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1. Introduction

Systematic fixed income portfolio managers place a
strong emphasis on stress testing for tail events - the
low-probability, high-impact scenarios that can wreak
havoc on markets. In fixed income markets, such tail
events might include a sudden global recession, a wave
of major defaults, or a freeze in market liquidity. These
worst-case scenarios are not part of ordinary market
fluctuations. Instead, they represent extreme conditions
where conventional risk models often break down'.

Traditional risk measures (like value-at-risk (VaR)
based on historical variances) have repeatedly failed
to anticipate paradigm shifts in crises, largely because
correlations and volatilities behave very differently in
stressed markets?. By contrast, stress testing forces
managers to imagine and quantify the unthinkable and
measure how their portfolios would hold up. They ask
such questions as, “What if a 2008-scale credit meltdown
happened again? What if multiple large issuers default
at once? What if liquidity vanished overnight?” as part
of their analysis.

This practice has become an industry best practice and

a cornerstone of risk management since the Global
Financial Crisis (GFC). Regulators and investors alike now
expect rigorous scenario analysis as part of due diligence.
Many institutions run regular stress tests as part of their
risk oversight. The core idea is simple: by modelling
extreme - but plausible - scenarios and examining their
impact on portfolio value and risk metrics, managers

can identify hidden vulnerabilities before a crisis hits.
Stress testing helps ensure that a fixed income portfolio
can weather the financial equivalent of a Category 5
hurricane.

This white paper explores how systematic fixed income
investors approach tail risk stress testing, detailing
scenario design (both historical and hypothetical),
methodological tools, and the insights gained for portfolio
strategy and risk management.

“The core idea is simple:
by modelling extreme —
but plausiblé“seenarios
and examining their

impact on portfolio
value and riskametrics,
managers can identify
hidden vulnerabilities
before a €risis hits.”
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2. Understanding tail risks in fixed income

In fixed income markets, tail events often stem from non-linear downside risks such as defaults and rating
downgrades, liquidity breakdowns, or massive interest rate shocks. Unlike equities, where losses are
theoretically unbounded, fixed income instruments have asymmetric risk profiles. Their upside is capped by
coupon payments, but downside can be severe in default scenarios (e.g., a bond can lose most of its value
if the issuer fails).

“In fixed income markets, tail events often stem
from non-linear downside risks such as defaults and
rating downgrades.”

Moreover, credit markets exhibit non-linear behavior. Credit spreads can remain benign for long periods
and then spike dramatically when fear sets in. A single default can trigger outsized losses due to low
recovery values and contagion. For example, prior to the GFC, US high-yield bond spreads were in the
200-300 basis point range, reflecting complacency. By December 2008, as panic gripped markets,
high-yield spreads exploded to over 2,182 basis points (21.82%)%, a level that implied deep distress across
the board. Such an extreme widening in credit spreads represented a more than 7 sigma event* in historical
terms and inflicted severe losses on credit portfolios.

Tail risks are not confined to credit spread moves. Interest rate tail events can also strike, as seen in 1994's
bond market rout or the more recent 2022 surge in global yields. A rapid, unexpected rise in interest

rates (e.g., a central bank hiking 300+ basis points (bps) in a short time span) can cause government

bond prices to plunge and duration-sensitive assets to incur large mark-to-market losses. Conversely, an
extreme deflationary shock might send yields to historic lows or invert yield curves in unusual ways, hurting
strategies that are positioned for “normal” conditions.

Liquidity risk is another critical tail factor. In a liquidity freeze, even high-quality bonds can temporarily
trade at fire-sale prices due to a “dash-for-cash.” A stark illustration occurred in March 2020 when, at

the height of the COVID-19 market panic, US Treasuries - ordinarily the safest and most liquid of assets -
dropped precipitously in price as investors scrambled for cash, deviating from the usual flight-to-quality
pattern’. This unprecedented sell-off in Treasuries (alongside stocks) revealed that when dealer balance
sheets are constrained and everyone is rushing for liquidity, the typical negative correlation between bonds
and equities can flip in a positive direction.

“Tail risks are not confined to credit spread moves.
Interest rate tail events can also strike”

* Pitchbook LCD, 2025

“ “Greater than seven sigma.” This is a statistical expression that indicates an extremely rare event or result - one that lies more than seven standard
deviations away from the mean in a normal distribution.

® OFR. OFR Models One Theory on the cause of March 2020’s Treasury Market Fragility, Gregory Phelan and Thomas Eisenbach
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Because of these phenomena, fixed income tail risks often lurk beyond the realm of historical data and
linear models. They tend to manifest when multiple adverse factors compound. For instance, a sudden
recession can simultaneously drive default rates higher, widen credit spreads, and prompt rating agencies
to downgrade dozens of issuers, all while central banks slash interest rates. The non-linearity means that
portfolio losses in such scenarios can far exceed what a normal variance-covariance risk model might
predict. In stable fimes, correlations between risk factors (like interest rates, spreads and equities) might be
low or even negative. However, in a crisis, they surge toward one as all risky assets sell off together.

Credit instruments that seemed uncorrelated can all tumble in unison during a credit crunch. Likewise,
structured products that rely on diversification assumptions can see their tranches correlate and fail
simultaneously once underlying defaults rise above a critical threshold. Recognizing these characteristics,
investors stress the importance of forward-looking risk assessment. Relying solely on historical
performance can be extremely deceptive if the probability of tail events increases, and scenarios must
consider regime changes and breakdowns in historical patterns.

3. Scenario analysis: Approaches to stress testing tail events

To confront tail risks head-on, systematic fixed income managers use scenario analysis as a primary tool.
Scenario analysis involves crafting specific “what if” narratives and translating them into quantitative
shocks to market variables, then simulating the effect on portfolio holdings. There are two broad
categories of scenarios used in stress testing - historical scenarios and hypothetical scenarios.

“To confront tail risks head-on, systematic fixed
income managers use scenario analysis as a primary
tool. Scenario analysis involves crafting specific “what
if” narratives and translating them into quantitative
shocks to market variables”

Historical scenario analysis

Historical scenarios are drawn from real-world crises or events that actually occurred. The idea is

to replay the tape of past disasters to see how today’s portfolio would perform if history repeated itself.
For example, a common scenario is the GFC of 2008-2009, a 10-month period during which global
credit markets imploded. In a historical stress test, a manager might apply the observed changes from
that period to current positions, (e.g., widen every credit spread by the amount it widened in 2008,

drop interest rates to the lows observed then, and mark down structured securities in line with their 2008
price declines).

Other episodes like the Russian default of 1998 or the COVID-19 pandemic crash of 2020 can likewise be
applied to test vulnerabilities. Historical scenario analysis has the advantage of being grounded in actual
market moves (ensuring internal consistency among risk factors) and often resonates with stakeholders
because the scenarios are tangible events.
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By examining past crises, be it the 1997 Asian financial
crisis, the 2011 Eurozone debt crisis, or March 2020's
liquidity seizure, portfolio managers gain insight into how “Hypothetlcal tail

severe stress propagates through fixed income markets . ol
> Propag 9" scenarios are limited
and how their current strategy might fare.

However, there is a catch. No two crises are exactly alike. OIﬂY bY the lmaglnatlon
Historical scenarios are limited by the specifics of their and plau51b111ty

time. They might not capture the next tail event if it has

different characteristics. Thus, managers treat historical COHStI'aiIltS, and they

tests as informative but not sufficient. They often adjust Often reﬂect fears or riSk

or augment historical shocks to make them more severe

or relevant. For instance, one might look at 2008 but faCtOI'S on the hOI'iZOIl
of current markets.”

assume even lower recovery rates on defaulted bonds
than actually occurred, to add conservatism. Or one
might combine elements from multiple crises (e.g., the
spread widening of 2008 plus the liquidity freeze of 2020
simultaneously). The historical approach provides

a baseline of “worst cases we have seen before.” If

a portfolio struggles even in those known scenarios, this
is a clear warning sign. On the other hand, if a strategy
seems to weather 2008 relatively well (perhaps due

to hedges or a bias toward higher-quality bonds), the
manager gains some confidence but with the caveat that
future stress could differ.

Hypothetical scenario design

Where historical scenarios look backward, hypothetical
scenarios look forward and inward. They are crafted
situations that have not happened yet (or are more
extreme than those that have), designed to probe specific
risks. Hypothetical tail scenarios are limited only by the
imagination and plausibility constraints, and they often
reflect fears or risk factors on the horizon of current markets.
For example, a systematic credit portfolio manager might
worry about a severe wave of corporate downgrades, say
multiple major BBB-rated companies getting downgraded
to junk at once (a “fallen angels” scenario).

Evenif such an event has not happened at the scale
imagined, creating a scenario for it helps identify potential
exposures. Another hypothetical scenario might be a sudden
global recession that is sharper than 2020’s pandemic shock.
Perhaps the situation is triggered by an abrupt geopolitical
event or policy mistake, causing the global economy to
contract severely within a quarter, unemployment to spike,
and a chain reaction of credit defaults.
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The scenario’s financial translation could involve equity indices dropping 30-40%, investment-grade credit
spreads doubling or tripling, high-yield spreads gapping out by 800+ bps, and government bond yields
collapsing to near-zero (or even negative) as central banks slash rates.

Yet another hypothetical tail event is a liquidity freeze in fixed income markets. In this scenario, it is not

just economic fundamentals deteriorating, but market functioning itself. One envisions a situation where
dealers pull back, bid/ask spreads widen dramatically, and even sellers of normally liquid bonds find no
takers except at distressed prices. This could be sparked by, for instance, the failure of a large dealer or an
event that causes everyone to hoard cash (similar to March 2020).

In a liquidity-freeze scenario, a portfolio might suffer not just from mark-to-market losses on wider
spreads, but also from the inability to rebalance or liquidate positions without incurring further damage.
Reverse stress testing is sometimes employed here. Managers ask, “What set of circumstances would
cause, say, a 20% loss in our portfolio?” and the answer might be a combination of price moves and
illiquidity conditions that they then use as a scenario®.

Crafting hypothetical scenarios requires a mix of creativity and discipline. The scenario must be severe
enough to qualify as a true tail event, but also coherent. Typically, risk teams will build a narrative around
the scenario to ensure all moves make sense together (for example, in a stagflation scenario: GDP
down, inflation up, so you would have rising yields and widening credit spreads and falling equity prices
simultaneously - a painful combination).

By incorporating an economic narrative, one can justify multi-faceted stresses that go beyond historical
experience. It isimportant to include cross-asset and cross-market effects. For a fixed income portfolio,
that means thinking about how equities, commodities, and currencies might behave in the scenario,
because these can indirectly impact credit (through, say, a company’s stock collapse affecting its default
probability, or a currency crash affecting an emerging market sovereign’s solvency).

Figure 1: Hypothetical portfolio loss projections under different extreme scenarios.
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Source: Based on stress-testing methodologies described by Makz (2024) and industry standard disclosures by Morningstar and BlackRock.

¢ Federal Reserve Bank of Boston. Stress testing with multiple scenarios: a tale on tails and reverse stress scenarios, David Aikman, Romain Angotti and
Katarzyna Budnik, April 14, 2024
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In practice, managers will design a range of hypothetical scenarios targeting various risk factors and

then compare the projected portfolio losses. For instance, figure Tillustrates a set of scenario stress test
results for a sample portfolio: a severe credit default wave produces an estimated 30% portfolio loss (as
widespread defaults and downgrades hammer bond prices), a global recession scenario yields around

a 15% loss (with safe-haven government bonds cushioning some of the credit damage), whereas a pure
interest rate shock might cause a smaller loss (painful for rate-sensitive bonds but partially offset by credit
spread tightening if the shock stems from growth). These numbers are illustrative, but they underscore how
different tail events stress a portfolio in distinct ways. By examining a spectrum of scenarios, one ensures
that all major vulnerabilities are probed and not just the ones that happened in the past, but also those
lurking in the future.

Both historical and hypothetical scenario analyses are complementary. Historical scenarios ground us in reality
and prevent underestimating how bad the markets reacted in known crises. Hypothetical scenarios expand

our vision to “fat tail” events that have not yet occurred but could. Together, they form a robust approach
to capturing tail risk. The historical tests ask: “Could we survive another X (e.g. another 2008)?” and the

hypothetical tests ask: “What else could go wrong that we haven’t seen yet, and could we survive that too?”

4, Stress testing methodologies for extreme events

Designing the scenario is only half the battle. The other half is applying it to the portfolio and measuring
the impact. This is where various stress testing methodologies come into play. At a high level, stress testing
a fixed income portfolio against a scenario involves re-valuing every position under the conditions of that
scenario and aggregating the results. There are several ways managers do this.

Full revaluation vs. factor shocks

The most rigorous approach is a full revaluation. Feed the stressed scenario inputs into the pricing

models for each security (e.g., re-price each bond given new yield levels, new credit spreads, any default
assumptions). For complex instruments like structured products, this might mean running a cash flow model
with higher default rates or lower recovery assumptions per the scenario.

A simpler (but less precise) approach is factor-based. For each risk factor (e.g., interest rate level, credit
spread, FX rate), apply a shock (change) from the scenario and use pre-calculated sensitivities (duration,
spread duration, DVOT) to estimate price change. For example, if the scenario says “10-year Treasury yield
+200 bps,” a bond with a duration of five would be marked down roughly 10% (5 * 2%); simultaneously.

If it also says, “credit spread +300 bps,” and the bond'’s spread duration is four, that adds another loss of
approximately 12%. Summing up such effects gives an approximation. Many systematic managers use

a combination of full revaluations for critical or nonlinear positions and factor sensitivities for plain vanilla
ones, to balance accuracy with speed.

“Most scenario stress tests are static. They take the
current portfolio as given and see what happens to its
value if the scenario hits immediately”

Copyright © Numerix LLC. All rights reserved. 8
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Static vs. dynamic assumptions

Most scenario stress tests are static. They take the current
portfolio as given and see what happens to its value if

the scenario hits immediately. However, some advanced
practitioners also consider dynamic effects, such as
trading actions or feedback loops.

For instance, if one is modelling a protracted stress (like
a one-year recession scenario), you might assume that
as defaults rise, there is some trading of defaulted bonds
(selling them at recovery values) or that coupon cash
flows get reinvested at higher yields.

Dynamic scenario analysis can also involve path
dependency, where the order in which shocks occur
impacts the outcome. In a liquidity crisis scenario, the
sequence of events (market freeze first, then price
drop, or vice versa) might influence the results. These
refinements add complexity but can provide a more
realistic picture for longer stress scenarios.

Cross-asset stress scenarios

Cross-asset scenarios extend traditional stress testing
beyond single risk factors to capture how extreme events
propagate across equities, rates, credit, FX, commodities,
volatility, and funding markets at the same time. In
situations where portfolios are multi-asset and derivatives-
heavy, these scenarios are often the only way to see the
true loss potential of an extreme event, rather than a sum
of isolated shocks. Advanced analytics engines used by
portfolio managers are now typically built with this kind of
cross-asset, cross-curve scenario capability in mind.

Cross-asset scenarios matter for extreme events. During
“normal” markets, factor models calibrated on historical
correlations can give a reasonable view of risk. Under
stress, however, correlations jump, liquidity evaporates,
and risk premia reprice non-linearly. A shock in one
market (say, a sharp rates sell-off) can trigger second-
and third-order effects: equity drawdowns, credit spreads
widening, FX devaluations, margin calls, forced selling,
and volatility spikes.

Single-asset or single-factor stresses (e.g., “+100 bps parallel
rate move” or “~20% equity index shock”) cannot capture:

* Correlation breakdowns (e.g., equity and duration both
losing money simultaneously).

* Basis and curve effects across currencies, indices,
or tenors.

* Funding and liquidity feedback loops (haircuts, margin,
and bid-ask blowouts).

“Most scenario stress
tests are static. They
take the current
portfolio as given and
see what happens to
its value if'théscenario
hits immediately.”

“Cross-asset scenarios
matter for extreme
events. During “normal”

markets, factor models
calibrated on historical
correlations can give a
reasonable view of risk.
Under stress, however,
correlations jump,
liquidity evaporates,
and risk premia reprice
non-linearly.”
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Cross-asset stress scenarios are designed to reflect these systemic dynamics by coherently shocking all
relevant risk factors under one macro narrative and then revaluing the entire portfolio under that joint
state of the world.

Well-constructed cross-asset scenarios for extreme events should reflect a plausible but severe macro
narrative and translate it into a coherent set of risk factor moves.

Simulation-based stress testing

Simulation-based stress testing extends traditional scenario analysis by generating many possible crisis
paths over time, rather than shocking the portfolio once and taking a single profit and loss (P&L) number.
It is particularly powerful for extreme events because it can capture path-dependence, feedback loops,
dynamic hedging, and liquidity or margin effects that single-period stresses miss.

Instead of saying, “What if markets jump to this stressed state tomorrow?”, simulation-based methods ask,
“What if the world evolves along a severely stressed trajectory over days, weeks, or months — how does
my portfolio behave along that path?”

Figure 2: Simulation-based stress testing: Portfolio loss distributions
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Simulation-based stress testing includes the following core elements:
* Astochastic model for key risk factors (e.g., rates, credit, equities, FX, volatility, funding).

* Astress specification: extreme but plausible parameter regimes (e.g., higher volatility, fatter tails,
altered correlations, greater jump intensities, faltering liquidity dynamics).

* Asimulation engine that generates thousands of multi-step paths for these factors.

* Full repricing of all positions along each path, including margin, collateral, and any dynamic trading
rules (rebalancing, hedging, de-leveraging).

The result is a distribution of outcomes under stress, not just one number. You can examine tail losses,
probability of limit breaches, time to drawdown, liquidity usage peaks, and more.
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Reverse stress testing

Reverse stress testing flips the exercise. Instead of starting with a scenario and finding the portfolio impact,
one starts with a target impact (say, a 10% loss, or breach of a certain risk metric) and tries to find a
scenario that could cause it. This is a useful risk management exercise to uncover worst-case combinations
of factors. For example, a portfolio might need an extreme combination like “credit spreads +500 bps,
equities -40%, zero market liquidity, plus a specific counterparty default” to hit a catastrophic loss.

Identifying this threshold scenario (which regulators sometimes call “breaking the bank” scenario) is
valuable because it defines the limits of the portfolio’s resilience. If that scenario is judged too far-fetched,
the manager might be comfortable. However, if it's not far from scenarios that could redlistically happen,
it's a signal the portfolio may be too fragile.

Risk metrics and outputs

When running scenario tests, systematic managers look at a variety of outputs. The primary output is
typically portfolio value change (often expressed as a percentage loss or gain). But they also examine risk
metrics under stress, such as what happens to Value-at-Risk or Expected Shortfall in the scenario, how
portfolio duration or spread exposure might change after hypothetical downgrades, and how liquidity and
funding needs evolve (would margin calls be triggered? Would cash buffers be sufficient?).

For credit portfolios, a key metric is default losses: “what percentage of the portfolio would default and
with what recoveries in this scenario?” For structured products, metrics like coverage ratios or tranche
aftachment/detachment points might be tested (does a Collateralized Loan Obligation (CLO)) tranche
breach an over-collateralization test under the stress?). Often, stress test reports will include detailed
breakdowns (e.g., “Portfolio loses 15%, mainly driven by high-yield corporate bonds (-25%) and emerging
market sovereigns (-30%), while Treasuries +5% offset some losses.”).

Such attribution helps pinpoint where vulnerabilities lie. It may reveal that the portfolio’s loss is heavily
concentrated in a few positions or sectors.

“The best practice is not to rely on a single scenario but
to consider multiple scenarios spanning different kinds
of tail risks”

Multiple scenarios and probabilities

The best practice is not to rely on a single scenario but to consider multiple scenarios spanning different
kinds of tail risks’. Managers may have a scenario library including both historical and hypothetical cases.
They might also assign subjective probabilities to these scenarios (though tail events are by nature hard to
quantify using probability methods) to compute an expected shortfall-type metric or weighted average
loss across scenarios. For example, if one assigns a 5% probability to a debt crisis scenario, 5% to a war
scenario, and 90% to “baseline,” one could calculate the weighted average loss. More commonly, scenarios
are treated as stress tests without probabilities, focusing on conditional outcomes (“if this happens, how
bad is it?”) rather than trying to guess odds.

Federal Reserve Bank of Boston. Stress testing with multiple scenarios: a tale on tails and reverse stress scenarios, David Aikman, Romain Angotti and
Katarzyna Budnik, April 14, 2024
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In executing these methodologies, systematic managers often leverage sophisticated technology.
Portfolio risk systems can ingest shock vectors for thousands of risk factors and spit out results almost
instantaneously for standard instruments.

For less standard assets (e.g., a bespoke structured security), the manager might run a separate model

or apply conservative haircut assumptions. Importantly, judgment remains a part of the process - models
may not capture every effect (for instance, a model might not fully account for how a complete absence of
buyers in the market would affect prices, because models assume some liquidity).

Hence risk tfeams often overlay qualitative analysis on top of quantitative outputs, possibly adjusting the
results to be more conservative. For example, if a stress test calculates a 10% loss but ignores trading costs,
the risk manager might say “realistically, it would be a 12% loss if we had to trade out of positions, so let us
callit 12% in our internal assessment.”

5. Using stress test insights in portfolio management

Thus far, we have discussed tail events in general terms. It is important to recognize that different
segments of the fixed income market have different vulnerability profiles to various stresses. A
comprehensive stress testing practice will tailor scenarios and analyses to each sector, be it government
bonds, structured products, emerging market debt, or other sectors, to ensure that unique risk dynamics
are captured.

“Conducting rigorous stress tests for tail events is not
a mere academic exercise. The ultimate goal is to inform
investment strategy and risk management actions.”

Conducting rigorous stress tests for tail events is not a mere academic exercise. The ultimate goal is to
inform investment strategy and risk management actions. Once systematic fixed income managers have
the results of scenario analyses in hand - essentially a map of where the portfolio is most vulnerable - they
can take proactive steps to strengthen the portfolio’s resilience. This is where stress testing translates intfo
the practical art of portfolio management.

Stress testing for tail events feeds directly into a cycle of risk management. Test -> learn -> adjust.

It strengthens portfolio robustness by spotlighting where things break, allowing managers to fortify those
weak points in advance. Over time, a portfolio that is regularly stress tested and adjusted is likely to be
more crisis-proof, or at least crisis-ready, than one that relies purely on standard risk metrics. In the world
of fixed income, where downside risks can be sudden and severe (and where leverage is often present
either explicitly or embedded, as in structured products), this kind of preparation is not just prudent. It is
essential for survival through market cycles.
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6. Conclusion

In the realm of fixed income investing, anticipating the “Systematic leCd

extreme is a hallmark of prudent strategy. Stress testing :

for tail events - be it a replay of the 2008 credit crisis, mcome managefs can
(?1 h)./p.o’rhe’ricol wave ?f defc:ul’rs., or an unforeseeoble greatly enhance their
liquidity crunch - equips portfolio managers with the

foresight to navigate the “what-ifs” that lurk beyond strategy by integrating

normal market conditions.

stress test results into

This practice of rigorous scenario analysis is now

considered an industry best practice for fixed income their deCiSiOH‘making
process.”

managers. Credit markets, in particular, teach us
humbling lessons about tail risks: losses from defaults or
forced liquidations are often nonlinear and far larger than
a bell curve view of the world would suggest.

Anticipating extreme events is not an exercise in
pessimism, but in realism. History has shown that once

a decade or so, something extraordinary does occur -
and often it is a different kind of crisis than the last. While
memories of the pandemic shock are still somewhat fresh,
new potential tail risks (perhaps climate-related financial
risks, or an inflation resurgence, or geopolitical conflicts)
loom in the future.

Systematic fixed income managers can greatly enhance
their strategy by integrating stress test results into their
decision-making process. The goal is not to predict
exactly when or what crisis will hit, but to ensure that if it
hits, the portfolio can withstand the blow. This involves
hard trade-offs - sometimes accepting lower yields or
adding costs (like insurance via hedges) but those are
like paying a premium for peace of mind. For long-term
investors such as pension funds and insurers, avoiding
catastrophic loss is paramount, and surviving to fight
another day is the ultimate objective.

Stress testing for tail events in fixed income markets
exemplifies a disciplined, forward-looking approach to
risk management. It is about expecting the unexpected:
simulating sudden recessions, default waves, and liquidity
freezes before they happen, and building portfolios that
are robust to those shocks. By continually practicing this
discipline - updating scenarios, learning from each new
crisis, and adjusting portfolios - fixed income investors
develop resilient strategies that can navigate both calm
and storm. In an uncertain world, this capability is not
just important - it is indispensable for anyone entrusted
with managing large-scale fixed income assets through
market cycles.
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