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&RPPRQ� EHDQ� FURS� LV� JURZQ� LQ� *RLiV� VWDWH� LQ� WKUHH� FURS� VHDVRQV�� �ZHW´�� ³GU\´�� DQG�
DXWXPQ�ZLQWHU��,Q��GU\��FURS�VHDVRQ��FRPPRQ�EHDQ�\LHOG�LV�ORZHU�DQG�LW�FDQ�EH�DWWULEXWHG�LQ�
ODUJH�SDUW� WR� WKH�ZDWHU�GHILFLW�GXULQJ�LWV�F\FOH� 7KH XVH�RI�VXSSOHPHQWDO LUULJDWLRQ�FDQ EH�DQ�
DOWHUQDWLYH WR�RYHUFRPH WKLV�VWUHVV DQG LQFUHDVH�JUDLQ�\LHOG��7KH�REMHFWLYH�RI�WKLV VWXG\�ZDV�WR�
TXDQWLI\ WKH� LPSDFW� RI ZDWHU� VWUHVV LQ� �GU\� VHDVRQ� FRPPRQ� EHDQ� DQG WKH� LUULJDWLRQ GHSWK�
UHTXLUHG WR�PLWLJDWH WKLV�VWUHVV��XVLQJ WKH�&60�&523*52�'U\�EHDQ�VLPXODWLRQ�PRGHO� 7KH�
PRGHO�ZDV�FDOLEUDWHG DQG�HYDOXDWHG DJDLQVW�REVHUYHG�GDWD�VHW�IRU 3pUROD�FXOWLYDU��*UDLQ�\LHOG
IRU VL[ VRZLQJ�GDWHV ������������������������������� DQG ������DQG�WKUHH�VRLO FODVVHV �2[LVRO��
8OWLVRO�� DQG ,QFHSWLVRO� ZHUH� VLPXODWHG� FRQVLGHULQJ� JURZWK XQGHU UDLQIDOO� DQG� JURZWK ZLWK
VXSSOHPHQWDO�LUULJDWLRQ� XVLQJ GDLO\�FOLPDWLF GDWD RI��� ZHDWKHU�VWDWLRQV LQ�*RLiV IRU�WKH�SHULRG
RI��� \HDUV��7KH�UHODWLYH�LPSDFW�RI ZDWHU�GHILFLW��HVWLPDWHG�E\�WKH JUDLQ�\LHOG�JDS LQ�ERWK�FDVHV�
ZDV����� 6RLO FODVVHV KDG�ORZ LPSDFW�RQ�DYHUDJH�YDOXHV�RI�LUULJDWLRQ�GHSWK UHTXLUHG�DV ZHOO�DV�
RQ�LUULJDWHG�JUDLQ�\LHOG��7KH�LUULJDWLRQ�GHSWK�UHTXLUHG LQFUHDVHG�IURP ���WR�����PP DQG�WKH�
JUDLQ�\LHOG GHFUHDVHG�IURP ������WR�������NJ��KD���ZLWK�WKH�DGYDQFH�RI�VRZLQJ GDWH�

.H\ZRUGV� 3KDVHROXV�YXOJDULV��ZDWHU�GHILFLHQF\��VLPXODWLRQ�PRGHO�
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2�IHLMRHLUR�p�FXOWLYDGR�HP�*RLiV�HP�WUrV�VDIUDV��³iJXDV´��³VHFD´ H�RXWRQR�LQYHUQR��1D�VDIUD�GD�
³VHFD´�� FRP� VHPHDGXUD� GH� ������ D� ������� D� SURGXWLYLGDGH GR� IHLMRHLUR p�PHQRU� H� SRGH� VHU�
DWULEXtGD��HP�JUDQGH�SDUWH��D�RFRUUrQFLD�GH�GHILFLrQFLD�KtGULFD�GXUDQWH�R�VHX�FLFOR��2�XVR�GH�
LUULJDomR� VXSOHPHQWDU� SRGH� VHU� XPD� DOWHUQDWLYD� SDUD� VXSHUDU� HVVH� HVWUHVVH� H� LQFUHPHQWDU� D�
SURGXWLYLGDGH��2�REMHWLYR�GHVWH� WUDEDOKR� IRL�TXDQWLILFDU�R� LPSDFWR�GD�GHILFLrQFLD�KtGULFD�QR�
IHLMmR�GD�³VHFD´�H�D�OkPLQD�GH�LUULJDomR�UHTXHULGD�SDUD�PLWLJDU�HVVD�GHILFLrQFLD��XWLOL]DQGR�R�
PRGHOR�GH�VLPXODomR�&60�&523*52�'U\�EHDQ��2�PRGHOR IRL�FDOLEUDGR�H�YDOLGDGR�SRU�PHLR�
GD�FRPSDUDomR�GH�GDGRV�REVHUYDGRV�H� VLPXODGRV�SDUD�D� FXOWLYDU�3pUROD� )RUDP�VLPXODGDV�D�
SURGXWLYLGDGH�SDUD�VHLV GDWDV�GH�VHPHDGXUD��������������������������������H�������H�WUrV�FODVVHV�
GH� VROR� �/DWRVVROR�� &DPELVVROR� H� $UJLVVROR��� FRQVLGHUDQGR� R� FUHVFLPHQWR� VRE SUHFLSLWDomR�
SOXYLDO� RX� FRP� R� XVR� GD� LUULJDomR� VXSOHPHQWDU� XWLOL]DQGR� GDGRV� FOLPiWLFRV� GLiULRV� GH� ���
HVWDo}HV�PHWHRUROyJLFDV�GH�*RLiV�SDUD�R�SHUtRGR�GH����DQRV� 2�LPSDFWR UHODWLYR GD�GHILFLrQFLD�



�� 5HTXHULPHQWDO�RI�VXSSOHPHQWDO���

,UULJD��%RWXFDWX��(GLomR�(VSHFLDO��,55,*$�	�,129$*5,� S�������������

KtGULFD��HVWLPDGR�SHOD�GLIHUHQoD�GH�SURGXWLYLGDGH�QDV�GXDV�VLWXDo}HV��IRL�GH������$V�FODVVHV�GH�
VROR� WLYHUDP� SRXFR� LPSDFWR� QD� OkPLQD� PHGLD� UHTXHULGD� FRPR� WDPEpP� QD� SURGXWLYLGDGH�
LUULJDGD��$�OkPLQD�PpGLD�GH�LUULJDomR�UHTXHULGD�DXPHQWD�FRP�R�DYDQoR�GD�GDWD�GH�VHPHDGXUD��
YDULDQGR�GH����D�����PP��H�D�SURGXWLYLGDGH�GHFUHVFH�GH�������D�������NJ�KD���

3DODYUDV�FKDYH��3KDVHROXV�YXOJDULV��GHILFLrQFLD�KtGULFD��PRGHOR�GH�VLPXODomR�

��,1752'8&7,21

&RPPRQ�EHDQ�LV�JURZQ�LQ�*RLiV�VWDWH�LQ�WKUHH�FURS�VHDVRQV�GHQRPLQDWHG��ZHW´��VRZLQJ�
GDWH�IURP�������WR��������³GU\´��VRZLQJ�GDWH�IURP�������WR��������DQG�DXWXPQ�ZLQWHU��VRZLQJ�
GDWH�IURP�������WR�������,Q�WKH�ILUVW�WZR�FURS�VHDVRQV��FRPPRQ�EHDQ�LV�FURSSHG�DV�UDLQIHG�DQG��
IRU�WKH�ODVW�RQH��LW�LV�IXOO\�LUULJDWHG�E\�FHQWUDO�SLYRW��7KHVH�FURS�VHDVRQV�UHVSRQGHG�LQ�WKH�SHULRG�
����������E\�����������DQG�����RI�WKH�WRWDO�VWDWH�SURGXFWLRQ�DQG�KDG�DYHUDJH�\LHOGV�RI�������
������DQG�������NJ�KD����UHVSHFWLYHO\ �(0%5$3$���������7KH�ORZHU�\LHOG�RI�WKH��GU\��FURS�
VHDVRQ�FDQ�EH�DWWULEXWHG�LQ�ODUJH�SDUW�WR�ZDWHU�GHILFLW�GXULQJ�WKH�FRPPRQ�EHDQ�F\FOH�

,QGHHG��0HLUHOHV�HW�DO���������IRXQG�WKDW�IRU�WKH�&DULRFD�FXOWLYDU�WKH�ULVN�RI�ZDWHU�GHILFLW�
LQ� �GU\�� FURS� VHDVRQ�� LQ� 6DQWR� $QW{QLR� GH� *RLiV�� *2�� LV� JUHDWHU� WKDQ� ���� DQG� JUDGXDOO\�
LQFUHDVHV�IURP�WKH�ILUVW�WHQ�GD\V�RI�-DQXDU\�������IRU�WKH�ODVW�WHQ�GD\V�RI�)HEUXDU\�������

7KH VXSSOHPHQWDO LUULJDWLRQ�FDQ EH�DQ�DOWHUQDWLYH WR�RYHUFRPH WKLV�VWUHVV DQG LQFUHDVH�
JUDLQ�\LHOG��$FFRUGLQJ�WR�'H�)UDLWXUH�H :LFKHOQV���������LUULJDWHG�DJULFXOWXUH�FRQWULEXWHV�ZLWK�
����RI�ZRUOG�IRRG�SURGXFWLRQ��+RZHYHU�� IDFLQJ� WKH�FKDOOHQJH�RI�SUHVHUYLQJ�WKH�TXDOLW\�DQG�
TXDQWLW\�RI�ZDWHU�XVHG� LQ� WKH�SURGXFWLRQ�V\VWHP�� VLQFH� LW� LV� HVVHQWLDO� IRU� WKH�SUHVHUYDWLRQ�RI�
HFRV\VWHPV�DQG�DJULFXOWXUDO�SURGXFWLRQ��3(5(,5$ HW�DO����������HIIHFWLYH�ZDWHU�PDQDJHPHQW�
LV� QHHGHG� LQ� RUGHU� WR� SURPRWH� WKHLU� HFRQRP\� IURQW� WKH� JURZLQJ� GHPDQG� LQ� WKH� SURGXFWLRQ�
V\VWHP��

(IIHFWLYH�PDQDJHPHQW�IRU�ZDWHU�XVH�LV� WKH�RQO\�ZD\�WR�VDYH�ZDWHU�IRU� WKH�LQFUHDVLQJ�
LUULJDWHG� DJULFXOWXUH��'LIIHUHQW� DSSURDFKHV� KDYH� EHHQ� DGRSWHG DLPLQJ� WR� UHGXFH� WKH� GDPDJH�
FDXVHG� E\� GURXJKW�� DPRQJ� WKHVH� DSSURDFKHV� WKHUH� LV� WKH� ZDWHU� SURGXFWLYLW\� RU� ZDWHU� XVH�
HIILFLHQF\�� :8(� �%2875$$�� ������� ,Q� WKLV� FRQWH[W�� RQH� YLDEOH� DOWHUQDWLYH� DQG� RI� HDV\�
DGRSWLRQ�E\�FRPPRQ�EHDQ�SURGXFHUV�WR�DGGUHVV WKH�QHHG�WR� LQFUHDVH�:8(�DQG�SURGXFWLYLW\�
OHYHOV�RI� WKH��GU\��FURS�VHDVRQ�LV� WKH�FKRLFH�RI�VXLWDEOH�VRZLQJ�GDWH��FRYHULQJ�WKH�SHULRG�LQ�
ZKLFK�VWLOO�WKHUH�LV�JRRG�ZDWHU�DYDLODELOLW\�SURYLGHG�E\�WKH�UDLQIDOO LQ�*RLiV�VWDWH�

7KH�HIIHFWV�RI�VRZLQJ�GDWH�LQ�FRPPRQ�EHDQ�\LHOG�DQG�:8(�FDQ�EH�HVWLPDWHG�ZLWK�WKH�
XVH�RI�D�JURZWK�VLPXODWLRQ�PRGHO� 6RPH�VLPXODWLRQ�PRGHOV�XVH�JHQHWLF�FRHIILFLHQWV�DV�LQSXWV��
ZKLFK� SHUPLW� VLPXODWLQJ� FURS� SHUIRUPDQFH� LQ� GLIIHUHQW� VRLOV�� FOLPDWH� DQG� HQYLURQPHQWDO�
FRQGLWLRQV�� 8VLQJ� VLPXODWLRQ�� WKH� PRVW� VXLWDEOH� VWUDWHJLHV� FDQ� EH� DVVHVVHG� LQ� HDFK� VSHFLILF�
FRQGLWLRQ��VXFK�DV�LUULJDWLRQ�PDQDJHPHQW�VWUDWHJLHV��ZKLFK�FDQ�EH�VLPXODWHG�WR�SUHGLFW�HIIHFWV�
RQ� FURS� \LHOG� DQG� K\GURORJLF� FRPSRQHQWV�� VXFK� DV� HYDSRWUDQVSLUDWLRQ� DQG� FURS� ZDWHU�
UHTXLUHPHQWV��'$//$&257 HW�DO����������2OLYHLUD�H &DUYDOKR���������XVLQJ�WKH�'(0$1'�
VRIWZDUH��IRXQG�WKDW�WKH�DYHUDJH�VXSSOHPHQWDO LUULJDWLRQ�GHSWK�UHTXLUHG�IRU�³GU\´�FURS�VHDVRQ�
FRPPRQ�EHDQ�LQ�*RLiV�VWDWH�UDQJHG�IURP����WR�������PP��ZLWK�DQ�DYHUDJH RI�������PP�

$PRQJ�WKH�FURS�PRGHOV��WKH�&60�&523*52�'U\�EHDQ�PRGHO�KDV�EHHQ�ZLGHO\�XVHG�
IRU�YDULRXV�DSSOLFDWLRQV�DFURVV�D�ZLGH�UDQJH�RI�UHJLRQV�LQ�%UD]LO��+(,1(0$11 HW�DO���������
0(,5(/(6 HW�DO��������'$//$&257 HW�DO����������,W�LV�D�SURFHVV�RULHQWHG�FRPSXWHU�PRGHO�
WKDW�VLPXODWHV�JURZWK��GHYHORSPHQW�DQG�\LHOG�RI�FRPPRQ�EHDQV�DV�D�IXQFWLRQ�RI�HQYLURQPHQWDO�
FRQGLWLRQV�DQG�FURS�PDQDJHPHQW�VFHQDULRV��
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7KH�REMHFWLYH�RI� WKLV VWXG\�ZDV� WR�TXDQWLI\ WKH� LPSDFW�RI ZDWHU� VWUHVV LQ� �GU\� FURS�
VHDVRQ�FRPPRQ�EHDQ�DQG WKH� LUULJDWLRQ GHSWK� UHTXLUHG WR�PLWLJDWH WKLV�GHILFLHQF\��XVLQJ WKH�
&60�&523*52�'U\�EHDQ�VLPXODWLRQ�PRGHO�

��0$7(5,$/�$1'�0(7+2'6

����&URS�PRGHO�GHVFULSWLRQ

7KH� &60�&523*52�'U\� EHDQ� XVHV� RQH GD\� DV� PDLQ� WLPH� VWHS� IRU� LQWHJUDWLRQ��
FRUUHVSRQGLQJ�WR�WKH�GDLO\�UHFRUGLQJ�RI�ZHDWKHU�LQIRUPDWLRQ��7KH�VRLO�ZDWHU�EDODQFH��FRPSXWHV�
�RQ�D�GDLO\�EDVLV� DOO�SURFHVVHV�WKDW�GLUHFWO\�DIIHFW�WKH�ZDWHU�FRQWHQW�LQ�WKH�VRLO�SURILOH�WKURXJKRXW�
WKH�VHDVRQDO�VLPXODWLRQ��(YDSRWUDQVSLUDWLRQ�LV�FDOFXODWHG�EDVHG�RQ�VRLO�HYDSRUDWLRQ�DQG�SODQW�
WUDQVSLUDWLRQ��3RWHQWLDO�HYDSRWUDQVSLUDWLRQ�LV�EDVHG�RQ�WKH�3ULHVWOH\�7D\ORU�HYDSRWUDQVSLUDWLRQ�
PHWKRG��6RLO�HYDSRUDWLRQ�LV�D�IXQFWLRQ�RI�WKH�DPRXQW�RI�HQHUJ\�WKDW�UHDFKHV�WKH�VRLO�VXUIDFH��
ZKLFK�LV�SURSRUWLRQDO�WR�WKH�OHDI�DUHD�LQGH[��/$,���VRLO�DOEHGR��DQG�WKH�VRLO�ZDWHU�FRQWHQW�RI�WKH�
ERXQGDU\�VXUIDFH�OD\HU��7KH�UDWH�RI�URRW�ZDWHU�XSWDNH�IURP�VRLO�OD\HU�LV�FDOFXODWHG�XVLQJ�D�³ODZ�
RI�WKH�OLPLWLQJ´�DSSURDFK�LQ�ZKLFK�WKH�ODUJHU�RI�WKH�VRLO�SURILOH�RU�WKH�URRW�UHVLVWDQFH�GHWHUPLQHV�
WKH�IORZ�UDWH�RI�ZDWHU�LQWR�URRWV��:(%%(5 HW�DO����������

����0RGHO�FDOLEUDWLRQ

7KH� &60�&523*52�'U\ EHDQ FURS� PRGHO� ZDV� FDOLEUDWHG� DQG� HYDOXDWHG IRU� RQH�
VWDQGDUG�FKHFN�FXOWLYDU��3pUROD��7KLV�FXOWLYDU�LV�FODVVLILHG�DV�LQGHWHUPLQDWH�JURZWK�KDELW��W\SH�
,,�DQG� ,,,� DQG KDV�D� ORQJ�F\FOH��ZLWK����GD\V�DIWHU�HPHUJHQFH��$FFRUGLQJ� WR�7HL[HLUD�HW� DO��
��������/$, DQG�UDGLDWLRQ�XVH�HIILFLHQF\�IRU�WKLV�FXOWLYDU�LV�����DQG������J�0-����UHVSHFWLYHO\��

)RU� FDOLEUDWLRQ� SURFHVV�� FURS� PRGHO� SDUDPHWHUV� IRU� GHYHORSPHQW� DQG� JURZWK� ZHUH�
FDOFXODWHG�XVLQJ�WKH�REVHUYHG�FURS�GDWD�IURP�ILYH�H[SHULPHQWV�VRZLQJ�LQ��������������������
������� ������ DQG� ������������ 7KHVH� H[SHULPHQWV� ZHUH� IXOO\� LUULJDWHG� DQG� FRQGXFWHG� WR�
PLQLPL]H� DOO� ELRWLF� DQG�DELRWLF� VWUHVV�� %DVHG� RQ� RXU� ILHOG� NQRZOHGJH�� 3pUROD� FXOWLYDU� LV QRW�
SKRWRSHULRG� VHQVLWLYH�� WKHQ� 336(1� �VORSH� RI� WKH� UHODWLYH� UHVSRQVH� RI� GHYHORSPHQW� WR�
SKRWRSHULRG� ZLWK� WLPH�� DQG� &6'/� �FULWLFDO� VKRUW� GD\� OHQJWK� EHORZ� ZKLFK� UHSURGXFWLYH�
GHYHORSPHQW� SURJUHVVHV�ZLWK� QR� GD\OHQJWK� HIIHFW�� SDUDPHWHUV�ZHUH� VHW� DV� �� DQG������� �7KH�
6'352�DQG�6'/,3 SDUDPHWHUV��UHODWHG�WR� WKH�SURWHLQ�DQG�RLO� IUDFWLRQV� LQ�VHHGV��ZHUH�VHW�DV�
GHIDXOW� RI� ³&DULRFD´� FXOWLYDU� GXH� WR� WKH� ODFN� RI� REVHUYHG� GDWD� VHW�� $IWHU� WKDW�� WKH� 6/$95�
�VSHFLILF�OHDI�DUHD�RI�FXOWLYDU�XQGHU�VWDQGDUG�JURZWK�FRQGLWLRQV��SDUDPHWHU�ZDV�RSWLPL]HG��$IWHU�
WKH� DXWRPDWLF� SURFHGXUH�� WKH� FDOLEUDWLRQ� KDV� EHHQ� UHILQHG� E\� XVLQJ D� PDQXDO� DQG� LWHUDWLYH�
DSSURDFK�DFFRUGLQJ�WR�+RRJHQERRP HW�DO����������7KH�JHQHWLF�SDUDPHWHUV�KDYH�EHHQ UHILQHG�WR�
ILW� WLPH� VHULHV� REVHUYDWLRQ� GDWD� �/$,�� WRWDO�� OHDI�� VWHP� DQG� SRG� ELRPDVV��� &DOLEUDWLRQ� DQG�
HYDOXDWLRQ�KDYH�EHHQ�GRQH�ZLWK�ZDWHU�DQG�QLWURJHQ�EDODQFH�PRGXOH�WXUQHG�RQ��

����0RGHO�HYDOXDWLRQ

0RGHO� HYDOXDWLRQ� HIIRUWV� IRFXVHG� RQ� DVVHVVLQJ� WKH� GLIIHUHQFHV� EHWZHHQ� YDULDEOHV�
PHDVXUHG� LQ� VHYHQ H[SHULPHQWV�ZLWK� VRZLQJ�GDWHV� DW� ������� ������� ���������� ������� �������
������ DQG� ������������ )RU� WKH� GDWD HYDOXDWLRQ� WKH REVHUYHG� GDWD� VHW� ZDV� FRPSRVHG� E\�
IORZHULQJ��ILUVW�SRG��ILUVW�VHHG�DQG�SK\VLRORJLFDO�PDWXULW\�GDWHV��PD[LPXP�/$,��VKRRW ZHLJKW�
DW�IORZHULQJ�DQG�PDWXULW\�DQG�JUDLQ�\LHOG��
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����6LPXODWHG�VFHQDULRV

6LPXODWLRQV�ZHUH�SHUIRUPHG�IRU�VL[ VRZLQJ�GDWHV IURP�������WR�������WKDW�HQFRPSDVVLQJ�
WKH�³GU\´ FURS�VHDVRQ��IRU�WKUHH�VRLO�FODVVHV��2[LVRO��8OWLVRO� DQG�,QFHSWLVRO� ZKLFK�UHSUHVHQW�
��������� DQG����RI�WKH�DJULFXOWXUDO�DUHD�LQ�WKH�*RLiV�VWDWH��&OLPDWLF�GDWD�ZHUH�REWDLQHG�IURP�
���ZHDWKHU�VWDWLRQV��)LJXUH����LQ�WKH�SURGXFWLRQ�DUHD�ZLWK�GDLO\�GDWD�IRU�UDLQIDOO��PD[LPXP�DQG�
PLQLPXP�WHPSHUDWXUH�DQG�VRODU�UDGLDWLRQ�IURP������������$OPRVW�WKH�HQWLUH�VWDWH�RI�*RLiV�KDV�
WURSLFDO�FOLPDWH��FODVVLILHG�DV�$Z�DFFRUGLQJ�WR�WKH�.|SSHQ¶V�FODVVLILFDWLRQ��7KHUH�DUH�WZR�ZHOO�
GHILQHG�VHDVRQV��QRUPDOO\�GULHG� IURP�0D\� WR�6HSWHPEHU� �DXWXPQ��ZLQWHU��DQG� UDLQLQJ� IURP�
2FWREHU� WR� $SULO� �VSULQJ�� VXPPHU��� $QQXDO� PHDQ� UDLQIDOO� LV� ������ PP� DQG� DQQXDO� PHDQ�
WHPSHUDWXUH�LV������&��&$5'262�HW�DO�����������

6LPXODWLRQV�ZHUH�SHUIRUPHG�IRU�\LHOG�SRWHQWLDO�IRU�LUULJDWHG�V\VWHPV��<QV���DVVXPHG�WKDW�
DQ�LUULJDWHG�FURS�FDQ�EH�SURYLGHG�ZLWK�DGHTXDWH�ZDWHU�VXSSO\�WKURXJKRXW�JURZWK� DQG�ZDWHU�
OLPLWHG�\LHOG�SRWHQWLDO� �<ZO���GHILQHG�DV�\LHOG�RI�DQ�DGDSWHG�FURS�YDULHW\�ZKHQ�JURZQ�XQGHU�
UDLQIHG��IDYRUDEOH�FRQGLWLRQV�ZLWKRXW�JURZWK�OLPLWDWLRQV�IURP�QXWULHQWV DQG SHVWV��/2%(// HW�
DO����������)RU�<QV VLPXODWLRQ��ZH�XVHG�DXWRPDWLF�LUULJDWLRQ�WR�DSSO\����PP�RI�ZDWHU�ZKHQ�WKH�
ILUVW����FP�RI�VRLO�OD\HU�JHW�����RI�WKH�ILHOG�FDSDFLW\��7KH�VDPH�PDQDJHPHQW�SUDFWLFH�XVHG�E\�
IDUPHUV�LQ�WKH�UHJLRQ�IRU�LUULJDWLRQ��)RU�<ZO��WKH�VLPXODWLRQ�ZDV�VHW�IRU�UDLQIHG�FRQGLWLRQV��%LRWLF�
FRQVWUDLQWV�DQG�QLWURJHQ�OLPLWDWLRQV�ZHUH QRW�WDNLQJ LQWR�DFFRXQW�IRU�ERWK�VLPXODWLRQV�DV�DOUHDG\�
GHVFULEHG�DERYH�

����'URXJKW�TXDQWLILFDWLRQ�

7KH�UHODWLYH�ZDWHU�VWUHVV�LPSDFW��5:6,��ZDV�HYDOXDWHG�E\�H[SUHVVLQJ�VLPXODWHG�DWWDLQDEOH�
\LHOG��<ZO��DV�D�IUDFWLRQ�RI�VLPXODWHG�\LHOG�ZLWK�QR�ZDWHU�OLPLWDWLRQ��<QV���LUULJDWHG��QHYHUWKHOHVV�
FRQVLGHULQJ� WKH� WKUHH� VRLO� FODVVHV�� :DWHU� VWUHVV� LPSDFW� �:6,��ZDV�HYDOXDWHG�H[SUHVVLQJ� WKH�
GLIIHUHQFH�EHWZHHQ�<QV DQG�<ZO�

���� ൌ
ሺଢ଼౤౩ିଢ଼౭ౢሻ
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:KHUH E\�
5:6, � UHODWLYH�ZDWHU�VWUHVV�LPSDFW�����
:6,�� ZDWHU�VWUHVV�LPSDFW��NJ�KD����
<ZO � VLPXODWHG�\LHOG�ZLWK�ZDWHU�UHVWULFWLRQ��NJ�KD��� DQG
<QV � DWWDLQDEOH�\LHOG�ZLWK�QR�ZDWHU�OLPLWDWLRQ �NJ�KD����



+HLQHPDQQ H�6WRQH��� ��

,UULJD��%RWXFDWX��(GLomR�(VSHFLDO��,55,*$�	�,129$*5,� S�������������

)LJXUH��� &RPPRQ�EHDQ�WDUJHW�SRSXODWLRQ�RI�HQYLURQPHQW�LQ�*RLiV�6WDWH�DQG�WKH�JHRJUDSKLF�
GLVWULEXWLRQ�RI�ZHDWKHU� VWDWLRQ� ORFDWLRQV� �WULDQJOHV���ZHDWKHU� VWDWLRQ� FRYHUDJH�DUHD�
�SRO\JRQV��DQG�VRLO�FODVVHV��

��5(68/76�$1'�',6&866,21

7KH�&60�&523*52�'U\�EHDQ�FURS�PRGHO�VKRZHG�D�JRRG�SHUIRUPDQFH�IRU�SUHGLFWLQJ�
FRPPRQ� EHDQ� SKHQRORJ\� IRU� 3pUROD FXOWLYDU�� 7KH� PRGHO� VKRZHG� D� JRRG� SHUIRUPDQFH� IRU�
SUHGLFWLQJ�IORZHULQJ��ILUVW�SRG��ILUVW�VHHG�DQG�PDWXULW\�GDWHV � SKHQRORJ\�FDOLEUDWLRQ��GDWD VHW�
QRW� VKRZHG��� �7KH� FURS�PRGHO� DOVR� FDSWXUHG�ZHOO� WKH� VHDVRQDO� YDULDWLRQ� LQ� WRWDO� GU\�PDWWHU�
G\QDPLF XQGHU�PRGHUDWH�GURXJKW��)LJXUH �$ DQG�&���/HDI�DUHD�LQGH[�ZDV�DOVR�ZHOO�VLPXODWHG�
IRU�PRGHUDWHG� GURXJKW� �)LJXUH �% DQG�'��� 7KHVH UHVXOWV VKRZ� WKDW� WKH�PRGHO� VXFFHVVIXOO\�
VLPXODWHV�WKH�JURZWK�DQG�GHYHORSPHQW�RI�WKH�FRPPRQ�EHDQ�FXOWLYDU�XQGHU�VWXG\�DQG�PD\�EH�
XVHG�WR�GHWHUPLQH�WKH�PRVW�DSSURSULDWH�GDWH�IRU�VRZLQJ�WKLV�)DEDFHDH LQ�WKH�³GU\´�FURS�VHDVRQ�



�� 5HTXHULPHQWDO�RI�VXSSOHPHQWDO���

,UULJD��%RWXFDWX��(GLomR�(VSHFLDO��,55,*$�	�,129$*5,� S�������������

)LJXUH��� 6LPXODWHG��OLQHV��DQG�PHDVXUHG��SRLQW��IRU�WRWDO�GU\�PDWWHU��7'0���OHDYHV��/'0���
VWHPV� �6'0��� DQG� SRGV� �3'0��� DQG� OHDI� DUHD� LQGH[� �/$,�� IRU� VRZLQJ� GDWHV�
������������$��DQG��%���DQG�������������&��DQG��'��IRU�3pUROD�FXOWLYDU�

&RQVLGHULQJ�DOO�VRZLQJ�GDWHV�DQG�VRLO�FODVVHV�LQ�³GU\´ FURS�VHDVRQ��WKH�PHGLDQ�DQG�PHDQ�
RI�UHODWLYH�ZDWHU�VWUHVV�LPSDFW��ZHUH���� DQG������)LJXUH �$����7KH VRZLQJ�GDWH�WRZDUGV�WKH�
EHJLQQLQJ�RI�WKH�VRZLQJ�ZLQGRZ��WLOO���������)LJXUH �%��PLQLPL]H�WKH�ZDWHU�VWUHVV�LPSDFW��RQ�
\LHOG�� DJUHHLQJ� ZLWK� WKH� UHVXOWV� REWDLQHG� E\ 0HLUHOHV� HW� DO�� ������� DQG� LQGLFDWLQJ� WKDW�
PDQDJHPHQW�SUDFWLFHV�KDYH�D�VLJQLILFDQW�LPSDFW�WR�GHFUHDVH�WKH�GURXJKW�HIIHFWV�RQ�\LHOG�

)LJXUH��� %R[�SORW�VKRZLQJ�WKH�UHODWLYH�ZDWHU�VWUHVV�LPSDFW��5:6,�����RQ�\LHOG��ER[�LQGLFDWHV�
��WK����WK��DQG���WK�SHUFHQWLOHV���$���5LVN�����RI�ZDWHU�VWUHVV�LPSDFW��OLQHV��IRU�HDFK�
VRZLQJ� GDWH� FRQVLGHULQJ� DOO� VRLOV� FODVVHV� IRU� 3pUROD� FXOWLYDU� �%��� 1XPEHU� LQ� �$��
UHSUHVHQWV�WKH�DYHUDJH�YDOXH�DQG�WKH�KRUL]RQWDO�EODFN�OLQH�WKH�PHGLDQ�



+HLQHPDQQ H�6WRQH��� ��

,UULJD��%RWXFDWX��(GLomR�(VSHFLDO��,55,*$�	�,129$*5,� S�������������

7KH� VXSSOHPHQWDO LUULJDWLRQ� GHSWK� IRU� FRPPRQ� EHDQ LQFUHDVHV ZLWK� WKH� DGYDQFH� RI�
VRZLQJ GDWH� UDQJLQJ�IURP ���WR�����PP��)LJXUH���� VKRZLQJ�IHZ GLIIHUHQFHV�DPRQJ�WKH�VRLO�
FODVVHV�� 7KLV� LQFUHDVH� LV� GXH� WR� WKH� GHFUHDVH� LQ� UDLQIDOO� �)LJXUH� ���� ,Q� VSLWH� RI� DYHUDJH�
VXSSOHPHQWDO LUULJDWLRQ� YDOXHV� DUH� VLPLODU� IRU� DOO� VRLO� FODVVHV� �)LJ�� �$��%� DQG�&��� ,QFHSWVRO�
VKRZHG�WKH�KLJKHVW�YDULDELOLW\��IROORZHG�E\�8OWLVRO� 7KH�LUULJDWLRQ�GHSWKV�DUH�LQ�WKH�UDQJH�IRXQG�
E\�2OLYHLUD�H &DUYDOKR���������,QGHSHQGHQWO\�RI�WKH�VRZLQJ�GDWHV�DQG�VRLO�FODVVHV��WKH�LUULJDWLRQ�
GHSWK�LQFUHDVHV�IURP�VRXWK�WR�QRUWKHDVW�RI�*RLiV�VWDWH��)LJXUH�����

)LJXUH��� 6XSSOHPHQWDO LUULJDWLRQ GHSWK��$����%���DQG��&��DQG�VLPXODWHG�\LHOG��'����(��H��)��
DFFRUGLQJ� WR� VRZLQJ� GDWHV� DQG� VRLO� FODVVHV� � �ER[� LQGLFDWHV� ��WK�� ��WK�� DQG� ��WK�
SHUFHQWLOHV���%ODFN�IXOO�FLUFOH�PHDQV�DYHUDJH�YDOXHV��



�� 5HTXHULPHQWDO�RI�VXSSOHPHQWDO���

,UULJD��%RWXFDWX��(GLomR�(VSHFLDO��,55,*$�	�,129$*5,� S�������������

)LJXUH��� &OLPDWH�YDULDEOH�DFFXPXODWHG�E\�FURS��F\FOH�DFFRUGLQJ�WR�VRZLQJ�GDWHV��5DLQ ±
UDLQIDOO��7PLQ DQG�7PD[�±PLQLPXP�DQG�PD[LPXP�WHPSHUDWXUHV��DQG�65$'�±
JOREDO�VRODU�UDGLDWLRQ��

)LJXUH��� 6SDFLDOL]DWLRQ�RI�PHDQ��$��DQG�VWDQGDUW�GHYLDWLRQ��%��RI�WKH�VXSSOHPHQWDO LUULJDWLRQ�
GHSWK �PP� IRU�³GU\´�VHDVRQ�FRPPRQ�EHDQ�LQ�*RLDV VWDWH�

7KH JUDLQ�\LHOG GHFUHDVHG�IURP ������WR�������NJ�KD�� ZLWK�WKH�DGYDQFH�RI�VRZLQJ GDWH�
�)LJXUH�����SUREDEO\�GXH�WR�WKH�GHFUHDVH�LQ�VRODU�UDGLDWLRQ��)LJXUH���� 7KHVH�YDOXHV�DUH FORVH EXW
KLJKHU�WKDQ�WKRVH�VLPXODWHG�E\�0HLUHOHV�HW�DO����������ZKR�IRXQG�IRU�WKH�&DULRFD�FXOWLYDU�YDOXHV�
EHWZHHQ�������DQG�������NJ�KD�� IRU�WKH�VDPH�VRZLQJ�GDWHV��LQ�6DQWR�$QW{QLR�GH�*RLiV��*2�
6LOYD HW DO���������UHSRUWHG�IRU 3pUROD�FXOWLYDU�JURZQ XQGHU�LUULJDWLRQ LQ &ULVWDOLQD� *2� JUDLQ
\LHOGV DURXQG ����� NJ�KD�� LQ�IDUPHUV¶�DUHD�
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,UULJD��%RWXFDWX��(GLomR�(VSHFLDO��,55,*$�	�,129$*5,� S�������������

��&21&/86,216

7KH�UHODWLYH�LPSDFW�RI ZDWHU�GHILFLW RQ�JUDLQ�\LHOG�ZDV����� FRQVLGHULQJ�WKH�WKUHH VRLO
FODVVHV DQG DOO VRZLQJ GDWHV�

6RLO FODVVHV KDG� ORZ LPSDFW� RQ� ERWK LUULJDWLRQ� GHSWK UHTXLUHG� DV JUDLQ� \LHOG XQGHU�
LUULJDWLRQ�

7KH�LUULJDWLRQ�GHSWK�UHTXLUHG LQFUHDVHG�IURP ���WR�����PP DQG�WKH�JUDLQ�\LHOG GHFUHDVHG�
IURP ������WR�������NJ��KD���ZLWK�WKH�DGYDQFH�RI�VRZLQJ GDWH�

�� 5()(5(1&(6

%2875$$��7��,PSURYHPHQW�RI�ZDWHU�XVH�HIILFLHQF\�LQ�LUULJDWHG�DJULFXOWXUH��D UHYLHZ��
-RXUQDO�RI�$JURQRP\��Y����Q����S�����������
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UHTXLUHPHQWV�DW�FRXQW\�DQG�UHJLRQDO�OHYHOV�XVLQJ�FURS�PRGHOV�DQG�*,6��DQ�H[DPSOH�IRU�WKH�
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