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5HYLHZ�$UWLFOH� 
 
0RQNH\SR[��6FLHQWRPHWULFV�RI����\HDUV�RI�JOREDO�VFLHQWLILF�SXEOLFDWLRQV 
 
0HLVDP�'DVWDQL���5H]D�$KPDGL���-DODO�0DUGDQHK�
� 

 
�,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWHU��*RQDEDG�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��*RQDEDG��,UDQ� 
�6FKRRO�RI�0HGLFLQH��,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWHU��*RQDEDG�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV�� 
��*RQDEDG��,UDQ� 
�'HSDUWPHQW�RI�0LFURELRORJ\��6FKRRO�RI�0HGLFLQH��,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWHU��*RQDEDG�8QLYHUVLW\�
RI�0HGLFDO�6FLHQFHV��*RQDEDG��,UDQ�� 
 

&RUUHVSRQGLQJ�DXWKRUV
��(PDLO��MDODOPDUGDQHK#\DKRR�FRP� 

$EVWUDFW� 
%DFNJURXQG��6FLHQWLILF�SXEOLFDWLRQV�UHODWHG� WR�HSLGHPLF�GLVHDVHV�DUH�FUXFLDO� IRU�FRQWUROOLQJ�DQG� WUHDWLQJ�VXFK�
GLVHDVHV��7KH�SUHVHQW�VWXG\�DLPHG�WR�H[SORUH�DQG�DQDO\]H�LQWHUQDWLRQDO�SXEOLFDWLRQV�RQ�PRQNH\SR[�WKURXJK�VFLHQ�
WRPHWULF�PHWKRGV� 
0HWKRGV��7KLV�UHYLHZ�LV�DQ�DSSOLHG�UHVHDUFK�FRQGXFWHG�XVLQJ�WKH�VFLHQWRPHWULF�PHWKRG�ZLWK�DQ�DQDO\WLFDO�PHWK�
RG��$OO�ZRUOG�VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[�ZHUH�H[WUDFWHG�IURP�WKH�:HE�2I�6FLHQFH��:26��FLWDWLRQ�GDWD�
EDVH�IURP�-DQXDU\������WR�0D\������WKURXJK�DQ�DSSURSULDWH�VHDUFK�VWUDWHJ\��0RUHRYHU��([FHO�DQG�WKH�926�YLHZ�
HU�%LEOLRPHWUL[�SDFNDJH�RI�WKH�5�SURJUDPPLQJ�ODQJXDJH�ZHUH�XVHG�IRU�GDWD�DQDO\VLV�� 
5HVXOWV��,Q�WRWDO�������SXEOLFDWLRQV�UHODWHG�WR�PRQNH\SR[�ZHUH�H[WUDFWHG�IURP�WKH�:26�FLWDWLRQ�GDWDEDVH��0RVW�
RI�WKH�SXEOLFDWLRQV�ZHUH�RULJLQDO�SDSHUV�SXEOLVKHG�LQ�������7KH�8QLWHG�6WDWHV��*HUPDQ\��DQG�WKH�&RQJR�KDG�WKH�
PRVW�SXEOLFDWLRQV�RQ�PRQNH\SR[��7KH�WRSLF�FOXVWHUV�RI�VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[�KDYH�EHHQ�LQ�IRXU�WRS�
LF�RULHQWDWLRQV��SUHYHQWLRQ��HSLGHPLRORJ\��WUHDWPHQW��DQG�LPPXQH�UHVSRQVH� 
&RQFOXVLRQ��7KH�ILQGLQJV�RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�SURYLGHG�D�FOHDU�SLFWXUH�RI�WKH�SXEOLFDWLRQV�DQG�VFLHQWLILF�
SURGXFWLRQV�RI�ZRUOG�UHVHDUFKHUV�LQ�WKH�ILHOG�RI�PRQNH\SR[��$FFRUGLQJO\��UHVHDUFKHUV�DQG�SROLF\PDNHUV�RQ�PRQ�
NH\SR[�FDQ�EHWWHU�XQGHUVWDQG�WKH�VFLHQWLILF�SXEOLFDWLRQV�RQ�WKLV�GLVHDVH�DQG�LWV�GLPHQVLRQV� 

.H\ZRUGV��0RQNH\SR[��6FLHQWLILF�SXEOLFDWLRQV��6FLHQWRPHWULF��%LEOLRPHWULF��7RSLF�FOXVWHUV� 
&LWDWLRQ��'DVWDQL�0��$KPDGL�5��0DUGDQHK�-��0RQNH\SR[��6FLHQWRPHWULFV�RI����\HDUV�RI�JOREDO�VFLHQWLILF�SXEOL�
FD ��WLRQV��(WKLRS�0HG��-�����������-��� 
6XEPLVVLRQ�GDWH�������6HSWHPEHU�������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������� 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  'DVWDQL�HW�DO�� 

,QWURGXFWLRQ� 
,Q�DGGLWLRQ�WR�EHLQJ�VWLOO�RQH�RI�WKH�JOREDO�KHDOWK�FKDO�
OHQJHV� UHFHQWO\�� LQIHFWLRXV� GLVHDVHV� DUH� RQH� RI� WKH�
OHDGLQJ� FDXVHV� RI� GHDWK� ZRUOGZLGH� ����� 6FLHQWLVWV�
KDYH�PDGH� VLJQLILFDQW� SURJUHVV� LQ� UHFHQW� GHFDGHV� LQ�
WUHDWLQJ� DQG� SUHYHQWLQJ� LQIHFWLRXV� GLVHDVHV� VXFK� DV�
+,9��YLUDO�KHSDWLWLV�� DQG� WXEHUFXORVLV� ����� �+RZHYHU��
PDQ\� RWKHU� LQIHFWLRXV� GLVHDVHV�� VXFK� DV� +�1�� DQG�
+�1�� ELUG� IOX�� 0LGGOH� (DVW� 5HVSLUDWRU\� 6\QGURPH��
(EROD� YLUXV�� =LND� YLUXV�� DQG� &29,'-���� KDYH�
HPHUJHG� LQ� UHFHQW� \HDUV�� WKHUHIRUH�� KXPDQV� DUH� DO�
ZD\V�DW�ULVN�RI�HPHUJLQJ�LQIHFWLRXV�GLVHDVHV������� 
0RQNH\SR[��D�FRPPRQ�GLVHDVH�EHWZHHQ�KXPDQV�DQG�
DQLPDOV�� LV� FDXVHG� E\� WKH� PRQNH\SR[� YLUXV�� ZKLFK�
EHORQJV�WR�WKH�3R[YLULGDH�IDPLO\��WKH�&KRUGRSR[YLUL�
QDH� VXEIDPLO\�� DQG� WKH� 2UWKRSR[YLUXV� JHQXV�� ,W� LV�

FORVHO\� UHODWHG� WR� WKH� YDULROD� YLUXV� �VPDOOSR[�� DQG�
OHDGV�WR�VPDOOSR[-OLNH�GLVHDVH������ 
0RQNH\SR[� KDV� EHHQ� D� UDUH� GLVHDVH� QDWLYH� WR�$IULFD�
EXW� LV� QRZ� VSUHDGLQJ� WR� ZHVWHUQ� DQG� FHQWUDO� $IULFD��
&RQILUPHG�FDVHV�RI�PRQNH\SR[�KDYH�EHHQ�PRUH�FRP�
PRQ� VLQFH� ����� WKDQ� LQ� WKH� ODVW� ��� \HDUV� ����� WKH�
:RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2�� UHSRUWHG� RQ� WKH�
PRQNH\SR[�RXWEUHDN�LQ�VRPH�FRXQWULHV������ 

,Q� RUGHU� WR� FRQWURO� DQG� WUHDW� WKH� GLVHDVH�� GLDJQRVWLF�
WHVW� NLWV�� PHGLFDWLRQV�� YDFFLQHV�� DQG� RWKHU� KHDOWK�
PHDVXUHV� VKRXOG� EH� GHYHORSHG� EDVHG� RQ� D� WKRURXJK�
XQGHUVWDQGLQJ�RI� WKH�ELRORJLFDO�SURSHUWLHV�DQG�SDWKR�
JHQLF� PHFKDQLVPV� RI� WKLV� LQIHFWLRXV� GLVHDVH�� WKHUH�
IRUH��H[WHQVLYH�UHVHDUFK�LV�QHHGHG�LQ�WKLV� ILHOG������,Q�
DGGLWLRQ��RQH�ZD\�WR�UHVSRQG�WR�WKLV�GLVHDVH�DQG�FRQ�
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WURO� LWV� RXWEUHDN� LV� WR� FRQGXFW� UHOHYDQW� UHVHDUFK�RQ� DOO�
LWV�GLPHQVLRQV������$FFRUGLQJO\��UHVHDUFKHUV�KDYH�SXE�
OLVKHG� YDULRXV� VWXGLHV� LQ� GLIIHUHQW� VFLHQWLILF� ILHOGV� LQ�
VFLHQWLILF� GDWDEDVHV�� HVSHFLDOO\� LQ� KHDOWK�� IRU� ZKLFK�
TXDQWLWDWLYH� DQG� TXDOLWDWLYH� HYDOXDWLRQV� DUH� QHFHVVDU\�
���� 
6FLHQWRPHWULFV� LV� DQ�HIIHFWLYH�DQG�HIILFLHQW�ZD\� WR�DV�
VHVV� VFLHQWLILF�SURJUHVV�DQG� LGHQWLI\�YDULRXV�DVSHFWV�RI�
VFLHQWLILF�SXEOLFDWLRQV������ 
7KHVH�PHWKRGV� DUH�XVHG� WR�TXDQWLI\� WKH� JURZWK�RI� UH�
VHDUFK�SURGXFWLYLW\�� GHWHUPLQH� WKH� FRXQWULHV� DQG� LQVWL�
WXWLRQV� ZLWK� KLJK� QXPEHUV� RI� SXEOLFDWLRQV�� GHYHORS�
UHVHDUFK� PDWHULDOV�� DQG� GHWHUPLQH� VLJQLILFDQW� UHVHDUFK�
JDSV�������%\�WDNLQJ�LQWR�DFFRXQW�WKH�VWDWLVWLFDO�GDWD�RI�
VFLHQWRPHWULF� VWXGLHV�� LW� LV� SRVVLEOH� WR� UHDFK� D� JHQHUDO�
XQGHUVWDQGLQJ� RI� JOREDO� SXEOLFDWLRQV� LQ� D� SDUWLFXODU�
ILHOG��VXFK�DV�WKH�QXPEHU�RI�VWXGLHV��UHVHDUFK�FDSDFLWLHV�
RI�GLIIHUHQW�FRXQWULHV�� OHDGLQJ�UHVHDUFK�LQVWLWXWHV��PDLQ�
MRXUQDOV�� DQG�RWKHU� UHVHDUFK�SDUDPHWHUV��ZKLFK� FDQ�EH�
XVHG� WR� LGHQWLI\� WKH� UHVHDUFK� VWDWXV�� GRPLQDQW� DUHDV��
DQG�PDLQ�JDSV� IRU�VWUDWHJLF�SODQQLQJ�DQG�VFLHQWLILF� UH�
VHDUFK����� 

,Q�WKLV�UHVSHFW��VFLHQWRPHWULF�PHWKRGV�ZHUH�H[WHQVLYHO\�
DSSOLHG� WR� HYDOXDWH� WKH� NQRZOHGJH� JURZWK� LQ� UHVHDUFK�
UHODWHG� WR�KHDOWK�VFLHQFH�DQG�GLVHDVHV�� LQFOXGLQJ� LQIOX�
HQ]D�������FRURQDYLUXVHV�DQG�&29,'-�������������EUX�
FHOORVLV�����������WXEHUFXORVLV�������DQG�RWKHU�LQIHFWLRXV�
GLVHDVHV����������� 
0D\WD-7RYDOLQR�HW�DO��������������DQDO\]HG�WKH�WUHQG�RI�
VFLHQWLILF�SURGXFWLRQ�RQ�PRQNH\SR[�EHWZHHQ������DQG�
�����XVLQJ�ELEOLRPHWULF� LQGLFDWRUV��7KH� UHVXOWV� RI� WKLV�
VWXG\� LQGLFDWHG� WKH� PRVW� LPSRUWDQW� MRXUQDOV�� LQVWLWX�
WLRQV�� DQG� DXWKRUV� LQ� WKLV� ILHOG� ��=HHVKDQ� HW� DO�� �������
�����KDYH�DOVR�XVHG�ELEOLRPHWULF�WHFKQLTXHV�WR�DQDO\]H�
WKH� UHVHDUFK� WUHQG� RI� PRQNH\SR[� EHWZHHQ� ����� DQG�
������7KH� UHVXOWV� RI� WKLV� VWXG\� VKRZHG� WKH� JURZWK� RI�
GRFXPHQWV�� GLVWULEXWLRQ� RI� VRXUFHV�� DQG� FROODERUDWLRQV�
DW� WKH� QDWLRQDO� DQG� LQWHUQDWLRQDO� OHYHOV�� DV�ZHOO� DV� WKH�
UHODWLRQVKLS�EHWZHHQ�DXWKRUV�DQG�FR-DXWKRUV���,Q�DQRWK�
HU� VWXG\�� /LQ� HW� DO�� ������� ����� GHPRQVWUDWHG� WKDW� WKH�
QXPEHU� RI� VFLHQWLILF� SXEOLFDWLRQV� RQ� KXPDQ-UHODWHG�
PRQNH\SR[�KDV� LQFUHDVHG�VLQFH������ WKURXJK�DQDO\VLV�
RI� VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[� IURP������ WR�
������ ,QIHFWLRQ�� YDFFLQH�� DQG� HIILFDF\� KDYH� EHHQ� WKH�
PDLQ�WRSLFV�RI�WKHVH�SXEOLFDWLRQV�� 
*LYHQ� WKH� LPSRUWDQFH�RI� WKH�VXEMHFW�� WKH�SUHVHQW�VWXG\�
KDV� DOVR� DQDO\]HG� WKH� VFLHQWLILF� SXEOLFDWLRQV� RQ� PRQ�
NH\SR[� XVLQJ� ELEOLRPHWULF� DQG� VFLHQWRPHWULF� WHFK�
QLTXHV� 

5HVHDUFK�TXHVWLRQV 
7KLV� VWXG\� DSSOLHG� VFLHQWRPHWULF� WHFKQLTXHV� ZLWK� DQ�
DQDO\WLFDO�DSSURDFK�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV� 
:KDW�DUH�WKH�W\SHV�RI�VFLHQWLILF�SXEOLFDWLRQV�LQ�WKH�ILHOG�
RI�PRQNH\SR[" 
:KDW� LV� WKH� WUHQG�RI� SXEOLVKLQJ� VFLHQWLILF� SXEOLFDWLRQV�
RQ�WKH�VXEMHFW�RI�PRQNH\SR[" 
:KLFK� FRXQWULHV� KDYH� WKH�PRVW� VFLHQWLILF� SXEOLFDWLRQV�
LQ�WKH�ILHOG�RI�PRQNH\SR[" 
:KDW� LV� WKH� VFLHQWLILF� FRRSHUDWLRQ� RI� FRXQWULHV� LQ� WKH�

 

ILHOG�RI�PRQNH\SR[" 
,Q�ZKDW� WRSLFV�KDYH� VFLHQWLILF�SXEOLFDWLRQV�UHODWHG� WR�
PRQNH\SR[�GLVHDVH�EHHQ�SXEOLVKHG" 
 
0HWKRGV� 

6HDUFK�VWUDWHJ\�DQG�LQFOXVLRQ�FULWHULD� 

7KH�VWDWLVWLFDO�SRSXODWLRQ�LV�DOO�WKH�VFLHQWLILF�SXEOLFD�
WLRQV�RQ� WKH�VXEMHFW�DUHD�RI�PRQNH\SR[� LQ� WKH�:26�
GDWDEDVH�� 7KH� PDLQ� NH\ZRUGV� IRU� GHVLJQLQJ� WKH�
VHDUFK� VWUDWHJ\� ZHUH� LGHQWLILHG� XVLQJ� WKH� 0HGLFDO�
6XEMHFW� +HDGLQJV� 'DWDEDVH� �0H6+�� DQG� FRQVXOWLQJ�
ZLWK� VSHFLDOLVWV� LQ� WKH� ILHOG� RI� LQIHFWLRXV� GLVHDVHV��
$IWHUZDUG��LQ�WKH�DGYDQFHG�VHDUFK�RI�WKH�:26�GDWD�
EDVH�� SXEOLFDWLRQV� RQ� PRQNH\SR[� GLVHDVH� ZHUH� H[�
WUDFWHG�XVLQJ� WKH� IROORZLQJ� VHDUFK� VWUDWHJ\�E\� ILOWHU�
LQJ�WKH�(QJOLVK�ODQJXDJH�RQ�0D\����������� 
,W� VKRXOG� EH� QRWHG� WKDW� WKH� VHDUFK� VWUDWHJ\� ZDV� UH�
YLHZHG�DQG�DSSURYHG�E\�VXEMHFW�PDWWHU�H[SHUWV�ZKR�
ZHUH� DOVR� DXWKRUV� RI� WKH� SUHVHQW� VWXG\�� 7KH� VHDUFK�
RSHUDWLRQ�ZDV�SHUIRUPHG�E\�RQH�DXWKRU�DQG� WKHQ�UH�
YLHZHG�DQG�DSSURYHG�E\�WKH�RWKHU�DXWKRUV��ZKR�ZHUH�
VXEMHFW�PDWWHU�H[SHUWV�LQ�WKH�ILHOG� 
7KH�WLPHIUDPH�FRQVLGHUHG�LQ�WKH�VHDUFK�VWUDWHJ\�ZDV�
IURP�-DQXDU\������XQWLO�WKH�GDWH�RI�H[WUDFWLRQ�RI�WKH�
SXEOLFDWLRQV��DQG�WKH�VHDUFK�VWUDWHJ\�LQ�WRSLF�ILHOGV�LQ�
DOO�:26�GDWDEDVHV�ZDV�DV�IROORZV���0RQNH\SR[�25�
0RQNH\SR[�25�PRQNH\SR[�YLULGDH�25�PRQNH\SR[�
YLULGDH�� 
0RUHRYHU��HOLJLELOLW\�FULWHULD� IRU�VFLHQWRPHWULFV�DQDO�
\VLV�ZHUH�DOO� W\SHV�RI�GRFXPHQWV�H[WUDFWHG�EDVHG�RQ�
WKH� VHDUFK� VWUDWHJ\�� 7KH� UHDVRQ� IRU� XVLQJ� WKH�:26�
GDWDEDVH�ZDV� WKDW� LW� LV� WKH�PRVW�DXWKRULWDWLYH�� H[WHQ�
VLYHO\�XVHG��DQG�ROGHVW�FLWDWLRQ�GDWDEDVH������� 
&RQVLGHULQJ�WKDW� WKH�REMHFWLYH�RI�WKH�SUHVHQW�LQYHVWL�
JDWLRQ� ZDV� WKH� VFLHQWRPHWULF� DQDO\VLV� RI� VFLHQWLILF�
SXEOLFDWLRQV�LQ�WKH�ILHOG�RI�PRQNH\SR[��WKHUHIRUH��DOO�
WKH�PRQNH\SR[�VFLHQWLILF�SXEOLFDWLRQV�LQGH[HG�LQ�WKH�
:26� LQ� WKH� VHDUFK� VWUDWHJ\�ZHUH� LQFOXGHG� DV� LQFOX�
VLRQ�FULWHULD�� 

'DWD�H[WUDFWLRQ�DQG�GDWD�DQDO\VLV 
$IWHU�FRQGXFWLQJ�D� VHDUFK� LQ� WKH�:26�GDWDEDVH�� WKH�
UHVXOWV� REWDLQHG� ZHUH� H[WUDFWHG� LQ� WKH� IRUP� RI� D�
SODLQWH[W� ILOH�� 7KH� H[FHO� DQG� 926� YLHZHU� VRIWZDUH�
ZHUH� DSSOLHG� WR� SHUIRUP� VFLHQWRPHWULF� DQDO\VLV� DQG�
YLVXDOL]DWLRQ��7KH�926�YLHZHU�VRIWZDUH�LV�RQH�RI�WKH�
PRVW� SRZHUIXO� DQG� VWDQGDUG� VRIWZDUH� IRU� DQDO\]LQJ�
GDWD�IURP�FLWDWLRQ�GDWDEDVHV��ZKLFK�FOXVWHUV�WKH�PRVW�
UHOHYDQW� GRFXPHQWV� DQG� WKHLU� UHODWLRQVKLSV� ������
0RUHRYHU�� WKLV� VRIWZDUH� DOORZV�GUDZLQJ�PDSV�EDVHG�
RQ�WHUPV� 
$� WHUP�PDS� LV� D� WZR-GLPHQVLRQDO�PDS� LQ�ZKLFK� WKH�
QXPEHU�RI�WHUP�RFFXUUHQFHV�LV�GHILQHG�E\�ODEHO�VL]H��
DQG�WKH�GLVWDQFH�EHWZHHQ�WZR�WHUPV�FDQ�EH�LQWHUSUHW�
HG�DV�DQ� LQGLFDWLRQ�RI� WKH� UHODWHGQHVV�RI� WKHVH� WHUPV�
EDVHG� RQ� WKH� QXPEHU� RI� WHUP� FR-RFFXUUHQFHV� LQ� WKH�
VWXGLHG�FRUSXV�ILOH������ 



