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3(1,/(#%/22'#)/2:#,1'(;#+3%),,=#$#
3$5$0(7(5#)25#7+(##(9$/8$7,21#2)#727$/#
3(1,/(#$57(5,$/#)/2:#

2EMHFWLYH=#2XU#REMHFWLYH#ZDV# # WR#GHYHORS#D#VLQJOH#SDUDPHWHU# WKDW#ZLOO#DGHTXDWHO\#H[SUHVV# WKH#
UHVXOWV#RI#FRORU#GXSOH[#'RSSOHU#XOWUDVRQRJUDSK\#SHQLOH#DUWHULDO#EORRG#IORZ#VWXGLHV1##
0DWHULDO#DQG#PHWKRGV=#:H#KDYH#VWXGLHG##457#LPSRWHQW#SDWLHQWV#ZLWK#D#PHDQ#DJH#RI#7:#\HDUV#
+4<0:8/# 6'# 461:4,1# 'LDPHWHUV# RI# FDYHUQRVDO# DUWHULHV# ZHUH# PHDVXUHG# XVLQJ# GXSOH[# 'RSSOHU#
XOWUDVRXQG1# 3HDN# V\VWROLF# # YHORFLWLHV# +369,# ZHUH# DOVR# HYDOXDWHG1# $IWHU# WKH# LQLWLDO# XOWUDVRXQG/#
SDSDYHULQH0+&O# ZDV# LQMHFWHG# LQWR# WKH# FRUSRUD# FDYHUQRVD1# 7KH# DUWHULDO# GLDPHWHUV# RI# ERWK#
FDYHUQRVDO#DUWHULHV/#369#DQG#HQG#GLDVWROLF#YHORFLW\# +('9,#RI#FDYHUQRVDO#DUWHULHV#ZHUH#PHDVXUHG#
DJDLQ1#)ROORZLQJ#WKHVH#PHDVXUHPHQWV/#3HQLOH#EORRG# IORZ# LQGH[#+3%),,#ZDV#FDOFXODWHG1#6WDWLVWLFDO#
DQDO\VLV#XVLQJ#OLQHDU#GLVFULPLQDWLRQ/#FRUUHODWLRQ#FRHIILFLHQWV#DQG#6WXGHQW0W#WHVW#ZDV#SHUIRUPHG1#
5HVXOWV=# $FFRUGLQJ# WR# 'RSSOHU# XOWUDVRQRJUDSKLF# SDUDPHWHUV/# 77# RXW# RI# 457# SDWLHQWV# ZHUH#
FODVVLILHG#DV#DUWHULRJHQLF# LPSRWHQW#DQG#;3#DV#QRQ0LPSRWHQW1#6FUHHQLQJ#WHVWV#ZHUH#SHUIRUPHG#IRU#
3%),#DQG#YDOXHV#ZKLFK#ZHUH#JUHDWHU#WKDQ#543#ZHUH#DFFHSWHG#DV#QRUPDO#DUWHULDO#YDVFXODULW\#DQG#
YDOXHV# OHVV# WKDQ# 543# ZHUH# DFFHSWHG# DV# DUWHULDO# IDLOXUH# +S?3134,1# $FFRUGLQJ# WR# WKH# 3%),/# 73#
SDWLHQWV#ZHUH#FODVVLILHG#DV#DUWHULRJHQLF# LPSRWHQFH1# ,Q#DUWHULRJHQLF#SDWLHQWV/#3%),#ZDV# IRXQG#DV#
4::144#�# 661981# DQG# LQ# QRQ0DUWHULRJHQLF# SDWLHQWV#ZDV# IRXQG# DV# 5;:145#�# 781;71# 6WDWLVWLFDOO\#
DQDO\VLV#ZDV# IRXQG# VLJQLILFDQWO\# GLIIHUHQW# +6WXGHQW0W/# S?3134,1# ,Q# WKH# GLDJQRVLV# RI# DUWHULRJHQLF#
LPSRWHQFH/#LW#ZDV#VHHQ#WKDW#3%),#KDG#;;18#(#VHQVLWLYLW\#DQG#<;17#(#VSHFLILFLW\1##
&RQFOXVLRQ=#7KH#LQFUHDVH#RI#DUWHULDO#GLDPHWHU#DQG#369#FDQ#EH#XVHG#IRU#WKH#HYDOXDWLRQ#RI#DUWHULDO#
LQVXIILFLHQF\1#3%),# LV#D#VLQJOH#SDUDPHWHU#WKDW# LQFRUSRUDWHV#YHORFLW\#DQG#DUWHULDO#GLODWDWLRQ#RI#ERWK#
FDYHUQRXV#DUWHULHV1#)LQDOO\/#ZH#FDQ#HDVLO\#VD\#WKDW#SHQLOH#EORRG#IORZ#LQGH[#PD\#EH#PDGH#JUHDW#XVH#
RI#WKLV#IXQFWLRQDO#VWXG\#RI#WKH#SHQLOH#DUWHULHV1#
#
.H\#ZRUGV=#,PSRWHQFH/#GRSSOHU#XOWUDVRQRJUDSK\/#SHQLO#EORRG#IORZ#LQGH[#
#
#
#
3HQLO#DUWHU\HO#NDQ#DNÕP#KÕ]Õ#GH÷HUOHQGLUPHVLQGH#SHQLO#NDQ#DNÕP#LQGHNVL#+3%),,#
#
$PDo=#5HQNOL#GXSOHNV#'RSSOHU#XOWUDVRQRJUDIL# LOH#\DSÕODQ#SHQLO#DUWHUL\HO#NDQ#DNÕPÕ#oDOÕúPDODUÕQÕQ#
VRQXoODUÕQÕ#DoÕNOD\DELOHFHN#WHN#ELU#SDUDPHWUH#JHOLúWLUPHNWL1#
0DWHU\DO#YH#0HWRG=#2UWDODPD# \Dú# 7:#RODQ# +4<0:8#6'# 461:4,/# 457#HPSRWDQ#KDVWD# DUDúWÕUÕOGÕ1#
'RSSOHU# XOWUDVRQRJUDIL# NXOODQÕODUDN# NDYHUQRVDO# DUWHU# oDSODUÕ# |Oo�OG�1# 3HDN# VLVWROLN# DNÕP# KÕ]ODUÕ#
+369,# # GH÷HUOHQGLULOGL1# %DúODQJÕo# XOWUDVRQRJUDILVLQGHQ# VRQUD# NRUSXV# NDYHUQR]XP# LoHULVLQH#
SDSDYHULQH0+&O#HQMHNWH#HGLOGL1#%X# LúOHPGHQ#VRQUD#NDYHUQR]DO#DUWHU#oDSODUÕ/#369#YH#HQG#GLDVWROLN#
DNÕP# KÕ]ODUÕ# |Oo�OG�1# %X# |Oo�POHUGHQ# VRQUD# SHQLO# EORRG# IORZ# LQGHNV# +3%),,# KHVDSODQGÕ1# /LQHHU#
GLVNULPLQDV\RQ/#NRUHODV\RQ#NRHILVHQWL#YH#6WXGHQW0W#WHVWOHUL#NXOODQÕODUDN#LVWDWLVWLN#DQDOL]#X\JXODQGÕ1#
6RQXoODU=#'RSSOHU#XOWUDVRQRJUDIL#SDUDPHWUHOHULQH#J|UH#457#KDVWDQÕQ#77*�#DUWHUL\RMHQLN/#;3*L# LVH#
QRQDUWHUL\RMHQLN#HPSRWDQV#RODUDN# VÕQÕIODQGÕUÕOGÕ1#3%),# LoLQ# WDUDPD# WHVW#X\JXODQGÕ#YH#3%),#GH÷HUL#
 ≥543# RODQODU# QRUPDO# DUWHUL\HO# NDQODQPD/# 3%),# GH÷HUL# ?# 543# RODQODU# DUWHUL\HO# \HWPH]OLN# RODUDN#
VDSWDQGÕ1#3%),#GH÷HUOHULQH#J|UH#73#KDVWD#DUWHUL\RMHQLN#HPSRWDQV#RODUDN#\RUXPODQGÕ1$UWHUL\RMHQLN#
HPSRWDQV#ROJXODUÕQGD#3%),#GH÷HUL# 4::144#±# 66198/#QRQDUWHULRMHQLN#HPSRWDQV#ROJXODUÕQGD# 5;:#±#
781;7#EXOXQGX#+S?3134,1#$UWHULRMHQLN#HPSRWDQV#WDQÕVÕQGD#3%),*LQ#VHQVLWLYLWHVL#(#;;18/#VSHVLYLWHVL#
(#<;17#RODUDN#VDSWDQGÕ1#
<RUXP=# $UWHUL\HO# oDS# DUWÕPÕ# YH# 369# HPSRWDQVGD# DUWHUL\HO# \HWPH]OLN# WDQÕVÕ# LoLQ#
NXOODQÕOPDNWDGÕU1.DYHUQR]DO# DUWHUOHUGHNL# DNÕP# KÕ]Õ# YH# DUWHU# GLODWDV\RQXQX# ELU# WHN# SDUDPHWUHGH#
ELUOHúWLUHQ# 3%),*LQ# SHQLO# DUWHUOHULQ# IRQNVL\RQHO# GH÷HUOHQGLUPHVLQGH# E�\�N# \DUDU# VD÷OD\DFD÷ÕQÕ#
V|\OH\HELOLUL]1#
#
$QDKWDU#NHOLPHOHU=#(PSRWDQV/#GRSSOHU#XOWUDVRQRJUDIL/#SHQLO#EORRG#IORZ#LQGH[

'U1#.HPDO#$5'$#-#
'U1#0XUDW#%$ù$5#--#
'U1#$KPHW#6,ö,5&,#-#
#
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#
-#7�UNL\H#<�NVHN#øKWLVDV#+DVWDQHVL/#
5DG\RORML#%|O�P�#
$1.$5$#
--#7�UNL\H#<�NVHN##øKWLVDV#+DVWDQHVL/#
hURORML#%|O�P�#
$1.$5$#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
<D]ÕúPD#$GUHVL=#
'U1#.HPDO#$UGD/#/#
,ONHU##41&DGGH#4725####
'LNPHQ##39793/##
$1.$5$#
7HO=##645#643#63;324985#
)D[=#645#645#7455#
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3HQLOH#HUHFWLRQ#LV#D#KDHPRG\QDPLF#HYHQW#XQGHU#
DXWRQRPLF# QHXURORJLFDO# FRQWURO# PHGLDWHG# E\#
FKDQJHV#RI#WKH#FDYHUQRXV#VPRRWK#PXVFOH#WRQH1#
,PSRWHQFH#LV#GHILQHG#DV#WKH#LQDELOLW\#WR#DFKLHYH#
RU#PDLQWDLQ#DQ#HUHFWLRQ41#
#
,Q#UHFHQW#\HDUV/#VWXGLHV#RQ#HUHFWLOH#G\VIXQFWLRQ#
KDYH# IRFXVHG#PRVWO\# RQ# RUJDQLF# HWLRORJ\# DQG#
WKHUH# KDYH# EHHQ# VLJQLILFDQW# DGYDQFHV# LQ# RXU#
XQGHUVWDQGLQJ#RI#WKH#KDHPRG\QDPLFV#RI#SHQLOH#
HUHFWLOH#SK\VLRORJ\#ZKLFK#KDYH# UHVXOWHG# LQ# WKH#
LGHQWLILFDWLRQ# RI# VSHFLILF# DQG# SRWHQWLDOO\#
FRUUHFWDEOH# YDVFXODU# GLVHDVH15/6/7# 9DULRXV#
UHSRUWV# KDYH# HPSKDVL]HG# WKDW# LQ# 68078#(# RI#
FDVHV# DQ# DUWHULDO# RU# YHQRXV# V\VWHP#
LQVXIILFLHQF\# FRXOG# EH# LGHQWLILHG1# $V# PRUH#
EHFDPH#NQRZQ#RQ#WKLV#VXEMHFW/#QHZ#PHGLFDO#RU#
VXUJLFDO# WUHDWPHQW# RSWLRQV# DURVH1# ,PDJLQLQJ#
FOHDUO\# KDV# GLDJQRVWLF# LPSRUWDQFH# WKDW# ZRXOG#
OHDG#WR#WKH#EHVW#WUHDWPHQW#FKRLFH18/9/:#
#
'RSSOHU#XOWUDVRXQG#ZDV#XWLOL]HG# LQ# WKH#YDULRXV#
VWXGLHV# RI# WKH# SHQLOH# YDVFXODU# V\VWHP1# 7KHVH#
VWXGLHV# LQGLFDWHG# GLIIHUHQW# YDOXHV# IRU# 'RSSOHU#
SDUDPHWHUV# WKDW# ZRXOG# GLIIHUHQWLDWH# EHWZHHQ#
QRUPDO# YDVFXODU# UHVSRQVHV# DQG# YDVFXODU#
LQVXIILFLHQFLHV17/:048#
#
7KH#HDUOLHU##VWXGLHV#UHOLHG#RQ#PHDVXUHPHQWV##RI#
YHVVHO# GLDPHWHU# FKDQJH# DQG# SHDN# EORRG# IORZ#
YHORFLW\# WR# GHWHUPLQH# DUWHULDO# IXQFWLRQ1# 7KH#
PRVW#ZLGHO\#XVHG#DQG#DOVR#PRVW# FRQWURYHUVLDO#
'RSSOHU# XOWUDVRQRJUDSK\# SDUDPHWHUV# IRU# WKH#
GLDJQRVLV# RI# DUWHULDO# LQVXIILFLHQF\# DUH# WKH#
LQFUHDVH# RI# SHQLOH# DUWHULDO# GLDPHWHU# DQG# SHDN#
V\VWROLF# YHORFLW\# +369,# DIWHU# LQWUDFDYHUQRVDO#
LQMHFWLRQ17/;/44046# :LWK# WKH# UHVXOWV# VWXGLHG#
SUHYLRXVO\/#JUHDWHU#WKDQ#:3#(#GLODWDWLRQ#DQG#D#
58068# FP2VHF# SHDN# V\VWROLF# YHORFLW\# IRU# HDFK#
FDYHUQRXV# DUWHU\# ZHUH# HVWDEOLVKHG# DV#
QRUPDO1:/48#
#
7KHUH# DUH# GLVFUHWH# GLVDGYDQWDJHV# LQ# XVLQJ#
HLWKHU#RI# WKHVH#FULWHULD# IRU#HVWDEOLVKLQJ#QRUPDO#
VXFK# DV# VLJQLILFDQW# DQDWRPLFDO# YDULDWLRQ# RI#
SHQLOH#DUWHULDO#DQDWRP\1#
#
7KH# DLP# RI# WKLV# VWXG\# LV# WR# GHYHORS# D# VLQJOH#
SDUDPHWHU# WKDW# ZLOO# DGHTXDWHO\# H[SUHVV# WKH#
UHVXOW# RI# D# FRORU# GXSOH[# 'RSSOHU#

XOWUDVRQRJUDSK\# SHQLOH# DUWHULDO# EORRG# IORZ#
VWXG\1##
#
3$7,(176#$1'##0(7+2'6#
#
,Q# WKLV#VWXG\/#ZH#KDYH#H[DPLQHG#457#SDWLHQWV#
ZLWK#PHDQ#DJH#RI#7:#\HDUV#+4<#0:8/#6'#461:4,1#
(UHFWLOH# GLVRUGHUV# KDG# EHHQ# UHSRUWHG# IRU# DW#
OHDVW# WZR#PRQWKV1#$OO#SDWLHQWV#ZHUH#VXEPLWWHG#
WR# DQ# H[WHQVLYH# ZRUN0XS# LQFOXGLQJ# GHWDLOHG#
KLVWRU\/# SK\VLFDO# H[DPLQDWLRQ/# ODERUDWRU\#
DQDO\VLV# +VHUXP# JOXFRVH# OHYHO/# FKROHVWHURO/#
WULJOLVHULGH/# $67/# $/7,/# DQG# KRUPRQH# DQDO\VLV#
+WHVWRVWHURQH/#)6+/#/+/#SURODFWLQ,1#
#
&RORU#'RSSOHU#XOWUDVRQRJUDSK\#ZDV#FDUULHG#RXW#
ZLWK#D#7RVKLED# 5:3#66$/# :18#0+]# WUDQVGXFHU1#
&DYHUQRVDO#DUWHULHV#ZHUH# LGHQWLILHG#DORQJ# WKHLU#
HQWLUH#FRXUVH#IURP#WKH#FUXUD#WR#WKH#DSH[#RI#WKH#
SHQLV# DQG# WKHLU# GLDPHWHUV#ZHUH#PHDVXUHG# RQ#
WKH# LQQHU#RXWSXW#RI#WKH#DUWHULDO#ZDOO1#0HDVXUHV#
ZHUH#WDNHQ#DW#WKH#PLG0VKDIW#DQG#369#ZDV#DOVR#
HYDOXDWHG1# $IWHU# WKH# LQLWLDO# XOWUDVRXQG#
H[DPLQDWLRQ/#5#FF#SDSDYHULQH0+&O#+93#PJ,#ZDV#
LQMHFWHG# LQWR# WKH# FRUSRUD# FDYHUQRVD1# 7KH#
DUWHULDO#GLDPHWHUV#RI#ERWK# FDYHUQRVDO# DUWHULHV/#
369# DQG# HQG# GLDVWROLF# YHORFLW\# +('9,# RI##
FDYHUQRVDO#DUWHULHV#ZHUH#PHDVXUHG#DW# WKH#PLG#
VKDIW# DIWHU# 43# PLQXWHV# RI# LQWUDFDYHUQRXV#
LQMHFWLRQ1#
#
$IWHU# WKHVH#PHDVXUHPHQWV/# SHQLOH# EORRG# IORZ#
LQGH[#ZDV#FDOFXODWHG1#3HQLOH#EORRG# IORZ# LQGH[/#
XVLQJ# GLODWDWLRQ# DQG# YHORFLWLHV# LQ# ERWK#
FDYHUQRXV#DUWHULHV/##ZDV#FDOFXODWHG##DV#VKRZQ1#
,I# WKH# 3%),#ZDV# JUHDWHU# WKDQ# 5;8/# LPSRWHQFH#
ZDV#FODVVLILHG##DV#QRQDUWHULRJHQLF148####
#
#
#

#
#

55 #3RVW#LQMHFWLRQ#GLDPHWHU#
54 #3UH#LQMHFWLRQ#GLDPHWHU#
369 #3HDN#V\VWROLF#YHORFLW\#

#
#
6WDWLVWLFDO#DQDO\VLV#ZDV#SHUIRUPHG#XVLQJ# OLQHDU#
GLVFULPLQDWLRQ/# FRUUHODWLRQ# FRHIILFLHQWV# DQG#
6WXGHQW0W#WHVW1#



3HQLOH#EORRG#IORZ#LQGH[#+3%),,=#D#SDUDPHWHU#IRU#WKH##HYDOXDWLRQ#RI#WRWDO#SHQLOH#DUWHULDO#IORZ#
#
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5(68/76#
#
:H# DFFHSWHG# DUWHULDO# IDLOXUH# FULWHULD# DV# WKH#
FDYHUQRXV#DUWHU\#369#OHVV#WKDQ#68#FP2VHF/#WKH#
VXP# RI# SHDN# IORZ# YHORFLW\# RI# ERWK# FDYHUQRXV#
DUWHULHV# OHVV# WKDQ# :3# FP2VHF/#DQG# WKH# VXP#RI#
WKH# SHUFHQWDJH# RI# WKH# GLODWLRQ# RI# ERWK#
FDYHUQRXV#DUWHULHV#OHVV#WKDQ#4731#
#
$FFRUGLQJ# WR# WKH# 'RSSOHU# XOWUDVRQRJUDSKLF#
SDUDPHWHUV/# 77# SDWLHQWV# RXW# RI# 457# ZHUH#
GLDJQRVHG#DV#DUWHULRJHQLF#LPSRWHQFH#DQG#;3#DV#
QRQ0DUWHULRJHQLF# LPSRWHQFH1# ,Q# DUWHULRJHQLF#
SDWLHQWV/#ZH# IRXQG# WKDW# WRWDO# 369#ZDV# 4416�#
61:#FP2VHF#DQG#WRWDO#DUWHULDO#GLDPHWHU#LQFUHDVH#
ZDV# 531;7�481781# ,Q# QRQDUWHULRJHQLF# JURXS#
WRWDO# 369# ZDV# REVHUYHG# DV# 7<1<8�571:6# DQG#
WRWDO# DUWHULDO# GLDPHWHU# LQFUHDVH# DV# 4:6137�#
6513;1# 7KH# GLIIHUHQFHV# EHWZHHQ# WKHVH# WZR#
JURXSV#ZHUH#VWDWLVWLFDOO\#VLJQLILFDQW# +6WXGHQW0W/#
3?31334,1#
#
6FUHHQLQJ# WHVWV#ZHUH# SHUIRUPHG# IRU# 3%),# DQG##
YDOXHV# ZKLFK# ZHUH# JUHDWHU# WKDQ# 543# ZHUH#
DFFHSWHG# DV# QRUPDO# DUWHULDO# YDVFXODULW\# DQG#
YDOXHV# OHVV#WKDQ#543#ZHUH#DFFHSWHG#DV#DUWHULDO#
IDLOXUH/# GHSHQGLQJ# RQ# # WKLV# FXW0RII# YDOXH#
+S?3134,1# $FFRUGLQJ# WR# WKH# 3%),/# 73# SDWLHQWV#
ZHUH#GLDJQRVHG#DV#DUWHULRJHQLF# LPSRWHQFH1# ,Q#
DUWHULRJHQLF# SDWLHQWV/# 3%),# ZDV# IRXQG# DV#
4::144# �# 661981# DQG# LQ# QRQ0DUWHULRJHQLF#
SDWLHQWV#DV#5;:145�781;71#7KH#GLIIHUHQFH#ZDV#
IRXQG#WR#EH#VLJQLILFDQW#+6WXGHQW0W/#S?3134,1#
#
3%),#ZDV#REVHUYHG#WR#EH#FRUUHODWHG#;8#(#ZLWK#
WRWDO#DUWHULDO#GLDPHWHUV#LQFUHDVH#DQG#<3#(#ZLWK#
WRWDO# 3691# ,Q# WKH# GLDJQRVLV# RI# DUWHULRJHQLF#
LPSRWHQFH/#LW#ZDV#REVHUYHG#WKDW#3%),#KDG#;;18#
(#VHQVLWLYLW\#DQG#<;17#(#VSHFLILFLW\1##
#
:H#IRXQG#D#VLJQLFDQW#GLIIHUHQFH#EHWZHHQ#3%),#
DQG#WKH#LQFUHDVH#RI#SHQLOH#DUWHULDO#GLDPHWHU#+U #
31;8/# 3?31334,/# DQG# D# VLJQLILFDQW# GLIIHUHQFH#
EHWZHHQ# # 3%),# DQG# # # WRWDO# 369# # +U # 31<3/#
S?31334,1#######
#
',6&866,21#$1'#&21&/86,21#
#
&RORU# 'RSSOHU# XOWUDVRQRJUDSK\# LV# RI# GUDPDWLF#
YDOXH# LQ# WKH# LQYHVWLJDWLRQ# RI# WKH#

KDHPRG\QDPLFV# RI# SHQLOH# HUHFWLRQ1# # 'XSOH[#
'RSSOHU# XOWUDVRQRJUDSK\# FRPELQHG# ZLWK#
SKDUPDFRORJLFDO# VWLPXODWLRQ# # RI# HUHFWLRQV#
DSSHDUV# WR# EH# WKH# EHVW# WHVW1# 3HQLOH# DUWHULDO#
YDVFXODULW\#FDQ#EH#H[KDXVWLYHO\#HYDOXDWHG># WKH#
SRVVLEOH# DSSOLFDWLRQ# RI# WKHVH# GLDJQRVWLF#
SURFHGXUHV# LQ# WKH# VWXG\# RI# YHQR0RFFOXVLYH#
PHFKDQLVP#QHHGV#IXUWKHU#H[SORUDWLRQ17/;/45/46#
#
7KH# LQFUHDVH#RI#DUWHULDO#GLDPHWHU#DQG#369#FDQ#
EH# XVHG# IRU# WKH# HYDOXDWLRQ# RI# DUWHULDO#
LQVXIILFLHQF\1# ,I# WKH# 369# RI# HDFK# FDYHUQRXV#
DUWHU\#DIWHU#YDVR0DFWLYH#DJHQW# VWLPXODWLRQ#ZDV#
JUHDWHU# WKDQ# 68# FP2VHF/# WKH# LPSRWHQFH# ZDV#
FODVVLILHG# DV# QRQ0DUWHULRJHQLF># RWKHUZLVH/# LW#
ZDV# FODVVLILHG# DV# DUWHULRJHQLF1# +RZHYHU/# 369#
YDOXHV#RI#53#FP2VHF/#58#FP2VHF/#63FP2VHF#DQG#
68# FP2VHF# ZHUH# SURSRVHG# DV# RWKHU# FXW0RII#
YDOXHV# GLVFULPLQDWLQJ# WKH# QRUPDO# IURP#
LQVXIILFLHQW#IORZ1#7/:/;/45/46/47# # # #7KH#VXP##RI###WKH##
SHDN##EORRG##IORZ#YHORFLWLHV#RI#ERWK#FDYHUQRXV#
DUWHULHV# DIWHU# WKH# SKDUPDFRORJLFDO# VWLPXODWLRQ#
ZDV# XVHG# DV# D# SDUDPHWHU# IRU# FODVVLILFDWLRQ# RI#
DUWHULDO#SDWKRORJ\1##
#
7KH# PRVW# ZLGHO\# XVHG# DQG# DOVR# PRVW#
FRQWURYHUVLDO# 'RSSOHU# 86# SDUDPHWHU# IRU# WKH#
GLDJQRVLV#RI#DUWHULDO# LQVXIILFLHQF\# LV#3691# #/XH#
HW1# DO# UHSRUWHG# WKDW# 369# YDOXHV# EHORZ# 58#
FP2VHF#DUH#KLJKO\#GLDJQRVWLF#RI#VHYHUH#DUWHULDO#
LQVXIILFLHQF\431# /DWHU/# 369# YDOXHV# RI# 53#
FP2VHF44/# 58# FP2VHF7/:/;/45/# 63# FP2VHF# DQG# 68#
FP2VHF# +47,# ZHUH# SURSRVHG# DV# RWKHU# FXW0RII#
YDOXHV# GLVFULPLQDWLQJ# WKH# QRUPDO# IURP#
LQVXIILFLHQW# IORZ1#%HQVRQ:#KDV#GHILQHG# WKH#369#
YDOXHV# EHORZ# 58# FP2VHF# DV# VHYHUH# DUWHULDO#
LQVXIILFLHQF\# ZKHUHDV# YDOXHV# EHWZHHQ# 58067#
FP2VHF# ZHUH# FRQVLGHUHG# WR# KDYH# ERUGHUOLQH#
DUWHULDO#LQVXIILFLHQF\1##
#
7KHUH#DUH#WZR#GLVDGYDQWDJHV#LQ#XVLQJ#HLWKHU#RI#
WKHVH# FULWHULD# IRU# GHILQLQJ# QRUPDO1# # 7KH# ILUVW#
GLVDGYDQWDJH# LV# GXH# WR# WKH# VLJQLILFDQW#
DQDWRPLFDO#YDULDWLRQ#RI#SHQLOH#DUWHULDO#DQDWRP\1##
7KHVH# DQDWRPLFDO# YDULDWLRQV# PD\# DIIHFW# WKH#
SHUIRUPDQFH# DQG# LQWHUSUHWDWLRQ# RI# D# 'RSSOHU#
VWXG\1# 7KH# VHFRQG# GLVDGYDQWDJH# LV# WKDW# WKH#
QXPEHU# RI# SDUDPHWHUV# JHQHUDWHG# ZLWK# HLWKHU#
PHWKRG#RI#LQWHUSUHWDWLRQ#LV#FXPEHUVRPH#WR#XVH#
LQ#VWDWLVWLFDO#DQDO\VLV#RI#SDWLHQW#SRSXODWLRQV148#



$UGD#HW#DO#

7XUJXW#g]DO#7ÕS#0HUNH]L#'HUJLVL#9+5,=4<<<#####################;6#

,I# # D# VLQJOH# SDUDPHWHU# # ZDV# DYDLODEOH# # WR#
H[SUHVV# WKH# UHVXOWV# RI# WKH# SHQLOH# # GXSOH[#
'RSSOHU# XOWUDVRXQG# VWXG\/# WKLV# H[DPLQDWLRQ#
FRXOG# DOVR# # EH# XVHG# IRU# VWDWLVWLFDO# DQDO\VLV# WR#
GHWHUPLQH#SURJQRVLV#E\#FRPSDULQJ# WKH# UHVXOWV#
RI# WKH# SDWLHQWV# JURXSV# ZKR# KDG# XQGHUJRQH##
WUHDWPHQW1#
#
7KH#3%),##LQFRUSRUDWHV#EORRG#IORZ#YHORFLW\#DQG#
DUWHULDO# GLODWDWLRQ1# ,W# LV#PRUH# UHIOHFWLYH# RI# WKH#
VWDWXV#RI#WKH#LQWUDSHQLOH##DUWHULHV##WKDQ#DUWHULDO#
YHORFLWLHV#DORQH##DQG#DUWHULDO#GLODWDWLRQ148#
#
7KH# DFFHSWHG# YDOXH# RI# 3%),# # IRU# WKH#
DUWHULRJHQLF# LPSRWHQFH# LV# 5;8148# 8VLQJ#
VFUHHQLQJ# WHVWV#EHWZHHQ# WKH#YDOXHV#RI#3%),#RI#
DUWHULRJHQLF# DQG# QRQ0DUWHULRJHQLF# LPSRWHQFH#
SDWLHQWV/#ZH#IRXQG#FXW0RII#SRLQW#DV#5431##
#
,I# WKH#VXP#RI# WKH#SHUFHQWDJH#RI# WKH#GLODWDWLRQ#
RI# ERWK# FDYHUQRXV# DUWHULHV# DIWHU# WKH# SKDUPD0
FRORJLFDO#VWLPXODWLRQ#ZDV#JUHDWHU#WKDQ#533#WKH#
LPSRWHQFH# ZDV# FODVVLILHG# DV# QRQDUWHULRJHQLF>#
RWKHUZLVH/# LW# ZDV# FODVVLILHG# DV# DUWHULRJHQLF1#
%XW/#WR#GDWH/# LW# LV#DQ#XQUHOLDEOH#SDUDPHWHU#GXH#
WR# WKH# DQDWRPLFDO# YDULDWLRQ# RI# SHQLOH# DUWHULHV#
DQG#SRVLWLRQ#RI#WKH#WUDQVGXFHU1#,W#LV#UHDVRQDEOH#
WR# # WR# VD\# WKDW# 3%),# LV# DV# D# VLJQLILFDQW#
SDUDPHWHU# RQ# WKH# SHQLOH# KDHPRG\QDPLF#
LQYHVWLJDWLRQ#DQG#ZH#EHOLHYH# WKDW# LW#FDQ#EH#DQ#
DFFHSWDEOH#SDUDPHWHU#IRU#WKH#DUWHULDO#VWUXFWXUH1#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

,Q# FRQFOXVLRQ# ZH# FDQ# VD\# WKDW# SHQLOH# EORRG#
IORZ# LQGH[# PD\# EH# PDGH# JUHDW# XVH# RI# WKLV#
IXQFWLRQDO#VWXG\#RI#WKH#SHQLOH#DUWHULHV1#
#
5()(5(1&(6#
#
41# =RUJQLRWWL# $:/# /L]]D# (1)1# 'LDJQRVLV# DQG# 0DQDJHPHQW# RI# ,PSRWHQFH1#

%1&1#'HFNHU#,QFRUSRUDWHG/#3KLODGHOSKLD/#3HQQV\OYDQLD/#4<<41#
51# /HZLV#5:1#9HQRXV#VXUJHU\#IRU#LPSRWHQFH1#8URO#&OLQ#1#$P#4<;;>48=4480

541#
61# /XH# 7)1# 3K\VLRORJ\# RI# (UHFWLRQ# DQG# 3DWRSK\VLRORJ\# RI# LPSRWHQFH1#

&DPSKHOO¶V# 7H[WERRN# RI# 8URORJ\# # :1%1# 6DXQGHUV# &RPSDQ\# +DUFRXUW#
%UDFH#-DYDQRYLFK#,QF1#4<<5>4=:3<05;1#

71# .U\VLHZLF]# 6/# 0HOOLQJHU# %&1# 7KH# UROH# RI# LPDJLQJ# LQ# WKH# GLDJQRVWLF#
HYDOXDWLRQ#RI#LPSRWHQFH1#$-5#4<;<>486=44660<#

81# %RRNVWHLQ# --1# 3HQLOH# DQJLRJUDSK\=# 7KH# ODVW# DQJLRJUDSKLF# IUDQWLHU1# $-5#
4<;;>483=7:087/##

91# 9DOML# ./# %RRNVWHLQ# --1#'LDJQRVLV# RI# DUWHULRJHQLF# LPSRWHQFH# HIILFDF\# RI#
GXSOH[#VRQRJUDSK\#DV#D#VFUHHQLQJ#WRRO1#$-5#4<<6>493=980<1##

:1# %HQVRQ# &%/# $UXQ\# -(/# 9LFNHUV#0$1# &RUUHODWLRQ# RI# GXSOH[# VRQRJUDSK\#
ZLWK# DUWHULRJUDSK\# LQ# SDWLHQWV# ZLWK# HUHFWLOH# G\VIXQFWLRQ1# $-5#
4<<6>493=:4061#

;1# +DWWHU\# # 551/# .LQJ# %)/# /HZLV# 5:/# -DPHV# (0/# 0F# .XVLFN# 0$1#
9DVFXORJHQLF# LPSRWHQFH0GXSOH[#DQG#FRORU#'RSSOHU# LPDJLQJ1#5DGLRO#&OLQ#
1#$P#4<<4>5<=95<0781#

<1# %URGHULFN# *$/# $UJHU# 31#'XSOH[#'RSSOHU# XOWUDVRQRJUDSK\=#1RQLQYDVLYH#
DVVHVVPHQW#RI#SHQLOH#DQDWDP\#DQG#IXQFWLRQ1#6HPLQDUV#LQ#5RHQWJHQRORJ\#
4<<6>5;=760891#

431# /XH# 7)/# +ULFDN# +/# 0DULFK# ./# 7DQDJKR# ($1# 9DVFXORJHQLF# LPSRWHQFH#
HYDOXDWHG# E\# KLJK0UHVROXWLRQ# XOWUDVRQRJUDSK\# DQG# SXOVHG# 'RSSOHU#
VSHFWUXP#DQDO\VLV1#5DGLRORJ\#4<;8>488=:::0;41#

441# 3LFNDUG#56/#2DWHV#&3/#6HWKLD#..1#3RZHOO#3+1#7KH#UROH#RI#FRORXU#GXSOH[#
XOWUDVRQRJUDSK\# LQ# WKH#GLDJQRVLV#RI#YDVFXORJHQLF# LPSRWDQFH1#%U# -#8URO#
4<<4>9;=86:0731#

451# 4XDP# -3/# .LQJ# %)/# -DPHV# (01/# /HZLV# 5:/# %UDNNH# '0/# ,OVWUXS# '0/#
3DUXONDU# %*/# +DWWHU\# 551# 'XSOH[# DQG# FRORU# 'RSSOHU# VRQRJUDSKLF#
HYDOXDWLRQ#RI#YDVFXORJHQLF#LPSRWHQFH1#$-5#4<;<>486=44740:1#

461# %HQVRQ#&%/#9LFNHUV#0$1#6H[XDO# LPSRWHQFH#FDXVHG#E\#YDVFXODU#GLVHDVH1#
$-5#4<;<>486=447<0861#

471# 3DWHO#8/#$PLQ#=/#)ULHGPDQ#(/#9DOH#-/#.LUE\#5:/#/HHV#:51#&RORXU# IORZ#
DQG#VSHFWUDO#'RSSOHU# LPDJLQJ#DIWHU#SDSDYHULQH0LQGXFHG#SHQLOH#HUHFWLRQ#
LQ#553#LPSRWHQW#PHQ=#VWXG\#RI#WHPSRUDO#SDWWHUQV#DQG#WKH#LPSRUWDQFH#RI#
UHSHDWHG# VDPSOLQJ/# YHORFLW\# DV\PHWU\# DQG# YDVFXODU# DQRPDOLHV1#&OLQLFDO#
5DGLRORJ\#4<<6>7;=4;0571#

481# /RSH]#$M/#(VSHODQG#0$/##-DURZ#-3=#,QWHUSUHWDWLRQ#DQG#TXDQWLILFDWLRQ#RI#
SHQLOH# EORRG# IORZ# VWXGLHV# XVLQJ# GXSOH[# XOWUDVRQRJUDSK\1# -# 8URORJ\#
4<<4>479=45:408#


