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Abstract:

Managing surplus risk enables pension plans and endowments to align their asset
allocations with their future obligations. BarraOne’s Correlation Risk Decomposition
enables investors to identify the drivers of surplus risk, and to analyze the potentially
subtle impact of specific hedges. In this case study, a term structure hedge using an
interest rate swap substantially lowers surplus risk as expected. However, a credit hedge
using a default swap elevates surplus risk.
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Introduction: The LDI Surplus Risk

Investors such as pension plans and endowments, who are responsible for a stream
of future financial obligations, may practice Liability-Driven Investing (LDI) to
account for liabilities in asset allocation. An important element of LDl is surplus risk,
meaning the measure of the variability in return to a portfolio that is long assets and
short liabilities. The analysis of surplus risk provides insight into a fund’s financial
health, and it can help to gauge the likelihood that the funding ratio of assets to
liabilities might stray from target.

How We Analyze the Surplus Risk

Figure 1 displays the assets and liabilities of a typical US pension plan with the asset
allocation roughly 60 percent equity, 20 percent bonds, and 20 percent alternative
assets.! The liability is modeled as a stream of cashflows.? To determine the
present value of the liabilities, we follow the Financial Accounting Standards Board
(FASB) guidelines, which mandate that a Corporate US Pension Plan estimate the
present value of its liabilities by discounting with a double-A industrial curve. By
endowing the liabilities with a relatively high present value, this discounting scheme
encourages a relatively conservative approach to asset allocation,® and it imparts an
element of credit risk to the surplus. In August 2011, the liabilities had a maturity of
48 years and an effective duration of 7.5 years.

Figure 1: Asset allocation and liability stream for a US pension plan as of August 31, 2011. Source: BarraOne.
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! In this context, alternatives are private market assets proxied through public equity and fixed income indices.
>The liability discounting curve is set to Moody’s Aa2 Industrial. With respect to this curve, liabilities have a 7.5 year duration.

® By contrast, Governmental Account Standards Board (GASB) regulations mandate that public US pension plans discount liabilities by a flat rate equal to their
estimates of expected return on assets.
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The risk profile of the plan’s assets and surplus is shown in the “Unhedged” columns
in Figure 2. The (annualized) volatility of asset return is 16.6 percent per year, while
the volatility of surplus return is 18.5 percent. Note that the surplus has a much
higher allocation to term structure and spread due to the bond-like characteristics
of the liability. Most of the spread risk arises from the discounting curve.*

Figure 2: Risk decomposition of the surplus to a US pension plan as of August 31, 2011. Hedging interest rate risk
lowers surplus risk, while hedging credit risk increases surplus risk. Source: BarraOne.

_ Unhedged Interest Rate Swap Interest Rate Swap & CDS
185 16.0 17.1

Total Risk 16.6
Local Market 15.9 18.0 15.2 15.3 16.3 16.1
Common Factor 15.8 17.9 15.2 15.1 16.2 15.9
Industry 15.7 15.7 15.6 15.6 15.6 15.6
Style 0.4 0.4 0.4 0.4 0.4 0.4
Term Structure 0.8 72 6.0 2.6 6.0 25
Spread 0.3 33 T | 4.1 21 17
Selection 0.6 2.2 0.6 2.2 1.4 25
Currency Risk 1.8 1.8 1.8 1.8 1.8 1.8

The fund can substantially neutralize its exposure to fluctuations in the term
structure by entering into an interest rate swap. As noted in Winkelmann, et al
(2007):

In the US market, benchmark swap indices are available between 1 and
50 years of maturity, providing good yield curve sensitivity matching.
Similarly, these indices are available between 1 and 50 years in the UK.
Since swaps are synthetic instruments, they are not subject to “specials’
or supply constraints. Consequently, they can provide a capital-efficient
way to manage an interest rate hedge.

The two columns labeled “Interest Rate Swap” in Figure 2 show the forecast risk of
the plan’s assets and surplus after the introduction of an interest rate swap. Term
structure risk in the surplus is decreased to 2.6 percent from 7.2 percent, and the
overall surplus risk is decreased to 15.9 percent from 18.5 percent.

*The present value of the assets is taken as the base value in this analysis.
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Similarly, credit default swaps provide a natural hedge to the surplus spread risk.
The two columns labeled “Interest Rate Swap & CDS” show the risk for the plan’s
assets after the additional introduction of a credit default swap. As expected, the
spread risk is decreased to 1.7 percent from 4.1 percent. Surprisingly, the surplus
risk has increased from 15.9 percent to 16.7 percent.

