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3URILW�HIILFLHQF\�RI�SDGG\�IDUPLQJ�LQ�6UL�/DQND��
$�FDVH�RI�+XUXOXZHZD�&RORQL]DWLRQ�6FKHPH�LQ�$QXUDGKDSXUD�

'LVWULFW

5�3�,�5��3UDVDQQD�DQG�6�$�8��1HUDQMDOD
'HSDUWPHQW�RI�6RFLDO�6FLHQFHV��)DFXOW\�RI�6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV��

5DMDUDWD�8QLYHUVLW\�RI�6UL�/DQND��0LKLQWDOH��6UL�/DQND
&RUUHVSRQGLQJ�DXWKRU��SUDVDQQDUMW#JPDLO�FRP

$EVWUDFW

7RGD\�� SDGG\� IDUPHUV�� SDUWLFXODUO\� LQ� PDMRU� FRORQL]DWLRQ� VFKHPHV�� FRQIURQW�
SUREOHP�RI�OHVV�FDSDELOLW\�RI�GHULYLQJ�D�VDWLVIDFWRU\�SURILW�DIWHU�VSHQGLQJ�PXFK�
IRU�FXOWLYDWLRQ��7KLV�VWXG\�DLPHG�WR�DQDO\]H�WKH�OHYHO�RI�SURILW�HIILFLHQF\�RI�SDGG\�
IDUPLQJ� LQ�RQH�RI� WKH�PDMRU�PRGHUQL]HG� FRORQL]DWLRQ� VFKHPHV��+XUXOXZHZD�
0RGHUQ�&RORQL]DWLRQ�6FKHPH��LQ�1RUWK�&HQWUDO�3URYLQFH��6UL�/DQND��7KH�DFWXDO�
QRUPDOL]HG�SURILW� IXQFWLRQ�DSSURDFK�ZDV HPSOR\HG� WR�GHWHUPLQH� WKH� OHYHO�RI�
SURILW� HIILFLHQF\� IRU�HDFK� IDUP�� �'DWD� IRU� WKH� VWXG\�ZHUH�GUDZQ� IURP�D� ILHOG�
VXUYH\�FRQGXFWHG�LQ�+XUXOXZHZD�&RORQL]DWLRQ�6FKHPH�LQ�-DQXDU\�������7KH�
VXUYH\� FRYHUHG� ���� IDUP� KRXVHKROGV� E\� DSSO\LQJ� VLPSOH� UDQGRP� VDPSOLQJ�
PHWKRG��7KH�UHVXOWV�RI�WKH�VWXG\�UHYHDOHG�WKDW�WKH�DYHUDJH�SURILW�HIILFLHQF\�VFRUH�
RI� SDGG\� IDUPLQJ� LV� LQDGHTXDWH� LQ� WKH� VFKHPH� LQGLFDWLQJ� WKH�SRWHQWLDOLW\� IRU�
IXUWKHU�LPSURYHPHQW��7KH�LQHIILFLHQF\�PRGHO�UHYHDOHG�WKDW�WKH�SHULRG�WKDW�WKH�
KDUYHVW�KROG�IRU�PDUNHWLQJ�LV�FULWLFDO�IRU�WKH�SURILW�OHYHO�RI�SDGG\�IDUPLQJ��7KH�
UHVXOWV� OHDG� IRU� LPSRUWDQW� SROLF\� LPSOLFDWLRQV� WR� VXVWDLQ� WKH� PRGHUQL]HG�
FRORQL]DWLRQ�VFKHPHV�LQ�6UL�/DQND��ILUVW��LW�LV�HVVHQWLDO�WR�IXUWKHU�VWUHQJWKHQ�WKH�
SDGG\�PDUNHW�SULFH�RU�D�JXDUDQWHHG�SULFH�RI�SDGG\�VWDELOL]DWLRQ�PHFKDQLVP��
6HFRQG��DV�SDGG\�IDUPLQJ�GRHV�QRW�VXSSRUW�WKH�PDMRULW\�RI�IDUPHUV�WR�HDUQ�D�
VXIILFLHQW�SURILW��SDGG\� IDUPLQJ�VKRXOG�RQO\�EH�SURPRWHG� LQ� WKH�DUHDV�ZKHUH�
IDUPHUV�FDQ�GHULYH�KLJK�SURILWV��ZKLOH�UHVW�RI�WKH�SDGG\�IDUPLQJ�DUHD�VKRXOG�EH�
FRQYHUWHG�WR�RWKHU�SURILWDEOH�DOWHUQDWLYH�FURSV��

.H\ZRUGV��+XUXOXZHZD�FRORQL]DWLRQ�VFKHPH��SDGG\�IDUPLQJ��SURILW�HIILFLHQF\�

�� ,QWURGXFWLRQ

7KH�PRGHUQ� DJULFXOWXUDO� FRORQL]DWLRQ� VFKHPHV�ZHUH� LQWURGXFHG� WR� WKH�GU\� ]RQH�RI�6UL�
/DQND�ZLWK�WKH�DLP�RI�DFKLHYLQJ�VHOI�VXIILFLHQF\�LQ�SDGG\�SURGXFWLRQ��DQG�DGGUHVVLQJ�WKH�
XQHPSOR\PHQW�SUREOHP�DQG�SUHVVXUH�RI�KLJKHU�SRSXODWLRQ�GHQVLW\�LQ�VRPH�UHJLRQV�RI�WKH�

-RXUQDO�RI�0DQDJHPHQW�0DWWHUV

-RXUQDO�KRPHSDJH��ZZZ�UMW�DF�ON�PJW

)DFXOW\�RI�
0DQDJHPHQW�

6WXGLHV��5DMDUDWD�
8QLYHUVLW\�RI�6UL�

/DQND�



-RXUQDO�RI�0DQDJHPHQW�0DWWHUV�9ROXPH�� 1XPEHU���6HSWHPEHU�����

��

FRXQWU\��)DUPHU��������,UDQJDQL�	�3UDVDQQD���������$W�SUHVHQW��SDGG\�VHFWRU�RFFXSLHV����
SHUFHQW� RI� WKH� FXOWLYDWHG� DUHD� RI� GRPHVWLF� DJULFXOWXUH� DQG� SURYLGHV� D� OLYHOLKRRG� IRU�
DSSUR[LPDWHO\�����PLOOLRQ� IDUPHUV��$ERXW���SHUFHQW�SDGG\�FXOWLYDWHG�DUHD� LV� LUULJDWHG��
DQG�D�PDMRULW\�RI�WKH�IDUPHUV��DSSUR[LPDWHO\����SHUFHQW��DUH�VPDOOKROGHUV�RZLQJ�OHVV�WKDQ�
��KD ODQG�DUHD��:HHUDKHZD���������&XUUHQWO\����SHUFHQW�RI�QDWLRQDO�ULFH�UHTXLUHPHQW�LV�
IXOILOOHG�E\�GRPHVWLF�SURGXFWLRQ �'HSDUWPHQW�RI�$JULFXOWXUH��������

7KH� FRXQWU\� PDQDJHG� WR� LQFUHDVH� SDGG\� SURGXFWLRQ� GUDPDWLFDOO\� GXULQJ� WKH� ODVW� IHZ�
GHFDGHV�DORQJ�ZLWK�WHFKQRORJLFDO�FKDQJHV�LQ�SDGG\�IDUPLQJ�DQG�H[WHQGLQJ�WKH�FXOWLYDWHG�
DUHD�PDLQO\�WKURXJK�WKH�DJULFXOWXUDO�FRORQL]DWLRQ�VFKHPHV��+RZHYHU��WKH�SDGG\�IDUPHUV��
SDUWLFXODUO\� LQ� WKH�PDMRU�FRORQL]DWLRQ�VFKHPHV��FRQIURQW�VRPH�SUREOHPV��2QH�SUREOHP�
WKH\� IDFHG� LV� OHVV� FDSDELOLW\� RI� GHULYLQJ� D� VDWLVIDFWRU\� SURILW� DIWHU� VSHQGLQJ� PXFK� IRU�
FXOWLYDWLRQ �7KH�:RUOG�%DQN��������3UDVDQQD��������5XSDVHQD�	�:LMD\DNXPDU��������
.LNXFKL� HW� DO��� ������ 5XSDVHQD�	�1DLN�� �������7KLV� WUHQG� KDV� SXW� WKH� OLYHOLKRRGV� RI�
LPSRYHULVKHG� IDUPHUV� LQ� MHRSDUG\��$V� D� UHVXOW�� IDUPHUV� DUH�PRYLQJ� DZD\� IURP� SDGG\�
IDUPLQJ�WR�DOWHUQDWLYH�FURSV�VXFK�DV�EDQDQD��VXJDUFDQH��DQG�VR\EHDQ��+HQHJHGDUD��������
7KH�\RXQJHU�JHQHUDWLRQ��SUHGRPLQDQWO\�LQ�WKH�FRORQL]DWLRQ�VFKHPHV��DUH�OHVV�LQWHUHVWHG�LQ�
FRQWLQXLQJ�ZLWK�SDGG\�IDUPLQJ��6XGDUVKDQLH��������7KLYDQND��������

/LWHUDWXUH�LQ�WKLV�VXEMHFW�RXWOLQHG�QXPHURXV�UHDVRQV�IRU�OHVV�SURILWDELOLW\�RI�SDGG\�IDUPLQJ�
LQ�6UL�/DQND��KLJK�FRVW�RI�SURGXFWLRQ��ODQG�IUDJPHQWDWLRQ�LVVXHV��WKH�VPDOO�VL]H�RI�SDGG\�
ODQGV�� DQG� PDUNHWLQJ�UHODWHG� LVVXHV� DUH� WKH� KLJKOLJKWHG� DUHDV� �.LNXFKL� HW� DO��� �����
5XSDVHQD� 	� :LMD\DNXPDU�� ������ 8VLQJ� WKH� 'RPHVWLF� &RVW� $SSURDFK�� 5DIHHN� DQG�
6DPDUDWXQJD� ������ KDYH� SRLQWHG� RXW� WKDW� 6UL� /DQND� GRHV� QRW� KDYH� FRPSDUDWLYH�
DGYDQWDJHV�LQ�SURGXFLQJ�SDGG\��:HHUDKHZD������� HPSKDVL]HG�WKDW�FRPSHWLWLYHQHVV�LQ�
SDGG\�IDUPLQJ�FRXOG�EH�REVHUYHG�LQ�VRPH�DUHDV�RI�LUULJDWHG�SDGG\�IDUPLQJ��SUDFWLFLQJ�DW�
DGHTXDWH�OHYHOV�RI�VFDOH��'XH�WR�OHVV�SURILWDELOLW\�RI�SDGG\�IDUPLQJ��WKH�JRYHUQPHQW�KDV�
WR�VSHQG�PRUH�RQ VXEVLG\�SURJUDPV�VXFK�DV�IHUWLOL]HU�VXEVLG\��LQWHUYHQH�WR�IUHH�LUULJDWLRQ�
ZDWHU� VXSSO\� DQG� PDQDJHPHQW�� DQG� PDUNHWLQJ�� 7KXV�� WKH� FRXQWU\� FRXOG� DFKLHYH� VHOI�
VXIILFLHQF\�LQ�ULFH�DW�D�KLJK�FRVW�WR�WKH�VRFLHW\��7KLUXFKHOYXP��������

6LQFH�D�PRUH�VXEVWDQWLDO�SURSRUWLRQ�RI�SDGG\�LV�SURGXFHG�E\�PDMRU�FRORQL]DWLRQ�VFKHPHV�
DQG�WKH�PDMRULW\�RI�SDGG\�IDUPHUV�DUH�VPDOOKROGHUV�DQG�UHVRXUFH�SRRU �&KDQGUDVLUL��������
3UDVDQQD���������WKLV�HPHUJHG�LVVXH²OHVV�SURILWDELOLW\�RI�SDGG\�IDUPLQJ² SXW�FRXQWU\¶V�
SDGG\�SURGXFWLRQ�LQWR�D�SUREOHP�DQG�WKHUHE\�IRRG�VHFXULW\�LV�DW�ULVN��7KXV��LGHQWLILFDWLRQ�
RI�PHWKRGV�WR�LPSURYH�IDUPHUV¶�FDSDFLW\�WR�HQKDQFH�WKH�SURILWDELOLW\�RI�SDGG\�IDUPLQJ��
JLYHQ�WKH�IDUP�VSHFLILF�RXWSXW�SULFHV��DQG�IL[HG�LQSXWV�DUH�RI�SDUDPRXQW�LPSRUWDQFH�WR�
VXVWDLQ�WKH PRGHUQ�FRORQL]DWLRQ�VFKHPHV�LQ�6UL�/DQND��

7KXV��WKLV�VWXG\�DLPV�WR�LQYHVWLJDWH�WKH�OHYHO�RI�SURILW�HIILFLHQF\�RI�SDGG\�IDUPLQJ�LQ�WKH�
0RGHUQ� &RORQL]DWLRQ� 6FKHPHV� �0&6�� LQ� 6UL� /DQND� ZLWK� WKH� LQWHQWLRQ� RI� LGHQWLI\LQJ�
H[LVWLQJ�RSSRUWXQLW\�WR�HQKDQFH�WKH�SURILWDELOLW\�RI�SDGG\�IDUPLQJ��7R�IXOILOO�WKH� DERYH�
REMHFWLYH��IROORZLQJ�VSHFLILF�REMHFWLYHV�QHHG�WR�EH�UHDOL]HG�����LGHQWLI\�WKH�VRFLRHFRQRPLF�
VWDWXV�RI�VPDOOKROGHU�IDUPHUV�LQ�WKH�0&6�����GHWHUPLQH�WKH�OHYHO�RI�SURILW�HIILFLHQF\�RI�
VPDOOKROGHU� SDGG\� IDUPV�� DQG� ��� LGHQWLI\� WKH� GHWHUPLQDQWV� RI� SURILW� LQHIILFLHQF\� RI�
VPDOOKROGHU�SDGG\�IDUPLQJ�LQ�WKH�0&6��
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3URILW�HIILFLHQF\�LV�GHILQHG�DV�WKH�DELOLW\�RI�D�IDUP�WR�DFKLHYH�WKH�KLJKHVW�SRVVLEOH�SURILW�
XQGHU�JLYHQ�SULFHV RI�LQSXWV�DQG�OHYHOV�RI�IL[HG�IDFWRUV �$OL��3DULNK��	�6KD���������7KH�
SURILW�LQHIILFLHQF\�LQ�WKLV�FRQWH[W�LV�GHILQHG�DV�WKH�ORVV�RI�SURILW�IURP�QRW�RSHUDWLQJ�RQ�WKH�
IURQWLHU �$OL� HW� DO��� ������ 7KH� VXEMHFW� RI� SURILW� HIILFLHQF\� RI� ULFH� IDUPLQJ� LV� JDLQLQJ�
LQFUHDVLQJ�LQWHUHVW�DPRQJ�WKH�VFKRODUV�VLQFH�ULFH�LV�WKH�VWDSOH�IRRG�RI�PDQ\�FRXQWULHV��7KLV�
VHFWLRQ�RI�WKH�SDSHU�DWWHPSWV�WR�VLJQLI\�WKH�OHYHOV�RI�WKH�LQHIILFLHQF\�RI�ULFH�IDUPLQJ�LQ�
PDQ\� FRXQWULHV� DQG� WKH� IDFWRUV� LQIOXHQFLQJ� WKH� HIILFLHQF\� OHYHOV�� )RU� LQVWDQFH�� DJH��
HGXFDWLRQ�OHYHO�RI�IDUPHUV��LUULJDWLRQ��ODQG�VL]H��WUDLQLQJ�DWWHQGDQFH��H[SHULHQFH��OHYHO�RI�
DJULFXOWXUH� LQIUDVWUXFWXUH�� VRLO� IHUWLOLW\�� H[WHQVLRQ� VHUYLFHV�� VKDUH� RI� QRQ�DJULFXOWXUDO�
LQFRPH�� DPRXQW� RI� IHUWLOL]HU� XVDJH�� ODERXU� DQG� PDFKLQHU\� XVDJH�� KRXVHKROG� VL]H��
DFFHVVLELOLW\� WR� FUHGLW�� VHHG� W\SH�� DQG� SULFH� DQG� DPRXQW� KDYH� EHHQ� KLJKOLJKWHG� LQ� WKH�
OLWHUDWXUH�UHODWHG�WR�HIILFLHQF\�PRGHOV�RI�ULFH�IDUPLQJ��

7URQJ�DQG��1DSDVLQWXZURQJ������� LQYHVWLJDWHG�WKH�SURILW�LQHIILFLHQF\�DPRQJ�K\EULG�ULFH�
IDUPHUV�LQ�&HQWUDO�9LHWQDP��7KH�VWXG\�LGHQWLILHV�WKDW�DJH��HGXFDWLRQDO�OHYHO�� LUULJDWLRQ��
WKH�VKDUH�RI�ULFH�LQFRPH��WKH�VKDUH�RI�K\EULG�ULFH�DUHD��IUHTXHQF\�RI�WUDLQLQJ�DWWHQGDQFH�
DERXW�K\EULG�ULFH�SURGXFWLRQ��K\EULG�ULFH�SURGXFWLRQ�H[SHULHQFH��DQG�WRSRJUDSK\�RI�IDUP�
DUH� WKH� OHDGLQJ� IDFWRUV� DIIHFWLQJ IDUPHU� SURILW� LQHIILFLHQF\� LQ� K\EULG� ULFH� SURGXFWLRQ��
)XUWKHU��LW�UHYHDOHG�WKDW�WKH�ORZODQG�ULFH�IDUPHUV�RSHUDWH�SURGXFWLRQ�PRUH�HIILFLHQWO\�WKDQ�
WKH� XSODQG� IDUPHUV� LQ� &HQWUDO� 9LHWQDP�� 7KH� VWXG\� UHYHDOV� WKH� GLIIHUHQFHV� DPRQJ� WKH�
IDUPHUV�EHWZHHQ�ORZODQG�DQG�XSODQG�LQ�WHUPV�RI�VRFLRHFRQRPLF�FRQGLWLRQV DV�UHDVRQV�IRU�
VXFK�GLIIHUHQFHV�LQ�SURILW�HIILFLHQF\�EHWZHHQ�ORZODQG�DQG�XSODQG�LQ�&HQWUDO�9LHWQDP��

$�UHVHDUFK�ZRUN�RI�5DKDPDQ��������RQ�SURILW�HIILFLHQF\�RI�ULFH�IDUPHUV�LQ�%DQJODGHVK�
UHYHDOV�D�KLJK�OHYHO�RI�SURILW�LQHIILFLHQF\�LQ�PRGHUQ�ULFH�SURGXFWLRQ��7KH�UHDVRQV�IRU�KLJK�
SURILW� LQHIILFLHQF\� LQ� WKH� VWXG\� DUHD� DUH� WKH� LQDGHTXDF\� RI� LQIUDVWUXFWXUH� IDFLOLWLHV� LQ�
DJULFXOWXUH�DUHDV�� VRLO� IHUWLOLW\�� DQG�H[SHULHQFH� LQ� IDUPLQJ��H[WHQVLRQ�VHUYLFHV�� WHQDQF\��
DQG�WKH�VKDUH�RI�QRQ�DJULFXOWXUDO�LQFRPH��.RODZROH��������DWWHPSWHG�WR�GHULYH�D�VWDWLVWLFDO�
PHDVXUH�RI�SURILW�HIILFLHQF\�RI�VPDOO�VFDOH�XSODQG�ULFH� IDUPHUV� LQ�1LJHULD�DQG�IRXQG�D�
QHJDWLYH�UHODWLRQVKLS�EHWZHHQ�WKH�XQLW�FRVW�RI�IHUWLOL]HU�DQG�SURILW�HIILFLHQF\��DQG�QHJDWLYH�
LPSDFWV�RI� IDUPHUV¶�DJH��HGXFDWLRQDO� OHYHO�� IDUPLQJ�H[SHULHQFH��DQG�KRXVHKROG�VL]H�RQ�
SURILW�LQHIILFLHQF\��

$OL�HW�DO�������� KDYH�HVWLPDWHG�WKH�OHYHO�RI�SURILW�LQHIILFLHQF\�LQ�WHUPV�RI�%DVPDWL�ULFH�
YDULHW\�LQ�3DNLVWDQ�3DQMDE��$FFRUGLQJ�WR�WKH�ILQGLQJV��WKH�IDUP�KRXVHKROGV¶�ORZ�HGXFDWLRQ�
OHYHO�DQG�RII�IDUP�HPSOR\PHQW�DFWLYLWLHV�DUH�WKH�VRFLRHFRQRPLF�IDFWRUV�WKDW�QHJDWLYHO\�
DIIHFW�WKH�SURILW�HIILFLHQF\��,QWHUHVWLQJO\��WKH�VWXGLHV�RQ�SURILW�HIILFLHQF\�UHYHDOHG�WKDW�WKH�
LQVWLWXWLRQDO� GHWHUPLQDQWV�� L�H��� FUHGLW� FRQVWUDLQWV�� ZDWHU� FRQVWUDLQWV�� DQG� WKH� ODWH�
DSSOLFDWLRQ�RI� IHUWLOL]HU�� QHJDWLYHO\� DIIHFWV� SURILW� HIILFLHQF\�� EXW�$EGXODL� DQG�+XIIPDQ�
�������DQG�0DJUHWD�HW�DO�� ������ QRWHG�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�FUHGLW� IDFLOLWLHV�
DQG�SURILW�HIILFLHQF\��

$EGXODL DQG�+XIIPDQ� �������KDYH� H[DPLQHG�SUR¿W� HI¿FLHQF\�RI� ULFH� IDUPLQJ� DQG� WKH�
UHODWLRQVKLS�EHWZHHQ� IDUP�DQG�KRXVHKROG�DWWULEXWHV�DQG�SUR¿W� LQHI¿FLHQF\� LQ�1RUWKHUQ�
*KDQD��7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�DYHUDJH�OHYHO�RI�SUR¿W�HI¿FLHQF\�LV�UHODWLYHO\�KLJK�LQ�
WKH�DUHD��EXW�LGHQWLI\�D�KLJKHU�YDULDWLRQ�LQ�HI¿FLHQF\�DQG�LQHI¿FLHQF\�OHYHOV�RI�IDUPHUV��
7KH� UHVXOWV� RI� WKH� LQHIILFLHQF\�PRGHO� GLVFORVH� WKDW� KLJK� HGXFDWLRQ� OHYHO� RI� KRXVHKROG�
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KHDGV�� DFFHVV� WR� FUHGLW�� SURGXFWLRQ� VSHFLDOL]DWLRQ�� DQG� EHLQJ� ORFDWHG� LQ� GLVWULFWV� ZLWK�
H[WHQVLRQ� VHUYLFHV� DQG� EHWWHU� LQIUDVWUXFWXUH� IDFLOLWLHV� DUH� VLJQL¿FDQW� GHWHUPLQDQWV�
SRVLWLYHO\�DIIHFWLQJ�WKH�SUR¿W�HI¿FLHQF\��6LPLODU�WR�UHVXOWV�RI�WKH�VWXG\�RI�$OL�DQG�)OLQQ�
�������� WKLV�VWXG\�DOVR�FRQILUPV� WKH�QHJDWLYH� LPSDFW�RI� LQFUHDVLQJ�SDUWLFLSDWLRQ� LQ�RII�
IDUP�DFWLYLWLHV�E\�IDUPHUV�RQ�SURILW�HIILFLHQF\��$FFRUGLQJ�WR�&KDQJ��&KHQ��7VHQG DQG�+X
��������LQ�7DLZDQ��IDUPHUV�LQ�WKH�FRQWUDFW�IDUPV�DUH�PRUH�SURILW�HIILFLHQW�WKDQ�WKRVH�RI�WKH�
QRQ�FRQWUDFW�IDUPV�LQ�D�FRPSDUDEOH�RSHUDWLQJ�HQYLURQPHQW��

$FFRUGLQJ�WR�0DJUHWD�HW�DO����������6RXWKHUQ�0DODYL�KDV�DQ�DYHUDJH�WHFKQLFDO��DOORFDWLYH��
DQG�HFRQRPLF�HIILFLHQF\�OHYHOV�RI���SHUFHQW����SHUFHQW��DQG���SHUFHQW�RI�ULFH�IDUPHUV��
UHVSHFWLYHO\�� 7KLV� VXJJHVWV� WKDW� IDUPHUV� FDQ� IXUWKHU� LQFUHDVH� WKH� ULFH� SURGXFWLRQ� E\�
��SHUFHQW�� 7KH� DYHUDJH� HFRQRPLF� HIILFLHQF\� OHYHO� HQWDLOV� WKDW� IDUPHUV� FDQ� UDLVH� WKHLU�
SURILWDELOLW\�RU�ULFH�SURGXFWLRQ�E\���SHUFQHW�E\�DGMXVWLQJ�WKH�LQSXW�XVH��6RLO�IHUWLOLW\�VWDWXV��
DFFHVV�WR�FUHGLW��KRXVHKROG�VL]H��DQG�IDUPHUV¶�H[SHULHQFHV�ZHUH�WKH�IDFWRUV�WKDW�LQIOXHQFH�
WKH�HIILFLHQF\�OHYHOV�RI�VPDOOKROGHU�ULFH�IDUPHUV�

,Q�WKH�6UL�/DQNDQ�FRQWH[W��UHVHDUFKHUV�KDYH�SDLG�OHVV�DWWHQWLRQ�WR�HVWLPDWH�SURILW�HIILFLHQF\�
RI� SDGG\� SURGXFWLRQ�� $EH\VHNDUD� ������� KDV� DQDO\]HG� XQGHUO\LQJ� LQSXW�RXWSXW�
UHODWLRQVKLSV� LQ� SDGG\� IDUPLQJ� LQ� 6UL� /DQND� DQG� REVHUYHV� WKDW� WKH� OHYHOV� RI� IHUWLOL]HU�
DSSOLHG��PDFKLQHU\�XVDJH��DQG�WKH�DPRXQW�RI�ODERXU�XVHG�KHOS�WR�LQFUHDVH�WKH�SURGXFWLRQ�
OHYHO��7KLUXFKHOYDP��������H[DPLQHG�IDFWRUV�RI�WKH�LQHIILFLHQF\�RI�ULFH�SURGXFWLRQ�DQG�
LVVXHV�UHODWLQJ�WR�WKH�FRVW�RI�SURGXFWLRQ�LQ�WKH�GLVWULFWV�RI�$QXUDGKDSXUD�DQG�3RORQQDUXZD�
LQ�6UL�/DQND�DQG�WKH�VWXG\�UHYHDOV�WKH�QHJDWLYH�DVVRFLDWLRQ�RI�IDUP�PDQDJHPHQW�LVVXHV�
ZLWK� WKH� SURGXFWLRQ� HIILFLHQF\� RI� ULFH� IDUPLQJ� LQ� WKH� VWXG\� DUHD�� 5DWKQD\DNH� DQG�
$PDUDWXQJH��������HVWLPDWHG�WKH�WHFKQLFDO�DQG�DOORFDWLYH�HIILFLHQF\�RI�SDGG\�IDUPLQJ�LQ�
6UL�/DQND�DQG�REVHUYHG�WKDW�WKH�HVWLPDWHG�DYHUDJH�WHFKQLFDO�HIILFLHQF\�RI�WKH�IDUPHUV�LV�
�����SHUFHQW�� VXJJHVWLQJ� WKHUH� LV� D� VFRSH WR� LQFUHDVH�SDGG\�SURGXFWLYLW\� XVLQJ�SUHVHQW�
WHFKQRORJ\�� $JH�� VFKRROLQJ�� DOFRKRO� FRQVXPSWLRQ�� DJULFXOWXUDO� WUDLQLQJ�� IDUPHUV¶�
DWWLWXGHV��DQG�WKH�GLVWDQFH�EHWZHHQ�WKH�ODQG�DQG�WKH�SULPDU\�ZDWHU�VRXUFH�DUH�VLJQLILFDQW�
GHWHUPLQDQWV�RI�WHFKQLFDO�HIILFLHQF\��$FFRUGLQJ�WR�WKH�DQDO\VLV�RI�DOORFDWLYH�HIILFLHQF\��
WKHUH�H[LVWV�LQHIILFLHQF\�LQ�DOORFDWLQJ�UHVRXUFHV��ZKHUH�ODQG�DQG�PDFKLQHU\�UHVRXUFHV�DUH�
XQGHU�XWLOL]HG�ZKLOH�ODERXU�LV�RYHU�XWLOL]HG��

*XQDUDWQH� DQG� 7KLUXFKHOYDP� ������� HVWLPDWHG� WKH� WHFKQLFDO� HIILFLHQF\� RI� SDGG\�
SURGXFWLRQ� LQ� WKH� 5DMDQJDQD� PDMRU� LUULJDWLRQ� VFKHPH� DQG� WKH� (OD\DSDWWXZD� PLQRU�
LUULJDWLRQ� DUHDV� LQ� WKH� $QXUDGKDSXUD� GLVWULFW�� 5HVXOWV� RI� WKH� VWXG\� LQGLFDWH� VXEVWDQWLDO�
GLIIHUHQFHV�LQ�SURGXFWLYLW\��UHVRXUFH�XVDJH��DQG�WHFKQLFDO�HIILFLHQF\� LQ�WKH�WZR�W\SHV�RI�
LUULJDWLRQ�VFKHPHV��7KH�ORZ�DVVHW� OHYHO�RI�WKH�IDUPHUV�DQG�SRRU�SDUWLFLSDWLRQ�LQ�IDUPHU�
RUJDQL]DWLRQ�DFWLYLWLHV�KDYH�VLJQLILFDQWO\�LQIOXHQFHG�WKH�WHFKQLFDO�HIILFLHQF\�RI�IDUPHUV�LQ�
(OD\DSDWWXZD��,W�ZDV�DOVR�HYLGHQW�WKDW�SDUW�WLPH�IDUPLQJ�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�OHYHO�
RI�LQHIILFLHQF\�LQ�WKH�ERWK�VWXG\�DUHDV�

�� 0HWKRGRORJ\�

����0RGHO�VSHFLILFDWLRQ

3URILW�HIILFLHQF\�HVWLPDWHV�WKH�FDSDFLW\�RI�D�IDUP�WR�DFKLHYH�WKH�KLJKHVW�SRVVLEOH�SURILW�E\�
FRQVLGHULQJ�IDUP�VSHFLILF�SULFHV�DQG�WKH�OHYHO�RI�IL[HG�IDFWRUV��,Q�WKLV�VWXG\��6WRFKDVWLF�
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��

)URQWLHU�$QDO\VLV��6)$��ZDV�XVHG�WR�HVWLPDWH�WKH�SURILW�HIILFLHQF\�RI�SDGG\�IDUPV�LQ�WKH�
VXUYH\�DUHD�RZLQJ�WR�WKH�FDSDELOLW\�RI�WKH�6)$�WR�DFFRPPRGDWH�UDQGRP�YDULDWLRQV�LQ�WKH�
PRGHO��7KH�DFWXDO�QRUPDOL]HG�SURILW�IXQFWLRQ�IRU�WKLV�VWXG\�LV�VSHFLILHG�DV�IROORZV��

ܰሺߨሻ ൌ ݂ሺǡ ሻݖ ���ሺݒ െ ሻݑ ሺͳሻ
:KHUH��ܰሺߨሻ UHSUHVHQWV�WKH�QRUPDOL]HG�SURILW�RI�WKH�݅

௧ IDUP��ZKLFK�LV�PHDVXUHG�E\�GLYLGLQJ�WKH�
SURILW�E\�WKH�SULFH�RI�RXWSXW��SULFH�RI�SDGG\��� UHSUHVHQWV�WKH�SULFH�RI�݅

௧YDULDEOH�LQSXWV�GLYLGHG�
E\�RXWSXW�SULFH��DQGݖ� UHSUHVHQWV� IL[HG� IDFWRUV�HPSOR\HG�E\�WKH� ݅

௧ IDUP�� ݒ� LV�DVVXPHG�WR�EH�
LQGHSHQGHQWO\� DQG� LGHQWLFDOO\� GLVWULEXWHG� DV�ܰሺͲǡ ��ଶሻߪ 7KLV� LV� DVVRFLDWHG� ZLWK� YDULRXV� UDQGRP�
VKRFNV�DQG�PHDVXUHPHQW�HUURUVݑ�� LV�WKH�QRQ�QHJDWLYH�UDQGRP�YDULDEOH��RQH�VLGHG�HUURU�WHUP���
ZKLFK�DVVRFLDWHV�ZLWK�IDUP�VSHFLILF�SURILW�LQHIILFLHQFLHV�

,Q�WKLV�VWXG\��VWRFKDVWLF�SURGXFWLRQ�IURQWLHU�PRGHO�GHYHORSHG�E\�%DWWHVW�DQG�&RHOOL��������
DQG�ZLGHO\�XVHG�LQ�HIILFLHQF\�DQDO\VLV�ZDV�XVHG�WR�HVWLPDWH�WKH�SURILW�HIILFLHQF\�IRU�HDFK�
SDGG\�IDUP��&REE�'RXJODV� IXQFWLRQDO� IRUP�GHWHUPLQHG� WKH� UHODWLRQVKLS EHWZHHQ�IDUP�
OHYHO�QRUPDOL]HG�SURILW�DQG�VSHFLILF�LQSXWV�VSHFLILHG�DV�IROORZV�

݊ܮ ܰ ሺߨሻ ൌ ߚ  ଵߚ ଵܺ  ଶܺଶߚ  ଷܺଷߚ  ସܺସߚ  ହܺହߚ  ܺߚ  ሺ ݒ െ ሻݑ ሺʹሻ

:KHUH�ܰ ሺߨሻ � 1RUPDOL]HG�SURILW�JDLQHG�E\�݅
௧ IDUP��;� � )DUP�VL]H��DFUHV���;� � &RVW�RI�ODERU�

�SHU�DFUH��QRUPDOL]HG�E\�XQLW�SULFH�RI�ULFH��;� � &RVW�RI�IHUWLOL]HU��SHU�DFUH��QRUPDOL]HG�E\�XQLW�SULFH�
RI�ULFH��;� � &RVW�RI�VHHGV��SHU�DFUH��QRUPDOL]HG�E\�XQLW�SULFH�RI�ULFH��;� � &RVW�RI�DJURFKHPLFDO�
�SHU�DFUH��QRUPDOL]HG�E\�XQLW�SULFH�RI�ULFH��;� � &RVW�RI�PDFKLQHU\��SHU�DFUH��QRUPDOL]HG�E\�XQLW�
SULFH�RI�ULFHߚ�� � 3DUDPHWHUV�WR�EH�HVWLPDWHG�

3URILW�LQHIILFLHQF\�PRGHO�LV�GHILQHG�DV�IROORZV�

ܷ݅ ൌ ߙ  ଵܼଵߙ  ଶܼଶߙ  ଷܼଷߙ  ସܼସߙ  ହܼହߙ  ܼߙ ሺ͵ሻ

:KHUH� =� � (GXFDWLRQDO�OHYHO��\HDU�RI�VFKRROLQJ���=� � +RXVHKROG�VL]H��=� � <HDUV�RI�H[SHULHQFH�LQ�
IDUPLQJ��=� � 7UDLQLQJ�LQ�IDUPLQJ��GXPP\��LI�\HV� ����RWKHUZLVH� �����=� � ([WHQVLRQ�VHUYLFHV��LI�
UHFHLYHG� ����RWKHUZLVH� �����=� � 6WRUDJH�WLPH��LI�PRUH�WKDQ���ZHHNV�VWRUDJH�WLPH� ����RWKHUZLVH�
 ����� ߙ DUH�WKH�VFDODU�SDUDPHWHUV�WR�EH�HVWLPDWHG�

����6DPSOH�DQG�GDWD�FROOHFWLRQ�

(PSLULFDO�GDWD�IRU�WKH�VWXG\�ZHUH�GUDZQ�IURP�D�ILHOG�VXUYH\�FRQGXFWHG�LQ�WKH�+0&6�LQ�
WKH�$QXUDGKDSXUD�GLVWULFW�LQ�-DQXDU\�������7KH�ILHOG�VLWHV�ZHUH�VHOHFWHG�FRQVLGHULQJ�ERWK�
ULJKW�EDQN�DQG�OHIW�EDQN�RI�WKH�+0&6�GXH�WR�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�SHRSOH�VHWWOHG�
LQ� WKH� DUHD²WUDGLWLRQDOO\� OLYHG�� DQG� RXWVLGH� SHRSOH�� 6L[� W\SLFDO�*UDPD�1LODGDUL� �*1��
GLYLVLRQV�IURP�ERWK�WKH�OHIW�EDQN�DQG�ULJKW�EDQN�ZHUH�VHOHFWHG�IRU�WKH�IDUPHU�KRXVHKROG�
VXUYH\��7KH�VXUYH\�FRYHUHG�����IDUP�KRXVHKROGV�E\�JLYLQJ�HTXDO�SUREDELOLWLHV�WR�DOO�IDUP�
KRXVHKROGV�WR�EH�LQ� WKH�VDPSOH��6DPSOHG�IDUPHUV�ZHUH�LQWHUYLHZHG�E\�DGPLQLVWHULQJ�D�
SUH�WHVWHG� VXUYH\� TXHVWLRQQDLUH�� 7KH� TXHVWLRQQDLUH� ZDV� GHVLJQHG� WR� HOLFLW� WKH� GDWD� RQ�
SDGG\� FXOWLYDWLRQ� SUDFWLFHV� �FRVW� RI� SURGXFWLRQ�� \LHOG�� HWF���� PDUNHWLQJ�� DQG�
VRFLRHFRQRPLF� EDFNJURXQG� RI� WKH� IDUP� KRXVHKROGV�� $OVR�� H[SHULHQFHG� DJULFXOWXUDO�
RIILFHUV�DQG�VHOHFWHG�DGXOW�IDUPHUV�LQ�WKH�DUHD�ZHUH�LQWHUYLHZHG�WR�LGHQWLI\�WKH�SURMHFW�
VSHFLILF�LVVXHV�UHODWHG�WR�WKH�VWXG\��
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�� 5HVXOWV�DQG�GLVFXVVLRQ

����6RFLRHFRQRPLF�VWDWXV�RI�WKH�IDUPHUV�

6RFLRHFRQRPLF�SURILOH�RI� WKH�VDPSOH�UHYHDOHG� WKDW�DOPRVW�DOO� IDUPHUV�DUH�VPDOOKROGHUV�
ZLWK�DQ DYHUDJH�IDUP�VL]H�RI�����DFUHV��$YHUDJH�DJH�RI�D�IDUPHU�LV����\HDUV�ZLWK����\HDUV�
RI� IDUPLQJ� H[SHULHQFH�� ,W� LPSOLHV� WKDW� WKH� PRVW� RI� IDUPHUV� LV LQ� WKH� PLGGOH� DJH��
HFRQRPLFDOO\�DFWLYH��DQG�H[SHULHQFHG�LQ�IDUPLQJ��%XW�LW�DOVR�LQGLFDWHV�WKDW�SDGG\�IDUPLQJ�
LV�OHVV�DWWUDFWLYH�WR�WKH�\RXQJHU�SHUVRQV�LQ�WKH�DUHD��

$OO�IDUPHUV�XVH�WKHLU�RZQ�ODQG�IRU�ULFH�FXOWLYDWLRQ��7KH�DYHUDJH�SDGG\�SURGXFWLRQ�SHU�DFUH�
LV�������NJ��ZKLFK� LV�EHORZ� WKH�QDWLRQDO�DYHUDJH�RI�������NJ�SHU�DFUH� �'HSDUWPHQW�RI�
$JULFXOWXUH���������7KH�DYHUDJH� VHOOLQJ�SULFH�RI�SDGG\� LQ� WKH�FRQFHUQHG�VHDVRQ�RI� WKH�
VWXG\�ZDV�5V������DQG�RQO\����IDUPHUV�ZHUH�DEOH WR�VHOO�WKHLU�SURGXFWLRQ�DW�WKLV�DYHUDJH�
SULFH��$OPRVW�DOO�IDUPHUV�XVH�FKHPLFDO�IHUWLOL]HU��SHVWLFLGHV��DQG�ZHHGLFLGHV�LQ�IDUPLQJ��
DQG� RQO\� WZR� IDUPHUV� UHSRUWHG� WKDW� WKH\� XVH� RUJDQLF� IHUWLOL]HU� LQ� SDGG\� IDUPLQJ�� 7KH�
DYHUDJH�FRVW�RI�SURGXFWLRQ�DQG�SURILW�RI�SDGG\�IDUPLQJ�LQ�WKH�DUHD�DUH�5V���������DQG�5V��
������� UHVSHFWLYHO\�� $QRWKHU� LPSRUWDQW� SDUDPHWHU� RI� WKH� VXUYH\HG� VDPSOH� LV� WKH�
HGXFDWLRQDO�OHYHO�ZKHUH�WKH�PDMRULW\�������KDV�VWXGLHG�XQWLO�WKH�*&(�2�/�H[DPLQDWLRQ��

����(VWLPDWLRQ�RI�SURILW�HIILFLHQF\�PRGHO�SDUDPHWHUV

7KH�QRUPDOL]HG�SURILW�IXQFWLRQ�DQG�SURILW�LQHIILFLHQF\�PRGHO�ZHUH�HVWLPDWHG�WRJHWKHU��DQG�
WKH�UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH����&RHIILFLHQWV�RI�QRUPDOL]HG�SURILW�PRGHO�ZHUH ZLWK�
WKH�H[SHFWHG�VLJQ�DQG VLJQLILFDQW�DW������OHYHO��7KH�FRHIILFLHQW�IRU IDUP�VL]H�LV�������DQG�
LW�LV�KLJKO\�LQHODVWLF��LQGLFDWLQJ���SHUFHQW�LQFUHDVH�RI�ODQG�VL]H�OHDGV�WR��������LQFUHDVH�RI�
SHU�DFUH SURILW�OHYHO�RI�SDGG\�IDUPLQJ��

7KH� ODQG� LV�D� OLPLWLQJ� IDFWRU� IRU� WKH�SDGG\� IDUPHUV�GXH� WR� ODQG� IUDJPHQWDWLRQ� LVVXH� LQ�
FRORQL]DWLRQ� VFKHPHV� DQG�ZDWHU�PDQDJHPHQW� SUREOHPV�� 5HVW� RI� WKH� YDULDEOHV�� FRVW� RI�
ODERU��FRVW�RI�IHUWLOL]HU��FRVW�RI�VHHGV��FRVW�RI�DJURFKHPLFDOV��FRVW�RI�PDFKLQHU\��DVVRFLDWHG�
ZLWK� ERWK� VLGHV� RI� SURGXFWLRQ� DQG� FRVW� RI� SDGG\� IDUPLQJ� LQGLFDWH QHJDWLYH� LPSDFW� RQ�
SURILWDELOLW\��+RZHYHU��FRHIILFLHQWV�VSHFLI\�WKDW�WKH�HODVWLFLW\�YDOXHV�DUH�KLJKO\�LQHODVWLF�
�VHH�7DEOH�����)DUPHUV�PDLQO\�SXUFKDVH�FKHPLFDO�IHUWLOL]HU�IURP�SULYDWH�WUDGHUV�LQ�WKH�DUHD��
VSHQGLQJ� WKH� PRQH\� UHFHLYHG� IURP� WKH� IHUWLOL]HU� VXEVLG\� VFKHPH�� +RZHYHU�� IDUPHUV�
UHSRUWHG�ZHDNQHVVHV�RI�WKH�IHUWLOL]HU�VXEVLG\�VFKHPH��ZKLFK�LQFUHDVHG�WKH�UHDO�FRVW�IRU�
IDUPHUV� LQ� IHUWLOL]HU� DSSOLFDWLRQ�� 7KH� UHVXOWV� UHYHDO� WKDW� WKH� DYHUDJH� FRVW� RI� IHUWLOL]HU�
DSSOLFDWLRQ�SHU�DFUH�LV�5V��������LQ�WKH�VFKHPH��

5HVW� RI� WKH� LQSXWV�� VHHGV�� DJURFKHPLFDOV�� DQG� PDFKLQHU\� DUH� GLUHFWO\� REWDLQHG� IURP�
SULYDWH� WUDGHUV� LQ� WKH�DUHD��DQG�D�PDMRULW\�RI� WKHVH� LQSXWV�DQG�PDFKLQHU\� VXSSOLHUV�DUH�
SDUWLFLSDQWV� LQ� WKH� SDGG\�PDUNHWLQJ� FKDQQHO� LQ� WKH� DUHD�� ,QWHUYLHZV� ZLWK� IDUPHUV� DQG�
H[WHQVLRQ�RIILFHUV�LQ�WKH�VFKHPH�UHSRUWHG�WKDW�GRPLQDWLRQ�RI�LQSXW�DQG�DJUR�PDFKLQHU\�
VXSSO\�PDUNHW�E\�WKH�SULYDWH�WUDGHUV�LQ�WKH�SDGG\�PDUNHWLQJ�FKDQQHO�ZHDNHQV�WKH�IDUPHUV¶�
EDUJDLQLQJ� SRZHU� LQ� SDGG\� PDUNHWLQJ�� DV� WKHVH� IDUPHUV� DUH� UHVRXUFH�SRRU� DQG�
VPDOOKROGHUV�� ,W� LQGLFDWHV� WKH� UHTXLUHPHQW�RI�DQ�DOWHUQDWLYH�PHFKDQLVP�WR�VXSSO\� WKHVH�
LQSXWV�DQG�PDFKLQHU\��
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7DEOH��
0D[LPXP�/LNHOLKRRG�(VWLPDWHV�RI�WKH�VWRFKDVWLF�SURILW�IURQWLHU�PRGHO

9DULDEOH &RHIILFLHQW S!_]_

9DULDEOH�LQ�WKH�QRUPDOL]HG�SURILW�IXQFWLRQ

)DUP�VL]H��DFUH� ������ �����

&RVW�RI�ODERU��SHU�DFUH� ������� �����

&RVW�RI�IHUWLOL]HU��SHU�DFUH� ������� �����

&RVW�RI�VHHGV��SHU�DFUH� ������� �����

&RVW�RI�DJURFKHPLFDOV��SHU�DFUH� ������� �����

&RVW�RI�PDFKLQHU\��SHU�DFUH� ������� �����

9DULDEOH�LQ�WKH�LQHIILFLHQF\�PRGHO

(GXFDWLRQDO�OHYHO ������ �����

+RXVHKROG�VL]H ������ �����

([SHULHQFH�LQ�)DUPLQJ� ������� �����

7UDLQLQJ�LQ�IDUPLQJ����IRU�WUDLQHG����IRU�RWKHUZLVH� ������ �����

$FFHVV�WR�H[WHQVLRQ�VHUYLFHV����IRU�UHFHLYHG����IRU�QRW�UHFHLYHG�� ������� �����

0DUNHWLQJ�SHULRG����IRU�VHOOLQJ�SDGG\�DIWHU���PRQWK����IRU���
RWKHUZLVH�

������� �����

&RQVWDQW� ������� �����

/RJ�OLNHOLKRRG���������������������������������������������� ��������

1XPEHU�RI�REVHUYDWLRQV������������������������������� ����

3URE�!�FKL���������������������������������������������������� ������

1RWH������DQG��UHSUHVHQW�OHYHO�VLJQLILFDQFH�DW���������DQG�����UHVSHFWLYHO\�

7KH�IUHTXHQF\�GLVWULEXWLRQ�RI�SURILW�HIILFLHQF\�RI�VPDOOKROGHU�SDGG\�IDUPHUV�LV�WDEXODWHG�
DQG�SUHVHQWHG�LQ�7DEOH����7KH�DYHUDJH�SURILW�HIILFLHQF\�VFRUH�IRU�SDGG\�IDUPLQJ�LQ�WKH�
DUHD LV���SHUFHQW��DQG�LW�LPSOLHV�WKDW�UHPDLQLQJ���SHUFHQW�OHYHO�RI�SURILW�LQ�SDGG\�IDUPLQJ�
LV�DFKLHYDEOH�E\�FRQVLGHULQJ�WKH�IDUP�VSHFLILF�SULFHV�DQG�IL[HG�LQSXWV��7KH�GHWHUPLQDQWV�
WKDW�DIIHFW�WKH�OHYHO�RI�SURILW�LQHIILFLHQF\�LQ�SDGG\�IDUPLQJ�LQ�WKH�VFKHPH�VKRZ WKDW�SDGG\�
PDUNHWLQJ�SHULRG�RU�VWRUDJH�WLPH��ZKHWKHU�SDGG\�SURGXFWLRQ�LV�VROG�VRRQ�DIWHU�KDUYHVWLQJ�
RU�QRW��LV�WKH�FULWLFDO�IDFWRU�LQIOXHQFLQJ�WKH�SURILWDELOLW\�RI�SDGG\�IDUPLQJ�LQ�WKH�VFKHPH��

7DEOH��
'LVWULEXWLRQ�RI�SURILW�HIILFLHQF\�VFRUH

5DQJH 1R��RI IDUPHUV �

/HVV�WKDQ����� �� ����

��������� �� ����

��������� �� ����

0RUH�WKDQ����� �� ����

0HDQ�6FRUH ����

$V�KDUYHVWLQJ�WDNHV SODFH�DW�WKH�VDPH�SHULRG�DQG�H[LVWHQFH�RI�SDGG\�VXUSOXV�LQ�WKH�PDUNHW�
DW� WKH� KDUYHVWLQJ� WLPH�� WKH� SULFH� RI� SDGG\� GHFOLQHV VLJQLILFDQWO\� GXULQJ� WKH� KDUYHVWLQJ�
SHULRG�� $QDO\VLV� VKRZV� WKDW� ��� IDUPHUV� ������ KDG� PDUNHWHG� WKHLU� SDGG\� SURGXFWLRQ�
LPPHGLDWHO\� DIWHU� �OHVV� WKDQ� RQH� PRQWK�� KDUYHVWLQJ�� 7DEOH� �� SUHVHQWV� WKH� UHDVRQV� IRU�
VHOOLQJ�RXWSXW�DW�WKH�KDUYHVWLQJ�WLPH��,W�GHPRQVWUDWHV�WKDW������SHUFHQW�DQG�����SHUFHQW�RI�
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IDUPHUV��ZKR�VROG�WKHLU�RXWSXW�DW�WKH�KDUYHVWLQJ�WLPH��KDYH�UHVSHFWLYHO\�VROG�WKHLU�RXWSXW�
VLQFH� WKH\�KDG�WR�UHSD\�WKH� ORDQV�ERUURZHG�IRU�SDGG\�IDUPLQJ��DQG�SD\� WKH�ODERU�FRVW��
LQSXW� FRVW�� DQG�PDFKLQHU\� FRVW� RI� SDGG\ IDUPLQJ��1R� IDUPHUV� UHSRUWHG� WKDW� WKH\� ODFN�
VWRUDJH�IDFLOLWLHV��7KLV�LQGLFDWHV�WKDW�FRQWLQXHV�LQVXIILFLHQW�GHULYDWLRQ�RI�SURILW�LQ�SDGG\�
IDUPLQJ� KDV� UHGXFHG� WKH� IDUPHUV� LQWR� WKH� GHEW� WUDS�� )DUPHUV�PRVWO\� ERUURZ� IURP� WKH�
YLOODJH�OHYHO�PRQH\� OHQGHUV��ZKR�DUH� LQ� WKH�SDGG\�VXSSO\�FKDLQ�� ,W�KDV�FRQVWULFWHG� WKH�
EDUJDLQLQJ�SRZHU�RI�WKH�SDGG\�IDUPHUV�LQ�SDGG\�PDUNHWLQJ��DQG�KHQFH��WKH\�DUH�FRPSHOOHG�
WR�DFFHSW�WKH�WUDGLQJ�WHUPV�RIIHUHG�E\�WKH�ULFH�WUDGHUV�LQ�WKH�DUHD��7KH�PDMRULW\�RI�ODUJH�
VFDOH�PDFKLQHULHV�DOVR�EHORQJ�WR�WKH�WUDGHUV�LQ�WKH�VFKHPHV��DQG�WKXV��IDUPHUV�KDYH�WR�VHOO�
WKHLU� RXWSXW� WR� WKHVH� WUDGHUV� WR� SD\� WKH� PDFKLQHU\� FRVW�� 7KHUHIRUH�� D� SDGG\� SULFH�
VWDELOL]DWLRQ�PHFKDQLVP�WR�WKH�VFKHPH�LV�KLJKO\�QHFHVVDU\�WR�IXOILOO�WKH�JDS�EHWZHHQ�WKH�
DFWXDO�DQG�SRWHQWLDO�OHYHO�RI�SURILW�RI�SDGG\�IDUPLQJ�LQ�WKH�+0&6��

7DEOH��
5HDVRQV�IRU�VHOOLQJ�RXWSXW�DW�WKH�KDUYHVWLQJ�WLPH

5HDVRQ 1R��RI�
IDUPHUV

�

7R�UHSD\�WKH�ORDQ�ERUURZHG�IRU�WKH�SDGG\�IDUPLQJ� �� ����
7R� SD\� IRU� ODERXU FRVW�� LQSXW� FRVW�� DQG�PDFKLQHU\� FRVW� RI� SDGG\�
IDUPLQJ�

��
����

7R� UHSD\� WKH� ORDQ� ERUURZHG� IRU� UHDVRQV� RWKHU� WKDQ� WKH� SDGG\�
IDUPLQJ

�
����

(PHUJHQF\�QHHGV � ���
'XH�WR�ULVN�RI�SHVW�DWWDFNV� � ���
,QVXIILFLHQW�VWRUDJH�IDFLOLWLHV� � ���

7DEOH��
1XPEHU�RI�IDUPHUV�DPRQJ�GLIIHUHQW�SURILW�UDQJHV

5DQJH 1R��RI�
IDUPHUV

� 6WG��
'HYLDWLRQ

0LQ� 0D[�

0RUH�WKDQ�5V������� �� ���� ������ ������ ������

5V��������± ������ � ��� ����� ������ ������

5V��������± ������ �� ���� ����� ������ ������

5V���± ������ �� ���� ����� ��� �����

/HVV�WKH�5V�� �� ���� ������ ������ �������

7RWDO��IRU�HQWLUH�VDPSOH�� ��� ��� ������ ������� ������

7DEOH���SUHVHQWV�WKH�GLVWULEXWLRQ�RI�IDUPHUV�LQ�GLIIHUHQW�SURILW�UDQJHV��7KH�PLQLPXP�DQG�
PD[LPXP�SURILW� UHSRUWV� E\� WKH� IDUPHUV�ZHUH�5V��������� DQG�������� UHVSHFWLYHO\��7KH�
SURILW�DQDO\VLV�UHYHDOHG�WKDW� WKH�DYHUDJH OHYHO�RI�SURILW�RI�VXUYH\HG�VDPSOH�LV�5V�������
ZKLFK�LV�QRW�VXIILFLHQW�WR�VXVWDLQ�WKH�SDGG\�IDUPLQJ�LQ�WKH�VFKHPH��+RZHYHU��WKHUH�DUH����
������ IDUPHUV� ZKR� GHULYHG� D� SURILW� RYHU 5V����� ����� ZKLOH� ��� �������� IDUPHUV� KDYH�
UHSRUWHG�D�QHJDWLYH�SURILW��7KHVH�ILQGLQJV�LQGLFDWH�WKDW�SDGG\�IDUPLQJ�VKRXOG�EH�SURPRWHG�
LQ�WKH�ODQG�RU�DUHDV�RI�WKH�VFKHPH�KDYLQJ�IDUPLQJ�VXSSRUWV�WR�GHULYH�KLJKHU�SURILW���)LJXUH�
���ZKLFK�VKRZV�WKH�UHODWLRQVKLS EHWZHHQ�IDUP�SURGXFWLYLW\�DQG�SHU�DFUH�QRUPDOL]HG�SURILW��
FOHDUO\�LOOXVWUDWHV�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV��7KLV�IXUWKHU�VXSSRUWV�WKH�
DUJXPHQW� WKDW�SDGG\� IDUPLQJ�VKRXOG�RQO\�EH�SURPRWHG� LQ� WKH�DUHDV�ZKHUH� WKH� OHYHO�RI�
SURGXFWLYLW\�LV�KLJK��DV�LW�OHDGV�WR�GHULYH�D�VXIILFLHQW�OHYHO�RI�SURILW�LQ�IDUPLQJ��



3URILW�HIILFLHQF\�RI�SDGG\�IDUPLQJ�LQ�6UL�/DQND��$�FDVH�RI�+XUXOXZHZD�&RORQL]DWLRQ�6FKHPH�LQ�
$QXUDGKDSXUD�'LVWULFW

��

)LJXUH�� 5HODWLRQVKLS�EHWZHHQ�IDUP�SURGXFWLYLW\�DQG�QRUPDOL]HG�SURILW

�� &RQFOXVLRQ�

7KLV�VWXG\�DLPHG�WR�DQDO\]H�WKH�OHYHO�RI�SURILW�HIILFLHQF\�RI�SDGG\�IDUPLQJ�LQ�RQH�RI�WKH�
PDMRU�PRGHUQL]HG�FRORQL]DWLRQ�VFKHPHV��+XUXOXZHZD�0&6��LQ�1RUWK�&HQWUDO�3URYLQFH��
6UL�/DQND��7KH� UHVXOWV� RI� WKH� VWXG\� UHYHDOHG� WKDW� WKH�PRGHUDWH� OHYHO� RI� DYHUDJH SURILW�
HIILFLHQF\� VFRUH� RI� SDGG\� IDUPLQJ� LQ� WKH� DUHD� LQGLFDWLQJ WKH� SRWHQWLDOLW\� RI� IXUWKHU�
LQFUHDVLQJ�WKH�OHYHO�RI�SURILWDELOLW\�RI�SDGG\�IDUPLQJ���7KH�,QHIILFLHQF\�PRGHO�UHYHDOHG�
WKDW�WKH�SHULRG�WKDW�WKH�KDUYHVW�KROG�IRU�PDUNHWLQJ�LV�FULWLFDO�IRU�WKH�SURILW�OHYHO�RI�SDGG\�
IDUPLQJ��+RZHYHU��E\�VSHQGLQJ�ODUJH�DPRXQW�RI�PRQH\��WKH�IDUPHUV�LQ�WKH�VFKHPH�HDUQ�
YHU\�OHVV�QHW�LQFRPH�SHU�DFUH��7KH�KLJKHU�YDULDWLRQ RI�SURILW�OHYHO�RI�SDGG\�IDUPV��DQG�
PLQLPXP�DQG�PD[LPXP�SURILW�OHYHOV�VLJQLILHG�WKDW�D�JURXS�RI�IDUPHUV�HDUQ�D�KLJKHU�SURILW�
ZKLOH�D�JURXS�ORVHV�WKH�SURILWDELOLW\��

7KH ILQGLQJV RI�WKH�VWXG\�OHDGV�WR�IROORZLQJ�SROLF\�LPSOLFDWLRQV��)LUVW��LW�LV�HVVHQWLDO�WR�
IXUWKHU� VWUHQJWKHQ� WKH�SDGG\�PDUNHW�SULFH�RU�D�JXDUDQWHHG�SULFH�RI�SDGG\� VWDELOL]DWLRQ�
PHFKDQLVP��$V�IDUPHUV�DUH�VHOOLQJ�WKH�KDUYHVW�DW�WKH�KDUYHVWLQJ�WLPH�GXH�WR�GHEW�SUREOHP�
DQG�ODFN�RI�ILQDQFH�WR�FRYHU�WKH�PDLQ�YDULDEOH�FRVW�LWHPV�RI�WKH�SDGG\�IDUPLQJ��SDUWLFXODUO\�
DW�WKH�KDUYHVWLQJ�WLPH��D�IRUPDO�FUHGLW�LQVWLWXWLRQ�LQLWLDWHG�VSHFLDO�FUHGLW�VFKHPH�LV�UHTXLUHG�
ZLWK�FRRUGLQDWLRQ�RI�YLOODJH�OHYHO�DJULFXOWXUDO�RIILFHUV�WR�DGGUHVV�WKH�ILQDQFLDO�VKRUWDJH�RI�
IDUPHUV�� )XUWKHU�� H[WHQGLQJ� WKH� IXQFWLRQV� RI� IDUPHU� RUJDQL]DWLRQV� WR� LQSXW� DQG� RXWSXW�
PDUNHWLQJ�RI�SDGG\�IDUPLQJ�DQG�FUHGLWV�IXQFWLRQV�PD\�KHOS�WR�VWUHQJWKHQ WKH�SRZHU�RI�WKH�
IDUPHUV�LQ�SDGG\�PDUNHWLQJ��DQG�UHGXFH�WKH�FRVW�RI�SURGXFWLRQ�RI�SDGG\�IDUPLQJ��6HFRQG��
DV�SDGG\� IDUPLQJ�GRHV�QRW� VXSSRUW� WKH�PDMRULW\�RI� IDUPHUV� WR� HDUQ� D� VXIILFLHQW� SURILW��
SDGG\� IDUPLQJ� VKRXOG� RQO\� EH� SURPRWHG� LQ� WKH� DUHDV� ZKHUH� IDUPHUV� FDQ� GHULYH� KLJK�
SURILWV��ZKLOH� UHVW�RI� WKH�SDGG\� IDUPLQJ�DUHD� VKRXOG�EH�FRQYHUWHG� LQWR�RWKHU�SURILWDEOH�
DOWHUQDWLYH�FURSV�
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5LFH�)DUPHUV�LQ�1RWKHUQ�*KDQD��(FRQRPLF�'HYHORSPHQW�DQG�&XOWXUDO�&KDQJH��
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-RXUQDO�RI�0DQDJHPHQW�0DWWHUV�9ROXPH�� 1XPEHU���6HSWHPEHU�����

��

$EH\VHNDUD��:����������$�3URGXFWLRQ�)XQFWLRQ�$QDO\VLV�RI�3DGG\�)DUPLQJ�LQ�6UL�/DQND�
9DQFRXYHU��7KH�8QLYHUVLW\�RI�%ULWLVK�&RORPELD�

$OL��0���	 )OLQQ��-����������3URILW�(IILFLHQF\�$PRQJ�%DVPDWKL�5LFH�3URGXFHUV�LQ�3DNLVWDQ�
3XQMDE��$PHULFDQ�-RXQDO�RI�$JULFXOWXUDO�(FRQRPLFV�����������������

%DWWHVW�� *�(� 	� &RHOOL�� 7�-�� �������� $� PRGHO� IRU� WHFKQLFDO� LQHIIHFLHQF\� HIIHFWV� LQ� D�
VWRFKDVWLF�SURGXFWLRQ�IXQFWLRQ�IRU�SDQHO�GDWD� (PSLULFDO�HFRQRPLFV� �����������
����

&KDQGUDVLUL��-����������,PSDFW�RI�,QIRUPDO�/DQG�7UDQVDFWLRQV�LQ�6HWWOHPHQW�6FKHHPHV�LQ�
6UL�/DQND� &RORPER��+HFWRU�.REEHNDGXZD��$JUDULDQ�5HVHDUFK�DQG�7UDLQQLQJ�
,QVWLWXWH��&RORPER�

&KDQJ��&���&KHQ��&���7VHQG��:���	�+X��:�� ��������(VWLPDWLQJ� WKH�3URILW�(IILFLHQF\�RI�
&RQWUDFW�DQG�1RQ�&RQWUDFW�5LFH�)DUPV�LQ�7DLZDQ��$�0HWD�)URQWLHU�DQG�$�&URVV�
)URQWLHU� $SSURDFK� $SSOLFDWLRQ�� &DOLIRUQLD�� :HVWHUQ� $JULFXOWXUDO� (FRQRPLFV�
$VVRFLDWLRQ�

'HSDUWPHQW�RI�$JULFXOWXUH����������$JULFXOWXUDO�6WDWLVWLFV��'HSDUWPHQW�RI�$JULFXOWXUH��6UL�
/DQND��

)DUPHU��%����������*UHHQ�5HYROXWLRQ"�7HFKQRORJ\�DQG�&KDQJH�LQ�5LFH�JURZLQJ�$UHDV�RI�
7DPLO�1DGX�DQG�6UL�/DQND� %RXOGHU��&R��:HVWYLHZ�3UHVV�

*XQDUDWKQD��5���	�7KLUXFKHOYDP��6����������&RPSDUDWLYH�6WXG\�RQ�7HFKQLFDO�(IILFLHQF\�
RI� 3DGG\� 3URGXFWLRQ� XQGHU� 0DMRU� DQG� 0LQRU� ,UULJDWLRQ� 6FKHPHV� LQ�
$QXUDGKDSXUD�'LVWULFW��7URSLFDO�$JULFXOWXUDO�5HVHDUFK��������������

+HQHJHGDUD��*����������$Q�$QDO\VLV�RI�(FRQRPLF�*DLQV�RI�3DGG\�)DUPLQJ�LQ�6UL�/DQND��
6UL�/DQND�-RXUQDO�RI�$JUDULDQ�6WXGLHV�������

,UDQJDQL��0���	�3UDVDQQD��5����������7KH�)DOODF\�RI�8QGHUO\LQJ�$VVXPSWLRQV�RI�*UHHQ�
5HYROXWLRQ�7HFKQRORJ\�LQ�6UL�/DQND��$�+LVWRULFDO�&RPSDUDWLYH�$QDO\VLV���,Q�4��
9LQK��6UL�/DQND��(FRQRPLF��3ROLWLFDO�DQG�6RFLDO�,VVXHV��SS���������:DVKLQWRQ�
'&��1RYD�3XEOLFDWLRQV��

.LNXFKL��0���%DUNHU��5���6DPDG��0���	�:HOLJDPDJH��3����������&RPSDUDWLYH�DGYDQWDJH�
RI� ULFH� SURGXFWLRQ� LQ� 6UL� /DQND� ZLWK� VSHFLDO� UHIHUHQFH� WR� LUULJDWLRQ�
FRVWV� 'HYHORSPHQWV�LQ�WKH�$VLDQ�5LFH�(FRQRP\����������

.RODZROH��2����������'HWHUPLQDQWV�RI�SURILW�HIILFLHQF\�DPRQJ�VPDOO�VFDOH�ULFH�IDUPHUV�LQ�
1LJHULD��$�SURILW�IXQFWLRQ�DSSURDFK� 5HVHDUFK�-RXUQDO�RI�$SSOLHG�6FLHQFHV� ������
��������

0DJUHWD��5���(GULVV��$��.���0DSHPED��/���	�=LQJRUH��6���������6HSWHPEHU���(FRQRPLF�
HIILFLHQF\�RI�ULFH�SURGXFWLRQ�LQ�VPDOOKROGHU�LUULJDWLRQ�VFKHPHV��$�FDVH�RI�1NKDWH�
LUULJDWLRQ�VFKHPH� LQ�6RXWKHUQ�0DODZL�� ,Q �WK�,QWHUQDWLRQDO�&RQIHUHQFH�RI� WKH�
$IULFDQ�$VVRFLDWLRQ�RI�$JULFXOWXUDO�(FRQRPLVWV�

3UDVDQQD��5����������7LPH�WR�5HWKLQNLQJ�6UL�/DQNDQ�$JULFXOWXUDO�3ROLF\��$Q�$QDO\VLV�RI�
WKH�6UL�/DQNDQ�3DGG\�6HFWRU��(FRQRPLF�5HYLHZ��������



3URILW�HIILFLHQF\�RI�SDGG\�IDUPLQJ�LQ�6UL�/DQND��$�FDVH�RI�+XUXOXZHZD�&RORQL]DWLRQ�6FKHPH�LQ�
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��

5DIHHN��.���	�6DPDUDWXQJD��3����������7UDGH�/LEHUDOL]DWLRQ�DQG�,WV�,PSDFW�RQ�5LFH�6HFWRU�
RI�6UL�/DQND��6UL�/DQND�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV�������

5DKPDQ��6����������3URILW�HIILFLHQF\�DPRQJ�%DQJODGHVKL�ULFH�IDUPHUV� )RRG�SROLF\� �����
������������

5DWKQD\DNH�� 5��� 	�$PDUDWXQJD�� 6�� ��������$Q�$QDO\VLV� RI� 7HFKQLFDO� DQG�$OORFDWLYH�
(IILFLHQF\� RI� 3DGG\� )DUPLQJ�� 7KH� &DVH� RI� 0DKDZHOL� 6\VWHP� +�� 6UL� /DQND�
-RXUQDO�RI�(FRQRPLF�5HVHDUFK��������������

5XSDVHQD�� /��� 	� 1DLN��$�� �������� (FRQRPLFV� RI� 5,FH� 3URGXFWLRQ� DQG� ,WV� &RPSHWLQJ�
&URSV���6UL�/DQND�-RXUQDO�RI�$JUDULDQ�6WXGLHV���������

5XSDVHQD��/�3��	�9LMD\DNXPDU��+��6����������&RPSDUDWLYH�$QDO\VLV�RI�5LFH�0DUNHWLQJ�
6\VWHP� LQ� 6UL� /DQND�� 3UH� DQG� 3RVW� /LEHUDOL]DWLRQ� 3HULRG�� 'HSDUWPHQW� RI�
$JULFXOWXUDO�0DUNHWLQJ�&R�RSHUDWLRQ�DQG�$JULEXVLQHVV�0DQDJHPHQW��8QLYHUVLW\�
RI�$JULFXOWXUDO�6FLHQFHV��'KDUZDG�

6XGDUVKDQLH��6��'��3����������)DFWRUV�$IIHFWLQJ�RQ�\RXWK�SDUWLFLSDWLRQ�DQG�VDWLVIDFWLRQ�LQ�
RFFXDWLRQ�UHODWHG�WR�DJULFXOWXUH��&RORPER��8QLYHUVLW\�RI�0RUDWXZD�

7KH�:RUOG�%DQN����������6UL�/DQND�3URPRWLQJ�$JULFXOWXUH�DQG�5XUDO�1RQ�)DUP�6HFWRU�
*URZWK� :DVKLQWRQ�'&��� 5XUDO�'HYHORSPHQW�8QLW�� 6RXWK�$VLDQ�5HJLRQ��7KH�
:RUOG�%DQN�

7KLUXFKHOYXP��6����������(IILFLHQF\�RI�5LFH�3URGXFWLRQ�DQG�,VVXHV�5HODWLQJ�WR�&RVW�RI�
3URGXFWLRQ� LQ� WKH� 'LVWULFWV� RI� $QXUDGKDSXUD� DQG� 3RORQQDUXZD�� -RXUQDO� RI�
1DWLRQDO�6FLHQFH�)RXQGDWLRQ�6UL�/DQND��������

7KLYDQND��0���������:K\�6UL�/DQNDV
�\RXWK�VWHSSLQJ�GRZQ�IURP�DJULFXOWXUH"��&RORPER��
'DLO\�)7�%H�(PSRZHUHG�H�3DSHU�

7URQJ��3��+���	�1DSDVLQWXZRQJ��2����������3URILW�LQHIILFLHQF\�DPRQJ�K\EULG�ULFH�IDUPHUV�
LQ�FHQWUDO�9LHWQDP� $JULFXOWXUH�DQG�$JULFXOWXUDO�6FLHQFH�3URFHGLD� ���������

:HHUDKHZD�� -�� �������� ,PSDFW� RI� 7UDGH� /LEHUDOL]DWLRQ� DQG� 0DUNHW� 5HIRUPV� RQ� WKH�
3DGG\�5LFH� 6HFWRU� LQ� 6UL� /DQND� :DVKLQWRQ� '&�� ,QWHUQDWLRQDO� )RRG� 3ROLF\�
5HVHDUFK�,QVWLWXWH��


