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&~ F]% ¥ jriz (Factor Attribution Model)
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B 2-1~ & #c3F ¥ 5 2_ 45 f# —Brinson, Hood and Beebower (1986 ) T
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B 2-3~ A m3F ¥ 5 2_ 45 f# —Brinson and Fachler(1985) 10
B 3-1- & #Az g3 p* & k Jk —Van Breukelen( 2000 ) 12
B 3-2~ % Az 2p3F ¥ ¥ Kk —Van Breukelen( 2000 ) 18
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¥ I 2c® A~ & currency allocation attribution % currency
timeing (selection) & FRi» o b= » F - 5 W W T A FILE = 2 4y
%458 5 hedged index & & d § % 53 4 &% overweight % 7 {13
2 ®ME % o underweight MAJIF 2 p 2F X » £ d *hieig@ L
overweight 2z jB#3¥%i+ hedged to index (neutral ) R|iZ#'& = A&
(T B RS BERYA BB S h) i R BF
B EEEm A > Ao rEE A F L bR g 4§ H 5 hedged to
neutral @ A Gl @G AT T 2LF] g 2R A A R R A o

AP FETPIT  F - S SREFEPILEFE F D S AR

T AF ¥ 2 (Allocation Model ) > 5 % E A F e & & A g »i®
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RIPWPF2HFEF 2> 02 - 5 B EAQFEFRMSF (Arithmetic
Excess Return) » = 3 A @42 23F ¥ & (Geometric Excess Return) °
-~ BEAREPF

a=r-b (1.1)
s BPAREEPMF

= (141) / (1+b) — 1 (1.2)

B or SEFTEEHEPT b 52 dptdp BRI S o bldcd 1-1

PHRFTRE RGPS ENEREEFE L 2% EUAREFER

= 1.9% -

2l-1~BHABrRBHPIFL VR

Portfolio Benchmark
Start Value = 1,000 Start Value = 1,000
End Value = 1,070 End Value = 1,050
r="7% b=5%

Portfolio added value = 70 — 50 = 20
Arithmetic Excess Return, a = 7% - 5% = 2% (= 20/ 1,000)
Geometric Excess Return, g=1.07/1.05-1=1.9% (=20/1,050)

B2 BEEL B HE AR 0 1945 Bacon C. (2008) > B >xp i@

FRE S PATEMIF LY AS P §EHR S A ERE



1~ &4+ (Proportionality)

F1-2 - BPRPRPF2Z 5012

Portfolio Benchmark
Start Value = 1,000 Start Value = 1,000
End Value = 500 End Value = 250

r=-50% b=-75%
Arithmetic Excess Return, a =-50% - (-75%) = 25%
Geometric Excess Return, g =0.5/0.25 — 1 =100%

2 1-2 A PREHEMFIEF BT el Foc iy
pez 1 B o AzbrAgd 25% e gtk > T AR RN AT
g=(1+r)/(1+b) -1 =(r-b)/(1+bh)

B HL R D>0 Fl R BAGIRAR RS > B AR S
TR D0 Fl R BAGIRAR P < B R ACIRRPY S

o BERERPIREFRARS  BPREERMIRE T -

2~ wi#EH M (Convertibility)

21-3 S PAEHPMS 27

Portfolio (base currency: US$) Benchmark (base currency: US$)
Start Value = $1,000 = €1,000*1 ($1=€1) Start Value = $1,000
End Value = $1,284 =€1,070*%1.2 ($1=€1.2) | End Value = $1,155 =€1,050*1.1
r=28.4% b=15.5%

Portfolio added value = $1,284 - $1,155 = $129

Arithmetic Excess Return, a = 12.9% = 28.4% - 15.5% = $129 / $1,000
Geometric Excess Return, g = 11.2% = 1.284/1.155 - 1=$129/ $1,155

FPATRP S B R AT R T R A R A

T2 AR (rob) EaE S g bR AT R F (L vhy) &




?}Lﬁﬁm (Cr‘Cb>’lﬂl}L’ué2£% o A - i&%ﬁiﬁﬁm (g)

TR R PR AT LIRS R FRFEEEL 2
3L R X INL 2 gﬂzﬁwi s R E RS A2 i ARG

VARG AT 2 B BATIRAR P SR R TR 0 A 2 R

4=

%z}k_\/7 5&;1:?‘

Portfolio return in base currency: r = (1+r.)*(1+c,) — 1
Benchmark return in base currency: b = (1+b,)*(1+cp) — 1
a=r-—b=(1+r)*(1+c,) — (1+b)*(1+cp)
= (r.—=by) + (¢ —Cp) + (rL*cr — b*co) 7
= (1+0)/(1+b) — 1 = (141 )/(1+by) * (1+c)/(1+Cp) — 1
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3~ ¥ 2 (Compoundability)

-4 B e REFPF LT AR

FFestERREPF (2 ERH) (1.07)*%(1.07)*%(1.07)%(1.07) - 1 =31.1%
dpthdnBcE RIS (2 £ R H) 1 (1.05)%(1.05)%(1.05)%(1.05) - 1 =21.6%

NS 52 HAie
HIYPAZFHRP T =7%—5%=2% HPRLIFEFPF =1.07/1.05-1=1.9%
ERAZRIFMT =31.1%-21.6%=9.5% | # RALRPHFMF =1311/1216-1=7.8%
£ RALRIRP S 2 £ RAZGFERP T &
FREHARFFMF I - R FREDARFFEMF - K
1.02*1.02%1.02*%1.02 - 1 =8.2% #9.5% 1.019*1.019*1.019*1.019 - 1 = 7.8%

B4 1-4 70 2 HEYR RGP SR

-rg-r ’ '}/)é‘ Fﬁ‘;

(1+9) = (1+g)*(1+g2)*... *(1+Qn)




¥ - &~ FTApEZ (Allocation Model)

FTAREZIMEAALL A TR > 2 > % 4 Brinson,
Hood and Beebower (1986) ~ Brinson and Fachler (1985) #& ) » #
Frolihiviz i T A Y (assetallocation) ©2% %4 (security

selection) & = Mix > A WA L4 T o

- ~Brinson, Hood and Beebower (1986) — 3 #c2

F

m

EaRp S r_Zwr =8.3%
N
ptRip S C b= > Wb, = 6.4%
i=1
FEREFEMT a=r-b=19% (2.1)
HHF OGP F 24722 S4B 2-1 #77 » Flt > B kihe 3
Ap tdp B3R pY 5 (b)~F A R (ram) ~#X SRS (rss) ™
l’i’ R I (rinter) :
r =0+ ra+ rss+ liner = 6.4% -1.2% + 3.0% + 0.1% = 8.3%
raa = bs — b, in which semi-notional benchmark return bg =" w;b;
=5.2%-6.4%=-12%
I'ss = I's — b, in which semi-notional portfolio return rq = ZWi I,

=9.4% - 6.4% = 3.0%
Finer =7 -5 -Ds +b=83%-9.4%-52%+6.4%=0.1%



B 2-1 ~ & #3F Y 5 245 f# —Brinson, Hood and Beebower (1986 )

4 rs=9.4% r==83%
fi
Security Selection (I11) Interaction (IV)
Iss = Z(ri —b; )*Wi Finter = Z(Wi —W; )* (ri —b; )
bi — 0 — 0
Benchmark Attribution (I) b=64% " Asset Allocation (D) by =3.2%
b=2>Wpb, Fan :Z(Wi -W; )*b,
Wi Wi .
% 2-1 ~ ¥ B3R pY & 2. 357 f% —Brinson, Hood and Beebower (1986 )
Equity | Port | Bmk | Port | Bmk | Semi | Semi AA SS Interaction
Wgt | Wgt | Ret | Ret
(%) | wi | Wi | T bi bsi Isi Fani rssi Finter i
M1 @6 | @B OE=|®= (7) = (8)= 9)=
(1)*(4) | (2)*(3) [[(D-()]*(4)][(3)-(H]*(2)|[[(1)-(2)]*[(3)-(4)]
UK 40 40 20 10 4.0 8.0 0.0 4.0 0.0
JP 30 20 -5 -4 -1.2 -1.0 -0.4 -0.2 -0.1
US 30 40 6 2.4 2.4 -0.8 -0.8 0.2
r b bs I's Fan r'ss Finter
=bs-b =rs-b =r-rs-bs+Db
Total | 100 | 100 | 8.3 6.4 5.2 9.4 -1.2 3.0 0.1

A BL ORI R T A PRSI A B E % S 4 blde o F overweight

-

in negative market ° B] return attribution &% § & * 2 > &

underweight in negative market > PI&4R 5 3 & &

= ~Brinson and Fachler (1985) — & #c;*
SEL MR E R ARSI R g A T AR

SR LLTARE R SELIER > LR AR

\

&

=

AR EHERREE L ERE BT SR 2-20
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B 2-2 ~ B #3F Y ¥ 2. 47f2 —Brinson and Fachler (1985)

ri r=8.3%

Security Selection + Interaction (III+1V)

I'ss :Z(ri —b; )*w,
:Z(ri —b; )*W, +Z(Wi —W;)*(r, = b;)

bi e
Benchmark Attribution (I) p<6.4% Asset Allocation (II) bs = 5.2%

b:ZWi*(bi_b) rAA:Z(WI -W; )*(b; —b)

v

Wi Wi
raa = bs — b, in which semi-notional benchmark return by = Zwi b;

=52%-6.4%=-12%
rss=r—-bs=8.3%-52%=3.1%

% 2-2~ B #3F Y ¥ 2. 47f% —Brinson and Fachler (1985)

Equity | Port | Bmk | Port | Bmk Semi AA SS + Interaction

Wgt | Wgt | Return | Return bs; Fani Issi
(%) Wi Wi ri o] = wi*b; = (W;i-W,)*(bi-b) = W;*(ri-bj)
ORECOENS) “4) (5) (6) (7)
UK 40 40 20 10 4.0 0.00 4.0
JP 30 20 -5 -4 -1.2 -1.04 -0.3
uUS 30 40 6 8 2.4 -0.16 -0.6
r b bs ran Iss
=bs-b =r-Dbs

Total | 100 100 8.3 6.4 5.2 -1.2 3.1

Pldes PR A B @ F & overweight PR s & 2-2(1aai =-1.04%)
it 2-1(rani=-04%) L it R8T P %RE mF AfeE S ¥piRe

FRZBFTEEFPFIV AL L wHEXEHE S 0 Y 5 negative

8



= ~Brinson and Fachler (1985) — % e

Bacon, C. (2008) #- Brinson and Fachler (1985) #-73]:z i 14
M2 TR ARERMF  BE5 B 2-38 4 2-3%7F o
A ARIEARRY S 1 g :i—g—l (1.083/1.064) — 1 = 1.79% 2.2)
Bl ippor Bz 2 BB > VERRFTREEPFFER SRS T
ARESELERG R A LA AL -

1+ 1+bS L 1+r

1+
“1+b  1+b 1+ bg

=> (1 +g)=(1+ran)*(1 +rss)
=(1-1.13%)*(1 +2.95%)

Fan = L+ _ [Top-Down Approach]
1+b
1+b.
= Z (Wi -W, )* ( 1:_% — lj [Bottom-Up Approach]

= (1+5.2%) / (1+6.4%) — 1 =-1.13%

1+r

(g =—— [Top-Down Approach]
1+ bg

=2 G :; - J [11 :s i ] [Bottom-Up Approach]
s

= (1+8.3%) / (1+5.2%) - 1 = 2.95%



Bl 2-3~ A wmEpF2 47f% —Brinson and Fachler (1985)

a

fi Security Selection (I1I) r=383%
L
b 1+ Dbg B
bs=5.2%
Benchmark Attribution (I) 056.4%  Agset Allocation (I1)
b=> Wb, rAA:ILb; -1 ‘
Wi Wi ]
% 2-3~ M w3 F 2 47f# —Brinson and Fachler (1985)
Equity | Port | Bmk | Port | Bmk Semi AA SS
Wgt | Wgt | Return | Return bs; I A Issi
(%) Wi Wi ri bi = wi*b; = (W;-Wj)* = Wi*((1+r;)/(1+bj)-1)
1 | @ 3) 4) (5) ((1+bp)/(1+b)-1) *((1+bi)/(1+bs))
(6) (7)
UK 40 40 20 10 4.0 0.00 3.80
JP 30 20 -5 -4 -1.2 -0.98 -0.28
US 30 40 6 8 2.4 -0.15 -0.57
r b bs Faa I'ss
= (1+bg)/(1+h)-1 | = (1+r)/(1+bg)-1
Total | 100 100 8.3 6.4 5.2 -1.13 2.95

10



ZE o FlR R (Factor Attribution Model )

RS ATRL AR ESNT AREE > e NIRRT
FA A £ & F X3 & > 6)4e Van Breukelen (2000) - &% & (%
F) 282 MALEXF L EFFF (doo Afl S REL)
B R L B SRR URESERIPL G L
AR PRI EFERERIAUREDGE 47> 2 0 B
4 Campisi (2000) #% 41 %12 F e o Mg KIRAT2 5 Ao~ R pY
(income return) £ § #3F ¥ (price return) » = RG> > w2 #0

A HEAeT o

— ~Van Breukelen (2000) — & #ci

Van Breukelen i * Brinson 22 F A fe ¥ /2 > BEZ 7 ¥ Jo Rl
FATRRE SR ST > A AR TELAE 2 RS
WEHF L GFYPRFRGFE VCREB3-1 2R 2-12 = BiEsh)

AP

r=——=-MD-Ay >
5 y

LR S R I U S

11



B 3-1 - & #Az2p 3R ¥ 5 kR —Van Breukelen (2000 )

Portfolio Excess Return
a=r-b=3.86-3.0=0.86

Asset Local Attribution

Currency Management Attribution

D, '(_ Ay, ) Issue Selection r.=3.28 ©+i) rem = Cr — Cp = -0.01
rss = (I-Cr) — (I's=Cp) Y =059 ¢ = 0.58
=rL—rL5=0.17 ~ .
D, - (= Ay, W, +W. W, + W,
" ( bl) Overall bip|=3.28  Market rs+3.11 Z( b ') Z( I _I)
: = . *(Ci+|i) *(Ci+|i)
Duration b |=2.41 Allocation
I'p = bD—b aa = rs—bD Wi +VVi Wi +Wi
=bp—bL =ris—Dbp
=0.87 =-0.17
Wi Wi

a=r—b=rp+ran+rss+rem (Table 3-2)

Currency timing (selection) skill can not separately be observed.

Wi : the weight of forward contracts in benchmark

W, : the weight of forward contracts in portfolio

12




Portfolio Local Return: r, =i, + D, *(-Ay,,) 3.1)
Benchmark Local Return: by, =i, + D,, * (- Ay,; )

Using the Karnosky and Singer (1994) definition,

Portfolio Base Currency Return with Forward Contracts:

r:zwi*(ru_ii)+Z(Wi+V~Vi)*(Ci+ii) (3.2%)

asset local return currency management

Portfolio Base Currency Return without Forward Contracts in this Chapter:

r=>w *(r, —i;)+ > w *(c +i;) (3.2)

Similary, Benchmark Base Currency Return without Forward Contracts:

b=>W, *(b; —i;)+ > W, *(c; +i;) (3.3)

1. Top-Down Attribution Approach
Substituting equation (3.1) into equation (3.2) and (3.3), a top-down attribution can
be derived as followings.

Portfolio Base Currency Return:

r:ZWi*Dri’k Ayrl ZW C +I

Weighted
Duration

=r_+c,

=3.28% + 0.58% = 3.86%

Benchmark Base Currency Return:

b=>W, *D, *(- Ay, )+ > W, *(c, +i;)

Weighted
Duration

=b,_+c,

=2.41%+0.59% = 3%

Arithmetic Excess Return:
a=r-b
:Zwi >l<Dri * Ayrl ZW >X<Dbl Aybl ZW C +ii)_zwi >l<(Ci +ii)
Asset Local Return Attribution Currency Management Attribution

=r—-b=3.86%-3%=0.86%

13



2. Bottom-Up Attribution Approach
A bottom-up attribution can be derived by the following procedures (see Table 3-1
and Table 3-2).

Two asset reference funds:

Implied Portfolio Yield Changes: Ay,, = ——-—

Implied Benchmark Yield Changes: Ay, =—

Overall duration notional fund:

b= Dy*W, *D, * Aybl W*c+|
2D, +2

=b,, +C,

where D, = D, /D, = duration beta=35.3/3.9 = 1.36

bp =3.28% + 0.59% = 3.87%

Duration-adjusted semi-notional fund:

re = W, *Dy *(= Ay, )+ > W, *(c; +i;)
= +C,

(3.4)

rs=3.11% + 0.59% = 3.70%

Asset Local Return Attribution:
(1) Overall Duration Attribution:
Only when the overall duration is part of the investment decision process, the

overall duration effect is measured as:

' =bD ~-b= [Z Dﬁ >kWi * Dbi *(_Aybi)+cb]_[zwi * Dbi *(_Aybi)+cb]
:bLD _bL

ro =3.87% - 3% =3.28% - 2.41% = 0.87%

(11) Market Allocation:

D= [Zwi *Dy *(_Aybi)+cb]_[ZDﬂ *W; * Dy, *(—Aybi)+cb]

=rs - bLD

Applying the Brinson and Fachler approach:

14



M =0 —bp =r5—bp
_Z( *D _D *Wi*Dbi)*(_Aybi+Ayb)

raa =3.70% - 3.87% = 3.11% - 3.28% = -0.17%

If the overall duration is not part of the investment decision process we can omit a
step and move directly to:
s —b= (rLS +Cb +Cb ZW *Dy, AYm ZW *Dy; * Aybi)

:z i * Dri _Wi * Dbi) (_Aybi +Ayb)

(111) Issue Selection:
s :(I‘—Cr)—(l’s _Cb)zzwi *Dy, *(_Ayri)_zwi *Dy, *(_Aybi)
= ZWi * Dy, *(_ Ay, + Aybi)
=r —Is

rss=3.28% - 3.11% = 0.17%

Currency Management (without Forwards) Attribution:

fow =C, —Cy = D W, *(c; +i;) —ZW *(c, +1i,)

=>"(w, =W, )*(c; +i; - c,)

rem = 0.58% - 0.59% =-0.01%

15



#. 3-1 ~ B Bcdpp¥ & 2_ 472 —Van Breukelen (2000 )

(%) Weight Modified Local Crncy | Local Base Currency Return
Bond Duration Return Ret | Intrst Local Asset Currency Mgt
Port | Bmk | Port | Bmk | Port | Bmk Rate Port Bmk Port Bmk
Wi Wi Dri | Dui rLi b Ci I r. be Cr Ch
OREEYEECOREEOCREOREOREORN, ) (10) (11) (12)
UK 50 50 7.8 5 5.6 3.5 0 1.0 2.30 1.25 34 0.6
JP 20 10 1.0 0.5 0.5 0 0.1 0.08 0.04 1.1 1.1
UsS 30 40 4.0 3.2 3.0 0 0.2 0.90 1.12 -2.8 4.4
Total D, Dy r b ro by Cr Ch
ro+cr | by+cy ir i
100 | 100 | 5.3 39 | 3.86 | 3.0 3.28 2.41 0.58 0.59
D, =>W*Dy; D, =)W, *D,;r=r_+c;b=b +cy;
rL:ZWi*(rLi_ii); bL:ZWi*(bLi_ii);
Cr:ZWi*(Ci+ii):ir; Cb:zwi*(ci+ii):ib;
4 3-2 ~ B #cAgip 3R Y & kB —Van Breukelen (2000)
(%) Weighted Implied Reference Overall Market Issue Crncy
Bond Duration Yield Change Asset Fund Duration | Allocation | Selection | Mgt
Port Bmk Port Bmk Port Bmk
Wi*Dyi | Ds*Wi*Dyi | Ay, AYyi ris bLp 'd ran Iss rem
(13) (14) (15) (16) (17) (18) (19) (20) (21) (22)
UK 3.9 34 -0.59 | -0.50 1.95 1.70 -0.06 0.35 0.00
JP 0.2 0.3 -0.40 | -0.20 0.04 0.05 0.03 0.04 -0.05
US 1.2 1.6 -0.75 -0.93 1.12 1.52 -0.14 -0.22 0.04
Sub- s bio |=bw-bL| =rs-bwp | =rL-rs
total | ] 311 | 328 | 087 | 0.17 1! 017 |
Total Ayr Ayb s bp =bp-b =rs-bp =Cr-Cp
-0.62 | -0.62 3.70 3.87 0.87 -0.17 0.17 -0.01
Arithmetic Excess Returna=r-b=rp+raa + rss + rey = 0.87-0.174+0.17-0.01 = 0.86
r, —i b.—i -1 b, —i
=T DA _:_g; A _:_Ll—’ Ay =—-t LAY, = — L b;
P yr| Dri ybl Dbi yr Dr yb Db

16



=T +Cy = 2 W, * Dy * (= Ay, )+ D W, *(c; +i;);

bp =bip +C, =D Dy *W, * Dy, * (= Ay, )+ D W, *(c; +1,);
o =bp —b=Db—b;

ra =T —bp =15 —bp :Z(Wi *Dy, - Dy W, * Dbi)*(_Aybi +AYb);
I :(r_cr)_(rs _Cb): Tl I :Zwi *Dy, *(_Ayri +Aybi);
fem =Cr =Gy :Z(Wi —W;)*(c; +i, - ¢,)

* 3-2 2. fF47 ¢

Overall Duration:
In Table 3-1, the portfolio duration (D, = 5.3) is much larger than the benchmark

duration (Dp = 3.9), since yields are falling and markets are rising, this is a positive
effect, adding 0.87% of value.

Market Allocation:

The portfolio is overweight UK bonds (3.9 > 3.4), which underperformed the overall
index slightly (0.59% < 0.62%), losing 0.06% of value.

The portfolio is underweight JP bonds (0.2 < 0.3), which underperformed the overall
index slightly (0.40% < 0.62%), adding 0.03% of value.

The portfolio is underweight US bonds (1.2 < 1.6), which outperformed the overall
index slightly (0.75% > 0.62%), losing 0.14% of value.

Issue Selection:

The portfolio outperformed in UK bonds, adding 0.35% of value, due to yield falling
greater than benchmark (0.59% > 0.50%).
The portfolio outperformed in JP bonds, adding 0.04% of value, due to yield falling
greater than benchmark (0.40% > 0.20%).
The portfolio underperformed in US bonds, losing 0.22% of value, due to yield falling
smaller than benchmark (0.75% < 0.93%)).

Currency Management:

In Table 3-1, the portfolio is overweight (20% > 10%) in low yielding JP interest rates,
losing value, but this is almost offset by an underweight (30% < 40%) in low yielding

US interest rates.
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= ~Van Breukelen (2000) — A i@
Bacon, C. (2008) #-Van Breukelen (2000) #-Al:x i 2 & w2

FEAZIRF S R 3-28 1 v ke HIRB WAZTFIRP FATIED Ko

B 3-2~ ¥ ®Ag2EaR ' F Kk —Van Breukelen (2000 )

Step III r=3.86%
Issue Selection
s = Lt I’ -1
1+
=0.16%
Step Il r*4=3.69%
Market Allocation
with Crncy Mgt
.o l+rg
M 1+
=-0.17%
StepIl by =3.87%
Overall Duration
(- 1+Db, 1
1+b
=0.84%
Step I b=3%
Benchmark Return
I+r
= h 1
=(1+r)*(1+ry,)*(1+rg)-1 =0.83% (Table 3-3)

_[HbDj* L+rg | [ 1+ i
1+b 1+by ) {1+,
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Geometric Overall Duration Attribution:

I = 11+ bt'; ~1 =1.0387/1.03 - 1 = 0.84% [Top-Down Approach]
+

Geometric Market Allocation with Currency Management Attribution:
A revised reference fund: (compare equation (3.4) with equation (3.5))

re =2 W, *Dy; * (= Ay, )+ > w, *(c; +i;)

(3.5)
=rIs +C,
r, =3.11% + 0.58% = 3.69%
: 1+,
Total market allocation: r,, = b -1 =1.0369/1.0387-1=-0.17% [Top-Down]
+ D
— Ay, +4
Individual market allocation: (Wi *D, =D, *W, *D, )*(i/b'—;yb) [Bottom-UP]
+ D
1+1, 1
Individual currency management: (Wi -W, )* +I' —1|* % [Bottom-UP]
1+c, 1+b,

Market allocation attribution and currency management attribution are combined in one
step since portfolio weight (one part of the market allocation decision) determines the

allocation to different interest rates.

Geometric Issue Selection Attribution:

Total issue selection: ry = 11 1 =1.0386/1.0369 -1 = 0.16% [Top-Down]
+ 1

1+r. 1+ Dy ag
L IJ w_ OAD [Bottom-UP]

Individual issue selection: w, * ,
I+

D. . .
where Dbi-Adj =D—" * (bLi — Ii )+ Ii
bi

is Duration adjusted Benchmark
Geometric Excess Return in base currency:
_l+r
1+b
= (1 + rD)*(l + rAA)*(l + I )_

1
_(1+bDj* L+rg | [ 1+ .
1+b 1+by ) {1+,
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% 3-3~ A maAggpdF v ¥ Xk —Van Breukelen (2000)
(%) Weighted Impl Reference Overall Market  Crncy Issue
Bond Duration AYld Asset Fund Duration | Allocation =~ Mgt | Selection
Port Bmk  |Adj.Bmk| Bmk Port Bmk
Wi*Dyi | Ds*Wi*Dyi | Dyi-adj | AVei res bio ' FAAi rewmi Issi
(13) (14) (I5) | de) | a7) | (18) (19) (20) 21) (22)
UK 3.9 3.4 490 | -0.50 1.95 1.70 -0.06 0.00 0.34
JP 0.2 0.3 0.30 | -0.20 | 0.04 0.05 0.03 -0.05 0.04
UsS 1.2 1.6 3.93 -0.93 1.12 1.52 -0.13 0.04 -0.21
Sum rs bio
[ I N R N 301|328 || 016 001 | 06
b= Fan = Fss =
Total Ay, I bo 1+bD_1 1+rg 1+r_1
1+b 1+b, 1+
-0.62 3.69 3.87 0.84 -0.17 0.16

Geometric Excess Return g = (1+rp)*(1+raa)*(1+rss) — 1 = 1.0084*0.9983*1.0016 - 1 = 0.83%

Mg =T +Co =2 W RD *(= Ay )+ YW *(c +iy)
_ (= 4y, +4y,).
Faai = (Wi *Dy - D,B W, Dbi)*Ta
1+1, l1+c
roui= (o —w o Th e 1
1+c, 1+b,
1+ r|_i 1+Db| Adj

ssi= W, *(

1+ Dbi—Adj

‘IJ*

1+r
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= ~Campisi (2000) — 3% #ci2
1~ A Ad7iz

B 3-3 %77 FEufFmIvirfms L&~ (income return)
2 4REY (price return) = <3R5 > @ RAFPE E - H 24T S
BRpRZIEREFF ARG EE AT REHF (Treasury
Effect)~ R &2 % 3wl 5 & s H (Spread Effect) ~ & £ 5

(Selection Effect or Residuals) % » i #E B85 4 E40T o

Total Return = Income Return + Price Return
Income Return = Annual Coupon Rate / Beginning Market Price
Price Return = Effect of Yield Changes

= Treasury Effect + Spread Effect + Selection Effect

In the single-currency portfolio, Campisi adapts equation (3.1) replacing local interest

rates with income return and adding spread effects as follows:

Portfolio Return: r, =1, +D, * (— Ay' )+ D, *(-4ys, )+,

Benchmark Return: b, =1,; + D,; * (— Ay )+ D,, * (- 4ys,)

(P.S. There should be no residual returns in the benchmark.)
where |; is income return in sector i
Ay' is change in Treasury interest rates at duration bucket D'

Ays, is change in benchmark spreads in sector i
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B 3-3 ~ & #cgp Y 5 2. AL A 47 /% —Campisi (2000)

Total Return

Income Return

Price Return

Treasury Spread Selection Effect
Effect Effect = Residuals
-Duration * -Duration * Total Return
Treasury Change Average Spread - Income Return
Change - Treasury Effect
- Spread Effect

Arithmetic Excess Return
a=r—b=ER,+ ERt+ ERys + rgs
(Table 3-4 ~ 3-6)
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Arithmetic Excess Return
a=r—b=ER,+ERt+ ERys + rss =0.08% - 1.92% + 0.02% + 0.02% = -1.80%

Income Excess Return:
ER =1;-1p=0.52% - 0.45% = 0.08%

Treasury Effect:
Along the Treasury yield curve, the price return in each duration bucket is: D' * (— Ay )

Portfolio Treasury Effect:
In portfolio, each sector return due to changes of UST curve is: w, * [Dt *(— Ayt)]Dri,

where t is the Treasury duration bucket corresponds to the portfolio duration in sector i
(Dri).

Total portfolio Treasury return is:

T, = zWi Ty = zwi *[Dt *(_ Ayt)]ori

Benchmark Treasury Effect:
In benchmark, each sector return due to changes of UST curve is: W, * [Dt * (— Ay' )]Dbi

Total benchmark Treasury return is:

T, = zwi Ty = zwi * [Dt * (_ 4y )]Dbi

Therefore, the added value from the Treasury Effect is:
ERr=T,-Tpy=4.19%-6.11% =-1.92%

Spread Effect:
The benchmark yield spread changes against UST curve in sector i can be estimated as:
—1. = *[— AV!
b, — 15 — Dy, ( Ay ‘Dbi)

Ays; = — 5 , where t is the Treasury duration bucket corresponds
bi

to the benchmark duration in sector i.

Benchmark Spread Effect:

In benchmark, each sector return due to benchmark yield spread changes is:
Dy; * (_ Aysi)
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The contribution from benchmark yield spread changes in sector 1 is:
W, * Dy, * (= 4ys;)

Total contribution from benchmark yield spread changes is:

YS, =2 W, *YSy; =3 W, * Dy * (- 4ys,)

Portfolio Spread Effect:
In portfolio, each sector return due to benchmark yield spread changes is: D, * (— Ays. )

The contribution from benchmark yield spread changes in sector i is: w;, *D,; * (— Ays, )

Total contribution from benchmark yield spread changes is:

YS, =2 w *YS, =3 w; * Dy * (- ys,)

Therefore, the added value from the Spread Effect is:
ERys =YS; - YSp=0.17% - 0.15% = 0.02%

Selection Effect (or Residuals):
Any contribution to return not derived from income, treasury or spread effect must be

issue selection:

I :zwi e = ZWi *(ri -1 =T, _YSri)'

%34~ FROFAFIFE ML -Bull Flattening

Duration Bucket (year) Yield Change (%) Price Effect (%)
D' % D' *(- ay')
3.60 -1.00 +3.60
4.00 -1.05 +4.20
4.30 -1.10 +4.73
4.75 -1.20 +5.70
4.88 -1.25 +6.09
5.25 -1.35 +7.09
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F. 3-5~ B BcAgipaE Y & ko Rk —Campisi (2000) — A& 474z
(%) Weight Modified | Local=Base Income Treasury Spread Select
US Duration Return Return Effect Effect Effect
Bond | Port | Bmk | Port | Bmk | Port | Bmk | Port | Bmk | Port | Bmk Port | Bmk | Port
Wi Wi | Dri | Dui ri b Iri Ipi Ti | Toi | AYSi | YSi | YShi | [ssi
M1 || H |G OO 6 | O | dg) dy|daz2 | ds3 | a4
UST 20 50 | 475|475 | 6.0 | 6.0 | 0.30 | 0.30 | 5.70 | 5.70
Corp 65 40 | 3.60 | 525 | 44 | 80 | 0.52 | 0.57 | 3.60 | 7.09 |-0.07 | 0.23 | 0.34 | 0.05
HY 15 10 | 430 | 400 | 56 | 50 | 0.82 | 0.71 | 4.73 | 420 |-0.02 | 0.10 | 0.09 | -0.05
Sum D, Dy r b I I T, To YSr | YSp rss
100 | 100 | 394 | 488 | 49 | 6.7 | 0.52 | 045 | 4.19 | 6.11 0.17 | 0.15 | 0.02
Total ERi=I-1lp |ERT=T,-Tp| ERys=YS -YSy

Arithmetic Excess Return a=r —b = ER| + ERt + ERys + rss = 0.08% - 1.92% + 0.02% + 0.02% = -1.80%

D=2 wW*Dys Dy =) W, *Dys r=2w *r; b= W, *b;;

=D w*

. — S .
s 1y _zWi i 5

T, = w, *[D (- Ayt =0.2%5.7% + 0.65%3.6% + 0.15%4.73% = 4.19%;
T, = zwi * [Dt *(_ Ayt)]Dbi

b, — 1, — Dy, *(_Ayt‘
Ays, = —
Dyi

— Zwi *D,, *(_

YS, = D W, *YS, = > W, *D,

= Zwi *lesi = zWi *(ri — 1

=0.65*(4.4%-0.52%-3.60%-0.23%) + 0.15%(5.6%-0.82%-4.73%-0.10%) = 0.02%.

=0.5%5.7% + 0.4*7.09% + 0.1*4.20% = 6.11%;

B e.g. AYScorp = - (8% - 0.57% - 5.25%1.35%) / 5.25;

YS, =D w, *YS, 4ys; )= 0.65%3.6%0.07%+0.15*4.3%0.02% = 0.17%;
*(— Ays; )= 0.4%5.25%0.07%+0.1%4.0%0.02% = 0.15%;

_Tri _YSri)

In this example, the portfolio duration (D, = 3.94) is much smaller than benchmark
duration (Dy, = 4.88), which leads to a huge negative Treasury Effect when UST curve
was bull-flattening. In addition, the Corp and the HY yield spreads over Treasury
tightened, which leads to a positive Spread Effect.
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B 3-4 - B BIR Y & 2. i 2 —Campisi (2000 )

Total Return

Income Return

Income Allocation

Price Return

52 BB W iE - 45 f% Campisi #-A4c® 3-4 0 FAL & 34 -

Income Selection

Treasury
Effect

Spread
Effect

Selection Effect

= Residuals

Parallel Shift Impact

Spread Duration

Non-Parallel Shift Impact

Spread Allocation

Income Return:

(1) Income Allocation:

laa= D (W =Wy )* (1, —1,)

= (0.2-0.5)*(0.3%-0.45%)+(0.65-0.4)*(0.57%-0.45%)+(0.15-0.1)*(0.71%-0.45%)

=0.09%

(2) Income Selection:

lss = ZWi *(Iri - Ibi)

=0.2*%(0.3%-0.3%) + 0.65%(0.52%-0.57%) + 0.15*(0.82%-0.71%) = -0.01%
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Treasury Effect:
Interpolate the yield change at the benchmark duration along the UST curve:

Ay = 125%

For example, from Table 3-4, the benchmark duration is 4.88 year which corresponds to

a Treasury yield change of —1.25%.

(1) Duration /or Parallel Shift Impact:

Durparaliel = (Dr - Db)*_Ayt‘Db

=(3.94 - 4.88)*1.25% =-1.18%
(2) Non-parallel Shift Impact:

Durnon-parallel = zWi * D, * l(_ Ayt ‘Dri )_ (_ Ayt ‘ Db )J
=0.2*4.75%(1.20%-1.25%) + 0.65*3.6*(1%-1.25%) + 0.15*4.3*(1.1%-1.25%)
=-0.74%

Spread Effect:

—(b-1,-T,)
Db

=-(6.7%-0.45%-6.11%) / 4.88 = -0.029%

(1) Spread Duration: the overall spread change at portfolio duration vs. benchmark

Total benchmark spread change: Ays, =

duration

Spdour = (D, — D, )*(~ 4ys,)

=(3.94 - 4.88) * 0.029% = -0.027%
(2) Spread Allocation:

Spdaa = Z(Wi *D,; —W, * Dy, )* [(_ 4ys, )_ (_ 4ys, )]
= (0.2*4.75 — 0.5%4.75%(0.0% — 0.03%) + (0.65%3.6 — 0.4*5.25)*(0.07% — 0.03%)
+(0.15%4.3 = 0.1%4)*(0.02% — 0.03%) = 0.05%

Selection Effect:

Fss :zWi e = ZWi *(ri =1y =Ty _YSri)
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# 3-6 ~ B #RIpE P S KR —Campisi (2000) —3Fimirf2

Income Treasury Spread Select
Return Effect Effect Effect
Allocation | Selection Duration Non-Parallel Bmk Spd Spread Spread Port
Change Duration | Allocation | W;*Tss;
(7) (8) ) (10) (11) (12) (13) (14)
0.04 0.00 -0.05 0.04
0.03 -0.03 -0.59 0.01 0.03
0.01 0.02 -0.10 0.00 -0.01
lan Iss Durparaliel Durnon-parallel Ays,, Spdpur Spdaa Iss
0.09 -0.01 -1.18 -0.74 -0.029 -0.027 0.05 0.02
ER; = laa + Iss ERt = Durparaiiel + DUrnon-parallel ERys = SpdDur + SpdAA

Arithmetic Excess Returna=r —b = ER| + ERt + ERys + rss = 0.08% - 1.92% + 0.02% + 0.02% = -1.80%

Interpreting the detailed results is that the portfolio was short duration and lost 118 bps

for a parallel shift down in Treasury curve, and another 74 bps given that the Treasury

curve was flattening. Structurally, the portfolio benefited from slightly higher income

and a tightening in credit spreads plus a slight contribution from issue selection.

3 ~ Campisi #-3] £ &% Brinson #-3] 2+t #&

For comparison, attribution effects using the standard Brinson model are calculated in

Table 3-8. The misleading conclusion from the Brinson model would be significantly

poor selection in corporate bonds (-2.34%), while it is 0.03% in the Campisi model.

% 3-T~ & #AQIp R 5 % Jh — 1% 2% Brinson 3

(%) Weight Local=Base Return Asset Security
US Allocation Selection
Bond Port Bmk Port Bmk (w; — Wy* w; *
Wi Wi I bi (bi —b) (ri — by)
(1) 2) 3) 4 (5) (6)
UST 20 50 6.0 6.0 0.21 0.00
Corp 65 40 4.4 8.0 0.33 -2.34
HY 15 10 5.6 5.0 -0.09 0.09
Total r b Fan fes
100 100 4.9 6.7 0.45 -2.25
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A# o A& %% Colin (2005) ~ Campisi and Spaulding ed. (2007)

27 Bacon (2008) % g 732

*3 % 0 R R l“*m”"f#j\#‘rﬁ'* 7
T W LT

Bl4-1~ 3R S FT e WP 42— - LR

Total Return

Yield Return Price Return

Currency Return

Coupon Return

Currency Allocation

Convergence Return

Currency Timing
(or Currency Selection
excluding Interest Rate

Differential)
Treasury Curve Return Spread Curve Return Others Residuals
Rolldown Return Credit Curve Return Optionality
Shift Return Sector Curve Return Prepayment
Twist Return Country Curve Return
Curvature Return
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7ot SR (R #BFFMF (Re):

(1+R)=(1+R )*(1+R;)

I. Currency Return

Country manager’s performance

S t S t . F t-1 .
Re =gor 1= " 5 —1=(1+f)*(1+d)-1
Currency manager’s performance
t
where f = Fri —1 1is benchmark forward currency return
F t-1
d= St —1 1s interest rate differentials or forward premium

Typically there is a separate country and currency allocation in tandem
within the investment decision process. If the “country manager” decides to
overweight Japanese equities that will inevitably create a long position in
JPY; the “currency manager” wishing to keep a neutral JPY position may
decide to hedge the exposed JPY position using Forwards. The process of
maintaining a neutral currency position is described as “hedged to neutral”.

If the base currency of the portfolio is GBP, the currency manager will sell
JPY and buy GBP. In effect, the currency manager is borrowing JPY to buy
GBP — there is a “cost or benefit” attached to this depending on the interest
rate differentials between the two currencies at the time. In this case,
borrowing low yield currency (JPY) and buy high yield currency (GBP) is
a benefit, and it is a cost vice versa. This hedging cost/benefit inherent in a
“hedged to neutral” process (i.e. a natural consequence due to macros)
should not belong to the currency manager.

Apart from hedging exposed positions caused by country managers or
achieving hedged positions implied by hedged benchmarks (i.e. “passive”
currency management), the currency manager may be seeking to generate
“active” currency positions by Forwards or other derivatives that implicitly
include interest rate differentials. In other words, taking a currency
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allocation “bet” must be exposed to the cost (or benefit) of these interest
rate differentials. Therefore, the “forward currency return” rather than the
“spot currency return” must be used to measure currency allocation effects.
Crucially, this hedging cost/benefit should be borne by the country
allocator not the currency manager.

B RF XML FEpERF2 odk (Py,t) A4* Taylor

BRATATIEN SRR e X KR

r =AP_1 [@ at+ 2P ij y- At +(—MD-AY+1-C'(AY)QJ
P P ot ay Yield Return 2

Price Return

HP Ay =Y =Y

I1. Yield Return

Yield Return = Coupon Return + Convergence Return (i 37 i #idd )

RYield = RCoupon + I:QCOnvergence

y, - At =Cpn- At +(y, —Cpn)- At

I11. Price Return

Price Return = Curve Return + Spread Return + Others + Residuals

I1I-1. Treasury Curve Return (Reference Curve Return)

I:QCurve = RShift + RTwist + RCurvature + RRolldown

1 2
r-yc =-MD- [Ayshift + Aytwist + Aycurvature + Ayroll ]+ 5 -C- (Ay)

AATRELI Y RRH = FF 222 FLE e

1. No Model Method
2. Polynomial Term Structure Models (Cubic Spline Fitting
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l.

Method)

. Nelson-Siegel Term Structure Models (Parsimonious Fitting
Method)
. Principal Component Analysis (Multivariate Method)
No Model Method
1
e =7 (A2 +AY; + Ay, + Ay )
AYpist = AY30 —AY,
AYcurvature =AY — AYshitt — AYtwist —AYroll
where

AY = Yeeat (M'At) -Vt (M) = AYyon + Ach
AYroll = Yerat (M-At) — Yiar (M)
AYye = Yerat (M) — Y (M)

In an upward sloping curve, roll return will always > 0. If curve
shifts up and a loss arises, this will show up in appropriate
attribution. Roll return cannot be attributed to yield or to yield
curve movements. On the contrary, in a downward sloping
curve, a negative roll return would occur. Therefore, we should
separate roll return from yield curve return.

yi(M)

t+At
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2. Polynomial Term Structure Models (Cubic Spline Fitting
Method)'

Fitting a second-order polynomial function to the yield curve:
y(m)=a, +am+a,m’

Depending on the value of parameters, a, the function can
model a straight line, a slanted line or a parabola. If the curve
changes shape, the parameter values will vary over time.

A twist point can be added to this function by rescaling the
maturity variable m by an amount S, so that

y(m)=a, +a,(m-S)+a,(m-S)

With this modification, a curve rotation about maturity S will be
expressed entirely as twist without any parallel movement.
Yield contributions from sub-component movements can then
be calculated as follows:

_ t+1 t
AYshit = @, —a,

AYrwist = ( o _al) (m—S)

AYcurvature = (a;“ - a; ) (m - 8)2

Advantages:
The great advantage is that it is straightforward to identify the
meaning of various terms.

Disadvantages:

(1) The curve is not well behaved at the long end, since the
yield rises as the square of the maturity. The yield does not
therefore tend to a constant value at high maturities.

(2) Even if two curves are quite similar at nearby dates, the
polynomial coefficients can differ widely between the two,
and this can give rise to spurious attribution returns.

(3) The placement of the twist point is crucial.

1
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3. Nelson-Siegel Term Structure Models (Parsimonious Fitting
Method)

Nelson-Siegel (1987) fit market forward rates to a parsimonious
function:

f(m)= 2, + 5 exp(— ?) + 5 ng exp@ﬂ

where f(m) is the forward rate for maturity m, and 7 is a scale
length actor.
Market yields are then calculated from:

1 m
y(m)=—[ f(z)z
m 0

which gives

y(m)= B, + (B, + 5, )- (%j : {1 - exp[— ?ﬂ - $, exp[— ?) (*)

y(m)—> (B, +B,) asm—0
y(m)—>p, asm-—o o

>

This has the convenient feature that {

1.e., the curve becomes asymptotically flat as m becomes large.

Advantages:
These functions behave very much like real yield curves, and is
therefore, a good choice to use for attribution analysis.

Notes:

(1) It is necessary for 1 to be fixed, so that changes in its value
cannot affect the curve shape. Nelson and Siegel note that
there is a tradeoff in choosing a suitable value:

Small value of 1 corresponds to rapid decay in the
regressor that can fit curvature at low maturities well,
while cannot fit excessive curvature over longer maturity
ranges.

Large value of t produces slow decay in the regressor that
can fit curvature over longer maturity ranges, but cannot
follow extreme curvature at short maturities.
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(2)

3)

(4)

The precise value of T will depend on the characteristics of
the yield curve. Based on research and some worked
examples, a value of 1 of around 30% of the highest
maturity appears to be a suitable starting point. [t = 30% *
Max Maturity]

Alternatively, since the form of the equation is unchanged

. . m ! . . .
under a change in variable, — — m, no information is
T

lost if we set T = 1 and move any maturity rescaling into
the raw data, so equation (*) becomes: [t = 1]

)= o+ (5, + )P ) o)

Thoughout the remainder of the report, equation (**) will
be used.

More complex Nelson-Siegel type function may fit to real
world yield curve data better. Bolder and Streliski (1999)
from the Royal Bank of Canada describes a five-parameter
Nelson-Siegel model and other sophisticated approaches.

To include a curve twist point, we again introduce a maturity
scale length, S, which may be interpreted as the maturity about
which a yield curve twist is occurring. Then we can set

Yo (m) =py+ 5 eXP(_ S),

. S=0—>y,=/,+p (asympyldasm—0)
S~ — Yy, =, (asymp yld as m ~ )

m

ym)= | =gl

y,(m)= 2, [LM —exp(— m)} , Independent of S

m

Yield contributions from shift, twist and curvature movements
may then be calculated as:

AYshift = [ R CXP(— S)]— [/B(t) + 4 GXP(— S)]
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AYiwist = ( A {l—epr(—m) —exp(— S)}

+ 1- —
AYeurvature = ( ; = ﬂ; {w - CXp(— m)}

. Principal Component Analysis (Multivariate Method)*

The vector of yield change at each maturity:
AY = [AYI, AYZ, AY% ERT) Aym]

Yield change vector can be described by a sum of other vectors:
AY = Zmlwk X,
i=l

where each Xy is orthonormal. Each orthonormal wvector
describes a direction in which the curve can move.

Some portfolio managers immunize yield curve risk by PCA
method, i.e., immunize against movements in each direction. If
it is the way the portfolio risk had been hedged, one could use
the principal component decomposition for attribution analysis.
The sum of each movement at each maturity would add up to
the actual yield movement for that maturity.

Advantages:

If a portfolio has been hedged using PCA, then it makes sense
to produce an attribution analysis based on the same breakdown
of curve movements.

Disadvantages:

This approach is not so clearly understandable for presentation
purpose, particularly the individual curve movements do not
have a straightforward interpretation.

= WO

L=
s
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36



I11-2. Spread Return

RSpread = —MD 'AyCS

FoA-D S RCGEP S S FRRR A

Swap Curve Credit Curve Sector Curve
Swap Spread Return Credit Spread Return | Sector Return
Issue Specific Return

1. Swap Curve Attribution
Swap curve attribution measures the effect that changes in the
spread between a country’s Treasury curve and the swap curve.
There is only one swap curve per country.

2. Credit Curve Attribution
Credit curve attribution measures the effects on return of yield
curves rated below AAA.
With careful structuring, it is possible to immunize the portfolio
return from any changes of Treasury curve, and leaves all the profit
from credit movements. For investors who follow this strategy,
detailed credit attribution is of great interest.

3. Sector Curve Attribution
Sector yield curves are assigned to market sectors such as
healthcare, banks, and retail. Given a bond, only one sector curve
can be associated.
If attribution is carried out in this manner, one would show results
in terms of broad yield curve movements, then decompose credit
spread returns by sector.
Sector curve attribution is performed in exactly the same way as

swap or single credit curve attribution. The only difference is that
there are multiple sector curves for each country.

4. Country Curve Attribution
For emerging market bonds, country effect is an important source of

return.
For example, a USD-denominated bond issued by an Asian country
into the US market or international markets will carry a risk
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premium compared to the exact same bond issued by US issuer. The
higher yield is informally known as the Yankee premium. In general,
a Eurobond is a security that is denominated in a currency other
than that of the country in which it is issued.

Consider a BBB-rated Thai Yankee bond that is trading at 100 bps
premium to its USD-issued counterparty, but lies on the Thai USD
curve. In this case, the country spread is 100 bps and the liquidity
spread is 0. Without the ability to measure country effect, the 100
bps will be attributed to liquidity or issue-specific factors, which is
misleading.

[1I-3. Other Returns

1. Outright option: the optionality return can be separated as
r= y-At+(—MD-Ay+%-C -(Ay)2j

+(Delta-d8+%-l“-(d8)2+v-da+6’-dtj

Option Return

where S indicates underlying asset price.

2. Embedded option: such as prepayment option in MBS
Using Static Cash Flow Yield (SCFY') method,

y = Yust + Static Spread

where Yyst 1s the WAL- or duration-matched Treasury Note yield.
Alternatively, using OAS Monte Carlo simulation method,

y = SRyst + Option Cost + OAS

where SRysr is the spot rates on the Treasury Curve.

This gives

AY - ASRyst - Ayopr = AOAS
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