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Résumé / Abstract 
 

Dans cet article, nous modélisons l’écart de crédit sur obligations d’entreprise avec un modèle affin à 
deux facteurs. Le premier facteur s'interprète comme le niveau de l’écart et le deuxième comme sa 
volatilité. Le taux d'intérêt sans risque est modélisé selon un modèle affin à deux facteurs standard, ce 
qui conduit à un modèle à quatre facteurs pour les rendements d’obligations d’entreprise. Cette 
approche nous permet de modéliser la volatilité des écarts de crédit de manière stochastique et 
également de capter des moments des écarts de crédit d'ordres plus élevés. Nous utilisons une 
approche de filtre de Kalman étendu pour estimer notre modèle à partir des prix des obligations de 108 
entreprises. Le modèle s'avère performant dans sa reproduction des écarts de crédit empiriques des 
obligations d’entreprise et mène à une racine des erreurs moyennes quadratiques significativement 
plus petite que celle d'un modèle alternatif standard, et ce aussi bien dans l'échantillon que lors 
d'analyses hors échantillon. De plus, le modèle capte également mieux certaines caractéristiques 
empiriques importantes des écarts de crédit sur obligations d'entreprise. 

 
Mots clés : risque de crédit; écarts de crédit; modèles à forme réduite; volatilité 
stochastique. 
 
 
 

The paper investigates a two-factor affine model for the credit spreads on corporate bonds. The first 
factor can be interpreted as the level of the spread, and the second factor is the volatility of the spread. 
The riskless interest rate is modeled using a standard two-factor affine model, thus leading to a four-
factor model for corporate yields. This approach allows us to model the volatility of corporate credit 
spreads as stochastic, and also allows us to capture higher moments of credit spreads. We use an 
extended Kalman filter approach to estimate our model on corporate bond prices for 108 firms. The 
model is found to be successful at fitting actual corporate bond credit spreads, resulting in a 
significantly lower root mean square error than a standard alternative model in both in-sample and 
out-of-sample analyses. In addition, key properties of actual credit spreads are better captured by the 
model. 
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hiUL�ih ?L|��?}� ì _i?L|i M) ��E|c Ac fc f� |�i Th�Ui Lu |��t ML?_ @| |�4i |c ��ihi |�i
|��h_ @h}�4i?| �? ��E|c Ac fc f� hiuiht |L |�i UL�TL? h@|ic @?_ |�i uL�h|� @h}�4i?| _i?L|it
|�i hiUL�ih) h@|i� `i ��** hi*@ |�i 3ihL�hiUL�ih) @tt�4T|�L? @?_ i @4�?i UL�TL? ML?_t
�? 5iU|�L? 2��� N?_ih Uih|@�? hi}�*@h�|) UL?_�|�L?t Etii #��i @?_ 5�?}*i|L? E�bbb��c |��t
ULhTLh@|i ML?_ Th�Ui �t }��i? @t

��E|c Ac fc f� ' .
'
| ii Td�

A]
|

E�� n b���_�ojc Ee�

��ihi �|nb�| �t |�i tL�U@**i_ R@_��t|i_ _�tUL�?| h@|i� uLh �h4 � @| |�4i |c @?_ .'
| E�� _i?L|it

5Gx�h dqg Ndq +4<<9, fkdudfwhul}h d�qh whup vwuxfwxuh ri lqwhuhvw udwh prghov1 Gdl dqg Vlqjohwrq
+5333, frqgxfw d wkrurxjk vshfl�fdwlrq dqdo|vlv ri ydulrxv d�qh lqwhuhvw udwh prghov1

D



|�i UL?_�|�L?@* i TiU|@|�L? �?_ih |�i h�t!�?i�|h@* ThLM@M�*�|) 4i@t�hi 'c hi*)�?} L? @** |�i
�?uLh4@|�L? @�@�*@M*i @| |�4i |�

W| �t U*i@h uhL4 i^�@|�L? Ee� |�@| uLh @ ?i@h�4@|�h�|)c 3ihL�UL�TL?c @?_ 3ihL�hiUL�ih)
ULhTLh@|i ML?_c |�i �?t|@?|@?iL�t _iu@�*| ThLM@M�*�|)c b�|c U@? @*tL Mi �?|ihThi|i_ @t |�i
�?t|@?|@?iL�t Uhi_�| tThi@_ L? |��t ML?_� �L?ti^�i?|*)c �i ��** �ti |�i |ih4t R�?t|@?|@?iL�t
_iu@�*| ThLM@M�*�|)� @?_ RUhi_�| tThi@_t� �?|ihU�@?}i@M*) �? |��t @h|�U*i( |�i) ML|� hiuih |L
b�|� W| t�L�*_ Mi TL�?|i_ L�| |�@| b�|c |�i _iu@�*| ThLM@M�*�|)c 4@) Mi �?|ihThi|i_ �? @
MhL@_ih ti?tic t�?Ui |�i tThi@_ Mi|�ii? h�t!) @?_ h�t!*itt )�i*_t @*tL hit�*|t uhL4 u@U|Lht
L|�ih |�@? _iu@�*| h�t!c t�U� @t |�i *�^��_�|) Thi4��4 Lh t|@|i |@ _�gihi?Uit�

W? |��t T@Tihc �i 4L_i* _iu@�*| ThLM@M�*�|) @t @ |�L�u@U|Lh @�?i ThLUitt �?_ih |�i
T�)t�U@* 4i@t�hi �

b�| ' S� n bW
�| n B��Es�| � s�|� n B2�Es2| � s2|�c

_bW
�| ' kEb� bW

�|�_|n
s
��|_5��c|c ED�

_��| ' �E� � ��|�_|n 1
s
��|_52�c|c

��ihi ��| �t |�i �?t|@?|@?iL�t �@h�@?Ui Lu |�i _iu@�*| ThLM@M�*�|) Lu �h4 � @| |�4i |( b @?_ �
@hi |�i �?UL?_�|�L?@* ELh *L?}�h�?� 4i@?t Lu bW

�| @?_ ��|c hitTiU|��i*)( k @?_ � U@T|�hi |�i
4i@?�hi�iht�L? Lu bW

�| @?_ ��|c hitTiU|��i*)( @?_ 1 �t |�i R�L*@|�*�|) Lu �L*@|�*�|)� T@h@4i|ihc
���U� _i|ih4�?it |�i !�h|Lt�t Lu bW

�|�
A�i |�L t|@?_@h_ �hL�?�@? 4L|�L?t 5��c| @?_ 52�c| @hi ULhhi*@|i_ ��|� ULi�U�i?| 4c ���U�

�t TLt�|��i*) ULhhi*@|i_ ��|� |�i t!i�?itt Lu Uhi_�| tThi@_t� A��t ui@|�hi Lu |�i 4L_i* i?@M*it
�t |L U@T|�hi |�i t!i�?itt i ��M�|i_ M) |�i _�t|h�M�|�L? Lu Uhi_�| tThi@_t� 6�h|�ih4Lhic �i
@tt�4i |�@| 5��c| @?_ 52�c| @hi �?_iTi?_i?| Lu |�i |�L �hL�?�@? 4L|�L?t ��| @?_ �2| �?
|�i _iu@�*|�uhii �?|ihit| h@|i ThLUitt� 6�?@**)c s�| @?_ s2| @hi |�i 4i@?t Lu |�i t4LL|�i_
it|�4@|it Lu |�i |�L h�t!*itt �?|ihit| h@|i u@U|Lhtc s�| @?_ s2|c L�ih |�i t@4T*i Tih�L_ Lu
ULhTLh@|i ML?_t�

�}@�? �t�?} @ t|@?_@h_ @tt�4T|�L? Lu Th�Uit Lu h�t!c |�i t|LU�@t|�U ThLUittit uL**L�i_ M)
bW
�| @?_ ��| �?_ih |�i h�t!�?i�|h@* 4i@t�hi ' @hi }��i? M)

_bW
�| ' Ekb� kbW

�| n #���|�_|n
s
��|_e5��c|c ES�

_��| ' E�� � E� n 1#2���|�_|n 1
s
��|_e52�c|c

��ihi @}@�? |�i |�L t|@?_@h_ �hL�?�@? 4L|�L?t e5��c| @?_ e52�c| �@�i @ ULhhi*@|�L? ULi�U�i?| Lu
4 @?_ |�i) @hi �?_iTi?_i?| Lu |�i �hL�?�@? 4L|�L?t e��| @?_ e�2| �? |�i _iu@�*|�uhii �?|ihit|
h@|i ThLUitt� �*tLc #� E � ' �c 2� @hi |�i h�t! Thi4��4 T@h@4i|iht� �L|i |�@| �? |��t 4L_i*c
#� : f @?_ #2 	 f �?_�U@|i @ TLt�|��i h�t! Thi4��4 �? bW

�| @?_ ��|c hitTiU|��i*)�
A�i 4L_i* uLh bW

�| @?_ ��| �? i^�@|�L? ED� �t �?tT�hi_ M) 6L?} @?_ V@t�Ui! E�bb��c ��L
�ti t�4�*@h _)?@4�Ut |L 4L_i* |�i _iu@�*|�uhii �?|ihit| h@|i� A�i 4L_i* �t @ 4i4Mih Lu |�i
@�?i u@4�*) Lu �?|ihit| h@|i 4L_i*t @?_ �@t @ U*Lti_�uLh4 tL*�|�L? uLh 3ihL�UL�TL? ML?_

S



Th�Uit� 5�?Ui |�i tL*�|�L? �t ^��|i UL4T*�U@|i_ @?_ �?�L*�it UL4T*i @*}iMh@c �i �ti @ tih�it
tL*�|�L? 4i|�L_ t�}}it|i_ �? 5i*M) @?_ 5|h�U!*@?_ E�bbD� |L UL4T�|i ML?_ Th�Uit �? |��t
T@Tih� A�i 5i*M) @?_ 5|h�U!*@?_ 4i|�L_ �@t ThL�i? |L Mi ML|� @UU�h@|i @?_ u@t|� �TTi?_� 
����� UL?|@�?t @ Mh�iu �?|hL_�U|�L? |L |�i�h 4i|�L_�

A�i tTiU��U@|�L? �? ED� @?_ ES� U@T|�hitc �? @ |h@U|@M*i �@)c |�hii ThL4�?i?| i4T�h�U@*
ui@|�hit Lu @U|�@* Uhi_�| tThi@_t� 6�ht|c Uhi_�| tThi@_t E@?_ _iu@�*| ThLM@M�*�|)� @TTi@h |L
�@h) t|LU�@t|�U@**) L�ih |�4i� A�i t|LU�@t|�U bW

�| |ih4 ��|��? b�| @UUL�?|t uLh |��t ui@|�hi�
5iUL?_c |�i �L*@|�*�|) Lu Uhi_�| tThi@_t �t �|ti*u t|LU�@t|�U� A��t u@U| �t 4L_i*i_ T@ht�4L�
?�L�t*) M) @ t|LU�@t|�U ��|� A��h_c Uhi_�| tThi@_t L? ULhTLh@|i ML?_t ?L?�|h���@**) _iTi?_
L? |�i 4L�i4i?|t Lu _iu@�*|�uhii �?|ihit| h@|it� W? |�i 4L_i*c |��t _iTi?_i?Ui �t tL*i*) U@T�
|�hi_ M) |�i B�� @?_ B2� ULi�U�i?|t �? b�|c _�i |L |�i @tt�4i_ �?_iTi?_i?Ui Lu |�i �hL�?�@?
4L|�L?t _h���?} |�i h�t!*itt �?|ihit| h@|i @?_ |�i _iu@�*| ThLM@M�*�|)�

2�2 � Mi?U�4@h! 4L_i*

AL i�@*�@|i |�i i4T�h�U@* TihuLh4@?Ui Lu |�i t|LU�@t|�U �L*@|�*�|) Uhi_�| tThi@_ 4L_i*c �i
@*tL it|�4@|i @ Mi?U�4@h! 4L_i*� A�i Mi?U�4@h! 4L_i* |�@| �i �ti �t |�i 4L_i* _i�i*LTi_
�? #�gii E�bbb�� A�i _iu@�*|�uhii �?|ihit| h@|i UL4TL?i?| Lu ��t 4L_i* �t �_i?|�U@* |L |�i
tTiU��U@|�L? �? i^�@|�L?t E��c E2�c @?_ E���

N?_ih |�i � 4i@t�hic #�gii E�bbb� 4L_i*t |�i _iu@�*| ThLM@M�*�|) �t�?} @ L?i�u@U|Lh
|h@?t*@|i_ t^�@hi�hLL| ThLUitt ��|� |�L UL4TL?i?|t *�?!i_ |L |�i h�t!*itt |ih4 t|h�U|�hi

b�| ' S� n bW
�| n B��Es�| � s�|� n B2�Es2| � s2|�c E.�

_bW
�| ' V�Ew� � bW

�|�_|n j�
t
bW
�|_��|c

��ihi |�i t|@?_@h_ �hL�?�@? 4L|�L? ��| �t �?_iTi?_i?| Lu |�i |�L �hL�?�@? 4L|�L?t ��|

@?_ �2| �? |�i h�t!*itt �?|ihit| h@|i ThLUitt�
N?_ih |�i h�t!�?i�|h@* 4i@t�hic |�i ThLUitt uLh bW

�| �t }��i? M)

_bW
�| ' EV�w� � EV� n Z��b

W
�|�_|n j�

t
bW
�|_e��|c EH�

�? ���U� Z� E	 f� �t |�i h�t! Thi4��4c @?_ |�i �hL�?�@? 4L|�L? e��| �t �?_iTi?_i?| Lu |�i
�hL�?�@? 4L|�L?t e��| @?_ e�2| �? |�i h�t!*itt �?|ihit| h@|i tTiU��U@|�L?�

�L|�Ui |�@| �? |�i #�gii 4L_i*c |�i �L*@|�*�|) Lu |�i Uhi_�| tThi@_tc j�
t
bW
�|c �t ?L|

UL?t|@?| M�| |�4i��@h)�?} _�i |L |�i t|LU�@t|�U ?@|�hi Lu bW
�|� OL�i�ihc �?t|i@_ Lu 4L_i*�?}

|�i Uhi_�| tThi@_ �L*@|�*�|) @t @ tiT@h@|i _�g�t�L? ThLUittc �? ��t 4L_i* |�i �L*@|�*�|) Lu |�i
Uhi_�| tThi@_t �t ThLTLh|�L?@* |L |�i *i�i* Lu |�i tThi@_t �|ti*u @?_ U@? ?L| 4L�i �?_iTi?_i?|*)
Lu bW

�|�
AL}i|�ihc i^�@|�L?t E�� |�hL�}� E�� @?_ E.� |�hL�}� EH� UL?t|�|�|i @ |�hii�u@U|Lh @�?i

4L_i* Lu ULhTLh@|i ML?_ )�i*_tc @?_ i^�@|�L?t E.� @?_ EH� @*L?i hit�*| �? @ L?i�u@U|Lh @�?i

.



4L_i* Lu Uhi_�| tThi@_t� Oi?UiuLh|� �i ��** hiuih |L |��t 4L_i* @t |�i #�gii 4L_i* Lh |�i
Mi?U�4@h! 4L_i*� A��t 4L_i* *i@_t |L �i**�!?L�? U*Lti_�uLh4 tL*�|�L?t uLh ULhTLh@|i 3ihL�
UL�TL? ML?_ Th�Ui� W? UL?|h@t|c |�i uL�h�u@U|Lh @�?i 4L_i* Lu ULhTLh@|i )�i*_t �? i^�@|�L?t
E�� |�hL�}� E�� @?_ ED� |�hL�}� ES� �@t @? @__�|�L?@* u@U|Lh |�@| U@T|�hit |�i t|)*�3i_ u@U|
|�@| |�i �L*@|�*�|) Lu Uhi_�| tThi@_t �t t|LU�@t|�U� Oi?UiuLh|� �i ��** hiuih |L |��t 4L_i* @t |�i
t|LU�@t|�U �L*@|�*�|) 4L_i* Lu Uhi_�| tThi@_tc Lh uLh t�Lh| |�i t|LU�@t|�U �L*@|�*�|) 4L_i*c i�i?
|�L�}� |�i �L*@|�*�|) Lu |�i h�t!*itt UL4TL?i?| Lu |�i h�t!) )�i*_ �t ?L| uLh4@**) 4L_i*i_��

�L|�Ui |�@| |�i uL�h�u@U|Lh 4L_i* _Lit ?L| ?it| |�i |�hii�u@U|Lh Mi?U�4@h! 4L_i* t�?Ui �?
|�i tTiU�@* U@ti ��ihi |�i ��| ThLUitt �? i^�@|�L? ED� hi_�Uit |L @ UL?t|@?|c |�i ThLUitt uLh
bW
�| �? i^�@|�L? ED� MiUL4it @ tL�U@**i_ �h?t|i�?�N�*i?MiU! ThLUittc t�4�*@h |L |�i L?i �ti_

�? V@t�Ui! E�b..�c ���U� �t _�gihi?| uhL4 |�i t^�@hi�hLL| ThLUitt uLh bW
�| �? i^�@|�L? E.��e

2�� 6�h|�ih _�tU�tt�L? Lu |�i t|LU�@t|�U �L*@|�*�|) 4L_i*

#i?L|i |�i R@_��t|i_ _�tUL�?| h@|i� uLh �h4 � @| |�4i | M) -�| � �| n b�|u�|c ��ihi
u�| �t |�i i TiU|i_ *Ltt h@|i Lu �h4 �<t _iu@�*|@M*i ML?_<t �@*�i �u _iu@�*| �ihi |L LUU�h
@| |�4i |c @?_ |�i ThL_�U| |ih4 b�|u�| �t U@**i_ |�i 4i@? *Ltt h@|i E#��i @?_ 5�?}*i|L?
E�bbb��� W| uL**L�t |�@| |�i hiUL�ih) h@|i Lu �h4 � @| |�4i | �t i^�@* |L ��u�|� 6Lh t�4T*�U�|)c
�? L�h _�tU�tt�L? �? 5iU|�L? 2��c �i �@�i @tt�4i_ ?L hiUL�ih) �TL? _iu@�*|c ��i�c u�| ' ��
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6Lw lv zruwk srlqwlqj rxw wkdw rxu prgho dqg wkh Gx�hh prgho vkduh d frpprq zhdnqhvv= lq erwk vhwwlqjv/
wkh ghidxow suredelolw|/ �mw/ fdq ehfrph qhjdwlyh/ zklfk lv frqfhswxdoo| rgg1 Lq rxu prgho/ �mw pd| ehfrph
qhjdwlyh ehfdxvh wkh vwrfkdvwlf surfhvv iroorzhg e| ��mw doorzv ��mw wr wdnh qhjdwlyh ydoxhv1 Rq wkh rwkhu

kdqg/ lq wkh Gx�hh prgho/ �mw pd| idoo ehorz }hur li hlwkhu fm ru �lm +l @ 4/ 5, lv qhjdwlyh1
7Zh dovr hvwlpdwhg wkh qhvwhg wkuhh0idfwru d�qh prgho ri frusrudwh |lhogv lq zklfk wkh surfhvv iru ��mw

lv jlyhq e| dq Ruqvwhlq0Xkohqehfn surfhvv1 Wkh shuirupdqfh ri wklv qhvwhg prgho lv zruvh wkdq wkdw ri wkh
ehqfkpdun prgho1
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8Gx�hh +4<<<, xvhv gdwd rq wkh vhfrqg prvw uhfhqwo| lvvxhg +ru r�0wkh0uxq, X1V1 Wuhdvxu| vhfxulwlhv lq
rughu wr dyrlg fdswxulqj dq| vshfldo oltxlglw| suhplxp dvvrfldwhg zlwk wkh rq0wkh0uxq Wuhdvxu| vhfxulwlhv1
Kh uhsruwv qr pdwhuldo gl�huhqfh ehwzhhq rq0wkh0uxqv dqg r�0wkh0uxqv1 Dv d urexvwqhvv fkhfn/ zh dovr
hvwlpdwh rxu ulvnohvv lqwhuhvw udwh prgho xvlqj r�0wkh0uxq gdwd dqg wkh uhvxowv duh yhu| vlplodu wr wkrvh
rewdlqhg xvlqj rq0wkh0uxqv1 Zh wkhuhiruh rqo| uhsruw uhvxowv rq rq0wkh0uxqv1 Vhyhudo rwkhu hpslulfdo vwxglhv/
h1j1 Gx�h dqg Vlqjohwrq +4<<:, dqg Plx +5334,/ dovr xvh wkh rq0wkh0uxq X1V1 Wuhdvxu| gdwd1

9Lq rxu ruljlqdo vdpsoh/ wkhuh zhuh dovr 6 Ddd0udwhg �upv1 Zh kdyh h{foxghg wkhp iurp rxu vxevhtxhqw
dqdo|vhv iru wzr uhdvrqv1 Iluvw/ wkh olplwhg vdpsoh vl}h pdnhv dq| lqihuhqfh iurp wkh uhvxowv rq wkhvh �upv
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lqfrqfoxvlyh1 Vhfrqg/ lq rxu vdpsoh/ wkh dyhudjh dfwxdo |lhog rq wkhvh 6 Ddd0udwhg �upv lv kljkhu wkdq wkrvh
rq wkh Dd0/ D0/ dqg Edd0udwhg �upv/ dqg wkh phdq dfwxdo fuhglw vsuhdg iru wkhvh 6 �upv lv kljkhu wkdq wkdw
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ì UL**iU| |�i |�L �?LMtih�@M*i t|@|i �@h�@M*it �? |�i �iU|Lh 8|� 6Lh ?L|@|�L?@* t�4T*�U�|)c
�i t�TThitt |�i _iTi?_i?Ui Lu |�i 4L_i* L? |�i T@h@4i|iht |L Mi it|�4@|i_ @?_ �h�|i _L�?
|�i 4i@t�hi4i?| i^�@|�L? @?_ |�i |h@?t�|�L? i^�@|�L? Lu |�i k@*4@? �*|ih @t

C| ' 6E8|� n "|c .|3�E"|"
�
|� ' \c E���

8| ' @n K8|3� n �|c .|3�E�|�
�
|� ' T E8|3��� E�2�

W? |�i 4i@t�hi4i?| i^�@|�L? E���c |�i u�?U|�L? 6E8|� 4@Tt |�i |�L t|@|i �@h�@M*it �? 8| |L
ML?_ Th�Uitc @?_ �i !?L� |��t 4@TT�?} �? U*Lti_�uLh4( "| �t |�i ���|i ?L�ti 4i@t�hi4i?|

:Iru qrqolqhdu dqg qrq0Jdxvvldq prghov/ vxfk dv wkh wzr prghov frqvlghuhg khuh/ wkh sdudphwhu hvwlpdwhv
rewdlqhg iurp wkh HNI pd| eh lqfrqvlvwhqw1 Krzhyhu/ Prqwh Fduor hylghqfh lq Oxqg +4<<:,/ Gxdq dqg
Vlprqdwr +4<<<,/ dqg gh Mrqj +5333, vxjjhvwv wkdw wklv lqfrqvlvwhqf| lv ri idluo| olplwhg lpsruwdqfh iru wkh
w|slfdo vdpsoh vl}h hqfrxqwhuhg lq whup vwuxfwxuh prgholqj1 Gx�hh dqg Vwdqwrq +5334, dgyrfdwh wkh xvh ri
wkh HNI lqvwhdg ri d pruh vrsklvwlfdwhg phwkrg lq d vlplodu frqwh{w1

�2



ihhLh @| |�4i | @?_ �@t @ UL?t|@?| UL?_�|�L?@* �@h�@?Ui�UL�@h�@?Ui 4@|h� }��i? M) \� W? |�i
|h@?t�|�L? i^�@|�L? E�2�c �| �t @*tL @ ���|i ?L�ti ihhLh |ih4c Lu ���U� |�i UL?_�|�L?@* �@h�@?Ui�
UL�@h�@?Ui 4@|h� �t T E8|3��� A��t 4@|h� _iTi?_t L? |�i �@*�it Lu |�i t|@|i �@h�@M*it @|
|�4i | � �� A�i i T*�U�| uLh4t Lu UL4TL?i?|t @c Kc @?_ T E8|3�� @hi Thiti?|i_ �? �TTi?_� 
��2�2�
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�?�t@4T*i T@h@4i|ih it|�4@|it uhL4 A@M*i D @?_ A@M*i Sc |L}i|�ih ��|� |�i t4LL|�i_ it|��
4@|it Lu |�i h�t!*itt u@U|Lht �? |�i L�|�Lu�t@4T*i Tih�L_ @?_ |�i h�t!�uhii 4L_i* T@h@4i|iht
Eit|�4@|i_ L�ih |�i i?|�hi t@4T*i�c |L }i?ih@|i @ ti^�i?Ui Lu it|�4@|it Lu |�i _iu@�*| h�t!)
t|@|i �@h�@M*it �? i@U� Lu |�i �2 4L?|�t �? |�i L�|�Lu�t@4T*i Tih�L_� ì |�i? �ti |�iti
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Appendix A: Empirical results (in basis points) firm by firm
Firm number Firm name In-sample Out-of-

Duffee's Stoch. sample Stoch.
model Volati. Duffee's Volati.

model model model

1 ALLIED - SIGNAL INC         8.308 6.608 12.194 12.562
2 ALLIED CORP                 12.180 8.876 13.053 11.412
3 AMERICAN BRANDS             13.401 12.163 16.451 13.047
4 AMERICAN EXPRESS CREDIT     12.924 7.675 8.744 7.602
5 AMERICAN GENERAL FIN CORP   17.617 15.544 8.590 9.320
6 AMR CORPORATION             21.442 20.251 18.440 21.722
7 AON CORP                    4.709 3.419 8.767 8.122
8 ARCHER-DANIELS-MIDLAND      11.484 10.997 12.237 12.450
9 ARCO CHEMICAL CO            14.575 12.740 11.742 13.081
10 ARISTAR INC                 9.725 7.508 18.517 14.254
11 ATLANTIC RICHFIELD          15.834 14.169 18.007 17.407
12 AVCO FINANCIAL SERVICES     9.787 7.761 12.190 11.161
13 BAXTER INTERNATIONAL INC    11.678 8.668 7.919 7.158
14 BEAR STEARNS CO, INC        5.591 5.009 12.831 8.884
15 BELL TEL OF PENN            4.374 2.214 6.315 6.600
16 BENEFICIAL CORP             13.408 10.804 31.981 17.600
17 BOEING CO                   8.286 8.012 11.949 11.957
18 BOSTON EDISON               9.506 9.252 11.617 11.063
19 BOWATER                     16.152 15.469 17.457 15.474
20 BP AMERICA INC              5.483 3.100 8.796 8.617
21 BURLINGTON RESOURCES INC    13.525 12.283 15.075 15.067
22 CATERPILLAR INC             22.091 15.186 12.403 15.581
23 CHRYSLER FINANCIAL          15.707 14.905 26.102 5.275
24 CIGNA CORPORATION           8.837 6.699 19.790 12.935
25 CIT GROUP HOLDINGS          12.332 10.610 6.137 6.620
26 CITICORP                    9.046 6.874 26.388 27.842
27 COASTAL CORPORATION         12.007 10.213 16.492 9.154
28 COCA - COLA ENTERPRISES INC. 16.922 15.078 15.533 16.210
29 COCA-COLA CO                5.131 3.472 5.972 6.600
30 COMMERCIAL CREDIT           12.582 8.225 12.645 7.604
31 CONSOLIDATED ED OF NY       7.139 4.775 8.271 6.765
32 CONSOLIDATED NATURAL GAS    10.325 8.015 11.310 7.671
33 CSX CORP                    10.857 10.573 14.396 13.994
34 DAYTON HUDSON CORP          19.319 17.371 15.335 14.698
35 DELTA AIRLINES, INC.        17.991 17.383 17.105 15.273
36 DILLARD DEPARTMENT STORES   13.566 13.167 14.395 21.448
37 DOLE FOOD CO                10.610 3.716 11.779 9.319
38 DOW CHEMICAL                15.694 14.549 16.077 17.043
39 DOW CHEMICAL B.V.           8.557 7.432 10.971 8.971
40 EATON CORP                  12.535 11.147 14.780 14.192
41 ENRON CORP                  11.983 10.556 15.057 11.610
42 FEDERAL EXPRESS CORP        14.949 7.032 24.252 8.513
43 FIRST INTERSTATE BANCORP    13.512 10.584 7.670 9.032
44 FORD CAPITAL B.V.           10.603 8.339 10.566 8.291
45 FORD MOTOR                  15.330 13.085 12.806 14.413
46 GENERAL MOTORS              14.286 10.304 17.723 15.528
47 GENERAL MOTORS ACPT CORP    12.365 9.081 7.936 10.114
48 GEORGIA PACIFIC             22.804 17.164 18.000 15.724
49 GREAT WESTERN FIN CORP      4.376 2.701 12.371 5.169
50 GTE CORP                    10.818 8.257 16.667 14.151
51 HELLER FINANCIAL, INC       9.833 7.584 11.518 10.079
52 HERTZ CORP                  11.891 10.619 13.939 11.088
53 HOUSEHOLD FINANCE           17.371 16.294 9.717 8.245
54 INTERNATIONAL LEASE FINANCE 17.403 16.158 13.989 8.797
55 INTERNATIONAL PAPER         17.729 12.896 13.036 14.940
56 INTL BUSINESS MACHINES      14.617 14.131 13.089 14.310
57 JAMES RIVER CORP            6.655 3.475 17.910 17.124
58 LEHMAN BROTHERS HOLDINGS INC 5.784 5.678 16.706 12.493
59 LIMITED, INC                8.002 4.624 13.133 8.236
60 LORAL CORPORATION           16.406 15.514 17.253 17.754
61 LOUISIANA LAND & EXPLORATION 12.912 10.940 11.294 12.841
62 MARRIOTT CORPORATION        21.433 20.355 45.492 39.707
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63 MARTIN MARIETTA             9.402 9.085 16.809 22.294
64 MASCO CORP                  10.832 7.479 7.861 6.707
65 MAY DEPARTMENT STORES       16.221 14.658 14.948 12.438
66 MAYTAG CORPORATION          7.352 4.245 11.687 11.230
67 MERRILL LYNCH & CO.         11.160 9.508 14.765 7.428
68 MOBIL CORP                  12.053 8.841 15.289 9.321
69 MORGAN STANLEY GROUP INC    13.862 10.764 17.366 7.692
70 NEW ENGLAND TEL + TEL       9.509 8.038 11.737 13.298
71 NEW YORK TELEPHONE          10.705 10.559 11.531 9.620
72 NORWEST FINANCIAL INC.      9.290 7.636 17.681 8.399
73 OCCIDENTAL PETROLEUM        21.950 15.061 7.195 13.976
74 PACIFIC BELL                7.331 5.624 11.095 9.597
75 PAINE WEBBER INC            10.829 7.982 19.399 12.668
76 PEPSICO INC                 9.009 6.711 11.952 7.841
77 PHILIP MORRIS COS. INC      8.003 7.951 15.983 9.632
78 PROCTER + GAMBLE CO         9.516 9.341 8.495 5.824
79 RALSTON PURINA CO           16.139 15.898 17.964 18.211
80 ROCKWELL INTERNATIONAL      4.922 4.101 8.249 9.112
81 SALOMON INC                 6.814 4.605 13.530 9.948
82 SCOTT PAPER                 10.828 7.306 16.037 18.292
83 SEAGRAM JOSEPH E + SONS     9.644 8.290 11.210 10.601
84 SEARS ROEBUCK + CO          16.021 9.377 9.149 7.033
85 SECURITY PACIFIC CORP       12.086 10.218 33.141 31.708
86 SHOPKO STORES, INC          22.672 16.318 29.509 27.990
87 SOUTHERN CALIF EDISON       4.125 3.776 6.954 5.638
88 SOUTHWEST AIRLINES CO.      6.858 6.267 8.611 8.815
89 SUNAMERICA INC              14.155 11.902 22.523 23.709
90 TELE-COMMUNICATIONS         17.791 16.832 33.558 37.417
91 TENNECO CREDIT CORP         11.260 7.154 17.046 15.091
92 TENNECO INC                 12.219 8.375 17.154 12.218
93 TENNESSEE GAS PIPELINE CO   9.294 6.460 20.404 19.680
94 TEXACO CAPITAL INC.         14.811 13.938 13.444 12.696
95 TEXAS EASTERN TRANSMISSN    3.957 3.204 6.921 6.781
96 TEXAS INSTRUMENTS           7.520 3.417 13.072 7.307
97 TIME WARNER ENT             17.447 16.134 13.845 12.997
98 TRANSAMERICA FINANCIAL      14.577 11.218 18.815 7.912
99 UNION OIL OF CALIFORNIA     9.195 8.748 5.380 6.831
100 UNITED AIR LINES INC        19.939 18.421 22.845 13.736
101 USX CORP                    16.598 15.883 19.262 16.754
102 WAL-MART STORES, INC        8.990 8.689 10.890 12.140
103 WEYERHAEUSER CO             13.723 12.381 15.281 14.705
104 WHIRLPOOL CORP              10.116 8.134 15.698 14.365
105 WILLAMETTE IND              10.071 7.007 18.001 17.152
106 WILLIAMS COS                17.444 16.007 26.410 20.446
107 XEROX CORP                  13.275 9.442 6.777 8.546
108 XEROX CREDIT CORP 16.672 12.971 24.225 10.964

25% 9.266 7.268 11.273 8.538
Median 11.995 9.297 13.892 12.048
75% 15.421 13.105 17.389 15.073
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                                      Table 3  
                     Summary statistics for corporate bond data 
     
Corporate bond data are extracted from the Lehman Brothers Fixed Income Database. Every firm included in the sample must have at least 48 
months in which at least 3 qualified bond price observations are available. There are in total 108 such firms over the sample period beginning 
January 1985 and ending March 1998. In Panel B, yields denote actual yields to maturity on firms' outstanding bonds. In Panel C, credit spreads 
are defined as the spreads of firms' actual yields to maturity over the riskless interest rates implied by the default-free interest rate model. 
   

   Across 108 firms   

Panel A: corporate bonds Minimum 1st quartile Median 3rd quartile Maximum 

Months of data 48 60 73 88 157 
Mean number of bonds 3 3.55 4.40 5.77 12.36 
Mean years to maturity 2.46 5.42 7.92 15.12 27.79 
Minimum years to maturity 1.02 1.02 1.06 1.59 24.19 
Maximum years to maturity 5.03 12.02 20.25 30.39 33.44 
Mean annual coupon rate 0 7.69 8.37 9.03 11.74 

Panel B: yields           

Mean (in bps) 614.43 688.15 709.56 747.54 922.71 
Standard deviation (in %) 0.52 0.65 0.77 1.04 1.99 
Skewness -0.69 0.21 0.41 0.59 1.69 
Kurtosis 1.45 2.07 2.43 2.75 7.30 

Panel C: credit spreads           

Mean (in bps) 136.85 202.45 246.07 276.57 390.20 
Standard deviation (in %) 0.54 0.98 1.14 1.37 2 
Skewness -0.65 0.25 0.39 0.68 1.89 
Kurtosis 1.44 1.66 1.83 2.24 8.40 

 



A@M*i e

,t|�4@|�L? hit�*|t uLh |�i _iu@�*|�uhii |ih4 t|h�U|�hi

A�i �?t|@?|@?iL�t _iu@�*|�uhii �?|ihit| h@|ic �|c �t 4L_i*i_ @t

�| ' Sn s�| n s2|c

_s�| ' ��E>� � s�|�_|n j�

t
s�|_��|c E�?_ih |�i � 4i@t�hi�

_s�| ' E��>� � E�� n Z��s�|�_|n j�

t
s�|_ e��|c E�?_ih |�i ' 4i@t�hi�
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�? |�i �?�t@4T*i Tih�L_t� ì hiTLh| �?�t@4T*i +�5,t E�? MTt� uLh |�iti ML?_t M)
4@|�h�|) @?_ Uhi_�| h@|�?}� A�i 4@|�h�|) Lu |�i ML?_ E�� �t 4i@t�hi_ �? )i@ht� A�i
Uhi_�| h@|�?} U*@ttiti @hi _i�?i_ @UULh_�?} |L �LL_)<t h@|�?}t L? �h4t< �?_���_�@*
ML?_t�

�@?i* �G 4@|�h�|) ��4Mih Lu ML?_t 5V 4L_i* �i?U�4@h! 4L_i*

� 	�� D �Sce�2 �2��e �D��b
D 	�� �f �fcbe� H��2 �f�2H
�f 	�� �D �cf�H H��H b�.b
�D 	�� 2f �cfSb �D��e �D�DS
2f 	�� 2D S.e ���22 ���D.
2D 	�� �f �cSSf �e�.b �D��D
�f 	�� �D ef� ���f� �e�22
�@?i* �G Uhi_�| h@|�?}

�@ Scf2� H��f �f�..
� 2�cD�. ���2b ����b
�@@ �fcDS� ���D� �D�HD
�i*L� �@@ bS �D��. �.�f.

e.



A@M*i �f�

��|�Lu�t@4T*i +�5,t M) 4@|�h�|) @?_ Uhi_�| h@|�?}

�UhLtt @** �fH �h4t �? |�i t@4T*ic |�ihi @hi �? |L|@* Sc�f� LMtih�@|�L?t L? ML?_ Th�Uit
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    Figure 1: Moody’s 10-year and 30-year Aaa and Baa credit spreads (in bps). Data  
          used are described in Table 1. 
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    Figure 2: Standard and Poor’s AAA and BBB credit spreads (in bps) for various 
          maturities. Data used are described in Table 2. 
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    Figure 3: Monthly relative changes in Moody's 10-year and 30-year Aaa and Baa  
                     credit spreads. Data used are described in Table 1. Relative change in  
                     credit spreads from month t to month t-1 is defined as ln(CSt/CSt-1), 
          where CSt denotes credit spread in month t.                     
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    Figure 4: The average credit spreads of the Aa-, A-, and Baa-rated firms implied 
          by the stochastic volatility model of credit spreads. 
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    Figure 5: The average credit spreads of the Aa-, A-, and Baa-rated firms implied 
          by the benchmark model of credit spreads. 
 
 




