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This paper examines tools for managing, as opposed to simply monitoring, a 
portfolio’s Value-at-Risk (VaR). These tools include the calculation of VaR 
contribution, marginal VaR and trade risk profiles. We first review the parametric, 
or delta-normal, versions of these tools and then extend them to the simulation-
based, or non-parametric, case. We analyze two sample portfolios: one, consisting 
of foreign exchange contracts, is well-suited for parametric analysis while the 
other, which contains European options, is best addressed with simulation-based 
methods. The limitations of the simulation-based approach, due to the potential 
effects of sampling error, are also discussed.
)LQDQFLDO�LQVWLWXWLRQV�ZRUOGZLGH�KDYH�GHYRWHG�
PXFK�HIIRUW�WR�GHYHORSLQJ�HQWHUSULVH�ZLGH�
V\VWHPV�WKDW�LQWHJUDWH�ILQDQFLDO�LQIRUPDWLRQ�
DFURVV�WKHLU�RUJDQL]DWLRQV�WR�PHDVXUH�WKHLU�
LQVWLWXWLRQ·V�ULVN��3UREDELOLVWLF�PHDVXUHV��VXFK�DV�
9DOXH�DW�5LVN��9D5���DUH�QRZ�ZLGHO\�DFFHSWHG�E\�
ERWK�ILQDQFLDO�LQVWLWXWLRQV�DQG�UHJXODWRUV�IRU�
DVVLJQLQJ�ULVN�FDSLWDO�DQG�PRQLWRULQJ�ULVN��6LQFH�
GHYHORSPHQW�HIIRUWV�KDYH�EHHQ�GULYHQ�ODUJHO\�E\�
UHJXODWRU\�DQG�LQWHUQDO�UHTXLUHPHQWV�WR�UHSRUW�
ULVN�QXPEHUV��WRROV�QHHGHG�WR�XQGHUVWDQG�DQG�
PDQDJH�ULVN�DFURVV�WKH�HQWHUSULVH�KDYH�JHQHUDOO\�
ODJJHG�EHKLQG�WKRVH�GHVLJQHG�WR�PHDVXUH�LW��

0HDVXULQJ�ULVN�LV�D�SDVVLYH�DFWLYLW\��VLPSO\�
NQRZLQJ�RQH·V�9D5�GRHV�QRW�SURYLGH�PXFK�
JXLGDQFH�IRU�PDQDJLQJ�ULVN��,Q�FRQWUDVW��ULVN�
PDQDJHPHQW�LV�D�G\QDPLF�HQGHDYRU�DQG�LW�
UHTXLUHV�WRROV�WKDW�KHOS�LGHQWLI\�DQG�UHGXFH�WKH�
VRXUFHV�RI�ULVN��7KHVH�WRROV�VKRXOG�OHDG�WR�DQ�
HIIHFWLYH�XWLOL]DWLRQ�RI�WKH�ZHDOWK�RI�ILQDQFLDO�
SURGXFWV�DYDLODEOH�LQ�WKH�PDUNHWV�WR�REWDLQ�WKH�
GHVLUHG�ULVN�SURILOHV�

7R�DFKLHYH�WKLV��D�FRPSUHKHQVLYH�ULVN�PDQDJHU·V�
WRRONLW�PXVW�SURYLGH�WKH�DELOLW\�WR

� UHSUHVHQW�FRPSOH[�SRUWIROLRV�VLPSO\

� GHFRPSRVH�ULVN�E\�DVVHW�DQG�RU�ULVN�IDFWRU

� XQGHUVWDQG�KRZ�QHZ�WUDGHV�DIIHFW�WKH�
SRUWIROLR�ULVN

� XQGHUVWDQG�WKH�LPSDFW�RI�LQVWUXPHQWV·�QRQ�
OLQHDULWLHV�DQG�RI�QRQ�QRUPDO�ULVN�IDFWRU�
GLVWULEXWLRQV�RQ�SRUWIROLR�ULVNV

� XQGHUVWDQG�FRPSOH[��QRQ�LQWXLWLYH��PDUNHW�
YLHZV�LPSOLFLW�LQ�WKH�SRUWIROLR�DV�ZHOO�DV�LQ�
WKH�LQYHVWPHQW�SROLF\�RU�PDUNHW�OLTXLGLW\

� JHQHUDWH�SRWHQWLDO�KHGJHV�DQG�RSWLPL]H�
SRUWIROLRV�

5REHUW�/LWWHUPDQ������D������E������D������E��
UHFHQWO\�GHVFULEHG�D�FRPSUHKHQVLYH�VHW�RI�
DQDO\WLFDO�ULVN�PDQDJHPHQW�WRROV�H[WHQGLQJ�VRPH�
RI�WKH�LQVLJKWV�RULJLQDOO\�GHYHORSHG�E\�0DUNRZLW]�
�������DQG�6KDUSH���������'HYHORSHG�LQ�FORVH�
FROODERUDWLRQ�ZLWK�WKH�ODWH�)LVKHU�%ODFN�DQG�KLV�
FROOHDJXHV�DW�*ROGPDQ�6DFKV��WKHVH�WRROV�DUH�
EDVHG�RQ�D�OLQHDU�DSSUR[LPDWLRQ�RI�WKH�SRUWIROLR�
WR�PHDVXUH�LWV�ULVN�DQG�DVVXPH�D�MRLQW�
�ORJ�QRUPDO�GLVWULEXWLRQ�RI�WKH�XQGHUO\LQJ�PDUNHW�
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ULVN�IDFWRUV��VLPLODU�WR�WKH�5LVN0HWULFV�9D5�
PHWKRGRORJ\��-�3��0RUJDQ��������/LWWHUPDQ�
IXUWKHU�HPSKDVL]HG�WKH�GDQJHUV�RI�PDQDJLQJ�ULVN�
XVLQJ�RQO\�VXFK�OLQHDU�DSSUR[LPDWLRQV��+RZHYHU��
LQ�VSLWH�RI�WKHLU�RQHURXV�DVVXPSWLRQV��WKH�LQVLJKWV�
SURYLGHG�E\�WKHVH�WRROV�DUH�YHU\�SRZHUIXO�DQG�
KHQFH�FRQVWLWXWH�D�VROLG�EDVLV�IRU�D�ULVN�
PDQDJHPHQW�WRRONLW���7KH�UHDGHU�LV�DOVR�UHIHUUHG�
WR�WKH�UHODWHG�SDSHUV�E\�0DUN�*DUPDQ��������
������RQ�PDUJLQDO�9D5�DQG�ULVN�GHFRPSRVLWLRQ��

7KLV�LV�WKH�ILUVW�RI�D�VHULHV�RI�SDSHUV�LQ�ZKLFK�ZH�
SUHVHQW�DQ�H[WHQGHG�VLPXODWLRQ�EDVHG�ULVN�
PDQDJHPHQW�WRRONLW�GHYHORSHG�RQ�WRS�RI�WKH�
DQDO\WLFDO�WRROV�SUHVHQWHG�E\�/LWWHUPDQ��
6LPXODWLRQ�EDVHG�WRROV�SURYLGH�DGGLWLRQDO�
LQVLJKWV�ZKHQ�WKH�SRUWIROLR�FRQWDLQV�QRQ�
OLQHDULWLHV��ZKHQ�WKH�PDUNHW�GLVWULEXWLRQV�DUH�QRW�
QRUPDO�RU�ZKHQ�WKHUH�DUH�PXOWLSOH�KRUL]RQV��,Q�
SDUWLFXODU��WKHVH�WRROV�VKRXOG�SURYH�YHU\�XVHIXO�
QRW�RQO\�IRU�PDUNHW�ULVN��EXW�DOVR�IRU�FUHGLW�ULVN��
ZKHUH�WKH�H[SRVXUH�DQG�ORVV�GLVWULEXWLRQV�DUH�
JHQHUDOO\�VNHZHG�DQG�IDU�IURP�QRUPDO��:H�IXUWKHU�
GHPRQVWUDWH�WKDW�VLPXODWLRQ�EDVHG�WRROV�FDQ�EH�
XVHG��VRPHWLPHV�HYHQ�PRUH�HIILFLHQWO\��ZLWK�RWKHU�
ULVN�PHDVXUHV�LQ�DGGLWLRQ�WR�9D5��,QGHHG��WKH\�
DOVR�XQFRYHU�OLPLWDWLRQV�RI�9D5�DV�D�FRKHUHQW�ULVN�
PHDVXUH��DV�KDV�EHHQ�GHPRQVWUDWHG�E\�
$UW]QHU HW DO���������

6LPXODWLRQ�EDVHG�PHWKRGV�WR�PHDVXUH�9D5�
�KLVWRULFDO�RU�0RQWH�&DUOR��DUH�JHQHUDOO\�PXFK�
PRUH�FRPSXWDWLRQDOO\�LQWHQVLYH�WKDQ�SDUDPHWULF�
PHWKRGV��VXFK�DV�WKH�GHOWD�QRUPDO�PHWKRG�
SRSXODUL]HG�E\�5LVN0HWULFV���$GYDQFHV�LQ�
FRPSXWDWLRQDO�VLPXODWLRQ�PHWKRGV�DQG�KDUGZDUH�
KDYH�UHQGHUHG�WKHVH�PHWKRGV�SUDFWLFDO�IRU�
HQWHUSULVH�ZLGH�ULVN�PHDVXUHPHQW��+RZHYHU��LW�LV�
ZLGHO\�EHOLHYHG�WKDW�ULVN�PDQDJHPHQW�WRROV�EDVHG�
RQ�VLPXODWLRQ�DUH�LPSUDFWLFDO�VLQFH�WKH\�UHTXLUH�
VXEVWDQWLDO�DGGLWLRQDO�FRPSXWDWLRQDO�ZRUN�
�'RZG��������:H�GHPRQVWUDWH�WKDW�HIILFLHQW�
FRPSXWDWLRQDO�PHWKRGV�DUH�DYDLODEOH�ZKLFK�
JHQHUDOO\�UHTXLUH�OLWWOH�RU�QR�DGGLWLRQDO�
VLPXODWLRQ�WR�REWDLQ�ULVN�PDQDJHPHQW�DQDO\WLFV�

,Q�WKLV�SDSHU��ZH�H[WHQG�PDUJLQDO�9D5�DQDO\VLV�WR�D�
VLPXODWLRQ�EDVHG�HQYLURQPHQW��FRPSDUH�WKH�
PHWKRG�ZLWK�WKH�SDUDPHWULF�DSSURDFK�DQG�DSSO\�
LW�WR�WZR�SUDFWLFDO�H[DPSOHV��:H�GHPRQVWUDWH�
KRZ�RQH�FDQ�HIILFLHQWO\�REWDLQ�WKH�FKDQJHV�LQ�WKH�

SRUWIROLR�9D5��DV�PHDVXUHG�E\�D�VLPXODWLRQ��WKDW�
UHVXOW�IURP�DGGLQJ�D�VPDOO�DPRXQW��RU�
SHUFHQWDJH��RI�DQ�DVVHW�WR�WKH�SRUWIROLR��:H�VKRZ�
WKDW��VLQFH�9D5�LV�D�KRPRJHQHRXV�IXQFWLRQ�RI�WKH�
SRVLWLRQV��ZH�FDQ�REWDLQ�DQ�DGGLWLYH�SRUWIROLR�
GHFRPSRVLWLRQ�EDVHG�RQ�PDUJLQDO�9D5��DV�LQ�WKH�
SDUDPHWULF�FDVH��:H�DOVR�LQYHVWLJDWH�WKH�WUDGH�
ULVN�SURILOHV�RI�D�VLQJOH�DVVHW�RU�D�FODVV�RI�DVVHWV��
:H�GLVFXVV�WKH�SURSHUWLHV�RI�WKHVH�WRROV��WKH�
HUURUV�WKDW�DULVH�GXH�WR�VDPSOLQJ��WKHLU�OLPLWDWLRQV�
DQG�SRVVLEOH�H[WHQVLRQV�

7KLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��:H�ILUVW�UHYLHZ�
SDUDPHWULF�9D5�DQG�XVH�LWV�DVVRFLDWHG�ULVN�
PDQDJHPHQW�WRROV�WR�DQDO\]H�D�SRUWIROLR�RI�
IRUHLJQ�H[FKDQJH�IRUZDUGV��:H�WKHQ�GHULYH�WKH�
VLPXODWLRQ�EDVHG�WRROV�DQG�GLVFXVV�WKH�SRWHQWLDO�
HIIHFWV�RI�VDPSOLQJ�HUURU��7R�GHPRQVWUDWH�WKH�
PHWKRGRORJ\��ZH�UH�H[DPLQH�WKH�IRUHLJQ�
H[FKDQJH�SRUWIROLR��REWDLQLQJ�UHVXOWV�FRQVLVWHQW�
ZLWK�WKH�SDUDPHWULF�YHUVLRQ��DQG�DOVR�FRQVLGHU�D�
SRUWIROLR�RI�VWRFN�RSWLRQV�IRU�ZKLFK�WKH�
SDUDPHWULF�DSSURDFK�LV�LQDSSURSULDWH��:H�
FRQFOXGH�E\�VXJJHVWLQJ�GLUHFWLRQV�IRU�IXUWKHU�
VWXG\�

Parametric VaR

7KH�SDUDPHWULF��RU�GHOWD�QRUPDO��PHWKRG�IRU�
FDOFXODWLQJ�9D5�DVVXPHV�WKH�H[LVWHQFH�RI�D�VHW�RI�
PDUNHW�ULVN�IDFWRUV�ZKRVH�ORJ�SULFH�FKDQJHV�DUH�
MRLQW�QRUPDOO\�GLVWULEXWHG�ZLWK�]HUR�PHDQ��WKDW�LV��
LI�UN�LV�WKH�ORJ�UHWXUQ�RQ�ULVN�IDFWRU�N��WKHQ�

U a 1����4
���ZKHUH�4
�LV�WKH�FRYDULDQFH�PDWUL[�
RI�ULVN�IDFWRU�UHWXUQV��&RQVLGHU�D�SRUWIROLR�
FRPSRVHG�RI�SRVLWLRQV�[��ZKHUH�[L�LV�WKH�VL]H�RI�WKH�
KROGLQJ�LQ�LQVWUXPHQW�L��IRU�L� ������������1��$V�
VKRZQ�LQ�WKH�$SSHQGL[��WKH�SRUWIROLR·V�
����� ² α���9D5��ZKLFK�ZH�GHQRWH�9D5�[���
LPSOLFLWO\�UHFRJQL]LQJ�LWV�GHSHQGHQFH�RQ�α��LV

����

ZKHUH�4� � 4
�LV�D�VFDOHG�FRYDULDQFH�PDWUL[�

�=α�GHQRWHV�WKH�VWDQGDUG�QRUPDO�]�YDOXH�WKDW�
GHOLPLWV�D�SUREDELOLW\�RI�α LQ�WKH�ULJKW�WDLO��DQG�
P�[���NQRZQ�DV�WKH�9D5�PDS�RI�WKH�SRUWIROLR��LV�
D�YHFWRU�RI�WKH�SRUWIROLR·V�H[SRVXUH�WR�WKH�ULVN�
IDFWRUV��7KH�HOHPHQWV�RI�P�[��HTXDO�WKH�
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=
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α
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PRQHWDU\�YDOXH�RI�WKH�SRUWIROLR·V�SRVLWLRQ�LQ�HDFK�
ULVN�IDFWRU��7KXV��WKH�9D5�PDS�SURYLGHV�D�
UHGXFHG��RU�VLPSOLILHG��YLHZ�RI�WKH�SRUWIROLR�IURP�
D�ULVN�PDQDJHPHQW�SHUVSHFWLYH��1RWH�WKDW�

����

ZKHUH�YHFWRU�PL�LV�WKH�9D5�PDS�RI�RQH�XQLW�RI�WKH�
L�WK�LQVWUXPHQW��L�H��� �LV�WKH�H[SRVXUH�WR�ULVN�

IDFWRU�N�WKDW�UHVXOWV�IURP�KROGLQJ�D�VLQJOH�XQLW�RI�
LQVWUXPHQW�L���(TXDWLRQ ��VKRZV�WKDW�WKH�
SRUWIROLR�9D5�PDS�LV�WKH�VXP�RI�WKH�LQVWUXPHQWV·�
9D5�PDSV��ZHLJKWHG�E\�SRVLWLRQ��

Trade risk profile and best hedge position

.QRZOHGJH�RI�KRZ�9D5�FKDQJHV�ZLWK�SRVLWLRQ�
VL]H�LV�FULWLFDO�IRU�HIIHFWLYH�ULVN�PDQDJHPHQW��,I�ZH�
SORW�WKH�SRUWIROLR�9D5�DJDLQVW�WKH�VL]H�RI�WKH�
SRVLWLRQ�LQ�D�JLYHQ�LQVWUXPHQW�L��DOO�RWKHU�
SRVLWLRQV�EHLQJ�IL[HG���ZH�REWDLQ�WKH�WUDGH�ULVN�
SURILOH��753���$V�VKRZQ�LQ�)LJXUH ���WKH�753�
KDV�D�XQLTXH�PLQLPXP��ZKLFK�RFFXUV�DW�WKH�EHVW�

KHGJH�SRVLWLRQ�� ��7KH�EHVW�KHGJH�SRVLWLRQ�FDQ�
EH�IRXQG�DQDO\WLFDOO\�DV�GHVFULEHG�LQ�WKH�
$SSHQGL[�

�)LJXUH����7UDGH�ULVN�SURILOH

Marginal VaR

0DQDJLQJ�ULVN�UHTXLUHV�DQ�XQGHUVWDQGLQJ�RI�KRZ�
QHZ�WUDGHV�DIIHFW�WKH�SRUWIROLR�ULVN��7KXV��OHW�XV�
QRZ�FRQVLGHU�WKH�FDOFXODWLRQ�RI�WKH�PDUJLQDO�
9D5��ZKLFK�PHDVXUHV�WKH�LPSDFWV�RI�VPDOO�
FKDQJHV�LQ�ULVN�IDFWRU�H[SRVXUHV�RU�LQVWUXPHQW�

SRVLWLRQV�RQ�WKH�SRUWIROLR�9D5��)URP�(TXDWLRQ ���
ZH�ILQG�WKDW�WKH�9D5�JUDGLHQW�ZLWK�UHVSHFW�WR�WKH�
ULVN�IDFWRU�H[SRVXUHV�LV

����

7KH�N�WK�HOHPHQW�RI�∇P9D5�[� LV�WKH�FKDQJH�LQ�
9D5�WKDW�UHVXOWV�IURP�LQFUHDVLQJ�WKH�SRUWIROLR·V�
H[SRVXUH�WR�WKH�N�WK�ULVN�IDFWRU��L�H���PN�[���E\�D�
VLQJOH�PRQHWDU\�XQLW�

6LQFH�WKH�9D5�PDS�RI�WKH�SRUWIROLR�LV�WKH�VXP�RI�
WKH�9D5�PDSV�IRU�WKH�SRVLWLRQV��(TXDWLRQ ����LW�
IROORZV�WKDW�WKH�GHULYDWLYH�RI�9D5�ZLWK�UHVSHFW�WR�
WKH�L�WK�SRVLWLRQ�LV�

����

(TXDWLRQ ��LQGLFDWHV�WKH�FKDQJH�LQ�9D5�GXH�WR�
DGGLQJ�RQH�XQLW�RI�LQVWUXPHQW�L�WR�WKH�SRUWIROLR�
�LI�[L� ���WKHQ�WKLV�FRUUHVSRQGV�WR�UHGXFLQJ�WKH�
VKRUW�SRVLWLRQ���1RWH�WKDW�WKLV�LV�VLPSO\�WKH�
GHULYDWLYH�RI�WKH�WUDGH�ULVN�SURILOH�IRU�LQVWUXPHQW�L�
DW�WKH�FXUUHQW�SRVLWLRQ�[L��

VaR contribution

%\�GHFRPSRVLQJ�9D5��D�ULVN�PDQDJHU�LV�DEOH�WR�
WDUJHW�WKH�PRVW�VLJQLILFDQW�VRXUFHV�RI�ULVN��RU�WKH�
SRUWIROLR·V�VR�FDOOHG�´+RW�6SRWVµ��7KLV�WDVN�LV�
FRPSOLFDWHG�E\�WKH�IDFW�WKDW�9D5�LV�D�VXE�
DGGLWLYH�PHDVXUH��WKH�SRUWIROLR�9D5�LV�W\SLFDOO\�
OHVV�WKDQ�WKH�VXP�RI�WKH�LQGLYLGXDO�SRVLWLRQ�9D5V��
+RZHYHU��VLQFH�9D5�LV�D�KRPRJHQHRXV�IXQFWLRQ�
�L�H��� ���LW�DGPLWV�D�PDUJLQDO�
GHFRPSRVLWLRQ��1RWH�WKDW�LI�ZH�PXOWLSO\�
(TXDWLRQ ��E\�WKH�SRVLWLRQ�DQG�VXP�RYHU�DOO�
KROGLQJV�LQ�WKH�SRUWIROLR��ZH�REWDLQ

����

,Q�(TXDWLRQ ���HDFK�WHUP�LQ�WKH�VXPPDWLRQ�LV�WKH�
SURGXFW�RI�SRVLWLRQ�VL]H�DQG�WKH�UDWH�RI�FKDQJH�RI�
9D5�ZLWK�UHVSHFW�WR�WKDW�SRVLWLRQ��7KLV�HVVHQWLDOO\�
UHSUHVHQWV�WKH�UDWH�RI�FKDQJH�RI�9D5�ZLWK�UHVSHFW�
WR�D�VPDOO�SHUFHQWDJH�FKDQJH�LQ�WKH�VL]H�RI�WKH�
SRVLWLRQ��/HW�XV�GHILQH

P [( ) PL[L
L �=

1

∑=

P L
N

[EKL��

9D5 [( )P∇ 4P [( )
9D5 [( )
------------------=

9D5 [( )∂
[L∂

--------------------- PL( )
7

9D5 [( )P∇( )=

9D5 D[( ) D 9D5 [( )⋅=

�� [L��
9D5 [( )∂

[L∂
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L �=

1

∑ 9D5 [( )=
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WR�EH�WKH�SHUFHQWDJH�FRQWULEXWLRQ�WR�9D5�RI�WKH
L�WK�SRVLWLRQ��(TXDWLRQ ��PXVW�EH�LQWHUSUHWHG�RQ�D�
PDUJLQDO�EDVLV��LW�LQGLFDWHV�WKH�UHODWLYH�
FRQWULEXWLRQV�WR�WKH�FKDQJH�LQ�9D5�WKDW�UHVXOWV�LI�
DOO�SRVLWLRQV�DUH�VFDOHG�E\�WKH�VDPH�DPRXQW��1RWH�
WKDW�DW�WKH�EHVW�KHGJH�SRVLWLRQ��D�SRVLWLRQ·V�
PDUJLQDO�9D5��DQG�WKHUHIRUH�DOVR�LWV�9D5�
FRQWULEXWLRQ��LV�]HUR�

6LPLODUO\��PXOWLSO\LQJ�ERWK�VLGHV�RI�(TXDWLRQ ��E\�
P�[�7�VKRZV�WKDW�9D5�LV�HTXDO�WR�WKH�LQQHU�
SURGXFW�RI�WKH�9D5�PDS�DQG�WKH�9D5�JUDGLHQW�
ZLWK�UHVSHFW�WR�WKH�ULVN�IDFWRU�H[SRVXUHV��:H�FDQ�
WKHUHIRUH�GHILQH

����

WR�EH�WKH�SHUFHQWDJH�FRQWULEXWLRQ�WR�9D5�RI�WKH�
N�WK�ULVN�IDFWRU��$JDLQ��(TXDWLRQ ��PXVW�EH�
LQWHUSUHWHG�RQ�D�PDUJLQDO�EDVLV�

An example FX portfolio

7DEOH ��VKRZV�D�SRUWIROLR�RI�IRUHLJQ�H[FKDQJH�
�);��IRUZDUG�FRQWUDFWV�DV�RI�-XO\����������
6XSSRVH�WKDW�WKH�H[FKDQJH�UDWHV��LQ�86'��DUH�
������&$'���������'(0���������)5)��DQG�
��������-3<���7KH�WRWDO�YDOXH�RI�WKH�SRUWIROLR�LV�
������� 86'�DQG�LWV�RQH�GD\�����9D5�LV�
������ 86'�

)RU�WKLV�H[DPSOH��ZH�HOHFW�WR�XVH�WKH�5LVN0HWULFV�
ULVN�IDFWRU�GDWD�VHW�IRU�FRPSXWLQJ�WKH�SDUDPHWULF�
9D5��7KH�SRUWIROLR·V�9D5�PDS��DORQJ�ZLWK�WKH�

PDUJLQDO�9D5�DQG�9D5�FRQWULEXWLRQ�RI�HDFK�ULVN�
IDFWRU��DUH�VKRZQ�LQ�7DEOH ���7KH�ULVN�IDFWRUV�LQ�
7DEOH ��DUH�VRUWHG�LQ�RUGHU�RI�GHFUHDVLQJ�9D5�
FRQWULEXWLRQ��6LQFH�WKH�IRUZDUGV�DUH�FRQWUDFWV�WR�
SXUFKDVH�IRUHLJQ�FXUUHQF\�ZLWK�86'��WKH�9D5�
PDS�FRQVLVWV�RI�ORQJ�SRVLWLRQV�LQ�);�VSRWV�DQG�
IRUHLJQ�LQWHUHVW�UDWHV��DQG�VKRUW�SRVLWLRQV�LQ�86�
LQWHUHVW�UDWHV��7KH�PDJQLWXGHV�RI�WKHVH�SRVLWLRQV�
LQGLFDWH�WKDW�WKH�SRUWIROLR�KDV�VLJQLILFDQW�
H[SRVXUH�WR�WKH�'(0�86'�H[FKDQJH�UDWH�DQG�
����DQG����GD\�LQWHUHVW�UDWHV�LQ�WKH�86�DQG�
*HUPDQ\��1RWH�WKDW�H[SRVXUH�WR�DQ\�ULVN�IDFWRU�
FDQ�EH�HOLPLQDWHG�E\�XQGRLQJ�WKH�FRUUHVSRQGLQJ�
9D5�PDS�SRVLWLRQ��H�J���&DQDGLDQ�FXUUHQF\�ULVN�
FDQ�EH�UHPRYHG�E\�VHOOLQJ����� PLOOLRQ 86'�
ZRUWK�RI�&DQDGLDQ�GROODUV��

7KH�SULPDU\�VRXUFH�RI�SRUWIROLR�ULVN�LV�FXUUHQWO\�
WKH�'(0�H[SRVXUH��DV�LQGLFDWHG�E\�WKH�IDFW�WKDW�
LW�FRQWULEXWHV�����RI�WKH�9D5��&RQYHUVHO\��WKH�
&$'�H[SRVXUH�LV�DFWXDOO\�DFWLQJ�DV�D�KHGJH�IRU�
WKH�SRUWIROLR��DV�HYLGHQFHG�E\�LWV�QHJDWLYH�9D5�
FRQWULEXWLRQ��²��������)XUWKHUPRUH��WKH�9D5�
JUDGLHQW�LQGLFDWHV�WKDW��DW�WKH�PDUJLQ��WKH�9D5�
FDQ�EH�UHGXFHG�E\����� 86'�IRU�HYHU\�DGGLWLRQDO�
86'�RI�H[SRVXUH�WR�WKH�&DQDGLDQ�GROODU��7KLV�
PD\�EH�VRPHZKDW�VXUSULVLQJ�JLYHQ�WKDW�WKH�
SRUWIROLR�LV�FXUUHQWO\�ORQJ�&$'��LW�LV�D�XVHIXO�
LOOXVWUDWLRQ�RI�WKH�IDFW�WKDW�SRUWIROLR�ULVN�GHSHQGV�
QRW�RQO\�RQ�WKH�LQGLYLGXDO�ULVN�IDFWRUV�
WKHPVHOYHV��EXW�DOVR�RQ�WKHLU�FRUUHODWLRQ��LQ�WKLV�
FDVH��WKH�&DQDGLDQ�GROODU�LV�QHJDWLYHO\�FRUUHODWHG�
ZLWK�WKH�RWKHU�FXUUHQFLHV��

7KH�SUHYLRXV�DQDO\VLV�FRQVLGHUV�WKH�HIIHFWV�RI�
JHQHUDO�PDUNHW�IDFWRUV�RQ�WKH�9D5��7KH�DQDO\VLV�
DW�WKH�SRVLWLRQ�OHYHO��7DEOH ���\LHOGV�FRQVLVWHQW

,QVWUXPHQW &XUUHQF\
'D\V�WR�
0DWXULW\

6WULNH�3ULFH�
�86'�

3RVLWLRQ
�[�����

9DOXH
�[�����86'�

&$'�86'��������G &$' ��� ���� ��� ���

&$'�86'�������G &$' �� ���� ��� ²���

'(0�86'�������G '(0 �� ���� ��� ����

'(0�86'��������G '(0 ��� ���� ��� ²����

)5)�86'�������G )5) �� ���� ��� ����

-3<�86'���������G -3< �� ������ ���� ²���

7DEOH����);�SRUWIROLR

& [L( ) �
9D5 [( )
------------------ �[L�

9D5 [( )∂
[L∂

---------------------× � �����×=

& PN [( )( ) �
9D5 [( )
------------------ �PN [( )� 9D5 [( )∂

PN [( )∂
--------------------- �����××=
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UHVXOWV��7RJHWKHU��WKH�WZR�'(0�FRQWUDFWV�
FRQWULEXWH�DSSUR[LPDWHO\�����RI�WKH�FXUUHQW�
SRUWIROLR�ULVN�ZKLOH�WKH�&$'�FRQWUDFWV��ZLWK�D�
WRWDO�FRQWULEXWLRQ�RI�²�������DFW�DV�D�KHGJH��
1RWH�WKDW�WKHVH�YDOXHV�DJUHH�ZHOO�ZLWK�WKH�9D5�
FRQWULEXWLRQV�RI�WKH�'(0�������DQG�&$'�
�²�������ULVN�IDFWRU�H[SRVXUHV��7KH�PDUJLQDO�
9D5V�LQGLFDWH�WKDW�LQFUHDVLQJ�WKH�SRVLWLRQV�LQ�WKH�
'(0��)5)�DQG�-3<�FRQWUDFWV�UHVXOWV�LQ�JUHDWHU�
SRUWIROLR�ULVN�ZKLOH�D�VLPLODU�LQFUHDVH�LQ�WKH�&$'�
FRQWUDFWV�UHGXFHV�ULVN��7KLV�LV�DOVR�UHIOHFWHG�E\�
WKH�EHVW�KHGJH�SRVLWLRQV��IRU�WKH�'(0��)5)�DQG�
-3<�FRQWUDFWV��WKH�EHVW�KHGJHV�DUH�VPDOOHU�WKDQ�
WKH�FXUUHQW�SRVLWLRQV��DQG�LQ�IDFW�VXJJHVW�VKRUWLQJ�
FRQWUDFWV���EXW�WKH\�DUH�ODUJHU�WKDQ�WKH�FXUUHQW�
SRVLWLRQV�LQ�WKH�FDVH�RI�WKH�&$'�FRQWUDFWV�

7KH�LPSDFW�RI�KROGLQJ�WKH�EHVW�KHGJH�SRVLWLRQ�LQ�
D�JLYHQ�LQVWUXPHQW�FDQ�EH�PHDVXUHG�LQ�WHUPV�RI�
WKH�SHUFHQWDJH�UHGXFWLRQ�LQ�9D5�WKDW�FDQ�EH�
DFKLHYHG��L�H���WKH�UHVXOWLQJ�GHFUHDVH�LQ�9D5�
H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�FXUUHQW�9D5���$W�
WKHLU�EHVW�KHGJH�SRVLWLRQV��WKH�'(0�FRQWUDFWV�
HDFK�UHGXFH�WKH�9D5�E\�DOPRVW�����ZKLOH�HDFK�
&$'�FRQWUDFW�RIIHUV�D�PXFK�VPDOOHU�UHGXFWLRQ�RI�
RQO\�������,Q�PDQ\�FDVHV��KRZHYHU��LW�PD\�VLPSO\�
QRW�EH�IHDVLEOH�WR�KROG�DQ�LQVWUXPHQW�DW�LWV�EHVW�
KHGJH�SRVLWLRQ��)RU�H[DPSOH��EHLQJ�VKRUW�VHYHQ�
PLOOLRQ�XQLWV�RI�'(0�86'�������G�FRQWUDFWV�
PD\�ZHOO�UXQ�FRXQWHU�WR�WKH�XQGHUO\LQJ�
REMHFWLYHV�RI�WKH�SRUWIROLR��7KXV��LW�LV�RIWHQ�XVHIXO�
WR�FRQVXOW�WKH�WUDGH�ULVN�SURILOH��H�J���)LJXUH ���WR�
GHWHUPLQH�WKH�9D5�UHGXFWLRQ�WKDW�FDQ�EH�
DFKLHYHG�ZLWKLQ�SUDFWLFDO�OLPLWDWLRQV�

5LVN�)DFWRU

9D5�0DS�
PN�[�

�[�����86'�

0DUJLQDO�9D5�

�[���²��86'�

9D5�
&RQWULEXWLRQ
&�PN�[��

���

'(0�86'�H[FKDQJH ����� ������ �����

)5)�86'�H[FKDQJH ����� ����� �����

-3<�86'�H[FKDQJH �� ����� ����

86����GD\�UDWH ²����� ²���� ����

*HUPDQ\����GD\�UDWH ����� ���� ����

*HUPDQ\�����GD\�UDWH ��� ���� ����

&DQDGD����GD\�UDWH ��� ���� ����

86�����GD\�UDWH ²��� ²���� ����

86����GD\�UDWH ²����� ���� ����

*HUPDQ\����GD\�UDWH ����� ²���� ����

&DQDGD����GD\�UDWH ��� ���� ����

)UDQFH����GD\�UDWH �� ²���� ����

-DSDQ����GD\�UDWH �� ���� ����

&DQDGD�����GD\�UDWH �� ²���� ����

)UDQFH����GD\�UDWH ����� ²���� ²����

&$'�86'�H[FKDQJH ����� ²���� ²����

7DEOH����5LVN�IDFWRU�GDWD�IRU�WKH�);�SRUWIROLR��UDQNHG�E\�9D5�FRQWULEXWLRQ�

9D5 [( )∂
PN [( )∂

---------------------
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Beyond VaR
�)LJXUH����7UDGH�ULVN�SURILOH�IRU�
'(0�86'�������G

