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,Q�SDUWLFXODU��HPLVVLRQV�RI�YRODWLOH�RUJDQLF�FRPSRXQGV��92&V���QLWURJHQ�R[LGHV��12[��DQG

FDUERQ�PRQR[LGH��&2��IURP�SODQWV�DQG�VRLOV��ELRJHQLF�HPLVVLRQV��DUH�SUHFXUVRUV�WR�WKH

IRUPDWLRQ�RI�WURSRVSKHULF�R]RQH��)HKVHQIHOG�HW�DO�����������7KH�715&&�LV�UHVSRQVLEOH�IRU

GHYHORSLQJ�SODQV�WR�HQVXUH�WKDW�DLU�TXDOLW\�LQ�WKH�VWDWH�RI�7H[DV�PHHWV�WKH�1DWLRQDO�$PELHQW

$LU�4XDOLW\�6WDQGDUGV��1$$46��IRU�R]RQH���7KH�715&&�XVHV�WKH�&$0[�SKRWRFKHPLFDO�JULG

PRGHO��(19,521��������WR�GHYHORS�DLU�TXDOLW\�SODQV�IRU�R]RQH��DQG�DQ�DFFXUDWH�ELRJHQLF

HPLVVLRQ�LQYHQWRU\�LV�DQ�LPSRUWDQW�LQSXW�WR�WKH�&$0[�PRGHOLQJ���7KLV�UHSRUW�GHVFULEHV�WKH

GHYHORSPHQW�RI�ELRJHQLF�HPLVVLRQ�LQYHQWRULHV�IRU�WZR�SHULRGV�LQ������ZKHQ�KLJK�R]RQH�OHYHOV

DIIHFWHG�VHYHUDO�UHJLRQV�RI�7H[DV�

%LRJHQLF�HPLVVLRQV�RI�R]RQH�SUHFXUVRUV�GHSHQG�XSRQ�PDQ\�IDFWRUV�LQFOXGLQJ�SODQW�VSHFLHV

W\SH��SODQW�ELRPDVV�GHQVLW\��VRLO�W\SH��DPELHQW�WHPSHUDWXUH�DQG�VRODU�UDGLDWLRQ���7KHVH

UHODWLRQVKLSV�LQWURGXFH�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQV�LQWR�WKH�UDWHV�RI�ELRJHQLF�HPLVVLRQV�VXFK

WKDW�GHWDLOHG�HQYLURQPHQWDO�LQSXW�GDWD�DQG�FRPSOH[�FRPSXWHU�PRGHOV�DUH�UHTXLUHG�WR�DFFXUDWHO\

HVWLPDWH�ELRJHQLF�HPLVVLRQV���7KH�715&&�FR�VSRQVRUHG�WKH�GHYHORSPHQW�RI�WKH�*OREDO

%LRVSKHUH�(PLVVLRQV�DQG�,QWHUDFWLRQV�6\VWHP��*OR%(,6��ZKLFK�LV�WKH�PRVW�DGYDQFHG�DQG�XS�

WR�GDWH�ELRJHQLF�HPLVVLRQV�PRGHO�FXUUHQWO\�DYDLODEOH���7KH�*OR%(,6�PRGHO�DQG�GRFXPHQWDWLRQ

DUH�DYDLODEOH�RQ�OLQH�DW�http://www.globeis.com�DQG�WKH�PRGHO�GHYHORSPHQW�LV�GHVFULEHG�LQ

<DUZRRG�HW�DO���������

7KH�*OR%(,6�PRGHO�LV�XVHG�WR�SUHSDUH�JULGGHG�KRXUO\�HPLVVLRQ�LQYHQWRULHV�VXLWDEOH�IRU�LQSXW

WR�WKH�&$0[�SKRWRFKHPLFDO�PRGHO����7KLV�PHDQV�WKDW�*OR%(,6�PXVW�EH�VHW�XS�RQ�WKH�VDPH

JHRJUDSKLF�JULG�V\VWHP�DV�XVHG�LQ�&$0[���3UHYLRXV�715&&�R]RQH�PRGHOLQJ�ZDV�FRQGXFWHG

RQ�JULG�V\VWHPV�GHILQHG�LQ�D�8QLYHUVDO�7UDQVYHUVH�0HUFDWRU��870��FRRUGLQDWH�V\VWHP���7KH

715&&�LV�FKDQJLQJ�DOO�RI�WKH�&$0[�PRGHOLQJ�V\VWHP�WR�D�QHZ�FRRUGLQDWH�V\VWHP�LQ�D

/DPEHUW�&RQIRUPDO�3URMHFWLRQ��/&3��DV�VKRZQ�LQ�)LJXUH�������7KLV�FKDQJH�DOORZV�IRU�PRUH

DFFXUDWH�LQWHJUDWLRQ�EHWZHHQ�WKH�&$0[�SKRWRFKHPLFDO�PRGHO�DQG�WKH�00��PHWHRURORJLFDO

PRGHO�WKDW�LV�EHLQJ�XVHG�WR�SUHSDUH�PHWHRURORJLFDO�LQSXW�GDWD�IRU�&$0[���7KH�QHZ�PRGHOLQJ

JULGV�LQFOXGH�D����NP�JULG�FRYHULQJ�WKH�VRXWK�DQG�FHQWUDO�8�6��DQG�D�QHVWHG����NP�JULG

FRYHULQJ�HDVWHUQ�7H[DV�DQG�VHYHUDO�VXUURXQGLQJ�VWDWHV���,Q�DGGLWLRQ��RQH�RU�PRUH�QHVWHG���NP

JULGV�ZLOO�EH�LQFOXGHG�RYHU�R]RQH�7H[DV�QRQDWWDLQPHQW�DUHDV��+RXVWRQ��*DOYHVWRQ��%HDXPRQW�

3RUW�$UWKXU��'DOODV��)RUW�:RUWK��DQG�RU�QHDU�QRQDWWDLQPHQW�DUHDV��$XVWLQ��&RUSXV�&KULVWL�

6DQ�$QWRQLR��9LFWRULD��7\OHU��/RQJYLHZ��

352-(&7�2%-(&7,9(6

7KH�SURMHFW�ZDV�WR�SURYLGH�WKH�715&&�ZLWK�LQSXW�GDWD�WR�UXQ�*OR%(,6�WR�SUHSDUH�HPLVVLRQ

LQYHQWRULHV�IRU�R]RQH�PRGHOLQJ�XVLQJ�WKH�JULG�V\VWHP�VKRZQ�LQ�)LJXUH�������7KLV�UHTXLUHG�WKH

SUHSDUDWLRQ�RI�*OR%(,6�LQSXW�ILOHV�IRU�

• /DQGXVH�/DQGFRYHU��/8/&�

• 7HPSHUDWXUH

• 3KRWRV\QWKHWLFDOO\�DFWLYH�UDGLDWLRQ��3$5�
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7KH�*OR%(,6�LQSXW�ILOHV�ZHUH�JULGGHG�XVLQJ�D�/DPEHUW�&RQIRUPDO�FRRUGLQDWH�V\VWHP�FHQWHUHG

DW�����1�DQG������:�DV�VKRZQ�LQ�)LJXUH�������)RU�DUHD�RI�WKH����NP�JULG��GDWD�ZHUH�SURYLGH

DW����NP�UHVROXWLRQ���)RU�DUHD�RI�WKH����NP�JULG��GDWD�ZHUH�SURYLGHG�DW���NP�UHVROXWLRQ���'DWD

ZHUH�GHYHORSHG�DW����NP�DQG���NP�UHVROXWLRQ�WR�DOORZ�IRU�IOH[LELOLW\�LQ�SRVLWLRQLQJ��RU

UHSRVLWLRQLQJ��&$0[����NP�DQG���NP�QHVWHG�JULGV�ZLWKLQ�WKH����NP�FRDUVH�JULG�

7KH�WHPSHUDWXUH�DQG�3$5�GDWD�DUH�GD\�VSHFLILF�DQG�ZHUH�SURYLGHG�ZLWK�KRXUO\�UHVROXWLRQ�IRU

WZR�R]RQH�HSLVRGH�SHULRGV�

• $XJXVW������������

• 6HSWHPEHU������������
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)LJXUH�������5HJLRQDO����NP�DQG����NP�UHVROXWLRQ�PRGHOLQJ�JULGV�IRU�ZKLFK�*OR%(,6�PRGHO

LQSXWV�ZHUH�SUHSDUHG�DW����NP�DQG���NP�UHVROXWLRQ��UHVSHFWLYHO\�
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����/$1'86(�/$1'&29(5�'$7$

7KH�*OR%(,6�PRGHO�UHTXLUHV�LQSXW�GDWD�GHVFULELQJ�ODQGXVH�ODQGFRYHU��/8/&��LQ�RUGHU�WR
HVWLPDWH�ELRJHQLF�HPLVVLRQV���7KLV�LQIRUPDWLRQ�LV�SURYLGHG�LQ�WZR�LQSXW�ILOHV�

�� 'RPDLQ�'HILQLWLRQ�)LOH���7KLV�ILOH�GHVFULEHV�DOO�RI�WKH�´JHRJUDSKLF�REMHFWVµ�IRU�ZKLFK
ELRJHQLF�HPLVVLRQV�DUH�WR�EH�FDOFXODWHG���:KHQ�*OR%(,6�LV�EHLQJ�XVHG�WR�SUHSDUH�JULGGHG
HPLVVLRQ�LQYHQWRULHV��DV�UHTXLUHG�IRU�SKRWRFKHPLFDO�PRGHOLQJ��WKH�JHRJUDSKLF�REMHFWV�DUH
JULG�FHOOV���7KH�GRPDLQ�GHILQLWLRQ�ILOH�XQLTXHO\�LGHQWLILHV�HDFK�REMHFW�XVLQJ�WZR�LQGLFHV
�,FHOO�DQG�-FHOO��DQG�SURYLGHV�WKH�JHRGHWLF�FRRUGLQDWHV�IRU�WKH�FHQWURLG�RI�HDFK�REMHFW�DQG
WKH�DUHD�LQ�VTXDUH�NLORPHWHUV�

�� /DQGXVH�)LOH���7KLV�ILOH�GHVFULEHV�KRZ�/8/&�LV�DSSRUWLRQHG�ZLWKLQ�HDFK�JHRJUDSKLF�REMHFW
LQFOXGHG�LQ�WKH�GRPDLQ�GHILQLWLRQ�ILOH���7KH�ODQGXVH�ILOH�OLVWV�WKH�IUDFWLRQDO�DUHD�RI�*OR%(,6
ODQGFRYHU�FRGHV�LQ�HDFK�JHRJUDSKLF�REMHFW�

7KH�FRQWHQW�DQG�IRUPDW�UHTXLUHPHQWV�IRU�WKHVH�WZR�LQSXW�ILOHV�DUH�GLVFXVVHG�IXUWKHU�LQ�WKH
*OR%(,6�8VHU·V�*XLGH��<DUZRRG�HW�DO�������D��

,Q�WKLV�VWXG\�*OR%(,6�/8/&�GDWD�ZHUH�GHYHORSHG�IRU�WKH�DUHD�FRYHUHG�E\�WKH�715&&·V�QHZ
UHJLRQDO�&$0[�PRGHOLQJ�GRPDLQ�VKRZQ�LQ�)LJXUH�������/8/&�GDWD�ZHUH�GHYHORSHG�DW����NP
UHVROXWLRQ�IRU�WKH�HQWLUH�DUHD�RI�WKH����NP�UHJLRQDO�JULG���7KHVH�GDWD�FDQ�EH�XVHG�WR�SUHSDUH
���NP�JULG�JOREHV�LQSXW�ILOHV�E\�DJJUHJDWLQJ�/8/&�GDWD�IURP����NP�UHVROXWLRQ�WR����NP
UHVROXWLRQ���7KH�VDPH�GDWD�DOVR�FDQ�DOVR�EH�XVHG�WR�SUHSDUH�*OR%(,6�LQSXW�ILOHV�IRU�WKH����NP
QHVWHG�JULG�VKRZQ�LQ�)LJXUH�����E\�ZLQGRZLQJ�RXW�WKH�QHVWHG�JULG�DUHD���$�)2575$1
SURJUDP�FDOOHG�´/8352&µ�ZDV�ZULWWHQ�WR�SHUIRUP�WKHVH�ZLQGRZLQJ�DQG�DJJUHJDWLRQ�WDVNV��DV
GHVFULEHG�EHORZ��([DPSOH�HPLVVLRQ�LQYHQWRULHV�DUH�VKRZQ�ODWHU�LQ�6HFWLRQ���IRU�WKH�FRPSOHWH
DUHD�RI�WKH����NP�JULG�

*OR%(,6�LQSXW�ILOHV�ZLOO�DOVR�EH�UHTXLUHG�IRU�VHYHUDO���NP�JULGV�QHVWHG�ZLWKLQ�WKH����NP�JULG
VKRZQ�LQ�)LJXUH�������7R�DOORZ�IOH[LELOLW\�LQ�ORFDWLQJ�WKHVH���NP�JULGV��/8/&�GDWD�ZHUH
GHYHORSHG�DW���NP�UHVROXWLRQ�IRU�WKH�HQWLUH�DUHD�RI�WKH����NP�JULG�VKRZQ�LQ�)LJXUH�������7KH
/8352&�SURJUDP�FDQ�EH�XVHG�WR�ZLQGRZ�RXW�*OR%(,6�LQSXW�ILOHV�D���NP�VXE�GRPDLQ�QHVWHG
DQ\ZKHUH�ZLWKLQ�WKH����NP�JULG���([DPSOH�HPLVVLRQ�LQYHQWRULHV�DUH�VKRZQ�ODWHU�LQ�6HFWLRQ��
IRU�WZR���NP�GRPDLQV��RQH�RYHU�WKH�7\OHU�/RQJYLHZ�0DUVKDOO�DUHD�RI�(DVW�7H[DV�DQG�WKH
RWKHU�RYHU�WKH�$XVWLQ�&RUSXV�&KULVWL�6DQ�$QWRQLR�9LFWRULD�DUHD�RI�6RXWK�&HQWUDO�7H[DV�

'$7$�6285&(6

7KH�XQGHUO\LQJ�/8/&�GDWD�ZHUH�IURP�WZR�VRXUFHV�

�� 7KH�%LRJHQLF�(PLVVLRQV�/DQGFRYHU�'DWDEDVH���%(/'���YHUVLRQ�����GHYHORSHG�E\�WKH�86
(3$��(3$����������7KLV�GDWDEDVH�FRPELQHV�GDWD�DW�UHVROXWLRQV�UDQJLQJ�IURP���NP�JULGGHG
GDWD�WR�FRXQW\�OHYHO�GDWD�DQG�FRYHUV�WKH�HQWLUH����FRQWHUPLQRXV�86�VWDWHV�DV�ZHOO�DV
0H[LFR�DQG�&DQDGD��)LJXUH��������7KH�GDWDEDVH�LV�QRW�IRUPDWWHG�IRU�GLUHFW�FRPSDWLELOLW\
ZLWK�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP��*,6��VRIWZDUH�VXFK�DV�$UF,QIR�RU�$UF9LHZ�
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�� *,6�ODQGXVH�ODQGFRYHU�GDWDEDVHV�IRU�7H[DV�DQG�0H[LFR�GHYHORSHG�E\�WKH�8QLYHUVLW\�RI
7H[DV�DW�$XVWLQ��87��DQG�(19,521�LQ�SUHYLRXV�715&&�VSRQVRUHG�VWXGLHV��<DUZRRG�HW
DO�������E��:LHGLQP\HU�HW�DO���������

)RU�DOO�RI�WKH�DUHDV�LQ�WKH�&$0[�PRGHOLQJ�GRPDLQ�RXWVLGH�RI�7H[DV�DQG�0H[LFR��)LJXUH�����
WKH�/8/&�GDWD�ZHUH�IURP�WKH�%(/'��GDWDEDVH���)RU�7H[DV�DQG�0H[LFR�WKHUH�DUH�WZR
DOWHUQDWH�VRXUFHV�RI�/8/&�GDWD���7KH�DSSURDFK�WR�GDWD�SUHSDUDWLRQ�ZDV�WR�SURFHVV�WKH�%(/'
GDWD�IRU�WKH�HQWLUH�&$0[�GRPDLQ�ILUVW���7KLV�SURYLGHV�VHWV�RI�*OR%(,6�LQSXW�ILOHV�EDVHG�VROHO\
RQ�WKH�%(/'��GDWD���1H[W��WKH�7H[DV�DQG�0H[LFR�GDWD�ZHUH�SURFHVVHG�DQG�XVHG�WR�UHSODFH�WKH
%(/'��/8/&�GDWD�IRU�7H[DV�DQG�0H[LFR���7KLV�SURYLGHV�VHWV�RI�*OR%(,6�LQSXW�ILOHV�EDVHG
XSRQ�WKH�7H[DV�DQG�0H[LFR�*,6�/8/&�GDWD�DQG�WKH�%(/'��GDWD�RXWVLGH�RI�7H[DV�DQG
0H[LFR�

/8/&�),/(6�&217$,1,1*�21/<�%(/'��'$7$

(3$�GHYHORSHG�WKH�%(/'��GDWDEDVH�WR�EH�FRQVLVWHQW�ZLWK�DQ�00��PHWHRURORJLFDO�PRGHOLQJ
����NP�JULG�WKDW�KDV�EHHQ�XVHG�IRU�PRGHOLQJ�1RUWK�$PHULFDQ��)LJXUH��������&RQVHTXHQWO\�WKH
%(/'��GDWDEDVH�XVHV�D�/DPEHUW�&RQIRUPDO�3URMHFWLRQ��/&3��FRRUGLQDWH�V\VWHP��7KH�/&3
SURMHFWLRQ�SDUDPHWHUV�IRU�WKH�%(/'��WLOH�FRYHUDJHV�DUH�DV�IROORZV� �(3$��������

�VW�VWDQGDUG�SDUDOOHO� ����������
�QG�VWDQGDUG�SDUDOOHO� ����������
FHQWUDO�PHULGLDQ� �����������
ODWLWXGH�RI�SURMHFWLRQ·V�RULJLQ� ����������
IDOVH�HDVWLQJ��PHWHUV�� �������
IDOVH�QRUWKLQJ��PHWHUV�� �������

;<�FRUQHU�FRRUGLQDWHV��FHOO�FRUQHUV��LQ�SURMHFWLRQ�XQLWV��PHWHUV��
/RZHU�OHIW���� �������������������������
8SSHU�OHIW���� ������������������������
8SSHU�5LJKW����� �����������������������
/RZHU�5LJKW���� ������������������������
*ULG�&HOO�6L]H��� ��NLORPHWHU
5RZV�� ����
&ROXPQV�� ����
&ROXPQ�5RZ�RULJLQ�� ���������

7KH�/8/&�GDWD�IRU�WKH�%(/'��JULG�FDQ�EH�GRZQORDGHG�LQ�VHFWLRQV��RU�WLOHV��DV�VKRZQ�LQ
)LJXUH�������(DFK�´WLOH�ILOHµ�LV�LQ�D�IODW��KHDGHUOHVV�$6&,,�IRUPDW�GHVFULEHG�LQ�(3$���������7R
HQFRPSDVV�WKH�HQWLUH�SURSRVHG�PRGHOLQJ�JULG��)LJXUH������WKH�%(/'��GDWD�IRU�WLOHV���������
��������DQG����ZHUH�XVHG�
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)LJXUH� ����� �$UHD� FRYHUHG�E\� WKH�(3$�%(/'��GDWDEDVH� DQG� EUHDNGRZQ� LQWR� VHSDUDWH� ´WLOH
ILOHV�µ

'DWD�3URFHVVLQJ

7KH�%(/'��GDWD�WLOHV�DUH�FRPSULVHG�RI���NP�SL[HOV�LGHQWLILHG�E\���GLJLW�URZ�DQG�FROXPQ
FRGHV�WKDW�DUH�EDVHG�RQ�WKH�JHRJUDSKLF�ORFDWLRQ�ZLWKLQ�WKH�WLOH�GRPDLQ��7KHVH���GLJLW�FRGHV�DUH
FURVV�UHIHUHQFHG�WR�ODQG�XVH��/8��FRGHV�VR�WKDW�HDFK�SL[HO�KDV�D�VLQJOH�/8/&�W\SH���7KLV
/8/&�W\SH�LV�FURVV�UHIHUHQFHG�WR�RQH�RU�PRUH�SODQW�VSHFLHV�W\SHV�LQ�VHSDUDWH��FRXQW\�OHYHO�
FURVV�UHIHUHQFH�ILOHV���$UF,QIR�����FDQQRW�PDQLSXODWH�WKH�%(/'��GDWD�WLOHV�GLUHFWO\�EHFDXVH�RI
WKH�ZD\�LQIRUPDWLRQ�LV�VSOLW�EHWZHHQ�WKH�JULGGHG�WLOH�ILOHV�DQG�WKH�FRXQW\�OHYHO�FURVV�UHIHUHQFH
ILOHV��DQG�EHFDXVH�RI�WKH�YHU\�ODUJH�QXPEHU�RI�%(/'�SL[HOV��7KHUHIRUH�DQ�DOWHUQDWH
PHWKRGRORJ\�ZDV�GHYHORSHG�ZKHUH�$UF,QIR�LV�XVHG�WR�GHWHUPLQH�ZKLFK�%(/'��SL[HOV�EHORQJ
LQ�HDFK�*OR%(,6�JULG�FHOO��DQG�WKHQ�3HUO�SURJUDPV�FDOFXODWH�DQG�DFFXPXODWH�WKH�VSHFLHV�FURVV�
UHIHUHQFHV�WR�EXLOG�XS�WKH�/8/&�GDWD�IRU�HDFK�*OR%(,6�JULG�FHOO�
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7KH�IROORZLQJ�LV�DQ�RXWOLQH�RI�WKH�FRPPDQGV�DQG�SURFHGXUHV�WKDW�DUH�UHTXLUHG�WR�JHQHUDWH�WKH
%(/'��/DQG�XVH�LQSXW�ILOHV�

�� ,Q�$UF,QIR�����JHQHUDWH�WKH�*/2%(,6�GRPDLQ�JULG�DV�GHILQHG�LQ�WKH�)LJXUH����

$UF��*(1(5$7(�JOREBJUG
*HQHUDWH����),6+1(7
*HQHUDWH��[RUJ�\RUJ� 
*HQHUDWH��\�D[LV� 
*HQHUDWH��G[�G\� 
*HQHUDWH��Q\�Q[� 

7KH�SDUDPHWHUV�RI�WKH�ILVKQHW�ZHUH�WDNHQ�IURP�)LJXUH������$�*/2%(,6�GRPDLQ�LQSXW�ILOH�ZDV
JHQHUDWHG�IRU�WKH�DUHDV�RI����NP�DQG�WKH����NP�PRGHOLQJ�JULGV�DW����NP�DQG���NP�UHVROXWLRQ�
UHVSHFWLYHO\�

7KH�ILVKQHW�JULG��JOREBJUG��PXVW�DOVR�FRUUHVSRQG�WR�WKH�&$0[�/DPEHUW�&RQIRUPDO
3URMHFWLRQ��7KH�FRPPDQGV�DQG�SDUDPHWHUV�IRU�WKH�GHVLJQDWHG�SURMHFWLRQ�DUH�DV�IROORZV�

$UF��352-(&7'(),1(�FRYHU�JOREBJUG
3URMHFWLRQ��SURMHFWLRQ�ODPEHUW
3URMHFWLRQ��XQLWV�PHWHUV
3URMHFWLRQ��SDUDPHWHUV
3URMHFWLRQ��WUXHODW�� ���������
3URMHFWLRQ��WUXHODW�� ���������
3URMHFWLRQ��&HQWUDO�PHULGLDQ� �����������
3URMHFWLRQ��/DWLWXGH�RI�3URMHFWLRQ� ���������
3URMHFWLRQ��)DOVH�HDVWLQJ� ���
3URMHFWLRQ��IDOVH�QRUWKLQJ� ���
3URMHFWLRQ��HQG

%XLOG�WKH�WRSRORJ\�RI�WKH�JULG�

$UF��%8,/'�JOREBJUG

*/2%(,6�LQSXW�ILOHV�UHTXLUH�DQ�,FHOO��-FHOO�FRRUGLQDWH�FRUUHVSRQGLQJ�WR�D�VSHFLILF�JULG�FHOO�LQ
WKH�GRPDLQ��<DUZRRG�HW�DO�������D���7KHVH�,FHOO��-FHOO�QXPEHUV�DUH�FDOFXODWHG�IURP�[��\
FRRUGLQDWHV�FRUUHVSRQGLQJ�WR�WKH�FHQWHU�RI�HDFK�JULG�FHOO��7KH�[��DQG�\�FRRUGLQDWHV�RI�HDFK
JULG�FHOO�FHQWHU��SRO\JRQ�FHQWURLG��ZHUH�DGGHG�XVLQJ�WKH�´$'';<µ�FRPPDQG��7KH�DWWULEXWH
LWHPV�IRU�WKH�,FHOO�DQG�-FHOO��DQG�WKH�DUHD�RI�HDFK�JULG�SRO\JRQ�ZHUH�DOVR�DGGHG�DQG�WKHQ
FDOFXODWHG�

$UF��$'';<�JOREBJUG
$UF��$'',7(0�JOREBJUG�SDW�JOREBJUG�SDW�,&(//�����,
$UF��$'',7(0�JOREBJUG�SDW�JOREBJUG�SDW�-&(//�����,
$UF��$'',7(0�JOREBJUG�SDW�JOREBJUG�SDW�*5'B$5($������)��
$UF��$'',7(0�JOREBJUG�SDW�JOREBJUG�SDW�$5($.0�������)��
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$UFHGLW�ZDV�XVHG�WR�FDOFXODWH�WKH�DGGHG�DWWULEXWH�LWHPV�

$UF��DUFHGLW
$UFHGLW��(',7�JOREBJUG
$UFHGLW��(',7)($785(�SRO\
$UFHGLW��6(/(&7�DOO
$UFHGLW��&$/&8/$7(��,&(//� �����;�&225'���Q�����²�[RUJ�����Q
$UFHGLW��&$/&8/$7(��-&(//� �����<�&225'���Q�������\RUJ����Q
$UFHGLW��&$/&8/$7(��*5'B$5($� �$5($
$UFHGLW��&$/&8/$7(��$5($.0�� �$5($�
���������
$UFHGLW��48,7���VDYLQJ�DOO�FKDQJHV�PDGH�

,Q�WKH�DERYH�FDOFXODWLRQV��[RUJ�DQG�\RUJ�DUH�WKH�ORZHU�OHIW�JULG�FHOO�FRRUGLQDWHV�DQG�Q�LV�WKH
JULG�FHOO�VL]H�

$W�WKLV�SRLQW�DOO�WKH�QHFHVVDU\�FDOFXODWLRQV�WKDW�JLYH�WKH�,FHOO�DQG�-FHOO�FRRUGLQDWHV�IRU�WKH
GHVLUHG�SURMHFWLRQ�KDYH�EHHQ�FRPSOHWHG��+RZHYHU��WKH�%(/'��GDWDVHWV�DUH�LQ�D�GLIIHUHQW�/&3
SURMHFWLRQ�WKDQ�WKH�*OR%(,6�JULGV��7R�SURSHUO\�JULG�WKH�%(/'��GDWD�WKH�JHQHUDWHG�GRPDLQ
JULG�PXVW�EH�UH�SURMHFWHG�WR�WKH�%(/'��FRRUGLQDWH�V\VWHP�

$UF��352-(&7�FRYHU�JOREBJUG�JOREBJUGBOFS
�WKH�LQSXW�KDV�DOUHDG\�EHHQ�GHILQHG�LQ�WKH�SUHYLRXV�FRPPDQGV�
287387
3URMHFWLRQ��SURMHFWLRQ�ODPEHUW
3URMHFWLRQ��XQLWV�PHWHUV
3URMHFWLRQ��VSKHURLG�VSKHUH
3URMHFWLRQ��SDUDPHWHUV
3URMHFWLRQ��WUXHODW�� ���������
3URMHFWLRQ��WUXHODW�� ���������
3URMHFWLRQ��&HQWUDO�PHULGLDQ� ����������
3URMHFWLRQ��/DWLWXGH�RI�3URMHFWLRQ� ���������
3URMHFWLRQ��)DOVH�HDVWLQJ� ���
3URMHFWLRQ��IDOVH�QRUWKLQJ� ���
3URMHFWLRQ��HQG

5H�EXLOG�WKH�WRSRORJ\�

$UF���&/($1���RU�%8,/'��JOREBJUGBOFS

7KLV�SURFHVV�ZDV�GRQH�WZLFH�DQG�D�GRPDLQ�JULG�ZDV�JHQHUDWHG�IRU�WKH����NP�DQG�WKH����NP
PRGHOLQJ�JULG�LQ�WKH�%(/'��FRRUGLQDWH�V\VWHP�

4XDOLW\�$VVXUDQFH

8VLQJ�$UFKLYH�����WKH�JULG�DWWULEXWHV�DQG�GDWD�ZHUH�YLHZHG�IRU�WKH�JOREBJUGBOFS�GRPDLQ
FRYHUDJH��7KH�,��-�FHOO��DQG�DUHD�FDOFXODWLRQV�ZHUH�YLVXDOO\�LQVSHFWHG�IRU�DQ\�HUURUV�
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5HVXOWV

7KH�GRPDLQ�JULG�ZDV�GHILQHG�IRU�WKH����NP�DQG����NP�JULG�DQG�H[SRUWHG�LQ�$UF,QIR�H[SRUW
�
�H����IRUPDW���7KH�H[SRUW�FRPPDQGV�DUH�DV�IROORZV

$UF��(;3257�&29(5��FRYHUBQDPH!��RXWBILOHQDPH!
�WKH��H���H[WHQVLRQ�LV�DGGHG�E\�DUFLQIR�VR�LW�GRHV�QRW�QHHG�WR�EH�VSHFLILHG�E\�WKH
XVHU�

�FRYHUBQDPH!�LV�WKH�FRYHUDJH�WR�H[SRUW�DQG��RXWBILOHQP!�LV�WKH�ILOH�QDPH
RI�WKH�H[SRUWHG��H���ILOH�

�� *HQHUDWH�WKH�%(/'��7LOH�GDWD�LQ�$UF,QIR

$W�WKLV�SRLQW�WKH�*OR%(,6�GRPDLQ�JULG�KDV�EHHQ�GHILQHG�LQ�WKH�%(/'��FRRUGLQDWH�V\VWHP�DQG
LV�UHDG\�WR�EH�LQWHUVHFWHG�ZLWK�WKH�%(/'��WLOH��7KH�QH[W�VWHSV�DUH�WR�GHILQH�WKH�%(/'��JULG�
FDOFXODWH�WKH���GLJLW�FRGHV��DQG�WKHQ�LQWHUVHFW�WKH�%(/'��WLOH�JULG�ZLWK�WKH�*/2%(,6�GRPDLQ
JULG�

7R�HQFRPSDVV�DOO�RI�WKH�SURSRVHG�PRGHOLQJ�JULG�WLOHV������������������DQG����ZHUH�GHILQHG�
6LQFH�WKH�%(/'��JULGV�DUH�YHU\�ODUJH��SURFHVVLQJ�ZLWKLQ�$UF,QIR�UHTXLUHV�D�ORW�RI�WLPH�DQG
GLVN�VSDFH��$V�D�UHVXOW�LW�LV�EHQHILFLDO�WR�GHILQH�WKH�GRPDLQ�RI�WKH�WLOH�WR�OLPLW�WKH�DPRXQW�RI
XQQHFHVVDU\�GDWD��7R�KHOS�PLQLPL]H�WKH�FRPSXWLQJ�WLPH�HDFK�WLOH�ZDV�GHILQHG�VHSDUDWHO\�
)XUWKHUPRUH��RQO\�KDOI�RI�WLOHV�����������DQG����ZHUH�XVHG�WR�KHOS�ZLWK�ILOH�VL]H�PDQDJHDELOLW\�
(YHQ�ZLWK�WKHVH�VWHSV�LQ�SODFH��FDOFXODWLRQ�WLPH�IRU�SURFHVVLQJ�WKHVH�WLOHV�ZDV�VWLOO
FRQVLGHUDEOH�

7KH�%(/'��JULG�PXVW�EH�GHILQHG�LQ�WHUPV�RI�WKH�00������NP�GRPDLQ�DQG�WKH�FRUUHVSRQGLQJ
FRRUGLQDWH�V\VWHP���7KH�%(/'��GRFXPHQWDWLRQ�JLYHV�WKH�QXPEHU�RI�URZV�DQG�FROXPQV�IRU
HDFK�WLOH�DQG�WKH��,�-��RIIVHW�IRU�7LOH�����7KLV�LQIRUPDWLRQ�FDQ�EH�XVHG�IRU�GHILQLQJ�WKH�JULG�

)RU�H[DPSOH��LQ�7LOH����WKH�ORZHU�OHIW�KDQG�FRUQHU�RI�WKH�WLOH�ZDV�FDOFXODWHG�DV�WKH�RULJLQ�RI
WKH�JULG��,Q�WKH�%(/'��SURMHFWLRQ�WKH�FDOFXODWLRQ�IRU�WKLV�RULJLQ�LV�DV�IROORZV�

;RULJ� ������������
����������������� �������PHWHUV�
<RULJ� ������������
����������������� �������PHWHUV�

7KH�QXPEHUV������DQG������DUH�GHWHUPLQHG�E\�FRXQWLQJ�WKH�QXPEHU�RI�FROXPQV�DQG�URZV��DV
GRFXPHQWHG�ZLWK�WKH�%(/'��GDWD�GRFXPHQWDWLRQ��IURP�WKH�RULJLQ�DQG�WKHQ�DGGLQJ�WKH�RIIVHWV
RI������DQG������

2QFH�WKH�RULJLQ�LV�GHILQHG�WKH�ILVKQHW�IRU�WKH�WLOH�FDQ�EH�JHQHUDWHG��)RU�WLOH����RQO\�WKH�ORZHU
KDOI�RI�WKH�WLOH�LV�QHFHVVDU\�IRU�RXU�PRGHOLQJ�QHHGV�

$UF��*(1(5$7(���EHOGBJUG
*HQHUDWH��),6+1(7

����[RUJ�\RUJ� ���������
��������������\�D[LV������� ���������

����G[�G\������� ����������
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������ ����Q\�Q[��������� ���������
$UF��352-(&7'(),1(�FRYHU���EHOGBJUG

7KH�ILVKQHW�PXVW�QRZ�EH�SURMHFWHG�LQWR�WKH�%(/'��/&3�FRRUGLQDWH�V\VWHP�

3URMHFWLRQ��SURMHFWLRQ�ODPEHUW
3URMHFWLRQ��XQLWV�PHWHUV
3URMHFWLRQ��VSKHURLG�VSKHUH
3URMHFWLRQ��SDUDPHWHUV
3URMHFWLRQ��WUXHODW�� ���������
3URMHFWLRQ��WUXHODW�� ���������
3URMHFWLRQ��&HQWUDO�PHULGLDQ� ����������
3URMHFWLRQ��/DWLWXGH�RI�3URMHFWLRQ� ���������
3URMHFWLRQ��)DOVH�HDVWLQJ� ���
3URMHFWLRQ��IDOVH�QRUWKLQJ� ���
$UF��%8,/'��RU�&/($1����EHOGBJUG

7KH�ILVKQHW�QRZ�KDV�WKH�SURSHU�SURMHFWLRQ�DQG�WKH���GLJLW�FRGHV�FDQ�EH�FDOFXODWHG�ZLWKLQ
$UF,QIR�EDVHG�RQ�WKH�JHRJUDSKLF�GDWD��)LUVW��DGG�WKH�IROORZLQJ�IHDWXUHV��DWWULEXWHV��

$UF��$'';<���EHOGBJUG
$UF��$'',7(0���EHOGBJUG�SDW���EHOGBJUG�SDW�%(/'�&2'(�������,

&DOFXODWH�WKH���GLJLW�%(/'�&2'(�

$UF��DUFHGLW
$UFHGLW��(',7���EHOGBJUG
$UFHGLW��(',7)($785(�SRO\
$UFHGLW��6(/(&7�DOO
$UFHGLW��&$/&8/$7(�%(/'�&2'(� �����;�&225'��������������������
������������
�����������<�&225'�����������������������������������
$UFHGLW��4��VDYLQJ�DOO�FKDQJHV�

7KH�DERYH�IRUPXOD�LV�YDOLG�IRU�DQ\�JULG�FHOO�ZLWKLQ�WKH�%(/'��GRPDLQ�SURYLGHG�LW�LV�GHILQHG
XVLQJ�WKH�SURMHFWLRQ�SDUDPHWHUV�DQG�GRPDLQ�GHILQLWLRQ�RI�WKH�00��GRPDLQ�DV�GRQH�KHUH���7KH
YDOXHV��������������DQG��������������DUH�WKH�JULG�FHOO�FHQWHU�FRRUGLQDWHV�RI�WKH�JULG�FHOO������
LQ�WKH�IXOO�00������NP�GRPDLQ�

7KLV�SURFHVV�ZDV�UHSHDWHG�IRU�HDFK�WLOH�QHFHVVDU\�WR�FRYHU�WKH�&$0[�UHJLRQDO�PRGHOLQJ
GRPDLQ�

4XDOLW\�$VVXUDQFH

8VLQJ�$UF9LHZ������WKH�DWWULEXWHV�DQG�GDWD�IRU�HDFK�%(/'��WLOH�ZHUH�YLHZHG�DQG�WKH
%(/'�&2'(�FDOFXODWLRQV�ZHUH�YLVXDOO\�LQVSHFWHG�IRU�DQ\�HUURUV�
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5HVXOWV

6L[�%(/'��WLOH�FRYHUDJHV�ZHUH�JHQHUDWHG�DQG�H[SRUWHG�LQ��H���ILOH�IRUPDW�IRU�WLOHV�������������
����DQG����

�� 7KH�%(/'��WLOHV�DQG�GRPDLQ�JULG�DUH�LQWHUVHFWHG�WR�SURGXFH�QHFHVVDU\�DUHD�IUDFWLRQV

8VLQJ�WKH�´LQWHUVHFWµ�RSHUDWLRQ�WKH�GRPDLQ�JULGV�IRU�WKH����NP�DQG����NP�JULGV�ZHUH
LQWHUVHFWHG�ZLWK�DOO���RI�WKH�%(/'��WLOH�JULGV��7KH�UHVXOW�ZDV�WKH�GHVLUHG�GRPDLQ�JULG�ZLWK
DUHD�IUDFWLRQV�FRUUHVSRQGLQJ�WR�HDFK�%(/'�&2'(�

$UF��,17(56(&7�JOREBJUGBOFS���EHOGBJUG���JOREEHOGJUG�32/<
���JOREEHOGJUG�LV�WKH�RXWSXW�ILOH�

$�QHZ�ILHOG�ZDV�DGGHG�WR�WKH�RXWSXW�FRYHUDJH�DQG�WKH�IUDFWLRQDO�DUHDV�ZHUH�FDOFXODWHG�

$UF��$'',7(0���JOREEHOGJUG�SDW���JOREEHOGJUG�SDW�$5($B)5$&������)��
$UF��$UFHGLW
$UFHGLW��(',7���JOREEHOGJUG
$UFHGLW��(',7)($785(�SRO\
$UFHGLW��6(/(&7�DOO
$UFHGLW��&$/&8/$7(�$5($B)5$&� �$5($���*5'B$5($
$UFHGLW��4��VDYLQJ�DOO�FKDQJHV�

4XDOLW\�$VVXUDQFH

7KH�DERYH�FDOFXODWLRQV�ZHUH�FKHFNHG�WR�HQVXUH�WKDW�$5($B)5$&�UHFRUGV�IRU�D�SDUWLFXODU
*/2%(,6�JULG�FHOO��,&(//��-&(//��VXPPHG�WR�XQLW\���8VLQJ�$UF9LHZ�����WKH�FRYHUDJH�GDWD
ZDV�H[SRUWHG�DV�GHOLPLWHG�WH[W��7KH�WH[W�ILOH�ZDV�WKHQ�RSHQHG�LQ�([FHO�DQG�DUHD�IUDFWLRQV�ZHUH
VXPPHG�IRU�D�UDQGRP�,FHOO��-FHOO�FRRUGLQDWH��7KH�UHVXOWV�ZHUH�DUHD�IUDFWLRQV�HTXDO�WR�a������

5HVXOWV

7ZHOYH�FRYHUDJHV�ZHUH�H[SRUWHG�LQ��H���IRUPDW��WKHVH�ZHUH�WKH�LQWHUVHFWLRQV�RI�WKH�PRGHOLQJ
GRPDLQ�ZLWK�%(/'��GDWD�IRU�7LOHV���������������������IRU�ERWK�WKH����NP�DQG����NP�PRGHOLQJ
JULG�DUHDV�

�� 2XWSXW�'DWD�LQ�*OR%(,6�)RUPDW

2QFH�DOO�WKH�FRYHUDJHV�ZHUH�LQWHUVHFWHG�WKH�ILQDO�VWHS�ZDV�WR�H[SRUW�WKH�GDWD�IRU�LQ�*OR%(,6
IRUPDW���1RWH�WKDW�WKHVH�ILOHV�UHTXLUH�IXUWKHU�SURFHVVLQJ�EHIRUH�WKH\�FDQ�EH�XVHG�ZLWK�*OR%(,6�

$UF��,1)2
(17(5�86(5�1$0(��$5&
,1)2�!�6(/(&7���JOREEHOGJUG�SDW
,1)2�!�(;3257��RXWSXW�ILOHQDPH!�VGI�QRUPDO�DSSHQG�,&(//��-&(//��

%(/'�&2'(��$5($B)5$&
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7KH�*OR%(,6�/DQG�8VH�LQSXW�KHDGHU�ZDV�DGGHG�WR�WKH�H[SRUWHG�ILOH�XVLQJ�D�WH[W�HGLWRU�

7DEOH������([DPSOH�RI�WKH�/DQGXVH�ILOH�IRUPDW�

4XDOLW\�$VVXUDQFH

7KH�RXWSXW�ILOHV�ZHUH�YLVXDOO\�LQVSHFWHG�XVLQJ�D�WH[W�HGLWRU�

5HVXOWV

7ZHOYH�FRYHUDJHV�ZHUH�H[SRUWHG�LQ�DQ�$6&,,�IRUPDW�FRPSDWLEOH�ZLWK�*OR%(,6��WKHVH�ZHUH�WKH
LQWHUVHFWLRQV�RI�WKH�PRGHOLQJ�GRPDLQ�ZLWK�%(/'��GDWD�IRU�7LOHV���������������������IRU�ERWK
WKH����NP�DQG����NP�PRGHOLQJ�JULG�DUHDV�

�� &KDQJH�/8/&�&RGHV�WR�*OR%(,6�UHFRJQL]HG�FRGHV

7KH�DUFLQJ�GHWHVWV�H[SRUWHG�LQ�6WHS���DERYH��WRJHWKHU�ZLWK�WKH�%(/'�WLOH�GDWD��PXVW�EH
FRPELQHG�DQG�SUHSDUHG�IRU�XVH�LQ�WKH�JOREH�PRGHO���7KH�UHTXLUHG�DGGLWLRQDO�SURFHVVLQJ�LV
DFFRPSOLVKHG�WKURXJK�WKH�DSSOLFDWLRQ�RI�D�VHW�RI�)2575$1�DQG�3DO�FRGHV�ZKLFK�

• 0DS�WKH�%(/'��JULG�FRGHV�WR�/8/&�FRGHV�
• &URVV�UHIHUHQFH�WKH�/8/&�FRGHV�WR�WKH�YHJHWDWLRQ�VSHFLHV�UHFRJQL]HG�E\�JOREHV�
• 5H�QRUPDOL]H�DQG�UHIRUPDWWHG�WKH�GDWD�

7KH�ILUVW�VWHS�UHTXLUHV�WKH�SURFHVVLQJ�RI�WKH�%(/'�´WLOH�ILOHVµ���7KH�%(/'��´WLOH�ILOHVµ�FRQVLVW
RI���NP�UHVROXWLRQ�JULG�FHOOV�ZLWK�FRUUHVSRQGLQJ�ODQGDXV�FRGHV���7KH�ODQGDXV�FKDUDFWHULVWLFV�LQ
HDFK�JULG�FHOO�DUH�GHILQHG�DW�D�FRXQW\�OHYHO�XVLQJ�WKH�8�6��)RUHVW�6HUYLFH·V�)RUHVW�,QYHQWRU\
$QDO\VLV��),$��GDWDEDVH�DQG�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH�FRXQW\�OHYHO�FURS�DFUHDJH
VWDWLVWLFV��(3$����������$�)2575$1�SURJUDP��EHOG�I��UHDGV�WKH�UDZ�WLOH�GDWD�DQG�XVHV�WKH
),$�DQG�8�6��$JULFXOWXUH�GDWD�WR�DVVRFLDWH�VSHFLILF�ODQGXVH�W\SHV�ZLWK�HDFK�%(/'����NP�JULG
FHOO�

7KH�RXWSXW�RI�WKH�EHOG�I�SURFHVVRU��WLOHBUHVXOW��DVVLJQV�WKH�DUHD�RI�%(/'����NP�JULG�FHOOV�WR
ODQGXVH�W\SHV���,Q�RUGHU�WR�DVVLJQ�WKH�*OR%(,6�JULG�FHOOV�WR�ODQGXVH�W\SHV�WKH�WLOHBUHVXOW�ILOH
PXVW�EH�FRPELQHG�ZLWK�WKH�JULG�EDVHG�%(/'��FRGH�FRYHUDJHV�GHYHORSHG�LQ�6WHS���DERYH���$
3HUO�VFULSW�´PNOX�SUOµ�ZDV�GHYHORSHG�WR�FDOFXODWH�DQG�DFFXPXODWH�WKH�ODQGXVH�IUDFWLRQV�LQ�HDFK
*OR%(,6�JULG�FHOO���7KH�V\QWD[�RI�WKH�3(5/�VFULSW�LV�DV�IROORZV�

#1: ,,,
#2: GLOBEIS Version 2 Land Use File
#3:
#4: Application TNRCC Regional Domain Test Problem
#5: Date: Wed Sep 8 1999
#6: Author: Will Vizuete
#7: Icell, Jcell, BELD3CODE, AREA_FRAC
1,1,456123458,0.892001
1,1,546213554,0.004890
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SHUO�PNOX�SUO�PDSSLQJBILOH�WLOHBUHVXOW�!�OXBILOH

ZKHUH�PDSSLQJBILOH�LV�WKH�UHVXOWLQJ�$6&,,�H[SRUW�ILOH�JHQHUDWHG�LQ�6WHS���DERYH��DQG
WLOHBUHVXOW�LV�WKH�RXWSXW�RI�WKH�EHOG�I�FRGH���7KH�PNOX�SUO�SURJUDP�FDOFXODWHV�WKH�ODQGXVH�LQ
HDFK�*OR%(,6�JULG�FHOO�E\�UHDGLQJ�WKH�LQSXW�%(/'�GDWD�DQG�DFFXPXODWLQJ�WKH�DVVRFLDWHG
ODQGXVH�LQ�HDFK�FHOO�XVLQJ�WKH�PDSSLQJ�EHWZHHQ�PRGHOLQJ�DQG�%(/'�JULG�FHOOV�GHILQHG�E\�WKH
PDSSLQJBILOH�

$FFXPXODWLRQ�RI�´URXQGRIIµ�HUURUV�LQ�WKH�GDWD�SURFHVVLQJ�FDQ�UHVXOW�LQ�WKH�ODQGXVH�GDWD
DFFRXQWLQJ�IRU�VOLJKWO\�PRUH�RU�OHVV�WKDQ������RI�WKH�DUHD�RI�HDFK�*OR%(,6�JULG�FHOO���$�3HUO
SURJUDP��UHQRUP�SUO��ZDV�GHYHORSHG�WR�UHQRUPDOL]H�WKH�ODQGXVH�GDWD���,Q�DGGLWLRQ�WR
UHQRUPDOL]LQJ�WKH�GDWD�WR�HQVXUH�WKDW�WKH�ODQGXVH�GDWD�LQ�HDFK�FHOO�VXPV�WR������WKH�SURJUDP
SURYLGHV�D�TXDOLW\�DVVXUDQFH�VWHS�E\�UHSRUWLQJ�DQ\�JULG�FHOOV�ZKRVH�ODQGXVH�DUHD�GLIIHUV�IURP
XQLW\�E\�VRPH�VPDOO�WKUHVKROG��W\SLFDOO\��������$Q\�JULG�FHOOV�IDLOLQJ�WKLV�FULWHULD�ZHUH
LQYHVWLJDWHG�IRU�HUURUV�WKDW�FRXOG�QRW�EH�H[SODLQHG�E\�URXQGRII�

7KH�ILQDO�VWHS�UHTXLUHG�WR�JHQHUDWH�WKH�*OR%(,6�ODQGXVH�LQSXW�ILOHV�LQYROYHV�FURVV�UHIHUHQFLQJ
WKH�%(/'��/8/&�FRGHV�WR�FRGHV�UHFRJQL]HG�E\�WKH�*OR%(,6�PRGHO����7KH�%(/'��GDWDVHWV
XVH�YHJHWDWLRQ�FRGHV��YHJLE���LQ�WKH�DVVLJQPHQW�RI�ODQGXVH�DUHD�ZKLOH�WKH�*OR%(,6�PRGHO
UHTXLUHV���GLJLW�ODQGXVH�FRGHV��VHH�7DEOH��������7KH�UH�PDSSLQJ�RI�WKH�%(/'�/8/&�FRGHV�DQG
*OR%(,6�FRGHV�LV�DFFRPSOLVKHG�WKURXJK�WKH�XVH�RI�WKH�3HUO�SURJUDP��PNOXILOH�SUO���7KH�V\QWD[
IRU�WKH�PNOXILOH�SUO�SUJRUDP�LV�DV�IROORZV�

SHUO�PNOXILOH�SUO�[UHIBILOH�OXBILOH�!�OXVBFHOO�W[W

ZKHUH�[UHIBILOH�LV�WKH�OF9HJ�YHJLE��FURVV�UHIHUHQFH�ILOH�DQG�OXBILOH�LV�WKH�RXWSXW�IURP�WKH
UHQRUP�SUO�SURJUDP���7KH�UHVXOWLQJ�ILOH��OXVBFHOO�W[W��LV�UHDG\�WR�EH�LPSRUWHG�LQWR�WKH�*OR%(,6
PRGHO�

4XDOLW\�$VVXUDQFH

7KH�RXWSXW�ILOHV�ZHUH�FKHFNHG�WR�HQVXUH�WKDW�DOO�RI�WKH�DUHD�LQ�WKH�*OR%(,6�GRPDLQ�ZDV
DFFRXQWHG�IRU�LQ�WHUPV�RI�ODQGXVH�FRGHV�WKDW�DUH�UHFRJQL]HG�E\�WKH�*OR%(,6�PRGHO�

5HVXOWV

/DQGXVH�GDWD�ZHUH�SURFHVVHG�LQWR�WZR�$6&,,�IRUPDW�ILOHV�FRPSDWLEOH�ZLWK�*OR%(,6�IRU�WKH����
NP�DQG����NP�PRGHOLQJ�JULG�DUHDV�

/8/&�),/(6�&217$,1,1*�7(;$6�0(;,&2�*,6�'$7$�$1'�%(/'��'$7$

7KH�QH[W�VHW�RI�RXWSXWV�ZHUH�JHQHUDWHG�XVLQJ�7H[DV�DQG�0H[LFR�/DQG�8VH�FRGHV�FRPELQHG
ZLWK�WKH�%(/'��FRGH�GDWD�IRU�WKH�UHPDLQLQJ�VXUURXQGLQJ�DUHD��7KH�7H[DV�0H[LFR�ODQG�XVH
FRGHV�ZHUH�GHYHORSHG�DW�87�$XVWLQ�DQG�ZHUH�LQ��H���IRUPDWV�LQ�WKH�8QLYHUVDO�7UDQVYHUVH
0HUFDWRU��870��=RQH����SURMHFWLRQ�FRRUGLQDWHV�
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COLUMN ITEM NAME       WIDTH     OUTPUT    TYPE     N.DEC
1  AREA                   4    12     F      3
5  PERIMETER             4    12     F      3
9  MEXICO#                4     5     B      -
13  MEXICO-ID              4     5     B      -
17  BCODE                  8     8     I      -

COLUMN ITEM NAME        WIDTH    OUTPUT    TYPE     N.DEC
1  AREA                   4    12     F      3
5  PERIMETER             4    12     F      3
9  TEXAS#                4     5     B      -
13  TEXAS-ID               4     5     B      -
17  GRID-CODE              4     8     B      -
21  DESCRIPTION          32    32     C     -

'DWD�3URFHVVLQJ�0HWKRGV

7KH�H[LVWLQJ�GRPDLQ�JULG�FRYHUDJHV��JOREBJUGBOFS��DQG�WLOH�JULG�FRYHUDJHV����JOREJUGOFS�
ZHUH�ERWK�XVHG�LQ�JHQHUDWLQJ�WKHVH�ODQG�XVH�RXWSXW�ILOHV��3OHDVH�UHIHU�WR�WKH�SUHYLRXV�GLVFXVVLRQ
IRU�WKH�SURFHGXUH�RQ�KRZ�WKH�GRPDLQ�JULG�DQG�WLOH�JULG�FRYHUDJHV�ZHUH�JHQHUDWHG�

�� &RPELQH�WKH�7H[DV�DQG�0H[LFR�ODQG�XVH�ILOHV�LQWR�RQH�FRPELQHG�ODQG�XVH�FRYHUDJH

7KH�´PDSMRLQµ�FRPPDQG�LQ�$UF,QIR�FDQ�RQO\�EH�H[HFXWHG�LI�ERWK�FRYHUDJHV�KDYH�WKH�H[DFW
VDPH�IHDWXUH�LWHPV�DQG�GHILQLWLRQV��7KH�´OLVWRXWSXWµ�RSHUDWLRQ�ZDV�LPSOHPHQWHG�WR�JHQHUDWH�DQ
RXWSXW�ILOH�WKDW�ZDV�XVHG�WR�FRPSDUH�WKH�WZR�FRYHUDJH·V�IHDWXUH�LWHPV�

$UF��/,67287387��ILOHQDPH!
$UF��,7(06��FRYHUDJH�SDW!��WKH�ILUVW�FRYHUDJH�\RX�ZDQW�WR�FRPSDUH�
$UF��,7(06��FRYHUDJH�SDW!��WKH�VHFRQG�FRYHUDJH�\RX�ZDQW�WR�FRPSDUH�
$UF��/,67287387

7DEOH������7KH�OLVWRXWSXW�ILOH�IRU�7H[DV�DQG�0H[LFR�/DQG�8VH�FRYHUDJHV

06�1RWHSDG�ZDV�XVHG�WR�FRPSDUH�WKH�WZR�FRYHUDJHV��$V�LV�VHHQ�LQ�7DEOH�����HDFK�FRYHUDJH
FRQWDLQV�WKH�IROORZLQJ�ILUVW�IRXU�LWHPV��$5($��3(5,0(7(5��&29(5���DQG�&29(5�,'
ZKHUH�&29(5�LV�D�YDULDEOH�IRU�WKH�QDPH�RI�WKH�FRYHUDJH��7KHVH�LWHPV�GR�QRW�QHHG�WR�EH
FKDQJHG��+RZHYHU��DQ\�IHDWXUHV�DIWHU�WKHVH�LWHPV�PXVW�KDYH�WKH�VDPH�IHDWXUH�LWHP�DQG
GHILQLWLRQ��ZLGWK��RXWSXW��W\SH��HWF���IRU�HDFK�FRYHUDJH�

7KH�GHVFULSWLRQ�IHDWXUH�ZDV�GURSSHG�IURP�WKH�7H[DV�ODQG�XVH�ILOH�DQG�D�*5,'�&2'(�IHDWXUH
ZDV�DGGHG�WR�WKH�0H[LFR�ODQG�XVH�ILOH��*5,'�&2'(�ZDV�WKDQ�HTXDWHG�WR�%�&2'(��DQG
ILQDOO\�%�&2'(�ZDV�GURSSHG�IURP�0H[LFR��7KH�$UF,QIR�FRPPDQGV�DUH�DV�IROORZV�

$UF��'523,7(0�WH[DV�SDW�WH[DV�SDW�GHVFULSWLRQ
$UF��$'',7(0�PH[LFR�SDW�PH[LFR�SDW�*5,'�&2'(�����%
$UF��$UFHGLW
$UFHGLW��HGLW�PH[LFR
$UFHGLW��HGLWIHDWXUH�SRO\
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$UFHGLW��VHOHFW�DOO
$UFHGLW��FDOFXODWH�*5,'�&2'(� �%�&2'(
$UFHGLW��4��VDYLQJ�DOO�FKDQJHV�
$UF��'523,7(0�PH[LFR�SDW�PH[LFR�SDW�%�&2'(

2QFH�7H[DV�DQG�0H[LFR�KDG�PDWFKLQJ�IHDWXUH�LWHPV�WKH\�ZHUH�MRLQHG�XVLQJ�WKH�´PDSMRLQµ
FRPPDQG�

$UF��PDSMRLQ�WH[PH[
�WH[PH[�LV�WKH�QDPH�RI�WKH�RXWSXW�ILOH�

4XDOLW\�$VVXUDQFH

7KH�MRLQHG�FRYHUDJH�ZDV�YLVXDOO\�LQVSHFWHG�IRU�DQ\�JDSV�DW�WKH�ERUGHU�RI�WKH�WZR�FRYHUDJHV
XVLQJ�$UF9LHZ�����

5HVXOWV

$�FRPELQHG�7H[DV�DQG�0H[LFR�ODQG�XVH�FRYHUDJH�ZDV�H[SRUWHG�LQ��H���IRUPDW�

�� 8VH�WKH�FRPELQHG�7H[PH[�FRYHUDJH�WR�HUDVH�%(/'��7LOH�FRYHUDJHV

7KH�WH[PH[�FRYHUDJH�ZDV�LQ�D�870�SURMHFWLRQ�DQG�VR�ZDV�UH�SURMHFWHG�LQ�WKH�%(/'��/&3
FRRUGLQDWH�V\VWHP�EHIRUH�WKH�HUDVH�FRPPDQG�ZDV�H[HFXWHG�

$UF��352-(&7�FRYHU�WH[PH[�WH[PH[OFS
3URMHFWLRQ��2XWSXW
3URMHFWLRQ��SURMHFWLRQ�ODPEHUW
3URMHFWLRQ��XQLWV�PHWHUV
3URMHFWLRQ��VSKHURLG�VSKHUH
3URMHFWLRQ��SDUDPHWHUV
3URMHFWLRQ��WUXHODW�� ���������
3URMHFWLRQ��WUXHODW�� ���������
3URMHFWLRQ��&HQWUDO�PHULGLDQ� ����������
3URMHFWLRQ��/DWLWXGH�RI�3URMHFWLRQ� ���������
3URMHFWLRQ��)DOVH�HDVWLQJ� ���
3URMHFWLRQ��IDOVH�QRUWKLQJ� ���
$UF��%8,/'��RU�&/($1��WH[PH[OFS

7KH�FRPELQHG�WH[PH[�ODQG�FRYHUDJH�ZDV�WKHQ�XVHG�WR�HUDVH�7H[DV�DQG�0H[LFR�IURP�WKH
%(/'��7LOH�FRYHUDJHV�

$UF��HUDVH��%(/'B*5'�WH[PH[OFS��HUDVHEHOGJUG
���HUDVHEHOGJUG�LV�WKH�RXWSXW�FRYHUDJH�

7KH�HUDVH�FRPPDQG�ZDV�DSSOLHG�WR�7LOH���DQG�7LOH���VLQFH�WKHVH�ZHUH�WKH�RQO\�WLOHV�FRQWDLQLQJ
7H[DV�DQG�0H[LFR�
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4XDOLW\�$VVXUDQFH

7KH�HUDVHG�FRYHUDJHV�ZHUH�YLVXDOO\�LQVSHFWHG�XVLQJ�$UF9LHZ�����

5HVXOWV

7ZR�FRYHUDJHV�ZHUH�JHQHUDWHG�DQG�WKHQ�H[SRUWHG�LQ��H���IRUPDW�

%(/'��7LOH���ZLWK�7H[DV�DQG�0H[LFR�HUDVHG�IURP�WKH�WLOH
%(/'��7LOH���ZLWK�7H[DV�DQG�0H[LFR�HUDVHG�IURP�WKH�WLOH

�� -RLQ�WKH�WH[PH[OFS�FRYHUDJH�ZLWK�WKH�HUDVHG�%(/'��WLOH�FRYHUDJH�DQG�LQWHUVHFW�ZLWK

GRPDLQ�PRGHOLQJ�JULG

7KH�´OLVWRXWSXWµ�FRPPDQG�ZDV�XVHG�WR�FRPSDUH�WKH�LWHP�IHDWXUHV�RI�WKH�WZR�FRYHUDJHV�WR�EH
MRLQHG��7KH�*5,'�&2'(�DWWULEXWH�LQ�WKH�WH[PH[OFS�FRYHUDJH�ZDV�FKDQJHG�WR�%(/'�&2'(
WR�PDWFK�WKH�%(/'��WLOH�FRYHUDJH��$OO�RWKHU�H[WUDQHRXV�LWHP�IHDWXUHV�IURP�WKH�%(/'��WLOH
FRYHUDJH�ZHUH�GURSSHG�

7KH�FRPPDQGV�ZHUH�WKH�VDPH�WKDW�ZHUH�XVHG�DERYH�LQ�MRLQLQJ�WKH�7H[DV�DQG�0H[LFR
FRYHUDJHV��7KH�%(/'��DQG�WH[PH[�FRYHUDJHV�ZHUH�MRLQHG�DQG�WKHQ�LQWHUVHFWHG�ZLWK�WKH
PRGHOLQJ�JULG�GRPDLQ

$UF��PDSMRLQ��HUDVHW[P[EOG
��HUDVHW[P[EOG�LV�WKH�RXWSXW�FRYHUDJH�RI�MRLQLQJ�WH[PH[OFS�FRYHUDJH�DQG�WKH
HUDVHG�WLOH�FRYHUDJH�
$UF��LQWHUVHFW�JOREBJUGBOFS��HUDVHW[P[EHOG��JOREW[P[EOG

7KH����NP�DQG����NP�PRGHOLQJ�JULGV�ZHUH�LQWHUVHFWHG�ZLWK�7LOH���DQG�7LOH���WR�SURGXFH��
RXWSXW�FRYHUDJHV�

$IWHU�WKH�LQWHUVHFWLRQ�WKHUH�VWLOO�UHPDLQHG�VRPH�RI�7H[DV�DQG�0H[LFR�WKDW�ZDV�RXWVLGH�WKH�WLOH
FRYHUDJH�EXW�LQVLGH�WKH�JULG�GRPDLQ��7KHVH�SDUWV�RI�7H[DV�DQG�0H[LFR�RXWVLGH�WKH�WLOH�GRPDLQ
ZHUH�HUDVHG�LQ�RUGHU�WR�EH�FRQVLVWHQW�ZLWK�WKH�WLOH�FRYHUDJH��7KH�HUDVH�FRPPDQG�ZDV�XVHG
ZLWK�WKH�RULJLQDO�%(/'��WLOH�FRYHUDJH�WR�SURGXFH�WKH�ILQDO�RXWSXW�FRYHUDJH�

$UF��HUDVH��JOREW[P[EOG��%(/'B*5'��JOEW[P[EHOG
$UF��HUDVH��JOREW[P[EOG��%(/'B*5'��JOEW[P[EHOG

4XDOLW\�$VVXUDQFH

7KH���RXWSXW�FRYHUDJHV�ZHUH�YLVXDOO\�LQVSHFWHG�ZLWK�$UF9LHZ�����IRU�JDSV�RU�DQ\�FRYHUDJH
RXWVLGH�WKH�JULG�GRPDLQ�RU�WKH�WLOH�GRPDLQ�

5HVXOWV

)RXU�FRYHUDJHV�ZHUH�JHQHUDWHG�DQG�WKHQ�H[SRUWHG�LQ��H���IRUPDW�

���NP�JULG
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7H[DV�0H[LFR�ODQG�XVH�ZLWK�VXUURXQGLQJ�%(/'��GDWD�IRU�7LOH��
7H[DV�0H[LFR�ODQG�XVH�ZLWK�VXUURXQGLQJ�%(/'��GDWD�IRU�7LOH��

���NP�JULG
7H[DV�0H[LFR�ODQG�XVH�ZLWK�VXUURXQGLQJ�%(/'��GDWD�IRU�7LOH��
7H[DV�0H[LFR�ODQG�XVH�ZLWK�VXUURXQGLQJ�%(/'��GDWD�IRU�7LOH��

�� *HQHUDWH�WKH�*OR%(,6�/DQG�8VH�LQSXW�ILOHV

7KH�ILQDO�FRPPDQG�ZDV�WR�H[SRUW�WKH�UHTXLUHG�GDWD�

$UF��,1)2
(17(5�86(5�1$0(��$5&
,1)2�!�6(/(&7��JOEW[P[EHOG�SDW
,1)2�!�(;3257��RXWSXW�ILOHQDPH!�VGI�QRUPDO�DSSHQG�,&(//��-&(//��

%(/'�&2'(��$5($B)5$&

7KH�*OR%(,6�/DQG�8VH�LQSXW�KHDGHU�ZDV�DGGHG�WR�WKH�H[SRUWHG�ILOH�XVLQJ�06�1RWHSDG�

4XDOLW\�$VVXUDQFH

7KH�RXWSXW�ILOHV�ZHUH�YLVXDOO\�LQVSHFWHG�XVLQJ�06�1RWHSDG

5HVXOWV

)RXU�*OR%(,6�/DQG�8VH�,QSXW�ILOHV�ZHUH�JHQHUDWHG�FRQWDLQLQJ�7H[DV�DQG�0H[LFR�/8�FRGHV
DQG�%(/'��FRGH�GDWD�

���NP�JULG
'HVLUHG�PRGHOLQJ�GRPDLQ�ZLWK�%(/'��DQG�/8�GDWD�IRU�7LOHV��
'HVLUHG�PRGHOLQJ�GRPDLQ�ZLWK�%(/'��DQG�/8�GDWD�IRU�7LOHV��

���NP�JULG
'HVLUHG�PRGHOLQJ�GRPDLQ�ZLWK�%(/'��DQG�/8�GDWD�IRU�7LOHV��
'HVLUHG�PRGHOLQJ�GRPDLQ�ZLWK�%(/'��DQG�/8�GDWD�IRU�7LOHV��

�� &KDQJH�/8/&�&RGHV�WR�*OR%(,6�UHFRJQL]HG�FRGHV

7KH�$UF,QIR�GHWHVWV�H[SRUWHG�LQ�6WHS���DERYH�PXVW�EH�FRPELQHG�ZLWK�WKH�%(/'�WLOH�GDWD�DQG
SUHSDUHG�IRU�XVH�LQ�WKH�JOREHV�PRGHO���7KH�UHTXLUHG�DGGLWLRQDO�SURFHVVLQJ�LV�DFFRPSOLVKHG
WKURXJK�WKH�DSSOLFDWLRQ�RI�D�VHW�RI�)2575$1�DQG�3HUO�FRGHV�ZKLFK�

• 0DS�WKH�%(/'��JULG�FRGHV�WR�/8/&�FRGHV�
• &URVV�UHIHUHQFH�WKH�/8/&�FRGHV�WR�WKH�YHJHWDWLRQ�VSHFLHV�UHFRJQL]HG�E\�*OR%(,6�
• 5H�QRPDOL]H�DQG�UHIRUPDWWHG�WKH�GDWD�

7KHVH�GDWD�SURFHVVLQJ�VWHSV�ZHUH�GHVFULEHG�DERYH�IRU�WKH�%(/'��GDWD�ZLWKRXW�7H[DV�0H[LFR
*,6�GDWD��DQG�VR�WKH�GHVFULSWLRQ�LV�QRW�UHSHDWHG�KHUH���6LQFH�WKLV�VWHS�DSSOLHV�VSHFLILFDOO\�WR�WKH
%(/'��SRUWLRQV�RI�WKH�GDWD��WKH�7H[DV�0H[LFR�*,6�GDWD�SDVV�WKURXJK�WKLV�VWHS�HVVHQWLDOO\
XQDOWHUHG�
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4XDOLW\�$VVXUDQFH

7KH�RXWSXW�ILOHV�ZHUH�FKHFNHG�WR�HQVXUH�WKDW�DOO�RI�WKH�DUHD�LQ�WKH�*OR%(,6�GRPDLQ�ZDV
DFFRXQWHG�IRU�LQ�WHUPV�RI�ODQGXVH�FRGHV�WKDW�DUH�UHFRJQL]HG�E\�WKH�*OR%(,6�PRGHO�

5HVXOWV

7ZR�*OR%(,6�/DQG�8VH�LQSXW�ILOHV�ZHUH�JHQHUDWHG�FRQWDLQLQJ�7H[DV�DQG�0H[LFR�/8�FRGHV
DQG�%(/'��GDWD�IRU�WKH�DUHDV�RI�WKH����NP�DQG����NP�JULGV�

'20$,1�'(),1,7,21�),/(6

*OR%(,6�GRPDLQ�GHILQLWLRQ�ILOHV�ZHUH�JHQHUDWHG�IRU�WKH�DUHD�RI�WKH����NP�JULG��)LJXUH������DW
���NP�UHVROXWLRQ�DQG�WKH�DUHD�RI�WKH����NP�JULG�DW���NP�UHVROXWLRQ�

'DWD�3URFHVVLQJ

7KH�GRPDLQ�JULG�FRYHUDJHV��JOREBJUG��ZHUH�XVHG�WR�JHQHUDWH�WKH�*/2%(,6�GRPDLQ�GHILQLWLRQ
LQSXW�ILOHV���7KH�,&(//�DQG�-&(//�DWWULEXWHV�ZHUH�DOUHDG\�FDOFXODWHG�IRU�WKH�GHVLUHG�/&3
SURMHFWLRQ���7KH�UHPDLQLQJ�DWWULEXWHV�QHHGHG�IRU�WKH�LQSXW�ILOH�DUH�WKH�/DWLWXGH�DQG�/RQJLWXGH
FRRUGLQDWHV���7KLV�ZDV�GRQH�E\�UH�SURMHFWLQJ�WKH�JOREBJUG�GRPDLQ�FRYHUDJH�LQWR�JHRJUDSKLF
FRRUGLQDWHV���7KH�´DGG[\µ�FRPPDQG�ZDV�WKHQ�H[HFXWHG�WR�DGG�WKH�JHRJUDSKLF�FRRUGLQDWHV�WR
WKH�FHOO�FHQWHU���7KH�JHQHUDWHG�\�FRRUGLQDWHV�ZHUH�DOO�QHJDWLYH�ZKLFK�LV�LQFRQVLVWHQW�ZLWK�WKH
*/2%(,6�LQSXW�IRUPDW��WKLV�UHVXOWV�IURP�GLIIHULQJ�FRQYHQWLRQV�IRU�GLVWLQJXLVKLQJ�HDVW�IURP
ZHVW�ORQJLWXGHV�EHWZHHQ�*OR%(,6�DQG�$UF,QIR����7KHVH�YDOXHV�ZHUH�UHFDOFXODWHG�DQG�SRVLWLYH
YDOXHV�ZHUH�XVHG�IRU�WKH�LQSXW�ILOH�

$UF��SURMHFW�FRYHU�JOREBJUG�JULGBJHR
3URMHFW��RXWSXW
3URMHFW��SURMHFWLRQ�JHRJUDSKLF
3URMHFW��XQLWV�''
3URMHFW��SDUDPHWHUV
3URMHFW��HQG
$UF��EXLOG�JULGBJHR
$UF��DGG[\�JULGBJHR

5HFDOFXODWH�WKH�SRVLWLYH�\�FRRUGLQDWHV�

$UF��DGGLWHP�JULGBJHR�SDW�JULGBJHR�SDW�3<�&225'������)��
$UF��$UFHGLW
$UFHGLW��HGLW�JULGBJHR
$UFHGLW��HGLWIHDWXUH�SRO\
$UFHGLW��VHOHFW�DOO
$UFHGLW��FDOFXODWH�3<�&225'� ����
�<�&225'
$UFHGLW��4��VDYLQJ�DOO�FKDQJHV�

7KH�ILQDO�FRPPDQG�ZDV�WR�H[SRUW�WKH�UHTXLUHG�GDWD�
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$UF��,1)2
(17(5�86(5�1$0(��$5&
,1)2�!�6(/(&7�JULGBJHR
,1)2�!�(;3257��RXWSXW�ILOHQDPH!�VGI�QRUPDO�DSSHQG�,&(//��-&(//��

$5($.0���<3�&225'��;�&225'

7KH�*/2%(,6�'RPDLQ�LQSXW�KHDGHU�ZDV�DGGHG�WR�WKH�H[SRUWHG�ILOH�XVLQJ�06�1RWHSDG�

7DEOH������([DPSOH�RI�WKH�'RPDLQ�'HILQLWLRQ�ILOH�IRUPDW

4XDOLW\�$VVXUDQFH

7KH�RXWSXW�ILOHV�ZHUH�YLVXDOO\�LQVSHFWHG�XVLQJ�06�1RWHSDG

5HVXOWV

*/2%(,6�GRPDLQ�GHILQLWLRQ�LQSXW�ILOHV�ZHUH�JHQHUDWHG�IRU�ERWK�JULGV�

&+$1*,1*�'20$,1�6,=(�$1'�*5,'�5(62/87,21

*OR%(,6�/8/&�GDWD�ZHUH�GHYHORSHG�IRU�WKH�715&&·V�QHZ�UHJLRQDO�&$0[�PRGHOLQJ�GRPDLQ
VKRZQ�LQ�)LJXUH�������/8/&�GDWD�ZHUH�GHYHORSHG�DW����NP�UHVROXWLRQ�IRU�WKH�HQWLUH�DUHD�RI
WKH����NP�UHJLRQDO�JULG��DQG�DW���NP�UHVROXWLRQ�IRU�WKH�HQWLUH�DUHD�RI�WKH����NP�JULG���7KH
/8/&�GDWD�ZHUH�GHYHORSHG�LQ�WKLV�ZD\�WR�SURYLGH�IOH[LELOLW\�RYHU�ZKHUH�QHVWHG�JULGV�DUH
SODFHG���,Q�RUGHU�WR�XVH�WKH�/8/&�GDWD�PRVW�HIILFLHQWO\��VRPH�IXUWKHU�SURFHVVLQJ�LV�GHVLUDEOH
WR�PDWFK�WKH�/8/&�GDWD�H[DFWO\�WR�WKH�JULGV�EHLQJ�PRGHOHG�LQ�&$0[���)RU�H[DPSOH�

• 3UHSDULQJ�*OR%(,6�LQSXW�ILOHV�IRU����NP�JULG�DUHD�DW����NP�UHVROXWLRQ�E\�DJJUHJDWLQJ�WKH
���NP�UHVROXWLRQ�/8/&�GDWD�

• 3UHSDULQJ�*OR%(,6�LQSXW�ILOHV�IRU�WKH����NP�QHVWHG�JULG�E\�´ZLQGRZLQJ�RXWµ�D�SRUWLRQ�RI
WKH����NP�UHVROXWLRQ�/8/&�GDWD�

• 3UHSDULQJ�*OR%(,6�LQSXW�ILOHV�IRU���NP�JULG�QHVWHG�JULGV�E\�´ZLQGRZLQJ�RXWµ�SRUWLRQV�RI
WKH���NP�UHVROXWLRQ�/8/&�GDWD�

#1:,,,,
#2: GLOBEIS Version 2 Domain Definition File
#3:
#4: Application TNRCC Regional Domain Test Problem
#5: Date: Wed Sep 8 1999
#6: Author: Will Vizuete
#7: Icell, Jcell, AREAKM2, LATITUDE, LONGITUDE
1,1,16,25.396,100.858
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$�)2575$1�SURJUDP�FDOOHG�´/8352&µ�ZDV�ZULWWHQ�WR�SHUIRUP�WKHVH�ZLQGRZLQJ�DQG
DJJUHJDWLRQ�WDVNV���$�VDPSOH�VFULSW�WR�UXQ�WKH�/8352&�SURJUDP�LV�VKRZQ�LQ�)LJXUH�����
/8352&�SHUIRUPV�WKH�IROORZLQJ�WDVNV�

�� 5HDGV�D�*OR%(,6�ODQGXVH�DQG�GRPDLQ�GHILQLWLRQ�ILOH�

�� 6HOHFWV�GDWD�IRU�D�VXE�UHJLRQ��WKH�RXWSXW�ZLQGRZ��RI�WKH�LQSXW�GRPDLQ���7KH�RXWSXW�ZLQGRZ
PD\�EH�DV�ODUJH�DV�WKH�LQSXW�GRPDLQ�

�� $JJUHJDWHV�/8/&�GDWD�ZLWKLQ�WKH�VHOHFWHG�RXWSXW�ZLQGRZ�XVLQJ�DQ�LQWHJHU�PHVKLQJ�IDFWRU�
$�PHVKLQJ�IDFWRU�RI���FDXVHV�QR�DJJUHJDWLRQ��MXVW�ZLQGRZLQJ�RI�WKH�LQSXW�GDWD���7KH�XVHU
VKRXOG�HQVXUH�WKDW�WKH�GLPHQVLRQV�RI�WKH�RXWSXW�ZLQGRZ��QXPEHU�RI�FHOOV�LQ�WKH�[�DQG�\
GLUHFWLRQV��DUH�DQ�H[DFW�PXOWLSOH�RI�WKH�PHVKLQJ�IDFWRU�

�� :ULWHV�RXW�*OR%(,6�ODQGXVH�DQG�GRPDLQ�GHILQLWLRQ�ILOHV�IRU�WKH�RXWSXW�ZLQGRZ���7KH�WH[W
KHDGHUV�RI�WKH�RXWSXW�ILOHV�DUH�PRGLILHG�WR�VWDWH�WKDW�/8352&�KDV�SURFHVVHG�WKH�GDWD���7KH
XVHU�VKRXOG�HGLW�WKHVH�KHDGHUV�WR�GHVFULEH�WKH�FRQWHQWV�RI�WKH�QHZ�ILOH�

/8352&�DV�D�4XDOLW\�$VVXUDQFH�7RRO

7KH�/8352&�SURJUDP�SHUIRUPV�VHYHUDO�GDWD�FRQVLVWHQF\�FKHFNV�LQ�WKH�FRXUVH�RI�SUHSDULQJ
GDWD�IRU�WKH�RXWSXW�ZLQGRZ��ZKLFK�PDNHV�/8352&�D�XVHIXO�TXDOLW\�DVVXUDQFH��4$��WRRO�IRU
*OR%(,6�ODQGXVH�DQG�GRPDLQ�GHILQLWLRQ�LQSXW�ILOHV���/8352&�FDQ�EH�XVHG�HYHQ�LI�QR
ZLQGRZLQJ�RU�DJJUHJDWLRQ�LV�QHHGHG�E\�SURFHVVLQJ�WKH�*OR%(,6�ODQGXVH�DQG�GRPDLQ�GHILQLWLRQ
ILOHV�WKURXJK�/8352&�ZLWK�D�PHVKLQJ�IDFWRU�RI�XQLW\�DQG�DQ�RXWSXW�ZLQGRZ�WKH�VDPH�VL]H�DV
WKH�LQSXW�GDWD���7KLV�ZLOO�SHUIRUP�DOO�RI�WKH�4$�FKHFNV�EXLOW�LQWR�/8352&��ZLWK�WKH�DGGHG
DGYDQWDJH�WKDW�WKH�ODQGXVH�LQSXW�ILOH�PD\�EH�FRPSUHVVHG�OHDGLQJ�WR�IDVWHU�*OR%(,6�HPLVVLRQV
FDOFXODWLRQV���7KH�FRPSUHVVLRQ�UHVXOWV�IURP�WKH�HOLPLQDWLRQ�RI�PXOWLSOH�ODQGXVH�HQWULHV�LQ�WKH
ODQGXVH�ILOH���)RU�H[DPSOH��ODQGXVH�FDWHJRU\�������PD\�RFFXU�WZLFH�LQ�WKH�VDPH�JULG�FHOO�ZLWK
DUHD�IUDFWLRQV�RI�����DQG�������7KHVH�HQWULHV�FDQ�EH�FRPELQHG�WR�D�VLQJOH�HQWU\�ZLWK�DUHD
IUDFWLRQ�������/8352&�DXWRPDWLFDOO\�SHUIRUPV�WKLV�FRPSUHVVLRQ�
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)LJXUH�������6DPSOH�VFULSW�WR�UXQ�WKH�/8352&�SURJUDP

#!/bin/csh
#
# Script to run LUPROC
#
# Change the extent and/or grid spacing of GloBEIS domain definition
# and landuse input files.  The dimensions of the input files is specified
# as nx columns by ny rows.  Select the region to include in the output
# files as:
#
# i1 - first column of input grid to be included in output
# i2 - last column of input grid to be included in output
# j1 - first row of input grid to be included in output
# j2 - last row of input grid to be included in output
#
# Change the grid spacing using:
#
# mesh - ratio of output grid spacing to input grid spacing
#
# To window out a region (no change in grid spacing) set mesh equal
# to 1.  Values of mesh greater than 1 cause aggregation of cells.
#
# Greg Yarwood  ENVIRON 2/15/01
#
./luproc << -eof-
input grid nx ny   |261,  261
input domain def   |./dom_4km.txt
input landuse file |./lus_4km_beld.txt
i1,i2,j1,j2,mesh   |100, 153, 145, 189, 1
output domain def  |./dom_4km_etcog2.out
output landuse file|./lus_4km_beld_etcog2.out
-eof-
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����62/$5�5$',$7,21�'$7$

