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™) OUTLINE

E Data Description
1 Interest Rate (IR)
1 Foreign Exchange Rate (FX)
E Principal Component Analysis (PCA) and Factor
Analysis (FA)
E Methodology Literature Review
F Models What We Adopt
1 EWMA (Exponentially Weighted Moving Average)
M PCA — Common PCA and Separate PCA
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L[[¥ Data Description

Interest Rate (IR)

E Currency:
TWD/USD, TWD/AUD, TWD/EUR, TWD/GBP, TWD/J
PY, TWD/KRW, and TWD/SGD

F Maturity:
SPT, 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y, 15Y, 20Y, and
30Y

E Data frequency: weekly and monthly
E Sample period: 1999/1~2008/4

F Sources:
@ Datastream — IR of USD, EUR, AUD, GBP, and JPY
ERLEEETES R R Py SR
S g T FE B 7 sk IR f KRW
TUAERRRRENT PO e sk TR of SGD
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F Summary statistics for weekly raw data

Panel A. USD

SPT M 6M 1Y 2Y 3y 5Y 7Y 10Y | 15Y | 20Y 30Y

Mean | 3.723 | 3.802 | 3.852 | 3.985| 4.285|4.544 | 4.896 | 5.154 | 5418 | 5.643 | 5.750 | 5.771

Stdev | 1.887 | 1.890 | 1.874 | 1.815 | 1.587 | 1.406 | 1.134 | 0.994 | 0.876 | 0.724 | 0.668 | 0.652

Max 6.872 | 6.886 | 7.149 | 7.430 | 7.579 | 7.656 | 7.621 | 7.678 | 7.738 | 7.738 | 7.738 | 7.738

Min 1.015 | 0972 [ 0.951 | 0.979| 1.256 | 1.627 | 2.354 | 2.928 | 3.528 | 4.227 | 4.581 | 4.622

Panel B. USD = #

SPT 3M 6M 1Y 2Y 3y 5Y 7Y 10Y | 15Y | 20Y 30Y

Mean | 3.241 | 3.376 | 3.512| 3.599 | 3.848 | 4.025 | 4.353 | 4.612 | 4.772 | 5.054 [ 5.306 | 5.202

Stdev | 1.731 | 1.735| 1.749 | 1.641 | 1.505 | 1.343 | 1.060 | 0.932 | 0.733 | 0.597 | 0.625 | 0.529

Max | 6.420 [ 6.400 | 6.460 | 6.400 | 6.890 | 6.840 | 6.760 | 6.800 | 6.770 | 6.819 [ 6.920 | 6.730

Min 0.380 [ 0.820 | 0.870 [ 0.950 | 1.140 | 1.390 | 2.130 | 2.700 | 3.200 | 3.816 | 4.210 | 4.210

Panel C. EUR

SPT 3M 6M 1Y 2Y 3y 5Y 7Y 10Y | 15Y | 20Y 30Y

Mean | 3.169 | 3.288 | 3.307 | 3.380 | 3.569 | 3.751 | 4.050 | 4.297 | 4.566 | 4.744 | 4.839 | 4.864

Stdev | 0912 | 0.957 [ 0.946 | 0.928 | 0.863 | 0.813 | 0.747 | 0.721 | 0.697 | 0.605 | 0.566 | 0.551

Max 5.086 | 5.169 | 5.219| 5276 | 5.396 | 5474 5.609 | 5.751 | 5.918 | 5918 | 5918 | 5918

Min 1.723 | 1.989 | 1.932| 1.889| 1.983|2.207 | 2.614 | 2.853 | 3.152 | 3.468 | 3.638 [ 3.700
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E Summary statistics for weekly returns

Panel A. USD

SPT | 3M | 6M 1Y 2y 3y 5y 7Y | 10Y | 15Y | 20Y | 30Y
Mean | -0.006 | -0.004 | -0.004 | -0.004 | -0.004 | -0.003 | -0.003 | -0.002 | -0.002 | -0.001 | -0.001 | -0.001
Stdev [ 0.178 | 0.092 [ 0.101 [ 0.156 [ 0.134 [ 0.140 | 0.143 [ 0.139 | 0.137 [ 0.133 | 0.130 0.127
Max | 1.690 | 0.574 | 0.425| 0.777| 0.640 | 0.649 | 0.616 | 0.589 | 0.557 | 0.557 [ 0.557 | 0.557
Min | -1.690 | -0.788 | -0.716 | -1.305 | -0.495 | -0.445 | -0.470 | -0.485 | -0.479 | -0.449 | -0.427 | -0.344
Panel B. USD = #
SPT | 3M | 6M 1Y 2 3y sy 7y | 10Y | 15y | 20Y | 30Y
Mean | -0.007 | -0.007 | -0.006 [ -0.006 [ -0.005 | -0.004 | -0.003 | -0.003 | -0.002 | -0.001 [ -0.002 | -0.001
Stdev | 0.147 | 0.106 | 0.088 | 0.090 | 0.107 | 0.113 | 0.112| 0.108 | 0.102 | 0.095 [ 0.090 | 0.090
Max | 0.730 | 0.470 | 0.270 | 0.250 | 0.430 | 0.450 | 0.440 | 0.410 | 0.430 | 0.424 [ 0.360 | 0.360
Min | -0.940 | -0.780 | -0.620 | -0.520 | -0.570 | -0.540 | -0.410 | -0.320 | -0.270 | -0.233 | -0.230 | -0.300
Panel C. EUR
SPT | 3M | oM 1Y 2y 3y 5y 7y | 10y | 15y | 20y | 30Y
Mean | 0.002 | 0.003 | 0.003| 0.003| 0.003| 0.002 | 0.002| 0.001 | 0.001 | 0.001 [ 0.001 | 0.001
Stdev | 0.110 | 0.057 | 0.061 | 0.084| 0.098 | 0.102 | 0.097 | 0.089 | 0.086 | 0.083 [ 0.082 | 0.082
Max 0.507 | 0.439 | 0.353| 0.455| 0.391 | 0.402 | 0.333| 0.296 | 0.332| 0332 0.332 0.332
Min | -0.599 | -0.462 | -0.384 | -0.507 | -0.298 | -0.281 | -0.247 | -0.242 | -0.311 | -0.311 | -0.311 | -0311
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Foreign Exchange Rate (FX)

E 7 kinds of FX:
TWD/USD, TWD/EUR, TWD/AUD, TWD/GBP, TW
D/JPY, TWD/KRW, and TWD/SGD

F Data frequency: weekly and monthly data

E Types of price: bid, ask, mid, open, high, low, last
prices

E Sample period: 1999/1~2008/4

F Source: Bloomberg

) T
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E Summary statistics for raw data

Weekly | USD | EUR | AUD | GBP | JPY | KRW | SGD
Mean | 32.956 | 36.943 | 22.331 | 55.976 | 0.288 | 0.030 | 19.699
Stdev 1.245| 5990 | 3.533| 6.029 | 0.013 | 0.003 | 1.158
Max 35.165 | 48.181 | 29.917 | 67.708 | 0.318 | 0.036 | 22.677
Min 30.302 | 26.858 | 16.086 | 43.773 | 0.260 | 0.025 | 17.717
Obs. 487 487 487 487 | 487 487 487
Monthly | USD | EUR | AUD | GBP | JPY | KRW | SGD
Mean 32.950 | 37.056 | 22.359 | 56.065 | 0.288 | 0.030 | 19.714
Stdev 1.263 | 6.059 | 3.620| 6.088|0.013 | 0.003 | 1.181
Max 35.111 | 47.961 | 30.268 | 67.381 | 0.317 | 0.036 | 22.692
Min 30.380 | 27.429 | 16.086 | 45.209 | 0.261 | 0.025 | 17.776
Obs. 112 112 112 112 | 112 112 112

N G
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E Summary statistics for returns

Weekly | USD | EUR | AUD | GBP | JPY | KRW | SGD
Mean -0.012 | 0.114 | 0.075| 0.025| 0.008 | 0.027 | 0.027
Stdev 0.514 | 1.343 | 1.409| 1.067 | 1.288 | 0.861 | 0.562
Max 1.956 | 11.016 | 6.136 | 3.959 | 3.908 | 3.521 | 1.848
Min -1.941| -3.915|-5.903 | -2.743 | -4.928 | -3.810 | -2.147
Obs. 486 486 486 486 486 486 486

Monthly | USD | EUR | AUD | GBP | JPY | KRW | SGD
Mean -0.052 | 0465 | 0311 | 0.118| 0.042 | 0.090 | 0.147
Stdev 1.241| 2.630| 2.942| 2.082 | 2.300| 1.856 | 1.309
Max 3.238 | 11.619 | 7.198 | 5.282 | 6.343 | 5.827 | 3.632
Min -3.897| -5.052 | -8.751 | -4.640 | -5.317 | -6.617 | -4.355
Obs. 111 111 111 111 111 111 111

W e i
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Principal component analysis (PCA)

E A PCA is concerned with explaining the variance-

covariance structure of a set of variables through a few

linear combinations (called principal components) of these

variables.

E Much of the total system variability can be accounted for

by these principal components.

N G
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ISURANCE INSTITUTE
< Let the random vector X' =[X,, X,,...., X »] have the
covariance matrix 2. with eigenvalues 4, >4, >...>2 4, >0.
Consider the linear combinations
Y, =alX=a,X, +a,X,+...+3,X,
Y,=alX=a, X, +a,X,+...+3,,X,
p— ! p—
Y,=a X=a,X +a,X,+...+a,X,
Then we obtain
Var(Y,)=a 2 a, i=12,...,p

Cov(Y,,Y,)=a) X a, iLk=12,...,p

]
Y A B PREF AR Y S http/www til.org.tw 15
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< The principal components are those uncorrelated linear

combinations Y,,Y,,....,Y, whose variances are as large as

possible.
Max Var(a;X)
s.t.
ala, =1
Cov(a;X,a, X)=0 for k=12,...,i—1

) @@
J A A PREF AR Y S http/www.til.org.tw 16
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< Let X have the eigenvalue-eigenvector pairs
(A, ) (A, ) rs(A,,e, ) Where 2,22, >...> 2, >0.

Therefore, we have the following results

1. The ith principal component is given by
Yi=eX=¢, X, +e,X,+...+¢,X,, i=12,...,p
2. Var(Y,)=e Xe, =1, i=12,...,p
Cov(Y,,Y )=e Xe, =0 i =k
3. The total variance is

p p
dVar(X\) =4 + A, +...+ 4, = Y Var(Y,)
i=1

i=1

5\ aa
Y A TR F & AT S http/www.ti.org.tw 17
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4. The proportion of total variance explained by the kth
principal component is
Ay
L+A+...+4

k=12,...,p
p

<> If most (for instant, 80 to 90%) of the total variance, for
large p, can be attributed to the first one, two, or three
components, then these components can replace the

original p variables without much loss of information.

))
J A TR F & AT S http/www.ti.org.tw 18




L

Factor analysis (FA)

The essential purpose of factor analysis is to describe the
covariance relationships among many variables in terms

of a few underlying, but unobservable, factors.

Basically, the factor model is motivated by the argument
that supposes variables can be grouped by their
correlations. Then it is conceivable that each group of

variables represents a single underlying factor.

) @
7 A TR F & AT S http/www tiorg.tw
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<> The factor model postulates that an observable vector X ~ (u,X) is linearly
dependent upon a few unobservable random variables F,,F,,....,F, (called
common factors), and p additional sources of variation £,y,...,€, (called
specific factors).
Xi=py =0 R +l0,F +. .+ 0, F +¢&
Xy =y =L, F+0,F +. + 0, F. +¢,

2m’ m

Xp—ty =Ly R+l B+ +0 F o+e,

or, in matrix notation,

X-p=L F+ &
(px1)  (pxm)(mx1) (px1)

where p is the mean vector
L is the factor loading matrix
F is the common factor vector

¢ is the specific factor vector

V)
J A TR F & AT S http/www.ti.org.tw

20

10



<> Assumptions:

N O o VN Y S SO N
[21[I1+"'+[2m[1m e§|+é€_2+"'+é€_m+l//2

Lol teo Lol Lol +ot bl

2. Cov(X,F)=L

or Cov(X;,F;)=/;

<) @@
7 A R AT S Nt wwwtii.org.tw

ol +eot logl oy

2 2 2
O+ U+l +y,

0
, 0
1. E(F)= 0 and Cov(F)=E[FF]= 1 =
(mx1) (mxm)
0 0 1
v, 0 0
0 0
2. E(g)= 0 and Cov(s)=E[eg']= ¥ =| . v
(px1) (pxp) :
0 0 v,
3. Cov(g,F)=E(eF)= 0
(pxm)
) =@
J oA R F &R T S NP/ www tii.org.tw 21
1
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<> The orthogonal factor model implies a covariance structure for X:
1. Cov(X)=LZ,L'+¥=LL'+¥
or in detail,
[ Oy Oy
Cov(x)=| 7 o Gf"
Op Op o,
[llzpl +"'+/']m[pm

11
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Principal component solution of the factor model

< Let X have the eigenvalue-eigenvector pairs (ﬁl,el),(ﬁz,ez),...,(xip,ep)

where 4, >4, >...24,>0. Then

’ ’ ’
X ):/11e1e1 +A,e,8) ...+ A,e.€;

(pxp
:[\/Zel‘\/ZeZ""‘\/Tpep] \/?elz

=L L
(pxp)(pxp)

| @
Y AR PREF &R Y S hitp/www.tii.org.tw 23
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< Let m< p bethe number of common factors. When the last p—m

eigenvalues are small, we can neglect the contribution of

A +...+4,e,¢,, from X to obtain a more parsimonious model.

’
m+1em+lem+l

Allowing for the specific factors, then

Y=L L'+ ¥
(pxp)  (pxm)(mxp) (pxp)

@ y, 0 -
BN EE L
m 0 0 -y,

m ~
where y; =0, - D (7 for i=12,...,p.

j=

| @
Y AR PREF &R Y S hitp/www.tii.org.tw 24
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< The matrix of estimated factor loadings {E i } is

E:[\/Zél Jhe, \//Te}

< The estimated specific variances are provided by the diagonal

clements of the matrix S —LL’ , SO

v, 0 - 0
~ 0 v 0 m_
Y= . '/':2 .| with @y =5, =D 05
: <
0 0 7,
::id.‘.‘—f‘-» ¥4 & B ¥ & hitp://www.tii.org.tw 25
T Methodology Literature Review

1. Driessen, Melenberg, and Nijman, 2003, “Common
factors in int. bond returns,” JIMF, 22, pp.629-656

2. Soto, 2004, “Using principal component analysis to
explain term structure movements: performance and
stability,” working paper.

3. Perignon, Smith, and Villa, 2007, “Why common
factors in int. bond returns are not so common,”
JIMF, 26, pp.284-304

4. Other studies about FX forecast

)
J A LR F &R Y S hitp/ivww.tilorg.tw 26
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717 7/ Other studies about FX forecast

RANCE INSTITUTE

SETAR(self-exciting threshold autoregressive model)
STAR (smooth threshold autoregressive model)

# | Methodology Author (year)

0 | Bayesian Model Averaging Wright (2003)

2 | A linear combination of long and short run functions | Baharumshaha, Liew and Lim
3 | Monetary models of exchange rate determination Neely and Sarno (2002)

4 | Markov regime-switching model Moerman (2001)

5 | ARIMA model Tambi

7

Boero and Marrocu (2002)

GARCH types
GARCH models using Bootstrap Tambakisi and Royen (2002)
ARIMA model McCrae, Lin, Pavlik, and
ECM model Gulati (2002)
J ::f;_g.r.,g ¥4 & B & http/lwww tii.org.tw 27
T” NSURANCE |NSTITUTE
# | Methodology Author (year)
10 | VARs: Joseph (2001)
(1) VARL: formulated in non-stationary (levels)
(2) VARD: formulated in stationary (differences)
(3) VECM: formulated in error-correction forms
11 | The bicorrelation and cross-bicorrelation forecasting | Brooksi and Hinich (2001)
models
12 | Linear: AR-GARCH model Meade (2002)
Non-linear methods: nearest neighbour methods,
locally weighted regression.
13 | Simulated by AR(1) model Wilkie-Thomson, Onkal-Atay,
and Pollock (1997)
14 | Simulated by random walk with drift model: Thomson, Onkal-Atay, Pollock,
AY, = u+e and Macaulay (2003)
15 | STAR models Sarantis (1999)
16 | AR(1) model Siddique and Sweeney (1998)
17 | TSMARS (time series multivariate adaptive Gooijer, Ray and Krager (1998)
regression spline) model
' ::f.i_!f-f‘-} ¥4 8 KX & Dttp:/ww i org.tw 28
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F EWMA (Exponentially Weighted Moving
Average)

F PCA — Common PCA and Separate PCA

) =@
Y AR PREF &R Y S hitp/www.tii.org.tw 29
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EWMA (Exponentially Weighted Moving Average)
<> The model gives equal weight to each data is

2 1 . 2
o =— r”.
N

< A model that gives more weight to recent data is

m
O-t2 = Zai rtii
=1
where ¢; is the weight give to the observation i days ago, and
m
a; >0, Zai =1.If a; >a; when i< j,less weightis give to
i=1l
older observations.
< The EWMA model recognizes that weights «; decrease
exponentially as we move back through time.

Specifically, «;,, = Aa;, where A is a constant between 0 and 1.

It turns out that o = Ao, +(1- )},

@
Y AR PREF &R Y S hitp/www.tii.org.tw 30
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2
0, Op Oip
2
y = Oy 0, Osp
' . .
(p=p) :
2
Ty Op o,

Oy = A0y, +(=D) T i,j=12,....p, i#]

It has to estimate 91*(1+91)/2=4,186 variances.

| @
Y AR PREF &R Y S hitp/www.tii.org.tw 31
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Common PCA:
r-p= L F+
(px1)  (pxm)(mx1)  (px1)
where r—p : the excess return vector containing 77 variables.
L :the factor loading matrix
F :the common factors vector.
€ :the error terms vector.

Assumptions:
I. F~(0, 1
((mxl) (mxm))
v, 0 0
0
2. &~(0,¥) where ¥ = v
(px1) (pxp) (pxp) :
0 0 v,

3. Cov(e,F)=E(eF) = 0 )
pxm
<> From this model, the covariance structure for r is X, =LX L'+¥

| @
Y AR PREF &R Y S hitp/www.tii.org.tw 32
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<> The estimated values of the common factors (factor scores, f, ) can be obtained.

fj = estimated of the values f;, j=12,...,n

f;, =(L"¥'L)"'L¥'(r;-T), j=12....,n (obtained by WLS)

J
(mx1)

¢ rra-l - H : o
(fjl) =L'S"(r;-r), j=12,...,n (obtained by regression)
mx

For example, suppose common factor = 2, the structure of factor score is

f/ fo fy
f, f fy
(n£z> SIEE b T
fr: fnl fnz

<> Then we can obtain the estimated covariance matrix of common factors

~ AR
T, =ff
) @ (2x2)
7 o TR F A& R T S hip//www.tiiorg.tw 33
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Separate PCA:
<> We perform PCA on FX and IR respectively to overcome the course of
dimensionality.

<> By theory, the covariance matrixes of FX and IR are

T =L Xy L + Wiy

(7x7)

g = LIRZ‘F,IRLIIR L

(70x70)

<> As like common PCA, the factor scores of FX and IR also can be obtained.
Suppose that FX has 1 common factor (F,), and IR has 3 (F,,F,,F,).

fll f21 f31 f41
f21 fzz fzs f24 ~ A
() fy fy, fy fy | then zp =f
> . . . . (44)
fu foo f fu
G 1
J A TR B Y & hitp/www.tii.org.tw 34
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CEIEEEE FR LR
(XS
Xl=X =L F+ ¢
Xl(lt?) (70x1)  (70xm) (mx1)  (70xI)
@ F~N(o,1,) Y0 0
0 ¥, :
M &~N(0,¥), where¥ =| . 0

0 ... 0 ¥,
1_1COV(5,F):COV(5F’)=(7OO :
ami Fz B#cp

)
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( FXJZ 7xml (mbxy |

&
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63xm2 /\ (m2xl1)

RAMNCE INSTITUTE

T Fey ~N(0,1,)s Fy ~N(0,1,,) W, 0 - 0

i 0o v :
| g~N(0,‘I”) 5 2 ogo : ’ 0
- 0 Vv
1 Cov(gpxanx):COV(glR’ FIR):O "
T COV(Fy,Fr) =3¢
.1 - |7 ZFFX’FIR
- F -

X Fir,Frx I 63
) =@
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SRR TE RS STNEER Y FY E

X FX LFX 0 0 FFX
(7x1) (7xm1) (mixl)
Xwst |=| 0 Lysr 0 Fusr &
(38x1) (38xm2) (m2x1) (70<1)
X asian 0 0 Lasian | Fasian
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(1) % 1 BBEFELF ARQS)HIL

e =-025420,-03) s +ol, vl ~N(0,0.246).

Q) F2BBEFFFLF AR(LSFH

&2 =02432 -02992  +0f), o) ~N(0,0.219).

(3) $3BWHEFEALp A4pk & GARCH 4+ ¢

el =0, o) ~N(0,0235).
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E f A 4p B 3 GARCH?»< % -Jh4F 7] %
4 BFHEFEDEp NP
ot ~ N(0,0.472).

(4)

(4) _

(4)
Eht = Ut
BEFFE L

23 AR 25)# 1
O+, o) ~N(0,0.269).
© GARCH ##

5 iR
&) =-0248£) ,-0.308 ¢
(6) 6 BRFFIF 2 L pAdphl &
a9 =0, ~N(0,0.283).
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B p A4phl 2 GARCH» <% - & | ¥ %
(1) %1 BxFFE2 255248 & GARCH #42 :
RO =0, 1% ~N(0.0.887)

2 #2®EPFEH2EpA4pH & GARCH #12 ¢

F2 =02, 7%~ N(00.982)
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E A4k 2 GARCH»x % -jh4F 7] %
(1) % 1BpEFrFE25p N4k & GARCH {2 ¢
&=ﬁ,9 N(0.0.139)
(2 #2BpEFFE*Ep 24pH & GARCH 14 ¢
e =0, V% ~N(0,0.177)
(3) ¥ 3BMHHFEFIE E P A 4pH & GARCH #1%

(3)

e =02, v ~N(0,0.019)
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