o =
== JAMES COOK

~~ UNIVERSITY

AUSTRALIA

1" # 3% &

() s

( ( (

12+ + +



mailto:researchonline@jcu.edu.au?subject=ResearchOnline%20Thesis%20Incident%20

(SLGHPLRORJ\ DQG &OLQLFDO UHVI-
6HDIRRG $OOHUJ\ LQ WKH $YLD 3I

7TKHVLV VXEPLWWHG E\

/KL .LHX 7KX /(

0 6F )RRG 6WXGLHV

% (QJ )RRG 7THFKQRORJ\

JRU WKH GHJUHH RI 'RFWRU RI 3KLORVRSK\
LQ WKH &&ROOHJH RI 3XEOLF +HDOWK OHGLHDO DQC

-DPHV &RRN 8QLYHUVLW\

6HSWHPEHU



6WDWHPHQW RI 6RXUFH\

67$7(0(17 2) 6285&(6
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, GHFODUH WKDW WKLV WKHVLV LV P\ RZQ ZRUN DQG KDV QRW
DOQRWKHU GHJUHH RU GLSORPD DW DQ\ XQLYHUVLW\ RU RWKH!
,QIRUPDWLRQ GHULYHG IURP WKH SXEOLVKHG RU XQSXEOLVE
DFNQRZOHGJHG LQ WKH WH[W DQG D OLVW RI UHIHUHQFHV JLY

7KL .LHX 7KX /H

6HSWHPEHU




'HFODUDWLRQ RI (WKLF

'(&1$5%$7,21 2) (7+,&6

7KH UHVHDUFK SUHVHQWHG DQG UHSRUWHG LQ WKLV WKHVLV :
WKH 1DWLRQDO 6WDWHPHQW RQ (WKLFDO &RQGXFW LQ +XPDQ ¢
DQG REWDLQHG WKH DSSURYDO IURP WKH -DPHV &RRN 8QLYHL
&RPPLWWHH +5(&

(WKLFV $SSURYDOV

+ SBUHOLPLQDUN LOQYHVWLJDWLRQ RI IRRG DOOHUJ\ SUHYDOI
+ 6HDIRRG DOOHUJ\ FOLQLFDO SUHVHQWDWLRQV DQG LPP>
+ $OOHUJ\ WR VHDIRRG LQ 9LHWQDP

7KL .LHX 7KX /H

6HSWHPEHU
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$FNQRZOHGJHPHQWYV

$&.12:/('*(0(176

)LUVW DQG XWWHUPRVW , ZRXOG OLNH WR WKDQN DOO WKH S
DQG $XVWUDOLD :LWKRXW WKHP WKLV VWXG\ KDV QRW UHFHL

, ZRXOG OLNH WRGWRYQXNUWIRVWJIUDGXDWH 6FORMDUW/ELBQS$Z D
*RYHUQPHQW IRU JLYLQJ PH WKH RSSRUWXQLW\ WR FRQWLQXH

, HISUHVV P\ GHHSHVW JUDWLWMYBH$\Q@B PN VX SRS I WADRNLY

'U )LRQD %DQ3W®| (PPD OF%IWRGHWOO WKH JXLGDQFH DFDGHPLF
FRQVWUXFWLRQ FULWLTXH GXULQJ P\ HQWLUH SURMHFW , DP
ZLWK $QGUHDV LQ DQG KDYH KLV DGYLFH DQG FRQVXOWD
$XVWUDOLD , ZRXOG OLNH WR WKDQN $QGUHDV IRU EHLQJ RQF
6FKRODUVKLSY DSSOLFDWLRQ DQG IRU DFFHSWLQJ PH D 3K
VSRQVRULQJ PRVW RI P\ 3K' UHVHDUFK DFWLYLWLHV

, ZRXOG OLNH WR WKDQN DOO RI P\ FROOHDJXHV DW WKH OROH
0$5/ 'U 6DQGLS .DPDWK 'U (OHFLD -RKQVWRQ 'U 6KUXWL 6D
1XJUDKD 'U 6RFRUUR OLUDQGD +HUQDQGH] 'U 6ZDWG ,\HU 0U
KLV ZLIHWPOU 6KD\PDYLVZDQDWKDQ .DUQDQHHGL OU .XQDO
&DUROLQH &DQGHEDW OU OLFKDHO 6KBQDGDRQMY 0M@QEH -DFR
KHOSLQJ PH GXULQJ WKH HQWLUH FRXUVH RI P\ 3K' , ZRX0OG O
6DQGLS ZKR KDV EHHQ KHOSLQJ PH ZLWK P\ SURMHFW IURP V
YHU\ ODVW PLQXWHV RI WKHVLVY HGLWLQJ , ZRXOG KRSH WR K
\RX LQ WKH IXWXUH

$ ITULHQG LQ QHHG LV D IULHQG LQGHHG , DP OXFN\ WR KDYH
ZRQGHUIXO FROOHDJXH ,W ZDV VR KDQG\ WR KDYH VRPHRQH S
DOzZD\V UHDG\ WR OLVWHQ DQG RIIHU KHOS 7KDQN .XQDO IRU
GRZQV GXULQJ P\ VWXGHQW OLIH DW -&8

JURP 9LHWQDP , ZRXOG OLNH WR WKDQN P\ FRO®DHDEXHV DW 1
/IDP $Q 'U 1JX\HQ OLQK ;XDQ +RQJ OWQIR 7TKX\HQIBRQJ
'X\ IRU DOO WKH VXSSRUWV DQG WKHLU FRQWULEXWLRQ LQ RL

LLL



$FNQRZOHGJHPHQWYV

VXUYH\V RQ IRRG DOOHUJ\ LQVOZHI/Q DK L 0% LBWHAK®EV 7 UD QJ
8QLYHUVDW\+RQAKL 0\ + OPRMQWKH 8QLYHUVLW\ RI )RRG ,QGXVWU\
ZLWK WKH VXUYH\ ORJLVWLEV , DO\BKZO QR PWVROW KD KM WYX XSREW
ZKHQ , FRQGXFWHG WKH VXUYH\ LQ FKLOGUHQ LQ +XH &LW\

, DP WKBQRIXQDQH &DIFRSEWOOGLQJ KHU WLPH I0O\LQJ IURP 6\GQH
DQG KHOSLQJ PH ZLWK WKH VWXG\ UHFUXLWPHQW LQ 1RYHPEF
\RX WRBURI $QWKRQ\D/H®W.FHIQML 'RRD RIIHULQJ WKH KHOS LQ
FROOHFWLRQ LQ D YHU\ VKRUW QRWLFH , ZRXDGO®MIONH WR V
:DOODIRW KHOSLQJ ZLWK EORRG FROOHFWLRQ LQ WKH VHFRQG

, ZRXOG OLNH W\R @ KRRGIZDQIE/ +HOHQ *ULRLLW/HKWLU DVVLVWDQ
RQ P\ HWKLFV DSSOLADWHEDRWVD WEROHDQD 0HQ®IE] DOO
WKH &RKRUW VFKRODUV IRU DOO WKH VXSSRUWYV DQG JUHDW V

JRU WKH VHDIRRG DOOHUJ\ VWXG\ LQ 9LHWQDP 'U 2K0G OLNH
9DQ .KDRU D IUXLWIXO FROODERUDWLRQ IRU WKH ILUVW WLPH
RQ VHDIRRG DOOHWBKXVSKAGCGPQHEX 3KDP 7KL +DL <HQ 'U 1JX\HQ
OLQK 1JIJXYRW WKHLU FRQWULEXWLRQV LQ SDWLHQW UHFUXLWP
9LHWQDP

, ZRXOG OLNH WR WKDQN DOO ®RRFRMH HOREQDWHWL UURPRPSW
VXSSRUWYV VLQFH , FRPPHQFHG P\ VFKRODUVKLS XQWLO WKH H

)LQDOO\ , ZDQW WR WKDQN P\ IDPLO\ DQG IULHQGV , ZDV IRUW
IXO0 VXSSRUW |URFUPAXKXY ELQE +XDQYRQDQG P\ GDXJKWHU

%RQQGEKULQJ P\ MRXUQH\ KHUH LQ $XVWUDOLD $OVR WKH HQC
OUV 'RDQ 7KLIBDQEHLQJ ZLWK PH DQG KHOSLQJ PH WDNLQJ FD!
FULWLEDO SHULRGV RI P\ 3K' PLOHVWRQHY , ZRXOG OLNH WR
IRU FRQWLQXLQJO\ VXSSRUW PH DQG P\ IDPLO\ RYHU WKH ODV'

LY



6WDWHPHQW RI &RQWULEX

67$7(0(17 2) 7+( &2175,%87,21 2)
27+ (56

1IDWXUH RI $VVLVWDQFH &RQWULEXWLRQ 1DPHV DQ

,QWHOOHFWXDO 3XBMREW SODQ DBURI $QGUHDYV /RSDWD
GHYHORSPHQW -DPHV &RRN 8QLYHUVLW\
X 'U $\D 7DNL -DPHV &RRN
8QLYHUVLW\
X 'U6DQGLS .DPDWK -DPHV
&RRN 8QLYHUVLW\
X 'U %XL 9DQ .KDQK %DFK
ODL +RVSLWDO O9LHWQDP
x 3URI 'LDQQH &DPSEHOO
8QLYHUVLW\ RI 6\GQH\

(GLWRULDO DV¥LYWO@HHGUHDV /RSDWD

-DPHV &RRN 8QLYHUVLW\

x 'U $\D 7DNL -DPHV &RRN
8QLYHUVLW\

x 'U6DQGLS .DPDWK -DPHV
&RRN 8QLYHUVLW\

x 3URI (PPD OF%U\GH
-DPHV &RRN 8QLYHUVLW\

(WKLFV DGYLVRU'U /\QQ :RRGZDUG -DPHV
&RRN 8QLYHUVLW\

6WDWLVWLFDOxDQORNYPYD 0OF%U\GH
DGYLVRU -DPHV &RRN 8QLYHUVLW\




6WDWHPHQW RI &RQWULEX

JLQDQFLDO VXSSRHWWDUFK Xx 1+05& JUDQW DZDUGHG WR
B3URI $QGUHDV /RSDWD

X +'5 (QKDQFHPHQW
6FKHPH &ROOHJH RI 3XEOLF
+HDOWK OHGLFDO DQG
9HWHULQDU\ 6ELHQFEHYV

6WLSHQG X (QGHDYRXU 3RVWJUDGXDWH
6FKRODUVKLSV

&RQIHUHQFH WWUDYSH QQKDQFHPHQW
6FKHPH &ROOHJH RI 3XEOLF
+HDOWK OHGLFDO DQG
9HWHULQDU\ 6FLHQFHYV
X $3%%3%5, $3$%&, 7UDYHO
*UDQW

7TKHVLV ZULWLQJ'REWRUDO &RPSOHWLRQ *UDC

VXSSRUW &ROOHJH Rl 3XEOLF +HDOWK
OHGLFDO DQG 9HWHULQDU\
6FLHQFHYV

SXEOLFDWLRQ ¥ XSSRQWDQFHPHQW
6FKHPH &ROOHJH RI 3XEOLF
+HDOWK OHGLFDO DQG
OHWHULQDU\ 6FLHQFHV

'‘DWD &ROOHFWLBRSXODWLRQ BEXDVH®X 7KL /DP $Q 1RQJ
VXUYH\V /IDP 8QLYHUVLW\ 9LHWQDP

YL



6WDWHPHQW RI &RQWULEX

X OU 1JX\HQ +RQJ 'X\
LQGHUJDUWHQ WKDQJ
7LHQ *LDQJ 9LHWQDP

+XPDQ EORRG D SORI $QWKRQ\ /HLFKW
FROOHFWLRQ -DPHV &RRN 8QLYHUVLW\
x 'U.HQML 'RPD -DPHV
&RRN 8QLYHUVLW\
Xx OV 'DUOHQH :DOODFH
-DPHV &RRN 8QLYHUVLW\
x 'U %XL 9DQ .KDQK %DFK
ODL +RVSLWDO 9LHWQDP

,QWHUYLHZ SDYWLFRISDQOWYH &DPSEHOO
8QLYHUVLW\ RI 6\GQH\

x 'U %XL 9DQ .KDQK %DFK

ODL +RVSLWDO 9LHWQDP

SHUIRUPLQJ 6 NkLQU3I®WXENIDQ .KDQK %DFK
THVW ODL +RVSLWDO 9LHWQDP

7THFKQLFDO VXSSRBRWRP\RVLQ x 'U 6DQGLS .DPDWK -DPHV
UHFRPELQDQW SBRWMNIBQLYHUVLW\
x 'U (OHFLD -RKQVWRQ -DPHV
&RRN 8QLYHUVLW\
x 'USRQL 1XJUDKD -DPHV
&RRN 8QLYHUVLW\

JLVK DQG YHUWHBUDWHMER 5XHWKHUV -DPHV
SURWHLQ H[WUDRBRWRN 8QLYHUVLW\

YLL



6WDWHPHQW RI &RQWULEX

ODVV 6SHFWURY HIR 8QLYHUVLW\ RI
OHOERXUQH

,PPXQR&$3 WHY¥W6XOOLYDQ 1LFRODLGHYV
SDWKRORJ\ %ULVEDQH

YLLL



3XEOLFDWLRQV

38%/,8&$7,216 $5,6,1* Y520 7+(6,6

SXEOLVKHG

7TKX 7 . /HX\ + 1JIJX\HQ $Q 7/ 9X 7KLPR 5XHWKHUV $\D &
$QGUHDV / /IRSDWD $ FURVV VHFWLRQDO SRSXODWLRQ EDYV
IRRG DOOHUJLHYV DPRQJ FKLOGUHQ LQ WZR GLIIHUHQW VRF
SDHGLDWULF $OOHUJ\ DQG ,PPXQRORJ\ 0D\

SDL

7KX 7 . THKX\ 7 % 7UDQ +XRQJ7 0 +R $Q 7 / 9X DQG $QG

3UHYDOHQFH RI IRRG DOOHUJ\ LQ 9LHWQDP FRPSDULVRQ R

SDSHU EDVHG VXUYH\ :RUOG $OOHUJ\ 2UJDQL]DWLRQ -RXUQTE
‘2, Vv

7KLPR 5XHWKHUV $\D & 7DNL (OHFLD "KXRKQNFDRMDBERQL 1X
.DOLF 7KRPDV 5 OF/HDQ 6DQGLS ' .DPDWK $QGUHDYV / /RSEL
DOOHUJ\ $ FRPSUHKHQVLYH UHYLHZ RI ILVK DQG VKHOO
,PPXQRORJ\

QO 5HYLVLRQ

7TKX 7 . /AKX\ 7 % 7UDQ +XRQJ 7 0 +R $Q 7/ 9X (PPD OF%
$QGUHDYV / /RSDWD 7KH SUHGRPLQDQFH RI VHDIRRG DOOH!I
UHVXOWYV |URP WKH ILUVW SRSXODWLRQ EDVHG TXHVWLR
2UJDQL]DWLRQ -RXUQDO 6XEPLWWHG RQ 6 XEPLVVLR

.0 BUHSDUDWLRQ

7TKX 7 . IKDQK 9 %XL <HQ 7 + 3KDQ 7KLPR 5HXWKHUV $\D

.DPDWK +LHX & &KX DQG $QGUHDV / /RSDWD &OLQLFDO ¢
, J( UHDFWLYLW\ SDWWHUQV WR ORFDO VHDIRRG VSHFLHV DP
9LHWQDP &OLQLFDO ([SHULPHQWDO $OOHUJ\

L[



3XEOLFDWLRQV

7KX 7 . /$\D & 7DNL 6DQGLS ' .DPDWK (OHFLD -RKQVWRQ
.HQML 'RPD 'DUOHQH :DOODFH 'LDQQH ( &DPSEHOO DQG $Q
,J( UHDFWLYLW\ WR FRPPRQO\ FRQVXPHG VHDIRRG SURGXFW
ZLWK VHDIRRG DOOHUJ\ &OLQLFDO ([SHULPHQWDO $0OOHUJ

7TKX 7 . /6iIDQGLS ' .DPDWK 5RQL 1XJUDKD (OHFLD -RKQVRC(
<HQ 7 + 3KDQ $\D & 7DNL +LHX & &KX DQG $QGUHDV / /R
LQYHVWLIDWLRQ RQ FUXVWDFHDQ DOOHUJHQ SURILOHV I
VXESRSXODWLRQV LQ WKH $VLD 3DFLILF &OLQLFDO DQG 7UD

$GGLWLRODO SXEOLFDWLRQV FROWULEXWHG WR GXULQJ WKI

5XHWKHUV 7KLPR 5DLWK ODULDQQH 6KDUS OLFKDHO .R

-XDQ 1XJUDKDH 5RQAXLUFH 6DQWLDJR 1JX\HQ +RQJ .DPDW

OHKU 6DP &DPSEHOO 'LDQQH %ULGJHV &KULVWRSKHU 7C

/IRSDWD $QGUHDV &KDUDFWHULVDWLRQ RI 5DV N D QRYH

PDFNHUHO DQG LGHQWLILFDWLRQ RI SDUYDOEXPLQ DV WKH

3DFLILF ILVK VSHFLHV &OLQLFDO DQG ([SHULPHQWDO $0O
7 ‘2, FHD




$XWKRU &RQWULEXWLR

$87+25 &2175,%87,21 ,1 38%/,6+("
0$7(5,%/

3DSHU

TKX 7 . /'™\ + 1JIX\HQ $Q 7/ 9X 7KLPR 5XHWKHUV $\D & 7DNI
/ IRSDWD $ FURVV VHFWLRQDO SRSXODWLRQ EDVHG VWXG\

DOOHUJLHYV DPRQJ FKLOGUHQ LQ WZR GLIITHUHQW VRFLR F
SDHGLDWULF $OOHUJ\ DQG ,PPXQRORJ\ 0D\
SDL

SXWKRU FROWULBDXQBELROQGHYHORSHG WKH FRQFHSW DQG VWXG!

7/ FRQGXFWHG WKH RQ VLWH VXUYH\ $9 DQG
VXUYH\ GDWD 7/ SHUIRUPHG WKH VWDWLVWLFD
WKH PDQXVFULSW $7 75 DQG $/ HGLWHG WKH |
$00 DXWKRUV FRQWULEXWHG WR WKH GHYHORS
DQG DSSURYHG WKH ILQDO YHUVLRQ

TKX 7 . [H 7/

3DSHU

7KX 7 . TKX\ 7 % 7UDQ +XRQJ7 0 +R $Q 7 / 9X DQG $QGL

BUHYDOHQFH RI IRRG DOOHUJ\ LQ 9LHWQDP FRPSDULVRQ RI

SDSHU EDVHG VXUYH\ :RUOG $OOHUJ\ 2UJDQL]DWLRQ -RXUQD!
‘2, v

SXWKRU FROWULBXQBELRIQGHYHORSHG WKH FRQFHSW DQG VWXG)

$9 DQG 7/ FRQGXFWHG WKH RQ VLWH VXUYH\ I
VXUYH\ GDWD 7/ SHUIRUPHG WKH VWDWLVWLFD
WKH ILQDO PDQXVFULSW $00 DXWKRUV FR(
GHYHORSPHQW RI WKH PDQXVFULSW DQG DSS
YHUVLRQ

[L



$XWKRU &RQWULEXWLR

3DSHU

7KLPR 5XHWKHUV $\D & 7DNL (OHFLD WKkRKQVWRQMbBRQL 1XJ
.DOLF 7KRPDV 5 OF/HDQ 6DQGLS ' .DPDWK $QGUHDV / /RSD!
DOOHUJ\ $ FRPSUHKHQVLYH UHYLHZ RI ILVK DQG VKHOOI!
,PPXQRORJ\

$XWKRU FROWULE2UORMRH) WKH UHYLHZ RQ WKH SUHYDOHQFH R
7/ FRQWULEXWHG WR WKH HGLWLRQ RI WKH ILQ

3DSHU

SXHWKHUV 7KLPR 5DLWK ODULDQQH 6KDUS OLFKDHO .RHEH!

1XJUDKD /MARQUKXXLUFH 6DQWLDJR 1JX\HQ +RQJ .DPDWK 6LC

6DP &DPSEHOO 'LDQQH %ULGJHV &KULVWRSKHU 7DNL $\D

$QGUHDYV &KDUDFWHULVDWLRQ RI 5DV N D QRYHO PDMRU DO

LGHQWLILFDWLRQ RI SDUYDOEXPLQ DV WKH PDMRU ILVK DOOHL

&OLQLFDO DQG ([SHULPHQWDO $OOHUJ\ 3XE'DWH 7
FHD

SXWKRU FROWULBPRWQMWRWWLEXWHG WR WKH HGLWLRQ RI WKH ILQ

3DSHU

7KX 7 . [IAKX\ 7 % 7UDQ +XRQJ 70 +R $Q 7/ 9X (PPD OF%|
$QGUHDY / /RSDWD 7KH SUHGRPLQDQFH RI VHDIRRG DOOHU
UHVXOWV IURP WKH ILUVW SRSXODWLRQ EDVHG TXHVWLRQ
2UJDQL]DWLRQ -RXUQDO 6XEPLWWHG RQ 6XEPLVVLRQ

SXWKRU FROWULBXQQBLRIQGHYHORSHG WKH FRQFHSW DQG VWXG)

$9 DQG 7/ FRQGXFWHG WKH RQ VLWH VXUYH\ I
VXUYH\ GDWD (0 DQG 7/ SHUIRUPHG WKH VWDW
$/ HGLWHG WKH ILQDO PDQXVFULSW $00 DXWKI
GHYHORSPHQW RI WKH PDQXVFULSW DQG DSS
YHUVLRQ
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$EVWUDFW

$%675%&7

JRRG DOOHUJ\ LV GHILQHG DV DQ DGYHUVH UHVSRQVH RI D KXP
E\ IRRG DQWLJHQV )RRG DOOHUJ\ LV QRW D QHZ DEQRUPDO k
REVHUYHG DQG GRFXPHQWHG WKRXVDQGV RI \HDUV DJR +RZF
KDV EHFRPH D VXEVWDQWLDO DQG VHYHUH KHDOWK FRQFHUQ
ZLWK D GUDPDWLFDOO\ LQFUHDVLQJ QXPEHU RI KRVSLWDO D
DOOHUJLF UHDFWLRQV DQG IRRG LQGXFHG DQDSK\OD[LV 6XEV
FRQGXFWHG PRVWO\ LQ GHYHORSHG FRXQWULHV LQ (XURSH
HVWLPDWH IRRG DOOHUJ\ SUHYDOHQFH DQG GHILQH LWV S
SRSXODWLRQ KHDOWK 'HVSLWH HQRUPRXV UHVHDUFK HIITRUWYV
DOOHUJ\ LWV SDWKRJHQHVLYVY DQG WKH GLVSDULWLHV LQ WK}
UHJLRQV DUH QRW IXO0O\ XQGHUVWRRG 7KLV WKHVLV DLPV WR
DOOHUJ\ DQG LWV ULVN IDFWRUV LQ 9LHWQDP )XUWKHU I
SUHVHQWDWLRQV DQG LPPXQRORJLFDO SURILOHV RI VHDIRRG
$XVWUDOLD ZHUH FDUULHG RXW LQ DQ HIIRUW WR FRPSDUH D(
VHDIRRG DOOHUJ\ ZKLFK PD\ HQDEOH WKH GHYHORSPHQW RI
DOOHUJ\ GLDJQRVLV

$ FRPSUHKHQVLYH UHYLHZ RI WKH FRQWHPSRUDU\ XQGHUVW
DOOHUJ\ ZRUOGZLGH&K\D SW HM HWQRLWGCGWKHVLY 7KH FXUUHQW D
IRRG DOOHUJ\ GLDJQRVLV DQG LWV SLWIDOOV DUH GLVFXV
FRQVXPSWLRQ DQG VHDIRRG VDIHW\ DORQJ ZLWK FXUUHQW JD
PDQDJHPHQW LQ 9LHWQDP DUH DOVR DGGUHVVHG

JRRG DOOHUJ\ LV UHSRUWHG WR DIIHFW XS WR Rl FKLOGL
GHYHORSHG ZRUOG ZLWK WKLV KLJK SUHYDOHQFH RIWHQ UHI
HSLGHPLF *LYHQ WKDW WKHVH FDVHV RI IRRG DOOHUJ\ DUL
FRQVHTXHQFH RI DQ LQGXVWULDOL]HG OLIHVW\OH P\ UHVHDUF
KDV DOVR EHHQ D IRRG DOOHUJ\ HSLGHPLF LQ GHYHORSLQJ H
SDUWV Rl WKH ZRUOG VXIIHU IURP DOOHUJ\ WR WKH VDPH W
FKDUDFWHUL]JHG LQ :HVWHUQ VRFLHWLHV" 7TKHVH DUH WKH UDW
SRSXODWLRQ EDVHG VXUYH\ RI IRRG DOOHUJ\ LQ 9LHWQDP WR

[LY



$EVWUDFW

IRRG DOOHUJ\ LQ WKLY GHYHORSLQJ FRXQWU\ $ VXUYH\ RI 9L
SUHVHQWKBSMWIDWG D VXUYH\ RI 9LHWQDPHVHBRBXWHWWY LV SUR
RI WKLV WKHVLV 7KHVH VWXGLHV HVWLPDWH WKH IUHTXHQF\
LQ SUHVFKRRO FKLOGUHQ DQG DGXOWV LQ 9LHWQDP WR EH
9LHWQDPHVH VXESRSXODWLRQV KDYH FRPSDUDWLYHO\ KLJK L
FRPSDUHG WR ZKDW KDV EHHQ UHSRUWHG LQ SUHYLRXV VWXGL
9LHWQDPHVH SRSXODWLRQ VKRZHG D VWDUN GLIIHUHQFH LQ W
H[KLELWHG ZLWK DGRPLQDQFH RI FUXVWDFHDQ PROOXVN DQ
FKLOGUHQ DQG DGXOWV $OOHUJ\ WR EHHI ZDV DOVR LGHQWLIL
IRRG DOOHUJ\ W\SH KDV EHHQ UHFRJQL]HG LQ $VLD 7KH YDUL
SUHVHQW ZDV DGGUHVVHG DFURVV JHRJUDSKLFDO UHJLRQV
DVVRFLDWHG ULVN IDFWRUV ZHUH LGHQWLILHG XQGHUO\LQJ
HQYLURQPHQWDO GHWHUPLQDQWY WR IRRG DOOHUJ\ LQFLGHQ
LQWR WKH FXUUHQW IRRG DOOHUJ\ VLWXDWLRQ LQ 9LHWQDP
HIITHFWLYH DOOHUJ\ PDQDJHPHQW LQLWLDWLYHV LQ WKLV FRX(

JRRG DOOHUJ\ VWXGLHYVY UHPDLQ OLPLWHG LQ PDQ\ SDUWYV RI
RI IRRG DOOHUJ\ PDQDJHPHQW SROLFLHV DQG PHGLFDO U
LOWHUYHQWLRQV 7KLV UDLVHV FRQFHUQV DERXW SRWHQWI
SRSXODWLRQ KHDOWK ,W LV DVVXPHG WKDW WKH SDXFLW\ RI
GXH WR WKH KLJK ILQDQFLDO FRVWYV RI RUJDQL]JLQJ FRQYHQW
IRRG DOLKIUSIWHRUYU WKLV WKHVLV VRXJKW RXW DQG YDOLGDWHG
IRU WKH WUDGLWLRQDO SRSXODWLRQ EDVHG VXUYH\ ZLWK WK
WKH VWXG\ RXWFRPHV IURP WZR FRQVLVWHQW DQG LQGHSHC
EDVHG VXUYH\V XVLQJ WZR GLIIHUHQW PRGHV SDSHU EDVHG
FRQILUPHG WKH DSSOLFDELOLW\ RI ZHE EDVHG VXUYH\V DV D L
IRU IXWXUH HSLGHPLRORJLFDO VWXGLHV HVSHFLDOO\ LQ GHY

6HOI DGPLQLVWHUHG TXHVWLRQQDLUH VXUYH\V KDYH EHHQ D
DOOHUJ\ SUHYDOHQFH ZRUOGZLGH $ WKRURXJK FOLQLFDO KL
RI IRRG DOOHUJ\ KRZHYHU PLVFRQFHSWLRQV IURP WKH VXUYI
IRRG DOOHUJ\ DQG RWKHU W\SHV Rl IRRG K\SHUDFWLYLW\ |
,PPXQRJOREXOLQ ( ,J( DQWLERG\ DV WKH ELRPDUNHU RI W\SF
SOD\V D FUXFLDO UROH LQ WKH FXUUHQW GLDJQRVLV RI IR

[Y



$EVWUDFW

LPSRUWDQFH RI DS 3@ LYQDWERO WIDERBHQRVWLFY LQ IRRG DOOH
LQYHVWLIDWLRQ RQ WKH VHUXP ,J( UHDEWLYLW\ DPRQJ SHRSO
WR FRPPRQO\ FRQVXPHG FUXVWDFHDQ PROOXVN DQG ILVK V¢
DQDO\VLV Rl WKH LPPXQRORJLFDO SURILOHV RI SHRSOH ZLWtk
GHVFULBHK® SWHU RI WKLV WKHVLV *HQHUDOO\ VHDIRRG DC
9LHWQDP VKRZHG D GLYHUVH SDWWHUQ RI VHUXP VSHFLILFE
FUXVWDFHDQ DQG PROOXVN VSHFLHV OXOWLSOH FURVV UHE
DOOHUJLF SDWLHQWY DQG DOOHUJHQV IURP KRXVH GXVW PLW
UHYHDOHG 7KLV ILQGLQJ RQFH DJDLQ FRQILUPHG WKH H
HQYLURQPHQWDO IDFWRUV WR WKH LQFLGHQFH RI IRRG DOOHL
IURP WKH SRSXODWLRQ EDVHG VXUYH\V LQ WKH SUHYLRXV FKD

%HVLGHY HQYLURQPHQWDO IDFWRUV HWKQLFLW\ DQG HDWL
GHYHORSLQJ D IRRG DOOHUJ\ 7KH ODWWHU LQFOXGHV WKH DY
UHJLRQ DQG ORFDO IRRG SUHSDUDWLRQ SUDFWLFHV $ VLPLOL
FRQGXFWHG LQ $XVWUDOLDQ HIGXDIMHAZDW LFUISDQWHIZHUE LQ)
WR DQ LQWHUYLHZ ZLWK IRRG DOOHUJ\ VSHFLDOLVWYV WR FRO(
ZHUH FROOHFWHG DQG VFUHHQHG IRU WKH VHUXP VSHFLILF ,J(
SDQHO RI W\SLFDO ORFDO FUXVWDFHDQ PROOXVN DQG ILVK V¢
SDUWLFLSDQWV IURP $XVWUDOLD GHPRQVWUDWHG GLYHUVLIL
FUXVWDFHDQ PROOXVN DQG ILVK VSHFLHV 3UDZQV DSSHDUF
FUXVWDFHDQ OLWH H[SRVXUH VHHPV WR EH FRPPRQ DPRQJ SC
VKHOOILVK DOOHUJ\ 6KHOOILVK DOOHUJLF VXEMHFWYV UHDFW
%HVLGHVY WURSRP\RVLQ WKH FRQWULEXWLRQ RI RWKHU DOOH
LQYHVWLJIDWLRQ

JROORZLQJ RQ IURP WKH ILQGLQJV &KD 3W HRIS WHYLIVR Y\K HF\KID\S W
IRFXVHV RQ WKH LGHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ
XWLOL]JLQJ WKH SDUWLFLSDQWYV IURP 9LHWQDP DQG $XVWUDOL
VHSDUDWHG E\ WKHLU PROHFXODU ZHLJKW 6'6 3%$*( DQG LP
ZHUH DSSOLHG WR LGHQWLI\ WKH SDUWLFLSDQWVY VSHFLILF ,J
FUXVWDFHDQ SURWHLQV 7KH SURWHLQ EDQGYV WKDW GLVSOD\
GLIJHVWHG ZLWK WU\SVLQ IRU WKH LGHQWLILFDWLRQ RI WKH D!
OHOERXUQH $XVWUuDOLD 7KH PDVV VSHFWUDO LQWHUSUHWDV

[YL



$EVWUDFW

E\ XSORDGLQJ WKH GDWD WR ODVFRW ODWUL[ 6FLHQFH /RQ
DOOHUJHQ SURILOHYVY DPRQJ WKH WZR SRSXODWLRQV ZHUH FRF

%\ FRQGXFWLQJ D FRQVLVWHQW LQYHVWLJDWLRQ RI VHDIRRG |
WKH LQYHVWLIJDWRU ZDV DEOH WR FKDUDFWHUL]H DQG FRPSD
UHDFWLYLW\ SURILOHVY EHWZHHQ WKH WZR UHSUHVHQWDWLY!
HYLGHQFH LOQWR WKH FOLQLFDO FKDUDFWHULVWLFV RI VHDIRF
WKH GHYHORSPHQW RI PRUH UHOLDEOH IRRG DOOHUJ\ GLDJQR
WKH RXWFRPHV DV ZHOO DV IXWXURKGGLIWHWLRQYVY DUH GLVFX

,Q VXPPDU\ WKLV WKHVLV SURYLGHVY DQ H[WHQVLYH DQDO\VL
DOOHUJ\ LQ 9LHWQDP 6HDIRRG LQFOXGLQJ FUXVWDFHDQ PF
FRPPRQ W\SH RI DOOHUJ\ WULJJHULQJ IRRG LQ 9LHWQDP 5HJD
FKLOG DQG DGXOW SDUWLFLSDQWY ZLWK D IDPLO\ KLVWRU\ RI
SURQH WR GHYHORSLQJ IRRG DOOHUJ\ 7KH VWXG\ GHPRQVW
VSHFLHV VSHFLILF ,J( ELQGLQJ SDWWHUQV DPRQJ VHDIRRG DO
$XVWUDOLD 7KH FURVV UHDFWLYLW\ Rl VHDIRRG DOOHUJLF ¢
DOOHUJHQV ZDV UHYHDOHG 7KH ILQGLQJV IURP WKLV WKHVLV
WRZDUGV WKH FXUUHQW JDSV DQG QHHGYV LQ WKH QDWLRQDO
LQ 9LHWQDP DQG LQLWLDWH WKH GHYHORSPHQW RI DGYDQF
VHDIRRG DOOHUJ\ QRW MXVW LQ 9LHWQDP EXW DOVR LQ $VLD
GLUHFWLRQV IRU IXWXUH ZRUN LQYROYH IROORZLQJ XS LQY!
DOOHUJLHVY WKDW ZHUH LGHQWLILHG IURP WKH SRSXODWLRQ F
LQYHVWLIJDWLQJ IRRG DOOHUJ\ SUHYDOHQFH LQ RWKHU V
DGROHVFHQWY LQ 9LHWQDP WR GHWHUPLQH WKH RYHUDOO
YDULDWLRQ RI IRRG DOOHUJ\ RYHU WKH OLIH FRXUVH 7KH FOL
WKH VHDIRRG DOOHUJ\ VWXG\ LQ WKLV WKHVLV LV SDYLQJ
GHYHORSPHQW RI WHJ IYFOQ WBHEVL.WIEF WHV WV
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7DEOH Rl &RQWHQWYV

7$%/( 2) &217(176

67$7(0(17 2) 6285&(6
'"(&/$5$7,21 2) (7+,&6

$&.12:/('*(0(176

67$7(0(17 2) 7+( &2175,%87,21 2) 27+(56
38%/,&$7,216 $5,6,1* )520 7+(6,6

$87+25 &2175,%87,21 ,1 38%/,6+(' 0$7(5,%/
$%675$&7

7$%/( 2) &217(176

1,67 2) 7$%/(6

/,67 2) ),*85(6

1,67 2) $%%5(9,$7,216

&+$37(5 $1 29(59,(: 2) )22' $//(5*< $1' &855(17
6,78$7,21 2) 6($)22' &2168037,21 $1' 6($)22' $//(5*< ,1
9,(71%0

,QWURGXFWLRQ
2YHUYLHZ RI IRRG DOOHUJ\

'"HILQLWLRQ RI IRRG DOOHUJ\
JRRG DOOHUJHQ
S5RXWHV RI H[SRVXUH

L QJHVWLRQ
,QKDODWLRQ
&XWDQHRXV

OHFKDQLVP RI IRRG DOOHUJ\
&OLQLFDO SUHVHQWDWLRQV RI IRRG DOOHUJ\

/IRFDO RUDO UHDFWLRQV
*DVWURLQWHVWLQDO V\PSWRPV
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7DEOH Rl &RQWHQWYV

'HUPDWRORJLFDO V\PSWRPYV
5HVSLUDWRU\ VIPSWRPYV
$QDSK\OD[LV

'LDJQRVLV RI IRRG DOOHUJ\

6HOl UHSRUWHG FOLQLFDO SUHVHQWDWLRQV DQG IDPLO\ K
,Q YLYR WHVWYV

6NLQ WHVWYV
2UDO IRRG FKDOOHQJH

,Q YLWUR WHVWYV

SBUHYDOHQFH RI IRRG DOOHUJ\ ZRUOGZLGH
,QWURGXFWLRQ WR VHDIRRG DOOHUJ\

'KDW LV VHDIRRG"
7KH SUHYDOHQFH RI VHDIRRG DOOHUJ\
6HDIRRG DOOHUJHQ
J)LVK DOOHUJHQ
BKHOOILVK DOOHUJHQ
&URVV UHDFWLYLW\
2FFXSDWLRQDO DOOHUJ\ WR VHDIRRG
6HDIRRG DOOHUJ\ LQ 9LHWQDP
&RPPRQO\ FRQVXPHG VHDIRRG VSHFLHV LQ 9LHWQDP
BHDIRRG FRQVXPSWLRQ LQ 9LHWQDP
5HSRUWHG DGYHUVH UHDFWLRQV GXH WR VHDIRRG FRQVXP
&XUUHQW VWXGLHV RQ IRRG DOOHUJ\ DQG VHDIRRG DOOHU.

&RQFOXVLRQV
SHIHUHQFHV

&+$37(5 $ 3238/$7,21 %$6(' 6859(< 2) )22' $//(5*,(6 ,1
9,(7130(6( &+,/'5(1

,QWURGXFWLRQ
$LPV RI WKLV FKDSWHU
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7DEOH Rl &RQWHQWYV

OHWKRGYV
BWXG\ GHVLJQ DQG VXEMHEWYV
6DPSOH VL]H FDOFXODWLRQ
BWXG\ ORFDWLRQV
AXHVWLRQQDLUH GHVLJQ
'"HILQLWLRQV
BWDWLVWLFDO DQDO\VLV
5HVXOWV
3DUWLFLSDQWYV

&RPSDULVRQ Rl UHSRUWHG IRRG LQGXFHG DGYHUVH V\PSW
+XH DQG 7LHQ *LDQJ

'LVWULEXWLRQ RI WKH PDMRU IRRG DOOHUJHQV LQ )$ FKLO

&RQWULEXWLRQ RI HQYLURQPHQWDO IDFWRUV WR )$ LQFLG

'LVFXVVLRQ
SHIHUHQFHV
&KDSWHU VXPPDU\

&+$37(5 $ 3238/$7,21 %$6(' 6859(< 2) )22' $//(5*,(6 ,1
9,(71$0(6( $'8/76

,QWURGXFWLRQ
$LPV RI WKLV FKDSWHU
OHWKRGV

6XUYH\ GHVLJQ

3DUWLFLSDQW UHFUXLWPHQW

AXHVWLRQQDLUH

'"HILQLWLRQV

BWDWLVWLFDO DQDO\VLV
5HVXOWV

'"HPRJUDSKLF IHDWXUHV

[l



7DEOH Rl &RQWHQWYV

SHSRUWHG IRRG LQGXFHG DGYHUVH UHDFWLRQV DQG RIIHQ
SUHYDOHQFH RI VHOI UHSRUWHG DQG GRFWRU GLDJQRVHG
&OLQLFDO IHDWXUHV RI IRRG DOOHUJ\

,QIOXHQFH RI GHPRJUDSKLF IDFWRUV RQ WKH ULVN RI KDYL

'LVFXVVLRQ
SHIHUHQFHYV
&KDSWHU VXPPDU\

&+$37(5 9%$/,'$7,21 2) )22' $//(5*< 6859(< 287&20(6
)520 7:2 6859(< 02'(6 :(% %$6(' 6859(< $1' 3$3(5 %$6(
6859 (<

,QWURGXFWLRQ
$LPV RI WKLV FKDSWHU
OHWKRGV

BWXG\ GHVLJIQ
3DSHU EDVHG IRRG DOOHUJ\ VXUYH\
'HE EDVHG IRRG DOOHUJ\ VXUYH\
AXHVWLRQQDLUH GHVLJQ
'HILQLWLRQ RI IRRG DOOHUJ\ LQ WKH VXUYH\V
BWDWLVWLFDO DQDO\VLV
5HVXOWV
&RPSDULQJ WKH GHPRJUDSKLFDO GDWD EHWZHHQ WZR VXU

&RPSDULQJ WKH GLVWULEXWLRQ RI FOLQLFDO PDQLIHVWDW
WKH WZR VXUYH\ PRGHYV

&RPSDULQJ WKH SUHYDOHQFH RI IRRG DOOHUJ\ EHWZHHQ W

7KH DVVRFLDWLRQ RI GHPRJUDSKLF IDFWRUV ZLWK IRRG DC
VXUYH\ PRGHV

'LVFXVVLRQ
SHIHUHQFHYV
&KDSWHU VXPPDU\

[[L



7DEOH Rl &RQWHQWYV

&+$37(5 &/,1,&%$/ 35(6(17$7,216 $1' ,00812/2*,&$/
352),/(6 2) 6($)22' $//(5*< ,1 9,(71%$0

,QWURGXFWLRQ
$SLPV
ODWHULDOV DQG OHWKRGV

SDWLHQW UHFUXLWPHQW
SDWLHQW LQWHUYLHZV

6NLQ SULFN WHVWLQJ

6HUXP FROOHFWLRQ

6HDIRRG SURWHLQ H[WUDFWLRQ

BUHSDUDWLRQ RI UDZ SURWHLQ H[WUDFWYV
BUHSDUDWLRQ RI KHDWHG SURWHLQ H[WUDFWYV

SXULILFDWLRQ RI QDWXUDO WURSRP\RVLQ
2WKHU DOOHUJHQV XVHG LQ LPPXQRDVVD\V
SURWHLQ SURILOLQJ E\ 6'6 3%*(
,PPXQRDVVD\V

*ULG LPPXQREORWWLQJ
,PPXQREORWWLQJ

6WDWLVWLFDO DQDO\VLYV

SHVXOWYV
'"HPRJUDSKLFYV
SBURWHLQ SURILOHV RI VHDIRRG HIWUDFWYV DQG DOOHUJHOQ\
,J( UHDFWLYLW\ DIJDLQVW FUXVWDFHDQ KHDWHG SURWHLQ
, J( UHDFWLYLW\ DIJDLQVW PROOXVN KHDWHG SURWHLQ H[WL
, J( UHDFWLYLW\ DIJDLQVW GLIITHUHQW DOOHUJHQV IURP YDQ
,J( UHDFWLYLW\ DIJDLQVW WKH WURSRP\RVLQ DOOHUJHQ

&RUUHODWLRQ EHWZHHQ WKH ,J( UHDFWLYLW\ DIJDLQVW VH
WKHLU SXULILHG WURSRP\RVLQV

[[LL



7DEOH Rl &RQWHQWYV

, J( UHDFWLYLW\ WR SURWHLQ H[WUDFWYV DQG DOOHUJHQV F
DQG PHDOZRUP

&RUUHODWLRQ EHWZHHQ WKH VHUXP ,J( UHDFWLYLW\ DJDL(
FRFNURDFK H[WUDFWV DQG WKHLU WURSRP\RVLQV

7KH HIIHFW RI KHDW WUHDWPHQW RQ SDWLHQW ,J( UHDFWL

,J( UHDFWLYLW\ DIJDLQVW WKH ILVK KHDWHG SURWHLQ H[W

&RUUHODWLRQ EHWZHHQ 637 UHVXOWY DQG VHUXP ,J( UHDF
SURWHLQ H[WUDFWY DQG DOOHUJHQV

'LVFXVVLRQ
SHIHUHQFHV
&KDSWHU VXPPDU\

&+$37(5 &/,1,&$/ 35(6(17$7,216 $1' ,00812/2*,&$/
352),/(6 2) 6($)22' $//(5*< ,1 $8675%/,$

,QWURGXFWLRQ
$LPV
ODWHULDOV DQG PHWKRGYV

3DUWLFLSDQW UHFUXLWPHQW
3DUWLFLSDQW LQWHUYLHZ
BHUXP FROOHFWLRQ
$OOHUJHQ SDQHO
,J( PHDVXUHPHQW E\ ,PPXQR&$3
BURWHLQ SURILOLQJ E\ 6'6 3$*(
,PPXQRDVVD\V
(WKLFV DSSURYDO
'DWD DQDO\VLV

5HVXOWV
'"HPRJUDSKLFV

&OLQLFDO KLVWRU\ DQG VHQVLWL]DWLRQ SURILOH RI WKH |

[[LLL



7DEOH Rl &RQWHQWYV

, J( UHDFWLYLW\ WR FUXVWDFHDQ PROOXVN DQG LQGRRU D
SDUWLFLSDQWYV ZLWK SHUFHLYHG VKHOOILVK DOOHUJ\

, J( UHDFWLYLW\ WR WURSRP\RVLQ IURP IRRG DQG QRQ IRRC
, J( UHDFWLYLW\ WR DOOHUJHQ FRPSRQHQWYV LQ YDQQDPHL

&RUUHODWLRQ EHWZHHQ WKH ,J( UHDFWLYLW\ DIJDLQVW SU
SUDZQ ,PPXQR&$%$3 UHVXOWYV

, J( UHDFWLYLW\ WR LQGRRU DOOHUJHQ FRPSRQHQWYV
, J( UHDFWLYLW\ WR ILVK SURWHLQ H[WUDFWYV
, J( UHDFWLYLW\ WR WKH ILVK DOOHUJHQ SDUYDOEXPLQ

,J( UHDFWLYLW\ WR VDOPRQ UDZ DQG KHDWHG SURWHLQ H[
ZLWK VDOPRQ SDUYDOEXPLQ

'LVFXVVLRQ
SHIHUHQFHYV
&KDSWHU VXPPDU\

&+$37(5 ,'(17,),&%$7,21 $1' 02/(&8/$5 &+$5$&7(5,=$7,21
2) 387$7,9( &5867%$&($1 $//(5*(16

,QWURGXFWLRQ
$LPV
ODWHULDOV DQG PHWKRGYV

6HDIRRG SURWHLQ H[WUDFWLRQ
3DWLHQW VHUD
BHDIRRG SURWHLQ SURILOLQJ E\ 6'6 3$*(
,PPXQREORWWLQJ DQDO\VLV
BURWHLQ GLJHVWLRQ IRU PDVV VSHEWURPHWU\
0ODVV VSHFWURPHWU\ DQDO\VLV
BURWHLQ LGHQWLILFDWLRQ
'DWD DQDO\VLV
5HVXOWV

BURWHLQ SURILOHV RI UDZ DQG KHDWHG H[WUDFWYV

[[LY



7DEOH Rl &RQWHQWYV

, J( UHDFWLYLW\ WR UDZ DQG KHDWHG H[WUDFWYV
SBURWHLQ LGHQWLILFDWLRQ E\ PDVV VSHFWURPHWU\
&RPSDULVRQ RI WKH LGHQWLILHG DOOHUJHQV DPRQJ WZR €

'LVFXVVLRQ
SHIHUHQFHYV
&KDSWHU VXPPDU\

&+$37(5 *(1(5%$/ ',6&866,21 $1' )8785( ',5(&7,216

*HQHUDO GLVFXVVLRQ
)XWXUH GLUHFWLRQV
SHIHUHQFHYV

$33(1',&(6
$SSHQGL[ $ + (WKLFV DSSURYDOV

$SSHQGL[ $ (WKLFV $SSURYDO 1R + IRU WKH SRSXODWL
IRRG DOOHUJ\ LQ 9LHWQDP

$SSHQGL[ $ (WKLFV $SSURYDO 1R + IRU WKH VHDIRRG D
9LHWQDP
$SSHQGL[ $ (WKLFV $SSURYDO 1R + IRU WKH VHDIRRG D

4XHHQVODQG $XVWUDOLD
$SSHQGL[ % 6XUYH\ 4XHVWLRQQDLUH

$SSHQGL[ % 4XHVWLRQQDLUH IRU WKH SRSXODWLRQ EDVH
9LHWQDPHVH FKLOGUHQ

$SSHQGL[ % 4XHVWLRQQDLUH IRU WKH SRSXODWLRQ EDVH
9LHWQDPHVH DGXOWYV ERWK SDSHU EDVHG VXUYH\ DQG ZHE ED'

$SSHQGL[ % 6FUHHQLQJ TXHVWLRQQDLUH WR UHFUXLW SD
DOOHUJ\ VWXG\

$SSHQGL[ % 6FUHHQLQJ TXHVWLRQQDLUH IRU WKH EORRG
DOOHUJ\ VWXG\ LQ 9LHWQDP

$SSHQGL[ % ,QWHUYLHZ TXHVWLRQQDLUH IRU WKH VHDIRR

[y



7DEOH Rl &RQWHQWYV

$SSHQGL[ % 6FUHHQLQJ TXHVWLRQQDLUH WR UHFUXLW SD
DOOHUJ\ VWXG\ LQ $XVWUDOLD

$SSHQGL[ & %XIIHU DQG 6ROXWLRQV
$SSHQGL[ ' + 6XSSOHPHQWDU\ 7DEOHV DQG )LIXUHV

7DEOH ' B5HSRUWHG FOLQLFDO DGYHUVH UHDFWLRQV FDX\
LQ DGROWV LQ GHVFHQGLQJ RUGHU RI SUHYDOHQFH

7TDEOH ' &DXVDWLYH IRRG JURXSY HYRNLQJ DGYHUVH UHD
UHSRUWHG IURP DIIHFWHG SDUWLFLSDQWY LQ GHVFHQGLQJ
7TDEOH ' 7KH QXPEHU RI SDUWLFLSDQWY YLVLWHG KHDOW

VIPSWRPVY DQG WKH SHUFHQWDJH RI SDUWLFLSDQWYV VHHN PHGL
VIPSWRPV LQ GHVFHQGLQJ RUGHU DPRQJ SDUWLFLSDQWYV UHSI
FDXVHG E\ IRRG FRQVXPSWLRQ

7DEOH 'HLJKWHG GDWD RI )$ VXUYH\ LQ 9LHWQDPHVH D
JLIXUH ' 0DS RI VWXG\ ORFDWLRQV LQ LQODQGV RI 9LHWC
7DEOH ' /LVW RI DOOHUJHQV DQG SURWHLQ H[WUDFWV XV
7DEOH ' 'HPRJUDSKLF GDWD FOLQLFDO KLVWRU\ Rl SDWL
JLIXUH ' 3URWHLQ SURILOHV RI WKH LQYHVWLJDWHG VHD

KHDWHG H[WUDFW 5 UDZ HIWUDFW Q70 QDWXUDO WURSRP\RV
WURSRP\RVLQ Q39 QDWXUDO SDUYDOEXPLQ U+& UHFRPELQDQ
UHFRPELQDQW VDVFR SODVPLF FDOFLXP ELQGLQJ SURWHLQ UO,
FKDLQ +'0 KRXVH GXVW PLWH

7TDEOH ' 'HPRJUDSKLF GDWD DQG FOLQLFDO KLVWRU\ RI V
LQ WKLV VWXG\

7TDEOH ' /ILVW RI DOOHUJHQV DQG SURWHLQ H[WUDFWV XV
7TDEOH ' &OLQLFDO GDWD RI WKH FRQWURO JURXS
7TDEOH ' &OLQLFDO LQIRUPDWLRQ RI WKH SRVLWLYH FRQW

$SSHQGL[ ( + 6WDWLVWLFDO DQDO\VLYV

7DEOH ( 7KH 'XQQTV PXOWLSOH FRPSDULVRQ WHVW RI WK
PROOXVN SURWHLQV

7DEOH ( 7KH 'XQQTV PXOWLSOH FRPSDULVRQ WHVW UHVX
LQGRRU DOOHUJHQV

[[YL



7DEOH Rl &RQWHQWYV

7TDEOH ( 7KH 'XQQYY PXOWLSOH FRPSDULVRQ WHVW UHYVX
ILVK HIWUDFWYV

7TDEOH ( 7KH 'XQQYY PXOWLSOH FRPSDULVRQ WHVW UHYVX
ILVK SDUYDOEXPLQ

7TDEOH ( 7KH 'XQQYY PXOWLSOH FRPSDULVRQ WHVW UHVX
FUXVWDFHDQ H[WUDFW

7DEOH ( 7KH 'XQQTV PXOWLSOH FRPSDULVRQ WHVW UHVX
PROOXVN H[WUDFWV

7TDEOH ( 7KH 'XQQY PXOWLSOH FRPSDULVRQ WHVW UHYVX
, J( UHDFWLYLW\ WR WKH YDQQDPHL SUDZQ DOOHUJHQ FRPSRQH!

7TDEOH ( 7KH 'XQQYY PXOWLSOH FRPSDULVRQ WHVW UHYVX
, J( UHDFWLYLW\ WR LQGRRU DOOHUJHQ FRPSRQHQWYV

7TDEOH ( 7KH 'XQQYY PXOWLSOH FRPSDULVRQ WHVW UHYVX
, J( UHDFWLYLW\ WR WKH KHDWHG ILVK HI[WUDFWYV

$SSHQGL[ ) + OROHFXODU FKDUDFWHUL]DWLRQ RI FUXVWL

7TDEOH ) $00 WKH SURWHLQV IURP WZR FRKRUWYV LGHQWL

JLIXUH ) BURWHLQ SURILOH RI FUXVWDFHDQ H[WUDFWYV S|

$SSHQGL[ * £+ *ULG ,PPXQREORWWLQJ RXWFRPHV

JLIXUH * , J( UHDFWLYLW\ RI WKH $XVWUDOLDQ SDUWLFLS

JLIXUH * ,J( UHDFWLYLW\ RI WKH $XVWUDOLDQ SDUWLFLS
DOOHUJHQV SUR&HLQ H[WUDFWYV

JLIXUH * ,J(UHDFWLYLW\ RI WKH 9LHWQDPHVH SDUWLFLS
DOOHUJHQV SUR&HLQ H[WUDFWYV

JLIXUH * ,J( UHDFWLYLW\ Rl SDUWLFLSDQWYV LQ 9LHWQDP
DOOHUJHQV SUR@HLQ H[WUDFWV

JLIXUH * ,J( UHDFWLYLW\ RI WKH $XVWUDOLDQ SDUWLFLS
ILVK DOOHUJHQV SQRWHLQ H[WUDFWV

[[YLL



/[LVW RI 7TDEOHYV

/1,67 2) 7$%/(6

7TDEOH 7KH SUHYDOHQFH RI VHDIRRG DOOHUJ\ ZRUOGZLGH

7TDEOH $OOHUJHQLF SURWHLQV IURP ILVK UHJLVWHUHG DQG
GDWDEDVH ZZZ DOOHUJHQ RUJ

7TDEOH $OOHUJHQLF SURWHLQV IURP FUXVWDFHDQ UHJLVWH
:$2 ,8,6 GDWDEDVH ZZZ DOOHUJHQ RUJ

7TDEOH $OOHUIJHQLF SURWHLQV LQ PROOXVN UHJLVWHUHG D
GDWDEDVH ZZZ DOOHUJHQ RUJ

7TDEOH ODWM\VRKEZDWHNGBSHEVYKY LQ 9LHWQDP
7TDEOHODULQH VISHKLHY LQ 9LHWQDP
7TDEOH6KULPS DQG/SEHBEHYVY LQ 9LHWQDP
TDEOHOROOXMSHFLHY LQ 9LHWQDP

7DEOH 5HFHQW VHDIRRG LQGXFHG LQFLGHQFH LQ 9LHWQDP
7DEOH 'HPRJUDSKLFV RI SDUWLFLSDWLQJ FKLOGUHQ LQ +XH
7DEOH &RPSDULVRQ Rl WKH SUHYDOHQFH Rl VHOI UHSRUWH
)$ LQ WZR VXUYH\ SRSXODWLRQV

7DEOH OXOWLYDULDEOH ORJLVWLF UHJUHVVLRQ DQDO\VLV R
7DEOH 'HPRJUDSKLF IHDWXUHV RI SDUWLFLSDQWY LQ WKLV
7DEOH 5HSRUWHG FOLQLFDO DGYHUVH UHDFWLRQV EDXVHG
Q LQ GHVFHQGLQJ RUGHU RI SUHYDOHQFH

7DEOH 7KH QXPEHU Rl SDUWLFLSDQWY YLVLWHG KHDOWK VH

WKH SHUFHQWDJH Rl SDUWLFLSDQWY VHHN PHGLFDO DGYLFH E
GHVFHQGLQJ RUGHU DPRQJ SDUWLFLSDQWY UHSRUWHG FOLQL
FRQVXPS@WLRQ

7TDEOH &DXVDWLYH IRRG JURXSY HYRNLQJ DGYHUVH UHDFWL
I[URP DIIHFWHG SDUWLFLSDQWY LQ GHVFHQGLQJ RUGHU RI

7TDEOH HLIJKWHG SUHYDOHQFH RI )$ LQ VWXG\ SRSXODWLRQ

7TDEOH OXOWLYDULDEOH ORJLVWLF UHJUHVVLRQ DQDO\VLV R
DOOHUJ\

7TDEOH '"HPRJUDSKLF IHDWXUHV RI DGXOW SDUWLFLSDQWYV L
7TDEOH BUHYDOHQFH RI IRRG DOOHUJ\ LQ 9LHWQDP

[[YLLL



/[LVW RI 7TDEOHYV

7TDEOH OXOWLYDULDEOH ORJLVWLF UHJUHVVLRQ DQDO\VLV F
GLDJQRVHG IRRG DOOHUJ\

7TDEOH 7KH LPSOLFDWHG VHDIRRG VSHFLHVY WKDW WULJJHU
SDUWLFLSDQWYV

7TDEOH 5HSRUWHG FOLQLFDO VI\PSWRPV RQVHW DPRQJ SDL
7TDEOH 7KH GLVWULEXWLRQ RI UHSRUWHG FOLQLFDO V\PSWHF

RI VHDIRRG @OOHUJ\

7TDEOH SDUWLFLSDQWVY DFWLRQ GXULQJ WKHQPRVW VHYHUH

7TDEOH 7KH FXUUHQW IRRG DOOHU® VWDWXV RI WKH SDUWLI

7TDEOH 7KH LPSOLFDWHG VHDIRRG VSHFLHV WKDW WULJJHU
SDUWLFLSDQWYV

7TDEOH 7KH GLVWULEXWLRQ RI UHSRUWHG FOLQLFDO V\PSWHF
RI VHDIRRG @OOHUJ\

7TDEOH /ILVW RI LGHQWHODHG S\URWHI[MUDEDPRPURP PDWFKHG
NQRZQ SURWHLQ GDWDEDVH ZZZ XQLSURW RUJ

7DEOH /ILVW Rl WKH LGHQWQOQLDHG S SRWBQGW [IWRP PDWFKHG
NQRZQ SURWHLQ GDWDEDVH ZZZ XQLSURW RUJ

7TDEOH /ILVW RI WKH LGHQWLILHG SURWHLQV IURP EOXH VZLF
NQRZQ SURWHLQ GDWDEDVH ZZZ XQLSURW RUJ

7TDEOH 7KH GLVWULEXWLRQ RI LGHQWLILHG DOOHUJHQV EHW

[[LI



/ILVW RI J)LIXUHV

/1,67 2) ),*85(6

)LIXUH 7KH RYHUYLHZ RI WKH LQGXFWLRQ DQG HIIHFWRU PF
DOOHUJ\

YLIXUH JRRG DOOHUJ\ SUHYDOHQFH GHILQHG E\ RUDO IRRG |
WKDQ \HDUV

YLIXUH 7KH SUHYDOHQFH RI IRRG DOOHUJ\ LQ (XURSH GHUL)
GHVLJQV

YLIXUH 7KH FRPSDULVRQ RI IRRG DOOHUJ\ SUHYDOHQFH E\ |
FKLOGUHQ DQG DGXOWV LQ &DQDGD

)LIXUH &ODVVLILFDWLRQ RI VHDIRRG DQG WKH PRVW FRPPR
9LHWQDP

JLIXUH SURSRUWLRQ Rl UHSRUWHG FOLQLFDO V\PSWRPV LQ
DQG 7LHQ *LDQJ

YLIXUH &RPSDULVRQ RI WKH GLVWULEXWLRQ Rl UHSRUWHG |
UHDFWLRQV LQ SDUWLFLSDWLQJ FKLOGUHQ LQ +XH DQG 7LHQ *

JLIXUH 'LVWULEXWLRQ RI FOLQLFDO PDQLIHVWDWLRQV DPRC
DOOHUJLF SODIUWLFIESDRRE& DOOHUJHQV

YLIXUH 'LVWULEXWLRQ RI WKH SUHYDOHQFH RI GRFWRU GLD
GLIIHUHQW UHJLRQV LQ 9LHWQDP

JLIXUH 'LVWULEXWLRQ RI WKH SUHYDOHQFH RI GRFWRU GLD
WZR PDMRU VXUYH\ VLWHV @GRXWK R WR KWWK RIOVWW

)LIXUH JORZ GLDJUDP VKRZLQJ WKH VXUYH\V RQ IRRG DOOH
ZDV SHUIRUPHG E\ WZR PRGHV ZHE EDVHG VXUYH\ DQG SDSHU

)LIXUH SBURSRUWLRQ RI FOLQLFDO V\PSWRPV UHSRUWHG LQ
PRGHV

)LIXUH &RPSDULVRQ RI WKH GLVWULEXWLRQ RI UHSRUWHG |
DGYHUVH UHDFWLRQV LQ WZR VXUYH\ PRGHYV

)LIXUH 'LVWULEXWLRQ RI GRFWRU GLDJQRVHG )$V E\ JHRJUI
LQ WKLV VWXG\

)LIXUH 7KH IORZFKDUW SUHVHQWY WKH SDUWLFLSDQW UHFL
RXWFRPHV RI WKH VHDIRRG DOOHUJ\ VWXG\ LQ 9LHWQDP

JLIXUH *ULG LPPXQREORWWLQJ GHVLJQ WR DQDO\JH WKH ,J(
LQYHVWLIDWHG H[WUDFW DOOHUJHQV

[LI



/ILVW RI J)LIXUHV

JLIXUH , J( UHDFWLYLW\ RI VKQOOILYXDDQOWUILYH FLW VMWW M
VSHFLHYV
JLIXUH 6HUXP ,J( UHDFWLYLW\ RI YJKHO OUIDAKQ B O OHHIUKIVF SD W

PROOXVN VSHFLHV

YLIXUH 7KH KHDW PDS GLVSOD\V WKHMSHBLSWRWHUDFWLY
H[WUDR®XULILHG DOOHUJHQV RI DPR@DNFWHDIRRIBZRQOOHUJLF SD\
Q DQG FRQWURO JURXSV

YJLIXUH 7KH KHDWPDS GLVSOD\V WHKHURSHRPLRYR B ( UHDFWLY L
IRRG DQG QRQ IRRG VRXUFHV DPRQJ @ H D | FORQ3S DIDIOH B RIOFNSIRVD L
JURXSYV

YLIXUH &RUUHODWLRQ EHWZHHQ SDWLHQWV W DIRHDHD FWLY LV
KHDWHG SURWHLQ H[WUDFW VVWQRES RKMRWIHDHYDQW SXULILHG

)LIXUH &RUUHODWLRQ EHWZHIPQ SDWRRARIOKYXV,N( UHDFWLY
KHDWHG SHRWJHIRQV DQG WKH WHRSESRPRRWARXOWINV N G

)LIXUH &RUUHODWLRQ EHWZHHQ SDWLHRKMHEXDP ORSRHGIFWLY LV
KHDWHG SURWHLQ H[WUDFW WQRSRRHNRWVHQHYDQW SXULILHG

YLIXUH ,J( UHDFWLYLW\ R I+WK H FSEPNWULRDAK VDRID PEDWZRUP
SURWHLQV

YLIXUH &RUUHODWLRQ EHWZH HQOVHH[WXPD FIW U$H DOFQVG. Y LW\ W R
FRFNURHD[MKUDFW % WOUQRG RWPK VU Q

YLIXUH ,J( UHDF WL RL)WWSAMRI SDUIDHIW HROQW

YLIXUH &RPSDULVRQ RI ,J( UHNKWLYHFRPRWYR S UWUFRIQSND QW V
Q

YLIXUH 7KH KHDW PDS GLVSOD\V WKHDAHGE LILVFK, H[WHDFWL

DPRQJ VHDIRRG DOO®UIJLF SDWLHQWYV

YLIXUH BHUXP ,J( UHDFWL QBWD PR G LI ISIWWOMQW VKD QG HLJIK
FRQWUROV

)LIXUH & RUUHO D&MBIZRWH & PED@EBVWIQU X P, J( UHWDXWAL Y EWD QVR
DPRQJ VKHOOILVK DOOHUJLF SDWLHQWYV

)LIXUH &RUUHODMIZREX E MMHAMXHDQVY DQG VHUXP ,J( UHDFWLY
PROOXVN KHHDWIBG W

)LIXUH & RUUHO D&MBZRWHEF@®&/WHQ XP ,J( UHNMKWLYLW\ WR
HIWUDFWV

YLIXUH &R U U H O D&317 RROX BHA\RPBIG QJ ( UHD EQVG RRW\ WR
DOOHUQHQV
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/ILVW RI J)LIXUHV

JLIXUH 6WXG\ GHVLJQ DQG IORZ FKDUW

YLIXUH 7KH UHSRUWHG RQVHW RI DGYHUVH V\PSWRPV GXH W
FRQVXPSWLRQ FRQWDFW DPRQJ SDUWLFLSDQWYV

JLIXUH 7KH GLVWULEXWLRQ RI ,J( PHDVXUHPHQWYVY E\ WKH ,F
+'0 DPRQJ FRQWURO SDUWLFLSDQWYV

JLIXUH 7KH KHDWPDS GLVSOD\V VSHFLILF ,J( UHDFWLYLW\ W
LQGRRU DOOHUJHQV DPRQJ SDUWLFLSDQWYV

)LIXUH ,J(ELQGLQJ LQWHQVLW\ RUXMWDFBIDW L PIRSDADWW DJD
+'0 DQERFNURDEFK

)LIXUH 7KH KHDWPDS GLVSOD\V WKH S’SHHALHG ,J( UHDFWLYL
WURSRP\RIVWIRPVWVHDIRRG DQG QRQ IRRG VRXUFHV DPRQJ SDUYV

)LIXUH , J( UHDFWLYLW\ WR GLDIGIQBRML EDOAQIJHQV RI WKH

YJLIXUH 7KH FRPSDULVRQ RI V,JSUBDGWIOQMYMWR GLIITHUHQW
FRPSRQHQWYV

)LIXUH 7KH GLVWULEXWLRQ Rl ,J( PHDVXUHPHQW E\ WKH ,PF
VKHOOILVK DOOHUJLF SDUWLFLSDQWYV

YLIXUH 7KH FRUUHODWLRQ EHWZHHQ ,J( OHYHOV GHWHUPLC
SUDZQ DQG WKH ,J( ELQGLQJ LOQWHQVLW%WR WRB XBPHLHG SUFR
EDQDQD SUDZQ DQG HQGHDYRXU SUDZQ

YLIXUH ,J( UHDFWLYLW)\ RI VKHOOILKK D\WBE UG BIDFHALFL
SUDZQ H[WUDFW E\ LPPXQREORWWLQJ

YLIXUH ,J( UHDFWARHANURDIEE®Q DWOHUQHQV

YLIXUH 7KH KHDWPDS GLVSOD\V WKH N.§KFKHDW,HGUHDFWLY
H[WUDFMRQJ SDUWLFLSDQWYV

YLIXUH &RPSDULVRQ RI SDWLHQWVEKHNMNHWBG J(L VK BIf WU DEWV
Q

JLIXUH &RPSDULVRQ RI ,J(KUHHDDEWGL YILWK BBHW B 8 '@ W Z R

VXEJURXSV

)LIXUH 7KH KHDWPDS GLVSOD\V WKH VSHFLILF ,J( UHDFWLY
ILVK SDUYDOEBRBUQWKH SDUWLFLSDQWYV

)LIXUH &RPSDULVRQ RI ,J(IUHDO BW UY DWEHRW B ® QWV ZR
VXEJURXSV

)LIXUH 7KH FRUUHODWLRQ RI SDUWIDROABRDQ W IMQUAFWHDFWLY
WKH VDOPRG BXYVYDOBERBIOQ EHWZHHQ WZR VXEJURXSV RI SDUWL

)LIXUH ,J(UHEPWENXLWLMWR SUDRAQLAPWQREQWRWWLQJ
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/ILVW RI J)LIXUHV

YLIXUH J( UHYPWDRDIPMLVEBRDZEH|LWBROWEORWWLQJ

JLIXUH , J( UHEPWHYLAL\PWRH[WUDEWY E\ LPPXQREORWWLQJ

[[[LLL



/ILVW Rl $SEEUHYLDWLRQ

/1,67 2) $%%5(9,$7,216

$. + $UJLQLQH NLQDVH
$3& + $QWLJHQ SUHVHQWLQJ FHOO
%$7 + %DVRSKLO DFWLYDWLRQ WHVW

&,

I+

&RQILGHQFH ,QWHUYDO
'& + '"HQGULWLF FHOO

($$&, (XURSHDQ $FDGHP\ Rl $O00HUJ\ DQG &OLQLFDO ,PPXQRO
)$ + )RRG $O0OHUJ\

)$2 + )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ

+& + +HPRF\DQLQ

+'0 + +RXVH GXVW PLWH

,J( £ ,PPXQRJOREXOLQ (

,45 + ,QWHUTXDUWLOH UDQJH

8,6 + ,QWHUQDWLRQDO 8QLRQ RI ,PPXQRORJLFDO 6RFLHWLHV

2%6

I+

2UDO DOOHUJ\ VIQGURPH

+

2)& + 2UDO IRRG FKDOOHQUJH
25 + 2GG UDWLR
3%6 + 3DSHU EDVHG VXUYH\

39

I+

SDUYDEOXPLQ

6&3 * 6DUFRSODVPLF FDOFLXP ELQGLQJ SURWHLQYV

6'6 £ 3%*( £+ VRGLXP GRGHF\O VXOSKDWH SRO\DFU\ODPLGH JHO
637 £+ 6NLQ SULFN WHVW

70 £ TURSRP\RVLQ

%6 + :HE EDVHG VXUYH\

+2 + :RUOG +HDOWK 2UJDQL]DWLRQ

[LILY
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SXEOLVKHG LQ SDUW

5XHWKHUV 7 7DNL $& -RKQVMARY (WOIEJUDKHW O 6HDIRRG DO
$ FRPSUHKHQVLYH UHYLHZ RI ILVK DQG VKHOOILVK DOOHUJHQ\




&KDSWHU

,QWURGXFWLRQ

JRRG DOOHUJ\ LV GHILQHG DV DQ DEQRUPDO LPPXQH UHVSRQ
SUHYDOHQFH RI IRRG DOOHUJ\ LV RQ WKH ULVH LQ PDQ\ SRSXQ
WKDW XS WR RI FKLOGUHQ DQG RI DGXOWV LQ WKH GHYHC(
VRPH W\SH RI IRRG DOOHUJ\ 7KH HLJKW IRRG JURXSV WKIL
DOOHUJLF UHDFWLRQV DUH PLON HJJ SHDQXW WUHH QXW VF

7KH VWXG\ RI VHDIRRG DOOHUJ\ KDV EHFRPH D SULRULW\ ZLW
VHDIRRG DOOHUJ\ DFURVV WKH ZRUOG *HQHUDOO\ KLJK
DVVRFLDWHG ZLWK D KLJKHU SUHYDOHQFH RI VHDIRRG DOOl
VHDIRRG DUH GLUHFWO\ OLQNHG WR DOOHUJHQLF SURWHLQV
WKHVH DOOHUJHQLF SURWHLQV LV WKH PDMRU ILVK DOOHUJHQ
DOOHUJHQ WURSRP\RVLQ

+\SHUVHQVLWLYLW\ WR VHDIRRG LV UHSRUWHG LQ ERWK FKLO¢
DUH RIWHQ OLIHORQJ DQG FURVV UHDFWLYLW\ WR GLIITHUHQW
7TKH LPPXQRORJLFDO PHFKDQLVP RI WKLV GLVHDVH LV KLJKO
VSHFLILF LPPXQRJOREXOLQ ( ,J( DQWLERGLHV JHQHUDWHG D
2WKHU WRI[LF DQG QRQ WR[LF FRPSRQHQWYV LQ VHDIRRG FD(
GLVRUGHUV VXFK ILVK SDUDVLWHYV ZKLFK PD\ EH SUHVHQW L(
HIDPSOH $QLVDNLYV 7KLV PDNHV WKH VWXG\ RI VHDIRRG DO

9LHWQDP LV D VPDOO FRXQWU\ LQ 6RXWKHDVW $VLD 1HYHU)
VHDIRRG SURGXFHU IRU WKH ZRUOGYfV PDUNHW ZLWK PRUH \
LOQYROYHG LQ WKLV LQGXVWU\ 6HDIRRG LV SUHIHUUHG E\ P}
DQG HDVLO\ DYDLODEOH IRRG VRXUFH 7KH 9LHWQDPHVH VHDIF
\HDU LV PXFK KLJKHU WKDQ WKH ZRUOGYfV DYHUDJH NJ D'
+tRZHYHU OLWWOH LV NQRZQ DERXW WKH VWDWXV RI VHDIRR
K\SRWKHVL]HG WKDW DOOHUJLF GLVRUGHUV FDXVHG E\ VHDIRT
FRQFHUQ LQ 9LHWQDP HVSHFLDOO\ DPRQJ VHDIRRG SURFHVVL

7TKXV WKLV FKDSWHU DLPV WR SURYLGH DQ RYHUYLHZ RI WKt
DHWLRORJ\ HVSHFLDOO\ W\SH , ,J( PHGLDWHG IRRG DOOHUJI
XSGDWHG VFLHQWLILF ILQGLQJV RI VHDIRRG DOOHUJ\ ZLOO EH
WKHVLYV




&KDSWHU

2YHUYLHZ RI IRRG DOOHUJ\
'HILQLWLRQ RI IRRG DOOHUJ\

+XPDQV FRQVXPH IRRG WR SURYLGH WKH ERG\ ZLWK QXWULHQ
'LWK WLPH WKH IRRG ZH HDW DQG WKH ZD\ ZH SUHSDUH DQG
FKDQJHG 7KH IRRG FRQVXPHG LV LQWDFW DQG ZHOO WROF
+RZHYHU FHUWDLQ IRRG JURXSV PLIKW FRQWDLQ FRPSRQHQW
DGYHUVH UHDFWLRQV LQ VHQVLWLYH LQGLYLGXDOV +\SHUVHGQ
GRFXPHQWHG ZLWK D EURDG VSHFWUXP RI FOLQLFDO SUHVHQ
WR OLIH WKUHDWHQLQJ HYHQWYV $FFRUGLQJ WR WKH :RUO
$FDGHP\ RI $OOHUJ\ DQG &OLQLFDO ,PPXQRORJ\ :+2 ($%&, IRF
DQ DEQRUPDO LPPXQRORJLF GLVRUGHU WULJJHUHG E\ IRRG FI
UHVSRQVHYV KDYH WKH SDUWLFLSDWLRQ RI VSHFLILF ,PPXQRJC(
PHGLDWHG IRRG DOOHUJ\ RU W\SH , ,J( PHGLDWHG K\SHUVHQVI

JRRG DOOHUJHQ

$OOHUJHQ LV D JHQHUDO WHUP XVHG IRU DQ\ VXEVWDQFH V
UHVSRQVH $OOHUJHQV FDQ EH FDWHJRUL]JHG E\ WKHLU R
DOOHUJHQV H J LQGRRU DOOHUJHQ SROOHQ DOOHUJHQ DQ
ORVW IRRG DOOHUJHQV DUH SURWHLQV RIWHQ FRQWDLQLQJ F
GDWH HLJKW IRRG JURXSV * WKH p%LJ (LIKWY £+ FRQWDLQ DC
PRVW DOOHUJLF GLVRUGHUV LQFOXGH FRZfV PLON VR\D HJJ
DQG OHJXPHYV

JRRG DOOHUJHQV DUH GLVWULEXWHG DFURVV GLIIHUHQW IF
FDWHJRUL]J]HG XQGHU VHYHUDO SURWHLQ IDPLOLHV 7KH PDMRI
IRRG DOOHUJHQV DUH LQ WKH &XSLQ VXSHUIDPLO\ WKH 3URO!
Y UHODWHG SURWHLQ DQG 3URILOLQ ZKLOH WKRVH RI
WURSRP\RVLQ DQG () KDQG SURWHLQV 7KH FODVVLILFDWI
IDPLOLHV IDFLOLWDWHV WKH VWXG\ RI WKHLU DOOHUJHQLFL
UHDFWLYLW\ EHWZHHQ GLIIHUHQW IRRG FRPPRGLWLHV

ODMRULW\ RI NQRZQ IRRG DOOHUJHQV DUH SURWHLQV ZLWK D
WR N'D 7KH\ RIWHQ IHDWXUH FRPSOH[ VWUXFWXUH KHDW \
UHVLVWDQFH /ILSLG WUDQVIHU SURWHLQ LQ PDL]H DOOHU.




&KDSWHU

FDSDFLW\ DIWHU KHDW) WUWDR BPHHMWW LQ ELUFK SROOHQ DOOH
WKH SUHVHQFH RI WU\SVLQ DQG SHSVLQ VKRZHG WKDW JDVWL
LWV KLVWDPLQH UHOHDVLQJ FDSDFLW\ EXW QRW 7 FHOO+*DFWL
SURFHVVLQJ SUDFWLFHV OLNH KLJK SUHVVXUH RU SXOVHG H(
VLIQLILFDQW HIIHFWV RQ WKH VHFRQGDU\ VWUXFWXUH RI DOO

7TKHUH DUH VHYHUDO NH\ IDFWRUV DWWULEXWHG WR WKH DOO'
DOOHUJLF IRRG SURWHLQV RIWHQ KDYH DQ DPLQR DFLG VHTXF
KXPDQ KRPRORJV 7KLV PHDQV WKDW WKH PRUH 2IRUHLJQ"
SURWHLQV WKH PRUH OLNHO\ LW FRXOG WULJJHU DQ DOOHUJ
WKH SURWHLQ XQGHU WKH SUHSDUDWLRQ FRRNLQJ SUDFWLFH
JDVWURLQWHVWLQDO WUDFW $SDUW IURP WKDW WKH DOOHU.
RQ LOWULQVLF IDFWRUV VXFK DV WKH VSHFLILF PROHFXODU S
RI LWV LVRIRUP WKH H[SUHVVLRQ OHYHO RI WKH DOOHUJ}
WKH DOOHUJHQ LQ IRRG

&XUUHQWO\ WR DVVHVV ZKHWKHU D IRRG FRPSRQHQW LV DQ D
LQYHVWLIDWHG FRPSRQHQW FRXOG HOLFLW LPPXQRORJLFDO

SHIJILVWHUHG DOOHUJHQV DUH QDPHG DQG OLVWHG LGQC
I1RPHQFODWXUH 6XE FRPPLWWHH RIILFLDO ZHEVLWH ZZZ DOOH

5RXWHV RI H[SRVXUH

$ KXPDQ PLJKW H[SRVH WR IRRG DOOHUJHQV YLD WKUHH PDLQ
DQG VNLQ FRQWDFW 7KH JDVWURLQWHVWLQDO WUDFW LV FRC
IRU IRRG DOOHUJHQ H[SRVXUH +RZHYHU SHRSOH PLJKW FRQ
XQFRQVFLRXVO\ HVSHFLDOO\ LQ WKH REFEXSDWLRQDO VHWWLQ
RI HISRVXUH FRQWULEXWHV WR WKH SRWHQF\ RI D IRRG DOOH |

L, QJHVWLRQ

9LD WKH LQJHVWLRQ SURFHVV IRRG DOOHUJHQV DUH H[SRVHG
WKH DOLPHQWDU\ WUDFWV ,PPHGLDWH DGYHUVH UHDFWLRQV |
RUDO FDYLW\ LWFKLQJ DQG RU VZHOOLQJ RI WKH PRXWK O




&KDSWHU

FRQVXPLQJ WKH RITHQGLQJ IRRG 2UDO LWFKLQJ RU RUDO SUX
VIQGURPH SROOHQ IRRG UHODWHG VI\QGURPH LV IUHTXHQWO!
[UXLW DOOHUJ\

,Q WKH JDVWURLQWHVWLQDO WUDFW GLJHVWLYH HQ]J\PHV L F
SURWHLQV LQWR VPDOOHU IUDJPHQWY 7KH SK\VLFDO DQG ELR
PD\ DOWHU WKH VWUXFWXUH RI IRRG SURWHLQV DQG OHDG W
<HW PRVW IRRG DOOHUJHQV DUH NQRZQ WR EH VWDEO
GLIJIHVWLRQ LPSDFW 7KH DOLPHQWDO WUDFWV WKHPVH
SUHYHQW WKH LQYDVLRQ RI KDUPIXO VXEVWDQFHV IURP WKH
FLUFXODWLRQ VXFK DV JXW HSLWKHOLDO FHOOV LQQDWH
PDFURSKDJHY DQG WROO OLNH UHFHSWRUV RU DFTXLUHG LPP
7KH JXW PLFURELRWD VHHPV WR SOD\ D NH\ UROH LQ PRGX
IRRG DOOHUJ\ LQ FKLOGUHQ DQG DGXOWYV 7KH DVVE
PLFURELRPH DQG WKH GHYHORSPHQW RI IRRG DOOHUJ\ KDV L
UHVHDUFKHUV ZRUOGZLGH

,QKDODWLRQ

JRRG VHQVLWL]DWLRQ FDQ EH WULJJHUHG E\ ORQJ WHUP H[SR
SURWHLQV IURP WKH HQYLURQPHQW SHSRUWHG FOLQLFDC
WUDFWV VXFK DV QDVDO UKLQRUUKHD VQHH]LQJ DQG QDVD
UHGQHVY DQG LUULWDWLRQ RU ORZHU UHVSLUDWRU\ FRXJ
SUDFWLFHV VXFK DV ERLOLQJ VWHDPLQJ RU IU\LQJ WUDQVIRU
DQG FLUFXODWH LQ WKH DLU 7KH DLU VDPSOHV IURP WKH |
SODQWYV FRQWDLQHG KLJK OHYHOV RI DOOHUJLF SURWHLQV
SURFHVVLQJ VLWHY ZHUH UHSRUWHG WR SUHVHQW KLJK OHYHC
7KHVH DUH WKH UHDVRQV WR SURYRNH RFFXSDWLRQDO D
W LV HVYWLPDWHG WKDW WKH SURORQJHG LQKDODWLR!
VHWWLQJ DFFRXQWHG XS WR RI RFFXSDWLRQDO UKLQLWLV I

,QKDODWLRQ RI IRRG DOOHUJHQV FRXOG RFFXU HYHU\ZKHUH
DOOHUJLF UHVSRQVHY GXH WR WKH SUHVHQFH RI SHDQXW LQ
&KLOGUHQ GHYHORSHG VSHFLILF ,J( UHVSRQVHV WR DOOHUJH




&KDSWHU

JRRG DOOHUJ\ YLD LQKDODWLRQ LV WKRXJKW WR DVVRFLD
IRRG DOOHUJ\ DVWKPD &R H[LWLQJ IRRG DOOHUJ\ DQ
RI VHYHUH DVWKPDWLF HSLVRGHYV DQG PD\ SXW WKH SDWLHQW

EXWDQHRXV

BHQVLWL]DWLRQ WR IRRG DOOHUJHQV PD\ RFEXU WKURXJK WK
LPPXQH V\WWHP 7KH LPPXQRORJLFDO IXQFWLRQ RI WKH VN
IDQJHUKDQV FHOO QHWZRUN FRPSULVLQJ RI DQWLJHQ SUHVH
WKURXJKRXW WKH ERG\ BHQVLWL]DWLRQ WR IRRG DOOHUJH
VHHQ LQ LQIDQWY \RXQJ FKLOGUHQ DQG RFFXSDWLRQDO
VHQVLWLYLW\ RI WKH VNLQ EDUULHU WR IRRG DQWLJHQV VNI
KDYH EHHQ DSSOLHG ZLGHO\ LQ IRRG DOOHUJ\ GLDJQRVLYV

OHFKDQLVP RI IRRG DOOHUJ\

,PPXQRORJLF PHFKDQLVP RI ,J( PHGLDWHG IRRG DOOHUJ\ LQ"
FHOOV DQG RUJDQV RI WKH LPPXQH V\VWHP )LUVW DOOHUJHQ
DV PDFURSKDJHVY DQG GHQGULWLF FHOOV '&V $3&V WKHQ SUF
SHSWLGHV RQ WKH $3&VYT VXUIDFH 2QFH WKH PDMRU KLVW
PROHFXOHV RI 7 FHOOV UHFRJQL]H DQG ELQG WR WKHVH DQWL
FHOOV ZLOO VWLPXODWH % FHOOV WR SURGXFH DOOHUJHQ V
FKHPLFDO VLJQDOV LQFOXGLQJ ,/ N DQG ,/ J)LIXUH
W\SLFDOO\ VLOHQWO\ ZLWKRXW DQ\ VSHFLILF V\PSWRPV




&KDSWHU
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)LIXUH 7KH RYHUYLHZ RI WKH LQGXFWLRQ DQG HIIHFWRU |
DOOHUJ\

,Q WKH VHFRQGDU\ DQG VXEVHTXHQW H[SRVXUH WR WKH VDPI
UHVSRQVH RFFXUV PXFK IDVWHU DQG VWURQJHU GXH WR WKt
, J(V GLVWULEXWHG DURXQG WKH ERG\ 7KHVH DQWLERGLHV EI
J)F6, RQ WKH VXUIDFH RI PDVW FHOOV DQG EDVRSKLOV RU PLJ
LQ WKH EORRGVWUHDP 7KH FURVV OLQN RI WKH DOOHUJHQ V
DFWLYDWH PDVW FHOOV EDVRSKLOV DQG OHDG WR WKH VH
PHGLDWRUV VXFK DV KLVWDPLQH SURVWDJODQGLQV DQG O
FRPSRXQGV FRQWULEXWH WR WKH FOLQLFDO PDQLIHVWDWLR
LQGLYLGXDOV

&OLQLFDO SUHVHQWDWLRQV RI IRRG DOOHUJ\

JRRG DOOHUJ\ KDV D EURDG VSHFWUXP RI FOLQLFDO SUHVHQW
JRRG DOOHUJLF V\PSWRPV PLIJKW EH DWWULEXWHG WR WKH '
HISRVXUH W\SHV +RZHYHU FOLQLFDO PDQLIHVWDWLRQ RI IRR
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URXWH RI FRQWDFW 7KLV VHFWLRQ VXPPDUL]JHV DQG GLVFEFXV\
RI' 'lRRG DOOHUJ\ E\ WKH DIITHFWHG RUJDQV

/IRFDO RUDO UHDFWLRQV

JRRG DOOHUJ\ UHDFWLRQV FDQ EH LGHQWLILHG HDVLO\ ZLWK \
RUELWDO VXFK DV PRXWK DQG OLSV VZHOOLQJ PRXWK DQG WR
DQG ZDWHULQJ ,J( PHGLDWHG IRRG DOOHUJ\ RIWHQ KDV
DGYHUVH V\PSWRPV RFFXU ZLWKLQ WZR KRXUV DIWHU WKH

VIQGURPH 2%$6 LV WKH FRPPRQ WHUP UHIHUULQJ WR D W\
FKDUDFWHUL]HG E\ VIPSWRPV LQ WKH RURSKDU\QJHDO PXFRVD
UHDFWLYLW\ Rl DOOHUJLF SODQW SURWHLQV WR SROOHQ SU
KDSSHQV LQ VHDVRQ 5HFHQWO\ 2%$6 LV XVHG WR GHVFULE
LQGLYLGXDOV ZLWK PLWH DOOHUJ\ FURVV UHDFW WR WKH SD

*DVWURLQWHVWLQDO V\PSWRPV

JRRG DOOHUJHQV WKDW FRPH LQ FRQWDFW ZLWK WKH JDVWU
ORFDOL]HG LQIODPPDWLRQ H[SUHVVHG E\ DQ DUUD\ RI V\PE
DEGRPLQDO FUDPSLQJ DQG GLDUUKHD 7TKH XSSHU JDVWUI
LPPXQRORJLFDO PDQLIHVWDWLRQV ZLWKLQ VHYHUDO PLQXWHYV
ZKLOH WKH RQVHW DW WKH ORZHU JDVWURLQWHVWLQDO RU
I1RWLFHDEO\ JDVWURLQWHVWLQDO V\PSWRPV GXH WR W\SH I
ZLWK RWKHU QRQ LPPXQRORJLFDO IRRG DOOHUJ\ SUREOHPYV
DPRQJ VXEMHFWY ZLWK GHOD\HG RQVHW WKXV LW FRPSOL
IRRG DOOHUJ\

'"HUPDWRORJLFDO V\PSWRPV

EXWDQHRXV PDQLIHVWDWLRQV LQFOXGLQJ KLYHV XUWLFDULD
FRPPRQ V\PSWRPV FDXVHG E\ LPPHGLDWH IRRG DOOHUJ\ UHVS
ZDV IRXQG LQ RI VXEMHFWY LQ ZRUNSODFH VHWWLQJV ZKI
ZLWK IRRG DOOHUJHQYV JRRG DOOHUJHQV ZLWK LPSOLFD
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FKLOGUHQ DUH FRZfV PLON KHQYV HJJ SHDQXWNEKRQHDW VF
SUREOHPV ZHUH IRXQG WR EH WKH PRVW FRPPRQ LPSOLFDWHC
SRSXODWLRQ EDVHG VXUYH\V

5HVSLUDWRU\ V\PSWRPV

JRRG DOOHUJ\ WULJJHUHG E\ WKH LQKDODWLRQ RI IRRG DOOF
UHDEFWLRQV LQ WKH XSSHU DQG ORZHU DLUZD\V 7KH V\PSWRI
UHDFWLRQV LQFOXGLQJ QDVDO LWFKLQJ QDVDO REVWUXEWL

YRRG DOOHUJ\ DVWKPD LV DQ DWRSLF GLVRUGHU FKDUDFW
DLUZD\ QDUURZLQJ EURQFKLDO K\SHU UHVSRQVLYHQHVYV
LQIODPPDWLRQ 7KH V\PSWRPV RI DQ DVWKPD DWWDFEN FL
ZKHH]LQJ WR PRUH VHYHUH VXFK DV VKRUWQHVV Rl EUHDWK F
UDWH &KLOGUHQ ZLWK IRRG DOOHUJ\ LQ LQIDQF\ DUH PRU
ODWHU DJH $00 IRRG DOOHUJHQV LQ WKH p%LJ (LIKW
DVWKPD LQ VHQVLWL]HG VXEMHFWYV

$QDSK\OD[LV

$FFRUGLQJ WR WKH :RUOG $OOHUJ\ 2UJDQL]DWLRQ DQDSK\OD|
WKUHDWHQLQJ JHQHUDOL]J]HG RU V\VWHPLF K\SHUVHQVLWLYLV
u,J( PHGLDWHG DOOHUJLF DQDSK\OD[LVY LV XVHG ZKHQ WKH
LPPXQRORJLFDO PHFKDQLVP $QDSK\OD[LV PLIJKW LQFOXGH R
IROORZLQJ V\PSWRPV YRPLWLQJ QDXVHD UDSLGO\ SURJUH
GLVWUHVYVY YDVFXODU FROODSVH V\VWHPLF VKRFN DQG SRVVL

$QDSK\OD[LVY GXH WR IRRG DOOHUJHQV LV PRUH FRPPRQ EXW )
DQG WKH DJH JURXSV OLON DQG HJJ DUH WKH PRVW IUHTXH
DQDSK\OD[LV LQ FKLOGUHQ ZKHUHDV LQ DGXOWV SHDQXW Q
WKH PDLQ RITHQGHUYV

7TKH DFFRXQWDELOLW)\ IRU LQGXFLQJ D IRRG DOOHUJ\ DQDSK
DOOHUJHQLFLW\ RI D IRRG DOOHUJHQ 7KH FXUUHQW HVWLPD\
GHYHORSHG FRXQWULHV ZDV WR SHU SHUVRQ \HDU\




&KDSWHU

NQRZQ DERXW WKLV UDWH LQ WKH GHYHORSLQJ ZRUOG $ KLJKI
LQ \RXQJ FKLOGUHQ DV FRPSDUHG WR DGXOWYV 7KHUH KDV
KRVSLWDO DGPLVVLRQ UDWHV GXH WR IRRG DQDSK\OD[LV RY
GHYHORSHG FRXQWULHYV UDLVLQJ DQ HQRUPRXV FRQFH
FRQVXPSWLRQ DQG WKH HPHUJLQJ LPSDFW RI IRRG DOOHUJ\ WF
VXIITHUHUV

'LDJQRVLV RI IRRG DOOHUJ\
6HOl UHSRUWHG FOLQLFDO SUHVHQWDWLRQV DQG IDPLO\

&OLQLFDO PDQLIHVWDWLRQV DUH SULPDU\ FXHV IRU WKH GLEC
VXEMHFWV PLJKW VWDUW QRWLFLQJ FOLQLFDO V\PSWRPV Wk
H[SRVH WR WKH VDPH VXVSHFWHG IRRG 6HOI UHSRUWHG FO
VRXUFH RI LQIRUPDWLRQ IRU WKH IRRG DOOHUJ\ GLDJQRVL
SK\VLFLDQ FOLQLFLDQ WR QDUURZ GRZQ VXVSHFWHG IRRG DO
DSSURSULDWH GLDJQRVWLF WHVWYV 6\PSWRP RQVHW LV DQRW!
RI IRRG K\SHUVHQVLWLYLW\ )XUWKHU GHWDLOV RI KHDOWK VV
VXEMHFWV DQG WKHLU IDPLO\ KLVWRU\ RI IRRG DOOHUJ\ DU
&XUUHQWO\ PDQ\ ZHVWHUQL]JHG FRXQWULHV FRQGXFWHG QD)
EDVHG RQ WKH VHOI DGPLQLVWUDWHG TXHVWLRQQDLUHV

DGYDQFH RI IRRG DOOHUJ\ GLDJQRVLV LW LV UHFRPPHQGHG W
GDWD QHHG WR EH G R@OEP WGVEWRVY WR PLQLPL]H PLVGLDJQR)

,Q YLYR WHVWYV
6NLQ WHVWYV

637 KDV EHHQ XVHG ZLGHO\ bv D SULPDU\ SUHGLFWRU IRU ,J{

7KH WHVW LV GHVLIJQHG WR WHVW IRU WKH LQWHUDFWL
PDVW FHOOV DQG EDVRSKLOV ZLWK WKH VXVSHFWHG DOOHUJH
PHGLDWRUV ZLOO EH UHOHDVHG DQG OHDG WR WKH SUHVHQV
UHDFWLRQ SHDNLQJ 7KH WHVW LV FRQGXFWHG RQ WKH SDWL
IRUHDUP +LVWDPLQH DQG VDOLQH DUH XVHG DV SRVLWLYH DQ
$ SRVLWLYH 637 UHVXOW LV FRPPRQO\ GHILQHG7EKW D ZHDO -
DGYDQWDJHV RI WKLV PHWKRG DUH WKH UDSLG RXWFRPH GH
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FRPPHUFLDO DOOHUJHQ H[WUDFWV DQG 637 GHYLFHV LQ WKH
EHHQ UHJDUGHG DV D VDIH SURFHGXUH ZLWK PLQRU XQGHVLL
GUDZEDFNV DUH WKH LQFRQVLVWHQFH RI WHVW UHVXOW GXH V
ZHDO GLDPHWHU RU LQWHUSUHWLQJ WKH WHVW UHVXOWYV RU W
FDQ EH DSSOLHG WR WHVW IRU DOOHUJHQ H[WUDFWV RU DOOH!
FRPPRGLWLHV 7KH ELJJHVW FRQFHUQ RI 637 UHPDLQV LQ
7KH YDULDWLRQ RI SURWHLQ FRQFHQWUDWLRQVY DQG DOOHUJ
FRPPHUFLDO 637 UHDJHQWYVY WR D VSHFLILF IRRG DOOHUJHQ |
YXUWKHU 637 JXLGHOLQHY DQG UHFRPPHQGDWLRQV DUH DYDL(
SDSHU

2ZWKHU VNLQ WHVWV LQFOXGH LQWUDGHUPDO VNLQ WHVW SUL
7KH\ DUH RFFDVLRQDOO\ XVHG LQ WKH FOLQLFDO VHWWLQ

OHVV FRPPRQ WKDQ 637 7KH SULFN WR SULFN WHVW DSSHDUV

DQDSK\OD[LV LQFLGHQFHYVY UHSRUWHG DIWHU WKH WHVW

2UDO IRRG FKDOOHQJH

)XUWKHU WR WKH 637 LQYHVWLJDWLRQ RI IRRG DOOHUJ\ FD
FKDOOHQJH 2)& WHVW 7KHUH DUH WKUHH W\SHV RI FKDOO
SODFHER FRQWUROOHG 6%3&)& RU GRXEOH EOLQG SODFHE
'%3&)& $V LWV QDPH VXJIJHVWV LQ WKH RSHQ IRRG FKDOOHC
SDWLHQWYV NQRZ RI IRRG EHLQJ WHVWHG DQG LWV GRVH ,Q \
DZDUH Rl WKH IRRG EHLQJ WHVWHG EXW WKH SK\VLELDQ )LQDC
SK\WLFLDQ QRU WKH SDWLHQW NQRZV RI WKH EHLQJ WHVWHG
WKH JROG VWDQGDUG IRU IRRG DOOHUJ\ GLDJQRVLYV DV LW PLC
YDOXDEOH DQG DFEXUDWH GDWD

2)& SURYLGHV DQ DEFXUDWH GLDJQRVLV RI IRRG DOOHUJ\ EXW
DQG DWWHQWLRQ 7KH GHWDLOHG SURWRFRO RI WKH IRRG FKLC

1RUPDOO\ WKH WHVW LV SUHVFULEHG DIWHU UHYLHZLQJ V
VNLQ WHVW UHVXOW RU DQG EORRG WHVW UHVXOW 7KH LPSO!
SUHSDUHG IRU WKH ZRUVW VLWXDWLRQ DQDSK\OD[LV 2QO\ \
FRQGXFW WKLV WHVW DQG RIWHQ LQ WKH FOLQLF VHWWLQJV
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SURFHGXUHV 7KH "%3&)& LV RIWHQ VXJIJHVWHG ZKHQ WKH EOF
ZLWK QHIJDWLYH UHVXOWYV SDWLHQWY SULRU WR WKH 2)&
IRRGYVY DQG DQ\ DQWLKLVWDPLQH PHGLFDWLRQ DW OHDVW WZR
FKDOOHQJH WHVW FDQ EH REWDLQHG IURP WKH ($%$&, JXLGHOL

,Q YLWUR WHVWYV

YJRRG DOOHUJ\ FDQ EH GLDJQRVHGQEY MVABHE\ M. QR UQW K H UTRMOVO L W D
DQG TXDQWLWDWLYH GHWHUPLQDWLRQ RI WKH DOOHUJHQ VSH
V,J( PHDVXUHPHQW GHPRQVWUDWHY WKH VHQVLWL]DWLRQ WR
DOOHUJLE VXEMHEWY SUHVHQW D KLJKHU OHYHO RI DOOHUJH

WROHUDQW JURXS 'LWKLQ WKH DOOHUJLF JURXS V,J( OH\Y
WKHLU GHPRJUDSKLFV H J DJH HWKQLFLW\ DWRSLF FRQGLW
EHWZHHQ VHUXP ,J( DQG FHOO ERXQG ,J( LPPXQRDVVD\

GHWHUPLQH WKH OHYHO RI V,J( WR DOOHUJHQ H[WUDFWYV DOC
DOOHUJHQ RU UHFRPELQDQW DOOHUJHQ RU HYHQ WR DOO
VHQVLWL]DWLRQ ,Q WKH ODERUDWRU\ VHWWLQJV IXUWKHU VF
FHOO DVvVD\V FDQ EH HPSOR\HG IRU UHVHDUFK SXUSRVHYV

6HYHUDO FRPPHUFLDO LPPXQRFKHPLFDO DVVD\V DUH FXUU|
,PPXQR&$3S WHVW NLWV GHYHORSHG E\ 3KDGLD ,PPXQR&$3 5L
PXOWLSOH[LQJ RU 3527,$E& $OOHUJ\ 4S RU PXOWLSOH DO
FKHPLOXPLQHVFHQW DVVD\S 0$67 &/$ 7TKHVH WHVW NLW
DUHDV PRVWO\ LQ (XURSH DQG 1RUWK $PHULFD

%DVRSKLO DFWLYDWLRQ WHVW %$7 DQG PDVW FHOO DFWL
GLDIJQRVWLF RSWLRQV EXW PRUH IUHTXHQWO\ DSSOLHG LQ UF
SOD\ D GRPLQDQW UROH DV WKH HITHFWRU FHOOV LQ WKH LPPH
FHOOV FDQ EH DSSOLHG DV WXHN DMWMR\WWVRHGIOWHRW WKH LPPI
VHQVLWL]DWLRQ 6DQWRV HW DO UHSRUWHG WKH VXFF
GLIIHUHQWLDWH EHWZHHQ SHDQXW DOOHUJ\ DQG SHDQXW WRC
VXJJHVWHG 0%$7 DV D UREXVW WRRO ZLWK WKH VXSHULRU

FRPSDUHG ZLWK H[LVWLQJ DOOHUJ\ GLDJQRVWLFV LQ SHDQXW
SURWRFROV DQG WKH HIITHFWV WKHVH PHWKRGYVY DUH GHVFULEI
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,Q JHQHUDO WKHUH DUH PXOWLSOH WHVWVY WKDW FDQ EH DSS
UHYLHZ RI SDWLHQWVY FOLQLFDO KLVWRU\ DQG WKH VNLQ WH
WR VFUHHQ IRU VXVSHFWHG WULJJHUV G6HUXP V,J( TXDQWLI|
FRQILUP WKH FOLQLFDO UHOHYDQFH DQG HOXFLGDWH WKH OL
WKH RSWLRQ ZKHQ WKHUH LV D GLVDJUHHPHQW DPRQJ GLDJQR

7KH V,J( WHVW DQG 637 DUH IUHTXHQWO\ SHUIRUPHG LQ WKH
VHQVLWL]DWLRQ VWDWXV WR VXVSHFWHG IRRG WULJJHUV +R.
DUH VXIILFLHQW WR GLDJQRVH )$ RQ WKHLU RZQ ,W LV HVVHC
WKHVH PHWKRGY HVSHFLDOO\ ZKHQ WKH WHVW RXWFRPHV D
ZKHQ HPSOR\LQJ 637 DQG V,J( WHVW LQ WKH GLDJQRVWLF HY]|
PLON DQG KHQfV HJJ DOOHUJ\ LQ FKLOGUHQ LQ *HUPDQ\ OH
FRQFRUGDQFH EHWZHHQ WKH WZR WHVWV RQ DQ LQGLYLGXDC
DPRQJ JUHQFK \RXQJ FKLOGUHQ WKH 637 UHVXOWV DQG V,
DJUHHPHQW WR DHURDOOHUJHQV DQG ILYH IRRG DOOHUJHQ
VHHPHG WR EH PRUH VHQVLWLYH TXLFENHU DQG VLPSOHU WKL
VHQVLWLYLW\ DQG VSHFLILFLW\ RI ERWK WHVWV GHSHQG ODU.
WKH V,J( OHYHO DQG WKH VNLQ WHVW ZHDO VL]H DQG FDQ WK

,Q JHQHUDO D IRRG DOOHUJ\ GLDJQRVWLF URXWLQH VKRXOG
FOLQLFDO KLVWRU\ WR SULPDULO\ GHWHUPLQH WKH FDXVH DQ
WHVWYVY OLNH 637 RU V,J( PHDVXUHPHQW FDQ EH DSSOLHG WR
+tRZHYHU LW LV LPSRUWDQW WR WDNH LQWR FRQVLGHUDWL
HVSHFLDOO\ ZKHQ WKH WHVW UHVXOWY DUH GLIITHUHQW 2)& L
WR GLDJQRVH IRRG DOOHUJLHYV

SUHYDOHQFH RI IRRG DOOHUJ\ ZRUOGZLGH

JRRG DOOHUJ\ LV DQ HPHUJLQJ SXEOLF KHDOWK FRQFHUQ LQ
1XPHURXV VWXGLHV KDYH EHHQ FRQGXFWHG LQ (XURSH 1RUW
WKH HIIRUWY WR HYDOXDWH WKH DFFXUDWH SUHYDOHQFH RI |
SRSXODWLRQ KHDOWK ,W LV HYWLPDWHG WKDW IRRG DOOHUJ
RI FKLOGUHQ ZRUOGZLGH +RZHYHU GXH WR WKH FRPSOH
VRPHZKDW WKH ODFN RI D ZHOO GHVLJQHG JXLGHOLQH DQG SL
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WKH FXUUHQW HSLGHPLRORJLFDO IRRG DOOHUJ\ GDWD UHPD

FRXQWULHVY KDYH SRSXODWLRQ EDVHG GDWD RQ IRRG DO
7KH RYHUYLHZ RI WKH FKDOOHQJH SURYHQ IRRG DOOHUJ\ SU|
SUHVHQWHG LQ )LIJXUH $W WKH PRPHQW $XVWUDOLDQ FKL
DOOHUJ\ SUHYDOHQFH LQ WKH ZRUOG

0X0
oXT1

2 T

7TKDLODQG 'HQPDUN 8. &KLQD 1RUZD\ $XVWUDC

)LIXUH JRRG DOOHUJ\ SUHYDOHQFH GHILQHG E\ RUDO IRRG F
\HDUYV

'KHQ VWUDWLI\LQJ LQWR D IRRG JURXS WKH IRRG DOOHUJ\
DFURVV JHRJUDSKLF UHJLRQV (JJV FRZfV PLON DQG SHDQ:
wWuLJJHUV IRU IRRG DOOHUJLF UHDFWLRQYV LQ ZKLFK SHDQ
LQGXFHG DQDSK\ODJ[LV ,Q WKH 86 WKH WRS IRXU IUHTXH
VHDIRRG PLON DQG SHDQXW ZKLOH WKRVH LQ &DQDGD DL
VHVDPH 6RPH FRPPXQLWLHY KDYH WKHLU XQLTXH IRRG DO
FRPPRQ RI IUXLW DOOHUJ\ LQ (XURSH RU WKH ELUGTV QH\
7TKH GLVWULEXWLRQ RI WKH IRRG DOOHUJ\ SUHYDOHQFH LQ (.
DOOHUJHQV IURP WZR VXUYH\ PHWKRGV VHOI UHSRUWHG DQG
LQ )LIXUH
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S6HOI UHSRUWHG OLIHWRRB SKEBEYDEBRQHHSHILQHG DOOHU
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&RZ V PLON (33 "KHDW 6 R\ SBHDQXW 7UHH QXWYV JLVK
J)LIXUH 7KH SUHYDOHQFH RI IRRG DOOHUJ\ LQ (XURSH GHU
GHVLJQV

7KH DVVRFLDWLRQ RI IRRG DOOHUJ\ SUHYDOHQFH ZLWK FHUWD
LQ PDQ\ VWXGLHV ,Q JHQHUDO FKLOGUHQ DUH PRUH OLNHO\ W
ODLOKRO *LRUGDQR /DEDGLH GHPRQVWUDWHG WKDW \RXQ
WR IRRG DOOHUJHQV WKDQ WKH ROGHU JURXSV 6LPLODU ILQC
WHOHSKRQH VXUYH\ DPRQJ WHQ (XURSHDQ QDWLRQV $Q |
IRRG DOOHUJ\ SUHYDOHQFH DPRQJ FKLOGUHQ DQG DGXOWV Z
SUHVHQWHG LQ )LIJXUH $V ZH FDQ VHH WKDW SHDQXW |
IUHTXHQW DOOHUJ\ LQGXFLQJ IRRGV LQ FKLOGUHQ EXW QRW
DGXOWY UHSRUWHG DOOHUJLF UHDFWLRQV WR ILVK DQG VKHO
DQG WUHH QXW DOOHUJ\ &KLOGUHQ PD\ RXWJURZ FHUWDLQ IF
VXFK DV PLON DQG HJJ DOOHUJ\ WKXV WKLV PLIJKW FRQWULE
DOOHUJ\ SUHYDOHQFH LQ WKH ROGHU SRSXODWLRQ % HVLC
DOOHUJ\ WKDW PLJKW KDYH DQ DGXOW RQVHW RU WKH VH
EH GHYHORSHG DIWHU D ORQJ WLPH H[SRVXUH WR DOOHUJHC
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S &KLO@QBIBYZO WYV

X006 , X086

iX06i
iIXhAo

I XA
IXi PXTT
l_l IXin
1

SHDQXW 7TUHH QXWYV J)LVK 6KHOOILVK 6HV

Y)LIXUH 7KH FRPSDULVRQ Rl IRRG DOOHUJ\ SUHYDOHQFH I
FKLOGUHQ DQG DGXOWV LQ &DQDGD

L, QWURGXFWLRQ WR VHDIRRG DOOHUJ\

6HDIRRG LV D KLIJKO\ QXWULWLRXV IRRG FRPPRGLW\ ZLWK PDC
6HDIRRG LV FXUUHQWO\ WUDGLQJ ZRUOGZLGH DQG WKH ZR
LQFUHDVLQJ RYHU WKH ODVW GHFDGHV 7KH VWXG\ RI VHDIRR
ZLWK WKH ULVH RI VHDIRRG DOOHUJ\ RFFXUUHQFH *HQHUDOO
DERXW DQG RI WKH ZRUOGYV SRSXODWLRQ UHVSHFWLY

+\SHUVHQVLWLYLW\ WR VHDIRRG FDQ EH IRXQG LQ FKLOGUHQ
OLIHORQJ DQG WKH FURVV UHDEWLYLW\ WR GLIIHUHQW VHDIRR
VHDIRRG VSHFLHV LQFOXGLQJ SUDZQ DQG FUDE DUH NQRZQ D
IRRG LQGXFHG DQDSK\OD[LV 7KH ,J( PHGLDWHG VHDIRRG D
K\SHUVHQVLWLYLW\ UHJXODWHG E\ WKH SURGXFWLRQ RI VSt
VHDIRRG SURWHLQYV

:KDW LV VHDIRRG"

6HDIRRG LV D JHQHUDO WHUP XVHG WR QDPH DOO FUHDWXUH)
IRU KXPDQ FRQVXPSWLRQ 6HDIRRG FDQ DOVR EH VXEFDWHJIR
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7KH ODWWHU LQFOXGHY PROOXVNYVY DQG FUXVWDFHDQV 1RZDG
KDYH EHHQ LOQWURGXFHG LQWR LQWHQVLYH DTXDFXOWXUH Sl
GHPDQG RI D JURZLQJ ZRUOGTV SRSXODWLRQ 7KH WHUP 3V}
DTXDWLF OLIH VXFK DV IUHVKZDWHU ILVK RU EUDFNLVK ZDWH
FODVVLILFDWLRQ RI VHDIRRG DQG WKH VSHFLHV XVHG LQ WKH

Seafood

Shellfish
1 1

Chordates

1
|Crustac.eans Gastropods | Bivalves | Cephalopods | Bony fish | | Carti}las%n i
: White- Squid
. Snail
Shrimp Abatans clam Cuttlefis c_atﬁs_h Shark
Mud Crab Hard: h lilapia
Lobster clam Soft caip
Krill Ask-shell squid eaby
Freshwate Oyster Octobus el
r crab Scallop =hake
Scampi head fish
Mackerel
Grouper
Tuna
JLIXUH &ODVVLILFDWLRQ RI VHDIRRG DQG WKH PRVW FRPPRC




7KH SUHYDOHQFH RI VHDIRRG DOOHUJ\

W LV HVWLPDWHG WKDW XS WR RI WKH JHQHUDO SRSXO
UHDFWLRQV WR VHDIRRG 6HDIRRG DOOHUJ\ LQFLGHQFH
UHJLRQV DQG LV PRUH IUHTXHQWO\ IRXQG LQ DGXOWV WKDQ L
HSLGHPLRORJLFDO GDWD VHHPV WR YDU\ GUDPDWLFDOO\ E\ W
KLIJKHU UDWH LQ WKH VHOl UHSRUWHG GDWD WKDQ WKH GF
FRPSDULVRQ EHWZHHQ GLIITHUHQW VWXGLHV PD\ EH LQDSSURSE
DQG PHWKRG ZDV DSSOLHG 7KH HSLGHPLRORJLFDO VHDIRRG
VXPPDUL]HG LQ 7DEOH

JLVK DQG VKHOOILVK DOOHUJ\ DSSHDU WR GRPLQDWH LQ UHJLI

D VWDSOH IRRG 7KH KLJKHVW UDWHV RI WKH VHOI UHSR
J)LQQLVK SUHVFKRRO FKLOGUHQ DQG &, F
7KH KLJKHVW VKHOOILVK DOOHUJ\ ZDV IRXQG DW &,
FKLOGUHQ \HDU ROG ,Q WKH DGXOW JURXS WKH KLJKHYV
UHSRUWHG LQ WKH 86 &, DQG XS WR

DPRQJ WKH $PHULFDQ DGXOWYV

+RZHYHU WKH SRSXODWLRQ EDVHG VXUYH\V WKDW HPSOR\HG
WHVWYV LQGLFDWHG PXFK ORZHU UDWHV RI ILVK DQG VKHOOIL

UDWH ZDV &, LQ \HDU ROG JURXS LQ 6ZHGHQ
&, DPRQJ WR \HDU ROG *HUPDQ FKLOGUHQ
VHQVLWL]DWLRQ UDWH LQ DGXOWV ZDV UHSRUWHG DW
FUXVWDFHDQ DOOHUJ\ ZDV UHSRUWHG DW DPRQJ ,WDOL
7KH IRRG DOOHUJ\ RFFXUUHQFH YDULHG IURP WR \

LQ FKLOGUHQ DQG DGXOWV IURP (XURSH DQG 6RXWKHDVW $VI
OROOXVN DOOHUJ\ ZDV PRUH FRPPRQ LQ 6RXWKHUQ (XURSH
SUHYDOHQFH ZDV OHVV FRPPRQ ZKHQ ®RQIMIIEE HYAWHRAMKY DY D L O




7TDEOH

7KH SUHYDOHQFH RI VHDIRRG DOOHUJ\ ZRUOGZLGH

VNOHWKRGRO

RJ\ S5HI

&RQYLQFLQJ

KLVWRU\

&RQYLQFLQJ

KLVWRU\

&RQYLQFLQJ

KLVWRU\

&RQYLQFLQJ

KLVWRU\

6HOI UHVSRQ
2)&

VH 637

&RXQWU\ <HDRUWRINHDUV 3RS
VWXG
Q
$VLD
6LQJDS/RUH
7KDLODQG
PRQ

3KLOLS|SLQHV

6HOI UHVSRQ
2)&

VH 637

&RQYLQFLQJ

KLVWRU\

HUHQFH
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7DLZDQ

&RQYLQFLQJ

KLVWRU\

&RQYLQFLQJ
637 ,J(

KLVWRU\

&RQYLQFLQJ
637 ,J(

KLVWRU\

-DSDQ

&RQYLQFLQJ
637 ,J(

KLVWRU\

6HOI UHVSRQ
TXHVWLRQQD

VH
LUHV

+RQJ
.RQJ

JRRG DYRLGD

QFH

6HOI DGPLQL
TXHVWLRQQD

GRFWRU GLDJQRVHG

VWHUHG
LUH

LOQWHUYLHZ

J)DFH WR IDFH

VHOI
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DGPLQLVWHUHG
TXHVWLRQQDLUHV

&KLQD AXHVWLRQQD|LUHV 637
JRRG HOLPLQDWLRQ RUDO
IRRG FKDOOHQJH

$PHULFD

86 &RQYLQFLQJ |[KLVWRU\ R|U
GRFWRU GLDJQRVHG

86 DGXOWV 6HOl UHSRUWHG

FKLOGIUHQ 6HOl UHSRUWHG

&DQDGD ! &RQYLQFLQJ| KLVWRU\
637 ,J(

&DQDGD &RQYLQFLQJ| KLVWRU\
637 ,J(
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6HOI UHSRUW

4XHVWLRQQD

+LVWDPLQH
WHVW V,J(

2

4XHVWLRQQD

+LVWDPLQH
WHVW V,J(

2

(XURSH

3RUWXJDO I | \HDUV
ROG

'"HQPDU|N !

'"HQPDU|N \HDUV|ROG

'"HQPDU|N \HDUV| ROG

)LQODQG \HDUYV
ROG

AXHVWLRQQD

SHWWDPLQH

WHVW V,J(

2

6HOI UHSRUW

SK\VLFLDQ G
637 V,J( 2)&

/{HG

LUH 637
UHOHDVH
) &

LUH 637
UHOHDVH
) &

LUH 637
UHOHDVH
) &

HG
LDJQRVLYV
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SHSRUW 637
'"%3&)&
6HOlI UHSRUWHG 637

V,J( 2)& "%3&)&

6HOl UHSRUWHG 637

8.
8. \HDUV ROG
JUDQFH \HDUYV
ROG
JUDQFH HDUV
ROG
7XUNH\ ' \HDUV
ROG
7XUNH\ \HD UV
ROG
,FHODQ \HDU ROG

6HOI UHSRUWHG
6HOI UHSRUWHG 637
V,J( '%3&)&
6HOI UHSRUWHG 637
V,J( '%3&)&
6HOI UHSRUWHG 637

V,J( '%3&)&
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*UHHQODQG \HDUV vV, J(
ROG
6ZHGHQ HDUV 6HOl UHSRUWHG
ROG
6ZHGHOQ \HDlUV ROG BHOI UHSRUW V,J(
*HUPDQ\ \HDUV ROG BHOI UHSRUW V,J(




6HDIRRG DOOHUJHQ

21 DOO DOOHUJHQV ZKLFK DUH UHJLVWHUHG LQ WKH V\VWH
WKH :RUOG +HDOWK 2UJDQL]DWLRQ DQG ,QWHUQDWLRQDO 8Q|
'+2 ,8,6 $OOHUJHQ 1RPHQFODWXUH 6XE FRPPLWWHH ZZZ DOC
IRRG DOOHUJHQV DQG VHDIRRG DOOHUJHQV LGHQWLILHG

SDUYDOEXPLQ ZKLOVW WURSRP\RVLQ LV SUHGRPLQDQW LQ PR

ORVW VHDIRRG DOOHUJHQV DUH SURWHLQV ZLWK WKH PROHF)
7KH\ DUH QRUPDOO\ SUHVHQW LQ FRPSOH[ FRQIRUPDWLRQV
VWUXFWXUHY DQG PXOWLSOH LVRIRUPV 6RPH VHDIRRG SUI
WKH\ PLIJIKW EH EURNHQ LQWR VPDOOHU IUDJPHQWY RU GRZQJL
KHDW WUHDWPHQWYVY %HVLGHV D VHDIRRG DOOHUJHQ PD\ KDY
WKH UHJLRQV LQ WKH SURWHLQ VWUXFWXUH WKDW ,J( DQWLE
7TKHVH HSLWRSHV FDQ EH LQ OLQHDU VHTXHQWLDO RU WKH
IRUP )RU H[DPSOH WKH DOOHUJHQ DUJLQLQH NLQDVH IURP

FRQIRUPDWLRQDO HSLWRSHYV 7TKH LQYHVWLIJDWLRQ RQ WKI
DQG WKHLU VWUXFWXUH RI D SURWHLQ FRXOG KHOS WR SUHGI
FURVV UHDFWLYLW\ OLNHOLKRRG DQG DGYDQFH WKH GHY
LPPXQRWKHUDSLHYV LQ VHDIRRG DOOHUJ\ PDQDJHPHQW

J)LVK DOOHUJHQ

JLVK SURWHLQV WKDW DUH UHVSRQVLEOH IRU PRXQWLQJ DQ

KXPDQV LQFOXGH SDUYDOEXPLQ HQRODVHY DQG DOGRODV
EHWD SULPH FRPSRQHQW RI YLWHOORJHQLQ DQG UHFHQ
LQ WLODSLD 7TKH LGHQWLILHG ILVK DOOHUJHQV DUH SUHYV
SDUYDOEXPLQ O: N'D S, LV WKH PDMRU ILVK DOC

LGHQWLILHG LQ PDQ\ GLIIHUHQW ILVK VSHFLHV ,W LV IRXQG
ERQ\ ILVK FODVV  SHUFLIRUPHV JDGLIRUPHV FOXSHLIF
SOHXURQHEWLIRUPHYV F\SULQLIRUPHVY DQJXLOOLIRUPHV DQG
ILUVW LGHQWLILHG LQ PDQ\ WHPSHUDWH ZDWHU ILVK VSHFLHV
WKHQ LQ WURSLFDCBRDVY®HPRWKU H D RERDQ D6 WRROHSKRU XV
LQGLFRPIBBWSXV FKLQM@Y LWHEFRREHURPRUXV JXWWDWXV
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SBDUYDOEXPLQ ZDV IRXQG XQHYHQO\ LQ ILVK VSHFLHV IURP ERW
KHPLVSKHUH VHDZDWHU ]JRQHYV JLVK DUH XELTXLWRX
HQYLURQPHQWY ZRUOGZLGH +RZHYHU WKH FRUUHODWLRQ RI
WKH FRQFHQWUDWLRQ DQG GLVWULEXWLRQ RI SXWDWLYH DOO

7TDEOH $OOHUJHQLF SURWHLQV IURP ILVK UHJLVWHUHG DQ
GDWDEAOAMWHDOOHUJHQ RUJ

%HW D $SWODQWLF KEBOXSED KDUHQOXVK
SDUYDOEXPLQ

&RPPRQ FDUR\SULQXV FDUS&\ISRF

%DOWLF FRG*DGXV FDOODUWDDBVF

$SWODQWLF FRIBBGXV PRUKXDDG P

%DUUDPXQGUDWHY FDOFDURDW &

KLII /IHSLGRUKRPEXNS Z
ZKLIILDJRQLV

5DLQERZ WURRWRUK\QFKXV2QF P
P\NLVV

,QGLDQ PDFNSDWMIWOUHOOLJHIDV N
NDQDJXUWD

$WODQWLF VBD®RR VDODUG6DO V

BDFLILF SLORKDMJLEE QRSYV VBDML VD

<HOORZILQ WX QXV DOEDRR WDHV
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6ZRUGILVK ;LSKLDV JODGUXVI

2FHDQ SHUHFKDVWHYV PDOHB XV
UHGILVK VQDSSHU

%HWD SUL®KXP VDOPRQ@QFRUK\QFKX\2QMHWD
FRPSRQHQW

RI

YLWHOORJHQLQ

7TURSRP\RVYRODPELTXH 2UHRFKURPLV2UH P
WLODSLD PRVVDPELFXYV

$OGRODVH$®WODQWLF FR.GGXV PRUKXDDG P

$WODQWLF VBD®RR VDODUG6DO V

<HOORZILQ WIKXMQXV DOEDRRUWHYV

%HWD HQROWOBIQWLF FRGGXV PRUKXDDG P

$WODQWLF VBD®RR VDODUG6DO V

<HOORZILQ WIKXMQXV DOEDRRUWHYV

SDUYDOEXPLQ LV D KHDW VWDEOH DQG KLJKO\ ZDWHU VROXE
VXEJURXSVY DOSKD DQG EHWD EXW WKH EHWD OLQHDJH LV SL

GLVWULEXWHV XQHYHQO\ LQ ILVK SHFHQWO\ D PHD
FROQWHQW LQ VSHFLHV UHFRQILUPHG WKH FRQVLGHUDEO
HISUHVVLRQ IURP ILVK WR ILVK JRU LQVWDQFH ZLWKLQ

PXVFOH FRQWDLQHG D KLJKHU DPRXQW RI SDUYDOEXPLQ WEK
SDUYDOEXPLQ H[SUHVVLRQ IRXQG LQ WKH GRUVDO ZKLWH P;
PXVFOH &RG FDUS DQG VDOPRQ KDYH D KLJK UDWLR RI SDU




&KDSWHU

SURWHLQV ZKLOVW WKH ODUJH VL]HG SHODJLF ILVK OLNH WXQC
OHYHO RI SDUYDOEXPLQ JXUWKHUPRUH [ILVK SDUYDOEXI
DPLQR DFLG VHTXHQFH DQG WKH FOLQLFDO FURVV UHDFWLYL\
SDUWLFLSDQWY ZLWK D ILVK DOOHUJ\ FRXOG DOVR H[SUHVV FO
RWKHU GLVWDQW UHODWHG VSHFLHV VXFK DV LQ WKH FDVH R
7KH OLNHOLKRRG RI FURVV UHDFWLYLW\ GXH WR SDUYDOEXPLC

6KHOOILVK DOOHUJHQ

6KHOOILVK DOOHUJ\ LV DQ XPEUHOOD WHUP IRU DOOHUJLF
FRPSRXQGV IURP FUXVWDFHDQ DQG PROOXVN %HVLGHV WURS
DV WKH PDMRU DOOHUJHQ LQ VKHOOILVK RWKHU SXW
EHHQ LGHQWLILHG )RU LQVWDQFH DUJLQLQH NLQDVH P\RVL
FDOFLXP ELQGLQJ SURWHLQ LQ FUXVWDFHDQ DQG P\RVLQ KF
DP\ODVH LQ PROOXVN 7DEOH GLVSOD\HG DOOHUJHQV Il
KDYH EHHQ FKDUDFWHUL]HG DQG UHJLVWHUHG ZLWK WKH :$2 ,
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7TDEOH $OOHUJHQLF SURWHLQV IURP FUXVWDFHDQ UHJLYV
:$2 ,8,6 GDWDEAXYWVBHOOHUJHQ RUJ

7TURSRP\RVLQ 1RUWK 6HRUDQJRQ FUDQUDQF
VKULPS

&UDE &KDU\EGLV |HKKDWIXV

$PHULFDQ +RPDUXV +RP D
OREVWHU DPHULFDQXV

"KLWH VKULPAWRSHQDHXMW Y
YDQQDPHL

*LDQW ODFUREUDFKIOYOF U
IUHVKZDWHURVHQEHUJLL
SUDZQ

.LQJ SUDZQ OHOLFHUWXVHO O
ODWLVXOFDWXV

6KULPS OHWDSHQDHXVOH@NVHV

IRUWKHUQ BIDWIGESO XV ERBBIQ GELV

6SLQ\ ORESI®IXOLUXV VWILLPS WR QL

6KULPS 3HQDHXV D]WBHAXVD

%ODFN WLIMQDHXV PRQREBRQ
VKULPS
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%OXH VZLPPRIUWXQXYV SHGRIULBXV
FUDE

$UJLQLQH NLQDRMWWK 6HRUDQJRQ FUD @UMQF
VKULPS

"KLWH VKULPA.WRSHQDHXAMW Y
YDQQDPHL

%ODFN WLIMQDHXV PRQREBRQ
VKULPS

SHG VZDPSURFDPEDUXV FO®BENLL
FUD\ILVK

0XG FUDE6\OOD SDUDPDPBRWSOLQ

0\RVLQ OLZKMQH VKBURMSHPLD IUDQBUWF DD
FKDLQ

1RUWK 6HERUDQJRQ FUD @UMDQF
VKULPS

SHG VZDPSURFDPEDUXV FO®BENLL

FUD\ILVK
0O\RVLQ OLJKRMHULFDQ +RPDUXV +RP D
FKDLQ OREVWHU DPHULFDQXV

"KLWH VKULPAWRSHQDHXAMW Y
YDQQDPHL

%ODFN WLIMQDHXV PRQREBRQ
VKULPS
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6DUFRSODVPLPAODFEN WLIHQ@DHXV PRQBERQ
FDOFLXP ELQGLWKULPS
SURWHLQ

1RUWK 6HEZUDQJRQ FUD @UMQF
VKULPS

"KLWH VKULPA.WRSHQDHXAMW Y
YDQQDPHL

1DUURZ FODZBIBQWDVWDF3RQ O
FUD\ILVK OHSWRGDFW\OXV

0XG FUDE6\OOD SDUDPDBRWOLQ

7URSRQLQ & %ODFN WIBHQDHXV PRQRER®P
VKULPS

1RUWK 6HERUDQJRQ FUD @UMDQF
VKULPS

$PHULFDQ +RPDUXV +RP D
OREVWHU DPHULFDQXV

7TURSRQLQ , 1DUURZ FODZ3IRKQWDVWDFIRQ O
FUD\ILVK OHSWRGDFW\OXV

7TULRVHSKRVSRKRDWWWDFHILUFKDHRSRWDBBE LKV
LVRPHUDVH VSHFLHYV VLELULHQVLYV

2YDU\ (ULRFKHLWULRFKHLU VLQUWIQVLV
GHYHORSPHQWVLQHQVLYV
UHODWHG SURWHLQ
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7URSRP\RVLQ LV D FRLOHG FRLOHG VHFRQGDU\ VWUXEFWXUH
SURWHLQ ZLWK D PROHEXODU ZHLJKW RI N'D ,W KDV D VC
DQG ZDWHU VROXEOH 7URSRP\RVLQ FDQ EH IRXQG LQ PXVFO
LQYHUWHEUDWH DQG SOD\ HVYVHQWLDO UROHYV LQ PXOWLSOH E
VWDEOH XQGHU GLIIHUHQW KHDW DQG FKHPLFDO WUHDWP
SUHGRPLQDQW LQ FUXVWDFHDQ DQG PROOXVN DQG FRPPRQC
VKHOOILVK DOOHUJ\ GLDJQRVLV +RZHYHU FOLQLFDO UHDFWL
VHHPV WR YDU\ ZLWKLQ VWXG\ SRSXODWLRQV 6WXGLHV LQ 6L
WKH PDMRU WULJJHU IRU VKULPS DOOHUJ\ LQ FKLOGUHQ

DV WKH PDMRU DOOHUJHQ RI WURSLFDO R\WWHU LQ 0DOD\VLD
UHYHDOHG WKDW WURSRP\RVLQ LV D PLQRU EXW GLVWLQFW
DOOHUJLHV DQG D VLPLODU ILQGLQJ ZDV UHSRUWHG LQ
DOOHUJLF SRSXODWLRQ LQ &KLQD 7KXV WKH VKHOOILVK
LQWR FRQVLGHUDWLRQ RI DOO SXWDWLYH DOOHUJHQV SUHVHC

$UJLQLQH NLQDVH $. LV DQ HQJ\PH LQYROYLQJ LQ HQHUJ\ PHW
5HFHQWO\ $. ZDV UHSRUWHG DV D SDQ DOOHUJHQ LQ FUXVWD
N'D ZDV ILUVW LGHQWLILHG IURP WKH PXVFOWRSHQYXKHXYDFLI
YDQQDPH DQG KDV D LGHQWLW\ WR SUHYLRXV $. 3HQ P
3HQDHXV PRQRGR®@SDUW IURP SUDZQV $. IBRPOPXG FUDI
SDUDPDPRVDL@QG REFWESWRSXV IDQIJVLIEZ®Y LGHQWLILHG DQC
FKDUDFWHUL]JHG

7ZR RWKHU KHDW VWDEOH DOOHUJHQV IRXQG LQ VKULPS DUF
SURWHLQ 6&3 /LW Y RI N'D DQG P\RVLQ OLJKW FKDLQ

%RWK 6&3 DQG 0/& DUH DVVRFLDWHG ZLWK FOLQLFDO UH
WKHLU ,J( UHFRJQLWLRQ VLWHV ZHUH FKDUDFWHUL]HG 6
ZHUH LGHQWLILHG UHFHQWO\ LQFOXGLQJ KHPRF\DQLQ +& L«
ODFUREUDFKLXP URVHQEWW®RBRQLQ & LQ $PHULFDQ OREVW
WULRVHSKRVSKDWH LVRPHUDVH L@QUDKH RI@ UFWIEDANMNPQEHD. &/ KU LF
ELQGLQJ SURWHLQ )$%3 DQG DOSKD DFWLQLQ EHWD DFWL
BROHQRFHUD PHODQWKR

ODQ\ PROOXVN VSHFLHVY DUH QXWULWLRXV IRRG ZLWK KLJK HF
NQRZQ DERXW WKH DOOHUJHQLFLW\ RI PROOXVN SURWHLQV WF
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EHORZ VXPPDUL]JHG DOOHUJHQV IURP PROOXVN WKDW GHSF
7TURSRP\RVLQ LV VR IDU WKH PRVW UHSRUWHG DOOHUJHQ IRXQ
JDVWURSRGYV ELYDOYHV DQG FHSKDORSRGYV OROOXVN WL
D PROHFXODU ZHLJKW RI DERXW N'D 2WKHU DOOHUJHQ\
SDUDP\RVLQ O: N'D P\RVLQ KHDY\ FKDLQ KHPRF\DQ
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7TDEOH $OOHUIJHQLF SURWHLQV LQ PROOXVN UHJLVWHUHG
GDWDEAOAVWHDOOHUJHQ RUJ

7URSRP\RVLQ % URZBOLD DW/ISGUVD+HO DV
VQDLO
6TXLG 7RGDURGHV SDFRIGFXV

$EDORQH +DOLRWLYV PLGDHDO P

3DFLILF RWMWHYRVWUHD &V

6\GQH\ UBBRFRVWUHD 6DF J
R\VWHU JORPHUDWD

&URVV UHDFWLYLW\

,Q IRRG DOOHUJ\ FURVV UHDFWLYLW\ LV WKH FLUFXPVWDQFH
UHVSRQVHV WR RQH IRRG JURXS FDQ H[SUHVV VLPLODU DOOHL
SK\ORJHQLF UHODWLRQ 3URWHLQV OLNH SDUYDOEXPLQ SUHVI
GLITHUHQW ILVK VSHFLHYVY DQG GLIIHUHQW DQLPDO PHDWV L H
DOOHUJLF WR ILVK SDUYDOEXPLQ DUH OLNHO\ WR EH DOOHU
UHODWLRQ 7KLV LV H[SODLQHG E\ WKH KLJKO\ FRQVHUY
SDUYDOEXPLQ EHWZHHQ ILVK VSHFLHV DQG FRQVHTXHQWO\

ELQGLQJ VLWHYV 7KH SRVVLELOLW\ IRU FURVV UHDFWLYLW

7KH FURVV UHDFWLYLW\ RFFXUUHG PRUH FRPPRQ DPRQJ VKHC
7TURSRP\RVLQ LV DEXQGDQWO\ GLVWULEXWHG LQ FUXVWDFHD
FRQVHUYDWLYH DPLQR DFLG VHTXHQFH WKDQ SDUYDOEXPLQ
UHDFWLYLW\ FOLPEV XS WR DPRQJ VKHOOILVK VSHFLHV

UHDFWLYLW\ ZDV IRXQG EHWZHHQ VKHOOILVK DQG PLWHV R
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VHQVLWL]DWLRQ KDV EHHQ FRQVLGHUHG DV WKH SULPDU\ VHC
HVSHFLDOO\ DPRQJ SRSXODWLRQV LQ WKH WURSLFV

2FFXSDWLRQDO DOOHUJ\ WR VHDIRRG

7KH FRQFHUQ RI RFFXSDWLRQDO KHDOWK ULVNV LQ VHDIRRG
UDLVHG LQ 7KH LQFLGHQFH Rl GHYHORSLQJ VHDIRR
UHSRUWHG DPRQJ LQGLYLGXDOV ZRUNLQJ ZLWK VTXLG RF\
OREVWHU DQG VKULPS DQG ILVK 5DZ ILVK DHURDOO]
DQ RSHQ DLU ILVK PDUNHW DQG D KLJK OHYHO RI VHDIRRG
VHDIRRG SURFHVVLQJ VLWHYV JRRG SURFHVVLQJ DFWLYLW
IU\LQJ DQG GU\LQJ DUH EHOLHYHG WR FRQWULEXWH WR WK
SURWHLQV LQ WKH ZRUNLQJ HQYLURQPHQW DQG WKH St
DOOHUJHQV HOLFLW VHQVLWL]DWLRQ 7KH IUHTXHQWO\ U
WKH RFFXSDWLRQDO VHDIRRG DOOHUJ\ DUH DVWKPD UKLQL'
VIQGURPH DQG FRQWDFW XUWLFDULD

6HDIRRG DOOHUJ\ LQ 9LHWQDP

IRFDWHG LQ WKH 6RXWK (DVW RI $VLD 9LHWQDP LV RQH RI WK
WKH ZRUOG PDUNHW ZLWK PRUH WKDQ PLOOLRQ ZRUNHUV GL!
6HDIRRG LV SUHIHUUHG E\ ORFDO FRQVXPHU DV D UHDVRQDEC
/IRFDO SHRSOH FRQVXPH DERXW NJ ILVK SHU FDSLWD SHU \HI
WKH ZRUOGYV DYHUDJH RI NJ $OWKRXIK WKH VDIHW\ RI Vi
UDLVLQJ ORWV RI DWWHQWLRQ IURP WKH SXEOLF QR VWXGLH)\
FRQGXFWHG LQ WKLV SRSXODWLRQ VR IDU :LWK WKH SUHGR
QHLJKERU QDWLRQV WKLV SUHVHQW ZRUN DLPV WR UHYLHZ
SURGXFWLRQ DQG FRQVXPSWLRQ LQ 9LHWQDP LGHQWLI\ VHDIR
E\ WKH ORFDOV DQG UHYLHZ UHFHQW VHDIRRG UHODWHG R»>
OLWHUDWXUH PHQWLRQV WKH EDFNJURXQG DQG WKH UDWLR
VHDIRRG DOOHUJ\ LQ WKH QH[W FKDSWHUV RI WKLV WKHVLV
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&RPPRQO\ FRQVXPHG VHDIRRG VSHFLHV LQ 9LHWQDP

7KH GLYHUVLW\ RI QDWXUDO KDELWDWV LQFOXGLQJ IUHVKZ
PDQJURYHV DQG VWUHWFKHG FRDVWDO DUHDV EHQHILW IRU
SURGXFWLRQ LQ 9LHWQDP 7KHUH DUH DERXW VHDIRRG VS
VHDIRRG VSHFLHVY DUH DYDLODEOH IRU UHJXODU FDWFKLQJ D¢
SLYHU GHOWD LQ WKH 1RUWK DQG OHNRQJ ULYHU GHOWD LQ W
ILVK DQG VKHOOILVK SURGXFWLRQ DQG SURFHVVLQJ 2IIVKRULI
IRFXVHG RQ WKH FRDVWDO SURYLQFHV RI WKH FRXQWU\ 7KH G
9LHWQDP LV SUHVHQWHG LQ 7DEOH I[UHVKZDWHU ILVK VSH
VSHFLHYVY 7DEOH &UXVWDFHD DQG 7DEOH OROOXVEFED L




7TDEOH ODWM\VREZDWHNSHEVYKY LQ 9LHWQDP

3HUFLIRUPHV &OLPELQJ SHWEK xQIQDEDV WHVW)
$QDEDYV

(GLQHXV

6QDNHKHDG &i OyF YHABKLRFHSKDOX
O0XGILVK
6QDNHKHDG ILVK

6QDNHKHDG &i OyF E{®FKLRFHSKDO X
0XGILVK PLFURSHOWHYV
6QDNHKHDG ILVK

3DQJDV FDWILVK K\SRSKWKDOP X

V VWULDW X

*LDQW JRXUDPL &2WPHURRQEP®PXYV JRUDP\
5HG 7LODSLD 7LODSLRUKRFKURIPIXV VS
KxQJ

1LOH 7LODSLD &7 U3 D8R LD

ODUEOH JRE\ 4 OHHE®QI[\HOHRWULV

JRE\ Wm¢QJ PDUPRUDWXYV

6DQG JRE\ &i EOF@RVMRIRELXV JLXUXV
6LOXULIRUPHWDVD ILVK %REODMDWBDQJDVLXV ERFRXUWL

FDWILVK

6WULSHG ROWULDVK 3DQJDVLXV
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OHNRQJ FDWILVK &BEQQD \VAIXX NU

HPSIL

&DWILVK 3DQJDVLXV 3RQKHBVLXVFRQFKRSKLOXV

:DONLQJ FDWILVK &IOWULDV VSS

6\QEUDQFKLIRIBAKN HHO &i FK¥FKODFURJQDWKX
DFXOHDWXYV

$UPHG VSLQ\ HHO &1 DV WDHFRKP EHO
FKOX BUPDWXV
FK¥FK V{QJ

XV

&\SULQLIRUPHNDVYV FDUS &i WAW R FRSKDU\Q
JRGRQLGHOOX

&RPPRQ FDUS &I FEYWSSULQXV FDUS

2VWHRJORVVIMIBRHPHNDWKH Wi BADEINV ARWRSWHUXYV
IHDWKHU EDFEN ILVK

> L R




7TDEOHODULQH VISHKLHY LQ 9LHWQDP

3HUFLIRUPHV 3LUDSLWLQJD&] FKLBLDUDFWXV EUDFK\SRPXV
WuU3:QJ

&RPPRQ SRQ\ILVK  &i/BLRWQODRXKXYV HTXXOXV

6SOHQGLG SRQ\ ILVK /Hl FOIEDMWKXYKYSOHQGHQV

-DFEN PDFNEUWVDOQJ 7UDFKXUXV MDSRQLFXV
-DSDQHVH KRUVH
PDFNHUHO

5HG ELJH\H &i E®UMDFOQWKXV WD\HQXV
Fi WUIF

<HOORZ WDLO VFDG $ V&X @H kFRD W H

SDUURW ILVK &i Py 6FDUXV VSS
*URXSHU &i P~ (SLQHSKHOXYV
<HOORZWDLO VFDG "HEID@MFHUXLY PDUXDGVL

ODUOLQ EODFN PDUOLOQDNRLB® JAQGLFD

*ROGHQ WKEBHPGOUQFBHPLSWHUXV YLUJDWXYV
EUHDP

+DLUWDLO +DLUILVK 7UIAKLXUXV OHSWXUXV




&KDSWHU

,QGLDQ PDFNHUHO RO\VEWBHOOLIJHU NDQDJIXUYV
5HG VQDSSHU &i KS\\gMDQXV VDQJIXLQHXV
%RQLWR WXQD 8DUGQ@IJRULHQWDOLYV

E{QJ
6NLSMDEN WXQD ADWYXYRQXV SHODPLYV

6SDQLVK PDFNHUHO BHRPEX YRFRUXYV

FRPPHUVRQ

%DUUDPXQGL & BKA®W/ DWHV FDOFDU
VHD SHUFK

LIHU

&DUDQJLIRUPBRELD &i ERS EISDFK\FHQWURQ FDQDGXP

*UHDWHU DPEHWFWPFNG6HULROD GXPH
DPEHUMDEFN ILVK

ULOL

ODKL PDKL &i GED &RU\SKDHQD K

L SSXUXYV

<HOORZ VWUL&HFNUMYBIWODURLGHV O

HSWROHSV|

%ODFN SRPIUHW QREWRILR yHQI H U

6LOXULIRUPH®YDQJDVLXV &i GiD 3DQJDVLXYV

SRO\XUDQRGRQ SRO\XUDQRGRQ
*RQRU\QFKLIRIL®HV LV K &ERQR QJ&KDQRV FKDQRYV
VDOPRQ ELCQ

$XORSLIRUPHWL]DUG ILVK &i POL 6DXULGD XQGR

VTXDPLV




&KDSWHU

&OXSHLIRUPHYQFKRY\

&i FkP

6WROHSKRUXYV
FRPPHUVRQLL

OXJLOLIRUPHWXOOHW ILVK &i yOL

0XJLO FHSKDO

KV

O\OLREDWLIRBFMHWJIUD\ ILVK

&SHXWREDWXV QDULQDUL

SOHXURQHFWBRUH HM. V K
ILVK

BR @INXaHL WMUXRJIORVVXV UREXVWXYV

6\QJQDWKLIRURBWILVK

&i SKgQ 3DUXSHQHXV E

DUEHULQXYV




&KDSWHU

7DEOHBKULPS DQG/SHBEHV LQ 9LHWQDP

DELWDWYV

%ODFN WLJHU 8KQDMXV PRQRGR Q/ ~ ,QODQG
DTXDFXOWXUH

&DW WLIJHU VKGDR®PSHQDHRSV{FN VW ODULQH ZLOG
KDUGZLFENLL FDSWXUH

B3LQN VKULPS OHWDSHQDHXVT7BPI F®UV 'LOG FDSWXUH

:KLWH VKUIRPQ@DHXV PHUJK{IFH@¥XIV :LOG FDSWXUH

EDQDQD VKULPS

<HOORZ ULQJ3IGXQLUXV RUQYBPWXR [DQRODQG

OREVWHU DTXDFXOWXUH
60LSSHU OREVWKHIQ XV RULHQWP ®LEVQL :LOG FDSWXUH
.ULOO VKULPS$FHWHY MDSR GXEF :LOG FDSWXUH
VKULPS

ODFUREUDFKLX™S [DQK :LOG FDSWXUH

%DE\ VKULPS ODQFHVWHU\

ODQWLYV VKULPBTXLOOD VSS 7{P Wtw :LOG FDSWXUH

JUHVK ZDWHU 9WFUREUDFKLXKP FjQJ ,QO0DQG
QLSSRQHQVLYV DTXDFXOWXUH




&KDSWHU

6FDPSL JIODFWREUDFKLXKRP FiQDDULQH
IUHVKZDWHU SUBRY®QEHUJLL [DQK DTXDFXOWXUH
'KLWH OHJ VKUIRSBHXV YDQQOEPHWK:; FEKBQLQH

WU3QJ DTXDFXOWXUH
%OXH VZLPPLQ3RUWWEQXV SHOR¥L FXYK ODULQH

DTXDEXOWXUH

7KUHH VSRUWW X Q XV *K% ED FKOP :LOG FDSWXUH
VZLPPLQJ FUDEVDQJXLQROHQWXV
OXVN FUDE &KDU\VEGLV FUXRKD®FD 'LOG FDSWXUH
5HG VZLPPLQJ BRDWXQXV KDD®&t yO 'LOG FDSWXUH
0XG FUDE PDQERROD VHUUDWYD ELCQ ODULQH
FUDE DTXDEXOWXUH
5HG IURJ FUDBDRLQD 5DQLQ&XD KX4aQK yA :LOG FDSWXUH
FUDE




&KDSWHU

7TDEOHOROOXMMSHFLHY LQ 9LHWQDP

&HSKDORS®RGDWOHILVK 06 F6QIBQD VSS ODULQH ZLOG
FDSWXUH

&XWWOHILVK 06F6GISWHOOD VSSODULQH ZLOG
FDSWXUH

6TXLG 06F OQJ/ROLJR HGXOLYDULQH ZLOG
FDSWXUH

%URDG VUEEQ®i BHSLRWHXWKLYDULQH ZLOG
VRIW VTXLG OHVVRQQLDQDFDSWXUH

2FWRSXV %BYFK WFWRSXV VSS ODULQH ZLOG
FDSWXUH

%LYDOYLD&ODP Z KILIW HX WUDPHUHWUL[ O\ UDR/DLQH
FODP KQUIGrX %AQ 7UH DTXDFXOWXUH
VKHOO FODP

<HOORZ FODP 1JKrXDB&DLD XQ G XOmMWDR QH
DTXDFXOWXUH

5HG $UNVBH®®\AW $UFD JUDQRVDODULQH

%ORRG FRFNOH DTXDFXOWXUH
6FDOORS LES UDKAODPME R RELODVLQH ZLOG
FDSWXUH

6LOYHUOLSjXSHDUO 3LQFWDGD PD[QPDLVEHE ZLOG
2\VWHU FDSWXUH




&KDSWHU

&ODP +AQ

&RUEL FXOLGDH HVK 4
ZLOG FDS

DWHU
W XUH

*DVWURSR$&SB0H VQDLO

OF Bmh®® SROLWD ,Q0DQG F

DSWXUH

SHULZLQNGH KmkQJ %DE\ORQLD D UHDRIQ QWM H

PDFXODWHG
LYRU\ ZKHON

DTXDFXOV

VXUH

$EDQRQH %jR QIJmDOLRWLY GLYOHDUMIGFRRORU
DTXDFXOWXUH
6QDLO OF J¥R $VVLPLQHD OXWWDFNLVK ZDWHU
&RPPRQ OF Pa ILWWRULQD OLOWRURH ZLOG
SHULZLQNOH FDSWXUH




&KDSWHU

6HDIRRG FRQVXPSWLRQ LQ 9LHWQDP

2Q DYHUDJH 9LHWQDPHVH SHRSOH FRQVXPH DERXW NJ VHDIF
+RZHYHU D UHFHQW VWXG\ RI ILVK DQG ILVK SURGXFWV FRQV
VXUYH\V H[SORUHG WKH IOXFWXDWLRQ RI VHDIRRG FRQVXPSW
RI 9LHWQDP 7KH DYHUDJH DPRXQW RI ILVK DQG ILVK SUR
SHU \HDU IURP WKLV UHSRUW ZDV NJ PXFK ORZHU WKDQ WK
$JULFXOWXUH 2UJDQL]DWLRQ )$2 DW WKH VDPH SHULRG /R
FRQVXPH WKH KLJKHVW DPRXQW RI VHDIRRG NJ FDSLWD \t
WKH 1IRUWKHUQ DQG &RDVWDO &HQWUDO 5HJLRQ NJ FDSLW
IRXQG LQ WKH 0LGODQGY DQG 1RUWKHUQ PRXQWDLQRXV DUHD

SHSRUWHG DGYHUVH UHDFWLRQV GXH WR VHDIRRG FRQV.

W LV HVWLPDWHG WKDW DERXW SHRSOH DUH WDNHQ WR |
LQGXFHG DGYHUVH UHDFWLRQV 21 ZKLFK VHDIRRG DFFRX
FDVHV DQG ZDV WKH OHDGLQJ FDXVH RI IDWDOLWLHYV 7D

VHDIRRG LQGXFHG HYHQWYV UHSRUWHG IURP ORFDO DJHQFLHV




&KDSWHU

7TDEOH SHFHQWO\ UHSRUWHG VHDIRRG LQGXFHG DGYHUVH UHDFWLRQV LQ 9LHWQDP

ILVKHUPHQ GLHG DIWHU HDWLQJ VQDLO PLQV GRQV Rl GL]JLQHVV
DQG FUDE DW VHD KRXUV QDXVHD ORVV RI PXVFOH
FRQWURO
8QGHILQHG VQDLO

ILVKHUPDQ GLHG DIWHIIDVVDULXERNISGH&RXU %OXUUHG YLVRQ GL]JJILQHVV
VHD VvQDLO QDXVHD YRPLWLQJ
ZHDNQHVYV

GLHG DIWHU HDWLQJ VQDLO PLQV 7RQJIXH QXPELQJ
GLIILFXOW\ EUHDWKLQJ
1DVVDULXV VSS
FRPPD
$IWHU HDWLQJ D VHD V@WIGH ILQHKGE /GDHOQDLO KRXUV +LJK IHYHU FRPD

RXW RI LQ D IDPLO\ ZHUH KRVSLWDOL]HG
RQH \HDU ROG JLUO GLHG IHZ KRXUV
ODWHU




&KDSWHU

(DWLQJ VHD VQDLO SHRSOH LQ D IDPLO\ PLQV 9RPLWLQJ OLPEV WZLWFKLQJ

ZHUH KRVSLWDOL]HG \HDU ROG JLUO WRQJXH QXPELQJ
1DVVDULXV SDSLORVXYV

GLHG F\DQRVLYV

SHRSOH KRVSLWDOL]JH&Q G HWIHQUHE DAWD@JV SHFLHV$SEGS RMHUIQ DORXUWBDP SV
VHDIRRG IRRG LQIJHQWXRRD YRPLWLQJ
GLDUUKHD

$ ZRPDQ KRVSLWDOL]HGS8QDBMHUQHDBWISHFLHYV KRXUV $QDSK\ODJ[LV

VHD FUDE
ILVKHUPHQ KRVSLWDOLB®WEUDFXGD ILVKKRXUV +HDGDFKH YRPLWLQJ
6SK\UDHQLGDH VSS GLDUUKHD WDVWH

GLVWXUEDQFHV
K\SRWHQVLRQ QR IHHOLQJ LQ
WKH ILQJHUV DQG WRHV

GHDG KRVSLWDOL]H® DI WHRY HH D W RQ JKRHMKR H -DZ VWLIIQHVV UHGQHVV LQ
FUDE FUDE IDFH EXUQLQJ XQDEOH WR
VSHDN GL]JLQHVV

YRPLWLQJ




&KDSWHU

&DUFLQRVFRUSLXYV
URWXQGLFDXGD




&KDSWHU

&XUUHQW VWXGLHVY RQ IRRG DOOHUJ\ DQG VHDIRRG DOO

7KHUH LV D SDXFLW\ Rl IRRG DOOHUJ\ LQYHVWLJDWLRQ LQ 9LH\
LQ WKH OLWHUDWXUH LV D SUHOLPLQDULO\ XQSXEOLVKHG VXl
ROG FKLOGUHQ DQG WR \HDU ROG VWXGHQWY FRQGXFWHG
OLQK &LW\ QR GDWD RI WKH VWXG\ VDPSOH VL]H $FFRUGLQ.
DOOHUJ\ RFFXUUHG DW D IUHTXHQF\ RI RI WKHVH VXESRS X
VHDIRRG VSHFLHV ZHUH VHDZDWHU ILVK EHHI PHDW
FUDE ,Q WKHUH ZDV D IRRG RXWEUHDN VXVSLFL
UHDEFWLRQ WR IUHVK PLON VXSSOHPHQWHG ZLWK JDODFWR F
FKLOGUHQ IURP +R &KL OLQK &LW\ 8QIRUWXQDWHO\ QR
LPSOLFDWHG IRRG DOOHUJHQ ZDV FRQGXFWHG

&RQFOXVLRQV

'LWK UDSLG XUEDQL]DWLRQ PDQ\ $VLDQ FRPPXQLWLHV DUH
HSLGHPLFV 1HLJKERU FRXQWULHV OLNH WKH 3KLOLSSLQHV 6
KLJK UDWHV Rl VHDIRRG DOOHUJ\ DQG IRRG LQGXFHG DQDSK\O
LPSRUWDQW IRRG FRPPRGLW\ DQG WKH VHDIRRG UHODWHG
LQFUHDVLQJ DQG UDLVLQJ FRQVLGHUDEOH FRQFHUQ WR WKH
LQYHVWLIJDWH WKH LQFLGHQFH RI IRRG DOOHUJ\ DQG WKH LPS
JHQHUDO SRSXODWLRQ 7R ILOO WKH FXUUHQW JDS WKLV WKF
RI IRRG DOOHUJ\ LQ WKH 9LHWQDPHVH FKLOGUHQ DQG DGXOW
JURP WKH VXUYH\ RXWFRPHV IXUWKHU LQYHVWLIJDWLRQV RQ V
EH FRQGXFWHG 0\ DLP LV WR IXUWKHU LGHQWLI\ WKH FF
PDQLIHVWDWLRQV DQG DOOHUJHQ VSHFLILF ,J( OHYHO DPRQJ |
DUH SURPLVLQJ WR DLG LQ HYDOXDWLQJ WKH HITHFWLYHQHVV |
WHVWV DQG GHYHORSLQJ QHZ LPPXQRWKHUDSLHV IRU EHWWH!
9LHWQDP DQG WKH $VLDQ FRPPXQLW\




&KDSWHU

SHIHUHQFHV

6LFKHUHU 6+ 6DPSVRQ +$ )RRG DOOHUJ\ $ UHYLHZ DQG X
SDWKRJHQHVLYVY GLDJQRVLV SUHYHQWLRQ DQG PDQDJHPHQ

ORRQHVLQJKH + ODFNHQ]JLH + 9HQWHU & .LOEXUQ 6 7X
BUHYDOHQFH RI ILVK DQG VKHOOILVK DOOHUJ\ $ V\VWHPDWL
,PPXQRO H

/JRSDWD $/ /HKUHU 6% 1HZ LQVLJKWYV LQWR VHDIRRG DOO
,PPXQRO

/JRSDWD $/ /HKUHU 6% 1HZ LQVLJKWYV LQWR VHDIRRG DO
$OOHUJ\ &OLQLFDO ,PPXQRORJ\

5XHWKHUV 7 7DNL $& -RKQVWRQ (% 1XJUDKD 5 /H 77. .D
DOOHUJ\ $ FRPSUHKHQVLYH UHYLHZ RI ILVK DQG VKHOOILYV

%DLUG )- *DVVHU 5% -DEEDU $ /RSDWD $/ )RRGERUQH D
OROHFXODU &HOOXODU 3UREHYV

9$6(3 $TXDWLF SURGXFWLRQ LQGXVWU\ LQ 9LHWQDP $Q ¥

>$YDLODERWWSRPYDVHS FRP YO 20H&ROWHQW WRQJ TXI

)$2 )LVK FRQVXPSWLRQ SHU FDSLWD

6DPSVRQ +$ )RRG DOOHUJ\ 3DVW SUHVHQW DQG I

-RKDQVVRQ 6* %LHEHU 7 'DKO 5 )ULHGPDQQ 36 /DQLHU !
5HYLVHG QRPHQFODWXUH IRU DOOHUJ\ IRU JOREDO XVH B5HSR
&RPPLWWHH RI WKH :RUOG $00OHUJ\ 2UJDQL]DWLRQ 2FWREHU

:DVHUPDQ 6 :DWVRQ : )RRG DOOHUJ\ $OOHUJ\ $VWKEF

6

-RKDQVVRQ 6* +RXULKDQH -2 %RXVTXHW - %UXLMQ]HHO
+DDKWHOD 7 HW DO $ UHYLVHG QRPHQFODWXUH IRU DOOHUJ
I[URP WKH ($$&, QRPHQFODWXUH WDVN IRUFH $0OOHUJ\

.DIDWVN\ $0 :RRG 5% &ODVVLILFDWLRQ RI )RRG $OOHUJHC
&XUU $0O0OHUJ\ $VWKPD 5HS




&KDSWHU

'DQJ - =KRX & 7LDQ - 6XQ 1 /X - :DQJ &< HW DO 7KH D
DOOHUJHQLFLW\ Rl IRRG DOOHUJHQV IDPLOLHV )RRG $JU ,PPX

0D < *ULHVPHLHU 8 6XVDQL 0O 5DGDXHU & %UL]D 3 (UOH
RI QDWXUDO DQG UHFRPELQDQW IRUPV Rl WKH PDMRU ILVK DO
FDUS ORO 1XWU )RRG 5HV 6XSSO 6

6LFKHUHU 6+ 6DPSVRQ +$ )RRG DOOHUJ\ UHFHQW DGYDC
DQG WUHDWPHQW $QQX 5HY OHG

3DVWRUHOOR ($ 3RPSHL & 3UDYHWWRQL 9 )DULROL / &D
/LSLG WUDQVIHU SURWHLQ LV WKH PDMRU PDL]H DOOHUJHQ PD
FRRNLQJ DW GHJUHHV & DV GHPRQVWUDWHG LQ DQDSK\ODF
SRVLWLYH GRXEOH EOLQG SODFHER FRQWUROOHG IRRG FKEL
,PPXQRO

6FKLPHN (0 =ZROIHU % %UL]D 3 -DKQ 6FKPLG % 9RJHO
*DVWURLQWHVWLQDO GLJHVWLRQ RI %HW Y KRPRORJRXV I
PHGLDWRU UHOHDVLQJ EXW QRW 7 FHOO DFWLYDWLQJ FDS

%XVKNLQ %HGLHQW 6 &DUSHQWHU '2 %HQHILWYV YHUVX
FRQVXPSWLRQ RI ILVK DQG RWKHU VHDIRRG 5HY (QYLURQ +HD
-HQNLQV -$% %UHLWHQHGHU + O0OLOOV (1 (YROXWLRQDU
KRPRORJV UHIOHFWV DOOHUJHQLFLW\ RI DQLPDO IRRG SURYV

IDSWHYD <6 8YHUVN\ 91 3HUP\DNRY 6( 6HTXHQFH PLFU
SDUYDOEXPLQ WKH PDMRU ILVK DOOHUJHQ %LRFKLP %LRSK\V
*ULHVPHLHU 8 9D]TXH] &RUWHV 6 %XEOLQ O 5DGDXHU &
([(SUHVVLRQ OHYHOV RI SDUYDOEXPLQV GHWHUPLQH DOOHUJF

'"HDUPDQ 5- 6WRQH 6 &DGGLFN +7 %DVNHWWHU '$ .LPE
SURWHLQ DOOHUJHQLF SRWHQWLDO LQ PLFH 'RVH UHVSRQV

)$2 :+2 5HSRUW RI D -RLQW )$2 :+2 ([SHUW &RQVXOWDWLR
JRRGV 'HULYHG IURP %LRWHFKQRORJ\ 5RPH )RRG DQG $JULF>
8QLWHG 1DWLRQV




&KDSWHU

B3ULFH $¢ 5DPDFKDQGUDQ 6 6PLWK *3 6WHYHQVRQ 0/ 3R
'( 2UDO DOOHUJ\ VIQGURPH SROOHQ IRRG DOOHUJ\ VIQGURPH

6PLWK ) 3DQ ; %HOOLGR 9 7RROH *$ *DWHV ). :LENKDP 0
RI JOXWHQ SURWHLQV LV UHGXFHG E\ EDNLQJ DQG HQKDQFHG
YRRG 5HV

ODWWLVRQ &3 *ULPP && :DVVHUPDQ 5/ ,Q YLWUR GLJHVYV
SURWHLQV DQG FKDUDFWHUL]DWLRQ RI VXUYLYLQJ ,J( UHDFWI

IXFDV -6 &RFKUDQH 6% :DUQHU -2 +RXULKDQH -2 7KH HII
S+ RQ WKH DOOHUJHQLFLW\ RI NLZLIUXLW SURWHLQV 3HGLDW

9DVVLORSRXORX ( 5LJE\ 1 ORUHQR )- =XLGPHHU / $NNHI
DO (IIHFW RI LQ YLWUR JDVWULF DQG GXRGHQDO GLJHVWLRQ
WUDQVIHU SURWHLQ - $OOHUJ\ &0LQ ,PPXQRO

BULQFH %7 ODQGHO 0- 1DGHDX . 6LQJK $0 *XW OLFU
'HYHORSPHQW RI )RRG $0OHUJ\ DQG $OOHUJLF 'LVHDVH 3

OROOR\ - $00OHQ . &ROOLHU ) 7DQJ 0/. :DUG $& 9XLOO}
OLQN EHWZHHQ JXW PLFURELRWD DQG ,J( PHGLDWHG IRRG DO
SHV 3XEOLF +HDOWK

5XWWHQ 1%00 *RULVVHQ '0: (FN $ 1LHUV /(0 90LHJHU $(
'"HU 9bbUWwW , HW DO /RQJ WHUP GHYHORSPHQW RI JXW PLFU
FKLOGUHQ ,PSDFW RI SURELRWLFV 3/R6 21(

%HUQL &DQDQL 5 *LOEHUW -$ 1DJOHU &5 7KH UROH RI W
LQ WKH UHJXODWLRQ RI WROHUDQFH WR GLHWDU\ DOOHUJHQ

SREHUWV * *ROGHU 1 /DFN * %URQFKLDO FKDOOHQJHV
DVWKPDWLF IRRG DOOHUJLF FKLOGUHQ $OOHUJ\
5DPLUH] -U '$ %DKQD 6/ )RRG K\SHUVHQVLWLYLW\ E\ LQKE

:LV]QLHZVND 0 7\PRV]XN ' 3DV :\URVODN $ 1RZDNRZV
&KRPLF]J]HZVND 6NRUD ' 3DOF]J\QVNL & HW DO 2FFXSDWLRQD
YXOJDULV 2FFXS OHG /RQG




&KDSWHU

IRSDWD $/ -HHEKD\ 0) $LUERUQH VHDIRRG DOOHUJHQV DV
DOOHUJ\ DQG DVWKPD &XUU $OOHUJ\ $VWKPD 5HS

$EGHO 5DKPDQ $0 .DPDWK 6" *DIJQH 6 IRSDWD $/
&RPSUHKHQVLYH SURWHRPLFV DSSURDFK LQ FKDUDFWHUL]LQ
SURWHLQV IURP QRUWKHUQ VKULPS WRZDUG EHWWHU RFFX
SURWHRPH 5HV

*RPH] 200HV 6 &UX] 0- %RJGDQRYLF - :RXWHUV ,0 'RHN
DO $VVHVVPHQW RI VR\ DHURDOOHUJHQ OHYHOV LQ GLIIHUHC(
$OOHUJ\

-HHEKD\ 0) &DUWLHU $ 6HDIRRG ZRUNHUV DQG UHVSLUD)
&XUU 2SLQ $O0OHUJ\ &0LQ ,PPXQRO

-HHEKD\ 0) ORVFDWR * %DQJ %( )ROOHWWL , /LSLQVND
$/ HW DO )RRG SURFHVVLQJ DQG RFFXSDWLRQDO UHVSLUDW
3DSHU $OOHUJ\

6LFKHUHU 6+ )XUORQJ 7- 'H6LPRQH - 6DPSVRQ +$ 6HO
UHDFWLRQV WR SHDQXW RQ FRPPHUFLDO DLUOLQHUV - $O0OHU

S3DVFXDO &< 5HFKH O )LDQGRU $ 9DOEXHQD 7 &XHYDV 7
DOOHUJ\ LQ FKLOGKRRG 3HGLDWU $OOHUJ\ ,PPXQRO

8ULDUWH 6% )HUQDQGH] 1LHWR 0 $URFKHQD / 6DVWUH -
VHDIRRG PDQXIDFWXULQJ DQG IRRG DOOHUJ\ WR VHDIRRG - [(

$FHUR 6 7DEDU $, $OYDUH] 0- *DUFLD %( 20DJXLEHO -0
DVWKPD DQG IRRG DOOHUJ\ GXH WR FDUPLQH $OOHUJ\

JRRQJ 5 ; GX 7RLW * )R[ $7 $VWKPD )RRG $00HUJ\ DQG
(DEK 2WKHU )3('

.XER $ 1DJDR . $PDJDL 0 (SLGHUPDO EDUULHU G\VIXQF
VHQVLWL]DWLRQ LQ DWRSLF GLVHDVHV - &0LQ ,QYHVW

_HOOHKHU 00 'XQQ *DOYLQ $ *UD\ & OXUUD\ '0 .LHO\ 0 .t
EDUULHU LPSDLUPHQW DW ELUWK SUHGLFWV IRRG DOOHUJ\ I
,PPXQRO H

,QRPDWD 1 1DJDVKLPD 0 +DNXWD $ $LKDUD 0 )RRG DC
FRQWDFW XUWLFDULD GXH WR WKH VDPH IRRG ,QYROYHPHQW
IRRG DOOHUJ\ $OOHUJRO ,QW




&KDSWHU

.DPSHQ 9 %OD\) )ROOHWWL , .RELHUVNL 3 ORVFDWR *
SRVLWLRQ SDSHU VNLQ SULEFN WHVWLQJ LQ WKH GLDJQRVLYV
$O0OHUJ\

2\RVKL 0. 2HWWJHQ +& &KDWLOD 7% *HKD 56 %U\FH 3- )F
LQWR HWLRORJ\ SUHYHQWLRQ DQG WUHDWPHQW SURYLGHG
,PPXQRO

7XUQEXOO -/ $GDPV +1 *RUDUG '$ B5HYLHZ DUWLFOH
PDQDJHPHQW Rl IRRG DOOHUJ\ DQG IRRG LQWROHUDQFHV

7XDQR .76 'DYLV &0 2UDO DOOHUJ\ VIQGURPH LQ VKULPS
DOOHUJLHV - $OOHUJ\ &0LQ ,PPXQRO 3UDFW

+R 0+ /HH 6/ :RQJ :+ ,S 3 /DX </ 3UHYDOHQFH RI VHOI
DOOHUJ\ LQ +RQJ .RQJ FKLOGUHQ DQG WHHQV D SRSXODWLR
,PPXQRO

$IDD 7- $IUDQH $. (WZLUH 9 *DVWURLQWHVWLQDO IRRG D
D FDVH VHULHV *KDQD OHG -

OLFHOL 6RSR 6 ORQDFR 6 &HUFKLDUD * %HUVDQL * $ YHL
DOOHUJ\ EHWZHHQ )3,(6 DQG ,J( PHGLDWHG IRRG DOOHUJ\ (XL

%HUJPDQQ 00 &DXEHW -& %RJXQLHZLF] 0O (LJHQPDQQ 3$
DOOHUJ\ LQ SDWLHQWY ZLWK DWRSLF GHUPDWLWLV - $OOHUJ\

.RSOLQ -- :DNH 0 'KDUPDJH 6& ODWKHVRQ 0 7DQJ 0/ *)
&RKRUW 3URILOH 7KH +HDOWK1XWV 6WXG\ 3RSXODW|
HQYLURQPHQWDO JHQHWLF SUHGLFWRUV RI IRRG DOOHUJ\ ,QV

.UDQHYHOG $' 6DJDU 6 *DUVVHQ - )RONHUWV * 7KH WZR
IRRG DOOHUJ\ DQG DOOHUJLF DVWKPD WKH SRVVLEOH FRQFH:
$FWD

%DHQD &DJQDQL &( 7HLMHLUR $ 5ROH RI IRRG DOOHUJ\ L¢
2SLQ $0O0HUJ\ &0LQ ,PPXQRO

/LX $+ -DUDPLOOR 5 B6LFKHUHU 6+ :RRG 5% %REN 6% %XU
SUHYDOHQFH DQG ULVN IDFWRUV IRU IRRG DOOHUJ\ DQG UHOD)
1IDWLRQDO +HDOWK DQG 1XWULWLRQ ([DPLQDWLRQ 6XUYH\

H




&KDSWHU
6FKURHGHU $ .XPDU 5 3RQJUDFLF -$ 6XOOLYDQ &/
DO

&DU)>
JRRG DOOHUJ\ LV DVVRFLDWHG ZLWK DQ LQFUHDVHG ULV

OXUDUR $ 5REHUWV *
$QDSK\ODI[LV

,PPXQRORJ\

RUP 0 %LOz 0%
*XLGHOLQHYV

IURP WKH
$OOHUI\
3DQHVDU 66
HSLGHPLRORJ\

%URFNRZ . )HUQI

(XURSHDQ $FDGHP\ R
-DYDG 6 'H 6LOYD '

RI' DQDSK\OD[LV

1ZDUX %,

+LFNVWHLQ /
LQ (XURSH

$ V\WWHPDVW
7HMHGRU $ORQVR 0$ ORUR ORUR 0O O0-~JLFD *DUFtD 09
DQDSK\OD[LV &OLQ ([S $O0OHUJ\

%RFN 6%

0XxR] )XUORQJ $

6DPSVRQ +$ )XUWKHU IDW!
DQDSK\ODFWLF UHDFWLRQV WR IRRG

- $O0HUJ\ &0OLQ ,
8PDVXQWKDU 7

/JHRQDUGL %HH - 7XUQHU 3- +RGHV 0 *RU
,QFLGHQFH RI IRRG DQDSK\OD[LV LQ SHRSOH ZLWK
PHWD DQDO\VLV &OLQ ([S $OOHUJ\

IRRG DOOHI
0XOOLQV 5- 'HDU .%* 7DQJ 0/. 7LPH WUHQGV LQ $X\
DQDSK\OD[LV DGPLVVLRQV LQ W R - $0O0HUJ\
7XUQHU 3-)3

*RZODQG 0+%$ 6KDUPD 9)
*DUFH] 70) HW DO

,HURGLDNRQRX
,QFUHDVH LQ DQDSK\OD[LV UHODWHG KRVS
IDWDOLWLHV $Q DQDO\VLV RI

8QLWHG
$O0OHUJ\ &0LQ ,PPXQRO

.LQJGRP QDWLRQDO D
*XSWD 56

H
'DUUHQ &0 6PLWK %0
3UHYDOHQFH DQG B6HYHULW\ R
H H
/\RQV 6%
&ODXVHQ 0

-LDQJ - %OXPHQVWRFEN
JRRG $OOHUJLHV $PRQJ 86 $(

%XUQH\ 3*-

%»DOOPHU :HEHU
HW DO

%. )HUQDQGH] 5LY
JRRG DOOHUJ\ LQ DGXOWV VXEVWDQWL
FDXVDWLYH IRRGV DFURVV (XURSH

3HWHUV 5/

- $00HUJ\ &0LQ ,PPXQRO 3
$0O0HQ .-

'"KDUPDJH 6& 7DQJ 0/.

.RSOLQ -- 3F
6NLQ SULFN WHVW UHVSRQVHVY DQG DOOHUJHQ VSHFLILF ,J( OH
DQG VHVDPH DOOHUJ\ LQ LQIDQWV

- $O0OHUJ\ &0LQ ,PPXQRO




&KDSWHU

BHOODWXUD\ 3 1DVVHU 6 (ZDQ 3 7KH LQFLGHQFH DQG
UHDEFWLRQV WR VNLQ SULEFN WHVWV $QQ $OOHUJ\ $VWKPD ,PP

ODVVH 06 *UDQJHU 9DOOpPH $ &KLULDF $ 'KLYHUW 'RQQ
SRXDQHW / %RXVTXHW 3- HW DO &RPSDULVRQ RI ILYH WHFKQ
URXWLQHO\ LQ (XURSH $OOHUJ\

9DQ .DPSHQ 9 'H %OD\ ) )ROOHWWL , .RELHUVNL 3 ORVE
(YDOXDWLRQ RI FRPPHUFLDO VNLQ SULFN WHVW VROXWLRQV II
$O0OHUJ\

5XHWKHUV 7 7DNL $& 1XJUDKD 5 &DR 77 .RHEHUO 0
9DULDELOLW\ Rl DOOHUJHQV LQ FRPPHUFLDO ILVK H{WUDFWYV |

OD\D - 5RVDV 9DUJDV 0$ GHO 5LR % JUHTXHQF\ RI )RR
3ULFN WR 3ULFN 7HVW DQG $WRS\ 3DWFK 7HVW LQ $OOHUJLF &

6

+DNWDQLU $EXO 0 2UKDQ ) $&REBSHK VO WHNVIMVZHW IS UILFHR 3+
, QW

+HUQiQGH] ORUHQR .( 'LH] /6 6\WWHPLF UHDFWLRQ DIWH
SULFN WR SULFN WHVW $ FDVH UHSRUW 5HYLVWD DOHUJLD Ot

6KX 6% &KDQJ & /HXQJ 36 &RPPRQ PHWKRGRORJLHV LQ W
DOOHUJ\ SLWIDOOV DQG SURVSHFWV RI IRRG DOOHUJ\ SUHY]
,PPXQRO

%LQGVOHY -HQVHQ & %DOOPHU :HEHU %. %HQJWVVRQ 8
+RXULKDQH - HW DO 6WDQGDUGL]DWLRQ RI IRRG FKDOOHQJ
UHDEFWLRQV WR IRRGVY SRVLWLRQ SDSHU IURP WKH (XURSHDC
&OLQLFDO ,PPXQRORJ\ $0O0OHUJ\

JHUQDQGH] 5LYDV 0 %DUUHDOHV / ODFNLH $5 )ULWVEKH
-HGU]JHMFE]DN &]HFKRZLF] 0 HW DO 7KH (XUR3UHYDOO RXWSEL
DOOHUJ\ EDFNJURXQG DQG PHWKRGRORJ\ $0OHUJ\

$\GRJDQ 0 OHWH 1 <D]JL ' $NNRF 7 2]GHPLU & %ODVHU
RI '"HU S VSHFLILF DQWLERG\ OHYHOV LQ FKLOGUHQ ZLWK DOC
FRQWUROV 3HGLDWU $0O0OHUJ\ ,PPXQRO

'HKOLQN ( %DNHU $+ <HQ ( 1XUNR 6 )LHELJHU ( 5HODWL
RI VHUXP ,J( FHOO ERXQG ,J( DQG ,J( UHFHSWRUV RQ SHULSKH
SRSXODWLRQ 30R6 RQH H H




&KDSWHU

6DLQL 66 .OLRQ $' +ROODQG 60 +DPLOWRQ 5* %RFKQHU
U 7KH UHODWLRQVKLS EHWZHHQ VHUXP ,J( DQG VXUIDEH OHY
OHXNRF\WHV LQ YDULRXV GLVHDVHV &RUUHODWLRQ RI H[S
EDVRSKLOV EXW QRW RQ PRQRF\WHV RU HRVLQRSKLOV

6PLW -- 3HQQLQJV 07 :LOOHPVHQ . YDQ 5RHVW 0 YDQ +
+HWHURJHQHRXV UHVSRQVHV DQG FURVV UHDFWLYLW\ EHWZH
$UD K DQG LQ D PRXVH PRGHO IRU SHDQXW DOOHUJ\ &OlI

/HH -+ 3DUN +- 3DUN .+ -HRQJ .< 3DUN -: 3HUIRUPDQFH
DOOHUJ\ 45 VIVWHP LQ WKH GHWHFWLRQ RI DOOHUJHQ VSHFL
,PPXQR&$33 VIVWHP $00OHUJ\ $VWKPD ,PPXQRO 5HV

'ROWKHUV 2' 6WDEHUJ 0 7KH XVHIXOQHVV Rl WKH PXOWL
WHVW FKHPLOXPLQHVFHQW DV FRPSDUHG WR WKH SKDGLD LPP
LQ FKLOGUHQ DQG DGROHVFHQWY 5HFHQW 3DW ,QIODP $00HU

6DQWRYV $)0'0 'RXLUL $3 %pFDUHV 1% :X 6 <0 BWHSKHQ
60' HW DO %DVRSKLO DFWLYDWLRQ WHVW GLVFULPLQDWHYV I
SHDQXW VHQVLWL]HG FKLOGUHQ - $OOHUJ\ &0LQ ,PPXQRO

%DKUL 5 &XVWRYLF $ .RURVHF 3 7VRXPDQL 0 %DUURQ 0
DFWLYDWLRQ WHVW LQ WKH GLDJQRVLV RI DOOHUJLF GLVHD)
,PPXQRO H

6DQWRYV $) %URXJK +$ ODNLQJ WKH ORVW RI ,Q 9LWUR 7
$OOHUJ\ - $OOHUJ\ &0LQ ,PPXQRO 3UDFW

&KLUXPEROR 6 %MjUNOXQG * 9HOOD $ ODVW FHOO DFWI
DFWLYDWLRQ WHVW DQG UHODWHG FRPSHWLQJ LVVXHV

6FKRRV $00 &KDZHV %/. )ijOVJDDUG 19 6DPDQGDUL 1
%LVIJDDUG + 'LVDJUHHPHQW EHWZHHQ VNLQ SULFN WHVW DQG
$OOHUJI\

OHKO $ 1LJJHPDQQ % .HLO 7 :DKQ 8 %H\HU . 6NLQ SUL
VHUXP ,J( LQ WKH GLDJQRVWLF HYDOXDWLRQ RI VXVSHFWHG F
LQ FKLOGUHQ 'RHV RQH UHSODFH WKH RWKHU" &OLQLFDO




&KDSWHU

&KDXYHDX $ 'DOSKLQ 0/ .DXOHN 9 5RGXLW & 3XJLQ $
'LVDJUHHPHQW EHWZHHQ 6NLQ 3ULEN 7HVWV DQG 6SHFLILF
,QWHUQDWLRQDO $UFKLYHV RI $OOHUJ\ DQG ,PPXQRORJ\

&XRPR % ,QGLUOL *& %LDQFKL $ $UDVL 6 &DLPPL ' 'RQC
DQG VNLQ SULFN WHVWV WR GLDJQRVH DOOHUJ\ WR IUHVK DQG
D VIVWHPDWLF UHYLHZ ,WDOLDQ -RXUQDO RI 3HGLDWULFV

6LFKHUHU 6+ 6DPSVRQ +$ )RRG DOOHUJ\ (SLGHPLRO
GLDJQRVLV DQG WUHDWPHQW - $O0HUJ\ &0LQ ,PPXQRO

BUHVFRWW 6/ 3DZDQNDU 5 $0OOHQ .- &DPSEHOO '( 6LQQ
JOREDO VXUYH\ RI FKDQJLQJ SDWWHUQV RI IRRG DOOHUJ\ EXLI
2UJDQ -

$O0OHQ .- .RSOLQ -- :K\ 'RHV $XVWUDOLD $SSHDU WR +DY
JRRG $OOHUJ\" 3BHGLDWU &0OLQ 1RUWK $P

+XVDLQ = 6FKZDUW] 5% )RRG DOOHUJ\ XSGDWH PRUH WKTE
,QW - '"HUPDWRO

9HUULOO / %UXQV 5 /XFFLROL 6 3UHYDOHQFH RI VHOI U
DGXOWYV DQG $O0OHUJ\ $VWKPD 3URF

BWHLQNH 0 )LRFFKL $ .LUFKOHFKQHU 9 %DOOPHU :H
+LVFKHQKXEHU & HW DO 3HUFHLYHG IRRG DOOHUJ\ LQ FKLOC
UDQGRPLVHG WHOHSKRQH VXUYH\ ,QW $UFK $OOHUJ\ ,PPXQRO

/HH $- 7KDOD\DVLQJDP 0 /HH %: )RRG DOOHUJ\ LQ $VLD k
$VLD 3DF $OOHUJ\

1ZDUX %, +LFNVWHLQ / 3DQHVDU 66 5REHUWV * 0XUDU
BUHYDOHQFH RI FRPPRQ IRRG DOOHUJLHV LQ (XURSH D V\V\
DQDO\VLV $O0O0OHUJ\

ODLOKRO & *LRUGDQR /DEDGLH ) /DXZHUV &DQFHV 9 $PPF
) 3RLQW SUHYDOHQFH DQG ULVN IDFWRUV IRU IRRG DOOHUJ\
DWRSLF GHUPDWLWLY DWWHQGLQJ D PXOWLGLVFLSOLQDU\ GHL
- '"HUPDWRO

1RZDN :HJUJ\Q $ :KDW PDNHV FKLOGUHQ RXWJURZ IRRG
$O0OHUJ\

%HUWHOVHQ 5- )DHVWH &. *UDQXP % (JDDV ( /RQGRQ 6-
YRRG DOOHUJHQV LQ PDWWUHVV GXVW LQ 1RUZHJLDQ KRPHYV
Rl DOOHUJHQ H[SRVXUH &OLQ ([S $OOHUJ\




&KDSWHU

.DORJHURPLWURYV ' ODNULV 0 *UHJRULRX 6 &KOLYD & .LC

Hw DO ,J( PHGLDWHG VHQVLWL]DWLRQ LQ VHDIRRG SURFHYV
SURF

/IRSDWD $/ 2 +HKLU 5( /HKUHU 6% 6KHOOILVK DOOHU.J

3\UKRQHQ . 1D\KD 6 .DLOD 0 +LOWXQHQ / /DDUD ( 2FF
UHSRUWHG IRRG K\SHUVHQVLWLYLWLHY DQG IRRG DOOHUJLHV
$O0OHUJ\ ,PPXQRO

&RQQHWW *- *HUH] , &DEUHUD ORUDOHV ($ <XHQ\RQJYLZ
- &KDWFKDWHH 3 HW DO $ SRSXODWLRQ EDVHG VWXG\ RI IL
6LQJDSRUH DQG 7KDLODQG ,QW $UFK $OOHUJ\ ,PPXQRO

OF*RZDQ (& .HHW &$ 3UHYDOHQFH RI VHOI UHSRUWHG IRR
+HDOWK DQG 1XWULWLRQ ([DPLQDWLRQ 6XUYH\ 1+$1(6
,PPXQRO

2VWEORP ( :LFNPDQ O YDQ +DJH 0O /LOMD * 5HSRUWHG
K\SHUVHQVLWLYLW\ DQG VHQVLWL]DWLRQ WR FRPPRQ IRRGYV
3DHGLDWU

6FKQDEHO ( 6DXVHQWKDOHU 6 6FKDDI % 6FKDIHU 7 /HKI
DO 3URVSHFWLYH DVVRFLDWLRQ EHWZHHQ IRRG VHQVLWL]DWI
/,6$ ELUWK FRKRUW VWXG\ &OLQ ([S $OOHUJ\

%XUQH\ 3 6XPPHUV & &KLQQ 6 +RRSHU 5 YDQ 5HH 5 /LG
DQG GLVWULEXWLRQ RI VHQVLWL]DWLRQ WR IRRGV LQ WKH (
+HDOWK 6XUYH\ D (XUR3UHYDOO DQDO\VLV $0OOHUJ\

2VWHUEDOOH 0 +DQVHQ 7. ORUW] &* +RVW $ %LQGV
SUHYDOHQFH RI IRRG K\SHUVHQVLWLYLW\ LQ DQ XQVHOHFWHG
3HGLDWU $OOHUJ\ ,PPXQRO

1ZDUX %, +LFNVWHLQ / 3DQHVDU 66 OXUDUR $ :HUIHO 7
HSLGHPLRORJ\ Rl IRRG DOOHUJ\ LQ (XURSH D V\WWHPDWLF
$O0OHUJ\

:X 7& 7VDL 7& +XDQJ &) &KDQJ )< /LQ && +XDQJ ,) HW D
IRRG DOOHUJ\ LQ 7DLZDQ D TXHVWLRQQDLUH EDVHG VXUYH\

7D\ORU 6/ OROOXVFDQ VKHOOILVK DOOHUJ\ $GY )RRG 1XW




&KDSWHU

9LGDO & %DUWRORPpP % 5RGUtJXH] 9 $UPLVpPQ 0 /LQQ
4XLQWHOD $ 6HQVLWL]DWLRQ SDWWHUQ RI FUXVWDFHDQ DOOF
WR PROOXVFV $0O0HUJ\
6KHN /3 &DEUHUD ORUDOHV ($ 6RK 6( *HUH] , 1J 3= <
SRSXODWLRQ EDVHG TXHVWLRQQDLUH VXUYH\ RQ WKH SUHYD
VKHOOILVK DOOHUJ\ LQ $VLDQ SRSXODWLRQV - $OOHUJ\ &Ol
H
/DR DUD\D 0 7UDNXOWLYDNRUQ 0 3UHYDOHQFH RI IRRG |
FKLOGUHQ LQ QRUWKHUQ 7KDLODQG 3HGLDWU ,QW
6DQWDGXVLW 6 $WWKDSDLVDOVDUXGHH 6 9LFK\DQRQG 3
UHDFWLRQV DQG IRRG DOOHUJ\ DPRQJ 7KDL FKLOGUHQ - OHG
6
,PDL 7 (ELVDZD 0 1DWLRQZLGH VXUYH\ RI LPPHGLDWH W\
- $O0HUJ\ &0LQ ,PPXQRO 6
/HXQJ 7) <XQJ ( :RQJ <6 /DP &:. :RQJ *:. 3DUHQW UHSRU\
IRRG UHDFWLRQV LQ +RQJ .RQJ &KLQHVH SUH VFKRROHUV (SL
DQG ULVN IDFWRUV 3HGLDWU $O0OHUJ\ ,PPXQRO
&KHQ - /LDR < =KDQJ += =KDR + &KHQ - /L +4 >3UHYDO}
LQ FKLOGUHQ XQGHU \HDUV RI DJH LQ WKUHH FLWLHV LQ &l

6LFKHUHU 6+ O0XQR] )XUORQJ $ 6DPSVRQ +$ 3UHYDOHQFH
WKH 8QLWHG 6WDWHYV GHWHUPLQHG E\ D UDQGRP WHOHSKRQH

%HQ 6KRVKDQ 0 +DUULQJWRQ ': 6ROOHU / )UDJDSDQH -
HW DO $ SRSXODWLRQ EDVHG VWXG\ RQ SHDQXW WUHH QXW
SUHYDOHQFH LQ &DQDGD - $O0HUJ\ &0LQ ,PPXQRO

)DOFDR + /XQHW 1 /RSHV & %DUURV + )RRG K\SHUVHOQ\
DGXOWV (XU - &0LQ 1XWU

2VWHUEDOOH 0 ORUW] &* +DQVHQ 7. $QGHUVHQ .( %LQ
SUHYDOHQFH RI IRRG K\SHUVHQVLWLYLW\ LQ \RXQJ DGXOW

3HUHLUD % 9HQWHU & *UXQG\ - &OD\WRQ &% $UVKDG 6+
VHQVLWL]DWLRQ WR IRRG DOOHUJHQV UHSRUWHG DGYHUVH L




&KDSWHU

DQG IRRG K\SHUVHQVLWLYLW\ DPRQJ WHHQDJHUV - $O0HUJ\ &

1ILFRODRX 1 3RRUDIVKDU 0 OXUUD\ & 6LPSVRQ $ :LQHC
$OOHUJ\ RU WROHUDQFH LQ FKLOGUHQ VHQVLWL]HG WR SHDGC
XVLQJ FRPSRQHQW UHVROYHG GLDJQRVWLEFV - $OOHUJ\ &0LQ ,

3HQDUG ORUDQG & 5DKHULVRQ & .RSIHUVFKPLWW & &I
&KDUSLQ ' HW DO 3UHYDOHQFH RI IRRG DOOHUJ\ DQG LWV UH
UKLQLWLY LQ VFKRROFKLOGUHQ $O0OHUJ\

5DQFH ) *UDQGPRWWHW ; *UDQGMHDQ + 3UHYDOHQFH DQ
VFKRROFKLOGUHQ GLDJQRVHG ZLWK IRRG DOOHUJLHV LQ

*HOLQFLN $ %X\XNRJWXUN 6 *XO + ,VLN ( ,VVHYHU + 2]V
SUHYDOHQFH RI IRRG DOOHUJ\ DQG QRQ DOOHUJLF IRRG K\SH
SRSXODWLRQ &OLQ ([S $OOHUJ\

2UKDQ ) .DUDNDV 7 &DNLU 0 $NVR\ $ %DNL $ *HGLN
LPPXQRJOREXOLQ ( PHGLDWHG IRRG DOOHUJ\ LQ \HDU ROG
HDVWHUQ %ODFN 6HD UHJLRQ RI 7XUNH\ &OLQ ([S $OOHUJ\

.ULVWLQVGRWWLU + &ODXVHQ 0 5DJQDUVGRWWLU +6 +I
%H\HU . HW DO >3UHYDOHQFH RI IRRG DOOHUJ\ LQ ,FHODQGL
IDHNQDEODGLG

_.UDXVH 7* .RFK $ 3RXOVHQ /. .ULVWHQVHQ % 20VHQ 25
VHQVLWL]DWLRQ DPRQJ FKLOGUHQ LQ DQ DUFWLF HQYLU

ODUNOXQG % $KOVWHGW 6 1RUGVWURP * +HDOWK UHO]
DGROHVFHQWY ZLWK DOOHUJ\ OLNH FRQGLWLRQV ZLWK HP
+HDOWK 4XDO /LIH 2XWFRPHV

6DSWDUVKL 65 6KDUS 0) .DPDWK 6' /RSDWD $/ $QWLER
PDMRU ILVK DOOHUJHQ SDUYDOEXPLQ LV GHWHUPLQHG E\ LV
SURFHVVLQJ )RRG &KHP

<DQJ < &DR 0- $OFRFHU O /LX 40 )HL '; ODR +< HW DC
FKDUDFWHUL]DWLRQ RI DQWLJHQLEF HSLWRSHV RI DUJLQLQH NL
,PPXQRO




&KDSWHU

XHKQ $ 6ZRERGD , $UXPXJDP . +LOJHU & +HQWJHV ) )
JODQFH 9DULDEOH DOOHUJHQLFLW\ RI SDUYDOEXPLQV WKH I
,PPXQRORJ\ $35

.RED\DVKL < $NL\DPD + +XJH - . XERWD + &KLND]DZD 6 6
FROODJHQ LV DQ LPSRUWDQW SDQDOOHUJHQ LQ WKH -DSDQHV|

XHKQ $ +LOJHU & /HKQHUV :HEHU & &RGUHDQX ORUHO
)DYUH & HW DO ,GHQWLILFDWLRQ RI HQRODVHY DQG DOGROD
FRG VDOPRQ DQG WXQD FRPSRQHQW UHVROYHG GLDJQRVLV X
DOOHUJHQV &OLQ ([S $OOHUJ\

3HUH] *RUGR 0 6DQFKH] *DUFLD 6 &DVHV % 3DVWRU &
+HUUDQ] - ,GHQWLILFDWLRQ RI YLWHOORJHQLQ DV DQ DOOHUJ

6KLPL]X < 1DNDPXUD $ .LVKLPXUD + +DUD $ :DWDQDEH
DOOHUJHQ DQG LWV ,J( FURVV UHDFWLYLW\ DPRQJ VDOPRQLG
&KHP

5DR < =KRQJ / /LDR 7 -LQ 6 :DQJ < 6RQJ % HW DO 1
PRQRFORQDO DQWLERGLHV IRU YLWHOORJHQLQ DVVD\V LQ F
2UJDQ

6XQ & =KDQJ 6 ,PPXQH 5HOHYDQW DQG $QWLR[LGDQW $FW
<RON 3URWHLQV LQ )LVK 1XWULHQWYV

/ILX 5 +ROFN $/ <DQJ ( /LX & ;XH : 7URSRP\RVLQ IURP WL
PRVVDPELFXV DV DQ DOOHUJHQ &OLQ ([S $OOHUJ\

6KDUS 0) /RSDWD $/ )LVK DOOHUJ\ LQ UHYLHZ &OLQ

$NNHUGDDV -+ 6FKRFNHU ) 9LHWKVY 6 9HUVWHHJ 6 =XLG
&ORQLQJ RI ROHRVLQ D SXWDWLYH QHZ KDJHOQXW DOOHUJHQC
ORO 1XWU )RRG 5HV

(OVD\HG 6 $SROG - $DV . %HQQLFK + $OOHUJHQLF 6WUX
&R G 7U\SWLF 3HSWLGHV RI )UDJPHQW 7P ,QW $UFK $OOHUJ

/ILP '/& 1HR .+ <L )& &KXD .< *RK '/O 6KHN /3& HW DO 3]
WKH PDMRU WURSLFDO ILVK DOOHUJHQ 3HGLDWU $OOHUJ\ ,PP




&KDSWHU

.RED\DVKL < <DQJ 7 <X &7 8PH & .XERWD + 6KLPDN
4XDQWLILFDWLRQ RI PDMRU DOOHUJHQ SDUYDOEXPLQ LQ VSH
&KHP

%HDOH -( -HHEKD\ 0) /RSDWD $/ &KDUDFWHULVDWLRQ R
IURP ILYH ILVK VSHFLHVY DQG QXFOHRWLGH VHTXHQFLQJ RI Wi
SLOFKDUG 6DUGLQRSV VDJD[ OROHFXODU ,PPXQRORJ\

IL = <RX - [XR < :X - 3XULILFDWLRQ DQG FKDUDFWHUL
LVRW\SHV IURP JUDVV FDUS &WHQRSKDU\QJRGRQ LGHOOD

XHKQ $ 6FKHXHUPDQQ 7 +LOJHU & +HQWJHV ) ,PSRL
SDUYDOEXPLQ FRQWHQW LQ FRPPRQ ILVK VSHFLHV $ IDFWRU ¢
DOOHUJHQLFLW\ ,QW $UFK $OOHUJ\ ,PPXQRO

/JHH 3 1RUGOHH -$ .RSSHOPDQ 6- %DXPHUW -/ 7D\ORU 6
$QDO\VLV 21 7KH ,J( %LQGLQJ %\ 3DUYDOEXPLQ $QG 2WKHU 3RW
JLVK $QG )URJ 6SHFLHV - $OOHUJ\ &0LQ ,PPXQRO $E

BRUHQVHQ 0 .XHKQ $ OLOOV (1& &RVWHOOR &$ 200HUW
&URVV UHDFWLYLW\ LQ ILVK DOOHUJ\ $ GRXEOH EOLQG SODF}
- $O0OHUJ\ &0LQ ,PPXQRO

XHKQ $ &RGUHDQX ORUHO ) /HKQHUV :HEHU & 'R\HQ 9
%LHQYHQX ) HW DO &URVV UHDFWLYLW\ WR ILVK DQG FKLFNH!
$O0OHUJ\

+LOJHU & YDQ +DJH 0 .XHKQ $ 'LDJQRVLV RI $O0HUJ\ W
&URVV 5HDFWLYH YV 6SHFLILF ODUNHUV &XUU $OOHUJ\ $VWKF

.DPDWK 6' $EGHO 5DKPDQ $0 .RPRGD 7 /RSDWD $/ ,P
SURFHVVLQJ RQ WKH GHWHFWLRQ RI WKH PDMRU VKHOOILVK D¢
DQG PROOXVFV XVLQJ VSHFLILF PRQRFORQDO DQWLERGLHV )R

<DG]LU =+ 0OLVQDQ 5 %DNKWLDU ) $EGXOODK 1 0XUDG 6
WURSLFDO R\WWHU &UDVVRVWUHD EHOFKHUL DOOHUJHQ DQG F
$O0OHUJ\ $VWKPD &0LQ ,PPXQRO

3DVFDO 0 *ULVKLQD * <DQJ $& 6DQFKH] *DUFLD 6 /LQ
OROHFXODU 'LDJQRVLV RI 6KULPS $00OHUJ\ (IILFLHQF\ Rl 6H)\
&OLQLFDO 5HDFWLYLW\ - $OOHUJ\ &0LQ ,PPXQRO 3UDFW




&KDSWHU

IDVHNDQ $2 1D\DN % (IIHEWV RI EXIIHU DGGLWLYHV DC
PHWKRGY RQ WKH VROXELOLW\ RI VKULPS 3HQDHXV PRQF
LPPXQRUHDFWLYLW\ RI LWV PDMRU DOOHUJHQ )RRG &KHP

'RQJ / +XDQJ &+ /HH %: 6KHOOILVK DQG +RXVH 'XVW OLV
/LQN 7TURSRP\RVLQ" $OOHUJ\ $VWKPD ,PPXQRO 5HV

ORKDPDG <DG]LU =+ 0LVQDQ 5 %DNKWLDU ) $EGXOODK 1
DQG $FWLQ ,GHQWLILHG DV ODMRU $OOHUJHQV RI WKH &DUSH
(IITHFW Rl &RRNLQJ RQ 7KHLU $OOHUJHQLFLW\ %LRPHG 5HV ,QV

7VHGHQGRUM 2 &KLQXNL < 8HGD . .RKQR . $GDFKL $ OR
LV D PLQRU EXW GLVWLQFW DOOHUJHQ LQ SDWLHQWV ZLWK
,PPXQRO $0OO0HUJ\

<DQJ = =KDR - :HL 1 )HQJ 0 ;LDQ 0 6KL ; HW DO &RFN
FURVV UHDFWLYH DOOHUJHQ VRXUFH LQ VKULPS VHQVLWL]HG
$O0OHUJ\

*DUFLD 2UR]JFR . $LVSXUR +HUQDQGH] ( <HSL] 30ODVFHQFI
%DUFD $0 6RWHOR O0XQGR 55 OROHFXODU FKDUDFWHUL]DWL
DOOHUJHQ IURP WKH VKULPS /LWRSHQDHXV YDQQDPHL ,Q

<X &- /LQ <) &KLDQJ %/ &KRZ /3 3URWHRPLFV DQG LPPXQ
D QRYHO VKULPS DOOHUJHQ 3HQ P - ,PPXQRO

ODR + < &DR 0 - ODOHNL 6- &DL 4) 6X : - <DQJ < HW
FKDUDFWHUL]DWLRQ DQG ,J( HSLWRSH DQDO\VLV RI DUJL
SDUDPDPRVDLQ ORO ,PPXQRO

6KHQ + : &DR 0 - &DL 4 ) 5XDQ 0 0 ODR + < 6X : - HW DO
FORQLQJ DQG LPPXQRORJLFDO FKDUDFWHUL]DWLRQ RI DUJLG
RFWRSXV IDQJVLDR - $JULF )RRG &KHP

$\XVR 5 *ULVKLQD * ,EDQH] 0' %ODQFR & &DUULOOR 7 %
6DUFRSODVPLF FDOFLXP ELQGLQJ SURWHLQ LV DQ () KDQG W\
VKULPS DOOHUJHQ - $OOHUJ\ &0LQ ,PPXQRO

$\XVR 5 *ULVKLQD * %DUGLQD / &DUULOOR 7 %ODQFR &
OLJKW FKDLQ LV D QRYHO VKULPS DOOHUJHQ /LW Y - $OOHU.




&KDSWHU

$\XVR 5 6DQFKH] *DUFLD 6 /LQ - )X = ,EDQH] 0' &DUULO
HSLWRSH UHFRJQLWLRQ RI VKULPS DOOHUJHQV E\ FKLOGUHQ W
VHQVLWL]DWLRQ GHFUHDVHV ZLWK DJH - $OOHUJ\ &0LQ ,PPXQ

-LUDSRQJVDQDQXUXN 2 -LUDUDWWDQDVRSD 1 3RQJSUX
3LERRQSRFDQXQ 6 *O\FHUDOGHK\GH SKRVSKDWH GHK\GURJH
LQ UDPEXWDQ LQGXFHG DQDSK\OD[LV $QQ $OOHUJ\ $VWKPD ,P

&KDR ( .LP +: O\NOHV '/ &ORQLQJ DQG WLVVXH H[SUHVVLF
& LVRIRUPV LQ WKH $PHULFDQ OREVWHU +RPDUXV DPHULFDQ>
%LRFKHP ORO %LRO

*DPH] & =DIUD 0 %RTXHWH O 6DQ] 9 OD]]JHR & ,EDQH]
VKULPS ,J( ELQGLQJ SURWHLQV LQYROYHG LQ PLWH VHDIRRG |
5HV

/JHXQJ 1< :DL &< 6KX 6 :DQJ - .HQQ\ 73 &KX .+ HW I
LPPXQRORJLFDO DQG PROHFXODU ELRORJLFDO SHUVSHFWL
FRPSUHKHQVLYH UHYLHZ &OLQ 5HY $OOHUJ\ ,PPXQRO

6X]XNL 0 .RED\DVKL < +LUDNL < 1DNDWD + 6KLRPL . 3D
DEDORQH +DOLRWLV GLVEXV GLVEXV ,GHQWLILEDWLRQ DV D
ZLWK WURSRP\RVLQ )RRG &KHP

6KDUS 0) 6WHSKHQ -1 .UDIW / :HLVV 7 .DPDWK 6' /RSDWLC
FURVV UHDFWLYLW\ EHWZHHQ IRXU GLVWDQW SDUYDOEXPLQV
GLDJQRVWLFV ORO ,PPXQRO

3HUH] *RUGR 0 &XHVWD +HUUDQ] - ODURWR $6 &DVHV %
) HW DO ,GHQWLILFDWLRQ Rl VROH SDUYDOEXPLQ DV D PDMRL
EHWZHHQ SDUYDOEXPLQV LQ D 6SDQLVK ILVK DOOHUJLF SR

=KDQJ < ODWVXR + ORULWD ( &URVV UHDFWLYLW\ DPRQJ"
LQ D SDWLHQW ZLWK D VHDIRRG DOOHUJ\ - '"HUPDWRO

$\XVR 5 5HHVH * $UUXGD /. &KDSPDQ 0' /HKUHU 6% ,GH
ELQGLQJ HSLWRSHV LQ DOOHUJHQLF LQYHUWHEUDWH WURSRP\
ZLWK FRENURDFK DQG VKULPS DOOHUJLF VHUD - $OOHUJ\ &OL:

9LOODOWD ' 7RQXWWL ( 9LVHQWLQL ' %L]]JDUR 1 5RQF
'HWHFWLRQ RI D QRYHO N'D VKULPS DOOHUJHQ VKRZLQJ FU
PLWHV (XU $QQ $OOHUJ\ &0LQ ,PPXQRO




&KDSWHU

JLVKHU $$ $OOHUJLF FRQWDFW XUWLFDULD RI WKH KDC
KDQGOHUV &XWLV

5RVDGR $ 7HMHGRU 0% %HQLWR & &iUGHQDV 5 *RQ]
2FFXSDWLRQDO DVWKPD FDXVHG E\ REWRSXV SDUWLFOHV $00

&RQGH 6DOD]DU / 9D]TXH] &RUWHV 6 'H 20DQR '* *RQ]
$JXDGR &5 6DQFKH] 0-0 HW DO 2FFXSDWLRQDO FRQWDEW XU
KDQGOLQJ &RQWDFW 'HUPDWLWLYV

-HHEKD\ 0) 5RELQV 7* OLOOHU 0( %DWHPDQ ( 6PXWV 0
2FFXSDWLRQDO DOOHUJ\ DQG DVWKPD DPRQJ VDOW ZDWHU ILV
OHG

7D\ORU $9 6ZDQVRQ 0& -RQHV 57 9LYHV 5 5RGULJIXH] - <
'HWHFWLRQ DQG TXDQWLWDWLRQ RI UDZ ILVK DHURDOOHUJHQ
$O0OHUJ\ &0LQ ,PPXQRO ,

/IRSDWD $/ -HHEKD\ 0) 5HHVH * HUQDQGHV - 6ZRERGD |,
'HWHFWLRQ RI ILVK DQWLJHQV DHURVROL]HG GXULQJ ILVK SUTF
LPPXQRDVVD\V ,QW $UFK $O0OHUJ\ ,PPXQRO

BHLW] &6 %U|ENHU (% 7UDXWPDQQ $ 2FFXSDWLRQDO D
GHOLYHU\ &DVH UHSRUW - 2FFXS OHG 7R[LFRO

6XJLWD . .DEDVKLPD . 1DNDVKLPD ' 7RNXUD < 2UDO DOO
E\ UDZ ILVK LQ D -DSDQHVH VXVKL EDU ZRUNHU &RQWDFW 'HU|

JLVKHU\ DQG $TXDFXOWXUH &RXQWU\ 3URILOHV 9LHWQD
$TXDFXOWXUH 'HSDUWPHQW >FLWHG @ $°
IWS IWS IDR RUJ ), '2&80(17 IFS HQ ),B&3B91 SGI

IDWLRQDO $TXDFXOWXUH 6HFWRU 2YHUYLHZ 9LHWQDP 1
2YHUYLHZ )DFW 6KHHWV > QWHUQHWQ@ >FLWHG
KWWS 777 IDR RUJ ILVKHU\ FRXOWU\VHFWRU QDVRBYLHWQDP

-RQHOO 0 +HQULNVVRQ 3-* ODQJURYH VKULPS IDUPV LC
RUJDQLF DQG FRQYHQWLRQDO V\WWHPV XVLQJ OLIH F\FOH

3KXRQJ 17 +DL 71 +LHQ 777 %XL 79 +XRQJ '77 6RQ 91
VWDWXV RI I[UHVKZDWHU SUDZQ FXOWXUH LQ 9LHWQDP DQG W
VHHG SURGXFWLRQ WHFKQRORJ\ )LVKHULHV 6FL

)$2 7KH FRQVXPSWLRQ RI ILVK DQG ILVK SURGXEFWV LQ WK
RQ KRXVHKROG VXUYH\V KW$WDLIBEOBRWRR DL H SGI




&KDSWHU

9)$ )RRG 6DIHW\ )LUVW 4XDUWHU 5HSRUW 1HZ +DC
>$YDLODEOHKWWRBP KDQRLPRL FRP YQ 7LQ WXF 'RL VRQJ }
TXRF JKL QKDQ YX QJR GRF WKXF SKDP

9)$ &RQIHUHQFH RQ )RRG 6DIHW\ $VVXUDQFH LQ FDQWHF
%DRPRL ODJD]LQHV >$N W MWD EDBRIURIPPH [D KRL PRL QDP F
QJXRL QKDS YLHQ GR QJR GRF WKXF SKDP WDS WKHBWLQ

1JDQ ' 7UXWK DERXW WKH XQNQRZQ VQDLO FDXVHG GHDG
9LHWQDP .LHQ 7KXF >SI$W W/ISO D E OHOIWRRE OHW YQ WKH JLRL
WKDW YH REF OD NKLHQ QJX GDOQ WKDQK KRD WX YRQJ KWP

IXWLIRRG )LVKPHQ LQ +D7LQK GHDG IURP HDWLQJ XQNQ

7TKX\ 7 .KDQK +RD D ILVKPDQ SRLVRQHG DIWHU HDWLQJ D
'RQJ >SYDLODEWOHW SURPDRGRQJ FRP YOQ VXEF NKRH NKDQK K
ERQJ PRW QJX GDOQ EL WUXQJ GRF KRQ PH VDX EOG

OLQK 1 (DWLQJ VHD VQDLO RQH JLUO GHDG 'RL 6RQJ 3KD
1DP 1 6HD VQDLO FDXVHV GHDG LQ 1LQK 7KXDQ ,Q +HD¢

7KXDQ
7UDQJ + SHRSOH KRVSLWDOL]JHG LQ 4XDQJ %LQK FDXVH{(
YHJHWDEOH 9LHWQDP 3KDS /XDW 30XV >$YL

KWWS Z7Z7Z7Z SKDSOXDWSOXV YQ YX QJXRL QJR GRF R TXDQJ E

NHP UDX VROJ G KWPO

1JRF + )RRG SRLVRLQJ FDXVHG E\ VHD FUDE 1JXRLOD

>$YDLODEOH ITURPVS QOG FRP YO VXEF NKRH DQ JKH ELHQ
KWP

$ + &DXVH RI ILVK SRLVRQLQJ RXWEUHDN LQ 4XDQJ 1JDL
7TKRQJ >$YDLODEOH I[URP
KWWS Z7Z7Z7Z NKRDKRFESKRWKRQJ FRP YO QHZVY GHWDLO QJ X\
QKRQJ WDL TXDQJ QJDL KWPO

7X\HQ ' GHDG KRVSLWDOL]HG DIWHU HDWLQJ PDQJURY}
7TKDQK 1LHQ >$YDLODEOH IURP KWWS WKDOKOQLHQ YQ VX
OQKDS YLHOQO QJR GRF GR DO VR ELHQ KWPO

%RUHQ 7 ;LRQJ < +DNDP $ :HQKDP 5 $SWH 6 &KDQ * HW
WKHLU WDUJHW PHVVHQJHU 51$V DVVRFLDWHG ZLWK RYDL
FKHPRWKHUDS\ *\QHFRO 2QFRO




&KDSWHU

9R 7+ /H 1+ 3DWHO 06 3KDQ /7 7UDQ OLQK 11 $FXWH DC
9LHWQDPHVH FKLOGUHQ DIWHU GULQNLQJ D QHZ PLON SURC




&+$37(5 $ 3238/%$7,21 %$6(' 6859(<
2) )22 $//(5%,(6 ,1 9,(71$0(6(
&+,/'5(1

SXEOLVKHG LQ

/IH 77. 1JX\HQ '+ 9X $7/ 5XHWKHUV 7 7DNL $& /RSDWD $/ $ |
SRSXODWLRQ EDVHG VWXG\ RQ WKH SUHYDOHQFH RI IRRG DO
GLITHUHQW VRFLR HFRQRPLF UHJLRQV RI 9LHWQDP 3HGLDWULI




&KDSWHU

,QWURGXFWLRQ

JRRG DOOHUJ\ DQ DGYHUVH LPPXQH UHDFWLRQ WR IRRG SUR\
FOLQLFDO SUHVHQWDWLRQV UDQJLQJ IURP PLOG VNLQ SUREO!
,Q WKH PRVW VHYHUH EDVH D IRRG DOOHUJ\ FDQ OHDG WR D
GHDWK ZLWKLQ PLQXWHV )RRG DOOHUJ\ LV HYWLPDWHG WR D!
RI DGXOWV LQ WKH JHQHUDO SRSXODWLRQ ZRUOGZLGH

&KLOGUHQ DUH PRUH OLNHO\ WR GHYHORS IRRG DOOHUJLHV
FROQWURYHUVLDO FDXVHV LQFOXGLQJ WKH LPPDWXUH LPPXQH
LOQDSSURSULDWH IRRG LOQWURGXFWRU\ SUDFWLFHV (LIKW
3% LJ ° DFFRXQW IRU RYHU Rl IRRG DOOHUJLF UHDFWLRQV
SHDQXW WUHH QXWV VR\ ZKHDW ILVK DQG VKHOOILVK (
DOOHUJ\ ZKLFK DUH RIWHQ RXWJURZQ PRVW RWKHU IRRG DOO
IDU QR FXUH LV DYDLODEOH DQG FKLOGKRRG IRRG DOOHUJ\ L
HFRQRPLF EXUGHQ IRU FKLOGUHQ DQG WKHLU FDUHJLYHUV

7KH FRPPRQ IRRG FRPPRGLWLHY DFFRXQWLQJ IRU IRRG DOOHU

HJJ SHDQXW WUHH QXWV DQG ILVK WKH ILUVW WKUHH IR
SHGLDWULF DQDSK\OD[LV LQ :HVWHUQ FRXQWULHV ,Q $VLD
DOOHUJ\ VHHPV WR YDU\ EHWZHHQ DQG WKH SDWWH

PDUNHG GLIITHUHQFHYV IURP RWKHU SDUWV RI WKH ZRUOG
\HDU ROG FKLOGUHQ IURP 6LQJDSRUH 7KDLODQG WKH 3KL
GHPRQVWUDWHG WKDW VKHOOILVK DOOHUJ\ ZDV GRPLQDQW E
YXUWKHUPRUH [ILVK ZDV UHSRUWHG WR EH WKH SUHGRP
LQ WKH 3KLOLSSLQHV 6LQJDSRUH DQG 7KDLODQG 'LWKLQ
.RUHD VKRZHG GLIIHUHQW IRRG DOOHUJ\ SDWWHUQV WR PRVW
ZKHDW DOOHUJ\ SDUWLFXODUO\ FRPPRQ LQ (DVW $VLDQ FRX
VXSSRUWHG E\ D UHFHQW VWXG\ IURP $XVWUDOLD ZKHUH
DOOHUJ\ DQDSK\OD[LV ULVN DQG WULJJHU ZHUH GHPRQVWUDW
LQ $XVWUDOLD DQG WKRVH ERUQ LQ $VLD 7KH YDULDW
WKURXJKRXW $VLD LQGLFDWHV WKDW UHJLRQ VSHFLILF DQG




&KDSWHU

SUHYDOHQFH DQG FOLQLFDO SDWWHUQV DUH FUXFLDO IRU DQ
SURJUDP LQ DQ\ FRPPXQLW\

,Q 9LHWQDP DERXW PLOOLRQ FKLOGUHQ DJHG \HDU F
DFFRXQWLQJ IRU RYHU RI DOO FKLOGUHQ DW WKLV DJH JUR
EDVHG GDWD RQ IRRG DOOHUJ\ KDYH EHHQ UHSRUWHG LQ WKL
RXWEUHDN LQ FKLOGUHQ ZDV UHFRUGHG DQG VXVSHFWHG WR E
E\ JDODFWR ROLJRVDFFKDULGHYV LQ D GDLU\ SURGXFW +RZ
FDVH UHSRUW ZLWKRXW IXUWKHU LQYHVWLIJDWLRQV RQ WKH SF
LOQFLGHQFH ,Q WKLV FKDSWHU ZH VRXJKW WR HYDOXDWH WKH
RI IRRG DOOHUJ\ LQ 9LHWQDPHVH SUHVFKRRO FKLOGUHQ 7KH
IRRG DOOHUJ\ SUHYDOHQFH DQG LWV DVVRFLDWHG ULVN IDFW
UHJLRQV LQ 9LHWQDP ZHUH DOVR LQYHVWLJDWHG




&KDSWHU

$LPV RI WKLV FKDSWHU

7R HVWLPDWH WKH SUHYDOHQFH RI IRRG DOOHUJLHV LQ 9LH
7TR LGHQWLI\ WKH GLVWULEXWLRQ RI p%LJ 9T IRRG DOOHUJHC(
7R LGHQWLI\ WKH FOLQLFDO PDQLIHVWDWLRQV RI IRRG DOOI
7R LGHQWLI\ WKH FRQWULEXWLRQ RI JHQGHU JHRJUDSKLF
DOOHUJ\ DWRSLF FRQGLWLRQV WR IRRG DOOHUJ\ LQFLGHQF




&KDSWHU

OHWKRGYV
6WXG\ GHVLJQ DQG VXEMHFWYV

$ FURVV VHFWLRQDO SRSXODWLRQ EDVHG VWXG\ ZDV FRQGXF

WR \HDUV LQ 6 XUYH\ SDUWLFLSDQWY ZHUH UDQGRPO\
VDPSOLQJ PHWKRG IURP D OLVW RI NLQGHUJDUWHQV LQ +XkF
&DL %H GLVWULFW 7LHQ *LDQJ SURYLQFH UHSUHVHQWLQJ D W
LQ WZR UHJLRQV 7KH SDSHU EDVHG TXHVWLRQQDLUH

SDUHQWYV JXDUGLDQV RI FKLOGUHQ DW WKHLU NLQGHUJDUWHC
FROOHFWHG RQ WKH VDPH GD\ 7KH UHVSRQVH UDWH ZDV FDOF
UHWXUQHG DQVZHU VKHHWY GLYLGHG E\ WKH WRWDO GLVWULE

6DPSOH VL]IH FDOFXODWLRQ

7R REWDLQ D VWDWLVWLFDO HVWLPDWLRQ RI WKH SUHYDOHQFI
VLIH ZzDV FDOFXODWHG EDVHG RQ WKH FXUUHQW HVWLPDWHC
FKLOGUHQ LQ WKH JHQHUDO SRSXODWLRQ WKH FKRVHC(
S ZDV FDOFXODWHG ZLWK D VWDWLVWLFDO FRQILGHQFH RI
] &RQILGHQFH ,@GWHUYDRH&LQLPXP QHFHVVDU\ VDPSOI
FDOFXODWHG IRU FKLOGUHQ ZDV SDUWLFLSDQWYV

6WXG\ ORFDWLRQV

7KH VWXG\ ZDV FRQGXFWHG LQ WZR GLIITHUHQW UHJLRQV RI 9
'LVWULFW RI 7LHQ *LDQJ 3URYLQFH +XH &LW\ LV LQ WKH &HQ
SRSXODWLRQ GHQVLW\ RI SHU VTXDUH NLORPHWHU 7KH PI
DUH WRXULVP LQGXVWU\ DQG DTXDFXOWXUH 8UEDQL]DWLRQ
FLW\ GXH WR WKH UDSLG GHYHORSPHQW RI WRXULVP +XH KI

R& DYHUDJH KXPLGLW\ RI DQG D WRWDO RI KRXUV R

&DL %H 'LVWULFW LV D UXUDO DUHD LQ WKH OHNRQJ '"HOWD RI
PL[HG WRZQ KDV D SRSXODWLRQ GHQVLW\ RI SHU VTXDUH NL
DFWLYLWLHYV LQ &DL %H DUH DTXDFXOWXUH ULFH DQG IUXLW




&KDSWHU

DYHUDJH WHPSHURWRQHDRHUDJH KXPLGLW\ RI DQG D WRW
KRXUV RI VXQVKLQH SHU \HDU

,Q WKLV VWXG\ WDNLQJ LQWR FRQVLGHUDWLRQ WKH HIITHFWYV
DQG HQYLURQPHQWDO FRQGLWLRQV ZH GHILQHG SDUWLFLSDC(
DUHDVY DQG SDUWLFLSDQWYV IURP &DL %H 'LVWULFW DV OLYLQJ

4XHVWLRQQDLUH GHVLJQ

7KH TXHVWLRQQDLUH PRGLILHG IURP SXEOLVKHG VWXGLHV LQ
SDUWV SDUW , DVNHG WKH SDUWLFLSDQW GHPRJUDSKLF LQIR
TXHVWLRQV RQ IRRG DOOHUJ\ $SSHQGL[ % 7KH TXHVWLRC
9LHWQDPHVH 7KH FRQWHQW RI WKH TXHVWLRQQDLUH DQG LW
DSSURYHG E\ WKH +XPDQ 5HVHDUFK (WKLFV &RPPLWWHH DW
$SSURYDO ,' + +$SSHQGL[ $ %\ DQVZHULQJ WKH TX
SDUHQWY JXDUGLDQV JDYH LQIRUPHG FRQVHQW WR WKH VWX
REWDLQHG FKLOG KHDOWK LQIRUPDWLRQ IRU UHVHDUFK SXEOL

'"HILQLWLRQV

‘H HYWDEOLVKHG D VHW RI FULWHULD WR GHILQH VHOI UHSR
DOOHUJ\ LQ WKLV VXUYH\ EDVHG RQ WKH PRVW UHFHQW (XUR
&OLQLFDO ,PPXQRORJ\ ($$&, JXLGHOLQHV RQ IRRG DOOHUJ\
VSHFLILF WKH VXJJHVWLYH VIPSWRPV RI IRRG DOOHUJ\ ZHUH F
VIPSWRPV WRZDUGV IRRG LQJHVWLRQ DQG WKH FR REFXUUHC
FOLQLFDO SUHVHQWDWLRQV 7KH W\SLEDO V\PSWRPV IRU ,P
IRRG DOOHUJ\ LQFOXGHG KLYHV XUWLFDULD RU DQJLRHGHPD
VIPSWRPV RU DQDSK\ODEFWLF UHDFWLRQV L H UHGXFHG

FRQVFLRXVQHVV FKHVW SDLQ DQG ZHDN SXOVH DIWHU IRRG
ZLWK RQO\ RQH V\IPSWRP Rl KLYHV DQJLRHGHPD ZHUH DOVR GF

6HOl UHSRUWHGZIRR®/ PKWOHBEXS RI SDUWLFLSDQWYV ZKR IXOILO
DQG UHSRUWHG KDYLQJ D IRRG DOOHUJ\




&KDSWHU

'RFWRU GLDIJQRVHGZIRR® DORKEIRI SDUWLFLSDQWYV ZLWK VH
DOOHUJ\ ZKLFK ZDV FOLQLFDOO\ FRQILUPHG E\ D PHGLFDO SU

JRRG LQGXFHG DGYHUNVG\ DPGRUWRPD/O FOLQLFDO UHVSRQVH WKD
WKH LQJHVWLRQ RI D IRRG RU IRRG FRPSRQHQW

J)DPLO\ KLVWRU\ RZDRRGHD D@H® NKHQ WKH SDUWLFLSDQW KDG
IDPLO\ D PHPEHU ZLWK IRRG DOOHUJ\

&RH[LVWLQJ RWKHU DODIMWH GBHIE QHE HZIKHHQY WKH SDUWLFLSDQW
DOOHUJLF GLVHDVHYVY LQFOXGLQJ SROOHQ DOOHUJ\ DQWLELRW

6WDWLVWLFDO DQDO\VLYV

7KH VXUYH\ GDWD ZHUH DQDO\]JHG DQG SORWWHG XVLQJ WK
'LQGRZV YHUVLRQ DQG *UDSK3DG 3ULVP YHUVLRQ &RQ
SUHVHQWHG DV WKH PHGLDQ DQG LQWHUTXDUWLOH UDQJH
FRPSDUHG E\ XVLQJ HLWKHU )LVKHUfV H[DFW WBHAD/® RHK) &KL VT
7KH :LOVRQ %URZQ PHWKRG ZDV SHUIRUPHG WR SURYLGH D
ORJLVWLE UHJUHVVLRQ PRGHO ZDV XVHG WR VWXG\ WKH DVV
IDFWRUV DQG WKH LQFLGHQFH RI KDYLQJ HRFWRU REILDIJQRVHG
ZDV FRQVLGHUHG VWDWLVWLFDOO\ VLIQLILFDQW IRU DOO WHYV




&KDSWHU

SHVXOWYV

SDUWLFLSDQWYV

$ WRWDO RI TXHVWLRQQDLUHV ZHUH FRPSOHWHG DQG UHW
UHVSRQVH UDWH RI 7KH VXUYH\ LQ +XH JDLQHG D KLJKF
WKDQ LQ 7LHQ *LDQJ OLQLPDO GLIIHUHQFH LQ JHQGHU
DFURVV WKH WZR VXUYH\ VLWHV 7KH DJH PHGLDQ ,45 RI WKH

LQ +XH DQG \HDUV LQ 7LHQ *LDQJ 7KH GHPRJUDSKIL
SDUWLFLSDWLQJ FKLOGUHQ DUH SUHVHQWHG LQ 7DEOH
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WXG\

7TDEOH '"HPRJUDSKLFV RI SDUWLFLSDWLQJ FKLOGUHQ LQ +XH
9DULDEOH +X H 7LHQ *[DQJ  'L3I[HUHRQWFDO
SRSXODWLRQ
7RWDO
YHPDOH
ODOH
$JH JURXS \HDUV
WR
WR
WR
$JH PHGLDQ ,45
5HSRUWHG DGYHUVH UHDFWLRQV WR
IRRG
6HOI UHSRUWHG )$
6HHNLQJ PHGLFDO'DGYLFH IRU )$
'RFWRU GLDJQRVHG )$
)$ WR IRRG JURXS
)$ WR GLIIHUHQW |RRG JURX|SV
)$ WR PRUH WKDQ |GLIITHUHQW IRRG

JURXSYV

ADPRQJ VXEMHFWYVY ZLWK VHOI UHSRUWHG )$
SHUIRUPHG XVLQJ

&DOLIRUQLD 868 WROKEWDLQ

*UDSK3DG 3ULVP

IRU

)$
'LQGRZV

IRRG DOOHUJ\

*UDSK3DG
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&RPSDULVRQ Rl UHSRUWHG IRRG LQGXFHG DGYHUVH V
FKLOGUHQ LQ +XH DQG 7LHQ *LDQJ

&KLOGUHQ LQ 7LHQ *LDQJ ZHUH UHSRUWHG WR KDYH WZLF}

VIPSWRPV WKDQ FKLOGUHQ LQ +XH YV 7DEOH +F

IRRG DOOHUJ\ LQ +XH ZDV KLJKHU WKDQ LQ 7LHQ *LDQJ

SHUFHLYHG IRRG DOOHUJ\ JURXS PRUH FKLOGUHQ LQ +XH SUI

DGYLFH FRPSDUHG WR LQ 7LHQ *LDQJ 2YHUDOO WKFE

GRFWRU GLDJQRVHG FKLOGKRRG IRRG DOOHUJ\ LQ +XH ZDV
LQ 7LHQ BLDQJ

6XVSHFWHG IRRG DOOHUJ\ FKLOGUHQ LQ +XH UHSRUWHG OHVYV

LQ 7LHQ *LDQJ DQ DYHUDJH RI HSLVRGHV FRPSDUHG WR
+LYHV GLDUUKHD DQG QDXVHD RU YRPLWLQJ ZHUH WKH F
SUHVHQWDWLRQV UHSRUWHG 7HQ SDUWLFLSDQWYV LQ 71

VIPSWRPVY L H ORVV RI FRQVFLRXVQHVV GURS LQ EORRG SU
SXOVH GXH WR IRRG DOOHUJ\ ZKLOH LQ +XH RQO\ RQH FDVH
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7TDEOH &RPSDULVRQ RI WKH SUHYDOHQFH RI VHOl UHSRUWHG )$ DQG GRFWRU GLDJQI
6HOI UHSRUWHG )$ 'RFWRU GLDJQRVHG )$
+ X H 7LHQ *LDQJ 'LIIHUHQ(FQHWL?,UH vy xen +XH 7LHQ *LDQJ 'LIICHUHQ(IQHWLUH VIV X Gl
SRSXODWILRQ SRSXODW|LRQ
$Q\ IRRG * + * * * +
&UXVWDFHDQ + + + + + +
YLVK + + + + +
OROOXVN + + + + + +
%HHI + + + + + +
OLON + + + + + +
(33 + + + + +
KHDW + + + + +
3HDQXW + + + + +
6R\ + + + + + !
7TUHH QXWV + + + + + +
2WKHU IRRGV + + + + +

$00 GDWD ZHUH DQDO\]HG XVLQJ *UDSK3DG 3ULVP IRU :LQGRZV 7KH :LOVRQ %URZQ PH
HIDFW WHERXWTDX@&H WHVW ZHUH XVHG ZKHUH DSSURSULDWH WR FRP$DOKHVKIH SUHYD/O
GHQRWHG DV VWDWLVWLFDO VLIQLILFDQFH DQG KLJKOLJKWHG LQ EROG
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A Reported food-induced B Self-reported FA C Doctor-diagnosed FA
adverse symptoms
1004 100+ 1004
80+ 804 80+
60+ " : 604 = a 63- °
g 1 fme g Y AY g 1 v
g 30) g 30 S 30}
< o E . 2 2 T a4 -
- 4 54 @ 54
g I H v
204 £ 204 £ 204 =
g . g . g .
g 151 2 154 = S 151 "
v g * A
10 on” . 104 ¢ Ay 10+ .
""‘ v A 4 A ~ .
5 ) A * 5 v .. 5- ‘e e
+ o L - n L v @ - o n
0 LAt — 0 ! Nl 0 Lo 2
Hue Tien Giang Hue Tien Giang Hue Tien Giang
e Hives Stomach pain
®  Eczema Nasal congestion or a runny nose
4 Redness of the skin or around the eyes Slight, dry cough
¥ Trouble swallowing Sneezing
¢ Itchy mouth or ear canal Chest pain
® Odd taste in mouth Weak pulse
® Swelling of the lips, tongue and/or throat Drop in blood pressure
A Nausea or vomiting Shortness of breath or wheezing
¥ Diarthea Loss of consciousness
J)LIXUH SURSRUWLRQ RI UHSRUWHG FOLQLFDO V\PSWRPV LQ SDUWLFLSDWLQJ FKLOGU
VI\PSWRPV Q % 5HSRUWHG DGYHUVH V\PSWRPV LQ VHOI UHSRUWHG )$ SDUWLFL:

GRFWRU GLDJQRVHG % SDUWLFLSDQWYV




&KDSWHU

'LVWULEXWLRQ RI WKH PDMRU IRRG DOOHUJHQV LQ )$ FK

*LDQJ
ORVW RI WKH DIIHFWHG VXEMHFWYV UHSRUWHG IRRG DGY
IRRG LWHP UHSRUWHG DGYHUVH UHDFWLRQV WR WZR GLII

UHDFWLRQV WR PRUH WKDQ WZR GLIIHUHQW IRRG JURXSYV
SUHGRPLQDQW DOOHUJ\ FDXVLQJ IRRG W\SH LQ ERWK +XH
ZKLOH WKH GLVWULEXWLRQ RI WKH UHPDLQLQJ u%LJ T IRRG

6WDWLVWLFDOO\ VLIQLILFDQW GLIIHUHQFHV ZHUH VHHQ 1
PROOXVN EHHI PLON ZKHDW DQG WUHH QXW DOOHUJLHV EH
*LDQ3 7DEOH
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Reported food-induced Self-reported FA Doctor-diagnosed FA
adverse symptoms
A n=911| B n=433 C n=373
Hue
W Crustacean
== Fish
— mm Mollusk
mm Beef
Total = 1,073 Total = 496 Total = 425 | o Milk
== Egp
D n=1994| E n=330 F n=207| ®m Wheat
. . Peanut
Soy
Tree nuts
Other foods
Tien Giang
Total = 2,192 Total = 580 Total = 382
JLIXUH &RPSDULVRQ RI WKH GLVWULEXWLRQ RI UHSRUWHG IRRG JURXSY HOLFLWLQJ

*LDQJ

$ 5HSRUWHG IRRG LQGXFHG DGYHUVH VI\PSWRPQ LQ +X¥W @KOEHH SRIUSIHGN LF LD @ WH
GLDJQRVHG )$ LQ +XH ' 5HSRUWHG IRRG LQGXFHG DGYHUVH VIPSWRPV LQ 7LHQ *LDQ.
GLDJQRVHG )$ LQ 7LHQ *LDQJ 7KH WRWDO QXPEHU RI UHSRUWHG IRRG JURXSV LV SUH
IRRG DOOHUJ\
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&RQWULEXWLRQ RI HQYLURQPHQWDO IDFWRUV WR )$ LQF

*HQHWLF DQG HQYLURQPHQWDO IDFWRUV DUH UHSRUWHG WR

IRRG DOOHUJ\ ,Q WKLV VWXG\ ZH DQDO\]JHG WKH FRQWUL
JHQGHU DQG IDPLO\ KLVWRU\ Rl IRRG DOOHUJ\ DV ZHOO DV FR
WR WKH IRRG DOOHUJ\ LQFLGHQFH E\ XVLQJ D PXOWLYDULDE
VWURQJ LQIOXHQFH RI SDUWLFLSDQW ORFDWLRQ DQG DWRSLF
REVHUYHG LQ WKLV VWXG\ &KLOGUHQ OLYLQJ LQ +XH XUEDQ |
IRRG DOOHUJ\ WKDQ FKLOG WHEG O I5YAVPUIRLQ 3LHQ *LDKH

IRRG DOOHUJ\ UDWH ZDV IRXQG WR EH WLPHV KLJKHU LQ S
DOOHUJLF GLVHDVHWQGHU DQG IDPLO\ KLVWRU\ RI IRRG DOO
LPSDFW RQ IRRG DOOHUJ\ ULVN LQ WKLV VWXG\ SRSXODWLRQ

7TDEOH OXOWLYDULDEOH ORJLVWLF UHJUHVVLRQ DQDO\VLYV

SLVN IDFWRU 25 3 YDOXH

*HQGHMPDOH ODOH
)DPLO\ KLVWRMHWVRLR$

&R H[LVWLQJ RWKHU DOHOWHUJILF GLVHDVHV
1R

3DUWLFLSDQW ORFDWLRQ +XH 7LHQ *LDQJ

%LQDU\ ORJLVWLF UHJUHVVLRQ ZDV SHUIRUPHG LQ 6366 6WDW

25V 8 YDOXH RI ZDV FRQVLGHUHG DV VWDWLVWLFDO VLJQ
25 RGGV UDWLR
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'LVFXVVLRQ

7KLV SRSXODWLRQ EDVHG VXUYH\ LV WKH ILUVW WR HVWDEOL
IRRG DOOHUJ\ DQG GREFWRU GLDJQRVHG IRRG DOOHUJ\
2XU ILQGLQJV LQGLFDWH VLJQLILEFDQW YDULDWLRQV RI IRRG
VXUYH\ VLWHV ZLWK GLIIHUHQW VRFLR HFRQRPLF EDFNJURXQ(
XUEDQ DUHD SUHVHQWHG D KLJKHU SUHYDOHQFH RI IRRG DOO}
GRFWRU FRQVXOWDWLRQ WR GLDJQRVH D IRRG DOOHUJ\ ORV
DGYHUVH VI\PSWRPV WR RQO\ RQH IRRG JURXS ZLWK FUXVW
DOOHUJHQ +LYHV DQG JDVWURLQWHVWLQDO WUDFW SUREOHP
FOLQLFDO V\PSWRPV IRU ERWK UHJLRQV

‘H REVHUYHG D KLJKHU UDWH RI VHOl UHSRUWHG IRRG DOOHU.
IRRG DOOHUJ\ FRQVLVWHQW ZLWK SUHYLRXV DVVHVVPHQ\
DOOHUJ\ UDWHV LQ $VLDQ SRSXODWLRQYV 7KLV
GHWHUPLQHG E\ WKH FRPSOH[ SDWKRSK\VLRORJ\ RI DGYHUVFE
SHUFHSWLRQ RI UHVSRQGHQWYV RI WKLV GLVHDVH &RPPRQ HYV
UHODWHG DGYHUVH V\PSWRPV DUH LPPXQH PHGLDWHG IRRG
PHGLDWHG IRRG LQWROHUDQFH 7TKHUH LV D ODFN RI VWUR
DOOHUJ\ IURP IRRG LQWROHUDQFH H[FOXVLYHO\ EDVHG RQ UH
LQ $VLDQ FRPPXQLWLHYV $PRQJ GRFWRU GLDJQRVHG PLON DOGC
SDUWLFLSDQWY SUHVHQWHG JDVWURLQWHVWLQDO V\PSWRPV 7
RWKHU IRRG LQGXFHG GLVRUGHUV UDWKHU WKDQ WUXH IRRG C
WR EH DQ DFXWH DOOHUJLF UHDFWLRQ WR D QHZ IRUPXOD SU
KRVSLWDOL]JHG FKLOGUHQ LQ 8QIRUWXQDWHO\ QR D
WR WKH FRQVWUDLQW RI GLDJQRVWLF FDSDFLW\ LQ 9LHWQDP
RWKHU QRQ ,J( PHGLDWHG IRRG DOOHUJLHV VXFK DV )RRG 3
6\QGURPH DQG HRVLQRSKLOLF HVRSKDJLWLY LQ WKH SHGLDWU
HVWLPDWLRQ RI WUXH IRRG DOOHUJ\ SUHYDOHQFH

SDWLHQWITV FOLQLFDO KLVWRU\ RI IRRG DOOHUJ\ LV WKH LC
DQDO\WLV KRZHYHU RQO\ WR RI WKH VHOI UHSRUWLQJ IRR(
FRQILUPHG DV WUXH IRRG DOOHUJ\ SDUHQW UHSRUWHG IR
IRXQG WR EH EXW UHGXFHG WR ZKHQ FRQILUPHG E\ RU]I
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$ VXUYH\ RI 6LQJDSRUH ERUQ FKLOGUHQ DJHG \HDUV VK
UHSRUWHG IRRG DOOHUJ\ WR VKHOOILVK ZLWK DV FRPSD
FRQYLQFLQJ KLVWRU\ IRRG DOOHUJ\ $V LW ZDV FRQVLVW
VWXGLHVY DQ DFFXUDWH GLDJQRVWLF SURFHGXUH RI ,J( PHGLEL
RI PXOWLSOH WHVWV LQFOXGLQJ VNLQ SULFN WHVWLQJ PHDYV
2)& +RZHYHU RQO\ OLPLWHG VHUYLFHY DUH DYDLODEOH L«
DOOHUJ\ SDUWLFXODUO\ LQ UXUDO DUHDV ORVW FRPPHUFLD
DYDLODEOH LQ :HVWHUQ FRXQWULHV LQFOXGLQJ ,J( TXDQWLIL
UHJLVWHUHG RU SDUWLDOO\ DYDLODEOH WR SULYDWH SDWLH
SUHVHQWHG VWXG\ GDWD FRXOG QRW EH FROOHFWHG IRU WK
PLIKW KDYH EHWWHU VXSSRUWHG GLIITHUHQWLDWLQJ EHWZF
PHGLDWHG IRRG DOOHUJ\ 7KLV LV RQH RI WKH ELJJHVW FKDOC
RI lRRG DOOHUJ\ LQ D FRXQWU\ ZKHUH RQO\ D IHZ SHRSOH KDY|
GLDJQRVLV 7KLV SDSHU EDVHG VXUYH\ RQ KHDOWK FRQGLWLI
QHZ SUDFWLFH IRU PRVW 9LHWQDPHVH VR ZH DLPHG DQG V
TXHVWLRQQDLUH DV VLPSOH DV SRVVLEOH WR DFKLHYH D KLJK

7KLV VWXG\ UHYHDOHG D GLVWLQFW GLVWULEXWLRQ RI WKH 3
FKLOGUHQ 8QOLNH WKH SDWWHUQV RI FKLOGKRRG IRRG DO
SUHYLRXV VWXGLHV LQ $VLDQ SRSXODWLRQV VKRZHG WKH SUI
DOOHUJ\ UDWKHU WKDQ HJJ FRZYV PLON DQG SHDQXW
GHWHUPLQHG LQ WKLV VXUYH\ &KLOGUHQ IURP UXUDO DQG
DGYHUVH UHDFWLRQ UDWHV WR VHDIRRG WKHQ EHHI PLON
VHDIRRG DOOHUJ\ LQ $VLD PLIJKW EH FODLPHG IRU WKH DYDLC
WKLV IRRG FRPPRGLW\ ,Q 9LHWQDP WKH DYHUDJH ILVK FR
FDSLWD SHU DQQXP PXFK KLJKHU WKDQ WKH ZRUOGYfV DYHUD.
7KH LPSDFW RI HWKQLF FKDUDFWHULVWLFV WR VHDIRRG DOC
YDOLGDWHG LQ D VWXG\ DPRQJ H[SDWULDWH DQG ORFDO 6LQ.
SUHGRPLQDQFH RI VKHOOILVK DOOHUJ\ LQ ORFDO FKLOGUHQ |
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&RQVLGHULQJ HWKQLF FKDUDFWHULVWLFV DQG FXOWXUDO
FRQVLGHUDEOH YDULDWLRQV RI IRRG DOOHUJ\ SUHYDOHQFH D
LQ 9LHWQDP &UXVWDFHDQ DQG PLON DOOHUJ\ DUH SUHGRPL!
DUHD +RZHYHU WKHUH ZDV LQVXIILFLHQW GDWD RQ WKH FRQ
EHWZHHQ WKH WZR DUHDV WR SRVWXODWH IRRG DOOHUJ\ ULV
DOOHUJ\ LQ XUEDQ FKLOGUHQ PLJKW EH UHODWHG WR KLJKHL
GLVFXVVHG LQ WKH FXUUHQW OLWHUDWXUH )RU LQVWDQF
WR FURVV UHDFW ZLWK WKH PDMRU VKHOOILVK DOOHUJHQ WL
ZHUH LGHQWLILHG LQ LQGRRU HQYLURQPHQWYV LQ WKH QRUWK
LQ WKH 7LHQ *LDQJ SURYLQFH VKRZHG D PXFK KLJKHU SUHYDC
QXWV DQG EHHI 5HFHQW VWXGLHV LQ WKH 86 DQG 6ZHGHQ GF
UHG PHDW DOOHUJ\ WR WLFN ELWHYV ZKLFK ZDV H[SODLC
FDUERK\GUDWH ROLJRVDFFKDULGH JDODFWRVH DOSKD JDOC
D VLPLODU FRPSRQHQW IRXQG LQ WKH VDOLYD RI WLFN &KLOG
WR KDYH WLFN ELWHV WKDQ WKRVH LQ WKH FLW\ DQG WKH
FRQWULEXWH WR WKH KLJK UDWH Rl EHHI DOOHUJ\ LQ FKLOGU
LQFLGHQFH RI ZKHDW DQG WUHH QXW DOOHUJ\ LQ WKLV VXESR
SRVVLEOH FURVV UHDFWLYLW\ Rl WKHVH IRRG DOOHUJHQV ZLV
WKH UXUDO DUHD ,W VKRXOG EH QRWHG WKDW ZKHDW LV QR
GDWD RQ JOXWHQ LQWROHUDQFH RU FRHOLDF GLVHDVH KDY
SRSXODWLRQ 7KLV ZLOO EH RI LQWHUHVW WR IXUWKHU LQYHV
IDFWRUV RQ IRRG DOOHUJ\

7KH GDWD IURP WKH PXOWLYDULDEOH ORJLVWLF UHJUHVVLRQ |
JHQGHU IDPLO\ KLVWRU\ RI IRRG DOOHUJ\ FRH[LVWLQJ R
JHRJUDSKLF ORFDWLRQ GHPRQVWUDWHG D VWURQJ FRQWULE
GLVHDVHV 253 WR IRRG DOOHUJ\ LQFLGHQFH EXW QRW
IRRG DOPDHUJ\ 3 JRRG DOOHUJ\ LV WKRXJKW WR UXQ LC
+RZHYHU WKH FRQWULEXWLRQ RI D IDPLO\ KLVWRU\ RI IRRG D
GHYHORSPHQW UHPDLQV LQFRQVLVWHQW DPRQJ VWXGLHYV
GLG QRW DSSO\ DQ\ DGGLWLRQDO ORJLVWLF UHJUHVVLRQ PRG
IDFWRUV IRU IRRG DOOHUJ\
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7TKH VWUHQJWKYV RI WKLV VWXG\ DUH WKRB ODUJHRRRGKPWMGE R Q
DW WZR GLITHUHQW VRFLR HFRQRPLFDO VXUYH\ VLWHV DQG WK
OLPLWDWLRQV RI WKLV VWXG\ DUH WKH VHOI DGPLQLVWHUHG C
UHVSRQVH PLIJKW FRQWDLQ UHFDOO ELDV 2XU WDUJHW SRSXC
\HDUV DQG WKH LQIRUPDWLRQ RQ FKLOGUHQ RXWVLGH WKLV C
IRRG DOOHUJ\ UDWHV KDYH QRW EHHQ LQFOXGHG 7KHUH DU
GLVSDULW\ RI WKH PHGLFDO IDFLOLWLHVY DPRQJ UXUDO DQG
HFRQRPLF FLUFXPVWDQFHV RI SDUWLFLSDQWY WKDW PLJKW
UHSRUWHG IRRG DOOHUJ\ UDWHV DPRQJ WKH WZR VWXG\ VLWH

,Q FRQFOXVLRQ WKLV VWXG\ FRQWULEXWHV WR WKH FXUUHQ\
EURDGHU $VLDQ SRSXODWLRQ DQG LV WKH ILUVW WR SURILOH
2XU VWXG\ FOHDUO\ VKRZHG WKDW IRRG DOOHUJ\ LV SURPLQ}
SDWWHUQV RI IRRG DOOHUJLHYV DUH SHUFHLYHG $ ODUJH YDULI
REVHUYHG LQ VXESRSXODWLRQV IURP UXUDO DQG XUEDQ UHJL
OLYLQJ FRQGLWLRQV )XUWKHU LQYHVWLIJDWLRQV DUH QHFHV
RI IRRG DOOHUJ\ DQG WKH SRVVLEOH FURVV UHDFWLYLW\ EHW.
D SUHFLVH GLDJQRVLY DQG EHWWHU PDQDJHPHQW RI WKLV VH
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SHIHUHQFHV

6LEFKHUHU 6+ 6DPSVRQ +$ )RRG DOOHUJ\ $ UHYLHZ DQG X
SDWKRJHQHVLYVY GLDJQRVLV SUHYHQWLRQ DQG PDQDJHPHQ

7UDQ 00 /HIHEYUH '/ 'DL ' 'KDUPD & 6XEEDUDR 3 /RX : |
IRRG LQWURGXFWLRQ DQG GHYHORSPHQW RI IRRG VHQVLWL]D)
SHGLDWU $OOHUJ\ ,PPXQRO

1HHODQG 05 .RSOLQ -- 'DQJ 7' 'KDUPDJH 6& 7DQJ 0/ 3Ul
(DUO\ OLIH LQQDWH LPPXQH VLIQDWXUHV RI SHUVLVWHQW IRR

6KDNHU 06 B6FKZDUW] - )HUJXVRQ 0 $Q XSGDWH RQ WKH
RQ DQ[LHW\ DQG TXDOLW\ RI OLIH &XUUHQW 2SLQLRQ LQ 3HGL

.DMRUQUDWWDQD 7 6DQJVXSDZDQLFK 3 <XHQ\RQJYLZDW
FDUHJLYHUV DQG JURZWK LQ FKLOGUHQ ZLWK SDUHQW UHSR
-RXUQDO RI $O0OHUJ\ ,PPXQRORJ\

1ZDUX %, +LFNVWHLQ / 3DQHVDU 66 OXUDUR $ :HUIHO 7
HSLGHPLRORJ\ Rl IRRG DOOHUJ\ LQ (XURSH D V\WVWHPDWLF
$O0OHUJ\

6DPDG\ : 7UDLQRU - 6PLWK % *XSWD 5 )RRG LQGXFHG $
DQG &KLOGUHQ $QQ $OO0HUJ\

/HH $- 7KDOD\DVLQJDP 0 /HH %: )RRG DOOHUJ\ LQ $VLD }
$VLD 3DF $O0OHUJ\

6KHN /3 &DEUHUD ORUDOHV ($ 6RK 6( *HUH] , 1J 3= =<
SRSXODWLRQ EDVHG TXHVWLRQQDLUH VXUYH\ RQ WKH SUHYD
VKHOOILVK DOOHUJ\ LQ $VLDQ SRSXODWLRQV - $O0OHUJ\ &Ol

H

/HXQJ 7) <XQJ ( :RQJ <6 /DP &: :RQJ *: 3DUHQW UHSRU
IRRG UHDFWLRQV LQ +RQJ .RQJ &KLQHVH SUH VFKRROHUV HSI
DQG ULVN IDFWRUV 3HGLDWU $O0OHUJ\ ,PPXQRO

&RQQHWW *- *HUH] , &DEUHUD ORUDOHV ($ <XHQ\RQJYL?
- &KDWFKDWHH 3 HW DO $ SRSXODWLRQ EDVHG VWXG\ RI IL
6LQJDSRUH DQG 7KDLODQG ,QW $UFK $OOHUJ\ ,PPXQRO
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'DQJ < $OOHQ .- B6XDLQL 1+$ 3HWHUV 5/ 3RQVRQE\ $/
FKLOGUHQ OLYLQJ LQ $XVWUDOLD KDYH D GLIIHUHQW SURILC
$XVWUDOLDQ ERUQ FKLOGUHQ D 6WDWH ZLGH VXUYH\ &OLQ (]

6WDWLVWLFDO <HDUERRN RI 9LHWQDP (GXFDWLR
3XEOLVKLQJ +RXVH >FLWHG  $SULO @

9R 7+ /H 1+ 3DWHO 06 3KDQ /7 7UDQ OLQK 11 $FXWH D
9LHWQDPHVH FKLOGUHQ DIWHU GULQNLQJ D QHZ PLON SURGC

6LFKHUHU 6+ ©6DPSVRQ +$ )RRG DOOHUJ\ (SLGHPLRO
GLDJQRVLV DQG WUHDWPHQW - $OOHUJ\ &0LQ ,PPXQRO

9LHWQDP *62R $GPLQLVWUDWLYH 8QLW /DQG DQG &OLI
*HQHUDO 6WDWLVWLFV 2IILFH RI 9LHWQDP

OXUDUR $ :HUIHO 7 +RIIPDQQ 6RPPHUJUXEHU . 5REHUWYV
-HQVHQ & HW DO ($%$&, IRRG DOOHUJ\ DQG DQDSK\ODJ[LV JX
PDQDJHPHQW RI IRRG DOOHUJ\ $0OO0OHUJ\

+DONHQ 6 0OXUDUR $ )RRG $O0OHUJ\ *OREDO $WODV RI $0

IDFN * 8SGDWH RQ ULVN IDFWRUV IRU IRRG DOOHUJ\

7XUQEXOO -/ $GDPV +1 *RUDUG '$ O5HYLHZ DUWLFOH
PDQDJHPHQW RI IRRG DOOHUJ\ DQG IRRG LQWROHUDQFHV

OHKU 6 )ULWK . %DUQHV (+ &DPSEHOO '( *URXS )6 )RR
HQWHURFROLWLV VI\QGURPH LQ $XVWUDOLD $ SRSXODWLRQ E
&0OLQ ,PPXQRO

/DR DUD\D 0 7UDNXOWLYDNRUQ 0 3UHYDOHQFH RI IRRG
FKLOGUHQ LQ QRUWKHUQ 7KDLODQG 3HGLDWU ,QW

'X 7TRLW * 6DPSVRQ +$ 30DXW 0 %XUNV $: $NGLV &$ /DF
8SGDWH RQ SUHYHQWLRQ DQG WROHUDQFH - $OOHUJ\ &0LQ ,P

3HU &DSLWD FRQVXPSWLRQ RI )LVK DQG 6KHOOILVK IRU +
FRXQWU\ > QWHUQHW@ )$267%$7 >FLWHG @
KWWS Z7ZZ IDR RUJ IDRVWDW HQ GDWD %/
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/IRSDWD $/ .OHLQH 7HEEH - .DPDWK 6' $OOHUJHQV DQG PI
VKHOOILVK DOOHUJ\ 3DUW RI WKH 6HULHV OROHFXODU

5XHWKHUV 7 7DNL $& -RKQVWRQ (% 1XJUDKD 5 /H 77. .D
DOOHUJ\ $ FRPSUHKHQVLYH UHYLHZ RI ILVK DQG VKHOOILV

+RjQJ 7KL /kP 1JX\rQ 9 Q 7X z QJ /XQGEIFN % 5|QPDUN (
DUH WKH PDLQ VHQVLWL]HUV DPRQJ DGXOWV LQ QRUWKHUQ 9L
VXUYH\ $OOHUJ\

:XHUGHPDQ 0) +DUULVRQ -0 $ FDVH RI WLFN ELWH LQGX
OLOLWDU\ PHGLFLQH H H

6WHLQNH -: 30DWWV 0LOOV 7$ &RPPLQV 63 7KH DOSKD J|
IURP FRQQHFWLQJ WKH GRWV - $O00HUJ\ &0LQ ,PPXQRO

9LOODOWD ' 3DQWDURWWR / 'D 5H 0 &RQWH 0 6MRODQG!
SUHYDOHQFH RI V,J( WR *DODFWRVH DOSKD JDODEWRVH LQ
VHFWLRQDO VWXG\ &OLQ ([S $0O0HUJ\

*XSWD 56 :DONQHU 00 *UHHQKDZW 0 /DX &+ &DUXVR ' :D
$O0OHUJ\ 6HQVLWL]DWLRQ DQG 3UHVHQWDWLRQ LQ 6LEOLQJV R
&0LQ ,PPXQRO 3UDFW

.RSOLQ -- $OO0OHQ .- *XUULQ /& 3HWHUV 5/ /RZH $- 7DQJ
RI IDPLO\ KLVWRU\ RI DOOHUJ\ RQ ULVN RI IRRG DOOHUJ\ D SF
,QW - (QYLURQ 5HV 3XEOLF +HDOWK
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&KDSWHU VXPPDU\

JURP WKLV FKDSWHU WKH UHVHDUFK DLPV ZHUH PHW DV EHOR

X

(VWLPDWH WKH SUHYDOHQFH RI IRRG DOOHUJLHV LQ 9LHWQ
RYHUDOO SUHYDOHQFH RI VHOI UHSRUWHG IRRG DOOHUJ\ L
DUH ZKLOVW WKH SUHYDOHQFH RI GRFWRU GLDJQRVHG I
WKH UDWH RI 7KLV LV D FRPPRQ SKHQRPHQRQ LQ SRSXO
KDV EHHQ UHSRUWHG LQ SUHYLRXV VWXGLHV 7KH DFFXUDF
DOOHUJ\ VXUYH\ GHSHQGV ODUJHO\ RQ WKH NQRZOHGJH I
SDUWLFLSDQWY DERXW IRRG DOOHUJ\ GHILQLWLRQ DQG LWV
WR FRPELQH WKH VHOI UHSRUWHG GDWD DERXW FOLQLFDO
EDVHG GLDJQRVLYV VXFK DV VNLQ SULFN WHVWV RU PHDVXUH
SHUIRUPLQJ RUDO IRRG FKDOOHQJH WR FRQILUP WUXH IRRG
SDUWO\ DGGUHVVHG LQ &KDSWHU ZKHUH VHUXP VSHFLILF
FUXVWDFHDQ PROOXVN DQG ILVK VSHFLHY DPRQJ 9LHWQDPH
RI VHDIRRG DOOHUJ\ ZDV PHDVXUHG DQG DQDO\]JHG

,GHQWLI\ WKH GLVWULEXWLRQ RI pu%LJ 9§ IRRG DOOHUJHQ L
FRPPRQ DOOHUJ\ WULJJHULQJ IRRGV LQ 9LHWQDPHVH FKL
FUXVWDFHDQ PROOXVN ILVK DQG EHHI /HVV FRPPRQ IRRG [
ZKLOVW D YHU\ ORZ UDWH RI SDUWLFLSDQWY UHSRUWHG DG
DQG WUHH QXW 7KH IRRG DOOHUJ\ SDWWHUQ LQ 9LHWQDPH
SUHYLRXV LQYHVWLJDWLRQV LQ SUHVFKRRO FKLOGUHQ LQ G
$XVWUDOLD WKH 86 DQG PDQ\ (XURSHDQ FRXQWULHV 6HDI
WKH PRVW FRPPRQ DOOHUJHQ LQ FKLOGUHQ V SRSXODWLRQ
DQG 7KDLODQG ,Q 6LQJDSRUH SUDZQV DUH UHSRUWHG WR
LQGXFHG DQDSK\OD[LV 7KXV WKLV VWXG\ FRQILUPHG WKH
PROOXVN DQG ILVK DOOHUJ\ LQ 6RXWKHDVW $VLDQ FRPPXQL!
DV WKH OHDGLQJ IRRG DOOHUJHQV LQ WKLV SRSXODWLRQ
LQYHVWLIDWLRQ RI ,J( UHDFWLYLW\ DQG FOLQLFDO SURILOH
DUH GLVEFXQKHGBNIRY WKLV WKHVLV
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X

,GHQWLI\ WKH FOLQLFDO PDQLIHVWDWLRQV RI IRRG DOOH
VSHFWUXP RI FOLQLFDO SUHVHQWDWLRQV DIIHFWLQJ GLIIHUI
WKH JDVWURLQWHVWLQDO DQG WKH UHVSLUDWRU\ RU V\VW|
LQ 9LHWQDPHVH FKLOGUHQ KLYHV XUWLFDULD ZDV WKH PR
UHDFWLRQ +LYHV XUWLFDULD LV RQH RI WKH W\SLFDO V\F
DOOHUJ\ DFFRUGLQJ WR ($%$&, JXLGHOLQHV RQ IRRG DOOHUJ
DVVXPHG WKDW PRVW SDUWLFLSDQWYV LQ WKLV VXUYH\ KDYH
PRVW SDUWLFLSDQWYV LQ WKLV VWXG\ UHSRUWHG FRQFXL
VXVSHFWHG IRRG DOOHUJHQV 7R WKH DXWKRUfV EHVW NQR
GHILQHG LQ 9LHWQDP $W SUHVHQW WKHUH DUH QR JXLGH
WUHDWPHQW RI IRRG DOOHUJ\ LQ 9LHWQDP 3HRSOH ZLWK I
PLVGLDJQRVHG ZLWK RWKHU KHDOWK SUREOHPV VXFK DV IF
LOOQHVYV 7KLV LV ZH EHOLHYH WKH ILUVW VWXG\ WR SUHV
ZLWK IRRG DOOHUJ\ LQ 9LHWQDP DQG WKHLU W\SLFDO FOL
SURYLGHV HYLGHQFH IRU SROLF\PDNHUV SDWLHQWV FOLQI
LQGXVWU\ DERXW WKH FXUUHQW VLWXDWLRQ RI IRRG DOOHU

,GHQWLI\ WKH FRQWULEXWLRQ RI JHQGHU JHRJUDSKLF OR
DOOHUJ\ DWRSLF FRQGLWLRQV WR IRRG DOOHUJ\ LQFLGHQF
IRRG DOOHUJ\ VXUYH\V LQ GLIITHUHQW UHJLRQV LQ 9LHWQDP
FRQWULEXWLQJ IDFWRUV WR KDYLQJ IRRG DOOHUJ\ LQ WKLYV
DQG IDPLO\ KLVWRU\ RI IRRG DOOHUJ\ JHRJUDSKLF ORFDW
VLIQLILFDQW ULVN IDFWRUV RI IRRG DOOHUJ\ LQ SUHVFKRRC
RI' IRRG DOOHUJHQV ZDV GLIIHUHQW EHWZHHQ UXUDO DQG X
LQ XUEDQ DUHDV KDYH PRUH DOOHUJ\ WR FUXVWDFHDQ ILV
UXUDO KDYH PRUH EHHI ZKHDW DQG WUHH QXW DOOHUJ\

VSHFLILF FRXQWU\ WKH SDWWHUQ RI IRRG DOOHUJ\ FDQ YD
ORFDWLRQV WKHUHIRUH LW LV HVVHQWLDO WR KDYH U
PDQDJHPHQW SURJUDPV WR HIITHFWLYHO\ FRQWURO WKLV KH




&+$37(5 $ 3238/$7,21 %$6(' 6859(<
2) )22' $//(5*%,(6 ,1 9,(71$0(6( $'8/76

ODQXVFULSW LQ UHYLVLRQ

TKX 7 . /HKX\ 7 % 7UDQ +XRQJ 7 0 +R $Q 7/ 9X (PPD OF%U\GH
/| IRSDWD 7KH SUHGRPLQDQFH RI VHDIRRG DOOHUJ\ LQ 9LHWQI
ILUVW SRSXODWLRQ EDVHG TXHVWLRQQDLUH VXUYH\ :RUOG
6XEPLWWHG RQ 6 XEPLVVLRQ ,' ZDRM




&KDSWHU

, QWURGXFWLRQ

JRRG DOOHUJ\ LV GHILQHG DV DEQRUPDO UHDFWLRQV RI WKH K-
E\ IRRG FRPSRQHQWY IROORZLQJ IRRG LQJHVWLRQ DQG RU IRI
DOOHUJ\ SUHVHQWY ZLWK D ZLGH UDQJH RI FOLQLFDO PDQLIH'
WR DFXWH DQG VHYHUH V\VWHPLF UHDFWLRQV )RRG DOOHU]J
DGXOWV DQG LV DPRQJ WKH PRVW FRPPRQ FDXVH RI IRRG LQC
DOOHUJ\ LPSDFWV RQ WKH TXDOLW\ RI OLIH DQG LPSRVHV D V
VXITHUHUYV WKXV LW KDV EHHQ FRQVLGHUHG D PDMRU S
ZHVWHUQL]JHG FRXQWULHYV

$SSUR[LPDWO\ RI FKLOGUHQ DQG RI DGXOWV LQ GHYHORS
DOOHUJ\ DQG WKLV LQFLGHQFH LV UHSRUWHG WR EH RQ WKH L
DERXW WKLV HSLGHPLF LQ RWKHU SDUWV RI WKH ZRUOG HVSH
$VLD PRVW IRRG DOOHUJ\ VWXGLHV KDYH IRFXVHG RQ FKLOG!

RI W R (SLGHPLRORJLFDO VWXGLHV RQ IRRG DOOHUJ\
EHHQ FRQGXFWHG LQ D IHZ $VLDQ FRXQWULHVY UHYHDOLQJ D ¢
LQ 7DLZDQ LQ ,QGLD DQG IRU ZKHDW DOOHUJ

IRRG WULJJHUV DOVR YDULHG EHWZHHQ $VLDQ FRXQWULHV D
DOOHUJ\ SDWWHUQV VHHQ LQ WKH :HVW

JRRG DOOHUJ\ LQ DGXOWV PD\ EH LQLWLDWHG IURP DQ HDUO\
VXFK DV LV WKH FDVH ZLWK SHDQXW DOOHUJ\ DQG VHDIRRG
VHQVLWL]DWLRQV WR IRRG DOOHUJHQV LQ DGXOWKRRG LV DO\
WKDW ORQJ WHUP H[SRVXUH WR DOOHUJHQV LQ WKH HQYLURQT
RI IRRG DOOHUJ\ ODWHU RQ $V D UHVXOW DGXOWV PL
DOOHUJHQ VHQVLWL]DWLRQV DQG FOLQLFDO PDQLVIHVWDWLR
DOOHUJ\ SKHQRW\SH 7KXV WKH VWXG\ RI IRRG DOOHUJ\ LQ DG
YDOXDEOH LQVLJKW LQWR WKH QDWXUH DQG GHYHORSPHQW RI

,Q 9LHWQDP WKHUH KDV EHHQ IRRG DOOHUJ\ VWXGLHV FRPS(
((WHQGHG IURP WKH SRSXODWLRQ EDVHG VXUYH\ RI IRRG DOO
&KDSWHU ZH VRXJKW WR HVWLPDWH WKH SUHYDOHQFH RI IR




&KDSWHU

DQG LGHQWLI\ WKH SDWWHUQ RI RIIHQGLQJ IRRG DOOHUJHQV
&RKRUW GHPRJUDSKLEFV VXFK DV JHQGHU IDPLO\ KLVWRU\ RI |
RWKHU DOOHUJLF GLVHDVHVY DQG OLYLQJ ORFDWLRQ ZHUH FR(
SUHGLFW WKHLU DVVRFLDWLRQV WR IRRG DOOHUJ\ LQFLGHQFF




&KDSWHU

$LPV RI WKLV FKDSWHU

7R GHWHUPLQH WKH SUHYDOHQFH RI IRRG DOOHUJLHV LQ
7R LGHQWLI\ WKH GLVWULEXWLRQ RI WKH p%LJ 9§ IRRG DO
7R LGHQWLI\ WKH FOLQLFDO PDQLIHVWDWLRQV RI IRRG DO
7TR LGHQWLI\ GHWHUPLQDQWY WR WKH LQFLGHQFH RI IRRG
7R FRPSDUH WKH SUHYDOHQFH RI IRRG DOOHUJ\ EHWZHHC
9LHWQDPHVH SRSXODWLRQ




&KDSWHU

OHWKRGYV

6XUYH\ GHVLJQ

$ FURVV VHFWLRQDO UDQGRPL]JHG SDSHU EDVHG VXUYH\ ZDV
'"HFHPEHU DPRQJ XQLYHUVLW\ VWXGHQWYV DFURVV IRXU GL
4XHVWLRQQDLUHV ZHUH GLVWULEXWHG WR WKH WDUJHW SRS
VKHHWY ZHUH FROOHFWHG RQ WKH VDPH GD\ %\ DFFHSWLQJ V
SDUWLFLSDQW FRQVHQWHG WR WKH VWXG\ 7KH UHVSRQVH UD
QXPEHU RI UHWXUQHG TXHVWLRQQDLUHV E\ WKH WRWDO GLVW
ZDV DSSURYHG E\ WKH +XPDQ 5HVHDUFK (WKLFV &RPPLWWHH |
$SSURYDO ,' + + $SSHQGL[ $

SDUWLFLSDQW UHFUXLWPHQW

$ PLQLPXP VDPSOH VL]H RI SDUWLFLSDQWY ZHUH UHTXLUH
RI ZLWK D FRQILGHQW OHYHO RI JURP D OLVW RI FO
XQLYHUVLWLHYV FODVVHV ZHUH UDQGRPO\ VHOHFWHG WR G
SDUWLFLSDWLQJ XQLYHUVLWLHY LQFOXGHG 1RQJ /DP 8QLYHUYV
8QLYHUVLW\ RI )RRG ,QGXVWU\ )LIXUH ' + $SSHQGL[ ' 7Kt}
XQLYHUVLWLHV ZLWK D ZLGH GLYHUVLW\ RI VWXGHQW DJH UDC
DW 1RQJ /DP 8QLYHUVLW\ ZDV FRQGXFWHG DW LWV WKUHH GL
SURYLQFH 1LQK 7KXDQ SURYLQFH DQG +R &KL OLQK &LW\ 3DL
SDUW Rl WKH FRXQWU\ ZHUH FRQVLGHUHG WR EH OLYLQJ LQ D¢
UHPDLQLQJ UHJLRQV ZHUH FRQVLGHUHG WR EH OLYLQJ LQ D L
PHWKRG ZDV DSSOLHG WR UHFUXLW D UHODWLYHO\ HTXLYDOHC
JHRJUDSKLFDO UHJLRQ IHDVLEOH IRU IXUWKHU DQDO\VLQJ WK
IRRG DOOHUJ\ LQFLGHQFH

4XHVWLRQQDLUH

7KH VDPH TXHVWLRQQDLUH WKDW KDG EHHQ XVHG IRU WKH SR
DOOHUJ\ LQ 9LHWQDPHVH FKLOGUHQ LQ &KDSWHU ZDV XVH




&KDSWHU

PRGLILFDWLRQV $SSHQGL[ % %\ DQVZHULQJ WKH TXHVWLRC
WKHLU LQIRUPHG FRQVHQW WR WKH VWXG\ ZLWK SHUPLVVLRC
UHVHDUFK SXEOLFDWLRQV DQG UHSRUWYV

'"HILQLWLRQV

7KH GHILQLWLRQV RI VHOl UHSRUWHG IRRG DOOHUJ\ DQG GRFV
WKLV VWXG\ KDG EHHQ GHVFULEHG LQ 6HFWLRQ LQ &KDSW

6WDWLVWLFDO DQDO\VLYV

JRU WKH DQDO\VLV RI JHQHUDWHG GDWD WKH ,%0 6366 6WDWL
, %0 &RUS SUPRQN 1 < 86%$ ZDV XVHG $ VDPSOLQJ GHVLJQ
ZDV FKRVHQ IRU WKH HVWLPDWLRQ RI SUHYDOHQFH 7KH UDWL
ZDV ZHLJKWHG WR ILW WKH QDWXUDO JHQGHU UDWLR LQ 9LHWC(
SUHVHQWHG DV PHGLDQ DQG LQWHUTXDUWLOH UDQJH ,45 &I
XVLQJ &KL VTXDUH WHVWYDAOXNK DKHWIJIHOHOOHQFH ZDV FDOF
SURYLGH D &, R UHVSRQVHV WR HDFK FULWHULRQ $ PXOW
ZDV XVHG WR VWXG\ WKH DVVRFLDWLRQ EHWZHHQ PXOWLSOH
KDYLQJ GRFWRU GLDJQRVHG IRRG DOOHUJ\ 7KK YDDXIHLFDQFH
RI IRUDOO WHVWYV




&KDSWHU

SHVXOWYV

'"HPRJUDSKLF IHDWXUHYV

7TDEOH SUHVHQWY WKH GHPRJUDSKLF IHDWXUHV RI WKH VX
GLVWULEXWHG WR VXEMHFWYV ZLWK VXEMHFWY UHVSIH
7KH PHGLDQ DJH DQG ,45 RI SDUWLFLSDQWYV ZHUH DQG \HI
SDUWLFLSDQWYV IURP ILYH GLITHUHQW UHJLRQV RI 9LHWQDP 7

6RXWK &HQWUDO &RDVW SDUWLFLSDQWYVY DQG 6RXWK (DV
UHPDLQLQJ DUHDV 1RUWK &HQWUDO &RDVW SDUWLFLSDQW
SDUWLFLSDQWY DQG OHNRQJ '"HOWD SDUWLFLSDQWYV )HP

PXFK KLJKHU WKDQ PDOH SDUWLFLSDWLRQ LQ DOO VXUYH\ VLW




&KDSWHU

7TDEOH '"HPRJUDSKLF IHDWXUHV RI SDUWLFLSDQWYV LQ WKLV

9DULDEOH

Q

TRWDO TXHVWLRQQDLUH GLVV
I1XPEHU RI UH)\

ULEXWHG

6H GLVWU
0DOH
)HPDOH

[ EXWLRQ

$JH PHGLDQ \HDUYV
, QWHUTXDUWLOH UDQJH
$JH UDQJH \HDUV

I+

+ 1+ 1+

2YHU

1XPEHU Rl SDUWLFLSDQWYV E\
1IRUWK &HQWUDO &RDVW
BRXWK &HQWUDO &RDVW
&HQWUDO +LJKODQGYV
BRXWK (DVW
OHNRQJ '"HOWD

UHJLRQV

'LVWULEXWLRQ RI KHDOWK V
VWXG\ E\ BHJLRQ
1RUWK &HQWUDO &RDVW
6RXWK &HQWUDO &RDVW
&HQWUDO +LJKODQGYV
6RXWK (DVW
OHNRQJ "HOWD

HUYLFH DSSURDFK L

'RFWRU GLDJQRVHG )$
)$ WR IRRG JURXS
)$ WR GLIITHUHQW IRRG JJ\

I RXSV

)$ WR PRUH WKDQ GLII

Q WKLV

DPRQJ SDUWLFLSDQWYV ZLWK IRRG LQGXFHG DGYHUVH V\PSWRI
E\ GLYLGLQJ WKH QXPEHU RI SDUWLFLSDQWYV ZLWK IRRG DOOH
VHUYLFHV IRU DOOHUJ\ GLDJQRVLVY E\ WKH WRWDO QXPEHU R
DGYHUVH UHDFWLRQV LQ WKLV VXUYH\ )$ )RRG DOOHUJ\




&KDSWHU

SHSRUWHG IRRG LQGXFHG DGYHUVH UHDFWLRQV DQG RIII

7TKHUH ZHUH UHVSRQGHQWY ZKR H[SHULHQFHG DGYH
DIWHU IRRG LQWDNH ZLWK DQ DYHUDJH RI VI\PSWRPV SH
6\PSWRP UH RFFXUUHQFHYV ZHUH UHSRUWHG LQ RI SDUWLFLES

*DVWURLQWHVWLQDO V\PSWRPV ZHUH WKH OHDGLQJ FRPSC
GLDUUKHD IROORZHG E\ QDXVHD RU YRPLWLQJ DQC
7TDEOH 6\VWHPLF UHDFWLRQV DQG VNLQ SUREOHPV ZHUH V
PHGLFDO VHUYLFH YLVLWYV KRVSLWDO DGPLVVLRQ 7DEOH
UDWHV RI SDUWLFLSDQWYV XVLQJ PHGLFDO VHUYLFHV IRU WKH
UHJLRQV 7DEOH

7DEOH 5HSRUWHG FOLQLFDO DGYHUVH UHDFWLRQV FDXVHG
LQ GHVFHQGLQJ RUGHU RI SUHYDOHQFH

SHVSR

6\PSWRP

"LDUUKHD
1DXVHD RU YRPLWLQJ

BWRPDFK SDLQ

+LYHV

BQHH]LQJ

2GG WDVWH LQ PRXWK

1DVDO FRQJHVWLRQ RU D UXQQLQJ QRVH

BOLJKW GU\ FRXJK

7JURXEOH VZDOORZLQJ

JWFK\ PRXWK RU HDU FDQDO

&KHVW SDLQ
6KRUWQHVYV RI EUHDWK RU ZKHH]LQJ

'URS LQ EORRG SUHVVXUH

(FIHPD

SHGQHVV RI WKH VNLQ RU DURXQG WKH H\HV
6ZHOOLQJ Rl WKH OLSVY 7RQJXH DQG RU WKURDW
“HDN SXOVH

IRVV Rl FRQVFLRXVQHVV

7RWDO




&KDSWHU

7DEOH 7KH QXPEHU RI SDUWLFLSDQWY XWLOL]JLQJ KHDOWK V
WKH SHUFHQWDJH RI SDUWLFLSDQWY VHHNLQJ PHGLFDO DG
GHVFHQGLQJ RUGHU DPRQJ SDUWLFLSDQW UHSRUWHG FOLQI
FRQVXPS@WLRQ

6\PSWRP 1XPEHU RIBHUFHQWDJH RI
SDUWLFLSBQWWLFLSDQWYV
VHHN PHGL¥BBN PHGLFDO
DGYLEF DGY

/RVV RI FRQVFLRXVQHVV

S5HGQHVV RI WKH VNLQ RU DURXQG H\HV
(FIHPD

"HDN SXOVH

'URS LQ EORRG SUHVVXUH

6ZHOOLQJ RI WKH OLSV WRQJXH DQG RU
WKURDW
6KRUWQHVYVY RI EUHDWK RU ZKHH]LQJ

+LYHV

&KHVW SDLQ

LW EK\

7URXEOH VZDOORZLQJ
6WRPDFK SDLQ
BOLJKW GU\ FRXJK
1DXVHD RU YRPLWLQJ
1DVDO FRQJHVWLRQ RU D UXQQ\ QRVH
BQHH]LQJ

2GG WDVWH LQ PRXWK
'LDUUKHD

7KH WRS WKUHH FDXVDWLYH IRRG LWHPV IRU DOOHUJLF UHDF

FUXVWDFHDQ ILVK DQG PROOXVN OLON DQ
PRUH FRPPRQ RIITHQGLQJ IRRGYV DV FRPSDUHG WR SHDQXW
HJJ DQG VR\ 2WKHU UHDFWLYH IRRGV EHVLC

DQLPDO PHDWV L H FKLFNHQ GXFN GRJ DQG FDW IUXLW
VWUDZEHUU\ YHJHWDEOHV PRVWO\ FKLOOL DQG PXVKURRP
DQG ZLQH DFFRXQWLQJ IRU WKH UHPDLQLQJ 7DEOH




&KDSWHU

7TDEOH &DXVDWLYH IRRG JURXSVY HYRNLQJ DGYHUVH UHDFW
IURP DIlTHFWHG SDUWLFLSDQWY LQ GHVFHQGLQJ RUGHU RI

DPRQJ IRRG DPRQJ

JRRG JURXS Q JURX SDUWLF

&UXVWI
YL\

OROO
2WKHU
OLON

% H

‘KHDW
3HDQXW
7UHH QXW
(JJ

R\

7R\

,Q WKLV VXUYH\ RI WKH SDUWLFLSDQWY ZKR SHUFHL
VXEMHFWYV VRXJKW PHGLFDO VHUYLFHV IRU WKHLU KHDOYV
VHUYLFHV VHHNLQJ SDUWLFLSDQWYV ZHUH GLDJQRVFE
LQGLFDWLQJ WKDW RI WKH UHPDLQLQJ DGXOWYV PLIJKW PI
UHDFWLRQV HJ E\IRRG WR[LQV RU FRXOG QRW EH FRQILUPH(
$PRQJ WKH GRFWRU GLDJQRVHG IRRG DOOHUJ\ JURXS KDOI
DGYHUVH UHDFWLRQV WR RQO\ RQH IRRG LWHP KDG UHD
JURXSVY DQG WKH UHPDLQLQJ RI' 'RRG DOOHUJLF SDWLHQW\
WKDQ WZR GLITHUHQW IRRG JURXSVY 7DEOH

SUHYDOHQFH RI VHOI UHSRUWHG DQG GRFWRU GLDJQRVH

7KH VXUYH\ GDWD ZDV ZHLJKWHG E\ JHQGHU DFFRUGLQJ WR W
DQG IHPDOH DGXOWYVY DJHG EHORZ \HDUV LQ 9LHWQDP W
SUHYDOHQFH RI IRRG DOOHUJ\ 7DEOH + $SSHQGLJ[ $V
SUHYDOHQFH RI IRRG DOOHUJ\ IRU DOO VXUYH\ IRRG JURXSYV
UHSRUWHG WKDQ LQ GRFWRU GLDJQRVHG YIDEWHFLSDQWYV




&KDSWHU

&UXVWDFHDQ ILVK DQG PROOXVN ZHUH WKH WRS WKUHH DOO}
Rl DOOHUJ\ RIIHQGLQJ IRRGV ZDV WKH VDPH IRU ERWK WKH
GLDJQRVHG JURXSV H[FHSWWRH BDOWD BRPEEQXYWDFHDQ DQC
DOOHUJ\ LQGLFDWHG D SUHYDOHQFH RI &, DQG

IRU VKHOOILVK DOOHUJ\ LQ WKH VHOl UHSRUWHG DQG GRFWRU

7TDEOH "'HLIKWHG SUHYDOHQFH RI )$ LQ VWXG\ SRSXODWLRQ

6HOl UHSRUWHRFYRU GLDJQRVHG )$

$Q\ IRRG
&UXVWDFHDQ
)LV K
OROOXVN
%HHI

OLON

(JJ

'KHDW
3HDQXW

R\

7TUHH QXW
2ZWKHU IRRGV

9DOXH UHSRUWHG DV &, )$ IRRG DOOHUJ\

H$Q\ IRRGY DQ\ IRRG JURXSV RWKHU WKDQ OLVWHG LQ WKH
IRRGVY p2WKHU IRRGV] RWKHU IRRG JURXSV QRW OLVWHG |
FRPPRGLWLHVY UHSRUWHG LQ WKH VXUYH\ DUH DQLPDO PHDW

I[UXLWY L H PDQJR SDSD\D DQG VWUDZEHUU\ YHJHWDEOHV
DQG DOFRKROLF GULQNV L H EHHU DQG ZLQH

&OLQLFDO IHDWXUHV RI IRRG DOOHUJ\

&OLQLFDO IHDWXUHV RI GRFWRU GLDJQRVHG IRRG DOOHUJLF S
$OOHUJLF VXEMHFWYVY SUHVHQWHG ZLWK PXOWLSOH DGYHL
RUJDQV DQ DYHUDJH RI VIPSWRPV SHU VXEMHFW &
KLYHV XUWLFDULD HF]J]HPD ZHUH GRPLQDQW SUHVHQW LQ
VXEMHFWY IROORZHG E\ JDVWURLQWHVWLQDO V\PSWRPV G




&KDSWHU

VWRPDFK SDLQ ODQLIHVWDWLRQV RI VHYHUH UHDFWLRQV L
SXOVH GURS LQ EORRG SUHVVXUH FKHVW SDLQ ZDV QRW
DFFRXQWLQJ IRU XS WR RI DOO DIIHFWHG SDUWLFLSDQWYV




&KDSWHU

60 1 m Crustacean
2 50 - BFish
£’ @ Mollusk
£ . @Beef
s oMilk
E‘ 30 - BEgg
E B Wheat
£ 20 4 W Peanut
BSoy
10 1 ® Tree nut
@ Other foods
0 g
Severe symptoms Oropharyngeal Respiratory tract Gastrointestinal Cutaneous
symptoms symptoms symptoms symptoms
J)LIXUH 7KH GLVWULEXWLRQ RI FOLQLFDO PDQLIHVWDWLRQV DPRQJEGRRW®R WD GOBHIQR

W\SH

&OLQLFDO V\PSWRPV DUH GLYLGHG LQWR ILYH FDWHJRULHY VHYHUH V\PSWRPV ORVYV
FKHVW SDLQ RURSKDU\QJHDO V\PSWRPV WURXEOH VZDOORZLQJ LWFK\ PRXWK RU HD
DQG RU WKURDW UHGQHVV RI WKH VNLQ RU DURXQG H\HV UHVSLUDWRU\ WUDFW V\PSW
JDVWURLQWHVWLQDO V\PSWRPV QDXVHD RU YRPLWLQJ GLDUUKHD VWRPDFK SDLQ D
RWKHU IRRG JURXSV WKDW ZHUH QRW OLVWHG LQ WKH TXHVWLRQQDLUH 2WKHU IRRG
FKLFNHQ GXFN GRJ DQG FDW IUXLWV L H PDQJR SDSD\D DQG VWUDZEHUU\ YHJHWI
LH EHHU DQG ZLQH




&KDSWHU

,QIOXHQFH RI GHPRJUDSKLF IDFWRUV RQ WKH ULVN RI KD

7KH LQIOXHQFH RI GHPRJUDSKLF IDFWRUV RQ IRRG DOOHUJ\ Z
ORJLVWLF UHJUHVVLRQ 7DEOH SUHGLFWRU YDULDEOHV ZF
DOOHUJ\ DQG FR H[LVWHQFH RI RWKHU DOOHUJLF GLVHDVHYV
GRFWRU GLDJQRVHG IRRG DOOHUJ\ )DPLO\ KLVWRU\ RI IRRG
VWURQJHVW SUHGLFWRU RI GRFVWRU GBDIJQRVHKXKUBRG-ROOHU
HILVWDQFH RI RWKHU BOOHUDRK GHEHDMHWG LG QRW VKRZ DQ\
VLIQLILFDQW DVVRFLDWLRQV ZLWK GRFWRU GLDJQRVHG IRRG

7TDEOH OXOWLYDULDEOH ORJLVWLF UHJUHVVLRQ DQDO\VLV
DOOHUJ\

SLVN IDRWRU

&, 3 YDOXH

6H[)HPDOH ODOH

)DPLO\ KLVWRWUWRLUR)$
&R H[LVWLQJ RWKHU DOOHUJLF GLVHDVHV

<HV 1R
%LQDU\ ORJLVWLF UHJUHVVLRQ ZDV SHUIRUPHG LQ 6366 6WDW
25V $3 YDOXH RI ZDV FRQVLGHUHG DV VWDWLVWLFDOO\ VL.

EROG )$ IRRG DOOHUJ\

7KH UHODWLRQVKLS EHWZHHQ OLYLQJ ORFDWLRQ DQG WKH
GLDJQRVHG IRRG DOOHUJ\ ZDV DQDO\]HG XVLQJ &KL VIXDUH W
IRRG DOOHUJ\ LQFLGHQFH ZDV UHFRUGHG EHWZHHQ WKH 6RXW
(DVW EHWZHHQ WKH &HQWUDO +LJKOD®GYV DRGQGWKH OHN
EHWZHHQ 6RXWK (DVW DQ%B OHNRQIJMLHN D 6SHFLILFDOO\

SUHYDOHQFH RI IRRG DOOHUJ\ LQ WKH OHNRQJ 'HOWD ZD
RWKHU VWXG\ VLWHV 6RXWK (DVW UHJLRQ BRXWK &HQWU
&RDVW DQG &HQWUDO +LJKODQGYV 7DNLQJ LQWR ERC
SRSXODWLRQ GHQVLW\ OLIHVW\OH DQG OLYLQJ HQYLURQPHQV
PRVWO\ UHVLGLQJ LQ +R &KL OLQK &LW\ WKH ELJIJHVW FLW\ LC
SHRSOH OLYLQJ LQ DQ XUEDQ DUHD DQG SDUWLFLSDQWV |
FRQVLGHUHG DV OLYLQJ LQ D UXUDO DUHD :H REVHUYHG D KL




&KDSWHU

ILVK PROOXVN EHHI DQG BWKHULI®RXDBD GEXKWHK. IMVW DV FRP S
WR WKH RWKHU VWXG\ VLWHV )LJXUH

10- =
North Central Coast

South Central Coast

Central Highlands

South East g

Mekong Delta

pnoni

Prevalence (%)
(=} — [ w £ o N N > =)

)LIXUH 'LVWULEXWLRQ RI WKH SUHYDOHQFH RI GRFWRU GL
GLIIHUHQW UHJLRQV LQ 9LHWQDP B6WDWLVWLFDO VLJQLILFDC
&HQWUDOQ&RDVMG &HQWUDOQ+LJK@BDQGY EHWZHHQ 6RXWK
&HQWUDOQ&RDVWDQG 6RXWX (DVW3 EHWZHHQ 6RXWK (DVW
Q DQG OHNRQQ 'HOVED DQG EHWZHHQ &HQ@UDO +LJKC

DQG WKH OHNRQJ 'HDWD u2WKHU IRRGVY] RWKHU IRRG JL
ZHUH QRW OLVWHG LQ WKH TXHVWLRQQDLUH 2WKHU IRRG FRPI
DQLPDO PHDW L H FKLFNHQ GXFN GRJ DQG FDW IUXLWV
VWUDZEHUU\ YHJHWDEOHV PRVWO\ FKLOL DQG PXVKURRP DQ
ZLQH p$Q\)$T DQ\ IRRG JURXSV RWKHU WKDQ OLVWHG LQ WK
IRRGVY p 1 GHQRWHV VWBWLVWLFDO VLJQLILFDQFH




&KDSWHU

Bl South Central Coast (n=3,753)
HEl South East (urban area, n=4,249)
3 [ All survey sites excluding South East (rural area, n=4,790)

Percentage of cases (%)
N

JLIXUH 'LVWULEXWLRQ RI WKH SUHYDOHQFH RI GRFWRU GLD.
PDMRU VXUYH\ VLWHYV G6RXWK &BPQW WERX MR IEVWW 6 XUYH\

GbwbD ZHUH FRPELQHG WR JHQHUDWH WKH SUHYDOHQFH RI IR
OLYLQJ LQ WKH UXUDQ DUHDVRNIOQHWQWR FRQVLGHUDWLRQ W}
GHQVLW\N\ DQG OLIHVW\OHVY SDUWLFLSDWLRQ IURP WKH 6RXWK
&LW\ WKH ODUJHVW FLW\ LQ 9LHWQDP ZHUH FRQVLGHUHG WF
XUEDQ SRSXODWLRQ GHPRQVWUDWHG D KLJKHU ULVN RI EHLQ.
VRPH RWKHB IRRGVpu2WKHU IRRGVY RWKHU IRRG JURXSV WKD\
WKH TXHVWLRQQDLUH p 9§ GHQR3WHYV VWDWLVWLFDO VLJQLILFD




&KDSWHU

'LVFXVVLRQ

7KLV VWXG\ GHWHUPLQHG WKH OLIHWLPH SUHYDOHQFH RI GRF\

9LHWQDPHVH DGXOWV WR EH &, ZKLFK LV ORZHU

SUHYLRXVO\ UHSRUWHG LQ 7DLZDQHVH DGXOWYV 7KH
REVHUYHG UHYHDOHG VHDIRRG WR EH WKH PRVW FRPPRQ IRRG
ILQGLQJYV LQ .RUHDQ DGXOWYV DQG WKH FXUUHQW WUHQG D

GHPRQVWUDWHG WKH GLVSDULW\ RI IRRG DGOHUJ\ DFURVYV Jl
LPSO\LQJ WKH SRVVLEOH LQIOXHQFH RI HQYLURQPHQWDO H[
DOOHUJ\ ULVN $GGLWLRQDOO\ D IDPLO\ KLVWRU\ RI IRRG DO«
IRRG DOOHUJ\ PRFLGHQFH, EXW QRW IRU RWKHU D
FRPRUELGLWLHV RU JHQGHU 7KHVH ILQGLQJV ZRXOG EH RI JU
UHVHDUFKHUV DQG SROLF\ PDNHUV DQG EHQHILW WRZDUGV I
DOOHUJ\ LQ WKLV FRXQWU\

‘H QRWHG D ZLGH JDS EHWZHHQ SHRSOH ZLWK VXJJHVWLYH |
WKRVH ZKR DSSURDFKHG PHGLFDO DGYLFH IRU IRRG DOOHUJ\ G
KDOI Rl WKH VHOI UHSRUWHG IRRG DOOHUJLF VXEMHFWV LQ WK
PHGLFDO FRQGLWLRQ :KLOH PRVW SHRSOH ZKR YLVLW D PHGL
KDYH IRRG DOOHUJ\ WKHUH LV D KLJK SURSRUWLRQ RI SHRS(
VHHN DGYLFH 7KHVH SHRSOH UHPDLQ XQGLDJQRVHG DQG XQW
XQH[SHFWHG IRRG DOOHUJ\ UHDFWLRQV ZKLFK FRXOG EH ID
9LHWQDP WKH ORZ UDWHV RI SUHVHQWDWLRQ IRU VXVSHEW
H[SODLQHG E\ LQVXIILFLHQW DZDUHQHVV LQ WKH JHQHUDO SXE
SRVVLEOH VKRUWDJH Rl PHGLEFDO VHUYLFHV SURYLGLQJ DOOH

ODQLIHVWDWLRQV RI IRRG DOOHUJ\ DPRQJ DGXOWV LQ WKH

FDXVDWLYH DOOHUJHQ )LJXUH $PRQJ IRRG DOOHUJ\ HYHQ'
IRRG DOOHUJ\ LQ 9LHWQDPHVH DGXOWYV LQYROYHG FXWDQHRX
WKH PDMRU LQGLFDWRU RI DQ DOOHUJLF FRQGLWLRQ IRU DOC
FRQVLVWHQW ZLWK SUHYLRXV VWXGLHV DQG WKH ($$&, JXL
I[UHTXHQW IRRG DOOHUJ\ PDQLIHVWDWLRQ ZDV JDVWURLQWHYV
IRRGV RI SODQW EDVHG RULJLQ WKDQ DQLPDO EDVHG RULJLQ

SODQW RULJLQ IRRGV ZHUH WKH PDMRU FDXVH IRU RUDO DO




&KDSWHU

GLDJQRVHG IRRG DOOHUJ\ JURXS +RZHYHU PLON DQG ZKHDW
IRRG LWHPV WKDW HYRNHG VHYHUH IRRG DOOHUJ\ HYHQWYV DQ
ZHUH UHSRUWHG DW DQG UHVSHFWLYHO\ 3UHYLRXV
PDMRULW\ RI IRRG LQGXFHG DQDSK\OD[LV LQ DGXOWYV ZDV FD
ZKHDW SHDQXW DQG WUHH QXW 7TKXV SUHVHQWLQJ

DOOHUJLF UHDFWLRQV LV UDWKHU XQXVXDO LQ DGXOWYV /DF\
$VLDQ SRSXODWLRQ DQG LV XQGRXEWHGO\ SUHVXPHG WR
DGYHUVH VIPSWRPV HYRNHG E\ PLON FRQVXPSWLRQ +RZHYHU
IRRG DOOHUJ\ LQ ,VUDHOL SDWLHQWY PLON LQGXFHG DQDSK\
LQ DGXOWYVY ZKR UHSRUWHG WR SUHYLRXVO\ WROHUDWH WKDW

IRU FOLQLFLDQV DQG IRRG DOOHUJ\ VSHFLDOLVWY DV ZHOO D
DGGUHVVLQJ WKH VLIJQLILFDQW ULVN RI DQDSK\ODFWLF DQG S

,Q RXU VWXG\ VHDIRRG DOOHUJ\ FOHDUO\ DFFRXQWHG IRU PF
FDVHV 7KH UDWH RI SHUFHLYHG VKHOOILVK DOOHUJ\ LQ 9LHW
WKDQ WKH UDWH SUHYLRXVO\ UHSRUWHG LQ 7DLZDQHVH FRX
GHPRQVWUDWHG D GRFWRU GLDJQRVHG VKHOOILVK DOOHUJ\ ¢
KLJKHVW UDWH Rl VKHOOILVK DOOHUJ\ LQ DGXOWV UHSRUWHG
IRRG VRXUFH LQ WKH $VLD 3DFLILF DQG KDV EHHQ FODLPHG W|
WKLV UHJLRQ $ UHWURVSHFWLYH VXUYH\ LQ .RUHDQ SDW
LQFOXGLQJ FUXVWDFHDQ FHSKDORSRG DQG ILVK WR EH WKH!
DOOHUJ\ DQG VHDIRRG LQGXFHG DQDSK\OD[LV LQ DGXOWYV
UHSRUWHG LQ ERWK 7DLZDQHVH FKLOGUHQ DQG DGXOWV ZLW
DUH OLPLWHG UREXVW VWXGLHV WR LQYHVWLJDWH WKH HYRO.
OLIH FRXUVH ZH QRWLFHG D VWULNLQJO\ KLJK UDWH RI VKHC
DGXOWV LQ $VLD 6KHOOILVK DOOHUJ\ ZDV UHSRUWHG LQ Yl
WR \HDUV LQ 7KDLODQG DQG DSSHDUV WR LQFUHD\
6FKRRO DJH FKLOGUHQ IURP 9LHWQDP VKRZHG D SUHYDOHQFH
WR PROOXVN DOOHUJ\ ZKLOH VKHOOILVK DOOHUJ\ UD\
)LOLSLQR DQG 6LQJDSRUHDQ DGROHVFHQWY UHVSHFWLYHO\
LQ FLUFXODWLRQ WR H[SODLQ WKH HOHYDWHG RI VKHOOILVK
RQH LPSOLFDWLQJ WKH KLJK DEXQGDQFH DQG FRQVXPSWLRQ
)XUWKHUPRUH WKH WURSLFDO FOLPDWH PLJKW SOD\ D UROH L
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FUHDWXUHY H J KRXVH GXVW PLWHV DQG FRFNURDFKHYV \
UHDFWLYLW\ RI LQGRRU DOOHUJHQV ZLWK WKH DOOHUJHQV LQ

6LPLODUO\ ZH IRXQG D KLJKHU UDWH Rl GRFWRU GLDJQRVHG |
WKDQ SUHYLRXVO\ UHSRUWHG LQ WKH 86 DQG &DQDG
UHSRUWHG ILVK DOOHUJ\ LQ 9LHWQDPHVH DGXOWYV LV PXF

7KH LGHQWLILHG SUHYDOHQFH RI VHDIRRG DOOHUJ\ LQ 9
VXUSDVV WKH KLIJKHVW UDWHV HVWDEOLVKHG LQ DQ\ SXEOLVK
(XURSH DQG $VLD L H 7DLZDQ 2QH SODXVLEOH H[SODQD
DEXQGDQFH RI WKLV IRRG FRPPRGLW\ LQ 9LHWQDP DV D PDMRU
7KH 9LHWQDPHVH FRQVXPH DQ DYHUDJH RI NJ VHDIRRG S
FRPSDULVRQ WR NJ LQ 1RUWK $PHULFD DQG (XURSH $ FR
FRQVXPSWLRQ UDWH DQG WKH SUHYDOHQFH RIVHDIRRG DOOH!
ZDV REVHUYHG )LJXUH $QRWKHU SRWHQWLDO FDXVH P
WBQLVDNLYRRG ERUQH SDUDVLWLF QHPDWRGH IUHTXHQWO\ F
$OWKRXJK QR VSHBLVYBNDWFHWLIRQ KDV EHHQ UHSRUWHG LQ 9Ll
LQIHFWLRQ YLD VHDIRRG YHFWRUV DUH FRPPRQO\ UHSRUWHG
IRRG ERUQH DOOHUJHQ VHHPV WR EH SDUWLFXODUO\ FRPPRQ
DQG ZDV UHSRUWHG WR FDXVH LQIHFWLRQ DQG DOOHUJLF Ut
-DSDQ

7TKH FXUUHQW VWXG\ LGHQWLILHG EHHI DV WKH IRXUWK PRVW
VWURQJ FRUUHODWLRQ RI EHHI DOOHUJ\ ZLWK SUHYLRXV WLFN
LQ $XVWUDOLD (XURSH DQG WKH 86 7KH REVHUYHG DQ
H[SODLQHG E\ WKH SURGXFWLRQ RI VSHFLILF ,J( DQWLERGLHYV
*DO D FDUERK\GUDWH SUHVHQW LQ UHG PHDW :KLOH QR UHSF
EHHQ SXEOLVKHG WLFNV DUH YHU\ FRPPRQ LQ WKH UHJLRQ
XQLGHQWLILHG FDXVH RI EHHI DOOHUJ\ LQ $VLD

JRRG DOOHUJ\ LV WKRXJKW WR EH FRQWUROOHG DW OHDVW |
JHQHWLF DQG HQYLURQPHQWDO IDFWRUV :KHQ IDPLO\ KLVWRL
ZHUH FRQVLGHUHG ZH REVHUYHG WKDW D IDPLO\ KLVWRU\ RI
SUHGLFWRU IRU IRRG DOOHUJ\ LQ DGXOWV 7KLV ILQGLQJ LV LC
VWXGLHV LQ LQIDQWYV ZKHUH WKH LQYHVWLIJDWRUV UHYHDOH
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IDPLO\ PHPEHUV LQFUHDVHG WKH ULVN RI26DYLQJ I®KRG DOOHU

JXUWKHUPRUH WKH JHRJUDSKLFDO ORFDWLRQ FDQ
DOOHUJHQ H[SRVXUH WKXV LQFUHDVLQJ WKH ULVN RI GHYHOR
VWXG\ ZH QRWHG WKH YDULDWLRQ RI IRRG DOOHUJ\ LQFLGH!
UHJLRQV RI 9LHWQDP ZLWK D KLIKHU LQFLGHQFH RI IRRG DOO
DUHDV FRPSDUHG WR UXUDKIDWUWREVHUYDWLRQ VXSSRUWYV WKt
WKDW WKHUH DUH SRVVLEOH SURWHFWLYH LQIOXHQFHV LQ Wk
PHFKDQLVPV LQFOXGH WKH K\ JLHQH K\SRWKHVLYV

7KH PDMRU OLPLWDWLRQ RI WKLV VWXG\ LV WKDW WKH LQIR!
DOOHUJ\ ZDV VHOI UHSRUWHG )XUWKHUPRUH LW LV QRW NQRZ
DOOHUJ\ LQ WKLV VWXG\ JURXS XWLOL]HG WKH FXUUHQWO\ DY
W ZRXOG EH LGHDO WR FRQILUP WKH DOOHUJLF UHVSRQVHYV
GLDJQRVWLF PHWKRGYV LQFOXGLQJ DOOHUJHQ VSHFLILF VHUX
FKDOOHQJH +RZHYHU WKH LQLWLDO VFRSH RI WKLV VWXG\ ZD
RI IRRG DOOHUJ\ LQ 9LHWQDP DQG WR DSSURDFK DIIHFWHG
PDQLIHVWDWLRQ RI WUXH IRRG DOOHUJ\ DPRQJ 9LHWQDPHVE
LQYHVWLJIJDWLRQ E\ WKH D X W RQRUDQRXY Y @Gl B RQFOBDILFNK H G

7KLV VXUYH\ JDLQHG D VOLJKWO\ ORZHU UHVSRQVH UDWH
IRRG DOOHUJ\ LQ RWKHU $VLDQ FRXQWULHYV LQ 6LQJDSRUE

LQ 7KDLODQG ‘H GLG QRW FRQGXFW DQ\ IXUWKHU LQ
UHVSRQVH JURXS :H DVVXPH WKDW SDSHU EDVHG TXHVWLR
XQSRSXODU ZLWK PDQ\ 9LHWQDPHVH ,Q DGGLWLRQ OLPLWHG
IRRG DOOHUJ\ LQ WKH SXEOLF PLJKW LQIOXHQFH WKH UHVSRQ\
VHOHFWLRQ RI XQLYHUVLW\ VWXGHQWY PLJKW PLVUHSUHVHQ
SRSXODWLRQ $ ZHDN FRUUHODWLRQ RI HGXFDWLRQ OHYHO W|
GHPRQVWUDWHG 26 86 DGX@WYV YXUWKHUPRUH WK
GLIIHUHQW XQLYHUVLWLHV LQ ILYH GLIIHUHQW JHRJUDSKLFDO

VWXGHQWY IURP GLIIHUHQW DJH JURXSV DQG GLYHUV
7KHUHIRUH WKH VDPSOH VHOHFWLRQ HQDEOHG WKLV VWXG\ W
GDWD RQ IRRG DOOHUJ\ LQ 9LHWQDP
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,Q FRQFOXVLRQ WKLV VWXG\ SURYLGHV WKH ILUVW SRSXODWL
DGXOW 9LHWQDPHVH SRSXODWLRQ 2XU ILQGLQJY UHYHDOHG V
DQG WKH FRPPRQDOLW\ RI EHHI DOOHUJ\ DV D QHZ DOOHUJHQ
DGXOWYV LQ WKH $VLDQ SRSXODWLRQ 7KLV VWXG\ DOVR VXJ.
XQGHU WUHDWPHQW RI IRRG DOOHUJ\ PD\ RFFXU RZLQJ WR

PHGLFDO VHUYLFHV IRU IRRG DOOHUJ\ LQ 9LHWQDP
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SHIHUHQFHV

3RXHVVHO * 7XUQHU 3- :RUP 0 &DUGRQD 9 'HVFKLOGUH
JRRG LQGXFHG IDWDO DQDSK\OD[LV )URP HSLGHPLRORJLFDO
VWUDWHJILHV &OLQ ([S $OOHUJ\

'XQQ*DOYLQ $ .RPDQ ( 5DYHU ( )URPH + $GDPV 0 .HHC
([DPLQDWLRQ RI WKH )RRG $0OHUJ\ 4XDOLW\ RI /LIH 4XHVWL
&RXQWU\ZLGH $PHULFDQ 6DPSOH Rl &KLOGUHQ &URVV &XOW)
,PSDFW LQ WKH 8QLWHG 6WDWHV DQG (XURSH - $0O0HUJ\ &OL
H

JHUUR 0$ 9DQ /LHVKRXW 5- 2KD\RQ - 6FRWW -* (PRWLF
SUREOHPV LQ DGROHVFHQWY DQG \RXQJ DGXOWV ZLWK IRRG D

6LFKHUHU 6+ 6DPSVRQ +$ )RRG DOOHUJ\ $ UHYLHZ DQG X
SDWKRJHQHVLV GLDJQRVLV SUHYHQWLRQ DQG PDQDJHPHQ

'DQJ ;< =KXDQJ < 0D 77 =KDQJ % :DQJ ;< 3UHYDOHQFH F
)RRG $OOHUJ\ LQ 6L[ 5HIJLRQV Rl ,QQHU ORQJROLD 1RUWKHUQ
6XUYH\ OHG 6FL ORQLW

X 7& 7VDL 7& +XDQJ &) &KDQJ )< /LQ && +XDQJ ,) HW L
IRRG DOOHUJ\ LQ 7DLZDQ D TXHVWLRQQDLUH EDVHG VXUYH

ODKHVK 3$ :RQJ *: 2JRURGRYD / 3RWWV - /HXQJ 7) )HG
B3UHYDOHQFH Rl IRRG VHQVLWL]DWLRQ DQG SUREDEOH IRRG D¢
(XUR3UHYDOO ,1&2 VWXG\ $0O0OHUJ\

)XMLPRUL $ <DPDVKLWD 7 .XERWD O 6DLWR + 7DNDP
&RPSDULVRQ Rl WKH SUHYDOHQFH DQG FKDUDFWHULVWLFV R
DGROHVFHQW DQG ROGHU ZRPHQ $VLD 3DF - &0LQ 1XWU

/JHH $- 7KDOD\DVLQJDP 0 /HH %: )RRG DOOHUJ\ LQ $VLD |
$VLD 3DF $OOHUJ\

.DPGDU 7$ 3HWHUVRQ 6 /DX &+ 6DOWRXQ &$ *XSWD 56 ¥
DQG FKDUDFWHULVWLFV Rl DGXOW RQVHW IRRG DOOHUJ\ -

H
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IDFKVKRQ / *ROGEHUJ 05 (OL]XU $ $SSHO 0< /HY\ 0% .D
WR SUHYLRXVO\ WROHUDWHG IRRGV &RXUVH DQG SDWLHQW F|
,PPXQRO H

/IRSDWD $/ -HHEKD\ 0) $LUERUQH VHDIRRG DOOHUJHQV DV
DOOHUJ\ DQG DVWKPD &XUU $OOHUJ\ $VWKPD 5HS

'HUIHO 7 $VHUR 5 %DOOPHU :HEHU %. %H\HU . (QULTXH
3RVLWLRQ SDSHU RI WKH ($$&, IRRG DOOHUJ\ GXH WR LPPXQI
FRPPRQ LQKDODQW DOOHUJHQV $O0OHUJ\

6WDWLVWLFDO <HDUERRN RI 9LHWQDP SRSXODWLRQ
6WDWLVWLFDO 3XEOLVKLQJ +RXVH >FLWHG $SULO
ILOH & 8VHUV MF 'RZQORDGYV 'DQ VR
IDR GRQJ SGI

/JHH 6 + %DQ * < -HRQJ . 6KLQ <6 3DUN + 6 /HH 6 HW D¢
6WXG\ RI .RUHDQ $GXOWV :LWK )RRG $OOHUJ\ 'LIIHUHQFHV L«
$O0OHUJ\ $VWKPD ,PPXQRO 5HV

9HUULOO / %UXQV 5 /XFFLROL 6 3UHYDOHQFH RI VHOI L
DGXOWYV DQG $O0OHUJ\ $VWKPD 3URF

OXUDUR $ :HUIHO 7 +RIIPDQQ 6RPPHUJUXEHU . 5REHUWYV
-HQVHQ & HW DO ($$&, IRRG DOOHUJ\ DQG DQDSK\OD[LV JX
PDQDJHPHQW RI IRRG DOOHUJ\ $OOHUJ\

$VHUR 5 $QWRQLFHOOL / $UHQD $ %RPPDULWR / &DUX"
&DXVHV Rl IRRG LQGXFHG DQDSK\OD[LV LQ ,WDOLDQ DGXOWV
$O0OHUJ\ ,PPXQRO

3DUULVK &3 .LP + )RRG ,QGXFHG $QDSK\OD[LV DQ 8SGDW
5HS

+HJDU % :LGRGR $ /DFWRVH LQWROHUDQFH LQ ,QGRQHVL
1XWU 6XSSO 6

5XHWKHUV 7 7DNL $& -RKQVWRQ (% 1XJUDKD 5 /H 77. .D
DOOHUJ\ $ FRPSUHKHQVLYH UHYLHZ RI ILVK DQG VKHOOIL\

/[HH $- *HUH] , 6KHN /3 /HH %: 6KHOOILVK DOOHUJ\
SHUVSHFWLYH $VLDQ 3DF - $OOHUJ\ ,PPXQRO
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/IH 77. 7UDQ 77% +R +70 9X $7/ /RSDWD $/ 3UHYDOHQFH
9LHWQDP FRPSDULVRQ RI ZHE EDVHG ZLWK WUDGLWLRQDO SD!
2UJDQ -

6DQWDGXVLW 6 $WWKDSDLVDOVDUXGHH 6 9LFK\DQRQG 3
UHDFWLRQV DQG IRRG DOOHUJ\ DPRQJ 7KDL FKLOGUHQ - OHG

6

IH 77. 1JX\HQ '+ 9X $7/ 5XHWKHUV 7 7DNL $& /RSDWE
VHFWLRQDO SRSXODWLRQ EDVHG VWXG\ RQ WKH SUHYDOHQFH
LQ WZR GLIIHUHQW VRFLR HFRQRPLF UHJLRQV RI 9LHWQDP 3H

6KHN /3 &DEUHUD ORUDOHV ($ 6RK 6( *HUH] , 1J 3= -
SRSXODWLRQ EDVHG TXHVWLRQQDLUH VXUYH\ RQ WKH SUHYD
VKHOOILVK DOOHUJ\ LQ $VLDQ SRSXODWLRQV - $O0OHUJ\ &0l
H

' $PDWR * +ROJDWH 67 3DZDQNDU 5 /HGIRUG '. &HFFKL
DO OHWHRURORJLFDO FRQGLWLRQV FOLPDWH FKDQJH QHZ HF
UHODWHG DOOHUJLF GLVRUGHUV $ VWDWHPHQW RI WKH :RUOG
2UJDQ -

3RSHVFX )’ &URVV UHDFWLYLW\ EHWZHHQ DHURDOOHUJHQ
- OHWKRGRO

=HQJ * /XR : :X = /L / =KHQJ 3 +XDQJ + HW DO $ FI
REVHUYDWLRQDO VWXG\ RQ DOOHUJHQ VSHFLILF ,J( SRVLWLYL
VRXWKZHVW LQODQG UHJLRQ RI &KLQD 6FL 5HS

6ROOHU / %HQ 6KRVKDQ 0 +DUULQJWRQ ': )UDJDSDQH -
HW DO 2YHUDOO SUHYDOHQFH RI VHOlI UHSRUWHG IRRG DOOHU

ORRQHVLQJKH + ODFNHQ]JLH + 9HQWHU & .LOEXUQ 6 7XI
SUHYDOHQFH RI ILVK DQG VKHOOILVK DOOHUJ\ $ V\VWHPDWL

,PPXQRO H
+RS /7 3URJUDPV WR ,PSURYH 3URGXFWLRQ DQG &RQVXP.
JRRGV DQG ODOQXWULWLRQ LQ 9LHWQDP - 1XWU 6 6
3HU &DSLWD FRQVXPSWLRQ RI )LVK DQG 6KHOOILVK IRU +
FRXQWU\ > QWHUQHW@ )$267%$7 >FLWHG @

KWWS 777 IDR RUJ IDRVWDW HQ GDWD %/
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/IRSDWD $/ .OHLQH 7HEEH - .DPDWK 6' $OOHUJHQV DQG PI
VKHOOILVK DOOHUJ\ 3DUW RI WKH 6HULHYVY OROHFXODU $OO0OH

1LHXZHQKXL]HQ 1( /RSDWD $/ $OOHUJLF UHDFWLRQV WR ¢
$O0OHUJ\ $VWKPD 5HS

+XQJ 10 'XQJ GR 7 /DQ $QK 17 9DQ 37 7KDQK %1 9DQ +D
VWDWXV RI ILVK ERUQH ]JRRQRWLF WUHPDWRGH LQIHFWLRQV
SURYLQFH 9LHWQDP 3DUDVLW 9HFWRUV

1XFKMDQJUHHG & +DP]DK = 6XQWRUQWKLWLFKDURHQ 3 6
3 $QLVDNLGV LQ PDULQH ILVK IURP WKH FRDVW Rl &KRQ %XUL
$VLDQ - 7TURS OHG 3XEOLF +HDOWK 6XSSO

%DLUG )- *DVVHU 5% -DEEDU $ /RSDWD $/ )RRGERUQH D¢
ORO &HOO 3UREHYV

&KRL 6- /HH -& .LP 0- +XU *< 6KLQ 6< 3DUN +6 7KH FOLQ
RI $QLVDNLY DOOHUJ\ LQ .RUHD .RUHDQ - ,QWHUQ OHG

7ULSDWKL $ &RPPLQV 63 +H\PDQQ 3: 30DWWV OLOOV 7%
WR UHG PHDW PDVTXHUDGLQJ DV LGLRSDWKLF DQDSK\OD[LV

:XHUGHPDQ 0) +DUULVRQ -0 $ FDVH RI WLFN ELWH LQGXF
OHG H H

$SDQDVNHYLFK 0$ $SDQDVNHYLFK '$ 'HVFULSWLRQ RI 1H:
. [RGLGDH 6SHFLHV IURP ODOD\VLD DQG 9LHWQDP - OHG (QWRF

_.RSOLQ -- $0O0HQ .- *XUULQ /& 3HWHUV 5/ /RZH $- 7DQJ
RI IDPLO\ KLVWRU\ RI DOOHUJ\ RQ ULVN RI IRRG DOOHUJ\ D SF
,QW - (QYLURQ 5HV 3XEOLF +HDOWK

2NWDULD 9 'KDUPDJH 6& %XUJHVV -$ 6LPSVRQ -$ ORUUL
DO $VVRFLDWLRQ EHWZHHQ ODWLWXGH DQG DOOHUJLF GLVI
FKLOGKRRG WR PLGGOH DJH $QQ $00HUJ\ $VWKPD ,PPXQRO

*XSWD 56 6LQJK $0 :DONQHU 0 &DUXVR ' %U\FH 3- :DQJ
IDFWRUV DVVRFLDWHG ZLWK FKLOGKRRG IRRG DOOHUJ\ DQG

&RQQHWW *- *HUH] , &DEUHUD ORUDOHV ($ <XHQ\RQJYL?Z
- &KDWFKDWHH 3 HW DO $ SRSXODWLRQ EDVHG VWXG\ RI IL
6LQJDSRUH DQG 7KDLODQG ,QW $UFK $0O0HUJ\ ,PPXQRO
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*XSWD 56 :DUUHQ &0 6PLWK %0 -LDQJ - %OXPHQVWRFN
3UHYDOHQFH DQG 6HYHULW\ RI )RRG $OOHUJLHV $PRQJ 86 $

H H

3UHVFRWW 6/ 3DZDQNDU 5 $0OHQ .- &DPSEHOO '( 6LQQ
JOREDO VXUYH\ Rl FKDQJLQJ SDWWHUQV RI IRRG DOOHUJ\ EXI
2UJDQ -
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&KDSWHU VXPPDU\

JURP WKLV FKDSWHU WKHUH ZHUH VHYHUDO ILQGLQJV DV OLV

X

X

X

"HWHUPLQH WKH SUHYDOHQFH RI IRRG DOOHUJLHV LQ 9LH\
)

7KH RYHUDOO SUHYDOHQFH RI VHOI UHSRUWHG IRRG DO

ZKLOVW WKH SUHYDOHQFH RI GRFWRU GLDJQRVHG |
KDOI WKH SHUFHLYHG UDWH 7KLV SKHQRPHQRQ ZC
SRSXODWLRQ EDVHG VXUYH\ LQ 9LHWQDPHVH FKLOGUHQ
UHSRUWHG LQ SUHYLRXV VWXGLHV 7KLV REVHUYDWLRQ
FOLQLFDO KLVWRUYX AQWK YRWRHVUY WR LGHQWLI\ WUXH IRF
,Q &KDSWHU Rl WKLV WKHVLV VHUD IURP SDUWLFLSDQ
DOOHUJ\ ZHUH FROOHFWHG DQG DQDO\]JHG IRU VSHFLILF
FRPPRQO\ FRQVXPHG FUXVWDFHDQ PROOXVN DQG ILVK \

,GHOQWLI\ WKH GLVWULEXWLRQ RI WKH p%LJ T IRRG DOOHL
)

7KLV VWXG\ LGHQWLILHG FUXVWDFHDQ PROOXVN ILVK D
DOOHUJ\ WULJJHULQJ IRRGV LQ 9LHWQDPHVH DGXOWV /[
ZHUH HJJ DQG PLON ZKLOVW D YHU\ ORZ UDWH RI SDUV
UHDFWLRQV WR ZKHDW SHDQXW VR\ DQG WUHH QXW $
VHHQ DPRQJ 9LHWQDPHVH FKLOGUHQ DQG DGXOWV HVSH
IRRG DOOHUJHQVY DV PHQWLRQHG DERYH 6HDIRRG LV Wi
DOOHUJ\ W\SH LQ 9LHWQDPHVH DGXOWYV DQG WKLV ILQGL
UHSRUWYV IURP SRSXODWLRQ EDVHG VXUYH\V LQ DGXOW\
LOQOWHUHVWLQJO\ EHHI DOOHUJ\ LV D QHZ XQUHSRUWHG

,GHQWLI\ WKH FOLQLFDO PDQLIHVWDWLRQV RI IRRG DOOHI
)

JRRG DOOHUJ\ KDV D EURDG VSHFWUXP RI FOLQLFDO SL
GLITHUHQW RUJDQV ,Q WKH SUHVHQW VWXG\ VNLQ SURE
RU HF]JHPD ZHUH WKH PRVW UHSRUWHG DOOHUJLF UF
LQYHVWLIJDWHG IRRG LWHPV 7KH VHFRQG PRVW FRPPR
ZDV JDVWURLQWHVWLQDO V\PSWRPV VXFK DV QDXVHD
VWRPDFK SDLQ ORVW RI WKH SDUWLFLSDQWY UHSRUWHC
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X

~

X

VI\IPSWRPV DW WKH VDPH WLPH OLON DQG ZKHDW ZHUH
wuLJJHUV IRU VHYHUH DGYHUVH UHDFWLRQV DPRQJ VWX

,GHQWLI\ GHWHUPLQDQWY WR WKH LQFLGHQFH RI IRRG DO

%\ FRQGXFWLQJ WKH IRRG DOOHUJ\ VXUYH\ DFURVV GLI
FRQWULEXWLQJ IDFWRUV IRU KDYLQJ IRRG DOOHUJ\ ZHU
WKLV VXESRSXODWLRQ ZH REVHUYHG WKDW SHRSOH Z
IDPLO\ PHPEHU ZLWK IRRG DOOHUJ\ DUH HLJKW WLPHV F
DOOHUJ\ 2WKHU GHPRJUDSKLF IDFWRUV VXFK DV JHQGH
QRW VKRZ DQ\ DVVRFLDWLRQV 3HRSOH LQ XUEDQ DUHL
VHDIRRG DOOHUJ\ DQG EHHI DOOHUJ\ WKDQ WKRVH LQ U:

&RPSDUH WKH SUHYDOHQFH RI IRRG DOOHUJ\ EHWZHHQ FK
9LHWQDP

,Q JHQHUDO 9LHWQDPHVH FKLOGUHQ KDYH KLJKHU UDW
DOOHUJ\ WKDQ DGXOWYV ZKLFK LV FRQVLVYV
SXEOLFDWLRQV RQ IRRG DOOHUJ\ ,W KDV EHHQ SRVW
LPPXQH V\VWHP LQ FKLOGUHQ DQG WKH ORVV RI PDQ\ W
ODWHU DJH PD\ DFFRXQW IRU WKLV GLIIHUHQFH
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SXEOLVKHG LQ

/IH 77. 7UDQ 77% +R +70 9X $7/ /RSDWD $/ 3UHYDOHQFH RI
9LHWQDP FRPSDULVRQ Rl ZHE EDVHG ZLWK WUDGLWLRQDO SD¢
2UJDQL]DWLRQ -RXUQDO
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, QWURGXFWLRQ

JRRG DOOHUJ\ LV D JURZLQJ SXEOLF KHDOWK FRQFHUQ ZRUOG?:
TXDOLW\ RI OLIH RI XS WR DGXOWV DQG FKLOGUHQ LQ WK
DOOHUJ\ KDV UHFHLYHG PXFK DWWHQWLRQ LQ :HVWHUQ FRXQ\
DQG VHYHULW\ Rl IRRG UHODWHG DQDSK\OD[LVY HVSHFLDOO\ L
WKHVH FRXQWULHVY KDYH FRPSUHKHQVLYH KHDOWKEDUH LQL
DOOHUJ\ IRU LQVWDQFH WKH +HDOWKIXWV %LUWK &RKRUW L
(XURSHDQ FRPPXQLW\ DQG 1DWLRQDO +HDOWK ,QWHUYLHZ
QDWLRQDO PXOWLQDWLRQDO SURJUDPV KDYH FRQWULEXWHG F
OLIH RI DIIHFWHG SHRSOH DV ZHOO DV UDLVH SXEOLF DZDUHQ

,Q RWKHU SDUWV RI WKH ZRUOG IRRG DOOHUJ\ VWXGLHV UHPD
RQO\ D IHZ FRXQWULHYVY KDYH DYDLODEOH GDWD RQ IRRG DOOF
EHHQ FRQVLGHUHG DV D SUREOHP UHVXOWLQJ IURP PRGHUQ Ol
FRPPXQLWLHYVY UHYHDOHG KLJK SUHYDOHQFH UDWHV RI IRRG LC
(XURSH DQG 86 DORQJ ZLWK XQLTXH IRRG DOOHUJHQ SDWWHL
WR SHDQXW DQG WUHH QXW DUH WKH PRVW FRPPRQ FDXVH RI
GHDWK LQ FKLOGUHQ IURP :HVWHUQ FRXQWULHYV ZKHUHDV
6LQJDSRUH DQG WKH 3KLOLSSLQHYV JXUWKHUPRUH PDQ\ GF
DOOHUJ\ PDQDJHPHQW SROLFLHVY DQG PHGLFDO UHDGLQHVV IR
7KLV UDLVHV FRQFHUQV DERXW SRWHQWLDO LPSDFWV Rl IRRC
GHYHORSLQJ FRXQWULHY DQG HPHUJLQJ HFRQRPLHV

7KH SDXFLW\ Rl IRRG DOOHUJ\ HSLGHPLRORJLF GDWD LQ GHYH
PRQHWDU\ FRQVWUDLQWY &RQYHQWLRQDO HSLGHPLRORJLFDO
VXUYH\V SRVWDO VXUYH\V RU LQWHUYLHZ VXUYH\V RIWHQ UH
VXEVWDQWLDO FDSLWDO IXQGLQJ IRU LPSOHPHQWDWLRQ L F
GHYHORSPHQW RI VXUYH\ SURJUDPV DQG ORJLVWLFV ,Q
VXUYH\V DUH RIWHQ D SURORQJHG SURFHVV QRUPDOO\ UHTX
\LHOG WKH GHVLUHG RXWFRPHV 7KH UHFHQW LQIRUPDWLRQ W
ZLWK DQ LQFUHDVH LQ LQWHUQHW SHQHWUDWLRQ ZRUOGZLGH
EDVHG VXUYH\ :%6 DV D QHZ FRVW VDYLQJ VXUYH\ PRGH
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DOOHUJ\ WKH ILUVW :%6 ZDV FRQGXFWHG LQ *UHHFH LQ ZL
DGXOW VXEMHFWYV 7KH VXUYH\ GDWD ZDV FROOHFWHC(
LPSOHPHQWDWLRQ ZLWK ORZ LQYHVWPHQW FRVWYV +RZHYHU |
%6 LV WKH YDOLGDWLRQ RI LWV JHQHUDWHG GDWD FRPSDUH(
ODQ\ FRPSDUDWLYH VWXGLHVY KDYH EHHQ FRQGXFWHG DVVHVV
LQ WKH FRQWH[W RI FRVW HIILFLHQF\ DQG WLPH PDQDJHPHQ\
LPSOHPHQWHG WR YDOLGDWH WKH TXDOLW\ RI :%6 GDWD RYHL

,Q WKH SUHVHQW VWXG\ ZH DVVHVVHG WKH GDWD FROOHEWH
YHUVXIYSHU EDVHG VXUYH\ 3%6 RQ IRRG DOOHUJ\ LQ 9LHWQDH
ZHUH FRQGXFWHG DW GLIIHUHQW ORFDWLRQV WKURXJKRXW 9L|
RI HQYLURQPHQWDO |DFWRIED QL W/ R UDRIRIBO DOOHUJ\ LQFLGHQ
GHYHORSLQJ FRXQWU\ 7KH PDLQ RXWFRPHV Rl WKH WZR Lt
FRPSDUHG LQFOXGLQJ GHPRJUDSKLE IHDWXUHV RI SDUWLFLSD
DGYHUVH UHDEWLRQV SUHYDOHQFH RI VHOI UHSRUWHG IRRG
DOOHUJ\ DQG ,J( PHGLDWHG IRRG DOOHUJ\ GLVWULEXWLRQ
DVVRFLDWLRQ RI GHPRJUDSKLF IDFWRUV ZLWK IRRG DOOHUJ\
SRVVLEOH DSSOLFDWLRQ RI :%6 IRU IXWXUH HSLGHPLRORJ
GHYHORSLQJ FRXQWULHYV
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$LPV RI WKLV FKDSWHU

&RPSDUH WKH IRRG DOOHUJ\ VXUYH\ RXWFRPHV IURP WZR
PRGHV ZHE EDVHG VXUYH\ DQG SDSHU EDVHG VXUYH\
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OHWKRGYV
6WXG\ GHVLJQ

7ZR SRSXODWLRQ EDVHG VXUYH\V :%6 DQG 3%6 ZHUH FRQGC
SRSXODWLRQ DJHG \HDUV WR HYDOXDWH WKH FXUUHQW S
DOOHUJ\ LQ 9LHWQDPHVH DGXOWV %RWK VXUYH\ PRGHV XVH
FROOHFW GDWD 6WXG\ SRSXODWLRQV ZHUH UDQGRPO\ VHOHF
IURP D OLVW RI XQLYHUVLW\ VWXGHQWYV LQ WZR PDLQ UHJLRQ\
OLQK &LW\ )XUWKHUPRUH WKHVH VWXGHQWY ZHUH DOVR GLYL
RULJLQDOO\ FDPH IURP WR DVVHVV WKH SRVVLEOH LPSDFWV ¥
DOOHUJ\ LQFLGHQFH 3DUWLFLSDQWY ZHUH LQYLWHG WR RQH
ZHUH DQRQ\PRXV DQG YROXQWDU\ IRU DOO SDUWLFLSDQWYV
SURFHGXUH ZHUH UHYLHZHG DQG DSSURYHG E\ WKH +XPDQ 5H\
-DPHV &RRN 8QLYHUVLW\ $SSURYDO ,' + + $SSHQGL[ $

3DSHU EDVHG IRRG DOOHUJ\ VXUYH\

7KH SDSHU EDVHG IRRG DOOHUJ\ VXUYH\ ZDV FRQGXFWHG IURF
4XHVWLRQQDLUHY ZHUH GLVWULEXWHG WR WKH WDUJHW SRS
VKHHWY ZHUH FROOHFWHG RQ WKH VDPH GD\ %\ DFFHSWLQJ W
SDUWLFLSDQW JDYH WKHLU FRQVHQW WR WKH VWXG\ 7KH U]
GLYLGLQJ WKH QXPEHU RI UHWXUQHG TXHVWLRQQDLUHV E\ WK

‘HE EDVHG IRRG DOOHUJ\ VXUYH\

6WXGHQWVY HPDLO DGGUHVVHV ZHUH UDQGRPO\ VHOHFWHG |1
SDUWLFLSDWLQJ VWXGHQWYV 7KHVH HPDLO DGGUHVVHV ZHL
XQLYHUVLWLHY *PDLO VXSSOLHG E\ *RRJOH 2IILFLDO DSSU
HPDLO LQ WKLV VWXG\ ZHUH REWDLQHG EHIRUH FRQGXFWLQJ \

$Q LQYLWDWLRQ OHWWHU ZLWK GHWDLOHG LQIRUPDWLRQ DE

HPDLO DGGUHVVHV IURP ODUFK WR 0D\ %\ FOLFNLQJ
TXHVWLRQQDLUH SDUWLFLSDQWY JDYH WKHLU FRQVHQW WR
FROOHFWLQJ WKH ILUVW UHVSRQVH ZDV WZR ZHHNV $QRWKHU
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VHQW WR WKH SDUWLFLSDQW DIWHU WZR ZHHNV WR FRPSOH)
ZDLWLQJ WLPH RI WZR PRUH ZHHNV 3DUWLFLSDQWY ZHUH LQY
DVNHG WR GLVUHJDUG WKH UHPLQGHU HPDLOV LI WKH\ KI
TXHVWLRQQDLUH

7KH :%6 ZDV GHVLJQHG E\ XVLQJ *RRJOH )RUPV 7TKH *F
IRRGDOOHUJ\ YQ#JPDLO FRP IRU WKLV VWXG\ ZDV VHW XS D

LQYHVWLIJDWRU WR FROOHFW VXUYH\ UHVSRQVHV (DFK ,3 D
TXHVWLRQQDLUH RQFH 6XUYH\ UHVSRQVHV ZHUH FROOHEWHG
GHVLJQHG SODWIRUP 7KH VXUYH\ UHVSRQVHV ZHUH EDFNHG X¢
DQDO\VLV

4XHVWLRQQDLUH GHVLJQ

%RWK :%6 DQG 3%6 XVHG WKH VDPH VHW RI TXHVWLRQQDLUHYV
6HFWLRQ LQ &KDSWHU RI WKLV WKHVLV $SSHQGL[ %

'"HILQLWLRQ RI IRRG DOOHUJ\ LQ WKH VXUYH\V

7KH GHILQLWLRQV RI VHOlI UHSRUWHG IRRG DOOHUJ\ GRFWHF
PHGLDWHG IRRG DOOHUJ\ ZHUH XVHG LQ WKLV VWXG\ KDG EHH
&KDSWHU RI WKLV WKHVLV ,Q EULHI SDUWLFLSDQWYV ZKR D(
LQ SDUW ,, RI WKH TXHVWLRQQDLUH ZHUH FRQVLGHUHG WR |
SDUWLFLSDQWYV ZKR DQVZHUHG p\HVY WR TXHVWLRQV WR Z|
ZLWK GRFWRU GLDJQRVHG IRRG DOOHUJ\ DQG SDUWLFLSDQ
VI\PSWRPV IRU ,J( PHGLDWHG IRRG DOOHUJ\ LQFOXGLQJ KLYH
DQDSK\OD[LV UHDFWLRQV L H GURS LQ EORRG SUHVVXUH OR
DQG ZHDN SXOVH DIWHU IRRG LQWDNH DQG DQVZHUHG p\
FRQVLGHUHG WR KDYH ,J( PHGLDWHG IRRG DOOHUJ\ 7KH OLIHV
IRRG DOOHUJ\ GRFWRU GLDJQRVHG IRRG DOOHUJ\ DQG ,J( F
HVWLPDWHG
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6WDWLVWLFDO DQDO\VLYV

6XUYH\ GDWD ZHUH LPSRUWHG WR WKH ,%0 6366 6WDWLVWLFV |
&RUS SUPRQN 1 < 86 IRU VWDWLVWLFDO DQDO\VLV &F
H[SUHVVHG DV PHDQ “ 6' &DWHJRULFDO GDWD ZHUH FDOFXOD
UbwHYV 7KH SUHYDOHQFH UDWH ZDV FDOFXODWHG WR SURYLG
FULWHULRQ

&RPSDUDWLYH DQDO\VLV RI WKH VDPH YDULDEOHV L H IRRG |
RI' FOLQLFDO V\PSWRPV DOOHUJ\ WULJJHULQJ IRRG JURXS\
UHJUHVVLRQ DQDO\VLV UHVXOWYV EHWZHHQ WKH WZR VXUYH\
WZR WDWENE VROV W &,V ZHUH FDOFXODWHG WR LQWHUSU
SURSRUWLRQ RU 25V 6 WDWLVWLFDO SINMIMAXIHFRQFH ZIIRWJ AR/
WHVWYV
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SHVXOWYV
&RPSDULQJ WKH GHPRJUDSKLFDO GDWD EHWZHHQ WZR V.

DGXOW SDUWLFLSDQWY DQVZHUHG WKH TXHVWLRQQDLUH I
UHVSRQVHV IURP DGXOW SDUWLFLSDQWYV LQ WKH 3%6 )LJXUH

9LHWQDP

\

'HE EDVHG VXUYH\ 3DSHU EDVHG VXUYH\
6HQGLQJ a TXHVWLRQQDL 'LVWULEXWLQJ XHVWLRQQDLUH

YLD HPDLO DGGUHVNVHV WR WDUJHW SRSXODWLRQ
‘ |

| SHVSRQVH UDWH

[ JRRG $OOHUJ\ GﬁUYH\ LQ

5HVSRQVH UDWH

e

[7RWDO UH‘(QSRQGH]QWV [ 7TRWDO UH‘(QSRQG]—IQWV
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v ' 1XPEHU RISDQWLF 'DOWV
< . UHSRUWHG IRRG
Q DGYHUVH UHDF

; | 1XPEHU RI VHOI U G
> ; )$ Al

_____________________

_____________________

v . 1XPEHU RI SDl:}WLF 4 \WAY
< >— DSSURDFKLQJ-
:\ VHUYLFHV IRU )$ G ] VLV

' 1XPEHU RIGRFW{:ji:>
; GLDJQRVHG)$

\
\
R
; )s ;

_____________________

J)LIXUH JORZ GLDJUDP VKRZLQJ WKH VXUYH\V RQ IRRG DOOH
ZDV SHUIRUPHG E\ WZR PRGHV ZHE EDVHG VXUYH\ DQG SDSHU
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2YHUDOO 3%6 JDLQHG D KLJKHU UHVSR®VH UDWHH WWKIRQ :%6
VXUYH\ PRGHV VKRZHG WKH SUHGRPLQDQFH RI IHPDOH SDUWL

DQG LQ WKH 3%6 7KH DYHUDJH DJH RI SDUWLFLSDQWYV ZIL
DQG “ \HDUV 3%6 7DEOH
7TDEOH '"HPRJUDSKLF IHDWXUHV RI DGXOW SDUWLFLSDQWYV L
‘HE EDVHG (N @BFH
VXUYH\ 3DSHU EDVHG VlX ng('
1XPEHU R

UHVSRQGHQW Q

6H[ GLVWULEXWLRQ Q
ODOH

YHPDOH

$JH PHDQ * 6°' “ “

&RPSDULQJ WKH GLVWULEXWLRQ RI FOLQLFDO PDQLIHVW
EHWZHHQ WKH WZR VXUYH\ PRGHV

7TKHUH ZHUH PRUH SHRSOH VXIIHULQJ IURP IRRG LQGXFHG DG"

WKDQ LQ WKH 3%6 7KH GLIITIHUHQFH ZDV VHHQ LQ Wi
IRRG DOOHUJ\ YV :%6 3%6 DQG WKH QXPEHU RI SDUWLFLS
SHUFHLYHG IRRG DOOHUJ\ VHHNLQJ PH®YFDO DX3&4@ FH
EHWZHHQ WKH WZR VXUYH\ PRGHV +RZHYHU WKH WZR VXUYH\\
RI GRFWRU GLDJQRVHG IRRG DOOHUJ\ :%6 3%6 DQCG
DOOHUJ\ IRU ERWK :%6 DQG 3%6 )LJIJXUH

7TKH SURSRUWLRQ RI FOLQLFDO VI\PSWRPV UHSRUWHG LQ WKF
)LIXUH *HQHUDOO\ WKH WZR VWXG\ PRGHV JDLQHG D YHU\
VIPSWRPV LQ DOO GHILQHG JURXSV LQ WKLV VWXG\ :KLOH GL
DGYHUVH V\PSWRP UHSRUWHG LQ WKH JHQHUDO VWXG\ SRSXC
IRRG DOOHUJ\ JURXS KLYHV ZDV WKH GRPLQDQW V\PSWRP LQ
DQG ,J( PHGLDWHG IRRG DOOHUJ\ LQ ERWK VXUYH\ PRGHYV
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,Q WHUPV RI WULJIJHULQJ IRRG LWHPV QR VLIJQLILFDQW GLIIHL
RI IRRG LWHPV LQ WKH VXUYH\V LQ UHJDUG WR FOLQLFDO V\F
FUXVWDFHDQ DQG VKHOOILVK VWRRG RXW DV WKH PDMRU WUL.
DGYHUVH V\PSWRPV DV ZHOO DV GRFWRU GLDJQRVHG IRRG DC
DOOHUJ\ LQ ERWK VXUYH\ PRGHV )LJXUH OLQRU GLIITHUHQ|
JURXSY ZKHUH WKHUH ZHUH PRUH FDVHV UHSRUWHG LQ WKH
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Nausea or vomiting

Stomach pain

QOdd taste in mouth

Nasal congestion or a runny nose
Itchy mouth or ear canal

Slight, dry cough

Trouble swallowing

Shortness of breath or wheezing

Redness of the skin or around the eyes
Drop in blood pressure

Swelling of the lips, tongue and/or throat
Weak pulse

Loss of consciousness

FOLQLFDO VI\PSWRPV UHSRUWHG LQ WZR SRSXOL

DQDSK\OD[LV UHD
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5HSRUWHG DGYHUVH UHDFWLRQV 6 HRIFWHRSRGMWHI® R/ HG )$,J( PHGLDWHG )$

$ % &

Total=2,541 Total=1,080

3DSHU EDVHG VXUYHYHE EDVHG VXUYH\
il fER 10N

Total=7,379 Total=2,945 Total=1,062

J)LIXUH &RPSDULVRQ RI WKH GLVWULEXWLRQ RI UHSRUWHG IRRG LWHPV HOLFLWL

,Q WKH ZHE EDVHG VXUYH\ $ 5HSRUWHG IRRG LQGXFHG QGYHUVHAUIEEBWURGR UQ/XRE M
& 'RFWRU GLDIQRVHBQG6 ' ,J( PHGLOWHG,» WKH SDSHU EDVHG VXUYH\ ( 5HSRU

DGYHUVH UMDFWLRQY 6HOI UHSRUWHG )$ 'RFWRU GLDIQRVHBGQ® + ,J( PHGIDWHG )$
)$ IRRG DOOHUJ\
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&RPSDULQJ WKH SUHYDOHQFH RI IRRG DOOHUJ\ EHWZH
PRGHYV

7KH SUHYDOHQFH RI VHOl UHSRUWHG IRRG DOOHUJ\ GRFWRU
PHGLDWHG IRRG DOOHUJ\ ZHUH FDOFXODWHG EDVHG RQ WKH
PDWHULDO PHWKRG VHFWLRQ 7KH SUHYDOHQFH UDWHYV ZH!
DQG WKH GLIIHUHQFH RI WKHVH SURSRUWWRIQYW ZDHWZ ® DI Q\ MAIGH!
WZR LQGHSHQGHQW SRSXODWLRQV 7DEOH

,Q WKH VHOIl UHSRUWHG IRRG DOOHUJ\ JURXS WKH WZR VXU
GLIITIHUHQW SUHYDOHQFH3IRU PRWWHRBRWG.QWWHPH/ FDVHYV RI EHHI

VR DQG WUHH QXW +RZHYHU LQ WKH GRFWRU GLDJQRVHG 1|
IRRG DOOHUJ\ JURXSVY WKH GLIIHUHQFHVY ZHUH VHHQ LQ WKH
RWKHU IRRGV GRFWRU GLDIIQRVHGDMEBOXODWWHNHI DQG WUH
DOOHUJ\ ,J( PHGLDWHKG IRRGKHUOHDDYVY QR VWDWLVWLFDO HYL
GLITHUHQFHV LQ IRRG DOOHUJ\ SUHYDOHQFH EHWZHHQ WKH W
RI D W\SH ,, HUURU RI $GGLWLRQDOO\ ZKHQ FRQVLGHULQJ
IURP HDFK YDULDEOH WKHUH ZDV QR GLIIHUHQFH LQ WKH SUH
%6 DQG 3%6 ,Q VXPPDU\ UHIJDUGOHVV RI WKH VXUYH\ PRC
UHVSRQVH UDWHV WKH :%6 DQG 3%6 UHSRUWHG YHU\ VLP