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:LQG� FRPIRUW� DURXQG� D� KLJK�ULVH� EXLOGLQJ� LQ� D�
FRPSOH[�XUEDQ�HQYLURQPHQW�LV�VWXGLHG�E\�FRPELQLQJ�
&RPSXWDWLRQDO� )OXLG� '\QDPLFV� �&)'�� ZLWK� WKH�
'XWFK�ZLQG�QXLVDQFH�VWDQGDUG�1(1�������7KH�&)'�
VLPXODWLRQV� DUH� SHUIRUPHG� ZLWK� WKH� �'� VWHDG\�
5H\QROGV�DYHUDJHG�1DYLHU�6WRNHV��5$16��HTXDWLRQV�
DQG� WKH� UHDOL]DEOH� N�� PRGHO�� 6LPXODWLRQV� DUH�
FRQGXFWHG� DFFRUGLQJ� WR� EHVW� SUDFWLFH� JXLGHOLQHV� LQ�
&)'�DQG�DUH�FRPSDUHG�ZLWK�RQ�VLWH�PHDVXUHPHQWV�DW�
WKUHH�VWUHHW�SRVLWLRQV��7KH�VWXG\�VKRZV�WKDW�WKH�KLJK�
ULVH�EXLOGLQJ� LV� WKH�PDLQ�FDXVH�RI� WKH�ZLQG�QXLVDQFH�
DW� LWV� EDVH�� DV� LW� FDWFKHV� WKH� RQFRPLQJ� ZLQG� DQG�
GHYLDWHV� LW� WR� SHGHVWULDQ� OHYHO�� 7KHUHIRUH�� DV� D�
UHPHGLDO� PHDVXUH�� GLIIHUHQW� VL]HV� RI� FDQRSLHV�
DWWDFKHG� WR� WKH� WRZHU� RQ� ERWK� WKH� VRXWK�VRXWKZHVW�
DQG�WKH�HDVW�VRXWKHDVW�VLGH�DUH�VWXGLHG���
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$V� KLJK�ULVH� EXLOGLQJV� EHFRPH� LQFUHDVLQJO\� SRSXODU�
LQ�XUEDQ�FLW\�FHQWHUV��ZLQG�QXLVDQFH�EHFRPHV�D�PRUH�
SURQRXQFHG� SUREOHP�� 2IWHQ� KLJK�ULVH� EXLOGLQJV� DUH�
EXLOW�QHDU�SHGHVWULDQ�ZDONLQJ�DUHDV�ZLWKRXW�WDNLQJ�WKH�
QHFHVVDU\�SUHFDXWLRQV�DJDLQVW�KLJK�ZLQG�YHORFLWLHV�DW�
SHGHVWULDQ�OHYHO��7KLV�KLJK�ULVH�HQYLURQPHQW�PDNHV�D�
VWUROO� WKURXJK� WKH� FLW\� FHUWDLQO\� OHVV� FRPIRUWDEOH�
FRPSDUHG�WR�WKH�VLWXDWLRQ�ZLWKRXW�KLJK�ULVH�EXLOGLQJV��
0RUHRYHU��VXGGHQ�KLJK�YHORFLW\�ZLQG�JXVWV�FDQ�FDXVH�
SHRSOH� WR� ORVH� WKHLU� EDODQFH� ZLWK� SRVVLEOH� VHYHUH�
FRQVHTXHQFHV��+XQW�HW�DO����������
:LQG� FRPIRUW� DQG� ZLQG� GDQJHU� VWXGLHV� DUH���
SHUIRUPHG� SUHIHUDEO\� LQ� WKH� GHVLJQ� SKDVH� RI� D� QHZ�
EXLOGLQJ� EXW� FDQ� DOVR� EH� SHUIRUPHG� DIWHUZDUGV�� IRU�
VLWXDWLRQV� ZLWK� SHUFHLYHG� ZLQG� QXLVDQFH�� 7R� DVVHVV�
ZLQG�FRPIRUW�DW�SHGHVWULDQ�OHYHO��DQ�DSSURSULDWH�ZLQG�
FRPIRUW�FULWHULRQ�DQG�ZLQG�VWDWLVWLFV�FDQ�EH�FRPELQHG�
ZLWK� DHURG\QDPLF� LQIRUPDWLRQ� IURP� ZLQG� WXQQHO�
PHDVXUHPHQWV� RU� &RPSXWDWLRQDO� )OXLG� '\QDPLFV�
�&)'�� VLPXODWLRQV�� 'LIIHUHQW� ZLQG� FRPIRUW� FULWHULD�
H[LVW��DQG�H[WHQVLYH�FRPSDULVRQV�RI�GLIIHUHQW�FULWHULD�
ZHUH�PDGH�E\�%RWWHPD��������DQG�.RVV���������,Q�D�
UHFHQW� VWXG\� E\� -DQVVHQ� HW� DO�� �������� IRXU� ZLQG�
FRPIRUW� FULWHULD� �0HOERXUQH�� ������ ,V\XPRY� DQG�
'DYHQSRUW�� ������ /DZVRQ�� ������ 1(1� ������ ZHUH�
FRPSDUHG�XVLQJ�ZKROH�IORZ�ILHOG�GDWD�IRU�D�FRPSOH[�
XUEDQ�DUHD��7KLV�VWXG\�VKRZHG�WKDW�WKH�GLIIHUHQFHV�LQ�
ZLQG� FRPIRUW� DVVHVVPHQW� EHWZHHQ� WKH� IRXU� FULWHULD�

FDQ� EH� YHU\� ODUJH�� VWUHVVLQJ� WKH� LPSRUWDQFH� RI�
VWDQGDUGL]DWLRQ� RI� WKH� ZLQG� FRPIRUW� DVVHVVPHQW�
SURFHGXUH�� LQ� SDUWLFXODU� FRQFHUQLQJ� WKH� FRPIRUW�
FULWHULRQ��-DQVVHQ�HW�DO����������
6LQFH� ������ WKH� 1HWKHUODQGV� KDV� D� ZLQG� QXLVDQFH�
VWDQGDUG� �1(1� ������� ZKLFK� UHFRPPHQGV� ZLQG�
FRPIRUW� VWXGLHV� WR� EH� SHUIRUPHG� IRU� QHZ� EXLOGLQJV�
ZLWK�D�KHLJKW�RI����P�RU�PRUH��+RZHYHU�� WKLV� LV�QRW�
PDQGDWRU\�� DQG� KLJK�ULVH� EXLOGLQJV� DUH� VRPHWLPHV�
VWLOO� EHLQJ� EXLOW� ZLWKRXW� D� SURSHU� VWXG\� RI� WKHLU�
FRQVHTXHQFHV�IRU�WKH�ORFDO�ZLQG�FOLPDWH��2Q�WKH�RWKHU�
KDQG��XUEDQ�DXWKRULWLHV�KDYH�EHFRPH�PRUH�DQG�PRUH�
DZDUH� RI� WKH� ZLQG� QXLVDQFH� SUREOHPV� LQ� WKHLU� FLWLHV�
DQG�PLJKW�RQO\�JUDQW�D�SHUPLW�IRU�QHZ�EXLOGLQJV�DIWHU�
D�ZLQG�DVVHVVPHQW�VWXG\�KDV�VKRZQ�WKDW�WKH�QHJDWLYH�
FRQVHTXHQFHV� RI� WKLV� QHZ� EXLOGLQJ� IRU� WKH� ZLQG�
HQYLURQPHQW�UHPDLQ�OLPLWHG���
6HYHUDO� VWXGLHV� KDYH� DOUHDG\� EHHQ� SHUIRUPHG� LQ�
ZKLFK�&)'�VLPXODWLRQV�KDYH�EHHQ�FRPELQHG�ZLWK�WKH�
'XWFK� ZLQG� QXLVDQFH� VWDQGDUG� 1(1� ����� �H�J��
%ORFNHQ� DQG� 3HUVRRQ�� ������ %ORFNHQ� HW� DO��� ������
-DQVVHQ� HW� DO�� ������� /LNH� WKH� FXUUHQW� VWXG\�� WKHVH�
VWXGLHV� DUH� DQ� DQVZHU� WR� WKH� FDOO� E\�:LOOHPVHQ� DQG�
:LVVH� �������� FR�GHYHORSHUV� RI� WKH� VWDQGDUG�� IRU�
UHVHDUFK� DQG� GHPRQVWUDWLRQ� SURMHFWV� ZLWK� WKLV�
VWDQGDUG���
7KHVH� SUHYLRXV� VWXGLHV� ZKLFK� DSSOLHG� WKH� 'XWFK�
VWDQGDUG�DOO� IRFXVHG�RQ�IXWXUH�VLWXDWLRQV�ZKHUH�ZLQG�
QXLVDQFH�PLJKW�RFFXU��$�XQLTXH�DVSHFW�RI�WKH�SUHVHQW�
VWXG\�LV�WKDW�LW�FRQVLGHUV�DQ�DUHD�ZKHUH�ZLQG�QXLVDQFH�
DW�SHGHVWULDQ�OHYHO�LV�DFWXDOO\�RFFXUULQJ�DQG�ZKHUH�LW�
LV� HYDOXDWHG� DV� SUREOHPDWLF� DQG� QHHGV� WR� EH� VROYHG��
7KH� IRFXV� LV� D� VKRSSLQJ� VWUHHW� LQ� WKH� 'XWFK� FLW\� RI�
(LQGKRYHQ�� ZKLFK� DOVR� FRQWDLQV� UHVWDXUDQWV� DQG�
DFFRPSDQ\LQJ� WHUUDFHV�� 6KRS� DQG� UHVWDXUDQW� RZQHUV�
H[SHULHQFH� ZLQG� QXLVDQFH� WKDW� PLJKW� OHDG� WR� ORZHU�
VDOHV��+LJK�ZLQG�VSHHGV�LQ�WKLV�VWUHHW�FDXVH�SHRSOH�WR�
ZDON�SDVW�ZLQGRZV�PRUH�TXLFNO\�DQG�WR�DEDQGRQ�WKH�
WHUUDFHV�EHFDXVH�RI�WKH�SRRU�ZLQG�FRPIRUW��
7KH�DLP�RI�WKLV�VWXG\� LV�WR�DQDO\]H�WKH�FDXVHV�RI�WKH�
ZLQG�QXLVDQFH�DQG�WR�HYDOXDWH�UHPHGLDO�PHDVXUHV��
6LQFH� WKH� VWXG\� DUHD� LV� DQ� H[LVWLQJ� VLWXDWLRQ�� RQ�VLWH�
PHDVXUHPHQWV� DUH� SHUIRUPHG� WR� SURYLGH� D� ILUVW�
LQGLFDWLRQ� RI� WKH� RFFXUULQJ� ZLQG� FRQGLWLRQV� IRU�
GLIIHUHQW� ZLQG� GLUHFWLRQV�� ,Q� DGGLWLRQ�� WKHVH�
PHDVXUHPHQWV� DUH� FRPSDUHG� ZLWK� WKH� &)'�
VLPXODWLRQV��
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7KH� FDVH� VWXG\� DUHD� LV� D� QHZ� VKRSSLQJ� VWUHHW� FDOOHG�
1LHXZH�(PPDVLQJHO�LQ�WKH�'XWFK�FLW\�RI�(LQGKRYHQ��
7KLV� 7�IRUPHG� VWUHHW� FRQWDLQV� PHGLXP�ULVH� EXLOGLQJ�
EORFNV� DQG� D� ODUJH� WRZHU� RI� ���� P� LQ� KHLJKW� WKH�
$GPLUDQW�7RZHU��)LJXUH���JLYHV�DQ�RYHUYLHZ�RI� WKH�
VLWXDWLRQ� IURP� GLIIHUHQW� SHUVSHFWLYHV�� 7KH�
QHLJKERULQJ�VWUHHW�(PPDVLQJHO�ZKLFK�OLHV�SDUDOOHO� WR�
D� SDUW� RI� WKH� 1LHXZH� (PPDVLQJHO� FRQWDLQV� FDU��
ELF\FOH� DQG� SHGHVWULDQ� ODQHV�� ,Q� FRPSDULVRQ� WR� WKH�
1LHXZH� (PPDVLQJHO�� WKH� (PPDVLQJHO� LV� QRW� D�
VWUROOLQJ�DUHD���
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7KH�PHDVXUHPHQWV�DUH�SHUIRUPHG�ZLWK��'�XOWUDVRQLF�
DQHPRPHWHUV� DW� WKUHH� GLIIHUHQW� PHDVXUHPHQW�
SRVLWLRQV�LQ�WKH�VKRSSLQJ�VWUHHW��DW���P�KHLJKW��)LJXUH�
���SOXV�D�UHIHUHQFH�SRVLWLRQ�DW� WKH�QHDUE\�(LQGKRYHQ�
8QLYHUVLW\�FDPSXV�GXULQJ� WZR�VXPPHU�PRQWKV��7KH�
UHIHUHQFH� SRVLWLRQ� LV� ORFDWHG� RQ� D� PHWHRURORJLFDO�
WRZHU�RQ� WRS�RI� WKH�$XGLWRULXP�EXLOGLQJ�DW� D� KHLJKW�
RI� ����� P�� DQG� WKH� PHDVXUHG� ZLQG� VSHHG� DQG� ZLQG�
GLUHFWLRQ� DW� WKLV� SRVLWLRQ� DUH� GHQRWHG� DV� 8UHI�$XG� DQG�
ĳUHI��
7KH�PHDVXUHPHQW�KHLJKW� LQ� WKH� VWUHHW� LV���P� LQVWHDG�
RI�SHGHVWULDQ�KHLJKW�������P��IRU�WZR�UHDVRQV������ WR�
DYRLG�WKH�LQIOXHQFH�RI�WKH�SUHVHQFH�RI�SHGHVWULDQV�RQ�
WKH�PHDVXUHPHQWV�DQG�����WR�UHGXFH�WKH�ULVN�RI�VWROHQ�
RU�EURNHQ�HTXLSPHQW��
7KH�PHDVXUHPHQW�IUHTXHQF\�DW�DOO�SRVLWLRQV�LV�DW�OHDVW�
�� +]�� DQG� PHDVXUHPHQW� GDWD� DUH� DYHUDJHG� RYHU� ���
PLQXWHV� WR� SURYLGH� YDOXHV� RI� PHDQ� ZLQG� VSHHG� DQG�
ZLQG� GLUHFWLRQ�� 2QO\� GDWD� ZLWK� 8UHI�$XG� > �� P�V� DUH�
UHWDLQHG�� LQ� DQ� DWWHPSW� WR� H[FOXGH� PHDVXUHPHQW�
YDOXHV�DIIHFWHG�E\� WKHUPDO�HIIHFWV��7KLV� LV� LPSRUWDQW�
EHFDXVH� WKH�&)'� VLPXODWLRQV� WKDW�ZLOO� EH� FRPSDUHG�

WR�WKHVH�PHDVXUHPHQWV�ZLOO�EH�SHUIRUPHG�IRU�QHXWUDO�
DWPRVSKHULF� ERXQGDU\� OD\HUV� DQG� LVRWKHUPDO�
FRQGLWLRQV� �DV� UHTXLUHG�E\� WKH�'XWFK�6WDQGDUG�1(1�
��������
'DWD�VHWV�RI�HLJKW�ZLQG�GLUHFWLRQV��ĳUHI��ZHUH�XVHG�IRU�
WKH� FRPSDULVRQ�ZLWK� WKH�&)'�VLPXODWLRQV�� WKHVH� DUH�
����� ������ ������ ������ ������ ������ ����� DQG� ���� 
�GHJUHHV� FORFNZLVH� IURP� 1RUWK��� )RU� WKHVH� ZLQG�
GLUHFWLRQV��DW�OHDVW����PHDVXUHPHQW�LQWHUYDOV�FRXOG�EH�
XVHG� IRU� WKH� FRPSDULVRQ�� ZKLOH� IRU� WKH� RWKHU� ZLQG�
GLUHFWLRQV��H�J�����������������DQG�������OHVV�WKDQ����
PHDVXUHPHQW� LQWHUYDOV� UHPDLQHG�� 2QO\� GDWD� ZLWKLQ�
WKH� LQWHUYDO� >ĳUHI� ������ �ĳUHI�����@�ZHUH�DWWULEXWHG� WR�D�
JLYHQ� ZLQG� GLUHFWLRQ� ĳUHI�� 7KH� PHDVXUHPHQW� UHVXOWV�
ZLOO�EH�SUHVHQWHG�WRJHWKHU�ZLWK�WKH�VLPXODWLRQ�UHVXOWV�
ODWHU�LQ�WKLV�SDSHU��
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Computational domain and grid 
7KH� FRPSXWDWLRQDO� JHRPHWU\� DQG� FRPSXWDWLRQDO�
GRPDLQ� DUH� FRQVWUXFWHG� LQ� DFFRUGDQFH� ZLWK� WKH� EHVW�
SUDFWLFH� JXLGHOLQHV� E\� )UDQNH� HW� DO�� ������� DQG�
7RPLQDJD�HW�DO����������%XLOGLQJV�ZLWK�D�GLVWDQFH�WR�
WKH�VKRSSLQJ�VWUHHW�RI�DERXW��� WR���� WLPHV� WKHLU�RZQ�
ZLGWK�RU�KHLJKW�DUH�LQFOXGHG�LQ�WKH�PRGHO�DV�ZHOO�DV�
ORZ�ULVH�EXLOGLQJV�WKDW�GR�QRW�IXOILOO�WKLV�UHTXLUHPHQW�
EXW� DUH� ORFDWHG� LQ� EHWZHHQ� PHGLXP�� RU� KLJK�ULVH�
EXLOGLQJV�DQG�WKH�VKRSSLQJ�VWUHHW��$URXQG�WKLV�DUHD�RI�
LQWHUHVW��WKH�GRPDLQ�FRQVLVWV�RI�DQ�XSVWUHDP���+��DQG�
D� GRZQVWUHDP� DUHD� ���+�� DFFRUGLQJ� WR� EHVW� SUDFWLFH�
JXLGHOLQHV�� ZKHUH� +� LV� WDNHQ� DV� WKH� KHLJKW� RI� WKH�
KLJKHVW� EXLOGLQJ� QHDU� WKH� ERUGHU� RI� WKH� H[SOLFLWO\�
PRGHOHG� GRPDLQ�� 7KH� WRWDO� KHLJKW� RI� WKH� GRPDLQ� LV�
DERXW���WLPHV�WKH�KHLJKW�RI�WKH�KLJKHVW�EXLOGLQJ��7KH�
UHVXOWLQJ�FRPSXWDWLRQDO�GRPDLQ�KDV�GLPHQVLRQV�RI�/�
[�:�[�+� ������[������[�����P���7KH�FHQWUDO�SDUW�RI�
WKH�GRPDLQ�ZLWK�H[SOLFLWO\�PRGHOHG�EXLOGLQJV�FRYHUV�
DQ�DUHD�RI�/�[�:� ������[������P���]RQH����)LJXUH�
����
7KH� FRPSXWDWLRQDO� JULG� FRQVLVWV� RI� DSSUR[LPDWHO\�
����� PLOOLRQ� FHOOV� DQG� LV� FUHDWHG� XVLQJ� WKH� VXUIDFH�
JULG�H[WUXVLRQ�WHFKQLTXH�SUHVHQWHG�E\�YDQ�+RRII�DQG�
%ORFNHQ� �������� 2QO\� KH[DKHGUDO� FHOOV� DUH� XVHG� IRU�
RSWLPXP�JULG�TXDOLW\�DQG�FRQYHUJHQFH�SURSHUWLHV��,Q�
DFFRUGDQFH� ZLWK� EHVW� SUDFWLFH� JXLGHOLQHV�� SHGHVWULDQ�
KHLJKW� ������ P� ±� DW� ZKLFK� WKH� UHVXOWV� ZLOO� EH�
HYDOXDWHG�� LV� ORFDWHG� LQ� WKH�PLGGOH�RI� WKH�IRXUWK�FHOO�
IURP�WKH�JURXQG���
)LJXUH� �� SUHVHQWV� D� ODUJH� SDUW� RI� WKH� FRPSXWDWLRQDO�
JULG��ZKLOH�)LJXUH���]RRPV�LQ�RQ�WKH�JULG�DURXQG�WKH�
$GPLUDQW�7RZHU���

�

�
)LJXUH����&RPSXWDWLRQDO�JULG�QHDU�WKH�$GPLUDQW�

7RZHU��

Boundary conditions 
,QOHW�SURILOHV�RI�PHDQ�ZLQG�VSHHG�8��P�V��� WXUEXOHQW�
NLQHWLF� HQHUJ\� N� �P��V���� DQG� WXUEXOHQFH� GLVVLSDWLRQ�
UDWH�İ��P��V���DUH�LPSRVHG�DW�WKH�LQOHW�ERXQGDU\�RI�WKH�
GRPDLQ�� 7KH� PHDQ� ZLQG� VSHHG� SURILOH� �(T�� ��� LV�
SUHVFULEHG� E\� WKH� ORJDULWKPLF� ODZ� ZLWK� DQ�
DHURG\QDPLF�URXJKQHVV� OHQJWK�]��RI�����P�RU�����P��
GHSHQGLQJ� RQ� WKH� XSVWUHDP� WHUUDLQ� URXJKQHVV� RI� WKH�
FRQVLGHUHG� ZLQG� GLUHFWLRQ�� $� ILJXUH� RI� WKH�
DHURG\QDPLF� URXJKQHVV� OHQJWKV� IRU� WKH� (LQGKRYHQ�
DUHD� FDQ� EH� IRXQG� LQ� %ORFNHQ� HW� DO�� �������� 7KH�
UHIHUHQFH� ZLQG� VSHHG� �8UHI�� LV� �� P�V� DW� ��� P� KLJK���
7XUEXOHQW� NLQHWLF� HQHUJ\� N� DQG� WKH� WXUEXOHQFH�
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,Q� WKHVH� HTXDWLRQV�� X
$%/� LV� WKH� IULFWLRQ� YHORFLW\�
DVVRFLDWHG� ZLWK� WKH� ORJDULWKPLF� ZLQG� VSHHG� SURILOH�
DQG�ț�LV�WKH�YRQ�.DUPDQ�FRQVWDQW���������)RU�]�� �����
P�� WKH� LQOHW� ORQJLWXGLQDO� WXUEXOHQFH� LQWHQVLW\� �,X��
UDQJHV�IURP�����DW�SHGHVWULDQ�KHLJKW��]� ������P��WR�
���DW�JUDGLHQW�KHLJKW��)RU�]�� �����P��,X�UDQJHV�IURP�
�����]� ������P��WR����DW�JUDGLHQW�KHLJKW��
�
$W� WKH� RXWOHW�� ]HUR� VWDWLF� SUHVVXUH� LV� VSHFLILHG�� 7KH�
VLGHV� DQG� WRS� RI� WKH� GRPDLQ� DUH� PRGHOHG� DV� D� VOLS�
ZDOO��]HUR�QRUPDO�YHORFLW\�DQG�]HUR�QRUPDO�JUDGLHQWV�
RI� DOO� YDULDEOHV��� $W� WKH� ZDOOV�� WKH� VWDQGDUG� ZDOO�
IXQFWLRQV�E\�/DXQGHU�DQG�6SDOGLQJ� ������� DUH�XVHG��
ZLWK� WKH� VDQG�JUDLQ� URXJKQHVV� PRGLILFDWLRQ� E\�
&HEHFL�DQG�%UDGVKDZ����������
7KH�JURXQG�³ZDOO´�RI� WKH�GRPDLQ�LV�GLYLGHG�LQ�WKUHH�
]RQHV� �VHH� )LJXUH� ��� ZLWK� GLIIHUHQW� URXJKQHVV�
SDUDPHWHUV��
7KH� ILUVW� ]RQH� LV� WKH� ERUGHU� DUHD� ZLWK� D� ILUVW� FHOO�
KHLJKW�RI�����P��$FFRUGLQJ�WR�%ORFNHQ�HW�DO����������
WKH� UHODWLRQVKLS� EHWZHHQ� ]�� DQG� WKH� VWDQGDUG� ZDOO�
IXQFWLRQ� URXJKQHVV� SDUDPHWHUV� N6� �HTXLYDOHQW� VDQG�
JUDLQ�URXJKQHVV�KHLJKW��DQG�&6��URXJKQHVV�FRQVWDQW��
LQ�WKH�FRPPHUFLDO�&)'�FRGH�$16<6�)OXHQW�LV�
�
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]N ������ 

 � ����

N6�KDV�D�PD[LPXP�YDOXH�RI�KDOI� WKH� ILUVW�FHOO�KHLJKW�
� ����P���DQG�&6�FDQ�EH�VHW�WR���XVLQJ�D�8VHU�'HILQHG�
)XQFWLRQ�� 7KHUHIRUH�� WKH� DHURG\QDPLF� URXJKQHVV�
OHQJWK� RI� WKH� ERUGHU� DUHD� FDQ� EH� VHW� WR� ]��  � �� P��
'HSHQGLQJ� RQ� WKH� ZLQG� GLUHFWLRQ�� WKH� DHURG\QDPLF�
URXJKQHVV�OHQJWK�RI�WKLV�UHJLRQ�LV�VHW�WR�]�� �����P�RU�
]��  � ���� P�� 7KH� VHFRQG� ]RQH� LV� D� ���� P� ZLGH�
WUDQVLWLRQ� DUHD�EHWZHHQ� WKH�ERUGHU� DUHD� DQG� WKH� DUHD�
LQ� ZKLFK� WKH� EXLOGLQJV� DUH� PRGHOHG� H[SOLFLWO\�� L�H��
ZLWK� WKHLU� DFWXDO� GLPHQVLRQV��7KH� ILUVW� FHOO� KHLJKW� LV�
GHFUHDVHG�WR�����P�WR�JDLQ�D�EHWWHU�WUDQVLWLRQ�WR�]RQH�
WKUHH�� 7KHUHIRUH�� WKH� DHURG\QDPLF� URXJKQHVV� KDV� D�
YDOXH�RI�����P�LQ�WKLV�]RQH��7KH�WKLUG�]RQH�LV�WKH�DUHD�
RI�LQWHUHVW�ZLWK�H[SOLFLWO\�PRGHOHG�EXLOGLQJV��)RU�WKH�
JURXQG�SODQH��WKH�IROORZLQJ�URXJKQHVV�SDUDPHWHUV�DUH�
XVHG��N6� ������P�DQG�&6� ����7KH�ILUVW�FHOO�KHLJKW�LQ�
WKLV�]RQH�LV�����P��

Other computational parameters 
7KH� &)'� VLPXODWLRQV� DUH� SHUIRUPHG� ZLWK� WKH� �'�
VWHDG\� 5H\QROGV�DYHUDJHG� 1DYLHU�6WRNHV� �5$16��

HTXDWLRQV� DQG� WKH� UHDOL]DEOH� N�İ� WXUEXOHQFH� PRGHO�
�6KLK� HW� DO��� ������� 3UHVVXUH� YHORFLW\� FRXSOLQJ� LV�
WDNHQ� FDUH� RI� E\� WKH� 6,03/(� DOJRULWKP�� 3UHVVXUH�
LQWHUSRODWLRQ� LV� VHFRQG� RUGHU�� 6HFRQG� RUGHU�
GLVFUHWL]DWLRQ� VFKHPHV� DUH� XVHG� IRU� ERWK� WKH�
FRQYHFWLRQ�WHUPV�DQG�YLVFRXV�WHUPV�RI�WKH�JRYHUQLQJ�
HTXDWLRQV��7KH�VLPXODWLRQV�ZHUH�WHUPLQDWHG�ZKHQ�WKH�
VFDOHG� UHVLGXDOV� GLG� QRW� VKRZ� DQ\� IXUWKHU� UHGXFWLRQ�
ZLWK� LQFUHDVLQJ� QXPEHU� RI� LWHUDWLRQV�� 7KH� IROORZLQJ�
PLQLPXP�YDOXHV�ZHUH�UHDFKHG��]�YHORFLW\��������N��[��
DQG�\�YHORFLW\��������ε�������DQG�FRQWLQXLW\��������
�

�
)LJXUH����&RPSDULVRQ�RI�PHDVXUHG�DQG�VLPXODWHG�
DPSOLILFDWLRQ�IDFWRUV�Ȗ�IRU�WKUHH�SUHYDLOLQJ�ZLQG�
GLUHFWLRQV��7KH�FRQWRXU�SORW�VKRZV�WKH�VLPXODWHG�

DPSOLILFDWLRQ�IDFWRUV�DW���P�KHLJKW��
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&203$5,621�2)�&)'�6,08/$7,216�
:,7+�0($685(0(176�
,Q�WKLV�VWXG\��WKH�PHDVXUHG�DQG�VLPXODWHG�ZLQG�VSHHG�
DPSOLILFDWLRQ� IDFWRUV� DUH� FRPSDUHG� ZLWK� HDFKRWKHU��
7KHVH� DPSOLILFDWLRQ� IDFWRUV� DUH� GHILQHG� DV� WKH� UDWLR�
EHWZHHQ� WKH� PHDQ� ZLQG� VSHHG� DW� WKH� PHDVXUHPHQW�
SRVLWLRQ�� DQG� WKH� PHDQ� ZLQG� VSHHG� DW� WKH� UHIHUHQFH�
SRVLWLRQ� �8PS�8UHI�$XG�� IRU� D� JLYHQ� ZLQG� GLUHFWLRQ�
LQWHUYDO�� )LJXUH� �� VKRZV� WKH� UHVXOWV� IRU� WKUHH�
LPSRUWDQW� ZLQG� GLUHFWLRQV� LQ� WKH� FDVH� VWXG\� DUHD�
������� ����� DQG� ������� )RU� WKHVH� WKUHH� ZLQG�
GLUHFWLRQV�� DQ� RYHUDOO� JRRG� DJUHHPHQW� LV� REWDLQHG�
ZLWK� DQ� DYHUDJH� DEVROXWH� GLIIHUHQFH� EHWZHHQ�
PHDVXUHG� DQG� VLPXODWHG� DPSOLILFDWLRQ� IDFWRUV� RI�
������ )RU� DOO� HLJKW� VWXGLHG� ZLQG� GLUHFWLRQV�� WKH�
DPSOLILFDWLRQ� IDFWRUV� VKRZ� DQ� DYHUDJH� GHYLDWLRQ� RI�
������ ZKLFK� MXVWLILHV� WKH� XVH� RI� WKLV� FRPSXWDWLRQDO�
PRGHO�IRU�WKH�ZLQG�FRPIRUW�VWXG\��

:,1'�&20)257�$66(660(17��
7KH�SHGHVWULDQ�ZLQG�FRPIRUW� LQ� WKH� VKRSSLQJ�VWUHHWV�
LV�DVVHVVHG�E\�GHWHUPLQLQJ�WKH�DQQXDO�SUREDELOLW\�WKDW�
WKH�KRXUO\�WKUHVKROG�ZLQG�VSHHG�RI���P�V�LV�H[FHHGHG��
DV�RXWOLQHG�LQ�WKH�'XWFK�ZLQG�QXLVDQFH�VWDQGDUG�1(1�
������7R� GHWHUPLQH� WKH� H[FHHGDQFH� SUREDELOLW\� LQ� D�
SUDFWLFDO�FDVH�VWXG\��WKUHH�VWHSV�KDYH� WR�EH�WDNHQ�IRU�
HDFK�RI�WKH����ZLQG�GLUHFWLRQV��

�� 2EWDLQ� ZLQG� VSHHG� UDWLRV� �Ȗ�  � 8�8UHI���P��
IURP� WKH� &)'� VLPXODWLRQV�� 1RWH� WKDW� WKHVH�
DPSOLILFDWLRQ� IDFWRUV� GLIIHU� IURP� WKH�
DPSOLILFDWLRQ� IDFWRUV� GHVFULEHG� LQ� WKH�
VHFWLRQ�RQ�FRPSDULQJ�&)'�VLPXODWLRQV�ZLWK�
PHDVXUHPHQWV���

�� &RQYHUW� WKUHVKROG�ZLQG� VSHHG� DW� SHGHVWULDQ�
OHYHO�WR�D�WKUHVKROG�ZLQG�VSHHG�DW�D�KHLJKW�RI�
��� P� �87+5���P�  � 87+5�Ȗ��� ,Q� WKH� 'XWFK�
VWDQGDUG��WKH�VDIHW\�FULWHULRQ�KDV�D�WKUHVKROG�
RI�87+5� ����P�V�DQG� WKH�FRPIRUW�FULWHULRQ�
KDV�87+5� ���P�V��

�� 'HWHUPLQH� WKH� SHUFHQWDJH� RI� WLPH� WKDW� WKH�
WKUHVKROG� YDOXH� IRU� WKH� KRXUO\� PHDQ� ZLQG�
VSHHG�DW����P� LV�H[FHHGHG� DFFRUGLQJ� WR� WKH�
ZLQG�VWDWLVWLFV�RI� WKH� ORFDWLRQ�RI�LQWHUHVW��,Q�
WKLV�VWXG\��WKH�ZLQG�VWDWLVWLFV� IRU�WKH�WZHOYH�
ZLQG� GLUHFWLRQV� DUH� SURYLGHG� E\� WKH� 'XWFK�
3UDFWLFH�*XLGHOLQH�135�������

�
'HSHQGLQJ� RQ� WKH� H[FHHGDQFH� SUREDELOLW\�� WKH� ZLQG�
FOLPDWH�LV�FODVVLILHG�DV�JRRG��PRGHUDWH�RU�SRRU�IRU�WKH�
DFWLYLWLHV�VLWWLQJ��VWUROOLQJ�DQG�ZDONLQJ�IDVW��VHH�7DEOH�
���� ,Q� D� VKRSSLQJ� VWUHHW� DW� OHDVW� D� PRGHUDWH� ZLQG�
FOLPDWH� VKRXOG� EH� H[SHULHQFHG� IRU� VWUROOLQJ� � � ZLQG�
FODVV� &���

� �
7DEOH����&ULWHULD�IRU�ZLQG�FRPIRUW�DFFRUGLQJ�WR�1(1�����������D��

3�87+5�!���P�V��LQ�
��KRXUV�SHU�\HDU��

4XDOLW\�&ODVV� $FWLYLW\�
7UDYHUVLQJ� 6WUROOLQJ� 6LWWLQJ�

������ $� *RRG� *RRG� *RRG�
����±����� %� *RRG� *RRG� 0RGHUDWH�
����±���� &� *RRG� 0RGHUDWH� 3RRU�
���±���� '� 0RGHUDWH� 3RRU� 3RRU�
!���� (� 3RRU� 3RRU� 3RRU�

�
)LJXUH����$QQXDO�H[FHHGDQFH�SUREDELOLWLHV�IRU�ZLQG�QXLVDQFH�DQG�WKH�DFFRPSDQ\LQJ�TXDOLW\�FODVV�DFFRUGLQJ�WR�

WKH�'XWFK�VWDQGDUG�1(1�����
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5(68/76�
)LJXUH���VKRZV�WKH�ZLQG�FRPIRUW�DVVHVVPHQW�IRU�WKH�
FXUUHQW� VLWXDWLRQ�� 2Q� WKH� OHIW�� LW� VKRZV� WKH� DQQXDO�
H[FHHGDQFH�SUREDELOLWLHV�IRU�ZLQG�QXLVDQFH��3�8�!���
P�V���DQG�RQ�WKH�ULJKW�WKH�TXDOLW\�FODVVHV�DFFRUGLQJ�WR�
1(1������DUH�JLYHQ��2Q�WKH� VRXWKZHVW�DQG�HDVWVLGH�
RI� WKH� WRZHU�� D� SHGHVWULDQ� ZDONLQJ� DUHD� ZLWK� ZLQG�
TXDOLW\� FODVV� '� �RUDQJH�� H[LVWV�� LPSO\LQJ� WKDW� WKLV�
UHJLRQ�KDV�D�SRRU�ZLQG�FOLPDWH�IRU�ERWK�VWUROOLQJ�DQG�
VLWWLQJ��7KH�SUREOHPV�PDLQO\�RFFXU�IRU�WKH�SUHYDLOLQJ�
VRXWKZHVW� ZLQG� GLUHFWLRQ� �������� ZKHUH� DOVR� WKH�
KLJKHVW�ZLQG�VSHHGV�RFFXU�GXULQJ� WKH�\HDU�� � )RU� WKLV�
ZLQG�GLUHFWLRQ��DLU�YROXPH�IORZ�UDWHV�DUH�DQDO\]HG�WR�
HYDOXDWH�WKH�FRQWULEXWLRQ�RI�ERWK�WKH�$GPLUDQW�7RZHU�
DQG� VXUURXQGLQJ� EXLOGLQJV� WR� WKH� ORFDO�ZLQG� FOLPDWH�
LQ�WKH�VKRSSLQJ�VWUHHWV���
�

�
)LJXUH����6LPXODWHG�YROXPH�IORZ�UDWH�P��V��DW�ZLQG�
GLUHFWLRQ������DURXQG�WKH�$GPLUDQW�7RZHU��9HUWLFDO�
FLUFOHG�YROXPH�IORZ�UDWHV�DW�����P�KHLJKW�DQG�WKH�
KRUL]RQWDO�YROXPH�IORZ�UDWHV�WKURXJK�WKH�VWUHHWV�DUH�

JLYHQ��

)LJXUH� �� VKRZV� WKH� VLPXODWHG� DLU� YROXPH� IORZ� UDWHV�
�P��V�� LQ� WKH� FXUUHQW� VLWXDWLRQ� IRU� D� VRXWKZHVW�ZLQG��
7KH� FLUFOHG� YDOXHV� JLYH� WKH� GRZQVWUHDP� DLU� YROXPH�
IORZ� UDWH� FDXVHG� E\� WKH� $GPLUDQW� 7RZHU�� ,W� FDQ�
FOHDUO\�EH�VHHQ�WKDW�DOO�ZLQG�RQ�VWUHHW�OHYHO�DW�WKH�IRRW�
RI�WKH�$GPLUDQW�LV�GHYLDWHG�GRZQ�IURP�WKH�WRZHU�DQG�
LV� IXUWKHU� GLUHFWHG� WKURXJK� WKH� DGMDFHQW� VWUHHWV��
%HFDXVH�WKH�$GPLUDQW�7RZHU�LV�WKH�PDLQ�FDXVH�RI�WKH�
ZLQG�QXLVDQFH�SUREOHP��D�SRVVLEOH�VROXWLRQ�ZRXOG�EH�
WR� DWWDFK� D� FDQRS\� WR� WKH� WRZHU�� 7KHUHIRUH�� DV� D�
UHPHGLDO� PHDVXUH�� GLIIHUHQW� VL]HV� RI� FDQRSLHV�
DWWDFKHG�WR�WKH�WRZHU�RQ�ERWK�WKH�VRXWK�VRXWKZHVW�DV�
WKH�HDVW�VRXWKHDVW�VLGH�DUH�VWXGLHG��
)RXU�GLIIHUHQW�FDQRSLHV�DVFHQGLQJ� LQ� VL]H�DUH� VKRZQ�
LQ�)LJXUH���DQG����7KH�ILJXUHV�DOVR�VKRZ�WKH�HIIHFW�RI�
WKHVH� FDQRSLHV� WR� WKH� H[FHHGDQFH� SUREDELOLWLHV� RI�
ZLQG� QXLVDQFH� IRU� ZLQG� GLUHFWLRQ� ������ 1RWH� WKDW�
VLQFH� WKH� H[FHHGDQFH� SUREDELOLW\� LV� VKRZQ� IRU� MXVW�
RQH�ZLQG�GLUHFWLRQ��WKH�FRORU�VFDOH�LQ�)LJXUH���DQG���
���±�����GLIIHUV�IURP�WKH�FRORU�VFDOH�LQ�)LJXUH������±�
������ 6LPXODWLRQV� VKRZ� WKDW� SHGHVWULDQ� ZLQG�
FRPIRUW� ZLOO� EH� LPSURYHG� YHU\� HIIHFWLYHO\� ZLWK� DQ�
�����P�KLJK� FDQRS\�RQ�ERWK� VLGHV�RI� WKH� WRZHU� WKDW�
RYHUODSV� WKH� ZKROH� GLVWDQFH� IURP� WKH� $GPLUDQW�
7RZHU� WR� WKH� EXLOGLQJV� RQ� WKH� RSSRVLWH� VLGHV� RI� WKH�
VKRSSLQJ� VWUHHWV�� 7KH� ZLQG� LV� GLUHFWHG� RYHU� WKH�
FDQRS\� DQG� RQZDUGV� RYHU� EXLOGLQJ� URRIWRSV�� ,Q�
DGGLWLRQ��WKH�ZLQG�LV�QRW�GLUHFWHG�WR�WKH�1RUWK�SDUW�RI�
WKH� VKRSSLQJ� VWUHHW� EHFDXVH� WKH� FDQRS\� SURYLGHV� D�
VKRUW�FLUFXLW� EHWZHHQ� WKH� RYHUSUHVVXUH� ]RQH� RQ� WKH�
ZLQGZDUG� VLGH� RI� WKH� WRZHU� DQG� WKH� XQGHUSUHVVXUH�
]RQH�DW�WKH�OHHZDUG�VLGH��7KLV�VROXWLRQ�ZLOO�EULQJ�WKH�
VLWXDWLRQ�LQ�DFFRUGDQFH�ZLWK�WKH�6WDQGDUG�1(1������
�VHH� )LJXUH� ����� ,Q� WKH� ZDONLQJ� DUHD� DURXQG� WKH�
$GPLUDQW�7RZHU�WKH�ZLQG�TXDOLW\�FODVVHV�UDQJH�IURP�
$� WR� &�� 7KHUHIRUH�� WKH� ZLQG� FOLPDWH� LV� JRRG� WR�
PRGHUDWH� IRU� VWUROOLQJ� DV� ZDV� LQWHQGHG� ZLWK� WKLV�
VWXG\�

�

�
)LJXUH����([FHHGDQFH�SUREDELOLWLHV�IRU�WZR�GLIIHUHQW�FDQRSLHV�DW�WKH�VRXWK�VRXWKZHVW�IDFDGH�RI�WKH�$GPLUDQW�

7RZHU�IRU�D�ZLQG�GLUHFWLRQ�RI����� 
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�
)LJXUH����([FHHGDQFH�SUREDELOLWLHV�IRU�WZR�ODUJH�FDQRSLHV�RQ�ERWK�WKH�VRXWK�VRXWKZHVW�DQG�VRXWKHDVW�VLGH�RI�WKH�

$GPLUDQW�7RZHU�IRU�D�ZLQG�GLUHFWLRQ�RI������

�

�
)LJXUH�����3HGHVWULDQ�ZLQG�FRPIRUW�DVVHVVPHQW�DURXQG�WKH�$GPLUDQW�7RZHU�IRU�WKH�FXUUHQW�DQG�WKH�QHZ�

VLWXDWLRQ�DFFRUGLQJ�WR�1(1�������4XDOLW\�FODVVHV�UDQJH�IURP�$��JRRG��WR�(��SRRU���

',6&866,21�
,W� VKRXOG�EH� QRWHG� WKDW� WKLV� LV� D� FDVH� VWXG\� H[DPSOH�
DQG�FDXWLRQ�VKRXOG�EH�WDNHQ�IRU�JHQHUDOL]DWLRQ�RI�WKH�
UHVXOWV�� :LQG� IORZ� DURXQG� KLJK�ULVH� EXLOGLQJV� LQ�
DQRWKHU�FRPSOH[�XUEDQ�DUHD�PLJKW�EHKDYH�GLIIHUHQWO\��
,Q� DGGLWLRQ�� RWKHU� XUEDQ� DUHDV� ZLOO� KDYH� GLIIHUHQW�
ZLQG� VWDWLVWLFV� WR� FRQVLGHU�� 7KHUHIRUH�� D� FDQRS\� RI�
VLPLODU�VL]H�DQG�KHLJKW�RQ�D�VLPLODU�KLJK�ULVH�EXLOGLQJ�
FRXOG� OHDG� WR� D� GLIIHUHQW� ZLQG� FOLPDWH� DQG� D� QHZ�
DVVHVVPHQW� RI� WKH� ORFDO� ZLQG� FOLPDWH� ZRXOG� EH�
QHFHVVDU\���
�

6800$5<�$1'�&21&/86,216�
,Q�WKLV�SDSHU�WKH�'XWFK�ZLQG�QXLVDQFH�VWDQGDUG�1(1�
����� LV� DSSOLHG� RQ� D� FDVH� VWXG\� DUHD� ZKHUH� ZLQG�
QXLVDQFH�LV�HYDOXDWHG�DV�SUREOHPDWLF��7KH�DLP�RI�WKLV�
VWXG\� LV� WR� DQDO\]H� FDXVHV� RI� ZLQG� QXLVDQFH� LQ� WKH�
VHOHFWHG� FDVH� VWXG\� DUHD�� DQG� HYDOXDWH� UHPHGLDO�

PHDVXUHV�� )RU� WKLV� FDXVH� PHDVXUHPHQWV� DQG� &)'�
VLPXODWLRQV� KDYH� EHHQ� SHUIRUPHG� DQG� FRPSDUHG� WR�
HDFKRWKHU��0HDVXUHPHQWV�KDYH�EHHQ�H[HFXWHG�IRU�WZR�
PRQWKV� ZLWK� �'� DQHPRPHWHUV� DW� WKUHH� GLIIHUHQW�
SRVLWLRQV� LQ� WKH� VKRSSLQJ� VWUHHW� DQG� D� QHDUE\�
UHIHUHQFH�SRVLWLRQ�RQ�D�PHWHRURORJLFDO�WRZHU���
7KH� FRPSXWDWLRQDO� JHRPHWU\� DQG� FRPSXWDWLRQDO�
GRPDLQ� DUH� FRQVWUXFWHG� LQ� DFFRUGDQFH� ZLWK� EHVW�
SUDFWLFH� JXLGHOLQHV�� $� KLJK�TXDOLW\� DQG� KLJK�
UHVROXWLRQ�FRPSXWDWLRQDO�JULG�LV�JHQHUDWHG�FRQWDLQLQJ�
DERXW������PLOOLRQ� KH[DKHGUDO� FRQWURO� YROXPHV��7KH�
&)'� VLPXODWLRQV� DUH� SHUIRUPHG� IRU� ��� ZLQG�
GLUHFWLRQV� ZLWK� WKH� �'� VWHDG\� 5H\QROGV�DYHUDJHG�
1DYLHU�6WRNHV� �5$16�� HTXDWLRQV� DQG� WKH� UHDOL]DEOH�
N��PRGHO��
7KH�&)'�VLPXODWLRQV�VKRZ�JRRG�DJUHHPHQW�ZLWK�WKH�
PHDVXUHPHQWV�� HVSHFLDOO\� IRU� WKH� SUHYDLOLQJ� ZLQG�
GLUHFWLRQV� JLYHQ� LQ� )LJXUH� �� ������� ����� DQG� �������
)RU� WKHVH� ZLQG� GLUHFWLRQV�� WKH� DYHUDJH� DEVROXWH�
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GLIIHUHQFH� EHWZHHQ� PHDVXUHG� DQG� VLPXODWHG�
DPSOLILFDWLRQ� IDFWRUV� � 8�P�8UHI�$XG�� LV� ������
6LPXODWLRQV�FRPELQHG�ZLWK�ORFDO�ZLQG�VWDWLVWLFV�VKRZ�
WKDW� WKH�ZLQG�GLUHFWLRQ������ FRQWULEXWHV�PRVW� WR� WKH�
DQQXDO� ZLQG� QXLVDQFH� DW� SHGHVWULDQ� OHYHO�� 7KH�
VLPXODWHG�YROXPH� IORZ� UDWH� �)LJXUH���� IRU� WKLV�ZLQG�
GLUHFWLRQ��GHPRQVWUDWHV�WKDW�DOO�ZLQG�RQ�VWUHHW�OHYHO�DW�
WKH� IRRW� RI� WKH�$GPLUDQW� LV� GHYLDWHG�GRZQ� IURP� WKH�
WRZHU� DQG� LV� IXUWKHU� GLUHFWHG� WKURXJK� WKH� DGMDFHQW�
VWUHHWV�� %HFDXVH� WKH� $GPLUDQW� 7RZHU� LV� WKH� PDLQ�
FDXVH� RI� WKH� ZLQG� QXLVDQFH� SUREOHP�� D� SRVVLEOH�
VROXWLRQ� ZRXOG� EH� WR� DWWDFK� D� FDQRS\� WR� WKH� WRZHU�
DERYH� WKH� VKRSSLQJ� VWUHHW� DUHD�� 'LIIHUHQW� WRZHU�
FDQRS\� VL]HV� DQG� RULHQWDWLRQV� DUH� VWXGLHG�� 7KLV�
UHVXOWHG� LQ� WKH� DGYLFH� WR� FUHDWH� DQ� ����� P� KLJK�
FDQRS\� RQ� ERWK� VLGHV� RI� WKH� WRZHU� WKDW� RYHUODSV� WKH�
ZKROH� GLVWDQFH� IURP� WKH� $GPLUDQW� 7RZHU� WR� WKH�
EXLOGLQJV� RQ� WKH� RSSRVLWH� VLGHV� RI� WKH� VKRSSLQJ�
VWUHHWV�� 6LPXODWLRQV� VKRZ� WKDW� WKH� ZLQG� LV� GLUHFWHG�
RYHU�WKH�FDQRS\�DQG�RQZDUGV�RYHU�EXLOGLQJ�URRIWRSV��
)RU� VRXWKZHVW� ZLQG� WKH� FDQRS\� SURYLGHV� D� VKRUW�
FLUFXLW� EHWZHHQ� WKH� RYHUSUHVVXUH� ]RQH� RQ� WKH�
ZLQGZDUG� VLGH� RI� WKH� WRZHU� DQG� WKH� XQGHUSUHVVXUH�
]RQH�DW� WKH�OHHZDUG�VLGH��7KLV�PHDVXUH�ZLOO� LPSURYH�
WKH� ZLQG� FOLPDWH� DW� SHGHVWULDQ� OHYHO� DURXQG� WKH�
$GPLUDQW� 7RZHU� OHDGLQJ� WR� TXDOLW\� FODVVHV� $� WR� &�
DFFRUGLQJ� WR�1(1�������7KLV� LPSOLHV� WKDW� WKH�ZLQG�
FOLPDWH� LV� JRRG� WR� PRGHUDWH� IRU� VWUROOLQJ� DV� ZDV�
LQWHQGHG�ZLWK�WKLV�VWXG\��
�

5()(5(1&(6�
%ORFNHQ�� %��� &DUPHOLHW�� -��� 6WDWKRSRXORV�� 7�� ������

&)'�HYDOXDWLRQ�RI�WKH�ZLQG�VSHHG�FRQGLWLRQV�LQ�
SDVVDJHV� EHWZHHQ� EXLOGLQJV� ±� HIIHFW� RI� ZDOO�
IXQFWLRQ� URXJKQHVV� PRGLILFDWLRQV� RQ� WKH�
DWPRVSKHULF� ERXQGDU\� OD\HU� IORZ�� -��:LQG�(QJ��
,QG��$HURG\Q���������������������

%ORFNHQ�� %��� -DQVVHQ�� :�'��� YDQ� +RRII�� 7�� ������
&)'�VLPXODWLRQ�IRU�SHGHVWULDQ�ZLQG�FRPIRUW�DQG�
ZLQG� VDIHW\� LQ� XUEDQ� DUHDV�� *HQHUDO� GHFLVLRQ�
IUDPHZRUN� DQG� FDVH� VWXG\� IRU� WKH� (LQGKRYHQ�
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