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8VH�RI�*,6�DQG�6WDWLVWLFDO�$QDO\VLV�WR�,QYHVWLJDWH�WKH�5HODWLRQVKLS�EHWZHHQ�$WPRVSKHULF�3ROOXWLRQ�DQG�,QYHUVLRQ��$�FDVH�VWXG\��7HKUDQ�&LW\���$]DGHK�$UEDEL�*KRODPUH]D�0LUL� DQG�0LWUD�%D\DW��
� ,VODPLF�$]DG�8QLYHUVLW\��,VODPVKDKU�%UDQFK��'HSDUWPHQW�2I�*HRJUDSK\��7HKUDQ��,UDQ��

�,VODPLF�$]DG�8QLYHUVLW\�=DKGDQ�%UDQFK��'HSDUWPHQW�2I�*HRJUDSK\��=DKGDQ��,UDQ�
�&LYLO�(QJLQHHU��7HKUDQ��,UDQ���&RUUHVSRQGLQJ�DXWKRU� $]DGHK�$UEDEL�(PDLO�DDUEDE\#\DKRR�FRP��������DUEDEL#LLDX�DF�LU�

�

$EVWUDFW��&OLPDWH� FKDQJH� KDV� D� ORW� RI� KDUPIXO� LQIOXHQFH� RQ� WKH� HQYLURQPHQW� �7HKUDQ� LV� RQH� RI� WKH� FLWLHV� LQ� WHUPV� RI�HQYLURQPHQWDO�SROOXWLRQ�FDXVHG�E\�LQGXVWULDO�SURFHVVHV�DQG�XUEDQ�DFWLYLWLHV��3DUWLFXODWH�PDWWHU�FRQFHQWUDWLRQV�RIWHQ�H[FHHG�WKUHVKROG�YDOXHV�DW�ZKLFK�KXPDQ�KHDOWK�LV�VHYHUHO\�DIIHFWHG��$WPRVSKHULF�VXVWDLQDELOLW\�UHVXOWLQJ�IURP�LQYHUVLRQ�LV�RQH�RI�WKH� PRVW� LPSRUWDQW� UHDVRQV� IRU� HVFDODWLRQ� RI� SRWHQWLDO� DLU� SROOXWLRQ� LQ� ELJ� FLWLHV� LQ� SDUWLFXODU� 7HKUDQ�� 7HKUDQ� EHLQJ�VXUURXQGHG� LQ� DQ� DUFK�VKDSHG� VSDFH� RI� ZHVWHUQ� DQG� VRXWK� HDVWHUQ� FXUUHQWV� GRHVQ
W� KDYH� DQ� HIIHFWLYH� UHILQLQJ� TXDOLW\��&RQVHTXHQWO\� WKLV� VLWXDWLRQ� OHDGV� WR� GDQJHURXV� SKHQRPHQD� FDOOHG� LQYHUVLRQ�� ,QYHUVLRQ� LV� RQH� RI� WKH� EDVLF� IDFWRUV� LQ�VWXG\LQJ�WKH�SROOXWLRQ�RI�7HKUDQ��,Q�WKLV�VWXG\��ILUVWO\�WKH�VWDWLVWLFV�RI�7HKUDQ
V�LQYHUVLRQ�GXULQJ�PRQWKV�RI�IDOO�DQG�VSULQJ�VHDVRQ�ZHUH�SURYLGHG�RQ�D�GDLO\�EDVLV�IURP������WR�������IRU�D�VWDWLVWLFDO�SHULRG�XVLQJ�PHWHRURORJ\�RUJDQL]DWLRQ
V�GDWD��,Q�RUGHU� WR� FODVVLI\� WKH�SUHVVXUH��ZH�XVHG�RSHUDWLYH�DQDO\VLV�PRGHO��7KH�UHVXOWV�VKRZ� WKDW�� WKH� WHPSHUDWXUH� LQYHUVLRQ��:DV�RQJRLQJ� LQ� 7HKUDQ� DW� WKH� WLPH� WKH� UHVHDUFK� ZDV� EHLQJ� GRQH� LQ� DOO� WKH� VHDVRQV� RI� WKH� VDPH� \HDU�� WKH� PRVW� ODUJHVW�FLUFXPIHUHQFH� RI� WHPSHUDWXUH� LQYHUVLRQ� ZDV� VHHQ� LQ� IDOO� DQG� ZLQWHU� DQG� WKH� PRVW� ODUJHVW� FLUFXPIHUHQFH� ZDV� VHHQ� LQ�1RYHPEHU�DQG�-DQXDU\��,Q�WKLV�VWXG\�ZH�KDYH�GHDOW�ZLWK�LGHQWLI\LQJ�WKH�PRVW�HIIHFWLYH�VLQRSWLFDO�SDWWHUQV�RI�LQYHUVLRQ�LQ�7HKUDQ�DV�ZHOO�DV�LQFUHDVLQJ�WKH�RFFXUUHQFH�DQG�WKH�SHUFHQWDJH�RI�LQYHUVLRQ�ZKLFK�KDV�GLUHFW�UHODWLRQ�ZLWK�LQFUHDVLQJ�WKH�SROOXWLRQ���>$]DGHK� $UEDEL�� *KRODPUH]D� 0LUL�� DQG� 0LWUD� %D\DW�� 8VH� RI� *,6� DQG� 6WDWLVWLFDO� $QDO\VLV� WR� ,QYHVWLJDWH� WKH�
5HODWLRQVKLS� EHWZHHQ� $WPRVSKHULF� 3ROOXWLRQ� DQG�,QYHUVLRQ� �$� FDVH� VWXG\�� 7HKUDQ� &LW\��� /LIH� 6FL� -��������������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ����
.H\ZRUGV� ,QYHUVLRQ��SROOXWLRQ��VLQ�RSWLFDO�SDWWHUQV��7HKUDQ�FLW\��*,6���,QWURGXFWLRQ��7HKUDQ� LV� RQH� RI� WKH�0DMRU� FLWLHV� RI� WKH� ZRUOG�� ZKLFK� LV�DOUHDG\�VXIIHULQJ�IURP�SROOXWLRQ��,Q�VRPH�GD\V�RI� WKH�\HDU�WKH� DPRXQW� RI� SROOXWDQW� HOHPHQWV� LQFUHDVHV� WR� WKH� H[WHQW�WKDW� LW� PDNHV� OLYLQJ� SUHWW\� PXFK� GLIILFXOW� WR� VXUYLYH��7HKUDQ
V�JHRJUDSKLFDO�SRVLWLRQ�DV�ZHOO�DV�LWV�WRSRJUDSKLFDO�FRQGLWLRQ� SOD\V� VRPH� UXOHV� LQ� WKH� LQWHQVLW\� DQG� IUHTXHQF\�RI�WKLV�VXVWDLQDELOLW\�DQG�LQYHUVLRQ�DFTXLUHG�E\�LW�+RZHYHU��LQYHUVLRQ�RFFXUV�LQ�PRVW�RI�WKH�WLPH�RI�WKH�\HDU�LQ�7HKUDQ��,W
V� LQWHQVLW\� KDV� D� GLUHFW� UHODWLRQ� ZLWK� WKH� GRPLQDQW�VLQWRSLFDO� FRQGLWLRQV�� �<RQHVLDQ�� �����7KH� DLU� SROOXWLRQ�UHDFKHV� WR� LW
V� SHDN�ZKHQ� WKH� LQYHUVLRQ� UHPDLQV� LQ� WKH� DLU�ZLWK� ORZ�DOWLWXGH� DQG� ORQJ� WLPH�PDNHV� D� VWDWLF� DQG� VWDEOH�EDUULHU�ZKLFK�PDNHV�PL[LQJ�WKLV�OD\HU�ZLWK�WKH�XSSHU�RQHV�LPSRVVLEOH� DQG� ZLWK� WKH� LQFUHDVH� RI� WKH� WKLFNQHVV� RI� WKH�SROOXWDQWV� XQGHU� LW�� 7KH� DLU� SROOXWLRQ� LQFUHDVHV�7KH�LQYHUVLRQ� RFFXUV� PRUH� WKDQ� ���� WLPHV� LQ� 7HKUDQ���HQYLURQPHQWDO� HQJLQHHULQJ�PDJD]LQH� ������ SDJH� ����7KH�OHDVW� LQYHUVLRQ� KHLJKW� RFFXUV� LQ� WKH� HQG�RI� IDOO� DQG� DW� WKH�EHJLQQLQJ�RI�ZLQWHU� DQG� WKH� KHLJKW�RI� WKH� LQYHUVLRQ�KDV� D�QHJDWLYH�FRQJUXHQFH�ZLWK�LWV� LQWHQVLW\�&DUERQ�PRQR�R[LGH�ZLWK� WKH� VLGH� DQG� WKH� VSHHG� RI� WKH�ZLQG� DQG� LW
V� QHJDWLYH�FRQJUXHQFH� DQG� WKLFNQHVV� KDV� D� GLUHFW� UHODWLRQ� ZLWK� LW
V�LQYHUVLRQ� LQWHQVLW\�� �'HOMRR� ������,Q� ����� WKH� PDUJLQ� RI�WHQ� PLFURQV� KDV� EHHQ� GHWHUPLQHG� WR� WKH� DLURGLQDPLF�GLDPHWHU�RI� WKH�VXVSHQGLQJ�DUWLFOHV�E\� WKLV� FRPPLWWHH�DQG�SDUWLFOHV�VPDOOHU� WKDQ�WKLV�GXH�WR�WKH�SRZHU�RI�SHQHWUDWLQJ�LQ� $ORHOV� UHFHLYHG� WKH� KLJKHVW� KHDOWK� EHQHILWV��

�FDOFHVWLQH������SDJH� ����� 0DQ\� SHRSOH� ORVH� WKHLU� OLYHV�GXH�WR�LQYHUVLRQ�DQG�LQFUHDVLQJ�SROOXWLRQ�HDFK�\HDU���� ,Q������$OLMDQL�VWXGLHG�WKH�V\QRSWLFDO�LQYHUVLRQ�SDWWHUQV�LQ�0DVKKDG� �&LW\� ORFDWHG� LQ� QRUWKHUQ� HDVW� RI� ,UDQ�� XVLQJ�RSHUDWLYH� DQDO\VLV�� DQG� LQYHVWLJDWHG� GLIIHUHQW� SDWWHUQV� DV�ZHOO� DV� HIIHFWLYH� SDWWHUQV� LQ� KLV� DQDO\VLV� JHWWLQJ� WR� WKH�FRQFOXVLRQ�WKDW�PRVW�RI�WKH�LQYHUVLRQV�RFFXU�LQ�ZLQWHU�WKXV�WKH\�KDYH�JUHDWHVW�SRZHU�DQG�GXUDELOLW\���$OLMDQL�������7KH�ZD\�RI�FODVVLI\LQJ�WKH�SUHVVXUH�SDWWHUQV�LV�WKH�PRVW�VXLWDEOH�WRRO� IRU� LGHQWLI\LQJ� FLUFXODWLQJ� GRPLQDQW� SDWWHUQV� LQ� D�VSHFLILF� WLPH� DQG� SODFH� 7KH� SXUSRVH� RI� WKLV� VWXG\� LV� WR�LGHQWLI\� SRVVLEOH� GLYHUVLW\� RI� KDYLQJ� WKH� VDPH� SUHVVXUH�SDWWHUQV�RI�WKH�HDUWK�VXUIDFH�GXULQJ������WR�������LQ�ZKLFK�WKH� SDWWHUQV� ZHUH� LGHQWLILHG� DQG� FODVVLILHG� DV� ZHOO� DV�SRVVLEOH� WLPH� FKDQJLQJ� DV� ZHOO� DV� LGHQWLI\LQJ� DQG�RUJDQL]LQJ� WKH� PRGHOV� ZKLFK� ZDV� FODVVLILHG� LQ� VHYHUDO�GLIIHUHQW� SDWWHUQV� RI� WKH� PRGHOV� RQ� WKH� EDVLV� IRUPDWLRQ�SRLQW� DV� IROORZV�� ,Q� WKLV� VWXG\� ZH� KDYH� GHDOW� ZLWK�LGHQWLI\LQJ�WKH�PRVW�HIIHFWLYH�W\SHV�RI�LQYHUVLRQ�LQ�7HKUDQ�DV�ZHOO�DV�LQFUHDVLQJ�WKH�RFFXUUHQFH�DQG�WKH�SHUFHQWDJH�RI�LQYHUVLRQ� ZKLFK� KDV� GLUHFW� UHODWLRQ� ZLWK� LQFUHDVLQJ� WKH�SROOXWLRQ��0HWKRGRORJ\�,Q�WKLV�VWXG\��ILUVW�RI�DOO�WKH�GDLO\�VWDWLVWLFV�RI�WKH�LQYHUVLRQ�LQ� 7HKUDQ� GXULQJ� IDOO� DQG�ZLQWHU� IRU� WKH� VWDWLVWLFDO� SHULRG�ZDV� SUHSDUHG� IURP� ����� WR� ����� XVLQJ� PHWHRURORJ\�RUJDQL]DWLRQ�� WKH� �VNHZ�7�� PDS� ZDV� SUHSDUHG� RI� DOO� WKH�GD\V� �IURP� ZKLFK� WKH� LQYHUVLRQ� LV� LGHQWLILHG�� DQG� LW� ZDV�FRPSDUHG� DV� ZHOO� DV� FRUUHVSRQGHG� ZLWK� WKH� H[LVWLQJ�
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VWDWLVWLF��7KH�SROOXWLRQ�RI�7HKHUDQ
V� VWDWLRQV�ZDV� SUHSDUHG�IRUP� � WKH� SUHVHUYDWLRQ� RI� HQYLURQPHQW� RUJDQL]DWLRQ�� WR�DQDO\]H� WKH� UHODWLRQVKLS� EHWZHHQ� LQYHUVLRQ� DQG�SROOXWLRQ�6LQFH� WKH� DLP� RI� WKLV� VWXG\� LV� WR� LGHQWLI\� WKH�V\QRSWLF� V\VWHPV�� WKH� VWDWLVWLFV� RI� WKH� SUHVVXUH� RI� WKH� VHD�OHYHO� DW�� ��� R� FORFN� RI� WKH� GD\V� WKDW� KDG� LQYHUVLRQ� ZDV�UHFHLYHG�IURP�1&(3��DQ�LQWHUQHW�VLWH��LQ�D�GLJLWDO�DERXW����WR� ��� QRUWK� GHJUHH� WLOO� ��� WR� ��� HDVW� GHJUHH� DQG� D�PDWUL[�RSHUDWLRQ� ZDV� GRQH� RQ� WKHP�� ,Q� WKH� QH[W� URXQG�� GXH� WR�IUHTXHQF\�RI�WKH�GD\V�RI�LQYHUVLRQ�ZKLFK�PDGH�WKH�DQDO\VLV�RI� WKH�PDS�GLIILFXOW�� WKH�GDLO\�SUHVVXUH�GDWD�ZDV�FODVVLILHG�LQ� RUGHU� WR� FDWHJRUL]H� WKH� SUHVVXUH�� WKH� RSHUDWLYH� DQDO\VLV�ZDV� HPSOR\HG�� :LWK� WKH� KHOS� RI� WKH� RSHUDWLYH� DQDO\VLV�PHWKRG��ZH�FDQ�PDQDJH�WR�FODVVLI\�WKH�ZHDWKHU�GRPLQDWLQJ�D SODFH�IRU�D�VSHFLILF�SHULRG�RI�WLPH��7KH�RSHUDWLYH�DQDO\VLV�PHWKRG� LV� D� ZD\� WKDW� KDV� EHHQ� PDLQO\� FUHDWHG� IRU�GHFUHDVLQJ�WKH�QXPEHU�RI�YDULDEOHV��7KH�DGYDQWDJH�RI� WKLV�PHWKRG�LV�WKDW�QRW�RQO\�LW�GHFUHDVHV�WKH�QXPEHU�RI�YDULDEOHV�EXW�DOVR�LW�SUHVHUYHV�WKH�LQLWLDO�TXDQWLW\�RI�H[LVWLQJ�YDULDQFH�LQ� WKH� PDLQ� GDWD�� �$OLMDQL� ������7KH� PDLQ� FRQIOXHQFH�IDFWRUV� DQG� WKH� SUHVVXUH� GDWD�ZHUH� GHFUHDVHG� WR� D� OLPLWHG�QXPEHU� RI� IDFWRUV� DQG� ILQDOO\� DFFRUGLQJ� WR� WKH� RULJLQ� RI�FUHDWLRQ� DQG� WKH� H[LVWLQJ�PDSV�DQG�GLDJUDPV�DQG� H[LVWLQJ�RI�KLJK�SUHVVXUH�DQG�ORZ�SUHVVXUH�RQ�WKH�HDUWK
V�VXUIDFH�WKH�HIIHFWLYH�DLU�W\SHV�LQ�WKH�LQYHUVLRQ�RI�7HKUDQ�ZDV�GHWHFWHG��

�5HVXOW�DQG�GLVFXVVLRQ��+DYLQJ�GRQH�WKH�VWXG\�DIWHU�DFTXLULQJ�WKH�HIIHFWLYH�SDWWHUQV�RQ�7HKUDQ
V�LQYHUVLRQ�ZKLFK�ZLOO�EH�VKRZQ�LQ�WKH�IROORZLQJ�GLDJUDPV�ZH�ZLOO�WDON�DERXW�WKHP���
7KH� W\SH� RI� � KLJK� SUHVVXUH� =DJURV� SDWWHUQ� �� ��� -XQ�������,Q� W\SH� RI� � SDWWHUQ�� WKH� KLJK� SUHVVXUH� RQH� RYHU� =DJURV� LV�ORFDWHG� DW� WKH� HSLFHQWHU� ����� DQG� DW� WKH� RWKHU� SRLQW� RI�PLGGOH�±�HDVW�DQG�RXU�FRXQWU\��VSDUNV�RI�WKH�KLJK�SUHVVXUH�SDWWHUQ�ZLWK�WKH�FXUYH�RI������LV�GRPLQDQW�RYHU�7HKUDQ�DQG�FDXVHV� 7KH� VKRUW� WLPH� DLU� VXVWDLQDELOLW\�� HVSHFLDOO\� DW� WKH�EHJLQQLQJ� RI� WKH� GD\V� DQG� FDXVHV� WKH� SROOXWLRQ� WR� EH�FROOHFWHG� DW� WKH� ORZHVW� VXUIDFHV� WKLV� VRUW� RI� SUHVVXUH�GLVWULEXWLRQ�RFFXUV�LQ�ODWH�IDOO�DQG�HDUO\�ZLQWHU��:KHQ�WKLV�SDWWHUQ�LV�GRPLQDQW�RYHU�7HKUDQ�D�YHU\�JUHDW�VXVWDLQDELOLW\�LV�GRPLQDQW�RYHU�7HKUDQ�VR�WKDW�WKH�DPRXQW�RI�WKLV�PDVV�LV�PRUH� WKDQ� �� GD\V� WKDW� KDV� FDXVHG� PRUH� FRQFHQWUDWLRQ� RI�SROOXWLRQ�LQ�WKH� ORZHVW�OD\HU�DQG� LQFUHDVLQJ�WKH�DPRXQW�RI�SROOXWDQWV�DW�PRVW�VWDWLRQV�RI�7HKUDQ�VR�WKDW�WKH�DPRXQW�RI�FDUERQ� GLR[LGH� KDV� H[FHHGHG� WKH� FULWLF� OHYHO� DW� VRPH�VWDWLRQV��7DEOH���DQG�*UDSK�����7DEOH���7KH�$PRXQWV�RI�SROOXWLRQ�RI�7HKUDQ
V�6WDWLRQ�����-XQ�������� 7DEOH���7KH�$PRXQWV�RI�SROOXWLRQ�RI�7HKUDQ
V�6WDWLRQ�����-XQ��������

��������� &2� 2�� 12�� 62�� 30����
)DWHPL� ���� � �� � ���
%D]DU� ��� � ��� � �

$TGDVLHK� ���� ��� ��� ��� ���
0HKU�$EDG� ���� ��� � � �
6KDKU�±�UH\� ��� ��� ��� ��� ���
*HRSK\VLFV� ���� �� ��� � ���

6RUNKH���+HVDU� ��� ��� ��� ��� ���
7DMULVK� ���� � ��� ��� ����
3DUGLVDQ� ���� ��� ��� ��� ���
4ROKDN� ���� ��� ���� ���

�

%DKPDQ� ���� � ���� ��� ���
$]DGL� ���� �� ��� ��� ����
36,� ���� ��� ��� ��� ���
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*UDSK��� 7KH�SDWWHUQV�RI�VHD�OHYHO�SUHVVXUH�����-XQ��������
7KH� W\SH� RI� KLJK� SUHVVXUH� 6LEHULD� SDWWHUQ� �� ��� -XQ��������,Q�WKLV�SDWWHUQ�RI�KLJK�SUHVVXUH�6LEHULD�ZLWK������PLOOLEDUV�IURP�6LEHULD� �ZKLFK� HQWHUV� ,UDQ� WKDW� FDUULHV� 6LEHULDQ� FROG�ZHDWKHU�ZLWK�SHQHWUDWLQJ�WKH�FROG�ZHDWKHU�FDXVHV�DQ�DOPRVW�LQWHQVH� � DLU� VXVWDLQDELOLW\�RYHU�,UDQ�6SDUNV�DW� WKLV�SUHVVXUH�ZLWK�WKH�SUHVVXUH�RI������PLOLEDUV�KDV�EHHQ�GHYHORSHG�RYHU�

7HKUDQ�DQG�HYHQ�KDV�UHDFKHG�WR�(DVWHUQ�SDUWV�RI�,UDQ�ZKLFK�GXH� WR� FUHDWLQJ� LQYHUVLRQ� DQG� ODFN� RI� DLU� YHQWLODWLRQ� LQ�ORZHVW� OD\HUV�� WKH� ZHDWKHU� RI� WKH� UHJLRQ� ZLOO� EH� HQWLUHO\�VXVWDLQDEOH�DQG�WKH�SROOXWLRQ�ZLOO�UHODWLYHO\�EH�KLJK��ZKLFK�LQ� JUDSK� �� DQG� WDEOH� ��� WKH� PRXQW� RI� SROOXWLRQ� DW� VRPH�VWDWLRQV�IRU����$EDQ������KDYH�EHHQ�VKRZQ���
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7DEOH�����WKH�DPRXQW�RI�SROOXWLRQV�DW�7HKUDQ
V�6WDWLRQV����1R���������

*UDSK���� WKH�SDWWHUQ�RI�VHD�OHYHO�SUHVVXUH����1RY�������

��������� &2� 2�� 12�� 62�� 30����
7KH�JRYHUQHU
V�RIILFH� ���� ��� ��� ��� ���
$TGDVLHK� ��� ��� ��� ��� ���
5RVH�SDUN� ��� ��� ��� ��� ���
3XQDN�� ��� ��� ��� ��� ���
*HRSK\VLFV� � ��� ��� ��� ���
6KDKUH�±�UH\� ��� ��� ��� ��� ���
&LW\�KDOO�GLVWULFW�IRXU� ��� �� ��� ��� ���
&LW\�KDOO�GLVWULFW���� ��� � ��� ��� ���
&LW\�KDOO�GLVWULFW���� � � � �
&LW\�KDOO�GLVWULFW���� � � � ��� ���
&LW\�KDOO�GLVWULFW���� ��� ��� ��� ��� ���
*ROEDUJ� ��� �� ��� � ���
0DZHRXGLHK� ��� ��� ��� ��� ���
$]DGL� ���� ��� ��� ��� ���
,PDP�.KRPHLQL� � � � � �
%DKPDQ� ��� � ��� ��� ���
3DUGLVDQ� � � � � �
7DMULVK� ��� � ��� ��� ���
6RUNKH�±�+HVDU� ��� ��� ��� ��� ���
4ROKDN� ��� ��� � ��� ����
36,� ��� ��� ��� ��� ���
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&RQFOXVLRQ�� �
,Q� WKLV� VWXG\� ZH� KDYH� HPSOR\HG� WKH� RSHUDWLYH� DQDO\VLV�PHWKRG� WKHQ� DUUDQJHPHQWV� RI� VLPLODU� SDWWHUQV� KDV� EHHQ�FODVVLILHG�DW�WKH�VDPH�OHYHO�DQG�RXW�RI�WKHVH�VLPLODU�SDWWHUQV�RI� RQH� V\VWHP� IRU� D� VSHFLILF� GD\� LQ�ZKLFK� WKH� DPRXQW� RI�SDWWHUQV�IRU� WKDW�GD\�ZDV�SUHSDUHG�DQG�WKHQ�LW�ZDV�VWXGLHG�DQG� DQDO\VHG� RQ� WKH� EDVLV� RI� GLVSHUVLRQ� RI� SUHVVXUH� IRU�GRPLQDQW�W\SHV��7KH� UHVXOWV� VKRZ� WKDW� WKH� LQYHUVLRQ� GXULQJ� WKH� FRXUVH� RI�VWXG\�LQ�7HKUDQ�KDV�EHHQ�VHWWOHG�LQ�DOO�VHDVRQV�DQG�GXH� WR�TXDOLILFDWLRQ� WKH� LQYHUVLRQ� FRQGLWLRQV�� WKH� WHPSHUDWXUH�VXVWDLQDELOLW\�RI�WKH�HDUWK
V�VXUIDFH�KDV�EHHQ�VHWWOHG�DQG����SHUFHQW� RI� WKH� GD\V� RI� IRXU� \HDUV� ZDV� VWXGLHG� XQGHU� WKH�GRPLQDQW� LQYHUVLRQ�FRQGLWLRQV��EXW� WKH�KHLJKW�RI� WKH� OD\HU�RI�LQYHUVLRQ�YDULHV�DFFRUGLQJ�WR�FKDQJLQJ�WKH�VHDVRQV��DQG�WKH�JUHDWHVW�FLUFXPIHUHQFH�RI�WKH�LQYHUVLRQ�KDV�EHHQ�LQ�IDOO�DQG� ZLQWHU� DFFRUGLQJ� WR� WKH� PDSV� RI� V� NHZ�W�� DQG� WKH�JUHDWHVW� DPRXQW�RI� FLUFXPIHUHQFHV� KDV�EHHQ� LQ�1RYHPEHU�DQG�-DQXDU\��$OVR�RXW�RI�WKHVH�SDWWHUQ�W\SHV�����DQG���WKH�SDWWHUQV�UHODWHG�WR�WKH�VLPXOWDQHRXV�PDVV�DERYH�,UDQ�QRUWK�HDVW�RYHU��$UDO� ODNH��DQG�QRUWK� ��ZHVW�DQG�HDVW�RI�7XUNH\��7KH� SDWWHUQ� UHODWHG� WR� KLJK�� SUHVVXUH� 6LEHULD�� ,W� EHFDPH�HYLGHQW�LQ�VWXGLHV�GRQH�WKDW�XVXDOO\�PRVW�RI�WKH�LQYHUVLRQV�RFFXU� LQ� ODWH� IDOO� DQG� ZLQWHU� DQG� ZLQWHU� LQYHUVLRQV� KDYH�PRUH�SRZHU�DQG�FRQWLQXLW\���
5HVRXUFHV���� $OLMDQL��%RKORRO�	�1LFN�1DMDIL�=DKUD�� ��������6WXG\LQJ�V\QRSWLFDO� LQYHUVLRQ� SDWWHUQ� LQ� 0DVKKDG� ZLWK� WKH� XVH� RI�RSHUDWLYH� DQDO\VLV�� JHRJUDSK\� PDJD]LQH� DQG� UHJLRQDO�GHYHORSPHQW��1R�����VSULQJ�DQG�VXPPHU�7HKUDQ��

� &HQWHU�VWDWLVWLFDO���������5HVHDUFK�SODQ�RI�DLU�FRUULGRUV�RI�7HKUDQ����� 'HOMRR�� $PLU� +XVKDQJ� �������� �� VWXG\LQJ� WHPSHUDWXUH�LQYHUVLRQ� DQG� XQVWDELOLW\� RQ� 7HKUDQ
V� SROOXWLRQ�� $]DG�XQLYHUVLW\�GHVVHUWDWLRQ��VFLHQFH�DQG�UHVHDUFK�IDFXOW\�,UDQ�� (QVDIL�0RJKDGGDP��7DKHUHK���������±�VWXG\LQJ�7HKUDQ
V�SROOXWLRQ� LQ� FRQQHFWLRQ� ZLWK� WKH� VXVWDLQDEOH� DQG�WHPSUHWDWXUH�LQYHUVLRQ��� +DOO� -9�� .OHLQPDQ� /5� HW� DO�� ������ $VVHVVPHQW� RI� WKH�KHDOWK� EHQHILW� RI� LPSURYLQJ� DLU� TXDOLW\� LQ�+RXWRQ�� 7H[DV��)LQDO�UHSRUW��6RQRPD�7HFKQRORJ\��,QF��+RXVWRQ��� .DONVWHLQ��/�6�DQG�.�0��9DOPRQW��������&OLPDWH�HIIHFWV�RQ�KXPDQ�KHDOWK��(��3�$��6FLHQFH�DQG�DGYLVRU\�FRPPLWWHH�PRQRJUDSK�1R��� OLVHOOD��������:KDW�LV�D�WHPSHUDWXUH�LQYHUVLRQ�DQG�GRHV�LW�DIIHFW�DLU�TXDOLW\"�3XJHW�VRXQG�&OHDQ�DLU�$JHQF\��� 0DVRXG� \RQHVLDQ�������� VWXG\LQJ� � WKH�DLU� SROOXWLRQ� DQG�FDXVHV� DQG� IDWDOLWLHV� UHVXOWLQJ� IURP� LW� LQ� WKH� \HDUV� ����������� S�KG�GHVVHUWDWLRQ���7HKUDQ�XQLYHUVLW\��� 6XOWDQL�1HMDG��$EGRO�±�$]LP���������HFKRORJLFDO�HIIHFWV�RI� SROOXWLQJ� JDVHV� IURP� YHKLFOHV� �EDVHG� RQ� 7HKUDQ
V�ZHDWKHU���� =DWROODK�±�PRKVHQL���������±�WKH�HIIHFW���DWPRVSKHULFDOO\�DJHQWV� RQ� 7HKUDQ
V� SROOXWLRQ�� 0DVWHU
V� GLVVHUWDWLRQ��JHRSK\VLFV�IDFXOW\�RI�7HKUDQ�XQLYHUVLW\���������������� :DVKLQJWRQ�� '�&�� 86�� (QYLURQPHQWDO�SURWHFWLRQ�$JHQF\��6FLHQWLILF� PDJD]LQH� RI� HQYLURQPHQW� SURWHFWLRQ�RUJDQL]DWLRQ���1�����7DUELDW�0RGDUUHVV�PDVWHUV�GLVVHUWDWLRQ��

������������
�


