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,Q� FRQWUDVW� WR� WKH� WHPSHUDWH� DQG� ERUHDO� IRUHVWV�� WURSLFDO� IRUHVWV� UHPDLQ� DFWLYH�
WKURXJKRXW�D�\HDU��KHQFH�WKHLU�SURGXFWLYLW\�DQG�HYDSRWUDQVSLUDWLRQ��(��RQ� WKH�DQQXDO�
VFDOH�LV�PRUH�WKDQ�WZLFH�DV�PXFK�DV�LQ�RWKHU�W\SHV�RI�IRUHVWV�>�@��7KH�ODQG�DWPRVSKHUH�
H[FKDQJH� RI� HQHUJ\�� ZDWHU�� JUHHQ� KRXVH� JDVHV� EHWZHHQ� WKH� WURSLFDO� IRUHVWV� DQG� WKH�
DWPRVSKHUH�LQIOXHQFH�WKH�JOREDO�FOLPDWH��+RZHYHU��WKHVH�ODUJH�HFRV\VWHP�DWPRVSKHUH�
IOX[HV� VWURQJO\� GHSHQG� RQ� WKH� VHDVRQDO� DQG� LQWHUDQQXDO� FOLPDWH� IOXFWXDWLRQV�� ,Q� WKH�
PRVW�SDUW� RI� WKH� WURSLFV�� EHORQJLQJ� WR� WKH� FOLPDWH�RI� WURSLFDO�PRQVRRQV�� WKH� OHDGLQJ�
IDFWRU�RI�HQYLURQPHQWDO�FKDQJH�LV�GUDPDWLFDO�FKDQJH�RI�SUHFLSLWDWLRQ��3U��EHWZHHQ�ZHW�
DQG�GU\�VHDVRQ�DQG�VRPHWLPHV�EHWZHHQ�FRQVHTXHQW�\HDUV�>����@��

,W�KDV�EHHQ�VKRZQ�WKDW�LQWDFW�WURSLFDO�IRUHVWV�VHUYH�DV�D�VLQN�RI�FDUERQ��VORZLQJ�
GRZQ�WKH�SURFHVV�RI�JOREDO�ZDUPLQJ�UHSRUWHG�WKDW�WURSLFDO�VHDVRQDO�IRUHVWV�VKRZHG�D�
QHJDWLYH�1(3��&2��VRXUFH��GXULQJ�WKH�GU\�SHULRG��DQG�D�SRVLWLYH�1(3��&2��VLQN��LQ�
WKH�UDLQ\�VHDVRQ�>����@��$V�UHJDUGV�WURSLFDO�IRUHVWV��JUHDW�XQFHUWDLQW\�VWLOO�H[LVWV�DERXW�
WKHLU� UROH� LQ� JOREDO� VXUIDFH�DWPRVSKHUH� FDUERQ� H[FKDQJH�� 7KH� XQFHUWDLQW\� LV�
FRQQHFWHG� WR� WKH� ODFN� RI�PXOWL\HDU� KLJK�TXDOLW\� FRQWLQXRXV� REVHUYDWLRQV�RI� FDUERQ�
IOX[HV�LQ�WURSLFDO�IRUHVWV���

(QHUJ\��ZDWHU� DQG�&2�� H[FKDQJH� LQ� WKH� WURSLFDO� IRUHVWV� RI� 6RXWK�(DVW�$VLD�
�6($��ZHUH�SUHYLRXVO\�VWXGLHG�LQ�7KDLODQG��&DPERGLD��6RXWKZHVW�&KLQD��0DOD\VLD�
DQG� ,QGRQHVLD��$�FHUWDLQ�QXPEHU�RI�ZRUNV��HVSHFLDOO\�RI� WKH� ODVW� �� \HDUV�� FRQFHUQ�
WKH� PXOWL\HDU� VHULHV� RI� PHDVXUHPHQWV� RI� HFRV\VWHP� JDV� IOX[HV�� +RZHYHU�� WKH�
PDMRULW\� RI� WKH� DERYHPHQWLRQHG� SDSHUV� UHSRUW� WKH� UHVXOWV� RI� ���� \HDUV� RI�
PHDVXUHPHQWV��DQG����\HDUV�RI�FRQWLQXRXV�PHDVXUHPHQWV�DUH�VWLOO�RI�JUHDW�YDOXH�IRU�
WURSLFDO�HFRV\VWHPV��7DQDND�HW�DO��IRXQG�RSSRVLWH�UHDFWLRQ�RI�HYDSRWUDQVSLUDWLRQ��(��
LQ� WZR�HYHUJUHHQ�IRUHVWV�RI�7KDLODQG�DQG�&DPERGLD� WR� WKH�GU\� VHDVRQ�ZLWK�KLJKHU�
UDGLDWLRQ� DQG�ZDWHU�YDSRXU�SUHVVXUH�GHILFLW� �93'���7KH� DXWKRUV� DOVR� DFFHQWHG� WKH�
QHHG� IRU� IXUWKHU� VWXG\LQJ� WKH� FKDQJHV�RI�6($�VHDVRQDO� IRUHVWV� WR� LQWHU�� DQG� LQWUD�
DQQXDO�DQRPDOLHV�RI�3U�>�@��

,Q� IUDPH� RI� WKH� VWXGLHV� RI� HFRV\VWHP� HFRORJ\� LQ�9LHWQDP� FRQGXFWLQJ� LQ� WKH�
-RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\� 5HVHDUFK� &HQWUH� �957&��
IRU�PRUH� WKDQ� ��� \HDUV�� LQ� ����� WKH�PHDVXUHPHQWV� RI� HFRV\VWHP� IOX[HV� RI� FDUERQ�
GLR[LGH�� HQHUJ\� DQG� ZDWHU� VWDUWHG� LQ� D� SULPDU\� WURSLFDO� IRUHVW� LQ� WKH� 'RQJ� 1DL�
ELRVSKHUH�UHVHUYH��6RXWKHUQ�9LHWQDP��7KH�UHVXOWV�RI�WKH�SUHYLRXV�957&�VWXGLHV�RI�
FOLPDWH�RI�6RXWKHUQ�9LHWQDP��ZDWHU�IOX[HV��HQHUJ\�IOX[HV�DQG�FRQFHQWUDWLRQV�RI�&2�

ZHUH�SUHVHQWHG�D�QXPEHU�RI�SXEOLFDWLRQV�>����@��
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2XU�DLP�LQ�WKH�SUHVHQW�VWXG\�ZDV�WR�UHYHDO�WKH�IHDWXUHV�RI�GDLO\��VHDVRQDO�DQG�
LQWHUDQQXDO�G\QDPLFV�RI�ZDWHU��HQHUJ\�DQG�&2��H[FKDQJH�LQ�WKH�WURSLFDO�IRUHVW��:H�
DFFHQW�WKH�IDFWRUV�RI�VHDVRQDO�DQG�LQWHUDQQXDO�G\QDPLFV�RI�WKH�IOX[HV��,QWHJUDO�DQQXDO�
IOX[HV� EHWZHHQ� WKH� HFRV\VWHP� DQG� WKH� DWPRVSKHUH�� VXFK� DV� (�� JURVV� SULPDU\�
SURGXFWLRQ� �*33��� HFRV\VWHP� UHVSLUDWLRQ� �5HFR��� QHW� HFRV\VWHP� H[FKDQJH� RI� &2�

�1((��DUH�HVWLPDWHG��

���6,7(�$1'�0(7+2'�

�����6DPSOLQJ�VLWH�

7KH� PHWHRURORJLFDO� DQG� IOX[� PHDVXUHPHQWV� ZHUH� KROG� LQ� WKH� 'RQJ� 1DL�
ELRVSKHUH�UHVHUYH��IRUPHU�1DP�&DW�7LHQ�1DWLRQDO�3DUN��LQ�WKH�6RXWKHUQ�9LHWQDP��,Q�
$VLDIOX[��$VLDQ�ZHE�RI�VWDWLRQV�RI�WKH�PHDVXUHPHQWV�RI�HFRV\VWHP�IOX[HV��RXU�VLWH�LV�
DEEUHYLDWHG�DV�1&7�LQ�$6,$)/8;��KWWS���DVLDIOX[�QHW�LQGH[�SKS"SDJHBLG �����7KH�
UHVHUYH� RQ� WKH� WHUULWRU\� ZDV� HVWDEOLVKHG� LQ� ������ 7KH�PHDVXUHPHQW� VLWH� ������
1��
������
(�� ����P� D�V�O��� LV� ORFDWHG� LQ� WKH� UHVSHFWLYHO\� KRPRJHQHRXV� PDVVLYH� RI�
ORZODQG�PL[HG�WURSLFDO�IRUHVW��7KH�DUHD�LV�SDUWO\�IORRGHG�LQ�D�ZHW�VHDVRQ��EXW�LQ�GU\�
VHDVRQ�QXPHURXV�SXGGOHV��ODNHV�DQG�VWUHDPV�GU\�XS��

7KH�FOLPDWH�W\SH�DFFRUGLQJ�WR�.|SSHQ���*HLJHU�FODVVLILFDWLRQ��ZLWK�GU\�SHULRG�
IURP� 1RYHPEHU� WR� $SULO�� 0HDQ� DQQXDO� UDLQIDOO� DQG� DLU� WHPSHUDWXUH� �7�� ZHUH�
�����PP�DQG�������&��UHVSHFWLYHO\��IRU�WKH�SHULRG�������������DW�QHDUE\�'RQJ�;RDL�
ZHDWKHU�VWDWLRQ��,Q�\HDUV�RI�(O�1LxR�HYHQWV�3U�LQ�D�GU\�VHDVRQ�GHFUHDVHV�DQG�7�RI�D�
KRW�GU\�SDUW�RI�D�\HDU�LQFUHDVH�>�@��

$FFRUGLQJ� WR� .X]QHWVRY�� .X]QHWVRYD�� GRPLQDWLQJ� DW� GUDLQHG� SODFHV� DUH�
/DJHUVWURHPLD�FDO\FXODWD��/\WKUDFHDH���+DOGLQD�FRUGLIROLD��5XELDFHDH���7HWUDPHOHV�
QXGLIORUD� �'DWLVFDFHDH��� $I]HOLD� [\ORFDUSD� �&DHVDOSLQLDFHDH��� 6WHUFXOLD� FI��
FRFKLQFKLQHQVLV��6WHUFXOLDFHDH��>�@��7KH�IRUHVW�LV�SULPDU\�EXW�SUREDEO\�GLVWXUEHG�LQ�
WKH� VHFRQG� SDUW� RI�;;� FHQWXU\� E\� KXPDQ� DFWLYLW\� �VHOHFWLYH� FXWWLQJ�� JHWWLQJ� UHVLQ��
HWF����7KH�IRUHVW�KDV�WKH�FRPSOH[�YHUWLFDO�VWUXFWXUH�DQG�ULFK�ELRGLYHUVLW\�ZLWK�DERXW�
��� EDFNJURXQG� WUHH� VSHFLHV�� 7KH� FDQRS\� KHLJKW� LV� ������P� ZLWK� VRPH� WDOO� WUHHV�
UHDFKLQJ����P��7KH�IRUHVW�LV�VHPL�HYHUJUHHQ��DERXW�KDOI�RI�LQGLYLGXDO�WUHHV�RI�XSSHU�
VXE�OD\HUV� VKHG� WKHLU� IROLDJH� LQ� D� GU\� VHDVRQ� >�@�� /HDI� DUHD� LQGH[� �/$,�� LV�
��������P��P��� �Q �����6RLOV�DURXQG� WKH�VLWH�DUH�'\VWULF�6NHOHWLF�5KRGLF�&DPELVRO�
�&OD\LF��DFFRUGLQJ� WR�:RUOG�5HIHUHQFH�%DVH� �:5%��FODVVLILFDWLRQ��ZLWK��� �����RI�
RUJDQLF�FDUERQ�DQG��������������RI�QLWURJHQ�LQ�WKH�XSSHU�OD\HU�DQG�KDYH�D�VXIILFLHQW�
DPRXQW�RI�SKRVSKRUXV�DQG�SRWDVVLXP��

�����0HDVXUHPHQW�PHWKRGV�

7KH� WXUEXOHQW� IOX[HV� ZHUH� PHDVXUHG� XVLQJ� HGG\� FRYDULDQFH� �(&�� WHFKQLTXH�
GXULQJ�WKH�FRQWLQXRXV�ILHOG�FDPSDLJQ�ZLWK�D�GXUDWLRQ�RI�PRUH�WKDQ����\HDUV����������
������� 7KH� (&� HTXLSPHQW� ZDV� SODFHG� DW� D� ��� P� KHLJKW� VWHHO� WRZHU�� 1((�� KHDW�
H[SHQGLWXUHV�RQ�HYDSRWUDQVSLUDWLRQ��/(��DQG�VHQVLEOH�KHDW�IOX[��+��ZHUH�FROOHFWHG�DW�
���+]� IUHTXHQF\� XVLQJ� RSHQ� SDWK� LQIUDUHG� JDV� DQDO\]HU� �/,�����$�� /,�&25�
%LRVFLHQFHV� ,QF���86$��DQG���GLPHQVLRQDO�VRQLF�DQHPRPHWHU�WKHUPRPHWHU� �&6$7���
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&DPSEHOO� 6FLHQWLILF� ,QF���86$��� 6KRUWZDYH� DQG� ORQJZDYH� FRPSRQHQWV� RI� UDGLDWLRQ��
3U��7�DQG�UHODWLYH�KXPLGLW\�ZHUH�UHJLVWHUHG�DW����P�KHLJKW����VRLO�KHDW�IOX[�SODWHV�ZHUH�
LQVWDOOHG�DW�WKH�GHSWK�RI���FP��&2��DQG�KHDW�VWRUDJH�LQ�WKH�DLU�LQVLGH�WKH�IRUHVW�FDQRS\�
ZHUH� FDOFXODWHG� XVLQJ� ��OHYHO� SURILOH� PHDVXUHPHQWV� RI� &2�� FRQFHQWUDWLRQV� DQG� 7��
UHVSHFWLYHO\��7KH�V\VWHP�RI�&2��SURILOH�LQFOXGHG�/,�����JDV�DQDO\]HU��7KUHH�SURILOHV�
RI�VRLO�ZDWHU�FRQWHQW�DQG�WHPSHUDWXUH�WR�WKH�GHSWK�RI����FP�ZHUH�LQVWDOOHG��

�����'DWD�DQDO\VLV�

7KH�ILQDO�GDWDEDVH�FRYHUV�WKH�SHULRG�IURP���������WR���������DQG�LQFOXGH����
IXOO� \HDUV� �������������7KH� WXUEXOHQW�&2��DQG�KHDW� IOX[HV� IRU�HDFK����PLQ�SHULRG�
ZHUH� FDOFXODWHG�E\�PHDQV�RI�RSHQ�VRXUFH�(GG\3UR� VRIWZDUH� �/,�&25�%LRVFLHQFHV�
,QF���86$��ZLWK� DOO� VWDQGDUG�(&� FRUUHFWLRQV� �IUHTXHQF\� UHVSRQVH��:HEE�3HDUPDQ�
/HXQLQJ�FRUUHFWLRQ�HWF����*DSV�LQ�+��/(�DQG�1((�LQ�����������PDGH�XS����������
DQG������ UHVSHFWLYHO\�� )RU�1((�� LQ� QLJKW�WLPH�GD\�WLPH���������RI�YDOXHV�ZHUH�
PLVVHG��UHVSHFWLYHO\��*DSV�LQ�IOX[HV�ZHUH�ILOOHG�XVLQJ�XSGDWHG�ORRN�XS�WDEOHV�PHWKRG�
LQ� 2QOLQH� (GG\� &RYDULDQFH� JDS�ILOOLQJ� DQG� IOX[�SDUWLWLRQLQJ� WRRO� �0D[�3ODQN�
,QVWLWXWH�� *HUPDQ\���� 'LIIHUHQW� JDS�ILOOLQJ� PHWKRGV� RI� )OX[� $QDO\VLV� 7RRO�� -DSDQ�
>��@� ZHUH� XVHG� IRU� IOX[HV� XQFHUWDLQW\� HYDOXDWLRQ�� 7KH� HVWLPDWLRQ� RI� IOX[� WRWDOV�
XQFHUWDLQW\�GHSHQGLQJ�RQ�GLIIHUHQW�JDS�ILOOLQJ�SURFHGXUHV�IRU������UHYHDOHG�WKH�QRQ�
VWDELOLW\� RI� WRWDOV� DQG� WKHLU� VWURQJ� GHSHQGHQFH� RQ� QLJKW�WLPH� JDSV� DQG� VSLNHV��
HVSHFLDOO\�LQ�WKH�ZHWWHVW�PRQWKV��$V�D�PRVW�VXLWDEOH�PHWKRG�IRU�JDS�ILOOLQJ�RI�WKHVH�
SHULRGV�ZDV�UHFRJQL]HG�WKH�PHWKRG�IURP�>��@��7KH�GDWD�RQ�HDFK�VWHS�RI�SURFHVVLQJ�
�UDZ� GDWD�� ���PLQXWH� IOX[HV�� VWRUDJHV�� ZHUH� GHVSLNHG� �SHDN� YDOXHV� H[FOXGHG�� DQG�
FKHFNHG�IRU�SK\VLFDO�SODXVLELOLW\��7KH�$%'�VRIWZDUH�E\�$��'HVKFKHUHYVNLM�ZDV�XVHG�
IRU�WKH�DQDO\VLV�>����������@��

7KH�HQHUJ\�EDODQFH�QRQ�FORVXUH�� W\SLFDO� IRU�(&�PHDVXUHPHQWV�>��@��PDGH�XS�
DW� RXU� VLWH� IURP���� WR�����RI� WKH� DYDLODEOH� HQHUJ\� IRU�GLIIHUHQW�PRQWKV�� DYHUDJHG�
�����:H�DVVXPHG�WKDW�WKH�WXUEXOHQW�ÀX[HV�KDG�EHHQ�XQGHUHVWLPDWHG�DQG�DGGHG�WKH�
DGGLWLRQDO�HQHUJ\�WR�GDLO\��PRQWKO\�DQG�DQQXDO�WRWDOV�RI�+�DQG�/(�XVLQJ�WKH�%RZHQ�
UDWLR�+�/(��

7KH�SUHYDLOLQJ�ZLQGV�GXULQJ�D�ZHW�VHDVRQ�KDG�D�VRXWK�ZHVWHUQ�GLUHFWLRQ��DQG�LQ�
GU\�VHDVRQ�WKH�ZLQGV�ZHUH�QRUWKHUQ������RI�WKH�PHDVXUHG�IOX[HV�ZHUH�FROOHFWHG�IURP�
WKH�FLUFOH�ZLWK�D�UDGLXV�RI�����P������P�LQ�GD\�WLPH�DQG������P�LQ�QLJKW�WLPH���

$QQXDO�VXP�RI�3U�LQ������DQG������ZHUH�QRW�FDOFXODWHG�GXH�WR�WKH�JDSV�LQ�WKH�
UHFRUGV� RI� UDLQV�� 0HWHRURORJLFDO� GDWD� JDSV� ZHUH� ILOOHG� XVLQJ� WKH� GDWD� IURP� RWKHU�
VHQVRUV� RU� DYHUDJH� GLXUQDO� YDULDWLRQ� LQ� D�PRYLQJ�ZLQGRZ� XVLQJ� WKH� DGMDFHQW� GDWD�
URXQG� WKH� JDS�� 1HW� UDGLDWLRQ� �5Q�� LQ� WKH� VHFRQG� KDOI� RI� ����� DQG� LQ� ����� ZDV�
UHFRYHUHG� XVLQJ� WKH� GDWD� RQ� SKRWRV\QWKHWLFDOO\� DFWLYH� UDGLDWLRQ�� DYHUDJH� GLXUQDO�
YDULDWLRQ�RI�DOEHGR�DQG�GRZQZDUG�ORQJ�ZDYH�UDGLDWLRQ��7�LQ�WKH�FDQRS\��7KH�DQQXDO�
WRWDOV� RI� WXUEXOHQW� IOX[HV� LQ� �����ZHUH� QRW� FDOFXODWHG� EHFDXVH� RI� WKH� ORQJ� JDS� RI�
KLJK�IUHTXHQF\� GDWD� DV� D� FRQVHTXHQFH� RI� IDLOXUH� RI� WKH�PDLQ�(&� VHQVRUV� RFFXUUHG�
DIWHU�D�OLJKWQLQJ�VWULNH���

� KWWSV���ZZZ�EJF�MHQD�PSJ�GH�EJL�LQGH[�SKS�6HUYLFHV�5(GG\3URF:HE�
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���5(68/76�$1'�',6&866,21�

�����:HDWKHU�FRQGLWLRQV�

$�ZHW�VHDVRQ�DW�1&7�LV�UHODWLYHO\�XQLIRUP�LQ�GLIIHUHQW�\HDUV��EXW�D�GU\�VHDVRQ�
KDV� JUHDW� YDULDWLRQV� IURP� \HDU� WR� \HDU�� 7KH� VHDVRQDOLW\� RI� WKH� WXUEXOHQW� IOX[HV�
GHSHQGV�QRW�RQO\�RQ�WKH�GXUDWLRQ�DQG�WKH�DPRXQW�RI�UDLQ�LQ�D�GU\�VHDVRQ��EXW�DOVR�RQ�
WKH�GDWH�RI�WUDQVLWLRQ�IURP�D�GU\�VHDVRQ�WR�D�ZHW�VHDVRQ��7KH�ODWH�WUDQVLWLRQ�PHDQV�WKH�
GURXJKW�LV�FRPELQHG�ZLWK�WKH�KLJKHVW�7�WKURXJKRXW�D�\HDU��$SULO�0D\���ZKLFK�FDXVH�
WKH�VWUHVV�IRU�WKH�YHJHWDWLRQ��$FFRUGLQJ�WR�WKH�FULWHULD�RI�ERUGHUV�RI�VHDVRQV�>��@��WKH�
DYHUDJH�GDWHV�RI�VWDUW�DQG�HQG�RI�D�ZHW�VHDVRQ�DUH����������GD\V�DQG����������GD\V�
�������������%XW�WKH�EHJLQQLQJ�DQG�WKH�HQG�RI�D�ZHW�VHDVRQ�PD\�VKLIW�E\�D�PRQWK�LQ�
VRPH�\HDUV��7DEOH������

7DEOH����7KH�VWDUW�DQG�WKH�HQG�RI�D�ZHW�VHDVRQ�DW�1&7�DFFRUGLQJ�WR�WKH�FULWHULD�RI�
KLJKOLJKWHG�DUH�WKH�ODWH�EHJLQQLQJV�RI�WKH�ZHW�VHDVRQV

<HDU� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

%HJLQ� ����� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������

(QG� ������ ������ ������ ������ ����� ������ ������ ������ ������ ������ ������

3U�LQ�D�GU\�VHDVRQ�ZLWK�KLJK�ZDWHU�VXSSO\�PD\�UHDFK�������PP�SHU�PRQWK��EXW�
LQ�D�GU\�VHDVRQ�ZLWK�VFDUFH�ZDWHU�VXSSO\�3U�PD\�EH�DV�ORZ�DV�IHZ�PLOOLPHWHUV�RI�UDLQ�
GXULQJ�D���PRQWK�SHULRG��7KH�VHDVRQDO�FRXUVH�RI�VKRUWZDYH�UDGLDWLRQ��5V���7��93'�
LV� FKDUDFWHUL]HG� ZLWK� WKH� PD[LPXP� LQ� WKH� HQG� RI� D� GU\� VHDVRQ� �KRW�GU\� SHULRG���
ZKLFK� IDOO� RQ� 0DUFK�0D\� �)LJ� ���� 7KH� FRHIILFLHQW� RI� YDULDWLRQ� RI� DQQXDO�
SUHFLSLWDWLRQ� EHWZHHQ� \HDUV� ZDV� ������ �7DEOH� ���� DQG� WKH� PRVW� LPSRUWDQW� IRU�
HFRV\VWHP�SURFHVVHV�LV�WKH�YDULDWLRQ�RI�WKH�DPRXQW�RI�3U�EHWZHHQ�GU\�VHDVRQV���

,Q� WKH� \HDUV� RI� ����� DQG� ����� WKH� GU\� VHDVRQ� KDG� OLWWOH� 3U� �)LJ�� ��� DQG�
H[SDQGHG�E\�WKH�ILUVW�KDOI�RI�0D\��7KH�PRQWKO\�7�LQ�$SULO�DQG�0D\�RI������UHDFKHG�
�����&��9DOXHV�RI�7�LQ�WKH�SURILOH�RI�FDQRS\�DYHUDJHG�IRU����PLQXWHV�LQFUHDVHG�WR�DV�
KLJK� YDOXH� DV� ���&�� %\� FRQWUDVW�� WKH� ILUVW� KDOIV� RI� ����� DQG� ����� \HDUV� ZHUH�
UHODWLYHO\� ZHW� DQG� WKH� PRQWKO\� 7� LQ� WKH� KRWWHVW� PRQWKV� QRW� H[FHHGHG� ���&��
9ROXPHWULF�VRLO�ZDWHU�FRQWHQW�ZDV�DV�ORZ�DV������FORVH�WR�WKH�ZLOWLQJ�SRLQW��LQ�WKH�
KRW�GU\� SDUW� RI� \HDUV� RI� ����� DQG� ������ EXW� LQ� WKH� GU\� VHDVRQV� RI� ���������� DQG�
����������LW�GLG�QRW�GURSSHG�EHORZ������
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)LJ�����7KH�PRLVWXUH�DQG�WHPSHUDWXUH�UHJLPH�DW�1&7�VLWH��SUHFLSLWDWLRQ��3U���DLU�
WHPSHUDWXUH�DW�D�KHLJKW�RI����P��7��P���ZDWHU�YDSRXU�SUHVVXUH�GHILFLW�DW����P�

�93'��P�

�����+HDW�EDODQFH�DQG�HYDSRWUDQVSLUDWLRQ�

2XU� SUHYLRXV� UHVXOWV� DERXW� WKH� KLJK� HQHUJ\� VXSSO\�� L�H�� 5Q�� LQ� 1&7� DUH�
FRQILUPHG�E\� WKH� UHFHQW� \HDUV�RI�PHDVXUHPHQWV��$YHUDJHG� IRU� WKH�SHULRG�RI������
����� 5Q� ZDV� ���������0-�P��\�� ZKLFK� LV� DPRQJ� WKH� KLJKHVW� YDOXHV� IRU� ��� (&�
VWDWLRQV�LQ�WURSLFDO�IRUHVWV�RI�WKH�ZRUOG�>�����������@��0RUHRYHU��5Q�LV�VWDEOH��)LJ�����
7DEOH� ���� WKH� FRHIILFLHQW� RI� YDULDWLRQ� �D� VWDQGDUG� GHYLDWLRQ� GLYLGHG� RQ� DQ� DYHUDJH�
YDOXH��RI�LQWHUDQQXDO�YDOXHV�RI�5Q�PDGH�������ZKLFK�LV�D�VPDOO�YDOXH�SHU�VH�DQG�LQ�
FRPSDULVRQ�ZLWK�RWKHU�VLWHV�RI�PHDVXUHPHQWV�DFURVV�WKH�WURSLFV��7KH�IHDWXUH�RI� WKH�
VHDVRQDO�GLVWULEXWLRQ�RI�5Q�LQ�1&7�LV�WKDW�LW�LV�RQ�DYHUDJH����KLJKHU�LQ�WKH�ZHW�KDOI�
RI� D�\HDU� ���WK�$SULO���WK�2FWREHU�� LQ� FRPSDULVRQ�ZLWK� D�GU\�KDOI� RI�D�\HDU� ���WK�
2FWREHU���WK�$SULO���ZKLFK�LV�IDYRXUDEOH�IRU�YHJHWDWLQJ��

7DEOH����$QQXDO�WRWDOV�RI�IOX[HV�DW�1&7�VLWH��VRODU�UDGLDWLRQ��5V���SUHFLSLWDWLRQ��3U���
HYDSRWUDQVSLUDWLRQ��(���QHW�HFRV\VWHP�H[FKDQJH��1((�

)OX[ 8QLW�
<HDU�

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

5V� 0-��P��\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3U� PP�\� ���� ���� ���� ���� �� ���� �� ���� ���� ����

(� PP�\� ���� ���� ���� ���� ���� ���� ���� �� ���� ����

1(( J&��P��\ ����� ����� ����� ����� ����� ����� ����� �� ����� �����

1RWH� 7KH� QHJDWLYH� VLJK� RI� 1((� PHDQV� WKDW� WKH� HFRV\VWHP� LV� WKH� QHW� VLQN�
RI�&2��IURP�WKH�DWPRVSKHUH��
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7KH�KHDW�WXUEXOHQW�IOX[HV��L�H��/(�DQG�+��DUH�FKDUDFWHUL]HG�E\�GLVWLQFW�RSSRVLWH�
VHDVRQDOLW\��)LJ�������

)LJ�����7KH�UDGLDWLRQ�EDODQFH��5Q���ODWHQW��/(��DQG�VHQVLEOH��+��KHDW�IOX[HV

(FRV\VWHP� HYDSRWUDQVSLUDWLRQ� ZDV� DIIHFWHG� E\� WKH� QHW� UDGLDWLRQ� PXFK� PRUH�
WKDQ�RQ�WKH�DPRXQW�RI�3��H[FHSW�IRU�WZR�WKUHH�GULHVW�PRQWKV�RI�D�\HDU��,Q�D�KRW�GU\�
SHULRG�RI�D�\HDU��ODVW����GD\V�RI�D�GU\�VHDVRQ��HYDSRWUDQVSLUDWLRQ�GHFUHDVHV�E\����
���� RI� WKH� OHYHO� LQ� WKH� ZHW� FRQGLWLRQV� DQG� +� LQFUHDVHV� E\� DERXW� �� WLPHV�� 7KH�
SURSRUWLRQ�EHWZHHQ�+�DQG�/(��L�H��WKH�%RZHQ�UDWLR��ERRVWV�IURP�XVXDO�µZHW¶�UDWH�RI�
����������XS�WR���DQG�PRUH��0HDQZKLOH��LQ�UHODWLYHO\�ZHW�GU\�VHDVRQV��������������
������ %RZHQ� UDWLR� GLG� QRW� H[FHHG� �� LQ� DOO� PRQWKV� RI� WKH� \HDUV�� ZKLFK� PHDQV�
SHUPDQHQWO\�ZHW� FRQGLWLRQV��%XW� LQ� WKH� GULHVW� GU\� VHDVRQV� ������� ������ LW� UHDFKHG�
�������LQGLFDWLQJ�WKH�FRQGLWLRQV�ZLWK�WKH�ODFN�RI�ZDWHU��

7KH� WKUHVKROG� RI� PRQWKO\� DYHUDJHG� YROXPHWULF� VRLO� ZDWHU� FRQWHQW�� RU� 6:&�
������P��P���ZDV�GHWHFWHG��XQGHU�ZKLFK�WKH�YDOXH�RI�(�EHJLQ�WR�GURS�SURSRUWLRQDOO\�
WR� WKH� GHFUHDVLQJ� 6:&� >��@�� 6:&� GHFUHDVHV� XQGHU� WKLV� WKUHVKROG� E\� RQH� RU� WZR�
PRQWKV�LQ�D�KXPLG�GU\�VHDVRQ�DQG�E\���PRQWKV�LQ�D�GURXJKW\�GU\�VHDVRQ��

7KH�DQQXDO�WRWDO�RI�(�DW�1&7�ZDV���������PP��ZKLFK�LV�RQ�D�OHYHO�RI�D�UDLQ�
�SHUPDQHQWO\� ZHW�� IRUHVWV�� GHVSLWH� D� GU\� VHDVRQ� RI� VHYHUDO� PRQWKV� LQ� 6RXWKHUQ�
9LHWQDP��7KH�KLJK� HYDSRWUDQVSLUDWLRQ� UDWH� LV� FRQQHFWHG�ZLWK� WKH�GLXUQDO� FRXUVH�RI�
FORXGLQHVV�DW�1&7��ZLWK�UHODWLYHO\�RSHQ�VN\�LQ�WKH�QRRQ�WLPH�HYHQ�LQ�D�ZHW�VHDVRQ�
DQG�WKH�DYHUDJH�SHDN�RI�3U� LQ�WKH�HYHQLQJ�>�@��(�LV�UHODWLYHO\�VWDEOH�VHDVRQDOO\�DQG�
LQWHUDQQXDOO\��GHSHQGLQJ�ILUVW�RI�DOO�RQ�WKH�QHW�UDGLDWLRQ��,Q���GULHVW�PRQWKV�RI�D�\HDU�
/(�WRWDOV�UHGXFHG�RQO\�E\��������\HDU�DYHUDJH��LQ�FRPSDULVRQ�ZLWK���ZHWWHVW�PRQWKV���
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7KH� ORQJ� UHFRUG� DOORZHG� WKH� LQYHVWLJDWLRQ� RI� WKH� UHVSRQVH� RI� WXUEXOHQW�
HFRV\VWHP�DWPRVSKHUH� H[FKDQJH� WR� WKH� LQWHQVH� GURXJKW� RI� $SULO�0D\� ������ 7KH�
GURXJKW\� DQG� KRW�ZHDWKHU� GXULQJ� WKH�(O�1LQR� HYHQW� LQ� WKH� KRW�GU\� SHULRG� RI� �����
GUDPDWLFDOO\� FKDQJHG� WKH� VWUXFWXUH� RI� KHDW� EDODQFH�� VKDUSO\� LQFUHDVLQJ� +� DQG� 7��
+RZHYHU�� WKH� OHYHO� RI� HFRV\VWHP�(� VWLOO� ZDV� UHODWLYHO\� KLJK� ����PP� SHU�$SULO� RI�
�������DFFRXQWLQJ�IRU���PRQWK�DOPRVW�DEVHQW�3U��7KLV�GHPRQVWUDWHV�WKH�UHVLOLHQFH�RI�
D� WURSLFDO� IRUHVW� WR� GURXJKW\� FRQGLWLRQV� GXH� WR� FRPSOH[� YHUWLFDO� VWUXFWXUH� DQG� WKH�
SRVVLELOLW\�RI�XVLQJ�RI�PRLVWXUH� IURP�WKH�GHHS�VRLO� OD\HUV��7KH�DOEHGR�RI� WKH�IRUHVW�
ZDV�WKH�VDPH�LQ�$SULO������DV�LQ�KRW�GU\�SHULRGV�RI�RWKHU�\HDUV��PDUNLQJ�WKDW�IRUHVW�
SUHVHUYHG�WKH�FRYHU�RI�JUHHQ�OHDYHV�HYHQ�LQ�WKH�FRQGLWLRQV�RI�GURXJKW�RFFXULQJ�RQFH�
LQ�������\HDUV��

�����&2��IOX[HV�

1((�ZDV� QHJDWLYH� LQ� WKH�PRVW� SDUW� RI� D� \HDU�� DQG� VZLWFKHG� WR� WKH� SRVLWLYH�
YDOXHV� LQ� D� KRW�GU\� SHULRG� �)LJ�� ���� 7KH� VHFRQGDU\� ORZHU� PD[LPXP� RI� 1((�ZDV�
REVHUYHG� LQ� WKH� 1RYHPEHU�'HFHPEHU�� SUREDEO\� GXH� WR� WKH� GHFD\LQJ� RI� RUJDQLF�
PDWWHU�LQ�GU\LQJ�ODNHV�DQG�SXGGOHV���

)LJ�����7KH�VHDVRQDO�FRXUVH�RI�WKH�QHW�HFRV\VWHP�H[FKDQJH�RI�&2���1((��DW�1&7�
LQ�GLIIHUHQW�\HDUV�RI�PHDVXUHPHQWV

7KH� FRHIILFLHQW� RI� YDULDWLRQ� RI� LQWHUDQQXDO� YDOXHV� RI� 1((� PDGH� XS� �������
ZKLFK�LV�WKH�KLJKHVW�YDOXH�LQ�FRPSDULVRQ�ZLWK�YDULDWLRQV�RI�DQQXDO�HQHUJ\��5Q��DQG�
ZDWHU��3U��VXSSO\��0RQWKO\�1((�LQFUHDVHG�DQG�VZLWFKHG�IURP�QHJDWLYH��HFRV\VWHP�
LV�D�VLQN�RI�FDUERQ�IURP�WKH�DWPRVSKHUH��WR�SRVLWLYH��HFRV\VWHP�LV�D�VRXUFH�RI�FDUERQ�
IRU�WKH�DWPRVSKHUH��YDOXHV�ZLWK�WKH�JURZLQJ�7�DQG�93'��)LJ������

+RZHYHU�� WKH� HIIHFW� RI� KLJKHU� &2�� HPLVVLRQ� LQ� WKH� KRW�GU\� SHULRG� DQG�
EHJLQQLQJ�RI�D�ZHW�VHDVRQ� LQ�GULHU�\HDUV�PD\�EH�FRPSHQVDWHG�ZLWK�PRUH� LQWHQVLYH�
&2��DVVLPLODWLRQ�LQ� WKH�RWKHU�SDUWV�RI�D�\HDU�� WKDW¶V�ZK\� WKH�GHSHQGHQFH�RI�DQQXDO�
1((�RQ�7�DQG�93'�ZDV�DEVHQW��
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)LJ�����7KH�GHSHQGHQFH�RI�PRQWKO\�WRWDOV�RI�QHW�HFRV\VWHP�H[FKDQJH�RI�&2���1((��
RQ��D��DLU�WHPSHUDWXUH��7��DW�D�KHLJKW�RI���P�DQG��E��ZDWHU�YDSRXU�SUHVVXUH�GHILFLW�

�93'��DW�1&7

$FFRUGLQJ� WR� WKH�PHDVXUHPHQWV�� WKH� IRUHVW� DW�1&7�ZDV� WKH�QHW� VLQN�RI�&2���
ZKLFK� YDULHG� DQQXDOO\� IURP� ���� WR� ���� J&�P���\��� �7DEOH� ���� WKH� DYHUDJH� YDOXH�
ZDV� ���������J&�P���\���� 7KLV� YDOXH� LV� ORZHU� WKDQ� LQ� RWKHU� WURSLFDO� IRUHVWV� H[FHSW�
PDQJURYHV�� ZKLFK� PD\� EH� H[SODLQHG� E\� WKH� UHFRYHU\� RI� WKH� IRUHVW� IURP� WKH� SDVW�
GLVWXUEDQFHV�� 7KH� UHDVRQV� RI� IRUHVW� IXQFWLRQLQJ� DV� D� VLQN� RI� FDUERQ� QHHG� GHWDLOHG�
VWXG\�RI�WKH�FDUERQ�EDODQFH�RI�WKH�HFRV\VWHP��LQFOXGLQJ�VRLO�FDUERQ�SRRO��DFFRXQWLQJ�
RI�WKH�GLVVROYHG�RUJDQLF�FDUERQ�LQ�VWUHDPV��PRYLQJ�RI�GHEULV��EUDQFKHV�DQG�WUXQNV�E\�
WKH� VXUIDFH� UXQRII� HWF��*33� LQ� ���������� DFFRXQWHG� WR� DERXW� �����J&�P���\��� DQG�
HFRV\VWHP� UHVSLUDWLRQ�ZDV� DERXW� ����� J&�P���\���� 7KH� UDWH� RI�*33� LQ� WKH� �� GULHVW�
PRQWKV�RI�D�GU\�VHDVRQ�GLYLGHG�E\�WKH�UDWH�RI�*33�LQ�WZR�ZHWWHVW�PRQWKV�DPRXQWHG�
WR������IRU�5HFR�LW�ZDV������DQG�IRU�(�LW�ZDV������+HQFH��HFRV\VWHP�UHVSLUDWLRQ�
DQG�*33�DUH�WKH�SURFHVVHV�WKDW�DUH�PRUH�LQIOXHQFHG�E\�WKH�GU\�FRQGLWLRQV��ZKLOH�WKH�
PRLVWXUH�IOX[���(���LV�OHVV�DIIHFWHG�E\�GURXJKW���

7KH�FRHIILFLHQW�RI�LQWHUDQQXDO�YDULDWLRQ�RI�WKH�PDLQ�HFRV\VWHP�PDVV�DQG�HQHUJ\�
IOX[HV�LQFUHDVHV�LQ�WKH�IROORZLQJ�VHTXHQFH��5Q����������(����������*33����������5HFR�
������� �� 3U� �������� ��+� ��������� 7KH� FRHIILFLHQW� RI� YDULDWLRQ� RI�1((�ZDV� �������
%RWK� ZDWHU� DQG� FDUERQ� WXUEXOHQW� IOX[HV� GHSHQGHG� RQ� WKH� YDULDWLRQ� RI� 3U� LQ� D� GU\�
VHDVRQ��EXW�WKH�HFRV\VWHP�VPRRWKHG�WKH�IOXFWXDWLRQV�RI�3�ZKLOH�IRUPLQJ�(�DQG�*33��
(FRV\VWHP�UHVSLUDWLRQ�ZDV�WKH�PRVW�YDULDEOH�IOX[�LQ�FRPSDULVRQ�ZLWK�(�DQG�*33��

���&21&/86,21�

�� 7KH� VWDWLRQ� RI� HGG\� FRYDULDQFH� PHDVXUHPHQWV� LQ� 'RQJ� 1DL�� 6RXWKHUQ�
9LHWQDP�� HVWDEOLVKHG� LQ� ��������� KDV� EHHQ� ZRUNLQJ� FRQWLQXRXVO\� IRU� PRUH� WKDQ������
���\HDUV��,Q�������LW�LV�RQH�RI�WKH�ORQJHVW�DQG�KLJK�TXDOLW\�VHULHV�RI�WXUEXOHQW�IOX[HV�
LQ�D�WURSLFDO�IRUHVW�LQ�WKH�ZRUOG��7KH�GDWDEDVH�IRU�WKH�VLWH�LQFOXGHV���������URZV�RI�
YDOXHV�RI�PRUH�WKDQ����SDUDPHWHUV�DYHUDJHG�IRU�HDFK����PLQXWHV��

�� 7KH� VWXGLHG� IRUHVW� UHFHLYHV� VWDEOH� HQHUJ\� VXSSO\� �QHW� UDGLDWLRQ��� EXW�
VLJQLILFDQWO\�FKDQJLQJ�SUHFLSLWDWLRQ�LQSXW��7KH�YDULDWLRQ�RI�FRQYHFWLYH�KHDWLQJ�RI�WKH�
DWPRVSKHUH�DQG�&2��IOX[HV�EHWZHHQ�\HDUV�LV�UHODWLYHO\�EURDG��
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��7KH�VWXGLHG� IRUHVW�ZDV� WKH� VLJQLILFDQW� VLQN�RI�&2�� IURP� WKH�DWPRVSKHUH� LQ�
����������� DW� D� UDWH� RI� ���� WR� ��������J�&�P���\HDU���� WKHUHIRUH�SOD\LQJ� D� UROH� RI�
PLWLJDWRU�RI�WKH�JOREDO�ZDUPLQJ��+RZHYHU��GURXJKW\�DQG�KRW�FRQGLWLRQV�PD\�VZLWFK�
WKH�HFRV\VWHP�IURP�D�FDUERQ�VLQN�WR�D�VRXUFH�IRU�WKH�DWPRVSKHUH���

��7KRXJK�WKH�VWUXFWXUH�RI�WKH�KHDW�EDODQFH�GXULQJ�WKH�LQWHQVH�GURXJKW�RI�$SULO�
0D\������KDV�FKDQJHG�VLJQLILFDQWO\��HFRV\VWHP�HYDSRWUDQVSLUDWLRQ�UHPDLQHG�DW�WKH�
UHODWLYHO\� KLJK� OHYHO� DQG� WKH� &2�� DVVLPLODWLRQ� UHFRYHUHG� DW� WKH� EHJLQQLQJ� RI� D�
FRQVHTXHQW� ZHW� VHDVRQ�� 7KLV� UHDFWLRQ� GHPRQVWUDWHV� WKH� UHVLOLHQFH� RI� WKH� WURSLFDO�
IRUHVW�DW�1&7�WR�WKH�VWURQJ�GURXJKW��

$FNQRZOHGJPHQWV� :H�DUH�JUDWHIXO�WR�WKH�PDQDJHPHQW�RI�'RQJ�1DL�ELRVSKHUH�
UHVHUYH��:H� WKDQN� WKH� DGPLQLVWUDWLRQ� DQG� RXU� FROOHDJXHV� IURP� WKH� -RLQW� 9LHWQDP�
5XVVLD� 7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\� 5HVHDUFK� &HQWUH� IRU� VXSSRUWLQJ� WKH�
REVHUYDWLRQV�DW�WKH�WRZHU��

5()(5(1&(6�

�� 0DOKL� <��� 7KH� SURGXFWLYLW\�� PHWDEROLVP� DQG� FDUERQ� F\FOH� RI� WURSLFDO� IRUHVW�
YHJHWDWLRQ��-RXUQDO�RI�(FRORJ\����������������������

�� %XOORFN� 6�� +��� 0RRQH\� +�� $��� 0HGLQD� (��� 6HDVRQDOO\� GU\� WURSLFDO� IRUHVWV��
&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH������������S��

�� 'LU]R� 5��� <RXQJ� +�� 6��� 0RRQH\� +�� $��� 6HDVRQDOO\� GU\� WURSLFDO� IRUHVWV��
HFRORJ\�DQG�FRQVHUYDWLRQ��,VODQG�3UHVV��:DVKLQJWRQ������������S��

�� %DFFLQL�$���:DONHU�:���&DUYDOKR�/���)DULQD�0���6XOOD�0HQDVKH�'��DQG�+RXJKWRQ�
5�� $��� 7URSLFDO� IRUHVWV� DUH� D� QHW� FDUERQ� VRXUFH� EDVHG� RQ� DERYHJURXQG�
PHDVXUHPHQWV�RI�JDLQ�DQG�ORVV��6FLHQFH���������������������������

�� 6DLJXVD�1���<DPDPRWR�6���+LUDWD�5���2KWDQL�<���,GH�5���$VDQXPD�-���*DPR�0���
+LUDQR�7���.RQGR�+���.RVXJL�<���/L�6��*��1DNDL�<���7DNDJL�.���7DQL�0���:DQJ�
+���7HPSRUDO� DQG� VSDWLDO� YDULDWLRQV� LQ� WKH� VHDVRQDO� SDWWHUQV� RI�&2�� ÀX[� LQ�
ERUHDO�� WHPSHUDWH�� DQG� WURSLFDO� IRUHVWV� LQ� (DVW� $VLD�� $JULFXOWXUDO� DQG� IRUHVW�
PHWHRURORJ\������������������������

�� 7DQDND�1���.XPH�7���1DWVXNR�<RVKLIXML�1���7DQDND�.���7DNL]DZD�+���6KLUDNL�
.���7DQWDVLULQ�&���7DQJWKDPK�1���6X]XNL�0���$�UHYLHZ�RI�HYDSRWUDQVSLUDWLRQ�
HVWLPDWHV�IURP�WURSLFDO�IRUHVWV�LQ�7KDLODQG�DQG�DGMDFHQW�UHJLRQV��$JULFXOWXUDO�
DQG�IRUHVW�PHWHRURORJ\���������������������

�� 'HVKFKHUHYVND\D� 2�� $��� $YLORY� 9�� .��� 'LQK� %D� 'X\�� 7UDQ� &RQJ� +XDQ��
.XUEDWRYD� -�� $���0RGHUQ� FOLPDWH� RI� WKH� &iW� 7LrQ� 1DWLRQDO� 3DUN� �6RXWKHUQ�
9LHWQDP���&OLPDWRORJLFDO�GDWD� IRU�HFRORJLFDO� VWXGLHV�� ,]YHVWL\D��$WPRVSKHULF�
DQG�2FHDQLF�3K\VLFV����������������������

�� .X]QHWVRY�� .X]QHWVRYD�� Ʌɟɫɧɚɹ� ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ�� ɜɢɞɨɜɨɣ� ɫɨɫɬɚɜ� ɢ�
ɫɬɪɭɤɬɭɪɚ�ɞɪɟɜɨɫɬɨɟɜ��ɜ�ɫɛ��ɋɬɪɭɤɬɭɪɚ�ɢ�ɮɭɧɤɰɢɢ�ɩɨɱɜɟɧɧɨɝɨ�ɧɚɫɟɥɟɧɢɹ�
ɬɪɨɩɢɱɟɫɤɨɝɨ� ɦɭɫɫɨɧɧɨɝɨ� ɥɟɫɚ� �ɧɚɰɢɨɧɚɥɶɧɵɣ� ɩɚɪɤ� Ʉɚɬ� Ɍɶɟɧ��ɘɠɧɵɣ�
ȼɶɟɬɧɚɦ��� ɩɨɞ� ɨɛɳɟɣ� ɪɟɞɚɤɰɢɟɣ� Ⱥ�ȼ�� Ɍɢɭɧɨɜɚ�� Ɍɨɜɚɪɢɳɟɫɬɜɨ� ɧɚɭɱɧɵɯ�
ɢɡɞɚɧɢɣ�ɄɆɄ��Ɇɨɫɤɜɚ��������S��������
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�� .XULFKHYD�2��$���$YLORY�9��&���'LQK�'��%��DQG�.XUEDWRYD�-��$���:DWHU�F\FOH�
RI�D�VHDVRQDOO\�GU\�WURSLFDO�IRUHVW��6RXWKHUQ�9LHWQDP���,]YHVWL\D��$WPRVSKHULF�
DQG�2FHDQLF�3K\VLFV�����������������������

��� .XUEDWRYD� <X�� $��� .XULFKHYD� 2�� $��� $YLORY� 9�� .��� 'LQK� %D� 'X\�� DQG�
.X]QHWVRY�$��1���)OX[HV�RI�(QHUJ\��+�2��DQG�&2��EHWZHHQ� WKH�$WPRVSKHUH�
DQG� WKH�0RQVRRQ� 7URSLFDO� )RUHVW� LQ� 6RXWKHUQ�9LHWQDP�� 'RNODG\� %LRORJLFDO�
6FLHQFHV�������������������������

��� .XULFKHYD�2��$���$YLORY�9��.���'LQK�'��%���6DQGOHUVN\�5��%���.X]QHWVRY�$��1��
DQG�.XUEDWRYD�-��$���6HDVRQDOLW\�RI�HQHUJ\�DQG�ZDWHU�IOX[HV�LQ�D�WURSLFDO�PRLVW�
IRUHVW�LQ�9LHWQDP��$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\��������������������

��� 8H\DPD� 0��� +LUDWD� 5��� 0DQR� 0��� +DPRWDQL� .��� +DUD]RQR� <��� +LUDQR� 7���
0L\DWD�$���7DNDJL�.���7DNDKDVKL�<���,QIOXHQFHV�RI�YDULRXV�FDOFXODWLRQ�RSWLRQV�
RQ� KHDW�� ZDWHU� DQG� FDUERQ� IOX[HV� GHWHUPLQHG� E\� RSHQ�DQG� FORVHG�SDWK� HGG\�
FRYDULDQFH�PHWKRGV��7HOOXV�%���������������������

��� .RVXJL�<���7DNDQDVKL�6���7DQL�0���2KNXER�6���0DWVXR�1��� ,WRK�0���1RJXFKL�
6���1LN�$��5���(IIHFW�RI�LQWHU�DQQXDO�FOLPDWH�YDULDELOLW\�RQ�HYDSRWUDQVSLUDWLRQ�
DQG� FDQRS\� &2�� H[FKDQJH� RI� D� WURSLFDO� UDLQIRUHVW� LQ� 3HQLQVXODU�0DOD\VLD��
-RXUQDO�RI�IRUHVW�UHVHDUFK�����������������������

��� 'HVKHUHYVNLL�$��9���=KXUDYOHY�9��,���1LNROVN\�$��1���6LGRULQ�$��<D���3UREOHPV�
LQ� DQDO\]LQJ� WLPH� VHULHV� ZLWK� JDSV� DQG� WKHLU� VROXWLRQ� ZLWK� WKH� :LQ$%'�
VRIWZDUH�SDFNDJH��,]Y��$WPRV��2FHDQ�3K\V�������D��������������

��� 'HVKHUHYVNLL� $�� 9��� =KXUDYOHY� 9�� ,��� 1LNROVN\� $�� 1��� 6LGRULQ� $�� <D��
7HFKQRORJ\� IRU� DQDO\]LQJ� JHRSK\VLFDO� WLPH� VHULHV�� 3DUW� ��� :LQ$%'� �� $�
VRIWZDUH�SDFNDJH�IRU�PDLQWDLQLQJ�DQG�DQDO\]LQJ�JHRSK\VLFDO�PRQLWRULQJ�GDWD��
6HLVPLF�,QVWUXP��������������������

��� 'HVKHUHYVNLL�$��9���=KXUDYOHY�9��,���1LNROVN\�$��1���6LGRULQ�$��<D��$QDO\VLV�RI�
5K\WKPV�LQ�H[SHULPHQWDO�VLJQDOV��,]Y��$WPRV��2FHDQ�3K\V�������F��������������

��� )RNHQ� 7��� 7KH� HQHUJ\� EDODQFH� FORVXUH� SUREOHP�� $Q� RYHUYLHZ�� (FRORJLFDO�
$SSOLFDWLRQV�������������������������

��� 6KXWWOHZRUWK� :�� -��� 2EVHUYDWLRQV� RI� UDGLDWLRQ� H[FKDQJH� DERYH� DQG� EHORZ�
$PD]RQLDQ� IRUHVW�� -RXUQDO� RI� WKH� 5R\DO� 0HWHRURORJLFDO� 6RFLHW\�� ������
���������������

��� /RHVFKHU�+��:���*KRO]�+��/���-DFREV�-��0���2EHUEDXHU�6��)���(QHUJ\�G\QDPLFV�
DQG� PRGHOHG� HYDSRWUDQVSLUDWLRQ� IURP� D� ZHW� WURSLFDO� IRUHVW� LQ� &RVWD� 5LFD��
-RXUQDO�RI�+\GURORJ\������������������������

��� 5RFKD�'D�+��5���0DQ]L�$��2���&DEUDO�2��0���HW�DO���3DWWHUQV�RI�ZDWHU�DQG�KHDW�
IOX[�DFURVV�D�ELRPH�JUDGLHQW�IURP�WURSLFDO�IRUHVW�WR�VDYDQQD�LQ�%UD]LO��-RXUQDO�
RI�*HRSK\VLFDO�5HVHDUFK������������*����

��� 5RGULJXHV�7��5���GH�3DXOR�6��5���1RYDLV�-��:��=���&XUDGR�/��)��$���1RJXHLUD�-��
6��� GH�2OLYHLUD�5��*��� GH�$�� /RER� )��� 9RXUOLWLV�*�� /���7HPSRUDO� SDWWHUQV� RI�
HQHUJ\� EDODQFH� IRU� D�%UD]LOLDQ� WURSLFDO� VDYDQQD� XQGHU� FRQWUDVWLQJ� VHDVRQDO�
FRQGLWLRQV��,QWHUQDWLRQDO�-RXUQDO�RI�$WPRVSKHULF�6FLHQFHV��������
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7KLV� SDSHU� H[SORUHV�PRUH� WKDQ� ���\HDU� FRQWLQXRXV�PHDVXUHPHQWV� RI� HQHUJ\��
ZDWHU� DQG� FDUERQ� GLR[LGH� IOX[HV� RQ� D� ILUVW�HVWDEOLVKHG� HGG\� FRYDULDQFH� VLWH� LQ�
9LHWQDP�DERYH�D�PDWXUH�VHPL�HYHUJUHHQ�WURSLFDO�VHDVRQDO�IRUHVW��'DLO\��VHDVRQDO�DQG�
LQWHUDQQXDO� YDULDWLRQV� RI� WXUEXOHQW� IOX[HV� DQG� PHWHRURORJLFDO� SDUDPHWHUV� ZHUH�
VWXGLHG�� (YDSRWUDQVSLUDWLRQ� GHFUHDVHG� LQ� WKH� VHFRQG� KDOI� RI� D� GU\� VHDVRQ� DQG� QHW�
HFRV\VWHP�H[FKDQJH�RI�&2��LQFUHDVHG�WR�SRVLWLYH�YDOXHV��WKH�WURSLFDO�IRUHVW�EHFRPHV�
D�VRXUFH�RI�&2��LQVWHDG�RI�D�VLQN��LQ�D�KRW�GU\�SHULRG�RI�D�\HDU� �0DUFK�0D\���1HW�
UDGLDWLRQ� ZDV� WKH� SDUDPHWHU� ZLWK� PLQRU� LQWHUDQQXDO� DQG� VHDVRQDO� YDULDWLRQ��
3UHFLSLWDWLRQ� YDULHG� VLJQLILFDQWO\� IURP� \HDU� WR� \HDU� DQG� WKH� YDULDWLRQ� ZDV� JUHDW�
EHWZHHQ� GU\� VHDVRQV�� 9DULDWLRQV� RI� SUHFLSLWDWLRQ� DIIHFWHG� WKH� DQQXDO� UDWH� RI�
HYDSRWUDQVSLUDWLRQ�EXW�KDG�QR�SURYHQ�HIIHFW�RQ�WKH�DQQXDO�QHW�HFRV\VWHP�H[FKDQJH�
RI�&2���7KH�HFRV\VWHP�RI�WURSLFDO�IRUHVW�ZDV�WKH�FRQVLGHUDEOH�QHW�VLQN�RI�&2��IURP�
WKH�DWPRVSKHUH���

.H\ZRUGV�� (GG\� FRYDULDQFH�� VHDVRQDOO\� GU\� WURSLFDO� IRUHVW�� 'RQJ� 1DL�� QHW�
HFRV\VWHP�H[FDQJH��HYDSRWUDQVSLUDWLRQ��

�1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

��� $�� 1�� 6HYHUWVRY� ,QVWLWXWH� RI� (FRORJ\� DQG� (YROXWLRQ�� 5XVVLDQ� $FDGHP\� RI�
6FLHQFHV��5XVVLDQ�)HGHUDWLRQ�
����6RXWKHUQ�%UDQFK�RI�-RLQW�9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�
5HVHDUFK�&HQWUH��
���� ,QVWLWXWH� RI� 7URSLFDO�(FRORJ\�� -RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG�
7HFKQRORJ\�5HVHDUFK�&HQWUH�

&RQWDFW��.XUEDWRYD�-X��$��

$��1��6HYHUWVRY� ,QVWLWXWH�RI�(FRORJ\�DQG�(YROXWLRQ�5$6��/HQLQVNL\�
3U������0RVFRZ����������5XVVLDQ�)HGHUDWLRQ�

(PDLO��NXUEDWRYD�M#JPDLO�FRP�


