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$SSHQGL[�$� 6XPPDU\�2]RQH�0RGHO�3HUIRUPDQFH�5HVXOWV
IRU�WKH�&$0[�5$06B7��%DVH�&DVH�6LPXODWLRQ

$SSHQGL[�%� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�5$06B7�������%DVH�&DVH�6LPXODWLRQ

$SSHQGL[�&� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�6$,00������%DVH�&DVH�6LPXODWLRQ

$SSHQGL[�'� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�5$06B7�������&17/���������6LPXODWLRQ�
'LIIHUHQFH�LQ�3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV�
6HSWHPEHU������������&17/���������²������%DVH

$SSHQGL[�(� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�6$,00������&17/���������6LPXODWLRQ�
'LIIHUHQFH�LQ�3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV�
6HSWHPEHU������������&17/���������²������%DVH

$SSHQGL[�)� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�5$06B7�������&17/���������6LPXODWLRQ�
'LIIHUHQFH�LQ�3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV�
6HSWHPEHU������������&17/���������²������%DVH

$SSHQGL[�*� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�6$,00������&17/���������6LPXODWLRQ�
'LIIHUHQFH�LQ�3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV�
6HSWHPEHU������������&17/���������²������%DVH

$SSHQGL[�+� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�5$06B7�������&17/����������6LPXODWLRQ�
'LIIHUHQFH�LQ�3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV�
6HSWHPEHU������������&17/����������²������%DVH

$SSHQGL[�,� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�6$,00������&17/����������6LPXODWLRQ�
'LIIHUHQFH�LQ�3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV�
6HSWHPEHU������������&17/����������²������%DVH

$SSHQGL[�-� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�5$06B7�������&17/����������6LPXODWLRQ�
'LIIHUHQFH�LQ�3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV�
6HSWHPEHU������������&17/����������²������%DVH

$SSHQGL[�.� 3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV��6HSWHPEHU�����������
&$0[�6$,00������&17/����������6LPXODWLRQ�
'LIIHUHQFH�LQ�3UHGLFWHG�'DLO\�0D[LPXP�2]RQH�)LHOGV�
6HSWHPEHU������������&17/����������²������%DVH
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7DEOH����� 7KH�5$06�YHUWLFDO�JULG�VWUXFWXUH�XVHG�IRU�PRGHOLQJ
WKH�+�*�6HSWHPEHU������������R]RQH�HSLVRGH��
$OO�KHLJKWV�DUH�JLYHQ�LQ�P�DERYH�VHD�OHYHO ����������������������������������������������

7DEOH����� 6XPPDU\�RI�5$06�VLPXODWLRQV�FDUULHG�RXW�IRU�WKH�VWXG\����������������������������
7DEOH����� *HQHUDO�UHVXOWV�IURP�WKH�VL[�5$06�DSSOLFDWLRQV�WR�WKH�&2$67�GRPDLQ ����������
7DEOH����� 6XPPDU\�&$0[�R]RQH�VWDWLVWLFDO�SHUIRUPDQFH

PHDVXUHV�RQ�6HSWHPEHU�������������������������������������������������������������������
7DEOH����� 'DLO\�PD[LPXP�R]RQH��SSE��SUHGLFWHG�ZLWKLQ�WKH

+�*�DUHD�LQ�WKH������%DVH�&DVH�VLPXODWLRQV
IRU�WKH�6HSWHPEHU������HSLVRGH� ����������������������������������������������������������

7DEOH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH�LQ�WKH�+�*
DUHD�IRU�IRXU�92&�12[�HPLVVLRQ�UHGXFWLRQ�VFHQDULRV�
DQG�WKH�SHUFHQW�UHGXFWLRQ�RI�WKH�SHDN�IURP�WKH������%DVH�&DVH� �������������������

),*85(6

)LJXUH����� 683(5�&2$67�+RXVWRQ�*DOYHVWRQ�&2$67�GRPDLQ
�����NP�JULG�FRQILJXUDWLRQ�XVHG�LQ�WKH�&$0[�5$06
PRGHOLQJ�RI�WKH�6HSWHPEHU������������SHULRG������������������������������������������

)LJXUH����� *XOI�&RDVW����NP�UHJLRQDO�VFDOH�DQG�&2$67
��NP�PHVRVFDOH�GRPDLQV�XVHG�LQ�WKH�&$0[�PRGHOLQJ�RI
WKH�6HSWHPEHU������������SHULRG�DQG�WKH�+RXVWRQ�DUHD ������������������������������

)LJXUH����� 7KH�5$06�QHVWHG�JULG�VWUXFWXUH�XVHG�IRU�PRGHOLQJ�WKH
+�*�6HSWHPEHU������������R]RQH�HSLVRGH���*ULGV����
UHSUHVHQW�KRUL]RQWDO�JULG�VSDFLQJ�RI�����������DQG���NP��UHVSHFWLYHO\ �������������

)LJXUH����� $EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�HDVW�ZHVW��8�
FRPSRQHQW�LQ�WKH���NP�5$06�JULG�IRU�6HSWHPEHU���������������������������������

)LJXUH����� $EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�QRUWK�VRXWK��9�
FRPSRQHQW�LQ�WKH���NP�5$06�JULG�IRU�6HSWHPEHU���������������������������� ����

)LJXUH����� $EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�WRWDO�ZLQG�VSHHG
LQ�WKH���NP�5$06�JULG�IRU�6HSWHPEHU�����������«««««««««««������

)LJXUH����� $EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�WHPSHUDWXUH�LQ�WKH
��NP�5$06�JULG�IRU�6HSWHPEHU�����������««««««««««««««������

)LJXUH����� $EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�GHZSRLQW�WHPSHUDWXUH
LQ�WKH���NP�5$06�JULG�IRU�6HSWHPEHU�����������«««««««««««������

)LJXUH����� $EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�HDVW�ZHVW��8�
FRPSRQHQW�LQ�WKH���NP�5$06�JULG�IRU�6HSWHPEHU�����������««««««�����

)LJXUH����� 2EVHUYHG�DQG�SUHGLFWHG��7���WHPSHUDWXUH�DW�WKH�VLWH
+60$�6HSWHPEHU�����������«««««««««««««««««««««����



)LJXUH����� &RPSDULVRQ�RI�NH\�SHUIRUPDQFH�VWDWLVWLFV�RYHU
HDFK�GD\�RI�WKH�6HSWHPEHU������������+�*�HSLVRGH
IRU�WKH�&$0[�6$,00�DQG�&$0[�5$06B7��UXQV��
(3$�DFFHSWDQFH�FULWHULD�LV�DOVR�VKRZQ ���������������������������������������������������

)LJXUH����� 7LPH�VHULHV�RI�REVHUYHG�DQG�SUHGLFWHG�R]RQH�DW�WKH
&URTXHW�PRQLWRULQJ�VLWH�LQ�VRXWKHUQ�+DUULV�&RXQW\��IRU�WKH
&$0[�6$,00�DQG�&$0[�5$06B7��VLPXODWLRQV ����������������������������������

)LJXUH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ
RQ�6HSWHPEHU���������IRU�WKH�&$0[�6$,00������%DVH�&DVH���������������������

)LJXUH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ
RQ�6HSWHPEHU���������IRU�WKH�&$0[�5$06B7�������%DVH�&DVH �����������������

)LJXUH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ
RQ�6HSWHPEHU����������IRU�WKH�&$0[�6$,00������%DVH�&DVH� ������������������

)LJXUH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ
RQ�6HSWHPEHU����������IRU�WKH�&$0[�5$06B7�������%DVH�&DVH ����������������

)LJXUH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ
RQ�6HSWHPEHU���������IRU�WKH�&$0[�6$,00������&17/����������&DVH�������

)LJXUH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP
+�*�GRPDLQ�RQ�6HSWHPEHU���������IRU�WKH�&$0[�5$06B7������
&17/����������&DVH� �����������������������������������������������������������������������

)LJXUH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP
+�*�GRPDLQ�RQ�6HSWHPEHU����������IRU�WKH�&$0[�6$,00�����
&17/����������&DVH ������������������������������������������������������������������� ����

)LJXUH����� 3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP
+�*�GRPDLQ�RQ�6HSWHPEHU����������IRU�WKH�&$0[�5$06B7������
&17/����������&DVH«««««««««««««««««««««««««����
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7KH�7H[DV�1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�&RPPLVVLRQ��715&&��LV�FXUUHQWO\�GHYHORSLQJ�DQ

HPLVVLRQV�FRQWURO�SODQ�IRU�WKH�+RXVWRQ�*DOYHVWRQ��+�*��DUHD�WKDW�GHPRQVWUDWHV�FRPSOLDQFH

ZLWK�WKH�)HGHUDO���KRXU�R]RQH�VWDQGDUG�E\��������2]RQH�PRGHOLQJ�RI�WKH�+�*�DUHD�LV�EHLQJ

SHUIRUPHG�XVLQJ�WKH�&RPSUHKHQVLYH�$LU�TXDOLW\�0RGHO�ZLWK�H[WHQVLRQV��&$0[��DQG�D

SKRWRFKHPLFDO�PRGHOLQJ�LQSXW�GDWDEDVH�GHYHORSHG�E\�WKH�715&&���7KH�PRGHOLQJ�GDWDEDVH�LV

FRPSULVHG�RI�JULGGHG�KRXUO\�PHWHRURORJLFDO�ILHOGV��ZLQGV��WHPSHUDWXUHV��KXPLGLW\��YHUWLFDO

PL[LQJ�´GLIIXVLYLWLHV��DQG�HPLVVLRQ�HVWLPDWHV�RQ�D�V\VWHP�RI�QHVWHG�JULGV���7KH�JULG�V\VWHP�LV

VKRZQ�LQ�)LJXUH������DQG�LQFOXGHV�D����NP�JULG�FRYHULQJ�WKH�&2$67�GRPDLQ�ZLWK�D���NP

QHVWHG�JULG�WKDW�FRYHUV�WKH�+RXVWRQ�*DOYHVWRQ�DUHD���1RWH�WKDW�WKH�&2$67�GRPDLQ�LV

HPEHGGHG�LQ�D�ODUJHU����NP�UHVROXWLRQ�683(5�&2$67�GRPDLQ�GHSLFWHG�LQ�)LJXUH�����

+RZHYHU��LQ�WKLV�VWXG\�ZH�OLPLWHG�WKH�&$0[�5$06�VLPXODWLRQV�WR�WKH�&2$67�GRPDLQ

�)LJXUH������XVLQJ�ERXQGDU\�FRQGLWLRQV�IURP�D�683(5�&2$67����NP�&$0[�VLPXODWLRQ�

7KH�PHWHRURORJLFDO�LQSXWV�ZHUH�JHQHUDWHG�XVLQJ�WKH�6$,00�K\GURVWDWLF�PHWHRURORJLFDO�PRGHO

WKDW�DVVLPLODWHG�DYDLODEOH�PHWHRURORJLFDO�REVHUYDWLRQV�WR��´QXGJHµ�WKH�SUHGLFWLRQV�WRZDUG

REVHUYDWLRQV���7KH�RULJLQDO�6$,00�ZLQG�ILHOGV�H[KLELWHG�RYHU�SUHGLFWLRQV�LQ�VSHHG��VR�WKH

QXGJLQJ�FRHIILFLHQWV�ZHUH�LQFUHDVHG�LQ�WKH�GDWD�DVVLPLODWLRQ�XQWLO�WKH�ZLQG�VSHHGV�ZHUH

VXIILFLHQWO\�VORZ�DV�WR�EXLOG�XS�R]RQH�SUHGLFWLRQV�LQ�WKH�UHJLRQ�WRZDUG�PHDVXUHG�OHYHOV���7KH

6$,00�K\GURVWDWLF�PHWHRURORJLFDO�PRGHO��EDVHG�XSRQ�WKH�PRGHO�RI�3LHONH���������LV�ROG�E\

WRGD\·V�VWDQGDUGV���)XUWKHUPRUH��WKH�OHYHO�RI�QXGJLQJ�WKDW�ZDV�XVHG�LQ�WKH�ILQDO�6$,00�IRXU

GLPHQVLRQDO�GDWD�DVVLPLODWLRQ��)''$��ZDV�PXFK�VWURQJHU�WKDQ�LV�W\SLFDOO\�XVHG�DQG�PD\�KDYH

LQWHUIHUHG�ZLWK�WKH�PRGHO·V�DELOLW\�WR�DSSURSULDWHO\�UHSUHVHQW�WKH�ODQG�VHD�EUHH]HV�DQG�RWKHU

PHWHRURORJLFDO�IHDWXUHV�

,Q�SUHYLRXV�SURMHFWV��H[DPLQDWLRQ�RI�WKH�PHWHRURORJLFDO�ILHOGV�IURP�6$,00�VKRZHG�RWKHU

XQGHVLUDEOH�FKDUDFWHULVWLFV��$ORQJ�ZLWK�WKH�KLJKHU�ZLQG�VSHHGV��WKH�VXUIDFH�ZLQG�ILHOGV

GHPRQVWUDWHG�PDQ\�DQRPDORXV�GLYHUJHQW�]RQHV�WKDW�FRXOG�QRW�EH�H[SODLQHG�IURP�D�SK\VLFDO

SHUVSHFWLYH���%\�UHYLHZLQJ�WKH�UHSRUWV�SURGXFHG�E\�6$,�IRU�WKDW�SURMHFW��ZH�ZHUH�DEOH�WR

GHGXFH�WKDW�WKH�GLYHUJHQW�]RQHV�ZHUH�SURGXFHG�E\�WKH�FRPELQDWLRQ�RI�WKH�GDWD�DQDO\VLV�VFKHPH

DQG�WKH�VWURQJ�IRXU�GLPHQVLRQDO�GDWD�DVVLPLODWLRQ�VFKHPH�XVHG�LQ�WKH�UXQV�

6WURQJ�)''$�QXGJLQJ�WR�WKH�REVHUYDWLRQV�ZLOO�REYLRXVO\�PDNH�WKH�ZLQG�ILHOG�DJUHH�EHWWHU

ZLWK�WKH�REVHUYDWLRQV��DW�WKH�ORFDWLRQV�ZKHUH�WKHUH�DUH�REVHUYDWLRQV���7KH�YHULILFDWLRQ�VWDWLVWLFV

FRPSXWHG�ZLOO�SRWHQWLDOO\�VKRZ�EHWWHU�SHUIRUPDQFH���+RZHYHU��LI�WKHUH�DUH�ODUJH�GLIIHUHQFHV�LQ

GDWD�GHQVLW\�LQ�WKH�GRPDLQ�RU�GDWD�YRLG�UHJLRQV��VXFK�DV�RYHU�WKH�*XOI���SUREOHPV�FDQ�DULVH�

:KLOH�WKHVH�GLYHUJHQW�]RQHV�DIIHFW�WKH�GLUHFWLRQ�RI�WKH�VXUIDFH�ZLQGV��DQRWKHU�HIIHFW�FDQ�EH

SRVVLEO\�PRUH�LPSRUWDQW��WKH\�ZLOO�SURGXFH�HUURQHRXV�YHUWLFDO�PRWLRQV�ZKLFK�FDQ�VLJQLILFDQWO\

LPSDFW�WKH�YHUWLFDO�WUDQVSRUW�RI�R]RQH�DQG�SUHFXUVRUV�

,Q�WKH�GHYHORSPHQW�RI�WKH�+�*�R]RQH�FRQWURO�SODQ��WKHUH�ZHUH�D�IHZ�JULG�FHOOV�LQ�ORZHU�+DUULV

&RXQW\�ZKHUH�IXWXUH�\HDU��������R]RQH�FRQFHQWUDWLRQV�DSSHDU�WR�EH�LQVHQVLWLYH�WR�12[

FRQWUROV���7KHVH�IHZ�JULG�FHOOV�ZHUH�GULYLQJ�WKH�OHYHO�RI�12[�FRQWURO�QHHGHG�LQ�WKH�+�*�UHJLRQ

WR�H[WUHPH�OHYHOV�LQ�RUGHU�WR�DWWDLQ�WKH�R]RQH�VWDQGDUG���7KH�6$,00�ZLQG�ILHOGV�ZHUH�VXVSHFW

DQG�VHQVLWLYLW\�WHVWV�ZHUH�FRQGXFWHG�XVLQJ�LGHDOL]HG�ZLQG�ILHOGV��9XNRYLFK��:KHHOHU��DQG

$UXQDFKDODP����������+RZHYHU��WKH�LGHDOL]HG�ZLQG�ILHOG�DQDO\VLV�ZDV�PRUH�UHVHDUFK�RULHQWHG�
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IRFXVLQJ�RQ�FKDQJHV�LQ�PRGHO�SHUIRUPDQFH�DQG�QRW�RQ�VHQVLWLYLW\�WR�12[�UHGXFWLRQV���$

YHUVLRQ�RI�3URFHVV�$QDO\VLV�ZDV�DOVR�DSSOLHG�WR�WKH�+�*�6HSWHPEHU�����������

&$0[�6$,00�GDWDEDVH��<DUZRRG��0RUULV��DQG�(PHU\����������7KH�3URFHVV�$QDO\VLV

UHYHDOHG�QR�XQXVXDO�SURFHVVHV�RU�PDVV�EDODQFH�WHUPV�LQ�WKH�&$0[�6$,00�GDWDEDVH��DQG

LGHQWLILHG�WKH�IHZ�VWLII�JULG�FHOOV�ZKHUH�R]RQH�ZDV�LQVHQVLWLYH�WR�12[�FRQWUROV�DV�EHLQJ�92&�

OLPLWHG���+RZHYHU��WKH�UHDVRQV�IRU�WKLV�FRXOG�QRW�EH�GHWHUPLQHG�

3XUSRVH

7KH�PRVW�VXVSHFW�FRPSRQHQW�RI�WKH�6HSWHPEHU������������+�*�SKRWRFKHPLFDO�PRGHOLQJ

GDWDEDVH�LV�WKH�ZLQG�ILHOG�JHQHUDWHG�E\�WKH�6$,00���7KH�SXUSRVH�RI�WKH�FXUUHQW�VWXG\�ZDV�WR

GHYHORS�QHZ�ZLQG�ILHOGV�IRU�WKH�HSLVRGH�XVLQJ�D�FXUUHQW�VWDWH�RI�VFLHQFH�PHWHRURORJLFDO�PRGHO

�5$06���DQG�SHUIRUP�&$0[�PHWHRURORJLFDO�GLDJQRVWLF�WHVWV�WR�LQYHVWLJDWH�ZKHWKHU�WKH

6$,00�ZLQG�ILHOGV�FRXOG�EH�GULYLQJ�DQ�LQFRUUHFW�FRQWURO�SDWK�IRU�WKH�+�*�DUHD�

7KH�715&&�SURYLGHG�WKH�IROORZLQJ�GDWD�WR�VXSSRUW�WKHVH�DFWLYLWLHV�

• &2$67�GRPDLQ�PHWHRURORJLFDO�GDWD�IRU�WKH�6HSWHPEHU������������SHULRG

• $OO������DQG������%DVH�&DVH�&$0[�LQSXWV�IRU�WKH�6HSWHPEHU������������SHULRG�RQ�WKH

���NP�*XOI�&RDVW�UHJLRQDO�DQG���NP�&2$67�PHVRVFDOH�GRPDLQV

• 6HSWHPEHU������������PRGHO�SHUIRUPDQFH�HYDOXDWLRQ�GDWDEDVH��R]RQH�REVHUYDWLRQV�DQG

&$0[�6$,00�SUHGLFWLRQV�DW�WKH�R]RQH�PRQLWRUV�DQG�UHJLRQ�ZLGH�PD[LPD��
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)LJXUH�������683(5�&2$67�+RXVWRQ�*DOYHVWRQ�&2$67�GRPDLQ������NP�JULG�FRQILJXUDWLRQ

XVHG�LQ�WKH�&$0[�5$06�PRGHOLQJ�RI�WKH�6HSWHPEHU������������SHULRG���%OXH�ER[�LQ

VRXWKHUQ�+DUULV�&RXQW\�LV�ORFDWLRQ�RI�VWLII�HVWLPDWHG�R]RQH�FRQFHQWUDWLRQV�RQ�6HSWHPEHU���LQ

WKH�&$0[�6$,00�GDWDEDVH�

4 100 196 292 388 484
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16  km  C O AS T  dom ain : 31  x 28  16  km  ce lls from  (4 , 3000) to  (500, 3448)

4  km  H G BP A  dom ain : 80  x 64  4  km  ce lls  from  (164 , 3160 ) to  (484, 3400)
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)LJXUH�������*XOI�&RDVW����NP�UHJLRQDO�VFDOH�DQG�&2$67���NP�PHVRVFDOH�GRPDLQV�XVHG�LQ

WKH�&$0[�PRGHOLQJ�RI�WKH�6HSWHPEHU������������SHULRG�DQG�WKH�+RXVWRQ�DUHD�
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����0(7(252/2*,&$/�02'(/,1*�:,7+�5$06

5$06�'(6&5,37,21

0LVVLRQ�5HVHDUFK�&RUSRUDWLRQ��05&��XVHG�WKH�5HJLRQDO�$WPRVSKHULF�0RGHOLQJ�6\VWHP

�5$06��WR�VLPXODWH�WKH�PHWHRURORJ\�IRU�WKH�6RXWK�7H[DV�UHJLRQ�GXULQJ�WKH�KLJK�R]RQH�HSLVRGH

WKDW�RFFXUUHG�GXULQJ�WKH�SHULRG�RI������6HSWHPEHU������

5$06��ZKLFK�ZDV�GHYHORSHG�DW�&RORUDGR�6WDWH�8QLYHUVLW\�DQG�05&��LV�D�PXOWLSXUSRVH�

QXPHULFDO�SUHGLFWLRQ�PRGHO�WKDW�VLPXODWHV�DWPRVSKHULF�FLUFXODWLRQV�UDQJLQJ�LQ�VFDOH�IURP�DQ

HQWLUH�KHPLVSKHUH�GRZQ�WR�ODUJH�HGG\�VLPXODWLRQV��/(6��RI�WKH�SODQHWDU\�ERXQGDU\�OD\HU���,W�LV

PRVW�IUHTXHQWO\�XVHG�WR�VLPXODWH�DWPRVSKHULF�SKHQRPHQD�RQ�WKH�PHVRVFDOH��KRUL]RQWDO�VFDOHV

IURP���NP�WR������NP��IRU�DSSOLFDWLRQV�UDQJLQJ�IURP�RSHUDWLRQDO�ZHDWKHU�IRUHFDVWLQJ�WR�DLU

TXDOLW\�UHJXODWRU\�DSSOLFDWLRQV���5$06�KDV�RIWHQ�EHHQ�VXFFHVVIXOO\�XVHG�ZLWK�PXFK�KLJKHU

UHVROXWLRQV�WR�VLPXODWH�ERXQGDU\�OD\HU�HGGLHV���������P�JULG�VSDFLQJ���LQGLYLGXDO�EXLOGLQJ

VLPXODWLRQ����P�JULG�VSDFLQJ���DQG�GLUHFW�ZLQG�WXQQHO�VLPXODWLRQ����FP�JULG�VSDFLQJ����5$06·

SUHGHFHVVRU�FRGHV�ZHUH�GHYHORSHG�WR�SHUIRUP�UHVHDUFK�LQ�PRGHOLQJ�SK\VLRJUDSKLFDOO\�GULYHQ

ZHDWKHU�V\VWHPV�DQG�VLPXODWLQJ�FRQYHFWLYH�FORXGV��PHVRVFDOH�FRQYHFWLYH�V\VWHPV��FLUUXV

FORXGV��DQG�SUHFLSLWDWLQJ�ZHDWKHU�V\VWHPV�LQ�JHQHUDO���5$06·�XVH�KDV�LQFUHDVHG�WR�PRUH�WKDQ

����FXUUHQW�5$06�LQVWDOODWLRQV�LQ�PRUH�WKDQ����GLIIHUHQW�FRXQWULHV�

,Q�WKH�EHJLQQLQJ��5$06�ZDV�UXQ�H[FOXVLYHO\�RQ�WKH�1&$5�&5$<���PDFKLQH��7KDW�PDFKLQH·V

VPDOO�FHQWUDO�PHPRU\����0ZRUG�RU���0E\WHV��IRUFHG�YDULRXV�GHVLJQ�FRQVWUXFWV�WKDW�OLPLWHG�LWV

DSSOLFDWLRQ�WR�ZKDW�ZH�ZRXOG�FRQVLGHU�WRGD\�WR�EH�VPDOO�UXQV���:KHQ�FRPSXWHUV�ZLWK

VLJQLILFDQWO\�PRUH�PHPRU\�EHFDPH�DYDLODEOH��ZH�UH�ZURWH�WKH�HQWLUH�5$06�FRGH�WR�UHPRYH

REVROHWH�IHDWXUHV���7KH�ILUVW�YHUVLRQ�RI�WKH�´QHZµ�5$06�ZDV�UHOHDVHG�LQ������DV�YHUVLRQ��D�

DQG�WKH�ILUVW�ZLGHO\�GLVWULEXWHG�YHUVLRQ��YHUVLRQ��F��ZDV�UHOHDVHG�LQ������

7KH�5$06�GHYHORSHUV�ZHUH�DPRQJ�WKH�SLRQHHUV�LQ�PRGLI\LQJ�DWPRVSKHULF�PRGHOV�IRU

GLVWULEXWHG�PHPRU\�SDUDOOHO�FRPSXWHU�SODWIRUPV���7KH�GHYHORSPHQW�RI�WKH�ILUVW�SDUDOOHO�YHUVLRQ

RI�5$06�ZDV�EHJXQ�DW�&68�LQ��������$Q�HVVHQWLDOO\�FRPSOHWH�YHUVLRQ�ZDV�ILQLVKHG�LQ������

VXSSRUW�IRU�03,�ZDV�LPSOHPHQWHG�LQ�������DQG�DQ�LQVWDOODWLRQ�RI�D�SURWRW\SH�RSHUDWLRQDO

YHUVLRQ�RI�WKH�SDUDOOHO�5$06�DW�.HQQHG\�6SDFH�&HQWHU�ZDV�DFFRPSOLVKHG�LQ�ODWH������

7KH�FXUUHQW�YHUVLRQ�RI�5$06�WKDW�LV�UHOHDVHG�WR�WKH�JHQHUDO�5$06�XVHU�FRPPXQLW\�LV�YHUVLRQ

������7KLV�LV�WKH�YHUVLRQ�WKDW�ZDV�XVHG�RQ�WKH�QHZ�+RXVWRQ�*DOYHVWRQ��+�*��VLPXODWLRQV�

5$06�&21),*85$7,21

*ULG�6WUXFWXUH

)RU�WKH�VLPXODWLRQV�RI�WKH������6HSWHPEHU������SHULRG��WKH�5$06�JULGV�ZHUH�FRQILJXUHG�LQ

WKH�IROORZLQJ�PDQQHU���:H�XVHG�D����NP�JULG�VSDFLQJ�RYHU�WKH�UHJLRQDO�VFDOH�&$0[�PRGHOLQJ

GRPDLQ�DUHD�GHSLFWHG�LQ�)LJXUH�������7KLV�HQDEOHG�XV�WR�PDWFK�YHU\�FORVHO\�WKH�JULG�VSDFLQJ
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DQG�ORFDWLRQ�RI�WKH�&$0[�JULG�SRLQWV�IRU�WKH�UHJLRQDO�SKRWRFKHPLFDO�VLPXODWLRQ���7KLV����NP

JULG�ZDV�VXUURXQGHG�E\�D����NP�VSDFLQJ�FRDUVHU�JULG�FRYHULQJ�PXFK�RI�WKH�FHQWUDO�8�6��DQG

WKH�*XOI�RI�0H[LFR���2XU�H[SHULHQFH�KDV�VKRZQ�WKDW�WKH�PHWHRURORJLFDO�UHVXOWV�DUH�JUHDWO\

HQKDQFHG�LI�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�V\QRSWLF�VFDOH�LV�LQFOXGHG�LQ�WKH�VLPXODWLRQ�GRPDLQ�

UDWKHU�WKDQ�MXVW�IRUFHG�LQ�WKURXJK�WKH�ERXQGDU\�FRQGLWLRQV�RU�WKH�)''$�VFKHPH���)LQDOO\��D���

NP�PHVRVFDOH�GRPDLQ�ZDV�SODFHG�LQVLGH�WKH����NP�JULG�WR�FRYHU�WKH�DUHD�RI�WKH���NP�&$0[

&2$67�JULG��)LJXUH������

7KH�IROORZLQJ�WDEOHV�VXPPDUL]H�WKH�5$06�JULG�FRQILJXUDWLRQ���&DUH�ZDV�WDNHQ�WR�HQVXUH�WKDW

WKH�5$06�JULGV�FRPSOHWHO\�FRYHUHG�WKH�FRUUHVSRQGLQJ�&$0[�JULG�DQG�DOORZHG�D�EXIIHU�]RQH

RI�WKUHH�JULG�SRLQWV�DURXQG�WKH�KRUL]RQWDO�ERXQGDULHV���$�GHSLFWLRQ�RI�WKH�5$06�KRUL]RQWDO

JULGV�LV�VKRZQ�LQ�)LJXUH�����

Grid # of
X  points

# of
Y Points

Vertical
Levels

∆x (km) ∆y (km) ∆z (m)
(Lowest)

∆t (s)

1 54 50 41 48 48 10 90

2 104 92 41 16 16 10 30

3 130 118 41  4  4 10 15

)RU�WKH�YHUWLFDO�VWUXFWXUH��5$06�ZDV�FRQILJXUHG�WR�UXQ�DOO�JULGV�ZLWK����FRRUGLQDWH�OHYHOV�

ZLWK�WKH�ORZHVW�ZLQG�DQG�WHPSHUDWXUH�OHYHO�DW�DERXW����P�$*/��WKHQ�VPRRWKO\�VWUHWFKLQJ�WR�D

PD[LPXP�RI�DERXW������P�JULG�VSDFLQJ���7KH�WRS�RI�WKH�PRGHO�ZDV�SODFHG�DW�DERXW����NP

06/�WR�HQVXUH�WKDW�WKH�YDULRXV�V\QRSWLF�VFDOH�IHDWXUHV�VXFK�DV�WKH�VXE�WURSLFDO�MHW�VWUHDP

�ZKLFK�LV�ORFDWHG�DERXW�WURSRSDXVH�OHYHO��ZHUH�DGHTXDWHO\�UHVROYHG�LQ�WKH�VLPXODWLRQ�GRPDLQ�

$OWKRXJK�WKH�XSSHU�OHYHO�MHWV�DUH�QRW�GLUHFWO\�LPSRUWDQW�LQ�WKH�ORZ�OHYHO�WUDQVSRUW�RI�R]RQH�DQG

LWV�SUHFXUVRUV��WKH�MHWV�GR�DIIHFW�WKH�ORZ�OHYHO�SUHVVXUH�SDWWHUQV�ZKLFK�FRQWURO�WKH�ORZ�OHYHO

ZLQGV�

7DEOH�����VKRZV�WKH�5$06�YHUWLFDO�OHYHOV�IRU�WKHVH�VLPXODWLRQV���7KH�WHPSHUDWXUH�DQG�ZLQGV

DUH�GHILQHG�DW�WKH�OD\HU�PLGSRLQW�KHLJKWV�ZKLOH�WKH�YHUWLFDO�PRWLRQ�LV�GHILQHG�DW�WKH�LQWHUIDFH

KHLJKWV���7KH�OHYHOV�WKDW�DUH�GHSLFWHG�LQ�EROG�IRQW�DUH�WKH�PDWFKLQJ�&$0[�LQWHUIDFH�OHYHOV�
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)LJXUH�������7KH�5$06�QHVWHG�JULG�VWUXFWXUH�XVHG�IRU�PRGHOLQJ�WKH�+�*�6HSWHPEHU������

�����R]RQH�HSLVRGH���*ULGV�����UHSUHVHQW�KRUL]RQWDO�JULG�VSDFLQJ�RI�����������DQG���NP�

UHVSHFWLYHO\�



February 2001

I:\tnrcc-loe\order5-rams\Final Report\sec2.doc ���

7DEOH�������7KH�5$06�YHUWLFDO�JULG�VWUXFWXUH�XVHG�IRU�PRGHOLQJ�WKH�+�*�6HSWHPEHU������

�����R]RQH�HSLVRGH���$OO�KHLJKWV�DUH�JLYHQ�LQ�P�DERYH�VHD�OHYHO�

,QWHUIDFH�+HLJKWV

�P�

/D\HU�0LGSRLQW

+HLJKWV��P�

19700 19200.0
18700 18200.0
17700 17200.0
16700 16200.0
15700 15200.0
14700 14200.0
13700 13200.0
12700 12200.0
11700 11200.0
10700 10200.0
9700 9200.0
8700 8198.1
7700 7210.6
6730 6252.3
5800 5391.8
5020 4685.3
4380 4097.4
3840 3609.6
3400 3207.3
3030 2868.7
2715 2560.9
2410 2262.8
2120 1982.8
1850 1718.9
1595 1482.8
1380 1287.4
1200 1113.7
1030 948.7
870 793.1
720 652.5
590 533.2
480 428.7
380 333.0
290 252.8
220 191.0
165 141.6
120 99.3
80 62.1
46 32.1
20 9.3
0
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,QSXW�'DWD�$FFHVV�DQG�3UHSDUDWLRQ

7KH�PHWHRURORJLFDO�LQSXW�GDWD�WR�5$06�FDQ�EH�JURXSHG�LQWR�WKUHH�FDWHJRULHV�

• /DUJH�VFDOH�JULGGHG�DQDO\VHV���*OREDO�DQDO\VHV�RI�PHWHRURORJ\�DUH�DYDLODEOH�IURP�WKH

1DWLRQDO�&HQWHUV�IRU�(QYLURQPHQWDO�3UHGLFWLRQ��1&(3����:H�XVHG�WKH�1&(3�1&$5

5HDQDO\VLV�GDWD��7KH�SDUDPHWHUV�RI�ZLQG��WHPSHUDWXUH��DQG�KXPLGLW\�DUH�DQDO\]HG�RQ

SUHVVXUH�OHYHOV�����OHYHOV�H[WHQGLQJ�IURP������PE�XS�WR����PE��RQ�D�����GHJUHH�ODWLWXGH�

ORQJLWXGH�JULG���7KHVH�GDWD�DUH�DUFKLYHG�HYHU\���KRXUV�DQG�VHUYHG�DV�D�ILUVW�JXHVV�ILHOG�IRU

WKH�GDWD�DQDO\VLV���:H�DFFHVVHG�WKLV�GDWD�IURP�WKH�1DWLRQDO�&HQWHU�IRU�$WPRVSKHULF

5HVHDUFK��1&$5��

• 6WDQGDUG�1:6�REVHUYDWLRQV���7KH�UDZLQVRQGHV�DQG�VXUIDFH�REVHUYDWLRQV�UHSRUWHG�E\�WKH

1:6�DQG�RWKHU�QDWLRQDO�PHWHRURORJLFDO�FHQWHUV�DUH�DOVR�DUFKLYHG�DW�1&$5���7KH

UDZLQVRQGHV�DUH�UHSRUWHG�HYHU\���KRXUV�DQG�WKH�VXUIDFH�REVHUYDWLRQV�DUH�DUFKLYHG�HYHU\

WKUHH�KRXUV��7KHVH�GDWD�ZHUH�DFFHVVHG�IRU�WKH���GD\�SHULRG�

• 6SHFLDO�REVHUYDWLRQV�IURP�WKH�&2$67�*0$46�PRQLWRULQJ�VLWHV��6SHFLDO�REVHUYDWLRQV

WDNHQ�LQ�$XJXVW�6HSWHPEHU������IURP�WKH�*0$46�&2$67�PRQLWRULQJ�VLWHV�ZHUH

LQYHVWLJDWHG�DQG�FRQVLGHUHG�IRU�LQFOXVLRQ�LQ�WKH�GDWD�DQDO\VHV��7KHVH�REVHUYDWLRQV�LQFOXGHG

VXUIDFH�REVHUYDWLRQV��ZLQG�SURILOHUV��DQG�D�UDZLQVRQGH���:H�LQFOXGHG�WKH�VXUIDFH

REVHUYDWLRQV�IURP�WKH�&2$67�GDWD�LQ�WKH�GDWD�DQDO\VLV���7KH�SURILOHUV�DQG�UDZLQVRQGH

ZHUH�QRW�XVHG�GXH�WR�WKH�IDFW�WKDW�VRPH�RI�WKH�SURILOHUV�ZHUH�QRW�RSHUDWLQJ�GXULQJ�WKH

SHULRG�DQG�WKH�UHPDLQLQJ�IHZ�SRLQWV�ZRXOG�QRW�KDYH�PDGH�D�VLJQLILFDQW�GLIIHUHQFH�WR�WKH

VLPXODWLRQ�UHVXOWV�

$IWHU�WKH�GDWD�ZHUH�DFFHVVHG��DOO�REVHUYDWLRQV�ZHUH�VXEMHFWHG�WR�VWULQJHQW�TXDOLW\�FRQWURO

DOJRULWKPV���05&�KDV�GHYHORSHG�D�4&�SDFNDJH�ZKLFK�FRQVLVWV�RI�WKUHH�VHSDUDWH�VFKHPHV�����

LQWHUQDO�FRQVLVWHQF\�FKHFNV������´EXGG\µ�FKHFNV��DQG�����´ILUVW�JXHVV�ILHOGµ�FKHFNV

7KH�LQWHUQDO�FRQVLVWHQF\�FKHFNV�FRQVLVW�RI�EDVLF�VDQLW\�DQG�UDQJH�FKHFNLQJ�RI�WKH�REVHUYDWLRQDO

GDWD�DORQJ�ZLWK�WKH�SK\VLFDO�FRQVWUDLQWV�RI�K\GURVWDWLF�EDODQFH���7KH�EXGG\�FKHFNV�FRPSDUH�D

VWDWLRQ·V�YDOXH�ZLWK�WKDW�RI�LWV�QHLJKERULQJ�VWDWLRQV���7KH�FKHFNV�YHUVXV�WKH�ILUVW�JXHVV�ILHOGV

FRPSDUH�DQ�REVHUYDWLRQ�DJDLQVW�WKH�ODUJH�VFDOH�JULGGHG�SUHVVXUH�GDWD�DQDO\VHV��$W�DQ\�RI�WKHVH

WKUHH�VWDJHV��REVHUYDWLRQDO�GDWD�YDOXHV�FDQ�EH�IODJJHG�DV�PLVVLQJ��EDG��VXVSHFW��RU�FRUUHFWHG�

$IWHU�WKH�LQSXW�PHWHRURORJLFDO�REVHUYDWLRQDO�GDWD�KDG�EHHQ�TXDOLW\�FRQWUROOHG��LW�ZDV�FRPELQHG

ZLWK�WKH�ODUJH�VFDOH�JULGGHG�DQDO\VHV�WR�SURGXFH�D�FRPSOHWH�GDWD�DQDO\VLV�IRU�5$06�LQLWLDO

FRQGLWLRQV�DQG�WKH���GLPHQVLRQDO�GDWD�DVVLPLODWLRQ�VFKHPH���5$06�,6$1��,VHQWURSLF�$QDO\VLV

SDFNDJH��ZDV�XVHG�IRU�WKH�DQDO\VLV���,6$1�LV�D�K\EULG�LVHQWURSLF�WHUUDLQ�IROORZLQJ�KHLJKW

FRRUGLQDWH�VFKHPH�ZKLFK�XVHV�D�%DUQHV�W\SH�REMHFWLYH�DQDO\VLV�DOJRULWKP�

2WKHU�W\SHV�RI�LQSXW�GDWD�ZKLFK�GHVFULEH�WKH�VXUIDFH�FKDUDFWHULVWLFV�DUH�DOVR�QHFHVVDU\�IRU�WKH

H[HFXWLRQ�RI�5$06���:H�DOUHDG\�SRVVHVVHG�DUFKLYHV�RI�KLJK�UHVROXWLRQ�WRSRJUDSK\�DQG�ODQG

XVH�IRU�WKH�UHJLRQDO�VFDOH�GRPDLQ���7KHVH�GDWDVHWV�DUH�JOREDO�DQG�KDYH�DERXW�D���NP�UHVROXWLRQ�



February 2001

I:\tnrcc-loe\order5-rams\Final Report\sec2.doc ���

0RGHO�3K\VLFV�&RQILJXUDWLRQ

5$06�ZDV�FRQILJXUHG�ZLWK�WKH�IROORZLQJ�SK\VLFDO�DQG�QXPHULFDO�RSWLRQV�IRU�WKH�UHJLRQDO�

VFDOH�UXQV�

• 0HOORU�<DPDGD�W\SH�GLIIXVLRQ�FRHIILFLHQWV�ZLWK�SURJQRVWLF�WXUEXOHQW�NLQHWLF�HQHUJ\

• /RQJ�DQG�VKRUW�ZDYH�UDGLDWLYH�SDUDPHWHUL]DWLRQV

• 3URJQRVWLF�VRLO�WHPSHUDWXUH�DQG�PRLVWXUH�PRGHO

• 3URJQRVWLF�YHJHWDWLRQ�SDUDPHWHUL]DWLRQ

• ([SOLFLW�DQG�SDUDPHWHUL]HG�SUHFLSLWDWLRQ

• )RXU�GLPHQVLRQDO�GDWD�DVVLPLODWLRQ

7KH�IRXU�GLPHQVLRQDO�GDWD�DVVLPLODWLRQ��)''$��VFKHPH�WKDW�ZDV�XVHG�E\�5$06�IRU�WKHVH

VLPXODWLRQV�KDV�EHHQ�WHUPHG�LQ�WKH�PHWHRURORJLFDO�OLWHUDWXUH�DV�´DQDO\VLV�QXGJLQJµ���%HFDXVH

WKH�VLPXODWLRQ�GRPDLQ�LV�PRVWO\�RYHU�WKH�UHODWLYHO\�GDWD�ULFK�DUHD�RI�WKH�FHQWUDO�8�6��SODLQV�

WKHUH�LV�OLWWOH�GLIIHUHQFH�LQ�WKH�UHVXOWV�EHWZHHQ�DQ�DQDO\VLV�QXGJLQJ�DQG�DQ�´REVHUYDWLRQDOµ

QXGJLQJ�VFKHPH���'DWD�DQDO\VHV�ZHUH�JHQHUDWHG�HYHU\�VL[�KRXUV�WR�HQVXUH�WKDW�WKH�5$06

VLPXODWLRQV�VWD\HG�FRQVLVWHQW�ZLWK�WKH�V\QRSWLF�VFDOH�ZHDWKHU�WKURXJK�WKH�FRXUVH�RI�WKH���GD\

UXQV�

2XWSXW�)LHOGV��)UHTXHQFLHV��*UDSKLFV

5$06�ZDV�VHW�WR�RXWSXW�WKH�VLPXODWLRQ�UHVXOWV�HYHU\�KRXU���$�FRPSOHWH�VHW�RI�ILHOGV�ZDV

RXWSXW�IRU�DOO�PRGHO�JULGV��LQFOXGLQJ�X��Y��Z�ZLQG�FRPSRQHQWV��WHPSHUDWXUH�SUHVVXUH��FORXG

YDULDEOHV��SUHFLSLWDWLRQ��DQG�HGG\�GLIIXVLRQ�FRHIILFLHQWV���05&�XWLOL]HG�WKH�5(98�SDFNDJH

�5$06�(YDOXDWLRQ�DQG�9LVXDOL]DWLRQ�8WLOLWLHV��WR�JHQHUDWH�DQ\�DGGLWLRQDO�GHULYHG�ILHOGV�WKDW

DUH�QHFHVVDU\�

0RGHO�3HUIRUPDQFH�(YDOXDWLRQ

:H�DOVR�XVHG�WKH�5(98�V\VWHP�WR�SURGXFH�D�VWDWLVWLFDO�YHULILFDWLRQ�RI�WKH�VLPXODWLRQ�UHVXOWV�

6WDWLVWLFDO�RXWSXW�FDQ�EH�SURYLGHG�IRU�D�QXPEHU�RI�WLPHV�DQG�OHYHOV�IRU�HDFK�VLPXODWLRQ�GD\�

HQDEOLQJ�ERWK�VSDWLDO�DQG�WHPSRUDO�YHULILFDWLRQ�

$PRQJ�WKH�VWDWLVWLFDO�SDUDPHWHUV�WKDW�FDQ�EH�FDOFXODWHG�E\�5(98�DUH�

• 5RRW�PHDQ�VTXDUH�HUURU��506(�

• 0HDQ�DEVROXWH�HUURU

• 5HODWLYH�HUURU

• %LDV

• 5RRW�PHDQ�VTXDUH�YHFWRU�HUURU��5069(�

• &RUUHODWLRQ�FRHIILFLHQW
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6,08/$7,216

1XPHURXV�VLPXODWLRQV�ZHUH�FDUULHG�RXW�WR�GHWHUPLQH�WKH�EHVW�FRPELQDWLRQV�RI�VRPH�RI�WKH

5$06�PRGHO�SDUDPHWHUV���7ZR�RI�WKH�PDLQ�XQFHUWDLQWLHV�LQ�VLPXODWLRQV�RI�WKLV�W\SH�DUH�WKH

VWUHQJWK�RI�WKH�IRXU�GLPHQVLRQDO�GDWD�DVVLPLODWLRQ��)''$��QXGJLQJ�FRHIILFLHQWV�DQG�WKH

DPRXQW�RI�VRLO�PRLVWXUH�LQ�WKH�LQLWLDO�FRQGLWLRQV���([SHULHQFH�KDV�VKRZQ�WKDW�WKH�PRGHO�UHVXOWV

FDQ�EH�KLJKO\�VHQVLWLYH�WR�WKHVH�SDUDPHWHUV���7DEOH�����VXPPDUL]HV�WKH�GLIIHUHQW�VLPXODWLRQV

WKDW�ZHUH�SHUIRUPHG�

7DEOH�������6XPPDU\�RI�5$06�VLPXODWLRQV�FDUULHG�RXW�IRU�WKH�VWXG\�

6LPXODWLRQ

,' 3HULRG

)''$

�7LPHVFDOH��VHF� 2EVHUYDWLRQV

6RLO

0RLVWXUH

0� ������=�²���������= 1R��� 1:6�RQO\ 'ULHU

0� ������=�²���������= <HV������ 1:6�RQO\ 'ULHU

6� ������=�²���������= <HV������� 1:6�DQG�VRPH

&2$67�VXUIDFH

0HGLXP

7� ������=�²��������= <HV������� 1:6�DQG�DOO

&2$67�VXUIDFH

0RLVWHU

7� ������=�²��������= <HV������� 1:6�DQG�DOO

&2$67�VXUIDFH

VOLJKWO\�!

WKDQ�6�

7� ������=�²��������= <HV������� 1:6�DQG�DOO

&2$67�VXUIDFH

VOLJKWO\�!

