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$QGUHD�2YiUGLFV�

5HVHDUFK�RI�WKH�&KDQJHV�RI�0RUELGLW\�RI�5KLQLWLV�$OOHU�
JLFD�LQ�+XQJDU\�EHWZHHQ������DQG������

E\�DSSO\LQJ�WKH�5HJLRQDO�,QHTXDOLW\�,QGH[HV

$%675$&7
7KH�DOOHUJHQ�HIIHFW�WKDW�LV�GXH�WR�WKH�TXDOLW\�FKDQJHV�RI�WKH�DWPRVSKHUH�FDQ�ORFDOO\�EH�REVHUYHG�LQ�WKH�
UHVSLUDWRU\�WUDFWV��7KH�FXUUHQW�UHVHDUFK�LV�IRFXVHG�RQ�WKH�UKLQLWLV�DOOHUJLFD�ZKLFK�QHJDWLYHO\�LQIOXHQFHV�
WKH�TXDOLW\�RI�OLIH�RI�WKH�LQGLYLGXDO�DV�ZHOO�DV�LW�KLQGHUV�WKH�VFKRRO�DFWLYLW\�DQG�ZRUN��6=(,1%$&+��
6�/��HW�DO�������DQG��������7KH�EDVLF�SUREOHP�LV�WKDW�WKH�PRUELGLW\�RI�WKH�DOOHUJ\�LQGXFHG�UHVSLUDWRU\�
GLVHDVH�KDV�EHHQ�JURZLQJ�IRU�DOPRVW����\HDUV�LQ�+XQJDU\�DQG��DV�D�FRQVHTXHQFH��WKH�VRFLDO�HFRQRPL�
FDO�EXUGHQ�KDV�DOVR�EHHQ�JURZLQJ�

7KH�DUHDO�SDWWHUQ�RI�WKH�PRUELGLW\�RI�UKLQLWLV�DOOHUJLFD�LQ�+XQJDU\�LV�EDVHG�RQ�WKH�GDWDEDVH�RI�WKH�
.RUiQ\L�,QVWLWXWH�RI�7XEHUFXORVLV�DQG�3XOPRQRORJ\��7KH�DLP�RI�VWXG\�LV�WR�GHWHUPLQH�WKH�DUHDO�GLIIHU�
HQFHV�RI�+XQJDU\�EHWZHHQ������DQG�������7KH�DUHDO�GLIIHUHQFH�LV�H[DPLQHG�WKURXJK�UHJLRQDO�LQHTXDOLW\�
LQGLFHV�

.H\ZRUGV��UKLQLWLV�DOOHUJLFD��KD\�IHYHU��VSDWLDO�GLIIHUHQFHV

$=�����������.g=g77,�5+,1,7,6�$//(5*,&$�0(*%(7(*('e6(.�7(5h/(7,�
.h/g1%6e*(,1(.�9,=6*È/$7$�0$*<$5256=È*21�

7(5h/(7,�(*<(1/ė7/(16e*,�,1'(;(.�$/.$/0$=È6È9$/
$�PD�PiU� KD]iQNEDQ� LV� QpSEHWHJVpJQHN� V]iPtWy� DOOHUJLD� HJ\HV� WtSXVDL� D� OHYHJĘPLQĘVpJ� YiOWR]i�
VDLQDN� KDWiViUD� OpJ~WL� UHDNFLyNDW� YiOWDQDN� NL�� -HOHQ� WDQXOPiQ\XQNEDQ� HJ\� LO\HQUH�� D� UKLQLWLV�
DOOHUJLFiUD� IyNXV]iOXQN�� DPHO\� URQWMD� D]� pOHWPLQĘVpJHW�� QHJDWtYDQ� EHIRO\iVROMD� D]� HJ\pQ� WDQXOiVL���
LOOHWYH�PXQNDNpSHVVpJHLW��6=(,1%$&+��6�/��HW�DO�������pV��������$ODSYHWĘ�MHOHQVpJ��KRJ\�D]�HOP~OW�
���pYEHQ�0DJ\DURUV]iJRQ�D]�DOOHUJLiV�PHJEHWHJHGpVHN�RNR]WD�OpJ]ĘV]HUYL�SUREOpPiN�HOĘIRUGXOiVD�
IRO\DPDWRVDQ�Q|YHNV]LN��PHO\QHN�N|YHWNH]WpEHQ�D�QHJDWtY�WiUVDGDOPL�JD]GDViJL�KDWiVRN�LV�HUĘV|GQHN��

$�PDJ\DURUV]iJL�UKLQLWLV�DOOHUJLFD�PHJEHWHJHGpVHN�WHU�OHWL�N�O|QEVpJHLQHN�YL]VJiODWiW�D]�2UV]i�
JRV�.RUiQ\L�7EF�pV�3XOPRQROyJLDL�,QWp]HW�DGDWDLUD�DODSR]YD�YpJH]W�N�HO��.XWDWiVXQN�DODSYHWĘ�FpOMD�
�� 8QLYHUVLW\�RI�3pFV��)DFXOW\�RI�6FLHQFHV��'RFWRUDO�6FKRRO�RI�(DUWK�6FLHQFHV
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D�PRUELGLWiV�WHU�OHWL�N�O|QEVpJHLEHQ�PHJOpYĘ�HOWpUpVHN�IHOWiUiVD�YROW�D]�����������N|]|WWL�LGĘV]DNUD�
YRQDWNR]yDQ��WHU�OHWL�HJ\HQOĘWOHQVpJL�PXWDWyN�DONDOPD]iViYDO�

.XOFVV]DYDN��UKLQLWLV�DOOHUJLFD��WHU�OHWL�N�O|QEVpJHN��V]pQDQiWKD

���,1752'8&7,21

¶:H�FDQQRW�VD\�WKDW�DQ�HQYLURQPHQW�LV�JRRG�RU�EDG�LQ�JHQHUDO�VLQFH�LI�,�WDNH�D�ILVK�RXW�RI�WKH�ZDWHU�DQG�SXW�LW�RQ�WKH�
QLFHVW�JUDVV�LW�ZLOO�QRW�EH�D�JRRG�HQYLURQPHQW�IRU�WKH�ILVK��+RZHYHU��LI�,�SXW�D�UDEELW�LQWR�WKH�VHD�LW�ZLOO�QRW�EH�D�JRRG�
HQYLURQPHQW�IRU�LW��7KHUH�LV�QR�JRRG�RU�EDG�HQYLURQPHQW��RQO\�WKDW�LV�JRRG�ZKDW�ZH�DUH�WDLORUHG�IRU�¶¶

�$OEHUW�6]HQW�*\|UJ\L��

)URP� WKH� VHFRQG�SDUW� RI� WKH� ��WK� FHQWXU\� WKH� TXDOLW\� FKDQJHV� RI� WKH� SK\VLFDO� HQYLURQPHQW� GHHSO\�
LQIOXHQFHG�ERWK� WKH�VRFLDO�DQG�FXOWXUDO�HQYLURQPHQW�RI� WKH�SHRSOH�� WKXV�DIIHFWLQJ� WKHLU� OLIHVW\OH�DV�
ZHOO��9,75$,�-��±�92.Ï�=���������7KH�VWDWH�RI�KHDOWK�RI�WKH�SRSXODWLRQ�LV�SULPDULO\�GHWHUPLQHG�E\�WKH�
LQWHUDFWLRQV��DV�D�UHVXOW�RI�ZKLFK�WKH�ELRORJLFDO�FKHPLFDO�FRQWHQWV�RI�WKH�HQYLURQPHQW�DUH�FKDQJHG��
7KH�FRQWDFW�ZLWK�WKH�WURSRVSKHUH�SOD\V�DQ�RXWVWDQGLQJ�UROH�VLQFH�WKH�QHJDWLYH�HIIHFWV�FDQ�EH�REVHUYHG�
PDLQO\�LQ�WKH�UHVSLUDWRU\�WUDFWV��7KH�PDLQ�IRUPV�RI�LQFLGHQFH�RI�DOOHUJLF�GLVHDVHV�FDXVHG�E\�SROOHQV�
DUH� DVWKPD�EURQFKLFDOH�� UKLQLWLV� DOOHUJLFD�� FRQMXFWLYLV� DOOHUJLFD�� GHUPDWLWLV� DWRSLFD� �(0%(5� ,��������
3$7$.,�*���������,Q�FDVH�RI�JHQHWLF�FRQGLWLRQV��WKH�H[LVWHQFH�RI�DQ�DWRS\���DIWHU�DOOHUJHQ�H[SRVXUH��
VHQVLWLYH�UHDFWLRQV�GHYHORS�LQ�WKH�RUJDQL]DWLRQ��DQG�WKH�V\PSWRPV�RI�WKH�DOOHUJLF�LOOQHVV�DSSHDU��7KH�
SROOHQ�LQGXFHG�DOOHUJLF�UKLQLWLV�FRXQWV�DV�DQ�HQGHPLF�LQ�WKH�FRXQWULHV�RI�WKH�(XURSHDQ�8QLRQ�DFFRUGLQJ�
WR�WKH�PRUELGLW\�GDWD�RI�WKH�LQVWLWXWHV�RI�WXEHUFXORVLV�DQG�SXOPRQRORJ\��$FFRUGLQJ�WR�WKH�HVWLPDWHG�
GDWD�RI�WKH�:+2�DOPRVW�����PLOOLRQ�SHRSOH�VWUXJJOH�DJDLQVW�WKH�V\PSWRPV�RI�DOOHUJLF�UKLQLWLV�ZKLFK�
KDV�DOVR�EHHQ�LGHQWLILHG�DV�D�ULVN�IDFWRU�RI�WKH�DVWKPD�RI�DOOHUJLF�RULJLQ��3$:$1.$5��5��±�&$121,&$��*��
:��±�+2/*$7(��6��7��±�/2&.(<��5��)��������

7KH�DLP�RI�P\�VWXG\�LV�WR�UHVHDUFK�WKH�UHJLRQDO�GLIIHUHQFHV�RI�WKH�SROOHQ�LQGXFHG�UKLQLWLV�DOOHUJLFD��
7KH�KHWHURJHQHLW\�RI� WKH� VWDWHV�RI� LOOQHVV�RU� KHDOWK�KDYH�EHHQ� FKDUDFWHULVHG�E\� LQHTXDOLW\� LQGH[HV�
DQG�,�KDYH�DOVR�H[DPLQHG�ZKHWKHU�WKH�UHJLRQDO�GLIIHUHQFHV�RI�WKH�FRXQWLHV�DV�WR�UKLQLWLV�DOOHUJLFD�DUH�
VWDWLRQDU\�LQ�WLPH��7KH�EDVLF�GLUHFWLRQ�RI�WKH�FKDQJHV�RI�WLPH�KDV�EHHQ�VWDWHG�RQ�QDWLRQDO�OHYHO�DQG�,�
KDYH�GHPRQVWUDWHG�WKH�UHVXOWV�ZLWK�WKH�KHOS�RI�GLDJUDPV�

���'$7$�$1'�0(7+2'6
�����&KDUDFWHULVWLF�)HDWXUHV�RI�WKH�'DWDEDVH

7KH�JOREDO�GDWDEDVH�RI�WKH�KHDOWK�WRSLFV�DW�LQWHUQDWLRQDO�OHYHO�LV�UHJLVWHUHG�E\�:+2�DQG�ZLWKLQ�WKLV�WKH�
GDWDEDVH�RI�LOOQHVVHV�RI�DOOHUJLF�RULJLQ�DUH�FRQFHQWUDWHG�DW�:$2��%HFDXVH�RI�WKH�QHHG�RI�WKH�XQLILHG�
GDWD�UHJLVWUDWLRQ�WKH�:+2�KDV�LQWURGXFHG�WKH�V\VWHP�RI� WKH�,QWHUQDWLRQDO�6WDWLVWLFDO�&ODVVLILFDWLRQ�
RI�'LVHDVHV�DQG�UHODWHG�+HDOWK�3UREOHPV��%12���KRZHYHU��HYHQ�WKLV�ZD\�WKH�PRUELGLW\�VWDWLVWLFV�RI�
DOOHUJLF� GLVHDVHV� DUH� GLIILFXOW� WR� DQDO\VH�� VLQFH� LW� LV� QRW� FRPSXOVRU\� WR� UHSRUW� WKH� DOOHUJ\� LQGXFHG�

�� 6=(17�*<g5*<,�$��������$]�pOHW�MHOOHJH��0DJYHWĘ�.LDGy��%XGDSHVW��S�����
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LOOQHVVHV��'XH�WR�WKLV�IDFW�WKH�UHVXOW�RI�WKH�HVWLPDWLRQ�RI�WKH�QXPEHU�RI�LOOQHVVHV�LV�XQFHUWDLQ�DQG�WKH�
YDOXH�RI�WKH�KLGGHQ�PRUELGLW\�LV�KLJK��

0\�UHVHDUFK�GLG�QRW�DLP�DW�H[DPLQLQJ�WKH�KLGGHQ�PRUELGLW\��7KH�DQDO\VHG�GDWD�LQFOXGH�WKH�QXPEHU�
RI� LQGLYLGXDOV�ZKR� DUH� LQYROYHG� LQ� SXOPRQRORJLFDO� WUHDWPHQW�� WKXV� WKH\� GR� QRW� UHIOHFW� WKH� DFWXDO�
PRUELGLW\��7KH�UKLQLWLV�DOOHUJLFD�DFFRPSDQLHG�E\�UHVSLUDWRU\�V\PSWRPV�DV�DQ�LQGHSHQGHQW�VWDWLVWLFDO�
FDWHJRU\�KDV�EHHQ�UHJLVWHUHG�LQ�WKH�DQQXDO�UHJLVWU\�RI�WKH�LQVWLWXWHV�RI�SXOPRQRORJ\�LQ�+XQJDU\�VLQFH�
������7KH�SUHVHQW�GDWDEDVH�RI�WKH�IUHTXHQF\�RI�UKLQLWLV�DOOHUJLFD�LQ�+XQJDU\�KDV�EHHQ�FR�RUGLQDWHG�
E\�WKH�1DWLRQDO�¶.RUiQ\L¶�,QVWLWXWH�RI�3XOPRQRORJ\�DQG�7XEHUFXORVLV��DQG�WKH�GDWD�RI�PRUELGLW\�DV�
ZHOO�DV�WKH�LQFLGHQFH�RI�WKH�GHPRJUDSKLFDO��KHDOWK�LQIRUPDWLRQDO�GDWDEDVH�RI�WKH�&HQWUDO�%XUHDX�RI�
6WDWLVWLFV�DUH�DOVR�EDVHG�RQ�LW��3$7$.,�*�±0(*<(6,�È±�)(+e5�,�������������������-Ï1È6�-��±�%$56,1e�)��
.�������������������������������

,�VWDUWHG�P\�UHVHDUFK�ZLWK�GDWD�IURP������DV�WKH�XQLIRUP�KHDOWK�FDUH�HOHFWURQLF�GRFXPHQWDWLRQ��L�H��
WKH�UHOLDEOH�GDWDEDVH�KDV�EHHQ�DYDLODEOH�VLQFH�WKDW�WLPH��,W�ZDV�QHFHVVDU\�WR�FKRRVH������DV�WKH�FORVLQJ�
SRLQW�IRU�WZR�UHDVRQV��2Q�WKH�RQH�KDQG�WKH�SDWLHQWV�KDYLQJ�UHVSLUDWRU\�DOOHUJLF�GLVHDVHV�ZHUH�PRWL�
YDWHG�WR�DWWHQG�WKH�GLVSHQVDU\�UHJXODUO\��'XH�WR�WKH�H[DPLQDWLRQ�VWDWHG�E\�WKH�SURIHVVLRQDO�SURWRFRO�
WKH�DOOHUJHQV�FDXVLQJ�V\PSWRPV�FRXOG�EH�ORFDOLVHG��IXUWKHUPRUH�WKH�UHJLVWUDWLRQ�DQG�DWWHQGDQFH�ZDV�D�
SUH�UHTXLVLWH�RI�UHFHLYLQJ�WKH�KLJK�OHYHO�SULFH�VXSSRUW�RI�PHGLFLQHV��2Q�WKH�RWKHU�KDQG�WKH�PHGLFLQHV�
DSSOLHG�IRU�WKH�JURXS�RI�LOOQHVV�KDYH�QRW�EHHQ�VXSSRUWHG�DQG�PRVW�RI�WKH�PHGLFLQHV�KDYH�EHHQ�DYDLODEOH�
DW� WKH�SKDUPDFLHV�ZLWKRXW�D�SUHVFULSWLRQ�RI�WKH�GRFWRU��,Q�DGGLWLRQ�WR�LW�SDWLHQWV�KDG�WR�SD\�IRU�WKH�
PHGLFDO�WUHDWPHQW�IURP���WK�)HEUXDU\�������WR���VW�0DUFK�������

7KH�GDWD�KDYH�EHHQ�V\VWHPDWLVHG��SURFHVVHG�DQG�VWDWLVWLFDOO\�DQDO\VHG�E\�YHUVLRQ����RI�VWDWLVWLFDO�
VRIWZDUH�JURXS�RI�6366��6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFHV��IRU�:LQGRZV��,�KDYH�XVHG�WKH�DGPLQ�
LVWUDWLYH�PDS�RI�+XQJDU\�WR�VKRZ�WKH�FRQQHFWLRQV�WKURXJK�*,6�PHWKRGV�ZKLFK�KDV�EHHQ�SUHVHQWHG�E\�
PRGXOH����RI�$UF0DS�RI�WKH�$UF*LV�SURJUDPPH�JURXS�

�����7KH�,QGH[HV�&KDUDFWHULVLQJ�WKH�*HRJUDSKLFDO�6WUXFWXUH�RI�5KLQLWLV�$OOHUJLFD�
'XH�WR�WKH�DLU�SROOXWLRQ�RI�DQWKURSRJHQLF�RULJLQ�UHJLRQDO�GLIIHUHQFHV�DUH�IRUPHG��DV�D�UHVXOW�RI�WKLV�WKH�
HIIHFW�RI�WKH�FKDQJHV�RI�WKH�HQYLURQPHQW�LQIOXHQFHV�WKH�KHDOWK�VKRZLQJ�D�SDWWHUQ�LQ�VSDFH��8==2/,�$��
������6=$8(5�(��������9,75$,�-��������.$-725�(��������

5HJUHVVLRQ�DQDO\VLV�KDV�EHHQ�DSSOLHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�WHQGHQF\�RI�WLPH�VHULHV�WKDW�DUH�RI�
RXWVWDQGLQJ�LPSRUWDQFH�IRU�WKH�UHVHDUFK��7KH�GLIIHUHQFHV�RI�WKH�PRUELGLW\�RI�UKLQLWLV�DOOHUJLFD��FDXVLQJ�
UHVSLUDWRU\�V\PSWRPV�UHODWHG�WR�WKH�SHULRG�RI�WLPH�EHWZHHQ������DQG�������ZKLFK�FDQ�EH�REVHUYHG�LQ�
VSDFH��KDYH�EHHQ�H[DPLQHG�WKURXJK�WKH�DQDO\VLV�RI�WKH�IROORZLQJ�UHJLRQDO�LQHTXDOLW\�LQGH[HV�
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&HQWURLG�RI�LOOQHVVHV
7KH� TXDOLWDWLYH� GHVFULSWLRQ� RI� WKH� H[DPLQHG� VRFLDO� SKHQRPHQRQ¶V� VWUXFWXUH� FDQ� EH� VWDUWHG� ZLWK�
GHWHUPLQLQJ�WKH�FRQFHQWUDWLRQ�LQGH[��.�� WKDW�UHSUHVHQWV�VLPSOHVW� WKH�FRQFHQWUDWLRQ�PHDVXUH�RI� WKH�
SKHQRPHQRQ�

ZKHUH�[L�LV�WKH�YDOXH�RI�WKH�L
WK�SDUW�RI�DUHD�LQ�WKH�IRUPXOD�FDOFXODWLQJ�E\�WKH�UHFLSURFDO�RI�WKH�VDPSOH�

VL]H��
7KH�QH[W�WHUULWRULDO�LQHTXDOLW\�LQGH[�LV�WKH�FHQWUH�RI�PDVV��FHQWURLG��RI�LOOQHVVHV��7KH�DSSOLFDWLRQ�

RI�WKLV�LV�IDYRXUDEOH�EHFDXVH�LW�UHSUHVHQWV�QRW�RQO\�WKH�WHUULWRULDO�FRQFHQWUDWLRQ�EXW�DOVR�WKH�VLJQ�RI�WKH�
GLIIHUHQFH��,Q�RUGHU�WR�FDOFXODWH�WKLV��D�SUDFWLFDOO\�FKRVHQ�SRLQW�RI�UHIHUHQFH�VKRXOG�EH�XVHG��ZKHUH�LQ�
WKH�FRXUVH�RI�WKH�UHVHDUFK�,�KDYH�FKRVHQ�WKH�SRVLWLRQ�RI�RXU�FDSLWDO��%XGDSHVW�

6[�DQG�6\�LQ�WKH�IRUPXOD�DUH�WKH�FRRUGLQDWHV�RI�WKH�FHQWUH�RI�PDVV��[L�DQG�\L�DUH�WKH�FRRUGLQDWHV�RI�
WKH�EDVLV�SRLQWV�DQG�IL�GHQRWHV�WKH�PDVV�RI�WKH�EDVLV�SRLQWV��1(0(6�1$*<�-������E���7KH�FDOFXODWLRQV�
FRQVLVW�RI�WKH�DEVROXWH�YROXPH�L�H��WKH�QXPEHU�RI�DOO�UKLQLWLV�DOOHUJLFD�LOOQHVVHV�

+RRYHU�LQGH[
7KH�+RRYHU�LQGH[�LV�XVXDOO\�XVHG�LQ�FXUUHQW�DUHD�UHVHDUFKHV�WKDW�HQVXUH�WKH�PXWXDO�FRPSDULVRQ�RI�WKH�
WHUULWRULDO�GLVWULEXWLRQ�RI�VRFLDO�SKHQRPHQD�DQG�WKH�SRSXODWLRQ��,I�WKH�FDOFXODWLRQ�RI�WKH�+RRYHU�LQGH[�
LV�IRU�PRUH�GDWHV�WKHQ�WKH�FDOFXODWHG�YDOXHV�RI�WKH�LQGH[�VKRZ�ZKHWKHU�WKH�UHJLRQDO�GLIIHUHQFH�RI�WKH�
H[DPLQHG�SURFHVV�LQFUHDVHV�RU�LW�PRYHV�RQ�HTXDOL]DWLRQ��

7KH�DSSOLHG�QRWDWLRQV�LQ�WKH�IRUPXOD��[L�LV�WKH�SHUFHQWDJH�RI�WKH�L
WK�SDUW�RI�DUHD�RXW�RI�WKH�YROXPH�RI�

UKLQLWLV�DOOHUJLFD�DQG�\L�LV�WKH�SHUFHQWDJH�RI�WKH�L
WK�SDUW�RI�DUHD�RXW�RI�WKH�QXPEHU�RI�SRSXODWLRQ��

6WDQGDUG�GLVWDQFH
'HWHUPLQLQJ�WKH�FHQWUH�RI�PDVV�ZLWK�WLPH�VHULHV�LV�ZHOO�XVDEOH�DW�WKH�DQDO\VLV�RI�WHUULWRULDO�UDWLR�VKLIWV��
$W�WKH�VDPH�WLPH�LI�D�VWUXFWXUDO�LQYHUVLRQ�RFFXUV�EHFDXVH�RI�WKH�FRXUVH�RI�SKHQRPHQRQ��LWV�VXPPDWLRQ�
VKLIW�FDQQRW�EH�GHWHFWHG�DW�GHWHUPLQLQJ�WKH�FHQWUH�RI�PDVV�GXH�WR�WKH�V\PPHWULF�FKDQJH��7KH�DQDO\VLV�
RI�VWDQGDUG�GHYLDWLRQ�LV�VXLWHG�IRU�IXUWKHU�WHVWV�LQ�FDVH�RI�VXFK�D�JURZWK��%\�FDOFXODWLQJ�WKH�LQGH[�WKH�
VPDOOHU�GHYLDWLRQ�RI�GLVWDQFH�RI�EDVLF�SRLQWV�IURP�WKH�FHQWUH�RI�PDVV�WKH�PRUH�FKDUDFWHULVWLF�LW�LV�WKDW�
WKH�SKHQRPHQRQ�LV�FRQFHQWUDWHG�DURXQG�WKH�FHQWUH�RI�PDVV��

:KHUH�[L�DQG�\L�DUH�WKH�FRRUGLQDWHV�RI�WKH�SRLQWV�RI�UHIHUHQFH��[�DQG�\�DUH�WKH�FRRUGLQDWHV�RI�WKH�
FHQWURLGV�DQG�IL�GHQRWHV�WKH�ZHLJKWV�RI�WKH�VLQJOH�SRLQWV��1(0(6�1$*<�-������E��



$QGUHD�2YiUGLFV
5HVHDUFK�RI�WKH�&KDQJHV�RI�0RUELGLW\�RI�5KLQLWLV�$OOHUJLFD�LQ�+XQJDU\

��

:HLJKWHG�GHYLDWLRQ�DQG�ZHLJKWHG�UHODWLYH�GHYLDWLRQ
7KH�LQGH[�LV�DSSOLFDEOH�WR�FKDUDFWHUL]H�WKH�FKDQJH�LQ�WLPH�RI�VSDWLDO�LQHTXDOLWLHV�RI�D�VRFLDO�HFRQRPLFDO�
SKHQRPHQRQ�E\�FDOFXODWLQJ�WKH�DYHUDJH�RI�WKH�VTXDUHV�RI�GLIIHUHQFHV�EHWZHHQ�WKH�VLQJOH�YDOXHV�DQG�
WKH�ZHLJKWHG�DYHUDJH�

� � ������ZKHUH�� � LV� WKH� YDOXH� RI� WKH� VSHFLILF� LQGH[� LQ� WKH� LWK� WHUULWRU\� XQLW� DQG
�� LV�WKH�ZHLJKWHG�DYHUDJH�
7KH�ZHLJKWHG�UHODWLYH�GHYLDWLRQ�VKRZV�WKH�GHYLDWLRQ�RI�WKH�GDWD�FRPSDUHG�WR�WKH�ZHLJKWHG�DYHUDJH�

RI�WKH�H[DPLQHG�GDWD�

� � � ���ZKHUH��� � � � � � LV� WKH�YDOXH�RI� VSHFLILF� LQGH[� LQ� WKH� LWK� WHUULWRU\�XQLW� DQG
�� �LV�WKH�ZHLJKWHG�DYHUDJH�

7HUULWRULDO�DXWRFRUUHODWLRQ
7KH�REVHUYDWLRQ�XQLW�LV�WKH�FRPSOH[�RI�HOHPHQWV�UHODWHG�WR�WRZQV�DQG�FRXQWLHV�WKH�GDWD�RI�ZKLFK�DUH�
DJJUHJDWHG�DQG�KDYH�EHHQ�SURGXFHG�DV�E\�SURGXFWV�RI�DGPLQLVWUDWLYH�SURFHVVHV��7KH�0RUDQ� LQGH[�
VKRZV�ZKHWKHU�WKH�H[DPLQHG�XQLW¶V�YDOXH�LV�VLPLODU�RU�GLIIHUHQW�IURP�WKH�QHLJKERXULQJ�DUHD�

� � � � ����ZKHUH� � LV�WKH�SURGXFW�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�DUHD�
XQLWV�DQG�WKH�DYHUDJHV��'LM�LV�WKH�JHQHUDO�HOHPHQW�RI�WKH�QHLJKERXUKRRG�PDWUL[�DQG�1�LV�WKH�QXPEHU�RI�
DUHD�XQLWV��

,I�WKH�YDOXHV�DUH�FORVH�WR�]HUR��LW�VKRZV�XQLIRUP�VSDFHV��VR�WKH�GLVWULEXWLRQ�RI�WKH�H[DPLQHG�SKH�
QRPHQRQ�GRHV�QRW�GHSHQG�RQ�WKH�WHUULWRU\�DQG�QHLJKERXUKRRG��7KH�PLQLPXP�RI�WKH�DXWRFRUUHODWLRQ�LV�
DOZD\V�KLJKHU�WKDQ����DQG�LWV�PD[LPXP�LV�DOZD\V�ORZHU�WKDQ�����,I�,!���1����WKH�SRVLWLYH�DUHDO�DXWRFRU�
UHODWLRQ��DQG�LQ�FDVH�RI�,����1���QHJDWLYH�DUHDO�DXWRFRUUHODWLRQ�LV�REVHUYDEOH��,Q�FDVH�RI�GLYLVLRQ�LQWR�
UHJLRQV�RI�+XQJDU\��WKH�YDOXH�RI�����VKRZV�VWURQJ�QHLJKERXUKRRG�HIIHFW�

7KH�ORFDO�0RUDQ�LQGH[��,L��FKDUDFWHUL]HV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�H[DPLQHG�DUHD�DQG�LWV�QHLJK�
ERXUV�E\�DVVLJQLQJ�D�IDFWXDO�QXPEHU�WR�HDFK�DUHD�XQLW��

:KHUH�1�LV�WKH�QXPEHU�RI�WKH�H[DPLQHG�DUHD�XQLWV��'LM�LV�WKH�HOHPHQW�RI�WKH�L
WK�URZ�DQG�MWK�FROXPQ�

RI�WKH�QHLJKERXUKRRG�PDWUL[�DQG�� � ���LV�WKH�SURGXFW�RI�WKH�GLIIHUHQFHV�EHWZHHQ�DUHD�XQLWV¶�
YDOXHV�DQG�DYHUDJHV�
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,I�,L�LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��S��������WKHQ�ZH�FDQ�LGHQWLI\�IROORZLQJ�LQWHUSUHWDWLRQV�
�� +RW�VSRW��++���WKH�SKHQRPHQRQ�LV�PRUH�FRQFHQWUDWHG�RQ�WKH�H[DPLQHG�DUHD�XQLW�DQG�LQ�LWV�UHJLRQ�
�� &ROG�VSRW��//���WKH�SKHQRPHQRQ�LV�OHVV�FRQFHQWUDWHG�RQ�WKH�H[DPLQHG�DUHD�XQLW�DQG�LQ�LWV�UHJLRQ�
�� +LJK�/RZ��+/���WKH�SKHQRPHQRQ�LV�PRUH�FRQFHQWUDWHG�RQ�WKH�H[DPLQHG�DUHD�XQLW�DQG�OHVV�FRQFHQ�

WUDWHG�LQ�LWV�UHJLRQ�
�� /RZ�+LJK��/+���WKH�SKHQRPHQRQ�LV�OHVV�FRQFHQWUDWHG�RQ�WKH�H[DPLQHG�DUHD�XQLW�DQG�PRUH�FRQFHQ�

WUDWHG�LQ�LWV�UHJLRQ�

���(;$0,1$7,21�2)�7+(�025%,',7<�2)�5+,1,7,6�$//(5*,&$�,1�+81*$5<�
%(7:((1������$1'������

�����&KDQJH�LQ�PRUELGLW\�UDWH�RI�UKLQLWLV�DOOHUJLFD�EHWZHHQ������DQG�����
$FFRUGLQJ�WR�WKH�VWDWLVWLFDO�GDWD�RI�WKH�1DWLRQDO�.RUiQ\L�7XEHUFXORVLV�DQG�3XOPRQRORJLFDO�,QVWLWXWH�WKH�
PRUELGLW\�RI�WKRVH�ZKR�ZHUH�UHJLVWHUHG�ZLWK�QRQ�WXEHUFXORVLV�UHVSLUDWRU\�GLVHDVHV�VKRZHG�D�PRQR�
WRQH�LQFUHDVLQJ�YDOXH�WKDW�EHFDPH�DOPRVW�WZLFH�DV�KLJK�DV�DW�WKH�EHJLQQLQJ��IURP������WR������IRU�
�����SHRSOH���'XH�WR�WKH�UKLQLWLV�DOOHUJLFD�WKH�PHGLFDO�DWWHQGDQFH�EHFDPH�����WLPHV�KLJKHU�LQ���\HDUV��
7KH�FKDUW�VKRZV��)LJXUH����WKH�PRQRWRQH�LQFUHDVH�RI�PRUELGLW\��'XULQJ�WKH�VDPH�SHULRG�RI�WLPH�WKH�
SURSRUWLRQ�RI�WKH�SROOHQ�LQGXFHG�KD\�IHYHU�JUHZ�IURP���������WR���������FRPSDUHG�WR�WKH�IUHTXHQF\�
RI�WKH�WRWDO�QXPEHU�RI�QRQ�WXEHUFXORVLV�UHVSLUDWRU\�GLVHDVHV��)URP�WKH�HFRQRPLF�SRLQW�RI�YLHZ�LW�LV�RI�
PDMRU�LPSRUWDQFH�WKDW�WKH�SHRSOH�PRVW�DIIHFWHG�E\�WKH�UKLQLWLV�DOOHUJLFD�EHORQJ�WR�WKH�DFWLYH�DJH��)RU�
WKLV�UHDVRQ�,�H[DPLQHG�WKH�VL]H�RI�WKH�SDWLHQW�SRSXODWLRQ�EHORQJLQJ�WR�WKH�DJH�JURXS�EHWZHHQ����DQG�
���\HDUV�FRPSDUHG�WR�WKH�WRWDO�QXPEHU�RI�SDWLHQWV��,Q����������RI�WKH�SDWLHQWV�EHORQJHG�WR�WKH�DFWLYH�
DJH�JURXS��ZKLOH�LQ������LW�ZDV�����GXH�WR�D�VOLJKW�GHFUHDVH�

)LJXUH����&KDQJH�RI�WKH�SURSRUWLRQ�RI�WKH�PRUELGLW\�RI�UKLQLWLV�DOOHUJLFD�LQ�UHODWLRQ�WR�QRQ�WXEHUFXORVLV�OXQJ�GLVHDVHV�LQ�
+XQJDU\�EHWZHHQ������DQG�����

6RXUFH��)LJXUH�FUHDWHG�E\�WKH�DXWKRU�EDVHG�RQ�GDWD�RI�1DWLRQDO�.RUiQ\L�,QVWLWXWH�RI�3XOPRQRORJ\

7KURXJK�UHJUHVVLRQ�DQDO\VLV�,�GUHZ�WKH�FRQFOXVLRQ�WKDW�WKH�PRUELGLW\�RI�WKH�KD\�IHYHU�VKRZHG�D�
������Å�JURZWK�DPRQJ�WKH�SRSXODWLRQ�RI�+XQJDU\��
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�����([DPLQDWLRQ�RI�WKH�PRUELGLW\�RI�UKLQLWLV�DOOHUJLFD�XVLQJ�LQHTXDOLW\�LQGH[HV
7KH�VSDWLDO�DQDO\VLV�VWDUWHG�E\�GHWHUPLQLQJ�WKH�FHQWURLG�RI�LOOQHVV�DQG�WKHQ�IROORZHG�WKH�FKDUDFWHUL]D�
WLRQ�RI�WKH�WHUULWRULDO�GLIIHUHQFHV�RI�UKLQLWLV�DOOHUJLFD�FDXVHG�E\�SROOHQ��

&HQWURLG�RI�LOOQHVV
,�H[DPLQHG�WKH�SRVLWLRQ�RI�FRXQW\�VHDWV�FRPSDUHG�WR�%XGDSHVW�DV�D�UHIHUHQFH�ORFXV��,�GHILQHG�WKH�VLJQ�
RI�WKH�FRRUGLQDWHV�RI�WKH�WRZQ�SRVLWLYH�LI�LW�ZDV�ORFDWHG�QRUWKZDUGV�RU�HDVWZDUGV�FRPSDUHG�WR�%XGD�
SHVW��7KH�FDOFXODWLRQV�FRQVLVW�RI�WKH�DEVROXWH�YROXPH�L�H��WKH�QXPEHU�RI�DOO�UKLQLWLV�DOOHUJLFD�LOOQHVVHV��
$W�WKH�VDPH�WLPH��WKH�QXPEHU�RI�WKH�UHJLVWHUHG�SRSXODWLRQ�ZDV�XVHG�DV�WKH�YDOXH�RI�WKH�IXQFWLRQ�L�H��
XVHG�DV�ZHLJKW��,Q������WKH�FHQWURLG�RI�WKH�LOOQHVV�/$7������¶1���/21*�������¶(��ZDV�ORFDWHG�QHDUE\�
.LVNXQODFKi]D��)LJXUH�����

)LJXUH����7KH�WUHQG�LQIRUPDWLRQ�DERXW�FKDQJH�RI�WKH�PLGSRLQW�RI�UKLQLWLV�DOOHUJLFD�LQ�+XQJDU\�EHWZHHQ������DQG�����

6RXUFH��)LJXUH�FUHDWHG�E\�WKH�DXWKRU

7KH�GLUHFWLRQ�RI�WKH�VKLIW�VKRZV�WKH�ELJJHU�QXPEHU�RI�SUHVHQFH�DQG�UHJLVWUDWLRQ�LQ�WKH�FDSLWDO��LQ�LWV�
DJJORPHUDWLRQ�DQG�LQ�WKH�QRUWK�HDVW�SDUW�RI�WKH�FRXQWU\��'XH�WR�WKLV��WKH�PLGSRLQW�ZDV�UHSODFHG�WR�WKH�
DUHD�RI�/$7�������¶�1���/21*������¶�(���'XQDYDUViQ\���7KH�UHVXOW�VKRZV�WKDW�WKH�DUHDO�FRQFHQWUDWLRQ�
RI�UKLQLWLV�DOOHUJLFD�LV�RQ�SODFHV�ZLWK�FRPPRQ�UDJZHHG��)LJXUH�����

)LJXUH����0DS�RI�WKH�SUHVHQFH�RI�&RPPRQ�5DJZHHG�SRWHQWLDO�LQ�����

/HJHQG����DEVHQW�����UDUHO\����ORZ�����PHGLXP�����KLJK�
6RXUFH��KWWS���ZZZ�IYP�JRY�KX�GRF�XSORDG��������SDUODJIXB��SGI���������������
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%\�DQDO\VLQJ�WKH� WLPH�VHULHV�� WKH�FKDQJH�LQ� WKH�YDOXH�RI� WKH�FRQFHQWUDWLRQ� LQGH[�VKRZV�D�VOLJKW�
GHFUHDVLQJ�WHQGHQF\�LQ�FRQFHQWUDWLRQ�RI�UHVSLUDWRU\�DOOHUJLF�GLVHDVHV��

7KH�QH[W�VWHS�ZDV�WR�GHWHUPLQH�WKH�FHQWURLG�RI�WKH�SRSXODWLRQ��7KH�FRPSDULVRQ�RI�WKH�WZR�FHQWUXPV�
VKRZV�HDVWZDUG�RULHQWDWLRQ�RI�FHQWURLG�RI�LOOQHVVHV��

+RRYHU�LQGH[
$FFRUGLQJ�WR�WKH�UHVXOWV�WKH�ODUJHVW�DUHDO�LQHTXDOLW\�ZDV�EHWZHHQ������DQG������GXULQJ�WKLV�SHULRG�
RI�LQYHVWLJDWLRQ��)LJXUH�����&XUUHQWO\��WKH�DSSHDUDQFH�IUHTXHQF\�RI�KD\�IHYHU�WHQGV�WR�HTXDOL]DWLRQ�LQ�
WKH�FRXQWLHV�

)LJXUH����7KH�+RRYHU�LQGH[�RI�UKLQLWLV�DOOHUJLFD�LQ�+XQJDU\�EHWZHHQ������DQG�����

6RXUFH��)LJXUH�FUHDWHG�E\�WKH�DXWKRU

7KH�GLIIHUHQFH�RI�WKH�DWWHQGDQFH�RI�GLVSHQVDULHV�PD\�LQIOXHQFH�LQGLUHFWO\�WKH�QXPEHU�RI�UHJLVWHUHG�
UKLQLWLV�DOOHUJLFD�GLVHDVHV��VR�LW�FDQ�FRQWULEXWH�WR�WKH�SUHYLRXV�LQHTXDOLW\�UHVXOW��'XH�WR�WKLV��,�H[DPLQHG�
WKH�WHQGHQF\�RI�WKH�LQHTXDOLW\�EHFDXVH�RI�WKH�DWWHQGDQFH�RI�GLVSHQVDULHV��,W�FDQ�EH�VWDWHG�WKDW�WKH�YDOXH�
RI�WKH�+RRYHU�LQGH[�LQFUHDVHG�IURP�������������WR��������������7KHUHIRUH��WKH�FKDQJLQJ�WHQGHQF\�
LQ�QXPEHU�RI�GLVHDVHV�LV�WKH�PDLQ�UHDVRQ�RI�WKH�HTXDOL]DWLRQ�SURFHVV�RI�VSDWLDO�GLVWULEXWLRQ�RI�UKLQLWLV�
DOOHUJLFD��)RU�D�GHWDLOHG�H[SODQDWLRQ�WKH�YDOXH�RI�WKH�ZHLJKWHG�UHODWLYH�GHYLDWLRQ�LV�QHHGHG�

6WDQGDUG�GHYLDWLRQ
7KH�FRRUGLQDWHV�RI�%XGDSHVW�DV� WKH�SRLQW�RI�UHIHUHQFH�ZHUH��[L��\L���[�DQG�\� WKH�FRRUGLQDWHV�RI� WKH�
FRXQW\�VHDWV�DQG�WKH�ZHLJKW�ZDV�WKH�QXPEHU�RI�UKLQLWLV�DOOHUJLFD�UHJLVWHUHG�SRSXODWLRQ�RI�WKH�JLYHQ�
FRXQW\��,�VXPPDUL]HG�WKH�YDOXHV�RI�VWDQGDUG�GHYLDWLRQ��'��GXULQJ�WKH�SHULRG�RI�LQYHVWLJDWLRQ�

7DEOH����6WDQGDUG�GHYLDWLRQ��'��RI�UKLQLWLV�DOOHUJL
\HDUV ���� ���� ���� ���� ���� ���� ���� ���� ����
' ������ ������ ������ ������ ������ ������ ������ ������ ������

7KH�ORZ�YDOXH�RI�WKH�GHYLDWLRQ�SURYHV�WKDW�WKH�FRQFHQWUDWLRQ�RI�UKLQLWLV�DOOHUJLFD�LV�DURXQG�WKH�FHQWURLG�

:HLJKWHG�GHYLDWLRQ�DQG�ZHLJKWHG�UHODWLYH�GHYLDWLRQ
7KH�ZHLJKWHG�GHYLDWLRQ� LV� VXLWHG� WR�FKDUDFWHUL]H� WKH� WLPHO\�FKDQJH� LQ�DUHDO� LQHTXDOLWLHV�RI� UKLQLWLV�
DOOHUJLFD��7KH�YDOXHV�RI�WKH�ZHLJKWHG�GHYLDWLRQ��ࢽ��ZHUH�GHWHUPLQHG��WKH\�FDQ�EH�IRXQG�LQ�7DEOH����7KH�
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YDOXH�RI�GHYLDWLRQ�VKRZV�LQFUHDVLQJ�WHQGHQF\��2QH�RI�WKH�FDXVHV�RI�WKH�FKDQJH�FDQ�EH�WKH�LQFUHDVH�LQ�
GLIIHUHQFHV�EHWZHHQ�WKH�QXPEHUV�RI�UHJLVWHUHG�GLVHDVHV�UHIHUUHG�WR�SRSXODWLRQ�LQ�WKH�FRXQWLHV�

$W�WKH�VDPH�WLPH��WKH�WHQGHQF\�RI�WKH�SURFHVV�LV�WKH�VDPH�LI�WKH�UHODWLYH�SRVLWLRQV�RI�LQYHVWLJDWLRQDO�
XQLWV� L�H�� WKH� FRXQWLHV� GR� QRW� FKDQJH�� RQO\� WKH� DEVROXWH� QXPEHU� RI� SDWLHQWV� LQFUHDVHV��7KHUHIRUH� ,�
GHWHUPLQHG�DOVR�WKH�YDOXH�RI�UHODWLYH�GHYLDWLRQ�WKDW�LV�PRUH�VXLWHG�WR�LQYHVWLJDWH�WKH�FKDQJH�RI�UHODWLYH�
GLVHDVH�SRVLWLRQ�� WKLV� FDQ�EH� IRXQG� LQ�7DEOH����'HWHUPLQLQJ� WKH� UHODWLYH�GHYLDWLRQ� ,� FRPSDUHG� WKH�
GHYLDWLRQ�WR�WKH�DYHUDJH�RI�WKH�GDWD��'XH�WR�WKLV��WKH�LQGH[�PHDVXUHV�WKH�GLIIHUHQFHV�DPRQJ�WKH�FRXQ�
WLHV��$FFRUGLQJ�WR�WKH�UHVXOWV�WKH�YDOXHV�RI�UHODWLYH�GHYLDWLRQ�KDYH�D�GHFUHDVLQJ�WHQGHQF\��$W�WKH�VDPH�
WLPH��WKH�GDWD�DUH�H[WUHPH��EHFDXVH�WKH�YDULDWLRQ�FRHIILFLHQW�H[FHHGV������7KHUHIRUH�WKH�FRQYHUJHQW�
LQGH[�GRHV�QRW�PHDQ�LPSURYHPHQW��$OO�WKH�PRUH�LW�PHDQV�WKDW�WKH�FRXQWLHV�LQ�EHWWHU�SRVLWLRQV�GLG�QRW�
LPSURYH��ZKLFK�FDQ�EH�FKDUDFWHUL]HG�ZLWK�ORZHU�QXPEHU�RI�GLVHDVHV��UHVXOWV�LQ�FRQYHUJHQFH��$W�WKH�
VDPH�WLPH��WKH�UHVXOW�RI�WKH�FDOFXODWLRQ�LV�WKDW�WKH�FRXQWU\�DYHUDJH�GRHV�QRW�SUHVHQW�ZHOO�RXU�GDWD��

7DEOH����:HLJKWHG�GHYLDWLRQ�DQG�ZHLJKWHG�UHODWLYH�GHYLDWLRQ�RI�UKLQLWLV�DOOHUJLFD

\HDU :HLJKWHG�GHYLDWLRQ :HLJKWHG�UHODWLYH�GHYLDWLRQ
���� ������ �����
���� ������ �����
���� ������ �����
���� ������ �����
���� ������ �����
���� ������ �����
���� ������ �����
���� ������ �����
���� ������ �����

$UHDO�DXWRFRUUHODWLRQ
7KH�GLVHDVH�SRVLWLRQ�RI�D�FRXQW\�FDQ�EH�FKDUDFWHUL]HG�E\�WKH�QXPEHU�RI�DOOHUJLF�GLVHDVHV�SHU���������
SHUVRQV�� 8VLQJ� VSDWLDO� DXWRFRUUHODWLRQ� ,� GHWHUPLQHG� KRZ� WKH� FRXQWLHV� IRUP� VHSDUDWHG� JURXSV�� ,�
PRGHOOHG�WKH�GDWD�RI�WKH�QHLJKERXUKRRG�PDWUL[��ZKLFK�LV�UHTXLUHG�IRU�WKH�FDOFXODWLRQ��OLNH�¶EDVWLRQ¶�
QHLJKERXUKRRG�EDVHG�RQ�LWV�DUHDO�SRVLWLRQ��,Q�WKLV�FDVH��WKH�FRXQWLHV�ZHUH�FRQFHQWUDWHG�LQ�QHLJKERXU�
KRRG�JURXSV��LQ�ZKLFK�WKH�YDOXHV�RI�PRUELGLW\�RI�UKLQLWLV�DOOHUJLFD�DUH�DOPRVW�WKH�VDPH�GXULQJ�WKH�
SHULRG�RI�LQYHVWLJDWLRQ��+RZHYHU��WKH�WHQGHQF\�LV�WKDW�WKH�FOXVWHULQJ�EHFRPHV�ZHDNHU��7DEOH����

7DEOH����7KH�0RUDQ�,QGH[

<HDUV ���� ���� ���� ���� ���� ���� ���� ���� ����
*OREDO�0RUDQ�,QGH[ ����� ����� ����� ����� ����� ����� ����� ����� �����

]�YDOXH�
]N�����������

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

8VLQJ� ORFDO� LQGLFHV� WKH� FRXQWLHV�ZHUH� GHWHUPLQHG�ZKLFK� LQIOXHQFH� SULQFLSDOO\� WKH� YDOXH� RI� WKH�
JOREDO�0RUDQ�LQGH[��

7KH�DQDO\VLV�XVLQJ�WKH�ORFDO�0RUDQ�LQGH[��,L��VKRZHG�WKDW�WZR�RXW�RI�WKH�IRXU�SRVVLEOH�VLJQLILFDQW�
RXWSXWV� DSSHDUHG� LQ�+XQJDU\� GXULQJ� WKH� SHULRG� RI� LQYHVWLJDWLRQ�� 7KH� FRXQW\� RI�+DMG~�%LKDU� FDQ�
EH�FKDUDFWHUL]HG�ZLWK� WKH� ODUJHVW�VSDWLDO�DXWRFRUUHODWLRQ�ZKHUH� WKH�YDOXH�RI� WKH� ORFDO�0RUDQ� LQGH[�
ZDV�EHWZHHQ������DQG�������)XUWKHUPRUH�LW�FDQ�EH�VWDWHG�WKDW�WKH�FRXQW\�RI�+DMG~�%LKDU�DQG�-iV]�
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1DJ\NXQ�6]ROQRN�IRUP�FROG�VSRW�FOXVWHUV�DOO�WKH�WLPH�EHFDXVH�WKHUH�DUH�ORZ�YDOXHV�RI�PRUELGLW\�LQ�
WKH�SDUWLFLSDQW�FRXQWLHV��7KH�FRXQW\�RI�%RUVRG�$ED~M�=HPSOpQ�ZDV�DOVR�SDUW�RI�WKLV�FOXVWHU�EHWZHHQ�
�����DQG������DQG�WKH�FRXQW\�RI�%pNpV�MRLQHG�LQ�������7KH�FRXQW\�RI�9HV]SUpP�LV�D�KRW�VSRW�DQG�WKH�
FRXQW\�RI�=DOD�ZDV�DOVR�D�KRW�VSRW�XQWLO������WKDW�VKRZV�D�KLJK�QHLJKERXUKRRG�HIIHFW��7KH�VSDWLDO�
GLIIHUHQFHV�DPRQJ�WKH�PRUELGLWLHV�RI�UKLQLWLV�DOOHUJLFD�LQ�WKH�FRXQWLHV�SURYHG�WR�EH�VWDWLRQDU\�LQ�WLPH�

���6800$5<
,�KDYH�H[DPLQHG�D���\HDU�SHULRG�RI�WKH�SUREOHP�RI�UKLQLWLV�DOOHUJLFD�DIIHFWLQJ�RYHU���������UHJLVWHUHG�
SDWLHQWV�OLYLQJ�LQ�+XQJDU\�DW�WKH�PRPHQW�

:KHQ�DQDO\VLQJ� WKH�GDWD� LW�EHFRPHV�FOHDU� WKDW� UKLQLWLV�DOOHUJLFD�DSSHDUV� LQ�DQ�DOZD\V�JURZLQJ�
H[WHQW�IURP�WKH�LOOQHVVHV�RI�QRQ�WXEHUFXORVLV�RULJLQ�DPRQJ�WKH�+XQJDULDQ�SRSXODWLRQ��7KH�JURZWK�RI�
WKRVH�VWUXJJOLQJ�DJDLQVW�UKLQLWLV�DOOHUJLFD�LV�HVSHFLDOO\�UHPDUNDEOH�LQ�WKH�FDVH�RI�FRXQWLHV�ZKHUH�WKH�
UDWLR�RI�LOOQHVVHV�LV�DW�D�ORZHU�OHYHO��,W�DIIHFWV�PRVWO\�WKH�DFWLYH�DJHG�SRSXODWLRQ�VR�WKH�HFRQRPLF�HIIHFW�
RI�WKH�SROOHQV�FDQ�EH�IRUHVHHQ�

:KHQ�UHYHDOLQJ�WKH�PRUELGLW\�LQHTXDOLWLHV�RI�+XQJDU\�ZH�FDQ�GUDZ�WKH�FRQFOXVLRQ�WKDW�WKH�DUHDO�
GLIIHUHQFH�DPRQJ�WKH�FRXQWLHV�KDYH�SURYHG�WR�EH�VWDWLRQDU\�LQ� WLPH��$W� WKH�VDPH�WLPH�WKH�UHODWLYH�
GHYLDWLRQ�RI�WKH�IUHTXHQF\�RI�UKLQLWLV�DOOHUJLFD�UHÀHFWV�WKH�ZRUVHQLQJ�VLWXDWLRQ�RI�WKH�FRXQWLHV�WKDW�
ZHUH� HDUOLHU� FKDUDFWHULVHG� E\� ORZHU� IUHTXHQF\��7KH� FOXVWHUV�� WKDW� FDQ� EH� FKDUDFWHULVHG� HLWKHU�ZLWK�
KLJKHU�RU�ORZHU�PRUELGLW\�GXULQJ�WKH�WLPH�RI�WKH�H[DPLQDWLRQ��KDYH�EHHQ�LGHQWL¿HG�

7KH�SDUW�RI�P\�UHVHDUFK�GHVFULEHG�LQ�WKLV�VWXG\�KDV�KHOSHG�WR�DFKLHYH�D�PRUH�FRPSOH[�NQRZOHGJH�
RI� WKH� UHJLRQDO� V\VWHP�RI� FRQQHFWLRQV�RI� UKLQLWLV� DOOHUJLFD��%HVLGHV� WKH� VSUHDG�RI� WKH�SROOHQV� LW� LV�
D� IXUWKHU� WDVN� WR�H[DPLQH� WKH�DGGLWLYH�FRQWULEXWLRQ�RI� WKH� IDFWRUV�RI� WKH� OLIHVW\OH� LQ� WKH�SURFHVV�RI�
VHQVLWLYLVDWLRQ�WKDW�FDQ�EH�EDVHG�RQ�WKH�FRPSDUDWLYH�DQDO\VLV�RI�WKH�UHJLRQDO�SDWWHUQ�RI�WKH�DOOHUJLF�
DGXOW�DQG�\RXQJ�SRSXODWLRQ��7KH�UHVXOWV�FDQ�EH�LQWHJUDWHG�LQ�WHDFKLQJ�DQG�KHDOWK�HGXFDWLRQDO�DFWLYLWLHV�
DQG�FDQ�EH�WKH�EDVLV�RI�WKH�FR�RUGLQDWLRQ�RI�SURJUDPPHV�ZLWK�SUHYHQWLYH�JRDOV�

���5()(5(1&(6
(0%(5�,��������1pSHJpV]VpJ�J\L�RUYRVWDQ��%XGDSHVW�3pFV��'LDOyJ�&DPSXV�.LDGy�
-Ï1È6�-��±�%$56,1e�)��.��±�.,66�3��±�0(*<(6,�È�±�3e7(5),1e�7��0��±�7$.È&6�$��������$�SXOPRQROyJLDL�
LQWp]PpQ\HN�������pYL�HSLGHPLROyJLDL�pV�PĦN|GpVL�DGDWDL��2UV]iJRV�.RUiQ\L�7%&�pV�3XOPRQROy�
JLDL�,QWp]HW��%XGDSHVW

-Ï1È6�-��±�%$56,1e�)��.��±�3e7(5),1e�7��0��������$�SXOPRQROyJLDL�LQWp]PpQ\HN�������pYL�HSLGHPLROy�
JLDL�pV�PĦN|GpVL�DGDWDL��2UV]iJRV�.RUiQ\L�7%&�pV�3XOPRQROyJLDL�,QWp]HW��%XGDSHVW��SS����������
��������������

-Ï1È6�-��±�%$56,1e�)��.��±�.,66�3�±�3e7(5),1e�7��0��±�7$.È&6�$��������$�SXOPRQROyJLDL�LQWp]PpQ\HN�
������pYL�HSLGHPLROyJLDL�pV�PĦN|GpVL�DGDWDL��2UV]iJRV�.RUiQ\L�7%&�pV�3XOPRQROyJLDL�,QWp]HW��
%XGDSHVW��

-Ï1È6�-��±�%$56,1e�)��.��±�.,66�3�±�3e7(5),1e�7��0��������$�SXOPRQROyJLDL�LQWp]PpQ\HN�������pYL�
HSLGHPLROyJLDL�pV�PĦN|GpVL�DGDWDL��2UV]iJRV�.RUiQ\L�7%&�pV�3XOPRQROyJLDL�,QWp]HW��%XGDSHVW�



$QGUHD�2YiUGLFV
5HVHDUFK�RI�WKH�&KDQJHV�RI�0RUELGLW\�RI�5KLQLWLV�$OOHUJLFD�LQ�+XQJDU\

��

-Ï1È6�-��±�%$56,1e�)��.��±�.,66�3�±�3e7(5),1e�7��0��������$�SXOPRQROyJLDL�LQWp]PpQ\HN�������pYL�
HSLGHPLROyJLDL�pV�PĦN|GpVL�DGDWDL��2UV]iJRV�.RUiQ\L�7%&�pV�3XOPRQROyJLDL�,QWp]HW��%XGDSHVW��

.$-725�(��������$]�HJpV]VpJL�iOODSRW�pV�D]�HJpV]VpJ�J\L�HOOiWyUHQGV]HU�MHOOHP]ĘL�1yJUiG�PHJ\pEHQ��
'RNWRUL�GLVV]HUWiFLy��3pFV�

1(0(6� 1$*<� -�� �6=(5.��� ������5HJLRQiOLV� HOHP]pVL� PyGV]HUHN�� 7HU�OHWL� HJ\HQOĘWOHQVpJ� ��� IHMH]HW��
(/7(�5HJLRQiOLV�)|OGUDM]L�7DQV]pN�07$�(/7(�5HJLRQiOLV�7XGRPiQ\L�.XWDWyFVRSRUW��%XGDSHVW��
SS��������

3$7$.,�*� ±0(*<(6,�È±� )(+e5� ,�� ������$� SXOPRQROyJLDL� LQWp]PpQ\HN� ������ pYL� HSLGHPLROyJLDL� pV�
PĦN|GpVL�DGDWDL��2UV]iJRV�.RUiQ\L�7%&�pV�3XOPRQROyJLDL�,QWp]HW��%XGDSHVW�

3$7$.,�*� ±0(*<(6,�È±� )(+e5� ,�� ������$� SXOPRQROyJLDL� LQWp]PpQ\HN� ������ pYL� HSLGHPLROyJLDL� pV�
PĦN|GpVL�DGDWDL��2UV]iJRV�.RUiQ\L�7%&�pV�3XOPRQROyJLDL�,QWp]HW��%XGDSHVW�

3$7$.,�*��±�0(*<(6,�È��±�)(+e5�,��������$�SXOPRQROyJLDL�LQWp]PpQ\HN�������pYL�HSLGHPLROyJLDL�pV�
PĦN|GpVL�DGDWDL��2UV]iJRV�.RUiQ\L�7%&�pV�3XOPRQROyJLDL�,QWp]HW��%XGDSHVW�

3$7$.,�*���������$�NUyQLNXV�OpJ]ĘV]HUYL�PHJEHWHJHGpVHN�HSLGHPLROyJLiMD��,Q��ÈGiQ\�5���V]HUN����$�
PDJ\DU�ODNRVViJ�HJpV]VpJL�iOODSRWD�D]�H]UHGIRUGXOyQ��0HGLFLQD�.|Q\YNLDGy��%XGDSHVW��SS�����
����

3$:$1.$5��5��±�&$121,&$��*��:��±�+2/*$7(��6��7��±�/2&.(<��5��)��������:$2�:KLWH�ERRN�RQ�DOOHUJ\��
KWWS���ZZZ�ZRUOGDOOHUJ\�RUJ�8VHU)LOHV�ILOH�:$2�:KLWH�%RRN�RQ�$OOHUJ\BZHE�SGI� ���� S�� �������
RNWyEHU�����

6=$8(5�(��������$�PDJ\DU�J\HUPHNHN�HJpV]VpJL�iOODSRWiQDN�MHOOHP]ĘL��'HPRJUiILD�����pYI�����V]��S��
����

6=(,1%$&+��6��/�±�6(2$1(�9$=48(=��(��&�±�%(<(5��$�±�:,//,$06��3��%��������7KH�LQSDFW�RI�DOOHUJLF�
UKLQLWLV�RQ�ZRUN�SURGXFWLYLW\��,Q��3ULP�&DUH�5HVS�-RXUQDO��9RO������,VV�����SS����������

6=(,1%$&+��6��/�±�:,//,$06��3��%�±�.8&8.$56,$1��6�±�(/+()1/��+�������� ,QIOXHQFH�RI�SDWLHQW�FDUH�
SURYLGHU�RQ�SDWLHQW�KHDOWK�RXWFRPHV�LQ�DOOHUJLF�UKLQLWLV��,Q��$P�RI�$OOHUJ\��$VWKPD�DQG�,PPXQRO��
9RO������,VV�����SS����������

8==2/,� $�� ������ 7iUVDGDOPL� NRQIOLNWXVRN� EL]RQ\tWiVD� D]� HJpV]VpJI|OGUDM]� HUHGPpQ\HLQHN� IHO�
KDV]QiOiViYDO��)|OGUDM]L�NRQIHUHQFLD��6]HJHG�

9,75$,�-��±92.Ï�=��������1(-�����6]DNpUWĘL�YiOWR]DW��(JpV]VpJPRGHOO��-RKDQ�%pOD�2UV]iJRV�(SLGH�
PLROyJLDL�.|]SRQW��%XGDSHVW�S����

9,75$,�-��������(JpV]VpJ�HJ\HQOĘWOHQVpJHN�0DJ\DURUV]iJRQ��(JpV]VpJ0RQLWRU�.XWDWy�pV�7DQiFVDGy�
1RQSURILW�.|]KDV]Q~�.IW���%XGDSHVW��SS�������




