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Introduction

e A short list of empirical applications of large dimensional
common factor models with principal component
estimation:

e Stock returns: Lehmann and Modest (1988), Connor and
Korajczyk (1988)

e Government and corporate bonds: Litterman and
Scheinkman (1991), Elton et al. (1995), Ang and Piazzesi
(2003), Ludvigson and Ng (2009)

e CDS spreads: Eichengreen et al. (2012), Longstaff et al.
(2011)

e Currency returns: Lustig et al. (2011), Engel et al. (2014)

e Macroeconomic time series: Stock and Watson (2002)
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Introduction

e Financial and macroeconomic time series data often have
infrequent large jumps
¢ When the jumps are considered outliers, the inference on
the underlying common factors is seriously contaminated
e ARIMA models : Fox (1972), Box and Tiao (1975), Tsay
(1986), Chen and Liu (1993)
e Unit root & cointegration tests : Franses and Haldrup
(1994), Vogelsang (1999), Perron and Rodriguez (2003)

¢ Conditionally heteroskedastic models : Franses and
Ghijsels (1999), Charles and Darne (2005)

e This paper also investigates the case where the common
factors jump
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Model

e Factor model
X =AF+uy, i=1,.,Nandt=1,..,T,

where A; : ¥ X 1, F; : ¥ X 1. None of them are observed

e We observe
Xit = Xj; + Zit,
zit = 1303 + 1,04,
where 16 ~ i.i.d.B(p./T), 6 ~ i.i.d.N(0,0%;),
1,y ~ i.id.B(p/T), 8 ~ i.id.N(0,0%7).

o ont = knto, where 0 € (0,00) and kyr > 0 is an arbitrary

function of Nand T
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Estimation

e Factors and factor loadings are estimated by the principal
component method

(A F) = argmin T, Y (i — AfFy)?,

where F'E/T =1,

e The number of factors r is estimated by information
criteria of Bai and Ng (2002)

e If x, is used, we obtainas N, T — oo,

NY2(E, —H'F) = N(0,Qp) under VN/T —0 (1)
TV2(A, —H'A) = N(0,Q) under VT/N — 0 (2)

PR (3)
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Asymptotic Results

Theorem (Upper bounds for the magnitudes of outliers)
Suppose Assumptions 1-7 hold.

o (i-a) If y¢ = 0 and knt < /T, then (1) holds

o (i-b) If ¢ = Land kyy < VN, then ||Fy — H'F;|| = 0,(1)

o (i) Ifkyy < T/+/N, then (2) holds

o (iii) If kyr < max {1, TV4N~1/4} then (3) holds

March 22, 2016 Australian National University 7 /30



Jump-correction algorithm

e We propose a jump-correction algorithm series-by-series
for x;; without accounting for the factor structure

e Suppose individual jump-free series follow a stationary
ARMA model: 6;(L)x}, = vy, vy white noise

Step 1. Compute 7,(t) = 9,/6;, where ¥}, is the residual
from the individual jump-free model using x;;
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e Step 2. If maxy<;<7|T;i(f)] < &, the ith series exhibits no
(more) jumps. Assume that &}, = x;;, and proceed with the
(i + 1)th series.

If maxi<i<1|Ti(H)| > ¢,

T; = arg max [7i(t)]

is considered a possible jump location. Go to Step 3.
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e Step 3. Estimate the realized jump magnitude with least
squares estimation of coefficient w; in the regression

2k
v = wiwy +e€y, fort=1,.,T,

A

where wj; = 0 for t < T}, wy = 1 for t = T;, and wy; = —0;;
fort = Tl' 4+

Compute &}, = x; — @;w;;. Go back to Step 1 and use %}, as
anew Xj.
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Jump-correction algorithm

Theorem (Jump-free estimates)

Suppose that F, A and r are estimated using %7, and
@; — wi = Oy(1) for every jump detected by the algorithm.

e (i-a) If § = O, then (1) holds

o (i-b) If ¢ = 1, then ||F; — H'Fy|| = 0,(1)

e (ii) (2) holds under an additional conditionn/N/T — ¢
(0<c¢< o)

e (iii) (3) holds
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Monte Carlo simulation

e Setting
* !
Xy = Afr +ug,
*
Xig = Xi Tt Zi,
C gC
zit = 1;0h + Ndit,
where

o fi ~iid.N(0,I;), A; ~iid.N(0,L,), uy ~ iid.N(0,1)
n¢ ~iid.B(p./T), 6 ~ iid.N(0,0%)
ny ~ iidB(p/T), i ~i.id.N(0,0?)
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Monte Carlo simulation

e Coverage ratios of the common component A4fr

(at the 90% level)
N=20, =500 N=100,=100 N=500, =20
o nolcorrection correction nolcbrrection correction nolcorrection correction
pc=1,[p=0
0 0.88 0.88 0.89 0.89 0.87 0.86
5 0.87 0.87 0.88 0.89 0.51 0.86
10 0.84 0.87 0.58 0.89 0.42 0.86
50 0.58 0.88 0.50 0.90 0.42 0.86
100 0.58 0.88 0.50 0.90 0.43 0.85
pc=0, =1
0 0.88 0.88 0.90 0.90 0.87 0.86
5 0.87 0.87 0.89 0.89 0.87 0.85
10 0.87 0.87 0.89 0.89 0.76 0.85
50 0.40 0.87 0.18 0.90 0.14 0.84
100 0.15 0.88 0.11 0.89 0.11 0.85
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Monte Carlo simulation

e Average length of the common component A4fr

(at the 90% level)
N=20,@M=500 N=100,@=100 N=500, =20
o} nolcorrection correction nolcbrrection correction nolcorrection correction
pc=1,p=0
0 0.60 0.60 0.41 0.41 0.59 0.59
5 0.60 0.60 0.43 0.41 0.47 0.66
10 0.60 0.60 0.43 0.42 0.34 0.67
50 0.72 0.60 0.38 0.41 0.34 0.62
100 0.71 0.60 0.38 0.41 0.33 0.60
pc=0, =1
0 0.60 0.60 0.41 0.41 0.59 0.59
5 0.61 0.60 0.43 0.42 0.77 0.66
10 0.60 0.59 0.46 0.40 0.91 0.67
50 0.54 0.61 0.29 0.42 0.19 0.64
100 0.36 0.60 0.16 0.41 0.13 0.62
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Monte Carlo simulation

e Number of factors (r = 4)

N=50,M=200 N=100,@=100 N=200, =50
o nolcbrrection correction nolcbrrection correction nolcbrrection correction
pc=1,[p=0
0 4.00 4.00 4.00 4.00 4.00 4.03
5 5.01 4.00 5.02 4.30 5.06 5.08
10 5.00 4.00 4.98 4.1 5.01 4.95
50 4.99 4.00 4.97 4.00 5.01 4.02
100 5.01 4.00 5.01 4.00 4.98 4.02
pc=0,[p=1
0 4.00 4.00 4.00 4.00 4.00 4.03
5 4.00 4.00 4.00 4.00 4.00 4.01
10 4.14 4.00 4.07 4.00 4.02 4.01
50 19.68 4.00 3.56 4.00 1.04 4.01
100 19.88 4.00 5.21 4.00 1.09 4.02
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Factor jump tests

e Suppose common outliers are detected at t = T°. They may
be resulted from a jump in factors.

e We consider a test for the null hypothesis:
XiTe = )\;FTE + ﬂ%féfjc + U e, (4)
against the alternative hypothesis

xire = Af(Fre+Jre) + uire,
= AiFre + AjJe + e, ®)

where J1c ~ (0,0%1;)
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Factor jump tests

e We use a cross-sectional regression of the residuals on the
jump-free factor loading estimates

ZTC ’)/O+)\’)’1 +€l/ Z: 1,...,N

e Implement an F test for Hy : y; =0

- SSRy/(N—r—1)°
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Monte Carlo simulation

e Size and power of the factor jump test

(at the 5% nominal level)

N=20 N=50 N=100 N=200 N=500
[ T=500 T=200 T=100 T=50 T=20
Size
5 0.07 0.01 0.03 0.03 0.65
10 0.06 0.08 0.12 0.20 0.56
50 0.05 0.07 0.07 0.07 0.08
100 0.05 0.07 0.07 0.06 0.06
Power
5 0.58 0.34 0.35 0.39 0.56
10 0.76 0.62 0.65 0.65 0.76
50 0.95 0.92 0.93 0.92 0.95
100 0.98 0.96 0.96 0.96 0.98
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Empirical illustration (1)

e Daily returns of 25 currencies against US dollar (from Aug
1, 2007 to Sep 30, 2008)
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Empirical illustration (1)

e The number of jumps

#GEmps common[@mp(ates
May (05,2008 _Sep. 70,2008
1 AustralianDollar AUSTR 1 X
2 CanadianDoliar CDNDL 0
3 CzechBepublicHoruna ~ CZECK 0
4 DanishErone DANKR 0
5 Dollar HKDOL 7 X X
6 HungrianBorint HUNGF 1
7 IndianRupee INDNR 4 X
8  IndonesianBupiah INDON 11 X
9 Japanesel¥en JAPYN 0
10 KuwaitiDinar KUWTD 6 X
11 MexicanBeso MEXPF 3 X X
12 New[ZealandDollar NEWZD 0
13 NorwegianErone NORGK 0
14 PhilippinesBeso PHILP 3 X
15 Polish@loty POLZL 0
16 SingaporeanDollar SINGD 1
17 SouthEoreanWon SKORW 21 X X
18 SwedishErona SWEDK 0
19 SwissEranc SWISF 0
20 UKBound BRITP 1
21 MalaysianBinggit MALAY 0
22 TawanDollar TAWD 2 X
23 SouthBfricanRand SARCM 0
24 ThaiBaht THAB 20 X
25 Euro EURO 0
Notes [ (% GF{Gmp: MBugZ008

N d 30 Sep. Z008.

e

IIIRa ve B arkEX"
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Empirical illustration (1)

e Common factors

) Factor estimates

b) Difference of factor estimates

—— without comection
= viith correction

Bhay 255ep

W07Sep  Nev 20BEN M May M S 20075=p

a) Eactor estimates

—— wihout coredtion
—uith cxcion

Nev 200Bkn Mar My bl Se

b) Difference of factor estimates:

20075ep  Nev 200kn Mer My bl Ssp  2007Sep

Nev 2008kn M My Ml Sep
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Empirical illustration (1)
¢ Jump-free factor loadings

Loadings fr e fitstfctor

120

Loadings farihe Skcond fctor
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Empirical illustration (1)

e Factor jump tests

F phdalue t[Astlactor) phdalue t[(ndffactor)  pDhdalue
2008/5/6 3.58**  ([04) 2.65** (@o1) .73 (@47)
2008/9/29 2.90* (o7) 1.45 (M16) .71 (@10)

Note:[ [@ndFlindicateslgnificance Etfhe Bl% @End 10 % [évels, féspectively.
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Empirical illustration (2)

e Monthly growth of new car registration in Japanese 47
prefectures (from Jan. 1985 to Dec. 2014)
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¢ Prefectures that have a jump in the two great earthquakes

e Jan 1995: Great Hanshin earthquake
e Mar 2011: Great East Japan earthquake

#[ofpref. Prefectures fhathave@jimp
Jan[1995 1 Hyogo
Hokkaido,[Aomori, Wate, Miyagi, [Akita, Mamagata
Fukushima,Baraki,Mochigi,[Bunma,Saitama
Mar2011 23 Chiba, okyo,[Kanagawa,Mamanashi, Gifu,
Nagano,[Shizuoka, Bichi,[Shimane,[0kayama,
Hiroshima,[Bukuoka
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e Factor estimates without jump correction

first factor second factor
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e Factor estimates with jump correction
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e Factor jump tests

F pMalue  t[(dstlactor) pMMalue  ¢[(2ndfactor) pMMalue

Jan[095 004 (M96) 006  (M95) 017  (M87)
MarZ011  6.61** (00) 221*  (M03) 084 (M40

Note: [ [@ndElindicate Significance @tHhe B% [@nd 0% [vels, kdspectively.
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Conclusion

e This paper has explored the effects of infrequent large
jumps on recently developed large dimensional common
factor models using principal components estimation

e Under a popular setting, we have derived the upper
bounds of jump magnitudes. The results are used to
propose 1) series-by-series jump correction algorithm and
2) factor jump tests

e Monte Carlo experiment and two empirical examples
illustrate usefulness of these results
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