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$EVWUDFW�

7KLV� WKHVLV� LQYHVWLJDWHV� KRZ� LQFRPH� LQHTXDOLW\� DV� D� GHWHUPLQDQW� RI� FRQVXPHU� GHPDQG�

LQIOXHQFHV� WKH� GLIIXVLRQ� RI� WHFKQRORJ\�� ,Q� WKLV� DQDO\VLV� WHFKQRORJ\� LV� UHODWHG� WR� VSHFLDO�

FRQVXPHU� JRRGV� WKDW� HLWKHU� FRQWDLQ� D� FHUWDLQ� WHFKQRORJ\� RU� DUH� DQ� RXWSXW� PHDVXUH� RI�

WHFKQRORJ\��%DVHG�RQ�D�PRGHO�RI�QRQ�KRPRWKHWLF�SUHIHUHQFHV�LQFRPH�LQHTXDOLW\�LV�H[SHFWHG�WR�

LQFUHDVH� WHFKQRORJ\� GLIIXVLRQ� DW� ORZ� OHYHOV� RI� DYHUDJH� LQFRPH� DQG� VORZ� LW� GRZQ� DW� KLJKHU�

OHYHOV� RI� LQFRPH�� $Q� HPSLULFDO� DQDO\VLV� RQ� D� SDQHO� RI� ��� FRQVXPHU� JRRGV�� XVLQJ� WKH�*LQL�

LQGH[�DV�PHDVXUH�RI�LQFRPH�LQHTXDOLW\�EULQJV�IRUWK�SUHOLPLQDU\�UHVXOWV�WKDW�VXSSRUW�WKH�PRGHO�

LPSOLFDWLRQV��$QDO\VHV�RI�VLQJOH�WHFKQRORJLHV�VXJJHVW�WKDW�GLIIXVLRQ�G\QDPLFV�DUH�GLIIHUHQW�IRU�

PRUH� PRGHUQ� WHFKQRORJLHV�� $Q� DGGLWLRQDO� DWWHPSW� PDGH� WR� DQDO\]H� WKH� HIIHFW� RI� LQFRPH�

LQHTXDOLW\�RQ�QDWLRQDO�WHFKQRORJ\�DGRSWLRQ�IDLOV�WR�UHWXUQ�PHDQLQJIXO�UHVXOWV��
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�� ,QWURGXFWLRQ�

7HFKQRORJLFDO� GHYHORSPHQW� KDV� EHHQ� HPSKDVL]HG� LQ� HFRQRPLF� WKHRU\� DV� RQH� RI� WKH� PDLQ�

GULYHUV� WR� ORQJ�UXQ� HFRQRPLF� JURZWK�� &ODVVLF� PRGHOV� VXFK� DV� WKH� 6RORZ� PRGHO� IHDWXUH�

WHFKQRORJLFDO� LPSURYHPHQWV�DV�D�PDLQ�GULYHU�RI�JURZWK�DQG�D�GHWHUPLQDQW�RI�GLIIHUHQFHV� LQ�

LQFRPH�SHU�FDSLWD�DFURVV�FRXQWULHV��(PSLULFDO�HYLGHQFH�VXSSRUW�WKH�WKHRUHWLFDO�DVVXPSWLRQ�WKDW�

WKHUH� LV� D� VWURQJ� UHODWLRQ� EHWZHHQ� HFRQRPLF� GHYHORSPHQW� DQG� WHFKQRORJ\�� .OHQRZ� DQG�

5RGULJXH]�&ODUH� ������� DV� DQ� H[DPSOH� SURYLGH� D� UHYLHZ� RI� QHRFODVVLFDO� JURZWK� WKHRU\� LQ�

ZKLFK�WKH\�VKRZ�WKDW�WKHUH�LV�D�KLJK�FRUUHODWLRQ�EHWZHHQ�WRWDO�IDFWRU�SURGXFWLYLW\��7)3��DQG�

*'3�SHU�ZRUNHU��7KH�QDWLRQDO�GLIIHUHQFHV� LQ�7)3�FRPH�IURP�GLIIHUHQW� OHYHOV�RI� WHFKQRORJ\�

XVDJH��7KHUH�DUH�WZR�PHDVXUHV�RI�WHFKQRORJ\�XVDJH�LQ�ZKLFK�FRXQWULHV�GLIIHU��)LUVW�WKHUH�DUH�

GLIIHUHQFHV� LQ� WKH� DFWXDO� DGRSWLRQ��PHDQLQJ�ZKHWKHU� D� FRXQWU\�XVHV� D� FHUWDLQ� WHFKQRORJ\�RU�

QRW�� DQG� VHFRQG�� RQFH� DGRSWLRQ� KDV� WDNHQ� SODFH� WKHUH� DUH� GLIIHUHQFHV� LQ� WKH� LQWHQVLW\� ZLWK�

ZKLFK�WKH�UHVSHFWLYH�WHFKQRORJ\�LV�XVHG���

,I�D�QHZ� WHFKQRORJ\� LV�DVVRFLDWHG�ZLWK�DQ� LQFUHDVH� LQ�SURGXFWLYLW\�DQG�HFRQRPLF�JURZWK�� WR�

QRW� PDNH� IXOO� XVH� RI� WKLV� WHFKQRORJ\� ZLOO� FDXVH� IRU� FRXQWULHV� WR� VXIIHU� D� VORZ�GRZQ� LQ�

GHYHORSPHQW� UHODWLYH� WR� RWKHU� FRXQWULHV� WKDW� IXOO\� DGRSW�� $V� WKH� XVDJH� RI� WKLV� WHFKQRORJ\�

ZRXOG� OHDG� WR� KLJKHU� RXWSXW� SURGXFWLRQ� DQG� LPSURYHPHQW� LQ� ZHOIDUH� WKH� IDFW� WKDW� VRPH�

FRXQWULHV� GR� QRW� DGRSW� LW� PXVW� EH� UHODWHG� WR� REVWDFOHV� KLQGHULQJ� WKHP�� 7KLV� TXHVWLRQ� ZK\�

FRXQWULHV�DGRSW�WHFKQRORJLHV�DW�GLIIHUHQW�SRLQWV�LQ�WLPH�DQG�XVH�WKHP�ZLWK�GLIIHUHQW�LQWHQVLW\�

KDV�EHHQ�VWXGLHG�ZLWK� LQFUHDVLQJ� LQWHUHVW�E\�VFKRODUV��(FRQRPLF�VWXGLHV�XVXDOO\� UHODWH� WKHVH�

GLIIHUHQFHV� LQ� WHFKQRORJ\�DGRSWLRQ� WR� FKDUDFWHULVWLFV�RI� WKH�SURGXFWLRQ� VLGH�RI� DQ� HFRQRP\��

2QO\� OLWWOH� UHVHDUFK� VR� IDU� KDV� FRQVLGHUHG� FRQVXPHU� GHPDQG� DV� D� GHWHUPLQDQW� RI� QDWLRQDO�

WHFKQRORJ\�XVDJH��7KLV� DQDO\VLV� LQWHQGV� WR� IXUWKHU� H[SORUH� WKH� UROH�RI� FRQVXPHU�GHPDQG�RQ�

GLIIXVLRQ�RI� WHFKQRORJLHV��7KH�VSHFLILF�IRFXV�OLHV�RQ�WKH�LQIOXHQFH�RI�XQHTXDO�GLVWULEXWLRQ�RI�

LQFRPH�RQ�QDWLRQDO�FRQVXPSWLRQ�RI�WHFKQRORJ\�WKDW�UHODWHV�WR�FRQVXPHU�JRRGV��7R�DSSURDFK�

WKH� WRSLF� RI� WHFKQRORJ\� GLIIXVLRQ� WKURXJK� FRQVXPHU� GHPDQG� LV� QRW� FRPPRQ� LQ� HFRQRPLF�

UHVHDUFK�� ,QFRPH�DQG�FRQVXPSWLRQ�GHPDQG� LV� W\SLFDOO\�DQDO\]HG�DV�D� UHVXOW�RI� UDWKHU� WKDQ�D�

FDXVH� WR� WHFKQRORJLFDO� GHYHORSPHQW�� (VSHFLDOO\� LQ� WKH� ����V� DQG� ����V�ZKHQ� D� QXPEHU� RI�

LQGXVWULDOL]HG�FRXQWULHV�VDZ�KLNHV�LQ�LQFRPH�LQHTXDOLW\�PDQ\�VFKRODUV�UHODWHG�WKLV�WR�FKDQJHV�

LQ�IDFWRU�SULFHV�WKDW�UHVXOW�IURP�WHFKQRORJ\�DGYDQFHV��6NLOO�ELDVHG�WHFKQRORJLHV�UHGXFHG�ODERU�

LQWHQVLW\�RI�SURGXFWLRQ�DQG�UHOD\HG�PRUH�RQ�SK\VLFDO�FDSLWDO�RU�KLJK�VNLOOHG�KXPDQ�FDSLWDO���

7KLV� VKLIW� WKDW� HQKDQFHG� UHWXUQV� RQ� SK\VLFDO� FDSLWDO� DQG� KLJKO\� HGXFDWHG� LQGLYLGXDOV� ZDV�

�������������������������������������������������
��)RU�PRUH�GHWDLO�RQ�VNLOO�ELDVHG�WHFKQLFDO�FKDQJH�VHH�H�J��$FHPRJOX���������
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IXUWKHU�DXJPHQWHG�E\�WKH�RXWVRXUFLQJ�RI�ODERU�LQWHQVLYH�SURGXFWLRQV�WR�ORZ�LQFRPH�FRXQWULHV��

,Q�WKLV�FRQWH[W�WHFKQRORJLFDO�FKDQJH�LV�FRQVLGHUHG�D�FDXVH�WR�FKDQJHV�LQ�LQFRPH�DQG�LQFRPH�

GLVWULEXWLRQ��%XW�WKHUH�LV�LQFUHDVLQJ�HYLGHQFH�WKDW�FRQVXPHU�LQFRPH�DQG�GHPDQG�VKRXOG�DOVR�

EH�VWXGLHG�DV�D�GHWHUPLQDQW�RI�WHFKQRORJ\�GLIIXVLRQ��

$W�WKH�ODWHVW�WKH�ULVH�RI�PRGHUQ�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV��,&7V��VXFK�DV�

FRPSXWHUV��PRELOH�SKRQHV�DQG�WKH�LQWHUQHW�PDGH�LW�REYLRXV�WKRXJK�WKDW�WHFKQRORJ\�XVDJH�LV�D�

WRSLF� QRW� OLPLWHG� WR� WKH� FRUSRUDWH� VHFWRU� RI� WKH� HFRQRP\�� 7KH� FRQWULEXWLRQ� RI� FRQVXPHU�

GHPDQG�WR�WHFKQRORJ\�GLIIXVLRQ�KDV�VR�IDU�EHHQ�ODUJHO\�QHJOHFWHG�LQ�HFRQRPLF�UHVHDUFK��,W�LV�

WKH� DLP� RI� WKLV� SDSHU� WR� SURYLGH� HPSLULFDO� HYLGHQFH� RI� WKH� LPSRUWDQFH� RI� WKH� WRSLF�� +RZ�

FRQVXPHU�GHPDQG�GULYHV�WKH�GLIIXVLRQ�RI�FRQVXPHU�WHFKQRORJLHV�LV�H[DPLQHG�ZLWK�D�VSHFLILF�

IRFXV�RQ�WKH�HIIHFW�RI�LQFRPH�VWUXFWXUHV�DQG�LQHTXDOLW\��7KLV�LQIOXHQFH�RI�LQFRPH�LQHTXDOLW\�RQ�

FRQVXPHU�GHPDQG�IRU� WHFKQRORJ\�JRRGV� LV�DVVXPHG� WR�EH�QRQ�OLQHDU� LQ� WKLV�VWXG\��EDVHG�RQ�

WKH� WKHRU\� RI� QRQ�KRPRWKHWLF� SUHIHUHQFHV�� 7R� EHWWHU� XQGHUVWDQG� WKH� HIIHFW� RI� XQHTXDO�

GLVWULEXWLRQ� RI� LQFRPH� LV� RI� VSHFLDO� LQWHUHVW� IRU� WKH� FDVH� RI� GHYHORSLQJ� FRXQWULHV�ZKLFK� ODJ�

EHKLQG� LQ� WHFKQRORJ\�XVH��:KHWKHU�DQG� WR�ZKDW�H[WHQW�QDWLRQDO� LQFRPH�VWUXFWXUHV�PD\�KDYH�

SDUW� LQ� WKLV� WHFKQRORJLFDO� GUDZEDFN� FRXOG� PDWWHU� IRU� EHWWHU� RULHQWDWLRQ� RI� GHYHORSPHQW�

LQLWLDWLYHV���

7KH� SDSHU� LV� EXLOG� XS� DV� IROORZV�� LQ� WKH� QH[W� VHFWLRQ� D� VKRUW� RYHUYLHZ� RYHU� OLWHUDWXUH� RQ�

WHFKQRORJ\� GLIIXVLRQ� LV� JLYHQ�� 7KH� WKHRUHWLFDO� DVVXPSWLRQV� WR� WHFKQRORJ\� GLIIXVLRQ� DUH�

GLVFXVVHG� LQ� VHFWLRQ� WKUHH�� LQFOXGLQJ� WKH� GHYHORSPHQW� RI� D� VLPSOH� PRGHO� WKDW� LQWURGXFHV�

LQFRPH�GLVWULEXWLRQ�DV�D�GHWHUPLQLQJ�IDFWRU�WR�WKH�GLIIXVLRQ�SURFHVV��6HFWLRQ�IRXU�SURYLGHV�D�

GHWDLOHG� VWDWLVWLFDO� RYHUYLHZ� RYHU� WKH� GDWD� XVHG�� ,Q� VHFWLRQ� ILYH� WKH� HPSLULFDO� DSSURDFK� DQG�

UHJUHVVLRQ�UHVXOWV�DUH�GLVFXVVHG�DQG�WKH�ILQDO�VHFWLRQ�FRQFOXGHV�WKH�SDSHU���

�� /LWHUDWXUH�RYHUYLHZ�

$V�WKH�XVH�RI�WHFKQRORJLHV�LV�IXQGDPHQWDO�WR�D�FRXQWULHV�SURGXFWLRQ�SURFHVV�WKH�GLIIXVLRQ�RI�

WHFKQRORJLHV� DFURVV� DQG� ZLWKLQ� FRXQWULHV� LV� W\SLFDOO\� UHODWHG� WR� WKH� SURGXFWLRQ� VLGH� RI� WKH�

HFRQRP\�� $FFRUGLQJO\� LW� LV� PDLQO\� LQGXVWULDO� GHPDQG� EXW� DOVR� LQGXVWULDO� FDSDFLW\� WKDW� DUH�

VWXGLHG� DV� GULYHUV� RI� WHFKQRORJ\� GLIIXVLRQ�� $� UDQJH� RI� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� RQ�

HFRQRPLHV�ODJJLQJ�EHKLQG�LQ�XVH�RI�DYDLODEOH�WHFKQRORJLHV��DQG�ZKDW�DUH�WKH�UHDVRQV�WR�WKLV��

0RVW�VWXGLHV�WKHUHE\�IRFXV�RQ�JHRJUDSKLF�GDWD��RSHQQHVV�WR�WUDGH��HQGRZPHQW�RI�KXPDQ�DQG�

SK\VLFDO� FDSLWDO�� DQG� SROLWLFDO� LQVWLWXWLRQV� LQ� D� FRXQWU\� DV� GHWHUPLQLQJ� IDFWRUV�� 7KHVH�

FKDUDFWHULVWLFV�KDYH�EHHQ�LGHQWLILHG�WR�EH�WKH�PRVW�LPSRUWDQW�GHWHUPLQDQWV�WR�WKH�DGRSWLRQ�RI�
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WHFKQRORJLHV� LQ� FRXQWULHV� �&RPLQ� DQG� +RELMQ�� ������� 7KH� HIIHFW� RI� WKHVH� GHWHUPLQDQWV� LV�

RXWOLQHG�LQ�D�VKRUW�UHYLHZ�RI�UHVHDUFK�RQ�HDFK�RI�WKH�IDFWRUV���

7KH�OLWHUDWXUH�RI�WHFKQRORJ\�GLIIXVLRQ�DFURVV�FRXQWULHV�RU�UHJLRQV�EXLOGV�RQ�DQ�HDUO\�VWXG\�RI�

WHFKQRORJ\�GLIIXVLRQ� WKDW�ZDV�SXEOLVKHG�E\�*ULOLFKHV� LQ������� ,Q�KLV�VWXG\�*ULOLFKHV�UHODWHG�

WKH�XVH�RI�DGYDQFHG�K\EULG�VHHGV�LQ�GLIIHUHQW�VWDWHV�RI�WKH�8QLWHG�6WDWHV�WR�WKH�UHVSHFWLYH�ORFDO�

FRQGLWLRQV� DQG� JHRJUDSK\�� $OVR� &RPLQ�� 'LPLWULHY� DQG� 5RVVL�+DQVEHUJ� ������� ORRN� DW� WKH�

HIIHFW�RI�JHRJUDSKLFDO�GLVWDQFH�EHWZHHQ�FRXQWULHV�RQ�WKH�GLIIXVLRQ�RI�WHFKQRORJ\�DPRQJ�WKHP��

7KH\�ILQG�WKDW�LQFUHDVLQJ�GLVWDQFH�EHWZHHQ�QDWLRQV�DQG�WKH�WHFKQRORJ\�OHDGLQJ�FRXQWULHV�VORZV�

GRZQ�WKH�VSHHG�RI�GLIIXVLRQ�DQG�WKHUHE\�GHOD\V�DGRSWLRQ��,Q�WKHLU�UHVHDUFK�RQ�DGRSWLRQ�WLPLQJ��

'HNLPSH� HW� DO�� ������� LQFOXGH� JHRJUDSKLFDO� PHDVXUHV�� 7KH\� SURYLGH� HYLGHQFH� IRU� D�

GHPRQVWUDWLRQ�HIIHFW��DFFRUGLQJ� WR�ZKLFK�D�FRXQWU\�DGRSWV�D�QHZ� WHFKQRORJ\� WKH�VRRQHU� WKH�

PRUH�RWKHU�HFRQRPLHV�KDYH�DOUHDG\�GRQH�VR��*HRJUDSKLFDO�PHDVXUHV�KDYH�DOVR�EHHQ�VKRZQ�WR�

SOD\� D� UROH� IRU� WUDGH�EHWZHHQ�FRXQWULHV���7KLV� FORVHO\� UHODWHV� WKHVH� VWXGLHV� WKDW� H[DPLQH� WKH�

HIIHFW� RI� GLVWDQFH� RQ� WHFKQRORJ\� GLIIXVLRQ� WR� WKH� VWUDQG� RI� UHVHDUFK� WKDW� IRFXVHV� RQ� WKH�

LQIOXHQFH�RI�WUDGH��0DQ\�VWXGLHV�LQFOXGH�RSHQQHVV�WR�WUDGH�DV�D�FRQWURO�YDULDEOH�WR�WHFKQRORJ\�

GLIIXVLRQ�� 6WXGLHV� IURP� *URVVPDQ� DQG� +HOSPDQ� ������� SURYLGH� PRUH� GHWDLO� RQ� WKH� DFWXDO�

HIIHFW� RI� WUDGH� RQ� WHFKQRORJ\� GLIIXVLRQ�� 7KH� IRFXV� RI� WKHLU� UHVHDUFK� LV� RQ� 5	'� VSLOORYHUV�

LQGXFHG� WKURXJK� WUDGH�� $OWKRXJK� 5	'� VSLOORYHUV� DUH� UHODWHG� WR� LQQRYDWLRQ� ZKLFK� LV� D�

GLVWLQFWO\�GLIIHUHQW�SURFHVV�IURP�WHFKQRORJ\�DGRSWLRQ�VXFK�VSLOORYHUV�DUH�DOVR�FRQVLGHUHG�WR�EH�

D�GULYHU�RI�WKH�ODWWHU��

$QRWKHU� DSSURDFK� LQ� WHFKQRORJ\� GLIIXVLRQ� UHVHDUFK� IRFXVHV� RQ� WKH� DSSURSULDWHQHVV� RI� QHZ�

WHFKQRORJLHV�IRU�DGRSWLQJ�FRXQWULHV��7KHVH�VWXGLHV�SXUVXH�WKH�LGHD��WKDW�WHFKQRORJ\��ZKLFK�LV�

W\SLFDOO\� GHYHORSHG� LQ� PRUH� DGYDQFHG� QDWLRQV� LV� QRW� DSSOLHG� LQ� OHVV� GHYHORSHG� HFRQRPLHV�

EHFDXVH� LW� LV� LQDSSURSULDWH� WR� WKH� VWDWH� RI� GHYHORSPHQW� RU� IDFWRU� HQGRZPHQWV� RI� WKHVH�

HFRQRPLHV�� %DVX� DQG� :HLO� ������� LQWURGXFH� D� PRGHO� RI� DSSURSULDWH� WHFKQRORJ\�� ,Q� WKHLU�

PRGHO�� QHZ� WHFKQRORJLHV� FDQ� RQO\� EH� LPSOHPHQWHG� VXFFHVVIXOO\� LQ� FRXQWULHV� ZLWK� WKH�

DSSURSULDWH�SRUWIROLR�RI�HQGRZPHQWV��7KH�HPSLULFDO�HYLGHQFH�VXSSRUWV�WKH�LQFOXVLRQ�RI�IDFWRU�

HQGRZPHQWV� DV� GHWHUPLQDQWV� RI� WHFKQRORJ\� GLIIXVLRQ�� -RYDQRYLF� ������� DQG�+RELMQ� �������

DOVR�XVH�WKHRUHWLFDO�PRGHOV�LQ�ZKLFK�IDFWRU�HQGRZPHQWV��VSHFLILFDOO\�KXPDQ�FDSLWDO�LV�FUXFLDO�

WR� WHFKQRORJ\�GLIIXVLRQ�� ,Q� WKHVH�PRGHOV� IDFWRU�HQGRZPHQW� LQ� WHUPV�RI�KXPDQ�DQG�SK\VLFDO�

FDSLWDO� FRPSOHPHQWV� WHFKQRORJ\� DQG� WKHUHE\� LQIOXHQFHV� WKH� WHFKQRORJLHV�PDUJLQDO� YDOXH� E\�

LQFUHDVLQJ�RU�GHFUHDVLQJ�LW��,Q�WKDW�PRGHO��D�FRXQWU\�ZLWK�UHODWLYHO\�KLJKHU�IDFWRU�HQGRZPHQWV�

�������������������������������������������������
��6HH�)HHQVWUD��5��&����������%RUGHU�HIIHFWV�DQG�WKH�JUDYLW\�HTXDWLRQ��FRQVLVWHQW�PHWKRGV�IRU�HVWLPDWLRQ��Scottish 
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WKDQ� RWKHUV� DGRSWV� QHZ� WHFKQRORJLHV� ILUVW�� 6SHFLILFDOO\� IRU� PRUH� UHFHQW� WHFKQRORJLFDO�

LQQRYDWLRQ� KXPDQ� FDSLWDO� DQG� VNLOOV� KDYH� EHFRPH� D�PDMRU� IRFXV� RI� UHVHDUFK�� 7KH� LGHD� WKDW�

PLVVLQJ�KXPDQ�FDSLWDO�ZRUNV�DV� D�EDUULHU� WR� VNLOO�ELDVHG� WHFKQRORJ\�DGRSWLRQ� LQ�GHYHORSLQJ�

QDWLRQV�KDV�EHHQ�DQDO\]HG�E\�&DVHOOL�DQG�&ROHPDQ��������IRU�FRPSXWHUV�DQG�E\�/HH��������

IRU� ,&7V�� FDEOH� 79V� DQG� WHOHSKRQH� OLQHV�� +XPDQ� FDSLWDO�� PHDVXUHG� DV� KLJKHU� OHYHOV� RI�

HGXFDWLRQ�LV�IRXQG�WR�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�GLIIXVLRQ�RI�FRPSXWHU�WHFKQRORJLHV�WKDW�

LV�UREXVW�WR�FRQWURO�IRU�D�QXPEHU�RI�RWKHU�HFRQRPLF�FKDUDFWHULVWLFV��

$QRWKHU� IDFWRU� WKDW� LV� RIWHQ� FRQVLGHUHG� D� EDUULHU� WR� WKH� GLIIXVLRQ� RI� QHZ� WHFKQRORJLHV� DUH�

SROLWLFDO�RU�LQVWLWXWLRQDO�VWUXFWXUHV��:KLOH�DSSURSULDWH�LQVWLWXWLRQDO�VHWWLQJV�PD\�HYHQ�ZRUN�DV�D�

SXOO�IRUFH�WR�WHFKQRORJ\�GLIIXVLRQ��LQDSSURSULDWH�RU�FRUUXSWHG�LQVWLWXWLRQV�PD\�DFW�DV�D�EDUULHU��

3DUHQWH�DQG�3UHVFRWW� ������������� IRFXV� WKHLU� UHVHDUFK�RQ� WKH� WHFKQRORJ\�DGRSWLRQ�GHFLVLRQ�

WDNHQ� E\� ILUPV� DQG� WKH� EDUULHUV� WR� VXFK� DGRSWLRQ� WKDW� DUH� RIWHQ� SODFHG� LQ� WKH� SDWK� RI�

HQWUHSUHQHXUV�� 7KHVH� EDUULHUV� WDNH� GLIIHUHQW� IRUPV� VXFK� DV� UHJXODWRU\� DQG� OHJDO� FRQVWUDLQWV��

:KDWHYHU� WKHLU� IRUP��HDFK�KDV� WKH�HIIHFW�RI� LQFUHDVLQJ�WKH�FRVW�RI� WHFKQRORJ\�DGRSWLRQ��7KH�

DQDO\VLV� VKRZV� KRZ� GLIIHUHQFHV� LQ� SROLFLHV� DFURVV� FRXQWULHV� WKDW� FRQVWUDLQ� WKH� LQGLYLGXDO�

SURGXFWLRQ�XQLWV�PDS�LQWR�GLIIHUHQFHV�LQ�UHODWLYH�7)3��7KH\�DOVR�ILQG�WKDW�EDUULHU�GLIIHUHQFHV�

QHHG�QRW�WR�EH�ODUJH�WR�DFFRXQW�IRU�WKH�REVHUYHG�GLIIHUHQFHV�LQ�LQWHUQDWLRQDO�LQFRPHV��$�VWXG\�

E\� WKH� :RUOG� %DQN� IXUWKHU� FRPELQHV� WKH� TXHVWLRQ� RI� LQVWLWXWLRQDO� VWUXFWXUHV� ZLWK� IDFWRU�

HQGRZPHQW�� DUJXLQJ� WKDW� GHYHORSLQJ� FRXQWULHV� IDFH� UHJXODWRU\� LPSHGLPHQWV� LQ� UHVRXUFH�

DOORFDWLRQ� WR� FRPSOHPHQW� QHZ� WHFKQRORJLHV�� 7KLV� LQDELOLW\� WR� GHSOR\� UHVRXUFHV� WR� WKHLU�

HIIHFWLYH�XVH�VORZV�GRZQ�WHFKQRORJ\�DGRSWLRQ�DQG�HFRQRPLF�JURZWK��%HUJRHLQJ��/RD\]D�DQG�

3LJXLOOHP����������

:KLOH� WKHVH� SDSHUV� WKDW� EDVH� RQ� PDFURHFRQRPLF� WKHRU\� IRFXV� RQ� WHFKQRORJ\� DGRSWLRQ� E\�

FRXQWULHV�� UHVHDUFK� LQ� PLFURHFRQRPLFV� KDV� VWXGLHG� GLIIXVLRQ� RI� WHFKQRORJ\� DPRQJ� ILUPV�

ZLWKLQ� DQ� LQGXVWU\�� ,Q� WKH� ILUP� VSHFLILF� FRQWH[W� WKH� GHFLVLRQ� WR� DGRSW� D� QHZ� SURGXFWLRQ�

WHFKQRORJ\� RU� QRW� LV� IRXQG� WR� GHSHQG� RQ� WHFKQRORJ\�VSHFLILF� LQYHVWPHQWV�� )LUPV� IDFH� VXQN�

FRVWV�IURP�LQYHVWPHQWV�PDGH�IRU�ROGHU�YLQWDJHV�DQG�WKH�QHHG�IRU�QHZ�LQYHVWPHQWV�QHFHVVDU\�WR�

LPSOHPHQW� D� QHZ� WHFKQRORJLHV�� 7HFKQRORJ\� VSHFLILF� LQYHVWPHQW� RIWHQ� FRPHV� LQ� IRUP� RI�

VSHFLDOL]DWLRQ�LQ�KXPDQ�FDSLWDO��6SHFLILF�VNLOOV�RU�NQRZOHGJH�WKDW�LV�GLUHFW�WRZDUGV�WKH�XVH�RI�D�

FHUWDLQ�WHFKQRORJ\�RU�WHFKQRORJ\�YLQWDJH�LV�UHIHUUHG�WR�DV�YLQWDJH�KXPDQ�FDSLWDO��7KH�FRVW�RI�

QHZ� LQYHVWPHQWV� DQG� WKH� ORVV� LQ� XWLOLW\� RI� VSHFLDOL]HG� SHUVRQQHO� ERWK� LQIOXHQFH� WKH� ILUP�

GHFLVLRQ�RQ�ZKHWKHU� WR�DGRSW�D�QHZ� WHFKQRORJ\�DQG�ZKHQ��&KDUL�DQG�+RSPDQ��������VKRZ�

WKDW�HVSHFLDOO\�YLQWDJH�KXPDQ�FDSLWDO�VORZV�GRZQ�GLIIXVLRQ�RI�QHZ�WHFKQRORJLHV��7KH�WKHRU\�

RI� YLQWDJH� KXPDQ� FDSLWDO� FDQ� DOVR� EH� DSSOLHG� LQ� D� EURDGHU� VFRSH� WR� QDWLRQDO� DGRSWLRQ� RI�
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WHFKQRORJLHV�� $OVR� QDWLRQV� VSHFLDOL]H� RQ� VSHFLILF� SURGXFWLRQ� DQG� UHODWHG� WHFKQRORJLHV��

*HQHUDOO\�� QDWLRQV�ZKLFK�XVH� D� FHUWDLQ� WHFKQRORJ\� WKH�PRVW� LQWHQVLYH� DQG� DFFRUGLQJO\�KDYH�

LQYHVWHG�WKH�PRVW��VXIIHU�IURP�WKH�ELJJHVW�ORVV�ZKHQ�VZLWFKLQJ�WR�QHZHU�WHFKQRORJLHV��%H\RQG�

WHFKQRORJ\�VSHFLILF�LQYHVWPHQWV�IXUWKHU�IDFWRUV�WKDW�LQIOXHQFH�WKH�ILUP�GHFLVLRQ�WR�DGRSW�UHODWH�

WR�PDUNHW�VWUXFWXUH�DPRQJ�FRPSHWLQJ�SURGXFHUV�DQG�QHWZRUN�H[WHUQDOLWLHV��+RSSH����������

%RWK�� UHVHDUFK� IRFXVLQJ� RQ�PDFURHFRQRPLF� DQG�PLFURHFRQRPLF� IDFWRUV� DQDO\]H� WHFKQRORJ\�

DGRSWLRQ�WKURXJK�WKH�SURGXFWLRQ�VLGH�RI�WKH�HFRQRP\��&RQVXPHU�DQG�WKHLU�SUHIHUHQFHV�GR�QRW�

GLUHFWO\�HQWHU�LQWR�WKHVH�PRGHOV��)DFWRUV�WKDW�DUH�LPSRUWDQW�WR�FRQVXPHU�GHPDQG�DUH�W\SLFDOO\�

VWXGLHG�LQ�OLWHUDWXUH�RQ�WHFKQRORJ\�GLIIXVLRQ�WKDW�FRPHV�IURP�PDUNHWLQJ�UHVHDUFK��7KH�REMHFW�

RI� WKHVH� VWXGLHV� LV� WKH� GLIIXVLRQ� RI� D� VSHFLILF� SURGXFW� LQ� D� PDUNHW�� 7KH� EDVLF� PRGHO� RI�

WHFKQRORJ\� GLIIXVLRQ� LQ� WKLV� OLWHUDWXUH� LV� WKH� HSLGHPLF� PRGHO�� ,W� GHVFULEHV� WKH� SURFHVV� RI�

GLIIXVLRQ�GULYHQ�E\�WKH�IORZ�RI�LQIRUPDWLRQ�DERXW�WKH�WHFKQRORJ\�DQG�KRZ�WR�XVH�LW��$FFRUGLQJ�

WR�WKLV�PRGHO�WKH�GLIIXVLRQ�SURFHVV�IROORZV�WKH�LQWHUDFWLRQ�RI�LQGLYLGXDOV�DQG�LV�WKHUHE\�VHOI�

SHUSHWXDWLQJ��(PSLULFDO�VWXGLHV�PHDQZKLOH�GR�QRW�RQO\�FRQVLGHU�IRUFHV�RI�LQWHUDFWLRQ�DQG�IORZ�

RI� LQIRUPDWLRQ� DV� GHWHUPLQDQWV�� $OVR� WKH� UROH� RI� FKDQJH� DJHQWV�� DQG� LQGLYLGXDOV¶�

VRFLRHFRQRPLF�FKDUDFWHULVWLFV�SOD\�D�PDMRU�UROH�LQ�WKH�FRQVXPHU¶V�SURSHQVLW\�RU�ZLOOLQJQHVV�WR�

WU\�RXW�QHZ�SURGXFWV��:HDOWK�WKHUHE\�LV�RQH�DPRQJ�PDQ\�RWKHU�FKDUDFWHULVWLFV�WKDW�GHWHUPLQH�

VRFLRHFRQRPLF�VWDWXV��5RJHUV���������7KH�FODVVLFDO�PRGHO�RI�WHFKQRORJ\�GLIIXVLRQ�LQ�D�PDUNHW�

FRPHV� IURP� %DVV� �������� ,W� VHSDUDWHV� FRQVXPHUV� LQWR� ILYH� GLIIHUHQW� FDWHJRULHV� RI� DGRSWLRQ�

WLPLQJ� EDVHG� RQ� WKHLU� VRFLRHFRQRPLF� VWDWXV�� 7KH� GLVWULEXWLRQ� RI� FRQVXPHUV� RYHU� WKHVH�

FDWHJRULHV�DQG�KRZ�WKH\�LQWHUDFW�GHILQHV�WKH�GLIIXVLRQ�SURFHVV�ZLWKLQ�WKH�PDUNHW��:LWK�WKH�ULVH�

RI�PRGHUQ�,&7V�WKH�LPSRUWDQFH�RI�FRQVXPHU�GHPDQG�KDV�PRUH�UHFHQWO\�DOVR�EHHQ�LQWURGXFHG�

LQWR� VRPH� PDFURHFRQRPLF� VWXGLHV� RI� WHFKQRORJ\� GLIIXVLRQ�� 7\SLFDOO\� PDFURHFRQRPLFV�

FRQVLGHUV�FRQVXPHUV�WR�KDYH�KRPRJHQRXV�DQG�KRPRWKHWLF�SUHIHUHQFHV��7KDW�WHFKQRORJLHV�DUH�

QRW� VLPXOWDQHRXVO\� DGRSWHG� E\� DOO� LQGLYLGXDOV� KRZHYHU� GHPRQVWUDWHV� WKDW� WKHUH� LV�

KHWHURJHQHLW\� LQ� LQGLYLGXDOV¶�FRQVXPSWLRQ��'HWHUPLQDQWV�RI�FRQVXPHU�GHPDQG�XVHG�LQ� WKHVH�

VWXGLHV� DUH� W\SLFDOO\� LQFRPH�� HGXFDWLRQ� DQG� QDWLRQDO� GHPRJUDSKLFV�� 7\SLFDO� WHFKQRORJLHV�

FRQVLGHUHG�DUH�LQWHUQHW�XVDJH�DQG�SHUVRQDO�FRPSXWHUV��%HLORFN�DQG�'LPLWURYD��������DV�ZHOO�

DV�.LLVNL�DQG�3RKMROD��������VWXG\�WKH�GLIIXVLRQ�RI�LQWHUQHW�XVDJH�LQ�D�FURVV�FRXQWU\�VDPSOH��

%RWK�ILQG�WKDW�LQFRPH�SHU�FDSLWD�LV�WKH�PRVW�LPSRUWDQW�IDFWRU�WR�H[SODLQ�QDWLRQDO�GLIIHUHQFHV�LQ�

LQWHUQHW�XVDJH��,Q�WKHLU�UHVHDUFK�LQIUDVWUXFWXUH�DQG�FRVW�RI�DFFHVV�KDYH�DOVR�EHHQ�LGHQWLILHG�DV�

VLJQLILFDQW�IDFWRUV��$OWKRXJK�ORRNLQJ�DW�D�OLPLWHG�FRXQWU\�VDPSOH�RI�2(&'�FRXQWULHV�%HLORFN�

DQG�'LPLWURYD��������ILQG�WKDW�DYHUDJH�LQFRPH�SOD\V�D�ELJJHU�UROH�DW�ORZHU�OHYHOV�RI�LQFRPH��

�������������������������������������������������
��)RU�PRUH�LQIRUPDWLRQ�RQ�FKDQJH�DJHQWV�VHH�5RJHUV���������
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&KLQQ�DQG�)DLUOLH��������ILQG�VLPLODU�HYLGHQFH�LQ�WKHLU�VWXG\�RQ�FURVV�FRXQWU\�GLIIHUHQFHV�LQ�

XVDJH�RI�LQWHUQHW�DQG�SHUVRQDO�FRPSXWHUV��%HVLGHV�IDFWRUV�RI�KXPDQ�FDSLWDO��GHPRJUDSKLFV�DQG�

LQVWLWXWLRQDO�FKDUDFWHULVWLF�WKH\�DOVR�LGHQWLI\�LQFRPH�SHU�FDSLWD�WKH�PDLQ�H[SODQDWRU\�YDULDEOH��

HVSHFLDOO\�ZKHQ�FRPSDULQJ�WKH�VXEVHWV�RI�GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV���

7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�HIIHFW�RI�DYHUDJH�LQFRPH�RQ�WHFKQRORJ\�GLIIXVLRQ�LV�QRW�OLQHDU�

DQG�WKDW�IXUWKHU�UHVHDUFK�RQ�WKH�WRSLF�LV�QHFHVVDU\��)HZ�VWXGLHV�WDNH�D�VWHS�LQ�WKLV�GLUHFWLRQ�E\�

LQFOXGLQJ�PHDVXUHV�RI�LQFRPH�GLVWULEXWLRQ�LQ�WKHLU�DQDO\VLV�RI�WHFKQRORJ\�GLIIXVLRQ��$VVXPLQJ�

IRU� LQFRPH� GLVWULEXWLRQ� WR� SOD\� D� UROH� IRU� DJJUHJDWH� GHPDQG� RI� FHUWDLQ� SURGXFWV� LPSOLHV� WR�

DVVXPH� WKDW� FRQVXPHUV� KDYH� QRQ�KRPRWKHWLF� SUHIHUHQFHV�� )XFKV� ������� LQFOXGHV� WKH� *LQL�

LQGH[� DV� D� PHDVXUH� RI� LQFRPH� GLVWULEXWLRQ� LQ� KLV� FURVV� VHFWLRQ� DQDO\VLV� RI� LQWHUQHW� DFFHVV��

$PRQJ�WKH�HOHYHQ�H[SODQDWRU\�YDULDEOHV�LQFOXGHG�LQFRPH�LQHTXDOLW\�LV�LGHQWLILHG�DV�RQH�RI�WKH�

PRVW�LPSRUWDQW�GHWHUPLQDQWV�RI�GLIIHUHQFHV�LQ�QDWLRQDO�XVH�RI�WKH�LQWHUQHW�SRLQWLQJ�WR�WKH�QHHG�

RI�LQWHJUDWLQJ�PHDVXUHV�RI�XVHU�LQHTXDOLW\�LQWR�WKHVH�PRGHOV��+LV�UHVHDUFK�LGHQWLILHV�WKH�HIIHFW�

RI� LQHTXDOLW\� WR�EH�QHJDWLYH��2WKHU� UHVXOWV�DUH�IRXQG�E\�&RQFHLomR�HW�DO�� ��������7KH\�EXLOG�

WKHLU�UHVHDUFK�RQ�WKH�UHVXOWV�IURP�%HLORFN�DQG�'LPLWURYD��H[WHQGLQJ�WKH�VHW�RI�FRXQWULHV�WKDW�

DUH�DQDO\]HG�EH\RQG�2(&'�FRXQWULHV�DQG�WKH�GHSHQGHQW�YDULDEOHV�WR�LQFOXGH�DOO�WKUHH�,&7V��$�

FUXFLDO�GLIIHUHQFH�WR�WKH�ZRUN�IURP�%HLORFN�DQG�'LPLWURYD�LV�WKH�LQFOXVLRQ�RI�WKH�7KHLO�LQGH[�

DV�D�PHDVXUH�RI�LQFRPH�GLVWULEXWLRQ��+RZHYHU��ZKLOH�DJUHHLQJ�ZLWK�)XFKV�LQ�WKHLU�K\SRWKHWLFDO�

H[SHFWDWLRQ�RI�D�QHJDWLYH�LQIOXHQFH�RI�LQFRPH�LQHTXDOLW\�WKHLU�HPSLULFDO�UHVHDUFK�VXJJHVW�IRU�

WKLV�HIIHFW�WR�EH�SRVLWLYH��$FNQRZOHGJLQJ�WKDW�DOVR�WKH�HIIHFW�RI�LQFRPH�LQHTXDOLW\�PLJKW�QRW�

EH�OLQHDU�DW�DOO�OHYHOV�RI�GLIIXVLRQ�RU�GHYHORSPHQW�+\\WLQHQ�DQG�7RLYDQHQ��������WDNH�D�PRUH�

GLIIHUHQWLDWHG�DSSURDFK��:KLOH�XVLQJ�RYHUDOO�PHDVXUHV�RI�GLVWULEXWLRQ�VXFK�DV�WKH�*LQL� LQGH[�

WKH\�DOVR�XVH�WKH�LQFRPH�VKDUH�RI�SRSXODWLRQ�ZLWK�WKH�KLJKHVW�GH]LOH�RI�LQFRPH�DV�D�PHDVXUH�RI�

LQHTXDOLW\��7KH\� VSHFLI\� WKHLU� DQDO\VLV�RQ� WKH�HDUO\�GLIIXVLRQ�RI�PRELOH�SKRQHV�DUJXLQJ� WKDW�

JUHDWHU�PDVV�LQ�WKH�XSSHU�WDLO�RI�WKH�LQFRPH�GLVWULEXWLRQ��PHDQLQJ�PRUH�LQGLYLGXDOV�ZLWK�KLJK�

LQFRPH� KDV� D� SRVLWLYH� HIIHFW� RQ� HDUO\� WDNH� XS� RI� PRELOH� SKRQH� XVDJH�� 7KLV� K\SRWKHVLV� LV�

FRQILUPHG�E\�HPSLULFDO�HYLGHQFH�RI�WKH�GLIIXVLRQ�RI�PRELOH�SKRQH�LQ�D�VDPSOH�RI�GHYHORSLQJ�

FRXQWULHV��

7KH�DQDO\VLV�LQ�WKLV�WKHVLV�LQWHQGV�WR�IXUWKHU�H[SORUH�WKH�UROH�RI�FRQVXPHU�GHPDQG�RQ�GLIIXVLRQ�

RI�WHFKQRORJLHV��7KH�LQIOXHQFH�RI�XQHTXDO�GLVWULEXWLRQ�RI�LQFRPH�RQ�D�QDWLRQ¶V�FRQVXPSWLRQ�RI�

WHFKQRORJ\�WKDW�UHODWHV�WR�FRQVXPHU�JRRGV�LV�VWXGLHV�LQ�DQ�HPSLULFDO�DSSURDFK��7KH�VWXGLHV�WKDW�

GLVFXVVHG� WKLV� WRSLF� VR� IDU� W\SLFDOO\� DQDO\]H� VLQJOH� RU� D� OLPLWHG� VDPSOH� RI� ,&7V� DQG� D�

VXEVDPSOH� RI� GHYHORSHG� RU� GHYHORSLQJ� FRXQWULHV� RYHU� D� OLPLWHG� WLPH� SHULRG�� 7KH� SUHVHQWHG�

HPSLULFDO�DQDO\VLV�XVHV�SDQHO�GDWD�RI���� WHFKQRORJLFDO�FRQVXPHU�JRRGV� LQ�D�YDVW�QXPEHU�RI�
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FRXQWULHV��ERWK�GHYHORSHG�DQG�GHYHORSLQJ��,Q�LWV�WKHRUHWLFDO�RULHQWDWLRQ�WKH�DQDO\VLV�LV�UHODWHG�

WR� WKH� ZRUN� RI� +\\WLQHQ� DQG� 7RYLDQHQ� �������� 7KH� HIIHFW� RI� LQFRPH� LQHTXDOLW\� LV� DOVR�

DVVXPHG�WR�EH�QRQ�OLQHDU��'\QDPLFV�RQ�WHFKQRORJ\�GLIIXVLRQ�DUH�VWXGLHG�KRZHYHU�EH\RQG�LWV�

HDUO\� VWDJH��7KH� HPSLULFDO� DSSURDFK� IROORZV� SUHYLRXV�ZRUN� IURP�&RPLQ� DQG�+RELMQ� �������

������ DV� WKH� GDWDVHW� XVHG� ZDV� FRPSLOHG� IRU� WKHLU� VWXGLHV�� ,Q� WKH� DLP� WR� DFFRXQW� IRU� WKH�

GLIIHUHQFH�LQ�RI�FURVV�FRXQWU\�GLIIXVLRQ�DQG�ZLWKLQ�FRXQWU\�WHFKQRORJ\�GLIIXVLRQ�WKH�HIIHFW�RI�

LQFRPH� LQHTXDOLW\� LV� DQDO\]HG� LQ� VHSDUDWH� VWHSV��7KH�PDLQ� SDUW� WKH� WKHVLV� FRQFHUQV�QDWLRQDO�

GLIIXVLRQ�RI�FRQVXPHU�WHFKQRORJLHV�ZKLOH�WKH�QDWLRQDO�DGRSWLRQ�RI�WHFKQRORJLHV�LV�DQDO\]HG�LQ�

D�VKRUWHU�DWWHPSW�� ,Q� WKH� IROORZLQJ�VHFWLRQ�D�VLPSOH�PRGHO�RI�FRQVXPHU� LQGXFHG� WHFKQRORJ\�

GLIIXVLRQ�WKDW�IHDWXUHV�D�QRQ�OLQHDU�HIIHFW�RI� LQFRPH�LQHTXDOLW\� LV� LQWURGXFHG�DV�D� WKHRUHWLFDO�

IRXQGDWLRQ�WR�WKH�DQDO\VLV���

�� 7KHRU\�

$V�VWDWHG�LQ�WKH�LQWURGXFWLRQ��WKH�UHODWLRQ�EHWZHHQ�WHFKQRORJ\�GLIIXVLRQ�DQG�LQFRPH�LQHTXDOLW\�

KDV�XVXDOO\�EHHQ�GLVFXVVHG�FRQFHUQLQJ�WKH�HIIHFW�RI�WKH�ILUVW�RQ�WKH�ODWWHU�UDWKHU�WKDQ�WKH�RWKHU�

ZD\� DURXQG�� 7KHUHE\� WHFKQRORJLFDO� FKDQJH� LV� FRQVLGHUHG� DV� D� FDXVH� WR� LQFUHDVLQJ� LQFRPH�

LQHTXDOLW\�EDVHG�RQ�WKH�K\SRWKHVLV�� WKDW� WKLV�SURFHVV�LV�VNLOO�ELDVHG�DQG�OHDGV�WR�ULVLQJ�ZKLWH�

FROODU�ZDJHV�DQG�D�GURS�LQ�EOXH�FROODU�ZDJHV��$FHPRJOX��������*DQLFD���������7KH�LQIOXHQFH�

WKDW�FRQVXPHUV�KDYH�RQ�WHFKQRORJ\�GLIIXVLRQ�WKURXJK�FRQVXPHU�GHPDQG�KDV�PHDQZKLOH�EHHQ�

ODUJHO\�QHJOHFWHG��5HVHDUFK�RQ�GLIIXVLRQ�WRGD\�GRHV�QRW�FRQVLGHU�WKDW�WHFKQRORJLHV�ZKLFK�DUH�

SULPDULO\�XVHG�E\�FRQVXPHUV�PD\�DOVR�DGG� WR�QDWLRQDO� WRWDO� IDFWRU�SURGXFWLYLW\��7KH� ULVH�RI�

,&7V�VWUHVVHV�WKLV�UROH��3ULYDWH�XVH�LQFUHDVH�KXPDQ�FDSLWDO�WKDW�LV�DOVR�QHFHVVDU\�WR�XVH�WKHVH�

WHFKQRORJLHV� RQ� D� ZLGH� EDVLV� LQ� WKH� FRUSRUDWH� VHFWRU�� )RU� HDFK� JHQHUDWLRQ� HYHU\GD\� OLIH� LV�

EHFRPLQJ�PRUH� WHFKQRORJ\� LQWHQVLYH� WKURXJK�PRGHUQ�PXOWLPHGLD� JRRGV� DQG� LW� WKHUHIRUH� LV�

LPSRUWDQW�WR�VWXG\�WKH�LQIOXHQFH�RI�FRQVXPHU�GHPDQG�RQ�WHFKQRORJ\�GLIIXVLRQ��

&ODVVLFDO� HFRQRPLF� WKHRU\� DVVXPHV� SUHIHUHQFHV� WR� EH� KRPRWKHWLF� VXFK� WKDW� DOO� FRQVXPHUV�

VSHQG� WKHLU� LQFRPH� LQ� WKH� VDPH� SURSRUWLRQV� RQ� WKH� VDPH� EDVNHW� RI� JRRGV�� ,Q� WKDW� FDVH�

DJJUHJDWH� GHPDQG� FDQ� EH� GHWHUPLQHG� IURP� DJJUHJDWH� LQFRPH� DQG� LQFRPH� GLVWULEXWLRQ� LV�

QHJOLJLEOH�� ,Q� WKLV� SDSHU� LQGLYLGXDO� LQFRPH� LV� FRQVLGHUHG� DV� WKH� GHWHUPLQLQJ� IDFWRU� IRU�

FRQVXPHU�GHPDQG��8QGHU� WKH�DVVXPSWLRQ�RI�QRQ�KRPRWKHWLF�SUHIHUHQFHV� WKH�FRPSRVLWLRQ�RI�

WKH� JRRGV� EDVNHW� FRQVXPHG� GLIIHUV� ZLWK� LQGLYLGXDO� LQFRPH�� &RQVXPHUV� ZLOO� FKDQJH� WKHLU�

DOORFDWLRQ� RI� LQFRPH� WR� GLIIHUHQW� JRRGV� GHSHQGHQW� RQ� WKHLU� LQGLYLGXDO� LQFRPH��7KLV� LPSOLHV�

WKDW� DW� KLJKHU� OHYHOV� RI� LQFRPH� FRQVXPHUV�ZLOO� QRW� RQO\� FRQVXPH� SURSRUWLRQDOO\�PRUH� WKDQ�
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SRRUHU�LQGLYLGXDOV��EXW�WKH\�ZLOO�DOVR�VSHQG�D�KLJKHU�VKDUH�RI�WKHLU�LQFRPH�RQ�FHUWDLQ�W\SH�RI�

JRRGV�RU�HYHQ�FRQVXPH�JRRGV�WKDW�SRRUHU�LQGLYLGXDOV�GR�QRW�EX\�DW�DOO��)RU�H[DPSOH��WKH�VKDUH�

RI�LQFRPH�VSHQG�RQ�VWDSOH�IRRG�OLNH�ULFH�RU�SRWDWRHV�PD\�EH�YHU\�KLJK�IRU�SRRU�LQGLYLGXDOV��$V�

LQGLYLGXDOV�JURZ�ULFKHU�WKH\�ZLOO�QRW�NHHS�WKLV�VKDUH�FRQVWDQW��EXW�UHGXFH�LW��5LFK�LQGLYLGXDOV�

DUH�PRUH� OLNHO\� WR� VSHQG� D� KLJKHU� VKDUH� RI� WKHLU� LQFRPH�RQ� SURGXFWV�ZKLFK�GR�QRW� VHUYH� WR�

FRYHU� EDVLF� QHHGV� DQG� WKH\� PD\� DOVR� FRQVXPH� JRRGV� ZKLFK� DUH� EH\RQG� SRRU� LQGLYLGXDOV¶�

PHDQV� �H�J�� YDFDWLRQ� RU� FDUV��� 6XFK� JRRGV� DUH� RIWHQ� ODEHOHG� OX[XU\� JRRGV�� 8QGHU� VXFK�

SUHIHUHQFH�VWUXFWXUHV�QRW�RQO\�DJJUHJDWH�LQFRPH�EXW�DOVR�LQFRPH�GLVWULEXWLRQ�KDV�DQ�HIIHFW�RQ�

WKH�DJJUHJDWH�GHPDQG�IRU�FRQVXPHU�JRRGV�DQG�WKHLU�GLIIXVLRQ��7KH�ILUVW�UHVHDUFK�WR�FRQVLGHU�

QRQ�KRPRWKHWLF� SUHIHUHQFHV� WKDW� UHWXUQHG� JUHDW� HFKR� ZDV� /LQGHU¶V� HVVD\� RQ� ³7UDGH� DQG�

7UDQVIRUPDWLRQ´� �/LQGHU�� ������� ,Q� WKLV� VWXG\� /LQGHU� DSSOLHG� WKH� WKHRU\� WKDW� YDULDWLRQ� LQ�

DJJUHJDWH� GHPDQG� FRPHV� IURP� YDULDWLRQ� LQ� LQGLYLGXDO� LQFRPH� WR� WUDGH�� +LV� VWXG\� ZDV�

IROORZHG� XS� E\� D� QXPEHU� RI� SDSHUV� IURP� RWKHU� VFKRODUV� WKDW� GLVFXVV� QRQ�KRPRWKHWLF�

SUHIHUHQFHV� SUHGRPLQDQWO\� LQ� WKH� FRQWH[W� RI� WUDGH��$� QXPEHU� RI� WKHVH� VWXGLHV� DOVR� SURYLGH�

HPSLULFDO�HYLGHQFH�RI� WKH�LPSOLFDWLRQV�RI�VXFK�SUHIHUHQFH�VWUXFWXUHV�IRU�DJJUHJDWH�FRQVXPHU�

GHPDQG4��,I�YDULDWLRQ�LQ�H[SHQGLWXUH�VKDUHV�EHWZHHQ�LQGLYLGXDOV�ZLWK�GLIIHUHQW�LQFRPH�OHYHOV�

KDV� DQ� HIIHFW� RQ� DJJUHJDWH� GHPDQG�� WKH\� DOVR� LQIOXHQFH� FRQVXPHU� GHPDQG� IRU� WHFKQRORJ\�

JRRGV� DQG� WHFKQRORJ\� GLIIXVLRQ�� (VSHFLDOO\� LQ� WKH� HDUO\� VWDJH� RI� GLIIXVLRQ� FRQVXPHU� JRRGV�

WKDW�HQWDLO�D�QHZ�WHFKQRORJ\�PD\�EH�FRQVLGHUHG�OX[XU\�JRRGV��7KH\�GR�QRW�VHUYH�D�EDVLF�QHHG�

DQG�FRQVXPHUV�ZLOO�RQO\�EX\�WKHP�DIWHU�KDYLQJ�PHW�EDVLF�QHHGV��,QFRPH�GLVWULEXWLRQ�WKHUHE\�

LV�D�GLUHFW�GHWHUPLQDQW�WR�WKH�GLIIXVLRQ�RI�FRQVXPHU�WHFKQRORJLHV�ZLWKLQ�D�FRXQWU\��$OWKRXJK�

+\\WLQHQ�DQG�7RLYDQHQ�GR�QRW�H[SOLFLWO\�UHODWH�WKHLU�K\SRWKHVLV�WR�QRQ�KRPRWKHWLF�SUHIHUHQFHV�

WKH\�DOVR�WDNH�WKH�YLHZ�WKDW�³WKH�HDUO\�SKDVHV�RI�GLIIXVLRQ�UHIOHFW�FRQVXPSWLRQ�GHPDQG�E\�WKH�

ULFK´��+\\WLQHQ�DQG�7RLYDQHQ��������S�����5��

���� 'LIIXVLRQ�WKHRU\�

&ODVVLF� GLIIXVLRQ� WKHRU\� W\SLFDOO\� DVVXPHV� 6�VKDSHG� GLIIXVLRQ� FXUYHV� IRU� ZLWKLQ�FRXQWU\� RU�

ZLWKLQ�PDUNHW�GLIIXVLRQ��7KLV�W\SH�RI�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQ�RI�XVH�RU�FRQVXPSWLRQ�

DUH� RIWHQ� PRGHOHG� DV� D� ORJLVWLF� IXQFWLRQ� DQG� KDYH� EHHQ� VXSSRUWHG� HPSLULFDOO\� DV� D� JRRG�

DSSUR[LPDWLRQ�WR�WKH�GLIIXVLRQ�SURFHVV��7KH�PRVW�SRSXODU�PRGHO�WR�H[SODLQ�VXFK�FXUYHV�LV�WKH�

�������������������������������������������������
��(�J��HPSLULFDO�UHVHDUFK�E\�+XQWHU�DQG�0DUNXVHQ���������RU�+XQWHU��������SURYLGHV�HYLGHQFH�IRU�H[SHQGLWXUH�
IXQFWLRQV� WKDW� VXSSRUW�QRQ�KRPRWKHWLF�SUHIHUHQFHV��0DUNXVHQ� ������� IXUWKHU�HPSLULFDOO\�DQDO\VHV� WKH�HIIHFW�RI�
VXFK�SUHIHUHQFHV�RQ�FRQVXPSWLRQ�DQG�WUDGH�LQ�WKH�FRQWH[W�RI�FODVVLFDO�WUDGH�PRGHOV��
��2I�FRXUVH�GHPDQG� LV�QRW� WKH�VROH� IDFWRU�GULYLQJ� WHFKQRORJ\�GLIIXVLRQ��$Q�RYHUYLHZ�RYHU�VWXGLHV� WKDW�GLVFXVV�
WHFKQRORJ\�GLIIXVLRQ� UHODWHG� WR�RWKHU� IDFWRUV� LV� SURYLGHG� LQ� WKH� LQWURGXFWRU\� VHFWLRQ�RI� WKLV� SDSHU��%HVLGHV� WKH�
SXOO�IRUFHV�WR�GLIIXVLRQ�OLNH�LQGXVWULDO�GHPDQG�DQG�SROLWLFDO�LQWHUHVWV�WKHUH�DUH�DOVR�SXVK�IRUFHV�OLNH�WUDGH�HQDEOHG�
VSLOO�RYHUV��
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HSLGHPLF�PRGHO��,W�UHODWHV�WKH�GLIIXVLRQ�RI�WHFKQRORJ\�WR�WKH�GLIIXVLRQ�RI�LQIRUPDWLRQ�HQDEOHG�

E\�WKH�LQWHUDFWLRQ�RI�XVHUV��,QIRUPDWLRQ�DQG�XVH�GLIIXVH�OLNH�DQ�HSLGHPLF�LQ�WKLV�PRGHO��,W� LV�

SUHGRPLQDQWO\�XVHG�LQ�PDUNHWLQJ�OLWHUDWXUH�RU�VRFLRORJLFDO�VWXGLHV�RI�GLIIXVLRQ��7KH�IRUHPRVW�

XVHG�DOWHUQDWLYH�LV�D�SURELW�PRGHO�LQ�ZKLFK�GLIIHUHQW�WLPH�RI�DGRSWLRQ�IROORZV�IURP�GLIIHUHQFHV�

LQ�VRFLRHFRQRPLF�FKDUDFWHULVWLFV�DPRQJ�DGRSWHUV��7KHVH�XVXDOO\�UHIOHFW�GLIIHUHQFHV� LQ� IDFWRU�

HQGRZPHQW�DQG�DELOLWLHV�RI� ILUPV��FRQVXPHU�ULVN�DYHUVLRQ��KHWHURJHQHRXV�UHVHUYDWLRQ�SULFHV��

GLIIHUHQW� QHHGV� RU� LQFRPH�� :KLOH� LQ� HSLGHPLF� PRGHOV� WKH� GLIIXVLRQ� SURFHVV� LV� GULYHQ� E\�

DGRSWHU�OHDUQLQJ�WKH�GULYLQJ�IDFWRU�LQ�SURELW�PRGHOV�LV�DGRSWHU�KHWHURJHQHLW\��7R�FRPELQH�WKH�

WZR� WKHRUHWLFDO�PRGHOV� UHLQIRUFHV� WKH� ORJLVWLF� VKDSH� RI� WKH� GLIIXVLRQ� FXUYH� �+DOO� DQG�.DKQ��

��������

%DVHG� RQ� WKH� DVVXPSWLRQ� RI� QRQ�KRPRWKHWLF� SUHIHUHQFHV� LQFRPH� DQG� LWV� GLVWULEXWLRQ� DUH�

FRQVLGHUHG� DV� WKH� GHWHUPLQLQJ� IDFWRUV� RI� WHFKQRORJ\� GLIIXVLRQ� LQ� WKLV� VWXG\�� ,Q� WKLV� VWXG\� D�

SURELW�PRGHO�RI�WHFKQRORJ\�GLIIXVLRQ�LV�DVVXPHG�ZKHUH�LQGLYLGXDOV�EX\�D�SURGXFW�IROORZLQJ�D�

VLPSOH� GHFLVLRQ� UXOH�� 7HFKQRORJ\� JRRGV� DUH� FRQVLGHUHG� OX[XU\� JRRGV� UDWKHU� WKDQ� QHFHVVLW\�

JRRGV�DQG� LQGLYLGXDOV�ZLOO�RQO\�FRQVXPH� WKHVH�JRRGV�RQFH� WKHLU� LQFRPH�VXUSDVVHV�D�FHUWDLQ�

WKUHVKROG�� 7KH� GLIIXVLRQ� RI� WKLV� WHFKQRORJ\� RYHU� WLPH� LV� GHVFULEHG� E\� WKH� FXPXODWLYH�

FRQVXPSWLRQ� RI� DOO� LQGLYLGXDOV� DW� HDFK� SRLQW� LQ� WLPH��'LIIXVLRQ� RI� WKH� SURGXFW�PHDQLQJ� DQ�

LQFUHDVH�LQ�FXPXODWLYH�FRQVXPSWLRQ�IROORZV�HLWKHU�IURP�DQ�LQFUHDVH�LQ�LQFRPH��D�GHFUHDVH�LQ�

SULFH��RU�ERWK��7R�GHULYH�KRZ�LQFRPH�GLVWULEXWLRQ�LQIOXHQFHV�WKH�VKDSH�RI�WKLV�GLIIXVLRQ�FXUYH�,�

LQWURGXFH�D�VLPSOH�PRGHO�RI�FRQVXPHU�GHPDQG�IHDWXULQJ�WKUHVKROG�LQFRPH��

7KH�GLIIXVLRQ�SURFHVV�RI� WHFKQRORJLHV� LV�DQDO\]HG� LQ� WZR�VHSDUDWH�DSSURDFKHV� WKDW�GLVWLQFWO\�

GLIIHUHQWLDWH�EHWZHHQ�WKH�DGRSWLRQ�RI�D�QHZ�WHFKQRORJ\�DQG�WKH�WHFKQRORJ\�GLIIXVLRQ�SURFHVV��

7KHUH�DUH�D�QXPEHU�RI�VFKRODUV�ZKLFK�KDYH�SRLQWHG�RXW�WKH�LPSRUWDQFH�WR�FRQVLGHU�WKHVH�WZR�

VWHSV�RI�D�FRXQWULHV�WHFKQRORJLFDO�GHYHORSPHQW�LQ�VHSDUDWH�DSSURDFKHV��'HNLSPH�HW�DO���������

DQG� .DXIIPDQQ� DQG� 7HFKDWDVVDQDVRRQWRUQ� ������� DVVXPH� LQ� WKHLU� VWXGLHV� WKDW� LQLWLDO�

WHFKQRORJ\�DGRSWLRQ�E\�D�FRXQWU\�DQG�FRQVHFXWLYH�WHFKQRORJ\�GLIIXVLRQ�DPRQJ�FRQVXPHUV�LQ�

WKH�QDWLRQDO�PDUNHW� LQYROYH�GLIIHUHQW�GHFLVLRQ�PDNLQJ�XQLWV��7KHUHIRUH� WKH\�DQDO\]H� WKH� WZR�

VWDJHV��WHFKQRORJ\�DGRSWLRQ�DQG�WHFKQRORJ\�GLIIXVLRQ�� LQ�VHSDUDWH�HPSLULFDO�DSSURDFKHV��:X�

DQG�&KX��������PHDQZKLOH�WHVW� WKH�DSSURSULDWHQHVV�RI�GLIIHUHQW�HPSLULFDO�PRGHOV� WR�H[SODLQ�

GLIIXVLRQ�RI�PRELOH�WHOHSKRQ\�LQ�7DLZDQ��)URP�WKHLU�FURVV�VHFWLRQDO�VWXG\�WKH\�FRQFOXGH�WKDW�

DW� GLIIHUHQW� VWDJHV� RI� GLIIXVLRQ� GLIIHUHQW� PRGHOV� DUH� DSSURSULDWH� DQG� WKHUHE\� WKHVH� VWDJHV�

VKRXOG�EH�DQDO\]HG� LQ� VHSDUDWH� DSSURDFKHV��$OVR�&RPLQ�DQG�+RELMQ� �������DQG�&RPLQ�DQG�

0HVWLHUL� �������GLIIHUHQWLDWH�EHWZHHQ� WHFKQRORJ\�DGRSWLRQ�DQG� WHFKQRORJ\�GLIIXVLRQ��FDOOLQJ�

WKHP�WKH�³H[WHQVLYH��DQG�³LQWHQVLYH��PDUJLQV��7KH\�UHODWH�WKH�DGRSWLRQ�RI�QHZ�WHFKQRORJLHV�
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WR� LQYHVWPHQW� FRVWV� KRZHYHU� GR� QRW� FRQVLGHU� FRQVXPHU� EHKDYLRU� DV� DQ� LQIOXHQFH���

$FNQRZOHGJLQJ�WKDW�WKHUH�LV�D�GLVWLQFW�GLIIHUHQFH�EHWZHHQ�WKH�SURFHVV�OHDGLQJ�WR�WHFKQRORJ\�

DGRSWLRQ� DQG� WKH� SURFHVV� RI� WHFKQRORJ\� GLIIXVLRQ� WKH\� DUH� FRQVLGHUHG� VHSDUDWHO\� LQ� WKH�

SUHVHQWHG� DQDO\VLV�� 7KH� PDLQ� SDUW� RI� WKH� HPSLULFDO� ZRUN� LV� IRFXVHG� RQ� WKH� DQDO\VLV� RI�

WHFKQRORJ\� GLIIXVLRQ�ZKLOH� DGRSWLRQ� ODJV� DUH� RQO\� DQDO\]HG� LQ� D� VKRUW� DWWHPSW� GXH� WR� GDWD�

OLPLWDWLRQV��7KLV�ZLOO�EH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�VHFWLRQ�IRXU��

���� 7KH�PRGHO�

7KH� SURSRVHG�PRGHO� GHVFULEHV� WKH� DGRSWLRQ� DQG� GLIIXVLRQ� RI� D� JRRG� LQ� D� FRQVXPHU�PDUNHW�

GHSHQGLQJ�RQ�LQFRPH�DQG�LWV�GLVWULEXWLRQ��,W�LV�QRW�D�SURGXFW�F\FOH�PRGHO�DQG�WKHUHIRUH�GRHV�

QRW�FRQFHUQ�FRQVXPHU�GHFLVLRQV�WDNHQ�RQFH�D�FRQVXPHU�WHFKQRORJ\�LV�UHSODFHG�E\�D�EHWWHU�RQH�

DQG� VHHV� D� GHFOLQH� LQ� XVDJH�� 7KH� PRGHO� DOVR� DEVWUDFWV� IURP� WKH� RSSRUWXQLW\� WKDW� GLIIHUHQW�

JHQHUDWLRQV� RI� WKH� VDPH� FRQVXPHU� WHFKQRORJ\�PD\� FKDQJH� WKH� FRQVXPSWLRQ� GHFLVLRQ�� 7KH�

WHFKQRORJ\�JRRG� WKDW� LV� VXEMHFW�RI� WKH�DQDO\VLV� LV�DVVXPHG� WR�EH� WKH�VDPH�GXULQJ� WKH�ZKROH�

GLVWULEXWLRQ�SURFHVV��7KH�SURSRVHG�PRGHO�ZKLFK�LV�H[SODLQHG�EHORZ�LQFOXGHV�FRQVXPSWLRQ�DV�D�

FRQGLWLRQDO�YDULDEOH��GHSHQGHQW�RQ�D�WKUHVKROG�LQFRPH�DQG�LQFRPH�GLVWULEXWLRQ��7KLV�LV�EDVHG�

RQ�WKH�WKHRU\�RI�QRQ�KRPRWKHWLF�SUHIHUHQFHV��)ROORZLQJ�DVVXPSWLRQV�DUH�IXQGDPHQWDO� WR�WKH�

PRGHO�����3RWHQWLDO�DGRSWHUV�KDYH�WKH�VDPH�YDOXDWLRQ�IRU�WKH�QHZ�SURGXFW�����ZKLOH�WKH�SULFH�

RI� WKH� SURGXFW� LV� FRQVWDQW� FRQVXPHU� LQFRPH� LV� LQFUHDVLQJ� RYHU� WLPH�� IROORZLQJ� ௜ܻሺݐሻ ൌ
௜ܻሺͲሻ݁௚௧��� ��� LQGLYLGXDOV� ZLOO� RQO\� DGRSW� WKH� QHZ� FRQVXPHU� WHFKQRORJ\� RQFH� LQFRPH� KDV�
SDVVHG�D�FHUWDLQ�WKUHVKROG�OHYHO�ܻᇱሺݐሻ��VHH�)LJXUH�$���LQ�DSSHQGL[���
,QGLYLGXDOV�FRQVXPH�D�VHOHFWLRQ�RI�GLIIHUHQW�FRQVXPHU�JRRGV�� LQGH[HG�݆�� WKDW�DUH�GLVWULEXWHG�
DFURVV�DQ�LQWHUYDO�ሾͲǡλሻ��2Q�WKLV�LQWHUYDO�JRRGV�KDYH�WKH�VDPH�SULFH݌�௝ ൌ �\�DQG�DUH�HTXDOO݌
YDOXHG�E\�DOO�SRWHQWLDO�FRQVXPHUV���$Q�LQGLYLGXDO�i¶V�XWLOLW\�LV�JLYHQ�E\�KLV�WRWDO�FRQVXPSWLRQ�

RI�JRRGV�� ௜ܷሺݐሻ ൌ ሻݐ௜ሺܥ ൌ ׬ ܿ௜௝ሺݐሻ�݆݀ஶ
௝ୀ଴ ��ZKHUH�ܿ௜௝ א ሼͲǡͳሽ��$FFRUGLQJO\�JRRGV�DUH�FRQVXPHG�

LQ�GLVFUHWH�DPRXQWV�DQG�LQGLYLGXDO�GHPDQG�LV�VDWXUDWHG�DIWHU�FRQVXPSWLRQ�RI�RQH�XQLW��/RZHU�݆�
JRRGV�FRQVWLWXWH�EDVLF�QHHG�JRRGV�DQG�DUH�JLYHQ�KLJKHU�FRQVXPHUV�SUHIHUHQFH��$W�DOO�OHYHOV�RI�

LQFRPH�LQGLYLGXDOV�ZLOO�ILUVW�FRQVXPH�ORZHU�݆�JRRGV�DQG�XVH�UHPDLQLQJ�LQFRPH�IRU�KLJKHU�݆�
�������������������������������������������������
��,Q�WKHLU�DQDO\VLV�RI�WKH�³LQWHQVLYH´�PDUJLQ�&RPLQ�DQG�0HVWLHUL��������DOVR�GR�QRW�UHODWH�GLIIHUHQFHV�EHWZHHQ�
FRXQWULHV� WR� WKHLU� HFRQRPLF� FKDUDFWHULVWLFV� OLNH� LQFRPH� GLVWULEXWLRQ�� 7KH\� UDWKHU� IRFXV� WKHLU� DQDO\VLV� RQ� WKH�
LPSRUWDQFH�RI�GLIIHUHQFH�LQ�WKLV�LQWHQVLYH�PDUJLQ�IRU�FURVV�FRXQWU\�GLIIHUHQFHV�LQ�WRWDO�IDFWRU�SURGXFWLYLW\��
��'LIIXVLRQ�WKHRU\�RIWHQ�DVVXPHV�GHFUHDVLQJ�SULFHV�RI�JRRGV�GXH�WR�HFRQRPLHV�RI�VFDOH�DQG�VFRSH��7KH�SUHVHQWHG�
PRGHO� LPSOLFDWLRQV�XQGHU�FRQVWDQW�SULFHV�DQG� LQFUHDVLQJ� WRWDO� LQFRPH�DUH�HTXLYDOHQW� WR� WKH�FDVH�RI�GHFUHDVLQJ�
SULFHV�DQG�FRQVWDQW�LQFRPH���
��7KH�DVVXPSWLRQ�WKDW�DOO�JRRGV�KDYH�WKH�VDPH�SULFH݌�௝ ൌ �݌ LV�PDGH�WR�VLPSOLI\�WKH�GHILQLWLRQ�RI�WKH�WKUHVKROG�
LQFRPH��*LYHQ�WKDW�DQ�LQGLYLGXDO�RQO\�JDLQV�XWLOLW\�IURP�FRQVXPSWLRQ�RI�JRRG�݆ ൌ �ݔ LI�KH�DOVR�FRQVXPHV�JRRG�
݆ ൌ ݔ െ ͳ�WKH�KLHUDUFK\�RI�JRRGV�FRQVXPHG�LV�GHWHUPLQHG�E\�SUHIHUHQFHV�DQG�SULFHV�RQO\�PDWWHU�IRU�WKH�WLPH�RI�
FRQVXPSWLRQ��7KHUHIRUH�WKH�DVVXPSWLRQ�VLPSOLILHV�WKH�PRGHO�EXW�GRHV�QRW�FKDQJH�LWV�LPSOLFDWLRQV��
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JRRGV��*RRGV�ZLWK�KLJKHU�݆�DUH�RQO\�FRQVXPHG�E\� LQGLYLGXDOV�ZLWK�KLJKHU� LQFRPH�DQG�PD\�
WKHUHIRUH�EH�FRQVLGHUHG� OX[XU\�JRRGV��$Q� LQGLYLGXDO�RQO\�JDLQV�XWLOLW\� IURP�FRQVXPSWLRQ�RI�

JRRG� ݆ ൌ �ݔ LI� KH� DOVR� FRQVXPHV� JRRG� ݆ ൌ ݔ െ ͳ ൐ Ͳ�� 7KH� YDULHW\� LQ� RI� JRRGV� LQ� WKH�
FRQVXPSWLRQ�EDVNHW�RI�DQ�LQGLYLGXDO�LV�WKHQ�OLPLWHG�E\�KLV�LQFRPH��7KH�PRGHO�DEVWUDFWV�IURP�

LQWHUWHPSRUDO�G\QDPLFV�DQG�DVVXPHV�WKDW�HDFK�SHULRG�DOO�LQGLYLGXDOV�VSHQG�WKHLU�IXOO�LQFRPH�

RQ�FRQVXPSWLRQ��&RPELQLQJ�WKLV�WKH�EXGJHW�FRQVWUDLQW�UHDGV�

%&��� ௜ܻሺݐሻ ൌ ׬ ௝݆ܿ݀�݌ஶ
୨ୀ଴ �

,QFRPH� ௜ܻሺݐሻ�LV�GLVWULEXWHG�XQLIRUP�DPRQJ�LQGLYLGXDOV�RQ�WKH�LQWHUYDO�ܻሺݐሻ̱ܷሺ ௉ܻሺݐሻǡ ோܻሺݐሻሻ��
7KH� OLPLWV� RI� WKH� LQWHUYDO� DUH� GHILQHG� E\� WKH� ORZHVW� LQGLYLGXDO� LQFRPH� ௉ܻ� �SRRU�� DQG� WKH�

KLJKHVW�LQGLYLGXDO�LQFRPH� ோܻ��ULFK���*LYHQ�WKDW�WKH�GLVWULEXWLRQ�RI�LQFRPH�LV�XQLIRUP�WRWDO�DQG�

DYHUDJH�LQFRPH�DUH�GHWHUPLQHG�DV�

7RWDO�LQFRPH����ܻሺݐሻ ൌ ܮ ׬ ௒ೃሺ௧ሻݔሻ݀ݔሺ݂ݔ
௒ುሺ௧ሻ �ൌ � ௅൫௒ೃሺ௧ሻା௒ುሺ௧ሻ൯ଶ �

$YHUDJH�LQFRPH���� ఓܻሺݐሻ ൌ ׬ ௒ೃሺ௧ሻݔሻ�݀ݔሺ݂ݔ
௒ುሺ௧ሻ ൌ � ௒ೃሺ௧ሻା௒ುሺ௧ሻଶ ���

7KH� QHZ� WHFKQRORJ\� JRRG� LQGH[HG݆ᇱ��LV� RQO\� FRQVXPHG� E\� LQGLYLGXDOV�ZLWK� LQFRPH� ௜ܻሺݐሻ ൒
ܻᇱ��ZKHUH��ܻᇱ ൌ ׬ ௝݆ܿ݀�݌௝ᇱ

௝ୀ଴ ��6LQFH�JRRGV�DUH�FRQVXPHG�LQ�VLQJOH�XQLWV�WKLV�FDQ�EH�VLPSOLILHG�WR�

ܻᇱ ൌ ݆Ԣ��7݌KH�LQGLYLGXDO�FRQVXPSWLRQ�GHFLVLRQ�RI�JRRG�݆Ԣ�LV�GHWHUPLQHG�DV�IROORZV��

ܿ௜௝ᇱ ൌ ൜Ͳ���� ௜ܻሺݐሻ ൏ ݆Ԣ݌
ͳ���� ௜ܻሺݐሻ ൒ ݆Ԣ݌�

,QLWLDO� WHFKQRORJ\� DGRSWLRQ� LQ� WKH� GHVFULEHG�PRGHO� WDNHV� SODFH� ZKHQ� WKH� ILUVW� XQLW� RI� ݆Ԣ� LV�
FRQVXPHG��7KLV�KDSSHQV�ZKHQ�WKH�ULFKHVW�LQGLYLGXDO�ILUVW�UHDFKHV�VXIILFLHQW�LQFRPH�� ோܻሺݐሻ ൌ
ோܻሺͲሻ݁௚௧ ൌ ݆ᇱ��7݌KH� WLPH�WKDW�SDVVHV�IURP�SHULRG�]HUR�XQWLO� WKHQ� LV�GHILQHG�DV� WKH�DGRSWLRQ�
ODJݐ�ᇱ��

Ԣݐ ؠ ୪୬൫௝ᇲ௣൯
୪୬�ሺ௒ೃሺ଴ሻሻ௚

��� � ����

'LIIXVLRQ� WKHUHDIWHU� LV� PHDVXUHG� DV� UHODWLYH� PDUNHW� SHQHWUDWLRQ� RU� FRQVXPSWLRQ� SHU� FDSLWD��

7RWDO� FRQVXPSWLRQ� RI� JRRG� ݆Ԣ� LV� GHWHUPLQHG� E\� WKH�PDVV� RI� WKH� LQFRPH� GLVWULEXWLRQ� DERYH�

௜ܻሺݐሻ ൌ ݆ᇱ݌�� 7KLV� LV� JLYHQ� E\ܥ��௝ᇲሺݐሻ ൌ ͳ െ ሻ݌௧ሺ݆ᇱܨ ൌ ௅൫௒ೃሺ௧ሻି௝ᇲ௣൯
௒ೃሺ௧ሻି௒ುሺ௧ሻ

ǡ�������݆ᇱ݌ א ሾ ோܻሺݐሻǡ ௉ܻሺݐሻሿ��

7KH�GLIIXVLRQ�RI�JRRG��݆Ԣ�LV�GHILQHG�DVܦ��௝ᇲሺݐሻ��

ሻݐ௝ᇲሺܦ ؠ
஼ೕᇲሺ௧ሻ
௅ ൌ ൞

Ͳ���������������� ோܻሺݐሻ ൏ ݆Ԣ݌
௒ೃሺ଴ሻ௘೒೟ି௝ᇱ௣

௒ೃሺ଴ሻ௘೒೟ି௒ುሺ଴ሻ௘೒೟
���� ௉ܻሺݐሻ ൏ ݆ᇱ݌ ൑ ோܻሺݐሻ

ͳ����������������� ௉ܻሺݐሻ ൒ ݆ᇱ݌
��� ����



���

$V� LQGLYLGXDO� LQFRPHV� DUH� FRQWLQXRXVO\� LQFUHDVLQJ� ZKLOH� DOO� RWKHU� YDULDEOHV� UHPDLQ�

XQFKDQJHG��WKH�VKDUH�RI�LQGLYLGXDOV�WKDW�FRQVXPH�݆ᇱ�LV�ULVLQJ�RYHU�WLPH��
$� VSHFLDO� FDVH� RI� WKH� XQLIRUP� LQFRPH� GLVWULEXWLRQ� LV� D� FROODSVHG� GLVWULEXWLRQ� ZKHUH� DOO�

LQGLYLGXDOV�HDUQ�WKH�DYHUDJH�LQFRPH��,QFRPH�LV�HTXDOO\�GLVWULEXWHG�VXFK�WKDW�� ௉ܻሺݐሻ ൌ ோܻሺݐሻ ൌ
ఓܻሺͲሻ݁௚௧��7KHQ�HLWKHU�QRQH�RU�DOO�LQGLYLGXDOV�FRQVXPH�݆ᇱ�DQG�WKH�GLIIXVLRQ�LV�GLVFRQWLQXRXV��
MXPSLQJ�DW�WLPHݐ�Ԣ�IURP�]HUR�WR�RQH��)RU�WKLV�VSHFLDO�LQFRPH�GLVWULEXWLRQ�WKH�WZR�PHDVXUHV�RI�
LQWHUHVW�DUH�GHWHUPLQHG�DV��

Ԣݐ ൌ ୪୬൫௝ᇲ௣൯
୪୬�ሺ௒ഋሺ଴ሻሻ௚

��

ሻݐ௝ᇲሺܦ ൌ ቊͲ�������������� ఓܻሺͲሻ݁
௚௧ ൏ ݆Ԣ݌

ͳ�������������� ఓܻሺͲሻ݁௚௧ ൒ ݆ᇱ݌���

7KLV� VKRZV� WKDW� XQGHU� WKH� FROODSVHG� GLVWULEXWLRQ� IXQFWLRQ� DYHUDJH� LQFRPH� DV� D� PHDVXUH� RI�

LQFRPH�GLVWULEXWLRQ�LV�VXIILFLHQW�WR�PRGHO�WKH�GLIIXVLRQ�SURFHVV��8QGHU�XQHTXDO�GLVWULEXWLRQ�RI�

LQFRPH�PRUH�PRPHQWV� RI� WKH� GLVWULEXWLRQ� KDYH� WR� EH� FRQVLGHUHG� WR� GHWHUPLQH� WKH�GLIIXVLRQ�

SDWK��,Q�WKH�IROORZLQJ�WKH�HIIHFW�RI�GLIIHUHQW�PHDVXUHV�RI�LQFRPH�GLVWULEXWLRQ�LQ�WKH�SURSRVHG�

PRGHO�DUH�H[DPLQHG�WR�GHULYH�WKH�LQIOXHQFH�RI�LQFRPH�RQ�WHFKQRORJ\�DGRSWLRQ�DQG�GLIIXVLRQ��

3.2.1 The effect of higher inequality in income 

)LUVW�WKH�HIIHFW�RI�DQ�LQFUHDVH�LQ�LQFRPH�LQHTXDOLW\�LV�H[DPLQHG���:KLOH�OHDYLQJ�WRWDO�LQFRPH�

DQG�SRSXODWLRQ�XQFKDQJHG�DQ�LQFUHDVH�LQ�LQFRPH�LQHTXDOLW\�LV�HTXLYDOHQW�WR�D�PHDQ�SUHVHUYLQJ�

WUDQVIHU�RI� LQFRPH� IURP�EHORZ� WR�DERYH�DYHUDJH� LQGLYLGXDOV��7KH� WUDQVIHU� LV�SURSRUWLRQDO� WR�

WKH� LQFRPH� OHYHOV� WR� QRW� FKDQJH� WKH� GLVWULEXWLRQDO� IRUP�� 7KH� ODUJHVW� WUDQVIHU� WDNHV� SODFH�

EHWZHHQ� WKH� ULFKHVW� DQG� WKH� SRRUHVW� LQGLYLGXDO�� ,QGLYLGXDO� LQFRPH�� ௜ܻሺݐሻ��LV� VWLOO� XQLIRUPO\�
GLVWULEXWHG� RQ� DQ� LQWHUYDO� ZKLFK� LV� QRZ� OLPLWHG� E\� ோܻ෪ሺݐሻ ൌ ሺ ோܻሺͲሻ ൅ ݇ሻ݁௚௧� DQG�� ௉ܻ෪ ሺݐሻ ൌ
ሺ ௉ܻሺͲሻ െ ݇ሻ݁௚௧ ൐ Ͳ��
3URSRVLWLRQ���D�� $Q� LQFUHDVH� LQ� LQFRPH� LQHTXDOLW\� WKURXJK� D� UHJUHVVLYH� UHGLVWULEXWLRQ� RI�

LQFRPH� LPSOLHG� E\� WUDQVIHU� ݇ ൐ Ͳ�� WKDW� OHDYHV� WKH� GLVWULEXWLRQDO� IRUP�
XQFKDQJHG�� UHGXFHV� WKH� WLPH� XQWLO� ILUVW� DGRSWLRQ�� E��7KH� LQFUHDVH� LQ� LQFRPH�
LQHTXDOLW\� LQFUHDVHV� WHFKQRORJ\� GLIIXVLRQ� DPRQJ� DERYH� DYHUDJH� LQFRPH�

LQGLYLGXDOV� WKDW� UHFHLYH� D� SRVLWLYH� WUDQVIHU�� EXW� UHGXFHV� LW� IRU� ORZHU� LQFRPHV�

ZKLFK�VXIIHU�IURP�D�QHJDWLYH�WUDQVIHU��

3URRI�� 7KH� PHDQ� SUHVHUYLQJ� SURSRUWLRQDO� WUDQVIHU� RI� LQFRPH� IURP� EHORZ� WR� DERYH�
DYHUDJH�LQGLYLGXDO¶V�FKDQJHV�HTXDWLRQ�����DQG�����WR��
�������������������������������������������������
��1RWH�WKDW�WKH�SURSRVHG�SURSRUWLRQDO�JURZWK�SDWK�RI�LQGLYLGXDO�LQFRPH�GRHV�QRW�FKDQJH�LQFRPH�GLVWULEXWLRQ��



���

Ԣݐ ൌ ୪୬൫௝ᇲ௣൯
୪୬ሺ௒ೃሺ଴ሻା௞ሻ௚

��

ሻݐ௝ᇲሺܦ ൌ ൞
Ͳ������������������� ோܻሺݐሻ ൅ ݇݁௚௧ ൏ ݆Ԣ݌

ሺ௒ೃሺ଴ሻା௞ሻ௘೒೟ି௝ᇲ௣
ሺ௒ೃሺ଴ሻି௒ುሺ଴ሻାଶ௞ሻ௘೒೟

����������������� ௉ܻሺݐሻ െ ݇݁௚௧ ൏ ݆ᇱ݌ ൑ ோܻሺݐሻ ൅ ݇݁௚௧

ͳ������������������� ௉ܻሺݐሻ െ ݇݁௚௧ ൒ ݆ᇱ݌
��

7KH�HIIHFW�RI�D�FKDQJH�LQ�LQFRPH�GLVWULEXWLRQ�RQ�WKH�DGRSWLRQ�ODJ�DQG�WHFKQRORJ\�GLIIXVLRQ�LV�

WKHQ�GHWHUPLQHG�E\��

D���ௗ௧
ᇲ

ௗ௞ ൌ
ି୪୬൫௝ᇲ௣൯

୪୬ሺ௒ೃሺ଴ሻା௞ሻమሺ௒ೃሺ଴ሻା௞ሻ௚
൏ Ͳ� ����

�E���ௗ஽ೕᇲௗ௞ ൌ ଶ௝ᇲ௣�Ȃሺ௒ೃሺ଴ሻା௒ುሺ଴ሻሻ௘೒೟
௘೒೟ሺ௒ೃሺ଴ሻି௒ುሺ଴ሻାଶ௞ሻమ

ൌ ଶሺ௝ᇲ௣�ି௒ഋሺ଴ሻ௘೒೟ሻ
௘೒೟ሺ௒ೃሺ଴ሻି௒ುሺ଴ሻାଶ௞ሻమ

ቐ
൐ Ͳ��� ఓܻሺݐሻ ൏ ݆Ԣ݌
ൌ Ͳ���� ఓܻሺݐሻ ൌ ݆Ԣ݌
൏ Ͳ��� ఓܻሺݐሻ ൐ ݆Ԣ݌

� ����

7KHVH�UHVXOWV�DUH� LQWXLWLYH�DV� WKH�UHJUHVVLYH�UHGLVWULEXWLRQ�RI� LQFRPH�HQWDLOV� LQGLYLGXDOV�ZLWK�

LQFRPH�DERYH�WKH�PHDQ�WR�KDYH�KLJKHU�LQFRPH�WKDQ�EHIRUH�WKH�UHGLVWULEXWLRQ��7KH\�WKHUHIRUH�

ZLOO� VRRQHU� KDYH� VXIILFLHQW� LQFRPH� WR� FRQVXPH� ݆ᇱ� ZKDW� UHGXFHV� WKH� WLPH� XQWLO� ILUVW�
FRQVXPSWLRQ�DQG�LQFUHDVHV�GLIIXVLRQ�DW�HDFK�SRLQW�LQ�WLPH��7KLV�LV�WKH�FDVH�IRU�WKH�WLPH�XQWLO�

LQFRPH�JUHZ�VXIILFLHQW�IRU�WKH�LQGLYLGXDO�ZLWK�DYHUDJH�LQFRPH�WR�FRQVXPH�݆ᇱ��$V�WKH�PHDQ�LV�
QRW� DIIHFWHG�E\� WKH� UHGLVWULEXWLRQ� WLPH�XQWLO� ఓܻሺݐሻ ൌ ݆Ԣ݌� LV� XQFKDQJHG�XQGHU� WKH� LQFUHDVH� LQ�
LQHTXDOLW\�� %H\RQG� WKLV� SHULRG� GLIIXVLRQ� ZLOO� UXQ� VORZHU� FRPSDUHG� WR� WKH� FDVH� ZLWKRXW�

UHJUHVVLYH� WUDQVIHU��$V� WKH� LQGLYLGXDOV�ZLWK�EHORZ�DYHUDJH� LQFRPH�ZHUH�SXW�DW�GLVDGYDQWDJH�

E\�WKH�UHGLVWULEXWLRQ�WKH\�ZLOO�QRZ�FRQVXPH�݆ᇱ��ODWHUז���
7KHUHIRUH� KLJKHU� LQFRPH� LQHTXDOLW\� FKDQJHV� WKH� VORSH�RI� WKH�GLIIXVLRQ� FXUYH��7KH�GLIIXVLRQ�

FXUYH�URWDWHV�DW�WKH�PHDQ�LQFRPH�PDNLQJ�WKH�FXUYH�IODWWHU�RYHUDOO��

3.2.2 The effect of an increase in population 

:H� ORRN� DW� D� FKDQJH� LQ� SRSXODWLRQܮ��� ZKLOH� WRWDO� LQFRPH� DQG� LQFRPH� LQHTXDOLW\� UHPDLQ�
XQFKDQJHG��)RU�WKH�GLVWULEXWLRQ�RI�LQFRPH�WR�UHPDLQ�XQLIRUP�WKHUH�KDV�WR�EH�D�FKDQJH�LQ�DOO�

LQFRPHV� SURSRUWLRQDO� WR� WKH� LQFUHDVH� LQ� SRSXODWLRQ�� ,Q� WKH� SUHVHQWHG�PRGHO� WKLV� LPSRVHV� D�

SURSRUWLRQDWH�FKDQJH� WR� WKH� OLPLWV�RI� WKH� LQFRPH� LQWHUYDO�DQG� LPSOLHV�D�XQLIRUP�GLVWULEXWLRQ�

RYHU�WKH�QHZ�LQWHUYDO��7KH�QHZ�OLPLWV�DUH�GHILQHG�DV� ௉ܻ෪ሺݐሻ ൌ ��DQGܮ௉݁௚௧Ȁߠ ோܻ෪ሺݐሻ ൌ �ܮோ݁௚௧Ȁߠ

ZKLOH�WRWDO�LQFRPH� തܻሺݐሻ ൌ ௅൫௒ೃ෪ሺ௧ሻା௒ು෪ሺ௧ሻ൯
ଶ ൌ ሺఏೃାఏುሻ௘೒೟

ଶ �LV�XQDIIHFWHG�E\�FKDQJHV�LQ�SRSXODWLRQ��

3URSRVLWLRQ���D��$Q�LQFUHDVH�LQ�SRSXODWLRQ�ZLWKRXW�D�FKDQJH�LQ�WRWDO�LQFRPH�WR�EH�GLVWULEXWHG�
DPRQJ� LQGLYLGXDOV� ZLOO� UHGXFH� LQGLYLGXDO� LQFRPHV� DQG� LQFUHDVH� WKH� DGRSWLRQ�



���

ODJ��E��7KH�LQFUHDVH�LQ�SRSXODWLRQ�DQG�UHVSHFWLYH�GHFUHDVH�LQ�LQGLYLGXDO�LQFRPH�
DOVR�UHGXFHV�WHFKQRORJ\�GLIIXVLRQ�DW�HDFK�SRLQW�LQ�WLPH��

3URRI��:KHQ�LQFOXGLQJ�WKH�VL]H�RI�SRSXODWLRQ�DV�D�GHWHUPLQDQW�RI�LQGLYLGXDOV¶�LQFRPH��

ZKLOH�OHDYLQJ�WRWDO�LQFRPH�XQFKDQJHG�DQG�WKH�GLVWULEXWLRQDO�IRUP�RI�LQFRPH�UHPDLQV�XQLIRUP��

HTXDWLRQ�����DQG�����FKDQJH�WR��

Ԣݐ ൌ ୪୬൫௝ᇲ௣൯
୪୬ሺఏೃȀ௅ሻ௚

��

௝ᇲሺ�ሻܦ ൌ

ەۖ
۔

ۓۖ Ͳ���������������� ఏೃ௘
೒೟

௅ ൏ ݆Ԣ݌
ఏೃ௘೒೟ି௅ή௝ᇱ௣
ሺఏೃିఏುሻ௘೒೟

�������������� ఏು௘
೒೟

௅ ൏ ݆ᇱ݌ ൑ ఏೃ௘೒೟
௅

ͳ����������������� ఏು௘
೒೟

௅ ൒ ݆ᇱ݌

��

7KH� HIIHFW� RI� D� FKDQJH� LQ� SRSXODWLRQ� RQ� WKH� DGRSWLRQ� ODJ� DQG� WHFKQRORJ\� GLIIXVLRQ� LV�

GHWHUPLQHG�E\��

D���ௗ௧
ᇲ

ௗ௅ ൌ
୪୬൫௝ᇲ௣൯

୪୬ሺఏೃȀ௅ሻమ௚ή௅
൐ Ͳ� ����

E��ௗ஽ೕᇲௗ௅ ൌ ି௝ᇲ௣
ሺఏೃିఏುሻ௘೒೟

൏ Ͳ� ����

$V�WKH�LQFUHDVH�LQ�SRSXODWLRQ�LV�QRW�PHW�E\�D�SURSRUWLRQDO�LQFUHDVH�LQ�WRWDO�LQFRPH�WR�EH�

GLVWULEXWHG��LQFRPH�DW�DOO�LQGLYLGXDO�OHYHOV�KDYH�WR�GHFUHDVH��7KHQ�LQGLYLGXDOV�DUH�SRRUHU�

FRPSDUHG�WR�WKH�FDVH�ZLWK�ORZHU�SRSXODWLRQ�DW�DOO�LQGLYLGXDO�OHYHOV�DQG�DOO�LQFRPH�ZLOO�QHHG�

PRUH�WLPH�WR�JURZ�XQWLO�WKH\�UHDFK�ܻᇱ��7KHUHIRUH�LQLWLDO�DGRSWLRQ�WDNHV�SODFH�ODWHU�DQG�WKH�
GLIIXVLRQ�LV�ORZHU�FRPSDUHG�WR�WKH�FDVH�ZLWKRXW�SRSXODWLRQ�JURZWKז���

3.2.3 The effect of an increase in total income 

$V�D�ILQDO�FDVH�ZH�ORRN�DW�D�FKDQJH�LQ�WRWDO�LQFRPH�ZKLOH�SRSXODWLRQ�DQG�GLVWULEXWLRQ�UHPDLQ�

XQFKDQJHG�� 7KH� RQH�RII� LQFUHDVH� DJDLQ� KDV� WR� EH� SURSRUWLRQDO� DFURVV� LQGLYLGXDOV� IRU� WKH�

GLVWULEXWLRQ�WR�EH�SUHVHUYHG�XQLIRUP��7KLV�LV�HTXLYDOHQW�WR�D�PXOWLSOLFDWLRQ�RI�DOO�LQFRPH�OHYHOV�

E\�IDFWRUߙ� ൐ ͳ�VXFK�WKDW� ෨ܻሺݐሻ ൌ ሻݐሺܻߙ ൌ ௅ത൫ఈ௒ೃሺ௧ሻାఈ௒ುሺ௧ሻ൯
ଶ ��

3URSRVLWLRQ���D��$�KLJKHU�WRWDO�LQFRPH�WKURXJK�D�PXOWLSOLFDWLYH�LQFUHDVH�DW�LQGLYLGXDO�OHYHOV�
WKDW� OHDYHV�SRSXODWLRQ�DQG�GLVWULEXWLRQ�XQFKDQJHG��ZLOO�GHFUHDVH� WKH�DGRSWLRQ�

ODJ�� E�� 7KH� KLJKHU� WRWDO� DQG� LQGLYLGXDO� LQFRPH� DOVR� LQFUHDVH� WHFKQRORJ\�
GLIIXVLRQ�DW�HDFK�SRLQW�LQ�WLPH��

3URRI��7KH�SURSRUWLRQDO�LQFUHDVH�RI�DOO�LQFRPH�OHYHOV�E\�IDFWRUߙ��FKDQJH�HTXDWLRQ�����
DQG�����WR��



���

Ԣݐ ൌ ୪୬൫௝ᇲ௣൯
୪୬�ሺఈ௒ೃሺ଴ሻሻ௚

��

ሻݐ௝ᇲሺܦ ൌ ൞
Ͳߙ���������������������� ோܻሺͲሻ݁௚௧ ൏ ݆Ԣ݌

ఈ௒ೃሺ଴ሻ௘೒೟ି௝ᇱ௣
ሺఈ௒ೃሺ଴ሻିఈ௒ುሺ଴ሻሻ௘೒೟

ߙ������������������ ௉ܻሺͲሻ݁௚௧ ൏ ݆ᇱ݌ ൑ ߙ ோܻሺͲሻ݁௚௧

ͳߙ����������������������� ௉ܻሺͲሻ݁௚௧ ൒ ݆ᇱ݌
��

7KH� HIIHFW� RI� D� FKDQJH� LQ� WRWDO� LQFRPH� RQ� WKH� DGRSWLRQ� ODJ� DQG� WHFKQRORJ\� GLIIXVLRQ� LV�

GHWHUPLQHG�E\��
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ᇲ

ௗఈ ൌ
ି ୪୬൫௝ᇲ௣൯
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E��ௗ஽ೕᇲௗఈ ൌ ௝ᇲ௣
ሺ௒ೃሺ଴ሻି௒ುሺ଴ሻሻ௘೒೟ఈమ

൐ Ͳ� ����

7KH� VFHQDULR� GHVFULEHV� WKH� RSSRVLWH� FDVH� RI� DQ� LQFUHDVH� LQ� SRSXODWLRQ� XQGHU� FRQVWDQW� WRWDO�

LQFRPH��$V�QRZ�DOO�LQGLYLGXDOV�DUH�QRZ�VXEMHFW�WR�D�SURSRUWLRQDO�LQFUHDVH�LQ�LQFRPH�WKH\�ZLOO�

VRRQHU� EH� DEOH� WR� FRQVXPH� ݆ᇱ�� 7KHUHIRUH� WLPH� WR� WHFKQRORJ\� DGRSWLRQ� ZLOO� EH� VKRUWHU� DQG�
GLIIXVLRQ�ZLOO� EH� KLJKHU� DW� HDFK� SRLQW� LQ� WLPH� FRPSDUHG� WR� WKH� FDVH� RI� QR� LQFUHDVH� LQ� WRWDO�

LQFRPH�� 7KH� GHULYHG� LQIOXHQFH� RI� D� FKDQJH� LQ� WRWDO� LQFRPH� DOVR� KROGV� IRU� DYHUDJH� LQFRPH�

VLQFH�SRSXODWLRQ�LV�NHSW�FRQVWDQWז��
7KH�WKUHH�GLVFXVVHG�FDVHV�DUH�FKRVHQ�VXFK�WKDW�HDFK�FDSWXUHV�WKH�HIIHFW�RI�D�GLIIHUHQW�PRPHQW�

RI� WKH� LQFRPH�GLVWULEXWLRQ��$Q�LQFUHDVH�RU�GHFUHDVH� LQ�RQH�RI� WKHVH�IDFWRUV� OHDYHV� WKH�RWKHUV�

XQFKDQJHG��7KH�SULPDU\�PHDVXUH�RI� LQFRPH� LQHTXDOLW\�XVHG� LQ� WKH�HPSLULFDO�DQDO\VLV� LV� WKH�

*LQL�LQGH[��7KH�FRHIILFLHQW�LQFUHDVHV�LQ�FDVH�RI�D�UHJUHVVLYH�UHGLVWULEXWLRQ�EXW�LV�RUWKRJRQDO�WR�

PXOWLSOLFDWLYH�FKDQJHV�WKURXJK�SRSXODWLRQ�RU�WRWDO�LQFRPH��$�PDWKHPDWLFDO�GHULYDWLRQ�RI�WKLV�

LV�SURYLGHG�LQ�3URRI�$��LQ�DSSHQGL[��

%DVHG�RQ�WKLV�PRGHO�WZR�ZRUNLQJ�K\SRWKHVHV�DUH�GHILQHG��

+\SRWKHVLV��� 7LPH� XQWLO� ILUVW� DGRSWLRQ� RI� D� WHFKQRORJ\� LV� UHGXFHG� E\� DQ� LQFUHDVH� LQ� WRWDO�
LQFRPH�DQG�LQFRPH�SHU�FDSLWD��KROGLQJ�RWKHU�YDULDEOHV�FRQVWDQW��$OVR�D�ULVH�LQ�

LQFRPH� LQHTXDOLW\� UHGXFHV� WKH� WLPH� XQWLO� ILUVW� DGRSWLRQ��0HDQZKLOH� D� ULVH� LQ�

SRSXODWLRQ�ZLWKRXW�D�FRQVHFXWLYH� ULVH� LQ� LQFRPH�KDV�QHJDWLYH� LPSOLFDWLRQV�RQ�

WHFKQRORJ\�DGRSWLRQ��SURORQJLQJ�WLPH�XQWLO�DGRSWLRQ��

+\SRWKHVLV���2QFH� D� FRQVXPHU� WHFKQRORJ\� LV� DGRSWHG�� DQ� LQFUHDVH� LQ� WRWDO� LQFRPH� DQG�
LQFRPH�SHU�FDSLWD�ZLOO�LQFUHDVH�WHFKQRORJ\�GLIIXVLRQ��$Q�LQFUHDVH�LQ�SRSXODWLRQ�

ZLOO� UHGXFH� WHFKQRORJ\� GLIIXVLRQ�� ,QFRPH� LQHTXDOLW\� PHDQZKLOH� KDV� D�

GLVFRQWLQXRXV� HIIHFW�� $W� ORZHU� SHU� FDSLWD� LQFRPHV� KLJKHU� LQFRPH� LQHTXDOLW\�



���

LQFUHDVHV� WHFKQRORJ\� GLIIXVLRQ� EXW� LW� UHGXFHV� GLIIXVLRQ� DW� KLJKHU� OHYHOV� RI�

LQFRPH�SHU�FDSLWD��

���� &RQVLGHUDWLRQV�IRU�DSSOLFDWLRQ�

:KHQ�UHODWLQJ� WKLV� WKHRU\� WR� WKH�GDWDVHW�DW�KDQG�WKHUH�DUH�FHUWDLQ�GHYLDWLRQV�IURP�WKH�PRGHO�

DVVXPSWLRQV� WKDW� QHHG� WR� EH� FRQVLGHUHG�� 7KH� PRVW� REYLRXV� GLIIHUHQFH� LV� WKDW� LQFRPH�

GLVWULEXWLRQ�W\SLFDOO\�IROORZV�D�ORJ�QRUPDO�UDWKHU�WKDQ�D�XQLIRUP�GLVWULEXWLRQ�ZKLFK�KDV�GLUHFW�

LPSOLFDWLRQ� IRU� WKH� VKDSH� RI� WKH� GLIIXVLRQ� FXUYH��8QGHU� ORJ�QRUPDO� LQFRPH� GLVWULEXWLRQ� WKH�

GLIIXVLRQ�FXUYH�ZLOO� WDNH� LWV� W\SLFDO�6�IRUP�UDWKHU� WKDQ� WKH�H[SRQHQWLDO�SURFHVV�GHVFULEHG� LQ�

WKH� PRGHO� DERYH�� +RZHYHU�� ZKHWKHU� LQFRPH� LV� ORJ�QRUPDO� RU� XQLIRUP� GLVWULEXWHG� DQG� WKH�

IROORZLQJ� VKDSH� RI� WKH� GLIIXVLRQ� FXUYH� DV� VROH� GLIIHUHQFH� GRHV� QRW� FKDQJH� WKH� PRGHO�

LPSOLFDWLRQV��

$� IXUWKHU� GHYLDWLRQ� IURP� WKH� PRGHO� DVVXPSWLRQV� WKDW� VKRXOG� EH� GLVFXVVHG� DUH� WKH� VSHFLDO�

FKDUDFWHULVWLFV�RI�FHUWDLQ�FRQVXPHU� WHFKQRORJLHV��*HQHUDOO\��IRU�VRPH�JRRGV�PRUH� LQFRPH�LV�

QHFHVVDU\� WKDQ� IRU� RWKHUV�� (�J�� WR� EX\� D� FDU� WDNHV� PRUH� LQFRPH� WKDQ� WR� EX\� D� WHOHSKRQH��

$GGLWLRQDOO\� VRPH� JRRGV� UHTXLUH� LQIUDVWUXFWXUH�� ZKLFK� LPSO\� IL[HG� FRVW� WKDW� QHHG� WR� EH�

FRYHUHG�EHIRUH�XVDJH�LQ�D�FRXQWU\�LV�SRVVLEOH��)RU�WKHVH�FRQVXPHU�WHFKQRORJLHV�WR�EH�DGRSWHG�

LQ� D� FRXQWU\� D� FHUWDLQ� PDUNHW� VL]H� LV� QHFHVVDU\� WR� PDNH� WKH� LQYHVWPHQW� LQ� LQIUDVWUXFWXUH�

SURILWDEOH��7KH�VHW�RI�WHFKQRORJ\�FRQVXPHU�JRRGV�DQDO\]HG�LQ�WKH�HPSLULFDO�SDUW�RI�WKLV�VWXG\�

DUH�DOO�FKDUDFWHUL]HG�E\�WKH�QHHG�RI�LQIUDVWUXFWXUH��7KH�PDJQLWXGH�RI�WKHVH�LQIUDVWUXFWXUH�FRVWV�

DQG�WKH�SULFH�WKDW�PD\�EH�FKDUJHG�IRU�D�JRRG�GHWHUPLQH�D�PLQLPXP�FRQVXPHU�PDUNHW�WKDW�LV�

QHFHVVDU\�WR�FRYHU�WKH�LQIUDVWUXFWXUH�LQYHVWPHQW�PDNH�LQWURGXFWLRQ�SURILWDEOH�IRU�D�SURYLGHU��

$W� ZKDW� SRLQW� GHPDQG� DQG� ZLOOLQJQHVV� WR� SD\� LV� VXIILFLHQW� WR� HQDEOH� WHFKQRORJ\� DGRSWLRQ�

GHSHQGV� RQ� QDWLRQDO� LQFRPH� DQG� LQFRPH� GLVWULEXWLRQ�� ,Q� WKH� RXWOLQHG� PRGHO� WKH� GHULYHG�

SURSRVLWLRQV� KROG� DV� ORQJ� DV� WKH� QHFHVVDU\�PLQLPXP�FXVWRPHU� EDVH� LV� OHVV� WKDQ� KDOI� RI� WKH�

WRWDO�SRSXODWLRQ��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�G\QDPLFV�WKDW�GHWHUPLQH�WKH�DGRSWLRQ�WLPH�RI�

WKH� ULFKHVW� LQGLYLGXDO� DUH� WKH� VDPH� IRU� DOO� RWKHU� LQGLYLGXDOV� ZLWK� DERYH� PHDQ� LQFRPH��

+RZHYHU�� RQFH� WKH� DVVXPSWLRQ� RI� D� XQLIRUP� LQFRPH� GLVWULEXWLRQ� LV� UHOD[HG� WKHVH� G\QDPLFV�

PD\�GHYHORS�GLIIHUHQWO\��(VSHFLDOO\�ZKHQ�FRQVLGHULQJ�D�ORJ�QRUPDO�GLVWULEXWLRQ�RI�LQFRPH�WKH�

HIIHFW�RI�DQ�LQFUHDVH�LQ�LQFRPH�LQHTXDOLW\�LV�DPELJXRXV��'HSHQGLQJ�RQ�WKH�GLVWULEXWLRQDO�IRUP�

EXW� DOVR� RQ� WKH� W\SH� RI� WUDQVIHU� ZKLFK� OHDGV� WR� WKH� LQFUHDVH� LQ� LQHTXDOLW\� WKH� QXPEHU� RI�

LQGLYLGXDOV�WKDW�TXDOLI\�DV�LQLWLDO�FXVWRPHU�EDVH�PLJKW�EH�LQFUHDVHG�RU�GHFUHDVHG��7KHUHE\�WKH�

LQIOXHQFH�RI�LQFRPH�LQHTXDOLW\�LV�XQFOHDU�DQG�PD\EH�DGYHUVH�IRU�WKH�DGRSWLRQ�RI�WHFKQRORJLHV�

WKDW� LPSO\� IL[HG� FRVW� RI� LQIUDVWUXFWXUH�� 7KH� HPSLULFDO� DQDO\VLV� VXSSRUWV� WKHVH� FRQFHUQV� RQ�
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DPELJXLW\��,W�KRZHYHU�LV�QRW�FOHDU�ZKHWKHU�WKH�UHVXOWV�UHODWH�WR�PLVVSHFLILFDWLRQ�RI�WKH�PRGHO�

RU�PD\EH�WR�D�ODFN�RI�TXDOLW\�LQ�WKH�GDWD��

7KH� JRRGV� LQ� WKH� GDWD� VDPSOH� GLIIHU� LQ� IXUWKHU� FRQFHUQV�� $Q� LPSRUWDQW� GLIIHUHQFH� ZKHQ�

DQDO\]LQJ� GLIIXVLRQ� GULYHQ� E\� FRQVXPHU� GHPDQG� LV� WKH� GLIIHUHQWLDWLRQ� EHWZHHQ� GXUDEOH� DQG�

QRQ�GXUDEOH� FRQVXPSWLRQ� JRRGV�� ,Q� WKH� VDPSOH� VRPH� WHFKQRORJLHV� UHODWH� WR� GXUDEOH� JRRGV��

OLNH� FDUV�� )RU� WKRVH� JRRGV� WKH� FRQVXPHU� GHFLVLRQ� GHVFULEHV� DQ� LQYHVWPHQW� GHFLVLRQ� RYHU�

RZQHUVKLS� RU� QRQ�RZQHUVKLS� UDWKHU� WKDQ� FRQVXPSWLRQ� �%HHUOL�� ������� 1HYHUWKHOHVV�� WKH�

GHFLVLRQ� WR� EX\� IROORZV� D� EHQHILW�FRVW�DQDO\VLV� DQG� GHSHQGV� RQ� WKH� DYDLODEOH� LQFRPH�� QR�

PDWWHU�ZKHWKHU�XVDJH�ZHDUV�RXW�WKH�JRRG�LQ�WKH�VKRUW�RU�RQO\�LQ�WKH�ORQJ�WHUP��:KLOH�IRU�QRQ�

GXUDEOH� JRRGV� GLIIXVLRQ� RYHU� WLPH� LPSOLHV� UHSHDWHG� FRQVXPSWLRQ� LQ� HYHU\� SHULRG�� GXUDEOH�

JRRGV�ODVW�EH\RQG�WKH�SHULRG�RU�PRPHQW�RI�SXUFKDVH��7R�DOLJQ�WKH�WZR�W\SH�RI�JRRGV�LQ�WKH�

PRGHO�WKH�IROORZLQJ�DVVXPSWLRQV�DUH�PDGH�����JLYHQ�WKDW�D�QRQ�GXUDEOH�JRRG�LV�FRQVXPHG�LQ�D�

FHUWDLQ�TXDQWLW\�LQ�RQH�\HDU�� WKH�VDPH�TXDQWLW\�ZLOO�EH�FRQVXPHG�LQ� WKH�QH[W�\HDU� LI� LQFRPH�

�DJJUHJDWH� DQG� LWV� GLVWULEXWLRQ�� DQG� SULFH� GRHV� QRW� FKDQJH�� ��� JLYHQ� WKDW� XQGHU� WKH� FXUUHQW�

LQFRPH�VWUXFWXUH�D�FHUWDLQ�QXPEHU�RI�FRQVXPHUV�KDYH�PDGH�WKH�GHFLVLRQ�WR�FRQVXPH�D�GXUDEOH�

JRRG��LI�SUHIHUHQFHV��LQFRPH�DQG�SULFHV�GR�QRW�FKDQJHG�WKH\�ZLOO�GHFLGH�DQHZ�WR�EX\�WKH�JRRG�

RQFH�LW�UXQV�RXW��7KHQ�IRU�GXUDEOH�JRRGV�WKH�PDUNHW�SHQHWUDWLRQ�ZLOO�DOVR�EH�WKH�VDPH�LQ�WKH�

IROORZLQJ� \HDU� LI� LQFRPH� GRHV� QRW� FKDQJH�� LQGHSHQGHQW� RI� ZKHWKHU� WKH� JRRG� QHHGV� WR� EH�

UHSODFH�LQ�WKDW�H[DFW�SHULRG�RU�QRW��$FFRUGLQJO\��IRU�ERWK�W\SH�RI�FRQVXPHU�JRRGV�WKH�FXUUHQW�

SHQHWUDWLRQ�OHYHO�LV�GHWHUPLQHG�E\�FXUUHQW�LQFRPH���

7KH� IROORZLQJ� VHFWLRQ�RI� WKLV�SDSHU�SURYLGHV�GHWDLOHG�GHVFULSWLYH� VWDWLVWLFV�RI� WKH�XVHG�GDWD��

,QIRUPDWLRQ�DQG�LOOXVWUDWLRQ�RYHU�PHDVXUHV�RI�WHFKQRORJ\�GLIIXVLRQ�DV�ZHOO�DV�H[SODQDWLRQ�RI�

DSSOLHG� GDWD� WUDQVIRUPDWLRQ� DUH� DQ� LPSRUWDQW� VWHS� WR� WKH� ODWHU� HPSLULFDO� DQDO\VLV�� 7KH\� DUH�

IXQGDPHQWDO�WR�DVVHVVPHQW�RI�TXDOLW\�DQG�LQWHUSUHWDWLRQ�RI�UHVXOWV���

�� 'DWD�

7KLV� VHFWLRQ� JLYHV� DQ� RYHUYLHZ� RI� WKH� GDWDVHW� IRU� WKH� HPSLULFDO� DQDO\VLV�� 7KH� GHVFULSWLRQ�

IRFXVHV�RQ� WHFKQRORJ\�GLIIXVLRQ�DQG�QRW�PXFK�RQ� WKH� LQGHSHQGHQW�YDULDEOHV�RI� WKH�DQDO\VLV��

8QGHUVWDQGLQJ�WKH�XVHG�PHDVXUHV�RI�WHFKQRORJ\�DGRSWLRQ�DQG�WHFKQRORJ\�GLIIXVLRQ�LV�HVVHQWLDO�

WR�WKH�IROORZLQJ�VHFWLRQ���
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���� 7KH�&+$7�GDWDVHW�

7KH� GDWD� RQ� FRQVXPHU� JRRGV� WKDW� LV� XVHG� LQ� WKH� HPSLULFDO� DQDO\VLV� FRPHV� IURP� WKH�&URVV�

FRXQWU\�+LVWRULFDO�$GRSWLRQ�RI�7HFKQRORJ\�GDWDVHW��&+$7�����7KLV�SDQHO�KDV�EHHQ�JDWKHUHG�

DQG�PDGH�DYDLODEOH�E\�'LHJR�&RPLQ�DQG�%DUW�+RELMQ�LQ�������7KH�WZR�VFKRODUV�KDYH�DOUHDG\�

FRQGXFWHG�H[WHQVLYH�UHVHDUFK�RQ�WKH�WRSLF�RI�WHFKQRORJ\�GLIIXVLRQ�DOVR�XVLQJ�WKLV�GDWD�SDQHO��

7KH� &+$7� GDWDVHW� FRQWDLQV� LQIRUPDWLRQ� RQ� WKH� GLIIXVLRQ� RI� ���� WHFKQRORJLHV� LQ� RYHU� ����

FRXQWULHV�� )RU� VRPH� WHFKQRORJLHV� WKH� WLPH� VHULHV� VWDUWV� DV� HDUO\� DV� ������ ZKLOH� WKH� ODWHVW�

WHFKQRORJ\�GDWD�LQFOXGHG�LV�IURP�������&RPLQ�DQG�+RELMQ����������

&RPSDUHG�WR�PHDVXUHV�RI�7)3�VXFK�UHSRUWV�RI�VLQJOH�WHFKQRORJLHV�KDYH�D�VSHFLILF�DGYDQWDJHV�

IRU� WKH� FXUUHQW� DQDO\VLV�� )LUVWO\�� GLVDJJUHJDWHG� PHDVXUHV� RI� WHFKQRORJ\� DUH� OHVV� SURQH� WR�

KHWHURJHQHLW\�LQ�PHDVXUHPHQW�SUDFWLFHV�DFURVV�FRXQWULHV�DQG�RYHU�WLPH�FRPSDUHG�WR�PHDVXUHV�

RI� 7)3�� 6HFRQGO\�� WKH� IRFXV� RQ� GHPDQG� VLGH� G\QDPLFV� LQ� WKLV� WKHVLV� SXWV� XS� WKH� QHHG� IRU�

PHDVXUHV�RI�WHFKQRORJLHV�WKDW�FDQ�EH�DVVRFLDWHG�WR�FRQVXPHU�JRRGV��$�PHDVXUH�RI�WHFKQRORJ\�

LQ�VLQJOH�JRRGV�EHWWHU�VHUYHV� WKLV�SXUSRVH� WKDQ�7)3�ZKLFK� LV�PRUH�UHODWHG� WR� WKH�SURGXFWLRQ�

VLGH� RI� WKH� HFRQRP\�� 'DWD� RQ� LQGLYLGXDO� WHFKQRORJLHV� HQDEOHV� WR� H[SORUH� WKH� DGRSWLRQ� DQG�

GLIIXVLRQ�LQ�DQ�HFRQRP\�EDVHG�RQ�GHPDQG�VLGH�G\QDPLFV��7KH�UHOHYDQW�IDFWRUV�WKDW�GHWHUPLQH�

WKHVH�G\QDPLFV�PLJKW�EH�GLIIHUHQW��GHSHQGLQJ�RQ�WKH�VSHFLILF�WHFKQRORJ\�RU�FRXQWU\��7KH�XVH�

RI�UDLOZD\�IRU�H[DPSOH�KLJKO\�GHSHQGV�RQ�WKH�WRSRJUDSK\�DQG�VL]H�RI�D�FRXQWU\��ZKHUHDV�WKLV�

LV� QRW� WKH� FDVH� IRU� ILQDQFLDO� WHFKQRORJLHV�� 7KHVH� GLIIHUHQFHV� FRXOG� QRW� EH� FRQVLGHUHG� LQ� DQ�

DJJUHJDWH� WHFKQRORJ\� PHDVXUH�� 7KH� XVH� RI� GLVDJJUHJDWH� PHDVXUHV� RI� WHFKQRORJLFDO�

GHYHORSPHQW�DOVR�UHGXFHV�WKH�SUREOHP�RI�HQGRJHQHLW\�LQ�HFRQRPHWULF�DQDO\VHV��

,Q�WKH�&+$7�GDWDVHW�WHFKQRORJLHV�DUH�UHSRUWHG�LQ�WZR�W\SHV�RI�LQWHQVLYH�PHDVXUHV��)RU�VRPH�

WHFKQRORJLHV�WKH�XVDJH�LV�PHDVXUHG�DV�WKH�QXPEHU�RI�FDSLWDO�JRRGV�LQ�D�FRXQWU\�WKDW�HPERG\�D�

FHUWDLQ� WHFKQRORJ\�� ([DPSOHV� DUH� WKH� QXPEHU� RI� PRELOH� SKRQHV�� WKH� QXPEHU� RI� SDVVHQJHU�

YHKLFOHV�RU�WKH�QXPEHU�RI�FUHGLW�FDUGV��7KH�RWKHU�WHFKQRORJLHV�DUH�PHDVXUHG�DV�RXWSXW�WKDW�ZDV�

SURGXFHG�XVLQJ� D� FHUWDLQ� WHFKQRORJ\�RU� DV� LQSXW� WKDW�ZDV�XVHG� IRU�SURGXFWLRQ��([DPSOHV�RI�

WKLV�DUH�WKH�SURGXFWLRQ�RI�HOHFWULFLW\�DQG�VWHHO�RU�WKH�DPRXQW�RI�V\QWKHWLF�ILEHU�XVHG�LQ�D�FHUWDLQ�

\HDU�IRU�WH[WLOH�SURGXFWLRQ���

)RU�WKH�DQDO\VLV�D�SDQHO�RI����WHFKQRORJLHV�IURP�WKH�&+$7�GDWDVHW�LV�VHOHFWHG�ZKLFK�UHODWH�WR�

FRQVXPSWLRQ� JRRGV�� 7KH� GLIIXVLRQ� RI� WKHVH� WHFKQRORJLHV� DUH� FRQVLGHUHG� WR� EH� GULYHQ� E\�

FRQVXPHU�GHPDQG��7KH�WHFKQRORJLHV�DQG�WKHLU�PHDVXUHV�DUH�OLVWHG�LQ�7DEOH�$����)LYH�RI�WKHP�

UHODWH� WR� WKH� ILQDQFH� VHFWRU�� VHYHQ� WR� WHOHFRPPXQLFDWLRQV�� IRXU� UHODWH� WR� WKH� ILHOG� RI�

�������������������������������������������������
���7KH�GDWDVHW�LV�DYDLODEOH�IRU�GRZQORDG�DW��KWWS���ZZZ�QEHU�RUJ�GDWD�FKDW��
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WUDQVSRUWDWLRQ�DQG�WKUHH�DUH�PRGHUQ�,&7V��$OO�RI�WKH�FKRVHQ�WHFKQRORJLHV�QHHG�VRPH�W\SH�RI�

ORFDO�LQIUDVWUXFWXUH�EHIRUH�WKH\�FDQ�EH�XVHG��7KHUHIRUH�D�PLQLPXP�QXPEHU�RI�ORFDO�FRQVXPHUV�

DUH�QHHGHG�WR�FRYHU�WKH�IL[HG�FRVW�IURP�LQVWDOODWLRQ�RI�LQIUDVWUXFWXUH�WR�PDNH�LQWURGXFWLRQ�LQWR�

D� QHZ� PDUNHW� SURILWDEOH�� )RU� VXFK� JRRGV�� RWKHU� WKDQ� IRU� JRRGV� WKDW� GR� QRW� UHTXLUH� DQ\�

LQIUDVWUXFWXUH�WKH�JOREDO�PDUNHW�FDQQRW�VXEVWLWXWH�D�ORFDO�FOLHQW�EDVH��

7KH�UHSRUWHG�QXPEHUV�LQ�WKH�GDWDVHW�GR�QRW�JLYH�LQGLFDWLRQ�ZKHWKHU�WHFKQRORJLHV�ZHUH�DSSOLHG�

LQ� KRXVHKROG� FRQVXPSWLRQ� RU� LQ� FRUSRUDWH� XVH�� )RU� VRPH� WHFKQRORJLHV�� OLNH� FUHGLW� FDUG�

WUDQVDFWLRQV��WKLV�PLJKW�EH�OHVV�RI�DQ�LVVXH��)RU�PRELOH�SKRQHV��FRPSXWHUV�DQG�LQWHUQHW�DFFHVV�

RQ� WKH� RWKHU� KDQG� WKH� XVH� VWHPPLQJ� IURP� FRUSRUDWH� UDWKHU� WKDQ� SULYDWH� GHPDQG� FRXOG� EH�

VXEVWDQWLDO��7KLV�KDV�WR�EH�FRQVLGHUHG�ZKHQ�HYDOXDWLQJ�WKH�HPSLULFDO�UHVXOWV��)RU�WKH�HPSLULFDO�

DQDO\VLV� WKH� GDWD� KDV� WR� EH� FRQYHUWHG� WR� PHDVXUHV� RI� WHFKQRORJ\� GLIIXVLRQ� DQG� WHFKQRORJ\�

DGRSWLRQ��

���� 3HQHWUDWLRQ�UDWHV�

7KH� XVDJH� GDWD� RI� WHFKQRORJLHV� DUH� GLIILFXOW� WR� LQWHUSUHW� LQ� DEVROXWH� WHUPV�� )RU� H[DPSOH� LQ�

6ZLW]HUODQG� WKH� DEVROXWH� QXPEHU� RI� PRELOH� SKRQHV� PXOWLSOLHG� PRUH� WKDQ� ���IROG� EHWZHHQ�

�����DQG�������LQFUHDVLQJ�E\�����PLOOLRQ��,Q�1RUZD\�PRELOH�SKRQHV�LQFUHDVHG�����IROG�LQ�WKH�

VDPH�SHULRG��HTXDOLQJ�D�WRWDO�LQFUHDVH�RI�����PLOOLRQ��$OVR�LQ� WKH�8QLWHG�6WDWHV� WKH�XVDJH�RI�

PRELOH� SKRQHV� PRUH� WKDQ� WULSOHG� LQFUHDVLQJ� LQ� QXPEHU� E\� ����� PLOOLRQ�� 7R� PDNH� WKHVH�

QXPEHUV� EHWWHU� FRPSDUDEOH� DQG� WR� GHWHUPLQH� WHFKQRORJ\� GLIIXVLRQ� WKH� UHSRUWHG� DEVROXWH�

PHDVXUHV� DUH� VFDOHG� E\� SRSXODWLRQ�� 7KLV� VLPSOLILHV� FRPSDULVRQ� RI� WKH� OHYHOV� RI� WHFKQRORJ\�

GLIIXVLRQ�DFURVV�FRXQWULHV�DQG�RYHU�WLPH��/RRNLQJ�DW�VFDOHG�UDWHV�1RUZD\�FDQ�EH�LGHQWLILHG�DV�

WKH�WHFKQRORJ\�OHDGLQJ�FRXQWU\��ZLWK�DQ�LQFUHDVH�LQ�PDUNHW�SHQHWUDWLRQ�RI�PRELOH�SKRQHV�IURP�

���� WR� ����� 6ZLW]HUODQG� ZKLFK� LV� WKH� ODJJDUG� DPRQJ� WKH� WKUHH� QDWLRQV� LQ� ����� ZLWK� D�

SHQHWUDWLRQ� UDWH� RI� RQO\� ��� LQFUHDVHV� WKLV� WR� ���� XQWLO� �����ZKLOH� WKH�8QLWHG� 6WDWHV� RQO\�

LQFUHDVHV�WKH�UDWH�RI�PRELOH�SKRQHV�SHU�FDSLWD�IURP�����WR������

6FDOLQJ�DEVROXWH�PHDVXUHV�RI�XVDJH�E\� WKH�QXPEHU�RI�SRWHQWLDO� DGRSWHUV� WR�GHWHUPLQHV�KRZ�

LQWHQVLYHO\�D�WHFKQRORJ\�LV�XVHG�LQ�D�FHUWDLQ�FRXQWU\��7KHQ�GLIIXVLRQ�GHWHUPLQHV�ZKDW�VKDUH�RI�

SRWHQWLDO� DGRSWHUV� FRQVXPHV� RU� XVHV� D� FHUWDLQ� WHFKQRORJ\�� 7KLV� LQWHQVLW\� PDUJLQ� LV� KRZ�

GLIIXVLRQ� RI� WHFKQRORJ\� KDV� WUDGLWLRQDOO\� EHHQ� PHDVXUHG� LQ� WKH� UHODWHG� OLWHUDWXUH� DQG� LV�

HTXLYDOHQW� WR� WKH�GLIIXVLRQ� UDWH�GHILQHG� LQ� WKH�SURSRVHG�PRGHO��)RU�DQ�HPSLULFDO�DQDO\VLV�RI�

WKH�GLIIXVLRQ�UDWH�PLFUR�GDWD�RQ�WKH�QXPEHU�RI�DFWXDO�DQG�SRWHQWLDO�DGRSWHUV�LV�QHHGHG�ZKLFK�LV�

QRW�DYDLODEOH� LQ�WKH�&+$7�GDWDVHW��$V�PHQWLRQHG�EHIRUH��PHDVXUHV� LQ� WKH�&+$7�GDWDVHW�GR�

QRW�GHWHUPLQH�WKH�XQLWV�DOORFDWHG�WR�SULYDWH�FRQVXPSWLRQ�IURP�XQLWV�DOORFDWHG�WR�FRUSRUDWH�RU�
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LQVWLWXWLRQDO�XVH��$OVR�QRW� IRU� HDFK� WHFKQRORJ\� WKH�ZKROH�SRSXODWLRQ� LV� WKH�SRWHQWLDO�PDUNHW�

EXW�PD\EH�UDWKHU�KRXVHKROGV��QHLJKERUKRRGV�RU�HOVH��7KHUHIRUH�WKH�DSSOLHG�WUDQVIRUPDWLRQ�E\�

VFDOLQJ� DEVROXWH� QXPEHUV� RYHU� SRSXODWLRQ� RQO\� OHDGV� WR� DQ� DSSUR[LPDWLRQ� RI� WHFKQRORJ\�

GLIIXVLRQ��7KH�FDOFXODWHG�UDWHV�DUH�WKXV�ODEHOHG�³SHQHWUDWLRQ�UDWHV´�UDWKHU�WKDQ�GLIIXVLRQ��:KHQ�

DVVHVVLQJ�DQG�LQWHUSUHWLQJ�HPSLULFDO�UHVXOWV�RQH�QHHGV�WR�EH�NHSW�LQ�PLQG�WKDW�WKHVH�SHQHWUDWLRQ�

UDWHV�DUH�DQ�DSSUR[LPDWH�PHDVXUH�DQG�PD\�EH�ELDVHG���

7KH� GDWD� SDQHO� FRQWDLQV� ��¶���� REVHUYDWLRQ� RI� SHQHWUDWLRQ� UDWHV� DQG� LV� YHU\� XQEDODQFHG��

:KLOH� IRU� VRPH� WHFKQRORJLHV� WKHUH� DUH� DV�PDQ\� DV� �¶���� REVHUYDWLRQV� �79� VHWV�� IRU� RWKHUV�

WKHUH� DUH� RQO\� ���� �WHOHJUDPV��� 7DEOH� $��� SURYLGHV� VXPPDU\� VWDWLVWLFV� RI� WKH� FDOFXODWHG�

SHQHWUDWLRQ� UDWHV� IRU� DOO� WHFKQRORJLHV�� 7KDW� VRPH� FDWHJRULHV� VKRZ� VXEVWDQWLDOO\� OHVV�

REVHUYDWLRQV� WKDQ� RWKHUV� LV� GXH� WR� VKRUWHU� WLPH� VHULHV� IRU� QHZHU� WHFKQRORJLHV� EXW� DOVR� GXH�

GLIIHUHQFHV� LQ� WKH� FRXQWU\� VDPSOH� SHU� WHFKQRORJ\�� )RU� ILQDQFLDO� WHFKQRORJLHV� GHYHORSHG�

FRXQWULHV�DQG�VSHFLILFDOO\�(XURSHDQ�FRXQWULHV�DUH�GRPLQDWLQJ�WKH�VDPSOH��7KH�FRXQWU\�VDPSOH�

LV� PXFK� PRUH� EDODQFHG� IRU� WKH� RWKHU� VHFWRUV�� 2YHUDOO� WKHUH� DUH� PRUH� REVHUYDWLRQV� IURP�

GHYHORSHG�QDWLRQV� WKDQ�IURP�GHYHORSLQJ�RQHV��7KLV�GRHV�QRW�QHFHVVDULO\� LQGLFDWH�D�VHOHFWLRQ�

ELDV�LQ�WKH�VDPSOH��6LQFH�PRUH�GHYHORSHG�HFRQRPLHV�W\SLFDOO\�DGRSW�WHFKQRORJLHV�HDUOLHU�WKH\�

UHSRUW�QXPEHUV�RI�XVDJH� IRU�PRUH�\HDUV��+HQFH� WKHLU� WLPH�VHULHV�SHU� WHFKQRORJ\�DUH�XVXDOO\�

ORQJHU�WKDQ�WKRVH�RI�GHYHORSLQJ�FRXQWULHV��

7DEOH�$���DOVR�GHPRQVWUDWHV�WKDW�WKH�FDOFXODWHG�UDWHV�GR�QRW�PHDVXUH�WKH�OHYHO�RI�GLIIXVLRQ�LQ�D�

PDUNHW��'HVSLWH�PDNLQJ�WKH�XVDJH�RI�WHFKQRORJLHV�PRUH�FRPSDUDEOH�DFURVV�FRXQWULHV�DQG�WLPH�

WKH�SHQHWUDWLRQ� UDWHV�VWLOO� WDNH�YHU\�GLIIHUHQW�YDOXHV�EHWZHHQ�GLIIHUHQW� W\SHV�RI� WHFKQRORJLHV��

)RU� WKRVH� WHFKQRORJLHV� WKDW� DUH� PHDVXUHG� DV� FDSLWDO� JRRGV� SHRSOH� QRUPDOO\� FRQVXPH� D�

PD[LPXP�RI�RQH�JRRG��7KHVH�DUH�W\SLFDOO\�GXUDEOH�JRRGV�DQG�WKH�SHQHWUDWLRQ�UDWHV�IRU�WKHVH�

WHFKQRORJLHV�FDQ�EH�LQWHUSUHWHG�DV�SHUFHQWDJHV�RI�SRSXODWLRQ��)RU�VRPH�RI�WKH�GXUDEOH�JRRGV�

KRZHYHU��LW�LV�QRW�IHDVLEOH�RU�HIILFLHQW�WR�SURYLGH�RQH�JRRG�SHU�FRQVXPHU�EHFDXVH�WKHUH�LV�OLWWOH�

ULYDOU\� LQ� FRQVXPSWLRQ�� 7KLV� DSSOLHV� WR� WKH� ILQDQFLDO� WHFKQRORJLHV� OLNH� $70V�� $OVR� WKH�

SHQHWUDWLRQ�UDWHV�RI�WKRVH�WHFKQRORJLHV�WKDW�DUH�UHSRUWHG�LQ�D�PHDVXUH�RI�RXWSXW�SURGXFHG�PD\�

WDNH�YDOXHV�ODUJHU�WKDQ�RQH�DV�FRQVXPHUV�FDQ�FRQVXPH�PXOWLSOH�XQLWV�RI�RXWSXW�LQ�WKH�FRXUVH�

RI�D�\HDU��3HQHWUDWLRQ�UDWHV�IRU�WKHVH�WHFKQRORJLHV�YDU\�IURP�DQ�DYHUDJH�RI����WUDQVDFWLRQV�SHU�

SHUVRQ�XVLQJ�SD\PHQW�FDUGV�DW�SRLQWV�RI�VHUYLFH��WR�DQ�DYHUDJH�RI�����NP�RI�MRXUQH\�E\�UDLO�

SHU�SHUVRQ���

:KHQ�SORWWLQJ�WKH�FDOFXODWHG�SHQHWUDWLRQ�UDWHV��GHSHQGLQJ�RQ�VWDJH�RI�WHFKQRORJ\�DQG�FRXQWU\��

WKH�WLPH�VHULHV�GR�QRW�DOZD\V�WDNH�WKH�H[SHFWHG�6�VKDSHG�FXUYH��)RU�VRPH�PDWXUH�WHFKQRORJLHV�

WKH� REVHUYHG� VKDSH� GRHV� UHVHPEOH� D� ORJLW� IXQFWLRQ�ZKLOH� IRU� RWKHU� WHFKQRORJLHV� WKH� SURFHVV�
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GRHV�QRW�WDNH�WKLV�VKDSH��7KLV�LV�QRW�QHFHVVDULO\�D�FRQWUDGLFWLRQ�WR�WKHRU\�EXW�PLJKW�LQGLFDWH�

WKDW�WKH�REVHUYDWLRQV�LQ�WKH�SDQHO�GHVFULEH�RQO\�D�SDUW�RI�WKH�GLIIXVLRQ�FXUYH�ZLWKLQ�FRXQWULHV��

7KH�VWHHSQHVV�DQG�VKDSH�RI�GLIIXVLRQ�FXUYHV�YDU\�DFURVV�WHFKQRORJLHV�DQG�DUH�VWDJJHUHG�RYHU�

WLPH��$V� LQ� WKLV� VWXG\� WHFKQRORJ\� DGRSWLRQ� LV� DVVXPHG� WR� EH� GHPDQG� VLGH� GHWHUPLQHG� LW� LV�

LQWHUHVWLQJ�WR�UHODWH�SHQHWUDWLRQ�UDWHV�WR�*'3�SHU�FDSLWD��DV�D�PHDVXUH�RI�DYHUDJH�LQFRPH�LQ�WKH�

UHVSHFWLYH�FRXQWULHV��$V�)LJXUH��D�DQG��E�VKRZ�WKDW�WKH�GHYHORSPHQW�RI�SHQHWUDWLRQ�UDWHV�RI�

PDLQOLQH� SKRQHV� RYHU� GLIIHUHQW� OHYHOV� RI� *'3� SHU� FDSLWD� WDNHV� D� PRUH� KRPRJHQHRXV� IRUP�

DFURVV�FRXQWULHV�WKDQ�WKH�GHYHORSPHQW�RI�WHFKQRORJ\�SHQHWUDWLRQ�UDWHV�RYHU�WLPH��

7KH�FRUUHODWLRQ�EHWZHHQ�SHQHWUDWLRQ�UDWHV�DQG�*'3�SHU�FDSLWD� LV�VLJQLILFDQW�DQG�SRVLWLYH�IRU�

DOO�WHFKQRORJLHV��(VSHFLDOO\�IRU�ROGHU�WHFKQRORJLHV�WKH�FRUUHODWLRQ�LV�VWURQJHU��)RU�H[DPSOH�IRU�

PDLO��79�VHWV��PDLQOLQH�SKRQHV�DQG�FDUV�WKH�FRUUHODWLRQ�LV�DERYH�������7KH�ORZHVW�FRUUHODWLRQV�

ZH�ILQG�IRU�WHOHJUDPV�DQG�WKH�ILQDQFLDO�WHFKQRORJLHV�326�DQG�()7��VHH�7DEOH�$������ �

)LJXUH��D��3HQHWUDWLRQ�UDWHV�RI�PDLQODQG�SKRQH�
OLQHV�RYHU�WLPH�

)LJXUH��E�3HQHWUDWLRQ�UDWHV�RI�PDLQODQG�SKRQH�
OLQHV�RYHU�DYHUDJH�LQFRPH�

�

)RU�VRPH�JRRGV�WLPH�VHULHV�DUH�VKRUWHU�EHFDXVH�WKH�UHVSHFWLYH�WHFKQRORJ\�EHFDPH�RXWGDWHG�E\�

WKH�LQWURGXFWLRQ�RI�D�QHZ��GRPLQDWLQJ�WHFKQRORJ\��7KLV�HVSHFLDOO\�FRQFHUQV�WHOHJUDPV��EXW�LQ�

WKH� IXWXUH�PD\� DOVR� EH� DQ� LVVXH� IRU�PDLQODQG� SKRQH� OLQHV��PDLO� DQG� QHZVSDSHUV�ZKLFK� DUH�

UHSODFHG�E\�QHZHU�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�VHUYLFHV��$V�WKH�FXUUHQW�DQDO\VLV�IRFXVHV�

RQ� WHFKQRORJ\� DGRSWLRQ� DQG� GLIIXVLRQ� REVHUYDWLRQV� RI� WHFKQRORJ\� XVDJH� WKDW� GHVFULEH� WKH�

SKDVLQJ�RXW�SURFHVV�RI�D�WHFKQRORJ\�DUH�QRW�FRQVLGHUHG�LQ�WKH�DQDO\VLV����

�������������������������������������������������
��7KH�WHFKQRORJLHV�ZKLFK�DUH�LGHQWLILHG�WR�EH�LQ�D�SKDVLQJ�RXW�SURFHVV�DUH��FKHTXHV��QHZVSDSHUV��SDVVHQJHU�UDLO�
MRXUQH\V� DQG� WHOHJUDPV�� :KLOH� WKHVH� WHFKQRORJLHV� DUH� UHSODFHG� LQ� VRPH� FRXQWULHV� E\� PRUH� DGYDQFHG�
WHFKQRORJLFDO�RSWLRQV�LQ�RWKHU�PRUH�EDFNZDUG�FRXQWULHV�WKHLU�XVH�VWLOO�LQFUHDVHV��)RU�HDFK�FRXQWU\�WKH�PD[LPXP�
SHQHWUDWLRQ�UDWH�IRU�WKHVH�WHFKQRORJLHV�LV�LGHQWLILHG��)RU�WKH�DQDO\VLV�RQO\�GDWD�GHVFULELQJ�WKH�GLIIXVLRQ�SURFHVV�
XQWLO�WKDW�PD[LPXP�LV�UHDFKHG�LV�FRQVLGHUHG��7KH�REVHUYDWLRQV�IRU�ODWHU�\HDUV�DUH�H[FOXGHG��7KLV�SURFHVV�LV�RQO\�
DSSOLHG� WR� WKH� WHFKQRORJLHV� ZKLFK� DUH� LGHQWLILHG� WR� EH� LQ� WKH� SKDVLQJ�RXW� VWDJH�� DQG� QRW� WR� DOO� WHFKQRORJLHV��
9RODWLOLW\�DQG�SHDNV�LQ�GLIIXVLRQ�WLPH�VHULHV�RI�RWKHU�WHFKQRORJLHV�WKHUHIRUH�DUH�QRW�HOLPLQDWHG���
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���� 'LIIXVLRQ�ODJV�

$V�VWDWHG�EHIRUH�� WKH� LQLWLDO�DGRSWLRQ�RI�D� WHFKQRORJ\�DQG� WKH�FRQVHFXWLYH�GLIIXVLRQ�DUH� WZR�

GLIIHUHQW� SURFHVVHV� WR� EH� DQDO\]HG� VHSDUDWHO\�� 7KH\� UHODWH� WR� GLIIHUHQW� FRQVXPHU� JURXSV�

FKDQJHV�LQ�LQFRPH�PD\�KDYH�GLYHUVH�HIIHFWV�RQ�WKHP��7KH�SHQHWUDWLRQ�UDWHV�GHVFULEHG�DERYH�

DUH� XVHG� WR� VWXG\� WKH� ZLWKLQ� FRXQWU\� GLIIXVLRQ� SURFHVV�� 0HDVXUHV� RI� LQLWLDO� DGRSWLRQ� DQG�

VSHFLILFDOO\� WLPH� XQWLO� DGRSWLRQ� DUH� QRW� DV� VWUDLJKW� IRUZDUG��'DWD� IRU� WKH� LQLWLDO� DGRSWLRQ� RI�

WHFKQRORJLHV� LV� W\SLFDOO\� QRW� DYDLODEOH�� 1DWLRQDO� VWDWLVWLFV� RQ� WHFKQRORJLHV� DQG� UHODWHG�

FRQVXPHU�JRRGV�DUH�XVXDOO\�RQO\�WDNHQ�XS�DIWHU�WKHVH�KDYH�HVWDEOLVKHG�DQG�SURYHQ�WR�EH�RI�D�

FHUWDLQ� LPSRUWDQFH��7KHUHIRUH�ZH�RIWHQ�GR�QRW�KDYH�GDWD�RQ�WKH�HDUO\� LQWURGXFWLRQ�SHULRG�RI�

WHFKQRORJLHV� IRU� DOO� FRXQWULHV� DQG�KHQFH�GR�QRW� NQRZ�ZKHQ� WHFKQRORJLHV�ZHUH�XVHG� IRU� WKH�

ILUVW�WLPH��/DFNLQJ�WKLV�LQIRUPDWLRQ�JOREDO�WHFKQRORJ\�DGRSWLRQ�FDQQRW�EH�GHWHUPLQHG�GLUHFWO\�

IURP� WKH� GDWDVHW�� 6RPH� VFKRODUV� RYHUFRPH� WKLV� ODFN� LQ� DYDLODEOH� GDWD� E\� HVWLPDWLQJ� WKH�

GLIIXVLRQ�FXUYHV�RI�WHFKQRORJLHV��)URP�WKLV�HVWLPDWLRQ�WKH\�H[WUDSRODWH�WKH�FXUYH�WR�GHILQH�WKH�

]HUR�LQWHUVHFWLRQ�DQG�LQLWLDO�DGRSWLRQ����,Q�WKH�SUHVHQWHG�VWXG\�D�GLIIHUHQW�DSSURDFK�LV�SXUVXHG�

WR�GHWHUPLQH�D�PHDVXUH�RI�WLPH�XQWLO�DGRSWLRQ��7HFKQRORJ\�DGRSWLRQ�LV�DSSUR[LPDWHG�EDVHG�RQ�

WKH�WLPH�ZKHQ�FRXQWULHV�UHDFK�D�FHUWDLQ�PLQLPXP�SHQHWUDWLRQ�UDWH�WKDW�LV�DYDLODEOH�LQ�WKH�GDWD��

7KH� WLPH� WR� DGRSWLRQ� LV� WKHQ�PHDVXUHG� IROORZLQJ� WKH� FRQFHSW� RI� DGRSWLRQ� ODJV� SURSRVHG� LQ�

&RPLQ��+RELMQ�DQG�5RYLWR���������7KHLU�ODJV�FDSWXUH�WKH�\HDUV�RI�GHOD\�ZLWK�ZKLFK�FRXQWULHV�

UHDFK�D�FHUWDLQ�SHQHWUDWLRQ�UDWH�FRPSDUHG�WR�WKH�8QLWHG�6WDWHV��7KH�ODJ�LQ�WKH�FXUUHQW�DQDO\VLV�

PHDVXUHV� WKH�GHOD\�LQ�\HDUV�ZLWK�ZKLFK�D�FRXQWU\�UHDFKHV� WKH�GHILQHG�PLQLPXP�SHQHWUDWLRQ�

UDWH��FRPSDUHG� WR� WKH� WHFKQRORJ\�OHDGLQJ�FRXQWU\��6LQFH� WKH\�PHDVXUH�D�GHOD\� LQ� UHDFKLQJ�D�

FHUWDLQ�OHYHO�RI�GLIIXVLRQ�UDWKHU�WKDQ�D�GHOD\�LQ�DGRSWLRQ�WKH\�ZLOO�EH�ODEHOHG�GLIIXVLRQ�ODJV��

7KH�PLQLPXP�SHQHWUDWLRQ�UDWHV��ZKLFK�VHUYH�DV�D�WKUHVKROG�WDNH�GLIIHUHQW�YDOXHV�GHSHQGLQJ�RQ�

WKH�WHFKQRORJ\��7KH\�UHSUHVHQW�SHQHWUDWLRQ�UDWHV�WKDW�RQH�FDQ�WKLQN�RI�DV�D�PLQLPXP�PDUNHW�

�H�J�������EXW�DUH�DOVR�FKRVHQ�VXFK�WKDW�GLIIXVLRQ�ODJV�FDQ�EH�FDOFXODWHG�IRU�PDQ\�FRXQWULHV��

2QO\� ZKHQ� D� FRXQWU\¶V� WLPH� VHULHV� RI� SHQHWUDWLRQ� UDWHV� DFWXDOO\� FRYHUV� YDOXHV� DURXQG� WKH�

WKUHVKROG�OHYHO�D�GLIIXVLRQ�ODJ�FDQ�EH�FDOFXODWHG��&RXQWULHV�ZKLFK�GR�QRW�UHDFK�WKLV�WKUHVKROG�

UDWH�ZLWKLQ� WKH� UHSRUWLQJ� SHULRG�� RU� FRXQWULHV�ZKLFK� VWDUW� UHSRUWLQJ� DW� OHYHOV� IDU� EH\RQG� WKH�

WKUHVKROG�UDWH�KDYH�WR�EH�H[FOXGHG�IURP�WKH�DQDO\VLV��7KH�WKUHVKROG�UDWHV�IRU�HDFK�WHFKQRORJ\�

DUH� FKRVHQ� IROORZLQJ� WKHVH� WZR� FULWHULD��)URP� WKH�GHILQHG� WKUHVKROG�SHQHWUDWLRQ� D� UHIHUHQFH�

\HDU�IROORZV�IRU�HDFK�WHFKQRORJ\��7KLV�\HDU�LV�HTXLYDOHQW�WR�WKH�WLPHݐ� ൌ Ͳ�LQ�WKH�PRGHO��,W�LV�
GHWHUPLQHG� DV� WKH� \HDU�ZKHQ� WKH� WHFKQRORJ\� OHDGLQJ� FRXQWU\� �RU� FRXQWULHV�� ILUVW� SDVVHV� WKH�

�������������������������������������������������
���6HH�H�J��&RPLQ��+RELMQ�DQG�5RYLWR���������&RPLQ�DQG�+RELMQ���������&RPLQ�DQG�0HVWLHUL��������RU�&RPLQ�
DQG�0HVWLHUL���������
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WKUHVKROG� SHQHWUDWLRQ� UDWH�� 7KH� QXPEHU� RI� \HDUV� ZKLFK� RWKHU� FRXQWULHV� WDNH� WR� UHDFK� WKH�

WKUHVKROG� UDWH� DIWHU� WKH� WHFKQRORJ\� OHDGHU� HTXDOV� WKHLU� GLIIXVLRQ� ODJ�� 7DEOH� $��� OLVWV� WKH�

WKUHVKROG�YDOXHV�GHILQHG�IRU�HDFK�WHFKQRORJ\��WKH�UHVSHFWLYH�WHFKQRORJ\�OHDGLQJ�FRXQWU\�DQG�

WKH� UHIHUHQFH�\HDU��)RU�79� VHWV� H�J�� WKH� WKUHVKROG�SHQHWUDWLRQ� UDWH� LV� VHW� DW� �����:KLOH� WKH�

8QLWHG�6WDWHV�UHDFKHV�WKLV�PDUNHW�SHQHWUDWLRQ�LQ������RWKHU�GHYHORSHG�FRXQWULHV�OLNH�-DSDQ�RU�

*HUPDQ\�VKRZ�WKH�VDPH�SHQHWUDWLRQ�RQO\�LQ�WKH�IROORZLQJ�GHFDGH�ZKHQ�LQ�WKH�8QLWHG�6WDWHV�

PDUNHW�SHQHWUDWLRQ�UHDFKHV������)RU�VRPH�GHYHORSLQJ�FRXQWULHV� OLNH�1DPLELD� LW� WDNHV�PRUH�

WKDQ����\HDUV�ORQJHU�WR�UHDFK�WKH�WKUHVKROG�OHYHO�WKDQ�WKH�8QLWHG�6WDWHV��)LJXUH�$���LOOXVWUDWHV�

WKLV�H[DPSOH��

3LFNLQJ�ORZ�WKUHVKROG�YDOXHV�PHDQV�WKDW�WKH�GHYHORSHG�HFRQRPLHV�UHDFK�WKH�WKUHVKROG�HDUO\�LQ�

WKH� WLPH� VHULHV�� )ROORZLQJ� WKH� WKHRU\�� WKH� OHYHO� RI� GHYHORSPHQW� DQG� GHPDQG� VLGH�

FKDUDFWHULVWLFV� RI� QDWLRQV� LQ� WKH� EHQFKPDUN� \HDU� RI� WHFKQRORJ\� GLIIXVLRQ� GHWHUPLQHV� KRZ�

PDQ\�\HDUV� LW�ZLOO� WDNH� WKHP�XQWLO�DGRSWLRQ� WDNHV�SODFH��UHFDOO�HTXDWLRQ� ����GHILQLQJݐ�ᇱ� DV�D�
IXQFWLRQ�RI� ோܻሺͲሻ���7KH�IXUWKHU�EDFN�LQ�WLPH�WKLV�LQLWLDO�DGRSWLRQ�RI�WHFKQRORJ\�WDNHV�SODFH��WKH�
OHVV� QDWLRQDO� VWDWLVWLFV� RQ� HFRQRPLF� FKDUDFWHULVWLFV� DUH� DYDLODEOH�� (VSHFLDOO\� IRU� ROGHU�

WHFKQRORJLHV� WKH� OHDGLQJ� FRXQWULHV� UHDFK� WKH� GHILQHG� WKUHVKROGV� LQ� \HDUV� IRU�ZKLFK� DYHUDJH�

LQFRPH�GDWD�PD\� VWLOO� EH� DYDLODEOH�EXW� QR�PHDVXUH�RI� LQFRPH� LQHTXDOLW\��7KLV� FRQVLGHUDEO\�

OLPLWV�WKH�HVWLPDWLRQ�VDPSOH��

7KH�DSSUR[LPDWLRQ�RI�WLPH�WR�DGRSWLRQ�YLD�WKH�FDOFXODWHG�GLIIXVLRQ�ODJV�LV�GLVSXWDEOH��$V�WKHUH�

LV�DGGLWLRQDO�DUELWUDULQHVV� LQ� WKH�GHILQLWLRQ�RI� WKH�PLQLPXP�SHQHWUDWLRQ� UDWHV� WKH�DQDO\VLV�RI�

WKH� GLIIXVLRQ� ODJV� KDV� WR� EH� FRQVLGHUHG� DV� D� SUHOLPLQDU\� DWWHPSW� WR� WKH� WRSLF� RI� WHFKQRORJ\�

DGRSWLRQ��:KLOH�WKH�UHVXOWV�KDYH�WR�EH�YDOXHG�ZLWK�FDXWLRQ�WKH\�PLJKW�VWLOO�JLYH�GLUHFWLRQV�IRU�

IXWXUH�UHVHDUFK��

7KH� GHULYHG� GLIIXVLRQ� ODJV� YDU\� ZLGHO\� DFURVV� WHFKQRORJLHV� DQG� FRXQWULHV��:KLOH� IRU� VRPH�

FRXQWULHV�GLIIXVLRQ�ODJV�DUH�DYDLODEOH�IRU�DOO�WHFKQRORJLHV�IRU�RWKHUV�RQO\�VRPH�ODJV�FRXOG�EH�

FDOFXODWHG��)LJXUH�$���GHSLFWV�WKH�UDQJH�RI�GLIIXVLRQ�ODJV�SHU�FRXQWU\��RUGHUHG�E\�WKHLU�*'3�

SHU� FDSLWD� LQ� ������ 7KH� JUDSK� VKRZV� WKDW� WKH� UDQJH� RI� GLIIXVLRQ� ODJV� LV� QRW� VLJQLILFDQWO\�

VPDOOHU�IRU�GHYHORSHG�FRXQWULHV�FRPSDUHG�WR�GHYHORSLQJ�FRXQWULHV��7KLV�LV�FRXQWHU�LQWXLWLYH�DV�

ZH� H[SHFW� PRUH� GHYHORSHG� FRXQWULHV� ZLWK� KLJKHU� LQFRPH� WR� DGRSW� WHFKQRORJLHV� UHODWLYHO\�

IDVWHU� WKDQ� GHYHORSLQJ� FRXQWULHV�� 7KDW� ZH� GR� QRW� VHH� WKLV� SDWWHUQ� LQ� WKH� GDWD� DW� ILUVW� VLJKW�

UHODWHV�WR�WKH�IDFW�WKDW�GHYHORSHG�FRXQWULHV�KDYH�ORQJHU�WLPH�VHULHV�RI�WHFKQRORJ\�GLIIXVLRQ�DQG�

QDWLRQDO�VWDWLVWLFV�ZKLFK�DOORZ�WR�FRQVWUXFW�GLIIXVLRQ� ODJV� IRU�ROGHU� WHFKQRORJLHV��)LJXUH�$���

SORWV�GLIIXVLRQ�ODJV�DQG�WKHLU�UHIHUHQFH�\HDUV�ZKLFK�VKRZV�WKDW�IRU�ROGHU�WHFKQRORJLHV�ODJV�DUH�

ODUJHU� WKDQ� IRU� WHFKQRORJLHV� ZLWK� PRUH� UHFHQW� UHIHUHQFH� \HDUV�� 7KH� WHQGHQF\� IRU� QHZHU�
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WHFKQRORJLHV� WR� EH� DGRSWHG� IDVWHU� WKDQ� ROGHU� RQHV� KDV� DOVR� EHHQ� REVHUYHG� E\� &RPLQ� DQG�

+RELMQ��������DQG�&RPLQ��+RELMQ�DQG�5RYLWR���������:KHQ�FRQVLGHULQJ�WKDW�DGRSWLQJ�D�QHZ�

WHFKQRORJ\�ZLWK�D�GHOD\� LQ�\HDUV�HQWDLOV�FRXQWULHV� WR�D� UHODWLYH�GLVDGYDQWDJH� LQ�SURGXFWLYLW\�

VRPH�DGRSWLRQ�ODJV�DUH�UDWKHU�ODUJH��7KH�ORQJHVW�GLIIXVLRQ�ODJ�LQ�WKH�FRQVWUXFWHG�VDPSOH�LV�����

\HDUV��PRUH�WKDQ�D�FHQWXU\��VHH�7DEOH�$�����7KLV�ODJ�UHODWHV�WR�SDVVHQJHU�NLORPHWHUV�E\�UDLO�IRU�

SULYDWH�MRXUQH\V�DQG�LV�REVHUYHG�IRU�$UJHQWLQD�DQG�%XUPD��

)LJXUH� $��D� DQG� E� LOOXVWUDWH� WKH� JHQHUDO� UHODWLRQ� RI� FDOFXODWHG� GLIIXVLRQ� ODJV� WR� LQFRPH�

PHDVXUHV� LQ� WKH� UHVSHFWLYH� UHIHUHQFH� \HDU�� :KLOH� WKHUH� LV� D� QHJDWLYH� FRUUHODWLRQ� EHWZHHQ�

DYHUDJH�LQFRPH�DQG�WKH�GLIIXVLRQ�ODJ�WKH�UHODWLRQ�EHWZHHQ�LQFRPH�LQHTXDOLW\��PHDVXUHG�E\�WKH�

*LQL�LQGH[�DQG�WLPH�ODJ�LV�VOLJKWO\�SRVLWLYH��7KLV�LV�QRW�GLUHFWO\�LQ�OLQH�ZLWK�WKH�LPSOLFDWLRQV�

IURP�WKH�PRGHO�EDVHG�RQ�ZKLFK�DYHUDJH�LQFRPH�DV�ZHOO�DV�LQFRPH�LQHTXDOLW\�LV�H[SHFWHG�WR�

KDYH�D�QHJDWLYH�LQIOXHQFH�RQ�WKH�GLIIXVLRQ�ODJ�UHGXFLQJ��,Q�WKHRU\�ERWK�DUH�GHULYHG�WR�UHGXFH�

WLPH�WR�DGRSWLRQ��:KHWKHU�WKH�UHODWLRQ�EHWZHHQ�LQFRPH�LQHTXDOLW\�DQG�WKH�GLIIXVLRQ�ODJ�LV�VWLOO�

SRVLWLYH�ZKHQ�FRQWUROOLQJ�IRU�RWKHU�YDULDEOHV�ZLOO�EH�DQDO\]HG�LQ�VHFWLRQ�������

�� (PSLULFDO�HVWLPDWLRQ�

7KH�DQDO\VLV�RI�LQFRPH�LQHTXDOLW\�RQ�WHFKQRORJ\�GLIIXVLRQ�LV�SXUVXHG�LQ�WZR�DSSURDFKHV��$V�

ODLG� RXW� LQ� WKHRU\� GLIIXVLRQ� FDQ� EH� DQDO\]HG� DV� FURVV�FRXQWU\� GLIIXVLRQ� DQG�ZLWKLQ� FRXQWU\�

GLIIXVLRQ�� 7KH� ILUVW� FRQFHUQV� WHFKQRORJ\� DGRSWLRQ� ZKLOH� WKH� VHFRQG� LV� D� PDWWHU� RI� PDUNHW�

GLIIXVLRQ��%RWK�WRJHWKHU�GHWHUPLQH�KRZ�LQWHQVLYH�FHUWDLQ�WHFKQRORJLHV�DUH�XVHG�E\�FRXQWULHV�DW�

D� VSHFLILF�SRLQW� LQ� WLPH�DQG� WKHUHE\� WKHLU� OHYHO�RI�GHYHORSPHQW��7KH�GHULYHG�K\SRWKHVHV�DUH�

WHVWHG�LQ�WZR�DSSURDFKHV��7KH�PDLQ�SDUW�RI�WKH�HPSLULFDO�DQDO\VLV�IRFXVHV�RQ�ZLWKLQ�FRXQWU\�

WHFKQRORJ\�GLIIXVLRQ��$OWKRXJK�WKH�GDWD�SDQHO�LV�UHDVRQDEO\�DFFHSWDEOH�WKH�UHVXOWV�VKDOO�VWLOO�EH�

FRQVLGHUHG� SUHOLPLQDU\� XQWLO� FRQILUPHG� LQ� RWKHU� VWXGLHV�� 7KH� DWWHPSW� RQ� DQDO\VLV� RI�

WHFKQRORJ\�DGRSWLRQ�ODJV�VHUYHV�DV�LQGLFDWRU�IRU�IXWXUH�UHVHDUFK�

���� $QDO\VLV�RI�SHQHWUDWLRQ�UDWHV�

5.1.1 Baseline specification 

,Q� WKH� H[LVWLQJ� OLWHUDWXUH� WKHUH� DUH� WZR� DSSURDFKHV� WR� HPSLULFDO� DQDO\VLV� RI� WHFKQRORJ\�

GLIIXVLRQ�ZLWKLQ� D� FRXQWU\��2QH� LV� WR� HVWLPDWH� WKH� VSHHG� RI� WHFKQRORJ\� GLIIXVLRQ�� WKH� RWKHU�

DSSURDFK� LV� WR� PRGHO� SHQHWUDWLRQ� UDWHV� RI� WHFKQRORJLHV�� 7KLV� WKHVLV� IRFXVHV� RQ� OHYHOV� RI�
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SHQHWUDWLRQ�UDWKHU� WKDQ�VSHHG�RI�GLIIXVLRQ��7KH�DQDO\VLV�RI�SHQHWUDWLRQ�UDWHV� IROORZV�D� OLQHDU�

PRGHO�ZKLFK�LV�D�XVXDO�DSSURDFK�LQ�UHFHQW�VWXGLHV�RI�,&7V����

7KH�HIIHFW�RI�LQFRPH�LQHTXDOLW\�RQ�GLIIXVLRQ�LV�HVWLPDWHG�IROORZLQJ�D�UHGXFHG�IRUP�DSSURDFK���

ୡத୲݊݋݅ݐܽݎݐ݁݊݁݌ ൌ ߙ ൅ ௖௧ܺߚ ൅ த୲ݕ݉݉ݑ݀ ൅ ௖௧ܼߜ ൅ �ୡத୲ߝ ����

�ݐ�ୡத୲�UHIHUV�WR�WKH�SHQHWUDWLRQ�UDWH�RI�D�FHUWDLQ�WHFKQRORJ\�߬�LQ�FRXQWU\�ܿ�LQ�\HDU݊݋݅ݐܽݎݐ݁݊݁݌
DQG� ܺ௖௧� GHQRWHV� WKH� YHFWRU� RI� H[SODQDWRU\� GHPDQG� YDULDEOHV� �LQFRPH�� SRSXODWLRQ� DQG�
LQHTXDOLW\����ܼ௖௧�LV�D�YHFWRU�RI�FRXQWU\�VSHFLILF�FRQWURO�YDULDEOHV�DQGߝ�௜௖௧�LV�WKH�HUURU�WHUP��)RU�
HDFK�WHFKQRORJ\�D�WHFKQRORJ\�\HDU�GXPP\�LV�LQFOXGHG�WR�FDSWXUH�WKH�JOREDO�WUHQG�LQ�GLIIXVLRQ�

DQG� WR� GHPHDQ� WKH� VDPSOH� �&RPLQ� DQG�+RELMQ�� �������7KH� UHODWLRQ� LV� HVWLPDWHG� LQ� DQ�2/6�

DSSURDFK�� 3HQHWUDWLRQ� UDWHV� WDNH� YHU\� GLIIHUHQW� YDOXHV� GHSHQGLQJ� RQ� WHFKQRORJ\�� )RU� WKH�

DQDO\VLV� RYHU� WKH� IXOO� VDPSOH� RI� JRRGV� WKH� SHQHWUDWLRQ� UDWHV� WKDW� FDQQRW� EH� LQWHUSUHWHG� DV�

SHUFHQWDJH� RI� SRSXODWLRQ� DUH� ORJDULWKPL]HG�� %HFDXVH� GLIIXVLRQ� LV� D�PHDVXUH� WKDW� FRQYHUJHV�

WRZDUGV�D� WHFKQRORJ\�DQG�FRXQWU\�VSHFLILF� OHYHO�RI�VDWXUDWLRQ� WKH�UHODWLRQ�EHWZHHQ�GLIIXVLRQ�

DQG�WKH�H[SODQDWRU\�YDULDEOHV�LV�QRQ�OLQHDU��7DNLQJ�ORJV�RI�H[SODQDWRU\�YDULDEOHV�LV�D�IXUWKHU�

PHDVXUH�WR�EHWWHU�DSSUR[LPDWH�WKLV�UHODWLRQ����%DVHG�RQ�+\SRWKHVLV���WKH�LQIOXHQFH�RI�LQFRPH�

LQHTXDOLW\� LV� H[SHFWHG� QRW� WR� EH� FRQVWDQW� EXW� WR� FKDQJH� IURP� SRVLWLYH� WR� QHJDWLYH� RYHU� WKH�

FRXUVH�RI�HFRQRPLF�GHYHORSPHQW��7KLV�ZLOO�EH�LQWURGXFHG�LQWR�WKH�DQDO\VLV�E\�DQ�LQWHUDFWLRQ�

WHUP� EHWZHHQ� WKH� *LQL� LQGH[� DV� WKH� LQHTXDOLW\�PHDVXUH� DQG� DYHUDJH� LQFRPH�� PHDVXUHG� E\�

*'3�SHU�FDSLWD��

5.1.2 Explanatory and control variables 

7KH�GDWD�IRU�WKH�H[SODQDWRU\�YDULDEOHV�SRSXODWLRQ�DQG�*'3��DUH�IURP�WKH�0DGGLVRQ�KLVWRULFDO�

GDWDVHW��%ROW�DQG�YDQ�=DQGHQ���������*'3�VHUYHV�DV�D�YDULDEOH�FDSWXULQJ�WKH�RYHUDOO�PDUNHW�

VL]H��ZKLOH�*'3�SHU�FDSLWD�LV�D�PHDVXUH�IRU�DYHUDJH�LQFRPH��%RWK�YDULDEOHV�GHVFULEH�GHPDQG�

DQG� WKH�PDUNHW�SRWHQWLDO� IRU�D�FRQVXPHU�JRRG�� ,Q�D�PRGHO�ZLWK�QRQ�KRPRWKHWLF�SUHIHUHQFHV�

IXUWKHU�PRPHQWV�RI�LQFRPH�DUH�QHHGHG�WR�GHWHUPLQH�FRQVXPHU�GHPDQG��7KH�SULPDU\�PHDVXUH�

XVHG� LQ� WKH� HPSLULFDO� DQDO\VLV� LV� WKH� *LQL� LQGH[�� 7KH� *LQL� PHDVXUHV� XVHG� DUH� IURP� WKH�

6WDQGDUGL]LQJ�WKH�:RUOG�,QFRPH�,QHTXDOLW\�'DWDEDVH��6:,,'��6ROW���������7KH�6:,,'�GDWD�

FRPELQHV�DQG�VWDQGDUGL]HV�LQFRPH�GLVWULEXWLRQ�GDWD�IURP�GLIIHUHQW�VRXUFHV�VXFK�DV�WKH�8QLWHG�

�������������������������������������������������
��6HH�5RXYLQHQ��������RU�.LLVNL�DQG�3RKMROD��������IRU�WKH�DSSOLFDWLRQ�RI�D�*RPSHUW]�PRGHO�WR�HVWLPDWH�WKH�UDWH�
RI�FKDQJH�LQ�GLIIXVLRQ��&RPLQ�DQG�+RELMQ��������HVWLPDWH�WKH�VSHHG�RI�FRQYHUJHQFH��%HUJRHLQJ�HW�DO���������RU�
+\\WLQHQ�DQG�7RYLDQHQ��������ERWK�DSSO\�D�OLQHDU�PRGHO�WR�HVWLPDWH�SHQHWUDWLRQ�UDWHV��
��7KH� EHVW� HVWLPDWLRQ� DSSURDFK� WR� 6�VKDSHG� GLIIXVLRQ� FXUYHV� LV� D� ORJLW� UHJUHVVLRQ�� +RZHYHU�� WKH� DYDLODEOH�
SHQHWUDWLRQ� UDWHV� DUH� QRW� H[DFW� GLIIXVLRQ�PHDVXUHV�� $V� ZH� GR� QRW� NQRZ� WKH� WHFKQRORJ\� DQG� FRXQWU\� VSHFLILF�
VDWXUDWLRQ� OHYHOV�ZH�FDQQRW�GHWHUPLQH�DFWXDO� OHYHOV�RI�GLIIXVLRQ�DQG�D� ORJLW� WUDQVIRUPDWLRQ�RU� UHJUHVVLRQ� LV�QRW�
IHDVLEOH��



���

1DWLRQV� 8QLYHUVLW\¶V� :RUOG� ,QFRPH� ,QHTXDOLW\� 'DWDEDVH�� WKH� 2(&'� ,QFRPH� 'LVWULEXWLRQ�

'DWDEDVH�DQG�WKH�/X[HPEXUJ�,QFRPH�6WXG\��7KH�YDULDQFH�LQ�LQFRPH�GLVWULEXWLRQ�VKDOO�FDSWXUH�

WKH�LPSRUWDQFH�RI�KHWHURJHQHLW\�LQ�LQGLYLGXDO�LQFRPH�DQG�WKHUHIRUH�WKH�LQIOXHQFH�RI�FRQVXPHU�

GHPDQG��)XUWKHU� LQVWUXPHQWDO�YDULDEOHV� IRU� LQFRPH� LQHTXDOLW\�DUH�XVHG�DV�DQ�DGGLWLRQ� WR� WKH�

DQDO\VLV�DQG�UREXVWQHVV��7KH�UHVSHFWLYH�PHDVXUHV�DQG�UHVXOWV�DUH�H[SODLQHG�LQ�VHFWLRQ��������$�

XVXDO� FKDOOHQJH� WR� WKH� LQFOXVLRQ� RI� LQFRPH� LQHTXDOLW\�PHDVXUHV� LQ� HPSLULFDO� DQDO\VLV� LV� WKH�

OLPLWHG� YDULDQFH� LQ� WKH� GDWD�� &RQFHUQLQJ� WKLV�� WKH� DYDLODEOH� SDQHO� GDWD� KDV� D� VLJQLILFDQW�

DGYDQWDJH� RYHU� WKH� FURVV�VHFWLRQDO� DQDO\VLV� IURP� RWKHU� DXWKRUV� LQWURGXFHG� LQ� VHFWLRQ� ��� %\�

UXQQLQJ� D� UHJUHVVLRQ� RYHU� SDQHO� GDWD� WKH� DQDO\VLV� FDQ� H[SORLW� FURVV�VHFWLRQDO� YDULDWLRQ� DQG�

WLPH�YDULDWLRQ�LQ�LQFRPH�LQHTXDOLW\��

7KH�VHW�RI�FRQWURO�YDULDEOHV�XVHG�KDYH�EHHQ�LGHQWLILHV�LQ�WKH�OLWHUDWXUH�RQ�GLIIXVLRQ�DV�UHOHYDQW�

LQIOXHQFHV�RQ�WHFKQRORJ\�GLIIXVLRQ��7KHVH�W\SLFDOO\�LQFOXGH�PHDVXUHV�RI�IDFWRU�HQGRZPHQWV��

RSHQQHVV�DQG� WUDGH�� VRPH� LQGLFDWRU� IRU�SROLWLFDO� V\VWHP�DQG�D�PHDVXUH�RI� UHODWLYH�HFRQRPLF�

GHYHORSPHQW��$V�D�PHDVXUH�RI�KXPDQ�FDSLWDO�VWRFN�YDULDEOHV�RI�HGXFDWLRQ�OHYHOV�SURYLGHG�E\�

%DUUR� DQG� /HH� ������� DUH� XVHG�� 7KH� GDWDVHW� SURYLGHV� VKDUHV� RI� SRSXODWLRQ� ZKLFK� KDYH�

FRPSOHWHG� SULPDU\�� VHFRQGDU\� RU� WHUWLDU\� HGXFDWLRQ�� $V� WKH� GDWD� LV� SURYLGHG� DW� ILYH� \HDU�

LQWHUYDOV�OLQHDU�LQWHUSRODWLRQ�EHWZHHQ�LQWHUYDOV�ZDV�DSSOLHG�WR�HQODUJH�WKH�GDWD�VHULHV��1DWLRQDO�

HQGRZPHQW� RI� KXPDQ� FDSLWDO� DQG� VNLOOV� LV� FRQVLGHUHG� WR� EH� GHWHUPLQLQJ� WR� WKH� DELOLW\� RI�

DGRSWLQJ� QHZ� WHFKQRORJLHV� DV� ZHOO� DV� WR� LWV� EHQHILW�� 7KH� OHYHO� RI� VFKRROLQJ� DQG� HGXFDWLRQ�

ZLWKLQ�D� FRXQWU\� VSHFLILFDOO\�PD\�EH� LPSRUWDQW� WR� WKH�XVDELOLW\� DQG�EHQHILW� WKDW�D� FRQVXPHU�

JDLQV� ZKHQ� EX\LQJ� D� FRQVXPHU� JRRG� WKDW� HQWDLOV� QHZ� WHFKQRORJ\�� %HVLGHV� LQFRPH� WKH�

H[SHFWHG�EHQHILW�DOVR�KDV�D�VWURQJ�LQIOXHQFH�RQ�WKH�LQGLYLGXDO�DGRSWLRQ�GHFLVLRQ��%H\RQG�WKH�

WKHRUHWLFDO�DUJXPHQW�WKHUH�LV�YDVW�HPSLULFDO�HYLGHQFH�VXSSRUWLQJ�WKH�UROH�RI�KXPDQ�FDSLWDO�DV�D�

GHWHUPLQDQW� RI� WHFKQRORJ\� DGRSWLRQ� DQG� GLIIXVLRQ� �.HOOHU�� ������ )RVWHU� DQG� 5RVHQ]ZHLJ��

�������)XUWKHU� HOHFWULFLW\�SURGXFWLRQ�SHU� FDSLWD� LV� LQFOXGHG�DV�D�PHDVXUH� IRU�SK\VLFDO� IDFWRU�

HQGRZPHQWV�DQG�DSSUR[LPDWLRQ�RI�7)3��8WLOLW\�RI�WHFKQRORJ\�DQG�FRQVXPHU�JRRGV�QRW�RQO\�

GHSHQGHQW�RQ� LQGLYLGXDO�VNLOOV� WR� IXOO\�XVH� LW�EXW� LWV�PDUJLQDO�YDOXH�PD\�DOVR� LQFUHDVHV�ZLWK�

FRPSOHPHQWDU\�LQIUDVWUXFWXUH��7KH�LQFOXGHG�PHDVXUH�RI�HOHFWULFLW\�SURGXFWLRQ�FRPHV�IURP�WKH�

&+$7�GDWDVHW�DQG�VRPHWLPHV�LV�DOVR�LQWHUSUHWHG�DV�D�SUR[\�IRU�JHQHUDO�OHYHO�RI�GHYHORSPHQW�

�&RPLQ�DQG�+RELMQ���������

)XUWKHU�FRQWURO�YDULDEOHV�LQFOXGHG�DUH�ODQG�DUHD�DQG�XUEDQL]DWLRQ��)RU�VRPH�WHFKQRORJLHV��OLNH�

WUDQVSRUWDWLRQ� RU� FRPPXQLFDWLRQ� WHFKQRORJLHV� WKH� VL]H� RI� D� FRXQWU\�� IRU� D� JLYHQ� SRSXODWLRQ�

PLJKW�KDYH�D�SRVLWLYH�RU�D�QHJDWLYH� LQIOXHQFH�RQ� WKH�XVDJH�DQG�GLIIXVLRQ�RI� WKH� WHFKQRORJ\��

8UEDQL]DWLRQ��PHDVXULQJ�WKH�VKDUH�RI�SRSXODWLRQ�WKDW�OLYHV�LQ�XUEDQ�DUHDV�LV�DQRWKHU�PHDVXUH�
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RI�FRQFHQWUDWLRQ�RI�SRSXODWLRQ��)RU�PDQ\�FRQVXPHU�JRRGV� LW� LV�DVVXPHG�� WKDW�SURYLVLRQ�DQG�

GLVWULEXWLRQ�RI�JRRGV�FDQ�EH�DFFRPSOLVKHG�DW�ORZHU�SULFHV�LQ�DUHDV�ZKHUH�FRQVXPHUV�DUH�PRUH�

FRQFHQWUDWHG��7KLV�ZRXOG�KDYH�D�SRVLWLYH�LQIOXHQFH�RQ�GLIIXVLRQ��%RWK�PHDVXUHV�XVHG�DUH�IURP�

WKH�:RUOG�%DQN�GDWDEDVH��:RUOG�%DQN������E����

7RWDO� WUDGH� DV� D� VKDUH� RI�*'3� LV� LQFOXGHG� WR� FRQWURO� IRU� DQ� HFRQRPLHV� LQWHUDFWLRQ�ZLWK� WKH�

JOREDO�PDUNHW��7UDGH� LV�DVVXPHG� WR� LQIOXHQFH� WHFKQRORJ\�DGRSWLRQ�HVSHFLDOO\� IRU�SURGXFWLRQ�

WHFKQRORJLHV��)RUHLJQ�FRPSHWLWLRQ� LQFUHDVHV� ORFDO�SURGXFHUV¶� LQFHQWLYHV� WR� DSSO\� WKH�QHZHVW�

WHFKQRORJ\�ZKLOH� DFFHVV� WR� VXFK� WHFKQRORJLHV� LV� VLPSOLILHG� WKURXJK� LPSRUWV� DQG� NQRZOHGJH�

VSLOORYHUV�� ,QIRUPDWLRQ�DERXW�QHZ� WHFKQRORJLHV� DQG�KRZ� WR�XVH� WKHP� LV�SUHIHUHQWLDO� WR� WKHLU�

DGRSWLRQ�� 7KLV� PD\� DOVR� KROG� IRU� WKH� GLIIXVLRQ� RI� WHFKQRORJLHV� LQFRUSRUDWHG� LQ� FRQVXPHU�

JRRGV��

7KH�LQIOXHQFH�RI�SROLWLFDO�LQVWLWXWLRQV�PHDQZKLOH�FDQ�EH�HLWKHU�SRVLWLYH�RU�QHJDWLYH��0HDVXUHV�

RI�SROLWLFDO�IUHHGRP�DUH�LQFOXGHG�WR�FRQWURO�IRU�SRWHQWLDO�EDUULHUV�WR�WHFKQRORJ\�GLIIXVLRQ�SXW�

XS�E\�SROLFLHV�DQG�UHJXODWLRQV��6LQFH�WKH�GLIIXVLRQ�RI�QHZ�WHFKQRORJ\�LV�SDUW�RI�WKH�SURFHVV�RI�

FUHDWLYH�GHVWUXFWLRQ� LW� FDQ� FUHDWH�ZLQQHUV� DQG� ORVHUV��'HSHQGLQJ�RQ� WKH� LQIOXHQFH�RI� FHUWDLQ�

LQWHUHVW� JURXSV� RQ� SROLF\�PDNHUV� WKH\�PD\� KLQGHU� WKH� LQWURGXFWLRQ� RI� QHZ� WHFKQRORJLHV� WR�

SURWHFW�WKHLU�RZQ�LQWHUHVWV��3DUHQWH�DQG�3UHVFRWW��������������VWXG\�WKLV�LQ�GHWDLO�DQG�SURYLGH�

DPSOH�HPSLULFDO�HYLGHQFH��0DUNHW�SURWHFWLRQ�DQG�UHJXODWLRQV�WKURXJK�SROLFLHV�FDQ�DOVR�KLQGHU�

WKH�LQWURGXFWLRQ�DQG�GLIIXVLRQ�RI�FRQVXPHU�JRRGV��,Q�WKH�HPSLULFDO�DQDO\VLV� WKH�LQIOXHQFH�RI�

SROLWLFDO� LQVWLWXWLRQV� LV� FRQWUROOHG� IRU� E\� LQFOXGLQJ� WKH� )UHHGRP�+RXVH�PHDVXUH� RI� SROLWLFDO�

ULJKWV�DQG�FLYLO�OLEHUWLHV�UHWULHYHG�IURP�WKH�42*�GDWDVHW��7HRUHOO�HW�DO�����������

'HVSLWH� GLIIHUHQW� FRQWURO� YDULDEOHV� WKHUH� UHPDLQV� FRQVLGHUDEOH� XQREVHUYHG� KHWHURJHQHLW\�

DPRQJ� FRXQWULHV� WKDW� PD\� LQIOXHQFH� FRQVXPHU� EHKDYLRU� DQG� WHFKQRORJ\� GLIIXVLRQ�� 7KHVH�

LQFOXGH�DPRQJ�RWKHUV�WKH�UHODWLYH�GLVWDQFH�WR�WHFKQRORJ\�OHDGLQJ�FRXQWULHV�RU�FXOWXUDO�DVSHFWV�

WKDW� DUH� QRW� FDSWXUHG�E\� WKH�RWKHU� FRQWURO� YDULDEOHV����:KLOH� VRPH� VFKRODUV� LQFOXGH� FRXQWU\�

IL[HG�HIIHFWV�WR�DFFRXQW�IRU�WKLV�KHWHURJHQHLW\�WKLV�DSSURDFK�LV�QRW�IHDVLEOH�ZKHQ�LQWHQGLQJ�WR�

XVH�WKH�*LQL�LQGH[�DV�H[SODQDWRU\�YDULDEOH��7\SLFDOO\�WKH�QDWLRQDO�*LQL�LQGH[�VKRZ�UHODWLYHO\�

OLWWOH� YDULDWLRQ�RYHU� WLPH�� FRPSDUHG� WR� RWKHU�PHDVXUHV� VXFK� DV�*'3�SHU� FDSLWD� RU� VWRFNV�RI�

KXPDQ� FDSLWDO�� 7KHUHIRUH� WKH� HIIHFW� RI� LQFRPH� GLVWULEXWLRQ� PHDVXUHG� E\� WKH� *LQL� LQGH[� LV�

DEVRUEHG�WRJHWKHU�ZLWK�RWKHU�WLPH�LQYDULDQW�QDWLRQDO�FKDUDFWHULVWLFV�ZKHQ�LQFOXGLQJ�D�FRXQWU\�

�������������������������������������������������
���6HH�.HOOHU��������DQG�&RPLQ��'LPLWULHY�DQG�5RVVL�+DQVEHUJ��������IRU�PRUH�LQIRUPDWLRQ�RQ�WKH�LQIOXHQFH�RI�
JHRJUDSKLFDO�GLVWDQFH��6HH�6XQGTYLVW��)UDQN�� DQG�3XXPDODLQHQ� ������� IRU� WKH�HIIHFW�RI�FXOWXUDO� FKDUDFWHULVWLFV�
DQG�WUDLWV��



���

IL[HG� HIIHFWV��2QO\�ZKHQ� WKH� UXQ� UHJUHVVLRQV� GR� QRW� LQFOXGH� FRXQWU\� IL[HG� HIIHFWV� WKH�*LQL�

LQGH[�HQWHUV�WKH�DQDO\VLV�DV�D�YDULDEOH�ZLWK�VLJQLILFDQW�H[SODQDWRU\�SRZHU��

5.1.3 Empirical results 

7KH� UHGXFHG� UHJUHVVLRQ�HTXDWLRQ� ���� VWDWHV� WKH�EDVLF�DSSURDFK� WR� WKH�DQDO\VLV�RI� WHFKQRORJ\�

GLIIXVLRQ�PHDVXUHG�LQ�SHQHWUDWLRQ�UDWHV��)RU�WKH�IXOO�VDPSOH�DQDO\VLV�DFURVV�DOO�WHFKQRORJLHV�,�

ORJDULWKPL]H� SHQHWUDWLRQ� UDWHV� RI� FHUWDLQ� YDULDEOHV� DQG� LQFOXGH� WHFKQRORJ\�\HDU� GXPPLHV� DV�

GRQH� LQ� &RPLQ� DQG� +RELMQ� �������� ,Q� D� ILUVW� UHJUHVVLRQ� WKH� HIIHFWV� RI� WRWDO� LQFRPH� DQG�

SRSXODWLRQ�LV�HVWLPDWHG��,QFRPH�LQHTXDOLW\�LV�DGGHG�DV�H[SODQDWRU\�YDULDEOH�LQ�D�VHFRQG�VWHS��

%DVHG�RQ�+\SRWKHVLV���WKH�LQIOXHQFH�RI�WRWDO�DQG�DYHUDJH�LQFRPH�LV�H[SHFWHG�WR�EH�SRVLWLYH�IRU�

WHFKQRORJ\�GLIIXVLRQ�DQG�WKH�HIIHFW�RI�SRSXODWLRQ� WR�EH�QHJDWLYH��)ROORZLQJ�IURP�WKHRU\� WKH�

LQIOXHQFH� RI� LQHTXDOLW\� RQ� WHFKQRORJ\� GLIIXVLRQ� LV� QRQ�FRQVWDQW�� FKDQJLQJ� IURP� SRVLWLYH� WR�

QHJDWLYH�� ,Q� WKH� VHFRQG� VWHS� RI� WKH� DQDO\VLV� WKLV� WHVWHG� E\� DGGLQJ� WKH� *LQL� LQGH[� WR� WKH�

UHJUHVVLRQ� ERWK� DV� D� VLQJOH� YDULDEOH� DQG� LQ� DQ� LQWHUDFWLRQ� WHUP� ZLWK� *'3� SHU� FDSLWD�� 7KH�

HVWLPDWLRQ�PRGHO�WKHQ�UHDGV��

ୡத୲݊݋݅ݐܽݎݐ݁݊݁ܲ ൌ ௖௧ܿ݌ܲܦܩଵߚ ൅ ௖௧݊݋݅ݐ݈ܽݑ݌݋ଶܲߚ ൅ ௖௧݅݊݅ܩଷߚ ൅ ௖௧ܿ݌ܲܦܩସߚ ή ௖௧݅݊݅ܩ ൅ த୲ݕ݉݉ݑ݀
൅ ௖௧ܼߜ ൅ �ୡத୲ߝ

7KH� UHODWLRQ� LV� HVWLPDWHG� LQ� DQ�2/6� DSSURDFK� DOORZLQJ� IRU� FOXVWHUHG� HUURU� WHUPV� JLYHQ� WKH�

VHULDO�FRUUHODWLRQ�LQ�WKH�GDWD��7DEOH���DQG���EHORZ�OLVW�WKH�UHVXOWV�IURP�WKLV�SULPDU\�DQDO\VLV��

)URP� &ROXPQ� ���� LQ� 7DEOH� �RQH� FDQ� VHH� WKDW� WKH� SUHGLFWHG� HIIHFW� RI� WRWDO� LQFRPH� DQG�

SRSXODWLRQ�LV�VXSSRUWHG�E\�WKH�HPSLULFDO�DQDO\VLV���

$V�SUHGLFWHG� LQ�+\SRWKHVLV����DQ� LQFUHDVH� LQ� WRWDO� LQFRPH��NHHSLQJ�RWKHU�YDULDEOHV�FRQVWDQW��

LQFUHDVHV� WKH� UDWH� RI� WHFKQRORJ\� GLIIXVLRQ�� 7KH� RSSRVLWH� KROGV� WUXH� IRU� DQ� LQFUHDVH� LQ�

SRSXODWLRQ��:KHQ�*'3�SHU� FDSLWD� LV� LQFOXGHG� DV� D�PHDVXUH�RI� DYHUDJH� LQFRPH�� LQ� SODFH�RI�

SRSXODWLRQ�� WKLV� YDULDEOH� GRPLQDWHV� WRWDO� LQFRPH�� 7KLV� SURYLGHV� HPSLULFDO� VXSSRUW� WR� WKH�

DVVXPSWLRQ� RI� QRQ�KRPRWKHWLF� SUHIHUHQFHV� XQGHU� ZKLFK� LQGLYLGXDO� LQFRPHV� DUH� PRUH�

LPSRUWDQW�WR�DJJUHJDWH�FRQVXPHU�GHPDQG�WKDQ�DJJUHJDWH�LQFRPH��&ROXPQV�����WR�����FRQILUP�

WKDW�WKH�UHVXOWV�UHPDLQ�VLJQLILFDQW�DQG�LQ�OLQH�ZLWK�WKH�PRGHO�SUHGLFWLRQV�LQ�D�UHGXFHG�VDPSOH�

DQG�XQGHU�LQFOXVLRQ�RI�FRQWURO�YDULDEOHV��,Q�WKH�FRQVHFXWLYH�VWHS�RI�WKH�DQDO\VLV�WKH�GRPLQDQFH�

RI�*'3�SHU�FDSLWD�RYHU�WRWDO�LQFRPH�LV�QRW�WHVWHG�DQHZ��7KH�GLIIHUHQW�VSHFLILFDWLRQV�LQFOXGLQJ�

WRWDO� LQFRPH� DQG� SRSXODWLRQ� RU� DYHUDJH� LQFRPH� DQG� SRSXODWLRQ� KROG� WKH� VDPH� H[SODQDWRU\�

SRZHU��
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7DEOH���2/6�UHJUHVVLRQ�RI�3HQHWUDWLRQ�UDWHV�
'HSHQGHQW�9DULDEOH��3HQHWUDWLRQ�UDWHV�
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)UHHGRP�,QGH[� 1R� 1R 1R 1R <HV� <HV
� � � � � � �

7HFKQRORJ\�\HDU�)(� <HV� <HV <HV <HV <HV� <HV
N� ������ ����� ����� ����� ������ �����
DGM��R�� ������ ����� ����� ����� ������ �����
1RWHV��&OXVWHUHG�VWDQGDUG�HUURUV�LQ�SDUHQWKHVHV��


�VLJQLILFDQW�DW���SHUFHQW��

�VLJQLILFDQW�DW���SHUFHQW��
�
VLJQLILFDQW�DW����SHUFHQW��$OO�UHJUHVVLRQV�LQFOXGH�WHFKQRORJ\�\HDU�IL[HG�HIIHFWV��3HQHWUDWLRQ�UDWHV�WKDW�GR�

QRW�GHVFULEH�VKDUHV�DUH�ORJDULWKPL]HG��&ROXPQ�����DQG�����LQFOXGH�DGGLWLRQDO�FRQWURO�YDULDEOHV�IRU�KXPDQ�

FDSLWDO�� LQIUDVWUXFWXUH� DQG� 7)3�� ODQG� DUHD� DQG� XUEDQL]DWLRQ� DV� ZHOO� DV� D� ��OHYHO� LQGH[� UDWLQJ� FLYLO� DQG�

SROLWLFDO�IUHHGRP��

7DEOH���DGGV�WKH�LQHTXDOLW\�PHDVXUH�WR�WKH�UHJUHVVLRQ��7KH�ILUVW�WZR�FROXPQV�OLVW�WKH�SULPDU\�

UHVXOW� RI� WKH� UHJUHVVLRQ�� ,QFOXGLQJ� WKH� *LQL� LQGH[� OLPLWV� WKH� GDWD� VDPSOH� WR� RQO\� LQFOXGH�

REVHUYDWLRQV�DIWHU�������%HVLGHV�WKH�WLPH�UDQJH�WKH�FRXQWU\�VDPSOH�LV�UHGXFHG�VLQFH�QRW�IRU�DOO�

QDWLRQV� LQHTXDOLW\�PHDVXUHV�DUH�DYDLODEOH��7KLV� OLPLWDWLRQ�VSHFLILFDOO\� UHGXFHV� WLPH�VHULHV�RI�

ROGHU�WHFKQRORJLHV��$V�ZH�VHH�LQ�7DEOH�$���WKHVH�ROGHU�WHFKQRORJLHV�VXFK�DV�UDGLRV��WHOHSKRQHV�

DQG� FDUV� RYHUZHLJK� LQ� WKH� VDPSOH� DQDO\VLV� LQ� 7DEOH� ��� &ROXPQ� ���� DQG� ����� 7KH� UHGXFWLRQ�

LPSOLHG�E\�WKH�VPDOOHU�DYDLODELOLW\�RI�UHSRUWHG�*LQL�LQGH[�OHDYHV�WKH�FURVV�WHFKQRORJ\�VDPSOH�

PRUH�EDODQFHG��,QFOXGLQJ�FRQWURO�YDULDEOHV�WR�WKH�UHJUHVVLRQ�LQ�7DEOH���KDV�WKH�VDPH�HIIHFW�RQ�

WKH�UHVSHFWLYH�VDPSOH��

7KH� UHVXOWV� LQ� &ROXPQ� ���� DQG� ���� RI� 7DEOH� �� VKRZ� WKDW� WKH� HIIHFW� RI� WRWDO� LQFRPH� DQG�

SRSXODWLRQ� DUH� VWLOO� KLJKO\� VLJQLILFDQW� DQG� VKRZ� WKH� H[SHFWHG� VLJQ� ZKHQ� LQFOXGLQJ� LQFRPH�

LQHTXDOLW\� DQG� WKH� LQWHUDFWLRQ� WHUP� ZLWK� DYHUDJH� LQFRPH� DV� H[SODQDWRU\� YDULDEOHV�� ,Q� WKLV�
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VHFRQG� DQDO\VLV� LV� WKH� HVWLPDWHG� FRHIILFLHQW� IRU� WKH� LQHTXDOLW\� PHDVXUH� LWVHOI� DQG� WKH�

FRHIILFLHQW� RI� WKH� LQWHUDFWLRQ� WHUP� DUH� WKH� UHVXOWV� RI� JUHDWHVW� LQWHUHVW�� :KLOH� WKH� HVWLPDWHG�

FRHIILFLHQW� IRU� WKH� *LQL� LWVHOI� LV� SRVLWLYH�� WKH� HVWLPDWRU� IRU� WKH� LQWHUDFWLRQ� WHUP� FRPHV� RXW�

QHJDWLYH��7KHUHE\�DW�ORZ�OHYHOV�RI�LQFRPH�WKH�*LQL�DV�XQSDLUHG�H[SODQDWRU\�IDFWRU�GRPLQDWHV�

DQG� H[HUWV� D� SRVLWLYH� HIIHFW� RQ� GLIIXVLRQ��+RZHYHU� DV� LQFRPH� ULVHV� WKH� QHJDWLYH� LQWHUDFWLRQ�

WHUP� LQFUHDVHV�DQG� UHGXFHV� WKH�SRVLWLYH� LQIOXHQFH��$IWHU�D�FULWLFDO� LQFRPH� OHYHO� LV�SDVVHG�DQ�

LQFUHDVH�LQ�WKH�*LQL�LQGH[�ZLOO�KDYH�D�QHJDWLYH�HIIHFW�RQ�WHFKQRORJ\�GLIIXVLRQ��$OVR�WKLV�UHVXOW�

IRU�WKH�*LQL�LV�UREXVW�LQ�D�OLPLWHG�VDPSOH�DQG�XQGHU�WKH�LQFOXVLRQ�RI�FRQWURO�YDULDEOH��UHSRUWHG�

LQ�&ROXPQ�����WR�������

7DEOH����2/6�UHJUHVVLRQ�RI�3HQHWUDWLRQ�UDWHV�LQFOXGLQJ�WKH�*LQL�LQGH[�
'HSHQGHQW�9DULDEOH��3HQHWUDWLRQ�UDWHV�
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)UHHGRP�,QGH[� 1R� 1R 1R 1R <HV� <HV
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7HFKQRORJ\�\HDU�
)(��

<HV� <HV <HV <HV <HV� <HV

N� ������ ����� ����� ����� ������ �����
DGM��R�� ������ ����� ����� ����� ������ �����
1RWHV��&OXVWHUHG� VWDQGDUG� HUURUV� LQ� SDUHQWKHVHV�� 


� VLJQLILFDQW� DW� �� SHUFHQW�� 

� VLJQLILFDQW� DW� �� SHUFHQW�� 
�
VLJQLILFDQW� DW� ��� SHUFHQW�� $OO� UHJUHVVLRQV� LQFOXGH� WHFKQRORJ\�\HDU� IL[HG� HIIHFWV�� 3HQHWUDWLRQ� UDWHV� WKDW� GR� QRW�

GHVFULEH� VKDUHV� DUH� ORJDULWKPL]HG��&ROXPQ� ���� DQG� ���� LQFOXGH� DGGLWLRQDO� FRQWURO� YDULDEOHV� IRU� KXPDQ� FDSLWDO��

LQIUDVWUXFWXUH�DQG�7)3��ODQG�DUHD�DQG�XUEDQL]DWLRQ�DV�ZHOO�DV�D���OHYHO�LQGH[�UDWLQJ�FLYLO�DQG�SROLWLFDO�IUHHGRP��
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7KHVH�HPSLULFDO�UHVXOWV�DUH�LQ�OLQH�ZLWK�WKH�H[SHFWHG�LQIOXHQFH�GHULYHG�LQ�WKH�WKHRUHWLF�PRGHO��

&KDQJHV� LQ� LQFRPH�RU�SRSXODWLRQ�H[HUW�D� OHYHO�HIIHFW�RQ� WHFKQRORJ\�GLIIXVLRQ�� LQFUHDVLQJ�RU�

GHFUHDVLQJ� WKH� SHQHWUDWLRQ� UDWH� DFURVV� WKH� ZKROH� GLIIXVLRQ� FXUYH�� 7KH� *LQL� LQGH[� LQ�

FRPSDULVRQ�FKDQJHV�WKH�VORSH�RI� WKH�GLIIXVLRQ�FXUYH��$V�LW� OLIWV� WKH�HDUO\�SKDVH�RI� WKH�FXUYH�

DQG�GHFUHDVHV� SHQHWUDWLRQ� OHYHOV� LQ� WKH� ORQJ� UXQ� LW� URWDWHV� WKH�GLIIXVLRQ� FXUYH� DW� WKH� FULWLFDO�

LQFRPH� YDOXH��PDNLQJ� WKH� FXUYH� IODWWHU� RYHUDOO�� )LJXUH� �� LOOXVWUDWHV� WKLV� FKDQJH� LQ�PDUJLQDO�

LQIOXHQFH� RI� *LQL� EDVHG� RQ� WKH� HVWLPDWHG� FRHIILFLHQWV� LQ� &ROXPQ� ����� ,W� SORWV� WKH�PDUJLQDO�

HIIHFW� RI� D� FKDQJH� LQ� WKH�*LQL� LQGH[� IRU�&KLQD� DJDLQVW� LWV� GHYHORSPHQW� RI� DYHUDJH� LQFRPH��

2QO\�ZLWK� WKH� ULVH� LQ�*'3� SHU� FDSLWD� WKH�PDUJLQDO� HIIHFW� RI� LQFRPH� LQHTXDOLW\� WXUQV� WR� EH�

QHJDWLYH�DQG�WKHUHE\�ZLOO�VORZ�GRZQ�GLIIXVLRQ���

)LJXUH����7KH�PDUJLQDO�HIIHFW�RI�LQFRPH�LQHTXDOLW\�RQ�
SHQHWUDWLRQ�UDWHV�LQ�&KLQD�

�

*LYHQ�WKH�UHVXOWV�UHSRUWHG�LQ�7DEOH���DQG���WKH�HPSLULFDO�DQDO\VLV�VXSSRUWV�+\SRWKHVLV����7KH�

DVVXPSWLRQ�RI�QRQ�KRPRWKHWLF�SUHIHUHQFHV�VKDSLQJ�FRQVXPHU�GHPDQG�IRU�WHFKQRORJ\�JRRGV�LV�

OHJLWLPDWH� DQG� WKHUHIRUH� PHDVXUHV� RI� LQFRPH� GLVWULEXWLRQ� KDYH� D� VLJQLILFDQW� LQIOXHQFH� RQ�

WHFKQRORJ\� GLIIXVLRQ�� 7R� GHWHUPLQH� LI� WKLV� LQIOXHQFH� LV� QRW� RQO\� HPSLULFDOO\� EXW� DOVR�

HFRQRPLFDOO\� VLJQLILFDQW� WKH�PDJQLWXGH�RI� WKH� FRHIILFLHQWV�KDYH� WR�EH� DVVHVVHG��7KHLU�YDOXH�

JLYHV� DQ� LPSUHVVLRQ� RI� WKH� DEVROXWH� LPSDFW� RI� LQHTXDOLW\� RQ� WHFKQRORJ\� GLIIXVLRQ�� $V� WKH�

GHSHQGHQW�YDULDEOH�LQ�7DEOH���DQG���LV�D�GLIIXVLRQ�PHDVXUH�WKDW�LV�KHWHURJHQHRXV�LQ�XQLWV�WKH�

OLVWHG� FRHIILFLHQWV� DUH� GLIILFXOW� WR� LQWHUSUHW�� 7KH� DEVROXWH� HIIHFW� RI� LQFRPH� LQHTXDOLW\� RQ�

WHFKQRORJ\� GLIIXVLRQ� LV� DQDO\]HG� LQ� PRUH� GHWDLO� LQ� WHFKQRORJ\�ZLVH� DQDO\VHV� ZKLFK� DUH�

GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQ��������
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5.1.4 Technology specific analysis 

*LYHQ� WKH� SDQHO� GDWD� VWUXFWXUH� WHFKQRORJ\� GLIIXVLRQ� FDQ� EH� DQDO\]HG� DW� PRUH� GLVDJJUHJDWH�

OHYHOV��7KH�UHVXOWV�IURP�WKH�IXOO�VDPSOH�DQDO\VLV�DUH�WHVWHG�LQ�UHJUHVVLRQV�RQ�VXEVDPSOH�JURXSV�

RI�WHFKQRORJLHV�DV�ZHOO�DV�RQ�HYHU\�VLQJOH�JRRG��7KH�WKUHH�JURXSV�ZKHUH�GHILQHG�DV�VXLWDEOH�

IRU� D� VXEVDPSOH� DQDO\VLV� EDVHG� RQ� FRPELQLQJ� JRRGV� IURP� WKH� VDPH� WHFKQRORJ\� VHFWRUV� RU�

JRRGV�ZLWK� VLPLODU�XQLW�PHDVXUH��7KH� ILUVW�JURXS�FRQWDLQV� WKH� ,&7V�� WKH� VHFRQG�FRPELQHV�D�

VDPSOH�RI�ROGHU� WHFKQRORJLHV�ZLWK�FRPSDUDEOH�XQLWV��FDEOH�79��QHZVSDSHUV�� WHOHSKRQHV��79�

VHWV�DQG�FDUV��ZKLOH�WKH�WKLUG�HQWDLOV�WKH�WUDQVSRUW�WHFKQRORJLHV���

&RPSDULQJ� EHWZHHQ� PRGHUQ� ,&7V� DQG� ROGHU� WHFKQRORJLHV� WKH� UHJUHVVLRQ� UHVXOWV� IRU� WRWDO�

LQFRPH��SRSXODWLRQ�DQG�LQHTXDOLW\�LQ�ERWK�VDPSOHV�DUH�LQ�OLQH�ZLWK�+\SRWKHVLV����WXUQLQJ�RXW�

VOLJKWO\�ODUJHU�IRU�WKH�ROGHU�VDPSOH��7KH�UHVXOWV�IRU�WKH�WZR�JURXSV�DUH�UREXVW�ZKHQ�FRQWUROOLQJ�

IRU�RWKHU�LQIOXHQWLDO�IDFWRUV��&RQFHUQLQJ�FRQWURO�YDULDEOHV�LW�LV�LQWHUHVWLQJ�WR�QRWLFH�WKDW�ZKLOH�

IRU�ROGHU� WHFKQRORJLHV�KXPDQ�FDSLWDO� LV� WKH�PRVW� LPSRUWDQW�FRQWURO�YDULDEOH�DQG�7)3� LV� MXVW�

VOLJKWO\�VLJQLILFDQW�IRU�,&7V�HGXFDWLRQ�GRHV�QRW�VHHP�WR�SOD\�D�GHWHUPLQLQJ�UROH��7)3�DQG�WKH�

WUDGH�VKDUH�PHDQZKLOH�DUH�KLJKO\� VLJQLILFDQW��7KLV�FDQ�EH� LQWHUSUHWHG�DV� WKDW� WKH� LQFUHDVH� LQ�

JOREDO�WUDGH�KDV�OHG�WR�NQRZOHGJH�VSLOO�RYHUV�DQG�IORZ�RI� LQIRUPDWLRQ�WKDW�GLPLQLVK�WKH�UROH�

KXPDQ�FDSLWDO�IRU�WKH�GLIIXVLRQ�RI�FRQVXPHU�WHFKQRORJLHV��)RU�SHQHWUDWLRQ�UDWHV�RI�FHOO�SKRQHV�

ODQG� DUHD� WKDW� GHWHUPLQHV� SRSXODWLRQ� GHQVLW\� DGGLWLRQDOO\� LV� D� VLJQLILFDQW� IDFWRU�� $QRWKHU�

LQWHUHVWLQJ�FRPSDULVRQ�EHWZHHQ�JURXSV�FRQFHUQV�WKH�OHYHO�RI�FULWLFDO�*'3�SHU�FDSLWD�DW�ZKLFK�

WKH�PDUJLQDO�HIIHFW�RI�D�FKDQJH�LQ�LQFRPH�LQHTXDOLW\�VZLWFKHV�IURP�SRVLWLYH�WR�QHJDWLYH��7KH�

KLJKHU�WKLV�OHYHO��WKH�ORQJHU�FRQVXPSWLRQ�RI�WKH�WHFKQRORJ\�JRRG�LV�DUJXDEO\�UHVHUYHG�WR�PRUH�

ZHDOWK\� LQGLYLGXDOV� DV� WHFKQRORJ\�GLIIXVLRQ� LQFUHDVHV� IROORZLQJ�DQ� LQFRPH� UHGLVWULEXWLRQ� LQ�

IDYRU�RI�WKH�ZHDOWK\��2QO\�DIWHU�WKLV�DYHUDJH�LQFRPH�OHYHO�FRQVXPSWLRQ�RI�D�JRRG�LV�HOLJLEOH�

IRU� DOO� LQGLYLGXDOV� DQG� GLIIXVLRQ� LV� DGYHUVHO\� DIIHFWHG� E\� KLJKHU� LQFRPH� LQHTXDOLW\�� 7KLV�

FULWLFDO�OHYHO�RI�DYHUDJH�LQFRPH�LQGLFDWHV�KRZ�H[FOXVLYH�D�JRRG�DFWXDOO\�LV�GXULQJ�WKH�SKDVH�RI�

LQWURGXFWLRQ��:KLOH�WKH�FULWLFDO�*'3�SHU�FDSLWD�IRU�,&7V�LV��¶����*.��IRU�WKH�JURXS�RI�ROGHU�

WHFKQRORJLHV�LW�LV��¶����*.���D�WKLUG�OHVV��7KLV�UHVXOW�KDV�WR�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ�WKRXJK�

DV�WKHUH�LV�VLJQLILFDQW�YDULDWLRQ�LQ�WKH�FRXQWULHV�DV�ZHOO�DV�WKH�OHQJWK�RI�WLPH�VHULHV�FRYHUHG�LQ�

WKH�WZR�VXEVDPSOHV��6LQFH�,&7V�KDYH�QRW�EHHQ�DYDLODEOH�IRU�PDQ\�\HDUV�LQGLFDWHV�WKDW�GXULQJ�

WKHLU�GLIIXVLRQ�*'3�SHU�FDSLWD�ZDV�JHQHUDOO\�KLJKHU�FRPSDUHG�WR�WKH�HDUO\�GLIIXVLRQ�RI�ROGHU�

WHFKQRORJLHV�� 7KH� GLIIHUHQFH� LQ� FULWLFDO� DYHUDJH� LQFRPH� \HW� FRXOG� VWLOO� EH� DQ� LQGLFDWRU� WKDW�

DFFHVV� WR� FRQVXPHU� WHFKQRORJLHV� KDV� JRWWHQ� PRUH� GLIILFXOW� IRU� WKH� SRRU� SRSXODWLRQ� LQ�

GHYHORSLQJ�FRXQWULHV��$�FRQFOXVLRQ�RQ�WKLV�WRSLF�ZLOO�RQO\�EH�SRVVLEOH�IROORZLQJ�PRUH�GHWDLOHG�

DQDO\VLV���
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5HVXOWV�IURP�WKH�DQDO\VLV�RI�WKH�WKLUG�WHFKQRORJ\�JURXS�DOVR�FRQILUP�+\SRWKHVLV����2WKHU�WKDQ�

,&7V�DQG�ROG�WHFKQRORJLHV�WKH�FRHIILFLHQW�RI�WKH�*LQL�DQG�WKH�LQWHUDFWLRQ�WHUP�LV�QRW�VLJQLILFDQW�

ZKHQ� LQFOXGLQJ� D� VHW� RI� FRQWURO� YDULDEOHV�� 7KDW� WKH� SURSRVHG� WKHRU\� GRHV� QRW� H[SODLQ� WKH�

GLIIXVLRQ�RI� WUDQVSRUW� WHFKQRORJLHV�DV�ZHOO� DV� WKDW� RI�RWKHU� WHFKQRORJLHV� LV� FRQILUPHG� LQ� WKH�

WHFKQRORJ\�ZLVH� DQDO\VLV�� 'HPDQG� IRU� WUDQVSRUW� WHFKQRORJLHV� VXFK� DV� UDLO� DQG� DYLDWLRQ� LV�

VSHFLDO�DV� LW�KLJKO\�GHSHQGV�RQ� WRSRJUDSK\�DQG�RWKHU�JHRJUDSKLFDO� IDFWRUV�EH\RQG�ODQG�DUHD�

DQG�XUEDQL]DWLRQ��%DVHG�RQ�FRPSDULVRQ�RI�UHJUHVVLRQ�UHVXOWV�RI�SHQHWUDWLRQ�UDWHV�FDUV�EHWWHU�ILW�

LQWR� WKH� JURXS� RI� WHOHFRPPXQLFDWLRQ� WHFKQRORJLHV�� 7KH� HVWLPDWHG� FRHIILFLHQWV� LQ� WKH� FDU�

SHQHWUDWLRQ� DQDO\VLV� DUH� LQ� OLQH� ZLWK� PRGHO� SUHGLFWLRQV� DQG� YHU\� FORVH� LQ� YDOXH� WR� WKH�

WHOHFRPPXQLFDWLRQ�JRRGV��7KDW�WKH�GLIIXVLRQ�RI�FDUV�LV�EHWWHU�FRPSDUDEOH�WR�WKH�GLIIXVLRQ�RI�

79�VHWV�LV�DOVR�UHDVRQDEOH�VLQFH�WKH�SHQHWUDWLRQ�UDWH�UHIHUV�WR�D�VWRFN�RI�JRRGV�LQ�DQ�HFRQRP\�

DQG�QRW�WR�RXWSXW�PHDVXUHV�DV�LW�LV�WKH�FDVH�IRU�WKH�RWKHU�WUDQVSRUW�WHFKQRORJLHV���

)RU�DOO�WHOHFRPPXQLFDWLRQ�WHFKQRORJLHV��ZLWK�WKH�H[FHSWLRQ�RI�WHOHJUDPV��WKH�HVWLPDWHG�HIIHFW�

RI�WKH�*LQL�LQGH[�DQG�LWV�LQWHUDFWLRQ�WHUP�ZLWK�*'3�SHU�FDSLWD�LV�LQ�OLQH�ZLWK�H[SHFWDWLRQV��7KH�

UHVXOWV� DUH� VLJQLILFDQW� DQG� UREXVW� WR� WKH� LQFOXVLRQ� RI� FRQWURO� YDULDEOHV�� $OVR� KXPDQ� FDSLWDO�

PHDVXUHG�E\�WKH�VKDUH�RI�SRSXODWLRQ�WKDW�DWWDLQHG�WHUWLDU\�HGXFDWLRQ�KDV�D�VLJQLILFDQW�SRVLWLYH�

HIIHFW�RQ�WKH�GLIIXVLRQ�RI�WKHVH�WHFKQRORJLHV��([FHSWLRQV�DUH�QHZVSDSHUV�DQG�PDLO�IRU�ZKLFK�

WKH� VWRFN� RI� VHFRQGDU\� HGXFDWLRQ� SOD\V� D� PRUH� LPSRUWDQW� UROH�� %DVHG� RQ� WKHVH� WHFKQRORJ\�

VSHFLILF�DQDO\VHV�DQ�HYDOXDWLRQ�RI�WKH�DEVROXWH�HIIHFW�RI�LQFRPH�LQHTXDOLW\�LV�PDGH��7DEOH�$���

DQG� 7DEOH� $��� VKRZ� WKH� UHVXOWV� RI� WKH� UHVSHFWLYH� UHJUHVVLRQV� IRU� WKH� GLIIXVLRQ� RI� FDUV� DQG�

PDLQOLQH� WHOHSKRQHV�� 7KH� UHVXOWV� IURP�&ROXP� ���� LQ� 7DEOH�$��� VXJJHVWV� WKDW� D� RQH� SHUFHQW�

LQFUHDVH� LQ� *'3�� FRQGLWLRQDO� RQ� RWKHU� YDULDEOHV� HQWDLOV� FRXQWULHV� WR� D� �����SRLQWV� KLJKHU�

SHQHWUDWLRQ�UDWH�RI�FDUV��7KH�HIIHFW�RI�DQ�LQFUHDVH�LQ�WKH�*LQL�LQGH[�E\���XQLWV�DW�WKH�VDPSOH�

PHDQ�*'3�SHU�FDSLWD�RI������LPSOLHV�D�GHFUHDVH�LQ�WKH�GLIIXVLRQ�RI�FDUV�E\������SRLQWV��7KH�

LPPHGLDWH�DEVROXWH�HIIHFW� LV�QRW� ODUJH��KRZHYHU�D�FKDQJH�LQ� LQFRPH�LQHTXDOLW\� LQ�WKH�PRGHO�

GRHV� QRW� VKLIW� WKH� GLIIXVLRQ� FXUYH� EXW� FKDQJHV� LWV� VORSH�� 7KHUHE\� LW� LV� QRW� WKH� LPPHGLDWH�

GLIIHUHQFH�LQ�GLIIXVLRQ�UDWH�WKDW�PDWWHUV�PRVW��EXW�WKH�ORQJ�WHUP�HIIHFW�WKDW�DFFXPXODWHV�ZLWK�

WKH� JURZWK� LQ� DYHUDJH� LQFRPH��7KLV� ORQJ�WHUP� HIIHFW� LV� LOOXVWUDWHG� LQ�)LJXUHV�$��D�G� JLYLQJ�

H[DPSOHV� IRU� GHYHORSHG� DQG� GHYHORSLQJ� FRXQWULHV�� )LJXUHV� $��D� DQG� E� VKRZ� WKH� SUHGLFWHG�

GLIIXVLRQ�FXUYHV�RI�FDUV�IRU�WKH�8QLWHG�6WDWHV�DQG�1RUZD\�EDVHG�RQ�WKHLU�DFWXDO�GHYHORSPHQW��

$�VHFRQG�OLQH�WUDFHV�D�ILFWLYH�SHQHWUDWLRQ�UDWHV�WKDW�ZRXOG�UHVXOW�LI�WKH�*LQL�ZDV�KHOG�FRQVWDQW�

DIWHU������ZLWK�����FRQILGHQFH�LQWHUYDOV��:KLOH�WKH�*LQL�LQ�1RUZD\�ZDV�DOUHDG\�DV�ORZ�DV����

LQ������LW�KDV�HYHQ�GHFUHDVHG�VLQFH�WR����LQ�������,Q�WKH�8QLWHG�6WDWHV�PHDQZKLOH�WKH�*LQL�KDV�

LQFUHDVHG�IURP�D�OHYHO�RI����LQ������WR����LQ�������*LYHQ�WKDW�DOO�RWKHU�FKDUDFWHULVWLFV�EHVLGHV�



���

WKH�*LQL�IROORZ�WKHLU�DFWXDO�GHYHORSPHQW�SDWK��WKH�UHJUHVVLRQ�UHVXOWV�VXJJHVW�WKDW�LI�LQHTXDOLW\�

GLG�QRW�LQFUHDVH�VLQFH������WKH�8QLWHG�6WDWHV�ZRXOG�KDYH�VHHQ�D�SHQHWUDWLRQ�UDWH�RI�FDUV�DERXW�

����SRLQWV�KLJKHU� LQ�������)RU�1RUZD\� WKH�GLIIHUHQFH� LV�GLPLQLVKLQJ�� VXJJHVWLQJ�D�VOLJKWO\�

SRVLWLYH�HIIHFW�IURP�WKH�UHGXFWLRQ�LQ�*LQL�ZKLFK�KRZHYHU�LV�QRW�VLJQLILFDQW��)LJXUH�$��F�DQG�G�

GHSLFW� WKH�GHYHORSPHQW�RI�SHQHWUDWLRQ� UDWHV� IRU�0DXULWLXV� DQG� ,QGLD��0DXULWLXV� LV� RI� VSHFLDO�

LQWHUHVW� WR� HFRQRPLVWV� IRU� EHLQJ� D� GHYHORSLQJ� FRXQWU\� WKDW� VDZ� D� VLJQLILFDQW� UHGXFWLRQ� LQ�

LQFRPH� LQHTXDOLW\�� $W� WKH� VWDUW� RI� WKH� UHSRUWLQJ� SHULRG� LQ� ����� WKH� *LQL� LV� DV� KLJK� DV� ����

GHFUHDVLQJ� LQ� WKH� IROORZLQJ� \HDUV� WR� D� YHU\� ORZ� ��� LQ� ������ 7KH� )LJXUH� $��F� VKRZV� WKH�

SUHGLFWHG�SHQHWUDWLRQ�UDWHV�IRU�WKH�DFWXDO�GHFUHDVH�DQG�WKH�ILFWLYH�FDVH�NHHSLQJ�WKH�*LQL�DW�WKH�

DYHUDJH�OHYHO�RI����RYHU�WKH�ZKROH�SHULRG��7KH�DFWXDO�GHFUHDVH�LQ�LQHTXDOLW\�UHVXOWV�LQ�D�����

SRLQWV� KLJKHU� PDUNHW� SHQHWUDWLRQ� RI� FDUV� LQ� ����� FRPSDUHG� WR� D� FDVH� RI� VWDEOH� DYHUDJH�

LQHTXDOLW\��,QGLD�RQ�WKH�RWKHU�KDQG�KDV�VHHQ�DQ�LQFUHDVH�LQ�LQFRPH�LQHTXDOLW\�VLQFH�WKH�����V�

IURP�D�*LQL�RI����WR�D�SHDN�RI����LQ�������7KH�ILFWLYH�VFHQDULR�IRU�,QGLD�DSSOLHV�WKH�*LQL�LQGH[�

RI������IRU�DOO�\HDUV��2WKHU�WKDQ�IRU�0DXULWLXV��WKH�ILFWLYH�FDVH�RI�D�KLJKHU�*LQL�ZRXOG�KDYH�

UHVXOWHG� LQ� KLJKHU� SHQHWUDWLRQ� UDWHV�� HVSHFLDOO\� LQ� WKH� HDUO\� \HDUV�� 7KLV� FDVH� LOOXVWUDWHV� WKH�

SRVLWLYH�HIIHFW�RI�LQFRPH�LQHTXDOLW\�RQ�WHFKQRORJ\�GLIIXVLRQ�LQ�WKH�HDUO\�VWDJHV�RI�GLIIXVLRQ�DW�

ORZ�OHYHOV�RI�DYHUDJH�LQFRPH��*LYHQ�WKDW�WKH�DEVROXWH�HIIHFW�LV�UDWKHU�VPDOO�LW�LV�KRZHYHU�QRW�

VLJQLILFDQW�DW�WKH�����FRQILGHQFH�OHYHO��

)RU� WKH� ODVW� VHFWRU� RI� ILQDQFLDO� WHFKQRORJLHV� WKH� LQIOXHQFH� RI� LQFRPH� LQHTXDOLW\� LV� RQO\�

VLJQLILFDQW�DQG� UREXVW� IRU�()7V�DQG�326��7KH� WHUWLDU\�HGXFDWLRQ�VWRFN�PHDQZKLOH� LV�RQO\�D�

VLJQLILFDQW�LQIOXHQFH�WR�WKH�SHQHWUDWLRQ�UDWHV�RI�FUHGLW�DQG�GHELW�FDUG�XVDJH��2QH�UHDVRQ�ZK\�

UHVXOWV�IRU�LQFRPH�LQHTXDOLW\�DUH�ZHDN�LQ�WKLV�VHFWRU�FDQ�EH�IRXQG�LQ�WKH�FRXQWU\�VDPSOH��'DWD�

RQ�WKH�GLIIXVLRQ�RI�ILQDQFLDO�WHFKQRORJLHV�DUH�SULPDULO\�DYDLODEOH�IRU�GHYHORSHG�FRXQWULHV�DQG�

WKH� VDPSOH� LV� FOHDUO\� GRPLQDWHG� E\�ZHVWHUQ� (XURSHDQ� HFRQRPLHV�� 7KHUHE\� WKH� YDULDWLRQ� LQ�

*LQL�ZLWKLQ�WKHVH�VDPSOHV�LV�PXFK�VPDOOHU��QHDUO\�KDOI�FRPSDUHG�WR�UHJUHVVLRQV�IRU�WKH�RWKHU�

WHFKQRORJLHV��7KXV�WKH�*LQL�LQGH[�FDQ�H[SODLQ�OHVV�RI�WKH�YDULDWLRQ�LQ�GLIIXVLRQ�UDWHV��

5.1.5 Other measures of income inequality 

,Q� WKH�PRGHO�SUHVHQWHG� LQ� VHFWLRQ����� WKH� LQFUHDVH� LQ� LQHTXDOLW\�FRPHV� WKURXJK�D� UHJUHVVLYH�

UHGLVWULEXWLRQ�RI�LQFRPH�DFURVV�DOO�OHYHOV�RI�LQFRPH��7KLV�NLQG�RI�WUDQVIHU�LQFUHDVHV�WKH�PDVV�

LQ�WKH�XSSHU�WDLO�RI�WKH�LQFRPH�GLVWULEXWLRQ�DQG�UHGXFHV�PDVV�LQ�WKH�ORZHU�WDLO��$Q�LQFUHDVH�LQ�

WKH�*LQL�LQGH[�PHDQZKLOH�GRHV�QRW�QHFHVVDULO\�LPSO\�WKLV�NLQG�RI�UHGLVWULEXWLRQ��$Q�LQFUHDVH�

LQ�WKH�*LQL�PD\�DOVR�IROORZ�IURP�UHGLVWULEXWLRQV�OLPLWHG�WR�WKH�XSSHU��PLGGOH�RU�ORZHU�VHFWLRQ�

RI�WKH�LQFRPH�GLVWULEXWLRQ��$V�WKH�*LQL�LQGH[�LV�D�UDWKHU�JHQHUDO�PHDVXUH�RI�LQHTXDOLW\�LW�GRHV�
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QRW�SHUIHFWO\�FDSWXUH�WKH�G\QDPLFV�WKDW�ZHUH�LPSOLHG�LQ�WKH�RXWOLQHG�WKHRU\��7KH�*LQL�LQGH[�LV�

VWLOO�XVHG�IRU�WKH�PDLQ�DQDO\VHV�DV�LW�LV�WKH�EHVW�PHDVXUH�RI�LQHTXDOLW\�DYDLODEOH�WR�DSSO\�LQ�D�

SDQHO� DQDO\VLV� RYHU� PDQ\� FRXQWULHV� DQG� \HDUV�� :KLOH� WKH� HPSLULFDO� UHVXOWV� IURP� WKH�

UHJUHVVLRQV� WKDW� XVH� WKH� *LQL� DUH� VLJQLILFDQW� DQG� UHDVRQDEOH� WKH� XQGHUO\LQJ� G\QDPLFV� RI�

GHPDQG�FDQ�EH�H[DPLQHG� LQ�PRUH�GHWDLO�E\�DSSO\LQJ�GLIIHUHQW�PHDVXUHV�RI� LQHTXDOLW\� WR� WKH�

DQDO\VLV��$OWHUQDWLYH�PHDVXUHV�WKDW�ZHUH�XVHG�DUH�WKH�LQFRPH�VKDUH�RI�WKH�WRS����DQG�RI�WKH�

WRS�����RI�WD[�ILOOHUV��DV�ZHOO�DV�PRUWDOLW\�UDWHV�RI�FKLOGUHQ�XQGHU�ILYH�DQG�PDOH�DGXOWV�����

,Q� WKH� FURVV�WHFKQRORJ\� DQDO\VLV� QHLWKHU� RI� WKH� WZR� PHDVXUHV� RI� WRS� LQFRPH� VKDUHV� UHWXUQ�

VLJQLILFDQW�FRHIILFLHQWV��$OVR�LQ�WHFKQRORJ\�ZLVH�DQDO\VLV�WKH�RQO\�VLJQLILFDQW�DQG�UREXVW�HIIHFW�

H[DPLQHG� LV� IRU� VRPH� WHOHFRPPXQLFDWLRQV� WHFKQRORJLHV� XVLQJ� WKH� WRS� ��� PHDVXUH�� 7KH�

HPSLULFDO� UHVXOWV� XVLQJ� WKHVH�PHDVXUHV� RI� WKH�XSSHU� WDLO� RI� WKH� LQFRPH�GLVWULEXWLRQ� DUH� YHU\�

ZHDN�DQG�GR�QRW�VXSSRUW�WKH�SULRU�ILQGLQJV��)RU�WKH�WRS����PHDVXUH�WKLV�PD\�UHODWH�WR�WKH�IDFW�

WKDW�WKLV�PHDVXUH�GRHV�QRW�FDSWXUH�LQHTXDOLW\�ZHOO�EXW�UHIHUV�WR�WKH�DEVROXWH�ULFKHVW�LQGLYLGXDOV�

LQ�D�SRSXODWLRQ�� ,W� LV� UHDVRQDEOH�WR�DVVXPH�WKDW� WKHLU�FRQVXPSWLRQ�RI�JRRGV� LV�QRW� OLPLWHG� WR�

ORFDO�DYDLODELOLWLHV�DV�WKH\�DUH�W\SLFDOO\�PRUH�PRELOH�DQG�KDYH�DFFHVV�WR�GLIIHUHQW�PDUNHWV��)RU�

WKH� WRS�����WKH�VDPH�DUJXPHQW�PLJKW�VWLOO�KROG�WUXH��'DWD�RQ� WKH� LQFRPH�VKDUH�RI� WRS�����

HDUQHUV� DOVR� FRYHUV� D� VPDOOHU� VDPSOH� RI� FRXQWULHV��PDLQO\� FRPSULVHG� RI� GHYHORSHG� QDWLRQV��

:KLOH�WKH�LQFRPH�VKDUH�RI�WKH�WRS����LV�DYDLODEOH�IRU�WKH�VDPH�EURDG�SDQHO�DV�WKH�*LQL�LQGH[��

PHDVXUHV� RI� WKH� LQFRPH� VKDUH� RI� WKH� WRS� ���� LV� RQO\� DYDLODEOH� IRU� DERXW� D� TXDUWHU� RI� WKLV�

SDQHO��7KH�UHVXOWV�QHYHUWKHOHVV�TXHVWLRQ�WKH�YDOLGLW\�RI�WKH�SUHVHQWHG�WKHRU\��)XUWKHU�UHVHDUFK�

XVLQJ�PHDVXUHV�RI�LQFRPH�VKDUH�RI�WKH�WRS�����RI�ZDJH�HDUQHUV�ZRXOG�EH�QHFHVVDU\�WR�VKHG�

PRUH�OLJKW�RQ�WKLV�LVVXH��

2WKHU� WKDQ� WKH� WRS� LQFRPH�VKDUH�PRUWDOLW\�UDWHV�RI�PDOH�DGXOWV�RU�FKLOGUHQ�XQGHU� ILYH�UDWKHU�

UHSUHVHQW� WKH� ORZHU�WDLO�RI� WKH� LQFRPH�GLVWULEXWLRQ��+LJKHU�PRUWDOLW\��JLYHQ�D�FHUWDLQ� WRWDO�RU�

DYHUDJH� LQFRPH�� LQGLFDWHV� WKDW� VRPH� SHRSOH� KDYH� UHGXFHG� DFFHVV� WR� EDVLF�PHGLFDO� VHUYLFHV��

7KLV� UDWH� RI� SHRSOH� DW� GLVDGYDQWDJH� FDQ� EH� DSSOLHG� DV� D� SUR[\� IRU� SRYHUW\� RU� LQFRPH�

LQHTXDOLW\��:KLOH�WKH�UHODWLRQ�EHWZHHQ�LQFRPH�LQHTXDOLW\�DQG�PRUWDOLW\�UDWHV�RI�PDOH�DGXOWV�LV�

XQGHU� GHEDWH� HPSLULFDO� UHVHDUFK� ZLGHO\� VXSSRUWV� WKH� UHODWLRQ� EHWZHHQ� LQHTXDOLW\� DQG� FKLOG�

PRUWDOLW\�����

�������������������������������������������������
���'DWD�LQ�WKH�LQFRPH�VKDUH�RI�WKH�WRS����WD[�ILOOHUV�FRPHV�IURP�WKH�6:,,'��6ROW���������IRU�WKH�LQFRPH�VKDUH�RI�
WKH�WRS�����ZDJH�HDUQHUV�GDWD�IURP�WKH�:RUOG�7RS�,QFRPHV�'DWDEDVH�LV�XVHG��)DFXQGR��$WNLQVRQ��3LFNHWW\�DQG�
6DH]��������ZKLOH� WKH�PHDVXUHV�RI�PRUWDOLW\� DUH�ERWK� UHWULHYHG�IURP� WKH�:RUOG�%DQN�'DWDEDVH� �:RUOG�%DQN��
����D����
���)RU�D�UHYLHZ�RI�WKLV�GHEDWH�VHH�/\QFK�HW�DO���������DQG�7RUUH�DQG�0\UVN\Ol��������
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8VLQJ� WKHVH� PRUWDOLW\� UDWHV� DV� PHDVXUHV� RI� LQHTXDOLW\� LQ� D� VDPSOH� DQDO\VLV� LQFOXGLQJ� DOO�

WHFKQRORJLHV�DOVR�UHWXUQV�ZHDNHU�UHVXOWV�WKDQ�WKH�*LQL�LQGH[��)RU�FKLOG�PRUWDOLW\�WKH�HVWLPDWHG�

FRHIILFLHQWV� VKRZ� WKH� H[SHFWHG� VLJQV�� \HW� WKH\� DUH� RQO\� VLJQLILFDQW� DW� WKH� ���� FRQILGHQFH�

OHYHO�� )RU� DGXOW� PRUWDOLW\� RQO\� WKH� FRHIILFLHQW� IRU� LQWHUDFWLRQ� WHUP� ZLWK� *'3� SHU� FDSLWD� LV�

VLJQLILFDQW��7KH�HVWLPDWHG�FRHIILFLHQW�LV�QHJDWLYH�DQG�DOVR�IRU�FKLOG�PRUWDOLW\�WKLV�FRHIILFLHQW�

RI�WKH�LQWHUDFWLRQ�WHUP�LV�QHJDWLYH�DQG�ODUJHU�LQ�PDJQLWXGH�WKDQ�WKH�SRVLWLYH�FRHIILFLHQW�RI�WKH�

VLQJOH� YDULDEOH�� ,Q� DQDO\VHV� LQFOXGLQJ� WKH� *LQL� LQGH[� WKH� RSSRVLWH� LV� REVHUYHG� LQ� WHUPV� RI�

PDJQLWXGH�RI�FRHIILFLHQWV��2QO\�ZKHQ�WKH�FRHIILFLHQW�IRU�WKH�LQHTXDOLW\�PHDVXUH�LWVHOI�LV�ODUJHU�

WKDQ� WKH� LQWHUDFWLRQ� WHUP�ZLWK�*'3�SHU�FDSLWD� LW�FDQ�GRPLQDWH� WKH�PDUJLQDO�HIIHFW� IRU�VRPH�

ORZ� OHYHOV� RI�*'3�SHU� FDSLWD��7KDW� IRU� ERWK�PHDVXUHV� RI�PRUWDOLW\� WKH� QHJDWLYH� LQWHUDFWLRQ�

WHUP�GRPLQDWHV�DV�H[SODQDWRU\�HIIHFW�LPSOLHV�WKDW�DW�SUDFWLFDOO\�HYHU\�OHYHO�RI�DYHUDJH�LQFRPH�

PRUWDOLW\� KDV� D� QHJDWLYH� LQIOXHQFH� RQ� WKH� SHQHWUDWLRQ� UDWH�� %HFDXVH� PRUWDOLW\� LV� UDWKHU� D�

PHDVXUH� RI� SRYHUW\� WKDQ� RYHUDOO� LQHTXDOLW\� WKLV� LV� LQ� OLQH� ZLWK� WKH� OLQHG� RXW� WKHRU\�� $V�

GHVFULEHG�LQ�VHFWLRQ��������ZKLOH�PRUH�KLJK�LQFRPH�LQGLYLGXDOV�VXSSRUW�WHFKQRORJ\�GLIIXVLRQ�

DQ� LQFUHDVH� LQ�SRRU� LQGLYLGXDOV� VORZV� LW�GRZQ� LQ� WKH� ORQJ� UXQ��7KH�DQDO\VLV�XVLQJ�PRUWDOLW\�

UDWHV�LQVWHDG�RI�WKH�*LQL�LQGH[�HPSLULFDOO\�VXSSRUWV�WKLV�WKHRU\��

7KH�WZR�PRUWDOLW\�PHDVXUHV�DUH�DOVR�VLJQLILFDQW�H[SODQDWRU\�YDULDEOHV�LQ�WKH�VLQJOH�WHFKQRORJ\�

DQDO\VHV� DV� WKH� *LQL�� 7KH� H[FHSWLRQ� WR� WKLV� DUH� WUDQVSRUWDWLRQ� WHFKQRORJLHV�� )RU� WKH� VLQJOH�

WHFKQRORJ\�DQDO\VHV�QRW�RQO\� WKH� LQWHUDFWLRQ�WHUP�LV�VLJQLILFDQW�EXW�DOVR� WKH�LQIOXHQFH�RI� WKH�

YDULDEOH�E\�LWVHOI��VKRZLQJ�WKH�H[SHFWHG�VLJQV�IRU�ERWK�FRHIILFLHQWV��

5.1.6 Robustness 

7KH� SDQHO� VWUXFWXUH� RI� WKH� GDWD� VDPSOH� DOORZV� WR� WHVW� IRU� UREXVWQHVV� RI� UHVXOWV� DFURVV�

WHFKQRORJLHV��WLPH�DQG�FRXQWULHV��$V�GHVFULEHG�DERYH��WKH�UHVXOWV�IRU�WKH�*LQL�LQGH[�DUH�UREXVW�

ZKHQ�DQDO\]LQJ�VXEVDPSOHV�WKDW�JURXS�FHUWDLQ�WHFKQRORJLHV��7KH\�DUH�DOVR�SHUVLVWHQW�LQ�PRVW�

VLQJOH�WHFKQRORJ\�UHJUHVVLRQV��SURYLGHG�WKDW�WKH�VDPSOH�LQFOXGHV�VXIILFLHQW�GDWD�DQG�YDULDWLRQ�

LQ�WKH�H[SODQDWRU\�YDULDEOHV��7ZR�IXUWKHU�RSWLRQV�RI�UREXVWQHVV�WHVW�KDYH�QRW�EHHQ�GLVFXVVHG�VR�

IDU�� UHJLRQDO� YDULDWLRQ� DQG� WHVWLQJ� WKH� LQIOXHQFH� RI� WKH� H[SODQDWRU\� YDULDEOHV� RQ� SURGXFWLRQ�

WHFKQRORJLHV��

7KH� GHULYHG� LQIOXHQFH� RI� LQHTXDOLW\� RQ� WHFKQRORJ\� GLIIXVLRQ� IRU� WKH� IXOO� VDPSOH� DQDO\VLV��

WHFKQRORJ\�JURXSV�DV�ZHOO�DV�IRU�PRVW�VLQJOH�WHFKQRORJ\�UHJUHVVLRQV�DUH�UREXVW�WR�LQFOXVLRQ�RI�

UHJLRQDO� DQG� FRQWLQHQWDO� GXPPLHV�� 7KH� RQO\� H[FHSWLRQV� DUH� FHOO� SKRQHV�� PDLO�� DQG� WKH�

ILQDQFLDO� WHFKQRORJLHV�� 7KH� ODVW� JURXS� GRHV� QRW� FRYHU� VXIILFLHQW� FRXQWULHV� WR�PDNH� UHJLRQDO�

FRQWUROV� D� VHQVLEOH� LQVWUXPHQW��2I� VSHFLDO� LQWHUHVW� DUH� WKH� UHVXOWV� IRU� WUDQVSRUW� WHFKQRORJLHV�
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XQGHU� UHJLRQDO� FRQWURO�� 7KHVH� WHFKQRORJLHV� DUH� KLJKO\� VHQVLWLYH� WR� JHRJUDSKLF� IDFWRUV�� )RU�

SHUVRQDJH�NLORPHWHUV� E\� SODQH� UHVXOWV� GR� QRW� FKDQJH� PXFK� XQGHU� LQFOXVLRQ� RI� UHJLRQDO�

GXPPLHV��,Q�WKH�DQDO\VLV�RI�SHUVRQDJH�NLORPHWHUV�DQG�SDVVHQJHU�MRXUQH\V�E\�UDLO�PHDQZKLOH�

WKH�*LQL�HQWHUV�DV�VLJQLILFDQW�H[SODQDWRU\�YDULDEOH�RQFH�UHJLRQDO�GXPPLHV�DUH�LQWURGXFHG���

5HVXOWV�IURP�DQDO\VHV�RI�VSOLW�VDPSOHV�EHWZHHQ�GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV�DUH�PXFK�

ZHDNHU��)RU�DOO�WHFKQRORJLHV�WKH�HVWLPDWHG�PRGHO�ILWV�EHWWHU�IRU�GHYHORSHG�FRXQWULHV�WKDQ�IRU�

GHYHORSLQJ�RQHV��7KLV�FRXOG�UHODWH�WR�WKH�IDFW�WKDW�LQ�PDQ\�GHYHORSLQJ�FRXQWULHV�WHFKQRORJLHV�

DUH� VWLOO� LQ� WKH� HDUO\� GLIIXVLRQ� VWDJH�� ,Q� WKHVH� ORZHU� OHYHOV� RI� SHQHWUDWLRQ� UDWHV�� WKH� FXUYH� LV�

UDWKHU�IODW�DQG�WKH�DSSOLHG�IL[HG�HIIHFW�UHJUHVVLRQ�LV�EHWWHU�VXLWHG�WR�JLYH�DQ�HVWLPDWLRQ�RI�WKH�

PLGGOH�� LQFUHDVLQJ� SDUW� RI� WKH� GLIIXVLRQ� FXUYH��$V� WKH� FKRVHQ� HVWLPDWLRQ� DSSURDFK�GRHV� QRW�

ZHOO�PRGHO�WKH�LQLWLDO�DQG�ILQDO�DV\PSWRWLF�VHFWLRQV�RI�WKH�FXUYH��WKH�PRGHO�SHUIRUPV�ZRUVH�RQ�

GHYHORSLQJ�FRXQWULHV��7KLV�DUJXPHQW�KDV�WR�EH�FRQVLGHUHG�ZLWK�FDXWLRQ�WKRXJK�DV�WKH�PRGHO�ILW�

LV�GLIILFXOW�WR�FRPSDUH�IRU�WKH�WZR�GDWD�VDPSOHV�WKDW�GLIIHU�LQ�PDQ\�IDFWRUV��%H\RQG�WKLV��RQH�

PD\�DOVR�DUJXH�WKDW�LQ�GHYHORSLQJ�FRXQWULHV�FHUWDLQ�RPLWWHG�IDFWRUV��ZKLFK�DUH�QRW�RI�WKH�VDPH�

LPSRUWDQFH�LQ�GHYHORSHG�FRXQWULHV��SOD\�D�ELJJHU�UROH�RQ�WHFKQRORJ\�GLIIXVLRQ��

$Q�LPSRUWDQW�LVVXH�WR�EH�FRQVLGHUHG�LQ�UREXVWQHVV�WHVWV�LV�WKH�SRWHQWLDO�VLPXOWDQHLW\�EHWZHHQ�

WHFKQRORJ\�GLIIXVLRQ�DQG�PHDVXUHV�RI� LQFRPH�LQHTXDOLW\��8QGHU�VLPXOWDQHLW\�RU�HQGRJHQHLW\�

WKH� LGHQWLI\LQJ� DVVXPSWLRQ� RI� XQFRUUHODWHG� HUURU� WHUPV� IRU� 2/6� UHJUHVVLRQ� LV� YLRODWHG�� $V�

PHQWLRQHG� LQ� WKH� LQWURGXFWLRQ� WKHUH� LV� UHDVRQ� WR� DVVXPH� FDXVDOLW\� UXQQLQJ� QRW� RQO\� IURP�

LQHTXDOLW\� WR� WHFKQRORJ\� GLIIXVLRQ� EXW� DOVR� LQ� WKH� RSSRVLWH� GLUHFWLRQ�� )RU� WKH� SUHVHQWHG�

DQDO\VHV� LQGHSHQGHQFH� RI� WKH� H[SODQDWRU\� YDULDEOHV� IURP� WHFKQRORJ\� GLIIXVLRQ� LV� VWLOO�

UHDVRQDEOH� DV� YHU\� GLVDJJUHJDWH� PHDVXUHV� RI� WHFKQRORJ\� DUH� XVHG�� ,W� LV� QRW� QHFHVVDULO\�

UHDVRQDEOH�WR�DVVXPH�WKDW�WKH�GLIIXVLRQ�RI�D�VLQJOH�JRRG�VXFK�QHZVSDSHUV�KDYH�DQ�LPSDFW�RQ�

WKH�VDPH�SHULRG�LQFRPH�GLVWULEXWLRQ��7KHUHIRUH�LQFRPH�LQHTXDOLW\�LV�DVVXPHG�WR�EH�H[RJHQRXV�

DQG�VLPXOWDQHLW\�DV�SRWHQWLDO�ELDV�WR�WKH�HVWLPDWLRQ�UHVXOWV�LV�UXOHG�RXW�E\�DVVXPSWLRQ��7R�WHVW�

ZKHWKHU� WKH� VKRZQ� HIIHFWV� FDQ� WUXO\� EH� LQWHUSUHWHG� DV� GHPDQG� VLGH� G\QDPLFV� WKH� VDPH�

UHJUHVVLRQ� PRGHO� LV� DSSOLHG� RQ� WKH� GLIIXVLRQ� RI� SURGXFWLRQ� WHFKQRORJLHV�� 7KH� VDPSOH� RI�

SURGXFWLRQ� WHFKQRORJLHV� XVHG� UDQJHV� IURP� WKH� QXPEHU� RI� PRWRU� VKLSV�� RYHU� WRQQDJH�

NLORPHWHUV�E\�UDLO�DQG�D�YDULDWLRQ�RI�VWHHO�SURGXFWLRQ�WR�WKH�DPRXQW�PDWHULDO�XVHG�IRU�WH[WLOH�

SURGXFWLRQ�� 7KH� GDWD� LV� WDNHQ� IURP� WKH� &+$7� GDWDVHW�� )RU� VRPH� RI� WKH� SURGXFWLRQ�

WHFKQRORJLHV� WKH� *LQL� LV� HVWLPDWHG� WR� KDYH� D� QHJDWLYH� HIIHFW�� +RZHYHU�� IRU� DOO� SURGXFWLRQ�

WHFKQRORJLHV�WKH�HVWLPDWHG�FRHIILFLHQWV�IRU�H[SODQDWRU\�YDULDEOHV�IDLO� WR�GHVFULEH�WKH�GHPDQG�

VLGH�G\QDPLFV�WKDW�ZHUH�GHULYHG�LQ�WKH�PRGHO��7KLV�LQGLFDWHV�WKDW�WKH�VKRZQ�HIIHFW�RI�LQFRPH�
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GLVWULEXWLRQ�RQ�GLIIXVLRQ�RI�FRQVXPHU�JRRGV�PD\�EH�DFFRXQWHG�WR�UHSUHVHQW�FRQVXPHU�GHPDQG�

DQG�QRW�JHQHUDO�G\QDPLFV�RI�HFRQRPLF�GHYHORSPHQW���

���� $WWHPSW�RQ�GLIIXVLRQ�ODJV�

:KLOH�WHFKQRORJ\�GLIIXVLRQ�KDV�DOUHDG\�EHHQ�VWXGLHG�LQ�GLIIHUHQW�DSSURDFKHV�RQO\�IHZ�DXWKRUV�

KDYH�DQDO\]HG�WKH�WLPH�WR�DGRSWLRQ��&RPLQ��+RELMQ�DQG�5RYLWR��������DV�ZHOO�DV�&RPLQ�DQG�

+RELMQ��������IRFXV� WKHLU�DQDO\VLV�RQ� WKH�HVWLPDWLRQ�RI�GLIIXVLRQ� ODJV�DQG�RQ�WKHLU�HIIHFW�RQ�

FRXQWULHV�7)3�DQG�LQFRPH�SHU�FDSLWD��7KH\�GR�QRW�FRQFHUQ�WKH�TXHVWLRQ�ZKDW�GHWHUPLQHV�WKH�

OHQJWK�RI�DGRSWLRQ�ODJV��,Q�WKHLU�DQDO\VLV�WKH\�ILQG�WKDW�XVDJH�ODJV�DUH�KLJKO\�VWDEOH�RYHU�WLPH�

DQG� FRQFOXGH� WKDW� WKH� SDVW� LV� PRUH� LPSRUWDQW� LQ� WKH� GHWHUPLQDWLRQ� RI� XVDJH� ODJV� WKDQ� WKH�

FXUUHQW�VWDWH�RI�GHYHORSPHQW��$V�WKH�DQDO\VLV�LQ�WKLV�SDSHU�EDVHV�RQ�WKH�VDPH�GDWDVHW�LW�IDFHV�

WKH�VDPH�SUREOHP�RI� ODFNLQJ�REVHUYDWLRQV�IRU�DFWXDO� WHFKQRORJ\�DGRSWLRQ��7R�RYHUFRPH�WKLV�

DSSUR[LPDWH�PHDVXUHV�DUH�XVHG�ZKLFK�KRZHYHU�DUH�DUELWUDULO\�GHILQHG��7KHUHIRUH�WKH�DSSURDFK�

DQG�UHVXOWV�RQ�WHFKQRORJ\�DGRSWLRQ�SUHVHQWHG�LQ�WKLV�SDSHU�KDYH�WR�EH�FRQVLGHUHG�DQ�DWWHPSW��

5.2.1 Baseline specification 

%DVHG�RQ�+\SRWKHVLV��� WKH� IROORZLQJ� UHGXFHG� IRUP�RI� HTXDWLRQ� ���� LV� DSSOLHG� DV� UHJUHVVLRQ�

PRGHO�WR�GLIIXVLRQ�ODJV��

ୡத୲݈݃ܽ݊݋݅ݏݑ݂݂݅݀ ൌ ߙሺ݌ݔ݁ ൅ ௖௧ܺߚ ൅ ௧௘௖௛௡௢௟௢௚௬ݕ݉݉ݑ݀ ൅ ௖௧ܼߜ ൅ �ୡத୲ሻߝ � �����

7KH�GHSHQGHQW�YDULDEOH�݂݂݈݀݅݃ܽ݊݋݅ݏݑ௖ఛ௧���UHIHUV�WR�WKH�FRQVWUXFWHG�GLIIXVLRQ�ODJV�RI�D�FHUWDLQ�
FRXQWU\�ܿ� LQ� WHFKQRORJ\�߬�ZLWK�UHIHUHQFH�\HDUݐ��� ,Q� WKH�PRGHO�SUHVHQWHG� LQ�VHFWLRQ���RI� WKLV�
SDSHU�LQFRPH�DQG�LWV�GLVWULEXWLRQ�DW�WLPHݐ�ሺͲሻ�GHWHUPLQH�KRZ�ORQJ�LW�ZLOO�WDNH�IRU�LQFRPH�LQ�D�
FRXQWU\�WR�EH�VXIILFLHQW�IRU�WHFKQRORJ\�DGRSWLRQ��)ROORZLQJ�WKLV�WKH�FDOFXODWHG�GLIIXVLRQ�ODJV�

DUH�UHODWHG�WR�WKH�H[SODQDWRU\�YDULDEOHV�DV� WKH\�DUH�UHSRUWHG�LQ�WKH�UHOHYDQW�EHQFKPDUN�\HDU��

ܺ௖௧��GHQRWHV� WKH� YHFWRU� RI� H[SODQDWRU\� GHPDQG� YDULDEOHV� �WRWDO� LQFRPH�� SRSXODWLRQ� DQG�
LQHTXDOLW\��LQ�UHIHUHQFH�\HDUܼ��ݐ�௖௧���LV�D�YHFWRU�RI�FRQWURO�YDULDEOHV�DQGߝ�ୡத୲��LV�WKH�HUURU�WHUP��
$GGLWLRQDO� WR� WKH� FRQWURO� YDULDEOHV� LQFOXGHG� LQ� WKH� DQDO\VLV� RI� SHQHWUDWLRQ� UDWH� WKH� ��\HDU�

FRPSRXQG�DQQXDO�JURZWK�UDWH�RI�DYHUDJH�LQFRPH�LV�LQFOXGHG��7KLV�IROORZV�IURP�HTXDWLRQ�����

LQ�ZKLFK�WLPH�WR�DGRSWLRQ�LV�QRW�RQO\�D�IXQFWLRQ�RI�FXUUHQW� LQFRPH�EXW�DOVR�LWV�JURZWK�SDWK��

)XUWKHU� IRU� HDFK� WHFKQRORJ\� D� WHFKQRORJ\� GXPP\� LV� LQFOXGHG� WR� FDSWXUH� WKH� WUHQG� WKDW� IRU�

ROGHU�WHFKQRORJLHV�ODJV�DUH�ODUJHU�RQ�DYHUDJH��

7KH� FDOFXODWHG� GLIIXVLRQ� ODJV� DUH� ERXQG� EHORZ� E\� ]HUR� DQG� UHSUHVHQW� WKH� RFFXUUHQFH� RI� DQ�

HYHQW�� 7KH� HIIHFW� RI� GHPDQG� IDFWRUV� RQ� GLIIXVLRQ� ODJV� DUH� WKHUHIRUH� HVWLPDWHG� LQ� D� 3RLVVRQ�

UHJUHVVLRQ��7KH�HVWLPDWLRQ�VDPSOH�RI�GLIIXVLRQ�ODJV�LV�VLJQLILFDQWO\�OLPLWHG�E\�WKH�DYDLODELOLW\�
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RI� GDWD� RQ� LQFRPH� GLVWULEXWLRQ� IRU� \HDUV� SULRU� WR� ����� DQG� D� JHQHUDO� GHFUHDVH� LQ� QDWLRQDO�

VWDWLVWLFV�RQ�WHFKQRORJ\�XVDJH�EDFN�WR�WKH���WK�FHQWXU\��

5.2.2 Empirical results 

7KH� HPSLULFDO� DQDO\VLV� IROORZV� WKH� VDPH� DSSURDFK� DV� WKH� DQDO\VLV� RI� SHQHWUDWLRQ� UDWHV�� ,Q� D�

ILUVW�VWHS�WKH�HIIHFW�RI�WRWDO�LQFRPH�DQG�SRSXODWLRQ�LV�HVWLPDWHG�UXQQLQJ�WKH�UHGXFHG�UHJUHVVLRQ�

HTXDWLRQ������RQ�WKH�SDQHO�RI�FRQVWUXFWHG�DGRSWLRQ�ODJV��7KH�UHVSHFWLYH�UHVXOWV�DUH�UHSRUWHG�LQ�

7DEOH����&ROXPQ�����VKRZV�WKDW�WKH�HVWLPDWHG�HIIHFW�RI�*'3�DQG�SRSXODWLRQ�DUH�ERWK�KLJKO\�

VLJQLILFDQW�� 7KH� OLVWHG� FRHIILFLHQWV� DUH� H[SRQHQWLDWHG� DQG� KDYH� WR� EH� LQWHUSUHWHG� LQ� D�

PXOWLSOLFDWLYH�PDQQHU��&RHIILFLHQWV�VPDOOHU�WKDQ�RQH�LPSO\�WKDW�D�IDFWRU�KDV�D�QHJDWLYH�HIIHFW�

RQ�WKH�GLIIXVLRQ�ODJ�ZKLOH�YDULDEOHV�ZLWK�DQ�HVWLPDWHG�FRHIILFLHQW�ODUJHU�WKDQ�RQH�SURORQJ�WKH�

WLPH� ODJ��7KXV�DQ� LQFUHDVH� LQ�*'3�ZLOO� UHGXFH� WKH�GLIIXVLRQ� ODJ�ZKHUHDV�KLJKHU�SRSXODWLRQ��

ZLWKRXW� D� FRQVHFXWLYH� LQFUHDVH� LQ� LQFRPH�ZLOO�SURORQJ� WKH� WLPH� WR�DGRSWLRQ��7KHVH� ILQGLQJV�

VXSSRUW�WKH�IRUPXODWHG�+\SRWKHVLV����&ROXPQ�����DGGV�DYHUDJH�LQFRPH�LQVWHDG�RI�SRSXODWLRQ��

&RUUHVSRQGLQJ�WR�WKH�DQDO\VLV�RI�SHQHWUDWLRQ�UDWHV�DYHUDJH�LQFRPH�GRPLQDWHV�WKH�WRWDO�LQFRPH�

LQ� WHUPV� RI� H[SODQDWRU\� SRZHU�� 7KDW� WKH� HIIHFW� RI� DYHUDJH� LQFRPH� LV� D� PRUH� LPSRUWDQW�

SUHGLFWRU�IRU�DJJUHJDWH�GHPDQG�WKDQ�DJJUHJDWH�LQFRPH�LQ�ERWK�DQDO\VHV�VWURQJO\�VXSSRUWV�WKH�

DVVXPSWLRQ� RI� QRQ�KRPRWKHWLF� SUHIHUHQFHV�� &ROXPQV� �������� UHSRUW� UHVXOWV� RI� WKH� VDPH�

UHJUHVVLRQ� IRU�D� UHGXFHG�VDPSOH�DQG�XQGHU� LQFOXVLRQ�RI�FRQWURO�YDULDEOHV� IRU�KXPDQ�FDSLWDO��

7)3�� RSHQQHVV� WR� WUDGH� DQG� JURZWK� H[SHFWDWLRQV�� :KLOH� WKH� GDWD� VDPSOH� LV� VXEVWDQWLDOO\�

UHGXFHG� LQ� WKHVH� UHJUHVVLRQV� DOO� H[SODQDWRU\� YDULDEOHV� UHPDLQV� WR� KDYH� D� VLJQLILFDQW� HIIHFW��

([SOLFLWO\�� KLJKHU� WRWDO� LQFRPH� UHPDLQV� VXSSRUWLYH� RI� HDUOLHU� WHFKQRORJ\� DGRSWLRQ� DQG� DQ�

LQFUHDVH� LQ� SRSXODWLRQ� ZRXOG� VWLOO� SURORQJ� WKH� WLPH� WR� DGRSWLRQ�� (VWLPDWLRQ� UHVXOWV� IURP�

&ROXPQ�����VXJJHVW�WKDW�DQ�LQFUHDVH�LQ�WRWDO�LQFRPH�E\�RQH�SHUFHQW��NHHSLQJ�DYHUDJH�LQFRPH�

FRQVWDQW�� ZLOO� UHGXFH� WKH� DGRSWLRQ� ODJ� WR� ���� RI� LWV� SULRU� OHQJWK�� $� UHVSHFWLYH� FKDQJH� LQ�

DYHUDJH�LQFRPH�E\�RQH�SHUFHQW��NHHSLQJ�DOO�RWKHU�YDULDEOHV�FRQVWDQW��ZLOO�UHGXFH�WKH�DGRSWLRQ�

E\� ����� 7KH� HVWLPDWHG� HIIHFWV� RI� LQFRPH� DQG� SRSXODWLRQ� DUH� LQ� OLQH� ZLWK� WKH� PRGHO�

SUHGLFWLRQV� DQG� WKH� GHULYHG� +\SRWKHVLV� ���:KLOH� WKH� UHVXOWV� DUH� UREXVW� LQ� UHJUHVVLRQV� ZLWK�

FRQWURO� YDULDEOHV� DQG� RI� FRQVLGHUDEOH� PDJQLWXGH� WKH\� KDYH� WR� EH� HYDOXDWHG� UDWKHU�

FRQVHUYDWLYHO\�GXH�WR�FRQFHUQV�ZLWK�WKH�XVHG�GDWD��



���
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7HFKQRORJ\�)(� <HV� <HV <HV <HV <HV� <HV�
N� ���� ��� ��� ��� ���� ����
3VHXGR�5�� ������ ����� ����� ����� ������ �����
3URE!FKL�� �� � ����H���� ����H���� ����H����� ����H����
1RWHV��([SRQHQWLDWHG�FRHIILFLHQWV��5REXVW�VWDQGDUG�HUURUV�LQ�SDUHQWKHVHV��


�VLJQLILFDQW�DW���SHUFHQW��


� VLJQLILFDQW� DW� �� SHUFHQW�� 
� VLJQLILFDQW� DW� ��� SHUFHQW�� $OO� UHJUHVVLRQV� LQFOXGH� WHFKQRORJ\� IL[HG�

HIIHFWV��&ROXPQ�����DQG�����DGGLWLRQDOO\�FRQWURO�IRU�KXPDQ�FDSLWDO��7)3��RSHQQHVV�WR�WUDGH�DQG�JURZWK�

H[SHFWDWLRQV��

7R� LQFOXGH� WKH� *LQL� LQGH[� DV� DQ� H[SODQDWRU\� YDULDEOH� LQ� WKH� VHFRQG� VWHS� RI� WKH� DQDO\VLV�

VLJQLILFDQWO\�UHGXFHV�WKH�HVWLPDWLRQ�VDPSOH��7KH�UHVXOWV�IURP�UHJUHVVLRQV�WKDW�LQFOXGH�WKH�*LQL�

DV� D� PHDVXUH� RI� LQFRPH� LQHTXDOLW\� DUH� UHSRUWHG� LQ� 7DEOH� ��� &ROXPQ� ���� DQG� ���� GLVSOD\�

HVWLPDWHG� FRHIILFLHQWV� IRU� WRWDO� LQFRPH� DQG� SRSXODWLRQ� LQ� WKH� UHGXFHG� VDPSOH�� 7KH\� DUH� RI�

VLPLODU� PDJQLWXGH� DV� WKH� FRHIILFLHQWV� LQ� 7DEOH� �� DQG� GR� QRW� FKDQJH� PXFK� IROORZLQJ� WKH�

LQFOXVLRQ�RI�WKH�*LQL�DQG�FRQWURO�YDULDEOHV��,QFOXGLQJ�WKH�*LQL�LQGH[�DV�H[SODQDWRU\�YDULDEOH�

LQWR� WKH� UHJUHVVLRQ� LQ� &ROXPQ� ���� DQG� ���� UHWXUQV� VLJQLILFDQW� FRHIILFLHQWV�� 7KH� HVWLPDWHG�

FRHIILFLHQW� UHPDLQV� VLJQLILFDQW� DW� WKH� ���� FRQILGHQFH� OHYHO� XQGHU� LQFOXVLRQ� RI� FRQWURO�

YDULDEOHV��,Q�DOO�&ROXPQV�����WR�����WKH�HVWLPDWHG�FRHIILFLHQWV�IRU�WKH�*LQL�DUH�ODUJHU�WKDQ�RQH�

PHDQLQJ� WKDW�PRUH� LQFRPH� LQHTXDOLW\� SURORQJV� WKH� DGRSWLRQ� ODJ�� 7KHUHE\� D� FRXQWU\�ZLWK� D�

*LQL�LQGH[�HTXDO�WR�WKH�VDPSOH�PHDQ�RI����FRPSDUHG�WR�DQ�HFRQRP\�ZLWK�D�*LQL�WKDW�LV�ILYH�

XQLWV� ORZHU�� FHWHULV� SDULEXV�� ZRXOG� KDYH� DQ� DGRSWLRQ� ODJ� WKDW� LV� ����� ODUJHU���� 7KLV� LV�

FRQWUDGLFWRU\�WR�+\SRWKHVLV���EDVHG�RQ�ZKLFK�PRUH�LQFRPH�LQHTXDOLW\�LV�H[SHFWHG�WR�UHGXFH�

�������������������������������������������������
��������A� ������
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WLPH�WR�DGRSWLRQ��7KH�SRVLWLYH�LQIOXHQFH�DQG�VLJQLILFDQFH�RI� WKH�HVWLPDWHG�HIIHFW�RI� WKH�*LQL�

LQGH[� LV� UREXVW� LQ� UHJUHVVLRQV� LQFOXGLQJ� GLIIHUHQW� FRQWURO� YDULDEOHV� VXFK� DV� FLYLO� IUHHGRP��

XUEDQL]DWLRQ�RU�JURZWK�H[SHFWDWLRQV�RYHU�ORQJHU�KRUL]RQV��,Q�UHJUHVVLRQV�ZLWK�RWKHU�PHDVXUHV�

RI�LQFRPH�LQHTXDOLW\�VXFK�DV�WKH�LQFRPH�VKDUH�HDUQHG�E\�WKH�WRS����RI�ZDJH�HDUQHUV��UDWHV�RI�

FKLOG� PRUWDOLW\� RU� DGXOW� PRUWDOLW\� WKH� HVWLPDWHG� FRHIILFLHQWV� DUH� VLJQLILFDQW� DQG� SRVLWLYH� DV�

ZHOO����$OVR�WKH�PDJQLWXGH�RI�WKH�HVWLPDWHG�DEVROXWH�HIIHFW�RI�FKDQJHV�LQ�LQFRPH�LQHTXDOLW\�RQ�

WLPH�WR�WHFKQRORJ\�DGRSWLRQ�LV�HTXLYDOHQW�IRU�GLIIHUHQW�PHDVXUHV�RI�LQHTXDOLW\��

*HQHUDOO\�WKHUH�LV�D�VWURQJ�WHQGHQF\�IRU�XQGHUGHYHORSHG�FRXQWULHV�WR�UHSRUW�KLJK�*LQL�LQGH[��

$V�GLVFXVVHG� LQ�VHFWLRQ�����DQG� LOOXVWUDWHG� LQ�)LJXUH�$���GHYHORSLQJ�FRXQWULHV�GR�QRW� UHSRUW�

ODUJHU�ODJV�WKDQ�GHYHORSHG�HFRQRPLHV�LQ�WKH�FRQVWUXFWHG�GDWD�VDPSOH��7KLV�ZRXOG�EH�WKH�FDVH�

WKRXJK�� ZKHQ� JURXSLQJ� WKH� ODJV� WHFKQRORJ\� ZLVH�� 7KH� HPSLULFDO� DQDO\VLV� RI� GLIIXVLRQ� ODJV�

GRHV�QRW�EUHDN�GRZQ�WKH�VDPSOH�WR�WHFKQRORJ\�VXEVHWV�EXW�LW�LQFOXGHV�WHFKQRORJ\�IL[HG�HIIHFWV��

7KHUHE\�WKH�VDPSOH�LV�GHPHDQHG�E\�WHFKQRORJ\�DQG�WKH�H[SODQDWRU\�YDULDEOHV�DFWXDOO\�FDSWXUH�

D�GHYLDWLRQ�IURP�WKH�WHFKQRORJ\�VSHFLILF�PHDQ�ODJ��7KHVH�GHYLDWLRQV��GLVSOD\HG�LQ�)LJXUH�$���

DUH�SRVLWLYH�IRU�QDWLRQV�ZLWK�ORZ�OHYHOV�RI�DYHUDJH�LQFRPH�WRGD\�DQG�PRVWO\�QHJDWLYH�LQ�PRUH�

GHYHORSHG�FRXQWULHV��7KLV�FRLQFLGHV�ZLWK�KLJKHU�*LQL�LQGH[�IRU�FRXQWULHV�ZLWK�ORZHU�OHYHOV�RI�

LQFRPH��*LYHQ� WKLV�� LQ� WKLV� OLPLWHG� GDWD� VDPSOH� WKH�*LQL� HQWHUV� DV� DQ� LQGLFDWRU� IRU� OHYHO� RI�

GHYHORSPHQW� UDWKHU� WKDQ� LQFRPH� GLVWULEXWLRQ�� ,WV� HVWLPDWHG� FRHIILFLHQW� WKHQ� FDSWXUHV� WKH�

LQIOXHQFH� RI� RWKHU� RPLWWHG� YDULDEOHV� ZKLFK� DUH� QRW� FRQWUROOHG� IRU�� WKDW� GLVWLQFW� GHYHORSLQJ�

FRXQWULHV�IURP�GHYHORSHG�RQHV��$�VXEVDPSOH�DQDO\VLV�LV�QRW�IHDVLEOH�JLYHQ�WKH�DOUHDG\�OLPLWHG�

GDWDVHW� DQG� QXPEHU� RI� UHJUHVVRUV�� +RZHYHU�� LQ� UHJUHVVLRQV� WKDW� LQFOXGH� GXPPLHV� IRU�

GHYHORSHG� FRXQWULHV� RU� 6XE�6DKDUDQ� FRXQWULHV� WKH� HVWLPDWHG� HIIHFW� RI� WKH� *LQL� LQGH[� LV�

SHUVLVWHQWO\� SRVLWLYH� ZKHQ� VLJQLILFDQW�� $OVR� FRQWURO� YDULDEOHV� VXFK� DV� HGXFDWLRQ�� HOHFWULFLW\�

SURGXFWLRQ�DQG�WUDGH�VKDUH�ZKLFK�DUH�DOVR�LQGLFDWRUV�WR�UHODWLYH�OHYHO�RI�GHYHORSPHQW�GR�QRW�

DOWHU�WKH�UHVXOW���

�������������������������������������������������
���(VSHFLDOO\�IRU�GHYHORSLQJ�FRXQWULHV�WKH�VKDUH�RI�WRS�HDUQHUV�PLJKW�EH�PRUH�LPSRUWDQW�WR�WHFKQRORJ\�DGDSWLRQ�
WKDQ�WKH�GLVWULEXWLRQ�DW�WKH�ORZHU�OHYHOV�RI�LQFRPH���
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1RWHV��([SRQHQWLDWHG�FRHIILFLHQWV��5REXVW�VWDQGDUG�HUURUV�LQ�SDUHQWKHVHV��


�VLJQLILFDQW�DW���SHUFHQW��


� VLJQLILFDQW� DW� �� SHUFHQW�� 
� VLJQLILFDQW� DW� ��� SHUFHQW�� $OO� UHJUHVVLRQV� LQFOXGH� WHFKQRORJ\� IL[HG�

HIIHFWV��&ROXPQ�����DQG�����DGGLWLRQDOO\�FRQWURO�IRU�KXPDQ�FDSLWDO��7)3��RSHQQHVV�WR�WUDGH�DQG�JURZWK�

H[SHFWDWLRQV��

7KHUH� DUH�GLIIHUHQW� H[SODQDWLRQV� WR� WKLV� FRQWUDGLFWLRQ�ZLWK� WKHRU\��7KH� IDFWRU� WKDW� OLPLWV� WKH�

TXDOLW\�RI�HPSLULFDO�UHVXOWV� LV� WKH�XVHG�GDWD�VDPSOH��)LUVW�� WKH�GDWDVHW�RI�FDOFXODWHG�GLIIXVLRQ�

ODJV�WKDW�FRXOG�EH�H[SORLWHG�LQ�HPSLULFDO�DQDO\VLV�LV�VLJQLILFDQWO\�OLPLWHG�E\�WKH�ODFN�RI�LQFRPH�

GDWD�IRU�PDQ\�FRXQWULHV�LQ�\HDUV�SULRU�WR�WKH�VHFRQG�KDOI�RI�WKH���WK�FHQWXU\��(VSHFLDOO\�GDWD�RQ�

LQFRPH�GLVWULEXWLRQ�LV�RQO\�DYDLODEOH�IRU�OHVV�WKDQ�KDOI�RI�WKH�VDPSOH�XVHG�LQ�7DEOH����6HFRQG��

DQG�PRUH�LPSRUWDQW�WR�FRQVLGHU�LV�WKH�DUELWUDU\�GHILQLWLRQ�DQG�FDOFXODWLRQ�RI�GLIIXVLRQ�ODJV��$V�

GLVFXVVHG� LQ� PRUH� GHWDLO� LQ� VHFWLRQ� ���� WKH\� DUH� RQO\� DSSUR[LPDWH� PHDVXUHV� RI� WLPH� WR�

DGRSWLRQ��$QRWKHU� UHDVRQ�ZK\� WKH� HVWLPDWLRQ� UHVXOWV� DUH� QRW� LQ� OLQH�ZLWK� H[SHFWDWLRQV� IURP�

WKHRU\� UHODWHV� WR�PLVVSHFLILFDWLRQ� RI� WKH�PRGHO�� $V� EULHIO\� GLVFXVVHG� LQ� VHFWLRQ� �����PRGHO�

LPSOLFDWLRQV� PD\� EH� GLIIHUHQW� LQ� D� PRUH� VRSKLVWLFDWHG� PRGHO� LQFOXGLQJ� IL[HG� FRVW� RI�

WHFKQRORJ\�DGRSWLRQ�DQG�ORJ�QRUPDO�LQFRPH�GLVWULEXWLRQ��

6XPPDUL]LQJ�WKH�UHVXOWV�RQ�GLIIXVLRQ�ODJV�WKHUH�LV�D�FRQVWDQW�SDWWHUQ�WKDW�*'3��FHWHULV�SDULEXV��

GHFUHDVHV�WKH�GLIIXVLRQ�ODJV��ZKLOH�SRSXODWLRQ�VL]H�KDV�D�SURORQJLQJ�HIIHFW��*'3�SHU�FDSLWD�DV�



���

D�PHDVXUH�RI�DYHUDJH�LQFRPH�GRPLQDWHV�WRWDO�LQFRPH�LQ�H[SODQDWRU\�SRZHU�DQG�DOVR�H[HUWV�D�

QHJDWLYH�LQIOXHQFH�RQ�GLIIXVLRQ�ODJV��7KHVH�UHVXOWV�VXSSRUW�+\SRWKHVLV���DQG�WKH�DVVXPHG�UROH�

RI�QRQ�KRPRWKHWLF�SUHIHUHQFHV�IRU�WHFKQRORJ\�DGRSWLRQ��7KH�UHVXOWV�RI�WKH�VHFRQG�SDUW�RI�WKH�

DQDO\VLV� VXJJHVW� WKDW� WKH� HIIHFW� RI� LQFRPH� LQHTXDOLW\� RQ� WKH� GLIIXVLRQ� ODJ� RI� FRQVXPHU�

WHFKQRORJLHV�LV�QHJDWLYH��)ROORZLQJ�WKLV�+\SRWKHVLV���LV�WR�EH�UHMHFWHG���

*LYHQ�WKH�OLPLWHG�GDWD�VDPSOH�DQG�DUELWUDU\�GHILQLWLRQ�RI�GLIIXVLRQ�ODJV�WKHVH�UHVXOW�KDYH�WR�EH�

FRQVLGHUHG�D�SUHOLPLQDU\�DWWHPSW�RQ� WKH�DQDO\VLV�RI�ZKDW� IDFWRUV�GULYH� WHFKQRORJ\�DGRSWLRQ��

7KH� ILQGLQJV� LQGLFDWH� WKDW� WKHUH� LV� QHHG� WR� IXUWKHU� GHYHORS�PRGHOV� RI� WHFKQRORJ\� DGRSWLRQ�

WKURXJK�FRQVXPHU�GHPDQG��7KLV�ZRXOG� LPSURYH�XQGHUVWDQGLQJ�RI� WKH� LQIOXHQFH�RI�GLIIHUHQW�

HFRQRPLF�IDFWRUV�DQG�OHDG�WR�EHWWHU�HPSLULFDO�PRGHOV��)XWXUH�UHVHDUFK�RQ�WKH�WRSLF�VKRXOG�DOVR�

QHHGV�WR�ILQG�EHWWHU�DSSURDFKHV�WR�RYHUFRPH�WKH�ODFN�RI�GDWD�RQ�LQLWLDO�DGRSWLRQ��&ROOHFWLRQ�RI�

QDWLRQDO� GDWD� DV� GRQH� E\� 'HNLPSH� HW� DO�� ������� IRU� PRELOH� WHOHFRPPXQLFDWLRQ� VKRXOG� EH�

H[SDQGHG�WR�IXUWKHU�WHFKQRORJLHV�IRU�SDQHO�DQDO\VLV���

�� &RQFOXVLRQ�

7KH�IRFXV�RI� WKLV� WKHVLV� OLHV�RQ�WKH�HIIHFW�RI� LQFRPH�LQHTXDOLW\�RQ� WHFKQRORJ\�GLIIXVLRQ��)RU�

WKLV�SXUSRVH�WKH�GLIIXVLRQ�RI�WHFKQRORJ\�LV�PHDVXUHG�WKURXJK�FRQVXPSWLRQ�RI�FRQVXPHU�JRRGV�

WKDW�HLWKHU�FRQWDLQ�D�WHFKQRORJ\�RU�DUH�SURGXFHG�XQGHU�WKH�XVH�RI�D�FHUWDLQ�WHFKQRORJ\��8QGHU�

WKH�DVVXPSWLRQ�RI�QRQ�KRPRWKHWLF�SUHIHUHQFHV�D�PRGHO�RI�FRQVXPHU�GHPDQG�LV�GHVFULEHG�LQ�

ZKLFK�LQFRPH�LQHTXDOLW\�KDV�D�QRQ�FRQVWDQW�HIIHFW�RQ�WKH�GLIIXVLRQ�RI�WKHVH�FRQVXPHU�JRRGV��

)ROORZLQJ� IURP� WKLV� PRGHO�� LQ� WKH� HDUO\� VWDJHV� RI� HFRQRPLF� GHYHORSPHQW�� ZKHQ� DYHUDJH�

LQFRPH� LV� ORZ�� XQHTXDO� GLVWULEXWLRQ� RI� LQFRPH� KDV� D� SRVLWLYH� HIIHFW� RQ� WRWDO� QDWLRQDO�

FRQVXPSWLRQ� RI� WKH� WHFKQRORJ\� UHODWHG� JRRGV�� ,Q� WKH� ORQJ� WHUP� KRZHYHU� PRUH� LQFRPH�

LQHTXDOLW\� LV� VORZLQJ� GRZQ� WKH� SURFHVV� RI� GLIIXVLRQ�� 7KH� HPSLULFDO� UHVXOWV� IURP� D� SDQHO�

DQDO\VLV� LQ� ODUJH�VXSSRUW� WKH�HIIHFW�RI� LQFRPH�LQHTXDOLW\�RQ�GLIIXVLRQ� WKDW�ZDV�GHULYHG�IURP�

WKHRU\�� 7KHVH� UHVXOWV� DUH� LQ� OLQH� ZLWK� ILQGLQJV� IURP� +\\WLQHQ� DQG� 7RYLDQHQ� ������� WKDW�

HVWLPDWH�D�SRVLWLYH�HIIHFW�RI�LQFRPH�LQHTXDOLW\�RQ�WKH�HDUO\�VWDJH�RI�WHFKQRORJ\�GLIIXVLRQ��$V�

WKH� SUHVHQWHG� DQDO\VLV� JRHV� EH\RQG� WKH� HDUO\� VWDJH� RI� GLIIXVLRQ� LW� DOLJQV� WKH� UHVHDUFK� IURP�

+\\WLQHQ� DQG�7RYLDQHQ�ZLWK�ZRUN� IURP� RWKHU� VFKRODUV� VXFK� DV� )XFKV� ��������+H� ILQGV� IRU�

LQFRPH� LQHTXDOLW\� WR� KDYH� DQ� RYHUDOO� QHJDWLYH� HIIHFW� RQ� WHFKQRORJ\� GLIIXVLRQ�� $OVR� WKLV� LV�

FRQILUPHG�LQ�WKH�SUHVHQWHG�DQDO\VLV�ZKHUH�LQFRPH�LQHTXDOLW\�H[HUWV�D�QHJDWLYH�LQIOXHQFH�LQ�WKH�

ORQJ� WHUP�RI�GLIIXVLRQ��6LQFH� WKLV� LV� WKH� ILUVW� DQDO\VLV� WKDW� WHVWV� IRU�ERWK�HIIHFWV� DW� WKH� VDPH�

WLPH�YLD�DQ�LQWHUDFWLRQ�WHUP�EHWZHHQ�WKH�*LQL�LQGH[�DQG�*'3�SHU�FDSLWD�WKH�UHVXOWV�ZLOO�KDYH�



���

WR�EH�YDOLGDWHG�DQG�VWXGLHG�LQ�PRUH�GHWDLO�LQ�IXWXUH�UHVHDUFK��(VSHFLDOO\�VWXGLHV�WKDW�XVH�PRUH�

VSHFLILF� PHDVXUHV� RI� LQFRPH� GLVWULEXWLRQ� VXFK� DV� WKH� LQFRPH� VKDUH� RI� WKH� WRS� ���� ZDJH�

UHFHLYHUV�FRXOG�KHOS�WR�FRQILUP�SUHVHQWHG�ILQGLQJV��$WWHPSWV�LQ�WKLV�SDSHU�WKDW�XVH�WKH�LQFRPH�

VKDUH�RI�WKH�WRS����DQG�WKH�WRS�����IDLOHG�WR�UHWXUQ�PHDQLQJIXO�UHVXOWV��

7KH�WKHVLV�IHDWXUHV�D�VHFRQG�DSSURDFK�RQ�WKH�LQIOXHQFH�RI�LQFRPH�LQHTXDOLW\�RQ�WKH�WLPLQJ�RI�

QDWLRQDO� WHFKQRORJ\� DGRSWLRQ� UHODWLYH� WR� RWKHU� HFRQRPLHV�� 7KH� HPSLULFDO� UHVXOWV� RQ� GLG� QRW�

FRQILUP� D� QHJDWLYH� HIIHFW� RI� LQFRPH� LQHTXDOLW\� RQ� WLPH� WR� DGRSWLRQ� DV� LW� LV� H[SHFWHG� IURP�

WKHRU\��7KLV�IDLOXUH�WR�FRQILUP�WKH�PRGHO�SUHGLFWLRQV�FDQ�EH�UHODWHG�WR�WKH�OLPLWHG�GDWD�VDPSOH�

DQG� DUELWUDU\� GHILQLWLRQ� PHDVXUHV� XVHG� IRU� DGRSWLRQ� ODJV�� 7KH� IDLOXUH� KRZHYHU� DOVR� UDLVHV�

FRQFHUQV�WKDW�WKH�GHVFULEHG�PRGHO�LV�PLVV�VSHFLILHG�DV�LW�ODFNV�IL[HG�FRVW�RI�LQIUDVWUXFWXUH��,W�LV�

XS�WR�IXWXUH�UHVHDUFK�WR�LPSURYH�WKHRUHWLFDO�PRGHOLQJ�RI�WKH�HIIHFW�RI�FRQVXPHU�GHPDQG�DQG�

LQFRPH� LQHTXDOLW\� RQ� WHFKQRORJ\� DGRSWLRQ� DQG� WHVW� WKHP� HPSLULFDOO\�� $� SRWHQWLDOO\� PRUH�

VXLWDEOH�HPSLULFDO�DSSURDFK�WR�VWXG\LQJ�WKH�GHWHUPLQDQWV�RI�WHFKQRORJ\�DGRSWLRQ�LV�WDNHQ�E\�

'HNLPSH��3DUNHU� DQG�6DUYDU\� �������ZKLFK� VWXG\�DGRSWLRQ� ODJV� DV� D�KD]DUG� UDWH�� ,QFOXGLQJ�

PHDVXUHV�RI� LQHTXDOLW\� LQ� WKLV� DSSURDFK�PD\�\LHOG�EHWWHU� UHVXOWV� WKDQ� WKH�SUHVHQWHG�DQDO\VLV�

WKDW�UHODWHV�DGRSWLRQ�ODJ�WR�HFRQRPLF�FKDUDFWHULVWLFV�RI�SDVW�SHULRGV���

$PRQJ� WKH� WHFKQRORJ\� VSHFLILF� DQDO\VHV� WKH� ,&7V� DUH� RI� VSHFLDO� LQWHUHVW� DV� WKH\� KDYH� EHHQ�

VWXGLHG� LQ� VLPLODU� DSSURDFKHV� LQ� SULRU� UHVHDUFK�� )RU� WKHVH� WHFKQRORJLHV� WKH� HVWLPDWHG�

FRHIILFLHQWV� LPSO\� D� VPDOOHU� LQIOXHQFH� RI� LQFRPH� LQHTXDOLW\� RQ� GLIIXVLRQ� WKDQ� IRU�

WHOHFRPPXQLFDWLRQ�WHFKQRORJLHV�DQG�UHVXOWV�DUH�ZHDNHU��7KH�LQIOXHQFH�RI�LQHTXDOLW\�DOVR�LV�QRW�

UREXVW�WR�FRQWUROOLQJ�IRU�UHJLRQDO�KHWHURJHQHLW\�WKURXJK�GXPPLHV��&RPELQHG�ZLWK�WKH�IDFW�WKDW�

GLIIXVLRQ� ODJV�DUH�VKRUWHU�IRU�PRUH�UHFHQW� WHFKQRORJLHV� WKDQ�IRU�ROGHU� WHFKQRORJLHV� WKLV� LV�DQ�

LQGLFDWRU�WKDW�GLIIXVLRQ�RI�PRGHUQ�,&7V�IROORZV�VRPHZKDW�GLIIHUHQW�SDWWHUQV�WKDQ�GLIIXVLRQ�RI�

ROGHU� WHFKQRORJLHV�� 5RXYLQHQ� ZKLFK� KDV� DQDO\]HG� WKH� HIIHFW� RI� LQFRPH� LQHTXDOLW\� RQ� WKH�

GLIIXVLRQ� RI� PRELOH� WHOHSKRQ\� FRPHV� WR� D� VLPLODU� UHVXOW�� VWUHVVLQJ� WKDW� �/DWH� HQWUDQWV�

H[SHULHQFH� IDVWHU� GLIIXVLRQ� SURPRWLQJ� FURVV�FRXQWU\� FRQYHUJHQFH´� ������� S������ )XWXUH�

UHVHDUFK�WKHUHE\�VKRXOG�JR�RQH�VWHS�IXUWKHU��QRW�RQO\�DQDO\]LQJ�WKH�GHWHUPLQDQWV�RI�DGRSWLRQ�

ODJV�DQG�WHFKQRORJ\�GLIIXVLRQ��EXW�ZKHWKHU�WKH�WLPH�WR�DGRSWLRQ�KROGV�VRPH�LPSOLFDWLRQV�IRU�

WKH�GLIIXVLRQ�SURFHVV�WKHUHDIWHU��

7KH�SUHVHQWHG�UHVXOWV�VKRZ�XS�WKH�QHHG�WR�IXUWKHU�GHYHORS�WKHRU\�DQG�HPSLULFDO� UHVHDUFK�RQ�

WKH� HIIHFW� RI� FRQVXPHU� GHPDQG� RQ� WHFKQRORJ\� GLIIXVLRQ�� 7KH\� SURYLGH� VXSSRUW� WR� WKH�

DVVXPSWLRQ� WKDW�GHPDQG�G\QDPLFV�GR�SOD\�D�GHWHUPLQLQJ� UROH�RQ� WKH�SURFHVV�RI� WHFKQRORJ\�

GLIIXVLRQ�DQG�WKDW�WKLV�GHPDQG�LV�FKDUDFWHUL]HG�E\�QRQ�KRPRWKHWLF�SUHIHUHQFHV���

� �



���

�� 5HIHUHQFHV�

$FHPRJOX�� '�� �������� 'LUHFWHG� WHFKQLFDO� FKDQJH�� The Review of Economic Studies�� 69�����

���������

$OYDUHGR��)���$WNLQVRQ��$���3LNHWW\��7��	�6DH]��(�����������7KH�:RUOG�7RS�,QFRPHV�'DWDEDVH��

KWWS���WRSLQFRPHV�J�PRQG�SDULVVFKRRORIHFRQRPLFV�HX���

%DUUR�� 5��	�/HH�� -��:�� ��������$�1HZ�'DWD� 6HW� RI� (GXFDWLRQDO�$WWDLQPHQW� LQ� WKH�:RUOG��

����������Journal of Development Economics 

%DVV��)��0����������7KH�UHODWLRQVKLS�EHWZHHQ�GLIIXVLRQ�UDWHV��H[SHULHQFH�FXUYHV��DQG�GHPDQG�

HODVWLFLWLHV� IRU� FRQVXPHU� GXUDEOH� WHFKQRORJLFDO� LQQRYDWLRQV��The Journal of Business��

53������������

%DVX��6���	�:HLO��'��1����������$SSURSULDWH�WHFKQRORJ\�DQG�JURZWK��The Quarterly Journal of 

Economics��113����������������

%HHUOL�� $�� �������� The evolution of durable goods demand during China’s transition. An 

empirical analysis of household survey data from 1989 to 2006��1R��������,QVWLWXWH�IRU�

(PSLULFDO�5HVHDUFK�LQ�(FRQRPLFV�8QLYHUVLW\�RI�=XULFK��

%HLORFN�� 5��� 	� 'LPLWURYD�� '�� 9�� �������� $Q� H[SORUDWRU\� PRGHO� RI� LQWHU�FRXQWU\� ,QWHUQHW�

GLIIXVLRQ��Telecommunications Policy��27��������������

%HUJRHLQJ��5���/RD\]D��1��9���	�3LJXLOOHP��)����������Why are developing countries so slow 

in adopting new technologies? the aggregate and complementary impact of micro 

distortions��1R���������7KH�:RUOG�%DQN��

%ROW��-��	�YDQ�=DQGHQ��-��/����������7KH�)LUVW�8SGDWH�RI�WKH�0DGGLVRQ�3URMHFW��5H�(VWLPDWLQJ�

*URZWK�%HIRUH�������0DGGLVRQ�3URMHFW�:RUNLQJ�3DSHU����

%XUHQVWDP�/LQGHU��6����������$Q�HVVD\�RQ�WUDGH�DQG�WUDQVIRUPDWLRQ��

&DVHOOL�� )���	�&ROHPDQ�� -��:�� �������� 'HWHUPLQDQWV� RI� 7HFKQRORJ\�$GRSWLRQ�� WKH� &DVH� RI�

&RPSXWHUV��American Economic Review��

&KDUL��9��9���	�+RSHQKD\Q��+����������9LQWDJH�KXPDQ�FDSLWDO��JURZWK��DQG�WKH�GLIIXVLRQ�RI�

QHZ�WHFKQRORJ\��Journal of Political Economy��99�����

&KLQQ�� 0�� '��� 	� )DLUOLH�� 5�� :�� �������� ,&7� XVH� LQ� WKH� GHYHORSLQJ� ZRUOG�� DQ� DQDO\VLV� RI�

GLIIHUHQFHV� LQ� FRPSXWHU� DQG� LQWHUQHW� SHQHWUDWLRQ��Review of International Economics��

18��������������



���

&RPLQ��'���'PLWULHY��0���	�5RVVL�+DQVEHUJ��(�� ��������The spatial diffusion of technology�

�1R��Z��������1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��

&RPLQ��'���	�+RELMQ��%����������&URVV�FRXQWU\�WHFKQRORJ\�DGRSWLRQ��PDNLQJ�WKH�WKHRULHV�IDFH�

WKH�IDFWV��Journal of Monetary Economics��51������������

&RPLQ��'���+RELMQ��%���	�5RYLWR��(�� ��������Five facts you need to know about technology 

diffusion��1R��Z��������1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��

&RPLQ��'���+RELMQ��%���	�5RYLWR�� (�� �������� 7HFKQRORJ\� XVDJH� ODJV�� Journal of Economic 

Growth��13���������������

&RPLQ�� '��� 	� +RELMQ�� %�� �������� The CHAT dataset� �1R�� Z�������� 1DWLRQDO� %XUHDX� RI�

(FRQRPLF�5HVHDUFK���

&RPLQ�� '��� 	� +RELMQ�� %�� �������� $Q� ([SORUDWLRQ� RI� 7HFKQRORJ\� 'LIIXVLRQ. American 

Economic Review��100����������������

&RPLQ�� '��� 	� 0HVWLHUL�� 0�� �������� An intensive exploration of technology diffusion� �1R��

Z��������1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��

&RQFHLomR�� 3��� )DULD�� 3��� )HUUHLUD�� 3��� 3DGLOOD�� %��� 	� 3UHWR�� 0�� 7�� �������� 'RHV� ,QHTXDOLW\�

+LQGHU� WKH� 'LIIXVLRQ� RI� 7HFKQRORJ\"� 3UHOLPLQDU\� ([SORUDWLRQV�� 7th International 

Conference on Technology Policy and Innovation, Center for Innovation, Technology 

and Policy, Monterry��

'HNLPSH��0��*���3DUNHU��3��0���	�6DUYDU\��0����������³*OREDOL]DWLRQ´��PRGHOLQJ�WHFKQRORJ\�

DGRSWLRQ�WLPLQJ�DFURVV�FRXQWULHV��Technological Forecasting and Social Change��63�����

�������

)RVWHU��$��'���	�5RVHQ]ZHLJ��0��5����������0LFURHFRQRPLFV�RI�WHFKQRORJ\�DGRSWLRQ��Annual 

Review of Economics��2��

)XFKV��&����������7KH�UROH�RI�LQFRPH�LQHTXDOLW\�LQ�D�PXOWLYDULDWH�FURVV�QDWLRQDO�DQDO\VLV�RI�WKH�

GLJLWDO�GLYLGH��Social Science Computer Review��27������������

*DQFLD��*�� ��������Globalization, technology and inequality��'HSDUWPHQW�RI�(FRQRPLFV�DQG�

%XVLQHVV��8QLYHUVLWDW�3RPSHX�)DEUD��

*DVWZLUWK��-��/�� ��������$�JHQHUDO�GHILQLWLRQ�RI� WKH�/RUHQ]�FXUYH��Econometrica: Journal of 

the Econometric Society�������������

*ULOLFKHV��=����������+\EULG�FRUQ��$Q�H[SORUDWLRQ�LQ�WKH�HFRQRPLFV�RI�WHFKQRORJLFDO�FKDQJH��

Econometrica, Journal of the Econometric Society�����������



���

*URVVPDQ��*��0���	�+HOSPDQ��(����������7UDGH��NQRZOHGJH�VSLOORYHUV��DQG�JURZWK��European 

Economic Review��35��������������

+DOO��%��+���	�.KDQ��%����������Adoption of new technology��1R��Z�������1DWLRQDO�%XUHDX�RI�

(FRQRPLF�5HVHDUFK��

+RELMQ��%����������Is equipment price deflation a statistical artifact?��1R��������6WDII�5HSRUW��

)HGHUDO�5HVHUYH�%DQN�RI�1HZ�<RUN��

+RSSH�� +�� &�� �������� 7KH� WLPLQJ� RI� QHZ� WHFKQRORJ\� DGRSWLRQ�� WKHRUHWLFDO� PRGHOV� DQG�

HPSLULFDO�HYLGHQFH��The Manchester School��70������������

+XQWHU�� /�� &�� �������� 7KH� FRQWULEXWLRQ� RI� QRQ� KRPRWKHWLF� SUHIHUHQFHV� WR� WUDGH�� Journal of 

International Economics, 30, ��������

+XQWHU�� /�� &�� 	� 0DUNXVHQ�� -�5�� �������� 3HU�FDSLWD� LQFRPH� DV� D� GHWHUPLQDQW� RI� WUDGH�� LQ��

)HHQVWUD�5��Empirical methods for international trade��&DPEULGJH��0$��0,7�3UHVV�

+\\WLQHQ��$���	�7RLYDQHQ��2����������,QFRPH�,QHTXDOLW\�DQG�7HFKQRORJ\�'LIIXVLRQ��(YLGHQFH�

IURP�'HYHORSLQJ�&RXQWULHV��The Scandinavian Journal of Economics��113��������������

-RYDQRYLF��%�� ��������9LQWDJH� FDSLWDO� DQG� LQHTXDOLW\��Review of Economic Dynamics��1�����

���������

.DXIIPDQ�� 5�� -��� 	� 7HFKDWDVVDQDVRRQWRUQ�� $�� $�� �������� ,QWHUQDWLRQDO� GLIIXVLRQ� RI� GLJLWDO�

PRELOH� WHFKQRORJ\�� $� FRXSOHG�KD]DUG� VWDWH�EDVHG� DSSURDFK�� Information Technology 

and Management��6����������������

.HOOHU��:����������International technology diffusion��1R��Z�������1DWLRQDO�EXUHDX�RI�

HFRQRPLF�UHVHDUFK��

.LLVNL�� 6��� 	� 3RKMROD�� 0�� �������� &URVV�FRXQWU\� GLIIXVLRQ� RI� WKH� ,QWHUQHW�� Information 

Economics and Policy��14��������������

.OHQRZ�� 3���	�5RGULJXH]�&ODUH��$�� �������� 7KH� QHRFODVVLFDO� UHYLYDO� LQ� JURZWK� HFRQRPLFV��

+DV�LW�JRQH�WRR�IDU"��,Q�NBER Macroeconomics Annual 1997, Volume 12��SS�����������

0,7�3UHVV��

/HH�� -��:�� �������� (GXFDWLRQ� IRU� WHFKQRORJ\� UHDGLQHVV�� SURVSHFWV� IRU� GHYHORSLQJ� FRXQWULHV��

Journal of Human Development��2��������������

/\QFK�� -��:��� 6PLWK��*��'���.DSODQ��*��$���	�+RXVH�� -�� 6�� �������� ,QFRPH� LQHTXDOLW\� DQG�

PRUWDOLW\�� LPSRUWDQFH� WR� KHDOWK� RI� LQGLYLGXDO� LQFRPH�� SV\FKRVRFLDO� HQYLURQPHQW�� RU�

PDWHULDO�FRQGLWLRQV��BMJ: British Medical Journal��320��������������



���

0DUNXVHQ��-��5����������Putting Per-Capita Income Back into Trade Theory. :RUNLQJ�3DSHU�

�������1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��

3DUHQWH��6��/���	�3UHVFRWW��(��&�� ��������%DUULHUV� WR� WHFKQRORJ\� DGRSWLRQ� DQG�GHYHORSPHQW��

Journal of political Economy��102����������

3DUHQWH��6��/���	�3UHVFRWW��(��&����������Barriers to Riches��0,7�3UHVV��Cambridge, MA��

5RJHUV��(��0����������Diffusion of innovations��6LPRQ�DQG�6FKXVWHU��

5RXYLQHQ�� 3�� �������� 'LIIXVLRQ� RI� GLJLWDO� PRELOH� WHOHSKRQ\�� $UH� GHYHORSLQJ� FRXQWULHV�

GLIIHUHQW"��Telecommunications Policy��30������������

6ROW��)����������6WDQGDUGL]LQJ�WKH�:RUOG�,QFRPH�,QHTXDOLW\�'DWDEDVH��Social Science 

Quarterly,�����������������

6XQGTYLVW�� 6��� )UDQN��/���	�3XXPDODLQHQ��.�� ��������7KH� HIIHFWV� RI� FRXQWU\� FKDUDFWHULVWLFV��

FXOWXUDO� VLPLODULW\� DQG� DGRSWLRQ� WLPLQJ� RQ� WKH� GLIIXVLRQ� RI� ZLUHOHVV� FRPPXQLFDWLRQV��

Journal of Business Research��58��������������

7HRUHOO��-���&KDUURQ��1���'DKOEHUJ��6���+ROPEHUJ��6���5RWKVWHLQ��%���6XQGLQ��3��	�6YHQVVRQ��5��

�������� 7KH� 4XDOLW\� RI� *RYHUQPHQW� %DVLF� 'DWDVHW� PDGH� IURP� 7KH� 4XDOLW\� RI�

*RYHUQPHQW� 'DWDVHW�� YHUVLRQ� ��0D\���� 8QLYHUVLW\� RI� *RWKHQEXUJ�� 7KH� 4XDOLW\� RI�

*RYHUQPHQW�,QVWLWXWH��KWWS���ZZZ�TRJ�SRO�JX�VH���

7RUUH��5���	�0\UVN\Ol��0���������� ,QFRPH�LQHTXDOLW\�DQG�SRSXODWLRQ�KHDOWK��$Q�DQDO\VLV�RI�

SDQHO�GDWD�IRU����GHYHORSHG�FRXQWULHV������±������Population studies���DKHDG�RI�SULQW���

������

:RUOG�%DQN�� �����D���0RUWDOLW\� UDWHV� �LQIDQW�SHU������� OLYH�ELUWKV��XQGHU���SHU��������DGXOW�

PDOH�SHU�������PDOH�DGXOWV���'DWD�UHWULHYHG�)HEUXDU\�����������IURP�:RUOG�'DWD�%DQN��

:RUOG�'HYHORSPHQW�,QGLFDWRUV�GDWDEDVH��

:RUOG� %DQN�� �����E��� /DQG� DUHD� �VTXDUH� NLORPHWHUV��� 8UEDQ� SRSXODWLRQ� ��� RI� WRWDO���

'DWD�UHWULHYHG�)HEUXDU\� ���� ������ IURP� :RUOG� 'DWD� %DQN�� :RUOG� 'HYHORSPHQW�

,QGLFDWRUV�GDWDEDVH���

:X��)��6���	�&KX��:��/����������'LIIXVLRQ�PRGHOV�RI�PRELOH�WHOHSKRQ\��Journal of Business 

Research��63��������������

� �



���

$SSHQGL[�

3URRI�

3URRI�$����7KH�HIIHFW�RI�FKDQJHV�LQ�PRPHQWV�RI�LQFRPH�RQ�WKH�*LQL�LQGH[�

7KH�*LQL�LQGH[�LV�GHILQHG�DVܩ� ൌ ͳ െ ׬ʹ ଵ݌ሻ݀݌ሺܮ
଴ �ZKHUHܮ�ሺ݌ሻ�LV�WKH�/RUHQ]�&XUYH��6HH�

*DVWZLUWK��������IRU�WKH�GHULYDWLRQ�RIܮ�ሺ݌ሻ ൌ ଵିߤ ׬ ௣ݐሻ݀ݐଵሺିܨ
଴ � ǡ Ͳ ൑ ݌ ൑ ͳ��)RU�WKH�FKRVHQ�

PRGHO�RI�XQLIRUP�LQFRPH�GLVWULEXWLRQ�ZH�FDQ�GHULYHିܨ�ଵሺݐሻ ൌ ሺݐ ோܻ െ ௉ܻሻ ൅ ௉ܻ��

ሻ݌ሺܮ ൌ ଵିߤ න ሺݐ ோܻ െ ௉ܻሻ ൅ ௉ܻ�݀ݐ ൌ ଵ�ሺିߤ
௣

଴
݌ ௉ܻ ൅

ͳ
݌ʹ

ଶሺ ோܻ െ ௉ܻሻሻ�

ܩ ൌ ͳ െ ʹන ଵ�ሺିߤ
ଵ

଴
݌ ௉ܻ ൅

ͳ
݌ʹ

ଶሺ ோܻ െ ௉ܻሻሻ ൌ ͳ െ ͳ
ߤʹ

ିଵ ൤ͳʹ ௉ܻ݌ଶ ൅
ͳ
͸݌

ଷሺ ோܻ െ ௉ܻሻ൨
଴

ଵ
�

ܩ ൌ ͳ െ ʹ ௉ܻ ൅ ோܻ
ߤ͵ ൌ ͳ െ ʹሺʹ ௉ܻ ൅ ோܻሻ

͵ሺ ோܻ ൅ ௉ܻሻ
ൌ ோܻ െ ௉ܻ
͵ሺ ோܻ ൅ ௉ܻሻ

�

5HLQWURGXFLQJ�WKH�LQFRPH�JURZWK�SDWK�SURSRVHG�LQ�WKH�PRGHO�GHPRQVWUDWHV�WKDW�LQFRPH�

GLVWULEXWLRQ�DQG�WKH�*LQL�DUH�XQDOWHUHG�E\�SURSRUWLRQDO�JURZWK�LQ�LQGLYLGXDO�LQFRPHV��

ሻݐሺܩ ൌ ோܻሺͲሻ݁݃ݐ െ ௉ܻሺͲሻ݁݃ݐ
͵ሺ ோܻሺͲሻ݁݃ݐ ൅ ௉ܻሺͲሻ݁݃ݐሻ

ൌ ோܻሺͲሻ െ ௉ܻሺͲሻ
͵ሺ ோܻሺͲሻ ൅ ௉ܻሺͲሻሻ

ൌ ҧܩ �

Effect of increase in income inequality: 

ܩ ൌ ோܻ െ ௉ܻ ൅ ʹ݇
͵ሺ ோܻ ൅ ௉ܻሻ

��՜ �� ݇݀ܩ݀ ൌ
ʹ

͵ሺ ோܻ ൅ ௉ܻሻ
൐ Ͳ�

Effect of increase in population: 

ܩ ൌ ܮோȀߠ െ ܮ௉Ȁߠ
͵ሺߠோȀܮ ൅ ሻܮ௉Ȁߠ

ൌ � ோߠ െ ௉ߠ
͵ሺߠோ ൅ ௉ሻߠ

�՜ �� ܮ݀ܩ݀ ൌ Ͳ�

Effect of increase in total income: 

ܩ ൌ ߙ ோܻ െ ߙ ௉ܻ
͵ሺߙ ோܻ ൅ ߙ ௉ܻሻ

ൌ � ோܻ െ ௉ܻ
͵ሺ ோܻ ൅ ௉ܻሻ

�՜ �� ߙ݀ܩ݀ ൌ Ͳ�
� �ז
� �



���

7DEOHV�
7DEOH�$����7HFKQRORJLHV�ZLWK�GHPDQG�VLGH�HIIHFWV�
Finance 
$70� 1XPEHU�RI�HOHFWURPHFKDQLFDO�GHYLFHV�WKDW�SHUPLW�DXWKRUL]HG�XVHUV��W\SLFDOO\�XVLQJ�PDFKLQHǦUHDGDEOH�SODVWLF�FDUGV��WR�ZLWKGUDZ�

FDVK�IURP�WKHLU�DFFRXQWV�DQG�RU�DFFHVV�RWKHU�VHUYLFHV��
5HTXLUHV�LQIUDVWUXFWXUH�DQG�PLQLPXP�PDUNHW��

&KHTXH� 1XPEHU�RI�SD\PHQWV�E\�FKHTXH��LQ�PLOOLRQV���
1HHGV�PLQLPXP�PDUNHW�WR�EH�LQWURGXFHG��KRZHYHU�LV�QRW�FRPPRQ�LQ�DOO�FRXQWULHV��

&UHGLW'HELW� 3D\PHQWV�E\�FUHGLW�DQG�GHELW�FDUGV��LQ�PLOOLRQV���
5HTXLUHV�LQIUDVWUXFWXUH�DQG�PLQLPXP�PDUNHW��

()7� 1XPEHU�RI�HOHFWURQLF�ILQDQFLDO�WUDQVDFWLRQV�XVLQJ�SD\PHQW�FDUGV�DW�SRLQWV�RI�VHUYLFH��UHWDLO�ORFDWLRQV���
5HTXLUHV�LQIUDVWUXFWXUH�DQG�PLQLPXP�PDUNHW��

326� 1XPEHU�RI�UHWDLO�ORFDWLRQV�DW�ZKLFK�SD\PHQW�FDUGV�FDQ�EH�XVHG��
5HTXLUHV�LQIUDVWUXFWXUH�DQG�PLQLPXP�PDUNHW��

Telecommunications 
&DEOH�79� 1XPEHU�RI�KRXVHKROGV�WKDW�VXEVFULEH�WR�D�PXOWLǦFKDQQHO�WHOHYLVLRQ�VHUYLFH�GHOLYHUHG�E\�D�IL[HG�OLQH�FRQQHFWLRQ��

5HTXLUHV�LQIUDVWUXFWXUH�DQG�PLQLPXP�PDUNHW��

0DLO� 1XPEHU�RI�LWHPV�PDLOHG�UHFHLYHG��ZLWK�LQWHUQDO�LWHPV�FRXQWHG�RQFH�DQG�FURVVǦERUGHU�LWHPV�FRXQWHG�RQFH�IRU�HDFK�FRXQWU\���
0DLO�VHUYLFH�LV�SURYLGHG�E\�SXEOLF�LQVWLWXWLRQV�LQ�PDQ\�FRXQWULHV��

1HZVSDSHU� 1XPEHU�RI�QHZVSDSHU�FRSLHV�FLUFXODWHG�GDLO\���
1HHGV�PLQLPXP�PDUNHW��LQ�VRPH�FRXQWULHV�PD\�GHSHQG�RQ�JRYHUQPHQW�LQYROYHPHQW�LQ�DQG�FRQWURO�RI�PHGLD��

5DGLR� 1XPEHU�RI�UDGLRV��
5HTXLUHV�LQIUDVWUXFWXUH�DQG�PLQLPXP�PDUNHW��

7HOHJUDP� 1XPEHU�RI�WHOHJUDPV�VHQW��LQ�WKRXVDQGV��
5HTXLUHV�LQIUDVWUXFWXUH�DQG�PLQLPXP�PDUNHW��



���

2XW�GDWHG� WHFKQRORJ\� DOVR� UHSRUWLQJ�GHFOLQLQJ� UDWHV�� ,QLWLDO� LQVWDOODWLRQ�RI� LQIUDVWUXFWXUH�PD\�KDYH� VHUYHG�ZDU�LQWHUHVWV� UDWKHU�
WKDQ�FRQVXPHU�PDUNHW�GHPDQG��

7HOHSKRQH� 1XPEHU�RI�PDLQOLQH�WHOHSKRQH�OLQHV�FRQQHFWLQJ�D�FXVWRPHU
V�HTXLSPHQW�WR�WKH�SXEOLF�VZLWFKHG�WHOHSKRQH�QHWZRUN�DV�RI�\HDUHQG��
5HTXLUHV�LQIUDVWUXFWXUH�DQG�WKHUHIRUH�PLQLPXP�PDUNHW�VL]H�
*RRG�LV�FKDUDFWHUL]HG�E\�SULPDU\�DQG�VHFRQGDU\�QHWZRUN�HIIHFWV��SKRQH�VHUYLFHV�KDYH�EHHQ�SXEOLF�VHUYLFH�LQ�PDQ\�FRXQWULHV��

79� 1XPEHU�RI�WHOHYLVLRQ�VHWV�LQ�XVH��
5HTXLUHV�LQIUDVWUXFWXUH�DQG�WKHUHIRUH�PLQLPXP�PDUNHW�VL]H��LQ�VRPH�FRXQWULHV�PD\�GHSHQG�RQ�JRYHUQPHQW�LQYROYHPHQW�LQ�DQG�
FRQWURO�RI�PHGLD��

Transportation 

$YLDWLRQ3.0� &LYLO�DYLDWLRQ�SDVVHQJHUǦ.0�WUDYHOHG�RQ�VFKHGXOHG�VHUYLFHV�E\�FRPSDQLHV�UHJLVWHUHG�LQ�WKH�FRXQWU\�FRQFHUQHG��
1HHG�WR�FRQWURO�SRSXODWLRQ�GHQVLW\��PD\�DGGLWLRQDOO\�GHSHQG�RQ�WRSRJUDSK\���

5DLO3� 7KRXVDQGV�RI�SDVVHQJHU�MRXUQH\V�E\�UDLOZD\���
1HHG�WR�FRQWURO�IRU�SRSXODWLRQ�GHQVLW\��RSWLRQDOO\�IRU�UDLO�OLQH�OHQJWKV���

5DLO3.0� 3DVVHQJHU�MRXUQH\V�E\�UDLOZD\�LQ�SDVVHQJHUǦ.0��LQ�PLOOLRQV���
1HHG�WR�FRQWURO�IRU�SRSXODWLRQ�GHQVLW\��RSWLRQDOO\�IRU�UDLO�OLQH�OHQJWKV���

&DU� 1XPEHU�RI�SDVVHQJHU�FDUV��H[FOXGLQJ�WUDFWRUV�DQG�VLPLODU�YHKLFOHV��LQ�XVH���
1HHG�JDV�VWDWLRQ�LQIUDVWUXFWXUH��PLJKW�VXIIHU�IURP�QHJDWLYH�QHWZRUN�HIIHFWV���

Information and Communication Technologies 

&RPSXWHU� 1XPEHU�RI�VHOIǦFRQWDLQHG�FRPSXWHUV�GHVLJQHG�IRU�XVH�E\�RQH�SHUVRQ��
0RELOH�SKRQH� 1XPEHU�RI�XVHUV�RI�SRUWDEOH�FHOO�SKRQHV��

1HHGV�QHWZRUN�SURYLGHU�DQG�PLQLPXP�PDUNHW��

,QWHUQHW�XVHU� 1XPEHU�RI�SHRSOH�ZLWK�DFFHVV�WR�WKH�ZRUOGZLGH�QHWZRUN��
'HSHQGV�RQ�LQIUDVWUXFWXUH�DQG�DYDLODELOLW\�RI�FRPSXWHU��

)RU�PRUH�GHWDLO�RQ�GHILQLWLRQV�DQG�PHDVXUHV�VHH�&RPLQ�DQG�+RELMQ���������



���

7DEOH�$����3HQHWUDWLRQ�UDWHV�VXPPDU\�VWDWLVWLF�
�
� � � � � �

� FRXQW PHDQ� VG� PLQ PD[
DWPSHQ� ��� ������� ������ ������ ������
DYSNPSHQ� ���� ��������� �������� ������ ���������
FDEOHSHQ� ��� ������� ������ ������ ������
FHOOSHQ� ���� ������� ������ ������ ������
FKHTXHSHQ� ��� �������� ������� ������ ��������
FRPSXWHUSHQ� ���� ������� ������ ������ ������
FUHGGHESHQ� ��� �������� ������� ������ ��������
HIWSHQ� ��� �������� ������� ������ �������
LXVHUSHQ� ���� ������� ������ ������ ������
PDLOSHQ� ���� �������� ������� ������ ��������
QHZVSHQ� ���� ������� ������ ������ ������
SRVSHQ� ��� ������� ������ ������ ������
UDGLRSHQ� ���� ������� ������ ������ ������
UDLOSSHQ� ���� ������� ������� ������ ��������
UDLOSNPSHQ� ���� ��������� �������� ������ ���������
WHOHJSHQ� ���� ������� ������ ������ ������
SKRQHSHQ� ���� ������� ������ ������ ������
WYSHQ� ���� ������� ������ ������ ������
FDUSHQ� ���� ������� ������ ������ ������
N� ����� � � �

7DEOH�$����&RUUHODWLRQ�EHWZHHQ�SHQHWUDWLRQ�UDWHV�DQG�*'3�
SHU�FDSLWD�

� � � �

*'3SF UKR S FRXQW
DWPSHQ ���� ����� ���
DYSNPSHQ� ���� ����� ����
FDEOHSHQ ���� ����� ���
FHOOSHQ ���� ����� ����
FKHTXHSHQ� ���� ����� ���
FRPSXWHUSHQ� ���� ����� ����
FUHGGHESHQ� ���� ����� ���
HIWSHQ ���� ����� ���
LXVHUSHQ ���� ����� ����
PDLOSHQ ���� ����� ����
QHZVSHQ ���� ����� ����
SRVSHQ ���� ����� ���
UDGLRSHQ ���� ����� ����
UDLOSSHQ ���� ����� ����
UDLOSNPSHQ� ���� ����� ����
WHOHJSHQ ���� ����� ����
SKRQHSHQ� ���� ����� ����
WYSHQ ���� ����� ����
FDUSHQ ���� ����� ����

�
�

�



���

7DEOH�$����$GRSWLRQ�ODJV�
7HFKQRORJ\� 3HQHWUDWLRQ�WKUHVKROG� %HQFKPDUN�FRXQWU\�DQG�UHIHUHQFH�\HDU�
$70V� ��$70V����¶����3HRSOH�� 8QLWHG�.LQJGRP�������
$YLDWLRQ�3.0� ���.P�3HUVRQ� 8QLWHG�6WDWHV�������
&DEOH�79� �����RI�3RSXODWLRQ� 8QLWHG�6WDWHV�������
&HOO�SKRQHV� ���RI�3RSXODWLRQ� )LQODQG��1RUZD\��6ZHGHQ�������
&KHTXHV� 7LPH� VHULHV� RI� GLIIXVLRQ� DUH� VKRUW� DQG� GR� QRW� FRYHU� FRPPRQ� YDOXH� UDQJHV� DFURVV� FRXQWULHV�� 7KH\� GRQ¶W� VHUYH� WR�

FRQVWUXFW�PHDQLQJIXO�GLIIXVLRQ�ODJV��

&RPSXWHU� ���RI�3RSXODWLRQ� 8QLWHG�6WDWHV�������
&UHGLW��'HELW�FDUG�SD\PHQWV� ���3D\PHQWV�3HUVRQ� &DQDGD�������
()7V� ���()7V�3HUVRQ� )LQODQG��)UDQFH�������
,QWHUQHW�XVHU� ���RI�3RSXODWLRQ� 1RUZD\�������
0DLO� ����,WHPV�3HUVRQ� 8QLWHG�6WDWHV�������
1HZVSDSHU�FLUFXODWLRQ� ����1HZVSDSHU�3HUVRQ� 8QLWHG�.LQJGRP�������
326� ������3HUVRQ� )LQODQG�������
5DGLRV� �����¶����3HRSOH� 8QLWHG�6WDWHV�������
5DLO�3DVVHQJHUV� �����5DLO�MRXUQH\V�<HDU�DQG�3HUVRQ� $XVWUDOLD�������
5DLO�3DVVHQJHU�.0� ����3DVVHQJHU�.0�<HDU�DQG�3HUVRQ� *HUPDQ\�������
7HOHJUDPV� �����¶����3HRSOH� $XVWULD�������
0DLQOLQH�7HOHSKRQHV� ����RI�3RSXODWLRQ� 8QLWHG�6WDWHV�������
79�VHWV�LQ�XVH� ����RI�3RSXODWLRQ� 8QLWHG�6WDWHV�������
3DVVHQJHU�FDUV� ����RI�3RSXODWLRQ� 8QLWHG�6WDWHV�������
�
7DEOH�$����$GRSWLRQ�ODJV�VXPPDU\�VWDWLVWLF�
� � � � � �

� FRXQW� PHDQ VG� PLQ PD[
ODJ� ���� ������ ������ �� ����



���

7DEOH�$����'LIIXVLRQ�RI�&DUV�
'HSHQGHQW�9DULDEOH��3HQHWUDWLRQ�UDWHV�RI�&DUV�

� ���� ���� ���� ���� ���� ����
/RJ�*'3� �����


� � �����


 � �����


 �
� ��������� � �������� � �������� �
� � � � � � �

/RJ�3RSXODWLRQ ������


� ������� ������


 ������ ������


 �������
� ��������� ��������� �������� ��������� �������� ���������
� � � � � � �

/RJ�*'3SF� � �����


 � �����


 � �����




� � �������� � �������� � ��������
� � � � � � �

*LQL� � � ������


 ������


 ������


 ������




� � � ��������� ��������� ��������� ���������
� � � � � � �

/RJ�*'3SF
*LQL � � ��������


 ��������


 ��������


 ��������




� � � ���������� ���������� ���������� ����������
� � � � � � �

7HUWLDU\�HGXFDWLRQ�VWRFN � � � � ������� �������
� � � � � ��������� ���������
� � � � � � �

(OHFSURGSF� � � � � �������� ��������
� � � � � ���������� ����������
� � � � � � �

7UDGH�VKDUH� � � � � ��������� ���������
� � � � � ���������� ����������
� � � � � � �

8UEDQL]DWLRQ� � � � � ��������� ���������
� � � � � ���������� ����������
� � � � � � �

/DQG�DUHD� � � � � ����H��� ����H���
� � � � � �����H���� �����H����
� � � � � � �

<HDU�GXPPLHV� <HV� <HV <HV <HV <HV <HV
N� ����� ���� ���� ���� ���� ����
DGM��R�� ������ ����� ����� ����� ����� �����
)�7HVW� ������ ����� ����� ����� ����� �����
1RWHV�� &OXVWHUHG� VWDQGDUG� HUURUV� LQ� SDUHQWKHVHV�� 


� VLJQLILFDQW� DW� �� SHUFHQW�� 

� VLJQLILFDQW� DW� �� SHUFHQW�� 
�
VLJQLILFDQW�DW����SHUFHQW��$OO�UHJUHVVLRQV�LQFOXGH�\HDU�IL[HG�HIIHFWV��&ROXPQ�����DQG�����LQFOXGH�DGGLWLRQDO�FRQWURO�
YDULDEOHV�IRU�KXPDQ�FDSLWDO��LQIUDVWUXFWXUH��RSHQQHVV�WR�WUDGH��ODQG�DUHD��XUEDQL]DWLRQ�DQG�FLYLO�IUHHGRP��



���

7DEOH�$����'LIIXVLRQ�RI�3KRQHV�
'HSHQGHQW�9DULDEOH��3HQHWUDWLRQ�UDWHV�RI�3KRQHV�

� ���� ���� ���� ���� ���� ����
/RJ�*'3� �����


� � �����


 � �����


 �
� ��������� � �������� � �������� �
� � � � � � �

/RJ�3RSXODWLRQ ������


� �������� ������


 ������� ������


 ������
� ��������� ��������� �������� ��������� �������� ���������
� � � � � � �

/RJ�*'3SF� � �����


 � �����


 � �����




� � �������� � �������� � ��������
� � � � � � �

*LQL� � � ������


 ������


 ������


 ������




� � � ��������� ��������� ��������� ���������
� � � � � � �

/RJ�*'3SF
*LQL � � ��������


 ��������


 ��������


 ��������




� � � ��������� ��������� ��������� ���������
� � � � � � �

7HUWLDU\�HGXFDWLRQ�VWRFN � � � � �������
 �������


� � � � � ��������� ���������
� � � � � � �

(OHFSURGSF� � � � � ������� �������
� � � � � ��������� ���������
� � � � � � �

7UDGH�VKDUH� � � � � �������


 �������




� � � � � ���������� ����������
� � � � � � �

8UEDQL]DWLRQ� � � � � ��������� ���������
� � � � � ���������� ����������
� � � � � � �

/DQG�DUHD� � � � � �����H��� �����H���
� � � � � �����H���� �����H����
� � � � � � �

<HDU�GXPPLHV� <HV� <HV <HV <HV <HV <HV
N� ����� ���� ���� ���� ���� ����
DGM��R�� ������ ����� ����� ����� ����� �����
)�7HVW� ������ ����� ����� ����� ����� �����
1RWHV�� &OXVWHUHG� VWDQGDUG� HUURUV� LQ� SDUHQWKHVHV�� 


� VLJQLILFDQW� DW� �� SHUFHQW�� 

� VLJQLILFDQW� DW� �� SHUFHQW�� 
�
VLJQLILFDQW�DW����SHUFHQW��$OO�UHJUHVVLRQV�LQFOXGH�\HDU�IL[HG�HIIHFWV��&ROXPQ�����DQG�����LQFOXGH�DGGLWLRQDO�FRQWURO�
YDULDEOHV� IRU� KXPDQ� FDSLWDO�� LQIUDVWUXFWXUH�� RSHQQHVV� WR� WUDGH�� ODQG� DUHD�� XUEDQL]DWLRQ� DQG� FLYLO� IUHHGRP�
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)LJXUHV�

)LJXUH�$����'HFLVLRQ�5XOH�RI�FRQVXPSWLRQ� )LJXUH�$����,OOXVWUDWLRQ�RI�WHOHYLVLRQ�GLIIXVLRQ�ODJV�

�
)LJXUH�$����'LIIXVLRQ�ODJV�DFURVV�FRXQWULHV� )LJXUH�$����'LIIXVLRQ�ODJV�RI�GLIIHUHQW�WHFKQRORJLHV�
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5HIHUHQFH�<HDU
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�

)LJXUH�$��D��'LIIXVLRQ�ODJV�DQG�DYHUDJH�LQFRPH� )LJXUH�$��E��'LIIXVLRQ�ODJV�DQG�LQFRPH�LQHTXDOLW\�

�
)LJXUH�$��D��'LIIXVLRQ�RI�FDUV�LQ�WKH�8QLWHG�6WDWHV� )LJXUH�$��E��'LIIXVLRQ�RI�FDUV�LQ�1RUZD\�

�
7KH�UHJUHVVLRQ�PRGHO�LQFOXGHV�FRQWURO�YDULDEOHV�IRU�KXPDQ�FDSLWDO��RSHQQHVV�WR�WUDGH��ODQG�DUHD�DQG�XUEDQL]DWLRQ��&RQWURO�IRU�
LQIUDVWUXFWXUH�ZDV�QHJOHFWHG�WR�QRW�OLPLW�WKH�WLPH�VSDQ�FRYHUHG�LQ�WKH�PRGHO�� �

��
�
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*'3�SHU�FDSLWD�LQ�EHQFKPDUN�\HDU
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*LQL�LQGH[�LQ�EHQFKPDUN�\HDU
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<HDU
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<HDU
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