
6L[WK�,QWHUQDWLRQDO�,QIRUPDWLRQ�([FKDQJH�)RUXP RQ�6$)(7<��$1$/<6,6��)25��18&/($5�32:(5��3/$176��2)��99(5��$1'��5%0.��7<3(6� �)2580���WR�EH�KHOG������$SULO��������.LHY��8NUDLQH
,QWHUQDWLRQDO�1XFOHDU�6DIHW\�&HQWHURI�5XVVLDQ�0LQDWRP

$1$/<6,6�:,7+�5(/$3��&20387(5�&2'(�2)�(;3(5,0(176�)25�,19(67,*$7,21�2)�92,'�)5$&7,21�',675,%87,21�,1�5%0.�)8(/�&+$11(/�02'(/
%UXV�1�$���<XVXSRY�2�(�

(OHFWURJRUVN�5HVHDUFK�DQG�(QJLQHHULQJ�&HQWHU�IRU�133�6DIHW\
.H\�ZRUGV� YDOLGDWLRQ��5%0.��IXHO�FKDQQHO��YRLG�IUDFWLRQ��IXHO�URG��)$�
7KH�ZRUN�LV�SDUW�RI�DQ�HIIRUW�WR�YDOLGDWH�FRPSXWHU�FRGH�5(/$3��0RG����LQ�DSSOLFDWLRQ�WR�5%0.��6XFK�YDOLGDWLRQ�LV�QHHGHG�GXH�WR�IHDWXUHV�RI�5%0.�UHDFWRU�GHVLJQ�DQG�WKHUPDO�K\GUDXOLFV�LQ�FRPSDULVRQ�ZLWK�3:5�UHDFWRU�IRU�ZKLFK�WKLV�FRGH�ZDV�GHYHORSHG�DQG�YDOLGDWHG��
7KH� ZRUN� ZDV� SHUIRUPHG� LQ� IUDPH� RI� -RLQW� 3URMHFW� ��� ©&RPSXWHU� FRGH� YDOLGDWLRQ� IRU� WUDQVLHQW�DQDO\VLV�RI�99(5�DQG�5%0.�UHDFWRUVª�EHWZHHQ�86�DQG�5XVVLDQ�,16&�
6WDQGDUG�3UREOHP�IRU� LQYHVWLJDWLRQ�RI�YRLG� IUDFWLRQ�GLVWULEXWLRQ� LQ�5%0.�IXHO�FKDQQHO�IRU�VWHDG\�VWDWHV�ZDV�UHJDUGHG�DV�RQH�RI�PRVW�LPSRUWDQW�WDVNV�WR�EH�SHUIRUPHG�ZLWKLQ�WKH�SURMHFW��7R�GHILQH�WKH�6WDQGDUG�3UREOHP�H[SHULPHQWDO�GDWD�IURP�%0�WHVW�IDFLOLW\ �1,.,(7��ZHUH�XVHG�
6LQJOH�H[SHULPHQWDO�FKDQQHO�ZDV�XVHG�IRU�WKH�WHVWV��7KH�H[SHULPHQWDO�FKDQQHO�LV�D�PRGHO�RI�5%0.�IXHO�FKDQQHO�ZLWK�YROXPH�SRZHU�VFDOH���������(OHYDWLRQ�VFDOH�LV������+HDW�UHOHDVH�VHFWLRQ�LQFOXGHV�)$�PRGHO�RI���IXOO�VFDOH�IXHO�URGV�VLPXODWRUV��7KH�VLPXODWRUV�DUH�HOHFWULFDOO\�KHDWHG��:DWHU�LV�XVHG�DV�FRRODQW��([SHULPHQWDO�FKDQQHO�RI�WKH�%0�WHVW�IDFLOLW\�GLIIHUV�IURP�)&�RI�5%0.�UHDFWRU�ZLWK�)$�RI����URGV�DQG�WKH�FHQWUDO�QRQ�KHDWHG�URG��KRZHYHU�WKHUH�DUH�QR�GDWD�RI�DFFHSWDEOH�TXDOLW\�IURP�IXOO�VFDOH�)&�PRGHO�
&URVV� VHFWLRQ� DYHUDJH� FRRODQW� GHQVLW\�ZDV�PHDVXUHG�ZLWK� FRQWDFWOHVV� QHXWURQ� VHQVRU�� 7KH� VHQVRU�XWLOL]HV�PHWKRG�RI�PHDVXUHPHQW�RI�UDWH�RI�UHJLVWUDWLRQ�RI�VORZ�QHXWURQV�REWDLQHG�IURP�3X�%H�VRXUFH�RI� IDVW� QHXWURQV� DQG� SDVVHG� WKURXJK� ZDWHU�� 7KH� VHQVRU� VLJQDO� ZDV� SURFHVVHG� ZLWK� HOHFWURQLF�IUHTXHQF\�PHWHU�� 9RLG� IUDFWLRQ� ZDV� FDOFXODWHG� IURP� GHQVLW\� PHDVXUHG� LQ� WKH� FRQVLGHUHG� FURVV�VHFWLRQ��SUHVVXUH�PHDVXUHG�LQ�WKH�RXWOHW�RI�WKH�KHDWHG�VHFWLRQ�DQG�WHPSHUDWXUH�PHDVXUHG�LQ�WKH�LQOHW�RI�WKH�KHDWHG VHFWLRQ�
'LIIHUHQW�VWHDG\�VWDWHV�RI�UHDFWRU�ZHUH�PRGHOHG�LQ�WKH�WHVWV��9RLG�IUDFWLRQ�ZDV�PHDVXUHG�DW����FURVV�VHFWLRQV�RI�IXHO�FKDQQHO�IRU�HDFK�VWHDG\�VWDWH�
9DOLGDWLRQ�ZLWK�FDOFXODWLRQV�EDVHG�RQ�WKH�H[SHULPHQWDO�GDWD�ZDV�SHUIRUPHG��7RWDO����VWHDG\�VWDW HV�ZHUH�DQDO\]HG�GLIIHULQJ�ZLWK�IORZ�UDWH�DQG�ZDWHU�WHPSHUDWXUH�LQ�WKH�LQOHW�RI�H[SHULPHQWDO�FKDQQHO��

1XFOHDU6DIHW\



SUHVVXUH� LQ� RXWOHW� RI� WKH� H[SHULPHQWDO� FKDQQHO� DQG� KHDW� SRZHU� RI� WKH� )$� PRGHO�� 5HDVRQDEOH�DJUHHPHQW�EHWZHHQ�FDOFXODWLRQV�DQG�H[SHULPHQWV�ZDV�DFKLHYHG�
6HQVLWLYLW\�VWXGLHV�ZHUH�FDUULHG�RXW�DV�IROORZV�
��� 'LIIHUHQW� RI� K\GUDXOLF� GLDPHWHUV� RI� WKH� KHDW� UHOHDVH� VHFWLRQ� DQG� FDOFXODWLRQ� DSSO\LQJ� D�KRPRJHQHRXV�PRGHO�RI� WKH�IORZ�LQ�WKH�KHDW�UHOHDVH�VHFWLRQ�ZHUH�XVHG�WR�HVWLPDWH�WKH�LQIOXHQFH�RI�FDOFXODWLRQ�DFFXUDF\ RI�LQWHUSKDVH�GUDJ�RQ�WKH�UHVXOWV�
��� 7R� HVWLPDWH� WKH� LQIOXHQFH� RI� DFFXUDF\� RI� KHDW� WUDQVIHU� FRHIILFLHQW� GHWHUPLQDWLRQ� DW� VXEFRROHG�ZDWHU�ERLOLQJ�RQ�WKH�UHVXOWV��WKH�FDOFXODWLRQV�ZHUH�SHUIRUPHG�DW�YDU\LQJ�YDOXH�RI�FRHIILFLHQW�XVHG�LQ�KHDW�WUDQVIHU�FRUUHODWLRQ�
��� &DOFXODWLRQV�ZHUH� SHUIRUPHG� WR� HYDOXDWH� WKH� LQIOXHQFH� RI� WKH� KHDW� ORVVHV� RQ� WKH� YRLG� IUDFWLRQ�GLVWULEXWLRQ�RYHU�WKH�KHLJKW�RI�WKH�KHDWHG�VHFWLRQ�
���&DOFXODWLRQV�ZHUH�FDUULHG�RXW�WR�HVWLPDWH�LQIOXHQFH�RI�WKH�SUHVVXUH�PHDVXUHPHQW�ORFDWLRQ�RQ�WKHDFFXUDF\�RI�WKH�YRLG�IUDFWLRQ�FDOFXODWLRQ�IURP�WKH�FRRODQW�GHQVLW\�EHHQ�PHDVXUHG��7KH�YDOXHV�RI�YRLG�IUDFWLRQ�ZHUH�GHWHUPLQHG�GLUHFWO\�IURP�5(/$3��YDULDEOH�³YRLGJ´�DQG�IURP�5(/$3��YDULDEOHV�IRU�GHQVLW\��³UKR´��DFFRUGLQJ�WR�SURFHGXUH�XVHG�LQ�WHVWV�
���$Q�DVVHVVPHQW�RI�LQIOXHQFH�RI�FDOFXODWLRQ�DFFXUDF\�RI�SUHVVXUH�ORVVHV�GXH�WR�ZDOO�IULFWLRQ�RQ�WKH�FDOFXODWLRQ�UHVXOWV�RI�YRLG�IUDFWLRQ�GLVWULEXWLRQ�RYHU�WKH�KHLJKW�RI�WKH�KHDWHG�VHFWLRQ�ZDV�SHUIRUPHG�
���&KDQJH�RI�WKH�HOHFWULFDO�UHVLVWDQFH�DORQJ�WKH�OHQJWK�RI�WKH�URG�VLPXODWRU�OHDGV�WR�WKH�QRQ�XQLIRUP�SURILOH� RI� KHDW� UHOHDVH�� 7KHUHIRUH� WKH� LQIOXHQFH� RI� WKH� URG� VLPXODWRU� WHPSHUDWXUH� RQ� WKH� VSHFLILF�UHVLVWDQFH�ZDV�HVWLPDWHG�
��� $[LDO� KHDW� WUDQVIHU� GXH� WR� GLIIHUHQFH� LQ� WHPSHUDWXUH� DORQJ� WKH� URG� VLPXODWRU� PD\� FDXVH� QRQ�XQLIRUPLW\�RI�URG�KHDW�UHOHDVH��7R�HVWLPDWH�LPSDFW�RI�DVVXPSWLRQ�RI�QR�D[LDO�KHDW�WUDQVIHU�D[LDO�KHDW�IOX[�ZDV�FDOFXODWHG�IRU�VXEFRROHG�VHJPHQW�RI�WKH�)$�VLPXODWRU�
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