Simulation-based VaR

7KH�VLPXODWLRQ�EDVHG�DSSURDFK�WR�9D5�
FDOFXODWLRQ�UHOLHV�RQ�D�FRPSOHWH�YDOXDWLRQ�RI�WKH�
SRUWIROLR�XQGHU�D�VHW�RI�VFHQDULRV��ZKLFK�PD\�
GHULYH�IURP�KLVWRULFDO�GDWD�RU�D�0RQWH�&DUOR�
VLPXODWLRQ��*LYHQ�D�SDUWLFXODU�´EDVH�FDVHµ�
VFHQDULR��H�J���UHSUHVHQWDWLYH�RI�FXUUHQW�PDUNHW�
FRQGLWLRQV���LW�LV�VWUDLJKWIRUZDUG�WR�FDOFXODWH�WKH�
JDLQ�RU�ORVV�LQ�SRUWIROLR�YDOXH�LQ�HDFK�VFHQDULR��
/HW� GHQRWH�WKH�XQLW�YDOXH�RI�LQVWUXPHQW�L�LQ�

WKH�EDVH�VFHQDULR�DQG� �GHQRWH�LWV�XQLW�YDOXH�LQ�

VFHQDULR�M�DW�VRPH�IXWXUH�WLPH�W��:H�UHIHU�WR� �DV�

D�PDUN�WR�IXWXUH�YDOXH�IRU�LQVWUXPHQW�L��6LQFH�

ZH�DVVXPH�H[FOXVLYHO\�D�RQH�GD\�WLPH�KRUL]RQ�IRU�
FDOFXODWLQJ�9D5��ZH�ZLOO�KHUHDIWHU�GLVSHQVH�ZLWK�
WKH�W�VXSHUVFULSW�WR�LPSURYH�UHDGDELOLW\��/HW�XV�
GHILQH�∆YLM� � �²�YLM�WR�EH�WKH�XQLW�ORVV�RI�
LQVWUXPHQW�L�LQ�VFHQDULR�M��,I�WKH�FXUUHQW�SRVLWLRQ�
LQ�LQVWUXPHQW�L�LV�[L��WKHQ�WKH�ORVV��QRWH�WKDW�D�
JDLQ�LV�D�QHJDWLYH�ORVV��LQFXUUHG�E\�WKH�SRUWIROLR�
LQ�VFHQDULR�M�LV

����

6XSSRVH�WKDW�WKH�OLNHOLKRRG��RU�ZHLJKW��RI�
VFHQDULR�M�LV�SM��,I�ZH�RUGHU�WKH�ORVVHV�IURP�ODUJHVW�
WR�VPDOOHVW��VLQFH�ORVVHV�FDQ�EH�QHJDWLYH�ZKHQ�WKH�
SRUWIROLR�JDLQV�LQ�YDOXH��´VPDOOHVWµ�LV�WDNHQ�KHUH�
WR�PHDQ�´PRVW�QHJDWLYHµ��DQG�FDOFXODWH�WKH�
FXPXODWLYH�VFHQDULR�SUREDELOLW\��WKHQ�WKH�QRQ�
SDUDPHWULF�������²�α���9D5��RU�Q9D5��HTXDOV�
WKH�ORVV�LQ�WKDW�VFHQDULR�IRU�ZKLFK�WKH�FXPXODWLYH�
SUREDELOLW\�ILUVW�PHHWV�RU�H[FHHGV�α��:H�UHIHU�WR�
WKLV�VFHQDULR�DV�WKH�WKUHVKROG�VFHQDULR��7R�
VLPSOLI\�WKH�QRWDWLRQ��ZH�GHQRWH�WKH�WKUHVKROG�
VFHQDULR�VLPSO\�DV�VR��LPSOLFLWO\�UHFRJQL]LQJ�LWV�
GHSHQGHQFH�RQ�[�DQG�α�

)RU�H[DPSOH��FRQVLGHU�D�SRUWIROLR�WKDW�LV�
HYDOXDWHG�RYHU�D�VHW�RI�����VFHQDULRV��7DEOH ��
VKRZV�WKH�ILYH�ODUJHVW�ORVVHV��LQ�GHFUHDVLQJ�RUGHU�
RI�PDJQLWXGH��DORQJ�ZLWK�WKHLU�UHVSHFWLYH�

YRL�

Y WLM

Y WLM

YRL�

/M [( ) [L� YL M∆
L �=

1

∑=

,QVWUXPHQW

0DUJLQDO�9D5�

�[������86'�

9D5�
&RQWULEXWLRQ

&�[L�
���

&XUUHQW�
3RVLWLRQ

[L

�[�����

%HVW�+HGJH�
3RVLWLRQ

�[�����

9D5�
5HGXFWLRQ

���

'(0�86'�������G ����� ���� ��� ²��� ����

'(0�86'��������G ����� ���� ��� ²��� ����

)5)�86'�������G ����� ���� ��� ²���� ����

-3<�86'���������G ���� ��� ���� ²����� ����

&$'�86'��������G ²���� ²��� ��� ��� ���

&$'�86'�������G ²���� ²��� ��� ��� ���

7DEOH�����,QVWUXPHQW�GDWD�IRU�WKH�);�SRUWIROLR��UDQNHG�E\�9D5�FRQWULEXWLRQ�

9D5 [( )∂
[L∂

---------------------
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VFHQDULRV��SUREDELOLWLHV�DQG�FXPXODWLYH�
SUREDELOLWLHV��)RU�WKLV�SDUWLFXODU�SRUWIROLR�DQG�
VFHQDULR�VHW��WKH�����DQG�����Q9D5V�DUH�������
DQG��������UHVSHFWLYHO\��1RWH�WKDW�LQ�WKH�ODWWHU�
FDVH��S�� � S��  ���� ! �����DQG�VR�RQH�PLJKW�
DUJXH�WKDW�VRPH�YDOXH�EHWZHHQ��������DQG�������
SURYLGHV�D�EHWWHU�HVWLPDWH�IRU�WKH�����Q9D5��$�
GLVFXVVLRQ�RI�WKH�PHULWV�RI�VXFK�LQWHUSRODWLRQ�
VFKHPHV�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU��ZH�
VLPSO\�QRWH�WKDW�WKH�DERYH�DSSURDFK�PD\�\LHOG�D�
VPDOOHU�Q9D5��UHODWLYH�WR�LQWHUSRODWHG�YDOXHV��LQ�
VRPH�FDVHV�

:KLOH�YDOXLQJ�WKH�SRUWIROLR�XQGHU�ODUJH�QXPEHUV�
RI�VFHQDULRV�FDQ�EH�D�FRPSXWDWLRQDOO\�LQWHQVLYH�
WDVN��Q9D5�DQDO\VLV�KDV�WKH�GHVLUDEOH�SURSHUW\�RI�
UHTXLULQJ�RQO\�D�VLQJOH�VLPXODWLRQ��2QFH�WKH�
LQVWUXPHQWV·�PDUN�WR�IXWXUH�YDOXHV�KDYH�EHHQ�
REWDLQHG��(TXDWLRQ ��FDQ�EH�XVHG�WR�FDOFXODWH�
ORVVHV�IRU�LQGLYLGXDO�KROGLQJV��DQG�KHQFH�WKH�
SRUWIROLR��XQGHU�VXEVHTXHQW�FKDQJHV�LQ�WKH�
SRVLWLRQV�

Trade risk profile and best hedge position

5HFDOO�WKDW�WKH�WUDGH�ULVN�SURILOH�SORWV�WKH�OHYHO�RI�
ULVN��9D5�RU�Q9D5��DJDLQVW�WKH�SRVLWLRQ�WDNHQ�LQ�
D�SDUWLFXODU�LQVWUXPHQW��,Q�WKH�SDUDPHWULF�FDVH��
WKH�UHVXOWLQJ�FXUYH�LV�VPRRWK�DQG�KDV�D�XQLTXH�
PLQLPXP�DW�WKH�EHVW�KHGJH�SRVLWLRQ��7KH�Q9D5·V�
GHSHQGHQF\�RQ�D�ILQLWH�QXPEHU�RI�VFHQDULRV�
LPSOLHV�WKDW�WKH�QRQ�SDUDPHWULF�WUDGH�ULVN�SURILOH�
�Q753��LV�SLHFHZLVH�OLQHDU��)LJXUH ����$V�VKRZQ�
LQ�WKH�$SSHQGL[��WKH�Q753�FRQVLVWV�RI�PXOWLSOH�
VHJPHQWV��HDFK�FRUUHVSRQGLQJ�WR�D�WKUHVKROG�
VFHQDULR�WKDW�LV�LQ�HIIHFW�IRU�D�JLYHQ�UDQJH�RI�
SRVLWLRQV��8QOLNH�WKH�SDUDPHWULF�FDVH��WKH�Q753�
PD\�KDYH�PXOWLSOH�ORFDO�PLQLPD��DQG�WKHUHIRUH��
ILQGLQJ�WKH�EHVW�KHGJH�SRVLWLRQ��L�H���WKH�JOREDO�

PLQLPXP��� ��PD\�UHTXLUH�FRQVLGHUDEOH�
FRPSXWDWLRQDO�HIIRUW��+RZHYHU��WKLV�HIIRUW�OLHV�
RQO\�LQ�WUDFLQJ�RXW�WKH�Q753��UDWKHU�WKDQ�UH�
SULFLQJ�WKH�LQVWUXPHQWV��DQG�VR�FRPSXWDWLRQDO�
WLPH�LV�W\SLFDOO\�IDU�OHVV�WKDQ�WKDW�UHTXLUHG�IRU�D�
IXOO�VLPXODWLRQ�

�)LJXUH����6LPXODWLRQ�EDVHG�WUDGH�ULVN�SURILOH

Marginal nVaR

2QH�PLJKW�DQWLFLSDWH�WKDW�FDOFXODWLQJ�WKH�
PDUJLQDO�Q9D5�LQYROYHV�PDNLQJ�D�VPDOO�
SRVLWLRQDO�FKDQJH��UH�VLPXODWLQJ�WKH�SRUWIROLR�
DQG�UHFDOFXODWLQJ�Q9D5��)RUWXQDWHO\��WKLV�LV�QRW�
UHTXLUHG��)URP�WKH�GHILQLWLRQ�RI�Q9D5�DV�WKH�ORVV�
LQ�WKH�WKUHVKROG�VFHQDULR

����

LW�IROORZV�WKDW�Q9D5�LV�OLQHDU�LQ�[��/HW�XV�DVVXPH�
IRU�WKH�PRPHQW�WKDW�WKH�WKUHVKROG�VFHQDULR�
UHPDLQV�XQFKDQJHG�IRU�VPDOO�YDULDWLRQV�LQ�WKH�

6FHQDULR
1XPEHU /RVV 3UREDELOLW\

&XPXODWLYH�
3UREDELOLW\

�� ������ ����� �����

�� ����� ����� �����

�� ����� ����� �����

�� ����� ����� �����

�� ����� ����� �����

7DEOH����6LPXODWLRQ�EDVHG�9D5�H[DPSOH

[QEKL����

Q9D5 [( ) [L� Y
L V

R
∆
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1
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SRVLWLRQV��,Q�WKLV�FDVH��WKH�GHULYDWLYH�RI�Q9D5�
ZLWK�UHVSHFW�WR�WKH�L�WK�SRVLWLRQ�LV

�����

7KXV��WKH�L�WK�FRPSRQHQW�RI�WKH�Q9D5�JUDGLHQW�LV�
VLPSO\�WKH�GLIIHUHQFH�EHWZHHQ�WKH�LQVWUXPHQW·V�
YDOXHV�LQ�WKH�EDVH�DQG�WKUHVKROG�VFHQDULRV�

/HW�XV�QRZ�H[DPLQH�WKH�PDUJLQDO�Q9D5�LQ�OLJKW�
RI�WKH�SLHFHZLVH�OLQHDULW\�RI�WKH�Q753��,Q�GRLQJ�
VR��ZH�ZLOO�PDNH�UHIHUHQFH�WR�)LJXUH ���ZKLFK�
LOOXVWUDWHV�WZR�DGMDFHQW�VHJPHQWV�RI�D�Q753�IRU�
VRPH�LQVWUXPHQW�L��,Q�WKLV�FDVH��SRVLWLRQV��[L��RI�
���������DQG�����UHVXOW�LQ�SRUWIROLR�Q9D5�YDOXHV�
RI����������������DQG���������UHVSHFWLYHO\��7KH�
VORSH�RI�WKH�ILUVW�VHJPHQW�LV�²����ZKLOH�WKDW�RI�WKH�
VHFRQG�VHJPHQW�LV�����5HFDOO�WKDW�SRVLWLRQV�LQ�DOO�
LQVWUXPHQWV�RWKHU�WKDQ�L�DUH�KHOG�IL[HG�

6LQFH�WKH�Q753�LV�SLHFHZLVH�OLQHDU��DOO�SRVLWLRQV�
LQ�LQVWUXPHQW�L�WKDW�OLH�RQ�WKH�VDPH�VHJPHQW�KDYH�
DQ�LGHQWLFDO�JUDGLHQW��ZKRVH�L�WK�FRPSRQHQW�LV�
VLPSO\�WKH�VORSH�RI�WKDW�VHJPHQW��WKDW�LV��IRU�DOO�
��� < [L � �����LQFUHDVLQJ��GHFUHDVLQJ��WKH�
SRVLWLRQ�LQ�LQVWUXPHQW�L�E\�D�VXIILFLHQWO\�VPDOO�
DPRXQW�δ�GHFUHDVHV��LQFUHDVHV��WKH�SRUWIROLR�
Q9D5�E\����δ��,Q�WKLV�FDVH��D�´VXIILFLHQWO\�VPDOOµ�
FKDQJH�LQ�SRVLWLRQ�FDQ�EH�FDOFXODWHG�SUHFLVHO\�DV�
D�GHFUHDVH�RI�XS�WR�[L�²�����RU�DQ�LQFUHDVH�RI�XS�WR�

����²�[L��

1RZ�FRQVLGHU�D�SRVLWLRQ�RI�����LQ�LQVWUXPHQW�L��
ZKLFK�FRUUHVSRQGV�WR�D�FKDQJH�LQ�WKH�WKUHVKROG�
VFHQDULR��$V�LV�HYLGHQW�LQ�)LJXUH ���WKH�JUDGLHQW�LV�
QRW�ZHOO�GHILQHG�DW�WKLV�SRLQW��LWV�L�WK�FRPSRQHQW�
FKDQJHV�DEUXSWO\�IURP�²����WR�����7R�GHDO�ZLWK�
WKLV�ODFN�RI�FRQWLQXLW\�LQ�WKH�JUDGLHQW�DW�VXFK�
SRLQWV��LW�LV�QHFHVVDU\�WR�FRQVLGHU�WZR�RQH�VLGHG�
VXE�JUDGLHQWV��,W�VKRXOG�EH�DSSDUHQW��KRZHYHU��
WKDW�NQRZOHGJH�RI�WKH�VORSHV�DQG�HQGSRLQWV�RI�
WKH�VHJPHQWV�FRPSULVLQJ�WKH�Q753�DOORZV�
PDUJLQDO�Q9D5�LQIRUPDWLRQ��DQG�WKH�UDQJH�IRU�
ZKLFK�LW�LV�YDOLG��WR�EH�UHSRUWHG�IRU�DQ\�SRVLWLRQ�

�)LJXUH����7ZR�VHJPHQWV�RI�D�Q753

nVaR contribution

(TXDWLRQ ��LPPHGLDWHO\�SURYLGHV�XV�ZLWK�D�ULVN�
GHFRPSRVLWLRQ�²�Q9D5�LV�WKH�VXP�RI�WKH�SRVLWLRQ�
ORVVHV�LQ�WKH�WKUHVKROG�VFHQDULR��7KXV��WKH�
SHUFHQWDJH�FRQWULEXWLRQ�WR�Q9D5�RI�WKH�L�WK�
SRVLWLRQ�LV�VLPSO\

�����

1RWH�WKDW�(TXDWLRQ ���LV�LGHQWLFDO�WR�(TXDWLRQ ��
LQ�WKDW�WKH�ULVN�FRQWULEXWLRQ�LV�EDVHG�RQ�WKH�
SURGXFW�RI�WKH�SRVLWLRQ�DQG�WKH�PDUJLQDO�Q9D5��
7KXV��DV�LQ�WKH�SDUDPHWULF�FDVH��WKH�DERYH�
GHFRPSRVLWLRQ�PXVW�EH�LQWHUSUHWHG�RQ�D�PDUJLQDO�
EDVLV��,I�ZH�VFDOH�DOO�SRVLWLRQV�E\�VRPH�IDFWRU�
�� � ε���ZKHUH�ε�LV�D�VPDOO�FRQVWDQW��WKHQ�Q9D5�
LQFUHDVHV�E\�DQ�DPRXQW�ε�×�Q9D5�[��DQG�
(TXDWLRQ ���LQGLFDWHV�WKH�UHODWLYH�FRQWULEXWLRQ�RI�
WKH�L�WK�LQVWUXPHQW�WR�WKLV�LQFUHDVH�

Implementation considerations

7KH�VLPXODWLRQ�EDVHG�DSSURDFK�WR�9D5��DV�
GHVFULEHG�LQ�WKLV�SDSHU��GHSHQGV�HQWLUHO\�RQ�WKH�
VFHQDULRV�XVHG�LQ�WKH�VLPXODWLRQ��FKDQJLQJ�WKH�
VFHQDULRV�LV�OLNHO\�WR�\LHOG�GLIIHUHQW�YDOXHV�IRU�
Q9D5�DV�ZHOO�DV�IRU�WKH�UHODWHG�PDUJLQDO�ULVN�
PHDVXUHV��7KXV��LW�LV�LPSRUWDQW�WR�UHFRJQL]H�WKH�
SRVVLEOH�HIIHFWV�RI�VDPSOLQJ�HUURU�RQ�WKH�UHSRUWHG�
YDOXHV��,Q�SDUWLFXODU��ZKLOH�LQFUHDVLQJ�WKH�QXPEHU�
RI�VFHQDULRV�JHQHUDOO\�LPSURYHV�WKH�UHOLDELOLW\�RI�
Q9D5�DV�DQ�HVWLPDWH�RI�WKH�WUXH�9DOXH�DW�5LVN��
WKH�PDUJLQDO�Q9D5��DQG�VLPLODUO\��WKH�Q9D5�
FRQWULEXWLRQ��PD\�VWLOO�H[KLELW�FRQVLGHUDEOH�

�Q9D5 [( )∂
[L∂

-------------------------- Y
LV

R
∆=

Q& [L( ) �
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YDULDELOLW\�DV�PRUH�VFHQDULRV�DUH�VDPSOHG��7R�
LPSURYH�WKH�DFFXUDF\�RI�WKHVH�YDOXHV��ZH�SURSRVH�
XVLQJ�D�VPRRWK�DSSUR[LPDWLRQ�WR�WKH�Q753�

The problem: sensitivity to the threshold scenario

5HFDOO�IURP�(TXDWLRQ ���WKDW�WKH�PDUJLQDO�Q9D5�
LV�GHWHUPLQHG�H[FOXVLYHO\�E\�DQ�LQVWUXPHQW·V�
YDOXHV�LQ�WKH�EDVH�DQG�WKUHVKROG�VFHQDULRV��
2EWDLQLQJ�FRQVLVWHQW�PDUJLQDO�Q9D5�HVWLPDWHV��
WKHQ��UHTXLUHV�WKDW�VFHQDULRV�UHVXOWLQJ�LQ�VLPLODU�
ORVVHV�DOVR�KDYH�VLPLODU�PDUN�WR�IXWXUH�YDOXHV�IRU�
WKH�LQVWUXPHQWV��+RZHYHU��WKLV�PD\�QRW�KROG�LQ�
SUDFWLFH��DV�LOOXVWUDWHG�E\�WKH�IROORZLQJ�H[DPSOH��
&RQVLGHU�D�SRUWIROLR�FRQVLVWLQJ�RI�RQO\�WZR�
SRVLWLRQV�WKDW�LV�VLPXODWHG�RYHU�WZR�VFHQDULRV�
�7DEOH ����7KH�SRUWIROLR�KDV�DQ�LGHQWLFDO�YDOXH�
�DQG�WKHUHIRUH�DQ�LGHQWLFDO�ORVV��LQ�ERWK�
VFHQDULRV��\HW�WKH�LQVWUXPHQWV·�PDUN�WR�IXWXUH�
YDOXHV��DQG�WKH�PDUJLQDO�Q9D5V��DUH�TXLWH�
GLIIHUHQW��7KHUHIRUH��WKH�PDUJLQDO�Q9D5�LV�
H[WUHPHO\�VHQVLWLYH�WR�WKH�WKUHVKROG�VFHQDULR�

6LQFH�DQ�LQVWUXPHQW·V�PDUJLQDO�Q9D5�HTXDOV�WKH�
VORSH�RI�WKH�Q753�IRU�WKDW�LQVWUXPHQW�DW�WKH�
FXUUHQW�SRVLWLRQ��LW�IROORZV�WKDW�DGMDFHQW�
VHJPHQWV�RI�WKH�Q753�FDQ�KDYH�PDUNHGO\�
GLIIHUHQW�VORSHV��UHFDOO�IURP�)LJXUH ��WKDW�
DGMDFHQW�VHJPHQWV�RI�WKH�Q753�PHHW�DW�SRLQWV�
ZKHUH�WKH�UHVSHFWLYH�WKUHVKROG�VFHQDULRV�LQFXU�
WKH�VDPH�ORVV���,QFUHDVLQJ�WKH�QXPEHU�RI�
VFHQDULRV�WHQGV�WR�VKRUWHQ�WKH�DYHUDJH�OHQJWK�RI�
VHJPHQWV�FRPSULVLQJ�WKH�Q753��+RZHYHU��
DGMDFHQW�VHJPHQWV�GR�QRW�QHFHVVDULO\�EHFRPH�
EHWWHU�´DOLJQHGµ�LQ�WKH�VHQVH�RI�KDYLQJ�VLPLODU�
VORSHV��7KXV��WKH�PDUJLQDO�Q9D5�PD\�QRW�H[KLELW�
WKH�FRQYHUJHQFH�WKDW�PLJKW�EH�H[SHFWHG�DV�PRUH�
VFHQDULRV�DUH�VDPSOHG�

The solution: smoothing the nTRP

)LWWLQJ�D�VPRRWK�FXUYH�WR�WKH�Q753��DQG�WKHQ�
WDNLQJ�WKH�GHULYDWLYH�RI�WKLV�FXUYH��WHQGV�WR�
SURYLGH�D�PRUH�UREXVW�HVWLPDWH�RI�WKH�WUXH�
PDUJLQDO�9D5��(VVHQWLDOO\��WKLV�DSSURDFK�UHPRYHV�
WKH�´QRLVHµ�WKDW�LV�SUHVHQW�LQ�WKH�Q753�

2QH�PLJKW�FRQVLGHU�XVLQJ�VSOLQHV�RU�ILWWLQJ�D�
SRO\QRPLDO�IXQFWLRQ��3L�[L���WR�WKH�Q753�RI�
LQVWUXPHQW�L��VSHFLILFDOO\��WR�WKH�HQGSRLQWV�RI�WKH�
VHJPHQWV��LQ�WKH�OHDVW�VTXDUHV�VHQVH��&OHDUO\��WKH�
GHJUHH�RI�3L�[L��VKRXOG�EH�FKRVHQ�VR�WKDW�WKH�
FXUYH�SURYLGHV�D�UHDVRQDEOH�DSSUR[LPDWLRQ�WR�WKH�
Q753��ZLWKRXW�RYHU�ILWWLQJ�WKH�SRLQWV��$�YLVXDO�
FRPSDULVRQ�RI�WKH�WZR�FXUYHV�ZLOO�JHQHUDOO\�
HVWDEOLVK�WKH�VXLWDELOLW\�RI�3L�[L��IRU�WKH�UDQJH�RI�
SRVLWLRQV�EHLQJ�FRQVLGHUHG��)URP�WKLV�
DSSUR[LPDWLRQ��RQH�FDQ�WKHQ�REWDLQ�WKH�
IROORZLQJ�HVWLPDWHV�

� PDUJLQDO�Q9D5�DW�SRVLWLRQ�[L

� EHVW�KHGJH�SRVLWLRQ

� Q9D5�FRQWULEXWLRQ�DW�SRVLWLRQ�[

�����

,QVWUXPHQW 3RVLWLRQ
6FHQDULR����

PDUN�WR�IXWXUH�
YDOXHV

6FHQDULR����
PDUN�WR�IXWXUH�

YDOXHV

� ��� �� �

� �� �� ��

3RUWIROLR ����� �����

7DEOH����6DPSOH�WZR�LQVWUXPHQW�SRUWIROLR
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The FX portfolio revisited

7R�FRPSDUH�WKH�SDUDPHWULF�DQG�VLPXODWLRQ�EDVHG�
9D5�DQDO\VHV��WKH�);�SRUWIROLR�ZDV�VLPXODWHG�
RYHU�D�VHW�RI�������0RQWH�&DUOR�VFHQDULRV��7KH�
RQH�GD\�����Q9D5�LV������� 86'��ZKLFK�GLIIHUV�
IURP�WKH�SDUDPHWULF�YDOXH�E\�OHVV�WKDQ�����7KH�
UHVXOWLQJ�ORVV�KLVWRJUDP�LV�DSSUR[LPDWHG�ZHOO�E\�D�
QRUPDO�GLVWULEXWLRQ��)LJXUH ���DQG�WKH�Q9D5�
DQDO\VLV��7DEOH ���LV�FRQVLVWHQW�ZLWK�LWV�
SDUDPHWULF�FRXQWHUSDUW�LQ�7DEOH ���7KH�ILQDO�
FROXPQ�RI�7DEOH ��JLYHV�WKH�UDQJH�IRU�ZKLFK�WKH�
PDUJLQDO�Q9D5�UHPDLQV�XQFKDQJHG��L�H���WKH�
´OHQJWKµ�RI�WKH�FXUUHQW�VHJPHQW�RI�WKH�Q753�IRU�
HDFK�LQVWUXPHQW���1RWH�WKH�FORVH�DJUHHPHQW�
EHWZHHQ�WKH�SDUDPHWULF�DQG�VLPXODWLRQ�EDVHG�
WUDGH�ULVN�SURILOHV�IRU�'(0�86'�������G�
�)LJXUH ���

�)LJXUH����'LVWULEXWLRQ�RI�ORVVHV�IRU�WKH�);�
SRUWIROLR�ZLWK�EHVW�QRUPDO�DSSUR[LPDWLRQ

�������VFHQDULRV�

�)LJXUH����753�DQG�Q753�IRU�'(0�86'�������G

Example - the NIKKEI portfolio

7DEOH ��VKRZV�D�SRUWIROLR�WKDW�LPSOHPHQWV�D�
EXWWHUIO\�VSUHDG�RQ�WKH�1,..(,�LQGH[��DV�RI�
-XO\ ���������,Q�DGGLWLRQ�WR�FRPPRQ�VKDUHV�RI�
.RPDWVX��FXUUHQW�SULFH�������� -3<��DQG�
0LWVXELVKL��FXUUHQW�SULFH�������� -3<���WKH�
SRUWIROLR�LQFOXGHV�VHYHUDO�(XURSHDQ�FDOO�DQG�SXW�
RSWLRQV�RQ�WKHVH�HTXLWLHV��7KH�WRWDO�YDOXH�RI�WKH�
SRUWIROLR�LV������� PLOOLRQ -3<�DQG�LWV�SDUDPHWULF�
RQH�GD\�����9D5�LV���� PLOOLRQ -3<�

7KLV�SRUWIROLR��ZKLFK�PD\�EH�UHSUHVHQWDWLYH�RI�
WKH�SRVLWLRQV�KHOG�E\�D�WUDGLQJ�GHVN��PDNHV�
H[WHQVLYH�XVH�RI�RSWLRQV�WR�DFKLHYH�WKH�GHVLUHG�
SD\RII�SURILOH��$�KLVWRJUDP�VKRZLQJ�WKH�
GLVWULEXWLRQ�RI�ORVVHV�RYHU�D�VHW�RI�������0RQWH�
&DUOR�VFHQDULRV��)LJXUH ���LQGLFDWHV�WKDW�WKH�
QRUPDO�GLVWULEXWLRQ�ILWV�WKH�GDWD�SRRUO\��DQG�WKDW�
WKH�SDUDPHWULF�9D5�LV�OLNHO\�WR�RYHU�HVWLPDWH�WKH�
WUXH�9DOXH�DW�5LVN��,QGHHG��VLPXODWLQJ�WKH�
SRUWIROLR�RYHU�WKHVH�������VFHQDULRV�UHVXOWV�LQ�D�
RQH�GD\�����Q9D5�RI���� PLOOLRQ -3<��UHIOHFWLQJ�
WKH�IDFW�WKDW�WKH�SRUWIROLR�LV�ZHOO�KHGJHG��%HFDXVH�
WKH�SDUDPHWULF�9D5�PHDVXUHV�WKH�ULVN�SRRUO\�LQ�
WKLV�FDVH��ZH�SHUIRUP�RQO\�D�VLPXODWLRQ�EDVHG�
DQDO\VLV�

�)LJXUH����'LVWULEXWLRQ�RI�ORVVHV�IRU�WKH�1,..(,�
SRUWIROLR�ZLWK�EHVW�QRUPDO�DSSUR[LPDWLRQ

�������VFHQDULRV�

:H�FRPSXWH�WKH�FRQWULEXWLRQV��PDUJLQDO�Q9D5V�
DQG�EHVW�KHGJH�SRVLWLRQV�XVLQJ�D�SXUH�QRQ�
SDUDPHWULF�DSSURDFK��L�H���FRUUHVSRQGLQJ�WR�WKH�
SLHFHZLVH�OLQHDU�Q753���DV�ZHOO�DV�D�WKLUG�RUGHU�
Beyond VaR
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Beyond VaR
SRO\QRPLDO�DSSUR[LPDWLRQ�WR�WKH�Q753��7KLV�
DQDO\VLV�LV�VXPPDUL]HG�LQ�7DEOH ���7KH�UHVXOWV�RI�
WKH�SRO\QRPLDO�DSSUR[LPDWLRQ�DSSHDU�LQ�
SDUHQWKHVHV�

7KH�PDJQLWXGHV�RI�WKH�Q9D5�FRQWULEXWLRQV�DUH�
TXLWH�ODUJH��UDQJLQJ�IURP�²�������0LWVXELVKL�
3VHS��������WR��������.RPDWVX�&MXQ��������
7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�SRUWIROLR�LV�KLJKO\�
OHYHUDJHG�DQG�ZHOO�KHGJHG��VR�WKDW�WKH�ULVNV�
LQFXUUHG�E\�LQGLYLGXDO�SRVLWLRQV�WHQG�WR�RIIVHW�

HDFK�RWKHU�WR�D�ODUJH�H[WHQW��,Q�SDUWLFXODU��
FRQVLGHULQJ�WKH�UHODWLYH�VL]HV�RI�WKH�SRVLWLRQV�LQ�
WKH�SRUWIROLR��QRWH�WKDW�WKH�.RPDWVX�&MXQ������
SRVLWLRQ�VWDQGV�WR�JDLQ�FRQVLGHUDEO\�LI�WKH�PDUNHW�
DSSUHFLDWHV�ZKLOH�WKH�0LWVXELVKL�3VHS�������
SRVLWLRQ�DFWV�LQ�WKH�RSSRVLWH�PDQQHU��0RUH�
JHQHUDOO\��DV�LQGLFDWHG�E\�WKHLU�QHJDWLYH�
FRQWULEXWLRQV��WKH�WZR�VKRUW�FDOOV�DQG�WKH�WZR�
ORQJ�SXWV�DFW�DV�D�KHGJH�IRU�WKH�SRUWIROLR��
SURWHFWLQJ�DJDLQVW�GURSV�LQ�WKH�1,..(,�LQGH[��

,QVWUXPHQW

0DUJLQDO�
Q9D5

�[������86'�

Q9D5�
&RQWULEXWLRQ

Q&�[L�
���

&XUUHQW�
3RVLWLRQ

[L

�[�����

%HVW�
+HGJH�
3RVLWLRQ

�[�����

Q9D5�
5HGXFWLRQ�

���

9DOLG�5DQJH�
IRU�0DUJLQDO�

Q9D5
�[�����

'(0�86'�������G ����� ���� ��� ²��� ���� >��������@

'(0�86'��������G ����� ���� ��� ²��� ���� >��������@

)5)�86'�������G ����� ���� ��� ²���� ���� >���������@

-3<�86'���������G ���� ��� ���� ²����� ���� >²����������@

&$'�86'��������G ²����� ²��� ��� ��� ��� >²��������@

&$'�86'�������G ²����� ²��� ��� ��� ��� >²��������@

7DEOH����Q9D5�DQDO\VLV�IRU�WKH�);�SRUWIROLR��������VFHQDULRV�

�Q9D5 [( )∂
[L∂
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,QVWUXPHQW 7\SH
'D\V�WR�
0DWXULW\

6WULNH�3ULFH�
�[�����-3<�

3RVLWLRQ
�[�����

9DOXH�
�[�����-3<�

.RPDWVX (TXLW\ Q�D Q�D ��� ���������

0LWVXELVKL� (TXLW\ Q�D Q�D ��� ���������

.RPDWVX�&MXO������ &DOO � ��� ²���� ²������

0LWVXELVKL�&MXO������ &DOO � ��� ²���� ²�������

0LWVXELVKL�&VHS������ &DOO �� ��� ��� �������

0LWVXELVKL�(&��PR���� &DOO ��� ��� ���� �������

.RPDWVX�&MXQ����� &DOO ��� ��� ��� ���������

.RPDWVX�&MXQ����� &DOO ��� ��� ���� ���������

.RPDWVX�3DXJ������ 3XW �� ��� ²���� ²������

.RPDWVX�3DXJ������ 3XW �� ��� ���� �������

0LWVXELVKL�3VHS������ 3XW �� ��� ���� ���������

7DEOH����1,..(,�SRUWIROLR
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Beyond VaR
7KH�FRQWULEXWLRQV��DQG�WKH�PDUJLQDO�Q9D5V��
FDOFXODWHG�XVLQJ�WKH�SRO\QRPLDO�DSSUR[LPDWLRQ�
WR�WKH�Q753�DUH�URXJKO\�KDOI�WKH�VL]H�RI�WKRVH�
REWDLQHG�E\�WKH�SXUH�QRQ�SDUDPHWULF�DSSURDFK��
$V�ZLOO�EH�GLVFXVVHG�VKRUWO\��WKLV�LV�GXH�WR�WKH�
VPRRWKLQJ�HIIHFWV�RI�WKH�DSSUR[LPDWLRQ��1RWH��
KRZHYHU��WKDW�WKH�UHODWLYH�VL]HV�RI�WKH�
FRQWULEXWLRQV�DPRQJ�DOO�LQVWUXPHQWV�DUH�WKH�VDPH�
LQ�ERWK�FDVHV��L�H���WKH\�\LHOG�DQ�LGHQWLFDO�UDQNLQJ�
RI�WKH�LQVWUXPHQWV�LQ�WHUPV�RI�WKH�Q9D5�
FRQWULEXWLRQ��

%DVHG�RQ�WKH�PDUJLQDO�Q9D5��WKH�PRVW�DWWUDFWLYH�
SRVVLELOLWLHV�IRU�ORZHULQJ�WKH�RYHUDOO�SRUWIROLR�ULVN�

LQFOXGH�DQ\�RQH�RI�WKH�IROORZLQJ�WUDGHV��UHGXFLQJ�
WKH�FXUUHQW�KROGLQJV�LQ�.RPDWVX�&MXQ������RU�
.RPDWVX�&MXQ�������VHOOLQJ�RQH�RI�WKH�FRPPRQ�
VWRFNV��RU�VKRUWLQJ�DGGLWLRQDO�FDOOV�RQ�0LWVXELVKL�
�L�H���0LWVXELVKL�&MXO���������3XUFKDVLQJ�
DGGLWLRQDO�XQLWV�RI�0LWVXELVKL�3VHS�������LV�DOVR�D�
SURPLVLQJ�RSWLRQ�

,I�LW�LV�IHDVLEOH�WR�KROG�DQ�LQVWUXPHQW�DW�LWV�EHVW�
KHGJH�SRVLWLRQ��WKHQ�.RPDWVX�&MXQ������RIIHUV�
WKH�JUHDWHVW�SRWHQWLDO�IRU�UHGXFLQJ�ULVN��L�H���D�
UHGXFWLRQ�RI���������1RWH�WKH�FORVH�DJUHHPHQW�
EHWZHHQ�WKH�EHVW�KHGJH�SRVLWLRQV�DV�GHWHUPLQHG�
E\�WKH�Q753�DQG�E\�WKH�SRO\QRPLDO�
DSSUR[LPDWLRQ�

,QVWUXPHQW

Q9D5�
&RQWULEXWLRQ

Q&�[L�
���

0DUJLQDO�Q9D5

�-3<�

&XUUHQW�
3RVLWLRQ

[L

�[�����

%HVW�+HGJH�
3RVLWLRQ�

�[�����

Q9D5�
5HGXFWLRQ

���

.RPDWVX�&MXQ����� ����
������

����
������

���� ����
������

����
������

.RPDWVX�&MXQ����� ���
�����

����
�����
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�����

����
������

0LWVXELVKL�&VHS������ ���
�����

����
�����

��� ���
�����

����
������

0LWVXELVKL�(&��PR���� ���
�����
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�����
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�����

����
������

.RPDWVX ���
�����

����
�����

��� ²���
�²����

����
������

0LWVXELVKL ���
����
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�����
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.RPDWVX�3DXJ������ ��
����
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²���� ����
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������

.RPDWVX�&MXO������ ²��
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����

²���� ²�����
�²������
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.RPDWVX�3DXJ������ ²���
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0LWVXELVKL�&MXO������ ²����
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����
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0LWVXELVKL�3VHS������ ²����
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7DEOH����$QDO\VLV�RI�WKH�1,..(,�SRUWIROLR�EDVHG�RQ�������VFHQDULRV�
�UHVXOWV�RI�SRO\QRPLDO�DSSUR[LPDWLRQ�LQ�SDUHQWKHVHV�
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Beyond VaR
Smoothing and the polynomial approximation

)LJXUH ��VKRZV�WKH�Q753�DQG�LWV�SRO\QRPLDO�
DSSUR[LPDWLRQ�IRU�RQH�RI�WKH�0LWVXELVKL�FDOO�
RSWLRQV��$W�WKH�FXUUHQW�SRVLWLRQ�����������WKH�
Q753�LV�PRUH�VWHHSO\�VORSHG�WKDQ�WKH�
SRO\QRPLDO��ZKLFK�UHVXOWV�LQ�D�ODUJHU�PDUJLQDO�
Q9D5��L�H�������YHUVXV�������1RWH�WKDW�VPRRWKLQJ�
FRXQWHUDFWV�GLVFUHSDQFLHV�FDXVHG�E\�WKH�
SLHFHZLVH�OLQHDULW\�RI�WKH�Q753��7KLV�LV�
SDUWLFXODUO\�HYLGHQW�DW�D�SRVLWLRQ�RI��������KHUH��
WKH�Q753�VORSHV�XSZDUGV��LPSO\LQJ�D�SRVLWLYH�
PDUJLQDO�Q9D5��ZKLOH�WKH�QHJDWLYH�PDUJLQDO�
Q9D5�GHULYHG�IURP�WKH�DSSUR[LPDWLRQ�LV�PRUH�
FRQVLVWHQW�ZLWK�WKH�JHQHUDO�VKDSH�RI�WKH�WUDGH�
ULVN�SURILOH�

�)LJXUH����Q753�DQG�SRO\QRPLDO�DSSUR[LPDWLRQ�
IRU�0LWVXELVKL�(&��PR����

7R�LOOXVWUDWH�WKH�HIIHFWV�RI�LQFUHDVLQJ�WKH�QXPEHU�
RI�VFHQDULRV�RQ�WKH�Q753��WKH�1,..(,�SRUWIROLR�
ZDV�DOVR�VLPXODWHG�RYHU�������DQG�������
VFHQDULRV��7KHVH�VFHQDULR�VHWV�DUH�REWDLQHG�E\�
ILUVW�DGGLQJ��������DQG�WKHQ�D�IXUWKHU�������
VFHQDULRV�WR�WKH�LQLWLDO�VFHQDULR�VHW��)LJXUH ��SORWV�
WKH�������VFHQDULR�Q753�DORQJ�ZLWK�HDFK�RI�WKH�
SRO\QRPLDO�DSSUR[LPDWLRQV��7KH�FXUYHV�WHQG�WR�
VKLIW�GRZQZDUGV��VXJJHVWLQJ�D�VPDOOHU�Q9D5��DV�
WKH�QXPEHU�RI�VFHQDULRV�LV�LQFUHDVHG��+RZHYHU��
ZH�QRWH�WKDW�WKH\�UHPDLQ�ZLWKLQ�WKH�����
FRQILGHQFH�LQWHUYDO�IRU�Q9D5��FDOFXODWHG�IRU�WKH�
������VFHQDULR�VLPXODWLRQ��DW�WKH�FXUUHQW�
���������DQG�EHVW�KHGJH�SRVLWLRQV����������:KLOH�
LQFUHDVLQJ�WKH�QXPEHU�RI�VFHQDULRV�FUHDWHV�PRUH�
VHJPHQWV�LQ�WKH�Q753��FRPSDUH�)LJXUHV ��
DQG ����VDPSOLQJ�HUURU�UHPDLQV�D�FRQFHUQ�HYHQ�DW�

WKH�������VFHQDULR�OHYHO��L�H���RQH�FDQ�ILQG�
VHJPHQWV�RQ�WKH�Q753�ZKRVH�VORSHV�DUH�
LQFRQVLVWHQW�ZLWK�WKRVH�RI�WKH�SRO\QRPLDO�
DSSUR[LPDWLRQ���,Q�FRQWUDVW��WKH�DSSUR[LPDWLRQV�
WHQG�WR�SURYLGH�PRUH�FRQVLVWHQW�JUDGLHQW�
LQIRUPDWLRQ��

,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�HYHQ�ZKHQ�
XVLQJ�WKH�SRO\QRPLDO�DSSUR[LPDWLRQ��ZH�REVHUYH�
LQFRQVLVWHQFLHV�LQ�WKH�Q9D5�FRQWULEXWLRQV��L�H���D�
SRVLWLRQ�WKDW�FRQWULEXWHV�SRVLWLYHO\�WR�9D5�LQ�RQH�
DQDO\VLV�LV�IRXQG�WR�KDYH�D�QHJDWLYH�FRQWULEXWLRQ�
LQ�DQRWKHU���6LQFH�WKH�SRUWIROLR�Q9D5�LV�
H[WUHPHO\�VPDOO�UHODWLYH�WR�WKH�LQGLYLGXDO�
SRVLWLRQ�Q9D5V�LQ�WKLV�FDVH��VOLJKW�HUURUV�LQ�WKH�
SRO\QRPLDO�DSSUR[LPDWLRQV�PD\�FRPELQH�WR�
FKDQJH�WKH�VLJQ�RI�WKH�GHQRPLQDWRU�LQ�
(TXDWLRQ ����7KLV�VKRXOG�RQO\�EH�YLHZHG�DV�D�
FRQFHUQ�IRU�ZHOO�KHGJHG��KLJKO\�OHYHUDJHG�
SRUWIROLRV��VXFK�DV�WKH�RQH�FRQVLGHUHG�LQ�WKLV�
H[DPSOH��UDWKHU�WKDQ�IRU�SRUWIROLRV�FRQWDLQLQJ�
RSWLRQV�LQ�JHQHUDO�

�)LJXUH����Q753�DQG�SRO\QRPLDO�DSSUR[LPDWLRQV�
IRU�0LWVXELVKL�(&��PR����

Conclusions

7KLV�SDSHU�KDV�H[DPLQHG�WRROV�IRU�9D5�EDVHG�ULVN�
PDQDJHPHQW��7RROV�IRU�GHFRPSRVLQJ�9D5��
DVVHVVLQJ�LWV�PDUJLQDO�LPSDFWV�DQG�FRQVWUXFWLQJ�
EHVW�KHGJHV��DOORZ�PDQDJHUV�WR�XQGHUVWDQG�WKH�
VRXUFHV�RI�ULVN�EHWWHU�DQG�WR�PDQLSXODWH�WKH�
SRUWIROLR�WR�HIIHFW�WKH�GHVLUHG�FKDQJHV�LQ�ULVN��
7KH�DQDO\WLFDO�WHFKQLTXHV�WKDW�GHULYH�IURP�WKH�
SDUDPHWULF��RU�GHOWD�QRUPDO��9D5�IRUP�WKH�EDVLV�
RI�D�ULVN�PDQDJHU·V�WRRONLW�ZKHQ�GHDOLQJ�ZLWK�

Current�
Position
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SRUWIROLRV�RI�OLQHDU�LQVWUXPHQWV��7KH�VLPXODWLRQ�
EDVHG�WRROV�GHYHORSHG�LQ�WKLV�SDSHU�H[WHQG�WKHVH�
FDSDELOLWLHV�WR�SRUWIROLRV�WKDW�FRQWDLQ�QRQ�
OLQHDULWLHV�RU�DUH�VXEMHFW�WR�QRQ�QRUPDO�PDUNHW�
GLVWULEXWLRQV��$Q�DWWUDFWLYH�IHDWXUH�RI�WKHVH�
PHWKRGV�LV�WKHLU�QHHG�IRU�RQO\�D�VLQJOH�VLPXODWLRQ�
WR�REWDLQ�WKH�PDUN�WR�IXWXUH�YDOXHV�RI�WKH�
LQVWUXPHQWV��)XUWKHUPRUH��LW�LV�VWUDLJKWIRUZDUG�WR�
LQFRUSRUDWH�QHZ�LQVWUXPHQWV�LQWR�WKH�DQDO\VLV�E\�
VLPXODWLQJ�WKHP�LQGHSHQGHQWO\�RI�WKH�SRUWIROLR�
LWVHOI��7KXV��ZKLOH�RXU�DQDO\VHV�FRQVLGHUHG�
WUDGLQJ�RQO\�WKRVH�LQVWUXPHQWV�FXUUHQWO\�KHOG�LQ�
WKH�SRUWIROLR��LW�H[WHQGV�QDWXUDOO\�WR�HQFRPSDVV�
VR�FDOOHG�LQFUHPHQWDO�9D5��6SHFLILFDOO\��LW�LV�RQO\�
QHFHVVDU\�WR�VLPXODWH�WKH�DGGLWLRQDO�LQVWUXPHQWV�
WR�EH�FRQVLGHUHG��2QFH�WKHLU�PDUN�WR�IXWXUH�
YDOXHV�KDYH�EHHQ�REWDLQHG��WKH�LQVWUXPHQWV�FDQ�
EH�HDVLO\�LQFRUSRUDWHG�LQ�DQ\�PDUJLQDO�Q9D5�
DQDO\VLV�E\�DVVLJQLQJ�WKHP�D�FXUUHQW�SRVLWLRQ�RI�
]HUR�

:H�QRWH�WKDW�VDPSOLQJ�HUURUV�FDQ�RFFDVLRQDOO\�
\LHOG�LQFRQVLVWHQW�UHVXOWV�XQGHU�WKH�VLPXODWLRQ�
EDVHG�DSSURDFK�WR�9D5��+HQFH��ZH�SURSRVH�
ILWWLQJ�D�VPRRWK�FXUYH�WR�WKH��SLHFHZLVH�OLQHDU��
WUDGH�ULVN�SURILOH�WR�REWDLQ�PRUH�UREXVW�HVWLPDWHV�
RI�WKH�9D5�FRQWULEXWLRQ��PDUJLQDO�9D5�DQG�EHVW�
KHGJH�SRVLWLRQV��7KH�WHFKQLTXHV�DUH�
GHPRQVWUDWHG�RQ�D�SRUWIROLR�RI�(XURSHDQ�RSWLRQV�
WKDW�LV�SRRUO\�VXLWHG�IRU�SDUDPHWULF�DQDO\VLV��7KH�
UHVXOWV�VKRZ�WKDW�D�VPRRWK�DSSUR[LPDWLRQ�WR�WKH�
Q753�LPSURYHV�WKH�UHOLDELOLW\�RI�PDUJLQDO�9D5�
HVWLPDWHV��DOWKRXJK�FDXWLRQ�LV�UHTXLUHG�ZKHQ�
LQWHUSUHWLQJ�9D5�FRQWULEXWLRQV�IRU�ZHOO�KHGJHG��
KLJKO\�OHYHUDJHG�SRUWIROLRV�

7KH�DFFXUDF\�RI�WKH�VLPXODWLRQ�EDVHG�DQDO\VLV��LQ�
OLJKW�RI�SRWHQWLDO�VDPSOLQJ�HUURU��LV�D�VXEMHFW�
ZRUWK\�RI�IXUWKHU�LQYHVWLJDWLRQ��7KH�SRO\QRPLDO�
DSSUR[LPDWLRQ�WR�WKH�Q753�LV�D�IDLUO\�VLPSOH�RQH��
WKH�XVH�RI�VSOLQHV�RU�RWKHU�IXQFWLRQV�PD\�EH�D�
SUHIHUDEOH�DSSURDFK��,Q�WKLV�SDSHU��ZH�KDYH�RQO\�
FRQVLGHUHG�VPRRWKLQJ�WKH�WUDGH�ULVN�SURILOHV��$�
PRUH�DPELWLRXV�VWUDWHJ\�PLJKW�VHHN�WR�ILW�D�
SUREDELOLW\�GLVWULEXWLRQ�WR�WKH�ORVVHV�WKHPVHOYHV�
DQG�WKHQ�HVWLPDWH�9D5�EDVHG�RQ�WKLV�GLVWULEXWLRQ��
7KLV�ZRXOG�LQ�IDFW�HOLPLQDWH�WKH�SLHFHZLVH�
OLQHDULW\�RI�WKH�Q753�WKDW�LV�FKDUDFWHULVWLF�RI�WKH�
FXUUHQW�DSSURDFK��)XUWKHUPRUH��ZH�DQWLFLSDWH�
WKDW�DOWHUQDWLYH�ULVN�PHDVXUHV��VXFK�DV�H[SHFWHG�
VKRUWIDOO��RU�UHJUHW��ZLOO�H[KLELW�PRUH�UREXVW�

EHKDYLRXU�WKDQ�Q9D5��ZKLFK�UHOLHV�H[FOXVLYHO\�RQ�
WKH�WKUHVKROG�VFHQDULR�
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Appendix

Calculating parametric VaR

&RQVLGHU�D�SRUWIROLR�ZLWK�1�KROGLQJV�WKDW�LV�
H[SRVHG�WR�:�PDUNHW�ULVN�IDFWRUV��(DFK�
LQVWUXPHQW�LQ�WKH�SRUWIROLR�LV�GHFRPSRVHG�LQWR�D�
VHW�RI�ULVN�IDFWRU�SRVLWLRQV�VR�WKDW�WKH�FKDQJH�LQ�
WKH�LQVWUXPHQW·V�YDOXH��∆YL��FDQ�EH�H[SUHVVHG�
OLQHDUO\�LQ�WHUPV�RI�WKH�ULVN�IDFWRU�UHWXUQV�
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��$��

5HFDOO�WKDW�WKH�YHFWRU�PL�LV�WKH�9D5�PDS�RI�
LQVWUXPHQW�L��:H�FDQ�H[SUHVV�WKH�FKDQJH�LQ�WKH�
YDOXH�RI�WKH�SRUWIROLR�DV�WKH�VXP�RI�WKH�FKDQJHV�
LQ�WKH�YDOXHV�RI�LWV�KROGLQJV�

)URP�WKH�GHILQLWLRQ�RI�WKH�SRUWIROLR�9D5�PDS�
�(TXDWLRQ ����ZH�FDQ�ZULWH�(TXDWLRQ $��PRUH�
FRPSDFWO\�DV

1RWH�WKDW ∆9�[��LV�QRUPDOO\�GLVWULEXWHG�ZLWK�
PHDQ�]HUR�DQG�YDULDQFH�P�[�74
P�[���VR�WKDW�
WKH�������²�α���9D5�LV

'HILQLQJ�4� � 4
��H�J���=���� ��������\LHOGV�

(TXDWLRQ ��

Parametric trade risk profile

7R�FRQVWUXFW�WKH�WUDGH�ULVN�SURILOH�IRU�LQVWUXPHQW�
L��IL[�WKH�SRVLWLRQV�LQ�DOO�LQVWUXPHQWV�RWKHU�WKDQ�L�
WR�WKHLU�FXUUHQW�YDOXHV�DQG�FRQVROLGDWH�WKHP�LQWR�
D�EDVH�SRUWIROLR�SRVLWLRQ�[O��'HQRWH�WKH�VLQJOH�
XQLW�YRODWLOLWLHV�RI�LQVWUXPHQW�L�DQG�WKH�EDVH�
SRUWIROLR�E\�σL�DQG�σO��UHVSHFWLYHO\��DQG�WKHLU�
FRUUHODWLRQ�E\�ρLO�7KH�YRODWLOLW\�RI�WKH�SRUWIROLR�LV

6LQFH

LW�IROORZV�WKDW�WKH�WUDGH�ULVN�SURILOH�LV�D�FXUYH�RI�
WKH�IRUP

��$��

ZKHUH�D� ��ΖασL�
���E� �� ρLOσLσO[O�DQG�

F  �ΖασO[O�
���'LIIHUHQWLDWLQJ�(TXDWLRQ $��ZLWK�

UHVSHFW�WR�[L�\LHOGV

6LQFH�I�[L��LV�VWULFWO\�SRVLWLYH��WKH�XQLTXH�
PLQLPXP�RFFXUV�DW�WKH�EHVW�KHGJH�SRVLWLRQ

,W�LV�VWUDLJKWIRUZDUG�WR�VKRZ�WKDW�I�[L��LV�
V\PPHWULF�DURXQG�WKLV�SRLQW��

Simulation-based trade risk profile

7R�FRQVWUXFW�WKH�Q753�IRU�LQVWUXPHQW�L��OHW�XV�IL[�
WKH�SRVLWLRQV�LQ�DOO�LQVWUXPHQWV�RWKHU�WKDQ�L�WR�
WKHLU�FXUUHQW�YDOXHV��7KH�ORVV�LQFXUUHG�E\�WKH�
SRUWIROLR�LQ�VFHQDULR�M��VHH�(TXDWLRQ ���FDQ�EH�
ZULWWHQ

ZKHUH�∆9LM�LQFOXGHV�WKH�ORVVHV�GXH�WR�DOO�
LQVWUXPHQWV�RWKHU�WKDQ�L��,I�ZH�SORW�SRUWIROLR�
ORVVHV�DJDLQVW�WKH�SRVLWLRQ�LQ�LQVWUXPHQW�L��WKHQ�
HDFK�VFHQDULR�M�JLYHV�ULVH�WR�D�OLQH�/M�[L��ZLWK�VORSH�
∆YLM�DQG�[�LQWHUFHSW�²∆9LM���∆YLM��7KH�SLHFHZLVH�
OLQHDULW\�RI�WKH�Q753�IROORZV�IURP�WKH�IDFW�WKDW�LW�
LV�FRPSRVHG�RI�VHJPHQWV�IURP�WKHVH�OLQHV��
6SHFLILFDOO\��WKH�Q753�FRQVLVWV�RI�WKH�VHJPHQWV�
GHILQHG�E\�WKH�WKUHVKROG�VFHQDULR�DW�HDFK�
SRVLWLRQ��7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH $���ZKLFK�
VKRZV�D�Q753�LQ�ZKLFK�WKH�WKUHVKROG�VFHQDULR�LV�
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DOZD\V�WKH�RQH�ZLWK�WKH�WKLUG�ODUJHVW�ORVV��1RWH�
WKDW�HDFK�Q753�VHJPHQW�OLHV�RQ�WKH�WKLUG�OLQH�
IURP�WKH�WRS�

�)LJXUH�$���([DPSOH�RI�D�Q753��LQ�EROG�

,Q�JHQHUDO��WKH�WKUHVKROG�VFHQDULR�FDQ�FKDQJH�
ZKHQHYHU�WKH�OLQH�/V°�[L��LQWHUVHFWV�WKDW�RI�
DQRWKHU�VFHQDULR��$Q�DOJRULWKP�WKDW�FRQVWUXFWV�
WKH�WUDGH�ULVN�SURILOH�DQG�ILQGV�WKH�EHVW�KHGJH�
SRVLWLRQ�LV�GHVFULEHG�LQ�0DXVVHU�DQG�5RVHQ�
�������
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