WKDQ�6�

6RPH�FRPPHQWV�RQ�WKH�DERYH�WDEOH�

• 7KH�)''$�WLPHVFDOH�LV�UHODWHG�WR�WKH�UDWH�DW�ZKLFK�WKH�PRGHO�ILHOGV�DUH�QXGJHG�EDFN

WRZDUG�WKH�REVHUYDWLRQV���7KH�ODUJHU�WKH�YDOXH��WKH�ZHDNHU�WKH�QXGJLQJ�LV���$V�DQ�H[DPSOH�

D�WLPHVFDOH�RI�WZR�KRXUV�������VHF��ZRXOG�PHDQ�WKDW�D�JULG�SRLQW�ZRXOG�EH�QXGJHG�DERXW

KDOIZD\�WR�WKH�REVHUYDWLRQV�LQ�WZR�KRXUV��DVVXPLQJ�WKH�RWKHU�PRGHO�IRUFLQJV�ZHUH�ZHDN�

• (YHQ�WKRXJK�0��GLG�QRW�XVH�)''$��WKH�GDWD�DQDO\VHV�ZHUH�VWLOO�XVHG�WR�QXGJH�WKH�ODWHUDO

ERXQGDU\�FRQGLWLRQV�RI�WKH�FRDUVHVW�JULG�

• 6LQFH�WKHUH�DUH�QR�URXWLQH�PHDVXUHPHQWV�RI�VRLO�PRLVWXUH��WKH�LQLWLDOL]DWLRQ�RI�WKLV�TXDQWLW\

LV�GRQH�PRVWO\�E\�WULDO�DQG�HUURU��EDVHG�RQ�WKH�YHULILFDWLRQV�RI�VXUIDFH�WHPSHUDWXUH�DQG

PRLVWXUH�

• 7KH�1:6�REVHUYDWLRQV�LQFOXGHG�DOO�VXUIDFH�UHSRUWV�DQG�UDZLQVRQGHV�WKDW�ZHUH�DYDLODEOH

IURP�WKH�1&$5�DUFKLYHV���7KH�SURILOHUV�DQG�UDZLQVRQGH�IURP�WKH�&2$67�GDWDVHWV�ZHUH

QRW�XVHG�GXH�WR�WKH�IDFW�WKDW�VRPH�RI�WKH�SURILOHUV�ZHUH�QRW�RSHUDWLQJ�GXULQJ�WKH�SHULRG�DQG

WKH�UHPDLQLQJ�IHZ�REVHUYDWLRQ�ORFDWLRQV�ZRXOG�QRW�KDYH�PDGH�D�VLJQLILFDQW�GLIIHUHQFH�WR

WKH�VLPXODWLRQ�UHVXOWV�
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9(5,),&$7,21�5(68/76

:H�ZLOO�ILUVW�VWDUW�ZLWK�D�EULHI�VXPPDU\�RI�WKH�UHVXOWV�RI�WKH�VL[�UXQV���%DVHG�RQ�WKH�DYHUDJH

YHULILFDWLRQ�VWDWLVWLFV�RYHU�WKH�KLJKHVW�UHVROXWLRQ�JULG��GRPDLQ����DQG�WKH�WLPH�VHULHV

FRPSDULVRQV�DW�LQGLYLGXDO�VWDWLRQV��ZH�FDQ�PDNH�WKH�IROORZLQJ�JHQHUDO�FRPPHQWV��7DEOH������

7DEOH�������*HQHUDO�UHVXOWV�IURP�WKH�VL[�5$06�DSSOLFDWLRQV�WR�WKH�&2$67�GRPDLQ�

6LPXODWLRQ�,' &RPPHQWV

0� ([KLELWHG�KLJKHU�HUURUV�WKDQ�RWKHU�UXQV�GXH�WR�ODFN�RI�)''$

DQG�WRR�GU\�VRLO�PRLVWXUH�

0� /RZHU�HUURUV�WKDQ�0���EXW�VWURQJHU�)''$�VPRRWKHG�VRPH�VHD

EUHH]H�IHDWXUHV��7RR�GU\�VRLO�PRLVWXUH�DQG�ODFN�RI�KLJK�

UHVROXWLRQ�&2$67�REVHUYDWLRQV�PLVVHG�VRPH�VXEWOHWLHV�RI�WKH

ZLQG�IHDWXUHV�

6� +LJKHU�VRLO�PRLVWXUH�DQG�DGGLWLRQDO�&2$67�REVHUYDWLRQV

SURGXFHG�JRRG�VWDWLVWLFDO�DJUHHPHQWV�

7� 7RR�KLJK�VRLO�PRLVWXUH�ZDVKHG�RXW�PDQ\�VHD�EUHH]H�IHDWXUHV

DQG�UHGXFHG�GD\WLPH�WHPSHUDWXUHV�WRR�PXFK�

7� %HVW�VLPXODWLRQ�IURP�D�VWDWLVWLFDO�VWDQGSRLQW��6PDOO�GD\WLPH

ZDUP�ELDV�DQG�QLJKWWLPH�FRRO�ELDV��:LQG�DJUHHPHQW�JRRG�DQG

ELDV�VPDOO�

7� 6DPH�FRQILJXUDWLRQ�DV�7���EXW�´FROGµ�VWDUW�RI�ODVW�WKUHH�GD\V�

6WDWLVWLFDOO\�YHU\�VLPLODU�

6LPXODWLRQ�7��ZDV�WKH�EHVW�VLPXODWLRQ�IURP�ERWK�D�VWDWLVWLFDO�DQG�JUDSKLFDO�VWDQGSRLQW�

)ROORZLQJ�DUH�JUDSKV�IURP�UXQ�7��IRU�WKH�VL[�GD\�SHULRG��FRPSXWHG�HYHU\�WKUHH�KRXUV��RI�WZR

VWDWLVWLFDO�TXDQWLWLHV��)LJXUH�����DQG��������7KH�TXDQWLWLHV�DUH�

���PHDQ�DEVROXWH�HUURU����DYHUDJH�DEVROXWH�GLIIHUHQFHV�EHWZHHQ�WKH�PRGHO�YDOXH�DQG�WKH

REVHUYDWLRQ�YDOXH���$�JRRG�LQGLFDWRU�RI�DFFXUDF\��LW�LV�VLPLODU�WR�5RRW�0HDQ�6TXDUH�(UURU��EXW

GRHV�QRW�RYHUO\�ZHLJK�RXWO\LQJ�SRLQWV�

���PHDQ�UHODWLYH�HUURU����DYHUDJH�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�PRGHO�YDOXH�DQG�WKH

REVHUYDWLRQ�YDOXH���$�JRRG�LQGLFDWRU�RI�ELDV�

$OO�REVHUYDWLRQV�ZLWKLQ�WKH�JULG���UHJLRQ�ZHUH�XVHG�IRU�WKH�VWDWLVWLFV��H[FHSW�IRU�WKRVH�WKDW

ZHUH�IODJJHG�E\�WKH�TXDOLW\�FRQWURO�SURFHGXUH���+RZHYHU��HYHQ�WKRXJK�WKH�TXDOLW\�FRQWURO

SURFHGXUH�ZDV�XVHG��WKHUH�VWLOO�ZHUH�VHYHUDO�TXHVWLRQDEOH�ZLQG�YDOXHV�WKDW�ZHUH�DOORZHG�WR

UHPDLQ���7KH�PDMRULW\�RI�WKHVH�ZHUH�IURP�WKH�&2$67�REVHUYDWLRQV�

,Q�DGGLWLRQ��ZLQG�HUURUV�FDQ�DOVR�EH�YLHZHG�IURP�WKH�VWDQGSRLQW�RI�D�PHDQ�YHFWRU�HUURU���7KLV

PHWULF�VLPSO\�WDNHV�WKH�YHFWRU�GLIIHUHQFH�RI�WKH�PRGHO�ZLQG�DQG�WKH�REVHUYHG�ZLQG���7KLV

DSSURDFK�DFFRXQWV�IRU�ERWK�ZLQG�VSHHG�DQG�ZLQG�GLUHFWLRQ�HUURUV���)LJXUH�����VKRZV�WKLV

PHWULF�IRU�WKH�VL[�GD\V�LQ�VLPXODWLRQ�7��
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U wind component (m/s)

)LJXUH�������$EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�HDVW�ZHVW��8��FRPSRQHQW�LQ�WKH���NP�5$06

JULG�IRU�6HSWHPEHU������������
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V wind component (m/s)

)LJXUH�������$EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�QRUWK�VRXWK��9��FRPSRQHQW�LQ�WKH���NP�5$06

JULG�IRU�6HSWHPEHU������������
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Wind Speed (m/s)

)LJXUH�������$EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�WRWDO�ZLQG�VSHHG�LQ�WKH���NP�5$06�JULG�IRU

6HSWHPEHU������������
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Temperature (C)

)LJXUH�������$EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�WHPSHUDWXUH�LQ�WKH���NP�5$06�JULG�IRU

6HSWHPEHU������������
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Dewpoint temperature (C)

�

)LJXUH�������$EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�GHZSRLQW�WHPSHUDWXUH�LQ�WKH���NP�5$06�JULG

IRU�6HSWHPEHU������������
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�������������������������

)LJXUH�������$EVROXWH�DQG�UHODWLYH�HUURU�RI�WKH�HDVW�ZHVW��8��FRPSRQHQW�LQ�WKH���NP�5$06

JULG�IRU�6HSWHPEHU������������

',6&866,21

)URP�D�VWDWLVWLFDO�VWDQGSRLQW��VLPXODWLRQ�´7�µ�LV�RQH�RI�WKH�EHWWHU�WKDW�ZH�KDYH�SHUIRUPHG�ZLWK

5$06�IRU�SKRWRFKHPLFDO�PRGHOLQJ�SXUSRVHV���:LQG�VSHHG�PHDQ�DEVROXWH�HUURUV�ZHUH�DERXW��

P�V�DQG�WKH�ELDV�ZDV�YHU\�VPDOO���:LWK�WKH�PHDQ�YHFWRU�HUURUV�EHWZHHQ���DQG���P�V��WKH�ZLQG

ILHOGV�ZHUH�YHU\�ZHOO�VLPXODWHG�

7KHUH�DUH�VRPH�ELDVHV�WKDW�FDQ�EH�QRWHG�LQ�WKH�WHPSHUDWXUH�VWDWLVWLFV���7KHUH�ZDV�JHQHUDOO\�D

KLJK�ELDV��DERXW��°&��LQ�WKH�GD\WLPH�KLJK�WHPSHUDWXUHV�DQG�D�ORZ�ELDV�DW�QLJKW���7KHVH�ELDVHV

FDQ�EH�H[SODLQHG�VRPHZKDW�E\�WKH�IDFW�WKDW�WKHUH�ZDV�DOVR�D�VPDOO�GHZSRLQW�ELDV�����°&�PHDQ

UHODWLYH�HUURU����7KLV�LQGLFDWHV�WKDW�SHUKDSV�WKH�VRLO�PRLVWXUH�ZDV�VWLOO�D�ELW�ORZHU�WKDQ�DFWXDO

ZKLFK�FUHDWHG�WRR�PXFK�KHDW�WUDQVIHU�WR�WKH�DWPRVSKHUH�GXULQJ�WKH�GD\�DQG�DOORZHG�WRR�PXFK

UDGLDWLYH�FRROLQJ�GXULQJ�WKH�QLJKW���+RZHYHU��PXFK�RI�WKLV�FROG�ELDV�ZDV�GXH�WR�WKH�GLIIHUHQFHV

DW�MXVW�D�IHZ�RI�WKH�VWDWLRQV���)RU�H[DPSOH��ORRNLQJ�DW�WKH�WHPSHUDWXUH�WLPH�VHULHV�IRU�VWDWLRQ

+60$���)LJXUH������WKH�ORZ�SUHGLFWHG�QLJKWWLPH�WHPSHUDWXUHV�FDQ�EH�VHHQ���)RU�WKLV�VWDWLRQ�

RQH�FRXOG�K\SRWKHVL]H�VHYHUDO�UHDVRQV�IRU�WKH�FROG�WHPSHUDWXUHV��LQFOXGLQJ�WKH�DIRUHPHQWLRQHG

VOLJKWO\�ORZ�GHZSRLQWV��QHJOHFW�RI�KD]H�LQ�5$06��RU�LQFRUUHFW�DFFRXQWLQJ�IRU�XUEDQ�HIIHFWV

�VXFK�DV�WKH�LQFUHDVHG�KHDW�FDSDFLW\�RI�EXLOGLQJV�DQG�FRQFUHWH����+RZHYHU��RWKHU�VWDWLRQV�IURP

WKH�&2$67�GDWDEDVH�VKRZHG�UDWKHU�UHPDUNDEO\�KLJK�SUHGLFWHG�QLJKWWLPH�WHPSHUDWXUHV���6LWH

VXUYH\V�RI�WKH�ORFDWLRQV�RI�WKHVH�REVHUYDWLRQ�VWDWLRQV��ZRXOG�EH�ZDUUDQWHG�WR�WU\�WR�GHGXFH�WKH

DFWXDO�FDXVHV���+RZHYHU��EHFDXVH�RI�WKH�H[FHOOHQW�DJUHHPHQW�RI�WKH�ZLQG�ILHOGV��ZH�GR�QRW�IHHO

WKDW�WKHVH�ELDVHV�DIIHFWHG�WKH�RYHUDOO�LQWHJULW\�RI�WKH�VLPXODWLRQ�
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)LJXUH�������2EVHUYHG�DQG�SUHGLFWHG��7���WHPSHUDWXUH�DW�WKH�VLWH�+60$�6HSWHPEHU������

�����



February 2001

I:\tnrcc-loe\order5-rams\Final Report\sec3.doc ���

����%$6(�&$6(�&$0[�3(5)250$1&(

&$0[�9HUVLRQ������ZDV�UXQ�IRU�WKH�6HSWHPEHU�����������SHULRG�XVLQJ�WKH�5$06�6��DQG�7�
PHWHRURORJ\��DQG�IRU�WKH�HQWLUH�6HSWHPEHU������������SHULRG�XVLQJ�WKH�5$06�7�
PHWHRURORJ\���$SSHQGL[�$�SURYLGHV�SORWV�RI�WLPH�VHULHV�DW����VLWHV�LQ�WKH���NP�+�*�GRPDLQ�
DQG�VSDWLDO�PDSV�RI�GDLO\�PD[LPXP�R]RQH�IRU�WKH�HQWLUH�&$0[�5$06B7��VLPXODWLRQ���,Q�WKLV
VHFWLRQ�ZH�GHVFULEH�&$0[�SHUIRUPDQFH�ZLWK�WKH�5$06�PHWHRURORJLFDO�LQSXWV�UHODWLYH�WR
SHUIRUPDQFH�ZLWK�WKH�6$,00�ILHOGV���$OO�&$0[������%DVH�&DVH�VLPXODWLRQV�UHSRUWHG�KHUH
ZHUH�UXQ�RQ�(19,521�FRPSXWHUV�XVLQJ�WKH�IROORZLQJ�%DVH�&DVH�HPLVVLRQ�ILOHV�REWDLQHG�IURP
715&&�0&1&�

• XDPYBHOBHL�����^GDWH`����EDVH�UHJXODU

• XDPYBORBHL�����^GDWH`�FRDVWB��NP����EDVH�UHJXODU
• XDPYBORBHL�����^GDWH`�KJESDB��NP����EDVH�UHJXODU

)LJXUH�����EHORZ�VXPPDUL]HV�WKH�&$0[�5$06B7��DQG�WKH�RULJLQDO�&$0[�6$,00�R]RQH
SHUIRUPDQFH�VWDWLVWLFV�IRU�6HSWHPEHU�������������EDVHG�RQ�REVHUYDWLRQ�SUHGLFWLRQ�SDLULQJV�DW
���VLWHV�ZLWKLQ�WKH���NP�+�*�GRPDLQ���7DEOH�����JLYHV�WKHVH�QXPEHUV�IRU�WKH�6HSWHPEHU��WK
GD\��DQG�DOVR�LQFOXGHV�WKH�&$0[�5$06B7��DQG�&$0[�5$06B6��UHVXOWV�

(3$�KDV�SHUIRUPDQFH�JRDOV�IRU�WKUHH�VWDWLVWLFDO�SHUIRUPDQFH�PHDVXUHV�DV�IROORZV�

• 8QSDLUHG�3HDN�$FFXUDF\�������SHUFHQW
• 1RUPDOL]HG�%LDV�������SHUFHQW

• 1RUPDOL]HG�*URVV�(UURU������

2Q�6HSWHPEHU����7DEOH�������WKH�XQSDLUHG�SHDN�SUHGLFWLRQ�DFFXUDF\�UHODWLYH�WR�WKH�SHDN
REVHUYHG�R]RQH�FRQFHQWUDWLRQ������SSE��LV�²���������������DQG�²���SHUFHQW�IRU�WKH�&$0[
6$,00��5$06B7���5$06B7���DQG�5$06B6��VLPXODWLRQV��UHVSHFWLYHO\���$OO�IRXU�PRGHO
VLPXODWLRQV�PHHW�WKH�SHUIRUPDQFH�JRDOV�ZLWK�WKH�&$0[�5$06�VLPXODWLRQV�H[KLELWLQJ�ORZHU
ELDV�����WR����SHUFHQW��WKDQ�WKH�&$0[�6$,00�����SHUFHQW��VLPXODWLRQ�DQG�VLPLODU�JURVV
HUURU��������SHUFHQW����7KH�RQO\�SDUWLDO�H[FHSWLRQ�WR�WKLV�LV�WKH�5$06B6��UXQ��ZKLFK�H[KLELWV
DQ�XQSDLUHG�SHDN�SUHGLFWLRQ�DFFXUDF\�MXVW�RYHU�WKH�(3$�JXLGDQFH�FULWHULD�

7DEOH�������6XPPDU\�&$0[�R]RQH�VWDWLVWLFDO�SHUIRUPDQFH�PHDVXUHV�RQ�6HSWHPEHU���������

3HUIRUPDQFH�0HDVXUH 6$,00 5$06B7� 5$06B7� 5$06B6�

3HDN�2EVHUYHG�2]RQH��SSE� ����� ����� ����� �����
3HDN�3UHGLFWHG�2]RQH��SSE� ����� ����� ����� �����
8QSDLUHG�3HDN�$FFXUDF\���� ���� ����� ����� �����
$YHUDJH�$FFXUDF\�RI�WKH�3HDN���� ���� ��� ���� ���
1RUPDOL]HG�%LDV���� ���� ���� ��� ����
1RUPDOL]HG�*URVV�(UURU���� ���� ���� ���� ����
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&RQVLGHULQJ�WKH�6HSWHPEHU������VLPXODWLRQ�SHULRG��)LJXUH�������ERWK�WKH�&$0[�6$,00�DQG
5$06B7��EDVH�FDVH�VLPXODWLRQV�PHHW�(3$·V�SHUIRUPDQFH�JRDOV���:KLOH�WKH�&$0[�6$,00
VLPXODWLRQ�H[KLELWV�JHQHUDOO\�EHWWHU�SHUIRUPDQFH�IRU�SHDN�R]RQH��SDLUHG�DQG�XQSDLUHG���WKH
&$0[�5$06B7��VLPXODWLRQ�H[KLELWV�EHWWHU�SDLUHG�SHDN�SHUIRUPDQFH�RQ�WKH��WK�DQG��WK��EHWWHU
ELDV�VWDWLVWLFV�RYHUDOO��DQG�MXVW�VOLJKWO\�ZRUVH�JURVV�HUURU�

%DVHG�RQ�VWDWLVWLFDO�SHUIRUPDQFH�PHDVXUHV�DORQH��WKH�&$0[�5$06�EDVH�FDVH�VLPXODWLRQ
PRGHO�SHUIRUPDQFH�DSSHDUV�WR�EH�VOLJKWO\�GHJUDGHG�IURP�WKH�&$0[�6$,00�EDVH�FDVH
VLPXODWLRQ���7KLV�LV�HVSHFLDOO\�WUXH�IRU�WKH�XQSDLUHG�SHDN�SHUIRUPDQFH�PHDVXUH�RQ�6HSWHPEHU
�WK����WK�DQG���WK���+RZHYHU��WKH�H[WUHPH�RYHU�SUHGLFWLRQ�LQ�VRXWKHUQ�+DUULV�&RXQW\�H[KLELWHG
E\�WKH�&$0[�6$,00�VLPXODWLRQV�RQ�6HSWHPEHU���KDV�EHHQ�LPSURYHG�DV�VKRZQ�E\�WKH�WLPH
VHULHV�SORWV�DW�WKH�&URTXHW�PRQLWRU�IRU�WKH�&$0[�6$,00�DQG�&$0[�5$06B7��VLPXODWLRQV
�)LJXUH��������)XUWKHUPRUH��WKH�DYHUDJH�SDLUHG�SHDN�DFFXUDF\�IRU�6HSWHPEHU���LV�GUDPDWLFDOO\
LPSURYHG�ZLWK�&$0[�5$06B7���)LJXUH������
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)LJXUH�������&RPSDULVRQ�RI�NH\�SHUIRUPDQFH�VWDWLVWLFV�RYHU�HDFK�GD\�RI�WKH�6HSWHPEHU������
�����+�*�HSLVRGH�IRU�WKH�&$0[�6$,00�DQG�&$0[�5$06B7��UXQV���(3$�DFFHSWDQFH
FULWHULD�LV�DOVR�VKRZQ�

COAST Fine Grid Statistics

Unpaired Peak Accuracy

-40

-20

0

20

40

9/6/93 9/7/93 9/8/93 9/9/93 9/10/93 9/11/93

(%
)

rams_t5
saimm
-20%
+20%

Average Paired Peak Accuracy

-10

0

10

20

30

40

9/6/93 9/7/93 9/8/93 9/9/93 9/10/93 9/11/93

(%
) rams_t5

saimm

Bias in Peak Timing

-3
-2
-1
0
1
2
3

9/6/93 9/7/93 9/8/93 9/9/93 9/10/93 9/11/93

(H
rs

) rams_t5

saimm

Normalized Bias

-20

-10

0

10

20

30

9/6/93 9/7/93 9/8/93 9/9/93 9/10/93 9/11/93

(%
)

rams_t5
saimm
-15%
+15%

Normalized Error

0

10

20

30

40

9/6/93 9/7/93 9/8/93 9/9/93 9/10/93 9/11/93

(%
)

rams_t5
saimm
35%



February 2001

I:\tnrcc-loe\order5-rams\Final Report\sec3.doc ���

)LJXUH�������7LPH�VHULHV�RI�REVHUYHG�DQG�SUHGLFWHG�R]RQH�DW�WKH�&URTXHW�PRQLWRULQJ�VLWH�LQ
VRXWKHUQ�+DUULV�&RXQW\��IRU�WKH�&$0[�6$,00�DQG�&$0[�5$06B7��VLPXODWLRQV�
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����$1$/<6,6�2)�)8785(�<($5�%$6(�$1'�&21752/�5(63216(6

&$0[�ZDV�UXQ�IRU�WKH�HQWLUH�6HSWHPEHU������������SHULRG�XVLQJ�WKH�5$06�7��DQG�6$,00
PHWHRURORJ\�DQG�WKH������%DVH�&DVH�IXWXUH�\HDU�HPLVVLRQ�LQYHQWRU\�LQSXWV�WKDW�ZHUH�SURYLGHG
E\�715&&�0&1&���7KH������%DVH�&DVH�ILOHV�XVHG�ZHUH�

• HJWVF�DOOSWV�������^GDWH`���EDV'�ELQ

• ORZBHL���NP�������^GDWH`���EDV'�ELQ
• ORZBHL��NP�������^GDWH`���EDV'�ELQ

7KHQ�&$0[�ZDV�UXQ�IRU�IRXU�HPLVVLRQ�UHGXFWLRQ�VFHQDULRV�XVLQJ�ERWK�VHWV�RI�PHWHRURORJLFDO
LQSXWV�VR�WKDW�WKH�LPSDFWV�RI�WKH�DOWHUQDWLYH�PHWHRURORJ\�RQ�WKHVH�UHGXFWLRQ�VFHQDULRV�FRXOG�EH
DVFHUWDLQHG���7KH�IROORZLQJ�UHGXFWLRQV�ZHUH�PRGHOHG�WKDW�YDULHG�WKH�OHYHO�RI�92&�12[
HPLVVLRQ�UHGXFWLRQV�

&17/�������DQWKURSRJHQLF�12[�UHGXFWLRQ�������
&17/�������DQWKURSRJHQLF�92&�UHGXFWLRQ�������
&17/�������DQWKURSRJHQLF�12[�DQG�92&�UHGXFWLRQ��������
&17/�������DQWKURSRJHQLF�12[�UHGXFWLRQ�DQG�����DQWKURSRJHQLF�92&�UHGXFWLRQ
�������

1RWH�WKDW�&17/��LV�WKH�FORVHVW�DSSUR[LPDWLRQ�WR�WKH�HPLVVLRQ�UHGXFWLRQV�PRGHOHG�IRU�WKH
+RXVWRQ�6,3���7KH�92&�12[�HPLVVLRQ�UHGXFWLRQ�VHQVLWLYLW\�WHVWV�FRQVLVWHG�RI�DFURVV�WKH�ERDUG
92&�DQG�RU�12[�DQWKURSRJHQLF�HPLVVLRQ�UHGXFWLRQV�IRU�WKH�HQWLUH�&2$67�GRPDLQ��)LJXUH
�����

�����%$6(�&$6(

7DEOH�����EHORZ�VKRZV�WKH�GDLO\�PD[LPXP�R]RQH�SUHGLFWHG�LQ�WKH���NP�+�*�GRPDLQ�IURP
HDFK�GD\�RI�WKH�HSLVRGH��DQG�IRU�ERWK�WKH�&$0[�5$06B7��DQG�&$0[�6$,00�UXQV���1RWH
WKDW�WKHVH�UHVXOWV�HPXODWH�WKH�GLIIHUHQFHV�LQ�%DVH�&DVH�SHUIRUPDQFH�GHVFULEHG�LQ�6HFWLRQ���
6SHFLILFDOO\��WKH�&$0[�5$06B7��VLPXODWLRQ�H[KLELWV�ORZHU�GDLO\�SHDN�R]RQH�WKDQ�WKH
&$0[�6$,00�VLPXODWLRQ�RQ�WKH��WK�DQG���WK��FRPSDUDEOH�SHDN�R]RQH�RQ�WKH��WK��DQG�KLJKHU
GDLO\�SHDN�R]RQH�RQ�WKH���WK���7KLV�VXJJHVWV�WKDW�WKH�PRVW�OLPLWLQJ�GD\�WR�DFKLHYH�WKH���KRXU
VWDQGDUG�ZLWK�HPLVVLRQ�UHGXFWLRQV�PD\�VKLIW�IURP�6HSWHPEHU���WR�6HSWHPEHU����LQ�WKH
&$0[�5$06B7��VLPXODWLRQ���5HFDOO�WKDW�%DVH�&DVH�SHUIRUPDQFH�RQ�WKH���WK�ZDV�WKH�ZRUVW
IRU�&$0[�5$06��ZLWK�RYHU�SUHGLFWLRQV�LQ�XQSDLUHG�DQG�SDLUHG�SHDN�SHUIRUPDQFH��DQG�ODUJH
JURVV�HUURU���7KXV��UHODWLYHO\�SRRU�PRGHO�SHUIRUPDQFH�IRU�WKLV�GD\�OHDGV�XV�WR�TXHVWLRQ�WKH
GDLO\�SHDN�R]RQH�LQ�WKH������%DVH�&DVH�
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7DEOH�������'DLO\�PD[LPXP�R]RQH��SSE��SUHGLFWHG�ZLWKLQ�WKH�+�*�DUHD�LQ�WKH������%DVH�&DVH
VLPXODWLRQV�IRU�WKH�6HSWHPEHU������HSLVRGH�

'DWH &$0[�6$,00 &$0[�5$06B7�

6HSWHPEHU�� ����� �����
6HSWHPEHU�� ����� �����
6HSWHPEHU��� ����� �����
6HSWHPEHU��� ����� �����

3ORWV�RI�SUHGLFWHG�GDLO\�PD[LPXP�R]RQH�ILHOGV�LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU���DQG
���DUH�SURYLGHG�LQ�)LJXUHV�����WKURXJK��������2Q�6HSWHPEHU����)LJXUHV�����DQG�����IRU�WKH�WZR
VLPXODWLRQV���WKH�&$0[�6$,00�ILHOGV�H[KLELW�D�ODUJH�R]RQH�FORXG�VRXWKZHVW�RI�+RXVWRQ
ZKHUHDV�WKH�&$0[�5$06B7��ILHOGV�KDYH�VKLIWHG�WKLV�SOXPH�VRXWKZDUG�DQG�WKH�SHDN�LV�a��
SSE�ORZHU���2Q�6HSWHPEHU�����)LJXUHV�����DQG������WKH�PD[LPXP�+RXVWRQ�R]RQH�SOXPH�LV�LQ
D�VLPLODU�DUHD�EXW�LW�LV�PXFK�PRUH�H[SDQVLYH�LQ�WKH�&$0[�5$06B7��VLPXODWLRQ�DQG�H[WHQGV
ZHVWZDUG��ZKHUHDV�LQ�WKH�&$0[�6$,00�VLPXODWLRQ�WKH�FORXG�LV�PRUH�FRPSDFW�DV�RQ
6HSWHPEHU���

$SSHQGLFHV�%�DQG�&�SURYLGH�VSDWLDO�PDSV�RI�GDLO\�PD[LPXP�R]RQH�IRU�WKH�&$0[�5$06B7�
DQG�&$0[�6$,00������%DVH�&DVH�UXQV��UHVSHFWLYHO\��IRU�HDFK�GD\�RI�WKH�HSLVRGH�

�����5('8&7,21�6&(1$5,26

7DEOH�����SUHVHQWV�WKH�GDLO\�SHDN�R]RQH�LQ�WKH���NP�+�*�GRPDLQ�IRU�DOO�WKH�HPLVVLRQ�UHGXFWLRQ
VHQVLWLYLW\�VFHQDULRV�PRGHOHG��DQG�IRU�ERWK�WKH�&$0[�6$,00�DQG�&$0[�5$06B7�
VLPXODWLRQV���,Q�ERWK�FDVHV��KHDY\�UHGXFWLRQV�LQ�12[�DV�LQ�&17/��DUH�QHFHVVDU\�WR�UHDFK����
SSE���6LPLODU�UHODWLYH�UHGXFWLRQV�LQ�WKH�GDLO\�SHDNV�DUH�VHHQ�IRU�DOO�RI�WKH�VFHQDULRV���+RZHYHU�
WKH�GD\V�WKDW�H[KLELW�WKH�ODUJHVW�XQGHU�SUHGLFWLRQV�LQ�WKH�&$0[�5$06B7��VLPXODWLRQV
�6HSWHPEHU���DQG�����WHQG�WR�VKRZ�WKH�VPDOOHVW�UHODWLYH�FKDQJH�LQ�WKH�SHDNV��SDUWLFXODUO\�IRU
WKH�&17/��FDVH��

1RWH�WKDW�RQ�6HSWHPEHU���IRU�WKH�&17/��VFHQDULR��������92&�12[�FRQWURO��WKH
&$0[�5$06B7��FDVH�KDV�D�KLJKHU�SHDN�R]RQH��������SSE��WKDQ�DFKLHYHG�XVLQJ�WKH�6$,00
ILHOGV��������SSE��HYHQ�WKRXJK�WKH������EDVHOLQH�SHDN�LV����SSE�ORZHU�ZKHQ�XVLQJ�5$06�
7KLV�ZRXOG�VXJJHVW�WKDW�WKH�5$06�ILHOGV�KDYH�UHVXOWHG�LQ�WKLV�GD\�EHLQJ�HYHQ�´VWLIIHUµ�LQ
RUGHU�WR�DFKLHYH�WKH�VWDQGDUG��$�VLPLODU�DUJXPHQW�PLJKW�EH�PDGH�IRU�6HSWHPEHU�����VLQFH�LW
DOVR�KDV�D�KLJKHU�GDLO\�SHDN�XQGHU�&17/��IRU�WKH�&$0[�5$06B7��VLPXODWLRQ���+RZHYHU�
WKLV�GD\�ZDV�DQ�RYHU�SUHGLFWLRQ�GD\�LQ�WKH������EDVHOLQH��DQG�WKH�UHODWLYH�UHGXFWLRQ�RI�WKH�SHDN
LV�TXLWH�VLPLODU�WR�WKH�&$0[�6$,00�VLPXODWLRQ�
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7DEOH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH�LQ�WKH�+�*�DUHD�IRU�IRXU�92&�12[�HPLVVLRQ
UHGXFWLRQ�VFHQDULRV��DQG�WKH�SHUFHQW�UHGXFWLRQ�RI�WKH�SHDN�IURP�WKH������%DVH�&DVH�

&17/�������� &17/�������� &17/��������� &17/���������

'DWH 3SE � 3SE � SSE � SSE �

&$0[�6$,00

6HSWHPEHU�� ����� ��� ����� ��� ����� ��� ����� ����
6HSWHPEHU�� ����� ��� ����� ��� ����� ��� ����� ����
6HSWHPEHU��� ����� ��� ����� ��� ����� ��� ����� ����
6HSWHPEHU��� ����� ��� ����� ��� ����� ��� ����� ����

&$0[�5$06B7�

6HSWHPEHU�� ����� ��� ����� ��� ����� ��� ����� ����
6HSWHPEHU�� ����� ��� ����� ��� ����� ��� ����� ����
6HSWHPEHU��� ����� ��� ����� ��� ����� ��� ����� ����
6HSWHPEHU��� ����� ��� ����� ��� ����� ��� ����� ����

)LJXUHV�����WKURXJK�����GLVSOD\�WKH�SUHGLFWHG�GDLO\�PD[LPXP�R]RQH�ILHOGV�LQ�WKH���NP�+�*
GRPDLQ�RQ�6HSWHPEHU���DQG����IRU�WKH�&17/��VFHQDULR�XVLQJ�WKH�WZR�VHWV�RI�PHWHRURORJLFDO
LQSXWV���2Q�WKH��WK��WKH�GDLO\�SHDN�R]RQH�VHWV�XS�LQ�D�VLPLODU�DUHD�MXVW�VRXWK�RI�+RXVWRQ�LQ�ERWK
&$0[�5$06B7��DQG�&$0[�6$,00�VLPXODWLRQV���7KH�5$06�ILHOGV�KDYH�UHVXOWHG�LQ
´SXOOLQJµ�WKH�ORFDWLRQ�RI�WKH�R]RQH�SHDN�WRZDUG�+RXVWRQ�DV�WKH�&17/��UHGXFWLRQV�DUH�DSSOLHG
�FRPSDUH�)LJXUH�����WR�)LJXUH�������ZKLFK�LV�QRW�QHFHVVDULO\�VHHQ�ZLWK�WKH�6$,00�ILHOGV�
7KLV�DSSHDUV�WR�EH�WKH�VLWXDWLRQ�ZLWK�6HSWHPEHU����DV�ZHOO��FRPSDUH�)LJXUH�����ZLWK�)LJXUH���
�����:H�H[SHFW�WKLV�WR�EH�D�UHVXOW�RI�D�ODFN�RI�VWDJQDWLRQ�LQ�WKH�DUHD�VRXWK�DQG�ZHVW�RI�+RXVWRQ
WKDW�LV�VR�SUHYDOHQW�LQ�WKH�6$,00�ZLQG�ILHOGV�

$�ODFN�RI�VWDJQDWLRQ�PD\�EH�D�UHDVRQ�ZK\�WKH�&$0[�5$06B7��VLPXODWLRQ�IRU�&17/��RQ
6HSWHPEHU���LV�VWLIIHU�WKDQ�&$0[�6$,00���&RQVLGHU�WKH�IROORZLQJ�FRQFHSWXDO�PRGHO���7KH
SUHFXUVRU�HPLVVLRQ�UHGXFWLRQV�PD\�EH�VKRUWHQLQJ�WKH�WLPH�VFDOH�IRU�R]RQH�IRUPDWLRQ�GRZQZLQG
RI�+RXVWRQ�ZKLOH�UHGXFLQJ�WKH�RYHUDOO�R]RQH�\LHOG���,Q�D�QRQ�VWDJQDQW�ZLQG�ILHOG�WKLV�ZRXOG
WHQG�WR�ORZHU�WKH�GRZQVWUHDP�SHDN�ZKLOH�PRYLQJ�LW�FORVHU�WR�WKH�VRXUFH�DUHD���7KH�VKRUWHQLQJ
RI�WKH�WLPH�VFDOH�PD\�EH�FRPSHWLQJ�DJDLQVW�WKH�HIIHFWV�RI�HPLVVLRQ�UHGXFWLRQV��HVSHFLDOO\�LI
R]RQH�LV�EHLQJ�IRUPHG�IURP�PRUH�IUHVK�HPLVVLRQV�QHDU�WKH�VRXUFH�DUHD��UDWKHU�WKDQ
DJHG�GLOXWHG�HPLVVLRQV�GRZQVWUHDP����,Q�WKH�FDVH�RI�&$0[�6$,00��RQO\�RQH�HIIHFW�LV
RSHUDWLQJ�RQ�WKH�R]RQH�SOXPH�GXH�WR�VWDJQDWLRQ��ZKLFK�LV�ORFDO�R]RQH�IRUPDWLRQ�IURP�WKH�GLUHFW
IUHVK�HPLVVLRQV�IURP�WKH�XUEDQ�VRXUFH�DUHD�

$SSHQGLFHV�'�WKURXJK�.�SURYLGH�SORWV�RI�SUHGLFWHG�GDLO\�PD[LPXP�R]RQH�LQ�WKH���NP�+�*
GRPDLQ�IRU�HDFK�GD\�RI�WKH�HSLVRGH��IRU�HDFK�RI�WKH�IRXU�HPLVVLRQ�UHGXFWLRQ�VFHQDULRV��DQG�IRU
ERWK�&$0[�5$06B7��DQG�&$0[�6$,00�VLPXODWLRQV���$OVR�VKRZQ�LQ�WKHVH�DSSHQGLFHV�DUH
SORWV�RI�WKH�GLIIHUHQFH�ILHOGV�EHWZHHQ�HDFK�FRQWURO�VFHQDULR�DQG�WKH�UHVSHFWLYH������%DVH�&DVH
ILHOGV�
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)LJXUH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU���
�����IRU�WKH�&$0[�6$,00������%DVH�&DVH�
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)LJXUH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU���
�����IRU�WKH�&$0[�5$06B7�������%DVH�&DVH�
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)LJXUH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU����
�����IRU�WKH�&$0[�6$,00������%DVH�&DVH�
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)LJXUH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU����
�����IRU�WKH�&$0[�5$06B7�������%DVH�&DVH�
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)LJXUH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU���
�����IRU�WKH�&$0[�6$,00������&17/����������&DVH�
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)LJXUH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU���
�����IRU�WKH�&$0[�5$06B7�������&17/����������&DVH�
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)LJXUH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU����
�����IRU�WKH�&$0[�6$,00������&17/����������&DVH�
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)LJXUH�������3UHGLFWHG�GDLO\�PD[LPXP�R]RQH��SSE��LQ�WKH���NP�+�*�GRPDLQ�RQ�6HSWHPEHU����
�����IRU�WKH�&$0[�5$06B7�������&17/����������&DVH�
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����6800$5<�$1'�&21&/86,216

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�GHYHORS�LPSURYHG�PHWHRURORJLFDO�LQSXWV�IRU�WKH
+RXVWRQ�*DOYHVWRQ�DUHD�DQG�WKH�6HSWHPEHU������������R]RQH�HSLVRGH�DQG�GHWHUPLQH�ZKHWKHU
WKH������R]RQH�HVWLPDWHV�XVLQJ�WKH�LPSURYHG�PHWHRURORJLFDO�ILHOGV�ZHUH�PRUH�VHQVLWLYH�WR
HPLVVLRQ�UHGXFWLRQV�WKDQ�XVLQJ�WKH�ROG�6$,00�PHWHRURORJLFDO�ILHOGV�

0HWHRURORJLFDO�0RGHOLQJ

1HZ�PHWHRURORJLFDO�ILHOGV�ZHUH�JHQHUDWHG�XVLQJ�WKH�5$06�SURJQRVWLF�PHWHRURORJLFDO�PRGHO�
6HYHUDO�PHWHRURORJLFDO�PRGHO�VHQVLWLYLW\�VLPXODWLRQV�ZHUH�SHUIRUPHG�WKDW�YDULHG�WKH�OHYHO�RI
IRXU�GLPHQVLRQDO�GDWD�DVVLPLODWLRQ��)''$��DQG�WKH�OHYHO�RI�LQLWLDO�VRLO�PRLVWXUH���&KDQJHV�LQ
WKH�PHWHRURORJLFDO�PRGHO�LQSXWV�IRU�WKHVH�VHQVLWLYLW\�VLPXODWLRQV�ZHUH�JXLGHG�E\�DWWHPSWV�WR
LPSURYH�WKH�SHUIRUPDQFH�RI�WKH�PHWHRURORJLFDO�PRGHO��QRW�WKH�SHUIRUPDQFH�RI�WKH�DLU�TXDOLW\
PRGHO���7KH�5$06B7��PHWHRURORJLFDO�PRGHO�VLPXODWLRQ�H[KLELWHG�PRGHO�SHUIRUPDQFH�IRU
ZLQGV�DQG�WHPSHUDWXUHV�WKDW�ZDV�TXLWH�JRRG�DQG�EHWWHU�WKDQ�PRVW�5$06�VLPXODWLRQV
SHUIRUPHG�IRU�DLU�TXDOLW\�PRGHOLQJ���7KXV��LW�ZDV�VHOHFWHG�IRU�XVH�LQ�WKH�SKRWRFKHPLFDO
PRGHOLQJ�

%DVH�&DVH�0RGHO�3HUIRUPDQFH

7KH�5$06B7��PHWHRURORJLFDO�RXWSXW�GDWD�ZHUH�SURFHVVHG�XVLQJ�WKH�5$06&$0[�SURFHVVRU
WR�JHQHUDWH�&$0[�PHWHRURORJLFDO�LQSXWV�IRU�WKH�6HSWHPEHU������������HSLVRGH�DQG�WKH�+�*
�����NP�JULG��)LJXUH��������&$0[�ZDV�H[HUFLVHG�IRU�D������EDVH�FDVH��D������EDVH�FDVH��DQG
VHYHUDO������92&�12[�HPLVVLRQ�UHGXFWLRQ�VFHQDULRV���7KH�SHUIRUPDQFH�RI�WKH
&$0[�5$06B7��DQG�&$0[�6$,00�IRU�SUHGLFWLQJ�WKH�REVHUYHG�R]RQH�FRQFHQWUDWLRQV
UHYHDOHG�WKDW��LQ�JHQHUDO��&$0[�6$,00�H[KLELWHG�EHWWHU�SHUIRUPDQFH�LQ�SUHGLFWLQJ�WKH
XQSDLUHG�SHDN�REVHUYHG�R]RQH�FRQFHQWUDWLRQV��ZKHUHDV�&$0[�5$06B7��H[KLELWHG�ORZHU�ELDV
LQ�SUHGLFWLQJ�DYHUDJH�GDLO\�PD[LPXP�DQG�KRXUO\�R]RQH�FRQFHQWUDWLRQV�DFURVV�WKH�QHWZRUN�
%RWK�WKH�&$0[�5$06B7��DQG�&$0[�6$,00�PHW�(3$·V�R]RQH�PRGHO�SHUIRUPDQFH�JRDOV�

)XWXUH�<HDU�&RQWURO�6FHQDULRV

7KH�HIIHFWV�RI�92&�12[�DFURVV�WKH�ERDUG�HPLVVLRQ�UHGXFWLRQV�LQ������RI�������������������
DQG�������SHUFHQW���92&��12[��ZHUH�DQDO\]HG�XVLQJ�WKH�&$0[�5$06B7��DQG
&$0[�6$,00�GDWDEDVHV�IRU�WKH�6HSWHPEHU������������+�*�HSLVRGH���3UHYLRXVO\��WKH
&$0[�6$,00�GDWDEDVH�R]RQH�HVWLPDWHV�KDG�H[KLELWHG�D�VWLIIQHVV�WR�12[�HPLVVLRQ�UHGXFWLRQV
WKDW�ZDV�HVSHFLDOO\�DSSDUHQW�RQ�6HSWHPEHU��WK���7KH�&$0[�5$06B7��GDWDEDVH�H[KLELWHG�D
VLPLODU�VWLIIQHVV�DQG��LI�DQ\WKLQJ��H[KLELWHG�VOLJKWO\�PRUH�VWLIIQHVV�RQ�6HSWHPEHU��WK�WKDQ�WKH
&$0[�6$,00�GDWDEDVH���+RZHYHU��WKLV�PD\�EH�GXH�WR�WKH�IDFW�WKDW�WKH�&$0[�5$06B7�
�����EDVH�FDVH�LV�VWDUWLQJ�ZLWK�D�ORZHU�SHDN�R]RQH�FRQFHQWUDWLRQ�RQ�6HSWHPEHU��WK�WKDQ�WKH
&$0[�6$,00������EDVH�FDVH�
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&RQFOXVLRQV

1HZ�PHWHRURORJLFDO�LQSXWV�ZHUH�GHYHORSHG�IRU�WKH�6HSWHPEHU������������+RXVWRQ�*DOYHVWRQ
R]RQH�HSLVRGH�XVLQJ�WKH�5$06�SURJQRVWLF�PHWHRURORJLFDO�PRGHO��5$06B7�����6HYHUDO
5$06�VHQVLWLYLW\�UXQV�ZHUH�SHUIRUPHG�YDU\LQJ�WKH�OHYHO�RI�)''$�DQG�LQLWLDO�VRLO�PRLVWXUH
ZLWKLQ�WKHLU�UDQJHV�RI�XQFHUWDLQW\�WR�LPSURYH�WKH�PHWHRURORJLFDO�PRGHO�SHUIRUPDQFH�
3K\VLFDOO\�UHDOLVWLF�ZLQG�ILHOGV�ZHUH�GHYHORSHG�LQ�DQ�REMHFWLYH�IDVKLRQ�EDVHG�RQ�LPSURYHPHQWV
WR�WKH�PHWHRURORJLFDO�PRGHO�VLPXODWLRQ���7KLV�LV�LQ�FRQWUDVW�WR�WKH�6$,00�VLPXODWLRQV�WKDW
XVHG�H[WUHPHO\�VWURQJ�QXGJLQJ�RI�WKH�ZLQGV�WKDW�SURGXFHG�XQSK\VLFDO�IHDWXUHV�

7KH�&$0[�5$06B7��DQG�&$0[�6$,00������EDVH�FDVH�VLPXODWLRQV�ERWK�H[KLELWHG�R]RQH
PRGHO�SHUIRUPDQFH�WKDW�PHW�(3$·V�SHUIRUPDQFH�JRDOV���7KH�&$0[�5$06B7��DQG
&$0[�6$,00�ERWK�H[KLELWHG�VLPLODU�VWLIIQHVV�RI�WKH�SHDN�R]RQH�FRQFHQWUDWLRQV
UHVSRQVLYHQHVV�WR�12[�FRQWUROV���7KXV��LW�DSSHDUV�WKDW�WKH�VWLIIQHVV�RI�WKH�&$0[�6$,00
SHDN�R]RQH�FRQFHQWUDWLRQV�DUH�OLNHO\�QRW�GXH�WR�WKH�XQSK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�6$,00
ZLQG�ILHOGV�EXW�UDWKHU�DUH�OLNHO\�GXH�WR�WKH�HPLVVLRQV�LQYHQWRU\�DQG�UHVXOWDQW�DWPRVSKHULF
FKHPLVWU\���7KXV��XVH�RI�WKH�&$0[�5$06B7��GDWDEDVH�ZRXOG�OLNHO\�QRW�DSSUHFLDEO\�FKDQJH
WKH�ILQGLQJV�RI�WKH�+RXVWRQ�6,3�PRGHOLQJ�WKDW�ZDV�EDVHG�RQ�WKH�&$0[�6$,00�GDWDEDVH�

7KH�&$0[�5$06B7��GDWDEDVH�ZDV�GHYHORSHG�LQ�MXVW�WZR�PRQWKV�ZLWK�D�OLPLWHG�DPRXQW�RI
PRGHO�VHQVLWLYLW\�UXQV���)XUWKHU�DQDO\VLV�RI�5$06�PRGHO�VHQVLWLYLW\�VLPXODWLRQV�DOWHULQJ
PRGHO�LQSXWV��H�J���VRLO�PRLVWXUH��ZLWKLQ�WKHLU�UDQJH�RI�XQFHUWDLQW\�FRXOG�EH�SHUIRUPHG�WR
LPSURYH�WKH�VLPXODWLRQ���+RZHYHU��HYHQ�ZLWKRXW�WKHVH�DGGLWLRQDO�VLPXODWLRQV�ZH�EHOLHYH�WKDW
WKH�H[LVWLQJ�5$06B7��PHWHRURORJLFDO�ILHOGV�UHSUHVHQW�VLJQLILFDQW�LPSURYHPHQWV�RYHU�WKH
6$,00�ILHOGV�EHFDXVH�WKH\�ZHUH�SUHSDUHG�LQ�D�PRUH�REMHFWLYH�IDVKLRQ�DQG�H[KLELW�PRUH
SK\VLFDOO\�UHDOLVWLF�IHDWXUHV�
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5()(5(1&(6

<DUZRRG��*���5�(��0RUULV�DQG�&�$��(PHU\�����������'LDJQRVWLF�$QDO\VLV�RI�WKH�&2$67

'RPDLQ�0RGHOLQJ�RI�6HSWHPEHU������������,QFOXGLQJ�&$0[�3URFHVV�$QDO\VLV��

3UHSDUHG�IRU�7KH�+RXVWRQ�5HJLRQDO�0RQLWRULQJ�3URJUDP���0D\�


