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'HFODUDWLRQ
,�GHFODUH�WKDW�WKLV�GLVVHUWDWLRQ�LV�P\�RZQ�ZRUN��H[FHSW�ZKHUH�DFNQRZOHGJHG��,W�LV�EHLQJ�VXEPLWWHG�IRU� WKH� 'HJUHH� RI� 0DVWHU� RI� 6FLHQFH� WR� WKH� 8QLYHUVLW\� RI� WKH� :LWZDWHUVUDQG�� -RKDQQHVEXUJ��6RXWK� $IULFD�� ,W� KDV� QRW� EHHQ� VXEPLWWHG� EHIRUH� IRU� DQ\� GHJUHH� RU� H[DPLQDWLRQ� LQ� DQ\� RWKHU�XQLYHUVLW\�
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$EVWUDFW
%LRGLYHUVLW\�� FXUUHQWO\�EHLQJ� ORVW� DW� UDWHV� IDU� LQ� H[FHVV�RI�PHDQ� UDWHV�HVWLPDWHG� IURP� WKH� IRVVLO�UHFRUG��LV�NH\�WR�WKH�IXQFWLRQLQJ�RI�HFRV\VWHPV DQG�WKH�SURYLVLRQ�RI�HFRV\VWHP�VHUYLFHV��DQG�WKXV�HVVHQWLDO� WR� KXPDQ� ZHOO�EHLQJ�� &RQVHTXHQWO\�� WKH� QDWLRQV� RI� WKH� ZRUOG� KDYH� VHW� WKHPVHOYHV� D�WDUJHW�RI�UHGXFLQJ�WKH�UDWH�RI�ELRGLYHUVLW\�ORVV�E\�������+RZHYHU��QR�FXUUHQWO\�XVHG�PHDVXUHV�RI�ELRGLYHUVLW\�DUH DGHTXDWH�IRU�DVVHVVLQJ�SURJUHVV�WRZDUGV�WKLV�WDUJHW��7KLV�VWXG\�SURSRVHV�DQ�LQGH[�WKDW� LV�VLPSOH�DQG�SUDFWLFDO��\HW�VHQVLWLYH�WR� LPSRUWDQW�IDFWRUV�WKDW� LQIOXHQFH�ELRGLYHUVLW\�VWDWXV��DQG�ZKLFK�VDWLVILHV�WKH�FULWHULD�IRU�SROLF\�UHOHYDQFH�VHW�E\�WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\��7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[��%,,��LV�DQ�LQGLFDWRU�RI�WKH�DYHUDJH�DEXQGDQFH�RI�DOO�VSHFLHV�RI�WKH�ZHOO�NQRZQ�WHUUHVWULDO�ELRGLYHUVLW\��SODQWV��PDPPDOV��ELUGV��UHSWLOHV�DQG�DPSKLELD��UHODWLYH�WR�D�UHIHUHQFH�OHYHO��)RU�ODUJH SDUWV�RI�WKH�ZRUOG��LQFOXGLQJ�VRXWKHUQ�$IULFD��SRSXODWLRQV�SULRU�WR�WKH�DOWHUDWLRQ�RI�WKH�ODQGVFDSH�E\�PRGHUQ�LQGXVWULDO�VRFLHW\�VHUYH�DV�D�PHDQLQJIXO�UHIHUHQFH��7KH�%,,�LQWHJUDWHV�DFURVV� WKH�GLIIHUHQWLDO� LPSDFW�RI� D� UDQJH�RI� ODQG�XVH�DFWLYLWLHV�� WDNLQJ�DFFRXQW�RI� WKH�VSHFLHV�ULFKQHVV�RI�WKH�DUHDV�DIIHFWHG��WR�JLYH�DQ�DYHUDJH�LPSDFW�IRU�D�JLYHQ�DUHD�DQG�WLPH��
$SSOLFDWLRQ�RI�WKH�%,,�RQ�D���PLOOLRQ�NP� UHJLRQ�RI�VRXWKHUQ�$IULFD�JLYHV�D�VFRUH�RI����r ���IRU�WKH� \HDU� ������ ,Q� RWKHU�ZRUGV�� DYHUDJHG� DFURVV� DOO SODQW� DQG� YHUWHEUDWH� VSHFLHV� LQ� WKH� UHJLRQ��SRSXODWLRQV�DUH�HVWLPDWHG�WR�KDYH�GHFOLQHG�E\�����UHODWLYH�WR�WKHLU�SUH�FRORQLDO�OHYHOV��1DWLRQDO�VFRUHV�UDQJH�IURP�����IRU�/HVRWKR�WR�����IRU�1DPLELD��7KH�WD[RQRPLF�JURXS�ZLWK�WKH�JUHDWHVW�ORVV�LV�PDPPDOV�DW�����UHPDLQLQJ��DQG�WKH�HFRV\VWHP�W\SH�ZLWK�WKH�JUHDWHVW�ORVV�LV�JUDVVODQG�DW�����UHPDLQLQJ��7KH�UDWH�RI�ORVV�RI�%,,�IRU�WKH�GHFDGH�RI�WKH�����V�LV�HVWLPDWHG�DV������DEVROXWH��$�VFHQDULR�DQDO\VLV� IRU� WKH���VW FHQWXU\�VXJJHVWV� WKDW� WKH�UDWH�RI�GHFOLQH� LV�XQOLNHO\� WR�GHFUHDVH�VLJQLILFDQWO\�XQWLO�WKH�ODWWHU�WKLUG�RI�WKH�FHQWXU\��ZLWK�%,,�VFRUHV�UDQJLQJ�IURP�����WR�����E\�WKH�\HDU�������,Q�6RXWK�$IULFD��WKH�%,,�KDV�GHFOLQHG�IURP�����WR�����RYHU�WKH���WK FHQWXU\��DQG�WKH�UHODWLRQVKLS� EHWZHHQ� %,,� DQG� *URVV� 'RPHVWLF� 3URGXFW� �*'3�� VXJJHVWV� WKDW� HFRQRPLF�GHYHORSPHQW�KDV�EHFRPH�SURJUHVVLYHO\�GHFRXSOHG�IURP�ELRGLYHUVLW\� ORVV��7KHVH�UHVXOWV�VXJJHVW�WKDW� WDUJHWV� IRU� UHGXFLQJ� WKH� UDWH� RI� ELRGLYHUVLW\� ORVV� QHHG� WR� WDNH� DFFRXQW� RI� WKH� VWDJH� RI�GHYHORSPHQW�LQ�GLIIHUHQW�UHJLRQV�
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/LVW�RI�3XEOLFDWLRQV
$OO�FKDSWHUV�LQ�WKLV�GLVVHUWDWLRQ��RWKHU�WKDQ�WKH�LQWURGXFWRU\�DQG�FRQFOXGLQJ�FKDSWHUV��DUH�LQ�WKH�IRUP� RI� VWDQG�DORQH� VFLHQWLILF� SXEOLFDWLRQV�� 7KH� YHUVLRQV� WKDW� DSSHDU� LQ� WKLV� GLVVHUWDWLRQ� DUH�FXUUHQW� DW� WKH� WLPH�RI� VXEPLVVLRQ��)RU� DXWKRULWDWLYH� DQG� FLWDWLRQ�SXUSRVHV�� SOHDVH� UHIHU� WR� WKH�ILQDO�SXEOLVKHG�YHUVLRQV�RI�WKH�FKDSWHUV�
&KDSWHU��� %LJJV�� 5��� 6FKROHV�� 5�-��� WHQ� %ULQN�� %�� DQG� 9DÿNiQ�� '�� �,Q� SUHVV��� %LRGLYHUVLW\�,QGLFDWRUV�� ,Q�� 6XVWDLQDEOH� 'HYHORSPHQW�� +RZ� WR� PHDVXUH� SURJUHVV� WKURXJK� LQGLFDWRUV�0ROGDQ��%���+DN��7��DQG�%RXUGHDX��3���HGV����,VODQG�3UHVV��:DVKLQJWRQ��'�&�&KDSWHU���� 6FKROHV��5�-��DQG�%LJJV��5����������$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��1DWXUH �����������&KDSWHU���� %LJJV�� 5��� 6FKROHV�� 5�-�� DQG�5H\HUV��%�� ��������$VVHVVLQJ� ELRGLYHUVLW\� LQWDFWQHVV� DW�PXOWLSOH� VFDOHV�� 3DSHU� SUHVHQWHG� DW� WKH� %ULGJLQJ� 6FDOHV� DQG� (SLVWHPRORJLHV�&RQIHUHQFH�������0DUFK�������$OH[DQGULD��(J\SW���&KDSWHU� �� %LJJV�� 5�� 5H\HUV�� %�� DQG� 6FKROHV�� 5�-�� �6XEPLWWHG��� $� ELRGLYHUVLW\� VFRUH� IRU� 6RXWK�$IULFD��6RXWK�$IULFDQ�-RXUQDO�RI�6FLHQFH�&KDSWHU����6LPRQV��+���%LJJV��5���%DNNHQHV��0���6FKROHV��5�-���(LFNKRXW��%���DQG�YDQ�9XXUHQ��'���,Q�SUHS����%LRGLYHUVLW\�FKDQJHV�LQ�VRXWKHUQ�$IULFD�LQ�WKH���VW FHQWXU\��)RU�VXEPLVVLRQ�WR�$PELR�&KDSWHU� �� %LJJV��5�� DQG�6FKROHV��5�-�� �,Q� SUHVV���+LVWRULFDO� FKDQJHV� LQ�QDWXUDO� FDSLWDO� LQ�6RXWK�$IULFD��$Q�DSSURDFK�XVLQJ�FKDQJHV�LQ�ELRGLYHUVLW\��,Q��5HVWRULQJ�1DWXUDO�&DSLWDO��9LHZV�IURP�WKH�6RXWK �0LOWRQ��6�-��DQG�$URQVRQ��-���HGV���,VODQG�3UHVV��:DVKLQJWRQ��'�&�
3XEOLFDWLRQV�UHVXOWLQJ�IURP�WKH�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�
7KH� ZRUN� FDUULHG� RXW� LQ� WKLV� GLVVHUWDWLRQ� IRUPV� SDUW� RI� WKH� 6RXWKHUQ� $IULFDQ� 0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW� �6$I0$���ZKLFK� LV� LQ� WXUQ� OLQNHG� WR� WKH�JOREDO�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��0$��LQLWLDWLYH��7KH�0$�DQG�6$I0$�SXEOLFDWLRQV�WR�ZKLFK�,�KDYH�FRQWULEXWHG��DQG�LQ�ZKLFK�DVSHFWV�RI�WKLV�ZRUN�DUH�UHSRUWHG�RQ��DUH�
� ZZZ�PLOOHQQLXPDVVHVVPHQW�RUJ�HQ�DERXW�PHHWLQJV�EULGJLQJ�SURFHHGLQJV�DVS[
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� &DSLVWUDQR�� '�� /HEHO�� /��� 6DPSHU�� &��� 6FKROHV�� 5�-��� :LOEDQNV�� 7�-��� %LJJV�� 5��� /HH�� 0�-���3HWVFKHO�+HOG�� *�� �������� 'HDOLQJ� ZLWK� VFDOH�� ,Q�� (FRV\VWHPV� DQG� +XPDQ� :HOO�EHLQJ�� $�)UDPHZRUN�IRU�$VVHVVPHQW �0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW���,VODQG 3UHVV��:DVKLQJWRQ�'&�
� =HUPRJOLR�� 0�)��� YDQ� -DDUVYHOG�� $�6��� 5HLG�� :�9��� 5RPP�� -��� %LJJV�� 5��� <XH�� 7�;�� DQG�9LFHQWH�� /�� �,Q� SUHVV��� 7KH� PXOWLVFDOH� DSSURDFK�� ,Q�� 6XE�JOREDO� DVVHVVPHQWV� �0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW���,VODQG�3UHVV��:DVKLQJWRQ�'�&���86$��
� /HEHO�� /��� 7KRQJEDL�� 3���.RN��.��� $JDUG�� -��� %HQQHWW�� (��� %LJJV�� 5��� )HUUHLUD��0��� )LOHU�� &���*RNKDOH��<���0DOD��:���5XPVH\��&���9HODUGH��6�-���=XUHN��0���%ODQFR��+���/\QDP��7��DQG�<XH��7�;��� �,Q� SUHVV��� 6XE�JOREDO� VFHQDULRV�� ,Q�� 6XE�JOREDO� DVVHVVPHQWV� �0LOOHQQLXP� (FRV\VWHP�$VVHVVPHQW���,VODQG�3UHVV��:DVKLQJWRQ�'�&���86$��
� 6FKROHV�� 5�� -�� DQG� %LJJV�� 5�� �HGV���� �������� (FRV\VWHP� 6HUYLFHV� LQ� 6RXWKHUQ� $IULFD�� $� 5HJLRQDO�$VVHVVPHQW��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�
� %LJJV�� 5��� %RKHQVN\�� (��� 'HVDQNHU�� 3�� 9��� )DEULFLXV�� &��� /\QDP�� 7��� 0LVVHOKRUQ�� $�� $���0XVYRWR�� &���0XWDOH��0��� 5H\HUV�� %��� 6FKROHV�� 5�� -��� 6KLNRQJR�� 6�� DQG� YDQ� -DDUVYHOG��$�� 6����������1DWXUH� VXSSRUWLQJ� SHRSOH�� 7KH� 6RXWKHUQ� $IULFDQ� 0LOOHQQLXP� (FRV\VWHP� $VVHVVPHQW� 3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��
� 9DQ�-DDUVYHOG��$�6���%LJJV��5���6FKROHV��5�-���%RKHQVN\��(���5H\HUV��%���/\QDP��7���0VXYXWR��&�� DQG� )DEULFLXV�� &�� �,Q� SUHVV��� 0HDVXULQJ� FRQGLWLRQV� DQG� WUHQGV� LQ� HFRV\VWHP� VHUYLFHV� DW�PXOWLSOH� VFDOHV�� 7KH� 6RXWKHUQ� $IULFDQ�0LOOHQQLXP�$VVHVVPHQW� �6$I0$�� H[SHULHQFH��5R\DO�6RFLHW\�SURFHHGLQJV��%H\RQG�H[WLQFWLRQ�UDWHV��0RQLWRULQJ�ZLOG�QDWXUH�IRU�WKH������WDUJHW�
2WKHU�SXEOLFDWLRQV�$VSHFWV� RI� WKH� ZRUN� SUHVHQWHG� LQ� WKLV� GLVVHUWDWLRQ�� RU� RQ ZKLFK� WKLV� GLVVHUWDWLRQ� GUDZV�� DOVR�DSSHDU�LQ�WKH�IROORZLQJ�SXEOLFDWLRQV�WR�ZKLFK�,�KDYH�FRQWULEXWHG�
� %LJJV�� 5�� DQG� 6FKROHV�� 5�-�� �������� /DQG�FRYHU� FKDQJHV� LQ� 6RXWK� $IULFD� ����������� 6RXWK�$IULFDQ�-RXUQDO�RI�6FLHQFH ������������������
� %LJJV�� 5�� DQG� 6FKROHV�� 5�-�� �,Q� SUHVV�� 6RXWKHUQ� $IULFD�� ,Q�� 7KH� (DUWK·V� &KDQJLQJ� /DQG�� $Q�(QF\FORSHGLD�RI�/DQG�8VH�DQG�/DQG�&RYHU�&KDQJH �*HLVW��+��HG����*UHHQZRRG�3XEOLVKLQJ�*URXS��:HVWSRUW��86$��
� %LJJV�� 5�� DQG� 5�-�� 6FKROHV�� �,Q� SUHVV��� 6RXWK� $IULFD�� ,Q�� 7KH� (DUWK·V� &KDQJLQJ� /DQG�� $Q�(QF\FORSHGLD�RI�/DQG�8VH�DQG�/DQG�&RYHU�&KDQJH��*HLVW��+��HG����*UHHQZRRG�3XEOLVKLQJ�*URXS��:HVWSRUW��86$��
� 6FKROHV��5�-���:�.��.�SHU�DQG�5��%LJJV���,Q�SUHVV���%LRGLYHUVLW\��,Q�$IULFD�(QYLURQPHQWDO�2XWORRN���81(3�HG����1DLUREL��.HQ\D��8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH�
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$FNQRZOHGJHPHQWV
0\�JUHDWHVW�DSSUHFLDWLRQ�JRHV�WR�P\�PHQWRU��%RE�6FKROHV��IRU�KLV�JXLGDQFH�DQG�IULHQGVKLS�GXULQJ�WKLV�VWXG\��DQG�IRU�WKH�RSSRUWXQLW\�WR�WDNH�SDUW�LQ�WKH�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��,�DOVR�WKDQN� P\� FR�VXSHUYLVRU�� &ROHHQ� 9RJHO�� WKH� FR�DXWKRUV� RI� WKH� SXEOLFDWLRQV� FRQWDLQHG� LQ� WKLV�GLVVHUWDWLRQ��DQG�WKH�PDQ\�RWKHU�SHRSOH�ZLWK�ZKRP�,�KDYH�LQWHUDFWHG�GXULQJ�WKH�FRXUVH�RI�WKLV�VWXG\�IRU�WKHLU�FRQWULEXWLRQV��
$�VSHFLDO�ZRUG�RI�WKDQNV�WR�WKH�H[SHUWV�ZKRP�ZH�LQWHUYLHZHG�IRU�VKDULQJ�WKHLU�H[SHUWLVH��7KHVH�LQFOXGH�*UDKDP�$OH[DQGHU��*HRUJH�%UHGHQNDPS��'XDQ�%LJJV��%LOO�%UDQFK��9LQFHQW�&DUUXWKHUV��$ODQ�&KDQQLQJ��&KULV�&KLPLPED��-RKDQ�GX�7RLW��:XOI�+DDFNH��-DPHV�+DUULVRQ��0DUN�.HLWK��/HV�0LQWHU��0LNH�5XWKHUIRUG��:DUZLFN 7DUERWRQ�DQG�0DUWLQ�:KLWLQJ��,�WKDQN�1HLO�%XUJHVV��-HQQLIHU�'·$PLFR�DQG�WKH�&RQVHUYDWLRQ�6FLHQFH�3URJUDPPH�DW�::)��DQG�*HUROG�.LHU�DQG�WKH�%LRPDS�:RUNLQJ�*URXS�DW�WKH�8QLYHUVLW\�RI�%RQQ��*HUPDQ\�IRU�VSHFLHV�ULFKQHVV�GDWD��-DPHV�+DUULVRQ�LV�WKDQNHG�IRU�GDWD�XVHG�WR�GHULYH�WKH�ULFKQHVV�RI�HDFK�WD[RQ�IXQFWLRQDO�W\SH�SHU�ELRPH��7KDQN�\RX�WR�'DZLH�YDQ�=\O�DQG�7HUU\�1HZE\�DW�WKH�,QVWLWXWH�IRU�6RLO��&OLPDWH�DQG�:DWHU�LQ�3UHWRULD�IRU�WKH�PD[LPXP�DQQXDO�1'9,�GDWD�WKDW�ZDV�XVHG�WR�PDS�GHJUDGDWLRQ��
7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�IXQGLQJ�WKURXJK�WKH�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�DQG�D�3UHVWLJLRXV�6FKRODUVKLS�DZDUGHG�E\�WKH�1DWLRQDO�5HVHDUFK�)RXQGDWLRQ�RI�6RXWK�$IULFD�
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7DEOH�RI�&RQWHQWV
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&+$37(5�����,1752'8&7,21 ��������������������������������������������������������������������������������� ���� *OREDO�HQYLURQPHQWDO�FKDQJH�DQG�ELRGLYHUVLW\��������������������������������������������������������������� ���� (QYLURQPHQWDO�DVVHVVPHQWV ����������������������������������������������������������������������������������������������� ���� $VVHVVPHQWV�RI�ELRGLYHUVLW\�LQ�VRXWKHUQ�$IULFD �������������������������������������������������������������� ���� $LP��VFRSH�DQG�DSSURDFK�RI�WKLV�VWXG\ ���������������������������������������������������������������������������� ���� 'LVVHUWDWLRQ�VWUXFWXUH�������������������������������������������������������������������������������������������������������� ����� 5HIHUHQFHV��������������������������������������������������������������������������������������������������������������������������� ��
&+$37(5�����%,2',9(56,7<�,1',&$7256 �������������������������������������������������������������� ����� ,QWURGXFWLRQ ����������������������������������������������������������������������������������������������������������������������� ����� 7KH�WKHRUHWLFDO�EDVLV�IRU�ELRGLYHUVLW\�GHILQLWLRQV���������������������������������������������������������� ����� %LRGLYHUVLW\�LQGLFDWRUV�WKDW�KDYH�EHHQ�SURSRVHG ���������������������������������������������������������� ����� %LRGLYHUVLW\�LQGLFDWRUV�LQ�XVH ������������������������������������������������������������������������������������������� ����� 'DWD�LVVXHV �������������������������������������������������������������������������������������������������������������������������� ����� %LRGLYHUVLW\�LQGLFDWRUV�IRU�SROLF\�SXUSRVHV�������������������������������������������������������������������� ����� *DSV�LQ�NQRZOHGJH�DQG�UHVHDUFK�QHHGV�������������������������������������������������������������������������� ����� 5HIHUHQFHV��������������������������������������������������������������������������������������������������������������������������� ��
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6LQFH� PRVW� HFRV\VWHP� IXQFWLRQV� UHO\� RQ� WKH� SUHVHQFH� RI� SDUWLFXODU� RUJDQLVPV� �DFFHSWLQJ� WKDW�VHYHUDO�GLIIHUHQW�VSHFLHV�PD\�KDYH�WKH�FDSDFLW\�WR�GHOLYHU�WKH�VDPH�IXQFWLRQ���DQG�WKH�OHYHO�RI�WKH�IXQFWLRQ�RU�VHUYLFH�GHSHQGV�RQ� WKH�DEXQGDQFH�RI�WKH�RUJDQLVPV��D� ORVV�RI�ELRGLYHUVLW\� LPSDFWV�QHJDWLYHO\� RQ� WKH� IXQFWLRQLQJ� RI� HFRV\VWHPV� DQG� WKH� SURYLVLRQ� RI� HFRV\VWHP� VHUYLFHV�� RU� WKH�EHQHILWV� KXPDQV� GHULYH� IURP� QDWXUH� �0$� � ����D��� )RU� LQVWDQFH�� RXU� GLHW� LV� GHSHQGHQW� RQ�ELRORJLFDO�YDULDWLRQ��LW�LV�HVWLPDWHG�WKDW�DSSUR[LPDWHO\������SODQW�VSHFLHV�KDYH�EHHQ�FROOHFWHG�RU�FXOWLYDWHG�IRU�FRQVXPSWLRQ��)$2���������%LRGLYHUVLW\�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�SURYLVLRQ�RI�HFRQRPLFDOO\�LPSRUWDQW� HFRV\VWHP� VHUYLFHV� VXFK� DV� SURWHFWLRQ� DJDLQVW� VRLO� GHJUDGDWLRQ� DQG�HURVLRQ��WKH�UHOLDEOH�VXSSO\�RI�KLJK�TXDOLW\�GULQNLQJ�ZDWHU��WKH�VWDELOL]DWLRQ�RI�WKH�FOLPDWH�DQG�WKH�SROOLQDWLRQ� RI� IORZHULQJ� SODQWV�� %LRGLYHUVLW\� DGGLWLRQDOO\� FRQWULEXWHV� WR� HFRV\VWHP� UHVLOLHQFH��ZKLFK�EXIIHUV� WKH� LPSDFW�RI�HYHQWV� VXFK�DV� IORRGV�DQG�GURXJKWV��DQG�ZLOO�EHFRPH� LQFUHDVLQJO\�LPSRUWDQW�� SDUWLFXODUO\� LQ� SRRU� FRPPXQLWLHV�� DV� FOLPDWH� DQG� RWKHU� HQYLURQPHQWDO� FRQGLWLRQV�EHFRPH� PRUH� YDULDEOH� DQG� XQSUHGLFWDEOH� �0$� � ����D��� 3HRSOH� IURP� DOO� ZDONV� RI� OLIH� YDOXH�ELRGLYHUVLW\� IRU� VSLULWXDO� DQG� UHFUHDWLRQDO� UHDVRQV�� DV� ZHOO� DV� YDOXLQJ� LWV� PHUH� H[LVWHQFH�� )RUH[DPSOH�� PDQ\� FRXQWULHV� KDYH� SDVVHG� OHJLVODWLRQ� WR� SURWHFW� HQGDQJHUHG� VSHFLHV� EDVHG� RQ� WKH�EHOLHI� WKDW� WKHVH� VSHFLHV� KDYH� D� ULJKW� WR� H[LVW�� HYHQ� LI� WKHLU� SURWHFWLRQ� UHVXOWV� LQ�QHW� HFRQRPLF�FRVWV�� ,QGHSHQGHQW� RI� LWV� XVH� DQG� QRQ�XVH� FRQWULEXWLRQ� WR� KXPDQ�ZHOO�EHLQJ�� ELRGLYHUVLW\� KDV�LQWULQVLF�YDOXH�LQ�DQG�IRU�LWVHOI��0$��������
7KH�LPSRUWDQFH�RI�ELRGLYHUVLW\�LQ�LPSURYLQJ�DQG�VXVWDLQLQJ�KXPDQ�ZHOO�EHLQJ�OHG�WKH�QDWLRQV�RI�WKH�ZRUOG�WR�VHW�WKH�WDUJHW�RI�UHGXFLQJ�WKH�UDWH�RI�ELRGLYHUVLW\�ORVV�E\������DW�JOREDO��UHJLRQDO�DQG�QDWLRQDO�OHYHOV��7KLV�WDUJHW�ZDV�RULJLQDOO\�VHW�E\�WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\��&%'���DQG�HQGRUVHG�DW� WKH�:RUOG�6XPPLW�RQ�6XVWDLQDEOH�'HYHORSPHQW KHOG� LQ� -RKDQQHVEXUJ��6RXWK�$IULFD�LQ�������81���������*LYHQ�WKDW�WKH�GRPLQDQW�GULYHUV�RI�ELRGLYHUVLW\�ORVV��QDPHO\�FKDQJHV�LQ� ODQG�XVH�� FOLPDWH� DQG� QLWURJHQ� GHSRVLWLRQ�� ZLOO� FRQWLQXH� WR� LQFUHDVH� RYHU� WKLV� SHULRG� �0$��



�

����D��� VWHPPLQJ� WKH� ORVV�RI�ELRGLYHUVLW\�ZLOO�EH�D�IRUPLGDEOH�FKDOOHQJH��$W�WKH�VDPH�WLPH��QR�VFLHQWLILF�FRQVHQVXV�H[LVWV�ZLWK�UHVSHFW�WR�PHDVXUHV�IRU�DVVHVVLQJ�WKH�FXUUHQW�VWDWH�RI�ELRGLYHUVLW\�RU�PRQLWRULQJ�SURJUHVV�WRZDUGV�WKLV�WDUJHW��5R\DO�6RFLHW\���������DOWKRXJK�WKH�&%'�KDV�DJUHHG�DW� D� SROLWLFDO� OHYHO� RQ� D� SDUWLDO� VHW� RI� LQGLFDWRUV� IRU� WKLV� SXUSRVH� �&%'� � ����F��� 7KH� ODFN� RI�VFLHQWLILF�FRQVHQVXV�RQ�PHDVXUHV�RI�ELRGLYHUVLW\�VWDWXV��WRJHWKHU�ZLWK�WKH�LQFUHDVLQJ�WUHQGV�LQ�WKH�IDFWRUV� GULYLQJ� ELRGLYHUVLW\� ORVV�� VHYHUHO\� FRPSURPLVH� WKH� DELOLW\� RI� VRFLHW\ WR� WDNH� FRQFUHWH�DFWLRQ�WRZDUGV�OLPLWLQJ�WKH�LPSDFWV�DQG�ULVNV�SRVHG�E\�WKLV�FULWLFDO�DVSHFW�RI�JOREDO�FKDQJH��
��� (QYLURQPHQWDO�DVVHVVPHQWV
7KH�LQFUHDVLQJ�WHFKQLFDO�FRPSOH[LW\�DQG�SROLWLFDO�VHQVLWLYLW\�RI�HPHUJLQJ�LVVXHV��SDUWLFXODUO\�ZLWK�UHVSHFW�WR�WKH HQYLURQPHQW��KDYH�SURPSWHG�WKH�LQFOXVLRQ�RI�DVVHVVPHQWV�DV�SDUW�RI�WKH�GHFLVLRQ�PDNLQJ� F\FOH�� $VVHVVPHQWV�� GHILQHG� DV� D� FULWLFDO� HYDOXDWLRQ� RI� LQIRUPDWLRQ� IRU� SXUSRVHV� RI�JXLGLQJ� GHFLVLRQV� RQ� FRPSOH[� SXEOLF� LVVXHV�� DUH� D� UHODWLYHO\� UHFHQW� DGGLWLRQ� WR� WKH� VFLHQFH�ODQGVFDSH�� 7KH� QHZ� NQRZOHGJH� JHQHUDWHG� E\� UHVHDUFK� SURJUDPPHV� LV� RIWHQ� QRW� DFFHVVLEOH� WR�SROLF\�PDNHUV�� $VVHVVPHQWV� SURYLGH� D� PHFKDQLVP� WKURXJK� ZKLFK� WKH� GHWDLO� DQG� QHFHVVDU\�FRQWHQWLRQ�ZLWKLQ�WKH�UHVHDUFK�FRPPXQLW\�FDQ�EH�UHGXFHG�LQ�RUGHU�WR�FRPPXQLFDWH�D�FRQVHQVXV�YLHZ� WR� SROLF\�PDNHUV� LQ� FOHDU� DQG� DFWLRQDEOH� WHUPV�� ,Q� FRQWUDVW� WR� UHVHDUFK� SURJUDPPHV��DVVHVVPHQWV�DUH�FKDUDFWHULVHG�E\�WKH�V\QWKHVLV�RI�H[LVWLQJ�NQRZOHGJH��WDUJHWLQJ�RI�WKHLU�RXWSXWV�VSHFLILFDOO\�DW�GHFLVLRQ�PDNHUV��DQG�HQFRXUDJLQJ�FOHDUO\�LGHQWLILHG�HYDOXDWLRQV�DQG�MXGJHPHQWV�E\�WHFKQLFDO�H[SHUWV�ZKHUH�FRQWUDGLFWRU\�RU�LQDGHTXDWH�LQIRUPDWLRQ�H[LVWV��7KH�DVVHVVPHQW�SURFHVV�LV�XVXDOO\�LQWHUGLVFLSOLQDU\�DQG�PXOWL�DXWKRUHG��DQG�LQFOXGHV�D�ULJRURXV�DQG�WUDQVSDUHQW�SHHU�DQG�VWDNHKROGHU�UHYLHZ�HOHPHQW�
6HYHUDO� ODUJH� HQYLURQPHQWDO� DVVHVVPHQWV� KDYH� EHHQ� XQGHUWDNHQ� LQ� WKH� SDVW� WZR� GHFDGHV� LQ�UHVSRQVH� WR� WKH� FRQFHUQV� UDLVHG� E\� JOREDO� HQYLURQPHQWDO� FKDQJH�� 7KHVH� LQFOXGH� WKH� 2]RQH�$VVHVVPHQW���WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH���DQG�WKH�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW���$�QXPEHU�RI�RWKHU�SURFHVVHV�� VXFK� DV�81(3·V�*OREDO�(QYLURQPHQWDO�2XWORRN� DQG�
� ZZZ�XQHS�RUJ�R]RQH
� ZZZ�LSFF�FK
� ZZZ�PDZHE�RUJ� ZZZ�XQHS�RUJ�JHR
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*OREDO� %LRGLYHUVLW\� 2XWORRN��� SDUWLDOO\� PHHW� WKH� DERYHPHQWLRQHG� FKDUDFWHULVWLFV� RI� DVVHVVPHQWV��0RVW�RI�WKHVH�LQLWLDWLYHV�KDYH�DWWHPSWHG�WR�DGRSW�DQ�LQWHJUDWLYH�DSSURDFK��JLYHQ�WKH�LPSRUWDQFH�RI�LQWHUDFWLRQV�EHWZHHQ�WKH�ELRSK\VLFDO�DQG�VRFLR�HFRQRPLF�VSKHUHV�LQ�UHODWLRQ�WR�JOREDO�FKDQJH��7KH�PDMRULW\�KDYH� LQFRUSRUDWHG� WKH� IROORZLQJ� IHDWXUHV�� DQ�DVVHVVPHQW�RI� WKH�FXUUHQW� VWDWH�DQG�WUHQG�RI�DQ�HQYLURQPHQWDO�LVVXH��VXFK�DV�ELRGLYHUVLW\�RU�FOLPDWH��XQGHUVWDQGLQJ�WKH�PDMRU�GULYHUV�DIIHFWLQJ� FKDQJH�� XQGHUVWDQGLQJ� WKH� LPSDFWV� RI� FKDQJH�� SDUWLFXODUO\� RQ� KXPDQ� ZHOO�EHLQJ��H[SORULQJ� IXWXUH� VFHQDULRV� RI� FKDQJH�� DQG� LQYHVWLJDWLQJ� SROLF\� DOWHUQDWLYHV� IRU� DYRLGLQJ� RU�DGDSWLQJ�WR�XQGHVLUDEOH�RXWFRPHV��
,QGLFDWRUV�DUH�DQ�LPSRUWDQW�WRRO�LQ�DVVHVVPHQW�LQLWLDWLYHV��,QGLFDWRUV�DUH�YDULDEOHV�WKDW�UHSUHVHQW�DQG�SURYLGH�LQIRUPDWLRQ�DERXW�SDUWLFXODU�DWWULEXWHV�RI�D�V\VWHP��7KH\�PD\�EH�GLUHFW�PHDVXUHV�RI�D�SKHQRPHQRQ�RI� LQWHUHVW��EXW�DUH�RIWHQ�SUR[\�PHDVXUHV�� ,QGLFDWRUV�DUH�XVHG�IRU�DVVHVVLQJ� WKH�VWDWH�RI�WKH�HQYLURQPHQW��GLIIHUHQFHV�EHWZHHQ�SODFHV�RU�FKDQJHV�RYHU�WLPH��SRVVLEOH�WUDMHFWRULHV�RI� FKDQJH�� DQG� WKH� HIIHFW�RI�SROLF\� LQWHUYHQWLRQV��$VVHVVPHQW� DQG� UHVHDUFK�SURJUDPPHV�PDNH�XVH� RI� D� ZLGH� UDQJH� RI� LQGLFDWRUV�� EXW� JHQHUDOO\� KDYH� D� KDQGIXO� RI� ¶KHDGOLQH·� RU� ¶DJJUHJDWH·�LQGLFDWRUV��ZKLFK�DUH�LQWHQGHG�WR�UDLVH�DZDUHQHVV�E\�SURYLGLQJ�D�KLJK�OHYHO�V\QWKHWLF�RYHUYLHZ�IRU�WKH� SXEOLF� DQG� SROLWLFLDQV�� ([DPSOHV� DUH� WKH� /LYLQJ� 3ODQHW� ,QGH[� �/RK� � ����� DQG� WKH�(QYLURQPHQWDO� 6XVWDLQDELOLW\� ,QGH[� �:RUOG�(FRQRPLF�)RUXP�HW� DO�� ��������7KHVH�DUH� W\SLFDOO\�XQGHUSLQQHG� E\� D� PXFK� ODUJHU� VHW� RI� LQGLFDWRUV� WKDW� DWWHPSW� WR� SURYLGH� FRPSUHKHQVLYH� DQG�GHWDLOHG�LQIRUPDWLRQ�IRU�VSHFLILF�XVHUV�DQG�IRU�GHFLGLQJ�RQ�DSSURSULDWH�FRXUVHV�RI�DFWLRQ��8VHIXO�LQGLFDWRUV� UHSUHVHQW� DWWULEXWHV� RI� IXQGDPHQWDO� LQWHUHVW� WR� GHFLVLRQ�PDNLQJ�� DQG� VLPSOLI\� RU�VXPPDUL]H�VHYHUDO� LPSRUWDQW�SURSHUWLHV�RI�WKH�V\VWHP��,QGLFDWRUV�DUH�VHOHFWHG�IRU�XVH�EDVHG�RQ�WKH� H[WHQW� WR�ZKLFK� WKH\� DUH�PHDVXUDEOH�� XVH�GDWD� WKDW� LV� DOUHDG\� DYDLODEOH�RU� FDQ�EH�REWDLQHG�WKURXJK� PRQLWRULQJ� DUH� FRVW�HIIHFWLYH�� DQG� DUH� DFFHSWHG� DQG� XQGHUVWRRG� E\� XVHUV� �*DOORStQ�������
7KLV� VWXG\� ZDV� OLQNHG� WR� WKH� JOREDO� 0LOOHQQLXP� (FRV\VWHP� $VVHVVPHQW� �0$�� LQLWLDWLYH�� 7KH�REMHFWLYH�RI�WKH�0$�ZDV�WR�SURYLGH�DQ�LQWHJUDWHG�DVVHVVPHQW�RI�WKH�FRQVHTXHQFHV�RI�HFRV\VWHP�FKDQJH�IRU�KXPDQ�ZHOO�EHLQJ��7KH�0$�IRFXVHG�VSHFLILFDOO\�RQ�HFRV\VWHP�VHUYLFHV��GHILQHG�DV�WKH�EHQHILWV�ZKLFK�SHRSOH�REWDLQ�IURP�HFRV\VWHPV��0$���������7KHVH�LQFOXGH�SURYLVLRQLQJ�VHUYLFHV��VRPHWLPHV�FDOOHG� ¶HFRV\VWHP�JRRGV·��VXFK�DV�IRRG�DQG�ZDWHU��UHJXODWLQJ�VHUYLFHV�VXFK�DV�IORRG�DQG�GLVHDVH�FRQWURO��FXOWXUDO� VHUYLFHV�VXFK�DV�VSLULWXDO�DQG�UHFUHDWLRQDO�EHQHILWV��DQG�VXSSRUWLQJ�VHUYLFHV�WKDW�PDLQWDLQ�WKH�FRQGLWLRQV�IRU�OLIH�RQ�(DUWK��VXFK�DV�QXWULHQW�F\FOLQJ��7KH�0$�UHJDUGV�
� ZZZ�ELRGLY�RUJ�JER
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ELRGLYHUVLW\�DV�DQ�XQGHUO\LQJ�FRQGLWLRQ�QHFHVVDU\�IRU�WKH�GHOLYHU\�RI�HFRV\VWHP�VHUYLFHV��,Q�VRPH�FDVHV��VXFK�DV�ZKHQ�LW�LV�WKH�UHVRXUFH�IRU�QDWXUH�EDVHG�WRXULVP��LW�LV�D�VHUYLFH�LQ�LWV�RZQ�ULJKW�
$�QRYHO�IHDWXUH�RI�WKH�0$�ZDV�WKDW�LW�ZDV�FRQGXFWHG�DW�PXOWLSOH�VSDWLDO�VFDOHV��$SSUR[LPDWHO\����VXE�JOREDO� DVVHVVPHQWV� ZHUH� OLQNHG� WR� WKH� JOREDO�OHYHO� DVVHVVPHQW�� HDFK� ZLWK� WKHLU� RZQ� XVHU�JURXS�DQG�SUREOHP�GHILQLWLRQ��7KH�SULPDU\�UHDVRQV�IRU�DGRSWLQJ�D�PXOWL�VFDOH�DSSURDFK�ZHUH�WR�
� SHUPLW�UHSRUWLQJ�DQG�UHVSRQVH�RSWLRQV�WR�PDWFK�WKH�VFDOHV�DW�ZKLFK�GHFLVLRQ�PDNLQJ�RFFXUV��LQ�RUGHU�WR�HQKDQFH�WKH�XSWDNH�RI�WKH�DVVHVVPHQW�ILQGLQJV��
� SHUPLW� LQGLYLGXDO HFRORJLFDO�DQG�VRFLDO�SURFHVVHV� WR�EH�DVVHVVHG�DW� WKH�VFDOHV�DW�ZKLFK�WKH\�RSHUDWH��DQG�OLQNHG�WR�SURFHVVHV�DW�GLIIHUHQW�VFDOHV��DQG�
� DOORZ�IRU�FURVV�VFDOH�YDOLGDWLRQ�RI�WKH�DVVHVVPHQW�ILQGLQJV�
7KH�6RXWKHUQ�$IULFDQ�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW� �6$I0$��ZDV�RQH�RI� WKH�VXE�JOREDO�DVVHVVPHQWV�OLQNHG�WR�WKH�0$��DQG�ZDV�LWVHOI�FRQGXFWHG�DW�WKUHH�VSDWLDO�VFDOHV��%LJJV�HW�DO����������$W� WKH� EURDGHVW� OHYHO�ZDV� DQ� DVVHVVPHQW� RI�PDLQODQG�$IULFD� VRXWK� RI� WKH� HTXDWRU� �6FKROHV�	�%LJJV� � �������1HVWHG�ZLWKLQ� WKLV� UHJLRQDO�VFDOH� VWXG\�ZHUH� EDVLQ�VFDOH� VWXGLHV� RI� WKH�=DPEH]L��'HVDQNHU�HW�DO�� ������ DQG�*DULHS��%RKHQVN\ HW�DO� �������DQG�QHVWHG�ZLWKLQ�WKHVH�EDVLQV�ZHUH�VHYHUDO�ORFDO�RU�FRPPXQLW\�DVVHVVPHQWV��/\QDP�HW�DO���������6KDFNOHWRQ�HW�DO����������7KH�6$I0$�SDUWLFLSDQWV�GHFLGHG�DW� WKH�RXWVHW� WKDW� WKUHH�FRUH�FOXVWHUV�RI�HFRV\VWHP�VHUYLFHV��QDPHO\�ZDWHU��IRRG�DQG�ELRGLYHUVLW\��ZRXOG�EH�DVVHVVHG�DW�DOO� WKUHH�VFDOHV� LQ�RUGHU�WR� LQYHVWLJDWH�WKH�HIIHFW�RI�VFDOH�RQ�DVVHVVPHQW�RXWFRPHV��:LWK�UHVSHFW�WR�ELRGLYHUVLW\��WKLV�UDLVHG�WZR�QHHGV��
� D�PHWKRG�RI�DVVHVVLQJ�WKH�VWDWH�RI�ELRGLYHUVLW\�LQ�VRXWKHUQ�$IULFD��
� WKDW�FRXOG�EH�DSSOLHG�DW�DQG�FRPSDUHG�EHWZHHQ�PXOWLSOH�VSDWLDO�VFDOHV�
���� $VVHVVPHQWV�RI�ELRGLYHUVLW\�LQ�VRXWKHUQ�$IULFD
6RXWKHUQ�$IULFD�KDV�DQ�H[WUDRUGLQDULO\�ULFK�ELRWD�UHODWLYH�WR�LWV�VL]H��+XQWOH\��������%XUJHVV�HW�DO����������)XUWKHUPRUH��VRXWKHUQ�$IULFD·V�ELRGLYHUVLW\��ZLWK�VRPH�H[FHSWLRQV�� LV�FXUUHQWO\� LQ�EHWWHU�FRQGLWLRQ� WKDQ� LQ�PDQ\�SDUWV�RI� WKH�ZRUOG� �6FKROHV 	�%LJJV�������+RHNVWUD� HW� DO�� �������7KLV�VLWXDWLRQ� SUHVHQWV� ERWK� DQ� RSSRUWXQLW\�� DQG� DQ� RQJRLQJ� WKUHDW�� 3DUDGR[LFDOO\�� LW� LV� DOVR� ZK\�$IULFDQV�DUH�XQGHU�LQFUHDVLQJ�SUHVVXUH�WR�FRQVHUYH�WKHLU�ELRGLYHUVLW\��6FKROHV�HW�DO��LQ�SUHVV���DQG�PRQLWRU�FKDQJHV�LQ�ELRGLYHUVLW\�RYHU�WLPH��



�

6RXWKHUQ�$IULFD·V�YHUWHEUDWH�IDXQD�LV�SDUWLFXODUO\�ULFK��$SSUR[LPDWHO\�D�ILIWK�RI�WKH�ZRUOG·V������PDPPDO� VSHFLHV� RFFXU� LQ� VXE�6DKDUDQ� $IULFD�� LQFOXGLQJ� PRVW� RI� WKH� ZRUOG·V� UHPDLQLQJ�PHJDIDXQD� �%URRNV� HW� DO�� ������� $� VLPLODU� IUDFWLRQ� RI� WKH� ZRUOG·V� DSSUR[LPDWHO\� ��� ��� ELUG�VSHFLHV�RFFXU� LQ� WKH�UHJLRQ� �%XUJHVV� HW�DO�� ��������%LRORJLFDO�YDULHW\� LV�HVSHFLDOO\�KLJK� LQ�VHYHUDO�FHQWUHV�RI�ELRGLYHUVLW\��)RU�LQVWDQFH��WKH�&DSH�)ORUDO�.LQJGRP�LQ�6RXWK�$IULFD�KDV�DERXW����RI�WKH�ZRUOG·V�NQRZQ�KLJKHU�SODQW�VSHFLHV��GHVSLWH�RFFXS\LQJ�RQO\�������RI�WKH�JOREDO�ODQG�VXUIDFH��+XQWOH\��������/H�5RX[���������$QRWKHU�LPSRUWDQW�FHQWUH�RI�ELRGLYHUVLW\�LQ�VRXWKHUQ�$IULFD�LV�WKH� 'UDNHQVEHUJ� 0RQWDQH� *UDVVODQGV� DQG� )RUHVWV� �.�SHU� HW� DO�� ������� ZKLFK� LQFOXGHV� WKH�0DSXWRODQG�3RQGRODQG�$OEDQ\�SK\WRFKRULDQ�GHILQHG�E\�:KLWH�������� �)LJXUH������

)LJXUH� ���� 7KH� GLVWULEXWLRQ� RI� ELRGLYHUVLW\� LQ� VRXWKHUQ� $IULFD�� D�� 9DVFXODU� SODQWV� �0XWNH� 	�%DUWKORWW�LQ�SUHVV���DQG�E��0DPPDOV���$GDSWHG�IURP�6FKROHV�HW�DO� �LQ�SUHVV��
7KH� PRVW� ZLGHO\� XVHG� PHDVXUHV� RI� ELRGLYHUVLW\� SHUIRUPDQFH� LQ� VRXWKHUQ� $IULFD� KDYH� EHHQ�VSHFLHV� H[WLQFWLRQ�� DQG� WKH� IUDFWLRQ� RI� ODQG� LQ� SURWHFWHG� DUHDV�� 1HLWKHU� RI� WKHVH� PHDVXUHV�DGHTXDWHO\�PHW�WKH�QHHGV�RI�6$I0$�LQ�WHUPV�RI�D�PHWKRG�RI�DVVHVVLQJ�WKH�VWDWH�RI�ELRGLYHUVLW\�LQ�VRXWKHUQ�$IULFD��2I�WKH�DSSUR[LPDWHO\��������VSHFLHV�RI�HQGHPLF�SODQWV��LQIHUUHG�IURP�+XQWOH\�������DQG�������VSHFLHV�RI�HQGHPLF�YHUWHEUDWHV��2OVRQ�HW�DO������� LQ�WKH�UHJLRQ�����SODQWV�DQG����DQLPDOV� DUH� EHOLHYHG� WR� KDYH� EHFRPH� H[WLQFW� LQ� WKH� ODVW� WZR� FHQWXULHV� �,8&1� � ������*ROGLQJ���������7KLV�GRHV�QRW�DGHTXDWHO\�UHIOHFW�WKH�H[WHQW�RI�WKH�FKDQJHV�LQ�ODQG�FRYHU�DQG�ELRGLYHUVLW\�WKDW�KDYH�RFFXUUHG� LQ� VRXWKHUQ�$IULFD�RYHU� WKLV�SHULRG� �6FKROHV�	�%LJJV� ��������)XUWKHUPRUH��H[WLQFWLRQ�RQO\�LQGLFDWHV�D�FKDQJH�RQFH�LW�LV�WRR�ODWH�WR GR�DQ\WKLQJ�DERXW�LW�
� 'LVWULEXWLRQ�PDSV�IRU�DOO�QRQ�PDULQH�PDPPDO�VSHFLHV�ZHUH�FRPSLOHG�DV�SDUW�RI�WKH�,8&1�*OREDO�0DPPDO�$VVHVVPHQW��*0$���ZZZ�LXFQ�RUJ�WKHPHV�VVF�SURJUDPV�JPD�LQGH[�KWP��
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7KH� H[WHQW� RI� SURWHFWHG� DUHDV� KDV� EHHQ� JURZLQJ� UDSLGO\� LQ� VRXWKHUQ�$IULFD� RYHU� WKH� SDVW� IHZ�GHFDGHV��6RXWKHUQ�$IULFD�FXUUHQWO\�KDV����RI�LWV�ODQG�DUHD�LQ�SDUNV��DQG�DQRWKHU����LQ�IRUPDOO\�GHPDUFDWHG� VXVWDLQDEOH� XVH� DUHDV� �6FKROHV� 	� %LJJV� � ������� 7KLV� H[FHHGV� WKH� LQWHUQDWLRQDO�JXLGHOLQH�RI�����ODQG�DUHD�XQGHU�IRUPDO�SURWHFWLRQ��DQG�LQ�JHQHUDO��VRXWKHUQ�$IULFD�LV�DFFODLPHG�IRU� WKH� TXDOLW\� RI� PDQDJHPHQW� RI� LWV� SDUNV�� +RZHYHU�� XVLQJ� SURWHFWHG� DUHD� DV� WKH� SULPDU\�PHDVXUH�RI�ELRGLYHUVLW\�VWDWXV�LJQRUHV�WKH�����RI�WKH�ODQGVFDSH�ZKHUH�PRVW�RI�WKH�ELRGLYHUVLW\�FKDQJHV�DUH�RFFXUULQJ��DQG�DUH�OLNHO\�WR�RFFXU�LQ�IXWXUH�DV�WKH�H[SDQVLRQ�RI�SURWHFWHG�DUHDV�OHYHOV�RII�
6XEVWDQWLDO�HIIRUW�KDV�EHHQ� LQYHVWHG� LQ�FRQVHUYDWLRQ�SULRULW\�DQDO\VHV� LQ�VRXWKHUQ $IULFD��7KHUH�DUH� WZR�PDMRU� DSSURDFKHV�� UHSUHVHQWDWLRQ� DQG� KRWVSRW� DQDO\VHV��%RWK� DUH� DLPHG� DW� LGHQWLI\LQJ�SULRULWLHV�IRU�FRQVHUYDWLRQ�DFWLRQ��UDWKHU�WKDQ�SURYLGLQJ�DQ�LQWHJUDWHG�DVVHVVPHQW�RI�ELRGLYHUVLW\�VWDWXV�IRU�FRPSDULVRQ�EHWZHHQ�GLIIHUHQW�UHJLRQV�RU�VFDOHV��7KHVH�DQDO\VHV�WKHUHIRUH�GLG�QRW�PHHW�WKH� UHTXLUHPHQWV� RI� 6$I0$�� EXW� DUH� QHYHUWKHOHVV� EULHIO\� GHVFULEHG� KHUH� DV� WKH\� KDYH� KDG� D�VLJQLILFDQW�LQIOXHQFH�RQ�ELRGLYHUVLW\�SODQQLQJ�DQG�SROLF\�LQ�VRXWKHUQ�$IULFD�
5HSUHVHQWDWLRQ� DQDO\VHV� DLP� WR� LGHQWLI\ D� VHW� RI� DUHDV� ZKRVH� FRQVHUYDWLRQ� ZRXOG� SURWHFW�UHSUHVHQWDWLYH�VDPSOHV�RI�DOO�HFRV\VWHPV��7KH\�PD\�DGGLWLRQDOO\�LQFOXGH�FRQVLGHUDWLRQV�RI�WKUHDW�RU� YXOQHUDELOLW\�� DQG� FULWHULD� VXFK� DV� FRVW� RI� DYDLODEOH� ODQG�� 9DULDWLRQV� RI� WKHVH� VRSKLVWLFDWHG�V\VWHPDWLF� FRQVHUYDWLRQ� SODQQLQJ� WHFKQLTXHV� KDYH� EHHQ� ORFDOO\� GHYHORSHG� LQ� 6RXWK�$IULFD� DQG�DSSOLHG�RQ�D�UHJLRQDO�VFDOH� �H�J��&RZOLQJ�DQG�3UHVVH\��������$�UHFHQW�VWXG\�ZDV�FDUULHG�RXW�E\�2OVRQ� DQG�'LQHUVWHLQ �2OVRQ� 	�'LQHUVWHLQ� ������� WR� LGHQWLI\� SULRULW\� DUHDV� DW� D� JOREDO� VFDOH��6HYHUDO� RI� WKHVH� DUHDV� OLH� LQ� VRXWKHUQ� $IULFD�� DQG� PDQ\� DUH� GHQVHO\� LQKDELWHG�� FUHDWLQJ� WKH�SRWHQWLDO� IRU� FRQVHUYDWLRQ� FRQIOLFW� �%DOPIRUG� HW� DO�� �������+RWVSRW� DQDO\VHV�� DV� FDUULHG� RXW� E\�&RQVHUYDWLRQ�,QWHUQDWLRQDO��DLP�WR�KLJKOLJKW�DUHDV�ZLWK�KLJK�FRQFHQWUDWLRQV�RI�HQGHPLF�VSHFLHV�WKDW�DUH�XQGHUJRLQJ�H[FHSWLRQDO�ORVV�RI�KDELWDW��0\HUV�HW�DO���������$�FRPSOHPHQWDU\�DSSURDFK�LV�WR�LGHQWLI\�WKH�UHPDLQLQJ�DUHDV�LQ�HDFK�ELRPH�OHDVW�LPSDFWHG�E\�KXPDQ�DFWLYLW\��6DQGHUVRQ�HW�DO���������$W� ODUJH� VFDOHV��SULRULW\� VHWWLQJ� DQDO\VHV�� LQFOXGLQJ�%LUGOLIH� ,QWHUQDWLRQDO·V�(QGHPLF�%LUG�$UHDV��6WDWWHUVILHOG�HW�DO�������� DQG�WKH�,8&1�::)·V�&HQWUHV�RI�3ODQW�'LYHUVLW\�DQG�(QGHPLVP��'DYLV HW�DO� �������VKRZ�VLJQLILFDQW�RYHUODS��0\HUV�HW�DO��������:&0&������� �)LJXUH������



�

)LJXUH�����$UHDV�WKDW�KDYH�EHHQ�SURSRVHG�DV�SULRULWLHV�IRU�FRQVHUYDWLRQ�DFWLRQ�LQ�VRXWKHUQ�$IULFD�� 7KH� ::)� *OREDO� ���� LGHQWLILHV�UHSUHVHQWDWLYH� H[DPSOHV� RI� DOO� HFRV\VWHPV�DQG� HPSKDVLVHV� ELRGLYHUVLW\� IHDWXUHV� WKDW�ZHUH� LQ� SODFH� EHIRUH� PDMRU� KXPDQ� LPSDFWV��2OVRQ� 	� 'LQHUVWHLQ� ������� &RQVHUYDWLRQ�,QWHUQDWLRQDO·V� KRWVSRW� DQDO\VHV� KLJKOLJKW�DUHDV� RI� KLJK� HQGHPLVP� ZKLFK� DUH�XQGHUJRLQJ� H[FHSWLRQDO� ORVV� RI� KDELWDW��0\HUV�HW�DO��������

��� $LP��VFRSH�DQG�DSSURDFK�RI�WKLV�VWXG\
7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHULYH�DQG�DSSO\�D�PDFUR�HFRORJLFDO�LQGLFDWRU�WR�DVVHVV�ELRGLYHUVLW\�VWDWXV�DW�PXOWLSOH�VFDOHV��,Q�RUGHU�WR�HQVXUH�UHOHYDQFH�DQG�XVDELOLW\��FHUWDLQ�FULWHULD�ZHUH�GHILQHG�WKDW� WKH� LQGLFDWRU� ZDV� UHTXLUHG� WR� IXOILO�� 7KHVH� FULWHULD� H[SDQGHG� RQ� WKRVH� GHYHORSHG� E\� WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\��&%'������D��&%'������E��&%'������F��
� 6FLHQWLILF� VRXQGQHVV�� 7KH� LQGLFDWRU� KDG� WR� UHSUHVHQW� DQ� DFWXDO� REVHUYDEOH� TXDQWLW\� �H�J��QXPEHU�RI�VSHFLHV��WKDW�V\QWKHVL]HG�WKH�LPSDFW�RI�YDULRXV�IDFWRUV�LPSDFWLQJ�RQ�ELRGLYHUVLW\��DQG� QRW� VLPSO\� DQ� DUELWUDU\� YDOXH� GHULYHG� E\� D� UHODWLYH� VFRULQJ� DQG� ZHLJKWLQJ� RI� IDFWRUV�WKRXJKW� WR� UHODWH� WR� ELRGLYHUVLW\� VWDWXV� �H�J�� DV� GRQH� LQ� WKH� (QYLURQPHQWDO� 6XVWDLQDELOLW\�,QGH[���7KH�LQGLFDWRU�KDG�WR�LQFRUSRUDWH�DQG�EH�VHQVLWLYH�WR�WKH�PDLQ�IDFWRUV�WKDW�DUH�NQRZQ�WR� LQIOXHQFH�ELRGLYHUVLW\�VWDWXV�� ,W�ZDV�UHTXLUHG� WR� WDNH�DFFRXQW�RI� WKH�JUDGXDWHG�QDWXUH�RI�WKH�LPSDFW�RI�GLIIHUHQW�KXPDQ�DFWLYLWLHV��DQG�QRW�DGRSW�D�ELQDU\�DSSURDFK�WR�FODVVLI\LQJ�WKH�ODQGVFDSH��H�J��SURWHFWHG��XQSURWHFWHG���6LPLODUO\��WKH�LQGLFDWRU�KDG�WR�DFFRXQW�IRU�FKDQJHV�LQ�WKH�DEXQGDQFH�RI�VSHFLHV�RU�WKH�H[WHQW�RI�HFRV\VWHP�W\SHV��DQG�QRW�VLPSO\�WKHLU�SUHVHQFH�RU�DEVHQFH�� ([WLQFWLRQ� LV� WKH� ILQDO� VWHS� LQ� D� ORQJ� SURFHVV� RI� UHGXFWLRQ� LQ� WKH� DEXQGDQFH� RI�RUJDQLVPV�RU�FRPPXQLWLHV��7KH�XQFHUWDLQW\�LQ�WKH�LQGH[�KDG�WR�EH�TXDQWLILDEOH��DQG�WKH�PDLQ�VRXUFHV�RI�XQFHUWDLQW\�KDG�WR�EH�LGHQWLILDEOH�
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� 3ROLF\� UHOHYDQFH�� 7KH� LQGLFDWRU� KDG� WR� EH� LQWXLWLYHO\� XQGHUVWDQGDEOH� DQG� HDV\� WR�FRPPXQLFDWH��,Q�DGGLWLRQ��WKH LQGLFDWRU�ZDV�UHTXLUHG�WR�VHQG�DQ�XQDPELJXRXV�PHVVDJH�WKDW�FRXOG�EH� WKH�EDVLV� IRU�SROLF\� DQG�GHFLVLRQ�PDNLQJ��)RU� WKLV� UHDVRQ�� LW�QHHGHG� WR�EH�KLJKO\�V\QWKHWLF� �L�H�� EULQJLQJ� WRJHWKHU� VHYHUDO� OLQNHG� LQIRUPDWLRQ�VWUHDPV� LQWR�D� VLQJOH�� LQWHJUDWHG�LQGLFDWRU� DQG� DPHQDEOH� WR� DJJUHJDWLRQ� DW� WKH� ODUJH� VSDWLDO� VFDOHV� DW� ZKLFK� QDWLRQDO� DQG�LQWHUQDWLRQDO� SROLF\� LV�PDGH�� $W� WKH� VDPH� WLPH�� LW� KDG� WR� DOORZ� IRU� GLVDJJUHJDWLRQ� LQWR� LWV�FRPSRQHQWV�DQG�WR�VXE�QDWLRQDO�VFDOHV�LQ�RUGHU�WR�HQVXUH�WUDQVSDUHQF\�DQG�PHHW�WKH�QHHGV�RI�XVHUV�LQ�GLIIHUHQW�VSKHUHV�RI�GHFLVLRQ�PDNLQJ��7KH�LQGLFDWRU�KDG�WR�EH�VHQVLWLYH�WR�FKDQJHV�DW�SROLF\�UHOHYDQW�VSDWLDO�DQG�WHPSRUDO�VFDOHV��,W�KDG�WR�HQDEOH�FRPSDULVRQ�EHWZHHQ�D�EDVHOLQH�VLWXDWLRQ�DQG�D�SROLF\�WDUJHW��DQG�EH�XVHDEOH�LQ�UHFRQVWUXFWLRQV�RI�SDVW�WUHQGV�DQG�VFHQDULRV�RI�WKH�IXWXUH��)XUWKHUPRUH��LW�QHHGHG�WR�EH�LQ�D�IRUP�WKDW�FRXOG�EH�UHODWHG�WR�FRQFHSWV�VXFK�DV�HFRQRPLF�YDOXH�DQG�KXPDQ�ZHOO�EHLQJ��VR�WKDW�WUDGH�RIIV�FRXOG�EH�HYDOXDWHG�
� $SSOLFDELOLW\�DW�PXOWLSOH�VSDWLDO�VFDOHV��,W�ZDV�HVVHQWLDO�WKDW�WKH�LQGLFDWRU�ZDV�DPHQDEOH�WR�DSSOLFDWLRQ� DW�� DQG� GLUHFW� FRPSDULVRQ� EHWZHHQ�� GLIIHUHQW� VSDWLDO� VFDOHV�� )RU� H[DPSOH�� WKH�YDOXH�IRU�D�SDUWLFXODU�PXQLFLSDOLW\�VKRXOG�EH�GLUHFWO\�FRPSDUDEOH�WR�WKDW�IRU�D�VXE�FRQWLQHQWDO�UHJLRQ� ZLWKRXW� FRPSOH[� UHVFDOLQJ� SURFHGXUHV�� ,Q� DGGLWLRQ�� WKH� LQGLFDWRU� QHHGHG� WR� EH�TXDQWLILDEOH� IRU� DUHDV� HLWKHU� GHILQHG�E\� HFRORJLFDO� ERXQGDULHV� �H�J�� ELRPHV���RU�E\�SROLWLFDO�ERXQGDULHV��H�J��SURYLQFHV�RU�FRXQWLHV���
� 3UDFWLFDOLW\� DQG� DIIRUGDELOLW\�� ,W� ZDV� LPSRUWDQW� WKDW� WKH� LQGLFDWRU� EH� PHDVXUDEOH� ZLWK�VXIILFLHQW� DFFXUDF\� DW� DQ� DIIRUGDEOH� FRVW�� IRU� ERWK� GDWD�ULFK� DQG� GDWD�SRRU� UHJLRQV�� ,Q�DGGLWLRQ�� WKH� LQGLFDWRU� KDG� WR� EH� DEOH� WR�PDNH� XVH� RI� GLIIHULQJ� W\SHV� DQG� TXDOLW\� RI� GDWD�VRXUFHV��DV�ZHOO�DV�K\EULG�GDWD�VRXUFHV�
7KLV� VWXG\ LQWURGXFHV� D� QHZ� LQGLFDWRU�� WKH� %LRGLYHUVLW\� ,QWDFWQHVV� ,QGH[� �%,,��� DV� D� PHDVXUH�ZKLFK� PHHWV� WKHVH� FULWHULD�� ,W� WKHQ� GHPRQVWUDWHV� LWV� DSSOLFDWLRQ� LQ� VHYHUDO� SROLF\�UHOHYDQW�FRQWH[WV�� :KLOH� WKH� %,,� FDQ� FRQFHSWXDOO\� EH� DSSOLHG� LQ� DQ\� SDUW� RI� WKH� ZRUOG�� LQFOXGLQJ� WKH�RFHDQV�� DQG� SRWHQWLDOO\� LQODQG� ZDWHU� DQG� FRDVWDO� V\VWHPV�� WKH� DSSOLFDWLRQ� RI� WKH� LQGH[� LQ� WKLV�VWXG\�ZDV� UHVWULFWHG� WR� WKH� ODQG� DUHD�RI� VRXWKHUQ�$IULFD��GHILQHG�DV� WKH� UHJLRQ�FRYHULQJ�6RXWK�$IULFD�� /HVRWKR�� 6ZD]LODQG�� 1DPLELD�� %RWVZDQD�� =LPEDEZH DQG� 0R]DPELTXH�� 7KH� VWXG\�DGRSWHG�DQ�DVVHVVPHQW�DSSURDFK��IRFXVLQJ�RQ�WKH�V\QWKHVLV�RI�H[LVWLQJ�GDWD��UDWKHU�WKDQ�RQ�WKH�FROOHFWLRQ�RI�QHZ�GDWD��DQG�DLPLQJ�WR�LGHQWLI\�JDSV�LQ�NQRZOHGJH�DQG�KLJKOLJKW�XQFHUWDLQWLHV��,Q�WKH�VSLULW�RI�WKH�0$��GLIIHUHQW�W\SHV RI�YHULILDEOH�NQRZOHGJH�VRXUFHV�ZHUH�XVHG��,Q�WKLV�FDVH��WKH�
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SULPDU\�GDWD� VRXUFHV�ZHUH�H[LVWLQJ� VSHFLHV� LQYHQWRU\�GDWD� WKDW�KDG�EHHQ�FROOHFWHG� WKRXJK�ILHOG�VXUYH\V��VDWHOOLWH�GHULYHG�ODQG�FRYHU�GDWD��DQG�WKH�WDFLW�NQRZOHGJH�RI�VFLHQWLILF�H[SHUWV��
��� 'LVVHUWDWLRQ�VWUXFWXUH
7KLV� GLVVHUWDWLRQ� FRQVLVWV� RI� HLJKW� FKDSWHUV� �)LJXUH� ������ 2WKHU� WKDQ� WKLV� FKDSWHU� DQG� WKH�FRQFOXGLQJ�FKDSWHU��WKH\�DUH�DOO�LQ�WKH�IRUP�RI�VWDQG�DORQH�VFLHQWLILF�SXEOLFDWLRQV��7KHUH�LV�WKXV�DQ� LQHYLWDEOH�GHJUHH�RI� UHSHWLWLRQ�DQG�UHGXQGDQF\�EHWZHHQ�FKDSWHUV��&KDSWHUV������DQG���KDYH�DOUHDG\�XQGHUJRQH�VFLHQWLILF�SHHU�UHYLHZ�DQG�KDYH�EHHQ�DFFHSWHG�IRU�SXEOLFDWLRQ��&KDSWHU���KDV�EHHQ� SXEOLVKHG� RQOLQH� LQ� WKH� IRUP� RI� HOHFWURQLF� FRQIHUHQFH� SURFHHGLQJV�� &KDSWHU� �� KDV� EHHQ�VXEPLWWHG�IRU�UHYLHZ��ZKLOH�&KDSWHU���LV�EHLQJ�ILQDOLVHG�IRU�VXEPLVVLRQ��&KDSWHUV�KDYH�QRW�EHHQ�RUJDQLVHG�LQ�FKURQRORJLFDO�RUGHU�RI�SXEOLFDWLRQ��EXW�DFFRUGLQJ�WR�D�ORJLFDO�SURJUHVVLRQ�RI�LGHDV��$OO�WKH�VWDQG�DORQH�SDSHUV�KDYH�PXOWLSOH�DXWKRUV��(DFK�LV�SUHIDFHG�ZLWK�D�EULHI�VWDWHPHQW�RI�WKH�EDFNJURXQG�WR�WKH�SDSHU��LWV�SXEOLFDWLRQ�VWDWXV�DW�WKH�WLPH�RI�VXEPLVVLRQ�RI�WKLV�GLVVHUWDWLRQ��DQG�P\�VSHFLILF�FRQWULEXWLRQ�WR�WKH�XQGHUSLQQLQJ�UHVHDUFK�DQG�ZULWLQJ�RI�WKH�SDSHU��
7KLV�FKDSWHU�SURYLGHV�WKH�EURDGHU�FRQWH[W�RI�JOREDO�HQYLURQPHQWDO�FKDQJH�DQG�DVVHVVPHQWV��DQG�HVWDEOLVKHV� WKH� REMHFWLYHV� RI� WKH� VWXG\�� &KDSWHU� �� LQWURGXFHV� WKH�PXOWL�GLPHQVLRQDO� QDWXUH� RI�ELRGLYHUVLW\��DQG�SURYLGHV�D�VXUYH\�DQG�DVVHVVPHQW�RI�H[LVWLQJ�ELRGLYHUVLW\�LQGLFDWRUV��,W�VHUYHV�DV�WKH�OLWHUDWXUH�UHYLHZ�IRU�WKLV GLVVHUWDWLRQ��DQG�PRWLYDWHV�WKH�QHHG�IRU�D�PDFUR�HFRORJLFDO�LQGLFDWRU�RI�ELRGLYHUVLW\�VWDWXV�WKDW�FDQ�EH�XVHG�IRU�SROLF\�SXUSRVHV�
&KDSWHU� �� LQWURGXFHV�� GHILQHV� DQG� GHVFULEHV� WKH� %,,� DV� D� V\QWKHWLF�� SROLF\�UHOHYDQW� LQGLFDWRU��VSHFLILFDOO\�ZLWK�UHJDUG�WR�DVVHVVLQJ�SURJUHVV�WRZDUGV�WKH�LQWHUQDWLRQDO�WDUJHW�RI�UHGXFLQJ�WKH�UDWH�RI�ELRGLYHUVLW\�ORVV�E\�������7KH�DOJRULWKP�DQG�GDWD�XVHG�WR�FDOFXODWH�WKH�LQGH[�DUH�GHVFULEHG�LQ�GHWDLO�LQ�WKLV�FKDSWHU��7R�LOOXVWUDWH�LWV�DSSOLFDWLRQ��WKH�LQGH[�LV�FDOFXODWHG�IRU�VRXWKHUQ�$IULFD�IRU�WKH�\HDU������DQG�WKH�UDWH�RI�ELRGLYHUVLW\�ORVV�LV�HVWLPDWHG�IRU�WKH�GHFDGH�RI�WKH�����V��,Q�RUGHU�WR�HVWDEOLVK�WKH�VFLHQWLILF�FUHGLELOLW\�RI�WKH�LQGH[��&KDSWHU���DOVR�SUHVHQWV�VXPPDUL]HG�UHVXOWV�RI�WHVWV� RI� WKH� VFDODELOLW\� DQG� VHQVLWLYLW\� RI� WKH� LQGH[�� DQG� D� YDOLGDWLRQ�RI� WKH� XVH� RI� LQIRUPDWLRQ�GHULYHG� IURP� H[SHUW� MXGJPHQW�� )XOO� GHWDLOV� RI� WKH� WHVWV� WKDW� ZHUH� SHUIRUPHG� WR� YHULI\� WKH�DSSOLFDWLRQ�RI�WKH�%,,�DW�PXOWLSOH�SROLF\�UHOHYDQW�VFDOHV�DUH�SUHVHQWHG�LQ�&KDSWHU����7KLV�FKDSWHU�DOVR�GHWDLOV� WKH� DQDO\VHV� WKDW�ZHUH�SHUIRUPHG� WR� WHVW� WKH� VHQVLWLYLW\�RI� WKH�%,,� WR� ODQG�XVH�DQG�VSHFLHV�ULFKQHVV�GDWD�RI�YDU\LQJ�TXDOLW\�DQG�UHVROXWLRQ�
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&KDSWHU��&RQWH[W�DQG�REMHFWLYHV
&KDSWHU��$VVHVVHV�H[LVWLQJ�ELRGLYHUVLW\�LQGLFDWRUV�/LWHUDWXUH�UHYLHZ�

&KDSWHU��,QWURGXFHV�WKH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[��%,,��$WWULEXWHV�RI�WKH�LQGH[��PHWKRG�RI�FDOFXODWLRQ�
&KDSWHU��7HVWV�XVH�RI�%,,�DW�PXOWLSOH�VFDOHV�DQG�DQDO\VHV�VHQVLWLYLW\�

&KDSWHU��)XWXUH�VFHQDULRV�RI�ELRGLYHUVLW\�FKDQJH
&KDSWHU��5HODWLRQ�WR�VRFLHWDO�ZHDOWK�	�WUDGH�RIIV

&KDSWHU��0XOWL�OHYHO�SROLF\�	�GHFLVLRQ�PDNLQJ

&KDSWHU��&RQFOXVLRQ

3ROLF\�DSSOLFDWLRQV

)LJXUH�����2UJDQLVLQJ�IUDPHZRUN�IRU�WKH�GLVVHUWDWLRQ��VKRZLQJ�WKH�SULPDU\�SXUSRVH�RI�HDFK�FKDSWHU�DQG�LWV�UROH LQ�WKH�RYHUDOO�VWXG\��1RWH�WKDW�&KDSWHUV���WKURXJK���KDYH�EHHQ�SUHSDUHG�DV�VWDQG �DORQH�SXEOLFDWLRQV��GHWDLOV�DUH�JLYHQ�RQ�WKH�FRYHU�SDJH�SUHFHGLQJ�HDFK�FKDSWHU�
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6HOHFWHG�SROLF\�UHOHYDQW�DSSOLFDWLRQV�RI�WKH�%,,�DUH�H[SORUHG�LQ�&KDSWHUV���WKURXJK����7KH�QHHG�IRU�DQ�LQGLFDWRU�WKDW�FDQ�EH�XVHG�DW�PXOWLSOH�OHYHOV�RI�GHFLVLRQ�PDNLQJ�ZDV�D�NH\�FULWHULRQ�LQ�WKH�GHULYDWLRQ�RI�WKH�%,,��&KDSWHU��� LQWHUSUHWV�WKH�UHVXOWV�RI�DSSO\LQJ�WKH�LQGH[�DW�D�VHYHUDO�SROLF\�UHOHYDQW�VSDWLDO�VFDOHV�LQ�6RXWK�$IULFD��DQG�H[SORUHV�WKH�LPSOLFDWLRQV�IRU�ELRGLYHUVLW\�FRQVHUYDWLRQ�LQ�WKH�FRXQWU\��$QRWKHU�LPSRUWDQW�FULWHULRQ�ZDV�WKDW�WKH�LQGLFDWRU�FRXOG�EH�XVHG�WR�H[SORUH�WKH�LPSOLFDWLRQV�RI�GLIIHUHQW�SROLF\�RU�PDQDJHPHQW�DSSURDFKHV��&KDSWHU���PDNHV�XVH�RI�WKH�,0$*(�ODQG�FRYHU�PRGHO��$OFDPR HW�DO� ����� DQG�WKH�IRXU�0$�JOREDO�VFHQDULRV��0$������E� WR�H[SORUH�SRVVLEOH�FKDQJHV�LQ�ELRGLYHUVLW\�LQWDFWQHVV�LQ�VRXWKHUQ�$IULFD�RYHU�WKH���VW FHQWXU\��7UDGH�RIIV�OLH�DW� WKH� KHDUW� RI� SROLF\� DQG� GHFLVLRQ�PDNLQJ�� ,Q� &KDSWHU� ��� WKH� %,,� LV� XVHG� DV� D� SUR[\� IRU�UHQHZDEOH� QDWXUDO� FDSLWDO�� LQ� RUGHU� WR� UHODWH� KLVWRULF� FKDQJHV� LQ� ELRGLYHUVLW\� WR� WRWDO� VRFLHWDO�ZHDOWK��7KLV�HQDEOHG�DQ�H[SORUDWLRQ�RI�WKH�QDWXUH�DQG�H[WHQW�RI�WKH�WUDGH�RII�WKDW�KDV�EHHQ�PDGH�EHWZHHQ�WKH�SUHVHUYDWLRQ�RI�ELRGLYHUVLW\�DQG�WKH�HFRQRPLF�GHYHORSPHQW�RI�6RXWK�$IULFD�
7KH�ILQDO�FKDSWHU��&KDSWHU����GUDZV�FRQFOXVLRQV�ZLWK�UHVSHFW�WR�WKH�XVH�RI�WKH�%,,�DV�DQ�LQGLFDWRU�RI�ELRGLYHUVLW\�VWDWXV��,W�KLJKOLJKWV�WKH�PDMRU�SROLF\�UHOHYDQW�ILQGLQJV�WKDW�KDYH�HPHUJHG�IURP�WKH�DSSOLFDWLRQ�RI�%,,�LQ�VRXWKHUQ�$IULFD��DQG�LGHQWLILHV�DYHQXHV�IRU�IXUWKHU�UHVHDUFK��
��� 5HIHUHQFHV
$OFDPR�� -��� /HHPDQV��5�� DQG�.UHLOHPDQ��(�� �HGV���� ��������*OREDO�&KDQJH�6FHQDULRV� RI� WKH� ��VW &HQWXU\��2[IRUG��8.��3HUJDPRQ�%DOPIRUG�� $���0RRUH�� -�� /��� %URRNV�� 7��� %XUJHVV��1���+DQVHQ�� /�� $���:LOOLDPV�� 3�� DQG�5DKEHN�� &����������&RQVHUYDWLRQ�FRQIOLFWV�DFURVV�$IULFD��6FLHQFH ���������������%LJJV��5���%RKHQVN\��(���'HVDQNHU��3��9���)DEULFLXV��&���/\QDP��7���0LVVHOKRUQ��$��$���0XVYRWR��&���0XWDOH��0���5H\HUV��%��� 6FKROHV��5�� -��� 6KLNRQJR��6�� DQG�YDQ� -DDUVYHOG��$��6���������1DWXUH�VXSSRUWLQJ� SHRSOH�� 7KH� 6RXWKHUQ�$IULFDQ�0LOOHQQLXP� (FRV\VWHP�$VVHVVPHQW �� 3UHWRULD�� 6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�%RKHQVN\��(���5H\HUV��%���YDQ�-DDUVYHOG��$��6��DQG�)DEULFLXV��&���HGV������������(FRV\VWHP�6HUYLFHV�LQ�WKH�*DULHS�%DVLQ��6WHOOHQERVFK��6RXWK�$IULFD��6XQ�3UHVV�%URRNV��7���%DOPIRUG��$���%XUJHVV��1��'���)MHOGVn�� -���+DQVHQ��/��$���0RRUH�� -��/���5DKEHN��&��DQG�:LOOLDPV��3����������7RZDUGV�D�EOXHSULQW�IRU�FRQVHUYDWLRQ�LQ�$IULFD��%LR6FLHQFH ������������%XUJHVV��1���'
$PLFR��-��$���8QGHUZRRG��(��0���'LQHUVWHLQ��(���2OVRQ��'��0���,WRXD��,���6FKLSSHU��-���5LFNHWWV�� 7�� +�� DQG� 1HZPDQ�� .�� ��������7HUUHVWULDO� (FRUHJLRQV� RI� $IULFD� DQG� 0DGDJDVFDU�� $�FRQVHUYDWLRQ�DVVHVVPHQW��:DVKLQWRQJ�'�&���86$��,VODQG�3UHVV�
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&%'�������D���&RQVLGHUDWLRQ�RI�WKH�UHVXOWV�RI�WKH�PHHWLQJ�RQ������� � 7KH�*OREDO�%LRGLYHUVLW\�&KDOOHQJH� ��0HHWLQJ�5HSRUW� 81(3�&%'�6%677$���,1)���� 0RQWUHDO�� &DQDGD�� &RQYHQWLRQ� RQ� %LRORJLFDO�'LYHUVLW\�&%'�� �����E��� 0RQLWRULQJ� DQG� LQGLFDWRUV�� GHVLJQLQJ� QDWLRQDO �OHYHO� PRQLWRULQJ� SURJUDPPHV� DQG� LQGLFDWRUV ��81(3�&%'�6%677$�������0RQWUHDO��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&%'�������F���3URSRVHG�ELRGLYHUVLW\�LQGLFDWRUV�UHOHYDQW�WR�WKH������WDUJHW �81(3�&%'�6%677$���,1)�����0RQWUHDO��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&RZOLQJ��5��0�� DQG�3UHVVH\��5��/�� �������� ,QWURGXFWLRQ� WR�V\VWHPDWLF�FRQVHUYDWLRQ�SODQQLQJ� LQ� WKH�&DSH�)ORULVWLF�5HJLRQ��%LRORJLFDO�&RQVHUYDWLRQ ����������'DYLV�� 6��� +H\ZRRG�� 9�� +�� DQG� +DPLOWRQ�� $�� &�� �HGV���� ��������&HQWUHV� RI� 3ODQW� 'LYHUVLW\�� *ODQG��6ZLW]HUODQG�� :RUOG� :LGH� )XQG� IRU� 1DWXUH� DQG� ,QWHUQDWLRQDO� 8QLRQ� IRU� &RQVHUYDWLRQ� RI�1DWXUH�DQG�1DWXUDO�5HVRXUFHV��'HVDQNHU�� 3�� 9��� .ZHVKD�� '�� DQG� *XPER�� '�� ��������(FRV\VWHP� VHUYLFHV� LQ� WKH� =DPEH]L� %DVLQ ��ZZZ�PLRPER�RUJ� ZZZ�]DPEH]LEDVLQ�RUJ 0LRPER�1HWZRUN�)$2�� ��������7KH� VWDWH� RI� WKH�ZRUOG
V� SODQW� JHQHWLF� UHVRXUFHV� IRU� IRRG�DQG�DJULFXOWXUH ��5RPH��,WDO\��)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV�*DOORStQ��*��&�� �������� ,QGLFDWRUV�DQG� WKHLU�XVH�� ,QIRUPDWLRQ� IRU�GHFLVLRQ�PDNLQJ�� ,Q� 6XVWDLQDELOLW\�,QGLFDWRUV �0ROGDQ��%��DQG�%LOOKDU]��6��HG����5HSRUW�RQ�WKH�SURMHFW�RQ�,QGLFDWRUV�RI�6XVWDLQDEOH�'HYHORSPHQW��&KLFKHVWHU��8.��-RKQ�:LOH\�	�6RQV�*ROGLQJ�� -�� 6���HG���� ��������6RXWKHUQ�$IULFDQ�3ODQW�5HG�'DWD�/LVWV �� 6$%21(7�5HSRUW�6HULHV�1R�����3UHWRULD��6RXWK�$IULFD��6$%21(7�+RHNVWUD��-��0���%RXFKHU��7��0���5LFNHWWV��7��+��DQG�5REHUWV��&����������&RQIURQWLQJ�D�ELRPH�FULVLV��JOREDO�GLVSDULWLHV�RI�KDELWDW�ORVV�DQG�SURWHFWLRQ��(FRORJ\�/HWWHUV ���������+XQWOH\�� %�� -�� �HG���� ��������%LRWLF� 'LYHUVLW\� LQ� 6RXWKHUQ�$IULFD�� &RQFHSWV� DQG� &RQVHUYDWLRQ �� &DSH� 7RZQ��6RXWK�$IULFD��2[IRUG�8QLYHUVLW\�3UHVV�,8&1�� ������������� ,8&1� 5HG� /LVW� RI� 7KUHDWHQHG� 6SHFLHV �� *ODQG�� 6ZLW]HUODQG��:RUOG� &RQVHUYDWLRQ�8QLRQ�.�SHU��:��.���6RPPHU��+���/RYHWW��-��&���0XWNH��-���/LQGHU��+��3���%HHQWMLH��+��-���5RPSDH\��5��6��$��5��� &KDWHODLQ�� &��� 6RVHI�� 0�� DQG� %DUWKORWW�� 0�� �������� $IULFD
V� KRWVSRWV� RI� ELRGLYHUVLW\�UHGHILQHG��$QQDOV�RI�WKH�0LVVRXUL�%RWDQLFDO�*DUGHQ ������������/DZWRQ��-��+��DQG�0D\��5��0���HGV������������([WLQFWLRQ�UDWHV��2[IRUG��8.��2[IRUG�8QLYHUVLW\�3UHVV�/H�5RX[��-�� �HG���� ��������7KH�ELRGLYHUVLW\�RI�6RXWK�$IULFD�������,QGLFDWRUV�� WUHQGV�DQG�KXPDQ�LPSDFWV ��&DSH�7RZQ��6RXWK�$IULFD��6WUXLN�/HDNH\��5��(��DQG�/HZLQ��5����������7KH�VL[WK�H[WLQFWLRQ��SDWWHUQV�RI� OLIH�DQG�WKH�IXWXUH�RI�KXPDQNLQG ��1HZ�<RUN��86$��5DQGRP�+RXVH�/RK��-���HG������������/LYLQJ�3ODQHW�5HSRUW�������*ODQG��6ZLW]HUODQG��::)�,QWHUQDWLRQDO�
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/RYHORFN��-��(����������*DLD��$�QHZ�ORRN�DW�OLIH�RQ�(DUWK ��2[IRUG��8.��2[IRUG�8QLYHUVLW\�3UHVV�/\QDP��7���6LWRH��$���5HLFKHOW��%���2ZHQ��5���=ROKR��5���&XQOLIIH��5��DQG�%ZHULQRID��,����������+XPDQ�ZHOO�EHLQJ�DQG�HFRV\VWHP�VHUYLFHV��DQ�DVVHVVPHQW�RI�WKHLU�OLQNDJHV�LQ�WKH�*RURQJRVD �0DUURPHX�UHJLRQ�RI�6RIDOD�3URYLQFH��0R]DPELTXH�WR�������+DUDUH��=LPEDEZH��8QLYHUVLW\�RI�=LPEDEZH�0$�������D���6\QWKHVLV�UHSRUW�IRU�WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\ ��0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�5HSRUW��7R�EH�UHOHDVHG�LQ��������:DVKLQJWRQ�'�&���,VODQG�3UHVV�0$����������(FRV\VWHPV�DQG�+XPDQ�:HOO�EHLQJ��$�)UDPHZRUN�IRU�$VVHVVPHQW ��$�5HSRUW�RI�WKH�&RQFHSWXDO�)UDPHZRUN�:RUNLQJ�*URXS�RI� WKH�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW� �:DVKLQJWRQ�'�&���86$��,VODQG�3UHVV�0$�������E���6FHQDULR�$VVHVVPHQW�5HSRUW��0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��7R�EH�UHOHDVHG�LQ��������:DVKLQJWRQ�'�&���,VODQG�3UHVV�0RRUH�,,,��%����������&KDOOHQJHV�RI�D�FKDQJLQJ�(DUWK��,Q�&KDOOHQJHV�RI�D�&KDQJLQJ�(DUWK �6WHIIHQ��:��/���-lJHU�� -��� &DUVRQ�� '�� -�� DQG� %UDGVKDZ�� &�� HG���� 3URFHHGLQJV� RI� WKH� *OREDO� &KDQJH� 2SHQ�6FLHQFH� &RQIHUHQFH�� $PVWHUGDP�� 7KH� 1HWKHUODQGV�� ������ -XO\� ������ %HUOLQ�� *HUPDQ\��6SULQJHU�9HUODJ�0XWNH��-��DQG�%DUWKORWW��:����������3DWWHUQV�RI�YDVFXODU�SODQW�GLYHUVLW\�DW�FRQWLQHQWDO�WR�JOREDO�VFDOHV��,Q� 3ODQW�GLYHUVLW\�DQG�FRPSOH[LW\�SDWWHUQV��/RFDO��UHJLRQDO�DQG�JOREDO�GLPHQVLRQV �)ULLV��,��DQG�%DOVOH\��+��HG����&RSHQKDJHQ��'HQPDUN��7KH�5R\DO�'DQLVK�$FDGHP\�RI�6FLHQFHV�DQG�/HWWHUV�0\HUV�� 1��� 0LWWHUPHLHU�� 5�� $��� 0LWWHUPHLHU�� &�� *��� GD� )RQVHFD�� *�� $�� %�� DQG� .HQW�� -�� ��������%LRGLYHUVLW\�KRWVSRWV�IRU�FRQVHUYDWLRQ�SULRULWLHV��1DWXUH �������������2OVRQ��'��0��DQG�'LQHUVWHLQ��(����������7KH�*OREDO������3ULRULW\�HFRUHJLRQV�IRU�JOREDO�FRQVHUYDWLRQ��$QQDOV�RI�WKH�0LVVRXUL�%RWDQLFDO�*DUGHQ ������������2OVRQ��'��0���'LQHUVWHLQ��(���:LNUDPDQD\DNH��(��'���%XUJHVV��1��'���3RZHOO��*��9��1���8QGHUZRRG��(��0���'
$PLFR��-��$���,WRXD��,���6WUDQG��+��(���0RUULVRQ��-��&���/RXFNV��&��-���$OOQXWW��7��)���5LFNHWWV��7��+���.XUD��<���/DPRUHX[��-��)���:HWWHQJHO��:��:���+HGDR��3��DQG�.DVVHP��.��5��������� 7HUUHVWULDO� HFRUHJLRQV�RI� WKH�ZRUOG��$�QHZ�PDS�RI� OLIH�RQ�HDUWK��%LR6FLHQFH ������������3LPP�� 6��/���5XVVHOO��*�� -���*LWWOHPDQ�� -��/�� DQG�%URRNV��7��0�� ��������7KH� IXWXUH�RI�ELRGLYHUVLW\��6FLHQFH �������������3RVWHO��6���'DLO\��*��&��DQG�(KUOLFK��3����������+XPDQ�DSSURSULDWLRQ�RI�UHQHZDEOH�IUHVK�ZDWHU��6FLHQFH�������������5R\DO�6RFLHW\����������0HDVXULQJ�ELRGLYHUVLW\�IRU�FRQVHUYDWLRQ ��3ROLF\�GRFXPHQW��������/RQGRQ��8.��7KH�5R\DO�6RFLHW\�6DQGHUVRQ��(��:���-DLWHK��0���/HY\��0��$���5HGIRUG��.��+���:DQQHER��$��9��DQG�:RROPHU��*����������7KH�+XPDQ�)RRWSULQW�DQG�WKH�/DVW�RI�WKH�:LOG��%LR6FLHQFH ������������
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6FKROHV��5�� -�� DQG�%LJJV��5�� �HGV���� ��������(FRV\VWHP�6HUYLFHV� LQ�6RXWKHUQ�$IULFD��$�5HJLRQDO�$VVHVVPHQW ��$YDLODEOH� RQOLQH� DW� ZZZ�PLOOHQQLXPDVVHVVPHQW�RUJ�� 3UHWRULD�� 6RXWK� $IULFD�� &RXQFLO� IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�6FKROHV��5��-��DQG�%LJJV��5����������$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��1DWXUH �����������6FKROHV��5�� -���.�SHU��:��.��DQG�%LJJV��5�� �LQ� SUHVV���%LRGLYHUVLW\�� ,Q� $IULFD�(QYLURQPHQWDO�2XWORRN���81(3�HG����1DLUREL��.HQ\D��8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH�6KDFNOHWRQ��&��0���)DEULFLXV��&���$LQVOLH��$���&XQGLOO��*���+HQGULFNV��+���0DWHOD��6��DQG�0KODQJX��1���������� 6RXWKHUQ� $IULFDQ� 0LOOHQQLXP� $VVHVVPHQW�� *DULHS� %DVLQ� /RFDO� 6FDOH� $VVHVVPHQWV ��*UDKDPVWRZQ��6RXWK�$IULFD��5KRGHV�8QLYHUVLW\�6WDWWHUVILHOG��$��-���&URVE\��0��-���/RQJ��$��-��DQG�:HJH��'��&����������(QGHPLF�%LUG�$UHDV�RI�WKH�:RUOG��3ULRULWLHV�IRU�%LRGLYHUVLW\�&RQVHUYDWLRQ ��&DPEULGJH��8.��%LUGOLIH�,QWHUQDWLRQDO�6WHIIHQ��:�� /��� 6DQGHUVRQ�� $��� 7\VRQ�� 3��'��� -lJHU�� -���0DWVRQ�� 3�� $���0RRUH� ,,,�� %���2OGILHOG�� )���5LFKDUGVRQ��.���6FKHOOQKXEHU��+��-���7XUQHU�,,��%��/��DQG�:DVVRQ��5��-����������*OREDO�&KDQJH�DQG�WKH�(DUWK�6\VWHP� $�SODQHW�XQGHU�SUHVVXUH��%HUOLQ��*HUPDQ\��6SULQJHU�9HUODJ�7KRPDV�� &�� '��� &DPHURQ�� $��� *UHHQ�� 5�� (��� %DNNHQHV�� 0��� %HDXPRQW�� /�� -��� &ROOLQJKDP�� <�� &���(UDVPXV��%��)��1���)HUUHLUD�GH�6LTXHLUD��0���*UDLQJHU��$���+DQQDK��/���+XJKHV��/���+XQWHO\��%��� YDQ� -DDUVYHOG�� $�� 6���0LGJOH\��*�� )���0LOHV�� /���2UWHJD�+XHUWD��0��$��� 3HWHUVRQ��$��7���3KLOOLSV��2��/��DQG�:LOOLDPV��6��(����������([WLQFWLRQ�ULVN�IURP�FOLPDWH�FKDQJH��1DWXUH �������������7XUQHU��%��/���&ODUN��:��&���.DWHV��5��:���5LFKDUGV�� -��)���0DWKHZV�� -��7�DQG�0H\HU��:��%�� �HGV������������7KH�(DUWK�DV�7UDQVIRUPHG�E\�+XPDQ�$FWLRQ��*OREDO�DQG�UHJLRQDO�FKDQJHV�LQ�WKH�ELRVSKHUH�RYHU�WKH�SDVW�����\HDUV��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�81�� ��������:RUOG� 6XPPLW� RQ� 6XVWDLQDEOH� 'HYHORSPHQW�� -RKDQQHVEXUJ� 3ODQ� RI� ,PSOHPHQWDWLRQ�� 1HZ�<RUN��8QLWHG�1DWLRQV�:DONHU��%��+���6WHIIHQ��:��/���&DQDGHOO��-��DQG�,QJUDP��-��6��,���HGV������������7KH�7HUUHVWULDO�%LRVSKHUH�DQG�*OREDO�&KDQJH��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�:&0&����������*OREDO�%LRGLYHUVLW\��(DUWK
V�OLY LQJ�UHVRXUFHV�LQ�WKH���VW�FHQWXU\ ��%\�%��*RRPEULGJH�DQG�0�'��-HQNLQV��&DPEULGJH��8.��:RUOG�&RQVHUYDWLRQ�3UHVV�:KLWH��)����������9HJHWDWLRQ�PDS�RI�$IULFD��3DULV��)5��8QHVFR�:LOVRQ��(��2����������7KH�IXWXUH�RI�OLIH��1HZ�<RUN��86$��5DQGRP�+RXVH�:RUOG� (FRQRPLF� )RUXP�� <DOH� &HQWHU� IRU� (QYLURQPHQWDO� /DZ� DQG� 3ROLF\� DQG� &HQWHU� IRU�,QWHUQDWLRQDO� (DUWK� 6FLHQFH� ,QIRUPDWLRQ� 1HWZRUN�� ������������� (QYLURQPHQWDO� 6XVWDLQDELOLW\�,QGH[��$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�FLHVLQ�FROXPELD�HGX�LQGLFDWRUV�HVL�
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7KLV�FKDSWHU�LQWURGXFHV�WKH�PXOWL�GLPHQVLRQDO��PXOWL�OHYHO�QDWXUH�RI�ELRGLYHUVLW\�DQG�SURYLGHV�DQ�DVVHVVPHQW�RI�ELRGLYHUVLW\� LQGLFDWRUV�FXUUHQWO\� LQ�XVH�� ,W� VHUYHV�DV� WKH� OLWHUDWXUH� UHYLHZ� IRU� WKLV�GLVVHUWDWLRQ�� 7KH� FKDSWHU� ZDV� SUHSDUHG� E\� LQYLWDWLRQ� DV� SDUW� RI� WKH�$VVHVVPHQW� RI� 6XVWDLQDELOLW\�,QGLFDWRUV �$6,�� SURMHFW��� FRRUGLQDWHG� E\� WKH� 6FLHQWLILF� &RPPLWWHH� RQ� 3UREOHPV� RI� WKH�(QYLURQPHQW� �6&23(���� WKH� ,QWHUQDWLRQDO� +XPDQ� 'LPHQVLRQV� 3URJUDPPH� RQ� *OREDO�(QYLURQPHQWDO�&KDQJH��,+'3����DQG�WKH�8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDP��81(3����
$JHQGD�����DGRSWHG�DW�WKH������8QLWHG�1DWLRQV�&RQIHUHQFH�RQ�(QYLURQPHQW�DQG�'HYHORSPHQW�LQ�5LR�GH�-DQHLUR��H[SUHVVHG�WKH�QHHG�WR�IRUPXODWH�VHWV�RI�LQGLFDWRUV�LQ�RUGHU�WR�EHWWHU�PRQLWRU�DQG�IRVWHU�VXVWDLQDEOH�GHYHORSPHQW��+XQGUHGV�RI�GLIIHUHQW�LQGLFDWRUV�KDYH�VLQFH�EHHQ�GHYHORSHG�DQG�DUH�EHLQJ�XVHG� LQ�GLYHUVH�FRQWH[WV��7KH�DLP�RI� WKH�$6,�SURMHFW�ZDV� WR�SURYLGH�D�VFLHQWLILF�DVVHVVPHQW�RI�H[LVWLQJ� LQGLFDWRUV�RI�VXVWDLQDEOH�GHYHORSPHQW��IRFXVLQJ�RQ�WKH�VFLHQWLILF�YDOLGLW\�RI�PHWKRGRORJLHV��UHOHYDQFH�WR�VXVWDLQDEOH�GHYHORSPHQW��SROLF\�UHOHYDQFH��DQG�WKH�IHDVLELOLW\�RI�GLIIHUHQW�LQGLFDWRUV��7KLV�FKDSWHU�VSHFLILFDOO\�DGGUHVVHV�LQGLFDWRUV�RI�ELRGLYHUVLW\��DQG�IRUPV�SDUW�RI�WKH�6&23(�YROXPH�WKDW�V\QWKHVLVHV�WKH�RXWSXWV�RI�WKH�$6,�SURMHFW��,Q�WKH�6&23(�YROXPH��WKH�FKDSWHU� LV�SUHFHGHG�E\�DQ� LQWURGXFWRU\�FKDSWHU� WKDW�H[SORUHV� WKH�FRQFHSWV�RI�VXVWDLQDELOLW\�DQG�LQGLFDWRUV�LQ�GHWDLO��KHQFH�WKH\�DUH�QRW�HODERUDWHG�RQ�LQ�WKLV�FKDSWHU��3ULRU�WR�DFFHSWDQFH�IRU�SXEOLFDWLRQ��WKH�FKDSWHU�ZDV�UHYLHZHG�E\�WZR�H[SHUWV��RYHUVHHQ�E\�D�UHYLHZ�HGLWRU��
7KH�FKDSWHU�ZDV�DXWKRUHG�E\�P\VHOI��5�-��6FKROHV��%��WHQ�%ULQN�DQG�'��9DÿNiQ��7KH�EDVH�WH[W�ZDV�GHYHORSHG� E\� P\VHOI� DQG� 5�-�� 6FKROHV�� DQG� FLUFXODWHG� WR� WKH� RWKHU� DXWKRUV� IRU� DGGLWLRQV� DQG�FRPPHQWV��,�ZDV�UHVSRQVLEOH�IRU�FRRUGLQDWLQJ�WKH�ZULWLQJ�DQG�VXEPLVVLRQ�RI�WKH�FKDSWHU��DV�ZHOO�DV�IRU� LQFRUSRUDWLQJ�WKH�FRPPHQWV�RI�WKH�FR�DXWKRUV��UHYLHZHUV�DQG�HGLWRUV��0\�OHDGLQJ�UROH�LV�UHFRJQLVHG�E\�WKH�DXWKRUV�LQ�WKH�RUGHU�LQ�ZKLFK�WKH�DXWKRUV�DUH�OLVWHG�
� ZZZ�F]S�FXQL�F]�DVL����ZZZ�LFVX�VFRSH�RUJ����ZZZ�LKGS�XQL�ERQQ�GH����ZZZ�XQHS�RUJ
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��� ,QWURGXFWLRQ
+XPDQ�DFWLRQV�FRPSURPLVH�WKH�LQIRUPDWLRQ�FRQWHQW�RI�WKH�ELRVSKHUH��ZKLFK�LV�FRQWDLQHG�LQ�LWV�ELRORJLFDO�GLYHUVLW\��ELRGLYHUVLW\��IRU�VKRUW���7KH� IXQGDPHQWDO�ORJLF�RI�ELRGLYHUVLW\�FRQVHUYDWLRQ�LV�WKDW� WKH� YDULHW\� RI� OLYLQJ� WKLQJV� PDWWHUV� IRU� D� UDQJH� RI� XWLOLWDULDQ� �KXPDQ �FHQWUHG�� DV� ZHOO� DV�LQWULQVLF� UHDVRQV��9DULDWLRQ� LV� WKH�UDZ�PDWHULDO�RI�HYROXWLRQ�DQG�WKH�VRXUFH�RI�QRYHO�DQG�XVHIXO�ELRORJLFDO�SURGXFWV��$Q�HFRV\VWHP�FRPSRVHG�RI�YHU\�VLPLODU�RUJDQLVPV�ZLOO�UHDFW�GLIIHUHQWO\�WR�LPSRVHG�VWUHVVHV� WKDQ�RQH�FRPSRVHG�RI�GLVVLPLODU�RUJDQLVPV��DOWKRXJK�JHQHUDO�SUHGLFWLYH�UXOHV�UHPDLQ�HOXVLYH���%LRGLYHUVLW\�KDV�DHVWKHWLF�DSSHDO� LQ�DOO�FXOWXUHV�DQG�PDQ\�SHRS OH�VKDUH�D�PRUDO�LPSHUDWLYH�WR�FRQVHUYH�D�UHSUHVHQWDWLYH�VDPSOH�RI�WKH�IXOO�UDQJH�RI�ELRORJLFDO�YDULDWLRQ��,Q�VKRUW��LW� LV�ZLGHO\� DJUHHG� WKDW� DOO� HOVH�EHLQJ� HTXDO��PRUH�GLYHUVLW\� LV�EHWWHU� WKDQ� OHVV�� HVSHFLDOO\� LQ� WKH�FRQWH[W�RI�QDWXUDO�RU�VHOI�UHJHQHUDWLQJ�HFRV\VWHPV��EXW�WKH�FULWLFDO�OLPLWV�DUH�XQNQRZQ��
0DQ\� ELRGLYHUVLW\� LQGLFDWRUV� KDYH� EHHQ� SURSRVHG� �5HLG� HW� DO�� � ������ 'HOEDHUH� � ����E�� &%'������F��&%'������H���EXW�DV�\HW�QRQH�KDYH�EHHQ�XQLYHUVDOO\�DFFHSWHG�DQG�DSSOLHG� �5R\DO�6RFLHW\���������7KH�DGRSWLRQ�E\�WKH�:RUOG�6XPPLW�RQ�6XVWDLQDEOH�'HYHORSPHQW�DQG�WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\� �&%'��RI�D� WDUJHW� WR� UHGXFH� WKH� UDWH�RI�ELRGLYHUVLW\� ORVV�E\� WKH�\HDU�������&%'������D��&%'������G� KDV�DFFHQWXDWHG�WKH�QHHG�WR�DFKLHYH�FRQYHUJHQFH�RQ�WKLV�LVVXH��$V�D�UHVXOW��WKH�LQWHUQDWLRQDO�GLVFXVVLRQ�RQ�LQGLFDWRUV�KDV�EHHQ�DFFHOHUDWHG�DQG�SUHOLPLQDU\�DJUHHPHQW�RQ�ILYH�WULDO�LQGLFDWRUV�UHDFKHG�ZLWKLQ�WKH�&%'� �����E���
7KH� GLIILFXOWLHV� LQ� HVWDEOLVKLQJ� RSHUDWLRQDO� LQGLFDWRUV� RI� ELRGLYHUVLW\� VWHP� IURP� WKUHH� PDLQ�VRXUFHV�� ILUVWO\�� LQDGHTXDF\�RI�PXFK�RI� WKH�GDWD�� VHFRQGO\�� WKH� ORVV�RI� LQIRUPDWLRQ� WKDW�RFFXUV�ZKHQ�D�FRPSOH[�DQG�PXOWL�GLPHQVLRQHG�FRQFHSW�LV�UHGXFHG�WR�D�RQH�GLPHQVLRQDO�LQGLFDWRU��DQG�WKLUGO\�� RXU� UXGLPHQWDU\�XQGHUVWDQGLQJ�RI� WKH� FDXVDO� OLQNV�EHWZHHQ�ELRGLYHUVLW\� DQG�HFRV\VWHP�IXQFWLRQ�� 7KLV� FKDSWHU� SUHVHQWV� WKH� EDVLF� FRQFHSWV� LPSRUWDQW� WR� PRQLWRULQJ� ELRGLYHUVLW\��



��

SURYLGHV�D�EURDG�RYHUYLHZ�RI�FXUUHQW�GHYHORSPHQWV�LQ�ELRGLYHUVLW\�LQGLFDWRUV��DQG�RXWOLQHV�IXWXUH�SRVVLELOLWLHV� LQ� WKLV� ILHOG��:H� IRFXV� RQ� LQGLFDWRUV� DW� WKH� QDWLRQDO� WR� JOREDO� OHYHOV�� LQ� RUGHU� WR�VXSSRUW�SROLF\�GHFLVLRQV�UHODWHG�WR�VXVWDLQDEOH�GHYHORSPHQW�
��� 7KH�WKHRUHWLFDO�EDVLV�IRU�ELRGLYHUVLW\�GHILQLWLRQV
$�VFLHQWLILF�GHILQLWLRQ�RI�ELRGLYHUVLW\�PLJKW�EH�¶WKH� FRPSOH[LW\ RI�OLYLQJ�V\VWHPV�DW�DOO�RUJDQLVDWLRQ�OHYHOV·�� 0DQ\� GHILQLWLRQV� DUH� YDOLG� ZLWKLQ� WKH� FRQWH[W� RI� WKHLU� VSHFLILF� XVH�� DQG� QR� VLPSOH�GHILQLWLRQ� FDQ� FRYHU� DOO� DVSHFWV�� QDWXUDO� YHUVXV KXPDQ�DOWHUHG�GLYHUVLW\�� HYHQQHVV� YHUVXV� ULFKQHVV��WKH�YDULRXV�VSDWLDO��D��¢ DQG�J ELRGLYHUVLW\��DQG�WHPSRUDO�GLPHQVLRQV��SK\ORJHQHWLF�ELRGLYHUVLW\���DQG� WKH� ELRORJLFDO� LQFRPSDWLELOLWLHV� RI� LQFUHDVLQJ� GLYHUVLW\� DW� DOO� RUJDQLVDWLRQ� OHYHOV�VLPXOWDQHRXVO\�� %HFDXVH� RI� WKH� EURDG�GHILQLWLRQ�� LW� LV� YHU\� GLIILFXOW� WR� GHULYH� YHULILDEOH� WDUJHWV��PHDVXUHV�DQG�PHDVXUHPHQWV�RI�ELRGLYHUVLW\�DW�WKLV�WLPH��:KLFK�ELRGLYHUVLW\�VKRXOG�EH�FRQVHUYHG�DW�WKH�H[SHQVH�RI�ZKLFK�RWKHU�ELRGLYHUVLW\"��
7KH� FRQFHSWXDO� IUDPHZRUN� DWWULEXWHG� WR�1RVV� ������ LV� D� XVHIXO� ZD\� WR� RUJDQL]H� WKH� YDULRXV�LQWHU�UHODWHG�IDFHWV�RI�ELRGLYHUVLW\��)LJXUH�������,W�SURSRVHV�WKDW�ELRGLYHUVLW\�LV�H[SUHVVHG�DW�WKUHH�PDLQ� OHYHOV� RI� RUJDQLVDWLRQ �HFRV\VWHP�� RUJDQLVP� DQG� JHQH�� DQG� LQ� WKUHH� DVSHFWV �FRPSRVLWLRQDO��VWUXFWXUDO�DQG�IXQFWLRQDO���7KXV��IRFXVLQJ�IRU�LQVWDQFH�DW�WKH�RUJDQLVP�OHYHO��D�VDP SOH�FRPSRVHG�RI� VHYHUDO� GLIIHUHQW� VSHFLHV� LV�PRUH� GLYHUVH� WKDQ� RQH�ZLWK� IHZHU� VSHFLHV��(YHQ�ZLWK� RQO\� RQH�VSHFLHV��D�VDPSOH�WKDW�LQFOXGHV�ERWK�ELJ�DQG�VPDOO�LQGLYLGXDOV��SHUKDSV�RUJDQL]HG�LQWR�FOXPSV��LV�VWUXFWXUDOO\�PRUH� GLYHUVH� WKDQ� RQH�ZKHUH� DOO� WKH� LQG LYLGXDOV� DUH� WKH� VDPH� VL]H�� RUJDQL]HG� LQ� D�SHUIHFW�JULG��,I�VHYHUDO�VSHFLHV�ZHUH�SUHVHQW�EXW�DOO�GLG�H[DFWO\�WKH�VDPH�WKLQJ��IXQFWLRQDOO\�WKH\�ZRXOG� EH� OHVV� GLYHUVH� WKDQ� D� VDPSOH� ZKLFK� LQFOXGHG� RUJDQLVPV� WKDW� KDG� YHU\� GLIIHUHQW� UROHV��SODQWV��KHUELYRUHV��FDUQLYRUHV�DQG�GHFRPSRVHUV��IRU�LQVWDQFH��
7KH� VDPH� WKUHH� DVSHFWV� RI� ELRGLYHUVLW\� FDQ� EH� GHILQHG� DW� WKH� VXSUD �RUJDQLVP� VFDOH� �WKH�HFRV\VWHP�� DQG� WKH� VXE�RUJDQLVP� VFDOH� �WKH� JHQH��� $� ODQGVFDSH� WKDW� LV� D� PL[WXUH� RI� IRUHVW��JUDVVODQG� DQG� FURSODQG� LV� FRPSRVLWLRQDOO\�� VWUXFWXUDOO\� DQG� IXQFWLRQDOO\�PRUH�GLYHUVH� WKDQ�RQH�ZKLFK� LV� IRUHVW�RQO\��$� FORQHG�FURS� LQ�ZKLFK�HDFK� LQGLYLGXDO� LV� LGHQWLFDO� WR�HYHU\�RWKHU� LV� OHVV�GLYHUVH� WKDQ� D� WUDGLWLRQDO� ODQG�UDFH� WKDW� FRQWDLQV� JHQHWLF� YDULDWLRQ�� 2Q� ODQG�� HFRV\VWHPV� DUH�PDSSHG� DOPRVW� HQWLUHO\� EDVHG�RQ� WKH� GLVWULEXWLRQ�RI� UHODWLYHO\� HDVLO\� LGHQWLILHG� SODQW� VWUXFWXUDO�IRUPDWLRQV��VXFK�DV�IRUHVWV�RU�JUDVVODQGV��6WUXFWXUH�LV�RIWHQ�FORVHO\�OLQNHG�WR�IXQFWLRQ��WKH�ELJJHVW�



��

SRWHQWLDO�GLYHUJHQFH� LV�EHWZHHQ�FRPSRVLWLRQ�DQG� IXQFWLRQ��)RU LQVWDQFH�� WKH�PLFURFOLPDWH� LQ�D�IRUHVW�LV�UHODWHG�PRUH�FORVHO\�WR�WKH�UHODWLYH�SURSRUWLRQ�RI�WDOO��PHGLXP�DQG�VKRUW�SODQWV��WKDQ�WR�WKH�YDULHW\�RI�VSHFLHV�SUHVHQW�
7KH� IXQGDPHQWDO� HYROXWLRQDU\� SURFHVV� JHQHUDWLQJ ELRGLYHUVLW\� LV�PXWDWLRQ�� DQG� LWV� VWDELOLVDWLRQ�ZLWKLQ� SRSXODWLRQV� E\� VSHFLDWLRQ��7KLV� LV� D� VORZ� DQG� VWLOO� SRRUO\� XQGHUVWRRG�SURFHVV��8OWLPDWH�ELRGLYHUVLW\�ORVV�RFFXUV�E\�H[WLQFWLRQ��RI�VSHFLILF�JHQHV��VSHFLHV�RU�HFRV\VWHPV���ZKLFK�RFFXUV�DW�DQ� XQVWHDG\� DQG� RQO\� URXJKO\� TXDQWLILHG� UDWH�� HYHQ� LQ� WK H� DEVHQFH� RI� KXPDQ� WKUHDWV�� ,W� LV�QHYHUWKHOHVV�DSSDUHQW� WKDW� WKH�(DUWK� LV�FXUUHQWO\� LQ�D�SHULRG�RI�QHW�ELRGLYHUVLW\� ORVV� �/HDNH\�	�/HZLQ��������

)LJXUH� ���� &RPSRVLWLRQDO�� VWUXFWXUDO� DQG� IXQFWLRQDO� DWWULEXWHV� RI� ELRGLYHUVLW\� DW� IRXU� OHYHOV� RI�RUJDQLVDWLRQ��1RVV�������



��

%LRGLYHUVLW\� ORVV�� KRZHYHU�� HQWDLOV� PXFK� PRUH� WKDQ� H[WLQFWLRQ�� DQG� RFFXUV� DW� DOO� OHYHOV� RI�RUJDQL]DWLRQ� �&%'������D��&%'������E��&%'������G� ��$W�WKH�HFRV\VWHP�OHYHO� LW�FRQVLVWV�RI�D�UHGXFWLRQ�LQ�WKH�H[WHQW��FRQGLWLRQ�RU�SURGXFWLYLW\�RI�HFRV\VWHPV��DW�WKH�RUJDQLVP�OHYHO�D�GHFO LQH�LQ� WKH�DEXQGDQFH� �XOWLPDWHO\�H[WLQFWLRQ���GLVWULEXWLRQ�RU�VXVWDLQDEOH�XVH�RI�VSHFLHV�SRSXODWLRQV��DQG� DW� WKH� JHQH� OHYHO� LW� FRPSULVHV� ORVV� RI� JHQH �OHYHO� GLYHUVLW\� ZLWKLQ� SRSXODWLRQV� �JHQHWLF�HURVLRQ��� $QWKURSRJHQLFDOO\�GULYHQ� ELRGLYHUVLW\� ORVV� PDQLIHVWV DV� D� GHFUHDVH� LQ� DEXQGDQFH� RI�PDQ\�VSHFLHV��DQG�DQ�LQFUHDVH�LQ�D�IHZ��OHDGLQJ�WR�KRPRJHQHLW\�DW�PXOWLSOH�VFDOHV��
$EVROXWH� ELRGLYHUVLW\� ORVV� KDV� WR� EH�PHDVXUHG� UHODWLYH� WR� VRPH� EDVHOLQH VWDWH�� ZKRVH� FKRLFH�UDLVHV�ERWK�SROLWLFDO�DQG�SUDFWLFDO�FRQFHUQV��$� EDVHOLQH�VWDWH�LV�QRW�UHTXLUHG�LQ�RUGHU�WR�GHWHUPLQH�UHODWLYH�ELRGLYHUVLW\�ORVV��EXW�DW�OHDVW�WZR�PHDVXUHPHQWV�LQ�WLPH�DUH�QHHGHG��)RXU�EDVHOLQHV�KDYH�EHHQ�SURSRVHG�IRU�XVH�E\�WKH�&%'������H���

� %HIRUH� DQ\� KXPDQ� LQWHUIHUHQFH� �ZKLFK� LV� ERWK� LOORJLFDO� DQG� XQIHDVLEOH� IRU�PDQ\� ORQJ �LQKDELWHG�SDUWV�RI�WKH�ZRUOG��
� %HIRUH�PDMRU�LQWHUIHUHQFH�E\�LQGXVWULDO�VRFLHW\��UHFRPPHQGHG�DV�PRVW�DSSURSULDWH��
� )URP�WKH�WLPH�WKH�&%'�HQWHUHG�LQWR�IRUFH�L�H��������UHVXOWV�LQ�D�ELDV�WRZDUGV�GHYHORSHG�FRXQWULHV��
� ([WLQFWLRQ�WKUHDW�DFFRUGLQJ�WR�WKH�,8&1�5HG�/LVW�FDWHJRULHV�2WKHU�SRVVLEOH�EDVHOLQHV� LQFOXGH�YLDEOH�SRSXOD WLRQ� OHYHOV�� VSHFLHV� ULFKQHVV�� D� VSHFLILF� UHIHUHQFH�\HDU��PD[LPXP�VXVWDLQDEOH�\LHOG�OHYHOV��RU�D�GHILQHG�¶GHVLUHG�VWDWH·��

5LFKQHVV�DQG�HYHQQHVV�DUH�DQRWKHU�VHW�RI�LGHDV�ZLGHO\�XVHG�LQ�ELRGLYHUVLW\�REVHUYDWLRQ �� 7KH\�KDYH�WKHLU�RULJLQ�LQ�LQIRUPDWLRQ�WKHRU\��3LHORX���������,QIRUPDWLRQ�GLYHUVLW\�LQGLFHV�FRPELQH�WKH�QXPEHU� RI� FODVVHV�ZLWK� WKH� SURSRUWLRQV� LQ� HDFK� SDUWLFXODU� FODVV�� 5LFKQHVV� LV� D� FRXQW� RI� KRZ�PDQ\� GLIIHUHQW� YDULHWLHV� �FODVVHV�� H[LVW� LQ� D� JLYHQ� VDPSOH�� (YHQQHVV� PHDVXUHV� WKH� GHJUHH� RI�GRPLQDQFH�DPRQJ�WKH�GLIIHUHQW�YDULHWLHV��0DQ\�HFRORJLFDO�GLYHUVLW\�LQGLFHV�KDYH�EHHQ�SURSRVHG��0DJXUUDQ��������,QWHUSUHWDWLRQ�RI�WKHVH�LQGLFHV�LV�UDWKHU�FRPSOLFDWHG��DQG�D�UDQJH�RI�DSSURDFKHV�KDV� EHHQ� VXJJHVWHG� �)UHQFK� ������ ,V]iN� DQG 3DSS� ������� 6XFK� LQGLFDWRUV� GR� QRW� GLVWLQJXLVK�EHWZHHQ�QDWLYH�� LQWURGXFHG� DQG� FXOWLYDWHG� VSHFLHV��ZKLFK� LV�RIWHQ�GHVLUHG�E\�SROLF\�PDNHUV��$�¶QDWLYH·�VSHFLHV��DV�RSSRVHG�WR�DQ�¶LQWURGXFHG·�VSHFLHV��LV�RQH�WKDW�RFFXUV�QDWXUDOO\�LQ�D�SDUWLFXODU�DUHD�� &XOWLYDWHG� VSHFLHV� KDYH� JHQHUDOO\� EHHQ� VSHFLILFDOO\� EUHG� IRU� SXUSRVHV� RI� FXOWLYDWLRQ�� $�PLQLPXP�GHVFULSWLRQ�RI�GLYHUVLW\�UHTXLUHV� ERWK ULFKQHVV�DQG�HYHQQHVV�FRQFHSWV��LQ�WKH�VDPH�ZD\�WKDW�DQ�DQDO\VLV�RI�SRYHUW\�XVXDOO\�LQFOXGHV�PHDVXUHV�ERWK�RI�DEVROXWH�LQFRPH� DQG�PHDVXUHV�RI�LQFRPH�LQHTXDOLW\��



��

DD��¢ DQG�JJ ELRGLYHUVLW\� D ELRGLYHUVLW\� LV� WKH�QXPEHU�RI� W\SHV�ZLWKLQ�D�KRPRJHQHRXV�SDWFK��XVXDOO\� D� YHU\� VPDOO� DUHD�� J ELRGLYHUVLW\� � PHDVXUHV� GLYHUVLW\� DW� D� PRUH� UHJLRQDO� VFDOH�� � ¢ELRGLYHUVLW\�PHDVXUHV�WKH�VSHFLHV�WXUQRYHU�EHWZHHQ�DGMDFHQW�HFRV\VWHPV��D ELRGLYHUVLW\�FDQ�JURZ�GXH� WR� LQWURGXFHG� VSHFLHV� ZKLOH� J DQG� ¢ ELRGLYHUVLW\� GHFOLQH� EHFDXVH� WKH� V\VWHPV� VKDUH� DQ�LQFUHDVLQJ�VHW�RI�FRPPRQ�VSHFLHV��WKH�VR�FDOOHG�KRPRJHQLVDWLRQ�SURFHVV��
6WDWHV�� GULYHUV� DQG� SUR[LHV� $V� LQ� DOO� LQGLFDWRU� V\VWHPV�� LW� LV� XVHIXO� WR� GLVWLQJXLVK� EHWZHHQ�LQGLFDWRUV�RI�WKH�VWDWH�RI�ELRGLYHUVLW\��DQG�LQGLFDWRUV�RI�WKRVH�WKLQJV�FDXVLQJ�FKDQJHV�LQ�WKH�VWDWH��¶GULYHUV·��VXFK�DV�KDUYHVW�SUHVVXUH��SROOXWLRQ��IUDJPHQWDWLRQ��DQG�UHVSRQVHV�WR�WKH�VWDWH��VX FK�DV�WKH� DUHD� XQGHU� IRUPDO� SURWHFWLRQ��� %HFDXVH� RI� GDWD� GHILFLHQFLHV�� ZH� DUH� RIWHQ� IRUFHG� WR� XVH�SUR[LHV� DQG� VXUURJDWHV� DV� LQGLFDWRUV� RI� VWDWH� DQG�GULYHUV��([KDXVWLYH� VXUYH\V� LQ� KLJKO\� GLYHUVH�UHJLRQV� UHTXLUH� D� JUHDW� GHDO� RI� WLPH� DQG� PRQH\�� � 7KHUHIRUH� VLP SOHU� VXUURJDWHV� IRU� PDSSLQJ�GLYHUVLW\�� VXFK� DV� KLJKHU�WD[RQ� ULFKQHVV�� RU� WKH� ULFKQHVV� RI� LQGLFDWRU� WD[RQ� JURXSV� KDYH� EHHQ�SURSRVHG�DQG�WHVWHG��:LOOLDPV�HW�DO���������ZLWK�SDUWLDO�VXFFHVV��%LRLQGLFDWRU�DSSURDFKHV�PHDVXUH�WKH� DEXQGDQFH� RI� VHQVLWLYH� VSHFLHV� �¶VHQWLQHOV·� RU� ¶GHWHFWRUV·�� RU� JHQHWLF� PDUNHUV� LQ� DVVHVVLQJ�HFRV\VWHP�KHDOWK��EXW�DUH�QRW�PHDVXUHV�RI�ELRGLYHUVLW\�SHU�VH�
��� %LRGLYHUVLW\�LQGLFDWRUV�WKDW�KDYH�EHHQ�SURSRVHG
6HYHUDO� KXQGUHG� LQGLFDWRUV� WR� PHDVXUH� WKH� VWDWXV� RI� ELRGLYHUVLW\� KDYH� EHHQ� SURSRVHG� RU� DUH�XQGHU�GHYHORSPHQW��7KHUH�H[LVW�LQGLFDWRUV�IRU�DOO�WKH�OHYHOV�RI�ELR GLYHUVLW\��JHQHWLF��VSHFLHV��DQG�HFRV\VWHP��� DQG� DOO� WKH� DVSHFWV� RI� ELRGLYHUVLW\� �FRPSRVLWLRQ�� VWUXFWXUH�� DQG� IXQFWLRQ��� EXW� WKH�DPRXQW�RI�HIIRUW�LQYHVWHG�LQ�WKHVH�GLIIHUHQW�DUHDV�KDV�EHHQ�XQHYHQ�
����� *HQH�OHYHO�LQGLFDWRUV
$W�WKH�VXE�RUJDQLVP�OHYHO��GLYHUVLW\�FDQ�EH�PHDVXUHG�E\�¶ULFKQHVV·�W\SH�FRXQWV�RI�WKH�QXPEHU�RI�GLIIHUHQW�YDULHWLHV�ZLWKLQ�D�VSHFLHV� �IRU�H[DPSOH�� WKH�QXPEHU�RI� ODQG �UDFHV�RI�RQH�FURS��RU� WKH�QXPEHU� RI� DOOHOHV� SUHVHQW� LQ� D� PHWD�SRSXODWLRQ�� 7KHVH� PHDVXUHV� VKRXOG� EH� DFFRPSDQLHG� E\�¶HYHQQHVV· W\SH�PHDVXUHV�RI�WKH�UHODWLYH�GRPLQDQFH�RI�WKH�YDULHWLHV�



��

*HQHWLF�ELRGLYHUVLW\�FDQ�EH�HVWLPDWHG�E\�PHDVXULQJ�DSSURSULDWH�PROHFXODU�PDUNHUV��0RVW�VWXGLHV�RQ�JHQHWLF�YDULDWLRQ�ZLWKLQ�VSHFLHV�DUH�EDVHG�RQ�UDQGRP�PDUNHUV��&XUUHQW�ZRUN�LV�LQYHVWLJDWLQJ�WKH� XVH� RI� PDUNHUV� WDUJHWHG� DW� JHQHV� H[KLELWLQJ� HFRORJLFDOO\� UHOHYDQW� DFWLYLW\� �7LHQGHUHQ� HW� DO���������,QGLFHV�RI�UHODWHGQHVV��ZKHWKHU�WKH\�DUH�EDVHG�RQ�FODGLVWLFV� �&ODUN�DQG�:DUZLFN������ RU�JHQHWLF� GLVWDQFH� �1HL� ������ 7DNH]DNL� DQG�1HL� ������� KDYH� SRWHQWLDO� IRU�PHDVXULQJ� JHQH�OHYHO�GLYHUVLW\�ERWK�EHWZHHQ�DQG�ZLWKLQ�VSHFLHV���7KH\�KDYH�WKH�DGYDQWDJH�RI�QRW�UHTXLULQJ�WKH�DFWXDO�JHQHV�WR�EH�H[KDXVWLYHO\� LQYHQWRULHG��([DPSOHV�DUH�WKH�PHDVXUHV�WKDW�KDYH�EHHQ�XVHG�WR�WU\�WR�HVWLPDWH�VRLO�PLFURELDO�ELRGLYHUVLW\� �3DQNKXUVW HW�DO� ����� ZKHQ�WKH�VSHFLHV�DUH�XQNQRZQ��DQG�WKH�VSHFLHV�FRQFHSW�PD\�QRW�HYHQ�DSSO\��
'HVSLWH�YHU\�UDSLG�GHYHORSPHQWV�LQ�WKLV�ILHOG ��LW�LV�RXU�DVVHVVPHQW�WKDW�UREXVW�DQG�ZLGHO\�DSSOLHG�JHQH�OHYHO�GLYHUVLW\�LQGLFDWRUV�DUH�VWLOO�D�GHFDGH�RII��8QWLO�WKHQ��WKH�VSHFLHV�� LPSHUIHFW�DV�LW�LV��LV�WKH�PRVW�UREXVW�VFLHQWLILF�EDVLV�IRU�FRQVWUXFWLQJ�PRVW�LQGLFDWRUV�
����� 6SHFLHV�EDVHG�LQGLFDWRUV
$�FRQFHSWXDO�SUREOHP�WKDW�IDFHV�DOO�VSHFLHV �EDVHG�LQGLFDWRUV�LV�WKH�TXHVWLRQ��GR�DOO�VSHFLHV�PDWWHU�HTXDOO\"�,I�QRW��RQ�ZKDW�EDVLV�LV�WKH�ZHLJKWLQJ�DVVLJQHG"�:KHUH��IRU�SUDFWLFDO�UHDVRQV��D�VXEVHW�RI�VSHFLHV�LV�XVHG��FDQ�WKH\�EH�DVVXPHG�WR�UHSUHVHQW�WKH�XQVDPSOHG�VSHFLHV"
6SHFLHV� 5LFKQHVV �L�H��� WKH� QXPEHU� RI� UHFRJQL]HG� DQG� UHFRUGHG� VSHFLHV�ZLWKLQ� D� JLYHQ� VHW�RI�WD[RQRPLF� JURXSV� DQG� ZLWKLQ� D� JLYHQ� ERXQGHG� DUHD�� LV� WKH� VLPSOHVW� DQG� PRVW� ZLGHO\ �XVHG�ELRGLYHUVLW\�LQGH[��7KH�GDWD�DUH�GHULYHG�IURP�FROOHFWLRQ�ODEHO V�LQ�PXVHXPV�RU�ILHOG�REVHUYDWLRQV��DQG�PD\�EH�H[WUDSRODWHG�RYHU�XQVDPSOHG�ORFDWLRQV�WR�FUHDWH�LQIHUUHG�VSHFLHV�GLVWULEXWLRQ�PDSV��XVLQJ�HLWKHU�H[SOLFLW�WHFKQLTXHV�VXFK�DV�KDELWDW�PRGHOOLQJ�XVLQJ�*/,0�RU�*$53� �&UDZOH\��������6WRFNZHOO� ������� RU� H[SHUW� MXGJHPHQW�� 7KH� SULQFLSDO� SUREOHPV� ZLWK� VSHFLHV� ULFKQHVV� DV� D�ELRGLYHUVLW\�LQGLFDWRU�DUH�
� ,W� LV� FULWLFDOO\� GHSHQGHQW� RQ� WKH� TXDOLW\� DQG� FRPSOHWHQHVV� RI� FROOHFWLRQ� DQG� FODVVLILFDWLRQ��&KDQJHV� LQ� ULFKQHVV� DUH� RIWHQ� VLPSO\� D� UHVXOW� RI� WD[RQRPLF� UHYLVLRQV� RU� PRUH� WKRURXJK�REVHUYDWLRQV� UDWKHU� WKDQ� FKDQJHV� LQ� WKH� XQGHUO\LQJ� ELRGLYHUVLW\�� 6RPH� VWDELOLW\� KDV� EHHQ�DFKLHYHG�LQ�ULFKQHVV�QXPEHUV�IRU�¶ZHOO�NQRZQ·�WD[D��VXFK�DV�ELUGV��PDPPDOV�DQG�VRPH�SODQW�JURXSV� �*RYDHUWV� ������%UDPZHOO� ������ 6FRWODQG� DQG�:RUWOH\� ����� LQ�ZHOO�VWXGLHG� DUHDV��EXW� IRU� WKH� YDVW� PDMRULW\� RI� WKH� ELRORJLFDO� UHDOP�� OHVV� WKDQ� KDOI� RI� WKH� SRVWXODWHG� H[WDQW�
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VSHFLHV�KDYH�EHHQ�IRUPDOO\�GHVFULEHG� �*URRPEULGJH�	�-HQNLQV���������,Q�VRPH�SDUWV�RI�WKH�ZRUOG��HYHQ�SODQW�DQG�YHUWHEUDWH�REVHUYDWLRQV�DUH�H[WUHPHO\�LQFRPSOHWH� �3UDQFH�HW DO��������
� 5LFKQHVV�LV�VWURQJO\�VSDWLDOO\�GHSHQGHQW��7\SLFDOO\��WKH�VSHFLHV�ULFKQHVV�ZLWKLQ�DQ�HFRORJLFDO�UHJLRQ� ULVHV� WR�DQ�DV\PSWRWH� LQ� UHODWLRQ� WR� WKH�DUHD�VDPSOHG� �WKH� ¶VSHFLHV �DUHD�FXUYH·���7KH�VKDSH�RI� WKH� FXUYH�YDULHV�EHWZHHQ� HFRORJLFDO� UHJLRQV� DQ G� WD[D�� DQG�FDQ� LWVHOI�EH�XVHG�DV� D�ELRGLYHUVLW\� LQGH[� �&RZOLQJ� HW� DO�� ������� &RPSDULQJ� VSHFLHV� ULFKQHVV� EHWZHHQ� ORFDWLRQV�ZLWKRXW� WDNLQJ� WKLV� UHODWLRQ� LQWR� DFFRXQW� LV� PLVOHDGLQJ�� 6SHFLDO� SURFHGXUHV�� VXFK� DV�UDUHIDFWLRQ��+XUOEHUW������ FRUUHFW�IRU�ELDVHV�UHODWHG�WR�XQHTXDO�VDPSOLQJ�DUHD���
� 6SHFLHV�ULFKQHVV�LV�D�YHU\�LQVHQVLWLYH�LQGLFDWRU�RI�ELRGLYHUVLW\�ORVV��,W�SURYLGHV�QR�LQGLFDWL RQ�RI�FKDQJHV�LQ�WKH�DEXQGDQFH�RI�FRPSRQHQW�VSHFLHV�LQ�D�FRPPXQLW\��RU�RI�FKDQJHV�LQ�WKHLU�SK\ORJHQHWLF� DQG� IXQFWLRQDO� GLYHUVLW\� WUDLWV�� $� GHFUHDVH� LQ� ULFKQHVV� RQO\� RFFXUV� WKURXJK�H[WLQFWLRQ��([WLQFWLRQ LV�WKH�ORVV�WKURXJKRXW�WKH�ZRUOG�RI�D�VSHFLHV�RU�YDUL HW\��ZKLOH�H[WLUSDWLRQLV�WKH�ORVV�RI�D�VSHFLHV�RU�YDULHW\�ZLWKLQ�D�SRUWLRQ�RI�LWV�UDQJH���
� 6SHFLHV� ULFKQHVV� SHU� VH GRHV� QRW� GLVWLQJXLVK� EHWZHHQ� QDWLYH� DQG� LQWURGXFHG� VSHFLHV�� ,Q�GLVWXUEHG� DUHDV� WRWDO� VSHFLHV� ULFKQHVV� PD\� LQFUHDVH� GXH� WR� LQWURGXFHG� VSHFLHV �� ZKLOH�SRSXODWLRQV� RI� QDWLYH� VSHFLHV� DUH� UHGXFHG� EXW� QRW� HQWLUHO\� H[WLUSDWHG�� ,Q� WKLV� FDVH� VSHFLHV�ULFKQHVV� PD\� SURYLGH� SHUYHUVH� VLJQDOV�� ,W� LV� WKHUHIRUH� UHFRPPHQGHG� �&*(5� ����� WKDW�FRXQWV� RI� LQWURGXFHG� VSHFLHV� EH� NHSW� VHSDUDWH� IURP� WKRVH� RI� QDWLYH� VSHFLHV�� 0D[LPLVLQJ�ULFKQHVV��E\�LQWURGXFLQJ�DOLHQ�VSHFLHV��LV�VHHQ�DV�D�SHUYHUVH�REMHFWLYH�
([WLQFWLRQ��RU�WKH�ULVN�RI�LW��KDV�EHHQ�ZLGHO\�XVHG�DV�D�PHDVXUH�RI�ELRGLYHUVLW\�ORVV��H�J�� ,8&1���������,W�KDV�WKH�DGYDQWDJHV�RI�EHLQJ�H[WUHPHO\�HDVLO\�JUDVSHG�DQG�FRPSHOOLQJ��EXW�DV�D�SUDFWLFDO�ELRGLYHUVLW\�PDQDJHPHQW�LQGLFDWRU�KDV�VHYHUDO�GUDZEDFNV�
� ,W�LV�VXUSULVLQJO\�GLIILFXOW�WR�SURYH�WKDW�D�VSHFLHV�LV�H[WLQFW��+RZ GR�\RX�NQRZ�WKDW�LW�LV�QRW�MXVW�KLGLQJ"
� ,I�D�VSHFLHV�LV�QRW�NQRZQ�WR�VFLHQFH��LWV�H[WLQFWLRQ�LV�LQYLVLEOH�
� %\� WKH� WLPH� D� VSHFLHV� KDV� JRQH� H[WLQFW� �DQG�EHHQ� VKRZQ� WR�EH� VR�� LW� LV� IDU� WRR� ODWH� WR�GR�DQ\WKLQJ�DERXW�LW��)RU�WKLV�UHDVRQ��WKH�,8&1�FUHDWHV�D�YDU LHW\�RI�OHYHOV�RI�¶WKUHDW·�ZKLFK�DUH�LQGLFDWRUV�RI�WKH�ODVW�SKDVH�RI�WKH�OHQJWK\�SURFHVV�RI�ELRGLYHUVLW\�ORVV�
� 6SHFLHV�H[WLQFWLRQ�LV�D�QDWXUDO�SURFHVV��EDODQFLQJ��LQ�WKH�ORQJ�WHUP��WKH�SURFHVV�RI�VSHFLDWLRQ��:KDW�UDWH�RI�H[WLQFWLRQ�LV�FOHDUO\�WRR�KLJK"��
(QGHPLVP LV� D�ZLGHO\�DSSOLHG� UHILQHPHQW� RQ� VSHFLHV� ULFKQHVV��7KLV� LV� WKH� QXPEHU� RI� VSHFLHV�IRXQG�RQO\�ZLWKLQ�D�VSHFLILHG�DUHD��DQG�QRZKHUH�HOVH�RQ�HDUWK��LQ�WKH�ZLOG���(QGHPLF�ULFKQHVV��DW�
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WKH� VSHFLHV� RU� KLJKHU� WD[RQRPLF� OHYHO�� DQG� VRPHWLPHV� LQ� FRQMXQFWLRQ ZLWK� DQ� DVVHVVPHQW� RI�WKUHDW�� LV�RIWHQ�XVHG� DV� DQ� LQGLFDWRU�RI� ¶ELRGLYHUVLW\�KRWVSRWV·� �5HLG� HW� DO�� �������:LOOLDPV� HW� DO��������0\HUV�HW�DO���������2EYLRXVO\��WKH�ORVV�RI�DQ�HQGHPLF�VSHFLHV�ZLWKLQ�LWV�HQWLUH�UDQJH�LV�PRUH�FULWLFDO�WKDQ�WKH�ORFDO� ORVV�RI�DQ�RWKHUZLVH�ZLGHVSUHDG�VSHFLHV��(QGHPLV P��KRZHYHU��VXIIHUV�WKH�VDPH�SUREOHPV�DV�VSHFLHV�ULFKQHVV�
&RPSOHPHQWDULW\� PHDVXUHV� $� VRSKLVWLFDWHG� VHW� RI� LQGLFHV� KDV� EHHQ� GHYHORSHG� E\�FRQVHUYDWLRQ�ELRORJLVWV�IRU�WKH�SXUSRVHV�RI�RSWLPLVLQJ�WKH�GHVLJQ�RI�QHWZRUNV�RI�SURWHFWHG�DUHDV��0DUJXOHV�DQG�3UHVVH\��������7KHVH�PHDVXUHV�DUH�EDVHG�RQ�TXDQWLWDWLYH�WDUJHWV�WKDW�VSHFLI\�KR Z�PXFK� RI� WKH� ODQGVFDSH� LV� QHHGHG� WR� FRQVHUYH� D� UHSUHVHQWDWLYH� VHW� RI� VDPSOH� VSHFLHV� �RU�VRPHWLPHV�KDELWDWV���7KH\�PD\��DGGLWLRQDOO\��LQFOXGH�FRQVLGHUDWLRQV�RI�WKUHDW�RU�YXOQHUDELOLW\��
����� 3RSXODWLRQ�DEXQGDQFH�EDVHG�LQGLFDWRUV
7KHVH� LQGLFDWRUV� DUH� EDVHG� RQ WUHQGV� LQ� WKH� DEXQGDQFH� �L�H�� QXPEHU�� ELRPDVV� RU� FRYHU�� RI�LQGLYLGXDOV�ZLWKLQ�D�WDUJHW�SRSXODWLRQ��ZKLFK�PD\�EH�WKH�WRWDO�JOREDO�SRSXODWLRQ�IRU�WKDW�VSHFLHV��RU� VRPH�ZHOO�GHILQHG� SDUW� RI� LW�� $EXQGDQFH�EDVHG� LQGLFDWRUV� SURYLGH� WKH� DGYDQFH�ZDUQLQJ� RI�LPSHQGLQJ� ORVV� WKDW� ULFKQHVV�EDVHG� LQGLFDWRUV� GR� QRW�� VLQFH� WKH� XQGHUO\LQJ� LQIRUPDWLRQ� LV�FRQWLQXRXV�UDWKHU�WKDQ�ELQDU\��SUHVHQW�DEVHQW���6XFK�LQGLFDWRUV�DUH�WKHUHIRUH�PRUH�VHQVLWLYH�DQG�XVHIXO�IRU�SROLF\�SXUSRVHV�WKDQ�ULFKQHVV�EDVHG�LQGLFDWRUV��SDUWLFXODUO\�IRU VHWWLQJ�SROLF\�WDUJHWV�
+XJKHV� HW� DO� ������ HVWLPDWHG� WKDW� WKHUH� DUH� RQ� DYHUDJH� DERXW� ���� VHSDUDWH� SRSXODWLRQV� SHU�VSHFLHV���%HFDXVH�RI�WKH�DPRXQW�RI�HIIRUW�UHTXLUHG�WR�JHW�UHOLDEOH��UHSHDWHG�DEXQGDQFH�HVWLPDWHV�RI�ZLOG� VSHFLHV� IURP� MXVW� RQH�SRSXODWLRQ�� VXFK� FHQVXVHV� DUH� UHVWULF WHG� WR� D� WLQ\� IUDFWLRQ�RI� DOO�NQRZQ� VSHFLHV�� 7KH\� DUH� RIWHQ� HLWKHU� ¶FKDULVPDWLF·� VSHFLHV� VXFK� DV� HOHSKDQWV�� ZKDOHV�� DQG�PLJUDWLQJ� ZDWHUIRZO�� RU� ¶XVHIXO·� VSHFLHV� VXFK� DV� ILVK�� WLPEHU� RU� GRPHVWLF� DQLPDO� VWRFNV�� 7KH�::)�PDULQH� HFRV\VWHP� LQGLFDWRUV� DUH� DQ� DWWHPSW� WR� DSSO\�SRSXODWLRQ�PHDVXUHV�ZLWK� D� UDSLG��VWDQGDUGLVHG� VDPSOLQJ� SURWRFRO� �:LONLQVRQ� � ������� 7KH� /LYLQJ� 3ODQHW� ,QGH[� �/RK� ����� DQG�VSHFLHV� WUHQG� LQGLFHV� �H�J�� *UHJRU\� HW� DO�� ����� DUH�D�SRSXODWLRQ�DSSURDFK�EDVHG�RQ�D� UHODWLYHO \�VPDOO� VHW� RI� VSHFLHV� VHOHFWHG� WR� UHSUHVHQW� WKH�PDMRU� JURXSV�� 7KH�1DWXUDO� &DSLWDO� ,QGH[� �&%'��������7HQ�%ULQN� HW� DO�� � ������&%'� �����F� DQG�WKH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[� �6FKROHV�DQG�%LJJV������ �VHH�VHFWLRQ������DUH�LQ�SULQFLSOH�ERWK�SRSXODWLRQ �EDVHG�PHDVXUHV�
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&KDQJHV�LQ�VSHFLHV�SRSXODWLRQV�PD\�EH�FRUUHODWHG�ZLWK�FKDQJHV�LQ�GLYHUVLW\�DW�WKH�JHQHWLF�OHYHO��7KH� VPDOOHU� WKH� SRSXODWLRQ�� WKH� VPDOOHU� LWV� JHQHWLF� YDULDWLRQ�� SDUW LFXODUO\� LI� ORVVHV� DUH�FRQFHQWUDWHG�DURXQG�WKH�HGJHV�RI�WKH�VSHFLHV·�DUHD�RI�GLVWULEXWLRQ�
1RW� DOO� VSHFLHV� KDYH� WR� EH� PHDVXUHG� WR� LQGLFDWH� WKH� RYHUDOO� SURFHVV� RI� ELRGLYHUVLW\� ORVV�� $�UHSUHVHQWDWLYH� VDPSOH�ZRXOG� EH� VXIILFLHQW�� DQG� D� GHOLEHUDWHO\ �VHOHFWHG� VHW� RI� LQGLFDWRUV�PD\�EH�HYHQ�PRUH�VHQVLWLYH�LI�WKH�VHOHFWLRQ�ZDV�ZHOO �IRXQGHG��3RSXODWLRQ�EDVHG�LQGLFDWRUV�DUH�WKH�IRFXV�IRU�PXFK�RI�WKH�FXUUHQW�DFWLYLW\�LQ�ELRGLYHUVLW\�LQGLFDWRU�GHYHORSPHQW�
����� 3K\ORJHQHWLF�DQG�HYROXWLRQDU\�LQGLFDWRUV
7KH� IXQGDPHQWDO� XQLW� RI� ELRGLYHUVLW\� LV� DQ� HYROXWLRQDU\� RQH� �)DLWK� ������� 6DQWLQL� DQG�$QJXOR������� SURSRVH�DQ� LQGH[�IRU� WKH�HVWLPDWLRQ�RI�HYROXWLRQDU\�SRWHQWLDO��ZKLFK� WKH\�GHILQH�DV� WKH�SRWHQWLDO�RI�D�PHPEHU�RI�WKH�JHQHDORJLFDO�KLHUDUFK\�WR�SHUVLVW�IRU�HFRORJLFDOO\�VLJ QLILFDQW�SHULRGV�RI� WLPH�� ,W� LV� WKH� EDODQFH� EHWZHHQ� GLYHUVLILFDWLRQ� DQG� H[WLQFWLRQ� RI� WKH� HYROXWLRQDU\� XQLW�FRQVLGHUHG��
����� $UHD�EDVHG�LQGLFDWRUV
7KHVH� FDQ� FRQFHSWXDOO\� EH� FRQVLGHUHG� DV� DEXQGDQFH �EDVHG� PHDVXUHV� DW� WKH� HFRV\VWHP� OHYHO��FRUUHVSRQGLQJ� WR� SRSXODWLRQ� PHDVXUHV� DW� WKH� RUJDQLVP� OHYHO�� 7KH\� W\SLFDOO\� H[SUHVV� WKH� DUHD��NP��� DW� D�SDUWLFXODU� WLPH�RI� D�GHILQHG� HFRV\VWHP��7KH� DUHD�PD\�EH� H[SUHVVHG� DV� D� IUDFWLRQ�RI�VRPH�UHIHUHQFH�VWDWH��VXFK�DV�WKH�VXSSRVHG�RULJLQDO� �¶SRWHQWLDO·��DUHD��$�ZHOO �NQRZQ�H[DPSOH�LV�WKH� *OREDO� )RUHVW� 5HVRXUFHV� $VVHVVPHQW� �)$2� ������� 2WKHUV� DUH� DVVHVVPHQWV� RI� FRUDO� UHHIV��:LONLQVRQ� ����� DQG�PDQJURYHV� �)$2��������%LRGLYHUVLW\�� DW� DOO� OHYHOV�� QHHGV� DQ� DUHD�ZLWKLQ�ZKLFK�WR�H[LVW��:KHQ�KDOI�WKH�KDELWDW�RI�D�JLYHQ�VSHFLHV�LV�ORVW��WKH�DEXQGDQFH�RI�WKDW�VSHFLHV�LV�PRUH�RU�OHVV�KDOYHG��7KLV�PDNHV�DUHD�DQ�HDVLO\�XQGHUVWRRG�DQG�HDVLO\�PHDVXUHG�LQGLFDWRU���
)UDJPHQWDWLRQ� LQGLFDWRUV� DUH� WKHRUHWLFDOO\� EDVHG� RQ� FRQFHSWV� RI� LVODQG� ELRJHRJUDSK\�� ZKLFK�SUHGLFW�WKDW�DV�IUDJPHQWV�DUH�LVRODWHG�IURP�D�ODUJHU�PDVV��WKH\�ZLOO�ORVH�VSHFLHV��7KH\�YDU\�IURP�WKH VLPSOH��H�J��PHDQ�IUDJPHQW�VL]H��SHULPHWHU�OHQJWK�WR�ERXQGHG�DUHD�UDWLR��WR�WKH�VRSKLVWLFDWHG��IUDFWDO�EDVHG�LQGLFHV���5RDG�QHWZRUN�GHQVLW\�KDV�EHHQ�XVHG�DV�D�SUR[\�IRU�IUDJPHQWDWLRQ��
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$UHD�EDVHG� LQGLFDWRUV� DUH� EXLOW� RQ� UHDGLO\� REVHUYDEOH� VWUXFWXUDO� IHDW XUHV�� VXFK� DV� WKH� FRYHU� E\�WUHHV� RU� FRUDO� UHHIV� DQG� WKXV� DUH� W\SLFDOO\� DW� WKH� KLJKHVW� OHYHO� RI� HFRV\VWHP� FODVVLILFDWLRQ�� WKH�ELRPH�� ,Q� SULQFLSOH� WKH\� DUH� VWUDLJKWIRUZDUG� DQG� XQFRQWURYHUVLDO�� EXW� LQ� SUDFWLFH� LW� LV� KDUG� WR�HQVXUH� XQLIRUPLW\� RI� DSSOLFDWLRQ�RI WKH� GHILQLWLRQ��$V� D� UHVXOW�� WKH�YDULDWLRQ�EHWZHHQ�GLIIHUHQW�VRXUFHV� RI� LQIRUPDWLRQ� �FRPSDUH� )$2� ������ WR� $FKDUG� HW� DO�� �������� IRU� LQVWDQFH�� LV� XVXDOO\�PXFK�KLJKHU�WKDQ�WKH�WHPSRUDO� WUHQG��DW�OHDVW�LQ�WKH�VKRUW�WHUP��+RZHYHU��WKH�UHODWLYH�WHPSRUDO�WUHQG� LV� XVXDOO\� FRQVLVWHQW� LQ� GLUHFWLRQ�� LI� QRW�PDJQLWXGH��2QO\� D� IHZ� WLPH� VHULHV� RI� WUHQGV� LQ�ELRPH�H[WHQW�H[LVW�DW�WKH�JOREDO�OHYHO� �-HQNLQV�HW�DO��������
,W�LV�QRW�FOHDU�ZKDW�WKH�HTXLYDOHQW�ERXQGDULHV�IRU�RFHDQLF�HFRV\VWHPV�DUH��VLQFH�WKHLU�HGJHV�ZRXOG�EH� H[SHFWHG� WR� EH� QDWXUDOO\� VRPHZKDW� PRUH� YDULDEOH� LQ� WLPH�� 7KH� /DUJH�0DULQH� (FRV\VWHP V��6KHUPDQ HW� DO� ����� KDYH� IL[HG� VSDWLDO� GHILQLWLRQV�� DQG� DUH� WKXV� QRW� XVHIXO� DV� LQGLFDWRUV� E\�WKHPVHOYHV� �WKRXJK� WKH� IUDFWLRQ� GHJUDGHG� ZLWKLQ� WKHP� ZRXOG� EH� XVHIXO��� 7KH� 0DULQH�%LRJHRFKHPLFDO� 3URYLQFHV� �/RQJKXUVW� � ����� DUH� ODUJHO\�PDSSHG�XVLQJ� UHPRWH�VHQVLQJ�RI� VHD�VXUIDFH� WHPSHUDWXUH� DQG� FKORURSK\OO� FRQWHQ W�� DQG� DUH� KLJKO\� G\QDPLF� RYHU� SHULRG� RI� ZHHNV��PDNLQJ�WKHP�WRR�YDULDEOH�WR�EH�XVHIXO�LQ�WKH�VKRUW�WHUP��0DULQH�HFRV\VWHPV�PD\�WKHUHIRUH�OHQG�WKHPVHOYHV�EHWWHU�WR�LQGLFDWRUV�DW�WKH�VSHFLHV�RU�FRPPXQLW\��H�J��VHDJUDVV��FRUDO�UHHIV��OHYHO��
����� )XQFWLRQDO�LQGLFDWRUV
,QGLFDWRUV� RI� IXQFWLRQDO�ELRGLYHUVLW\� DUH� OHDVW�GHYHORSHG��7KHUH� DUH�PDQ\� WKHRULHV�SUHGLFWLQJ� D�SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� FRPSRVLWLRQDO� ELRGLYHUVLW\� DQG� IXQFWLRQDO� DWWULEXWHV�� EXW� WKH�JHQHUDOLW\� DQG� IRUP� RI� WKH� OLQN� UHPDLQV� FRQWHVWHG�� ,W� LV� XQF OHDU� ZKHWKHU� WKH� OLQN� UHVWV� RQ�ELRGLYHUVLW\�LQ�JHQHUDO��RU�WKH�SUHVHQFH�RI�VSHFLILF�IXQFWLRQDO�JURXSV��RU�QLFKH�FRPSOHPHQWDULW\��/RUHDX HW�DO� �������7KH�GHEDWH�RQ�WKH�IXQFWLRQDO�OLQN�EHWZHHQ�ELRGLYHUVLW\�DQG�HFRV\VWHP�QHW�SULPDU\�SURGXFWLYLW\�LV�FRQYHUJLQJ�RQ�D�FRQFOXVLRQ�WKDW�D�ZHDN�SRVLWLYH�OLQN�H[LVWV��ZKLFK�WHQGV�WR�OHYHO�RII�DW�UHODWLYHO\�PRGHVW�OHYHOV�RI�SODQW�GLYHUVLW\��LQ�WKH�RUGHU�RI����VSHFLHV�� �.LQ]LJ HW�DO�������1DHHP��������
)RU�SROLF\�SXUSRVHV� LW�PD\�EH�SUDJPDWLF� WR�YLHZ�IXQFWLRQ�DV�V\QRQ\PRXV�ZLWK�WKH�FDSDFLW\�RI�HFRV\VWHPV�WR�VXSSO\�HFRV\VWHP�VHUYLFHV��EULHIO\�GHILQHG�DV�¶WKH�EHQHILWV�WKDW�SHRSOH�REWDLQ�IURP�HFRV\VWHPV·��0$���������)RU�H[DPSOH��WKH�FDSDFLW\�WR�VXSSO\�ZDWHU��ILVK��WLPEHU��IRRG��RU�FDUERQ�
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VWRUDJH�VHUYLFHV�FDQ��DPRQJVW�RWKHUV��EH�UHJDUGHG�DV�LQGLFDWRUV�RI�HFRV\VWHP�IXQFWLRQ� 'DWD�RQ�VHUYLFHV�RIWHQ�H[LVW��EXW� WKHLU� OLQN� WR� ELRGLYHUVLW\ UHPDLQV�REVFXUH�� ,Q�PDQ\�FDVHV��DQ�HTXLYDOHQW�TXDQWXP� RI� VHUYLFH� FRXOG� EH� VXSSOLHG� E\� D� OHVV� GLYHUVH� HFRV\VWHP�� WKRXJK� SHUKDSV� ZLWK� OHVV�UHVLOLHQFH��
7KH� 0LOOHQQLXP� (FRV\VWHP� $VVHVVPHQW� �0$� ����� PDNHV� D� XVHIXO� GLVWLQFWLRQ� EHWZHHQ�ELRGLYHUVLW\�DV�DQ�HFRV\VWHP�VHUYLFH�LQ�LWV�RZQ�ULJKW��DQG�ELRGLYHUVLW\�DV�DQ�XQGHUO\LQJ�FRQGLWLRQ�QHFHVVDU\� IRU� WKH� GHOLYHU\� RI�PDQ\ RWKHU� VHUYLFHV�� ,W� LV� HDV\� WR� FRQIXVH�QDWXUDO� UHVRXUFHV�ZLWK�ELRGLYHUVLW\�� )RU� H[DPSOH�� DOPRVW� DOO� WKH� IRRG� WKDW�ZH� HDW� KDV� LWV� RULJLQ� LQ� D� SODQW� RU� DQLPDO��ZKLFK�DUH�LQ�WXUQ�D�FRPSRQHQW�RI�ELRGLYHUVLW\��%XW�LW�LV�JHQHUDOO\�QRW�WKH� GLYHUVLW\ RI�WKDW�VRXUFH�WKDW�LV�XSSHUPRVW�LQ�RXU�PLQG�ZKHQ�ZH�WKLQN�RI�WKH�QXWULWLRQDO�VHUYLFH��6LPLODU�QXWULWLRQ�FRXOG�EH��DQG�LQFUHDVLQJO\�LV��SURYLGHG�IURP�D�YHU\�VPDOO�YDULHW\�RI�VRXUFHV��7KHUH�LV�QHYHUWKHOHVV�D�NH\�UROH�IRU�ELRGLYHUVLW\�LQ�IRRG�VXSSO\��LW�SURYLGHV�WKH�VRXU FH�RI�YDULDWLRQ�QHHGHG�WR�DGDSW�WKH�FURS�WR� D� FKDQJLQJ� HQYLURQPHQW�� DQG� WR� UHGXFH� WKH� ULVN� RI� FDWDVWURSKLF� IDLOXUH� LQ� WKH� HYHQW� RI� D�ZLGHVSUHDG� VWUHVV� �VXFK� DV� GURXJKW� RU� GLVHDVH��� 7KH� FDVH� IRU� D� FORVH� FRQQHFWLRQ� EHWZHHQ�ELRGLYHUVLW\�DQG�KXPDQ�ZHOO�EHLQJ�LV�PRUH�GLUHFW�IRU�WKH�¶UHJXODWLQJ·�HFRV\VWHP�VHUYLFHV��VXFK�DV�FRQWURO�RI�SHVWV�DQG�GLVHDVHV��
:KLOH�PRQHWDU\�PHDVXUHV�RI� ¶1DWXUDO�&DSLWDO·� �'H�*URRW� �������&RQVWDQ]D� HW� DO���������ZKLFK�GLUHFWO\� PHDVXUH� ELRGLYHUVLW\� IXQFWLRQ� LQ� PRQHWDU\� WHUPV�� DUH� VLPLODUO\� RI� OLPLWHG� XWLOLW\� DV�ELRGLYHUVLW\� SUR[LHV�� WKHLU� DELOLW\� WR� OLQN� WR� VRFLDO� DQG� HFRQRPLF� GULYHUV� DQG� KXPDQ� XVH� LV� D�YDOXDEOH�DWWULEXWH��
1RQ� KXPDQ�FHQWUHG� PHDVXUHV� RI� HFRV\VWHP� IXQFWLRQ� XVXDOO\� ERLO� GRZQ� WR� GLUHFW� RU� LQGLUHFW�PHDVXUHV�RI�ELRJHRFKHPLFDO�F\FOLQJ��VXFK�DV�QHW�SULPDU\�SURGXFWLYLW\�RU�HYDSRWUDQVSLUDWLRQ��7KH�JUHHQQHVV�RI� WKH� ODQG�RU�RFHDQ�VXUIDFH�� DQG� LWV�VSDWLDO�DQG� WHPSRUDO�YDULDELOLW\��DUH�SUR[LHV� IRU�WKLV�W\SH�RI�PHDVXUH�WKDW�OHQG�WKHPVHOYHV�WR�UHPRWH�VHQVLQJ�
$W� WKH� RUJDQLVP� OHYHO�� VSHFLHV� FDQ� EH� UHFODVVLILHG� LQWR� ¶IXQFWLRQDO� W\SHV·� RU� ¶JXLOGV·�� JURXSV� RI�VSHFLHV� WKDW� VKDUH�� WR� VRPH� GHJUHH�� DW WULEXWHV� VXFK� DV� EDVLF� SK\VLRORJ\�� UHSURGXFWLYH� VWUDWHJ\��WURSKLF�SRVLWLRQ�DQG�UHVSRQVH�WR�VWUHVV�RU�GLVWXUEDQFH� �6PLWK�	�6FKXJDUW���������5LFKQHVV�DQG�HYHQQHVV�PHDVXUHV�FDQ�WKHQ�EH�DSSOLHG�WR�IXQFWLRQDO� W\SHV�UDWKHU�WKDQ�VSHFLHV��7KH�SUREOHP�LV�WKDW�WKHUH�LV�QR�VWDQGDUG�IRU�WKH�GHILQLWLRQ�RI�IXQFWLRQDO�W\SHV��ZKLFK�FDQ�EH�HQGOHVVO\�VXEGLYLGHG�XQWLO�VSHFLHV�RU�HYHQ�ORZHU�EDVLF�XQLWV�DUH�UHDFKHG�
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����� ,QWHJULW\�LQGLFDWRUV�
(FRORJLFDO�LQWHJULW\�LV�WKH�FDSDFLW\�WR�PDLQWDLQ�D�EDODQFHG��DGDSWLYH�FRPPXQLW\�RI�VSHFLHV�KDYLQJ�VSHFLHV�FRPSRVLWLRQ��GLYHUVLW\�DQG�IXQFWLRQDO�RUJDQLVDWLRQ�FRPSDUDEOH�WR�WKDW�RI�QDWXUDO�KDELWDWV�LQ�WKH�SDUWLFXODU�UHJLRQ��$Q�H[DPSOH�RI�DQ�LQGLFDWRU�LV�WKH�,QGH[�RI�%LRWLF�,QWHJULW\� �.DUU��������ZKLFK� VFRUHV� D� UDQJH� RI� DTXDWLF� FRPPXQLW\� SDUDPHWHUV� DJDLQVW� GHILQHG� VWDQGDUGV�� 7HUUHVWULDO�YHUVLRQV�KDYH�DOVR�EHHQ�SURSRVHG� �$QGUHDVRQ� HW� DO���������6RPH� LQWHJULW\� LQGLFHV�DUH�EDVHG�RQ�WKH�OHYHOV�RI�FRQQHFWHGQHVV�DQG�VHOI �RUJDQLVDWLRQ�LQ�HFRV\VWHPV� �.XWVFK�HW�DO���������¶(FRORJLFDO�KHDOWK·� FRQFHSWV� IRFXV� RQ� DVVHVVPHQW� RI� WKH� IXQFWLRQDO� DVSHFWV� RI� DQ� HFRV\VWHP�� ZLWKRXW�QHFHVVDULO\�UHIHUHQFLQJ�WKHP�WR�D�¶QDWXUDO�VWDWH·�
����� ,QIHUHQWLDO�DQG�FRPSRVLWH�LQGLFDWRUV
7KHUH� LV� D� JUHDW� WHPSWDWLRQ� WR� UHGXFH� WKH� FRPSOH[LW\� E\� FRPELQLQJ� D� UDQJH� RI� LQGLFHV� LQWR� D�VLQJOH�PHDVXUHPHQW��7KH�¶+XPDQ�,QIOXHQFH�,QGH[·� �6DQGHUVRQ�HW�DO������� LV�DQ�H[DPSOH��6WULFWO\��GRLQJ� WKLV�E\� VXPPDWLRQ�RU�DYHUDJLQJ�RQO\�PDNHV�PDWKHPDWLFDO� VHQVH� LI� WKH� LQGLYLGXDO� LQGLFHV�KDYH�WKH�VDPH�XQLWV�DQG�PHDVXUHPHQW�VFDOHV��9HU\�PDQ\�VRFLDO�DQG�HFRQRPLF�LQGLFDWRUV��VXFK�DV�WKH�+XPDQ�'HYHORSPHQW�,QGH[�� �81'3���������DUH�RI�VXFK�D�PXOWL�IDFWRUDO�QDWXUH��6RPHWLPHV�WKH�SUREOHP�RI�LQFRPPHQVXUDELOLW\�LV�DGGUHVVHG�HLWKHU�E\�QRUPDOLVLQJ�DOO�WKH�QXPEHUV�WR�VRPH�EHQFKPDUN�� RU�ZHLJKWLQJ� WKH� YDULRXV� FRPSRQHQWV� �LQ�ZKLFK� FDVH� WKH�ZHLJKWLQJV� DUH� LPSOLFLWO\�XQLW�FRQYHUVLRQ�IDFWRUV���$[LV�VFRUHV�LQ�3ULQFLSOH�&RPSRQHQW�$QDO\VLV��RU�VLPLODU�WHFKQLTXHV��IDOO�LQWR� WKLV� FDWHJRU\�� 0XOWLSOLFDWLYH� LQGLFHV� PD\� PDNH� PRUH� PDWKHPDW LFDO� VHQVH�� EXW� VKRXOG� EH�EDVHG�RQ�D�VRXQG�FRQFHSWXDO�PRGHO��RU�HOVH�WKH\�ZLOO�PDNH�QR�HFRORJLFDO�VHQVH��
*LYHQ� WKH� FRPSOH[LW\� DQG� YDULHW\� RI� ELRGLYHUVLW\� LQ� DQG� EHWZHHQ� HFRV\VWHPV�� FRPSRVLWH�LQGLFDWRUV� DUH�SUREDEO\�RQH�RI� WKH� IHZ�ZD\V� LQ�ZKLFK� LQIRUPDWLR Q�FDQ�EH�PDGH�GLJHVWLEOH�DQG�XQGHUVWDQGDEOH� IRU� SROLWLFLDQV� DQG� WKH� SXEOLF� �&%'� ����D�� &%'� ����F��� +RZHYHU�� VXFK�LQGLFDWRUV�PXVW�EH�WUDQVSDUHQW�DERXW�WKH�ZD\�WKH�YDULRXV�IDFWRUV�DUH�WUDQVIRUPHG�DQG�FRPELQHG���,W�PXVW�EH�SRVVLEOH�WR�GHOYH�GRZQ�LQWR�WKH�LQGLYLGXDO�FRPSRQHQWV�WKDW�PDNH�XS�WKH�LQGH[��DQG�WR�GLVDJJUHJDWH�WKHP�VSDWLDOO\�
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��� %LRGLYHUVLW\�LQGLFDWRUV�LQ�XVH
2QO\�D� IUDFWLRQ�RI� WKH�KXQGUHGV�RI�ELRGLYHUVLW\� LQGLFDWRUV� WKDW�KDYH�EHHQ�SURSRVHG�KDYH�EHHQ�LPSOHPHQWHG� RQ� D� UHJXODU� EDVLV� �'HOEDHUH� ����D�� &%'� ����F� �� 7KH� PRVW� FRPPRQO\� XVHG�LQGLFDWRUV� DUH� VSHFLHV�ULFKQHVV�� QXPEHU� RI� WKUHDWHQHG� DQG� H[WLQFW� VSHFLHV�� QXPEHU� RI� HQGHPLF�VSHFLHV��WUHQGV�LQ�DEXQGDQFH�RI�SDUWLFXODU�VSHFLHV��DUHD�ORVV�RI�HFRV\VWHPV� DQG�WKH�SHUFHQWDJH�RI�DUHD� SURWHFWHG� DQG� LWV� GHULYDWLYHV�� 6RPH� RI� WKHVH� LQGLFDWRUV� DUH� LQVHQVLWLYH�� SURYLGH� SHUYHUVH�PHVVDJHV�� RU� DUH� QRW� DQ� LQGLFDWRU� RI� VWDWH� EXW� RI� UHVSRQVH�� $� OLVW� RI� ELRGLYHUVLW\� LQGLFDWRUV�FXUUHQWO\�LQ�XVH�DQG�SURSRVHG�XQGHU�WKH�&%'�DUH�JLYHQ�LQ�7DEOHV�����DQG�����
0DQ\� ELRGLYHUVLW\�PHDVXUHV� KDG� WKHLU� RULJLQV� LQ� WKH� WD[RQRPLF� GLVFLSOLQHV��ZKLFK� FRQWLQXH� WR�KDYH�D�VWURQJ�LQIOXHQFH�WKURXJK�WKH�HPSKDVLV�RQ�FUHDWLQJ�FRPSOHWH�DQG�FRUUHFW�OLVWV�RI�VSHFLHV��KHQFH� HIIRUWV� VXFK� DV� WKH� *OREDO� %LRGLYHUVLW\� ,QIRUPDWLRQ� )DFLOLW\� DQG� 6SHFLHV� ������ 7KH�UDWLRQDOL]DWLRQ�WKDW�VXFK�LQLWLDWLYHV�EULQJ�LV�ZHOFRPH��EXW�WD[RQRPLF�FRPSOHWHQHVV��LI�DFKLHYDEOH�DW� DOO�� LV� VWLOO� PDQ\� GHFDGHV� GRZQ� WKH� URDG�� *LYHQ� WKH� LQGLFDWLRQV� WKDW� WKH� FXUUHQW� UDWH� RI�H[WLQFWLRQ� LV� DEQRUPDOO\� KLJK�� XUJHQF\� LV� SDUDPRXQW�� DQG� UREXVW� DQG� VFLHQWLILFDOO\� GHIHQVLEOH�VKRUWFXWV�DUH�QHHGHG��$EVROXWH�WD[RQRPLF�FRPSOHWHQHVV�LV�QRW�QHFHVVDU\�WR�PHDVXUH�ELRGLYHUVLW\�ORVV��6DPSOLQJ�D�OLPLWHG�QXPEHU�RI�ZHOO �GHVFULEHG�VSHFLHV�FDQ�SURYLGH�VXIILFLHQW�LQIRUPDWLRQ�WR�JXLGH�LQWHUYHQWLRQV��
7KH� PDLQ� FRQVHUYDWLRQ� DGYRFDF\� JURXSV� KDYH� UHOLHG� RQ� WKH� SHUFHLYHG� WKUHDW� RI� H[WLQFWLRQ��FDSWXUHG� LQ�5HG�'DWD�/LVWV�� VLQFH� WKHVH�GR�QRW� UHTXLUH� FRPSOHWH� VSHFLHV� LQYHQWRULHV�� ¶)ODJVKLS�VSHFLHV·��LQ�RWKHU�ZRUGV�WKRVH�ZLWK�KLJK�SXEOLF�DSSHDO��KDYH�DWWUDFWHG�D�GLVSURSRUWLRQDWH�DPRXQW�RI� DWWHQWLRQ�� 7KH� SROLF\� IRFXV� LV� VKLIWLQJ� WRZDUGV� DQ� ¶HFRV\VWHP �EDVHG·� DSSURDFK�� ZKLFK� LV�LQWHQGHG� WR� EH� PRUH� KROLVWLF�� 7KH� SULRULWLVDWLRQ� IRU� SURWHFWLRQ� RI� ¶KRWVSRWV·� DQG� ODUJH�XQWUDQVIRUPHG�DUHDV�DW�WKH�HFRV\VWHP�VFDOH��EDVHG�RQ�LQGLUHFW�PHDVXUHV�RU�H[SHUW �MXGJHPHQW��LV�D�WUHQG�RI�WKH�ODVW�GHFDGH��
7KH�PRVW� UHFHQW� WUHQG� LV� WRZDUGV� DEXQGDQFH �EDVHG� LQGLFHV��7KH\�KDYH� FLUFXPYHQWHG� WKH� GDWD�OLPLWDWLRQV�E\�RQH�RU�PRUH�RI�WKH�IROORZLQJ�VWUDW HJLHV��D��IRFXVVLQJ�RQ�D�VPDOO�QXPEHU�RI�ZHOO �VWXGLHG� VSHFLHV�� E�� XVLQJ� PRGHOV� WR� VXSSOHPHQW� LQDGHTXDWH� GDWD� VHULHV� RU� F�� XVLQJ� H[SHUW�MXGJHPHQW�LQ�SODFH�RI�SRSXODWLRQ�FHQVXVHV��
� KWWS���ZZZ�JELI�RUJ�*%,)BRUJ�ZKDWBLVBJELI� KWWS���ZZZ�VS�����RUJ
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7DEOH�����6LQJOH�LQGLFDWRUV��RQH�YDULDEOH�UHODWHG�WR�UHIHUHQFH�YDOXH��FXUUHQW O\�LQ�XVH��&'%�����D��
7<3( ,1',&$725��QRW�H[KDXVWLYH� 48(67,21,��6WDWH�	�7UHQG(FRV\VWHP� � $UHD�RI�HFRV\VWHP�W\SH�H�J��IRUHVW��DJULFXOWXUH��EXLOW�XS�ODQG +RZ�PXFK�QDWXUDO�DUHD�UHPDLQV��KRZ�PXFK�LV�DJULFXOWXUDO��DQG�KRZ�PXFK�LV�EXLOW �XS"

� +RWVSRWV��DUHDV�RI�KLJK�HQGHPLVP�H[SHULHQFLQJ�KLJK�KXPDQ�LPSDFW� :KLFK� HFRV\VWHPV� ZLWK� KLJK� GLYHUVLW\� RI�HQGHPLF�VSHFLHV�DUH�WKUHDWHQHG"6SHFLHV� � 7UHQGV� LQ� UHSUHVHQWDWLYH� VSHFLHV�� SDUWLFXODU�WD[RQRPLF� JURXSV�� H[SORLWHG� VSHFLHV�� HQGHPLF�VSHFLHV��PLJUDWRU\�VSHFLHV��UHG�OLVW�VSHFLHV��HWF�
:KDW� LV� WKH� TXDOLW\� RI� WKH� UHPDLQLQJ� QDWXUDO�DUHD� DQG� DJULFXOWXUDO� DUHD"� :KDW� DUH� WKH�WUHQGV�DW�VSHFLHV�OHYHO"

� 3HUFHQWDJH� RI� WKUHDWHQHG� DQG� H[WLQFW� VSHFLHV� LQ�SDUWLFXODU�JURXSV� :KLFK�VSHFLHV�DUH�WKUHDWHQHG"
6WUXFWXUH� � 7UHQGV�LQ�VWUXFWXUH�YDULDEOHV�H�J��FDQRS\�FRYHU��UDWLR�RI�GHDG�WR�OLYLQJ�ZRRG����DUHD�YLWDO�FRUDO�UHHIV :KDW�DUH�WKH�WUHQGV�RI�HFRV\VWHP�VWUXFWXUHV"
*HQHV� � 1XPEHU� DQG� VKDUH� RI� OLYHVWRFN� EUHHGV� DQG�DJULFXOWXUDO�SODQW�YDULHWLHV :KLFK�JHQHWLF�UHVRXUFHV�DUH�WKUHDWHQHG"

� 1XPEHU�RI� HQGDQJHUHG�YDULHWLHV�RI� OLYHVWRFN�EUHHGV�DQG�DJULFXOWXUDO�FURSV
� 6KDUH� RI� PDMRU� YDULHWLHV� LQ� WRWDO� SURGXFWLRQ� IRU�LQGLYLGXDO�FURSV

� ,,��3UHVVXUHV��7KUHDWV3K\VLFDO � $QQXDO� FRQYHUVLRQ� RI� VHOI�JHQHUDWLQJ� DUHD� DV� �� RI�UHPDLQLQJ�DUHD :KDW�LV�WKH�VL]H�RI�WKH�SUHVVXUH��DQG�LWV�WUHQG"
� &KDQJH�LQ�PHDQ�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ
� 5RDG�GHQVLW\
� 'DPPLQJ�	�FDQDOLVDWLRQ�RI�ULYHUV�
� )LUH&KHPLFDO � $FLG�GHSRVLWLRQ
� 3�RU�1�GHSRVLWLRQ
� ([FHHGLQJ� VRLO��ZDWHU� RU� DLU� VWDQGDUGV� IRU� SDUWLFXODU�SROOXWDQWV%LRORJLFDO � 7RWDO�QXPEHU�RI�LQYDVLYH�VSHFLHV
� 7RWDO�DPRXQW�KDUYHVWHG�SHU�VSHFLHV,QGLUHFW � +XPDQ�SRSXODWLRQ�GHQVLW\� *13 :KDW�IDFWRUV�LQIOXHQFH�WKH�GLUHFW�SUHVVXUHV"

,,,��8VH3URYLVLRQLQJ � 7RWDO�DPRXQW�KDUYHVWHG�SHU�VSHFLHV�RU�VSHFLHV�JURXS :KDW�LV�WKH�XVH"�,V�LW�VXVWDLQDEOH"
� 3HU�FDSLWD�ZRRG�FRQVXPSWLRQ +RZ�PDQ\�SHRSOH�GHSHQG�RQ�WKH�V\VWHP"5HJXODWLQJ � &DUERQ�VWRUHG�ZLWKLQ�IRUHVWV :KDW�LV�WKH�FRQWULEXWLRQ�WR�*'3"&XOWXUDO � 7RWDO�UHYHQXH�IURP�HFRWRXULVP
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,9��5HVSRQVH/HJLVODWLRQ � 7RWDO�QXPEHU�RI�SURWHFWHG�VSHFLHV�DV���RI�SDUWLFXODU�JURXSV
� ��3URWHFWHG�DUHD�E\�,8&1�FDWHJRU\7DUJHWV � 1%6$3�REMHFWLYHV�PHW([SHQGLWXUH � ([SHQGLWXUH� RI� DEDWHPHQW� 	� QDWXUH� PDQDJHPHQW�PHDVXUHV��86��0DQDJHPHQW � 1XPEHU�RI�SURWHFWHG�DUHDV�ZLWK�PDQDJHPHQW�SODQ
� 1XPEHU� RI� WKUHDWHQHG� 	� LQYDVLYH� VSHFLHV� ZLWK� D�PDQDJHPHQW�SODQ
� (IIHFWLYHQHVV� RI� SURWHFWLRQ� PHDVXUHV� LQ� SURWHFWHG�DUHDV9��&DSDFLW\3HUVRQQHO � 1DWXUH�UHVHDUFK�FDSDFLW\�LQ�QXPEHU�RI�SHRSOH
� &RQVHUYDWLRQ�SROLF\�FDSDFLW\�LQ�QXPEHU�RI�SHRSOH
� 1DWXUH�VLWH�PDQDJHPHQW�LQ�QXPEHU�RI�SHRSOH/HJLVODWLRQ � 1XPEHU�RI�SK\VLFDO�DQG�FKHPLFDO�VWDQGDUGV0RQLWRULQJ � 1XPEHU� RI� SK\VLFDO�� FKHPLFDO� DQG� ELRORJLFDO�YDULDEOHV�PHDVXUHG
� /RFDO� VLWH� VXSSRUW� JURXSV� DQG�QXPEHU�RI� YROXQWHHU�PRQLWRUV

