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XWLOL]DWLRQ�DV�SXOS�E\�FKHPL�PHFKDQLFDO�LV�DQ�DOWHUQDWLYH�SURFHVV��(QHUJ\�FRQVXPSWLRQ�ZDV�UHGXFHG�E\�DSSO\LQJ�OLJQLQ�
GHJUDGLQJ� IXQJL� �3KDQHURFKDHWH� FKU\VRVSRULXP�� DV� SUHWUHDWPHQW� LQ� WKH� FKHPL�PHFKDQLFDO� SURFHVV�� 7KLV� SDSHU�
H[DPLQHV�WKH�HIIHFWV�RI �3��FKU\VRVSRULXP�LQFXEDWLRQ�SHULRGV�LQWR�FKHPLFDO�FRPSRQHQWV�DQG�HQHUJ\�UHILQLQJ�FRQVXPSWLRQ�
RI �WHUHQWDQJ�ZRRG��)RXU�SHUFHQW�RI �1D2+�ZDV�XVHG�LQ�WKH�FKHPL�PHFKDQLFDO�SURFHVV��DQG�LQFXEDWLRQ�SHULRGV�VWXGLHG�ZHUH�
���FRQWURO��������DQG���ZHHNV��5HVXOWV�VKRZHG�WKDW�3��FKU\VRVSRULXP�VLJQLILFDQWO\�DIIHFWHG�WKH�ZHLJKW�ORVV��FKHPLFDO�
SURSHUWLHV��DQG�UHILQLQJ�HQHUJ\�FRQVXPSWLRQ�RI �WHUHQWDQJ�ZRRG�SXOSLQJ�SURFHVV��:RRG�FKLS�ZHLJKW�ORVV�ZDV�DERXW�������
�������DQG�DOSKD�FHOOXORVH�UDLVHG�XS�WR��������)LYH�ZHHNV�LQFXEDWLRQ�WLPH�GHFUHDVHG�OLJQLQ�FRQWHQW�XS�WR��������DQG�
VDYHG�WKH�UHILQLQJ�HQHUJ\�XS�WR�������

.H\ZRUGV��,QFXEDWLRQ�SHULRG��3KDQHURFKDHWH�FKU\VRVSRULXP��ELRSXOSLQJ��WHUHQWDQJ

$%675$.

.D\X�WHUHQWDQJ��&DPSQRVSHUPD�DXULFXODWD�+RRN�I��PHPLOLNL�EHUDW�MHQLV�UHQGDK��������VHKLQJJD�VDODK�
VDWX� DOWHUQDWLI � SHPDQIDDWDQQ\D� PHQMDGL� SXOS� DGDODK� GHQJDQ� SURVHV� VHPL�PHNDQLV�� 3HQJXUDQJDQ�
NRQVXPVL� HQHUJL� SDGD� SURVHV� NLPLD�PHNDQLV� GLODNXNDQ� PHQJJXQDNDQ� MDPXU� SHQGHJUDGDVL� OLJQLQ�
�3KDQHURFKDHWH� FKU\VRVSRULXP�� VHEDJDL� SHUODNXDQ� DZDO�� 3HQJRODKDQ� SXOS� VHPL�PHNDQLV� PHQJJXQDNDQ�
1D2+����GDQ�PDVD�LQNXEDVL����NRQWURO���������GDQ���PLQJJX��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�
SHUODNXDQ� 3�� FKU\VRVSRULXP� EHUSHQJDUXK� Q\DWD� WHUKDGDS� NHKLODQJDQ� EHUDW�� NDQGXQJDQ� NLPLD�� GDQ�
NHEXWXKDQ�HQHUJL�UHILQLQJ��.HKLODQJDQ�EHUDW�VHUSLK�ND\X�EHUNLVDU��������������GDQ�SHQLQJNDWDQ�NDGDU�
VHOXORVD�PHQFDSDL��������,QNXEDVL�VHODPD�OLPD�PLQJJX�PHQXUXQNDQ�NDGDU�OLJQLQ�KLQJJD��������GDQ�
PHQJKHPDW�HQHUJL�UHILQLQJ�VHEHVDU�������
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� 6HFDUD�XPXP��ND\X�GHQJDQ�EHUDW�MHQLV�UHQGDK�
OHELK� FRFRN� GLJXQDNDQ� VHEDJDL� EDKDQ� EDNX� SXOS�

VHPL�PHNDQLV�NDUHQD�SHQJXUDLDQ�VHUDWQ\D�� ��UHILQLQJ
OHELK� PXGDK� �&DPHURQ�� ������� .D\X� WHUHQWDQJ�
PHPLOLNL� EHUDW� MHQLV� ����� OHELK� UHQGDK�GDUL� EHUDW�
MHQLV�ND\X�PDQJLXP�������-LND�SURVHV�SXOSLQJ�ND\X�
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PDQJLXP� WHUJRORQJ� PXGDK�� EHUGDVDUNDQ� SHU�
EHGDDQ�EHUDW� MHQLVQ\D��PDND�ND\X�WHUHQWDQJ�DNDQ�
OHELK� PXGDK� GDODP� SURVHV� SXOSLQJQ\D� �5DSK\��
$QRRS��$UXQD��6KHHQD��	�$MD\JKRVK��������
� 3HQJRODKDQ� SXOS� VHPL�PHNDQLV� PHUXSDNDQ�
NRPELQDVL� SHUODNXDQ� NLPLD� ULQJDQ� GDQ� SURVHV�
PHNDQLV��.HOHPDKDQ� GDUL� SURVHV� NLPLD�PHNDQLV�
LQL�DGDODK�SHQJJXQDDQ�HQHUJL�\DQJ�FXNXS�WLQJJL�
XQWXN�SURVHV�UHILQLQJ��6DODK�VDWX�FDUD�PHQJXUDQJL�
NHEXWXKDQ� HQHUJL� SDGD� SHQJRODKDQ� SXOS� VHPL�
PHNDQLV�DGDODK�GHQJDQ�PHPEHUL�SHUODNXDQ�DZDO�
PHQJJXQDNDQ� MDPXU� SHQGHJUDGDVL� OLJQLQ�
�ELRSXOSLQJ��VHEHOXP�SHPDVDNDQ��3HUODNXDQ�MDPXU�
GDSDW�PHQJXUDQJL� NHEXWXKDQ� HQHUJL� UHILQLQJ�GDQ�
SHQJJLOLQJDQ�SDGD� ND\X� VSUXFH� VHEHVDU� ����GDQ�
ND\X�&DUSLQXV�EHWXOXV�VHEHVDU������6FRWW��$NKWDU��
6ZDQH\��	�+RXWPDQ��������.DVPDQL��7DODHLSRXU��
+HPPDVL��0DKGDYL��	�6DPDULKD��������
� ELRSXOSLQJ�3URVHV� ELDVDQ\D� GLODNXNDQ� GHQJDQ�
PHQJJXQDNDQ� MDPXU�SHQGHJUDGDVL� OLJQLQ�VHSHUWL�
3KDQHURFKDHWH� FKU\VRVSRULXP� �.DVPDQL� HW� DO��� ������
GDQ �)HUUD]�&HULSRULRSVLV�VXEYHUPLVSRUD� ��3DUUD��)UHHU��
%DH]D��	�5RGULTXH] 3��FKU\VRVSRULXP����������-DPXU�
OHELK� EDQ\DN� PHQ\HUDQJ� ND\X� GDXQ� OHEDU��MHQLV�
VHGDQJNDQ� &�� VXEYHUPLVSRUD� OHELK� EDQ\DN�
PHQ\HUDQJ� �� VHKLQJJD� SURVHV�ND\X� GDXQ� MDUXP
ELRSXOSLQJ� ND\X� GDXQ� OHEDU� GLVDUDQNDQ�
PHQJJXQDNDQ�3��FKU\VRVSRULXP���)HUUD]�HW�DO����������
6HODLQ� LWX��3�� FKU\VRVSRULXP�PHPLOLNL� NHPDPSXDQ�
KLGXS�SDGD�NLVDUDQ�VXKX�\DQJ�OHEDU�\DLWX������ &�

R

�6LQJK�	�&KHQ��������.DVPDQL�HW�DO���������
� %HUGDVDUNDQ�KDVLO�SHQHOLWLDQ�VHEHOXPQ\D��ODPD�
LQNXEDVL� MDPXU� SDGD� SURVHV� ELDVDQ\D�ELRSXOSLQJ�
DGDODK� ����� PLQJJX� �0HQGRQFD�� )HUUD]��
.RUGDVFKLD�� 	� .RFK�� ������ 3XMLUDKD\X� 	�
0DUVRHP��������<DQJ ����������=KDQ��:DQJ��	�)X
,VWLNRZDWL�	�0DUVRHP��������+XVDLQL�HW�DO���������
.DVPDQL�HW�DO����������3URVHV�ELRGHJUDGDVL�ND\X�
GDODP� SURVHV� PHUXSDNDQ� IXQJVL� GDUL�ELRSXOSLQJ�
ODPD� LQNXEDVL��)HUUD]�HW�DO ������+DWDND�	�ZDNWX� ���
+DPPHO�� ������� 6HPDNLQ� ODPD� ZDNWX� LQNXEDVL��
VHPDNLQ�EDLN�KDVLO�ELRSXOSLQJQ\D��VHSHUWL�SURVHV�
ELRSXOSLQJ�N &HLED�SHQWDQGUD GLODSRUNDQ�D\X�UDQGX�� ��
PHPHUOXNDQ� 3��FKU\VRVSRULXP�ZDNWX�LQNXEDVL�MDPXU�
RSWLPDO� ��� KDUL� XQWXN� OLJQLQ� WHUGHJUDGDVL ��
VHKLQJJD� NDGDU� OLJQLQQ\D� EHUNXUDQJ� VHEHVDU�
��������,VWLNRZDWL�	�0DUVRHP�� ��������7XOLVDQ�
LQL�PHPSHODMDUL�SHQJJXQDDQ�MDPXU�3��FKU\VRVSRULXP�
WHUKDGDS�NHKLODQJDQ�EHUDW��SHUXEDKDQ�NDQGXQJDQ�
NLPLD�� GDQ� NHEXWXKDQ� HQHUJL� SDGD� SXOS�UHILQLQJ�
VHPL�PHNDQLV�ND\X�WHUHQWDQJ�

,,��%$+$1�'$1�0(72'(

$��%DKDQ�GDQ�$ODW

� %DKDQ� EDNX� \DQJ� GLJXQDNDQ� DGDODK� ND\X�
WHUHQWDQJ�\DQJ�EHUDVDO�GDUL�.DEXSDWHQ�.XDQWDQ�
6LQJLQJL�� 3URYLQVL� 5LDX�� VHEDQ\DN� WLJD� SRKRQ�
VHEDJDL� XODQJDQ�� ,VRODW� MDPXU� 3�� FKU\VRVSRULXP�
$PHULFDQ� 7\SH� &XOWXUH� &ROOHFWLRQ� �$7&&�� ������
GLSHUROHK�GDUL�/DERUDWRULXP�0LNURELRORJL��3XVDW�
$QWDU� 8QLYHUVLWDV� �3$8��� 8QLYHUVLWDV� *DGMDK�
0DGD��8*0��XQWXN�SHUODNXDQ�ELRSXOSLQJ��%DKDQ�
NLPLD�XQWXN�DQDOLVD�NLPLD�ND\X��DQWDUD�ODLQ��DVDP�
VXOIDW��+ 62 ���DVDP�DVHWDW�JODVLDO��&+ &22+���� � �

HWDQRO� �& + 2+��� QDWULXP� NORULGD� �1D&O2 ���� � �

1D2+��DVHWRQ��&+ &2&+ ��WHNQLV��GDQ�DTXDGHV��� �

%DKDQ� NLPLD� XQWXN� SHQJRODKDQ� SXOS� VHPL�
PHNDQLV� PHQJJXQDNDQ� 1D2+� ����'LVN� UHILQHU�
�.5.�VHUL����������GLJXQDNDQ�XQWXN�PHQJJLOLQJ��
SXOS�VHEDJDL�SHUODNXDQ�PHNDQLV�

%��0HWRGH�3HQHOLWLDQ

� 3HUVLDSDQ� EDKDQ� EDNX� GLDZDOL� GHQJDQ�
SHPEXDWDQ�VHUSLK�EHUXNXUDQ�� FP�[�� FP�[������ �
FP��NHPXGLDQ�GLXNXU�NDGDU�DLUQ\D��6HEDQ\DN�����J�
%.7� �%HUDW� .HULQJ� 7DQXU�� VHUSLK� WHUHQWDQJ�
GLPDVXNNDQ� NH� GDODP� SODVWLN� GDQ� GLUHQGDP�
GHQJDQ� DLU� VHODPD� ��� MDP�� NHPXGLDQ� GLWLULVNDQ��
6HUSLK� \DQJ� WHODK� GLUHQGDP� VHODQMXWQ\D�
GLVWHULOLVDVL� PHQJJXQDNDQ� SDGD� VXKX�DXWRFODYH�

2
��� &�VHODPD����PHQLW��0HQGRQFD�HW�DO���������
� 3HUVLDSDQ� VXVSHQVL� MDPXU� GLDZDOL� GHQJDQ�
SHUEDQ\DNDQ�MDPXU� PHQJJXQDNDQ�3��FKU\VRVSRULXP�
PHGLD�3'$�VHEDQ\DN����WDEXQJ�UHDNVL��NHPXGLDQ�
GLWHPSDWNDQ�SDGD�LQNXEDWRU�EHUVXKX��� &�VHODPD�

R

�� KDUL�� 3HQJDPELODQ�PLVHOLD� SDGD� VHWLDS� WDEXQJ�
UHDNVL� GLODNXNDQ� GHQJDQ� PHQDPEDKNDQ� ��� P/�
DTXDGHV� VWHULO� \DQJ� PHQJDQGXQJ� GH[WURVH� ����
NHPXGLDQ�GLNRFRN�DJDU�PHGLD�WHUSLVDK��6XVSHQVL�
PLVHOLD�\DQJ�GLJXQDNDQ�XQWXN�PHQGHJUDGDVL�ND\X�
WHUOHELK� GDKXOX� GLKLWXQJ� NRORQL� VSRUD�
PHQJJXQDNDQ� �� -XPODK� VSRUD� SDGD�KHPDF\WRPHWHU
SHQHOLWLDQ� LQL� DGDODK� ����� [� �� � VSRUD�P/��

�

6HEDQ\DN� ��� P/� VXVSHQVL� PLVHOLD� \DQJ�
PHQJDQGXQJ� GH[WURVH� ��� GLPDVXNNDQ� SDGD�
VHUSLK�VWHULO��NHPXGLDQ�GLLQNXEDVL�VHODPD�������GDQ�
�� PLQJJX�� 3HPLOLKDQ� ZDNWX� LQNXEDVL� WHUVHEXW�
EHUGDVDUNDQ�XML�SHQGDKXOXDQ��GLPDQD�LQNXEDVL�����
PLQJJX�PHQXQMXNNDQ�SHUWXPEXKDQ�MDPXU�VXGDK�
PXODL�PHUDWD� �*DPEDU� ���� 6HEDQ\DN� �� J� VHUSLK�
LQRNXODVL� GLWHQWXNDQ� NDGDU� DLUQ\D�� NHPXGLDQ�
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GLSHUROHK� %HUDW� .HULQJ� 7DQXU� �%.7�� VHWHODK�
LQRNXODVL� GDQ� GLKLWXQJ� NHKLODQJDQ� EHUDW� VHVXDL�
3HUVDPDDQ� ��� 6HUSLK� WDQSD� VXVSHQVL� MDPXU�
PHUXSDNDQ�VHUSLK�NRQWURO�

.HKLODQJDQ�EHUDW����� � �[����������� �� ���:��²�:� � !
�����������������������������������������:�
.HWHUDQJDQ�� ��5HPDUNV
:�� �EHUDW�NHULQJ�WDQXU�VHEHOXP�LQRNXODVL��MDPXU�
:�  �EHUDW�NHULQJ�WDQXU�VHWHODK�LQRNXODVL�MDPXU�

� 6HUSLK� SHUODNXDQ� GDQ� NRQWURO� GLDQDOLVD�
NDQGXQJDQ�NLPLDQ\D��$QDOLVD�NDGDU�OLJQLQ�.ODVRQ�
EHUGDVDUNDQ�61,����� �������NDGDU�KRORVHOXORVD���
PHQJDFX�SDGD� %URZQLQJ���������NDGDU�PHWRGH� ¡�

VHOXORVD� VHVXDL� 61,� �������SHQJXMLDQ� GDODP� �
� �������� GDQ� SHQHQWXDQ� KHPLVHOXORVD� PHUXSDNDQ
SHUKLWXQJDQ ¡��VHOLVLK�KRORVHOXORVD�GHQJDQ� VHOXORVD�
� 3HQJRODKDQ�SXOS�VHPL�PHNDQLV�GLDZDOL�GHQJDQ�
VHUSLK� SHUODNXDQ� GDQ� NRQWURO� VHEDQ\DN� ���� J�
GLUHQGDP�PHQJJXQDNDQ�1D2+�����������VHODPD�
���PHQLW��NHPXGLDQ�GLPDVDN�PHQJJXQDNDQ��URWDU\�

R
GLJHVWHU�SDGD�VXKX���� &�VHODPD����PHQLW��6HUSLK�
GLFXFL�GDQ�GLXUDLNDQ�VHUDWQ\D�PHQJJXQDNDQ�GLVN�
UHILQHU� 5HILQLQJ�� GLODNXNDQ� VHEDQ\DN� GXD� NDOL�
SHQJJLOLQJDQ� �+DURHQ�� ������ %LHUPDQ�� �������
6HODPD� SURVHV� GLFDWDW� ZDNWX� \DQJ�UHILQLQJ�
GLEXWXKNDQ��XQWXN�PHQJKLWXQJ�NHEXWXKDQ�HQHUJL�
VHVXDL�GHQJDQ�3HUVDPDDQ�������-RKDQVVRQ��������

&��$QDOLVLV�'DWD

� 6HPXD� SHUODNXDQ� GDQ� SHQJXMLDQ� GLXODQJ�
VHEDQ\DN� �� NDOL�� NHPXGLDQ� GDWD� \DQJ� GLSHUROHK�
GLDQDOLVLV� YDULDQ� GDQ� MLND� EHUEHGD� Q\DWD�

GLODQMXWNDQ� GHQJDQ� XML� 7XNH\�+6'� �+RQHVWO\�
VLJQLILFDQW�GLIIHUHQFH��SDGD�WDUDI ����

3�[�W

��������������������������������
����P

.HWHUDQJDQ�

.�  ��.RQVXPVL�HQHUJL�UHILQLQJ�VSHVLILN��N:K�WRQ�
3  ��NHNXDWDQ� �N:�� UHILQHU� � �����N:
W��  ��ZDNWX��MDP��
P  ��EHUDW�VHUSLK� �����J� ��� �WRQ

��� ����

,,,��+$6,/�'$1�3(0%$+$6$1

$��.HKLODQJDQ�%HUDW

� 5HUDWD� SHUVHQWDVH� NHKLODQJDQ� EHUDW� VHUSLK�
WHUHQWDQJ� VHODPD� LQNXEDVL� ��� ��� GDQ� �� PLQJJX�
GDSDW�GLOLKDW�SDGD�7DEHO����5HUDWD�NHKLODQJDQ�EHUDW�
VHUSLK� WHUHQWDQJ� SDGD� ODPD� LQNXEDVL� �� PLQJJX�
PHQXQMXNNDQ� QLODL� \DQJ� EHUEHGD� GHQJDQ� ODPD�
LQNXEDVL���GDQ���PLQJJX��QDPXQ�ODPD�LQNXEDVL���
PLQJJX� PHPSXQ\DL� QLODL� \DQJ� VDPD� GHQJDQ� ��
PLQJJX�� /DPD� LQNXEDVL� PHPSXQ\DL� KXEXQJDQ�
SRVLWLI � GHQJDQ� NHKLODQJDQ� EHUDW�� 6HPDNLQ� ODPD�
LQNXEDVL�PDND�VHPDNLQ�EDQ\DN�NHKLODQJDQ�EHUDW�
VHUSLK� WHUHQWDQJ�� +DO� LQL� PHQDQGDNDQ� VHPDNLQ�
EDQ\DN�NRPSRQHQ�NLPLD�ND\X�\DQJ�WHUGHJUDGDVL��
.RPSRQHQ� NLPLD� ND\X� \DQJ� WHUGHJUDGDVL� ROHK�
EHEHUDSD�MDPXU�EXVXN�SXWLK�DGDODK�VHQ\DZD�OLJQLQ�
GDQ� KHPLVHOXORVD� �,VWHN�� 6LYULND\D�� (URJOX�� 	�
*XOVR\��������
� .HKLODQJDQ�EHUDW�SDGD�ODPD�LQNXEDVL�������GDQ���
PLQJJX� EHUWXUXW�WXUXW� DGDODK� ����� � ����� � GDQ�� �
��������7DEHO�����/DPD�LQNXEDVL���GDQ���PLQJJX�
PHPSXQ\DL� NHKLODQJDQ� EHUDW� \DQJ� OHELK� EHVDU�

7DEHO����5HUDWD�NHKLODQJDQ�EHUDW�VHUSLK�WHUHQWDQJ�VHWHODK�LQRNXODVL�1��DISZTPTQPSJVN��Q ��
5BCMF����5IF�BWFSBHF�XFJHIU�MPTT�BGUFS�1��DISZTPTQPSJVN�JOPDVMBUJPO�	O��
 �

/DPD�LQNXEDVL��PLQJJX�
3HULRG�RI �LQFXEDWLRQ��ZHHNV�

�

%HUDW�DZDO
�,QLWLDO�ZHLJKW��J�

%HUDW�DNKLU�
�)LQDO�ZHLJKW��J��

�

.HKLODQJDQ�EHUDW
�:HLJKW�ORVV���� �

�

��

����

������ � ����������D �

�� ������ � ����������E ��

�
�

������
�

����������E �

.HWHUDQJDQ��5HPDUNV����$QJND�\DQJ�GLLNXWL�ROHK�KXUXI �\DQJ�VDPD�WLGDN�EHUEHGD�Q\DWD�SDGD�XML�7XNH\�S���������1XPEHUV�
IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRQ�VLJQLILFDQWO\�GLIIHUHQW��7XNH\
V�WHVW�S��������

�������������������� ���!.� 
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GLEDQGLQJNDQ� GHQJDQ� ODPD� LQNXEDVL� �� PLQJJX��
+DO� LQL� GLVHEDENDQ� ROHK� SHUWXPEXKDQ� PLVHOLD�
MDPXU�\DQJ�VHPDNLQ�OXDV�GDQ�EDQ\DN�VHWHODK���GDQ�
�� PLQJJX�� VHKLQJJD� DNWLYLWDV� GHJUDGDVLQ\D� MXJD�
VHPDNLQ�WLQJJL��VHSHUWL�\DQJ�WHUOLKDW�SDGD�*DPEDU�
����0HQXUXW�.LUN��5LFKDUG��GDQ�-RKQ��������HQ]LP�
SHURNVLGDVH� �0Q3�0DQJDQ� SHURNVLGDVH� GDQ�
/L3�/LJQLQ� 3HURNVLGDVH�� \DQJ� EHUSHUDQ� GDODP�
SURVHV� GHJUDGDVL� OLJQLQ� GLVHNUHVLNDQ� VHEDQGLQJ�
GHQJDQ�SHUWXPEXKDQ�PLVHOLD�
� -HQLV� ND\X� \DQJ� EHUEHGD� ELOD� GLLQRNXODVLNDQ�
GHQJDQ� MDPXU� GDSDW� PHQJKDVLONDQ� NHKLODQJDQ�
EHUDW� \DQJ� EHUEHGD� PHVNLSXQ� MHQLV� MDPXU� \DQJ�
GLLQRNXODVLNDQ� DGDODK� VDPD�� 6HUSLK� KRUQEHDP�
�&DUSLQXV� EHWXOXV� 3��� \DQJ� GLLQRNXODVL� MDPXU�
FKU\VRVSRULXP�VHODPD���PLQJJX�PHPLOLNL�SHUVHQWDVH�
NHKLODQJDQ�EHUDW���������.DVPDQL� ����������HW�DO
6HODLQ� KRUQEHDP�� ND\X� MDWL� EDJLDQ� JXEDO� \DQJ�
WHODK�GLLQRNXODVL�MDPXU� VHODPD����3��FKU\VRVSRULXP�
KDUL�PHQJDODPL�NHKLODQJDQ�EHUDW��������� �.R\DQL
	� 5DMSXW�� ������� 1LODL� NHKLODQJDQ� EHUDW� NHGXD�
MHQLV� ND\X� WHUVHEXW� OHELK� NHFLO� GLEDQGLQJNDQ�
GHQJDQ�NHKLODQJDQ�EHUDW�VHUSLK�WHUHQWDQJ��+DO�LQL�
GLGXJD� GLVHEDENDQ� ROHK� SHUEHGDDQ� EHUDW� MHQLV�
ND\X� WHUVHEXW�� .D\X� GHQJDQ� EHUDW� MHQLV� UHQGDK�
PHPLOLNL� SRUL� \DQJ� OHELK� EHVDU� DWDX� OHELK�
EDQ\DN� GLEDQGLQJNDQ� ND\X� GHQJDQ� EHUDW� MHQLV�
WLQJJL��%HUDW�MHQLV�ND\X�JXEDO�MDWL�GDQ�KRUQEHDP�
EHUWXUXW�WXUXW� DGDODK� ���������� �3HUWLZL�� ������

GDQ������������6DPDULKD���������VHGDQJNDQ�EHUDW�
MHQLV�WHUHQWDQJ�SDGD�SHQHOLWLDQ�LQL�DGDODK�����

%��.DQGXQJDQ�.LPLD�.D\X�7HUHQWDQJ

� 5HUDWD� NRPSRQHQ� NLPLD� ND\X� VHEHOXP� GDQ�
VHWHODK� SHUODNXDQ� LQRNXODVL� GHQJDQ� MDPXU� 3��
FKU\VRVSRULXP� VHODPD� ��� ��� GDQ� �� PLQJJX� VHUWD�
SHUXEDKDQ�\DQJ�WHUMDGL�GLWXQMXNNDQ�SDGD�7DEHO���
GDQ�7DEHO� ��� 7DEHO� ��PHQXQMXNNDQ� EDKZD� SHU�
ODNXDQ�ODPD�LQNXEDVL�EHUSHQJDUXK�Q\DWD�WHUKDGDS�
NDQGXQJDQ� OLJQLQ�� KRORVHOXORVD�� ¡�VHOXORVD�� GDQ�
EHUSHQJDUXK�WLGDN�Q\DWD�WHUKDGDS�KHPLVHOXORVD�
� 3HUEDQGLQJDQ� NDGDU�¡�VHOXORVD� GHQJDQ� NDGDU�
OLJQLQ� PHUXSDNDQ� SHUEDQGLQJDQ� NDGDU� DNWXDO�
XQWXN� NHGXD� NRPSRQHQ� LQL�� 6HUSLK� \DQJ� GLEHUL�
SHUODNXDQ� MDPXU� PHPLOLNL� SHUEDQGLQJDQ� ¡�
VHOXORVD�WHUKDGDS�OLJQLQ�OHELK�WLQJJL�GLEDQGLQJNDQ�
GHQJDQ� NRQWURO�� +DO� LQL� PHQXQMXNNDQ� EDKZD�
MDPXU� PHQJJXQDNDQ� OLJQLQ� \DQJ� OHELK� EDQ\DN�
GLEDQGLQJNDQ� ¡�VHOXORVD� XQWXN� SHUWXPEXKDQ�
PLVHOLD��,UDZDWL�HW�DO���������
� 7DEHO���PHQXQMXNNDQ�EDKZD�SHUODNXDQ�GHQJDQ�
3�� FKU\VRVSRULXP�PHQJDNLEDWNDQ�SHQXUXQDQ�NDGDU�
OLJQLQ�ELOD�GLEDQGLQJNDQ�NRQWURO��6HFDUD�VWDWLVWLN�
NDGDU� OLJQLQ� VHUSLK� WHUHQWDQJ� VHWHODK� SHUODNXDQ�
ODPD�LQNXEDVL�������GDQ���PLQJJX�PHPLOLNL�QLODL�
\DQJ� WLGDN�EHUEHGD�Q\DWD��$UWLQ\D� WLGDN�DGD� ODJL�
SHQXUXQDQ� NDGDU� OLJQLQ� \DQJ� VLJQLILNDQ� VHWHODK�
LQNXEDVL���PLQJJX��+DO�LQL�MXJD�WHUMDGL�SDGD�ND\X�

��PLQJJX
��ZHHNV�

� ��PLQJJX
���ZHHNV�

������������ ��PLQJJX
���ZHHNV�

�����������

*DPEDU����3HUWXPEXKDQ�PLVHOLD�1��DISZTPTQPSJVN�SDGD�VHUSLK�WHUHQWDQJ

'JHVSF����5IF�HSPXUI�PG�1��DISZTPTQPSJVN�NZDFMJB�PO�UFSFOUBOH�XPPE�DIJQT



���

)DJXV� RULHQWDOLV�� GLPDQD� NDGDU� OLJQLQ� WLGDN� ODJL�
PHQJDODPL�SHQXUXQDQ�VHWHODK�GLLQNXEDVL�GHQJDQ�
3��FKU\VRVSRULXP�VHODPD�OHELK�GDUL����KDUL�KLQJJD����
KDUL� �,VWHN� HW� DO��� ������� )HQRPHQD� NHGXD� MHQLV�
ND\X� WHUVHEXW� PHQJLQGLNDVLNDQ� EDKZD� MDPXU� 3��
FKU\VRVSRULXP� �WLGDN�VHOHNWLI �WHUKDGDS�OLJQLQ�GL DWDV�
LQNXEDVL����KDUL�
� %HEHUDSD� SHQHOLWLDQ� WHUGDKXOX� SDGD� ND\X�
VHQJRQ�� UDQGX�� GDQ� KRUQEHDP \DQJ� GLLQNXEDVL��
VHODPD� ��� KDUL� GHQJDQ� MDPXU� 3�� FKU\VRVSRULXP�
PHQXQMXNNDQ� SHQJXUDQJDQ� NDGDU� OLJQLQ� \DQJ�
EHUEHGD��6HQJRQ�PHQJDODPL�SHQJXUDQJDQ�NDGDU�
OLJQLQ� VHEHVDU� � ���� �3XMLUDKD\X� � 0DUVRHP��� 	
�������VHGDQJNDQ�UDQGX�PHQJDODPL�SHQJXUDQJDQ�
NDGDU� OLJQLQ� VHEHVDU� ������ �,V NRZDWL� �WL 	
0DUVRHP�� ������� GDQ� KRUQEHDP PHQJDODPL��
SHQJXUDQJDQ� NDGDU� OLJQLQ� VHEHVDU� �������
�7DODHLSRXU� ��� ������ .DVPDQL� ��� �������HW� DO HW� DO
1LODL� GHJUDGDVL� OLJQLQ� ND\X� VHQJRQ�� UDQGX�� GDQ�
KRUQEHDP� OHELK� NHFLO� ELOD� GLEDQGLQJNDQ� GHQJDQ�
KDVLO�SHQHOLWLDQ�LQL ���7DEHO���GDQ�7DEHO���

� DGDU� KRORVHOXORVD� ND\X� WHUHQWDQJ� VHWHODK�.
GLEHUL� SHUODNXDQ� MDPXU� VHODPD� ��3�� FKU\VRVSRULXP�
PLQJJX�EHUEHGD�GHQJDQ�ODPD�LQNXEDVL���PLQJJX��
VHGDQJNDQ� NDGDU� KRORVHOXORVD� ND\X� WHUHQWDQJ�
VHWHODK� GLEHUL� SHUODNXDQ� MDPXU� �3�� FKU\VRVSRULXP�
VHODPD���PLQJJX�PHPSXQ\DL�QLODL�VDPD�GHQJDQ���
PLQJJX�GDQ� RQWURO ��+DO�LQL�GLVHEDENDQ�N ��7DEHO���
NDUHQD�MDPXU�WHUOHELK�GDKXOX�PHQGHJUDGDVL�OLJQLQ�
VHKLQJJD� SHUVHQWDVH� KRORVHOXORVD� SDGD� ND\X�
PHQLQJNDW�
� 3DGD�SHQHOLWLDQ�LQL�GLGXJD�MDPXU�3� FKU\VRVSRULXP��
$7&&� ������ \DQJ� GLJXQDNDQ� PHPLOLNL� VLIDW�
VLPXOWDQ� GDODP�PHQGHJUDGDVL� GLQGLQJ� VHO� ND\X��
\DQJ� PHQ\HEDENDQ� DGDQ\D� SHQXUXQDQ� NDGDU�
KRORVHOXORVD�� -DPXU� EXVXN� SXWLK� GDSDW�
PHPSXQ\DL�SROD�VLPXOWDQ��QRQ�VHOHNWLI��WHUKDGDS�
GHJUDGDVL� VHO�� DUWLQ\D� MDPXU� EXVXN� SXWLK� VHODLQ�
PHQGHJUDGDVL� OLJQLQ�� MXJD� GDSDW� PHQGHJUDGDVL�
VHOXORVD� GDQ� KHPLVHOXORVD� �*DPDXI�� 0HW]�� 	�
6HLERWK����������6HODLQ�SROD�VLPXOWDQ��MDPXU�EXVXN�
SXWLK� MXJD� PHPLOLNL� SROD� \DQJ� KDQ\D� VHOHNWLI �

7DEHO����.DQGXQJDQ�NLPLD�����GDQ�SHUEDQGLQJDQ�&�/�ND\X�WHUHQWDQJ��Q ��
5BCMF�����5IF�DIFNJDBM�DPNQPOFOU�	�
�BOE�$�-�SBUJP�PG�UFSFOUBOH�XPPE�	O��


/DPD�LQNXEDVL��PLQJJX��
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�
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$OID�VHOXORVD�
�$OSKD�FHOOXORVH��

�&���

+HPLVHOXORVD�
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.HWHUDQJDQ��5HPDUNV����$QJND�\DQJ�GLLNXWL�ROHK�KXUXI �\DQJ�VDPD�WLGDN�EHUEHGD�Q\DWD�SDGD�XML�7XNH\�S���������1XPEHUV�IROORZHG�
E\�WKH�VDPH�OHWWHU�DUH�QRQ�VLJQLILFDQWO\�GLIIHUHQW��7XNH\
V�WHVW�S��������
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5BCMF����$IFNJDBM�DPOUFOU�DIBOHF�PG�UFSFOUBOH�DIJQT�BGUFS�3��FKU\VRVSRULXP�JOPDVMBUJPO��	�
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/DPD�LQNXEDVL��PLQJJX��
�,QFXEDWLRQ�SHULRG��ZHHNV� /LJQLQ�

+RORVHOXORVD�
�+RORFHOOXORVH��

$OID�VHOXORVD�
�$OSKD�FHOOXORVH���
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.HWHUDQJDQ��5HPDUNV���WDQGD�PLQXV��QHJDWLYH������ �SHQJXUDQJDQ�SHUVHQWDVH�NDQGXQJDQ��NLPLD��UHGXFWLRQ�RI�FKHPLFDO�FRQWHQW�
� WDQGD�SRVLWLI ��SRVLWLYH������ �SHQLQJNDWDQ�SHUVHQWDVH�NDQGXQJDQ��NLPLD��LQFUHDVH�RI �FKHPLFDO�FRQWHQW�

3HQJJXQDDQ� SDGD�3HQJRODKDQ�3XOS�%LR�VHPL�PHNDQLV�.D\X�7HUHQWDQJ3KDQHURFKDHWH�FKU\VRVSRULXP�
�<HQL�$SULDQLV��'HQQ\�,UDZDWL��	�6UL�1XJURKR�0DUVRHP�
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3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����6HSWHPEHU��������������

PHQGHJUDGDVL� OLJQLQ�� 3ROD� SHPEXVXNDQ� MDPXU�
EXVXN�SXWLK�DGDODK�WHUJDQWXQJ�SDGD�VWUDLQ� MDPXU�
GDQ� VXEVWUDW� \DQJ� GLJXQDNDQ� �*DPDXI � HW� DO���
������
� :DNWX� LQNXEDVL� \DQJ� VHPDNLQ� ODPD�
PHQ\HEDENDQ�SHQXUXQDQ�NDGDU�KRORVHOXORVD�\DQJ�
EHVDU�� VHKLQJJD� NDGDU� KRORVHOXORVD� PHQMDGL�
VHPDNLQ� UHQGDK� �7DEHO� � GDQ� 7DEHO� ��� 6HWHODK�� �
LQNXEDVL� �� GDQ� �� PLQJJX� SHUVHQWDVH� NDGDU�
KRORVHOXORVD�OHELK�WLQJJL�������������GLEDQGLQJ�
NRQWURO�� QDPXQ� VHWHODK� GLLQNXEDVL� VHODPD� ��
PLQJJX� WHUMDGL� SHQXUXQDQ� NDGDU� KRORVHOXORVD�
VHEHVDU� �������+DO� LQL� GLVHEDENDQ� MDPXU�PXODL�
PHQJNRQVXPVL� NDUERKLGUDW� \DQJ� DGD�SDGD�ND\X�
GLVDDW� NHWHUVHGLDDQ� JOXNRVD� ��� VHPDNLQ�
EHUNXUDQJ�GHQJDQ�PHQLQJNDWQ\D�ZDNWX�LQNXEDVL�
� 1LODL� NDGDU� KRORVHOXORVD� VHUSLK� WHUHQWDQJ�
VHWHODK� GLLQNXEDVL� VHODPD� ��� ��� GDQ� �� PLQJJX�
GHQJDQ� MDPXU� EHUNLVDU� DQWDUD�3�� FKU\VRVSRULXP�
�������������� +DVLO� SHQHOLWLDQ� ,V NRZDWL� GDQ�WL
0DUVRHP��������SDGD�ND\X�UDQGX�\DQJ�GLLQNXEDVL�
VHODPD���������GDQ����KDUL�GHQJDQ�MDPXU�\DQJ�VDPD�
PHPSXQ\DL�NDGDU�KRORVHOXORVD�VHEHVDU�����������
1LODL� NDGDU� KRORVHOXORVD� VHUSLK� WHUHQWDQJ� OHELK�
EHVDU�GLEDQGLQJNDQ�GHQJDQ�ND\X� UDQGX��+DO� LQL�
GLVHEDENDQ� ROHK� SHUEHGDDQ� MHQLV� ND\X�VXEVWUDW�
\DQJ� GLJXQDNDQ� GDQ� WLQJNDW� NHVHOHNWLIDQ� MDPXU�
WHUKDGDS� �OLJQLQ
� 3HUVHQWDVH�NDGDU� VHOXORVD�NRQWURO� ���������¡�
OHELK� UHQGDK� GLEDQGLQJNDQ� GHQJDQ� NDGDU� ¡�
VHOXORVD�VHWHODK�GLEHUL�SHUODNXDQ�LQNXEDVL�������GDQ�
��PLQJJX� \DLWX� EHUWXUXW�WXUXW� �������� ��������
GDQ����������7LQJJLQ\D�NDGDU�¡�VHOXORVD�SDGD���
PLQJJX� GLNDUHQDNDQ� MDPXU� LQL� OHELK� VHOHNWLI �
PHQGHJUDGDVL� OLJQLQ� SDGD� LQNXEDVL� �� PLQJJX��
VHKLQJJD�SHUVHQWDVH�¡�VHOXORVDPHQLQJNDW��QDPXQ��
GLDWDV���PLQJJX�NHPDPSXDQ�PHQGHJUDGDVL�OLJQLQ�
EHUNXUDQJ��VHKLQJJD�MDPXU�PHPSHUROHK�PDNDQDQ�
JXOD�GDUL�VHOXORVD�� GDU�¡�7LQJJLQ\D�SHUVHQWDVH�ND
VHOXORVD� PHUXSDNDQ� KDO� \DQJ� GLLQJLQNDQ� GDODP�
SHQJHUMDDQ�SXOS�
� %LOD� GLEDQGLQJNDQ� GHQJDQ� SHQHOLWLDQ�
VHEHOXPQ\D��ND\X�UDQGX�GDQ�VHQJRQ�\DQJ�GLEHUL�
SHUODNXDQ� PHQJDODPL�SHQXUXQDQ�3�� FKU\VRVSRULXP�
SHUVHQWDVH� NDGDU� �VHOXORVD� �,VWLNRZDWL� 	�¡

0DUVRHP�� ������3XMLUDKD\X�	�0DUVRHP�� �������
+DO� LQL� GLGXJD� GLVHEDENDQ� LQRNXODVL� 3��
FKU\VRVSRULXP�SDGD�ND\X�UDQGX�GDQ�VHQJRQ�WDQSD�
DGDQ\D� SHQDPEDKDQ� QXWULVL� JOXNRVD�� VHKLQJJD�
SDGD� SURVHV� LQNXEDVL� VHOXORVD� MXJD� LNXW�

WHUGHJUDGDVL�� +DVLO� SHQHOLWLDQ� 6LQJK� GDQ� &KHQ�
�������PHQ\DWDNDQ� EDKZD� GHQJDQ� SHQDPEDKDQ�
JOXNRVD� ��� �E�Y�� GDSDW� PHQLQJNDWNDQ� NLQHUMD�
HQ]LP�OLJQROLWLN�
� 7DEHO� PHQXQMXNNDQ� EDKZ�� D� SHUODNXDQ� 3��
FKU\VRVSRULXP� EHUSHQJDUXK� WLGDN� Q\DWD� WHUKDGDS�
NDGDU�KHPLVHOXORVD��ZDODXSXQ�NDGDU�KHPLVHOXORVD�
WHUHQWDQJ� FHQGHUXQJ� PHQXUXQ� VHEHVDU� �������
VHWHODK� LQNXEDVL� VHODPD� �� PLQJJX �� �7DEHO� ����
3HQXUXQDQ�NDGDU�KHPLVHOXORVD�WHUMDGL�SDGD�ODPD�
LQNXEDVL���GDQ���PLQJJX��+DO�LQL�GLVHEDENDQ�SDGD�
ODPD� LQNXEDVL� WHUVHEXW� MDPXU� PHPEXWXKNDQ�
NDUERKLGUDW�� NDUHQD� NHWHUVHGLDDQ� JOXNRVD� ���
VHPDNLQ� EHUNXUDQJ� GHQJDQ� PHQLQJNDWQ\D� ODPD�
LQNXEDVL�� 3HUVHQWDVH� NDGDU� KHPLVHOXORVD�
EHUSHQJDUXK� WLGDN� Q\DWD� VHWHODK� SHUODNXDQ� 3��
FKU\VRVSRULXP�PHUXSDNDQ�VHVXDWX�\DQJ�GLLQJLQNDQ�
GDODP�SHQJRODKDQ�SXOS��DUWLQ\D�KHPLVHOXORVD�WLGDN�
PHQJDODPL�SHUXEDKDQ�GHQJDQ�DGDQ\D�SHUODNXDQ�
3�� FKU\VRVSRULXP� VHODPD� �� PLQJJX�� +HPLVHOXORVD�
EHUSHUDQ� SDGD� NHNXDWDQ� WDULN� NHUWDV� �)HQJHO� 	�
:HJHQHU�� ������� 3HQXUXQDQ� NDGDU� KHPLVHOXORVD�
VHUSLK�WHUHQWDQJ�OHELK�NHFLO�GLEDQGLQJNDQ�GHQJDQ�
VHQJRQ�� 0HQXUXW� :LGMD\D� �� ������� VHQJRQ�HW� DO
\DQJ� GLLQNXEDVL� VHODPD� ��� KDUL�3�� FKU\VRVSRULXP�
PHPLOLNL�SHQJXUDQJDQ�NDGDU�KHPLVHOXORVD�VHEHVDU�
����
� $SOLNDVL�3��FKU\VRVSRULXP�SDGD�WHUHQWDQJ�XQWXN�
NHSHUOXDQ� EDKDQ� EDNX� SXOS� OHELK� EDLN� ELOD�
GLEDQGLQJNDQ� GHQJDQ� KDVLO� SHQHOLWLDQ� , WLV NRZDWL�
GDQ�0DUVRHP ���� 3XMLUDKD\X� GDQ�0DUVRHP� � ��� �
� � � � ������ � :LGMD\D�� $GUL\DQL�� GDQ� 3UDWDPL� ����
SDGD� ND\X� VHQJRQ� PDXSXQ� UDQGX�� +DO� LQL�
GLNDUHQDNDQ� SHUVHQWDVH� NHKLODQJDQ� OLJQLQ� GDQ�
SHQLQJNDWDQ� NDGDU� ¡�VHOXORVD� OHELK� EHVDU� ELOD�
GLEDQGLQJNDQ� ND\X� VHQJRQ� GDQ� UDQGX�� 6HODLQ�
GLVHEDENDQ� ROHK� SHUEHGDDQ� MHQLV� ND\X� MXJD�
GLVHEDENDQ� DGDQ\D� SHQDPEDKDQ� QXWULVL� JOXNRVD�
SDGD�VHUSLK�WHUHQWDQJ�

&��(QHUJL�3FGJOJOH

� 3URVHV� UHIHQLQJ� PHUXSDNDQ� SHQJXUDLDQ� VHUDW�
�VHOXORVD��GDUL�LNDWDQ�OLJQLQ�PHODOXL�PHNDQLV��3DGD�
SHQJRODKDQ�SXOS�VHPL�PHNDQLV��UHUDWD�NHEXWXKDQ�
HQHUJL� UHILQLQJ� GDQ� SHQJKHPDWDQ� HQHUJL� GDSDW�
GLOLKDW�SDGD�7DEHO� ��� �.HEXWXKDQ� HQHUJL� UHILQLQJ�
SDGD� NRQWURO� PHPLOLNL� QLODL� VDPD� GHQJDQ�
SHUODNXDQ�ODPD�LQNXEDVL���PLQJJX�GDQ�OHELK�EHVDU�
ELOD�GLEDQGLQJNDQ�GHQJDQ�VDPSHO�\DQJ�WHODK�GLEHUL�
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.HWHUDQJDQ��5HPDUNV����$QJND�\DQJ�GLLNXWL�ROHK�KXUXI �\DQJ�VDPD�WLGDN�EHUEHGD�Q\DWD�SDGD�XML�7XNH\�S���������1XPEHUV�IROORZHG�
E\�WKH�VDPH�OHWWHU�DUH�QRQ�VLJQLILFDQWO\�GLIIHUHQW��7XNH\
V�WHVW�S��������

SHUODNXDQ� MDPXU� GHQJDQ� ODPD� LQNXEDVL� �� GDQ� ��
PLQJJX��+DO� LQL�GLNDUHQDNDQ� VHUSLK�ND\X�EHOXP�
GLXUDL� ROHK� MDPXU� VHKLQJJD� VHUSLK� PDVLK� NHUDV�� �
1DPXQ�SDGD�VDPSHO�\DQJ�WHODK�GLLQNXEDVL�MDPXU�
VHODPD� �� GDQ� �� PLQJJX�� NHEXWXKDQ� HQHUJLQ\D�
PHQMDGL� VHPDNLQ� VHGLNLW�� $GDQ\D� SHUEHGDDQ�
DQWDUD� NDQGXQJDQ� OLJQLQ� GDQ� NHEXWXKDQ� HQHUJL�
UHILQLQJ�SDGD� VHWLDS� SHULRGH� LQNXEDVL� GLVHEDENDQ�
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SHQJKHPDWDQ� HQHUJL� LQL� OHELK� NHFLO� GLEDQGLQJ�
NDQ� \DQJ� GLODSRUNDQ� 6FRWW� HW� DO�� ������� \DLWX�
VHEHVDU� ����� 3HUEHGDDQ� LQL� GLVHEDENDQ� ROHK�
SHUEHGDDQ� MHQLV� ND\X�PDXSXQ� MHQLV� MDPXU� \DQJ�
GLJXQDNDQ��

,9���.(6,038/$1

� 3�� FKU\VRVSRULXP�3HQJJXQDDQ� SDGD�SHQJRODKDQ�
SXOS� ELR�VHPL�PHNDQLV� ND\X� WHUHQWDQJ� WHODK�
PHPEHULNDQ� NHXQWXQJDQ� EHUXSD� SHQJKHPDWDQ�
HQHUJL� GDODP� SURVHV� UHILQLQJ�� ZDODXSXQ�
PHPEXWXKNDQ�ZDNWX�XQWXN� LQNXEDVL��3HUODNXDQ�
3�� FKU\VRVSRULXP UHILQLQJ�� GDSDW� PHQJKHPDW� HQHUJL�
KLQJJD��������

'$)7$5�3867$.$

%LHUPDQ�� &�-�� ���� ��� � +DQGERRN� RI � SXOSLQJ� DQG�
QG

SDSHUPDNLQJ� ��� �HG����&DOLIRUQLD �$FDGHPLF�
3UHVV�

%URZQLQJ �% /�� ���� ���� � � � �0HWKRGV�RI �ZRRG�FKHPLVWU\�
,, ����1HZ�<RUN :LVFRQVLQ�,QWHUVFLHQFH�

&DPHURQ��-�+� ���� � � ���� � � 0HFKDQLFDO�SXOSLQJ��3XOSLQJ
(OVHYLHU�/WG�

)HQJHO '��� 	� :HJHQHU�� *�� �������� .LPLD����
XOWUDVWUXNWXU�� UHDNVL�UHDNVL�ND\X��<RJ\DNDUWD��
*DGMDK�0DGD�8QLYHUVLW\�3UHVV�

)HUUD]�� $��� 3DUUD�� &��� )UHHU�� -��� %DH]D�� -��� 	�
5RGUtJXH]�� -�� �������� &KDUDFWHUL]DWLRQ� RI �
ZKLWH�]RQHV�SURGXFHG�RQ� �ZRRG�3LQXV�UDGLDWD
FKLSV�E\� �DQG�*DQRGHUPD�DXVWUDOH &HULSRULRSVLV�
VXEYHUPLVSRUD :RUOG� -RXUQDO� RI � 0LFURELRORJ\���
DQG� %LRWH FKQRORJ \ ��� � ��� � � ���²�����
KWWS���GRL�RUJ���������$�������������
��

*DPDXI�� &��� 0HW]�� %��� 	� 6HLERWK�� %�� ��������
'HJUDGDWLRQ�RI �SODQW�FHOO�ZDOO�SRO\PHUV�E\�
IXQJL� � (QYLU RQPHQWDO � DQG� 0LFU RELDO �
5HODWLRQVKLSV���7KH�0\FRWD�,9�����²����

+DURHQ�� :�.�� � ��� 3XOS� 7HUPR� 0HNDQLV�����
�703��GDQ�.LPLD�7HUPR�0HNDQLV��&703��
GDUL� OLPEDK� EDWDQJ� NHQDI �� 7URSLFDO� :RRG�
6FLHQFH�DQG�7HFKQRORJ\��������������

+DWDNND�� $��� 	� +DPPHO�� .�(�� �������� )XQJDO�
ELRGHJUDGDWLRQ� RI � OLJQRFHOOXORVHV�� 'DODP�

3HQJJXQDDQ� SDGD�3HQJRODKDQ�3XOS�%LR�VHPL�PHNDQLV�.D\X�7HUHQWDQJ3KDQHURFKDHWH�FKU\VRVSRULXP�
�<HQL�$SULDQLV��'HQQ\�,UDZDWL��	�6UL�1XJURKR�0DUVRHP�



���

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����6HSWHPEHU��������������

0��+ROULFKWHU��(GV���7KH�0\FRWD�;�LQGXVWULDO�
DSSOLFDWLRQV��� � �HG����%HUOLQ��6SULQJHU���+DO��

QG

���������

+XVDLQL��$���	�)LVRO��)����������/LJQRFHOOXORO\WLF�
HQ]\PHV� SURGXFHG� E\� WURSLFDO� ZKLWH� URW�
IXQJL�GXULQJ�ELRSXOSLQJ�RI �$FDFLD�PDQJLXP�
ZRRG�FKLSV�� ��-RXUQDO�RI �%LRFKHPLFDO�7HFKQRORJ\
���������²����

-RKDQVVRQ��/���+LOO� �*RUVNL � �$[HOVVRQ ���-�� ��'�� 	 ��3
��������,PSURYHPHQW�RI �HQHUJ\�HIILFLHQF\�
LQ� 703� UHILQLQJ� E\� VHOHFWLYH� ZRRG�
GLVLQWHJUDWLRQ�DQG� WDUJHWHG�DSSOLFDWLRQ�RI �
FKHPLFDOV�� 1RUGLF� 3XOS� DQG� 3DSHU� 5HVHDUFK�
- R X U Q D O � �� � � � � � � � � � � ² � � � � �
KWWS���GRL�RUJ���������1335-���������
���S��������

,UDZDWL��'���+D\DVKL &���7DNDVKLPD <���:HGDWDPD�� �� ��
6���,VKLJXUL )���/L]XND .���<RVKL]DZD 1� � ��� �� �� � 	
<RNRWD 6�� ���� ��&XOWLYDWLRQ�RI �WKH�HGLEOH�� � �
PXVKURRP�EDVHG�VXEVWUDWH�PDGH�RI �WKHUHH�
,QGRQHVLDQ�FRPPHUVLDO�SODQWDWLRQ�VSHFLHV��
)DOFDWDULD� PROXFFDQD�� 6KRUHD� VS��� DQG�7HFWRQD�
JUDQGLV� ������0LFRORJLD�$SOLFDGD�,QWHUQDWLRQDO����
�������

,VWHN��$���6LYULND\D��+���(URJOX��+���	�*XOVR\��6�.��
������ � � % LRGHJ UDGDW LRQ� RI � $E L H V �
ERUQPXOOHULDQD )DJXV� RULHQWDOLV� �0DWWI��� DQG� �
�/��� E\� WKH� ZKLWH� URW� IXQJXV�3KDQHURFKDHWH�
FKU\VRVSRULXP ,QWHUQDWLRQDO�%LRGHWHULRUDWLRQ�DQG���
% L R G H J U D G D W L R Q � �� � � � � � � � � ² � � � �
KWWS���GRL�RUJ���������M�LELRG�����������
��

,VWLNRZDWL�� :�7�� 0DUVRHP 6�1�� ���� ��� 	� �� � �
3HQJDUXK� LQRNXODVL� MDPXU� 3KDQHURFKDHWH�
FKU\VRVSRULXP� �%XUGV WHUKDGDS� NLPLD� ND\X�
UDQGX *DHUWQ���� �&HLED� SHQWDQGUD� 6DLQV� GDQ�
7HUDSDQ�.LPLD� �� �������������

.DVPDQL�� -�(��� 7DODHLSRXU��0��� +HPPDVL�� $�+���
0DKGDYL�� 6��� 	� 6DPDULKDG�� $�� ��������
%LRFKHPLPHFKDQLFDO�SXOSLQJ�RI �KRUQEHDP�
FKLSV� ZLWK� 3KDQHURFKDHWH� FKU\VRVSRULXP��
%LR5HVRXUFHV ��� ���������²�����

.LUN��7�.���%XUJHVV��5���	�.RQLQJ�-U��� -�� ��������
8VH�RI �IXQJL�LQ�SXOSLQJ�ZRRG��$Q�RYHUYLHZ�
RI �ELRSXOSLQJ�UHVHDUFK��)URQWLHUV�LQ�,QGXVWULDO�
0\FRORJ\� 6(� �� ��� ��²����� KWWS���GRL�RUJ��
�������������������������B��

.R\DQL�� 5�'��� 	� 5DMSXW�� .�6�� �������� /LJKW�
PLFURVFRSLF�DQDO\VLV�RI � �/�I��7HFWRQD�JUDQGLV
ZRRG� LQRFXODWHG� ZLWK� � DQG�,USH[� ODFWHXV
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