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6WXG\�RQ�0HWHRURORJLFDO�'URXJKW�3KHQRPHQRQ�E\�XVLQJ�1RUPDO�3HUFHQW�,QGH[�LQ�6LVWDQ	�%DORXFKHVWDQ�3URYLQFH�LQ�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP��
*KRODPUH]D�0LUL��� $]DGHK�$UEDEL���DQG�0LWUD�%D\DW��

�,VODPLF�$]DG�8QLYHUVLW\�=DKGDQ�%UDQFK��'HSDUWPHQW�2I�*HRJUDSK\��=DKGDQ��,UDQ�
� ,VODPLF�$]DG�8QLYHUVLW\��,VODPVKDKU�%UDQFK��'HSDUWPHQW�2I�*HRJUDSK\��7HKUDQ��,UDQ��

�&LYLO�(QJLQHHU��7HKUDQ��,UDQ���&RUUHVSRQGLQJ�DXWKRU� $]DGHK�$UEDEL�(PDLO�DDUEDE\#\DKRR�FRP��DUEDEL#LLDX�DF�LU��$EVWUDFW��'URXJKW�LV�DQ�HFRORJLFDO�SKHQRPHQRQ�WKDW�IRXQG�LQ�D�ZLGH�DUHD�RI�,UDQ�LQ�GLIIHUHQW�IRUPV��%HFDXVH�RI�VSHFLDO�FRQGLWLRQ�DQG�RXW�RI�0HGLWHUUDQHDQ�5DLQIDOO�6\VWHP�:D\�DQG�ORFDWLQJ� LQ� WKH�PDLQ�KLJK�SUHVVXUH�WRSLF�VLWXDWLRQ��6LVWDQ	�%DORXFKHVWDQ�3URYLQFH�KDV�EHHQ�FRQVLGHUHG�FKDQJHDELOLW\�DQG�LW�KDV�EHHQ�VXEMHFWHG�RQ� GURXJKW� FOLPDWH� PRUH� WKDQ� RWKHU� SURYLQFHV�� ,Q� WKLV� VWXG\�� 3ODFH� DQG� 7LPH� 3DWWHUQV�� 0HWHRURORJLFDO�'URXJKW� LQ�PHWKRG� RI� ,QWHUSRODWLRQ� RI� 1RUPDO� =�� 5DLQIDOO� LQ� *HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHP� �*,6�� DUH�GHWHUPLQHG�DQG�FDWHJRUL]HG��&OLPDWRORJ\�RI�0HWHRURORJLFDO�2UJDQL]DWLRQ�DQG�0LQLVWU\�RI�(QHUJ\�ZLOO�EH�DOVR�GHWHUPLQHG� E\� XVLQJ� GLPHQVLRQOHVV� FULWHULRQ� PHWKRG� DQG� YDULDEOH� DYHUDJH� RI� GU\� DQG� ZHW� \HDUV� GXULQJ�VWDWLVWLFDO� SHULRG�� 2Q� WKH� EDVLV� RI� UHVXOWV� IURP� FDWHJRUL]LQJ� GURXJKW�� LW� GHFUHDVHV� IURP� QRUWK� WR� VRXWK� DQG�UDLQIDOO�KDV�EHHQ�FKDQJHG�HDFK�\HDU��&KDEDKDU�6WDWLRQ�GRHVQ
W� IROORZ�RQ� WKH�JLYHQ� WKHRU\�DQG� LW
V�KXPLG� LV�SURYLGHG�E\�WKH�VHD�DQG�GRHVQ
W�QHHG�WR�DVFHQGLQJ�IDFWRU�LQ�WKH�UDLQIDOO�PHFKDQLVP��%XW�LQ�RWKHU�VWDWLRQV��LW�IROORZV�RQ�&RQYHFWLRQDO�)DFWRU�WKDW�H[SHULHQFHG�WKH�PRVW�IUHTXHQF\�DQG�DOVR�KLJK�OHYHO�GLVWXUEDQFHV�WKDW�DUH�WKH�PRVW�SOHQW\�RI�DVFHQGLQJ�PHFKDQLVP���>*KRODPUH]D�0LUL��$]DGHK�$UEDEL� DQG�0LWUD�%D\DW��6WXG\�RQ�0HWHRURORJLFDO�'URXJKW�3KHQRPHQRQ�E\�
XVLQJ�1RUPDO�3HUFHQW� ,QGH[� LQ�6LVWDQ	�%DORXFKHVWDQ�3URYLQFH� LQ�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP��/LIH� 6FL� -� �������������������@�� �,661�� ������������ KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ���.H\�ZRUGV� 'URXJKW��:DWHU�5HVRXUFHV��1RUPDO�=��6LVWDQ	�%DORXFKHVWDQ��
�
,1752'8&7,21�� $ULG� DQG� VHPLDULG� FOLPDWHV� KDYH� FRYHUHG� ZLGH�DUHD�RI�LQWHUQDO�ODQGV��VRXWKHUQ�DQG�HDVWHUQ�ERXQGDULHV�RI� ,UDQ�� 7KHVH� GHVHUWV� DQG� DULG� DUHDV� KDYH� LQYROYHG�DERXW� ���� RI� ,UDQ�� $OO� RI� DUHDV� PD\� EH� DIIHFWHG� E\�'URXJKW� 3KHQRPHQRQ� EXW� WKLV� FDVH� LV� IRXQG� LQ� WKH�DUHDV� ZKHUH� DIIHFWHG� RQ� GLIIHUHQW� FOLPDWH� V\VWHPV�DFFLGHQWDOO\� DQG� LUUHJXODUO\�� PRUH� WKDQ� RWKHU� DUHDV��5D]LDWL� HW� DO�� ������� 7KH� PDLQ� DSSHDUDQFH� RI�HPHUJLQJ� 0HWHRURORJLFDO� 'URXJKW� LV� WR� GHFUHDVH�UDLQIDOO�WR�WKH�ORZHVW�QRUPDO�OLPLW��ORQJ�WHUP�DYHUDJH���'HFUHDVLQJ� VRLO� PRLVWXUH� DQG� VXUIDFH� ZDWHU� DQG�JURXQGZDWHU� DUH� WKH� QH[W� UHVXOWV� IURP� GHFUHDVLQJ�UDLQIDOO�� .HUPDQ� 3URYLQFH� LV� ORFDWHG� RQ� WKH� GURXJKW�FOLPDWH� VXFFHVVLYHO\�� 2Q� RQH� VLGH�� WLPH� RI� GURXJKW�SHULRG� LV� ORQJHU� WKDQ� ZHW� SHULRG�� RQ� WKH� RWKHU� VLGH��LQWHQVLW\�RI�ZH�\HDUV�LV�PRUH�WKDQ�GU\�\HDU��7KLV�FDVH�LQIOXHQFHV� RQ� GHFUHDVHLQJ� DJULFXOWXUDO� SURGXFWV� DQG�ZDWHU� DQG� LQFUHDVLQJ�GHVHUWV� DQG�GU\LQJ�SDVWXUHV� DQG�QDWXUDO�KHUEDO�FRYHUV��/LPLWDWLRQ�RI�ZDWHU�UHVRXUFHV�RI�WKH�FRQVLGHUHG�SURYLQFH�� LQFUHDVLQJ�GHPDQG�RI�ZDWHU��RQ�RQH�KDQG��RFFXUULQJ�GURXJKW�LQ�PRUH�IUHTXHQF\�DQG�LQ� WKH� ORQJHU� SHULRG�� RQ� WKH� RWKHU� KDQG�� KDYH� EHHQ�FDXVHG�WKDW�ORZ�ZDWHU�SUREOHP�WKUHDWHQV�WKLV��SURYLQFH� VHULRXVO\�� ,W� LV� QHFHVVDU\� IRU� HQYLURQPHQWDO�DQG� HFRQRPLFDO� SODQQLQJ� WR� GHWHUPLQH� GU\� DQG� ZHW�\HDU� IHDWXUHV� LQ� DQ� DUHD�� ,W� LV� QHFHVVDU\� WR� GUDZ� D�SHUVSHFWLYH� RI� IXWXUH� UDLQIDOO� FRQGLWLRQ� DQG� GU\� DQG�

ZHW�\HDUV�LQ�PDQ\�ORQJ�WHUP�SODQV��%HFDXVH�RI�WKDW��LW�LV� LPSRUWDQW� WR� SUHGLFW� GURXJKW� DQG� LWV� IHDWXUHV�HVSHFLDOO\�WR�PDQDJH�ZDWHU�UHVRXUFHV���� 7KLV� 'URXJKW� 3KHQRPHQRQ� ZLOO� FDXVH� PDQ\�SUREOHPV� LQ� WKH� DERYH�PHQWLRQHG� DUHD�� &OLPDWH�IOXFWXDWLRQ�� DOWHUQDWLYH� GU\� DQG� ZHW� \HDUV� DUH� WKH�LPSRWHQW�VXEMHFWV�WR�VWXG\�QDWXUDO�SKHQRPHQD�DQG�LW�LV�RQH� RI� WKH� VXEMHFWV� RI� FOLPDWRORJ\� DQG� RWKHU�HQYLURQPHQWDO� VFLHQFH� WKDW� DUH� FRQVLGHUHG� E\� WKH�VSHFLDOLVWV��$OWKRXJK�� FOLPDWH�DSSOLHV� IRU�JHQHUDO� DQG�DSSUR[LPDWHO\� VWDEOH� FRQGLWLRQ� RI�ZHDWKHU� LQ� DQ� DUHD�EXW� WKLV� VWDELOLW\� LV� UHODWLYH� DQG� LW� PD\� EH� FKDQJHG�GXULQJ�GLIIHUHQW�\HDUV��$OLMDQL��������� 'URXJKW� &RQGLWLRQ� LV� RQH� RI� WKH� HQYLURQPHQWDO�ULVNV� WKDW� FDQQRW� EH� SUHGLFWHG� HDVLO\� EHFDXVH� ��� LW� LV�H[WHQGHG�VORZO\���� LW� LVQ
W�GHILQHG�H[DFWO\�DQG� LW� LVQ
W�JHQHUDOL]HG� �EHFDXVH� WKHUH� DUH� GLIIHUHQW� YDULHWLHV� WKDW�LQWHUIHUH� LQ� 'URXJKW� 3KHQRPHQRQ� GLUHFWO\� DQG�LQGLUHFWO\��LW�LVQ
W�SURYLGHG�DQ\�JHQHUDO�DQG�UHDVRQDEOH�GHILQLWLRQ� IRU� WKH� UHVHDUFKHUV� DQG� UHVHDUFKHUV� LQ�GLIIHUHQW�ILHOGV�EHOLHYH�WKDW�WKH�JLYHQ�GHILQLWLRQV�KDYH�VSHFLDOW\�DVSHFW�����LWV�HIIHFWV�DUH�QRQVWUXFWXUDO�DQG�LW�LV�RIWHQ�H[WHQGHG�LQ�D�ZLGH�DUHD���+LVGDO�	�7DOODNVHQ��������� 'URXJKW� 3KHQRPHQRQ� LV� LQHYLWDEOH� LQ� ERWK� DULG�DQG�KXPLG�DUHDV�EXW�LW�LV�SRVVLEOH�WR�EH�GURXJKW�PRUH�WKDQ�RWKHU�FRQGLWLRQV�EHFDXVH�,UDQ�LV�VXIIHUHG�E\�DULG�DQG�VHPLDULG�FOLPDWH��'URXJKW�3KHQRPHQRQ�LV�RQH�RI�QDWXUDO� SKHQRPHQD� WKDW� UHODWHG� WR� PHWHRURORJ\� DQG�
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K\GURORJ\��,W�DIIHFWV�RQ�HQYLURQPHQWDO�SDUDPHWHUV�DQG�DFWLYLWLHV�WKDW�UHODWHG�WR�DJULFXOWXUH��KHUEDO�FRYHU��DQG�KXPDQ
V�OLIH��DQG�ZLOG�OLIH��ORFDO�DQG�QDWLRQDO�HFRQRP\�DQG� LW� FDQ� EH� DJJUDYDWHG� E\� DJULFXOWXUH� DQG� DQLPDO�KXVEDQGU\��2Q� WKH�EDVLV� RI� LW� DQG� DQ� H[WHQVLYH� VWXG\�RQ� GURXJKW� E\�:RUOG�0HWHRURORJ\� 2UJDQL]DWLRQ�� WKH�GURXJKW� FRQGLWLRQV� DUH� FDWHJRUL]HG� RQ� WKH� EDVLV� DV�IROORZ�� ��� 5DLQIDOO� ��� FRPELQDWLRQ� RI� UDLQIDOO� DQG�WHPSHUDWXUH�� KXPLGLW\� DQG� HYDSRUDWLRQ� ��� VRLO�PRLVWXUH�DQG�SDUDPHWHU�RI�SURGXFW����FOLPDWH�LQGH[HV�DQG� HYDOXDWLRQV� RI� HYDSRUDWLRQ� DQG� WUDQVSLUDWLRQ� ���GHILQLWLRQV�DQG�JHQHUDO�EUDQFKHV���-LDVLODQ��������� ,Q� WKH� UHFHQW� GHFDGHV�� ,UDQ� KDV� EHHQ� DIIHFWHG� E\�GURXJKW� FRQGLWLRQV� DOWHUQDWLYHO\�� 'URXJKW�3KHQRPHQRQ� LQIOXHQFHV� RQ� HQYLURQPHQWDO� FRQGLWLRQ��KXPDQ� FRPPXQLWLHV� DQG� JHQHUDOO\� HQYLURQPHQWDO�HFRORJ\�VHULRXVO\��,W�LV�QHFHVVDU\�WR�NQRZ�WKLV�QDWXUDO�SKHQRPHQRQ� WR� RYHUFRPH�� DQG� WKHQ� VSHFLDOLVWV� KDYH�FRQVLGHUHG�LW�LQ�GLIIHUHQW�YLHZV�DQG�PHWKRGV��7KH�DLP�RI�WKHVH�UHVHDUFKHV�LV�WR�REWDLQ�HDV\��FKHDS�DQG�SUHFLVH�VROXWLRQ�LQ�GLIIHUHQW�SKDVHV�RI�QRWLFH��SUHSDUDWLRQ�DQG�SUHYHQWLRQ�DJDLQVW� DQ\� ORVVHV� IURP�GURXJKW�FRQGLWLRQ�DQG�DOVR� WR� ILQG� WKH� UHDVRQV�RI� DYDLODEOH� GLVRUGHUV� LQ�WKH�FOLPDWH�V\VWHPV��7KHUHIRUH�� LW�KDV�EHHQ�VWXGLHG� LQ�YDULRXV� PHWKRGV� VXFK� DV� VWDWLVWLF�� V\QRSWLF�� DUWLILFLDO�QHXUDO� QHWZRUN� DQG� UHPRWH� VHQVLQJ�� HWF�� �$]L]L� 	�6KDPVLSRXU��������� ,Q�WKH�UHFHQW�\HDUV��PXOWLYDULDEOH�VWDWLVWLF�PHWKRGV��=HKWDELDQ�HW�DO��������0RXVVD�HW�DO��������9DIDNKDK�DQG� 0DKGDYL�� ������ $OLMDQL� DQG� 5DPH]DQL�� ������$]L]L� 	� 6KDPVLSRXU�� ������� V\QRSWLF� PHWKRG��.KRVKDNKODJK�� ������ $]L]L� ������ 1D]HP� $OVDGDW���������*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP��)DUDM]DGHK��������0RKDPPDGL� DQG� 6KDPVLSRXU� ����� DQG� ������

KDYH�XVHG�WR�VWXG\�RQ�GURXJKW�FRQGLWLRQ��$OVR��$UEDEL�DQG�%D\DW�����������KDYH�VWXGLHG�RQ�GURXJKW�HIIHFW�RI�*KD]YLQ�DQG�'DPDYDQG�SODLQV�RQ�WKH�JURXQGZDWHU���� ,Q� WKLV� UHVHDUFK�� PXOWLYDULDEOH� VWDWLVWLF� PHWKRGV�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP�KDYH�EHHQ�XVHG�DQG� 1RUPDO� =� ,QGH[� WKDW� LV� WR� VHW� WLPH� DQG� SDFH�SDWWHUQV� LV� GHILQHG� DQG� GURXJKW� SHULRGV� RI� .HUPDQ�SURYLQFH�DUH�VSHFLILHG���0$7(5,$/6�$1'�0(7+2'6�
'URXJKW� LV� VWXGLHG� RQ� WKH� EDVLV� RI� VWDWLVWLFV� DQG�GDWD� IURP� PHDVXUHPHQW� RI� V\QRSWLF� VWDWLRQV��0HWHRURORJLFDO� 'DWD� KDV� EHHQ� UHFRUGHG� LQ� QXPEHU��DQG�WKHQ�LW�FDQ�EH�XVHG�LQ�VWDWLVWLFDO�DQG�PDWKHPDWLFDO�PRGHOV� HDVLO\�� $OVR��0HWHRURORJLFDO� SDUDPHWHUV� KDYH�EHHQ� FRQVLGHUHG� LQ� WKH� SK\VLFDO�PRGHOV� EHFDXVH� WKH\�KDYH�G\QDPLF�IHDWXUHV��5DLQIDOO�LV�WKH�PRVW�LPSRUWDQW�YDULDEOH� WKDW� VWXGLHG� LQ� WKH� FOLPDWH� DQG� GURXJKW�VXEMHFWV��$YHUDJH�DQQXDO�DQG�VHDVRQDO�UDLQIDOOV�RI�WKH�FRQWUROOHG� VWDWLRQV� ������������ KDYH� EHHQ� XVHG� WR�DQDO\]H� WKH� GURXJKW� E\� 1RUPDO� =� ,QGH[�� 1RUPDO� =�,QGH[� LV� VHOHFWHG� WR� FDOFXODWH� ,QWHQVLW\� RI� FOLPDWH�GURXJKW�� WKHQ�� UDLQIDOO� KDV� EHHQ� FDOFXODWHG� LQ� DQQXDO�DQG�VHDVRQDO�VFDOHV���� :KHUH�� ]� LV� QRUPDOL]HG� GURXJKW� LQGH[�� [ LV�YDULDEOH�RI�PHDVXUHG�\HDU�RU�VHDVRQ��[ LV� WKH�DYHUDJH�RI� ORQJ� WHUP� FOLPDWH� YDULDQW� DQG� VWDQGDUG� GHYLDWLRQ��6WDQGDUG�=�,QGH[�LV�RQH�RI�6WDWLVWLFDO�FRHIILFLHQWV�DQG�RQH� RI� WKH� LPSRUWDQW� QRUPDO� LQGH[HV� WKDW� FRQVLGHUV�SRVVLELOLW\�RI�RFFXUULQJ�GURXJKW�DQG�QRQRFFXUUHQFH�RI�GURXJKW��,Q�=�LQGH[��WKH�FRHIILFLHQWV�DUH�GHWHUPLQHG�LQ�WDEOH����

�7DEOH� ����� 1RUPDOL]HG� 5DLQIDOO� ,QGH[� WR� FDOFXODWH� 5DLQIDOO� RI� =DKHGDQ� 6WDWLRQ� �,UDQ� 0HWHRURORJ\�2UJDQL]DWLRQ��
<HDU� -DQXDU\� )HEUXDU\� 0DUFK� -DQXDU\�]� )HEUXDU\�]� 0DUFK�]�
���� ��� ���� �� ���� ��� ���
���� � � ���� ���� ���� ���
���� ��� ���� ��� ���� ��� ����
���� ��� �� ��� ���� ��� ����
���� ���� ���� ��� ��� ��� ����
���� ���� ���� ���� ��� ��� ���
���� ��� ��� ��� ���� ���� ����
���� ���� � ��� ��� ���� ����
���� ���� ��� �� ��� ���� ���
���� ��� ��� ���� ���� ���� ���
���� ���� ��� ���� ��� ���� ���
���� ���� � ��� ��� ���� ����
���� ���� ���� ��� ��� ��� ����
���� ���� ���� ��� ��� ��� ����
���� ���� ��� ���� ��� ���� ���
���� � � � ���� ���� ����
���� ��� ��� ��� ���� ���� ����
���� ��� ���� � ���� ��� ����
���� �� � � ��� ���� ����
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� $OVR�� VWDQGDUG� GLPHQVLRQOHVV� PHWKRG� KDV�EHHQ�XVHG�WR�VSHFLI\�WKH�GURXJKW�FRQGLWLRQ�LQ�WKH�VHOHFWHG� VWDWLRQV�� :HW� \HDU� DQG� GU\� \HDU� DUH�GLYLGHG� RQ� WKH� EDVLV� RI� WKLV� LQGH[� DV� QHJDWLYH�QXPEHUV� LQGLFDWHV� GURXJKW� RU� GU\� \HDU� DQG�SRVLWLYH� QXPEHUV� LQGLFDWHV� ZHW� \HDU�� 7KH� UDWLRV�DUH�VWDWHG�RQ�WKH�EDVLV�RI�SHUFHQW���
([WHQW�RI�OLPLW�� 0HDQLQJ�

/RZHU�WKDQ�����������WR���������WR�������WR�����0RUH�WKDQ�����

+LJK�$ULG�$ULG�1RUPDO�0RLVW�+LJK�0RLVW�
,QGH[�LV�REWDLQHG�DV�IROORZ��:KHUH���LV�DPRXQW�RI�UDLQIDOO�DQQXDOO\���LQ�PP��S LV�DQQXDO�UDLQIDOO�DYHUDJHO\���LQ�PP��6'� LV� VWDQGDUG� GHYLDWLRQ� RI� DQQXDO� UDLQIDOO� LQ�=DKHGDQ�6WDWLRQ�7KDW�� LWV� UHVXOWV� LV� DV� WKH� VDPH� DV� UHVXOWV� IURP�UDLQIDOO�PHWKRG�RI�1RUPDO�=���

�'(),1,7,21�2)�678',('�/,0,7�� 6LVWDQ� 	� %DORXFKHVWDQ� 3URYLQFH��������NP�� ZKHUH�LV�HTXDO�WR�������RI�WRWDO�DUHD�RI�,UDQ��,W�LV�RQH�RI�WKH�ODUJHVW�SURYLQFHV�LQ�,UDQ��7KLV�SURYLQFH� LV� ORFDWHG�RQ����� ��� LQ� ODWLWXGH� WR���������RI�QRUWKHUQ�ODWLWXGH�IURP�WKH�HTXDWRU�DQG����� ���� LQ� ORQJLWXGH� WR� ���� ���� RI� HDVWHUQ�ORQJLWXGH�IURP�OLQH�RI�ORQJLWXGH��7KLV�SURYLQFH�LV�OLPLWHG� WR� VRXWKHUQ� .KRUDVVDQ� SURYLQFH� DQG�$IJKDQLVWDQ� IURP� WKH� QRUWK�� WR�$IJKDQLVWDQ� DQG�3DNLVWDQ� �����NP� VRLO� ERUGHU��� WR� 2PDQ� 6HD�����NP��IURP�WKH�VRXWK��.HUPDQ�DQG�+RUPR]JDQ�3URYLQFHV� IURP� WKH� ZHVW� �VHH� IURP� +DPRRQ� WR�2PDQ� ���� �����DQG� 6LVWDQ� 	� %DORXFKHVWDQ�3ODQQLQJ� DQG� %XGJHW� 2UJDQL]DWLRQ� ���������*HQHUDOO\��WKLV�SURYLQFH�KDV�EHHQ�GLYLGHG�LQ�WZR�JHRJUDSKLFDO� DUHDV�� 6LVWDQ� LQ� WKH� QRUWK� DQG�%DORXFKHVWDQ�LQ�WKH�VRXWK��������

�

)LJ����7RSRJUDSK\�RI�VWXGLHG�OLPLW��$UEDEL��%D\DW��������
'$7$�2)�0(7(252/2*<�67$7,216�� 'DWD�RI�0HWHRURORJ\� 6WDWLRQV� WKDW� EHORQJHG�WR� 0HWHRURORJ\� 2UJDQL]DWLRQ� DQG� 0LQLVWU\� RI�(QHUJ\� LQFOXGHV� =DKHGDQ�� .KDVK�� 6DUDYDQ��&KDEDKDU�� =DERO�� ,UDQVKDKU�� -DORJK�� 1DKRXN��*KDVU� JKDQG�� 'DPDQ�� %DPSRXU� 'DP� �WDEOH� ����/RQJ� WHUP�GDWD� RI� WKH� VWDWLRQV� KDV�EHHQ�XVHG� WR�VWXG\� JHQHUDO� FRQGLWLRQ� DQG� WR� GHWHUPLQH� WKH�PDLQ�SDWWHUQV�RI�FOLPDWH�HOHPHQWV��7KHQ��GDWD�RI�

UDLQIDOO�� WHPSHUDWXUH�� UHODWLYH�KXPLGLW\� LQ�DQQXDO�DQG�VHDVRQDO�VFDOHV�DUH�XVHG�WR�FDOFXODWH�ZHW�DQG�GU\�\HDUV�DQG�FOLPDWH�FDWHJRUL]DWLRQV��$OVR��WKHUH�DUH�RWKHU�FOLPDWH�YDULDEOHV�VXFK�DV�GLUHFWLRQ�DQG�VSHHG� RI� ZLQG�� FORXG\� DQG� VXQQ\� KRXUV��DWPRVSKHULF� SUHVVXUH�� QXPEHU� RI� UDLQIDOO�HYDSRUDWLRQ�DQG�WUDQVSLUDWLRQ�GD\V��� 7KHQ�� GURXJKW� LV� PHDVXUHG� E\� FDWHJRUL]LQJ�FOLPDWH� GURXJKW� ZLWK� UDLQIDOO� QRUPDO� =�� 0DS� ��VKRZV�VLWXDWLRQ�RI�VHOHFWHG�VWDWLRQV���
�
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�
7DEOH��� 6SHFLILFDWLRQV�RI�VHOHFWHG�VWDWLRQV��

5DZ�� 1DPH� RI�6WDWLRQ�� 1DPH� RI�2UJDQL]DWLRQ�� +HLJKW��P�� /RQJLWXGH�� /DWLWXGH��

� =DKHGDQ� 0HWHRURORJ\�2UJDQL]DWLRQ� ���� ����� �����
� .KDVK�� 0HWHRURORJ\�2UJDQL]DWLRQ� ���� ����� �����
� 6DUDYDQ�� 0HWHRURORJ\�2UJDQL]DWLRQ� ���� ����� �����
� &KDEDKDU�� 0HWHRURORJ\�2UJDQL]DWLRQ� � ����� �����
�

=DERO�� 0HWHRURORJ\�2UJDQL]DWLRQ� ����� ����� ����
� ,UDQVKDKU�� 0HWHRURORJ\�2UJDQL]DWLRQ� ����� ����� �����
� -DORJK�� 0LQLVWU\�RI�(QHUJ\� ��� ����� �����
� 1DKRXN� 0LQLVWU\�RI�(QHUJ\� ���� ������ �����
� *KDVU�JKDQG� 0LQLVWU\�RI�(QHUJ\� ��� ����� �����
�� 'DPDQ�� 0LQLVWU\�RI�(QHUJ\� ��� ����� �����
�� %DPSRXU�'DP� 0LQLVWU\�RI�(QHUJ\� ��� ����� �����

',6&866,21�$1'�&21&/86,21�� (QYLURQPHQWDO� WKUHDWV� DUH� RQH� RI� WKH� LPSRUWDQW�OLPLWLQJ�IDFWRUV�WR�GHYHORS��7KHVH�WKUHDWV�DUH�LQIOXQFHG�GLIIHUHQWO\� RQ� WKH� EDVLV� RI� LQWHQVLW\�� IUHTXHQF\� DQG�UDQJH�RI�DIIHFWLQJ��)RU�H[DPSOH��IORRG�DQG�HDUWKTXDNH�KDYH�ORZ�IUHTXHQF\�DQG�KLJK�LQWHQVLW\�DQG�ZLGH�GHSWK�LQ� WKH� FHQWHU� RI� HYHQW�� $FFRUGLQJ� WR� WKH� GLIIXVLRQ�WKHRU\�� LI� WKH\�DUH� QHDUHU� WR� WKH�FHQWHU� RI� HYHQW�� WKHLU�HIIHFW�ZLOO�EH�PRUH�LQWHQVH�DQG�REYLRXV��%XW��GURXJKW�DV�D�FOLPDWH�SKHQRPHQRQ�KDV�ZLGH�JHRJUDSKLFDO�UDQJH��PRUH� IUHTXHQF\� DQG� HIIHFWLYH�� %HFDXVH� RI� IDVW�HIIHFWLYH� RQ� ZDWHU� UHVRXUFH�� KHUEDO� FRYHU�� SURYLGLQJ�GULQNLQJ� ZDWHU�� DJULFXOWXUH�� IRRG� SURGXFWV� DQG�LQGXVWULHV�� QDWXUDO� WKUHDWV� DUH� LQIOXHQFHG� PRUH� WKDQ�RWKHU�WKUHDWV��� $V� HQYLURQPHQWDO� UHVHDUFKHV� LQ� QDWXUDO�FDWHJRUL]DWLRQ� KDV� EHHQ� FRQVLGHUHG� FDUHIXOO\� DQG� WKH�

EHWWHU�UHVXOWV�KDYH�EHHQ�SUHVHQWHG��%HFDXVH�RI�UDLQIDOO�FKDQJHV� RI� 6LVWDQ�	�%DORXFKHVWDQ� 3URYLQFH�ZKHUH� LV�RQH�RI�WKH�ELJJHVW�DQG�GULHVW�SURYLQFH��DQG�LWV�YDULRXV�WRSRJUDSK\�� WKH� FRQVLGHUDEOH� VWDWLRQV� DUH� VHOHFWHG� RQ�WKH� EDVLV� RI� JHRJUDSKLFDO� FRQGLWLRQ� IURP� WKH� PRVW�QRUWKHUQ� VWDWLRQV� WR� WKH� VRXWKHUQ� VWDWLRQV�� 7KLV�UHVHDUFKHV� VXJJHVW� WKDW� WKH� H[WHQW� RI� WKLV� SURYLQFH��YDULRXV� WRSRJUDSK\� DQG� DGMDFHQW� WR� /RXW� 'HVHUW�� RQ�RQH�KDQG��DQG�DGMDFHQW�WR�ERXQGDULHV�RI�2PDQ�6HD�DQG�DIIHFWHG�E\�VHDVRQDO�UDLQIDOO�V\VWHP��RQ�WKH�RWKHU�KDQG��LWV� UDLQIDOO� KDV� LQWHUQDO� KRPRJHQHLW\� DQG� LW� FDQ
W� EH�PDQDJHG� XQLIRUPO\�� 5HJDUGLQJ�� GLIIHUHQFH� RI� FOLPDWH�DUHD�DQG�FDOFXODWHG�LQWHQVLWLHV��LW�LV�XVHIXO�WR�VHOHFW�WKH�PHWKRGV�RI�PDQDJHPHQW� WR� GHWHUPLQH� WKH� VDPH� DUHDV�LQ�GURXJKW��� /RZ�UDLQIDOO��KHUEDO�FRYHU�DQG�DQLPDO�OLIH�GHSHQG�RQ�WKH�VPDOO�DQG�ELJ�DYDLODEOH�ZDWHU�UHVRXUFHV��VSLWH�RI�WKH� FRQVLGHUDEOH� KHUEDO� FRYHU� UHVLVW� WKH� ORQJ� GU\�
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FRQGLWLRQV� VHYHUHO\�� %HFDXVH� GURXJKW� LV� UHVXOW� IURP�FOLPDWH�IOXFWXDWLRQV�DQG�LW�PDNHV�D�GLVRUGHU�LQ�QDWXUDO�FRQGLWLRQ�RI�DUHD� WKHQ�� WKH�GURXJKW�FDQ�EH� LQIOXHQFHG�RQ�KHUEDO�OLIH�DQG�HFRORJ\�RI�WKLV�DUHD�GHVWUXFWLYHO\��� 2Q� WKH� EDVLV� RI� VSUHDGLQJ� ULVLQJ� IDFWRU�� ,UDQ� LV�GLYLGHG�LQ�VL[�DUHDV�ZKHUH�VRXWKHDVWHUQ�DUHD��6LVWDQ�	�%DORXFKHVWDQ� 3URYLQFH�� LV� RQH� RI� WKHP�� ,Q� WKLV� DUHD��FRQYHFWLRQDO� IDFWRU� LV� WKH� PRVW� IUHTXHQF\� DQG� KLJK�OHYHO�GLVRUGHUV�DUH�WKH�PRVW�ULVLQJ�PHFKDQLVP����� $OO�RYHU�,UDQ��7KH�ULVLQJ�PHFKDQLVP�LV�KLJK�OHYHO�GLVRUGHUV�LQ�WKH�FROG�VHDVRQV�WKDW�LW�LV�GHFUHDVHG�IURP�WKH� VRXWK� WR� WKH� QRUWK� DQG� LW� LV� RQO\� DOORFDWHG� WR� WKH�VRXWKHDVW�RI�,UDQ���� ,Q� VXPPHU�� WKH� GLVRUGHUV� KDYH� GHFUHDVHG� LQ� DOO�RYHU� WKH� FRXQWU\�� ,Q� DXWXPQ� DQG� VSULQJ�� KLJK� OHYHO�GLVRUGHUV� DUH� WKH� PRVW� UDLVLQJ� IDFWRU� LQ� DOO� RYHU� WKH�

FRXQWU\�� ,Q� WKH�KRW� VHDVRQ�� WKH�VHDVRQDO�ZLQGV� VSUHDG�WURSLF�KRW�DQG�KXPLG�DLUV� WKDW�HQWHUHG�WR�WKH�VRXWK�E\�WZR� PHWKRGV�� $OVR�� %DVKDJHUG� 0RXQWDLQV� SOD\�LPSRUWDQW� UROH� WR� SURYLGH� KXPLGLW\� RI�2PDQ�6HD� DQG�DPRXQW�RI�UDLQIDOO���� 5DLQIDOO� &RHIILFLHQW� RI� 9DULDWLRQ� VKRZV� WKDW�&KDEDKDU�6WDWLRQ�KDV� WKH�KLJKHVW�5DLQIDOO�&RHIILFLHQW�RI� 9DULDWLRQ� �������� DQG� WKH� PRVW� UDLQIDOO� LV� LQ� WKH�VXPPHU� WKDW� LW� XVHV� UDLQIDOO� V\VWHP� RI� VHD� DQG� =DERO�6WDWLRQ� �RQ� WKH� QRUWK� RI� WKH� SURYLQFH�� KDV� WKH� ORZHVW�5DLQIDOO�&RHIILFLHQW�RI�9DULDWLRQ���������DQG�WKH�PRVW�UDLQIDOO� LV� LQ� 'HFHPEHU� WKDW� LW� UHFHLYHV� ZHVW� ZLQG�UDLQIDOO�V\VWHP�LQ�DXWXPQ��0RUH�SHUFHQW�������RI�WKLV�LQGH[� LQ� UDLQIDOO� VKRZV� KLJK� DEQRUPDOLW\� RI� UDLQIDOO�DQG�DULG�FRQGLWLRQ�LQ�WKH�FRQVLGHUHG�VWDWLRQV���
7DEOH����$QQXDO�6WDWLVWLFDO�5DLQIDOO�,QGH[�LQ�WKH�FRQVLGHUHG�VWDWLRQV��������������

6WDWLRQ�� $YHUDJH��;L�Q � �� 6WDQGDUG�'HYLDWLRQ��;��;� ��Q�� �¥� &°IILFLHQW�RI�9DULDWLRQ�&9 �;����
=DKHGDQ��� ����� ������ �����
.KDVK�� ������ ������ �����
6DUDYDQ�� ������ ����� �����
&KDEDKDU� ������ ������ �����
=DERO� ����� ����� �����
,UDQVKDKU� ������ ����� ���
-DORJK� ����� ��� �����
1DKRRN�� ������ ����� ���

$FFRUGLQJ� WR� WDEOH��� UDLQIDOO� LV� DEQRUPDO� DQG� LQ� KLJK�YDULDELOLW\� WKDW� VKRZV� DULG� FRQGLWLRQV� DQG� GURXJKW��$QDO\]H� RI� DOWHUQDWLYH� GURXJKW� E\� XVLQJ� XQVWDEOH�DYHUDJH�� VWDQGDUG� GLVWULEXWLRQ� DQG� GLPHQVLRQOHVV�FULWHULRQ�VXJJHVWV�WKDW�GURXJKW�LV�GHFUHDVLQJ�IURP�QRUWK�WR� WKH� VRXWK� RI� WKH� SURYLQFH�� 7KHVH� UDLQIDOOV� DUH�

GLIIHUHQW� IURP� \HDU� WR� \HDU� DQG� LWV� FRHIILFLHQW� RI�YDULDWLRQ�LV�LQFUHDVHG���� 7DEOH���DQG�JUDSK���VKRZ�FRHIILFLHQWV�RI�LQGH[�=�LQ� WKH� FRQVLGHUHG� VWDWLRQV� DQG� JUDSK� �� VKRZV�FRHIILFLHQW� RI� LQGH[� =� LQ� =DKHGDQ� VWDWLRQV�� 0DS� ��VKRZV�FDWHJRUL]DWLRQ�RI�GURXJKW�LQ�WKH�FRQVLGHUHG�DUHD�����



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP
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7DEOH����5DLQIDOO�&RHIILFLHQW�LQ�WKH�FRQVLGHUHG�VWDWLRQV��
<HDU� =DKHGDQ� .KDVK� 6DUDYDQ� &KDEDKDU� =DERO� ,UDQVKDKU� -DORJK� 1DKRRN� *KDVU�JKDQG� 'DPDQ� %DPSRXU�'DP�
���� ��� ���� ��� ��� ��� ���� ��� ��� ��� ���� ����
���� ���� ���� ���� ��� ���� ��� ��� ��� ���� ���� ����
���� ���� ���� ���� ���� ��� ��� ��� ��� ��� ��� ���
���� ���� ���� ��� ��� ���� ��� ���� ���� ���� ��� ���
���� ��� ��� ���� ��� ��� ��� ���� ��� ��� ��� ���
���� ��� ��� ��� ���� ��� ���� ��� ��� ��� ��� ���
���� ��� ��� ��� ��� ��� ��� ��� ���� ���� ��� ���
���� ���� ���� ���� ���� ���� ���� ��� ���� ���� ���� ���
���� ��� ��� ��� ���� ��� ��� ��� ��� ���� ���� ���
���� ��� ��� ��� ��� ��� ��� ���� ��� ��� ���� ����
���� ��� ��� ��� ���� ��� ��� ��� ��� ��� ��� ���
���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���� ���� ��� ���� ���� ��� ��� ��� ��� ��� ��� ���
���� ���� ��� ���� ���� ��� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
����� ��� ��� ��� ���� ��� ��� ��� ��� ��� ��� ���

*UDSK�1R�����5DLQ�IDOO�&RHIILFLHQW�=�LQ�6WXGLHG�VWDWLRQ��

*UDSK�1R�����5DLQ�IDOO�&RHIILFLHQW�=�LQ�=DKHGDQ�VWDWLRQ�
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0DS����'URXJKW�&DWHJRUL]DWLRQ�LQ�WKH�FRQVLGHUHG�DUHD��$UEDEL��%D\DW��������6WXG\�RQ�'URXJKW�&RQGLWLRQ�LQ�WKH�FRQVLGHUHG�VWDWLRQV�E\�XVLQJ�PHWKRG�RI�1RUPDO�=��� =DERO� LV� WKH� PRVW� QRUWK� VWDWLRQ� RI� SURYLQFH�WKDW� KDV� DULG� FRQGLWLRQ��'XULQJ� VWDWLVWLFDO� SHULRG�������� ������ ������ ������ ������� LW� LV� KLJK�GURXJKW�� LQ� ������ ������ ������ ������ LW�ZDV� ORZ�DQG�PLGGOH� GURXJKW� DQG� LW�ZDV�PRLVW� LQ� WKH� UHVW�\HDUV���� =DKHGDQ�6WDWLRQ� LV�RQH�RI� WKH�QRUWK� VWDWLRQV�DQG� LWV� DOWLWXGH� IURP� WKH� VHD� LV� ����P� DQG� LWV�ODWLWXGH� LV� ������� 2Q� WKH� EDVLV� RI� 1RUPDO� =�PHWKRG��=DKHGDQ�KDV�KDG�KLJK�DULG� LQ������DQG������� PLGGOH� DULG� LQ� ������ ������ ����������������� ORZ� DULG� LQ� ������ ����������� QRUPDO�FRQGLWLRQ�LQ������DQG�KXPLG�FRQGLWLRQ�LQ�WKH�UHVW�\HDUV���� 7RWDOO\�� WKH� QRUWKHUQ� VWDWLRQV� VKRZ� DULG�FRQGLWLRQV� DQG� GURXJKWV� EHFDXVH� LW� LV� IDU� IURP�KXPLGLW\�UHFRXUVHV�DQG�DGMDFHQW�WR�WKH�GHVHUWV���

6DUDYDQ� 6WDWLRQ� ZKHUH� VHOHFWHG� DV� D�UHSUHVHQWDWLYH�RI�FHQWUDO�UHJLRQ�LQ������KDV�YHU\�KLJKO\� GURXJKW�� KLJKO\� GURXJKW� LQ� ������ ORZO\�GURXJKW� LQ� ������ ������ ����� DQG� QRUPDO�FRQGLWLRQ�LQ�WKH�UHVW�\HDUV����&KDEDKDU� 6WDWLRQ� LV� DQ� RQO\� VWDWLRQ� ZKHUH� KDV�YHU\� KLJKO\� GURXJKW� LQ� ����� DQG� QRUPDO�FRQGLWLRQ� LQ� WKH� UHVW� \HDUV�� &KDEDKDU� 6WDWLRQ� LV�ORFDWHG�RQ��P�DOWLWXGH� IURP� WKH� VHD�DQG������ LQ�ODWLWXGH�� 7KLV� VWDWLRQ� LV� ORFDWHG� DOPRVW� RQ� VHD�OHYHO� DQG� DIIHFWHG� E\� KXPLGLW\� RI�2PDQ� 6HD�� ,W�LVQ
W� IRXQGHG� DQ\� KLJKO\� GURXJKW� LQ� WKLV� VWDWLRQ�H[FHSW�LQ��������$IWHU� FDOFXODWLQJ�5DLQIDOO�1RUPDO� 3HUFHQW� ,QGH[�RI�6WDWLRQV��XQVWDEOH�DYHUDJH�LQGH[�RI������DQG���\HDUV�LQ�JUDSK���DQG�VWDQGDUG�GLVWULEXWLRQ�RI�WDEOH�� DUH�XVHG�WR�GUDZ�GURXJKW�SURFHVV���

*UDSK��� 8QVWDEOH�$YHUDJH�RI��=DKHGDQ�6WDWLRQ��

*XLGHOL
0HWURORJLFDO�6WDWLRQ

*UDSK�1R�����'LVSHUVLRQ�RI�0HWURORJLFDO�6WDWLRQV�LQ�WKH�VWXGLHG�DUHDV�
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7DEOH����0HWKRG�RI�GLPHQVLRQOHVV�LQGH[�LQ�=DKHGDQ�6WDWLRQ�
<HDU� =DKHGDQ� 3HUFHQW� 4XDOLW\�
���� ���� ����� 1RUPDO�
���� ���� ������� +LJK��$ULG�
���� �� ������� +LJK�$ULG�
���� ���� ������� +LJK�$ULG�
���� ���� ������� +LJK�$ULG�
���� ����� ����� $ULG�
���� ���� ������� +LJK�$ULG�
���� ���� ������� +LJK�$ULG�
���� ���� ������ $ULG�
���� ��� ����� 1RUPDO�
���� ����� ����� 1RUPDO�
���� ����� ����� 1RUPDO�
���� �� ������� +LJK�$ULG�
���� ���� ������� +LJK�$ULG�
���� ���� ������� +LJK�$ULG�
���� ���� ������� +LJK�$ULG�
���� ���� ������� +LJK�$ULG�
���� ���� ������� +LJK�$ULG�
����� ���� ������� +LJK�$ULG�
����� ����� ������ $ULG�

7DEOH���VKRZV�DYHUDJH�RI�GU\�DQG�ZHW�\HDUV�DQG�FXUUHQW�SURFHVV�RI�WKH�FRQVLGHUHG�VWDWLRQV��H[FHSW�&KDEDKDU� 6WDWLRQ� WKDW� LWV� FXUUHQW� SURFHVV� LV� GU\�
\HDU��WKH�UHVW�VWDWLRQV�DUH�SDVVHG�WKURXJK�ZHW�\HDU�SURFHVV������

�7DEOH����$YHUDJH�RI�GU\�DQG�ZHW�\HDUV�DQG�FXUUHQW�SURFHVV�RI�WKH�VWDWLRQV��
&XUUHQW�3URFHVV� 1XPEHU� RI� :HW�\HDUV� 1XPEHU� RI� :HW�\HDUV� 6WDWLRQV�
:HW�\HDU� �� ��� =DKHGDQ�
:HW�\HDU� ��� ��� .KDVK�
:HW�\HDU� �� ��� 6DUDYDQ�
'U\�\HDU� �� ��� &KDEDKDU�
:HW�\HDU� ��� �� =DERO�
:HW�\HDU� ��� �� ,UDQVKDKU�
:HW�\HDU� ��� �� -DORJK�
:HW�\HDU� ��� �� 1DKRRN�
:HW�\HDU� �� ��� *KDVU�JKDQG��
:HW�\HDU� �� ��� 'DPDQ�
:HW�\HDU� ��� �� %DPSRXU�'DP�
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'LUHFWLRQV�	�6XJJHVWLRQV����� /RQJ�DQG�VKRUW�WHUP�SODQV�VKRXOG�EH�KROG�LQ�WKH�ILHOG�RI� GLUHFW� DQG� FUHDWH� QHZ� VLJKWV� WR� GHYHORS� ILHOG�ZRUNV�DQG�VWXGLHV�LQ�WKH�*HRJUDSKLFDO�'HSDUWPHQW������ )DU�PHDVXUHPHQW� LQ� WKH� VWXGLHV� WR� LQFUHDVH� OHYHO� RI�DQDO\]LQJ�DQG�LQWHUSUHWLQJ�GDWD����� 'HYHORSLQJ� QHZ� PHWKRGV� RI� VWXGGLQJ� DV� D� QHZ�VFLHQFHV� DQG� WHFKQLTXH� UHJDUGLQJ� WKH� LPSRUWDQW�VWXGLHV�VXFK�DV�GURXJKW���� ,QFUHDVLQJ� QXPEHU� RI� V\QRSWLF� VWDWLRQV� LQ� WKH�FRQVLGHUHG�DUHD���� (GXFDWLQJ�DQG�LQIRUPLQJ�SHRSOH�WKH�FRUUHFW�PHWKRGV�RI�LUULWDWLRQ�DQG�ZDWHU�FRQVXPSWLRQ����� 8VLQJ� HQYLURQPHQWDO� FRPSRQHQWV� RI� VXUIDFH�PRLVWXUH�WR�VWXG\�RQ�GURXJKW�FOLPDWH���� 3D\LQJ� DWWHQWLRQ� WR� WKH� HQYLURQPHQWDO� LQIRUPDWLRQ�EDVLFV� WR� LQFUHDVH� DELOLW\� OHYHO� RI� DQDO\]LQJ� DQG�LQWHUSUHWLQJ�WKH�UHVXOWV��
5()5(1&(6���� $UEDEL�� $]DGHK� �������� 7KHVLV� RI� 0DVWHU
V�'HJUHH��'URXJKW�&OLPDWH�(IIHFW�RQ�8QGHUJURXQG�5HVRXUFHV� RI� *KD]YLQ� 3ODLQ�� *XLGHG� E\� 'U��*KDVVHP�$]L]L��7HKUDQ�8QLYHUVLW\����� %D\DW��0LWUD� ��������7KHVLV�RI�0DVWHU
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