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SHILQHPHQW RI SDUDPHWHUY JUDYLWD\
UHODWLYH WR WKH IRFDO J]RQH RI WKH
-DSDQ EDVHG RQ VDWHOOLWH GDWD

7DW\BPRQBPOHYRQVWDLERQBRYOHPWKNBEQQDONDQR QD
5RPDAGLQWVRY

6LEHULDQ )HGHUDO 8QLYHUVLW\ 6YRERGQ\ SU .UDVQR\DUVN
,QVWLWXWH RI &RPSXWDWLRQDO ORGHOLQJ 6% 5%$6 $NDGHPJRURG
JHGHUDO 5HVHDUFK &HQWUH 3.6& 6% 5%$6° $NDGHPJRURGRN .U

$EVWUDIEMW DLP Rl WKLV ZRUN LV WR VWXG\ JUDYLWDWLRQDO I
KDYH DULVHQ LQ WKH UHJLRQ RI WKH VRXUFHV Rl VWURQJ XQ
ZLWK D PDJQLWXGHRRI WKLY SXUSRVH GDWD REWDLQHG E\ V
*5$&( VSDFH VIVWHP ZHUH XVHG SYURUUDW LRIQWKRD WK H

SHULRG RI GD\V ZHUH LQYHVWLJDWHG UHODWLYH WR WKH IF
-DSDQHVH HDUWKTXDNH IRU WKH SHULRG W ZDV IRXQG
SUHSDUDWLRQ RI DO+ HIDUOXKTXDNH LMKHD QW O\ LQFUHDVH LQ WK
DUHD IRU WKUHH PRQWKYV Z LK YIDI@MHW IGRIFN IDFWH. Y LW\ WK H
ZLWKLQ D PRQWK ODSV(:RI YDUDPMWRQW @ IWKKHFRQGLWLRQV

RI D GLVWXUEHG JHRPHGLD DQG LQ EDFNJURXQG VHLVPLF

FROQVWUXFWHG 7KH LQGLFHXHRH WWBIDAX@PRDHOG /ZKLFK

PDGH LW SRVVLEOH WR DQDO\]H LQ PRUH GHWDLO WKH ORFDO
WKH LQYHVWLJIJDWHG IRFDO ]JRQH

,QWURGXFWLRQ

,Q UHFHQW \HDUV VDWHOOLWH GDWD KDV EHHQ ZLGHO\ XVH:
JUDYLWDWLRQDO FKDQJHV LQ DUHDV RI LQFUHDVHG VHLVPLFL
5HFRYHU\ DQG &OLPDWH ([SHULPHQW 1$6$ 8 6 $ =+ *)= *HUPI
*5$&( )ROORZ 2Q RI VLPLODU GHVLJQ 1$6$ *)= > @ DUH VXF
WKH VSDWLR WHPSRUDO YDULDWLRQV RI WKH (DUWK V JUDYL\
WKHVH PLVVLRQV KDYH EHFRPH DQ LQWHJUDO SDUW RI (DUWK F

7KH WHFKQLFDO GHWDLOV RI WKH WZR VSDFH PLVVLRQV FDQ
6\WWHP *36 LV XVHG WR HVWDEOLVK WKH SUHFLVH SRVLWL
VDWHOOLWHY 7KH PHDVXUHPHQW HUURU RQ WKH VSDFH V\VWH
DQG RQ *5%$&( )2 + QR PRUH WKDQ PLFURQV > @

1RWH WKDW JUDYLWDWLRQDO ILHOGYV DQG WKHLU DQRPDOLI
6DWHOOLWH 7UDFNLQJ 667 WHFKQLTXH > @ 7KLV WHFKQLTXF
VI\VWHPV *53$&( DQG *5%$&( )2 VLQFH

&RUUHVSRQGLQJ DXWKRU WYUXEOHYD#PDLO UX
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7TKH 667 WHFKQLTXH FRQVLVWY LQ WKH IROORZLQJ WKH *58$¢
VDWHOOLWHY DUH UHJDUGHG DV JUDYLPHWULF SURRI PDVV )\
QHFHVVDU\ GDWD RQ FKDQJHV LQ WKH VWUXFWXUH RI WKH JOI
WLPH *UDYLWDWLRQDO DQRPDOLHV REVHUYHG GXULQJ VHLVPL
WHFKQLTXH

7KH SXUSRVH RI WKH SUHVHQW VWXG\ ZzDV WR UHILQH SDUD
WKDW RFFXUUHG DW WKH HSLFHQWHUYVY!RIWKDWR D SOOI XN |
WKH 3DFLILF 2FHDQ VXEGXFWLRQ JRQH XVLQJ *5%$&( GDWD $V I
DUHD RI WKH K\SRFHQWHU RI WKH FOWDVWHKRBK IRFFFFX8NE G DVW

87& RQ ODUFK

, QWHJUDWLYH SURFHVVLQJ RI JHRSK\VLFDO GDWD

7KH 86*6 FDWDORJ > @ ZDV XVHG WR VWXG\ JHRG\QDPLF SDU
UHJLRQV RI VWURQJ XQGHUZDWHU HOYKWKTXDNHWVRWPDWUIRBXGI

-DSDQ HDUWKTXDN M KMH 2NKRWVAN HDUWIRQTGX IMWNKH HH
VWURQJIJHVW &KLOL HDUWKZXDNHV RI z O 0 DQG
9

1RWH WKDW WKH GDWD RI PRQLWRULQJ JUDYLWDWLRQDO DQ
VHLVPLF HYHQWYV LQ WKHVH UHJLRQV ZHUH DQDO\JHG XVLQJ
$QDO\WVLV RI WKH VSDWLDO VWUXFWXUH RI WKH DQRPDOLHV F
DERXW WKH UHGLVWULEXWLRQ RI WKH LQWHUQDO PDVV RI VROL

,Q WKH SUHVHQW VWXG\ EDVHG RQ LOQWHJUDWLYH SURFHVVI
HSLFHQWHU RI WKH -DSDQ HDUWKTXDNH ZHUH DQDO\]JHG
(TXLYDOHQW OOWHU7*KHMIKEWUDPHWHU FKDUDFWHUL]JHY WKH HTX
WKH JHRLG FRQWRXU ¢+ @Y DKHD®/LWOQVRQREWKH WKH VHLVPLFDOO
RI WKH FDWDVWURSKLF zDSD@HIH WVRKTXD RIQ ZHEKLONH > @

6RIWZDUH 6XUIHU > @ ZDV XVHG LQ WKH VWDJH RI LQWHJU!
VDWHOOLWH GDWD 7KHUH ZHUH PLVVLQJ YDOXHV LQ WKH GDW|
RI LOQOWHUSRODWLRQ LV .ULJLQJ > @ 7KLV PHWKRG RI JHRVWD
DQG DXWRFRUUHODWLRQ DQDO\WLV .ULJLQJ LV IDVW DQG HC
SDUDPHWHU YDOXHV LQWHUSRODWHG LQWR QRGHV DQG LWV L
YDULDEOHY DUH FUHDWHG DQG WKHLU UHOLDELOLW\ LV HVWLPI

ODSSLQJ REWWKH. VWULEXWLRQ UHODWLYH WR WKH
K\SRFHQWHU

7KH 86*6 WKH VL]H Rl WKH IRFDO JRQH Rl WKH VWXG\ HDUWKT
VFDOH ZDV i NP > @ )RU PDSSLQJ DQG IXUWKHU UHVHE
ERXQGDULHV Rl WKH VHLVPLFDOO\ DFWLYH3UHJERQ RI WKH

fr fm f  fx (

7KH GHYHORSHG SURFHGXUH ZDV XVHG WR (YAVXDOL]H WKH
YDULDWLRQV IRU WKH VWXG\ UHJLRQ )LIJXWHVSDWREY WKH C
GLVWULEXWLRQ UHODWLYH WR WKH UHJLRQ RI WKH SHUWXUEH
VXEGXFWLRQ JRQH LQFOXGLQJ WKH FRDVW RI -DSDQ 7KH 3SHU
VHLVPLFDOO\ DFWLYH ]JRQH ZLWK WKH JHRG\QDPLF FRQGLWLF
SURFHVVHYV

7KH *FURVV’ LQ )LIJXUH GHQRWHV, WKH KI\WKFFRRVHIL @D M F X L
3 f1 DQG f( 7KH K\SRFHQWHU LV NP GHHS 7R WKH U
WKHUH LV+DQFD®&H FP
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7KH DQRPDORXV UHJLRQ IRU WKKN RDUWEWXBNOGRRIIJOWXGLQDO
1RUWK )LJ 7KH HSLFHQWHU RI WKH HDUWKTXDNH LV EHW
DQRPDOLHYV ZKLFK WR D FHUWDLQ H[WHQW FRLQFLGHV ZLWK
WKH 2NKRWVN DQG 3DFLILF SODWHYV
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Fig.1. 6SDWLDO GLVWULBEX\WDRMQ RH WIRHWKH IRFDO DUHD RI WKH -DSDQHYV

$QDO\VLV:RI WEBIOWLDO GLVWULEXWLRQ VXJJHVWV WKDW WKH
FRQWRXU OLQH FORVHQHVV LQ WKH QRUWKHUQ SDUW RI WKH S|
WKE+ YDOXH UHODWLYH WR WKH HSLFHQWHU zZDV FP 7KH
IRUPDWLRQ RI WKH SRVLWLYH DQRPDO\ ZDV UHODWHG WR WK!
GXULQJ WKH JHRG\QDPLF DFWLYLW\ LQ WKH UHJLRQ

5HILQLQJ WKH DQRPDO\ LQ WKH J]RQH RI WKH -DS
EDVHG RQ PRGLILHG 567

7KH 86*6 DQRPDORXV FKDQJHV RI JUDYLWDWLRQDO ILHOG

DVVRFLDWHG ZLWK JHRG\QDPLF SUHSDUDWLRQ SURFHVVHV RI
JHRPHWU\ RI JUDYLWDWLRQDO DQRPDOLHV REVHUYHG LQ VHL
HDUWKTXDNHV E\ XVLQY WKWLGWWPQRZHVKASOR\HG 567 S5REXV)
7HFKQLTXH > @

1RWH WKDW WKLV WHFKQLTXH ZDV GHYHORSHG IRU PRQLW
LQFOXGLQJ HDUWKTXDNHV > @ ,Q 567 DQRPDO\ LQ WKH VSD'
GHYLDWLRQ IURP WKH XQSHUWXUEHG VWDWH RI JHR HQYLURC
LGHQWLILFDWLRQ DQRPDO\ LQGH[ LV FDOFXODWHG > @

,Q WKH SUHVHQW VWXG\ HPSOR\LQJ WKH GHYHORSHG SURFF
LQGH[ WR UHILQH WKH UHJLRQ FKDUDFWHUL]JLQJ WKH JUDYL
SHUWXUEHG JHR HQYLURQPHQW GXULQJ VHLVPLF DFWLYLW\ |
HDUWKTXDNH 7DNLQJ LQWR DFFRXQW > @ DQRPDO\ LQGH][ Z
IRUPXOD
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+HUH+ A WDUH WKH YROXKBKWRIQWKHHLYPLF DFWLYLW\ LQ WK
JHR HQYLURQPHOGMWDUH WKH YDQXHPHBYVXWHKHE XQGHU XQSHUWXL
JHRG\QDPLF BRQGMWAULNVRWKH VWDQGDUG GHYLDWLRQ

%DFNJURXQG FRQGLWLRQV ORZ VHLVPLF DFWLYLW\ ZHUH
XVLQJ WKH 86*6 FDWDORJ > @ ,Q WKH VWXG\ UHJLRQ UHODWL
REVHUYHG LQ -DQXDU\

'LIJILWDO PDSV RI DQRPDOLHW EDWHA RH) FRKHVWQE&HWHG IRU \

HSLFHQWHU JRQH RI WKH -DSDQ HDUWKTXDNH XVLQJ WKH
VKRZV DQ H[DPSOH RI WKH DQRPDO\ REVHUYHG UHODWLYH WR
HDUWKTXDNH LQ ODUFK 7KH 3FURVV™ GHQRWHV WKH K\SRF
0z

7KH DQRPDO\ ZLWK SRMLWBLWH HOEOWHYHRWR WKH HSLFHQWHU
-DSDQ HDUWKTXDNH ZDV REVHUYHG IRU IRXU PRQWKY WKUH]I
SUHSDUDWLRQ DQG RQH PRQWK GXULQJ WKH DIWHUVKRFN DFWL
SDUDPHWHWY RDUWIBOMWLRQ GXULQJ WKH JHRG\QDPLF DFWLYLW\ L
HDUWKTXDNH
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Fig.2. 7KH DUHD LGHQWLILHG E\ WKH DQRPDO\ LQGH[ LQ WKH DUHD RI WK

&RQFOXVLRQ

7KH SUHVHQW VWXG\ LQYHVWLIJDWHG SDUDPHWHUV RI WKH IF
0z XVLQJ WKH + GDWD RI WKH 86*6 FDWDORJ $Q DUF
PHDVXUHPHQWY RI WKH *5%$&( VSDFH VI\VWHP ZDV FRPSLOHG § |
GHYHORSHG WKDW HQDEOHG UHILQLQJ WKH VL]HV RI JUDYLWDW
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WKH VWURQJHVW XQGHUWIZDVSDW HO O WK X®INMD RHOH XVHG WR F
PRGHOV(R{ WKHBMLDWLRQV UHODWLYH WR WKH IRFDO DUHD RI WKI
SHUWXUEHG DQG EDFNJURXQG FRQGLWLRQV Rl WKH JHR HQYLUI

‘H VWXGLHG WKLYWADGWDRDWIKRIQV UHODWLYH WR WKH IRFDO
HDUWKTXDNH IRU WKH VWXG\ SHULRG 'XULQJ WKH HDUWKTXDN
WKH+ YDOXHV ZHUH IRXQG WR LQFUHDVH FRQVLGHUDEO\ LQ W
DIWHUVKRFN DFWLYLW\ 9DULDWLRQV LQ WKLV SDUDPHWHU UHC
YDULRXV JHRSK\VLFDO IDFWRUYV

7KH PRGLILHG 567 ZDV XVHG WR FDIOBXWDWQWE PREPWOXEWGLF
UHILQHG GLJLWDO PDSV RI JUDYLWDWLRQDO DQRPDOLHV UHOD\
ZLWK SRVLWLYH YDOXHV Rl WKH LQGH[ ZDV UHYHDOHG ZKLFK F
RI WKH RFHDQ GXULQJ JHRG\QDPLF DFWLYLW\ LQ WKH UHJLRQ

‘H WKLQN WKDW IRUPDWLRQ RI WKH DQRPDORXV JRQH ZDV D
SURFHVVHV LQ WKH UHJLRQ 7KXV UHVXOWV REWDLQHG LQ WK
WKH *5$&( DQG *5%$&( )2 JUDYLPHWULF V\VWHPV FDQ EH XVHG W
VWURQJHVW HDUWKTXDNHV

,Q RXU IXWXUH VWXG\ D UHSUHVHQWDWLYH JURXS RI WKH V
UHJLRQ ZLOO EH XVHG WR: QMaA]lB WIQR GW VDMIGO WHIOHD WLRQ VK L
SDUDPHWHU WR WKH JOREDO JHRG\QDPLF DQG JHRSK\VLFDO SU
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