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N15US58181589 Equity Duration:

A Tool in Asset Allocation and Portfolio Risk Management
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LUDNN

® Duration A9 92l5?
® 115911 Immunization 11 Asset Allocation

® Equity Duration g ayls?

® A Tool in Asset Allocation and Portfolio Risk Management
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Duration Aa axls?

® Principle of valuation
® Price Yield Relationship

® 35n15A1UI A1 Duration (Macaulay Duration Wag Modified

Duration)

® A1 Duration 984 Perpetuity
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Principle of valuation

® N15ARANANNNTLLENUAR (Capitalization of income method of
valuation)
® 111 “ nyzuauandiang ( E{FCF}) ”

® Anan MY “DRSIANANNLILNZEN”

n
C F
= Yty °
£ 1+y)t @A+y)m"

= 9 . .
Iﬂ N B #9 sweesnasul, C A Avas (Um) Maeluusiazain, F @9 sne1utn (Um) %38 face value,

Luay N A9 9IA0a19199 V99N158RY, I A “dnsiAnaniivianzay”
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ANNEUNUSTZII1951A

LLAZDNSIANAR

® AINGAT N1SANNUATIAINTIEN TN

n B #e svemewsranvil
B C n F Y e Snaendudnan
— t n C 7o warh (Um) veaUasvesmsIETvE Hanslundazan
+ y + y - v 1’ { P =t
t=1 F #o waAmmngld (Um) veswmsansnil

® WHANTIULTIENVBITIAINTIENTH
UVBIDATIANAN

Yield

) B = B(y)

1
a A

U HANUFNNUSAUTUIRNSIUAsULUAY
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Price Yield Relationship

Price

Yield

@ Natachai Boonyaprapatsara, Asia Plus Securities Co.,Ltd.

t

SnsiooniDe WaAuoLnsIATSKa

+

AanasI0oNIDEcNaY
' - -
YAANNSIASKUR:FVUU
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dB AU dy
11n B = B(y) fsanunsadeu Z—f]léf
C F
n
an_ 4|5 eyt
dy dy
n
C —n F

= 1@ +y>t A+l A+ "

F
<1+y)z <1+y>t At y)n
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dB AU dy

2 ~ 4dB.,,
9 B = B(y) feeunsadeu Elﬂ
4 ) 4 )

dB 1 - C F
@z_(1+}')zt.(1+y)t+n°(1+y)"

yaAUagiuyes

¥

981 (WAAEIIR) NITUI) NIEUANDNLUETUN

[~

F15213U zlalupunas
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Duration Aa axls?

® a5 (Duration) e @18Lad8YaIRTIE1SUENANIINTNAIEYAAT

Y v
= 1

Jagdurasnssuananiiesunazlaluauine

Y 1 Y
a = % a al

* lngpsnansviiiongaaniouiu Naziigadugs astasviliongaavietoss f

Y

eilgLsTusin
® FaagrstuazliusuanfmansenunsednsinsldsunUassiansalsviiile
ansnenUadeulunilamie

® yNAIDYILYU

Y Y

i A 91gaande 10 U sty 8.5 U uazviug B engawnae 5 U gusdiu 4.6 U vn

9 Y

nantledu 1% g A azlisnAanaslssanal 8.5% duvug B azlisimanasussuna
4.6%
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dB nu dy Wag Bemideatiuvesmsianswil)

dB 1 Z": L F
- = . n -
dy — (A+y)& (A+y)f (1+y)"

dB 1 1 1 - C e
A — — . Et. _|_n.
dy B B (1+y)t_1 (1+y)t (1+y)"

_ 1 z":(t C )1+(n. F )1
I+y)&\ (A+y))B 1+y)")B
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™~

Qs 6 NS .
wuAAALaY AL3YY (Macaulay Duration) o

n

dB1 1
dyB (1+y)t

/

B.(1+y)t
N

1 C

\

/

] N
B (1 + y)"
N g,

/i

—

/

01 (WiAza9n) NUY
P15z 18U

/

%&Jazﬁuaﬁﬂmﬁi’]umu

N159152 08N LULARY

NP1

® ARAEYDAIAT (TIUIUNIN) INUNTIsERY InsuninluAadenfe

q

SRYALVDITIANYUAIUNITTITL NN LULAAZIIALIEN
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LUAAALAY ALSTU (Macaulay Duration)

4 ) 4 )
dB

B dy _dy/ -
. J U (1+y) Y

* uuadalag gLt (Macaulay Duration) LusfkaninisilaeuLUas

TIAUNLATHARDULNY (yield) TusUIeeay

® unliiinisanenenide (Zero Coupon) deuuadaiad austuwvinfiuengiug
N
Y

® JuNNIgnan iyt ALUAFALAES ALITUILLANANNAINGIYVDIUY
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aLsduluAnnan (Modified Duration)

yaa Y, I

® MNFAATINABINSUTUNBUNUN NI TEAUTIAIAIULALABINTT
wanalaindanswdsuilassndeniievassinnudsuly

° austulufnen JWANUNLERY FNTMTeTeuAzYRINTUAEULUAY
TAugrevilavilgvamanauwny (yield) Ndeuwdasly
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Macaulay Duration AU Modified Duration

—(1+y) dB_D
B dy

D = Macaulay Duration

dB —1 1 5= o °

dy.B=(1+y). \

Modified Duration
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Perpetuity

1 o

® Perpetual Bond Aansnatsniinliiiunueeny leeldiinislanaupu
AUNNUSENAZLANNINIS LAZATLUNITANUADNLUYDEIFBDLUDIRUN
ANAUA TUNIINSHUITTAN WU aUNU Redeemable Preferred

U/

Stock Tuaniwlnaisendn nuysuansyialanouls neiteueadl

a a ddv

® YUYIUENT (Preferred Stock) L‘lJum']mﬁUﬁvLﬂwuﬁnuwmmaﬂwmmmu
Las AL AveISnuEiadeniaY fo Lauﬂumamamuuﬁmawmﬂuamﬂmam
wazdaldua ld919AINURIUSEN Li1USENe12999n8Sutunaludnludnals

WIN1ZNINISRUlLE UL
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I1ANUBY Perpetuity

;(1 fy)t

Proof
B:tZ(1+y)f T+y @+ A+’
C C C
B(+y) =1+ )Z(1+—3,)t=c+1+y+(1+}’)2+(1+)’)3+

C C C ¢ G

B(1+y)—B _(1+y)z(1+ T Z(1+ )t 1.|_y (1+y)2 (1+y)3+---—{1+y+(1+y)2+(1+y)3+-.,}
B{l+y)—-1}=cC
B=C/y
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A1 Duration ¥Ua4 Perpetuity

PN | #-dYae=-5 33l Modified Duration

Macaulay Duration

Proof

dB1 1 1 ¢ 1 2 C 1 3 C

— = +— +— + ..
dyB Bl+yl+y Bl+y(1+y)? Bl+y(l+y)?

5 11 ¢ 12 ¢ 13
A+90= (1+y)<§1+y1+y+§1+y(1+y)2+§1+y(1+y)3+m>
1 D_D_l 1 1 C 2 C 3 C 1 1 C 2 C 3 C
@+ =5 +y)<1+y1+y+1+y(1+y)2+1+y(1+y)3+m>_§<1+y1+y+1+y(1+y)2+1+y(1+y)3+m>
1 C 2 C 3 C 1 C 2 C 3 C

1
(1+y)D_D_§(1+y)<1+y1+y+1+y(1+y)2+1+y(1+y)3+m_1+y(1+y)2_1+y(1+y)3_1+y(1+y)4_”

D= 4 C )2,
YV ETBE Ty T2 T+ y)? =B

D=-
y

)
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Immunization

]
Duration in Asset Allocation
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Immunization

® “F191 Immunization WukUaI1N1585190TA UMY Laztilpuanleny

asset-liability approach to portfolio management (ALM) Tundinay
YUNUDINITATNOTATUNIUIINNTHUNIUYBIDNTINBNTEYTD Interest

rate risk LWuULDg”

® Duration Matching

Immunization conditions:

Pvasset >= Pvliability 6

Dura’uonasset = Duratlonliability

® Contingent Immunization

14 wyAINgu 2560
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Immunization: Duration Matching (a)

® {BIN1ET N portfolio VoIRTIEINY WeNazluvelnlaRuan 19,487
U U 1387190 7 Unasannil

1 a

® auuAINg as1ansuilegiies 2 wllalvilaenasyu As (1) zero coupon

e

bond 8¢ 3 U wag (2) 951d13 perpetuities
® 11ay aUURIN lAseas1eemns1eenUeldunuls1u (Flat) 91 10%

® | Ua3AY L5Ms1ulan

® Duration U84 3-year zero = 3 U

® Duration 984 a perpetuities = (1+Y)/Y = 1.10/0.10 = 11 U
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4 N

Immunization: Duration Matching (b)

o | Fadaulunis Immunization: zW,D. = Dy
Y1 arge

w-3+(1—-w)-11=7 Y —_—
T ——

UAAIUAIUU VD9 ATEUANU = 19,487 = 10,000
¥ “ v 1.107 '

ety Wiaamu 10,000%0.5=5,000 m Tu 3-year zero uag 10,0004 1-0.5) = 5,000

U Tu asasninldiiunueeny

14 wyAINgu 2560
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Duration Matching: Rebalancing (a)

* Ysiaun auuidn dnsmanideagi 10% Liaeuwlad

® usiiiaankull 918ARRvRINT a1V goNantaad way AN
duration gaiUdgunlad

® 571939189911 portfolio rebalancine.
® Ypou
® Duration of 2-year zero = 2 U

® Duration U84 perpetuities = (1+Y)/Y = 1.10/0.10 = 11 U
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Duration Matching: Rebalancing (b)

o | Fadaulunis Immunization: zW,D. = Dy
Y1 arge

éiu zero coupon bond wag 10,999.9-6,111.05 = 4,888.85 U tun13

amuiu perpetuities.

@ Natachai Boonyaprapatsara, Asia Plus Securities Co.,Ltd.

et fosUsu portfolio T 5/9%10,999.9 = 6,111.05 U Hunnsamu |
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Equity Duration
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Equity Duration

® LWIAUAASEY Duration Nlanadunasiiuladn 1Wulsslewilunis
WA ANUFsBIn1samulunsansni 1Wued1aun wazilug

N1SIANITAITAINU

® §atiu N1stuIATINAAISes Duration 1Uszendldiu Equity Sady
Sosiiunauladn agvhldvseld Weandywmdng 2 Usenis fe
o snaluninasiansuil YAAYIENANNING o ?’{Juqmwznmmﬁamu (Terminal
Value) veavfu laimad

® FHiulugad N158NTLUARUANMUAYBIVBINTIETNT 22AIN e N398R

Junavoau L

14 wyAINgu 2560
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Equity Duration...1

PR =y—g

® LLu’Jﬁm%aﬂ Equity Duration Qﬂﬁm’m Boquist, Racette, and
Schlarbaum (1975) ﬁauslﬁ] duration 984 Stocks

® 910 Dividend Discount Model: DDM (Gordon & Shapiro)

P:Do‘(1+g) ‘
O

Yy—J4

Continuously Compounding D
0

~ P

Dppup e egistuveansiansyu D, e yar (um) vesdutiuna (Dividend)
P #e s7envesmsnansyu Meglundazan
Y fe snsmenilefinan g fe danmsiiulavesuiem
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910 Dividend Discount Model

® NauN1TN 8 b Dy - (1+ g)
y—J9
® 11 duration a1
Dppm = °r ' . — L
dy P y—g

dP
= = Dppm(dg — dy)

@ Natachai Boonyaprapatsara, Asia Plus Securities Co.,Ltd.

® 1L1a¥31n 8 BNV total differentiate wag USudnianiasazle
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Equity Duration...2

® 911 Market Model

Rit =it + bitRme + i c

Assumptions

1. E(gi,t) = 0,

2. Cov(Rpyt &) = 0 une

3. Cov(Eip, ) =0 i # j

It — 2

® q9zlg _ COU(Ri,t, RM,t) _ p(Ri,t,RM,t) . O-Ri,t Q
IRt ORmt

P(R; 1Ry ) F® AdUUsEAVBavdius swine Snsmansuunuued Asset | fiu aann
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Equity Duration...3

® J1aun159 10 wlaluaunisn 11 agla

o Dppu[Cov(dg, Ry,¢) — Cov(dy, Ry )| o
| TR

® ALUAT T30 FFIAANULEBY Systematic Risk 1A111910 ANUEAUNUS
YaIuFaranUsenauluANUIUNIUYBITIMIUETTY AU NaNBULNY
VDINAA

® 31alunIty @unsy 13 FlAiuan Equity Duration tWussauseneu
NS LUAITINAIULEY S
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Equity Duration...4... Leibowitz (1986)

® |eibowitz (1986) @ula duration Y83 nauvaNNINENUsENa UL
Bonds uay Stocks LagisuAY @UN1S0A008LanIAINNENNUSIZIINg
DATINANDULNUVDINAIANY U TRTINANDULNUYBINAINATIATNE

(Re —Ry) = ay + B(Rg — Ry) + & ©

Assumptions
1. E(&) = Oues
2. Cov(é,Rg) =0

® g\]gléj . O-RE

b= Onn P(RE.Rp)

@ Natachai Boonyaprapatsara, Asia Plus Securities Co.,Ltd. 14 WaARnIEN 2560




Equity Duration...5

Y
a A

® N1EUUFATN FAIANSIEITVN UANMUFUNUSITUFUNTI AU A1stUATULUAS

994 yield szz81 (O )

(ﬁB_Rf)=a2+DBS+§2 @

Assumptions
1. E(&) =Oua
2. Cov(&,8)=0

® lunil Dy Aa “effective duration”

@ Natachai Boonyaprapatsara, Asia Plus Securities Co.,Ltd. 14 WaARnIEN 2560




Equity Duration...6

® SIUANNISN 14 AUAUNISN 16 1WIAHNU LINBLFIUANUFUNUSIINAANA
n31asvil ldwmamanu

° lay Dy = Dg - uay &5 = [E,+&; | Assumptions

1. Cov(§,, &) =0,
2. Cov(él,g) = 0 uaz
3. Cov(&3,6) =0

o oy &3 = BE+& FamuneBanisiadeulmiwuy non-parallel vaadu
onImanauwnu (yield curve) Liifinasanainiiy
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Equity Duration...7

® AuANURTBIENNAFIVYBIENNITN 17 d1dguin Tunsiaziaun 1Ju

ORp
Dg = Dp ‘g " P(Rg,RB) e
B

aunisil 18 e “Equity Market Duration”

® |eibowitz (1986) ¥11 NRuUUANNINENUTENBUAIE Bonds wag Stocks

%3

Rt = wpgp - Rgp + Wgp - Rgp °
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Equity Duration...8

