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7KLV VWXG\ LQYHVWLJDWHV WKH NLQHPDWLF DQG PLFURSK\VLFV FKDUDFWHULVWLFV RI RFHDQLF

FRQYHFWLRQ LQLWLDWHG E\ D 0HL�<X IURQW RQ �� 0D\ ���� GXULQJ WKH 6RXWK &KLQD 6HD 0RQVRRQ
([SHULPHQW �6&60(;�� XVLQJ WKH 3HQQ 6WDWH�1&$5 PHVRVFDOH PRGHO �00�� RQ D WULSO\

QHVWHG JULG� $ *UHOO FXPXOXV SDUDPHWHUL]DWLRQ VFKHPH DQG DQ H[SOLFLW PLFURSK\VLFV VFKHPH

DUH XVHG VLPXOWDQHRXVO\ WR VLPXODWH WKH HYROXWLRQ RI WKH 0HL�<X IURQW RQ WKH FRDUVH �ZLWK D JULG

VL]H RI �� NP� DQG LQWHUPHGLDWH �ZLWK D JULG VL]H RI �� NP� GRPDLQV� 7KH LQWHQVH RFHDQLF
FRQYHFWLRQ RYHU WKH QRUWKHUQ 6RXWK &KLQD 6HD LV VLPXODWHG RYHU WKH LQQHU GRPDLQ �ZLWK D JULG

VL]H RI � NP� XVLQJ WKH H[SOLFLW�VFDOH PLFURSK\VLFV VFKHPH� $V YHULILHG DJDLQVW VDWHOOLWH

REVHUYDWLRQV� WKH PRGHO FDSWXUHV UHDVRQDEO\ ZHOO WKH HYROXWLRQ RI WKH 0HL�<X IURQWDO FRQYHFWLRQ�

2I SDUWLFXODU VLJQLILFDQFH LV WKDW ERWK VKHDU�SDUDOOHO DQG VKHDU�SHUSHQGLFXODU UDLQEDQGV DUH
VLPXODWHG� LQ DJUHHPHQW ZLWK UDGDU REVHUYDWLRQV� 7KH PLFURSK\VLFV VHQVLWLYLW\ H[SHULPHQW

VKRZV WKDW GLIIHUHQW PLFURSK\VLFV VFKHPHV GR QRW KDYH D VLJQLILFDQW LPSDFW RQ WKH ���NP DQG

���NP JULGV� +RZHYHU� RQ WKH ��NP JULG� GHWDLOHG PLFURSK\VLFV SDUDPHWHUL]DWLRQ VFKHPHV

FOHDUO\ DIIHFW WKH GLVWULEXWLRQ DQG DPRXQW RI VLPXODWHG UDLQIDOO� WKH VWUHQJWK DQG GHSWK RI FROG
SRRO� DQG WKH PRYLQJ VSHHG RI JXVW IURQW� 7KH ERXQGDU\�OD\HU VHQVLWLYLW\ H[SHULPHQW VKRZV

WKDW WKH 05) VFKHPH SURGXFHV WKH VWURQJHVW FROG SRRO DQG WKH ODUJHVW DPRXQW RI UDLQIDOO� DQG

WKH QR�IOX[ UXQ SURGXFHV WKH ZHDNHVW FROG SRRO DQG WKH OHDVW UDLQIDOO� ,Q VXPPDU\� DW ��NP

KRUL]RQWDO UHVROXWLRQ� YDULDWLRQV LQ WKH PLFURSK\VLFV SDUDPHWHUL]DWLRQ KDYH D PXFK ODUJHU
LPSDFW RQ WKH GLVWULEXWLRQ DQG DPRXQW RI RFHDQLF SUHFLSLWDWLRQ WKDQ YDULDWLRQV LQ WKH ERXQGDU\�

OD\HU SDUDPHWHUL]DWLRQ�

�� ,QWURGXFWLRQ

2FHDQLF FRQYHFWLRQ LV UHFRJQL]HG DV RQH RI WKH

PRVW GLIILFXOW SDUDPHWHUV WR IRUHFDVW LQ QXPHULFDO

ZHDWKHU SUHGLFWLRQ� 'LIILFXOWLHV RI RFHDQLF
FRQYHFWLRQ SUHGLFWLRQ H[LVW LQ DW OHDVW WKUHH DUHDV�

)LUVW� RXU XQGHUVWDQGLQJ RI RFHDQLF FRQYHFWLRQ LV VWLOO

TXLWH OLPLWHG� 6HFRQG� GDWD GHILFLHQFLHV LQ RSHQ

RFHDQ RIWHQ OLPLW WKH DFFXUDF\ RI D PRGHO©V LQLWLDO
FRQGLWLRQV� 7KH WKLUG LV WKH UHSUHVHQWDWLRQ RI

SK\VLFDO SURFHVVHV ZKLFK DUH UHVSRQVLEOH IRU RFHDQLF

FRQYHFWLRQ LQ D QXPHULFDO PRGHO�

.XR HW DO� ������ DVVHVVHG WKH SHUIRUPDQFH RI
YDULRXV VXEJULG�VFDOH FXPXOXV VFKHPHV DQG

UHVROYDEOH�VFDOH PLFURSK\VLFV VFKHPHV LQ WKH

VLPXODWLRQ RI DQ H[SORVLYH RFHDQLF F\FORQH� XVLQJ WKH

3HQQ 6WDWH�1&$5 PHVRVFDOH PRGHO 00�� <DQJ HW
DO� ������ SHUIRUPHG VLPLODU SUHFLSLWDWLRQ

SDUDPHWHUL]DWLRQ FRPSDULVRQ IRU D 0HL�<X IURQW

+RZHYHU� D V\VWHPDWLF HYDOXDWLRQ RI WKH PLFURSK\VLFV
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&RUUHVSRQGLQJ DXWKRU DGGUHVV� 'U� 0LQ�-HQ <DQJ�

'HSW� RI $WPRVSKHULF 6FLHQFHV� &KLQHVH &XOWXUH

8QLYHUVLW\� �� +ZD .DQJ 5RDG� <DQJ 0LQJ 6KDQ�

7DLSHL� 7DLZDQ� ���� 52&� (PDLO�
PLQJMHQ#WZLVWHU�DWPRV�SFFX�HGX�WZ

VFKHPHV LQ WKH VLPXODWLRQ RI RFHDQLF FRQYHFWLRQ

WULJJHUHG E\ D 0HL�<X IURQWDO V\VWHP KDV EHHQ UDUHO\
LQ WKH OLWHUDWXUH� ,Q WKLV VWXG\� ZH FRQGXFW D VHULHV RI
QXPHULFDO VLPXODWLRQV RI WKH RFHDQLF FRQYHFWLRQ
WULJJHUHG E\ D 0HL�<X IURQW RQ �� 0D\ ���� GXULQJ
WKH 6RXWK &KLQD 6HD 0RQVRRQ ([SHULPHQW
�6&60(;�� XVLQJ WKH 3HQQ 6WDWH�1&$5

QRQK\GURVWDWLF PHVRVFDOH PRGHO 00� DW D WULSO\

QHVWHG JULG �ZLWK JULG VL]HV RI �� NP� �� NP DQG � NP�
UHVSHFWLYHO\�� 2XU REMHFWLYH LV WR DFFHVV WKH

SHUIRUPDQFH RI YDULRXV PLFURSK\VLFV DQG ERXQGDU\�

OD\HU VFKHPHV LQ WKH VLPXODWLRQ RI RFHDQLF FRQYHFWLRQ

RYHU WKH QRUWKHUQ 6RXWK &KLQD 6HD� :H DUH
SDUWLFXODUO\ LQWHUHVWHG LQ XQGHUVWDQGLQJ KRZ GLIIHUHQW

PLFURSK\VLFV DQG ERXQGDU\�OD\HU VFKHPHV DIIHFW WKH

RFHDQLF FRQYHFWLRQ GHYHORSPHQW� WKH SUHFLSLWDWLRQ

RUJDQL]DWLRQ DQG HYROXWLRQ� DQG WKH UHVXOWLQJ
PHVRVFDOH VWUXFWXUHV�

�� 0RGHO DQG H[SHULPHQW GHVLJQ

7KH QXPHULFDO PRGHO XVHG LQ WKLV VWXG\ LV WKH

3HQQ 6WDWH�1&$5 QRQ�K\GURVWDWLF PRGHO 00� �*UHOO

HW DO� ����� 9HUVLRQ ����� 7KH 00� LV D WKUHH�

GLPHQVLRQDO� OLPLWHG�DUHD� SULPLWLYH�HTXDWLRQ� QHVWHG�

JULG PRGHO ZLWK D WHUUDLQ IROORZLQJ σ �QRQ�



GLPHQVLRQDO SUHVVXUH� YHUWLFDO FRRUGLQDWH� 7KH
SK\VLFDO SDUDPHWHUL]DWLRQ RI WKH PRGHO LQFOXGHV WKH

SODQHWDU\ ERXQGDU\ OD\HU VFKHPH ZLWK VXUIDFH HQHUJ\

IOX[ DQG IULFWLRQ� WKH VKRUW�ZDYH DQG ORQJ�ZDYH

UDGLDWLRQ VFKHPH ZLWK WKH LQWHUDFWLRQ EHWZHHQ FOHDU
VN\ DQG FORXGV� WKH JULG�VFDOH PLFURSK\VLFV VFKHPH�

DQG WKH VXEJULG�VFDOH FXPXOXV SDUDPHWHUL]DWLRQ�

7KH PRGHO FRQILJXUDWLRQ LQFOXGHV D FRDUVH PHVK RI

���NP JULG VL]H� DQ LQWHUPHGLDWH PHVK RI ���NP JULG
VL]H� DQG D ILQH PHVK RI ��NP JULG VL]H� 'RPDLQ VL]H

IRU HDFK PHVK LV ��Ø�� IRU FRDUVH PHVK� ��Ø�� IRU

LQWHUPHGLDWH PHVK� DQG ���Ø��� IRU ILQH PHVK�

7KHUH DUH �� σ OHYHOV LQ WKH YHUWLFDO �VXUIDFH SUHVVXUH
OHYHO WR �� PE�� 00� PRGHO LV LQLWLDOL]HG DW ����

87& �� 0D\ ���� DQG WKH IRUHFDVW OHQJWK IRU HDFK
00� UXQ LV �� KRXUV �L�H�� VLPXODWLRQ HQGV DW ����

87& �� 0D\ ������ 7KH LQLWLDO FRQGLWLRQ LV

SURYLGHG E\ WKH DQDO\VLV ILHOG RI WKH &HQWUDO :HDWKHU

%XUHDX *OREDO )RUHFDVW 6\VWHP �&:%*)6� /LX HW DO�
������ DQG WKH ERXQGDU\ FRQGLWLRQ LV SURYLGHG E\ WKH

&:%*)6 IRUHFDVW ILHOG� 6XUIDFH REVHUYDWLRQV DQG

VRXQGLQJ GDWD DUH LQFOXGHG WKURXJK REMHFWLYH DQDO\VLV

WR LPSURYH WKH LQLWLDO FRQGLWLRQ ILHOG� 7KH VHD
VXUIDFH WHPSHUDWXUH �667� ILHOG LV SURYLGHG E\

