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Risk Parity: Background

 What is Risk Parity?

— Aform of asset allocation

— Instead of equalizing capital, it aims at equalizing Risk Contribution
— It has been one of the trendiest strategy since the financial crisis

— Concept coined by Edward Qian (Panagora Asset Management)

— First Risk Parity fund: Bridgewater Associate ‘All Weather’ fund

 Why Risk Parity?
— Strong historical performance capturing well-known risk premiums
— Does not reply on expected returns (no active views)
— Does not rely on optimization
— Mean-variance optimal if each asset has the same Sharpe ratio
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Risk Contribution (Two Assets)
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Risk Contribution (General)
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Return Contribution vs. Risk Contribution
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Loss Contribution: Example

Portfolio: wg, .= 0.6, W,y = 0.4

When the portfolio hits =5% return (VaR = -5%):

portfolio —
« Conditional expected return from stock =
CvaRStOCk - _4.50/0

- stock contributes 90% loss

« Conditional expected return from bond =
CvaRbond - _O.5cy0

- bond contributes 10% loss
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Loss Contribution: Evidence (1926 ~2004)

TABLE 1.2 Monthly Return Statistics of Indices and the 60/40 Portfolio

SE&P 500 US LT Government 60/40 Portfolio
Average return 0.98% 0.46% 0.78%
Standard deviation 5.61% 2.27% 3.61%
Correlation to S&P 500 1.00 0.14 0.97

TABLE 1.3 Realized Loss Contributions from Stocks of the
60/40 Stock/Bond Portfolio

Loss (") Loss Contribution (%) Number of Months
—4 to -3 89.8 45
—5to—4 92.7 23
—6to-5 88.1 11
—7 to—6 99.5 9
—8 to—7 90.1 8
Below —8 102.4 12
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Risk Premiums Captured

« Equal risk exposure to different risk premiums vs Equal risk exposure
to different risky assets

« Three primary risk premiums
— Equity risk premium
« Compensation for providing capital to overall economy

— Interest rate risk premium

« Compensation for lending money over long term. Upward slope of term-structure.
Positive term spread.

— Inflation risk premium

 Inflation-linked bonds, commodities (no dividend). Mainly used as a hedge
against high inflation.

— * Dynamic Factor risk premium
« Carry trade: buying high-yielding currencies and sell low-yielding currencies
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Risk-Parity Portfolio Construction
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Risk Parity Methodology

« Methodology
— Naive (correlation blind) Risk Parity

« Weight is inversely proportional to volatility forecast: w; € —,i=1~N
« Asset with the same volatility forecast will be weighted equally

— Real Risk Parity

« Equalization of Risk Contribution: RC; = m =5

« Asset with the largest volatility and average correlation has the smallest weight

— *Cluster Risk Parity

— Weight assets within each cluster ; using NRP: v; o Ui
— Weight cluster portfolios using NRP: wg; & g%

l‘_'.'j.-
- w; = v X W, for all asset belong to cluster (;
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NRP- Two Lowly Correlated Assets
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NRP- Multiple Lowly Correlated Assets

Investment Universe Asset Weight of NRP Portfolio
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Cumulative Returns

NRP- Multiple Highly Correlated Assets

Investment Universe

Asset Class  Ticker Name
Equity SPY SPDR S&P 500 ETF Trust
Equity QQQ PowerShares QQQ ETF Trust
Equity IWM iShares Russell 2000 Index (ETF)
Bond AGG iShares Barclays Aggregate Bond Fund
Commodity GLD SPDR Gold Trust (ETF)
Cumulative Performance
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RRP- Three Asset

Correlation for the whole period

+ Risk attributed to correlation | e | oo [ sy
AGG 1 0.08

account for a large part especially 011
when correlations are high.

« Most times RP portfolios are
levered, thus small difference in SPY 0.11 0.08 1
asset allocation will be amplified.

GLD 0.08 1 0.08

Asset allocation Correlation for during financial crisis

I
AGG GLD SPY
AGG 1 0.11 -0.02
NRP 0.68 0.15 0.17 LD 011 . 0.03

RRP 0.71 0.13 0.16 SPY -0.02 -0.03 1
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RRP- compare with NRP and
balanced portfolio

Asset Weight Risk Contribution of RRP Portfolio
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RRP- compare with NRP and
balanced portfolio

B ) T

Sharpe 0.842 0.981
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1994 Crash of Bond Market

History Lessons
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FIGURE 6.1 The Fed fund target rate from 1990 to 1994,

TABLE 6.2 Excess Return, Volatility, and Sharpe Ratio of Citigroup UST Indices

1-3 years 3-7 years 7-10 years 20 years+ Index
Excess return -3.6% -7.0% -9.6% -12.0% -7.3%
Risk 1.6% 3.6% 5.8% 8.6% 4.2%
Sharpe -2.28 -1.96 -1.66 -1.38 ~1.75

FIGURE 6.3
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US 10-year treasury bond yield from 1990 to 1994,

TABLE 6.4 Absolute Returns of a 60/40 Portfolio
and a Static Risk Parity Portfolio

60/40 (%) Risk Parity (%)
Return 1994 -2.7 -59
Return 2008 =229 -14.0
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Historical performance in US and

Japan

TABLE 6.8 Simulated Returns for Risk Parity Portfolios and 60/40 Portfolio

Risk Parity Risk Parity
CPI (%) Foundation (%)  Dynamic (%) 60/40 (%)
19701979 7.4 10.5 11.7 6.5
1980-1989 5.1 143 149 157
1990-1999 29 122 135 139
2000-2009 25 43 52 0.4

TABLE 6.7 Annualived Percestage Change in CPI and Annualired Returns of Financial Assets
P Canh (%) GSCI (%) Ps (%) US Bond (%) SKP 500 (%)

19701979 74 o5 212 104 67 59
19801989 sl 91 s 66 121 176
19901999 9 50 e 53 72 182
2000-2009 15 248 5l 57 53 -5

TABLE 6.6 Return and Risk of 60/40 and Risk Parity
Japan Portfolios

60/40 Japan (%) Risk Parity Japan (%)
Return 0.98 6.83
Risk 10.62 8.23
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FIGURE 6.22 Returns of underlying assets and risk parity portfolios.
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Risk Parity Funds

The Big Names in Risk Parity

Total Assets (at end of 2014)

Bridgewater All Weather Strategy

AQR Global Risk Premium Fund
Invesco Balanced-Risk Allocation Fund
Salient Risk Parity Fund

Putnam Dynamic Risk Allocation

Columbia Adaptive Risk Allocation Fund

Source: Morningstar, Forbes, Inveseo, AQR, Columbia, Putnam, Salien

$82 hillion
$30 billion
£19.5 billion
$2.48 billion
$1.3 billion

$243 million

2014 Return

8.6%

9.4%

5.5%

13.58%

2.69%

10.22%

2015 Return 2016 Return

-7.00%
-7.20%
-4.68%
-11.58%
-6.32%
-4.85%

10.00%
11.80%
10.97%
14.13%
8.74%
9.27%
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How Is it benchmarked

45%
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Who is the target audience?

Risk Parity users by asset owner type

40% = Corporate pension funds

37% : : .
= Public pension/sovereign wealth
2016 2015 = Endowment/foundation
Other
204, "'\10% 17%
25%

Risk Parity users by asset size

Ty,
29%
35% 2% 0, ° = Less than $500 million
4% = $500 million - $1 billion
0
2016 47% 2015 = $1 billion - $5 billion

, $5 billion - $15 billion
/ = More than $15 billion
15%
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Future Risks

How concerned are you about the following issues, if at all?

NOT AT ALL

A LITTLE

MODERATELY

QUITE

EXTREMELY

Non-users: What concerns have led you to not allocate or not

consider an allocation towards risk parity strategies?

2016 2015
e 1;59 o ]fl‘e_l‘:i{ge- 22% 33% 33% 11% 0% The use of leverage/counterparty risk 339 294
counterparty ris
— - - - - Performance 33% 34%
FPerformance 15% Z1% 37% 22% 4%
Board and staff education 27% 20%
Peer risk 38% Z1% 38% 0% 4% — - — - - - — -
Timing (i.e, implementing a portfolio today given the valuation of bonds) 20% 6%
Assets without a risk - . .
. - ) , — . i Benchmarking 20% 4%
premium/prohibited 37% 33% 22% 7% 0% : -
by TIPS Not enough viable manager offerings 13% 15%
. ca o F— , Peer risk 7o 2704
poard and 19% 359% 15% 23% 2%
stall education Assets without a risk premium/prohibited by IPS 7% Z2%
:‘:l'jp':;ﬂ]:]f][ljclil'- bucket 204 379 A% B9 g8y Transparency Tap Toig
No explicit bucket to put it in 0% 19%
Mot enough viable o - o - i
manager pfferings 63% 12% 153% 8% 0% The passive approach some vendors take e 15%
-l =1
. Dynamic asset allocation policy is preferable 0% 2%
The passive approach — . . . . -
% 19% 8% 8% 4% . -
some vendors take - Other 13% 26%
Dynamic asset allocation 3504 47% 1594 4% 4%
policy is preferable
Timing 31% 27% 19% 15% B%
Transparency 19% Z7% 35% 15% 4%
How to benchmark 24% 4044 2% 16% 8%
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Appendix: Loss Contribution:

Definition

 What's the contribution of asset i to the total loss of
the portfolio ?

CVaR =E(WR |Z=VaR) where ZC VaR}, =VaR
j

i CVaR
Loss@ontribution®f @sset = :
2 VaRr
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Appendix: Loss Contribution vs. Risk

contribution
« Under assumption of normally distributed returns:

¥aR = k\w' Sw Evherek = 2.33[for 9% Tuantile

wak_, . (%)

CVaR =w.
q v, JwSw
oL CVaR
Loss@ontribution@f Asset ITJEFIZIV—R’
a
w.(Sw). _ o
——— = Risk @ontribution@f Wsset @
7] w Sw
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Appendix: Risk Parity Portfolio:

A Reverse Problem (Equal Risk Contribution):

w.(Sw)
Solvelforv, : MH——

7] w' Sw

L= IZI1 ftorl=1~ N
N

 Uncorrelated Returns:

1

Solutionsv, L — MorM=1~ N
S
7] i

Equal Return Equal Risk Equal Loss

Contribution Contribution Contribution
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