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$%675$&7�
7KLV�SDSHU�SUHVHQWV�D�VXVWDLQDEOH�PRELOLW\�PRGXOH�IRU�
D� QHZ�XUEDQ�GHVLJQ� VLPXODWLRQ� WRRO� FDOOHG�XPL��7KH�
PRGXOH� HVWLPDWHV� WUDQVSRUWDWLRQ� UHODWHG� FDUERQ�
HPLVVLRQV� IRU� XUEDQ� GZHOOHUV� DFFRUGLQJ� WR� WKH�
SUR[LPLW\�RI�WKHLU�KRPH�WR�DPHQLWLHV�VXFK�DV�VFKRROV��
JURFHU\� VWRUHV�� UHVWDXUDQWV� DQG� WKH� OLNH�� 7KH�
WUDGLWLRQDO� ��VWHS� WUDQVSRUWDWLRQ� PRGHO� RI� WULS�
HVWLPDWLRQV� LV� XWLOL]HG�� EXW� WKH� XQGHUO\LQJ� PRGHO�
DVVXPHV� WKDW� UHVLGHQWV� RI� PRUH� ZDONDEOH�
QHLJKERXUKRRGV�ZLOO� FKRRVH�ZDONLQJ�RYHU�GULYLQJ� LI�
GHVWLQDWLRQ� SRLQWV� DUH� ZLWKLQ� ZDONLQJ� UDQJH� DQG�
RXWGRRU� HQYLURQPHQWDO� FRQGLWLRQV� DUH� DFFHSWDEOH� DW�
WKH�WLPH�RI�WKH�WULS��7UDQVSRUWDWLRQ�PRGH�FKRLFHV�IRU�
HDFK� WULS� DUH� GHWHUPLQHG� EDVHG� RQ� D� WZR�VWHS�
VWRFKDVWLF�SURFHVV��6KRUWHVW�GLVWDQFH�SDWKV�DUH�XVHG�WR�
HYDOXDWH� KRZ� µZDONDEOH¶� WKH� WULS� LV�� $PELHQW�
WHPSHUDWXUH�DQG�UDLQIDOO�DUH�WKHQ�XVHG�DV�SODFHKROGHUV�
IRU� RXWGRRU� FRPIRUW� FRQGLWLRQV� WR� GHWHUPLQH� WKH�
OLNHOLKRRG� WKDW� D� UHVLGHQW� ZLOO� ZDON� DW� D� SDUWLFXODU�
WLPH�� &DUERQ� HPLVVLRQV� DUH� DVVRFLDWHG� WR� HDFK� WULS�
EDVHG� RQ� WKH� WULS¶V� PRGH� FKRLFH�� 2YHUDOO�
QHLJKERXUKRRG� HYDOXDWLRQV� DUH� FRQGXFWHG� E\�
VXPPLQJ� XS� DOO� WULS�UHODWHG� FDUERQ� HPLVVLRQV�
WKURXJKRXW�D�\HDU��$�FDVH�VWXG\�RI�D�ILFWLRQDO�PL[HG�
XVH� QHLJKERXUKRRG� LQ� %RVWRQ�� EXLOW� DFFRUGLQJ� WR�
3DVVLYKDXV� VWDQGDUG�� LV� VLPXODWHG� LQ� (QHUJ\� 3OXV� WR�
FRPSDUH�WKH�FDUERQ�LPSDFW�RI�RSHUDWLRQDO�HQHUJ\�XVH�
YHUVXV�WUDQVSRUWDWLRQ��

,1752'8&7,21�
&RQWLQXRXV� XUEDQ� JURZWK�� PDQLIHVWHG� WKURXJK� WKH�
GHYHORSPHQW� RI� QHZ� FLWLHV� DQG� QHLJKERXUKRRGV�� LV�
FRQVWDQWO\� FKDQJLQJ�XUEDQ� ODQGVFDSHV� LQ�PDQ\�SDUWV�
RI� WKH� ZRUOG�� 5DSLG� JOREDO� SRSXODWLRQ� LQFUHDVH� LQ�
WDQGHP� ZLWK� PLJUDWLRQ� WR� FLWLHV� DQG� KDV� DPSOLILHG�
XUEDQL]DWLRQ�RYHU�WLPH��WKH�ZRUOG¶V�XUEDQ�SRSXODWLRQ�
LV�H[SHFWHG�WR�UHDFK���ELOOLRQ�EHWZHHQ������DQG������
�%%&� ������� 7R� DFFRPPRGDWH� WKLV� JURZWK��
QXPHURXV�XUEDQ�GHYHORSPHQW�SURMHFWV�KDSSHQ�ad hoc�
ZKLFK� FRQWULEXWHV� WR� FDUERQ� HPLVVLRQV� GXH� WR� WKH�
UHVXOWLQJ� XQFRRUGLQDWHG� FRQFHQWUDWLRQ� RI� SHRSOH��
YHKLFOHV�DQG�LQGXVWULDO�DFWLYLWLHV� �6YLUHMHYD�+RSNLQV��
6FKHOOQKXEHU� DQG� 3RPD]� ������� (PLVVLRQV� LQFUHDVH�
GXH� WR� WKH� OLPLWHG� LQSXW� WKHVH�SURMHFWV�KDYH�RQ�ZKDW�
WKH�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�VWUHHW�JULG�OD\RXWV�
DQG� ODQG� XVH� SODQQLQJ� GHFLVLRQV� DUH�� 7KH� IUHTXHQW�

DEVHQFH�RI�D�ODUJHU�SODQQLQJ�IUDPHZRUN�LV�SDUWO\�GXH�
WR� WKH�DEVHQFH�RI� VXLWDEOH�VLPXODWLRQ� WRROV� IRU�XUEDQ�
GHVLJQHUV� DQG� FLW\� SODQQHUV�� (IIRUWV� DUH� QRZ� EHLQJ�
PDGH� WR� GHYHORS� HQYLURQPHQWDO� SHUIRUPDQFH�
VLPXODWLRQ� VRIWZDUH� IRU� WKH� GHVLJQ� RI� FLWLHV� DQG�
QHLJKERXUKRRGV�� 7KH� LQWHQWLRQ� LV� WR� HYDOXDWH� DQG�
DQDO\VH�XUEDQ�GHVLJQ�SULQFLSOHV�DQG�DVVXPSWLRQV��DQG�
WR� EULQJ� UHOLDEOH�� DFFXUDWH� DQG� ULJRURXV� WRROV� WR� WKH�
SUDFWLFH�RI�XUEDQ�GHVLJQ�DQG�SODQQLQJ��%HVVHUXG�DQG�
+XVVH\��������7KH�DXWKRUV�DUH�ZRUNLQJ�RQ�DQ�RYHUDOO�
XUEDQ�PRGHOOLQJ�SODWIRUP�FDOOHG�XPL�WR�HQDEOH�XUEDQ�
SODQQHUV� DQG� DUFKLWHFWV� WR� H[DPLQH� PXOWLSOH�
SHUIRUPDQFH� DVSHFWV� RI� WKHLU� XUEDQ� SURSRVDOV�
LQFOXGLQJ� RSHUDWLRQDO� HQHUJ\� XVH�� RXWGRRU� FRPIRUW�
DQG� QHLJKERXUKRRG� ZDONDELOLW\� �5HLQKDUW�� HW� DO��
������� 7KLV� SDSHU� VSHFLILFDOO\� IRFXVVHV� RQ� WKH� XPL��
PRELOLW\� PRGXOH�� ZKLFK� FRQFHQWUDWHV� RQ� VXVWDLQDEOH�
XUEDQ�WUDQVSRUW�FKRLFHV��
7UDQVSRUWDWLRQ� HQHUJ\� FXUUHQWO\� UHSUHVHQWV� ���� RI�
WKH� ZRUOG¶V� FDUERQ� HPLVVLRQV� DQG� LW� LV� JURZLQJ�
UDSLGO\�� ,Q� WKH�GHYHORSLQJ�ZRUOG�� WZR�WKLUGV�RI� VXFK�
HQHUJ\� GHPDQGV� DUH� GLUHFWHG� WRZDUGV� SHUVRQDO�
PRELOLW\��DQG�DUH�H[SHFWHG�WR�UHPDLQ�WKH�VDPH�IRU�WKH�
QH[W� ��� \HDUV� �=HJUDV�� &KHQ� DQG� *UXWWHU� �������
7KHVH� HVWLPDWLRQV� DORQJ� ZLWK� DFFRPSDQ\LQJ� KHDOWK�
SUREOHPV� UHVXOWLQJ� IURP� SRRU� DLU� TXDOLW\� �:DVVHQHU�
������ SHUWDLQ� WR� ZK\� QXPHURXV� FLWLHV� DURXQG� WKH�
ZRUOG� KDYH� UHDOL]HG� WKH� FRQVHTXHQFHV� RI�
DFFRPPRGDWLQJ� GULYLQJ� DW� WKH� H[SHQVH� RI� ZDONLQJ��
ELNLQJ� DQG� HIILFLHQW� XWLOL]DWLRQ� RI� SXEOLF� WUDQVLW��
7KURXJK� WKH� SURPRWLRQ� RI� SK\VLFDO� DFWLYLW\��
VXVWDLQDEOH� SODQQLQJ� RI� WKH� EXLOW� HQYLURQPHQW�
LQIOXHQFHV�KHDOWK��UHGXFWLRQ�RI�SROOXWLRQ��IXHO�VDYLQJV�
DQG�GHFUHDVH�RI�FDUERQ�HPLVVLRQV��7RGD\��VXFK�XUEDQ�
HQYLURQPHQWV�SURPRWH� DFWLYH� SK\VLFDO� WUDQVSRUWDWLRQ�
WKURXJK� WKH�PDQLIHVWDWLRQ� RI� SROLF\� LQVWUXPHQWV� DQG�
ODQG�XVH�SODQQLQJ�WDFWLFV��:KLOH�WKHVH�VWUDWHJLHV�KDYH�
EHHQ� GLVFXVVHG� DQG� LPSOHPHQWHG� LQ� PDQ\� FLWLHV�
�0DF1HLO� ������� WKH� VRXUFHV� RI� WKHLU� SRVLWLYH�
LQIOXHQFH� RQ� WUDYHO� EHKDYLRXU�� GHPRQVWUDWHG� E\�
VDYLQJV� LQ� YHKLFOH� PLOHV� WUDYHOOHG� �907��� KDV� EHHQ�
JLYHQ�PLQLPDO�DWWHQWLRQ�LQ�WKH�OLWHUDWXUH��
,Q�WKHRU\��WKH�XWLOL]DWLRQ�RI�KLJK�GHQVLW\�DQG�GLYHUVLW\�
LQ� ODQG�XVH� LV� DQ� HIIHFWLYH� VWUDWHJ\� WKDW� GHFUHDVHV�
907� DQG� FRQWULEXWHV� WR�PRUH� VXVWDLQDEOH�PRGHV� RI�
WUDQVSRUWDWLRQ� �QDPHO\� ZDONLQJ� DQG� ELNLQJ��� DV� D�
VKRUW� SUR[LPLW\� EHWZHHQ� DPHQLWLHV� HQFRXUDJHV� QRQ�
PRWRUL]HG� WUDYHO� �107��� 7KHUH� DUH� IRUPDO�
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DSSURDFKHV�WR�DSSO\LQJ�VXFK�D�VWUDWHJ\�WKURXJK�ZHOO�
NQRZQ�VFKRROV�RI�WKRXJKW�LQ�XUEDQ�SODQQLQJ�SUDFWLFH��
$Q� H[DPSOH� VFKRRO� RI� WKRXJKW� LV� 1HZ� 8UEDQLVP��
ZKLFK�LV�DQ�XUEDQ�GHVLJQ�PRYHPHQW�WKDW�HQFRXUDJHV�
ZDONDELOLW\�WKURXJK�GHQVLW\��5RGULJXH]��.KDWWDN�DQG�
(YHQVRQ� ������� $QRWKHU� XUEDQ� DUFKHW\SH� LV� 6PDUW�
*URZWK�� ZKLFK� DGYRFDWHV� FRPSDFW�� WUDQVLW�RULHQWHG�
GHYHORSPHQWV� �+DQG\� ������� 1HZ� 8UEDQLVP� DQG�
6PDUW� *URZWK� VKDUH� WKH� JRDO� RI� KDYLQJ� PRUH�
ZDONDEOH�ELNHDEOH� DQG� KHDOWKLHU� FRPPXQLWLHV�� 7KH�
JHQHUDO�K\SRWKHVLV�RI�WKHVH�GHVLJQ�PRYHPHQWV�LV�WKDW�
±� LI�JLYHQ� WKH�FKRLFH�DQG�H[WHUQDO�ZHDWKHU�FRQGLWLRQ�
DOORZ�IRU�LW�±�WKH�PDMRULW\�RI�SHRSOH�FKRRVH�ZDONLQJ�
RYHU�DOWHUQDWLYH�PRGHV�RI�WUDQVSRUWDWLRQ��7KLV�PHDQV�
WKDW� WKH� FUHDWLRQ� RI� PDQ\� ZDONDEOH� GHVWLQDWLRQV�
ZLWKLQ� D� QHLJKERXUKRRG� LQWHUQDOL]HV� WULSV�ZLWKLQ� WKH�
QHLJKERXUKRRG� DQG� WKXV� UHGXFHV� UHOLDQFH� RQ� GULYLQJ�
DQG�UHGXFHV�UHODWHG�FDUERQ�HPLVVLRQV�DQG�SROOXWLRQ��
7R� TXDQWLI\� WKH� LPSDFW� RI� DSSO\LQJ� VXFK� SULQFLSOHV��
WKH� LQWHJUDWLRQ� RI� VLPXODWLRQ� WRROV� WKDW� HYDOXDWH�
FLWLHV¶� ³ZDONLQJ� IULHQGOHVV´� LQ� WKH� GHVLJQ� SURFHVV� LV�
EHFRPLQJ� VLJQLILFDQW�� 3UHYLRXV� UHOHYDQW� UHVHDUFK�
SUHVHQWHG�D�PHWKRG�ZKLFK�XWLOL]HG�KLHUDUFKDO�PRGHOV�
WKDW�ZHUH�YDOLGDWHG�DJDLQVW�LQ�ILHOG�WUDIILF�FRXQWV��7KH�
VWXG\� ILUVW� VKRZHG� WKH� LPSDFW� RI� PL[HG�XVH�
GHYHORSPHQWV� LQ� LQWHUQDOL]LQJ� ZDONLQJ� DQG� WUDQVLW�
PRGH� VKDUH� SHUFHQWDJHV� LQ� FLWLHV� DV� KLJK� DV� 6HDWWOH�
��������DQG�DV� ORZ�DV�3RUWODQG����������7KH�PRGHO�
WKHQ�YDULHV� ³'´�YDULDEOHV� �GHQVLW\��GLYHUVLW\��GHVLJQ��
GHVWLQDWLRQ� DFFHVVLELOLW\�� GLVWDQFH� WR� WUDQVLW� DQG�
GHYHORSPHQW�VFDOH��WR�SUHGLFW�WULSV�JHQHUDWHG��(ZLQJ��
HW� DO�� ������� $QRWKHU� UHFHQW� LQYHVWLJDWLRQ�
GHPRQVWUDWHG� D� PRGHO� WKDW� XVHV� DQQXDO� QRQ�
PRWRUL]HG�FRXQW�GDWD�WR�HVWLPDWH�PRGH�VKDUH�FKDQJHV�
DQG�DYRLGHG�907��5DVPXVVHQ��5RXVVHDX�DQG�/\RQV�
�������+RZHYHU��ERWK�PRGHOV�DSSURDFK� WKH� UHVHDUFK�
TXHVWLRQ� RQ� D� PDFUR� VFDOH� DQG� SD\� PLQLPXP�
DWWHQWLRQ� WR� PLFUR� LQWHUDFWLRQV� EHWZHHQ� LQGLYLGXDO�
EXLOGLQJV� DQG� VXUURXQGLQJ� DPHQLWLHV�� 7KLV� SDSHU� LV�
FRQFHUQHG� ZLWK� WKH� VWXG\� RI� ZDONDELOLW\� DPRQJ�
JURXSV� RI� EXLOGLQJV� EDVHG� RQ� VLWXDWLRQV� DQG�
RSSRUWXQLWLHV�DW�WKH�LQGLYLGXDO�EXLOGLQJ�DQG�FLW\�VFDOH�
WKDW�FDQ�EH�DFFXPXODWHG�WR�WKH�FRPSOHWH�FLW\��
$VVHVVPHQW� RI� QHLJKERXUKRRG� ZDONDELOLW\� KDV� ORQJ�
EHHQ�FRQVLGHUHG�D�IXQFWLRQ�RI�TXDUWHU�PLOH�WR�RQH�DQG�
D� KDOI�PLOH�ZDONLQJ� GLVWDQFHV� IURP�KRXVLQJ� XQLWV� WR�
YLWDO�DPHQLWLHV��7KLV� LGHD�KDV�EHHQ�DGDSWHG�E\�PDQ\�
ZDONDELOLW\� HYDOXDWLRQ� VFKHPHV� LQ� GLIIHUHQW� IRUPV��
DQG� KDV� EHHQ� SURYHQ� WR� EH� D� JRRG� LQGLFDWRU� RI�
³ZDONLQJ�HQYLURQPHQWV�´�3RSXODU�LQGLFHV�VXFK�DV�WKH�
³:DONVFRUH´��:DONVFRUH��������KDYH�EHHQ�YDOLGDWHG�
LQ�WHUPV�RI�HVWLPDWLQJ�QHLJKERXUKRRG�ZDONDELOLW\�DQG�
KHDOWK� �'XQFDQ�� HW� DO�� ������ DV� ZHOO� DV� UHDO� HVWDWH�

SULFHV� �6WHSKDQLH� �� 7KUDOO� DQG� +DQJHQ� �������
+RZHYHU�� WR� GDWH� LW� KDV� QRW� EHHQ� GHPRQVWUDWHG� WKDW�
ZDONVFRUH�W\SH�HYDOXDWLRQV�DUH�FDSDEOH�RI�SUHGLFWLQJ�
WKH� SUREDELOLW\� WKDW� D� SRSXODWLRQ� RI� D� FHUWDLQ� XUEDQ�
DUHD� DUH� PRUH� OLNHO\� WR� ZDON� WKDQ� D� FRPSDUDEOH�
QHLJKERXUKRRG�ZLWK�D�ORZHU�PHDQ�:DONVFRUH�UDWLQJ��
7KH� UHDVRQ� IRU� WKLV� PD\� EH� WKDW� WKH� HYDOXDWLRQ� RI�
ZDONDELOLW\� LV� VXEMHFWLYH� DQG� GHSHQGV� RQ� PDQ\�
LQWHUIDFLQJ�SDUDPHWHUV�WKDW�DUH�FXUUHQWO\�QRW�LQFOXGHG�
LQ� WKHVH� PRGHOV�� 2WKHU� IDFWRUV� LQFOXGH� SHGHVWULDQ�
WKHUPDO� FRPIRUW�� FOLPDWLF� FRQGLWLRQV� DQG�
SOHDVDQWQHVV�RI�URXWHV��WR�QDPH�D�IHZ��,Q�RUGHU�WR�EH�
DEOH� WR� SUHGLFW� LI� IXWXUH� XUEDQ� GHYHORSPHQWV� DUH�
JRLQJ� WR� EH� IULHQGO\� WR� DFWLYH� PRGHV� RI�
WUDQVSRUWDWLRQ�� DQG� LI� RFFXSDQWV� ZLOO� DFWXDOO\� ZDON��
PRGHOOLQJ� WKH� DIRUHPHQWLRQHG� IDFWRUV� LV� NH\� IRU� D�
SUHGLFWLYH� XUEDQ� PRGHOOLQJ� WRRO�� $QRWKHU� SRWHQWLDO�
GLIILFXOW\� IRU� DQ� XUEDQ� GHVLJQHU� LV� WKDW� HYHQ� LI� WKH�
ZDONDELOLW\�RI�D� JLYHQ�QHLJKERXUKRRG�GHVLJQ�FDQ�EH�
UHDOLVHG�� KRZ� FDQ� VXFK� DQ� HYDOXDWLRQ� EH� SXW� LQ�
FRQWH[W� ZLWK� RWKHU� HQYLURQPHQWDO� SHUIRUPDQFH�
PHDVXUHV� VXFK� DV� EXLOGLQJ¶V� DFFHVV� WR� GD\OLJKW� DQG�
VRODU�JDLQV�WR�RSWLPL]H�RSHUDWLRQDO�HQHUJ\�XVH"�
,Q� WKLV�SDSHU�ZH�DUH�GHVFULELQJ�D� VLPXODWLRQ�PRGXOH�
WR� PRGHO� DQG� H[DPLQH� WKH� SHUIRUPDQFH� RI� 107�
EHKDYLRXU� DQG� ODQG�XVH� SODQQLQJ� LQWHUYHQWLRQV� RQ� D�
PLFURVFRSLF� VFDOH�� 7KLV� LV� WR� DVVHVV� XUEDQ� IRUP�
SDUDPHWHUV� IRU� ³ZDONDELOLW\�´� 7KH� WRRO� DLPV� WR� KHOS�
DQVZHU�TXHVWLRQV�VXFK�DV��+RZ�OLNHO\�LV�LW�WKDW�SHRSOH�
ZLOO�ZDON�RU�ELNH�LQ�GLIIHUHQW�QHLJKERXUKRRGV"�:KDW�
XUEDQ� GHVLJQ� SDUDPHWHUV� FRQWULEXWH� WR� PRUH�
ZDONDEOH�ELNHDEOH� FLWLHV"� 7KH� WRRO� IRUPV� SDUW� RI� D�
QHZ� XUEDQ� PRGHOOLQJ� SODWIRUP� FDOOHG� XPL� WKDW� DOVR�
VLPXODWHV� RSHUDWLRQDO� HQHUJ\� XVH� LQ� EXLOGLQJV� DQG�
GD\OLJKWLQJ� SRWHQWLDO�� 7KH� WRRO� VSHFLILFDOO\�
LQYHVWLJDWHV� FKRLFHV� UHJDUGLQJ� WKH� PRGH� RI�
WUDQVSRUWDWLRQ�FKRVHQ�E\�UHVLGHQWV�RYHU�WKH�FRXUVH�RI�
WKH� \HDU�� 7KH� XQGHUO\LQJ� PRGHO� FRPELQHV� WULS�
FKRLFHV� WR� PXOWLSOH� GHVWLQDWLRQV� �VXFK� DV� JURFHU\��
VKRSSLQJ�� HQWHUWDLQPHQW�� HWF��� EDVHG� RQ� :DONVFRUH�
FDOFXODWLRQV�� 7KH� FKRLFH� WR� ZDON�� ELNH�� WDNH� SXEOLF�
WUDQVSRUW� RU� GULYH� LV� WKHQ� VLPXODWHG� EDVHG� RQ�
GLVWDQFHV� WR� GHVWLQDWLRQV� DQG� FOLPDWLF� FRQGLWLRQV��
1H[W�� LW� LV� WDEXODWHG� DQG� FRQYHUWHG� LQWR� D� FDUERQ�
HPLVVLRQV� EDODQFH�� $V� D� SURRI� RI� FRQFHSW� IRU� WKLV�
VLPXODWLRQ� ZRUNIORZ�� WKH� SDSHU� IRFXVHV� RQ� 907�
DYHUWHG� DV� D� UHVXOW� RI� RFFXSDQWV� ZDONLQJ� WR�
GHVWLQDWLRQV�LQ�YDULRXV�VLPXODWHG�ZHDWKHU�FRQGLWLRQV��
7KLV� LV� LOOXVWUDWHG� WKURXJK� D� FRPSDULVRQ� RI� FDUERQ�
HPLVVLRQV� GXH� WR� RSHUDWLRQDO� HQHUJ\� XVH� DQG�
WUDQVSRUWDWLRQ� HQHUJ\� LQ� D� ILFWLRQDO� PL[HG� XVH�
QHLJKERXUKRRG�LQ�%RVWRQ��0$��86$��7KH�VLPXODWLRQ�
IUDPHZRUN�LV�GHVFULEHG�LQ�GHWDLO�QH[W��
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6,08/$7,21�0(7+2'�
7KH� SUHVHQWHG� VLPXODWLRQ� IUDPHZRUN� �)LJXUH� ��� LV�
FRQFHLYHG� LQ� WKH� WKUHH� GLPHQVLRQDO� PRGHOOLQJ�
HQYLURQPHQW� 5KLQR�'� DV� D� ZDONDELOLW\� DVVHVVPHQW�
WRRO�� ,W� LV� VFULSWHG� LQ� WKH� *UDVVKRSSHU� SOXJ�LQ� DV� D�
SDUDPHWULF� FXVWRP� GHILQLWLRQ� FRGHG� LQ� WKH� &��
SURJUDPPLQJ� ODQJXDJH�� 7KH� IROORZLQJ� VHFWLRQ�
SUHVHQWV� KRZ� WKH� XWLOL]HG� ³6WUHHW� 6PDUW�:DONVFRUH´�
DOJRULWKP� ZRUNV�� DQG� KRZ� LW� ZDV� DOWHUHG� DQG�
FRPELQHG� ZLWK� WKH� WUDGLWLRQDO� ��VWHS� PRGHO� RI�
WUDQVSRUWDWLRQ� HQJLQHHULQJ� �6LQJOHWRQ� DQG� &OLIWRQ�
������WR�TXDQWLI\�WKH�FDUERQ�LPSDFW�RI�107��

Street Smart Walkscore 
:DONVFRUH�PHDVXUHV�WKH�HDVH�RI�UHVLGLQJ�LQ�D�FHUWDLQ�
DUHD�ZLWKRXW�GHSHQGLQJ�RQ�\RXU�FDU��:H�DGDSWHG�WKLV�
ZHE�EDVHG� WRRO� WR� EH� XVHG� ZLWKLQ� WKH� GHVLJQ�
HQYLURQPHQW�RI�5KLQR�DV�D�FRPSUHKHQVLYH�PRGHOOLQJ�
DSSURDFK�� 7KH� DOJRULWKP� WHVWV� SRLQWV� RI� LQWHUHVW� IRU�
SUR[LPLW\�WR�QLQH�1RUWK�$PHULFDQ�RULHQWHG�DPHQLWLHV�
�6FKRROV�� 5HVWDXUDQWV�� &RIIHH�� 6KRSSLQJ��
(QWHUWDLQPHQW��3DUNV��%DQNV��*URFHU\�DQG�%RRNV���
(DFK� DPHQLW\� UHFHLYHV� D� GLIIHUHQW� ZHLJKW� EDVHG� RQ�
LPSRUWDQFH�� (JUHVV� SRLQWV� IRU� DGGUHVVHV� DUH� WKHQ�
UHZDUGHG� EDVHG� RQ� GLVWDQFHV� WR� DPHQLWLHV�� DQG� D�
SRO\QRPLDO� GLVWDQFH� GHFD\� IXQFWLRQ� LV� XVHG� WR�
FDOFXODWH�VFRUHV��:LWKLQ�D�GLVWDQFH�RI�TXDUWHU�PLOH��D�
IXOO� VFRUH� LV� UHFHLYHG�� DQG� DW� RQH� PLOH�� DPHQLWLHV�
UHFHLYH� DERXW� ���� RI� WKH� VFRUH� DV� D� SHQDOW\�� $IWHU�
RQH� PLOH�� VFRUHV� VORZO\� GHFUHDVH� ZLWK� JUHDWHU�
GLVWDQFH��XQWLO�LW�UHDFKHV�]HUR�DW�����PLOHV��7KHUH�DUH�
RWKHU� UHZDUG� VFRUHV� UHFHLYHG� E\� H[DPLQHG� SRLQWV�
EDVHG� RQ� VWUHHW� LQWHUVHFWLRQ� GHQVLWLHV� DQG� DYHUDJH�
EORFN� OHQJWK��:DONVFRUHV� DUH� UDQNHG� EHWZHHQ� �� DQG�
����� DQG� WKH� GHWDLOHG� PHWKRGRORJ\� LV� SXEOLFO\�
DYDLODEOH� �:DONVFRUH�� :DON� 6FRUH� 0HWKRGRORJ\�
������� 7KLV� PHWKRG� ZDV� FRGHG� LQ� DV� D� FXVWRP� &��
FRPSRQHQW�LQ�*UDVVKRSSHU�DQG�D�FRPPDQG�LQ�5KLQR��
7R�PHDVXUH�SUR[LPLW\�RI�HJUHVV�SRLQWV� WR�DPHQLWLHV��
WKH� 6KRUWHVW� :DON� DGG�RQ� ZDV� LPSOHPHQWHG� ZLWKLQ�
WKH�FRGH���,W�FDOFXODWHV�WKH�VKRUWHVW�URXWH�IURP�D�VWDUW�

SRLQW� WR� DQ� HQG� SRLQW� LQ� D� JLYHQ� QHWZRUN� RI� FXUYHV�
�VWUHHWV� DQG� ZDON� SDWKZD\V�� EDVHG� RQ� D� WRSRORJ\�
FDOFXODWRU� DQG� WKH� $
� VHDUFK� DOJRULWKP� �)LJXUH� ����
7KH� VRXUFH� FRGH� IRU�6KRUWHVW�:DON� LV� DOVR� DYDLODEOH�
SXEOLFO\��0F1HHO(XURSH�������
�

�
Figure 2 Illustration of Shortest Walk algorithm in 

different street grids 

Proposed Framework 
7KH�VFDOH�RI� WKH� VWXGLHG�DUHD� LV� OHIW� WR� WKH�PRGHOOHU��
DQG�LW�FDQ�JR�IURP�WKH�GHVLJQ�RI�D�IHZ�EORFNV�ZLWKLQ�
D� QHLJKERXUKRRG� WR� D� FRPSOHWH� FLW\�� 7KH� PRGHO� LV�
FUHDWHG� LQ� 5KLQR� DV� EXLOGLQJ� PDVVHV� ZLWK� KRXVLQJ�
HJUHVV�SRLQWV��DPHQLW\�ORFDWLRQV�DV�SRLQWV�WKDW�KDYH�WR�
EH� SODFHG� HYHQ� LI� QRW� LQ� DQ� LPPHGLDWH� SUR[LPLW\� WR�
WKH� VWXGLHG� DUHD�� DQG� VWUHHWV� DQG� ZDON� SDWKZD\V�
QHWZRUN�� 7KH� EXLOGLQJV� FDQ� EH� IXUWKHU� H[SORUHG� IRU�
RSHUDWLRQDO� HQHUJ\� XVH� DQG� GD\OLJKWLQJ� SRWHQWLDO�
ZLWKLQ�XPL��EXW�LW�LV�RXW�RI�VFRSH�IRU�WKLV�SDSHU��
7UDGLWLRQDOO\�� WKH� IRXU� VWHS�PHWKRG�RI� WUDQVSRUWDWLRQ�
HQJLQHHULQJ�WR�HVWLPDWH�WKH�QXPEHU�RI�WULSV�ZLWKLQ�DQ�
XUEDQ�DUHD�RI�D�FHUWDLQ�VFDOH�LQYROYHG�WULS�JHQHUDWLRQ��
GLVWULEXWLRQ�� PRGH� FKRLFH� DQG� ILQDOO\� DVVLJQPHQW� RI�
WULSV��:H�SURSRVH�PRGLILFDWLRQV�WR�WKLV�ZRUNIORZ�WKDW�
DUH� DGDSWHG� WR� ZKDW� ZRXOG� EH� RI� LQWHUHVW� WR� XUEDQ�
GHVLJQHUV�DQG�SODQQHUV���

 7ULS�*HQHUDWLRQ�
,Q� RUGHU� WR� DFFXUDWHO\� HVWLPDWH� WUDYHO� WULSV� ZLWKLQ� D�
FHUWDLQ� XUEDQ� DUHD�� WUDYHO� VXUYH\V� RU� FRPSUHKHQVLYH�
WULS� GLDULHV� RI� UHVLGHQWV� ZLWKLQ� SUR[LPLW\� VKRXOG� EH�
XWLOL]HG�� 7KH� XVH� RI� VPDUW�SKRQHV� LV� XELTXLWRXV�
DURXQG� WKH� ZRUOG� DQG� LV� XWLOL]HG� IRU� D� YDULHW\� RI�
DFWLYLWLHV�� &RQVHTXHQWO\�� WKH� HPSOR\PHQW� RI� PRELOH�

Generation

Distribution

Trip Diaries
(Cell Phone Apps)

Standards

Is it close?
p(D)

Prefered Route 
(Shortest - Walkscore)

Is it comfortable?
p(T) & p(R)

Outdoor Thermal 
Comfort (Weather Data)

Mode 
Choice

AssignmentEmissions

NoNoVMT

NMT

Destinations 
(Walkscore)

Transportation
(Walking or Driving)

Trip

�

Figure 1: Simulation-based Framework to estimate annual trips for individual households  
�
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SKRQH�DSSV�WKDW� WUDFN�WUDYHO�EHKDYLRXU�XVLQJ�EXLOW�LQ�
*36� GHYLFHV� KDV� UHFHQWO\� EHFRPH� SRSXODU� IRU�
UHVHDUFK� FRQFHUQHG� ZLWK� GLIIHUHQW� DUHDV� ZLWKLQ�
GLVFLSOLQHV�RI�WUDQVSRUWDWLRQ��&DODEUHVHD��HW�DO���������
7KHVH�WULSV�FRXOG�EH�V\QWKHVL]HG�WR�HVWLPDWH�ZKDW�DUH�
WKH�WLPH�UDQJHV�ZKHQ�FHUWDLQ�WULSV�RFFXU��DQG�ZKDW�LV�
WKH�SUREDELOLW\�RI�VXFK�WULSV�WR�RFFXU�ZLWKLQ�WKH�FLW\��
$W� WKH� WLPH� RI� WKLV� UHVHDUFK�� ZH� DUH� XVLQJ�
DSSUR[LPDWLRQV�IRU�WULS�SUREDELOLWLHV��)RU������KRXUV�
RI� WKH�\HDU�� HDFK�KRXU�D� WULS�SUREDELOLW\� LV� JLYHQ� IRU�
DPHQLWLHV�FRQVLGHUHG�E\�WKH�:DONVFRUH�DOJRULWKP���

 7ULS�'LVWULEXWLRQ�
$IWHU� DOO� WULSV� KDYH� EHHQ� JHQHUDWHG�� WKH\� DUH�
GLVWULEXWHG�WR�GHVWLQDWLRQV�ZLWKLQ�WKH�PRGHOOHG�XUEDQ�
DUHD��)URP�HDFK� LGHQWLILHG� KRXVLQJ� HJUHVV�SRLQW�� WKH�
:DONVFRUH� DOJRULWKP� LV� XVHG� WR� LGHQWLI\� ZKHUH� WKH�
FORVHVW�DPHQLW\�LV��)URP�WKLV�GLVWULEXWLRQ�RULJLQV�DQG�
GHVWLQDWLRQV� DUH� LGHQWLILHG� ZLWK� WKH� VWUHHWV� QHWZRUN��
DQG� LW� WKHQ� EHFRPHV� D� TXHVWLRQ� ZKDW� PRGH� RI�
WUDQVSRUWDWLRQ� UHVLGHQWV� ZLOO� FKRRVHV� �DVVXPLQJ� WKDW�
WKH\�KDYH�DFFHVV�WR�D�FDU���

 0RGH�&KRLFH�
7KH� ILUVW� DVSHFW� H[DPLQHG� LQ� RUGHU� WR� GHWHUPLQH�
PRGH�FKRLFH� LV� GLVWDQFH�� ,I� WKH� DPHQLW\� WHVWHG� LV�
ZLWKLQ�ZDONLQJ�GLVWDQFH�IURP�WKH�KRXVHKROG����������
PLOHV��DOO�WULSV�DUH�FRQVLGHUHG�ZDONDEOH�DQG�QR�907�
YDOXHV�DUH�FRPSXWHG��+RZHYHU�� LI� WKH�DPHQLW\� LV�QRW�
ZLWKLQ�D�ZDONDEOH�GLVWDQFH���!�����PLOHV���DOO�WULSV�WR�
WKDW� GHVWLQDWLRQ� DUH� FRQVLGHUHG� WR� EH� GRQH� XVLQJ� D�
SHUVRQDO�PRWRU�YHKLFOH�DQG�907�LV�DGGHG�DV�D�WULS�WR�
DQG� IURP� WKLV� DPHQLW\�� )RU� GLIIHUHQW� FDVHV� WKHVH�
GLVWDQFHV�DUH�PRGLILDEOH�DFFRUGLQJ�WR�ZKDW�RFFXSDQWV�
ZRXOG� FRQVLGHU� ³ZDONDEOH�´� $W� WKLV� SRLQW� FOLPDWH� LV�
GLVUHJDUGHG�� DQG� LV� RQO\� FRQVLGHUHG� ZKHQ� WKH�
GLVWDQFH� RI� LQWHUHVW� LV� EHWZHHQ� WKHVH� WZR� YDOXHV�� ,I�
WKH� GHVWLQDWLRQ� LV� DQ\ZKHUH� EHWZHHQ� ����� DQG� ����
PLOHV��D�SUREDELOLW\�IXQFWLRQ�P�LV�XVHG��

P = p(D) * p(T) * p(R)� ����

:KHUH� p(D) LV� WKH� GLVWDQFH� GHFD\� IXQFWLRQ� XVHG� WR�
SUHGLFW� WKH�SUREDELOLW\�RI�RFFXUUHQFH�RI�D�JLYHQ� WULS��
p(T)� LV� D� SUREDELOLW\� IXQFWLRQ� XVHG� IRU� GU\� EXOE�
WHPSHUDWXUH� �GEW��� DQG� P(R)� LV� XVHG� IRU� UDLQIDOO.�
:HDWKHU� EHFRPHV� D� IDFWRU� WR� EH� FRQVLGHUHG�� $V� D�
SUR[\� IRU� RXWGRRU� WKHUPDO� FRPIRUW� 70<�� ZHDWKHU�
GDWD� LV� XVHG� WR� H[WUDFW� GEW� DQG� UDLQIDOO� YDOXHV� DW� WKH�
KRXU� LQ�ZKLFK� WKH� WULS� LV� JRLQJ� WR� RFFXU�� 7KHUHIRUH��
KRZ� RXWGRRU� WHPSHUDWXUH� DQG� UDLQIDOO� DIIHFWV� WUDYHO�
EHKDYLRXU� DUH� UHTXLUHG� LQSXW�� DQG� KDYH� WR� EH�
HVWLPDWHG��ZLWKLQ� UHDVRQ��E\� WKH� VLPXODWRU��7KH�FDVH�
VWXG\� SUHVHQWHG� ODWHU� JLYHV� DQ� H[DPSOH� RI� KRZ� WR�
DSSURDFK�WKLV��

$IWHU�P LV�FDOFXODWHG��D� UDQGRP�QXPEHU� LV�JHQHUDWHG�
EHWZHHQ���DQG����DQG�LI�LW�IDOOV�ZLWKLQ�WKH�SUREDELOLW\�
P� WKHQ� WKH� WULS�ZLOO�EH�FRQVLGHUHG�DV�QRQ�PRWRUL]HG��
,I�LW�GRHV�QRW��WKH�WULS�LV�DGGHG�DV�907���

 7ULS�$VVLJQPHQW�
1RZ� WKDW� WKH� WULSV� KDYH� EHHQ� JHQHUDWHG� DQG�
GLVWULEXWHG� WR� DPHQLW\� SRLQWV� ZLWKLQ� SUR[LPLW\� DQG�
WKH�PRGH� FKRLFH� ORJLF� LV� DSSOLHG�� WULSV� DUH� DVVLJQHG�
DQG� 907� LV� FRPSXWHG� IRU� HDFK� KRXVLQJ� XQLW��
&XPXODWLYH�907�LV�FDOFXODWHG�IRU�HDFK�SRLQW�DQG� LV�
WDEXODWHG� IRU� WKH� ZKROH� GHYHORSPHQW� XQGHU�
DVVHVVPHQW��7KLV�DOORZV� WKH�SUHGLFWLRQ�RI�KRZ�PDQ\�
GULYLQJ� WULSV� DUH� HVWLPDWHG� WR� RFFXU�� DQG� KRZ� WKDW�
WRWDOV� LQ� WHUPV�RI� FDUERQ� HPLVVLRQV�� $�FDVH� VWXG\� LV�
SUHVHQWHG�QH[W� WR�GHPRQVWUDWH� KRZ� WKLV�ZRUNIORZ� LV�
XWLOL]HG��

&$6(�678'<�6,08/$7,21�5(68/76�
$Q� H[DPSOH� QHLJKERXUKRRG�ZDV�PRGHOOHG� LQ�5KLQR�
WR� UHSUHVHQW� D� GHQVH� XUEDQ� DUHD� RI� ����� GZHOOLQJV�
�)LJXUH�����7KH�KRXVLQJ�XQLWV�YDULHG�LQ�VL]H�EHWZHHQ�
VLQJOH�IDPLO\� KRXVHV�� PXOWL� IDPLO\� VWUXFWXUHV� DQG�
UHVLGHQWLDO� EORFNV� DQG� WRZHUV� LQ� D� UHODWLYHO\� VPDOO�

�
Figure 3: Example urban development modelled in Rhino. Annual energy consumption was simulated in 

Energy Plus using umi. The PassiveHaus construction standard was used for all buildings, and they are false 
colored to illustrate operational energy use. 

�
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DUHD���������P�����$OO�EXLOGLQJV�KDG�D�����:LQGRZ�
WR�:DOO�5DWLR��::5��DQG�RYHUKDQJV�RQ�6RXWK�IDFLQJ�
ZLQGRZV�RI����P�GHSWK��7KH�PRGHO�ZDV�VLPXODWHG�LQ�
XPL� WKURXJK� ERWK� WKH� (QHUJ\� DQG� WKH� 0RELOLW\�
FRPSRQHQWV��

Operational Energy Use 
7KH�PRGHO�ZDV�VLPXODWHG� LQ� WKH�XPL�HQHUJ\�PRGXOH�
IRU� RSHUDWLRQDO� HQHUJ\� XVH� XVLQJ� (QHUJ\� 3OXV�� DV�
VKRZQ� LQ� )LJXUH� ��� DQG� WKH� ORFDWLRQ� FKRVHQ� ZDV�
%RVWRQ��0$��XPL�JHQHUDWHV�(QHUJ\3OXV�ILOHV�DQG�UXQV�
DQQXDO� VLPXODWLRQV� LQGLYLGXDOO\�� 0XOWL�]RQH� (QHUJ\�
3OXV� PRGHOV� DUH� JHQHUDWHG� WKURXJK� WKH� PRGHOOHG�
EXLOGLQJ� PDVVLQJ�� ,W� LV� WKHQ� EURNHQ� LQWR� GLIIHUHQW�
OHYHOV��ZKHUH�FRUH�DQG�HQYHORSH�]RQHV�DUH�JHQHUDWHG�
DXWRPDWLFDOO\��,Q�WKLV�FDVH��DOO�]RQHV�DUH�DVVLJQHG�WKH�
FRQVWUXFWLRQ� W\SHV�� VFKHGXOHV� DQG� LQILOWUDWLRQ� UDWHV�
VSHFLILHG�LQ�WKH�3DVVLY+DXV�VWDQGDUG��7KH�DLP�ZDV�WR�
UHSUHVHQW�DQ�HQHUJ\�HIILFLHQW�QHLJKERXUKRRG�LQ�WHUPV�
RI� RSHUDWLRQDO� HQHUJ\�� DQG� VLPXODWH� WKH� LPSDFW� RI�
ODQG�XVH� GHFLVLRQV� RQ� WUDYHO� EHKDYLRXU� DQG�
FRQVHTXHQW� WUDQVSRUWDWLRQ� HQHUJ\� XVH�� (QHUJ\� 8VH�
,QWHQVLW\� �(8,�� YDULHG� EHWZHHQ� GLIIHUHQW� EXLOGLQJV�
GXH� WR� WKH� LQIOXHQFH�RI� XUEDQ� IRUP��6PDOOHU�� VLQJOH�
IDPLO\� XQLWV� WKDW�ZHUH�PRUH� H[SRVHG�KDG� DQ�(8,�RI�
��� N:K�P�� GXH� WR� FRROLQJ� ORDGV�� ZKLOH� ELJJHU�
VWUXFWXUHV� WKDW� VKDUHG�GLIIHUHQW� V\VWHPV� KDG�(8,V�RI�
���N:K�P���7R�FRPSXWH�FDUERQ�HTXLYDOHQWV�ZH�XVHG�
$6+5$(� VWDQGDUG� ������ VHFWLRQ� ������ IRU� ����� IRU�
IXHO�IDFWRUV��������NJ�N:K�IRU�JDV�DQG�������NJ�N:K�
IRU� HOHFWULFLW\��� 7KLV� UHVXOWV� LQ� �����PHWULF� 7RQV� RI�
&DUERQ�DQQXDOO\��

VMT and Carbon Emissions 
7KH� PRELOLW\� PRGXOH� LQ� XPL� ZDV� XVHG� WR� JHQHUDWH�
ERWK� ZDONVFRUHV� DQG� HVWLPDWLRQV� RI� 907� DQG�
UHVXOWLQJ� FDUERQ� HPLVVLRQV�� (DFK� KRXVLQJ� VWUXFWXUH�
KDG� DQ� HJUHVV� SRLQW� IRU� DQDO\VLV�� DQG� WDEOH� �� VKRZV�
DVVXPSWLRQV� IRU� WKH� WULS� JHQHUDWLRQ� SRUWLRQ� RI� WKH�
VLPXODWLRQ�ZRUNIORZ��$V�D�SURRI�RI�FRQFHSW��WKH\�DFW�
DV�SODFHKROGHUV�IRU�WLPHV�ZKHQ�W\SLFDO�QRQ�ZRUN�WULSV�
LQ�D�1RUWK�$PHULFDQ�FRQWH[W�WDNH�SODFH���
�
�

Table 1 
Assumption for daily household travel behaviour 

probabilities to modelled amenities 
�
� Time Period 

(Time) 
Probability 

(Percentage) 
Schools �����±������ ����
Restaurants ������±�������	�

������±�������
����
����

Coffee �����±�������	�
������±�������

����
����

Shopping ������±������� ���
Entertainment ������±������� ���
Parks ������±������� ����
Banks ������±������� ����
Grocery ������±������� ���
Book ������������ ���

�

�
Figure 4 Probability functions used in the annual 
simulation for distance decay and dbt respectively 

�
Figure 5 Simulation results for the example neighbourhood in umi-mobility with three variations.  
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$Q�DQQXDO� VLPXODWLRQ� UDQ� IRU� WKUHH� YDULDWLRQV�RI� WKH�
PRGHO�� ZKHUH� WKH� PDVVLQJ� DQG� KRXVLQJ� HJUHVV�
UHPDLQHG� WKH� VDPH� EXW� DPHQLW\� SRLQWV� DUH� YDULHG��
2QH� DGRSWHG� WKH�6PDUW�JURZWK� DSSURDFK�RI� FUHDWLQJ�
GHQVH� DQG� PL[HG� ODQG�XVH�� WKH� VHFRQG� DVVXPHG�
DPHQLWLHV� DUH� SODFHG� LQ� D� QHDU�E\� QHLJKERXUKRRG� DW�
DSSUR[LPDWHO\� ���� PLOHV� IURP� LWV� 1RUWK� HQG�� 7KH�
WKLUG�KDG�DPHQLWLHV�SODFHG�DW�D���PLOH�GLVWDQFH�DZD\�
IURP�WKH�GHYHORSPHQW�WR�UHSUHVHQW�XUEDQ�VSUDZO�LQ�D�
PRWRU�YHKLFOH� GHSHQGDQW� GHYHORSPHQW�� 7R� HVWLPDWH�
WKH�SUREDELOLW\�RI�WULS�RFFXUUHQFH�IRU�YDULRXV�RXWGRRU�
GEW��D�IXQFWLRQ�GHVLJQHG�WR�HVWLPDWH�KRZ�UHVLGHQWV�RI�
WKH� %RVWRQ� DUHD� ZRXOG� UHDFW� WR� ZHDWKHU�� DQG� LW� LV�
VKRZQ� LQ� ILJXUH� ��� 5DLQIDOO� ZDV� H[FOXGHG� IURP�
VLPXODWLRQV�GXH� WR� WKH� XQDYDLODELOLW\�RI� WKH� UHTXLUHG�
GDWD� LQ� WKH� %RVWRQ� 70<�� ZHDWKHU� ILOH�� 7KHUHIRUH��
WULSV�ZHUH�RQO\�HVWLPDWHG�XVLQJ�p(D)�DQG�p(T). 
)LJXUH� �� VKRZV� VLPXODWLRQV� UHVXOWV� IRU� ERWK�
:DONVFRUH� DQG� DQQXDO� 907�� 7KH� WUHQGV� ZHUH�
VLPLODU�� EXW� WKH� LQWHUSUHWDWLRQ� RI� WKH� RXWFRPHV� LV�
VLJQLILFDQWO\� GLIIHUHQW�� 7KH� :DONVFRUH� UDWLQJ�
³:DONHU¶V�3DUDGLVH´� WUDQVODWHV� WR�DOPRVW�]HUR�907��
ZKLFK� LV� H[SHFWHG�� +RZHYHU�� ZKHQ� :DONVFRUHV�
GHWHULRUDWH� DV� WKH� GLVWDQFHV� WR� DPHQLWLHV� LQFUHDVH��
907� LQFUHDVH� GUDPDWLFDOO\�� :DONVFRUH� UDWLQJV� RI�
³6RPHZKDW� :DONDEOH´� WUDQVODWH� WR� ����� 907� LQ�
VLQJOH�IDPLO\� KRXVHV�� DQG� ������� 907� IRU�
PXOWLIDPLO\�VWUXFWXUHV��7KLV�PHDQV�WKDW�RQ�DQ�DQQXDO�
EDVLV� 907� LQFUHDVHV� H[SRQHQWLDOO\� DV� DPHQLWLHV�
PRYH�DZD\�IURP�KRXVHKROGV�DQG�EHFRPHV� LQ�D�QRQ�
ZDONDEOH�GLVWDQFH��7KLV�FRXOG�EH�DWWULEXWHG�LQ�SDUW�WR�
WKH� YDULDWLRQV� LQ� SUREDELOLWLHV� GXH� WR� XQFRPIRUWDEOH�
ZHDWKHU� FRQGLWLRQV�� DV� ZHOO� DV� GLIILFXOW\� WR� UHDFK�
GHVWLQDWLRQV� GXH� WR� SUR[LPLW\�� $GGLWLRQDOO\�� PXOWL�
IDPLO\� EXLOGLQJV� WKDW� KRXVHG� D� FRQVLGHUDEOH� QXPEHU�
RI� UHVLGHQWLDO� XQLWV� DUH� WKH� PRVW� DIIHFWHG� E\� WKH�
XQDYDLODELOLW\�RI�DPHQLWLHV��DV�VKRZQ�LQ�WDEOH���ZKLFK�
SUHVHQWV�D�EUHDNGRZQ�RI�WKH�VLPXODWLRQ�RXWFRPHV���

Table 2 
Breakdown of simulation result 

� Walkscore VMT 

� +L� /R� $Y� +L� /R� $Y�

Smart-growth ��� ��� ��� ����� �� ���

Moderate ��� ��� ��� ������� ���� �����

Sprawl ��� ��� ��� ������� ����� ������

�
,Q�RUGHU�WR�HVWLPDWH�DJJUHJDWH�FDUERQ�HPLVVLRQV�IURP�
SHUVRQDO� WUDQVSRUWDWLRQ� IRU� HDFK� KRXVHKROG� ZH� XVHG�
86�(3$¶V�HPLVVLRQV� IDFWRUV��ZKHUH�907�LV�GLYLGHG�
E\� DYHUDJH� JDV� PLOHDJH� WR� GHWHUPLQH� JDOORQV� RI�
JDVROLQH� FRQVXPHG� SHU� YHKLFOH� SHU� \HDU� ������PLOHV�
SHU� JDOORQ��� *DOORQV� RI� JDVROLQH� FRQVXPHG� DUH� WKHQ�
PXOWLSOLHG� E\� FDUERQ� GLR[LGH� SHU� JDOORQ� RI� JDVROLQH�
WR�GHWHUPLQH� FDUERQ�GLR[LGH� HPLWWHG�SHU�YHKLFOH� SHU�
\HDU� ������î������PHWULF� WRQV�&2��JDOORQ�JDVROLQH���
&DUERQ� GLR[LGH� HPLVVLRQV� DUH� WKHQ� GLYLGHG� E\� WKH�
UDWLR� RI� FDUERQ� GLR[LGH� HPLVVLRQV� WR� WRWDO� YHKLFOH�

JUHHQKRXVH� JDV� HPLVVLRQV� WR� DFFRXQW� IRU� YHKLFOH�
PHWKDQH� DQG� QLWURXV� R[LGH� HPLVVLRQV� ���&2���&+���
DQG� 1�2������� &2���� &DUERQ� HPLVVLRQV� IURP� WKH�
WKUHH� VLPXODWLRQV� DUH� SUHVHQWHG� LQ� ILJXUH� ��� ,W�
EHFRPHV�REYLRXV�WKDW�HYHQ�WKH�PRVW�HQHUJ\�HIILFLHQW�
RI�QHLJKERXUKRRGV�LQ�WHUPV�RI�FRQVWUXFWLRQ�VWDQGDUGV�
LV� HVWLPDWHG� WR� FRQVXPH� DV� PXFK� DV� �LI� QRW� PRUH�
WKDQ�� LWV� DQQXDO� RSHUDWLRQDO� HQHUJ\� XVH� LQ� SHUVRQDO�
WUDQVSRUWDWLRQ�WULSV�LI�LW�LV�QRW�SODQQHG�FRUUHFWO\���
�

�
Figure 6 Carbon equivalents for simulated 

operational energy use and transportation in the 
three variants of land-use�

',6&866,21�
7KH�SUHVHQWHG�ZRUNIORZ��DV�GHPRQVWUDWHG�E\�WKH�FDVH�
VWXG\�� H[SORUHV� D�QHZ� ILHOG� LQ�EXLOGLQJ�SHUIRUPDQFH�
VLPXODWLRQ� �%36��� 7KLV� DUHD� LV� SRVLWLRQHG� EHWZHHQ�
HQHUJ\� PRGHOOLQJ� IRU� EXLOGLQJV� DQG� WUDQVSRUWDWLRQ��
7KLV� UHVHDUFK� HIIRUW� WDNHV� WKH� W\SLFDO� DSSURDFK� RI�
WUDQVSRUWDWLRQ�PRGHOOLQJ� WR�D�PLFUR�VFDOH��ZKHUH� WKH�
HIIHFW�RI�ODQG�XVH�DOORFDWLRQ�LV�UHSUHVHQWHG�DV�HQHUJ\�
XVH� LQ� WHUPV� RI� 907� DQG� DVVRFLDWHG� FDUERQ�
HPLVVLRQV��$OWKRXJK�WKH�DLP�LV�IRU�GHVLJQHUV�WR�KDYH�
WKH� DELOLW\� WR� VLPXODWH� WKH� FRQVHTXHQFHV� RI� WKHLU�
GHVLJQ�GHFLVLRQV� DQG� LQWHUYHQWLRQV�� WKH�RXWFRPHV� JR�
EH\RQG�WKDW��7KH�DZDUHQHVV�RI�ZKDW�WKH�WRRO�GRHV�DQG�
KRZ� LW� ZRUNV� VKRXOG� VKLIW� WKH� IRFXV� RI� GHVLJQHUV��
6LPXODWLRQ�RXWFRPHV�VKRZ�ZKDW�LW�PHDQV�WR�KDYH�QR�
GHVWLQDWLRQV� VXLWDEOH� IRU� ZDONLQJ� DQG� ZKDW� LPSDFW�
WKDW� KDV� RQ� HQHUJ\� DQG� ZDONDELOLW\� RI�
QHLJKERXUKRRGV�� 6LQFH� WKH� GHVLJQHU� LV� FRQVFLRXV� RI�
WKDW��WKH�PRELOLW\�PRGXOH�LQ�XPL�EHFRPHV�D�SRZHUIXO�
WRRO� IRU� DGYRFDWHV� RI�PL[HG� ODQG�XVH� GHYHORSPHQWV��
OLYHDEOH� FRPPXQLWLHV� DQG� GHVLJQHUV� LQWHUHVWHG� LQ�
VXVWDLQDEOH�XUEDQ�SODQQLQJ���
5HVLGHQWV¶� WUDYHO� EHKDYLRXU� LQ� WKH� FDVH� VWXG\� ZDV�
DVVXPHG�� DQG� WKLV� LV� D� OLPLWDWLRQ� WKDW� VKRXOG� EH�
FRQVLGHUHG��)RU�DSSOLFDWLRQ�LQ�UHDOLVWLF�VLWXDWLRQV�GDWD�
KDV� WR� EH� GUDZQ� IURP� UHOLDEOH� VRXUFHV� VXFK� DV�
GHWDLOHG�WUDYHO�GLDULHV��7KH�XQFHUWDLQW\�RI�RFFXSDQF\�
EHKDYLRXU�KDV�ORQJ�EHHQ�DQ�LVVXH�LQ�%36��+RHV��HW�DO��
�������EXW�KDV�HYROYHG�RYHU�WLPH��VR�WKLV�FRQVWUDLQW�RI�
VXLWDEOH� EHKDYLRXU� WHPSODWHV� LV� H[SHFWHG� WR� EH�
DGGUHVVHG� LQ� IXWXUH� VWXGLHV�� $QRWKHU� DVSHFW� WR� EH�
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WDFNOHG� LV� WKH� ORJLF� EHKLQG� WULS� JHQHUDWLRQ�� 3HRSOH�
GRQ¶W� SODQ� WKHLU� WULSV� GLVFUHWHO\�� WKH\� DUH� XVXDOO\� LQ�
FKDLQV��7KH�PRGHO�SUHVHQWHG�GHDOV�ZLWK�WULSV�EHWZHHQ�
RULJLQV� DQG� GHVWLQDWLRQV� VHSDUDWHO\�� KRZHYHU�
PRGHOOLQJ�RI�WULS�FKDLQV�VKRXOG�DOVR�EH�FRQVLGHUHG���
7KLV� PRGHOOLQJ� DSSURDFK� LV� PHDQW� WR� EH� XVHG� RQ�
GLIIHUHQW� VFDOHV�� 7KHUHIRUH�� D� VPDOO� QHLJKERXUKRRG�
FDQ� EH� VLPXODWHG� WR� XQGHUVWDQG� WKH� LPSDFW� RI� IRUP�
DQG� ODQG�XVH� RQ� ERWK� RSHUDWLRQDO� HQHUJ\� DQG�
H[SHFWHG�WUDQVSRUWDWLRQ�EHKDYLRXU��7KLV�FDQ�EH�VFDOHG�
XS� WR� D� FRPSOHWH� FLW\� WR� XQGHUVWDQG� DOO� LQWHUDFWLRQV�
EHWZHHQ�GLIIHUHQW�JURXSV�RI�EXLOGLQJV�ZLWKLQ�YDU\LQJ�
VWUHHW� QHWZRUNV�� � $� VLPSOH�:DONVFRUH� FDOFXODWLRQ� LV�
RIWHQ�XVHG�H[FOXVLYHO\�WR�GHWHUPLQH�KRZ�ZDONDEOH�WKH�
EXLOW� HQYLURQPHQW� LV�� +RZHYHU�� D� IROORZ� XS� LV�
UHFRPPHQGHG�ZLWK�D�GHWDLOHG�VLPXODWLRQ�WKDW� IDFWRUV�
RXWGRRU� WKHUPDO� FRPIRUW� DQG� H[SHFWHG� ZDONLQJ�
EHKDYLRXU��,Q�DQ�LGHDO�VFHQDULR��WKLV�ZLOO�EH�PRGHOOHG�
VLGH�E\�VLGH�ZLWK�RSHUDWLRQDO�HQHUJ\�LQ�XPL�WR�KDYH�D�
IXOO� RYHUYLHZ� RI� KRZ� DQ� XUEDQ� DUHD� SHUIRUPV�
KROLVWLFDOO\�� 7KLV� VLPXODWLRQ� WRRO� LV� QRW� H[SHFWHG� WR�
UHSODFH�DQ\� WUDQVSRUWDWLRQ�HQJLQHHULQJ�ZRUNIORZV�RU�
VLPXODWLRQ� HQJLQHV�� LW� LV� PHDQW� WR� EH� XVHG� E\�
DUFKLWHFWV�� XUEDQ� GHVLJQHUV� DQG� SODQQHUV� RQ� D� ILQHU�
JUDLQ�WKDQ�W\SLFDO�WUDQVSRUWDWLRQ�IRUHFDVW�VWXGLHV���
7KH�XVH�RI� XPL�PRELOLW\�FDQ�EH�H[WHQGHG� WR� LQFOXGH�
QRW� MXVW� HQYLURQPHQWDO� LPSDFW� EXW� DOVR� HFRQRPLF�
DVSHFWV� RI� ODQG�XVH�� 5HDOLVWLF� H[SHFWHG� YLVLWV� IURP�
KRXVHKROGV� WR� DPHQLWLHV� LQ� WKHLU� YLFLQLW\� FDQ� EH�
VLPXODWHG��DQG�WKDW�FDQ�JLYH�D�EDVH�PLQLPXP�RI�KRZ�
DPHQLWLHV�ZLOO�SHUIRUP�LQ�WHUPV�RI�DQQXDO�YLVLWV��7KLV�
DOVR�PHDQV� WKDW�FXOWXUDO�DGDSWDWLRQV� WR� WKH�DPHQLWLHV�
WHPSODWH�XVHG�DUH�QHFHVVDU\�WR�DGGUHVV�ZKDW�GLIIHUHQW�
FRPPXQLWLHV� YDOXH�� 5HSODFHPHQW� DQG� DGGLWLRQ� RI�
DPHQLWLHV� LV� OLNHO\� ZKHQ� XVLQJ� WKH� WRRO� LQ� GLIIHUHQW�
FRQWH[WV�DQG�FXOWXUDO�EDFNJURXQGV��

&21&/86,21�
7KLV� SDSHU� SUHVHQWHG� DQ� LQQRYDWLYH� WRRO� IRU� WKH�
VLPXODWLRQ� RI� VXVWDLQDEOH� XUEDQ� WUDQVSRUWDWLRQ�� 7KH�
ZRUNIORZ� LV� EXLOW� RQ� WUDGLWLRQDO� PHDQV� RI�
WUDQVSRUWDWLRQ� IRUHFDVWLQJ�� EXW� LV� WDLORUHG� WR� WKH�
LQWHUHVWV� RI� XUEDQ� GHVLJQHUV� DQG� SODQQHUV�� 7KH�
LQWHJUDWLRQ� RI� ZHDWKHU� DQDO\VLV� DV� D� SODFHKROGHU� IRU�
RXWGRRU�WKHUPDO�FRPIRUW�LV�DQ�LVVXH�WR�EH�DGGUHVVHG��
VR�LV�WKH�LVVXH�RI�FXVWRPL]LQJ�DPHQLW\�WHPSODWHV�WR�EH�
DEOH�WR�VXLWH�GLIIHUHQW�FXOWXUDO�DVSHFWV��7KH�H[SDQVLRQ�
RI� WKH� DQDO\VLV� WR� LQFOXGH� RWKHU� IRUPV� RI� QRQ�
PRWRUL]HG� WUDQVSRUW� VXFK� DV� ELNHDELOLW\� DVVHVVPHQW�
VKRXOG� EH� LQWHJUDWHG� LQ� IXWXUH� UHVHDUFK�� DV� ZHOO� DV�
HVWLPDWLRQV�IRU�GLIIHUHQW�NLQGV�RI�WULS�FKDLQV���
7KH�JRDO�RI�WKLV�ZRUN�LV�WR�JLYH�GHVLJQHUV�WKH�DELOLW\�
WR� HVWLPDWH� WKH� LPSDFW� RI� WKHLU� GHVLJQ� LQWHUYHQWLRQV�
RQ� QRQ�PRWRUL]HG� WUDYHO� EHKDYLRXU�� DQG�
FRQVHTXHQWLDO�HIIHFWV�RQ�WKH�HQYLURQPHQW�LQ�WHUPV�RI�
FDUERQ� HPLVVLRQV��7KH� FDVH� VWXG\� SUHVHQWHG� VKRZHG�
KRZ� D� SRSXODU� LQGH[� VXFK� DV� :DONVFRUH� FDQ� EH�
H[SDQGHG� LQ� WHUPV� RI� TXDQWLI\LQJ� HQYLURQPHQWDO�
HIIHFWV�� ,W� DOVR� GHPRQVWUDWHG� KRZ� HQHUJ\� HIILFLHQW�
FRQVWUXFWLRQV� FDQ� PDNH� WKHLU� XVHUV� ZDVWH� HQHUJ\�

WKURXJK� WUDQVSRUWDWLRQ� DQG� KRZ� WKLV� FDQ� FRQWULEXWH�
VLJQLILFDQWO\� WR� FDUERQ� HPLVVLRQV� LI� XUEDQ� DUHDV� DUH�
QRW�SODQQHG�FDUHIXOO\�IRU�VXVWDLQDEOH�XUEDQ�WUDQVSRUW��
$V� %36� SOD\V� DQ� LQFUHDVLQJO\� FULWLFDO� DQG� UHOLDEOH�
UROH� LQ� GHWHUPLQLQJ� WKH� HIIHFW� LQGLYLGXDO� EXLOGLQJV�
KDYH� RQ� KXPDQ� FRPIRUW� DQG� HQYLURQPHQWDO�
SHUIRUPDQFH��WKH�H[FLWLQJ�ILHOG�RI�XUEDQ�PRGHOOLQJ�LV�
RQ� WKH� ULVH�� ,QFRUSRUDWLQJ� D� GHHS� XQGHUVWDQGLQJ� RI�
KRZ� UHVLGHQWV� LQWHUDFW� ZLWK� WKHLU� EXLOW� HQYLURQPHQW�
DQG�ZKDW�WKDW�PHDQV�RQ�GLIIHUHQW�VFDOHV�LV�DFKLHYDEOH�
XVLQJ� VLPXODWLRQ� WRROV�� DQG� WKDW� LV� ZKDW� WKH� DXWKRUV�
DLP� WR� JLYH� WR� GHVLJQHUV�� VLPSOH� WRROV� WKDW� LQIRUP�
GHVLJQ�GHFLVLRQV�DQG�FRQWULEXWH�WR�D�PRUH�VXVWDLQDEOH�
EXLOW�HQYLURQPHQW����

$&.12:/('*(0(176�
7KH�ZULWLQJ� RI� WKLV� SDSHU� ZDV� VXSSRUWHG� E\� D� JUDQW�
IURP� WKH� 0DVVDFKXVHWWV� ,QVWLWXWH� RI� 7HFKQRORJ\�
(QHUJ\�,QLWLDWLYH��0,7(,���

5()(51&(6�
%%&�� ,QWHUDFWLYH� PDS�� XUEDQ� JURZWK�� ��� ���� ������

KWWS���QHZV�EEF�FR�XN���VKDUHG�VSO�KL�ZRUOG����X
UEDQLVDWLRQ�KWPO�XUEDQLVDWLRQ�VWP� �DFFHVVHG� ��
�����������

%HVVHUXG�� .�� DQG� 7� +XVVH\�� �8UEDQ� GHVLJQ�� XUEDQ�
VLPXODWLRQ�� DQG� WKH� QHHG� IRU� FRPSXWDWLRQDO�
WRROV��� ,%0� -RXUQDO� RI� 5HVHDUFK� DQG�
'HYHORSPHQW� ���� QR�� ���� �0DUFK� ������� ���� ��
�������

&DODEUHVHD��)UDQFHVFR��0L�'LDR��*LXV\�'L�/RUHQ]RD��
-RVHSK� )HUUHLUD� �� DQG� &DUOR� 5DWWL��
�8QGHUVWDQGLQJ� LQGLYLGXDO� PRELOLW\� SDWWHUQV�
IURP� XUEDQ� VHQVLQJ� GDWD��$�PRELOH� SKRQH� WUDFH�
H[DPSOH��� 7UDQVSRUWDWLRQ� 5HVHDUFK� 3DUW� &��
(PHUJLQJ� 7HFKQRORJLHV� �(OVHYLHU�� ��� �-DQXDU\�
����������±�����

'XQFDQ�� 'XVWLQ� 7�� -DUHG� $OGVWDGW� �� -RKQ� :KDOHQ� ��
6WHYHQ� -�� 0HOO\� �� DQG� 6WHYHQ� /� *RUWPDNHU� ��
�9DOLGDWLRQ� RI� :DON� 6FRUH�� IRU� (VWLPDWLQJ�
1HLJKERUKRRG�:DONDELOLW\��$Q�$QDO\VLV�RI�)RXU�
86�0HWURSROLWDQ�$UHDV���,QWHUQDWLRQDO�-RXUQDO�RI�
(QYLURQPHQWDO� 5HVHDUFK� DQG� 3XEOLF� +HDOWK�
�0'3,�����QR������������������������

(ZLQJ��5HLG�� HW� DO�� �7UDIILF� JHQHUDWHG�E\�PL[HG�XVH�
GHYHORSPHQWV�VL[� UHJLRQ� VWXG\� XVLQJ� FRQVLVWHQW�
EXLOW� HQYLURQPHQW� PHDVXUHV��� -RXUQDO� RI� 8UEDQ�
3ODQQLQJ�DQG�'HYHORSPHQW� �$6&(�������������
�����

)HLVW��:ROIJDQJ���:KDW�LV�D�SDVVLYH�KRXVH"��3DVVLYH�
+RXVH� ,QVWLWXWH�� ������
KWWS���ZZZ�SDVVLY�GH�ROG���BHQJ�3+,�)O\HUBTXD
OLW\BDVVXUDQFH�SGI��DFFHVVHG��������������

+DQG\�� 6XVDQ�� �6PDUW� *URZWK� DQG� WKH�
7UDQVSRUWDWLRQ�/DQG� 8VH� &RQQHFWLRQ�� :KDW�
'RHV� WKH� 5HVHDUFK� 7HOO� 8V"�� ,QWHUQDWLRQDO�
5HJLRQDO�6FLHQFH�5HYLHZ��6DJH������QR�����0D\�
����������±�����
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+RHV�� 3�� -� /�0�+HQVHQ��0�*� /� &� /RRPDQV�� %� GH�
9ULHV��DQG�'�%RXUJHRLV���8VHU�EHKDYLRU�LQ�ZKROH�
EXLOGLQJ� VLPXODWLRQ��� (QHUJ\� DQG� %XLOGLQJV�
�(OVHYLHU������QR���������������±�����

0DF1HLO�� /DXUD�� 6WHSV� WR� D� :DONDEOH� &RPPXQLW\��
1HZ�<RUN�&LW\��$PHULFD�:DONV��������

0F1HHO(XURSH�� 6KRUWHVW� :DON� *K�� �� ��� ������
KWWS���ZZZ�IRRG�UKLQR�FRP�SURMHFW�VKRUWHVWZDON
JK��DFFHVVHG��������������

5DVPXVVHQ��%HQMDPLQ��*DEH�5RXVVHDX��DQG�:LOOLDP�
/\RQV�� �(VWLPDWLQJ� WKH� ,PSDFWV� RI� WKH�
1RQPRWRUL]HG� 7UDQVSRUWDWLRQ� 3LORW� 3URJUDP��
'HYHORSLQJ� D��� 7UDQVSRUWDWLRQ� 5HVHDUFK� %RDUG�
RI� WKH� 1DWLRQDO� $FDGHPLHV�� :DVKLQJWRQ� '&��
������

5HLQKDUW��&KULVWRSK��7LPXU�'RJDQ��$OVWDQ� -DNXELHF��
7DUHN� 5DNKD�� DQG� $QGUHZ� 6DQJ�� �80,� �� $Q�
XUEDQ� VLPXODWLRQ� HQYLURQPHQW� IRU� EXLOGLQJ�
HQHUJ\� XVH�� GD\OLJKWLQJ� DQG� ZDONDELOLW\���
%XLOGLQJ� 6LPXODWLRQ� ������ &KDPEHU\�� )UDQFH��
������

5RGULJXH]��'DQLHO�$���$VDG�-��.KDWWDN��DQG�.HOO\�5��
(YHQVRQ�� �&DQ� QHZ� XUEDQLVP� HQFRXUDJH�
SK\VLFDO� DFWLYLW\"� FRPSDULQJ� D� QHZ� XUEDQLVW�
QHLJKERUKRRRG� ZLWK� FRQYHQWLRQDO� VXEXUEV���
-RXUQDO� RI� WKH� $PHULFDQ� 3ODQQLQJ� $VVRFLDWLRQ�
����QR�������������������

6LQJOHWRQ�� 3DWULFN� $�� DQG� .HOO\� -� &OLIWRQ��
�3HGHVWULDQV� LQ� 5HJLRQDO� 7UDYHO� 'HPDQG�
)RUHFDVWLQJ� 0RGHOV�� 6WDWH� RI� WKH� 3UDFWLFH���
7UDQVSRUWDWLRQ� 5HVHDUFK� %RDUG� RI� WKH� 1DWLRQDO�
$FDGHPLHV��:DVKLQJWRQ�'&��������

6WHSKDQLH��5DXWHUNXV�<�5DXWHUNXV�<��*UDQW�,�7KUDOO��
DQG� (ULF� +DQJHQ�� �/RFDWLRQ� (IILFLHQF\� DQG�
0RUWJDJH�'HIDXOW��� -RXUQDO� RI� 6XVWDLQDEOH�5HDO�
(VWDWH��-265(�����QR���������������������

6YLUHMHYD�+RSNLQV�� $QDVWDVLD�� +DQV� -� 6FKHOOQKXEHU��
DQG�9DOHUL�/�3RPD]�� �8UEDQLVHG� WHUULWRULHV�DV�D�
VSHFLILF� FRPSRQHQW� RI� WKH� *OREDO� &DUERQ�
&\FOH���(FRORJLFDO�0RGHOOLQJ��(OVHYLHU�������QR��
�����$SULO�����������������

:DONVFRUH��:DON� 6FRUH�� ������ ZZZ�ZDONVFRUH�FRP�
�DFFHVVHG��������������

�:DON�6FRUH�0HWKRGRORJ\���:DONVFRUH���������������
KWWS���EORJ�ZDONVFRUH�FRP�ZS�
FRQWHQW�XSORDGV���������:DON6FRUH0HWKRGRORJ
\�SGI��DFFHVVHG��������������

:DVVHQHU��%HWWLQD��$VLDQ�&LWLHV¶�$LU�4XDOLW\�*HWWLQJ�
:RUVH�� ([SHUWV� :DUQ�� 1HZ� <RUN�� 1HZ� <RUN�
7LPHV��'HFHPEHU����������

=HJUDV�� &KULVWRSKHU�� <DQJ� &KHQ�� DQG� -XUJ� 0��
*UXWWHU�� �%HKDYLRU�EDVHG� WUDQVSRUWDWLRQ�
JUHHQKRXVH� JDV� PLWLJDWLRQ� XGHU� WKH� FOHDQ�
GHYHORSPHQW� PHFKDQLVP��� 7UDQVSRUWDWLRQ�
5HVHDUFK� 5HFRUG�� -RXUQDO� RI� WKH� 7UDQVSRUWDWLRQ�
5HVHDUFK�%RDUG��7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG�

RI� WKH� 1DWLRQDO� $FDGHPLHV��� QR�� ����� ��������
�������
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