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$��$VKD���6��0D\D���.�5��+DUVKDQ��DQG
-�-��&KXQJDWK�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\±����������7KULVVXU��.HUDOD

$EVWUDFW
3UHQDWDO�VWXGLHV�RQ�WKH�ELRPHWU\�RI�WKH

GHYHORSLQJ� O\PSK� QRGHV� LQ� JRDW� ZHUH
FRQGXFWHG� LQ� ��� IRHWXVHV� 7KHUH� ZDV� D
SURJUHVVLYH�LQFUHDVH�LQ�WKH�VL]H�RI�WKH�O\PSK
QRGHV��YL]��PHDQ�OHQJWK��ZLGWK��WKLFNQHVV�DQG
ZHLJKW�RI�O\PSK�QRGHV�DV�WKH�DJH�DGYDQFHG�
7KH� ZHLJKW� RI� WKH� O\PSK� QRGHV� H[KLELWHG
SRVLWLYH�FRUUHODWLRQ�ZLWK�ERG\�ZHLJKW�DQG�DJH�
,Q�WKH�ILYH�PDMRU�O\PSKRFHQWUHV�VWXGLHG��LW�ZDV
IRXQG�WKDW�WKH�VXSHUILFLDO�O\PSK�QRGHV�RFFXUUHG
DV� VLQJOH� RQHV� DQG� GHHS� RU� YLVFHUDO� O\PSK
QRGHV�RFFXUUHG�LQ�JURXSV���7KH�WRSRJUDSKLFDO
SRVLWLRQ�RI� WKHVH� O\PSK�QRGHV�VKRZHG�VOLJKW
YDULDWLRQ�LQ�SRVLWLRQ�LQ�VRPH�DQLPDOV�VWXGLHG�
7KH�PHDQ�YDOXHV�IRU�JURVV�SDUDPHWHUV�VKRZHG
VOLJKWO\�KLJKHU�YDOXHV�IRU�PDOH�DQLPDOV�DQG�LQ
WKH�O\PSK�QRGHV�RI�WKH�ULJKW�VLGH�
.H\ZRUGV��)RHWXV�� *RDW�� /\PSK� QRGHV�
0RUSKRPHWU\��3UHQDWDO

/\PSK�QRGHV�DUH�VPDOO�RU�ODUJH�VL]HG
QRGXOHV� RI� WKH� O\PSKRLG� WLVVXH� DQG� DUH
UHJDUGHG� DV� WKH� ILOWHUV� RU� EDUULHUV� ORFDWHG� LQ
WKH�FRXUVH�RI�VPDOOHU�O\PSKDWLFV��7KH\�FRQVLVW
RI� FDSVXOH�� VWURPD��FRUWH[��PHGXOOD��QRGXOHV
DQG�KLOXV��7KH�VHFRQGDU\�O\PSKRLG�WLVVXHV�DUH
JHQHUDOO\� ORFDWHG� DW� WKH� VWUDWHJLF� VLWH�ZKHUH
IRUHLJQ� DQWLJHQ� FRXOG� EH� HIILFLHQWO\� EURXJKW
WRJHWKHU�ZLWK�WKH�UHJXODWRU\�DQG�HIIHFWRU�FHOOV
RI� WKH� LPPXQH� V\VWHP�� � 7KH� RUJDQLVHG
VWUXFWXUH�RI�WKH�VHFRQGDU\�O\PSKRLG�WLVVXH�LV
WKRXJKW� WR�HQKDQFH� WKH�VHQVLWLYLW\�RI�DQWLJHQ
UHFRJQLWLRQ��)X�DQG�&KDSOLQ��������

�3DUW�RI�0�9�6F��WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�WKH��.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU
�9HWHULQDU\�6XUJHRQ�$+'��.HUDOD
�$VVRFLDWH�3URIHVVRU�
�3URIHVVRU�DQG�+HDG��5HWG��
��3URIHVVRU�DQG�+HDG��&9$6��3RRNRGH��:D\DQDG

$OWKRXJK� H[WHQVLYH� ZRUN� KDV� EHHQ
FRQGXFWHG�RQ�WKH�O\PSK�QRGHV�LQ�RWKHU�VSHFLHV
RI� DQLPDOV�� WKH� SUHQDWDO� GHYHORSPHQW� RI
FDSULQH� O\PSKDWLF� V\VWHP� KDV� QRW� DWWUDFWHG
HQRXJK�DWWHQWLRQ�E\�O\PSKDWLF�UHVHDUFKHUV�LQ
WKH� SDVW� DQG� LV� QRW� DGHTXDWHO\� GHVFULEHG�
'HVFULSWLYH�UHSRUWV�DERXW�WKH�PRUSKRJHQHVLV
RI�WKH�FDSULQH�O\PSK�QRGHV�DUH�VFDQW\���+HQFH
WKLV� VWXG\� ZDV� FRQGXFWHG� WR� HOXFLGDWH� WKH
ELRPHWULFDO�SDUDPHWHUV�RI�WKH�O\PSK�QRGHV�LQ
JRDWV�DW�GLIIHUHQW�VWDJHV�RI�SUHQDWDO�OLIH
0DWHULDOV�DQG�0HWKRGV

7KH�VWXG\�ZDV�FRQGXFWHG�RQ����JRDW
IRHWXVHV��$IWHU� UHFRUGLQJ�VWUDLJKW�DQG�FXUYHG
&URZQ�5XPS� /HQJWK� �&5/��� WKH� DJH� RI� WKH
IRHWXVHV� ZDV� FDOFXODWHG� XVLQJ� WKH� IRUPXOD
GHULYHG�E\�6LQJK�HW�DO���������IRU�JRDW�IRHWXVHV�
:���� ��������W��������ZKHUH��:� �ERG\�ZHLJKW
RI�WKH�IRHWXV�LQ�J�DQG�W� �DJH�RI�WKH�IRHWXV�LQ
GD\V�� %DVHG� RQ� WKH� DJH�� WKH� IRHWXVHV�ZHUH
GLYLGHG�LQWR�ILYH�JURXSV��(PEU\RV�DQG�IRHWXVHV
XSWR����GD\V�RI�DJH��ZHUH�IL[HG�DV�VXFK��)URP
HPEU\RV�RI� ��� WR����GD\V�RI� DJH�� WKH�DUHDV
VXUURXQGLQJ� DQG� LQFOXGLQJ� WKH� GHYHORSLQJ
O\PSK�QRGHV�� WKH�YHQWUDO� DVSHFW�RI� WKH�QHFN
DORQJ� ZLWK� FDURWLG� VKHDWK� DQG� WKH� GRUVDO
WKRUDFLF� DQG� OXPEDU� YHUWHEUDO� UHJLRQV�ZHUH
FROOHFWHG� DQG� IL[HG� DV� VXFK��5HSUHVHQWDWLYH
O\PSK� QRGHV� IURP� ILYH�PDMRU� O\PSKRFHQWUHV
ZHUH� VWXGLHG�� YL]��� SDURWLG� DQG�PDQGLEXODU
O\PSK�QRGHV�IURP�O\PSKRFHQWUHV�RI�WKH�KHDG�
SUHVFDSXODU� O\PSK� QRGH� IURP� QHFN�� FDXGDO
PHGLDVWLQDO� O\PSK�QRGH� IURP� WKRUDFLF�FDYLW\�
MHMXQDO�PHVHQWHULF�O\PSK�QRGH�IURP�DEGRPLQDO

5HFHLYHG�����������
$FFHSWHG�����������
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YLVFHUD�� DQG� SUHIHPRUDO� O\PSK� QRGH� IURP
DEGRPLQDO� ZDOO�� )URP� ODUJHU� IRHWXVHV� RI� ��
GD\V�RI�DJH�DQG�DERYH��WKH�O\PSK�QRGHV�ZHUH
GLVVHFWHG� RXW� WR� UHFRUG� WKH�PRUSKRPHWULF
SDUDPHWHUV�OLNH�ZHLJKW��OHQJWK��ORQJ�GLDPHWHU��
ZLGWK� �VKRUW� GLDPHWHU�� DQG� WKLFNQHVV� RI� WKH
O\PSK�QRGHV�ZHUH�PHDVXUHG� LQ�HDFK�IRHWXV�
)URP�WKLV�JURXS�RI�IRHWXVHV��WKH�YHQWUDO�DVSHFW
RI�WKH�QHFN�DORQJ�ZLWK�FDURWLG�VKHDWK�DQG�WKH
WKRUDFLF�GXFW�DQG�FLVWHUQD�FK\OL�DORQJ�ZLWK�WKHLU
UHODWHG�VWUXFWXUHV�ZHUH�DOVR�FROOHFWHG�DQG�IL[HG
DV�VXFK���)RU�PDNLQJ�FRPSDUDWLYH�VWXGLHV�RQ
JURZWK��RUJDQV� OLNH� OLYHU�� WK\PXV�DQG�VSOHHQ
ZHUH�DOVR�FROOHFWHG��7KH�GDWD�FROOHFWHG�ZHUH
DQDO\VHG�VWDWLVWLFDOO\� IROORZLQJ�6QHGHFRU�DQG
&RFKUDQ� �������
5HVXOWV�DQG�'LVFXVVLRQ

,Q� WKH� ILYH� PDMRU� O\PSKRFHQWUHV
VWXGLHG��LW�ZDV�IRXQG�WKDW�WKH�VXSHUILFLDO�O\PSK
QRGHV� RFFXUUHG� DV� VLQJOH� RQHV� DQG� GHHS� RU
YLVFHUDO�O\PSK�QRGHV�RFFXUUHG�LQ�JURXSV���7KLV

ZDV� LQ� DFFRUGDQFH�ZLWK� WKH� REVHUYDWLRQV� RI
*DGUH�HW� DO�� ������� LQ� WKH� FURVV�EUHG�PDOH
FDOYHV�

7KH� WRSRJUDSKLFDO� SRVLWLRQ� RI� WKHVH
O\PSK�QRGHV�VKRZHG�VOLJKW�YDULDWLRQ�LQ�VRPH
RI�WKH�DQLPDOV�VWXGLHG��ZKLFK�SDUWLDOO\�DJUHHG
ZLWK� WKH� ILQGLQJV� RI� 6DUPD�HW� DO�� ������� LQ
$VVDP�ORFDO�JRDWV��ZKR�IRXQG�VOLJKW�YDULDWLRQ
LQ�SRVLWLRQ�RI�PRVW�RI�WKH�O\PSK�QRGHV�H[FHSW
PDQGLEXODU� DQG� VXSHUILFLDO� FHUYLFDO� O\PSK
QRGHV�

7KHUH�ZDV�D�SURJUHVVLYH�LQFUHDVH�LQ
WKH�PHDQ�OHQJWK��ZLGWK��WKLFNQHVV�DQG�ZHLJKW
RI� O\PSK�QRGHV�DV� WKH�DJH�DGYDQFHG� �7DEOH
����VLPLODU�WR�WKH�REVHUYDWLRQV�PDGH�E\�*DGUH
HW�DO���������LQ�WKH�O\PSK�QRGHV�RI�FURVV�EUHG
FDOYHV��ZKR�FRXOG�DOVR�REVHUYH�WKDW�WKHUH�ZDV
DQ�HQODUJHPHQW�RI�O\PSK�QRGHV�RQ�H[SRVXUH
WR�DQWLJHQV�

7KH� JURVV� SDUDPHWHUV� RI� WKH� O\PSK
7DEOH��� $YHUDJH�OHQJWK��ZLGWK��WKLFNQHVV�DQG�ZHLJKW�RI�O\PSK�QRGHV�DW�IRXUWK�DQG�ILIWK
PRQWK�RI�JHVWDWLRQ��0HDQ��6��(��
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7DEOH����&RUUHODWLRQ�RI�ERG\�SDUDPHWHUV�ZLWK�OLYHU��VSOHHQ�DQG�O\PSK�QRGH�ZHLJKW

QRGHV�H[KLELWHG�SRVLWLYH�FRUUHODWLRQ�ZLWK�ERG\
ZHLJKW��DJH�DQG�&5/��7KHVH�DOVR�VKRZHG�D
VLPLODU�UHODWLRQ�ZLWK�WKH�OLYHU�DQG�VSOHHQ�ZHLJKW
LQGLFDWLQJ�D�JURZWK� WUHQG� LQ�DFFRUGDQFH�ZLWK
RWKHU� LQWHUQDO� RUJDQV� DQG�PDMRU� O\PSKDWLF
RUJDQV��7DEOH����

7KH� FRPSDULVRQ� RI�PHDQ� YDOXHV� RI
O\PSK�QRGHV� GXULQJ� ILIWK�PRQWK� VKRZHG� WKDW
WKHVH�YDOXHV�ZHUH�VOLJKWO\�KLJKHU�LQ�WKH�O\PSK

QRGHV�RI� WKH� ULJKW�VLGH� WKDQ� WKRVH�RI� WKH� OHIW
VLGH��)LJ�����VLPLODU�WR�WKH�UHSRUWV�RI�6DUPD�HW
DO���������LQ�$VVDP�ORFDO�JRDWV�

7KH� PHDQ� YDOXHV� IRU� JURVV
SDUDPHWHUV�RI�O\PSK�QRGHV�GXULQJ�IRXUWK�DQG
ILIWK�PRQWK�ZHUH�VOLJKWO\�KLJKHU�LQ�PDOHV�ZKHQ
FRPSDUHG�WR�WKDW�RI�WKH�IHPDOH�DQLPDOV��ZLWK
WKH�PHDQ�GLIIHUHQFH� UDQJLQJ�EHWZHHQ� WZR� WR
ILYH�PLOOLPHWHUV�XQOLNH�WKH�ILQGLQJV�RI�*DGKDYH
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������� LQ�0XUUDK�EXIIDORHV�� �%XW�3RVSLHV]Q\
HW�DO���������VWDWHG�WKDW�WKH�VH[�RI�WKH�IRHWXV
KDG� QR� LQIOXHQFH� RQ� WKH� PRUSKRORJ\� DQG
GHYHORSPHQW�RI� WKH� WUDFKHR�EURQFKLDO�FUDQLDO
O\PSK�QRGH�LQ�SUHQDWDO�OLIH�LQ�VKHHS�

6LQFH� WKH� O\PSKDWLF� V\VWHP� SOD\V� D
FUXFLDO� UROH� ERWK� LQ� QRUPDO� DQG� SDWKRORJLFDO
SURFHVVHV�ZLWK� O\PSK�QRGHV�DFWLQJ�DV� ILOWHUV
RI�ERG\�IOXLGV��WKH�UHJLRQDO�DQG�VLGH�GLIIHUHQFHV
LQ�WKH�ELRPHWU\�RI�WKHVH�RUJDQV�RQO\�LQGLFDWHG
WKH� UHVSHFWLYH� FKDQJHV� LQ� WKH� H[SRVXUH� WR
H[WHUQDO�LQIOXHQFHV�
5HIHUHQFHV
)X��<�;��DQG�&KDSOLQ��'�'��������'HYHORSPHQW

DQG� PDWXUDWLRQ� RI� VHFRQGDU\
O\PSKRLG�WLVVXHV��$QQ��5HY��,PPXQRO��
������������

*DGKDYH��6��%��������*URVV�DQDWRPLFDO�DQG
KLVWRFKHPLFDO� VWXG\� RI� SDURWLG�
SUHVFDSXODU��SUHIHPRUDO�DQG�SRSOLWHDO
O\PSK� QRGHV� LQ� 0XUUDK� EXIIDOR�
0�9�6F�� 7KHVLV�� .RQNDQ� .ULVKL
9LG\DSHHWK��0XPEDL�����S�

*DGUH��.�0���0DOLN��0�5��DQG�6ULYDVWDYD��$�0�
������*URVV� DQDWRPLFDO� FKDQJHV� LQ
DEGRPLQDO� O\PSK�QRGH�RI� FURVV�EUHG
FDOYHV�ZLWK�DJH�DQG�LPPXQH�UHVSRQVH�

,QGLDQ�-��$QLP��6F���������������
*DGUH��.�0���0DOLN��0�5��DQG�6ULYDVWDYD��$�0�

������ 0RUSKRORJLFDO� FKDQJHV� LQ
O\PSK�QRGHV�RI�FURVV�EUHG�FDOYHV�ZLWK
DJH�DQG�DQWLJHQ�WUHDWPHQW��,QGLDQ�-�
$QLP��6FL���������������

3RVSLHV]Q\��1���.OHFNRZVND��-���&KURV]F]��$�
DQG� -XV]F]\N�� 0�� ������ 7KH
PRUSKRORJ\� DQG� GHYHORSPHQW� RI� WKH
VKHHS¶V�WUDFKHR�EURQFKLDO�FUDQLDO�O\PSK
QRGHV�LQ�SUHQDWDO�SHULRG��(OHFWURQLF -�
3RO�� $JULF�� 8QLY�� >RQ� OLQH@�� �� ����
$YDLODEOH��KWWS���ZZZ��HMSDX��PHGLD�SO�
VHULHV�YROXPH��LVVXH��YHWHULQDU\�DUW�
���KWPO��,661�����������

6DUPD�� .��� .DOLWD��$��� 6XUL�� 6�� DQG� =DPD�
0�0�6�� ������ *URVV� DQDWRPLFDO
REVHUYDWLRQV�RQ� WKH�VXSHUILFLDO� O\PSK
QRGHV�RI�%DNDUZDOL�JRDW��&DSUD�KLUFXV��
,QGLDQ��-��$QLP��6FL���������������

6LQJK��<��� �6KDUPD��'��1��DQG�'KLQJUD��/�'�
������0RUSKRJHQHVLV�RI�WHVWLV�LQ�JRDW�
,QGLDQ�-��$QLP��6FL���������������

6QHGHFRU�� *�:�� DQG� &RFKUDQ��:�*�� �����
6WDWLVWLFDO�0HWKRGV���WK�HG��2[IRUG�DQG
,%0�3XEOLVKLQJ�&RPSDQ\��1HZ�'HOKL�
����S�

)URP�/HIW����/HQJWK�ULJKW�����/HQJWK�OHIW�����:LGWK�ULJKW�����:LGWK�OHIW�����7KLFNQHVV�ULJKW�����7KLFNQHVV�OHIW
)LJ����%LRPHWULFDO�SDUDPHWHUV�RI�O\PSK�QRGHV�RI�ULJKW�DQG�OHIW�VLGHV�GXULQJ�ILIWK�PRQWK�RI�JHVWDWLRQ