Why does the credit hedge increase the surplus risk? An indication is in Figure 3,
which shows a time series of correlations between equities and interest rates in the
first panel and between equities and credit spreads in the second panel. Recently,
equities and interest rates have tended to be positively correlated, so that a position
in the interest rate swaps that receives a fixed rate hedges the term structure risk in
the liabilities and mitigates some of the equity risk, too. By contrast, equities and
credit spread have tended to be negatively correlated, so that a position selling

protection in credit default swaps hedges the spread risk and exacerbates the equity
risk.

Figure 3: Left panel: Correlation between US Large Cap Equity and 10-Year Treasury Rate. Right Panel: Correlation
between US Large Cap Equity and Credit Spreads. Estimates are based on a rolling 24-month window.

Source: BarraOne.
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The decompositions in Figure 2 do not indicate the impact that hedging a particular
risk factor or asset class will have on surplus risk. However, there is an alternative
decomposition that makes the impact transparent. As shown in Menchero and
Davis (2011), it is possible to deconstruct risk in a way that immediately highlights
the implications of a hedge on surplus risk. The central element is a correlation risk
decomposition,” which expresses surplus risk as an exact sum of contributions from
components of the portfolio. The first step toward correlation risk decomposition is
to express risk as an exact sum of contributions corresponding to risk drivers in a
portfolio:

oc=RC

equity

+ RC

termstructure

+RC

wread Fo--

In a second step, we express the risk contribution as a product of three terms: the
surplus exposure to the risk driver, the standalone risk of the driver, and the
correlation of the driver with surplus return. For example:

RC X

spread = spread Gspread pspread .

In Figure 2, the surplus risk shown for each risk driver is the product of the first two
terms in the risk contribution. For example, the 3.3 percent spread contribution to

unhedged surplus risk is a product of surplus exposure to spread, XSpread with the

standalone spread risk o, Missing from the chart is the correlation of spreads

spread *
with surplus return pg, ., . Itis that correlation that indicates the directional impact

of a hedge on surplus risk.

Figure 4 shows the BarraOne correlation risk decomposition of surplus risk. The
columns labeled “Surplus Risk” in Figures 2 and 4 are identical. Each entry
corresponds to a risk driver, and it is the product of the driver’s surplus risk
exposure with its standalone risk. Each entry in the column labeled “Surplus
Correlation” in Figure 4 indicates the directional impact that a hedge will have on
surplus risk. For example, the correlation of term structure return with surplus
return is 0.6. This means that a small term structure risk hedge will decrease
surplus risk. In contrast, the correlation of spread return with surplus return is
-0.39. This means that a small spread risk hedge will increase surplus risk. Entries in
the “Surplus Risk Contribution” column in Figure 4 are products of Surplus Risk and
Surplus Correlation. Notably, risk contributions are additive. The Total Risk
Contribution, 18.5 percent, is the sum of Local Market Risk Contribution, 17.9
percent, and the Currency Risk Contribution, 0.5 percent. In turn, the Local Market
Risk Contribution, 17.9 percent, is the sum of the Common Factor Risk Contribution,
17.7 percent, and the Selection Risk Contribution, 0.3 percent.

® “X-Sigma-Rho Decomposition” is another name for a “Correlated Risk Decomposition.”
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Figure 4: Correlated risk decomposition of the surplus to a US pension plan as of August 31, 2011. The impact of a
hedge on surplus risk can be determined immediately from the sign of the correlation. Source: BarraOne.

Surplus Risk Surplus Correlation HEDIS [k
Contribution
1.00 185

Total Risk 18.5
Local Market 18.0 1.00 17.9
Common Factor 39 0.99 17.7
Industry 15.7 0.92 14.5
Style 0.4 0.50 0.2
Term Structure 1.2 D.60 43
Spread 33 -1.3
Selection 22 0.12 0.3
Currency Risk 1.8 0.31 0.5

Conclusion

Liability-Driven Investing is important for any institution that is responsible for
paying a fixed stream of benefits. A key element of this paradigm is the risk of the
surplus, which is the portfolio that is long assets and short liabilities. Surplus risk is
the variability in the return to this long-short portfolio. The correlations between a
risk factor and the surplus return is a guide to how a hedging strategy will impact
surplus risk. In the example illustrated above, equity and term structure return are
positively correlated with surplus return. This means that small equity and term
structure hedges will decrease surplus risk. In contrast, spreads are negatively
correlated with surplus, meaning that a small spread hedge increases surplus risk.
Liability-driven investors can effectively manage their portfolios through the use of a
correlation risk decomposition that illuminates the impact of candidate hedges on
surplus risk.
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