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Risk Parity i F e & ek & 45

A= d JPMorgan T A F 3T o 7 E 2 120153 £ BRI K T 3 R

SHT R R EEFENEBHA F A - S DA BRY ER Excel VBA

«

(Visual Basic Application) 25 » ¥ SR T b FTAMRE 57 &

FERE -
2008 & >3 AR RE 0 P TG REF S TAR P RIEY

BARFI o APM GEEETRE C RALAMOT A M ki %22
BIHLI(LRL) $RFIFIALERATFH DR GAIULE T2 H Tl
AR L F R a2 R T 2 B4 4R & i & (Risk Allocation )
h'%fei 2 F AfEF @2 F 2 Markowitz (1952 ) 2. Mean-Variance
Optimization (MVO) # Al £ %k » A £ 5B A A2 R FTEEFLRT
AZ YRS o RAUFHMPELFFRROEE  J5d AL ARG R

EFEE TEARE A CRF L LW 1000 & S T 4

(]

PR & (S0 FUBR "G HE > 2 > 340k & & (Value-at-Risk » VaR) ~ i i j
" & (Conditional VaR » CVaR ) (~ #i-8 % 4f 4 & (Expected Shortfall - ES))

2 BB SRR ERFHEFT 2SR % BT 2 b %438 (downside
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Bl T ARSI APRE hlcz 1

Trailing 1-year Correlation of Annual Return
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-0.6

0.8

-1.0

Jun-07 Jun-08 Jun-09 Jun-10 Jun-11 Jun-12 Jun-13 Jun-14 Jun-15
‘ —=—=Equity & Govt —a—Equity & Comdty

>z L MSCI MXWD Index » USD unhedged Return (YoY %)
>3k % ¢ Citi SBWGU Index » USD unhedged Return (YoY %)
7 &  S&P SPGSCITR Index » USD unhedged Return (YoY %)

k& fe % (Risk Allocation) A fe % (AssetAllocation)

TSNS ) E T yt e

Rh | (ZARTHYRAFRFRIRE) (¥ MR HEFF N i)

PR | RETEEFHRGEIE - |l h'gKET a4
P -k 2 (risk target) PFF e LIPS

74 %k : Bodnar and Smithson (2001)




¥- % - RiskParityge & #§ 4
RN
Markowitz (1952) z »xZ a4 (Efficient Frontier) Bz LA F &

LI AH  RERT A G ATFHEMER GT AT ER - B fok

Falg e b AP EL R EREs (FLR 1-1);

*‘“%

AT AT
#-4) (Capital Asset Pricing Model »+ CAPM ) i&— # 3%k > #-& b % F A 11
% (Risk-Free Rate) ¥2 sz eitr Bhigi o — & > R F % 34 (Capital
Market Line> CML) } en3 3 e & { & -+ 83 F %2 & (Tangency Portfolio )
LT He bR B F Hk (7(Leverage )iﬁ B KT 28 € 7% & Risk-Free
Rate £ Tangency Portfolio & ; # W EF el FA ¢ EHw - W > x
I EE IR £ 11 & 3 F 3 Tangency Portfolio 74 £ 42 6 100% o

2008 & >z & f 5 4R - @ F n 2 (Funding Liquidity ) ”fé{ﬁ > B

GHTALIBEAE L SR RN FABNT2 AN GRBEF2 3

KT et RATFH PR GAFOR T L - FABE - ERERLA] 4o
PRERFTEL AT ARBET ¥ i RERGAFOCE > FA KD (0%

B & TE‘/‘& ( Equal Risk Contribution » ERC) | #£4 » #§§ 3 2 » ",f T AR

FFmb b (8- B IFAFAHKT 2L DG TR RS

! 4= AQR Capital Management ~ Bridgewater Associates ~ Callan Associates ~ J.P. Morgan
Asset Management ~ Lyxor Asset Management ~ State Street Global Advisors % -
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W Fx AL TR % T (Risk Parity » RP) e

Asness et al. (2012) #f Risk Parity fie & i #& &7 = %139 > 4991 (1)
GIRE T ALY o e EE S5 60% -~ 40% 0 12 G TR
AR o R B BB% R etk A T IRE (2) P ERERFT S
( Market Value-Weighted Portfolio) 2. £ s $»x£& R ¥ 3 £ > hF| il
SO E ot Gl F 0 p 1926 & 1 2010 £ > Ak~ 2 T EE A B 5 68%
32% @ MR AT/ IEAE SR RFEMF OB1-1T & A7 % EF 2 Sharpe
Ratio +* % % B i< o

AN EPREAERRGE A X7 Asness etal. (2012) & 247 45 3 @F
723 (Leverage Aversion Theory » LAT) k2§ @ 3 F 5 & F - #7 o & 7
BEG frx BRRFFPARFTA > BPEHERLL Pt B L
PFesz el o EEFORY o EM RERMSF

dONEZFRED LG GO G T AR 0 A Aeff
F*I2EL K ?/ﬁc,z fe® > 174 § 3% I Unlevered Risk Parity Portfolio 4p
% #3177t Tangency Portfolio » % it £ EFeif 4 17> b &R EPF I 4
P ERRERFTEEZ AR 4Bl 1-1 b & -T i 5 (Risk Parity Line» RPL )
_+ ¢ Levered Risk Parity Portfolio » B % {5 5 B2 SR 5 € 4p 3 BT F 4

BHE G R G EPE RN ERERT RS -



B 1-1 ~ Risk Parity = #% & #

Average Annual Return (%)

16
CML
14 r
- RPL
12 Iii’?;f:/[-’arit}r
///x[’nrtfnlin,
| Levered . .®
10 + ;.. Stocks
- -~ pant T ) I
g L .-~ ®'60/40 Portfolio
® Value-Weighted
Tangency = | Market Portfolio
6 I Drtfnhq Risk Parity Portfolio, Unlevered :
I
4 .
Risk-Free Rate I
21 |
[J | | | | I | |
0 2 4 b B 10 12 16 18 20
Arnual Standard Deviation (%)
Tangenc Market . :
Jency _ 0 4 T-bill
Portfolio | Portfolio
Return (%) 6 7 10.8 5.2 3.6
Volatility (%) 4 15 18.9 3.4
Sharpe Ratio 1.50 0.47 0.57 1.53

TR kR - Asness et al. (2012), Figure 2. Efficient Frontier, 1926-2010




- &% 2 RiskParity KT &£

AE AR T H DA LA % 2 B2 (Minimum Variance: MinV )

EWisg nREFIAFTADEE W=[wy, oWy AEEERE 7

i,i=1l.n

vy TR EHEM I E

01,1 O1n
Q=|(: - REANHAFAFRPF L FREHEL PIRFTREZ
Op1 " Onn

FFHHFPF ~ R BT 2L AU A7 S WR S WQW o

-~ B%THE (RP) BARIE D G TR (ERC)

FEPRS BRFEFRTARRTES LR GTRMIRT o R
LRI o L op =yWQW HRARTEER G LR
"R h & Tt A& (Marginal Risk Contribution » MRC) & 1 ] 7 & 4 7 4
ERF-H o HRFTEER 'GP ERA

MRCI = aO-P — Q|W ,

o WQW'

2~ B & ?Jgk (Risk Contribution > RC) % B W F AR TR E RS 5 - tFE -
HEFT et h a2 BEEAE

RCi =W, X oo




BT AR A LA B AT

Minimize WQW
W
subject to RC,_; ., =RC,

Zn:Wi =1, O0<w, <1

i=1

He s 0w <l RERR & A EG T2 e

BB HGE (MinV)

PEPRFERETEER G AP F R EREAEF

ﬁ%&ﬁk:

Minvivmize JWQW
subject to MRC,_; ,; = MRC,

Zn:wi =1, 0<w,<1

i=1

= ToERREEEGFAREE (MVO)

PP RAS MR RS REEAH AT LY -

8

FTELIFHRP IR I > W RFET S 2R R T

(1-1)

CAZFRRE

(1-2)

KT i



Maximize WR'
subject to WQW < ? (1-3)

n

i=1

He s LT R LR BokE o

?ﬁ?éﬂ&%ﬁﬁﬁ%’iﬁ&%%¢%ﬁ%TZ

OMinv SORp SOy °

¥= &~  Excel §#5

©UExcel BB G T RS E B RE R T L2 A8 4 11K
7 A~B~C= FA3FPYF & 1997/12/31 ~ 2010/10/31 #p FF 2 4 ezt o 7
ACzZpdRE ™Mk SharpeRatio s+« » ¥ 2 H B 5 FT A2 X PR MM
F* MVO iz Rz 2 HF#E- 253 (L4 1-3)° % 1-2 12 Excel

TR e BE R R e



F 1-1~ 7 & 45 p¥ 5 4ot 23t (1997/12/31 ~ 2010/10/31)
A B C
Return (p.a%) 6.29 7.97 6.24
\olatility (p.a%) 6.47 7.49 2.84
Sharpe Ratio 0.97 1.06 2.20
Covariance (%)
A 0.42 0.38 0.04
B 0.38 0.56 0.01
C 0.04 0.01 0.08
7. 1-2 ~ Excel 7 6k "%& T e B 2
Volatility | #FHE | ERRGTRE | BETR | LGRE
oi Wi MRCi RCi RWi
A 6.5% 20.0% 0.054 1.1% 33.3%
B 7.5% 18.9% 0.058 1.1% 33.3%
C 2.8% 61.1% 0.018 1.1% 33.3%
Portfolio 3.3% 100.0% 3.3% 100.0%
0.42% % 20.0% + 0.38% X 18.9% + 0.04% x 61.1%
RC, = = 0.054
3.3%
0.38% X 20.0% + 0.56% % 18.9% + 0.01% x 61.1%
MRCy = = 0.058
3.3%
0.04% X 20.0% + 0.01% x 18.9% + 0.08% x 61.1%
MRC, = 33% =0.018

