
�
�

�

� � � � � � � �� � �
�
�
�
�
�

5 LYHU�DTXLIHU�LQWHUDFWLRQ�P RGHOOLQJ�LQ�WKH�8 SSHU�0 RWXHND�5 LYHU�
FDWFKP HQW��WKUHH�GLP HQVLRQDO�ILQLWH�HOHP HQW�JURXQGZDWHU�IORZ�P RGHO�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

3UHSDUHG�IRU�
�

6WDNHKROGHUV�RI�WKH�
0 RWXHND�,QWHJUDWHG�&DWFKP HQW�0 DQDJHP HQW�3URJUDP P H��

�

�
�

�
�

�
�
�

�
�
�

-XQH�� � � � �
�

�



/ DQGFDUH�,&0 �5HSRUW�1 R���
� � � � � � � � � �� � ��

0 RWXHND�,QWHJUDWHG�&DWFKPHQW�0 DQDJHPHQW�3URJUDPPH�5HSRUW�6HULHV���
5LYHU�DTXLIHU�PRGHOOLQJ�LQ�WKH�8 SSHU�0 RWXHND�FDWFKPHQW�

2 FWREHU�
� � � � �

�

LL�
�

�

�
�
�
�
�
�
�
�

5 LYHU�DTXLIHU�LQWHUDFWLRQ�P RGHOOLQJ�LQ�WKH�8 SSHU�0 RWXHND�
5 LYHU�FDWFKP HQW��WKUHH�GLP HQVLRQDO�ILQLWH�HOHP HQW�

JURXQGZDWHU�IORZ�P RGHO�
�
�
�

�
0 RWXHND�,QWHJUDWHG�&DWFKPHQW�0 DQDJHPHQW��
�0 RWXHND�,&0 ��3URJUDPPH�5HSRUW�6HULHV�

�
�
�
�

E\ �

�
7LPRWK\ �+ RQJ� �
-RVHSK�7KRPDV� �

7LP�' DYLH� �
�
�
�
�

� �,QVWLWXWH�RI�* HRORJLFDO�DQG�1 XFOHDU�6FLHQFHV��: DLUDNHL�5HVHDUFK�&HQWUH��3ULYDWH�%DJ�� � � � ��7DXSR�
� �7DVPDQ�' LVWULFW�&RXQFLO��3ULYDWH�%DJ�� ��5LFKPRQG�

� �/ DQGFDUH�5HVHDUFK��32 �%R[ �� � ��/ LQFROQ�
�
�
�
�
,QIRUPDWLRQ�FRQWDLQHG�LQ�WKLV�UHSRUW�PD\ �QRW�EH�XVHG�ZLWKRXW�WKH�SULRU�FRQVHQW�RI�WKH�DXWKRUV�

&RYHU�3KRWR��&RQIOXHQFH�RI�WKH�0 RWXSLNR�DQG�0 RWXHND�5LYHUV�ZLWK�WKH�JURXQGZDWHU�PRGHO�JULG�VKRZQ�LQ�UHG��



/ DQGFDUH�,&0 �5HSRUW�1 R���
� � � � � � � � � �� � ��

0 RWXHND�,QWHJUDWHG�&DWFKPHQW�0 DQDJHPHQW�3URJUDPPH�5HSRUW�6HULHV���
5LYHU�DTXLIHU�PRGHOOLQJ�LQ�WKH�8 SSHU�0 RWXHND�FDWFKPHQW�

2 FWREHU�
� � � � �

�

LLL�
�

�

35 ( ) $ &( �

�
$ Q� RQJRLQJ� UHSRUW� VHULHV�� FRYHULQJ� FRPSRQHQWV� RI� WKH� 0 RWXHND� ,QWHJUDWHG� &DWFKPHQW�
0 DQDJHPHQW� �,&0 �� 3URJUDPPH�� KDV� EHHQ� LQLWLDWHG� LQ� RUGHU� WR� SUHVHQW� SUHOLPLQDU\ � UHVHDUFK�
ILQGLQJV�GLUHFWO\ �WR�NH\ �VWDNHKROGHUV���7KH�LQWHQWLRQ�LV�WKDW�WKH�GDWD��ZLWK�EULHI�LQWHUSUHWDWLRQ��FDQ�
EH�XVHG�E\ �PDQDJHUV��HQYLURQPHQWDO�JURXSV�DQG�XVHUV�RI�UHVRXUFHV�WR�DGGUHVV�VSHFLILF�TXHVWLRQV�
WKDW�PD\ �UHTXLUH�XUJHQW�DWWHQWLRQ�RU�PD\ �IDOO�RXWVLGH�WKH�VFRSH�RI�,&0 �UHVHDUFK�REMHFWLYHV����

: H� DQWLFLSDWH� WKDW� SURYLGLQJ� DFFHVV� WR� HQYLURQPHQWDO� GDWD� ZLOO� IRVWHU� D� FROODERUDWLYH� SUREOHP�
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) LJXUH� � � � 3UHGLFWHG� JURXQGZDWHU� OHYHOV� DQG� JURXQGZDWHU� IORZ� SDWWHUQ� DIWHU� FDOLEUDWLRQ� DW� WKH�
FRQIOXHQFH�RI�WKH�0 RWXSLNR�5LYHU�DQG�WKH�0 RWXHND�5LYHU����������������������������������������������������������������� � �
) LJXUH� � � � 7KUHH�GLPHQVLRQDO� SURMHFWLRQ� YLHZ� RI� WKH� SUHGLFWHG� JURXQGZDWHU� OHYHOV� LQ� WKH� PRGHO�
GRPDLQ������������������������������������������������������������������������������������������������������������������������������������������������� � �
�
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/ LVW�RI�7DEOHV�
7DEOH�� �6XPPDU\ �RI�K\ GURORJLFDO�PRQLWRULQJ�VLWHV��7KH�YDOXH�LV�EDVHG�RQ�DQQXDO�DYHUDJH� �������������� �
7DEOH�� �+ \ GUDXOLF�FKDUDFWHULVWLFV�RI�WKH�DTXLIHU�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW� ���������������� � �
7DEOH�� �2 EVHUYHG�5LYHU�IORZ�ORVV�DQG�JDLQ�DQG�SUHGLFWHG�DIWHU�FDOLEUDWLRQ��� �DQG�±�UHSUHVHQW�ULYHU�
IORZ�JDLQ�DQG�ORVV��UHVSHFWLYHO\ � ��������������������������������������������������������������������������������������������������������� � �
7DEOH� � � 2 EVHUYHG� JURXQGZDWHU� OHYHOV� DQG� SUHGLFWHG� JURXQGZDWHU� OHYHOV� DIWHU� FDOLEUDWLRQ� IRU� WKH�
HLJKW�PRQLWRULQJ�VLWHV� ������������������������������������������������������������������������������������������������������������������������� � �
7DEOH�� �,QIRUPDWLRQ�RQ�WKH�JURXQGZDWHU�DEVWUDFWLRQ�ZHOOV�LQ�WKH�PRGHO�GRPDLQ� ������������������������������� �
�
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� �� �� ,1 75 2 ' 8 &7,2 1 �
7KH�DUHD�XSVWUHDP�RI�WKH� : DQJDSHND�FRQIOXHQFH�RI�WKH�0 RWXHND�5LYHU�FDWFKPHQW�KDV�D�VL] HDEOH�
DUHD� RI� IHUWLOH� DOOXYLDO� ULYHU� WHUUDFH� ODQG� WKDW� LV� VXLWDEOH� IRU� LUULJDWHG� DJULFXOWXUH�� 6LQFH� WKH� PLG�
� � � � ¶V� WKHUH� KDV� EHHQ� DQ� LQFUHDVLQJ� GHPDQG� IRU� LUULJDWLRQ� ZDWHU� HVSHFLDOO\ � IURP� JURXQGZDWHU� LQ�
WKHVH� WHUUDFHV�� 7KHUH� LV� FRQFHUQ� WKDW� H[ WUDFWLRQ� RI� PRUH� JURXQGZDWHU� IRU� LUULJDWLRQ� PD\ � ORZHU�
JURXQGZDWHU�OHYHOV�DQG�FRQVHTXHQWO\ �WKH�EDVHIORZ�RI�ULYHUV�VWUHDPV�GXULQJ�WKH�VXPPHU�VHDVRQ�GXH�
WR�VWURQJ�VKDOORZ�DTXLIHU�VXUIDFH�ZDWHU�LQWHUDFWLRQV�LQ�WKLV�DUHD��7KLV�ZRXOG�UHGXFH�WKH�DYDLODELOLW\ �
RI�VXUIDFH�ZDWHU�WR�H[ LVWLQJ�XVHUV�DQG�DGG�SUHVVXUH�LQ�WHUPV�RI�ZDWHU�DOORFDWLRQ�WR�NHHS�PLQLPXP�
EDVHIORZ�UHTXLUHPHQWV�IRU�WKH�0 RWXHND�5LYHU�LQ�FRPSOLDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�WKH�0 RWXHND�
5LYHU�&RQVHUYDWLRQ�2 UGHU��,Q�RUGHU�WR�PDQDJH�WKH�ZDWHU�UHVRXUFHV�LQ�D�KROLVWLF�PDQQHU�LQ�WKLV�UHJLRQ�
WKH�GHYHORSPHQW�RI�D�WKUHH�GLPHQVLRQDO�JURXQGZDWHU�IORZ�PRGHO�LV�UHTXLUHG�WR�DQDO\ VH�WKH�HIIHFWV�
RI�JURXQGZDWHU�DEVWUDFWLRQ�RQ�ULYHUV�VWUHDPV�IORZ�DQG�JURXQGZDWHU�OHYHOV��
�
7KH�SXUSRVH�RI�WKLV�VWXG\ �LV�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQV�DQG�LQWHUDFWLRQV�EHWZHHQ�
WKH� VKDOORZ� DTXLIHU� DQG� WKH� VXUIDFH� ZDWHU� V\ VWHPV� E\ � GHYHORSLQJ� D� VWDWH�RI�DUW� � �GLPHQVLRQDO�
DGDSWLYH� ILQLWH�HOHPHQW�JURXQGZDWHU�IORZ�PRGHO�� ,W�LV�KRSHG�WKDW�WKLV�MRLQW�VWXG\ ��FRQGXFWHG�ZLWK�
/ DQGFDUH� 5HVHDUFK� DQG� 7DVPDQ� ' LVWULFW� &RXQFLO� �7' &�� DV� D� FRPSRQHQW� RI� WKH� ) 567� IXQGHG�
,QWHJUDWHG� &DWFKPHQW� 0 DQDJHPHQW� �,&0 �� SURJUDPPH� �&� � ; � � � � � �� ZLOO� LGHQWLI\ � VRPH� RI� WKH�
LPSRUWDQW� IDFWRUV� FRQWUROOLQJ� WKH� UHVSRQVH� RI� WKH� V\ VWHPV� WR� JURXQGZDWHU� DEVWUDFWLRQ�� DQG� HQDEOH�
PRUH�KROLVWLF�DQG�LQWHJUDWHG�PDQDJHPHQW�RI�ZDWHU�UHVRXUFHV�LQ�WKH�DUHD��7KLV�UHSRUW�LV�VWDJH�RQH�RI�
WKH�� �GLPHQVLRQDO�JURXQGZDWHU�PRGHOOLQJ�ZRUN�IRU�WKH�8 SSHU�0 RWXHND��
�

� �� � 3XUSRVH�DQG�6FRSH�RI�5 HSRUW�
7KH�DLP�RI�WKLV�UHSRUW�LV�WR�GHVFULEH�WKH�LQLWLDO�UHVXOWV�IURP�D�VWXG\ �XVLQJ�� �GLPHQVLRQDO��DGDSWLYH�
ILQLWH�HOHPHQW��VWHDG\ �VWDWH�� JURXQGZDWHU� IORZ�PRGHO�WR�VLPXODWH�WKH�LQWHUDFWLRQ�EHWZHHQ�VKDOORZ�
DTXLIHU�DQG�VXUIDFH�ZDWHU�V\ VWHPV�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW��
�
7KH�VSHFLILF�REMHFWLYH�RI�WKLV�VWXG\ �LV��

· � WR�GHYHORS�D�JHQHUDOLVHG�WKUHH�GLPHQVLRQDO�DGDSWLYH�ILQLWH�HOHPHQW�VWHDG\ �VWDWH�JURXQGZDWHU�
IORZ�PRGHO�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW��

�

� �� � 6WXG\ �DUHD�
* URXQGZDWHU� LQ� WKH� 8 SSHU� 0 RWXHND� FDWFKPHQW� LV� DEVWUDFWHG� IURP� VKDOORZ� XQFRQILQHG� DOOXYLDO�
DTXLIHUV� WKDW� RFFXU� LQ� WKH� 4 XDWHUQDU\ � ULYHU� WHUUDFH� IRUPDWLRQV� DQG� PRGHUQ� ULYHU� GHSRVLWV�� � ) LYH�
JUDYHO� IRUPDWLRQV� KDYH� EHHQ� LGHQWLILHG� ZLWKLQ� WKH� VWXG\ � DUHD� XSVWUHDP� RI� WKH� : DQJDSHND� 5LYHU�
FRQIOXHQFH� �) LJXUH� � � �� � 7KHVH� DUH� �IURP� ROGHVW� WR� \ RXQJHVW�� WKH� 0 RXWHUH� * UDYHO�� 0 DQXND��
7RSKRXVH��6SHDUJUDVV��DQG�PRGHUQ�ULYHU�JUDYHO�IRUPDWLRQV���7KH�4 XDWHUQDU\ �* UDYHOV�DUH�XQGHUODLQ�
E\ �WKH�0 RXWHUH�* UDYHO� ) RUPDWLRQ�WKURXJKRXW�WKH�ZKROH�VWXG\ �DUHD� �6WHZDUW��HW�DO�� * 1 6�6FLHQFH�
5HSRUW�� � � � �� � ��� � � � � ��
�
7KH�0 RXWHUH�* UDYHO� ) RUPDWLRQ�FRQVLVWV�RI�URXQGHG�JUH\ ZDFNH�FODVWV�XS�WR� � �� P�GLDPHWHU� �PRVW�
OHVV�WKDQ� � �� P�GLDPHWHU��LQ�D� \ HOORZLVK�EURZQ��VLOW\ ��FOD\ �PDWUL[ �� �7KH� IRUPDWLRQ�FRQWDLQV�PLQRU�
FODVWV� RI� YHU\ � ZHDWKHUHG� XOWUDPDILFV� LQ� WKH� 0 RWXHND� 5LYHU� XSVWUHDP� RI� WKH� 0 RWXSLNR� 5LYHU�
FRQIOXHQFH�� � 0 RXWHUH� JUDYHO� LV� ZLGHVSUHDG� WKURXJKRXW� WKH� XSSHU� 0 RWXHND� 5LYHU� FDWFKPHQW� DQG�
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IRUPV�WKH�KLOO�FRXQWU\ �EHWZHHQ�WKH�YDOOH\ V�RI�WKH�0 RWXHND��0 RWXSLNR��DQG�7DGPRU�ULYHUV��6WHZDUW��
HW�DO��* 1 6�6FLHQFH�5HSRUW�� � � � �� � ��� � � � � ����
�
7KH� 6SHDUJUDVV� ) RUPDWLRQ� LV� ZLGHVSUHDG� LQ� XSSHU� UHDFKHV�RI� WKH� YDOOH\ V� EXW� DEVHQW� LQ�WKH� ORZHU�
UHDFKHV���7KH�IRUPDWLRQ�IRUPV�WKH�ORZHVW�WHUUDFH�DW�DSSUR[ LPDWHO\ �� �P�DERYH�WKH�ULYHU�OHYHO��) LJXUH�
� �� 6XJJDWH�� � � � � � �� � $ Q� DJJUDGDWLRQ� VXUIDFH� RFFXUV� RQ� WKH� 6SHDUJUDVV� ) RUPDWLRQ� WHUUDFH� WKDW� LV�
DSSUR[ LPDWHO\ �RQH�WR�WZR�PHWHUV�KLJKHU�WKDQ�WKH�GHJUDGDWLRQ�VXUIDFH�� � * URXQGZDWHU�LV�DEVWUDFWHG�
IURP� WKH� IRUPDWLRQ� ZLWKLQ� WKH� VWXG\ � DUHD�� 7KH� DYHUDJH� VDWXUDWHG� WKLFNQHVV� RI� WKH� 6SHDUJUDVV�
) RUPDWLRQ�LV�HVWLPDWHG�EH�EHWZHHQ�� �DQG�� �� �P��
�
7KH�7RSKRXVH� ) RUPDWLRQ�LV�ZLGHVSUHDG�WKURXJKRXW�DOO�RI�WKH�ULYHU�YDOOH\ V�LQ�WKH�XSSHU�0 RWXHND�
5LYHU�FDWFKPHQW��) LJXUH�� � ���7RSKRXVH�) RUPDWLRQ�VXUIDFHV�OLH�EHWZHHQ�DSSUR[ LPDWHO\ �� � �P�WR�� � �P�
DERYH�ULYHU�OHYHO���7KH�SRWHQWLDO�VDWXUDWHG�WKLFNQHVV�RI�WKH�7RSKRXVH�) RUPDWLRQ�LV�HVWLPDWHG�WR�EH�
EHWZHHQ�� �DQG�� � �P��%RUHV�GULOOHG�LQWR�WKH�IRUPDWLRQ�MXVW�VRXWK�RI�6WDQOH\ �%URRN�+LOO�DQG�MXVW�QRUWK�
RI� . RKDWX� ZHUH� DEDQGRQHG� GXH� WR� LQVXIILFLHQW� JURXQGZDWHU�� � 7KLV� VXJJHVWV� WKDW� HLWKHU� WKH�
SHUPHDELOLW\ � RI� WKH� IRUPDWLRQ� LV� YHU\ � ORZ� RU� WKH� EDVH� RI� WKH� 7RSKRXVH� ) RUPDWLRQ� LV� DERYH� WKH�
JURXQGZDWHU�OHYHO�LQ�WKHVH�DUHDV��7KH�WRS�VXUIDFH�RI�WKH�7RSKRXVH�) RUPDWLRQ�LV�W\ SLFDOO\ �EHWZHHQ�
� � �WR�� � �P�DERYH�WKH�WRS�VXUIDFH�RI�WKH�6SHDUJUDVV�) RUPDWLRQ��6WHZDUW��HW�DO��* 1 6�6FLHQFH�5HSRUW�
� � � � �� � �
�
,Q�WKLV�VWXG\ ��WKH�K\ GURORJLFDO�PRQLWRULQJ�QHWZRUN�FRQVLVWV�RI�HLJKW�JURXQGZDWHU�OHYHO��HOHYHQ�ULYHU�
IORZ� UHFRUGHU� VLWHV�� DQG� RQH� UDLQIDOO� VLWHV� LQ� WKH� PRGHO� GRPDLQ� �) LJXUH� � �� 7DEOH� ��� 5DLQIDOO�
GLVWULEXWLRQ�GRHV�QRW�YDU\ �KXJHO\ �ZLWKLQ�WKH�VWXG\ �DUHD��) LJXUH�� � �� �7KHUH�LV�D�JUDGLHQW�ERWK�QRUWK�
DQG�VRXWKZDUGV�DZD\ �IURP�WKH�7DSDZHUD�JDXJH���$ W�WKH�IXUWKHVW�SRLQW�RI�WKH�PRGHO�JULG�WKH�DQQXDO�
SUHFLSLWDWLRQ�LV�DSSUR[ LPDWHO\ �� � � �KLJKHU�WKDQ�DW�7DSDZHUD��
�
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) LJXUH�� �6LPSOLILHG�JHRORJ\ �PDS�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�&DWFKPHQW��
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�
7DEOH�� �6XPPDU\ �RI�K\ GURORJLFDO�PRQLWRULQJ�VLWHV��7KH�YDOXH�LV�EDVHG�RQ�DQQXDO�DYHUDJH��
�

7 \ SH� 6LWH�1 DP H� ; � < � * : / ��P ��
* : � + LJJLQV��1 RUWK�%ULGJH�� � � � � � � � � � � � � � � � � � � � �� � �

* : � 4 XLQQH\ 
V�%XVK� � � � � � � � � � � � � � � � � � � � �� � �

* : � &ULPS� � � � � � � � � � � � � � � � � � � � �� � �

* : � + \ DWW� � � � � � � � � � � � � � � � � � � � �� � �

* : � &DPSEHOO� � � � � � � � � � � � � � � � � � � � �� � �

* : � %LJJV�� � � � � � � � � � � � � � � � � � � � �� � �

* : � 2 OGKDP� � � � � � � � � � � � � � � � � � � � �� � �

� � � � ' LVFKDUJH��O�VHF��

5LYHU� $ ERYH� : DQJDSHND�
FRQIOXHQFH� � � � � � � � � � � � � � � � � � � � � �

5LYHU� * OHQUDH� � � � � � � � � � � � � � � � � � � � � �

5LYHU� 6PLWKV� � � � � � � � � � � � � � � � � � � � � �

5LYHU� %HORZ�7DSDZHUD� � � � � � � � � � � � � � � � � � � � � �

5LYHU� 7DSDZHUD�EULGJH� � � � � � � � � � � � � � � � � � � � � �
5LYHU� 5RJHUV� � � � � � � � � � � � � � � � � � � � � �
5LYHU� + \ DWWV� � � � � � � � � � � � � � � � � � � � � �

5LYHU� 5H\ QROGV� � � � � � � � � � � � � � � � � � � � � �

5LYHU� ' RZQVWUHDP�. RKDWX� � � � � � � � � � � � � � � � � � � � � �

5LYHU� . RKDWX�EULGJH� � � � � � � � � � � � � � � � � � � � � �

� � � �
5 DLQIDOO�
�P P �\ HDU��

5DLQ� : RRGVWRFN� � � � � � � � � � � � � � � � � � � � � �

5DLQ� 7DSDZHUD�%ULGJH� � � � � � � � � � � � � � � � � � � � � �

5DLQ� 0 RWXHND�* RUJH� � � � � � � � � � � � � � � � � � � � � �

�
�
�
�
�
�
�
�
�
�
�
�
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�
) LJXUH�� �$ QQXDO�UDLQIDOO�LVRK\ HWV�IRU�WKH�8 SSHU�0 RWXHND�YDOOH\ ��0 RGHO�JULG�LV�VKRZQ�LQ�JUHHQ�
�ZLWK�ULYHU�FKDQQHO�HPEHGGHG�LQ�EOXH����,VRK\ HW�GDWD�IURP�7DVPDQ�' LVWULFW�&RXQFLO��
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� �� � ) LQLWH�HOHP� HQW� JURXQGZ DWHU� IORZ � P� RGHO� IRU� WKH� 8 SSHU�
0 RWXHND�

� �� � * HQHUDO� IHDWXUH� RI� WKH� � � ' � ILQLWH�HOHP HQW� JURXQGZ DWHU� IORZ �
P RGHOOLQJ�V\ VWHP �
0 DQ\ � PHWKRGV� KDYH� EHHQ� GHYLVHG� WR� VLPXODWH� WKH� LQWHUDFWLRQV� EHWZHHQ� D� VKDOORZ� DTXLIHU� DQG�
VWUHDP��UDQJLQJ�IURP�UHODWLYHO\ �VLPSOH�DQDO\ WLFDO�PHWKRGV�WR�VLWH�VSHFLILF�� �GLPHQVLRQDO�QXPHULFDO�
PRGHOV���0 RGHOV�WKDW�GHVFULEH�ZDWHU�IOX[ �LQWHUFKDQJH�EHWZHHQ�VKDOORZ�DTXLIHU�DQG�VWUHDP�V\ VWHPV�
DW�ODUJH�VSDWLDO�DQG�WHPSRUDO�VFDOHV�DUH�FRPSDUDWLYHO\ �QHZ�DQG�VWLOO�DW�WKH�VWDJH�RI�GHYHORSPHQW�DQG�
LPSURYHPHQW��,Q�WKLV�VWXG\ ��D�VWDWH�RI�DUW�DGDSWLYH�ILQLWH�HOHPHQW�JURXQGZDWHU�PRGHOOLQJ�V\ VWHP�LV�
LPSOHPHQWHG�WR�VLPXODWH�WKH�UHODWLRQV�DQG�LQWHUDFWLRQV�EHWZHHQ�VKDOORZ�DTXLIHU�DQG�VWUHDP�V\ VWHPV�
LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW���
�
7KHUH�DUH�VHYHUDO�DGYDQWDJHV�RI�XVLQJ�DQ�DGDSWLYH�ILQLWH�HOHPHQW�JURXQGZDWHU�PRGHOOLQJ�V\ VWHP��

· � 7KH� PHVK� JHQHUDWLRQ� DOORZV� UHILQHPHQW� RI� WKH� PRGHO� VWUXFWXUH� LQ� DUHDV� ZKHUH� LQWHQVLYH�
LQWHUDFWLRQV�EHWZHHQ�VKDOORZ�DTXLIHU�DQG�VWUHDP�DUH�OLNHO\ ��

· � 7KH�IXOO\ �DGDSWLYH�PHVK�JHQHUDWLRQ�DSSURDFK�FDQ�EH�LPSOHPHQWHG�IRU�D�� � ' �PRGHO�IRU�PHVK�
UHILQHPHQW�RU�GHUHILQHPHQW�WR�HQKDQFH�WKH�UHOLDELOLW\ �RI�WKH�QXPHULFDO�VROXWLRQ��

�

� �� � 0 RGHO�JULG�DQG�ERXQGDU\ �
$ W� WKLV� VWDJH� RI� WKH� VWXG\ � WKH� JURXQGZDWHU� IORZ� PRGHO� LV� D� VWHDG\ �VWDWH�� LQ� IXWXUH� LW� ZLOO� EH�
SURJUHVVHG� LQWR� D� G\ QDPLF� VLPXODWLRQ� PRGHO�� 7KH� DTXLIHU� GRPDLQ� LV� GLVFUHWLVHG� XVLQJ� � � PRGDO�
WUDQVLJXODU� SULVP� HOHPHQWV� ZLWK� � � � � � � PHVK� HOHPHQWV� DQG� � � � � � � PHVK� QRGHV�� $ IWHU� WKH� ILQLWH�
HOHPHQW�PHVK�LV�JHQHUDWHG�DXWRPDWLFDOO\ ��WKH�PHVK�VWUXFWXUH�LQ�WKH�PRGHO�GRPDLQ�KDV�EHHQ�SDUWLDOO\ �
UHILQHG�WR�VLPXODWH�WKH�LQWHUDFWLRQ�EHWZHHQ�DTXLIHU�DQG�ULYHU��7KH�ILQLWH�HOHPHQW�JULG�GHVLJQ�XVHG�LV�
GHQVHU�LQ�WKH�SDUWV�RI�WKH�DTXLIHU�ZKHUH�WKH�IORZ�IOX[ �LQWHUFKDQJH�GXH�WR�KHDG�GHSHQGHQW�FRQGLWLRQ�
ZHUH�DVVHVVHG�WR�EH�LPSRUWDQW��IRU�H[ DPSOH��DW�WKH�DUHD�RI�WKH�FRQIOXHQFH�DW�WKH�0 RWXHND�5LYHU�DQG�
WKH� 0 RWXSLNR� 5LYHU� FDWFKPHQW�� ) LJXUH� � � VKRZV� WKH� IXOO� PDS� H[ WHQW� RI� WKH� 8 SSHU� 0 RWXHND�
JURXQGZDWHU�IORZ�PRGHO�GRPDLQ�ZLWK�DTXLIHU�GLVFUHWLVDWLRQ�XVLQJ�D�ILQLWH�HOHPHQW�PHVK��
�
7KH�PRGHO�ERXQGDU\ �RI�WKH�0 RWXHND�JURXQGZDWHU�IORZ�PRGHO�IRFXVHV�IURP�WKH�� �NP�GRZQVWUHDP�
DUHD� RI� WKH� 0 RWXHND� 5LYHU� DW� WKH� FRQIOXHQFH� RI� WKH� 7DGPRU� 5LYHU� DQG� 0 RWXHND� 5LYHU�� WR� � � NP�
XSVWUHDP� RI� WKH� 7DGPRU� 5LYHU� IURP� WKH� FRQIOXHQFH� RI�WKH� 7DGPRU� 5LYHU� DQG� 0 RWXHND� 5LYHU�� WR�
DSSUR[ LPDWHO\ � � � NP� XSVWUHDP� RI� . RKDWX� RQ� WKH� 0 RWXHND� 5LYHU�� DQG� WR� DSSUR[ LPDWHO\ � � � � NP�
XSVWUHDP�RI�WKH�0 RWXSLNR�5LYHU� IURP�WKH�FRQIOXHQFH�RI�WKH�0 RWXHND�5LYHU�DQG�0 RWXSLNR�5LYHU�
�) LJXUH� � � �� 7KH� PRGHO� ERXQGDU\ � LQFOXGHV� WKH� PDMRULW\ � RI� JURXQGZDWHU� H[ WUDFWLRQ� LQ� WKH� 8 SSHU�
0 RWXHND�5LYHU�FDWFKPHQW��
�
) LQLWH�HOHPHQW� PHVK� VL] H� LQ� ) LJXUH� � � KDV� EHHQ� FKRVHQ� DV� DSSURSULDWH� WR� GHVFULEH� IHDWXUHV��
SDUWLFXODUO\ � WKH� ULYHUV� DQG� LV� VPDOO� HQRXJK� WR� VLPXODWH� WKH� JURXQGZDWHU�ULYHU� LQWHUDFWLRQ� LQ� WKH�
8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW��) LJXUHV�� �WR�� �VKRZ�WKH�H[ WHQW�YLHZ�RI�DTXLIHU�GLVFUHWL] DWLRQ�XVLQJ�
� �PRGDO�WUDQVLJXODU�ILQLWH�HOHPHQW�PHVK�VWUXFWXUH�RQ�WKH�DUHD�RI�WKH�FRQIOXHQFH�RI�7DGPRU�5LYHU�DQG�
0 RWXHND�5LYHU��WKH�FRQIOXHQFH�RI�WKH�0 RWXSLNR�5LYHU�DQG�0 RWXHND�5LYHU��DQG�WKH�XSVWUHDP�DUHDV�
RI�WKH�0 RWXSLNR�5LYHU�DQG�0 RWXHND�5LYHU��UHVSHFWLYHO\ ��,Q�) LJXUHV�� �WR�� �WKH�EOXH�FRORXU�VKRZV�WKH�
DFWLYH�ULYHU�FKDQQHO�LQ�WKH�PRGHO�GRPDLQ�DQG�WKH�VL] H�RI�D�ILQLWH�HOHPHQW�PHVK�WKDW�UHSUHVHQWV�ULYHUV�
DV�WDNHQ�IURP�PHDVXUHG�FURVV�VHFWLRQ�RI�ULYHUV��
�
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HOHPHQW� PHVK� VWUXFWXUH� IRU� WKH� 0 RWXHND� DQG� 0 RWXSLNR� YDOOH\ V� LV� FRDUVHU� WKDQ� IRU� WKH� 7DGPRU�
YDOOH\ ��+RZHYHU��WKH�PHVK�VWUXFWXUH�IRU�WKH�PDMRU�ULYHUV�LQ�WKH�PRGHO�GRPDLQ�LV�JHQHUDOO\ �GHQVH�DQG�
ILQH��FRPSDUHG�WR�WKH�DUHDV�ZKHUH�DTXLIHU�ULYHU�LQWHUDFWLRQ�LV�QRW�DSSOLHG��
�
,Q� WKLV� PRGHO�� WKH� RQH� OD\ HU� DTXLIHU� V\ VWHP� LV� GHILQHG� DV� IUHH� PRYDEOH� VXUIDFH� W\ SH� GXH� WR� WKH�
VKDOORZ� XQFRQILQHG� DTXLIHU� FKDUDFWHULVWLFV�� 7KH� IUHH� PRYDEOH� VXUIDFH� W\ SH� FDQ� VLPXODWH� WKH� IUHH�
PRYDEOH�ZDWHU�WDEOH�DQG�WKHUHIRUH�FKDQJH�LWV�YHUWLFDO�SRVLWLRQ�IRU�WKH�WRS�VOLFH�RI�WKH�PRGHO��7KH�
DGMXVWPHQW�RI�PRYLQJ�VXUIDFH�LQ�WKH�IROORZLQJ�RUGHU��

� �� FRPSXWH�JURXQGZDWHU�KHDG��
� �� GHWHUPLQH�WKH�QHZ�IUHH�VXUIDFH�ORFDWLRQ�DFFRUGLQJ�WR�FRPSXWHG�JURXQGZDWHU�KHDG��DQG��
� �� FRUUHFW�LQQHU�VOLFH�EHWZHHQ�PRYDEOH�VOLFH�DQG�ERWWRP�VOLFH��IL[ HG�VOLFH����

' XULQJ�WKH�VLPXODWLRQV��WKH�PRGHO�KDV�EHHQ�VHW�VR�WKDW�WKH�DTXLIHU�LV�DOZD\ V�XQFRQILQHG��
�
7KH�� �GLPHQVLRQDO�JURXQG�HOHYDWLRQ�PRGHO�IRU�WKH�8 SSHU�0 RWXHND�JURXQGZDWHU�PRGHO�LV�GHYHORSHG�
DQG� YLVXDOLVHG� LQ� ) LJXUH� � �� ,Q� ) LJXUH� � �� WKH� ERWWRP� VOLFH� RI� WKH� � �GLPHQVLRQDO� JURXQG� HOHYDWLRQ�
PRGHO�LV�UHSUHVHQWHG�ZLWK�WKH�ERWWRP�RI�DTXLIHU�LQ�WKH�PRGHO�GRPDLQ���7KH�� �GLPHQVLRQDO�SURMHFWLRQ�
YLHZ�RI�WKH�JURXQG�HOHYDWLRQ�LQ�WKH�PRGHO�GRPDLQ�LV�DOVR�YLVXDOLVHG�LQ�) LJXUH�� ��7KH�� �GLPHQVLRQDO�
YLHZ�RI�WKH�JURXQG�HOHYDWLRQ�PRGHO�VKRZV�WKDW�WKH�YDOOH\ �VWUXFWXUH�LV�EDVLQDO��WUHQGLQJ�GRZQ�YDOOH\ ��
�) LJXUHV� � �DQG� � � �� � 7KLV�LQGLFDWHV�WKDW�WKH�KLOOVLGH�YDOOH\ �UHFKDUJH�LV�RQH�RI�WKH�PDMRU� IDFWRUV�WR�
HVWLPDWH�WKH�YROXPH�RI�ZDWHU�UHVRXUFHV�LQ�WKH�DUHD��
�
7KH�JURXQG�HOHYDWLRQ�DW�WKH�DUHD�EHORZ�DW�WKH�7DSDZHUD�EULGJH�UDQJHV�EHWZHHQ�DSSUR[ LPDWHO\ �� � � P�
WR� � � � P�� 7KH�JURXQG�HOHYDWLRQ�DW�WKH�FRQIOXHQFH�RI�WKH�0 RWXSLNR�5LYHU�DQG�WKH�0 RWXHND�5LYHU�
UDQJHV�IURP�DSSUR[ LPDWHO\ �� � � P�WR�� � � P��7KH�DYHUDJH�JURXQG�HOHYDWLRQ�DW�WKH�WRS�XSVWUHDP�DUHD�
RI�WKH�0 RWXSLNR�5LYHU�DQG�0 RWXHND�5LYHU�LQ�WKH�PRGHO�ERXQGDU\ �LV�DSSUR[ LPDWHO\ �� � � �P�DQG�� � � �
P ��UHVSHFWLYHO\ ��
�
( VWLPDWHV�RI�DTXLIHU�WKLFNQHVV�XVHG�LQ�WKH�PRGHO�VHWXS�DUH�EDVHG�RQ�WKH�SUHYLRXV�K\ GURJHRORJLFDO�
ZRUN� FRQGXFWHG� E\ � * 1 6� �6WHZDUW�� HW� DO�� * 1 6� 6FLHQFH� 5HSRUW� � � � � �� � �� � � � � � � IRU� WKH� 8 SSHU�
0 RWXHND�5LYHU�FDWFKPHQW��7KH�WKLFNQHVV�RI�WKH�DTXLIHU�LV�UDQJHV�IURP�� �� �P�WR�� �P�DW�WKH�DUHD�RI�
ORZ� UHDFKHV� RI� WKH� 0 RWXHND� 5LYHU� YDOOH\ V� IURP� WKH� 7DSDZHUD� EULGJH�� 7KH� DYHUDJH� WKLFNQHVV� RI�
DTXLIHU�LV�GHILQHG�DW�� � �� P �LQ�WKH�DUHD�IURP�WKH�7DSDZHUD�EULGJH�WR�WKH�FRQIOXHQFH�RI�WKH�0 RWXSLNR�
ULYHU�DQG�0 RWXHND�5LYHU��' XH�WR�ODFN�RI�SUHFLVH�LQIRUPDWLRQ��WKH�DTXLIHU�WKLFNQHVV�LV�PRGHOOHG�DW�DQ�
DYHUDJH� � �� �P�LQ�WKH�0 RWXSLNR�5LYHU�DQG�8 SSHU�0 RWXHND�5LYHU�YDOOH\ V�DERYH�WKH�FRQIOXHQFH�RI�
WZR�ULYHUV��
�
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K\ GUDXOLF�FKDUDFWHULVWLFV�RI�WKH�DTXLIHU�DQG�FRQILQLQJ�EHGV�PXVW�EH�VSHFLILHG�IRU�HDFK�QRGDO�SRLQW�RI�
� �PRGDO�WUDQVLJXODU� ILQLWH�HOHPHQWV��7KH�K\ GUDXOLF�FKDUDFWHULVWLFV�QRUPDOO\ �UHTXLUHG�WR�VLPXODWH�D�
JURXQGZDWHU� IORZ� V\ VWHP� DUH� DTXLIHU� WKLFNQHVV�� K\ GUDXOLF� FRQGXFWLYLW\ �� DQG� VSHFLILF� VWRUDJH��
6SHFLILF� VWRUDJH� LV� QRW� VSHFLILHG� IRU� WKLV� VWXG\ � EHFDXVH� DOO� VLPXODWLRQV� DUH� IRU� WKH� VWHDG\ �VWDWH�
FRQGLWLRQV��7KH�DTXLIHU�WKLFNQHVV�LQ�WKH�PRGHO�GRPDLQ�LV�GHVFULEHG�LQ�6HFWLRQ�� �� ���
�
+ \ GUDXOLF� FRQGXFWLYLW\ � YDOXHV� HVWLPDWHG� IURP� VOXJ� WHVW� DQG� FRQVWDQW� UDWH� SXPS� WHVW� DQDO\ VLV�
SURYLGHG�E\ �7DVPDQ�' LVWULFW�&RXQFLO�DUH�VXPPDULVHG�LQ�7DEOH�� ��$ W�VRPH�ORFDOLWLHV�ZKHUH�QR�SXPS�
WHVWV�ZHUH�XQGHUWDNHQ�WKH�K\ GUDXOLF�FRQGXFWLYLW\ �ZDV�DVVXPHG�WR�EH�WKH�VDPH�DV�DW�WKH�FORVHVW�SXPS�
WHVW�VLWHV��RU�DQ�DYHUDJH���7KH�FDOFXODWHG�K\ GUDXOLF�FRQGXFWLYLW\ �YDOXHV�IURP�SXPS�WHVW�GDWD�YDU\ �E\ �
DQ�RUGHU�RI�PDJQLWXGH��IURP�� � �P�GD\ �WR�� � � �P�GD\ ��7KH�FDOFXODWHG�K\ GUDXOLF�FRQGXFWLYLW\ �YDOXHV�
DW�WKH�DUHD�RI�6SHDUJUDVV�IRUPDWLRQ��) LJXUH�� � �YDULHV�IURP�� � � �P�GD\ �WR�� � � �P�GD\ ��0 RGHUQ�JUDYHOV�
DUH�ZLGHVSUHDG�LQ�ORZHU�UHDFKHV�RI�WKH�YDOOH\ V��SDUWLFXODUO\ �GRZQVWUHDP�IURP�WKH�7DSDZHUD�%ULGJH��
DQG�ULYHUVLGH�DORQJ�ZLWK�WKH�0 RWXSLNR�5LYHU�DQG�0 RWXHND�5LYHU�LQ�XSSHU�UHDFKHV�RI�WKH�YDOOH\ V�LQ�
WKH�PRGHO�GRPDLQ��7KH�K\ GUDXOLF�FRQGXFWLYLW\ �YDOXH�LQ�WKH�0 RGHUQ�* UDYHOV�LV�HVWLPDWHG�WR�EH�� � � �
P�GD\ ��7KH�K\ GUDXOLF�FRQGXFWLYLW\ �YDOXH�LQ�WKH�7DGPRU�5LYHU�YDOOH\ �LV�DSSUR[ LPDWHO\ �� � �P�GD\ ��,W�
LV�SRVVLEOH�WKDW�WKH�K\ GUDXOLF�FRQGXFWLYLW\ �YDOXHV�PD\ �EH�KLJKHU�LQ�WKH�UHJLRQ�QHDU�+LQHWDL�+RSV��
UHVXOWV�DUH�SHQGLQJ�IURP�UHFHQW�VWHS�WHVWLQJ��
�
7KH�8 SSHU�0 RWXHND�JURXQGZDWHU�IORZ�PRGHO�LV�GLYLGHG�LQWR�UHJLRQV�HDFK�UHSUHVHQWLQJ�D�GLIIHUHQW�
K\ GUDXOLF�FRQGXFWLYLW\ ��. � �EDVHG�RQ�WKH�JHRORJLFDO�PDS��) LJXUH�� ��DQG�VOXJ�DQG�SXPS�WHVW�UHVXOWV�
�7DEOH�� � ��,W�LV�DVVXPHG�WKDW�WKH�K\ GUDXOLF�FRQGXFWLYLW\ �LV�FRQVWDQW�LQ�ERWK�KRUL] RQWDO�GLUHFWLRQV��; �
DQG� < � GLUHFWLRQV��� 7KH� UHJLRQDOL] DWLRQ� RI� KRUL] RQWDO� K\ GUDXOLF� FRQGXFWLYLW\ � LV� H[ HFXWHG� LQ� HDFK�
UHJLRQ�XVLQJ�WKH�$ NLPD�LQWHU�H[ WUDSRODWLRQ�WHFKQLTXH�EDVHG�RQ�WKH�FXELF�WUDQVIHU�IXQFWLRQ�ZLWK�WKH�
REVHUYHG� K\ GUDXOLF� FRQGXFWLYLW\ � GDWD� DQG� JHRORJLFDO� IRUPDWLRQV�� 7KH� K\ GUDXOLF� FRQGXFWLYLW\ �
DVVLJQHG�WR�HDFK�] RQH�LV�D�PDMRU�YDULDEOH�DGMXVWHG�GXULQJ�WKH�FDOLEUDWLRQ��) LJXUHV�� � �DQG�� � �VKRZ�
WKH�UHVXOWLQJ�UHJLRQDOL] DWLRQ�RI�K\ GUDXOLF�FRQGXFWLYLW\ ��; �DQG�< �GLUHFWLRQ��IURP�WZR�GLIIHUHQW�YLHZ�
SRLQWV���
�
7KH�KHWHURJHQHLW\ �RI�WKH�JHRORJLFDO�IRUPDWLRQ�VKRZQ�LQ�) LJXUH�� ��SDUWLFXODUO\ �RI�0 RGHUQ�* UDYHOV�
DQG� 6SHDUJUDVV� IRUPDWLRQ� LPSDUWV� FRQVLGHUDEOH� DQLVRWURS\ � WR� WKHLU� K\ GUDXOLF� FRQGXFWLYLW\ ��
$ QLVRWURS\ �LV�WKH�FRQGLWLRQ�RI�KDYLQJ�GLIIHUHQW�SURSHUWLHV�LQ�GLIIHUHQW�GLUHFWLRQV��( [ SUHVVHG�DV�WKH�
UDWLR�RI�KRUL] RQWDO�WR�YHUWLFDO�K\ GUDXOLF�FRQGXFWLYLWLHV��WKH�DQLVRWURS\ �UDWLR�LV�XVXDOO\ �JUHDWHU�WKDQ�
RQH��%DVHG�RQ�WKH�KRUL] RQWDO�K\ GUDXOLF�FRQGXFWLYLW\ �YDOXH�RI�� � � P�GD\ �DQG�WKH�DQLVRWURS\ �UDWLR��WKH�
HIIHFWLYH�YHUWLFDO�K\ GUDXOLF�FRQGXFWLYLW\ �ZLOO�EH�� � �P�GD\ ��,Q�WKLV�VWXG\ ��WKH�DQLVRWURS\ �UDWLR�YDOXH�LV�
DVVXPHG�WR�EH�� � ���6SLW] �DQG�0 RUHQR��� � � � ��0 RUJDQ�DQG�-RQHV��� � � � � �7KH�UHVXOWLQJ�GLVWULEXWLRQV�RI�
K\ GUDXOLF� FRQGXFWLYLW\ � LQ� WKH� YHUWLFDO� GLUHFWLRQ� KDYH� D� UDQJH� IURP� � �� � P�GD\ � WR� � � � P�GD\ � LQ� WKH�
PRGHO�GRPDLQ���
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2 FWREHU�
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�

�

�

� � �

�
7DEOH�� �+ \ GUDXOLF�FKDUDFWHULVWLFV�RI�WKH�DTXLIHU�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW���
�

, ' � : HOO�
1 XP EHU�

%RUH�, ' � ; � < � * : / �5 / �
�P ��

6XUYH\ HG�
* URXQG�

/ HYHO��P ��

: HOO�
' HSWK�
�P ��

+ \ GUDXOLF�
&RQGXFWLYLW

\ ���P �G��

5 / �WRS�RI�
0 RXWHUH�

�P ��

� � � � � � � + LJJLQV� � � � � � � � � � � � � � � � � � � � �� � � � � � �� � � � �� � � � � � � � � �� � � �

� � � � � � � 4 XLQQH\ 
V�
%XVK� � � � � � � � � � � � � � � � � � � � �� � � � � � �� � � � �� � � � � � � � � �� � � �

� � � � � � � &ULPS� � � � � � � � � � � � � � � � � � � � �� � � � � � �� � � � � � � � � � � � � �� � �

� � � � � � � + \ DWW� � � � � � � � � � � � � � � � � � � � �� � � � � � �� � � � � �� � � � � � � � � �� � � �

� � � � � � � &DPSEHOO� � � � � � � � � � � � � � � � � � � � �� � � � � � �� � � � � �� � � � � � � � � �� � � �

� � � � � � � %LJJV� � � � � � � � � � � � � � � � � � � � �� � � � � � �� � � � �� � � � � � � � � �� � �

� � � � � � � 2 OGKDP� � � � � � � � � � � � � � � � � � � � �� � � � � � �� � � � �� � � � � � � � �� � � �

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



/ DQGFDUH�,&0 �5HSRUW�1 R���
� � � � � � � � � �� � ��

0 RWXHND�,QWHJUDWHG�&DWFKPHQW�0 DQDJHPHQW�3URJUDPPH�5HSRUW�6HULHV���
5LYHU�DTXLIHU�PRGHOOLQJ�LQ�WKH�8 SSHU�0 RWXHND�FDWFKPHQW�

2 FWREHU�
� � � � �

�

�

�

� � �

�
�
�
�

7DG
P

RU
�5

LYH
U

0 RWXHND�5 LYHU

0 RWXHND�5 LYHU

0 RWXSLNR�5 LYHU

�
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2 FWREHU�
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�

�

�

� � �

� �� � 5 HFKDUJH�
* URXQGZDWHU� UHFKDUJH� LV� FRPPRQO\ � GHULYHG� IURP� LQILOWUDWLRQ� RI� SUHFLSLWDWLRQ� DQG� SHUFRODWLRQ�
WKURXJK�WKH�VRLO�] RQH�DQG�YDULDEO\ �VDWXUDWHG�VHGLPHQWV�WR�WKH�ZDWHU�WDEOH��$ QRWKHU�PDMRU�VRXUFH�RI�
UHFKDUJH� FDQ� EH� IURP� ULYHUV� IORZLQJ� RYHU� DQ� XQFRQILQHG� DTXLIHU�� � 5HFKDUJH� IURP� LQILOWUDWLRQ� RI�
SUHFLSLWDWLRQ� KDV� EHHQ� LQYHVWLJDWHG� LQ� SUHYLRXV� * 1 6� ZRUN� �6WHZDUW� HW� DO�� � � � � � �� 7KUHH� SRWHQWLDO�
VRXUFHV�RI�JURXQGZDWHU�UHFKDUJH�ZHUH�LGHQWLILHG���

� �� * URXQGZDWHU�GLVFKDUJH�IURP�WKH�0 RXWHUH�* UDYHO�
� �� 5DLQIDOO�LQILOWUDWLRQ�
� �� 5LYHU�IORZ�ORVV�WR�JURXQGZDWHU�
� �� +LOOVORSH�UHFKDUJH�

�
7KH�DQQXDO�DYHUDJH�UDLQIDOO�DW�7DSDZHUD�VLWH�IRU�WKH�SHULRG�� � � � �WR�� � � � �\ HDUV�LV�� � � � PP��6WHZDUW�
HW�DO��� � � � � ��7R�JHQHUDWH�WKH�UHJLRQDO�UHFKDUJH�PRGHO�LQ�WKH�PRGHO�GRPDLQ��WKH�UHFKDUJH�FRHIILFLHQW�
LV�HVWLPDWHG�WR�EH�� �� �RQ�WKH�EDVLV�RI�WKH�UDLQIDOO�UHFKDUJH�GDWD�LQ�WKH�&DQWHUEXU\ �3ODLQV��+RQJ��HW�DO��
� � � � � ���7KH�PHDQ�DQQXDO�UDLQIDOO�UHFKDUJH�WR�DTXLIHUV�LV�HVWLPDWHG�DW�� �� � � 
 � � � � P�GD\ �� � � � �O�VHF��RQ�
UHFKDUJH�FRHIILFLHQW�RI�� �� ��7KH�VSDWLDO�GLVWULEXWLRQ�RI�DQQXDO�DYHUDJH�UDLQIDOO�LV�VWURQJO\ �FRUUHODWHG�
WR�WKH�WRSRJUDSKLF�HOHYDWLRQ���7KHUHIRUH�LW�LV�DVVXPHG�WKDW�WKH�UHFKDUJH�LQ�WKH�KLJK�HOHYDWLRQ�DUHD�LV�
D�OLWWOH�KLJKHU�WKDQ�WKH�UHFKDUJH�LQ�WKH�ORZHU�YDOOH\ V�LQ�WKH�PRGHO�GRPDLQV��) LJXUH�� � ��7KH�UHFKDUJH�
LV�DVVLJQHG�WR�HDFK�ILQLWH�HOHPHQW�PHVK�RI�WKH�PRGHO��7KH�UHJLRQDO�UDLQIDOO�UHFKDUJH�GLVWULEXWLRQ�LV�
VKRZQ�LQ�) LJXUH�� � ���
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2 FWREHU�
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�

�

�

� � �

� �� � * URXQGZ DWHU�DEVWUDFWLRQ�P RGHO�
7R� VLPXODWH� WKH� HIIHFW� RI� JURXQGZDWHU� DEVWUDFWLRQ� RQ� ULYHU� IORZV� DQG� JURXQGZDWHU� OHYHOV�� WKH�
DEVWUDFWLRQ� PRGHO� ZDV� GHYHORSHG�� ) LJXUHV� � � � WR� � � � VKRZ� WKH� JURXQGZDWHU� DEVWUDFWLRQ� ZHOOV� WKDW�
KDYH� FRQVHQW� DSSURYDO� IURP� WKH� 7DVPDQ� ' LVWUDFW� &RXQFLO�� � 7KHLU� ORFDWLRQV� DQG� FRQVHQWHG�
DEVWUDFWLRQ�UDWH�IRU�HDFK�RI�ZHOOV�DUH�VKRZQ�LQ�7DEOH�� ��7KHUH�DUH�WRWDO�� � �JURXQGZDWHU�DEVWUDFWLRQ�
ZHOOV�LQ�WKH�PRGHO�GRPDLQV��� �ZHOOV�DUH�ORFDWHG�DW�WKH�0 RWXSLNR�5LYHU�YDOOH\ ��) LJXUH�� � � �DQG�WKHUH�
DUH� � � ZHOOV� EHORZ� IURP� WKH� FRQIOXHQFH� RI� WKH� 7DGPRU� 5LYHU� DQG� 0 RWXHND� 5LYHU� �) LJXUH� � � � ��
* URXQGZDWHU�LV�PDLQO\ �DEVWUDFWHG�IURP�VKDOORZ�YDOOH\ �JUDYHOV�LQ�WKH�DUHD�EHWZHHQ�7DSDZHUD�EULGJH�
DQG� WKH� FRQIOXHQFH� RI� WKH� 0 RWXSLNR� 5LYHU� DQG� WKH� 0 RWXHND� 5LYHU�� ,Q� WKLV� UHJLRQ�� JURXQGZDWHU�
DEVWUDFWLRQ�ZHOOV�DUH�ORFDWHG�QHDU�WKH�0 RWXHND�5LYHU��WKH�K\ GUDXOLF�JUDGLHQW�LV�UHYHUVHG�VXFK�WKDW�
WKH� JURXQGZDWHU� UHFKDUJH� WR� WKH� 0 RWXHND� 5LYHU� �VHH� ) LJXUH� � � %�� VWRSV� HQWLUHO\ � DQG� WKH� VXUIDFH�
ZDWHU�ZLOO�EH�LQGXFHG�IURP�WKH�0 RWXHND�5LYHU�LQWR�WKH�DTXLIHU�DV�DGGLWLRQDO�UHFKDUJH��7KLV�FDXVHV�D�
VLJQLILFDQW� IORZ� ORVV� RI� WKH� 0 RWXHND� 5LYHU� EHWZHHQ� 7DSDZHUD� EULGJH� DQG� GRZQVWUHDP� . RKDWX�
EULGJH��
�
7RWDO�DOORZDEOH�PD[ LPXP�DEVWUDFWLRQ�UDWH�IURP�� �ZHOOV��: � ��: � ��: � ��: � ��: � �LQ�) LJXUH�� � � �WKDW�
DUH�ORFDWHG�DW�WKH�ORZHU�UHDFKHV�RI�WKH�0 RWXSLNR�5LYHU�DUH�� � � � �P � �GD\ ��7RWDO�PD[ LPXP�DOORZDEOH�
DEVWUDFWLRQ� UDWH� RI� � � ZHOOV� �) LJXUH� � � �� 7DEOH� � � � WKDW� DUH� ORFDWHG� LQ� WKH� ORZHU� UHDFKHV� EHORZ� WKH�
FRQIOXHQFH� RI� WKH� 7DGPRU� 5LYHU� DQG� WKH� 0 RWXHND� 5LYHU� LV� � � � � � � P � �GD\ �� � � � � � � P � �GD\ � RI� WKH�
PD[ LPXP� DOORZDEOH�DEVWUDFWLRQ�UDWH� LV� DOORFDWHG� LQ� WKH� ZHOOV� WKDW� DUH� ORFDWHG� EHWZHHQ� 7DSDZHUD�
EULGJH�DQG�1 RUWK�EULGJH�QHDU�WKH�0 RWXHND�5LYHU��,Q�WKH�PRGHO�GRPDLQV��WRWDO�PD[ LPXP�DOORZDEOH�
DEVWUDFWLRQ� UDWH� RYHU� WKH� � � � ZHOOV� LV� � � � � � � P � �GD\ �� 7R� VLPXODWH� WKH� HIIHFW� RI� WKH� JURXQGZDWHU�
DEVWUDFWLRQ�RQ�WKH�ULYHU�IORZV�DQG�JURXQGZDWHU�OHYHOV��� � � �RI�PD[ LPXP�DOORZDEOH�DEVWUDFWLRQ�UDWH�
LV� DVVLJQHG� WR� HDFK� ZHOO� LQ� WKH� VWHDG\ �VWDWH� PRGHO�� 7KH� � � � � ILJXUH� LV� EDVHG� RQ� 7DVPDQ� ' LVWULFW�
&RXQFLO�PRQLWRULQJ�RI�DYHUDJH�ZDWHU�WDNH�LQ�WKH�UHJLRQ��7KHUHIRUH��WKH�8 SSHU�0 RWXHND�JURXQGZDWHU�
IORZ�PRGHO�LV�VLPXODWHG�RQ�WRWDO�� � � � � �P � �GD\ �JURXQGZDWHU�DEVWUDFWLRQ�IURP�� � �ZHOOV���
�
7KH� VXUIDFH� ZDWHU� LV� WDNHQ� GLUHFWO\ � IURP� ULYHUV� LQ� WKLV� DUHD�� 7KLV� VXUIDFH� ZDWHU� WDNH� LV� QRW�
LPSOHPHQWHG�LQ�WKH�VWHDG\ �VWDWH�PRGHO�GXH�WR�VWURQJ�VHDVRQDO�YDULDWLRQ��7KH�VXUIDFH�ZDWHU�WDNH�LV�
ZLOO�EH�LPSOHPHQWHG�LQ�WKH�WUDQVLHQW�PRGHO��
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� �� � + \ GURORJLFDO� LQIRUP DWLRQ� RI� WKH� DTXLIHU�ULYHU� LQWHUDFWLRQ� LQ� WKH�
8 SSHU�0 RWXHND�5 LYHU�FDWFKP HQW��
7KH� WKUHH� PDLQ� ULYHU� V\ VWHPV� WKDW� FRQWULEXWH� WR� IORZ� LQ� WKH� 0 RWXHND� 5LYHU� XSVWUHDP� RI� WKH�
: DQJDSHND�5LYHU�FRQIOXHQFH�DUH�WKH�0 RWXHND��7DGPRU��DQG�0 RWXSLNR�ULYHUV���7KH�UHDFKHV�RI�WKHVH�
ULYHUV�ZKHUH�IORZ�ORVV�RU�JDLQ�RFFXUV�KDYH�EHHQ�LGHQWLILHG�IURP�HOHYHQ�ULYHU�JDXJLQJ�VLWHV�DQG�WZR�
SLH] RPHWULF� VXUYH\ �� XQGHUWDNHQ� E\ � 7' &�� +RZHYHU� WKH� VWHDG\ � VWDWH� JURXQGZDWHU� IORZ� PRGHO� LV�
FDOLEUDWHG�XVLQJ�GDWD�IURP�WKH�VXUYH\ �RQ�WKH�� � �� � �� � ��) LJXUHV�� � �DQG�� � � ���
�
) URP�) LJXUHV�� � �DQG�� � ��LW�DSSHDUV�WKDW�ULYHU�IORZ�LV�JHQHUDOO\ �ORVW�WR�JURXQGZDWHU�LQ�UHDFKHV��ULYHU�
UHFKDUJH� WR� JURXQGZDWHU� VKRZQ� LQ� ) LJXUH� � � $ �� ZKHUH� WKH� ULYHU� YDOOH\ � ZLGHQV� DQG� WKH� FURVV�
VHFWLRQDO�DUHD�RI�WKH�DTXLIHU�LQFUHDVHV���&RQYHUVHO\ ��JURXQGZDWHU�JHQHUDOO\ �GLVFKDUJHV�LQWR�WKH�ULYHU�
�JURXQGZDWHU�UHFKDUJH�WR�ULYHU�VKRZQ�LQ�) LJXUH�� � %��DORQJ�UHDFKHV�ZKHUH�WKH�ULYHU�YDOOH\ �EHFRPHV�
QDUURZHU����
�
7KH�IORZ�UDWH�YDOXHV�RI�DSSUR[ LPDWHO\ �� � � � � � �P � �GD\ �� � � � � �O�VHF��DW�+LJJLQV�UHIOHFW�WKH�DPRXQW�RI�
ZDWHU�WKDW�HQWHUV�WKH�VWXG\ �DUHD�YLD�WKH�XSSHU�0 RWXHND�5LYHU�YDOOH\ �� �6LPLODUO\ ��WKH�IORZ�UDWHV�RI�
DSSUR[ LPDWHO\ �� � � � � �P � �GD\ �� � � � � �VHF��DW�4 XLQQH\ ¶V�%XVK�UHIOHFW�WKH�DPRXQW�RI�ZDWHU�WKDW�HQWHUV�
WKH�V\ VWHP�YLD�WKH�0 RWXSLNR�5LYHU�YDOOH\ ��7RWDO�IORZ�UDWHV�RI�DSSUR[ LPDWHO\ �� � � � � � �P � �GD\ �� � � � � �
O�VHF��DW�+LJJLQV�DQG�4 XLQQH\ ¶V�%XVK�FRUUHVSRQG�FORVHO\ �ZLWK� IORZ�UDWHV�DW� ' RZQVWUHDP� . RKDWX�
EULGJH��VXJJHVWLQJ�WKH�IORZ�UDWH�YDOXHV�DW�+LJJLQ¶V��DQG�4 XLQQH\ ¶V�%XVK�DUH�UHDVRQDEO\ �DFFXUDWH����
�
7KH�� � �� � �� � � � �JDXJLQJ�GDWD�VKRZV�WKDW�WKH�0 RWXHND�5LYHU�UHDFKHV�EHWZHHQ�7DSDZHUD�EULGJH�DQG�
+ \ DWW�JDLQV�IURP�DSSUR[ LPDWHO\ � � � � � � P � �GD\ � � � � � O�VHF���%HWZHHQ�$ ERYH� : DQJDSHND�FRQIOXHQFH�
DQG� $ ERYH� * OHQUDH� 6WUHDP� JDLQV� DSSUR[ LPDWHO\ � � � � � � P � �GD\ � � � � � O�VHF�� EHFDXVH� JURXQGZDWHU�
GLVFKDUJHV� EDFN� LQWR� WKH� ULYHU� GRZQVWUHDP� RI� * OHQUDH� GXH� WR� D� QDUURZLQJ� RI� WKH� YDOOH\ � DV� WKH�
0 RWXHND�5LYHU�HQWHUV�WKH�JRUJH�DERYH�WKH�: DQJDSHND�5LYHU�FRQIOXHQFH�� �7KLV�LV�WKH�SRLQW�ZKHUH�
WKH�0 RXWHUH�* UDYHO�DQG�WKH�YDOOH\ �TXDWHUQDU\ �JUDYHOV�FRPHV�DJDLQVW�WKH�OHVV�SHUPHDEOH�6HSDUDWLRQ�
3RLQW�* UDQLWH���
�
,W�LV�LQWHUHVWLQJ�WR�REVHUYH�WKDW�IURP�) LJXUH� � � ��WKH�0 RWXHND�5LYHU�UHDFKHV�EHWZHHQ� ' RZQVWUHDP�
. RKDWX� EULGJH� DQG� + \ DWW� 	 � 6RQV� / WG� VKRZ� WKDW� WKHUH� LV� D� ORVV� LQ� WKH� 0 RWXHND� 5LYHU� IORZ� RI�
DSSUR[ LPDWHO\ �� � � � � P � �GD\ �� � � � �O�VHF���,Q�WKLV�UHDFK��ILIWHHQ�JURXQGZDWHU�DEVWUDFWLRQ�ZHOOV��) LJXUH�
� � � �DUH�ORFDWHG�QHDU�WKH�0 RWXHND�5LYHU�DQG�WKHLU�WRWDO�PD[ LPXP�DOORZDEOH�JURXQGZDWHU�DEVWUDFWLRQ�
UDWH�LV�DSSUR[ LPDWHO\ �� � � � � �P � �GD\ �� � � � �O�VHF���7RWDO�PD[ LPXP�DOORZDEOH�JURXQGZDWHU�DEVWUDFWLRQ�
UDWH� �� � � � � � P � �GD\ �� RI� ILIWHHQ� ZHOOV� FRUUHVSRQGV� FORVHO\ � ZLWK� WKH� 0 RWXHND� 5LYHU� IORZ� ORVV� UDWH�
�� � � � � �P � �GD\ ��EHWZHHQ� ' RZQVWUHDP�. RKDWX�EULGJH�DQG�+ \ DWW�	 �6RQV�/ WG��7KH�SRVVLELOLWLHV�IRU�
WKLV� DSSDUHQW� 0 RWXHND� 5LYHU� IORZ� ORVV� LV� WKDW� WKH� K\ GUDXOLF� JUDGLHQW� LV� UHYHUVHG� VXFK� WKDW� WKH�
JURXQGZDWHU�UHFKDUJH�WR�WKH�0 RWXHND�5LYHU��VHH�) LJXUH�� � %��VWRSV�HQWLUHO\ �DQG�WKH�VXUIDFH�ZDWHU�
ZLOO�EH�LQGXFHG�IURP�WKH�0 RWXHND�5LYHU�LQWR�WKH�DTXLIHU�DV�DGGLWLRQDO�UHFKDUJH��7KLV�ZRXOG�FDXVH�D�
VLJQLILFDQW�IORZ�ORVV�RI�WKH�0 RWXHND�5LYHU�EHWZHHQ�' RZQVWUHDP�. RKDWX�EULGJH�DQG�+ \ DWW�	 �6RQV�
/ WG��
�
6LPLODUO\ ��WKH�0 RWXHND�5LYHU�UHDFKHV�EHWZHHQ�/ HWWHUER[ �³6PLWḰ �DQG�$ ERYH�* OHQUDH�6WUHDP�VKRZ�
WKDW� WKHUH� LV� D� ORVV� LQ� ULYHU� IORZ� RI� DSSUR[ LPDWHO\ � � � � � � P � �GD\ � � � � � � O�VHF��� ,Q� WKLV� UHJLRQ�� VL[ �
JURXQGZDWHU�DEVWUDFWLRQ�ZHOOV� �: � � �� : � � �� : � � �� : � � �� : � � ��DQG� : � � �LQ� ) LJXUH� � � � �DUH�ORFDWHG�
QHDU� WKH� 0 RWXHND� 5LYHU� DQG� WKHLU� WRWDO� PD[ LPXP� DOORZDEOH� JURXQGZDWHU� DEVWUDFWLRQ� UDWH� LV�
DSSUR[ LPDWHO\ �� � � � P � �GD\ �� � � � �O�VHF���7KH�ZLGH�FURVV�VHFWLRQ�RI�WKH�0 RWXHND�5LYHU�YDOOH\ �DQG�WKH�
JURXQGZDWHU�DEVWUDFWLRQ�ZRXOG�FDXVH�WKH�UHYHUVH�K\ GUDXOLF�JUDGLHQW�WR�DTXLIHU�VXFK�WKDW�WKH�VXUIDFH�
ZDWHU�UHFKDUJH�LQWR�WKH�DTXLIHU�EHJLQV���
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� �� � &DOLEUDWLRQ�RI�WKH�8 SSHU�0 RWXHND�JURXQGZ DWHU�IORZ �PT RGHO�
* URXQGZDWHU� IORZ� PRGHOOLQJ� QHHGV� WR� HVWDEOLVK� D� EHVW� ILW� EHWZHHQ� REVHUYHG� DQG� SUHGLFWHG� KHDG�
GLVWULEXWLRQ�WKURXJK�D�SKDVH�RI�PRGHO�FDOLEUDWLRQ�SURFHVV��7KH�PRGHO�XVHG�KHUH�KDV�EHHQ�FDOLEUDWHG�
XVLQJ�ZDWHU�OHYHO�UHFRUGLQJ� IURP�WKH�HLJKW�JURXQGZDWHU�PRQLWRULQJ�ZHOOV�VKRZQ�LQ� ) LJXUH� � �DQG�
7DEOH� � ��7KH�PRGHO�KDV�EHHQ�FDOLEUDWHG�XVLQJ�YLVXDO�FRPSDULVRQ�RI�WKH�PDWFK�EHWZHHQ�SUHGLFWHG�
DQG�REVHUYHG�YDOXHV�DW�HDFK�RI�PRQLWRULQJ�ZHOOV��7KH�ULYHU�PRGHO�GLVSOD\ HG�LQ�) LJXUHV�� � ±� � �LV�DOVR�
FDOLEUDWHG�RQ�WKH�EDVLV�RI�PHDVXUHPHQW�RI�WKH�ULYHU�JDXJLQJ�GDWD�VKRZQ�LQ�) LJXUHV� � � �DQG� � � ��WR�
PDWFK�ULYHU�IORZV�ORVV�DQG�JDLQ�WKURXJK�WKH�IORZ�EXGJHW�DQDO\ VLV��7KH�IROORZLQJ�SDUDPHWHUV�LQ�WKH�
JURXQGZDWHU�PRGHO�ZHUH�RSWLPLVHG��
�

� �� VSDWLDO�K\ GUDXOLF�FRQGXFWLYLW\ �
� �� VSDWLDO�LQ�WUDQVIHU�FRHIILFLHQW�DQG�RXW�WUDQVIHU�FRHIILFLHQW�EHWZHHQ�ULYHU�DQG�DTXLIHU�

�
) RU�WKH�ULYHU�ORVV�DQG�JDLQ�FDOLEUDWLRQ��WKH�VSDWLDO� LQ

KF �LQ�WUDQVIHU�FRHIILFLHQW�DQG� RXW
KF RXW�WUDQVIHU�

FRHIILFLHQW�EHWZHHQ�ULYHU�DQG�DTXLIHU�GHILQHG�LQ�( TV��� � �� � �DQG��� �� � ��UHVSHFWLYHO\ �QHHG�WR�EH�GHILQHG�
LQ�WKH�PRGHO�� ,Q� ( TV�� � � �� � �DQG� �� �� � ��D�WKLFNQHVV�RI�WKH�FROPDWLRQ� �OHDNDJH��OD\ HU� �) LJXUH� � � � ��G�
PXVW�EH�DVVXPHG�DW�HDFK�ULYHU�ILQLWH�HOHPHQW�PHVK�WR�GHVFULEH�WKH�PDWHULDOV�WKDW�UHVWULFW�WKH�IORZ�RI�
WKH�ZDWHU�EHWZHHQ�WKH�ULYHU�DQG�DTXLIHU�V\ VWHP��7KLV�WKLFNQHVV�LV�W\ SLFDOO\ �XQNQRZQ�VR�KDV�EHHQ�
VSHFLILHG�DV�� �� �P�WKURXJKRXW�WKH�ULYHU�PRGHO�GRPDLQ��7KH�FRQGXFWLYLW\ �RI�WKH�ULYHU�EHG�LV�DGMXVWHG�
GXULQJ� WKH� FDOLEUDWLRQ�� 9 DOXHV� RI� LQ

K. � DQG� RXW
K. ZKLFK� UHSUHVHQW� D� FROPDWLRQ� �OHDNDJH�� OD\ HU�

FRQGXFWLYLW\ ��FRQGXFWLYLW\ �RI�WKH�ULYHU�EHG��LQ�( TV��� � �� � �DQG��� �� � �DUH�QRUPDOO\ �PXFK�VPDOOHU�WKDQ�
WKH�K\ GUDXOLF�FRQGXFWLYLW\ �RI�WKH�DTXLIHU�DQG�DUH�NQRZQ�WR�EH�HTXDO�WR�� a� �SHUFHQW�RI�WKH�KRUL] RQWDO�
K\ GUDXOLF�FRQGXFWLYLW\ �RI�WKH�DTXLIHU��6SLW] �DQG�0 RUHQR��� � � � ��0 RUJDQ�DQG�-RQHV��� � � � � ��7KH� LQ

KF ��

LQ�WUDQVIHU�FRHIILFLHQW�DQG� RXW
KF ��RXW�WUDQVIHU�FRHIILFLHQW�LQ�WKH�ULYHU�PRGHO�DUH�YDULHG�LQ�WKH�UDQJH�RI�

WKH� � a� � SHUFHQW� RI� WKH� K\ GUDXOLF� FRQGXFWLYLW\ � RI� WKH� DTXLIHU� ZLWK� WKH� IL[ HG� � �� P� RI� D� FROPDWLRQ�
�OHDNDJH�� OD\ HU� WKLFNQHVV�� G�� 7KH� LQ

KF �� LQ�WUDQVIHU� FRHIILFLHQW� YDULHG� IURP� � � � � [ � � � � � � �GD\ � WR�

� � � � � � [ � � � � �� �GD\ ��7KH�YDOXH�RI� RXW
KF ��RXW�WUDQVIHU�FRHIILFLHQW�LV�LQ�WKH�UDQJH�RI�� � � � [ � � � � �� �GD\ �WR�

� � � � � � [ � � � � �� �GD\ ���7KHVH�YDOXHV�DUH�GHULYHG�IURP�FDOLEUDWLRQ��
�
) LJXUH�� � �GLVSOD\ V�WKH�PRGHO�VLPXODWLRQ�RI�IORZ�JDLQ�DQG�ORVV�EHWZHHQ�ULYHUV�DQG�JURXQGZDWHU�LQ�
WKH�DUHD�RI�WKH�FRQIOXHQFH�RI�WKH�7DGPRU�5LYHU�DQG�WKH�0 RWXHND�5LYHU�DIWHU�FDOLEUDWLRQ���7KH�PRGHO�
VLPXODWLRQ�RI�WKH�IORZ�JDLQ�DQG�ORVV�EHWZHHQ�ULYHUV�DQG�JURXQGZDWHU�DW�WKH�DUHD�RI�WKH�FRQIOXHQFH�RI�
WKH�0 RWXSLNR�5LYHU�DQG�WKH�0 RWXHND�5LYHU�LV�VKRZQ�LQ�) LJXUH�� � ��,Q�) LJXUHV�� � �DQG�� � ��WKH�EOXH�
FRORXU�UHSUHVHQWV�WKH�JURXQGZDWHU�UHFKDUJH�WR�ULYHUV��ULYHU�IORZ�JDLQ��DQG�JURXQGZDWHU�ORVV�GXH�WR�
DEVWUDFWLRQ� IURP�WKH�ZHOOV�� � 7KH�JURXQGZDWHU�ORVV�GXH�WR�DEVWUDFWLRQ� IURP�WKH�ZHOOV�LV�GLVSOD\ HG�
ZLWK�ZHOO� ,' �QXPEHU�DQG�WKHLU�PRGHOOHG�SXPSLQJ�UDWH� �7DEOH� � � ��7KH�PDJQLWXGH�RI�JURXQGZDWHU�
UHFKDUJH� WR� ULYHUV� �ULYHU� IORZ� JDLQ�� DQG� JURXQGZDWHU� ORVV� GXH� WR� DEVWUDFWLRQ� IURP� WKH� ZHOOV� LV�
GLVSOD\ HG� E\ � WKH� VL] H� RI� EOXH� FLUFOH�� D� ODUJH� JURXQGZDWHU� UHFKDUJH� WR� ULYHUV� DQG� JURXQGZDWHU�
DEVWUDFWLRQ�IURP�WKH�ZHOOV�RFFXUV�DW�WKH�UHJLRQ�RI�ELJ�EOXH�FLUFOH��) RU�H[ DPSOH��WKH�UHODWLYHO\ �ODUJH�
VL] H� RI� WKH� EOXH� FRORXU� FLUFOH� IRU� WKH� ZHOO� : � � � LQ� ) LJXUH� � � � LQGLFDWHV� D� KLJK� DEVWUDFWLRQ� UDWH� RI�
� � � � P � �GD\ ��7KH�UHG�FRORXU�UHSUHVHQWV�WKH�ULYHU�DQG�UDLQIDOO�UHFKDUJH�WR�JURXQGZDWHU� �ULYHU� IORZ�
ORVV���6LPLODUO\ ��WKH�PDJQLWXGH�RI�WKH�ULYHU�UHFKDUJH�WR�JURXQGZDWHU� �ULYHU� IORZ�ORVV��DQG�UDLQIDOO�
UHFKDUJH�WR�JURXQGZDWHU�LV�GLVSOD\ HG�E\ �WKH�VL] H�RI�UHG�FLUFOH��7KH�QXPEHU�LQ�WKH� \ HOORZ�ER[ �LQ�
) LJXUH�� � �DQG�) LJXUH�� � �LQGLFDWHV�WKH�REVHUYHG�ULYHU�IORZ�ORVV�RU�JDLQ�IURP�HOHYHQ�ULYHU�JDXJLQJ�
VLWHV�XQGHUWDNHQ�E\ �7' &�RQ�WKH�� � �� � �� � ��
�
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7KH� ULYHU�JURXQGZDWHU� LQWHUDFWLRQ� VLPXODWLRQ� GHPRQVWUDWHV� WKDW� WKH� PRGHO� UHVXOW� LV� ZHOO� PDWFKHG�
ZLWK�REVHUYDWLRQ�GDWD�RI�ULYHU�IORZ�ORVV�DQG�JDLQ�XQGHUWDNHQ�RQ� � � �� � �� � � � � �) LJXUHV� � � �DQG� � � � ���
) RU� H[ DPSOH�� WKH� ) HEUXDU\ � � � � � � JDXJLQJ� GDWD� VKRZV� WKDW� WKH� 0 RWXHND� 5LYHU� UHDFKHV� EHWZHHQ�
7DSDZHUD�EULGJH�DQG�+ \ DWW�DQG�EHWZHHQ�$ ERYH�: DQJDSHND�FRQIOXHQFH�DQG�$ ERYH�* OHQUDH�6WUHDP�
JDLQ� IORZV� RI� DSSUR[ LPDWHO\ � � � � � � � P � �GD\ � � � � � � O�VHF�� DQG� � � � � � � P � �GD\ � � � � � � O�VHF�� IURP�
JURXQGZDWHU�� UHVSHFWLYHO\ �� 7KH� 8 SSHU� 0 RWXHND� JURXQGZDWHU� IORZ� PRGHO� SUHGLFWV� WKDW� WKHUH� LV� D�
IORZ�JDLQ�RI�� � � � � �P � �GD\ �� � � � �O�VHF��EHWZHHQ�7DSDZHUD�EULGJH�DQG�+ \ DWW��) LJXUHV�� � �DQG�� � � �DQG�
RI� � � � � � � P � �GD\ � � � � � � O�VHF�� EHWZHHQ� $ ERYH� : DQJDSHND� FRQIOXHQFH� DQG� $ ERYH� * OHQUDH� 6WUHDP�
�) LJXUH�� � ��7DEOH�� � ����
�
7KH� ULYHU� IORZ� ORVV� EHWZHHQ� $ ERYH� * OHQUDH� 6WUHDP� DQG� / HWWHUER[ � ³6PLWḰ � WR� JURXQGZDWHU� LV�
SUHGLFWHG�WR�EH�� � � � � P � �GD\ �� � � � �O�VHF���FRPSDUHG�WR�WKH�REVHUYHG�ULYHU�IORZ�ORVV�RI�DSSUR[ LPDWHO\ �
� � � � � P � �GD\ �� � � � �O�VHF���7KH�ULYHU�DTXLIHU�LQWHUDFWLRQ�PRGHO�VWUXFWXUH�LQ�WKH�PRGHO�VLPXODWHV�YHU\ �
ZHOO� D� VLJQLILFDQW� ULYHU� IORZ� ORVV� EHWZHHQ� $ ERYH� * OHQUDH� VWUHDP� DQG� / HWWHUER[ � ³6PLWḰ � WR� WKH�
0 RXWHUH�JUDYHO�GXH�WR�WKH�SRVVLELOLW\ �RI�WKH�ZLGH�FURVV�VHFWLRQ�RI�WKH�0 RWXHND�5LYHU�YDOOH\ �DQG�WKH�
JURXQGZDWHU�DEVWUDFWLRQ��7KHUH�LV�DQ�REVHUYHG�ULYHU�IORZ�ORVV�RI�DSSUR[ LPDWHO\ �� � � � � P � �GD\ �� � � � �
O�VHF��WR�JURXQGZDWHU�EHWZHHQ�%HORZ�7DSDZHUD�EULGJH�DQG�7DSDZHUD�EULGJH��) LJXUH�� � ��7DEOH�� ��
DQG� WKH� SUHGLFWHG� ULYHU� IORZ� ORVV� � EHWZHHQ� WKHVH� UHDFKHV� RI� WKH� 0 RWXHND� 5LYH� ZRXOG� EH�
� � � � � P � �GD\ � � � � � � �O�VHF��� 7KH�ULYHU� IORZ�ORVV�EHWZHHQ�+ \ DWW�DQG� ' RZQVWUHDP� . RKDWX�EULGJH�WR�
JURXQGZDWHU�LV�SUHGLFWHG�WR�EH�� � � � � P � �GD\ �� � � � �O�VHF���FRPSDUHG�WR�DQ�REVHUYHG�ULYHU�IORZ�ORVV�RI�
DSSUR[ LPDWHO\ �� � � � � P � �GD\ �� � � � �O�VHF���7KH�ULYHU�IORZ�ORVV�UDWH��� � � � � P � �GD\ �� � � � �O�VHF��EHWZHHQ�
WZR�UHDFKHV�FRUUHVSRQGV�ZLWK�WRWDO�PD[ LPXP�DOORZDEOH�DEVWUDFWLRQ�LQ�WKH�ILIWHHQ�ZHOO��� � � � � P � �GD\ �
� � � � �O�VHF���7KH�PRGHOOHG�JURXQGZDWHU�DEVWUDFWLRQ�UDWH� IURP�WKH� ILIWHHQ�ZHOOV�EHWZHHQ�WKRVH�WZR�
UHDFKHV�LV�� � � � � P � �GD\ �� � � � �O�VHF��WKDW�LV�� � � �RI�WRWDO�PD[ LPXP�DOORFDEOH�DEVWUDFWLRQ�LQ�WKH�ILIWHHQ�
ZHOOV��7KH�VL] H�RI�EOXH�FRORXU�DW�WKH�DEVWUDFWLRQ�ZHOOV�WKDW�UHSUHVHQWV�WKH�PDJQLWXGH�RI�JURXQGZDWHU�
IORZ�ORVV�LV�UHODWLYHO\ �ELJ��LQGLFDWLQJ�WKDW�WKH�ULYHU�IORZ�ORVV�LQ�WKLV�DUHD�LV�GXH�WR�WKH�JURXQGZDWHU�
DEVWUDFWLRQ�ZHOOV�WKDW�DUH�ORFDWHG�QHDU�WKH�0 RWXHND�5LYHU��7KH�PRGHO�GHYHORSHG�VLPXODWHV�YHU\ �ZHOO�
WKH� ULYHU� IORZ� ORVV� GXH� WR� WKH� JURXQGZDWHU� DEVWUDFWLRQ�� ,W� GHPRQVWUDWHV� WKDW� WKH� 8 SSHU� 0 RWXHND�
JURXQGZDWHU�IORZ�PRGHO�GHYHORSHG�FDQ�EH�XVHG�DV�D�WRRO�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�WKH�DEVWUDFWLRQ�
RQ�WKH�ULYHU�IORZ�DQG�JURXQGZDWHU�OHYHOV��
�
7DEOH�� �VKRZV�WKH�REVHUYHG�DQG�SUHGLFWHG�JURXQGZDWHU�OHYHOV�LQ�WKH�HLJKW�FDOLEUDWLRQ�ZHOOV�XVHG�LQ�
WKH�VWHDG\ �VWDWH�FDOLEUDWLRQ��7KH�SUHGLFWHG�JURXQGZDWHU�OHYHOV�DUH�ZHOO�PDWFKHG�ZLWK�WKH�REVHUYHG�
JURXQGZDWHU�OHYHOV��7KH�PRGHO�FDOLEUDWLRQ�LV�ZHOO�DFKLHYHG�LQ�WHUPV�RI�ERWK�JURXQGZDWHU�OHYHOV�DQG�
ULYHU�IORZ�ORVV�DQG�JDLQ��) LJXUHV�� � �DQG�� � �VKRZ�WKH�FRQWRXU�PDS�RI�SUHGLFWHG�JURXQGZDWHU�KHDG�
GLVWULEXWLRQ�ZLWK�YHFWRUV�LQGLFDWLQJ�JURXQGZDWHU�IORZ�GLUHFWLRQ�DW�WKH�DUHD�RI�WKH�FRQIOXHQFH�RI�WKH�
7DGPRU�5LYHU�DQG�WKH�0 RWXHND�5LYHU�DQG�DW�WKH�FRQIOXHQFH�RI�WKH�0 RWXSLNR�5LYHU�DQG�WKH�0 RWXHND�
5LYHU�� UHVSHFWLYHO\ �� 7KH� WKUHH�GLPHQVLRQDO� SURMHFWLRQ� YLHZ� RI� WKH� SUHGLFWHG� JURXQGZDWHU� KHDG�
GLVWULEXWLRQ�LV�DOVR�YLVXDOLVHG�LQ�) LJXUHV�� � �DQG�� � ��
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�

5 HDFK� ; � < � ' LVFKDUJH�
�P � �GD\ ��

2 EVHUYHG�ULYHU�
ORVV�RU�JDLQ�

�P � �GD\ ��

3UHGLFWHG�ULYHU�
ORVV�RU�JDLQ�

�P � �GD\ ��

. RKDWX�EULGJH� � � � � � � � � � � � � � � � � � � � � � � � 1 R�JDXJLQJ� "" �

' RZQVWUHDP�
. RKDWX�

� � � � � � � � � � � � � � � � � � � � � � � 1 R�JDXJLQJ� "" �

5H\ QROGV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � �EHWZHHQ�
+ \ DWW�DQG�

' RZQVWUHDP�
. RKDWX�
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7DSDZHUD�
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%HORZ�
7DSDZHUD�
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: DQJDSHND�
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7DEOH�� �2 EVHUYHG�JURXQGZDWHU�OHYHOV�DQG�SUHGLFWHG�JURXQGZDWHU�OHYHOV�DIWHU�FDOLEUDWLRQ�IRU�WKH�
HLJKW�PRQLWRULQJ�VLWHV���
�

6LWH�1 DP H� * ULG�5 HI� ; � < � 2 EVHUYHG�
* : / ��P ��

3UHGLFWHG�
* : / ��P ��
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4 XLQQH\ 
V�
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EULGJH�5 RJHUV

7DSDZ HUD�EULGJH

%HORZ �7DSDZ HUD
EULGJH

/ HWWHUER[ �� 6PV LWK�

$ERYU H�* OHQUDH
6WUHDPV

$ERYU H
: DQJDSHND
FRQIOXHQFH

� � � � � �PWYX �G
ULYZ HU�JDLQ

� � � � � �PWYX �G
ULYZ HU�ORVV

� � � � � �PWYX �G
ULYZ HU�JDLQ

� � � � � �PWYX �G
ULYZ HU�ORVV

� � � � P
[]\ �G

ULY
^ HU�J

DLQ
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: � �

: � �

: � �
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: � �

: � �

: � �

: � �

: � �

: �
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: HOO� ,' �

$ EVWUDFWLRQ�
UDWH� XVHG�
� P_a` � GD\ � �

� � � � � � �

� � � � � � � � �
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c � �G

ULY
d HU�J

DLQ

5 H\ QROG
V�) DPe LO\

� � � � �P
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ULY
g HU�OR

VV

' RZ QVWUHDPe

. RKDWX�EULGJH

. RKDWX�EULGJH

� � � � � �Ph � �G
ULYi HU�ORVV

: � �

: � �
: � �

: � �

: � �
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: �

: � �
: �

: � �
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: �

: � �

: � �
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: � : �

: HOO��,'
$ EVWUDFWLRQ

UDWH�XVHG
�Pjlk �GD\ �
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: � � � �
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&DPh SEHOO

0 RWXSLNR�5LYHU�YDOOH\
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$ERYm H�* OHQUDH�6WUHDPn

$ERYm H�: DQJDSHND
FRQIOXHQFH

/ HWWHUER[ �� 6Pn LWK�

%HORZ
7DSDZ HUD

EULGJH
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7DSDZ HUD�EULGJH

* URXQGZ DWHU�P RQLWRULQJ��VLWHV

2 OGKDPo 
V

%LJJV

$ERYm H�7DSDZ HUD�EULGJH�5RJHUV
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: HOO�,'

$EVWUDFWLRQ
UDWH�XVHG
�Pprq �GD\ �
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· � 7KH�HIIHFWV�RI�ZDWHU�DEVWUDFWLRQ�IURP�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU�LV�D�JURZLQJ�LVVXH�IRU�
ZDWHU�PDQDJHPHQW�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW��7KH�SXUSRVH�RI�WKLV�VWXG\ �LV�WR�
GHYHORS�D�WKUHH�GLPHQVLRQDO�JURXQGZDWHU�IORZ�PRGHO�WKDW�LV�FDSDEOH�RI�DQDO\ VLQJ�WKH�HIIHFWV�
RI�JURXQGZDWHU�DEVWUDFWLRQ�RQ�VWUHDP�IORZ�DQG�JURXQGZDWHU�OHYHOV�LQ�RUGHU�WR�PDQDJH�WKH�
ZDWHU�UHVRXUFHV�LQ�WKH�8 SSHU�0 RWXHND�DUHD�VXVWDLQDEO\ ��

�
· � ,Q�WKLV�VWXG\ ��DQ�DGDSWLYH�ILQLWH�HOHPHQW�JURXQGZDWHU�PRGHOOLQJ�V\ VWHP�LV�LPSOHPHQWHG�WR�

VLPXODWH� WKH� UHODWLRQV� DQG� LQWHUDFWLRQV� EHWZHHQ� VKDOORZ� DTXLIHU� DQG� ULYHU� V\ VWHPV� LQ� WKH�
8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW��7KH�PRGHO�ERXQGDU\ �RI�WKH�0 RWXHND�JURXQGZDWHU� IORZ�
PRGHO�IRFXVHV�IURP�WKH�� NP�GRZQVWUHDP�DUHD�RI�WKH�0 RWXHND�5LYHU�DW�WKH�FRQIOXHQFH�RI�WKH�
7DGPRU� 5LYHU� DQG� 0 RWXHND� 5LYHU�� WR� � NP� XSVWUHDP� RI� WKH� 7DGPRU� 5LYHU� IURP� WKH�
FRQIOXHQFH�RI�WKH�7DGPRU�5LYHU�DQG�0 RWXHND�5LYHU��WR�DSSUR[ LPDWHO\ � � �NP�XSVWUHDP�RI�
. RKDWX�RQ�WKH�0 RWXHND�5LYHU��DQG�WR�DSSUR[ LPDWHO\ �� � �NP�XSVWUHDP�RI�WKH�0 RWXSLNR�5LYHU�
IURP�WKH�FRQIOXHQFH�RI�WKH�0 RWXHND�5LYHU�DQG�0 RWXSLNR�5LYHU���

�
· � 7KLV�UHSRUW�SURYLGHV�UHVXOWV�IURP�WKH�GHYHORSPHQW�RI�WKH�PRGHO�LQ�D�VWHDG\ �VWDWH�FRQGLWLRQ���

7KH�VWXG\ �ZLOO�FRQWLQXH�ZLWK�WKH�GHYHORSPHQW�RI�WKH�PRGHO�LQWR�D�G\ QDPLF�VWDWH�IRU�WUDQVLHQW�
DQG�ZDWHU�PDQDJHPHQW�VLPXODWLRQV��

�
· � 7KH�DTXLIHU�GRPDLQ�LV�GLVFUHWLVHG�XVLQJ�� �PRGDO�WUDQVLJXODU�SULVP�HOHPHQWV��7KH�� � ' �ILQLWH�

HOHPHQW�JURXQGZDWHU�IORZ�PRGHO�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW�KDV�EHHQ�XSJUDGHG�
FRQWLQXDOO\ � E\ � FKDQJLQJ� WKH� VWUXFWXUH� RI� WULDQJXODU� ILQLWH�HOHPHQW� PHVK� WR� VLPXODWH� WKH�
LQWHUDFWLRQ�EHWZHHQ�DTXLIHU�DQG�ULYHU��7KH�ILQLWH�HOHPHQW�PHVK�VWUXFWXUH�WKDW�UHSUHVHQWV�WKH�
7DGPRU�� 0 RWXHND�� DQG� 0 RWXSLNR� 5LYHUV� LV� UHILQHG� WR� PDWFK� ZLWK� WKH� PHDVXUHG� FURVV�
VHFWLRQV�RI�WKH�0 RWXHND�DQG�0 RWXSLNR�5LYHUV��7KH�8 SSHU�0 RWXHND�JURXQGZDWHU�IORZ�PRGHO�
KDV�� � � � � �PHVK�HOHPHQWV�DQG�� � � � � �PHVK�QRGHV��

�
· � 7KH�WKLFNQHVV�RI�WKH�DTXLIHU�LV�HVWLPDWHG�UDJLQJ�IURP�� �� P�WR�� P�DW�WKH�DUHD�RI�ORZ�UHDFKHV�

RI�WKH�0 RWXHND�5LYHU�YDOOH\ V�IURP�WKH�7DSDZHUD�%ULGJH��7KH�DYHUDJH�WKLFNQHVV�RI�DTXLIHU�LV�
GHILQHG�DW�� � �� P�LQ�WKH�DUHD�IURP�WKH�7DSDZHUD�%ULGJH�WR�WKH�FRQIOXHQFH�RI�WKH�0 RWXSLNR�
DQG�0 RWXHND�5LYHUV�� ' XH�WR�ODFN�RI� ILHOG�GDWD�WKH�DTXLIHU�WKLFNQHVV�KDV�EHHQ�VLPXODWHG�DW�
DSSUR[ LPDWHO\ � DYHUDJH� � � �� P� LQ� WKH� 0 RWXSLNR� 5LYHU� DQG� 8 SSHU� 0 RWXHND� 5LYHU� YDOOH\ V�
DERYH�WKH�FRQIOXHQFH�RI�WZR�ULYHUV�

�
· � 7KH� JURXQGZDWHU� DEVWUDFWLRQ� PRGHO� KDV� EHHQ� GHYHORSHG� XVLQJ� D� ILUVW�NLQG� ' LULFKOHW�W\ SH�

ERXQGDU\ �FRQGLWLRQV�LQ�WKH�PRGHO��7KHUH�DUH�� � �JURXQGZDWHU�DEVWUDFWLRQ�ZHOOV�LQ�WKH�PRGHO�
GRPDLQ��7RWDO�PD[ LPXP�DOORZDEOH�DEVWUDFWLRQ�UDWH�RYHU�WKH� � � �ZHOOV�LV� � � � � � P � �GD\ ��7R�
VLPXODWH�WKH�HIIHFW�RI�WKH�JURXQGZDWHU�DEVWUDFWLRQ�RQ�WKH�ULYHU�IORZV�DQG�JURXQGZDWHU�OHYHOV��
� � � � RI� PD[ LPXP� DOORZDEOH� DEVWUDFWLRQ� UDWH� LV� DVVLJQHG� WR� HDFK� ZHOO� LQ� WKH� VWHDG\ �VWDWH�
PRGHO�� 7KHUHIRUH�� WKH� JURXQGZDWHU� DEVWUDFWLRQ� PRGHO� LQ� WKH� 8 SSHU� 0 RWXHND� JURXQGZDWHU�
IORZ�PRGHO�LV�VLPXODWHG�RQ�WRWDO�� � � � � P � �GD\ �JURXQGZDWHU�DEVWUDFWLRQ�IURP�� � �ZHOOV���

�
· � 7KH�ULYHU�PRGHO�VWUXFWXUH�LV�GHYHORSHG�XVLQJ�KHDG�GHSHQGHQW��WKLUG�NLQG�&DXFK\ ¶V�ERXQGDU\ �

FRQGLWLRQ� LQ� WKH� PRGHO� GRPDLQ�� 7KUHH� ULYHUV� �7DGPRU�� 0 RWXHND� DQG� 0 RWXSLNR�� DUH�
UHSUHVHQWHG�LQ�WKH�PRGHO�GRPDLQ��7KLV�ULYHU�PRGHO�LV�XVHG�WR�VLPXODWH�WKH�OHDNDJH�DQG�RU�
JDLQ�IURP�VXUIDFH�ERGLHV�ZKHUH�WKH�H[ FKDQJHV�RI�ZDWHU�EHWZHHQ�DTXLIHU�DQG�ULYHUV�GHSHQG�
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PHVK� VWUXFWXUH� WKDW� UHSUHVHQWV� WKH� 7DGPRU�� 0 RWXHND�� DQG� WKH� 0 RWXSLNR� 5LYHUV� KDV� EHHQ�
UHILQHG�XQWLO�WKH�ILQLWH�HOHPHQW�PHVK�ZDV�VPDOO�HQRXJK�WR�PDWFK�WKH�REVHUYHG�FURVV�VHFWLRQ�
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ULYHU�FURVV�VHFWLRQ�FKDUDFWHULVWLFV�FRPSDUHG�ZLWK�WKH�0 RWXHND�DQG�0 RWXSLNR�5LYHUV��

�
· � 7KH�VWHDG\ �VWDWH�8 SSHU�0 RWXHND�JURXQGZDWHU�IORZ�PRGHO�KDV�FDOLEUDWHG�XVLQJ�ZDWHU�OHYHO�

UHFRUGLQJ�IURP�WKH�HLJKW�JURXQGZDWHU�PRQLWRULQJ�ZHOOV��) LJXUH�� �DQG�7DEOH�� � �DQG�RQ�WKH�
EDVLV�RI�PHDVXUHPHQW�RQ�WKH�EDVLV�RI�ULYHU�JDXJLQJ�GDWD��) LJXUHV�� � �DQG�� � � ��7KH�PRGHO�KDV�
EHHQ� FDOLEUDWHG� XVLQJ� YLVXDO� FRPSDULVRQ� RI� WKH� PDWFK� EHWZHHQ� SUHGLFWHG� DQG� REVHUYHG�
YDOXHV��' XULQJ�FDOLEUDWLRQ�WKH�K\ GUDXOLF�FRQGXFWLYLW\ �DQG�WKH�LQ�DQG�RXW�WUDQVIHU�FRHIILFLHQWV�
�EHWZHHQ�ULYHU�DQG�DTXLIHU��ZHUH�RSWLPLVHG��7KH� PRGHO�FDOLEUDWLRQ�VKRZV�JRRG�UHVXOWV�LQ�
WHUPV�RI�ERWK�JURXQGZDWHU�OHYHOV�DQG�ULYHU�IORZ�ORVV�DQG�JDLQ��6HFWLRQ�� � ��

�
· � ,Q�WKLV�ZRUN��LW�LV�GHPRQVWUDWHG�WKDW�WKH�8 SSHU�0 RWXHND�JURXQGZDWHU�IORZ�PRGHO�GHYHORSHG�

LQ�� � ' �DGDSWLYH�ILQLWH�HOHPHQW�VWUXFWXUH�LV�IHDVLEOH�DQG�FDQ�EH�XVHG�DV�D�WRRO�WR�LQYHVWLJDWH�
WKH� HIIHFW� RI� WKH� DEVWUDFWLRQ� RQ� WKH� ULYHU� IORZ� DQG� JURXQGZDWHU� OHYHOV�� 7KH� QH[ W� VWHS�� D�
G\ QDPLF�8 SSHU�0 RWXHND�JURXQGZDWHU�IORZ�PRGHO�FXUUHQWO\ �EHLQJ�GHYHORSHG��7KLV�G\ QDPLF�
PRGHO� ZLOO� SURYLGH� D� EHWWHU� XQGHUVWDQGLQJ� RI� JURXQGZDWHU� IORZ� DQG� LWV� LQWHUDFWLRQ� ZLWK�
VXUIDFH�ZDWHU�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW��DQG�SURYLGH�D�WRRO�WR�DVVHVV�GLIIHUHQW�
ZDWHU�DOORFDWLRQ�PDQDJHPHQW�UHJLPHV�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�FDWFKPHQW���

�

� �� � 5 ( ) ( 5 ( 1 &( 6�
�
+RQJ�� < �6��� : KLWH�� 3�� $ �� DQG� 6FRWW�� ' �� 0 � ³$ XWRPDWLF� UDLQIDOO� UHFKDUJH� PRGHO� LQGXFWLRQ� E\ �

HYROXWLRQDU\ �FRPSXWDWLRQDO�LQWHOOLJHQFH́ ��: DWHU�5HVRXUFHV�5HVHDUFK���LQ�SUHVV���
�
0 RUJDQ�� ' �� 6�� DQG� -RQHV�� -�� / �� 1XPHULFDO� 0 RGHO� $QDO\ VLV� RI� WKH� ( IIHFWV� RI� * URXQG�: DWHU�

: LWKGUDZDOV�RQ�' LVFKDUJH�WR�6WUHDPV�DQG�6SULQJV�LQ�6PDOO�%DVLQV�7\ SLFDO�RI�WKH�3XJHW�6RXQG�
/ RZODQG��: DVKLQJWRQ���8 �6�* HRORJLFDO�6XUYH\ ��: DWHU�6XSSO\ �3DSHU�� � � � ��� � � � ��

�
6SLW] �� . ��DQG�0 RUHQR�� -�� $�SUDFWLFDO�JXLGH�WR�JURXQGZDWHU�DQG�VROXWH�WUDQVSRUW�PRGHOOLQJ�� -RKQ�

: LOH\ �	 �6RQV��� � � � ��
�
6WHZDUW��0 ��. ���+RQJ��< �6���&DPHURQ��6��&���' DXJKQH\ ��&���7DLW��7���DQG�7KRPDV��-��³ �,QYHVWLJDWLRQ�

RI�JURXQGZDWHU�LQ�WKH�8 SSHU�0 RWXHND�5LYHU�&DWFKPHQẂ��* 1 6�6FLHQFH�5HSRUW�� � � � �� � ��� � � � ��
�
6XJJDWH��5 ��3��/ DWH�2 WLUD�* ODFLDWLRQ�LQ�WKH�XSSHU�%XOOHU�YDOOH\ ��1 HOVRQ��1 HZ�=HDODQG��,Q��6XJJDWH��

5 �3�� HG��� 4 XDWHUQDU\ � GHSRVLWLRQ� DQG� GHIRUPDWLRQ� LQ� WKH� %XOOHU� DQG� WULEXWDU\ � YDOOH\ V�� 1HZ�
=HDODQG�* HRORJLFDO�6XUYH\ �UHFRUG�� � � � � � � � ��� � � � ��

�
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7DEOH�� �,QIRUPDWLRQ�RQ�WKH�JURXQGZDWHU�DEVWUDFWLRQ�ZHOOV�LQ�WKH�PRGHO�GRPDLQ��

: HOO�, ' � ( DVWLQJV� 1 RUWKLQJV�

3XP SLQJ�
UDWH�
P RGHOOHG�
�P � �GD\ ��

0 D[ �
' DLO\ �
7DNH�
�P � �GD\ ��

,UULJDWLRQ�
$ UHD��KD�� / DQGXVH� : HOO�1 R�� &RQVHQW� $ SSOLFDQW� $ GGUHVV�

: � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � 3DVWXUH� � � � � � � � � � � � %� -� 	 � ( � 0 �
' XQFDQ� 0 RWXSLNR�

: � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � . �-�) U\ � 0 RWXSLNR�

: � � � � � � � � � � � � � � � � � � � � � �� � � � � � � �� � � � � � � � � � � � � � $ �) �0 RUWRQ� 0 RWXSLNR�

: � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � 0 RWXSLNR�
' DLU\ �) DUP�/ WG� &���-�5 �5DLQH�

: � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � 3DVWXUH� � � � � � � � � � � � 0 RWXSLNR�
' DLU\ �) DUP�/ WG�

&���-�5 �5DLQH�

: � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� � � � � 	 �
� � � � � � � � � � � 1 �&�: DUQHV� 7DGPRU�9 DOOH\ �5RDG�

: � � � � � � � � � � � � � � � � � � � � � � � � � � � � %DUOH\ �� 5HG�
FORYHU�

� � � � � � � � � � � 5 �6�: LONLQVRQ� 5�' �� �

: � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 3DVWXUH� � � � � � � � � � � � ' �0 �+DMGX� � �$ UURZ�6WUHHW�
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