���� 

 

7KH� %LEOLRVKLQ\� JUDSKLFDO� LQWHUIDFH� WRRO� EDVHG� RQ� WKH�
%LEOLRPHWUL[� SDFNDJH� LQ� 5� SURJUDPPLQJ� ODQJXDJH�ZDV�
HPSOR\HG�WR�DQDO\]H�WKH�GDWD��%LEOLRPHWUL[�LV�D�WRRO�IRU�
YLVXDOL]LQJ� LQIRUPDWLRQ� LQ� ELEOLRPHWULF� DQDO\VHV� EDVHG�
RQ�VFLHQWLILF�SURGXFWLRQV�DQG�SXEOLFDWLRQV�LQ�QDWLRQV�DQG�
UHJLRQV�� MRXUQDOV�� DXWKRUV�� DUWLFOHV�� NH\ZRUGV�� DQG� UH�
VHDUFK�LQVWLWXWHV�������,W�VKRXOG�EH�QRWHG�WKDW�.H\:RUGV�
3OXV�KDV�EHHQ�DSSOLHG� WR�GUDZ�FRQFHSWXDO�PDSV� LQ�HDFK�
RI�WKH�SXEOLFDWLRQV� 
7KH� WKHPDWLF� PDS� XVHV� WKH� .H\ZRUGV� 3OXV� ILHOG�� 7KH�
.H\ZRUGV�3OXV�LV�DVVRFLDWHG�ZLWK�7KRPVRQ�5HXWHUV�HGL�
WRULDO�H[SHUWV�VXSSRUWHG�E\�D�VHPL-DXWRPDWHG�DOJRULWKP��
.H\ZRUGV� 3OXV� WHUPV� FDQ� FDSWXUH� DQ� DUWLFOH
V� FRQWHQW�
ZLWK�JUHDWHU�GHSWK�DQG�YDULHW\������ 

5HVXOWV 
:KDW� DUH� WKH� W\SHV� RI� VFLHQWLILF� SXEOLFDWLRQV� LQ� WKH�
ILHOG�RI�PRQNH\SR[" 
$� WRWDO� RI� ������ VFLHQWLILF� SXEOLFDWLRQV� RQ� PRQNH\SR[�
RYHU� WKH� SDVW� ��� \HDUV� ZHUH� H[WUDFWHG� IURP� WKH� :26�
GDWDEDVH��7DEOH�����LQGLFDWHV�WKH�W\SHV�RI�VFLHQWLILF�SXE�
OLFDWLRQV�FRQGXFWHG�RQ�PRQNH\SR[��$FFRUGLQJ� WR�7DEOH�
�����RULJLQDO�DUWLFOHV��UHYLHZV��HGLWRULDOV��DQG�RWKHU�SXEOL�
FDWLRQV� DFFRXQWHG� IRU� �������� �������� ������� DQG�
������RI�VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[��UHVSHF�
WLYHO\� 

7DEOH����0RVW�W\SHV�RI�VFLHQWLILF�SXEOLFDWLRQV�FRQ�
GXFWHG�RQ�PRQNH\SR[� 

 

 
 
 
 

:KLFK�FRXQWULHV�KDYH�WKH�PRVW�VFLHQWLILF�SXE�
OLFDWLRQV�LQ�WKH�ILHOG�RI�PRQNH\SR["� 
7DEOH����1XPEHU�RI�SXEOLFDWLRQV�RI�FRXQWULHV�
LQ�WKH�JOREDO�SXEOLFDWLRQV�RQ�PRQNH\SR[�ϭϵϳϮ-

ϮϬϮϮ� 

 
$FFRUGLQJ�WR�7DEOH������WKH�8QLWHG�6WDWHV�KDV�WKH�
PRVW� SXEOLFDWLRQV� UHODWHG� WR� PRQNH\SR[�� ZLWK�
����SDWLHQWV�DFFRXQWLQJ�IRU���������IROORZHG�E\�
*HUPDQ\� ZLWK� ��� SXEOLFDWLRQV� ��������� DQG� WKH�
5HSXEOLF�RI�&RQJR�ZLWK����SXEOLFDWLRQV����������
0RUHRYHU��)LJXUH�����LQGLFDWHV�WKH�WUHQG�RI�SXEOL�
FDWLRQV� LQ� WKH� WHQ� FRXQWULHV�ZLWK� WKH�PRVW� VFLHQ�
WLILF�SURGXFWLRQV�RQ�PRQNH\SR[� 

6LQFH�������WKH�8QLWHG�6WDWHV�KDV�KDG�WKH�KLJKHVW�
JURZWK� UDWH� LQ� JOREDO� VFLHQWLILF� SXEOLFDWLRQV� RQ�
PRQNH\SR[�� DV� GHPRQVWUDWHG� LQ� )LJXUH� �����
0RUHRYHU�� WKHUH� KDV� EHHQ� D� FRQVLVWHQW� WUHQG� LQ�
VFLHQWLILF� SXEOLFDWLRQV�RQ�PRQNH\SR[� LQ�*HUPD�
Q\� DQG� WKH�&RQJR��6LQFH�������1LJHULD� KDV� DOVR�
SXEOLVKHG�VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[�� 

:KDW� LV� WKH� VFLHQWLILF� FROODERUDWLRQ� RI� FRXQ�
WULHV�LQ�WKH�ILHOG�RI�PRQNH\SR[" 
)LJXUH� ����GHSLFWV� WKH� LQWHUQDWLRQDO�FROODERUDWLRQ�
QHWZRUN�RI�GLIIHUHQW�FRXQWULHV� LQ�SXEOLFDWLRQV�RQ�
PRQNH\SR[�ZKHQ� LW� FRPHV� WR� VFLHQWLILF� FROODER�
UDWLRQ�EHWZHHQ�FRXQWULHV� 

 

&KDUDFWHULVWLFV�RI�VRFLR-GHPRJUDSKLFV��YDFFLQDWLRQ��

7KH�UHVXOWV�RI�WKH�FKL-VTXDUH�)LVKHU
V�H[DFW�WHVW�UH�

$UWLFOH�7\SH 1XPEHU�RI�
3XEOLFDWLRQV 3HUFHQWDJH 

2ULJLQDO�$UWLFOH ��� ������ 

5HYLHZ�$UWLFOH ��� ������ 

(GLWRULDO�0DWHULDO �� ����� 

0HHWLQJ�$EVWUDFW �� ����� 

/HWWHU �� ����� 

%RRN�&KDSWHU �� ����� 

3URFHHGLQJ�3DSHU �� ����� 

1HZV�,WHP �� ����� 

1RWH � ����� 

&RUUHFWLRQ � ����� 

&RXQWULHV�
5HJLRQV 

1XPEHU�RI�
3XEOLFDWLRQV 3HUFHQWDJH 

86$ ��� ������ 

*HUPDQ\ �� ����� 

'HP�5HS�
&RQJR �� ����� 

(QJODQG �� ����� 

6ZLW]HUODQG �� ����� 

5XVVLD �� ����� 

)UDQFH �� ����� 

%HOJLXP �� ����� 

&DQDGD �� ����� 

1LJHULD �� ����� 



���� 

 

 

)LJXUH����7UHQG�RI�VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[�IURP�����-������� 

)LJXUH�����LQGLFDWHV�WKDW�WKH�KLJKHVW�QXPEHU�RI�SXEOLFDWLRQV�ZDV�LQ�������������DQG������� 



���� 

 

 

)LJXUH����7UHQG�RI�SXEOLFDWLRQV�LQ�WHQ�FRXQWULHV�ZLWK�WKH�PRVW�VFLHQWLILF�SURGXFWLRQV�RQ�PRQNH\SR[�ĨƌŽŵ�����-
����� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)LJXUH����&ROODERUDWLRQ�RI�FRXQWULHV�LQ�
WKH�JOREDO�SXEOLFDWLRQV�RQ�PRQNH\SR[ 
 



���� 

 

,Q�ZKDW�WRSLFV�KDYH�VFLHQWLILF�SXEOLFDWLRQV�UHODWHG�WR�
PRQNH\SR[�GLVHDVH�EHHQ�SXEOLVKHG" 
)LJXUH�����VKRZV�WKH�WRSLF�FOXVWHUV�RI�PRQNH\SR[�SXEOL�
FDWLRQV�EDVHG�RQ�WKH�NH\ZRUG�FR-RFFXUUHQFH� 

)LJXUH����1HWZRUN�YLVXDOL]DWLRQ�EDVHG�RQ�WKH�FR-

RFFXUUHQFH�RI�PRQNH\SR[�SXEOLFDWLRQV� 

7KH�IUDPH�VL]HV�LQ�)LJXUH�����UHSUHVHQW�WKH�IUHTXHQF\�RI�
HDFK� NH\ZRUG�� /DUJHU� IUDPHV� DUH� UHODWHG� WR� KLJKHU� IUH�
TXHQFLHV��7KH�IUDPHV�DQG�FRQQHFWLRQV�EHWZHHQ�WKHP�DUH�
GHSLFWHG�LQ�IRXU�GLIIHUHQW�FRORUV�LQ�WKLV�ILJXUH��(DFK�FRO�
RU� UHSUHVHQWV� D� NH\ZRUG� FOXVWHU� WKDW� IUHTXHQWO\� DSSHDUV�
LQ�PRQNH\SR[�SXEOLFDWLRQV�� 
 
$V�D�UHVXOW��WKH�UHG�FRORU�GHQRWHV�WKH�VXEMHFW�RI�SUHYHQ�
WLRQ��EOXH� LQGLFDWHV� WKH�HSLGHPLRORJ\��JUHHQ� LPSOLHV� WKH�
WUHDWPHQW��DQG�\HOORZ�UHSUHVHQWV�WKH�LPPXQH�UHVSRQVH� 
7KH� GHQVLW\� RI� DXWKRUV
� NH\ZRUGV� LQ� VFLHQWLILF� SXEOLFD�
WLRQV�RQ�PRQNH\SR[�LV�DOVR�GLVSOD\HG�LQ�)LJXUH��� 

)LJXUH����'HQVLW\�YLVXDOL]DWLRQ�EDVHG�RQ�RFFXU UHQFHV�
RI�PRQNH\SR[�SXEOLFDWLRQV 

 

7KH�GHQVLW\�RI� WKH�NH\ZRUG�QHWZRUN� LV� GHSLFWHG�
E\� WKH� \HOORZ-WR-EOXH� FRORU� VSHFWUXP� LQ� )LJXUH�
�����7KH�ZHLJKW�GHQVLW\�LV�UHSUHVHQWHG�E\�\HOORZ��
JUHHQ�� DQG� EOXH� IURP� WRS� WR� ERWWRP�� 7KH� PRVW�
FRPPRQO\� XVHG�NH\ZRUGV� DUH� VKRZQ� LQ� WKH� \HO�
ORZ� VHFWLRQV�� 7KH� KLJKHU� WKH� GHQVLW\�� WKH� PRUH�
\HOORZ�WKH�PDS�ZRXOG�EH��7KH�VFLHQWLILF�SXEOLFD�
WLRQV�RQ�VPDOOSR[�KDG� WKH�KLJKHVW� FR-RFFXUUHQFH�
RI� FORVHO\� UHODWHG� NH\ZRUGV�� $V� D� UHVXOW�� WKH�
WHUPV�0RQNH\SR[��6PDOOSR[��DQG�2UWKRSR[YLUXV�
ZHUH�PRVW�IUHTXHQWO\�XVHG�DQG�UHSHDWHG�LQ�VFLHQ�
WLILF�SXEOLFDWLRQV�UHJDUGLQJ�PRQNH\SR[� 
0RUHRYHU�� )LJXUH� ���� LQGLFDWHV� WKH� IUHTXHQF\� RI�
ZRUGV�DQG� WKHLU� FR-RFFXUUHQFH�RYHU� WLPH�� ,Q� WKLV�
ILJXUH�� OLJKWHU-FRORUHG� IUDPHV� LQGLFDWH� WKH� PRVW�
FRPPRQO\� XVHG� NH\ZRUGV� LQ� UHFHQW� VFLHQWLILF�
SXEOLFDWLRQV� RQ� PRQNH\SR[�� ZKLOH� GDUNHU-
FRORUHG�IUDPHV�GHSLFW�ROGHU�NH\ZRUGV�LQ�PRQNH\�
SR[-UHODWHG�DUWLFOHV� 

� 

)LJXUH����2YHU OD\�YLVXDOL]DWLRQ�EDVHG�RQ�WKH�
RFFXUUHQFHV�RI�PRQNH\SR[�SXEOLFDWLRQV� 

 
7KHUHIRUH�� �2XWEUHDN��� �,QIHFWLRQ��� �1LJHULD���
�$IULFD���DQG��&RQJR��KDYH�EHHQ�WKH�NH\ZRUGV�LQ�
VFLHQWLILF� SXEOLFDWLRQV� RQ� PRQNH\SR[� LQ� UHFHQW�
\HDUV�DQG�DIWHU������ 
0RUHRYHU�� )LJXUH� ���� GHPRQVWUDWHV� WKH� WKHPDWLF�
HYROXWLRQ� WUHQGV� LQ� WKH� PRQNH\SR[� SXEOLFDWLRQV�
RYHU�WLPH�LQ�IRXU�WLPH�SHULRGV������-����������-
����������-������DQG�����-����� 



���� 

 

 

 

)LJXUH����7KHPDWLF�HYROXWLRQ�WUHQGV�LQ�UHVHDUFK�RI�WKH�
PRQN\SR[�SXEOLFDWLRQV� 

)LJXUH�����LQGLFDWHV�WKDW�WKH�SURWHLQ��KXPDQ�PRQNH\SR[��
PRQNH\SR[�� KXPDQ� WUDQVPLVVLRQ�� DVVD\�� FRQJR�� WUDQV�
PLVVLRQ�� QHXWUDOL]LQJ� DQWLERGLHV�� DQG� HPHUJHQFH� ZHUH�
LPSRUWDQW�WRSLFV�LQ�����-������0RUHRYHU��WKH�FRQJR�KDV�
DOVR�EHHQ�DQ� LPSRUWDQW� WRSLF� UHFHQWO\�UHSHDWHG� LQ�����-
�����DQG�����-����� 
)LJXUH�����LQGLFDWHV�WKH�VWUDWHJLF�GLDJUDP�RI�WKH�WKHPDWLF�
PDS�WR�GHPRQVWUDWH�WKH�VLJQLILFDQFH�DQG�GHYHORSPHQW�RI�
UHVHDUFK� WRSLFV�� 0RUHRYHU�� LW� VKRZV� WKH� WKHPDWLF� PDS�
EDVHG� RQ� GHQVLW\� �\-D[LV�� DQG� FHQWUDOLW\� �[-D[LV��� 7KH�
FHQWUDOLW\� PHDVXUHV� WKH� LPSRUWDQFH� RI� WKH� VHOHFWHG�
WKHPH�� DQG� GHQVLW\� PHDVXUHV� WKH� GHYHORSPHQW� RI� WKH�
FKRVHQ�WKHPH� 

 

)LJXUH����7KHPDWLF�PDS�EDVHG�RQ�GHQVLW\��\-D[LV��DQG�
FHQWUDOLW\��[-D[LV�� 

 

,Q�)LJXUH� ����� WKH�XSSHU-ULJKW�TXDGUDQW� LQGLFDWHV�
WKH� PRWRU� WKHPHV�� 7KH\� DUH� FKDUDFWHUL]HG� E\�
ERWK�KLJK�FHQWUDOLW\�DQG�GHQVLW\��0RUHRYHU��WKHUH�
LV�QRW�DQ\�WRSLF�LQ�WKLV�TXDGUDQW��,Q�WKH�XSSHU�OHIW�
TXDGUDQW�� WKH� QLFKH� WKHPHV� DUH� REVHUYHG��ZKLFK�
DUH�SHULSKHUDO�DQG�VSHFLILF�WRSLFV�IRU�WKH�UHVHDUFK�
ILHOG�� �6PDOOSR[� YDFFLQH��� �QRQKXPDQ-� SUL�
PDWHV���DQG��SURWHFWLRQ��DUH� LQ� WKLV�TXDGUDQW�� ,Q�
DGGLWLRQ���HPHUJHQFH���VXUYHLOODQFH���DQG��ZHVW-
QLOH-YLUXVH��DUH�LQ�WKLV�TXDGUDQW� 
7KH�EDVLF� WKHPHV�DUH�GHPRQVWUDWHG� LQ� WKH� ORZHU�
ULJKW� TXDGUDQW�� 7KHVH� DUH� EDVLF�� JHQHUDO�� DQG�
WUDQVYHUVDO� WKHPHV� LQ� WKH� UHVHDUFK� ILHOG��
�PRQNH\SR[����YDFFLQLD�YLUXV���DQG��PRQNH\SR[�
YLUXV�� NH\ZRUGV� DUH� EDVLF� WKHPHV�� DOVR�
�LQIHFWLRQ��� �VPDOOSR[��� DQG� �KXPDQ� PRQNH\�
SR[�� DUH� LQ� WKLV� TXDGUDQW�� � )LQDOO\�� WKHUH� DUH�
HPHUJLQJ� RU� GHFOLQLQJ� WKHPHV� LQ� WKH� ORZHU� OHIW�
TXDGUDQW�� 7KHUH� LV� QRW� DQ\� WRSLFV� LQ� WKLV� TXDG�
UDQW� 

'LVFXVVLRQ 
6FLHQWRPHWULF� PHWKRGV� DUH� KHOSIXO� LQ� GHWHUPLQ�
LQJ� LQFUHDVHG� VFLHQWLILF� DFWLYLW\� DQG� RUJDQL]LQJ�
WKH� LQWHOOHFWXDO� DQG� VFLHQWLILF� VWUXFWXUH� WKDW�
PDNHV�XS�D� WRSLF�DUHD� ������7KLV� VWXG\� UHYHDOHG�
WKH� VWUXFWXUH� RI� VFLHQWLILF� SXEOLFDWLRQV� RQ� PRQ�
NH\SR[�XVLQJ�VFLHQWRPHWULF�PHWKRGV�RYHU�WKH�ODVW�
���\HDUV� 
$FFRUGLQJ�WR�WKH�ILQGLQJV��VFLHQWLILF�SXEOLFDWLRQV�
RQ�PRQNH\SR[�KDYH�LQFUHDVHG�VLJQLILFDQWO\�VLQFH�
������ZLWK�PRVW�SXEOLFDWLRQV�RFFXUULQJ� LQ�������
������ DQG� ������ )XUWKHUPRUH�� WKH� PDMRULW\� RI�
VFLHQWLILF�SXEOLFDWLRQV�ZHUH�RULJLQDO�DUWLFOHV��/LQ�
HW� DO�� DOVR� VKRZHG� WKDW� WKH� LQFUHDVH� LQ� SXEOLFD�
WLRQV�RQ�PRQNH\SR[�KDV�EHHQ�VLQFH����������� 
7KH� LQFUHDVH� LQ� LQIHFWLRQV� LQ� HQGHPLF� DUHDV� RI�
WKH�GLVHDVH�DQG�KXPDQV
�FORVH�FRQWDFW�ZLWK�PRQ�
NH\V�FRXOG�H[SODLQ�WKH�XSZDUG�WUHQG�LQ�VFLHQWLILF�
SXEOLFDWLRQV�RQ�PRQNH\SR[�LQIHFWLRXV�GLVHDVH��D�
FRPPRQ� GLVHDVH� EHWZHHQ� KXPDQV� DQG� DQLPDOV�
�]RRQRWLF�GLVHDVH�� ����� VLQFH�������&RQVHTXHQW�
O\�� VWXGLHV� KDYH� LQGLFDWHG� WKDW� WKH� PRQNH\SR[�
YLUXV�ZDV�ILUVW�GLVFRYHUHG�LQ�PRQNH\V�LQ�D�'DQ�
LVK�ODERUDWRU\�LQ������������,Q�������D��-PRQWK-
ROG�EDE\�ER\� LQ� WKH�'HPRFUDWLF�5HSXEOLF�RI� WKH�
&RQJR� ZDV� GLDJQRVHG� ZLWK� WKH� GLVHDVH� IRU� WKH�
ILUVW�WLPH�������5HFHQW�VWXGLHV�KDYH�DOVR�LQGLFDWHG�
WKDW� WKH� KLJKHVW� LQFLGHQFH� RI� WKLV� GLVHDVH� KDV�
EHHQ� LQ� $IULFDQ� FRXQWULHV�� DOWKRXJK� LW� KDV� EHHQ�
UHSRUWHG� LQ� RWKHU� SDUWV� RI� WKH� ZRUOG� LQ� UHFHQW�
\HDUV��������� 



���� 

 

 

 

)XUWKHUPRUH��WKH�SUHVHQFH�RI�WKH�SURWHLQ��KXPDQ�PRQ�
NH\SR[� YLUXV�� DQG� PRQNH\SR[� LWVHOI�� DORQJ� ZLWK� WKH�
SRWHQWLDO� IRU� KXPDQ� WUDQVPLVVLRQ�� KDYH� EHHQ� PDMRU�
IRFXV� RI� WKH� UHVHDUFK� FRPPXQLW\� LQ� ����-������ 7KLV�
LQGLFDWHV� WKDW� UHVHDUFKHUV� KDYH� EHHQ� ZRUNLQJ� WR�
GHYHORS� LPSURYHG� DVVD\V� IRU� GHWHFWLQJ� WKH� YLUXV� DQG�
QHXWUDOL]LQJ� DQWLERGLHV�� DV�ZHOO� DV� VWXG\LQJ� WKH� HPHU�
JHQFH�RI�PRQNH\SR[�LQ�DUHDV�VXFK�DV�WKH�&RQJR� 
7KH� NH\ZRUGV� �PRQNH\SR[��� �YDFFLQLD� YLUXV��� DQG�
�PRQNH\SR[�YLUXV��DUH�VLJQLILFDQW�LQ�WKH�UHVHDUFK�ILHOG�
RI� PRQNH\SR[�� 0RQNH\SR[� LV� D� UDUH� EXW� SRWHQWLDOO\�
IDWDO� YLUDO� GLVHDVH� WKDW� LV� VLPLODU� WR� VPDOOSR[�� FDXVHG�
E\� WKH� PRQNH\SR[� YLUXV�� 2QH� RI� WKH� WUHDWPHQWV� IRU�
PRQNH\SR[�LV�WKH�VPDOOSR[�YDFFLQH��ZKLFK�LV�EDVHG�RQ�
WKH�YDFFLQLD�YLUXV����������6PDOOSR[�YDFFLQDWLRQ�XVLQJ�
WKH� YDFFLQLD� YLUXV� KDV� EHHQ� VKRZQ� WKURXJK� KLVWRULFDO�
GDWD� WR� EH� DSSUR[LPDWHO\� ���� HIIHFWLYH� DJDLQVW�PRQ�
NH\SR[������ 
7KHVH� NH\ZRUGV� DUH� DOVR� WUDQVYHUVDO� WKHPHV�� ZKLFK�
PHDQV�WKDW�WKH\�DUH�UHOHYDQW�DQG�DSSOLFDEOH�DFURVV�GLI�
IHUHQW�UHVHDUFK�ILHOGV��VXFK�DV�YLURORJ\��HSLGHPLRORJ\��
DQG�LQIHFWLRXV�GLVHDVHV� 

&RQFOXVLRQ 
7KH� SUHVHQW� LQYHVWLJDWLRQ� SURYLGHV� D� FRPSUHKHQVLYH�
DQG�FOHDU�SLFWXUH�RI�PRQNH\SR[�VFLHQWLILF�SXEOLFDWLRQV�
RYHU� WKH� ODVW����\HDUV��$FFRUGLQJ� WR� WKH� ILQGLQJV��VFL�
HQWLILF� SXEOLFDWLRQV� RQ� PRQNH\SR[� KDYH� LQFUHDVHG��
)XUWKHUPRUH��VLQFH�������WKH�JURZWK�LQ�VFLHQWLILF�SXE�
OLFDWLRQV�LQ�WKLV�ILHOG�KDV�EHHQ�DW�LWV�KLJKHVW�UDWH��0RQ�
NH\SR[�KDV�EHHQ� WKH� VXEMHFW�RI� VFLHQWLILF�SXEOLFDWLRQV�
LQ� IRXU� DUHDV� RI� HSLGHPLRORJ\�� SUHYHQWLRQ�� WUHDWPHQW��
DQG� LPPXQH� UHVSRQVH�� )XUWKHUPRUH�� $PHULFDQ�� $IUL�
FDQ�� DQG�(XURSHDQ� FRXQWULHV� KDYH� WKH� KLJKHVW� SDUWLFL�
SDWLRQ�LQ�VFLHQWLILF�SXEOLFDWLRQV�RQ�WKLV�GLVHDVH� 
)XUWKHUPRUH��DFFRUGLQJ� WR� WKH�UHVXOWV�� UHVHDUFKHUV�DQG�
SROLF\PDNHUV�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI� VFLHQWLILF�
SXEOLFDWLRQV�RQ�PRQNH\SR[�E\�KDYLQJ�DFFHVV�WR�VRPH�
LQIRUPDWLRQ�VXFK�DV� WKH�PRVW� LPSRUWDQW�FRXQWULHV��DX�
WKRUV��NH\ZRUGV��DQG�WRSLFV�RI�VFLHQWLILF�SXEOLFDWLRQV� 
)XUWKHUPRUH�� E\� DQDO\]LQJ� WKH� UHVXOWV� REWDLQHG� IURP�
VWXGLHV� WKDW� XVH� WKHVH� NH\ZRUGV�� UHVHDUFKHUV� FDQ� JDLQ�
YDOXDEOH�LQVLJKWV�LQWR�WKH�HSLGHPLRORJ\��SDWKRJHQHVLV��
GLDJQRVLV�� WUHDWPHQW�� DQG� SUHYHQWLRQ� RI� PRQNH\SR[��
ZKLFK�FDQ�XOWLPDWHO\�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�
HIIHFWLYH�VWUDWHJLHV�IRU�FRQWUROOLQJ�WKLV�GLVHDVH� 
&RQIOLFW�RI�LQWHUHVW��7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�
RI�LQWHUHVW� 
$FNQRZOHGJPHQW��7KH�DXWKRUV�H[SUHVV�WKHLU�JUDWLWXGH�
WR�WKH�,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWHU�RI�*RQDEDG�
8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV�IRU�WKHLU�ILQDQFLDO�VXS�
SRUW�LQ�WKH�UHVHDUFK�SURMHFW�ZLWK�,'������ZKLFK�OHG�WR�
WKH�SXEOLFDWLRQ�RI�WKLV�DUWLFOH� 

)URP������ WR� ������ IRU� WKUHH� \HDUV� LQ� D� URZ�� SXE�
OLVKHG�DUWLFOHV�DERXW�PRQNH\SR[�ZHUH�KLJKHU�WKDQ�LQ�
SDVW�\HDUV��2QH�RI� WKH�UHDVRQV�IRU� WKLV�FRXOG�EH� WKH�
GLVHDVH
V� SHULRGLF� RXWEUHDN� DQG� VSUHDG� LQ� HQGHPLF�
DUHDV�� 6LQFH� ������ WKH� RYHUDOO� WUHQG� RI� VWXGLHV� KDV�
EHHQ�XSZDUG��$OWKRXJK� WKH�RXWEUHDN�RI� WKH�GLVHDVH�
KDV�IOXFWXDWHG�VOLJKWO\�RYHU�WKH�\HDUV��WKH�QXPEHU�RI�
VWXGLHV�RQ� WKLV�YLUXV�KDV� UHPDLQHG�KLJK��7KLV�SURE�
OHP�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�SD\LQJ�DWWHQWLRQ�WR�
WKH� PRQNH\SR[� GLVHDVH�� DV� D� ODFN� RI� DWWHQWLRQ� KDV�
UHVXOWHG� LQ� D� VWHDG\� LQFUHDVH� LQ� GLVHDVH� FDVHV� RYHU�
WKH� \HDUV�� 7KH� LQFUHDVH� LQ� WKH� QXPEHU� RI� SXEOLFD�
WLRQV�LQGLFDWHV�WKH�SURJUHVV�RI�WKH�VFLHQWLILF�FRPPX�
QLW\� RQ� WKH� VXEMHFW�� 0RUHRYHU�� WKH� LQFUHDVH� LQ� WKH�
QXPEHU� RI� PRQNH\SR[� SXEOLFDWLRQV� VKRZV� WKH� LP�
SRUWDQFH�RI�WKH�LVVXH������� 
2Q� WKH� RQH� KDQG�� PRGHUQ� WUDQVSRUWDWLRQ� DQG� LQ�
FUHDVHG� FRPPXQLFDWLRQ� EHWZHHQ� GLIIHUHQW� SDUWV� RI�
WKH�ZRUOG��DV�ZHOO�DV�WKH�UDSLG�PRYHPHQW�RI�KXPDQV�
EHWZHHQ�FRXQWULHV�DQG�HYHQ�FRQWLQHQWV��KDYH�UHVXOW�
HG� LQ� WKH� UDSLG� DQG� HDV\� WUDQVPLVVLRQ� RI� YLUXVHV��
ZKLOH�RQ�WKH�RWKHU�KDQG��D�ODFN�RI�DWWHQWLRQ�WR�PRQ�
NH\SR[�GLVHDVH�LQ�UHFHQW�\HDUV�DQG�D�UHGXFHG�IRFXV�
RQ�WKH�GLVHDVH�KDV�UHVXOWHG�LQ�WKH�RXWEUHDN�WKLV�]RRQ�
RWLF� GLVHDVH��2Q� WKH� FRQWUDU\�� VLQFH� WKH� JOREDO� RXW�
EUHDN�RI�WKH�FRURQDYLUXV�SDQGHPLF��DOO�RI�WKH�ZRUOG
V�
DWWHQWLRQ� DQG�PHGLFDO� UHVRXUFHV� KDYH� EHHQ� IRFXVHG�
RQ� WKLV� GLVHDVH�� 2WKHU� GLVHDVHV�� RQ� WKH� RWKHU� KDQG��
KDYH�KDG�PRUH�WLPH�WR�VSUHDG��DQG�PRQNH\SR[�FDVHV�
KDYH�QRZ�EHHQ�UHSRUWHG�DOO�RYHU�WKH�ZRUOG� 
7KH� 8QLWHG� 6WDWHV�� *HUPDQ\�� &RQJR�� WKH� 8QLWHG�
.LQJGRP�� DQG� 6ZLW]HUODQG� KDYH� WKH� PRVW� SXEOLFD�
WLRQV� LQ� WKLV� ILHOG�� DFFRUGLQJ� WR� WKH� UHVXOWV� RI� WKH�
SUHVHQW� VWXG\�� )XUWKHUPRUH�� LQ� WHUPV� RI� VFLHQWLILF�
SXEOLFDWLRQV�RQ�WKLV�GLVHDVH��WKHVH�FRXQWULHV�KDYH�WKH�
KLJKHVW� OHYHO� RI� VFLHQWLILF� FRPPXQLFDWLRQ� DQG� FRO�
ODERUDWLRQ�� $FFRUGLQJ� WR� 3KRREDQH� HW� DO�� � ����� RQ�
LQIHFWLRXV�GLVHDVHV� LQ�$IULFD�� WKH�8QLWHG�6WDWHV�� WKH�
8QLWHG� .LQJGRP�� 6RXWK� $IULFD�� 6ZLW]HUODQG�� DQG�
.HQ\D� KDYH� WKH� PRVW� SXEOLFDWLRQV� LQ� WKLV� DUHD��
0RUHRYHU�� LQ� WKLV� ILHOG�� WKHVH� FRXQWULHV� KDYH� WKH�
PRVW� LQWHUQDWLRQDO� VFLHQWLILF� FROODERUDWLRQ�� 'XH� WR�
WKH� VLJQLILFDQW� LQYHVWPHQW� LQ� YDULRXV� GLVHDVH� UH�
VHDUFK� LQ� WKH�8QLWHG�6WDWHV�� WKH� VWXG\�RI� WKHLU�YDUL�
RXV�DVSHFWV�LV�DW�WKH�IRUHIURQW��7KH�8QLWHG�6WDWHV��IRU�
H[DPSOH��KDV�WKH�PRVW�JOREDO�SXEOLFDWLRQV�RQ�WXEHU�
FXORVLV����������DQG�&29,'-���������,Q�WKLV�UHJDUG��
VWXGLHV� KDYH� IRXQG� WKDW� D� KLJKHU� OHYHO� RI� WKH� RXW�
EUHDN� RI� GLVHDVHV� LQFUHDVHV� UHVHDUFKHUV
� LQWHUHVW� LQ�
UHVHDUFK� DQG� SXEOLFDWLRQ� LQ� WKRVH� FRXQWULHV� ������
)XUWKHUPRUH�� FRXQWU\� LQFRPH� LV� DQRWKHU� UHDVRQ� IRU�
LQFUHDVHG�VFLHQWLILF�SXEOLFDWLRQV��$FFRUGLQJO\��KLJK-
LQFRPH�FRXQWULHV�KDYH�PRUH�VFLHQWLILF�SXEOLFDWLRQV��
DQG�ORZ-LQFRPH�FRXQWULHV�KDYH�IHZHU�VFLHQWLILF�SUR�
GXFWLRQ���������� 
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