R — RC,  1.1%
A7 o 3.3%

= 33.3%

10




2 13-FAHKTIEE b '& ‘E“}E%EE’ k&£ (1997/12/31 ~2010/10/31)

MinV RP 1/N MVO

% HFE b R | RFT OR'E R (KT R bR | KRFT R'E R&
BE FRt BE | BE TR OEE | BE T BE L TR BE

A 00 0.0 00200 11 333|333 20 437 | 00 00 0.0
B 114 03 114189 11 333|333 23 498|145 05 178
C 886 24 886|611 11 333|333 03 6.6 | 855 22 822

Sum 100 2.7 100 | 100 3.3 100 | 100 46 100 | 100 2.7 100

Portfolio MinV RP 1/N MVO

Return % 6.4 6.6 6.8 6.5
\ol % 2.7 3.3 4.6 2.7

Sharpe R 24 2.0 1.5 2.4

I3V RAFEEZZHTRE PG TRELGRE - b TH 2
(RP) #rf2 M2 BFWERZHFFTAZ LG EAF » 7 TrEF-T 5047
PFEE2ZR G RA2F2 (UN) BARKFT EFHELAZHT A K

FEsihgik ki FAAEB,

S

PR B Mz TACAFHE R G
Faro K FEEh 'R (46%) B ERRBEZE2ZT o LY o B B R EG2
(MinV) & T o4c% & 2 (MVO) % %50 > F A& A 7] Sharpe Ratio
JEBEFABZAPMES K TRES N KFEELGEREY &

FB0% K p FACo

11




R ) R s I R E L T AR R

ERRGT G AER FH AR
Fo®. EUTHER

Asness et al. (2012) 7 W4 I h "¢ T B2 2 2 HiIp > T * L 8
(1926~2010) ~ % (11) R R FH > B Ly BB b ' T § 2 ~ 60/40
WER R RS BT EE L B B AR T H R

Anderson etal. (2012) Rz 5 b "& T %% 3 ,‘f‘gfg B ERR T EL R %
kMg B R AR 0 & L AT E (rebalance) R S ERT S A
THERARTFEAR ABREE R Y g RETR B 2-1 R AR
wALG o Panel A En AL GRRFE: S Am o fRRBGTH L

(Levered RP) R A4S 5% ;Panel B - ¥ mmF o s = 2

Levered RP 2 f& 3R ¥ 5 F @ =~ tg'% > 4 3T 3§ 5+ Unlevered RP ; Panel C
foa R A H R F IR 1946~1982 & £ WA F ik 4 2 > £ H 1976~1982 & &F
FFb pE R JIFAgEH > BF S AE2 4% 0 5 Levered RP

Foxh A DR o

12



B 2-1 -~ B — R AR

Panel A. Risk Parity vs. Market vs. 60/40 (1929-2010) — A ¥ g f 7 &7 2 % = &

11000, 000
10000 -
Lood |
LU
([ e
. S ——7""“"
! e e
LY
0
30/ Tun/37 30,/ Jun,/54 30, Jun,/71 30, Jun /53 30, Jun, 05
—— Value Weighted 6074l -----o- Levered RF ———— Unlavered RP

Notes: This figure shows monthly compounded retums to four strategies based on US. equity
and U 5. Treasury bonds. The levered risk parity strategy was financed at the %0-day T-bill rate.
RP indicates risk parity strategies.

AY BT E LA
¥ > Levered RP % #f 4R f 5
Bg o

%4 @ Total Return (log
scale)
Fe 7 115 : 90-day T-bill rate

Source: Anderson et al.
(2012) Figure 1.

Panel B. Risk Parity vs. Market vs. 60/40 (1929-2010)— ¥ g f 7 & % % =

100,000

10,000

1,000 -

0 Jun,/37 30, Jun,/54 )/ Jun, /71 30, Jun,/38 20/ Jun,/05
Value Weighted —— &0/40 - ---- Levered RF - - —— Unlevered RP

Notes: This figure shows monthly compounded returns b0 four strategies based on US. equity
and U.5. Treasury bonds. The levered risk parity strategy was financed at the three-month Euro-
dollar deposit rate, and adjustments were made for tumover. A comparison with Figure 3 shows
the magnitude of the performance drag.

TRBEE LS AE
Levered RP % ## 3R v & =+ tg
%14, 3 ¥ 43 Unlevered
RP -

%¢4bh © Total Return (log
scale)

fe 7 {15 : 3-month
Eurodollar deposit rate

Source: Anderson et al.
(2012) Figure 6.
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Panel C. Risk Parity vs. Market vs. 60/40 (Sub-Periods) — % g 7 & % % & &

A. Pre-1946 Sﬂl'rrplrt‘ (1929-1945) B. Post-War Sﬂrn;rff (1946-1982)
Total Reswern (log scale) Total Return (log scale)
100 100

1946~1982 % R | & & o4
2,k H1976~1982 i W3
o IF < bgFE AL > B
~3% B > % Levered RP % »%
b £ PpEYp o

e

i 1 L 1 ] 1 1 L
0/ Apr/32 3/ Dec/38 31/ Aug /45 30, Apr /5] 31/Dec/61 31/ Aug/T2
C. Bull Market Sample (1983-2000) D. Last 10 Years (2001-2010)
Tiotal Resurn (log scale) Total Return (log scale)
100 100

—-

fe 3 {15 : 3-month
Eurodollar deposit rate

. . . , , Source: Anderson et al.
30/ ul /79 _'H_-'hfay.-‘?"u“ 31/Mar 99 2B,/ Feb,/(3 29 /Tun 07 (2012) Flgure 7

Value Waighted & - Loverad BP - — — — Unleverad BF

] 2-2 12 Sharpe Ratio 4L 5 »2 > Panel A &7 7 % 8.2 ¥ B R 7 & 2 3

= & > Unlevered RP % & >t 4R v & & # & -] » +& Sharpe Ratio ¢ & § ; * 2_ >

=

N

=kl

FEF S A~k 2 AR 3t H o Levered RP 2 Sharpe Ratio i% # " i<

3> 60/40 17 B E L o Panel B mA R AHF LV FEF I

-

1946~1982 % Levered RP % »xd £ chpFdp 5 X a7+ & (2001~2010)

Levered RP ' »xig > 60/40 &2 # E 4 & 2 & > Sharpe Ratio - iE 2 & 12
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B 2-2 ~ AF ¢ fiHt§ »c— Sharpe Ratio

Panel A. Risk Parity vs. Market vs. 60/40 (1929-2010)

Sharpe Ratio

06

05

04

03

02

Base

Adjusted for 3M-EDR  Adjusted for 3M-EDR

and Trading Costs

B Value Weighted []60/40 [l Levered RF [] Unlevered EP
AL RREFT LS S 4 (Base)
¢ B —< g F =+ & 3-month Eurodollar deposit rate (3M-EDR)

PR RRTEAAL S

Source: Anderson et al. (2012) Figure 8.

Panel B. Risk Parity vs. Market vs. 60/40 (Sub-Periods)

A. Pre-1946 Sample (1929-1945)
Sharpe Ratio

[ R i T

IM-EDR  3M-EDR and
Trading Costs

Base

C. Bull Market Sample (1983-2000)
Sharpe Ratio

S -

IM-EDR  IM-EDR and
Trading Costs

Base

E. Post-War Sample (1946-1952)
Sharpe Ratio

08
07
06 |
05
04
0.3
0.z
0.1
0
0.1
-0.2

3M-EDR 3M-EDR and
Trading Costs

Hasa

D Last 10 Years (2001-2010)
Sharpe Ratio

08
07

3M-EDR 3M-EDH and
Trading Costs

Hasa

M Value Weighted [J60/40 JllLevered RF [ Unlevered RP

1946~1982 % W | & i jbr4_
25 x d 1976~1982 i W%
ol F < gES > pE S A
#% > % Levered RP ' »xk
A PPEEp o

A
2

2001~2010 Levered RP
FE>T 6040 20 B 4E
& > Sharpe Ratio - &
_I',Z__P °

et

—\

o\

Source: Anderson et al. (2012)
Figure 9.
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o8 REAE YK

BT ALG B REBGER -FaF i MY FXABR KOS
2013 & 5 * Fed taper tantrum § P 9% ~ i 4p B (28 i 4 -50%< F $]+30%
(Bl 2-3Panel B) b '"& T A & % 544 B £ P F -12%(= 92/104-1)
( B 2-3 Panel A)

20055 -F2152FheTHALA M E 218 1197 W
AR WR AR R E o I A BE O ATERS TR
IR FAPM Grlicf R d -50%EE 2 B FI+30% 0 b T A EFF Y
-9% (= 96/106-1); & sih "% A #c @6 A & (CTAS) 454 4 # {53 >
B A SRV S T 5-9% (=98/108-1) -

MiTP A b ARG AL A MBETR G T B AL 0 B 2-3 Panel C
Bon CTAs £.8 7 17 px % w e dVsin L v $H0 £ g 2 i fF fhdied O
%3045 L EE MR w o R E g hlkd 04 K 2 +03 0 & h R
e S F 2 o BT H AL AR H R BIT o KL R ikd +0.2

WI4030 %5 BB 0 AL -

16



B 23T HALER R %

Panel A. CTAs vs. Risk Parity Fund Performance (2013~2015 YTD)
10 - Risk parity fund index

102{

4
%
Y
4
||

J

an-13 Jul13 Jan-14 JuF14 Jan-15 Jul15

%4 @ Total Return Index

Risk Parity Fund Index : J.P. Morgan * 17 X %4 T A& %m@lm = > 2 X A &€&
B HAZHE 25% 0 R Mgl P R AR ( Asset Under Management - AUM )
W120 mE ~ > 2 7 AUM4ziE 1,000 % ~2 ~ A& £ - <JPZMBXRP Index>

CTAs : * HFRX Systematic Diversified CTA Index i 5 > 1 & '6 A& £3p ¥ > > WE'4
& &£ 2. AUM ¥ 2,000 i # = - <HFRXSDV Index>

Source: J.P. Morgan (04 Sep 2015), “Who has de-risk?”” Flows & Liquidity

Panel B. Global Bond/Equity Correlation

Based on 3-month rolling correlation of daily
returnz of MSCl World Local and GBI Global
hedged into USD indices.

o0 - govt bondequity comelation
M3EC1 World Local va. GBIGlobal hedged into S0

0% 1

8 08 10 #1213 14 15
Source: J.P. Morgan (05 Jun 2015), “Are risk rarity funds more immune This time?”
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Panel C. Funds’ Beta to Bonds and Equities (2015 YTD)

Risk Parity Funds

21-day rolling betas bazed on a bivariate
regreszion of the daily returns of our rizk parity
fund return index to the daily returns of the MSCI
AC World and Barcap Global Aga § indices.

0e Beta to bonds 20
—>
05 15
b 10
04 3

1 05

03 4
- 00

02 4
i 05
01 - Beta to equities 10
-— .
[}-n T T T T T '15‘

Mar Bpr May Jun Jul  Aug Zep

CTAs

21-day rolling betas based on 3 bivariate
regression of the daily returns of the HFRXSDV
index to the daily returns of the MSCI AC Waorld
and Barcap Global Agg § indices.

04 5 Beta to bonds

0.3 A —

0.2

0.1

0.0

0.1

4.2 4
03] Pl o e

04
Mar Apr May Jun Jul Auwg Sep

Source: J.P. Morgan (04 Sep 2015), “Who has de-risk?”” Flows & Liquidity
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1.0
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- 0.0

05
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=% % 73’1'??};%&\1&

# 16 4 174 22 F k% ik (Performance Attribution ) > B 65 2 2By f23% v
BAIRIFL R T § 28k ke P 2 R E I o e A
RFes AP EIBHEREE L FEREBEHET L > FHTET PRT
e #\‘.‘si‘_#ﬁ&iﬁﬁ,‘?ﬁ% o3 ¥ Aaro $tmHEELE R B & (Unlevered
long-only) sk Fle & m 3 > £ATHA KL 'E 7 ¥4k T (contrarian) K
ik 200 448 § 3 4k 1% (Levered long-short) endk T le & > £ 273 KA HE 45

gz 2o gk ' (trend-following ) vk 0 B O 4o

# 3-1 ~ Unlevered Long-Only 4% 3 & & '8 7 5§14k F

A A B &3
- 3 i &3 $50 $50 $100
i L 50% 50% 100%
3R 50% 0%
AR ER $75 $50 $125
[=50%(1+50%)] [=50%(1+0%)]
PAREE 60% 40% 100%
[=75/125] [=50/125]
F% AR -$12.5 +$12.5
BEREL -10% +10%
[=-12.5/125] [=+12.5/125]
EHE T # 4~ &£ 3R $62.5 $62.5 $125
i e 50% 50% 100%

7 8 AEJIeF A A~ §iEdp 4 0T A B (sell winners ~ buy losers) -

R piEEE (50% : 50%) -

19



% 3-2 ~ Levered Long-Short 4% & = & & 7 "E v 3k (F

Case 1 A A (risky) B (riskless) &3t A% F
% - B4~ £ 3F $200 -$100 $100

it 200% -100% 100% 2

3R f 5 50% 0%
A E% $300 -$100 $200
[=200%(1+450%)] | [=-100*(1+0%)]
HriEd 150% -50% 100% 15
[=300/200] [=-100/200]
AEEF +$100 -$100
REREL +50%0 -50%
[=100/200] [=-100/200]

5 = i &5 $400 -$200 $200

i gL 200% -100% 100% 2
Case 2 A A (risky) B (riskless) &3 1A
¥ — # A £ % $200 -$100 $100

i 200% -100% 100% 2

3K -25% 0%
R EH $150 -$100 $50
[=200%(1-25%)] | [=-100*(1+0%)]
HriEd 300% -200% 100% 3
[=150/50] [=-100/50]
=8 - -$50 +$50
DERL -100% +100%
[=-50/50] [=+50/50]

% - H B4~ £3F $100 -$50 $50

i gL 200% -100% 100% 2

BT A - ¢ D44 evF A (buy winners ~ sell losers) » w4 p &
s () fHs 2 §HEBERTEET
(1) ZARpps > v 7% > FIHRFE - 0w P AT 5

(2) FARPBE - fF g B0 0 FROHT TR AT o
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Foo8 o g fpaee
-~ EPgRFRRR

RFEER G I B FTAR G2 4l BFF b %A KOs €37
DAL T A EB b % 4 4738 i (diversification return )> Willenbrock( 2011 )

FER G A AR AT

Ta = gp — Lita Wi " gi
1
NE@%WV& a%)
1
~ 2 (2?1:1 w;of — Z?,’jﬂ Wi Wj~pyj0i° Uj) (3-1)

B ogpl gl W RARFTRLEEBUT ADSRTIDFEMT > pj; s T A
Fedphf e HeEPE T RFw o 5 t48 > Qian (2012) B3R FF
BET e gr"b;\?ﬁ?ﬁ}}’ ] SN (31) R AT A ER AT

(=) LongOnlyFles i 5-Fih'ePF A~ Y -JEiRE

ra = (w; — wi)o? (3-2)

I Fw=028w=1> 25h%PBFAL2IME  Alrg=0-

2~ % 0<w;<1> % Unlevered Long-Only 5 =& > Bl rg>0 -

3~ FwW <0 w>1> K% Levered L F =& > Bl rg<0-
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(= ) Unlevered Long-Only £ T e & @ 2 - h e 2T A

_1 2 2 2 2 2 .2
Ta = E(Wlal T Wp0; —Wio] — W03 — 2W1W2P1,20102)

_1 2\ 2 2\ 2
=3 (Wi —wi)a? + (W, — w3)ag — 2wy, p; 2010, (3-3)
Diversification returns Diversification return
for the 2 assets individually between the 2 assets

rg % 7_>0> #FPXA Box1 -
ik D F pro=-lBF orgBat 5 F pra=+l o rgk)

#2220 Fo bGP T AARLAPH > KT LR R A FERARS o

Box 1. Unlevered Long-Only 3% 5 % & 2. b & ~ $T3RF¥ 13> 0

RBEANGI) 0§ pra=+1F o i b & &

(Zz wiof = Xl wiwj,0))

[(Zl 1wio?) = (Bl wio)?]

(B1.1)
41* Cauchy-Schwarz # % ;¢ :

SN ashy < (B, ad)E(TY, bR (B1.2)
= w0 by = \fwio; 0 %(B12)% %

Bl wio < (T Wi (Bl wio?): (BL3)

#(B13)F E8a BT s Efe YV w =10 &
(Zl 1 Wi0;)? < (Zz 1 Wi0; D)

“x~(B1l1l) > BFEra>0-

F# %R : Qian (2012)
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(=) Levered Long-Only #F 2 & @ 2 - A %17 2
HRGHTFTABE: I w=LoL>1848»m4 (L-1)
KA RGEFTART &% °
Mh T AR E IR R (rescale) 5 YL, wi =Y, w;/L=1"

2l ?’:1W1—L Z 1W @—f | # \‘\(3 1%‘?;1. AU Ké‘zév\_g’{z‘t?ﬁjuj:
=_(L Yt wiof —L*- Zl} LW WS POy ) (3-4)

=L- _(Zl 1WJ Zl] 1W W "Pij " 0i” O-])

1
+ L= L)X wi W pyjc0i 0 (3-5)
=L +-(L—1?)-0f (3-6)

(3-6) ;%% »ri% B4 Unlevered Long-Only 4% 5 & & f *& A
FEP o HiER >0 o, s AREKRFT LR F Rk

=2 0
:&/“L’ *

13 L=1m g 2K FTHRGHT AR 1 =14 °

O

N

2 FL<1AAAEFTH ru=H)+(H)>0 LT E
NAERGHFTALE-FTALGETA -

3 % LI REFTF ra=(F)+ () Fic 30~ F20 830 00
Lol 2~ @ 2™ *t Levered Risk Parity $2 7 4 & p*
3 ddoT
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(1) 9 bGP FAARL ARB > b "G A~ FTIRFIARS o

(2) 53 F AP, >0 F LA % Blrgix¥a<0?

B PERFE AR R AR A SR 5 DI b G A R R

B 3-1ETh e iR T AN - F1EER 2

SRR BARE L F A A2 150% KT 0 Tk A b k4L

TAMM GlE E+]l R ARTIEY S, P RESEE

Bl 3-1 k'~ icdFp e T AAPR ML ~ F A28 2 B 7%

Diversification Returns of Risk Parity Portfolios as a Function
of Leverage Ratio under Different Correlation Assumptions

2,0%

1.5%

1.0%

0.5%

0.0%
10

=0.5%

-1.0%

-1.5%

Leverage Ratio

F# & & © Qian (2012)

LB IEMUR G AFERP R o B ‘i?{%i 7oA AP B 2 4E {5

RAEDE - FTATARL M > Hoeddd > 7 9 B8 0L 57 3L 4

2o FAMARD ARR > AR > P BAFRE LT A R Fan g f o
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=~ %EP%%’:?}F&#&S&
% 3-3 & 12 Anderson et. al (2014) 2 {F 3 F 2 & 4§ %:Q:ﬁ‘}}?%:}frﬁi (%

it A Box2):

FRET o @ — R T 05 1 AR 2

+EREB I -RIERT A EFE KL A

347 HERGT W 282 BIRETA IR 60/40 5 R G TR E
Risk Parity & & +4o45 F 22 & 5 UVTeoue (Unconditional Volatility Targeting )
BHR-RACR T A bk (4.20%) £% 32 60/40 £ F =& b 'k (11.58%)

HF kB 4% 2 & 5 FLTeouo, . (Fixed Leverage Target) 5 ¥R 404k B 2 &
A% FH T E 3 UVTego T 324 5 K (3.66) chff 15 2 & o I 5 UVTgouo
S ToELEME (637%) & R4 Tl S4Fm S (5.75%) 2 £ & %
oo R4 33

FoaF Y R B WA R NN A L REB I LR F
A = Volatility Target/Volatility of source portfolio » 1§ % 3% ¥ 5 #cfd %
it Blde D (1) UVTeomo kve @ F1F B 7 60/40 &2 A+ R ¢ 2% > 7~

RBF P REEAGVT > 21 R AR T L LR FEF P HRE > & B

7;

FR I gl > ErHAFEE 31 (2) TR #E A F PR

R
VT 8 %530 RERAT AT A% DAEIHEFR 3L 2

X (3) WAL FN BB RS L B G RE S R T S
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= F %% #ic - Anderson et al. (2014) HdEEcfig 1 4F (T S5 F R HE
fEd HEHE s Rk 0 AR 84 # (1929~2012) s d WA - X Hik
it IE s f A %-0.64% ~-4.23% (p.a) § n::;’r;gm B Y- 2a o 2
FLFE T B LR SR BB LR LR > R
33 HFREHRFTEEE z?ﬁk:f‘rﬁ#
F e kiR 2N p.a%
F 448 ¥ 5 (source return) E(rS) 5.75
+iE ¥ A2 2E 4R ¥ & (levered excess return) | E(A — 1)E(rS —rP) 3.97
=z« g % (magnified source return) EGS)+EQA—-DE@S —1rP) 9.72
£ #3135 (covariance correction) cov(d, 15 —rh) -1.84
—2 b @@ F 2+ 4 (total costs) [E(rT¢S) + EGrTh)] -1.03
= B i 5 3R 0 & (arithmetic return) E@D) 6.85
—4F 12 % & #ig ¢ 7 (variance drag) [1+ E(rl)]e var™/2 -0.48
=X P IR FY S (geometric return) Gr)~[1+ E(TL)]e—var(rL)/z —1 6.37
7L kR - Anderson et al. (2014), Exhibit 1 and Table 3
F 34~ R GT B S BE S ek R (1929~2012)
JRE = BT e T35 B HTAZEE # B % Sharpe
RFEE | #pFee) FPFEa) | iR d | #p5ed)  (pa)  Ratio
60/40 1.77% 8.18% 1.00 4.69% 11.58% 0.40
Risk Parity 5.75% 5.68% 1.00 N 2.20% 4.20% N\ 0.52
UV Teono 6.37% 6.85% 3.66 i) 337%  11.54% ¢ 0.29
FLTs0/40, 2 8.29% 9.19% 3.69 5.70% 15.53% 0.37
7ok kR - Anderson et al. (2014), Table 2 and Table 7
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Box2. {f#:4iF s &t ppind

PP RE&=HBERT-—H 2T &
L=A-L-(1—-1)-L
HHRELERMF =R ST —F » 2 A&
rk=2-rS—QA—-1)-r? (B2.1)

rk=rS+A-1D@GS —1rb) (B2.2)

HFERT s (FprTaE ) Jpmpms .
E(rh) =E@S) + E[(A— 1) —r?)] (B2.3)

=ErS)+EQA—-DEG@S —rP) + cov(d,rs —r?) — [EGTES) + E(rTCL)]

Magnified source return Covariance Costs from source
correction and leverage
turnover

FlaFes (SmTiman) sk

Gl = [ﬂmm + rtL)]l/T _1

t=0
_var(rt)
~[1+E@EH] e -1 (B2.4)
g 1l Variance
e correction
rhor? =A@ - ") (B25)

{4 F e & 2 Sharpe Ratio (K FE 15 =g b % {15 r > A dFpEEy):

E(rt —v/)  E[AGr® —1/)]

vV vV
v s
— E[(Volatility ofsource)(r _rf)] — E( rS—rf )
1% Volatility of source
e L G )
E(r r)E (Volatility of source +covlr T Volatility of source (B2.6)
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¥ i ¥#c2 ¢ 8 A Sharpe Ratio B 58 P vhd & (32 Box2)

KT 2T @ PR LT

- — s _ f 1 S _ f 1
Sharpe Ratio E(T‘ r )E (Volatility of source) +cov (T‘ o )

Volatility of source

FID A KR RAT o F A 3R

1 BB %S S RFNTAR AR TP TY

T

2  Ricp F ot PSR FERE -

3t a s g g
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¥o8 - RBRTALFA

FE AT AN TR G R E N R L AT

- flFEFAEPS AR

BRGEFISH A X RIGA R L AR 5 F 2
BG 1T KRR YRR AR kg RIR R T
$1% % 40 60/40 Kok o

S FARBREN
BEABRR IR [N REAFRY IR R AFERE £ 4
BpET R ROLE LR L E T pEEL K T Rk iy 4

AR "G T Wek Afv X & > £ IR7 40 60/40 Lok o

Ju

v R AAPRER T
ARGFIF A RIE S BRI TR LM ER GIIF R
R A B BHE I F gL R T R R L R ELS S o
o fEER TS RHE LR
BEARE IO B SR G4 N BB RGO WA I BT H Y B R
RN EEBLE s FTADFNEGRE L SREZE BRRIER G

[N

i {47 = 4k (¥ 3 4o Long-only { % -
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Bl 3-2~ 2 fIh'&-T 1§ Wi 2 e s

1% 2 %2 Levered RP v.s 60/40 w4 % s T

16 4 r 4.5
14 | - 4.0
12 4 F 3.5
10 F 20
25

R
r20

& 4
F F15
¢ _M Wi 1.0
24 F 0.5
[v] T T T T T T T 0.0

1933 1843 1853 1983 1973 1883 1983 2002

“field long-term Treasuries (%) Levered risk parity / 60740 equity/bond portfolio (rhs)

TR

100%
B0%
0% ‘ 'y | ‘ul L a I..‘
60%
50%

1933 1941 1949 1957 1965 1973 1981 1989 1997 2005 2013

I Fixed income allocation Equity allocation Average fixed income allocation

W R

1949 1959 1969 1979 1989 1999 2009

1-year volatility equities — 1-year volatility Treasuries

bt/

Aug-12 Oct-12 Dec-12 Feb-13  Apr-13 Jun-13
US equities 30-day volatility (96)
US Treasuries 30-day volafility (%, rhs)

fu

A E I

1949~1982 7 41 &
b i S AR
T R XAl
BEFRE =
RP 7 4r60/40 # 1% o

1989~2013/06 7= F1
g«—r L5 2 ,’:ﬁ %;g;ﬁjm
B AP R
RP % 4 60/40 % o

CFARER
1981~1988 # % it
R et R R

ﬁm:jf:'_pﬂgﬁﬁgc °

CFAAM I
2013/06 12 % % ~
BB R PP &
RS B
i e RP A
4 o

AL KR
Commerzbank
(28/Aug/2013)
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Fr g~ oFaRH

PmAFTAREARGfPE CERE NP E Lk e MVO~Mean-VaR -
Mean-CVaR ~ Equal Weight ~ 60/40 ~ Risk Parity ~ Risk Factor Allocation % -
peng L ERIEY WA @i £4p itk (benchmark) % 47 pcdp i

B fRE2adREn 2 3P FTARMI FRAEFTATREAR
RN R r R TAERE TR E AR DB T A RN
oo ER RN RIBEEAERHARKTRE D T
Black-Litterman (1992) #73f <7 "noview ; ¥ & - f& view -

L ERGET R RGBT AL G 2IRERE RS0 B
FFh 'SR RERS OEELNFE X > wrcd Rk 60/40 Long-only
g o i Fed MAIFpe e TE2Z A T AMEF I EFRF
BHRAR SRR M ERE RN PR E R R 6 g RAE A
ER M LA LBERIFRDAFRRF > ERARELER 4P
B A el VIS AR A IR AR R (T oD B g de (e
BFE AL SR o FBABIN G LT R k00T A £ - B TR
&L R TR B

B s - & B W ehh % T Bk 8T parity among asset classes |

5

o

= " parity among risk factors | » 15 ¥ R i/ * ¥ EAR 0 EF SR
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