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5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD��
(PDLO��VGDULWK#\DKRR�FRP�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����)HEUXDU\������

$EVWUDFW�7KH�H[SHULPHQW�ZDV�FRQGXFWHG�DW�WKH�7DQJ�+DQJ�/\�SLJ�IDUP��ORFDWHG�LQ�.DQGDO�
SURYLQFH�����FURVVEUHG�JURZLQJ�SLJV�ZHUH�LGHQWLILHG�LQLWLDOO\�DV�7���7���7���7��ZLWK�DYHUDJH�
ZHLJKW� ����������� NJ�� ����������� NJ�� ����������� NJ�� ����������� NJ� UHVSHFWLYHO\�� 7KH�
DLPV�RI�WKLV�UHVHDUFK�ZHUH������WR�GHWHUPLQH�WKH�RSWLPXP�OHYHO�RI�ZKHDW�EUDQ�LQ�WKH�GLHW�IRU�
JURZLQJ�ILQLVKLQJ�SLJ�DQG�����WR�HYDOXDWH�WKH�HFRQRPLF�HIILFLHQF\�RI�XVLQJ�ZKHDW�EUDQ�LQ�
SLJ�GLHW��7KH�H[SHULPHQW�ZDV�UDQGRPO\�GHVLJQHG�E\�&5'��FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��
DQG�ZDV� GLYLGHG� LQWR� IRXU� WUHDWPHQWV� DQG� WKUHH� UHSOLFDWHV�� 7KHUH�ZHUH� WZR� SLJV� LQ� HDFK�
UHSOLFDWH�DQG�WKH�SLJV�ZHUH�RIIHUHG�IHHG�ZLWK�GLIIHUHQW�OHYHOV���������������DQG�����RI�
ZKHDW� EUDQ� LQ� WKH� IHHG� FRQFHQWUDWLRQ��7KH� UHVXOWV� VKRZHG� WKDW�� WKH� DYHUDJH�GDLO\�ZHLJKW�
JDLQ� LQ� 7�� �����������J�� ZLWK� WKH� ���� FRQFHQWUDWLRQ� RI� ZKHDW� EUDQ� ZDV� VLJQLILFDQWO\�
KLJKHU� WKDQ� WKH� IHHG� FRQFHQWUDWLRQV� RI� ���� LQ� 7�� �����������J�� DQG� ���� LQ� 7��
������������J����7KH�FRQWURO�GLHW�LQ�7��KDG�D�ZHLJKW�JDLQ�RI������������J��7KH�GDLO\�IHHG�
LQWDNH�ZDV� KLJKHVW�ZLWK� WKH� ����ZKHDW� EUDQ� FRQFHQWUDWLRQ� LQ� 7�� ������������ NJ�KHDG���
IROORZHG� E\� ORZHU� IHHG� LQWDNH� ZLWK� WKH� ZKHDW� EUDQ� FRQFHQWUDWLRQV� RI� ���� LQ� 7��
������������NJ�KHDG���7KLV�GLG�QRW�GLIIHU�IURP�WKH�FRQWURO�GLHW�LQ�7��������������NJ�KHDG��
DQG� WKH�����ZKHDW�EUDQ�FRQFHQWUDWLRQ� LQ�7�� ������������NJ�KHDG��� ,W�ZDV�QRWHG� WKDW� WKH�
GLHW�RI�7��ZLWK�D�ZKHDW�EUDQ�FRQFHQWUDWLRQ�RI�����FRQVXPHG�WKH�PRVW�IHHG�FRPSDUHG�WR�
WKH�RWKHU�WUHDWPHQWV��%HVLGHV��WKHUH�ZDV�D�VLJQLILFDQW�LQWHUDFWLRQ�ZLWK�IHHG�FRQYHUVLRQ�UDWLR�
�3�������LQ�ZKLFK�7��������������ZHUH�PXFK�KLJKHU�WKDQ�7���������������7���������������
DQG�7�� ������������� 7KLV�PHDQV� WKDW�ZKHDW� EUDQ�ZDV�PRUH� HIIHFWLYH� LI� LW�ZDV� XVHG� DW� D�
ORZHU�IHHG�FRQFHQWUDWLRQ�LQ�RUGHU�WR�JDLQ���NJ�RI�PHDW��,Q�FRQFOXVLRQ��WKH�UHVXOWV�VKRZHG�
WKDW� WKH� 7�� ZKLFK� ZDV� IHG� WKH� ���� FRQFHQWUDWLRQ� RI� ZKHDW� EUDQ� FRXOG� EH� XWLOL]HG�
HIIHFWLYHO\�DV�EDVDO�GLHW�IRU�JURZLQJ�ILQLVK�SLJ��ZKLFK�VWDUWHG�IURP����NJ�WR�����NJ��ZLWK�
VXSHULRU�HFRQRPLF�UHWXUQV��

.H\ZRUGV�SLJV��ZKHDW�EUDQ��IHHG�FRQYHUVLRQ�UDWLR��)&5���IHHG�LQWDNH��),���ZHLJKW�JDLQ�
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3LJ�PHDWV�DUH�WKH�PDLQ�FXUUHQW�FRQFHUQ�IRU�IRRG�RI�KXPDQ�DQG�IRRG�VHFXULW\�LQ�UXUDO�DUHDV�LI�SHRSOH�
GLG� QRW� NQRZ� KRZ� HIIHFWLYH� DQG� HIILFLHQW� WR� UDLVH� SLJV�� 7KHUHIRUH�� SLJ� UDLVLQJ� LV� D� YLWDO� SDUW� WR�
LQFUHDVH� SURILWDELOLW\� RI� KRXVHKROG� LQFRPH�� DQG� EHFDXVH� IDUPHUV� UHDOO\� ZDQW� WR� ILQG� RXW� QHZ�
WHFKQLTXHV� RI� UDLVLQJ� SLJV�ZLWK� ORZ� VSHQGLQJ� DQG� VXLWDEOH� OHYHO� RI� QXWULWLRQ��PDQ\� VFLHQWLVWV� DUH�
WU\LQJ� WR�GHYHORS�QHZ� WHFKQLTXHV� IRU� WKHP��$V�3RN�HW�DO�������� UHSRUWHG� WKDW� LW�ZRXOG�KDYH�KLJK�
GHPDQG�IRU�KXPDQ�EHLQJ�LQ�ZKLFK�SURYLGH�PHDW�DFFRXQW�IRU����SHUFHQW�RI�WRWDO�PHDW�RXWSXW��DQG����
SHUFHQW�RI�ZRUOG�PHDW�SURGXFH�E\�GHYHORSLQJ�FRXQWULHV�LQ������DQG�ZRXOG�SURGXFH����SHUFHQW�LQ�
������

&XUUHQWO\�� WKH�QXPEHU�RI� IDUPV� WR�UDLVH�SLJV� LV�JUDGXDOO\�LQFUHDVLQJ� LQ�&DPERGLD�PHDQZKLOH�
WKH�GHPDQG�RQ�SLJ�PHDWV�LV�VKDUSO\�LQFUHDVHG��/RRNLQJ�WR�WKH�JHQHUDO�FHQVXV������FRPSLOHG�E\�WKH�
PLQLVWU\�RI�SODQQLQJ�� WKH�SRSXODWLRQ� LQ�&DPERGLD�KDV������������ LQ������WR������������ LQ������
ZKLFK� KDV� LQFUHDVHG� E\� DERXW� �����PLOOLRQ� GXULQJ� WKH� GHFDGH� ����������� LW� UHDFK� WR� �����������
SHRSOH� LQ�������7KLV� VKRZHG� WKDW� WKH�KLJKHU�GHPDQG� LQFUHDVHV�� WKH�PRUH�SLJV�QHHG� WR�EH� UDLVHG��
$Q\ZD\V��IDUPHUV�LQ�&DPERGLD�PRVWO\�XVHG�WUDGLWLRQDO�WHFKQLTXHV�WR�UDLVH�SLJV�ZLWKRXW�DQDO\]LQJ�
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WKH�HFRQRPLFV��)RU� LQVWDQFH�� WKH\�UDLVHG�SLJV�ZLWK�NLWFKHQ�ZDVWHV�DQG�YHJHWDEOH�ZDVWHV�ZLWK�ULFH�
EUDQ�� HWF�� $OVR�� VRPH� IDUPHUV� KDG� QHZ� DFFHSWDEOH� WHFKQLTXHV� WR� UDLVH� SLJV� HIILFLHQWO\� DQG�
HIIHFWLYHO\�EXW�WKH\�VWLOO�QRW�NQHZ�WKH�EHQHILW�RI�ZKHDW�EUDQ�ZLWK�RWKHU�IHHG�LQJUHGLHQWV��7KH�ZKHDW�
EUDQ�KDG�WKH�FHOOXODU�OHVV�WKDQ�ULFH�EUDQ�DQG�LW�ZDV�DOVR�JRRG�VPHOO�DQG�HDVLO\�PHOWHG�ZKHQ�WKH�SLJV�
DWH��6RGDQ\����������

$V�FRQVLVWHQW�ZLWK�+DUULV�HW�DO���������UHSRUWHG�WKDW�PHWDEROLVP�HQHUJ\�RI�ZKHDW�EUDQ��FDOFLXP��
DQG�SKRVSKRU�ZDV�DERXW������NFDO��NJ���������DQG�������UHVSHFWLYHO\��)RU�WKH�H[SHULPHQW�LQ�58$�
��������LW�ZDV�DERXW�������IRU�FUXGH�SURWHLQ���������IRU�GU\�PDWWHU�DQG�������IRU�FUXGH�ILEUH�LQ�WKH�
ZKHDW� EUDQ�� 7KHVH� VKRZHG� WKDW� WKH� ZKHDW� EUDQ� KDG� KLJK� EHQHILW� IRU� IDUPHUV� WR� UDLVH� WKHLU� SLJV��
0RUHRYHU��WKH�HIIHFW�RI�ZKHDW�EUDQ�XWLOL]DWLRQ�RQ�SHUIRUPDQFH�RI�ILQLVKLQJ�SLJV�ZDV�VWLOO�QRW�FOHDUO\�
LQYHVWLJDWHG��

0$7(5,$/6�$1'�0(7+2'6�

7KHUH�ZHUH� IRXU� WUHDWPHQWV� WR�PDNH�DQ�H[SHULPHQW� DW�7DQJ�+DQJ�/\�SLJ� IDUP��ZKHUH� ORFDWHG�DW�
6GDRX�.DQODHQJ�YLOODJH�'HL�(GWK�FRPPXQH�.LHQ�6YD\�GLVWULFW�.DQGDO�SURYLQFH�DURXQG���NP�RII�
3KQRP�3HQK�FLW\��&DPERGLD��

$QLPDOV�DQG�H[SHULPHQWDO�GHVLJQ�

���FURVVEUHG� JURZLQJ� SLJV� �/DUJH� ZKLWH� [� /DQGUDFH�� ZHUH� SXW� LQLWLDOO\� E\� 7��� 7��� 7��� 7�� ZLWK�
DYHUDJH�OLYH�ZHLJKW������������NJ�������������NJ�������������NJ�������������NJ�UHVSHFWLYHO\��$OO�
SLJV�ZHUH�GH�ZRUPHG�DQG�YDFFLQDWHG�EHIRUH�PDNLQJ�WKH�H[SHULPHQW��7KH�H[SHULPHQW�ZDV�UDQGRPO\�
GHVLJQHG� E\� &5'� �FRPSOHWHO\� UDQGRPL]H� GHVLJQ�� WKDW� GLYLGHG� E\� IRXU� WUHDWPHQWV� DQG� WKUHH�
UHSOLFDWHV� IRU� HDFK�� 7KHUH� ZHUH� WZR� SLJV� WR� SXW� LQ� HDFK� UHSOLFDWH� DQG� RIIHUHG� IHHG� E\� GLIIHUHQW�
GLHWDU\�WUHDWPHQW�DV�VKRZQ�LQ�WDEOH����

��7���&RQWURO��0L]H��%URNHQ�ULFH��6R\EHDQ�PHDO��)LVK�PHDO��
��7���0DL]H��%URNHQ�ULFH��6R\EHDQ�PHDO��)LVK�PHDO�ZLWKLQ�����RI�:KHDW�%UDQ�
��7���0DL]H��%URNHQ�ULFH��6R\EHDQ�PHDO��)LVK�PHDO�ZLWKLQ�����RI�:KHDW�%UDQ�
��7���0DL]H��%URNHQ�ULFH��6R\EHDQ�PHDO��)LVK�PHDO�ZLWKLQ�����RI�:KHDW�%UDQ�

7DEOH���([SHULPHQWDO�GHVLJQ�E\�&5'�
5HSOLFDWHV� 7UHDWPHQW�

�� 7�� 7�� 7�� 7��
�� 7�� 7�� 7�� 7��
�� 7�� 7�� 7�� 7��

)HHG�DQG�IHHGLQJ�

,Q� WDEOH���� WKH�FRPSRVLWLRQ�RI�IHHG�VWXIIV�XVHG�IRU� WKH�H[SHULPHQW�ZDV� IRFXVHG�RQ�PDL]H��EURNHQ�
ULFH�� VR\EHDQ� PHDO�� ILVK�PHDO�� DQG� ZKHDW� EUDQ�� 7KH� GLHWV� ZHUH� IRUPXODWHG� E\� WKH� WZR� JURZLQJ�
SKDVHV��ILUVW��LW�ZDV�IURP��������NJ��SKDVH���LQ�WDEOH���DQG���������SKDVH���LQ�WDEOH����7KH�GDLO\�
IHHG� DOORZDQFH� ZDV� GLVWULEXWHG� HTXDOO\� LQWR� ��PHDOV� SHU� GD\��PRUQLQJ� DW� ����� DP�� DIWHUQRRQ� DW�
������SP�DQG�HYHQLQJ�DW������SP��

7DEOH���&KHPLFDO�FRPSRVLWLRQ�RI�WKH�IHHG�VWXIIV�XVHG�LQ�WKH�H[SHULPHQW�

)HHG�VWXII� '0��� 0(��NFDO�NJ�� ��RI�GU\�PDWWHU�
&3� &D� 3�

0DL]H� ������ ����� ����� ����� �����
%URNHQ�ULFH� ������ ����� ����� ����� �����
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)LVK�PHDO� ������ ����� ������ ����� �����
:KHDW�EUDQ� ������ ����� ������ ����� �����



,-(5'�±�,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW������������

��,6(5'�
���
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RLO� ����� ����� ����� �����
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0(� ������ ������ ������ ������
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0HDVXUHPHQWV�DQG�VWDWLVWLFDO�DQDO\VLV�

)HHG� FRQVXPSWLRQ�ZDV� EDODQFHG� IRU� WKH� DPRXQWV� JLYHQ� DQG� WKHQ� VXEWUDFWHG� DQ\� UHPDLQLQJ� IHHG��
7KH�UHPDLQLQJ�IHHG�DQG�JLYHQ�RQH�ZDV�UHFRUGHG�E\�HYHU\�PRUQLQJ��,I�WKH�UHPDLQLQJ�IHHG�ZDV�ZHW��
LW� KDG� WR� GU\� XS� DQG� UHEDODQFHG� IRU� HVWLPDWLQJ� WKH� LQWDNH� DPRXQW�� 7KH� SLJV� ZHUH� LQGLYLGXDOO\�
ZHLJKHG�IRU�HYHU\���GD\V�DW������ LQ�WKH�PRUQLQJ�EHIRUH�IHHGLQJ�DQG�ZDWHULQJ��(FRQRPLF�UHWXUQV�
ZHUH�HVWLPDWHG�XVLQJ�FXUUHQW�PDUNHW�SULFHV�RI� IHHG� LQJUHGLHQWV�DQG� OLYHV�SLJV��0RUHRYHU��DOO�GDWD�
IURP�WKH�H[SHULPHQW�ZHUH�VWRUHG�LQ�0LFURVRIW�([FHO�DQG�DQDO\]HG�E\�$129$�XVLQJ�6366�9HUVLRQ�
�����WR�DQDO\]H�RQ�FRPSDUHG�PHDQ��GDLO\�JURZWK��IHHG�LQWDNH��DQG�RWKHUV��

5(68/76�$1'�',6&866,21�

$YHUDJH�RI�JURZLQJ�ZHLJKW�HYHU\����GD\V�

5HJDUGLQJ����GD\�H[SHULPHQW�LQ�SLJV¶�IDUP�E\�EDODQFLQJ�SLJV�IRU�HYHU\����GD\V��WKHUH�ZHUH�PDQ\�
UHFRUGV� RI� GLHWDU\�� IHHG� FRPSRVLWLRQ�DQG� DYHUDJH�ZHLJKW�� ,Q�)LJ��� LOOXVWUDWHG� DERXW� WKH� FKDQJLQJ�
FRPSDULVRQ�EHWZHHQ�WKH�DYHUDJH�JURZLQJ�ZHLJKWV�RI�FURVVEUHG�SLJV�IRU� IRXU�GLIIHUHQW� WUHDWPHQWV��
7���7���7��DQG�7���7KH�SLJ�JURZLQJ�WUHQG�IRU�HDFK�WUHDWPHQW�ZDV�QRW�TXLWH�GLIIHUHQW�IURP�HDFK�RWKHU�
VLQFH�WKH�EHJLQQLQJ�RI�GLHWDU\��




