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A New Class of Stochastic Volatility Models with Jumps:
Theory and Estimation*

Mikhail Chernov†, A. Ronald Gallant‡, Eric Ghysels§, George Tauchen¶

Résumé / Abstract

Nous présentons une nouvelle classe de processus à sauts avec volatilité
stochastique. Cette nouvelle classe généralise les modèles affinés proposés par
Duffie, Pan et Singleton (1998). La généralité se manifeste par une représentation
générique des sauts par un processus de Lévy. La classe des processus que nous
présentons nous fournit également des prix d’options. Une application empirique
démontre la présence de sauts dans des séries financières telles le S&P500 et le
Dow Jones. De plus, les processus n’ont pas une intensité constante. Nous
analysons plusieurs spécifications empiriques.

The purpose of this paper is to propose a new class of jump diffusions
which feature both stochastic volatility and random intensity jumps. Previous
studies have focussed primarily on pure jump processes with constant intensity
and log-normal jumps or constant jump intensity combined with a one factor
stochastic volatility model. We introduce several generalizations which can better
accommodate several empirical features of returns data. In their most general
form we introduce a class of processes which nests jump-diffusions previously
considered in empirical work and includes the affine class of random intensity
models studied by Bates (1998) and Duffie, Pan and Singleton (1998) but also
allows for non-affine random intensity jump components. We attain the generality
of our specification through a generic Lévy process characterization of the jump
component. The processes we introduce share the desirable feature with the affine
class that they yield analytically tractable and explicit option pricing formula. The
non-affine class of processes we study include specifications where the random
intensity jump component depends on the size of the previous jump which
represent an alternative to affine random intensity jump processes which feature
correlation between the stochastic volatility and jump component. We also allow
for and experiment with different empirical specifications of the jump size
distributions. We use two types of data sets. One involves the S&P500 and the
other comprises of 100 years of daily Dow Jones index. The former is a return
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series often used in the literature and allows us to compare our results with
previous studies. The latter has the advantage to provide a long time series and
enhances the possibility of estimating the jump component more precisely. The
non-affine random intensity jump processes are more parsimonious than the
affine class and appear to fit the data much better.

Mots Clés : Processus à sauts, mesures de Lévy, modèles à volatilité stochastique

Keywords: Efficient method of moments, Poisson processes, jump processes, stochastic
volatility models, filtering

JEL: G13, C14, C52, C53
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��o÷��Md'eHf�f3g�h�iøoùFû�üÿøo÷*þ�� üÿ÷��oûýþ°ü��c� 6 r/j 6 ´ö³" 4! r B�øoþ��°÷JFa�;|ù����kFü ø-÷';<�
��o÷��°û 6 r/j 6 WciJ���k�
��o÷��°û<B ÷'; ÷�÷óûýüÿþ��qùFüÿ÷'�l�oûýþ��PI�üÿøo÷mgkf�f�fýù ±q±q± û3���;ý÷�÷'n��ó÷�	oüF��;Vd'eHf�f3g�h�ioB�øoþ��ýøOB}ùFû�÷óûýüÿþ��qùFü ÷��$B�þ°üÿø$üÿøo÷�f�f�f�f Ë ±q±q± û3���;ý÷�W
pCqsrXtGu v�wExAxzy v�wExAxzy�{'|k} v�w_~A~Gy�{'|k} v'w_~A~Gy�{z����� �L� ~Gy�xz��� � �L� � �Axz�3�'� �L� �A� ~G�A� �'� ~�t���~3x �L� � �'�Ay�x �� �L� x'~Gys~��s�A� � �L� � � � y � �s� �X�L�a���z��u t � �L� � �z�A��� � ���s� �L� � �z� � �Ay �L� � �z�s~GyA� �L� �X~A~3�z�s~ �L� ~ � xz�A���� �L� xz�s~G�A�s~3� � �L� � �3�A�'�3�s� � �L� ~A~G� � yA��� � �L� ~G�A�Ay3�'�����s� �L� � ~ � �s~G� � ~�t���� �L� xz�A�A�A�A� � ~�t���� � ��X�L�a���z��u t �X�L�a���z��u t�� � �L� �3�'yA�A�s~ �L� �3�A�'� � � ~ � � � ��xAxz� ~ � � xz� � �A�� ~ � �A�s~��sxz��� � �L� y � xz�A�Ay�� � �L� xz�A�Ay�xz��� � �L� ���'~��'�A������� �L� �s~3�z� � � �L� �s~G�A���z� y � �3�'�s~��A� �L� ��xz��xzy3�� x � �z��xz�Ay�xA� � �L� ~��s�AxA�G�s� � �L� �A�s~G�A�Ay�� � ~ � � ��xA�G�sxA��� � x � � ���zyA�s~ x � � ���G�X~ � ~ � ��xz�A� � � �L� ���z�A�s~ �� y �L� �A�A�A�A�A��� � ~ � �A�A���z�A��� � �L� x � ~G� � ��� � yA� � y3�'��xG�sxA����� ~ � �Axz�A��xA� ~ � �Axz�A� � � x � ~G���AxAxz� ~ � � � �A�3�'�� xz� � �z�A� � ~G��� � ~ � �A�A���z���A� � �L� �Ay � � � xA� � � �L� xG�A�'�A�s~3��� � �L� �A� ys~A~�� �L� �A� yA�3�'� � �L� �A� �A���z�� �L� � �A�sxA�z��� � �L� � ~3�G�'�A��� � �L� � xzy3�'y � ��� � �L� �A�A� ~G��x �L� �A�A�A�A�A�A� �L� � ~G�A��xzy �� �L� � �s~A~3�zy�� � �L� � ~G�A�AyA��� � �L� � x � �A�s~3����� � �L� � �A��xz�Ay � �L� � ��� � � � � � �L� � ���z�A�A�� �L� �A�A� �s~Gy�� � �L� �A�A� �3�'��� � �L� �A� ~G�A� � ����� � �L� � �A�A�AyA� � �L� � �A�s~Gy�� � �L� � �'�A�s~ � �L� �A� �3�'y�x � ~�t��a��X�L�a���z��u t �X�L�a���z��u t � �L� �A�A� �A�sxA� � ~3x � �A�A�A�3�'������� � � �L� � x � ��x'~ � �L� � xzy3�sxA� � �L� � x'~G���z�� �L� �A�A� ~A~G��� � �L� �A� x � ys~3� � �L� �A� yA�Ay�xA��� � � �L� �A� �A��x � �L� �A� � � �A� �L� � ~�� � ~Gy� �L� �A� xAx � ~3� � �L� �A� x'~3�z��� � �L� �A� �A���A�A��  � y � �A�A�A�A� ~ x � �A�A�AyA��� x � �z���A�Axz�� �L� �A� � �A�3�s� � �L� � �A� xz�A��� � ~ � �'�A�s~ � ~3��¡ � � � �L� � �s~G���z�� �L� �A�3�sxz�Ay��¢ � �'� � �z� y�x � �Ax ~G� � �s~ yA� � xz�r � £a� � y x �
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ÖØ×mÙ�ÚLÛ�×R×�Ü3Ý�Þ�ß
Ú�Ý�×�à$ÝGÙP×�ÜGÝGá�âzÙ�Ú�ÜGÝGÞ�âRÛ�á�ã�Ú�Ý�Þ�ã�Þ�Ý�ä�ß
á�àP×'ã
å�æEçæ"ç j è é ~_ê é x�ë"x ç4ì)ímì)îsï å�ð ê ñ4x�ëEx ç å�ò ~ ç ê)ó�x ë"x ç å�ò x ç êØô�õ/ö/÷ ì f
å ë x ç j øúù x ì)û x ë x çzü å�ð ê ë x ç å�ò x ç
ý ø å�þ ü j 6 ø þ ü 7zÿ_øúé���������� þ ü å�þ6 ø þ ü j 6 ×�n	� ì�
 þ x��� � x� ø���� ü�� ó 6 ø þ ü j 6 ø Z ü�� ó 6 ø þ ü j 6 ×'n�� 
 þ �� � x� ø���� ü

þ 8 � ø�é � ��� x� ü ø � ü�� ó þ 8���� øúé � ��� x� ü ø�� � ü�� ó ì þ 8 ��øúé � ü ø�� ü
:)á�à�×�ã�ÜMÚ�;3×<à�×�= ��×�àHÚ�Ü æ">�! ?A@	" å ô BUÙ�×�;G× ! Þ�ÜMÝ�Ù�×#��$�ß�D�×';Eá&%NÜGÝGá�âzÙ�Ú�ÜGÝGÞ�âCà�Þ(')$�Ü3Þ�á&�*%�Ú�â�ÝGá�;GÜMÚ&'�×�â�ÝGÞ(��I�Ý�Ù�×Jà�;GÞ(%aÝLK ? Ý�Ù�×#��$�ß�D�×';Má&%�%�Ú�â�ÝGá�;GÜ
Ú&'�×�â'Ý�Þ(��I�Ý�Ù�×RÛ�á�ã�Ú�ÝGÞ�ã�Þ�Ý�ä�á&%4ÝGÙP×�ßV×'Ú&�O;3×�Ý+$P;��O×�Q�$�Ú�Ý�Þ�á&�4K @ â�á&$ ��Ý�ÜYÝ�Ù�×��	$PßSD�×�;Cá&%4T/;GáLB,��Þ�Ú&�OßVá�ÝGÞ�á&��ÜXW":)á�à�×�ã�ÜCBUÞ�Ý�Ù " Ý�áHÞ(��à�Þ�â�Ú�Ý�×RÝGÙ�×
��;G×'ÜG×-��â�×�á&%�Ú/.0$Pß1�2��;Gá�â�×�Ü3ÜXK�BUÞ�Ý�ÙlÝ�Ù�×R=�;3ÜGÝ/ã�×�ÝGÝ�×�;#��×�;3Ý�Ú�Þ(��Þ(��I
Ý�á
Ý�Ù�×RÞ(��Ý�×-��Ü3Þ�Ý�ä�K�Þ�W ×�W å j Z %�á�;Uâ�á&��Ü3Ý�Ú&��ÝLK å j3��� %�á�;/Ú&�O×�n	��á&��×-��ÝGÞ�Ú�ã
Þ(��ÝG×-��ÜGÞ�Ý�ä$Þ(��Û�á�ã�Û�Þ(��I�ÚHQ�$�Ú�à�;3Ú�Ý�Þ�â4%�$ ��â�Ý�Þ�á&�Øá&%EÝ�Ù�×4.�$�ß1�OÜ3Þ�`�×�K å j5��� %�á�;JÚ&�)×�n��ká&�P×6��Ý�Þ�Ú�ãEÞ(��ÝG×-��ÜGÞ�Ý�ä$Þ(��Û�á�ã�Û�Þ(��I�Ú�ã�Þ(��×�Ú�;7%�$ ��â�Ý�Þ�á&�)Ú&��à
å j \ ;3×-%�×�;3ÜYÝ�áOÚ�^1�P×VÜ���×�â�Þ�=�â�Ú�ÝGÞ�á&�PÜ�BUÙ�×�;G×'Ú�Ü ô ÜGÝGÚ&�Pà�Ü8%aá�;JÝGÙ�×4.0$�ß4�)Ü3Þ�`�×Và�Þ�ÜGÝG;GÞ�D $�Ý�Þ�á&��Ú�ã"Ú�Ü3Ü�$Pß1��Ý�Þ�á&��Ü�K ô j � %�á�;9��á�;Gß
Ú�ã�K ô j:�
%�á�;<Ý�Ù�×R×�n	��á&��×-��ÝGÞ�Ú�ã4Ú&��à ô j;�

� %�á�;UÝGÙ�×RÙ�Ú�ã(%�<���á�;Gß
Ú�ã�W´bUÙ�×mÚ�^1��×mß
á�à�×�ã<dse
f�f3g�h�i Ù�Ú�Ü<ÝGÙP×�Þ(��Ý�×6�PÜ3Þ�Ý�ä�= 6 ç j 6 ê 
 ëEx ç W�iJã�ãNß
á�à�×�ã�Ü
B_×�;3×m×�ÜGÝGÞ�ß
Ú�Ý�×�à>$�ÜGÞ(��IVÝ�Ù�×lf�f�f�f�?&@&@&@�Ü3â�á�;3×�W

:)á�à�×�ã dse
f�f  hBA8CED d'eHf�f  hBAEFHG#D dseHf�f  hBA�FHA dseHf�f  h�IHD dse
f�f  h�i
Jé ~ @kW @LK�f�MLK  @kW @&N&O&M&Okf @kW�f�Nkf&K�Mkf @kW @LK3g&O&M&? @kW�f�N&N&Mkf�f

ø @kW @�g�gLK�Pkf�ü ø @kW @LK�@&P�gkf�ü ø @kW @LK�N&@  ?kü ø @kW @  g&Pkf�f�ü ø @kW @�g&P&?&Nkf�ü
Jé x @kW @LK�P�g&N&M @kW @&M&?LK�N&P @kW @  f�?�g&M @kW @&?�g&Okf�N @kW�f&K  g&M&@LQ�f3×-<�O

ø @kW @&P&N�g&O&Nkü ø @kW @&P&O&P&O�gkü ø @kW @LK�@kf�?kf�ü ø @kW @&O&M  M�gkü ø PLK�W ?  P&M&Mkf�ü
Jù x @kW M&NLK&K&K�@ f�W @�g  ?�g&P @kW M&OLK & O f�W @�g�gkf&K�? f�W�f�O&?&M&N&?

ø @kW�f�@&P&P&N&Pkü ø @kW @&N&@�gLK�Mkü ø @kW g&N&M&?�g&?kü ø @kW @&P & ?LK�ü ø @kW�f3g�g&@&@&Pkü
Jû x @kW NLK�@LK�@&P @kW(K�O  ?&Pkf @kW N&?&N&O�g&@ @kW(K3g  K�f&K @kW ?�g&N&N�gkf

ø @kW�f�PLK�?&?&Okü ø @kW @&P&@&N&M&@kü ø @kW g&N&M&M�g&Nkü ø @kW�f�@kf�@�g  ü ø @kW @kf�?LK�?&Pkü
Jñ4x @kW @&@&O&@&?  @kW @&@&O&P&@&@ @kW @&@&N  @&M @kW @&@�g&?&N  @kW @&@&P&Okf&K

ø @kW @kf3g&N&O&Nkü ø @kW @kf  O  gkü ø @kW @&@&PLK3g&Pkü ø @kW @&@&M&?&?&?kü ø @kW @&@&?�g&@&Mkü
Jó�x <�@kW @&M&N�gLK3g <R@kW @&MLK3g&NLK <R@kW @&?&M�gkf�P <�@kW @&MLK&K�f�N <�@kW @&?&M&MLK3g

ø @kW @&@&@&N&M  ü ø @kW @&@&@LK�M&Pkü ø @kW @&@&@&N&@&Pkü ø @kW @&@&@&OLK�Pkü ø @kW @&@&@&O&P  ü
Jé�� <�@kW @  f�O�g&N @kW @kf�@&@�g&P @kW @kf  N&PLK <�@kW @  f&K&K�@ <�@kW @kf�?&Mkf&K

ø @kW @&@&@&N&?&Nkü ø @kW @&Okf�?kf�Nkü ø @kW @&@&@&Nkf�Mkü ø @kW @&@&@LK�N  ü ø @kW @&@kf�N&?kf�ü
J��� @kW @kf�@&O&@�g @kW @kf�?&?  N < @kW @kf�@kf�N&M @kW @&@&M&N&@&?

ø @kW @&@  f�P&Okü ø @kW @�gLK�OLK  ü ø @kW @&@  g&?kf�ü ø @kW @&@  K�Nkf�ü
J6 gkW @&@&@&@�gkf  W M�g&Nkf  g gkW  K�?�g&O&O  W M&M&M&M&?&?  W ?kf�O  M&O

ø @kW  K3gkf�M&@kü ø @kW @  M&M&?&@kü ø @kW g  f&K�N&@kü ø @kW�f�Nkf�O&@&@kü ø @kW�f&K�N&Mkf�?kü
J
 @kW�f�f�P&M&M&PLQ�f3×-<�O @kW @&M&MLK�?  @kW @&@&?&O&O&PLQ�f3×-<�O < @kW @&?&?&MLK�?

ø @kW @&?�gkf�M&Okü ø @kW @&P&Mkf�Okf�ü ø K�W M&O�gkf�f�@kü < ø @kW @&N&O&P&P&Okü
S x f�f�W O&@ f�NkW O&?  PkW P&P f�?kW P&N f�MkW Nkf
à4W %3W g g O O g
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[��¼Ú�à�à�Þ�Ý�Þ�á&�[Ý�á Ý�Ù�× æ">/! ?A@	" ô å Ü���×�â'Þ�=Pâ'Ú�Ý�Þ�á&� ø Ü3×�×)b�Ú�D�ã�×�Ü f�Ú&��à  üJBM×$Ù�ÚLÛ�×O×'ÜGÝGÞ�ßVÚ�ÝG×�à Ý�Ù�×>.�$�ß1�]\3Ü3Ý�á�âzÙPÚ�Ü3Ý�Þ�â)Û�á�ã�Ú�ÝGÞ�ã�Þ�Ý�ä à�Þ(')$�ÜGÞ�á&�
ß
á�à�×�ã�Ü�K�à�×-��á�ÝG×�à æ"> ì>^ ë ! ?A@	" å ô =

å�æ çæ ç j è é ~Mê é y�ë"y ç4ì$íRì$î'ï å�ð ê ñ4x�ë"x ç å�ò ~ ç ê$óPx ëEx ç å�ò x ç ê$ó�y å�ò y ç ê$ô õ/ö ÷ ì f
å ë"x ç j ø�ù x ì$û xXëEx ç ü å�ð ê ëEx ç å�ò x ç
å ë4y ç j ì_û y�ë"y ç å�ð ê å�ò y ç
ý ø å�þ ü j 6 ç 7zÿ_øúé_�������L� þ ü å�þ

þ 8 � øúé � ��� x� ü
ÖØ×`$PÜ3×�à§Ý�Ù�×§f�f�f�f�?&@kf�@ Ü3â�á�;G×�Ú&�Pà Ü3Þ�ßa$�ã�Ú�ÝG×�à f�@&@kK @&@&@Øá�D�ÜG×�;3ÛLÚ�Ý�Þ�á&��ÜXK4BUÞ�Ý�Ù í Ü3×�ÝS×'Q�$�Ú�ã/Ý�áb@kW @  Ú�ÜVBUÞ�ÝGÙ ddc8efP&@&@kW>g�á�;�ÝGÙ�×�Ú�^1��×
Ü���×�â�Þ�=�â�Ú�ÝGÞ�á&��KPB_×8$�Ü3×�à 6 ç j 6 ê 
 ëEx ç

pJqsrLt3u h)iU~A~3x �	jlk hLi_~A~Gy �	jlk hLi �nm�o ~A~Gy �	jlk h)i �nm_o ~A~Gy �	p�k h)i �*m_o ~A~Gy �Bq���� �L� � �'�A�A�A� �L� ~G���z� �A� �L� � ���Axz�A� �L� � ��xG�s�z� �L� � ���z�Ay�x� �L� � ~3�z�AyA��� � �L� � � �AxA�z��� � �L� � xAxz���G�s� � �L� � ~G�s~ � ��� � �L� � x � �'�A�����L� �L� ~3x � �'�Ay � �L� � �'� � �A� ~ � � �'�A�A�A� ~ � �X~GyA�A� � ~ � �A� �s~3xz�� �L� � xzyA�A���A� � �L� �AxAxAxz�A�A��� � �L� �A��xG�A� � � � ~ � xAxz���z�A��� � �L� �zy�xz��xz����� � �L� �A���z�A�s~ �L� �A�3�'� � � ~ � � �A�A�3�'� ~ � � �A�A�A�A� ~ � � �A�A�A�A�� �L� � ~A~3� � ��� � �L� x'~G�AyA�A��� � �L� ~G�s~G�3�'��� � �L� ~��'�A�A�A��� � �L� ~A~G�A�A�s~3���'� ~ � �3�s� � �A� ~ � ~3�A�z�A��x � � ~ � ~��X~G� � � ~ �A� yA�s~ � � ~ � ~G� � �� �L� ~ � �A�AyAy�� � �L� �A�A�A� � ~3� � ~ � �A�A�X~A~ � � � ~ � �A�AyA�s~G��� � ~ � xz�A�A�A�Ay���� � � ~ � � � y�xAxz� � � �� � � y�xz�3�s�zy����'� � ~ � �A�A�A� � � x � xzys~3�z�A� y � �3�'�Ay � � x � � �zyAyA��x� ~A~ � �z�A� � �A�s� � � � xAx � � � �A� � � � ���z�Ay�xAxA� � y � � ���A�G�'����� � �L� �A� xAxAxzy �L� � ~A~��'�s~ �L� � �'���AxAx �L� � � � �3�'� �L� � �'�A� � y� �L� �A� ��xz�A��� � �L� �A� �3�A�s�A� � �L� � ~�� � �3�s� � �L� � ~GyA�3� � � � �L� � ~GyA�AyAy������ � �L� ~G�Ay��z�Ay � �L� ~A~A~GyA�A� � �L� ~3xz�AyA�A� � �L� ~3x'~G�3�sx � �L� ~3xG�'�3�sx� �L� �A� ��x �A� � � �L� � xz�3�X~3xA� � �L� � ys~G���zy�� � �L� � y�� � �Ay�� � �L� � xzyA�AyA������� � �L� � x'~G�A�A� � �L� �A� �'y�� � � �L� �A� � � �Ay � �L� �A� y � ys~� �L� � ~A~G� � ~3� � �L� � �'�A�A�Ay�� � �L� � yA���A�'~3� � �L� � yA�AyA�A������� � �L� � x'~A~ � � � �L� � ~��A�X~3� � �L� � ~G���z��x � �L� � ~G�AyA�3� � �L� � ~G�3�A�'�� �L� �A� ~3�z�A��� � �L� �A� x � �'��� � �L� �A� ~GyA��xA� � �L� �A� xAxAxAxA� � �L� �A� ~Gy��z����� � �L� �A� �A�A�3� �L� � ~Gys~��'� �L� �A� � � xG� �L� �A� � � �z� �L� �A� xA�z�Ay� �L� �A� xz�A�A��� � �L� �A� x'~G�3�s� � �L� �A� ~GyA���A� � �L� �A� ~G�A� � � � �L� �A� ~3� � ����  x � �AyAyA� �A� x � ��x � ��xz� y � � � ���z�A� y � � � � � ~G� x � ���z� � xzy� �L� � x � xz�A��� � �L� � xzy��Ax � � � �L� � ~��'�A�Ay�� � �L� � x'~3x'~G��� � �L� ~3xz�A�3�'����¡ � � � �L� � �3�X~3�z� � ~�t���� x � ~��'���z�A�� �L� � x � ��x'~3� � �L� �'�A�A�AyA���¢ � yAy �L� ��� y�xz� � ~G� �z� � ��x �Ax � xG� ��� � ~3�r � £a� ~Gy ~ � ~A~ ~ � ~ �
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