&:%*)6 DQDO\VLV� DQG LV KHOG FRQVWDQW WKURXJKRXW

WKH VLPXODWLRQV�

7DEOH � OLVWV WKH QXPHULFDO H[SHULPHQWV
FRQGXFWHG LQ WKLV VWXG\� 7KH VHQVLWLYLW\ WHVWV RI

PLFURSK\VLFV SDUDPHWHUL]DWLRQV LQFOXGH VFKHPHV RI

:DUP 5DLQ �+VLH HW DO� ����� .HVVOHU ������ 6LPSOH

,FH �'XGKLD ������ 0L[HG 3KDVH �5HLVQHU HW DO� ������
5HLVQHU *UDXSHO �5HLVQHU HW DO� ������ DQG *RGGDUG

*UDXSHO �7DR DQG 6LPSVRQ ������ 7KH VHQVLWLYLW\

H[SHULPHQWV RI ERXQGDU\ OD\HU H[SHULPHQWV FRQVLGHU

VFKHPHV RI KLJK�UHVROXWLRQ ERXQGDU\ OD\HU �%ODFNDGDU
����� =KDQJ DQG $QWKHV ������ %XUN�7KRPSVRQ

�%XUN DQG 7KRPSVRQ ������ 05) �+RQJ DQG 3DQ

������ DQG 1R %RXQGDU\ /D\HU�

1RWH WKDW LW ZRXOG EH LQDSSURSULDWH WR DWWULEXWH DOO
WKH HUURUV LQ WKH SUHFLSLWDWLRQ IRUHFDVW VROHO\ WR D

PLFURSK\VLFV RU ERXQGDU\ OD\HU VFKHPH LQ WKLV IXOO�

SURJQRVWLF H[SHULPHQW IUDPHZRUN �:DQJ DQG 6HDPDQ

������ ,QDFFXUUDF\ LQ RWKHU SK\VLFV SDUDPHWHUL]DWLRQ
VFKHPHV DQG XQFHUWDLQLWLHV LQ WKH LQLWLDO FRQGLWLRQV

FRXOG DOVR FRQWULEXWH WR SUHFLSLWDWLRQ IRUHFDVW HUURUV�

%HFDXVH RI WKLV FRPSOH[LW\� LW LV LPSRUWDQW WKDW DOO

QXPHULFDO H[SHULPHQWV XVH WKH VDPH PRGHO VHWWLQJ DQG
LGHQWLFDO SK\VLFV �H[FHSW WKH SK\VLFDO VFKHPH ZH DUH

WHVWLQJ� DV D FRPPRQ IUDPHZRUN� DV ZHOO DV WKH VDPH

LQLWLDO FRQGLWLRQV IRU HDFK H[SHULPHQW� 7KLV

H[SHULPHQW GHVLJQ VLPSOLHV LQWHUSUHWDWLRQ RI WKH
UHVXOWV DQG IDFLOLWDWHV IRUHFDVW LQWHUFRPSDULVRQ�

�� 5HVXOWV DQG GLVFXVVLRQ

&RPSDULQJ WKH ��K DFFXPXODWHG UDLQIDOO RQ WKH

���NP JULG ZLWK VDWHOOLWH LPDJLQDU\ �QRW VKRZQ�� LW LV

FOHDU WKDW WKH 00� PRGHO FDQ VLPXODWH WKH

GHYHORSPHQW RI 0HL�<X IURQW UHDVRQDEO\ ZHOO� 7KH
SUHGLFWHG 0HL�<X IURQWDO UDLQIDOO GLVWULEXWLRQ DQG

DPRXQW E\ HDFK PLFURSK\VLFV H[SHULPHQW LV YHU\
VLPLODU RQ WKH ���NP DQG ���NP JULGV� LQ DJUHHPHQW

ZLWK <DQJ HW DO� �������

&RPSDULQJ WKH VLPXODWHG QHDU�VXUIDFH UDGDU

UHIOHFWLYLW\ RI WKH 6, �6LPSOH ,FH� H[SHULPHQW DW ���K
IRUHFDVW WLPH �YDOLG DW ���� 87& �� 0D\ ����� DQG

WKH FRUUHVSRQGLQJ REVHUYHG ORZ�OHYHO UDGDU HFKRV �QRW

VKRZQ�� LW LV HYLGHQW WKDW WKH RFHDQLF FRQYHFWLRQ

WULJJHUHG E\ WKH V\QRSWLF�VFDOH 0HL�<X IURQW LV
VLPXODWHG TXLWH ZHOO� DOWKRXJK WKH VLPXODWHG 0HL�<X

IURQW PRYHV VOLJKWO\ IDVWHU WKDQ WKH REVHUYHG IURQW�

7KH EURDG SUHFLSLWDWLRQ EHKLQG WKH IURQWDO ERXQGDU\ LV

ZHOO VLPXODWHG E\ WKH PRGHO� 2Q WKH RWKHU KDQG� WKH
UDGDU REVHUYDWLRQ LQGLFDWHV OHVV SUHFLSLWDWLRQ SURGXFHG

E\ WKH FRQYHUJHQFH OLQH EHWZHHQ WKH FROG DLU RXWIORZ

DQG VRXWKZHVWHUO\ WKDQ WKH PRGHO GLG� %RWK

REVHUYDWLRQ DQG VLPXODWLRQ VKRZ WKH VKHDU�SDUDOOHO �LQ
QRUWKHDVW�VRXWKZHVW GLUHFWLRQ� DQG VKHDU�

SHUSHQGLFXODU �LQ QRUWKZHVW�VRXWKHDVW GLUHFWLRQ�

UDLQGEDQGV DORQJ WKH FRQYHUJHQFH OLQH� VLPLODU WR

WKRVH GLVFXVVHG E\ /H0RQH HW DO� ������� :RUN LV LQ
SURJUHVV WR LQYHVWLJDWH DQG XQGHUVWDQG WKH PHFKDQLVP

IRU WKH GHYHORSPHQW RI VKHDU�SDUDOOHO DQG VKHDU�

SHUSHQGLFXODU FRQYHFWLRQ�

)LJXUH � VKRZV WKH VLPXODWHG QHDU�VXUIDFH ����P
DERYH VHD OHYHO� UDGDU UHIOHFWLYLW\ ILHOG RQ WKH ��NP

JULG IRU HDFK PLFURSK\VLFV H[SHULPHQW DW ���K

IRUHFDVW WLPH �YDOLG DW �� 87& �� 0D\ ������ ,W LV

FOHDU IURP )LJ� � WKDW RQ WKH LQQHU ��NP JULG� WKH
PLFURSK\VLFV VFKHPH XVHG LQ WKH PRGHO FOHDUO\ DIIHFW

WKH GLVWULEXWLRQ DQG LQWHQVLW\ RI VLPXODWHG

SUHFLSLWDWLRQ �LQ WHUPV RI UDGDU UHIOHFWLYLW\� DQG WKH

UHVXOWLQJ FRQYHFWLRQ RUJDQL]DWLRQ� $ YHUWLFDO FURVV
VHFWLRQ DFURVV WKH FRQYHUJHQFH OLQH �QRW VKRZQ�

LOOXVWUDWHV WKDW WKH PLFURSK\VLFV SDUDPHWHUL]DWLRQ

HPSOR\HG LQ WKH PRGHO VLJQLILFDQWO\ DIIHFW WKH

VWUHQJWK DQG GHSWK RI VLPXODWHG FROG SRRO� ,Q
SDUWLFXODU� WKH ** �*RGGDUG *UDXSHO� H[SHULPHQW KDV

WKH GHHSHVW DQG VWURQJHVW FROG SRRO� DQG WKH :5

�:DUP 5DLQ� H[SHULPHQW KDV WKH PRVW VKDOORZ DQG

ZHDNHVW FROG SRRO� 7KHUHIRUH �DOVR FRQILUPHG E\ WKH
PRGHO DQLPDWLRQ�� WKH ** H[SHULPHQW KDV WKH IDVWHVW�

PRYLQJ JXVW IURQW DVVRFLDWHG ZLWK WKH FRQYHUJHQFH

OLQH� DQG WKH JXVW IURQW RI WKH :5 H[SHULPHQW KDV WKH

VORZHVW PRYLQJ VSHHG�
7KH ERXQGDU\�OD\HU SDUDPHWHUL]DWLRQ H[SHULPHQW

LQGLFDWHV WKDW WKH 05) VFKHPH SURGXFHV WKH VWURQJHVW

FROG SRRO DQG WKH ODUJHVW DPRXQW RI UDLQIDOO� DQG WKH

QR�IOX[ UXQ �QR 3%/� SURGXFHV WKH ZHDNHVW FROG SRRO
DQG WKH VPDOOHVW DPRXQW RI UDLQIDOO� &RPSDULQJ

WKHVH WZR VHWV RI H[SHULPHQWV� LW LV HYLGHQW WKDW DW ��

NP UHVROXWLRQ� YDULDWLRQV LQ WKH PLFURSK\VLFV

SDUDPHWHUL]DWLRQ KDYH D PXFK ODUJHU LPSDFW RQ WKH
GLVWULEXWLRQ DQG DPRXQW RI RFHDQLF SUHFLSLWDWLRQ WKDQ

YDULDWLRQV LQ WKH ERXQGDU\�OD\HU SDUDPHWHUL]DWLRQ�

$FNQRZOHGJHPHQWV

7KH DXWKRU ZRXOG OLNH WR H[SUHVV DSSUHFLDWLRQ WR

'U� <LQJ�+ZD .XR WR PDNH 3HQQ 6WDWH�1&$5 00�



PRGHO DYDLODEOH IRU KLP WR XVH� 7KLV ZRUN ZDV
VXSSRUWHG E\ 1DWLRQDO 6FLHQFH &RXQFLO *UDQW LQ

7DLZDQ �16& ��������0���������$3���

5HIHUHQFH

%ODFNDGDU� $� .�� ����� +LJK UHVROXWLRQ PRGHOV RI WKH

SODQHWDU\ ERXQGDU\ OD\HU� $GYDQFHV LQ

(QYLURQPHQWDO 6FLHQFHV DQG (QJLQHHULQJ� 9RO�
�� 3IDIIOLQ DQG =LHJOHU� (GV� *RUGRQ DQG %UHDFK�

������

%XUN� 6� '� DQG :� 7� 7KRPSVRQ� ����� $ YHUWLFDOO\

QHVWHG UHJLRQDO QXPHULFDO ZHDWKHU SUHGLFWLRQ
PRGHO ZLWK VHFRQG�RUGHU FORVXUH SK\VLFV� 0RQ�

:HD� 5HY�� ���� ����������

'XGKLD� -�� ����� 1XPHULFDO VWXG\ RI FRQYHFWLRQ

REVHUYHG GXULQJ WKH ZLQWHU PRQVRRQ H[SHULPHQW
XVLQJ D PHVRVFDOH WZR�GLPHQVLRQDO PRGHO� -�

$WPRV� 6FL�� ��� ����������

*UHOO� *�� ����� 3URJQRVWLF HYDOXDWLRQ RI DVVXPSWLRQV

XVHG E\ FXPXOXV SDUDPHWHUL]DWLRQV� 0RQ� :HD�

5HY�� ���� ��������

*UHOO� *� $�� -� 'XGKLD� DQG '� 5� 6WDXIIHU� ����� $

GHVFULSWLRQ RI WKH ILIWK JHQHUDWLRQ 3HQQ

6WDWH�1&$5 PHVRVFDOH PRGHO �00��� 1&$5
7HFK 1RWH 1&$5�71�����675� ��� SS�

+VLH� (��<�� 5� $� $QWKHV� DQG '� .H\VHU� �����

1XPHULFDO VLPXODWLRQ RI IURQWRJHQHVLV LQ D

PRLVW DWPRVSKHUH� -� $WPRV� 6FL�� ��� �����
�����

+RQJ� 6��<�� DQG +��/� 3DQ� ����� 1RQORFDO ERXQGDU\

OD\HU YHUWLFDO GLIIXVLRQ LQ D PHGLXP�UDQJH

IRUHFDVW PRGHO� 0RQ� :HD� 5HY�� ���� �����
�����

.HVVOHU� (�� ����� 2Q WKH GLVWULEXWLRQ DQG FRQWLQXLW\

RI ZDWHU VXEVWDQFH LQ DWPRVSKHULF FLUFXODWLRQV�

0HWRUR� 0RQRJU�� ��� 1R� ��� �� SS�
.XR� <��+�� 5� -� 5HHG� DQG <� /LX� ����� 7KH (5,&$

,23 � 6WRUP� 3DUW à� 0HVRVFDOH F\FORJHQHVLV

DQG SUHFLSLWDWLRQ SDUDPHWHUL]DWLRQ� 0RQ� :HD�

5HY�� ���� ����������
/H0RQH� 0� $�� (� '� =LSVHU� DQG 6� %� 7ULHU� �����

7KH UROH RI HQYLURQPHQWDO VKHDU DQG

WKHUPRG\QDPLFDO FRQGLWLRQV LQ GHWHUPLQLQJ WKH

VWUXFWXUH DQG HYROXWLRQ RI PHVRVFDOH FRQYHFWLYH
V\VWHPV GXULQJ 72*$ &2$5(� -� $WPRV� 6FL��

��� ����������

/LX� &��6� -��+� &KHQ� &��7� 7HUQJ� )��-� :DQJ� &��7�

)RQJ� 7� (� 5RVPRQG� +��&� .XR� &��+� 6KLDR�
DQG 0��'� &KHQJ� ����� 7KH VHFRQG JHQHUDWLRQ

JOREDO IRUHFDVW V\VWHP DW WKH &HQWUDO :HDWKHU

%XUHDX LQ 7DLZDQ� :HD� )RUHFDVWLQJ� ��� ����

����
5HLVQHU� -�� 5� 7� %UXLQWMHV� DQG 5� -� 5DVPXVVHQ�

����� ([SOLFLW IRUHFDVWLQJ RI VXSHUFRROHG ZDWHU

LQ ZLQWHU VWRUPV XVLQJ WKH 00� PHVRVFDOH

PRGHO� 4XDUW� -� 5R\� 0HWHRU� 6RF�� ���%�
����������

7DR� :��.� DQG -� 6LPSVRQ� ����� 7KH *RGGDUG

FXPXOXV HQVHPEOH PRGHO� 3DUW ,� 0RGHO

GHVFULSWLRQ� 7HUU�� $WPRV� DQG 2FHDQLF 6FL�� ��
������

:DQJ� :� DQG 1� /� 6HDPDQ� ����� $ FRPSDULVRQ

VWXG\ RI FRQYHFWLYH SDUDPHWHUL]DWLRQ VFKHPHV

LQ D PHVRVFDOH PRGHO� 0RQ� :HD� 5HY�� ����
��������

<DQJ� 0��-�� )��&� &KLHQ� DQG 0��'� &KHQJ� �����

3UHFLSLWDWLRQ SDUDPHWHUL]DWLRQV LQ D VLPXODWHG

0HL�<X IURQW 7HUU�� $WPRV� DQG 2FHDQLF 6FL�� LQ
SUHVV �-XQH LVVXH��

=KDQJ� '��/�� DQG 5� $� $QWKHV� ����� $ KLJK�

UHVROXWLRQ PRGHO RI WKH SODQHWDU\ ERXQGDU\

OD\HU¥6HQVLWLYLW\ WHVWV DQG FRPSDULVRQV ZLWK
6(6$0(��� GDWD� -� $SSO� 0HWHRU�� ��� �����

�����

7DEOH �� 6XPPDU\ RI QXPHULFDO H[SHULPHQWV�

1DPH0LFURSK\VLFV SDUDPHWHUL]DWLRQ %RXQGDU\ OD\HU SDUDPHWHUL]DWLRQ

6HW $� 7HVW RI PLFURSK\VLFV SDUDPHWHUL]DWLRQ RQ WKH ���NP����NP���NP QHVWHG JULG

:5 :DUP 5DLQ +LJK�UHVROXWLRQ 3%/ �%ODFNDGDU �����

6, 6LPSOH ,FH +LJK�UHVROXWLRQ 3%/ �%ODFNDGDU �����

03 0L[HG 3KDVH +LJK�UHVROXWLRQ 3%/ �%ODFNDGDU �����

** *RGGDUG *UDXSHO +LJK�UHVROXWLRQ 3%/ �%ODFNDGDU �����

6HW %� 7HVW RI ERXQGDU\ OD\HU SDUDPHWHUL]DWLRQ RQ WKH ���NP����NP���NP QHVWHG JULG

1% *RGGDUG *UDXSHO 1R )OX[ �1R %RXQGDU\ /D\HU�

%' *RGGDUG *UDXSHO +LJK�UHVROXWLRQ 3%/ �%ODFNDGDU �����
%7 *RGGDUG *UDXSHO %XUN DQG 7KRPSVRQ ������

05 *RGGDUG *UDXSHO 05) 3%/ �+RQJ DQG 3DQ �����


