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���3HQGDKXOXDQ 

3XODX� %DQJND� PHUXSDNDQ� SXODX� SHQJKDVLO� WLPDK�� GDUL�
SHQDPEDQJDQ� WLPDK� WHUVHEXW� PDND� EDQ\DN� GDHUDK�
DOLUDQ�VXQJDL��'$6��WHUFHPDU�GDUL�\DQJ�EHUXNXUDQ�NHFLO�

VDPSDL� \DQJ� EHVDU� WHUPDVXN� GDODP� :LOD\DK� 6XQJDL�
%DWXUXVD�� SDGD� XPXPQ\D� OLPEDK� KDVLO� GDUL� WDPEDQJ�
WLPDK�EHUXSD�SDVLU�PDXSXQ� WDQDK�\DQJ� OHPSXQJ�\DQJ�
ELDVDQ\D�DNDQ�PDVXN�NH�DQDN�VXQJDL��FHNXQJDQ�EDKNDQ�
NH�VXQJDL�XWDPD�\DQJ�DNDQ�PHPSHQJDUXKL�NHPLULQJDQ�
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GDVDU� VXQJDL�� NHGDODPDQ� DOLUDQ� GDQ� SHQGDQJNDODQ�
VXQJDL� WHQWX� DNDQ� PHPSHQJDUXKL� GHELW� DOLUDQ� GDQ�
WUDQVSRU� VHGLPHQ� GL� 6XQJDL� %DWXUXVD�� 3URVHV� WUDQVSRU�
VHGLPHQ� \DQJ� WHUMDGL� SDGD� VXQJDL� DODPL� DWDX� VDOXUDQ�
EXDWDQ� WHQWXQ\D� PHPEHULNDQ� GDPSDN� SRVLWLI� GDQ�
QHJDWLI� GDODP� NDUDNWHULVWLN� SHQJDOLUDQQ\D�� 'DPSDN�
QHJDWLI� GDUL� VXDWX� DOLUDQ� \DQJ� GLSHQJDUXKL� DGDQ\D�
SURVHV� WUDQVSRU� VHGLPHQ� WHQWX� DNDQ� EHUSHQJDUXK�
WHUKDGDS� GHELW� DOLUDQ� \DQJ� WHUMDGL� GL� VXQJDL�� 'HELW�
DOLUDQ�GLSHQJDUXKL�WHUKDGDS�SDUDPHWHU�KLGUDXOLN�VHSHUWL�
NHPLULQJDQ�VXQJDL�GDQ�QLODL�KDPEDWDQ�\DLWX�NHNDVDUDQ�
GDVDU� VXQJDL�� $GDSXQ� WXMXDQ� \DQJ� LQJLQ� GLFDSDL� GDUL�
VWXGL� LQL� DGDODK� PHQJDQDOLVD� HIHN� PDWHULDO� DQJNXWDQ�
VHGLPHQ� EHG-ORDG� WHUKDGDS� KDPEDWDQ� DOLUDQ� DWDX�
NRHILVLHQ� NHNDVDUDQ�� QLODL� NRHILVLHQ� NHNDVDUDQ� GL�
DQDOLVD� GDUL� SDUDPHWHU� KLGUDXOLN� DOLUDQ� GDQ� GDUL�
SDUDPHWHU�XNXUDQ�SDUWLNHO�EXWLUDQ�PDWHULDO�GDVDU�VXQJDL�
�EHG-ORDG��VHODLQ�LWX�MXJD�PHQJDQDOLVLV�SHQJDUXK�UDVLR�
NHFHSDWDQ� UDWD-UDWD� GHQJDQ� NHFHSDWDQ� JHVHN� MXJD�
GLWLQMDX� WHUNDLW� WUHQ� NRUHODVLQ\D� WHUKDGDS� QLODL�
NHNDVDUDQ� 

���7LQMDXDQ�3XVWDND�GDQ�7HRUL 

����'HELW�DOLUDQ�GDQ�NHNDVDVDUQ�PDQQLQJ 

3DUDPHWHU� KLGUDXOLN� PHUXSDNDQ� SDUDPDWHU� DOLUDQ� GL�
VXQJDL� GDQ� VDOXUDQ� WHUEXND� WHQWX� DNDQ� SHQJDUXK�
WHUKDGDS� EHVDUQ\D� VXDWX� KDPEDWDQ� DOLUDQ� \DQJ� DNDQ�
WHUMDGL� \DQJ� ELVD� GL� HVWLPDVL� GDODP� SHUKLWXQJDQ�
NRHILVLHQ�NHNDVDUDQ��NHFHSDWDQ�DOLUDQ�GDQ�GHELW�DOLUDQ��
8QWXN� PHQJKLWXQJ� GHELW� DOLUDQ� EHUGDVDUNDQ� NRHILVLHQ�
NHNDVDUDQ� 0DQQLQJ� GDUL� SDUDPHWHU� KLGUDXOLN� \DQJ�
SDOLQJ� XPXP� SDGD� VDOXUDQ� WHUEXND� GLVDMLNDQ� SDGD�
3HUVDPDDQ����� 

 

'DODP�KXEXQJDQ� LQL��4� DGDODK�GHELW� �P��V���QF� DGDODK�
NRHILVLHQ� NHNDVDUDQ� 0DQQLQJ�� 5� DGDODK� MDUL-MDUL�
KLGUROLN��P��GDQ�$�DGDODK�OXDV�SHQDPSDQJ�EDVDK��P����
1LODL�\DQJ�GLDPDWL�GDUL�QF�GHQJDQ�PHQJJXQDNDQ�GHELW�
\DQJ�VHVXDL�GDQ�NHPLULQJDQ�HQHUJL� �6H���HVWLPDVL�QLODL�
0DQQLQJ�GDSDW�GL�DQDOLVLV�GDUL�SDUDPHWHU�KLGUROLN�SDGD�
3HUVDPDDQ� ����� VHGDQJNDQ� NRHILVLHQ� 0DQQLQJ�
EHUGDVDUNDQ� SDUDPHWHU� XNXUDQ� EXWLUDQ� �G���� GDUL�
PDWHULDO� GDVDU� VXQJDL� EHG-ORDG� GLVDMLNDQ� SDGD�
SHUVDPDDQ� \DQJ� GLNHPEDQJNDQ� ROHK� 6WULFNOHU� �������
3HUVDPDDQ� ����� .HXOHJDQ� ������� 3HUVDPDDQ� �����
5DXGNLYL� ������� 3HUVDPDDQ� ����� *UDGH� DQG� 5DMX�
�������3HUVDPDDQ� ����� GDQ� %UD\� �������3HUVDPDDQ�
���� VHGDQJNDQ� XQWXN� HVWLPDVL� NRHILVLHQ� NHNDVDUDQ�
0DQQLQJ� EHUGDVDUNDQ� SDUDPHWHU� NHWLQJJLDQ� NHNDVDUDQ�
�NV��GLEHULNDQ�SDGD�3HUVDPDDQ������ 
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'LPDQD�� 3� DGDODK� NHOLOLQJ� EDVDK� SHQDPSDQJ� VXQJDL�
�P��� VHGDQJNDQ� NV� DGDODK� WLQJJL� NHNDVDUDQ� �P��� GDQ�J�
DGDODK�SHUFHSDWDQ�JUDYLWDVL��P�V��� 

����7LQJJL�NHNDVDUDQ�GDQ�IDNWRU�JHVHNDQ 

7LQJJL� NHNDVDUDQ�� NV� QLODL� GDUL� NHNDVDUDQ� GDVDU�
1LNXUDGVH�� GDSDW� GLKLWXQJ� GHQJDQ� 3HUVDPDDQ� ����
GDODP� SHQHOLWLDQ� ODSDQJDQ� PHQXUXW� �.LURQRWR� GDQ�
<XOLVWL\DQWR�� ������ GLPDQD� XQWXN� PHQJKLWXQJ� NV�
GLJXQDNDQ�SHUVDPDDQ�GLVWULEXVL�NHFHSDWDQ�GDUL�EHQWXN�
SHUVDPDDQ� 0DQQLQJ� XQWXN� EDWDV� \DQJ� NDVDU� GHQJDQ�
PHPEDQGLQJNDQQ\D� GHQJDQ� SHUVDPDDQ� ORJDULWPLN��
6HKLQJJD� GHQJDQ� PHQ\DPDNDQ� NHFHSDWDQ� DOLUDQ� SDGD�
SHQDPSDQJ� VDOXUDQ�GDUL� SHUVDPDDQ� ORJDULWPLN�GHQJDQ�
PHQFDUL�NRHILVLHQ�&KH]\��&F��GDUL�SHUVDPDDQ�0DQQLQJ�
GLGDSDWNDQ�SHUVDPDDQ�NV�VHEDJDL�EHULNXW��� 
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5HFNLQJ� GNN�� ������� PHQJNODVLILNDVLNDQ� WUDQVSRU�
VHGLPHQ� EHG-ORDG� MLND� WHJDQJDQ� JHVHU� WDN� EHUGLPHQVL�
�ș�� GDODP� NRQGLVL� EDWDV� ș�����șF� WUDQVSRU� VHGLPHQ�
VLJQLILNDQ� DNDQ� WHUMDGL� GL� GDVDU� VDOXUDQ� GDQ�
PHPSHQJDUXKL�NDUDNWHULVWLN�DOLUDQ��WHUPDVXN�KDPEDWDQ�
DOLUDQ� � GDQ� NRHILVLHQ� JHVHNDQ� GDVDU� VDOXUDQ�� 5HFNLQJ�
GNN� ������� GDODP� SHQHOLWLDQ� \DQJ� GLODNXNDQ�
PHQJDVXPVLNDQ� DQJNXWDQ� VHGLPHQ� EHG-ORDG� WHWDS�
WHUMDGL� GLVHSDQMDQJ� DOLUDQ� �PRYDEOH� EHG��� +DVLO�
SHQHOLWLDQ� PHQ\LPSXONDQ� EDKZD� EDJLDQ� GDVDU� VDOXUDQ�
NDVDU� \DQJ� EHUYDULDVL� GDQ� GLPHQVL� VDOXUDQ� DNDQ�
PHPSHQJDUXKL� KDPEDWDQ� DOLUDQ�� 5HFNLQJ� GNN� �������
MXJD� PHQ\LPSXONDQ� EDKZD� SDUDPHWHU� NHNDVDUDQ� �=��
GDUL� DOLUDQ� GHQJDQ� GDVDU� EHUJHUDN� EHG-ORDG� ���� NDOL�
OHELK� EHVDU� GDUL� DOLUDQ� WDQSD� EHG-ORDG�� 5HFNLQJ� GNN�
�������MXJD�PHQ\LPSXONDQ�EDKZD�GHQJDQ�SHQLQJNDWDQ�
NHPLULQJDQ� VDOXUDQ� GDUL� ��� KLQJJD� ���� NRHILVLHQ�
JHVHNDQ�GDVDU� EHUJHUDN� MXJD�PHQLQJNDW��6HPXD� DOLUDQ�
NDVDU� VHFDUD� KLGUROLN� �5H
!����5H
� DGDODK� NHNDVDUDQ�
ELODQJDQ� 5H\QROGV� WDN� EHUGLPHQVL�� VHGDQJNDQ� DOLUDQ�
WXUEXOHQ��5H!�������5H�PHUXSDNDQ�ELODQJDQ�5H\QROGV�
GDQ�DOLUDQ�VXSHUNULWLV��)U!����)DNWRU�JHVHNDQ� I�GDUL�8�
8
�� 

 

'LPDQD�8� DGDODK� NHFHSDWDQ� UDWD-UDWD� SHQDPSDQJ� �P�
V���8
�DGDODK�NHFHSDWDQ�JHVHN��P�V���8
� [�[[[[[����)U 

�DGDODK�)URXGH�1XPEHU� 

�����$QJNXWDQ��VHGLPHQ��GDQ�NRHILVLHQ�KDPEDWDQ 

$QJNXWDQ� VHGLPHQ� GDVDU� GDSDW� GLNHWDKXL� PHODOXL�
SHUKLWXQJDQ� WHJDQJDQ� JHVHU� WDN� EHUGLPHQVL� �ș�� GDQ�
GHELW� WDN�EHUGLPHQVL�GDUL�EHG-ORDG��׋��DGDODK�GLKLWXQJ�
PHQJJXQDNDQ�3HUVDPDDQ������GDQ������� 
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'LPDQD� Ĳ��  � WHJDQJDQ� JHVHU� GDVDU� �1�P
���� 𝜌V�  � UDSDW�

PDVVD�VHGLPHQ��NJ�P����𝜌� �UDSDW�PDVVD�DLU��NJ�P����V� �
𝜌V� �� 𝜌�  � UDSDW� PDVVD� UHODWLI�� GDQ� TE� �P��V�P��  � ODMX�
WUDQVSRU�YROXPHWULN�SHU�VDWXDQ�OHEDU� 

