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+RZ�'RHV�5HODWLRQVKLS�(PEHGGHGQHVV�DIIHFW�)LUP�

5HVLOLHQFH��7KH�5ROH�RI�'LJLWDOL]DWLRQ 

$EVWUDFW 

,Q�WKH�FRQWH[W�RI�WKH�SURIRXQG�UHVWUXFWXULQJ�RI�WKH�JOREDO�VHPLFRQGXFWRU�VXSSO\�FKDLQ��

ILUP�UHVLOLHQFH�KDV�EHFRPH�D�FULWLFDO� LVVXH�LQ�VXSSO\�FKDLQ�PDQDJHPHQW� �6&0���7KH�

JOREDOL]DWLRQ�RI�VXSSO\�DQG�WKH�LQFUHDVLQJ�GHPDQG�IRU�FXVWRPHU�FXVWRPL]DWLRQ�LQ�WKH�

VHPLFRQGXFWRU�LQGXVWU\�KDYH�OHG�WR�VLJQLILFDQW�YDULDWLRQV�LQ�WKH�VXSSO\�FKDLQ�VWUXFWXUHV�

RI�GLIIHUHQW�ILUPV��7KLV�VWXG\�HPSOR\V�VRFLDO�QHWZRUN�DQDO\VLV��61$��DV�D�WKHRUHWLFDO�

IUDPHZRUN�WR�H[DPLQH�WKH�LPSDFW�RI�UHODWLRQVKLS�HPEHGGHGQHVV�LQ�VXSSO\�FKDLQV�RQ�

ILUP�UHVLOLHQFH��DORQJVLGH�WKH�PXOWLGLPHQVLRQDO�PRGHUDWLQJ�UROH�RI�GLJLWDOL]DWLRQ��8VLQJ�

VHFRQGDU\�GDWD�IURP�����OLVWHG�FRPSDQLHV�LQ�&KLQD¶V�VHPLFRQGXFWRU�LQGXVWU\�EHWZHHQ�

�����DQG�������ZH�HPSOR\�PXOWLSOH�HFRQRPHWULF�PRGHOV�WR�WHVW�RXU�K\SRWKHVHV��7KH�

UHVXOWV�UHYHDO�WKDW�ERWK�VXSSOLHU�FRQFHQWUDWLRQ��6&��DQG�FXVWRPHU�FRQFHQWUDWLRQ��&&��

H[HUW� VLJQLILFDQW� SRVLWLYH� HIIHFWV� RQ� ILUP� UHVLOLHQFH��0RUHRYHU�� WKH� GHJUHH� �'7�� DQG�

VSHHG��'79��RI�GLJLWDO�WUDQVIRUPDWLRQ�ZLWKLQ�IRFDO�ILUPV�VLJQLILFDQWO\�VWUHQJWKHQ�WKH�

SRVLWLYH�LPSDFW�RI�VXSSOLHU�FRQFHQWUDWLRQ�RQ�UHVLOLHQFH��7KHVH�ILQGLQJV�XQGHUVFRUH�WKH�

FULWLFDO� UROH� RI� UHODWLRQVKLS� HPEHGGHGQHVV� LQ� HQKDQFLQJ� ILUP� UHVLOLHQFH� DQG� SURYLGH�

HPSLULFDO�HYLGHQFH�RQ�WKH�UROH�RI�GLJLWDOL]DWLRQ�LQ�WKLV�UHODWLRQVKLS��)LQDOO\��ZH�XVH�WKH�

FDVH�RI�+XDZHL�WR�YDOLGDWH�WKH�ILQGLQJV��  

.H\ZRUGV�� )LUP� UHVLOLHQFH�� 5HODWLRQDO� HPEHGGHGQHVV�� 6RFLDO� QHWZRUN� DQDO\VLV��

'LJLWDOL]DWLRQ��6HPL�FRQGXFWRU�LQGXVWU\ 

0DQDJHULDO�UHOHYDQFH�VWDWHPHQW��7KLV�VWXG\�RIIHUV�WKH�IROORZLQJ�UHFRPPHQGDWLRQV�
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IRU�6&0��GLJLWDO�WUDQVIRUPDWLRQ��DQG�SROLF\�FRRUGLQDWLRQ��(QWHUSULVHV�VKRXOG�HVWDEOLVK�

ORQJ�WHUP� VWUDWHJLF� FROODERUDWLRQV� ZLWK� FRUH� VXSSOLHUV�� SURPRWH� MRLQW� UHVHDUFK� DQG�

GHYHORSPHQW� �5	'��� DQG� SXUVXH� FXVWRPL]HG� SURGXFWLRQ�� $GRSWLQJ� PXOWL�VRXUFH�

SURFXUHPHQW� DQG� OHYHUDJLQJ� EORFNFKDLQ� WHFKQRORJ\� FDQ� HQKDQFH� WUDQVSDUHQF\� DQG�

PLWLJDWH� VXSSO\�FKDLQ� ULVNV��$GGLWLRQDOO\��PDLQWDLQLQJ�D�EDODQFHG�FXVWRPHU�VWUXFWXUH�

DQG� HPSOR\LQJ� G\QDPLF� FRQWUDFWV� DQG� GLJLWDO� GHPDQG� IRUHFDVWLQJ� ZLOO� KHOS� DYRLG�

UHGXFHG�EDUJDLQLQJ�SRZHU��&RPSDQLHV�VKRXOG�SULRULWL]H�WKH�GHYHORSPHQW�RI�UHDO�WLPH�

PRQLWRULQJ�DQG�HPHUJHQF\�UHVSRQVH�V\VWHPV�LQ�XSVWUHDP�VXSSO\�FKDLQV��8WLOL]LQJ�ELJ�

GDWD� DQDO\WLFV� IRU� FDSDFLW\� SODQQLQJ� DQG�EXLOGLQJ� IOH[LEOH� GLJLWDO� LQIUDVWUXFWXUHV� FDQ�

SUHYHQW� WKH� ULVNV� RI� WHFKQRORJ\� ORFN�LQ� FDXVHG� E\� UHOLDQFH� RQ� D� VLQJOH� SODWIRUP��

0XOWLQDWLRQDO�HQWHUSULVHV�FDQ�GHSOR\�UHJLRQDOO\�GLVWULEXWHG�VXSSO\�FKDLQV�DQG�HVWDEOLVK�

EORFNFKDLQ�QRGHV�LQ�VHQVLWLYH�DUHDV�WR�HQKDQFH�UHVLOLHQFH��*RYHUQPHQWV�FDQ�IDFLOLWDWH�

WKLV� SURFHVV� E\� RIIHULQJ� WD[� LQFHQWLYHV� IRU� GLJLWDO� LQIUDVWUXFWXUH� LQYHVWPHQWV��

HQFRXUDJLQJ� LQGXVWU\� DVVRFLDWLRQV� WR� EXLOG� FROODERUDWLYH� GLJLWDO� HFRV\VWHPV�� DQG�

SURPRWLQJ�VXSSO\�FKDLQ�FRRUGLQDWLRQ��,Q�NH\�VHFWRUV��IRVWHULQJ�VWUDWHJLF�DOOLDQFHV�DQG�

XVLQJ� GLJLWDO� WZLQ� WHFKQRORJ\� IRU� ULVN� VLPXODWLRQ� DQG� UDSLG� UHFRYHU\� ZLOO� IXUWKHU�

VWUHQJWKHQ�UHVLOLHQFH� 

 

���,QWURGXFWLRQ 

$IIHFWHG�E\�6LQR�86�WUDGH� WHQVLRQV�� WKH�&29,'����SDQGHPLF��DQG�JHRSROLWLFDO�

FRQIOLFWV��WKH�JOREDO�FKLS�VKRUWDJH�IURP������WR������UHVXOWHG�LQ�ORVVHV�H[FHHGLQJ������

ELOOLRQ�LQ�WKH�DXWRPRWLYH�LQGXVWU\��KLJKOLJKWLQJ�WKH�IUDJLOLW\�RI�WKH�VHPLFRQGXFWRU�VXSSO\�
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FKDLQ�� ,Q� WKLV� FRQWH[W�� HQKDQFLQJ� WKH� UHVLOLHQFH� RI� WKH� VHPLFRQGXFWRU� LQGXVWU\� KDV�

EHFRPH� DQ� XUJHQW� SULRULW\�� )LUP� UHVLOLHQFH� LV� GHILQHG� DV� D� ILUP¶V� DELOLW\� WR�PDLQWDLQ�

RSHUDWLRQDO� FRQWLQXLW\� DQG� UHVWRUH� VWDELOLW\� WKURXJK� UDSLG� UHVSRQVH�� UHVRXUFH�

UHFRQILJXUDWLRQ�� DQG� VWUDWHJLF� DGDSWDWLRQ� LQ� WKH� IDFH� RI� H[WHUQDO� VKRFNV� >�@�� 5HFHQW�

VWXGLHV�VXJJHVW�WKDW�UHVLOLHQFH�LV�QRW�RQO\�FRQWLQJHQW�RQ�LQWHUQDO�UHVRXUFH�UHGXQGDQF\�

DQG� IOH[LELOLW\²VXFK� DV� LQYHQWRU\� EXIIHUV� DQG� PXOWL�VRXUFLQJ� VWUDWHJLHV²EXW� DOVR�

FORVHO\�OLQNHG�WR�WKH�G\QDPLF�FRRUGLQDWLRQ�FDSDELOLWLHV�RI�WKH�VXSSO\�FKDLQ�QHWZRUN�>�@��

+RZHYHU��PXFK�RI�WKH�H[LVWLQJ�OLWHUDWXUH�SUHGRPLQDQWO\�IRFXVHV�RQ�LQWHUQDO�UHVLOLHQFH�

EXLOGLQJ� VWUDWHJLHV�� LQFOXGLQJ� FULVLV� PDQDJHPHQW� SURFHVVHV� DQG� LQYHVWPHQWV� LQ�

LQIRUPDWLRQ�WHFKQRORJ\��ZKLOH�WKH�UROH�RI�VXSSO\�FKDLQ�QHWZRUN�VWUXFWXUHV�LQ�VKDSLQJ�

ILUP� UHVLOLHQFH� UHPDLQV� XQGHUH[SORUHG� >�@�� ,Q� SDUWLFXODU�� UHODWLRQVKLS� HPEHGGHGQHVV�

ZLWKLQ� WKH�VXSSO\�FKDLQ�QHWZRUN²UHSUHVHQWLQJ� WKH�GHSWK�DQG�TXDOLW\�RI� LQWHUDFWLRQV�

EHWZHHQ� ILUPV� DQG� WKHLU� XSVWUHDP� DQG� GRZQVWUHDP� SDUWQHUV²KDV� \HW� WR� EH� IXOO\�

H[DPLQHG� 

5HODWLRQDO� HPEHGGHGQHVV� OLWHUDWXUH�� URRWHG� LQ� 6RFLDO�1HWZRUN�$QDO\VLV� �61$���

KLJKOLJKWV�D�ILUP
V�DELOLW\�WR�DFFHVV�UHVRXUFHV�DQG�LQIRUPDWLRQ�WKURXJK�ORQJ�WHUP��FORVH�

SDUWQHUVKLSV�>�@��:LWKLQ�VXSSO\�FKDLQV��UHODWLRQDO�HPEHGGHGQHVV�LV�W\SLFDOO\�UHIOHFWHG�

LQ� VXSSOLHU� DQG�FXVWRPHU� FRQFHQWUDWLRQ��ZKLFK�GHQRWH� D� ILUP¶V� UHOLDQFH�RQ�D� OLPLWHG�

QXPEHU� RI� NH\� VXSSOLHUV� RU� FXVWRPHUV� >�@�� ([LVWLQJ� UHVHDUFK� VXJJHVWV� WKDW� KLJKO\�

FRQFHQWUDWHG� VXSSOLHU� UHODWLRQVKLSV� FDQ�HQKDQFH� HIILFLHQF\�E\� UHGXFLQJ� FRRUGLQDWLRQ�

FRVWV�DQG� IRVWHULQJ� WUXVW� >�@��KRZHYHU�� WKH\�PD\�DOVR�KHLJKWHQ� ULVN�GXH� WR�H[FHVVLYH�

GHSHQGHQFH� >�@��7KLV�ĀGRXEOH�HGJHG� VZRUGā� HIIHFW� EHFRPHV�SDUWLFXODUO\� LQWULFDWH�
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ZKHQ� H[DPLQHG� WKURXJK� WKH� OHQV� RI� UHVLOLHQFH�� 7KDW� LV�� ZKLOH� VWURQJ� VXSSOLHU�

UHODWLRQVKLSV�FDQ�HQKDQFH�VXSSO\�FKDLQ�UHVLOLHQFH�E\�IDFLOLWDWLQJ� LQIRUPDWLRQ�VKDULQJ�

DQG�UDSLG�UHVSRQVH��H[FHVVLYH�FRQFHQWUDWLRQ�PD\�FUHDWH�V\VWHPLF�YXOQHUDELOLWLHV�GXH�WR�

VLQJOH�SRLQWV�RI�IDLOXUH��  

'HVSLWH�WKHVH�WKHRUHWLFDO�LQVLJKWV��HPSLULFDO�UHVHDUFK�RQ�WKLV�SDUDGR[��SDUWLFXODUO\�

ZLWKLQ� QHWZRUN�EDVHG� IUDPHZRUNV�� UHPDLQV� VFDUFH� >�@�� 6LPLODUO\�� WKH� LPSDFW� RI�

FXVWRPHU�FRQFHQWUDWLRQ�RQ�ILUP�UHVLOLHQFH�UHPDLQV�D�VXEMHFW�RI�GHEDWH��6RPH�VFKRODUV�

DUJXH�WKDW�KHDY\�UHOLDQFH�RQ�D�IHZ�ODUJH�FXVWRPHUV�ZHDNHQV�D�ILUP¶V�EDUJDLQLQJ�SRZHU��

LQFUHDVLQJ�LWV�VXVFHSWLELOLW\�WR�GHPDQG�IOXFWXDWLRQV�GXULQJ�FULVHV�>�@��&RQYHUVHO\��RWKHUV�

VXJJHVW�WKDW�VWUDWHJLF�FRRUGLQDWLRQ�ZLWK�FRUH�FXVWRPHUV�FDQ�SURYLGH�ILUPV�ZLWK�VWDEOH�

GHPDQG� IRUHFDVWV� DQG� UHVRXUFH� VXSSRUW�� XOWLPDWHO\� HQKDQFLQJ� UHVLOLHQFH� >�@�� 7KHVH�

FRQWUDVWLQJ�SHUVSHFWLYHV�KLJKOLJKW�WKH�FRPSOH[LW\�RI�WKH�QRQOLQHDU�UHODWLRQVKLS�EHWZHHQ�

UHODWLRQDO� HPEHGGHGQHVV� DQG� ILUP� UHVLOLHQFH�� XQGHUVFRULQJ� WKH� QHHG� IRU� V\VWHPDWLF�

HPSLULFDO�LQYHVWLJDWLRQ� 

)XUWKHUPRUH�� GLJLWDOL]DWLRQ�� DV� D� NH\� GULYHU� RI� WKH� RQJRLQJ� WUDQVIRUPDWLRQ� RI�

VXSSO\�FKDLQV��PD\�UHVKDSH�WKH�UHODWLRQVKLS�EHWZHHQ�UHODWLRQDO�HPEHGGHGQHVV�DQG�ILUP�

UHVLOLHQFH��'LJLWDO�WHFKQRORJLHVüVXFK�DV�EORFNFKDLQ��WKH�,QWHUQHW�RI�7KLQJV��,R7���DQG�

ELJ� GDWD� DQDO\WLFVüDUH� UHGHILQLQJ� LQWHUILUP� LQWHUDFWLRQV� E\� HQKDQFLQJ� VXSSO\� FKDLQ�

YLVLELOLW\��HQDEOLQJ�UHDO�WLPH�PRQLWRULQJ��DQG�IDFLOLWDWLQJ�FROODERUDWLYH�GHFLVLRQ�PDNLQJ�

>��@�� )RU� H[DPSOH�� VPDUW� FRQWUDFWV� FDQ� DXWRPDWH� VXSSOLHU� DJUHHPHQWV�� PLQLPL]LQJ�

GHOD\V�FDXVHG�E\�KXPDQ�LQWHUYHQWLRQ��ZKLOH�,R7�VHQVRUV�FDQ�WUDFN�ORJLVWLFV�LQ�UHDO�WLPH��

SURYLGLQJ�HDUO\�ZDUQLQJV�RI�SRWHQWLDO�GLVUXSWLRQV��7KHRUHWLFDOO\��GLJLWDOL]DWLRQ�KDV�WKH�
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SRWHQWLDO� WR� UHLQIRUFH� WKH� SRVLWLYH� HIIHFWV� RI� UHODWLRQDO� HPEHGGHGQHVV� E\� UHGXFLQJ�

LQIRUPDWLRQ� DV\PPHWU\� DQG� VWUHQJWKHQLQJ� WUXVW� EHWZHHQ� VXSSO\� FKDLQ� SDUWQHUV� >��@��

+RZHYHU�� GLJLWDOL]DWLRQ� PD\� DOVR� LQWHQVLI\� WKH� �ORFN�LQ� HIIHFW��� UHVWULFWLQJ� ILUPV¶�

IOH[LELOLW\� E\� LQFUHDVLQJ� WKHLU� GHSHQGHQFH� RQ� WHFKQRORJ\� >��@�� 'HVSLWH� LWV� JURZLQJ�

VLJQLILFDQFH��HPSLULFDO�UHVHDUFK�RQ�WKLV�PRGHUDWLQJ�HIIHFW�UHPDLQV�OLPLWHG��FRQVWUDLQLQJ�

PDQDJHUV¶�DELOLW\�WR�EDODQFH�GLJLWDO�LQYHVWPHQWV�ZLWK�UHVLOLHQFH�HQKDQFHPHQW� 

7KH�OLPLWDWLRQV�RI�H[LVWLQJ�UHVHDUFK�FDQ�EH�VXPPDUL]HG�LQ�WKUHH�DVSHFWV��)LUVW��PRVW�

VWXGLHV� H[DPLQH� WKH� GULYHUV� RI� UHVLOLHQFH� IURP� WKH� SHUVSHFWLYH� RI� LQGLYLGXDO� ILUPV��

RYHUORRNLQJ�WKH�LQWHUFRQQHFWHG�DQG�G\QDPLF�QDWXUH�RI�VXSSO\�FKDLQ�QHWZRUNV��:KLOH�

VRFLDO� QHWZRUN� WKHRU\�RIIHUV� D�YDOXDEOH� IUDPHZRUN� IRU� DQDO\]LQJ�QHWZRUN� VWUXFWXUHV�

>��@�� LWV�DSSOLFDWLRQ�WR�UHVLOLHQFH�VWXGLHV�UHPDLQV� OLPLWHG��6HFRQG�� WKH��GRXEOH�HGJHG�

VZRUG��HIIHFW�RI�UHODWLRQDO�HPEHGGHGQHVV�KDV�QRW�EHHQ�WKRURXJKO\�YDOLGDWHG�WKURXJK�

HPSLULFDO�LQGXVWU\�EDVHG�UHVHDUFK��)RU�LQVWDQFH��GRHV�VXSSOLHU�FRQFHQWUDWLRQ�HQKDQFH�

UHVLOLHQFH�E\�IRVWHULQJ�V\QHUJ\�DQG�HIILFLHQF\��RU�GRHV�LW�KHLJKWHQ�ULVN�GXH�WR�UHVRXUFH�

GHSHQGHQFH"�6LPLODUO\��ZKDW� UROH�GRHV� FXVWRPHU�FRQFHQWUDWLRQ�SOD\� LQ�PLWLJDWLQJ�RU�

DPSOLI\LQJ� GHPDQG�VLGH� VKRFNV"�$GGUHVVLQJ� WKHVH� TXHVWLRQV� UHTXLUHV� D� PXOWL�OHYHO�

DQDO\WLFDO�DSSURDFK�WKDW�LQWHJUDWHV�ERWK�ILUP��DQG�QHWZRUN�OHYHO�GDWD��7KLUG��H[LVWLQJ�

UHVHDUFK� RQ� GLJLWDOL]DWLRQ� DQG� VXSSO\� FKDLQ� UHVLOLHQFH� SULPDULO\� IRFXVHV� RQ�

WHFKQRORJLFDO�DSSOLFDWLRQV�ZLWKRXW�IXOO\�LQFRUSRUDWLQJ�QHWZRUN�HPEHGGLQJ�WKHRU\��7KH�

H[WHQW� WR�ZKLFK�GLJLWDO� WHFKQRORJLHV� UHVKDSH�SRZHU�G\QDPLFV�� LQIRUPDWLRQ�IORZ��DQG�

ULVN�VKDULQJ� PHFKDQLVPV� ZLWKLQ� VXSSO\� FKDLQ� QHWZRUNV� UHPDLQV� DQ� RSHQ� TXHVWLRQ��

QHFHVVLWDWLQJ�IXUWKHU�WKHRUHWLFDO�GHYHORSPHQW�DQG�HPSLULFDO�YDOLGDWLRQ� 
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%DVHG�RQ�WKH�JDSV�LGHQWLILHG��ZH�GHYHORS�WKH�UHVHDUFK�TXHVWLRQV�DV�IROORZV� 

54���:KDW�LV�WKH�HIIHFW�RI�VXSSOLHU�RU�FXVWRPHU�FRQFHQWUDWLRQ�RQ�ILUP�UHVLOLHQFH"�  

54��� 8QGHU� ZKDW� FRQGLWLRQV� GRHV� GLJLWDOL]DWLRQ� HQKDQFH� RU� GLPLQLVK� WKH�

DIRUHPHQWLRQHG�UHODWLRQVKLSV"�  

7R� DGGUHVV� WKHVH� UHVHDUFK� TXHVWLRQV�� WKLV� VWXG\� FROOHFW� GDWD� IURP� WKH� &60$5�

GDWDEDVH�DQG�:LQG�GLVFORVXUH�UHSRUWV�WR�FRQVWUXFW�D�XQLTXH�GDWDVHW�RI�����FRUH�ILUPV�LQ�

WKH� VHPLFRQGXFWRU� LQGXVWU\� DQG� WKHLU� H[WHQGHG� VXSSO\� FKDLQV�� (PSLULFDO� DQDO\VLV� LV�

FRQGXFWHG�XVLQJ�SDQHO�UHJUHVVLRQ�DQG�D�PRGHUDWLQJ�HIIHFW�PRGHO��)LQDOO\��ZH�XVH�WKH�

FDVH�+XDZHL�WR�YDOLGDWH�WKH�ILQGLQJV�RI�WKH�VHFRQGDU\�GDWD�DQDO\VLV� 

&RPSDUHG�ZLWK�H[LVWLQJ�UHVHDUFK��WKLV�VWXG\�DGYDQFHV�WKH�XQGHUVWDQGLQJ�RI�VXSSO\�

FKDLQ�UHVLOLHQFH�WKURXJK�WKUHH�NH\�LQQRYDWLRQV��)LUVW��DW�WKH�WKHRUHWLFDO�OHYHO��LW�DSSOLHV�

61$�IRU�WKH�ILUVW�WLPH��GHPRQVWUDWLQJ�WKDW�WKH��ELGLUHFWLRQDO�HPEHGGHGQHVV��RI�VXSSOLHU�

DQG�FXVWRPHU�FRQFHQWUDWLRQ�LQ�WKH�VHPLFRQGXFWRU�LQGXVWU\�HQKDQFHV�ILUP�UHVLOLHQFHü

PRYLQJ�EH\RQG� WKH� WUDGLWLRQDO� ILUP�FHQWULF� SHUVSHFWLYH� >�@�� 6HFRQG�� DW� WKH� WHFKQLFDO�

PHFKDQLVP�OHYHO��WKLV�VWXG\�GHFRQVWUXFWV�GLJLWDO�WUDQVIRUPDWLRQ�LQ�WHUPV�RI�GHJUHH��'7��

DQG�VSHHG��'79���LGHQWLILHV�WKH�KHWHURJHQHLW\�RI�LWV�PRGHUDWLQJ�HIIHFWV��DQG�UHYHDOV�WKH�

G\QDPLF�LQWHUSOD\�EHWZHHQ�GLJLWDOL]DWLRQ�DQG�QHWZRUN�HPEHGGHGQHVV�>��@��)LQDOO\��DW�

WKH�PHWKRGRORJLFDO�OHYHO��ZH�HPSOR\�D�K\EULG�DSSURDFK�WKDW�LQWHJUDWHV�FDVH�VWXGLHV�ZLWK�

VHFRQGDU\� GDWD� DQDO\VLV�� DGGUHVVLQJ� HQGRJHQHLW\� WKURXJK� LQVWUXPHQWDO� YDULDEOHV� DQG�

FRXQWHUIDFWXDO� DQDO\VLV�� 7KLV� HQDEOHV� XV� WR� RIIHU� ERWK� DFDGHPLD� DQG� LQGXVWU\� D�

PDQDJHPHQW�SDUDGLJP�WKDW�EDODQFHV�WKHRUHWLFDO�ULJRU�ZLWK�SUDFWLFDO�DSSOLFDELOLW\� 

7KH�UHPDLQGHU�RI�WKH�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��6HFWLRQ���UHYLHZV�WKH�UHOHYDQW�
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OLWHUDWXUH� DQG� GHYHORSV� WHVWDEOH� K\SRWKHVHV�� 6HFWLRQ� �� RXWOLQHV� WKH� UHVHDUFK� GHVLJQ��

LQFOXGLQJ�YDULDEOH�GHILQLWLRQV�DQG�VDPSOH�VHOHFWLRQ��6HFWLRQ���SUHVHQWV� WKH�HPSLULFDO�

DQDO\VLV�DQG�UHVXOWV��6HFWLRQ���GLVFXVVHV�WKH�ILQGLQJV�DQG�WKHLU�LPSOLFDWLRQV��7KH�SDSHU�

FRQFOXGHV�ZLWK�D�VXPPDU\�RI�NH\�FRQWULEXWLRQV�DQG�VXJJHVWLRQV�IRU�IXWXUH�UHVHDUFK� 

���/LWHUDWXUH�UHYLHZ�DQG�K\SRWKHVLV�GHYHORSPHQW 

����)LUP�UHVLOLHQFH�DQG�UHODWLRQDO�HPEHGGHGQHVV 

*URXQGHG� LQ� WKH� UHVRXUFH�EDVHG� YLHZ�� VFKRODUV� DUJXH� WKDW� UHVRXUFHV� DQG� WKHLU�

DOORFDWLRQ�FDSDELOLWLHV�DUH�FHQWUDO�WR�UHVLOLHQFH�>��@��ZLWK�LQFUHDVLQJ�DWWHQWLRQ�EHLQJ�SDLG�

WR� LQWDQJLEOH� UHVRXUFHV�� LQFOXGLQJ� KXPDQ�� RUJDQL]DWLRQDO�� UHODWLRQDO�� DQG� WHFKQLFDO�

UHVRXUFHV�>��@��5HVHDUFK�LQGLFDWHV�WKDW�IDFWRUV�VXFK�DV�PDQDJHULDO�RYHUFRQILGHQFH�DQG�

JUHHG� >��@�� RUJDQL]DWLRQDO� OHDUQLQJ� DQG� IOH[LEOH� LQWHJUDWLRQ� >��@�� DQG� QHWZRUN�

DGDSWDELOLW\�DORQJVLGH�VWUXFWXUDO�YXOQHUDELOLWLHV�LQ�VWUDWHJLF�DOOLDQFHV�>��@��DOO�LQIOXHQFH�

UHVLOLHQFH�WKURXJK�WKH�GLPHQVLRQV�RI�KXPDQ�DQG�RUJDQL]DWLRQDO�UHVRXUFHV��2Q�WKH�RWKHU�

KDQG��FRUSRUDWH�VRFLDO�UHVSRQVLELOLW\�HQKDQFHV�D�ILUP¶V�ULVN�UHVLOLHQFH�WKURXJK�UHODWLRQDO�

UHVRXUFHV�� VXFK� DV� UHSXWDWLRQ� FDSLWDO� DQG� EUDQG� HTXLW\� >���� ��@�� 'HVSLWH� WKHVH�

FRQWULEXWLRQV��ZKLOH�FXUUHQW�UHVHDUFK�DGGUHVVHV�WKH�NH\�W\SHV�RI�LQWDQJLEOH�UHVRXUFHV��

WKH�PHFKDQLVPV�XQGHUO\LQJ� WKH� V\QHUJ\�EHWZHHQ� WHFKQLFDO� UHVRXUFHV� DQG� WKH� VXSSO\�

FKDLQ� QHWZRUN� UHPDLQ� XQGHUH[SORUHG�� SDUWLFXODUO\� LQ� WHUPV� RI� WKHLU� LPSDFW� RQ� WKH�

VWUXFWXUDO�FKDUDFWHULVWLFV�RI�VXSSO\�FKDLQV�>�@� 

6RFLDO�1HWZRUN�7KHRU\�RIIHUV�D�IUHVK�SHUVSHFWLYH�RQ�WKLV�LVVXH��:LWKLQ�WKH�FRQWH[W�

RI� VXSSO\� FKDLQV�� UHODWLRQDO� HPEHGGHGQHVV� LV� PDQLIHVWHG� WKURXJK� WKH� IUHTXHQF\� RI�

LQWHUDFWLRQV��WKH�OHYHO�RI�WUXVW��DQG�WKH�GHJUHH�RI�UHVRXUFH�GHSHQGHQFH�EHWZHHQ�ILUPV�
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DQG� WKHLU� NH\� VXSSOLHUV� DQG� FXVWRPHUV� >�@�� (QKDQFLQJ� UHODWLRQDO� HPEHGGHGQHVV� FDQ�

EROVWHU� ILUP�UHVLOLHQFH� LQ�DUHDV�VXFK�DV� ULVN�PDQDJHPHQW�� UHVRXUFH�FRRUGLQDWLRQ��DQG�

LQIRUPDO�JRYHUQDQFH�PHFKDQLVPV��)LUVWO\��VWURQJ�VXSSOLHU�UHODWLRQVKLSV�IDFLOLWDWH�UHDO�

WLPH�LQIRUPDWLRQ�H[FKDQJH��DOORZLQJ�ILUPV�WR�SURDFWLYHO\�LGHQWLI\�SRWHQWLDO�ULVNV²VXFK�

DV� UDZ� PDWHULDO� VKRUWDJHV� DQG� ORJLVWLFV� GHOD\V²DQG� GHYHORS� FRQWLQJHQF\� SODQV�

DFFRUGLQJO\� >��@�� 6HFRQGO\�� ILUPV� WKDW� DUH� KLJKO\� GHSHQGHQW� RQ� FRUH� VXSSOLHUV� FDQ�

OHYHUDJH� WKH� ORFN�LQ� HIIHFW� WR� SULRULWL]H� VXSSO\� DVVXUDQFH� DQG� VZLIWO\� DGMXVW� RUGHU�

DOORFDWLRQV� GXULQJ� FULVHV� >��@�� )XUWKHUPRUH�� LQIRUPDO� JRYHUQDQFH� PHFKDQLVPV�

HVWDEOLVKHG� WKURXJK� ORQJ�WHUP� FRRSHUDWLYH� UHODWLRQVKLSV²VXFK� DV� UHFLSURFDO�

FRPPLWPHQWV�DQG�UHSXWDWLRQ�FRQVWUDLQWV²FDQ�PLWLJDWH�RSSRUWXQLVWLF�EHKDYLRU�DPRQJ�

SDUWQHUV�DQG�HQKDQFH�FROODERUDWLRQ�HIILFLHQF\�GXULQJ�FULVHV�>��@� 

6XSSOLHU� FRQFHQWUDWLRQ� VSHFLILFDOO\� UHIOHFWV� D� ILUP
V� UHVRXUFH� GHSHQGHQFH� RQ� D�

OLPLWHG�QXPEHU�RI�FRUH�VXSSOLHUV��+LJKO\�FRQFHQWUDWHG�VXSSOLHU�UHODWLRQVKLSV�IRVWHU�GHHS�

FROODERUDWLRQ� DQG� WUXVW�� DQG� VXFK� ORQJ�WHUP� SDUWQHUVKLSV� FDQ� HQFRXUDJH� VSHFLILF�

LQYHVWPHQWV��VXFK�DV�MRLQW�UHVHDUFK�DQG�GHYHORSPHQW��5	'��DQG�FXVWRPL]HG�SURGXFWLRQ��

7KLV�PDNHV�VXSSOLHUV�PRUH�LQFOLQHG�WR�SULRULWL]H�WKH�QHHGV�RI�NH\�ILUPV�GXULQJ�FULVHV�

>�@��)XUWKHUPRUH�� WKH�VWURQJ�WLHV�EHWZHHQ�ILUPV�DQG�WKHLU�FRUH�VXSSOLHUV�IDFLOLWDWH�WKH�

XQLILFDWLRQ� RI� SURGXFWLRQ� SURFHVVHV� DQG� TXDOLW\� VWDQGDUGV�� WKHUHE\� UHGXFLQJ�

FRRUGLQDWLRQ�IULFWLRQV�LQ�HPHUJHQFLHV�>�@��,Q�WHUPV�RI�JRYHUQDQFH��VXSSOLHUV�ZLWK�D�KLJK�

GHSHQGHQF\�RQ�VSHFLILF�FOLHQWV�PD\�EH�FRPSHOOHG�WR�DFFHSW�VWULFWHU�VRFLDO�UHVSRQVLELOLW\�

SURYLVLRQV��VXFK�DV�FRPSOLDQFH�ZLWK�(6*�VWDQGDUGV��7KLV�FDQ�KHOS�PLWLJDWH�WKH�PRUDO�

KD]DUG�DVVRFLDWHG�ZLWK�WKH�VXSSOLHU�FRQFHQWUDWLRQ�>��@��&XVWRPHU�FRQFHQWUDWLRQ�UHIHUV�
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WR�D�ILUP
V�UHOLDQFH�RQ�D�OLPLWHG�QXPEHU�RI�ODUJH�FXVWRPHUV��:KLOH�H[FHVVLYH�GHSHQGHQFH�

FDQ� ZHDNHQ� EDUJDLQLQJ� SRZHU� >�@�� VWUDWHJLF� FRRUGLQDWLRQ� ZLWK� NH\� FXVWRPHUV� FDQ�

SURYLGH� VWDELOLW\� GXULQJ� FULVHV�� 6WURQJ� UHODWLRQVKLSV� ZLWK� FRUH� FXVWRPHUV� IRVWHU�

FROODERUDWLYH�PHFKDQLVPV�� VXFK�DV� MRLQW� LQYHQWRU\�PDQDJHPHQW� DQG� VKDUHG� ORJLVWLFV�

UHVRXUFHV��ZKLFK�FDQ�KHOS�DOOHYLDWH�VXGGHQ�IOXFWXDWLRQV� LQ�GHPDQG�>�@��)XUWKHUPRUH��

FRPSDQLHV� WKDW� GHSHQG� RQ� ODUJH� FXVWRPHUV� PD\� OHYHUDJH� WKHLU� LQGXVWU\� SRVLWLRQ� WR�

VHFXUH�SROLF\�VXSSRUW�RU�SUHIHUHQWLDO�UHVRXUFH�DOORFDWLRQ��VXFK�DV�JRYHUQPHQW�VXEVLGLHV�

GXULQJ�WKH�SDQGHPLF��$FFRUGLQJO\��+��DQG�+��DUH�SURSRVHG� 

+���6XSSOLHU�FRQFHQWUDWLRQ�KDV�D�SRVLWLYH�LPSDFW�RQ�ILUP�UHVLOLHQFH� 

+���&XVWRPHU�FRQFHQWUDWLRQ�KDV�D�SRVLWLYH�HIIHFW�RQ�ILUP�UHVLOLHQFH� 

����7KH�PRGHUDWLQJ�HIIHFW�RI�GLJLWDO�HQYLURQPHQW 

7KH�GLJLWDO�HQYLURQPHQW�HQKDQFHV�WKH�SRVLWLYH�LPSDFW�RI�UHODWLRQDO�HPEHGGHGQHVV�

RQ� ILUP� UHVLOLHQFH��DV�HYLGHQFHG�E\� LPSURYHG� VXSSO\�FKDLQ� WUDQVSDUHQF\�DQG�RYHUDOO�

QHWZRUN�UREXVWQHVV��'LJLWDO�WHFKQRORJLHV��VXFK�DV�EORFNFKDLQ��DUWLILFLDO�LQWHOOLJHQFH��DQG�

WKH� ,QWHUQHW� RI�7KLQJV�� UHGXFH� FRPPXQLFDWLRQ�FRVWV� DPRQJ� � VXSSO\� FKDLQ�PHPEHUV�

DQG� IDFLOLWDWH� KLJK�IUHTXHQF\�� KLJK�TXDOLW\� LQIRUPDWLRQ� H[FKDQJH� >��@�� )RU� LQVWDQFH��

EORFNFKDLQ� WHFKQRORJ\� HQDEOHV� FRPSUHKHQVLYH� WUDFHDELOLW\�� ZKLOH� VPDUW� FRQWUDFWV�

HQVXUH�GDWD�WUDQVSDUHQF\��DOORZLQJ�VXSSOLHUV�DQG�FRUH�ILUPV�WR�VKDUH�(6*�LQIRUPDWLRQ�

LQ� UHDO� WLPH�� 7KLV� UHGXFHV� LQIRUPDWLRQ� DV\PPHWU\� DQG� HQKDQFHV� VXSSO\� FKDLQ�

WUDQVSDUHQF\�>��@��7KH�GLJLWDO�SODWIRUP�RIIHUV�D�FRPSUHKHQVLYH�LQIRUPDWLRQ�GLVFORVXUH�

IUDPHZRUN�IRU�VXSSO\�FKDLQ�SDUWLFLSDQWV��IDFLOLWDWLQJ�WKH�LQWHJUDWLRQ�RI�(6*�GDWD�IURP�

VXSSOLHUV�YLD�D�FORXG�EDVHG�V\VWHP��,W�SURPRWHV�WKH�HVWDEOLVKPHQW�RI�VKDUHG�VXVWDLQDEOH�
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SUDFWLFH�VWDQGDUGV�IRU�ERWK�XSVWUHDP�DQG�GRZQVWUHDP�VWDNHKROGHUV��7HFKQRORJ\�GULYHQ�

FROODERUDWLYH�JRYHUQDQFH�HQKDQFHV� VXSSOLHUV
� UHOLDQFH�RQ� FRUH� ILUPV� >��@�� FUHDWLQJ� D�

ORFN�LQ�HIIHFW�WKDW�HQFRXUDJHV�VXSSOLHUV�WR�DFWLYHO\�DGKHUH�WR�WUDQVSDUHQF\�UHTXLUHPHQWV�

DQG�GHYHORS�D�VHOI�PRQLWRULQJ�PHFKDQLVP��6XFK�DV��FRUH�ILUPV�DUH�LQWULFDWHO\�ZRYHQ�

LQWR�WKH�VXSSOLHU�QHWZRUN�WKURXJK�GLJLWDO�WRROV��VXFK�DV�VXSSO\�FKDLQ�PDQDJHPHQW��6&0��

V\VWHPV� DQG� (QWHUSULVH� 5HVRXUFH� 3ODQQLQJ� �(53�� VRIWZDUH�� ZKLFK� HQDEOH� UHDO�WLPH�

PRQLWRULQJ�RI�VXSSOLHU�EHKDYLRU�DQG�WKH�UDSLG�LGHQWLILFDWLRQ�RI�SRWHQWLDO�ULVNV��LQFOXGLQJ�

ODERU�LVVXHV�DQG�HQYLURQPHQWDO�YLRODWLRQV��$FFRUGLQJO\��+��LV�SURSRVHG� 

+��� 7KH� GLJLWDO� HQYLURQPHQW� SRVLWLYHO\� PRGHUDWHV� WKH� UHODWLRQVKLS� EHWZHHQ�

UHODWLRQDO�HPEHGGHGQHVV�DQG�ILUP�UHVLOLHQFH� 

����7KH�PRGHUDWLQJ�HIIHFW�RI�GLJLWDO�WUDQVIRUPDWLRQ 

'LJLWDO�WUDQVIRUPDWLRQ�UHFRQVWUXFWV�WKH�RSHUDWLRQDO�ORJLF�RI�VXSSO\�FKDLQ�QHWZRUNV�

WKURXJK� WHFKQRORJLFDO� HPSRZHUPHQW�� 'LJLWDO� WHFKQRORJLHV�� VXFK� DV� WKH� ,QWHUQHW� RI�

7KLQJV�� EORFNFKDLQ�� DQG� DUWLILFLDO� LQWHOOLJHQFH�� QRW� RQO\� HQKDQFH� WKH� YLVLELOLW\� DQG�

UHVSRQVLYHQHVV� RI� VXSSO\� FKDLQV� >��@�� EXW� DOVR� UHVKDSH� WKH� SRZHU� G\QDPLFV� DQG�

FROODERUDWLRQ�PRGHV�DPRQJ�ILUPV�>��@��$FFRUGLQJ�WR�G\QDPLF�FDSDELOLW\�WKHRU\�>��@��

GLJLWDO�WUDQVIRUPDWLRQ�FDQ�SRVLWLYHO\�LQIOXHQFH�WKH�LPSDFW�RI�UHODWLRQDO�HPEHGGHGQHVV�

RQ� ILUP� UHVLOLHQFH�� )RU� LQVWDQFH�� EORFNFKDLQ� WHFKQRORJ\� LPSURYHV� VXSSO\� FKDLQ�

WUDFHDELOLW\� DQG� UHGXFHV� FRRUGLQDWLRQ� FRVWV� DVVRFLDWHG� ZLWK� LQIRUPDWLRQ� DV\PPHWU\�

WKURXJK� WDPSHU�SURRI� GLVWULEXWHG� OHGJHUV� >��@�� 6PDUW� FRQWUDFWV� DQG� SUHGLFWLYH�

PDLQWHQDQFH�V\VWHPV�FDQ�DXWRPDWH�FULVLV� UHVSRQVH�SURFHVVHV�� WKHUHE\�VKRUWHQLQJ� WKH�

WLPH�IUDPH�IURP�ULVN�LGHQWLILFDWLRQ�WR�DFWLRQ�>��@��$GGLWLRQDOO\��GLJLWDO�HFRV\VWHPV��VXFK�
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DV�LQGXVWULDO�,QWHUQHW�SODWIRUPV��IDFLOLWDWH�FURVV�ILUP�UHVRXUFH�VKDULQJ�DQG�HQDEOH�ILUPV�

WR�G\QDPLFDOO\� DGMXVW� WKHLU� VXSSO\� FKDLQ� VWUXFWXUHV� WR� DGGUHVV�XQFHUWDLQW\� >��@�� ,W� LV�

LPSRUWDQW�WR�QRWH�WKDW�WKH�LPSDFW�RI�GLJLWDO�WUDQVIRUPDWLRQ�RQ�ILUP�UHVLOLHQFH�PD\�H[KLELW�

KHWHURJHQHRXV�FKDUDFWHULVWLFV��'LJLWDOL]DWLRQ�'HSWK�UHIHUV�WR�WKH�H[WHQW�DQG�LQWHQVLW\�RI�

WKH� FXUUHQW� DSSOLFDWLRQ� RI� GLJLWDO� WHFKQRORJ\� ZLWKLQ� ILUPV�� $� KLJK� GHJUHH� RI�

GLJLWDOL]DWLRQ� FDQ� HQKDQFH� WKH� V\QHUJLVWLF� HIIHFWV� RI� UHODWLRQVKLS� HPEHGGLQJ� E\�

LQWHJUDWLQJ�PXOWLSOH�GDWD�IORZV�>��@��'LJLWDOL]DWLRQ�VSHHG�SHUWDLQV�WR�WKH�UDWH��DW�ZKLFK�

ILUPV�DGYDQFH�WKHLU�GLJLWDOL]DWLRQ�HIIRUWV�>��@� 

$� KLJK� GHJUHH� RI� GLJLWDO� WUDQVIRUPDWLRQ�� H[HPSOLILHG� E\� WKH� FRPSUHKHQVLYH�

LPSOHPHQWDWLRQ� RI�$,�GULYHQ� GHPDQG� IRUHFDVWLQJ� V\VWHPV�� FDQ� HQKDQFH� WKH� SRVLWLYH�

HIIHFWV� RI� VXSSOLHU� FRQFHQWUDWLRQ�� )RU� LQVWDQFH�� ,R7� VHQVRUV� PRQLWRU� VXSSOLHUV
�

SURGXFWLRQ�VWDWXVHV�LQ�UHDO�WLPH��HQDEOLQJ�ILUPV�WR�VZLIWO\�LGHQWLI\�GLVUXSWLRQ�ULVNV�DQG�

LQLWLDWH�FRQWLQJHQF\�SODQV�>��@��$GGLWLRQDOO\��VPDUW�FRQWUDFWV�VXSSRUWHG�E\�EORFNFKDLQ�

WHFKQRORJ\� FDQ� DXWRPDWLFDOO\� WULJJHU� HPHUJHQF\� SURFXUHPHQW� DJUHHPHQWV�� WKHUHE\�

UHGXFLQJ�QHJRWLDWLRQ�GHOD\V� >��@��'LJLWDO�SODWIRUPV�DOVR� LQWHJUDWH�VHFRQGDU\�VXSSOLHU�

GDWD�WR�LPSURYH�WKH�PDQDJHPHQW�RI�PXOWL�WLHU�VXSSO\�FKDLQV�>��@��6LPLODUO\��ILUPV�WKDW�

DUH� KLJKO\� GLJLWDOL]HG� FDQ� OHYHUDJH� WKH� VWDELOLW\� RI� FXVWRPHU� FRQFHQWUDWLRQ� PRUH�

HIIHFWLYHO\��7KH\�XWLOL]H�ELJ�GDWD�WR�DQDO\]H�KLVWRULFDO�FXVWRPHU�EHKDYLRU��SUHGLFW�DQG�

PLWLJDWH� GHPDQG� IOXFWXDWLRQV� >��@�� DQG� VLPXODWH� FXVWRPHU� GHPDQG� VFHQDULRV� XVLQJ�

GLJLWDO�WZLQ�WHFKQRORJ\��DOORZLQJ�IRU�UDSLG�DGMXVWPHQWV�WR�SURGXFW�FRQILJXUDWLRQV�>��@��

&RQVHTXHQWO\��+��LV�SURSRVHG� 

+���7KH� GHJUHH� RI� GLJLWDO� WUDQVIRUPDWLRQ� SRVLWLYHO\�PRGHUDWHV� WKH� UHODWLRQVKLS�
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EHWZHHQ�UHODWLRQDO�HPEHGGHGQHVV�DQG�ILUP�UHVLOLHQFH��  

)LUPV�WKDW�VZLIWO\�HPEUDFH�GLJLWDO�WUDQVIRUPDWLRQ�DUH�PRUH�OLNHO\�WR�FDSLWDOL]H�RQ�

RSSRUWXQLWLHV� WKURXJK� WHFKQRORJLFDO� LWHUDWLRQ��)RU�VXSSOLHUV�� WKH� UDSLG�GHSOR\PHQW�RI�

FORXG�DQG�HGJH�FRPSXWLQJ�FDSDELOLWLHV�IDFLOLWDWHV�WKH�G\QDPLF�UHFRQILJXUDWLRQ�RI�VXSSO\�

FKDLQ�QHWZRUNV� >��@��)LUPV� WKDW� OHDG� LQ�HVWDEOLVKLQJ�GLJLWDO�HFRV\VWHPV�FDQ�DWWUDFW�D�

JUHDWHU�QXPEHU�RI�KLJK�TXDOLW\�VXSSOLHUV�� WKHUHE\�FUHDWLQJ� WHFKQLFDO�EDUULHUV� WR�HQWU\�

>��@��)RU�FXVWRPHUV��DFFHOHUDWHG�GLJLWDOL]DWLRQ�HQDEOHV�ILUPV�WR�UHVSRQG�PRUH�TXLFNO\�

WR� VKLIWV� LQ� FXVWRPHU� GHPDQG� DQG� XWLOL]H� YLUWXDO� UHDOLW\� WR� FROODERUDWLYHO\� RSWLPL]H�

SURGXFW� VROXWLRQV�� WKHUHE\� VKRUWHQLQJ� GHOLYHU\� F\FOHV� >��@�� $GGLWLRQDOO\�� UHDO�WLPH�

DGMXVWPHQWV� WR� SULFLQJ� VWUDWHJLHV� EDVHG� RQ�PDFKLQH� OHDUQLQJ� FDQ� KHOS� EDODQFH� ODUJH�

FXVWRPHU�RUGHUV�ZLWK�PDUNHW�IOXFWXDWLRQV�>��@��&RQVHTXHQWO\��+��LV�SURSRVHG� 

+��� 7KH� VSHHG� RI� GLJLWDO� WUDQVIRUPDWLRQ� SRVLWLYHO\� PRGHUDWHV� WKH� UHODWLRQVKLS�

EHWZHHQ�UHODWLRQDO�HPEHGGHGQHVV�DQG�ILUP�UHVLOLHQFH� 

%DVHG�RQ�WKH�DVVXPSWLRQV�DERYH��ZH�KDYH�GHYHORSHG�D�WKHRUHWLFDO�IUDPHZRUN�WKDW�

LQWHJUDWHV��UHODWLRQVKLS�HPEHGGHGQHVV��GLJLWDO�WUDQVIRUPDWLRQ��DQG�ILUP�UHVLOLHQFH���VHH�

)LJXUH�����7KLV�PRGHO�KLJKOLJKWV�WKH�FRQFHQWUDWLRQ�RI�VXSSOLHUV�DQG�FXVWRPHUV�DV�WKH�

FHQWUDO� GLPHQVLRQ� RI� UHODWLRQVKLS� HPEHGGHGQHVV��ZKLFK� GLUHFWO\� HQKDQFHV� UHVLOLHQFH�

WKURXJK� UHVRXUFH� LQWHJUDWLRQ�DQG� ULVN�VKDULQJ�PHFKDQLVPV��7KH�GHJUHH�DQG�VSHHG�RI�

GLJLWDO� WUDQVIRUPDWLRQ� UHLQIRUFH� WKLV� UHODWLRQVKLS� DW� WZR� OHYHOV�� VWDWLF� FDSDFLW\�

DFFXPXODWLRQ�DQG�G\QDPLF�DGDSWLYH�FDSDFLW\� 
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),*85(���7KH�&RQFHSWXDO�0RGHO 

���0HWKRGRORJ\ 

����'DWD�DQG�VDPSOH�  

:H�DGRSW�D�PL[HG�PHWKRG�DSSURDFK��)LUVW��ZH�FRQGXFW�VHFRQGDU\�GDWD�DQDO\VLV�DQG�

WKHQ�XVHG�WKH�FDVH�RI�+XDZHL� WR�YDOLGDWH�RXU�ILQGLQJV��:H�FROOHFWHG�UHOHYDQW�VDPSOH�

GDWD� IURP� WZR�PDMRU� GDWDEDVHV�� WKH� &KLQD� 6WRFN�0DUNHW� DQG�$FFRXQWLQJ� 5HVHDUFK�

�&60$5��DQG�WKH�:LQG�&KLQD�)LQDQFLDO�'DWDEDVH��WR�DQDO\]H�WKH�LPSDFW�RI�VXSSOLHU�

FRQFHQWUDWLRQ� UHODWLRQVKLS� HPEHGGHGQHVV� RQ� ILUP� UHVLOLHQFH�� DV� ZHOO� DV� WKH� PXOWL�

GLPHQVLRQDO�PRGHUDWLQJ�HIIHFW�RI�GLJLWDO� WUDQVIRUPDWLRQ��7KH�GDWD�XVHG� LQ� WKLV� VWXG\�

HQFRPSDVVHV�OLVWHG�FRPSDQLHV�LQ�WKH�VHPLFRQGXFWRU�PDQXIDFWXULQJ�LQGXVWU\�IURP������

WR�������IROORZLQJ�WKH�LVVXDQFH�RI�WKH�/LVW�LQ�0DUFK�������ZKLFK�LPSRVHG�VDQFWLRQV�RQ�

&KLQD
V�VHPLFRQGXFWRU�LQGXVWU\��$GGLWLRQDOO\��ZH�XWLOL]HG�WKH�FRPSDQ\�FRGH�DQG�\HDU�

DV� LGHQWLILHUV� DFURVV� GLIIHUHQW� GDWDEDVHV�� LQWHJUDWLQJ� HQYLURQPHQWDO� DQG� ILQDQFLDO�

LQIRUPDWLRQ�ZKLOH�PDWFKLQJ�HQYLURQPHQWDO�UHJXODWRU\�SUHVVXUH�EDVHG�RQ�WKH�FRPSDQ\
V�

ORFDWLRQ� DQG� \HDU��$IWHU� H[FOXGLQJ� ILUPV� GHVLJQDWHG� IRU� VSHFLDO� WUHDWPHQW� �67��� ZH�
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XOWLPDWHO\�REWDLQHG�GDWD�RQ�����OLVWHG�ILUPV��UHVXOWLQJ�LQ�D�WRWDO�RI�������GDWD�SRLQWV�WKDW�

IRUP�WKH�IRXQGDWLRQ�IRU�RXU�HPSLULFDO�DQDO\VLV� 

����9DULDEOHV 

������)LUP�UHVLOLHQFH 

)ROORZLQJ�'RUPDG\��HW�DO��>��@��ZH�XWLOL]H�WKH�SURGXFWLRQ�IXQFWLRQ�WR�DVVHVV�WKH�

UHVLOLHQFH�RI�ILUPV��7KH�SURGXFWLRQ�IXQFWLRQ�LOOXVWUDWHV�KRZ�D�ILUP�RSHUDWHV��SURYLGHV�

LQVLJKWV� LQWR� LQSXW� DOORFDWLRQ� DQG� DVVRFLDWHG� SURGXFWLYLW\� OHYHOV�� DQG� H[SOLFLWO\�

GHPRQVWUDWHV� KRZ� WKH� LQSXW�RXWSXW� UHODWLRQVKLS� YDULHV� ZLWK� VFDOH�� ,W� HQFRPSDVVHV�

LQWHUPHGLDWH� LQSXWV�� ODERU� LQSXWV�� DQG� FDSLWDO� LQYHVWPHQW�� ,Q� OLQH�ZLWK� WKH� DSSURDFK�

RXWOLQHG�E\�1DJOH�>��@��ZH�HPSOR\�WKH�FODVVLF�&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ�WR�

HVWLPDWH�WRWDO�IDFWRU�SURGXFWLYLW\��7)3���XVLQJ�WKH�FKDQJH�LQ�7)3�DV�D�PHDVXUH�RI�ILUP�

UHVLOLHQFH�� 6SHFLILFDOO\��ZH� GHILQH� UHVLOLHQFH� DV� WKH� GHJUHH� RI� FKDQJH� LQ�7)3� LQ� WKH�

FXUUHQW� SHULRG� UHODWLYH� WR� WKH� SUHYLRXV� SHULRG� >��� ��@�� 7KHUH� DUH� VHYHUDO� PHWKRGV�

DYDLODEOH�IRU�FDOFXODWLQJ�WKH�WRWDO�IDFWRU�SURGXFWLYLW\�RI�ILUPV��ZLWK�FRPPRQ�DSSURDFKHV�

LQFOXGLQJ�WKH�2UGLQDU\�/HDVW�6TXDUHV��2/6��PHWKRG��WKH�2OOH\�3DNHV��23��PHWKRG�>��@��

DQG�WKH�/HYLQVRKQ�3HWULQ��/3��PHWKRG�>��@��*LYHQ�WKDW�WKLV�VWXG\�HPSOR\V�SDQHO�GDWD��

ZH�KDYH�RSWHG�WR�XVH�WKH�2/6�PHWKRG�WR�FDOFXODWH�WKH�WRWDO�IDFWRU�SURGXFWLYLW\�RI�ILUPV�

ZKLOH�FRQWUROOLQJ�IRU�IL[HG�HIIHFWV�UHODWHG�WR�ERWK�\HDU�DQG�ILUP� 

� � � � � � � � � � � � � � � � � � 1Re �� ititit TFPTFPsiliences � � � � � � � � � � � � � � � � � �˄�˅ 

������5HODWLRQDO�HPEHGGHGQHVV 

)ROORZLQJ� WKH� VWXG\�E\� -LDQJ�� HW� DO�� >�@��ZH�PHDVXUH� VXSSOLHU� FRQFHQWUDWLRQ�E\�

FDOFXODWLQJ�WKH�SURSRUWLRQ�RI�H[SHQGLWXUH�DOORFDWHG�WR�WKH�WRS�ILYH�VXSSOLHUV�UHODWLYH�WR�
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WRWDO�H[SHQGLWXUH��UHIHUUHG�WR�DV�6&B7RS���&XVWRPHU�FRQFHQWUDWLRQ�LV�PHDVXUHG�E\�WKH�

UDWLR�RI�UHYHQXH�JHQHUDWHG�E\�WKH�WRS�ILYH�FXVWRPHUV�UHODWLYH�WR�WRWDO�UHYHQXH��GHQRWHG�

DV�&&B7RS���7KH�FDOFXODWLRQV�DUH�DV�IROORZV� 

 
itistit PurchasesPurchasesSC ¦ 

5

1 �  
˄�˅ 

� � � � � � � � � � � � � � � � � � �
itistit SalesSalesCC ¦ 

5

1 � � � � � � � � � � � � � � � � � � � �
˄�˅ 

itSC � UHSUHVHQWV�WKH�VXSSOLHU�FRQFHQWUDWLRQ�RI�WKH�IRFDO�FRPSDQ\� i � LQ�WKH�\HDU t ��

istPurchases �� LV� WKH� FRPSDQ\
V� SURFXUHPHQW� H[SHQGLWXUH� RQ� VXSSOLHUV� LQ� WKH� \HDU� t ���

itPurchases � LV�WKH�WRWDO�SURFXUHPHQW�H[SHQGLWXUH�SDLG�E\�WKH�IRFDO�FRPSDQ\� i � LQ�WKH�

\HDU�� � itCC � UHSUHVHQWV�WKH�FXVWRPHU�FRQFHQWUDWLRQ�RI�WKH�IRFXV�FRPSDQ\� i � LQ�WKH�\HDU�

t ��� istSales �� GHQRWHV� WKH� VDOHV� UHYHQXH� WKDW� WKH� IRFXV� FRPSDQ\� i �� REWDLQV� IURP�

FXVWRPHUV� s � LQ�WKH�\HDU� t ��DQG� itSales � GHQRWHV�WKH�WRWDO�VDOHV�UHYHQXH�WKDW�WKH�IRFXV�

FRPSDQ\� i REWDLQV�LQ�WKH�\HDU� t ��$�KLJKHU�YDOXH�RI� itSC � DQG� itCC � LQGLFDWHV�D�KLJKHU�

FRQFHQWUDWLRQ�RI�VXSSOLHUV�DQG�FXVWRPHUV� 

������&RQWURO�YDULDEOHV 

7R�HQVXUH�WKH�DFFXUDF\�RI�RXU�HVWLPDWHV�DQG�WR�HOLPLQDWH�FRQIRXQGLQJ�IDFWRUV��ZH�

LQFOXGH�D�UDQJH�RI�FRQWURO�YDULDEOHV�WKDW�PD\�LQIOXHQFH�ILUP�UHVLOLHQFH��6SHFLILFDOO\��ZH�

FRQWURO�IRU�ILUP�VL]H��6L]H���OHYHUDJH�UDWLR��/HY���WDQJLEOH�DVVHWV�UDWLR��7DQJ���UHWXUQ�RQ�

DVVHWV� �52$��� UHVHDUFK� DQG� GHYHORSPHQW� LQYHVWPHQW� �5	'��� ERDUG� VL]H� �%RDUG���

RZQHUVKLS� FRQFHQWUDWLRQ� �2&��� DQG� ERDUG� LQGHSHQGHQFH� �,QGHS��� /DUJHU� FRPSDQLHV�

W\SLFDOO\�SRVVHVV�PRUH�ILQDQFLDO�DQG�PDQDJHULDO�UHVRXUFHV�WKDQ�VPDOOHU�ILUPV��HQDEOLQJ�

WKHP�WR�EHWWHU�DEVRUE�VKRFNV�DQG�DGMXVW�WKHLU�SURGXFWLRQ�SURFHVVHV�>��@��&RQVHTXHQWO\��
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ZH� FRQWURO� IRU� VL]H� �6L]H�� E\� XVLQJ� WKH� QDWXUDO� ORJDULWKP� RI� WRWDO� DVVHWV� DV� WKH�

PHDVXUHPHQW� VWDQGDUG>��@�� 7KH� DYDLODELOLW\� RI� ILQDQFLDO� UHVRXUFHV� FDQ� VLJQLILFDQWO\�

LPSDFW�FDVK�IORZ�DQG�WKH�UHVLOLHQFH�RI�ILUPV�GXULQJ�FULVHV�>��@��7KHUHIRUH��ZH�LQFOXGH�

OHYHUDJH��/HY��DV�D�FRQWURO�YDULDEOH��GHILQHG�DV�WKH�UDWLR�RI�WRWDO�GHEW�WR�WRWDO�DVVHWV>��@��

6RPH�ILUPV�SRVVHVV�D�JUHDWHU�SURSRUWLRQ�RI�LQWDQJLEOH�DVVHWV��ZKLFK�PD\�SURYLGH�WKHP�

ZLWK�LQFUHDVHG�IOH[LELOLW\�LQ�UHVSRQGLQJ�WR�VKRFNV��:H�FRQWURO�IRU�WDQJLELOLW\��7DQJ��E\�

FDOFXODWLQJ�WKH�UDWLR�RI�WDQJLEOH�DVVHWV�WR�WRWDO�DVVHWV�>��@��)LUPV�ZLWK�VWURQJ�SURILWDELOLW\�

DUH�JHQHUDOO\�PRUH�OLNHO\�WR�GHPRQVWUDWH�VXVWDLQDEOH�GHYHORSPHQW�SHUIRUPDQFH� >��@��

DQG�ZH�LQFOXGH�UHWXUQ�RQ�DVVHWV��52$��DV�D�FRQWURO�YDULDEOH��+LJK�WHFK�FRPSDQLHV�RIWHQ�

H[KLELW� VXSHULRU� LQQRYDWLRQ� FDSDELOLWLHV�� DOORZLQJ� WKHP� WR� DGDSW� WR� XQFHUWDLQ�

HQYLURQPHQWV�E\�LQQRYDWLQJ�WKHLU�SURFHVVHV�DQG�SURGXFWV�>��@��7KHUHIRUH��ZH�FRQWURO�

IRU�5	'� LQSXW� �5	'���PHDVXUHG� DV� WKH� UDWLR� RI�5	'� H[SHQGLWXUH� WR� LQFRPH� >��@��

%RDUG�VL]H��%RDUG��PD\�HQKDQFH�ILUP�UHVLOLHQFH�E\�SURYLGLQJ�DGGLWLRQDO�UHVRXUFHV�DQG�

LQIRUPDWLRQ�� KRZHYHU�� LI� LW� EHFRPHV� H[FHVVLYHO\� ODUJH�� LW� PD\� OHDG� WR� LQHIILFLHQW�

GHFLVLRQ�PDNLQJ��WKHUHE\�QHJDWLYHO\�LPSDFWLQJ�ILUP�UHVLOLHQFH��:H�PHDVXUH�ERDUG�VL]H�

E\� WKH� QXPEHU� RI� GLUHFWRUV� >��@�� 2ZQHUVKLS� FRQFHQWUDWLRQ� �2&�� LV� DVVHVVHG� E\� WKH�

VKDUHKROGLQJ�UDWLR�RI�WKH�ODUJHVW�VKDUHKROGHU�>��@��ZKLFK�FDQ�LQIOXHQFH�GHFLVLRQ�PDNLQJ�

G\QDPLFV�DQG�VWUDWHJLF�FKRLFHV�ZLWKLQ�D�FRPSDQ\��7KH�LQGHSHQGHQFH�RI�WKH�ERDUG�RI�

GLUHFWRUV��,QGHS��SRVLWLYHO\�DIIHFWV�ILUP�SHUIRUPDQFH��DQG�UHVHDUFK�LQGLFDWHV�WKDW�ERDUG�

LQGHSHQGHQFH�PD\�HQKDQFH�WKH�UHVLOLHQFH�RI�ILUPV�LQ�WKH�IDFH�RI�GLVUXSWLYH�HYHQWV�>��@��

:H�PHDVXUH� ERDUG� LQGHSHQGHQFH� E\� WKH� SURSRUWLRQ� RI� LQGHSHQGHQW� GLUHFWRUV� RQ� WKH�

ERDUG�>��@� 
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������0HFKDQLVP�YDULDEOHV 

7KH� GLJLWDO� HQYLURQPHQW� �'(�� PD\� DPSOLI\� WKH� SRVLWLYH� LPSDFW� RI� UHODWLRQDO�

HPEHGGHGQHVV� RQ� ILUP� UHVLOLHQFH� WKURXJK� WHFKQRORJLFDO� HPSRZHUPHQW� DQG� QHWZRUN�

UHFRQVWUXFWLRQ��:H�PHDVXUH�WKH�GLJLWDO�HQYLURQPHQW�XVLQJ�WKH�GLJLWDOL]DWLRQ�LQGH[�RI�WKH�

SURYLQFH� LQ� ZKLFK� WKH� ILUP� LV� ORFDWHG�� ZLWK� GDWD� VRXUFHG� IURP� WKH� &KLQD� 'LJLWDO�

(FRQRP\�'HYHORSPHQW�,QGH[�5HSRUW� 

'LJLWDO�7UDQVIRUPDWLRQ�'HJUHH� �'7���:H�DQDO\]HG� WKH� IUHTXHQF\�RI���� GLJLWDO�

UHODWHG�WHUPV�DFURVV�IRXU�GLPHQVLRQV��GLJLWDO�WHFKQRORJ\�DSSOLFDWLRQ��LQWHUQHW�EXVLQHVV�

PRGHOV��LQWHOOLJHQW�PDQXIDFWXULQJ��DQG�PRGHUQ�LQIRUPDWLRQ�V\VWHPV��7KURXJK�NH\ZRUG�

WH[W� DQDO\VLV�� ZH� FRQVWUXFWHG� DQ� LQGH[� WR� PHDVXUH� WKH� GHJUHH� RI� ILUP� GLJLWDO�

WUDQVIRUPDWLRQ��&RPSDQLHV� SXUVXH� GLJLWDO� WUDQVIRUPDWLRQ� WR� OHYHUDJH� WHFKQRORJ\� IRU�

FUHDWLQJ�QHZ�SURGXFWV�DQG�VHUYLFHV��VWUHDPOLQLQJ�RSHUDWLRQV��HQKDQFLQJ�HIILFLHQF\��DQG�

DFKLHYLQJ�D�FRPSHWLWLYH�DGYDQWDJH�LQ�WKH�PDUNHW�>��@� 

'LJLWDO�7UDQVIRUPDWLRQ�9HORFLW\��'79���%DVHG�RQ�WKH�DQQXDO�UHSRUW�RI�WKH� ILUP��

ZH�DVVHVV�WKH�GHJUHH�RI�GLJLWDO�WUDQVIRUPDWLRQ�IRU�WKH�FXUUHQW�\HDU�DQG�FRPSDUH�LW�WR�WKH�

SUHYLRXV�\HDU��8VLQJ� WKLV� LQIRUPDWLRQ��ZH�FRQVWUXFW�D�PHDVXUHPHQW� LQGH[�IRU�GLJLWDO�

WUDQVIRUPDWLRQ� YHORFLW\ � � 11 ��� ititit DTDTDTDTV � �� 6SHFLILFDOO\�� GLJLWDO�

WUDQVIRUPDWLRQ�YHORFLW\� LV�GHILQHG�DV� WKH� UDWLR�RI� WKH�FXUUHQW�\HDU
V�GHJUHH�RI�GLJLWDO�

WUDQVIRUPDWLRQ�WR�WKDW�RI�WKH�SUHYLRXV�\HDU��$�KLJKHU�YDOXH� DTV � LQGLFDWHV�D�IDVWHU�UDWH�

RI�GLJLWDO�WUDQVIRUPDWLRQ�IRU�WKH�ILUP���$OO�YDULDEOHV�GHVFULEH�VHH�$SSHQGL[���� 

���(PSLULFDO�WHVWV 

����'HVFULSWLYH�VWDWLVWLFV�DQG�PRGHO�VHWWLQJ 
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Digital Transformation Degree (DT):

刘薇
Digital Transformation Velocity (DTV):



ϭϴ 
 

$SSHQGL[���SUHVHQWV�WKH�GHVFULSWLYH�VWDWLVWLFDO�UHVXOWV�IRU�HDFK�YDULDEOH��$SSHQGL[�

�� GLVSOD\V� WKH� 3HDUVRQ� FRUUHODWLRQ� FRHIILFLHQWV� DPRQJ� WKH� YDULDEOHV�� $SSHQGL[� ��

SURYLGHV� WKH� UHVXOWV� RI� WKH� PXOWLFROOLQHDULW\� WHVW� WR� SUHYHQW� UHGXQGDQF\� DPRQJ� WKH�

YDULDEOHV��7KH�ILQGLQJV�LQGLFDWH�WKDW�WKH�YDULDQFH�LQIODWLRQ�IDFWRU��9,)��LV�OHVV�WKDQ����

VLJQLILFDQWO\� EHORZ� WKH� WKUHVKROG� RI� ���� VXJJHVWLQJ� WKDW�PXOWLFROOLQHDULW\� DPRQJ� WKH�

YDULDEOHV�GRHV�QRW�LPSDFW�WKH�VXEVHTXHQW�HPSLULFDO�DQDO\VLV� 

$V� VKRZQ� LQ� $SSHQGL[� ��� WKH� UHVXOWV� RI� WKH� +DXVPDQ� WHVW� DUH� VWDWLVWLFDOO\�

VLJQLILFDQW�� LQGLFDWLQJ� WKDW� WKH�IL[HG�HIIHFWV�PRGHO� LV�PRUH�DSSURSULDWH�IRU� WKLV�VWXG\�

WKDQ� WKH� UDQGRP� HIIHFWV� PRGHO�� )XUWKHUPRUH�� JLYHQ� WKH� SDQHO� GDWD� XWLOL]HG� LQ� WKLV�

UHVHDUFK�� ZH� EHOLHYH� LW� LV� VXLWDEOH� WR� DSSO\� WKH� WZR�ZD\� IL[HG� HIIHFWV� PRGHO�� 7KH�

UHJUHVVLRQ�PRGHO�LV�VSHFLILHG�DV�IROORZV� 

ittitititi XSCRES HKPDDD ����� ,2,10, � � � � � � � � � � � � � �˄�˅

ittitititi XCCRES HKPEEE ����� ,2,10, � � � � � � � � � � � � � �˄�˅ 

,Q�WKH�FRQVWUXFWHG�PRGHO��5HV�UHSUHVHQWV�ILUP�UHVLOLHQFH��6&�UHSUHVHQWV�WKH�ILUP
V�

VXSSOLHU�FRQFHQWUDWLRQ��&&�UHSUHVHQWV�WKH�ILUP
V�FXVWRPHU�FRQFHQWUDWLRQ��DQG�;�FRQWDLQV�

FRQWURO�YDULDEOHV��L�DQG�W�UHIHU�WR�WKH�ILUP�DQG�\HDU��UHVSHFWLYHO\��7KH�PRGHO�LQFOXGHV�

ERWK�LQGLYLGXDO�DQG�WLPH�IL[HG�HIIHFWV��ZKLOH�WKH�UDQGRP�GLVWXUEDQFH�WHUP�LV�GHQRWHG�DV�

itH ��� 7KH� FRHIILFLHQW� 1D �� 1E �TXDQWLILHV� WKH� LPSDFW� RI� VXSSOLHU� FRQFHQWUDWLRQ� DQG�

FXVWRPHU�FRQFHQWUDWLRQ�RQ� ILUP� UHVLOLHQFH� UHVSHFWLYHO\��ZKLOH� WKH� FRHIILFLHQW 2D �� 2E

HYDOXDWHV�WKH�LPSDFW�RI�FRQWURO�YDULDEOHV�RQ�ILUP�UHVLOLHQFH��)LQDOO\��WKH�FRQVWDQW�WHUP�

LV�H[SUHVVHG�DV 0D � 0E � 

����5HJUHVVLRQ�5HVXOWV 
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$V� VKRZQ� LQ�7DEOH� ���0RGHOV� ���� DQG� ���� SUHVHQW� WKH� HVWLPDWLRQ� UHVXOWV� RI� WKH�

EHQFKPDUN� UHJUHVVLRQ� PRGHOV� IRU� 6XSSOLHU� &RQFHQWUDWLRQ� �6&�� DQG� &XVWRPHU�

&RQFHQWUDWLRQ� �&&��ZLWK� WZR�ZD\� IL[HG�HIIHFWV��7KH�HVWLPDWHG�FRHIILFLHQW� IRU�6&� LV�

�������ZKLFK�LV�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�����OHYHO��7KLV�ILQGLQJ�LQGLFDWHV�WKDW�D�

VLJQLILFDQW� LQFUHDVH� LQ� D� FRPSDQ\
V� VXSSOLHU� FRQFHQWUDWLRQ� FRQWULEXWHV� WR� WKH�

HQKDQFHPHQW�RI�LWV�UHVLOLHQFH�OHYHO��,Q�FRQWUDVW��WKH�HVWLPDWHG�FRHIILFLHQW�IRU�&&�LV�DOVR�

�������DFKLHYLQJ�VLJQLILFDQFH�DW�WKH����OHYHO��LQGLFDWLQJ�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�

D� ILUP
V� FXVWRPHU� FRQFHQWUDWLRQ� DQG� LWV� OHYHO� RI� UHVLOLHQFH�� WKHUHE\� FRQILUPLQJ�

K\SRWKHVHV�+��DQG�+���)RU�WKH�FRQWURO�YDULDEOHV��WKH�HVWLPDWHG�FRHIILFLHQWV�IRU�6L]H�DUH�

������DQG��������UHVSHFWLYHO\��ERWK�VLJQLILFDQW�DW�WKH����OHYHO��7KLV�ILQGLQJ�LQGLFDWHV�

WKDW�DQ�LQFUHDVH�LQ�ILUP�VL]H�SRVLWLYHO\�LPSDFWV�LWV�UHVLOLHQFH��7KH�HVWLPDWHG�FRHIILFLHQWV�

IRU�/HY�DUH�������DQG��������UHVSHFWLYHO\��DOVR�VLJQLILFDQW�DW�WKH����OHYHO��7KLV�VXJJHVWV�

WKDW�DQ�LQFUHDVH�LQ�OHYHUDJH�HQKDQFHV�UHVLOLHQFH��7KH�HVWLPDWHG�FRHIILFLHQWV�IRU�52$�DUH�

������DQG��������UHVSHFWLYHO\��ERWK�VLJQLILFDQW�DW�WKH����OHYHO��7KLV�LQGLFDWHV�WKDW�DQ�

LQFUHDVH�LQ�D�ILUP
V�HDUQLQJV�SRVLWLYHO\�DIIHFWV�LWV�UHVLOLHQFH��&RQYHUVHO\��WKH�HVWLPDWHG�

FRHIILFLHQWV� IRU� 5	'� DUH� FRQVLVWHQWO\� í������ DQG� VLJQLILFDQW� DW� WKH� ��� OHYHO��7KLV�

ILQGLQJ�VXJJHVWV�WKDW�DQ�LQFUHDVH�LQ�D�ILUP
V�5	'�H[SHQGLWXUH�PD\�KDYH�D�GDPSHQLQJ�

HIIHFW�RQ�LWV�UHVLOLHQFH� 

7$%/(���5HVXOWV�RI�IL[HG�HIIHFW�UHJUHVVLRQ�DQDO\VLV 

 ��� ��� 
9DULDEOHV 5(6 5(6 

6& �����
  
 ������  

&&  �����

 
  ������ 
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ϮϬ 
 

6L]H �����


 �����


 
 ������ ������ 

/HY �����


 �����


 
 ������ ������ 

7DQJ ����� ����� 
 ������ ������ 

,QGHS ����� ����� 
 ������ ������ 

52$ �����


 �����


 
 ������ ������ 

2& ����� ����� 
 ������ ������ 

%RDUG ����� ����� 
 ������ ������ 

5	' ������


 ������


 
 ������� ������� 

&RQVWDQW ������


 ������


 
 ������� ������� 

,'�)( <(6 <(6 
<($5�)( <(6 <(6 

2EVHUYDWLRQV ����� ����� 
5�VTXDUHG ����� ����� 

1RWH��
��

��DQG�


�VWDQG�IRU�VLJQLILFDQW�DW�WKH�OHYHO�RI����������DQG�����UHVSHFWLYHO\� 

����5REXVWQHVV�7HVW 

6LQFH� H[WUHPH� YDOXHV� LQ� WKH� UHJUHVVLRQ� VDPSOHV� FDQ� OHDG� WR� GHYLDWLRQV� LQ� WKH�

HVWLPDWLRQ� UHVXOWV�� WKLV� SDSHU� WULPV� WKH� H[SODQDWRU\� YDULDEOHV� LQ� WKH� EHQFKPDUN�

UHJUHVVLRQ�DW�WKH����DQG�����TXDQWLOHV��%DVHG�RQ�WKLV�DGMXVWPHQW��LW�PRGLILHV�WKH�7RWDO�

)DFWRU�3URGXFWLYLW\��7)3��PHDVXUHPHQW�PHWKRGV��23�PHWKRG�	�/3�PHWKRG��WR�FRQGXFW�

D�UREXVWQHVV�WHVW��7KH�VSHFLILF�UHJUHVVLRQ�UHVXOWV�DUH�SUHVHQWHG�LQ�$SSHQGL[����,W�FDQ�EH�

REVHUYHG�WKDW�DIWHU�HOLPLQDWLQJ�WKH�H[WUHPH�YDOXHV�DQG�DOWHULQJ�WKH�7)3�PHDVXUHPHQW�

PHWKRGV��WKH�FRQFOXVLRQV�UHPDLQ�ODUJHO\�XQFKDQJHG� 

����(QGRJHQHLW\�7HVW 

%\�FRQWUROOLQJ�IRU�WKH�RQH�SHULRG�ODJ�RI�H[SODQDWRU\�YDULDEOHV��WKLV�SDSHU�DGGUHVVHV�
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WKH�LVVXH�RI�WZR�ZD\�FDXVDOLW\�DQG�FRQVLGHUV�D�ZLGH�UDQJH�RI�IDFWRUV�WKDW�LQIOXHQFH�ILUP�

UHVLOLHQFH��+RZHYHU��GXH�WR�GDWD�OLPLWDWLRQV��LW�LV�LQHYLWDEOH�WKDW�VRPH�YDULDEOHV�PD\�EH�

RPLWWHG��OHDGLQJ�WR�HQGRJHQHLW\�LVVXHV�LQ�WKH�UHJUHVVLRQ�DQDO\VLV��7R�HIIHFWLYHO\�PLWLJDWH�

WKH�HQGRJHQHLW\�SUREOHP��WKLV�SDSHU�IROORZV�WKH�PHWKRGRORJ\�RXWOLQHG�E\�)LVPDQ�DQG�

6YHQVVRQ�>��@��DQG�HPSOR\V�WKH�PHGLDQ�UDWLR�RI�WKH�SXUFKDVH�DPRXQW�IURP�WKH�ODUJHVW�

VXSSOLHU�WR�WKH�WRWDO�SXUFKDVH�DPRXQW�RI�RWKHU�ILUPV�LQ�WKH�VDPH�\HDU�DV�WKH�LQVWUXPHQWDO�

YDULDEOH�IRU�6&��$GGLWLRQDOO\��WKH�PHGLDQ�FXVWRPHU�FRQFHQWUDWLRQ�RI�RWKHU�ILUPV�LQ�WKH�

VDPH�\HDU�VHUYHV�DV�WKH�LQVWUXPHQWDO�YDULDEOH�IRU�FXVWRPHU�FRQFHQWUDWLRQ��&&���7KHVH�

YDULDEOHV�PHHW� WKH� H[RJHQHLW\�DQG�FRUUHODWLRQ�DVVXPSWLRQV� UHTXLUHG� IRU� LQVWUXPHQWDO�

YDULDEOHV��7KH�UHJUHVVLRQ�UHVXOWV��SUHVHQWHG� LQ�$SSHQGL[���� LQGLFDWH� WKDW�HQGRJHQHLW\�

LVVXHV�GR�QRW�FRPSURPLVH�WKH�FRQFOXVLRQ�WKDW�UHODWLRQDO�HPEHGGHGQHVV�HQKDQFHV�ILUP�

UHVLOLHQFH� 

����7HVW�RI�PHFKDQLVP 

7R�H[DPLQH� WKH�PRGHUDWLQJ� LPSDFW�RI�GLJLWDO� WUDQVIRUPDWLRQ�RQ� WKH�UHODWLRQVKLS�

EHWZHHQ�UHODWLRQDO�HPEHGGHGQHVV�DQG�ILUP�UHVLOLHQFH��ZH�HPSOR\�D�PRGHUDWLQJ�HIIHFW�

PRGHO�WR�DVVHVV�WKH�SUHVHQFH�RI�D�PRGHUDWLQJ�HIIHFW�E\�DQDO\]LQJ�WKH�VLJQLILFDQFH�RI�WKH�

FRHIILFLHQW� DVVRFLDWHG� ZLWK� WKH� LQWHUDFWLRQ� WHUP�� 7R� PLWLJDWH� WKH� ULVN� RI� VSXULRXV�

UHJUHVVLRQ�UHVXOWLQJ�IURP�PXOWLFROOLQHDULW\��WKH�PRGHUDWRU�YDULDEOHV�DUH�FHQWHUHG�SULRU�

WR� WKH� LQFOXVLRQ� RI� WKH� LQWHUDFWLRQ� WHUPV�� 7KH� UHVXOWV� RI� WKH� UHJUHVVLRQ� DQDO\VLV� DUH�

SUHVHQWHG�LQ�WKH�WDEOH��7KH�FRQILJXUDWLRQ�RI�WKH�PRGHUDWLQJ�HIIHFW�PRGHO�LV�DV�IROORZV� 

tititititititi XSCMMSCRES
ti ,,4,,3,2,10,

HKPFFFFF ����u��� ˄�˅ 

tititititititi XCCMMCCRES
ti ,,4,,3,2,10,

HKPGGGGG ����u��� 
�
˄�˅
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7KH� WHVW� UHVXOWV� IRU� WKH� PRGHUDWLQJ� HIIHFW� RI� 'LJLWDO� (QYLURQPHQW� �'(�� DUH�

SUHVHQWHG�LQ�0RGHO�����DQG�0RGHO�����LQ�7DEOH����7KH�LQWHUDFWLRQ�FRHIILFLHQWV�RI�'(�

ZLWK�6&�DQG�&&�DUH�QRW�VLJQLILFDQW�� LQGLFDWLQJ�WKDW� WKH�GLJLWDO�HQYLURQPHQW�GRHV�QRW�

SOD\�D�PRGHUDWLQJ�UROH�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�UHODWLRQDO�HPEHGGHGQHVV�DQG�ILUP�

UHVLOLHQFH��WKHUHIRUH��+\SRWKHVLV�+��LV�QRW�VXSSRUWHG��7KH�WHVW�UHVXOWV�IRU�WKH�PRGHUDWLQJ�

HIIHFW�RI�'LJLWDO�7UDQVIRUPDWLRQ��'7��DUH�SUHVHQWHG�LQ�0RGHO�����DQG�0RGHO������7KH�

LQWHUDFWLRQ�FRHIILFLHQW�EHWZHHQ�GLJLWDO�HQJDJHPHQW�DQG�6&�LV�IRXQG�WR�EH�SRVLWLYH�DQG�

VLJQLILFDQW� DW� WKH� ���� OHYHO�� LQGLFDWLQJ� VWDWLVWLFDO� VLJQLILFDQFH�� ,Q� FRQWUDVW�� WKH�

LQWHUDFWLRQ�FRHIILFLHQW�EHWZHHQ�'7�DQG�&&�LV�QRW�VLJQLILFDQW��VXJJHVWLQJ�WKDW�'7�KDV�DQ�

HQKDQFHG� PRGHUDWLQJ� HIIHFW� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� 6&� DQG� ILUP� UHVLOLHQFH��

+RZHYHU�� WKH� PRGHUDWLQJ� HIIHFW� RI� '7� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� &&� DQG� ILUP�

UHVLOLHQFH�LV�QRW�VLJQLILFDQW��ZKLFK�SDUWLDOO\�VXSSRUWV�+\SRWKHVLV�+�� 

7$%/(���5HVXOWV�RI�PHFKDQLVWLF�WHVWLQJ
 

 ��� ��� ��� ��� ��� ��� 
9$5,$%/(6 5(6 5(6 5(6 5(6 5(6 5(6 

6& �����
  �����  �����
  
 ������  ������  ������  

&&  �����

  �����

  �����

 
  ������  ������  ������ 
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 ������


 ������


 ������


 

 ������� ������� ������� ������� ������� ������� 
,'�)( <(6 <(6 <(6 <(6 <(6 <(6 

<($5�)( <(6 <(6 <(6 <(6 <(6 <(6 
2EVHUYDWLRQV ����� ����� ����� ����� ����� ����� 
5�VTXDUHG ����� ����� ����� ����� ����� ����� 

1RWH��
��

��DQG�


�VWDQG�IRU�VLJQLILFDQW�DW�WKH�OHYHO�RI����������DQG�����UHVSHFWLYHO\� 

���&DVH�VWXG\�RI�+XDZHL 

,Q�WKLV�VHFWLRQ��ZH�DGRSW�WKH�VHFRQGDU\�TXDOLWDWLYH�GDWD�JDWKHUHG�IURP�WKH�QHZV�

UHSRUW�DQG�FRUSRUDWH�GRFXPHQW�DQG�UHSRUW�WR�YDOLGDWH�WKH�HPSLULFDO�UHVXOWV�RI�WKLV�VWXG\��

$V� WKH� ZRUOG
V� OHDGLQJ� PDQXIDFWXUHU� RI� FRPPXQLFDWLRQ� WHFKQRORJ\� DQG� LQWHOOLJHQW�

WHUPLQDOV��+XDZHL� RFFXSLHV� DQ� LPSRUWDQW� SRVLWLRQ� LQ� WKH� JOREDO� WHOHFRPPXQLFDWLRQV�

LQGXVWU\�� ,WV� EXVLQHVV� FRYHUV� �*� LQIUDVWUXFWXUH� FRQVWUXFWLRQ�� FORXG� FRPSXWLQJ��

LQWHOOLJHQW�WHUPLQDOV��$,��DQG�HQWHUSULVH�VROXWLRQV��2YHU�WKH�SDVW�IHZ�GHFDGHV��+XDZHL�

KDV� FRQVLVWHQWO\� VWUHQJWKHQHG� LWV� 6&0�� FXVWRPHU� UHODWLRQVKLSV�� DQG� GLJLWDO�

WUDQVIRUPDWLRQ� LQLWLDWLYHV�� UHVXOWLQJ� LQ� D� KLJKO\� FRQFHQWUDWHG� VXSSOLHU� QHWZRUN� DQG�

FXVWRPHU�EDVH��ZKLOH�PDNLQJ�VLJQLILFDQW�LQYHVWPHQWV�LQ�GLJLWDO�WHFKQRORJLHV��  

+RZHYHU�� VLQFH� ������ +XDZHL� KDV� IDFHG� D� VXFFHVVLRQ� RI� H[WHUQDO� VKRFNV�� 86�

VDQFWLRQ�VHYHUHO\�UHVWULFWHG�+XDZHL¶V�DFFHVV�WR�DGYDQFHG�VHPLFRQGXFWRU�FKLSV��OHDGLQJ�

WR� VHULRXV� VKRUWDJHV� LQ� KLJK� SHUIRUPDQFH� FKLSV� DQG� WKHUHIRUH� DIIHFWLQJ� LWV� �*�

LQIUDVWUXFWXUH�DQG�VPDUW�WHUPLQDO�SURGXFWV�>��@��7R�RYHUFRPH�WKLV�FKDOOHQJH��+XDZHL�

KDV�LQFUHDVHG�LQYHVWPHQW�LQ�LWV�RZQ�FKLSV��VXFK�DV�WKH�.LULQ�VHULHV��DQG�LV�ORRNLQJ�IRU�
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DOWHUQDWLYH�VXSSOLHUV�>��@��,Q�DGGLWLRQ��+XDZHL�KDV�HIIHFWLYHO\�HQKDQFHG�LWV�UHVLOLHQFH�

E\� DGMXVWLQJ� LWV� VXSSO\� FKDLQ� VWUDWHJ\�� GHHSHQLQJ� FXVWRPHU� FRRSHUDWLRQ�� DQG�

DFFHOHUDWLQJ�LWV�GLJLWDO�WUDQVIRUPDWLRQ��ZKLFK�SURYLGHV�D�JRRG�YHULILFDWLRQ�VFHQDULR�IRU�

WKH�HPSLULFDO�FRQFOXVLRQV�RI�WKLV�VWXG\� 

)LUVW��LQ�WHUPV�RI�VXSSOLHU�FRQFHQWUDWLRQ��+XDZHL�KDV�ORQJ�UHOLHG�RQ�FRUH�VXSSOLHUV�

DURXQG�WKH�ZRUOG�WR�VXSSRUW�LWV�WHFKQRORJ\�UHVHDUFK�DQG�GHYHORSPHQW�DQG�SURGXFWLRQ��

,Q�WKH�SDVW��+XDZHL
V�FKLSV�ZHUH�PDLQO\�FRQWUDFWHG�E\�760&��DQG�RWKHU�FRUH�VXSSOLHUV�

DOVR� LQFOXGHG� JOREDO� VHPLFRQGXFWRU� FRPSDQLHV� VXFK� DV� %URDGFRP� WR� SURYLGH�

FRPPXQLFDWLRQV� FKLSV� DQG� NH\� FRPSRQHQWV� >��@�� +RZHYHU�� VLQFH� WKH� 86� LPSRVHG�

VDQFWLRQV�RQ�+XDZHL�LQ�������VXSSOLHUV�VXFK�DV�760&�ZHUH�IRUFHG�WR�VWRS�VXSSO\LQJ�

+XDZHL��ZKLFK�PDGH�LW�IDFH�XQSUHFHGHQWHG�VXSSO\�FKDLQ�FKDOOHQJHV�>��@��7R�FRSH�ZLWK�

WKLV� FULVLV�� +XDZHL� KDV� KDG� WR� VLJQLILFDQWO\� FKDQJH� LWV� VXSSO\� FKDLQ� VWUXFWXUH� DQG�

VWUHQJWKHQ� FRRSHUDWLRQ�ZLWK� ORFDO� VXSSOLHUV�� HVSHFLDOO\� VWUHQJWKHQLQJ� LWV� UHODWLRQVKLS�

ZLWK� 6HPLFRQGXFWRU�0DQXIDFWXULQJ� ,QWHUQDWLRQDO� &RUSRUDWLRQ� �60,&�� WR� HQVXUH� WKH�

VWDELOLW\�RI�FRUH�FKLSV�>������@��$W�WKH�VDPH�WLPH��+XDZHL�VWLOO�PDLQWDLQV�FRRSHUDWLRQ�

ZLWK�LQWHUQDWLRQDO�PDQXIDFWXUHUV�LQ�WKH�VXSSO\�RI�ORZ�RU�PHGLXP�OHYHO�FKLSV�DQG�VWULYHV�

WR�ILQG�D�EDODQFH�SRLQW�LQ�WKH�FRQWH[W�RI�WKH�OLPLWHG�JOREDO�VXSSO\�FKDLQ� 

,Q�WHUPV�RI�FXVWRPHU�UHODWLRQVKLSV��+XDZHL�VKRZV�D�KLJKO\�FRQFHQWUDWHG�IHDWXUH��

HVSHFLDOO\�LQ�WKH�GRPHVWLF�PDUNHW��ZKHUH�LW�PDLQWDLQV�ORQJ�WHUP�DQG�VWDEOH�FRRSHUDWLYH�

UHODWLRQVKLSV�ZLWK�&KLQD
V�WKUHH�PDMRU�WHOHFRP�RSHUDWRUV��&KLQD�0RELOH��&KLQD�7HOHFRP��

&KLQD� 8QLFRP�� >��@�� 7KHVH� WKUHH� RSHUDWRUV� DUH� WKH� FRUH� FXVWRPHUV� RI� +XDZHL
V�

FRPPXQLFDWLRQ� HTXLSPHQW� EXVLQHVV�� 7KHLU� VWDEOH� RUGHUV� DQG� FOHDU� GHPDQG� IRUHFDVW�
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SURYLGH�D�VWURQJ�JXDUDQWHH�IRU�+XDZHL�LQ�WHUPV�RI�FDSDFLW\�SODQQLQJ��6&0�DQG�PDUNHW�

OD\RXW��KHOS�LW�HIIHFWLYHO\�UHGXFH�WKH�XQFHUWDLQW\�FDXVHG�E\�WKH�PDUNHW�GHPDQG�ZDYH��

DQG� LPSURYH� WKH�ILUP�UHVLOLHQFH�>��@�� ,Q� WKH� LQWHUQDWLRQDO�PDUNHW��DOWKRXJK�+XDZHL
V�

EXVLQHVV� FRRSHUDWLRQ� LQ� VRPH�(XURSHDQ�DQG�$PHULFDQ�PDUNHWV�KDV� VXUJHG� LQ� UHFHQW�

\HDUV� GXH� WR� WKH� SROLF\� UHVWULFWLRQV� RI� VRPH� FRXQWULHV�� LWV� FXVWRPHU� FRQFHQWUDWLRQ�

DGYDQWDJH�LQ�HPHUJLQJ�PDUNHWV�LV�VWLOO�VLJQLILFDQW��(VSHFLDOO\�LQ�$IULFD��WKH�0LGGOH�(DVW��

6RXWKHDVW� $VLD� DQG� RWKHU� UHJLRQV�� +XDZHL� KDV� HVWDEOLVKHG� ORQJ�WHUP� FRRSHUDWLYH�

UHODWLRQVKLSV� ZLWK� PDMRU� ORFDO� WHOHFRP� RSHUDWRUV� DQG� JRYHUQPHQW�OHG� LQIUDVWUXFWXUH�

SURMHFWV� DQG� SDUWLFLSDWHG� LQ� WKH� FRQVWUXFWLRQ� RI� FRPPXQLFDWLRQ� QHWZRUNV� LQ� PDQ\�

FRXQWULHV�>��@��7KH�VWDELOLW\�RI�WKHVH�PDUNHW�SDUWQHUVKLSV�QRW�RQO\�SURYLGHV�+XDZHL�ZLWK�

FRQWLQXRXV�RUGHU�GHPDQG��EXW�DOVR�KHOSV�LW�REWDLQ�SROLF\�VXSSRUW�DQG�UHVRXUFH�WLOW�IURP�

ORFDO� JRYHUQPHQWV�� IXUWKHU� HQKDQFLQJ� WKH� UHVLOLHQFH� RI� ILUPV� LQ� WKH� XQFHUWDLQ� JOREDO�

HQYLURQPHQW� 

,Q� WHUPV� RI� GLJLWDO� WUDQVIRUPDWLRQ�� +XDZHL� KDV� JUHDWO\� LQYHVWHG� WHFKQRORJ\�

GHYHORSPHQW�� )LUVW�� +XDZHL� RSHUDWHV� LQ� D� VXSHULRU� GLJLWDO� HQYLURQPHQW� ZLWK� VRXQG�

LQIUDVWUXFWXUHV� >��@��:KLOH� WKH�VXSHULRU�GLJLWDO�HQYLURQPHQW�KDV�SOD\HG�DQ� LPSRUWDQW�

UROH�LQ�LQFUHDVLQJ�LQIRUPDWLRQ�VKDULQJ�DQG�LPSURYLQJ�QHWZRUN�JRYHUQDQFH��LW�KDV�QRW�

VLJQLILFDQWO\� FKDQJHG� WKH� VWUXFWXUH� RI� +XDZHL
V� UHODWLRQVKLSV� ZLWK� VXSSOLHUV� DQG�

FXVWRPHUV��7KLV� LV�EHFDXVH��ZKLOH� WKH�GLJLWDO�HQYLURQPHQW�SURYLGHV�D� VROLG� WHFKQLFDO�

IRXQGDWLRQ�WKDW�KHOSV�LPSURYH�WKH�WUDQVSDUHQF\�RI�LQIRUPDWLRQ�IORZ�DQG�WKH�HIILFLHQF\�

RI�GHFLVLRQ�PDNLQJ��LW�PDLQO\�VXSSRUWV�DQG�RSWLPL]HV�WKH�PDQDJHPHQW�RI�VXSSO\�FKDLQV�

EXW�IDLOV�WR�IXQGDPHQWDOO\�FKDQJH�WKH�FRUH�VWUXFWXUH�RI�VXSSO\�FKDLQ�UHODWLRQVKLSV��)RU�
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H[DPSOH�� +XDZHL
V� UHODWLRQVKLS� ZLWK� VXSSOLHUV� LV� VWLOO� EDVHG� RQ� ORQJ�WHUP� VWUDWHJLF�

FRRSHUDWLRQ�DQG�WUXVW��ZKLOH�FXVWRPHU�FRQFHQWUDWLRQ�LV�VWLOO�DIIHFWHG�E\�PDUNHW�GHPDQG�

IOXFWXDWLRQV� DQG�SROLF\� FKDQJHV� >��@��7KH� GLJLWDO� HQYLURQPHQW� LPSURYHV� RSHUDWLRQDO�

HIILFLHQF\�E\�LQFUHDVLQJ�WKH�IOH[LELOLW\�DQG�YLVLELOLW\�RI�WKH�VXSSO\�FKDLQ�EXW�GRHV�QRW�

VLJQLILFDQWO\�FKDQJH�NH\�IDFWRUV�VXFK�DV�WKH�PRGH�RI�FRRSHUDWLRQ��GHSHQGHQFH�RU�GHSWK�

RI�FRRSHUDWLRQ�EHWZHHQ�VXSSOLHUV�DQG�FXVWRPHUV� 

6HFRQG��WKH�FDVH�RI�+XDZHL�GHPRQVWUDWHV�WKDW�WKH�GHJUHH�RI�GLJLWDO�WUDQVIRUPDWLRQ�

HQKDQFHV�VXSSOLHU�FRQFHQWUDWLRQ�DQG�KDV�D�VLJQLILFDQW� LPSDFW�RQ�UHVLOLHQFH��ZKLOH� LWV�

VWDELOLW\� HIIHFW� RQ� FXVWRPHU� FRQFHQWUDWLRQ� LV� UHODWLYHO\� OLPLWHG�� 6SHFLILFDOO\��+XDZHL�

GHSOR\V� LQWHOOLJHQW� PDQXIDFWXULQJ� LQ� LWV� VXSSO\� FKDLQ�� XVLQJ� URERWLFV� DQG� $,� IRU�

SURGXFWLRQ� RSWLPL]DWLRQ�� ,WV� ELJ� GDWD� SODWIRUPV� JDWKHU� DQG� DQDO\]H� YDVW� DPRXQWV� RI�

VXSSO\�FKDLQ�UHODWHG�GDWD�GDLO\��$GGLWLRQDOO\�� WKH�FORXG�FROODERUDWLRQ�V\VWHP�HQDEOHV�

VHDPOHVV�JOREDO�FRPPXQLFDWLRQ�DPRQJ�VXSSO\�FKDLQ�PHPEHUV�IRU�HIILFLHQW�6&0�>��@��

)RU� H[DPSOH�� +XDZHL� DQG� 60,&� UHDOL]H� UHDO�WLPH� VKDULQJ� RI� SURGXFWLRQ� GDWD� DQG�

IOH[LEOH� DGMXVWPHQW� RI� RUGHUV� WKURXJK� GLJLWDO� SODWIRUPV�� ZKLFK� LPSURYHV� WKH�

FROODERUDWLYH�HIILFLHQF\�RI�ERWK�SDUWLHV�DQG�UHGXFHV�WKH�IULFWLRQ�FRVW�RI�WKH�VXSSO\�FKDLQ�

>������@�� ,Q� WHUPV�RI�FXVWRPHU�FRQFHQWUDWLRQ��DOWKRXJK�+XDZHL
V�GLJLWDO�FDSDELOLW\� LV�

DOVR� OHDGLQJ�� FKDQJHV� LQ� FXVWRPHU� GHPDQG� DUH�PRUH� DIIHFWHG� E\�PDUNHW� DQG� SROLF\�

IDFWRUV��  

)LQDOO\�� DIWHU� HQFRXQWHULQJ� H[WHUQDO� VDQFWLRQV�� +XDZHL� TXLFNO\� SURPRWHG� WKH�

FRQVWUXFWLRQ� RI� LQWHOOLJHQW� PDQXIDFWXULQJ� V\VWHPV�� XVLQJ� $,�� ELJ� GDWD� DQG� RWKHU�

WHFKQRORJLHV� WR� LPSURYH� WKH� IOH[LELOLW\� RI� SURGXFWLRQ� VFKHGXOLQJ� DQG� VKRUWHQ� WKH�
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UHVSRQVH�WLPH�RI�WKH�VXSSO\�FKDLQ�>��@��)RU�H[DPSOH��+XDZHL�6PDUW�)DFWRU\�FDQ�DGMXVW�

SURGXFWLRQ� SODQV� LQ� UHDO� WLPH� DFFRUGLQJ� WR� VXSSO\� FKDLQ� G\QDPLFV� DQG� FRSH� ZLWK�

XQFHUWDLQ� HYHQWV� VXFK� DV� JOREDO� FKLS� VKRUWDJH� >��@�� %\� UDSLGO\� SURPRWLQJ� GLJLWDO�

WUDQVIRUPDWLRQ��+XDZHL�KDV�HQKDQFHG�LWV�V\QHUJ\�ZLWK�FRUH�VXSSOLHUV��WKXV�PDLQWDLQLQJ�

VWDEOH�RSHUDWLRQV�GHVSLWH�VXSSO\�FKDLQ�FRQVWUDLQWV� 

2YHUDOO��+XDZHL¶V�VWUDWHJLF�UHVSRQVH� WR�H[WHUQDO� VKRFNV� LOOXVWUDWHV�KRZ�VXSSOLHU�

FRQFHQWUDWLRQ��FXVWRPHU�FRQFHQWUDWLRQ��DQG�GLJLWDO�WUDQVIRUPDWLRQ�LQWHUDFW�WR�VWUHQJWKHQ�

ILUP�UHVLOLHQFH��%\�GHHSHQLQJ�ORQJ�WHUP�SDUWQHUVKLSV�ZLWK�FRUH�VXSSOLHUV� OLNH�60,&��

+XDZHL�PLWLJDWHG�VXSSO\�FKDLQ�GLVUXSWLRQV��H[HPSOLI\LQJ�WKH�SRVLWLYH�HIIHFW�RI�VXSSOLHU�

FRQFHQWUDWLRQ� RQ� UHVLOLHQFH�� 6LPLODUO\�� LWV� VWDEOH� UHODWLRQVKLSV� ZLWK� NH\� GRPHVWLF�

WHOHFRP�RSHUDWRUV�DQG�PDMRU�FOLHQWV�LQ�HPHUJLQJ�PDUNHWV�HQVXUHG�SUHGLFWDEOH�GHPDQG��

YDOLGDWLQJ� WKH� UHVLOLHQFH�HQKDQFLQJ� UROH� RI� FXVWRPHU� FRQFHQWUDWLRQ�� )XUWKHUPRUH��

+XDZHL¶V� H[WHQVLYH� DSSOLFDWLRQ� RI� GLJLWDO� WHFKQRORJLHV� DQG� DFFHOHUDWHG� GLJLWDO�

WUDQVIRUPDWLRQ�QRW�RQO\�LPSURYHG�VXSSO\�FKDLQ�YLVLELOLW\�DQG�VXSSOLHU�FRRUGLQDWLRQ�EXW�

DOVR�DPSOLILHG�WKH�SRVLWLYH�LPSDFWV�RI�UHODWLRQDO�HPEHGGHGQHVV�RQ�UHVLOLHQFH��7KHUHIRUH��

+XDZHL¶V�FDVH�SURYLGHV�UREXVW�SUDFWLFDO�HYLGHQFH�VXSSRUWLQJ�WKH�HPSLULFDO�ILQGLQJV�RI�

WKLV�VWXG\� 

��'LVFXVVLRQ 

����7KHRUHWLFDO�LPSOLFDWLRQV 

%DVHG�RQ�WKH�UHVHDUFK�IRFXV�DQG�WKHRUHWLFDO�LQQRYDWLRQV��WKH�FRQWULEXWLRQV�RI�WKLV�

VWXG\�FDQ�EH�VXPPDUL]HG�DV�IROORZV� 

)LUVW�� WKLV�VWXG\�H[WHQGV�WKH�QHWZRUN�EDVHG�SHUVSHFWLYH�LQ�UHVLOLHQFH�UHVHDUFK��,W�
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H[DPLQHV� HQWHUSULVH� UHVLOLHQFH� WKURXJK� WKH� OHQV� RI�61$�� SURSRVLQJ� WKDW� UHODWLRQVKLS�

HPEHGGHGQHVV²PHDVXUHG� E\� VXSSOLHU� DQG� FXVWRPHU� FRQFHQWUDWLRQ²SOD\V� D� FULWLFDO�

UROH�LQ�VKDSLQJ�ILUP�UHVLOLHQFH��([LVWLQJ�VWXGLHV�RQ�ILUP�UHVLOLHQFH�DUH�ODUJHO\�JURXQGHG�

LQ�WKH�5HVRXUFH�%DVHG�9LHZ��5%9���HPSKDVL]LQJ�LQWHUQDO�UHGXQGDQW�UHVRXUFHV��VXFK�DV�

LQYHQWRU\� EXIIHUV� DQG� PXOWL�VRXUFLQJ�� RU� IOH[LEOH� FDSDELOLWLHV� >��� �@�� +RZHYHU��

LQVXIILFLHQW� DWWHQWLRQ� KDV� EHHQ� JLYHQ� WR� WKH� G\QDPLF� UROH� RI� VXSSO\� FKDLQ� QHWZRUN�

VWUXFWXUHV��$OWKRXJK�61$�KDV�EHHQ�DSSOLHG�WR�VXSSO\�FKDLQ�UHVHDUFK�>��@��LWV�LQWHJUDWLRQ�

ZLWK�UHVLOLHQFH�PHFKDQLVPV�UHPDLQV�OLPLWHG��7KLV�VWXG\�KLJKOLJKWV�WKH�SRVLWLYH�LPSDFW�

RI�WKH�VHPLFRQGXFWRU�LQGXVWU\
V�XQLTXH�ELGLUHFWLRQDO�VXSSO\�FKDLQ�FRQFHQWUDWLRQ�RQ�ILUP�

UHVLOLHQFH�� RIIHULQJ� D� QRYHO� SDUDGLJP� IRU� XQGHUVWDQGLQJ� UHVLOLHQFH� IRUPDWLRQ� LQ�

QHWZRUNHG�HQYLURQPHQWV��5HVSRQGLQJ�WR�'XEH\��HW�DO��>�@¶V�FDOO�IRU�UHVHDUFK�RQ�QHWZRUN�

G\QDPLFV�� RXU� HPSLULFDO� ILQGLQJV� GHPRQVWUDWH� WKDW� 6&� DQG� &&� HQKDQFH� UHVLOLHQFH�

WKURXJK�GHHS�FROODERUDWLRQ��UDWKHU�WKDQ�UHO\LQJ�VROHO\�RQ�UHGXQGDQW�UHVRXUFHV� 

6HFRQG��WKLV�VWXG\�HPSLULFDOO\�H[DPLQHV�WKH�KHWHURJHQHRXV�PRGHUDWLQJ�HIIHFW�RI�

GLJLWDO� WUDQVIRUPDWLRQ�� ([LVWLQJ� UHVHDUFK� SULPDULO\� IRFXVHV� RQ� WKH� WHFKQRORJLFDO�

DSSOLFDWLRQV�RI�GLJLWL]DWLRQ²VXFK�DV�EORFNFKDLQ�DQG�WKH�,QWHUQHW�RI�7KLQJV�>������@ü

EXW�ODFNV�D�FRPSDUDWLYH�DQDO\VLV�RI�ILUP�OHYHO�GLJLWDO�WUDQVIRUPDWLRQ��7R�DGGUHVV�WKLV�

JDS��ZH�GHFRQVWUXFW�GLJLWDO�WUDQVIRUPDWLRQ�LQWR�WZR�NH\�GLPHQVLRQV��GHJUHH��'7��DQG�

VSHHG��'79���$OLJQLQJ�ZLWK�WKH�FRQFOXVLRQV�RI�=KRX�DQG�/L�>��@��RXU�ILQGLQJV�UHYHDO�

WKDW� '7� HQKDQFHV� WKH� SRVLWLYH� HIIHFW� RI� VXSSO\� FKDLQ� RQ� UHVLOLHQFH���0RUHRYHU�� RXU�

GLVFRYHU\� RI� VLJQLILFDQW� KHWHURJHQHLW\� LQ� WKH� PRGHUDWLQJ� HIIHFW� RI� UHODWLRQDO�

HPEHGGHGQHVV� FKDOOHQJHV� WKH� SUHYDLOLQJ� WHFKQRORJ\�FHQWULF� SHUVSHFWLYH� LQ� GLJLWDO�
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UHVHDUFK�� 7KLV� VWXG\� DGYDQFHV� WKH� OLWHUDWXUH� E\� XQFRYHULQJ� WKH� FRPSOH[� LQWHUSOD\�

EHWZHHQ�WHFKQRORJLFDO�G\QDPLFV�DQG�QHWZRUN�HPEHGGHGQHVV��H[WHQGLQJ�WKH�WKHRUHWLFDO�

LQVLJKWV�RI�>��@� 

7KLUG�� WKLV� VWXG\� LQQRYDWLYHO\� LQWHJUDWHV� HPSLULFDO� DQDO\VLV� ZLWK� FDVH� VWXG\��

HPSOR\LQJ�FURVV�YDOLGDWLRQ�RI�PXOWL�VRXUFH�GDWD�WR�HQKDQFH�WKH�UREXVWQHVV�DQG�SUDFWLFDO�

UHOHYDQFH�RI�LWV�ILQGLQJV��([LVWLQJ�UHVHDUFK�RQ�ILUP�UHVLOLHQFH�RIWHQ�UHOLHV�RQ�VLQJOH�ILUP�

GDWD�RU�FDVH�VWXGLHV��PDNLQJ�LW�GLIILFXOW�WR�DGGUHVV�HQGRJHQHLW\�FRQFHUQV��VXFK�DV�UHYHUVH�

FDXVDOLW\�>��@��7R�RYHUFRPH�WKHVH�OLPLWDWLRQV��ZH�HPSOR\�D�SDQHO�GDWDVHW�RI�����OLVWHG�

FRPSDQLHV� DQG� DSSO\� WKH� LQVWUXPHQWDO� YDULDEOH� �,9�� PHWKRG� WR� PLWLJDWH� LVVXHV� RI�

RPLWWHG� YDULDEOH� ELDV� DQG� ELGLUHFWLRQDO� FDXVDOLW\�� WKHUHE\� LVRODWLQJ� WKH� QHW� HIIHFW� RI�

UHODWLRQVKLS� HPEHGGHGQHVV� RQ� UHVLOLHQFH�� )RU� LQVWDQFH�� ZH� XVH� WKH� LQGXVWU\�PHGLDQ�

6&�&&�DV�DQ�,9��DOLJQLQJ�ZLWK�-LDQJ��HW�DO��>�@¶V�LQGXVWU\�PHDQ�H[RJHQHLW\
�K\SRWKHVLV��

$GGLWLRQDOO\�� E\� LQWHJUDWLQJ� WKH� HQWHUSULVH�SURYLQFH� GLJLWDOL]DWLRQ� LQGH[� �'(�� ZLWK�

DQQXDO�UHSRUW�WH[W�DQDO\VLV��'7���ZH�HVWDEOLVK�D�PDFUR�PLFUR�GDWD�OLQNDJH��DGGUHVVLQJ�

WKH�VKRUWFRPLQJV�RI�VLQJOH�OHYHO�DQDO\VHV�>��@� 

����3UDFWLFDO�LPSOLFDWLRQV 

7KLV�VWXG\�RIIHUV�VHYHUDO�SUDFWLFDO� LPSOLFDWLRQV�IRU�6&0��GLJLWDO� WUDQVIRUPDWLRQ�

VWUDWHJLHV��DQG�SROLF\�FRRUGLQDWLRQ� 

)LUVW��ILUPV�VKRXOG�SULRULWL]H�ORQJ�WHUP�VWUDWHJLF�SDUWQHUVKLSV�ZLWK�FRUH�VXSSOLHUV��

VXFK�DV�IRXQGULHV�DQG�NH\�HTXLSPHQW�PDQXIDFWXUHUV��WR�HQKDQFH�VXSSO\�FKDLQ�UHVLOLHQFH��

7KLV�LQFOXGHV�SURPRWLQJ�MRLQW�UHVHDUFK�DQG�GHYHORSPHQW��FXVWRPL]HG�SURGXFWLRQ��DQG�

PLWLJDWLQJ� RYHU�UHOLDQFH� ULVNV� WKURXJK�PXOWL�VRXUFLQJ� DQG�ZHOO�GHVLJQHG� FRQWUDFWXDO�
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DJUHHPHQWV� �H�J��� SULRULW\� VXSSO\� DJUHHPHQWV��� )RU� LQVWDQFH�� OHYHUDJLQJ� ,%0¶V�

EORFNFKDLQ� WHFKQRORJ\�IRU�IXOO�SURFHVV� WUDFHDELOLW\�HQDEOHV�UHDO�WLPH�SURGXFWLRQ�GDWD�

VKDULQJ�� LPSURYLQJ� WUDQVSDUHQF\� DQG� ULVN� PDQDJHPHQW�� :KLOH� UHO\LQJ� RQ� PDMRU�

FXVWRPHUV�SURYLGHV�GHPDQG� VWDELOLW\�� ILUPV�PXVW�EDODQFH� WKHLU� FXVWRPHU�SRUWIROLR� WR�

PLQLPL]H�ULVN�H[SRVXUH��6WUDWHJLHV�VXFK�DV�G\QDPLF�FRQWUDFWV��FXVWRPHU�GLYHUVLILFDWLRQ��

DQG� GLJLWDO� GHPDQG� IRUHFDVWLQJ� FDQ� KHOS� SUHYHQW� ZHDNHQHG� EDUJDLQLQJ� SRZHU� DQG�

WHFKQRORJLFDO�SDWK�GHSHQGHQF\� 

6HFRQG��GLJLWDO�LQYHVWPHQW�VKRXOG�EH�SULRULWL]HG�LQ�XSVWUHDP�RSHUDWLRQV�WR�HQDEOH�

UHDO�WLPH� PRQLWRULQJ� RI� VXSSOLHUV¶� SURGXFWLRQ� VWDWXV�� DXWRPDWH� HPHUJHQF\� UHVSRQVH�

SURFHVVHV�� DQG� HQKDQFH� VXSSOLHU�QHWZRUN� FRRUGLQDWLRQ��%LJ�GDWD� DQDO\WLFV� VKRXOG�EH�

XWLOL]HG�WR�SUHGLFW�GHPDQG�IOXFWXDWLRQV�DQG�RSWLPL]H�FDSDFLW\�SODQQLQJ��+RZHYHU��ILUPV�

PXVW� DYRLG� WHFKQRORJLFDO� ORFN�LQ� FDXVHG� E\� H[FHVVLYH� UHOLDQFH� RQ� D� VLQJOH� GLJLWDO�

SODWIRUP�� VXFK� DV� D� FXVWRPL]HG� &50� V\VWHP�� $� IOH[LEOH� DQG� DGDSWLYH� GLJLWDO�

LQIUDVWUXFWXUH�LV�FUXFLDO�IRU�ORQJ�WHUP�UHVLOLHQFH� 

7KLUG��PXOWLQDWLRQDO�FRUSRUDWLRQV�DUH�DGRSWLQJ�UHJLRQDOO\�GLVWULEXWHG�VXSSO\�FKDLQV�

DQG�GHSOR\LQJ�EORFNFKDLQ�QRGHV�LQ�WHFKQRORJLFDOO\�VHQVLWLYH�DUHDV��ZKLOH�PDLQWDLQLQJ�

PRGHUDWHO\� GHFHQWUDOL]HG� QHWZRUNV� LQ� VWDEOH� PDUNHWV� WR� HQKDQFH� IOH[LELOLW\��

*RYHUQPHQWV�FDQ�VXSSRUW�GLJLWDO�LQIUDVWUXFWXUH�LQYHVWPHQWV�WKURXJK�WD[�LQFHQWLYHV�DQG�

IRVWHU� LQGXVWU\� DVVRFLDWLRQV� WKDW� HVWDEOLVK� GLJLWDO� HFRV\VWHP� SODWIRUPV�� 7KLV� ZRXOG�

HQFRXUDJH�FROODERUDWLRQ�EHWZHHQ�FRUH�HQWHUSULVHV�DQG�XSVWUHDP�GRZQVWUHDP�SDUWQHUV��

VWUHQJWKHQLQJ� WKH� UHVLOLHQFH� RI� WKH� HQWLUH� LQGXVWULDO� FKDLQ�� ,Q� FULWLFDO� VXSSO\� FKDLQ�

VHJPHQWV��VXFK�DV�SKRWRUHVLVW�VXSSO\��ILUPV�VKRXOG�IRUP�GHHS�FROODERUDWLYH�DOOLDQFHV�
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DQG� OHYHUDJH� GLJLWDO� WZLQ� WHFKQRORJ\� WR� FRQGXFW� ULVN� VLPXODWLRQV� DQG� HQKDQFH� UDSLG�

UHFRYHU\�FDSDELOLWLHV� 

���&RQFOXVLRQ 

7KLV� VWXG\� H[DPLQHV� WKH� LQIOXHQFH� RI� UHODWLRQDO� HPEHGGHGQHVV� ZLWKLQ� WKH�

VHPLFRQGXFWRU� LQGXVWU\� RQ� ILUP� UHVLOLHQFH�� DORQJ� ZLWK� WKH� PXOWLIDFHWHG� PRGHUDWLQJ�

HIIHFWV�RI�GLJLWDOL]DWLRQ�IDFWRUV��7R�DFFRPSOLVK�WKLV�REMHFWLYH��WKH�UHVHDUFK�XWLOL]HV�DQ�

DQDO\VLV�RI�VHFRQGDU\�GDWD�IURP�����SXEOLFO\� OLVWHG�PDQXIDFWXULQJ�FRPSDQLHV� LQ� WKH�

&KLQHVH�VHPLFRQGXFWRU�VHFWRU��VSDQQLQJ�WKH�SHULRG�IURP������WR������ 

7KH� UHJUHVVLRQ� DQDO\VLV� LQGLFDWHV� D� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� UHODWLRQDO�

HPEHGGHGQHVV� DQG� ILUP� UHVLOLHQFH�� )XUWKHUPRUH�� WKH� VWXG\� LGHQWLILHV� WKH�

PXOWLGLPHQVLRQDO� PRGHUDWLQJ� HIIHFWV� RI� GLJLWDO� IDFWRUV�� VSHFLILFDOO\� WKH� GLJLWDO�

HQYLURQPHQW��'(���WKH�GHJUHH�RI�ILUP�GLJLWDO�WUDQVIRUPDWLRQ��'7���DQG�WKH�VSHHG�RI�ILUP�

GLJLWDO�WUDQVIRUPDWLRQ��'79���1RWDEO\��'7�SRVLWLYHO\�PRGHUDWHV�WKH�LPSDFW�RI�VXSSOLHU�

FRQFHQWUDWLRQ�RQ�ILUP�UHVLOLHQFH��ZKLOH�'79�DOVR�GHPRQVWUDWHV�D�SRVLWLYH�PRGHUDWLQJ�

HIIHFW� RQ� WKLV� UHODWLRQVKLS�� &RQYHUVHO\�� FXVWRPHU� FRQFHQWUDWLRQ�PD\� UHVXOW� IURP� WKH�

ZHDN�EDUJDLQLQJ�SRZHU�RI�FRUH�ILUPV��DQG�WKH�PRGHUDWLQJ�HIIHFWV�RI�GLJLWDO�IDFWRUV�LQ�

WKLV�FRQWH[W�DUH�QRW�VLJQLILFDQW��)LUPV�VKRXOG�UHJDUG�GLJLWDOL]DWLRQ�DV�D�VWUDWHJLF�WRRO��

LQWHJUDWLQJ� LW�ZLWK� QHWZRUN� HPEHGGHG� IHDWXUHV� WR� HQKDQFH� VXSSO\� FKDLQV� UHVLOLHQFH��

7KHVH�ILQGLQJV�VLJQLILFDQWO\�DGYDQFH�WKH�XQGHUVWDQGLQJ�RI�EX\HU�VXSSOLHU�UHODWLRQVKLSV�

DQG�RIIHU�YDOXDEOH�LQVLJKWV�IRU�VFKRODUV�DQG�SUDFWLWLRQHUV�LQ�WKH�ILHOG�RI�RSHUDWLRQV�DQG�

6&0� 

7KLV� VWXG\� LV� QRW� IUHH� IURP� OLPLWDWLRQV��)LUVW�� WKH�XVH�RI�GLIIHUHQW�PHDVXUHPHQW�
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PHWKRGV� IRU� ILUP� UHVLOLHQFH�PD\� LQIOXHQFH� WKH� UHVHDUFK� RXWFRPHV� >���� ���� ��@��:H�

DQWLFLSDWH�IXWXUH�VWXGLHV�HPSOR\LQJ�DOWHUQDWLYH�PHDVXUHV�WR�YDOLGDWH�WKH�UREXVWQHVV�RI�

RXU�ILQGLQJV��6HFRQG��ZKLOH�&KLQD�LV�D�PDMRU�GHYHORSLQJ�FRXQWU\��IRFXVLQJ�RQ�D�VLQJOH�

QDWLRQ�OLPLWV�WKH�JHQHUDOL]DELOLW\�RI�WKH�ILQGLQJV�WR�RWKHU�HPHUJLQJ�HFRQRPLHV��)XWXUH�

UHVHDUFK� FRXOG� H[SORUH� WKHVH� UHVXOWV� LQ� WKH� FRQWH[W� RI� YDULRXV� RZQHUVKLS� VWUXFWXUHV�

EH\RQG� &KLQD�� /DVWO\�� WKH� YDOLGLW\� RI� WKH� ILQGLQJV� PD\� QHHG� WR� EH� HYDOXDWHG� LQ� DQ�

LQWHUQDWLRQDO�FRQWH[W��)XWXUH�VWXGLHV�FRXOG�EHQHILW�IURP�H[SDQGLQJ�WKH�VDPSOH�VL]H�WR�

HQKDQFH�WKH�PRGHO�WKURXJK�FRPSUHKHQVLYH�GDWD�FROOHFWLRQ�WHFKQLTXHV� 
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UHVLOLHQFH� WKURXJK� VXVWDLQDEOH� EXVLQHVV� SUDFWLFHV��� 6WUDWHJLF� PDQDJHPHQW�
MRXUQDO��YRO������QR�����SS������������������ 

>��@ $��5RGUtJXH]�6iQFKH]��-��*XLQRW��5��&KLYD��DQG�È��/ySH]�&DEUDOHV���+RZ�WR�
HPHUJH�VWURQJHU��$QWHFHGHQWV�DQG�FRQVHTXHQFHV�RI�RUJDQL]DWLRQDO�UHVLOLHQFH���
-RXUQDO�RI�0DQDJHPHQW�	�2UJDQL]DWLRQ��YRO������QR�����SS���������������� 

>��@ .�� .�� .LP�� 6��<�� 5\RR�� DQG� 0�� '�� -XQJ�� �,QWHU�RUJDQL]DWLRQDO� LQIRUPDWLRQ�
V\VWHPV� YLVLELOLW\� LQ� EX\HU±VXSSOLHU� UHODWLRQVKLSV�� 7KH� FDVH� RI�
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ϯϰ 
 

WHOHFRPPXQLFDWLRQ�HTXLSPHQW�FRPSRQHQW�PDQXIDFWXULQJ�LQGXVWU\���2PHJD��YRO��
����QR�����SS���������������� 

>��@ 0��$��6FKZLHWHUPDQ��7��-��*ROGVE\��DQG�.��/��&UR[WRQ���&XVWRPHU�DQG�VXSSOLHU�
SRUWIROLRV��FDQ�FUHGLW� ULVNV�EH�PDQDJHG� WKURXJK�VXSSO\�FKDLQ�UHODWLRQVKLSV"���
-RXUQDO�RI�%XVLQHVV�/RJLVWLFV��YRO������QR�����SS���������������� 

>��@ 0��&�� +XDQJ�� +��/�� &KHQJ�� DQG� &��<�� 7VHQJ�� �5HH[DPLQLQJ� WKH� GLUHFW� DQG�
LQWHUDFWLYH�HIIHFWV�RI�JRYHUQDQFH�PHFKDQLVPV�XSRQ�EX\HU±VXSSOLHU�FRRSHUDWLYH�
SHUIRUPDQFH���,QGXVWULDO�0DUNHWLQJ�0DQDJHPHQW��YRO������QR�����SS�����������
����� 

>��@ 9�� +�� 9LOOHQD� DQG� '�� $�� *LRLD�� �2Q� WKH� ULVNLQHVV� RI� ORZHU�WLHU� VXSSOLHUV��
0DQDJLQJ� VXVWDLQDELOLW\� LQ� VXSSO\� QHWZRUNV��� -RXUQDO� RI� 2SHUDWLRQV�
0DQDJHPHQW��YRO������SS�������������� 

>��@ 0�� 1~xH]�0HULQR�� -�� 0�� 0DTXHLUD�0DUtQ�� -�� 0R\DQR�)XHQWHV�� DQG� 3�� -��
0DUWtQH]�-XUDGR�� �,QIRUPDWLRQ� DQG� GLJLWDO� WHFKQRORJLHV� RI� ,QGXVWU\� ���� DQG�
/HDQ�VXSSO\�FKDLQ�PDQDJHPHQW��D�V\VWHPDWLF�OLWHUDWXUH�UHYLHZ���,QWHUQDWLRQDO�
-RXUQDO�RI�3URGXFWLRQ�5HVHDUFK��YRO������QR������SS������������������ 

>��@ 0��*KDHPL�$VO��2��%��$GHNR\D��DQG�0��0��5DVKLGL���4XDQWLOHV�GHSHQGHQFH�DQG�
G\QDPLF� FRQQHFWHGQHVV� EHWZHHQ� GLVWULEXWHG� OHGJHU� WHFKQRORJ\� DQG� VHFWRUDO�
VWRFNV�� (QKDQFLQJ� WKH� VXSSO\� FKDLQ� DQG� LQYHVWPHQW� GHFLVLRQV� ZLWK� GLJLWDO�
SODWIRUPV���$QQDOV�RI�2SHUDWLRQV�5HVHDUFK��YRO�������QR�����SS���������������� 

>��@ =��<DQJ��;��*XR��-��6XQ��<��=KDQJ��DQG�<��:DQJ���:KDW�GRHV�QRW�NLOO�\RX�PDNHV�
\RX� VWURQJHU�� 6XSSO\� FKDLQ� UHVLOLHQFH� DQG� FRUSRUDWH� VXVWDLQDELOLW\� WKURXJK�
HPHUJLQJ�,7�FDSDELOLW\���,(((�7UDQVDFWLRQV�RQ�(QJLQHHULQJ�0DQDJHPHQW������� 

>��@ 4��/L��+��=KDQJ��.��/LX��=��-��=KDQJ��DQG�6��0��-DVLPXGGLQ���/LQNDJH�EHWZHHQ�
GLJLWDO� VXSSO\� FKDLQ�� VXSSO\� FKDLQ� LQQRYDWLRQ� DQG� VXSSO\� FKDLQ� G\QDPLF�
FDSDELOLWLHV�� $Q� HPSLULFDO� VWXG\��� 7KH� ,QWHUQDWLRQDO� -RXUQDO� RI� /RJLVWLFV�
0DQDJHPHQW��YRO������QR�����SS������������������ 

>��@ 0��.RKWDPlNL��9��3DULGD��3��&��3DWHO��DQG�+��*HEDXHU���7KH�UHODWLRQVKLS�EHWZHHQ�
GLJLWDOL]DWLRQ� DQG� VHUYLWL]DWLRQ�� 7KH� UROH� RI� VHUYLWL]DWLRQ� LQ� FDSWXULQJ� WKH�
ILQDQFLDO� SRWHQWLDO� RI� GLJLWDOL]DWLRQ��� 7HFKQRORJLFDO� )RUHFDVWLQJ� DQG� 6RFLDO�
&KDQJH��YRO�������S��������������� 

>��@ 0��5RJHUVRQ�DQG�*��&��3DUU\���%ORFNFKDLQ��FDVH�VWXGLHV�LQ�IRRG�VXSSO\�FKDLQ�
YLVLELOLW\���6XSSO\�&KDLQ�0DQDJHPHQW��$Q�,QWHUQDWLRQDO�-RXUQDO��YRO������QR�����
SS���������������� 

>��@ 6��.XPDU��:��0��/LP��8��6LYDUDMDK��DQG�-��.DXU���$UWLILFLDO� LQWHOOLJHQFH�DQG�
EORFNFKDLQ�LQWHJUDWLRQ�LQ�EXVLQHVV��WUHQGV�IURP�D�ELEOLRPHWULF�FRQWHQW�DQDO\VLV���
,QIRUPDWLRQ�6\VWHPV�)URQWLHUV��YRO������QR�����SS���������������� 

>��@ =��=KRX�DQG�=��/L���&RUSRUDWH�GLJLWDO�WUDQVIRUPDWLRQ�DQG�WUDGH�FUHGLW�ILQDQFLQJ���
-RXUQDO�RI�%XVLQHVV�5HVHDUFK��YRO�������S��������������� 

>��@ 0��1DVLUL��0��6DXQLOD��DQG�-��8NNR���'LJLWDO�RULHQWDWLRQ��GLJLWDO�PDWXULW\��DQG�
GLJLWDO� LQWHQVLW\�� GHWHUPLQDQWV� RI� ILQDQFLDO� VXFFHVV� LQ� GLJLWDO� WUDQVIRUPDWLRQ�
VHWWLQJV���,QWHUQDWLRQDO�-RXUQDO�RI�2SHUDWLRQV�	�3URGXFWLRQ�0DQDJHPHQW��YRO��
����QR������SS���������������� 
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>��@ 0��0��:LOKHOP��&��%ORPH��9��%KDNRR��DQG�$��3DXOUDM���6XVWDLQDELOLW\�LQ�PXOWL�
WLHU� VXSSO\� FKDLQV�� 8QGHUVWDQGLQJ� WKH� GRXEOH� DJHQF\� UROH� RI� WKH� ILUVW�WLHU�
VXSSOLHU���-RXUQDO�RI�RSHUDWLRQV�PDQDJHPHQW��YRO������SS�������������� 

>��@ 0��)DUXTXHH��$��3DXOUDM��DQG�&��$��,UDZDQ���6WUDWHJLF�VXSSOLHU�UHODWLRQVKLSV�DQG�
VXSSO\� FKDLQ� UHVLOLHQFH�� LV� GLJLWDO� WUDQVIRUPDWLRQ� WKDW� SUHFOXGHV� WUXVW�
EHQHILFLDO"���,QWHUQDWLRQDO�-RXUQDO�RI�2SHUDWLRQV�	�3URGXFWLRQ�0DQDJHPHQW��
YRO������QR�����SS������������������ 

>��@ 6��$QJHORSRXORV��(��%HQGRO\��-��&��)UDQVRR��.��+REHUJ��&��2X��DQG�$��7HQKLlOl��
�'LJLWDO� WUDQVIRUPDWLRQ� LQ� RSHUDWLRQV� PDQDJHPHQW�� )XQGDPHQWDO� FKDQJH�
WKURXJK�DJHQF\�UHYHUVDO���-RXUQDO�RI�2SHUDWLRQV�0DQDJHPHQW��YRO������QR�����
SS���������������� 

>��@ 1��'RUPDG\��$��5RD�+HQULTXH]��DQG�$��5RVH���(FRQRPLF�UHVLOLHQFH�RI�WKH�ILUP��
$�SURGXFWLRQ�WKHRU\�DSSURDFK���,QWHUQDWLRQDO�-RXUQDO�RI�3URGXFWLRQ�(FRQRPLFV��
YRO�������SS���������������� 

>��@ )��1DJOH���2SHQ�VRXUFH�VRIWZDUH�DQG�ILUP�SURGXFWLYLW\���0DQDJHPHQW�6FLHQFH��
YRO������QR�����SS������������������ 

>��@ 6��$PEXONDU��-��%ODFNKXUVW��DQG�6��*UDZH���)LUP
V� UHVLOLHQFH� WR�VXSSO\�FKDLQ�
GLVUXSWLRQV�� 6FDOH� GHYHORSPHQW� DQG� HPSLULFDO� H[DPLQDWLRQ��� -RXUQDO� RI�
RSHUDWLRQV�PDQDJHPHQW��YRO������SS���������������� 

>��@ 6�� 2OOH\� DQG� $�� 3DNHV�� �7KH� G\QDPLFV� RI� SURGXFWLYLW\� LQ� WKH�
WHOHFRPPXQLFDWLRQV� HTXLSPHQW� LQGXVWU\��� HG�� 1DWLRQDO� %XUHDX� RI� (FRQRPLF�
5HVHDUFK�&DPEULGJH��0DVV���86$������� 

>��@ -��/HYLQVRKQ�DQG�$��3HWULQ�� �(VWLPDWLQJ�SURGXFWLRQ� IXQFWLRQV�XVLQJ� LQSXWV� WR�
FRQWURO�IRU�XQREVHUYDEOHV���7KH�UHYLHZ�RI�HFRQRPLF�VWXGLHV��YRO������QR�����SS��
�������������� 

>��@ $��7DIWL��6��0LWKDV��DQG�0��6��.ULVKQDQ���7KH�HIIHFW�RI�LQIRUPDWLRQ�WHFKQRORJ\±
HQDEOHG�IOH[LELOLW\�RQ�IRUPDWLRQ�DQG�PDUNHW�YDOXH�RI�DOOLDQFHV���0DQDJHPHQW�
VFLHQFH��YRO������QR�����SS���������������� 

>��@ ;��=KDR��<��6KDQJ��;��0D��3��;LD��DQG�8��6KDK]DG���'RHV�FDUERQ�WUDGLQJ�OHDG�
WR� JUHHQ� WHFKQRORJ\� LQQRYDWLRQ�� UHFHQW� HYLGHQFH� IURP�&KLQHVH� FRPSDQLHV� LQ�
UHVRXUFH�EDVHG� LQGXVWULHV��� ,(((�7UDQVDFWLRQV� RQ�(QJLQHHULQJ�0DQDJHPHQW��
YRO������SS������������������ 

>��@ )��:LHQJDUWHQ�� '�� )DQ�� &�� .�� /R�� DQG�0�� 3DJHOO�� �7KH� GLIIHULQJ� LPSDFWV� RI�
RSHUDWLRQDO� DQG� ILQDQFLDO� VODFN� RQ� RFFXSDWLRQDO� VDIHW\� LQ� YDU\LQJ� PDUNHW�
FRQGLWLRQV���-RXUQDO�RI�RSHUDWLRQV�PDQDJHPHQW��YRO������SS�������������� 

>��@ ;��3DQ��&��+DQ��0��6RQJ��DQG�0��:DQJ���7KH�LPSDFW�RI�LQIRUPDWLRQ�WHFKQRORJ\�
LQYHVWPHQW�RQ�WKH�SHUIRUPDQFH�RI�DSSDUHO�PDQXIDFWXULQJ�HQWHUSULVHV��EDVHG�RQ�
WKH� PRGHUDWLQJ� HIIHFW� RI� HTXLW\� FRQFHQWUDWLRQ��� ,(((� 7UDQVDFWLRQV� RQ�
(QJLQHHULQJ�0DQDJHPHQW��YRO������QR�����SS������������������ 

>��@ &��V�� 2�� /R�� �(QKDQFLQJ� JURXQGHGQHVV� LQ� UHDOLVW� JURXQGHG� WKHRU\� UHVHDUFK���
4XDOLWDWLYH�3V\FKRORJ\��YRO�����QR�����S����������� 

>��@ -�� /X�� .�� 5RGHQEXUJ�� /�� )RWL�� DQG� $�� 3HJRUDUR�� �$UH� ILUPV� ZLWK� EHWWHU�
VXVWDLQDELOLW\�SHUIRUPDQFH�PRUH�UHVLOLHQW�GXULQJ�FULVHV"���%XVLQHVV�6WUDWHJ\�DQG�
WKH�(QYLURQPHQW��YRO������QR�����SS������������������ 
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>��@ /��'��<LX��+��.��/DP��$��&��<HXQJ��DQG�7��&KHQJ�� �(QKDQFLQJ� WKH� ILQDQFLDO�
UHWXUQV�RI�5	'�LQYHVWPHQWV�WKURXJK�RSHUDWLRQV�PDQDJHPHQW���3URGXFWLRQ�DQG�
2SHUDWLRQV�0DQDJHPHQW��YRO������QR�����SS������������������ 

>��@ .��-��/HH�DQG�6��<��&KRL���0RGHUDWLRQ�HIIHFW�RI�RUJDQL]DWLRQDO�FXOWXUH�RQ�WKH�
UHODWLRQVKLS� EHWZHHQ� 5	'� LQYHVWPHQWV� DQG� SHUIRUPDQFH� RI� OHDGLQJ� 5	'�
LQWHQVLYH� ILUPV� LQ� WKH�86��� ,(((�7UDQVDFWLRQV�RQ�(QJLQHHULQJ�0DQDJHPHQW��
YRO������SS������������������ 

>��@ 6��$PEXONDU��6��$UXQDFKDODP��5��%RPPDUDMX��DQG�6��5DPDVZDPL���6KRXOG�D�
ILUP� EULQJ� D� VXSSOLHU� LQWR� WKH� ERDUGURRP"��� 3URGXFWLRQ� DQG� 2SHUDWLRQV�
0DQDJHPHQW��YRO������QR�����SS�������������� 

>��@ <��;X��)��-LD��/��&KHQ��DQG�<��:DQJ���'RHV�GLJLWDO�WUDQVIRUPDWLRQ�IRVWHU�FDUERQ�
HPLVVLRQV�UHGXFWLRQ"�(YLGHQFH�IURP�&KLQD¶V�PDQXIDFWXULQJ�VXSSO\�FKDLQ���7KH�
,QWHUQDWLRQDO�-RXUQDO�RI�/RJLVWLFV�0DQDJHPHQW������� 

>��@ )��/HIRUW�DQG�)��8U]~D���%RDUG�LQGHSHQGHQFH��ILUP�SHUIRUPDQFH�DQG�RZQHUVKLS�
FRQFHQWUDWLRQ��(YLGHQFH�IURP�&KLOH���-RXUQDO�RI�EXVLQHVV�UHVHDUFK��YRO������QR��
���SS���������������� 

>��@ -��'RQJ��-��7LDQ��+��/LQ��;��6XR��+��:X��DQG�5��=HQJ���&DQ�FRUSRUDWH�GLJLWDO�
LQQRYDWLRQ�VSHHG�XS�FOLPDWH�FKDQJH�PLWLJDWLRQ"�(YLGHQFH�IURP�&KLQD���,(((�
7UDQVDFWLRQV�RQ�(QJLQHHULQJ�0DQDJHPHQW������� 

>��@ +��=KDL��0��<DQJ��DQG�.��&��&KDQ���'RHV�GLJLWDO�WUDQVIRUPDWLRQ�HQKDQFH�D�ILUP
V�
SHUIRUPDQFH"�(YLGHQFH�IURP�&KLQD���7HFKQRORJ\�LQ�6RFLHW\��YRO������S����������
����� 

>��@ 5�� )LVPDQ� DQG� -�� 6YHQVVRQ�� �$UH� FRUUXSWLRQ� DQG� WD[DWLRQ� UHDOO\� KDUPIXO� WR�
JURZWK"�)LUP�OHYHO�HYLGHQFH���-RXUQDO�RI�GHYHORSPHQW�HFRQRPLFV��YRO������QR��
���SS�������������� 

>��@ (�� 3��\��<X��%��9DQ� /XX�� DQG�&��+�� &KHQ�� �*UHHQZDVKLQJ� LQ� HQYLURQPHQWDO��
VRFLDO� DQG� JRYHUQDQFH� GLVFORVXUHV���5HVHDUFK� LQ� ,QWHUQDWLRQDO� %XVLQHVV� DQG�
)LQDQFH��YRO������S��������������� 

>��@ '�� =KDQJ�� �*UHHQ� ILQDQFLDO� V\VWHP� UHJXODWLRQ� VKRFN� DQG� JUHHQZDVKLQJ�
EHKDYLRUV�� (YLGHQFH� IURP� &KLQHVH� ILUPV��� (QHUJ\� (FRQRPLFV�� YRO�� ����� S��
������������� 

>��@� � � ;LRQJ��/��1����������+RZ�+XDZHL�7UDQVIRUPHG�,WV�6XSSO\�&KDLQ�,Q�WKH�'LJLWDO�
(UD�� $YDLODEOH� DW��
KWWSV���ZZZ�KXDZHL�FRP�HQ�KXDZHLWHFK�SXEOLFDWLRQ��������KXDZHL�UHVKDSH�
VXSSO\�FKDLQ�GLJLWDO�HUD� 

>��@� � � ;LRQJ��/��1����������%XLOG��(53���DQG�VWHS�WRZDUGV�WKH�GLJLWDO�JRYHUQDQFH�RI�
WKH� VXSSO\� HFRV\VWHP�� +XDZHL7HFK�� $YDLODEOH� DW��
KWWSV���ZZZ�KXDZHL�FRP�FQ�KXDZHLWHFK�FDVHV�HUS�GLJLWDO�JRYHUQDQFH�VXSSO\�
HFRV\VWHPV� 

>��@� � � /XR��/��<�� ��������&KLQD�7HOHFRP�*OREDO�� 6LWWLQJ� KLJK� RQ� WKH� SXEOLF� FORXG��
+XDZHL7HFK�� $YDLODEOH� DW��
KWWSV���ZZZ�KXDZHL�FRP�HQ�KXDZHLWHFK�SXEOLFDWLRQ����FKLQD�WHOHFRP�JOREDO�
SXEOLF�FORXG� 
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ϯϳ 
 

>��@� +XDZHL� �������� 3DUWQHUVKLSV� DUH� NH\� WR� GLJLWDO� VXFFHVV�� $YDLODEOH� DW��
KWWSV���ZZZ�KXDZHL�FRP�HQ�PHGLD�FHQWHU�WUDQVIRUP�������PHKPHW�DOL�DNDUFD� 

>��@� � +XDZHL���������071�DQG�+XDZHL�VLJQHG�DQ�0R8�WR�FROODERUDWH�RQ�WKH�GLJLWDO�
IXWXUH� IRU� $IULFD�� $YDLODEOH� DW��
KWWSV���ZZZ�KXDZHL�FRP�HQ�QHZV��������0:&�071�PRX�$IULFD� 

>��@.XPDU�� 6�� �������� &KLQD�8QLFRP�%HLMLQJ� DQG�+XDZHL� %XLOG� 8OWUD�/DUJH�6FDOH�
&RPPHUFLDO� ���*� 1HWZRUN�� $YDLODEOH� DW��
KWWSV���ZZZ�OLQNHGLQ�FRP�SXOVH�FKLQD�XQLFRP�EHLMLQJ�KXDZHL�EXLOG�XOWUD�
ODUJH�VFDOH�FRPPHUFLDO�NXPDU�U�XQH� 

>��@� � $OSHU��$���6KXPDNHU��6����������8�6��DFWLRQV�DJDLQVW�&KLQD
V�+XDZHL��5HXWHUV��
$YDLODEOH� DW�� KWWSV���ZZZ�UHXWHUV�FRP�JUDSKLFV�86$�&+,1$�+8$:(,�
7,0(/,1(�]JYRP[ZOJYG�� 

>��@� � *DOODJKHU�� -���&�� ��������8�6��5HVWULFWLRQV� RQ�+XDZHL�7HFKQRORJLHV��1DWLRQDO�
6HFXULW\�� )RUHLJQ� 3ROLF\�� DQG� (FRQRPLF� ,QWHUHVWV�� $YDLODEOH� DW��
KWWSV���ZZZ�FRQJUHVV�JRY�FUV�SURGXFW�5������ 

>��@� � 6D[HQD��9����������&KLQD¶V�+XDZHL��60,&�µWR�5DPS�3URGXFWLRQ¶�RI�1HZHVW�$,�
&KLS�� $VLD� )LQDQFLDO�� $YDLODEOH� DW�� KWWSV���ZZZ�DVLDILQDQFLDO�FRP�FKLQDV�
KXDZHL�VPLF�WR�UDPS�SURGXFWLRQ�RI�QHZHVW�DL�
FKLS��a�WH[W &KLQHVH���FKLSPDNHUV���DUH���UDFLQJ���WR�JURZWK���RI
���&KLQD
V���WHFK���LQGXVWU\	WH[W &KLQHVH���WHFKQRORJ\���JLDQW���
+XDZHL���DQG�VRXUFHV���IDPLOLDU���ZLWK���WKH���PDWWHU� 

>��@� � .DXU�� '�� �������� �QP� PLOHVWRQH�� 60,&� DQG� +XDZHL� GHI\� 86� 6DQFWLRQV� LQ�
VHPLFRQGXFWRU� SXVK�� $YDLODEOH� DW�� KWWSV���WHFKKT�FRP���������VPLF�DQG�
KXDZHL�GHI\�XV�VDQFWLRQV�ZLWK��QP�WHFKQRORJ\� 

>��@� � +PDLGL��$����������+XDZHL�LV�TXLHWO\�GRPLQDWLQJ�&KLQD¶V�VHPLFRQGXFWRU�VXSSO\�
FKDLQ�� $YDLODEOH� DW�� KWWSV���PHULFV�RUJ�HQ�UHSRUW�KXDZHL�TXLHWO\�GRPLQDWLQJ�
FKLQDV�VHPLFRQGXFWRU�VXSSO\�FKDLQ� 

>��@� +XDZHL� �������� :KDW� ,V� D� )XOO\�&RQQHFWHG� )DFWRU\"� $YDLODEOH� DW��
KWWSV���H�KXDZHL�FRP�HQ�LQGXVWULHV�PDQXIDFWXULQJ�SURGXFWLRQ�DQG�
VXSSO\�IXOO\�FRQQHFWHG�VPDUW�IDFWRU\ 

 
 

Page 37 of 42 Transactions on Engineering Management

https://de.linkedin.com/in/suraj-kumar-a43398a4
https://www.linkedin.com/pulse/china-unicom-beijing-huawei-build-ultra-large-scale-commercial-kumar-r6une
https://www.linkedin.com/pulse/china-unicom-beijing-huawei-build-ultra-large-scale-commercial-kumar-r6une
https://www.reuters.com/graphics/USA-CHINA/HUAWEI-TIMELINE/zgvomxwlgvd/
https://www.reuters.com/graphics/USA-CHINA/HUAWEI-TIMELINE/zgvomxwlgvd/
https://www.asiafinancial.com/author/vishakha-saxenaasiafinancial-com
https://techhq.com/author/dashveenkaur/
https://merics.org/en/team/antonia-hmaidi


Appendix 1 Variable description

Variables Operationalization Data Source Reference
Res The change in total factor 

productivity in the current 
period relative to the previous 

period

CSMAR Jiang et al., 
(2023);

Ambulkar et 
al., (2015)

SC The proportion of expenditure 
of the top five suppliers relative 

to total expenditure

CSMAR Jiang et al., 
(2023)

CC The proportion of revenue 
generated by the top five 
customers relative to total 

revenue

CSMAR Jiang et al., 
(2023)

DE The digitization index of the 
province where the enterprise is 

located

China Digital 
Economy 

Development Index 
report

DT The frequency of digital related 
words was counted and the 
keyword text was analyzed

CSMAR Zhai et al., 
2022

DTV The relative speed of a firm's 
digital transformation

CSMAR

Size The natural logarithm of a firm's 
assets as a proxy for firm size

CSMAR Tafti et al., 
(2013)

Lev The ratio of current liabilities to 
assets

CSMAR Wiengarten et 
al., (2017)

Tang The ratio of tangible assets to 
total assets

CSMAR Lo et al., 
(2014)

ROA Return on assets CSMAR Lu et al., 
(2022)

R&D The ratio of R&D expenditure to 
total sales for the year

CSMAR Yiu et al., 
(2020)

Board Number of directors CSMAR Ambulkar et 
al., (2023)

OC The shareholding ratio of the 
largest shareholder

CSMAR Xu et al., 
(2024)

Indep The ratio of independent 
directors to the total number of 

directors on the board

CSMAR Lefort, 
(2008)

Appendix 2 Descriptive statistics
Variables Obs Mean Std. dev. Min Max

Res 1,985 0.059 0.321 -2.896 2.555
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SC 1,806 35.390 17.956 6.570 100.000
CC 1,806 42.731 21.719 2.430 99.640
DE 1,807 412.511 40.009 304.100 467.172
DT 1,804 3.843 0.995 0.000 6.860

DTV 1,803 0.035 0.177 -1.000 3.000
Size 2,259 22.205 1.216 17.545 26.832
Lev 2,259 0.401 0.313 0.026 8.009
Tang 2,259 0.033 0.029 0.000 0.243
ROA 2,259 0.025 0.113 -1.751 0.664
R&D 1,805 8.686 7.697 0.260 110.900
Board 1,874 7.935 1.623 0.000 17.000

OC 2,259 29.048 13.881 1.840 77.380
Indep 2,259 3.029 0.532 0.000 7.000

Appendix 3 Correlations
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Note: *, **, and *** stand for significant at the level of 10%, 5%, and 1%, respectively.
Appendix 4 The multicollinearity test

Variables VIF SQRT-VIF TOLERANCE R2
Res 1.38 1.17 0.7260 0.2740
SC 1.14 1.07 0.8799 0.1201
CC 1.12 1.06 0.8934 0.1066
DE 1.05 1.02 0.9563 0.0437

DT 1.13 1.06 0.8827 0.1173
DTV 1.03 1.01 0.9721 0.0279
Size 1.33 1.15 0.7545 0.2455
Lev 2.01 1.42 0.4979 0.5021
Tang 1.08 1.04 0.9233 0.0767
Indep 2.10 1.45 0.4752 0.5248
ROA 2.57 1.60 0.3895 0.6105
OC 1.03 1.02 0.9695 0.0305
Board 2.11 1.45 0.4731 0.5269
R&D 1.26 1.12 0.7921 0.2079
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MEAN-VIF 1.45

Appendix 5 Haussmann test
hausman (b-B)'[(V_b-V_B)^(-

1)](b-B)
p

Chi2(SC) 81.50 0.000
Chi2(CC) 81.85 0.000

Appendix 6 Results of robustness checks
(1) (2) (3) (4) (5) (6)

Variables Res_winso
r

Res_OP Res_LP Res_winso
r

Res_OP Res_LP

SC 0.002* 0.002* 0.002*
(1.79) (1.70) (1.87)

CC 0.003** 0.003** 0.002*
(2.51) (2.47) (1.94)

Size 0.093*** -0.009 0.008 0.095*** -0.007 0.009
(2.83) (-0.28) (0.22) (2.90) (-0.21) (0.26)

Lev 0.222*** 0.153**
*

0.200**
*

0.224*** 0.156**
*

0.201**
*

(5.38) (3.76) (4.54) (5.44) (3.82) (4.58)
Tang 0.273 -0.128 -0.158 0.254 -0.146 -0.183

(0.48) (-0.23) (-0.26) (0.45) (-0.26) (-0.30)
Indep 0.003 0.007 -0.006 0.003 0.007 -0.006

(0.08) (0.20) (-0.17) (0.07) (0.19) (-0.15)
ROA 0.982*** 0.844**

*
0.908**

*
0.998*** 0.858**

*
0.927**

*
(8.81) (7.65) (7.63) (9.01) (7.84) (7.83)

OC 0.001 0.000 0.000 0.001 0.000 0.001
(0.43) (0.08) (0.19) (0.54) (0.19) (0.26)

Board 0.007 0.004 0.007 0.008 0.005 0.008
(0.45) (0.26) (0.44) (0.54) (0.36) (0.49)

R&D -0.016*** -
0.013**

*

-
0.015**

*

-0.016*** -
0.012**

*

-
0.014**

*
(-7.29) (-5.68) (-6.09) (-7.16) (-5.56) (-5.96)

Constant -2.160*** 0.163 -0.225 -2.272*** 0.051 -0.292
(-2.90) (0.22) (-0.28) (-3.04) (0.07) (-0.37)

ID FE YES YES YES YES YES YES
YEAR FE YES YES YES YES YES YES

Observation 1,324 1,324 1,324 1,324 1,324 1,324
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s
R-squared 0.500 0.378 0.421 0.501 0.380 0.422

Note: *, **, and *** stand for significant at the level of 10%, 5%, and 1%, respectively.

Appendix 7 Results of the Endogeneity test
FIRST 2SLS FIRST 2SLS

Variables SC Res CC Res
IV-sc 10.639***

(0.746)
SC 0.004*

(0.002)
IV-cc 12.011***

(0.770)
CC 0.004*

(0.002)
Size -0.122 0.102*** -0.798 0.098***

(0.992) (0.034) (0.867) (0.033)
Lev -3.531** 0.460*** -1.483 0.228***

(1.633) (0.055) (1.083) (0.041)
Tang -19.678 0.451 2.880 0.256

(16.568) (0.564) (14.927) (0.568)
Indep 1.604 0.026 1.658* 0.000

(1.040) (0.036) (0.955) (0.036)
ROA 15.011*** 1.283*** 3.224 0.996***

(3.727) (0.132) (2.914) (0.111)
OC -0.054 -0.001 -0.107* 0.001

(0.069) (0.002) (0.057) (0.002)
Board -0.878** -0.016 -1.252*** 0.010

(0.432) (0.015) (0.382) (0.015)
R&D 0.226*** -0.013*** 0.004 -0.016***

(0.065) (0.002) (0.059) (0.002)
Obs 1077 1077 1324 1324
R2 0.233 0.188
F 203.213 28.842 243.330 26.848

CD Wald F 203.213 243.330
SW S stat. 3.586 3.925

Note: *, **, and *** stand for significant at the level of 10%, 5%, and 1%, 

respectively.
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