7DEOH�����&RPSRVLWH�LQGLFDWRUV�WKDW�DUH�FXUUHQWO\�LQ�XVH��EDVHG�RQ�&%'�����D��
*URXS ,QGLFDWRU 6RXUFH*HQHUDO�VWDWH� x 1DWXUDO�&DSLWDO�,QGH[ 7HQ�%ULQN�HW�DO���������x :LOGHUQHVV &RQVHUYDWLRQ�,QWHUQDWLRQDOx /LYLQJ�3ODQHW�,QGH[ /RK��������x /DVW�RI�WKH�:LOG 6DQGHUVRQ�HW�DO��������x %LRGLYHUVLW\�,QWDFWQHVV�,QGH[ 6FKROHV�DQG�%LJJV�������
7UHQGV�RI�FRPSRQHQWV x 6SHFLHV�$VVHPEODJH�7UHQG�,QGLFHV�H�J��%LUG�+HDGOLQH�,QGLFDWRU��/LYLQJ�3ODQHW�,QGH[ H�J��*UHJRU\ HW�DO����������/RK��������
7KUHDW x 5HG�/LVW�,QGLFDWRUV�RQ�VSHFLHV�JURXSV ,8&1��������x +RW�VSRWV 0\HUV�HW�DO��������x +XPDQ�)RRWSULQW 6DQGHUVRQ�HW�DO��������
3UHVVXUHV x 7RWDO�3UHVVXUH�,QGH[ 81(3�������x +DELWDW�VSHFLHV�PDWUL[�$JULFXOWXUDO�SUDFWLFHV�8VHV x 6XVWDLQDELOLW\�RI�WRWDO�XVH5HVSRQVHV x (IIHFWLYHQHVV�RI�HQYLURQPHQWDO�PHDVXUHVx (IIHFWLYHQHVV�RI�DUHD�SURWHFWLRQx (IIHFWLYHQHVV�RI�VLWH�PDQDJHPHQW
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,Q�2FWREHU�������WKH�&%'�DFFHSWHG�D�ZRUNLQJ�SDSHU�WKDW�SURSRVHV�D�VHULHV�RI���� LQGLFDWRUV�IRU�DSSOLFDWLRQ�DW�QDWLRQDO�VFDOH� �&%'�����G���7KH\�LQFOXGH�PHDVXUHV�DW�DOO�WKUHH�OHYHOV��HFRV\VWHP��RUJDQLVP��JHQHWLF��DQG�DOO�DVSHFWV��FRPSRVLWLRQ��VWUXFWXUH�DQG�IXQFWLRQ���EXW�DUH�QRW�LQWHQGHG�WR�EH�FRPSUHKHQVLYH�RU�LQWHJUDWHG��7KH\�DUH�WKH�UHVXOW�RI�D�FRQVXOWDWLRQ�SURFHVV�WKDW�EHJDQ�DURXQG�WKH�WLPH�RI�WKH�*OREDO�%LRGLYHUVLW\�$VVHVVPHQW��������
%HFDXVH� RI� WKH� ODFN� RI� GDWD RQ� ELRGLYHUVLW\� WUHQGV�� WKHUH� LV� D� WHQGHQF\� WR� XVH� LQGLFDWRUV� RI�SUHVVXUH� �¶GULYHUV·�� LQVWHDG�� 7KH�*HRELRVSKHUH� /RDG� �0ROGDQ� ����� DQG�(FRORJLFDO� )RRWSULQW��:DFNHUQDJHO� HW�DO������� DUH�LQGLFDWRUV�RI�SUHVVXUH��6RPH�SUHVVXUHV��VXFK�DV�SRSXODWLRQ�GHQVLW\�RU�KRXVHKROG�G\QDPLFV��DUH�UHODWLYHO\�HDVLO\�TXDQWLILHG� �/LX�HW�DO���������,W�LV�JHQHUDOO\�UHFRJQLVHG�WKDW�KXPDQ�GRPLQDWHG� ODQGVFDSHV�DUH�VSHFLHV�SRRU��RU� LQYDGHG�E\�DOLHQ�VSHFLHV� �$UD~MR��������+XPDQ� DSSURSULDWLRQ�RI� SKRWRV\QWKHVLV� SURGXFWV� �9LWRXVHN� HW� DO�� ������5RMVWDF]HU� HW� DO�� �����UHGXFHV�WKH�HQHUJ\�DYDLODEOH�WR�VXSSRUW�ZLOG�SRSXODWLRQV�DQG�HFRV\VWHPV��
��� 'DWD�LVVXHV
7KH�NH\� LVVXH� LQ� WKH�DSSOLFDELOLW\�RI� LQGLFDWRUV� LV�DFFHVV� WR�UHOLDEOH�DQG�FRQVLVWHQW� LQIRUPDWLRQ��SDUWLFXODUO\� ZKHQ� DWWHPSWLQJ� WR� DSSO\� LQGLFHV� DW� FRQWLQHQWDO� RU� JOREDO� VFDOHV�� 7KH� TXDOLW\� RI�NQRZOHGJH�YDULHV�JUHDWO\�DFURVV�ELRORJLFDO�JURXSV��IRU�LQVWDQFH�IURP�YHU\�JRRG�IRU�ELUGV��WR�YHU\�SRRU� IRU� VRLO� PLFUREHV�� 7KLV� GRHV� QRW� UHIOHFW� WKHLU� UHODWLYH� HFRORJLFDO� LPSRUWDQFH�� EXW� WKHLU�¶FKDULVPD·�DQG�HDVH�RI�VWXG\��7KLV�XQHYHQQHVV�RI�REVHUYDWLRQ�KDV�JHRJUDSKLFDO�FRQVHTXHQFHV��WKH�WURSLFV� DQG� WKH�RFHDQV� DUH� OHVV�ZHOO� LQYHQWRULHG� WKDQ� WKH� WHPSHUDWH� ODQG�PDVVHV��EHFDXVH� WKH\�KDYH�D�JUHDWHU�ELRGLYHUVLW\�DQG�D�VKRUWHU�UHFRUG�RI�VFLHQWLILF�VWXG\��7R�DQ�H[WHQW��EURDGHQLQJ�WKH�LQIRUPDWLRQ� VRXUFHV� WR� LQFOXGH� WUDGLWLRQDO� RU� LQGLJHQRXV� NQRZOHGJH� FDQ� KHOS� DOOHYLDWH� WKH�SUREOHP�IRU�WKH�PRUH�SURPLQHQW�JURXSV��EXW�LW�LV�XQUHDVRQDEOH�WR�H[SHFW�LQGLJHQRXV�SHRSOH�WR�KDYH�NQRZOHGJH�DERXW�VXEMHFWV�WKDW�PD\�QRW�KDYH�VHHPHG�QHFHVVDU\�RU�HYHQ�YLVLEOH�WR�WKHP�
7KH�SUDJPDWLF�VROXWLRQ�LV�L��WR�FRQILQH�ELRGLYHUVLW\�LQGLFDWRUV�WR�WD[RQRPLF�JURXSV�RU�WRSLFV�WKDW�DUH�UHODWLYHO\�ZHOO�NQRZQ��L�H��SODQWV�DQG�YHUWHEUDWHV��DQG�LL��WR�PDNH�XVH�RI�TXDOL WDWLYH��LQFOXGLQJ�LQIRUPDO��DV�ZHOO�DV�TXDQWLWDWLYH� LQIRUPDWLRQ�VRXUFHV��DW� OHDVW�XQWLO�VRPH�SDULW\� LQ�NQRZOHGJH�LV�DFKLHYHG��,Q�ZHOO�VWXGLHG�HFRV\VWHP�W\SHV��ELRGLYHUVLW\� ORVV�FDQ�EH�PHDVXUHG�EDVHG�RQ�DOO�ZHOO �NQRZQ�WD[RQRPLF�JURXSV��SURYLGHG�WKDW�WKH\�DU H�LQFOXGHG�LQ�DQ�XQELDVHG�IDVKLRQ�
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7KH�XQZLOOLQJQHVV�RI�PXFK�RI�WKH�WUDGLWLRQDO�VFLHQWLILF�FRPPXQLW\�LQ�WKH�ELRGLYHUVLW\�GRPDLQ�WR�EH�SUDJPDWLF�UDWKHU�WKDQ�SHUIHFWO\�ULJRURXV�LV�D�VLJQLILFDQW�LPSHGLPHQW�WR�DGGUHVVLQJ�WKH�XUJHQW�SUREOHP�RI�ELRGLYHUVLW\� ORVV��0RVW� LQGLFDWRUV� UHO\�RQ�YHU\�VLPLODU�VHWV�RI� LQSXW� LQIRUPDWLRQ��VR�WKH�ODFN�RI�FRQVHQVXV�UHJDUGLQJ�WKH�IRUP�RI�WKH�LQGLFDWRU�VKRXOG�QRW�EH�DQ�H[FXVH�WR�UHWDUG�WKH�FROOHFWLRQ�DQG�UHILQHPHQW�RI�IXQGDPHQWDO��VSDWLDOO\�DQG�WHPSRUDOO\�H[SOLFLW�GDWD�RQ�
� /DQG�FRYHU�DQG�XVH��DQG�WKH�VSDWLDO�SDWWHUQ�RI�PDULQH�UHVRXUFH�XVH�
� 7KH�GLVWULEXWLRQ�RI�VSHFLHV��HVSHFLDOO\�RI�WKH�SODQWV�DQG�YHUWHEUDWHV
� 7UHQGV�LQ�SRSXODWLRQ�VL]H�RI�NH\�VSHFLHV
� 7KH�JHQHWLF�GLYHUVLW\�ZLWKLQ�GRPHVWLFDWHG�VSHFLHV
� 7KH�LPSDFW�RI�GLIIHUHQW�ODQG�XVH DFWLYLWLHV�RQ�GLIIHUHQW�VSHFLHV�
$� OHVVRQ� LQ� SUDJPDWLVP� FDQ� EH� GUDZQ� IURP� WKH�81�&OLPDWH� &KDQJH� &RQYHQWLRQ��:KHQ� WKH�,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� ZDV� FKDUJHG� ZLWK� GHYHORSLQJ� SHUIRUPDQFH�LQGLFDWRUV�IRU�JUHHQKRXVH�JDV�HPLVVLRQV��ZKLFK�FDQ�SRWH QWLDOO\�FRPH�IURP�KXQGUHGV�RI�DFWLYLWLHV�DQG�WHQV�RI�WKRXVDQGV�RI�LQGLYLGXDO�VRXUFHV��LW�FKRVH�¶DFWLYLW\ �EDVHG�DSSURDFKHV·�UDWKHU�WKDQ�IXOO��VRXUFH�E\�VRXUFH� DFFRXQWLQJ�� 7KLV� DSSURDFK� HVWDEOLVKHV� D� VWDWLVWLFDO� UHODWLRQVKLS� EHWZHHQ� WKH�LQWHQVLW\�RI�DQ�DFWLYLW\��IRU� LQVWDQFH�DJULFXOWXUH��DQG�LWV�LPSDFW��LQ�WKLV�FDVH��RQ�ELRGLYHUVLW\���,W�FDOFXODWHV� WKH� VFRUH� IRU� D� JLYHQ� JHRJUDSKLFDO� UHJLRQ� E\� PXOWLSO\LQJ� WKH� DUHD� H[SRVHG� WR� HDFK�DFWLYLW\� E\� WKH� LPSDFW� IDFWRU�� 7KH� 1DWXUDO� &DSLWDO� ,QGH[� DQG� %LRGLYHUVLW\� ,QWDFWQ HVV� ,QGH[��GHVFULEHG�EHORZ��ZRUN�LQ�WKLV�ZD\�
7KH�LQFUHDVLQJ�HDVH��DQG�GHFUHDVLQJ�FRVW��ZLWK�ZKLFK�JHQHWLF�LQIRUPDWLRQ�FDQ�EH�FROOHFWHG�PD\�LQ�IXWXUH� DOWHU� WKH� HPSKDVLV� FXUUHQWO\� SODFHG� RQ� VSHFLHV �OHYHO� LQIRUPDWLRQ�� HVSHFLDOO\� IRU� ODUJH�JURXSV� RI� RUJDQLVPV� ZKRVH� WD[RQRP\� LV� SRRUO\� GHYHORSHG�� )RU� LQVWDQFH�� LQ� FDOFXODWLQJ�HQGHPLVP�VFRUHV��LW�PD\�EH�OHVV�LPSRUWDQW�KRZ�PDQ\�FORVHO\�UHODWHG�VSHFLHV�WKHUH�DUH��WKDQ�WKH�WRWDO�JHQHWLF�GLYHUVLW\�LQ�WKH�V\VWHP��:LWKLQ�GRPHVWLFDWHG�RUJDQLVPV��VXEMHFW�WR�LQWHQVH�EUHHG LQJ��WKH�VSHFLHV�FRQFHSW�LV�VRPHZKDW�LQDSSOLFDEOH�LQ�DQ\�FDVH��DQG�JHQHWLF�PHWKRGV�DUH�DOUHDG\�ZLGHO\�DSSOLHG��$W�SUHVHQW� LW� LV�QRW�SUDFWLFDO� WR�JHW� IXOO� JHQHWLF�SURILOHV� IRU� DOO�RUJDQLVPV��&RPPXQLW\�SURILOLQJ� LV� D� PHWKRG� RI� FKRLFH� IRU� JURXSV� VXFK� DV� VRLO� PLFUREHV�� ZKHUH� EXON� VDPSOLQJ� LV�UHODWLYHO\�VWUDLJKWIRUZDUG�
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��� %LRGLYHUVLW\�LQGLFDWRUV�IRU�SROLF\�SXUSRVHV
6HYHUDO� SDUWLDOO\�RYHUODSSLQJ� OLVWV� RI� GHVLUDEOH� DWWULEXWHV� RI� ELRGLYHUVLW\� LQGLFDWRUV� IRU� SROLF\�SXUSRVHV� H[LVW� �&%'� ����D�� &%'� ����F�� &%'� ����G� �� $Q� LQWHJUDWHG� OLVW� RI� FULWHULD� ZRXOG�LQFOXGH�

� 5HOHYDQW�WR�ELRGLYHUVLW\�SROLF\�PDNLQJ�
� 6LPSOH�DQG�HDVLO\�XQGHUVWRRG
� %URDGO\�DFFHSWHG
� 6FLHQWLILFDOO\�FUHGLEOH
� 4XDQWLWDWLYH
� 1RUPDWLYH��DOORZLQJ�FRPSDULVRQ�ZLWK�D�EDVHOLQH�VLWXDWLRQ�DQG�D�SROLF\�WDUJHW�
� 0HDVXUDEOH�LQ�D VXIILFLHQWO\�DFFXUDWH�ZD\�DW�DQ�DIIRUGDEOH�FRVW�
� 5HVSRQVLYH�WR�FKDQJHV�DW�SROLF\�UHOHYDQW�WLPH�DQG�VSDFH�VFDOHV
� 8VHDEOH�IRU�VFHQDULRV�RI�IXWXUH�SURMHFWLRQV
� $OORZ� DJJUHJDWLRQ� DQG� GLVDJJUHJDWLRQ� EHWZHHQ� HFRV\VWHP�� QDWLRQDO�� DQG�LQWHUQDWLRQDO�VFDOHV
� 8VHDEOH�LQ�YDULRXV�FRPSRVLWH�LQGLFDWRUV�DQG�IRU�GLIIHUHQW�SXUSRVHV�

7R� GDWH�� WKH� EXON� RI� WKH� ELRGLYHUVLW\� UHVHDUFK� DQG� PHGLD� DWWHQWLRQ� KDV� EHHQ� RQ� VSHFLHV�FRPSRVLWLRQ��ZKHUHDV�PXFK� RI� WKH� SROLF\ �OHYHO� MXVWLILFDWLRQ� IRU� ELRGLYHUVLW\� FRQVHUYDWLRQ� UHVWV�LPSOLFLWO\�RQ�HFRV\VWHP�OHYHO��IXQFWLRQDO�DWWULEXWHV��7KLV�UHVXOWV�LQ�D�PLVPDWFK�EHWZHHQ�WKH�W\SH�RI� LQIRUPDWLRQ� DYDLODEOH�� DQG� WKDW� QHHGHG� IRU� SROLF\��:KLOH� DOO� VWDNHKROGHUV� DFNQRZOHGJH� WKH�YDULHW\�RI�VFDOHV�DQG�DVSHFWV�RI�ELRGLYHUVLW\�� LQ�SUDFWLFH�ELRGLYHUVLW\�LQGLF DWRUV�KDYH�IRFXVHG�RQ�WKH� RUJDQLVP� VFDOH�� DQG� RQ� D� VLQJOH� FRPSRVLWLRQDO� PHDVXUH�� VSHFLHV� ULFKQHVV�� $OWKRXJK� WKH�¶HFRV\VWHP�DSSURDFK·�LV�ZLGHO\�HVSRXVHG��LQ�UHDOLW\��PHDVXUHV�RI�HFRV\VWHP�GLYHUVLW\�KDYH�VHOGRP�JRQH�EH\RQG�VWDWHPHQWV�DERXW�WKH�DUHDO�H[WHQW�R I�SURPLQHQW�HFRV\VWHP�W\SHV��VXFK�DV�IRUHVWV�
7KHUH� LV� QR� VLQJOH�� DOO�SXUSRVH�� XQLYHUVDOO\� ¶JRRG·� LQGLFDWRU� LQ� WKH� ILHOG� RI� ELRGLYHUVLW\�� 7KH�FKDOOHQJH�LV�WR�ILQG�D�VPDOO�VHW�RI�FRPSOHPHQWDU\�LQGLFDWRUV��VLQFH�LW�LV�DSSDUHQW�WKDW�RQH�LQGLFDWRU�ZLOO� QRW� VXIILFH�� WKDW� LV� VLPXOWDQHRXVO\� HDV\� WR� JUDVS�� ZLGHO\� DSSOLFDEOH�� DQG� VHQVLWLYH�� 7KH�VXLWDELOLW\� RI� D� SDUWLFXODU� LQGLFDWRU� GHSHQGV� RQ� WKH� SXUSRVH� IRU� ZKLFK� LW� LV� XVHG�� (YHQ� IRU� D�VSHFLILHG�SXUSRVH��WKHUH�DUH�JHQHUDOO\�WZR�RU�WKUHH�LQGLFDWRUV�WKDW�FRXOG�VDWLV I\�WKH�FULWHULD�HTXDOO\�ZHOO��2Q� WKH�RWKHU�KDQG��RQFH� WKH�SXUSRVH�KDV�EHHQ�GHILQHG�� LW� LV�SRVVLEOH� WR�HOLPLQDWH�HQWLUH�FDWHJRULHV� RI� LQGLFDWRU� DV� LQDSSURSULDWH�� 7KHUHDIWHU�� FRQVLGHUDWLRQV� RI� SUDFWLFDOLW\�PD\� IXUWKHU�
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UHGXFH�WKH�VXLWDEOH�FDQGLGDWH�LQGLFDWRUV WR�WZR�RU�WKUHH�RSWLRQV���6RPH�LQGLFDWRUV��VXFK�DV�K\EULG�LQGLFDWRUV� WKDW� DUH� DUELWUDULO\�ZHLJKWHG� VXPPDWLRQV� RI� PL[WXUHV� RI� VWDWHV�� SUHVVXUHV� DQG�UHVSRQVHV��VKRXOG�EH�DYRLGHG�
9DULRXV� W\SHV� RI� ELRGLYHUVLW\� LQGLFHV� DUH� DSSOLFDEOH� DW� GLIIHUHQW� VWDJHV� LQ� W KH� SROLF\� SURFHVV��,QGLFHV� WKDW� LGHQWLI\� SULRULW\� DUHDV� IRU� FRQVHUYDWLRQ� DFWLRQ�� VXFK� DV� ¶7KH� /DVW� RI� WKH� :LOG·��¶+RWVSRWV·� RU� FRPSOHPHQWDULW\� LQGLFHV�� DUH� DLPHG� DW� WKH� SODQQLQJ� SKDVH�� DQG� DUH� XVXDOO\�FDOFXODWHG�RQFH�RQO\��3HUIRUPDQFH�PRQLWRULQJ�WRROV��UHS HDWHG�RQ�D�UHJXODU�EDVLV��DUH�RSHUDWLRQDO�SKDVH�LQGLFDWRUV�XVHG�DV�HDUO\�ZDUQLQJ�PHDVXUHV�DQG�IRU�HYDOXDWLQJ�FXUUHQW�DQG�IXWXUH�SROLFLHV�
7KH� DXWKRUV� RI� WKLV� UHYLHZ� KDYH� EHHQ� LQYROYHG� LQ� WKH� GHYHORSPHQW� RI� WZR� FORVHO\ �UHODWHG�ELRGLYHUVLW\� LQGLFHV��ZKLFK�UHIOHFW�RXU�FRQYLFWLRQV�RQ�ZKDW� W\SH�RI�PHDVXUHV�DUH� OLNHO\�WR�PHHW�WKH�FULWHULD�OLVWHG�DERYH��DQG�WKHUHE\�IXOILO�SROLF\�QHHGV�ZKLOH�UHPDLQLQJ�VFLHQWLILFDOO\�OHJLWLPDWH��7KH\� DUH� WKH�1DWXUDO�&DSLWDO� ,QGH[� �&%'� �������7HQ�%ULQN� HW� DO�� � ������&%'�����F� DQG� WKH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[��6FKROHV�	�%LJJV��������6FKROHV�DQG�%LJJV������ ��,Q�SULQFLSOH��ERWK�PHDVXUH�WKH�GHYLDWLRQ�RI� DEXQGDQFH RI�D�EURDG�VSHFWUXP�RI�VSHFLHV�IURP�VRPH�UHIHUHQFH�VWDWH��7KH�1&,� XVHV� DFWXDO� SRSXODWLRQ� HVWLPDWHV� RI� D� UHVWULFWHG� QXPEHU� RI� VSHFLHV��ZKHUH� QHFHVVDU\�VXSSOHPHQWHG�E\�VWDWLVWLFDO�SRSXODWLRQ�PRGHOV��,WV�GLVDGYDQWDJH�LV�WKDW�VXFK�FRPSUHKHQVLYH�GDWD�DUH�RQO\�DYDLODEOH�LQ�ZHOO�VWXGLHG��UHODWLYHO\�ORZ�ELRGLYHUVLW\�DUHDV��7KH�%,,�LV�PRUH�DSS OLFDEOH�LQ�VSHFLHV�ULFK�EXW�UHODWLYHO\�GDWD�SRRU�UHJLRQV��,W�XVHV�D�SDQHO�RI�H[SHUWV�WR�DVVHVV�WKH�LPSDFWV�RI�YDULRXV� W\SHV� RI� KXPDQ� DFWLRQV� RQ� DEXQGDQFH� ZLWKLQ� IXQFWLRQDO� JURXSV� RI� VSHFLHV�� ,WV�GLVDGYDQWDJH�LV�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�VXFK�MXGJHPHQ WV��7KH�QXPEHUV�SURGXFHG�E\�ERWK�LQGLFHV� DUH� UHODWLYHO\� HDV\� WR� XQGHUVWDQG� DQG� H[SODLQ�� DQG� WKH\� LQWHJUDWH� ERWK� RUJDQLVP �OHYHO�LQIRUPDWLRQ� �ULFKQHVV��DEXQGDQFH��DQG�HFRV\VWHP �OHYHO� LQIRUPDWLRQ� �DUHD�H[WHQW�RI�HFRV\VWHPV��RYHUODLG� E\� DUHD� H[WHQW� RI� KXPDQ� DFWLYLWLHV��� 7KH\� DUH� VWUXFWXUDO�FRPSRVLWLRQDO�� EXW� FDQ� EH�DGDSWHG�IRU�IXQFWLRQDO�YLHZV�DV�ZHOO��E\�DSSO\LQJ�WKHP�WR�IXQFWLRQDO�W\SHV�
��� *DSV�LQ�NQRZOHGJH�DQG�UHVHDUFK�QHHGV
7KLV�FKDSWHU�KDV�DWWHPSWHG�WR�DVVHVV�ELRGLYHUVLW\�FRQFHSWV�DQG�LQGLFDWRUV�UHOHYDQW� WR�PRQLWRULQJ�SURJUHVV� LQ� VXVWDLQDEOH� GHYHORSPHQW� DW� QDWLRQDO� WR� JOREDO� VFDOHV�� :KLOH� FHUWDLQ� DVSHFWV� RI�ELRGLYHUVLW\� KDYH� EHHQ�ZHOO� UHVHDUFKHG�� NH\� JDSV� UHPDLQ� LQ� WKH� LQIRUPDWLRQ�QHHGHG� IRU� SROLF\�SXUSRVHV��7KHVH�LQFOXGH�EHWWHU�LQIRUPDWLRQ�RQ�
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� )XQFWLRQDO� UHODWLRQVKLSV� EHWZHHQ� ELRGLYHUVLW\� DQG� HFRV\VWHP� VHUYLFHV�� DQG� HVSHFLDOO\� WKH�SUHVHQFH�RI�WKUHVKROGV�ZKHUH�WKHVH�H[LVW�
� *HQHWLF�UHODWHGQHVV�DQG�UHGXQGDQF\�ZLWKLQ�DQG�EHWZHHQ�VSHFLHV�
� 5REXVW�SUHGLFWRUV�� IRU�DOO�PDMRU�HFRV\VWHP�W\SHV� LQ� WKH�GLIIHULQJ�SDUWV�R I� WKH�ZRUOG��RI�WKH�FRQVHTXHQFHV� RI� PDMRU� KXPDQ� DFWLYLWLHV�� VXFK� DV� H[WHQVLYH� DQG� LQWHQVLYH� DJULFXOWXUH��KDUYHVWLQJ��VHWWOHPHQW�DQG�LQGXVWULDO�SROOXWLRQ��RQ�YDULRXV�FDWHJRULHV�RI�ELRGLYHUVLW\�
� &RQVLVWHQW�DQG�UHOLDEOH�PDSV�RI�ODQG�XVH��DQG�RFHDQ�XVH��DQG�VS HFLHV�GLVWULEXWLRQV�DW�UHJLRQDO�DQG�JOREDO�VFDOHV�
� +LVWRULFDO�HFRORJ\�LQ�RUGHU�WR�XQGHUVWDQG�SURFHVVHV�DQG�FRQVWUXFW�EDVHOLQHV�
� %LRGLYHUVLW\�REVHUYDWLRQ�DQG�DVVHVVPHQW�V\VWHPV�IRU�VXSSO\LQJ�FRQVLVWHQW��ORQJ �WHUP�GDWD�IRU�LQGLFDWRU�FRQVWUXFWLRQ�
��� 5HIHUHQFHV
$FKDUG��)���(YD��+��'���6WLELJ��+��-���0D\DX[��3���*DOOHJR��-���5LFKDUGV��7��DQG�0DOLQJUHDX��-��3����������'HWHUPLQDWLRQ�RI�GHIRUHVWDWLRQ�UDWHV�RI�WKH�ZRUOG
V�KXPLG�WURSLFDO�IRUHVWV�� 6FLHQFH��������������$QGUHDVRQ�� -�� .��� 2
1HLOO�� 5�� 9��� 1RVV�� 5�� DQG� 6ORVVHU�� 1�� &�� �������� &RQVLGHUDWLRQV� IRU� WKH�GHYHORSPHQW�RI�D�WHUUHVWULDO�LQGH[�RI�ELRORJLFDO�LQWHJULW\��(FRORJLFDO�,QGLFDWRUV ���������$UD~MR��0��%����������7KH�FRLQFLGHQFH�RI�SHRSOH�DQG�ELRGLYHUVLW\� LQ�(XURSH�� *OREDO�(FRORJ\�DQG%LRJHRJUDSK\ ���������%UDPZHOO��'����������+RZ�PDQ\�SODQW�VSHFLHV�DUH�WKHUH"�3ODQW�7DON ����������&%'�� �������� 5HFRPPHQGDWLRQV� IRU� D� FRUH� VHW� RI� LQGLFDWRUV� RQ� ELRORJLFDO� GLYHUVLW\�� 0RQWUHDO�� &DQDGD��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&%'�� �����D���&RQVLGHUDWLRQ� RI� WKH� UHVXOWV� RI� WKH�PHHWLQJ� RQ� ������ � 7KH�*OREDO�%LRGLYHUVLW\�&KDOOHQJH���0HHWLQJ� 5HSRUW� 81(3�&%'�6%677$���,1)���� 0RQWUHDO�� &DQDGD�� &RQYHQWLRQ� RQ�%LRORJLFDO�'LYHUVLW\�&%'�������E���,QWHJUDWLRQ�RI�RXWFRPH�RULHQWDWHG�WDUJHWV�LQWR�WKH�SURJUDPPHV RI�ZRUN�RI�WKH�&RQYHQWLRQ��WDNLQJ�LQWR�DFFRXQW�WKH������ELRGLYHUVLW\�WDUJHW��WKH�*OREDO�6WUDWHJ\�IRU�3ODQW�FRQVHUYDWLRQ��DQG�UHOHYDQW�WDUJHWV�VHW� E\� WKH� :RUOG� 6XPPLW� RQ� VXVWDLQDEOH� 'HYHORSPHQW�� 'HFLVLRQ� ,;����� 0RQWUHDO�� &DQDGD��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&%'�� �����F��� 0RQLWRULQJ� DQG� LQGLFDWRUV�� GHVLJQLQJ� QDWLRQDO�OHYHO� PRQLWRULQJ� SURJUDPPHV� DQG� LQGLFDWRUV��81(3�&%'�6%677$�������0RQWUHDO��&DQDGD��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�
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&%'�� �����G��� 3URSRVHG� ELRGLYHUVLW\� LQGLFDWRUV� UHOHYDQW� WR� WKH� ����� WDUJHW��81(3�&%'�6%677$���,1)�����0RQWUHDO��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&%'�������H���5HSRUW�RI� WKH� H[SHUW�PHHWLQJ�RQ� LQGLFDWRUV�RI�ELRORJLFDO�GLYHUVLW\� LQFOXGLQJ� LQGLFDWRUV� IRU�UDSLG�DVVHVVPHQW� RI� LQODQG� ZDWHU� HFRV\VWHPV�� 81(3�&%'�6%677$���,1)���� 0RQWUHDO��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&*(5����������(FRORJLFDO�,QGLFDWRUV�IRU�WKH�1DWLRQ��:DVKLQJWRQ��'�&���1DWLRQDO�$FDGHP\�3UHVV�&ODUN�� .�� 5�� DQG� :DUZLFN�� 5�� 0�� �������� $� WD[RQRPLF� GLVWLQFWQHVV� LQGH[� DQG� LWV� VWDWLVWLFDO�SURSHUWLHV��-RXUQDO�RI�$SSOLHG�(FRORJ\ ������������&RQVWDQ]D�� 5��� '
$UJH�� 5��� 'H� *URRW�� 5��� )DUEHU�� 6��� *UDVVR�� 0��� +DQQRQ�� %��� /LPEXUJ�� .���1DHHP�� 6���2
1HLOO��5��9��� 3DUXHOR�� -���5DVNLQ��5��*��� 6XWWRQ��3�� DQG�9DQ�GHQ�%HOW��0����������7KH�YDOXH�RI�WKH�ZRUOG
V�HFRV\VWHP�VHUYLFH V�DQG�QDWXUDO�FDSLWDO��1DWXUH �������������&RZOLQJ��5��0���*LEEV�5XVVHOO��*��(���+RIIPDQ��0��7��DQG�+LOWRQ �7D\ORU��&����������3DWWHUQV�RI�SODQW�VSHFLHV�GLYHUVLW\�LQ�VRXWKHUQ�$IULFD��,Q� %LRWLF�'LYHUVLW\�LQ�6RXWKHUQ�$IULFD��&RQFHSWV�DQG�&RQVHUYDWLRQ �+XQWOH\��%��-��HG����SS��������&DSH�7RZQ��2[IRUG�8QLYHUVLW\�3UHVV�&UDZOH\��0��-����������*/,0�IRU�(FRORJLVWV��/RQGRQ��%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV�'H�*URRW��5��6�� ��������)XQFWLRQV� RI� QDWXUH�� HYDOXDWLRQ� RI� QDWXUH� LQ� HQYLURQPHQWDO� SODQQLQJ��PDQDJHPHQW�DQG GHFLVLRQ�PDNLQJ��$PVWHUGDP��:ROWHUV�1RRUGKRII�'HOEDHUH��%���HG���������D���$Q�LQYHQWRU\�RI�ELRGLYHUVLW\�LQGLFDWRUV�LQ�(XURSH��7LOEXUJ��7KH�1HWKHUODQGV��(XURSHDQ�&HQWUH�IRU�1DWXUH�&RQVHUYDWLRQ�LQ�(XURSH�'HOEDHUH��%���HG���������E���%LRGLYHUVLW\�LQGLFDWRUV�DQG�PRQLWRULQJ��PRYLQJ�WRZDUGV�LPSOHPHQWDWLRQ��7LOEXUJ��7KH�1HWKHUODQGV��(XURSHDQ�&HQWUH�IRU�1DWXUH�&RQVHUYDWLRQ�)DLWK��'��3�� ��������4XDQWLI\LQJ�ELRGLYHUVLW\��D�SK\ORJHQHWLF�SHUVSHFWLYH�� &RQVHUYDWLRQ�%LRORJ\ ������������)$2�� �������� *OREDO� )RUHVW� 5HVRXUFHV� $VVHVVPHQW� ������ 5RPH�� ,WDO\�� )RRG� DQG� $JULFXOWXUH�2UJDQLVDWLRQ�RI�WKH�8QLWHG�1DWLRQV�)$2����������6WDWH�RI�WKH�:RUOG
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��

0DUJXOHV��&��5��DQG�3UHVVH\��5��/�� ��������6\VWHPDWLF�&RQVHUYDWLRQ�3ODQQL QJ��1DWXUH �������������0ROGDQ��%����������*HRELRVSKHUH� ORDG��D�WHQWDWLYH�SURSRVDO�IRU�D�FRPSUHKHQVLYH�VHW�RI�SROLF\ �UHOHYDQW�LQGLFDWRUV��,Q� 6XVWDLQDELOLW\�,QGLFDWRUV �0ROGDQ��%��DQG�%LOOKDU]��6��HG����1HZ�<RUN��:LOH\�0\HUV��1���0LWWHUPHLHU�� 5�� $���0LWWHUPHLHU�� &��*��� GD� )RQVHFD��*��$��%�� DQG�.HQW�� -�� ��������%LRGLYHUVLW\�KRWVSRWV�IRU�FRQVHUYDWLRQ�SULRULWLHV��1DWXUH �������������1DHHP�� 6�� �������� 'LVHQWDQJOLQJ� WKH� LPSDFWV� RI� GLYHUVLW\� RQ� HFRV\VWHP� IXQFWLRQLQJ� LQ�FRPELQDWRULDO�H[SHULPHQWV��(FRORJ\ ��������������1HL��0����������*HQHWLF�GLVWDQFH�EHWZHHQ�SRSXODWLRQV��$PHULFDQ�1DWXUDOLVW �������������1RVV��5��)�� ��������,QGLFDWRUV�IRU�PRQLWRULQJ�ELRGLYHUVLW\��$�KLHUDUFKLFDO�DSSURDFK�� &RQVHUYDWLRQ�%LRORJ\ �����������3DQNKXUVW��&��(���'RXEH��%��0�� DQG�*XSWD� 9��9�� 6��5�� �HGV���� ��������%LRORJLFDO� LQGLFDWRUV� RI� VRLO�KHDOWK��:DOOLQJIRUG��8.��&$%�,QWHUQDWLRQDO�3LHORX��(��&����������$Q�LQWURGXFWLRQ�WR�PDWKHPDWLFDO�HFRORJ\��1HZ�<RUN��:LOH\�,QWHUVFLHQFH�3UDQFH�� *�� 7��� %HHQWMLH�� +��� 'UDQVILHOG�� -�� DQG� -RKQV�� 5�� �� ������ 7KH� WURSLFDO� IORUD� UHPDLQV�XQGHUFROOHFWHG��$QQDOV�RI�WKH�0LVVRXUL�%RWDQLFDO�*DUGHQ ����������5HLG��:��9���0F1HHO\��-��$���7XQVWDOO��'��%���%U\DQW��'��$��DQG�:LQRJUDG��0���������� %LRGLYHUVLW\�LQGLFDWRUV�IRU�SROLF\�PDNHUV��:DVKLQJWRQ�'�&���:RUOG�5HVRXUFHV�,QVWLWXWH�5RMVWDF]HU��6���6WHUOLQJ��6��0��DQG�0RRUH��1��-����������+XPDQ�DSSURSULDWLRQ�RI�SKRWRV\QWKHVLV�SURGXFWV��6FLHQFH ���������������5R\DO�6RFLHW\����������0HDVXULQJ�ELRGLYHUVLW\�IRU�FRQVHUYDWLRQ��/RQGRQ��8.��7KH�5R\DO�6RFLHW\�6DQGHUVRQ��(��:��� -DLWHK��0���/HY\��0��$���5HGIRUG��.��+���:DQQHER��$��9��DQG�:RROPHU��*����������7KH�+XPDQ�)RRWSULQW�DQG�WKH�/DVW�RI�WKH�:LOG��%LR6FLHQFH ������������6DQWLQL�� )�� DQG� $QJXOR�� $�� �������� $VVHVVLQJ� FRQVHUYDWLRQ� ELRORJ\� SULRULWLHV� WKURXJK� WKH�GHYHORSPHQW�RI�ELRGLYHUVLW\�LQGLFDWRUV��5LYLVWD�GL�%LRORJLD ������������6FKROHV��5��-��DQG�%LJJV��5���HGV������������(FRV\VWHP�6HUYLFHV�LQ�6RXWKHUQ�$IULFD��$�5HJLRQDO�$VVHVVPHQW��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�6FKROHV��5��-��DQG�%LJJV��5����������$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��1DWXUH������������6FRWODQG��5��:��DQG�:RUWOH\��$��+����������+RZ�PDQ\�VSHFLHV�RI�VHHG�SODQW�DUH�WKHUH"� 7D[RQ ������������6KHUPDQ��.���$OH[DQGHU��/��0��DQG�*ROG��%��'�� �HGV���� �������� /DUJH�0DULQH�(FRV\VWHPV��3DWWHUQV��SURFHVVHV�DQG�\LHOGV��:DVKLQJWRQ�'�&���$$$6�3XEOLFDWLRQV�



��

6PLWK��7��0��DQG�6FKXJDUW��+���HGV������������ 3ODQW�)XQFWLRQDO�7\SHV��&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�3UHVV�6WRFNZHOO��'��5��%����������*HQHWLF�$OJRULWKP�IRU�5XOH�VHW�3URGXFWLRQ��*$53��KWWS���NDRV�HULQ�JRY�DX�JHQHUDO�ELRGLYBPRGHO�(5,1�*$53�KRPH�KWPO7DNH]DNL�� 1�� DQG�1HL�� 0�� �������� *HQHWLF� GLVWDQFHV� DQG� UHFRQVWUXFWLRQ� RI� SK\ORJHQHWLF� WUHHV�IURP�PLFURVDWHOOLWH�'1$��*HQHWLFV �������������7HQ�%ULQN��%��-��(���9DQ�+LQVEHUJ��$���'H�+HHU��0���9DQ�GHU�+RHN��'��&��-���'H�.QHJW��%���.QRO��2��0��� /LJWYRHW��:��� 5RVHQERRP��5�� DQG�5HLMQHQ��0�� -�� 6��0�� �������� 7HFKQLVFK� RQWZHUS�1DWXXUZDDUGH� ���� HQ� WRHSDVVLQJ� LQ�1DWXXUYHUNHQQLQJ� �� >7HFKQLFDO� GHVLJQ� 1DWXUDO� &DSWLDO� ,QGH[�IUDPHZRUN�DQG�LPSOHPHQWDWLRQ�IRU�WKH�1DWXUH�2XWORRN��@��%LOWKRYHQ��7KH�1HWKHUODQGV��5,90�7LHQGHUHQ��3��+���YDQ�GH�+DDQ��$��$���YDQ�GHU�/LQGHQ��&��*��DQG�9RVPDQ��%����������%LRGLYHUVLW\�DVVHVVPHQW�XVLQJ�PDUNHUV�IRU�HFRORJLFDOO\�LPSRUWDQW�WUDLWV�� 7UHQGV�LQ�(FRORJ\�DQG�(YROXWLRQ������������81'3�� �������� +XPDQ� 'HYHORSPHQW� 5HSRUW� ������ 1HZ� <RUN�� 8QLWHG� 1DWLRQV� 'HYHORSPHQW�3URJUDPPH�81(3�� �������� *OREDO� (QYLURQPHQWDO� 2XWORRN� ��� 8QLWHG� 1DWLRQV� (QYLURQPHQW� 3URJUDPPH��/RQGRQ��8.��(DUWKVFDQ�9LWRXVHN��3��0���(KUOLFK��3��5���(KUOLFK��$��+��DQG�0DWVRQ��3����������+XPDQ�DSSURSULDWLRQ�RI�WKH�SURGXFWV�RI�SKRWRV\QWKHVLV��%LR6FLHQFH ������������:DFNHUQDJHO�� 0��� 0RQIUHGD�� &�� DQG� 'HXPOLQJ�� '�� �������� (FRORJLFDO� )RRWSULQW� RI� WKH� 1DWLRQV��1RYHPEHU������8SGDWH��2DNODQG��&$��5HGHILQLQJ�3URJUHVV�:LONLQVRQ��&���HG������������6WDWXV�RI�&RUDO�5HHIV�RI�WKH�:RUOG��������7RZQVYLOOH��$XVWUDOLD��$XVWUDOLDQ�,QVWLWXWH�RI�0DULQH�6FLHQFH�:LOOLDPV��3��+���*DVWRQ��.�� -��DQG�+XPSKULHV��&�� -�� ��������0DSSLQJ�ELRGLYHUVLW\�YDOXH�ZRUOG�ZLGH�� FRPELQLQJ� KLJKHU�WD[RQ� ULFKQHVV� IURP� GLIIHUHQW� JURXSV�� 3URFHHGLQJV� RI� WKH� 5R\DO�6RFLHW\��%LRORJLFDO�6FLHQFHV �������������



��

&KDSWHU�����$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[
5�-��6FKROHV�DQG�5��%LJJV1DWXUH�����������3XEOLVKHG���0DUFK�����
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7KH�SDSHU�ZDV�VXEPLWWHG�WR�1DWXUH LQ�$SULO�������)ROORZLQJ�UHYLHZ��ZH�ZHUH�LQYLWHG�WR�UHVXEPLW�WKH� SDSHU� LI� ZH� FRXOG� YDOLGDWH� WKH� H[SHUW� HVWLPDWHV� DQG� DGGUHVV� TXHVWLRQV� UHODWLQJ� WR� WKH�VHQVLWLYLW\� RI� WKH� LQGH[�� 7KLV� ZDV� GRQH� E\� FRQGXFWLQJ� DQ� H[WHQVLYH� VXUYH\� RI� SXEOLVKHG� ILHOG�VWXGLHV��DQG�E\�LQFRUSRUDWLQJ�VXPPDUL]HG�UHVXOWV�RI�WKH�ZRUN�SUHVHQWHG�LQ�&KDSWHU����ZKLFK�KDG�DOUHDG\�EHHQ�SUHVHQWHG� DW� D� FRQIHUHQFH��7KH�SDSHU�ZDV� VXEVHTXHQWO\� UHVXEPLWWHG� WR�1DWXUH LQ�1RYHPEHU�������DFFHSWHG�LQ�'HFHPEHU�������DQG�SXEOLVKHG�LQ�0DUFK������
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��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��3UHWRULD��6RXWK�$IULFD

7KH�QDWLRQV�RI�WKH�ZRUOG�KDYH�VHW�WKHPVHOYHV�D�WDUJHW�RI�UHGXFLQJ�WKH�UDWH�RI�ELRGLYHUVLW\� ORVV� E\� ������ :H� SURSRVH� DQ� LQGH[� IRU� DVVHVVLQJ� SURJUHVV�WRZDUGV� WKLV� WDUJHW� WKDW� LV� VLPSOH�DQG�SUDFWLFDO�� \HW� VHQVLWLYH� WR� LPSRUWDQW�IDFWRUV�WKDW�LQIOXHQFH�ELRGLYHUVLW\�VWDWXV��DQG�ZKLFK�VDWLVILHV�WKH�FULWHULD�IRU�SROLF\�UHOHYDQFH�VHW�E\�WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\��$SSOLFDWLRQ�RI� WKH�%LRGLYHUVLW\� ,QWDFWQHVV� ,QGH[� �%,,�� LV� GHPRQVWUDWHG� RQ� D� ��PLOOLRQ�NP� UHJLRQ�RI�VRXWKHUQ�$IULFD��7KH�%,,�VFRUH�LQ�WKH�\HDU������LV����rr ����LQ�RWKHU�ZRUGV��DYHUDJHG�DFURVV�DOO�SODQW�DQG�YHUWHEUDWH�VSHFLHV�LQ�WKH�UHJLRQ��SRSXODWLRQV KDYH� GHFOLQHG� E\� ���� UHODWLYH� WR� WKHLU� SUHVXPHG� SUH�PRGHUQ�OHYHOV�� 7KH� UDWH� RI� ORVV� IRU� WKH� GHFDGH� RI� WKH� ����V� LV� HVWLPDWHG� DV� ������DEVROXWH���7KH�WD[RQRPLF�JURXS�ZLWK�WKH�JUHDWHVW�ORVV�LV�PDPPDOV�DW�����UHPDLQLQJ�� DQG� WKH� HFRV\VWHP� W\SH� ZLWK� WKH� JUHDWHVW� ORVV� LV� JUDVVODQG� DW�����UHPDLQLQJ�
��� ,QWURGXFWLRQ
7KH�ORVV�RI�ELRGLYHUVLW\�LQ�WKH�PRGHUQ�HUD��DW�UDWHV�XQHTXDOOHG�VLQFH�WKH�PDMRU�H[WLQFWLRQ�HYHQWV�LQ�WKH�GLVWDQW�JHRORJLFDO�SDVW� �:&0&��������$QGHUVRQ���������LV�D�PDWWHU�RI�FRQVLGHUDEOH�SROLF\�FRQFHUQ��7KH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\� �&%'��KDV�DGRSWHG�D� WDUJHW�RI� UHGXFLQJ� WKH�UDWH�RI�ELRGLYHUVLW\�ORVV�E\������ �81���������)RU�WKLV�WDUJHW�WR�EH�PHW��D�PHWKRG�RI�PHDVXULQJ�ELRGLYHUVLW\� VWDWXV� PXVW� EH� DJUHHG� RQ� DQG� LPSOHPHQWHG�� $W� SUHVHQW� QR� VFLHQWLILF� FRQVHQVXV�PHDVXUH�H[LVWV��5R\DO�6RFLHW\���������DOWKRXJK�VHYHUDO�FDQGLGDWHV�KDYH�EHHQ�SURSRVHG� �5HLG�HW�DO���������� 7KH� &%'� KDV� DJUHHG� RQ� D� SDUWLDO� VHW� RI� LQGLFDWRUV� �&%'� � ����E��� 'LIILFXOWLHV� LQ�HVWDEOLVKLQJ�RSHUDWLRQDO� LQGLFDWRUV� VWHP� ODUJHO\� IURP�WKH�FRPSOH[��PXOWL �GLPHQVLRQDO�QDWXUH�RI�ELRGLYHUVLW\��ZKLFK�FDQ�EH�GHILQHG� LQ� WHUPV�RI�FRPSRVLWLRQ��VWUXFWXUH�DQG�IXQFWLRQ�DW�PXOWLSOH�VFDOHV��1RVV�������
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7KH�&%'�GHYHORSHG�D�VHW�RI�FULWHULD�WKDW�DQ�LQGLFDWRU�RI�ELRGLYHUVLW\�FKDQJH�VKRXOG�VDWLVI\� �&%'������D���7KH�VDOLHQW�RQHV�DUH�WKDW�LW�VKRXOG�EH�VFLHQWLILFDOO\�VRXQG��VHQVLWLYH�WR�FKDQJHV�DW�SROLF\ �UHOHYDQW� VSDWLDO� DQG� WHPSRUDO� VFDOHV�� DOORZ� IRU� FRPSDULVRQ ZLWK�D�EDVHOLQH� VLWXDWLRQ�DQG�SROLF\�WDUJHW��XVHDEOH�LQ�VFHQDULRV�RI�IXWXUH�SURMHFWLRQV��DQG�DPHQDEOH�WR�DJJUHJDWLRQ�DQG�GLVDJJUHJDWLRQ�DW� HFRV\VWHP��QDWLRQDO� DQG� LQWHUQDWLRQDO� OHYHOV�� ,W� VKRXOG�DOVR�EH�VLPSOH�DQG�HDVLO\�XQGHUVWRRG��EURDGO\�DFFHSWHG��DQG�PHDVXUDEOH�ZLWK�VXIILFLHQW�DFFXUDF\�DW�DIIRUGDEOH�FRVW�
:KLOH�WKHUH�LV�QR�VKRUWDJH�RI�ZD\V�WR�H[SUHVV�ELRGLYHUVLW\� �&%'������D��0DJXUUDQ���������QRQH�DGHTXDWHO\�PHHW�WKH�FULWHULD�VHW�E\�WKH�&%'��0RVW�LQGLFHV�UHTXLUH�HVVHQWLDOO\�FRPSOHWH�NQRZOHGJH�RI� WKH� ELRWD� RU� WKH� SRSXODWLRQ� VL]HV� RI� LQGLYLGXDO� VSHFLHV�� QHLWKHU� RI� ZKLFK� DUH� DFKLHYDEOH�FRQGLWLRQV� DW� UHJLRQDO� WR� JOREDO� VFDOHV� IRU� WKH� QH[W� VHYHUDO� GHFDGHV��0DQ\�PHWKRGV� DUH� VFDOH �GHSHQGHQW�DQG�WKXV�KDUG�WR�LQWHUSUHW�LQ�D�FRPSDUDWLYH�FRQWH[W��7KH�PRVW�ZLGHO\ �XVHG�LQGLFDWRUV�DUH�EDVHG�HLWKHU�RQ�ULVN�RI�H[WLQFWLRQ� �+LOWRQ�7D\ORU���������RU�RQ�ODQG�DUHD�XQGHU�FRQVHUYDWLRQ�SURWHFWLRQ� �,8&1�	�81(3� � ������� 6HYHUDO� LQGLFHV� KDYH� EHHQ� RIIHUHG� WKDW� FRPELQH� HLWKHU� D�VSDUVH�DQG�VHOHFWLYH�VHW�RI�SRSXODWLRQ�HVWLPDWHV�IRU�LQGLFDWRU�VSHFLHV� �/RK���������RU�FRPELQH�D�QXPEHU�RI�IDFWRUV�WKDW�DUH�WKRXJKW�WR�UHODWH�WR�ELRGLYHUVLW\�VWDWXV� �6DQGHUVRQ�HW�DO���������
$� VHQVLWLYH�� UHDOLVWLF� DQG� XVHIXO�PHDVXUH� RI� ELRGLYHUVLW\� ORVV� QHHGV� WR� EH�EDVHG�RQ� FKDQJHV� LQ�SRSXODWLRQ�DEXQGDQFH��DFURVV�D�ZLGH�UDQJH�RI�WKH�VSHFLHV��DQG�FRQVLGHU�WKH�HQWLUH�ODQGVFDSH��$W�D�JOREDO�VFDOH��KDELWDW�ORVV��LQFOXGLQJ�UHGXFWLRQV�LQ�TXDOLW\�DQG�TXDQWLW\�RI�VXLWDEOH�HQYLURQPHQW��LV�WKH�PDMRU� IDFWRU� UHVSRQVLEOH� IRU� GHFOLQHV� LQ� VSHFLHV� DEXQGDQFH� �:&0&� � ������ -HQNLQV� �������2WKHU�LPSRUWDQW�FDXVHV��VXFK�DV�H[FHVVLYH�KDUYHVW�SUHVVXUH�RU�WKH�HIIHFWV�RI�SROOXWDQWV��FDQ�DOVR�EH� H[SUHVVHG� RQ� WKH� EDVLV� RI� DUHD� DIIHFWHG� DQG� LQWHQVLW\� RI� LPSDFW�� 7KLV� SDSHU� LQWURGXFHV� DQ�LQGH[� WKDW� ZH� EHOLHYH� WDNHV� DFFRXQW� RI� WKHVH� IDFWRUV� DQG� PHHWV� WKH� &%'� FULWHULD� IRU� SROLF\�UHOHYDQFH�
��� $WWULEXWHV�RI�WKH�SURSRVHG�LQGH[
7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[��%,,��LV�DQ�LQGLFDWRU�RI�W KH�DYHUDJH�DEXQGDQFH�RI�D�ODUJH�DQG�GLYHUVH�VHW�RI�RUJDQLVPV�LQ�D�JLYHQ�JHRJUDSKLFDO�DUHD��UHODWLYH�WR�WKHLU�UHIHUHQFH�SRSXODWLRQV��:H�UHFRPPHQG� FDOFXODWLQJ� %,,� DFURVV� DOO VSHFLHV� ZLWKLQ� WKH� EURDG� WD[RQRPLF� JURXSV� WKDW� DUH�UHDVRQDEO\�ZHOO�GHVFULEHG��)RU�PRVW�SDUWV�RI�WKH�ZRUOG�WKLV�LQFOXGHV�SODQWV�DQG�YHUWHEUDWHV��DQG�



��

H[FOXGHV� LQYHUWHEUDWHV� DQG�PLFUREHV�� ZKLFK� DUH� GLYHUVH�� EXW� SRRUO\� GRFXPHQWHG��:H� H[FOXGH�DOLHQ�VSHFLHV�LQ�WKH�FDOFXODWLRQ�RI�WKH�LQGH[�
$Q�HDVLO\�JUDVSHG�UHIHUHQFH�SRSXODWLRQ�IRU�ODUJH�SDUWV RI�WKH�ZRUOG�LV�WKDW�ZKLFK�RFFXUUHG�LQ�WKH�ODQGVFDSH� EHIRUH� DOWHUDWLRQ� E\� PRGHUQ� LQGXVWULDO� VRFLHW\�� 6LQFH� DFFXUDWH� GDWD� RQ� SUH �PRGHUQ�SRSXODWLRQV�DUH�VHOGRP�DYDLODEOH��FRQWHPSRUDU\�SRSXODWLRQV� LQ� ODUJH�SURWHFWHG�DUHDV�VHUYH�DV�D�SUDFWLFDO� UHIHUHQFH��$OWHUQDWLYH� UHIHUHQFH� SRLQWV� FDQ� EH� GHILQHG� IRU� SDUWV� RI� WKH�ZRUOG� DOUHDG\�KLJKO\�WUDQVIRUPHG�E\�WKH�EHJLQQLQJ�RI�WKH�PRGHUQ�SHULRG��IRU�H[DPSOH��E\�VHOHFWLQJ�D�VSHFLILF�EDVHOLQH�\HDU�ZLWKLQ�UHFRUG�RU�UHOLDEOH�PHPRU\�
7KH�%,,�FDQ�LQ�SULQFLSOH�EH�FDOFXODWHG�H[DFWO\�E\�¶ERWWRP�XS·�DJJUHJDWLRQ�RI�SRSXODWLRQ�GDWD�IRU�LQGLYLGXDO�VSHFLHV��+RZHYHU��HVSHFLDOO\� LQ�WKH�KLJKO\�ELRGLYHUVH��EXW�SRRUO\ �VWXGLHG�SDUWV�RI�WKH�ZRUOG��WKLV�ZLOO�QRW�EH�D�SUDFWLFDO�RSWLRQ�IRU�WKH�QH[W�VHYHUDO�GHFDGHV��7KH�SURSRVHG�VWUDWHJ\�LV�WKHUHIRUH�WR�LQLWLDOO\�FDOFXODWH�WKH�%,,�¶WRS�GRZQ·��7KLV�LV�DQDORJRXV�WR�WKH�WRS�GRZQ�ERWWRP�XS�GLVWLQFWLRQ� WKDW� KDV� SHUPLWWHG� SURJUHVV� LQ� WKH� DVVHVVPHQW� RI� JOREDO� JUHHQKRXVH� JDV� HPLVVLRQV��+RXJKWRQ HW�DO� �������,Q�WKH�JUHHQKRXVH�JDV�H[DPSOH��WKH�FROOHFWLYH�QDWLRQDO�HPLVVLRQV�IURP�WKRXVDQGV�RI�LQGLYLGXDO�VRXUFHV�DUH�HVWLPDWHG�RQ�DQ� DFWLYLW\�EDVLV��UDWKHU�WKDQ�VRXUFH�E\�VRXUFH�VXPPDWLRQ��,Q�WKH�FDVH�RI�ELRGLYHUVLW\��ZH�HVWLPDWH�WKH�LPSDFWV�RI�D�VHW�RI�ODQG�XVH�DFWLYLWLHV�RQ�WKH�SRSXODWLRQ�VL]HV�RI�JURXSV�RI�HFRORJLFDOO\�VLPLODU�VSHFLHV��¶IXQFWLRQDO�W\SHV·���7KH�FKRVHQ�ODQG�XVH�DFWLYLWLHV� UDQJH� IURP�FRPSOHWH�SURWHFWLRQ� WR�H[WUHPH�WUDQVIRUPDWLRQ��VXFK�DV�XUEDQLVDWLRQ��$OO�DFWLYLWLHV�DUH�H[SUHVVHG�RQ�WKH�EDVLV�RI�DUHD�DIIHFWHG��7KH�LQGH[�LV�DJJUHJDWHG�E\�ZHLJKWLQJ�E\�WKH�DUHD�VXEMHFW�WR�HDFK�DFWLYLW\�DQG�WKH�QXPEHU�RI�VSHFLHV�RFFXUULQJ�LQ WKH�SDUWLFXODU�DUHD��
7KH�%,,�LV�DQ�DJJUHJDWH�LQGH[��LQWHQGHG�WR�SURYLGH�DQ�LQWXLWLYH��KLJK �OHYHO�V\QWKHWLF�RYHUYLHZ�IRU�WKH�SXEOLF� DQG�SROLF\�PDNHUV�� ,W� FDQ�EH�GLVDJJUHJDWHG� LQ� VHYHUDO�ZD\V� WR�PHHW� WKH� LQIRUPDWLRQ�QHHGV�RI�SDUWLFXODU�XVHUV��E\�HFRV\VWHP RU�SROLWLFDO�XQLWV�� WD[RQRPLF�JURXS�� IXQFWLRQDO� W\SH��RU�ODQG�XVH�DFWLYLW\��7KLV�SURYLGHV�WUDQVSDUHQF\�DQG�FUHGLELOLW\��7KH�%,,�KDV�WKH�VDPH�PHDQLQJ�DW�DOO�VSDWLDO�VFDOHV��,W�LV�SRVVLEOH�WR�HVWLPDWH�WKH�YDOXH�RI�%,, IRU�WKH�SDVW��DQG�SURMHFW�LW�LQWR�WKH�IXWXUH�XQGHU�YDULRXV�VFHQDULRV��$Q�HUURU�EDU�FDQ�EH�DVVRFLDWHG�ZLWK�WKH�%,,��DOORZLQJ�D�PRQLWRULQJ�JRDO�WR�EH�GHILQHG�LQ�WHUPV�RI�VKULQNLQJ�WKH�XQFHUWDLQW\�UDQJH�
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��� 7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[�DOJRULWKP
7KH� %,,� JLYHV� WKH� DYHUDJH� ULFKQHVV� DQG� DUHD�ZHLJKWHG� LPSDFW� RI� D� VHW� RI� DFWLYLWLHV� RQ� WKH�SRSXODWLRQV� RI� D� JLYHQ� JURXS� RI� RUJDQLVPV� LQ� D� VSHFLILF� DUHD�� 7KH� SRSXODWLRQ� LPSDFW� � ,LMN�� LV�GHILQHG�DV�WKH�SRSXODWLRQ�RI�VSHFLHV�JURXS� L XQGHU�ODQG�XVH�DFWLYLW\�N LQ�HFRV\VWHP�M��UHODWLYH�WR�D�UHIHUHQFH�SRSXODWLRQ�LQ�WKH�VDPH�HFRV\VWHP�W\SH��7KH�%,,�LV�FDOFXODWHG�DV�

:KHUH� 5LM  �5LFKQHVV��QXPEHU�RI�VSHFLHV��RI�WD[RQ� L LQ�HFRV\VWHP�M$MN  �$UHD�RI�ODQG�XVH�N LQ�HFRV\VWHP�M
7KH�%,,� FDQ�EH� GLVDJJUHJDWHG� DORQJ�GLIIHUHQW� D[HV�� )RU� LQVWDQFH�� WKH� LQWDFWQHVV�RI D�SDUWLFXODU�WD[RQRPLF�JURXS�L LV�JLYHQ�E\

¦¦¦¦ 
M MNLM

M LMNMNLM
$5
,$5

N
NL%,,

)RU� FRPPXQLFDWLRQ� WR� WKH� SXEOLF�� ZH� VXJJHVW� H[SUHVVLQJ� %,,� DV� D� SHUFHQWDJH� UDWKHU� WKDQ� D�SURSRUWLRQ��
6SHFLHV�E\�VSHFLHV� SRSXODWLRQ� GDWD� IRU� HVWLPDWLQJ� ,LMN LV� VHOGRP� DYDLODEOH� IRU�PRUH� WKDQ� D� IHZ�VSHFLHV�� LQ�D� IHZ� ORFDWLRQV��:H�XVHG�H[SHUW� MXGJHPHQW� WR�JHQHUDWH�D�PDWUL[�RI�YDOXHV�RI� ,LMN IRU�VRXWKHUQ�$IULFD��7KUHH�RU�PRUH�KLJKO\� H[SHULHQFHG� VSHFLDOLVWV� LQ� HDFK�EURDG� WD[RQRPLF�JURXS��SODQWV�� PDPPDOV�� ELUGV�� UHSWLOHV� DQG� DPSKLELDQV�� ZHUH� LQGHSHQGHQWO\� DVNHG� WR� HVWLPDWH� WKH�UHGXFWLRQ� LQ� WKH� SRSXODWLRQV� RI� WKHLU� VSHFLDOLW\� JURXS� FDXVHG� E\� D� SUHGHILQHG� VHW� RI� ODQG� XVH�DFWLYLWLHV��7DEOH�������7KHLU�HVWLPDWHV�ZHUH�PDGH�UHODWLYH�WR�SRSXODWLRQV�LQ�D�ODUJH�SURWHFWHG�DUHD�LQ� WKH� VDPH� HFRV\VWHP� W\SH� RI�ZKLFK� VL[�ZHUH� GHILQHG�� IRUHVW�� VDYDQQD�� JUDVVODQG�� VKUXEODQG��I\QERV� �D�6RXWK�$IULFDQ�VFOHURSK\OORXV�WKLFNHW� DQG�ZHWODQG��7R�DVVLVW� LQ�WKH�HVWLPDWLRQ�SURFHVV��HDFK� WD[RQRPLF� JURXS�ZDV� GLYLGHG� LQWR� ����� IXQFWLRQDO� W\SHV� WKDW� UHVSRQG� LQ� VLPLODU�ZD\V� WRKXPDQ� DFWLYLWLHV��$FURVV� DOO� JURXSV�� WKH� IXQFWLRQDO� W\SHV�ZHUH� GHILQHG� SULPDULO\� E\� ERG\� VL]H��

$5
,$5
MNLM
LMNMNLM¦¦¦¦¦¦ 

L M N
L M N%,,
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WURSKLF�QLFKH�DQG�UHSURGXFWLYH�VWUDWHJ\�� ,LMN W\SLFDOO\�DVVXPHG�YDOXHV�EHWZHHQ����DQG�������EXW�H[FHHGHG� ����� LQ� VLWXDWLRQV� ZKHUH� FHUWDLQ� DFWLYLWLHV� EHQHILWHG� S DUWLFXODU� IXQFWLRQDO� W\SHV��(VWLPDWHV�RI�,LMN ZHUH�DJJUHJDWHG�XS�WR�WKH�EURDG�WD[RQRPLF�OHYHO�E\�ZHLJKWLQJ�WKH�HVWLPDWHV�IRU�HDFK�IXQFWLRQDO�W\SH�E\�WKH�QXPEHU�RI�VSHFLHV�LQ�WKDW�JURXS�LQ�WKH�SDUWLFXODU�HFRV\VWHP�W\SH��
7DEOH�����&ODVVHV�DQG�GDWD�VRXUFHV�XVHG�WR�FRPSLOH�D�ODQG�XVH�PDS��
/DQG�XVH�FODVV 'HVFULSWLRQ ([DPSOHV 'DWD�VRXUFH
3URWHFWHG 0LQLPDO�UHFHQW�KXPDQ�LPSDFW�RQ�VWUXFWXUH��FRPSRVLWLRQ�RU�IXQFWLRQ�RI�WKH�HFRV\VWHP��%LRWLF�SRSXODWLRQV�LQIHUUHG�WR�EH�QHDU�WKHLU�SRWHQWLDO�

/DUJH�SURWHFWHG�DUHDV�QDWLRQDO��SURYLQFLDO�DQG�SULYDWH�QDWXUH�UHVHUYHV��¶ZLOGHUQHVV·�DUHDV�
:RUOG�'DWDEDVH�RQ�3URWHFWHG�$UHDV��,8&1�	�81(3���������$OO�GHVLJQDWHG�SURWHFWHG�DUHDV�RI�,8&1�FDWHJRULHV�,�9�0RGHUDWH�XVH ([WUDFWLYH�XVH�RI�SRSXODWLRQV�DQG�DVVRFLDWHG�GLVWXUEDQFH��EXW�QRW�HQRXJK�WR�FDXVH�FRQWLQXLQJ�RU�LUUHYHUVLEOH�GHFOLQHV�LQ�SRSXODWLRQV��3URFHVVHV��FRPPXQLWLHV�DQG�SRSXODWLRQV�ODUJHO\�LQWDFW�

)RUHVW�DUHDV�XVHG�E\�LQGLJHQRXV�SHRSOHV�RU�XQGHU�VXVWDLQDEOH��ORZ�LPSDFW�IRUHVWU\��JUDVVODQGV�JUD]HG�ZLWKLQ�WKHLU�VXVWDLQDEOH�FDUU\LQJ�FDSDFLW\�

$OO�UHPDLQLQJ�DUHDV�QRW�FODVVLILHG�LQWR�RQH�RI�WKH�RWKHU�ILYH�FDWHJRULHV�

'HJUDGHG ([WUDFWLYH�XVH�DW�D�UDWH�H[FHHGLQJ�UHSOHQLVKPHQW�DQG�ZLGHVSUHDG�GLVWXUEDQFH��2IWHQ�DVVRFLDWHG�ZLWK�KLJK�KXPDQ�SRSXODWLRQ�GHQVLWLHV�DQG�SRYHUW\�LQ�UXUDO�DUHDV��3URGXFWLYH�FDSDFLW\�UHGXFHG�WR�DSSUR[LPDWHO\�����RI�¶QDWXUDO·�VWDWH�

&OHDU�FXW�ORJJLQJ��DUHDV�VXEMHFW�WR�LQWHQVH�KDUYHVWLQJ��KXQWLQJ��ILVKLQJ�RU�RYHUJUD]LQJ��DUHDV�LQYDGHG�E\�DOLHQ�YHJHWDWLRQ�

$OO�DUHDV�IDOOLQJ�EHORZ������IRUHVW��JUDVVODQG�DQG�VDYDQQD��RU������VKUXEODQGV��RI�H[SHFWHG�SURGXFWLRQ�DV�HVWLPDWHG�E\�QRQ�OLQHDU�UHJUHVVLRQ��0LFKDHOLV�0HQWHQ�IXQFWLRQ��RI�PD[LPXP�DQQXDO�1'9,�RQ�JURZWK�GD\V��'HJUDGHG�DUHDV�QRW�HVWLPDWHG�IRU�GHVHUW��ZHWODQG�DQG�I\QERV�&XOWLYDWHG 1DWXUDO�ODQG�FRYHU�UHSODFHG�E\�SODQWHG�FURSV��0RVW�SURFHVVHV�SHUVLVW��EXW�DUH�VLJQLILFDQWO\�GLVUXSWHG�E\�SORXJKLQJ�DQG�KDUYHVWLQJ�DFWLYLWLHV��5HVLGXDO�ELRGLYHUVLW\�SHUVLVWV�LQ�WKH�ODQGVFDSH��PDLQO\�LQ�VHW�DVLGHV�DQG�LQ�VWULSV�EHWZHHQ�ILHOGV��PDWUL[���DVVXPHG�WRFRQVWLWXWH�DSSUR[LPDWHO\�����RI�FODVV�

&RPPHUFLDO�DQG�VXEVLVWHQFH�FURS�DJULFXOWXUH��ERWK�LUULJDWHG�DQG�GU\ODQG��LQFOXGLQJ�SODQWHG�SDVWXUHV�DQG�IDOORZ�RU�UHFHQWO\�DEDQGRQHG�FXOWLYDWHG�DUHDV��2UFKDUGV�DQG�YLQH\DUGV�

6$'&�/DQGFRYHU�'DWDVHW��&6,5���������ILOOHG�ZLWK�*/&������(&������� IRU�1DPLELD�DQG�%RWVZDQD�

3ODQWDWLRQ 1DWXUDO�ODQG�FRYHU�SHUPDQHQWO\�UHSODFHG�E\�GHQVH�SODQWDWLRQV�RI�WUHHV��8QSODQWHG�DUHDV�DVVXPHG�WR�FRQVWLWXWH�DSSUR[LPDWHO\�����RI�FODVV�
3ODQWDWLRQ�IRUHVWU\��W\SLFDOO\�3LQXV DQG�(XFDO\SWXV VSHFLHV�

6$'&�/DQGFRYHU�'DWDVHW��&6,5�������
8UEDQ /DQG�FRYHU�UHSODFHG�E\�KDUG�VXUIDFHV�VXFK�DV�URDGV�DQG�EXLOGLQJV��'HQVH�SRSXODWLRQV�RI�SHRSOH��0RVW�HFRORJLFDO�SURFHVVHV�DUH�KLJKO\�PRGLILHG��5HPQDQW�VHPL�QDWXUDO�FRYHU�DVVXPHG�WR�FRQVWLWXWH�����RI�FODVV�

'HQVH�KXPDQ�VHWWOHPHQWV��LQGXVWULDO�DUHDV��WUDQVSRUW�LQIUDVWUXFWXUH��PLQHV�DQG�TXDUULHV�
8UEDQ�H[WHQWV��&,(6,1�HW�DO��������
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$� WRWDO� RI� ����� HVWLPDWHV� RI� ,LMN ZHUH� PDGH��FRPSULVLQJ� ILYH� EURDG� WD[RQRPLF� JURXSV�� HDFK�ZLWK�DW�OHDVW�WKUHH�H[SHUWV��VL[�HFRV\VWHP�W\SHV��DQ�DYHUDJH� RI� VL[� ODQG� XVH� DFWLYLWLHV� DQG� HLJKW�IXQFWLRQDO�W\SHV��7KLV�ZRUNV�RXW�DW�DSSUR[LPDWHO\����� HVWLPDWHV� SHU� H[SHUW�� D� SURFHVV� WKDW� WRRN�DERXW�ILYH�KRXUV�SHU�LQWHUYLHZ��(VWLPDWLQJ�WKH�%,,�IRU�VRXWKHUQ $IULFD�WKHUHIRUH�WRRN�D�IHZ�ZHHNV�RI�HIIRUW��UDWKHU�WKDQ�WKH�GHFDGHV�QHHGHG�IRU�GHWDLOHG�SRSXODWLRQ� VXUYH\V��7KH� UDQJH�RI� HVWLPDWHV� IURP�GLIIHUHQW� H[SHUWV� ZDV� XVHG� WR� FRQVWUXFW� DQ�XQFHUWDLQW\� EDU� DURXQG� ,LMN �)LJXUH� ������ ([SHUW�GHULYHG� HVWLPDWHV� RI� ,LMN ZHUH� YDOLGDWHG� DJDLQVW�PHDVXUHPHQWV� DYDLODEOH� LQ� WKH� OLWHUDWXUH��5LFKDUGVRQ�DQG�YDQ�:LOJHQ�������$UPVWURQJ�DQG�YDQ� +HQVEHUJHQ� ������ 3DUVRQV� HW� DO�� ������+HUUHPDQV� ������ -RXEHUW� DQG� 5\DQ� ������6KDFNOHWRQ� ������ -RKQVRQ� HW� DO�� ������0HLN� HW� DO��������'HDQ�HW�DO��������)DEULFLXV�HW�DO��������6PDUW�HW� DO�� ����� �)LJXUH� ������ 7KH� SDXFLW\� RI� ILHOG�VWXGLHV�� DQG� WKH� IDFW� WKDW� WKH� YDULDWLRQ� EHWZHHQ�FRPSDUDEOH� ILHOG� VWXGLHV� LV� VXEVWDQWLDOO\� ODUJHU�WKDQ� EHWZHHQ� WKH� H[SHUW� HVWLPDWHV�� VXSSRUWV� WKH�XVH�RI�H[SHUW�EDVHG�DSSURDFKHV�DW�WKLV�WLPH��

D��3ODQWV

�
���
���
���

E��0DPPDOV

�
���
���
���

F��%LUGV

�
���
���
���

G��5HSWLOHV

�
���
���
���

H��$PSKLELD

�
���
���
���

3URWH
FWHG

0RGH
UDWH�X

VH
'HJUD

GHG
&XOWLY

DWHG 8UEDQ 3ODQWD
WLRQ

/DQG�XVH

$YHUD
JH�H[

SHUW�H
VWLPD

WH�RI�
UHPD

LQLQJ
�IUDFW

LRQ�R
I�SUH�

FRORQ
LDO�SR

SXODW
LRQ

)LJXUH�����$YHUDJH�IUDFWLRQ�RI�RULJLQDO�SRSXODWLRQV�UHPDLQLQJ�XQGHU�D�UDQJH�RI� ODQG�XVH�DFWLYLWLHV��DV�HVWLPDWHG�E\�WKUHH�RU�PRUH�WD[RQ�H[SHUWV�IRU�HDFK�EURDG�WD[RQRPLF�JURXS��D�H���7KH�JUH\�OLQHV�UHIOHFW�WKH� DYHUDJH� HVWLPDWHV� IRU� HDFK� RI� VL[� ELRPHV� RU�HFRV\VWHP� W\SHV�� ZKLOH� WKH� EROG� OLQH� UHIOHFWV� WKH�HVWLPDWHG�LPSDFW�DYHUDJHG�DFURVV�DOO�ELRPHV��7KH�HUURU� EDU� UHIOHFWV� WKH� ���� FRQILGHQFH� LQWHUYDO�DURXQG�WKH�PHDQ�HVWLPDWH�



��

6SHFLHV�ULFKQHVV�GDWD��5LM��LV�W\SLFDOO\�DYDLODEOH�DV�WRWDO�VSHFLHV�FRXQWV�SHU�HFRV\VWHP�W\SH��,Q�W KLV�VWXG\��VSHFLHV�ULFKQHVV�GDWD� �::)�86������� DVVRFLDWHG�ZLWK�WKH�::)�(FRUHJLRQV� �2OVRQ�HW�DO������� ZHUH�XVHG��8VLQJ�VXFK�GDWD�LV�HTXLYDOHQW�WR�DVVXPLQJ�WKDW�HYHU\�VSHFLHV�RFFXUV�WKURXJKRXW�WKH�H[WHQW�RI� WKH�SDUWLFXODU� HFRV\VWHP� W\SH��7KH�%,,�FDQ�DOVR�EH�FDOFXODWHG�XVLQ J� WKH�SRWHQWLDO�JHRJUDSKLFDO�GLVWULEXWLRQV�IRU�LQGLYLGXDO�VSHFLHV��ZKHUH�VXFK�GDWD�DUH�DYDLODEOH��
$MN��WKH�DUHD�RI�D�SDUWLFXODU�ODQG�XVH�ZLWKLQ�D�VSHFLILF�HFRV\VWHP�W\SH��LV�GHWHUPLQHG�E\�RYHUOD\LQJ�ODQG�XVH�DQG�HFRV\VWHP�PDSV��,Q�WKLV�VWXG\��EURDG�FODVV HV�RI� ODQG�XVH�ZHUH� LQIHUUHG�IURP�ODQG�FRYHU�DQG�ODQG�WHQXUH�ERXQGDULHV��:H�VXJJHVW�OLPLWLQJ�WKH�QXPEHU�RI�ODQG�XVH�FODVVHV�WR�EHORZ�WHQ��LQ�RUGHU�WR�NHHS�WKH�QXPEHU�RI� ,LMN HVWLPDWHV�UHTXLUHG�PDQDJHDEOH��:H�GHILQHG�DQG�PDSSHG�VL[� OHYHOV� RI� ODQG� XVH� LQWHQVLW\� �7DEOH� ������:KHUH� FODVVHV� GHULYHG� IURP�GLIIHUHQW� GDWD� VRXUFHV�RYHUODSSHG�� WKH� KLJKHVW� LPSDFW� ODQG� XVH� ZDV� DVVLJQHG�� 7KH� UHVROXWLRQ� RI� WKH� ODQG� XVH�FODVVLILFDWLRQ� DIIHFWV� WKH� HVWLPDWLRQ� RI� ,LMN�� ,Q� UHJLRQDO�WR�JOREDO� VWXGLHV�� ODQG� FRYHU� LV� W\SLFDOO\�PDSSHG�DW�DERXW���[���NP�UHVROXWLRQ��DQG�DQ�DUHD�FODVVLILHG�DV��IRU�H[DPSOH��¶FXOWLYDWHG·�DOPRVW�DOZD\V�KDV� LQFOXVLRQV�RI�XQFXOWLYDWHG� ODQG��([SHUWV�ZHUH� LQVWUXFWHG�WR�WDNH�WKLV�LQWR�DFFRXQW�LQ�PDNLQJ�WKHLU�HVWLPDWHV�RI�,LMN��
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)LJXUH�����([SHUW� HVWLPDWHV� ,LMN RI� WKH� UDWLR�RI�FXUUHQW�SRSXODWLRQV� WR� UHIHUHQFH�SRSXODWLRQV�XQGHU� YDULRXV� ODQG� XVH� DFWLYLWLHV�� UHODWHG� WR� ILHOG� VWXGLHV� SXEOLVKHG� LQ� WKH� OLWHUDWXUH� �Q ����U ������S �������)RU�WKH�WZR�IXQFWLRQDO�JURXSV��OL]DUGV�DQG�JUDPLQRLGV�	�IRUEV��ZKHUH�VHYHUDO�FRPSDUDEOH�ILHOG�VWXGLHV�ZHUH�DYDLODEOH��WKH�UDQJH�UHSRUWHG�E\�ILHOG�VWXGLHV�ZDV�VXEVWDQWLDOO\�ODUJHU�WKDQ�WKH�UDQJH�RI�HVWLPDWHV�EHWZHHQ�H[SHUWV�



��

+RZ� ILQHO\� WKH� WD[RQRPLF�JURXSV QHHG� WR�EH�GLYLGHG� LQWR� IXQFWLRQDO� W\SHV�� WKH�EURDG�ELRPHV�LQWR� SDUWLFXODU� HFRV\VWHP� W\SHV�� DQG� KRZ� PDQ\� ODQG� XVH� DFWLYLWLHV� DUH� GHILQHG� LV� ODUJHO\� D�SUDJPDWLF�TXHVWLRQ��2XU�H[SHULHQFH�LV�WKDW�WKH�SDWWHUQV�RI�LPSDFW�RI�D�JLYHQ�ODQG�XVH�DFWLYLW\�LV�UHPDUNDEO\� VLPLODU� EHWZHHQ� HFRV\VWHP� W\SHV� �FRQILUPHG� E\� $129$�� ZKLFK� VKRZHG� QR�VLJQLILFDQW� ELRPH� E\� ODQG� XVH� LQWHUDFWLRQ��� 7KLV� VXJJHVWV� WKDW� GHILQLQJ� RQH� VHW� RI� LPSDFWV� SHU�IXQFWLRQDO�W\SH�SHU�ELRPH��KLJK�OHYHO�HFRV\VWHP�FODVVLILFDWLRQ��LV�VXIILFLHQW��GHVSLWH�W KH�IDFW�WKDW�HYHQ�WKH�UHODWLYHO\�FRDUVH�OHYHO�HFRUHJLRQ�FODVVLILFDWLRQ�ZH�XVHG�IRU�VSHFLHV�ULFKQHVV� �2OVRQ�HW�DO������� KDV�VHYHUDO�HFRV\VWHP�W\SHV�SHU�ELRPH�
7KH�XQFHUWDLQW\�LQ�%,,�FDQ�EH�FDOFXODWHG�IURP�WKH�VWDQGDUG�HUURUV�RI�HDFK�FRPSRQHQW�LQ�WKH�%,,�HTXDWLRQ��:H�IRXQG�WKDW�E\�IDU� WKH� ODUJHVW�HUURU�ZDV�DVVRFLDWHG�ZLWK� ,LMN��:H�XVHG� WKLV�HUURU� WR�FDOFXODWH� D� ���� FRQILGHQFH� LQWHUYDO� IRU� %,,�� 7KH� WHVWHG� WKH� VHQVLWLYLW\� RI� %,,� WR� GLIIHUHQW�UHVROXWLRQV�DQG�VRXUFHV�RI�GDWD�IRU�$MN DQG�5LM DQG�IRXQG�LW�WR�EH�VPDOO�LQ�WKH�VRXWKHUQ�$IULFDQ�FDVH�
��� 7KH�ELRGLYHUVLW\�LQWDFWQHVV�RI�VRXWKHUQ�$IULFD
:H� DSSOLHG� WKH� %,,� WR� WKH� UHJLRQ� RI� VRXWKHUQ� $IULFD� FRPSULVHG� RI� 6RXWK� $IULFD�� 1DPLELD��/HVRWKR��6ZD]LODQG��%RWVZDQD��=LPEDEZH�DQG�0R]DPELTXH��7KLV� UHJLRQ�ZDV�VHOHFWHG�EHFDXVH�WKH� H[SHUWV� ZH� LQWHUYLHZHG� IHOW� FRPIRUWDEOH� H[WUDSRODWLQJ� WKHLU� H[SHULHQFH� ZLWKLQ� WKLV�ELRJHRJUDSKLFDO�GRPDLQ��EXW�QRW�EH\RQG��
2YHUDOO�� ZH� HVWLPDWH� WKDW� ��� r ��� RI� WKH� SUH�FRORQLDO� QXPEHU� RI� ZLOG� RUJDQLVPV� SHUVLVW� LQ�SUHVHQW�GD\�VRXWKHUQ�$IULFD��7DEOH�������GHVSLWH�JUHDWO\�LQFUHDVHG�KXPDQ�GHPDQ GV�RQ�HFRV\VWHPV�RYHU�WKH�SDVW�����\HDUV��,Q�FRQWUDVW��RYHU�����RI�WKH�VSHFLHV�SHUVLVW� �:&0&���������LOOXVWUDWLQJ�WKH� LQVHQVLWLYLW\� RI� LQGLFHV� EDVHG� RQ� H[WLQFWLRQ� �FKDQJHV� LQ� ULFKQHVV� DORQH��� 3URWHFWHG� DUHDV�FXUUHQWO\� FRQVWLWXWH����RI� WKH� UHJLRQ��PRGHUDWH�XVH� DUHDV������GHJUDGHG� DUHDV�����FXOWLYDWHG�DUHDV�����SODQWDWLRQV������DQG�XUEDQ�DUHDV�����7DEOH�������7KH�SHUVLVWHQFH�RI�SRSXODWLRQV�RI�ZLOG� RUJDQLVPV� LV� WKHUHIRUH� VXEVWDQWLDOO\� JUHDWHU� WKDQ� WKDW� LQGLFDWHG� E\� WKH� DUHD� XQGHU� IRUPDO�FRQVHUYDWLRQ�� DQG�SRLQWV� WR� WKH� LPSRUWDQFH�RI� DUHDV�RXWVLGH�RI� UHVHUYHV� LQ� WKH�SUHVHUYDWLRQ�RI�ELRGLYHUVLW\�� 7KH� FRQWHPSRUDU\� GLVWULEXWLRQ� RI� ZLOG� RUJDQLVPV� LQ� VR XWKHUQ� $IULFD� LV� ���� LQ�PRGHUDWH�XVH�DUHDV������LQ�SURWHFWHG�DUHDV��DQG�WKH�UHPDLQLQJ����LQ�FXOWLYDWHG��GHJUDGHG��XUEDQ�DQG�SODQWDWLRQ�DUHDV�
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7DEOH�����%,,�����IRU�VRXWKHUQ�$IULFD��SHU�PDMRU�HFRV\VWHP�W\SH�DQG�EURDG�WD[RQRPLF�JURXS��
$UHD��NP�� 3ODQWV 0DPPDOV %LUGV 5HSWLOHV $PSKLELD $//�7$;$5LFKQHVV
 ������ ��� ��� ��� ��� ������)RUHVW ������� ���� ���� ���� ���� ���� ����6DYDQQD ��������� ���� ���� ���� ���� ���� ����*UDVVODQG ������� ���� ���� ���� ���� ���� ����6KUXEODQG ������� ���� ���� ����� ���� ����� ����)\QERV ������ ���� ���� ���� ���� ���� ����:HWODQG

 ������ ���� ���� ���� ���� ���� ����$//�%,20(6 ��������� ���� ���� ���� ���� ���� ����


'DWD�IRU�6RXWK�$IULFD��/H�5RX[���������SUHVHQWHG�IRU�LQGLFDWLYH�SXUSRVHV�RQO\

�5HIHUV�RQO\�WR�ODUJH�ZHWODQGV��VXFK�DV�WKH�2NDYDQJR�'HOWD�
7KH�LPSDFW�RI KXPDQV�RQ�ELRGLYHUVLW\�LV�H[SUHVVHG�YHU\�VHOHFWLYHO\��/DUJH �ERGLHG�PDPPDO��ELUG�DQG�UHSWLOH�VSHFLHV�WKDW�DUH�HDV\�WR�KXQW�RU�KDUYHVW�DUH�PRVW�KLJKO\�LPSDFWHG��HVSHFLDOO\�LI�WKH\�DUH�YDOXDEOH�RU� LQ�GLUHFW�FRQIOLFW�ZLWK�KXPDQ�ZHOO �EHLQJ��7KHVH�VSHFLHV�DUH�RQO\�D�VPDOO�SRUWLRQ�RI�WKH�WRWDO�ELRGLYHUVLW\��7KH�YDVW�PDMRULW\�RI�VSHFLHV�DUH�LPSDFWHG�PDLQO\�WKURXJK�ORVV�RI�KDELWDW�WR�FXOWLYDWLRQ�RU�XUEDQ�VHWWOHPHQW��ERWK�RI�ZKLFK�PDNH�XS�UHODWLYHO\�VPDOO�IUDFWLRQV�RI�WKH�VRXWKHUQ�$IULFDQ�ODQGVFDSH��
7KH� JUHDWHVW� LPSDFW� RQ� ELRGLYHUVLW\� LQ� VRXWKHUQ� $IULFD� KDV� RFFXUUHG� LQ� WKH� JUDVVODQG� ELRPH��IROORZHG� FORVHO\� E\� I\QERV�� ,Q� ERWK� FDVHV�� WKH� PDMRU� FDXVH� LV� FRQYHUVLRQ� WR� FXOWLYDWHG� ODQG��IROORZHG�E\�XUEDQ�VSUDZO�DQG�SODQWDWLRQ�IRUHVWU\��7KH�DULG�VKUXEODQGV��DQG�VDYDQQDV�W KDW�PDNH�XS� PRVW� RI� WKH� ODQG� DUHD� RI� VRXWKHUQ� $IULFD� DUH� RYHUDOO� OHVV� LPSDFWHG�� 7KH� PDMRU� FDXVH� RI�ELRGLYHUVLW\�ORVV�LQ�WKHVH�V\VWHPV�LV�ODQG�GHJUDGDWLRQ��GHILQHG�KHUH�DV�ODQG�XVHV�WKDW�GR�QRW�DOWHU�WKH�FRYHU�W\SH��EXW�OHDG�WR�D�SHUVLVWHQW�ORVV�LQ�HFRV\VWHP�SURGXFWLYLW\��$JJUHJDWHG�DW�D�QDWLRQDO�OHYHO��WKH�PRVW�GHQVHO\�SRSXODWHG�FRXQWULHV�LQ�WKH�UHJLRQ��/HVRWKR�DQG�6ZD]LODQG��KDYH�ORZHU�%,,�VFRUHV�WKDQ�WKH�VSDUVHO\�LQKDELWHG�FRXQWULHV�RI�%RWVZDQD�DQG�1DPLELD��7DEOH�������

7DEOH�����%,,�FDOFXODWHG�SHU�FRXQWU\�IRU�VRXWKHUQ�$IULFD�
&RXQWU\ %,,���� ����&,
%RWVZDQD ���� r���/HVRWKR ���� r���0R]DPELTXH ���� r���1DPLELD ���� r���6ZD]LODQG ���� r���6RXWK�$IULFD ���� r���=LPEDEZH ���� r���5(*,21 ���� rr���


�7KH�FRQILGHQFH�LQWHUYDO�UHIOHFWV�WKH�XQFHUWDLQW\�LQ�WKH�H[SHUW�HVWLPDWHV��,LMN�
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:H�HVWLPDWHG�WKH�UDWH�RI�FKDQJH�RI�%,,�LQ�VRXWKHUQ�$IULFD�GXULQJ�WKH�GHFDGH�RI�WKH�����V�DV�DQ�DEVROXWH�GHFOLQH�RI�������:H�XVHG�GDWD�RQ�DYHUDJH�UDWHV�RI�ODQG�FRYHU�FKDQJH�LQ�WKH�UHJLRQ�IRU�WKLV�FDOFXODWLRQ��2YHU�WKH� SHULRG������WR�������WKH� UHODWLYH LQFUHDVH�LQ�SURWHFWHG�DUHDV�ZDV�������,8&1�	�81(3���������FXOWLYDWHG�DUHDV��������)$2��������XUEDQ�DUHDV�������)$2��������DQG�SODQWDWLRQ� IRUHVWU\� ����� �)$2� � �������'HJUDGDWLRQ�ZDV� DVVXPHG� WR� KDYH� NHSW� SDFH�ZLWK� WKH�JURZWK� RI� WKH� UXUDO� SRSXODWLRQ� �)$2� ����� ��������� DQG� WKH� PRGHUDWH� XVH� FDWHJRU\� ZDV�FDOFXODWHG�E\�GLIIHUHQFH����������$VVXPLQJ�WKDW�WKH�,LMN YDOXHV�UHPDLQHG�FRQVWDQW�RYHU�WKH�GHFDGH��ZH�FDOFXODWHG�WKH�RYHUDOO�%,,�IRU�WKH�\HDU������DV��� �����
2XU� UHVXOWV� VXJJHVW� WKDW� WKH�SROLF\�DFWLRQ�ZLWK� WKH�JUHDWHVW�SRWHQWLDO� WR�SUHYHQW� IXUWKHU� ORVV�RI�ELRGLYHUVLW\� LQ� VRXWKHUQ� $IULFD� LV� WR� SUHYHQW� WKH� H[WHQVLYH� DUHDV� FXUUHQWO\� XQGHU� PRGHUDWH�H[WUDFWLYH� XVH� IURP� EHFRPLQJ� GHJUDGHG�� 0RGHUDWHO\� XVHG� ODQG� �H�J�� JUD]HG� ZLWKLQ� VWRFNLQJ�QRUPV��KDV�DOPRVW�WKH�VDPH�OHYHO�RI�ELRGLYHUVLW\�DV�SURWHFWHG�DUHDV��'HJUDGDWLRQ��LQ�WKH�IRUP�RI�RYHUJUD]LQJ�� IRUHVW� FOHDULQJ� RU� GHQVH� LQYDVLRQ� E\� DOLHQ� SODQWV�� RQ� DYHUDJH� UHGXFHV� VSHFLHV�SRSXODWLRQV� E\� ��������&XOWLYDWLRQ� DQG� XUEDQLVDWLRQ� KDYH� D� KLJKHU� LPSDFW� SHU� XQLW� ODQG� DUHD�WKDQ�GHJUDGDWLRQ��EXW�D�PXFK�VPDOOHU�IUDFWLRQ�RI�VRXWKHUQ�$IULFD�LV�DW�ULVN��
��� 6FDODELOLW\�DQG�VHQVLWLYLW\�RI�WKH�LQGH[
$�FHQWUDO�IHDWXUH�RI�WKH�%,,�LV�WKDW�LW�FDQ�EH�FRPSDUHG�GLUHFWO\�ZLWKLQ�DQG�DFURV V�VFDOHV��7KLV�ZDV�WHVWHG� LQ� SUDFWLFH�E\� DSSO\LQJ� WKH�%,,� WR� WKH� WKUHH� OHYHOV�RI� HQYLURQPHQWDO� GHFLVLRQ �PDNLQJ� LQ�6RXWK�$IULFD��QDWLRQDO� �����PLOOLRQ�NP����SURYLQFLDO� �DYHUDJH� DUHD� ���� WKRXVDQG�NP��� DQG� ORFDO�JRYHUQPHQW� �DYHUDJH�DUHD����� WKRXVDQG�NP����XVLQJ�ELRPH�OHYHO�VSHFLHV�ULFKQHVV�GDWD�FRPSLOHG�IRU�6RXWK�$IULFD�E\�/H�5RX[� ������� LQ�SODFH�RI�WKH�::)�HFRUHJLRQ�ULFKQHVV�GDWD� �::)�86���������7KH�%,,�ZDV�IRXQG�WR�GHOLYHU�LQWXLWLYHO\�PHDQLQJIXO�UHVXOWV�DW�DOO�VFDOHV��
6HQVLWLYLW\� WR� WKH�UHVROXWLRQ�RI�VSHFLHV� ULFKQHVV�GDWD�ZD V�H[DPLQHG�E\�FRPSDULQJ�WKH�YDOXHV�RI�%,,� IRU�PDPPDOV� REWDLQHG� XVLQJ� LQGLYLGXDO�PDPPDO� VSHFLHV� GLVWULEXWLRQ�PDSV� �)ULHGPDQQ�	�'DO\� � ������� WR� WKDW� REWDLQHG� XVLQJ� DJJUHJDWHG� ELRPH�OHYHO� PDPPDO� ULFKQHVV� GDWD� �/H� 5RX[���������)RU�6RXWK�$IULFD�RYHUDOO��WKH�%,,�IRU�PDPPDOV�ZDV�������XVLQJ�WKH�ELRPH �OHYHO�GDWD�DQG�������XVLQJ� WKH� LQGLYLGXDO� VSHFLHV�GDWD��$W� WKH� OHYHO�RI� LQGLYLGXDO�ELRPHV�� WKH� ODUJHVW�DEVROXWH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�PHWKRGV�ZDV�������WKH�ODUJHVW�GLIIHUHQFH�DW�ERWK�WKH�SURYLQFLDO�DQG�



��

PXQLFLSDO�OHYHOV�ZDV�������1R�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�FDOFXO DWHG�GLIIHUHQFH�DQG�WKH�VL]H�RI�WKH�XQLWV�RI�DJJUHJDWLRQ��
6HQVLWLYLW\� WR� WKH� W\SH� RI� VSHFLHV� ULFKQHVV� GDWD�ZDV� IXUWKHU� H[SORUHG� E\� FDOFXODWLQJ� ¶IXQFWLRQDO�ELRGLYHUVLW\� LQWDFWQHVV·� �DV� RSSRVHG� WR� FRPSRVLWLRQDO� ELRGLYHUVLW\� LQWDFWQHVV� �1RVV� �������� LQ�ZKLFK� WKH�DJJUHJDWHG� WD[RQ�OHYHO� ,LMN HVWLPDWHV�DQG�5LM ZHUH�GHULYHG�E\�ZHLJKWLQJ�E\� IXQFWLRQDO�JURXS�� LQVWHDG� RI� E\� VSHFLHV� ULFKQHVV�� &RQFHSWXDOO\�� WKLV� DVVLJQV� JUHDWHU� ZHLJKW� WR� KHDYLO\�LPSDFWHG�� EXW� UHODWLYHO\� VSHFLHV�SRRU� JURXSV�� VXFK� DV� PHJDKHUELYRUHV�� DQG� QHJDWHV� WKH�RYHUZKHOPLQJ� HIIHFW� RI� SODQWV� RQ� WKH� %,,�� 7KH� IXQFWLRQDO� LQWDFWQHVV� �),,�� RI� 6RXWK� $IULFD� LV��������DQG�WKHUHIRUH�VOLJKWO\�KLJKHU�WKDQ�WKH�VSHFLHV �ZHLJKWHG�%,,����������0DPPDOV�VKRZHG�E\�IDU� WKH� ODUJHVW� FKDQJH� �������� LQ� FRPSDULVRQ� WR� WKH� VSHFLHV�EDVHG�HVWLPDWH�� UHIOHFWLQJ� WKH�KLJK�LPSDFW� RI� KXPDQ� DFWLYLWLHV� RQ� D� IHZ� UHODWLYHO\� VSHFLHV �SRRU� IXQFWLRQDO� JURXSV�� $OO� RWKHU� WD[D�VKRZHG�VPDOO�FKDQJHV��7KHVH�UHVXOWV�VXJJHVW� WKDW� LQ� UHJLRQV� ODFNLQJ�VSHFLHV �OHYHO�ULFKQHVV�GDWD��),,�FRXOG� VHUYH�DV� D� ILUVW� DSSUR[LPDWLRQ� IRU�%,,�� ,LMN ZRXOG�EH�HVWLPDWHG�EDVHG�RQ�D�VDPSOH�RI�VSHFLHV� SHU� IXQFWLRQDO� JURXS�� DQG� 5LM ZRXOG� EH� D� FRXQW� RI� WKH� QXPEHU� RI� IXQFWLRQDO� JURXSV�SUHVHQW�LQ�D�SDUWLFXODU�HFRV\VWHP�W\SH�
6HQVLWLYLW\�RI�WKH�%,,�WR�WKH�VRXUFH�RI�ODQG�XVH�LQIRUPDWLRQ�ZDV�H[SORUHG�LQ�WZR�ZD \V��,QFUHDVLQJ�RU�GHFUHDVLQJ�WKH�WRWDO�DUHD�RI�DQ\�VLQJOH�ODQG�XVH�FDWHJRU\�E\����RI�LWV�FXUUHQW�DUHD��UHVXOWHG�LQ�DQ�DEVROXWH�FKDQJH�RI� OHVV� WKDQ������LQ� WKH�YDOXH�RI�%,,��7KH�PD[LPXP�FRPSRXQGHG�FKDQJH�DFURVV�DOO�FDWHJRULHV�ZDV�������6HFRQGO\��WKH�%,,�UHVXOWV�EDVHG�RQ�WKH�PHUJHG�UHJLRQDO�ODQG�XVH�PDS� �7DEOH� �����ZHUH� FRPSDUHG� WR� WKRVH� GHULYHG� IURP� WKH� 6RXWK�$IULFDQ�QDWLRQDO� ODQG� FRYHU��&6,5� � ����� DQG� SURWHFWHG� DUHDV� GDWDEDVHV� �&6,5� � ������� 7KH� %,,� VFRUH� GHULYHG� IURP� WKH�QDWLRQDO�OHYHO�GDWD�LV��������FRPSDUHG�WR�D�YDOXH�RI�������XVLQJ�WKH�UHJLRQDO�ODQG�XVH�PDS��
,Q�ERWK�WKH�FDVH�RI�VSHFLHV�ULFKQHVV��5LM��DQG�ODQG�XVH��$MN���WKH�XVH�RI�UHDVRQDEOH�DOWHUQDWLYH�GDWD�VRXUFHV�WKHUHIRUH�UHVXOWHG�LQ�D�GLIIHUHQFH�LQ�WKH�HVWLPDWHG�%,,�������DEVROXWH�IRU�VSHFLHV�ULFKQHVV�DQG� ����� IRU� ODQG� XVH�� RI� DERXW� WZLFH� WKH�PDJQLWXGH�RI� WKH� HVWLPDWHG� GHFDGDO� FKDQJH� LQ�%,,���������EXW�ILYH�WLPHV�VPDOOHU�WKDQ�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKH�LPSDFW�IDFWRUV� ,LMN ��������7KXV�� IRU� SXUSRVHV� RI� GRFXPHQWLQJ� FKDQJH�� D� VLQJOH� W\SH� RI� LQIRUPDWLRQ� VRXUFH� IRU� VSHFLHV�ULFKQHVV�DQG�ODQG�FRYHU�VKRXOG�EH�XVHG�IRU�WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�SHULRG��DQG�WKH�LPSDFW�IDFWRUV�VKRXOG�EH�KHOG�FRQVWDQW���



��

��� &RQFOXVLRQ
7KH�%,,�LV�DQ�LQGLFDWRU�RI�WKH�RYHUDOO�VWDWH�RI�ELRGLYHUVLW\�LQ�D�JLYHQ�DUHD��V\QWKHVLVLQJ�ODQG�XVH��HFRV\VWHP�H[WHQW��VSHFLHV�ULFKQHVV�DQG�SRSXODWLRQ�DEXQGDQFH�GDWD��,W� LV�VHQVLWLYH�WR�WKH�GULYHUV�DQG�FKDQJHV�LQ�WKH�SRSXODWLRQV�RI�VSHFLHV�WKDW�W\SLI\�WKH�SURFHVV�RI�ELRGLYHUVLW\�ORVV ��DQG�UREXVW�WR�W\SLFDO�YDULDWLRQV�LQ�GDWD�TXDOLW\�
,W� LV� FOHDU� WKDW� D� VLQJOH� LQGH[� RI� ELRGLYHUVLW\� LV� QRW� VXIILFLHQW� IRU� DOO� SXUSRVHV�� 7KH�%,,� LV� QRW�LQWHQGHG�WR�KLJKOLJKW�LQGLYLGXDO�VSHFLHV�WKDW�DUH�XQGHU�WKUHDW��DQG�VKRXOG�EH�XVHG�WRJHWKHU�ZLWK�LQGLFDWRUV� VXFK� DV� WKH� ,8&1� 5HG� /LVW� RI� 7KUHDWHQHG� 6SHFLHV�� &RQFHSWXDOO\�� WKH� %,,� LV� YHU\�VLPLODU�WR�WKH�1DWXUDO�&DSLWDO�,QGH[��1&,��ZKLFK�KDV�EHHQ�LPSOHPHQWHG�LQ�WKH�1HWKHUODQGV� �7HQ�%ULQN� HW�DO�� ��������+RZHYHU��WKH�PHWKRG�IRU�HVWLPDWLQJ�%,,�GRHV�QRW�UHTXLUH�DFWXDO�SRSXODWLRQ�GDWD��DQG�LW�FDQ�WKHUHIRUH�FRPSOHPHQW�WKH�1&,�LQ�GDWD �VSDUVH�UHJLRQV�
7KH�SULQFLSDO�GLVDGYDQWDJH�RI�WKH�%,,�LV�WKDW�LW�PD\�EH�LQVHQVLWLYH�WR�VORZ�DFWLQJ��GLIIXVH�LPSDFWV�RQ�ELRGLYHUVLW\�� IRU� LQVWDQFH� WKH� ORQJ�WHUP�HIIHFWV�RI�KDELWDW� IUDJPHQWDWLRQ�� FOLPDWH� FKDQJH�RU�SROOXWLRQ���+RZHYHU��DQ�LQGLFDWRU�GRHV�QRW�KDYH�WR�EH�IODZOHVV�WR�EH�XVHIXO��7KH�* URVV�'RPHVWLF�3URGXFW� LV� D� JRRG� H[DPSOH�� LW� LV� D� XQLYHUVDO� VWDQGDUG� IRU� FRPSDULVRQ�� GHVSLWH� LWV�PDQ\�� ZHOO �NQRZQ�SUREOHPV��(QYLURQPHQWDO�SROLF\� FRXOG�EHQHILW� IURP�D� ¶PDFUR �HFRORJLFDO·� LQGLFDWRU�RI� D�VLPLODU�OHYHO�RI�JHQHUDOLW\�
��� $FNQRZOHGJHPHQWV
:H�WKDQN WKH�IROORZLQJ�H[SHUWV�ZKRP�ZH�LQWHUYLHZHG��*UDKDP�$OH[DQGHU��*HRUJH�%UHGHQNDPS��'XDQ�%LJJV��%LOO�%UDQFK��9LQFHQW�&DUUXWKHUV��$ODQ�&KDQQLQJ��&KULV�&KLPLPED��-RKDQ�GX�7RLW��:XOI�+DDFNH�� -DPHV�+DUULVRQ��0DUN�.HLWK�� /HV�0LQWHU��0LNH� 5XWKHUIRUG��:DUZLFN�7DUERW RQ�DQG�0DUWLQ�:KLWLQJ��5LFKDUG�'HDQ��&RHUW�*HOGHQKX\V��%HOLQGD�5H\HUV��+HQN�6LPRQV��%ULDQ�YDQ�:LOJHQ�DQG�0DUWLQ�:KLWLQJ�DUH�WKDQNHG�IRU�SURYLGLQJ�OLQNV�WR�OLWHUDWXUH�VWXGLHV�IRU�YDOLGDWLRQ�RI�WKH� H[SHUW� HVWLPDWHV��:H� WKDQN�1HLO�%XUJHVV�� -HQQLIHU�'·$PLFR�DQG� WKH�&RQVHUYDWLRQ�6FLHQFH�3URJUDPPH� DW�::)�� DQG�*HUROG�.LHU� DQG� WKH�%LRPDS�:RUNLQJ�*URXS� DW� WKH�8QLYHUVLW\� RI�%RQQ��*HUPDQ\�IRU�VSHFLHV�ULFKQHVV�GDWD��-DPHV�+DUULVRQ�LV�WKDQNHG�IRU�GDWD�XVHG�WR�GHULYH�WKH�ULFKQHVV�RI�HDFK�WD[RQ�IXQFWLRQDO�W\SH�SHU�ELRPH��7KDQN�\RX�WR�'DZLH�YDQ�=\O�DQG�7HUU\�1HZE\�DW�WKH�,QVWLWXWH�IRU�6RLO��&OLPDWH�DQG�:DWHU�LQ�3UHWRULD�IRU�WKH�PD[LPXP�DQQXDO�1'9,�GDWD�WKDW�
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ZDV�XVHG�WR�PDS�GHJUDGDWLRQ��%HOLQGD�5H\HUV�DW�WKH�8QLYHUVLW\�RI�6WHOOHQERVFK�LV�WKDQNHG�IRU�WKH�VXPPDWLRQ�RI�WKH�PDPPDO�GLVWULEXWLRQ�JULGV��ZKLFK�ZHUH�SURYLGHG�E\�0DUN�.HLWK��:H�WKDQN�WKH�UHIHUHHV�IRU�WKHLU�FRPPHQWV�DQG�VXJJHVWLRQV��
��� 5HIHUHQFHV
$QGHUVRQ�� -��$�� �HG���� ��������7RZDUGV�*RQGZDQD�$OLYH��3URPRWLQJ� ELRGLYHUVLW\� DQG� VWHPPLQJ� WKH�6L[WK�([WLQFWLRQ��9ROXPH����3UHWRULD��6RXWK�$IULFD��*RQGZDQD�$OLYH�6RFLHW\�$UPVWURQJ�� $�� -�� DQG� YDQ�+HQVEHUJHQ��+�� -�� �������� &RPSDULVRQ� RI� DYLIDXQDV� LQ� 3LQXV� UDGLDWD�KDELWDWV�DQG�LQGLJHQRXV�ULSDULDQ�KDELWDW�DW�-RQNHUVKRHN��6WHOOHQERVK�� 6RXWK�$IULFDQ�-RXUQDO�RI :LOGOLIH�5HVHDUFK ����������&%'�� �����D���0RQLWRULQJ� DQG� LQGLFDWRUV�� GHVLJQLQJ� QDWLRQDO�OHYHO� PRQLWRULQJ� SURJUDPPHV� DQG� LQGLFDWRUV��81(3�&%'�6%677$�������0RQWUHDO��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&%'�� �����E��� 3URSRVHG� ELRGLYHUVLW\� LQGLFDWRUV� UHOHYDQW� WR� WKH� ����� WDUJHW��81(3�&%'�6%677$���,1)�����0RQWUHDO��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&,(6,1�� ,)35,� DQG�&,$7�� ��������*OREDO�5XUDO�8UEDQ�0DSSLQJ�3URMHFW� �*5803���8UEDQ� H[WHQWV��&HQWHU� IRU� ,QWHUQDWLRQDO� (DUWK� 6FLHQFH� ,QIRUPDWLRQ� 1HWZRUN�� &ROXPELD� 8Q LYHUVLW\��,QWHUQDWLRQDO�)RRG�3ROLF\�5HVHDUFK�,QVWLWXWH��WKH�:RUOG�%DQN��DQG�&HQWUR�,QWHUQDFLRQDO�GH�$JULFXOWXUD�7URSLFDO��3DOLVDGHV��1<��&,(6,1��&ROXPELD�8QLYHUVLW\�&6,5�� ��������1DWLRQDO� ODQG� FRYHU� RI� 6RXWK�$IULFD�� ,Q� FROODERUDWLRQ�ZLWK� WKH�6DWHOOLWH�$SSOLFDWLRQV�&HQWUH�DQG�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��'LYLVLRQ�RI�:DWHU��(QYLURQPHQW�DQG�)RUHVWU\�7HFKQRORJ\�&6,5����������6$'&�ODQGFRYHU�GDWDVHW��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6F LHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��'LYLVLRQ�RI�:DWHU��(QYLURQPHQW�DQG�)RUHVWU\�7HFKQRORJ\�&6,5�� �������� 3URWHFWHG� DUHDV� RI� 6RXWK� $IULFD�� &RXQFLO� IRU� 6FLHQWLILF� DQG� ,QGXVWULDO� 5HVHDUFK��'LYLVLRQ� RI� :DWHU�� (QYLURQPHQW� DQG� )RUHVWU\� 7HFKQRORJ\�� 3UHWRULD�� 6RXWK $IULFD��'HSDUWPHQW�RI�(QYLURQPHQWDO�$IIDLUV�DQG�7RXULVP�'HDQ��:��5��-���$QGHUVRQ��0��'���0LOWRQ��6��-��DQG�$QGHUVRQ��7��$����������$YLDQ�DVVHPEODJHV�LQ�QDWLYH�$FDFLD DQG� DOLHQ� 3URVRSLV GUDLQDJH� OLQH� ZRRGODQG� LQ� WKH� .DODKDUL�� 6RXWK� $IULFD��-RXUQDO�RI�$ULG (QYLURQPHQWV ���������(&�� �������� *OREDO� /DQG� &RYHU� ����� �*/&������ GDWDEDVH�� 3XEOLF� EHWD� YHUVLRQ� ���KWWS���ZZZ�JYP�MUF�LW�JOF������(XURSHDQ�&RPPLVVLRQ�-RLQW�5HVHDUFK�&HQWUH�
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)DEULFLXV��&���%XUJHU��0��DQG�+RFNH\��3��$��5����������&RPSDULQJ�ELRGLYHUVLW\�EHWZHHQ�SURWHFWHG�DUHDV� DQG� DGMDFHQW� UDQJHODQG� LQ� [HULF� VXFFXOHQW� WKLFNHW�� 6RXWK� $IULFD�� DUWKURSRGV� DQG�UHSWLOHV��-RXUQDO�RI�$SSOLHG�(FRORJ\ ������������)$2����������*OREDO�)RUHVW�5HVRXUFHV�$VVHVVPHQW�������)$2 )RUHVWU\�3DSHU������5RPH��)RRG�DQG�$JULFXOWXUH�2UJDQLVDWLRQ�RI�WKH�8QLWHG�1DWLRQV�)$2�� )$267$7� $JULFXOWXUDO� 'DWDEDVH�� )RRG� DQG� $JULFXOWXUH� 2UJDQLVDWLRQ� RI� WKH� 8QLWHG� 1DWLRQV�ZHEVLWH ZHE�VLWH��5HWULHYHG������IURP�KWWS���DSSV�IDR�RUJ�)ULHGPDQQ��<��DQG�'DO\��'���HGV������������5HG�GDWD�ERRN�RI�WKH�PDPPDOV�RI�6RXWK�$IULFD��D�FRQVHUYDWLRQ�DVVHVVPHQW� 6RXWK�$IULFD�� ,8&1�&RQVHUYDWLRQ�%UHHGLQJ�6SHFLDOLVW�*URXS�	�(QGDQJHUHG�:LOGOLIH�7UXVW�+HUUHPDQV��0����������&RQVHUYDWLRQ�VWDWXV�RI�ELUGV�LQ�%RWVZDQD�LQ�UHODWLRQ�WR�ODQG�XVH��%LRORJLFDO�&RQVHUYDWLRQ ������������+LOWRQ�7D\ORU��&�� �HG���� �������� ����� ,8&1�5HG�/LVW� RI� WKUHDWHQHG� VSHFLHV��*ODQG��6ZLW]HUODQG�DQG�&DPEULGJH��8.��,8&1�+RXJKWRQ��-��7���0HLUD�)LOKR��/��*���/LP��%���7UHDQWRQ��.���0DPDW\��,���%RQGXNL��<���*ULJJV��'��-��DQG�&DOOHQGHU��%��$�� �HGV���� �������� 5HYLVHG� ����� ,3&&� JXLGHOLQHV� IRU� QDWLRQDO� JUHHQKRXVH� JDV�LQYHQWRULHV��%UDFNQHOO��8.�0HWHRURORJLFDO�2IILFH�,8&1�DQG�81(3����������:RUOG�GDWDEDVH�RQ�SURWHFWHG�DUHDV��:3'$ &RQVRUWLXP��,8&1�	�81(3�-HQNLQV��0����������3URVSHFWV�IRU�ELRGLYHUVLW\��6FLHQFH ���������������-RKQVRQ�� 5��� )HUJXVRQ�� -��:�� +��� YDQ� -DDUVYHOG�� $�� 6��� %URQQHU�� *��1�� DQG� &KLPLPED�� &�� 7���������� 'HOD\HG� UHVSRQVHV� RI� VPDOO�PDPPDO� DVVHPEODJHV� VXEMHFW� WR� DIIRUHVWDWLRQ�LQGXFHG�JUDVVODQG�IUDJPHQWDWLRQ��-RXUQDO�RI�0DPPDORJ\ ������������-RXEHUW��'��)�� DQG�5\DQ��3��*�� ��������'LIIHUHQFHV� LQ�PDPPDO�DQG�ELUG�DVVHPEODJHV�EHWZHHQ�FRPPHUFLDO� DQG� FRPPXQDO� UDQJHODQGV� LQ� WKH�6XFFXOHQW�.DURR�� 6RXWK�$IULFD�� -RXUQDO� RI�$ULG (QYLURQPHQWV ������������/H�5RX[�� -�� �HG���� ��������7KH� ELRGLYHUVLW\� RI� 6RXWK�$IULFD� ������ ,QGLFDWRUV�� WUHQGV� DQG� KXPDQ� LPSDFWV��&DSH�7RZQ��6RXWK�$IULFD��6WUXLN�/RK��-���HG������������/LYLQJ�3ODQHW�5HSRUW�������*ODQG��6ZLW]HUODQG��::)�,QWHUQDWLRQDO�0DJXUUDQ��$��(����������0HDVXULQJ�ELRORJLFDO�GLYHUVLW\��2[IRUG��8.��%ODFNZHOO�0HLN�� -�� 0��� -HR�� 5�� 0��� 0HQGHOVRQ� ,,,�� -�� 5�� DQG� -HQNV�� .�� (�� �������� (IIHFWV� RI� EXVK�HQFURDFKPHQW� RQ� DQ� DVVHPEODJH� RI� GLXUQDO� OL]DUG� VSHFLHV� LQ� FHQWUDO�1DPLELD�� %LRORJLFDO�&RQVHUYDWLRQ �����������1RVV��5��)�� ��������,QGLFDWRUV�IRU�PRQLWRULQJ�ELRGLYHUVLW\��$�KLHUDUFKLFDO�DSSURDFK�� &RQVHUYDWLRQ�%LRORJ\ �����������
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2OVRQ�� '�� 0��� 'LQHUVWHLQ�� (��� :LNUDPDQD\DNH�� (�� '��� %XUJHVV�� 1�� '��� 3RZHOO�� *�� 9�� 1���8QGHUZRRG��(��0���'
$PLFR��-��$�� ,WRXD��,���6WUDQG��+��(���0RUULVRQ��-��&���/RXFNV��&��-���$OOQXWW��7��)���5LFNHWWV��7��+���.XUD��<���/DPRUHX[�� -��)���:HWWHQJHO��:��:���+HGDR��3��DQG�.DVVHP��.��5�� �������� 7HUUHVWULDO� HFRUHJLRQV� RI� WKH�ZRUOG��$�QHZ�PDS�RI� OLIH� RQ�HDUWK��%LR6FLHQFH ������������3DUVRQV��'�� $�� %��� 6KDFNOHWRQ�� &��0�� DQG� 6FKROHV�� 5�� -�� �������� &KDQJHV� LQ� KHUEDFHRXV� OD\HU�FRQGLWLRQ� XQGHU� FRQWUDVWLQJ� ODQG� XVH� V\VWHPV� LQ� WKH� VHPL �DULG� ORZYHOG�� 6RXWK� $IULFD��-RXUQDO�RI�$ULG�(QYLURQPHQWV ������������5HLG��:��9���0F1HHO\��-��$���7XQVWDOO��'��%���%U\DQW��'��$��DQG�:LQRJUDG��0����������%LRGLYHUVLW\�LQGLFDWRUV�IRU�SROLF\�PDNHUV��:DVKLQJWRQ�'�&���:RUOG�5HVRXUFHV�,QVWLWXWH�5LFKDUGVRQ��'��0��DQG�YDQ�:LOJHQ��%��:����������(IIHFWV�RI�WKLUW\ �ILYH�\HDUV�RI�DIIRUHVWDWLRQ�ZLWK�3LQXV� UDGLDWD RQ WKH� FRPSRVLWLRQ� RI� PHVLF� PRXQWDLQ� I\QERV� QHDU� 6WHOOHQERVFK�� 6RXWK�$IULFDQ�-RXUQDO�RI�%RWDQ\ ������������5R\DO�6RFLHW\�� ��������0HDVXULQJ�ELRGLYHUVLW\� IRU� FRQVHUYDWLRQ��3ROLF\�GRFXPHQW��������/RQGRQ��8.��7KH�5R\DO�6RFLHW\�6DQGHUVRQ��(��:��� -DLWHK��0���/HY\��0��$���5HGIRUG��.��+���:DQQHER��$��9��DQG�:RROPHU��*����������7KH�+XPDQ�)RRWSULQW�DQG�WKH�/DVW�RI�WKH�:LOG��%LR6FLHQFH ������������6KDFNOHWRQ��&��0����������&RPSDULVRQ�RI�SODQW�GLYHUVLW\�LQ�SURWHFWHG�DQG�FRPPXQDO�ODQGV�LQ�WKH�%XVKEXFNULGJH�ORZYHOG�VDYDQQD��6RXWK�$IULFD��%LRORJLFDO�&RQVHUYDWLRQ ������������6PDUW��5���:KLWLQJ��0��-��DQG�7ZLQH��:����������/L]DUGV�DQG�ODQGVFDSHV��,QWHJUDWLQJ�ILHOG�VXUYH\V�DQG� LQWHUYLHZV� WR� DVVHVV� WKH� LPSDFW� RI� KXPDQ� GLVWXUEDQFH� RQ� OL]DUG� DVVHPEODJHV� DQG�VHOHFWHG�UHSWLOHV�LQ�D�VDYDQQD�LQ�6RXWK�$IULFD��%LRORJLFDO�&RQVHUYDWLRQ �����������7HQ�%ULQN��%��-��(���9DQ�+LQVEHUJ��$���'H�+HHU��0���9DQ�GHU�+RHN��'��&��-���'H�.QHJW��%���.QRO��2��0��� /LJWYRHW��:��� 5RVHQERRP��5�� DQG�5HLMQHQ��0�� -�� 6��0�� �������� 7HFKQLVFK� RQWZHUS�1DWXXUZDDUGH� ���� HQ� WRHSDVVLQJ� LQ� 1DWXXUYHUNHQQLQJ� �� >7HFKQLFDO� GHVLJQ� 1DWXUDO� &DSWLDO� ,QGH[�IUDPHZRUN�DQG�LPSOHPHQWDWLRQ�IRU�WKH�1DWXUH�2XWORRN��@��5,90�5HSRUW������������%LOWKRYHQ��7KH�1HWKHUODQGV��5,90�81����������:RUOG�6XPPLW�RQ�6XVWDLQDEOH�'HYHORSPHQW��-RKDQQHVEXUJ�3ODQ�RI�,PSOHPHQWDWLRQ��1HZ�<RUN��8QLWHG�1DWLRQV�:&0&����������*OREDO�%LRGLYHUVLW\��(DUWK
V�OLYLQJ�UHVRXUFHV�LQ�WKH���VW�FHQWXU\��%\�%��*RRPEULGJH�DQG�0�'��-HQNLQV��&DPEULGJH�8.��:RUOG�&RQVHUYDWLRQ�3UHVV�::)�86�� �������� 6SHFLHV� GDWDEDVH� IRU� $IULFDQ� HFRUHJLRQV�� :DVKLQJWRQ� '�&��� ::)� &RQVHUYDWLRQ�6FLHQFH�3URJUDPPH�
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&KDSWHU�����$VVHVVLQJ�ELRGLYHUVLW\�LQWDFWQHVV�DW�PXOWLSOH�VFDOHV
5��%LJJV��5�-��6FKROHV�DQG�%��5H\HUV3DSHU�SUHVHQWHG�DW�WKH %ULGJLQJ�6FDOHV�DQG�(SLVWHPRORJLHV�&RQIHUHQFH������0DUFK�������$OH[DQGULD��(J\SW3XEOLVKHG�LQ�HOHFWURQLF�FRQIHUHQFH�SURFHHGLQJV�

7KLV�FKDSWHU�SUHVHQWV�IXOO�GHWDLOV�RI�WKH�WHVWV�GRQH�WR�YHULI\�WKH�DSSOLFDWLRQ�RI�WKH�%,,�DW�PXOWLSOH�SROLF\�UHOHYDQW�VFDOHV��DQG�WR�WHVW�LWV�VHQVLWLYLW\�WR�LQSXW�GDWD�RI�YDU\LQJ�TXDOLW\��,W�ZDV�SUHVHQWHG�DV�DQ�RUDO�SDSHU�DW�WKH�%ULGJLQJ�6FDOHV�DQG�(SLVWHPRORJLHV��/LQNLQJ�/RFDO�NQRZOHGJH�ZLWK�*OREDO�6FLHQFH�LQ�0XOWL�VFDOH� $VVHVVPHQWV� &RQIHUHQFH�� DUUDQJHG� XQGHU� WKH� DXVSLFHV� RI� WKH� 0LOOHQQLXP� (FRV\VWHP�$VVHVVPHQW� �0$���*OREDO�HQYLURQPHQWDO�FKDQJH� LV� LQFUHDVLQJO\�XQGHUVWRRG�WR�KDYH�FDXVHV�DQG�HIIHFWV� WKDW� VSDQ� PXOWLSOH� VFDOHV�� IURP� WKH� ORFDO� WR� WKH� JOREDO�� 8QWLO� UHFHQWO\�� LQWHUQDWLRQDO�VFLHQWLILF�DVVHVVPHQWV�KDYH�W\SLFDOO\�IRFXVHG�RQ�D�VLQJOH�VFDOH��RIWHQ�WKH�JOREDO��,Q�DGGLWLRQ��WKH\�KDYH�EHHQ�EDVHG�RQ�D�SDUWLFXODU�:HVWHUQ�HSLVWHPRORJ\��ZD\�RI�NQRZLQJ���ZKLFK�RIWHQ�H[FOXGHV�ORFDO� NQRZOHGJH� DQG� LJQRUHV� FXOWXUDO� YDOXHV�� 7KH� 0$� LV� WKH� ILUVW� PDMRU� LQWHUQDWLRQDO�HQYLURQPHQWDO�DVVHVVPHQW�WKDW�ZDV�VSHFLILFDOO\�GHVLJQHG�DV�D�PXOWL�VFDOH�HIIRUW��,W�DLPHG�WR�SD\�SDUWLFXODU� DWWHQWLRQ� WR� VXE�JOREDO� DQG� FURVV�VFDOH� SURFHVVHV� DQG� LQWHUDFWLRQV�� DV� ZHOO� DV� WR�DFFRPPRGDWH�DQG�YDOXH�GLIIHUHQW�NQRZOHGJH�VRXUFHV��7KH�FRQIHUHQFH�ZDV�DUUDQJHG�WR�H[SORUH�VRPH�RI�WKH�WKHRUHWLFDO�DQG�PHWKRGRORJLFDO�FKDOOHQJHV�WKDW�KDYH�EHHQ�HQFRXQWHUHG�LQ�FRQGXFWLQJ�LQWHJUDWHG�HQYLURQPHQWDO�DVVHVVPHQWV��
7KH� SDSHU� ZDV� FR�DXWKRUHG� E\� P\VHOI�� 5�-�� 6FKROHV� DQG� %�� 5H\HUV�� ,� DP� WKH� ILUVW� DXWKRU� LQ�UHFRJQLWLRQ�RI�WKH�IDFW�WKDW�,�ZDV�UHVSRQVLEOH�IRU�WKH�FDUU\LQJ�RXW�WKH�DQDO\VHV��WRRN�WKH�OHDG�LQ�ZULWLQJ�WKH�SDSHU��DQG�SUHVHQWHG�LW�DW�WKH�FRQIHUHQFH��8VLQJ�6RXWK�$IULFD�DV�D�WHVW�FDVH��WKH�SDSHU�H[SORUHG� WKH� DSSOLFDWLRQ� RI� WKH� %,,� DW� ORFDO�� SURYLQFLDO� DQG� QDWLRQDO� VFDOHV�� DQG� WHVWHG� LWV�VHQVLWLYLW\�WR�YDULDWLRQV� LQ�WKH�TXDOLW\�DQG�UHVROXWLRQ�RI�VSHFLHV�ULFKQHVV�DQG�ODQG�XVH�GDWD��.H\�UHVXOWV�IURP�WKLV�SDSHU�ZHUH�VXEVHTXHQWO\�LQFOXGHG�LQ�WKH�%,,�DOJRULWKP�SDSHU��&KDSWHU����GXULQJ�WKH�UHYLVLRQ�RI�WKDW�SDSHU��5�-��6FKROHV�SURYLGHG�JHQHUDO�JXLGDQFH�RQ�WKH�DQDO\VHV��DQG�LQSXW�RQ�WKH�SDSHU��%��5H\HUV�FDUULHG�RXW�WKH�VXPPDWLRQ�RI�WKH�LQGLYLGXDO�PDPPDO�GLVWULEXWLRQ�JULGV�DQG�SURYLGHG� FRPPHQWV� RQ� WKH� SDSHU�� 7KH� SDSHU� KDV� EHHQ� SXEOLVKHG� RQOLQH� LQ� WKH� HOHFWURQLF�SURFHHGLQJV�RI�WKH�FRQIHUHQFH� DQG�RQ�&'�
� ZZZ�PLOOHQQLXPDVVHVVPHQW�RUJ�HQ�DERXW�PHHWLQJV�EULGJLQJ�SURFHHGLQJV�DVS[



��

&KDSWHU����$VVHVVLQJ�ELRGLYHUVLW\�LQWDFWQHVV�DW�PXOWLSOH�VFDOHV
5��%LJJV���5�-��6FKROHV���%��5H\HUV�

��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��3UHWRULD��6RXWK�$IULFD
��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��6WHOOHQERVFK��6RXWK�$IULFD

7KH� 6RXWKHUQ� $IULFD� 0LOOHQQLXP� (FRV\VWHP� $VVHVVPHQW� GHYHORSHG� DQ�LQGH[� IRU�TXDQWLI\LQJ�WKH�VWDWH�RI�ELRGLYHUVLW\��7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[� �%,,�� RSHUDWHV� DW� WKH� VSHFLHV� OHYHO�� DQG� LV� EDVHG� RQ� FKDQJHV� LQ�VSHFLHV� DEXQGDQFH�� UDWKHU� WKDQ� FKDQJHV� LQ� ULFKQHVV� EURXJKW� DERXW� E\�H[WLQFWLRQ�� 7KH� %,,� XVHV� VSDWLDO� GDWD� RQ� VSHFLHV� ULFKQHVV� DQG� ODQG� XVH�DFWLYLWLHV� SHU� HFRV\VWHP� W\SH� WR� ZHLJKW� HVWLPDWHV�� SURYLGHG� E\� WD[RQ�H[SHUWV�� RI� WKH� UHGXFWLRQ� LQ� DEXQGDQFH� RI� DOO�ZHOO�NQRZQ� VSHFLHV� XQGHU� D�UDQJH�RI�ODQG�XVHV��7KH�UHVXOW�LV�D�VLQJOH�VFRUH�IRU�D�SDUWLFXODU�VSDWLDO�DUHD��ZLWK�D�FRQILGHQFH�UDQJH��7KH�LQGH[�FDQ�EH�GLVDJJUHJDWHG�LQ�YDULRXV�ZD\V��LQFOXGLQJ�VSDWLDOO\�DQG�E\�WD[RQRPLF�JURXS��7KLV�SDSHU�WHVWV�DQG�FRQILUPV�WKH�DELOLW\�WR�FDOFXODWH�DQG�LQWHUSUHW�WKH�LQGH[�DW�D�YDULHW\�RI�SROLF\�UHOHYDQW�VFDOHV��,W�IXUWKHUPRUH�WHVWV�WKH�VHQVLWLYLW\�RI�WKH�%,,�WR�QRUPDO�YDULDWLRQV�LQ�GDWD� TXDOLW\� DQG� UHVROXWLRQ� RI� VSHFLHV� ULFKQHVV� DQG� ODQG� XVH� GDWD�� DQG�FRQILUPV�WKH�UREXVWQHVV�RI�WKH�LQGH[�LQ�WKHVH�UHVSHFWV�
��� ,QWURGXFWLRQ
7KH� ORVV� RI� ELRGLYHUVLW\� LQ� WKH� PRGHUQ� HUD�� DW� UDWHV� WKDW� DSSHDU� XQHTXDOOHG� VLQFH� WKH� PDMRU�H[WLQFWLRQ�HYHQWV� LQ�WKH�GLVWDQW�JHRORJLFDO�SDVW� �:&0&��������$QGHUVRQ��������� LV�D�PDWWHU�RI�FRQVLGHUDEOH� SROLF\� FRQFHUQ�� 7KH� :RUOG� 6XPPLW� RQ� 6XVWDLQDEOH� 'HYHORSPHQW� LQ� LWV�-RKDQQHVEXUJ�3ODQ�RI�,PSOHPHQWDWLRQ��DLPV�WR�UHGXFH�WKH�UDWH�RI�ELRGLYHUVLW\�ORVV�E\������ �81��������� )RU� WKLV� DQG� RWKHU� SROLF\� WDUJHWV� WR� EH�PHW�� D�PHWKRG�RI�PHDVXULQJ� ELRGLYHUVLW\� VWDWXV�PXVW�EH�DJUHHG�RQ��$W�SUHVHQW�QR�VXFK�FRQVHQVXV�PHDVXUH�H[LVWV� �5R\DO�6RFLHW\���������DOWKRXJK�VHYHUDO�FDQGLGDWHV�KDYH�EHHQ�SURSRVHG��5HLG�HW�DO���������&%'�����E���'LIILFXOWLHV�LQ�HVWDEOLVKLQJ�RSHUDWLRQDO� LQGLFDWRUV�VWHP� ODUJHO\� IURP�WKH�FRPSOH[��PX OWL�GLPHQVLRQDO�QDWXUH�RI�ELRGLYHUVLW\��ZKLFK�LV�GHILQHG�LQ�WHUPV�RI�FRPSRVLWLRQ��VWUXFWXUH�DQG�IXQFWLRQ�DW�PXOWLSOH�VFDOHV� �1RVV��������



��

:KLOH�WKHUH�LV�QR�VKRUWDJH�RI�ZD\V�WR�H[SUHVV�ELRGLYHUVLW\� �&%'������D��0DJXUUDQ���������PRVW�PHWKRGV� LPSRVH�XQDWWDLQDEOH�GDWD�QHHGV��IRFXV�RQ�D�VLQJOH�VFDOH�DQ G�DVSHFW�RI�WKH�ELRGLYHUVLW\�KLHUDUFK\�� RU� DUH� VFDOH�GHSHQGHQW� DQG� WKXV� KDUG� WR� LQWHUSUHW� LQ� D� FRPSDUDWLYH� FRQWH[W�� )RU�LQVWDQFH�� WKH�PRVW� ZLGHO\� XVHG� ELRGLYHUVLW\�PHWULF�� VSHFLHV� ULFKQHVV�� LV�PRUH� VHQVLWLYH� WR� QHZ�GLVFRYHULHV� UHVXOWLQJ� IURP� LQFUHDVHG� LQYHQWRU\� HIIRUW� WKDQ� LW� LV� WR� VSHFLHV� ORVV� UHVXOWLQJ� IURP�H[WLQFWLRQ�� 6HFRQGO\�� WKH� UHODWLRQVKLS� EHWZHHQ� VSHFLHV� ULFKQHVV� DQG� DUHD� LV� QRQ �OLQHDU� DQG�HFRV\VWHP�W\SH� GHSHQGHQW�� ZKDW� LV� D� KLJK� VSHFLHV� ULFKQHVV� QXPEHU� IRU� D� VPDOO� DUHD� LV� D� ORZ�VSHFLHV�ULFKQHVV�LQ D�ODUJH�DUHD��
7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[� �%,,��GHYHORSHG�IRU�XVH� LQ�WKH�6RXWKHUQ�$IULFDQ�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW� DGGUHVVHV� ERWK� WKH� SUREOHPV�RI� H[FHVVLYH� GDWD� UHTXLUHPHQWV� DQG� VFDOH�GHSHQGHQFH�� 7KH� %,,� LV� DQ� LQGLFDWRU� RI� WKH� VWDWH� RI� ELRO RJLFDO� GLYHUVLW\� ZLWKLQ� D� JLYHQ�JHRJUDSKLFDO� DUHD�� ZKLFK� PD\� FRLQFLGH� ZLWK� D� SROLWLFDO� RU� HFRORJLFDO� ERXQGDU\�� RU� DQ\� RWKHU�GHILQHG�UHJLRQ��%,,�LV�IRUPDOO\�GHILQHG�DV�WKH�DYHUDJH��DFURVV�DOO�VSHFLHV�FKRVHQ�IRU�FRQVLGHUDWLRQ��W\SLFDOO\�� WKH�ZHOO�NQRZQ�WD[RQRPLF�JURXSV��SODQWV��PDPPDOV��ELUGV��UHSWLOHV�DQG�DPSKLELDQV���RI�WKH�FKDQJH�LQ�SRSXODWLRQ�VL]H�UHODWLYH�WR�D�UHIHUHQFH�SRSXODWLRQ��7KH�UHIHUHQFH�SRSXODWLRQ�LV�FRQFHLYHG�DV�WKDW�RFFXUULQJ� LQ�WKH� ODQGVFDSH�EHIRUH� LW�ZDV�DOWHUHG�E\�PRGHUQ� LQGXVWULDO�VRFLHW\�GXULQJ� WKH� FRORQLDO� SHULRG� �L�H�� SUH�������� ,Q� WKH� VRXWKHUQ� $IULFDQ� FRQWH[W�� WKH� FXUUHQW�SRSXODWLRQV� LQ� ODUJH�SURWHFWHG�DUHDV� LQ�HDFK�HFRV\VWHP� W\SH� VHUYH�DV� D�SUR[\�IRU� WKH�UHIHUHQFH�SRSXODWLRQV��
7KH�%,,�LV�DQ�DJJUHJDWH�LQGH[��LQWHQGHG�WR�SURYLGH�DQ�LQWXLWLYH��KLJK�OHYHO�V\QWKHWLF�RYHUYLHZ�IRU�WKH�SXEOLF�DQG�SROLF\�PDNHUV��$W�WKH�VDPH�WLPH��LW�FDQ�EH�GLVDJJUHJDWHG�VSDWLDOO\��RU�E\�WD[RQRPLF�JURXS�� WR�PHHW� WKH� LQIRUPDWLRQ�QHHGV�RI� YDULRXV�XVHUV�� SURYLGLQJ� WUDQVSDUHQF\� DQG�FUHGLELOLW\��0DWKHPDWLFDOO\�DQG�FRQFHSWXDOO\�WKH�%,,�KDV�WKH�VDPH�PHDQLQJ�DW�DOO�VSDWLDO�VFDOHV��DQG�FDQ�WKXV�EH�FRPSDUHG�ZLWKLQ�DQG�DFURVV�VFDOHV��DV�ZHOO�DV�EHWZHHQ�JHRJUDSKLFDOO\�VHSDUDWHG�DUHDV�RI�WKH�VDPH�RU�GLIIHUHQW�VL]HV��,W�LV�SRVVLEOH�WR�HVWLPDWH�WKH�YDOXH�RI�%,,�IRU�WKH�SDVW��D QG�SURMHFW�LW�LQWR�WKH�IXWXUH�XQGHU�YDULRXV�VFHQDULRV�RI�ODQG�XVH�FKDQJH�
7KH�GDWD�DYDLODEOH�IRU�FRPSXWLQJ�%,,�DQG�RWKHU� LQGLFHV�YDU\� LQ�TXDOLW\�DQG�UHVROXWLRQ��DQG�WKLV�YDULDELOLW\� LV� LWVHOI�VFDOH�GHSHQGHQW��$W�VPDOO�VFDOHV��IRU�LQVWDQFH��D�VLQJOH�ZHOO �VWXGLHG�SURWHFWHG�DUHD��YHU\�FRPSOHWH�DQG�KLJK�UHVROXWLRQ�GDWD�PD\�EH�DYDLODEOH��ZKHUHDV�DW�WKH�VFDOHV�UHOHYDQW�WR�QDWLRQDO�RU�LQWHUQDWLRQDO�SROLF\��GDWD�LV�W\SLFDOO\�SDWFK\�DQG�RI�FRDUVH�UHVROXWLRQ��7KH�%,,�LV�DEOH�WR�XVH�GDWD�RI�GLIIHULQJ�TXDOLW\�DQG�OHYHOV�RI�GHWDLO�DV�LQSXW��PDNLQJ�LW�DSSOLFDEOH�LPPHGLDWHO\��EXW�



��

DPHQDEOH�WR�LQFUHPHQWDO�LPSURYHPHQW�LQ�WKH�IXWXUH��$Q�HUURU�EDU�FDQ�EH�DVVRFLDWHG�ZLWK�WKH�%,,��DQG�WKH�ORQJ�WHUP�UHVHDUFK�DQG�REVHUYDWLRQ�JRDO�FDQ�WKHQ�EH�GHILQHG�LQ�WHUPV�RI�VKULQNLQJ�WKLV�XQFHUWDLQW\�UDQJH�
7KH�REMHFWLYHV�RI�WKLV�SDSHU�DUH�WZR�IROG��)LUVWO\��WR�LOOXVWUDWH�WKDW�WKH�LQGH[�FDQ�EH�PHDQLQJIXOO\�VFDOHG� XS� DQG� GRZQ�� DQG� WKHUHIRUH� XVHIXOO\� DQG� FRQVLVWHQWO\� DSSOLHG� DW� WKH� W\SLFDO� OHYHOV� RI�HQYLURQPHQWDO� GHFLVLRQ�PDNLQJ�� ,Q� WKH� FDVH� RI� 6RXWK� $IULFD�� WKHVH� DUH� WKH� FRQVWLWXWLRQDOO\ �GHILQHG� WKUHH� WLHUV� RI� JRYHUQPHQW�� QDWLRQDO� �����PLOOLRQ� NP ���� SURYLQFLDO� ���XQLWV�� DYHUDJH� DUHD��������NP��� DQG� ORFDO� �����XQLWV�� DYHUDJH� DUHD������NP����7KH� VHFRQG�REMHFWLYH� LV� WR� WHVW� WKH�VHQVLWLYLW\�RI�WKH�LQGH[�WR�WKH�UHVROXWLRQ�DQG�TXDOLW\�RI�WKH�LQSXW�GDWD�XVHG��,Q�SDUWLFXODU��ZH�DLP�WR�H[SORUH� WKH� VHQVLWLYLW\�RI� WKH�%,,� WR� LPSURYHG�VSDWLDO�HVWLPDWHV�RI�VSHFLHV� ULFKQHVV�DQG�WR�D�KLJKHU�UHVROXWLRQ�ODQG�XVH�PDS�
��� 7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[�DOJRULWKP
7KH�GHULYDWLRQ�DQG�ORJLF�RI�WKH�%,,�DUH�JLYHQ�LQ�6FKROHV�DQG�%LJJV� �LQ�SUHVV���,Q�HVVHQFH��%,,�LV�D�ULFKQHVV�DQG�DUHD�ZHLJKWHG�DYHUDJH�RI�WKH�SRSXODWLRQ�LPSDFW�RI�D�VHW�RI�ODQG�XVH�DFWLYLWLHV��RQ�D�JLYHQ�JURXSV�RI�RUJDQLVPV��LQ�D�JLYHQ�DUHD��,I�WKH�SRSXODWLRQ�LPSDFW�� ,LMN��LV�GHILQHG�DV�WKH�UHODWLYH�SRSXODWLRQ�RI�WD[RQ� L �DV�FRPSDUHG�WR�WKH�UHIHUHQFH�VWDWH��XQGHU�ODQG�XVH�DFWLYLW\�N�LQ�HFRV\VWHP�M��WKHQ�%,,�JLYHV�WKH�DYHUDJH�UHPDLQLQJ�IUDFWLRQ�RI�WKH�SRSXODWLRQV�RI�DOO�VSHFLHV�FRQVLGHUHG�

ZKHUH 5LM  � 5LFKQHVV��QXPEHU�RI�VSHFLHV��RI�WD[RQ� L LQ�HFRV\VWHP M$MN  � $UHD�RI�ODQG�XVH�N�LQ�HFRV\VWHP M
%,,� FDQ� EH� GLVDJJUHJDWHG� WR� VXFFHVVLYH� OHYHOV� RI� GHWDLO� DORQJ� GLIIHUHQW� D[HV�� )RU� LQVWDQFH�� WKH�LQWDFWQHVV�RI�D�SDUWLFXODU�WD[RQRPLF�JURXS� L��DQG�IRU�D�SDUWLFXODU�WD[RQ� L LQ�D�JLYHQ�HFRV\VWHP� MDUH�UHVSHFWLYHO\�JLYHQ�E\�
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1RWH� WKDW� ,LMN W\SLFDOO\� OLHV� EHWZHHQ� �� DQG� ��� EXW� FDQ� WDNH� RQ� YDOXHV� JUHDWHU� WKDQ�RQH� LQ� VRPH�FLUFXPVWDQFHV��)RU�H[DPSOH��FXOWLYDWLRQ�JUHDWO\�LQFUHDVHV�WKH�SRSXODWLRQV�RI�FHUWDLQ�FDWHJRULHV�RI�ELUG�VSHFLHV��VXFK�DV�JUDQLYRUHV��UHODWLYH�WR� ¶QDWXUDO·�DUHDV��6LPLODUO\��IUXJLYRUHV�DUH�HQKDQFHG�LQ�XUEDQ�DUHDV�
��� 'DWD�VRXUFHV
,LMN�LV�D�PDWUL[�RI�HVWLPDWHV�RI�WKH�IUDFWLRQ�RI�WKH�RULJLQDO�SRSXODWLRQV�RI�VSHFLILF�WD[D�WKDW�SHUVLVW�XQGHU� D� JLYHQ� ODQG� XVH� DFWLYLW\� LQ� D� SDUWLFXODU� HFRV\VWHP��:KLOH� ,LMN FDQ� LQ� SULQFLSOH� EH H[DFWO\�PHDVXUHG��WKH�VSHFLHV�E\�VSHFLHV�SRSXODWLRQ�GDWD�QHHGHG�WR�GR�VR�DUH�FXUUHQWO\�DYDLODEOH�RQO\�IRU�D�IHZ�VSHFLHV�LQ�D�IHZ�ORFDWLRQV��,Q�WKH�VWXG\�WKDW�GHYHORSHG�WKH�%,,��6FKROHV�DQG�%LJJV� �������H[SHUW� MXGJHPHQW� ZDV� XVHG� WR� JHQHUDWH� WKH� PDWUL[� RI� YDOXHV� RI� ,LMN�� 7KUHH� RU� PRUH� KLJKO\�H[SHULHQFHG�VSHFLDOLVWV�IRU�HDFK�VHOHFWHG�WD[RQRPLF�JURXS�� SODQWV��PDPPDOV��ELUGV��UHSWLOHV�DQG�DPSKLELDQV�� LQGHSHQGHQWO\� HVWLPDWHG� WKH� GHJUHH� RI� UHGXFWLRQ� RI� SRSXODWLRQV�� UHODWLYH� WR�SRSXODWLRQV�LQ�D�ODUJH�SURWHFWHG�DUHD�LQ�WKH�VDPH�HFRV\VWHP�W\SH��FDXVHG�E\�D�SUH �GHILQHG�VHW�RI�ODQG� XVH� DFWLYLWLHV� �7DEOH�������7KLV�ZDV� DFKLHYHG�E\�GLYLGLQJ� HDFK� WD[RQRPLF�JURXS� LQWR�� ����IXQFWLRQDO�W\SHV�WKDW�UHVSRQGHG�LQ�VLPLODU�ZD\V�WR�KXPDQ�DFWLYLWLHV��$JJUHJDWLRQ�XS�WR�WKH�EURDG�WD[RQRPLF� OHYHO� �ELUGV�� PDPPDOV� HWF��� ZDV� GRQH� E\� ZHLJKWLQJ� WKH� ,LMN HVWLPDWHV� IRU� HDFK�IXQFWLRQDO�W\SH�E\�WKH�QXPEHU�RI�VSHFLHV�LQ�WKDW�IXQFWLRQDO�W\SH�LQ�WKH�SDUWLFXODU�HFRV\VWHP��,W�LV�DOVR�SRVVLEOH�WR�FDOFXODWH�D�¶IXQFWLRQDO�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[·��),,���LQ�ZKLFK�ZHLJKWLQJ�LV�GRQH�E\�IXQFWLRQDO�JURXS�UDWKHU�WKDQ�E\�VSHFLHV�ULFKQHVV�� ,LMN HVWLPDWHV�DUH�FRQFHLYDEO\�VHQVLWLYH�WR�WKH�UHVROXWLRQ�RI�WKH�ODQG�XVH�FODVVLILFDWLRQ�XVHG�LQ�WKH�FDOFXODWLRQ�RI�%,,��,Q�WKLV�VWXG\��D���[���NP�UHVROXWLRQ�ZDV�XVHG�VR�WKDW��IRU�H[DPSOH��WKH�¶FXOWLYDWHG·�FDWHJRU\�ZRXOG�JHQHUDOO\�LQFOXGH�D�IUDFWLRQ�RI�XQFXOWLYDWHG�ODQG��([SHUWV�ZHUH�DVNHG�WR�DFFRXQW�IRU�WKLV�LQ�PDNLQJ�WKHLU�SRSXODWLRQ�LPSDFW�HVWLPDWHV�



��

7DEOH�����&ODVVHV�XVHG� WR�GHULYH�D� ODQG�XVH�PDS� IURP� ODQG�FRYHU�� ODQG� WHQXUH�ERXQGDULHV�DQG�RWKHU�DYDLODEOH�LQIRUPDWLRQ��7ZR�FODVVLILFDWLRQV�ZHUH�XVHG������D�FODV VLILFDWLRQ�XVHG�E\�6FKROHV�	�%LJJV������� IRU�WKH�VRXWKHUQ�$IULFDQ�DQDO\VLV��DQG�����D�FODVVLILFDWLRQ�ODUJHO\� EDVHG�RQ�WKH�6RXWK�$IULFDQ�QDWLRQDO�ODQG�FRYHU�PDS��&ODVVLILFDWLRQ�ZDV�FDUULHG�RXW�DW�D���[���NP�UHVROXWLRQ�DQG�EDVHG�RQ� WKH� GRPLQDQW� FDWHJRU\�ZLWKLQ� D� SDUWLFXODU� XQLW�� $� ¶FXOWLYDWHG·� XQLW�ZRXOG� WKHUHIRUH� FRQVLVW�SUHGRPLQDQWO\�RI�FXOWLYDWHG�ILHOGV��EXW�XVXDOO\�DOVR�FRQWDLQ�D�IUDFWLRQ�RI�XQFXOWLYDWHG�ODQG��:KHUH�FODVVHV�RYHUODSSHG�� ODQG�XVH�ZDV�DVVLJQHG�LQ�WKH�IROORZLQJ�RUGHU�RI�SULRULW\��XUEDQ��SODQWDWLRQ��FXOWLYDWHG��GHJUDGHG��SURWHFWHG��PRGHUDWH�XVH��
/DQG�XVH�FODVV 'HVFULSWLRQ 'DWD�VRXUFH
3URWHFWHG 0LQLPDO�UHFHQW�KXPDQ�LPSDFW�RQ�VWUXFWXUH��FRPSRVLWLRQ�RU�IXQFWLRQ�RI�WKH�HFRV\VWHP��%LRWLF�SRSXODWLRQV�LQIHUUHG�WR�EH�QHDU�WKHLU�SRWHQWLDO�([DPSOHV��/DUJH�SURWHFWHG�DUHDV��¶ZLOGHUQHVV·�DUHDV�

����:RUOG�'DWDEDVH�RQ�3URWHFWHG�$UHDV��,8&1�	�81(3���������$OO�GHVLJQDWHG�SURWHFWHG�DUHDV�RI�,8&1�FDWHJRULHV�,�9�����6RXWK�$IULFDQ�QDWLRQDO�SURWHFWHG�DUHDV��&6,5�������0RGHUDWH�XVH 6RPH�H[WUDFWLYH�XVH�RI�SRSXODWLRQV�DQG�DVVRFLDWHG�GLVWXUEDQFH��EXW�QRW�HQRXJK�WR�FDXVH�FRQWLQXLQJ�RU�LUUHYHUVLEOH�GHFOLQHV�LQ�SRSXODWLRQV��3URFHVVHV��FRPPXQLWLHV�DQG�SRSXODWLRQV�ODUJHO\�LQWDFW�([DPSOHV��)RUHVW�DUHDV�XVHG�E\�LQGLJHQRXV�SHRSOHV�RU�XQGHU�VXVWDLQDEOH��ORZ�LPSDFW�IRUHVWU\��JUDVVODQGV�JUD]HG�ZLWKLQ�WKHLU�VXVWDLQDEOH�FDUU\LQJ�FDSDFLW\�

$OO�UHPDLQLQJ�DUHDV�QRW�FODVVLILHG�LQWR�RQH�RI�WKH�RWKHU�ILYH�FDWHJRULHV�

'HJUDGHG +LJK�H[WUDFWLYH�XVH�DQG�ZLGHVSUHDG GLVWXUEDQFH��W\SLFDOO\�DVVRFLDWHG�ZLWK�ODUJH�KXPDQ�SRSXODWLRQV�LQ�UXUDO�DUHDV��3URGXFWLYH�FDSDFLW\�UHGXFHG�WR�DSSUR[LPDWHO\�����RI�¶QDWXUDO·�VWDWH�([DPSOHV��&OHDU�FXW�ORJJLQJ��DUHDV�VXEMHFW�WR�LQWHQVH�KDUYHVWLQJ��KXQWLQJ�RU�ILVKLQJ��DUHDV�LQYDGHG�E\�DOLH Q�YHJHWDWLRQ�

����$OO�DUHDV�IDOOLQJ�EHORZ������IRUHVW��JUDVVODQG�DQG�VDYDQQD��RU������VKUXEODQGV��RI�H[SHFWHG�SURGXFWLRQ�DV�HVWLPDWHG�E\�QRQ�OLQHDU�UHJUHVVLRQ��0LFKDHOLV�0HQWHQ�IXQFWLRQ��RI�PD[LPXP�DQQXDO�1'9,�RQ�JURZWK�GD\V��'HJUDGHG�DUHDV�QRW�HVWLPDWHG�IRU�GHVHUW��ZHWODQG�DQG�I\QERV�����6RXWK�$IULFDQ�QDWLRQDO�ODQG�FRYHU�PDS��&6,5�������&XOWLYDWHG /DQG�FRYHU�SHUPDQHQWO\�UHSODFHG�E\�SODQWHG�FURSV��0RVW�SURFHVVHV�SHUVLVW��EXW�DUH�VLJQLILFDQWO\�GLVUXSWHG�E\�SORXJKLQJ�DQG�KDUYHVWLQJ�DFWLYLWLHV��5HVLGXDO�ELRGLYHUVLW\�SHUVLVWV�LQ�WKH�ODQGVFDSH��PDLQO\�LQ�VHW�DVLGHV�DQG�LQ�VWULSV�EHWZHHQ�ILHOGV��PDWUL[���DVVXPHG�WR�FRQVWLWXWH�DSSUR[LPDWHO\�����RI�FODVV�([DPSOHV��&RPPHUFLDO�DQG�VXEVLVWHQFH�FURS�DJULFXOWXUH�

����6$'&�/DQGFRYHU�'DWDVHW��&6,5���������ILOOHG�ZLWK�*/&������(&������� IRU�1DPLELD�DQG�%RWVZDQD�����6RXWK�$IULFDQ�QDWLRQDO�ODQG�FRYHU�PDS��&6,5�������
3ODQWDWLRQ /DQG�FRYHU�SHUPDQHQWO\�UHSODFHG�E\�WLPEHU�SODQWDWLRQV��0DWUL[�DUHDV�DVVXPHG�WR�FRQVWLWXWH�DSSUR[LPDWHO\�����RI�FODVV�([DPSOHV��3ODQWDWLRQ�IRUHVWU\��W\SLFDOO\�SLQXV�DQG�HXFDO\SWXV�VSHFLHV�

����6$'&�/DQGFRYHU�'DWDVHW��&6,5�����������6RXWK�$IULFDQ�QDWLRQDO�ODQG�FRYHU�PDS��&6,5�������
8UEDQ /DQG�FRYHU�UHSODFHG�E\�KDUG�VXUIDFHV�VXFK�DV�URDGV�DQG�EXLOGLQJV��'HQVH�SRSXODWLRQV�RI�SHRSOH��0RVW�SURFHVVHV�DUH�KLJKO\�PRGLILHG��0DWUL[�DVVXPHG�WR�FRQVWLWXWH�����RI�FODVV�([DPSOHV��'HQVH�XUEDQ�DQG�LQGXVWULDO�DUHDV��PLQHV�DQG�TXDUULHV�

���8UEDQ�H[WHQWV��&,(6,1�HW�DO������������6RXWK�$IULFDQ�QDWLRQDO�ODQG�FRYHU�PDS��&6,5�������
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5LM� LV� WKH� VSHFLHV� ULFKQHVV� SHU� EURDG� WD[RQ� �SODQWV��PDPPDOV� HWF��� SHU� HFRV\VWHP� W\SH�� 6SHFLHV�ULFKQHVV�GDWD� LV� W\SLFDOO\� DYDLODEOH� DV� WRWDO� VSHFLHV� FRXQWV�SHU�HFRV\VWHP�DQG� WKH�DVVXPSWLRQ� LV�PDGH�WKDW�HYHU\�VSHFLHV�RFFXUV�WKURXJKRXW�WKH�H[WHQW�RI�WKH�SDUWLFXODU�HFRV\VWHP�W\SH�� �/H�5RX[������� UHFHQWO\�FRPSLOHG�VXFK�GDWD�IRU�6RXWK�$IULFD��IRU�HLJKW�WD[RQRPLF�JURXSV�LQ�VHYHQ�ELRPHV��WKHVH�GDWD�ZHUH�XVHG�LQ�WKLV�VWXG\��,QGLYLGXDO�VSHFLHV�GLVWULEXWLRQ�JULGV�DUH�DYDLODEO H�GLJLWDOO\�IRU�FHUWDLQ�WD[RQRPLF�JURXSV�LQ�6RXWK�$IULFD��7KH�%,,�LV�EDVHG�RQ�SRWHQWLDO�GLVWULEXWLRQ�UDQJHV��DQG�LQ�WKLV�SDSHU��WKH�SRWHQWLDO�PDPPDO�GLVWULEXWLRQ�GDWD�RI�)ULHGPDQQ�DQG�'DO\� ������ ZDV�XVHG�WR�H[SORUH�WKH�VHQVLWLYLW\�RI %,,�WR�WKH�LQSXW�RI�PRUH�KLJKO\�UHVROYHG�VSDWLDO�VSHFLHV�ULFKQHVV�GDWD��7KH�SRWHQWLDO�GLVWULEXWLRQ�PDSV�RI�����PDPPDO�VSHFLHV�ZHUH�UDVWHUL]HG��DQG�WKH�WRWDO�QXPEHU�RI�PDPPDO�VSHFLHV�SHU���[���NP�JULG�FHOO�FDOFXODWHG�DV�DQ�DOWHUQDWLYH�5LM LQSXW�IRU�%,,�
$MN LV�WKH�DUHD�RI�D�SDUWLFXODU�ODQG�XVH�ZLWKLQ�D�VSHFLILF�HFRV\VWHP��GHULYHG�E\�RYHUOD\LQJ�D�ODQG�XVH� PDS� RQ� DQ� HFRV\VWHP�W\SH� PDS�� (FRV\VWHP� W\SHV� ZHUH� GHILQHG� DV� WKH� ELRPHV� RI� 6RXWK�$IULFD��WKH�ERXQGDULHV�RI�ZKLFK�ZHUH�REWDLQHG�IURP�WKH�1DWLRQDO�%RWDQLFD O�,QVWLWXWH��5XWKHUIRUG�DQG�:HVWIDOO� ������/RZ�	�5HEHOR� � ����� �� ,Q� WKLV� VWXG\�� WKH�DVVXPSWLRQ�ZDV�PDGH� WKDW�EURDG�FODVVHV�RI�ODQG�XVH�FDQ�EH�LQIHUUHG�IURP�ODQG�FRYHU�DQG�ODQG�WHQXUH�ERXQGDULHV��:H�GHILQHG�VL[�OHYHOV� RI� ODQG� XVH� LQWHQVLW\� DQG� PDSSHG� WKHVH� E\� FRPELQLQJ� GDWD� IURP� VHYHUDO� JOREDO� WR�FRQWLQHQWDO�VFDOH�GDWD�VRXUFHV��7DEOH�������,Q�RUGHU�WR�WHVW�WKH�VHQVLWL YLW\�RI�%,,�WR�WKH�ODQG�XVH�FODVVLILFDWLRQ� HPSOR\HG�� D� VHFRQG� ODQG� XVH�PDS� IRU� 6RXWK�$IULFD�ZDV� GHULYHG� IURP� WKH� 6RXWK�$IULFDQ�QDWLRQDO� ODQG�FRYHU�PDS� �&6,5��������)DLUEDQNV�HW�DO���������FRPELQHG�ZLWK�D�QDWLRQDO�SURWHFWHG�DUHDV�PDS��&6,5���������7KH�6RXWK�$IULFDQ�QDWLRQDO�ODQG�FRYHU�PDS�ZDV�GHULYHG�IURP�KLJK�UHVROXWLRQ� VDWHOOLWH� LPDJHU\� �IXQGDPHQWDO� UHVROXWLRQ�a���P�� EXW� HIIHFWLYHO\� DJJUHJDWHG� WR�DERXW�����P���ZKHUHDV�WKH�PDLQ�VRXUFH�IRU�WKH�VRXWKHUQ�$IULFDQ�UHJLRQDO�VFDOH�ODQG�XVH�PDS�ZDV�ORZ�WR�PHGLXP�UHVROXWLRQ�LPDJHU\�ZLWK�D�IXQGDPHQWDO�UHVROXWLRQ�RI�DERXW���NP�
��� 6FDODELOLW\�RI�WKH�LQGH[
$�FHQWUDO�IHDWXUH�RI�WKH�%,,�LV�WKDW�FRQFHSWXDOO\�LW�FDQ�EH�DSSOLHG�DW�GLIIHUHQW�OHYHOV�RI�GHFLVLRQ �PDNLQJ��DQG�UHVXOWV�FDQ�EH�FRPSDUHG�GLUHFWO\�ZLWKLQ�DQG�DFURVV�VFDOHV��7KLV�ZDV� WHVWHG�LQ�SUDFWLFH�E\� DSSO\LQJ� WKH� %,,� WR� WKH� WKUHH� OHYHOV� RI� HQYLURQPHQWDO� GHFLVLRQ �PDNLQJ� LQ� 6RXWK� $IULFD��QDWLRQDO�� UHJLRQDO� DQG� ORFDO� JRYHUQPHQW� �)LJXUH� ������ 7KH� UHVXOWV� VKRZ� WKDW� %,,� GHOLYHUV�LQWXLWLYHO\�PHDQLQJIXO� UHVXOWV� GRZQ� WR� DW� OHDVW� WKH� VFDOH� RI� ORFDO� JRYHUQPHQW� �PXQLFLSDO� OHYHO���7KH� DELOLW\� WR� DSSO\� WKH� LQGH[� DW�PXOWLSOH� OHYHOV�RI�GHFLVLRQ �PDNLQJ� LV�YHU\�XVHIXO�� DJJUHJDWLRQ�
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DOORZV� WKH� LQIRUPDWLRQ� WR� EH� FROODSVHG� WR� DQ� DSSURSULDWH� OHYHO� RI� GHWDLO�� ZKLOH� GLVDJJUHJDWLRQ�HQVXUHV�WUDQVSDUHQF\�DQG�DOORZV�IRU�WKH�GHILQLWLRQ�RI�ILQHU�OHYHO�SROLF\�JRDOV��%,,�FDQ�VLPLODUO\�EH�GLVDJJUHJDWHG� E\� WD[D� RU� ELRPH� �7DEOH� ������ PDWKHPDWLFDOO\� LW� LV� SRVVLEOH� WR� GLVDJJUHJDWH� %,,�GRZQ�WR�DQ\�GHILQHG�VSDWLDO�DUHD�DQG�DQ\�JURXS�RI�VSHFLHV�

)LJXUH� ���� 7KH� %LRGLYHUVLW\� ,QWDFWQHVV� ,QGH[� DSSOLHG� DW� WKH� WKUHH� OHYHOV� RI� HQYLURQPHQWDO�GHFLVLRQ�PDNLQJ� LQ� 6RXWK� $IULFD�� QDWLRQDO�� SURYLQFLDO� DQG� ORFDO� JRYHUQPHQW�� 7KH� UHVXOWV� DUH�ULFKQHVV�DQG�DUHD�ZHLJKWHG�DYHUDJHV�RI�%,,�DV�HVWLPDWHG�DW�D�EDVH�UHVROXWLRQ�RI���NP��9DOXHV�RI�%,,�REWDLQHG�DW�GLIIHUHQW�VFDOHV�DUH�GLUHFWO\�FRPSDUDEOH��WKH\�UHIHU�WR�WKH�DYHUDJH�DEXQGDQFH�RI�DOO�VSHFLHV�LQ�WKH�SDUWLFXODU�DUHD��H[SUHVVHG�DV�D�IUDFWLRQ�RI�SUH �LQGXVWULDO�HUD�DEXQGDQFH�

D��1DWLRQDO E��3URYLQFLDO

F��0XQLFLSDO G��%DVH����NP��
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7DEOH� ����$� FURVV�WDEXODWLRQ�RI�%,,�SHU�PDMRU�HFRV\VWHP� W\SH�DQG�E URDG� WD[RQRPLF�JURXS� IRU�6RXWK�$IULFD��VKRZLQJ�KRZ�WKH�RYHUDOO�VFRUH������� rr �����DW�WKH�����OHYHO��FDQ�EH�GLVDJJUHJDWHG�LQWR�FROXPQ�RU�URZ�VFRUHV�IRU�HFRV\VWHPV�RU�WD[D��RU�GRZQ�WR�WD[D�ZLWKLQ�HFRV\VWHPV��1RWH�WKDW�WKH�DJJUHJDWLRQV�DUH�QRW�VLPSOH�DYHUDJHV ��EXW�DUH�ZHLJKWHG�E\�ELRPH�OHYHO�VSHFLHV�ULFKQHVV� �/H�5RX[������� DQG�DUHD��VRXWKHUQ�$IULFDQ�UHJLRQDO�VFDOH�ODQG�XVH�FODVVLILFDWLRQ�JLYHQ�LQ�7DEOH������
$UHD��NP�� 3ODQWV 0DPPDOV %LUGV 5HSWLOHV $PSKLELD $//�7$;$5LFKQHVV ����� ��� ��� ��� ��� �����)RUHVW ����� ���� ���� ���� ���� ���� ����6DYDQQD ������� ���� ���� ���� ���� ���� ����7KLFNHW ������ ���� ���� ���� ���� ���� ����*UDVVODQG ������� ���� ���� ���� ���� ���� ����1DPD�.DURR ������� ���� ���� ���� ���� ���� ����6XFFXOHQW�.DURR ������ ���� ���� ���� ���� ���� ����)\QERV ������ ���� ���� ���� ���� ���� ����$//�%,20(6 ��������� ���� ���� ���� ���� ���� ����

)XQFWLRQDO�GLYHUVLW\�LQWDFWQHVV
7KH� SRVVLEOH� XVH� RI� %,,� DV� DQ� LQGLFDWRU� RI� IXQFWLRQDO� ELRGLYHUVLW\� LQWDFWQHVV� �DV� RSSRVHG� WR�FRPSRVLWLRQDO� ELRGLYHUVLW\� LQWDFWQHVV�� VHH� �1RVV� ������� ZDV� H[SORUHG� E\�ZHLJKWLQJ� WKH� WD[RQ�OHYHO�,LMN HVWLPDWHV�E\�IXQFWLRQDO�JURXS��DV�GHILQHG�E\�WKH�H[SHUWV��LQVWHDG�RI�E\�VSHFLHV�ULFKQHVV��,Q�SULQFLSOH�WKLV�LV�DQRWKHU�IRUP�RI�VFDOLQJ��LW�FRDUVHQV�WKH�UHVROXWLRQ�DORQJ�WKH�WD[RQ�D[LV�UDWKHU�WKDQ� DORQJ� D� JHRJUDSKLFDO� VFDOH� D[LV�� &RQFHSWXDOO\�� LW� ZRXOG� DVVLJQ� JUHDWHU� ZHLJKW� WR� KHDYLO\�LPSDFWHG��EXW�UHODWLYHO\�VSHFLHV�SRRU�JURXSV��VXFK�DV�PHJDKHUELYRUHV��
7KH�IXQFWLRQDO�LQWDFWQHVV��),,��RI�6RXWK�$IULFD��FDOFXODWHG�DFURVV�DOO�WD[D��LV�������DQG�WKHUHIRUH�VOLJKWO\� KLJKHU WKDQ� WKH� VSHFLHV�ZHLJKWHG� %,,� �7DEOH� ������ 7KH� ),,� ZDV� ORZHU� WKDQ� WKH� %,,� LQ�VDYDQQDV��E\��������VKUXEODQG�DQG� I\QERV ERWK� LQFUHDVHG�E\��������0DPPDOV�VKRZHG�E\�IDU�WKH�ODUJHVW�GHFOLQH���������LQ�FRPSDULVRQ�WR�WKH�VSHFLHV�EDVHG�HVWLPDWH��5HSWLOHV�DOVR�VKRZHG�D�VOLJKW�GHFOLQH��DOO�RWKHU WD[D�VKRZHG�PDUJLQDO�LQFUHDVHV�LQ�WKH�YDOXH�RI�),,�DV�FRPSDUHG�WR�%,,�
:KLOH�WKH�IXQFWLRQDO�JURXSV�XVHG�LQ�WKLV�FDOFXODWLRQ�ZHUH�QRW�VSHFLILFDOO\�GHILQHG�IRU�WKH�SXUSRVH�RI� FDOFXODWLQJ� ),,�� WKH� UHVXOWV� VXJJHVW� WKDW� RWKHU� WKDQ� LQ� WKH� FDVH� RI� PDPPDOV�� WKHU H� GR� QRW�DSSHDU� WR� EH� VSHFLILF� IXQFWLRQDO� JURXSV� WKDW� DUH� FXUUHQWO\� VXIIHULQJ� H[FHVVLYHO\� JUHDWHU� LPSDFW�WKDQ�RWKHU�IXQFWLRQDO�JURXSV��7KH�UHVXOWV�LQGLFDWH�WKDW�XQGHU�VXFK�FLUFXPVWDQFHV��),,�VHUYHV�DV�D�



��

JRRG�SUR[\�WR�%,,��7KLV�VXJJHVWV�WKDW�LQ�UHJLRQV�ODFN LQJ�VSHFLHV�OHYHO�GDWD��),,�FRXOG�VHUYH�DV�D�ILUVW�DSSUR[LPDWLRQ�IRU�%,,�� ,LMN ZRXOG�EH�HVWLPDWHG�EDVHG�RQ�D�VDPSOH�RI�VSHFLHV�SHU�IXQFWLRQDO�JURXS�� DQG� 5LM ZRXOG� EH� D� FRXQW� RI� WKH� QXPEHU� RI� IXQFWLRQDO� JURXSV� SUHVHQW� LQ� D� SDUWLFXODU�ELRPH�

7DEOH� ��� 5HVXOWV� RI� D� VHQVLWLYLW\� DQDO\VLV� RI� %,,� WR� LQSXWV� RI� VSHFLHV� ULFKQHVV� DQG� ODQG� XVH��&ROXPQ�E� &RPSDULVRQ�RI�%,,�YDOXHV��FROXPQ�D��WR�WKRVH�RI�),,��)XQFWLRQDO�,QWDFWQHVV�,QGH[���ZKHUH�),,�LV�GHULYHG�E\�ZHLJKWLQJ�,LMN E\�IXQFWLRQDO�JURXS�LQVWHDG�RI�E\�VSHFLHV� ULFKQHVV��&ROXPQ�F� &RPSDUDWLYH� YDOXHV� RI� VSHFLHV�ZHLJKWHG� %,,� DV� GHULYHG� IURP� WKH� UHJLRQDO �VFDOH� ODQG� XVH�FODVVLILFDWLRQ�����DQG�WKH�QDWLRQDO �OHYHO�FODVVLILFDWLRQ������VHH�7DEOH�������DQG� &ROXPQV�G�DQG�H�&RPSDULVRQ�RI�WKH�YDOXHV�RI�%,,�REWDLQHG�IRU�PDPPDOV�XVLQJ�DJJUHJDWHG�ELRPH�OHYHO�ULFKQHVV�GDWD�DV�RSSRVHG�WR�LQGLYLGXDO�VSHFLHV�GLVWULEXWLRQ�JULGV��1RWH�WKDW�WKH�UHVXOWV�SUHVHQWHG�KHUH�DUH�IRU�WKH�ELRPHV�DV�GHILQHG�LQ�WKH�H[SHUW�LQWHUYLHZV��WKH�WKLFNHW�ELRPH�LV�WKHUHIRUH�LQFOXGHG�ZLWK�VDYDQQD��DQG�WKH�6XFFXOHQW�DQG�1DPD�.DURR�DUH�OXPSHG�WRJHWKHU�DV�VKUXEODQG�
D E F G H0DPPDOV,QGH[ %,, ),, %,, %,, %,,/DQG�XVH� ��� ��� ��� ��� ���6SHFLHV�ULFKQHVV %LRPH %LRPH %LRPH %LRPH *ULG%LRPHV)RUHVW ����� ����� ����� ����� �����6DYDQQD ����� ����� ����� ����� �����*UDVVODQG ����� ����� ����� ����� �����6KUXEODQG ����� ����� ����� ����� �����)\QERV ����� ����� ����� ����� �����7D[D3ODQWV ����� ����� �����0DPPDOV ����� ����� ����� ����� �����%LUGV ����� ����� �����5HSWLOHV ����� ����� �����$PSKLELD ����� ����� �����6287+�$)5,&$ ����� ����� �����



��

��� 6HQVLWLYLW\�RI�WKH�LQGH[
,GHDOO\��DQ\�ELRGLYHUVLW\�LQGH[�VKRXOG�EH�VXIILFLHQWO\�VHQVLWLYH�WR�UHIOHFW�WKH�LPSDFWV�RI�FKDQJLQJ�ODQG�XVH�RYHU�WLPH��EXW�VKRXOG�QRW�EH�RYHUO\�VHQVLWLYH�WR�GLIIHUHQFHV�LQ�WKH�LQWHUSUHWDWLRQ�RI�ODQG�XVH� FODVVHV� RU� HVWLPDWHV� RI� VSHFLHV� ULFKQHVV� WKDW� DUH� ZLWKLQ� WKH� QRUPDO� XQFHUWDLQW\� LQ� WKRVH�SDUDPHWHUV��
6HQVLWLYLW\�WR�5LM �VSHFLHV�ULFKQHVV�
6HQVLWLYLW\�WR�WKH�VSDWLDO�UHVROXWLRQ�RI�VSHFLHV�UL FKQHVV�GDWD�ZDV�H[SORUHG�E\�FRPSDULQJ�WKH�YDOXHV�RI� %,,� REWDLQHG� XVLQJ� WKH� ULFKQHVV� VXUIDFH� GHULYHG� E\� VXPPDWLRQ� RI� LQGLYLGXDO� PDPPDO�GLVWULEXWLRQ�JULGV��DV�RSSRVHG�WR�XVLQJ�ELRPH�OHYHO�PDPPDO�VSHFLHV�ULFKQHVV�GDWD��L�H��WKH�VDPH�ULFKQHVV�YDOXH�LV�DVVLJQHG WR�HYHU\�JULG�FHOO�LQ�D�SDUWLFXODU�ELRPH���
)RU�6RXWK�$IULFD�RYHUDOO��DUHD�����PLOOLRQ�NP����%,,�IRU�PDPPDOV�GHFOLQHG�IURP�������XVLQJ�WKH�ELRPH�OHYHO�GDWD�WR�������XVLQJ�WKH�LQGLYLGXDO�VSHFLHV�GLVWULEXWLRQ�GDWD��7DEOH�������$W�WKH�OHYHO�RI�LQGLYLGXDO�ELRPHV�� WKH� ODUJHVW�GLIIHUHQFH�EHWZHHQ� WKH� WZR�PHWKRGV�ZDV��������DQG�DW�ERWK� WKH�SURYLQFLDO� DQG� PXQLFLSDO� OHYHOV� WKH� ODUJHVW� GLIIHUHQFH� ZDV� ������ 1R� FRUUHODWLRQ� ZDV� IRXQG�EHWZHHQ�WKH�FDOFXODWHG�GLIIHUHQFH�DQG�WKH�VL]H�RI�WKH�XQLWV�RI�DJJUHJDWLRQ�
$W�WKH�VFDOHV�DW�ZKLFK�ZH�HQYLVDJH�%,,�EHLQJ�DSSOLHG��DUHDV�RI�����NP� XSZDUG���LW�DSSHDUV�UREXVW�WR�WKH�XVH�RI�FRDUVH�OHYHO�VSHFLHV�ULFKQHVV�GDWD��DW�OHDVW�LQ�WKH�FDVH�RI�PDPPDOV��7KLV�PD\�EH�GXH�WR�WKH�IDFW�WKDW�WKH�GLVWULEXWLRQ�UDQJHV�RI�D�ODUJH�IUDFWLRQ�RI�PDPPDO�VSHFLHV�FRLQFLGH�ZLWK�ELRPH�ERXQGDULHV� �(UDVPXV� HW�DO���������,Q�WKH�FDVH�RI DPSKLELDQV�DQG�UHSWLOHV��ZKLFK�DUH�OHVV�PRELOH�DQG�PRUH�KDELWDW�GHSHQGHQW� WKDQ�PDPPDOV��UHVXOWLQJ� LQ�D� ODUJHU�IUDFWLRQ�RI�WKH�VSHFLHV�KDYLQJ�YHU\�UHVWULFWHG�UDQJHV��WKH�UREXVWQHVV�RI�%,,�WR�WKH�XVH�RI�FRDUVH �UHVROXWLRQ�VSHFLHV�ULFKQHVV�GDWD�PXVW�VWLOO�EH�YHULILHG��:KHUH� LQGLYLGXDO�VSHFLHV�GLVWULEXWLRQ�GDWD�DUH�DYDLODEOH��WKH�HVWLPDWLRQ�RI�%,,�FDQ�EH�IXUWKHU� LPSURYHG�E\�XVLQJ� WKH�GLVDJJUHJDWHG�IXQFWLRQDO�JURXS�OHYHO�HVWLPDWHV�RI� ,LMN��UDWKHU�WKDQ�WKH�ZHLJKWHG�DYHUDJH�WD[RQ�OHYHO�HVWLPDWHV�RI� ,LMN LQ�WKH�FDOFXODWLRQ�RI�%,,�
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6HQVLWLYLW\�WR�$MN �ODQG�XVH�FODVVLILFDWLRQ�
7KH�UHVXOWV�SUHVHQWHG�WKXV�IDU�DUH�EDVHG�RQ�WKH�JOREDO�WR�FRQWLQHQWDO�VFDOH�GDWD�VRXUFHV�XVHG�LQ�6FKROHV�DQG�%LJJV� ������ WR�PDS� ODQG�XVHV� IRU� WKH� VRXWKHUQ�$IULFDQ�DSSOLFDWLRQ�RI�%,,� �7DEOH������GDWD�VRXUFH�������,Q�WKLV�VHFWLRQ��D�QDWLRQDO�VFDOH�ODQG�XVH�FODVVLILFDWLRQ��7DEOH������GDWD�VRXUFH������ZDV�XVHG�WR�H[SORUH�WKH�VHQVLWLYLW\�RI�%,,�WR�WKH�LQSXW�$MN��WKH�DUHD�LQ�HDFK�HFRV\VWHP�W\SH�XQGHU�D�JLYHQ�ODQG�XVH�FDWHJRU\��7DEOH�����VXPPDUL]HV�WKH�UHODWLYH�SURSRUWLRQV�RI�6RXWK�$IULFD�DSSRUWLRQHG�WR�WKH�GLIIHUHQW�FODVVHV�XVLQJ�WKH�WZR�GDWD�VRXUFHV�
7DEOH���� &RPSDULVRQ�RI�WKH�SHUFHQWDJH�RI�6RXWK�$IULFD�FODVVLILHG�LQWR�WKH�FODVVHV�GHVFULEHG�LQ�7DEOH� ����� $UHD� ���� UHIHUV� WR� WKH� ODQG� XVH� FODVVLILFDWLRQ� GHULYHG� IURP� WKH� UHJLRQDO �VFDOH� GDWD�VRXUFHV��ZKLOH�$UHD� ���� UHIHUV� WR� WKH� FODVVLILFDWLRQ�GHULYHG� IURP�QD WLRQDO�VFDOH�GDWD� �VHH�7DEOH������� 7KHUH� LV� D� JRRG� FRUUHVSRQGHQFH� EHWZHHQ� WKH� WZR� FODVVLILFDWLRQV� IRU� DOO� FODVVHV� H[FHSW�´GHJUDGHGµ�DQG�´XUEDQµ�

/DQG�XVH ��$UHD���� ��$UHD���� $UHD�����$UHD����3URWHFWHG ���� ���� ����0RGHUDWH�XVH ����� ����� ����'HJUDGHG ���� ���� ����&XOWLYDWHG ����� ����� ����3ODQWDWLRQ ���� ���� ����8UEDQ ���� ���� ����

7KH�ODQG�XVH�FODVVLILFDWLRQ�GHULYHG�IURP�WKH�6RXWK�$IULFDQ�QDWLRQDO �OHYHO�GDWD�JLYHV�D�%,,�YDOXH�RI�������� FRPSDUHG� WR� WKH� YDOXH� RI� ������ �7DEOH� ����� GHWH UPLQHG� XVLQJ� WKH� VRXWKHUQ� $IULFDQ�UHJLRQDO�VFDOH�GDWD��7KH�%,,�YDOXHV�IRU�DOO�WD[D�DQG�DOO�ELRPHV�ZHUH�PDUJLQDOO\�KLJKHU��OHVV�WKDQ������� LQ� WKH� QDWLRQDO� WKDQ� UHJLRQDO� SURGXFWV�� H[FHSW� IRU� WKH� IRUHVW� ELRPH��ZKLFK� LQFUHDVHG� E\�������:KLOH� WKHUH�DUH� ODUJH�GLIIHUHQFHV� LQ�WKH�WRWDO�DUHD�DVVLJQHG�WR�FHUWDLQ�FODVVHV��IRU�H[DPSOH�WKH�XUEDQ�DQG�GHJUDGHG�FDWHJRULHV���WKHVH�DUH�JHQHUDOO\�FODVVHV�WKDW��ZKLOH�KDYLQJ�D�KLJK�LPSDFW��FRQVWLWXWH�D�UHODWLYHO\�VPDOO�IUDFWLRQ�RI�WKH�WRWDO� ODQG�VXUIDFH��&RQVHTXHQWO\��GLIIHUHQF HV�LQ�WKHLU�FODVVLILFDWLRQ�KDYH�D�OLPLWHG�LPSDFW�RQ�WKH�YDOXH�RI�%,,��,Q�DGGLWLRQ��FODVVHV�ZKHUH�WKHUH�DUH�ODUJH�GLIIHUHQFHV�LQ�WKH�DUHDV�DVVLJQHG�DUH�RIWHQ�FODVVHV�WKDW�DUH�SDUWLDOO\�RYHUODSSLQJ��DV�HYLGHQFHG�E\�WKH�IDFW�WKDW�WKH�VXP�RI�WKHLU�DUHDV�LV�YHU\�VLPLODU�XVLQJ�WKH�GLIIHUHQW�GDWD�VRXUFHV��H�J��WKH�VXP�RI�XUEDQ�DQG�GHJUDGHG�LV������XVLQJ�QDWLRQDO �OHYHO�GDWD��DQG������XVLQJ�UHJLRQDO�OHYHO�GDWD���



��

7KHVH� UHVXOWV� VXJJHVW� WKDW�� DW� WKH� FRDUVH� OHYHO� RI� ODQG� XVH� FODVVLILFDWLRQ� XVHG� LQ� WKLV� VWXG\� �VL[�EURDG� FODVVHV� RI� LPSDFW��� WKHUH� LV� VXIILFLHQW� DJUHHPHQW� EHWZHHQ� WKH�PDLQ� ODQG� FRYHU� DQG� ODQG�WHQXUH�GDWD�VRXUFHV� WKDW� WKH�FKRLFH�RI�D�SDUWLFXODU�GDWD�VRXUFH�ZLOO�QRW�VLJQLILFDQWO\�FKDQJH�WKH�YDOXH�RI�%,,�
��� &RQFOXVLRQV
� 7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[��%,,��FDQ�EH�DSSOLHG�DW�VFDOHV�DW�OHDVW�GRZQ�WR�����NP� �L�H��WR�WKH�OHYHO�RI�ORFDO�JRYHUQPHQW��ZKLOH�UHWDLQLQJ�LWV�LQWXLWLYH�PHDQLQJ�
� 7KH�YDOXHV�JLYHQ�E\�WKH�%,,�DW�WKH�QDWLRQDO�VFDOH��a���PLOOLRQ�NP ���DUH�UREXVW�WR�YDULDWLRQV�ZLWKLQ�WKH�QRUPDO�UDQJH�LQ�GDWD�TXDOLW\�DQG�UHVROXWLRQ��VSHFLILFDOO\�WR�D� %LRPH�OHYHO�VSHFLHV�ULFKQHVV�GDWD�YHUVXV�VSHFLHV�E\�VSHFLHV�GLVWULEXWLRQ�GDWD�E� 0LVVLQJ�LQIRUPDWLRQ�RQ�VSHFLHV�ULFKQHVV��ZKLFK�FDQ�WR�D�GHJUHH�EH�VXEVWLWXWHG�E\�IXQFWLRQDO�W\SH�ULFKQHVV�F� 5HDVRQDEOH�GLIIHUHQFHV�LQ�WKH�LQWHUSUHWDWLRQ�RI�ODQG�XVH�FODVVHV�
��� $FNQRZOHGJHPHQWV
:H�ZRXOG�OLNH�WKH�WD[RQ�H[SHUWV�ZKRP�ZH�LQWHUYLHZHG�IRU�RIIHULQJ�WKHLU�WLPH�DQG�H[SHUWLVH�WR�SURYLGH�WKH�FUXFLDO�LPSDFW�GDWD�QHFHVVDU\�IRU�WKH�FDOFXODWLRQ�RI�WKH�LQGH[��7KHVH�H[SHUWV�LQFOXGHG�*UDKDP� $OH[DQGHU�� *HRUJH� %UHGHQNDPS��'XDQ� %LJJV�� %LOO� %UDQFK�� 9LQFHQW� &DUUXWKHUV�� $ODQ�&KDQQLQJ�� &KULV� &KLPLPED�� -RKDQ� GX� 7RLW�� :XOI� +DDFNH�� -DPHV� +DUULVRQ�� 0DUN� .HLWK�� /HV�0LQWHU��0LNH�5XWKHUIRUG��:DUZLFN�7DUERWRQ�DQG�0DUWLQ�:KLWLQJ��:H�WKDQN�'DZLH�YDQ�=\O�DQG�7HUU\�1HZE\�DW�WKH�,QVWLWXWH�IRU�6RLO��&OLPDWH�DQG�:DWHU�IRU�WKH�PD[LPXP�DQQXDO�1'9,�GDWD�WKDW� ZDV� XVHG� WR� PDS� GHJUDGDWLRQ��0DUN� .HLWK� LV� WKDQNHG� IRU� SURYLGLQJ� WKH� GLJLWDO� PDPPDO�GLVWULEXWLRQ�PDSV�



��

��� 5HIHUHQFHV
$QGHUVRQ�� -��$�� �HG��� ��������7RZDUGV� *RQGZDQD� $OLYH�� 3URPRWLQJ� ELRGLYHUVLW\� DQG� VWHPPLQJ� WKH�6L[WK�([WLQFWLRQ��9ROXPH����3UHWRULD��6RXWK�$IULFD��*RQGZDQD�$OLYH�6RFLHW\�&%'�� �����D��� 0RQLWRULQJ� DQG� LQGLFDWRUV�� GHVLJQLQJ� QDWLRQDO�OHYHO� PRQLWRULQJ� SURJUDPPHV� DQG� LQGLFDWRUV��81(3�&%'�6%677$������&%'�������E���3URSRVHG�ELRGLYHUVLW\�LQGLFDWRUV�UHOHYDQW�WR�WKH������WDUJHW��81(3�&%'�6%677$���,1)�����0RQWUHDO��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�&,(6,1�� ,)35,� DQG�&,$7�� ��������*OREDO� 5XUDO�8UEDQ� 0DSSLQJ� 3URMHFW� �*5803��� 8UEDQ� H[WHQWV��&HQWHU� IRU� ,QWHUQDWLRQDO� (DUWK� 6FLHQFH� ,QIRUPDWLRQ� 1HWZRUN�� &ROXPELD� 8QLYHUVLW\��,QWHUQDWLRQDO�)RRG�3ROLF\�5HVHDUFK�,QVWLWXWH��WKH�:RUOG�%DQN��DQG�&HQWUR�,QWHUQDFLRQDO�GH�$JULFXOWXUD�7URSLFDO��3DOLVDGHV��1<��&,(6,1��&ROXPELD�8QLYHUVLW\�&6,5�� ��������1DWLRQDO� ODQG� FRYHU� RI� 6RXWK� $IULFD�� ,Q� FROODERUDWLRQ�ZLWK� WKH�6DWHOOLWH�$SSOLFDWLRQV�&HQWUH�DQG�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��'LYLVLRQ�RI�:DWHU��(QYLURQPHQW�DQG�)RUHVWU\�7HFKQRORJ\�&6,5����������6$'&�ODQGFRYHU�GDWDVHW��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��'LYLVLRQ�RI�:DWHU��(QYLURQPHQW�DQG�)RUHVWU\�7HFKQRORJ\�&6,5�� �������� 3URWHFWHG� DUHDV� RI� 6RXWK� $IULFD�� &RXQFLO� IRU� 6FLHQWLILF� DQG� ,QGXVWULDO� 5HVHDU FK��'LYLVLRQ� RI� :DWHU�� (QYLURQPHQW� DQG� )RUHVWU\� 7HFKQRORJ\�� 3UHWRULD�� 6RXWK� $IULFD��'HSDUWPHQW�RI�(QYLURQPHQWDO�$IIDLUV�DQG�7RXULVP�(&�� �������� *OREDO� /DQG� &RYHU� ����� �*/&������ GDWDEDVH�� 3XEOLF� EHWD� YHUVLRQ� ���KWWS���ZZZ�JYP�MUF�LW�JOF������(XURSHDQ�&RPPLVVLRQ�-RLQW�5HVHDUFK�&HQWUH�(UDVPXV��%��)��1���YDQ�-DDUVYHOG��$��6���&KRZQ��6��/���.VKDWUL\D��0��DQG�:HVVOHV��.��-����������9XOQHUDELOLW\�RI�6RXWK�$IULFDQ�DQLPDO�WD[D�WR�FOLPDWH�FKDQJH��*OREDO�&KDQJH�%LRORJ\ �����������)DLUEDQNV��'��+��.���7KRPSVRQ��0��:���9LQN��'��(���1HZE\��7��6���YDQ�GHQ�%HUJ��+��0��DQG�(YHUDUG��'��$����������7KH�6RXWK�$IULFDQ�ODQG�FRYHU�FKDUDFWHULVWLFV�GDWDEDVH��D�V\QRSVLV�RI�WKH�ODQGVFDSH��6RXWK�$IULFDQ�-RXUQDO�RI�6FLHQFH ����������)ULHGPDQQ��<��DQG�'DO\��'���HGV������������5HG�GDWD�ERRN�RI�WKH�PDPPDOV�RI�6RXWK�$IULFD��D�FRQVHUYDWLRQ�DVVHVVPHQW� 6RXWK�$IULFD�� ,8&1�&RQVHUYDWLRQ�%UHHGLQJ�6SHFLDOLVW�*URXS�	�(QGDQJHUHG�:LOGOLIH�7UXVW�,8&1�DQG�81(3����������:RUOG�GDWDEDVH�RQ�SURWHFWHG�DUHDV� :3'$�&RQVRUWLXP��,8&1�	�81(3�/H�5RX[�� -�� �HG���� �������� 7KH� ELRGLYHUVLW\� RI� 6RXWK� $IULFD� ������ ,QGLFDWRUV�� WUHQGV� DQG� KXPDQ� LPSDFWV��&DSH�7RZQ��6RXWK�$IULFD��6WUXLN�



��

/RZ�� $�� %�� DQG� 5HEHOR�� $�� *�� �HGV���� �������� 9HJHWDWLRQ� RI� 6RXWK� $IULFD�� /HVRWKR� DQG� 6ZD]LODQG��3UHWRULD��'HSDUWPHQW�RI�(QYLURQPHQWDO�$IIDLUV�DQG�7RXULVP�0DJXUUDQ��$��(����������0HDVXULQJ�ELRORJLFDO�GLYHUVLW\��2[IRUG��8.��%ODFNZHOO�1RVV��5��)�� ��������,QGLFDWRUV�IRU�PRQLWRULQJ�ELRGLYHUVLW\��$�KLHUDUFKLFDO�DSSURDFK�� &RQVHUYDWLRQ�%LRORJ\ �����������5HLG��:��9���0F1HHO\��-��$���7XQVWDOO��'��%���%U\DQW��'��$��DQG�:LQRJUDG��0���������� %LRGLYHUVLW\�LQGLFDWRUV�IRU�SROLF\�PDNHUV��:DVKLQJWRQ�'�&���:RUOG�5HVRXUFHV�,QVWLWXWH�5R\DO�6RFLHW\�� ��������0HDVXULQJ�ELRGLYHUVLW\� IRU� FRQVHUYDWLRQ��3ROLF\�GRFXPHQW��������/RQGRQ��8.��7KH�5R\DO�6RFLHW\�5XWKHUIRUG�� 0�� &�� DQG� :HVWIDOO�� 5�� +�� �������� %LRPHV� RI� VRXWKHUQ� $IULFD� � DQ� REMHFWLYH�FDWHJRUL]DWLRQ��0HPRLUV�RI�WKH�%RWDQLFDO�6XUYH\�RI�6RXWK�$IULFD����������6HFRQG�HGLWLRQ�6FKROHV��5��-��DQG�%LJJV��5����������$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��1DWXUH �����������81����������:RUOG�6XPPLW�RQ�6XVWDLQDEOH�'HYHORSPHQW��-RKDQQHVEXUJ�3ODQ�RI�,PSOHPHQWDWLRQ��1HZ�<RUN��8QLWHG�1DWLRQV�:&0&����������*OREDO�%LRGLYHUVLW\��(DUWK
V�OLYLQJ�UHVRXUFHV�LQ�WKH���VW�FHQWXU\��%\�%��*RRPEULGJH�DQG�0�'��-HQNLQV��&DPEULGJH�8.��:RUOG�&RQVHUYDWLRQ�3UHVV�



��

&KDSWHU�����$�ELRGLYHUVLW\�VFRUH�IRU�6RXWK�$IULFD
5��%LJJV��%��5H\HUV�DQG�5�-��6FKROHV6XEPLWWHG�WR�6RXWK�$IULFDQ�-RXUQDO�RI�6FLHQFH��-DQXDU\������

7KLV� FKDSWHU� SUHVHQWV� WKH� UHVXOWV� RI� DSSO\LQJ� WKH� %,,� DW�PXOWLSOH� OHYHOV� RI� GHFLVLRQ�PDNLQJ� LQ�6RXWK� $IULFD�� 7KH� SDSHU� XVHV� WKH� EHVW�DYDLODEOH� 6RXWK� $IULFDQ� GDWD� WR� DVVHVV� WKH� VWDWH� RI�ELRGLYHUVLW\� DQG� H[SORUH� WKH� LPSOLFDWLRQV� IRU�ELRGLYHUVLW\� FRQVHUYDWLRQ�� VSHFLILFDOO\� LQ� WHUPV�RI�WKH�UHFHQWO\�HQDFWHG�ELRGLYHUVLW\�OHJLVODWLRQ�LQ�WKH�FRXQWU\��,W�GUDZV�RQ�WKH�DQDO\VHV�SHUIRUPHG�LQ�&KDSWHU����EXW�VXEVWLWXWHV�WKH�UHJLRQDO�ODQG�XVH�DQG�VSHFLHV�ULFKQHVV�GDWDVHWV�ZLWK�6RXWK�$IULFDQ�GDWD��+HQFH�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�UHVXOWV�SUHVHQWHG�LQ�&KDSWHU���DQG�WKRVH�SUHVHQWHG�KHUH��
,� WRRN�LQ�WKH�OHDG�UROH�LQ�GHYHORSLQJ��ZULWLQJ�DQG�VXEPLWWLQJ�WKH�SDSHU��ZKLFK�LV�UHFRJQL]HG�E\�P\� OHDG� DXWKRUVKLS�� ,� UHFDOFXODWHG� WKH�%,,�XVLQJ�6RXWK�$IULFDQ�GDWD�� DV�ZHOO� DV� FDOFXODWLQJ� WKH�FRQILGHQFH�LQWHUYDOV�IRU�WKH�%,,�SHU�WD[RQRPLF�JURXS��HFRV\VWHP�DQG�ODQG�XVH��,�FDUULHG�RXW�WKH�DQDO\VLV�RI�WKH�FRQWULEXWLRQ�WKDW�HDFK�ODQG�XVH�DFWLYLW\�PDGH�WR�WKH�UHGXFWLRQ�LQ�%,,�H[SHULHQFHG�E\������� DV�ZHOO� DV� WKH� H[DFW� FRQWULEXWLRQ�RI� HDFK� ODQG�XVH�DFWLYLW\� WR� WKH� UHPDLQLQJ�%,,��7KH�UHVXOWV�RI�WKHVH�DQDO\VHV�DUH�SUHVHQWHG�LQ�WKLV�SDSHU�LQ�IXOO�IRU�WKH�ILUVW�WLPH��0\�FR�DXWKRUV��%��5H\HUV�DQG�5�-��6FKROHV��SURYLGHG�FRPPHQWV�DQG�VXJJHVWLRQV�RQ�WKH�GUDIW�PDQXVFULSW�



��

&KDSWHU����$�ELRGLYHUVLW\�VFRUH�IRU�6RXWK�$IULFD
5��%LJJV���%��5H\HUV� DQG�5�-��6FKROHV�

��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��6WHOOHQERVFK��6RXWK�$IULFD
6RXWK�$IULFD·V QHZ�%LRGLYHUVLW\�$FW�UHTXLUHV�WKH�GHYHORSPHQW�RI�D�QDWLRQDO�ELRGLYHUVLW\�IUDPHZRUN�WR�SURYLGH�IRU�DQ�LQWHJUDWHG�DSSURDFK�WR�ELRGLYHUVLW\�PDQDJHPHQW� LQ� WKH� FRXQWU\�� 7KH� $FW� DOVR� UHTXLUHV� WKH� PRQLWRULQJ� DQG�UHJXODU�UHSRUWLQJ�RI�WKH�VWDWXV�RI�WKH�5HSXEOLF·V�ELRGLYHUVLW\��,Q�WKLV�SDSHU��D�QHZ�DSSURDFK� LV�DSSOLHG� WR�DVVHVV� WKH�VWDWH�RI�ELRGLYHUVLW\� LQ�6RXWK�$IULFD�DQG� KLJKOLJKW� SRVVLEOH� LPSOLFDWLRQV� IRU� ELRGLYHUVLW\� PDQDJHPHQW�� 7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[��%,,��JLYHV�WKH�DYHUDJH�FKDQJH�LQ�SRSXODWLRQ�VL]H� RI� DOO� WHUUHVWULDO� SODQWV� DQG� YHUWHEUDWHV� UHODWLYH� WR� WKHLU� SUH�FRORQLDO�DEXQGDQFHV��:H�HVWLPDWH�WKDW��RQ�DYHUDJH��SRSXODWLRQV�KDYH�GHFOLQHG�E\����rr���RYHU�WKH�SDVW�WKUHH�FHQWXULHV�LQ�6RXWK�$IULFD��/RVVHV�DUH�JUHDWHVW�LQ�WKH�JUDVVODQG�� I\QERV DQG�IRUHVW�ELRPHV��DQG�PDPPDOV�DUH�WKH�PRVW�LPSDFWHG�WD[RQRPLF� JURXS�� 7KH� %,,� FDQ� DOVR� EH� FDOFXODWHG� E\� SURYLQFH� DQG�PXQLFLSDOLW\�� ,W� LV� HVWLPDWHG� WKDW� ����RI� WKH� UHPDLQLQJ�ZLOG�RUJDQLVPV� LQ�6RXWK� $IULFD� DUH� LQ� WKH� H[WHQVLYH� DUHDV� RI� WKH� FRXQWU\� XQGHU� JUD]LQJ�PDQDJHPHQW�� 7KLV� VXJJHVWV� WKDW� WKH� SROLF\� DFWLRQ� ZLWK� WKH� JUHDWHVW�SRWHQWLDO�WR�OLPLW�IXUWKHU�ORVV�RI�ELRGLYHUVLW\�LV�WR�SUHYHQW�WKH�GHJUDGDWLRQ�RI�WKHVH�DUHDV��ZKLFK�FRXOG�SRWHQWLDOO\�KDOYH�WKH�ELRGLYHUVLW\�LQ�WKH�FRXQWU\�

��� ,QWURGXFWLRQ
6RXWK� $IULFD·V� UHFHQW� %LRGLYHUVLW\� $FW� �1R�� ��� RI� ������ �5HSXEOLF� RI� 6RXWK� $IULFD� � �����UHFRJQLVHV� WKH� LPSRUWDQFH� RI� WKH� FRXQWU\·V� ULFK� ELRORJLFDO� UHVRXUFHV� WR� WKH� ZHOO �EHLQJ� DQG�SURVSHULW\�RI�LWV�FLWL]HQV��7KH�%LRGLYHUVLW\�$FW� LV�XQGHUSLQQHG�E\�WKH�6RXWK�$IULFDQ�&RQVWLWXWLRQ�DQG�%LOO�RI�5LJKWV�ZKLFK�SURYLGHV�DOO�FLWL]HQV�ZLWK�WKH�ULJKW�´WR�KDYH�WKH�HQYLURQPHQW�SURWHFWHG��IRU�WKH�EHQHILW�RI�SUHVHQW�DQG�IXWXUH�JHQHUDWLRQV��WKURXJK�UHDVRQDEOH�OHJLVODWLYH�DQG�RWKHU�PHDVXUHV�WKDW�L��SUHYHQW�SROOXWLRQ�DQG� HQYLURQPHQWDO�GHJUDGDWLRQ�� LL��SURPRWH� FRQVHUYDWLRQ��DQG� LLL�� VHFXUH� HFRORJLFDOO\� VXVWDLQDEOH�GHYHORSPHQW�DQG�



��

XVH� RI� QDWXUDO� UHVRXUFHV� ZKLOH� SURPRWLQJ� MXVWLILDEOH� HFRQRPLF� DQG� VRFLDO� GHYHORSPHQWµ� �5HSXEOLF� RI� 6RXWK�$IULFD���������
$� UHTXLUHPHQW� RI� WKH� %LRGLYHUVLW\� $FW� LV� WKH� GHYHORSPHQW�� ZLWKLQ� WKUHH� \HDUV�� RI� D� QDWLRQDO�ELRGLYHUVLW\� IUDPHZRUN� �5HSXEOLF�RI�6RXWK�$IULFD� ��������7KLV� IUDPHZRUN�PXVW�SURYLGH�IRU�DQ�LQWHJUDWHG�� FR�RUGLQDWHG� DSSURDFK� WR� ELRGLYHUVLW\� PDQDJHPHQW� E\� DOO� JRYHUQPHQWDO� DQG� QRQ�JRYHUQPHQWDO� VWDNHKROGHUV�� DV� ZHOO� DV� LGHQWLI\� SULRULW\� DUHDV� IRU� FRQVHUYDWLRQ� DFWLRQ� DQG� WKH�HVWDEOLVKPHQW� RI� SURWHFWHG� DUHDV�� 7KLV� IUDPHZRUN� ZLOO� DOVR� KHOS� IXOILO� WKH� UHTXLUHPHQWV� IRU�GHYHORSLQJ�QDWLRQDO�VWUDWHJLHV��SODQV�RU�SURJUDPPHV�IRU�WKH�FRQVHUYDWLRQ�DQG�VXVWDLQDEOH�XVH�RI�ELRGLYHUVLW\�� DV� VHW� E\� WKH� &RQYHQWLRQ� RQ� %LRORJLFDO� 'LYHUVLW\�� WR� ZKLFK� 6RXWK� $IULFD� LV� D�FRQWUDFWLQJ� SDUW\
�� 7KH� %LRGLYHUVLW\� $FW� IXUWKHU� SURYLGHV� IRU� WKH� HVWDEOLVKPHQW� RI� WKH� 6RXWK�$IULFDQ�1DWLRQDO�%LRGLYHUVLW\� ,QVWLWXWH� �6$1%,���ZKLFK� LV� LQWHU� DOLD WDVNHG�ZLWK�PRQLWRULQJ�DQG�UHSRUWLQJ�RQ� WKH�VWDWXV�RI�6RXWK�$IULFD·V�ELRGLYHUVLW\��DQG�XQGHUWDNLQJ�DQG�SURPRWLQJ�UHVHDUFK�RQ�WKH�VXVWDLQDEOH�XVH�RI�LQGLJHQRXV�ELRORJLFDO�UHVRXUFHV�
$�NH\�DFWLYLW\�LQIRUPLQJ�WKH�GHYHORSPHQW�RI�WKH�QDWLRQDO�ELRGLYHUVLW\�IUDPHZRUN�LV�WKH�1DWLRQDO�6SDWLDO� %LRGLYHUVLW\� $VVHVVPHQW� �16%$�� �'ULYHU� HW� DO�� � ������� 7R� GDWH�� WKH� PDLQ� FRQFHSWXDO�DSSURDFK� DSSOLHG� E\� WKH� 16%$� KDV� EHHQ� ¶V\VWHPDWLF� FRQVHUYDWLRQ� SODQQLQJ·�� 7KLV� PH WKRG� LV�EDVHG�RQ� TXDQWLWDWLYH� WDUJHWV� WKDW� VSHFLI\� KRZ�PXFK�RI� WKH� ODQGVFDSH� LV�QHHGHG� WR� FRQVHUYH� D�UHSUHVHQWDWLYH�VHW�RI�VDPSOH�VSHFLHV�DQG�KDELWDWV��DV�ZHOO�DV�HFRORJLFDO�SURFHVVHV��,WV�DSSOLFDWLRQ�KDV�OHG�WR�WKH�LGHQWLILFDWLRQ�RI�QLQH�EURDG�SULRULW\�DU HDV�IRU�FRQVHUYDWLRQ�DFWLRQ���7KH�16%$�DOVR�TXDQWLILHV�WKH�H[WHQW�RI�HDFK�HFRV\VWHP�W\SH�WKDW�KDV�EHHQ�WUDQVIRUPHG�E\�KXPDQ�DFWLYLWLHV�� 7KLV�DSSURDFK��KRZHYHU��SURYLGHV�RQO\�D�SDUWLDO�DVVHVVPHQW�RI�WKH�VWDWXV�RI�ELRGLYHUVLW\�LQ�WKH�FRXQWU\��DQG�GRHV�QRW�GLIIHUHQWLDWH�EHWZHHQ�WKH�LPSDFWV�RI�GLIIHUHQW�W\SHV�RI�ODQG�XVH��
7KH�DXWKRUV�RI�WKLV�SDSHU�KDYH�EHHQ�LQYROYHG�LQ�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�QHZ�LQGH[��WKH� %LRGLYHUVLW\� ,QWDFWQHVV� ,QGH[� �%,,��� ZKLFK� ZH� EHOLHYH� FDQ� FRPSOHPHQW� WKH� LQIRUPDWLRQ�SURYLGHG� E\� WKH� 16%$�� 7KH� %,,� ZDV� FRQFHLYHG� IRU� XVH� LQ� WKH� 6RXWKHUQ� $IULFDQ�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��%LJJV�HW�DO�������D� WR�SURYLGH�D�V\QRSWLF�RYHUYLHZ�RI�ELRGLYHUVLW\�VWDWXV��7KH�%,,� LV� IRUPDOO\�GHILQHG�DV� WKH�DYHUDJH��DFURVV�DOO�ZHOO �GHVFULEHG� WD[D� �L�H��SODQWV��PDPPDOV��ELUGV�� UHSWLOHV� DQG� DPSKLELDQV��� RI� SRSXODWLRQ� VL]HV� UHODWLYH� WR� D� UHIHUHQFH�SRSXODWLRQ� �6FKROHV�DQG�%LJJV��������)RU�VRXWKHUQ�$IULFD�� WKH�UHIHUHQFH�SRSXODWLRQV�DUH�FRQFHSWXDOO\�WKRVH�SUHVHQW�
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EHIRUH�WKH�VXEVWDQWLDO�DOWHUDWLRQ�RI�WKH�ODQGVFDSH�WULJJHUHG�E\�(XURSHDQ�VHWWOHPHQW��L�H��SUH ������SRSXODWLRQV��� 6LQFH� UHFRUGV� RI� SODQW� DQG� ZLOGOLIH� SRSXODWLRQV� IURP� WKLV� HUD� DUH� YLUWXDOO\� QRQ �H[LVWHQW��WKH�FXUUHQW�SRSXODWLRQV�LQ�ODUJH�SURWHFWHG�DUHDV�LQ�HDFK�HFRV\VWHP�W\SH�VHUYH�DV�D� SUR[\�IRU�WKH�¶SUH�FRORQLDO�VWDWH·��
7KH� %,,� LV� DQ� DJJUHJDWH� LQGH[� WKDW� FRPELQHV� LQIRUPDWLRQ� RQ� HFRV\VWHP� GLVWULEXWLRQ�� VSHFLHV�ULFKQHVV�DQG�WKH�H[WHQW�DQG�LPSDFW�RI�PDMRU�ODQG�XVHV�RQ�ELRGLYHUVLW\��,W�LV�LQWHQGHG�WR�SURYLGH�DQ�HDV\�WR�XQGHUVWDQG�RYHUYLHZ RI�WKH�VWDWH�RI�ELRGLYHUVLW\�IRU�SROLF\�PDNHUV�DQG�WKH�SXEOLF��7KH�VFRUH�FDQ�EH�GLVDJJUHJDWHG�VSDWLDOO\��E\�HFRV\VWHP�RU�SROLWLFDO�ERXQGDULHV���E\�WD[RQRPLF�JURXS�RU�E\� ODQG�XVH�DFWLYLW\�� WR�PHHW�PRUH�GHWDLOHG� LQIRUPDWLRQ�QHHGV�RI�GLIIHUHQW�XVHUV��7KH�%,, LV�DEOH� WR� XVH� GDWD� RI� GLIIHULQJ� TXDOLW\� DQG� OHYHOV� RI� GHWDLO�� DQG� FDQ� WKHUHIRUH� EH� FDOFXODWHG�XVLQJ�H[LVWLQJ�GDWD��EXW�LV�DPHQDEOH�WR�IXWXUH�LPSURYHPHQW��7KH�XQFHUWDLQW\�LQ�WKH�HVWLPDWH�RI�WKH�%,,�FDQ�EH�TXDQWLILHG�DQG�XVHG�WR�LGHQWLI\�LVVXHV�UHTXLULQJ�I XUWKHU�UHVHDUFK�
7KH�%,,�KDV�EHHQ�DSSOLHG�WR�VRXWKHUQ�$IULFDQ�WR�DVVHVV�WKH�FXUUHQW�VWDWH�RI�ELRGLYHUVLW\�DQG�UDWH�RI� ORVV� �6FKROHV� 	� %LJJV� � ������ 6FKROHV� DQG� %LJJV� ������� DQG� WR� SURMHFW� IXWXUH� FKDQJHV� LQ�ELRGLYHUVLW\�XQGHU�YDULRXV�VFHQDULRV�RI�ODQG�XVH�FKDQJH� �6LPRQV�HW�DO��LQ�SUHS����)RU�WKH�VRXWKHUQ�$IULFDQ�UHJLRQ�RYHUDOO��WKHUH�KDV�EHHQ�DQ�HVWLPDWHG�DYHUDJH�GHFOLQH�RI�����LQ�WKH�DEXQGDQFH�RI�WHUUHVWULDO�SODQWV�DQG�YHUWHEUDWHV�VLQFH�SUH�FRORQLDO�WLPHV��DQG�WKH ORVV�RI�%,,�RYHU�WKH�GHFDGH�RI�WKH�����V�KDV�EHHQ�HVWLPDWHG�DW�������DEVROXWH�� �6FKROHV�DQG�%LJJV��������$�VFHQDULR�DQDO\VLV�IRU�WKH�UHJLRQ�VXJJHVWV�D�FRQWLQXLQJ�GHFOLQH�LQ�%,,�IRU�PRVW�RI�WKH��� VW FHQWXU\��ZLWK�UDWHV�RI�GHFOLQH�OLNHO\� WR� DFFHOHUDWH� IRU� VHYHUDO� GHFDGHV� �6LPRQV� HW� DO�� LQ� SUHS���� 7KH� %,,� KDV� DOVR� EHHQ� XVHG� WR�UHFRQVWUXFW�FKDQJHV�LQ�ELRGLYHUVLW\�LQ�6RXWK�$IULFD�RYHU�WKH�WZHQWLHWK�FHQWXU\� �%LJJV�DQG�6FKROHV�LQ� SUHVV���7KLV�ZRUN� LQGLFDWHG� WKDW� WKH�SRSXODWLRQV�RI� WHUUHVWULDO�SODQWV� DQG�YHUWHEUDWHV� LQ�6RXWK�$IULFD� KDYH� GHFOLQHG�� DW� D� YDU\LQJ� UDWH� RI� DURXQG� ��� SHU� GHFDGH�� RYHU� WKH� SDVW� FHQWXU\�� ,Q�FRQWUDVW�WR�WKH�VLWXDWLRQ�IRU�WKH�VRXWKHUQ�$IULFDQ�UHJLRQ��WKHUH�LV�VRPH�HYLGHQFH�WKDW�WKH�UDWH�RI�ELRGLYHUVLW\�ORVV�LQ�6RXWK�$IULFD�PD\�EH�GHFOLQLQJ��
7KH�REMHFWLYHV�RI�WKLV�SDSHU�DUH�WR�DSSO\�WKH�%,,�WR�6RXWK�$IULFD��XVLQJ�WKH�EHVW �DYDLODEOH�6RXWK�$IULFDQ�GDWD��LQ�RUGHU�WR�SURYLGH�LQVLJKWV�WKDW�PD\�EH�XVHIXO�LQ�WKH�GHYHORSPHQW�RI�WKH�QDWLRQDO�ELRGLYHUVLW\� IUDPHZRUN�� ,W� DOVR� DLPV� WR� LQWURGXFH� D� WRRO� WKDW� FRXOG� EH� XVHG� WR� FRPSOHPHQW�H[LVWLQJ�PHWKRGV� LQ�UHSRUWLQJ�RQ� WKH�VWDWH�RI�6RXWK�$IULFD·V�ELRGLYHUVLW\��:H�DSSO\�WKH�%,,�SHU�HFRV\VWHP�DV�ZHOO�DV�DW�WKH�WKUHH�PDLQ�OHYHOV�RI�HQYLURQPHQWDO�GHFLVLRQ �PDNLQJ�LQ�6RXWK�$IULFD��QDPHO\�WKH�QDWLRQDO��SURYLQFLDO�DQG�ORFDO�JRYHUQPHQW�OHYHOV��:H�KLJKOLJKW�WKH�LPSOLFDWLRQV�RI�RXU�
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ILQGLQJV� IRU�ELRGLYHUVLW\�PDQDJHPHQW� LQ�WKH�FRXQWU\��VSHFLILFDOO\� LQ�WHUPV�RI�VXVWDLQDEOH�QDWXUDO�UHVRXUFH� XVH�� SULRULWLHV� IRU� IXUWKHU� UHVHDUFK�� DQG� WKH� QHHG� IRU� FRRUGLQDWLRQ� EHWZHHQ� GLIIHUHQW�JRYHUQPHQW� GHSDUWPHQWV�� VSHFLILFDOO\� WKH�'HSDUWPHQW� RI�(QYLURQPHQWDO�$IIDLUV� DQG�7RXULVP 
��WKH�'HSDUWPHQW�RI�$JULFXOWXUH���DQG�WKH�'HSDUWPHQW�RI�:DWHU�$IIDLUV�DQG�)RUHVWU\ Â�
��� 0HWKRGV
7KH� IXOO�GHULYDWLRQ�DQG� ORJLF�RI� WKH�%,,�DUH�GHVFULEHG� LQ�6FKROHV�DQG�%LJJV� �6FKROHV�DQG�%LJJV��������,Q�HVVHQFH��%,,�LV�D�ULFKQHVV�DQG�DUHD�ZHLJKWHG�DYHUDJH�RI�WKH�SRSXODWLRQ�LPSDFW�RI�D�VHW�RI�ODQG�XVH�DFWLYLWLHV��RQ�D�JLYHQ�JURXSV�RI�RUJDQLVPV��LQ�D�JLYHQ�DUHD��,I�WKH�SRSXODWLRQ�LPSDFW��,LMN�� LV� GHILQHG�DV� WKH� UHODWLYH�SRSXODWLRQ�RI� WD[RQ� L� �DV�FRPSDUHG� WR� WKH� UHIHUHQFH� VWDWH��XQGHU�ODQG� XVH� DFWLYLW\� N LQ� HFRV\VWHP� M�� WKHQ� %,,� JLYHV� WKH� DYHUDJH� UHPDLQLQJ� IUDFWLRQ� RI� WKH�

SRSXODWLRQV�RI�DOO�VSHFLHV�FRQVLGHUHG�ZKHUH 5LM  � 5LFKQHVV��QXPEHU�RI�VSHFLHV��RI�WD[RQ� L LQ�HFRV\VWHP�M$MN  � $UHD�RI�ODQG�XVH�N LQ�HFRV\VWHP�M
)RU� FRPPXQLFDWLRQ� SXUSRVHV�� ZH� VXJJHVW� H[SUHVVLQJ� %,,� DV� D� SHUFHQWDJH� UDWKHU� WKDQ� D�SURSRUWLRQ�� 3DUWLDO� VXPPDWLRQV� JLYH� WKH� %,,� SHU� WD[RQRPLF� JURXS�� HFRV\VWHP� W\SH� �ELRPH� RU�ILQHU�OHYHO�HFRUHJLRQ���ODQG�XVH�DFWLYLW\��DQG�FRPELQDWLRQV�RI�WKHVH�IDFWRUV�
:KLOH�,LMN FDQ�LQ�SULQFLSOH�EH�H[DFWO\�PHDVXUHG��WKH�VSHFLHV�E\�VSHFLHV�SRSXODWLRQ�GDWD�QHHGHG�WR�GR�VR�DUH�FXUUHQWO\�DYDLODEOH�RQO\� IRU�D� IHZ�VSHFLHV� LQ�D� IHZ� ORFDWLRQV�� ,Q� WKH�VRXWKHUQ�$IULFDQ�FDVH�� H[SHUW� MXGJHPHQW� ZDV� XVHG� WR� JHQHUDWH� WKH�PDWUL[� RI� YDOXHV� RI� ,LMN� DQG� YDOLGDWHG� DJDLQVW�DYDLODEOH�ILHOG�VWXGLHV� �6FKROHV�DQG�%LJJV��������7KUHH�RU�PRUH�KLJKO\�H[SHULHQFHG�VSHFLDOLVWV�IRU�HDFK�VHOHFWHG�WD[RQRPLF�JURXS��SODQWV��PDPPDOV��ELUGV��UHSWLOHV�DQG�DPSKLELDQV��LQGHSHQGHQWO\�
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HVWLPDWHG�WKH�GHJUHH�RI�UHGXFWLRQ�RI�SRSXODWLRQV��UHODWLYH�WR�SRSXODWLRQV�LQ�D�ODUJH�SURWHFWHG�DUHD�LQ� WKH� VDPH�EURDG� HFRV\VWHP� W\SH�RU�ELRPH�� FDXVHG�E\� D�SUH �GHILQHG� VHW�RI� ODQG�XVH� DFWLYLWLHV��7DEOH�������7KLV�ZDV�DFKLHYHG�E\�GLYLGLQJ�HDFK�WD[RQRPLF�JURXS�LQWR�� ����IXQFWLRQDO�W\SHV�WKDW�UHVSRQGHG�LQ�VLPLODU�ZD\V�WR�KXPDQ�DFWLYLWLHV�� ,LMN W\SLFDOO\�OLHV�EHWZHHQ���DQG����EXW�FDQ�WDNH�RQ�YDOXHV� JUHDWHU� WKDQ� RQH� LQ� VRPH� FLUFXPVWDQFHV�� )RU� H[DPSOH�� FXOWLYDWLRQ� JUHDWO\� LQFUHDVHV� WKH�SRSXODWLRQV�RI� FHUWDLQ� FDWHJRULHV�RI�ELUG� VSHFLHV�� VXFK�DV� VHHG �HDWHUV�� UHODWLYH� WR� ¶QDWXUDO·� DUHDV��$JJUHJDWLRQ�XS� WR� WKH�EURDG� WD[RQRPLF� OHYHO� �ELUGV��PDPPDOV�HWF���ZDV�GRQH�E\�ZHLJKWLQJ�WKH�H[SHUW�GHULYHG�,LMN HVWLPDWHV�IRU�HDFK�IXQFWLRQDO�W\SH�E\�WKH�QXPEHU�RI�VSHFLHV�LQ�WKDW�IXQFWLRQDO�W\SH�LQ�WKH�SDUWLFXODU�HFRV\VWHP��
7DEOH� ���� /DQG� XVH� FODVVHV� XVHG� WR� FDOFXODWH� WKH�%,,� IRU� 6RXWK�$IULFD��7KH� ODQG� XVH�PDS�ZDV�FRPSLOHG� IURP�WKH�6RXWK�$IULFDQ�QDWLRQDO� ODQG�FRYHU�PDS� �&6,5� �������)DLUEDQNV� HW�DO� ����D�DQG�WKH�QDWLRQDO�SURWHFWHG�DUHDV�PDS� �&6,5������� DW�D���[���NP�UHVROXWLRQ�
/DQG�XVH�FODVV 'HVFULSWLRQ ([DPSOHV3URWHFWHG 0LQLPDO�UHFHQW�KXPDQ�LPSDFW�RQ�VWUXFWXUH��FRPSRVLWLRQ�RU�IXQFWLRQ�RI�WKH�HFRV\VWHP��%LRWLF�SRSXODWLRQV�LQIHUUHG�WR�EH�QHDU�WKHLU�SRWHQWLDO�

/DUJH�SURWHFWHG�DUHDV��QDWLRQDO��SURYLQFLDO�DQG�SULYDWH�QDWXUH�UHVHUYHV��¶ZLOGHUQHVV·�DUHDV�DQG�PRXQWDLQ�FDWFKPHQWV�0RGHUDWH�XVH ([WUDFWLYH�XVH�RI�SRSXODWLRQV�DQG�DVVRFLDWHG�GLVWXUEDQFH��EXW�QRW�HQRXJK�WR�FDXVH�FRQWLQXLQJ�RU�LUUHYHUVLEOH�GHFOLQHV�LQ�SRSXODWLRQV��3URFHVVHV��FRPPXQLWLHV�DQG�SRSXODWLRQV�ODUJHO\�LQWDFW�
*UDVVODQGV�JUD]HG�ZLWKLQ�WKHLU�VXVWDLQDEOH�FDUU\LQJ�FDSDFLW\��IRUHVW�DUHDV�XVHG�E\�LQGLJHQRXV�SHRSOHV�

'HJUDGHG ([WUDFWLYH�XVH�DW�D�UDWH�H[FHHGLQJ�UHSOHQLVKPHQW�DQG�ZLGHVSUHDG�GLVWXUEDQFH��2IWHQ�DVVRFLDWHG�ZLWK�KLJK�KXPDQ�SRSXODWLRQ�GHQVLWLHV�DQG�SRYHUW\�LQ�UXUDO�DUHDV��3URGXFWLYH�FDSDFLW\�UHGXFHG�WR�DSSUR[LPDWHO\�����RI�¶QDWXUDO·�VWDWH�
$UHDV�VXEMHFW�WR�LQWHQVH�KDUYHVWLQJ��JUD]LQJ��KXQWLQJ�RU�ILVKLQJ��DUHDV�LQYDGHG�E\�DOLHQ�YHJHWDWLRQ��

&XOWLYDWHG 1DWXUDO�ODQG�FRYHU�UHSODFHG�E\�SODQWHG�FURSV��0RVW�SURFHVVHV�SHUVLVW��EXW�DUH�VLJQLILFDQWO\�GLVUXSWHG�E\�SORXJKLQJ�DQG�KDUYHVWLQJ�DFWLYLWLHV��5HVLGXDO�ELRGLYHUVLW\�SHUVLVWV�LQ�WKH�ODQGVFDSH��PDLQO\�LQ�VHW�DVLGHV�DQG�LQ�VWULSV�EHWZHHQ�ILHOGV��PDWUL[���DVVXPHG�WR�FRQVWLWXWH�DSSUR[LPDWHO\�����RI�FODVV�

&RPPHUFLDO�DQG�VXEVLVWHQFH�FURS�DJULFXOWXUH��ERWK�LUULJDWHG�DQG�GU\ODQG��LQFOXGLQJ�SODQWHG�SDVWXUHV�DQG�IDOORZ�RU�UHFHQWO\�DEDQGRQHG�FXOWLYDWHG�ODQGV��2UFKDUGV�DQG�YLQH\DUGV�3ODQWDWLRQ 1DWXUDO�ODQG�FRYHU�SHUPDQHQWO\�UHSODFHG�E\�GHQVH�SODQWDWLRQV�RI�WUHHV��8QSODQWHG�DUHDV�DVVXPHG�WR�FRQVWLWXWH�DSSUR[LPDWHO\�����RI�FODVV�
3ODQWDWLRQ�IRUHVWU\��W\SLFDOO\�3LQXVDQG�(XFDO\SWXV VSHFLHV��

8UEDQ 1DWXUDO�ODQG�FRYHU�UHSODFHG�E\�KDUG�VXUIDFHV�VXFK�DV�URDGV�DQG�EXLOGLQJV��0RVW�HFRORJLFDO�SURFHVVHV�DUH�KLJKO\�PRGLILHG��5HPQDQW�VHPL�QDWXUDO�FRYHU�DVVXPHG�WR�FRQVWLWXWH�����RI�FODVV�
'HQVH�KXPDQ�VHWWOHPHQWV��LQGXVWULDO�DUHDV��WUDQVSRUW�LQIUDVWUXFWXUH��PLQHV�DQG�TXDUULHV�
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5LM LV� WKH� VSHFLHV� ULFKQHVV� SHU� EURDG� WD[RQ� �SODQWV�� PDPPDOV� HWF��� SHU� HFRV\VWHP� W\SH�� 'DWD�UHFHQWO\�FRPSLOHG�E\�/H�5RX[� �/H�5RX[������� IRU�SODQWV�DQG�YHUWHEUDWHV�LQ�WKH�VHYHQ�WHUUHVWULDO�ELRPHV� WKDW� FRYHU� 6RXWK� $IULFD� ZHUH� XVHG� LQ� WKLV� VWXG\�� 7KH� XVH� RI� VXFK� GDWD� PDNHV� WKH�DVVXPSWLRQ�WKDW�HDFK�VSHFLHV�RFFXUV�WKURXJKRXW�WKH�H[W HQW�RI�HYHU\�ELRPH�LQ�ZKLFK�LW�KDV�EHHQ�UHFRUGHG��7KLV�LV�DQ�DSSUR[LPDWLRQ�ZKLFK�ZH�KDYH�WHVWHG�DQG�IRXQG�WR�LQWURGXFH�DQ�HUURU�DW�WKH�QDWLRQDO�OHYHO�RI�DERXW�RQH�ILIWK�RI�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKH�HVWLPDWHV�RI�WKH�LPSDFWV�RI�YDULRXV�ODQG�XVHV� �6FKROHV�DQG�%LJJV��������7KH�%,,�FDQ�EH�FDOFXODWHG�PRUH�DFFXUDWHO\�E\�XVLQJ�WKH� SRWHQWLDO� GLVWULEXWLRQ�PDSV� RI� LQGLYLGXDO� VSHFL HV��7KHVH� DUH� DYDLODEOH� IRU�PRVW�� EXW�QRW� DOO��SODQW� DQG� YHUWHEUDWH� VSHFLHV� LQ� 6RXWK� $IULFD�� )RU� VWXGLHV� DW� ILQHU� VFDOHV�� WKH� XVH� RI� WKH�PRUH�UHVROYHG�GDWDVHWV� LV�UHFRPPHQGHG��)RU� LQVWDQFH��DW� WKH�OHYHO�RI�ORFDO�JRYHUQPHQW��XVLQJ�ELRPH �OHYHO�PDPPDO�ULFKQHVV�GDWD�UDWKHU�WKDQ�LQGLYLGXDO�VSHFLHV�GLVWULEXWLRQV�FKDQJHG�WKH�%,,�VFRUH�E\�����6FKROHV�DQG�%LJJV��������7KH�%,,�FDQ��LI�QHFHVVDU\��EH�FDOFXODWHG�XVLQJ�D�PL[WXUH�RI�ELRPH�OHYHO�DQG�VSHFLHV�OHYHO�GDWD��IRU�LQVWDQFH��DFWXDO�GLVWULEXWLRQV�IRU�ELUGV�DQG�PDPPDOV��EXW�ELRPHV�IRU�SODQWV�
$MN LV� WKH�DUHD�RI�D�SDUWLFXODU�ODQG�XVH�ZLWKLQ�D�VSHFLILF�HFRV\VWHP��GHULYHG�E\�RYHUOD\LQJ�D�ODQGXVH�PDS�RQ�DQ�HFRV\VWHP�W\SH�PDS��(FRV\VWHP�W\SHV�ZHUH�GHILQHG�DV�WKH�ELRPHV�RI�6RXWK�$IULFD��5XWKHUIRUG�DQG�:HVWIDOO�������/RZ�	�5HEHOR���������/DQG�XVH�IRU�6RXWK�$IULFD�ZDV�GHULYHG�E\�FRPELQLQJ�WKH������6RXWK�$IULFDQ�QDWLRQDO�ODQG �FRYHU�PDS��&6,5��������)DLUEDQNV� HW�DO������E�ZLWK�D�QDWLRQDO�SURWHFWHG�DUHDV�PDS� �&6,5� ��������$�EDVH� UHVROXWLRQ�RI���[���NP�ZDV�XVHG� WR�FRUUHVSRQG� WR� WKH� UHVROXWLRQ�DW�ZKLFK� WKH�H[SHUW� HVWLPDWHV�ZHUH�PDGH��$W� WKLV� UHVROXWLRQ��FHOOV�FODVVLILHG�DV�FXOWLYDWHG�RU�XUEDQ�ZRXOG�JHQHUDOO\�LQFOXGH�D�IUDFWLRQ�RI�XQFXOWLYDWHG�RU�QRQ �EXLOW�XS�ODQG��H[SHUWV�ZHUH�DVNHG�WR�WDNH�WKLV�LQWR�DFFRXQW�LQ�PDNLQJ�WKHLU�H VWLPDWHV��7KH�HUURU�DVVRFLDWHG�ZLWK�WKH�XVH�RI�DQ�DOWHUQDWLYH�ODQG�XVH�PDS�KDV�DOVR�EHHQ�WHVWHG�DW�WKH�QDWLRQDO�OHYHO��DQG�IRXQG�WR�EH�DSSUR[LPDWHO\�ILYH�WLPHV�VPDOOHU�WKDQ�WKH�HUURU�DVVRFLDWHG�ZLWK�WKH�ODQG�XVH�LPSDFW�HVWLPDWHV��6FKROHV�DQG�%LJJV�������
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��� 5HVXOWV�DQG�GLVFXVVLRQ
7KH�ELRGLYHUVLW\� LQWDFWQHVV�RI�6RXWK�$IULFD� LQ�WKH�\HDU������LV�HVWLPDWHG�DV������ r ������7DEOH������ ,Q� RWKHU� ZRUGV�� ZH� HVWLPDWH� WKDW� DYHUDJHG� DFURVV� DOO� VSHFLHV� RI� WHUUHVWULDO� SODQWV� DQG�YHUWHEUDWHV�� SRSXODWLRQV� KDYH� GHFOLQHG�E\� ������ UHODWLYH� WR� WKHLU� SUHVXPHG�SUH �FRORQLDO� OHYHOV��7KH�SHUVLVWHQFH�RI�RUJDQLVPV�DV�HVWLPDWHG�E\�WKH�%,,�LV�WKHUHIRUH�VXEVWD QWLDOO\�JUHDWHU�WKDQ�WKDW�LQGLFDWHG� E\� WKH� SURSRUWLRQ� RI� WKH� FRXQWU\� XQGHU� IRUPDO� FRQVHUYDWLRQ� SURWHFWLRQ� ����� �&6,5���������EXW�FRQVLGHUDEO\�OHVV�WKDQ�WKDW�LQGLFDWHG�E\�H[WLQFWLRQ �EDVHG�PHDVXUHV��OHVV�WKDQ������RI�NQRZQ�RUJDQLVPV�LQ�6RXWK�$IULFD�KDYH�EHFRPH�H[WLQFW�LQ�WKH�PRGHUQ�HUD� �,8&1���������
7KH�SDWWHUQ�RI�WKUHDW�WR ELRPHV�UHYHDOHG�E\�WKH�%,,�DJUHHV�ZLWK�WKH�ILQGLQJV�RI�WKH�16%$� �'ULYHU�HW�DO�� ��������7KH�ELRPHV�WKDW�KDYH�ORVW�WKH�PRVW�ELRGLYHUVLW\�DUH�WKH�JUDVVODQG�� I\QERV DQG�IRUHVW��7DEOH�������,Q�WKH�FDVH�RI�JUDVVODQG��ZKLFK�LV�EHOLHYHG�WR�KDYH�FRQVWLWXWHG��� ��RI�WKH�FRXQWU\·V�ODQG�DUHD�EHIRUH������ �5XWKHUIRUG�DQG�:HVWIDOO�������/RZ�	�5HEHOR� ������ �� WKLV� LV�GXH�WR�WKH�GLVSURSRUWLRQDWH�SUHVHQFH�RI�KLJK� LPSDFW� ODQG�XVHV�� ,Q�����������RI�6RXWK�$IULFD·V� FXOWLYDWHG�ODQG������RI�XUEDQ�ODQG��DQG�����RI�SODQWDWLRQ�DUHDV�OD\�LQ�WKH�JUDVVODQG�ELRPH��,Q�WKH�FDVH�RI�I\QERV DQG�IRUHVW��HVWLPDWHG�WR�KDYH�RFFXSLHG����DQG������RI�WKH�FRXQWU\�UHVSHFWLYHO\�
7DEOH�����$�FURVV�WDEXODWLRQ�RI�%,,�����SHU�PDMRU�HFRV\VWHP�W\SH�DQG�EURDG�WD[RQRPLF�JURXS�IRU�6RXWK�$IULFD��7KH�RYHUDOO�VFRUH��������������DW�WKH�����OHYHO��FDQ�EH�GLVDJJUHJDWHG�LQWR�FROXPQ�RU� URZ� VFRUHV� IRU� HFRV\VWHPV� RU� WD[D�� RU� GRZQ� WR� WD[D� ZLWKLQ� HFRV\VWHPV�� 1RWH� WKDW� WKH�DJJUHJDWLRQV� DUH� QRW� VLPSOH� DYHUDJHV�� EXW� DUH� ZHLJKWHG� E\� ULFKQHVV� DQG� DUHD�� 7KH� ����FRQILGHQFH�LQWHUYDOV�LQGLFDWH�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKH�SRSXODWLRQ�LPSDFW�HVWLPDWHV� ,LMN�

$UHD��NP�� 3ODQWV 0DPPDOV %LUGV 5HSWLOHV $PSKLELD $//�7$;$5LFKQHVV ����� ��� ��� ��� ��� �����)RUHVW ����� ���� ���� ���� ���� ���� ���� �r����)\QERV ������ ���� ���� ���� ���� ���� ���� �r����*UDVVODQG ������� ���� ���� ���� ���� ���� ���� �r����6DYDQQD ������� ���� ���� ���� ���� ���� ���� �r����7KLFNHW ������ ���� ���� ���� ���� ���� ���� �r����1DPD�.DURR ������� ���� ���� ����� ���� ����� ���� �r����6XFFXOHQW�.DURR ������ ���� ���� ����� ���� ����� ���� �r�������� ���� ���� ���� ����$//�%,20(6 ��������� �r���� �r����� �r���� �r���� �r����� ���� �r����
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LQ�SUH�FRORQLDO�WLPHV� �5XWKHUIRUG�DQG�:HVWIDOO�������/RZ�	�5HEHOR���������WKH�LPSDFWV�RI�ODQG�XVH�FKDQJH�DUH�DPSOLILHG�E\�WKH�ODUJH�QXPEHU�RI�VSHFLHV�DIIHFWHG������RI�6RXWK�$IULFD·V�VSHFLHV�DUH�UHSUHVHQWHG� LQ�WKH� I\QERV ELRPH�DQG�����RI�VSHFLHV�DUH�UHSUHVHQWHG�LQ�WKH�IRUHVW�ELRPH� �/H�5RX[���������
7KH�ELRGLYHUVLW\�RI�WKH�1DPD�DQG�VXFFXOHQW�NDURR�LV�OHDVW�LPSDFWHG��DFFRUGLQJ�WR�R XU�LQGH[��:H�DWWULEXWH� WKLV� WR� WKHLU� DULGLW\��ZKLFK� OLPLWV� FXOWLYDWLRQ� DQG� XUEDQ� VHWWOHPHQW��1RWH� WKDW� WKH�%,,�GRHV�QRW�LQFOXGH�LPSDFWV�GXH�WR�FOLPDWH�FKDQJH��ZKLFK�DUH�SURMHFWHG�WR�EH�VHYHUH�LQ�WKH�VXFFXOHQW�NDURR�GXULQJ� WKH� ��VW FHQWXU\� �5XWKHUIRUG� HW� DO�� �������7KH� VDYDQQD� DQG� WKLFNHW� ELRPHV��ZKLFK�WRJHWKHU�PDGH�XS�DERXW�����RI�WKH�SUH�FRORQLDO�ODQG�DUHD��KDYH�H[SHULHQFHG�DQ�LQWHUPHGLDWH�OHYHO�RI�LPSDFW��7KH\�DUH�SDUWLFXODUO\�DIIHFWHG�E\�GHJUDGDWLRQ��,Q�����������RI�GHJUDGHG�ODQG�LQ�6RX WK�$IULFD�OD\�LQ�WKHVH�ELRPHV��'HJUDGDWLRQ�LV�GHILQHG�KHUH�DV�XVHV�WKDW�PRGLI\��EXW�GR�QRW�UHSODFH��WKH�QDWXUDO�ODQG�FRYHU��UHVXOWLQJ�LQ�D�UHGXFWLRQ�RI�WKH�SURGXFWLYH�SRWHQWLDO�RI�WKH�HFRV\VWHP�WKDW�SHUVLVWV� IURP� \HDU�WR�\HDU�� ,Q� WKH� KLJK�UHVROXWLRQ� VDWHOOLWH� LPDJHV� XVHG� IRU� QDWLRQDO� ODQG� FRYHU�PDSSLQJ�� WKH�GHJUDGHG�DUHDV�VKRZ�XS�DV�EULJKWHU� WKDQ� WKHLU�XQGHJUDGHG�QHLJKERXUV��7KH�PRVW�ZLGHVSUHDG�FDXVHV�RI�GHJUDGDWLRQ�DUH�WKRXJKW�WR�EH� ORQJ �WHUP�JUD]LQJ�DW� OHYHOV�IDU� LQ�H[FHVV�RI�WKH�SURGXFWLYH�SRWHQWLDO�RI�WKH�HFRV\VWHP��DQG�WKH�KDUYHVW�RU�EURZVLQJ�RI�WUHHV�DW�UDWHV�JUHDWHU�WKDQ�WKH\�FDQ�UHJURZ��%RWK�DUH�RIWHQ�DVVRFLDWHG�ZLWK�VRLO�HURVLRQ� �+RIIPDQ�	�$VKZHOO���������
0DPPDOV�DUH�WKH�WD[RQRPLF�JURXS�PRVW�DIIHFWHG�E\�KXPDQ�DFWLYLWLHV�LQ�6RXWK�$IULFD��7DEOH�������'LVDJJUHJDWHG� WR� WKH� OHYHO� RI� IXQFWLRQDO� JURXSV� �L�H�� JXLOGV��� LW� LV� WKH�YHU\� ODUJH�KHUELYRUHV� DQG�SUHGDWRUV� WKDW� DUH� SDUWLFXODUO\� DIIHFWHG�� 6SHFLHV� LQ� WKHVH� WZR� JURXSV� SRVH� D� GLUHFW� WKUHDW� WR�KXPDQV��DV�ZHOO�DV�FRPSHWLQJ�ZLWK�GRPHVWLF�OLYHVWRFN��DQG�DUH�WKHUHIRUH�H[FOXGHG�IURP�DOPRVW�DOO�DUHDV�QRW�PDQDJHG�VSHFLILFDOO\�IRU�ZLOGOLIH�FRQVHUYDWLRQ��7KH�SRSXODWLRQV�RI�WKH�PDMRUL W\�RI�RWKHU�PDPPDOV�VSHFLHV��DQG�PRVW�ELUGV��SODQWV��UHSWLOHV�DQG�IURJV��DUH�HVWLPDWHG�WR�EH�RQO\�PDUJLQDOO\�UHGXFHG�� LI�DW�DOO�� LQ�WKH�H[WHQVLYH�DUHDV�RI�6RXWK�$IULFD�XVHG�IRU�JUD]LQJ�E\�GRPHVWLF�OLYHVWRFN��&HUWDLQ�JURXSV�VSHFLILFDOO\�EHQHILW�IURP�KXPDQ�DFWLYLWLHV�LQ�OLYHVWRFN�UDQFKLQJ�DUHDV��SDUWLFXODUO\�IURP� WKH� SUHVHQFH� RI� IDUP� GDPV� DQG� DUWLILFLDO�ZDWHU� SRLQWV�� 7KLV� EHQHILFLDO� HIIHFW� LV� HVSHFLDOO\�SURQRXQFHG� IRU� DPSKLELDQ� IDPLOLHV� VXFK� DV� WKH� %XIRQLGDH�� DQG� H[SODLQV� WKH� KLJK� VFRUHV� IRU�DPSKLELDQV�LQ�WKH NDURR�DUHDV��7DEOH������
*DXWHQJ� LV� WKH�SURYLQFH�ZLWK� WKH� ORZHVW�%,,�VFRUH��GXH� WR� LWV�KLJK� OHYHO�RI�XUEDQ�GHYHORSPHQW��)LJXUH����D���7KH�)UHH�6WDWH�LV�SDUWLFXODUO\�LPSDFWHG�E\�FXOWLYDWLRQ��ZKLOH�SODQWDWLRQV�DUH�D�PDMRU�LPSDFW� LQ�0SXPDODQJD�� 'HJUDGDWLRQ� LV� DQ� LPSRUWDQW� IDFWRU� LQ� WKH�1RUWK�:HVW� DQG� /LPSRSR�



��

SURYLQFHV�� DV� ZHOO� DV� LQ� WKH� (DVWHUQ� &DSH� DQG�.ZD=XOX�1DWDO�� 'LVDJJUHJDWLRQ� RI� WKH� %,,� WR� ORFDO�JRYHUQPHQW� OHYHO� DOORZV� IRU� ZLWKLQ�SURYLQFH�FRPSDULVRQ� DQG� ILQHU�OHYHO� SODQQLQJ� �)LJXUH� ���E���7KH� KLJK� LPSDFW� RI� WKH� PDMRU� PHWURSROLWDQ� DUHDV��JUHDWHU� -RKDQQHVEXUJ�� &DSH� 7RZQ� DQG�'XUEDQ�� LV�PDWFKHG�E\� WKH� LPSDFWV�RI�FXOWLYDWLRQ� LQ�WKH�UHJLRQ�RI� %RWKDYLOOH� LQ� WKH� QRUWKHUQ� )UHH� 6WDWH�� DQG� WKH�%UHGDVGRUS� UHJLRQ� RQ� WKH� $JXOKDV� SODLQ� LQ� WKH�:HVWHUQ� &DSH�� 0XQLFLSDOLWLHV� DORQJ� WKH� HQWLUH�VHDERDUG�RI�6RXWK�$IULFD��VDYH�IRU�D�VPDOO�DUHD�QHDU�WKH�PRXWK�RI�WKH�*DULHS��2UDQJH��5LYHU��KDYH�EHHQ�VXEVWDQWLDOO\� LPSDFWHG� E\� KXPDQ� DFWLYLWLHV��SDUWLFXODUO\� LQ� WKH� :HVWHUQ� &DSH� DQG� .ZD=XOX�1DWDO�� :KHQ� %,,� LV� FDOFXODWHG� DW� WKH� �[�� NP� EDVH�UHVROXWLRQ�RI� WKH� LQSXW�GDWD�� ORFDOLVHG� LPSDFWV�� VXFK�DV� LUULJDWHG�FURSODQGV�DORQJ� WKH�*DULHS�5LYHU� LQ�WKH�1RUWKHUQ� &DSH�� EHFRPH� DSSDUHQW� �)LJXUH� ���F����1RWH� WKDW�DOWKRXJK�ZH�HVWLPDWH�XUEDQ�GHYHORSPHQW�WR�UHGXFH�ZLOG�SRSXODWLRQV�ZLWKLQ�WKH�XUEDQLVHG�DUHD�E\�QHDUO\������WKH�DFWXDO�IRRWSULQW�RI�GHQVH�KXPDQ�VHWWOHPHQW� LQ� 6RXWK� $IULFD� LV� VPDOO� ���������� (YHQ�ZLWK� KLJK� UDWHV� RI� XUEDQLVDWLRQ�� WKH� WRWDO� DUHD� RI�XUEDQ�ODQG�ZLOO�UHPDLQ�VPDOO�IRU�VHYHUDO�GHFDGHV�
7KLV�VWXG\�TXDQWLILHV�WKH�UROH�SOD\HG�E\�WKH H[WHQVLYH�DUHDV�QRW XQGHU� IRUPDO�FRQVHUYDWLRQ�PDQDJHPHQW� LQ�PDLQWDLQLQJ� 6RXWK� $IULFD·V� ELRGLYHUVLW\�� 7KH�H[WHQVLYH� DUHDV� XVHG� SULPDULO\� IRU� VKHHS� DQG� FDWWOH�UDQFKLQJ��DQG�VWRFNHG�ZLWKLQ�JUD]LQJ�QRUPV��FRQWDLQ����� RI� WKH� UHPDLQLQJ� ZLOG� YHUWHEUDWH� DQG� SODQWSRSXODWLRQV�LQ�WKH�FRXQWU\��7DEOH�������7KLV�VXJJHVWV�WKDW� WKH� QDWLRQDO� ELRGLYHUVLW\� IUDPHZRUN� QHHGV� WR�DGGUHVV�WKH�PDQDJHPHQW�RI�WKHVH�DUHDV��HVSHFLDOO\�LQ�
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E��0XQLFLSDO
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)LJXUH� ���� 7KH� %LRGLYHUVLW\� ,QWDFWQHVV�,QGH[� DSSOLHG� DW� VXE�QDWLRQDO� OHYHOV� RI�HQYLURQPHQWDO� GHFLVLRQ�PDNLQJ� LQ� 6RXWK�$IULFD�� 5HVXOWV� DUH� ULFKQHVV� DQG� DUHD�ZHLJKWHG�DYHUDJHV�RI�%,,�DV�HVWLPDWHG�DW�D�EDVH�UHVROXWLRQ�RI��[��NP��9DOXHV�RI�%,,�REWDLQHG� DW� GLIIHUHQW� VFDOHV� DUH� GLUHFWO\�FRPSDUDEOH�� WKH\� UHIHU� WR� WKH� DYHUDJH�DEXQGDQFH�RI�DOO�VSHFLHV�LQ�WKH�SDUWLFXODU�DUHD�� H[SUHVVHG� DV� D� IUDFWLRQ� RI� SUH�FRORQLDO�HUD�DEXQGDQFH�
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OLJKW� RI� WKH�&RQVWLWXWLRQDO�PDQGDWH� WR� VHFXUH HFRORJLFDOO\� VXVWDLQDEOH� XVH� RI� QDWXUDO� UHVRXUFHV��:KLOH�FXOWLYDWLRQ�DFFRXQWV� IRU�RYHU�����RI� WKH�SUHVHQW� LPSDFW�RQ�ELRGLYHUVLW\�� WKHUH� LV� OLPLWHG�SRWHQWLDO�IRU�IXUWKHU�H[SDQVLRQ�RI�WKLV�ODQG�XVH�LQ�6RXWK�$IULFD��,W�LV�HVWLPDWHG�WKDW�RQO\�������RI�6RXWK�$IULFD�LV�YHU\�VXLWDEOH�IRU�FURS�DJULFXOWXUH��DOPRVW�D OO�RI�ZKLFK�LV�DOUHDG\�FXOWLYDWHG� �1'$��������� ,Q�FRQWUDVW��D� ODUJH�IUDFWLRQ�RI� WKH�H[WHQVLYH�DUHD� �����RI�6RXWK�$IULFD��FXUUHQWO\�XQGHU�PRGHUDWH� H[WUDFWLYH�XVHV��SULPDULO\� OLYHVWRFN�JUD]LQJ�� FRXOG�SRWHQWLDOO\�EHFRPH�GHJUDGHG� LI�QRW�PDQDJHG�DSSURSULDWHO\��2Q�DYHUDJH��ZH�HVWLPDWH�WKDW�GHJUDGDWLRQ�UHGXFHV�WKH�DEXQGDQFH�RI�ZLOG�SRSXODWLRQV�E\������WKLV�FRPSDUHV�WR�DQ�DYHUDJH�UHGXFWLRQ�RI�RQO\����LQ�DUHDV�XQGHU�PRGHUDWH�H[WUDFWLYH�XVH��7KH� UDQJHODQGV�RI�6RXWK�$IULFD� IDOO�XQGHU� WKH�DXWKRULW\�RI�PXOWLSOH�JRYHUQPHQW�GHSDUWPHQWV�� LQFOXGLQJ� WKH� 'HSDUWPHQW� RI� $JULFXOWXUH�� WKH� 'HSDUWPHQW� RI�:DWHU� $IIDLUV� DQG�)RUHVWU\�� DQG� WKH� 'HSDUWPHQW� RI� (QYLURQPHQWDO� $IIDLUV� �WKH� OHDG� GHSDUWPHQW� IRU� WKH�LPSOHPHQWDWLRQ�RI�WKH�%LRGLYHUVLW\�$FW���7KH�UHJXODWLRQ�RI�WKH�NH\�DFWLYLWLHV�DIIHFWLQJ�ELRGLYHUVLW\�WKHUHIRUH�FDOOV�IRU�HIIHFWLYH�FRRUGLQDWLRQ�EHWZHHQ�JRYHUQPHQW�GHSDUWPHQWV�
7DEOH������$UHD�LQ�6RXWK�$IULFD�LQ�HDFK�ODQG�XVH�FDWHJRU\��DQG�WKH�PHDQ�ULFKQHVV �ZHLJKWHG�%,,�����IRU�HDFK�FDWHJRU\��7KH�����FRQILGHQFH�LQWHUYDOV��&,��LQGLFDWH�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKH� SRSXODWLRQ� LPSDFW� HVWLPDWHV�� 7KH� ULJKW �KDQG� WZR� FROXPQV� UHVSHFWLYHO\� LQGLFDWH� WKH�SHUFHQWDJH�RI�WKH�GHFUHDVH�LQ�SRSXODWLRQV�H[SODLQHG�E\�HDFK�ODQG�XVH�W\SH��DQG�WKH SHUFHQWDJH�RI�WKH�UHPDLQLQJ�ELRGLYHUVLW\�WKDW�LV�QRZ�ORFDWHG�LQ�HDFK�ODQG�XVH�W\SH��&XOWLYDWLRQ�DFFRXQWV�IRU�RYHU�KDOI�RI�WKH�FXUUHQW�LPSDFW�RQ�ELRGLYHUVLW\��)RXU �ILIWKV�RI�WKH�UHPDLQLQJ�ZLOG�RUJDQLVPV�LQ�6RXWK�$IULFD� DUH� HVWLPDWHG� WR� EH� LQ� WKH� H[WHQVLYH� DUHDV� XQGHU� PRGHUDWH� H[WUDFWLYH� XVH�� PRVWO\�UDQJHODQGV�� 7KLV� KLJKOLJKWV� WKH� LPSRUWDQFH� RI� SURSHU� PDQDJHPHQW� RI� WKHVH� DUHDV� LQ� WKH�FRQVHUYDWLRQ�RI�WKH�ELRGLYHUVLW\�LQ�6RXWK�$IULFD�

/DQG�XVH $UHD��NP�� �� 0HDQ�%,,������&,� ��'HFUHDVH�LQ�%,, ��5HPDLQLQJ�%,,
3URWHFWHG ������ ���� ����� �r���� ���� �����
0RGHUDWH�8VH ������� ����� ���� �r���� ����� �����'HJUDGHG ������ ���� ���� �r����� ����� ����&XOWLYDWHG ������� ����� ���� �r���� ����� ����
3ODQWDWLRQ ������ ���� ���� �r���� ���� ����8UEDQ ������ ���� ���� �r���� ���� ����
6287+�$)5,&$ ��������� ������ ���� �rr������
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7KH� WRSLF�PRVW� LQ� QHHG� RI� IXUWKHU� UHVHDUFK� DV� LQGLFDWHG� E\� WKH� VRXUFHV� RI� XQFHUWDLQW\� LQ� RXU�HVWLPDWH� RI� %,,�� LV� WKH� LPSDFW� RI� YDULRXV� ODQG� XVH� DFWLYLWLHV� RQ� WKH� SRSXODWLRQV� RI� QDWLY H�RUJDQLVPV��2XU�XQFHUWDLQW\�LV�JUHDWHVW�ZLWK�UHVSHFW�WR�WKH�LPSDFWV�RI�GHJUDGDWLRQ�DQG�PRGHUDWH�XVH��7DEOH�������ZKLFK�DUH�SDUWLFXODUO\�LPSRUWDQW�ODQG�XVH�FDWHJRULHV�LQ�WKH�VDYDQQD�DQG�WKLFNHW��$W�WKH�WD[RQRPLF�JURXS�OHYHO��ZH�DUH�PRVW�XQFHUWDLQ�DERXW�WKH LPSDFW�RI�GLIIHUHQW�ODQG�XVHV�RQ�DPSKLELDQ�SRSXODWLRQV��IROORZHG�E\�PDPPDOV�DQG�ELUGV��0RUH�DFFXUDWH�GDWD�RQ�WKH�H[WHQW�DQG�QDWXUH� RI� GLIIHUHQW� W\SHV� RI� ODQG� XVH�ZLOO� DOVR� KHOS� WR� EHWWHU� UHILQH� RXU� HVWLPDWHV� RI� %,,�� 7KH�FDWHJRULHV�ZKLFK�VKRZ�WKH�ELJJHVW�YDULDWLRQ�LQ�6RXWK�$IULFD�EHWZHHQ�GLIIHUHQW�ODQG�XVH�PDSV�DUH�XUEDQ� ODQG� DQG�GHJUDGHG� ODQG� �%LJJV� HW� DO�� � ����E���7KLV� LV� ODUJHO\� GXH� WR� LQFRQVLVWHQF\� LQ� WKH�GHILQLWLRQ� RI WKHVH� FDWHJRULHV� LQ� GLIIHUHQW� ODQG� FRYHU� SURGXFWV�� WRJHWKHU� ZLWK� SUREOHPV� LQ� WKH�GHWHFWLRQ�RI�VSHFLILF�FDWHJRULHV��SDUWLFXODUO\�GHJUDGDWLRQ�
0RVW�IUHVKZDWHU�ELRGLYHUVLW\��DQG�DOO�PDULQH�ELRGLYHUVLW\��KDYH�EHHQ�H[FOXGHG�LQ�WKLV�VWXG\��7KH�%,,� FRXOG�� KRZHYHU�� EH� H[WHQGHG� WR� FRYHU� WKHVH� V\VWHPV�� $Q� HVWLPDWH� IRU�PDULQH� HFRV\VWHPV�FRXOG�EH�GRQH�E\�GLUHFW�DSSOLFDWLRQ�RI�WKH�DUHD �EDVHG�%,,�DOJRULWKP��ZKLOH�OLQHDU�IUHVKZDWHU�DQG�FRDVWDO�V\VWHPV�PD\�SRWHQWLDOO\�UHTXLUH�WKH�VXEVWLWXWLRQ�RI�OHQJWK�IRU�DUHD��6SHFLHV� ULFKQHVV�GDWD�IRU� DTXDWLF� SODQWV� DQG� YHUWHEUDWHV� DUH� DYDLODEOH�� 7KH� PDLQ� WDVN� ZRXOG� EH� WR� GHILQH� LPSDFW�FDWHJRULHV�DQDORJRXV� WR� WKRVH�SUHVHQWHG� LQ�7DEOH������DQG�WR�FROOHFW�H[SHUW� MXGJHPHQWV��DQG�RU�SXEOLVKHG� ILHOG� GDWD�� UHJDUGLQJ� WKH� LPSDFWV� RI� WKHVH� FDWH JRULHV� RQ� WKH� SRSXODWLRQV� RI� YDULRXV�IXQFWLRQDO� JURXSV�� ,Q� RXU� H[SHULHQFH�� WKLV� UHTXLUHV� VHYHUDO� ZHHNV� RI� HIIRUW� �6FKROHV� DQG� %LJJV������
��� &RQFOXVLRQ
7KLV�VWXG\�GHPRQVWUDWHV� WKH�DSSOLFDWLRQ�RI�D�ELRGLYHUVLW\�DVVHVVPHQW�WRRO�WKDW�FDQ�FRPSOHPHQW�WKH� LQIRUPDWLRQ� SURYLGHG� E\� H[LVWLQJ� DSSURDFKHV� LQ� WKH� GHYHORSPHQW� RI� WKH� 6RXWK� $IULFD·V�QDWLRQDO� ELRGLYHUVLW\� IUDPHZRUN�� DQG� LQ� SHULRG LF� UHSRUWLQJ� RI� WKH� VWDWH� RI� WKH� FRXQWU\·V�ELRGLYHUVLW\�� ,Q� SDUWLFXODU�� WKH� %,,� KLJKOLJKWV� WKH� LPSRUWDQFH� RI� WKH� H[WHQVLYH� DUHDV� XQGHU�PRGHUDWH� H[WUDFWLYH� XVH� LQ� 6RXWK�$IULFD� LQ�PDLQWDLQLQJ�ELRGLYHUVLW\� LQ� WKH� FRXQWU\�� ,W� VXJJHVWV�WKDW�WKH�SROLF\�DFWLRQ�ZLWK�WKH�JUHDWHVW�SRWHQWLDO�WR�OLPLW�IXUWKHU�ORVV�RI�ELRGLYHUVLW\�LV�WR�SUHYHQW�WKHVH�DUHDV�IURP�EHFRPLQJ�GHJUDGHG��$GGUHVVLQJ�WKLV�UHTXLUHV�FRRUGLQDWLRQ��DW�DOO�OHYHOV��EHWZHHQ�VHYHUDO�DUPV�RI�JRYHUQPHQW��SDUWLFXODUO\�EHWZHHQ�WKH�'HSDUWPHQW�RI�(QYLURQPHQWDO $IIDLUV�DQG�7RXULVP��WKH�'HSDUWPHQW�RI�$JULFXOWXUH�DQG�WKH�'HSDUWPHQW�RI�:DWHU�$IIDLUV�DQG�)RUHVWU\��



��

7KH�%,,�FRPSOHPHQWV�H[LVWLQJ�DVVHVVPHQW�DSSURDFKHV�E\�GLIIHUHQWLDWLQJ�EHWZHHQ�WKH�LPSDFWV�RI�GLIIHUHQW� ODQG� XVHV� DQG� TXDQWLI\LQJ� WKH� HIIHFW� RI� WKHVH� ODQG XVHV� RQ� WKH� SRSXODWLRQV� RI� QDWLYH�WHUUHVWULDO�SODQWV�DQG�YHUWHEUDWHV��7KH�LQIRUPDWLRQ�SURYLGHG�E\�WKH�%,,�DERXW�WKH�PRVW�LPSDFWHG�ELRPHV�DQG�WD[RQRPLF�JURXSV�LQ�6RXWK�$IULFD�OHQGV�LQGHSHQGHQW�FRQILUPDWLRQ�WR�UHVXOWV�GHULYHG�E\�RWKHU�PHDQV��7KH�DGYDQWDJH�RI�WKH�%,,�LQ�FRPSDULVRQ�WR�H[LVWLQJ�PHWKRGV��SDUWLFXODUO\�OLVWLQJV�RI�GLIIHUHQW�ODQG�FRYHU�W\SHV�DQG�SURWHFWHG�DUHDV�SHU�ELRPH��LV�WKDW�WKH�%,,�LQWHJUDWHV�DFURVV�ODQG�XVHV��ELRPHV��DQG�D�EURDG�UDQJH�RI�ELRGLYHUVLW\�WR�SURYLGH�D�V\QWKHWLF�DQG�VHQVLWLYH�RYHU YLHZ�RI�WKH�VWDWXV�RI�ELRGLYHUVLW\��
7KH� ILQGLQJV� LQ� WKLV� VWXG\� GR� QRW� GHQ\� WKH� LPSRUWDQFH� RI� SURWHFWHG� DUHDV�� SDUWLFXODUO\� WR� WKH�FRQVHUYDWLRQ�RI�WKUHDWHQHG�VSHFLHV��,QGHHG��WKLV�VWXG\�ZRXOG�KDYH�EHHQ�LPSRVVLEOH�LI�D�V\VWHP�RI�SURWHFWHG�DUHDV�ZHUH�QRW�LQ SODFH�WR�SURYLGH�D�UHIHUHQFH�EDVHOLQH��+RZHYHU�� LQ�D�FRXQWU\�ZKHUH�WKH� OLYHOLKRRGV�RI�QHDUO\�KDOI�RI� WKH�SRSXODWLRQ�GHSHQG�RQ� WKH�HFRQRPLF�XVH�RI� WKH� ODQGVFDSH��SULQFLSDOO\� WKURXJK�IDUPLQJ�FURSV�DQG�OLYHVWRFN�� LW� LV�XQUHDVRQDEOH�WR�H[SHFW�WKDW�D�VLJQLILFD QWO\�ODUJHU� IUDFWLRQ� WKDQ� WKH� FXUUHQW� SURWHFWHG� DUHD� FDQ� EH� VHW� DVLGH� H[FOXVLYHO\� IRU� QDWXUH�FRQVHUYDWLRQ��$ORQJVLGH�D�SROLF\�RI�VHOHFWLYH�SURWHFWLRQ�RI�NH\�DUHDV��WKHUH�VKRXOG�EH�D�SROLF\�WR�PDLQWDLQ�DQG�HQFRXUDJH�ELRGLYHUVLW\�IULHQGO\� ODQG�XVH� LQ�WKH�UHPDLQGHU�RI�WKH� ODQGVFDSH��ZKHUH�SHRSOH�OLYH�
��� $FNQRZOHGJHPHQWV
:H�WKDQN�WKH�WD[RQ�H[SHUWV�ZKRP�ZH�LQWHUYLHZHG�IRU�RIIHULQJ�WKHLU�WLPH�DQG�H[SHUWLVH��*UDKDP�$OH[DQGHU��*HRUJH�%UHGHQNDPS��'XDQ�%LJJV��%LOO�%UDQFK��9LQFHQW�&DUUXWKHUV��$ODQ�&KDQQLQJ��&KULV�&KLPLPED�� -RKDQ�GX�7RLW��:XOI�+DDFNH�� -DPHV�+DUULVRQ��0DUN�.HLWK��/HV�0LQWHU��0LNH�5XWKHUIRUG��:DUZLFN�7DUERWRQ�DQG�0DUWLQ�:KLWLQJ��-DPHV�+DUULVRQ�LV�WKDQNHG�IRU�GDWD�XVHG�WR�GHULYH�WKH�ULFKQHVV�RI�HDFK�WD[RQ�IXQFWLRQDO�W\SH�SHU�ELRPH��7KH�ODQG�FRYHU�DQG�SURW HFWHG�DUHDV�GDWDEDVHV�ZHUH�PDGH�DYDLODEOH�E\�WKH�'LYLVLRQ�RI�:DWHU��(QYLURQPHQW�DQG�)RUHVW�7HFKQRORJ\�RI�WKH�&6,5��+DUU\�%LJJV�LV�WKDQNHG�IRU�KLV�FRPPHQWV�RQ�WKH�PDQXVFULSW�



��

��� 5HIHUHQFHV
%LJJV��5���%RKHQVN\��(���'HVDQNHU��3��9���)DEULFLXV��&���/\QDP��7���0LVVHOKRUQ��$��$���0XVYRWR��&���0XWDOH��0���5H\HUV��%���6FKROHV��5�� -���6KLNRQJR��6��DQG�YDQ�-DDUVYHOG��$��6�� �����D���1DWXUH�VXSSRUWLQJ�SHRSOH��7KH�6RXWKHUQ�$IULFDQ�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�%LJJV��5�� DQG� 6FKROHV��5�� -�� �LQ SUHVV���+LVWRULFDO� FKDQJHV� LQ� QDWXUDO� FDSLWDO� LQ�6RXWK�$IULFD��$Q�DSSURDFK�XVLQJ�FKDQJHV� LQ�ELRGLYHUVLW\�� ,Q� 5HVWRULQJ� 1DWXUDO� &DSLWDO�� 9LHZV� IURP� WKH�6RXWK�0LOWRQ��6��-��DQG�$URQVRQ��-��HG�����:DVKLQJWRQ�'�&���,VODQG�3UHVV�%LJJV��5���6FKROHV��5��-��DQG�5H\HUV��%�������E���$VVHVVLQJ�ELRGLYHUVLW\�LQWDFWQHVV�DW�PXOWLSOH�VFDOHV��3DSHU�SUHVHQWHG� DW� WKH� %ULGJLQJ� 6FDOHV� DQG� (SLVWHPRORJLHV� &RQIHUHQFH�� �� ���� 0DUFK� ������$OH[DQGULD��(J\SW��$YDLODEOH�RQOLQH�DWZZZ�PLOOHQQLXPDVVHVVPHQW�RUJ�HQ�DERXW�PHHWLQJV�EULGJLQJ�SURFHHGLQJV�DVS[ �&6,5�� ��������1DWLRQDO� ODQG� FRYHU� RI� 6RXWK� $IULFD�� ,Q� FROODERUDWLRQ�ZLWK� WKH� 6DWHOOLWH�$SSOLFDWLRQV�&HQWUH�DQG�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��3UHWRULD��6RXWK�$IULFD��&RXQFLO� IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��'LYLVLRQ�RI�:DWHU��(QYLURQPHQW�DQG�)RUHVWU\�7HFKQRORJ\�&6,5����������3URWHFWHG�DUHDV�RI�6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��'LYLVLRQ�RI�:DWHU��(QYLURQPHQW�DQG�)RUHVWU\�7HFKQRORJ\��3UHWRULD��6RXWK�$IULFD��'HSDUWPHQW�RI�(QYLURQPHQWDO�$IIDLUV�DQG�7RXULVP�'ULYHU��$���0D]H��.���/RPEDUG��$��7���1HO��-���5RXJHW��0���7XUSLH��-��.���&RZOLQJ��5 ��0���'HVPHW��3���*RRGPDQ��3���+DUULV�� -��� -RQDV��=���5H\HUV��%���6LQN��.��DQG�6WUDXVV��7���������� 6RXWK�$IULFDQ�1DWLRQDO�6SDWLDO�%LRGLYHUVLW\�$VVHVVPHQW�������6XPPDU\�5HSRUW��3UHWRULD��6RXWK�$IULFD��6RXWK�$IULFDQ�1DWLRQDO�%LRGLYHUVLW\�,QVWLWXWH�)DLUEDQNV��'��+��.���7KRPSVRQ��0��:���9LQN��'��(���1HZE\��7��6���9DQ�GHQ�%HUJ��+��0��DQG�(YHUDUG�� '�� $�� �����D��� 7KH� 6RXWK� $IULFDQ� /DQG�FRYHU� &KDUDFWHULVWLFV� 'DWDEDVH�� D�V\QRSVLV�RI�WKH�ODQGVFDSH��6RXWK�$IULFDQ�-RXUQDO�RI�6FLHQFH ����������)DLUEDQNV��'��+��.���7KRPSVRQ��0��:���9LQN��'��(���1HZE\��7��6���YDQ�GHQ�%HUJ��+��0��DQG�(YHUDUG��'��$�������E���7KH�6RXWK�$IULFDQ�ODQG�FRYHU�FKDUDFWHULVWLFV�GDWDEDVH��D�V\QRSVLV�RI�WKH�ODQGVFDSH��6RXWK�$IULFDQ�-RXUQDO�RI�6FLHQFH ����������+RIIPDQ��7��DQG�$VKZHOO��$����������1DWXUH�'LYLGHG��/DQG�'HJUDGDWLRQ�LQ�6RXWK�$IULFD��&DSH�7RZQ��8QLYHUVLW\�RI�&DSH�7RZQ�3UHVV�,8&1���������������,8&1�5HG�/LVW�RI�7KUHDWHQHG�6SHFLHV��*ODQG��6ZLW]HUODQG��:RUOG�&RQVHUYDWLRQ�8QLRQ�



��

/H�5RX[�� -�� �HG���� �������� 7KH� ELRGLYHUVLW\� RI� 6RXWK� $IULFD� ����� ,QGLFDWRUV�� WUHQGV� DQG� KXPDQ� LPSDFWV��&DSH�7RZQ��6RXWK�$IULFD��6WUXLN�/RZ�� $�� %�� DQG� 5HEHOR�� $�� *�� �HGV���� �������� 9HJHWDWLRQ� RI� 6RXWK� $IULFD�� /HVRWKR� DQG� 6ZD]LODQG��3UHWRULD��'HSDUWPHQW�RI�(QYLURQPHQWDO�$IIDLUV�DQG�7RXULVP�1'$�� ��������$EVWUDFW� RI� $JULFXOWXUDO� 6WDWLVWLFV�� 3UHWRULD�� 6RXWK� $IULFD�� 1DWLRQDO� 'HSDUWPHQW� RI�$JULFXOWXUH�5HSXEOLF� RI� 6RXWK� $IULFD�� �������� &RQVWLWXWLRQ� RI� WKH� 5HSXEOLF� RI� 6RXWK� $IULFD�� $FW� ���� RI� ������3UHWRULD��6RXWK�$IULFD��*RYHUQPHQW�3ULQWHUV�5HSXEOLF� RI� 6RXWK� $IULFD�� ������� 1DWLRQDO� (QYLURQPHQWDO� 0DQDJHPHQW�� %LRGLYHUVLW\� $FW�� 1R�� ��� RI�������3UHWRULD��6RXWK�$IULFD��*RYHUQPHQW�*D]HWWH�5XWKHUIRUG��0��&���0LGJOH\��*��)���%RQG��:��-���3RZULH��/��:���5REHUWV��5��DQG�$OOVRSS��-����������3ODQW�%LRGLYHUVLW\��,Q� &OLPDWH�FKDQJH�LPSDFWV�LQ�VRXWKHUQ�$IULFD �.LNHU��*��HG����5HSRUW�WR�WKH�1DWLRQDO� &OLPDWH� &KDQJH� &RPPLWWHH�� 'HSDUWPHQW� RI� (QYLURQPHQWDO� $IIDLUV� DQG�7RXULVP��3UHWRULD��6RXWK�$IULFD�5XWKHUIRUG�� 0�� &�� DQG� :HVWIDOO�� 5�� +�� �������� %LRPHV� RI� VRXWKHUQ� $IULFD� � DQ� REMHFWLYH�FDWHJRUL]DWLRQ��0HPRLUV�RI�WKH�%RWDQLFDO�6XUYH\�RI�6RXWK�$IULFD ����������6HFRQG�HGLWLRQ�6FKROHV��5��-��DQG�%LJJV��5���HGV������������(FRV\VWHP�6HUYLFHV�LQ�6RXWKHUQ�$IULFD��$�5HJLRQDO�$VVHVVPHQW��$YDLODEOH� RQOLQH� DW� ZZZ�PLOOHQQLXPDVVHVVPHQW�RUJ�� 3UHWRULD�� 6RXWK�$IULFD�� &RXQFLO� IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�6FKROHV��5��-��DQG�%LJJV��5����������$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��1DWXUH �����������6LPRQV��+���%LJJV��5���%DNNHQHV��0���$ONHPDGH��5���(LFNKRXW��%��� 6FKROHV��5��-��DQG�YDQ�9XXUHQ��'���,Q�SUHS����%LRGLYHUVLW\�FKDQJHV�LQ�VRXWKHUQ�$IULFD�LQ�WKH��� VW FHQWXU\��



��

&KDSWHU�����6FHQDULRV�RI�ELRGLYHUVLW\�ORVV�LQVRXWKHUQ�$IULFD�LQ�WKH���VW FHQWXU\
+��6LPRQV��5��%LJJV��0��%DNNHQHV��5�-��6FKROHV��%��(LFNKRXW��'��YDQ�9XXUHQ,Q�SUHSDUDWLRQ�IRU�VXEPLVVLRQ�WR�$PELR

7KLV�FKDSWHU�PDNHV�XVH�RI� WKH�SDUDPHWHULVDWLRQ�RI� WKH�,0$*(�PRGHO�IRU�WKH�IRXU�0$�JOREDO�VFHQDULRV� LQ� RUGHU� WR� PRGHO� SRVVLEOH� FKDQJHV� LQ� ODQG� FRYHU� LQ� VRXWKHUQ� $IULFD� RYHU� WKH� ��VWFHQWXU\��DQG�DVVHVV�WKH�FRQVHTXHQFHV�IRU�ELRGLYHUVLW\�XVLQJ�WKH�%,,��7KH�,0$*(�PRGHO�LV�RQH�RI�WKH�OHDGLQJ�LQWHJUDWHG�JOREDO�HQYLURQPHQWDO�DVVHVVPHQW�PRGHOV��DQG�LQFOXGHV�IDFWRUV�VXFK�DV�HQHUJ\�FRQVXPSWLRQ��SRSXODWLRQ�JURZWK��DJULFXOWXUDO�SURGXFWLRQ�DQG�FOLPDWH�FKDQJH��,W�LV�RQH�RI�WKH�IHZ�VXFK�LQWHJUDWHG�PRGHOV�WKDW�UHSUHVHQWV�ODQG�XVH�RQ�D�VSDWLDOO\�H[SOLFLW�EDVLV��,0$*(�LV�RQH�RI�D�KDQGIXO�RI�PRGHOV�WKDW�ZHUH�VSHFLILFDOO\�SDUDPHWHULVHG�IRU�WKH�IRXU�0$�JOREDO�VFHQDULRV��LQ� RUGHU� WR� H[SORUH� WKH� FRQVHTXHQFHV� RI� SODXVLEOH� WUDMHFWRULHV� RI� JOREDO� GHYHORSPHQW� IRU�HFRV\VWHPV� DQG� HFRV\VWHP� VHUYLFHV�� $� VSHFLILF� IHDWXUH� RI� WKH� 0$� VFHQDULRV� ZDV� WKDW� WKH\�VSHFLILFDOO\� WULHG� WR� H[SORUH� WKH� FRQVHTXHQFHV� RI� GLIIHUHQFHV� LQ� DSSURDFKHV� WR� HQYLURQPHQWDO�PDQDJHPHQW�� VSHFLILFDOO\� WKH� GLIIHUHQFHV� EHWZHHQ� SURDFWLYH� DQG� UHDFWLYH� PDQDJHPHQW�� IRU�HFRV\VWHP�VHUYLFHV��
7KLV� SDSHU� UHSUHVHQWV� D� FROODERUDWLYH� HIIRUW� EHWZHHQ� WKH� ,0$*(� PRGHOOLQJ� WHDP� DQG� WKH�DXWKRUV�ZKR�GHYHORSHG� WKH�%,,��+��6LPRQV�ZDV� UHVSRQVLEOH� IRU�FRRUGLQDWLQJ� WKH�FROODERUDWLYH�HIIRUW�� KHQFH�KLV OHDG� DXWKRUVKLS��&HUWDLQ�PRGLILFDWLRQV� WR� WKH� ,0$*(� ODQG� FRYHU�PRGHO� DQG�RXWSXW� ZHUH� QHHGHG� LQ� RUGHU� WR� DSSO\� WKH� %,,�� *LYHQ� WKH� FRPSOH[LW\� RI� PDNLQJ� VXFK�PRGLILFDWLRQV�LQ�D�ODUJH�PRGHO�VXFK�DV�,0$*(��VHYHUDO�WHFKQLFDO�PHPEHUV�RI�WKH�,0$*(�WHDP�ZHUH� LQYROYHG� LQ� SHUIRUPLQJ� WKH� DQDO\VHV��0�� %DNNHQHV�� %�� (LFNKRXW�� DQG�'�� YDQ� 9XXUHQ�� ,�SOD\HG� D� OHDG� UROH� LQ� GHILQLQJ�ZKLFK�PRGLILFDWLRQV�ZHUH� UHTXLUHG�� DQG� VXJJHVWLQJ� WKH�ZD\V� LQ�ZKLFK�WKHVH�FRXOG�EH�LPSOHPHQWHG��JLYHQ�WKH�IXQFWLRQDO�UHODWLRQVKLSV�FRGHG�LQWR�,0$*(��5�-��6FKROHV� SURYLGHG� DGGLWLRQDO� LQSXW� LQ� WKLV� UHVSHFW�� DQG� FRPPHQWHG� RQ� WKH� GUDIW�PDQXVFULSW�� ,�SOD\HG�D� OHDG�UROH� LQ�GHILQLQJ�WKH�FRQWHQW�RI�WKH�SDSHU�DQG�ZULWLQJ�DQG�HGLWLQJ�WKH�PDQXVFULSW��0\�FRQWULEXWLRQ�WR�WKH�SDSHU�LV�UHFRJQL]HG�E\�WKH�RUGHU�LQ�ZKLFK�WKH�DXWKRUV�DUH�OLVWHG�



��

&KDSWHU����6FHQDULRV�RI�ELRGLYHUVLW\�ORVV�LQ�6RXWKHUQ�$IULFD�LQ�WKH���VW &HQWXU\
+��6LPRQV���5��%LJJV���0��%DNNHQHV���5�-��6FKROHV��%��(LFNKRXW� DQG�'��YDQ�9XXUHQ�

��1HWKHUODQGV�(QYLURQPHQWDO�$VVHVVPHQW�$JHQF\��5,90���%LOWKRYHQ��7KH�1HWKHUODQGV��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��3UHWRULD��6RXWK�$IULFD

%LRGLYHUVLW\� LV� FXUUHQWO\�EHLQJ� ORVW� DURXQG� WKH�ZRUOG� DW� UDWHV� IDU� LQ�H[FHVV�RI�WKH�DYHUDJH�UDWH�RI�VSHFLDWLRQ�LQ�WKH�IRVVLO�UHFRUG��7R�GDWH�WKH� ELRGLYHUVLW\� RI� VRXWKHUQ� $IULFD� LV� UHODWLYHO\� LQWDFW�� EXW�ZLOO� WKLV�VLWXDWLRQ�SHUVLVW�LQWR�WKH���VW FHQWXU\"�$JULFXOWXUDO�H[SDQVLRQ��ZKLFK�LV�SURMHFWHG�WR�FRQWLQXH�ZHOO�LQWR�WKH�FRPLQJ�FHQWXU\��LV�WKH�SULPDU\�UHDVRQ�IRU�WKH�FXUUHQW�ORVV�RI�ELRGLYHUVLW\�LQ�WKH�UHJLRQ��,Q�WKLV�SDSHU��ZH�DVVHVV�WKH�LPSDFWV�RI�ODQG�XVH�FKDQJHV��DV�SURMHFWHG�E\�D�OHDGLQJ�LQWHJUDWHG�JOREDO�HQYLURQPHQWDO�DVVHVVPHQW�PRGHO��,0$*(��XQGHU�D� UDQJH� RI� VFHQDULRV�� RQ� WKH� WHUUHVWULDO� ELRGLYHUVLW\� LQWDFWQHVV� RI�VRXWKHUQ�$IULFD��7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[�JLYHV�WKH�DYHUDJH�FKDQJH� LQ� SRSXODWLRQ� VL]H�� UHODWLYH� WR� WKH� SUH�PRGHUQ� VWDWH� �SUH�������� DFURVV� DOO� WHUUHVWULDO� VSHFLHV� RI� SODQWV� DQG� YHUWHEUDWHV�� :H�SURMHFW� DEVROXWH� GHFOLQHV� RI� EHWZHHQ� ���� DQG� ���� LQ� WKH� DYHUDJH�SRSXODWLRQ� VL]HV� RI� WKHVH� VSHFLHV� E\� ������ 7KH� UDWH� RI� GHFOLQH� LV�SURMHFWHG� WR� DFFHOHUDWH� EHWZHHQ� ����� DQG� ����� XQGHU� DOO� VFHQDULRV��+RZHYHU�� XQGHU� ERWK� VFHQDULRV� RI� KLJK� DQG� ORZ�HFRQRPLF�JURZWK��SUR�DFWLYH� DSSURDFKHV� WR� HFRV\VWHP� PDQDJHPHQW� VLJQLILFDQWO\�UHGXFH�ELRGLYHUVLW\�LPSDFWV�
��� ,QWURGXFWLRQ
7KH�FXUUHQW�ORVV�RI�ELRGLYHUVLW\��DW�UDWHV�VLJQLILFDQWO\�H[FHHGLQJ�WKRVH�LQ�WKH�IRVVLO�UHFRUG��/DZWRQ� 	� 0D\� ������ $QGHUVRQ� ����� �� LV� D� VRXUFH� RI� FRQFHUQ� WR� PDQ\� SHRSOH��FRQVHUYDWLRQ� RUJDQLVDWLRQV� DQG� FRXQWULHV�� %LRGLYHUVLW\� ORVV� FDQ� HQWDLO� DQ\� RU� DOO� RI� WKH�



��

IROORZLQJ�� UHGXFWLRQ� LQ� WKH� H[WHQW� RU� SURGXFWLYLW\� RI� HFRV\VWHPV�� GHFOLQHV� LQ� WKH�DEXQGDQFH� RU� GLVWULEXWLRQ� RI� SRSXODWLRQV� RI� SDUWLFXODU� VSHFLHV�� DQG� ORVV� RI� JHQHWLF�GLYHUVLW\�ZLWKLQ�SRSXODWLRQV��&%'���������%LRGLYHUVLW\�SOD\V�D�NH\�UROH�LQ�WKH�IXQFWLRQLQJ�RI�HFRV\VWHPV�DQG�WKH�SURYLVLRQ�RI�HFRV\VWHP�VHUYLFHV��DQG�LWV�ORVV�WKHUHIRUH�LPSDFWV�RQ�KXPDQ�ZHOO�EHLQJ��0$���������
0XFK�UHVHDUFK�KDV�IRFXVHG�RQ�WKH�IDFWRUV�XQGHUO\LQJ�WKH�DFFHOHUDWHG�ORVV�RI�ELRGLYHUVLW\�LQ� WKH� ��WK FHQWXU\�� 7KH� PDMRU� DQWKURSRJHQLF� GULYHUV� DUH� ODQG� XVH� FKDQJH�� QLWURJHQ�GHSRVLWLRQ�DQG�FOLPDWH�FKDQJH� �0$�������0$� LQ�SUHVV���6HYHUDO�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH� LPSDFWV� RI� FOLPDWH� FKDQJH�� 7KH\� FRQFOXGH� WKDW� FOLPDWH� FKDQJH� LV� DOUHDG\� DIIHFWLQJ�VSHFLHV� GLVWULEXWLRQV� DOO� RYHU� WKH� ZRUOG� �3DUPHVDQ� DQG� <RKH� ������� DQG� ZLOO� KDYH�FRQVLGHUDEOH� �IXUWKHU� LPSDFWV� LQ�WKH��� VW FHQWXU\� �*LWD\ HW�DO� ������7KRPDV� HW�DO��������/HHPDQV� DQG�(LFNKRXW� ������� $OO�PRGHOV� SURMHFW� D� VHYHUDO� GHJUHH� WHPSHUDWXUH� ULVH LQ�VRXWKHUQ� $IULFD�� DQG�PDQ\�PRGHOV� SURMHFW� D� GHFUHDVH� LQ� SUHFLSLWDWLRQ� GXULQJ� VXPPHU��,3&&���������
)RU� WHUUHVWULDO� HFRV\VWHPV�� ODQG� XVH� FKDQJH� LV� H[SHFWHG� WR� EH� WKH� GRPLQDQW� GULYHU� RI�ELRGLYHUVLW\� ORVV�RYHU�WKH�QH[W�FHQWXU\� �0$��������6DOD� HW�DO���������/DQG�XVH�FKDQJH�LV�PDLQO\� GULYHQ� E\� DJULFXOWXUDO� H[SDQVLRQ�� $JULFXOWXUDO� H[SDQVLRQ� LV�� LQ� WXUQ�� GUL YHQ� E\�SRSXODWLRQ� JURZWK� DQG� WKH� VKLIW� WR� KLJKHU� SURWHLQ� GLHWV� ZKLFK� DFFRPSDQLHV� LQFUHDVHG�KRXVHKROG� LQFRPH� �6DJH� ������� &RQVHTXHQWO\�� D� JURZLQJ� IUDFWLRQ� RI� WKH� H[SDQGLQJ�DJULFXOWXUDO�DUHD�LV�XVHG�IRU�WKH�SURGXFWLRQ�RI�IRRG�DQG�IRGGH U�FURSV�IRU�IHHGLQJ�DQLPDOV��%RXZPDQ�HW�DO���������7KH�EXON�RI�DJULFXOWXUDO�H[SDQVLRQ�LQ�WKH��� VW FHQWXU\�LV�H[SHFWHG�WR�RFFXU� LQ�VXE�6DKDUDQ�$IULFD��DQG�SDUWLFXODUO\� LQ�$QJROD�� WKH�'HPRFUDWLF�5HSXEOLF�RI�&RQJR�� DQG�6XGDQ� �$OFDPR HW� DO� ������%UXLQVPD� ��������7KHVH�DUH�DPRQJ� WKH�PDMRU�UHPDLQLQJ�DUHDV�RI�WKH�(DUWK·V�VXUIDFH�WKDW�KDYH�KLJK�DJULFXOWXUDO�SRWHQWLDO��EXW�KDYH�QRW�\HW� EHHQ� H[WHQVLYHO\� FXOWLYDWHG�� 6LQFH� VRXWKHUQ� $IULFD� LV� RQH� RI� WKH� K LJKO\� ELRGLYHUVH�UHJLRQV�RI�WKH�ZRUOG��:&0&���������WKH�LPSDFW�RI�FOLPDWH�DQG�ODQG�XVH�FKDQJH�RQ�JOREDO�ELRGLYHUVLW\�KDV�WKH�SRWHQWLDO�WR�EH�GLVSURSRUWLRQDWHO\�KLJK�
7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�H[SORUH�WKH�LPSDFWV�RI�VHYHUDO�VFHQDULRV�RI�ODQG�XVH�DQG�FOLPDWH� FKDQJH� RQ� WKH� ELRGLYHUVLW\� RI� VRXWKHUQ� $IULFD� RYHU� WKH� ��VW FHQWXU\�� )RU� WKH�SXUSRVHV� RI� WKLV� SDSHU�� VRXWKHUQ� $IULFD� LV� GHILQHG� DV� WKH� UHJLRQ� FRPSULVLQJ� $QJROD��%RWVZDQD��/HVRWKR��0DODZL��0R]DPELTXH��1DPLELD��6RXWK�$IULFD��6ZD]LODQG��7DQ]DQLD��



��

=DPELD�DQG�=LPEDEZH��ZLWK�D�WRWDO�DUHD�RI�DERXW���PLOOLRQ�NP���:H�XVH�WKH�,QWHJUDWHG�0RGHO�WR�$VVHVV�WKH�*OREDO�(QYLURQPHQW��,0$*(�� �$OFDPR HW�DO� ������,0$*(�7HDP������� WR� PRGHO� IXWXUH� VFHQDULRV� RI� ODQG� XVH� DQG� FOLPDWH� FKDQFH� LQ� WKH� UHJLRQ�� 7KH�FRQVHTXHQFHV� RI� WKHVH� VFHQDULRV� IRU� WHUUHVWULDO� ELRGLYHUVLW\� DUH� DVVHVVHG� XVLQJ� WKH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[��ZKLFK�KDV�EHHQ�SURSRVHG�IRU�XVH� LQ�PRQLWRULQJ�SURJUHVV�WRZDUGV� WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\·V� �&%'�� WDUJHW�RI� UHGXFLQJ� WKH� UDWH�RI�ELRGLYHUVLW\�ORVV�E\�������6FKROHV�DQG�%LJJV�������
��� 6FHQDULRV�RI�ODQG�XVH�FKDQJH
)XWXUH� WUHQGV� LQ� FOLPDWH� DQG� ODQG� XVH� DUH� WKH� SURGXFW� RI� FRPSOH[� G\QDPLF� SURFHVVHV�GULYHQ� E\� GHPRJUDSKLF� FKDQJH�� VRFLR�HFRQRPLF� GHYHORSPHQW�� DQG� WHFKQRORJLFDO� DQG�LQVWLWXWLRQDO� FKDQJH�� 7KH� GHYHORSPHQW� RI� VWRU\OLQH �EDVHG� VFHQDULRV�� ZKLFK� DUH�VXEVHTXHQWO\� TXDQWLILHG� XVLQJ� ODUJH� LQWHJUDWHG� PRGHOV�� KDV� EHFRPH� D� SRSXODU� WRRO� WR�H[SORUH�SRVVLEOH�WUDMHFWRULHV�RI�FKDQJH��1DNLFHQRYLF�	�6ZDUW��������81(3��������0$�� LQ�SUHVV���7KH�PRVW�UHFHQW�RI�WKHVH�LQLWLDWLYHV��WKH�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��0$���IRFXVHG�VSHFLILFDOO\�RQ�TXDQWLI\LQJ�FKDQJHV�LQ�HFRV\VWHP�VHUYLFHV��DQG�ZDV�TXDQWLILHG�E\�D�VHOHFWLRQ�RI�ODUJH�LQWHJUDWHG�PRGHOV��7KH�0$�VFHQDULRV�SURYLGH�WKH�JUHDWHVW�GHWDLO�DQG�FRQVLVWHQF\� LQ� WHUPV�RI� LQWHJUDWHG�GULYHUV�RI� IXWXUH� ODQG �XVH� FKDQJH� LQ� WKH� UHJLRQ�� DQG�ZHUH�WKHUHIRUH�XVHG�LQ�WKLV�VWXG\�
7ZR�PDMRU� D[HV� GHILQH� WKH�0$� VFHQDULRV� �0$� � LQ� SUHVV��� L�� D� FRQWLQXXP� IURP� VWURQJ�JOREDOLVDWLRQ� WR� VWURQJ� UHJLRQDO�GHYHORSPHQW�� DQG� LL�� D� FRQWLQXXP� IURP�D� UHDFWLYH� WR� D�SURDFWLYH� DWWLWXGH� WRZDUGV� HFRORJLFDO� FKDQJH� DQG� HFRV\VWHP PDQDJHPHQW�� )RXU�FRUUHVSRQGLQJ� VFHQDULRV� ZHUH� GHYHORSHG� �7DEOH� ������ 7KH� *OREDO� 2UFKHVWUDWLRQ VFHQDULR�GHVFULEHV�D�ZRUOG�ZLWK�D�VWURQJ�IRFXV�RQ�VRFLDO�DQG�HFRQRPLF�GHYHORSPHQW��EXW�ZLWK�OHVV�HPSKDVLV�RQ�HFRORJLFDO�SURWHFWLRQ��(FRQRPLF�JURZWK�DQG�WHFKQRORJ LFDO�GHYHORSPHQW�DUH�UHODWLYHO\� IDVW��DQG� WKH�JOREDO�SRSXODWLRQ�SHDNV�DW�VOLJKWO\�PRUH�WKDQ���ELOOLRQ�SHRSOH� LQ������DV�D�FRQVHTXHQFH�RI�D�IDVW�GHFOLQH�LQ�IHUWLOLW\�OHYHOV��7KH� 7HFKQR�*DUGHQ�VFHQDULR�DOVR�GHVFULEHV�D�JOREDOL]HG�ZRUOG��ZLWK�UHODWLYHO\�UDSLG HFRQRPLF�JURZWK�DQG�D�UHODWLYHO\�ORZ�SRSXODWLRQ� WUDMHFWRU\�� +RZHYHU�� KHUH� D� VWURQJ� HPSKDVLV� LV� SODFHG� RQ� SURWHFWLQJ� WKH�HFRORJLFDO�VHUYLFHV�SURYLGHG�E\�HFRV\VWHPV��,Q�WKH�2UGHU�IURP�6WUHQJWK VFHQDULR��UHJLRQV�



��

7DEOH�����.H\�IHDWXUHV�RI�WKH�IRXU�0LOOHQQLXP�$VVHVVPHQW�VFHQDULRV��0$��LQ�SUHVV��
*/2%$/,=('

*OREDO�2UFKHVWUDWLRQ 7HFKQR�*DUGHQ
3RWHQWLDO�%HQHILWVx (FRQRPLF�SURVSHULW\�DQG�LQFUHDVHG�HTXDOLW\�GXH�WR�PRUH�HIILFLHQW�JOREDO�PDUNHWVx :HDOWK�LQFUHDVHV�GHPDQG�IRU�D�EHWWHU�HQYLURQPHQW�DQG�WKH�FDSDFLW\�WR�FUHDWH�D�EHWWHU�HQYLURQPHQW

,QDGYHUWHQW�&RQVHTXHQFHVx 3URJUHVV�RQ�JOREDO�HQYLURQPHQWDO�SUREOHPV�PD\�EH�LQVXIILFLHQW�WR�VXVWDLQ�ORFDO�DQG�UHJLRQDO�HFRV\VWHP�VHUYLFHVx %UHDNGRZQV�RI�HFRV\VWHP�VHUYLFHV�FUHDWH�LQHTXDOLW\��GLVSURSRUWLRQDWH�LPSDFWV�RQ�WKH�SRRU��x 5HDFWLYH�PDQDJHPHQW�PD\�EH�PRUH�FRVWO\�WKDQ�SUHYHQWLYH�RU�SURDFWLYH�PDQDJHPHQW

3RWHQWLDO�%HQHILWVx +LJKO\�HIILFLHQW�PDQDJHPHQW�DQG�XWLOL]DWLRQ�RI�HFRV\VWHPVx 7HFKQRORJLFDO�HQKDQFHPHQW�RI�HFRV\VWHP�VHUYLFHVx )RUZDUG�ORRNLQJ�PDUNHW�PHFKDQLVPV�HIILFLHQWO\�DOORFDWH�HFRV\VWHP�VHUYLFHV,QDGYHUWHQW�&RQVHTXHQFHVx ,QFUHDVLQJ�UHOLDQFH�RQ�SDUWLFXODU�WHFKQRORJLHV�PD\�GHFUHDVH�WKH�GLYHUVLW\�RI�V\VWHPV�IRU�SURYLGLQJ�HFRV\VWHP�VHUYLFHV��WKHUHE\�LQFUHDVLQJ�YXOQHUDELOLW\�WR�VXUSULVLQJ�EUHDNGRZQVx :LOGHUQHVV�GLVDSSHDUV�DV�´JDUGHQLQJµ�RI�QDWXUH�LQFUHDVHV��DQG�SHRSOH�KDYH�IHZHU�H[SHULHQFHV�RI�QDWXUHx /HVV�HFRQRPLF�JURZWK�EHFDXVH�RI�GLYHUVLRQ�RI�UHVRXUFHV�WR�HQYLURQPHQWDO�WHFKQRORJ\
5($&7,9( 352$&7,9(

2UGHU�IURP�6WUHQJWK $GDSWLQJ�0RVDLF
3RWHQWLDO�%HQHILWVx ,QFUHDVHG�VHFXULW\�IRU�WKRVH�ZKR�FDQ�DIIRUG�LWx 3ROLWLFDO�DQG�WUDGH�EDUULHUV�VORZ�WKH�VSUHDG�RI�LQYDVLYH�VSHFLHV�DQG�VRPH�GLVHDVHVx 6RPH�UHJLRQV�UHPDLQ�ZHOO �HQGRZHG�ZLWK�HFRV\VWHP�VHUYLFHV,QDGYHUWHQW�&RQVHTXHQFHVx /RZHU�HFRQRPLF�JURZWK�EHFDXVH�RI�IUDJPHQWDWLRQ��LQHTXDOLW\��FRQIOLFW��DQG�ORVW�KXPDQ�SRWHQWLDOx (QYLURQPHQWDO�GHJUDGDWLRQ�RI�WKH�JOREDO�FRPPRQV��DQG�ORVVHV�RI�HFRV\VWHP�VHUYLFHV�LQ�SRRU�UHJLRQVx 9XOQHUDELOLW\�GXH�WR�IUDJPHQWDWLRQ�RI�HFRV\VWHP�VHUYLFHV

3RWHQWLDO�%HQHILWVx ,QWHJUDWLRQ�RI�PDQDJHPHQW�LQVWLWXWL RQV�ZLWK�HFRORJLFDO�SURFHVVHV�WR�LPSURYH�WKH�UHVLOLHQFH�RI�HFRV\VWHP�VHUYLFHVx *URZWK�RI�DGDSWLYH�FDSDFLW\�WR�VXVWDLQ�HFRV\VWHP�VHUYLFHV�LQ�D�FKDQJLQJ�ZRUOG
,QDGYHUWHQW�&RQVHTXHQFHVx /LWWOH�SURJUHVV�RQ�JOREDO�HFRV\VWHP�SUREOHPVx /HVV�HFRQRPLF�JURZWK�WKDQ�PD[�SRVVLEOH�EHFDXVH�RI�UHJLRQDOL]DWLRQ�RI�HFRQRPLHV�DQG�LQHIILFLHQFLHV�RI�H[SHULPHQWDWLRQ

5(*,21$/,=('
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HPSKDVLVH� WKHLU� FXOWXUDO� LGHQWLW\� DQG�PRVW�RI� WKH�GHYHORSPHQW� WDNHV�SODFHV� LQ� VHSDUDWH�UHJLRQDO�EORFNV��7HFKQRORJLFDO�DQG�HFRQRPLF�GHYHORSPHQW�LQ�WK LV�VFHQDULR�LV�VORZHU�WKDQ�LQ� WKH� JOREDOL]HG� VFHQDULRV�� ZKLOH� VHFXULW\� IRUPV� D� GRPLQDQW� WKHPH� LQ� SROLF\ �PDNLQJ��)LQDOO\�� LQ�$GDSWLQJ�0RVDLF��UHJLRQDO�FRPPXQLWLHV�GHFLGH�WR�UHGLVFRYHU�WKHLU�UHODWLRQVKLSV�ZLWK�WKHLU�ORFDO�HQYLURQPHQW��'HYHORSPHQW�LV�WKHUHIRU H�IRFXVHG�DW�WKH�UHJLRQDO�OHYHO��ZLWK�D�PHGLXP�HFRQRPLF�JURZWK�SDWK�
7KHVH� IRXU� VFHQDULRV� UHVXOW� LQ� VLJQLILFDQW�GLIIHUHQFHV� LQ�KXPDQ�SRSXODWLRQV� DQG�ZHDOWK��H[SUHVVHG� DV� JURVV� GRPHVWLF� SURGXFW� �*'3�� SHU� FDSLWD�� LQ� VRXWKHUQ� $IULFD� E\� ������)LJXUH� ������ ,Q� WKH� WZR� JOREDOLVDWLRQ�RULHQWHG� VFHQDULRV�� *OREDO� 2UFKHVWUDWLRQ DQG�7HFKQR�*DUGHQ�� WKH�UHJLRQDO�*'3�ULVHV�DW�DERXW����SHU�\HDU��ZKHUHDV�LQ�WKH�PRUH�UHJLRQDOL]HG�2UGHU� IURP�6WUHQJWK�VFHQDULR�WKH�JURZWK�LV������SHU�\HDU��*'3�JURZWK�LQ�WKH�VHOI �UHOLDQW�$GDSWLQJ� 0RVDLF� VFHQDULR� OLHV� EHWZHHQ� WKHVH� H[WUHPHV�� 7KH� UHJLRQDO� SRSXODWLRQ� SHDNV�GXULQJ� WKH� ��VW FHQWXU\� LQ� DOO� VFHQDULRV�� DW� WZLFH� WKH� FXUUHQW� SRSXODWLRQ� LQ� *OREDO�2UFKHVWUDWLRQ LQ� ������ DQG� DW� WKUHH� WLPHV� WKH� FXUUHQW�SRSXODWLRQ� LQ� 2UGHU� IURP� 6WUHQJWK LQ�������$V�D�UHVXOW��LQGLYLGXDO�ZHDOWK�ULVHV�WHQIROG�LQ�WKH�IRUPHU�VFHQDULR��ZKHUHDV�LW�KDUGO\�LQFUHDVHV� RYHU� FXUUHQW� OHYHOV� LQ� WKH� ODWWHU�� 7KHVH� FKDQJHV� LQ� WRWDO� SRSXODWLRQ� DQG�LQGLYLGXDO�ZHDOWK�DUH�WKH�NH\�GULYHUV�RI�WKH�SDWWHUQ�RI�ODQG�XVH�FKDQJH�WKDW�HYROYHV XQGHU�

)LJXUH� ���� � 7UHQGV� LQ� SRSXODWLRQ� �D�� DQG�*'3� SHU� FDSLWD� �E�� IRU� WKH� SHULRG� ���� ������XQGHU� WKH� IRXU�0$� VFHQDULRV�� � 6FHQDULRV�ZLWK� VWURQJ� UHJLRQDOL]HG� JOREDO� GHYHORSPHQW��2UGHU� IURP� 6WUHQJWK DQG� $GDSWLQJ� 0RVDLF�� KDYH� KLJKHU� WRWDO� SRSXODWLRQV� DQGVXEVWDQWLDOO\�ORZHU�HFRQRPLF�JURZWK�

�
���
���
���
���

���� ���� ���� ���� ���� ���� ����

3RSX
ODWLRQ

��PLOO
LRQV�

Techno Garden

Global
Orchestration

Adapting
Mosaic

Order from 
Strength

�
�

��
��
��
��
��
��

���� ���� ���� ���� ���� ����

*'3�
SHU�F

DSLWD
�����

��86
��

*OREDO�2UFKHVWUDWLRQ
7HFKQR�*DUGHQ

$GDSWLQJ�0RVDLF
2UGHU�I URP�6WUHQJWK

�D� �E�



��

WKH�YDULRXV� VFHQDULRV��7KH�KLJKHU�SHU�FDSLWD�KXPDQ�ZHDOWK�� WKH�PRUH�SURWHLQ �ULFK�GLHWV�WHQG� WR� EH�� OHDGLQJ� WR� D� KLJKHU� GHPDQG� IRU� DQLPDO� SURGXFWV�� 7HFKQRORJLFDO� WUDQVIHUV�UHDFK� PRUH� ZHDOWK\� UHJLRQV� ILUVW� OHDGLQJ� WR� LQW HQVLILHG� DJULFXOWXUDO� SUDFWLFHV��¶LQWHQVLILFDWLRQ·���ZKLOH�OHVV�ZHDOWK\�VRFLHWLHV�LQFUHDVH�IRRG�SURGXFWLRQ�SUHGRPLQDQWO\�E\�HQODUJLQJ�WKH�FXOWLYDWHG�DUHD��¶H[WHQVLILFDWLRQ·��
��� 'DWD�DQG�PHWKRGV
7KH� IRXU�0$� VFHQDULRV�ZHUH� TXDQWLILHG�E\� D� VHOHFWLRQ�RI� ODUJH LQWHJUDWHG�PRGHOV��7KH�,0$*(�PRGHO�SURYLGHG�WKH�PRVW�GHWDLO�RQ�IXWXUH�ODQG�XVH�DQG�ODQG�FRYHU�FKDQJH�XQGHU�WKH�0$�VFHQDULRV��DQG�ZDV�WKHUHIRUH�VHOHFWHG�IRU�WKLV�VWXG\��:KLOH�VHYHUDO�RWKHU�GHWDLOHG�VWXGLHV�RI�IXWXUH�ODQG�XVH�FKDQJH�LQ�VXE�6DKDUDQ�$IULFD�H[LVW��WKH\�KDYH�WHQGHG�WR�KDYH�D�QDUURZHU�IRFXV��IRU�LQVWDQFH�IRFXVLQJ�RQ�FOLPDWH�FKDQJH�LPSDFWV�RQ�DJULFXOWXUH��)LVFKHU�HW�DO� �������UDWKHU�WKDQ�WKH�EURDGHU�VSHFWUXP�RI�GULYHUV�FRQVLGHUHG�LQ�WKH�0$�VFHQDULRV�DQG�RI�LQWHUHVW�LQ�WKLV�VWXG\�
7KH�,0$*(����0RGHOOLQJ�IUDPHZRUN
,0$*(�����FRQVLVWV�RI� D� VHW�RI� OLQNHG�DQG� LQWHJUDWHG�PRGHOV��ZKLFK� WRJHWKHU�GHVFULEH�LPSRUWDQW�HOHPHQWV�RI�WKH�FDXVDO�FKDLQ�RI�JOREDO�HQYLURQPHQWDO�FKDQJH��7KH�IUDPHZRUN�DQG� LWV� VXE�PRGHOV� KDYH� EHHQ� GHVFULEHG� LQ� GHWDLO� �$OFDPR HW� DO� ������ ,0$*(�7HDP�������/HHPDQV�DQG�(LFNKRXW������ ��,0$*(�KDV�EHHQ�XVHG�IRU�VHYHUDO�LPSRUWDQW�JOREDO�VFHQDULR� DQDO\VHV�� ,3&&·V�6SHFLDO�5HSRUW�RQ�(PLVVLRQ�6FHQDULRV� �1DNLFHQRYLF�	�6ZDUW��������� 81(3·V� *OREDO� (QYLURQPHQW� 2XWORRN� �81(3� � ����� DQG� WKH� 0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW� �0$�� LQ�SUHVV���,0$*(�LV�RQH�RI�WKH�IHZ�ODUJH�LQWHJUDWHG�JOREDO�PRGHOV�WKDW�UHSUHVHQWV�ODQG�XVH�RQ�D�VSDWLDOO\�H[SOLFLW�EDVLV�DQG�LQWHJUDWHV�HQYLURQPHQWDO�GULYHUV�VXFK�DV�FOLPDWH�FKDQJH��2WKHU�LPSRUWDQW�HOHPHQWV�RI�,0$*(�LQFOXGH�HPLVVLRQV�RI�JUHHQKRXVH�JDVVHV�DQG�UHJLRQDO�DLU�SROOXWDQWV��,Q�WKH�PRGHO��VRFLR �HFRQRPLF�SURFHVVHV�DUH�PRVWO\�PRGHOOHG�DW�WKH�OHYHO�RI����ZRUOG�UHJLRQV��ZKLOH�FOLPDWH��ODQG �XVH�DQG�VHYHUDO�HQYLURQPHQWDO�SDUDPHWHUV�DUH�PRGHOOHG�DW�D�����E\�����GHJUHH�UHVROXWLRQ��
,0$*(�PRGHOV�WKH�JOREDO�PHDQ�WHPSHUDWXUH�LQFUHDVH�EDVHG�RQ�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV�� &OLPDWH�FKDQJH� SDWWHUQV� DUH� QRW� VLPXODWHG� H[SOLFLWO\� LQ� WKH� ,0$*(�PRGHO��



��

,QVWHDG��WKH�JOREDO�PHDQ�WHPSHUDWXUH�LQFUHDVH�LV�OLQNHG�WR�FOLPDWH�SDWWHUQV�JHQHUDWHG�E\�D�JHQHUDO�FLUFXODWLRQ�PRGHO��*&0��IRU�WKH�DWPRVSKHUH�DQG�RFHDQV��7KLV�OLQNLQJ�WDNHV�SODFH�XVLQJ�WKH�VWDQGDUGLVHG�,3&&�SDWWHUQ�VFDOLQJ�DSSURDFK��&DUWHU�HW�DO�� ����� DQG�DGGLWLRQDO�SDWWHUQ�VFDOLQJ� IRU� WKH� FOLPDWH� UHVSRQVH� WR� VXOSKDWH� DHURVROV� IRUFLQJ� �6FKOHVLQJHU� HW� DO���������7KH� LPSOHPHQWDWLRQ�RI� WKHVH�DSSURDFKHV� LQ� WKH�,0$*(�PRGHO�DUH�GHVFULEHG� LQ�GHWDLO� E\� �(LFNKRXW� HW� DO�� � ������� *&0V� DUH� FXUUHQWO\� WKH� EHVW� WRROV� DYDLODEOH� IRU�VLPXODWLQJ� WKH� SK\VLFDO� SURFHVVHV� WKDW� GHWHUPLQH� JOREDO� FOLPDWH� G\QDPLFV� DQG� UHJLRQDO�FOLPDWH�SDWWHUQV�
7KH� ODQG�XVH� VXE�PRGHO�RI� ,0$*(�GLVWLQJXLVKHV����QDWXUDO� ODQG �FRYHU� W\SHV� �ELRPHV��DQG� �� DQWKURSRJHQLF� ODQG�FRYHU� W\SHV�� 7KH� DSSURDFK� XVHG� IRU�PRGHOOLQJ� WKH� SRWHQWLDO�GLVWULEXWLRQ� RI� FURSV� DQG� FURS� \LHOGV� LV� VLPLODU� WR� WKH� )$2·V� DJUR�HFRORJLFDO� ]RQHV�DSSURDFK��/HHPDQV�DQG�9DQ�GHQ�%RUQ��������7KH�%,20(�PRGHO��3UHQWLFH�HW�DO������� LV�XVHG�WR�GHWHUPLQH�WKH�SRWHQWLDO�GLVWULEXWLRQ�RI�ELRPHV��DQG�ELRPH�SDWWHUQV�DUH�XSGDWHG�HYHU\� ILYH� \HDUV�� 9HJHWDWLRQ� SDWWHUQV� FKDQJH� DV� D� UHVXOW� RI� FOLPDWH� FKDQJH�� WKH�DWPRVSKHULF� &2� FRQFHQWUDWLRQ�� DQG� PLJUDWLRQ� RI� VSHFLHV�� %,20(� FDOFXODWHV� DQ�LQVWDQWDQHRXV� HTXLOLEULXP� UHVSRQVH� WR� FOLPDWH� FKDQJH� E\� VKLIWLQJ� ELRPH� SDWWHUQV�� ,Q�UHDOLW\� VXFK� VKLIWV� WDNH� WLPH�� *UDVVHV� PLJUDWH� PRUH� UDSLGO\� WKDQ� ORQJ �OLYHG� WUHHV�� 7KH�PLJUDWLRQ�SURFHVV�LV�D�IXQFWLRQ�RI�WKH�UDWH�RI�FOLPDWH�FKDQJH��RULJLQDO�DQG�QHZ�YHJHWDWLRQ�W\SHV�� DQG� WKH� GLVWDQFH� WR� WKH� QHDUHVW� ORFDWLRQ�ZKHUH� WKH� QHZ� YHJHWDWLRQ� W\SH� DOUHDG\�H[LVWV��9DQ�0LQQHQ�HW�DO��������
&KDQJHV� LQ� WKH� DQWKURSRJHQLF� ODQG�XVH� FODVVHV� DUH� GULYHQ� E\� GHPDQGV� IRU� IRRG���LQFOXGLQJ� FURSV�� IHHG�� DQG� JUDVV� IRU� OLYHVWRFN��� WLPEHU� DQG� HQHUJ\� FURSV�� )RU� WKH�H[SDQVLRQ�RI�DJULFXOWXUDO� ODQG��D�UXOH�EDVHG� ¶VXLWDELOLW\�PDS·�GHWHUPLQHV�ZKLFK�JULG�FHOOV�DUH� VHOHFWHG�� &RQGLWLRQV� WKDW� HQKDQFH� WKH� VXLWDELOLW\� RI� D� JULG� FHOO� IRU� DJULFXOWXUDO�H[SDQVLRQ� DUH� LWV� SRWHQWLDO� FURS� \LHOG�� LWV� SUR[LPLW\� WR� RWKHU� DJULFXOWXUDO� DUHDV� DQG� LWV�SUR[LPLW\� WR�ZDWHU��/LNH� WKH�SRWHQWLDO�YHJHWDWLRQ�� WKH�SRWHQWLDO�FURS�\LHOG�FKDQJHV�RYHU�WLPH�EHFDXVH�RI�FOLPDWH�FKDQJH�



��

7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[
7KH�%,,�LV�DQ�DJJUHJDWH�LQGH[�ZKLFK�LV�LQWHQGHG�WR�SURYLGH�D�KLJK �OHYHO�RYHUYLHZ�RI�WKH�VWDWH�RI�ELRGLYHUVLW\�IRU�WKH�SXEOLF�DQG�GHFLVLRQ�PDNHUV��6FKROHV�DQG�%LJJV��������,W�ZDV�GHYHORSHG�IRU�XVH� LQ�WKH�6RXWKHUQ�$IULFDQ�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW� �6FKROHV�	�%LJJV��������%LJJV�HW�DO�������� WR�SURYLGH�D�V\QWKHWLF�DVVHVVPHQW�RI�ELRGLYHUVLW\�VWDWXV�LQ� WKH� UHJLRQ� DW� VHYHUDO� VSDWLDO� VFDOHV�� 7KH� %,,� FRPELQHV� LQIRUPDWLR Q� RQ� HFRV\VWHP�GLVWULEXWLRQ��VSHFLHV�ULFKQHVV�DQG�WKH�H[WHQW�DQG�LPSDFW�RI�PDMRU�ODQG�XVHV��7KH�%,,�FDQ�EH� FDOFXODWHG� XVLQJ� H[LVWLQJ� GDWD��ZKLOH�EHLQJ� DPHQDEOH� WR� WKH�XVH�RI�PRUH�GHWDLOHG�RU�KLJKHU�TXDOLW\�GDWD�VRXUFHV�LQ�IXWXUH��$Q�HUURU�EDU�FDQ�EH�DVVRFL DWHG�ZLWK�WKH�%,,��DQG�WKH�ORQJ�WHUP� UHVHDUFK� DQG� REVHUYDWLRQ� JRDO� FDQ� EH� GHILQHG� LQ� WHUPV� RI� VKULQNLQJ� WKH�XQFHUWDLQW\� UDQJH�� ,Q� DGGLWLRQ� WR� WKH� KLJK�OHYHO� V\QWKHWLF� VFRUH�� WKH� %,,� FDQ� EH�GLVDJJUHJDWHG�VSDWLDOO\��E\�HFRV\VWHP�RU�SROLWLFDO�ERXQGDULHV���E\� WD[RQRPLF�JURXS�RU�E\�KXPDQ�DFWLYLW\�WR�PHHW�WKH�PRUH�GHWDLOHG�LQIRUPDWLRQ�QHHGV�RI�RWKHU�XVHUV�
7KH�IXOO�PDWKHPDWLFDO�GHULYDWLRQ�RI�WKH�%,,�LV�JLYHQ�LQ�6FKROHV�DQG�%LJJV� ��������7KH�%,,�LV�IRUPDOO\�GHILQHG�DV�WKH�DYHUDJH��DFURVV�DOO�VSHFLHV�RI�ZHOO �NQRZQ�WHUUHVWULDO�ELRGLYHUVLW\��SODQWV�� PDPPDOV�� ELUGV�� UHSWLOHV� DQG� DPSKLELDQV��� RI� WKHLU� SRSXODWLRQV� DW� D� SDUWLFXODU�WLPH� UHODWLYH� WR� WKHLU� SRSXODWLRQV� DW� D� UHIHUHQFH� WLPH�� 7KH� UHIHUHQFH� LQ� WKLV� VWXG\�ZDV�QRPLQDOO\�WKH�SUH�FRORQLDO�SHULRG��L�H��SUH��������LQ�SUDFWLFH�FRQWHPSRUDU\�DEXQGDQFHV�LQ�ODUJH� SURWHFWHG� DUHDV� ZHUH� XVHG� DV� D� SUR[\�� 7KH� %,,� LV� FDOFXODWHG� DV� WKH� DYHUDJH�SRSXODWLRQ� LPSDFW� �,LMN�� RI� WKH� YDULRXV� KXPDQ� DFWLYLWLHV� WKDW� PDNH� XS� WKH� WHUUHVWULDO�ODQGVFDSH��ZHLJKWHG�E\� WKH�H[WHQW�RI�HDFK�DFWLYLW\� �$MN��DQG� WKH�VSHFLHV� ULFKQHVV�RI� WKH�DUHDV�DIIHFWHG��5LM��

ZKHUH ,LMN LV�WKH�SRSXODWLRQ�RI�WD[RQ� L XQGHU�ODQG�XVH�DFWLYLW\�N LQ�HFRV\VWHP�M��UHODWLYH�WR�D�UHIHUHQFH�SRSXODWLRQ�LQ�WKH�VDPH�HFRV\VWHP�W\SH�5LM LV�WKH�ULFKQHVV��QXPEHU�RI�VSHFLHV��RI�WD[RQ� L LQ�HFRV\VWHP�M��DQG$MN LV�WKH�DUHD�RI�ODQG�XVH�N LQ�HFRV\VWHP�M�

$5
,$5
MNLM
LMNMNLM¦¦¦¦¦¦ 

L M N
L M N%,,



��

6SHFLHV�E\�VSHFLHV�GDWD�IRU�HVWLPDWLQJ� ,LMN� WKH�LPSDFW�RI�D�SDUWLFXODU ODQG�XVH�DFWLYLW\�RQ�D�SDUWLFXODU� JURXS� RI� RUJDQLVPV�� LV� VHOGRP� DYDLODEOH�� SDUWLFXODUO\� LQ� PDQ\� RI� WKH� KLJKO\�ELRGLYHUVH��GHYHORSLQJ� UHJLRQV�RI� WKH�ZRUOG��6FKROHV�DQG�%LJJV� ������ WKHUHIRUH�XVHG�D�SDQHO�RI�VL[WHHQ�H[SHUWV�WR�LQGHSHQGHQWO\�HVWLPDWH�WKH�FKDQJH�LQ�SRSXODWLRQ�DEXQGDQFHV�RI�ILYH�WD[D��SODQWV��PDPPDOV��ELUGV��UHSWLOHV��DQG�DPSKLELDQV��IRU�D�UDQJH�RI�KXPDQ�ODQG�XVH�DFWLYLWLHV��7DEOH��������(VWLPDWHV�ZHUH�PDGH�IRU�HDFK�RI�DERXW�WHQ�IXQFWLRQDO�W\SHV�SHU�EURDG� WD[RQ�� IRU� HDFK� RI� VL[� PDMRU� ELRPH� W\SHV� �IRUHVW�� VDYDQQD�� JUDVVODQG�� DULG�VKUXEODQGV��I\QERV DQG�ZHWODQG��LQ�VRXWKHUQ�$IULFD��7KHVH�HVWLPDWHV�ZHUH�DJJUHJDWHG�XS�WR�WKH�EURDG�WD[RQ�OHYHO�E\�ZHLJKWLQJ�E\�WKH�VSHFLHV�ULFKQHVV�RI�HDFK�IXQFWLRQDO�W\SH��
6SHFLHV�ULFKQHVV��5LM��LV�W\SLFDOO\�DYDLODEOH�DV�WKH�ULFKQHVV�SHU�EURDG�WD[RQRPLF�JURXS��SHU�HFRV\VWHP�W\SH��,Q�WKLV�VWXG\��VSHFLHV�ULFKQHVV�GDWD� �::)�86������� DVVRFLDWHG�ZLWK�WKH�::)�(FRUHJLRQV� �2OVRQ� HW� DO�� ����� ZHUH�XVHG�� �$MN�� WKH�DUHD�RI� D�SDUWLFXODU� ODQG�XVH�ZLWKLQ� D� VSHFLILF� HFRV\VWHP� W\SH�� LV� GHWHUPLQHG� E\� RYHUOD\LQJ� ODQG� XVH� DQG� HFRV\VWHP�PDSV��,Q�WKLV�VWXG\��WKH�,0$*(�PRGHO�ZDV�XVHG�WR�FDOFXODWH�$MN E\�UHODWLQJ�WKH�,0$*(�ODQG�FRYHU�FODVVHV�WR� WKH�ODQG�XVHV�DQG�ELRPHV�GHILQHG�E\�6FKROHV�DQG�%LJJV� ������ IRU�FROOHFWLQJ�WKH�,LMN SRSXODWLRQ�LPSDFW�YDOXHV��7DEOH������
0RGHOOLQJ�VFHQDULRV�RI�ELRGLYHUVLW\�LQWDFWQHVV�XVLQJ�,0$*(�
&KDQJHV� LQ� WKH� %,,� RI� VRXWKHUQ� $IULFD� RYHU� WKH� �� VW FHQWXU\� ZHUH� DVVXPHG� WR� EH� D�IXQFWLRQ� RI� FKDQJHV� LQ� WKH� DUHD� XQGHU� GLIIHUHQW� IRUPV� RI� ODQG� XVH� DQG� VKLIWV� LQ� WKH�GLVWULEXWLRQ� RI� ELRPHV�� L�H�� FKDQJHV� LQ� $MN�� &KDQJHV� LQ� ODQG� XVHV� DQG� ELRPHV� ZHUH�PRGHOOHG�DW�D�GHFDGDO�WLPH�VWHS�XQGHU�WKH�IRXU�0$�VFHQDULRV�XVLQJ�WKH�,0$*(�PRGHO��&KDQJHV� LQ� ODQG� XVH� SURMHFWHG� E\� ,0$*(� UHVXOW� IURP� WKH� FRPELQHG� HIIHFWV� RI�PDQ\�YDULDEOHV�� LQFOXGLQJ� SRSXODWLRQ� JURZWK�� FOLPDWH� FKDQJH� DQG FKDQJHV� LQ� WKH� LQWHQVLW\� RI�DJULFXOWXUDO�SUDFWLFHV��7KH�LPSDFW�RI�VSHFLILF�W\SHV�RI�ODQG�XVH�RQ�WKH�DEXQGDQFH�RI�ZLOG�RUJDQLVPV��,LMN��ZDV�DVVXPHG�WR�UHPDLQ�XQFKDQJHG�GXULQJ�WKH�VLPXODWLRQ�SHULRG��DQG�QR�QHZ� ODQG� XVHV� ZHUH� LQWURGXFHG�� 6LQFH� VSHFLHV� ULFKQH VV� GDWD� ZHUH� QRW� DYDLODEOH� DW� WKH�ELRPH�OHYHO��VSHFLHV�ULFKQHVV�SHU�ELRPH�ZDV�WDNHQ�DV�WKH�DYHUDJH�ULFKQHVV�RI�HDFK�WD[RQ�SHU�HFRUHJLRQ��2OVRQ�HW�DO� ������::)�86��������



��

7DEOH� ���� /DQG� XVH� FODVVHV� XVHG� WR� PRGHO� FKDQJHV� LQ� ELRGLYHUVLW\� LQWDFWQHVV� �%,,���([LVWLQJ�,0$*(�ODQG�FRYHU�FODVVHV�ZHUH�UHODWHG�DV�FORVHO\ DV�SRVVLEOH�WR�WKHVH�ODQG�XVH�FODVVHV�LQ�RUGHU�WR�FDOFXODWH�WKH�%,,��
/DQG�XVH 'HVFULSWLRQ &RUUHVSRQGLQJ�,0$*(�FODVVHV %,,��DYHUDJHG�DFURVV�WD[D�DQG�ELRPHV�8UEDQ 'HQVH�XUEDQ�DQG�LQGXVWULDO�DUHDV��PLQHV�DQG�TXDUULHV

1R�FRUUHVSRQGLQJ�,0$*(�FODVV �����
3ODQWDWLRQ 3ODQWDWLRQ�IRUHVWU\��PDLQO\�SLQH�DQG�HXFDO\SW�VSHFLHV

1R�FRUUHVSRQGLQJ�,0$*(�FODVV �����
&XOWLYDWHG &RPPHUFLDO�DQG�VXEVLVWHQFH�FURS�DJULFXOWXUH��DQG�LQWHQVLYH�¶LQGXVWULDO·�JUD]LQJ

$JULFXOWXUDO�ODQG��FURSODQG�IUDFWLRQ�DQG�D�SRUWLRQ�RI�WKH�JUDVVODQG�IUDFWLRQ���$OVR�IUDFWLRQ�RI�WKH�H[WHQVLYH�JUDVVODQG�FODVV�LQ�FDVHV�ZKHUH�WKH�DJULFXOWXUDO�ODQG�FODVV�FDQQRW�DFFRPPRGDWH�WKH�IXOO�H[WHQW�RI�WKH�SURMHFWHG�FXOWLYDWHG�DUHD�

�����

'HJUDGHG &OHDU�FXW�ORJJLQJ��DUHDV�VXEMHFW�WR�LQWHQVH�KDUYHVWLQJ��KXQWLQJ�RU�ILVKLQJ��DUHDV�LQYDGHG�E\�DOLHQ�SODQWV
5HJURZWK�DUHDV��DIWHU�DEDQGRQPHQW�RU�WLPEHU�FXW��FODVVHV��)UDFWLRQV�RI�WKH�DJULFXOWXUDO�ODQG��H[WHQVLYH�JUDVVODQG��ZDUP�PL[HG�IRUHVW��JUDVVODQG�DQG�VWHSSH��KRW�GHVHUW��VFUXEODQG�DQG�VDYDQQD�FODVVHV

�����

0RGHUDWH�XVH )RUHVW�DUHDV�XVHG�E\�LQGLJHQRXV�SHRSOH��JUDVVODQGV�JUD]HG�ZLWKLQ�WKHLU�VXVWDLQDEOH�FDUU\LQJ�FDSDFLW\
$OO�UHPDLQLQJ�DUHDV�QRW�FODVVLILHG�LQWR�RQH�RI�WKH�RWKHU�ILYH�%,,�ODQG�XVH�FDWHJRULHV �����

3URWHFWHG /DUJH�SURWHFWHG�DUHDV %LRUHVHUYHV ����

)RU�WKH�SXUSRVHV�RI�WKLV�VWXG\��D�QHZ�,0$*(�ELRPH�� I\QERV��ZDV�GHILQHG�DV�D�VXEVHW�RI�WKH�,0$*(�VFUXEODQG�FODVV�WR�PDWFK�WKH�ELRPHV�GHILQHG�E\�6FKROHV�DQG�%LJJV� ��������7KH�H[WHQW�RI� I\QERV ZDV�GHWHUPLQHG�E\�WKH�RYHUODS�EHWZHHQ�WKH�,0$*(�VFUXEODQG�FODVV�DQG�WKH� I\QERV FODVV�PDSSHG�E\�/RZ�DQG�5HEHOR� ��������7KLV PHDQV�WKDW�WKH�PD[LPXP�H[WHQW�RI� I\QERV DV�DSSOLHG� LQ� WKLV� VWXG\� LV� HTXDO� WR�RU�VPDOOHU� WKDQ� WKH�DUHD�PDSSHG�E\�/RZ�DQG�5HEHOR���������7KLV�LV�MXVWLILHG�E\�WKH� IDFW�WKDW� I\QERV YHJHWDWLRQ�LV�UHVWULFWHG�WR�WKH� QXWULHQW� SRRU� PRXQWDLQRXV� DUHDV� RI� WKH� 6RXWK �ZHVWHUQ� &DSH� 3URYLQFH� RI� 6RXWK�$IULFD��DQG�LV�QRW�SURMHFWHG�WR�XQGHUJR�VXEVWDQWLDO�FKDQJHV� LQ�DUHDO�FRYHU�DV�D�UHVXOW�RI�FOLPDWH�FKDQJH��5XWKHUIRUG�HW�DO� �������
6HYHUDO�ODQG�XVH�FODVVHV�GHILQHG�E\�6FKROHV�DQG�%LJJV� ������ IRU�FDOFXODWLRQ�RI�WKH�%,,�DUH�QRW�UHSUHVHQWHG��RU�RQO\�SDUWLDOO\�UHSUHVHQWHG�� LQ�WKH�,0$*(�PRGHO��7KHVH�LQFOXGH�WKH�



��

SURWHFWHG��XUEDQ�DQG�GHJUDGHG�FODVVHV��,0$*(�UHSUHVHQWV�RQO\�LQWHUQDWLRQDO�ELRUHVHUYHV�DQG�QRW�RWKHU�VWDWH� DQG�SULYDWHO\�RZQHG�UHVHUYHV��DQG�WKH�DUHD�RI�ELRUHVHUYHV�GRHV�QRW�FKDQJH�RYHU� WLPH�RU�GLIIHU�EHWZHHQ�VFHQDULRV��*LYHQ�WKH�VWHHS�ULVH� LQ�SURWHFWHG�DUHD� LQ�VRXWKHUQ�$IULFD�GXULQJ�WKH�����V��WKH�ODFN�RI�D�G\QDPLFDOO\ �FKDQJLQJ�SURWHFWHG�DUHD�FODVV�LV�D�OLPLWDWLRQ�RI�WKH�FXUUHQW�YHUVLRQ�RI�WKH�,0$*(�ODQG�FRYHU�PRGHO��7KH�H[SDQVLRQ�RI�SURWHFWHG�DUHD�LQ�WKH�UHJLRQ�LV��KRZHYHU��H[SHFWHG�WR�VDWXUDWH�LQ�WKH�HDUO\��� VW FHQWXU\�DW�EHWZHHQ� ���� DQG� ����RI� WKH� WRWDO� ODQG� DUHD�� VR� WKH� SRWHQWLDO� HIIHFW� RQ�RXU� UHVXOWV� LV�FRQVWUDLQHG��6LPLODUO\�� ,0$*(�GRHV�QRW� LQFRUSRUDWH�DQ�XUEDQ�ODQG�XVH�FODVV��EXW�DJDLQ�WKH�WRWDO�DUHD�LQ�TXHVWLRQ�LV�UHODWLYHO\�VPDOO��OHVV�WKDQ�����DQG�WKH�SRWHQWLDO�HIIHFW�RQ�RXU�UHVXOWV�WKXV�OLPLWHG��
7KH� GHJUDGHG� ODQG� XVH� FODVV� LV� DOVR� QRW� GLUHFWO\� UHSUHVHQWHG� LQ� ,0$*(�� EXW� EHFDXVH�GHJUDGDWLRQ� LV� H[SHFWHG� WR�SRWHQWLDOO\�KDYH�PDMRU� LPSDFWV�RQ�EL RGLYHUVLW\� LQ� WKH�UHJLRQ��6FKROHV�DQG�%LJJV� �������DQ�DWWHPSW�ZDV�PDGH�WR�LQFRUSRUDWH�LW�DV�D�G\QDPLF�ODQG�XVH�FODVV� LQ� WKLV� DQDO\VLV�� ,Q� DGGLWLRQ� WR� WKH� WZR� ,0$*(� FODVVHV� WKDW� ZHUH� GHILQHG� DV�GHJUDGHG��7DEOH������� WKH�GHJUDGHG�IUDFWLRQ�ZLWKLQ� WKH�RWKHU�FODVVHV�ZDV�GHWHUPLQHG�E\�RYHUOD\LQJ� WKH�%,,� ODQG� XVH�PDS�GHULYHG�E\� �6FKROHV� DQG�%LJJV� ����� RQ� WKH� ,0$*(�ODQG�FRYHU�PDS��7KH�GHJUDGHG�IUDFWLRQ�LQ�HDFK�RI�WKHVH�FODVVHV�ZDV�DGMXVWHG�RYHU�WLPH�LQ�SURSRUWLRQ�WR�WKH�SRSXODWLRQ�WUHQG�LQ�WKH�UHJLRQ��ZKLFK�GLIIHUHG�E\�VFHQDULR��
7KH�H[WHQW�RI� WKH� ,0$*(�DJULFXOWXUDO� ODQG� FODVV� LQ� WKH�EDVH�VLPXODWLRQ� LV� VXEVWDQWLDOO\�ODUJHU� WKDQ� WKH� FXUUHQW� H[WHQW� RI� FXOWLYDWLRQ� DV�PDSSHG� RQ� VDWHOOLWH �GHULYHG� ODQG� FRYHU�PDSV��7KH�,0$*(�DJULFXOWXUDO�ODQG�FODVV�ZDV�WKHUHIRUH�VXEGLYLGHG�LQWR�D�FURSODQG�FODVV�DQG� D� JUDVVODQG� FODVV� XVLQJ� WKH� IUDFWLRQ� RI� JUDVVODQG� ZLWKLQ� HDFK� FHOO�� DV� JLYHQ� LQ� WKH�,0$*(�RXWSXW��7KH�FURSODQG�DUHD�ZDV�DVVLJQHG�DV�FXOWLYDWHG��7KH�JUDVVODQG�DUHD�FRXOG�EH�HLWKHU�LQWHQVLYHO\�XVHG��IRU�H[DPSOH�WR�JURZ�IRGGHU�IRU�OLYHVWRFN��RU�H[WHQVLYHO\�XVHG�DV� UDQJHODQG� IRU� OLYHVWRFN� JUD]LQJ�� %DVHG� RQ�%RXZPDQ� HW� DO� ��������ZH� FRQVWUXFWHG� D�UHODWLRQVKLS� EHWZHHQ� WKH� DPRXQW� RI� JUDVV� FRQVXPSWLRQ� SHU� KHFWDUH� DQG� WKH� JUD]LQJ�LQWHQVLW\� �)LJXUH ������ 8VLQJ� WKLV� UHODWLRQVKLS� DQG� ,0$*(� GDWD� RQ� JUDVV� FRQVXPSWLRQ�DQG� JUDVVODQG� DUHD��ZH� FDOFXODWHG� DQG�SURMHFWHG� WKH� DUHD� RI� LQWHQVLYHO\� DQG� H[WHQVLYHO\�XVHG�JUDVVODQG�XQGHU�HDFK�0$�VFHQDULR��7KH�LQWHQVLYHO\�XVHG�JUDVVODQG�ZDV�DVVLJQHG�WR�WKH�FXOWLYDWHG�ODQG�XVH�FODVV��7KH�H[WHQVLYHO\�XVHG�JUDVVODQG�ZDV�GHVLJQDWHG�DV�PRGHUDWH�



���

)LJXUH�����7KH�UHODWLRQVKLS�EHWZHHQ�JUDVV�FRQVXPSWLRQ�E\�OLYHVWRFN��JUD]LQJ�LQWHQVLW\��DQG�WKH�IUDFWLRQ�RI�JUDVVODQG�H[WHQVLYHO\�XVHG��EDVHG�RQ�,0$*(�GDWD�IRU������DQG�������7KH�IUDFWLRQ�RI�JUDVVODQG�XQGHU�H[WHQVLYH�XVH�LV�JLYHQ�E\�WKH�IROORZLQJ�HTXDWLRQ��)UDFWLRQ�H[WHQVLYHO\�XVHG�JUDVVODQG�� �������� ² �������
�/1�JUDVV�FRQVXPSWLRQ���7KH�IUDFWLRQ�RI�LQWHQVLYHO\�XVHG�JUDVVODQG�LV�VLPSO\�WKH�LQYHUVH�IUDFWLRQ�
XVH� DQG� GLVWULEXWHG� RYHU WKH� UHPDLQLQJ� DUHD� RI� WKH� ,0$*(� DJULFXOWXUDO� ODQG� DQG�H[WHQVLYH� JUDVVODQG� FODVVHV��:KHUH� WKH� UHPDLQLQJ�DUHD� LQ� WKH�DJULFXOWXUDO� ODQG�FODVV�ZDV�WRR� VPDOO� WR�DFFRPPRGDWH�DOO� WKH� UHTXLUHG�FURSODQG�DQG�RU� LQWHQVLYHO\�XVHG�JUDVVODQG��WKH�UHPDLQGHU�ZDV�DOORFDWHG�LQ�WKH�,0$*(�H[WHQVLYH�JUDVVODQG�FODVV��$OO�WKH�XQDVVLJQHG�¶QDWXUDO·�DUHD�ZDV�FODVVLILHG�DV�PRGHUDWH�XVH�
��� 5HVXOWV�DQG�GLVFXVVLRQ
$�VXEVWDQWLDO�DQG�RQJRLQJ�ORVV�RI�ELRGLYHUVLW\�LV�SURMHFWHG�IRU�6RXWKHUQ�$IULFD�XQGHU�DOO�IRXU�0$�VFHQDULRV�GXULQJ� WKH��� VW FHQWXU\� �)LJXUH�������7KH�%,,� LQ������ZDV������%,,�HVWLPDWHV� IRU� ����� UDQJH� EHWZHHQ� ���� LQ� WKH� UHJLRQDOL]HG�� SURDFWLYH� $GDSWLQJ� 0RVDLFVFHQDULR� DQG� ���� LQ� WKH� JOREDOL]HG�� UHDFWLYH� *OREDO� 2UFKHVWUDWLRQ VFHQDULR��7KH� DEVROXWH�GHFOLQH�EHWZHHQ������DQG������ LV� HVWLPDWHG�DV������XQGHU� WKH� 7HFKQR� *DUGHQ VFHQDULR��DQG� �����XQGHU� DOO� RWKHU� VFHQDULRV��7KLV� LV� KLJKHU� WKDQ� WKH� UDWH� RI� ����� HVWLPDWHG�E\�6FKROHV�DQG�%LJJV������� IRU�WKH�GHFDGH�RI�WKH�����V�IRU�WKH�VRXWKHUQ�SDUW�RI�WKH�UHJLRQ��VXJJHVWLQJ� WKDW� WKH� &%'� WDUJHW� RI� UHGXFLQJ� WKH� UDWH� RI� ELRGLYHUVLW\� ORVV� E\� ����� ZLOO�UHPDLQ� RXW� RI� UHDFK�� 8QGHU� DOO� VFHQDULRV�� WKH� GHFOLQH� LQ� ELRGLYHUVLW\� LV� SURMHFWH G� WR�
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DFFHOHUDWH�EHWZHHQ�DERXW������DQG�������ZLWK�DEVROXWH�UDWHV�UDQJLQJ�IURP������WR������SHU�GHFDGH��8QGHU�WKH�$GDSWLQJ�0RVDLF VFHQDULR�WKH�UDWH�RI�ELRGLYHUVLW\�ORVV�IDOOV�WR������SHU�GHFDGH�DIWHU�������8QGHU�WKH�RWKHU�VFHQDULRV��DEVROXWH�UDWHV�RI�GHFOLQ H�UDQJH�EHWZHHQ����DQG����SHU�GHFDGH�E\�WKH�HQG�RI�WKH��� VW FHQWXU\��8QGHU�QR�VFHQDULR�GRHV�D�GHFDGDO�LQFUHDVH�LQ�%,,�RFFXU�EHIRUH�������
7KH�PDMRU�GULYHU�RI�WKH�RQJRLQJ�GHFOLQH�LQ�ELRGLYHUVLW\�LV�DJULFXOWXUDO�H[SDQVLRQ�DQG�WKH�LQWHQVLILFDWLRQ�RI� OLYHVWRFN�SURGXFWLRQ� �)LJXUH�������7KH�SURMHFWHG� ODQG�XVH�FKDQJHV�DUH�WULJJHUHG� E\� DQ� LQFUHDVLQJ� GHPDQG� IRU� FURS� SURGXFWV�� LQGXFHG� E\� KXPDQ� SRSXODWLRQ�JURZWK�� DQG� D� ULVLQJ� GHPDQG� IRU� DQLPDO� SURGXFWV� OLQNHG� WR� D� ULVH� LQ� SHU� FDSLWD�*'3��)LJXUH� ������ $OO� VFHQDULRV� SURMHFW� D� UDSLG� LQFUHDVH� LQ� WKH� WRWDO� SURGXFWLRQ� DQG�FRQVXPSWLRQ� RI� DQLPDO� SURGXFWV�� PRVW� VWURQJO\� LQ� WKH� ZHDOWK\� JOREDOL]HG� VFHQDULRV��*OREDO�2UFKHVWUDWLRQ DQG�7HFKQR�*DUGHQ���$OWKRXJK�WKH�PDMRULW\�RI�OLYHVWRFN�LQ�WKH�UHJLRQ�DUH�FXUUHQWO\�UDLVHG�RQ�QDWXUDO YHJHWDWLRQ��VDYDQQD��JUDVVODQG�DQG�VKUXEODQGV���ZKLFK�KDV�D� UHODWLYHO\� PLQRU� LPSDFW� RQ� ELRGLYHUVLW\�� WKH� FDSDFLW\� IRU� LQFUHDVHG� SURGXFWLRQ� IURP�WKHVH� ¶H[WHQVLYH·� SUDFWLFHV� LV� OLPLWHG�� SDUWLFXODUO\� LQ� WKH� QXWULHQW �SRRU� ZRRGODQGV� WKDW�FRYHU� WKH�PRLVWHU�SDUW RI� WKH�VWXG\�DUHD��7KHUHIRUH�� VDWLVI\LQJ� WKH�SURMHFWHG� LQFUHDVH� LQ�GHPDQG�ZLOO�UHTXLUH�D�VXEVWDQWLDO�LQFUHDVH�LQ�OLYHVWRFN�UDLVHG�RQ�SODQWHG�DQG�IHUWLOLVHG

)LJXUH�����%,,�WUHQGV�����������XQGHU�WKH�IRXU�0$�VFHQDULRV��7KH�ORZHVW�%,,�LQ������LV�SURMHFWHG�XQGHU�WKH�JOREDOL]HG��UHDFWLYHO\�PDQDJHG�*OREDO�2UFKHVWUDWLRQ VFHQDULR��ZKHUH�SHU�FDSLWD�LQFRPHV�DUH�KLJKHVW�DQG�WRWDO�SRSXODWLRQ�ORZHVW��)LJXUH�������7KH�OHDVW�ORVV�LQ�%,,�LV�SURMHFWHG�XQGHU�WKH�UHJLRQDOL]HG��SURDFWLYHO\�PDQDJHG� $GDSWLQJ�0RVDLF VFHQDULR��ZKHUH�WKH�WRWDO�SRSXODWLRQ�LV�UHODWLYHO\�ODUJH�DQG�LQFRPH�SHU�FDSLWD�UHODWLYHO\�ORZ�
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*OREDO2UFKHVWUDWLRQ
7HFKQR�*DUGHQ2UGHU�IURP�6WUHQJWK
$GDSWLQJ�0RVDLF
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SDVWXUHV� FOHDUHG� IURP�ZRRGODQGV�� RU� RQ� IHHGV� GHULYHG� IURP� FXOWLYDWLRQ�� VXFK� DV�PDL]H�DQG� VR\EHDQV�� 7KH� UHODWLYHO\� KLJKHU� FRQVXPSWLRQ� SHU� FDSLWD� DQG� JUHDWHU� VKLIW� WR�LQWHQVLYHO\� SURGXFHG� SURWHLQ�ULFK� IRRGV�� XQGHUOLHV� WKH� ODUJH� FXOWLYDWHG� DUHD� �PDNLQJ� XS�DERXW� KDOI� WKH� ODQG� DUHD� E\� ������� DQG� FRQVHTXHQW� KLJK� ORVV� RI� ELRGLYHUVLW\� SURMHFWHG�XQGHU�WKH�*OREDO�2UFKHVWUDWLRQ�DQG�7HFKQR�*DUGHQ VFHQDULRV��)LJXUH�������7KLV�LV�GHVSLWH WKH�IDFW�WKDW�SURGXFWLRQ�SHU�XQLW�ODQG�LV�KLJKHU�WKDQ�XQGHU�WKH�2UGHU�IURP�6WUHQJWK DQG�$GDSWLQJ�0RVDLF VFHQDULRV�� 7KH� ORZ�FDORULF� SUHIHUHQFHV� XQGHU� WKH� 7HFKQR� *DUGHQ� VFHQDULR� H[SODLQ�WKH�VPDOOHU�IUDFWLRQ�RI�FXOWLYDWHG�ODQG�FRPSDUHG�WR�WKH�*OREDO�2UFKHVWUDWLRQ VFHQDULR�

)LJXUH�����7UHQGV�LQ�ODQG�XVH�����������XQGHU�WKH�IRXU�0$�VFHQDULRV��&XOWLYDWHG� DUHD�� LQ� WKH� IRUP� RI� FURSODQG� DQG� SODQWHG� SDVWXUHV� IRU�OLYHVWRFN�IRGGHU�� LV�WKH�PDMRU�GULYHU�RI�WKH�SURMHFWHG�ELRGLYHUVLW\�ORVV�LQ� VRXWKHUQ� $IULFD� RYHU� WKH� �� VW FHQWXU\�� 3URWHFWHG� DUHD� UHPDLQV�FRQVWDQW�WKURXJKRXW�WKH�VLPXODWLRQ�SHULRG�XQGHU�DOO�VFHQDULRV��DW������RI� WKH� WRWDO� ODQG� DUHD� RI� �� ���� ���� NP��� 7KH� DUHD� RI� GHJUDGHG� ODQG�IROORZV�WUHQGV�LQ�KXPDQ�SRSXODWLRQ��VHH�PHWKRGV���

7HFKQR�*DUGHQ
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*OREDO�2UFKHVWUDWLRQ
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2UGHU�IURP�6WUHQJWK
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$GDSWLQJ�0RVDLF

��
���
���
���
���

����

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
3URWHFWHG'HJUDGHG0RGHUDWH�XVH��RWKHU�0RGHUDWH�XVH��JUD]LQJ�&XOWLYDWHG�SDVWXUH&XOWLYDWHG�FURSV
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,Q� WKH� WZR� VFHQDULRV� ZLWK� D� VWURQJ� UHJLRQDOL]HG� JOREDO� HFRQRP\� DQG� ORZHU� HFRQRPLF�JURZWK� �2UGHU� IURP� 6WUHQJWK DQG�$GDSWLQJ�0RVDLF��� WKH� WRWDO�FXOWLYDWHG�DUHD� LV� VPDOOHU��DQG�WKH� LPSDFW� RQ� ELRGLYHUVLW\� E\� ����� FRQVHTXHQWO\� OHVV�� 7KLV� VLWXDWLRQ� LV� GULYHQ� E\� WKH�ODUJHU��EXW�SRRUHU�KXPDQ�SRSXODWLRQV�H[SHFWHG�XQGHU�WKHVH�WZR�VFHQDULRV��)LJXUH�������VR�WKDW� IRGGHU�SURGXFWLRQ�IRU� OLYHVWRFN�PDNHV�XS�D�VPDOOHU� IUDFWLRQ�RI� WKH� WRWDO�FXOWLYDWHG�DUHD��,QVWHDG��D�JUHDWHU�IUDFWLRQ�RI�OLYHVWRFN�DUH�UDLVHG�RQ�QDWXUDO�YHJHWDWLRQ�E\�H[WHQVLYH�SUDFWLFHV��8QGHU�$GDSWLQJ�0RVDLF D�ODUJHU�IUDFWLRQ�RI�WKH�FXOWLYDWHG�DUHD�FRQVLVWV�RI�FURSV�IRU� GLUHFW� KXPDQ� FRQVXPSWLRQ� FRPSDUHG� WR� WKH� WZR� JOREDOL]HG� VFHQDULRV� �)LJXUH� ������'HVSLWH�WKH�JUHDWHU�SHU�FDSLWD�ZHDOWK�LQ�WKH�$GDSWLQJ�0RVDLF VFHQDULR��WKH�DUHD�GHYRWHG�WR�WKH FXOWLYDWLRQ� RI� IRGGHU� FURSV� LV� ORZHU� WKDQ� LQ� WKH� 2UGHU� IURP� 6WUHQJWK VFHQDULR�� 7KH�VWDELOLVLQJ� DUHD� RI� FXOWLYDWHG� ODQG� XQGHU� WKH� $GDSWLQJ� 0RVDLF� VFHQDULR� H[SODLQV� WKH�GHFOLQLQJ�UDWH�RI�ELRGLYHUVLW\�ORVV�LQ�WKDW�VFHQDULR�DIWHU�������)LJXUH�������
'LIIHUHQFHV�EHWZHHQ�ELRPHV
3URMHFWHG� GLIIHUHQFHV� EHWZHHQ� ELRPHV� E\� ����� DUH� ODUJHU� WKDQ� WKH� RYHUDOO� GLIIHUHQFHV�EHWZHHQ� VFHQDULRV� �7DEOH� ������ 7KHUH� LV� D� FOHDU� FRUUHODWLRQ� EHWZHHQ� DUHDV� RI� KLJK�DJULFXOWXUDO�SRWHQWLDO�DQG�KLJK�ELRGLYHUVLW\�LPSDFW��%LRGLYHUVLW\�UH PDLQV�KLJK�LQ�WKH�GULHVW�ELRPH�� VKUXEODQG�� ZKLFK� LV� XQVXLWDEOH� IRU� FXOWLYDWLRQ�� $OO� RWKHU� ELRPHV� H[SHULHQFH�VXEVWDQWLDO�ELRGLYHUVLW\�ORVVHV�E\�������ZLWK�GHFOLQHV�LQ�%,,�DV�KLJK�DV������DEVROXWH��LQ�WKH� IRUHVW� ELRPH� XQGHU� WKH� *OREDO� 2UFKHVWUDWLRQ VFHQDULR� $� %,,� VFRUH� EHORZ� ���� LV�SURMHFWHG�IRU�WKH�JUDVVODQG�ELRPH�E\������XQGHU�WKH� 7HFKQR�*DUGHQ VFHQDULR�RQ�DFFRXQW�RI� WKH� KLJK� DJULFXOWXUDO� SRWHQWLDO� RI� WKLV� ELRPH�� 7KH� SURMHFWHG� LPSDFWV� RQ� WKH� I\QERVELRPH� DOVR� GHVHUYH� SDUWLFXODU� HPSKDVLV� DV� WKH� I\QERV LV� OLPLWHG� LQ� H[WHQW�� FRYHULQJ�RQO\������RI�6RXWKHUQ�$IULFD��DQG�KDV�UHPDUNDEO\�KLJK�SODQW�GLYHUVLW\��
7ZR�PDLQ�HIIHFWV�RI�FOLPDWH�FKDQJH�RQ�WKH�DUHDO�H[WHQW�RI�ELRPHV�DUH�DSSDUHQW�E\�������DQ�H[SDQVLRQ�RI�WKH�IRUHVW�ELRPH�VRXWKZDUGV��DQG�D�VLPXOWDQHRXV�H[SDQV LRQ�RI�WKH�DULG�VKUXEODQG� ELRPH� QRUWKZDUGV�� %RWK� WKHVH� H[SDQVLRQV� RFFXU� ODUJHO\� DW� WKH� FRVW� RI� WKH�VDYDQQD�ELRPH��7KH�DSSDUHQW�FRQWUDGLFWLRQ�RI�H[SDQVLRQ�LQ�ERWK�WKH�ZHWWHVW�DQG�GULHVW�ELRPHV� LV� FRQVLVWHQW� ZLWK� WKH� ¶FRQVHQVXV·� FOLPDWH� PRGHO� SURMHFWLRQ� RI� P RUH� SODQW�DYDLODEOH�ZDWHU�LQ�WKH�QRUWKHUQ�DQG�HDVWHUQ�SDUWV�RI�WKH�VXEFRQWLQHQW�LQ�WKH��� VW FHQWXU\��EXW� OHVV� LQ� WKH� VRXWK�ZHVWHUQ� SDUWV�� 7KH� VKLIWV� LQ� ELRPHV� DUH� OHDVW� SURQRXQFHG� XQGHU�7HFKQR�*DUGHQ��WKH�VFHQDULR�ZLWK�WKH�ORZHVW�SURMHFWLRQV�RI�FOLPDWH�FKDQJH�



���

7DEOH�������%,,�����LQ������FRPSDUHG�EHWZHHQ�ELRPHV�DQG�VFHQDULRV�
%DVHOLQH����� *OREDO�2UFKHVWUDWLRQ 7HFKQR�*DUGHQ 2UGHU�IURP�6WUHQJWK $GDSWLQJ�0RVDLF��$UHD %,, ��$UHD %,, ��$UHD %,, ��$UHD %,, ��$UHD %,,)\QERV ��� �� ��� �� ��� �� ��� �� ��� ��)RUHVW� ��� �� � �� ��� �� ��� �� ��� ��6DYDQQD ���� �� ���� �� ���� �� ���� �� �� ��6KUXEODQG ��� �� ���� �� ���� �� ���� �� ���� ��*UDVVODQG ��� �� ��� �� ��� �� ��� �� ��� ��$OO ��� �� ��� �� ��� �� ��� �� ��� ��

&RPSDUDEOH�VFHQDULR�DQDO\VHV�RI�ELRGLYHUVLW\�ORVV�LQ�VRXWKHUQ�$IULFD� �6DOD�HW�DO��������0$��LQ� SUHVV� KDYH� EHHQ� FDUULHG� RXW� DV� SDUW� RI� JOREDO� VFDOH� DQDO\VHV�� $OWKRXJK� WKHUH� DUH�GLIIHUHQFHV� LQ� ELRPH� FODVVLILFDWLRQ� DQG� UHJLRQDO� ERXQGDULHV� EHWZHHQ� WKH� VWXGLHV�� WKH�EURDG�ILQGLQJV�DUH�FRQVLVWHQW�ZLWK�RXU�UHVXOWV��5HJDUGLQJ�YDULDWLRQV�DFURVV�ELRPHV��6 DOD�HW�DO� ������ UHSRUWHG WKDW�7URSLFDO�IRUHVW��VDYDQQD�DQG�WKH�0HGLWHUUDQHDQ�ELRPH��RI�ZKLFK�I\QERV� LV�D�VXEW\SH��VKRZ�VXEVWDQWLDO� LPSDFWV�IURP�ODQG�XVH��7KH�0$�JOREDO�ELRGLYHUVLW\�VFHQDULRV�DOVR�SURMHFW�ODUJH�KDELWDW�ORVVHV��DQG�VXEVHTXHQW�ORVV�RI�ELRGLYHUVLW\��LQ�VDYDQQD��WURSLFDO�IRUHVW�DQG�VFUXE��LQFOXGLQJ� I\QERV���SDUWLFXODUO\�LQ�$IULFD��0$��LQ�SUHVV���
'LIIHUHQFHV�EHWZHHQ�FRXQWULHV
&RXQWULHV� LQ� WKH� HDVWHUQ� DQG� QRUWKHUQ� SDUWV� RI� WKH� UHJLRQ� �7DQ]DQLD�� 0R]DPELTXH��/HVRWKR�DQG�6ZD]LODQG���XQGHUJR�VXEVWDQWLDO�W UDQVIRUPDWLRQ�E\������XQGHU�DOO�VFHQDULRV��ZKLOH� 1DPLELD�� %RWVZDQD� DQG� WKH� ZHVWHUQ� KDOI� RI� 6RXWK� $IULFD� UHPDLQ� UHODWLYHO\�XQWUDQVIRUPHG�RQ�DFFRXQW�RI�WKHLU�DULGLW\��)LJXUH�������7KH�H[WHQW�RI�WUDQVIRUPDWLRQ� LQ�$QJROD� DQG� =DPELD� GLIIHUV� FRQVLGHUDEO\� EHWZHHQ VFHQDULRV�� UDQJLQJ� IURP� PRGHVW�WUDQVIRUPDWLRQ� XQGHU� WKH� $GDSWLQJ� 0RVDLF� VFHQDULR� WR� VXEVWDQWLDO� WUDQVIRUPDWLRQ� XQGHU�WKH� *OREDO� 2UFKHVWUDWLRQ VFHQDULR�� /DUJHU� DUHDV� ZLWK� D� KLJK� %,,� VFRUH� UHPDLQ� XQGHU� WKH�VFHQDULRV� ZLWK� SURDFWLYH� HFRV\VWHP� PDQDJHPHQW� �$GDSWLQJ� 0RVDLF DQG� 7HFKQR� *DUGHQ���$OWKRXJK�WKH�SURMHFWHG�%,,�LQ������LV�ORZHU�XQGHU�WKH� 7HFKQR�*DUGHQ VFHQDULR�WKDQ�XQGHU�2UGHU� IURP� 6WUHQJWK�� WKH� SURSRUWLRQ� RI� UHODWLYHO\� XQWUDQVIRUPHG� DUHD� LV� KLJKHU�� 7KH� ORZ�OHYHOV�RI�ZHDOWK�XQGHU�2UGHU� IURP�6WUHQJWK OLPLW WKH�DSSOLFDWLRQ�RI�WHFKQRORJ\�DQG�LQSXWV�UHTXLUHG�IRU�KLJK�\LHOG�DJULFXOWXUH��FRQVHTXHQWO\�D�ODUJHU�DUHD�LV�XVHG�OHVV�LQWHQVLYHO\�



���

)LJXUH�����%,,�LQ������XQGHU�WKH�IRXU�0$�VFHQDULRV��7KH�WRWDO�DUHD�ZLWK�ORZ�ELRGLYHUVLW\�LPSDFW�LV�ODUJHVW�XQGHU�WKH�VFHQDULRV�ZLWK�D�SURDFWLYH�DWWLWXGH�WR�HFRV\VWHP�PDQDJHPHQW��7HFKQR�*DUGHQ DQG�$GDSWLQJ�0RVDLF���7KH�KLJK�LQWHQVLW\�RI�DJULFXOWXUDO� ODQG�XVHV�LQ�WKH� ZHDOWK\� VFHQDULRV� �*OREDO� 2UFKHVWUDWLRQ DQG�2UGHU� IURP� 6WUHQJWK�� PHDQ� WKDW� WKH�DUHDV�WKDW�DUH�WUDQVIRUPHG�KDYH�D�KLJK�ELRGLYHUVLW\�LPSDFW�



���

'LIIHUHQFHV�EHWZHHQ�WD[RQRPLF�JURXSV
7KH� SURMHFWHG� FKDQJHV� LQ� ODQG� XVH� KDYH� GLIIHULQJ� LPSDFWV� RQ� WKH� GLIIHUHQW� WD[RQRPLF�JURXSV�� &RQYHUVLRQ� WR� DJULFXOWXUH� UHPRYHV� PRVW� RI� WKH� RULJLQDO�� QDWXUDO� YHJHWDWLRQ��DOWKRXJK�D�IUDFWLRQ RI�WKH�RULJLQDO�ELRGLYHUVLW\�SHUVLVWV�LQ�WKH�VSDFHV�EHWZHHQ�ILHOGV��3ODQW�SRSXODWLRQ�GHFOLQHV�DUH�URXJKO\�SURSRUWLRQDO�WR�WKH�SODQWHG�DUHD��&KDQJHV�LQ�UHSWLOH�DQG�DPSKLELDQ�SRSXODWLRQV�WHQG�WR�IROORZ�WKRVH�RI�SODQWV�GXH�WR�WKH�UHODWLYHO\�UHVWULFWHG�VL]H�RI� WKH�KDELWDW� UHTXLUHG�E\�HDFK� LQGLYLGXDO�RUJDQLVP��/DQG�XVH�FKDQJHV�KDYH� WKH� ODUJHVW�LPSDFW� RQ� PDPPDO� SRSXODWLRQV�� EHFDXVH� RI� IUDJPHQWDWLRQ� RI� KDELWDW� DQG� WKH�LQFRPSDWLELOLW\� RI� ODUJH� KHUELYRUHV� DQG� FDUQLYRUHV� ZLWK� FURS� DJULFXOWXUH� DQG� OLYHVWRFN�KXVEDQGU\�� �%LUGV� DUH� OHDVW� DIIHFWHG�E\� ODQG�XVH� FKDQJHV�� DQG� WKHLU�SRSXODWLRQV� UHPDLQ�KLJK�HYHQ�LQ�WKH�IDFH�RI�H[WHQVLYH�WUDQVIRUPDWLRQ��)LJXUH�������
2XU�UHVXOWV�VKRZ�VLPLODU�WUHQGV�WR�WKRVH�IRXQG�LQ�RWKHU�VWXGLHV�RI�ELRGLYHUVLW\�ORVV��7KH�0$�VSHFLILFDOO\�PRGHOOHG� ORVV�RI�YDVFXODU�SODQW�ELRGLYHUVLW\� UHVXOWLQJ�IURP�KDELWDW� ORVV��XVLQJ�WKH�VSHFLHV�DUHD�DSSURDFK��6$5�� �0$�� LQ�SUHVV���)RU�WKH�$IURWURSLF�UHDOP��URXJKO\�FRYHULQJ�WKH�UHJLRQ�RI�VXE�6DKDUDQ�$IULFD��UHODWLYH�SURMHFWHG�VSHFLHV� ORVV�EHWZHHQ�� ����DQG������UDQJHG�IURP�����LQ�$GDSWLQJ�0RVDLF WR�����LQ�2UGHU�IURP�6WUHQJWK��7KLV�

)LJXUH� ����7UHQGV� LQ�%,,� ���������� IRU� WKH�EURDG� WD[RQRPLF�JURXSV�� LOOXVWUDWHG� IRU� WKH�*OREDO� 2UFKHVWUDWLRQ VFHQDULR� ZKHUH� WKH� WRWDO� %,,� ORVV� LV� JUHDWHVW�� 6LPLODU� WUHQGV DUH�DSSDUHQW�LQ�WKH�RWKHU�VFHQDULRV��DOWKRXJK�WKH�RYHUDOO�ORVVHV�DUH�ORZHU�
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FRPSDUHV�WR�RXU�UDQJH�RI�D�����GHFOLQH�LQ�WKH�DYHUDJH� DEXQGDQFH�RI�LQGLYLGXDO�VSHFLHV�RI�YDVFXODU� SODQWV� LQ� WKH� $GDSWLQJ� 0RVDLF VFHQDULR� WR� D� ���� GHFOLQH� LQ� WKH� 7HFKQR� *DUGHQVFHQDULR�RYHU�WKH�VDPH�SHULRG�
/LPLWDWLRQV�RI�WKH�DQDO\VHV
2XU�DQDO\VLV�RI�ELRGLYHUVLW\�ORVV�LV�SULPDULO\�EDVHG�RQ�WKH�LPSDFWV�RI�SURMHFWHG�ODQG�XVH�FKDQJH��2XU� DSSURDFK� JRHV� D� VWHS� IXUWKHU� WKDQ� HVWLPDWLQJ� KDELWDW� ORVV� DV�ZH� WDNH� LQWR�DFFRXQW� WKH�GLIIHUHQWLDO� LPSDFWV�RI� WKH�YDULRXV� LQWHQVLWLHV�RI� ODQG�XVH��)XUWKHUPRUH��ZH�IRFXV� RQ� FKDQJHV� LQ� WKH� DEXQGDQFH RI� LQGLYLGXDO� VSHFLHV�� UDWKHU� WKDQ� SURMHFWLQJ� WKH�H[WLQFWLRQ RI� VSHFLHV�� ,PSDFWV� RI� FOLPDWH� FKDQJH� ZHUH� LQGLUHFWO\� WDNHQ� LQWR� DFFRXQW��WKURXJK� ELRPH� VKLIWV DQG� FKDQJHV� LQ� FURS� SURGXFWLYLW\� DV� SURMHFWHG� LQ� ,0$*(��+RZHYHU�� WKH� LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�VSHFLHV�FRPSRVLWLRQ�DQG�WKH�DEXQGDQFH�RI�LQGLYLGXDO�VSHFLHV�ZLWKLQ�D�SDUWLFXODU�ELRPH�ZDV�QRW�PRGHOOHG��7KH�ORQJ �WHUP�LPSDFW�RI�IDFWRUV� VXFK� DV� QLWURJHQ� GHSRVLWLRQ�� SROOXWLRQ� DQG� LQYDVLYH� VSHFLHV� ZHUH� DOVR� QRW�FRQVLGHUHG��DOWKRXJK�WKHLU�LPPHGLDWH�LPSDFWV��IRU�LQVWDQFH�LQ�FXOWLYDWHG�DUHDV��ZHUH�WDNHQ�LQWR� DFFRXQW� LQ� WKH� HVWLPDWHV� RI� ,LMN�� :HUH� WKHVH� ORQJ�WHUP� IDFWRUV� WDNHQ� LQWR�FRQVLGHUDWLRQ�� WKH\�ZRXOG� OHDG� WR KLJKHU� SURMHFWLRQV�RI�ELRGLYHUVLW\� ORVV� WKDQ�JLYHQ�E\�FRQVLGHULQJ�RQO\�LPPHGLDWH�LPSDFWV�RI�WKHVH�IDFWRUV�
2XU� PHWKRG� FRXOG� EH� UHILQHG� E\� LPSURYLQJ� WKH� GHILQLWLRQ�� UHVROXWLRQ� DQG� FDXVDO�SDWKZD\V�LQ�PRGHOOLQJ�FKDQJHV�LQ�WKH�YDULRXV�ODQG�XVH�FODVVHV��7KLV� ZRXOG�HQWDLO�UHFRGLQJ�RI�SDUWV�RI�WKH�,0$*(�PRGHO�LQ�D�VXEVHTXHQW�YHUVLRQ��,Q�SDUWLFXODU��SURWHFWHG�DQG�XUEDQ�DUHDV�FRXOG�EH�G\QDPLFDOO\�LQFOXGHG�LQ�WKH�PRGHO��)XUWKHUPRUH��WKH�GHILQLWLRQ�DQG�FDXVDO�SDWKZD\V�RI�LQWHQVLYHO\�DQG�H[WHQVLYHO\�XVHG�JUD]LQJ�ODQG FRXOG�EH�LPSURYHG��HVSHFLDOO\�IRU�WKH�VRXWKHUQ�$IULFDQ�FRQWH[W�ZKHUH�D�PDMRU�IUDFWLRQ�RI�WKH�JUD]LQJ�ODQG�FRQVLVWV�RI�QDWXUDO� YHJHWDWLRQ� UDWKHU� WKDQ�SODQWHG�SDVWXUHV�� 6LPLODUO\�� LPSURYLQJ� WKH�GHILQLWLRQ� DQG�FDXVDO�SDWKZD\V�IRU�PRGHOOLQJ�GHJUDGHG�DUHD�ZRXOG�LPSURYH�WKH�XVDELOLW\�RI�WKH�,0$*(�ODQG�FRYHU�RXWSXWV�IRU�SXUSRVHV�RI�DVVHVVLQJ�ELRGLYHUVLW\�LPSDFWV��



���

��� &RQFOXVLRQV
2XU�UHVXOWV�FRQILUP�WKDW�ODQG�XVH�FKDQJHV��SULPDULO\�DV�D�UHVXOW�RI�DJULFXOWXUDO�H[SDQVLRQ��LV� OLNHO\� WR� EH� D� PDMRU� GULYHU� RI� ELRGLYHUVL W\� ORVV� LQ� VRXWKHUQ� $IULFD� GXULQJ� WKH� �� VWFHQWXU\��3URMHFWHG� ORVVHV�DUH�FRQVLGHUDEOH�XQGHU�DOO� IRXU�VFHQDULRV��EXW�PRVW�PDUNHG� LQ�WKH�WZR�VFHQDULRV�ZKHUH�WKH�ZRUOG�EHFRPHV�LQFUHDVLQJO\�JOREDOL]HG�DQG�VRXWKHUQ�$IULFD�H[SHULHQFHV� VWURQJ� HFRQRPLF� JURZWK�� 7KLV� RFFXUV� GHVSLWH� WKH� ORZHU� SRSXODWLRQ� OHYHOV�XQGHU� WKHVH� WZR� VFHQDULRV�� DQG� UHVXOWV�SULPDULO\� IURP� LQFUHDVHG� IRRG�FRQVXPSWLRQ�SHU�FDSLWD�� SDUWLFXODUO\� RI� DQLPDO� SURWHLQ�� ZKLFK� UHTXLUHV� UHODWLYHO\� ODUJH� ODQG� DUHDV�� 7KH�FRQYHUVH��KRZHYHU��GRHV�QRW�KROG��WKH�VFHQDULR�ZLWK�WKH�ORZHVW�OHYHOV�RI�SHU�FDSLWD�ZHDOWK�GRHV�QRW�H[SHULHQFH�WKH�OHDVW�LPSDFW�RQ�ELRGLYHUVLW\��8QGHU�FRQGLWLRQV�RI�ORZ�HFRQRPLF�JURZWK�DQG� ORZ�PRGHUQLVDWLRQ�� WKH�KXPDQ�SRSXODWLRQ� LQ� WKH�UHJLRQ�FRQWLQXHV� WR�JURZ�UDSLGO\�� DQG� JLYHQ� WKH� ODFN� RI� FDSLWDO� IRU� DJULFXOWXUDO� LQWHQVLILFDWLRQ�� H[WHQVLYH� DUHDV� RI�VRXWKHUQ�$IULFD�DUH�WUDQVIRUPHG�WR�ORZ�\LHOG�DJULFXOWXUDO�XVHV��$JULFXOWXUDO�H[SDQVLRQ�DQG�WKH� FRQVHTXHQW� ORVV� RI� ELRGLYHUVLW\� WKXV� HPHUJH� IURP� DQ� LQWHUDFWLRQ� EHWZHHQ� WRWDO�SRSXODWLRQ�VL]H�DQG�SHU�FDSLWD�HFRQRPLF�ZHDOWK��
,Q� D� JOREDOL]HG� DQG� D� UHJLRQDOL]HG� ZRUOG�� VFHQDULRV� LQ� ZKLFK� D� SURDFWLYH� DWWLWXGH� WR�HFRV\VWHP�PDQDJHPHQW�LV�DGRSWHG��OHDG�WR�ORZHU�ORVVHV�LQ�ELRGLYHUVLW\�WKDQ�VFHQDULRV�LQ�ZKLFK�HFRV\VWHP�PDQDJHPHQW�LV�UHDFWLYH��2XU�ILQGLQJV�VWUH VV�WKH�QHHG�IRU�FRQVHUYDWLRQ�PHDVXUHV�� SDUWLFXODUO\� IRU� WKH� I\QERV�� IRUHVW� DQG� JUDVVODQG� DUHDV�� 7KHVH� ELRPHV� DUH�FKDUDFWHULVHG�E\�XQLTXH�DQG�HQGHPLF�ELRGLYHUVLW\��DQG�WKHLU�H[WHQW�LQ�VRXWKHUQ�$IULFD�LV�OLPLWHG��SDUWLFXODUO\�LQ�WKH�FDVH�RI� I\QERV��$OO�VFHQDULRV�IRUHVHH�VLJQLILFDQW�ODQG�XVH�FKDQJHV�DQG�VXEVHTXHQW�ELRGLYHUVLW\�ORVVHV�LQ�WKHVH�DUHDV�RYHU�WKH��� VW FHQWXU\�
7KH�&%'� WDUJHW� RI� VLJQLILFDQWO\� UHGXFLQJ� WKH� UDWH�RI�ELRGLYHUVLW\� ORVV�E\������ DSSHDUV�LQIHDVLEOH� IRU� VRXWKHUQ�$IULFD� XQGHU� WKH� UDQJH�RI� VFH QDULRV� H[SORUHG� LQ� WKLV� VWXG\�� DQG�SDUWLFXODUO\� LQ� OLJKW�RI� WKH�0LOOHQQLXP�'HYHORSPHQW�*RDOV� IRU� UHGXFLQJ�SRYHUW\� LQ� WKH�UHJLRQ��2XU�UHVXOWV�LQGLFDWH�DQ�LQFUHDVLQJ�UDWH�RI�ELRGLYHUVLW\�ORVV�EHWZHHQ������DQG������IRU� DOO� VFHQDULRV� FRQVLGHUHG� LQ� WKLV� VWXG\�� 7KLV� GRHV� QRW� LPSO\� WKDW� WDUJHWV� WKDW� DLP� WR�OLPLW�WKH�ORVV�RI�ELRGLYHUVLW\�DUH�XVHOHVV��5DWKHU��LW�LPSOLHV�WKDW�VXFK�WDUJHWV�QHHG�WR�WDNH�DFFRXQW�RI�WKH�FXUUHQW�OHYHO�RI�HFRQRPLF�GHYHORSPHQW�DQG�KXPDQ�GHYHORSPHQW�WDUJHWV�LQ� WKH� UHJLRQ�� 6RPH� ORVV� RI� ELRGLYHUVLW\� DSSHDUV� XQDYRLGDEOH� LI� KXPDQ� ZHOO �EHLQJ� LQ�VRXWKHUQ�$IULFD�LV�WR�EH�LPSURYHG��EXW�HQYLURQPHQWDO�PDQDJHPHQW�FDQ�KDYH�D�VLJQLILFDQW�



���

LQIOXHQFH� RQ� WKH� HIILFLHQF\� ZLWK� ZKLFK� GHYHORSPHQW� RFFXUV� DW� WKH� H[SHQVH� RI� WKH�HQYLURQPHQW�
��� $FNQRZOHGJHPHQWV�
7KH� H[SHUWV�ZKR� FRQWULEXWHG� WR� WKH�%,,� LPSDFW� VFRUH� HVWLPDWLRQ� DUH� WKDQNHG� IRU� WKHLU�WLPH�DQG�ZLOOLQJQHVV�WR�VKDUH�WKHLU�H[SHUWLVH��:H�WKDQN�1HLO�%XUJHVV��-HQQLIHU�'·$PLFR�DQG� WKH�&RQVHUYDWLRQ� 6FLHQFH�3URJUDPPH� DW�::)�� DQG�*HUROG�.LHU� DQG� WKH�%LRPDS�:RUNLQJ�*URXS�DW�WKH�8QLYHUVLW\�RI�%RQQ��*HUPDQ\�IRU�VSHFLHV�ULFKQHVV�GDWD�
��� 5HIHUHQFHV
$OFDPR��-���/HHPDQV��5��DQG�.UHLOHPDQ��(���HGV������������*OREDO�&KDQJH�6FHQDULRV�RI�WKH���VW&HQWXU\��2[IRUG��8.��3HUJDPRQ�$QGHUVRQ��-��$���HG������������7RZDUGV�*RQGZDQD�$OLYH��3URPRWLQJ�ELRGLYHUVLW\�DQG�VWHPPLQJ�WKH�6L[WK�([WLQFWLRQ��9ROXPH����3UHWRULD��6RXWK�$IULFD��*RQGZDQD�$OLYH�6RFLHW\�%LJJV�� 5��� %RKHQVN\��(���'HVDQNHU�� 3��9��� )DEULFLXV��&��� /\QDP��7���0LVVHOKRUQ��$��$���0XVYRWR�� &��� 0XWDOH�� 0��� 5H\HUV�� %��� 6FKROHV�� 5�� -��� 6KLNRQJR�� 6�� DQG� YDQ�-DDUVYHOG�� $�� 6�� �������� 1DWXUH� VXSSRUWLQJ� SHRSOH�� 7KH� 6RXWKHUQ� $IULFDQ� 0LOOHQQLXP�(FRV\VWHP� $VVHVVPHQW��3UHWRULD��6RXWK�$IULFD��&RXQFLO� IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�%RXZPDQ��$��)���YDQ�GHU�+RHN��.��:���(LFNKRXW��%��DQG�6RHQDULR��,����������([SORULQJ�FKDQJHV� LQ� ZRUOG� UXPLQDQW� SURGXFWLRQ� V\VWHPV�� $JULFXOWXUDO� 6\VWHPV� GRL���������M�DJV\�������������%UXLQVPD�� -�� �HG���� ��������:RUOG�DJULFXOWXUH��7RZDUGV������������5HSRUW�RI�WKH�)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV��/RQGRQ��8.��(DUWKVFDQ�&DUWHU��7��5���3DUU\��0��/���+DUDVDZD��+��DQG�1LVKLRND��6���������� ,3&&�7HFKQLFDO�*XLGHOLQHV�IRU� $VVHVVLQJ� ,PSDFWV� RI� &OLPDWH� &KDQJH�� 6SHFLDO� 5HSRUW� RI� WKH� ,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��*HQHYD��6ZLW]HUODQG��:02�DQG�81(3�&%'�� �������� &RQVLGHUDWLRQ� RI� WKH� UHVXOWV� RI� WKH� PHHWLQJ� RQ� ������ � 7KH� *OREDO� %LRGLYHUVLW\�&KDOOHQJH���0HHWLQJ�5HSRUW�81(3�&%'�6%677$���,1)����0RQWUHDO��&DQDGD��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�



���

(LFNKRXW��%���GHQ�(O]HQ��0��DQG�UHLOHPDQ��(����������7KH�DWPRVSKHUH�RFHDQ�V\VWHP�LQ�,0$*(������5,90�5HSRUW����������� %LOWKRYHQ��7KH�1HWKHUODQGV��1DWLRQDO�,QVWLWXWH�IRU�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW�)LVFKHU�� *��� YDQ� 9HOWKXL]HQ�� +��� 6KDK�� +�� DQG�1DFKWHUJDHOH�� )�2�� �������� *OREDO� DJUR�HFRORJLFDO�DVVHVVPHQW�IRU�DJULFXOWXUH�LQ�WKH���VW FHQWXU\��PHWKRGRORJ\�DQG�UHVXOWV� ,QWHUQDWLRQDO�,QVWLWXWH� IRU� $SSOLHG� 6\VWHPV� $QDO\VLV�� /D[HQEXUJ�� $XVWULD�� DQG� )RRG� DQG�$JULFXOWXUH�2UJDQLVDWLRQ�RI�WKH�8QLWHG�1DWLRQV��5RPH��,WDO\�*LWD\��+���6XiUH]��$���:DWVRQ��5��7��DQG�'RNNHQ��'��-���HGV������������ &OLPDWH� FKDQJH�DQG�ELRGLYHUVLW\��7HFKQLFDO�3DSHU�9���,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH�,0$*(�7HDP����������7KH�,0$*(�����LPSOHPHQWDWLRQ�RI�WKH�65(6�VFHQDULRV��$�FRPSUHKHQVLYH�DQDO\VLV� RI� HPLVVLRQV�� FOLPDWH� FKDQJH� DQG� LPSDFWV� LQ� WKH� ��VW� FHQWXU\�� 5,90�&'�520�SXEOLFDWLRQ�������������%LOWKRYHQ��WKH�1HWKHUODQGV��1DWLRQDO�,QVWLWXWH�IRU�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW�,3&&�� �������� &OLPDWH� &KDQJH� ������ &RQWULEXWLRQ� RI� :RUNLQJ� *URXS� ,� WR� WKH� 7KLUG�$VVHVVPHQW� 5HSRUW� RI� WKH� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH��&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�3UHVV�/DZWRQ�� -�� +�� DQG� 0D\�� 5�� 0�� �HGV���� �������� ([WLQFWLRQ� UDWHV�� 2[IRUG�� 8.�� 2[IRUG�8QLYHUVLW\�3UHVV�/HHPDQV��5�� DQG�(LFNKRXW��%�� ��������$QRWKHU� UHDVRQ�IRU�FRQFHUQ�� UHJLRQDO�DQG�JOREDO�LPSDFWV�RQ�HFRV\VWHPV�IRU�GLIIHUHQW�OHYHOV�RI�FOLPDWH�FKDQJH�� *OREDO�(QYLURQPHQWDO�&KDQJH ������������/HHPDQV��5��DQG�9DQ�GHQ�%RUQ��*��-�� ��������'HWHUPLQLQJ�WKH�SRWHQWLDO�GLVWULEXWLRQ�RI�YHJHWDWLRQ�� FURSV� DQG� DJULFXOWXUDO� SURGXFWLYLW\�� :DWHU�� $LU�� DQG� 6RLO� 3ROOXWLRQ ������������/RZ�� $�� %�� DQG� 5HEHOR�� $�� *�� �HGV���� �������� 9HJHWDWLRQ� RI� 6RXWK� $IULFD�� /HVRWKR� DQG�6ZD]LODQG��3UHWRULD��'HSDUWPHQW�RI�(QYLURQPHQWDO�$IIDLUV�DQG�7RXULVP�0$�� ��������6\QWKHVLV� UHSRUW� IRU� WKH� &RQYHQWLRQ� RQ� %LRORJLFDO�'LYHUVLW\��0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�5HSRUW� :DVKLQJWRQ�'�&���,VODQG�3UHVV�0$�� �,Q� SUHVV���6FHQDULR�$VVHVVPHQW�5HSRUW��0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�5HSRUW��7R�EH�UHOHDVHG�LQ��������:DVKLQJWRQ�'�&���,VODQG�3UHVV�1DNLFHQRYLF�� 1�� DQG� 6ZDUW�� 5�� �HGV���� �������� (PLVVLRQV� 6FHQDULRV�� $� 6SHFLDO� 5HSRUW� RI�:RUNLQJ� *URXS� ,,,� RI� WKH� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH��&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�3UHVV�



���

2OVRQ��'��0���'LQHUVWHLQ��(�� :LNUDPDQD\DNH��(��'���%XUJHVV��1��'���3RZHOO��*��9��1���8QGHUZRRG�� (�� 0��� '
$PLFR�� -�� $��� ,WRXD�� ,��� 6WUDQG�� +�� (��� 0RUULVRQ�� -�� &���/RXFNV��&��-���$OOQXWW��7��)���5LFNHWWV��7��+���.XUD��<���/DPRUHX[��-��)���:HWWHQJHO��:��:���+HGDR��3��DQG�.DVVHP��.��5����������7HUUHVWULDO�HFRUHJLRQV�RI�WKH�ZRUOG��$�QHZ�PDS�RI�OLIH�RQ�HDUWK��%LR6FLHQFH ������������3DUPHVDQ�� &�� DQG� <RKH��*�� �������� $� JOREDOO\� FRKHUHQW� ILQJHUSULQW� RI� FOLPDWH� FKDQJH�LPSDFWV�DFURVV�QDWXUDO�V\VWHPV��1DWXUH �����������3UHQWLFH��,��&���&UDPHU��:���+DUULVRQ��6��3���/HHPDQV��5���0RQVHUXG��5��$��DQG�6RORPRQ��$��0����������$�JOREDO�ELRPH�PRGHO�EDVHG�RQ�SODQW�SK\VLRORJ\�DQG�GRPLQDQFH��VRLO�SURSHUWLHV�DQG�FOLPDWH��-RXUQDO�RI�%LRJHRJUDSK\ ������������5XWKHUIRUG��0��&���0LGJOH\��*��)���%RQG��:��-���3RZULH��/��:���5REHUWV��5��DQG�$OOVRSS��-���������� 3ODQW� %LRGLYHUVLW\�� ,Q� &OLPDWH� FKDQJH� LPSDFWV� LQ� VRXWKHUQ� $IULFD �.LNHU��*��HG���� 5HSRUW� WR� WKH� 1DWLRQDO� &OLPDWH� &KDQJH� &RPPLWWHH�� 'HSDUWPHQW� RI�(QYLURQPHQWDO�$IIDLUV�DQG�7RXULVP��3UHWRULD��6RXWK�$IULFD�6DJH��&����������3RSXODWLRQ�DQG�,QFRPH��,Q� &KDQJHV�LQ�/DQG�8VH�DQG�/DQG�&RYHU��$�*OREDO�3HUVSHFWLYH �0H\HU�� :�� %�� DQG� 7XUQHU� ,,�� %�� /�� HG���� SS���������� &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�6DOD��2��(���&KDSLQ�,,,��)��6���$UPHVWR��-��-���%HUORZ��(���%ORRPI LHOG��-���'LU]R��5���+XEHU�6DQZDOG��(���+XHQQHNH��/��)���-DFNVRQ��5��%���.LQ]LJ��$���/HHPDQV��5���/RGJH��'��0���0RRQH\��+�� $���2HWVHUKHOG��0��� 3RII�� 1�� /��� 6\NHV��0�� 7���:DONHU�� %��+���:DONHU��0�� DQG�:DOO�� '��+�� �������� *OREDO� ELRGLYHUVLW\� VFHQDULRV� IRU� WK H� \HDU�������6FLHQFH ���������������6FKOHVLQJHU��0��(���0DO\VKHY��6���5R]DQRY��(��9���<DQJ��)���$QGURQRYD��1��*���GH�9ULHV��%��� *U�EOHU�� $��� -LDQJ�� .��� 0DVXL�� 7��� 0RULWD�� 7��� 1DNLFHQRYLF�� 1��� 3HQQHU�� -���3HSSHU��:��� 6DQNRYVNL��$�� DQG�=KDQJ��<�� ��������*HRJUDSKLFDO� GLVWULEXWLRQV�RI�WHPSHUDWXUH� FKDQJH� IRU� VFHQDULRV� RI� JUHHQKRXVH� JDV� DQG� VXOSKXU� GLR[LGH�HPLVVLRQV��7HFKQRORJLFDO�)RUHFDVWLQJ�DQG�6RFLDO�&KDQJH ������������6FKROHV��5�� -�� DQG�%LJJV��5�� �HGV���� �������� (FRV\VWHP�6HUYLFHV� LQ�6RXWKHUQ�$IULFD��$�5HJLRQDO�$VVHVVPHQW�� $YDLODEOH� RQOLQH� DW� ZZZ�PLOOHQQLXPDVVHVVPHQW�RUJ�� 3UHWRULD�� 6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�6FKROHV��5��-��DQG�%LJJV��5����������$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��1DWXUH �����������7KRPDV��&��'���&DPHURQ��$���*UHHQ��5��(���%DNNHQHV��0���%HDXPRQW��/��-���&ROOLQJKDP��<�� &��� (UDVPXV�� %�� )�� 1��� )HUUHLUD� GH� 6LTXHLUD�� 0��� *UDLQJHU�� $��� +DQQDK�� /���+XJKHV��/���+XQWHO\��%���YDQ�-DDUVYHOG��$��6���0LGJOH\��*��)���0LOHV��/���2 UWHJD�



���

+XHUWD�� 0�� $��� 3HWHUVRQ�� $�� 7��� 3KLOOLSV�� 2�� /�� DQG� :LOOLDPV�� 6�� (�� ��������([WLQFWLRQ�ULVN�IURP�FOLPDWH�FKDQJH��1DWXUH �������������81(3����������*OREDO�(QYLURQPHQWDO�2XWORRN����8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH��/RQGRQ��8.��(DUWKVFDQ�9DQ�0LQQHQ�� -���/HHPDQV��5��DQG�,KOH��)�� ��������'HILQLQJ�WKH� LPSRUWDQFH�RI� LQFOXGLQJ�WUDQVLHQW� HFRV\VWHP� UHVSRQVHV� WR� VLPXODWH�& �F\FOH� G\QDPLFV� LQ� D� JOREDO� FKDQJH�PRGHO��*OREDO�&KDQJH�%LRORJ\ �����������:&0&�� �������� *OREDO� %LRGLYHUVLW\�� (DUWK
V� OLYLQJ� UHVRXUFHV� LQ� WKH� ��VW� FHQWXU\�� %\� %��*RRPEULGJH�DQG�0�'��-HQNLQV��&DPEULGJH�8.��:RUOG�&RQVHUYDWLRQ�3UHVV�::)�86�� �������� 6SHFLHV� GDWDEDVH� IRU� $IULFDQ� HFRUHJLRQV�� :DVKLQJWRQ� '�&��� ::)�&RQVHUYDWLRQ�6FLHQFH�3URJUDPPH�



���

&KDSWHU�����+LVWRULFDO�FKDQJHV�LQ�QDWXUDO�FDSLWDO�LQ�6RXWK�$IULFD�DQ�DSSURDFK�XVLQJ�FKDQJHV�LQ�ELRGLYHUVLW\
5��%LJJV�DQG�5�-��6FKROHV,Q��5HVWRULQJ�1DWXUDO�&DSLWDO��9LHZV�IURP�WKH�6RXWKHGLWHG�E\�6�-��0LOWRQ�DQG�-��$URQVRQ,VODQG�3UHVV��:DVKLQJWRQ��'�&�,Q�SUHVV �WR�EH�UHOHDVHG�LQ������

7KLV�FKDSWHU�H[SORUHV�WKH�UHODWLRQVKLS�EHWZHHQ�ELRGLYHUVLW\�SUHVHUYDWLRQ��HFRQRPLF�GHYHORSPHQW�DQG�KXPDQ�ZHOO�EHLQJ��,W�XVHV�WKH�%,,�DV�D�SUR[\�IRU�HVWLPDWLQJ�WKH�FKDQJH�LQ�UHQHZDEOH�QDWXUDO�FDSLWDO� LQ�6RXWK�$IULFD�RYHU�WKH�WZHQWLHWK�FHQWXU\��DQG�UHODWHV�LW�WR�WKH�JURZWK�RI�WKH�HFRQRP\�RYHU�WKH�VDPH�SHULRG��7KH�FKDSWHU�ZDV�SUHSDUHG�E\�LQYLWDWLRQ�IRU�D�ERRN�HQWLWOHG�5HVWRULQJ�1DWXUDO�&DSLWDO�� 9LHZV� IURP� WKH� 6RXWK�� ZKLFK� IRUPV� SDUW� RI� WKH� 6RFLHW\� IRU� (FRORJLFDO� 5HVWRUDWLRQ�,QWHUQDWLRQDO·V� ERRN�VHULHV�6FLHQFH�DQG�3UDFWLFH�RI�(FRORJLFDO�5HVWRUDWLRQ��7KH�DLP�RI�WKH�YROXPH�LV�WR�H[SORUH�WKH�YDOXH�DQG�FRVW�RI�UHVWRULQJ�QDWXUDO�FDSLWDO�VWRFNV��RU�FRQYHUVHO\��WKH�FRVW�RI�UHGXFLQJ�WKH�VWRFN�RI�QDWXUDO�FDSLWDO��VSHFLILFDOO\�LQ�WKH�FRQWH[W�RI�GHYHORSLQJ�FRXQWULHV��7KLV�FKDSWHU�ZLOO�DSSHDU�LQ�WKH�ILUVW�VHFWLRQ�RI�WKH�ERRN��HQWLWOHG�¶:KDW�LV�QDWXUDO�FDSLWDO�DQG�ZK\�UHVWRUH�LW"· ,W�ZLOO�EH�SUHFHGHG� E\� DQ� LQWURGXFWRU\� FKDSWHU� IRFXVLQJ� RQ� WKH� FRQFHSWV� RI� QDWXUDO� FDSLWDO� DQG� LWV�FRPSRQHQWV��DV�ZHOO�DV�HFRV\VWHP�VHUYLFHV��KHQFH�WKHVH�FRQFHSWV�DUH�QRW�GHDOW�ZLWK�LQ�GHWDLO� LQ�RXU�FKDSWHU��7KH�GHYHORSPHQW�RI�WKH�YROXPH�LQFOXGHG�D�RQH�ZHHN�ZRUNVKRS�LQ�3ULQFH�$OEHUW��6RXWK�$IULFD��LQ�2FWREHU�������DW�ZKLFK�,�RUDOO\�SUHVHQWHG�WKH�ZRUN�LQ�WKLV�FKDSWHU�
7KH�FKDSWHU�ZDV�FR�DXWKRUHG�E\�P\VHOI�DQG�5�-��6FKROHV��0\�OHDG�UROH�LQ�WKH�GHYHORSPHQW�RI�WKH�SDSHU� LV� UHFRJQLVHG� E\�P\� OHDG� DXWKRUVKLS�� ,�ZDV� UHVSRQVLEOH� IRU� UHFRQVWUXFWLQJ� WKH� KLVWRULFDO�ODQG�XVH�PDSV�IRU�HDFK�GHFDGH�RI�WKH�WZHQWLHWK�FHQWXU\��HVWLPDWLQJ�WKH�FKDQJH�LQ�%,,�DQG�UHODWLQJ�WKLV� VWDWLVWLFDOO\� WR� WKH�JURVV�GRPHVWLF�SURGXFW��7KH�DXWKRUV� MRLQWO\�GHULYHG� WKH�XQFHUWDLQWLHV� LQ�WKH� ODQG�XVH� HVWLPDWHV� RYHU� WKH� WZHQWLHWK� FHQWXU\�� DQG� WKHLU� LPSDFWV� RQ� WKH�%,,� VFRUHV�� ,�ZDV�UHVSRQVLEOH�IRU�FRRUGLQDWLQJ�WKH�ZULWLQJ��VXEPLVVLRQ�DQG�UHYLVLRQ�RI�WKH�FKDSWHU��5�-��6FKROHV�FR�ZURWH�WKH�LQLWLDO�GUDIW�DQG�SURYLGHG�FRPPHQWV�RQ�ODWHU�GUDIWV��7KH�FKDSWHU�ZDV�UHYLHZHG�E\�DQ�H[SHUW�DQG�WKH�HGLWRUV��DQG�UHYLVHG�SULRU�WR�DFFHSWDQFH�E\�,VODQG�3UHVV��
� ZZZ�VHU�RUJ



���

&KDSWHU����+LVWRULFDO�FKDQJHV�LQ�QDWXUDO�FDSLWDO�LQ�6RXWK�$IULFD��$Q�DSSURDFK�XVLQJ�FKDQJHV�LQ�ELRGLYHUVLW\
5��%LJJV� DQG�5�-��6FKROHV�

��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��3UHWRULD��6RXWK�$IULFD
,Q� WKH� SURFHVV� RI� HFRQRPLF� GHYHORSPHQW�� LW� LV� FRPPRQO\� REVHUYHG� WKDW�QDWXUDO�FDSLWDO� LV�SDUWLDOO\�FRQYHUWHG�WR�PDQXIDFWXUHG�FDSLWDO��:H�H[DPLQH�WKH�FRQYHUVLRQ�RI�QDWXUDO� WR�PDQXIDFWXUHG�FDSLWDO� LQ�6RXWK�$IULFD�RYHU�WKH�WZHQWLHWK�FHQWXU\�XVLQJ�FKDQJHV�LQ�ELRGLYHUVLW\�LQWDFWQHVV�DV�D�SDUWLDO�SUR[\�IRU�QDWXUDO�FDSLWDO��DQG�FKDQJHV�LQ�WRWDO�IL[HG�FDSLWDO�VWRFN��)&6��DQG�JURVV�GRPHVWLF� SURGXFW� �*'3�� DV� LQGLFHV� IRU� PDQXIDFWXUHG� FDSLWDO�� 7KH�%LRGLYHUVLW\� ,QWDFWQHVV� ,QGH[� �%,,�� PHDVXUHV� WKH� DYHUDJH� FKDQJH� LQ�SRSXODWLRQ� VL]H�� UHODWLYH� WR� WKH� SUH�FRORQLDO� VWDWH� �SUH�������� DFURVV� DOO�VSHFLHV�ZLWKLQ�WKH�¶ZHOO�NQRZQ�ELRGLYHUVLW\·��L�H��WKH�SODQWV�DQG�YHUWHEUDWHV��DV�D�FRQVHTXHQFH�RI�YDULRXV�W\SHV�RI�ODQG�XVH��8VLQJ�D�KLVWRULFDO�ODQG�FRYHU�GDWDEDVH��ZH�HVWLPDWH�WKDW�WKH�%,,�RI�6RXWK�$IULFD�KDV�GHFOLQHG�IURP������WR� ������RYHU� WKH�SUHYLRXV� FHQWXU\��:H� FRPSDUH� WKLV� GHFOLQH� WR� LQIODWLRQ�FRUUHFWHG�*'3� YDOXHV�� ZKLFK� LQFUHDVHG� VHYHQWHHQ�IROG� RYHU� WKH� WZHQWLHWK�FHQWXU\�� LQ� RUGHU� WR� H[SORUH� WKH� FKDQJLQJ� UHODWLRQVKLS� EHWZHHQ� QDWXUDO�FDSLWDO�DQG�PDQXIDFWXUHG�FDSLWDO�LQ�6RXWK�$IULFD�RYHU�WKLV�SHULRG�

��� ,QWURGXFWLRQ
7KH�ZHDOWK�RI�D�VRFLHW\�FDQ�EH�WKRXJKW�RI�DV�WKH�WRWDO�ZRUWK�RI�LWV�FDSLWDO�DVVHWV��FRPSULVHG�RI�PDQXIDFWXUHG�� VRFLDO� DQG�QDWXUDO� FDSLWDO� FRPSRQHQWV��$�FDSLWDO� DVVHW� LV�GHILQHG�DV�D�VWRFN� WKDW�\LHOGV�D�IORZ�RI�JRRGV�RU�VHUYLFHV��&RQVWDQ]D�DQG�'DO\�������$UURZ�HW�DO���������$�VRFLHW\·V�WRWDO�FDSLWDO� DVVHWV�PD\�EH�EURDGO\�FODVVLILHG� LQWR�PDQXIDFWXUHG�FDSLWDO� �PRQH\��EXLOGLQJV��DQG�RWKHU�PDWHULDO� JRRGV��� VRFLDO� FDSLWDO� �NQRZOHGJH�� VNLOOV� DQG� VRFLDO� UHODWLRQVKLSV�� DQG� QDWXUDO� FDSLWDO��1DWXUDO� FDSLWDO� FRQVLVWV� RI� QRQ�UHQHZDEOH� FDSLWDO�� VXFK� DV� PLQHUDO� UHVRXUFHV�� DQG� UHQHZDEOH�FDSLWDO��5HQHZDEOH�FDSLWDO�LQFOXGHV�WKH�UHVRXUFH�WKDW�JHQHUDWHV�SURGXF WV�VXFK�DV�ZRRG��DV�ZHOO�DV�



���

VHUYLFHV� VXFK� DV� HURVLRQ� FRQWURO� WKDW� FDQ� EH� SURYLGHG� RQ� D� VXVWDLQHG� EDVLV� LI� WKH� FDSDFLW\� RI�HFRV\VWHPV�WR�GHOLYHU�JRRGV�DQG�VHUYLFHV�UHPDLQV�LQWDFW��
2QH�LQGLFDWRU�RI�WKH�YDOXH�RI�WKH�IORZ�RI�JRRGV�DQG�VHUYLFHV�IURP�VRFLHW\·V FDSLWDO�DVVHWV�LV�WKH�*URVV�'RPHVWLF�3URGXFW��*'3���*'3�UHIOHFWV�HFRQRPLF�IORZV�IURP�PDQXIDFWXUHG�FDSLWDO��H�J��YDOXH�RI�SURGXFWV�SURGXFHG�E\�D�IDFWRU\���DQG�DW�OHDVW�SDUW�RI�WKH�IORZV�IURP�VRFLDO�FDSLWDO��H�J��FRQVXOWDWLRQ� IHHV� IRU� WKH� NQRZOHGJH� DQG� VNLO OV� RI� D� GRFWRU�� DQG� QDWXUDO� FDSLWDO� �H�J�� YDOXH� RI�WLPEHU�H[WUDFWHG�IURP�D�IRUHVW���:KLOH�WKH�*'3�GRHV�QRW�FDSWXUH�DOO�JRRGV�DQG�VHUYLFHV��DQG�LQ�SDUWLFXODU�GRHV�QRW�DFFRXQW�IRU�WKH�IORZV�RI�PDQ\�VLJQLILFDQW�DVSHFWV�RI�VRFLDO�FDSLWDO��H�J��WUXVW��RU� QDWXUDO� FDSLWDO� �H�J�� FOHDQ� DLU� DQG� QXWULHQW� F\FOLQJ��� LW� LV� WKH� PRVW� ZLGHO\� XVHG� HFRQRPLF�LQGLFDWRU�RI�WKH�SURGXFWLYLW\�RI�VRFLHW\·V�FDSLWDO�EDVH��
6XVWDLQDEOH�GHYHORSPHQW�PD\�EH�GHILQHG�DV�QRQ�GHFUHDVLQJ�VRFLDO�ZHOIDUH��IRU�ZKLFK�LW�KDV�EHHQ�DUJXHG�WKH�EHVW�DYDLODEOH�SUR[\�LV�VRFLHW\·V�WRWDO�ZHDOWK��RU�WKH�YDOXH�RI�DOO�FDSLWDO�VWRFNV� �$UURZ�HW�DO���������3URYLGHG�FDSLWDO�VWRFNV�DUH�PDLQWDLQHG��LW�LV�DUJXHG�WKDW�WKH�IORZ�RI�JRRGV�DQG�VHUYLFHV�RQ�ZKLFK�KXPDQ�ZHOO�EHLQJ�GHSHQGV�FDQ�EH�VXVWDLQHG��7KH�¶ZHDN�VXVWDLQDELOLW\·�FULWHULRQ�KROGV�WKDW�GHYHORSPHQW�LV�VXVWDLQDEOH�SURYLGHG�VRFLHW\·V�WRWDO�FDSLWDO�DVVHWV�DUH�QRQ �GHFOLQLQJ��LPSO\LQJ�WKDW�GLIIHUHQW� IRUPV�RI� FDSLWDO� DUH� IXOO\� VXEVWLWXWDEOH��7KH� ¶VWURQJ� VXVWDLQDELOLW\·� FULWHULRQ�KROGV�WKDW� WKHUH� H[LVWV� FHUWDLQ� ¶FULWLFDO� QDWXUDO� FDSLWDO·� WKDW� FDQQRW� EH� VXEVWLWXWHG� DQG� PXVW� EH�LQGLYLGXDOO\�SUHVHUYHG��(NLQV�HW�DO���������
7KH�YDOXDWLRQ�RI�VRFLHW\·V�PDQXIDFWXUHG�FDSLWDO�DVVHWV��JLYHQ�E\�WKH�)L[HG� &DSLWDO�6WRFN��)&6��LQ�D� FRXQWU\·V�QDWLRQDO� DFFRXQWV�� LV� UHODWLYHO\�ZHOO� DGYDQFHG� LQ� FRPSDULVRQ� WR� WKDW�RI�QDWXUDO� DQG�VRFLDO�FDSLWDO��ZKLFK�KDV�RQO\�EHHQ�DWWHPSWHG�LQ�UHFHQW�\HDUV��H�J�� &RQVWDQ]D�HW�DO��������$UURZ�HW�DO�� �������*LYHQ� WKH� GLIILFXOW\� LQ� YDOXLQJ� WRWDO� FDSLWDO� VWRFNV��*'3� �WKH� HFRQRPLF� IORZV� IURP�VRFLHW\·V�FDSLWDO�VWRFNV��LV�FXUUHQWO\�ZLGHO\�XVHG�DV�DQ�LQGLFDWRU�RI�WKH�ZHOO �EHLQJ�RI VRFLHWLHV��7KH�REMHFWLYH�DQG�PHDVXUH�RI�GHYHORSPHQW�LV�WKHUHIRUH�FRPPRQO\�KHOG�WR�EH�DQ�LQFUHDVLQJ�SHU�FDSLWD�*'3��GHVSLWH�LWV�VKRUWFRPLQJV�LQ�DFFRXQWLQJ�IRU�IORZV�IURP�QDWXUDO�DQG�VRFLDO�FDSLWDO��
,Q� WKH� SURFHVV� RI� HFRQRPLF� GHYHORSPHQW�� W\SLFDOO\� PHDVX UHG� E\� LQFUHDVLQJ� WRWDO� *'3�� LW� LV�FRPPRQO\�REVHUYHG� WKDW�QDWXUDO� FDSLWDO� LV�SDUWLDOO\� FRQYHUWHG� WR�PDQXIDFWXUHG�FDSLWDO� WKURXJK�DFWLYLWLHV�VXFK�DV�DJULFXOWXUH�DQG�PLQLQJ��)ORZV�IURP�QDWXUDO�FDSLWDO�WHQG�WR�SUHGRPLQDWH�LQLWLDOO\�DV�VRFLHWLHV�GUDZ�RQ�WKHLU�PLQHUDO�ZHDOWK��IRUHVWV��ZLOGOLIH�DQG�VRLO�IHUWLOLW\�WR�JHQHUDWH�SURGXFWV�IRU�RZQ�FRQVXPSWLRQ�DQG�WUDGH��7KH�UHYHQXHV�WKDW�UHVXOW�DUH�FRQYHUWHG��PRUH�RU�OHVV�HIILFLHQWO\��
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LQWR� VRFLDO� FDSLWDO� �WKURXJK� HGXFDWLRQ� DQG� WKH� GHYHORSPHQW� RI� LQVWLWXWLRQV� DQG� VHUYLF HV�� DQG�PDQXIDFWXUHG� FDSLWDO� �YDOXH�DGGLQJ� LQGXVWULHV� DQG� WKH� DFFXPXODWLRQ�RI� ILQDQFLDO� DVVHWV���ZKLFK�WKHQ�EHJLQ�WR�\LHOG�GLYLGHQGV�RI�WKHLU�RZQ�
$V�IORZV�IURP�PDQXIDFWXUHG�DQG�VRFLDO�FDSLWDO�EHJLQ�WR�GRPLQDWH�DQG�WKH�WRWDO�ZHDOWK�SHU�FDSLWD�ULVHV� VXEVWDQWLDOO\� DERYH� WKH� OHYHO�QHHGHG� WR�VDWLVI\�EDVLF�QHHGV�� UHLQYHVWPHQW� LQ�QDWXUDO�FDSLWDO�PD\�RFFXU�LQ�FHUWDLQ�FDVHV�WKURXJK�WKH�XVH�RI�D�SRUWLRQ�RI�D�VRFLHW\·V�UHYHQXH�IRU�WKH�SURWHFWLRQ�DQG�UHVWRUDWLRQ�RI�QDWXUDO�UHVRXUFHV��7KLV�LV�WKH�EDVLV�IRU�WKH�SRVWXOD WHG�LQYHUVH�(QYLURQPHQWDO�.XQ]QHWV� &XUYH� �3DQD\DWRX� ������� ZKHUHE\� VRPH� HQYLURQPHQWDO� TXDOLW\� LQGLFDWRUV� LQLWLDOO\�GHFOLQH��EXW�WKHQ�LPSURYH�DJDLQ�LQ�ZHDOWKLHU�VRFLHWLHV��$OWKRXJK�WKLV�SDWWHUQ�RI�GHYHORSPHQW�PD\�RQO\� KROG� IRU� VHOHFW� LQGLFDWRUV�� LQ� FDVHV� ZKHUH� LW� GRHV� RFFXU�� WKH� SURFHVV� RI� HFRQRPLF�GHYHORSPHQW� FDQ�EH� WKRXJKW� RI� DV� WDNLQJ� D� ORDQ� IURP�QDWXUDO� FDSLWDO� LQ�RUGHU� WR�GLYHUVLI\� WKH�HFRQRPLF�EDVH��DQG�WKHQ�UHSD\LQJ�SDUW�RI�WKDW�ORDQ�ODWHU��7KH�FRQVXPSWLYH�XVH�RI�QRQ �UHQHZDEOH�UHVRXUFHV� VXFK� DV� PLQHUDOV� FDQQRW� EH� ¶UHSDLG·� LQ� WKH� VDPH� ZD\� DV� UHJHQHUDWLRQ� RI� UHQHZDEOH�UHVRXUFHV��7KH�RQO\�ZD\�WR�WUDQVLWLRQ�WR�VXVWDLQDELOLW\�IURP�DQ�HFRQRP\�EDVHG�RQ�WKH�H[WUDF WLRQ�RI�QRQ�UHQHZDEOH�UHVRXUFHV�LV�WR�HQVXUH�WKDW�HIILFLHQF\�LQ�WKHLU�FRQYHUVLRQ�WR�PDQXIDFWXUHG�DQG�VRFLDO�FDSLWDO�LV�KLJK��DQG�WKDW�WKH�DVVHWV�VR�FUHDWHG�DUH�UHWDLQHG�ZLWKLQ�WKH�VRFLHW\�
,Q�6RXWK�$IULFD��WKH�UHGXFWLRQ�LQ�QRQ�UHQHZDEOH�QDWXUDO�FDSLWDO�LQ WKH�IRUP�RI�PLQHUDO�UHVHUYHV�WKDW�RFFXUUHG�RYHU� WKH�PDLQ�SHULRG�RI�PLQHUDO�H[SORLWDWLRQ� ������WR�SUHVHQW��FDQ�EH�HVWLPDWHG�IURP� PLQH� SURGXFWLRQ� VWDWLVWLFV�� +RZHYHU�� WKHUH� LV� QR� JHQHUDO� HVWLPDWH� RI� WKH� UHGXFWLRQ� LQ�UHQHZDEOH�QDWXUDO�FDSLWDO� LQ�6RXWK�$IULFD RYHU�WKLV�SHULRG��:H�VXJJHVW�WKDW�D�SUR[\�IRU�DW�OHDVW�SDUW�RI�WKH�UHGXFWLRQ�LQ�UHQHZDEOH�FDSLWDO�LV�WKH�FKDQJH�LQ�WKH�SRSXODWLRQ�VL]HV�RI�YDULRXV�IRUPV�RI�ZLOG� RUJDQLVPV� �ELRGLYHUVLW\�� WKDW� KDV� RFFXUUHG� RYHU� WKH� FRORQLDO� DQG� SRVW �FRORQLDO� SHULRG��7KH�SRSXODWLRQV�RI�GLIIHUHQW�ZLOG�RUJDQLVPV�FDQ�EH�VHHQ�DV�DQ�H[SUHVVLRQ�RI�QDWXUDO�FDSLWDO��VLQFH�PRVW�HFRV\VWHP�JRRGV�DQG�VHUYLFHV�UHO\�RQ�VSHFLILF�RUJDQLVPV�IRU�WKHLU�SURGXFWLRQ��DQG�WKH�VL]H�RI�WKH�IORZ�GHSHQGV�RQ�WKH�DEXQGDQFH�RI�WKH�RUJDQLVPV��
6FKROHV�DQG %LJJV������� GHYHORSHG�WKH�¶%LRGLYHUVLW\�,QWDFWQHVV�,QGH[·��%,,��WR�HVWLPDWH�FKDQJHV�LQ�WKH�PHDQ�SRSXODWLRQ�VL]HV�RI�D�ZLGH�UDQJH�RI�RUJDQLVPV�ZKHQ�VXEMHFWHG�WR�D�UDQJH�RI�GLIIHUHQW�ODQG� XVHV�� $SSO\LQJ� WKH� DSSURDFK� WR� 6RXWK� $IULFD� LQ� \HDU� ������ WKH\� HVWLPDWHG� DQ� RYHUDOO�UHGXFWLRQ�RI�DERXW����� LQ� WKH�SRSXODWLRQ� VL]HV�RI�SODQWV� DQG�YHUWHEUDWHV� UHODWLYH� WR� WKHLU�SUH �FRORQLDO� OHYHOV��ZLWK�PXFK�KLJKHU�UHGXFWLRQV� LQ�FHUWDLQ�JURXSV�VXFK�DV�WKH�ODUJH�PDPPDOV��7KH�



���

%,,�LV�FRQFHSWXDOO\�DQG�PDWKHPDWLFDOO\�HTXLYDOHQW�WR�WKH�1DWXUDO�&DSLWDO�,QGH[� �7HQ�%ULQN�HW�DO�������� ZKLFK�KDV�EHHQ�DSSOLHG�LQ�VHYHUDO�(XURSHDQ�FRXQWULHV�
7KH�REMHFWLYHV�RI�WKLV�FKDSWHU�DUH�ILUVWO\�WR�DSSO\�WKH�%,,�WR�FKDQJHV�LQ�ODQG�XVH�LQ�6RXWK�$IULFD�EHWZHHQ������DQG������� LQ�RUGHU� WR�HVWLPDWH� WKH�UDWH�DQG�SDWWHUQ�RI� ORVV�RI� UHQHZDEOH�QDWXUDO�FDSLWDO��6HFRQGO\��WKH�FKDQJHV�LQ�%,,�DUH�FRPSDUHG�ZLWK�FKDQJHV�LQ�*'3�DQG�)&6�RYHU�WKH�VDPH�SHULRG�LQ�RUGHU�WR�GHVFULEH�WKH�SURFHVV�RI�FRQYHUVLRQ�EHWZHHQ�QDWXUDO�DQG�PDQXIDFWXUHG�FDSLWDO�
��� (VWLPDWLQJ�KLVWRULFDO�FKDQJHV�LQ�ELRGLYHUVLW\�LQWDFWQHVV
7KH�PHWKRG� IRU� FDOFXODWLQJ� WKH�%,,� LV�GHWDLOHG� LQ�6FKROHV� DQG�%LJJV� ��������%ULHIO\��%,,� LV� WKH�DYHUDJH��DFURVV�DOO�VSHFLHV�RI�ZHOO�NQRZQ�WHUUHVWULDO�ELRGLYHUVLW\��SODQWV��PDPPDOV��ELUGV��UHSWLOHV�DQG�DPSKLELDQV���RI�WKH�SRSXODWLRQV�DW�D�SDUWLFXODU�WLPH�UHODWLYH�WR�WKH�SRSXODWLRQV�DW�D�UHIHUHQFH�WLPH��7KH�UHIHUHQFH� LQ�WKLV�VWXG\�ZDV�QRPLQDOO\�WKH�SUH �FRORQLDO�SHULRG��SUH��������,Q�SUDFWLFH��FRQWHPSRUDU\� DEXQGDQFHV� LQ� ODUJH� SURWHFWHG� DUHDV� ZHUH� XVHG� DV� D� SUR[\� IRU� WKH� SUH �FRORQLDO�VWDWH�� &KDQJHV� LQ� SRSXODWLRQ� DEXQGDQFHV� ZHUH� HVWLPDWHG� E\� D� SDQHO� RI� VL[WHHQ� H[SHUWV�� IRU� D�UDQJH�RI�ODQG�XVHV�RI�LQFUHDVLQJ�LQWHQVLW\��7DEOH�������(VWLPDWHV�ZHUH�PDGH�IRU�HDFK�RI�DERXW�WHQ�IXQFWLRQDO�W\SHV�SHU�EURDG�WD[RQ��IRU�HDFK�RI�VL[�PDMRU�ELRPH�W\SHV��IRUHVW��VDYDQQD��JUDVVODQG��DULG�VKUXEODQGV�� I\QERV DQG�ZHWODQG��LQ�VRXWKHUQ�$IULFD��DQG�DJJUHJDWHG�XS�WR�WKH�WD[RQ�OHYHO�E \�ZHLJKWLQJ�E\� WKH� VSHFLHV� ULFKQHVV� RI� HDFK� IXQFWLRQDO� W\SH��:HLJKWLQJ� WKHVH� UHODWLYH�SRSXODWLRQ�DEXQGDQFH� HVWLPDWHV� IRU� HDFK� WD[RQ� LQ� HDFK� ODQG� XVH� E\� WKH� DUHD� DIIHFWHG� DQG� WKH�QXPEHU�RI�VSHFLHV��ULFKQHVV��LQ�WKH�WD[RQ�JLYHV�WKH�%,,�

ZKHUH ,LMN LV WKH� SRSXODWLRQ� RI� WD[RQ� L XQGHU� ODQG� XVH� DFWLYLW\� N LQ� HFRV\VWHP� M�� UHODWLYH� WR� D�UHIHUHQFH�SRSXODWLRQ�LQ�WKH�VDPH�HFRV\VWHP�W\SH�5LM LV�WKH�ULFKQHVV��QXPEHU�RI�VSHFLHV��RI�WD[RQ� L LQ�HFRV\VWHP�M��DQG$MN LV�WKH�DUHD�RI�ODQG�XVH�N LQ�HFRV\VWHP�M�

$5
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MNLM
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7DEOH� ���� /DQG� XVHV� FODVVHV� DQG� DVVRFLDWHG� GDWD� VRXUFHV� XVHG� IRU� WKH� HVWLPDWLRQ� RI� WKH�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��
/DQG�XVH�FODVV 'HVFULSWLRQ ([DPSOHV 'DWD�VRXUFH
3URWHFWHG 0LQLPDO�UHFHQW�KXPDQ�LPSDFW�RQ�VWUXFWXUH��FRPSRVLWLRQ�RU�IXQFWLRQ�RI�WKH�HFRV\VWHP��%LRWLF�SRSXODWLRQV�LQIHUUHG�WR�EH�QHDU�WKHLU�SRWHQWLDO�

/DUJH�SURWHFWHG�DUHDV��¶ZLOGHUQHVV·�DUHDV� :RUOG�'DWDEDVH�RQ�3URWHFWHG�$UHDV��,8&1�	�81(3���������$OO�GHVLJQDWHG�SURWHFWHG�DUHDV�RI�,8&1�FDWHJRULHV�,�9�
0RGHUDWH�XVH 6RPH�H[WUDFWLYH�XVH�RI�SRSXODWLRQV�DQG�DVVRFLDWHG�GLVWXUEDQFH��EXW�QRW�HQRXJK�WR�FDXVH�FRQWLQXLQJ�RU�LUUHYHUVLEOH�GHFOLQHV�LQ�SRSXODWLRQV��3URFHVVHV��FRPPXQLWLHV�DQG�SRSXODWLRQV�ODUJHO\�LQWDFW�

*UDVVODQG�DQG�VDYDQQD�DUHDV�JUD]HG�ZLWKLQ�WKHLU�VXVWDLQDEOH�FDUU\LQJ�FDSDFLW\��
$OO�UHPDLQLQJ�DUHDV�QRW�FODVVLILHG�LQWR�RQH�RI�WKH�RWKHU�ILYH�FDWHJRULHV�

'HJUDGHG +LJK�H[WUDFWLYH�XVH�DQG�ZLGHVSUHDG�GLVWXUEDQFH��W\SLFDOO\�DVVRFLDWHG�ZLWK�ODUJH�KXPDQ�SRSXODWLRQV�LQ�UXUDO�DUHDV��3URGXFWLYH�FDSDFLW\�UHGXFHG�WR�DSSUR[LPDWHO\�����RI�¶QDWXUDO·�VWDWH�
$UHDV�VXEMHFW�WR�LQWHQVH�JUD]LQJ��KDUYHVWLQJ��KXQWLQJ�RU�ILVKLQJ��DUHDV�LQYDGHG�E\�DOLHQ�YHJHWDWLRQ��

�����6RXWK�$IULFDQ�1DWLRQDO�/DQG�&RYHU�PDS��)DLUEDQNV�HW�DO��������
&XOWLYDWHG /DQG�FRYHU�SHUPDQHQWO\�UHSODFHG�E\�SODQWHG�FURSV��0RVW�SURFHVVHV�SHUVLVW��EXW�DUH�VLJQLILFDQWO\�GLVUXSWHG�E\�SORXJKLQJ�DQG�KDUYHVWLQJ�DFWLYLWLHV��5HVLGXDO�ELRGLYHUVLW\�SHUVLVWV�LQ�WKH�ODQGVFDSH��PDLQO\�LQ�VHW�DVLGHV�DQG�LQ�VWULSV�EHWZHHQ�ILHOGV��PDWUL[���DVVXPHG�WR�FRQVWLWXWH�DSSUR[LPDWHO\�����RI�FODVV�

&RPPHUFLDO�DQG�VXEVLVWHQFH�FURS�DJULFXOWXUH�
�����6RXWK�$IULFDQ�1DWLRQDO�/DQG�&RYHU�PDS��)DLUEDQNV�HW�DO��������

3ODQWDWLRQ /DQG�FRYHU�SHUPDQHQWO\�UHSODFHG�E\�WLPEHU�SODQWDWLRQV��0DWUL[�DUHDV�DVVXPHG�WR�FRQVWLWXWH�DSSUR[LPDWHO\�����RI�FODVV�
3ODQWDWLRQ�IRUHVWU\��W\SLFDOO\�SLQH�DQG�HXFDO\SW�VSHFLHV�

�����6RXWK�$IULFDQ�1DWLRQDO�/DQG�&RYHU�PDS��)DLUEDQNV�HW�DO��������
8UEDQ /DQG�FRYHU�UHSODFHG�E\�KDUG�VXUIDFHV�VXFK�DV�URDGV�DQG�EXLOGLQJV��'HQVH�SRSXODWLRQV�RI�SHRSOH��0RVW�SURFHVVHV�DUH�KLJKO\�PRGLILHG��0DWUL[�DVVXPHG�WR�FRQVWLWXWH�����RI�FODVV�

'HQVH�XUEDQ�DQG�LQGXVWULDO�DUHDV��PLQHV�DQG TXDUULHV�
�����6RXWK�$IULFDQ�1DWLRQDO�/DQG�&RYHU�PDS��)DLUEDQNV�HW�DO��������

&KDQJHV�LQ�%,,�RYHU�WKH�WZHQWLHWK�FHQWXU\�ZHUH�DVVXPHG�WR�EH�D�IXQFWLRQ�RQO\�RI�FKDQJHV�LQ�WKH�H[WHQW�RI�GLIIHUHQW�ODQG�XVHV��$MN���&KDQJHV�LQ�WKH�SRSXODWLRQ�LPSDFWV�RI�GLIIHUHQW�ODQG�XVHV�� ,LMN�DQG�WKH�SRWHQWLDO�VSHFLHV�ULFKQHVV�RI�GLIIHUHQW�ELRPHV��5LM� ZHUH�DVVXPHG�WR�EH�QHJOLJLEOH�RYHU�WKH�WLPH� SHULRG� H[DPLQHG�� %LRPH� ERXQGDULHV� LQ� 6RXWK� $IULFD� ZHUH� DVVXPHG� WR� KDYH� UHPDLQHG�XQFKDQJHG�RYHU�WKH�WZHQWLHWK�FHQWXU\�



���

7KH�VSDWLDO�SDWWHUQ�RI�WKH�ODQG�XVHV�OLVWHG�LQ�7DEOH�����EHWZHHQ������DQG������ZDV�UHFRQVWUXFWHG�SHU� ELRPH�� DW� WKH�PDJLVWHULDO� GLVWULFW� OHYHO�� DW� D� GHFDGDO� WLPHVWHS��'DWD� RQ� WKH� SURJUHVVLRQ� RI�FXOWLYDWHG�DUHD�GXULQJ�WKH�WZHQWLHWK�FHQWXU\�ZHUH�REWDLQHG�IURP�DJULFXOWXUDO�VWDWLVWLFV�FROODWHG�DW�WKH�PDJLVWHULDO�GLVWULFW�OHYHO�E\�%LJJV�DQG�6FKROHV� ��������:KHUH�D�GLVWULFW�VSDQQHG�PRUH�WKDQ�RQH�ELRPH��WKH�DUHD�XQGHU�FXOWLYDWLRQ�LQ�HDFK�ELRPH�ZDV�DOORFDWHG�LQ�SURSRUWLRQ�WR�WKH�FXOWLYDWHG�DUHD�LQ�WKH������/DQG�&RYHU�PDS�RI�6RXWK�$IULFD� �)DLUEDQNV�HW�DO������� �)LJXUH�������7KH�FKDQJH�LQ�DIIRUHVWHG�DUHD�RYHU�WKH�WZHQWLHWK�FHQWXU\�ZDV�REWDLQHG� LQ�WKH�VDPH PDQQHU��7KH�ORFDWLRQ�DQG�GDWHV�RI�HVWDEOLVKPHQW�RI�GHVLJQDWHG�SURWHFWHG�DUHDV�RI�,8&1�FDWHJRULHV�,� WR�9�ZHUH�REWDLQHG�IURP�WKH�:RUOG�'DWDEDVH�RQ�3URWHFWHG�$UHDV� �,8&1�	�81(3���������7KH�XUEDQ�ODQG�DUHD�LQ�HDFK�PDJLVWHULDO�GLVWULFW�ZDV�FDOFXODWHG�IURP������/DQG�&RYHU�PDS�DQG�EDFN�FDOFXODWHG�IRU�HDFK�GHFDGH�RI�WKH�WZHQWLHWK�FHQWXU\�E\�DGMXVWLQJ�WKH������DUHD�LQ�SURSRUWLRQ�WR�WKH�SRSXODWLRQ�ZKLFK�ZDV�XUEDQL]HG� LQ�HDFK�SURYLQFH�E\�WKH�VWDUW�RI�HDFK�GHFDGH�FRPSDUHG�WR�WKH�SHUFHQWDJH�XUEDQ�SRSXODWLRQ�LQ�������2IILFLDO�SRSXODWLRQ�FHQVXV�GDWD�ZHUH�REWDLQHG�IURP�6WDWLVWLFV�6RXWK�$IULFD��/DQG�QRW� LQ�WKH�SURWHFWHG��FXOWLYDWHG��SODQWDWLRQ��XUEDQ�RU�GHJUDGHG�FDWHJRULHV�ZDV�DVVLJQHG�WR�WKH�PRGHUDWH�XVH�FODVV�

)LJXUH�����7KH�GLVWULEXWLRQ�RI�ODQG�XVHV�FLUFD ������LQ�WKH�VL[�FDWHJRULHV�XVHG�IRU�WKH�FDOFXODWLRQ�RI� %,,� �VHH�7DEOH� ������ 7KH� EDVLF�PDS� LV� GHULYHG� E\� OXPSLQJ� ODQG� FRYHU� FODVVHV� LQ� WKH� 6RXWK�$IULFDQ�1DWLRQDO�/DQG�&RYHU�0DS��)DLUEDQNV�HW�DO���������DQG�FRPELQLQJ�WKLV�ZLWK�WKH�SURWHFWHG�DUHDV�RI�,8&1�FDWHJRULHV�,�WR�9�IURP�WKH�:RUOG�'DWDEDVH�RQ�3URWHFWHG�$UHDV� �,8&1�	�81(3��������



���

7KH�DUHD�RI�GHJUDGHG�ODQG�ZDV�UHFRQVWUXFWHG�E\�EXLOGLQJ�D�QDUUDWLYH�RI�WKH�PDMRU�FKDQJHV�DQG�WKHLU�FDXVHV��ORFDWLRQ�DQG�WLPLQJ�GXULQJ�WKH�WZHQWLHWK�FHQWXU\��7KH�IRUPDOL]DWLR Q�RI�ODQG�WHQXUH�UHVWULFWLRQV��WKH�LQFUHDVH�LQ�GRPHVWLF�OLYHVWRFN�QXPEHUV��DQG�WKH�RFFXUUHQFH�RI�VHYHUH�GURXJKWV�DQG�SHULRGV�RI�HFRQRPLF�GHSUHVVLRQ�ZHUH�WKH�NH\�FRQVLGHUDWLRQV� �%HLQKDUW�������+RIIPDQ�������+RIIPDQ�	�$VKZHOO���������%DVHG�RQ�WKH�KLVWRULFDO�QDUUDWLYH��WLPH�FRXUVHV�IRU�WKHVH GULYHUV��DQG�WKH�FRQVHTXHQW�H[WHQW�RI�GHJUDGDWLRQ�UHODWLYH� WR������ZHUH�GHULYHG�IRU����GLIIHUHQW� UHJLRQV�RI�WKH�FRXQWU\��7KHVH�¶GHJUDGDWLRQ�VHTXHQFHV·�ZHUH�DSSOLHG�UHWURVSHFWLYHO\�WR�WKH������GLVWULEXWLRQ�RI� GHJUDGHG� ODQG� LQ� WKH� 6RXWK�$IULFDQ� /DQG�&RYHU�PDS� LQ� WKH� UHOHYDQW� UHJLRQV� WR� GHULYH� WKH�VSDWLDO�GLVWULEXWLRQ�RI�GHJUDGDWLRQ�IRU�HDFK�GHFDGH�RI�WKH�WZHQWLHWK�FHQWXU\��
7KH�HVWLPDWHG�IUDFWLRQV�RI�6RXWK�$IULFD�LQ�WKH�YDULRXV�ELRGLYHUVLW\�LPSDFW�FODVVHV�DUH�JLYHQ�SHU�GHFDGH� LQ�7DEOH������2XU�XQFHUWDLQW\�UHJDUGLQJ�WKH�HVWLPDWHV�RI�%,,�RYHU�WKH�WZHQWLHWK�FHQWXU\�DUH� UHODWHG� WR� WKH� OHYHO� RI� XQFHUWDLQW\� LQ� WKH� HVWLPDWHV� RI� ODQG� XVH� GLVWULEXWLRQ� RYHU� WLPH��&XOWLYDWLRQ�KDV�WKH�ODUJHVW�LPSDFW�RQ�WKH�HVWLPDWH�RI�%,,��VLQFH�WKH�DUHD�LQYROYHG�ZDV�DERXW�����RI�6RXWK�$IULFD� LQ�WKH�\HDU�������DQG�WKH�PHDQ�LPSDFW�VFRUH�ZDV�������L�H��D�����UHGXFWLRQ�LQ�ELRWLF�SRSXODWLRQV��&XOWLYDWLRQ�ZDV� UHVSRQVLEOH� IRU�KDOI� WKH� UHGXFWLRQ� LQ�%,,�E\� WKH�\HDU�������7KH�GDWD�RQ�FXOWLYDWHG�DUHD��DQG�SODQWDWLRQV��DUH�WKH�PRVW�UHOLDEOH�LQ�WKH� VHW��ZLWK�DQ�HUURU�RI�QR�PRUH�WKDQ����DEVROXWH��ZKLFK�WUDQVODWHV�WR�D�PD[LPXP�DEVROXWH�HUURU�RI������LQ�WKH�%,,�VFRUH�IRU�WKH�\HDU������
7DEOH�����(VWLPDWHG�SHUFHQWDJHV�RI�6RXWK�$IULFD�LQ�VL[�ODQG�XVH�FDWHJRULHV��SHU�GHFDGH�RYHU�WKH�WZHQWLHWK�FHQWXU\��7KH�WRWDO�ODQG�DUHD�RI�WKH�FRXQWU\�LV�����PLOOLRQ�NP ��

<HDU 3URWHFWHG 0RGHUDWH�XVH 'HJUDGHG &XOWLYDWHG 8UEDQ 3ODQWDWLRQ���� ���� ����� ���� ���� ���� �������� ���� ����� ���� ���� ���� �������� ���� ����� ���� ���� ���� �������� ���� ����� ���� ���� ���� �������� ���� ����� ���� ���� ���� �������� ���� ����� ���� ���� ���� �������� ���� ����� ���� ����� ���� �������� ���� ����� ���� ����� ���� �������� ���� ����� ���� ����� ���� �������� ���� ����� ���� ����� ���� �������� ���� ����� ���� ����� ���� ����



���

7KH�VHFRQG�ODUJHVW�HIIHFW��DFFRXQWLQJ�IRU�D�TXDUWHU�RI�WKH�UHGXFWLRQ� LQ�%,,�� LV�GXH�WR�PRGHUDWH�H[WUDFWLYH�XVHV��VXFK�DV�FDWWOH�UDQFKLQJ��$OWKRXJK�WKH�PHDQ�LPSDFW�LV�ORZ���������DQ�H[WHQVLYH�DUHD�LV�DIIHFWHG������RI�6RXWK�$IULFD�LQ�WKH \HDU��������6LQFH�WKH�DUHD�XQGHU�H[WHQVLYH�¶PRGHUDWH�XVH·�LV�GHULYHG�E\�GLIIHUHQFH��7DEOH�������WKH�XQFHUWDLQW\�LQ�WKH�WRWDO�DUHD�FODVVLILHG�DV�VXFK�GHSHQGV�RQ�WKH� DFFXUDF\� ZLWK� ZKLFK� WKH� RWKHU� PDMRU� FODVVHV� DUH� PDSSHG�� &XOWLYDWHG� DUHD� KDV� EHHQ� ZHOO�PDSSHG��VLPLODUO\��WKH�SURWHFWHG�DUHD�LV�UHOLDEO\�PDSSHG�DQG�GDWHG��DW�OHDVW�IRU�WKH�PDMRU�DUHDV�
7KH�PHWKRG�XVHG�IRU�PDSSLQJ�WKH�GHYHORSPHQW�RI�XUEDQ�DUHDV�ZDV�FUXGH��EXW�WKH�WRWDO�DUHD�LV�VPDOO���������VR�HYHQ�ZLWK�D�PHDQ�LPSDFW�VFRUH�RI�������WKH�SRWHQWLDO� HUURU�LV�OLPLWHG�WR�OHVV�WKDQ�D� WHQWK�RI� WKH�REVHUYHG�UHGXFWLRQ�RI�%,,��7KH� ODUJHVW�DPRXQW�RI�XQFHUWDLQW\� LV�DVVRFLDWHG�ZLWK�WKH� ¶GHJUDGHG·�FODVV��ZKLFK�RFFXSLHG�DERXW����RI�6RXWK�$IULFD�LQ�������DQG�UHVXOWV�LQ�QHDUO\�D�����UHGXFWLRQ�LQ�SRSXODWLRQ�DEXQGDQFHV�ZKHUH�LW�RFFXUV��'HJUDGDWLRQ�LV�UHVSRQVLEOH�IRU�DERXW�DQ�HLJKWK�RI�WKH�WRWDO�ELRGLYHUVLW\�LPSDFW��LI�WKH�XQFHUWDLQW\�LQ�WKH�DUHD�FODVVLILHG�DV�GHJUDGHG�LV�����DEVROXWH�� WKHQ� WKH� DEVROXWH� HUURU� LQ�%,,� LV� ����� IURP� WKLV� VRXUFH��7KH� WRWDO� HUURU� LQ� WKH�HVWLPDWH�RI�%,,�UHVXOWLQJ�IURP�WKH�XQFHUWDLQW\�LQ�WKH�DUHDV�XQGHU�GLIIHUHQW�ODQG�XVHV�LV�WKHUHIRUH�OHVV�WKDQ����DEVROXWH�
��� 7KH�FRQYHUVLRQ�RI�QDWXUDO�FDSLWDO�LQWR�PDQXIDFWXUHG�FDSLWDO
7DNLQJ� WKH�%,,� DV� D� SDUWLDO� SUR[\� IRU� QDWXUDO� FDSLWDO�� FKDQJHV� LQ�%,,�� )&6� DQG�*'3�RYHU� WKH�WZHQWLHWK� FHQWXU\� VXSSRUW� WKH� FRQFHSWXDO�PRGHO�RI� D�SDUWLDO� FRQYHUVLRQ�RI�QDWXUDO� FDSLWDO� LQWR�PDQXIDFWXUHG� FDSLWDO� GXULQJ� WKH� HFRQRPLF� GHYHORSPHQW� RI� 6RXWK�$IULFD� �)LJXUH� ������ )RU� WKH�ILUVW�WZR�FHQWXULHV�IROORZLQJ�WKH�DUULYDO�RI�(XURSHDQ VHWWOHUV�LQ�6RXWK�$IULFD�LQ�WKH�VHYHQWHHQWK�FHQWXU\��HFRQRPLF�DFWLYLW\�ZDV�EDVHG�DOPRVW�HQWLUHO\�RQ�WKH�XVH�RI�UHQHZDEOH�QDWXUDO�UHVRXUFHV��JUD]LQJ� ODQG�� FXOWLYDWLQJ� FURSV�� KXQWLQJ� ZLOGOLIH� DQG� FXWWLQJ� WLPEHU� IURP� IRUHVWV�� 7KH� WRWDO�SRSXODWLRQ� JUHZ� VORZO\�� DQG� WKH� LPSDFW� RQ� WKH� QDWXUDO� UHVRXUFH� EDVH� ZDV� VSDWLDOO\� UHODWLYHO\�OLPLWHG��%\�������WKH�IHUWLOH�YDOOH\�VRLOV�RI�WKH�VRXWK�ZHVWHUQ�&DSH�ZHUH�PRVWO\�FRQYHUWHG�WR�FURS�DJULFXOWXUH�� WKH�YHU\� OLPLWHG�H[WHQW�RI� LQGLJHQRXV� WDOO� IRUHVW� DURXQG�.Q\VQD�ZDV�DSSUR [LPDWHO\�KDOYHG�E\�XQVXVWDLQDEOH�ORJJLQJ�DQG�ILUHV��DQG�WKH�ODUJH�KHUGV�RI�DQWHORSH�WKDW�JUD]HG�WKH�LQWHULRU�SODWHDX�KDG�EHHQ�GHFLPDWHG� �+RIIPDQ��������7KH�FRQFHQWUDWLRQ�RI�WKHVH�LPSDFWV�LQ�WKH�KLJKO\�SODQW�GLYHUVH�I\QERV UHJLRQ�DQG�WKH�ODFN�RI�SURWHFWLRQ�IRU�LQGLJHQRXV�PDPPDO�VSHFLHV� �&DUUXWKHUV������� DFFRXQWV� IRU� WKH� ���� DYHUDJH� UHGXFWLRQ� LQ� WKH� SRSXODWLRQV� RI� 6RXWK�$IULFD·V� IORUD� DQG�IDXQD�WKDW�KDG�RFFXUUHG�E\�WKH�VWDUW�RI�WKH�WZHQWLHWK�FHQWXU\�



���

)LJXUH�����&KDQJHV�LQ�WKH�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��%,,���WRWDO�IL[HG�FDSLWDO�VWRFN��)&6��DQG�JURVV�GRPHVWLF�SURGXFW��*'3��RI�6RXWK�$IULFD�RYHU�WKH�SHULRG������WR�������'DWD�RQ�WRWDO�IL[HG�FDSLWDO� VWRFN� DQG� *'3� ZHUH� REWDLQHG� IURP� WKH� 6RXWK� $IULFDQ� 5HVHUYH� %DQN�� 'DWD� ZHUH� QRW�FRQYHUWHG�WR�86�GROODUV�GXH�WR�WKH�DEVHQFH�RI�ZHOO�RSHUDWLQJ�ILQDQFLDO�PDUNHWV�LQ�WKH�HDUO\���� �V��)RU�LQGLFDWLYH�SXUSRVHV�RQO\����86'� �5�����LQ�PLG �������

7KH�GLVFRYHU\�RI�GLDPRQGV�LQ�������DQG�ODUJH�GHSRVLWV�RI�JROG�LQ������ �%\UQHV���������WULJJHUHG�WKH�VZLWFK� WR�WKH�GRPLQDQFH�E\�PDQXIDFWXUHG�FDSLWDO� WKDW�WRRN�SODFH�RYHU�D�SHULRG�RI�DERXW�D�FHQWXU\�� 0LQHUDO� GLVFRYHULHV� DWWUDFWHG� ODUJH� QXPEHUV� RI� (XURSHDQ� LPPLJUDQWV� DQG� $IULFDQ�PLJUDQWV��DQG�OHG�WR�D�UDSLGO\�H[SDQGLQJ�XUEDQ�SRSXODWLRQ��7KLV�QHF HVVLWDWHG�WKH�HVWDEOLVKPHQW�RI�VXUSOXV�SURGXFLQJ� FRPPHUFLDO� DJULFXOWXUH� WR� SURYLGH� IRRG�� DV� ZHOO� DV� FRPPHUFLDO� IRUHVW�SODQWDWLRQV� WR� SURYLGH� VXSSRUW� WLPEHU� IRU� WKH� PLQHV�� $� JURZLQJ� WD[� EDVH� DQG� VWUHQJWKHQLQJ�JRYHUQPHQW� LQVWLWXWLRQV��FRXSOHG�ZLWK�GUDPDWLF� W HFKQRORJLFDO�DGYDQFHV�JOREDOO\� LQ�WKH�ILHOGV�RI�VDQLWDWLRQ� DQG� PHGLFLQH�� OHG� WR� D� VWHDG\� UHGXFWLRQ� LQ� PRUWDOLW\� UDWHV� LQ� ERWK� $IULFDQ� DQG�(XURSHDQ� SRSXODWLRQV�� FRQVHTXHQWO\�� WKDW� WKH� WRWDO� SRSXODWLRQ� JUHZ� UDSLGO\� WKURXJKRXW� WKH�WZHQWLHWK� FHQWXU\� �66$� � ������� 7KH� LQFUHDVHG� SRSXODWLRQ�� DEHWWHG� E\� H[SDQGLQJ�PDUNHWV� DQG�WHFKQRORJLHV�� LQFOXGLQJ�QHZO\� LPSRUWHG�EUHHGV�RI� OLYHVWRFN��GRPHVWLFDWLRQ�RI� WKH�RVWULFK�� IDUP�PHFKDQL]DWLRQ��LUULJDWLRQ��QHZ�PDL]H�FXOWLYDUV�DQG�DJULFXOWXUDO�FKHPLFDOV��EHJDQ�WR�WUDQVIRUP�WKH�ODQGVFDSH� WR� DQ� XQSUHFHGHQWHG� GHJUHH� DQG� H[WHQW� �+RIIPDQ� ������� %HWZHHQ� ����� DQG� ������DLGHG� E\� JRYHUQPHQW� ORDQV� DQG� VXEVLGLHV� WKHUH� ZDV� D� VWHDG\� H[SDQVLRQ� LQ� WKH� DUHD� XQGHU�FXOWLYDWLRQ��SDUWLFXODUO\� LQ�WKH�LQWHULRU�KLJK�DOWLWXGH�JUDVVODQG�UHJLRQ�RI�6RXWK�$IULFD� �%LJJV�DQG�6FKROHV��������DQG�D�FRUUHVSRQGLQJ�GHFUHDVH�LQ�%,,�
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'HJUDGDWLRQ�RI� ODQG� LQ�DUHDV�XQGHU�PRGHUDWH�H[WUDFWLYH�XVHV��VXFK�DV�FDWWOH�UDQFKLQJ��KDV�EHHQ�DQRWKHU�VLJQLILFDQW�IDFWRU�OHDGLQJ�WR�D�ORVV�RI� ZLOGOLIH�SRSXODWLRQV�LQ�6RXWK�$IULFD��&RQIOLFW�RYHU�ODQG�DQG�SROLWLFDO�GRPLQDWLRQ�E\�WKH�(XURSHDQ�SRSXODWLRQ� OHG�WR�WKH�$IULFDQ�SRSXODWLRQ�EHLQJ�UHVWULFWHG� WR� DERXW� DQ� HLJKWK� RI� 6RXWK� $IULFD� E\� WKH� /DQG� $FWV� RI� ����� DQG� ������ $IULFDQ�XUEDQL]DWLRQ� ZDV� LQLWLDOO\� EORFNHG� E\� OHJLVODWLRQ�� UHVXOWLQJ� LQ� H[FHVVLYH� SUHVVXUH� RQ� QDWXUDO�UHVRXUFHV� LQ� WKHLU� GHVLJQDWHG� ¶KRPHODQG·� DUHDV� �%LJJV� DQG� 6FKROHV� LQ� SUHVV�� %HLQKDUW� ������+RIIPDQ�	�$VKZHOO��������1LHXZRXGW�	�*URHQHZDOG������� ��SRSXODWLRQ�GHQVLWLHV�LQ�WKHVH�DUHDV�ZHUH� ILYH� WR� WHQ� WLPHV� JUHDWHU� WKDQ� WKRVH� RI� WKH� UXUDO� DUHDV� LQ� WKH� UHVW� RI� 6RXWK�$IULFD� �66$��������� 7KH� DYHUDJH� KRXVHKROG� LQFRPH� ZDV� DOVR� VXEVWDQWLDOO\� ORZHU�� DQG� ODFN� RI� FDSLWDO� IRU�DJULFXOWXUDO� LQSXWV� DQG� FRQVHUYDWLRQ�� FRXSOHG�ZLWK� WKH� VPDOO� ODQGKROGLQJV�� LQVHFXUH� WHQXUH� DQG�ODFN�RI�WHFKQRORJ\��DGYLFH�DQG�PDUNHWV�� OHG�WR�GHWHULRUDWLQJ� ODQG�SURGXFWLYLW\ LQ�PDQ\�RI�WKHVH�DUHDV� �+RIIPDQ�	�$VKZHOO� ��������7KH�JUHDWHVW� LQFUHDVH� LQ�GHJUDGHG�DUHD�VLQFH������RFFXUUHG�GXULQJ�WKH�GHFDGH�RI�WKH�����V��7DEOH�������ODUJHO\�UHODWHG�WR�WKH�IRUFHG�UHPRYDO�RI�WKRXVDQGV�RI�$IULFDQV�DQG�WKHLU�UHVHWWOHPHQW�LQ�WKH�KRPHODQG�DUHDV�GXULQJ�WKLV�WLPH��%DVHG�RQ�WKH������ODQG�FRYHU�PDS��)DLUEDQNV�HW�DO�������������RI�WKH�GHJUDGHG�ODQG�LQ�6RXWK�$IULFD�ZDV�ORFDWHG�LQ�WKH�IRUPHU� KRPHODQG� DUHDV�� ZKLFK� FRQVWLWXWHG� RQO\� ���� RI� 6RXWK� $IULFD·V� ODQG� VXUIDFH��1HYHUWKHOHVV�� ODQG� GHJUDGDWLRQ� ZDV� DOVR� DQ� LVVXH� RI� VLJQLILFDQW� FRQFHUQ� LQ� ZKLWH �RZQHG�FRPPHUFLDO�IDUPLQJ�DUHDV�GXULQJ�WKH�WZHQWLHWK�FHQWXU\��:LGHVSUHDG�IDUPLQJ�IDLOXUHV��WULJJHUHG�E\�GURXJKWV�DQG�HFRQRPLF�GHSUHVVLRQ�LQ�WKH�HDUO\�����V�OHG�WR�VXEVWDQWLDO�LQFUHDVHV�LQ�WKH�GHJUDGHG�DUHD�GXULQJ�WKLV�GHFDGH��
7KH� SDWWHUQ� RI� GHFOLQH� RI�%,,� GXULQJ� WKH� WZHQWLHWK� FHQWXU\�ZDV� XQVWHDG\�� ODUJHO\� WUDFNLQJ� WKH�SURJUHVVLRQ� RI� FKDQJH� LQ� FXOWLYDWHG� DUHD�� 7KH�PDMRU� ORVV� RFFXUUHG� GXULQJ� WKH� ����V� �DEVROXWH�GHFUHDVH�RI��������FRXSOHG�SULPDULO\�WR�WKH������DEVROXWH�LQFUHDVH�LQ�WKH�DUHD�XQGHU�FXOWLYDWLRQ�DQG�DIIRUHVWDWLRQ��7DEOH�������7KH�QH[W�KLJKHVW�ORVV�RFFXUUHG�LQ�WKH�GHFDGH�RI�WKH�����V��UHODWHG�WR�WKH ODUJH�LQFUHDVH�LQ�WKH�HVWLPDWHG�GHJUDGHG�DUHD�GXULQJ�WKDW�GHFDGH��7KH�����V��RQ�WKH�RWKHU�KDQG��VDZ�WKH�VPDOOHVW�GHFOLQH�LQ�%,,�RI�DQ\�GHFDGH�VLQFH�������'XULQJ�WKLV�GHFDGH��WKHUH�ZDV�D�ZLWKGUDZDO�RI�PDQ\�RI�WKH�DJULFXOWXUDO�VXEVLGLHV�WKDW�KDG�HQFRXUDJHG� WKH�H[SDQVLRQ�RI�FXOWLYDWHG�ODQG��ZKLFK�KDG�LQ�DQ\�FDVH�DOUHDG\�RFFXSLHG�WKH�PRVW�IDYRUDEOH�ORFDWLRQV���UHVXOWLQJ�LQ�D�OHYHOLQJ�RII�RI�WKH�WRWDO�FXOWLYDWHG�DUHD��%LJJV�DQG�6FKROHV��������7KH�VHYHQWLHV�ZDV�DOVR�D�GHFDGH�RI�JRRG�UDLQIDOO� �3UHVWRQ�:K\WH� 	� 7\VRQ� ������� DQG� WKXV� VORZHU� ODQG� GHJUDGDWLRQ�� 7KH� VORZ� EXW�FRQWLQXLQJ�GHFUHDVH� LQ�%,,�GXULQJ�WKH�����V�DQG�����V� LV�DVVRFLDWHG�ZLWK�PDUJLQDO� LQFUHDVHV� LQ�WKH�DUHD�XQGHU�FXOWLYDWLRQ��DQG�GHJUDGDWLRQ�DV�D�UHVXOW�RI�GURXJKW�DQG�FRQWLQXHG�KLJK�SRSXODWLRQ�



���

SUHVVXUH� LQ� PDQ\� RI� WKH� IRUPHU� KRPHODQG� DUHDV�� ZKLFK� DUH� VWLOO� SRRU� DQG� KHDYLO\� UHOLDQW� RQ�HFRV\VWHPV�IRU�SURGXFWV�VXFK�DV�IXHOZRRG�
*URZWK� LQ� WKH� *'3� EURDGO\� SDUDOOHOV� WKH� JURZLQJ� SRSXODWLRQ�� EXW� VKRZV� VSXUWV� LQ� WKH� HDUO\�����V�DQG�IURP������WR�������FRUUHVSRQGLQJ�WR�JOREDO�HFRQRPLF�JURZWK�LQ�WKH�SRVW �ZDU�SHULRGV��DQG� LWV� HIIHFWV� RQ� GHPDQG� IRU� WKH�PLQHUDO��PDQXIDFWXUHG� DQG� DJULFXOWXUDO� JRRGV� SURGXFHG� E\�6RXWK� $IULFD�� (QFRXUDJHG� E\� WKH� DOWHUQDWLYH� OLYHOLKRRG� RSSRUWXQLWLHV� SUHVHQWHG� E\� WKH�EXUJHRQLQJ� HFRQRP\� �%\UQHV� � ������� QHDUO\� ���� RI� WKH� (XURSHDQ� SRSXODWLRQ� KDG� EHFRPH�XUEDQL]HG�E\������ �66$� �������� DQG�ZHUH�PDLQO\�HPSOR\HG� LQ� WKH�PDQXIDFWXULQJ�DQG�VHUYLFHV�VHFWRUV�� 7KH� UDSLG� JURZWK� LQ� *'3� EHWZHHQ� ����� DQG� ����� ZDV� GHULYHG� PDLQO\� IURP� WKHVH�VHFWRUV�� UDWKHU� WKDQ� IURP� UHQHZDEOH� QDWXUDO� FDSLWDO�� DQG� UHLQYHVWHG� LQ� )&6�� LQ� WKH� IRUP� RI�LQIUDVWUXFWXUH� �)LJXUH� ������ )OXFWXDWLRQV� LQ�*'3�GXULQJ� WKH� ����V�ZHUH� WKH� UHVXOW� RI� D� VHYHUH�GURXJKW�EHWZHHQ������DQG�������3UHVWRQ�:K\WH�	�7\VRQ���������ODUJH�IOXFWXDWLRQV�LQ�WKH�H[SRUW�SULFH� RI� JROG� �RQ�ZKLFK� 6RXWK�$IULFD�ZDV� KHDYLO\� UHOLDQW��� DQG� ULVLQJ� VHFXULW\� FRVWV� DQG� ODERU�GLVSXWHV�DVVRFLDWHG�ZLWK�WKH�ORQJ�WHUP�HIIHFWV�RI�SROLWLFDO�VXSSUHVVLRQ��%\UQHV���������7KH�HQG�RI�DSDUWKHLG� LQ� ����� DQG� LPSURYHG� PDFUR�HFRQRPLF� PDQDJHPHQW� EURXJKW� D� UHWXUQ� RI� IRUHLJQ�LQYHVWPHQW�DQG�UDSLG�JURZWK�RI�WKH�HFRQRP\��%\�������WKH�PDMRULW\�RI�$IULFDQV�ZHUH�DOVR�XUEDQ�GZHOOHUV�HPSOR\HG�LQ�VHFRQGDU\�DQG�WHUWLDU\�VHFWRUV�RI�WKH�HFRQRP\��ZKLFK�DFFRXQWHG�IRU�����RI�*'3��6$5%��������
3ORWWLQJ� WKH� SDLUV� RI�%,,� DQG�*'3�QXPEHUV� IRU� HDFK� GHFDGH� �)LJXUH� ����� VXJJHVWV� DQ� LQYHUVH�H[SRQHQWLDO�UHODWLRQVKLS�EHWZHHQ�QDWXUDO�FDSLWDO�DQG�WRWDO�IORZV�RI�JRRGV�DQG�VHUYLFHV��,QLWLDOO\��WKH�GHFOLQH�LQ�%,,�SHU�XQLW�LQFUHDVH�LQ�*'3�LV�UDSLG��DV�VRFLHW\·V�UHYHQXH�LV�PDLQO \�DFFUXHG�IURP�QDWXUDO�UHVRXUFHV��DQG�SDUWLFXODUO\�IURP�WKH�WUDQVIRUPDWLRQ�RI�WKH�ODQGVFDSH�LQWR�DJULFXOWXUDO�ODQG�XVHV�� 7KHVH� GLYLGHQGV� DUH� UHLQYHVWHG� LQ� WKH� HVWDEOLVKPHQW� RI� WKH� PDQXIDFWXULQJ� DQG� VHUYLFH�VHFWRUV��ZKLFK� LQ� WLPH�EHJLQ� WR�\LHOG�GLYLGHQGV�RI WKHLU�RZQ��VR� WKDW� IXUWKHU� LQFUHDVHV� LQ�*'3�DFFUXH� OHVV� DQG� OHVV� IURP�QDWXUDO� FDSLWDO� VWRFNV�DQG� LQFUHDVLQJO\� IURP�PDQXIDFWXUHG�DQG�VRFLDO�FDSLWDO�� 7KH� JURZWK� RI�*'3� WKHUHIRUH� EHFRPHV� LQFUHDVLQJO\� GHFRXSOHG� IURP� WKH� UHGXFWLRQ� LQ�QDWXUDO�FDSLWDO��$OWKRXJK� LW�FRXOG�QRW�EH�WHVWHG�KHUH�GXH�WR�WKH�ODFN�RI�)&6�GDWD�SULRU�WR�������JLYHQ�WKH�KLJK�OLQHDU�FRUUHODWLRQ�EHWZHHQ�*'3�DQG�)&6��U �  ��������S���������Q �����LW�LV�OLNHO\�WKDW�D�VLPLODU�UHODWLRQVKLS�KROGV�EHWZHHQ�QDWXUDO�FDSLWDO�DQG�PDQXIDFWXUHG�FDSLWDO�
,Q�RXU�RSLQLRQ��LW�LV�OLNHO\�WKDW�WKH�%,,�ZLOO�GHFOLQH�DW�D�VORZ�UDWH�LQ�6RXWK�$IULFD�LQ�WKH�QH[W�IHZ�GHFDGHV��$SDUW�IURP�WKH�GHFRXSOLQJ�PHFKDQLVP�GHVFULEHG�DERYH��ODUJH�DUHDV�RI�6RXWK�$IULFD�DUH�



���

QRW� DPHQDEOH� WR� H[WUHPH� ODQG� WUDQVIRUPDWLRQ�� WKH\� DUH� WRR� VWHHS �� WRR� LQIHUWLOH�� WRR�GU\�RU� WRR�UHPRWH� IRU� LQWHQVLYH� ODQG� XVHV� VXFK� DV� FXOWLYDWLRQ� RU� XUEDQL]DWLRQ�� +RZHYHU�� WKH\� DUH� QRW�LPPXQH� WR� RWKHU� IRUPV� RI� GHJUDGDWLRQ�� VXFK� DV� WUHH �FOHDULQJ�� RYHUJUD]LQJ� DQG� DOLHQ� SODQW�LQYDVLRQ�� 7KH� SULQFLSOH� FKDOOHQJH� IRU� ELRGLYHUVLW\� FRQVHUYDWLRQ� LQ� WKH� PHGLXP� WHUP� LV� WKXV�SUHYHQWLQJ� WKH�H[WHQVLYH�DUHDV�FXUUHQWO\�XQGHU� ¶PRGHUDWH�XVH·� IURP�EHFRPLQJ�GHJUDGHG��:KLOH�QRW�DSSDUHQW�LQ�WKH�GDWD�IRU�6RXWK�$IULFD�DW�WKLV�VWDJH��WKH�FXUUHQW�UHLQYHVWPHQW�RI�PDQXIDFWXUHG�FDSLWDO� LQWR� D� UDSLGO\� H[SDQGLQJ� QDWXUH�EDVHG� WRXULVP� VHFWRU� ZLWK� WKH� DVVRFLDWHG� LQFUHDVH� LQ�SULYDWHO\�PDQDJHG�SURWHFWHG�DUHDV�DQG�LQGLJHQRXV�PDPPDO�SRSXODWLRQV� �6FKROHV�	�%LJJV�������PD\�FRQFHLYDEO\�OHDG�WR�D�VPDOO�LQFUHDVH�LQ�%,,�RYHU�WKH�ILUVW�GHFDGH�RI�WKH�WZHQW\ �ILUVW�FHQWXU\�
7KUHH�VLJQLILFDQW�FRQFHUQV�UHPDLQ�IRU�WKH�SURWHFWLRQ�RI�ELRGLYHUVLW\��7KH�ILUVW�LV�FOLPDWH�FKDQJH��ZKLFK�KDV� WKH�SRWHQWLDO� WR�KDYH� D�PDMRU� HIIHFW�RQ�6RXWK�$IULFDQ�ELRGLYHUVLW\�� SDUWLFXODUO\� LQ�D�IUDJPHQWHG� ODQGVFDSH�� 7KH� VHFRQG� LV� WKH� ZLGHVSUHDG� HI IHFW� RI� LQGXVWULDO� DQG� XUEDQ� SROOXWLRQ��SDUWLFXODUO\� WKH�GHSRVLWLRQ�RI�QLWURJHQ�RQ� ODQG�� DQG� DFLG�GUDLQDJH� LQ� ULYHUV�� LQ� DQ� LQFUHDVLQJO\�XUEDQ� DQG� LQGXVWULDO� IXWXUH�� 7KH� WKLUG� LV� WKH� LQVLGLRXV� HIIHFW� RI� KDELWDW� IUDJPHQWDWLRQ� RQ�SRSXODWLRQ�YLDELOLW\��ZKLFK�LV�QRW�ZHOO�DFFRXQWHG�IRU�LQ�WKH�%,,�DSSURDFK�

)LJXUH�����7KH�UHODWLRQVKLS�EHWZHHQ�%,,�DQG�*'3�IRU�6RXWK�$IULFD��'DWD�SRLQWV�DUH�IRU�WKH�HQG�RI�HDFK�GHFDGH�EHWZHHQ������DQG�������7KH�HTXDWLRQ�RI�WKH�ILWWHG�UHJUHVVLRQ�OLQH�LV�%,,� ��������������� uu ����������� *'3 �U�  � ������� S��� ������� Q� � ����7KLV� IRUP�ZDV� HPSLULFDOO\� VHOHFWHG� DQG�VKRXOG�QRW�EH�H[WUDSRODWHG�
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��� &RQFOXVLRQ
7DNLQJ� WKH�%LRGLYHUVLW\� ,QWDFWQHVV� ,QGH[� �%,,�� DV� D�SDUWLDO�SUR[\� IRU�QDWXUDO� FDSLWDO�� DQG�)L[HG�&DSLWDO�6WRFN��)&6��DQG�*URVV�'RPHVWLF 3URGXFW��*'3��DV�LQGLFHV�IRU�PDQXIDFWXUHG�FDSLWDO��WKH�FKDQJHV� WKDW�RFFXUUHG�RYHU� WKH� WZHQWLHWK�FHQWXU\� UHIOHFW� D�SDUWLDO�FRQYHUVLRQ�RI�QDWXUDO�FDSLWDO�LQWR�PDQXIDFWXUHG�FDSLWDO��8VLQJ�D�KLVWRULFDO� ODQG�FRYHU�GDWDEDVH�IRU�6RXWK�$IULFD��ZH�HVWLPDWH�WKDW�WKH�%,,�KDV�GHFOLQHG�IURP�������WR�������RYHU�WKH�SUHYLRXV�FHQWXU\��L�H��E\�WKH�\HDU������WKHUH� KDG� EHHQ� DQ� DYHUDJH� UHGXFWLRQ� RI� ���� LQ� WKH� SRSXODWLRQ� DEXQGDQFHV� RI� DOO� LQGLJHQRXV�SODQW�DQG�YHUWHEUDWH� VSHFLHV��2YHU� WKH�VDPH�SHULRG�� WKH�DUHD�XQGHU�FXOWLYDWLRQ LQFUHDVHG�E\�DQ�DUHD�RI���������NP� �IURP����WR�����RI�6RXWK�$IULFD·V�ODQG�DUHD���ZKLOH�GHJUDGHG�DQG�SURWHFWHG�DUHDV�KDYH�JURZQ�IURP�QHDUO\�QRWKLQJ�WR�DSSUR[LPDWHO\��������NP� ����RI�WKH�ODQG�DUHD��HDFK��7KH� YDVW� PDMRULW\� RI� 6RXWK� $IULFD� ����� RI� WKH� ODQG� DUHD� LQ� ������ ���� LQ� ������ LV� XQGHU�¶PRGHUDWH� H[WUDFWLYH� XVH·�� PDLQO\� IRU� OLYHVWRFN� UDQFKLQJ�� DQG� LQFUHDVLQJO\� IRU� QDWXUH �EDVHG�WRXULVP�YHQWXUHV��
7KH�SDWWHUQ�RI�GHFOLQH� LQ�%,,�RYHU� WKH� WZHQWLHWK�FHQWXU\�ZDV�XQVWHDG\��DQG� ODUJHO\� UHIOHFWV� WKH�UHODWLYH�FKDQJH�LQ�WKH�PDMRU�ODQG�XVHV��%,,�GHFOLQHG�DW�D�UHODWLYH�UDWH�RI�������SHU�\HDU�RYHU�WKH�SDVW� FHQWXU\�� WKLV� FRPSDUHV�ZLWK� DQ� DYHUDJH� SRSXODWLRQ� JURZWK� UDWH� RI� �����SHU� \HDU�� DQG� DQ�DYHUDJH�*'3�JURZWK�UDWH�RI����SHU�\HDU��7KH�JUHDWHVW�ORVV�LQ�%,,�RFFXUUHG�GXU LQJ�WKH�GHFDGH�RI�WKH�����V�������DEVROXWH���UHODWHG�WR�D�ODUJH�LQFUHDVH�������DEVROXWH��LQ�WKH�DUHD�XQGHU�FXOWLYDWLRQ�DQG� DIIRUHVWDWLRQ�� WKH� VPDOOHVW� ORVV� RFFXUUHG� GXULQJ� WKH� GHFDGH� RI� WKH� ����V� ������ DEVROXWH���UHODWHG�WR�D�OHYHOLQJ�RII�RI�WKH�DUHD�XQGHU FXOWLYDWLRQ�
,QIODWLRQ�FRUUHFWHG� *'3� LQFUHDVHG� VHYHQWHHQ�IROG� RYHU� WKH� WZHQWLHWK� FHQWXU\�� 8QWLO� WKH� PLG�WZHQWLHWK� FHQWXU\�� *'3� LQFUHDVHG� PDLQO\� E\� GUDZLQJ� RQ� QDWXUDO� FDSLWDO� VWRFNV�� SDUWLFXODUO\�WKURXJK�PLQLQJ�DQG�FRQYHUVLRQ�RI�ODQG�WR�DJULFXOWXUH��)URP� WKH�����V�RQZDUG��WKH�JURZWK�LQ�WKH�HFRQRP\�RI�6RXWK�$IULFD�KDV�EHHQ�LQFUHDVLQJO\�EDVHG�RQ�WKH�PDQXIDFWXULQJ�DQG�VHUYLFH�VHFWRUV��6$5%���������DQG�WKH�UDWH�RI�GHFOLQH�LQ�%,,�KDV�GHFUHDVHG��$�SORW�RI�WKH�UHODWLRQVKLS�EHWZHHQ�%,,�DQG�*'3�VXJJHVWV�WKDW�GXULQJ WKH�HFRQRPLF�GHYHORSPHQW�RI�D�FRXQWU\�VXFK�DV�6RXWK�$IULFD��WKH� HFRQRP\� LQLWLDOO\�GUDZV�RQ�QDWXUDO� FDSLWDO� VWRFNV��EXW� WKH�GLYLGHQGV� DUH� WKHQ� UHLQYHVWHG� LQ�PDQXIDFWXUHG� DQG� VRFLDO� FDSLWDO��2YHU� WLPH�� IXUWKHU� JURZWK� LQ�*'3�DFFUXHV� LQFUHDVLQJO\� IURP�PDQXIDFWXUHG�DQG�VRFLDO�FDSLWDO��DQG�EHFRPHV�LQFUHDVLQJO\�GHFRXSOHG�IURP�D�UHGXFWLRQ�LQ�QDWXUDO�FDSLWDO�
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��� $FNQRZOHGJHPHQWV
7KH�H[SHUWV�ZKR�FRQWULEXWHG�WR�WKH�%,,�LPSDFW�VFRUH�HVWLPDWLRQ�DUH�WKDQNHG�IRU�WKHLU�WLPH�DQG�ZLOOLQJQHVV� WR� VKDUH� WKHLU� H[SHUWLVH�� 3RSXODW LRQ�� FXOWLYDWLRQ� DQG� SODQWDWLRQ� GDWD� ZHUH� PDGH�DYDLODEOH�E\�6WDWLVWLFV�6RXWK�$IULFD�
��� 5HIHUHQFHV
$UURZ��.��-���'DVJXSWD��3��DQG�0lOHU��.��*����������(YDOXDWLQJ�SURMHFWV�DQG�DVVHVVLQJ�VXVWDLQDEOH�GHYHORSPHQW�LQ�LPSHUIHFW�HFRQRPLHV� (QYLURQPHQWDO�DQG�5HVRXUFH�(FRQRPLFV ������������%HLQKDUW�� :�� �������� 6RLO� HURVLRQ�� FRQVHUYDWLRQLVP� DQG� LGHDV� DERXW� GHYHORSPHQW�� D� VRXWKHUQ�$IULFDQ�H[SORUDWLRQ������������-RXUQDO�RI�6RXWKHUQ�$IULFDQ�6WXGLHV ����������%LJJV��5��DQG�6FKROHV��5��-�� �,Q�SUHVV���6RXWK�$IULFD��,Q� 7KH�(DUWK
V� FKDQJLQJ� ODQG��$Q�HF\FORSHGLD�RI�ODQG�XVH�DQG�ODQG�FRYHU�FKDQJH� �*HLVW��+��-��HG����:DVKLQJWRQ�'�&��86$��,VODQG�3UHVV�%LJJV��5��DQG�6FKROHV��5��-����������/DQG�FRYHU�FKDQJHV�LQ�6RXWK�$IULFD������������6RXWK�$IULFDQ�-RXUQDO�RI�6FLHQFH ������������%\UQHV�� 5�� 0�� �HG���� �������� 6RXWK� $IULFD�� $� FRXQWU\� VWXG\�� 8QLWHG� 6WDWHV� /LEUDU\� RI� &RQJUHVV��)HGHUDO�5HVHDUFK�'LYLVLRQ�&DUUXWKHUV��-����������7KH�.UXJHU�1DWLRQDO�3DUN��$�VRFLDO�DQG�SROLWLFDO�KLVWRU\��3LHWHUPDULW]EXUJ��6RXWK�$IULFD��8QLYHUVLW\�RI�1DWDO�3UHVV�&RQVWDQ]D�� 5��� '
$UJH�� 5��� 'H� *URRW�� 5��� )DUEHU�� 6��� *UDVVR�� 0��� +DQQRQ�� %��� /LPEXUJ�� .���1DHHP�� 6���2
1HLOO��5��9��� 3DUXHOR�� -���5DVNLQ��5��*��� 6XWWRQ��3�� DQG�9DQ�GHQ�%HOW��0����������7KH�YDOXH�RI�WKH�ZRUOG
V�HFRV\VWHP�VHUYLFHV�DQG�QDWXUDO�FDSLWDO��1DWXUH �������������&RQVWDQ]D��5��DQG�'DO\��+��(����������1DWXUDO�FDSLWDO�DQG�VXVWDLQDEOH�GHYHORSPHQW�� &RQVHUYDWLRQ�%LRORJ\ ���������(NLQV�� 3��� 6LPRQ�� 6��� 'HXWVFK�� /��� )RONH�� &�� DQG� GH� *URRW�� 5�� �������� $� IUDPHZRUN� IRU� WKH�SUDFWLFDO� DSSOLFDWLRQ�RI� WKH�FRQFHSWV�RI�FULWLFDO�QDWXUDO� FDSLWDO� DQG�VWURQJ� VXVWDLQDELOLW\��(FRORJLFDO�(FRQRPLFV ������������)DLUEDQNV��'��+��.���7KRPSVRQ��0��:���9LQN��'��(���1HZE\��7��6���YDQ�GHQ�%HUJ��+��0��DQG�(YHUDUG��'��$����������7KH�6RXWK�$IULFDQ�ODQG�FRYHU�FKDUDFWHULVWLFV�GDWDEDVH��D�V\QRSVLV�RI�WKH�ODQGVFDSH��6RXWK�$IULFDQ�-RXUQDO�RI�6FLHQFH ����������



���

+RIIPDQ��7����������+XPDQ�LPSDFWV�RQ�YHJHWDWLRQ��,Q� 9HJHWDWLRQ�RI�6RXWKHUQ�$IULFD �&RZOLQJ��5��0��� 5LFKDUGVRQ��'��0�� DQG� 3LHUFH�� 6��0�� HG���� &DPEULGJH��8.�� &DPEULGJH�8QLYHUVLW\�3UHVV�+RIIPDQ��7��DQG�$VKZHOO��$����������1DWXUH�'LYLGHG��/DQG�'HJUDGDWLRQ�LQ�6RXWK�$IULFD��&DSH�7RZQ��8QLYHUVLW\�RI�&DSH�7RZQ�3UHVV�,8&1�DQG�81(3����������:RUOG�GDWDEDVH�RQ�SURWHFWHG�DUHDV��,8&1�	�81(3�1LHXZRXGW��/��DQG�*URHQHZDOG��-���HGV������������7KH�FKDOOHQJH�RI�FKDQJH��DJULFXOWXUH��ODQG�DQG�WKH�6RXWK�$IULFDQ�HFRQRP\��3LHWHUPDULW]EXUJ��6RXWK�$IULFD��8QLYHUVLW\�RI�1DWDO�3UHVV�3DQD\DWRX��7����������(QYLURQPHQWDO�GHJUDGDWLRQ�DW�GLIIHUHQW�VWDJHV�RI�HFRQRPLF�GHYHORSPHQW��,Q� %H\RQG�5LR��7KH�HQYLURQPHQWDO�FULVLV�DQG�VXVWDLQDEOH�OLYHOLKRRGV�LQ�WKH�7KLUG�:RUOG �$KPHG��,��DQG�'RHOHPDQ��-��$��HG����/RQGRQ�8.��0DFPLOODQ�3UHVWRQ�:K\WH�� 5�� $�� DQG� 7\VRQ�� 3�� '�� ��������$WPRVSKHUH� DQG� ZHDWKHU� RI� VRXWKHUQ� $IULFD�� &DSH�7RZQ��6RXWK�$IULFD��2[IRUG�8QLYHUVLW\�3UHVV�6$5%����������4XDUWHUO\�%XOOHWLQ������3UHWRULD��6RXWK�$IULFD��6RXWK�$IULFDQ�5HVHUYH�%DQN�6FKROHV��5��-��DQG�%LJJV��5���HGV������������(FRV\VWHP�6HUYLFHV�LQ�6RXWKHUQ�$IULFD��$�5HJLRQDO�$VVHVVPHQW��3UHWRULD��6RXWK�$IULFD��&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�6FKROHV��5��-��DQG�%LJJV��5����������$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��1DWXUH ���� ������66$����������3RSXODWLRQ�VWDWLVWLFV��3UHWRULD��6RXWK�$IULFD��6WDWLVWLFV�6RXWK�$IULFD�7HQ�%ULQN��%��-��(���9DQ�+LQVEHUJ��$���'H�+HHU� 0���9DQ�GHU�+RHN��'��&��-���'H�.QHJW��%���.QRO��2��0��� /LJWYRHW��:��� 5RVHQERRP��5�� DQG�5HLMQHQ��0�� -�� 6��0�� �������� 7HFKQLVFK� RQWZHUS�1DWXXUZDDUGH� ���� HQ� WRHSDVVLQJ� LQ� 1DWXXUYHUNHQQLQJ� �� >7HFKQLFDO� GHVLJQ� 1DWXUDO� &DSWLDO� ,QGH[�IUDPHZRUN�DQG�LPSOHPHQWDWLRQ IRU�WKH�1DWXUH�2XWORRN��@��%LOWKRYHQ��7KH�1HWKHUODQGV��5,90�
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&KDSWHU�����&RQFOXVLRQ



���

&KDSWHU�����&RQFOXVLRQ
7KLV�VWXG\�VHW�RXW�WR�GHULYH�D�PDFUR�HFRORJLFDO� LQGLFDWRU�IRU�DVVHVVLQJ�WKH�VWDWH�RI�ELRGLYHUVLW\��DQG�WR�WHVW�LW�E\�DSSOLFDWLRQ�LQ�VRXWKHUQ�$IULFD��7KH�RULJLQDO�LQGLFDWRU�GHYHORSHG�LQ�WKLV�VWXG\�LV�FDOOHG� WKH�%LRGLYHUVLW\� ,QWDFWQHVV� ,QGH[� �%,,���7KLV�FKDSWHU�HYDOXDWHV� WKH�%,,� LQ�UHODWLRQ� WR� WKH�FULWHULD� WKDW� VXFK� D� PDFUR�HFRORJLFDO� LQGLFDWRU� ZHUH� LQWHQGHG� WR� VDWLVI\�� 7KH� FRQGLWLRQ� RI�ELRGLYHUVLW\�LQ�VRXWKHUQ�$IULFD��LWV�KLVWRULF�FKDQJHV�LQ�6RXWK�$IULFD��LWV�SRVVLEOH�IXWXUH�WUDMHFWRULHV�LQ�WKH�UHJLRQ��DQG�WKH�LPSOLFDWLRQV�IRU�ELRGLYHUVLW\�PDQDJHPHQW�DUH�VXPPDUL]HG�LQ�VHFWLRQ������7KH�ILQDO�VHFWLRQ�VXJJHVWV�IXUWKHU�DYHQXHV�IRU�UHVHDUFK�
��� (YDOXDWLRQ�RI�WKH�%,,�DV�D�PDFUR�HFRORJLFDO�LQGLFDWRU
7KH�%,,�LV�D�SURPLVLQJ�FDQGLGDWH�IRU�D�V\QWKHWLF�PDFUR�HFRORJLFDO�LQGLFDWRU�RI�ELRGLYHUVLW\�VWDWXV�ZKHQ�DVVHVVHG�DJDLQVW�WKH�FULWHULD�VHW�E\�WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\��&%'������D��&%'������E��&%'������F���ZKLFK�ZHUH�H[SDQGHG�RQ�LQ�WKH�REMHFWLYHV�RI�WKLV�VWXG\��VHH�VHFWLRQ������DQG�LQ�WKH�UHYLHZ�RI�RWKHU�FDQGLGDWH�LQGLFDWRUV�LQ�&KDSWHU����%DVHG�RQ�WKLV�VWXG\��,�FRQFOXGH�WKDW�WKH�%,,�LV�VFLHQWLILFDOO\�VRXQG��,W�UHSUHVHQWV�DQ�DFWXDO�SK\VLFDO�TXDQWLW\��QDPHO\�WKH�DYHUDJH�UHPDLQLQJ� SRSXODWLRQV� RI� D� ZLGH� UDQJH� RI� RUJDQLVPV� UHODWLYH� WR� WKHLU� UHIHUHQFH� SRSXODWLRQV��ZKLFK� V\QWKHVLVHV� WKH� LPSDFW� RI�PDQ\� IDFWRUV� RQ� ELRGLYHUVLW\��8QOLNH� H[WLQFWLRQ� RU� ULFKQHVV�EDVHG�LQGLFDWRUV��WKH�%,,�LV�VHQVLWLYH�WR�WKH�SURFHVV�RI�ELRGLYHUVLW\�ORVV�LQ�LWV�HDUO\�SKDVHV��ZKLFK�W\SLFDOO\�PDQLIHVW�DV�D�JUDGXDO�UHGXFWLRQ�LQ WKH�DEXQGDQFH RI�SRSXODWLRQV�RI�DIIHFWHG�VSHFLHV��DQG�PD\� HYHQWXDOO\� HQG� LQ� WKH� H[WLQFWLRQ� RI� VRPH�� )XUWKHUPRUH�� WKH� %,,� WDNHV� DFFRXQW� RI� WKH�JUDGXDWHG�QDWXUH�RI�WKH�LPSDFW�RI�GLIIHUHQW�KXPDQ�DFWLYLWLHV��$V�VKRZQ�LQ�FKDSWHU����WKH�%,,�LV�VHQVLWLYH�WKH�PRVW�LPSRUWDQW�GULYHU�RI�ELRGLYHUVLW\�ORVV�DW�D�JOREDO�VFDOH�DQG�LQ�VRXWKHUQ�$IULFD��QDPHO\� ODQG�XVH�FKDQJH� �0$���������$W� WKH�VDPH�WLPH�� LW� LV�QRW�RYHUO\�VHQVLWLYH� WR�UHDVRQDEOH�GLIIHUHQFHV�LQ�WKH�LQWHUSUHWDWLRQ�RI�EURDG�ODQG�XVH�FODVVHV��,W�DOVR�WDNHV�DFFRXQW�RI�RWKHU�IDFWRUV�WKDW�FDQ�EH�H[SUHVVHG�RQ�DQ�DUHD�DIIHFWHG�EDVLV��VXFK�DV�KDUYHVW�SUHVVXUH�DQG�SROOXWLRQ��&KDSWHU���HVWDEOLVKHV� WKH� VFLHQWLILF� VRXQGQHVV� RI� DSSO\LQJ� WKH� %,,� DW� ZLGHO\� GLIIHULQJ� VSDWLDO� VFDOHV� DQG�GLUHFWO\�FRPSDULQJ�UHVXOWV�EHWZHHQ�VFDOHV��7KH�XQFHUWDLQW\�LQ�WKH�HVWLPDWH�RI�%,,�LV�TXDQWLILDEOH��DQG�FDQ�EH�XVHG�WR�GLUHFW�IXUWKHU�UHVHDUFK�HIIRUW�



���

7KH�%,,�LV�KLJKO\�UHOHYDQW�WR�SROLF\��7KLV�LV�LOOXVWUDWHG�LQ�&KDSWHU����ZKHUH�WKH�%,,�LV�DSSOLHG�WR�VRXWKHUQ�$IULFD��DQG�PRWLYDWHG�DV�D�SRVVLEOH� WRRO�IRU�HYDOXDWLQJ�SURJUHVV�WRZDUGV�WKH�JOREDOO\�DGRSWHG������WDUJHW�RI�UHGXFLQJ�WKH�UDWH�RI�ELRGLYHUVLW\�ORVV��81���������7KH�%,,�V\QWKHVL]HV�D�ODUJH� YROXPH� RI� GDWD�� FRYHULQJ� ODQG� FRYHU�� HFRV\VWHP� H[WHQW�� VSHFLHV� ULFKQHVV� DQG� SRSXODWLRQ�DEXQGDQFH�� WR�SURYLGH�D�KLJK�OHYHO�RYHUYLHZ� IRU� WKH�SXEOLF� DQG�SROLWLFLDQV��ZKLFK� LV� LQWXLWLYHO\�XQGHUVWDQGDEOH��HDV\�WR�FRPPXQLFDWH��DQG�PHDQLQJIXO�WR�SROLF\�PDNLQJ��7KH�DQDO\VLV�SUHVHQWHG�LQ� &KDSWHU� �� IRUPHG� WKH� FRUH� RI� WKH� 6RXWKHUQ� $IULFDQ� 0LOOHQQLXP� (FRV\VWHP� $VVHVVPHQW��6$I0$��UHJLRQDO�VFDOH�DVVHVVPHQW�RI�WKH�FRQGLWLRQ�DQG�WUHQG�RI�ELRGLYHUVLW\��6FKROHV�	�%LJJV���������7KH�%,,�FDQ�EH�XVHG� WR�FRPSDUH�D�EDVHOLQH� VLWXDWLRQ� WR�D�SROLF\�WDUJHW� �DV� LOOXVWUDWHG� LQ�&KDSWHU� ���� WR� H[SORUH� VFHQDULRV� RI� WKH� IXWXUH� �DV� LOOXVWUDWHG� LQ�&KDSWHU� ���� DQG� WR� UHFRQVWUXFW�KLVWRULFDO�FKDQJHV��DV�LOOXVWUDWHG�LQ�&KDSWHU������&KDSWHU���DOVR�VKRZV�WKDW�WKH�%,,�FDQ�EH�UHODWHG�WR�FRQFHSWV�VXFK�DV�HFRQRPLF�YDOXH�DQG�KXPDQ�ZHOO�EHLQJ��LQ�RUGHU�WR�HYDOXDWH�WUDGH�RIIV��ZKLFK�OLH� DW� WKH� FRUH� RI� SROLF\� DQG� GHFLVLRQ�PDNLQJ�� 7KH� %,,� LV� DPHQDEOH� ERWK� WR� KLJK�OHYHO�DJJUHJDWLRQ��IRU�H[DPSOH�WR�WKH�QDWLRQDO�RU�UHJLRQDO�OHYHO��DQG�WR�GLVDJJUHJDWLRQ�LQ�VHYHUDO�ZD\V��,W�FDQ�EH�GRZQVFDOHG�VSDWLDOO\�DV�IDU�DV�WKH�IXQGDPHQWDO�UHVROXWLRQ�RI�WKH�EDVH�GDWD�ZLOO�SHUPLW��,W�FDQ�EH�GLVDJJUHJDWHG�E\�SROLWLFDO�RU�HFRV\VWHP�ERXQGDULHV��E\�WD[RQRPLF�RU�IXQFWLRQDO�JURXS��RU�E\�KXPDQ�DFWLYLW\� FDXVLQJ�ELRGLYHUVLW\� ORVV��7KLV� DOORZV� WKH�%,,� WR�PHHW� WKH�QHHGV�RI�XVHUV�DW�PXOWLSOH�OHYHOV�DQG�GLIIHUHQW�VSKHUHV�RI�GHFLVLRQ�PDNLQJ��DV�LOOXVWUDWHG�LQ�&KDSWHUV���DQG���
7KH�%,,� LV�SUDFWLFDO�DQG�DIIRUGDEOH� WR� LPSOHPHQW��7KH�%,,�FDQ�EH�FDOFXODWHG�XVLQJ�D�YDULHW\�RI�GDWD� VRXUFHV�� DV�ZHOO� DV�K\EULGV�RI�KLJK�UHVROXWLRQ�DQG� ORZ�UHVROXWLRQ�GDWD�� DQG� WKH� UHVXOWV� DUH�FRQYHUJHQW� �LOOXVWUDWHG� LQ�&KDSWHUV� �� DQG� ���� 7KLV�PDNHV� LW� SRVVLEOH WR� REWDLQ� LQLWLDO� HVWLPDWHV�UHODWLYHO\� TXLFNO\�� DQG� WKHQ� LPSURYH� WKHP� LQFUHPHQWDOO\�� ,Q� SDUWLFXODU�� PDNLQJ� XVH� RI� H[SHUW�GHULYHG�GDWD�RQ�WKH�SRSXODWLRQ�LPSDFWV�RI�YDULRXV�ODQG�XVH�DFWLYLWLHV�PHDQV�WKDW�WKH�%,,�FDQ�EH�HVWLPDWHG�ZLWK� VHYHUDO�ZHHNV�RI�HIIRUW�� UDWKHU� WKDQ� WKH�GHFDGHV�QHHGHG�IRU�GHWDLOHG�SRSXODWLRQ�VXUYH\V��,Q�ORFDOLWLHV�ZKHUH�GHWDLOHG�GDWD�DUH�DYDLODEOH��WKHVH�FDQ�EH�XVHG�LQ�SODFH�RI�RU�WRJHWKHU�ZLWK�H[SHUW�GHULYHG�GDWD��7KH�%,,�FDQ�WKHUHIRUH�FRPSOHPHQW�GDWD�LQWHQVLYH� LQGLFHV�VXFK�DV�WKH�PDWKHPDWLFDOO\�VLPLODU�1DWXUDO�&DSLWDO�,QGH[�WKDW�KDV�EHHQ�LPSOHPHQWHG�LQ�WKH�1HWKHUODQGV��7HQ�%ULQN�HW�DO����������
1R� VLQJOH� ELRGLYHUVLW\� LQGH[� LV� VXIILFLHQW� IRU� DOO� SXUSRVHV�� 7KH� %,,� SURYLGHV� DQ� RYHUYLHZ� E\�DYHUDJLQJ�DFURVV�VSHFLHV�� LW� LV�QRW� LQWHQGHG�WR�KLJKOLJKW�LQGLYLGXDO�VSHFLHV�WKDW�DUH�XQGHU�WKUHDW��DQG�VKRXOG�EH�XVHG�WR�FRPSOHPHQW�LQGLFDWRUV�VXFK�DV�WKH�5HG /LVW�RI�7KUHDWHQHG�6SHFLHV��,8&1���������7KH�SULQFLSOH�GLVDGYDQWDJH�RI�WKH�%,,�DV�IRUPXODWHG�DQG�LPSOHPHQWHG�LQ�WKLV�VWXG\�LV�WKDW�



���

LW�PD\�EH�LQVHQVLWLYH�WR�JUDGXDO�SURFHVVHV��VXFK�DV�WKH�ORQJ�WHUP�HIIHFWV�RI�KDELWDW�IUDJPHQWDWLRQ��SROOXWLRQ�DQG�FOLPDWH�FKDQJH��DQG�WKH�NQRFN�RQ�HIIHFWV�RI�ORFDO�VSHFLHV�H[WLQFWLRQV��&RQFHSWXDOO\��WKHVH�IDFWRUV�VKRXOG�EH�LQFOXGHG�LQ�WKH�SRSXODWLRQ�LPSDFW�IDFWRUV�UHODWHG�WR�VSHFLILF�ODQG�XVHV�RU�DUHDV�� EXW� LQ� SUDFWLFH� ILHOG� H[SHUWV� DUH� XQOLNHO\� WR DFFRXQW� IRU� WKHVH� LQ� WKHLU� HVWLPDWHV�� )RU�FDOFXODWLRQV�VSDQQLQJ�PRUH�WKDQ�D�FHQWXU\�IRUZDUGV�RU�EDFNZDUGV�LQ�WLPH��LW�LV�WKHUHIRUH�VWURQJO\�VXJJHVWHG�WKDW�DGMXVWPHQWV�EH�PDGH�WR�WKH�ULFKQHVV�ZHLJKWLQJ�DQG�SRSXODWLRQ�LPSDFW�IDFWRUV�LQ�RUGHU�WR�DFFRXQW�IRU�WKH�HIIHFWV�RI�VXFK�SURFHVVHV��
��� .H\�ILQGLQJV��7KH�ELRGLYHUVLW\�LQWDFWQHVV�RI�VRXWKHUQ�$IULFD
$SSOLFDWLRQ� RI� WKH� %,,� WR� VRXWKHUQ� $IULFD� LQGLFDWHV� WKDW� WKH� FRQGLWLRQ� RI� ELRGLYHUVLW\� LQ� WKH�UHJLRQ�LV�EHWWHU�WKDQ�ZH�VRPHWLPHV�IHDU��$YHUDJHG�DFURVV�WKH�ZHOO�GHVFULEHG�IRUP�RI�ELRGLYHUVLW\��L�H�� WKH�SODQWV�DQG�YHUWHEUDWHV�� LW� LV�HVWLPDWHG�WKDW���������RI�WKH�SUH�FRORQLDO�QXPEHU�RI�ZLOG�RUJDQLVPV�SHUVLVW� LQ�SUHVHQW�GD\�VRXWKHUQ�$IULFD��GHVSLWH�JUHDWO\� LQFUHDVHG�KXPDQ�GHPDQGV�RQ�HFRV\VWHPV�RYHU� WKH�SDVW� ���� \HDUV��7KLV� LV� VXEVWDQWLDOO\�JUHDWHU� WKDQ� WKDW� VXJJHVWHG�E\� VLPSO\�FRQVLGHULQJ� WKH� IRUPDOO\�SURWHFWHG� DUHD� �RQO\����RI� VRXWKHUQ�$IULFD·V� ODQG� VXUIDFH�� �,8&1�	�81(3� � ������� DQG� SRLQWV� WR� WKH� LPSRUWDQFH� RI� DUHDV� RXWVLGH UHVHUYHV� LQ� WKH� SUHVHUYDWLRQ� RI�ELRGLYHUVLW\��7KLV�VWXG\�TXDQWLILHV�WKH�UROH�RI�WKHVH�DUHDV������RI�WKH�UHPDLQLQJ�ZLOG�RUJDQLVPV�LQ� VRXWKHUQ�$IULFD� DUH� HVWLPDWHG� WR� EH� LQ� WKH� H[WHQVLYH� DUHDV� XQGHU�PRGHUDWH� H[WUDFWLYH� XVHV��ZKLFK�FRQVWLWXWH�����RI�VRXWKHUQ�$IULFD·V�ODQG�DUHD��*LYHQ�WKH�SUDFWLFDO�OLPLWV�WR�H[SDQVLRQ�RI�WKH�DUHD�XQGHU�IRUPDO�SURWHFWLRQ��WKLV�VXJJHVWV�WKDW�WKH�SROLF\�DFWLRQ�ZLWK�WKH�JUHDWHVW�SRWHQWLDO�WR�SUHYHQW�IXUWKHU�ORVV�RI�ELRGLYHUVLW\�LV�WR�SUHYHQW�ODQG�FXUUHQWO\�XQGHU�PRGHUDWH�H[WUDFWLYH�XVH�IURP� EHFRPLQJ� GHJUDGHG�� :KLOH� FXOWLYDWLRQ� DQG� XUEDQLVDWLRQ� KDYH� D� KLJKHU� LPSDFW� RQ� WKH�SRSXODWLRQV�RI�ZLOG�RUJDQLVPV�SHU�XQLW�ODQG�DUHD�WKDQ�GRHV�GHJUDGDWLRQ��D�PXFK�VPDOOHU�IUDFWLRQ�RI�WKH�ODQG�LV�DW�ULVN��7KLV�KROGV�XQGHU�D�UDQJH�RI�IHDVLEOH�VRFLR�HFRQRPLF�VFHQDULRV�IRU WKH���VWFHQWXU\�
7KH� LPSDFW�RI�KXPDQV�RQ�ELRGLYHUVLW\� LV� H[SUHVVHG�YHU\� VHOHFWLYHO\��:LWK�D�%,,� VFRUH�RI������PDPPDOV�DUH�WKH�PRVW�LPSDFWHG�WD[RQRPLF�JURXS��6SHFLHV�WKDW�DUH�ODUJH�ERGLHG��DQG�WKXV�HDV\�WR�KXQW�RU�KDUYHVW��DUH� WKH�PRVW�DIIHFWHG��7KLV� LV�HVSHFLDOO\�VR� LI� WKH\�DUH�HLWKHU�YDOXDEOH��RU� LQ�GLUHFW�FRQIOLFW�ZLWK�DVSHFWV�RI�KXPDQ�ZHOO�EHLQJ��VXFK�DV�ODUJH�SUHGDWRUV�RU�ODUJH�KHUELYRUHV�WKDW�FRPSHWH�ZLWK�GRPHVWLF�XQJXODWHV��:KLOH� WKH� WKUHDW� WR� WKHVH� VSHFLHV�VKRXOG�QRW�EH�GLVFRXQWHG��WKH\� FRQVWLWXWH RQO\� D� VPDOO� IUDFWLRQ�RI� WKH� WRWDO�ELRGLYHUVLW\��7KH�YDVW�PDMRULW\�RI� VSHFLHV� DUH�
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DIIHFWHG� PDLQO\� WKURXJK� ORVV� RI� KDELWDW� WR� FXOWLYDWHG� ODQGV� RU� XUEDQ� DUHDV�� $FFRUGLQJO\�� WKH�JUHDWHVW� LPSDFW� RQ� ELRGLYHUVLW\� KDV� RFFXUUHG� LQ� WKH� JUDVVODQG� ELRPH�� IROORZHG� FORVHO\� E\� WKH�I\QERV��$JJUHJDWHG�DW�D�QDWLRQDO� OHYHO�� WKH�PRVW�GHQVHO\�SRSXODWHG�FRXQWULHV� LQ�VRXWKHUQ�$IULFD��/HVRWKR�DQG�6ZD]LODQG��DUH�PRVW�KLJKO\�LPSDFWHG��ZLWK�%,,�VFRUHV�RI�����DQG�����UHVSHFWLYHO\��
7KH� UDWH�RI�FKDQJH�RI�%,,� LQ� VRXWKHUQ�$IULFD�RYHU� WKH�GHFDGH�RI� WKH�����V� LV� HVWLPDWHG�DV�DQ�DEVROXWH�GHFOLQH�RI������� ,Q�RUGHU� WR�PHHW� WKH������ WDUJHW�� WKH�GHFDGDO� UDWH�RI�FKDQJH� LQ�%,,��HVWLPDWHG�LQ�D�FRQVLVWHQW�PDQQHU��ZRXOG�QHHG�WR�EH�ORZHU�WKDQ������ZKHQ�FDOFXODWHG�IRU�WKH�ILUVW�GHFDGH� RI� WKH� ��VW FHQWXU\�� $� VFHQDULR� DQDO\VLV�� LQFRUSRUDWLQJ� D� UDQJH� RI� HFRQRPLF� DQG�GHPRJUDSKLF�FRQGLWLRQV��VKRZV�WKDW�WKH�UDWH�RI�GHFOLQH� LQ�%,,� LQ�VRXWKHUQ�$IULFD� LV�XQOLNHO\�WR�GHFUHDVH� VLJQLILFDQWO\�XQWLO� WKH� ODWH���VW FHQWXU\��*LYHQ� WKH�QHHG� IRU�HFRQRPLF�GHYHORSPHQW� WRPHHW�SRYHUW\�UHGXFWLRQ�WDUJHWV�LQ�WKH�UHJLRQ��VRPH�GUDZLQJ�GRZQ�RI�QDWXUDO�FDSLWDO�LQ�WKH�IRUP�RI� ELRGLYHUVLW\� PD\� EH� D� UHDVRQDEOH� SROLF\� GHFLVLRQ��+RZHYHU�� VSHFLILF� DWWHQWLRQ� QHHGV� WR� EH�GLUHFWHG� DW� HQVXULQJ� WKDW� QDWXUDO� FDSLWDO� LV� HIILFLHQWO\� FRQYHUWHG� LQWR� RWKHU� IRUPV� RI� VRFLHWDO�ZHDOWK��DQG�QRW�VLPSO\�FRQVXPHG�RU�H[SRUWHG�
7KH�UHODWLRQVKLS�EHWZHHQ�%,,�DQG�*URVV�'RPHVWLF�3URGXFW��*'3��LQ�6RXWK�$IULFD�RYHU�WKH���WKFHQWXU\�VXJJHVWV�WKDW�HFRQRPLF�GHYHORSPHQW�LQLWLDOO\�GUHZ�KHDYLO\�RQ�WKH�QDWXUDO�UHVRXUFHV��EXW�KDV�EHFRPH�SURJUHVVLYHO\�GHFRXSOHG�IURP�WKH�ORVV�RI�ELRGLYHUVLW\��6RXWK�$IULFD�KDV�H[SHULHQFHG�DQ�DEVROXWH�GHFOLQH�RI�������LQ�WKH�YDOXH�RI�%,,�RYHU�WKH���WK FHQWXU\��WR�UHDFK�D�VFRUH�RI�����LQ�WKH�\HDU�������ZKLOH�WKH�*'3�KDV�LQFUHDVHG�HLJKWHHQ�IROG�RYHU�WKH�VDPH�SHULRG��7KH�JUHDWHVW�ORVV�LQ� %,,� RFFXUUHG� LQ� WKH� GHFDGH� RI� WKH� ����V�� UHODWHG� WR� D� ODUJH� LQFUHDVH� LQ� WKH� DUHD� XQGHU�FXOWLYDWLRQ� DQG� DIIRUHVWDWLRQ�� 7KH� ODQG� DUHD� VXLWDEOH� IRU� FXOWLYDWLRQ� DSSHDUV� WR� EH� WKH� SULPDU\�GHWHUPLQDQW�RI�WKH�OHYHO�DW�ZKLFK�WKH�UDWH�RI�GHFOLQH�LQ�%,,�KDV�FXUUHQWO\�VORZHG��
��� )XUWKHU�UHVHDUFK�DQG�DSSOLFDWLRQV
7KH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�WKH�%,,�VXJJHVWV�VHYHUDO�DUHDV�WKDW�QHHG�IXUWKHU�UHVHDUFK�LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKH�HIIHFW�RI�KXPDQ�DFWLYLWLHV�RQ�ELRGLYHUVLW\�DQG�LWV�UDWH�RI�ORVV��7KH�PRVW�LPSRUWDQW�RI�WKHVH�DUH�WKH�TXDQWLILFDWLRQ�RI�WKH�LPSDFW�RI�YDULRXV�ODQG�XVH�DFWLYLWLHV�RQ�WKH�DEXQGDQFH� RI� SRSXODWLRQV� RI� GLIIHUHQW� VSHFLHV�� 7R� GDWH��PXFK� RI� WKH� FRQVHUYDWLRQ� HIIRUW� KDV�EHHQ�IRFXVHG�RQ�SURWHFWHG�DUHDV�DQG�WKUHDWHQHG�VSHFLHV��DQG�OHVV�DWWHQWLRQ�KDV�EHHQ�SDLG�WR�WKH�LPSRUWDQFH�RI�DUHDV�RXWVLGH�UHVHUYHV�LQ�ELRGLYHUVLW\�FRQVHUYDWLRQ��:KHUH�ZRUN�KDV�EHHQ�GRQH�RQ�



���

SRSXODWLRQV�RXWVLGH�SURWHFWHG�DUHDV�LQ�VRXWKHUQ�$IULFD��LW�KDV�EHHQ�KHDYLO\�ELDVHG�WRZDUG�VSHFLILF�ODQG� FRYHU� W\SHV�� VXFK� DV� SODQWDWLRQV� DQG� GHJUDGHG� UDQJHODQGV�� )RU� PRVW� WD[RQRPLF� JURXSV��DOPRVW�QR�SRSXODWLRQ� VWXGLHV�KDYH�EHHQ�GRQH� LQ�FXOWLYDWHG�RU�XUEDQ� ODQGVFDSHV��5HVHDUFK� LQWR�SRSXODWLRQ�DEXQGDQFHV�RXWVLGH�UHVHUYHV�PD\�ZHOO�VWLPXODWH�LQYHVWLJDWLRQV�LQWR�KRZ�VSHFLILF�ODQG�XVHV��VXFK�DV�XUEDQLVDWLRQ��FDQ�EH�PDQDJHG�WR�UHGXFH�WKHLU�LPSDFWV�RQ�ELRGLYHUVLW\��
0RUH�DFFXUDWH�GDWD�RQ�WKH�H[WHQW�DQG�QDWXUH�RI�GLIIHUHQW�W\SHV�RI� ODQG�XVH �QRW�VLPSO\�VDWHOOLWH�GHULYHG�ODQG�FRYHU��ZLOO�KHOS�WR�EHWWHU�UHILQH�HVWLPDWHV�RI�WKH�H[WHQW�DQG�QDWXUH�RI�KXPDQ�LPSDFWV�RQ� ELRGLYHUVLW\�� ,Q� FRPSDULVRQ� WR� RXU� NQRZOHGJH� RQ� ODQG�XVH� H[WHQWV� DQG� LPSDFWV�� RXU�NQRZOHGJH�RQ�WKH�KLVWRULFDO�VSDWLDO�GLVWULEXWLRQ�RI�VSHFLHV�LV�UHODWLYHO\�ZHOO�DGYDQFHG�
7KH� %,,� OHQGV� LWVHOI� WR� DSSOLFDWLRQ� LQ� RWKHU� SDUWV� RI� WKH� ZRUOG�� RU� HYHQ� WR� D� JOREDO� DQDO\VLV��3UHOLPLQDU\�FRPSDULVRQV�RI�RXU�H[SHUW�GHULYHG�SRSXODWLRQ�LPSDFW�HVWLPDWHV�WR�ILHOG�GDWD�LQ�RWKHU�SDUWV�RI�WKH�ZRUOG�VXJJHVW�WKDW��DW�OHDVW�DW�WKLV�EURDG�OHYHO�RI�ODQG�XVH�FODVVLILFDWLRQ��RXU�HVWLPDWHV�DJUHH�ZHOO�ZLWK� VXFK�GDWD��+RZHYHU�� LI� WKH� DQDO\VLV�ZHUH� WR� EH� H[WHQGHG�� WKLV� FRUUHVSRQGHQFH�ZRXOG�QHHG�WR�EH�IRUPDOO\�YHULILHG��DQG�DW�D�PLQLPXP�RXU�H[SHUW�GHULYHG�HVWLPDWHV�ZRXOG�QHHG�WR� EH� VXSSOHPHQWHG� ZLWK� DGGLWLRQDO� HVWLPDWHV� IRU� ELRPHV� DQG� ODQG� XVH� W\SHV� QRW� SUHVHQW� LQ�VRXWKHUQ�$IULFD��7KH�LVVXH�RI�FRPSDUDEOH�EDVHOLQHV�ZRXOG�DOVR�QHHG�WR�EH�DGGUHVVHG��JLYHQ�WKDW�DUHDV�VXFK�DV�(XURSH�ZHUH�DOUHDG\�H[WHQVLYHO\�WUDQVIRUPHG�E\�WKH�VWDUW�RI�WKH�PRGHUQ�HUD��:D\V�RI�HVWLPDWLQJ�WKH�LPSDFW�RQ�SRSXODWLRQ�DEXQGDQFH�RI�SURFHVVHV�VXFK�DV�FOLPDWH�FKDQJH��KDELWDW�IUDJPHQWDWLRQ�DQG�FKURQLF��ORZ�OHYHO�SROOXWLRQ�UHSUHVHQW�DGGLWLRQDO�UHVHDUFK�FKDOOHQJHV�
7KH� %,,� FRXOG� EH� H[WHQGHG� WR� DSSO\� WR� PDULQH� HFRV\VWHPV�� DQG� DGDSWHG� IRU� DSSOLFDWLRQ� LQ�HFRV\VWHPV� WKDW� DUH� HVVHQWLDOO\� OLQHDU� UDWKHU� WKDQ� DUHD�EDVHG�� VXFK� DV� FRDVWDO� DQG� IUHVKZDWHU�V\VWHPV��7KLV�ZRXOG� UHTXLUH� D� WULYLDO� FKDQJH� LQ� WKH� DOJRULWKP� �VXEVWLWXWLRQ�RI� OHQJWK� IRU� DUHD���6SHFLHV�ULFKQHVV�GDWD�IRU�DTXDWLF�SODQWV�DQG�YHUWHEUDWHV�H[LVW��7KH�PDMRU�WDVN�ZRXOG�EH�WR�GHILQH�LPSDFW�FDWHJRULHV�DQDORJRXV�WR�WKRVH�XVHG�IRU�WKH�WHUUHVWULDO�%,,�FDOFXODWLRQ��DQG�WR�FROOHFW�H[SHUW�MXGJHPHQWV� �DQG�RU� SXEOLVKHG� ILHOG� GDWD�� UHJDUGLQJ� WKH� LPSDFWV� RI� WKHVH� FDWHJRULHV� RQ� WKH�SRSXODWLRQV�RI�YDULRXV�IXQFWLRQDO�JURXSV�LQYROYHG��
7KH������ WDUJHW�RI� UHGXFLQJ� WKH� UDWH�RI�ELRGLYHUVLW\� ORVV�DW�JOREDO�� UHJLRQDO�DQG�QDWLRQDO� OHYHOV�QHHGV� WR� EH� HYDOXDWHG� LQ� WKH� FRQWH[W� RI� WKH� 0LOOHQQLXP� 'HYHORSPHQW� *RDOV��� $� EHWWHU�XQGHUVWDQGLQJ� RI� WKH� WUDGH�RIIV� EHWZHHQ� ELRGLYHUVLW\� DV� D� IRUP� RI� QDWXUDO FDSLWDO�� DQG� RWKHU�
� ZZZ�GHYHORSPHQWJRDOV�RUJ
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IRUPV�RI�VRFLHWDO�FDSLWDO�QHHGV�WR�EH�GHYHORSHG��$�PRUH�QXDQFHG�WDUJHW�PD\�EH�QHHGHG��ZKLFK�DFFRXQWV�IRU�WKH�GLIIHUHQW�VWDJHV�RI�HFRQRPLF�GHYHORSPHQW�EHWZHHQ�GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV�� ,Q� DGGLWLRQ� WR� VHWWLQJ� WDUJHWV� IRU� WKH� UDWH� DQG� DEVROXWH� DPRXQW� RI� ELRGLYHUVLW\� ORVV��ZKLFK� LV� HVVHQWLDO��� LW� ZRXOG� EH� SUXGHQW� WR� UHODWH� WKHVH� WR� JURZWK� WDUJHWV� LQ� RWKHU� IRUPV� RI�VRFLHWDO�FDSLWDO�LQ�RUGHU�WR�HQVXUH�VXVWDLQHG�QHW�WRWDO�FDSLWDO�LQ�VRFLHW\��VXVWDLQDEOH�GHYHORSPHQW���8QGHUVWDQGLQJ� WKH WUDGH�RIIV� DQG� WKH�SURFHVV�RI�FRQYHUVLRQ�EHWZHHQ�QDWXUDO� FDSLWDO� DQG�RWKHU�IRUPV�RI�FDSLWDO�UHTXLUHV�IXUWKHU�GHYHORSPHQW�DQG�UHJLRQDO�SDUDPHWHULVDWLRQ�RI�ODUJH�LQWHJUDWHG�PRGHOV�ZKLFK� OLQN�WKH�HQYLURQPHQW�� WKH�JOREDO�HFRQRP\��WHFKQRORJ\�DQG�VRFLHWDO�DWWLWXGHV�DQG�RUJDQL]DWLRQ��
��� 5HIHUHQFHV
&%'�� �����D���&RQVLGHUDWLRQ� RI� WKH� UHVXOWV� RI� WKH�PHHWLQJ� RQ� ������ � 7KH�*OREDO�%LRGLYHUVLW\�&KDOOHQJH���0HHWLQJ� 5HSRUW� 81(3�&%'�6%677$���,1)���� 0RQWUHDO�� &DQDGD�� &RQYHQWLRQ� RQ�%LRORJLFDO�'LYHUVLW\�&%'�� �����E���0RQLWRULQJ� DQG� LQGLFDWRUV�� GHVLJQLQJ� QDWLRQDO�OHYHO� PRQLWRULQJ� SURJUDPPHV� DQG� LQGLFDWRUV��81(3�&%'�6%677$������&%'�������F���3URSRVHG�ELRGLYHUVLW\�LQGLFDWRUV�UHOHYDQW�WR�WKH������WDUJHW��81(3�&%'�6%677$���,1)�����0RQWUHDO��&RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�,8&1���������������,8&1�5HG�/LVW�RI�7KUHDWHQHG�6SHFLHV��*ODQG��6ZLW]HUODQG��:RUOG�&RQVHUYDWLRQ�8QLRQ�,8&1�DQG�81(3����������:RUOG�GDWDEDVH�RQ�SURWHFWHG�DUHDV��:3'$�&RQVRUWLXP��,8&1�	�81(3�0$����������%LRGLYHUVLW\�6\QWKHVLV�5HSRUW��:DVKLQJWRQ�'�&���,VODQG�3UHVV�6FKROHV��5��-��DQG�%LJJV��5���HGV������������(FRV\VWHP�6HUYLFHV�LQ�6RXWKHUQ�$IULFD��$�5HJLRQDO�$VVHVVPHQW��$YDLODEOH�RQOLQH� DW�ZZZ�PLOOHQQLXPDVVHVVPHQW�RUJ��3UHWRULD� 6RXWK�$IULFD��&RXQFLO� IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�7HQ�%ULQN��%��-��(���9DQ�+LQVEHUJ��$���'H�+HHU��0���9DQ�GHU�+RHN��'��&��-���'H�.QHJW��%���.QRO��2��0��� /LJWYRHW��:��� 5RVHQERRP��5�� DQG�5HLMQHQ��0�� -�� 6��0�� ��������7HFKQLVFK� RQWZHUS�1DWXXUZDDUGH� ���� HQ� WRHSDVVLQJ� LQ� 1DWXXUYHUNHQQLQJ� �� >7HFKQLFDO� GHVLJQ� 1DWXUDO� &DSWLDO� ,QGH[�IUDPHZRUN�DQG�LPSOHPHQWDWLRQ�IRU�WKH�1DWXUH�2XWORRN��@��5,90�5HSRUW������������%LOWKRYHQ��7KH�1HWKHUODQGV��5,90�81����������:RUOG�6XPPLW�RQ�6XVWDLQDEOH�'HYHORSPHQW��-RKDQQHVEXUJ�3ODQ�RI�,PSOHPHQWDWLRQ��1HZ�<RUN��8QLWHG�1DWLRQV�
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$SSHQGLFHV



���

$SSHQGL[����7KH�%,,�PHWKRG�
7KH� %LRGLYHUVLW\� ,QWDFWQHVV� ,QGH[� �%,,�� JLYHV� WKH� DYHUDJH� SRSXODWLRQ� VL]H� RI� D� ZLGH� UDQJH� RI�RUJDQLVPV�� UHODWLYH� WR� WKHLU�VHOHFWHG�EDVHOLQH�SRSXODWLRQV� LQ�D�SDUWLFXODU�DUHD��7KH�%,,� LV�FDOFXODWHG�IURP� WKUHH� EDVLF� LQSXW� IDFWRUV� 5LFKQHVV� �5LM��� DUHD� �$MN�� DQG� UHODWLYH� SRSXODWLRQ� VL]H� �,LMN��� 7KHVH�IDFWRUV� DUH� GHILQHG� LQ� WHUPV� RI� VSHFLILF� WD[D� �L��� HFRV\VWHPV� �M�� DQG� ODQG� XVHV� �N��� 7KLV� DSSHQGL[�GHWDLOV�WKH�FRQVLGHUDWLRQV�LQ�GHILQLQJ�L��M DQG�N��DQG�IRU�GHWHUPLQLQJ�5LM��$MN DQG�,LMN�
7KH�%,,�FDQ�EH�FDOFXODWHG�HLWKHU�RQ�D�UDVWHU��SL[HO��EDVLV�RU�D�YHFWRU��SRO\JRQDO��EDVLV��DQG�WKH�UHVXOWV�DUH�HTXLYDOHQW��7KH�FKRLFH�RI�PHWKRG�ZLOO�GHSHQG�SULPDULO\�RQ�WKH�IRUP�RI�WKH�XQGHUO\LQJ�GDWD��DQG�WKH�W\SH�RI�DQDO\WLFDO�VRIWZDUH�DYDLODEOH���
7D[D��L�
,W� LV� UHFRPPHQGHG� WKDW� WKH� %,,� EH� FDOFXODWHG� DFURVV� DOO� LQGLJHQRXV� VSHFLHV� ZLWKLQ� WKH� EURDG�WD[DQRPLF� JURXSV� WKDW� DUH� UHDVRQDEO\�ZHOO� GHVFULEHG�� ,Q� WKH� VRXWKHUQ�$IULFDQ� FDVH�� WKLV� LQFOXGHG�SODQWV�DQG�YHUWHEUDWHV��PDPPDOV��ELUGV��UHSWLOHV�DQG�DPSKLELD���$OWKRXJK�GLYHUVH��LQYHUWHEUDWHV�DQG�PLFUREHV�ZHUH�H[FOXGHG�DV�WKH\�DUH�SRRUO\�GRFXPHQWHG��,I�%,,�LV�WR�EH�FRPSDUHG�EHWZHHQ�GLIIHUHQW�UHJLRQV��WKH�VDPH�EURDG�WD[RQRPLF�JURXSV�VKRXOG�EH�FRYHUHG�LQ�HDFK�RI�WKH�UHJLRQV�
$OLHQ�VSHFLHV�ZHUH�H[FOXGHG�IURP WKH�%,,�FDOFXODWLRQV�IRU�VRXWKHUQ�$IULFD��7KH�SUH�PRGHUQ�EDVHOLQH�SRSXODWLRQV�IRU�WKHVH�VSHFLHV�DUH�]HUR��ZKLFK�FUHDWHV�ERWK�PDWKHPDWLFDO�DQG�LQWHUSUHWLYH�GLIILFXOWLHV�DV�DQ\�FRPSDULVRQ�RI�FXUUHQW�SRSXODWLRQ�OHYHOV�WR�WKH�EDVHOLQH�UHVXOWV�LQ��LQILQLWHO\��ODUJH�YDOXHV�IRU�,LMN�� +RZHYHU�� XQGHU� FHUWDLQ� FLUFXPVWDQFHV� DOLHQ� VSHFLHV�PD\� EH� GHHPHG� ¶QDWXUDOL]HG·�� DQG� LW�PD\�PDNH� VHQVH� WR� LQFOXGH� WKHP� LQ� WKH� HVWLPDWLRQ�RI�%,,�� ,Q� VXFK� FDVHV�� WKH�EDVHOLQH�SRSXODWLRQV� IRU�WKHVH�VSHFLHV�VKRXOG�QRW�EH�VHW�DW�]HUR��EXW�DW� WKH�VWDELOL]HG� ¶QDWXUDOL]HG·�SRSXODWLRQ�VL]H��RU�VRPH�QRQ�]HUR�WDUJHWHG�SRSXODWLRQ�VL]H�
/DQG�XVHV��N�
/DQG�XVHV�DUH�GHILQHG�E\�WKH�PDMRU�KXPDQ�DFWLYLWLHV�LPSDFWLQJ�RQ�ELRGLYHUVLW\�LQ�D�SDUWLFXODU�UHJLRQ��$OO�ODQG�XVH�DFWLYLWLHV�DUH�H[SUHVVHG�RQ�WKH�EDVLV�RI�WKH�DUHD�DIIHFWHG��,W�LV�VXJJHVWHG�WKDW�WKH�QXPEHU�RI� FODVVHV� EH� OLPLWHG� WR� OHVV� WKDQ� WHQ�� LQ� RUGHU� WR� NHHS� WKH� QXPEHU� LI� ,LMN HVWLPDWHV� UHTXLUHG�PDQDJHDEOH�� )RU� WKH� VRXWKHUQ�$IULFDQ� FDVH�� VL[� FDWHJRULHV�ZHUH� GHILQHG�� SURWHFWHG��PRGHUDWH�XVH��GHJUDGHG��FXOWLYDWHG��SODQWDWLRQV�DQG�XUEDQ��VHH�6FKROHV�	�%LJJV������IRU�GHILQLWLRQV���7KHVH�IRUP�D�
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URXJK�FRQWLQXXP�RI�LQFUHDVLQJ�GHJUHHV�RI�LPSDFW��$�ODQG�XVH�PDS�IRU�VRXWKHUQ�$IULFD�ZDV�GHULYHG�IURP�ODQG�WHQXUH�ERXQGDULHV�DQG�VHYHUDO� VRXUFHV�RI� ODQG�FRYHU�GDWD��:KHUH�FODVVHV�IURP�GLIIHUHQW�VRXUFHV� RYHUODSSHG�� WKH� KLJKHVW� LPSDFW� ODQG� XVH� FODVV�ZDV� DVVLJQHG�� ,W� LV� LPSRUWDQW� WR� GHILQH� WKH�UHVROXWLRQ�RI�WKH�ODQG�XVH�PDS��RU�WKH�YDULRXV�ODQG�XVH�FODVVHV��LI�WKHLU�UHVROXWLRQV�GLIIHU��DV�LW�DIIHFWV�WKH�,LMN HVWLPDWHV��VHH�GLVFXVVLRQ�EHORZ���
,PSDFWV� VXFK� DV� IUDJPHQWDWLRQ� RU� SROOXWLRQ� DUH� LQFRUSRUDWHG� LQ� WKH� GHILQLWLRQ� RI� WKH� ODQG� XVH�FDWHJRULHV�� ,Q� WKH� VRXWKHUQ�$IULFDQ� H[DPSOH�� W\SLFDO� XUEDQ�SROOXWLRQ� LPSDFWV�ZHUH� H[SOLFLWO\� WDNHQ�LQWR�DFFRXQW�LQ�WKH�HVWLPDWHV�RI�,LMN IRU�XUEDQ�DUHDV��$OWKRXJK�QRW�GRQH�LQ�WKH�VRXWKHUQ�$IULFDQ�FDVH��ZKHUH�SROOXWLRQ�RU�IUDJPHQWDWLRQ�LPSDFWV�FDQQRW�EH�DVVRFLDWHG�ZLWK�DQ�HQWLUH�FODVV��PXOWLSOH�FODVVHV�FDQ�EH�GHILQHG��H�J�� ODUJH�SURWHFWHG�DUHDV��DQG�VPDOO�SURWHFWHG�DUHDV��WR�DFFRXQW�IRU�IUDJPHQWDWLRQ�LPSDFWV���6HSDUDWH�,LMN HVWLPDWHV�ZRXOG�WKHQ�EH�FROOHFWHG�IRU�HDFK�FODVV�
(FRV\VWHPV��M�
%URDG�VFDOH� DVVRFLDWLRQV� RI� IORUD� DQG� IDXQD� FDQ� EH� GHILQHG� DV� HFRV\VWHPV�� DQG� FDQ� W\SLFDOO\� EH�DUUDQJHG�LQWR�VHYHUDO�KLHUDUFKLFDO�OHYHOV��6SDWLDO�GDWD�RQ�WKH�H[WHQW�RI�HFRV\VWHP�W\SHV�DUH�QHHGHG�WR�GHILQH� WKH� DUHD� WR� ZKLFK� VSHFLILF� ,LMN HVWLPDWHV� DSSO\�� DQG� WR� DWWDFK� WKH� DSSURSULDWH� ULFKQHVV�ZHLJKWLQJV� �5LM�� WR� HDFK� RI� WKHVH� DUHDV��1RWH� WKDW� WKH� GDWD� IRU�5LM��$MN DQG� ,LMN FDQ� EH� DW� GLIIHUHQW�KLHUDUFKLFDO�OHYHOV��,Q�WKH�VRXWKHUQ�$IULFDQ�FDVH��WKH�::)�(FRUHJLRQV��2OVRQ�HW�DO� ������ZHUH�XVHG��DQG�DJJUHJDWHG�LQWR�VL[�KLJK�OHYHO�ELRPHV��IRUHVW��VDYDQQD��JUDVVODQG��VKUXEODQG��I\QERV DQG�ZHWODQG���5LM DQG�$MN ZHUH�GHWHUPLQHG�LQ�WHUPV�RI�WKH�GLVDJUHJJDWHG�::)�HFRUHJLRQ�GDWD��ZKLOH�,LMN HVWLPDWHV�ZHUH�FROOHFWHG�DW�WKH�ELRPH�OHYHO��DQG�WKHQ�DVVRFLDWHG�ZLWK�HDFK�RI�WKH�HFRUHJLRQV��
5LFKQHVV��5LM��DQG�$UHD��$MN�
6SHFLHV�ULFKQHVV�GDWD� LV� W\SLFDOO\�DYDLODEOH�DV�WRWDO�VSHFLHV�FRXQWV�IRU�HDFK�EURDG�WD[RQRPLF�JURXS��SHU�HFRV\VWHP�W\SH��,Q�VRXWKHUQ�$IULFD��VSHFLHV�ULFKQHVV�GDWD�DVVRFLDWHG�ZLWK�WKH�::)�(FRUHJLRQV�ZHUH� XVHG��:KHUH� DYDLODEOH�� WKH� SRWHQWLDO� JHRJUDSKLFDO� GLVWULEXWLRQV� IRU� LQGLYLGXDO� VSHFLHV� FDQ� EH�XVHG��,QGLYLGXDO�VSHFLHV�GLVWULEXWLRQ�GDWD�FDQ�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�HFRV\VWHP�OHYHO�GDWD�IRU�VSHFLHV�IRU�ZKLFK�PRUH�GHWDLOHG�GDWD�LV�XQDYDLODEOH��:KHQ�XVLQJ�LQGLYLGXDO�VSHFLHV�GLVWULEXWLRQ�GDWD��LW�LV�PRUH�SUDFWLFDO�WR�FDOFXODWH�WKH�%,,�RQ�D�UDVWHU��SL[HO��EDVLV��UDWKHU�WKDQ�D�YHFWRU��SRO\JRQDO��EDVLV�
7KH� DUHD RI� D� SDUWLFXODU� ODQG� XVH� ZLWKLQ� D� VSHFLILF� HFRV\VWHP� W\SH� �$MN�� LV� VLPSO\� GHWHUPLQHG� E\�RYHUOD\LQJ�HFRV\VWHP�DQG�ODQG�XVH�PDSV��,Q�WKH�VRXWKHUQ�$IULFDQ�FDVH�� WKH� ODQG�XVH�PDS�WKDW�KDG�EHHQ�GHULYHG�IRU�WKH�SXUSRVH�RI�FDOFXODWLQJ�WKH�%,,�ZDV�RYHUODLG�RQ�WKH ::)�(FRUHJLRQ�PDS�



���

5HODWLYH�SRSXODWLRQ�VL]H��,LMN�
7KH� ILUVW� VWHS� LQ� HVWLPDWLQJ� ,LMN LV� WR� GHILQH� D� PHDQLQJIXO� DQG� SUDFWLFDO� UHIHUHQFH� RU� EDVHOLQH�SRSXODWLRQ�� ,Q� WKH� VRXWKHUQ� $IULFDQ� FRQWH[W�� SUH�PRGHUQ� SRSXODWLRQV� �SUH������� LQ� GLIIHUHQW�HFRV\VWHP�W\SHV��XQLPSDFWHG�E\�PRGHUQ�HUD�ODQG�XVHV��ZHUH�XVHG�DV�D�FRQFHSWXDO�EDVHOLQH��)RU�WKH�PDMRULW\�RI�VSHFLHV��SRSXODWLRQV�LQ�ODUJH�SURWHFWHG�DUHDV�VHUYHG�DV�D�SUDFWLFDO�SUR[\�IRU�WKLV�VWDWH��L�H��,LMN ���ZKHUH�N� �SURWHFWHG���2QO\� IRU� VHOHFW� VSHFLHV�ZLWK� ODUJH�KRPH�UDQJHV�ZHUH� ODUJH�SURWHFWHG�DUHDV� LPSDFWHG�FRPSDUHG�WR�WKH�FRQFHSWXDO�EDVHOLQH�� LQ�WKH�MXGJPHQW�RI�VRPH�H[SHUWV��,Q�SDUWV�RI�WKH� ZRUOG� WKDW� KDG� DOUHDG\� EHHQ� KLJKO\� WUDQVIRUPHG� E\� WKH� EHJLQQLQJ� RI� WKH� PRGHUQ� SHULRG��DOWHUQDWLYH�UHIHUHQFH�SRLQWV�FDQ�EH�GHILQHG��VXFK�DV�D�VSHFLILF�EDVHOLQH�\HDU�ZLWKLQ�UHFRUG�RU�UHOLDEOH�PHPRU\��7KH�VDPH�EDVHOLQH�VKRXOG�EH�XVHG�IRU�FRPSDULVRQV�EHWZHHQ�%,,�DW�GLIIHUHQW�SRLQWV�LQ�WLPH�RU�EHWZHHQ�GLIIHUHQW�UHJLRQV�
:KHUH�DYDLODEOH��ILHOG�GDWD�FDQ�EH�XVHG�WR�HVWLPDWH�,LMN� WKH�SRSXODWLRQ�VL]H�RI�VSHFLHV�JURXS�L�XQGHU�ODQG�XVH�DFWLYLW\�N LQ�HFRV\VWHP�M DW�D�VSHFLILF�SRLQW�LQ�WLPH��UHODWLYH�WR�D�EDVHOLQH�SRSXODWLRQ�LQ�WKH�VDPH� HFRV\VWHP� W\SH�� ,Q�PRVW� FDVHV�� ILHOG� GDWD� ZLOO� EH� DYDLODEOH� RQO\� IRU� D� IHZ� VSHFLHV� LQ� D� IHZ�ORFDWLRQV��:KHUH� D� JUHDW�GHDO� LV� NQRZQ�DERXW� WKH�XQGHUO\LQJ�GULYHUV��SRSXODWLRQ�PRGHOV�FRXOG�EH�XVHG�WR�JHQHUDWH�WKH�,LMN PDWUL[��,Q�WKH�VRXWKHUQ�$IULFDQ�H[DPSOH��WKH�,LMN PDWUL[�ZDV�JHQHUDWHG�XVLQJ�H[SHUW� MXGJHPHQW�� DQG� YDOLGDWHG� DJDLQVW� DYDLODEOH� ILHOG� GDWD��0XOWLSOH GDWD� VRXUFHV� FDQ�EH�XVHG� WR�HVWLPDWH�,LMN��VXFK�WKDW�WKH�EHVW�DYDLODEOH�GDWD�DUH�XVHG�IRU�HDFK�VSHFLHV�
7R�DVVLVW� WKH�H[SHUW� LQWHUYLHZ�SURFHVV�FRQGXFWHG� LQ�VRXWKHUQ�$IULFD��HDFK�EURDG�WD[RQRPLF�JURXS�ZDV�VXEGLYLGHG�LQWR�ILYH�WR�WHQ�IXQFWLRQDO�W\SHV��7KHVH�IXQFWLRQDO�W\SHV�ZHUH�GHILQHG�DV�JURXSV�RI�VSHFLHV�WKDW�UHVSRQG�VLPLODUO\�WR�WKH�VHW�RI�ODQG�XVHV�XQGHU�FRQVLGHUDWLRQ��7KH�H[DFW�QXPEHU�RI�W\SHV�GHILQHG�LV�D�SUDFWLFDO��UDWKHU�WKDQ�WKHRUHWLFDO��LVVXH��$FURVV�DOO�WD[RQRPLF�JURXSV�WKH�IXQFWLRQDO�W\SHV�ZHUH GHILQHG� SULPDULO\� E\� ERG\� VL]H�� WURSKLF� QLFKH� DQG� UHSURGXFWLYH� VWUDWHJ\�� 7KXV� IRU� SODQWV�� D�YDULDQW�RI�WKH�5DXQNLHU�FODVVLILFDWLRQ�ZRUNHG�ZHOO��DQG�IRU�ELUGV�DQG�PDPPDOV�D�GLYLVLRQ�RI�¶VPDOO·��¶PHGLXP·�DQG�¶ODUJH·�E\�¶KHUELYRUH·��¶FDUQLYRUH·�DQG�¶RPQLYRUH·�ZDV�VXFFHVVIXO��2Q�WKH�RWKHU�KDQGV��DOO�IURJV�ZHUH�VPDOO�LQVHFWLYRUHV��VR�EUHHGLQJ�VWUDWHJ\�ZDV�XVHG�DV�D�IXQFWLRQDO�FODVVLILHU�
(DFK�H[SHUW�ZDV�DVNHG�WR�HVWLPDWH�WKH� LPSDFW�RI�HDFK�ODQG�XVH�DFWLYLW\�ZLWKLQ�WKH�FRQWH[W�RI�HDFK�EURDG� HFRV\VWHP� W\SH� �ELRPHV�� LQ� WKH� VRXWKHUQ�$IULFDQ� H[DPSOH��RQ� HDFK� IXQFWLRQDO� W\SH� LQ� WKHLU�VSHFLDOLW\� WD[RQRPLF� JURXS� �GLIIHUHQW� H[SHUWV�ZHUH� LQWHUYLHZHG� IRU� HDFK�EURDG� WD[RQRPLF� JURXS���7KH� VRXWKHUQ� $IULFDQ� UHVXOWV� VXJJHVW� WKDW� ODQG� XVH� �N�� LV� WKH� RYHUULGLQJ� IDFWRU� LPSDFWLQJ� RQ� WKH�HVWLPDWHV� RI� ,LMN�� ,Q� FRPSDULVRQ�� WKH� GLIIHUHQFHV� LQ� WKH� LPSDFW� RI� VSHFLILF� ODQG� XVHV� EHWZHHQ�HFRV\VWHP� W\SHV�� LV� UHODWLYHO\� VPDOO� �H�J�� WKH� LPSDFW� RI� FXOWLYDWLRQ� LQ� VDYDQQD� DV� RSSRVHG� WR�



���

FXOWLYDWLRQ�LQ�JUDVVODQG�DUHDV��LV�VPDOO�FRPSDUHG�WR�WKH�GLIIHUHQFH�LQ�LPSDFW�EHWZHHQ�FXOWLYDWLRQ�DQG�XUEDQLVDWLRQ��� *LYHQ� WKH� FRDUVHQHVV� RI� RXU� FXUUHQW� NQRZOHGJH� UHJDUGLQJ� ,LMN DQG� WKH� SUDFWLFDO�FRQVWUDLQWV�RI�FROOHFWLQJ�RU�JHQHUDWLQJ�WKLV�GDWD��LW�WKHUHIRUH�DSSHDUV�WR�EH�VXIILFLHQW�WR�GHILQH�,LMN DW�WKH�ELRPH�OHYHO�LQ�WKH�ILUVW�LQVWDQFH��:KHUH�ILQHU�OHYHO�HFRV\VWHP�GDWD�DUH�DYDLODEOH�IRU�5LM DQG�$MN��LW�LV�UHFRPPHQGHG�WKDW�WKHVH�EH�XVHG�LQ�FDOFXODWLQJ�%,,�
,W� LV� LPSRUWDQW� WR� WKRURXJKO\�GLVFXVV� WKH� ODQG�XVH� FDWHJRULHV�ZLWK� WKH� H[SHUWV�EHIRUH EHJLQQLQJ� WKH�MXGJPHQW�H[HUFLVH��VR�WKDW�WKH\�DUH�FRQFHSWXDOO\�¶FDOLEUDWHG·�DQG�FDQ�YLVXDOLVH�WKH�VWDWH�WKDW�KDV�EHHQ�GHILQHG��7R�DVVLVW�WKH�H[SHUWV��D�ORFDO�H[DPSOH�RI�DQ�DUHD�FODVVLILHG�XQGHU�HDFK�ODQG�XVH�W\SH�LQ�HDFK�ELRPH�ZDV� JLYHQ�� H�J��.UXJHU�1DWLRQDO�3DUN� LV� DQ� H[DPSOH� RI� D� SURWHFWHG� DUHD� LQ� D� VDYDQQD�� DQG�-RKDQQHVEXUJ� LV� DQ� H[DPSOH� RI� DQ� XUEDQ� DUHD� LQ� D� JUDVVODQG� UHJLRQ�� ,W� LV� DOVR� LPSRUWDQW� WKDW� WKH�H[SHUWV� WDNH� DFFRXQW� RI� WKH� UHVROXWLRQ�RI� WKH� ODQG�XVH� FODVVLILFDWLRQ� LQ�PDNLQJ� WKHLU� HVWLPDWHV�� ,Q�UHJLRQDO�WR�JOREDO�VWXGLHV��ODQG�FRYHU�LV�W\SLFDOO\�PDSSHG�DW�D�UHVROXWLRQ�RI�DERXW���[���NP��DQG�DQ�DUHD�FODVVLILHG��DV�IRU�H[DPSOH�� ¶FXOWLYDWHG·�DOPRVW�DOZD\V�KDV�LQFOXVLRQV�RI�XQFXOWLYDWHG�ODQG�LQ�VHW�DVLGHV�DQG�VWULSV�EHWZHHQ�ILHOGV��UHIHUUHG�WR�DV�WKH�UHVLGXDO�PDWUL[���,Q�WKH�VRXWKHUQ�$IULFDQ�FDVH��LW�ZDV�DVVXPHG�WKDW��PDSSHG�DW�D���[���NP�UHVROXWLRQ��WKH�PDWUL[�FRQVWLWXWHV�DSSUR[LPDWHO\�����RI�WKH�FXOWLYDWHG�FODVV������RI�WKH�SODQWDWLRQ�FODVV��DQG�����RI�WKH�XUEDQ�FODVV��
(VWLPDWHV�RI�,LMN ZHUH�DJJUHJDWHG�XS�IURP�WKH�IXQFWLRQDO�W\SH�OHYHO�WR�WKH�EURDG�WD[RQRPLF�OHYHO�E\�ZHLJKWLQJ� WKH�HVWLPDWHV� IRU�HDFK�IXQFWLRQDO� W\SH� �I��E\� WKH�QXPEHU�RI�VSHFLHV� LQ� WKDW�JURXS� LQ� WKH�SDUWLFXODU�HFRV\VWHP�W\SH��,LMN  ��I�>,ILMN�[�5ILM�5LM@���$OWHUQDWLYHO\��LI�ULFKQHVV��5LM��GDWD�DOORZV��%,, FDQ�EH�FDOFXODWHG�GLUHFWO\�DW�WKH�IXQFWLRQDO�W\SH�OHYHO�
,Q�WKH�VRXWKHUQ�$IULFDQ�H[DPSOH��DW�OHDVW�WKUHH�H[SHUWV�ZHUH�LQWHUYLHZHG�LQGHSHQGHQWO\ IRU�HDFK�EURDG�WD[RQRPLF�JURXS��7KH�LQWHUYLHZ�SURFHVV�JHQHUDWHG�DSSUR[LPDWHO\�����HVWLPDWHV�SHU�H[SHUW��DQG�WRRN�DERXW� ILYH� KRXUV� SHU� H[SHUW�� ([SHUWV� ZHUH� QRW� VKRZQ� RU� LQIRUPHG� DERXW� WKH� PDJQLWXGH� RI� WKH�HVWLPDWHV�SURYLGHG�E\�RWKHU�H[SHUWV��QHLWKHU�ZHUH�WKH\�MRLQWO\�LQWHUYLHZHG�ZLWK�WKH�DLP�RI�JHQHUDWLQJ�D� FRQVHQVXV� HVWLPDWH��$OO� H[SHUW� HVWLPDWHV�ZHUH� WUHDWHG� DV� YDOLG� DQG� HQWHUHG� LQWR� WKH�GDWDEDVH�� LQ�RUGHU� WR� HQDEOH� XV� WR� GHWHUPLQH� WKH� XQFHUWDLQW\� DURXQG� WKH� HVWLPDWHV�� 7KH� UDQJH� RI� HVWLPDWHV�REWDLQHG�LQ�WKLV�ZD\�ZDV�XVHG�WR�GHULYH�D�FRQILGHQFH�LQWHUYDO�IRU�WKH�,LMN HVWLPDWHV��
5HIHUHQFHV2OVRQ��'��0��HW�DO� ��������7HUUHVWULDO�HFRUHJLRQV�RI�WKH�ZRUOG��$�QHZ�PDS�RI�OLIH�RQ�HDUWK��%LR6FLHQFH������������5DXQNLHU��&����������7KH�/LIH�)RUPV�RI�3ODQWV�DQG�6WDWLVWLFDO�3ODQW�*HRJUDSK\� 2[IRUG��&ODUHQGRQ�3UHVV�6FKROHV��5�-��DQG�%LJJV��5����������$�ELRGLYHUVLW\�LQWDFWQHVV�LQGH[��1DWXUH �����������
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$SSHQGL[����7KH�%,,�DOJRULWKP�DQG�SDUWLDO�IRUPV
7KH�%LRGLYHUVLW\�,QWDFWQHVV�,QGH[��%,,� JLYHV�WKH�DYHUDJH�FKDQJH�LQ�SRSXODWLRQ�VL]H�RI�WKH�VSHFLHV�RI�DOO�ZHOO�GHVFULEHG�WD[D�LQ�D�SDUWLFXODU�DUHD�

ZKHUH 5LM  � 5LFKQHVV�RI�WD[RQ�L LQ�HFRV\VWHP�M$MN  � $UHD�RI�ODQG�XVH�N LQ�HFRV\VWHP�M,LMN� � 3RSXODWLRQ�VL]H�RI�WD[RQ�L XQGHU�XVH�N LQ�HFRV\VWHP�M���SRSXODWLRQ�VL]H�SULRU�WR�WUDQVIRUPDWLRQ�
%,, FDQ�EH�GLVDJJUHJDWHG� WR�VXFFHVVLYH� OHYHOV�RI�GHWDLO�DORQJ�GLIIHUHQW�D[HV��7KH�DYHUDJH�FKDQJH� LQ�SRSXODWLRQ� VL]H� IRU� D� VSHFLILF� WD[RQ� L�� D� SDUWLFXODU� HFRV\VWHP� M RU� D� SDUWLFXODU� ODQG� XVH� N DUH�UHVSHFWLYHO\�JLYHQ�E\�
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$SSHQGL[�����([SHUW�GHULYHG�SRSXODWLRQ�LPSDFW�HVWLPDWHV
7KH�PHDQ�H[SHUW�GHULYHG�SRSXODWLRQ�LPSDFW�RI�GLIIHUHQW�ODQG�XVH�DFWLYDWHV�IRU�GLIIHUHQW�WD[D��OLVWHG�SHU�ELRPH��WRJHWKHU�ZLWK�VWDQGDUG�HUURUV��XVHG�LQ�WKH�FDOFXODWLRQ�RI�WKH�%,,��

3527(&7(' 02'(5$7(�86( '(*5$'(' &8/7,9$7(' 85%$1 3/$17$7,21PHDQ VW�HUU PHDQ VW�HUU PHDQ VW�HUU PHDQ VW�HUU PHDQ VW�HUU PHDQ VW�HUU$//�%,20(6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)RUHVW ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)\QERV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����*UDVVODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6DYDQQD ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6KUXEODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� �����3/$1
76

:HWODQG ����� ����� ����� ����� ����� ����� ����� �����$//�%,20(6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)RUHVW ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)\QERV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����*UDVVODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6DYDQQD ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6KUXEODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� �����0$0
0$/6

:HWODQG ����� ����� ����� ����� ����� ����� ����� �����$//�%,20(6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)RUHVW ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)\QERV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����*UDVVODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6DYDQQD ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6KUXEODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

%,5'
6

:HWODQG ����� ����� ����� ����� ����� ����� ����� �����$//�%,20(6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)RUHVW ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)\QERV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����*UDVVODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6DYDQQD ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6KUXEODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� �����5(37
,/(6

:HWODQG ����� ����� ����� ����� ����� ����� ����� �����$//�%,20(6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)RUHVW ����� ����� ����� ����� ����� ����� ����� ����� ����� �����)\QERV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����*UDVVODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6DYDQQD ����� ����� ����� ����� ����� ����� ����� ����� ����� �����6KUXEODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� �����$03
+,%,$

:HWODQG ����� ����� ����� ����� ����� ����� ����� �����
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$SSHQGL[�����7D[RQ�IXQFWLRQDO�JURXSV�DQG�ULFKQHVV
7KH� IXQFWLRQDO� JURXSV� GHILQHG� IRU� HDFK� WD[RQ� LQ� RUGHU� WR� FROOHFW� WKH� SRSXODWLRQ� LPSDFW� GDWD� E\PHDQV�RI�H[SHUW�LQWHUYLHZV��6SHFLHV�ULFKQHVV�SHU�IXQFWLRQDO�JURXS�SHU�ELRPH�ZDV�XVHG�WR�ZHLJKW�WKH�LQGLYLGXDO�H[SHUW�HVWLPDWHV�XS�WR�WKH�EURDG�WD[RQ�OHYHO� LQ�FDOFXODWLQJ�WKH�%,,��1RWH�WKDW� WKH�SODQW�ULFKQHVV�GDWD�DUH�JLYHQ�DV�IUDFWLRQV�RI�WKH�WRWDO�ULFKQHVV�LQ�HDFK�ELRPH��0LNH�5XWKHUIRUG�LV�WKDQNHG�IRU� WKH� SODQW� ULFKQHVV� HVWLPDWHV�� -DPHV�+DUULVRQ� LV� WKDQNHG� IRU� WKH� EDVH� GDWD� XVHG� WR� GHULYH� WKH�ULFKQHVV�RI�PDPPDOV��ELUGV��UHSWLOHV�DQG�DPSKLELD�LQ�HDFK�ELRPH��

63(&,(6�5,&+1(66
)RUHVW 6DYDQQD *UDVVODQG 6KUXEODQG )\QERV :HWODQG

3/$1767UHHV��YDOXDEOH�WLPEHU�RU�IXHO ���� ���� ���� ���� ���� ����7UHHV�RU�VKUXEV��IUXLW�RU�V\PEROLF ���� ���� ���� ���� ���� ����7UHHV�RU�VKUXEV�RWKHU ���� ���� ���� ���� ���� ����*UDPLQRLGV��GHFUHDVHUV ���� ���� ���� ���� ���� ����*UDPLQRLGV��LQFUHDVHU�,, ���� ���� ���� ���� ���� ����*UDPLQRLGV��DQQXDOV�ZHHG\ ���� ���� ���� ���� ���� ����*HRSK\WHV ���� ���� ���� ���� ���� ����)RUEV�ZHHG\ ���� ���� ���� ���� ���� ����)RUEV��QRQ�ZHHG\ ���� ���� ���� ���� ���� ����%U\RSK\WHV��IHUQV��HSLSK\WHV��OLDQDV ���� ���� ���� ���� ���� ����727$/ � � � � � �
0$00$/6/DUJH�KHUELYRUHV��!�NJ� � �� � � � �6PDOO�KHUELYRUHV �� �� � �� � �0HJDKHUELYRUHV � � � � � �5RGHQWV � �� �� �� �� �%DWV �� �� � � � �/DUJH�SUHGDWRUV��!��NJ� � �� � � � �6PDOO�SUHGDWRUV����NJ� � �� �� �� �� �,QVHFWLYRUHV �� � � � � �3ULPDWHV � � � � � �727$/ �� ��� �� �� �� �
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63(&,(6�5,&+1(66
)RUHVW 6DYDQQD *UDVVODQG 6KUXEODQG )\QERV� :HWODQG

%,5'6/DUJH�ELUGV�RI�SUH\ � �� �� �� �� �6PDOO�ELUGV�RI�SUH\ � �� �� �� �� �*DPHELUGV � �� �� �� �� �6HHGHDWHUV �� �� �� �� �� ��:DWHUIRZO � �� �� �� �� ��:DGHUV � �� �� �� �� ��)UXLW�HDWHUV �� �� �� �� �� �,QVHFW�HDWHUV �� ��� ��� ��� �� ��6XQELUGV � �� � � � �727$/ ��� ��� ��� ��� ��� ���
5(37,/(6/DUJH�VQDNHV��S\WKRQ� � � � � � �0HGLXP�VQDNHV � �� � � � �6PDOO�VQDNHV �� �� �� �� �� ��%XUURZLQJ�VQDNHV � �� � � � �5RFN�GZHOOHUV � �� �� �� �� �*URXQG�GZHOOHUV �� �� �� �� �� �7UHH�GZHOOHUV �� �� � � � �)RVVRULDO�VNLQNV��ZRUP�OL]DUGV � �� � � � �0RQLWRUV � � � � � �7RUWRLVHV � � � � � �7HUUDSLQV � � � � � �&URFRGLOHV � � � � � �727$/ �� ��� �� ��� �� ��
$03+,%,$:DWHU�EUHHGLQJ��VSHFLDOLVW��ZLGHVSUHDG � � � � � �:DWHU�EUHHGLQJ��QRQ�VSHFLDOLVW��ZLGHVSUHDG �� �� �� �� �� ��1RQ�ZDWHU�EUHHGLQJ��VSHFLDOLVW��ZLGHVSUHDG � �� � � � �:DWHU�EUHHGLQJ��VSHFLDOLVW��UHVWULFWHG � � � � � ��:DWHU�EUHHGLQJ��QRQ�VSHFLDOLVW��UHVWULFWHG � � � � � ��1RQ�ZDWHU�EUHHGLQJ��VSHFLDOLVW��UHVWULFWHG � � � � � �727$/ �� �� �� �� �� ��
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