(IHN� DQJNXWDQ� VHGLPHQ� EHG-ORDG� SDGD� KDPEDWDQ� DOLUDQ�
WHODK� GLEXNWLNDQ� VHFDUD� HNVSHULPHQWDO� ROHK� EDQ\DN�
SHQHOLWL� �6PDUW� GDQ� -DHJJL�� ������ 5LFNHQPDQQ�� ������
%DLDPRQWH� GDQ� )HUUR�� ������ 6RQJ� GNN�� ������ %HUJHURQ�
GDQ�&DUERQQHDX��������&DUERQQHDX�GDQ�%HUJHURQ��������
2PLG� GNN�� ������ &DORPLQR� GNN�� ������ *DR� GDQ�
$EUDKDPV�� ������ 0DKGDYL� GDQ� 2PLG�� ������ &DPSEHOO�
GNN�� ������� 6HFDUD� NKXVXV�� GLWXQMXNNDQ� EDKZD� LQMHNVL�
VHGLPHQ� NH� DOLUDQ� DLU� MHUQLK� VHFDUD� EHUWDKDS�
PHQLQJNDWNDQ� UHVLVWDQVL� GHQJDQ� NXDQWLWDV� \DQJ�
GLLQMHNVLNDQ� KLQJJD�PHQFDSDL� GDWDUDQ� WLQJJL� NHWLND� ODMX�
VHGLPHQ� PHQGHNDWL� NRQGLVL� NHVHWLPEDQJDQ�� 3DGD�
NDSDVLWDV� DQJNXW� WHUOLKDW� EDKZD� IDNWRU� JHVHNDQ� I�
PHQLQJNDW� VHLULQJ� GHQJDQ� EHUWDPEDKQ\D� NRQVHQWUDVL�
VHGLPHQ��3DQGDQJDQ�\DQJ�GLWHULPD�VHFDUD�XPXP�DGDODK�
EDKZD� EHG-ORDG� PHQJHNVWUDNVL� PRPHQWXP� GDUL� DOLUDQ��
\DQJ� PHQ\HEDENDQ� SHQXUXQDQ� NHFHSDWDQ� DOLUDQ� GDQ�
PHQLQJNDWNDQ� SDQMDQJ� NHNDVDUDQ� GDODP� SURSRUVL� \DQJ�
WHUNDLW�GHQJDQ�NHWHEDODQ� ODSLVDQ� VHGLPHQ�\DQJ�EHUJHUDN�
�2ZHQ��������'LHWULFK��������:LEHUJ�GDQ�5XELQ���������
6HODLQ� LWX�� GDODP� DOLUDQ� NDVDU� GDQ� WXUEXOHQ� \DQJ� MDXK�
GLEDQGLQJNDQ� GHQJDQ� NHNDVDUDQ� EDWDV�� SURILO� NHFHSDWDQ�
ORJDULWPLN� DGDODK� SHUNLUDDQ� \DQJ� VHVXDL� �1LNRUD� GDQ�
6PDUW�� ������� GDQ� KDPEDWDQ� DOLUDQ� GDSDW� GLPRGHONDQ�
GHQJDQ�KXEXQJDQ�VHPLHPSLULV�\DQJ�GLWXUXQNDQ�GDUL�/RJ-
/DZ��GDODP�EHQWXN� 

 ට
8

𝑓
=

𝑈
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𝐾
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ට
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𝑓
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𝑓
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GLPDQD� I�  � NRHILVLHQ� KDPEDWDQ� DOLUDQ��%U� � NRQVWDQWD�
LQWHJUDVL� �\DQJ� QLODLQ\D� �� GDODP� DOLUDQ� WXUEXOHQ� \DQJ�
NDVDU�� NHWLND� ORJ-ODZ� EHUODNX��� .�  � NRHILVLHQ� YRQ�
.DUPDQ�� 6HGDQJNDQ� SURILO� NHFHSDWDQ� ORJDULWPLN� GDSDW�
GLKLWXQJ� VHVXDL� NRQGLVL� DOLUDQ� GHQJDQ� EHG-ORDG� GDQ�
WDQSD� EHG-ORDG� PHQXUXW� �5HFNLQJ�� ������ SDGD�
3HUVDPDDQ������GDQ�3HUVDPDDQ������� 

 

 

 

���0HWRGRORJL 

3HQHOLWLDQ�LQL�GLODNXNDQ�GL����ORNDVL�FURVV�VHFWLRQ�SDGD�
6XQJDL� %DWXUXVD�� GL� 3XODX� %DQJND�� ,QGRQHVLD� GHQJDQ�
SHQDPDDQ� ORNDVL� SHQJXNXUDQ� GHQJDQ� QDPD� &6%��
�&URVV� 6HFWLRQ� %DWXUXVD�� VHGDQJNDQ� DQJND�
PHQ\HEXWNDQ�QRPRU�XUXW�SHQJXNXUDQ�GLPXODL�GDUL�KLOLU�
VXQJDL�SDGD�&6%��VDPSDL�NH�KXOX�&6%���GDSDW�GLOLKDW�
SDGD� *DPEDU� ��� 3HQHOLWLDQ� GLODNXNDQ� GHQJDQ�
SHQJDPELODQ�VDPSHO�EHG-ORDG�GL�GDVDU�VXQJDL�%DWXUXVD�
GL�VHWLDS�FURVV�VHFWLRQ�PHQJJXQDNDQ�&UDE�VDPSOHU�GDQ�
GLODNXNDQ� SHQJXMLDQ� JUDGDVL� XNXUDQ� EXWLUDQ� SDUWLNHO�
VDPSHO� PDWHULDO� EHG-ORDG� GDQ� SHQJDPELODQ� VHGLPHQ�
VXVSHQVL�PHQJJXQDNDQ�PHWRGH�SRLQW�LQWHJUHWHG�GLVHWLDS�
FURVV�VHFWLRQ�GLDPELO���WLWLN�GL�WHQJDK�SHQDPSDQJ�GDQ���
WLWLN� GL� GHNDW� WHSL� NLUL� GDQ� NDQDQ� SHQDPSDQJ� VXQJDL��
VHGDQJNDQ� SDUDPHWHU� NHFHSDWDQ� DOLUDQ� GLXNXU�
PHQJJXQDNDQ�3URSHOOHU�&XUUHQWPHWHU�GDQ�GLXNXU� MXJD�
GHQJDQ� PHWRGH� SHODPSXQJ� GDODP� SHQJXNXUDQ�
NHFHSDWDQ�SHUPXNDDQ�GHQJDQ�IDNWRU�NRUHNVL������� 

/RNDVL� SHQJXNXUDQ� GLVHWLDS� FURVV� VHFWLRQ� GLGDSDWNDQ�
KDVLO� SHQJXNXUDQ� GHQJDQ� ��� YDULDVL� GHELW�� ��� YDULDVL�
NHPLULQJDQ�� ��� YDULDVL� XNXUDQ� SDUWLNHO� VHGLPHQ� EHG-
ORDG� �G���� GHQJDQ� KDVLO� SHQJXMLDQ� GL� ODERUDWRULXP�
VHFDUD� JDULV� EHVDU� KDVLO� SHQJXMLDQ� VHSHUWL� 𝜌V��  � ������

*DPEDU����/RNDVL�SHQJXNXUDQ�GDQ�SHQJDPELODQ�VDPSHO�GL����FURVV�VHFWLRQ�VXQJDL�%DWXUXVD�3XODX�%DQJND��,QGRQHVLD 
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𝜌V�� ��������𝜌V�� �������𝜌V�� �������𝜌V�� �������𝜌V�� �
�������𝜌V�� �������𝜌V�� �������𝜌V�� ������GDQ�𝜌V��� �
������ 'DWD� KDVLO� SHQJXMLDQ� GL� ODERUDWRULXP� GLVDMLNDQ�
SDGD�*DPEDU���� 

&6%�� ���� MHQLV� VHGLPHQ� \DLWX� SDVLU� NDVDU� GHQJDQ�
GLDPHWHU������PP�VHUWD�������WHUGLUL�DWDV�OXPSXU�GDQ�
OHPSXQJ��&6%������VHGLPHQ�\DLWX�SDVLU�VDQJDW�EHVDU�
GHQJDQ� GLDPHWHU� ���� PP� VHUWD� ������ WHUGLUL� DWDV�
OXPSXU� GDQ� OHPSXQJ�� &6%�� ���� VHGLPHQ� SDVLU�
VHGDQJ� GHQJDQ� GLDPHWHU� �����PP� VHUWD� ������ WHUGLUL�
DWDV� OXPSXU� GDQ� OHPSXQJ�� &6%�� ���� VHGLPHQ� \DLWX�
SDVLU� VHGDQJ� GHQJDQ� GLDPHWHU� ����� PP� VHUWD� �����
WHUGLUL�DWDV� OXPSXU�GDQ� OHPSXQJ��&6%������VHGLPHQ�
\DLWX� SDVLU� VHGDQJ� GHQJDQ� GLDPHWHU� ����� PP� VHUWD�
������ WHUGLUL� DWDV� OXPSXU� GDQ� OHPSXQJ�� &6%�� ����
VHGLPHQ�\DLWX�SDVLU�VDQJDW�EHVDU�GHQJDQ�GLDPHWHU������
PP� VHUWD� ������ WHUGLUL� DWDV� OXPSXU� GDQ� OHPSXQJ��
&6%�� ���� VHGLPHQ� \DLWX� SDVLU� VDQJDW� EHVDU� GHQJDQ�
GLDPHWHU������PP�VHUWD��������WHUGLUL�DWDV�OXPSXU�GDQ�
OHPSXQJ�� &6%�� ���� VHGLPHQ� \DLWX� NHULNLO� GHQJDQ�
GLDPHWHU������PP�VHUWD��������WHUGLUL�DWDV�OXPSXU�GDQ�
OHPSXQJ�� &6%�� ���� VHGLPHQ� \DLWX� NHULNLO� GHQJDQ�
GLDPHWHU������PP�VHUWD��������WHUGLUL�DWDV�OXPSXU�GDQ�
OHPSXQJ� GDQ� &6%��� ���� VHGLPHQ� \DLWX� NHULNLO�
GHQJDQ�GLDPHWHU������PP� 

*DPEDU����.XUYD�GLVWULEXVL�XNXUDQ�EXWLU�PDWHULDO�GDVDU�VXQJDL�%DWXUXVD 

7DEHO����3DUDPHWHU�GDWD�6XQJDL�%DWXUXVD�3XODX�%DQJND 

���+DVLO�GDQ�3HPEDKDVDQ 

����3DUDPHWHU�GDWD�SHQJXNXUDQ 

+DVLO� SHQJXNXUDQ� GDQ� SHUKLWXQJDQ� ODSDQJDQ� GDUL� ���
FURVV� VHFWLRQ� \DQJ� GLXNXU� GHQJDQ� SHQJXNXUDQ�
GLODNXNDQ� GL� KDUL� \DQJ� EHUEHGD-EHGD� GDQ� GLGDSDWNDQ�
SXOD����YDULDVL� NHFHSDWDQ�DOLUDQ�GDQ�GHELW� DOLUDQ�\DQJ�
GLVDMLNDQ�SDGD�7DEHO���GDQ�YLVXDOLVDVL�VDPSHO�VHGLPHQ�
GDVDU�GLVHWLDS�FURVV�VHFWLRQ�GLVDMLNDQ�SDGD�7DEHO���� 

��� 3HQJDUXK� NRHILVLHQ� NHNDVDUDQ� WHUKDGDS� HVWLPDVL�
GHELW�DOLUDQ 

3HQGHNDWDQ� SHQHQWXDQ� .RHILVLHQ� NHNDVDUDQ� 0DQQLQJ�
EHUGDVDUNDQ� SDUDPHWHU� KLGUDXOLN� GHQJDQ� EHUGDVDUNDQ�
XNXUDQ� GLDPHWHU� PHGLDQ� PDWHULDO� GDVDU� VXQJDL�
PHPEHULNDQ� SHUEHGDDQ� KDVLO� \DQJ� FXNXS� VLJQLILNDQ�
WHUKDGDS� EHVDUQ\D� GHELW� DOLUDQ� �3HUVDPDDQ� ��� GL�
6XQJDL�%DWXUXVD�\DQJ�GLVDMLNDQ�SDGD�*DPEDU���� 

+DVLO� GHELW� WHUXNXU� GL� ODSDQJDQ� GLEDQGLQJNDQ� GHQJDQ�
HVWLPDVL�GHELW�DOLUDQ�GHQJDQ�SHQGHNDWDQ�QLODL�NRHILVLHQ�
NHNDVDUDQ� 0DQQLQJ� EHUGDVDUNDQ� XNXUDQ� EXWLUDQ�
PDWHULDO� GDVDU� VXQJDL� �EHG-ORDG�� WHUMDGL� VHOLVLK� \DQJ�
FXNXS� VLJQLILNDQ� DQWDUD� GHELW� DOLUDQ� KDVLO� HVWLPDVL�
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*DPEDU����3HUEDQGLQJDQ�GHELW�DOLUDQ�WHUXNXU�GHQJDQ�HVWLPDVL�GHELW�DOLUDQ�SDGD�SHQJJXQDDQ�NHNDVDUDQ�PDQQLQJ�EHUGDVDUNDQ�
XNXUDQ�GLDPHWHU�PDWHULDO�EHG-ORDG�SDGD�6XQJDL�%DWXUXVD 

/RNDVL 6HGLPHQ�'DVDU /RNDVL 6HGLPHQ�'DVDU /RNDVL 6HGLPHQ�'DVDU 

&6%�  &6%�  &6%�  

&6%�  &6%�  &6%�  

&6%� 
  &6%�  &6%�  

7DEHO����6HGLPHQ�GDVDU�VHWLDS�FURVV�VHFWLRQ�GL�VXQJDL�%DWXUXVD 

GHQJDQ� GHELW� WHUXNXU�� 'HELW� HVWLPDVL� \DQJ� GLKLWXQJ�
GHQJDQ� EHUEDJDL� PHWRGH� PHQJKDVLONDQ� GHELW� \DQJ�
VDQJDW� EHVDU� GLEDQGLQJNDQ� GHQJDQ� GHELW� WHUXNXU��
3HQGHNDWDQ� PHQJJXQDNDQ� PHWRGH� GDODP� SHQHQWXDQ�
QLODL� 0DQQLQJ� VDQJDW� EHUSHQJDUXK� GDODP� HVWLPDVL�
NHFHSDWDQ� DOLUDQ� GDQ� GHELW� DOLUDQ�� 3HQGHNDWDQ� GDODP�
SHQJJXQDDQ� QLODL� NRHILVLHQ� NHNDVDUDQ� 0DQQLQJ� EHOXP�
WHQWX� FRFRN� GLJXQDNDQ� GDODP� SHQGHNDWDQ� XQWXN�

&6%�� 
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*DPEDU����9DULDVL�NRHILVLHQ�NHNDVDUDQ�GHQJDQ�UDVLR�NHFHSDWDQ�UDWD-UDWD�WHUKDGDS�NHFHSDWDQ�JHVHU� 

*DPEDU����9DULDVL�NRHILVLHQ�NHNDVDUDQ�GHQJDQ�IURXGH�QXPEHU 

HVWLPDVL� GHELW� DOLUDQ� GL� 6XQJDL� DODPL� WHUXWDPD� GL�
6XQJDL�%DWXUXVD 

��� 3HQJDUXK� NRHILVLHQ� NHNDVDUDQ� WHUKDGDS�
NHFHSDWDQ�DOLUDQ�GDQ�IURXGH�QXPEHU 

3DUDPHWHU� KLGUDXOLN� GDODP� SHQJXNXUDQ� ODQJVXQJ� GL�
ODSDQJDQ� VDQJDW� EHUSHQJDUXK� WHUKDGDS� QLODL� KDPEDWDQ�
DOLUDQ� \DQJ� GLUHVHSHQWDVLNDQ� GHQJDQ� QLODL� NRHILVLHQ�
NHNDVDUDQ� \DQJ� DNDQ� PHQMDGL� KDPEDWDQ� DOLUDQ�� XQWXN�
PHQJHWDKXL� WUHQ� SHQJDUXK� NRHILVLHQ� NHNDVDUDQ�
WHUKDGDS� YDULDEHO� WHUKDGDS� NHFHSDWDQ� GDQ� )URXGH�
1XPEHU� �)U�� GL� 6XQJDL� %DWXUXVD� MXJD� GLEDQGLQJNDQ�
GDUL� SHQHOLWLDQ� GHQJDQ� IOXPH� �:LOOLDPV�� ������ GDQ�
�0DVKDX�� ������ VHGDQJNDQ� SHUEDQGLQJDQ� GHQJDQ�
NRQGLVL�ODSDQJDQ�GDUL�SHQHOLWLDQ�ODSDQJDQ�SDGD�6XQJDL�
0LVVLVVLSL������� +DVLO� DQDOLVLV� NRHILVLHQ� NHNDVDUDQ�
0DQQLQJ�YHUVXV�NHFHSDWDQ�UDWD-UDWD�WHUKDGDS�NHFHSDWDQ�

JHVHU� �8�8
�� GLVDMLNDQ� SDGD� *DPEDU� ��� +DVLO� GDWD�
SHQHOLWLDQ� GL� 6XQJDL� %DWXUXVD�PHQXQMXNNDQ� WUHQ� QLODL�
NRHILVLHQ� NHNDVDUDQ� VHPDNLQ� EHVDU�PDND� � UDVLR�8�8
�
VHPDNLQ� NHFLO�� +DVLO� WUHQ� GDWD� LQL� MXJD� GLEDQGLQJNDQ�
GHQJDQ�KDVLO�HNVSHULPHQ�PRGHO�ILVLN�GL�)OXPH�GDUL�GDWD�
�0DVKDUX�� ������GDQ�GDWD� �:LOOLDPV�� ������ VHUWD� GDWD�
6XQJDL�0LVVLVVLSL�������MXJD�PHPLOLNL�WUHQ�\DQJ�VDPD�
GHQJDQ� GDWD� GL� 6XQJDL� %DWXUXVD� \DLWX� NRHILVLHQ�
NHNDVDUDQ�YHUVXV�UDVLR�8�8
�VHPDNLQ�EHVDU��PDND�QLODL�
NRHILVLHQ� NHNDVDUDQ� VHPDNLQ� PHQXUXQ� \DQJ�
PHQXQMXNDQ� EDKZD� QLODL� NHNDVDUDQ� VDQJDW�
PHPSHQJDUXKL�NHFHSDWDQ�DOLUDQ�GL�VXQJDL�DWDX�VDOXUDQ� 

+DVLO� DQDOLVLV� NRHILVLHQ� NHNDVDUDQ�0DQQLQJ� YHUVXV�)U�
GL�6XQJDL�%DWXUXVD�GLVDMLNDQ�SDGD�*DPEDU����WUHQ�GDWD�
PHQXQMXNNDQ� EHUWDPEDKQ\D� QLODL� )U� PDND� NRHILVLHQ�
NHNDVDUDQ� VHPDNLQ� NHFLO� GDQ� VHEDOLNQ\D� MLND� QLODL�)U�
EHVDU� PDND� WHUMDGL� SHQLQJNDWDQ� SDGD� QLODL� NRHILVLHQ�
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*DPEDU����3HUEDQGLQJDQ�DQWDUD�NHFHSDWDQ�DOLUDQ�SHQJXNXUDQ��8R��GDQ�NHFHSDWDQ�DOLUDQ�SHUKLWXQJDQ��8F�� 

*DPEDU����3HUEHGDDQ�NRHILVLHQ�KDPEDWDQ�DOLUDQ�SDGD�6XQJDL�%DWXUXVD�GHQJDQ�DGDQ\D�DQJNXWDQ�VHGLPHQ��EHG-ORDG� 
GHQJDQ�WDQSD�DGDQ\D�DQJNXWDQ�VHGLPHQ��QR�EHG-ORDG� 

NHNDVDUDQ�� 7UHQ� GDWD� QLODL� )U� 6XQJDL� %DWXUXVD� MXJD�
GLEDQGLQJNDQ�GHQJDQ�KDVLO�SHQHOLWLDQ�GDUL�GDWD��0DVKDUX��
������ GDQ� GDWD� �:LOOLDPV�� ������ VHUWD� GDWD� 6XQJDL�
0LVVLVVLSL�� ����� MXJD� PHPLOLNL� WUHQ� \DQJ� VDPD� GHQJDQ�
WUHQ�GDWD�GL�6XQJDL�%DWXUXVD��6HFDUD� WUHQ�QLODL�NRHILVLHQ�
NHNDVDDQ� DNDQ� PHPSHQJDUXKL� QLODL� )U� \DQJ� DNDQ�
PHQJNDVLILNDVLNDQ� MLND� QLODL� )U��� �PDND� DOLUDQ� WHUVHEXW�
GDODP� NRQGLVL� DOLUDQ� VXENULWLV� GLPDQD� EHVDUQ\D� QLODL�
NRHILVLHQ�NHNDVDUDQ�PHQLQJNDW�WDMDP�� 

3HUEDQGLQJDQ� DQWDUD� NHFHSDWDQ� DOLUDQ� UDWD-UDWD� \DQJ�
GLHYDOXDVL� GHQJDQ� NRQGLVL� GDWD� SHQJXNXUDQ� ODSDQJDQ�
SDGD� 6XQJDL� %DWXUXVD� VHSHUWL� SDGD� *DPEDU� ��
PHQXQMXNNDQ� VHPXD� KDVLO� SHUEDQGLQJDQ� SDOLQJ� VHVXDL�
SDGD� JDULV� HURU� �� ���� GHQJDQ� PHPEDQGLQJNDQ� GDUL�
HPSDW� OLWHUDWXU� GDQ� WLQJNDW� HURU� GL� 6XQJDL� %DWXUXVD�

PHPEHULNDQ� KDVLO� \DQJ� EHUEHGD� GHQJDQ� QLODL� UDWD-UDWD�
WLQJNDW� HURU� PHQFDSDL� ��������� WLQJNDW� HURU� LQL� ELVD�
WHUMDGL� NDUHQD� NHVDODKDQ� GDODP� SHQJXNXUDQ� NHFHSDWDQ�
GL� FURVV� VHFWLRQ� SDGD� 6XQJDL� %DWXUXVD� PHQMDGL�
SHUKDWLDQ� NKXVXV� GDODP� SHODNVDQDDQ� SHQJXNXUDQ��
NRQGLVL� ORNDVL� SHQJXNXUDQ� \DQJ� WHUMDGL� DOLUDQ�XQVWHDG\�
EDKNDQ� QRQXQLIRUP� DNLEDW� NRQGLVL� DODP� SDGD� 6XQJDL�
%DWXUXVD�WHQWX�DNDQ�PHPSHQJDUXKL�KDVLO�SHQJXNXUDQ� 

��� (IHN� DQJNXWDQ� VHGLPHQ� WHUKDGDS� NRHILVLHQ�
KDPEDWDQ 

$QDOLVD� EHVDUQ\D� QLODL� NRHILVLHQ� KDPEDWDQ� DOLUDQ� \DQJ�
WHUMDGL�GL�6XQJDL�%DWXUXVD�GLDQDOLVLV�GHQJDQ�GXD�NRQGLVL�
\DLWX� NRQGLVL� GHQJDQ� DGDQ\D� DQJNXWDQ� VHGLPHQ� EHG-
ORDG� GDQ� WDQSD� DQJNXWDQ� VHGLPHQ� �QR� EHG-ORDG�� GDUL�
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SHUVDPDDQ� \DQJ� GLNHPEDQJNDQ� ROHK� 5HFNLQJ� GNN�
������� \DLWX� SDGD� 3HUVDPDDQ� ����� GDQ� 3HUVDPDDQ�
����� GHQJDQ� PHQJJXQDNDQ� SDUDPHWHU� UDVLR� MDUL-MDUL�
KLGUDXOLN� GDQ� XNXUDQ� SDUWLNHO� GLDPDWHU� ���� PDWHULDO�
GDVDU� VXQJDL� EHG-ORDG�� KDVLO� SHUKLWXQJDQ� NRHILVLHQ�
KDPEDWDQ� GHQJDQ� NRQGLVL� DGDQ\D� EHG-ORDG� GDQ� WDQSD�
EHG-ORDG�GLVDMLNDQ�SDGD�*DPEDU���� 

+DVLO� DQDOLVD� GDUL� *DPEDU� �� PHQXQMXNNDQ� HIHN�
DQJNXWDQ� VHGLPHQ� EHG-ORDG� SDGD� NRHILVLHQ� KDPEDWDQ�
DOLUDQ� SDGD� 6XQJDL� %DWXUXVD� GL� 3XODX� %DQJND� SDGD�
NDSDVLWDV� DQJNXW� WHUOLKDW� EDKZD� IDNWRU� NRHILVLHQ�
KDPEDWDQ� I� PHQLQJNDW� VHLULQJ� GHQJDQ� EHUNXUDQJQ\D�
DVSHN� UDVLR� MDUL-MDUL�KLGUDXOLN�GHQJDQ�GLDPHWHU�EXWLUDQ�
PDWHULDO� GDVDU� VXQJDL�� 3HUEDQGLQJDQ� DQWDUD� NRHILVLHQ�
KDPEDWDQ�GHQJDQ�DGDQ\D�DQJNXWDQ�VHGLPHQ��EHG-ORDG��
PHQXQMXNDQ� QLODL� NRHILVLHQ� KDPEDWDQ� OHELK� EHVDU�
GLEDQGLQJNDQ� WDQSD� DQJNXWDQ� VHGLPHQ� �QR� EHG-ORDG���
GDSDW� GLVLPSXONDQ� EDKZD� DQJNXWDQ� VHGLPHQ� \DQJ�
WHUMDGL� GL� 6XQJDL� %DWXUXVD� DNDQ� PHPSHQJDUXKL� QLODL�
NRHILVLHQ� KDPEDWDQ� DOLUDQ�� +DVLO� DQDOLVD� LQL� VHFDUD�
XPXP� EDQ\DN� GLNHPXNDNDQ� ROHK� EHUEDJDL� SHQHOLWLDQ�
GDUL� OLWHUDWXU� DGDODK� EDKZD� EHG-ORDG� PHQJHNVWUDNVL�
PRPHQWXP�GDUL� DOLUDQ�� \DQJ�PHQ\HEDENDQ�SHQXUXQDQ�
NHFHSDWDQ�DOLUDQ�GDQ�PHQLQJNDWNDQ�SDQMDQJ�NHNDVDUDQ�
GDODP� SURSRUVL� \DQJ� WHUNDLW� GHQJDQ� NHWHEDODQ� ODSLVDQ�
VHGLPHQ� \DQJ� EHUJHUDN� �2ZHQ�� ������'LHWULFK�� ������
:LEHUJ�GDQ�5XELQ���������6HODLQ� LWX��JHUDNDQ�SDUWLNHO�
EXWLUDQ� VHGLPHQ� \DQJ� GLSHUFHSDW� ROHK� DOLUDQ�
PHQJKDVLONDQ� ODSLVDQ� NHNDVDUDQ� \DQJ� EHUNHPEDQJ�
MDXK� PHODPSDXL� EDJLDQ� DWDV� ODSLVDQ�� PHPSHQJDUXKL�
SURILO� NHFHSDWDQ� UDWD-UDWD� �%HUJHURQ� GDQ�
&DUERQQHDX������� &DUERQQHDX� GDQ� %HUJHURQ�� �������
&DPSEHOO� GNN�� ������ PHQXQMXNNDQ� EDKZD� LQL� VHVXDL�
GHQJDQ� ]RQD� SURGXNVL� HQHUJL� NLQHWLN� WXUEXOHQ� \DQJ�
LQWHQV�� (IHN� DQJNXWDQ� VHGLPHQ� WHUKDGDS� KDPEDWDQ�
DOLUDQ�GL�6XQJDL�%DWXUXVD�GLGDSDWNDQ�SHUVDPDDQ� \DQJ�
VHVXDL� GHQJDQ� � KXEXQJDQ� DQWDUD� WLQJJLQ\D� NRHILVLHQ�
KDPEDWDQ� DOLUDQ� �I�� WHUKDGDS� UDVLR� MDUL-MDUL� KLGUDXOLN�
GHQJDQ� GLDPHWHU� PHGLDQ� EXWLUDQ� VHGLPHQ� �5�G����
GHQJDQ� DGDQ\D� EHG-ORDG� GDQ� WDQSD� EHG-ORDG� SDGD�
3HUVDPDDQ������GDQ�3HUVDPDDQ������ 

 

 

���.HVLPSXODQ 

+DVLO� DQDOLVD� GDUL� SHQHOLWLDQ� LQL� GDSDW� GLVLPSXONDQ�
VHEDJDL�EHULNXW�LQL�� 

�� .RHILVLHQ�0DQQLQJ�\DQJ�GLJXQDNDQ�XQWXN�HVWLPDVL�
GHELW� DOLUDQ� VHPXDQ\D� PHPEHULNDQ� VHOLVLK� GHELW�
\DQJ�VDQJDW�EHVDU�WHUKDGDS�GHELW�WHUXNXU��SHQHQWXDQ�
QLODL�0DQQLQJ�PHPLOLNL�SHQJDUXK�\DQJ�FXNXS�EHVDU�
GDODP�HVWLPDVL�NHFHSDWDQ�DOLUDQ�GDQ�GHELW�DOLUDQ� 

�� PHQLQJNDWQ\D� UDVLR� 8�8
� PDND� QLODL� KDPEDWDQ�
DOLUDQ�\DLWX�QLODL�NRHILVLHQ�NHNDVDUDQ�PHPLOLNL� WUHQ�
PHQXUXQ� GDQ� VHEDOLNQ\D� VHPDNLQ� NHFLO� QLODL� UDVLR�
8�8
� MXJD� PHQJDNLEDWNDQ� NRHILVLHQ� NHNDVDUDQ�
VHPDNLQ�EHVDU� 

�� %HUWDPEDKQ\D� QLODL� )U� PDND� NRHILVLHQ� NHNDVDUDQ�
EHUNXUDQJ�� SHQXUXQDQ� LQL� PHUXSDNDQ� SHQXUXQDQ�

𝑓 = −0,0031𝑙𝑛 ቀ
𝑅

𝑑50
ቁ+ 0,0346   no bed-load ���� 

𝑓 = −0,002𝑙𝑛 ቀ
𝑅

𝑑50
ቁ + 0,0262   bed-load ���� 

SDGD� SHQJXNXUDQ� ODSDQJDQ� GL� 6XQJDL� %DWXUXVD�
GLEDQGLQJNDQ� GHQJDQ� 6XQJDL� 0LVVLVVLSL� MXJD�
PHPLOLNL� WUHQ�\DQJ�VDPD�VHGDQJNDQ�HNVSHULPHQ�GL�
IOXPH� MXJD� PHPLOLNL� WUHQ� \DQJ� VDPD� GHQJDQ� GDWD�
ODSDQJDQ�GL�6XQJDL�%DWXUXVD� 

�� 'DWD�SHQJXNXUDQ�ODSDQJDQ�SDGD�6XQJDL�%DWXUXVD�GL�
3XODX� %DQJND� VHPXD� KDVLO� SHUEDQGLQJDQ� SDOLQJ�
VHVXDL� SDGD� JDULV� HURU� �� ���� GHQJDQ�
PHPEDQGLQJNDQ� GDUL� HPSDW� OLWHUDWXU� GDQ� WLQJNDW�
HURU� GL� 6XQJDL� %DWXUXVD� PHPEHULNDQ� KDVLO� \DQJ�
EHUEHGD� GHQJDQ� QLODL� UDWD-UDWD� WLQJNDW� HURU�
PHQFDSDL��������� 

�� 3HUEDQGLQJDQ� DQWDUD� NRHILVLHQ� KDPEDWDQ� GHQJDQ�
DGDQ\D� DQJNXWDQ� VHGLPHQ� �EHG-ORDG�� PHQXQMXNDQ�
QLODL� NRHILVLHQ� KDPEDWDQ� OHELK� EHVDU� GLEDQGLQJNDQ�
WDQSD� DQJNXWDQ� VHGLPHQ� �QR� EHG-ORDG��� EDKZD�
DQJNXWDQ� VHGLPHQ� \DQJ� WHUMDGL� GL�6XQJDL�%DWXUXVD�
DNDQ� PHPSHQJDUXKL� SHQLQJNDWDQ� QLODL� NRHILVLHQ�
KDPEDWDQ�DOLUDQ� 

8FDSDQ�7HULPD�NDVLK 

8FDSDQ�WHULPD�NDVLK�GLVDPSDLNDQ�NHSDGD�.HPHQULVWHN
-%5,1�\DQJ�WHODK�PHPEHULNDQ�VXSSRUW�GDQD�SHQHOLWLDQ�
�3HQHOLWLDQ�6LPOLWDEPDV� VNHPD�3'3�7DKXQ�������GDQ�
/HPEDJD� 3HQHOLWLDQ�� 3HQJDEGLDQ�.HSDGD�0DV\DUDNDW��
GDQ� 3HQMDPLQDQ� 0XWX� 3HQGLGLNDQ� �/3��� ,QVWLWXW�
7HNQRORJL� 6XPDWHUD�� \DQJ� WHODK� PHPEHULNDQ� VXSSRUW�
SHQJDGPLQLVWUDVLDQ� GDODP� VXUDW� PHQ\XUDW� VHKLQJJD�
SHODNVDQDDQ�SHQHOLWLDQ�LQL�GDSDW�EHUMDODQ�GHQJDQ�EDLN� 

'DIWDU�3XVWDND 

%DLDPRQWH��*���DQG�)HUUR��9���������³7KH�LQIOXHQFH�RI�
URXJKQHVV� JHRPHWU\� DQG� 6KLHOGV� SDUDPHWHU� RQ�
IORZ� UHVLVWDQFH� LQ� JUDYHO-EHG� FKDQQHOV�´� (DUWK�
6XUI��3URFHVVHV�/DQGIRUPV���������–���� 

%HUJHURQ�� 1�� (��� DQG� &DUERQQHDX�� 3��� �������� ³7KH�
HIIHFW� RI� VHGLPHQW� FRQFHQWUDWLRQ� RQ� EHGORDG�
URXJKQHVV�´� +\GURORJ�� 3URFHVV��� ���� ����–
����� 

&DUERQQHDX��3���DQG�%HUJHURQ��1��(���������³7KH�HIIHFW�
RI�EHGORDG�WUDQVSRUW�RQ�PHDQ�DQG�WXUEXOHQW�IORZ�
SURSHUWLHV�´�*HRPRUSKRORJ\���������–���� 

&DORPLQR�� )��� *DXGLR�� 5��� DQG� 0LJOLR�� $��� ������
³(IIHFW� RI� EHG-ORDG� FRQFHQWUDWLRQ� RQ� IULFWLRQ�
IDFWRU�LQ�QDUURZ�FKDQQHOV�´�5LYHU�IORZ��1DSSOH��
���–���� 

&DPSEHOO��/���0F(ZDQ��,���1LNRUD��9��,���3RNUDMDF��'���
*DOODJKHU��0��� DQG�0DQHV��&�������� ³%HG-ORDG�
HIIHFWV� RQ� K\GURG\QDPLFV� RI� URXJK-EHG� RSHQ-
FKDQQHO� IORZV�´� -��+\GUDXO��(QJ��������������–
���� 

&DR�� +�� +��� ������ ³5HVLVWDQFH� K\GUDXOLTXH� G¶XQ� OLW� j�
JUDYLHU� PRELOH� j� SHQWH� UDLGH�� pWXGH�
H[SpULPHQWDOH�´� 3K�'�� WKHVLV�� (FROH�
3RO\WHFKQLTXH� )HGHUDOH� GH� /DXVDQH�� /DXVDQQH��
6ZLW]HUODQG� 
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)UHQFK��5�+���������2SHQ�&KDQQHO�+\GUDXOLFV��0F*UDZ-
+LOO� 

-RUDQRYD��$�$���%LUNKHDG��$�/���-DPHV��&�6���.OH\QKDQV��
&�-��� ������ +\GUDXOLFV� IRU� 'HWHUPLQDWLRQ� RI� WKH�
(FRORJLFDO�5HVHUYH� IRU�5LYHUV��:5&�5HSRUW�1R��
������3UHWRULD��6RXWK�$IULFD� 

.LURQRWR��%�$��	�<XOLVWL\DQWR��%���������7KH�6LPSOLILHG�
RI�6XVSHQGHG�6HGLPHQW�0HDVXUHPHQW�0HWKRG�IRU�
3UHGLFWLQJ�6XVSHQGHG�6HGLPHQW�/RDG�DV�$�%DVLF�
RI� 5HVHUYRLU� &DSDFLW\� 'HVLJQ� DV� 5HQHZDEOH�
(QHUJ\� 5HVRXUFH�� ,QW�� -�� RI� 5HQHZDEOH� (QHUJ\�
5HV��9ROXPH��� 

0DVKDX��0�6���������)ORZ�5HVLVWDQFH�,Q�2SHQ�&KDQQHOV�
:LWK� ,QWHUPHGLDWH� 6FDOH� 5RXJKQHVV�� $� UHVHDUFK�
UHSRUW� VXEPLWWHG� WR� WKH� )DFXOW\� RI� (QJLQHHULQJ�
DQG� WKH� %XLOW� (QYLURQPHQW�� 8QLYHUVLW\� RI�
:LWZDWHUVUDQG�� LQ� IXOILOOPHQW� RI� WKH� GHJUHH� RI�
0DVWHU�RI�6FLHQFH�LQ�(QJLQHHULQJ��-RKDQQHVEXUJ� 

0DKGDYL�� $��� DQG� 2PLG�� 0��� ������ ³7KH� HIIHFW� RI� EHG�
URXJKQHVV� RQ� YHORFLW\� SURILOH� LQ� RSHQ� FKDQQHOV�´�
5LYHU�IORZ��1DSSOH�������� 

1LNRUD�� 9�� ,��� DQG� 6PDUW�� *�� 0��� ������ ³7XUEXOHQFH�
FKDUDFWHULVWLFV� RI� WKH� 1HZ� =HDODQG� JUDYHO-EHG�
ULYHUV�´� -�� +\GUDXO�� (QJ��� ���B�B�� ���–�����
1RZHOO�� $�� 5��� DQG� &KXUFK�� 0�� B����B��
³7XUEXOHQW� IORZ� LQ� D� GHSWK-OLPLWHG� ERXQGDU\�
OD\HU�´�-��)XVLRQ�(QHUJ\����B&�B������–����� 

2PLG�� 0��� 0DKGDYL�� $��� DQG� 1DUD\DQDQ�� 5��� ������
³(IIHFWV�RI�EHGORDG�WUDQVSRUW�RQ�IORZ�UHVLVWDQFH�LQ�
ULJLG�ERXQGDU\�FKDQQHOV�´�,$+5��7HVVDORQLF�����
–���� 

2ZHQ��3��5��������³6DOWDWLRQ�RI�XQLIRUP�JUDLQV�LQ�DLU�´�-��
)OXLG�0HFK�����B�B�����–���� 

5DMX��.�*�5���3RUH\��3'�� DQG�$ODP��� ������ �5HVLVWDQFH�
RI�&RDUVH�6HGLPHQW�%HGV��� -��:DWHU�DQG�(QHUJ\��
,QWHUQDWLRQDO�����������-��� 

5DXGNLYL��$�-����������$QDO\VLV�RI�5HVLVWDQFH�LQ�$OOXYLDO�
&KDQQHOV���-��+\GU��'LY��$6&(�������� 

5DXGNLYL��$�-����������5LSSOHV�RQ�6WUHDP�%HG���-��+\GU��
(QJUJ��$6&(������������-��� 

5HFNLQJ�� $��� %RXFLQKD�� 9��� DQG� )UH\�� 3��� ������
³([SHULPHQWDO� VWXG\� RI� EHG-ORDG� JUDLQ� VL]H�
VRUWLQJ� QHDU� LQFLSLHQW� PRWLRQ� RQ� VWHHS� VORSHV�´�
5LYHU�IORZ��1DSSOH�����–���� 

5HFNLQJ�� $��� )UH\�� 3��� 3DTXLHU�� $��� %HOOHXG\�� 3���
&KDPSDJQH��-�<���������%HG-ORDG�WUDQVSRUW�IOXPH�
H[SHULPHQWV�RQ�VWHHS�VORSHV��-RXUQDO�RI�+\GUDXOLF�
(QJLQHHULQJ�������������–���� 

6PDUW�� *�� 0��� DQG� -DHJJL�� 0�� 1�� 5��� ������ 6HGLPHQW�
WUDQVSRUW� RQ� VWHHS� VORSHV��0LWWHLOXQJHQ�1R�� �����
GHU� 9HUVXFKVDQVWDOW� IXHU� :DVVHUEDX�� +\GURORJLH�

XQG� *OD]LRORJLH�� (LGJ�� 7HFKQ��� +RFKVFKXOH�
=XHULFK��=XULFK��6ZLW]HUODQG� 

6RQJ��7���&KLHZ��<��0���DQG�&KLQ��&��2���������³(IIHFWV�
RI� EHG-ORDG�PRYHPHQW� RQ� IORZ� IULFWLRQ� IDFWRU�´�
-��+\GUDXO��(QJ��������������–����� 

6RQJ�� 7��� *UDI�� :�� +��� DQG� /HPPLQ�� 8��� ����B��
³8QLIRUP� IORZ� LQ� RSHQ� FKDQQHOV� ZLWK� PRYDEOH�
JUDYHO�EHG�´�-��+\GUDXO��5HV�������������–���� 

7KRUQH�� &�5��� =HYHQEHUJHQ�� /�:��� ������ (VWLPDWLQJ�
0HDQ� 9HORFLW\� LQ� 0RXQWDLQ� 5LYHUV�� -RXUQDO� RI�
+\GUDXOLF�(QJLQHHULQJ��9RO��������������–����� 

:LEHUJ�� 3��� DQG� 5XELQ�� '��0��� ������ ³%HG� URXJKQHVV�
SURGXFHG� E\� VDOWDWLQJ� VHGLPHQW�´� -�� )XVLRQ�
(QHUJ\�����&��������–����� 

:LOOLDPV�� *�3��� ������ )OXPH� ZLGWK� DQG� ZDWHU� GHSWK�
HIIHFWV� LQ� VHGLPHQW� WUDQVSRUW� H[SHULPHQWV��
3URIHVVLRQDO�3DSHU�1R�����-+��86*6� 

� 
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