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$EVWUDFW
7KLV�VWXG\�H[DPLQHG�DQQXDO�DPRXQW�RI�HOHFWULFLW\�JHQHUDWHG�DQG�FRQVXPHG� LQ�1LJHULD� IRU� WKH�
SHULRG� VSDQQLQJ� ����� WR� ����� 7KH� %R[�-HQNLQV�PRGHOLQJ� DSSURDFK�ZDV� HPSOR\HG� DIWHU� WKH�
VHULHV�ZHUH�WUDQVIRUPHG�WR�HQVXUH�VWDWLRQDULW\�XVLQJ�WKH�ILUVW�GLIIHUHQFLQJ�PHWKRG��7KH�HPSLULFDO�
UHVXOWV�VKRZHG�WKDW�$5,0$�����������DQG�$5,0$�����������PRGHOV�ILWWHG�WKH�HOHFWULFLW\�JHQHUDWLRQ�
DQG FRQVXPSWLRQ� GDWDVHWV� DGHTXDWHO\�� 7KH� ZKLWHQHVV� RI� WKH� UHVLGXDOV� IURP� WKH�PRGHOV� ZDV�
YHULILHG� XVLQJ� /MXQJ�%R[� PHWKRGRORJ\�� 7KHSURMHFWLRQV� IRU� ERWK� HOHFWULFLW\� JHQHUDWLRQ� DQG�
FRQVXPSWLRQ�IRU�ILYH�\HDUV�DKHDG�ZHUH�PDGH�ZLWK�����DQG�����FRQILGHQFH�OLPLWV�

.H\ZRUGV� (OHFWULFLW\�JHQHUDWLRQ��HOHFWULFLW\�FRQVXPSWLRQ��%R[�-HQNLQV�PRGHOLQJ��
$XJPHQWHG�'LFNH\�)XOOHU��/MXQJ�%R[�PHWKRG��FRQILGHQFH�OLPLWV

,QWURGXFWLRQ
(QHUJ\�DFFHVVLELOLW\�LV�RQH�RI�WKH�FDUGLQDO�FULWHULD�WR�GLVWLQJXLVK�SRRU�QDWLRQV�IURP�WKH�ULFK�RQHV��
7KLV�H[SODLQV�ZK\�WKH�GHYHORSHG�QDWLRQV�RI�WKH�ZRUOG�JHQHUDWH�PRUH�HQHUJ\�ZLWK�VWHDG\�SRZHU�
VXSSO\�WKDQ�GHYHORSLQJ�DQG�XQGHUGHYHORSHG�RQHV��8QGRXEWHGO\��DGHTXDWH�SRZHU�VXSSO\�LV�WKH�
EHGURFN� IRU� WKH� VRFLR�HFRQRPLF� DQG� WHFKQRORJLFDO� GHYHORSPHQW� RI� DQ\� QDWLRQ�� $YDLODELOLW\� RI�
SRZHU�VXSSO\�LQGXFHV�LQGXVWULDOL]DWLRQ��JRRG�FRPPXQLFDWLRQ�V\VWHP��EHWWHU�KHDOWKFDUH�GHOLYHU\��
LPSURYHGVFLHQFH� DQG� WHFKQRORJLFDO� DGYDQFHPHQW� DQG� JHQHUDO� KLJK� VWDQGDUG� RI� OLYLQJ� RI� WKH�
FLWL]HQV��

1LJHULD�� WKH�PRVW�SRSXORXV�QDWLRQ� LQ�$IULFD�KDV����VWDWHV�DQG�)HGHUDO�&DSLWDO�7HUULWRU\��)&7���
7KH�QDWLRQ� LV�HQGRZHG�ZLWK�HQRUPRXV�HQHUJ\�UHVRXUFHV��UHQHZDEOH�DQG�QRQ�UHQHZDEOH�� WKDW�
FRXOG�EH�XVHG�WR�JHQHUDWH�SRZHU�IRU�KHU�SRSXODFH��2EDGRWH����������7KHVH�UHVRXUFHV�LQFOXGH�
K\GUR�� VRODU�� ZLQG�� ELRPDVV�� QDWXUDO� JDV�� FRDO�� JHRWKHUPDO� DQG� VR� RQ�� 8QIRUWXQDWHO\�� WR�
JHQHUDWH� VXIILFLHQW� HOHFWULFLW\� WR� PHHW� QDWLRQDO� GHPDQG� KDV� EHFRPH� KHUFXOHDQ� WDVN� IRU�
VXFFHVVLYH�JRYHUQPHQW�LQ�1LJHULD�WLOO�GDWH�

*LYHQ�WKH�LPSRUWDQFH�RI�WKH�HOHFWULFLW\�WR�1LJHULD�HFRQRP\��WKLV�SDSHU�XWLOL]HV�VWDWLVWLFDO�WRROV�WR�
PRGHO�RYHU����\HDUV�RI�HQHUJ\�JHQHUDWLRQ�DQG�FRQVXPSWLRQ�LQ�1LJHULD�LQ�RUGHU�WR�SURMHFW�IXWXUH�
YDOXHV� IRU� ERWK� JHQHUDWLRQ� DQG� FRQVXPSWLRQ� JLYHQ� WKH� DYDLODELOLW\� RI� HQGRZHG� UHVRXUFHV� LQ�
1LJHULD�

$�6\QRSVLV�RI 1LJHULDQ�(QHUJ\�6HFWRU
(OHFWULFLW\�ZDV� ILUVW� SURGXFHG� LQ� 1LJHULD� LQ� ������ 7KLV�ZDV� GRQH� XVLQJ� JHQHUDWRUV�ZLWK� ��N:�
FDSDFLW\� LQVWDOOHG� LQ� ,MRUD�� /DJRV� E\� WKH� &RORQLDO� *RYHUQPHQW�� 7KH� HVWDEOLVKPHQW� RI� 1LJHULD�
(OHFWULFLW\�6XSSO\�&RPSDQ\��1(6&2��DW�.XUUD�IDOOV��3ODWHDX�VWDWH���$IULFDQ�7LPEHU�DQG�3O\ZRRG�
�$7	3�� &RPSDQ\� DW� 6DSHOH� �'HOWD� VWDWH�� DQG� 6KHOO� 'HYHORSPHQW� &RPSDQ\� DW� %RQQ\� �5LYHUV�
VWDWH�� LQ������������DQG������ UHVSHFWLYHO\�� LQFUHDVHG�1LJHULDQ�HOHFWULFLW\�JHQHUDWLRQ� FDSDFLW\�
ZLWKLQ� WKHVH�SHULRGV�� ,Q�������3XEOLF�:RUNV�'HSDUWPHQW� �3:'��ZDV�HVWDEOLVKHG�DQG� FKDUJHG�
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ZLWK� WKH�UHVSRQVLELOLW\�RI�VXSHUYLVLQJ�HOHFWULFLW\�JHQHUDWLRQ�DQG�VXSSO\��$ERXW� IRXU�\HDUV� ODWHU��
WKH� &RORQLDO� *RYHUQPHQW� RQ� WKH� UHFRPPHQGDWLRQ� RI� WKH� /HJLVODWLYH� &RXQFLO� �/&�� VHW� XS�
(OHFWULFLW\� &RUSRUDWLRQ� RI� 1LJHULD� �(&1�� WR� FRRUGLQDWH� DQG� UHJXODWH� DOO� WKH� DFWLYLWLHV� RI� SRZHU�
JHQHUDWLQJ�SODQWV�LQ�1LJHULD�ZKLFK�LQFOXGHV�WKH�RSHUDWLRQV�RI�3:'��

7R� IDFLOLWDWH� DQG� HQKDQFH� VSHHG\� FRPSOHWLRQ� RI� K\GURHOHFWULF� SURMHFW� LQ� .DLQML� �1LJHU� 6WDWH���
1LJHU�'DPV $XWKRULW\��1'$��ZDV�HVWDEOLVKHG�LQ�������7KH�1'$�ZDV�DOVR�JLYHQ�WKH�PDQGDWH�WR�
GHYHORS� K\GURSRZHU� SRWHQWLDOV� RI� WKH� FRXQWU\� DQG�PDLQWDLQ� GDPV� DQG� RWKHU� SURMHFWV� RQ� WKH�
5LYHU�1LJHU��0HDQZKLOH�� WKH�DPDOJDPDWLRQ�RI�(&1�DQG�1'$�EHFDPH� LQHYLWDEOH� LQ������ZKLFK
JDYH� ELUWK� WR� WKH� 1DWLRQDO� (OHFWULF� 3RZHU� $XWKRULW\� �1(3$��� 7KH� 1(3$� ZKLFK� ZDV� ODWHU�
UHFKULVWHQHG�3RZHU�+ROGLQJ�&RPSDQ\�RI�1LJHULD��3+&1��ZDV�JLYHQ�WKH�PRQRSRO\�WR�FRRUGLQDWH�
WKH�JHQHUDWLRQ��WUDQVPLVVLRQ��GLVWULEXWLRQ��SULFLQJ�DQG�VXSSO\�RI�HOHFWULFLW\�LQ 1LJHULD���

)URP�WKH�IRUHJRLQJ��LW�FDQ�EH�REVHUYHG�WKDW�EHWZHHQ������DQG�������WKH�1LJHULD�SRZHU�VHFWRU�
KDV� WUDQVILJXUHG� IURP� DJHQF\� WR� DJHQF\� ZKLFK� ZHUH� WRWDOO\� FRQWUROOHG� E\� WKH� )HGHUDO�
*RYHUQPHQW�� +RZHYHU�� VLQFH� 0DUFK� ������ SULYDWH� RUJDQL]DWLRQV� KDYH� EHHQ� HQFRXUDJHG� WR�
DFWLYHO\� SDUWLFLSDWH� LQ� WKH� 1LJHULDQ� HQHUJ\� VHFWRU� DV� HYLGHQW� LQ� WKH� 3RZHU� 6HFWRU� 5HIRUP� %LOO�
�365%�� WKDW� ZDV� VLJQHG� LQWR� ODZ� E\� WKH� $GPLQLVWUDWLRQ� RI� 3UHVLGHQW� 2OXVHJXQ2EDVDQMR�
�2EDGRWH��������6DPER�HW�DO����������

%DVLFDOO\�� 1LJHULD� KDV� WKUHH� IXQFWLRQDO� K\GURSRZHU� VWDWLRQV� �.DLQML�� -HEED� DQG� 6KLURUR�� ZLWK�
VHYHUDO� RWKHU� K\GURSRZHU� UHVRXUFHV� \HW� WR� EH� KDUQHVVHG�� 7KH� .DLQML� K\GURSRZHU� VWDWLRQ� RQ�
5LYHU�1LJHU�ZDV�FRPPLVVLRQHG� LQ������ZLWK�DQ� LQVWDOOHG�FDSDFLW\�RI����0:��7KH�VWDWLRQ�ZDV�
XSJUDGHG�WHQ�\HDUV� ODWHU�WR�WKH�FDSDFLW\�RI����0:��7KH�-HEED�K\GURSRZHU�VWDWLRQ� LV�DOVR�RQ�
5LYHU�1LJHU�DQG�LV�DERXW����NP�GRZQVWUHDP�RI�.DLQML��,W�VWDUWHG�RSHUDWLRQ�LQ������DQG�KDV�DQ�
LQVWDOOHG� FDSDFLW\� RI� ���0:��7KH�6KLURUR� K\GURSRZHU� VWDWLRQ�ZDV�EXLOW� RQ�5LYHU� .DGXQD� DQG�
FRPPLVVLRQHG�LQ������ZLWK�D�FDSDFLW\�WR�JHQHUDWH����0:��5HFHQWO\��WKH�1LJHULDQ�*RYHUQPHQW�
DSSURYHG� FRXQWHUSDUW� IXQGLQJ� IRU� FRQVWUXFWLRQ� RI� WKUHH� QHZ� K\GURSRZHU� VWDWLRQV�� =XQJHUX��
0DPELOOD�DQG�*XUDUD�ZLWK����0:�����0:�DQG����0:�FDSDFLWLHV�UHVSHFWLYHO\�

$SDUW� IURP� K\GURSRZHU� VWDWLRQV�� 1LJHULD� KDV� WKHUPDO� JHQHUDWLQJ� VWDWLRQV� LQ� 6DSHOH�
�FRPPLVVLRQHG� LQ� ����� ZLWK� �����0:� LQVWDOOHG� FDSDFLW\��� $IDP� ������ ZLWK� ���� LQVWDOOHG�
FDSDFLW\���(JELQ�������ZLWK������� LQVWDOOHG�FDSDFLW\���'HOWD�������ZLWK����� LQVWDOOHG�FDSDFLW\��
DPRQJ�RWKHUV��'HVSLWH�DOO� WKHVH��WKH�QDWLRQ¶V�HOHFWULFLW\�GHPDQG� LV�DERYH�WKH�JHQHUDWLRQ�IURP�
WKH� FRPELQHG� LQVWDOOHG� FDSDFLW\� RI� SRZHU� VWDWLRQV� LQ� WKH� FRXQWU\� ZKLFK� UHVXOWV� WR� HSLOHSWLF�
VXSSO\� RI� HOHFWULFLW\�� ,W� LV� WKHUHIRUH� LPSHUDWLYH� WR VWXG\� WKH� JHQHUDWLRQ� DQG� FRQVXPSWLRQ� RI�
HOHFWULFLW\�LQ�1LJHULD�VR�DV�WR�KDYH�D�EURDGHU�RYHUYLHZ�RI�WKH�LQVWDELOLW\�RI�SRZHU�VXSSO\�DQG�LWV�
FRQVXPSWLRQ� RYHU� WLPH�� 7KLV� ZRXOG� DVVLVW� WKH� JRYHUQPHQW� DQG� RWKHU� VWDNHKROGHUV� WR� SURIIHU�
VWUDWHJLHV�WR�DPHOLRUDWH�WKH�VLWXVWLRQ�

7KHUH�DUH�QXPEHU�RI�VWXGLHV�WKDW�KDG�FRQVLGHUHG�HOHFWULFLW\�JHQHUDWLRQ��FRQVXPSWLRQ�DQG�RWKHU�
LQGLFDWRUV� ZLWKLQ� WKH� 1LJHULD� FRQWH[W�� 6HH� ,ELWR\H� DQG� $GHQLNLQMX� �������� 2OXVHJXQ� ��������
$NLQOR� �������� 6DPER� HW� DO�� �������� (VVR� �������8EL� HW� DO�� �������$NSDQ� DQG� $NSDQ� ��������
$NLQZDOH� HW� DO�� �������� 2JXQGLSH� DQG� $SDWD� ������� DPRQJ� RWKHUV�� 6SHFLILFDOO\�� $NSDQ� DQG�
$NSDQ� ������� VWXGLHG� HOHFWULFLW\� FRQVXPSWLRQ�� FDUERQ� HPLVVLRQV� DQG� HFRQRPLF� JURZWK� LQ�
1LJHULD��7KH\�XVHG�DQQXDO�GDWD� IURP������ WR����� DQG�HPSOR\HG�D�PXOWLYDULDWH� YHFWRU� HUURU�
FRUUHFWLRQ� DSSURDFK� WR� H[DPLQH� WKH� FDXVDWLRQ� EHWZHHQ� WKH� SDLUV� RI� HOHFWULFLW\� FRQVXPSWLRQ��
FDUERQ�HPLVVLRQV�DQG�HFRQRPLF�JURZWK��7KH\�UHSRUWHG�WKDW�HFRQRPLF�JURZWK�LV�DVVRFLDWHG�ZLWK�
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LQFUHDVHG� FDUERQ�HPLVVLRQV�ZKLFK� LV� LQGXFHG�E\� LQFUHDVH� LQ� WKH�HOHFWULFLW\� FRQVXPSWLRQ�EHLQJ�
JHQHUDWHG�PRVWO\�YLD�EXUQLQJ�RI�SHWUROHXP� IXHOV�E\� LQGLYLGXDO�JHQHUDWLQJ�SODQW� DV�D� UHVXOW� RI�
HUUDWLF�SRZHU�VXSSO\�

2WKHU�UHVHDUFKHUV�KDYH�ZRUNHG�RQ�HOHFWULFLW\�FRQVXPSWLRQ�DQG�RU�JHQHUDWLRQ�LQ GHYHORSHG�DQG�
GHYHORSLQJ�FRXQWULHV��6HH�&KDQJ�HW�DO����������<RR�DQG�.LP���������0HKUDUD���������+DOLFLRJKX�
��������-DPLO�DQG�$KPDG���������$GHEROD���������3DR�HW�DO���������DPRQJ�RWKHUV��7KLV�SUHVHQW�
ZRUN� PRGHOHG� WKH� 1LJHULDQ� ���\HDU� DQQXDO� HOHFWULFLW\� JHQHUDWLRQ� DQG� FRQVXPSWLRQ� DQG�
SUHGLFWHG�IXWXUH�YDOXHV�IRU�ERWK�JHQHUDWLRQ�DQG�FRQVXPSWLRQ�

0DWHULDO�DQG�0HWKRGV
7KH�GDWDVHWV�XVHG�IRU�WKLV�VWXG\�ZHUH�H[WUDFWHG�IURP�5HVHDUFK�'HSDUWPHQW�RI�WKH�&HQWUDO�%DQN�
RI� 1LJHULD� �&%1��� $OWKRXJK�� WKH� VWDWLVWLFV� RI� HQHUJ\� JHQHUDWLRQ�� GLVWULEXWLRQ� DQG� FRQVXPSWLRQ�
ZHUH� SURYLGHG� E\� WKH� GHIXQFW� 1DWLRQDO� (OHFWULFLW\� 3RZHU� $XWKRULW\� �1(3$�� ZKLFK� KDV� WKH�
PRQRSRO\�RI� WKH�1LJHULDQ�HQHUJ\� LQIRUPDWLRQ�WKH�&%1��DPRQJ�RWKHU�DJHQFLHV��SXEOLVKHV�VXFK�
LQIRUPDWLRQ�DV�REWDLQHG�IURP�WKH�3+&1�RQ�UHJXODU�EDVLV��7KHUH�ZHUH�WZR�VHWV�RI�GDWD�REWDLQHG�
IRU� WKLV� VWXG\�WKH�GDWD�RQ�DQQXDO� HOHFWULFLW\�JHQHUDWLRQ�DQG�HOHFWULFLW\� FRQVXPSWLRQ� LQ�1LJHULD�
PHDVXUHG�LQ�PHJDZDWWV�SHU�KRXU��0:�K��RYHU�IRUW\�WKUHH�\HDUV�EHJLQQLQJ�IURP������WR������

7LPH�SORWV�DQG�DXWRFRUUHODWLRQ�IXQFWLRQ�SORWV��$&)��ZHUH�REWDLQHG�IRU�WKH�GDWDVHWV�WR�H[DPLQH�
WKH�SDWWHUQ�RI� WKH�VHULHV�DV�VKRZQ�E\�)LJXUHV���DQG��� UHVSHFWLYHO\��$XJPHQWHG�'LFNH\�)XOOHU�
�$')��WHVW�ZDV�HPSOR\HG�WR�FRQILUP�WKH�QRQ�VWDWLRQDULW\�GLVSOD\HG� LQ�WKH�SORWV��6HTXHO�WR�WKH�
QRW�UHMHFWLQJ�WKH�QXOO�K\SRWKHVLV�RI�QRQ�VWDWLRQDULW\��ILUVW�GLIIHUHQFH�DSSURDFK�ZDV�XVHG�WR�DWWDLQ�
VWDWLRQDU\�LQ�WKH�GDWD��

)RU�WKH�DQDO\VLV��WKH�%R[�-HQNLQV¶�PHWKRGRORJ\�ZDV�FDUULHG�RXW�RQ�WKH�GDWD�XVLQJ�$&)�DQG�3$&)�
SORWV� DW� GLIIHUHQW� ODJV WR� LGHQWLI\� DSSURSULDWH� PRGHOV� IRU� WKH� GDWD� RQ� JHQHUDWLRQ� DQG�
FRQVXPSWLRQ� RI� HOHFWULFLW\� LQ� 1LJHULD�� 7KHUHDIWHU�� WKH� LGHQWLILHG� PRGHOV� ZHUH� VXEMHFWHG� WR�
GLDJQRVWLFV�DQG�DQ�LQIRUPDWLRQ�FULWHULRQ�ZDV�XVHG�WR�VHOHFW�DQ�DSSURSULDWH�PRGHO�IRU�IRUHFDVWLQJ�
EDVHG RQ�WKHLU�FRUUHVSRQGLQJ�HVWLPDWHV�RI�WKH�SDUDPHWHUV��7KH�DQDO\VLV�RI�GDWD�ZDV�GRQH�LQ�WKH�
HQYLURQPHQW� RI� 5� VWDWLVWLFDO� SDFNDJH� REWDLQDEOH� RQ�ZZZ�FUDQ�RUJ�� 7KH� UHVXOWV� REWDLQHG� IURP�
WKLV�DQDO\VLV�ZHUH�SUHVHQWHG�DQG�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�
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)LJXUH����7LPH�3ORW�IRU�WKH�(OHFWULFLW\�*HQHUDWLRQ

)LJXUH����7LPH�3ORW�IRU�WKH�(OHFWULFLW\�&RQVXPSWLRQ

7KHWLPH�SORWV�LQ�)LJXUHV���DQG���VKRZ�WKDW�WKH�WZR�VHULHV�WKH�DQQXDO�HOHFWULFLW\�JHQHUDWHG�DQG�
FRQVXPHG�LQ�1LJHULD�EHWZHHQ������DQG������DUH�QRW�VWDWLRQDU\��7KH\GLVSOD\HG�XSZDUG�WUHQGV�
ZKLFK� ZHUH� UHPRYHG� DFFRUGLQJO\DIWHU� WKH� $XJPHQWHG� 'LFNH\�)XOOHU� WHVW� ZDV� SHUIRUPHG� WR�
FRQILUP�WKH�QRQ�VWDWLRQDULW\�GLVSOD\HG�E\�WKH�WLPH�SORWV��

$�IRUPDO�SURFHGXUH�RI�WHVWLQJ�IRU�QRQ�VWDWLRQDU\�RU�XQLW�URRW�ZDV�XWLOL]HG�DQG�WKH�ILQGLQJV�DUH�
SUHVHQWHG�EHORZ��

6XSSRVH� WKH� WLPH� VHULHV� GDWD� RQ� HOHFWULFLW\� JHQHUDWLRQ� DQG� FRQVXPSWLRQ� DUH� UHVSHFWLYHO\�
GHQRWHG�E\�;W DQG�<W��7KH�HOHFWULFLW\�JHQHUDWHG�DW�WLPH�W LV�H[SHFWHG�WR�EH�SUHGLFWHG�E\�WKH�
HOHFWULFLW\�JHQHUDWHG�DW�LPPHGLDWH�SDVW�WLPH�SHULRG��W�����7KDW�LV��

���
:KHUH

��DQG�
7KHUHIRUH��VXEWUDFWLQJ�WKH�ODJJHG�YDOXH�RI�;W IURP�ERWK�VLGHV�RI�HTXDWLRQ�����\LHOGV

���

,I�ZH�OHW� DQG� ��WKHQ�HTXDWLRQ�����EHFRPHV
���

,I� � �� WKHQ� LPSO\LQJ� WKHUH� LV� D� XQLW� URRW�� 7KLV� PHDQV� WKH� WLPH� VHULHV� XQGHU�
FRQVLGHUDWLRQ�LV�QRQ�VWDWLRQDU\��%XW�LI�� ��WKHQ� LQGLFDWHV�WKHUH�LV�QR�XQLW�URRW��ZKLFK�
PHDQV�WKH�WLPH�VHULHV�EHLQJ�FRQVLGHUHG�LV�VWDWLRQDU\�
7KH�$XJPHQWHG�'LFNH\�)XOOHU�WHVW�ZDV�XVHG�WR�WHVW�IRU�WKH�VWDWLRQDULW\�FRQGLWLRQ�RI�WKH�VHULHV��
7KH�WHVW� LV�HTXLYDOHQW�WR�WHVWLQJ�LI� LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�7KH�FRQYHQWLRQDO�W�WHVW�
DSSURDFK�ZDV�DGRSWHG�WR�WHVW�WKH�VLJQLILFDQFH�RI� YDOXH��7KH�GHFLVLRQ�UXOH�LV�WR�UHMHFW�WKH�QXOO�
K\SRWKHVLV�LI�S�YDOXH�LV�OHVV�WKDQ����OHYHO�RI�VLJQLILFDQFH�
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5HVXOWV�DQG�'LVFXVVLRQ
+HUH��WKH�UHVXOWV�REWDLQHG�IURP�WKH�DQDO\VHV�FDUULHG�RXW�DUH�SUHVHQWHG�DQG�GLVFXVVHG�
7KH�WHVW�IRU�VWDWLRQDULW\�RI�WKH�WZR�GDWDVHWV�VKRZHG�WKDW�WKH�GDWD�IRU�HOHFWULFLW\�JHQHUDWLRQ�DQG�
FRQVXPSWLRQ�LQ�1LJHULD�DUH�QRW�VWDWLRQDU\��S�YDOXH� ��������DQG������UHVSHFWLYHO\��
7DEOH����5HVXOWV�RI�$XJPHQWHG�'LFNH\�)XOOHU�7HVWV

'LFNH\�)XOOHU�6WDWLVWLF /DJ�2UGHU 3�YDOXH
(OHFWULFLW\�
*HQHUDWLRQ

������� � ������

(OHFWULFLW\�
&RQVXPSWLRQ

������ � ����

7KHVH�UHVXOWV�DUH� LQ�DJUHHPHQW�ZLWK� WKH�GHGXFWLRQV� IURP�WKH� WLPH�SORWV� LQ )LJXUHV���DQG����
+HQFH��ILUVW�RUGHU�GLIIHUHQFLQJ�PHWKRG�ZDV�HPSOR\HG�WR�DWWDLQ�VWDWLRQDULW\�LQ�WKH�WZR�VHULHV�

7KH� WLPH� SORWV� IRU� WKH� GLIIHUHQFHG� GDWD� DUH� JLYHQ� LQ� )LJXUHV� �� DQG� ��� 7KH� VHULHV�� 1LJHULD�
HOHFWULFLW\� JHQHUDWLRQ� DQG� FRQVXPSWLRQ��ZHUH� IRXQG� WR EH� VWDWLRQDU\� DIWHU� WKH� ILUVW�GLIIHUHQFH�
WUDQVIRUPDWLRQ�� 7KHUHIRUH�� WKH� VHULHV� DUH� WHFKQLFDOO\� UHIHUUHG� WR� DV� WLPH� VHULHV� RI� ILUVW� RUGHU�
LQWHJUDWLRQ�

)LJXUH����7LPH�3ORW�IRU�WKH�'LIIHUHQFHG�(OHFWULFLW\�*HQHUDWLRQ�'DWD
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)LJXUH����7LPH�3ORW�IRU�WKH�'LIIHUHQFHG�(OHFWULFLW\�*HQHUDWLRQ�'DWD

%DVHG� RQ� WKH� GHGXFWLRQV� IURP� WKH� FRUUHORJUDPV� DQG� SDUWLDO� FRUUHORJUDPV� RI� WKH� WUDQVIRUPHG�
GDWD�RI�WKH�WZR�VHULHV�JLYHQ�DV�)LJXUHV���WR���LQ�WKH�DSSHQGL[��WKHUH�LV�QR�HYLGHQFH�RI�YLVLEOH�
VLJQDWXUH� WKDW� VXJJHVW� WKH�XVDJH�RI�$5��0$�RU�$50$�PRGHO��7KHQ� WKH�%R[�-HQNLQV�PRGHOLQJ�
DSSURDFK�DOVR�NQRZQ�DV�$5,0$�PRGHO��%R[�DQG�-HQNLQV��������ZDV�DGRSWHG�IRU�WKLV�VWXG\��7KLV�
DSSURDFK�LV�D�IRXU�VWHS�SURFHGXUH�LQYROYLQJ�LGHQWLILFDWLRQ��HVWLPDWLRQ��GLDJQRVLV�DQG�IRUHFDVWLQJ�

0RGHO�,GHQWLILFDWLRQ
,Q� DFFRUGDQFH� ZLWK� LQIHUHQFHV� IURP� WKH� VDLG� FRUUHORJUDPVDQG� WKH� SDUWLDO� FRUUHORJUDPVRI� WKH�
WUDQVIRUPHG�GDWD�LQ�WKH�DSSHQGL[��WKH�VHULHV�H[KLELW�UDQGRP�ZDON�ZLWK�GULIW��/HW� DQG EH�
WKH� WUDQVIRUPHG� GDWD� IRU� HOHFWULFLW\� JHQHUDWLRQ� DQG� HOHFWULFLW\� FRQVXPSWLRQ� UHVSHFWLYHO\�� WKH�
UDQGRP�ZRUN�PRGHOV�ZLWK�GULIW�DUH�

���
���

0RGHO�(VWLPDWLRQ
7KH�SDUDPHWHUV�RI�WKH�PRGHOV�VWDWHG�DV�HTXDWLRQV���DQG���ZHUH�HVWLPDWHG�DQG�WKH�UHVXOWV�ZHUH�
SUHVHQWHG�LQ�7DEOH���
7DEOH����(VWLPDWHV�RI�$5,0$�0RGHO�3DUDPHWHUV

6HULHV 3DUDPHWHU�(VWLPDWH 6WDQGDUG�(UURU W�YDOXH 3�YDOXHV
������� ������� ������ ��������
������� ������ ������ ��������

7KXV��WKH�ILWWHG�PRGHOV�IRU�1LJHULDQ�HOHFWULFLW\�JHQHUDWLRQ�DQG�FRQVXPSWLRQ�ZHUH�UHVSHFWLYHO\
���
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0RGHO�'LDJQRVLV
+HUH��JRRGQHVV�RI�ILW�RI�WKH�PRGHOV�WR�WKH�GDWDVHWV�ZDV�YHULILHG��WKH�FRQIRUPLW\�RI�ZKLWH�QRLVH�
UHVLGXDOV� RI� WKH� ILWWHG�PRGHOV� ZDV� FKHFNHG� E\� SORWWLQJ� WKH� $&)V� DQG� 3$&)V� RI� WKH� UHVLGXDOV�
HPDQDWHG�IURP�WKH�WZR�PRGHOV�WR�REVHUYH�ZKHWKHU�WKH\�SRVVHVV�DQ\�SDWWHUQ��,W�ZDV�GLVFRYHUHG�
WKDW� WKH� SRLQWV� RQ�$&)V� DQG� 3$&)V� SORWWHG� IDOO�ZLWKLQ� WKH� FRQILGHQFH� OLPLWV� DW� DOO� ODJ� SRLQWV��
+HQFH�� WKH� ILWWHG� PRGHOV� ZHUH� DGHTXDWH�� 7KH� /MXQJ�%R[� WHVW� RI� QR� VHULDO� FRUUHODWLRQ� ZDV�
SHUIRUPHG�RQ�WKH�UHVLGXDOV�RI�WKH�ILWWHG�PRGHOVYLD�WKH�WHVW�VWDWLVWLF�DV�

���

7DEOH���SUHVHQWV�WKH�VXPPDUL]HG�UHVXOWV�RI�WKH�/MXQJ�%R[�VWDWLVWLFDO�SURFHGXUHV�SHUIRUPHG�RQ�
WKH�WZR�GDWDVHWV�

7DEOH����5HVXOWV�RI�WKH�/MXQJ�%R[�WHVW�RI�QR�6HULDO�&RUUHODWLRQ�RI�5HVLGXDOV
6HULHV 6WDWLVWLF GI 3�YDOXH

������� �� ������
������� �� ������

)URP�7DEOH����WKH�/%�VWDWLVWLFV�ZHUH���������DQG���������ZLWK�WKH�FRUUHVSRQGLQJ�3�YDOXHV�RI�
������� DQG� �������� 7KHVH� LPSO\� WKDW� WKH� QXOO� K\SRWKHVLV� FDQQRW� EH� UHMHFWHG�� ZH� WKHUHIRUH�
FRQFOXGH� WKDW� WKH� UHVLGXDOV� IURP� WKH� ILWWHG�PRGHOV� DUH� QRW� VHULDOO\� FRUUHODWHG� WKXV� WKH\� DUH�
ZKLWH�QRLVH�

)RUHFDVWLQJ
+DYLQJ�GLDJQRVHG�WKH�PRGHOV�DQG�GLVFRYHUHG�WKDW�WKH\�ZHUH�DGHTXDWH�DQG�ILW�WKH�GDWD�ZHOO��
ERWK� HOHFWULFLW\� JHQHUDWLRQ� DQG� FRQVXPSWLRQ� IRU� WKH� QH[W� ILYH� \HDUV� ������ ± ������ ZHUH�
SUHGLFWHG�ZLWK� ����DQG� ���� FRQILGHQFH� OLPLWV�� 7KH� SURMHFWLRQV� LQ�PHJD�ZDWWV� �0:��ZHUH�
JLYHQ�LQ�7DEOHV���DQG���

7DEOH����3UHGLFWHG�1LJHULDQ�(OHFWULFLW\�*HQHUDWLRQ��0:��IRU������WR�����

<HDU 3UHGLFWHG�(OHFWULFLW\�
*HQHUDWLRQ

����&RQILGHQFH�/LPLWV ����&RQILGHQFH�/LPLWV
/RZHU 8SSHU /RZHU 8SSHU

���� �������� �������� �������� ������� �������
���� ������� �������� �������� �������� �������
���� �������� �������� �������� �������� ��������
���� �������� �������� �������� �������� ��������
���� �������� �������� �������� �������� ��������

7DEOH����3UHGLFWHG�1LJHULDQ�(OHFWULFLW\�&RQVXPSWLRQ��0:��IRU������WR�����

<HDU 3UHGLFWHG�(OHFWULFLW\�
&RQVXPSWLRQ

����&RQILGHQFH�/LPLWV ����&RQILGHQFH�/LPLWV
/RZHU 8SSHU /RZHU 8SSHU

���� �������� �������� �������� �������� ��������
���� �������� �������� �������� �������� ��������
���� �������� �������� ������� �������� ��������
���� ������� ������� �������� �������� ��������
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&RQFOXVLRQ
7KLV� SDSHU� H[DPLQHV� WKH� HOHFWULFLW\� JHQHUDWHG� DQG� FRQVXPHG� LQ� 1LJHULD� EHWZHHQ� ����� DQG�
������ 7KH� %R[�-HQNLQV� VWDWLVWLFDO� PRGHOLQJ� SURFHGXUH� ZDV� HPSOR\HG� IRU� WKLV� VWXG\�� 7KH�
$XJPHQWHG�'LFNH\�)XOOHU�WHVW�FDUULHG�RXW�WR�H[DPLQH�WKH�VWDWLRQDULW\�RI�WKH�VHULHV�VKRZHG�WKDW�
ERWK�VHULHV�ZHUH�QRW� VWDWLRQDU\��+HQFH��)LUVW�RUGHU�GLIIHUHQFLQJ� WUDQVIRUPDWLRQ�ZDV�XWLOL]HG� WR�
HQVXUH�VWDWLRQDULW\��2XU�HPSLULFDO�UHVXOWV�VKRZHG�WKDW�WKH�PRGHOV�ILWWHG�WKH�GDWD�DGHTXDWHO\�DQG�
WKH�/MXQJ�%R[�WHVW�SHUIRUPHG�FRQILUPHG�WKH�ZKLWHQHVV�RI� WKH�UHVLGXDOV� IURP�WKH�PRGHOV��:H��
WKHUHIRUH��PDGH�ILYH�\HDUV�SURMHFWLRQV�IRU�ERWK�JHQHUDWLRQ�DQG FRQVXPSWLRQ�RI�HOHFWULFLW\�ZLWK�
ERWK�����DQG�����FRQILGHQFH�OLPLWV�

7KH� SUHGLFWLRQV� IURP� WKH� ILWWHG� PRGHOV� UHYHDOHG� WKDW� HOHFWULFLW\� JHQHUDWLRQV� VKDOO� EH� VOLJKWO\�
LPSURYLQJ� LQ� 1LJHULD� VWDUWLQJ� IURP� ������ ZKLOH� WKH� HOHFWULFLW\� FRQVXPSWLRQ� VKDOO� HTXDOO\� EH
LQFUHDVLQJ� DFFRUGLQJO\� SUREDEO\� GXH� WR� H[SDQVLRQ� LQ� WHUPV� RI� SRSXODWLRQ� DQG� DPHQLWLHV� LQ�
1LJHULD�

7KH�DPRXQW�RI�PHJDZDWWV�RI�HOHFWULFLW\�JHQHUDWLRQ�LQ�1LJHULD�SURGXFHG�E\�WKH�ILWWHG�PRGHO�IRU�
�����������DQG������ZHUH�TXLWH�FORVH�WR�WKH�DFWXDO�HOHFWULFLW\ JHQHUDWHG�E\�3+&1�IRU������DQG�
E\�WKH�HOHFWULFLW\�JHQHUDWLRQ�FRPSDQLHV��DIWHU�XQELQGLQJ��IRU������DQG������

5HIHUHQFHV
$GHEROD��6��6����������(OHFWULFLW\�FRQVXPSWLRQ�DQG�HFRQRPLF�JURZWK��WULYDULDWH�

LQYHVWLJDWLRQ�LQ�%RWVZDQD�ZLWK�FDSLWDO�IRUPDWLRQ� ,QWHUQDWLRQDO�-RXUQDO�RI�(QHUJ\�
(FRQRPLFV�DQG�3ROLF\� ���������± ���

$NLQOR��$��(����������(OHFWULFLW\�FRQVXPSWLRQ�DQG�HFRQRPLF�JURZWK�LQ�QLJHULD��HYLGHQFH�
IURP�FRLQWHJUDWLRQ�DQG�FR�IHDWXUH�DQDO\VLV��-RXUQDO�RI�3ROLF\�0RGHOLQJ� ��������± ����

$NLQZDOH��<���-HVXOH\H��2��	�6L\DQEROD��:��������� (PSLULFDO�DQDO\VLV�RI�WKH�FDXVDO�
UHODWLRQVKLS�EHWZHHQ�HOHFWULFLW\�FRQVXPSWLRQ�DQG�HFRQRPLF�JURZWK�LQ�1LJHULD��%ULWLVK�
-RXUQDO�RI�(FRQRPLFV��0DQDJHPHQW�DQG�7UDGH������� ��������

$NSDQ��*��(��	 $NSDQ��8��)��������� (OHFWULFLW\�FRQVXPSWLRQ��FDUERQ�HPLVVLRQV�DQG
HFRQRPLF�JURZWK�LQ�QLJHULD� ,QWHUQDWLRQDO�-RXUQDO�RI�(QHUJ\�DQG�3ROLF\� ����� ��������

%R[��*��(��3��	�-HQNLQV��*��0��������� 7LPH�VHULHV�DQDO\VLV��IRUHFDVWLQJ�DQG�FRQWURO��VDQ�
IUDQFLVFR��KROGHQ�GD\�

&KDQJ��7���)DQJ��:��	 :HQ��/��)����������(QHUJ\�FRQVXPSWLRQ��HPSOR\PHQW��RXWSXW�DQG�
WHPSRUDO�FDXVDOLW\��HYLGHQFH�IURP�WDLZDQ�EDVHG�RQ�FRLQWHJUDWLRQ�DQG�HUURU�FRUUHFWLRQ�
PRGHOLQJ�WHFKQLTXHV��$SSOLHG�(FRQRPLFV�����������± �����

'LFNH\��'��$��	�)XOOHU��:��$����������'LVWULEXWLRQ�RI�WKH�HVWLPDWRUV�IRU�DXWRUHJUHVVLYH
WLPH�VHULHV�ZLWK�D�XQLW�URRW��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO $VVRFLDWLRQ� ���������
���±����

(VVR��/��-����������7KUHVKROG�FRLQWHJUDWLRQ�DQG�FDXVDOLW\�UHODWLRQVKLS�EHWZHHQ�HQHUJ\�
XVH�DQG�JURZWK�LQ�VHYHQ�DIULFDQ�FRXQWULHV� (QHUJ\�(FRQRPLFV� ��������± ����
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+DOLFLRJOX��)����������$Q�HFRQRPHWULF�VWXG\�RI�&2� HPLVVLRQV��HQHUJ\�FRQVXPSWLRQ��
LQFRPH�DQG�IRUHLJQ�WUDGH�LQ�7XUNH\��(QHUJ\�3ROLF\� ���������± ������

,ELWR\H��)��,��	�$GHQLNLQMX��$����������)XWXUH�GHPDQG�IRU�HOHFWULFLW\�LQ�1LJHULD� $SSOLHG�
(QHUJ\��������������

-DPLO��)��	 $KPDG��(����������7KH�UHODWLRQVKLS�EHWZHHQ�HOHFWULFLW\�FRQVXPSWLRQ��
HOHFWULFLW\�SULFHV�DQG�*'3�LQ�3DNLVWDQ��(QHUJ\�3ROLF\� ���������± �����

/MXQJ��*��0��	�%R[��*��(��3����������2Q�D�PHDVXUH�RI�D�ODFN�RI�ILW�LQ�WLPH�VHULHV�PRGHOV�
%LRPHWULND�����������������

0HKUDUD��0��������� (QHUJ\ FRQVXPSWLRQ�DQG�HFRQRPLF�JURZWK��7KH�FDVH�RI�RLO�
H[SRUWLQJ�FRXQWULHV� (QHUJ\�3ROLF\����������������

2EDGRWH��'��-����������(QHUJ\�FULVLV�LQ�1LJHULD��7HFKQLFDO�LVVXHV�DQG�VLWXDWLRQV� 3DSHU�
3UHVHQWHG�DW�3RZHU�6HFWRU�3UD\HU�&RQIHUHQFH

2JXQGLSH��$��$��	 $SDWD��$��������� (OHFWULFLW\�FRQVXPSWLRQ�DQG�HFRQRPLF�JURZWK�LQ�
1LJHULD� -RXUQDO�RI�%XVLQHVV�0DQDJHPHQW�DQG�$SSOLHG�(FRQRPLFV� �����

2OXVHJXQ��2��$��������� &RPVXPSWLRQ�DQG�HFRQRPLF�JURZWK�LQ�1LJHULD��$ ERXQGV�
WHVWLQJ�FRLQWHJUDWLRQ�DSSURDFK� -RXUQDO�RI�(FRQRPLF�7KHRU\����������������

3DR��+���<X��+��	 <DQJ��<����������0RGHOLQJ�WKH�&2� HPLVVLRQV��HQHUJ\�XVH�DQG�
HFRQRPLF�JURZWK�LQ�5XVVLD��(QHUJ\�����������± �����

6DPER��$��6���*DUED��%��=DUPD��,��+��	�*DML��0��0���������(OHFWULFLW\�JHQHUDWLRQ�DQG�WKH�
SUHVHQW�FKDOOHQJHV�LQ�WKH�1LJHULD�SRZHU�VHFWRU� (QHUJ\�&RPPLVVLRQ�RI�1LJHULD��$EXMD�

8EL��3��6���(IILRP��/���2NRQ��(��2��	�2GXQHND��$��(��������� $Q HFRQRPHWULF�DQDO\VLV�RI�
WKH�GHWHUPLQDQWV�RI�HOHFWULFLW\�VXSSO\�LQ�1LJHULD� ,QWHUQDWLRQDO�MRXUQDO�RI %XVLQHVV�
$GPLQLVWUDWLRQ��������������

<RR��6��+��	 .LP��<����������(OHFWULFLW\�JHQHUDWLRQ�DQG�HFRQRPLF�JURZWK�LQ�,QGRQHVLD��
(QHUJ\� �������������± �����
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)LJXUH����3ORW�RI�$XWRFRUUHODWLRQ�IRU�'LIIHUHQFHG�(OHFWULFLW\�*HQHUDWLRQ
/DJ

$&)

� �� ��

����

���

���

/DJ

$&)

)LJXUH��� 3ORW�RI�$XWRFRUUHODWLRQ�IRU�'LIIHUHQFHG�(OHFWULFLW\�&RQVXPSWLRQ
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/DJ

3$&)

)LJXUH �� 3ORW�RI�3DUWLDO�$XWRFRUUHODWLRQ�IRU�'LIIHUHQFHG�(OHFWULFLW\�*HQHUDWLRQ

� �� ��

����

���

���

/DJ

3$&)

)LJXUH �� 3ORW�RI 3DUWLDO�$XWRFRUUHODWLRQ�IRU�'LIIHUHQFHG�(OHFWULFLW\�&RQVXPSWLRQ
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$SSHQGL[�,,
1LJHULDQ�(OHFWULFLW\�*HQHUDWLRQ�DQG�&RQVXPSWLRQ�LQ�0:�IURP������WR�����

<HDU�
(OHFWULFLW\�
*HQHUDWLRQ

(OHFWULFLW\�
&RQVXPSWLRQ <HDU�

(OHFWULFLW\�
*HQHUDWLRQ

(OHFWULFLW\�
&RQVXPSWLRQ

���� ����� ����� ���� ������ ������

���� ����� ����� ���� ������ ������

���� ����� ����� ���� ������ ����
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