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'LWHULPD�����-XQL������-�'LVHWXMXL�����'HVHPEHU����� 

,1752'8&7,21 

'LVVROYHG� R[\JHQ� �'2�� LV� RQH� RI� WKH� PRVW�

YLWDO� IDFWRUV� IRU� WKH� ILVK� VXUYLYDO� LQ�DTXDFXOWXUH�V\V�

WHP��'2�LV�D�OLPLWLQJ�IDFWRU�IRU�ILVK�PHWDEROLVP��DQG�

LW� GHWHUPLQHV� JURZWK� DQG� DFWLYLW\� OHYHOV� RI� ILVK�

�%UHWW���������7KH� LQIRUPDWLRQ�RI�'2�OHYHO� LQ�DTXD�

FXOWXUH� LV� XVHIXO� LQ� DTXDFXOWXUH� �/RYHOO�� ������� )RU�

PDQ\�VSHFLHV��ORZ�H[SRVXUH�OHYHOV�RI�GLVVROYHG�R[\�

JHQ� FDQ� UHVXOW� LQ� PRUWDOLW\� �:HLWKPDQ� DQG� +DDV��

������� 

9DULRXV� UHVHDUFKHV� KDYH� VWXGLHG� RQ� WKH� R[\�

JHQ� FRQVXPSWLRQ� �2&�� UHODWHG� WR� GLIIHUHQW� DVSHFWV��

�)UDQNOLQ� HW� DO��� ������&KDQJ� HW� DO��� ������ -HRQJ� HW�

DO��� ������7VX]XNL�HW� DO��� ������ ,ZDPD� HW� DO��� ������

6]F]HSNRZVNL�HW�DO���������'XDQ�HW�DO����������)URP�

DOO� WKHVH� UHVHDUFKHV�� WKH� OLPLWLQJ� HIIHFW� RI� R[\JHQ�

FRQVXPSWLRQ� LV� FRQVLGHUHG� DV� LPSRUWDQW� IDFWRU�

�6KHSDUG���������$FFRUGLQJ�WR�WKDW�LQIRUPDWLRQ��RWK�

HU� UHVHDUFKHV� KDG� DOVR� VWXGLHG� WR� REVHUYH� WKH� OHWKDO�

'2�IRU�VHYHUDO�ILVK�VSHFLHV��,WD]DZD��������6\OYHVWHU�

HW�DO���������.XWW\�GDQ�0RKDPHG��������7KXUVWRQ�HW�

DO��� ������ 6FKXUPDQQ� GDQ� 6WHIIHQVHQ�� ������.LP� HW�

DO���������0DWWKHZV�GDQ�%HUJ��������� 

*UH\�PXOOHW�0XJLO�FHSKDOXV�LV�RQH�RI�HXU\KD�

OLQH�VSHFLHV�ZKLFK�FDQ�EH�GHYHORSHG�IRU�DTXDFXOWXUH�

SURGXFWLRQ��*UH\�PXOOHW� ZDV� DEOH� WR�PRYH� EHWZHHQ�

PDULQH� DQG� IUHVKZDWHU� HQYLURQPHQWV� RI� ULYHUV� DQG�

IORRGHG� ULFH� ILHOGV� �6DOHK�� ������� ,QIRUPDWLRQ� DERXW�

WKH�JRQDGDO�GHYHORSPHQW��OHQJWK-ZHLJKW�UHODWLRQVKLS��

DQG� JURZWK� RI� PXOOHWV� KDG� DOUHDG\� REVHUYHG�

/(7+$/�',662/9('�2;<*(1�$1'�%/22'�3523(57,(6�2)� 
*5(<�08//(76�0XJLO�FHSKDOXV�,1�6($:$7(5�$1'�)5(6+:$7(5 

>2NVLJHQ�7HUODUXW�/HWDO�GDQ�*DPEDUDQ�'DUDK�,NDQ�%HODQDN� 
0XJLO�FHSKDOXV�GL�$LU�/DXW�GDQ�7DZDU@ 

 

9LWDV�$WPDGL�3UDNRVR
��.L�7DH�.LP��%\XQJ�+ZD�0LQ��5XGK\�*XVWLDQR�DQG�<RXQJ�-LQ�&KDQJ 

,QVWLWXWH�IRU�)UHVKZDWHU�$TXDFXOWXUH�5HVHDUFK�DQG�'HYHORSPHQW�� 
0LQLVWU\�RI�)LVKHULHV�DQG�0DULQH�$IIDLUV�� 
-O��6HPSXU�1R����%RJRU��������,QGRQHVLD 

HPDLO��YLWDV�DWPDGL#JPDLO�FRP 

 

$%675$. 

,NDQ�EHODQDN�0XJLO�FHSKDOXV�DGDODK�VDODK�VDWX�VSHVLHV�LNDQ�HXU\KDOLQH�GDQ�PHUXSDNDQ�LNDQ�HNRQRPLV�SHQWLQJ�\DQJ�WHUGLVWULEXVL�VHFDUD�OXDV�
GL�GXQLD��1DPXQ��SHQHOLWLDQ�WHQWDQJ�SHQJDUXK�IDNWRU�OLQJNXQJDQ�WHUKDGDS�PHWDEROLVPH�LNDQ�LQL�PDVLK�NXUDQJ�EDQ\DN�GLWHOLWL�PHVNLSXQ�KDO�
WHUVHEXW�SHQWLQJ�XQWXN�PHQJRSWLPDONDQ�EXGLGD\D��.DUHQD�LWX��SHQHOLWLDQ�LQL�GLODNXNDQ�XQWXN�PHPSHODMDUL�WLQJNDW�RNVLJHQ�WHUODUXW��'2��OHWDO�
GDQ�JDPEDUDQ�GDUDK�LNDQ�EHODQDN�SDGD�NRQGLVL�SHPHOLKDUDDQ�GHQJDQ�VDOLQLWDV�EHUEHGD��'XD�NHORPSRN�SHQHOLWLDQ�GLODNXNDQ�XQWXN�PHQJXNXU�
NDGDU�'2�OHWDO�GDQ�JDPEDUDQ�GDUDK�LNDQ�EHODQDN�SDGD�NRQGLVL�SHPHOLKDUDDQ�GL�DLU�ODXW��/26��GDQ�DLU�WDZDU��/2)���3HQJDPDWDQ�GLODNXNDQ�
PHQJJXQDNDQ�FORVHG�UHFWDQJXODU�FKDPEHU�GDQ�VDPSHO�GDUDK��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�NRQGLVL�LNDQ�EHODQDN�PHQMDGL�WLGDN�VWDELO�
SDGD�NRQGLVL�RNVLJHQ�WHUODUXW�GL�EDZDK���PJ�/������PJ�/�SDGD�/26������PJ�/�SDGD�/2)���'DODP�NRQGLVL�RNVLJHQ�WHUODUXW�PHQMDGL���PJ�/��
DNWLYLWDV�LNDQ�PHQXUXQ�GDQ�PHQJDODPL�NHPDWLDQ�SDGD�NRQVHQWUDVL�����PJ�/��.HGXD�NHORPSRN�SHQHOLWLDQ�\DQJ�GLDPDWL�WLGDN�EHUEHGD�Q\DWD�
�3!������� 3DUDPHWHU� GDUDK� VHSHUWL� +W�� +E�� RVPRODOLWDV�� NRUWLVRO�� GDQ� JOXNRVD� GDODP� SHUFREDDQ� /26� PHPLOLNL� QLODL� \DQJ� OHELK� WLQJJL�
GLEDQGLQJNDQ� GHQJDQ� /2)�� 3HUFREDDQ� PHQXQMXNNDQ� EDKZD� LQGLNDWRU� UHVSRQ� VWUHVV� SDGD� LNDQ� EHODQDN� VHPDNLQ� PHQLQJNDW� GHQJDQ�
PHQXUXQQ\D�NDQGXQJDQ�RNVLJHQ�GDODP�DLU��.DGDU�NRUWLVRO�EHUDGD�SDGD�QLODL������QJ�PO�GL�/26�GDQ������QJ�PO�GL�/2)��VHGDQJNDQ�NDGDU�
JOXNRVD�EHUDGD�SDGD�QLODL�������QJ�PO�GL�/26�GDQ������QJ�PO�GL�/2)��'DUL�SHQHOLWLDQ�LQL�GDSDW�GLVLPSXONDQ�EDKZD�NDGDU�RNVLJHQ�WHUODUXW�
EDJL� LNDQ�EHODQDN�GLDQMXUNDQ� WLGDN�EHUDGD�GL�EDZDK���PJ�/�SDGD�NRQGLVL� SHPHOLKDUDDQ�GL�DLU� ODXW�PDXSXQ�DLU� WDZDU�XQWXN�PHQJKLQGDUL�
NHPDWLDQ�SDGD�LNDQ��� 
 

.DWD�NXQFL��2NVLJHQ��OHWDO��JDPEDUDQ�GDUDK��0XJLO�FHSKDOXV� 
 

$%675$&7� 
*UH\�PXOOHWV�0XJLO�FHSKDOXV�LV�RQH�RI�HXU\KDOLQH�DQG�HFRQRPLFDOO\�LPSRUWDQW�VSHFLHV�ZLGHO\�GLVWULEXWHG�LQ�WKH�ZRUOG��+RZHYHU��VWXGLHV�RQ�
WKH�HIIHFWV�RI�HQYLURQPHQWDO�IDFWRUV�UHODWHG�WR�ILVK�PHWDEROLVP�LV�VWLOO�OHVV�LQYHVWLJDWHG�HYHQ�WKRXJK�LW�ZDV�LPSRUWDQW�WR�RSWLPL]H�DTXDFXOWXUH��
7KHUHIRUH��SUHVHQW�VWXG\�ZDV�FRQGXFWHG�WR�XQGHUVWDQG�WKH�OHWKDO�GLVVROYHG�R[\JHQ��'2��DQG�EORRG�SURSHUWLHV�RI�JUH\�PXOOHWV�XQGHU�GLIIHUHQW�
VDOLQLW\�UHDULQJ�FRQGLWLRQ��7ZR�H[SHULPHQWDO�JURXSV�ZHUH�FRQGXFWHG�WR�PHDVXUH�WKH�OHWKDO�'2�DQG�EORRG�SURSHUWLHV�RI�JUH\�PXOOHWV�LQ�VHD�
ZDWHU��/26��DQG�IUHVKZDWHU��/2)���2EVHUYDWLRQ�ZDV�FRQGXFWHG�XVLQJ�FORVHG�UHFWDQJXODU�FKDPEHU�DQG�EORRG�VDPSOHV��7KH�UHVXOWV�VKRZHG�
WKDW�JUH\�PXOOHWV�EHFDPH�XQVWDEOH�DIWHU�'2�OHYHOV�ZHUH�EHORZ���PJ�/������PJ�/�RQ�/26������PJ�/�RQ�/2)���$V�WKH�'2�OHYHOV�GHFOLQHG�WR���
PJ�/��WKHLU�DFWLYLWLHV�EHFDPH�ORZHU�DQG�WRWDOO\�GLHG�DW�����PJ�/��1R�VLJQLILFDQW�GLIIHUHQFH�IRXQG�RQ�WKHVH�OHWKDO�'2�H[SHULPHQWV��3!�������
7KH� EORRG� IDFWRUV� LQFOXGLQJ�+W��+E�� RVPRODOLW\�� FRUWLVRO�� DQG� JOXFRVH� LQ�/26�ZHUH� WRWDOO\� KLJKHU� WKDQ� WKRVH� LQ�/2)��%RWK� H[SHULPHQWV�
VKRZHG�JUH\�PXOOHWV¶�VWUHVV�UHVSRQVH�LQGLFDWRU�JHWWLQJ�LQFUHDVHG�E\�R[\JHQ�GHSOHWLRQ��7KH�FRUWLVRO�OHYHO�ZDV�DW������QJ�PO�LQ�/26�DQG������
QJ�PO�LQ�/2)��ZKLOH�JOXFRVH�OHYHO�ZDV�DW�������QJ�PO�LQ�/26�DQG������QJ�PO�LQ�/2)��,Q�FRQFOXVLRQ��'2�OHYHO�RI�JUH\�PXOOHWV�0XJLO�FHSKD�
OXV�VKRXOG�EH�PDLQWDLQHG�QRW�ORZHU�WKDQ���PJ�/�ZKHWKHU�LQ�VHDZDWHU�RU�IUHVKZDWHU�UHDULQJ�FRQGLWLRQ�WR�DYRLG�ILVK�PRUWDOLW\��� 
 

.H\�ZRUGV��2[\JHQ��OHWKDO��EORRG�SURSHU W\��0XJLO�FHSKDOXV�� 
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�(IIHQGLH�� ������ 6XOLVWLRQR� HW� DO��� ������ :DK\XGH�

ZDQWRUR�DQG�+DU\RQR���������7KHUHIRUH��RWKHU�EDVLF�

LQIRUPDWLRQ� WKDW� VKRXOG�EH�REVHUYHG� IRU�DTXDFXOWXUH�

GHYHORSPHQW� DUH� R[\JHQ� FRQVXPSWLRQ�� OHWKDO� '2��

DQG� EORRG� SURSHUWLHV� RI� JUH\� PXOOHWV�� 7KH� DLPV� RI�

WKLV� VWXG\�ZHUH� WR�REVHUYH� WKH� OHWKDO�'2�DQG�EORRG�

SURSHUWLHV� RI� JUH\�PXOOHWV� LQ� VHDZDWHU� DQG� IUHVKZD�

WHU� 

 

0$7(5,$/6�$1'�0(7+2'6 

*UH\� PXOOHWV� 0XJLO� FHSKDOXV� ZHUH� GLYLGHG�

DQG�DFFOLPDWHG� LQWR�VHDZDWHU�DQG�IUHVKZDWHU� UHDULQJ�

WDQNV� �1XPEHU� RI� ILVK�� ��� ILVK�� 7/�� ����±���� FP��

%:�� �����±����� J��� *UH\� PXOOHWV� ZHUH� FROOHFWHG�

IURP� 6XQFKHRQ� %D\�� .RUHD�� )LVK� ZHUH� UHDUHG� LQ� 

UHFLUFXODWLQJ�WDQNV�EHIRUH�H[SHULPHQWV�DQG�IHG�WZLFH�

D� GD\� DW� ��� RI� WKHLU� ERG\� ZHLJKW� ZLWK� FRPPHUFLDO�

IHHG��%HIRUH�H[SHULPHQWV��QR� IRRG�ZDV�JLYHQ� WR�DQ\�

H[SHULPHQWDO� ILVK� IRU� ��� KRXUV�� /HWKDO� '2� RI� JUH\�

PXOOHWV� LQ� VHDZDWHU� �/26�� DQG� OHWKDO� '2� RI� JUH\�

PXOOHWV� LQ� IUHVKZDWHU� �/2)�� ZHUH� REVHUYHG� �7DEOH�

���� 

,Q� RUGHU� WR� GHWHUPLQH� OHWKDO� '2�� FORVHG� UHF�

WDQJXODU� FKDPEHU� ZLWK� ��� /� YROXPH� DQG� PDJQHWLF�

VWLUUHU�ZHUH� XVHG� IRU�PL[LQJ� WKH� H[SHULPHQWDO�ZDWHU�

�)LJXUH� ���� )LYH� JUH\� PXOOHWV� ZHUH� SXW� LQWR� FORVHG�

UHFWDQJXODU� FKDPEHU� DQG� REVHUYHG� WKHLU� EHKDYLRUDO�

UHVSRQVH�GXH�WR�GHSOHWLRQ�RI�'2�LQVLGH�WKH�FKDPEHU�

DQG� WLPH� ZKHQ� WKH� ILVK� G\LQJ� ZDV� REVHUYHG�� 7KH� 

R[\JHQ�VHQVRU�LQ�FKDPEHU�ZDV�FRQQHFWHG�WR�SHUVRQDO�

FRPSXWHU� WR�FROOHFW� WKH�'2�GDWD� LQVLGH� WKH�FKDPEHU�

HYHU\� ���PLQXWHV�� DQG� ZDWHU� WHPSHUDWXUH� LQVLGH� WKH�

UHFWDQJXODU� FKDPEHU� ZDV� NHSW� FRQVWDQW� DW� ��R&�� ,Q�

ERWK� H[SHULPHQWV�� FRUUHFWLRQV� IRU� DQ\�EDFWHULDO� FRQ�

VXPSWLRQ�ZHUH�XQQHFHVVDU\�DV�WKHUH�ZDV�D�QHJOLJLEOH�

FKDQJH� LQ�R[\JHQ�FRQFHQWUDWLRQ�RYHU� WKH�KRXU��'XU�

LQJ� OHWKDO�'2�H[SHULPHQWV�� WKH�2&�RI� ILVK�ZDV�DOVR�

PHDVXUHG��7KH�2&�ZDV�FDOFXODWHG�E\�XVLQJ�IRUPXOD��

2&� ��'2��-�'2W��î� �9��� �W�î�:����ZKHUH�2&�LV� WKH�

R[\JHQ�FRQVXPSWLRQ�H[SUHVVHG�LQ�PLOLJUDPV�RI�R[\�

7DEOH����([SHU LPHQWDO�FRQGLWLRQV�LQ�OHWKDO�'2�REVHUYDWLRQ� 

([SHULPHQWV 
 

7HPS���R&� 
 

6DOLQLW\��SVX� 
 

7RWDO�OHQJWK��FP� 
 

%RG\�ZHLJKW��J� 
 

1XPEHU�RI�ILVK�
�LQG� 

 

/26 �� ������� ���������� ������������ ����� 

/2) �� ������ ���������� ������������ ����� 

)LJXUH����'LDJUDP�RI�OHWKDO�'2�REVHUYDWLRQ�V\VWHP��07���PDJQHWLF�VWLU UHU ��26���R[\JHQ�VHQVRU ��3&���SHU �
VRQDO�FRPSXWHU��5&���UHVSLUDWRU\�FKDPEHU��76���WHPSHUDWXUH�VHQVRU�� 

'HVFULSWLRQ��/26��OHWKDO�'2�H[SHULPHQW�RI�ILVK�UHDUHG�LQ�VHDZDWHU ��/2)��OHWKDO�'2�H[SHU LPHQW�RI�ILVK�UHDUHG�LQ�IUHVKZDWHU � 
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3UDNRVR�HW�DO��±�/HWKDO�'LVVROYHG�2[\JHQ�DQG�%ORRG�3URSHUWLHV�RI�*UH\�0XOOHWV�0XJLO�FHSKDOXV�LQ�6HD�:DWHU�DQG�)UHVK�:DWHU 

 

JHQ�SHU�KRXU�SHU�NLORJUDP�RI�ILVK��PJ�2��NJ�K���'2��

DQG�'2W� DUH� GLVVROYHG� R[\JHQ� RI� LQLWLDO� DQG� DIWHU� W�

KRXUV� �PJ� 2��/��� :KLOH� W� LV� WLPH� SDVVHG� IRU� ILVK�

ZKLFK�FRQVXPHG�R[\JHQ��K���9�LV�WKH�ZDWHU�YROXPH�

RI�UHVSLUDWRU\�FKDPEHU��/���DQG�:�LV�WKH�ILVK�ZHLJKW�

�NJ��� 

,Q� DGGLWLRQ� WR� PHDVXULQJ� WKH� 2&� DQG� OHWKDO�

'2�� WKH� EHKDYLRU� RI� WKH� ILVK� ZDV� REVHUYHG� GXULQJ�

H[SHULPHQWV��LQFOXGLQJ�WKHLU�PRYHPHQWV�LQ�WKH�ZDWHU�

DQG� EUHDWKLQJ� IUHTXHQF\� SHU�PLQXWH�� %HKDYLRUDO� LQ�

GH[� ZDV� XVHG� WR� HYDOXDWH� WKH� ILVK� DFWLYLW\� LQ� HDFK�

H[SHULPHQW�LQVLGH�WKH�UHVSLUDWRU\�FKDPEHU��7DEOH�����

%ORRG�VDPSOHV�ZHUH�FROOHFWHG�IURP�WKUHH�RI�ILYH�ILVK�

MXVW�DIWHU�WKH�ILVK�GLHG��)LVK�ZHUH�DQHVWKHWL]HG�XVLQJ�

�-SKHQR[\HWKDQRO�DQG�EORRG�VDPSOHV�ZHUH�FROOHFWHG�

XVLQJ�KHSDULQL]HG�V\ULQJHV��FHQWULIXJHG���������USP��

��PLQ����DQG�DQDO\]HG� WKHLU�EORRG�SURSHUWLHV��+HPR�

JORELQ� �+E�� DQG� KHPDWRFULW� �+W�� ZHUH� DQDO\]HG� WR�

REWDLQ� WKH� R[\JHQ� ELQGLQJ� IDFWRU�� 0HDQZKLOH�� 1D���

.��� &O-�� &D�� 0J�� DQG� RVPRODOLW\� ZHUH� DQDO\]HG� WR�

REWDLQ�WKH�RVPRUHJXODWLRQ�IDFWRU��)XUWKHUPRUH��FRUWL�

VRO��JOXFRVH��DQG� WRWDO�SURWHLQ�ZHUH�DQDO\]HG�IRU� WKH�

VWUHVV�IDFWRU��+HPDWRFULW��+W��ZDV�DQDO\]HG�E\�XVLQJ�

PLFUR-KHPDWRFULW� UHDGHU� �0LFUR�+HPDWRFULW� 5HDGHU��

+DZNVOH\���+HPRJORELQ��+E���1D���.���&O-��&D��0J��

JOXFRVH�� DQG� WRWDO� SURWHLQ� ZHUH� DQDO\]HG� E\� XVLQJ�

&KHPLFDO� $QDO\]HU� �)XMLILOP� 'UL-&KHP� ����L�� -D�

SDQ��� 3ODVPD� FRUWLVRO�ZDV� DQDO\]HG� E\�(Q]\PH� ,P�

PXQRDVVD\� �(,$�� XVLQJ� &RUWLVRO� (,$� NLW� �2[IRUG�

%LRPHGLFDO�5HVHDUFK��86$���3ODVPD�RVPRODOLW\�ZDV�

H[DPLQHG� ZLWK� 9DSRU� 3UHVVXUH� 2VPRPHWHU� �9DSUR�

������:HVFRU�&R���86$���$OO�VWDWLVWLFDO�DQDO\VLV�ZDV�

DQDO\]HG� E\� RQH-ZD\� $129$�� WZR-ZD\� $129$��

DQG�W-WHVW�XVLQJ�3$6:�6WDWLVWLFV����VRIWZDUH�� 

 

5(68/76 

/HWKDO�'2�LQ�VHDZDWHU�DQG�IUHVKZDWHU�VKRZHG�

WKH�VDPH�'2�RI�����PJ�/�LQ�ERWK�HQYLURQPHQWV��7KH�

2&� RI� JUH\� PXOOHWV� ZDV� GHFUHDVHG� LQ� OLQH� ZLWK� WKH�

GHSOHWLRQ� RI� '2� LQVLGH� WKH� FKDPEHU� VKRZLQJ� UDSLG�

FKDQJHV� IURP� ������ PJ� 2��NJ�K� WR� �� PJ� 2��NJ�K�

ZLWKLQ����PLQXWHV�LQ�/26��ZKLOH�WKH�2&�LQ�/2)�ZDV�

GHFUHDVHG� IURP� ������ PJ�2��NJ�K� WR� �� PJ�2��NJ�K�

ZLWKLQ� ���PLQXWHV�� 7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHU�

HQFH�EHWZHHQ�WKHVH�OHWKDO�'2�H[SHULPHQWV� 

%UHDWK�IUHTXHQF\�LQ�ERWK�H[SHULPHQWV�VKRZHG�

WKH� UHODWLRQVKLS� ZLWK� WKH� 2&� DQG� GHSOHWLRQ� RI� '2��

7KRVH� ZHUH� GHFUHDVHG� LQ� OLQH� ZLWK� WKH� GHFOLQLQJ� RI�

2&��%UHDWK�IUHTXHQF\�ZDV�GHFUHDVHG�IURP�����WLPHV�

SHU� PLQXWH� WR� �� WLPHV� ZLWKLQ� ��� PLQXWHV� LQ� /26��

ZKLOH�LW�ZDV�GHFUHDVHG�IURP�����WLPHV�SHU�PLQXWH�WR�

�� WLPHV� ZLWKLQ� ��� PLQXWHV� LQ� /2)�� 7KHVH� UHVXOWV�

ZHUH� LQGLFDWLQJ� WKH� JUH\� PXOOHWV� FRQVXPHG� PRUH�

R[\JHQ�LQ�VHDZDWHU�HQYLURQPHQW� 

7KH� EHKDYLRUV� RI� JUH\� PXOOHWV� GXULQJ� OHWKDO�

'2�ZHUH�REVHUYHG�EDVHG�RQ�WKHLU�VZLPPLQJ�DFWLYLW\�

DQG�EUHDWK� IUHTXHQF\�� ,Q�ERWK�H[SHULPHQWV�� WKH�JUH\�

PXOOHWV� VKRZHG�QRUPDO�EHKDYLRU�ZLWKLQ����PLQXWHV��

DQG� WKHQ� WKHLU� EHKDYLRU� EHFDPH� XQVWDEOH� DIWHU� '2�

OHYHOV�ZHUH� EHORZ���PJ�/� ����� -� ����PJ�/���$V� WKH�

'2�OHYHOV�GHFOLQHG�WR���PJ�/��WKHLU�EHKDYLRUDO�LQGH[�

ZDV� ,9� WR� 9,�� ZKLFK� PHDQV� WKHLU� DFWLYLWLHV� EHFDPH�

ORZHU� DQG� WRWDOO\� GLHG� DW� ���� PJ�/� �7DEOH� ���� 7KH�

JUH\�PXOOHWV� LQ�/26�DQG�/2)�VKRZHG�WKH�VDPH�EH�

KDYLRU�XQGHU�WKH� ORZ�OHYHO�RI�'2��VKRZLQJ�XQVWDEOH�

EHKDYLRU�� XQVWHDG\�� KLW� WKH� FKDPEHU�� DQG� VORZHU�

RSHUFXODU�PRYHPHQW� GXH� WR� WKH� VWUHVV� FRQGLWLRQ�� $W�

WKH� OHWKDO� OHYHO�� WKH�G\LQJ� ILVK� VKRZLQJ� UHG� VSRWV� LQ�

WKHLU�ERG\��FKDQJH�RI�ILQ�FRORU��DQG�VHYHUH�FRQGLWLRQ�

LQ�RSHUFXODU�SDUWV�� 

,QGH[� 0RYHPHQW� %UHDWK�IUHT�PLQ 

, �$FWLYH�VZLPPLQJ� !���� 

,, �0RGHUDWH�VZLPPLQJ� ���-���� 

,,, �6ORZ�VZLPPLQJ� ���-��� 

,9 �9HU\�VORZ�VZLPPLQJ� ���-��� 

9 �/RVW�EDODQFH��QR�PRYHPHQW� ��-��� 

9, �'LHG� � 

7DEOH����%HKDYLRUDO�LQGLFHV�RI�ILVK�LQ�H[SHULPHQWV�RI�OHWKDO�'2�� 



��� 

%HULWD�%LRORJL�������-�$SULO����� 

 

$V� VKRZQ� LQ� 7DEOH� ��� WKH� UHVXOWV� RI� EORRG�

SURSHUWLHV�LQYHVWLJDWLRQ�VKRZHG�WKDW�PRVW�RI�SDUDPH�

WHU�RQ�JUH\�PXOOHWV� LQ�/26�ZDV�VLJQLILFDQWO\�KLJKHU�

WKDQ�/2)��7KH�EORRG�IDFWRUV�LQFOXGLQJ�+W��+E��1D���

&O-��&D��0J��RVPRODOLW\��FRUWLVRO��DQG�JOXFRVH�LQ�/26�

ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKRVH�LQ�/2)��+RZHY�

HU��WKH�YDOXHV�RI�.��DQG�WRWDO�SURWHLQ�LQ�/26�ZHUH�QRW�

VLJQLILFDQWO\�GLIIHUHQW�WKDQ�/2)��3�������� 

 

',6&866,21 

%DVHG� RQ� WKH� REWDLQHG� UHVXOWV�� QR� VLJQLILFDQW�

GLIIHUHQFH� EHWZHHQ� JUH\� PXOOHWV� UHDUHG� LQ� VHDZDWHU�

DQG� JUH\� PXOOHWV� UHDUHG� LQ� IUHVKZDWHU� DFFRUGLQJ� WR�

WKHLU� OHWKDO� '2�� 7KHUH� ZDV� OHVV� LQIRUPDWLRQ� ZKLFK�

UHSRUWHG� DERXW� WKH� OHWKDO� '2� RI� JUH\� PXOOHWV� DQG�

R[\JHQ�UHTXLUHPHQWV�IRU�DGXOW�JUH\�PXOOHWV��,Q�RWKHU�

VWXG\��LW�ZDV�UHSRUWHG�WKDW�PXOOHWV��DUYDH�DSSDUHQWO\�

FDQ� QRW� VXUYLYH� LQ� '2� EHORZ� �� PJ�/� �6\OYHVWHU� HW�

7DEOH����%HKDYLRUDO�LQGLFHV�RI�ILVK�ZLWK�WLPH�FRXU VH�RI�OHWKDO�'2�H[SHU LPHQWV� 

7LPH��PLQXWH� 

 

/26 /2) 

'2��PJ�
/� 
 

%HKDYLRU 
 

1XPEHU�RI�
GHDG�ILVK� 

'2��PJ�/� 
 

%HKDYLRU 
 

1XPEHU�RI�
GHDG�ILVK� 

�� ��� , � ��� , � 

�� ��� ,, � ��� ,, � 

�� ��� ,,, � ��� ,, � 

�� ��� ,9 � ��� ,,, � 

�� ��� 9 � ��� ,9 � 

�� ��� 9 � ��� 9 � 

�� ��� 9, � ��� 9 � 

�� - - - ��� 9, � 

'HVFULSWLRQ��/26�DQG�/2)�DUH�WKH�VDPH�DEEUHYLDWLRQV�DV�LQ�7DEOH��� 

7DEOH����3K\VLR-FKHPLFDO�SURSHUWLHV�RI�JUH\�PXOOHWV¶�EORRG�EHIRUH�G\LQJ�LQ�OHWKDO�'2�H[SHULPHQWV� 

&RPSRQHQW� 
([SHULPHQWV� 

/26 /2) 

+HPDWRFULW����� ���������� ����������
 

+HPRJORELQ��J�G/� ��������� ���������


 

1D���P(T�/� ����������� �����������

 

.���P(T�/� ��������� ��������� 

&O-��P(T�/� ������������ �����������

 

&D��PJ�G/� ���������� ����������

 

0J��PJ�G/� ��������� ���������

 

2VPRODOLW\��P2VP�NJ� ������������ ������������
 

&RUWLVRO��QJ�G/� ����������� �����������
 

*OXFRVH��PJ�G/�� ������������ �����������

 

7RWDO�SURWHLQ��J�G/� 
 

���������� ��������� 

'HVFULSWLRQ��/26�DQG�/2)�DUH�WKH�VDPH�DEEUHYLDWLRQV�DV�LQ�7DEOH����9DOXHV�DUH�WKH�PHDQ���6'��Q� �����7KH�PHDQ�YDOXHV�ZLWK�GLI�
IHUHQW�VXSHUVFULSW�DUH�VLJQLILFDQWO\�GLIIHUHQW��
��3�������

���3�������


��3��������W-WHVW�� 



��� 

3UDNRVR�HW�DO��±�/HWKDO�'LVVROYHG�2[\JHQ�DQG�%ORRG�3URSHUWLHV�RI�*UH\�0XOOHWV�0XJLO�FHSKDOXV�LQ�6HD�:DWHU�DQG�)UHVK�:DWHU 

 

DO����������0DOO\D��������VWDWHG�WKDW�R[\JHQ�GHILFLHQ�

F\� LQ� ILVK� ZLOO� FDXVH� DVSK\[LDWLRQ� DQG� PRUWDOLW\�� ,W�

GHSHQGV� RQ� WKH� VSHFLHV� DQG� WKHLU� UDWH� RI� DGDSWDWLRQ��

6ZLPPLQJ� EHKDYLRU� ZDV� DOVR� DIIHFWHG� E\� K\SR[LD�

GXH� WR� UHGXFWLRQ� LQ� ILVK� DFWLYLW\� ZKHQ� R[\JHQ� GH�

FUHDVHG��'DOOD�9LD HW�DO����������)XUWKHU�REVHUYDWLRQV�

ZHUH� UHTXLUHG� WR� GHWHUPLQH� WKH� OHWKDO� R[\JHQ� OHYHO�

IRU�JUH\�PXOOHWV�LQ�ODUJHU�VFDOH�DTXDFXOWXUH�IDUP��� 

,Q�WKLV�VWXG\��ZKHQ�'2�OHVV�WKDQ���PJ�/��JUH\�

PXOOHWV�VWDUWHG�VXIIHULQJ�VWUHVV DQG�WKHQ�GLH�HLWKHU�LQ�

VHDZDWHU� RU� IUHVKZDWHU�� 7KHVH� UHVXOWV� ZHUH� VLPLODU�

ZLWK�.XWW\�DQG�0RKDPHG��������ZKLFK�UHSRUWHG�WKDW�

5KLQRPXJLO� FRUVXOD� ORVH� HTXLOLEULXP�DW� ����PJ�/� LQ�

IUHVKZDWHU� DW� ��R&�� $QRWKHU� VWXG\� �,WD]DZD�� ������

DOVR�UHSRUWHG�WKDW�0XJLO�FHSKDOXV�VKRZHG�V\PSWRPV�

RI�G\VSQRHD�DW�R[\JHQ�FRQFHQWUDWLRQ�RI���PJ�/�LQ���

-��R&�� 7KHUHIRUH�� LW� FRXOG� EH� FRQFOXGHG� WKDW� JUH\�

PXOOHWV� UHTXLUH� KLJK� R[\JHQ� OHYHO� IRU� WKHLU� QRUPDO�

DFWLYLW\��%DVHG�RQ�REVHUYDWLRQV��JUH\�PXOOHW�DFWLYLW\�

ZDV�QRUPDO�ZKHQ�R[\JHQ�OHYHO�LV�DERYH���PJ�/��$W�

VHYHUH� OHYHOV�� R[\JHQ� GHILFLHQF\� ZLOO� DIIHFW� WR�

JURZWK�DQG�VXUYLYDO�RI� ILVK��6PLWK�DQG�$EOH���������

0HDQZKLOH�� K\SR[LD� ZLOO� DIIHFW� WR� WKHLU�PHWDEROLVP�

LI� WKH� R[\JHQ� FRQFHQWUDWLRQ� ZDV� DERYH� WKH� OHWKDO� 

R[\JHQ�OHYHOV��/HIUDQFRLV�DQG�&ODLUHDX[�������� 

7KH� EORRG� SURSHUWLHV� IURP� OHWKDO�'2� H[SHUL�

PHQWV� UHYHDOHG� WKH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�

JUH\� PXOOHWV� LQ� /26� DQG� /2)�� 7KH� EORRG� IDFWRUV�

LQFOXGLQJ�+W��+E��RVPRODOLW\��FRUWLVRO��DQG�JOXFRVH�LQ�

/26�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�/2)��7KRVH�GLI�

IHUHQFHV� ZHUH� FDXVHG� E\� GLIIHUHQW� HQYLURQPHQWDO�

FRQGLWLRQ� ZKLFK� PDGH� WKH� JUH\� PXOOHWV� UHDUHG� LQ�

IUHVKZDWHU�ZHUH�ORZHU�RQ�WKRVH�EORRG�IDFWRUV��.XFXN�

HW�DO���������UHSRUWHG�WKDW�VDOLQLW\�LQIOXHQFHV�VRGLXP��

SRWDVVLXP��FKORULGH��JOXFRVH�� WRWDO�SURWHLQ�� WULJO\FHU�

LGHV�DV�ZHOO��ZKLOH�WRWDO�SURWHLQ�DQG�JOXFRVH�LQ�SODV�

PD�DUH� UHODWHG� WR� ILVK�PHWDEROLVP��$FFRUGLQJ� WR� WKH�

GHSOHWLRQ�RI�'2��WKHVH�UHVXOWV�VKRZHG�KLJK�OHYHOV�RI�

FRUWLVRO�DQG�JOXFRVH��)LVK�KDYH�DGDSWHG�WR�FRSH�ZLWK�

WKH�R[\JHQ�GHILFLHQF\�PDLQO\�WKURXJK�FDUGLRYDVFXODU�

DQG� UHVSLUDWRU\� DGMXVWPHQWV� �5DQGDOO�� ������� 7KLV�

FRQGLWLRQ�ZLOO� WULJJHU� WR� LQFUHDVH� WKH� VWUHVV��3RUFKDV�

HW�DO���������UHSRUWHG�WKDW�FRUWLVRO�DQG�JOXFRVH�ZHUH�

WKH�VWUHVVRU�SDUDPHWHUV�WR�LQGLFDWH�WKH�VWUHVV�UHVSRQVH�

RI�ILVK��/LNHZLVH��=DNL�HW�DO���������LQGLFDWHG�WKDW�WKH�

EORRG�JOXFRVH�OHYHO�ZDV�DIIHFWHG�E\�WKH�UDWH�RI�FDUER�

K\GUDWH�PHWDEROLVP�XQGHU�K\SR[LD�DQG�VWUHVV�FRQGL�

WLRQV��$FFRUGLQJ� WR� WKH� LQIRUPDWLRQ� IURP� WKLV� VWXG\��

JUH\� PXOOHW� VKRXOG� EH� PDLQWDLQHG� DERYH� LWV� OHWKDO�

R[\JHQ� OHYHO� WR� RSWLPL]H� WKHLU� JURZWK� DQG� VXUYLYDO�

RQ�DTXDFXOWXUH�IDUP� 

 

&21&/86,21 

,Q�FRQFOXVLRQ��'2�OHYHO�RI�JUH\�PXOOHWV�0XJLO�

FHSKDOXV� VKRXOG� QRW� ORZHU� WKDQ� �� PJ�/� ZKHWKHU� LQ�

VHDZDWHU�RU� IUHVKZDWHU� WR�DYRLG� WKH�PRUWDOLW\�GXULQJ�

ILVK� UHDULQJ�� *UH\� PXOOHW� VKRXOG� EH� UHDUHG� LQ� 

RSWLPXP�'2�OHYHO�WR�JHW� WKHLU�RSWLPXP�JURZWK�DQG�

DYRLG� WKH� VWUHVV� LQ� VHDZDWHU� RU� IUHVKZDWHU� HQYLURQ�

PHQW��:H�SRLQW�RXW�WKDW�IXUWKHU�GHWDLOHG�VWXGLHV�ZHUH�

QHHGHG� WR� DSSO\� DTXDFXOWXUH� PDQDJHPHQW� RI� JUH\�

PXOOHWV�RQ�ODUJH�VFDOH�IDUPLQJ�V\VWHP� 

 

$&.12:/('*(0(17 

:H�WKDQN�WKH�.RUHD�,QWHUQDWLRQDO�&RRSHUDWLRQ�

$JHQF\��.2,&$��IRU�IXQGLQJ�WKLV�VWXG\�� 

 

5()(5(1&(6 

%UHWW� -5�� ������(QYLURQPHQWDO�)DFWRUV�DQG�*URZWK��,Q� �)LVK�
3K\VLRORJ\�� 9RO�� 9,,,�� %LRHQHUJHWLFV� DQG� *URZWK�� :6�
+RDU�� '-� 5DQGDOO� DQG� -5� %UHWW� �(GV��� $FDGHPLF� 3UHVV��
1HZ�<RUN� 

&KDQJ�<-��0+�-HRQJ��%+�0LQ��:+�1HLOO� DQG�/3�)RQWDLQH��
������(IIHFW�RI�3KRWRSHULRG��7HPSHUDWXUH��DQG�)LVK�6L]H�
RQ� 2[\JHQ� &RQVXPSWLRQ� LQ� WKH� %ODFN� 3RUJ\� $FDQ�
WKRSDJUXV� VFKOHJHOL�� -RXUQDO� RI� )LVKHULHV� 6FLHQFH� DQG�
7HFKQRORJ\�������-����� 

'DOOD� 9LD� '�� *� YDQ� GHQ� 7KLOODUW�� 2� &DWWDQL� DQG� 3� &RUWHVL��
������%HKDYLRXUDO�5HVSRQVHV�DQG�%LRFKHPLFDO�&RUUHODWHV�
LQ� 6ROHD� VROHD WR�*UDGXDO�+\SR[LF�([SRVXUH� &DQDGLDQ�
-RXUQDO�RI�=RRORJ\���������±����� 

'XDQ�<��;�'RQJ��;�=KDQJ�DQG�=�0LDR��������(IIHFWV�RI�'LV�
VROYHG� 2[\JHQ� &RQFHQWUDWLRQ� DQG� 6WRFNLQJ� 'HQVLW\� RQ�
WKH� *URZWK�� (QHUJ\� %XGJHW� DQG� %RG\� &RPSRVLWLRQ� RI�
-XYHQLOH� -DSDQHVH� )ORXQGHU�� 3DUDOLFKWK\V� ROLYDFHXV�
�7HPPLQFN�HW�6FKOHJHO���$TXDFXOWXUH�5HVRXUFHV��������-

���� 
(IIHQGLH� 0,�� ������ 3HQLODLDQ� 3HUNHPEDQJDQ� *RQDG� ,NDQ�

%HODQDN�/L]D�VXEYLULGLV�9DOHQFLHQQHV�GL�3HUDLUDQ�0XDUD�
6XQJDL� &LPDQXN�� ,QGUDPD\X� EDJL� 8VDKD� 3HQJDGDDQ�
%HQLK��'LVHUWDVL��,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU� 

)UDQNOLQ� &(�� ,$� -RKQVWRQ�� 7� &URFNIRUG� DQG� &� .DPXQGH��
������ 6FDOLQJ� RI�2[\JHQ�&RQVXPSWLRQ� RI� /DNH�0DJDGL�
7LODSLD�� D� )LVK� /LYLQJ� DW� ���&�� -RXUQDO� RI� )LVK�%LRORJ\�
�������-���� 

,WD]DZD�<��������*DV�&RQWHQW�RI�WKH�%ORRG�LQ�5HVSRQVH�WR�WKDW�
RI�0HGLXP�:DWHU�LQ�)LVK��&RPSDULVRQ�RI�WKH�5HVSRQVH�LQ�
6HYHUDO�6SHFLHV��%XOOHWLQ�RI� WKH�-DSDQHVH�6RFLHW\�RI�6FL�
HQWLILF�)LVKHULHV��������-���� 

,ZDPD�*.��$�7DNHPXUD�DQG�.�7DNDQR��������2[\JHQ�&RQ�
VXPSWLRQ�5DWHV� RI� 7LODSLD� LQ� )UHVKZDWHU�� 6HDZDWHU�� DQG�
+\SHUVDOLQH� 6HDZDWHU�� -RXUQDO� RI� )LVK�%LRORJ\����� ���-

���� 
-HRQJ�0+��<6�.LP��%+�0LQ� DQG�<-�&KDQJ��������(IIHFW�RI�

)LVK�1XPEHU�LQ�5HVSLUDWRU\�&KDPEHU�RQ�5RXWLQH�2[\JHQ�
&RQVXPSWLRQ� RI� %ODFN� 3RUJ\� $FDQWKRSDJUXV� VFKOHJHOL�
5HDUHG�LQ�6HDZDWHU�RU�)UHVKZDWHU��$TXDFXOWXUH��������-

����� 
.LP� ,1�� <-� &KDQJ� DQG� -<� .ZRQ�� ������ 3DWWHUQ�RI�2[\JHQ�



��� 

%HULWD�%LRORJL�������-�$SULO����� 

 

&RQVXPSWLRQ� LQ� 6L[� 6SHFLHV� RI� 0DULQH� )LVK�� -RXUQDO�
RI WKH .RUHDQ )LVKHULHV�6RFLHW\��������-���� 

.XFXN�6��$�.DUXO��6�<LOGLULP�DQG�.�*DPVL]��������(IIHFWV�RI�
6DOLQLW\� RQ� *URZWK� DQG� 0HWDEROLVP� LQ� %OXH� 7LODSLD�
�2UHRFKURPLV�DXUHXV���$IULFDQ�-RXUQDO�RI�%LRWHFKQRORJ\�
��������-����� 

.XWW\�01�DQG�03�0RKDPHG��������0HWDEROLF�$GDSWDWLRQV�RI�
0XOOHWV�5KLQRPXJLO� FRUVXOD�+DPLOWRQ�ZLWK�6SHFLDO�5HI�
HUHQFH�WR�(QHUJ\�8WLOL]DWLRQ��$TXDFXOWXUH�������-���� 

/HIUDQFRLV� &� DQG� *� &ODLUHDX[�� ������ ,QIOXHQFH� RI� $PELHQW�
2[\JHQDWLRQ� DQG� 7HPSHUDWXUH� RQ�0HWDEROLF� 6FRSH� DQG�
6FRSH� IRU�+HDUW� 5DWH� RI� WKH� 6ROH� �6ROHD� VROHD�� 0DULQH�
(FRORJ\�3URJUHVV�6HULHV ��������-���� 

/RYHOO� 7�� ������1XWULWLRQ� DQG�)HHGLQJ� RI� )LVK�� 6HFRQG�(GLWLRQ��
.OXZHU�$FDGHPLF�3XEOLFDWLRQV��0DVVDFKXVHWWV�� 

0DOO\D� <-�� ������ 7KH� (IIHFWV� RI� 'LVVROYHG� 2[\JHQ� RQ� )LVK�
*URZWK� LQ� $TXDFXOWXUH�� 818-)LVKHULHV� 7UDLQLQJ� 3UR�
JUDPPH��5H\NMDYLN� 

0DWWKHZV�.5�DQG�1+�%HUJ��������5DLQERZ�7URXW�5HVSRQVHV�
WR� :DWHU� 7HPSHUDWXUH� DQG� 'LVVROYHG� 2[\JHQ� 6WUHVV� LQ�
7ZR� 6RXWKHUQ�&DOLIRUQLD� 6WUHDP� 3RROV�� -RXUQDO� RI� )LVK�
%LRORJ\�������-��� 

3RUFKDV�00��/50�&RUGRYD�DQG�55�(QULTXH]��������&RU WLVRO�
DQG� *OXFRVH�� 5HOLDEOH� ,QGLFDWRUV� RI� )LVK� 6WUHVV"�� 3DQ-
$PHULFDQ�-RXUQDO RI $TXDWLF�6FLHQFHV�������-���� 

5DQGDOO� '��������7KH�&RQWURO� RI�5HVSLUDWLRQ�DQG�&LUFXODWLRQ� LQ�
)LVK� GXULQJ� ([HUFLVH� DQG� +\SR[LD� -RXUQDO� RI� ([SHUL�
PHQWDO�%LRORJ\���������-���� 

6DOHK�0�� ������&DSWXUH-EDVHG�$TXDFXOWXUH�RI�0XOOHWV�LQ�(J\SW��
,Q�� &DSWXUH-EDVHG� $TXDFXOWXUH�� *OREDO� 2YHUYLHZ�� $�
/RYDWHOOL�DQG�3)�+ROWKXV��(GV������-�����)$2�)LVKHULHV�
7HFKQLFDO�3DSHU�1R������)$2��5RPH� 

6FKXUPDQQ�+�DQG�-)�6WHIIHQVHQ��������/HWKDO�2[\JHQ�/HYHOV�
DW�'LIIHUHQW�7HPSHUDWXUHV�DQG�7KH�3UHIHUUHG�7HPSHUDWXUH�
'XULQJ� +\SR[LD� RI� WKH� $WODQWLF� &RG� *DGXV� PRUKXD� /��
-RXUQDO�RI�)LVK�%LRORJ\��������-���� 

6KHSDUG�03��������5HVLVWDQFH�DQG�7ROHUDQFH�RI�<RXQJ�6SHFN�
OHG�7URXW�6DOYHOLQXV�IRQWLQDOL� WR�2[\JHQ�/DFN�ZLWK�6SH�
FLDO� 5HIHUHQFH� WR� /RZ�2[\JHQ� $FFOLPDWLRQ�� -RXUQDO� RI�
WKH�)LVKHULHV�5HVHDUFK�%RDUG�RI�&DQDGD������� 

6PLWK�.-�DQG�.:�$EOH��������'LVVROYHG�2[\JHQ�'\QDPLFV�LQ�
6DOW�0DUVK� 3RROV� DQG� ,WV� 3RWHQWLDO� ,PSDFWV� RQ� )LVK�$V�
VHPEODJHV� 0DULQH� (FRORJ\� 3URJUHVV� 6HULHV� ����� ���-

���� 
6XOLVWLRQR��0�$UZDQL� DQG�.$�$]L]�� ������*URZWK�RI�0XOOHW��

0XJLO� GXVVXPLHUL� LQ� 8MXQJ� 3DQJNDK�� (DVW� -DYD�� -XUQDO�
,NWLRORJL�,QGRQHVLD������-��� 

6\OYHVWHU�-5��������&ULWLFDO�7KHUPDO�0D[LPD�RI�7KUHH�6SHFLHV�
RI�+DZDLLDQ�(VWXDULQH�)LVK��$�&RPSDUDWLYH�6WXG\��-RXU�
QDO�RI�)LVK�%LRORJ\�������-���� 

6]F]HSNRZVNL� 0�� %� 6]F]HSNRZVND� DQG� ,� 3LRWURZVND�� ������
,PSDFW� RI�+LJKHU� 6WRFNLQJ�'HQVLW\� RI� -XYHQLOH�$WODQWLF�
6WXUJHRQ�� $FLSHQVHU� R[\ULQFKXV� 0LWFKLOO�� RQ� )LVK�
*URZWK��2[\JHQ�&RQVXPSWLRQ��DQG�$PPRQLD�([FUHWLRQ��
$UFKLYHV�RI�3ROLVK�)LVKHULHV�������-��� 

7KXUVWRQ� 59�� *5� 3KLOOLSV� DQG� 5&� 5XVVR�� ������ ,QFUHDVHG�
7R[LFLW\� RI� $PPRQLD� WR� 5DLQERZ� 7URXW� �6DOPR� JDLUG�
QHUL�� 5HVXOWLQJ� IURP� 5HGXFHG� &RQFHQWUDWLRQV� RI� 'LV�
VROYHG� 2[\JHQ�� &DQDGLDQ� -RXUQDO RI� )LVKHULHV�
DQG $TXDWLF 6FLHQFHV��������-���� 

7VX]XNL�0<��&$�6WUXVVPDQQ�DQG�)�7DNDVKLPD��������(IIHFW�
RI�6DOLQLW\�RQ�7KH�2[\JHQ�&RQVXPSWLRQ�RI�/DUYDH�RI�WKH�
6LOYHUVLGHV� 2GRQWHVWKHV� KDWFKHUL� DQG� 2�� ERQDULHQVLV�
�2VWHLFKWK\HV�� $WKHULQRSVLGDH��� %UD]LOLDQ $UFKLYHV�
RI %LRORJ\ DQG 7HFKQRORJ\��������-���� 

:DK\XGHZDQWRUR�*� DQG�+DU\RQR�� ������+XEXQJDQ�3DQMDQJ�
%HUDW�GDQ�)DNWRU�.RQGLVL�,NDQ�%HODQDN�/L]D�6XEYLULGLV�GL�
3HUDLUDQ� 7DPDQ� 1DVLRQDO� 8MXQJ� .XORQ-3DQGHJODQJ��
%DQWHQ��%LRQDWXUD--XUQDO�,OPX-LOPX�+D\DWL�GDQ�)LVLN�����
��-��� 

:HLWKPDQ�$6�DQG�0$�+DDV�� ������(IIHFWV�RI�'LVVROYHG�2[\�
JHQ� 'HSOHWLRQ� RQ� WKH� 5DLQERZ� 7URXW� )LVKHU\� LQ� /DNH�
7DQH\FRPR�� 0LVVRXUL�� 7UDQVDFWLRQV� RI� WKH� $PHULFDQ�
)LVKHULHV�6RFLHW\���������-���� 

=DNL� 06�� 62� 0RVWDID�� 20� )DZ]L�� 0� .KDIDJ\� DQG� )6� %D�
\XPL�� ������ &OLQLFRSDWKRORJLFDO�� %LRFKHPLFDO� DQG�
PLFURELRORJLFDO� &KDQJH� RQ� *UH\� 0XOOHWV� ([SRVHG� WR�
&DGPLXP�&KORULGH��$PHULFDQ-(XUDVLDQ�-RXUQDO RI�$JUL�
FXOWXUDO�DQG (QYLURQPHQWDO 6FLHQFHV������-���� 



3HGRPDQ�3HQXOLVDQ�1DVNDK�%HULWD�%LRORJL 
 

%HULWD�%LRORJL�DGDODK�MXUQDO�\DQJ�PHQHUELWNDQ�DU WLNHO�NHPDMXDQ�SHQHOLWLDQ�GL�ELGDQJ�ELRORJL�GDQ�LOPX -LOPX�WHUNDLW�GL�,QGRQHVLD��%HULWD�%LRORJL�
PHPXDW�NDU\D�WXOLV�LOPLDK�DVOL�EHUXSD�PDNDODK�KDVLO�SHQHOLWLDQ��NRPXQLNDVL�SHQGHN�GDQ�WLQMDXDQ�NHPEDOL�\DQJ�EHOXP�SHUQDK�GLWHUELWNDQ�DWDX�WLGDN�
VHGDQJ�GLNLULP�NH�PHGLD�ODLQ���0DVDODK�\DQJ�GLOLSXW��GLKDUXVNDQ�PHQDPSLONDQ�DVSHN�DWDX�LQIRUPDVL�EDUX� 

 

7LSH�QDVNDK 

�� 0DNDODK�OHQJNDS�KDVLO�SHQHOLWLDQ��RULJLQDO�SDSHU� 
 1DVNDK� PHUXSDNDQ� KDVLO� SHQHOLWLDQ� VHQGLUL� � \DQJ� PHQJDQJNDW� WRSLN� \DQJ� XS-WRGDWH�� � 7LGDN� OHELK� GDUL� ��� KDODPDQ� WHUPDVXN� WDEHO� GDQ�

JDPEDU��3HQFDQWXPDQ�ODPSLUDQ�VHSHUOXQ\D��QDPXQ�UHGDNVL�EHUKDN�PHQJXUDQJL�DWDX�PHQLDGDNDQ�ODPSLUDQ� 
�� .RPXQLNDVL�SHQGHN��VKRUW�FRPPXQLFDWLRQ� 
 .RPXQLDVL�SHQGHN�PHUXSDNDQ�PDNDODK�KDVLO�SHQHOLWLDQ�\DQJ�LQJLQ�GLSXEOLNDVLNDQ�VHFDUD�FHSDW�NDUHQD�KDVLO�WHUPXDQ�\DQJ�PHQDULN��VSHVLILN�

GDQ�EDUX��DJDU�GDSDW��VHJHUD�GLNHWDKXL�ROHK�XPXP���$UWLNHO�\DQJ�GLWXOLV�WLGDN�OHELK�GDUL����KDODPDQ��+DVLO�GDQ�SHPEDKDVDQ�EROHK�GLJDEXQJ� 
�� 7LQMDXDQ�NHPEDOL��UHYLHZ� 
 7LQMDXDQ�NHPEDOL�PHUXSDNDQ� UDQJNXPDQ�WLQMDXDQ� LOPLDK�\DQJ�VLVWHPDWLV-NULWLV� VHFDUD� ULQJNDV�QDPXQ�PHQGDODP� WHUKDGDS� WRSLN�SHQHOLWLDQ�

WHUWHQWX�� +DO� \DQJ� GLWLQMDX�PHOLSXWL� VHJDOD� VHVXDWX� \DQJ� UHOHYDQ� WHUKDGDS� WRSLN� WLQMDXDQ� \DQJ�PHPEHULNDQ� JDPEDUDQ� µVWDWH� RI� WKH� DUW¶��
PHOLSXWL�WHPXDQ�DZDO��NHPDMXDQ�KLQJJD�LVVXH�WHUNLQL��WHUPDVXN�SHUGHEDWDQ�GDQ�NHVHQMDQJDQ�\DQJ�DGD�GDODP�WRSLN�\DQJ�GLEDKDV��7LQMDXDQ�
XODQJ�LQL�KDUXV�PHUDQJNXP�PLQLPDO����DUWLNHO� 

 

6WUXNWXU�QDVNDK 

�� %DKDVD 
 %DKDVD�\DQJ�GLJXQDNDQ�DGDODK�EDKDVD�,QGRQHVLD�DWDX�,QJJULV�\DQJ�EDLN�GDQ�EHQDU� 
�� -XGXO 
 -XGXO� KDUXV� VLQJNDW�� MHODV� GDQ� PHQFHUPLQNDQ� LVL� QDVNDK� GLLNXWL� ROHK� QDPD� GDQ� DODPDW� VXUDW� PHQ\XUDW� SHQXOLV�� � 1DPD� SHQXOLV� XQWXN�

NRUHVSRQGHQVL�GLEHUL�WDQGD�DPSORS�FHWDN�DWDV��VXSHUVFULSW�� 
�� $EVWUDN 

 $EVWUDN�GLEXDW�GDODP�GXD�EDKDVD��EDKDVD�,QGRQHVLD�GDQ�,QJJULV��$EVWUDN�PHPXDW�VHFDUD�VLQJNDW�WHQWDQJ�ODWDU�EHODNDQJ��WXMXDQ��PHWRGH��KDVLO�
\DQJ�VLJQLILNDQ��NHVLPSXODQ�GDQ�LPSOLNDVL�KDVLO�SHQHOLWLDQ��$EVWUDN�EHULVL�PDNVLPXP�����NDWD��VSDVL�WXQJJDO��'L�EDZDK�DEVWUDN�GLFDQWXPNDQ�
NDWD�NXQFL�\DQJ�WHUGLUL�DWDV�PDNVLPXP�HQDP�NDWD��GLPDQD�NDWD�SHUWDPD�DGDODK�\DQJ�WHUSHQWLQJ���$EVWUDN�GDODP�EDKDVD�,QJJULV�PHUXSDNDQ�
WHUMHPDKDQ�GDUL�EDKDVD�,QGRQHVLD���(GLWRU�EHUKDN�XQWXN�PHQJHGLW�DEVWUDN�GHPL�DODVDQ�NHMHODVDQ�LVL�DEVWUDN� 

�� 3HQGDKXOXDQ 

 3HQGDKXOXDQ�EHULVL�ODWDU�EHODNDQJ��SHUPDVDODKDQ�GDQ�WXMXDQ�SHQHOLWLDQ���6HEXWNDQ�MXJD�VWXGL�WHUGDKXOX�\DQJ�SHUQDK�GLODNXNDQ� 
�� %DKDQ�GDQ�FDUD�NHUMD 
 3DGD�EDJLDQ�LQL�EROHK�GLEXDW�VXE-MXGXO�\DQJ�VHVXDL�GHQJDQ�WDKDSDQ�SHQHOLWLDQ��0HWRGD�KDUXV�GLSDSDUNDQ�GHQJDQ�MHODV�VHVXDL�GHQJDQ�VWDQGDU�

WRSLN�SHQHOLWLDQ�GDQ�GDSDW�GLXODQJ�ROHK�SHQHOLWL�ODLQ���$SDELOD�PHWRGD�\DQJ�GLJXQDNDQ�DGDODK�PHWRGD�\DQJ�VXGDK�EDNX�FXNXS�GLWXOLV�VLWDVL�
GDQ�DSDELOD�DGD�PRGLILNDVL�KDUXV�GLWXOLVNDQ�GHQJDQ�MHODV�EDJLDQ�PDQD�GDQ�DSD�\DQJ�GLPRGLILNDVL� 

�� +DVLO 
 6HEXWNDQ� KDVLO-KDVLO� XWDPD� \DQJ� GLSHUROHK� EHUGDVDUNDQ�PHWRGD� \DQJ� GLJXQDNDQ�� � $SDELOD� LQJLQ�PHQJDFX� SDGD� WDEHO�JUDILN�GLDJUDP� DWDX�

JDPEDU� XUDLNDQ� KDVLO� \DQJ� WHUSHQWLQJ� GDQ� MDQJDQ� PHQJJXQDNDQ� NDOLPDW� µ/LKDW� 7DEHO� �¶�� � $SDELOD� PHQJJXQDNDQ� QLODL� UDWD-UDWD� KDUXV�
PHQ\HEXWNDQ�VWDQGDU�GHYLDVL� 

�� 3HPEDKDVDQ 

 -DQJDQ�PHQJXODQJ�LVL�KDVLO��3HPEDKDVDQ�PHQJXQJNDS�DODVDQ�GLGDSDWNDQQ\D�KDVLO�GDQ�DSD�DUWL�DWDX�PDNQD�GDUL�KDVLO�\DQJ�GLGDSDW� WHUVHEXW���
%LOD�PHPXQJNLQNDQ��EDQGLQJNDQ�KDVLO�SHQHOLWLDQ�LQL�GHQJDQ�PHPEXDW�SHUEDQGLQJDQ�GHQJDQ�VWXGL�WHUGDKXOX��ELOD�DGD�� 

�� .HVLPSXODQ 

 0HQ\LPSXONDQ�KDVLO�SHQHOLWLDQ��VHVXDL�GHQJDQ�WXMXDQ�SHQHOLWLDQ��GDQ�SHQHOLWLDQ�EHULNXW�\DQJ�ELVD�GLODNXNDQ� 
�� 8FDSDQ�WHULPD�NDVLK 

��� 'DIWDU�SXVWDND 

 7LGDN�GLSHUNHQDQNDQ�XQWXN�PHQVLWDVL�DUWLNHO�\DQJ�WLGDN�PHODOXL�SURVHV�SHHU�UHYLHZ��$SDELOD�KDUXV�PHQ\LWLU�GDUL��/DSRUDQ��DWDX��NRPXQLNDVL�

SHUVRQDO��GLWXOLVNDQ�
XQSXEOLVKHG
�GDQ�WLGDN�SHUOX�GLWDPSLONDQ�GL�GDIWDU�SXVWDND��'DIWDU�SXVWDND�KDUXV�EHULVL�LQIRUPDVL�\DQJ�XS�WR�GDWH�\DQJ�

VHEDJLDQ�EHVDU�EHUDVDO�GDUL�RULJLQDO�SDSHUV���3HQXOLVDQ�WHUELWDQ�EHUNDOD�LOPLDK��QDPD�MXUQDO��WLGDN�GLVLQJNDW� 

� 
 

)RUPDW�QDVNDK 

�� 1DVNDK�GLNHWLN�GHQJDQ�PHQJJXQDNDQ�SURJUDP�:RUG�3URFHVVRU��KXUXI�1HZ�7LPHV�5RPDQ�XNXUDQ�����VSDVL�JDQGD�NHFXDOL�$EVWUDN��%DWDV�NLUL
-NDQDQ�DWDV-EDZDK�PDVLQJ-PDVLQJ�����FP��0DNVLPXP�LVL�QDVNDK����KDODPDQ�WHUPDVXN�LOXVWUDVL�GDQ�WDEHO� 

�� 3HQXOLVDQ� ELODQJDQ� SHFDKDQ� GHQJDQ� NRPD� PHQJLNXWL� EDKDVD� \DQJ� GLWXOLV� PHQJJXQDNDQ� GXD� DQJND� GHVLPDO� GL� EHODNDQJ� NRPD�� $SDELOD�
PHQJJXQDNDQ�EDKDVD�,QGRQHVLD��DQJND�GHVLPDO�PHQJJXQDNDQ�NRPD�����GDQ�WLWLN�����ELOD�PHQJJXQDNDQ�EDKDVD�,QJJULV��&RQWRK��3DQMDQJ�EXNX�
DGDODK����FP��/HQJKW�RI�WKH�ERRN�LV�����FP���3HQXOLVDQ�DQJND��-��GLWXOLV�GDODP�NDWD�NHFXDOL�ELOD�ELODQJDQ�VDWXDQ�XNXU��VHGDQJNDQ�DQJND����
GDQ�VHWHUXVQ\D�GLWXOLV�GHQJDQ�DQJND���&RQWRK�OLPD�RUDQJ�VLVZD��SDQMDQJ�EXNX���FP� 

�� 3HQXOLVDQ�VDWXDQ�PHQJLNXWL�DWXUDQ�LQWHUQDWLRQDO�V\VWHP�RI�XQLWV� 
�� 1DPD�WDNVRQ�GDQ�NDWHJRUL�WDNVRQRPL�PHUXMXN�NHSDGD�DWXUDQ�VWDQGDU�WHUPDVXN�\DQJ�GLDNXL��8QWXN�WXPEXKDQ�,QWHUQDWLRQDO�&RGH�RI�%RWDQLFDO�

1RPHQFODWXUH� �,&%1��� XQWXN� KHZDQ� ,QWHUQDWLRQDO� &RGH� RI� =RRORJLFDO� 1RPHQFODWXUH� �,&=1��� XQWXN� MDPXU� ,QWHUQDWLRQDO� &RGH� RI�
1RPHQFODWXUH�IRU�$OJDH��)XQJL�DQG�3ODQW��,&)$)3���,QWHUQDWLRQDO�&RGH�RI�1RPHQFODWXUH�RI�%DFWHULD� �,&1%���GDQ�XQWXN�RUJDQLVPH�\DQJ�
ODLQ�PHUXMXN�SDGD�NHVHSDNDWDQ�,QWHUQDVLRQDO���3HQXOLVDQ�QDPD�WDNVRQ�OHQJNDS�GHQJDQ�QDPD�DXWKRU�KDQ\D�GLODNXNDQ�SDGD�EDJLDQ�GHVNULSVL�
WDNVRQ��PLVDOQ\D�SDGD�QDVNDK�WDNVRQRPL��6HGDQJNDQ�SHQXOLVDQ�QDPD�WDNVRQ�XQWXN�ELGDQJ�ODLQQ\D�WLGDN�SHUOX�PHQJJXQDNDQ�QDPD�DXWKRU� 

�� 7DWD�QDPD�GL�ELGDQJ�JHQHWLND�GDQ�NLPLD�PHUXMXN�NHSDGD�DWXUDQ�EDNX�WHUEDUX�\DQJ�EHUODNX� 
�� ,OXVWUDVL�GDSDW�EHUXSD�IRWR��KLWDP�SXWLK�DWDX�EHUZDUQD��DWDX�JDPEDU�WDQJDQ��OLQH�GUDZLQJ�� 
�� 7DEHO 
 7DEHO�GLEHUL�MXGXO�\DQJ�VLQJNDW�GDQ�MHODV�GDODP�EDKDVD�,QGRQHVLD�GDQ�,QJJULV��VHKLQJJD�7DEHO�GDSDW�EHUGLUL�VHQGLUL��7DEHO�GLEHUL�QRPRU�XUXW�

VHVXDL�GHQJDQ�NHWHUDQJDQ�GDODP�WHNV��.HWHUDQJDQ�7DEHO�GLOHWDNNDQ�GL�EDZDK�7DEHO��7DEHO�WLGDN�GLEXDW�WHUWXWXS�GHQJDQ�JDULV�YHUWLNDO��KDQ\D�
PHQJJXQDNDQ�JDULV�KRULVRQWDO�\DQJ�PHPLVDKNDQ�MXGXO�GDQ�EDWDV�EDZDK� 

�� *DPEDU 
 *DPEDU�ELVD�EHUXSD�IRWR��JUDILN��GLDJUDP�GDQ�SHWD��-XGXO�GLWXOLV�VHFDUD�VLQJNDW�GDQ�MHODV���.HWHUDQJDQ�\DQJ�PHQ\HUWDL�JDPEDU� KDUXV�GDSDW�

EHUGLUL�VHQGLUL��GLWXOLV�GDODP�EDKDVD�,QGRQHVLD�GDQ�,QJJULV��*DPEDU�GLNLULP�GDODP�EHQWXN��MSHJ�GHQJDQ�UHVROXVL�PLQLPDO�����GSL�GDQ�WHUSLVDK�
GDUL�EDGDQ�WXOLVDQ�DWDX�GDODP�ILOH�\DQJ�EHUEHGD�� 

�� 'DIWDU�3XVWDND 
 6LWDVL�GDODP�QDVNDK�DGDODK�QDPD�SHQXOLV�GDQ�WDKXQ��%LOD�SHQXOLV�OHELK�GDUL�VDWX�PHQJJXQDNDQ�NDWD�µGDQ¶�DWDX�HW�DO��&RQWRK���.UDPHU���������

�+DP]DK�GDQ�<XVXI����������3UHPDFKDQGUD�HW�DO����������%LOD�QDVNDK�GLWXOLV�GDODP�EDKDVD�,QJJULV�\DQJ�PHQJJXQDNDQ�VLWDVL���RUDQJ�SHQXOLV�
PDND�GLJXQDNDQ�NDWD�µDQG¶��&RQWRK���+DP]DK�DQG�<XVXI�������� 

D� -XUQDO 
 1DPD�MXUQDO�GLWXOLV�OHQJNDS� 
 3UHPDFKDQGUD�*6��+�6DQHNR��.�)XMLWD�DQG�6�2JDWD��������/HDI�:DWHU�5HODWLRQV��2VPRWLF�$GMXVWPHQW��&HOO�0HPEUDQH�6WDELOLW\��(SLFX�
WLODU�:D[�/RDG�DQG�*URZWK�DV�$IIHFWHG�E\�,QFUHDVLQJ�:DWHU�'HILFLWV�LQ�6RUJKXP��-RXUQDO�RI�([SHULPHQWDO�%RWDQ\���������-����� 



E���%XNX 
 .UDPHU�3-��������3ODQW�:DWHU�5HODWLRQVKLS������(GLVL�NH-�ELOD�DGD���$FDGHPLF��1HZ�<RUN�� 
F� 3URVLGLQJ�DWDX�KDVLO�6LPSRVLXP�6HPLQDU�/RNDNDU\D� 
 +DP]DK�06�GDQ�6$�<XVXI��������3HQJDPDWDQ�%HEHUDSD�$VSHN�%LRORJL�6RWRQJ�%XOXK��6HSLRWHXWKLV�OHVVRQLDQD��GL�6HNLWDU�3HUDLUDQ�3DQWDL�
:RNDP�%DJLDQ�%DUDW��.HSXODXDQ�$UX��0DOXNX�7HQJJDUD�� �3URVLGLQJ�6HPLQDU�1DVLRQDO�%LRORJL�;,��8MXQJ�3DQGDQJ���-��� -XOL� ������0�
+DVDQ��$�0DWWLPX��-*�1HOZDQ�GDQ�0�/LWDD\��3HQ\XQWLQJ������-�����3HUKLPSXQDQ�%LRORJL�,QGRQHVLD� 

G� 0DNDODK�VHEDJDL�EDJLDQ�GDUL�EXNX 
 /HHJRRG�5&�DQG�'$�:DONHU��������&KORURSODVW�DQG�3URWRSODVW�� ,Q��3KRWRV\QWKHVLV�DQG�3URGXFWLRQ�LQ�D�&KDQJLQJ�(QYLURQPHQW��'2�
+DOO��-02�6FXUORFN��+5�%RKODU�1RUGHQNDPSI��5&�/HHJRRG�DQG�63�/RQJ��(GV������-�����&KDPSPDQ�DQG�+DOO���/RQGRQ� 

H�� 7KHVLV�GDQ�VNULSVL� 
 .HLP�$3��������0RQRJUDSK�RI�WKH�JHQXV�2UDQLD�=LSS���$UHFDFHDH��2UDQLLQDH���8QLYHUVLW\�RI�5HDGLQJ��5HDGLQJ��>3K'��7KHVLV@� 
I�� $UWLNHO�RQOLQH� 
 $UWLNHO� \DQJ�GLXQGXK�VHFDUD�RQOLQH�PHQJLNXWL� IRUPDW�\DQJ�EHUODNX�PLVDOQ\D�XQWXN�MXUQDO��EXNX�DWDX�WKHVLV�� VHUWD�GLWXOLVNDQ�DODPDW� VLWXV�
VXPEHU�GDQ�ZDNWX�PHQJXQGXK��7LGDN�GLSHUNHQDQNDQ�XQWXN�PHQVLWDVL�DUWLNHO�\DQJ�WLGDN�PHODOXL�SURVHV�SHHU�UHYLHZ�DWDX�DUWLNHO�GDUL�ODPDQ�
ZHE�\DQJ�WLGDN�ELVD�GLSHUWDQJXQJ�MDZDENDQ�NHEHQDUDQQ\D�VHSHUWL�ZLNLSHGLD� 

 )RUHVW�:DWFK�,QGRQHVLD>):,@��������3RWUHW�NHDGDDQ�KXWDQ�,QGRQHVLD�SHU LRGH�����-������KWWS���ZZZ�IZL�RU�LG���'LXQGXK���'HVHPEHU�
������ 

 

)RUPXOLU�SHUVHWXMXDQ�KDN�DOLK�WHUELW�GDQ�NHDVOLDQ�QDVNDK 

6HWLDS�SHQXOLV�\DQJ�PHQJDMXNDQ�QDVNDKQ\D�NH�UHGDNVL�%HULWD�%LRORJL�DNDQ�GLPLQWD�XQWXN�PHQDQGDWDQJDQL�OHPEDU�SHUVHWXMXDQ�\DQJ�EHULVL�KDN�DOLK�
WHUELW�QDVNDK�WHUPDVXN�KDN�XQWXN�PHPSHUEDQ\DN�DUWLNHO�GDODP�EHUEDJDL�EHQWXN�NHSDGD�SHQHUELW�%HULWD�%LRORJL��6HGDQJNDQ�SHQXOLV�WHWDS�EHUKDN�
XQWXN�PHQ\HEDUNDQ�HGLVL�FHWDN�GDQ�HOHNWURQLN�XQWXN�NHSHQWLQJDQ�SHQHOLWLDQ�GDQ�SHQGLGLNDQ���)RUPXOLU�LWX�MXJD�EHULVL�SHUQ\DWDDQ�NHDVOLDQ�QDVNDK��
\DQJ�PHQ\HEXWNDQ�EDKZD�QDVNDK�DGDODK�KDVLO�SHQHOLWLDQ�DVOL��EHOXP�SHUQDK�GDQ�VHGDQJ�GLWHUELWNDQ�GL�WHPSDW�ODLQ� 
 

3HQHOLWLDQ�\DQJ�PHOLEDWNDQ�KHZDQ 

8QWXN�VHWLDS�SHQHOLWLDQ�\DQJ�PHOLEDWNDQ�KHZDQ�VHEDJDL�RE\HN�SHQHOLWLDQ��PDND�VHWLDS�QDVNDK�\DQJ�GLDMXNDQ�ZDMLE�GLVHUWDL�GHQJDQ�¶HWKLFDO�FOHDUDQFH�
DSSURYDOµ�WHUNDLW�DQLPDO�ZHOIDUH�\DQJ�GLNHOXDUNDQ�ROHK�EDGDQ�DWDX�SLKDN�EHUZHQDQJ� 
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