non-financials
would increase by ca.+140bps;

o Shock affects wider economy leading to a 20% increase in lapses;

o Overall costs also increase by more than expected due to inflation.

Scenario #2: downward yield shock with a protracted period of low rates — possibly as a result of a slowdown in

economic activity due to emerging market declines - exacerbated by new healthcare technologies leading to an increase

in life expectancy, with the following impacts:

o 10-year Euro swap rates decrease — 80bps but with 1-year only falling by —11bps, and with lesser falls of ca.-40bps in
10-year bonds of emerging markets;

o 10-year EU sovereigns only decrease by —36bps on average due to rising risk premia;

o Similarly, investment grade bond yields only fall by ca.-30bps due to spread increases;

o Prospect for lower growth leads to a — 16% fall in equities (markedly less than yield up);
o No change assumed in the value on commercial property; and

o Longevity stress: medical advances lead to a 15% improvement in mortality rates.

Of particular interest are the narratives around the scenarios. The abrupt re-pricing of risk premia in the first scenario
mirrored concerns in Financial Stability Reports about low levels for term and other risk premia, and the risk of an abrupt
re-pricing of these. Note also the wider impact on lapses assumed as the economy deteriorates and unemployment rises. It is
also notable that equity impacts are assumed to be more muted under the downward yield scenario.

As well as the yield curve up/down scenarios, general insurers were also asked to assess a scenario involving an aggregation
of natural catastrophes including four European windstorms, two central and eastern European floods and a series of two
Italian earthquakes, giving rise to an aggregate industry loss of €48bn. Notably, this scenario was assessed separately from
the economic/market risk scenarios unlike the PRA 2019 general insurance scenarios which were combined with the economic
deterioration scenario.

Swiss solvency test

As part of Pillar 1 regulatory minimum capital requirements, Swiss insurers need to assess 9 market and 6 insurance based
single-risk stresses and multi-risk scenarios and apply an add-on based on the results — see section 9 of Milliman’s 2013
Research Report on the Swiss Solvency Test!*. Notably, in contrast to other regulatory stress and scenario test, probabilities
are ascribed to these scenarios.

The multi-risk scenarios are as follows:

« Pandemic - 1% probability with impacts:
o Deaths and hospitalisations based on public health study;
o Japan/Other Asian/Other Emerging Market currencies depreciate by 10%/35%/25% vs Swiss Franc;
o Falls in short- and long-term interest rates for Swiss France, Euro, Pound Sterling, US Dollar and Japanese Yen;

137See “Insurance Stress Test 2018 Technical Specifications”, EIOPA, 14" May 2018 - copy available at: https://www.eiopa.
europa.eu/sites/default/files/financial_stability/insurance_stress_test/insurance_stress_test_2018/eiopa-bos-18-189_technical
specifications_v20180622.pdf

B8Milliman Research Report: “How equivalent are the quantitative aspects of Swiss Solvency Test and Solvency II for life
insurers” (Nick Kinrade and William Coatesworth, November 2013) with copy available at: http://www.aktuariat-witzel.ch/
aktuarielles_controllin_2_FS_15/How-equivalent-are-quantitative-aspects-SST-SSIL.pdf

https://doi.org/10.1017/51357321722000095 Published online by Cambridge University Press


https://www.eiopa.europa.eu/sites/default/files/financial_stability/insurance_stress_test/insurance_stress_test_2018/eiopa-bos-18-189_technical_specifications_v20180622.pdf
https://www.eiopa.europa.eu/sites/default/files/financial_stability/insurance_stress_test/insurance_stress_test_2018/eiopa-bos-18-189_technical_specifications_v20180622.pdf
https://www.eiopa.europa.eu/sites/default/files/financial_stability/insurance_stress_test/insurance_stress_test_2018/eiopa-bos-18-189_technical_specifications_v20180622.pdf
http://www.aktuariat-witzel.ch/aktuarielles_controllin_2_FS_15/How-equivalent-are-quantitative-aspects-SST-SSII.pdf
http://www.aktuariat-witzel.ch/aktuarielles_controllin_2_FS_15/How-equivalent-are-quantitative-aspects-SST-SSII.pdf
https://doi.org/10.1017/S1357321722000095

80

P. Kelliher

o Bond spreads increase: +75bps for AAA; 4+150bps A; +200bps BBB; +400bps < BBB;

o Equity price changes vary by sector: some sectors fall —25% while tourist and transport fall =50% but pharmaceuticals
rise + 25%.
Financial distress — 0.5% probability — in this scenario, the following occur:

o Mass lapse: the first-year lapse rate becomes 25% and then reverts to normal;
o New business volumes reduce by 75%;
o Interest rates increase by 300bps at all durations and for all currencies;

o Value of all equities, hedge funds, and real estate falls by 30%.

It should be noted that in contrast to Solvency II, mass lapse is not explicitly considered in base Pillar 1 calculations under the
Swiss Solvency Test and is addressed here instead. Also, despite the large contraction in portfolio implied, there is no expense
stress, whereas in practice one would expect a rise in unit costs. Finally, the mass lapse and sales collapse is driven by market
conditions as opposed to more idiosyncratic issues such as major reputation damage.

Stock market crash of 1987 - 0.1% probability — as well as stock market falls this also involves large decreases in interest
rates for all currencies; tightening of credit spreads; falls in the value of the Swiss Franc relative to other currencies;
increases in exchange rate, interest rate and equity volatilities; and falls in property values.

Nikkei crash of 1990 - 0.1% probability — as well as stock market falls this also involves large increases in interest rates
for all currencies; widening of credit spreads; falls in the value of the Swiss Franc relative to other currencies; large
increases in exchange rate, interest rate, and equity volatilities; and falls in property values.

European currency crisis of 1992 - 0.1% probability - large increases in US Dollar and Euro interest rates with
decreases in Pound Sterling and Swiss Franc rates; widening of credit spreads; falls in the value of the Swiss Franc relative
to other currencies; increases in exchange rate, interest rate, and equity volatilities; all combined with relatively small
falls in the value of equities and property.

US interest rate crisis of 1994 — 0.1% probability - large increases in interest rates for all currencies; changes in credit
spreads; falls in the value of the Swiss Franc relative to other currencies; increases in exchange rate, interest rate, and
equity volatilities; all combined with falls in the value of equities and property.

Russian default and LTCM crisis of 1998 — 0.1% probability — large decreases in interest rates for all currencies;
widening of credit spreads; falls in the value of the Swiss Franc relative to other currencies; increases in exchange rate,
interest rate, and equity volatilities; combined with falls in the value of equities and property.

Stock market crash of early 2000s — 0.1% probability — large decreases in interest rates for all currencies; changes in
credit spreads; falls in the value of the Swiss Franc relative to other currencies; increases in exchange rate, interest rate,
and equity volatilities; all combined with large falls in the value of equities and moderate falls in property values.
2007/09 Financial crisis — 0.1% probability — decreases in interest rates for all currencies; dramatic widening of credit
spreads; falls in the value of the Swiss Franc against other currencies except the Yen; extremely large increases in
exchange rate, interest rate, and equity volatilities; all combined with large falls in the value of equities and moderate
falls in property values.

Bank of England 2021 stress test for banks

This stress tes

t13 is of interest beyond banks as it encompasses an adverse scenario for the UK and global economy under

COVID-19 along with potential impacts on market and credit risks. Key elements to note:

“Double dip” recession in early 2021 leads to a cumulative loss of —37% in UK GDP and —31% of Global GDP compared
to pre-pandemic forecasts;

UK unemployment rises to 11.9% at the end of 2021;

UK commercial and residential property fall —33% peak to trough (in Q3, 2021 and Q2, 2022 respectively), with similar
falls in US and European property;

UK and US equities fall —20% by end Q2 but recover slightly to end down —15% over 2021;

139Gee “Stress testing the UK banking system: Key elements of the 2021 Stress Test”, PRA, February 2021 available at https://
www.bankofengland.co.uk/stress-testing/2021/key-elements-of-the-2021-stress-test
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UK, US and German government bond yields broadly unchanged at medium-/long-terms but with base rates going
negative in the UK;

Credit risks rises with US investment grade and high-yield corporate bond spreads rising by +140bps and +480bps by
mid-2021 before recovering slightly;

Oil falls to US$33/barrel; and

Implied volatility rises by over 30% by Q2, 2021 before subsiding.

This scenario represents a severe yet plausible view of how markets could deteriorate in the current environment and provide a
useful benchmark against which to benchmark the output of internal models and the correlation assumptions underpin-
ning these.

Cite this article: Kelliher P. (2022). Dependencies and diversification between risks. Patrick Kelliher FIA CERA December
2021. British Actuarial Journal. https://doi.org/10.1017/S1357321722000095
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