,Q�D�SUHYLRXV�VWXG\��<DUZRRG�HW�DO���������D�UHYLHZ�ZDV�FRQGXFWHG�WR�LGHQWLI\�DSSURDFKHV�IRU

REWDLQLQJ�SKRWRV\QWKHWLFDOO\�DFWLYH�UDGLDWLRQ��3$5��ILHOGV�IURP�VDWHOOLWH�IRU�GLUHFW�LQSXW�WR

*OR%(,6���7KLV�UHYLHZ�LGHQWLILHG�GDWD�IURP�WKH�8QLYHUVLW\�RI�0DU\ODQG��80'��DQG�WKH

1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$��DV�D�VXLWDEOH�VRXUFH�RI�KLJK

TXDOLW\�3$5�GDWD�ZLWK�JHRJUDSKLF�FRYHUDJH�DQG�WHPSRUDO�UHVROXWLRQ�VXLWDEOH�IRU�VXSSRUWLQJ�WKH

GHYHORSPHQW�RI�ELRJHQLF�HPLVVLRQ�LQYHQWRULHV�

*&,3�65%�3$5�'$7$

7KH�8QLYHUVLW\�RI�0DU\ODQG��80'��DQG�WKH�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF

$GPLQLVWUDWLRQ��12$$��DUH�FRQGXFWLQJ�D�MRLQW�VWXG\�WR�GHYHORS�DQG�DUFKLYH�ILHOGV�RI�VRODU

VKRUWZDYH�UDGLDWLRQ�LQ�VXSSRUW�RI�WKH�*OREDO�(QHUJ\�DQG�:DWHU�&\FOH�([SHULPHQW��*(:(;�

&RQWLQHQWDO�6FDOH�,QWHUQDWLRQDO�3URMHFW��*&,3����2SHUDWLRQDOO\��WKH�VWXG\�UHSUHVHQWV�D�ILUVW

DWWHPSW�WR�SURYLGH�VXUIDFH�UDGLDWLRQ�EXGJHW��65%��GDWD�WR�WKH�VFLHQWLILF�FRPPXQLW\�LQ�UHDO�WLPH

RQ�D�UHJLRQDO�VFDOH���7KLV�HIIRUW�LV�DQ�H[WHQVLRQ�RI�RQJRLQJ�ZRUN�DW�80'�WR�GHYHORS�DQG

YDOLGDWH�DQ�RSHUDWLRQDO�PRGHO�WR�HVWLPDWH�VRODU�UDGLDWLYH�IOX[HV�IURP�WKH�*HRVWDWLRQDU\

2SHUDWLRQDO�(QYLURQPHQWDO�6DWHOOLWH��*2(6����2EMHFWLYHV�LQFOXGH�VXSSRUW�RI�WKH�*&,3�DV�ZHOO

DV�RSHUDWLRQDO�IRUHFDVW�PRGHOLQJ�FRQGXFWHG�E\�WKH�12$$�1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO

3UHGLFWLRQ��1&(3����,Q�WKLV�UHSRUW�WKH�GDWD�DUH�UHIHUUHG�WR�DV�WKH�*&,3�65%�3$5�GDWD�

80'�KDV�SDUWLFXODU�LQWHUHVW�LQ�3$5��D�SRUWLRQ�RI�WKH�VRODU�VSHFWUXP�DW�YLVLEOH�WR�QHDU�LQIUDUHG

ZDYHOHQJWKV����������QP���DV�ZHOO�DV�LWV�GLXUQDO�YDULDWLRQ��VLQFH�PRVW�HQYLURQPHQWDO�V\VWHPV

UHVSRQG�QRQ�OLQHDUO\�WR�3$5�LQWHQVLW\���,Q�WKH�SDVW��3$5�KDV�EHHQ�HVWLPDWHG�E\�GLYLGLQJ�WRWDO

VRODU�VKRUWZDYH�IOX[�����������QP��E\�WZR���7KH�80'�ZRUN�KDV�LQFOXGHG�GHYHORSLQJ�WKH

FDSDELOLW\�WR�GHULYH�3$5�IURP�VDWHOOLWH�PHDVXUHPHQWV�RQ�D�JOREDO�VFDOH��WR�JHQHUDWH�D

FOLPDWRORJ\�RI�WKLV�SDUDPHWHU�LQFOXGLQJ�LWV�VSDWLR�WHPSRUDO�YDULDELOLW\�DQG�LWV�UHODWLRQVKLS�WR

WRWDO�VKRUWZDYH��DQG�WR�HYDOXDWH�3$5�HVWLPDWHV�DJDLQVW�JURXQG�PHDVXUHPHQW�GDWD�

12$$�XWLOL]HV�D�PRGLILHG�YHUVLRQ�RI�WKH�*(:(;�65%�DOJRULWKP��9HUVLRQ�������GHYHORSHG�DW

80'��WR�FDOFXODWH�UDGLDWLRQ�IOX[�ILHOGV�IURP�*2(6���VDWHOOLWH�GDWD���7KH�SURJUDP�XWLOL]HV

DX[LOLDU\�LQIRUPDWLRQ�RQ�WKH�VWDWH�RI�WKH�DWPRVSKHUH��FORXG�FRYHU��SUHFLSLWLEOH�ZDWHU��DQG�RI

WKH�VXUIDFH��VQRZ�FRYHU��DYDLODEOH�IURP�WKH�1&(3�(WD�IRUHFDVWLQJ�PRGHO���7RWDO

�´EURDGEDQGµ��VRODU�IOX[HV�DUH�GHULYHG�XWLOL]LQJ�DQJXODU�WUDQVIRUPDWLRQ�IXQFWLRQV�WKDW�WUDQVODWH

WKH�´QDUURZEDQGµ�IOX[HV�VSHFLILFDOO\�PHDVXUHG�E\�WKH�*2(6���YLVLEOH�FKDQQHO����������QP��

:KLOH�WKHVH�IXQFWLRQV�ZHUH�GHYHORSHG�IURP�UDGLDWLYH�WUDQVIHU�PRGHO�VLPXODWLRQV�WKDW�LQFOXGHG

WKH�HIIHFWV�RI�VXUIDFH�W\SHV��DHURVROV��FORXGV�DQG�VXQ�YLHZLQJ�JHRPHWU\��WKH�FXUUHQW�YHUVLRQ�RI

WKH�65%�PRGHO�DV�LPSOHPHQWHG�E\�12$$�XWLOL]HV�RQO\�RQH�WUDQVIRUPDWLRQ�WKDW�LV�EDVHG�RQ�WKH

HQVHPEOH�RI�WKH�UDGLDWLYH�WUDQVIHU�VLPXODWLRQV�

7KH�80'�12$$�SURGXFWV�LQFOXGH�

• 6XUIDFH�3$5�IOX[

• 6XUIDFH�GRZQZHOOLQJ�VKRUWZDYH�IOX[

• 7RS�RI�WKH�DWPRVSKHUH�GRZQZHOOLQJ�DQG�XSZHOOLQJ�VKRUWZDYH�IOX[
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)OX[HV�DUH�UHSRUWHG�DV�KRXUO\�LQVWDQWDQHRXV��KRXUO\�DYHUDJH��GDLO\�PHDQ��DQG�PRQWKO\�PHDQ

YDOXHV���7KH�GDWD�DUH�UHSRUWHG�RQ�D�����GHJUHH�����NP��HTXDO�DQJOH�JULG�FRYHULQJ�DQ�DUHD

ERXQGHG�E\����WR����°:�ORQJLWXGH�DQG����WR���°1�ODWLWXGH���'DWD�DUH�DYDLODEOH�IURP�-DQXDU\

�����RQZDUG�DOWKRXJK�GDWD�FRYHUDJH�LV�PRUH�FRPSOHWH�IRU�ODWHU�\HDUV��DIWHU���������2WKHU

SURGXFWV�LQFOXGH�YDOLGDWLRQ�UHVXOWV�DJDLQVW�JURXQG�WUXWK��DQG�XOWUDYLROHW�VXUIDFH�DOEHGR�ILHOGV�

ZKLFK�PD\�EH�UHOHYDQW�WR�RWKHU�DVSHFWV�RI�SKRWRFKHPLFDO�DLU�TXDOLW\�PRGHOLQJ���5DGLDWLYH�IOX[

GDWD�DUH�SURYLGHG�IRU�DOO�JULG�FHOOV�ZLWKLQ�WKH�1RUWK�$PHULFDQ�GRPDLQ�IRU�HDFK�KRXU�RI�HDFK

GD\��DOO�PLVVLQJ�DQG�]HUR��QLJKWWLPH��GDWD�DUH�IODJJHG���*ULGGHG�YDOXHV�DUH�SURYLGHG�LQ�ORFDO

VWDQGDUG�WLPH�IRU�WKH�DSSUR[LPDWH�WLPH�]RQH�LQ�ZKLFK�HDFK�JULG�FHOO�H[LVWV�

'$7$�352&(66,1*

'DWD�IRU�WKH�WZR�HSLVRGH�SHULRGV��$XJXVW�������������DQG�6HSWHPEHU��������������ZHUH

REWDLQHG�IURP�80'�SURMHFW�)73�VLWH��IWS���QLPEXV���XPG�HGX���7KH�GDWD�ZHUH�UH�JULGGHG�DQG

UHIRUPDWWHG�IRU�*OR%(,6�XVLQJ�D�)2575$1���SURJUDP�FDOOHG�3$5352&�ZKLFK�SHUIRUPV�WKH

IROORZLQJ�VWHSV�

�� ([WUDFW�WKH�*&,3�65%�3$5�GDWD�IURP�WKH�ELQDU\�GDWD�DUFKLYH���1RWH�WKDW�WKH�GDWD�DUH

SURYLGHG�LQ�,(((�´OLWWOH�HQGLDQµ�IRUPDW�DV�XVHG�E\�'(&�$OSKD�DQG�/LQX[�ZRUNVWDWLRQV�

7KLV�IRUPDW�LV�LQFRPSDWLEOH�ZLWK�WKH�,(((�´ELJ�HQGLDQµ�IRUPDW�XVHG�E\�PRVW�RWKHU

ZRUNVWDWLRQV���'DWD�SURFHVVLQJ�DW�(19,521�ZDV�SHUIRUPHG�RQ�D�'(&�$OSKD�ZRUNVWDWLRQ�

�� 6SDWLDOO\�LQWHUSRODWH�WKH�GDWD�IURP�WKH�*&,3�65%�JULG�WR�WKH�PRGHOLQJ�JULG���7KLV�LV

SHUIRUPHG�XVLQJ�D�EL�OLQHDU�LQWHUSRODWLRQ���1RWH�WKDW�WKH�VRXWKHUQ�ERXQGDU\�RI�WKH�&$0[

PRGHOLQJ�JULG��)LJXUH������OLHV�MXVW�WR�WKH�VRXWK�RI�WKH�*&,3�65%�JULG�VRXWKHUQ�ERXQGDU\�

7R�KDQGOH�WKLV�FDVH��3$5352&�XVHV�WKH�QHDUHVW�DYDLODEOH�*&,3�65%�YDOXH�DQG�SULQWV�D

ZDUQLQJ�PHVVDJH���7KH�HUURU�LV�QHJOLJLEOH�IRU�WKLV�DSSOLFDWLRQ��EXW�FDUH�VKRXOG�EH�WDNHQ�WR

FRQVLGHU�WKLV�IDFWRU�LQ�IXWXUH�DSSOLFDWLRQV�

�� $SSO\�WLPH�]RQH�FRUUHFWLRQV��LI�QHFHVVDU\���7KH�*&,3�65%�GDWD�DUH�FRUUHFWHG�WR�ORFDO

VWDQGDUG�WLPH�LQ�WLPH�]RQHV�FRYHULQJ���°�RI�ORQJLWXGH���7KH�GDWD�DUH�RXWSXW�IRU�PRGHOLQJ�LQ

D�VLQJOH�XVHU�VSHFLILHG�WLPH�]RQH��VWDQGDUG�WLPH��

�� 2XWSXW�WKH�GDWD�LQ�D�FRPPD�GHOLPLWHG�$6&,,�ILOH�IRUPDWWHG�IRU�*OR%(,6�

$Q�H[DPSOH�VFULSW�WR�UXQ�WKH�3$5352&�SURJUDP�LV�VKRZQ�LQ�)LJXUH�����

2FFDVLRQDOO\�WKHUH�DUH�JDSV�LQ�*&,3�65%�GDWD���7KH�HYDOXDWLRQ�RI�WKH�GDWD�SURFHVVHG�IRU�WKLV

SURMHFW��GLVFXVVHG�EHORZ��UHYHDOHG�RQH�LQVWDQFH�RI�PLVVLQJ�GDWD�IRU�KRXU�����QRRQ�WR���S�P�

&67��RQ�6HSWHPEHU������7KH�GDWD�IRU�WKLV�KRXU�DUH�PLVVLQJ�DFURVV�WKH�HQWLUH�*&,3�65%�JULG�

,QWHUSRODWLQJ�WKH�GDWD�IRU�KRXUV����DQG����ILOOHG�LQ�WKH�PLVVLQJ�GDWD�
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)LJXUH�������6DPSOH�VFULSW�WR�UXQ�WKH�3$5352&�SURJUDP�

#!/bin/csh
#
# PARPROC extracts PAR data from a GCIP SRB datafile from UMD
# and interpolates to an output grid in lat/lon, UTM or Lambert
# coordinates. The output format is comma-delimited ASCII
# comparible with the GloBEIS biogenic emissions model.
#
# Note that the GCIP SRB data are in IEEE little endian binary
# so PARPROC must be run on a DEC Alpha or Linux type machine.
#
# The input lines begin with 10 comment characters and are:
#
#   inp file | Name of the GCIP SRB data file
#   yr,mo,day| Day for which data are required
#   nx,ny    | Number of grid cells in the output domain
#   Project  | Map projection for the output domain (see below)
#   grid spcs| Grid specifications for the output domain (see below)
#   Time Zone| Time zone (5=EST,6=CST,7=MST,8=PST)
#   PAR file | Output file name
#   descript | A 60 character description for the output file header
#   prepared | The date for the output file header
#   author   | The author for the output file header
#
#   Projection Types are:
#                      UTM     - UTMs
#                      LATLON  - Lat/Lon
#                      LCP     - Lambert Conformal
#
#   Grid specifications are:
#    UTM    : Xorigin Yorigin Xwidth Ywidth  UTMzone
#             Real   ,Real   ,Real  ,Real   ,Integer
#
#    LATLON : Xorigin Yorigin Xwidth Ywidth
#             Real   ,Real   ,Real  ,Real
#
#    LCP    : Xorigin Yorigin Xwidth Ywidth  LonC  PhiC  TruLat1 TruLat2
#             Real   ,Real   ,Real  ,Real,   Real   ,Real   ,Real  ,Real
#
#   Greg Yarwood, ENVIRON, Feb 2001
#
set DSTR = `date`
echo $DSTR
#
# TNRCC Regional 36 km grid parameters at 12 km
#set NXNY = "135 138"
#set GRID = "-108., -1584., 12., 12., 40., -100., 30., 60."
#set NAM1 = "TNRCC LCP 100/40 36 km Regional Domain at 12km"
#set NAM2 = "LCP36-12km"
#
#September 99 episode
foreach MO  ( 09 )
foreach DAY ( 13 14 15 16 17 18 19 20 )
#
../src/parproc.dec << EOF
inp file |../data/99${MO}par.h
yr,mo,day|99 $MO $DAY
nx,ny    |$NXNY
Project  |LCP
grid spcs|$GRID
Time Zone|6
PAR file |../outputs/par.99$MO$DAY.$NAM2.dat
descript |$NAM1
prepared |$DSTR
author   |ENVIRON
EOF
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'$7$�(9$/8$7,21

6HYHUDO�TXDOLW\�DVVXUDQFH�FKHFNV�ZHUH�SHUIRUPHG�WR�HYDOXDWH�WKH�VXLWDELOLW\�RI�WKH�*&,3�65%

3$5�GDWD�IRU�SUHSDULQJ�ELRJHQLF�HPLVVLRQ�LQYHQWRULHV���7KHVH�FKHFNV�FRQILUP�WKDW�WKH�GDWD�DUH

RI�YHU\�KLJK�TXDOLW\�DQG�UHSUHVHQW�D�VXEVWDQWLDO�LPSURYHPHQW�RYHU�WKH�SURFHGXUHV�XVHG�LQ

SUHYLRXV�ELRJHQLF�HPLVVLRQ�LQYHQWRULHV��L�H���LQWHUSRODWLRQ�RI�FORXG�FRYHU�REVHUYDWLRQV�RU

DVVXPSWLRQ�RI�FOHDU�VNLHV��

9LVXDOL]DWLRQ�RI�*ULGGHG�3$5�)LHOGV

7KH�JULGGHG�3$5�ILHOGV�IRU�WKH����DQG����NP�JULGV�ZHUH�IRUPDWWHG�IRU�YLVXDOL]DWLRQ�XVLQJ�WKH

3$9(�VRIWZDUH�SDFNDJH���3$9(�ZDV�XVHG�WR�YLVXDOO\�LQVSHFW�HDFK�KRXU�RI�GDWD�WR�ORRN�IRU

DQRPDOLHV��7KLV�UHYHDOHG�RQH�LQVWDQFH�RI�PLVVLQJ�GDWD�IRU�KRXU�����QRRQ�WR���S�P��&67��RQ

6HSWHPEHU�����,QWHUSRODWLQJ�WKH�GDWD�IRU�KRXUV����DQG����ILOOHG�LQ�WKH�PLVVLQJ�GDWD�DV�VKRZQ�LQ

)LJXUH�������7KLV�ILJXUH�VKRZV�DQ�DUHD�RI�H[WHQVLYH�FORXGLQHVV��ORZ�3$5�YDOXHV��UXQQLQJ

DFURVV�7H[DV��$UNDQVDV�DQG�7HQQHVVHH�DQG�.HQWXFN\��DQG�DOVR�D�FORXG\�DUHD�RYHU�WKH�*XOI�RI

0H[LFR�VRXWKHDVW�RI�1HZ�2UOHDQV���7KH�3$9(�GDWD�YLVXDOL]DWLRQV�IRU�DOO�KRXUV�ZHUH�H[SRUWHG

DV�03(*�PRYLHV�DQG�SURYLGHG�WR�WKH�715&&���1RWH�WKDW�3$9(�GRHV�QRW�VXSSRUW�WKH�GLVSOD\

RI�/&3�SURMHFWLRQ�PDSV�IRU�8$0�IRUPDW�ILOHV��VR�WKH�EDFNPDS�XVHG�LQ�)LJXUH�����LV�D�870

PDS�WKDW�DSSUR[LPDWHV�WKH�/&3����NP�JULG��)LJXUH������

&RPSDULVRQ�WR�*URXQG�%DVHG�'DWD

7KH�*&,3�65%�VDWHOOLWH�EDVHG�3$5�GDWD�ZHUH�FRPSDUHG�WR�JURXQG�EDVHG�GDWD�IURP�WKH

6XUIDFH�5DGLDWLRQ�%XGJHW�1HWZRUN��685)5$'��RSHUDWHG�WKURXJK�WKH�VXSSRUW�RI�12$$
V

2IILFH�RI�*OREDO�3URJUDPV��VHH�KWWS���ZZZ�VUUE�QRDD�JRY�VXUIUDG�VXUISDJH�KWP����685)5$'

GDWD�DUH�DYDLODEOH�IRU���VLWHV�LQ�WKH�FRQWLQHQWDO�86��7KH�685)5$'�VLWH�DW�*RRGZLQ�&UHHN�

06�LV�DERXW�LQ�WKH�FHQWHU�RI�WKH�&$0[����NP�JULG�DQG�WKH�%RQGYLOOH��,/�VLWH�LV�QHDU�WKH�QRUWK

HGJH�RI�WKH����NP�JULG�DV�VKRZQ�LQ�)LJXUH�����

7KH�JURXQG�VLWHV�UHSRUW�3$5�DW���PLQXWH�LQWHUYDOV���$OO�YDOLG�685)5$'�GDWD�ZHUH�DYHUDJHG

WR�KRXUO\�LQWHUYDOV�WR�SXW�WKH�REVHUYDWLRQV�RQ�WKH�VDPH�KRXUO\�EDVLV�DV�WKH�*&,3�65%�VDWHOOLWH

GDWD���$���FHOO�LQWHUSRODWLRQ�RI�WKH�JULGGHG�VDWHOOLWH�GDWD�ZDV�XVHG�WR�REWDLQ�WKH�YDOXH�IRU�WKH

PRQLWRU�ORFDWLRQ��WKLV�LV�WKH�VDPH�LQWHUSRODWLRQ�SURFHGXUH�DQG�FRGH�DV�XVHG�WR�PDS�WKH

*&,3�65%�GDWD�WR�WKH�&$0[�PRGHOLQJ�JULG����,QWHUSRODWLQJ�WKH�*&,3�65%�GDWD�WR�WKH�PRQLWRU

ORFDWLRQ�LQWURGXFHV�VRPH�VSDWLDO�DYHUDJLQJ�RI�WKH�VDWHOOLWH�GDWD��ZKLFK�PD\�EH�FRQVLGHUHG�D

GLVDGYDQWDJH���2Q�WKH�RWKHU�KDQG��WKH�PHWKRGRORJ\�LV�FRQVLVWHQW�ZLWK�WKH�ZD\�ZH�DUH�XVLQJ�WKH

VDWHOOLWH�GDWD���$V�GLVFXVVHG�SUHYLRXVO\��WKH�*&,3�65%�VDWHOOLWH�GDWD�ZHUH�PLVVLQJ�IRU�KRXU���

RQ�6HSWHPEHU����VR�WKLV�KRXU�ZDV�H[FOXGHG�IURP�WKH�FRPSDULVRQV�

)LJXUHV�����WKURXJK�����VKRZ�WLPH�VHULHV�FRPSDULVRQV�RI�WKH�*&,3�65%�3$5�GDWD�WR�JURXQG�

EDVHG�REVHUYDWLRQV�IRU�WKH�$XJ�������DQG�6HSW�������������HSLVRGH�SHULRGV���2YHUDOO��WKH

FRPSDULVRQV�DUH�YHU\�JRRG���7KH�IROORZLQJ�SRLQWV�DUH�QRWHG�

����7KH�VDWHOOLWH�GDWD�PLVV�WKH�WZLOLJKW�DW�GDZQ�DQG�GXVN���:KHQ�WKH�685)5$'�REVHUYHG�3$5

IDOOV�EHORZ�DERXW�������:�P��DW�VXQULVH�DQG�VXQVHW�WKH�VDWHOOLWH�GDWD�DUH�UHSRUWHG�DV�PLVVLQJ
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�]HUR����7KLV�LV�EHFDXVH�WKH�VDWHOOLWH�SURFHGXUH�FDQ�QRW�GLDJQRVH�WKH�3$5�DW�YHU\�ORZ�VXQ

DQJOHV�

����7KH�PDJQLWXGH�RI�WKH�VDWHOOLWH�DQG�JURXQG�EDVHG�3$5�YDOXHV�DJUHH�YHU\�ZHOO�GXULQJ�WKH

UHPDLQLQJ�GD\OLJKW�KRXUV���7KLV�HQFRPSDVVHV�DERXW����KRXUV�RI�GD\OLJKW�EHWZHHQ���DP�DQG��

S�P��&67���6FDWWHU�SORWV��)LJXUH������VKRZ�H[FHOOHQW�FRUUHODWLRQ�IRU�ERWK�HSLVRGHV���7KHUH�LV

QR�HYLGHQFH�RI�ELDV�IRU�WKH�6HSWHPEHU�HSLVRGH���)RU�WKH�$XJXVW�HSLVRGH�WKHUH�LV�VRPH�HYLGHQFH

IRU�D�VPDOO�RYHU�SUHGLFWLRQ�E\�WKH�VDWHOOLWH�GDWD�

����6HYHUDO�FORXG\�GD\V�DUH�DSSDUHQW�IURP�DWWHQXDWLRQ�RI�WKH�VDWHOOLWH�DQG�JURXQG�EDVHG�3$5

GDWD�LQ�WKH�WLPH�VHULHV���7KHVH�GD\V�DUH�

*RRGZLQ��$XJXVW����DQG�����6HSWHPEHU����DQG���

%RQGYLOOH��$XJXVW�������DQG��������6HSWHPEHU����DQG������

7KH�VDWHOOLWH�DQG�JURXQG�GDWD�VKRZ�JRRG�DJUHHPHQW�RQ�WKH�GHJUHH�RI�DWWHQXDWLRQ�RI�3$5�GDWD

GXH�WR�FORXGV�



$SULO ����

,�?WQUFF�ORH?RUGHU��ELRJHQLFV?UHSRUW?)LQDO?VHF��GRF ���

)LJXUH�������3$5�ILHOGV�IRU�KRXUV�������RQ�6HSWHPEHU������������+RXU����ZDV�LQWHUSRODWHG

IURP�KRXUV����DQG����WR�ILOO�LQ�PLVVLQJ�GDWD�LQ�WKH�*&,3�65%�GDWD�DUFKLYH�
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)LJXUH�������/RFDWLRQ�RI�WKH�*RRGZLQ�&UHHN��06��DQG�%RQGYLOOH�,/��VXUIDFH�UDGLDWLRQ

PRQLWRULQJ�VLWHV�VXSHULPSRVHG�RQ�WKH�&$0[����NP�DQG����NP�PRGHOLQJ�JULGV�
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)LJXUH�������&RPSDULVRQ�RI�*&,3�65%�VDWHOOLWH�DQG�685)5$'�JURXQG�EDVHG�3$5�GDWD�IRU

*RRGZLQ�&UHHN�IRU�$XJXVW�������������

)LJXUH�������&RPSDULVRQ�RI�*&,3�65%�VDWHOOLWH�DQG�685)5$'�JURXQG�EDVHG�3$5�GDWD�IRU

*RRGZLQ�&UHHN�IRU�6HSWHPEHU�������������

Comparison of Satellite and Ground-Based PAR Data 
at Goodwin Creek, MS for August 13-22, 1999
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Comparison of Satellite and Ground-Based PAR Data 
at Goodwin Creek, MS for September 13-20, 1999
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)LJXUH�������&RPSDULVRQ�RI�*&,3�65%�VDWHOOLWH�DQG�685)5$'�JURXQG�EDVHG�3$5�GDWD�IRU

%RQGYLOOH�IRU�$XJXVW�������������

)LJXUH�������&RPSDULVRQ�RI�*&,3�65%�VDWHOOLWH�DQG�685)5$'�JURXQG�EDVHG�3$5�GDWD�IRU

%RQGYLOOH�IRU�$XJXVW�������������

Comparison of Satellite and Ground-Based PAR Data 
at Bondville, IL for August 13-22, 1999
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Comparison of Satellite and Ground-Based PAR Data 
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Comparison of Satellite and Ground-Based PAR Data
at Goodwin Creek, MS for August 13-22, 1999

y = 1.08x - 5.75
R2 = 0.99

0

50

100

150

200

250

300

350

400

450

500

0 100 200 300 400 500

Ground-Based PAR Observation  (W/m2)

S
at

el
lit

e-
B

as
ed

 P
A

R
  (

W
/m

2)

Comparison of Satellite and Ground-Based PAR Data
at Goodwin Creek, MS for September 13-20, 1999
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Comparison of Satellite and Ground-Based PAR Data
at Bondville, IL for August 13-22, 1999
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Comparison of Satellite and Ground-Based PAR Data
at Bondville, IL for September 13-20, 1999
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