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*  Allocation objectives

*  The methodology — parity risk budgeting
«  Historical performance*

«  Total portfolio approach: beta + alpha

¢ Summary

* The results of the back-test do not reflect actual client trading or the impact of material economic and market factors on PanAgora’s decision-making process
for an actual PanAgora client account. The results are hypothetical and were achieved through the 7 of a model on the basis
of historical data and designed with the benefit of hindsight. The models may not perform as well when applied prospectively.
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Achieving High Sharpe Ratio by Equal Risk
Contribution

»  Provides efficient beta portfolios for long-term investors
«  Offers a spectrum of risk/return choices

»  Combined with alpha sources: Forms the optimally efficient investment portfolio from a total risk
perspective

*  Balanced risk allocation leads to efficient beta portfolios
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Balanced Fund: A Misnomer
* The traditional 60/40 stock/bond allocation does not
provide sufficient risk diversification

— From 1983 to 2005, stocks contributed to 93%
of overall risk while bonds contributed 7%

— The disparity in risk contribution reflects the fact
that stocks are much riskier than bonds

* 60/40 portfolio returns are 98% correlated with stock
returns

« Because of this, the 60/40 portfolio has a Sharpe
ratio that is less than that of bonds

Russell 1000 Lehman Agg 6040
Average Return 8.29% 365% 6.44%
Standard Deviation 15.13% 4.58% 9.60%

Sharpe Ratio 055 0.80 067

Source: Index Providers
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Risk Contribution for a 60/40 Portfolio

» Capital Allocation:
60% =
Bonds

> Risk Allocation: Stocks

95% =

Bonds

Stocks

For illustrative purposes only

ooy,
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Loss Contribution = Risk Contribution
Loss contribution for a 60/40 representative portfolio

2% 95.6% 4.4%
3% 100.1% -0.1%
4% 101.9% -1.9%

Source: Pa

ed on 60% Russell 1000 Index and
40% Lehman Ag I

¢ Index

Loss contribution should roughly equal risk contribution at 95%

« But stocks’ contribution is higher due to greater tail risk (Qian, 2005)

Table is shown for illustrative purposes only
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Risk budgeting Approach

* Risk budgeting
— Determine the total amount of risk and contributions to the total risk
« Advantages of risk budgeting approach
— Uses only covariance matrix, not the expected returns to derive the asset allocation weights
— Portfolio weights are more diversified and stable
— Incorporates asset performance through targeted risk contribution
« Wide range applications
— Active risks in fixed income, equity, and TAA portfolios
— Manager and strategy selections

— Strategy beta exposures
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Three Ingredients

+ For any given level of beta risk, we target equal contribution
from each asset

— Equal contribution from stocks, bonds, and commodities
» Adjust contribution to risk based on monetary policy

+ Apply leverage if necessary to achieve targeted level of risk
and return

— Leverage can be implemented with futures and/or swaps
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Why Parity?

¢ Parity risk contribution implies balanced loss contribution
- Limit the impact of severe losses from individual assets

« In the long run, the Sharpe ratios of various financial assets should be positive and
similar

- Empirical results and theoretical argument

« Under the assumption of equal Sharpe ratio, the parity portfolios are in fact mean-
variance optimal (proof in appendix)

US 5 Year (1919 -
2005)

US Corp (1900 - 1.8% 5.2%
2005)

S&P 500 (1900 — 5.4% 18.0%
2005)

Source: Global Financial Data, PanAgora
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Fed Policy Matters
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+ Regimes are based change in Fed discount rate

+ Impact on stocks
— Higher (lower) return and lower (higher) risk in expansive (restrictive) regime

« The effect on commodities is opposite
— Higher return in the restrictive regime and lower return in the expansive regime
— It has lower correlation with other assets in the expansive regime

* The effect on bonds is more muted

5 1983

Sou MSCI; CITI Gr
Prior to 03/1

TIPS. EM re
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Use Leverage to Balance Risk Contribution

» Leverage is not necessarily dangerous

— Government bonds leveraged 2:1 have a standard
deviation of less than 10%

— Leverage is appropriate if the underlying portfolio has a high Sharpe ratio
» Stocks already have Embedded Leverage

» Leverage easily implemented with exchange-traded
futures and swaps

— Equity futures, commaodity futures, bond futures

Historical Performance
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Simulation Framework
« Eight asset classes

— US large cap, US small cap, Int'l large cap, EM equity

— US Treasury, TIPS, Non-US sovereign bonds, commodities
» Allocation procedure

— Target a constant level of risk (4% , 8% etc.) each month

— Target parity risk contribution from eight asset class

— Change risk contribution when Fed changes monetary policy

Inputs are regime-based covariance matrices

Portfolio weights are derived through a system of equations
+ Performance (1983 — 9/2006)
— Focus on excess returns

— Simulated returns for portfolio with 8% risk
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Simulated P

erformance* - Risk Parity Portfolio (at 8% risk)

ﬁy‘ﬁf ﬁ&\ ﬁi ﬁf ﬁﬁ ﬁﬁ @ﬁ A@“ﬂ f’f A@f A@f
Parity 60/40
Avg. Excess Return 8.91% 6.41%
Standard Deviation 8.06% 9.49%
Sharpe Ratio 1.11 0.68

Risk parity portfolio significantly outperformed 60/40 portfolio with much low risk

* 5 - year Sharpe ratio is always positive
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Simulated Performance* - Risk Parity Portfolio (at 8% risk)

30%
m60/40
m Parity Excess

» 20 positive excess returns out of possible 23

Negative excess returns in 1994, 1998, and 2001

— 1994: All risky assets performed poorly

— 1998: Poor performers; Commaodities and EM

— 2001: Poor performers: Commaodities, US large cap, Int'l large cap, EM
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Simulated Performance* - Risk Parity Portfolio (at 8% risk)

PN

Average For 12/2005
Cash -82% -96%
Commodities 22% 19%
US Gov 46% 58%
TIPS 19% 25%
Int'l Gov 56% 65%
US Large Cap 10% 8%
US Small Cap 9% %
Int’l Stocks 1% 9%
EM Stocks 8% 6%

+  Assetallocation
— Average weights: cash borrowing — 80%, commodity - 22%, bonds — 120%, stocks — 38%

«  Fed policy changes are the major cause of portfolio turnover

Historical performance K00 e
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Realized Loss Contribution and Correlation

Loss >3% Correlation
Cash 8.2% 0.01
Commodities 16.3% 0.48
US Gov 12.4% 0.45
TIPS 6.4% 0.48
Int’l Gov 5.8% 0.42
US Large Cap 1M.7% 0.62
US Small Cap 13.7% 0.59
Int’l Stocks 10.7% 0.55
EM Stocks 14.8% 0.55

»  When the portfolio losses are significant, the contribution from individual assets are roughly equal,
as intended by the target

— This ensures individual assets don’t dominant total portfolio

» The correlation between portfolio returns and individual asset returns are also balanced
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Beta + Alpha

« Risk Parity Portfolios offer efficient beta allocation
« They can be combined with market-neutral alpha sources to form efficient total portfolio
— Use futures and/swaps to implement risk parity beta exposure
— Remaining capital is deployed in alpha strategies
« Portable alpha: global equity/bond/currency

« Market-neutral equity long/short: US, international

+ Flexible allocation between alpha and beta
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Risk Parity Portfolios as MV Optimal

« Assume zero correlations, parity portfolio is MV optimal
when the Sharpe ratio is the same for all assets

Parity risk allocation implies
W,0, = ¢ =constant. (1)
w;, — allocation weight, o, — standard deviation

Mean-variance optimal weight is
weLd
Ao

f; - expected excess return, A- risk-aversion parameter

@

Substituting (2) into (1) and solving for Sharpe ratio:

Sharpe ratio = L =(Ac) = constant 3)

i

Equation (3) implies a constant Sharpe ratio for all assets.




Appendix ALTERNATIVE

I NVESTMEN

References

* Risk budgeting:

— Qian, Edward, “On the Financial Interpretation of Risk Contribution:
Risk Budgets Do Add Up.” Forthcoming, Journal of Investment Management

— Qian, Edward, “Risk Parity Portfolios.” 2005, PanAgora
« Fed policy:

— See, for example, Conover at al. “Is Fed Policy Still Relevant for Investors?”
2005, FAJ, Vol. 61, No. 1

— Peters, Edgar, “US TAA with Fed Policy Regimes.” 1997, working paper,
PanAgora

Biography ALTERNATIVE

I NVESTMEN

Edward Qian, Ph.D., CFA
Director and Head of Macro Research, Macro Strategies

At PanAgora:
Dr. Qian is Director of Macro-Strategies and Head of Macro Research for the firm. His primary responsibilities include investment research

and portfolio in 's M ies group.

Prior to joining PanAgora, Dr. Qian was a Senior Analyst in Putnam 's Global Asset ion Group. Before joining Putnam, he
was a fixed-income Quantitative Analyst at Back Bay Advisors. He also worked at 2100 Capital Group on hedge fund investments in 2004.
Dr. Qian has extensive research experience in the areas of asset ion and itative equity il i His has been
published in several leading financial industry journals. i he was a i Science i Fellow at MIT from

1994 to 1996.
Investment industry experience: 10 years

Publications:
“On the Financial Interpretation of Risk: Risk do add up” Journal of 2006

"Aspects of Constrained Long/Short Equity Portfolios,” with E. Sorenson, R.Hua, and L. Ma. Journal of Portfolio Management, January 2007.
“Aspects of Constrained Long/Short Equity Portfolios,” with E. Sorenson, R.Hua, and L. Ma. Journal of Portfolio Management, January 2007.

“Contextual Fundamentals, Models, and Active with E. and R. Hua. Journal of Portfolio Management, Fall 2005
“Multiple Alpha Sources and Active " with E. R. Hua, and R. Schoen. Journal of Portfolio Winter 2004.
“Active Risk and Information Ratio,” with R. Hua. Journal of 3rd Qtr 2004.

“Time Diversification and Annual Performance Review: A Recipe for the Calendar Effect,” with R. Hua. PanAgora Working Paper, 2004.

Education:

Florida State University, Ph.D.

The Chinese Science Academy, M.S.
Peking University, B.S.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


