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'HWHUPLQDWLRQ�RI�XUEDQ�KHDW�LVODQG�SKHQRPHQD�LQ�D�
VPDOO�VFDOH�FLW\��EDVHG�RQ�/DQGVDW���GDWD��D�FDVH�VWXG\�RI�

*DPSROD�XUEDQ�DUHD��6UL�/DQND

0�$�6��0DQRM�0DGGXPD�$UDFKFKL�

5HJLVWUDU�*HQHUDO¶V�'HSDUWPHQW

PDQRMPDGGXPDDUDFKL#JPDLO�FRP

$EVWUDFW

WKH�VXUIDFH�PDWHULDOV�RI�WKH�XUEDQ�VHWWLQJV��7KLV�DEVRUEHG�KHDW�LQFUHDVHV�VXUIDFH�
WHPSHUDWXUHV�DQG�FRQWULEXWHV�WR�WKH�IRUPDWLRQ�RI�DWPRVSKHULF�DQG�VXUIDFH�XUEDQ�
KHDW� LVODQGV� �8+,���$WPRVSKHULF�8+,�FDQ�PHDVXUH��EDVHG�RQ�DLU� WHPSHUDWXUH��
DQG�VXUIDFH�8+,�FDQ�FDOFXODWH�EDVHG�RQ�ODQG�VXUIDFH�WHPSHUDWXUH��/67���+LJK�
�/67��LV�QRUPDOO\�IRXQG�ZLWKLQ�WKH�XUEDQ�KHDW�LVODQGV�DQG�WKHUHIRUH��YDULDWLRQV�
RI�KLJK�/67�FDQ�EH�XVHG� WR�GHWHUPLQH� WKH�8+,�SKHQRPHQD�RI�DQ�XUEDQ�DUHD��
5HPRWH� VHQVLQJ� �56��GDWD� OLNH�/DQGVDW��� LPDJHV� DQG�JHRJUDSKLF� LQIRUPDWLRQ�

EHWZHHQ�/67� DQG� XUEDQ� ODQGVFDSH� FRPSRVLWLRQ� DQG� SDWWHUQ��

XVHG�ODQGVFDSH�LQGLFHV�IRU�H[DPLQLQJ�WKH�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQV�RI�/67��
7KHUHIRUH��LQ�WKLV�UHVHDUFK��WKRVH�LQGLFDWRUV�KDYH�EHHQ�XVHG�WR�GHWHUPLQH�WKH�/67�
RI�WKH�UHVHDUFK�DUHD��9DULRXV�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WR�LGHQWLI\�WKH�8+,�
VLWXDWLRQ�LQ�6UL�/DQND��+RZHYHU��PRVW�RI� WKHVH�VWXGLHV�KDYH�IRFXVHG�RQ�HLWKHU�
&RORPER�PHWUR�DUHD�RU�.DQG\�FLW\�DUHD��6LQFH�VPDOO�FLWLHV�DUH�DOVR�JHQHUDWLQJ�
8+,��*DPSROD�KDV�EHHQ�VHOHFWHG�DV�WKH�UHVHDUFK�DUHD�DQG�WKLV�VWXG\�H[DPLQHV�WKH�
UHODWLRQVKLS�EHWZHHQ�/67�DQG�VRPH�LPSRUWDQW�ODQGVFDSH�YDULDEOHV�VXFK�DV�1'9,��
1'%,�DQG�87)9,�DQG�WKH�SRVVLELOLW\�RI�RFFXUUHQFH�RI�8+,�LQ�*DPSROD�XUEDQ�
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H[LVWHQFH�RI�WKH�8+,�ZLWKLQ�WKH�*DPSROD�FLW\�

.H\�ZRUGV�� 8UEDQ�+HDW� ,VODQGV� �8+,��� /DQG� 6XUIDFH� 7HPSHUDWXUH� �/67���
/DQGVDW� ��� 1RUPDOL]HG�'LIIHUHQFH� 9HJHWDWLRQ� ,QGH[� �1'9,���

)LHOG�9DULDQFH�,QGH[��87)9,��

�� ,QWURGXFWLRQ

0DQ\�XUEDQ�DQG�VXEXUEDQ�DUHDV�H[SHULHQFH�HOHYDWHG�WHPSHUDWXUHV�FRPSDUHG�WR�WKHLU�RXWO\LQJ�

7KH�8+,��D�SKHQRPHQRQ�RI�WKH�KLJKHU�DWPRVSKHULF�DQG�VXUIDFH�WHPSHUDWXUH�

LQ������+RZDUG�������

LV�WKH�GHFUHDVH�RI�YHJHWDWLRQ�FRYHU�LQ�XUEDQ�UHJLRQV�GXH�WR�WKH�H[SDQVLRQV�RI�LPSHUYLRXV�
VXUIDFHV� VXFK� DV� EXLOGLQJ�� SDUNLQJ� ORWV�� SDYHPHQWV� DQG�RWKHU� FRQVWUXFWLRQV�� ,PSHUYLRXV�

DVSKDOW��FRQFUHWH��EULFN��VWRQH��DQG�URRIWRSV 7KHVH�EXLOGLQJV��URDGV��
DQG�RWKHU�LQIUDVWUXFWXUH�UHSODFH�RSHQ�ODQG�DQG�YHJHWDWLRQ��6XUIDFHV�WKDW�ZHUH�RQFH�SHUPHDEOH�
DQG�PRLVW�JHQHUDOO\�EHFRPH�LPSHUPHDEOH�DQG�GU\ �86(3$�������

8UEDQ�DUHDV�W\SLFDOO\�KDYH�VXUIDFH�PDWHULDOV��ZKLFK�KDYH�D�ORZHU�DOEHGR�WKDQ�WKRVH�LQ�UXUDO�

HQHUJ\��7KLV�DEVRUEHG�KHDW�LQFUHDVHV�VXUIDFH�WHPSHUDWXUHV�DQG�FRQWULEXWHV�WR�WKH�IRUPDWLRQ�
RI�VXUIDFH�DQG�DWPRVSKHULF�XUEDQ�KHDW�LVODQGV ([FHSW�WKHVH�DJHQWV��
HYDSRWUDQVSLUDWLRQ��DQG�LQFUHDVHG�DQWKURSRJHQLF�KHDW�SURGXFWLRQ�DOVR�FDXVHG�WR�JHQHUDWH�
WKH�XUEDQ�KHDW�LVODQG��8+,� �6WRQH�HW�DO���������

:LWK�WKLV�SURFHVV�DQG�UHUDGLDWLQJ�WKH�WUDSSHG�KHDW�LQ�WKH�QLJKW�WLPH��$UVLVR�HW�DO����������WKH�
PHDQ�DQQXDO�DLU�WHPSHUDWXUH�RI�D�FLW\�ZLWK�RQH�PLOOLRQ�SHRSOH�RU�PRUH�FDQ�EH��±���&�ZDUPHU�

FDQ�EH�DV�PXFK�����&
�2NH�������

D�UHGXFWLRQ�LQ�YHJHWDWLRQ�DQG�HYDSRWUDQVSLUDWLRQ��D�KLJKHU�SUHYDOHQFH�RI�GDUN�VXUIDFHV�ZLWK�
ORZ�DOEHGR��DQG�LQFUHDVHG�DQWKURSRJHQLF�KHDW�SURGXFWLRQ��6WRQH��+HVV�DQG�)UXPNLQ������
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D�UHGXFWLRQ�LQ�YHJHWDWLRQ�DQG�HYDSRWUDQVSLUDWLRQ��D�KLJKHU�SUHYDOHQFH�RI�GDUN�VXUIDFHV�ZLWK�
ORZ�DOEHGR��DQG�LQFUHDVHG�DQWKURSRJHQLF�KHDW�SURGXFWLRQ��6WRQH��+HVV�DQG�)UXPNLQ������

D�UHGXFWLRQ�LQ�YHJHWDWLRQ�DQG�HYDSRWUDQVSLUDWLRQ��D�KLJKHU�SUHYDOHQFH�RI�GDUN�VXUIDFHV�ZLWK�
ORZ�DOEHGR��DQG�LQFUHDVHG�DQWKURSRJHQLF�KHDW�SURGXFWLRQ��6WRQH��+HVV�DQG�)UXPNLQ������

RQ�DLU�WHPSHUDWXUH��DQG��LL��VXUIDFH�8+,��68+,���ZKLFK�LV�FDOFXODWHG�EDVHG�RQ�ODQG�VXUIDFH�
WHPSHUDWXUH��/67��� /DQG�VXUIDFH�WHPSHUDWXUH��/67��LV�D�IXQGDPHQWDO�
YDULDEOH�FRQWUROOLQJ�WKH�VXUIDFH�HQHUJ\�EDODQFH��DQG�LW�LV�LQYROYHG�LQ�SK\VLFDO��FKHPLFDO��DQG�
ELRORJLFDO�SURFHVVHV�RI�WKH�(DUWK�VXUIDFH �2NH�������

6XUIDFH�XUEDQ�KHDW�LVODQGV�DUH�W\SLFDOO\�SUHVHQW�GD\�DQG�QLJKW��EXW�WHQG�WR�EH�VWURQJHVW�GXULQJ�
WKH�GD\�ZKHQ�WKH�VXQ�LV�VKLQLQJ +LJK�/67�LV�QRUPDOO\�IRXQG�ZLWKLQ�WKH�

��6XEKDQLOHW�DO���������

6WXG\LQJ�WKH�8+,�EDVHG�RQ�DLU�WHPSHUDWXUH�LV�D�FKDOOHQJLQJ�WDVN�GXH�WR�WKH�ODFN�RI�JURXQG�
OHYHO�GDWD��HVSHFLDOO\�LQ�GHYHORSLQJ�FRXQWULHV 0DQ\�VWXGLHV�KDYH�HVWLPDWHG�WKH�
UHODWLYH�ZDUPWK�RI�FLWLHV�E\�PHDVXULQJ�WKH�DLU�WHPSHUDWXUH��XVLQJ�ODQG�EDVHG�REVHUYDWLRQ�
VWDWLRQV��7KLV�PHWKRG�FDQ�EH�ERWK�H[SHQVLYH�DQG�WLPH�FRQVXPLQJ�DQG�OHDG�WR�SUREOHPV�LQ�
VSDWLDO�LQWHUSRODWLRQ �0DOOLFN�HW�DO���������

0DQ\�RI�WKH�SUHYLRXV�VWXGLHV�KDYH�DOVR�VKRZQ�WKH�XVHIXOQHVV�RI�XVLQJ�UHPRWH�VHQVLQJ�DQG�

/67�DQG�XUEDQ�ODQGVFDSH�FRPSRVLWLRQ�DQG�SDWWHUQ

5HPRWH� VHQVLQJ�PLJKW�EH� D�EHWWHU� DOWHUQDWLYH� WR� WKH� DIRUHVDLG�PHWKRGV��7KH� DGYDQWDJHV�
RI� XVLQJ� UHPRWHO\� VHQVHG� GDWD� DUH� WKH� DYDLODELOLW\� RI� KLJK� UHVROXWLRQ�� FRQVLVWHQW� DQG�
UHSHWLWLYH� FRYHUDJH� DQG� FDSDELOLW\� RI� PHDVXUHPHQWV� RI� HDUWK� VXUIDFH� FRQGLWLRQV
�2ZHQ�HW�DO���������

:KHQ�FRPHV�WR�UHPRWH�VHQVLQJ�GDWD��/DQGVDW�GDWD�KDV�IUHH�DFFHVV�DQG�LW�KDV�YDULRXV�EDQGV�

ZDV�ODXQFKHG�LQ�������&RPELQHG�ZLWK�RWKHU�/DQGVDW�VHULHV��LW�SURYLGHV�FRQWLQXLW\�ZLWK�WKH�
PRUH�WKDQ����\HDU�ORQJ�/DQGVDW�ODQG�LPDJLQJ�GDWD�VHW �:XOGHUHW�DO��������� 7KH�WKHUPDO�
LQIUDUHG� VHQVRU� �7,56��ZLWK� WZR� WKHUPDO� LQIUDUHG� FKDQQHOV�ZDV� DGGHG� WR� WKH�/DQGVDW� ��
SD\ORDG�WR�VXSSRUW�WKH�GHWHFWLRQ�RI�WKH�XUEDQ�KHDW�LVODQG�DQG�WKHUH�DUH�PDQ\�DOJRULWKPV�WR�
UHWULHYH�WKH�/67�IURP�/DQGVDW���GDWD �0HQJ�HW�DO���������
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LQGH[��1'%,��DUH�DPRQJ�WKH�PRVW�FRPPRQO\�XVHG�ODQGVFDSH�LQGLFHV�IRU�H[DPLQLQJ�WKH�
VSDWLDO�DQG�WHPSRUDO�YDULDWLRQV�RI�/67� ��([FHSW�WKRVH�LQGH[HV��

WR�GHWHUPLQLQJ�WKH�HFRORJLFDO�FRPIRUW�OHYHO�RI�D�FLW\�LV�D�YHU\�LPSRUWDQW�WDVN �6XEKDQLOHW�
DO���������

9DULRXV�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WR�LGHQWLI\�WKH�8+,�VLWXDWLRQ�LQ�6UL�/DQND��+RZHYHU��PRVW�
RI�WKHVH�VWXGLHV�KDYH�IRFXVHG�RQ�HLWKHU�&RORPER�PHWUR�DUHD��0DQDZDGX	/L\DQDJH������

.DQG\�FLW\�DUHD��'LVVDQD\DNH�HW�DO���������

6UL�/DQND�LV�DQ�,VODQG�QDWLRQ�ZLWK�OLPLWHG�ODQG�UHVRXUFHV��(YHQ�WKRXJK��6UL�/DQND�UDQNV�

� ���6LQFH�
VPDOO�FLWLHV�DUH�DOVR�JHQHUDWLQJ�8+,� �2NH������ DV�D�GHYHORSLQJ�FRXQWU\�ZLWK�OLPLWHG�ODQG�
UHVRXUFHV��LW�LV�YHU\�LPSRUWDQW�WR�VWXG\�WKH�8+,�VLWXDWLRQ�LQ�RWKHU�XUEDQ�DUHDV�LQ�6UL�/DQND�DOVR�

DUHD��*DPSROD�KDV�EHHQ�VHOHFWHG�DV�WKH�UHVHDUFK�DUHD�DQG�PRUHRYHU��WKLV�VWXG\�H[DPLQHV�WKH�
UHODWLRQVKLS�EHWZHHQ�/67�DQG�VRPH�LPSRUWDQW�ODQGVFDSH�YDULDEOHV�VXFK�DV�1'9,��1'%,�
DQG�87)9,�

����0DWHULDOV�DQG�0HWKRGV

����6WXG\�DUHD

*DPSROD�FLW\��ZKLFK�LV�ORFDWHG�ZLWKLQ�WKH�.DQG\�GLVWULFW��FHQWUDO�SURYLQFH�RI�6UL�/DQND�DQG�

DQG�XUEDQ�DUHD�LQ�.DQG\�GLVWULFW�DQG�DFFRUGLQJ�WR�WKH�SRSXODWLRQ�DQG�KRXVLQJ�FHQVXV��������

*HRJUDSKLFDOO\��WKLV�UHJLRQ�EHORQJV�WR�WKH�KLJKODQG�FRPSOH[�RI�6UL�/DQND��0HDQ�DQQXDO�
Ç&�

+LVWRULFDOO\��*DPSROD�ZDV�DQ�LPSRUWDQW�FLW\�VLQFH�LW�ZDV�D�FDSLWDO�FLW\�RI�WKH�6UL�/DQND��LQ�

7KLV�SDUWLFXODU�WRSRJUDSK\�IHDWXUHV�OHG�WR�WKH�VHOHFWLRQ�RI�WKH�*DPSROD�XUEDQ�DUHD�DV�WKH�
VWXG\�DUHD�RI�WKLV�VWXG\�
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)LJXUH����/RFDWLRQ�RI�WKH�VWXG\�DUHD�VWXG\�DUHD�

Ç
Ç Ç��¶����´�(�DQG���Ç

Ç Ç��¶�����´�1�ODWLWXGH�DQG���Ç Ç
(�ORQJLWXGH�IURP�WKH�ZHVWHUQ�VLGH��ZKLOH�H[WHQG�RI�WKH�DUHD�LV����NP���:KROH�*DPSROD�FLW\�
ZDV�FRPSULVHG�LQWR�WKDW�JULG��)LJXUH����

�����'DWD�VHW�DQG�GDWD�SURFHVVLQJ

)RU� WKLV� VWXG\��/DQGVDW�/HYHO� ��/DQGVDW� ��2/,�7,56�&�� OHYHO���� GDWD� SURYLGHG�E\� WKH�
8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\��86*6��ZHUH�XVHG��)RU�WKH�/DQGVDW���2/,�7,56�GDWD��WKH�

����P�VSDWLDO�UHVROXWLRQ��ZKLFK�KDYH�DOVR�EHHQ�UH�VDPSOHG�WR����P�E\�WKH�86*6��KWWSV���
ODQGVDW�XVJV�JRY��

GDWD�KDYH�EHHQ�H[WUDFWHG�
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7DEOH����.H\�PHWDGDWD�RI�WKH�/DQGVDW�LPDJH�XVHG

6HQVRU 6FHQH�,'
GDWH

7LPH�
�*07�

6HDVRQ
&ORXG�
FRYHU�

/DQGVDW���
2/,�7,56

���������� 'U\ ����

����5HWULHYLQJ�/67�IURP�/DQGVDW�WKHUPDO�EDQG

��� �$UWLV�	�&DUQDKDQ�������

����

:KHUH�
&RUUHVSRQGV�WR�EDQG�������,Q�DGGLWLRQ��

7KHQ�72$�WR�EULJKWQHVV�WHPSHUDWXUH�FRQYHUVDWLRQ�KDV�EHHQ�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�
Ç&���WKH�UDGLDQW�WHPSHUDWXUH�ZDV�

Ç&��

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

:KHUH�� �DQG� DUH�FDOLEUDWLRQ�FRQVWDQWV��)RU�/DQGVDW�� YDOXH�

2QFH�WKH�EULJKWQHVV�WHPSHUDWXUH�FRQYHUVDWLRQ�FDOFXODWHG��WR�UHWULHYH�WKH�/67�YDOXHV��WKH�ODQG�
KDV�EHHQ�GHULYHG��

���

YHJHWDWLRQ�HPLVVLYLW\��UHVSHFWLYHO\��)RU�WKLV�VWXG\��P�DQG�Q�YDOXH�KDV�WDNHQ�������DQG�������
UHVSHFWLYHO\ �6REULQRHW�DO��������� 39�LV�WKH�SURSRUWLRQ�RI�YHJHWDWLRQ������H[WUDFWHG�IURP�

� ���
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1'9,
PLQ
�DQG�1'9,

PD[
�DUH�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�RI�WKH�1'9,��UHVSHFWLYHO\��

��5DQDJDODJH�

�

SRVLWLYH�YDOXHV�UHSUHVHQWLQJ�YHJHWDWHG�DUHDV�DQG�QHJDWLYH�YDOXHV�UHSUHVHQWLQJ�QRQ�YHJHWDWHG�
DUHDV

����

7KH�1'%,��LV�DQ�LQGH[�IRU�LGHQWLI\LQJ�DQG�FODVVLI\LQJ�EXLOW�XS�DUHDV�RU�LPSHUYLRXV��7KH�
SRVLWLYH�YDOXHV�RI�WKH�1'%,�LQGLFDWH�EXLOW�XS�DUHDV�DQG�WKRVH�FORVH�WR���LQGLFDWH�YHJHWDWLRQ��
ZKLOH�WKH�QHJDWLYH�YDOXHV�UHSUHVHQW�ZDWHU�ERGLHV��=KDQJ�HW�DO��������7KH�1'%,�ZDV�FDOFXODWHG�

$�QXPEHU�RI�WKHUPDO�FRPIRUW�LQGLFHV�DUH�DYDLODEOH�IRU�HYDOXDWLQJ�WKH�8+,�LPSDFWV�RQ�WKH�
�6XEKDQLOHW�DO��������� 7KH�87)9,�KDV�EHHQ�XVHG�IRU�WKH�HFRORJLFDO�
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�=KDQJ�������

�����

:KHUH�7
V
�LV�ODQG�VXUIDFH�WHPSHUDWXUH���&��7PHDQ�LV�0HDQ�ODQG�VXUIDFH�WHPSHUDWXUH���&���

$UHDV�ZLWK�8+,�SKHQRPHQD�FDQ�EH�GHWHUPLQHG�XVLQJ�WKH�/DQG�VXUIDFH�WHPSHUDWXUH�RI�WKH�

��� �6XEKDQLO�HW�DO���������

����

������ 6WDWLVWLFDO�$QDO\VLV

6FDWWHU�SORWV�ZHUH�FUHDWHG�DQG�D�OLQHDU�UHJUHVVLRQ�DQDO\VLV�ZDV�SHUIRUPHG�WR�GHWHUPLQH�WKH�
UHODWLRQVKLS�EHWZHHQ�/67�DQG�1'9,��EHWZHHQ�/67�DQG�1'%,�DQG�EHWZHHQ�/67�DQG�87)9,��

H[WUDFWHG�IURP�WKH�/67��1'9,��DQG�1'%,�LPDJHV�

WKH�GLVWULEXWLRQ�RI�WKH�8+,��

SHUIRUP�WKH�OLQHDU�UHJUHVVLRQ��

��� 5HVXOWV

���� /DQG�VXUIDFH�WHPSHUDWXUH��/67�

7KH�/67�PDS�RI�*DPSROD�DW������LV�VKRZQ�LQ�)LJXUH���DQG�WKH�GHVFULSWLYH�VWDWLVWLFV�RI�WKH�
WK

KLJK�/67�ZHUH�PRVWO\�FRQFHQWUDWHG�DORQJ�ZLWK�WKH�PDLQ�URDG�RI�WKH�FLW\��)LJXUH�����7KLV�

WKH�*DPSROD�XUEDQ�DUHD��ZKHUH�PRVW�RI�FRPPHUFLDO�DFWLYLWLHV�DQG�GRPLQDQW�LQIUDVWUXFWXUHV�
RI�WKH�FLW\�VXFK�DV�EXV�VWDQG�DQG�UDLOZD\�VWDWLRQ�DUH�ORFDWHG��*RRJOH�PDS��
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)LJXUH����
/DQG�VXUIDFH�WHPSHUDWXUH��/67��RI�WKH�VWXG\�DUHD�RQ���WK�0DUFK������

)LJXUH����
/DQG�VXUIDFH�WHPSHUDWXUH��/67��RI�WKH�VWXG\�DUHD��ZLWK�URDG�QHWZRUN�DQG�ZDWHU�

VRXUFHV����WK�0DUFK������
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ϭϬ

7KH�1'9,�PDS�RI�*DPSROD�DW�����LV�VKRZQ�LQ�)LJXUH���DQG�WKH�GHVFULSWLYH�VWDWLVWLFV�RI�WKH�
WK

�5���LV�������

)LJXUH����

��WK�0DUFK������

)LJXUH����
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ϭϭ

7KH�1'%,�PDS�RI� WKH�*DPSROD� LV�VKRZQ�LQ�)LJXUH���DQG�WKHLU�GHVFULSWLYH�VWDWLVWLFV�DUH�

KLJK�1'%,�YDOXHV�KDG�JUHDWO\�GLVWULEXWHG�IURP�1RUWK�WR�6RXWK�RI�WKH�FLW\�ZKLFK�DORQJ�ZLWK�
WKH�URDG�QHWZRUN��

RI�WKH�DUHD��)LJXUH����ZLWK�WKH�1'%,�PDS��LW�LV�FOHDU�WKDW�WKRVH�WZR�YDULDEOHV�DUH�SRVLWLYHO\�
UHODWHG��(YHQ�WKH�VFDWWHU�SORWV�DOVR�LQGLFDWLQJ�D�SRVLWLYH�OLQHDU�UHODWLRQVKLS�ZLWK�5

�
�YDOXH�RI�

)LJXUH����

��WK�0DUFK������

)LJXUH����
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ϭϮ

�=KDQJ��������7KH�87)9,�PDS�RI�*DPSROD�DW������LV�VKRZQ�
LQ�)LJXUH���ZKHUH�DUHDV�ZLWK�KLJK�/67�KDV�ZRUVH�HFRORJLFDO�HYDOXDWLRQ� LQGH[��7KHUH� LV�

HYDOXDWLRQ�LQGH[���

87)9, 8+,�SKHQRPHQRQ (FRORJLFDO�HYDOXDWLRQ�LQGH[

������� 1RQH ([FHOOHQW

:HDN *RRG

0LGGOH 1RUPDO

6WURQJ %DG

6WURQJHU :RUVH

!������ 6WURQJHVW :RUVW

)LJXUH����

��WK�0DUFK������

)LJXUH����VKRZV�WKH�GLVWULEXWLRQ�RI�XUEDQ�KHDW�LVODQG�SKHQRPHQD�RI�ZLWKLQ�WKH�*DPSROD�

WKH�8+,�DQG�QRQ�8+,�DUHDV�DFURVV�WKH�UHJLRQ���
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ϭϯ

)LJXUH�����

)LJXUH�����
WK�0DUFK�����

7DEOH�����$FFRUGLQJ�WR�WKH�WDEOH�����DUHD�RI�DURXQG������.P��ZDV�H[SHULHQFLQJ�WHPSHUDWXUH�
ZKLFK�JRHV�PRUH�WKDQ������&�ZKHQ�WKLV�LPDJH�ZDV�FDSWXUHG�
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ϭϰ

� WK�0DUFK������
����������*07�

9DOXH�UDQJH���&� ���� ���±��� ������� ������� ���!

$UHD��.P�� ����� ���� ����

��� 'LVFXVVLRQ

,Q�6UL�/DQND��&RORPER�DQG�.DQG\�XUEDQ�DUHDV�KDYH�EHHQ�H[DPLQHG�LQ�WHUPV�RI�WKH�8+,�
SKHQRPHQD��&RORPER� LV� D� FRDVWDO� FLW\� DQG� VRPH� VWXGLHV� KDYH� LQGLFDWHG� WKDW� RFHDQ�KDV�

�6HQDQD\DNH�

WRSRJUDSKLF�VHWWLQJ�WKDQ�WKH�&RORPER�FLW\��

+RZHYHU��.DQG\�XUEDQ�DUHD�LV�PRUH�VLPLODU�WR�WKH�*DPSROD�XUEDQ�DUHD�LQ�WHUPV�RI�WKH�FOLPDWLF�

WKH�PDMRU�FDXVH�IRU�WKH�LQFUHDVHG�8+,�VLWXDWLRQ�LQ�WKH�.DQG\�XUEDQ�DUHD��'LVVDQD\DNH�HW�
DO����������

$FFRUGLQJ�WR�WKH�UHVHDUFK�UHVXOWV��LW�LV�FOHDU�WKDW�QRW�HYHQ�LQ�ZLGH�VSUHDG�XUEDQ�DUHDV�OLNH�
&RORPER�RU�.DQG\��EXW�DOVR�VPDOO�VFDOH�XUEDQ�DUHDV�FDQ�EH�KDYLQJ�8+,�VLWXDWLRQ�

8+,�DQG�QRQ�8+,� �6XEKDQLO�HW�DO��������� *DPSROD�XUEDQ�DUHD�LV�DQ�DUHD�ZLWK�KLJK�GHQVH�
RI�EXLOG�XS�VWUXFWXUHV�DFFRUGLQJ�WR�WKH�1'%,�LQGH[��)LJXUH�����&LW\�KDV�VSUHDG�DORQJ�ZLWK�
WKH�3HUDGHQL\D�+DWWRQ�URDG�IURP�1RUWK�WR�VRXWK�ZLWK�D�OLQLHU�SDWWHUQ��,Q�DGGLWLRQ��1'9,�

FRPSDULQJ�ZLWK�WKH�VXUURXQGLQJ�DUHD��)LJXUH���DQG�)LJXUH������(FRORJLFDOO\�DOVR�*DPSROD�
XUEDQ�DUHD�LV�LQ�D�ZRUVW�VLWXDWLRQ�DFFRUGLQJ�WR�WKH�87)9,�YDOXHV�DQG�LW�DOVR�LQGLFDWLQJ�WKDW�
WKH�FLW\�LV�H[SHULHQFLQJ�8+,�IRU�VRPH�H[WHQG��)LJXUH����

���.P�

H[SHULHQFLQJ�PRUH� WHPSHUDWXUH� WKDQ� WKH�PHDQ� WHPSHUDWXUH� �������&��RI� WKH� DUHD� �7DEOH�

LGHQWLI\�FRQVLGHUDEOH�WHPSHUDWXUH�LQFHQVHPHQW�ZLWKLQ�WKH�KHDUW�RI�WKH�FLW\�FRPSDUH�ZLWK�WKH�
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VSDFHV� LQ� XUEDQ� DUHDV� RU� WKH� FRQFHSW� RI� WKH� ODQG�XVH�PL[WXUH� �D�PL[WXUH� RI� LPSHUYLRXV�
VXUIDFHV�DQG�JUHHQ�VSDFHV���*DODJRGD�HW�DO���������*DPSROD�XUEDQ�DUHD�LV�VXUURXQGHG�E\�
VRPH�QDWXUDO�SURWHFWHG�DUHDV�VXFK�DV�$PEXOXZDZD��,I�LW�LV�SRVVLEOH�WR�LQFUHDVH�WKH�DUHD�RI�

/67�ZLWKLQ�WKH�*DPSROD�XUEDQ�OLPLWV��,Q�DGGLWLRQ�WR�WKDW��VWUDWHJLHV�VXFK�DV�ODQG�XVH�PL[WXUH�
DQG�XUEDQ�DJULFXOWXUH�FDQ�EH�XVHG�WR�UHGXFH�WKH�/67�LQ�WKH�DUHD�DQG�WKDW�ZLOO�EH�FDXVLQJ�WR�
SUHYHQW�WKH�8+,�SKHQRPHQD�LQ�WKH�*DPSROD�XUEDQ�FRQWH[W�

��� &RQFOXVLRQ

,Q�WKLV�VWXG\��REMHFWLYH�ZDV�LGHQWLI\LQJ�WKH�8+,�SKHQRPHQD�ZLWKLQ�D�VPDOO�XUEDQ�DUHD�LQ�6UL�
/DQND�ZLWK�WKH�VSDWLDO�GLVWULEXWLRQ�DQG�WKH�SDWWHUQ�RI�WKH�/67�DQG�*DPSROD�XUEDQ�DUHD�DQG�
VXEXUE�ZDV�VHOHFWHG�DV�WKH�VWXG\�DUHD��

8+,�HYHQ�ZLWKLQ�VPDOO�VFDOH�XUEDQ�DUHDV�DOVR������

���5HIHUHQFHV

FRYHU�FKDQJH�RQ�FOLPDWH��7KH�FDVH�RI�$GGLV�$EDED��(WKLRSLD�3K\V��&KHP��(DUWK�����
���±����

$UWLV��'�$���	�&DUQDKDQ��:�+���������6XUYH\�RI�HPLVVLYLW\�YDULDELOLW\�LQ�WKH�WRPRJUDSK\�RI�XUEDQ�
DUHDV��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW������������±�����

'HSDUWPHQW�RI�&HQVXV�DQG�6WDWLVWLFV��6UL�/DQND���������&HQVXV�RI�SRSXODWLRQ�DQG�KRXVLQJ������±�
FHQWUDO�SURYLQFH��5HSRUW���&RORPER��6UL�/DQND�

'LVVDQD\DNH��'���0RULPRWR��7���5DQDJDODJH��0��	�0XUD\DPD��<�� �������/DQG�8VH�/DQG�&RYHU�
&KDQJHV�DQG�7KHLU�,PSDFW�RQ�6XUIDFH�8UEDQ�+HDW�,VODQGV��&DVH�6WXG\�RI�.DQG\�&LW\��6UL�
/DQND� &OLPDWH�����������

�
ODQG�VXUIDFH�WHPSHUDWXUH��$Q�XUEDQ�KHDW�LVODQG�VWXG\�LQ�WKH�PHJDFLWLHV�RI�6RXWKHDVW�$VLD�6FL��
7RWDO�(QYLURQ��

*DODJRGD��5�8���-D\DVLQJKH��*�<���+DOZDWXUD��5�8���5XSDVLQJKH��+�7��7KH�LPSDFW�RI�XUEDQ�JUHHQ�
LQIUDVWUXFWXUH�DV�D�VXVWDLQDEOH�DSSURDFK�WRZDUGV�WURSLFDO�PLFUR�FOLPDWLF�FKDQJHV�DQG�KXPDQ�
WKHUPDO�FRPIRUW��8UEDQ�)RU�8UEDQ�*UHHQ�������������±����&URVV�5HIHUHQFHG�

Ϳ�dŚĞ��ůŝŵĂƚĞ�ŽĨ�>ŽŶĚŽŶ

UHODWLRQVKLS�WKURXJK�WKHUPDO�UHPRWH�VHQVLQJ�(FRWR[LFRO��(QYLURQ��6DI���������±���

0DOOLFN�-����.DQW��<��	%KDUDWK�%�'��������(VWLPDWLRQ�RI�ODQG�VXUIDFH�WHPSHUDWXUH�RYHU�'HOKL�XVLQJ�
-RXUQDO�RI�,QGLDQ�*HRSK\VLFDO�8QLRQ��������������
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0DQDZDGX�/��	�/L\DQDJH��1�� ������,GHQWLI\LQJ� 6XUIDFH�7HPSHUDWXUH� 3DWWHUQ� RI� WKH�&LW\� RI�
&RORPER�

0HQJ��;���&KHQJ��-���=KDR��6����/LX��6���	�&KHQJ��-��������(VWLPDWLQJ�/DQG�6XUIDFH�7HPSHUDWXUH�
IURP�/DQGVDW���'DWD�XVLQJ�WKH�12$$�-366�(QWHUSULVH�$OJRULWKP�5HPRWH�6HQVLQJ����

IRU� FOLPDWH� FKDQJH�DGDSWDWLRQ�� ,Q�&OLPDWH�&KDQJH�$GDSWDWLRQ� LQ�$IULFD�%HUOLQ�� 6SULQJHU�
,QWHUQDWLRQDO�3XEOLVKLQJ���

&LW\�VL]H�DQG�WKH�XUEDQ�KHDW�LVODQG

2NH�7�5�� �������7KH� HQHUJHWLF� EDVLV� RI� WKH�8UEDQ�+HDW� ,VODQG��4XDUWHUO\� -RXUQDO� RI� WKH�5R\DO�

�HGV���$SSOLHG�&OLPDWRORJ\��3ULQFLSOHV�	�3UDFWLFHV��1HZ�<RUN��1<��5RXWOHGJH�

2ZHQ��7�:���&DUOVRQ��7�1��	*LOOLHV��5�5��������5HPRWHO\�VHQVHG�VXUIDFH�SDUDPHWHUV�JRYHUQLQJ�XUEDQ�
FOLPDWH�FKDQJH��,QWHUQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ����������������

,QWHUQDWLRQDO�-RXUQDO�RI�

7HPSHUDWXUH�DQG�/DQG�8VH�LQ�&RORPER�0XQLFLSDO�$UHD�LQ�6UL�/DQND��8VLQJ�*HRJUDSKLFDO�
,QIRUPDWLRQ�6\VWHP�DQG�5HPRWH�6HQVLQJ�)RUHVWU\�DQG�(QYLURQPHQW�9RO����

6HQDQD\DNH��,�3���:HOLYLWL\D��:�'�'�3���	1DGHHND��3�0��������5HPRWH�VHQVLQJ�EDVHG�DQDO\VLV�RI�

GDWD��8UEDQ�&OLPDWH�

5HPRWH�6HQV��(QYLURQ���������±����

6WRQH��%���+HVV��-��-���	)UXPNLQ��+����������8UEDQ�IRUP�DQG�H[WUHPH�KHDW�HYHQWV��DUH�VSUDZOLQJ�FLWLHV�
PRUH�YXOQHUDEOH�WR�FOLPDWH�FKDQJH�WKDQ�FRPSDFW�FLWLHV"�(QYLURQPHQWDO�KHDOWK�SHUVSHFWLYHV�

6XEKDQLO�*���+LPDQVKX�*���$QLQGLWD�'���	�1HHWX�*��������$QDO\WLFDO�VWXG\�RI�ODQG�VXUIDFH�WHPSHUDWXUH�
ZLWK�1'9,�DQG�1'%,�XVLQJ�/DQGVDW���2/,�DQG�7,56�GDWD�LQ�)ORUHQFH�DQG�1DSOHV�FLW\��,WDO\�
(XURSHDQ�-RXUQDO�RI�5HPRWH�6HQVLQJ�

7KH�QDWLRQDO�DWODV�RI�6UL�/DQND

8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������
RI�VWUDWHJLHV��5HSRUW���:DVKLQJWRQ��'&��86$�

8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\��86*6��/DQGVDW���LPDJHV��5HWULHYHG�IURPKWWSV���ODQGVDW�XVJV�JRY

81�+DELWDW�� ,V�6UL�/DQND�RQH�RI� WKH�/HDVW�8UEDQLVHG�&RXQWULHV�RQ�(DUWK"�5HWULHYHG�IURP�KWWS���
XQKDELWDW�ON�QHZV�VWDWH�RI�VUL�ODQNDQ�FLWLHV�UHSRUW�QHZV�LV�VUL�ODQND�RQH�RI�WKH�OHDVW�
XUEDQLVHG�FRXQWULHV�RQ�HDUWK�
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ϭϳ

:XOGHU��0�$���:KLWH��-�&���/RYHODQG��7�5���:RRGFRFN��&�(���%HOZDUG��$�6���&RKHQ��:�%����������5R\��
'�3��������7KH�JOREDO� ODQGVDW� DUFKLYH��6WDWXV�� FRQVROLGDWLRQ�� DQG�GLUHFWLRQ��5HPRWH�6HQV�
(QYLURQ��

=KDQJ��<����������/DQG�VXUIDFH�WHPSHUDWXUH�UHWULHYDO�IURP�&%(56����,5066�WKHUPDO�LQIUDUHG�GDWD�
-RXUQDO�RI�5HPRWH�

6HQVLQJ��

PDSSLQJ�XUEDQ�DUHDV�IURP�70�LPDJHU\��,QW��-��5HPRWH�6HQV

UHODWLRQ�WR�LPSHUYLRXV�VXUIDFH�DUHD��1'9,�DQG�1'%,��XVLQJ�D�VXE�SL[HO�LPDJH�DQDO\VLV�,QW��-��
$SSO��(DUWK�2EV��*HRLQI


