
JUR RP 5HVHDUFK 6 ±

KWWSV GRL RUJ $5

*HQHWLF GLYHUVLW DQDO VLV RI ,QGRQHVLDQ ULFH JHUPSODVP
2U\]D�VDWLYD / ZLWK VLPSOH VHTXHQFH UHSHDW PDUNHUV

$ 1 3XVSLWR 6 1DELODK ' 0 $ ,PDP %XTRUL 6 +DUWDWLN
.\XQJ 0LQ .LP DQG 0 8EDLGLOODK

8QLYHUVLW\ RI -HPEHU *UDGXDWH 6FKRRO RI %LRWHFKQRORJ\ -HPEHU ,' (DVW -DYD
,QGRQHVLD

8QLYHUVLW\ RI -HPEHU )DFXOW\ RI $JULFXOWXUH 6WXG\ 3URJUDP RI $JURQRP\ -HPEHU
,' (DVW -DYD ,QGRQHVLD
.\XQJSRRN 1DWLRQDO 8QLYHUVLW\ &ROOHJH RI $JULFXOWXUH DQG /LIH 6FLHQFH 6FKRRO RI
$SSOLHG %LR6FLHQFHV 'LYLVLRQ RI 3ODQW %LRVFLHQFHV 'DHJX 6RXWK .RUHD
8QLYHUVLW\ RI -HPEHU )DFXOW\ RI $JULFXOWXUH 6WXG\ 3URJUDP RI $JURWHFKQRORJ\

-HPEHU ,' (DVW -DYD ,QGRQHVLD
&RUUHVSRQGHQFH PRK XEDLGLOODK SDVFD#XQHM DF LG

5HFHLYHG $SULO WK $FFHSWHG -XO\ WK 3XEOLVKHG $XJXVW WK

EVWUDFW 7KH FKDUDFWHUL]DWLRQ RI JHUPSODVP SURYLGHV LQIRUPDWLRQ RQ WKH UHJLRQDO ULFH JHQHWLF

GLYHUVLW\ DQG YDULHW\ NLQVKLS FODVVLILFDWLRQ 7KLV VWXG\ DLPHG WR SURYLGH LQIRUPDWLRQ RQ WKH
DJUR PRUSKRORJLFDO WUDLWV DQG JHQHWLF GLYHUVLW\ RI ILIW\ ORFDO ULFH YDULHWLHV IURP -DYD DQG %RUQHR
,VODQG LQ ,QGRQHVLD 7KH YDULDELOLW\ RI WKLUWHHQ DJURQRPLF WUDLWV VKRZHG WKH GLIIHUHQWLDWLRQ DPRQJ

WKH DFFHVVLRQV ZKLOH WKH SKHQRW\SLF WUDLWV ZHUH JURXSHG LQWR VL[ FOXVWHUV 7KH JHQRW\SLQJ

FKDUDFWHUL]DWLRQ ZDV FRQGXFWHG XVLQJ 665 6LPSOH 6HTXHQFH 5HSHDWV PDUNHUV PLFURVDWHOOLWHV

DQG FRQWLQXHG ZLWK JHQHWLF GLYHUVLW\ DQG 3RO\PRUSKLVP ,QIRUPDWLRQ &RQWHQW 3,& DQDO\VLV 7KH

DJUR PRUSKRORJLFDO FOXVWHULQJ EDVHG RQ :DUG V +LHUDUFKLFDO FRQVWUXFWHG VL[ VXE FOXVWHUV 7KH
3& DQG 3& KDG RI WKH WRWDO SHUFHQWDJH 7KH 83*0$ PHWKRG ZDV XVHG WR FRQVWUXFW
VL[ GLIIHUHQW JURXSLQJV DV WKH FRUUHODWLRQ EHWZHHQ HDFK JURXS DQG LWV FROOHFWLQJ VRXUFH ZDV
VLJQLILFDQW )XUWKHUPRUH WKH 83*0$ GHQGURJUDP FOXVWHUHG WKH DFFHVVLRQV LQWR VL[ PDLQ

FOXVWHUV ZKLOH WKH 3,& VKRZHG D SRO\PRUSKLVP YDOXH UDQJH RI ± 50 ORFDWHG RQ

FKURPRVRPH ZKLFK ZDV FRQVLGHUHG DV WKH EHVW PDUNHU IRU ILIW\ RQH JHQRW\SHV $W WKH VDPH
WLPH WKH ORZHVW 3,& YDOXH RI ZDV REVHUYHG LQ 50 ORFDWHG LQ FKURPRVRPH 7KLV

FODVVLILFDWLRQ FDQ EH KHOSIXO DV D GHWDLOHG LQIRUPDWLRQ IRU SODQW EUHHGHUV WR FKDUDFWHUL]H DQG VHOHFW

WKH JHUPSODVP ZKLOH FRQGXFWLQJ EDFNFURVVHV EHWZHHQ ULFH DFFHVVLRQV

.H ZRUGV DJUR PRUSKRORJLFDO GLYHUVLW\ JHUPSODVP ULFH 665

,1752 8&7,21

2YHU KDOI RI WKH ZRUOG V SRSXODWLRQ FRQVXPHV ULFH DV D SULPDU\ IRRG *DUULV HW DO

*KQHLPD HW DO +RND]RQR HW DO 6DEX HW DO 6LQJK HW DO
5LFH LV FODVVLILHG LQWR RWKHU WZR ODUJH JURXSV QDPHO\ L GLFD DQG MDSR LFD VXEVSHFLHV
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=DLGL HW DO $JUDPD HW DO 5LFH SODQW LV D PRVWO\ FXOWLYDWHG FHUHDO FURS LQ

$VLD HVSHFLDOO\ LQ ,QGRQHVLD EHFDXVH RI LWV ZLGH UDQJH RI HFRORJLFDO JHRJUDSKLFDO DQG
FOLPDWH DVSHFWV 1L HW DO 7KH FRXQWU\ KDV VHYHUDO GLYHUVLWLHV LQFOXGLQJ ODQGUDFHV
FXOWLYDU DQG ZLOG DFFHVVLRQ 7KLV FRQGLWLRQ RFFXUV DV ,QGRQHVLD LV D WURSLFDO FRXQWU\ WKDW
KDV D VWUDWHJLF JHRJUDSKLFDO SRVLWLRQ ORFDWHG RQ WKH HTXDWRU ,QGRQHVLD LV NQRZQ DV WKH
ODUJHVW DUFKLSHODJLF FRXQWU\ LQ WKH ZRUOG ZLWK PRUH WKDQ VHYHQWHHQ LVODQGV DV HDFK RI
ZKLFK KDV LWV RZQ XQLTXHQHVV DQG FKDUDFWHULVWLFV DFFRUGLQJ WR WKH ODQGVFDSH
)XUWKHUPRUH WKHUH DUH RYHU VHYHQWHHQ WKRXVDQG ULFH JHQHWLF UHVRXUFHV VHUYHG DV D
SRWHQWLDO QDWXUDO VRXUFH

7KH FOLPDWLF FRQGLWLRQ RI ,QGRQHVLD KHOSV WKH SURGXFWLRQ RI VHYHUDO ORFDO ULFH
GLYHUVLWLHV LQFOXGLQJ WKH RQHV UHVLVWDQW WR ELRWLF VWUHVV EURZQ SODQWKRSSHU EODVW DQG
EOLJKW GLVHDVH 3DUN HW DO 7KH XWLOL]DWLRQ RI ORFDO JHUPSODVP LV UHODWLYHO\ ORZ
DV PRUH WKDQ WKLUW\ ILYH WKRXVDQG DFFHVVLRQV KDYH EHHQ FKDUDFWHUL]HG WKURXJK FRQWLQXRXV
QDWXUDO VHOHFWLRQ UHVXOWLQJ LQ JUDGXDO FKDQJHV DPRQJ WKH FURVVHV RI JHQHWLFDOO\ UHODWHG
DFFHVVLRQV GXULQJ WKH HYROXWLRQDU\ WLPH &DLFHGR HW DO 3DFKDXUL HW DO $V D

FRQVHTXHQFH WKH DGDSWDWLRQ SURFHVV SURGXFHG QHZ ULFH YDULHWLHV ZLWK GLYHUVH PRUSKRORJ\
SK\VLRORJ\ JHQHWLF DQG KDELWDW 9DXJKDQ HW DO -DVLP $OMXPDLOL HW DO

%HIRUH WKH JUHHQ UHYROXWLRQ SROLF\ IDUPHUV LQ HDFK UHJLRQ KDYH EHHQ SODQWLQJ DQG
FXOWLYDWLQJ WKH JHUPSODVP ULFH IRU JHQHUDWLRQV DQG FHQWXULHV 7KLV SROLF\ KDV D
VXEVWDQWLDO QHJDWLYH HIIHFW GXH WR UDSLG UHSODFHPHQW RI ORFDO YDULHWLHV ZLWK WKH PRGHUQ

RQHV +RZHYHU VRPH RI WKHP DUH VWLOO SODQWHG E\ IDUPHUV EHFDXVH RI WKHLU DGDSWDWLRQ DQG
FRPSHWLWLRQ SRWHQWLDO LQ VXE RSWLPDO QDWXUDO FRQGLWLRQV 3DQGH\ HW DO

*HQHWLF GLYHUVLW\ SURYLGHV DQ RSSRUWXQLW\ WR REWDLQ KLJK EHQHILWV WKURXJK ULFH
EUHHGLQJ SURJUDP RSSRUWXQLW\ WR LPSURYH WKH \LHOG DQG FKDUDFWHUL]DWLRQ TXDOLW\ DQG
TXDQWLW\ &KDNUDYDUWKL 1DUDYDQHQL 9DUVKQH\ HW DO +XDQJ HW DO

<DGDY HW DO 5R\ HW DO 6NLSDUV HW DO 7KH FKDUDFWHUL]DWLRQ RI ORFDO
JHUPSODVP LV H[WUHPHO\ LPSRUWDQW WR GHWHUPLQH WKH VXSHULRU JHQHV SRWHQWLDO IURP ORFDO

JHUPSODVP ZKLOH JHQHWLF GLYHUVLW\ KHOSV HQVXUH WKH HIILFLHQF\ OHYHO 3U\VLD]KQLXN HW DO
.DULPDK HW DO 6KDQLQD /LNKRGH\HYVN\ 6HYHUDO VWXGLHV KDYH EHHQ

FRQGXFWHG RQ WKHVH FRQFHSWV LQ PDQ\ FRXQWULHV RI WKH ZRUOG +RZHYHU WKHUH LV D ODFN RI

LQIRUPDWLRQ VRXUFHV WR GHVFULEH WKH JHQHWLF GLYHUVLW\ RI ULFH JHUPSODVP RQ D ORFDO VFDOH
7KRPVRQ HW DO ,Q DGGLWLRQ WKLV LQIRUPDWLRQ LV DOVR UHTXLUHG WR SURYLGH D GHWDLOHG
SLFWXUH RI WKH ULFH JHQHWLF GLYHUVLW\ LQ D FRXQWU\ EHVLGHV LWV FRPSOH[ LQWHUDFWLRQV ZLWK
WKH JHUPSODVP SRWHQWLDO %DUU\ HW DO

7KHUHIRUH WKLV VWXG\ XVHG 665 PDUNHUV GLVWULEXWHG IURP FKURPRVRPH QXPEHU

XQWLO WR H[DPLQH WKH JHQHWLF GLYHUVLW\ RI JHQRW\SHV DQG WKHLU HIILFDF\ ZDV
FRPSDUHG WR WKH XWLOL]HG ULFH JHUPSODVP

0 7(5, /6 1 0(7+2 6

3ODQW PDWHULDO
,Q WKLV VWXG\ ZH FROOHFWHG ILIW\ VRXUFHV RI ULFH JHUPSODVP IURP -DYD DQG WKH %RUQHR

,VODQGV RI ,QGRQHVLD ,Q -DYD ,VODQG WKH VDPSOHV ZHUH REWDLQHG IURP (DVW -DYD &HQWUDO
-DYD %DQWHQ DQG:HVW -DYD 3URYLQFHV 0HDQZKLOH RQ %RUQHR ,VODQG WKH VDPSOHV ZHUH
REWDLQHG IURP &HQWUDO %RUQHR DQG (DVW %RUQHR 3URYLQFHV DV VKRZQ LQ 7DEOH 7KH
FRQWURO YDULHWLHV LQFOXGHG WKH -DSR LFD 1DJGR J ODFN 0DGUDV DQG HNL MX DQG
, GLFD HWHS DQG 1 VXEVSHFLHV 7KH H[SHULPHQW ZDV GHVLJQHG WR IRFXV RQ WKH LQVHFW
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VWDQGDUG KDQGOLQJ SODQW JHRPHWU\ DQG IHUWLOL]HU DSSOLFDWLRQ $OO RI WKHVH DFWLYLWLHV ZHUH

FRQGXFWHG XQGHU UDLQ\ ORZODQG FRQGLWLRQV

7DEOH /LVW RI YDULHWLHV

1R $FFHVVLRQ QDPH 2ULJLQ 1R $FFHVVLRQ QDPH 2ULJLQ

HWHS 9LHWQDP +RL J %DQWHQ

0DGUDV .RUHD .HWD +LWDP :HVW -DYD
HNL MX .RUHD .HWD .HX HXS :HVW -DYD

1DPS HR J .RUHD H MDK DWX :HVW -DYD

1 &KLQD 6L 5H GHW :HVW -DYD

.DOL &XOXN (DVW -DYD RWHO :HVW -DYD

0HUDK 63 (DVW -DYD 3XOXW 5LJRWL :HVW -DYD
R GRZRVR (DVW -DYD .HWD 3XWUL :HVW -DYD

, SDJR ,3 (DVW -DYD HN 6LEX GR J :HVW -DYD
RJR 1LWL (DVW -DYD DWD J 3DLPD :HVW -DYD

0D VXU (DVW -DYD R GR XGR :HVW -DYD

0HUDK :D JL (DVW -DYD &LJHXOLV :HVW -DYD
06 3H GHN (DVW -DYD &LODPD D 0X FXO :HVW -DYD

H MDK 1JD MXN (DVW -DYD &LOLZX J :HVW -DYD
6XSHU 0D JJLV (DVW -DYD &LVD WD D :HVW -DYD

.URSDN (DVW -DYD &LVRND :HVW -DYD

, SDJR (DVW -DYD &HPSR 6HODPHW 0LGGOH -DYD
6HUHK %DQWHQ &HPSR HORXOXN 0LGGOH -DYD

:DUH %DQWHQ 0DPDV 0LGGOH -DYD
3DUH -DNHWUD %DQWHQ &HPSR :XOXW 0LGGOH -DYD
3DUH &DRN %DQWHQ +DZDUD DWX 0LGGOH -DYD

XOX 3XWLK %DQWHQ .HUR 0LGGOH -DYD

3D GD 8 JX %DQWHQ .HWD 1D JND 0LGGOH -DYD
5RWL %DQWHQ .HWD H MDU 0LGGOH %RUQHR

PDV %DQWHQ 3XOXW +LWDP (DVW %RUPHR

0RUSKRORJ FOXVWHULQJ DQG FKDUDFWHUL DWLRQ
$IWHU GD\V RI ULFH VHHGOLQJ '$6 ZH WUDQVSODQWHG WKH ULFH JHUPSODVP WR WKH

H[SHULPHQWLQJ ILHOG DW -HPEHU 8QLYHUVLW\ ORFDWHG RQ ± PDVO ZLWK UDLQIDOO OHYHO RI
PP \HDU DQG KXPLGLW\ RI ± )LIW\ DFFHVVLRQV ZHUH FXOWLYDWHG GXULQJ WKH

UDLQ\ VHDVRQ IURP 2FWREHU WR $SULO LQ î P SORWV OLQHV DFFHVVLRQ ZLWK
D P VSDFLQJ DQG P VSDFLQJ EHWZHHQ WKH URZV XVLQJ D EORFN GHVLJQ :H XVHG WKH
6WDQGDUG (YDOXDWLRQ 6\VWHP WR GHVFULEH WKH GHWDLOHG PRUSKRORJ\ RI ULFH DIWHU WKH
VWDQGDUG DJURQRP\ $OOKJKROLSRXU HW DO 7KH SKHQRW\SLF GDWD LQFOXGHG WUDLWV
VXFK DV WKH SODQW KHLJKW +W FXOP OHQJWK &/ FXOP V LQWHUQRGH OHQJWK &P,/ SDQLFOH
OHQJWK 3/ QXPEHU RI SDQLFOHV SHU SODQW 3Q3 OHDI OHQJWK // OHDI ZLGWK /: IODJ
OHDI OHQJWK )// IODJ OHDI ZLGWK )/: DQG OLJXOH OHQJWK /J/ 2WKHU WUDLWV LQFOXGH
JUDLQ OHQJWK *U/ JUDLQ ZLGWK *: DQG JUDLQ OHQJWK WR ZLGWK *U/: 7KH WRWDO
SKHQRW\SLF GDWD IURP WKHVH VDPSOHV ZHUH DQDO\]HG IXUWKHU XVLQJ D 3ULQFLSDO &RPSRQHQW
$QDO\VLV 3&$ WR UHYHDO WKH FULWLFDO SDUDPHWHU FRUUHODWLRQ PDWUL[ GDWD 5R\ HW DO
7KHQ WKH :DUG V +LHUDUFKLFDO &OXVWHULQJ ZDV XVHG WR JURXS WKH DJUR PRUSKRORJLFDO

FKDUDFWHULVWLFV :H DOVR XVHG 3$67 VRIWZDUH WR H[DPLQH WKH SDUDPHWHU FOXVWHULQJ DQG
FKDUDFWHUL]DWLRQ
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*HQRW SLQJ FKDUDFWHUL DWLRQ
7KH ILIW\ OHDI VDPSOHV ZHUH FROOHFWHG IRU '1$ LVRODWLRQ IURP \RXQJ OHDI WLVVXH

XVLQJ WKH 6'6 PHWKRG 7KRPVRQ HW DO 8VLQJ D 89 5HDGHU IRU PLQXWHV ZH
H[DPLQHG WKH '1$ TXDOLW\ DW 9 LQ D DJDURVH JHO FRQWDLQLQJ [ 7$( EXIIHU
7ULV DFHWDWH ('7$ 7KH '1$ FRQFHQWUDWLRQ ZDV GHWHUPLQHG XVLQJ D 1DQR'URS
6SHFWURSKRWRPHWHU 1DQRYXH 3OXV 8. DQG WKH SXULILHG '1$ ZDV GLOXWHG WR QJ
XVLQJ 7( EXIIHU WR SUHVHUYH LWV TXDOLW\ ZKHQ VWRUHG DW ± & 7KH WRWDO 3&5 UHDFWLRQ

REWDLQHG D YROXPH RI Oߤ ZKLFK LQFOXGHG Oߤ 3&5 1H[SUR PDVWHU PL[ UHDFWLRQ Oߤ
''+ 2ZDWHU Oߤ IRU IRUZDUG DQG UHYHUVH SULPHU DQG Oߤ '1$ WHPSODWH 7KH 665
PDUNHUV PDSSHG E\ 0F&RXFK HW DO ZHUH XVHG WR GLVWULEXWH WKH FKURPRVRPHV

7DEOH DQG FRYHU WKH JHQRPH IRU HDFK VDPSOH

7DEOH /LVW RI 665 PDUNHUV

3ULPHU
1R

/RFXV &KU 5HSHDW PRWLI 3&5 SULPHU WR

50 $* ) 7&&7*&*$$&7*$$*$*77*

5 $*$*&$$$$&&&7**77&$&

50 &7 ) 7**$*777*$*$**$***
5 &77*77*&$7**7*&&$7*7

50 *$ ) $&&&7&7&&*&&7&*&&7&&7&

5 &7&&7&&7&&7*&*$&&*&7&&
50 *7& ) &7*$7&*$*$*&*77$$***

5 ***$7&$$$&&$&*777&7*
50 $7$ ) $&77*$*$&*$7&**$&$&&

5 7&$&&&$7**$7*77*7&$*

50 *$ ) &&*7&*&&*7$*7$*$*$$*

5 7&&&**77$7777$$**&*

50 $7 *7 ) *7$&7$&&*$&&7$&&*77&$&

5 &7*&7$7*&$7*$$&7*&7&
50 7& ) $7&*7&7*&*77*&**&7*&7*

5 &$7**$7&$&&*$*&7&&&&&&
50 &77 ) *77&$*7*77&$*7*&&$&&

5 *$&777*$7&777**7**$&*

50 $* ) 7*&$*$7*$*$$*&**&*&&7&
5 7*7*7&$7&$*$&**&*&7&&*

50 $& ) *&&$*&$$$$&&$***$7&&**
5 &$$**7&77*7*&**&77*&**

50 *$ ) 7&7&&7&77&&&&&*$7&

5 $7$*&***&*$**&77$*
50 *$ ) &&$$7&**$*&&$&&**$*$*&

5 &$&$7&&7&&$*&*$&*&&*$*
50 &7 ) &$$&*$*&7$$&77&&*7&&

5 $&7*&7$&77***7$*&7*$&&

50 *$ ) $7&7&7*$7$&7&&$7&&$7&&
5 &&7*7$&*77*$7&&*$$*&

50 *$ ) &&$$7&$77$$&&&&7*$*&

5 *&&77&$7*&77&$*$$*$&
50 &7 ) &$$$$7**$*&$*&$$*$*&

5 7*$*&$&&7&&77&7&7*7$*
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DEOH FR WL XHG

50 *$7* ) $$&*&*$**$&$&*7$&77$&

5 $&*$*$7$&*7$&*&&777*

50 7$7 ) &*&$*77*7**$777&$*7*
5 7*&7&$$&*777*$&7*7&&

50 &7 ) 7&7&7&&7&77*777**&7&
5 $&$&$&&$$&$&*$&&$&$&

50 $7& ) &$$$$$&$*$*&$*$7*$&

5 &7&$$*$7**$&*&&$$*$

50 *$ ) &**7&$$$7&$7&$&&7*$&

5 &$$**&77*&$$***$$*

0RUHRYHU WKH '1$ VDPSOHV ZHUH DPSOLILHG XVLQJ WKH 7 7KHUPDO &\FOHU %LR
5DG 86 7KH 3&5 SURJUDP ZDV SHUIRUPHG LQ PLQXWHV RI SUHGHQDWXUDWLRQ DW &

VHFRQGV RI GHQDWXUDWLRQ DW & VHFRQGV RI DQQHDOLQJ DW ± & D PLQXWH RI
H[WHQVLRQ DW & DQG PLQXWHV RI ILQDO H[WHQVLRQ DW & 7KH VDPSOHV ZHUH
FRQGXFWHG RQ D DJDURVH JHO DW 9 IRU PLQXWHV XVLQJ HOHFWURSKRUHVLV

6WDWLVWLFDO DQG JHQHWLF GLYHUVLW DQDO VLV
7KH YLVLEOH '1$ EDQGV ZHUH DSSURSULDWHG WR WKH PROHFXODU ZHLJKW DQG VFRUHG XVLQJ

WKH $OOHOH V IRUPDW ZKLFK UHSUHVHQWHG WKH EDQG SUHVHQFH DV QXPEHU RQH DQG EDQG

DEVHQFH DV ]HUR QXPEHU XQWLO WKH '1$ WDSH KDG WKH ORZHVW VL]H 6DMLE HW DO 7KH
JHQHWLF GLYHUVLW\ DOOHOH IUHTXHQF\ DQG 3,& YDOXH 3RO\PRUSKLF ,QIRUPDWLRQ &RQWHQW
ZHUH DQDO\]HG XVLQJ WKH 3RZHU0DUNHU 9 /LX 0XVH 7KH 3,& YDOXH ZDV

XVHG WR UHSUHVHQW WKH SRO\PRUSKLVP YDOXH LQ D YDULHW\ RI ZD\V 7KH DOOHOH VFRUH PDWUL[HV
ZHUH XVHG WR GHYHORS D SK\ORJHQ\ WUHH E\ DSSO\LQJ WKH 83*0$ PHWKRG +RZHYHU WKH
WUHH ZDV FRQVWUXFWHG XVLQJ WKH 176<3& SURJUDP DQG -DFFDUG V FRHIILFLHQW WR GHWHUPLQH
WKH UHODWLRQVKLS DPRQJ WKH YDULHWLHV 3DQGH\ HW DO

5(68/76 1 ,6&866,21

0RUSKRORJLFDO FKDUDFWHUL DWLRQ
7KLV VWXG\ ZDV FRQGXFWHG WR FKDUDFWHUL]H WKH DJURQRPLF WUDLW YDULDELOLW\ RI WKH

VDPSOHV FROOHFWHG IURP GLIIHUHQW SURYLQFHV LQ ,QGRQHVLD %DQWHQ %RUQHR (DVW -DYD
&HQWUDO -DYD DQG :HVW -DYD 7KH YDULHW\ HYDOXDWLRQ LQ PRUSKRORJLFDO FKDUDFWHUV
UHYHDOHG WKH KLJKHVW YDOXH RI SODQW KHLJKW WUDLW FP LQ &HPSR 6HODPHW YDULHW\
DQG WKH ORZHVW YDOXH LQ &LOLZXQJ YDULHW\ FP 7KLV FRQGLWLRQ FDQ EH DWWULEXWHG WR

WKH QXPEHU RI SDQLFOHV SHU SODQW UDQJLQJ IURP WR SHU SODQW %DVHG RQ WKH JUDLQ
FKDUDFWHULVWLFV *U/ZDV IRXQG DPRQJ ± FP DQG*U:ZDV DPRQJ ± FP
$V VKRZQ LQ 7DEOH WKH DYHUDJH RI JUDLQ VL]H ZDV GLVFRYHUHG DW ZKLFK LQGLFDWHV

WKDW WKH JUDLQ LV RQ WKH PHGLXP VLGH
7KH 3ULQFLSDO &RPSRQHQW $QDO\VLV 3&$ RI WUDLWV LV SUHVHQWHG IURP 3& WR

3& (LJHQYDOXH 7KH DQDO\VLV ZDV FRQGXFWHG WR LGHQWLI\ WKH PRVW LPSRUWDQW
YDULDEOHV FRQWULEXWLQJ WR WKH WRWDO DJUR PRUSKRORJLFDO YDULDWLRQ RI WKH VDPSOHV $W WKH
VDPH WLPH WKH PXOWLYDULDWH PHWKRG YLVXDOL]HV WKH DFFHVVLRQV FOXVWHULQJ WKDW GHSHQGV RQ
WKH FRPSRQHQW ORDGLQJ ZLWK WKH PXOWLYDULDWH PHWKRG 6LQJK HW DO 7KH GHWDLOHG
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LQIRUPDWLRQ DERXW WKHVH YDOXHV LV HQOLVWHG LQ 7DEOH 7KH 3& DQG 3& UHSUHVHQW WKH

GLVWULEXWLRQ RI WKH DFFHVVLRQV EHVLGHV WKH QXPEHU DQG QDPHV RI WKH DFFHVVLRQV OLVWHG
LQ 7DEOH +RZHYHU WKH UHVXOWV VKRZHG WKDW WKH 3& DQG 3& RQO\ REWDLQHG RI
WKH WRWDO SHUFHQWDJH 7KH ILUVW SULQFLSDO YDOXH ZDV RI WKH SHUFHQWDJH YDULDQFH 7KLV
FRQGLWLRQ ZDV FKDUDFWHUL]HG E\ KLJK SRVLWLYH ORDGLQJ FRQWDLQLQJ +W &/ )// DQG //
7KH VHFRQG SULQFLSOH ZDV ZLWK KLJK SRVLWLYH ORDGLQJV RI )// DQG // $QRWKHU
WUDLW QDPHO\ 3Q3 REWDLQHG D KLJK SRVLWLYH ORDGLQJ RI DV OLVWHG LQ 3& 7DEOH

7DEOH $JUR PRUSKRORJLFDO FKDUDFWHUV RI DFFHVVLRQV

$JURQRPLF WUDLWV 0HDQ “ 6' 0LQ 0D[ &9

+W “

&/ “

&P,/ “
// “

/: “

)// “
)/: “

3/ “
3Q3 “

*U/ “

*U: “
*U/: “

/J/ “

1RWH +W  SODQW KHLJKW &/  FXOP OHQJWK FP,/  FXOP LQWHUQRGH OHQJWK //  OHDI OHQJWK /:  OHDI
ZLGWK )//  IODJ OHDI OHQJWK )/:  IODJ OHDI ZLGWK 3/  SDQLFOH OHQJWK 3Q3  SDQLFOH SHU SODQW

*U/  JUDLQ OHQJWK *U:  JUDLQ ZLGWK *U/:  JUDLQ OHQJWK WR ZLGWK /J/  OLJXOH OHQJWK

7DEOH 3ULQFLSDO FRPSRQHQW DQDO\VLV

&KDUDFWHULVWLFV 3& 3& 3& 3& 3&

+W

&/
&P,/
//

/:

)//
)/:

3/
3Q3

*U/

*U:

*U/:

/J/

1RWH +W  SODQW KHLJKW &/  FXOP OHQJWK FP,/  FXOP LQWHUQRGH OHQJWK //  OHDI OHQJWK /:  OHDI
ZLGWK )//  IODJ OHDI OHQJWK )/:  IODJ OHDI ZLGWK 3/  SDQLFOH OHQJWK 3Q3  SDQLFOH SHU SODQW
*U/  JUDLQ OHQJWK *U:  JUDLQ ZLGWK *U/:  JUDLQ OHQJWK WR ZLGWK /J/  OLJXOH OHQJWK
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7KH 3&$ YLVXDOL]DWLRQ FRXOG DVVLVW LQ VXJJHVWLQJ WKH PRVW DSSURSULDWH JHQRW\SH

VHOHFWLRQ WR LPSURYH WKH \LHOG EDVHG RQ WKH FRPSRQHQW ORDGLQJ YDOXH 7KH GLVWULEXWLRQ
RI WKH VHSDUDWHG DFFHVVLRQV LV SUHVHQWHG LQ VFDUH SORWV RI 3& DQG 3& )LJ

3

3

)LJXUH 3ULQFLSDO &RPSRQHQW $QDO\VLV ZLWK 3& DQG 3& YDOXH HWHS 0DGUDV

HNL MX 1DPS HR J 1 .DOL &XOXN 0HUDK 63 R GRZRVR

, SDJR ,3 RJR1LWL 0D VXU 0HUDK:D JL 06 3H GHN H MDK

1JD MXN 6XSHU 0D JJLV .URSDN 6HUHK :DUH 3DUH -DNHWUD 3DUH

&DRN XOX 3XWLK 3D GD 8 JX 5RWL PDV , SDJR .HWD +LWDP

.HWD .HX HXS H MDK DWX 6L 5H GHW .HWD H MDU &HPSR 6DODPHW

&HPSR HORXOXN 0DPDV &HPSR :XOXW +DZDUD DWX .HUR

.HWD 1D JND 3XOXW +LWDP +RL J RWHO 3XOXW 5LJRWL .HWD 3XWUL

HN 6LEX GR J DWD J 3DLPD R GR XGR &LJHXOLV &LODPD D

0X FXO &LOLZX J &LVD WD D &LVRND

7KH SORWV ZLWK KLJK YDOXH ORDGLQJ ZHUH SUHVHQWHG RQ WKH ULJKW QDPHO\ 0DPDV

0D VXU 0HUDK :D JL 0HUDK 63 6HUHK , SDJR ,3 HN 6LEX GR J DQG .DOL &XOXN
0HDQZKLOH SORWV ZLWK ORZ SRVLWLYH ORDGLQJ ZHUH SUHVHQWHG RQ WKH OHIW QDPHO\ &LODPD D

0X FXO .HWD 1D JNDP , SDJR PDV 3D GD 8 JX DQG +DZDUD DWX 7KH DJUR
PRUSKRORJLFDO FOXVWHULQJ EDVHG RQ :DUG V +LHUDUFKLFDO &OXVWHU LV VKRZQ LQ )LJ

7ZR ODUJHU JURXSV ZHUH FRQVWUXFWHG FRQWDLQLQJ WZR VXE FOXVWHUV WDJJHG DV ,$ ,%
,,$ DQG ,,% 7ZR VXE FOXVWHUV RI ,% ZHUH FUHDWHG XVLQJ ODFN 0DGUDV DQG HNL MX

YDULHWLHV ZKLOH 1DPS HR J DQG 1 YDULHWLHV ZHUH XVHG DV FRQWUROV +RZHYHU 3D GD

8 JX DQG PDV ZHUH YHU\ FORVHG WR ODFN 0DGUDV $W WKH VDPH WLPH &LVRND ZDV YHU\
FORVHG WR HNL MX DV -DSR LFD VXEVSHFLHV FRQWURO 7KH RWKHU VXE FOXVWHU L H ,,$ ZDV

DOVR GLYLGHG LQWR WZR VPDOOHU VXE FOXVWHUV &HPSR HORXOXN YDULHW\ ZDV YHU\ FORVHG WR
HWHS DV D YDULHW\ FRQWURO DQG RWKHU YDULHWLHV VXFK DV R GRZRVR .HWD .HX HXS

.HWD 3XWUL 6XSHU 0D JJLV DQG .HWD H MDU )XUWKHUPRUH WKH ,$ DQG ,,% VXE FOXVWHUV

RQO\ FRQWDLQ RQH VPDOOHU VXE FOXVWHU
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)LJXUH 7KH DFFHVVLRQV JURXSLQJ EDVHG RQ WKH DJUR PRUSKRORJLFDO FKDUDFWHUV ZLWK :DUG V

KLHUDUFKLFDO FOXVWHULQJ
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7KH 665 PDUNHUV DQG JHQHWLF GLYHUVLW DQDO VLV
7KH PDUNHUV XVHG LQ WKH DFFHVVLRQV PRVWO\ VKRZHG SRO\PRUSKLF

FKDUDFWHULVWLFV 7KH WRWDO DPSOLILHG IUDJPHQWV DOOHOHV ZDV RI SULPHUV ZLWK D
PHDQ RI DOOHOHV IRU HDFK ORFXV 7KH GHWDLOHG LQIRUPDWLRQ LV SUHVHQWHG LQ 7DEOH

DUH PDUNHGO\ KLJKHU WKDQ WKH YDOXHV REWDLQHG LQ WKLV VWXG\
*HQHWLF GLYHUVLW\ GHSHQGV RQ WKH JHQH UHFRPELQDWLRQ PXWDWLRQ DQG VHOHFWLRQ GXH

WR FDSDEOH RI FUHDWLQJ QHZ YDULHWLHV )XUWKHUPRUH JHQHWLF GLYHUVLW\ LV H[SORUHG WR
LGHQWLI\ WKH SRWHQWLDO JHQHV WKDW FDQ EH XVHG WR UHSDLU JHUPSODVP $OOKJKROLSRXU HW DO

(YHU\ FURS LPSURYHPHQW SURJUDP LV WKH SULPDU\ VRXUFH RI YDULDELOLW\ ZKLFK DFWV

DV D UHVHUYRLU IRU LGHQWLI\LQJ VXSHULRU DOOHOHV FRQWUROOLQJ WKH DJURQRPLF DQG TXDOLWDWLYH
NH\ SDUDPHWHUV E\ PDSSLQJ WKH DOOHOH PLQLQJ DVVRFLDWLRQV 1DFKLPXWKX HW DO
7KH FOXVWHU DQDO\VLV UHVXOWV RI ILIW\ JHQRW\SHV EDVHG RQ -DFFDUG V &RHIILFLHQW

VXFFHVVIXOO\ FODVVLILHG WKH JHQRW\SHV LQWR WZR PDLQ FOXVWHUV ,Q FRQWUDVW WKH JHQHWLF
VLPLODULW\ DPRQJ WKH JHQRW\SHV ZDV ± *URXS , FRQVLVWHG RI JHQRW\SHV

ZKLOH *URXS ,, FRQVLVWHG RI ZLWK WZR VXE FOXVWHUV ,,$ DQG ,,% *URXS ,,$ FRQVLVWHG
RI $ JHQRW\SHV DQG % JHQRW\SHV ,Q DGGLWLRQ *URXS ,,% FRQVLVWHG RI
& JHQRW\SHV ' JHQRW\SHV DQG ( JHQRW\SHV 7KH GHWDLOHG 83*0$

GHQGURJUDP ZLWK WKH JHQHWLF UHODWLRQVKLS DPRQJ DFFHVVLRQV LV SUHVHQWHG LQ )LJ
)LYH FRQWURO YDULHWLHV QDPHO\ HWHS HNL MX 1DPS HR J ODFN 0DGUDV DQG 1

ZHUH GLVWULEXWHG LQ JURXS ,, 7KH 1 DQG HNL MX YDULHWLHV ZHUH FORVHG WR R GRZRVR

7KH 3L YDOXH VKRZHG WKH
DYHUDJH IUHTXHQF\ RI DOOHOHV LQ HDFK
ORFXV DW ± 7KHUHIRUH 3,&

FDQ LQGLFDWH WKH SRO\PRUSKLVP
YDOXH RI D PROHFXODU PDUNHU 7KH

KLJKHVW YDOXH RI ZDV IRXQG LQ
50 IROORZHG E\ 50 ZLWK

DQG 50 ZLWK

7KHUHIRUH 50 ORFDWHG RQ WKH
FKURPRVRPH LV FRQVLGHUHG DV WKH

EHVW PDUNHU GXH WR KLJK OHYHO RI
SRO\PRUSKLVP FRPSDUHG WR RWKHUV
+RZHYHU WKH ORZHVW 3,& YDOXH RI

ZDV REVHUYHG LQ 50
ORFDWHG LQ WKH FKURPRVRPH 7KLV

OHYHO ZDV GHWHUPLQHG XVLQJ D PHDQ
YDOXH RI ZKHUHDV D YDOXH RI

VKRZHG KLJK SRO\PRUSKLVP

DQG D YDOXH RI VKRZHG ORZ
SRO\PRUSKLVP 2WKHU VWXGLHV DOVR
REWDLQHG VLPLODU UHVXOWV DW ±
ZLWK DQ DYHUDJH RI %URQGDQL
HW DO RU YDULHG DPRQJ ±

ZLWK DQ DYHUDJH RI 5R\
HW DO DQG DPRQJ ±
ZLWK DQ DYHUDJH RI -DVLP
$OMXPDLOL HW DO 7KHVH YDOXHV

7DEOH 6XPPDU\ RI 665 DQDO\VLV

1R 0DUNHU

$PSOLILHG

)UDJPHQW
DOOHOHV

3L

IUHTXHQF\
DOOHOHV

3,&

SRO\PRUSKLF
LQIRUPDWLRQ

FRQWHQW

50
50

50

50

50
50

50
50
50

50

50
50

50
50

50

50
50

50

50
50

50
50
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0HUDK 63 0HUDK:D JL DQG06 3H GHN 2WKHU YDULHWLHV LQFOXGLQJ ODFN 0DGUDV HWHS

DQG1DPS HR J ZHUH FORVHG WR XOX 3XWLK DQG 3DUH &DRN 7KH PHWKRG GLYLGHG WKHP LQWR
VL[ JHQHWLF FOXVWHUV FRQILUPHG WR FRUUHVSRQG ZLWK WKH -DSR LFD DQG , GLFD VXEVSHFLHV

)LJXUH 7KH JHQRW\SHV JURXSLQJ EDVHG RQ WKH 665 PDUNHUV ZLWK 83*0$ PHWKRG

6LPLODULW
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7KHUHIRUH LW FDQ EH GHGXFHG WKDW WKH 3ULQFLSDO &RRUGLQDWH $QDO\VLV )LJ

LQGLFDWHV WKH VHSDUDWHG ILIW\ DFFHVVLRQV EDVHG RQ WKHLU JHQHWLF UHODWLRQVKLS ZLWK WKH
PDMRULW\ JURXS FORVHG WR WKH , GLFD VXEVSHFLHV UDWKHU WKDQ WKH -DSR LFD VXEVSHFLHV

R
R
UG
LQ
D
WH

RRUGLQDWH

)LJXUH 3ULQFLSDO &RRUGLQDWH $QDO\VLV HWHS 0DGUDV HNL MX 1DPS HR J

1 .DOL &XOXN 0HUDK 63 R GRZRVR , SDJR ,3 RJR1LWL

0D VXU 0HUDK :D JL 06 3H GHN H MDK 1JD MXN 6XSHU 0D JJLV

.URSDN 6HUHK :DUH 3DUH -DNHWUD 3DUH &DRN XOX 3XWLK

3D GD 8 JX 5RWL PDV , SDJR .HWD +LWDP .HWD .HX HXS

H MDK DWX 6L 5H GHW .HWD H MDU &HPSR 6DODPHW &HPSR HORXOXN

0DPDV &HPSR :XOXW +DZDUD DWX .HUR .HWD 1D JND 3XOXW

+LWDP +RL J RWHO 3XOXW 5LJRWL .HWD 3XWUL HN 6LEX GR J

DWD J 3DLPD R GR XGR &LJHXOLV &LODPD D 0X FXO &LOLZX J

&LVD WD D &LVRND

&21&/86,216

7KH WKLUWHHQ DJURQRPLF WUDLW YDULDELOLWLHV VKRZHG WKH GLIIHUHQWLDWLRQ DPRQJ WKH

DFFHVVLRQV ZKLOH SKHQRW\SLF WUDLWV IRXQG ZHUH JURXSHG LQWR VL[ FOXVWHUV 7KH JHQRW\SLQJ
FKDUDFWHUL]DWLRQ ZDV FRQGXFWHG XVLQJ 665 6LPSOH 6HTXHQFH 5HSHDWV PDUNHUV

PLFURVDWHOOLWHV FRQWLQXHG ZLWK WKH JHQHWLF GLYHUVLW\ DQG 3RO\PRUSKLVP ,QIRUPDWLRQ
&RQWHQW 3,& DQDO\VHV 7KH DJUR PRUSKRORJLFDO FOXVWHULQJ EDVHG RQ :DUG V
+LHUDUFKLFDO FRQVWUXFWHG VL[ VXEFOXVWHUV ZLWK WKH 3& DQG 3& REWDLQHG RI WKH
WRWDO SHUFHQWDJH
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$&.12:/('*0(176 $XWKRUV ZRXOG OLNH WR WKDQN WKH ,VODPLF 'HYHORSPHQW %DQN ,'%

3URMHFW DQG &HQWHU IRU 'HYHORSPHQW RI $GYDQFHG 6FLHQFHV &'$67 8QLYHUVLW\ RI -HPEHU
,QGRQHVLD IRU IXQGLQJ WKLV SURMHFW

5()(5(1&(6

$JUDPD + $ <DQ : -LD 0 )MHOOVWURP 5 0F&OXQJ $ 0 *HQHWLF VWUXFWXUH

DVVRFLDWHG ZLWK GLYHUVLW\ DQG JHRJUDSKLF GLVWULEXWLRQ LQ WKH 86'$ ULFH ZRUOG FROOHFWLRQ

1DWXUDO 6FLH FH

$OOKJKROLSRXU 0 )DUVKGIDU ( 5DELHL % 0ROHFXODU FKDUDFWHUL]DWLRQ DQG JHQHWLF GLYHUVLW\
DQDO\VLV RI GLIIHUHQW ULFH FXOWLYDUV E\ PLFURVDWHOOLWH PDUNHUV H HWLND ±

%DUU\ 0 % 3KDP - / 1R\HU - / &RXUWRLV % %LOORW & $KPDGL 1 ,PSOLFDWLRQV

IRU LQ VLWX JHQHWLF UHVRXUFH FRQVHUYDWLRQ IURP WKH HFRJHRJUDSKLFDO GLVWULEXWLRQ RI ULFH

JHQHWLF GLYHUVLW\ LQ 0DULWLPH *XLQHD 3OD W H HWLF 5HVRXUFHV ±
%URQGDQL & &DOGHLUD . ' 6 %RUED 7 & 2 *HQHWLF YDULDELOLW\ DQDO\VLV RI HOLWH XSODQG

ULFH JHQRW\SHV ZLWK 665 PDUNHUV &URS UHHGL J D G SSOLHG LRWHFK RORJ ±
&DLFHGR $ / :LOOLDPVRQ 6 + +HUQDQGH] 5 ' %R\NR $ )OHGHO $ORQ $ <RUN 7 /

3RODWR 1 5 2OVHQ . 0 1LHOVHQ 5 0F&RXFK 6 5 %XVWDPDQWH & '

3XUXJJDQDQ 0 ' *HQRPH ZLGH SDWWHUQV RI QXFOHRWLGH SRO\PRUSKLVP LQ
GRPHVWLFDWHG ULFH 3/R6 H HW ± GRL MRXUQDO SJHQ

&KDNUDYDUWKL % . 1DUDYDQHQL 5 665 PDUNHU EDVHG '1$ ILQJHUSULQWLQJ DQG GLYHUVLW\

VWXG\ LQ ULFH 2U\]D VDWLYD / IULFD -RXU DO RI LRWHFK RORJ ±
*DUULV $ - 7DL 7 + &REXUQ - .UHVRYLFK 6 0F&RXFK 6 *HQHWLF VWUXFWXUH DQG

GLYHUVLW\ LQ 2U\]D VDWLYD / H HWLFV ±

*KQHLP + 7 3RVVR ' ' 3pUH] $ , 7RUUHDOED 1 * 3LHWHUV $ - 0DUWLQH] & 3
7RKPH - 0 $VVHVVPHQW RI JHQHWLF GLYHUVLW\ LQ 9HQH]XHODQ ULFH FXOWLYDUV XVLQJ

VLPSOH VHTXHQFH UHSHDWV PDUNHUV (OHFWUR LF -RXU DO RI LRWHFK RORJ ±

+XDQJ 0 ;LH ) 0 &KHQ / < =KDR ; 4 -RMHH / 0DGRQQD ' &RPSDUDWLYH
DQDO\VLV RI JHQHWLF GLYHUVLW\ DQG VWUXFWXUH LQ ULFH XVLQJ ,/3 DQG 665 PDUNHUV 5LFH 6FLH FH

±
+RND]RQR 6 +D\DVKL . 6DWR 0 3RWHQWLDOLWLHV RI RUJDQLF DQG VXVWDLQDEOH ULFH

SURGXFWLRQ LQ -DSDQ IURP D OLIH F\FOH SHUVSHFWLYH JUR RP 5HVHDUFK , ±

-DVLP $ 6 5DILL 0 < /DWLI 0 $ 6DNLPLQ 6 = $UROX , : 0LDK * *HQHWLF
GLYHUVLW\ RI DURPDWLF ULFH JHUPSODVP UHYHDOHG E\ 665 PDUNHUV LR0HG UHVHDUFK

L WHU DWLR DO

.DULPDK $ = 6LVZR\R 7 6 .LP . 0 8EDLGLOODK 0 *HQHWLF 'LYHUVLW\ RI 5LFH

*HUPSODVP 2U\]D 6DWLYD / RI -DYD ,VODQG ,QGRQHVLD -RXU DO RI &URS 6FLH FH D G

LRWHFK RORJ ± KWWSV GRL RUJ V

/LX . 0XVH 6 9 3RZHU0DUNHU DQ LQWHJUDWHG DQDO\VLV HQYLURQPHQW IRU JHQHWLF PDUNHU
DQDO\VLV LRL IRUPDWLFV ±

0F&RXFK 6 5 7H\WHOPDQ / ;X < 'HYHORSPHQW DQG PDSSLQJ RI QHZ 665

PDUNHUV IRU ULFH 2U\]D VDWLYD / '1 UHVHDUFK ±

1DFKLPXWKX 9 9 0XWKXUDMDQ 5 'XUDLDODJXUDMD 6 $QDO\VLV RI SRSXODWLRQ VWUXFWXUH
DQG JHQHWLF GLYHUVLW\ LQ ULFH JHUPSODVP XVLQJ 665 PDUNHUV DQ LQLWLDWLYH WRZDUGV

DVVRFLDWLRQ PDSSLQJ RI DJURQRPLF WUDLWV LQ 2U\]D VDWLYD / 5LFH ±
1L - &RORZLW 3 0 0DFNLOO ' - (YDOXDWLRQ RI JHQHWLF GLYHUVLW\ LQ ULFH VXEVSHFLHV

XVLQJ PLFURVDWHOOLWH PDUNHUV &URS 6FLH FH ±

3DFKDXUL 9 7DQHMD 1 9LNUDP 3 6LQJK 1 . 6LQJK 6 0ROHFXODU DQG

PRUSKRORJLFDO FKDUDFWHUL]DWLRQ RI ,QGLDQ IDUPHUV ULFH YDULHWLHV 2U\]D VDWLYD / XVWUDOLD

-RXU DO RI &URS 6FLH FH ±
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3DQGH\ 6 . 'DV $ 5DL 3 'DVJXSWD 7 0RUSKRORJLFDO DQG JHQHWLF GLYHUVLW\
DVVHVVPHQW RI VHVDPH 6HVDPXP LQGLFXP / DFFHVVLRQV GLIIHULQJ LQ RULJLQ 3K VLRORJ D G

PROHFXODU ELRORJ RI SOD WV ±

3DUN - 5 .LP ( * -DQJ < + -DQ 5 )DURRT 0 8EDLGLOODK 0 .LP . 0
$SSOLFDWLRQV RI &5,635 &DV DV 1HZ 6WUDWHJLHV IRU 6KRUW %UHHGLQJ WR 'URXJKW *HQH LQ
5LFH )UR W 3OD W 6FL )HE GRL ISOV

3U\VLD]KQLXN / +RQFKDURY < &KHUQLL 6 +U\QLY 6 0HOQ\N 6 7KH XVH RI '1$
PDUNHUV IRU WKH HYDOXDWLRQ RI PDL]H OLQHV DQG K\EULGV EDVHG RQ F\WRSODVPLF PDOH VWHULOLW\

JUR RP 5HVHDUFK 6SHFLDO ,VVXH ±

5R\ 6 0DUQGL % & 0DZNKOLHQJ % %DQHUMHH $ <DGDY 5 0 0LVUD $ . %DQVDO . &

*HQHWLF GLYHUVLW\ DQG VWUXFWXUH LQ KLOO ULFH 2U\]D VDWLYD / ODQGUDFHV IURP WKH 1RUWK±
(DVWHUQ +LPDOD\DV RI ,QGLD 0& JH HWLFV ±

6DEX . . $EGXOODK 0 = /LP / 6 :LFNQHVZDUL 5 $QDO\VLV RI +HULWDELOLW\ DQG

*HQHWLF 9DULDELOLW\ RI $JURQRPLFDOO\ ,PSRUWDQW 7UDLWV LQ 2U\]D 6DWLYD [ 2 5XILSRJRQ

&URVV JUR RP 5HVHDUFK ±
6DMLE $ 0 +RVVDLQ 0 0RVQD] $ 7 0 - +RVVDLQ + ,VODP 0 $OL 0 3URGKDQ 6 +

665 PDUNHU EDVHG PROHFXODU FKDUDFWHUL]DWLRQ DQG JHQHWLF GLYHUVLW\ DQDO\VLV
RI DURPDWLF ODQGUHFHV RI ULFH 2U\]D VDWLYD / -RXU DO RI LR6FLH FH LRWHFK RORJ

±

6KDQLQD ( 3 /LNKRGH\HYVN\ * $ (YDOXDWLRQ RI LQWHUVSHFLILF SRWDWR EUHHGLQJ PDWHULDO
ZLWK D FRPSOH[ RI JHQHV RI LPPXQLW\ WR SRWDWR YLUXV \ XVLQJ PROHFXODU PDUNHUV JUR RP

5HVHDUFK ±
6LQJK 1 'HEMDQL 5 & 7LZDUL * 6LQJK $. 6XQGHHS . 6ULQLYDVDQ . 7\DJL 5 .

6KDUPD $' 6LQJK 1 . 6LQJK 5 *HQHWLF GLYHUVLW\ WUHQG LQ ,QGLDQ ULFH YDULHWLHV

$Q DQDO\VLV XVLQJ 665 PDUNHUV 0& H HWLFV ± V
Šķipars, V., Ruņģis, D., Ločmele, , 6HLOH S., Mežaka, I. & Legzdiņa, / (YDOXDWLRQ RI

0RUSKRORJLFDO 7UDLWV *HQHWLF 'LYHUVLW\ DQG 0DMRU 5HVLVWDQFH *HQHV LQ %DUOH\

6XESRSXODWLRQV &XOWLYDWHG XQGHU 2UJDQLF DQG &RQYHQWLRQDO )DUPLQJ 6\VWHPV JUR RP

5HVHDUFK ±

7KRPVRQ 0 - 3RODWR 1 5 3UDVHWL\RQR - 7ULMDWPLNR . 5 6LOLWRQJD 7 6 0F&RXFK 6 5
*HQHWLF 'LYHUVLW\ RI ,VRODWHG 3RSXODWLRQV RI ,QGRQHVLDQ /DQGUDFHV RI 5LFH 2U\]D

6DWLYD / &ROOHFWHG LQ (DVW .DOLPDQWDQ RQ 7KH ,VODQG RI %RUQHR 5LFH ±

7KRPVRQ 0 - 6HSWLQLQJVLK ( 0 6XZDUGMR ) 6DQWRVR 7 - 6LOLWRQJD 7 6
0F&RXFK 6 5 *HQHWLF GLYHUVLW\ DQDO\VLV RI WUDGLWLRQDO DQG LPSURYHG ,QGRQHVLDQ ULFH
2U\]D VDWLYD / JHUPSODVP XVLQJ PLFURVDWHOOLWH PDUNHUV KHRUHWLFDO D G SSOLHG

H HWLFV ±
9DUVKQH\ 5 . 7KLHO 7 6UHWHQRYLF 5DMLFLF 7 %DXP 0 9DONRXQ - *XR 3 *UDQGR 6

&HFFDUHOOL 6 *UDQHU $ ,GHQWLILFDWLRQ DQG YDOLGDWLRQ RI D FRUH VHW RI LQIRUPDWLYH
JHQLF 665 DQG 613 PDUNHUV IRU DVVD\LQJ IXQFWLRQDO GLYHUVLW\ LQ EDUOH\ 0ROHFXODU UHHGL J

±
9DXJKDQ ' $ /X % 5 7RPRRND 1 7KH HYROYLQJ VWRU\ RI ULFH HYROXWLRQ 3OD W

VFLH FH ±

<DGDY 6 6LQJK $ 6LQJK 0 5 *RHO 1 9LQRG . . 0RKDSDWUD 7 6LQJK $ .

$VVHVVPHQW RI JHQHWLF GLYHUVLW\ LQ ,QGLDQ ULFH JHUPSODVP 2U\]D VDWLYD / XVH RI UDQGRP
YHUVXV WUDLW OLQNHG PLFURVDWHOOLWH PDUNHUV -RXU DO RI JH HWLFV ±

=DLGL 0 $ 1DUD\DQDQ 0 6DUGDQD 5 7DJD , 3RVWHO 6 -RKQV 5 0F1XOW\ 0
0RWWLDU < 0DR - /RLW ( $OWRVDDU , 2SWLPL]LQJ WLVVXH FXOWXUH PHGLD IRU

HIILFLHQW WUDQVIRUPDWLRQ RI GLIIHUHQW LQGLFD ULFH JHQRW\SHV JUR RP 5HVHDUFK ±
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