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Abstract
This paper uses the principle component analysis to investigate the impact of term structure
movements on the investment performance of bond mutual funds. More specifically, based
on the panel data, we decompose term structure movements into three principal factors (i.e.,
level parameter, 0 ; slope parameter, 1 ; and curvature parameter, 2), and to illustrate the
effects of the movements of term structure on the bond fund returns. The empirical results
indicate that the level and curvature factors have significantly positive and negative effects
on the investment performance of bond mutual funds, respectively. In addition, the effects of
term structure movements on the real bond fund returns are less sensitive than those of the
quasi money market fund. Finally, this paper simulates an active trading strategy based on
the embedded information of the term structure movements. And we conclude that, for both
quasi money market fund and real bond fund, it can help to obtain better investment
performance if the term structure movements are effectively predicted.
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2007 5 2 1151 

45.32% 2007 5 

3.34 

2002 2007 5 4.71 

2004 7 12 

( 1)

2,000 

2005 ( 2) (Quasi

Money Market Fund) (Real Bond Fund) ( 3)

( 4)

Ferson Schadt

(1996) 

Grinblatt Titman (1989) Gorman (1991) Beckers Vaughan (2001)
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1

2

3

4

1.5% 10.6276 

10.2594 3%

1. 30% 2. 

3 5 

3. T+1 

1. 

50 2. T+2 

3. 

Ippolito (1989) 
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Ciccotello Grant (1996) Chen Hong Huang Kubik (2004) Gallagher 

Martin (2005) Carter

(1950) Philpot Hearth Rimbey Schulman (1998) Berk Green (2004) 

Ippolito (1989) 

Grinblatt Titman (1989) Chen Jegadeesh Wermers

(2000) Wermers (2000) Edelen Warner (2001) Goetzmann Massa (2003) 

Alexander Cici Gibson (2007) 

Lakonishok (1981) Philpot et al. (1998) Otten Bams (2002) 

Ippolito (1989) Morey (2003) 

Nanda Narayanan Warther (2000) 

(Flows) Warther (1995) Lynch 

Musto (2003) Berk Green (2004) Huang Wei Yan (2007) 

Ferson Schadt (1996) Edelen

(1999) 

(Persistent) Grinblatt Titman (1992) Hendricks Patel Zeckhauser

(1993) Brown Goetzmann (1995) Goetzmann Ibbotson (1994) Otten Bams

(2002) Silva Cortez Armada (2005) 

Chen et al. (2004) Wermers (2000) 

Philpot et al. (1998) 

Maag Zimmermann (2000) Spearman Rank Correlation Coefficient

1987 1996 

(Heterogeneity)

(Homogeneity) (Philpot et al., 1998)

(Riepe, Peterson, Pietranico, &

Xu, 2001)
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(Yield

Curve) 

(Term Structure of Interest Rates) ( 5) 

Bierwag (1988) 

Jones (1991) Litterman Scheinkman (1991) 

(Level) (Slope) (Curvature)

95% Litterman Scheinkman (1991)

Piazzesi (2007) (Principal Component Analysis PCA) 

Bliss (1997) Diebold Li (2006)

Nelson Siegel (1987) 

( 0)

( 1) 

( 2) 

Lin (2002) (2000) 

(2000) (2001) 

Nelson Siegel (1987) (2003a)

Nelson Siegel (1987) Parsimonious 

(2003b) 

(2005) Chebyshev Polynomials 

(1998) Dolan (1999) 

Diebold Rudebusch Aruoba (2006) Nelson Siegel (1987) 
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5 (Default) 
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20 1

Nelson Siegel (1987) 

(Panel Data) 

Nelson

Siegel (1987) 

(Equally-weighted) 

(Abnormal Return)

(Spot Rate)

Nelson 

Siegel (1987) 

(1) 

(2) 

(Diebold & Li, 2006) (3) 

(Humps) S (Monotonic)

(Discount Factor) (Forward Rate) 

i (1)
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(1)

j = hi j hi 

(1) Pi  i ti Ci (tj) ˆ
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i tj Di (tj) i tj  

f (s) R (tj) tj  Nelson

Siegel (1987) 
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(2)

(2) 0 1 2 0 

t 0 R (t) 1 

1 2 

2 

2 U ( 6)

U 1 2 

(1) (2) Pi

6 (1998)
1 2

1
0,

2
0 1

0,
2

0
1

0,
2

0
1

0,
2

0

ˆ

(3)

R (tj) (2) 

pj n i

(4)
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20 1

(2006) (5) 

(3) (Least-squares Estimate) 0 1 2 

195

(5)

Nelson Siegel (1987) R (tj) (5) 

(5) ( ) K"
i Hessian matrix

( )
i+1 = i Gi'

-1 K"
i

i+2

S    N

s+1 

( ) Hurn Lindsay Pavlov

(2005) ( ) (Diebold & Li, 2006;

Diebold et al., 2006) ( 0) ( 1) ( 2) 

(Cross-section) 4 34 

(Time-series) 2002 4 

2007 5 
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248 2108 

Philpot et al. (1998) (Sharpe Index)

yit t i 3 6 12 

X1it t i 

X2it t i 

X3it t i 

X4it t i 

X5it t

X6it-1 t t 1 3 6 12 

j j = 0,1,2,...,6

uit

( 7) 

Nelson Siegel (1987) 

( 8)

(Orthogonalizing)

Nelson Siegel (1987) 

( 0) ( 1) ( 2) (2) 

1 30 

196

(6)

7

8 Giliberto (1985) t 
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pit 30 ai (i =1...30) ai ai+1

=0

(8) (10)

(si,t) 62*30 

62*3 62 

p1t p2t p3t

(11) 

rit t i 1 2 3

it

(Panel Data Analysis)

(6) (11) 

(Heteroscedasticity) (Ordinary Least Square

Method) 

Panel Regression Analysis ( 9) (Fixed Effect Model

197

(7)

(8)

(9)

(10)

s1t, s2t, s3t,..., s30t 1 30 

30 

(11)

9 Panel Data Analysis 1. 2. 

3. 4. 
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FEM) (Seemingly Unrelated Regression Model SURM) 
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( ) (Fixed Effect Model FEM)
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Model) (12) 
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20 1

4 

34 ( 10) ( ) 2002

4 2007 5 62 

38 

3 6 12 

1 

( 11)

Philpot et al. (1998) 

1 

1 Panel A Panel B 3 6 12 

12 3 6 

1 

(0.0548%) (0.0244%)

(0.2606%) 

(0.0420%)

199

10

11

96 5 62 6 
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1 

(23.6220) 

(21.2223)

0.0072%

0.0071%

(0.0355%) (0.0963%) 

(0.0258%) (0.0311%) 

(0.0184%)

(54.4398%) 

(56.8178%) 

200

Panel A

-0.0858  0.3683  0.4009  0.0548%  21.2223 0.0072%  0.0355%  54.4398%  -6.5495%

0.4944  0.4645  0.5097  0.0067%  21.1771  0.0070%  0.0348% 56.0375%  -4.4245%

12.7336  2.2329  1.2417  1.1197%  22.6105  0.0155%  0.0963%  76.9300%  19.9708%

-41.4513 -1.9098 -0.8022 -0.6302% 19.5844 0.0060% 0.0258% 31.9300% -202.3831%

6.0624  1.0230  0.5658  0.2606%  0.7696 0.0012%  0.0090%  10.4380%  27.6754%

38.0400  -0.5095 -0.5286   4.4746  -1.0564  43.6876  33.7849  -0.3086  42.3204

-5.3953  -0.2909  -0.6916  1.1681  0.1356  6.1168  5.0742  -0.2506  -5.9850

Panel B

1.9017  1.7980  1.4728  0.0244%  23.6220  0.0071%  0.0259%  56.8178%  -2.0622%

3.2782  2.2380  1.5894  0.0341%  23.7916  0.0072%  0.0273%  52.2872%  -1.7753%

21.2932  8.0107  4.8981  0.0930%  24.0440  0.0080%  0.0311%  84.7724%  8.0997%

-33.5518  -4.9754  -2.2501  -0.0445%  22.9795  0.0058%  0.0184%  42.1518%  -17.3358%

8.4143  3.6250 2.0682 0.0420%  0.3351  0.0004%  0.0032%  11.9683%  5.3985%

5.1432  -1.1599  -0.9333  -1.4820  -1.2142  1.9540 -0.5585  0.1648  0.3404

-1.0006  -0.1358  -0.3890  -0.0157  -0.6466  -0.8402  -0.8595  1.0937 -0.3994

4 34

2002 4 2007 5 248 2108 

4 34 
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20 1

(-6.5495%

-2.0622%)

2002 4 2007 5 2006 7 2007 5 

2 2 

2002 4 2007 5 

2 

2004 4 2007 5 2006 

7 2007 5 

2 

201

-15.48%  -24.06%

(2002 4 2007 5 )

38.97%  18.48%

(2006 7 2007 5 )

1. 

Nelson Siegel (1987) 

30 

61 

2002 

4 2007 5 62 
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3 Nelson Siegel (1987) 

( 0) 0.0311

3.11% ( 1) -0.0280

( 2) 

(0.0220)

96.59% Nelson Siegel (1987) 

( 0) 6.63% 1.91% 2002

4 2007 5 ( 1) 

( 2) 

( ) 

20.3279 1.1534 3.3403

( ) 
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20 1

( ) ( ) ( ) 

( 12) Nelson Siegel (1987) 

62*30 SAS 

85.84% 7.98% 

6.11% Pearson 

Nelson Siegel (1987) 4 

4 

4 

4 

( ) 
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0.0311  -0.0280  0.0220  7.5548  0.9659

0.0663  -0.0143  0.1037  20.3279  0.9886

0.0191 -0.0427  -0.1036  1.1534   0.8975

0.0277  -0.0305  0.0184  6.7710  0.9700

0.009  0.0059  0.0402 3.3403

2.3863  0.2591  0.6514  3.8701

1.5062 0.6455 -0.5268  1.6069

( 0 ) ( 1) ( 2) ( )

Nelson Siegel (1987) (2006) 

2002 4 2007 5 62 

12 Diebold Li (2006) Nelson Siegel (1987) 0

0,t = yt ( ) 0 1

1,t = yt ( ) yt (1) yt ( ) 1 

2 2,t = 2yt (2) yt (1) yt

(10) 2 
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80%

( ) 

( )
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100%

0%  100%

0%  0%  100%

1 -17%  80%  57%

3 45%  37%  81%

4 70%  7%  70%

5 82%  -12%  55%

6 87% -22%  43%

7 90%  -27%  34%

20 99%  4%  -10%

30 89%  42%  -16%

1. Nelson Siegel (1987) 

2. SAS 

( ) 

5 3 6 12 

R2 12 R2

(92.8886%) 
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20 1

( 13)

5 

3 

(-3108.0210) (0.0959) 3 

6 

(17473.4400) ( 14) (0.4746) (0.8607) 

12 (0.9625) 

(3 ) 

(6 ) 

(0.4746) 

Warther

(1995) Berk Green (2004) Lynch Musto (2003) Huang et al. (2007) 
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13

14

2 28 

0.007%
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( ) 

6 3 6 12 

R2 12 

R2 (93.3900%) 
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0.2709  0.0184   0.0153

(0.2785) (0.6328) (0.4419)

6937.0110  17473.4400***  2,250.3280

(0.8261)  (0.0042)  (0.3401)

-3108.0210*  -274.4999  130.6378

(0.0825)  (0.4220)  (0.3400)

0.3055   0.1224   0.0039

(0.6930)  (0.4112)  (0.9482)

-0.6556   0.4746*  0.0013

(0.6112)  (0.0518)  (0.9893)

0.0959***  0.8607***  0.9625***

Sharpe index  (0.0067)  (0.0000)  (0.0000)

R2 3.7656%  83.4413%  92.8886%

1. 2002 4 2007 5 62 

4 

2. 3 6 12 Sharpe Index
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3 6 12 

Sharpe Index =                i 3 6 12 

Rf 

3. *** 1% ** 5% 

* 10% 

4. R2 p 

Ri Rf 

i 
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5 6 6 

Carter (1950) Philpot et al. (1998) Berk Green (2004)

(7.0163 1.2612

0.7075)

6 

6 (-11.0984

-1.0051 -1.0018) 

( 15)

6 

Alexander et al. (2007) 

( ) 

Nanda et al. (2000) 

( ) 

( ) 
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( ) 

5 6 

R2
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3.5401***  0.4163***  0.2106***

(0.0000) (0.0000) (0.0000)

6387.0080  17,174.5600***  10272.3800***

(0.2672) (0.0000) (0.0000)

15037.3000***  2,668.2130***  1835.1220***

(0.0000) (0.0000) (0.0000)

-11.0984***   -1.0051***  -1.0018*** 

(0.0000) (0.0000) (0.0000)

7.0163***   1.2612***  0.7075***

(0.0000) (0.0000) (0.0000)

0.2803***  0.7780***  0.8715***

Sharpe index (0.0000) (0.0000) (0.0000)

R2 18.8609%  84.6557%  93.3900%

1. 2002 4 2007 5 62 

34 

2. 3 6 12 Sharpe Index ��
����
����
�!
��
��

����
����
��
��
����
����
��
��
��
����
�� �
� 

� ��
����
����
�"��
��
��
��
��
��
��
��
��
��

����
����
��

����
����

3 6 12 

Sharpe Index  =                 i 3 6 12 

Rf 

3. 12 Sharpe Index

(Generalized Least Square GLS) SURM

4. *** 1% ** 5% 

* 10% 

5. R2 p

Ri Rf 
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20 1

Nelson Siegel (1987) 

( 0) ( 1) ( 2) 

( 0)
#

( 1 )# ( 2)
# ( 16)

7 

7 R2

(-1.2048%) (73.4108%)

( 0)
# 85.84% 7 

0.0045 0.0106

( 1)
# 7.98% 

( 1)
# 12

( 1)
# 7

( 1)
# 10% 

(0.0085)

( 2)
# 6.11% 

7 -0.0231 -0.0193

1.5 ( 2005) ( 2)
#

209

16 ( 0)
# ( 1)

# ( 2)
#

p1t p2t p3t
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(Diebold & Li, 2006; 2007)

( ) 

7 

210

0.0045***  0.0106***

( o )# (0.0023)  (0.0000)

0.0085*  0.0016

( 1 )# (0.0778)  (0.2029)

-0.0231***  -0.0193**

( 2 )# (0.0000)  (0.0000)

R2 -1.2048%  73.4108%

1. ( o)
# ( 1)

# ( 2)
# p1t p2t

p3t

2. 

3. 2002 4 2007 5 62 38 

4 34 

4. *** 1% ** 5% 

* 10% 

5. R2 p

17 4 2 

34 4 
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20 1

( ) 

7 

8 

(3.3951%)

8 

( 0)
#

( 1)
#

( 2)
# 

( 0)
# 6.3150% ( 1)

#

4.5113% ( 2)
# 4.2980%

3.3951%

8 

( 0)
#

211
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6.0183%  4.9370%  4.6674%  3.3307%

4.5247%  3.5080%  3.2799%  0.0383%

4.9986%  3.0684%  3.3304%  4.0128%

4.3031%  3.8065%  3.3447%  3.3906%

7.7302%  7.7470%  5.7225%  6.3958%

8.2441%  5.8918%  4.8010%  5.6207%

7.6109%  8.6605%  6.3964%  6.9001%

6.1256%  5.6678%  4.8045%  4.1242%

7.8117%  3.8065%  3.3447%  5.0620%

4.1444%  -0.3113%  2.3053%  -5.5521%

6.3150%  4.5113%  4.2980%  3.3951%

1. 2 

2 

2. 7 

3. 2002 4 2007 5 

4.

5.

9 

(1.5100%)

9 

( 0)
#

( 1)
#

( 2)
#
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20 1

( 0)
# 5.3759% 

( 2)# 4.0672% ( 1)#

3.7697% 8 

1.510%

9 

( 0)
#

213

5.4664%  3.9037%  4.1908%  1.6580%

5.3193%  3.6570%  3.9928%  1.2564%

5.3900%  3.7604%  4.0915%  1.4391%

5.3965%  3.8019%  4.1298%  1.4962%

5.4150%  3.8607%  4.0960%  1.5160%

5.3132%  3.7485%  4.0684%  1.3988%

5.3851%  3.7842%  4.0707%  1.4272%

5.3040%  3.6331%  3.9186%  1.1612%

5.2770%  3.6502%  3.9371%  1.1993%

5.2637%  3.5680%  3.9172%  1.1065%

5.3759%  3.7697%  4.0672%  1.5100%

1. 9 

9 

2. 7 

3. 2002 4 2007 5 

4.

5.
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20 1

215

1998 2 5 

4-7

2001 23 1 

23-45

2006

GCV VRP 7 1 103-127

2003a

20 4 767-796

2003b

1 1 31-47

2005 Chebyshev Polynomials 

6 1 11-29

2007

15 4 771-808

2005 (Value at Risk) 

111 36-56

2000 22 

99-119

2000

8 2 25-47
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3.1253  1.6054  1.2473  22.6259  0.007%  0.0309%  0.5796  -0.0022

2.3632  1.9933  1.4967 24.0216  0.008%  0.0299%  0.5793  -0.0358

3.2994  1.2915  1.1981  23.6810  0.007%  0.0251%  0.5803  0.0127

2.4284  2.6708  1.8573  24.2602  0.007%  0.0210%  0.5520 -0.0083

1.5228  1.4253  1.2223  22.8671  0.007%  0.0245%  0.6118  -0.0654

1.1117  0.9746  0.9019  23.5548  0.007%  0.0273%  0.5141  -0.0416

5.3361  4.1881  3.7384  24.7898  0.007%  0.0294%  0.5691  -0.0026

-1.0904  1.4409  1.4442  23.1536  0.007%  0.0301%  0.5423  -0.0216

1.5148  1.6707  1.4819  21.9250  0.007%  0.0302%  0.5606  -0.0458

3.5447  0.9776  0.7037  24.1259  0.008%  0.0160%  0.6087  -0.0155

1.9858  1.9486  1.7357  22.9414  0.007%  0.0282%  0.4849  0.0071

0.9102  0.4685  0.6831  24.0634  0.007%  0.0294%  0.5820  0.0025

-2.2912  1.3285  1.0121 23.6063  0.007%  0.0187%  0.5277  -0.0285

1.0984  0.9479  0.9496  23.8370  0.007%  0.0249%  0.4779  -0.0403

5.7764  3.0661  2.4934  24.5246  0.007%  0.0240%  0.5921  -0.0057

1.3133  1.4972  1.1282 24.2030  0.008%  0.0264% 0.4972  -0.0280

2.5160  1.6948  1.4844  24.1175  0.008%  0.0281%  0.5927  -0.0078

1.1701  1.1078  0.8614  24.3245  0.007%  0.0275%  0.5876  -0.0214

ING 0.5973  0.9361  0.9736  24.6584  0.007%  0.0216%  0.7118  -0.0060

ING 0.5014  0.8073  0.8887  23.6535  0.007%  0.0302%  0.6460  -0.0006

ING 2.2127  2.1063  1.9936  20.9156  0.007%  0.0297%  0.5306  -0.0040

0.9716  1.9445  1.4618  23.6802 0.009%  0.0295%  0.5487  -0.0358

1.3710  1.8668  1.3046  24.2153  0.006%  0.0239%  0.6563 -0.0092

4.1444  1.9820  1.6666  23.0113  0.007%  0.0280%  0.5270  0.0127

1699 2.4530  2.5232  1.7808  24.2575  0.007%  0.0279%  0.5257  -0.0336

5599 2.1383  2.2767  1.6582  23.3114  0.007%  0.0238%  0.5651  -0.0258

2.0035  1.7378  1.3827  23.6718  0.007%  0.0251%  0.5460  -0.0740

6.4156  5.0089  3.8613  23.1535  0.007%  0.0297%  0.5374  -0.0112

-2.5246  1.1572  0.8609  22.5718  0.007% 0.0264%  0.5941  -0.0721

2.3183  1.6555  1.4637  23.5794  0.007%  0.0187%  0.5719  -0.0159

1.5049  1.1800  1.0020  24.3176  0.007%  0.0178%  0.6475  -0.0198

2.5069  2.4373  1.6792  24.0895  0.009%  0.0276%  0.5404  -0.0455

2.8287  2.8077  1.9021  23.5375  0.007%  0.0299%  0.5276  0.0002

-0.4219  0.4073  0.5564  23.9007  0.006%  0.0198%  0.6022  -0.0126

2.1065  1.1537  1.0774  22.5448  0.008%  0.0252%  0.5302  -0.0018

-2.9492  0.0567  0.2769  21.1056  0.007% 0.0296%  0.4794 -0.0227

0.1806  0.1336  0.1030  20.8133  0.007%  0.0381%  0.5974  -0.0607

ING 0.3190  0.1294  0.1464  20.4253  0.007%  0.0492%  0.5706  -0.1768

Sharpe Index Sharpe Index Sharpe Index
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