
EŐŚŝġŶ�ĐӈƵ�ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ�

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ�ŶŚŝҵƚ�ĜӀŝ͕�^Һ�Ϯϵ͕�ϭϮͲϮϬϮϮ� ϭϲϱ

)($785(6�2)�029(0(176�2)�&/,0%,1*�3(5&+�$QDEDV�
WHVWXGLQHXV�,1�:$7(5�)/2:�$1'�21�/$1'�

3$9/29�ȿ��'�������75$1�'8&�',(1������*$1=+$�(��9�������3$9/29�'��6�����

���,1752'8&7,21�

)LVK� PRYHPHQWV� LQ� GLIIHUHQW� GLUHFWLRQV� DQG� GLVWDQFHV� �PLJUDWLRQV�� DUH� DQ�
HYROXWLRQDU\�DGDSWDWLRQ�GLUHFWO\�UHODWHG�WR�SRSXODWLRQ�VXUYLYDO��,Q�FRQWUDVW�WR�PRVW�ILVK��
FOLPELQJ�SHUFK�$QDEDV�WHVWXGLQHXV�LV�DEOH�WR�PRYH�QRW�RQO\�LQ�ZDWHU�EXW�DOVR�RQ�ODQG��
7KLV� VSHFLHV� LV� IRXQG� LQ� YDULRXV� IUHVKZDWHU� ERGLHV� LQ� ,QGLD�� %DQJODGHVK�� 9LHWQDP��
&KLQD�� DQG� 6RXWKHDVW� $VLD�� )LVK� RIWHQ� LQKDELWV� VPDOO� DQG� VKDOORZ� ULYHUV�� VWUHDPV��
GLWFKHV��FDQDOV��UHVHUYRLUV��SRQGV��SDGG\�ILHOGV�>�����@��+DELWDW�FRQGLWLRQV�LQ�WKHVH�ZDWHU�
ERGLHV�DUH�KLJKO\�YDULDEOH�GXH� WR�VHDVRQDOLW\� �UDLQ\�RU�GU\�VHDVRQ��DQG�DQWKURSRJHQLF�
SUHVVXUH��8QIDYRUDEOH� KDELWDW� FRQGLWLRQV�PDQLIHVW� LQ� D� GHFUHDVH� LQ� R[\JHQ� OHYHOV�� DQ�
LQFUHDVH�LQ�WHPSHUDWXUH�DQG�GHFUHDVH�LQ�ZDWHU�OHYHOV��DQG�FKHPLFDO�ZDWHU�SROOXWLRQ�ZLWK�
IHUWLOL]HUV� DQG� SHVWLFLGHV�� 7KH� UHVSRQVH� RI� FOLPELQJ� SHUFK� WR� XQIDYRUDEOH� FRQGLWLRQV�
VKRZV�WKH�KLJK�SODVWLFLW\�RI�WKH�VSHFLHV��7KDW�ILVK�FDQ�OLYH�LQ�WKH�ZDWHU�ZLWK�KLJK�WR[LF�
SROOXWLRQ�E\�SHVWLFLGHV�>�����@��7KLV�VSHFLHV�FDQ�UHPDLQ�RXWVLGH�WKH�ZDWHU�IRU�D�ORQJ�WLPH�
GXH�WR�DLU�EUHDWKLQJ�LQ�D�WKUHH�SKDVH�F\FOH�RI�DLU�H[FKDQJH��ZKLFK�GRHV�QRW�UHTXLUH�ZDWHU�
>��� �@�� &RUUHFWLRQ� RI� WKH� ERG\� SRVLWLRQ� RQ� WKH� ODQG� DQG� PRYHPHQW� E\� RSHQLQJ� DQG�
FORVLQJ�JLOO�FRYHUV�DOORZV�FOLPELQJ�SHUFK�WR�RYHUFRPH�WKH�GLVWDQFH�RI�DERXW����P�DQG�
REVWDFOHV�LQ�LWV�SDWK�>�@��,QFUHDVHG�DGDSWDELOLW\�FRQWULEXWHV�WR�VXUYLYDO�LQ�GLIILFXOW�KDELWDW�
FRQGLWLRQV�DQG�LV�HVVHQWLDO�GXULQJ�LWV�GLVSHUVDO�RU�PLJUDWLRQ�WR�WKH�QHZ�ZDWHU�ERGLHV��7KH�
GDWD�RQ�PRYHPHQWV�RI�FOLPELQJ�SHUFK�LQ�ZDWHU�DQG�RQ�ODQG�DQG�ZKDW�IDFWRUV�LQLWLDWH�WKH�
FUDZOLQJ�DUH�LQVXIILFLHQW���

,Q�WKLV�ZRUN��ZH�DLPHG�WR�GHWHUPLQH�WKH�LQGLFDWRU�RI�WKH�GLUHFWLRQDO�PRYHPHQW�
RI� WKH� FOLPELQJ� SHUFK� LQ� WKH�ZDWHU� IORZ� �UKHRUHDFWLRQ���ZKLFK� KHOSV� WR� LGHQWLI\� WKH�
IHDWXUHV� DQG� G\QDPLFV� RI� PRYHPHQWV� DQG� WKH� EHKDYLRUDO� UHVSRQVH� RI� ILVK� WR� WKH�
GLIIHUHQW� IDFWRUV� >�@��:H�DLPHG�WR�HYDOXDWH� WKH� ORFRPRWRU�DFWLYLW\�RI� ILVK�GXULQJ� WKH�
GD\��WKH�HIIHFW�RI�GHFUHDVLQJ�ZDWHU�OHYHO��DQG�ZDWHU�SROOXWLRQ�ZLWK�XUHD�DQG�WKLRXUHD�RQ�
PRYHPHQWV��8UHD�LV�KLJKO\� VROXEOH� LQ� WKH�ZDWHU�DQG�KDV�D� WR[LF�HIIHFW�� OLNH�WKLRXUHD�
>��@�� 8UHD� LV� RIWHQ� XVHG� DV� DQ� LQH[SHQVLYH� IHUWLOL]HU� IRU� PDQ\� FXOWLYDWHG� FURSV� LQ�
9LHWQDP��ZKLFK�FRQWULEXWHV�WR�LWV�SROOXWLRQ�DQG�DFFXPXODWLRQ�LQ�ZDWHU�ERGLHV��

���0$7(5,$/6�$1'�0(7+2'6�

7KH� VWXGLHV� ZHUH� FDUULHG� RXW� LQ� WKH� &RDVWDO� %UDQFK� RI� -RLQW� 9LHWQDP�5XVVLD�
7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�&HQWUH��1KD�7UDQJ��.KDQK�+RD�SURYLQFH��
9LHWQDP���7KH�ILVKHV�ZHUH�FDSWXUHG�LQ�SRQGV��GHSWK����FP��ZDWHU�WUDQVSDUHQF\�XS�WR�
���FP��WHPSHUDWXUH���ႏ��LQFOXGHG�LQ�WKH�V\VWHP�RI�SDGG\�ILHOGV��QHDU�1LQK�+RD�&LW\�
������¶��´1�� ������¶��´(�� LQ� -DQXDU\�)HEUXDU\� ����� WR� HYDOXDWH� WKH� PRYHPHQW�
EHKDYLRU�LQ�WKH�ZDWHU�IORZ�DQG�RQ�WKH�ODQG��7KH�ILVK�ERG\�OHQJWK��7/��ZDV����������
PP��DQG�ERG\�ZHLJKW�ZDV����������J��)LVK�ZHUH�FDSWXUHG�LQ�LUULJDWLRQ�FDQDO�$P�&KXD�
������¶��´1� ������¶��´(�� LQ� -DQXDU\� ����� WR� HYDOXDWH� WKH� GLXUQDO� ORFRPRWRU�
DFWLYLW\��7KH�PHDQ�ERG\�OHQJWK�RI�WKHVH�ILVK�ZDV����������PP��DQG�WKH�ERG\�ZHLJKW�
ZDV����������J��)LVK�FDSWXULQJ�ZDV�XVHG�E\�DUWLILFLDO�VKHOWHUV�WUDSV���
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,Q� WKH� ODERUDWRU\�� LQGLYLGXDOV� ZHUH� NHSW� LQ� IRXU� ���� /� DTXDULXPV� DW� D� ZDWHU�
WHPSHUDWXUH� RI� �����ႏ�� ZLWK� ��� VSHFLPHQV� HDFK�� 7KH� DTXDULXPV� ZHUH� ILOOHG� ZLWK�
ZDWHU�ZLWK�D�KDOI�����/��DQG�FRYHUHG�ZLWK�OLGV��:DWHU�H[FKDQJH�LQ�DTXDULXPV�ZDV�RQFH�
D� GD\�� 7KH� ILVK� ZHUH� IHG� WZLFH� GDLO\� �DW� ������ DQG� ������� ZLWK� GU\� SHOOHWHG� IRRG�
+XPS\�+HDG��6LQJDSRUH���0RVW�ILVK�EHJDQ�WR�FRQVXPH�SHOOHWHG�IRRG�ZLWKLQ�WKH�ILUVW�
WKUHH�GD\V���

)LJXUH����7KH�H[SHULPHQWDO�K\GURG\QDPLF�WHVW�FKDPEHU��VHFWLRQV���������
VWDUWLQJ�VHFWLRQ������PHVK�IRU�IORZ�ODPLQDUL]DWLRQ��D���SHUPDQHQW�EDUULHU�QHW��E���

UHPRYDEOH�QHWV��F���VXEPHUVLEOH�SXPS��VS���IORZ�GLUHFWLRQ��ĺ��

([SHULPHQWV� RI� ILVK� PRYHPHQWV� LQ� ZDWHU� IORZ� ZHUH� FDUULHG� RXW� LQ� WKH�
K\GURG\QDPLF�WHVW�FKDPEHU�>�@��7KH�WHVW�FKDPEHU�LV�D�WUD\�GLYLGHG�LQWR����VHFWLRQV�
���� î� ��� FP� HDFK��ZLWK� ��� FP� KLJK�ZDOOV�� WKH�ZLGWK� RI� WKH� SDVVDJH� EHWZHHQ� WKH�
VHFWLRQV�ZDV����FP��7KH�KHLJKW�RI� WKH�SHULPHWHU�ZDOOV�RI� WHVW� FKDPEHU�UHDFKHG����
FP��7KH�ZDWHU�OHYHO�LQ�WKH�WHVW�FKDPEHU�YDULHG�IURP���WR���FP��7KH�ZDWHU�IORZ�ZDV�
PDGH�E\�D�VXEPHUVLEOH�SXPS�DQG�ZDV����FP�V��*OREDO�:DWHU�)3����IORZ�WUDFNHU���
7KH�DYHUDJH�LOOXPLQDWLRQ�LQ�WKH�WHVW�FKDPEHU�VHFWLRQV�GXULQJ�WKH�H[SHULPHQW�ZDV�����
/X[��$PWDVW�/;����%� OX[PHWHU���$ERYH� WKH�WHVW�FKDPEHU��D�*R3UR�+HUR���%ODFN�
YLGHR� FDPHUD� ZDV� LQVWDOOHG� WR� UHJLVWHU� ILVK� PRYHPHQWV�� 9LGHR� UHFRUGLQJ� ZDV�
FRQWUROOHG�UHPRWHO\��)LVK�����VSHFLPHQV��ZHUH�SODFHG�LQ�WKH�PLGGOH��VWDUWLQJ��VHFWLRQ�
QR�����FORVHG�RQ�ERWK�VLGHV�ZLWK�UHPRYDEOH�ODWWLFHV��$IWHU����PLQXWHV��WKH�ODWWLFHV�RI�
WKH�VWDUWLQJ�VHFWLRQ�ZHUH�UHPRYHG��DQG�GXULQJ�WKH�QH[W����PLQXWHV��WKH�PRYHPHQWV�
RI� WKH� ILVK� ZHUH� UHFRUGHG�� 7KH� SRVLWLRQ� RI� HDFK� LQGLYLGXDO� ZDV�PRQLWRUHG� RQ� WKH�
EDVLV� RI� YLGHR� UHFRUGLQJV� HYHU\� PLQXWH�� 7KH� GLUHFWLRQ� PRYLQJ� LQGH[� �,G�� LV� D�
PRYHPHQW�YHFWRU�FDOFXODWHG� LQ� WKH� WHVW�FKDPEHU� VHFWLRQV�DQG�QRUPDOL]HG� WR�YDOXHV�
IURP����WR�����7KH�GLUHFWLRQ�PRYLQJ�LQGH[�RI�ILVK�LQGLFDWHV�WKH�GLUHFWLRQ�UHODWLYH�WR�
WKH� FXUUHQW� DQG� KRZ� IDU� �E\� WKH� QXPEHU� RI� WUDQVIHUULQJ� FRYHUHG� VHFWLRQV�� WKH� ILVK�
PRYHG�RQ�DYHUDJH�LQ�WKH�WHVW��,I�DOO� WKH�ILVK�PRYH�IURP�WKH�VWDUWLQJ�VHFWLRQ�DJDLQVW�
WKH�ZDWHU�FXUUHQW�WR�WKH�XSSHU�FRPSDUWPHQW��VW��,G� �����,I�DOO�WKH�ILVK�PRYH�IURP�WKH�
VWDUWLQJ�VHFWLRQ�DORQJ�ZLWK�WKH�ZDWHU�FXUUHQW�WR�WKH�ORZHU�VHFWLRQ���WK��,G� �����7KH�
LQGH[�ZDV�FDOFXODWHG�XVLQJ�WKH�IRUPXOD��,G� ���>QL����L�@������L��QL���ZKHUH��GLUHFWLRQ�
PRYLQJ� LQGH[� �,G��� ILVK� QXPEHU� LQ� WKH� L�WK� VHFWLRQ� RI� WKH� WHVW� FKDPEHU� �QL��� WKH�
QXPEHU� RI� WKH� VWDUWLQJ� VHFWLRQ� ����� WKH� PD[LPXP� QXPEHU� RI� VHFWLRQV� IURP� WKH�
VWDUWLQJ�VHFWLRQ�� WR�ZKLFK�DQ�LQGLYLGXDO�FDQ�PRYH�LQ�WKH�WHVW�FKDPEHU����L���VHFWLRQ�
QXPEHU��L���)LJ������
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7KH�EHKDYLRU�RI�ILVK�LQ�FOHDQ�ZDWHU��FRQWURO��DQG�XQGHU�WKH�LQIOXHQFH�RI�������
VROXWLRQ� RI� XUHD� �8�� RU� WKLRXUHD� �78�� ZDV� HYDOXDWHG� IRU� ��� GD\V�� 7KH� ILVK�
PRYHPHQWV�ZHUH�GHWHUPLQHG�LQ�WKH��QG���WK���WK��DQG���WK�GD\V�DIWHU�SODFLQJ�WKH�ILVK�
LQ� VROXWLRQV� WR� 8� DQG� 78�� $� EUHDN� RI� ���� GD\V� LV� QHFHVVDU\� WR� UHGXFH� WKH�
PDQLSXODWLRQ� VWUHVV� RI� LQGLYLGXDOV�� )RUW\�QLQH� H[SHULPHQWV� ZHUH� SHUIRUPHG� ���²
FRQWURO�����HDFK�H[SRVHG�WR�8�DQG�78����

)LJXUH����7HVW�FKDPEHU�³GU\�PD]H´���D��WRS�YLHZ���E��VWDUWLQJ�WDQN��VLGH�YLHZ��
�Ƒ��VSDFH�DFFHVVLEOH�IRU�FOLPELQJ�SHUFK�$QDEDV�WHVWXGLQHXV�GXULQJ�WKH�H[SHULPHQW���

�������WKH�ZDWHU�OHYHO�LQ�WKH�VWDUWLQJ�WDQN�DW�WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQW��

([SHULPHQWV� RI� GHFUHDVLQJ� ZDWHU� OHYHO� LQIOXHQFH� RQ� ILVK� FUDZOLQJ� DQG�
PRYHPHQW� RQ� WKH� ODQG�ZHUH� FDUULHG�RXW� LQ� WKH� ³GU\�PD]H´� WHVW� FKDPEHU� �)LJ�� �D���
7KH�XQLW� FRQVLVWHG�RI� WKUHH� WDQNV�����P� ORQJ�DQG�ZLGH�DQG�����P�KLJK��7KH�ZDWHU�
OHYHO�ZDV�����FP�XQGHU�WKH�KHLJKW�RI�WKH�ZDOO��7KH�ODGGHUV�IURP�WKH�ERWWRP�WR�WKH�
HQWUDQFH�RI�WKH�KRUL]RQWDO�SDVVDJHZD\�ZHUH�PRXQWHG�LQ�HDFK�WDQN��7KH�LQFOLQDWLRQ�RI�
WKH�ODGGHUV�ZDV������7KH�KRUL]RQWDO�SDVVDJHZD\�QR����KDV�D�OHQJWK�RI�����P��JRLQJ�
XS�WR�WKH�LQWHUVHFWLRQ�ZLWK�SDVVDJHZD\�QR����ZLWK�D�OHQJWK�RI�����P��7KHUH�ZDV�D�WDS�
WR�GUDLQ� WKH�ZDWHU� DW� WKH� ERWWRP� RI� HDFK� WDQN�� XQGHU� WKH� ODGGHU�� 7KH� SDVVDJHZD\V�
ZHUH�SODFHG�DW� WKH�KHLJKW�RI�����P�UHODWLYH�WR�WKH�ERWWRP�RI�WKH�WDQNV��7KH�ODGGHUV�
DQG� WKH� ERWWRP� RI� WKH� SDVVDJHZD\V� ZHUH� FRYHUHG� ZLWK� D� IDEULF� WR� LQFUHDVH� WKH�
DGKHVLRQ�RI�WKH�FOLPELQJ�SHUFK�WR�WKH�VXUIDFH��7KH�VWDUWLQJ�WDQN�ZDV�ILOOHG�DOPRVW�WR�
WKH� SDVVDJHZD\� OHYHO� ���� FP� KHLJKW��� DQG� WHQ� ILVK� ZHUH� SODFHG� �)LJ�� �E��� $�
UHPRYDEOH�SDUWLWLRQ�EORFNHG�WKH�H[LW�IURP�WKH�VWDUWLQJ�WDQN�WR�WKH�SDVVDJHZD\��7KH�
VDPH�ZDWHU�OHYHO�ZDV�LQ�RQH�RI�WKH�RWKHU�WZR�WDQNV��WKH�ODVW�UHPDLQHG�ZLWKRXW�ZDWHU��
EXW� WKH� IDEULF� RQ� WKH� ODGGHU� ZDV� PRLVWHQHG�� $IWHU� ��� PLQXWHV�� WKH� SDUWLWLRQ� ZDV�
UHPRYHG��DQG� WKH� WDS�ZDV�RSHQHG� WR�GUDLQ�ZDWHU� IURP� WKH� VWDUWLQJ� WDQN��7KH�ZDWHU�
OHYHO� LQ� WKH�EDVLQ� GHFUHDVHG� IURP���� WR� ��FP� LQ���PLQXWHV��7KH� H[SHULPHQWV�ZHUH�
FRQGXFWHG�IURP���DP�WR���SP��WKH�PHDQ�RI�LOOXPLQDWLRQ�ZDV�����/X[���

7KH�ILVK�PRYHPHQWV�LQ�WKH�SDVVDJHZD\V�ZHUH�UHFRUGHG�GXULQJ�WKH�H[SHULPHQW�
����PLQ��XVLQJ�D�*R3UR�+HUR���%ODFN�YLGHR�FDPHUD�ZLWK�UHPRWH�FRQWURO��7KH�YLGHR�
UHFRUGV�ZHUH� XVHG� WR� GHWHUPLQH� WKH� QXPEHU� RI� DLU� VZDOORZHG� E\� WKH� ILVK� DQG� WKH�
QXPEHU� RI� MXPSV� RXW� RI� WKH� ZDWHU�� WKH� WLPH� UHTXLUHG� IRU� WKH� ILVK� WR� HQWHU� WKH�
SDVVDJHZD\V��WKH�GXUDWLRQ�RI�VWD\�LQ�WDQNV�1R����DQG����WKH�GLUHFWLRQ�RI�PRYHPHQWV��
7KH� VSHHG� RI� ILVK� PRYHPHQWV� DORQJ� WKH� SDVVDJHZD\V� ZDV� FDOFXODWHG�� 7HQ�
H[SHULPHQWV�ZHUH�FRQGXFWHG���
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([SHULPHQWV� HYDOXDWLQJ� WKH�GLXUQDO� ORFRPRWRU� DFWLYLW\�ZHUH� FDUULHG� RXW� LQ� WKUHH�
DTXDULXPV� ���î��î��� FP��ZLWK� WRS�PRXQWHG� YLGHR� FDPHUDV�� 6L[� ILVK�ZHUH� SODFHG� LQ�
HDFK�DTXDULXP��DQG�IRU����KRXUV��WKH�YLGHR�FDPHUDV�UHFRUGHG�WKH�PRYHPHQWV�RI�WKH�ILVK��
7KH�EHJLQQLQJ�RI�H[SHULPHQWV�YDULHG�IURP���DP�WR���SP��:H�XVHG�WKLV�H[SHULPHQWDO�
GHVLJQ� IRU� WKH�GHFUHDVLQJ� LQIOXHQFH� RI� WKH� ILVK� VWUHVV�RQ� WKH� UHVXOWV��7KH� DTXDULXP�
LOOXPLQDWLRQ�PDWFKHG�WKH�URRP
V�QDWXUDO�OLJKW�DQG�ZDV������/X[��)LIWHHQ�H[SHULPHQWV�
ZHUH�FRQGXFWHG�ZLWK����ILVKHV��7KH�GLXUQDO�ORFRPRWRU�DFWLYLW\�ZDV�GHWHFWHG�LQ�YLGHR�
ILOHV� XVLQJ� RSHQ� VRXUFH� FRGH� �3\WKRQ� 6RIWZDUH� )RXQGDWLRQ��� 9HULILFDWLRQ� RI� WKH�
DXWRPDWLF�VRIWZDUH�GHWHFWLRQ�VKRZHG�WKDW�SUHFLVLRQ�ZDV�QRW�OHVV�WKDQ�������

7KH� GDWD� ZHUH� SURFHVVHG� VWDWLVWLFDOO\�� DSSO\LQJ� QRQSDUDPHWULF� DQDO\VLV� RI�
YDULDQFH� �.UXVNDO�:DOOLV�+�WHVW���0DQQ�:KLWQH\�8�WHVW��6WXGHQW¶V� W�WHVW��6WXGHQW¶V�
WHVW�IRU�IUDFWLRQV���

���5(68/76�$1'�',6&866,21�

�����)LVK�EHKDYLRU�LQ�ZDWHU�IORZ�

$IWHU� WUDQVIHUULQJ� ILVK� WR� WKH� VWDUWLQJ� VHFWLRQ� RI� WKH� K\GURG\QDPLF� WHVW�
FKDPEHU�� WKH\�GLG�QRW�DYRLG�WKH�ZDWHU�FXUUHQW��2IWHQ�VRPH�ILVKHV�MXPSHG�IURP�WKH�
VWDUW�VHFWLRQ�WR�RWKHU�VHFWLRQV�EHIRUH�RSHQLQJ�WKH�ODWWLFHV��$FFRUGLQJO\��WKH�FOLPELQJ�
SHUFK�DOVR�PRYHG�LQ�WKH�WHVW�FKDPEHU�LQ�JURXSV������LQGLYLGXDOV���WKH�PRYHPHQW�RI�
RQH�LQGLYLGXDO�DJDLQVW�WKH�ZDWHU�FXUUHQW�LQLWLDWHG�D�VLPLODU�UHDFWLRQ�LQ�RWKHU�ILVK���

7KH� FRQWURO� LQGLYLGXDOV� �FOHDQ� ZDWHU�� PRUH� RIWHQ� �6WXGHQW¶V� WHVW� IRU� WKH�
IUDFWLRQV�� S� �� ������ WKDQ� WKH� H[SHULPHQWDO� RQHV� �SROOXWHG� ZDWHU� ZLWK� 8� RU� 78��
MXPSHG�RYHU� WKH�EDUULHUV�� DV� HYLGHQFHG� E\� WKH�SURSRUWLRQ� RI� ILVK� UHPDLQLQJ� LQ� WKH�
VWDUWLQJ� VHFWLRQ� EHIRUH� RSHQLQJ� WKH� ODWWLFHV�� ������ �FRQWURO��� ������ �8��� ������
�78��� $W� WKH� LQLWLDO� VWDJH� �WR� ���� PLQXWHV��� WKH� FRQWURO� LQGLYLGXDOV� SUHGRPLQDQWO\�
PRYHG�GRZQVWUHDP��DV�D�UXOH��WKH\�UHDFKHG�VHFWLRQ�QR�����DQG�VWD\HG�WKHUH�IRU�VRPH�
WLPH�� 7KHQ�� WKH� ILVK� EHJDQ� WR�PRYH� XSVWUHDP�� 7KH� ,G� LQ� FRQWURO� ILVK� VLJQLILFDQWO\�
GHSHQGV�RQ�WKH�UHJLVWUDWLRQ�SHULRG��.UXVNDO�:DOOLV�+�WHVW��S����������)LJ�������

&OLPELQJ� SHUFK�PRYHPHQW� LQ� WKH�ZDWHU� IORZ� UHODWHV� �.UXVNDO�:DOOLV�+�WHVW�����
S���������WR�LWV�EHORQJLQJ�WR�ILVK�IURP�FOHDQ�ZDWHU�RU�ILVK�H[SRVXUHG�LQ�8�RU�78��7KH�
ILVK� IURP� SROOXWHG� ZDWHU� PRUH� RIWHQ� WKDQ� LQGLYLGXDOV� IURP� FOHDQ� ZDWHU� PRYHG�
XSVWUHDP��WKH�PHDQ�YDOXH�RI�WKH�,G�IRU�WKH�ZKROH�UHFRUGLQJ�SHULRG�VSDQ�DW�H[SRVXUH�
WR�XUHD�DQG�WKLRXUHD�VROXWLRQV�FRPSDUHG�ZLWK�WKH�FRQWURO�LV�KLJKHU��í�����DQG�í�����
YHUVXV� í������ UHVSHFWLYHO\��� 'XULQJ� WKH� HQWLUH� UHJLVWUDWLRQ� SHULRG�� QR� VLJQLILFDQW�
GLIIHUHQFHV� �S�!�������ZHUH�IRXQG� LQ�SHU�PLQXWH� ,G�YDOXHV�EHWZHHQ�FOLPELQJ�SHUFK�
H[SRVHG�WR�8�DQG�78��)LJ������1R�FKDQJHV�LQ�WKH�G\QDPLFV�RI�,G�YDOXHV�ZLWK�WLPH�����
PLQ��ZHUH�UHYHDOHG��S�!�������LQ�ILVK�XQGHU�WKH�LQIOXHQFH�RI�8�DQG�78��7KH�YDOXHV�RI�
WKH� ,G� LQ� ILVK� XQGHU�8� LQIOXHQFH� EHJLQ� WR� GLIIHU� �0DQQ�:KLWQH\�8�WHVW�� S� �� ������
IURP� WKH� FRQWURO� ILVK� DOUHDG\� RQ� WKH� �QG� GD\� RI� H[SRVXUH�� ,Q� WKH� JURXS� RI� ILVK�
FRQWDLQHG�LQ�WKLRXUHD��GLIIHUHQFHV��S���������DSSHDU�RQO\�RQ�WKH��WK�GD\�EHWZHHQ�ILVK�
XQGHU�WKH�LQIOXHQFH�RI�78�DQG�FRQWURO�ILVK��&RQWURO�ILVK�PRUH�RIWHQ��6WXGHQW¶V�W�WHVW�
IRU�IUDFWLRQV��S���������WKDQ�WKH�LQGLYLGXDOV�XQGHU�WKH�LQIOXHQFH�RI�8�DQG�78�PRYHG�
DORQJ�ZLWK�WKH�JURXS�������YHUVXV������DQG��������UHVSHFWLYHO\����
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)LJXUH����'\QDPLFV�RI�YDOXHV�RI�GLUHFWLRQ�PRYLQJ�LQGH[��,G��LQ�FOLPELQJ�SHUFK�
$QDEDV�WHVWXGLQHXV�RI�WKH�FRQWURO�JURXS��LQ�FOHDQ�ZDWHU���������DW�H[SRVXUH�WR�XUHD��

��������DQG�WKLRXUHD��ÂÂÂÂÂÂÂ���SROOXWHG�ZDWHU����Ň����VWDQGDUG�HUURU�RI�WKH�PHDQ��

�����7KH�ILVK�FUDZOLQJ�DQG�PRYHPHQWV�RQ�WKH�ODQG�

7KH�ILVK�VZDP�IUHHO\�GXULQJ�WKH����PLQXWH�DIWHU�SODFLQJ�WR�WKH�VWDUWLQJ�WDQN�RI�
³GU\�PD]H´��)LVK�OLHG�DW�LWV�ERWWRP�RU�RQ�WKH�XQGHUZDWHU�SDUW�RI�WKH�ODGGHU�ZLWK�WKHLU�
KHDGV�XS��)URP�WLPH�WR�WLPH��FOLPELQJ�SHUFK�PDGH�MXPSV��GLUHFWHG�PDLQO\�WRZDUG�WKH�
WDQN
V� ZDOOV�� EXW� UDUHO\� MXPSHG� RQWR� WKH� ODGGHU�� 'HFUHDVLQJ� WKH� ZDWHU� OHYHO� LQ� WKH�
VWDUWLQJ�WDQN�IURP����WR����FP�FDXVHG�DQ[LHW\�LQ�WKH�ILVK��7KH\�ZHUH�VZLPPLQJ�LQ�WKH�
WDQN� PRUH� DFWLYH�� PRUH� RIWHQ� PRYHG� WR� WKH� ZDWHU� VXUIDFH� DQG� VZDOORZ� DLU�� DQG�
DSSURDFKHG�WKH�ZDWHU¶V�HGJH�RQ�WKH�ODGGHU��$W�D�ZDWHU�OHYHO�RI������FP��WKH�QXPEHU�RI�
ILVK�PRYLQJ� WR� WKH�ZDWHU�VXUIDFH�WR�VZDOORZ�DLU� LQFUHDVHG�DQG�GHFUHDVHG�IURP���FP�
EHORZ��2Q�DYHUDJH��ZKHQ�WKH�ZDWHU�OHYHO�GURSSHG�IURP����WR���FP��ILYH�PRYHV�WR�WKH�
VXUIDFH� RI� WKH�ZDWHU� ZHUH� UHFRUGHG�ZLWK� D� JURXS� RI� ��� VSHFLPHQV�� &OLPELQJ� SHUFK�
MXPSV�RXW�RI�WKH�ZDWHU�ZHUH�REVHUYHG�DW����FP�DQG�EHORZ��7KH�MXPSLQJ�IUHTXHQF\�RI�
ILVK�VLJQLILFDQWO\�LQFUHDVHG�ZLWK�D�GHFUHDVLQJ�ZDWHU�OHYHO��.UXVNDO�:DOOLV�+�WHVW��S���
���������

7ZR� W\SHV�RI�H[LW� WR� WKH� ODGGHU�ZHUH� W\SLFDO�RI� FOLPELQJ� SHUFK��7KH� ILUVW�ZDV�
FUDZOLQJ� ZLWK� ERG\� DQG� RSHUFXOXP� PRYHPHQWV�� 7KH� VHFRQG� ZDV� D� MXPS� LQ� WKH�
GLUHFWLRQ�RI�WKH�ODGGHU��XVXDOO\�DFKLHYHG�ZLWK�D�KLW�RQ�WKH�ILUVW�WKLUG�RI�LW��,QGLYLGXDOV�
HDVLO\�H[LWHG�WKH�ODGGHU�ZKHQ�WKH�ZDWHU�LQ�WKH�WDQN�ZDV�SUHVHQW�RU�FRPSOHWHO\�DEVHQW��
:KHQ�WKH�ILVK�MXPSHG�RQWR�WKH�ODGGHU��PRVW�RI�WKH�ILVK�ZHQW�RXW�LQWR�WKH�PD]H�ZKLOH�
WKH�UHVW�RI�WKH�ILVK�UROOHG�EDFN�LQWR�WKH�ZDWHU��)LVK�EHJDQ�WR�HPHUJH�RQ�WKH�ODGGHU�DW�D�
ZDWHU� OHYHO� RI� ��� FP� ��WK� PLQ� RI� WKH� H[SHULPHQW��� DQG� PRVW� LQWHQVLYHO\� ZKHQ� LW�
GURSSHG�WR���FP��GXULQJ�WKH����WK�PLQXWHV��PRUH�WKDQ�KDOI�RI�WKH�ILVK�ZHUH�FUDZOLQJ�
IURP�WKH�WDQN�DQG�OHIW�LW�GXULQJ�WKH�HQWLUH�H[SHULPHQW��RU�����RI�WKH�WRWDO�QXPEHU�RI�
VSHFLPHQV�� ,QGLYLGXDOV� VLJQLILFDQWO\� OHVV� RIWHQ� UHDFKHG� WKH� WUDS� �6WXGHQW¶V� W�WHVW� IRU�
IUDFWLRQV��S� ���������LQGLYLGXDOO\������RI�DOO�H[LWHG�LQGLYLGXDOV��WKDQ�LQ�D�JURXS������
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VSHFLPHQV��OHVV�RIWHQ�����IRUPLQJ�D�FKDLQ�LQ�ZKLFK�WKH�QH[W�ILVK�UXVKHG�DIWHU�WKH�ILUVW�
RQH��7KH�GLVWDQFH�EHWZHHQ�QHLJKERULQJ�VSHFLPHQV�PRYLQJ�LQ�D�JURXS�GLG�QRW�H[FHHG�
����OHQJWKV��7KH�VSHHG�RI�ILVK�PRYHPHQW�LQ�WKH�SDVVDJHZD\V�ZDV�����������������������
FP�V��Q� �������

)LJXUH����'LUHFWLRQV��ĺ��RI�PRYHPHQWV�RI�FOLPELQJ�SHUFK�$QDEDV�WHVWXGLQHXV�
LQ�WKH�³GU\�PD]H´�DQG�WKH�SURSRUWLRQ�RI�ILVK�LQ�WKH�WDQNV�DQG�SDVVDJHZD\V�DW�WKH�HQG�
RI�WKH�H[SHULPHQWV��Ƒ���1H[W�WR�WKH�DUURZV��WKH�SURSRUWLRQ�RI�LQGLYLGXDOV�PRYLQJ�

GXULQJ�WKH�LQYHVWLJDWLRQ�LV�LQGLFDWHG��

%\� WKH� HQG� RI� WKH� H[SHULPHQW�� VLJQLILFDQWO\� PRUH� ILVK� OHIW� WKH� VWDUWLQJ� WDQN�
������ 6WXGHQW¶V� WHVW� IRU� IUDFWLRQV�� S� �� ������� WKDQ� UHPDLQLQJ� LQ� LW� ������� 7KH�
UHPDLQLQJ�VSHFLPHQV�ZHUH� O\LQJ�DW� WKH�ERWWRP�RI�WKH� WDQN�HLWKHU� LQGLYLGXDOO\�RU� LQ�
JURXSV��IRUPLQJ�FRPSDFW�LPPRELOH�DJJUHJDWLRQV��'XULQJ�WKH�H[SHULPHQW��VRPH�ILVK�
WKDW� HQWHUHG� WKH�PD]H� FRXOG� UHWXUQ� WR� WKH� VWDUWLQJ� WDQN�� ,Q� VRPH�FDVHV� �����RI� DOO�
VSHFLPHQV��� WKH� ILVK� WKDW� HQWHUHG� WKH� SDVVDJHZD\V� UHWXUQHG� WR� WKH� WDQN� WKH\� OHIW�
�VWDUWLQJ� WDQN� RU� D� WDQN� ZLWKRXW� ZDWHU��� ,QGLYLGXDOV� LQ� DSSUR[LPDWHO\� HTXDO�
SURSRUWLRQV��6WXGHQW¶V�WHVW�IRU�IUDFWLRQV��S� �������UHDFKHG�WKH�WDQN�ZLWK�ZDWHU�������
RU�ZLWKRXW�ZDWHU��������'LIIHUHQFHV�LQ�WKH�LOOXPLQDWLRQ�RI�WKH�OHIW�DQG�ULJKW�SDUWV�RI�
SDVVDJHZD\V�1R����GLG�QRW�DIIHFW� �.UXVNDO�:DOOLV�+�WHVW��S� ������ WKH�GLUHFWLRQ�RI�
VSHFLPHQV¶�PRYHPHQW��7ZR�WKLUGV�RI�WKH�ILVK�WKDW�JRW�LQWR�WKH�GU\�WDQN�OHIW�LW�PRYHG�
DORQJ�WKH�SDVVDJHZD\V�WR�WKH�VWDUWLQJ�WDQN�RU� WDQN�ZLWK�ZDWHU��:KLOH�PRYLQJ�IURP�
WKH�GU\�WDQN��WKH\�VRPHWLPHV�PHW�LQ�WKH�SDVVDJHZD\V�ZLWK�ILVK�WKDW�KDG�QRW�UHDFKHG�
WKLV� WDQN� \HW��$W� WKH� VDPH� WLPH�� QHLWKHU� RQH� QRU� WKH� RWKHU� LQGLYLGXDOV�HQFRXQWHUHG�
FKDQJHG�WKH�GLUHFWLRQ�RI�PRYHPHQW��%\�WKH�HQG�RI�WKH�H[SHULPHQWV������RI�WKH�ILVK�
ZHUH� LQ� WKH� VWDUWLQJ� WDQN�� ��� DQG� ����ZHUH� LQ� WKH� WDQN� ZLWK� DQG� ZLWKRXW� ZDWHU��
UHVSHFWLYHO\�� 2QO\� ��� RI� WKH� ILVK� UHPDLQHG� LQ� WKH� SDVVDJHZD\V�� 6LJQLILFDQWO\�
�6WXGHQW¶V� WHVW�IRU�IUDFWLRQV��S� ����������PRUH�ILVK�������RU�����RI� WKH�VSHFLPHQV�
WKDW�OHIW�WKH�VWDUWLQJ�WDQN��ZHUH�LQ�WKH�WDQN�ZLWK�ZDWHU��)LJ�������
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�����'LXUQDO�ORFRPRWRU�DFWLYLW\�RI�ILVK�

7KH� ORFRPRWRU� DFWLYLW\� VLJQLILFDQWO\� LQFUHDVHG� �6WXGHQW¶V� W�WHVW�� S� �� �������
IURP����SP�WR���SP�DQG�GHFUHDVHG��S���������DW�QLJKW����DP�WR���DP���)LJ�������

)LJXUH����/RFRPRWRU�DFWLYLW\����RI�WRWDO�WLPH�RI�LQWHUYDO��RI�FOLPELQJ�SHUFK�$QDEDV�
WHVWXGLQHXV�DW�D�GLIIHUHQW�WLPH�RI�WKH�GD\��'LIIHUHQW�OHWWHUV��D��E��F��LQGLFDWHV�

VLJQLILFDQW�GLIIHUHQFHV��ɪ��������DFFRUGLQJ�6WXGHQW¶V�W�WHVW��

2XU� UHVXOWV� VKRZHG� WKDW� WKH� FOLPELQJ�SHUFK�KDV� FRPPRQ�EHKDYLRUDO� IHDWXUHV�
ZKHQ�PRYLQJ� LQ�ZDWHU�RU�RQ� ODQG�� ,Q� ERWK� FDVHV�� ILVK�RIWHQ�PRYH� LQWR�JURXSV� ����
VSHFLPHQV���7KH� JURXSV� RI� LQGLYLGXDOV� LQ� WKH�ZDWHU� IORZ� FDQ� GHFUHDVH� RU� LQFUHDVH�
RYHU� WLPH�� )LVK� IRUPHG� WKH� JURXSV�ZKHQ� WKH\� FUDZOHG� WR� WKH� ODQG�� EXW� XQOLNH� WKH�
DTXDWLF� HQYLURQPHQW�� WKHVH� JURXSV� QHYHU� UDLVHG� GXULQJ� WKH� PRYHPHQWV� RYHU� ODQG��
$QRWKHU�FRPPRQ�IHDWXUH�LV�MXPSLQJ�RXW�RI�WKH�ZDWHU��ZKLFK�PD\�EH�DQ�HOHPHQW�RI�
ILVK�H[LWLQJ�WR�ODQG��7KH�IUHTXHQF\�RI�WKHVH�MXPSV�UHIOHFWV�WKH�LQFUHDVLQJ�LQIOXHQFH�RI�
DQ�XQIDYRUDEOH�IDFWRU��LW�LQFUHDVHG�E\�D�GHFUHDVLQJ�ZDWHU�OHYHO���

&OLPELQJ� SHUFK� IURP� FOHDQ� ZDWHU� �FRQWURO�� KDG� D� SURQRXQFHG� G\QDPLFV� RI�
PRYHPHQWV�GXULQJ����PLQXWHV�LQ�K\GURG\QDPLF�WHVW�FKDPEHU��8QOLNH�WKHVH�ILVK��WKH�
LQGLYLGXDOV� XQGHU� WKH� LQIOXHQFH� RI� XUHD� DQG� WKLRXUHD� REVHUYHG� FKDRWLF�PRYHPHQWV�
ZLWKRXW�SUHGRPLQDQW�GLUHFWLRQ��&KDQJHV�LQ�PRYHPHQWV�LQ�WKH�FOLPELQJ�SHUFK�XQGHU�
WKH� LQIOXHQFH� RI� XUHD� DQG� WKLRXUHD� PD\� EH� LPSRUWDQW� LQ� WKH� QDWXUDO� HQYLURQPHQW�
ZLWKLQ�PLJUDWLRQ�DQG�WKH�GLVWULEXWLRQ�RI�ILVK�LQ�ZDWHU�ERGLHV�DQG�VWUHDPV��8UHD�DQG�
WKLRXUHD�VLJQLILFDQWO\�GHFUHDVHG�MXPSLQJ�IURP�WKH�ZDWHU�DQG�WKH�IUHTXHQF\��RQ������
RI�JURXS�IRUPDWLRQ�RI�ILVK��*URXS�OLIHVW\OH�LV�D�FKDUDFWHULVWLF�RI�FOLPELQJ�SHUFK�>��@��
8QGHU� WKH� LQIOXHQFH� RI� WHVWLQJ� VXEVWDQFHV�� WKH� JURXS�GLUHFWHG�PRYHPHQW�RI� ILVK� LV�
UHSODFHG� E\� DQ� LQGLYLGXDO� PXOWLGLUHFWLRQDO� RQH�� 3UREDEO\�� WKH� VXEVWDQFHV� XVHG�
JHQHUDOO\�VXSSUHVV�WKH�QDWXUDO�EHKDYLRUDO�UHVSRQVH�RI�WKH�ILVK��7KH�HIIHFW�RI�XUHD�ZDV�
QRWHG�DOUHDG\�RQ�WKH��QG�GD\�RI�H[SRVXUH��RI�WKLRXUHD��RQO\�RQ�WKH��WK�GD\��ZKLFK�LV�
FRQVLVWHQW�ZLWK�WKH�GDWD�FRQFHUQLQJ�WKLRXUHD�WKDW�ZH�REWDLQHG�HDUOLHU�>��@��,Q�ZDWHU��
XUHD�LV�OHVV�FKHPLFDOO\�VWDEOH�WKDQ�WKLRXUHD��7KH�VWXG\�LQGLFDWHV�WKDW�D�VKRUWHU�SHULRG�
RI� XUHD� DFWLYLW\� LV� FRPSHQVDWHG� E\� LWV� IDVWHU� HIIHFW� RQ� WKH� ILVK� EHKDYLRU�� 7KH�
ZLGHVSUHDG� XVH� RI� XUHD� LQ� DJULFXOWXUH� LQ� 9LHWQDP� FDQ� QHJDWLYHO\� DIIHFW� ILVK
V�
SK\VLRORJLFDO�VWDWH�DQG�EHKDYLRU���
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)LVK�PRYHPHQWV� LQ� WKH� ³GU\�PD]H´� UHYHDOHG� WKDW� D� GHFUHDVLQJ�ZDWHU� OHYHO� LV�
RQH�RI�WKH�PRVW�FULWLFDO�IDFWRUV�VWLPXODWLQJ�FOLPELQJ�SHUFK�WR�PRYH�RYHUODQG��:DWHU�
GHFUHDVLQJ�WR�DOPRVW�]HUR�ZLWKLQ���PLQXWHV�VWLPXODWHV�WKH�ILVK�WR�TXLFNO\�UHVSRQG��WR�
PRYH�RYHUODQG� LQ� VHDUFKLQJ� IRU�QHZ�ZDWHU� ERGLHV��7KH�ZDWHU� OHYHO����FP�PD\�EH�
FRQVLGHUHG�FULWLFDO�LQ�WKH�H[SHULPHQWDO�FRQGLWLRQV�DW�ZKLFK�WKH�FOLPELQJ�SHUFK�EHJLQV�
WR�FUDZO�RQ�ODQG���

'XULQJ�D�SHULRG�RI�GURXJKW��FOLPELQJ�SHUFK�FDQ�EXUURZ�LQWR�WKH�JURXQG�>�����@�
RU�FUDZO�RYHUODQG� LQWR�QHZ�ZDWHU�ERGLHV� >��@�� ,Q� WKH�SUHVHQW�H[SHULPHQWV�� WKH� ILVK�
UHDFWHG�WR�D�GHFUHDVHG�ZDWHU�OHYHO��ZDLWLQJ�RU�FUDZOLQJ�DQG�PRYLQJ�RQ�ODQG�WR�VHDUFK�
IRU�QHZ�KDELWDW�FRQGLWLRQV��6SHFLPHQV�ZDLWLQJ�LQ�XQIDYRUDEOH�FRQGLWLRQV�FRPPRQO\�
IRUPHG�FRPSDFW�JURXSV� DW� WKH�ERWWRP�RI� WKH� WDQN� WKDW�DSSDUHQWO\� DOORZHG� WKHP� WR�
PDLQWDLQ�ERG\�PRLVWXUH�ORQJHU��6XFK�ILVK�DJJUHJDWLRQ��DV�ZHOO�DV�EXUURZLQJ�LQWR�WKH�
JURXQG�GXULQJ�GURXJKW��KDV�DQ�DGDSWLYH�LPSOLFDWLRQ��%XUURZLQJ�RI�FOLPELQJ�SHUFK�LV�
SRVVLEOH�RQO\�RQ�ZHW�ODQG��2XU�LQ�VLWX�H[SHULPHQWV�>��@�GLG�QRW�UHYHDO�DQ\�DWWHPSW�E\�
FOLPELQJ� SHUFK� WR� EXUURZ� LQWR� GU\� ODQG�� 7KH� VXFFHVV� RI� WKH� EHKDYLRU�ZLWK� FULWLFDO�
GHFUHDVLQJ� ZDWHU� FRPSOHWHO\� GHSHQGV� RQ� WKH� HQYLURQPHQWDO� FRQGLWLRQV� WKDW� DUH�
IRUPHG�IXUWKHU��$Q�DFWLYH� VHDUFK�FRXOG�EH�PRUH� IDYRUDEOH� WKDQ�ZDLWLQJ�DW� KLJK�DLU�
KXPLGLW\� DQG� D� QHDUE\� ORFDWLRQ� RI� D� QHZ� ZDWHU� ERG\�� $W� WKH� VDPH� WLPH�� ZDLWLQJ�
DOORZV� ILVK� WR�SUHVHUYH� HQHUJ\� UHVRXUFHV� IRU�D� ORQJ� WLPH�VLQFH� WKH�PRYHPHQW� RYHU�
ODQG�KDV�D�KLJKHU�HQHUJHWLF�YDOXH�>��@���

7KH�DYHUDJH�VSHHG�RI�WKH�FOLPELQJ�SHUFK�PRYH�LQ�WKH�³GU\�PD]H´�ZDV�����FP�V�
�����7/�V���WKH�PD[LPDO�UDWH�ZDV������FP�V��,Q�QDWXUH��FOLPELQJ�SHUFK�RYHUFRPHV�RYHU�
���P�RI�D�FKDOOHQJLQJ�URXWH�LQ�DERXW����PLQ����FP�V��>�@��LQ�D�ODERUDWRU\�H[SHULPHQW��
WKH�PD[LPDO� VSHHG� RI� ODUJHU� LQGLYLGXDOV� �7/������ FP��DSSURDFKHG������FP�V� >��@��
2XU� GDWD� LV� FRQVLVWHQW� ZLWK� WKHVH� UHVXOWV�� 7KH� VSHHG� RI� FOLPELQJ� SHUFK� RYHUODQG�
PRVWO\�GHSHQGV�RQ�LWV�SK\VLRORJLFDO�VWDWH�DQG�WKH�FRPSRVLWLRQ�RI�WKH�JURXQG���

&OLPELQJ� SHUFK� VHDUFKHG� D� WDQN� ZLWK� ZDWHU� UDQGRPO\� LQ� RXU� H[SHULPHQWV��
6RPH� VSHFLPHQV� FKDQJHG� WKH� GLUHFWLRQ� RI� PRYHPHQW� LQ� WKH� SDVVDJHZD\V� WR� WKH�
RSSRVLWH�� 7KDW� LQGLFDWHG� DQ� DEVHQFH� RI� VSHFLILF� ODQGPDUNV� IRU� RULHQWDWLRQ� RI� ILVK��
0RYLQJ�LQVLGH�WKH�PD]H��DV�D�UXOH��SUHFHGHG�XQWLO�WKH�ILVK�IRXQG�D�WDQN�ZLWK�ZDWHU��
PRVW�RI� WKH� VSHFLPHQV� WKDW� LQLWLDOO\�JRW� LQWR� WKH�GU\� WDQN�FRQWLQXHG� WR�VHDUFK��7KH�
ILVK� LQ� WKH� WDQN�ZLWK�ZDWHU�GLG�QRW� DWWHPSW� WR� OHDYH� LW� �PDLQO\���&RQVHTXHQWO\�� WKH�
VHDUFK�IRU�ZDWHU�GHWHUPLQHG� WKH�FOLPELQJ�SHUFK
V� WHUUHVWULDO�PRYHPHQW� �PLJUDWLRQ���
([SHULPHQWV� LQ� VLWX� >��@� FRQILUPHG� WKH� UDQGRP� VHDUFKLQJ� IRU� D� ZDWHU� ERG\� E\�
FOLPELQJ�SHUFK��)LVK�ZHUH�SODFHG�QHDU���P�IURP�WKH�SRQG�DQG�PRYHG�ERWK�WRZDUGV�
DQG� DZD\� IURP� LW�� +LJKHU� LOOXPLQDWLRQ� IURP� WKH� VLGH� RI� WKH� SRQG� LQFUHDVHG� WKH�
FKDQFHV� RI� ILVK� UHDFKLQJ� WKH� DTXDWLF� HQYLURQPHQW�� 7KH� VXUYLYDO� UDWH� RI� FOLPELQJ�
SHUFK�ZKHQ�PRYLQJ�RQ�ODQG�VHHPV�GHSHQGV�QRW�VR�PXFK�RQ�LWV�DELOLW\�WR�QDYLJDWH�RQ�
ODQG� EXW� RQ� H[WHUQDO� IDFWRUV� VXFK� DV� LOOXPLQDWLRQ�� WKH� W\SH� RI� WKH� JURXQG� DQG�
YHJHWDWLRQ��WKH�WHPSHUDWXUH�DQG�KXPLGLW\�RI� WKH�DLU��DQG�WKH�GLVWDQFH�WR�WKH�QHDUHVW�
ZDWHU�ERG\��HWF���
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7KH� GLXUQDO� ORFRPRWRU� DFWLYLW\� RI� FOLPELQJ� SHUFK� SUHOLPLQDU\� FRQQHFWV�ZLWK�
WKH�SUREDELOLW\�RI�WKH�DFWLYH�PRYHPHQWV�RI�ILVK�DW�FHUWDLQ�WLPHV�RI�WKH�GD\��7KH�ILVK�
KDG� WKH� ORZHVW� ORFRPRWRU� DFWLYLW\� DW� QLJKW� DQG� WKH� KLJKHVW� GXULQJ� WKH� GD\��
&RQVHTXHQWO\��WKH�SUREDELOLW\�RI�ILVK�PRYHPHQWV�LQ�WKH�ZDWHU�DQG�RQ�ODQG�LV�KLJKHU�
LQ� WKH�GD\WLPH�� 7KH� GDWD� REWDLQHG�DUH� FRQVLVWHQW�ZLWK� RXU� H[SHULPHQWV� LQ� WKH� ³GU\�
PD]H´����������RI�FDVHV��WKH�ILVK�GR�QRW�PRYH�DQG�UHPDLQ�LQ�WKH�VWDUWLQJ�SRRO�LQ�WKH�
GDUNQHVV�>��@��

���&21&/86,21�

��&OLPELQJ�SHUFK�H[SRVHG�LQ�FOHDQ�ZDWHU�KDV�EHKDYLRU�LQ�ZDWHU�IORZ�LQ�ZKLFK�
LQGLYLGXDOV� ILUVW� PRYH� GRZQVWUHDP� DQG� WKHQ� XSVWUHDP�� 7KH� H[SRVLWLRQ� RI� ILVK� LQ�
������VROXWLRQV�RI�XUHD�RU� WKLRXUHD�PRGLILHV� WKHLU�EHKDYLRU��ZKLFK� LV�H[SUHVVHG� LQ�
WKH�FKDRWLF�PRYHPHQW�RI�ILVK�UHODWLYH�WR�WKH�FXUUHQW���

�� :DWHU� GHFUHDVLQJ� VWLPXODWHV� FOLPELQJ� SHUFK� WR� FUDZO� DQG� PRYH� RQ� ODQG��
7KHUH�DUH�WZR�EHKDYLRUDO�UHVSRQVHV�WR�ZDWHU�GHFUHDVH��ZDLWLQJ�IRU�DGYHUVH�FRQGLWLRQV�
RU� PRYLQJ� RYHU� ODQG� VHDUFKLQJ� IRU� RSWLPDO� KDELWDW� FRQGLWLRQV�� 8QGHU� WKH�
H[SHULPHQWDO�FRQGLWLRQV��VHDUFKLQJ�IRU�D�QHZ�ZDWHU�ERG\�LV�UDQGRP���

�� 7KH� SUREDELOLW\� RI� FOLPELQJ� SHUFK�PRYHPHQWV� LQ� WKH�ZDWHU� DQG� RQ� ODQG� LV�
KLJKHU�GXULQJ�GD\OLJKW�WKDQ�LQ�WKH�GDUN���

$FNQRZOHGJPHQWV��:H�DUH�JUDWHIXO�WR�VWDII�PHPEHUV�RI�WKH�&RDVWDO�%UDQFK�RI�
-RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\� 5HVHDUFK� &HQWUH� IRU�
DVVLVWDQFH� LQ�VDPSOLQJ��7KH�PDWHULDOV�ZHUH�FROOHFWHG�ZLWK� WKH� ILQDQFLDO� VXSSRUW� RI�
-RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\� 5HVHDUFK� &HQWUH� �WKH�
SURJUDP�³(FRODQ����´��� WKH�PDWHULDOV�ZHUH�DQDO\]HG�ZLWK�WKH�ILQDQFLDO�VXSSRUW�RI�
WKH�5XVVLDQ�6FLHQFH�)RXQGDWLRQ��SURMHFW�ʋ�������������

5()(5(1&(6�

�� 'DV� %�� .��� 7KH� ELRQRPLFV� RI� FHUWDLQ� DLU�EUHDWKLQJ� ILVKHV� RI� ,QGLD�� WRJHWKHU�
ZLWK� DQ� DFFRXQW� RI� WKH� GHYHORSPHQW� RI� WKHLU� DLU�EUHDWKLQJ� RUJDQV�� 3KLORV��
7UDQV��5��6RF���%����������������������

�� 6PLWK�+��0���7KH�IUHVKZDWHU�ILVKHV�RI�6LDP��RU�7KDLODQG��%XOO��86�1DWO��0XV���
�����������������

�� 5DLQERWK�:��-���)LVKHV�RI�WKH�&DPERGLDQ�0HNRQJ��)$2�VSHFLHV�LGHQWLILFDWLRQ�
ILHOG�JXLGH�IRU�ILVKHU\�SXUSRVHV��������)$2��5RPH������WU��

�� %LQR\�9��9���-RE�1���7KRPDV�.��-���,QIOXHQFH�RI�GLFRIRO�RQ�WKH�EHKDYLRU�RI�WKH�
FOLPELQJ�SHUFK��$QDEDV�WHVWXGLQHXV��,QGLDQ�-��)LVK������������������������

�� 1RUGLQ� ,�� /��� ,EUDKLP�1���+DPLGLQ�1��� HW� DO���$FXWH� WR[LFLW\� RI� HQGRVXOIDQ� WR�
$QDEDV�WHVWXGLQHXV��$GY��(QYLURQ��%LRO������������������������
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�� 9HOPXUXJDQ�%���&HQJL]�(�� ,��� <ROFX�0��� HW� DO���&\WRORJLFDO� DQG� KLVWRORJLFDO�
HIIHFWV� RI� SHVWLFLGH� FKORUS\ULSKRV� LQ� WKH� JLOOV� RI� $QDEDV� WHVWXGLQHXV�� 'UXJ��
&KHP��7R[LFRO�������������������������

�� /LHP�.��)���)XQFWLRQDO�GHVLJQ�RI� WKH�DLU�YHQWLODWLRQ�DSSDUDWXV�DQG�RYHUODQG�
HVFXUVLRQV�E\�WHOHRVWV��)LHOGLDQD�=RRO������������������

�� .DVXP\DQ� $�� 2��� 3DVKFKHQNR� 1�� ,�� DQG� 2DQ� /�� 7�� .���0RUSKRORJ\� RI� WKH�
ROIDFWRU\� RUJDQ� RI� WKH� FOLPELQJ� SHUFK� $QDEDV� WHVWXGLQHXV� �$QDEDQWLGDH��
3HUFLIRUPHV���=RRO��=K������������������������

�� 3DYORY�'��6���.RVWLQ�9��9���=YH]GLQ�$��2���3RQRPDUHYD�9��<X���2Q�PHWKRGV�RI�
GHWHUPLQDWLRQ�RI�WKH�UKHRUHDFWLRQ�W\SH�LQ�ILVK��-��,FKWK\RO�������������������������

��� =LHJOHU�6N\ODNDNLV�.���.LHOKRUQ�-���.|QQHFNHU�*���HW�DO���&RQFLVH�,QWHUQDWLRQDO�
&KHPLFDO� $VVHVVPHQW� 'RFXPHQW� ���� 7KLRXUHD��:RUOG� +HDOWK� 2UJ��� *HQHYD��
������S��������

��� %LQR\� 9�� 9�� DQG� 7KRPDV�� .�� -��� 7KH� FOLPELQJ� SHUFK� �$QDEDV� WHVWXGLQHXV�
%ORFK���D� IUHVKZDWHU� ILVK��SUHIHU� ODUJHU�XQIDPLOLDU� VKRDOV� WR�VPDOOHU� IDPLOLDU�
VKRDOV��&XUU��6FL������������������������

��� 3DYORY�(��'���=YH]GLQ�$��2��DQG�3DYORY�'��6���(IIHFW�RI�WKLRXUHD�RQ�PLJUDWRU\�
DFWLYLW\� RI� FOLPELQJ� SHUFK� $QDEDV� WHVWXGLQHXV� DQG� IRRG� FRQVXPSWLRQ�� -��
,FKWK\RO�������������������������

��� 'DWWD�1��&���6DKD�$��.��DQG�'DV�$��� ,QYHVWLJDWLRQ�RQ� WKH�PRUSKRORJ\�RI� WKH�
ROIDFWRU\�DSSDUDWXV�RI�$QDEDV�WHVWXGLQHXV��%ORFK���-��,QODQG�)LVK��6RF��,QGLD��
����������������

��� /LQNH�+���/DE\ULQWK�)LVK��WKH�%XEEOH�1HVW�%XLOGHUV��7KHLU�,GHQWLILFDWLRQ��&DUH�
DQG�%UHHGLQJ��7HWUD��0HOOH���������

��� 3DYORY�(��'���7UDQ�'XF�'LHQ��*DQ]KD�(��9���9R�7KL�+D��)HXWHUV�RI�PLJUDWLRQ�
EHKDYLRU�RI� ILVK� LQ�ZDWHUERGLHV�RI� 6RXWKHUQ�9LHWQDP��6FLHQWLILF� UHSRUW� RI� WKH�
SURJUDP� (FRODQ���� ³7D[RQRPLF� 'LYHUVLW\�� (FRORJ\�� DQG� %HKDYLRU� RI�
)UHVKZDWHU�$TXDWLF�2UJDQLVPV´��9LHWQDP��1KD�7UDQJ�����������SS��

��� 6D\HU�0��'��-��DQG�'DYHQSRUW�-���$PSKLELRXV�ILVK��ZK\�GR�WKH\�OHDYH�ZDWHU"
5HY��)LVK�%LRO��)LVK�����������������������

��� 'DYHQSRUW� -�� DQG�0DWLQ�$��.��0��$���7HUUHVWULDO� ORFRPRWLRQ� LQ� WKH�FOLPELQJ�
SHUFK��$QDEDV�WHVWXGLQHXV��%ORFK���$QDEDQWLGHD��3LVFHV���-��)LVK�%LRO���������
�������������

6800$5<�

&OLPELQJ�SHUFK�$QDEDV�WHVWXGLQHXV�LQ�FRQWUDGLVWLQFWLRQ�WR�PRVW�ILVK�LV�DEOH�WR�
PRYH�QRW�RQO\� LQ�ZDWHU�EXW�DOVR�RQ� ODQG�� ,Q� WKH�H[SHULPHQWV��ZH�VWXG\� WKH�GLXUQDO�
ORFRPRWRU� DFWLYLW\� RI� ILVK�� WKH� IHDWXUHV� RI� WKHLU�PRYHPHQWV� LQ� IORZ� RI�FOHDQ�ZDWHU�
DQG�SROOXWHG�ZDWHU�E\�XUHD�DQG�WKLRXUHD��DQG�WKH�HIIHFW�RI�GHFUHDVLQJ�ZDWHU�OHYHO�RQ�
WKH�FUDZOLQJ�DQG�PRYLQJ�RQ�ODQG��7KH�EHKDYLRU�RI�ILVK�LQ�FOHDQ�ZDWHU�DLPHG�WR�PRYH�
GRZQVWUHDP�DW�WKH�EHJLQQLQJ�RI�WKH�WHVW�DQG�PRYLQJ�XSVWUHDP�LQ�WKH�HQG�RI�WKH�WHVW��
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)LVK� H[SRVLWLRQ� ����GD\V��XQGHU�������XUHD�DQG� WKLRXUHD�FKDQJH� WKHLU� EHKDYLRU� LQ�
WKH�ZDWHU�IORZ��ZKLFK� LV� H[SUHVVHG� LQ� WKH�FKDRWLF�PRYHPHQW�RI�ILVK� UHODWLYH� WR� WKH�
FXUUHQW��'HFUHDVLQJ�ZDWHU�OHYHO�WR�WKH�FULWLFDO�YDOXH�����FP��LQLWLDWHV�FOLPELQJ�SHUFK�
WR�FUDZOLQJ� DQG�PRYLQJ�RQ� ODQG��7ZR� W\SHV� RI� ILVK� UHVSRQVHV� WR�GHFUHDVLQJ�ZDWHU�
OHYHO� ZHUH� IRXQG�� ZDLWLQJ�� RU� FUDZOLQJ� WR� ODQG� DQG� PRYLQJ�� %DVHG� RQ� WKH� VWXG\�
GLXUQDO� ORFRPRWRU� DFWLYLW\�� ZH� IRXQG� WKDW� WKH� SUREDELOLW\� RI� FOLPELQJ� SHUFK�
PRYHPHQWV�LV�KLJKHU�LQ�WKH�GD\WLPH�WKDQ�LQ�WKH�GDUN���

.H\ZRUGV��&OLPELQJ�SHUFK�$QDEDV�WHVWXGLQHXV��PRYHPHQWV��ORFRPRWRU�DFWLYLW\��
ZDWHU�IORZ��ZDWHU�OHYHO��XUHD��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����6HYHUWVRY�,QVWLWXWH�RI�(FRORJ\�DQG�(YROXWLRQ��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��
0RVFRZ��5XVVLD��

����&RDVWDO�%UDQFK�RI�-RLQW�9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�
5HVHDUFK�&HQWUH�����1JX\HQ�7KLHQ�7KXDW��1KD�7UDQJ��.KDQK�+RD��9LHWQDP�

&RQWDFW� 3DYORY�(��'�

6HYHUWVRY�,QVWLWXWH�RI�(FRORJ\�DQG�(YROXWLRQ��5XVVLDQ�$FDGHP\�RI�
6FLHQFHV��0RVFRZ��5XVVLD��

(PDLO��H�G�S#PDLO�UX� �


