
7KH#6WXG\#RQ#5HJLRQDO#6ROLG#:DVWH# -,&$#
0DQDJHPHQW#IRU#$GDQD00HUVLQ#LQ#WKH#5HSXEOLF#RI#7XUNH\# .2.86$,#.2*<2#&21/#/7'1#

$47088#

G1# /DQGVFDSH2#$HVWKHWLFV#

7KH#6WXG\#DUHD#LV#ORFDWHG#DPRQJ#YLOODJHV#ZLWK#GHQVH#DJULFXOWXUDO#DFWLYLWLHV1#7RJHWKHU#
ZLWK#WKH#KLOOV#XS#WR#633#P#KLJK#LQ#WKH#YLFLQLW\/#WKH#WRSRJUDSK\#VXUURXQGHG#E\#WKH#ZDY\#
VNLUWV# VKRZV# D# ULFK# ODQGVFDSH# SRWHQWLDO1#/DQGVFDSH# FKDUDFWHULVWLFV# LQ# WKH# DUHD#ZHUH#
DVVHVVHG#DFFRUGLQJ#WR#IRXU#FULWHULD=#6FHQLF#YDOXH/# ODQG#XVH#DQG#RZQHUVKLS/#ELRORJLFDO#
HIIHFWV#DQG#NLQHWLF#HQYLURQPHQWDO#FRQGLWLRQV1#

G14# 6FHQLF#9DOXH# #

$FFRUGLQJ# WR#*ROG# +4<;3,/# WKH# EDVLF# FULWHULD# LQGLFDWLQJ# WKLV# YDOXH# DUH># VL]H# RI# WKH#
VSDFH/#DEXQGDQFH#RI#VFHQLF#FRPSRQHQWV#DQG#WKHLU#GLYHUVLW\#DQG#LQWHJULW\1#

7KH#SURSRVHG#DUHD#KDV#D#JUHDW#VFHQLF#SRWHQWLDO#ZLWK#XUEDQLVDWLRQ#DW#VRXWK/#SODLQ#ILHOG#
ZLWK#DJULFXOWXUDO#DQG#LQGXVWULDO#DFWLYLWLHV/#YLOODJHV#DW#HDVW#DQG#ZHVW/#DJULFXOWXUH#ILHOGV#
SULPDULO\#ZLWK# YLQH\DUGV/# UXUDO# HOHPHQWV# DW# QRUWK/# IRRWKLOOV# FRYHUHG# E\# DJULFXOWXUH#
ILHOGV# DQG#PRXQWDLQRXV# DUHDV1#/DQGVFDSH# HOHPHQWV# LQ# WKLV# VFHQLF# YLHZ# DOVR# KDYH# D#
GLYHUVLW\1#7KH#KDUPRQLF#LQWHJULW\#RI#WKH#FXOWXUDO#DQG#QDWXUDO#FRPSRQHQWV#HQKDQFHV#WKH#
VFHQLF#YDOXH#RI#WKH#SURSRVHG#VLWH/#DOWKRXJK#WKH#QDWXUDO#YHJHWDWLRQ#KDV#EHHQ#UHSODFHG#E\#
DFWXDO#ODQG#XVH#DFWLYLWLHV#DQG#WKH#RULJLQDO#UHOLHI#FKDQJHG#E\#H[FDYDWLRQV1#

G15# /DQG#8VH#DQG#2ZQHUVKLS#

$PRQJ# WKH# IDFWRUV# ZKLFK# GHILQH# WKH# IXQFWLRQV# RI# WKH# SURSRVHG# DUHD# LQ# WHUPV# RI#
ODQGVFDSH#XQLW/#WKH#FXUUHQW#DQG#SODQQHG#W\SH#RI#XVH#DQG#RZQHUVKLS#FRQGLWLRQV#SOD\#DQ#
LPSRUWDQW#UROH1#

7KH# DUHD# DQG# SODFHV# QHDUE\/# UHPDLQ# LQ# UXUDO# DUHDV# ZKLFK# DUH# QRW# \HW# DIIHFWHG# E\#
XUEDQLVDWLRQ/# KRZHYHU/# EHLQJ# LQ# WKH# ]RQH# LQIOXHQFHG# E\# FORVH# VHWWOHPHQWV# DQG# WKHLU#
GHQVH#DJULFXOWXUH#ILHOGV#DQG# WKH# LQGXVWU\# +FHPHQW/#JODVV/#HWF1,# ORFDWHG#DORQJ# WKH#(057#
KLJKZD\/#KDYH#GLIIHUHQW#DQG#FRQWUDGLFWRU\#FKDUDFWHULVWLFV1# ,Q# WKH#RWKHU#KDQG/#0HUVLQ#
MXQFWLRQ#RI#7(00<3#KLJKZD\#ZKLFK#SDVVHV#MXVW#DW#WKH#QRUWK#RI#WKH#SURSRVHG#VLWH#PLJKW#
EH# DFFHSWHG# DV# DQ# HOHPHQW# HIIHFWLQJ# ODQG# XVH# DQG# RZQHUVKLS# UHODWLRQV# LQ# WKH# DUHD1#
+HQFH/# SULYDWH# RZQHUVKLS# RI# WKH# VHWWOHPHQWV# DQG# DJULFXOWXUDO# ODQGV/# SXEOLF# ODQG#
RZQHUVKLS# XQGHU# WKH# FRQWURO# RI# SULYDWH# HQWHUSULVHV# DQG# ILHOGV# XQGHU# SXEOLF# FRQWURO#
SUHVHQWV#D#FRPSOH[#VWUXFWXUH1#

G16# %LRORJLFDO#(IIHFWV#

7KH# VWDWH# RI# ELRORJLFDO# WROHUDQFH# RI# DQ\# ODQGVFDSH# XQLW# LV# HVVHQWLDO# LQ# GHVLJQ# IRU#
PXOWLSOH# XVH# SDWWHUQ1# ,I# DQ# DUHD# VKRZV# D# KLJK# ELRORJLFDO# WROHUDQFH# WR# WKH# GLIIHUHQW#
DFWLYLW\#RU#WKH#W\SH#RI#XVH/#OHYHO#RI#ODQGXVH#DELOLW\#LV#DVVHVVHG#DV#KLJK1# #

7KH#VLWH#DQG#WKH#YLFLQLW\#DUH#FKDUDFWHULVHG#DV#UXUDO#DUHD#DV#ORFDWLRQ/#KRZHYHU/#EHFDXVH#
RI#PL[HG# RFFXUUHQFH# RI# XUEDQ/# DJULFXOWXUH# DQG# LQGXVWULDO# ODQG# XVHV/# KDYH# YDULDEOH#
KDELWDWV# DQG# UXGHUDO# YHJHWDWLRQ# W\SHV# LQ# WHUPV# RI# YHJHWDWLRQ# FRYHUDJH# DQG# IDXQD1#
&RQVHTXHQWO\/#SRVVLEOH#IXWXUH#XVHV#ZLWK#YDULRXV#W\SHV#DQG#D#KLJK#GHQVLW\#PD\#UHVXOW#D#
SUHVVXUH#RQ# WKH#ELRORJLFDO#VWUXFWXUH# LQ# WKH#DUHD1# ,Q# WKLV# UHVSHFW/# WKH# ODQGXVH# W\SH#DQG#
GHQVLW\# RU# WKH# DFWLYLWLHV# PXVW# EH# SODQQHG# FDUHIXOO\# E\# WDNLQJ# WKH#
FRQVHUYDWLRQ0FRQVXPSWLRQ#EDODQFH#LQWR#FRQVLGHUDWLRQ#LQ#WKH#ELRORJLFDO#VWUXFWXUH#RI#WKH#
DUHD1# #

#
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$47089#

#

G17# .LQHWLF#(QYLURQPHQWDO#&RQGLWLRQV#

$Q# HIIHFWLYH# IDFWRU# LQ# DVVHVVLQJ# VFHQLF# DQG# XVDJH# IXQFWLRQV# RI# ODQGVFDSH# LV# WR# EH#
FRPIRUWDEOH# DQG# LQWHUHVWLQJ# IRU# XVHUV1# :KHQ# DQ\# XQLW# KDV# NLQHWLF# HQYLURQPHQWDO#
FRQGLWLRQV#DV#QRLVH/#EDG#RGRXU/#XQVXLWDEOH#DWPRVSKHULF#FRQGLWLRQV/#XQVDIH#FRQGLWLRQV#
IRU#GULYLQJ/#XVDJH#IXQFWLRQV#GHFUHDVH1# #

%HVLGHV# KDYLQJ# D# SRVLWLYH# YLVXDO# SDQRUDPD/# WKH# SURSRVHG# DUHD# LV# XQGHU# QHJDWLYH#
LPSDFW#RI# LQGXVWULDO#XVHV#HVSHFLDOO\#DV#D#VRXUFH#IRU#PDWHULDO#SURYLVLRQ1#7KH#QDWXUH# LV#
DIIHFWHG#DQG#SDUWO\#GHVWUR\HG#E\#WKH#FXUUHQW#RSHUDWLRQ1#7KLV#UHVXOWV#LQ#DQ#XQIDYRXUDEOH#
FRQGLWLRQ#IRU#KXPDQ#LQ#WHUPV#RI#FRPIRUWDEOH#ODQGVFDSH1#

471716# 3ROOXWLRQ#

D1# $LU#3ROOXWLRQ#

$LU#TXDOLW\#VXUYH\# LV#FRQGXFWHG#DW# WZR#VWDWLRQV=#XS#KLOO#$4#/#DQG#GRZQ#KLOO#$5#DW# WKH#
ERXQGDU\#RI#WKH#&LPVD#VLWH1#

7ZR#VWDWLRQV#DUH#VHOHFWHG#DFFRUGLQJ# WR# WKH#GRPLQDQW#ZLQG#GLUHFWLRQ1#7KHLU# ORFDWLRQV#
DUH#VKRZQ#LQ#)LJXUH#470691#

7KH#DLU#TXDOLW\#VXUYH\#FRYHUV#WKH#IROORZLQJ#LWHPV1#

• $LU#WHPSHUDWXUH#
• +XPLGLW\#
• :LQG#GLUHFWLRQ# #
• :LQG#YHORFLW\#
• 6HWWOHG#GXVW#
• 6XOSKXU#GLR[LGH#+625,#
• 1LWURJHQ#R[LGHV#+1R[,#
• &O5+FKORULQH,#
• 3DUWLFXODWH#PDWWHU#+30,#
• 3E#LQ#30#
• &O#±#DV#+&O#

7KH#VHWWOHG#GXVW#ZDV#PHDVXUHG#RYHU#D#SHULRG#RI#57#KRXUV#RQ#WKH#VDPH#GD\#RI#DQDO\VLV#
RI#RWKHU#SDUDPHWHUV1# #

7KH#PHWHRURORJLFDO#GDWD#KDV#EHHQ# UHFRUGHG#E\# WKH#6WDWH#0HWHRURORJLFDO# ,QVWLWXWH# LQ#
$GDQD#/#DQG#DLU#TXDOLW\#SDUDPHWHUV#KDYH#EHHQ#UHDOLVHG#ZLWK#D#PRELOH#JDV#PRQLWRU1#+&O/#
FKORULQH#KDV#EHHQ#GHWHUPLQHG#E\#DQDO\WLFDO#WHFKQLTXHV#DQG#3E#LQ#WKH#SDUWLFXODWH#PDWWHU#
KDV#EHHQ#DQDO\VHG#ZLWK#$WRPLF#$EVRUSWLRQ#6SHFWURPHWHU1# #





7KH#6WXG\#RQ#5HJLRQDO#6ROLG#:DVWH# -,&$#
0DQDJHPHQW#IRU#$GDQD00HUVLQ#LQ#WKH#5HSXEOLF#RI#7XUNH\# .2.86$,#.2*<2#&21/#/7'1#

$4708;#

7DEOH#47056=#$LU#4XDOLW\#$QDO\VLV#LQ#&LPVD#
4913814<<<#

0HDVXUHPHQW#UHVXOWV#
3DUDPHWHUV#

8SKLOO#+$4,# 'RZQKLOO#+$5,#

$LU#7HPSHUDWXUH# 5515#R&# 5515#R&#
+XPLGLW\# 98#(# 98#(#
:LQG#'LUHFWLRQ# (6(## (6(##
:LQG#9HORFLW\# 317#P2VHF# 317#P2VHF#
6HWWOHG#'XVW# 8818#XJ2P5#GD\# 583#XJ2P5#GD\#
6XOSKXU#GLR[LGH#+625,# 916#XJ2P6# 4:1<#XJ2P6#
1LWURJHQ#R[LGH#+12[,# 7917#XJ2P6# 4361<#XJ2P6#
+\GURJHQFKORULGH#++&O,# ?313#XJ2P6# ?313#XJ2P6#
3DUWLFXODWH#0DWWHU#+30,# 48#XJ2P6# 5:#XJ2P6#
/HDG#+3E,# ?313#XJ2P6# ?313#XJ2P6#
6RRW# 3## %DFKDUD#VFDOH# 3## %DFKDUD#VFDOH#
&KORULQH#+&O5,# 0## 0##
#

7DEOH#47057=#$LU#4XDOLW\#$QDO\VLV#LQ#&LPVD#
3913914<<<#

0HDVXUHPHQW#UHVXOWV#
3DUDPHWHUV#

8SKLOO#+$4,# 'RZQKLOO#+$5,#

$LU#7HPSHUDWXUH# 5918#R&# 5919#R&#
+XPLGLW\# :;#(# :;#(#
:LQG#'LUHFWLRQ# #(6(# #(6(#
:LQG#9HORFLW\# 41<#P2VHF# 41;#P2VHF#
6HWWOHG#'XVW# 8<19#XJ2P5#GD\# 58815#XJ2P5#GD\#
6XOSKXU#GLR[LGH#+625,# 8158#XJ2P6# 491;8#XJ2P6#

1LWURJHQ#R[LGH#+12[,# 7816#XJ2P6# 4341;#XJ2P6#

+\GURJHQFKORULGH#++&O,# 3#XJ2P6# 3#XJ2P6#
3DUWLFXODWH#0DWWHU#+30,# 48#XJ2P6# 5;#XJ2P6#
/HDG#+3E,# 3#XJ2P6# 3#XJ2P6#
6RRW# 3## %DFKDUD#VFDOH# 3## %DFKDUD#VFDOH#

&KORULQH#+&O5,# 0## 0##

#
:KHQ#WKH#UHVXOWV#DUH#HYDOXDWHG#DFFRUGLQJ#WR#WKH#DLU#TXDOLW\#UHJXODWLRQ#SXEOLVKHG#LQ#WKH#
RIILFLDO#JD]HWWH#1U#4<559<#RQ#5144143;9/#WKH#YDOXHV#DUH#IRXQG#WR#EH#EHORZ#WKH#DOORZHG#
OLPLWV#LQ#WKH#UHJXODWLRQ1# #

$V# VHHQ# LQ# 7DEOH# 47056# DQG# 7DEOH# 47057/# 625# FRQFHQWUDWLRQV# FKDQJH# EHWZHHQ#
8158±4:1<#μJ2P6#ZKLFK#LV#IDU#PRUH#OHVV#WKDQ#WKH#DOORZHG#OLPLWV#LQ#WKH#UHJXODWLRQ1#

2QO\# QLWURJHQ# R[LGHV# DUH# VLJQLILFDQWO\# KLJK# EXW# VWLOO# OHVV# WKDQ# WKH# OLPLWV# LQ# WKH# DLU#
TXDOLW\#UHJXODWLRQ1#7KLV#PD\#EH#EHFDXVH#RI#WKH#ODUJH#WUXFNV#DQG#KHDY\#PDFKLQHV#LQ#WKH#
TXDUU\1#7KH#DLU#DURXQG#WKH#DUHD#FDQ#EH#FRQVLGHUHG#DV#FOHDQ1#
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E1# :DWHU#3ROOXWLRQ#

$#ZDWHU#TXDOLW\#VXUYH\#KDV#EHHQ#FDUULHG#RXW#LQ#WKH#SURSRVHG#DUHD#LQ#FRQMXQFWLRQ#ZLWK#
WKH#ZDWHU#XVH#VXUYH\1#

7KH#ORFDWLRQV#RI#WKH#ZHOOV#/#ERUHKROHV#DQG#VXUIDFH#ZDWHU#DUH#VKRZQ#RQ#)LJXUH#4706:1#

7KH# VDPSOHV# DUH# WDNHQ# WZLFH# LQ# RQH#PRQWKV# DIWHU# D# WKUHH# GD\V# RI# ILQH#ZHDWKHU/# LQ#
$SULO#/#0D\#DQG#-XQH1#7KH#GDWH#RI#WKH#DQDO\VLV#DUH#JLYHQ#RQ#WKH#DSSURSULDWH#WDEOHV1#

4<#SDUDPHWHUV#ZHUH#DQDO\VHG#IRU#WKH#ZDWHU#VDPSOHV1#

• &RORXU#
• S+#
• 7RWDO#'LVVROYHG#0DWWHU# #
• '2#
• &2'#
• %2'#
• )HFDO#&ROLIRUP#
• 70#1#
• 7#±#3#
• 1+7.#
• 1D.#
• &O0#
• 62750# #
• &U9.#
• +J#
• &G#
• 3E#
• $V#
• 7RWDO#&ROLIRUP#

7KH# UHVXOWV# IRU# HDFK# VDPSOLQJ# SRLQW# LQ# GLIIHUHQW# VDPSOLQJ# SHULRGV# ZHUH# YHU\#
FRQVLVWHQW1#

7KH#DYHUDJH#IHFDO#FROLIRUP#+)&,#FRXQW#IRU#HDFK#VDPSOLQJ#SRLQW#YDULHG#VLJQLILFDQWO\1#

#
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