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9LVXDOLVDVL�$OLUDQ�8GDUD�SDGD�.RWDN�.RQYHNVL�8GDUD�

0HQJJXQDNDQ�$GDSWLYH�)LQLWH�(OHPHQW�0HWKRG 

6D\DKGLQ�$OIDW���$EGLQ���5RVOLDQD�(VR��� 

 
�-XUXVDQ�3HQGLGLNDQ�)LVLND��8QLYHUVLWDV�+DOX�2OHR��-O��+�(�$�0RNRGRPSLW�.HQGDUL�

�������6XODZHVL�7HQJJDUD��,QGRQHVLD 

 

�&RUUHVSRQGLQJ�DXWKRU��(-PDLO��VD\DKGLQ�DOIDW#XKR�DF�LG�� 

7HOS�����-���������� 

$%675$. 

3HULVWLZD�DOLUDQ�XGDUD�SDGD�NRWDN�NRQYHNVL�PHQMDGL�SHQWLQJ�XQWXN�GLSDKDPL��6HODLQ�

PHWRGH�HNVSHULPHQ��PHWRGH�QXPHULN�PHQMDGL� VDODK�VDWX�SHQGHNDWDQ� \DQJ� UHDOLVWLV�

GDQ� PXGDK� VHUWD� PXUDK�� 6HFDUD� JDULV� EHVDU�� VWXGL� LQL� DNDQ�PHQDPSLONDQ� WUDQVIHU�

SDQDV�GDQ�DOLUDQ�XGDUD�SDGD�NRWDN�NRQYHNVL�PHQJJXQDNDQ�$GDSWLYH�)LQLWH�(OHPHQW�

0HWKRG� GDQ� SURILO� WHPSHUDWXU� VHUWD� NHFHSDWDQ� XGDUD� GL� EHEHUDSD� WLWLN� SDGD� NRWDN�

NRQYHNVL�� 6LPXODVL� LQL� PHQJDGDSWDVL� SHUVDPDDQ� 5D\OHLJK-%HQDUG� VHEDJDL��������������

SHUVDPDDQ� SHPEHQWXN� DOLUDQ� GDQ�0HWRGH�.DUDNWHULVWLN� VHEDJDL�PHWRGH� GLVNULWLDVL�

ZDNWX�� 6HFDUD� NHVHOXUXKDQ�� SHQHQWXDQ� VROXVL� QXPHULN� EHUXSD� WUDQVIHU� SDQDV� GDQ��

DOLUDQ� IOXLGD�PHQJJXQDNDQ�)UHH)(0����3DUDPHWHU�ZDNWX� \DQJ�GLJXQDNDQ� VHODPD�

SHUKLWXQJDQ��VHSHUWL��ǻW� ���-��GDQ�WPD[� ���
�����%HEHUDSD�KDO�\DQJ�PHQMDGL�FDWDWDQ�

GDUL�SHQHOLWLDQ�LQL�VHEDJDL�EHULNXW������SURILO�WHPSHUDWXU�EHUEHGD�GL�VHWLDS�WLWLN�SDGD�

NRWDN� NRQYHNVL�� WHPSHUDWXU� WHUWLQJJL� GLMXPSDL� GL� VHNLWDU� VXPEHU� SDQDV� VHEHVDU�

���R&� � GDQ� WHUHQGDK� EHUDGD� GL� SHUPXNDDQ� XMXQJ� WDEXQJ� \DNQL� ��R&�� ���� $OLUDQ�

XGDUD� PDVXN� PHODOXL� VLVL� NLUL� WDEXQJ� GDQ� NH� OXDU� PHODOXL� VLVL� ODLQQ\D�� ,QL���������������

PHQ\HEDENDQ� NHFHSDWDQ� UDWD-UDWD� GL� NHGXD� WDEXQJ� WHUVHEXW� VDPD� GDQ� EHUQLODL����������

ǌ\�§���������SDGD�VDDW�W��������� 
���� 

.DWD�.XQFL������ $OLUDQ� 8GDUD�� $GDSWLYH� )LQLWH� (OHPHQW� 0HWKRG�� 3HUVDPDDQ�

5D\OHLJK-%HQDUG��.RWDN�.RQYHNVL 
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SDGD�*DPEDU���� �6HFDUD�YLVXDOLVDVL��DODW�

LQL� VDQJDW� FRFRN� XQWXN� PHQJDPDWL����

SURVHV� WHUMDGLQ\D� DOLUDQ� XGDUD�� QDPXQ�

XQWXN�PHQJDPDWL� VHFDUD�PHQGDODP�DWDX�

VSHVLILN� EHEHUDSD� SDUDPHWHU-SDUDPHWHU�

ODLQ�� VHSHUWL�� GLVWULEXVL� WHPSHUDWXU�����

IOXNWXDVL� NHFHSDWDQ� DOLUDQ� XGDUD� GDQ����

GLVWULEXVL�WHNDQDQ��GLEXWXKNDQ�SHUDQJNDW�

WDPEDKDQ�� EHUXSD� DODW� XNXU� DWDXSXQ����

VHQVRU�� 7HQWX�� SHQDPEDKDQ� WHUVHEXW���

WLGDN� GHQJDQ� PXGDK� GLODNXNDQ�� LQL�����

NDUHQD� DODW-DODW� XNXU� WHUVHEXW� KDUXV�

SUHVLVL� GDQ� MXJD� FRFRN� DWDX� FRPSHWLEHO�

XQWXN�DODW�WHUVHEXW�� 

$%675$&7 

$LU� IORZV� SKHQRPHQD� RQ� WKH� ER[� FRQYHFWLRQ� EHFRPH� LPSRUWDQW� WR� EH���������

UHDOL]HG�� %HVLGHV� WKH� H[SHULPHQW�� WKH� QXPHULFDO� PHWKRG� KDV� EHFRPH� D�������������������

UHDOLVWLF�WHFKQLTXH��HDV\�DQG�FKHDS��*HQHUDOO\��WKH�VWXG\�ZRXOG�VKRZ�WKH�KHDW�

WUDQVIHU� DQG� DLU� IORZV� RQ� WKH� ER[� FRQYHFWLRQ� XVLQJ� WKH� $GDSWLYH� )LQLWH����������

(OHPHQW� 0HWKRG�� 2Q� WKH� RWKHU� KDQG�� WKH� SURILOH� RI� WHPSHUDWXUH� DQG� DLU�������

YHORFLW\� LQ� VRPH� SRLQWV� RQ� WKH� ER[� FRQYHFWLRQ� ZRXOG� EH� DOVR� VKRZQ�� 7KH�

VLPXODWLRQ�DGDSWHG�5D\OHLJK-%HQDUG�(TXDWLRQ�DV�WKH�JRYHUQLQJ�HTXDWLRQ�DQG�

WKH� FKDUDFWHULVWLF� 0HWKRG� DV� WKH� WLPH� GLVFUHWL]DWLRQ� PHWKRG�� � 2YHUDOO�� WKH���

QXPHULFDO�VROXWLRQ�RI�KHDW�WUDQVIHU�DQG�DLU�IORZV�ZDV�VROYHG�E\�)UHH)(0����

7KH� WLPH� SDUDPHWHUV� XVHG� GXULQJ� WKH� VLPXODWLRQ� DUH� � ǻW�  � ��-�� DQG� WPD[� �

���� � � ��%DVHG�RQ� WKH� VWXG\�� WKHUH�ZHUH� VRPH� VXPPDULHV� DV� IROORZV�� ���� WKH�

WHPSHUDWXUH� SURILOH� ZDV� GLIIHUHQW� DW� HDFK� SRLQW� LQ� WKH� FRQYHFWLRQ� ER[�� WKH�

KLJKHVW�WHPSHUDWXUH�ZDV�IRXQG�DURXQG�WKH�KHDW�VRXUFH�ZKLFK�ZDV����R&���DQG�

WKH� ORZHVW�ZDV�DW� WKH�HQG�RI� WKH� WXEH��QDPHO\���R&� �� ����7KH�DLU� IORZHG� LQ�

WKURXJK�WKH�OHIW�VLGH�RI� WKH�WXEH�DQG�IORZHG�RXW� WKURXJK�WKH�RWKHU�VLGH��7KH�

FRQVHTXHQFH� ZDV� WKH� VDPH� DYHUDJH� YHORFLW\� LQ� ERWK� WXEHV� DQG� LWV� YDOXH��������

IXOILOOHG��ǌ\�§�������ZKHQ��W�������� 

.H\ZRUGV� $LU�)ORZV��$GDSWLYH�)LQLWH�(OHPHQW�0HWKRG��5D\OHLJK-%HQDUG�

(TXDWLRQ��%R[�&RQYHFWLRQ 

���3HQGDKXOXDQ 

3HULVWLZD� DOLUDQ� XGDUD� PHUXSDNDQ��������

IHQRPHQD�\DQJ�ELDVD�QDPXQ�MXJD�VDQJDW�

NRPSOHNV� XQWXN� GLSHODMDUL� >�@�� +DO� LQL�

NDUHQD� IHQRPHQD� WHUVHEXW� PHOLEDWNDQ�

EDQ\DN� IDNWRU�� VHSHUWL�� WRSRJUDIL� PXND�

EXPL�DWDX�EHQWDQJ�DODP�GDQ�PHGDQ�>�@–

>�@�� GDQ� MXJD� WHPSHUDWXU� >�@�� >�@����������

.DUHQDQ\D� LWX�� VDODK� VDWX� HNVSHULPHQ�

VHGHUKDQD� \DQJ� GLJXQDNDQ� GDQ� GDSDW�

PHQMHODVNDQ� SHULVWLZD� DOLUDQ� XGDUD�����

DGDODK�SHPDQIDDWDQ� DODW� NRQYHNVL�XGDUD�

�JDVHV� DSSDUDWXV� FRQYHFWLRQ� ER[�� >�@��

>�@�� ,OXVWUDVL� DODW� NRQYHNVL� GDSDW� GLOLKDW�



:DKDQD�)LVLND�����������������-���� 
KWWS���HMRXUQDO�XSL�HGX�LQGH[�SKS�ZDIL 
H-,661�������-��������KWWSV���GRL�RUJ����������ZDIL�Y�L������� 

 
���_�&RS\ULJKW���������:DKDQD�)LVLND��H-,661�����-���� 

6LVL� ODLQQ\D�� GHQJDQ� SHQDPEDKDQ� DODW�

XNXU� EHUNRQVHNXHQVL� SDGD� ELD\D�

SHQHOLWLDQ�\DQJ�VHPDNLQ�EHVDU��+DO� LQLODK�

\DQJ� NHPXGLDQ� PHQMDGL� NHQGDOD� DWDX���

PDVDODK� SDGD� DODW� LQL�� -LND� DOLUDQ� XGDUD�

GDSDW� GLQ\DWDNDQ� GDODP� EHQWXN� VLVWHP�

GLIHUHQVLDO�SDUVLDO�DWDX�SDUWLDO�GLIIHUHQWLDO�

HTXDWLRQ-3'(� \DQJ� EHUJDQWXQJ� WHUKDGDS�

NHFHSDWDQ� XGDUD� �Y�� GDQ� WHPSHUDWXU� �7��

PDND� PHWRGH� QXPHULN� PHUXSDNDQ� VDODK�

VDWX� PHWRGH� \DQJ� FRFRN� XQWXN��������������

PHQ\HOHVDLNDQ�IHQRPHQD�LQL�>�@� 

 .HKDGLUDQ� PHWRGH� QXPHULN� VHEDJDL�

VDODK� VDWX� FDUD� XQWXN� PHPYLVXDOLVDVLNDQ�

SURVHV�DOLUDQ�XGDUD�PHQMDGL�VDQJDW�UHDOLV�

WLV��6LVL� ODLQQ\D��PHWRGH� LQL�GDSDW�PHPR�

WUHW� GDQ� PHQFDWDW� SDUDPHWHU-SDUDPHWHU�

ODLQ�� VHSHUWL�� GLVWULEXVL� WHPSHUDWXU� GDQ�

WHNDQDQ�� GDQ� MXJD� IOXNWXDVL� NHFHSDWDQ��

DOLUDQ� XGDUD�� \DQJ� EHNHUMD� GDODP� SURVHV�

DOLUDQ� XGDUD� >�@�� >��@��0HWRGH� LQL� EXNDQ�

ODK� PHUXSDNDQ� PHWRGH� EDUX�� PHWRGH� LQL�

EHUNHPEDQJ� VHLULQJ� GHQJDQ� SHUNHP�

EDQJDQ� WHNQRORJL� NRPSXWDVL�� %HUEDJDL�

YDULDQV� PHWRGH� QXPHULN� GHQJDQ� IRNXV�

SHQHOLWLDQ� DOLUDQ� XGDUD� VXGDK� VHULQJ������

GLODNXNDQ� ROHK� EHEHUDSD� SHQHOLWL����������

VHOXPQ\D�� VHSHUWL�� 0HWRGH� %HGD� +LQJJD�

�)LQLWH� 'LIIHUHQW� 0HWKRG-)'0�� >��@–

>��@�� � 0HWRGH� (OHPHQ� +LQJJD� �)LQLWH���

(OHPHQW� 0HWKRG-)(0�� >�@�� >��@–>��@��

&RPSXWDWLRQDO� )OXLG� '\QDPLFV� �&)'��

>�@��>��@��0HWRGH�9ROXPH�+LQJJD��)LQLWH��

9ROXPH� 0HWKRG-)90�� >��@� GDQ� /DWWLFH�

%ROW]PDQQ�0HWKRG-)%0�>��@� 

6DODK�VDWX�PHWRGH�GL�DWDV��0HWRGH�(OHPHQ�

+LQJJD�PHUXSDNDQ�PHWRGH�QXPHULN�\DQJ�

SHUNHPEDQJDQQ\D�VDQJDW�GLQDPLV��PHWRGH�

LQL�PHQDZDUNDQ�NHPXGDKDQ�SHPEHQWXNDQ�

JULG�SDGD�GRPDLQ-GRPDLQ�\DQJ�NRPSOHNV��

3DGD�VLVL�ODLQ�XQWXN�YDULDQV�)(0��VHSHUWL��

$GDSWLYH�)LQLWH�(OHPHQW�0HWKRG��$)(0���

LQL� GLSDQGDQJ� DNXUDW� >��@–>��@�� � HILVLHQ�

>��@� GDQ� VWDELO� >��@�� VHUWD� MXJD� GDSDW�

PHPSHUVLQJNDW� ZDNWX� SHUKLWXQJDQ� >��@��

0HQJDFX� SDGD� KDO-KDO� WHUVHEXW�� SHQXOLV�

PHPDQGDQJ� SHUOX� PHODNXNDQ� SHQHOLWLDQ�

PHQJHQDL� LQYHVWLJDVL� QXPHULN� WHUKDGDS�

SROD�DWDX�SHULODNX�DOLUDQ�XGDUD�SDGD�NRWDN�

NRQYHNVL� XGDUD� VHFDUD� �� GLPHQVL�

PHQJJXQDNDQ�$)(0� 

 6HFDUD� JDULV� EHVDU�� DUWLNHO� LQL� DNDQ���

EHUIRNXV� SDGD� YLVXDOLVDVL� DOLUDQ� XGDUD��

DNLEDW� SURVHV� SHUXEDKDQ� GDQ� SHUEHGDDQ�

WHPSHUDWXU� GDODP� VLVWHP� �� GLPHQVL����

0HUXMXN� KDO� LWX�� NRPELQDVL� SHUVDPDDQ�

DOLUDQ� IOXLGD� GDQ� WUDQVIHU� SDQDV� DWDX�����

SHUVDPDDQ� 5D\OHLJK-%HQDUG� PHQMDGL���

SHUVDPDDQ� LGHDO� XQWXN� PHQ\HOHVDLNDQ��

NDVXV� WHUVHEXW� >�@�� >��@�� 6HEDJDL�����������

WDPEDKDQ��SURILO�WHPSHUDWXU��GDQ�IOXNWXDVL�

*DPEDU����7DEXQJ�NRWDN�NRQYHNVL�>��@ 
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NHFHSDWDQ�DOLUDQ�XGDUD�GL�EHEHUDSD�WLWLN�

GDQ� MXJD� QLODL� UDWD-UDWD� SHUXEDKDQ�����

WHPSHUDWXU� DNDQ� GLWDPSLONDQ�� � $UWLNHO�

LQL� GLVXVXQ� DWDV� HPSDW� EDJLDQ�� \DNQL��

3HQGDKXOXDQ�� \DQJ� VXGDK� GLMHODVNDQ��

SDGD� EDJLDQ� LQL�� 'HVDLQ� GDQ� 0HWRGH�

.RPSXWDVL�� EDJLDQ� LQL� DNDQ� PHQMHODV�

NDQ� EHEHUDSD� KDO�� \DNQL�� SHUVDPDDQ��������

5D\OHLJK-%HQDUG�� LOXVWUDVL� GHVDLQ�������

GRPDLQ� GDQ� WHQWXQ\D� \DNQL� $)(0��

+DVLO� GDQ� 3HPEDKDVDQ�� KDVLO-KDVLO�����

QXPHULN� GDQ� SHQMHODVDQ� PHQJHQDL����

SURVHV�DOLUDQ�XGDUD�DNDQ�GLWDPSLONDQ�GL�

EDJLDQ� LQL�� 7HUDNKLU�� EDJLDQ� 3HQXWXS�

DNDQ� PHQJXQJNDSNDQ� ULQJNDVDQ�

SHQHOLWLDQ�LQL�VHFDUD�VSHVLILN� 

 

�� 'HVDLQ�GDQ�0HWRGH�.RPSXWDVL 

�����3HUVDPDDQ�XPXP 

3DGD� GDVDUQ\D�� DOLUDQ� XGDUD� GDSDW�

GLXQJNDSNDQ�PHODOXL�SHUVDPDDQ�1DYLHU

-6WRNHV� >��@�� $NDQ� WHWDSL�� SHQJJXQDDQ�

SHUVDPDDQ� WHUVHEXW� XQWXN� PHOLKDW�

SHQJDUXK� SHUXEDKDQ� GDQ� SHUEHGDDQ��

WHPSHUDWXU� SDGD� SURVHV� DOLUDQ� XGDUD���

WLGDN� FRFRN�� 2OHKQ\D� LWX�� GLEXWXKNDQ�

DGDQ\D� SHUVDPDDQ� WDPEDKDQ� \DNQL��

SHUVDPDDQ� WUDQVIHU� SDQDV�� .HGXD� VLV�

WHP� SHUVDPDDQ� WHUVHEXW� \DNQL� 6LVWHP�������

3HUVDPDDQ�5D\OHLJK-%HQDUG��>�@��>��@� 

$QJJDS� GRPDLQ� ���� EHUDGD� SDGD� � V\VWHP�

NRRUGLQDW�.DUWHVLXV� GDODP� GXD� GLPHQVL� >[���

[�@� GHQJDQ� SHUPXNDDQ� � � � GRPDLQ� PHPLOLNL�

NRQGLVL� EDWDV� 'LULFKOHW� �ī'�� GDQ� 1HXPDQQ�

�ī1���OLKDW�*DPEDU���� 

'HQJDQ�EHJLWX�6LVWHP�3HUVDPDDQ�5D\OHLJK-

%HQDUG� GDSDW� GLWXOLVNDQ� VHSHUWL� SHUVDPDDQ�

�����GLPDQD�[� �>[���[�@��X� �>X���X�@��S��7��W��

GDQ� J� VHFDUD� EHUWXUXW-WXUXW�PHZDNLOL� YHNWRU�

SRVLVL� >P@�� YHNWRU� NHFHSDWDQ� >P�V@�� WHNDQDQ�

>3D@�� WHPSHUDWXU� XGDUD� >.@�� ZDNWX� >V@�� GDQ�

SHUFHSDWDQ�JUDYLWDVL�>PV-�@��$GDSXQ�ഩ��ȡ���7��

GDQ� ț� PDVLQJ-PDVLQJ� PHZDNLOL� YLVNRVLWDV�

NLQHPDWLN� >P��V@�� NRQVWDQWD� SRVLWLI� VXDWX�

PDVVD� MHQLV� >NJ�P�@�� WHPSHUDWXU� DZDO� >.@�

GDQ�GLIXVLYLWDV�SDQDV�>P��V@��3HUVDPDDQ������

EDULV�SHUWDPD�PHUXSDNDQ�3HUVDPDDQ�1DYLHU

-6WRNHV�� EDULV� NHGXD� DGDODK� NRQVHUYDVL���

PDVVD�DWDX�SHUVDPDDQ�NRQWLQXLWDV��GDQ�EDULV�

NHWLJD� PHQMHODVNDQ� SHUVDPDDQ� DOLUDQ� SDQDV�

VHFDUD�NRQYHNVL� 

*DPEDU��� ,OOXVWUDVL�GRPDLQ�SDGD�V\VWHP�



:DKDQD�)LVLND�����������������-���� 
KWWS���HMRXUQDO�XSL�HGX�LQGH[�SKS�ZDIL 
H-,661�������-��������KWWSV���GRL�RUJ����������ZDIL�Y�L������� 

 
���_�&RS\ULJKW���������:DKDQD�)LVLND��H-,661�����-���� 

$GDSXQ� V\DUDW� EDWDV� GDQ� NRQGLVL�

DZDO� XQWXN� 3HUVDPDDQ� ���� PHPHQXKL�

SHUVDPDDQ�����GDQ������ 

6\DUDW�%DWDV� 

6\DUDW�$ZDO�� 

.DUHQD� SHOLEDWDQ� PHWRGH� JULG��

ROHKQ\D� LWX�� SHUVDPDDQ� GL� DWDV� EXNDQ�

PHUXSDNDQ� SHUVDPDDQ� DNKLU� �WKH� ILQDO�

HTXDWLRQ��� 'LVLQL�� SHQJJXQDDQ� ELODQJDQ�

WDN� EHUGLPHQVL� �GLPHQVLRQOHVV� QXPEHU��

GL� 3HUVDPDDQ� ���� DNDQ�PHQMDGL� SHQWLQJ��

0LVDONDQ� YDULDEHO-YDULDEHO� WDN�����������

EHUGLPHQVL� VHSHUWL� W�� [�� X��7�� GDQ� S��

GLGHIHQLVLNDQ�VHEDJDL�SHUVDPDDQ�����������

GDQ������EHULNXW 

GHQJDQ�/5��85��GDQ�ǻ7� �VHFDUD�EHUWXUXW-

WXUXW�PHUXSDNDQ�VXDWX�NRQVWDQWD����XQWXN�

SDQMDQJ� >P@�� NHFHSDWDQ� >P�V@�� WHPSHUD�

WXU�>.@��0HQJDFX�SDGD�� � � � � � �3HUVDPDDQ�

����a� �����3HUVDPDDQ� ����GDSDW�GLEHQWXN�

VHEDJDL��SHUVDPDDQ����� 

 

�����$VXPVL�GDQ�'HVDLQ�.RPSXWDVL 

8QWXN� PHPXGDKNDQ� SURVHV� SHUKLWXQJDQ�

SURVHV� DOLUDQ� XGDUD� VHFDUD� NRPSXWDVL��

PDND�SDGD�EDJLDQ�LQL�DNDQ�GLSHUNHQDONDQ�

EHEHUDSD� DVXPVL� DWDX� SHQGHNDWDQ� \DNQL�

VHEDJDL�EHULNXW� 

D� 6LPXODVL�GLODNVDQDNDQ�GDODP�WLQMDXDQ�

VLVWHP�NRRUGLQDW�.DUWHVLXV��'� 

E� .HFHSDWDQ�DZDO�XGDUD�GL�GDODP�NRWDN�

NRQYHNVL� KRPRJHQ� GDQ� EHUQLODL� QRO��

DWDX���X�[���� ���� 

F� 7HPSHUDWXU� DZDO� XGDUD� GDODP� NRWDN�

NRQYHNVL� VHUDJDPD� \DQJ� PHPHQXKL�

7�[���� ���� 

G� )OXLGD�\DQJ�GLJXQDNDQ�EHUVLIDW� IOXLGD�

WHUPDQSDWNDQ��FRPSUHVLEOH�IOXLG�� 

H� 6XPEHU� SDQDV� � I� GLDEDLNDQ� DWDX�

EHUQLODL� QRO�� 6HFDUD� PDWHPDWLV�� LWX�

GDSDW�GLWXOLVNDQ�I��[�W�� ���� 

I� 7LGDN� DGD� LQWHUDNVL� SDQDV� SDGD�

GLQGLQJ-GLQGLQJ� NRWDN� NRQYHNVL��
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1DPXQ�� LQWHUDNVL� WHUMDGL� KDQ\D� SDGD�

OXEDQJ�NRWDN�NRQYHNVL�� 

J� 7HPSHUDWXU� VXPEHU� \DQJ� GLEHULNDQ�

EHUDVDO� GDUL� VDODK� VDWX� GLQGLQJ�

EHUQLODL� 

 

J� 3URVHV� NHOXDU-PDVXN� XGDUD� �LQIORZ-

RXWIORZ�� KDQ\D� WHUMDGL� SDGD� OXEDQJ�

NRWDN� NRQYHNVL�� 6HGDQJNDQ�� SURVHV�

VOLS� WHUMDGL� VDDW� XGDUD� PHQDEUDN�

GLQGLQJ�NRWDN��VHFDUD�PDWHPDWLV�GDSDW�

GLWXOLVNDQ� 

 

$VXPVL-DVXPVL� GL� DWDV� WHUVHEXW� GDSDW����

GLLOXVWUDVLNDQ�VHSHUWL�*DPEDU���� 

'LVLQL�� VHOXUXK� GLPHQVL� SDGD� GRPDLQ��������

NRPSXWDVL��*DPEDU����DGDODK�VLVWHP�VNDOD�

WDN-EHUGLPHQVL��QRQ-GLPHQVLRQDO���DUWLQ\D������

SDUDPHWHU-SDUDPHWHU� UXDQJ�� VHSHUWL������

SDQMDQJ�� OHEDU�� GDQ� WLQJJL�� WLGDN� ODJL�

EHUVNDOD�PHWHU�>P@�DNDQ�WHWDSL�WDN�EHUVNDOD�

>-@�� � 8QWXN� EHVDU� � PDVLQJ-PDVLQJ�����������

SDUDPHWHU� UXDQJ� SDGD� NRWDN� GDSDW� GLOLKDW�

PHODOXL�7DEHO��� 

7DEHO����3DUDPHWHU�WDEXQJ�NRQYHNVL 

 

�����$GDSWLYH�)LQLWH�(OHPHQW�0HWKRG� 

3DGD�EDJLDQ� LQL�DNDQ�GLMHODVNDQ�PHQJHQDL�

PHWRGH� QXPHULN� \DQJ� GLJXQDNDQ� XQWXN�

PHPYLVXDOLVDVLNDQ� IHQRPHQD� DOLUDQ� XGDUD�

SDGD� NRWDN� NRQYHNVL�� 0HWRGH� QXPHULN�

\DQJ� GLJXQDNDQ� GDODP� PHQ\HOHVDLNDQ��

3DUDPHWHU %HVDU 8QLW 
3DQMDQJ�NRWDN��/� ��� >-@ 
7LQJJL�NRWDN��+� ����� >-@ 
'LD��OXEDQJ�NRWDN ���� >-@ 
-DUDN�DQWDU�OXEDQJ��O�� ��� >-@ 
-DUDN�XMXQJ�NRWDN�GDQ�

OXEDQJ��O��DWDX�O�� 

���� >-@ 

'LD��VXPEHU�SDQDV ����� >-@ 
7LQJJL�VXPEHU�SDQDV ������ >-@ 
7LQJJL�WDEXQJ��K� ����� >-@ 

*DPEDU��� 'RPDLQ� NRPSXWDVL�� LOXVWUDVL� �'� �NLUL�� GDQ� SHQ\HGHUKDQDDQ� SDGD� VLVWHP� �'�

�NDQDQ��� 'LQGLQJ� ELUX� GLDQJJDS� VHEDJDL� OXEDQJ� NRWDN� NRQYHNVL�� VHGDQJNDQ�

GLQGLQJ�EHUZDUQD�KLWDP�GDQ�PHUDK�PDVLQJ-PDVLQJ�PHZDNLOL�GLGLQJ���GDQ��� 
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3HUVDPDDQ� � ���� \DNQL� $)(0�� PHWRGH� LQL�

DNDQ� PHQJXSGDWH� MXPODK� PHVK� GDODP���

VHWLDS� SHUWDPEDKDQ� ZDNWX�� 'LVLQL�� XSGDWH�

MXPODK� PHVK� GLGDVDUNDQ� SDGD� NHFHSDWDQ�

GDQ� WHPSHUDWXU� IOXLGD� �XGDUD��� $GDSXQ�

VRIWZDUH� \DQJ� GLJXQDNDQ� DGDODK�

)UHH)(0��� >��@�� GHQJDQ� WLSH� HOHPHQW�

PHVK� \DQJ� GLSHUJXQDNDQ� DGDODK� DGDSWLYH�

3�-HOHPHQW� 

 

 

�����'LVNULWLVDVL�:DNWX 

/DQJNDK�SHUWDPD�\DQJ�GLODNXNDQ�XQWXN�� �PH�

Q\HOHVDLNDQ� VLVWHP� 3HUVDPDDQ� ���� DGDODK�

PHODNXNDQ� VHPL� GLVNULWLVDVL� GDODP� ZDNWX�

PHQJJXQDNDQ� 0HWRGH� .DUDNWHULVWLN� >�@��

.HGXD�� MLND� QLODL� XN�[�� GDQ�7N�[�� � PHUXSDNDQ�

SHQGHNDWDQ�GDUL�X��GDQ�7��SDGD�ZDNWX���W� �NǻW��

�N�  � ������«�� PDND� QLODL� XN� � GDQ� 7N� GDSDW�

GLVHOHVDLNDQ� GHQJDQ� PHQJJXQDNDQ� VNHPD���

LPSOLVLW�GDUL�SHUVDPDDQ�����VHKLQJJD�GLSHUROHK�

SHUVDPDDQ������� 

 

�����'LDJUDP�$OLU�3HUKLWXQJDQ� 

$GDSXQ�SURVHV�SHUKLWXQJDQ�VHFDUD�QXPHULN�

GDSDW�GLOLKDW�PHODOXL�*DPEDU���� 

*DPEDU�����,OXVWUDVL�GLDJUDP�DOLU�VLPXODVL�DOLUDQ�XGDUD 
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��� +DVLO�GDQ�3HPEDKDVDQ� 

6LPXODVL� DOLUDQ� XGDUD� SDGD� NRWDN������

NRQYHNVL�PHQJJXQDNDQ�$GDSWLYH�)LQLWH�

(OHPHQW� 0HWKRG� VXGDK� GLODNXNDQ�

GHQJDQ� EDLN�� � � � %HEHUDSD� SDUDPHWHU�

NRPSXWDVL� \DQJ� GLJXQDNDQ�� VHSHUWL�� ǻW�

GDQ� WPD[� �� \DNQL� ��
-�� GDQ� ����� $GDSXQ�

QLODL� J�[��  � ���R&� GDQ� T�[�� §� ���7� ��

QLODL� ���� � � � � � GLDQJJDS� VHEDJDL� QLODL����

FRQYHFWLYH� KHDW� WUDQVIHU� FRHIILFLHQWV���

XQWXN� XGDUD� >��@�� 'LVLQL�� NDUHQD� DOLUDQ�

XGDUD� SDGD� NRWDN� GLDQJJDS� VHSHUWL���

SURVHV� DOLUDQ� XGDUD� SDGD� SURVHV������

SHQGLQJLQDQ�SURVHVRU��SURFHVVRU�FROOLQJ�

GHYLFH�� PDND� ELODQJDQ� 5D\OHLJK� GDQ�

3UDQGDOW� \DQJ� GLJXQDNDQ� VHEHVDU� �����

GDQ������>��@�� 

+DVLO�VLPXODVL�PHQXQMXNDQ�EDKZD�SURILO�

WHPSHUDWXU� GL� VHWLDS� WLWLN� WDEXQJ�������

NRQYHNVL� EHUEHGD� �OLKDW� *DPEDU� ��D����

.RVHQWUDVL�SDQDV�WHUWLQJJL�GLWHPXL�SDGD�

XMXQJ���������VXPEHU�SDQDV��OLOLQ��GDQ�QLODL�

WHUHQGDK� � � � EHUDGD� SDGD� NHGXD� XMXQJ���

WDEXQJ��:DODXSXQ�WHPSHUDWXU�GL�NHGXD�

XMXQJ� � � � WDEXQJ� VDPD�� QDPXQ� QLODL��

WHPSHUDWXU� PHQXMX� NH� EDZDK� WDEXQJ�

�VHFDUD� YHUWLFDO�� EHUEHGD�� 3DGD� WDEXQJ�

VLVL�NLUL��NHQDLNDQ� WHPSHUDWXUQ\D� OHELK�

ODPEDW� GLEDQGLQJNDQ� GHQJDQ� WDEXQJ�

VLVL� NDQDQ�� ,QL� GLSHQJDUXKL� VXPEHU�

SDQDV� \DQJ� EHUDGD� WHSDW� GL� EDZDK� WD�

EXQJ� VLVL� NDQDQ�� GLWDPEDK� ODJL� NDUHQD�

DGDQ\D� XGDUD� PDVXN� \DQJ� WHPSHUDWXU���

UHQGDK�NH�GDODP�WDEXQJ�PHODOXL�WDEXQJ�

VLVL� NLUL�� 8QWXN� MHODVQ\D� GDSDW� GLOLKDW����

PHODOXL� *DPEDU� ��D��� 3DGD� GDVDUQ\D�����

IHQRPHQD� LQL� KDPSLU� VDPD� GHQJDQ��������

IHQRPHQD�VRODU�FKLPQH\��DUWLQ\D�XGDUD�

SDQDV� DNDQ� EHUJHUDN� QDLN� NH� OXEDQJ�

�RXWOHW�� \DQJ� VHMDMDU� GHQJDQ� VXPEHU�

SDQDV� >��@–>��@�� 6HFDUD� ILVLND�� LWX�

GLVHEDENDQ� NDUHQD� XGDUD� SDQDV� \DQJ�

PHPLOLNL�PDVVD� MHQLV� UHQGDK� ³GLGHVDN�

NHOXDU´� ROHK� XGDUD� GLQJLQ� \DQJ��������

EHUPDVVD�MHQLV�OHELK�EHUDW� 

*DPEDU�����,OXVWUDVL���NLUL��DOLUDQ�SDQDV�GDQ��NDQDQ��DOLUDQ�XGDUD�SDGD�ZDNWX�WPD[� 
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1LODL� FRQYHFWLYH� KHDW� WUDQVIHU�����������

FRHIILFLHQWV�\DQJ�FXNXS�EHVDU�PHQ\HEDENDQ�

WHPSHUDWXU�GL�EHEHUDSD�WLWLN�GDQ�WHPSHUDWXU�

UDWD-UDWD� NRWDN� � NRQYHNVL� VHODPD� SURVHV�

SHPDQDVDQ� PHQXQMXNDQ� NHQDLNDQ� \DQJ���

VLJQLILNDQ��GUDVWLV��GL�DZDO-DZDO�ZDNWX�GDQ�

VXGDK� VWDELO� SDGD� ZDNWX� W� �� ������ +DO� LQL�����

VHQDGD� GHQJDQ� SHQHOLWLDQ� \DQJ� WHODK��������

GLODNXNDQ�ROHK�$OSWHNLQ��HW�DO��>��@�� 

3DGD� GDVDUQ\D�� EHVDU� NHFHSDWDQ� DOLUDQ�

XGDUD� SDGD� VHEXDK� NRWDN� NRQYHNVL� XGDUD�

EHUEHGD-EHGD�� LQL� VHSHUWL� \DQJ� VXGDK�

GLWXQMXNDQ� SDGD� *DPEDU� ��E��� *DPEDU�

WHUVHEXW� PHQXQMXNDQ� EDKZD� NHFHSDWDQ�

PD[LPXP� GLWHPXL� SDGD� SHULVWLZD� PDVXN�

GDQ� NHOXDUQ\D� DOLUDQ� XGDUD� GL� VHNLWDU�

WDEXQJ�� 

  'LVLQL�� JDPEDU� LWX� PHQXQMXNDQ�

EDKZD� NHFHSDWDQ� PDNVLPXP� WHUVHEXW�

VDPD�� 8QWXN� PHOLKDW� KDO� LWX� VHFDUD�

VSHVLILN�� LWX�GDSDW�GLOLKDW�PHODOXL�*DPEDU�

��D���*DPEDU�WHUVHEXW�PHQXQMXNDQ�EDKZD�

DGDQ\D� NHVDPDDQ� SHULODNX� XQWXN� QLODL�

NHFHSDWDQ� UDWD-UDWD� DOLUDQ� IOXLGD� \DQJ�

PDVXN� GDQ� NHOXDU� PHODOXL� WDEXQJ� NRWDN�

NRQYHNVL�� 'LVLQL�� WHUOLKDW� EDKZD�

SHUXEDKDQ�NHFHSDWDQ�UDWD-UDWD�DOLUDQ�IOXLGD�

VDQJDW� FHSDW�� NHFHSDWDQQ\D� VXGDK�

PHQFDSDL�ǌ\�§������ � �SDGD�VDDW� W�������� ��

6HFDUD� WHRUL�� NRQGLVL� LQL� GLDQJJDS� ZDMDU�

GDQ� LQLODK� \DQJ� GLDQJJDS� PHPHQXKL�

&RQVHUYDWLRQ� /DZV� XQWXN� IOXLGD�

NRPSUHVLEHO�>��@�� 

*DPEDU���� 6WUHDPOLQH�DOLUDQ�XGDUD�SDGD�NRWDN�NRQYHNVL�VDDW�
WPD[��PHQJJXQDNDQ�3DUD9LHZ��>��@ 
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$GDSXQ� QLODL� PLQLPXP� NHFHSDWDQ�

DOLUDQ� XGDUD� GLMXPSDL� GL� VHNLWDU� VXGXW-

VXGXW� NRWDN�� *DPEDUDQ� XPXP� PHQJHQDL�

NRQGLVL�WHUVHEXW�GLWXQMXNDQ�SDGD�*DPEDU��

�E�� DWDX� VHFDUD� VSHVLILN� GDSDW� GLOLKDW�

PHODOXL� *DPEDU� ��E��� 'DUL� *DPEDU� ��E���

NHFHSDWDQ�DOLUDQ�XGDUD�FHQGHUXQJ�PHQXUXQ�

VHLULQJ� SHUXEDKDQ� ZDNWX�� 0HODOXL�

SHQHOLWLDQ� LQL�� VDWX�KDO� \DQJ�SDOLQJ�SHQWLQJ�

GLFDWDW� EDKZD� DOLUDQ� XGDUD� SDGD� NRWDN�

NRQYHNVL� PHQJDOLU� PDVXN� NH� GDODP� NRWDN�

PHODOXL� WDEXQJ� \DQJ� EHUODZDQDQ� GDUL�

SHQHPSDWDQ� VXPEHU� SDQDV� DWDX� OLOLQ� �OLKDW�

*DPEDU� ���� +DVLO� LQL� NRQVLVWHQ� GHQJDQ�

HNVHULPHQ� ³67(0� ([SHULPHQW�� *DV�

&RQYHFWLRQ´��>��@� 

*DPEDU����3URILO���NLUL��.HFHSDWDQ�UDWD-UDWD��ǌ\��XGDUD�PDVXN�GDQ�NHOXDU� WDEXQJ��NDQDQ��
%HVDU�NHFHSDWDQ�DOLUDQ�XGDUD�GL�EHUEDJDL�VXGXW�NRWDN�NRQYHNVL�� 
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���6LPSXODQ� 

3HQHOLWLDQ� PHQJHQDL� DOLUDQ� XGDUD� SDGD�

NRWDN� NRQYHNVL� PHQJJXQDNDQ� $GDSWLYH�

)LQLWH� (OHPHQW� 0HWKRG� VXGDK� GLODNXNDQ�

GHQJDQ�EDLN��%HEHUDSD�KDO�\DQJ�PHQMDGL�

FDWDWDQ� SHQWLQJ� VHWHODK� PHODNXNDQ� VWXGL�

LQL� VHEDJDL�EHULNXW�� ����SURILO� WHPSHUDWXU�

EHUEHGD� GL� VHWLDS� WLWLN� SDGD� NRWDN�������

NRQYHNVL�� WHPSHUDWXU� WHUWLQJJL� GLMXPSDL�

GL� VHNLWDU� VXPEHU� SDQDV� GDQ� WHUHQGDK��

EHUDGD� GL� SHUPXNDDQ� XMXQJ� WDEXQJ�� ����

$OLUDQ� XGDUD� PDVXN� PHODOXL� VLVL� NLUL����

WDEXQJ� GDQ� NH� OXDU� PHODOXL� VLVL� NDQDQ���

WDEXQJ�� .RQGLVL� LQL� PHQ\HEDENDQ�������

NHFHSDWDQ� UDWD-UDWD� GL� NHGXD� WDEXQJ�����

WHUVHEXW� VDPD�� .RQVHNXHQVL� ODLQQ\D����

DGDODK� WHPSHUDWXU� NRWDN� NRQYHNVL� WLGDN�

DNDQ�KRPRJHQ�DWDX�VDPD�� 

 

���8FDSDQ�7HULPD�.DVLK 

8FDSDQ�WHULPD�NDVLK�GLVDPSDLNDQ�NHSDGD�

3LPSLQDQ� 8QLYHUVLWDV� +DOX� 2OHR� \DQJ�

WHODK� PHQGXNXQJ� SHQHOLWLDQ� LQL�� -XJD��

NHSDGD�3URI��0DVDWR�.LPXUD��.DQD]DZD�

8QLYHUVLW\�� \DQJ�VXGDK�PHPSHUNHQDONDQ�

PHWRGH�LQL�NHSDGD�SHQXOLV�� 

 

���5HIHUHQVL 

�� $��3��6WXUPDQ��³7KHUPDO� LQIOXHQFHV�RQ�

DLUIORZ� LQ� PRXQWDLQRXV� WHUUDLQ�´������

3URJUHVV�LQ�3K\VLFDO�*HRJUDSK\��������

GRL����������������������������� 

�� *��7��%LWVXDPODN��7��6WDWKRSRXORV��DQG�

&�� %pGDUG�� ³1XPHULFDO� HYDOXDWLRQ� RI�

ZLQG� IORZ� RYHU� FRPSOH[� WHUUDLQ��������

5HYLHZ�´� -RXUQDO� RI� $HURVSDFH���������

(QJLQHHULQJ�� ������ GRL�� ��������

�$6&(�����-�������������������� 

�� 7��1LWLV��'��.LWVLRX��=��%��.ODLü��0��7��

3UWHQMDN�� DQG� 1��0RXVVLRSRXORV�� ³7KH�

HIIHFWV�RI�EDVLF�IORZ�DQG�WRSRJUDSK\�RQ�

WKH�GHYHORSPHQW�RI�WKH�VHD�EUHH]H�RYHU�

D� FRPSOH[� FRDVWDO� HQYLURQPHQW�´��

4XDUWHUO\� -RXUQDO� RI� WKH� 5R\DO� 0HW��

6RFLHW\��������GRL����������TM������� 

�� *��4LDQ�� =��'RQJ��:��/XR�� DQG� -�� /X��

³0HDQ� DLUIORZ� SDWWHUQV� XSZLQG� RI��

WRSRJUDSKLF� REVWDFOHV� DQG� WKHLU���������

LPSOLFDWLRQV� IRU� WKH� IRUPDWLRQ� RI� HFKR�

GXQHV��$�ZLQG�WXQQHO�VLPXODWLRQ�RI�WKH�

HIIHFWV�RI�ZLQGZDUG� VORSH�´�-RXUQDO�RI�

*HR�� 5HVHDUFK�� (DUWK� 6XUIDFH�� ������

GRL��������������-)������� 

�� .�� 1LDFKRX�� ,�� /LYDGD�� DQG� 0����������

6DQWDPRXULV�� ³([SHULPHQWDO� VWXG\� RI�

WHPSHUDWXUH� DQG� DLUIORZ� GLVWULEXWLRQ�

LQVLGH� DQ� XUEDQ� VWUHHW� FDQ\RQ� GXULQJ�

KRW�VXPPHU�ZHDWKHU�FRQGLWLRQV��3DUW�,,��

$LUIORZ� DQDO\VLV�´� %XLOGLQJ� DQG��������

(QYLURQPHQW�� ������ GRL�� ��������

M�EXLOGHQY������������� 

�� -�� $YLVRQ�� 3K\VLFV� IRU� &;&�� 8QLWHG�

.LQJGRP�� 7KRPDV� 1HOVRQ� DQG� 6RQV�

/WG������� 

�� -�� -�� 1LHPHOD�� /�� 6NUEHN�� .�� 5������

6UHHQLYDVDQ�� DQG�5�� -�� 'RQQHOO\�� ³7KH�

ZLQG� LQ� FRQILQHG� WKHUPDO� FRQYHFWLRQ�´�

-RXUQDO�RI�)OXLG�0HFKDQLFV��������GRL��

��������6����������������� 

�� 0�� 7DEDWD� DQG� $�� 6X]XNL��

³0DWKHPDWLFDO� 0RGHOLQJ� DQG�����������

1XPHULFDO� 6LPXODWLRQ� RI� (DUWK¶V�����
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 0DQWOH�&RQYHFWLRQ�´������ 

�� <�� -LDQJ��'��$OH[DQGHU��+�� -HQNLQV��5��

$UWKXU�� DQG�4��&KHQ�� ³1DWXUDO� YHQWLOD�

WLRQ� LQ� EXLOGLQJV�� 0HDVXUHPHQW� LQ� D�

ZLQG� WXQQHO� DQG� QXPHULFDO� VLPXODWLRQ�

ZLWK�ODUJH-HGG\�VLPXODWLRQ�´�-RXUQDO�RI�

:LQG� (QJLQHHULQJ� DQG� ,QGXVWULDO�����

$HURG\QDPLFV�� ������ GRL�� ��������

6����-�������������-;� 

��� 6��0XUDNDPL��$��0RFKLGD��DQG�.��+LEL��

³7KUHH-GLPHQVLRQDO� QXPHULFDO� VLPXOD�

WLRQ� RI� DLU� IORZ� DURXQG� D� FXELF� PRGHO�

E\� PHDQV� RI� ODUJH� HGG\� VLPXODWLRQ�´�

-RXUQDO� RI� :LQG� (QJ�� DQG� ,QGXVWULDO�

$HURG\QDPLFV��������GRL��������������

-�������������-�� 

��� 7�� 8FKLGD� DQG� <�� 2K\D�� ³/DUJH-HGG\�

VLPXODWLRQ� RI� WXUEXOHQW� DLUIORZ� RYHU�

FRPSOH[�WHUUDLQ�´�-RXUQDO�RI�:LQG�(QJ��

DQG� ,QGXVWULDO� $HURG\QDPLFV�� ������

GRL����������6����-�������������-�� 

��� .��.H\KDQL��3��:��6FKHUHU�� DQG�0��0��

0R]HOO�� ³1XPHULFDO� VLPXODWLRQ� RI� DLU�

IORZ� LQ� WKH� KXPDQ� QDVDO� FDYLW\�´�����

-RXUQDO�RI�%LRPHFKDQLFDO�(QJLQHHULQJ��

������GRL�������������������� 

��� )��'��0ROLQD-$L]��+��)DWQDVVL��7��%RX�

ODUG�� -�� &�� 5R\�� DQG� '�� /�� 9DOHUD��

³&RPSDULVRQ� RI� ILQLWH� HOHPHQW� DQG���

ILQLWH�YROXPH�PHWKRGV�IRU�VLPXODWLRQ�RI�

QDWXUDO� YHQWLODWLRQ� LQ� JUHHQKRXVHV�´�

&RPSXWHUV� DQG�(OHFWURQLFV� LQ�$JULFXO�

WXUH�� ������ GRL�� ��������

M�FRPSDJ������������� 

��� 6��-��<DQJ�DQG�:��6��)X��³$�QXPHULFDO�

LQYHVWLJDWLRQ� RI� HIIHFWV� RI� D� PRYLQJ��
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