® Azl

OR

. E

DTP — Wpgp DBP + Wgp ,BEPDB - p(RE,RB) °
Rp

® Fauansde AudaUlmsadnsInenle Yaaianguuanyning (Total
Portfolio Duration)

® Funnlain Leibowitz (1986) Tmud AN AlUsIaAIAIMNEUNUS
FEMINDNTINANDULNUYDINUNUDN T INANDULNUTVDINT A TN

p(RErRB)
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Leibowitz (1986)

® | cibowitz (1986) INN1SANWILTIUTLINY

® lag?l Op. A9 MIUTUNIUTBITATIHANDULNUYEIRAINYY LT average volatility ves

S&P500 %4 1UnN1AL 1980 Hangedniew 1985 71 14.2%

® Op, AD ANUAUNILUDITNTINARBUUVUYDINAIART AN LYrn Salomon Brothers

Broad Index 43913a1ta870u 71 9.5%

® Dp fio duration vomainns1a1snil 14 "effective” duration 9899anRIIa13AL 9 4.27

. g I 1 U (% 6 8 1 % 4 % (%
bl Q(RE:RB) A8 ATEVANNUTITAINDAITTNAADULNUTBIVU NU BAITNERBULNUTBINT

a415% 9 -0.34

14.2%
9.5%

Dy = 4.27 -

- —0.34 = 2.17

@ Natachai Boonyaprapatsara, Asia Plus Securities Co.,Ltd.

(uelutanans Auauls 2.186)
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Another look by Johnson (1989)...1

® Traditional Concept of Duration

® Johnson (1989) N1 risk Y89 M5aWUluRIEINE T919 price risk wae
reinvestment risk @9 reinvestment risk LUSNANUAU A1 duration

® Johnson (1989) 1361 risk va¢ Msasulums1ansnil SusnaNnIs trade off
AUILNINY price risk AU reinvestment risk 21 “Net Basis risk”

* puduiusszning nmswdeulmvessnsmends fu “Net Basis risk”
Juegiu szezanstionsas (holding period) 3o luyamas U
antiu Aifle Juegiu duration a4 liabilities
® (il holding period = duration AABYIN immunization 1§ L&3 Net Basis

risk ¢ = 0
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Johnson (1989)...2

® Johnson (1989) §4l#iA71uLi1u31 DDM model fiunusadluaunis
Tnenss SAu9lU o3ureldangn n1sAIwIuAl Duration $283aA1591S
Gl

® H39EUNITT 17 FUANAINNITTAUNITT 14 Auaunsit 16 Wdeiu
Johnson (1989) 11 laliinnsesuneilaudnds n155amAIAsT (constant
term) %39 A9aN 11 A3 = Lo+ 0y 3Telil

® Johnson (1989) a5U31 f1d@ensAurauen Duration tilan15vin
immunization 9399 TA251d83 1961 Duration e3Snsmieads
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Equity Duration...9

® Sorensen (1988)
® Sufuan DDM wulReafudu Boquist et al (1975)

® §1039ANUd1AYUDY Equity Duration 91150 FAS87 Anuunly plan sponsor

AD a designated party, usually a company or employer, that sets up a healthcare

or retirement plan such as a 401(k) for the benefit of the organization's employees.
ADITIBU “EIUVIA”7 1NV “Pension fund surplus' asluaunisidu

‘Pension fund surplus'

® “Salary-related pension schemes need to have enough funds to meet their obligations to
existing members, and their funding is monitored by the Pension Protection Fund (PPF). When
schemes have assets well in excess of the legal minimum, they are said to have a 'surplus'. This

was common during the 1980s and 1990s.”
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Equity Duration...10

® lunsaf nas pension fund e In1sasnulu equity 38 4 equity
exposure Mg NHANUIUTUADIAIUIUINIEL “@Iuv1n” NLEAILUIU
AMETSNERIH

® Sorensen 91 2 Yade ATusINg Ve Stock duration VAU Ao
® funvasanudes sy anudsndudrunilivesns@nan (proper discount
rate) war AnuseulmsaALLELS
oty Asigesaula 3 A Ao
® stock's growth characteristics,
® the stock's discount rate gy

® the interaction between the discount rate and the growth assumptions.
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Duration for Stocks VS. Bonds

0% % Risk Explained by Duration 100%

< >

Systematic
Risk

Other Factors

Earnings Patterns

Equity Risk Premium

@ Natachai Boonyaprapatsara, Asia Plus Securities Co.,Ltd. 14 nqeIn ey 2560




e
Sorensen (1988)...1

® T4N159LASILNVDY Sorensen (1988) DRSS UNBNAR LLUNARND
1. swlhressusenaanzilou (U1.) tay 8n31n19vIls (profitability)

2. ehwzm%mmL?iawaqmmmﬁu (risk premium in the equity market)

® A53UIUNITN 1 138A71 “a flow-through concept”

® FyudugNaunaan ldlyd ¥ Wwuae
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Economic Transmission Scenario

Macroeconomics

} |

Risk Premium Changes Flow Through impacts

Ll Earnings Growth
V
Ay 1T Ay Tl Ag T-
(DDM Duration) (Other Components of Duration Sensitivity)
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Sorensen (1988)...2

® 311 DDM Duration @1n157 10

D — . = —
DDM dy P y—g G

® Sorensen (1988) @514 NANAMNFUNUS YU
. y=i+h(mr,..) | ™

L Ao 9ns1mnLUs nominal

2. l=71+Tm h @9 AIUYALYYAIULFLIVBINAAY @
3. g = 9o + vr + A | 7 fie dnnenilefiuriads real interest rate

T A9 9R1EULHD

V Ao growth rate sensitivity to real interest rate

A @9 inflation flow-through parameter
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Sorensen (1988)...3
® 4 Total differentiate vosnauANEURUSA 20 14
dy = dr + dn + 9/, _(dm) + 91/, (dr)
dg = vdr + Adn O
® 9zla

dP

dh
P —_ _DDDM(l_V'l'E)dT_DDDM(l_

sensitivity to changes in interest

sensitivity to changes in
real interest rates

rates resulting from changes in

inflation expectations
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Sorensen (1988)...4

® Sorensen (1988) @3U31 N1534A37189%1 DDM Duration Hu llaunsawan
wnladelagldiiies partial derivative Lo

® 11591 total differentiate Asaun1s# 22 lanaaslmdiuin A3
Waguilaswaans1tuianain 98inana rate of growth vaaruandley
ez discount rate Nnawnuldlunisimunsian vuanlyy

® ;93" Leibowitz, Sorensen, Arnott, LLay Hanson (1989) I RRRGLRN
Sorensen (1988) 39L5UAUIN DDM wuLALINY
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Leibowitz, Sorensen, Arnott, 1as Hanson (1989)

* lmning muwanseng1AgsenIng Equity Duration 9111370
Dividend Discount Model fiu Equity Duration fisnvayaaselunain
1387138n71 empirical duration

® DDM model fiunuarasluaunislinenss sinlvan duration DETENIN
20-50 U e growth company g3 duration ﬁﬁauﬁﬁj’]\‘lgjﬂ
® Sorensen (1988) laanfiagn
g =9%uazy = 13%

1% — 1 —
¥ Dppm = 135750~ 25

c°b
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Leibowitz, Sorensen, Arnott, LLas Hanson (1989)

® luvaugh empirical duration dnfiA10g 2 - 6 U
® | eibowitz, Sorensen, Arnott, ay Hanson (1989) §9Aaly ALLUUAL

A41N159N 22

® 1d17791 MSANYITIUSEINY TAedevee AT Inflation Flow-through (A)

a
? EJ'«V] O 8 Figure B Price Sensitivity vs. DDM
Y] : Duration for Different Flow-Throughs

[=2]
[=]

10+

Magnitude of Price Sensitivity
w
[==)
1

0 T T T
0 10 20 30 40 50
DDM Duration (years)
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a I
The Nature of the Inflation Shock

® GuUs Inflation Flow-through (A) finudamlunisyinaudnla
equity duration §597 HANEMUAIN inflation shock
1. ﬂmﬁwﬁuasm'gwmLLazﬁamL'%aéuaﬁmﬁul,ﬂa (inflation shock) @319 134
Aalinulnamu FazHaausu equity risk premium anueg1E waz
LﬂﬁauLLanwqaﬂﬁﬁuﬂﬂﬁaqnu

2. inflation shock nduas1s wsegdlalvasnulu viuandyy Felinanudy inflation
protected g9
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a I
The Nature of the Inflation Shock

Y1 . .
° aqﬂlmw inflation shock
1 9UnEe demaln dnsildsuiiuasrinavessnsituislusuianlng

2. uay 3Nyl dwwa Auanululdueuvesaiaiale (variability around

the level of expected inflation)

/’ dm,

Inflation Shock dmr
 ’¢1
T[O'

® aaln Inflation Flow-through ®3u1871 vly empirical duration 343
AN N15wnuATly DDM model
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The Equity “Yield Curve”

® Bernstein and Tew (1991) laaasly 31399 U931 Yield Curve W1AUNIS
WATIEA ﬁuﬁuﬁﬂ (Small Capitalization Stock) wagzdalalaus
LUIAUAALTDY NN trade off 811319 growth U duration

® NAUYNAMINTTY VogN1eudn v Equity Yield Curve fimilouiu T-Bills Tu
lanvesnsarsull azilu nauniinsiuladosuazdndvunnlvg 1wy ngu
GRGAFIIGT

® nguRAAMNTTN Miagn1e 121 W3e 1 long duration Avilewudy T-Bonds 2y
Junan ﬂﬁju semiconductor ﬂﬁju pollution control
* Jnasmu 913lviauaulavulungy longer duration 11nTU WWULAINY
381 UNAU 1B9 T-Bonds
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" Bernstein and Tew (1991); Growth/Duration Trade h
Off

“Promise of

gt “UNDERVALUED”
Growth”

Low

Expected 5-Year EPS Growth

High

Duration Duration

Low
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Implied Equity Duration...1

® Dechow, Sloan, and Soliman (2004) [“DSS (2004)”] 51910

traditional measure of duration (Macaulay)

1% CF,
D =—Zt
Bt_1 (1+y)t

|
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Implied Equity Duration...2

® DSS (2004) wendruusenaulu n1sA1uIad duration Tugunsa 23

ponlu 2 diu Ao dwndonyinna way diuniienglidnie

e (S
C\A 4yt

)

D =

CF,

n
=117 &

y)t

. _CF,
1T+ )

CF,
(1+y)t

Dtet+1 t(
_I_

)

B

CF,

ZI(?C):t+1 (1 + y)t

00 CFt
Zt=t+1 (1 + y)t

B
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Implied Equity Duration...3

® 11J9991AL51A189%1 Equity Duration 39LUR8U $1A1UDIRIIE1TN

ns@uluaunis 910 B Wy 270 P

* waznss dundengliiine Fudu perpetuity aunsnideulsd

i ke _(, = CF,
t — - t
ey (1+y) £ (1+y)

® 1az91n Duration U84 perpetuity ML34370 period 91 N AD

y

1+
Dper = (Tl +—y)
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Implied Equity Duration...4

® 1duN1ISN 25 LazdunN1SN 26 WNUAAILUENNSA 24

CF,

D =

CF,

Z?:lt((1+y)t)+< +1ﬂ> b
2

y

(1 +y)t

® DSS (2004) mﬂmmmaﬁ N13AUIN equity duration fiEiuan Ae N3

mamm%’muu ﬂ’iuLLﬁLQUﬁﬂVI%UGNlI@W&IL‘LJUEJ‘LJ,‘L!G] 308

® DSS (2004) nanyinlaeusnd n1siiesgiudnueslutnmtidusseznafineutng
U AUNDNALVIANAUDI opportunities for firm-specific 1138 industry-specific
super-normal growth 8anld A9t the terminal growth rate Tun1531AS1ER cross-

sectional 9zARUYY AN
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Implied Equity Duration...5

® 711989A171 Implied Equity Duration A9 MllaunuIun1e 919y

aeauuAgIuin CFy fgnsnsiuladuriasd g us DSS (2004) 14

wnsimun CFp 90 Ausmedaydnisiu

® USuaunisy 28 Llanuse zle

CFt — BVt_]_

E _ (BV—BV,-1)

BVi_1

BVi_1
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CF, = E, — (BV, — BV,_,) log Ep A9 5195unaing® wae
BV, @8 Book Value
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Implied Equity Duration...6

® 159ANUIINFUNITA 29 19731 Tun1sAnnIsalnsekaRuanNvuazINe
1 1909AIANITAIRS

- E
® Return on Equity %38 - LY
t—1
. (BVt—BVi_q)
® Growth in Equity 1159 - =1
Vi1
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Implied Equity Duration...7
* finsannsdifivey Insauuly duinflongluididn luaunisi 24 1w
Annuity WiansasufidteiluAused Faflen Duration Liu
1+y n
-2 o
y (d+y)F-1
1-— 1|
t
471 PVA = A (1 i3 y) e
_ Y |
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Implied Equity Duration...8

® 1@UN15N 30 LazaUNISN 31 WNUAIEIUENNISA 27 R

A
1+
D=n+—y—nﬁ a

= &

® nsalfiLAwil WedlivinIn Implied Equity Duration agiiAanas 1ie

(% |

USUauuaanseiaiuanil #51a1397e tueniiengdna denunn

oD —n

d y-P
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Implied Equity Duration...9

® NEUN1SN 29

CF; =

E.  (BV,—BV,y)

BVi_4 BVi_4

® auuRin growth of equity W 0 Tugaeiifent

d'
NO<tKn

® AuN15N 32 LU

[e] U

9

CFt=E0

1+ Ey n
D=n+ v, et

y Py

1 v
=V -V

A1NA oy ROE AINANUU

Implied Equity Duration WUSNNRUNYU Earnings to Price ratio
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Implied Equity Duration...10

<

® MNAUNRDNAITIN growth of equity 10U 0 s ROE LU mean revert

2 1
o (9] v [=|

nauluf cost of capital TugsT918911R AU N 0 < t K n

q

CF, =y - BV,
® aun1s7 32 awdu
1+ BV,
D=n+ Y 20 ‘N @
y P

Implied Equity Duration WUSNNNUNU Books to market ratio
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Implied Equity Duration...11

® DSS (2004) 919949 Fama and French (1993) Ul Three Factor model

3N

® FNYULANULESIVRIINTINANDULMUYBINY 1191038 3 7 dulaun market-

related, size-related, lLlay book-to-market-related factors way
® USEM7T Books to market ratio ¢ 931 AU (IB) GR
® DSS (2004) 91971 N1T3AIIEY Equity Duration YOI T3P
e () ﬁfgjﬂﬂfmﬂmﬂ ﬁuﬁﬁ Books to market ratio 1 9¥3l Duration

g9 visediauesulnisie NMsdsuwUaIBnIINaRDULNUNATA 9
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Implied Equity Duration...12

® DSS (2004) #3091 AMURUNIUYDITIATAU wag ALUAT AAUFUIUS
[ v . .
WU UIn NU Equity Duration

® Lag Books to market ratio @unsaldilusmdinegrsmenu 1Ude Equity

Duration
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Standard & Poor’s (2004)...1

® 91ALBNE1T “Using Equity Duration In Pension Fund Asset
Allocation” (2004) 984 Standard & Poor’s (S&P)

® S&P (2004) Wiugeiu commentuad Johnson (1989) 1383 A151131
AL Farn waziiy 31 9ty multicollinearity AaT
LazAndl estimate 16 azillonna s nirfiaasasls

® S&P (2004) 14 wuusaesit S&P 13anin “a simple flow-through

model”
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Standard & Poor’s (2004)...2

® 910 Dividend Discount Model: DDM (Gordon & Shapiro) #38 &nns

78

® 9zla

Dy
y—9

InP =InD —In(y — g)

1dP

dg)
= |1-=2)=D*
Pdy (y—g) ( dy e

—1

D* A8 Modified duration
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Standard & Poor’s (2004)...3

® S&P (2004) #3U

v U

1 Auiisnsmaaulngs axdlen duration g9 WAy ngumdnmsngid
gn3N5weulegs Al duration g Lazavimnuseulmresninonide
GR

2. f Sasnsiulaveaiutiune Aeudnils SnsAnaniigedu azils a1
duration anas wazazilmmgeulmsresnsnends MmensAnan

1 =% 1 U =% d CI) [o] v 1
5 augeulmves lemalunisiuladesnsidnan L) ¢ ezl e

ay
duration YBINFUNANNINE FeUu
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Standard & Poor’s (2004)...3

Values of Equity Duration for Different Parameters

k
dg / dk

3% 25.00 20.00 16.67 14.29

0.0 4% 33.33 25.00 20.00 16.67
. 5% 50.00 33.33 25.00 20.00
6% 100.00 50.00 33.33 25.00

3% 20.00 16.00 13.33 11.43

0.2 4% 26.67 20.00 16.00 13.33
' 5% 40.00 26.67 20.00 16.00
6% 80.00 40.00 26.67 20.00

3% 15.00 12.00 10.00 8.57

0.4 4% 20.00 15.00 12.00 10.00
' 5% 30.00 20.00 15.00 12.00
6% 60.00 30.00 20.00 15.00

3% 10.00 8.00 6.67 571

06 4% 13.33 10.00 8.00 6.67
' 5% 20.00 13.33 10.00 8.00
6% 40.00 20.00 13.33 10.00
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Annual Duration of S&P 500

=-===12-Quarter Moving Average of Duration

—o— Duration of U.S. Equity Market
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Leibowitz VS S&P method: 1990 - 2010

45 -
40

35 /\‘\
30 //
20 - ﬁﬁhﬂm&a&—_/

15 4 ———

Equity duration

10
5 - /"/\
0

-5

I I
Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec.
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

—— Leibowitz duration method
—— S&P modified DDM method

Motes: Leibowitz method: Equity duration = (oEfof) & plE, B) x bond duration, where offof = standard deviation of S&P 500 Index/ standard deviation of Barelays
U.5. Long Credit Index; and plE. B) is correlation of S&P 500 with Barclays U.5. Long Credit Index. Rolling three-year average of annual estimate from monthly returns,
volatility, and corporate bond duration. S&P method: Twelve-quarter moving average of annual estimate, calculated as follows. Equity duration = —1/{k—gh (1-Bq/&4,

where k= Moody's Baa yield, g = quarterly growth of the S&P 500, and &g/&k = correlation of change in gto change in & Data for 2010 caleulated as of
second-guarter 2010.

Sources: Vanguard caleulations for Leibowitz method; Standard & Poor's calculations for SEF method.
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4 N
Broughton and Lobo (2017)...1

® Broughton and Lobo (2017) [BL] la91s84n1sAnwues Schroder and
Esterer (2003) @algii1 Residual income model (RIM) ¥84 Claus U
Thomas (2001) anUsuugsly

® BL (2017) §4le11 mnuAaved Claus AU Thomas (2001) dnUsEAITUN
19 Ao
® Duration U84 Wiqﬁ”ﬁwﬁ U111 ﬂ'J']ﬂJf’JI@u‘LV'Wi@ﬂq'ﬁLUgﬁJULLUaﬂﬁU@Qéjﬁﬁqaﬂﬁﬁ
‘?Jaﬂmﬂmﬁwﬁ

® Asiu Duration 989 ¥u AMITU1A1N ANsaUlmdenIsURsuLUawesns
ANAAYDIVU
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Broughton and Lobo (2017)...2

® Bl (2017) 83UNYIT SIUVBININLYT

1. o USuusia RIM e estimate ¢ duration 910 Yayan1alayd wag n1s
ANMNITUYDIUTIAUNILATIZH

2. Tuvaed g auls Anuduiussening dnsmanauluvaiu (Rg) M

nanvy () BL (2017) Lilald Y wsinduasna dns1Ananvoaniy Julies
58n71 19 implied equity discount rate (1)

3. wevinedge BL (2017) Ademslyd gns Duration 8819m33lUn5IUNAD

. (1+r).dP
DP==""p dr e
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Broughton and Lobo (2017)...3

A =

® BL (2017) 1518979 A1 duration 31nN1SANEITIUTEINEIT LALRAE
01 16.36 1ndl fidy (Range) og/fl 12.82 f13 19.30 T

® BL (2017) A9A191131 AIUFESBY AN equity duration UauN50%78 an
ANuLAsalaurTaly?
® N3N IEaUTEdnY nnnsatie 126 ngumdnnInegd optimized Tagrivue

Weight constraint Tidu 4 anweuy e

long portfolio
short portfolio Lag

Weighted average portfolio bate = 0
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Broughton and Lobo (2017)...4

® Portfolio Aifmualy Weighted average portfolio bate = 0 Uail
Weighted average portfolio duration = 0 g #A1 standard
deviation quarterly return #nan

® BL (2017) Sara s equity duration g1x15a11lUsIUAY bond
duration wiethe anaudesldusela?
® auiiuszansnmaeenisld equity duration lUsaufU bond duration e
928 ANAULEES T ‘%uagjﬁ’ud’] nonid (V) fianuduiusiu implied equity
discount rate (1) agnalussuunrsoly

® N15ANWILTIUTEANY LEAIIN equity duration @1unsatlusunu bond
duration a8 anANULESSlA
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63U

A1 Equity Duration AN A1 Equity Duration g4

Bernstein and Tew  naugmaIvnssy ninsiiulaey

(1991) wazinfivunalveg 1w ngy
a1515yUlae
DSS (2004) USUauvaansenaluani 957815 vJuidl Books to market ratio #11

318 Tugaendongidnda Aauan

Standard & Poor’s a1 dnsmstiulavesiutuna 1. UATInTINSIAULAE
(2004) ABUYI9Tl BRs1ANaNETY 5 (d_g) i
Gy
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Duration in Portfolio Risk Management
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Pension plan

1 Yl a

® Defined Benefit wunefis n1saneRulutiuigysienoulinansians

Y

UNTEIEUR1ETE ngduiuRuiiuglagnimualineuwas Tunsdil
AlAvsevvzlfasaunuRy

® Defined Contribution YN8 SEUUANYUADHIINTAUNUVBIELENT

Hudnduiuneliviednsasd udnhfuaumuiuinazanlunomu
Soffaunuiundeney arldSuRuaumuimunsufusareuwmuan
Junesu lunsdifagliausavenuuueuldimausslesiansasdu
il
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Duration of Liabilities

® Defined Benefit pension plan agdl JUkUURUUIWYNT Ausaulng
A8 DASINONLUY UINNIT

® Pension plan @wlug) Eanly LauNISAMULUY liability driven
investment (LDI) waz 19n153ms1evinudeslag portfolio duration
fausithminnisamuly vu lildesias Wosn Shamanauunud
AR T84 U 9N ATIENIVN
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Using Equity Duration, why?...1

v U A o . . < v
® gaunauluy N1s¥1 Immunization AzLAUlAN

® Tunsaifildnsnarsniiognaied Weassuzauly o1yasrasvaInTIaIsvi
ILANAY WATABIVIINTT rebalance

® 1 33na39 N3vh rebalance Tdunu uay vnssFesiinis trade off searing
AU AU AULUTEENSHE

o Fethulun1sasmuszezend n1siienses perpetuity wie Tu Sefiengetiud an
duration ﬁLLmIﬁﬂJﬁ%Q{i’i’] mqmmﬁamm liabilities U89 pension plan L&

&3150Le9NYIN immunize WU passive %58 Contingent Immunization 1@
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Contingent Immunization

$ million ; - $ million
Active - Im. Active

11

10

9.09 19.09
Trigger point Trigger point

Horizon Horizon
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Using Equity Duration, why?...2

® Risk Management: Tuillaviuaniley 10 choice #HsUaINITamMU N3
TATIEANULEEeINIshaATMUlunguannINg  Sulunauiain
n1siaeulmvadnsnenidy Jsar5i1un WITUNtUNITIHALNT

IANISAINULF
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Using Equity Duration, why?...3

® Tactical Asset Allocation: Tactical asset allocation ag38lutin
AIVUNMYBINIBNGT 911N1S estimates NMStUREULUAENINLATYSND
lagsu ez lainsusuasudminnisamuludeag asset classes

Twunzaunu 9nsieenenazilasuly
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NANSSNUVINISLUAgULUAURIDNSIADNLUS

Present Value (V)

\A

i Networth is positive.

L

(a)

lo Discount Rate
Present Value (V)

L (c)

lo Discount Rate

Present Value (V)

\L

i Networth is Negative.

A (b)

lo Discount Rate
Present Value (V)

(d)

lo Discount Rate
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