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62.+$�3(/�
'LYLVLRQ�UHVHDUFK�DQG�H[WHQVLRQ��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

&+$17+<�+827�
*UDGXDWH�VFKRRO��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

3,6,'+�92(�
3ODQW�7LVVXH�&XOWXUH�/DE��*UDGXDWH�6FKRRO��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW�7KH�DLPV�RI�WKLV�UHVHDUFK�ZHUH�WR�LGHQWLI\�ULFH�FURSSLQJ�V\VWHPV�DQG�PHDVXUHV�WR�
FRQWURO� 7KH�%URZQ� 3ODQWKRSSHU� %3+� LQ� RXWEUHDN� DUHDV� LQ� .DPSRQJ� 6SHX� SURYLQFH�� ,Q�
WRWDO�����KRXVHKROGV�LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQHV�ZHUH�UDQGRPO\�VHOHFWHG�
IRU�DQ�LQWHUYLHZ�LQ�������7KH�LQWHUYLHZHG�IDUPHUV�GLG�QRW�JURZ�ULFH�DOO�WKH�\HDU�URXQG�DQG�
ULFH�FXOWLYDUV�XVHG�ZHUH�GLYHUVLILHG��+RZHYHU��PRVW�FXOWLYDUV�DUH�VXVFHSWLEOH�WR�WKH�%3+��
0RUHRYHU�� 5LFH� LQ� HDUO\� UDLQ\� VHDVRQ� ZDV� D� SRWHQWLDO� VRXUFH� IRU� LPPLJUDQW� %3+�
PXOWLSOLFDWLRQ��$OPRVW�DOO�HIIHFWLYH�PHDVXUHV��ERWK�SK\VLFDO��PRVTXLWR�QHW� WR�WUDS�LQVHFWV�
DQG� GLVSDWFKLQJ� GXFNV� LQ� WKH� ILHOGV�� DQG� FKHPLFDO� �%XSURIH]LQ�� )HQREXFDUE� DQG�
'HQRWHIXUDQ�� ZHUH� LQWURGXFHG� E\� WKH� 3URYLQFLDO� 'HSDUWPHQW� RI� $JULFXOWXUH� �3'$���
0HDQZKLOH�� WKH�RQO\�RQH�HIIHFWLYH�PHDVXUH� LQQRYDWHG�E\� IDUPHUV�ZDV� WKH�DSSOLFDWLRQ�RI�
XVHG�HQJLQH�RLO��+RZHYHU�� WKLV�VXEVWDQFH�ZDV�QRW�SURPRWHG�E\� WKH�3'$��1R�IDUPHU� ORVW�
ULFH� FRPSOHWHO\� LQ� WKH� RXWEUHDN� \HDU� EHFDXVH� DOO� KRXVHKROGV� SRVVHVV� VPDOO� IUDJPHQWHG�
SDGG\� ILHOGV� LQ� WKUHH� GLIIHUHQW� DJUR�HFRV\VWHPV�� VR� WKH� SHULRGV� RI� WUDQVSODQWLQJ� DQG�
JURZLQJ�ZHUH�DOVR�GLIIHUHQW��

.H\ZRUGV�EURZQ�SODQWKRSSHU��ULFH�SURGXFWLRQ��RXWEUHDN��FURSSLQJ�V\VWHP�

,1752'8&7,21�

7KH�%URZQ�3ODQWKRSSHU� �%3+��ZDV� FRQVLGHUHG�DV�RQH�RI� WKH�PDMRU� WKUHDWV� WR� ULFH�SURGXFWLRQ� LQ�
$VLD�LQ�WKH�VHYHQWLHV�DQG�HLJKWLHV��7KURXJK�WKH�LQWHJUDWHG�SHVW�PDQDJHPHQW��,30��SURJUDP��ILHOG�
VFKRROV�� LQVHFWLFLGH� UHGXFWLRQ�FDPSDLJQV��DQG�SROLF\�FKDQJHV� WR�UHGXFH� WKH�XVH�RI�SHVWLFLGHV�� WKH�
%3+�KDV�EHHQ�FRQWDLQHG�IRU�PDQ\�\HDUV��+HRQJ���������6XEVHTXHQWO\��HQWRPRORJLFDO�UHVHDUFK�DQG�
SODQWKRSSHUV�EHJDQ� WR�UHFHLYH� OHVVHU�DWWHQWLRQ��+HRQJ���������6LQFH�������SODQWKRSSHU�RXWEUHDNV�
KDYH�DIIHFWHG�VHYHUDO�PLOOLRQ�KHFWDUHV�RI�ULFH�ODQG�LQ�FRXQWULHV�VXFK�DV�9LHWQDP��&KLQD��,QGRQHVLD��
.RUHD��-DSDQ�DQG�0DOD\VLD��+HRQJ��������,55,����������

0DQ\� DSSURDFKHV� DQG� PHDVXUHV� ZHUH� GHYHORSHG� WR� FRQWURO� %3+� EDVHG� RQ� DYDLODELOLW\� RI�
WHFKQRORJ\�DQG�JHRJUDSK\��(FRORJLFDO�ILHOG�VWXGLHV��OLJKW�WUDS�FDWFKHV�DQG�SUHGLFWLYH�PRGHOLQJ�KDYH�
LQGLFDWHG� WKH� SRVVLELOLW\� RI� PRYHPHQWV� ZLWKLQ� WKH� WURSLFV� EXW� WKH� SDWWHUQ� RI� PRYHPHQW� DQG� WKH�
VHSDUDWLRQ�RI�PLJUDQWV�IURP�WKH�HQGHPLF�SRSXODWLRQ�KDYH�SURYHG�WR�EH�PRUH�GLIILFXOW�WR�HVWDEOLVK�
�3HQGHU���������5RPEDFK�DQG�*DOODJKHU��������VKRZHG�D�GHWDLOHG�UHFRUG�RI�WKH�EUHDNGRZQ�RI�IRXU�
UHVLVWDQW�JHQHV�GXULQJ�3KLOLSLQH�5LFH�6HOI�VXIILFLHQF\�SURJUDP�7KH�HYROXWLRQ�RI�FKHPLFDO�FRQWURO�RI�
WKH� %3+� LV� H[HPSOLILHG� LQ� VRPH� H[SHULHQFHV� LQ� -DSDQ�� 7KH� XVH� RI� ZKDOH� RLO� ZDV� IRXQG� WR� EH�
HIIHFWLYH�LQ������DQG�WKHQ�NHURVHQH�EHJDQ�WR�UHSODFH�ZKDOH�RLO� LQ�������6XHQDJD�DQG�1DNDWVXND��

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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������0DWVXR��������''7�GXVW�ZDV�WKH�ILUVW�SRVW��:RUOG�:DU�,,�LQVHFWLFLGH�WR�UHSODFH�NHURVHQH�DQG�
LW�ZDV�VRRQ�UHSODFHG�E\�%+&�DQG�DIWHU�WKDW�PDQ\�LQVHFWLFLGHV�ZHUH�GHYHORSHG�DQG�UHSODFHG�WKH�ROG�
RQHV� �0DWVXR�� ������� ,Q� WURSLFDO� UHJLRQV� EHWZHHQ� ����� DQG� ������ %3+� GHYHORSHG� UHVLVWDQFH� WR�
VHYHUDO� LQVHFWLFLGHV�� LQFOXGLQJ�� FDUEDU\O�� PHWROFDUE�� LVRSURFDUE�� PDODWKLRQ�� GLD]LQRQ�� DQG�
IHQLWURWKLRQ� �+HLQULFKV�� ������)URP� ����� WR� ������ %3+� LQFUHDVHG� LWV� UHVLVWDQFH� WR� PDODWKLRQ��
HWRIHQSUR[� DQG� LPLGDFORSULG� �1DJDWD� HW� DO��� �������2ND� ������� VXJJHVWHG� V\QFKURQL]HG� SODQWLQJ�
DQG�FURS�URWDWLRQ�DV�D�PHDVXUH�WR�FRQWURO�%3+��+RZHYHU��LW�LV�VRFLDOO\�XQDFFHSWDEOH�HYHQ�LI�LW�PLJKW�
EH�WHFKQLFDOO\�XVHIXO��7KH�LQWHUDFWLRQV�EHWZHHQ�SODQWKRSSHUV�DQG�WKHLU�QDWXUDO�HQHPLHV�DUH�EHOLHYHG�
WR�EH� WKH�PDMRU� IDFWRU�ZKHQ�FRQWUROOLQJ� WKH�SDWWHUQ�RI�SRSXODWLRQ�JURZWK� �:DGD�HW�DO��� �������$�
QHZ� DSSURDFK� FDOOHG� µHFRORJLFDO� HQJLQHHULQJ¶� ZDV� SURSRVHG� LQ� WKH� DLPV� WR� UHHVWDEOLVK� HVVHQWLDO�
HFRV\VWHP�VHUYLFHV�WKURXJK�LQFUHDVLQJ�ORFDO�ELRGLYHUVLW\�LQ�ULFH�SURGXFWLRQ�V\VWHPV��+HRQJ���������

,Q�&DPERGLD��EHIRUH�������%3+�ZDV�D�VHFRQGDU\�SHVW��6LQFH�WKHQ��%3+�ZDV�HSLGHPLF�DOPRVW�
HYHU\ZKHUH�HVSHFLDOO\�WKH�SURYLQFHV�DORQJ�WKH�9LHWQDPHVH�ERUGHU��+HQJ���������7KH�JRYHUQPHQW�
EHJDQ�GRFXPHQWLQJ�SHVW�RXWEUHDNV�LQ������DQG�WKHQ�%3+�RXWEUHDN�RFFXUV�HYHU\�\HDU��3UHDS���������
,Q�������%3+�ZDV�UHFRJQLVHG�WR�EH�WKH�PDLQ�ULFH�LQVHFW�SHVW��$W�WKDW�WLPH��VRPH�SHVWLFLGHV�VXFK�DV�
$SSODXG� �%XSURIH]LQ��� 7UHERQ� ��� (&� �(WKRIHQSUR[��� %DVVD� �)HQREXFDUE� RU� %30&��� 0LSFLQ�
�,VRSURFDUE�� ZHUH� UHFRPPHQGHG� IRU� FRQWUROOLQJ� %3+� LQ� ����V�� 7KHVH� SHVWLFLGHV� KDYH� GLIIHUHQW�
HIIHFW�RQ�%3+�DQG�VXLW�WR�GLIIHUHQW�ULFH�JURZWK�VWDJH�DQG�FHUWDLQ�HQYLURQPHQWDO�FRQGLWLRQ�DQG�KDYH�
OHVV� HIIHFW� RQ� QDWXUDO� HQHPLHV� �+HQJ�� ������� 7R� GDWH�� %XSURIH]LQ� DUH� VROG� LQ� &DPERGLD� XQGHU�
GLIIHUHQW�WUDGH�QDPHV�VXFK�DV��/REE\���:3��$SROR���:3��%XW\O���:3��$VPDL����:3��$SSODXG�
��:3��3DMHUR���:3�DQG�7HQ�&RQJ��3HO����������

2XWEUHDN� KLVWRU\� RI� %3+� LQ� WKH� &DPERGLDQ� ULFH� DJUR�HFRV\VWHP� ZDV� ZHOO�FRPSLOHG� IURP�
$JURQRP\�'HSDUWPHQW� UHFRUGV� E\� 3UHDS� ������� DQG� KH� DOVR� FRQFOXGHG� WKDW� WKH� RXWEUHDNV� ZHUH�
ORFDOL]HG�DQG�SDWFK\�ZLWKLQ�D�ILHOG��+RZHYHU��FRQWURO�PHDVXUHV�IRU�%3+�RXWEUHDNV�KDYH�QRW�EHHQ�
ZHOO�GRFXPHQWHG��SDUWLFXODUO\�DW�WKH�JUDVV�URRW�OHYHO��7KH�DLPV�RI�WKLV�UHVHDUFK�ZHUH�WR�LGHQWLI\�ULFH�
FURSSLQJ�V\VWHPV�DQG�PHDVXUHV�WR�FRQWURO�%3+�LQ�RXWEUHDN�DUHDV�LQ�.DPSRQJ�6SHX�SURYLQFH��

0(7+2'2/2*<�

7ZR�FRPPXQHV�LQ�.RPSRQJ�6SHX�SURYLQFH�ZHUH�VHOHFWHG�EDVHG�RQ�DGPLQLVWUDWLYH�ERUGHUV��ZKHUH�
WKH�ODUJHVW�FURSSHG�DUHD�ZDV�LQIHFWHG�DQG�RU�GDPDJHG�E\�%3+�RXWEUHDN�LQ�������'$$/,���������
XVLQJ�KLHUDUFKLFDO�RUGHU�IURP�SURYLQFLDO�WR�YLOODJH�OHYHO��7KH�VWXGLHG�YLOODJHV�ZHUH��ILUVWO\��VFRUHG�
E\�WKH�OHYHO�RI�GDPDJHV�E\�KHDGV�RI�DJULFXOWXUH�RIILFHV�RI�ERWK�FRPPXQHV��,Q�WRWDO�����KRXVHKROGV�
LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQHV�ZHUH�UDQGRPO\�VHOHFWHG�IRU�DQ�LQWHUYLHZ�LQ������7KH�
GDWD�FROOHFWLRQ�ZDV�FRQGXFWHG�LQ�WKUHH�SKDVHV��)LUVWO\��WKH�VHPL�VWUXFWXUH�ZDV�XVHG�WR�LQWHUYLHZ�NH\�
LQIRUPDQWV� RU� SHUVRQV� DW� GLIIHUHQW� OHYHOV� WR� LGHQWLI\� WKH� ULFH� SURGXFWLRQ� DUHDV� DIIHFWHG� E\� %3+�
RXWEUHDN� DQG� LVVXHV� UHODWHG�� 6HFRQGO\�� D� VWUXFWXUHG� TXHVWLRQQDLUH� ZDV� HODERUDWHG� WR� LQWHUYLHZ�
LQGLYLGXDO� IDUPHUV��&KHPLFDO� DQG�SK\VLFDO�PHWKRGV�XVHG�E\� IDUPHUV� DQG� WKHLU�SHUFHSWLRQV�RI� WKH�
HIIHFWLYHQHVV� RI� WKH� PHWKRGV� ZHUH� SURYLGHG� E\� WKHP� EDVHG� RQ� WKHLU� RZQ� H[SHULHQFHV�� 7KLUGO\��
DQDO\]HG�GDWD�ZHUH�UHFKHFNHG�DQG�FRQILUPHG�E\�NH\�LQIRUPDQWV�RU�SHUVRQV�DW�GLIIHUHQW�OHYHOV��'DWD�
ZHUH�FRGHG�DQG�SURFHVVHG�LQ�0LFURVRIW�([FHO������VRIWZDUH�DQG�H[SRUWHG�WR�6366�YHUVLRQ�����

5(68/76�$1'�',6&866,21�

7KH�QXPEHU�RI�IDUPHUV�JURZLQJ�HDUO\�UDLQ\�VHDVRQ�ULFH�LQ�3R�$QJNURQJ�ZDV�KLJKHU� WKDQ�LQ�3UH\�
9LKHDU��

,Q�ERWK�FRPPXQHV��WKHUH�ZDV�D�VOLJKW�LQFUHDVH�LQ�WKH�QXPEHU�RI�KRXVHKROGV�JURZLQJ�WKLV�NLQG�
RI�ULFH��7DEOH����,W�PD\�EH�LQIOXHQFHG�E\�KLJK�ULFH�SULFH�LQ�WKH�ORFDO�PDUNHW��

(YHU\�KRXVHKROG�LQ�ERWK�FRPPXQHV�QRUPDOO\�JURZ�WKUHH�ULFH�FXOWLYDUV�EHFDXVH�DOO�KRXVHKROGV�
SRVVHVV�VPDOO�IUDJPHQWHG�SDGG\�ILHOGV�LQ�WKUHH�DJUR�HFRV\VWHPV��7KH�GDWD�LQ�7DEOH���LOOXVWUDWHV�WKH�
YDULRXV�ULFH�YDULHWLHV�LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQH��3HUFHQWDJH�RI�HDFK�YDULHW\�QDPH��
DV� LW� LV� FDOOHG� E\� ORFDO� SHRSOH�� ZDV� FDOFXODWHG� IURP� PXOWLSOH� DQVZHUV� RI� HDFK� UHVSRQGHQW�� 7KH�
YDULHWLHV�XVHG�E\�IDUPHUV�LQ�ERWK�FRPPXQHV�ZHUH�TXLWH�GLYHUVH�DQG�GLIIHUHQW�IURP�HDFK�RWKHU��EXW�
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VRPH�YDULHWLHV�ZHUH�JURZQ�LQ�ERWK�UHJLRQV��,Q�3UH\�9LKHDU��IDUPHUV�QHDUO\�JUHZ�WUDGLWLRQDO�YDULHWLHV�
DPRQJ�ZKLFK� &KPDU� 3UXP�ZDV� HDVLO\� WKH�PRVW� SRSXODU�� 7KH� RWKHU� OLNH� &KDPURHXQ� 3KDO�� .XP�
$PSRD��.RQJ�6RU�DQG�1HDQJ�0DOLV�ZHUH�VOLJKWO\�XVHG��&RQYHUVHO\�&KPDU�3UXP�ZDV�QRW�WKH�PRVW�
IUHTXHQW�XVHG�RI�IDUPHUV�LQ�3R�$QJNURQJ��ZKHUH�WKHUH�ZHUH�IRXU�LPSRUWDQW�YDULHWLHV�LQFOXGLQJ�&$5�
�� DQG� 5DLQJ� &KH\�� ZKLFK� DUH� WKH� LPSURYHG� YDULHWLHV� UHOHDVHG� E\� WKH� 9DULHW\� 5HFRPPHQGDWLRQ�
&RPPLWWHH�RI�&DPERGLD��95&���DV�ZHOO�DV�WZR�PRGHUQ�YDULHWLHV��,5���DQG�,5����7KH�UHVWV�ZHUH�
6HQSLGRU�DQG�5DLQJ�&KH\��DOVR�UHOHDVHG�E\�95&�DQG�.DERU�� WKH�ORFDO�YDULHW\��0RVW�FXOWLYDUV�DUH�
VXVFHSWLEOH�WR�%3+��

�
7DEOH���(DUO\�UDLQ\�VHDVRQ�ULFH�IURP������WR������LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�
(DUO\�ZHW�VHDVRQ�ULFH�
��

3UH\�9LKHDU� 3R�$QJNURQJ�

IUHTXHQF\� �� IUHTXHQF\� ��

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

�

7DEOH���5LFH�YDULHWLHV�XVHG�LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQH�
9DULHW\�QDPH� 3UH\�9LKHDU� 3R�$QJNURQJ�

IUHTXHQF\� ���� IUHTXHQF\� ����
$WK�&KKQRV�� ���� ������� ���� �������
&$5��� �� �� ��� ������
&KDP�5RHXQ�3KDO� ���� ������� ��� ������
&KPDU�3UXP�� ��� ������ �� ��
,5���� �� �� ���� �������
,5���� �� �� ���� �������
.DERU�� ���� ������� ���� �������
.RQJ�.DERWK�� �� �� ���� �������
.RQJ�6RU�� ���� ������� ��� ������
.UD�+RP�� ���� ������� ��� ������
.XP�$PSDR�� ���� ������� �� ��
1HDQJ�0DOLV�� ���� ������� ���� �������
1HDQJ.KHQJ� ���� ������� �� ��
3RUN�/RORN�� �� �� ���� �������
3UDP�%HL�.RXU� ���� ������� �� ��
5DLQJ�&KH\�� �� �� ���� �������
6HQ�3LGRU�� �� �� ���� �������
7RWDO� ��� ������� ��� �������
�6XVFHSWLEOH�FXOWLYDU��0HQ�HW�DO�����������VXVFHSWLEOH�FXOWLYDU��3UHDS��������

7KHUH�ZDV�D�KLJK�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�IDUPHUV�XVLQJ�DJUR�FKHPLFDOV�DJDLQVW�%3+�LQ�WKH�
FRPPXQHV��)DUPHUV�LQ�3UH\�YLKHDU�FRPPXQH�XVHG�IHZHU�DJUR�FKHPLFDOV�WR�NLOO�%3+�WKDQ�RQHV�LQ�
3R�$QJNURQJ������DQG��������UHVSHFWLYHO\��7DEOH�����EHFDXVH�3R�$QJNURQJ�ZDV�PRUH�VHULRXVO\�
LQIHVWHG�� $JUR�FKHPLFDOV� JLYHQ� E\� 7KH� 3URYLQFLDO� 'HSDUWPHQW� RI� $JULFXOWXUH� 3'$� DQG� 2VKLQ�
��:3��'HQRWHIXUDQ��ZHUH�FRPPRQO\�XVHG�E\�IDUPHUV��3'$�SURYLGHG�DJUR�FKHPLFDOV�QDPHG�%DVVD�
��(&��)HQREXFDUE���%XW\O���:3��%XSURIH]LQ��DQG�0DS�-XGR���:3��%XSURIH]LQ��WR�FRQWURO�%3+��
7KH� WZR� IRUPHU� LQVHFWLFLGHV� ZHUH� SURYLGHG� E\� 0$))� DQG� 0DS� -XGR� ��:3� �%XSURIH]LQ�� ZDV�
SURYLGHG�E\�$Q�*LDQJ�SURYLQFH��9LHWQDP��)HQREXFDUE�KDV�EHHQ�XVHG�IRU�ULFH�SODQWKRSSHU�FRQWURO�
LQ�$VLD�IRU�WKH�ODVW����\HDUV�DQG�LW�LV�VWLOO�LQ�XVH�QRZDGD\V��6ULUDWDQDVDN�HW�DO���������UHSRUWHG�WKDW�
WKHUH� LV�D�GLIIHUHQW� UHVLVWDQFH� WR�)HQREXFDUE�IURP�SRSXODWLRQV�RI�%3+�LQ�3KLOLSLQH��7KDLODQG�DQG�
&KLQD��7KH�%3+�SRSXODWLRQ� LQ�&KLQD�ZDV�WKH�PRVW� UHVLVWDQW��DERXW����WLPHV�DQG����WLPHV�KLJKHU�
WKDQ� SRSXODWLRQ� LQ� WKH� 3KLOLSSLQHV� DQG� 7KDLODQG�� UHVSHFWLYHO\�� ,Q� &KLQD�� ���IROG� UHVLVWDQFH� WR�
%XSURIH]LQ� �LQ� FRPSDULVRQ� WR� ������ ZDV� REVHUYHG�� 6R� %3+� KDV� WKH� SRWHQWLDO� WR� GHYHORS� KLJK�
UHVLVWDQFH� WR� EXSURIH]LQ� �:DQJ� HW� DO��� ������� � :DQJ� HW� DO��� ������� SURSRVHG� D� UHVLVWDQFH�




