OHVVDJH
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$;Z\C;DjHgP;XA0;gYMKXA;XN;XACX\\YhA®Ds;Z\ h AO;pHACHHZAgHd\gjHFAhj:;jHgPFHA;Dg\hhA ;:XPM\gZP;3%:hAPZX;ZFAq;)
:ZFAHD\Z2\YPDAO;gYAjOg\kNOAjOHAdg\FKDjP\ZA\MA; Ap;gPHjsA\MAj\rPZh Y AD\XXHDjPpHXsAgHMHggHFAj\A;hADs; Z\j\rPZh:
FANhYAXPpHh\DWYA;ZFAqPXFXPMHZA Z/—\;FFPjP\Z/—\j\Ej\rPZ Hrd\hkgHVAHrDHthpHEDs;Z\C;DngP;xACP\Y;hhAD;zAD;kh
HD\X\NPD;XAHMMHDjhAPZDXkFPZNANg\gjOA\MAd;jO\NHZPDAC; DjHgP; YAX\qAFPhh\XpHFA\rsNHZAD\ZDHZjg;jP\ZhYA; ZF.
EFHZjPMsADs;Z\C;DngP;APZA;Ag;dPFA;ZFA;DDkg;jHAY;ZZHgAPhA\MADngPD;XAPYd\gj;ZDHAj\AY;WHAjPYH’hHZthPle

\ZP)\gPZNA;ZFA;hhHhhYHZ]A\WMADSs;Z\ hAdgHhHZjhA;Ap;gPHjsAWMADO; XXHZNHhZA ZAd;gjPDkX;gYA:DDkg;jHAPFHZ]PMPI
NY\gdO\X\NPD;XAFPpHghPjsZA s;Z\C;DjHgP;XAY\gdO\X\NPHhAD;ZAg;ZNHAMg\YAhPZNXHADHXXhYAD\X\ZPHhYA;ZFAMF
YPDo\ZANA|{{hAWMAYPDg\zhZA ;ZsANHZHg;A\MADs;Z\C;DjHgP;AO;pHAjOHAM\HZjP; X Aj\Adg\FKkDHA\ZHA\gAY\gHAjsdHhA\M;
;ZFAHZAJPg\ZYH’ZBJ;;XAD\ZFPjP\ZhAY;WPZNA;DDkg;jHA;hhHthHZjA\MADs;Z\C;DjHgP;A;ZAPYd\gj;ZjAHXHYHZj%\M KXjPY;jH.
Ds;Z\ AHpHZjhz

JOHAhdHDjgkYA\MADSs;Z\C;DjHgP; XAY\gdO\X\NPHhAY;WHhAjg;FPjP

PFHZjPMPD;jP\ZhAFPMMPDKXjA:ZFAjPYH PZjHZhPpHZA “C:hHF
fk;ZjPMsADs;Z\C;DjHgP;ACP\FPpHghPjsA\MMHgA; Adg\YPhPZNAD\Y(
C;hHFAPFHZjPMPD;jP\ZhAM\gAg\kjPZHADs;Z\C;DjHgP;XAY\ZPj\gPZ
D\kdXHFAYPDg\hD\dsA;ZFA 'C;hHFADs;Z\C;DngP;%\PFHZjPMPD;jP
kZFHghj;ZFADs;Z\C;DjHgP;XAD\YYkZPjsAhjgkDjkgHYAD\Yd\hPjP\ZY A
g\g\FijP\zAPzAgPpHgA;ZFAx;WHAHZpPg\ZYHZjhAPzA XPM\gZP;Z

"kgAMPghjAD;hHAhjkFsAq;hAD\ZFkDjHFAPZAd;gjZHghOPdAgPjOAO
6;jHgA k:XPjsA \zjg\XA \;gFAj\AHr;YPZHA]OHAFPpHghPjsAIMACHZjO
Y;ihAPZA \gjOHgZA ;:XPM\gZP;ZAgPpHghzA6HAD\XXHDjHFANg;CAR;
Ds;Z\c;DjHgP;X%Y;jhA;jAZPZHjHHZ/fh;YdXPZNAthHhA;Dg\hhghPrA
YPDg\hD\ds" C;hHFAj;nZ\YPDAPFHZjPMPD;jP\ZhA)AjOHA “C;hHFAH
jOHhHAN;YdXHhZA/OHA “C;hHFAPFHZ]PMPD;jP\ZAgHpH; XHFA;AN(
\rPZ dg\FkDPZNADs;Z\C;DjHgP;AD\Yd;gHFAj\Ajg; FPjP\Z; XAj;\Z\YPDAI
.PjHhAqPjOAJOHANgH;jHhjAgHX:;jPpHA;CkZF;ZDHA\MAdKj;jPpHAj\rP A I R N N T AT
NHZHg;XXsAO;FAjOHANgH;jHhjAFPpHghPjsA\MADs; Z\\rPZhAdgHhHZjAD\ZDkggHZjXsA; XjO\kNOA
Z\jA;XXAthHhAqOHgHAj\rPZ’dg\FkDPZNANHZHg;AquHAFHjHDjHFA;Xh\AO;ng\rPZhAdthHZjZA

"kgAhHD\ZFAD;hHAhjkFsYAD\ZFkDjHFAPZAd;gjzZHghOPdAqPjOAJOHA \hA ZNHXHhA-HNP\Z
\:gFYAM\DkhHFA\ZAdX;ZWj\ZPDAX;WHADs;Z\C;DjHgP;APZA \kKjOHgZA ; XPM\gZP;ZA.;YdXH
hHpHZJHHZAFPMMHgHZjAX;WHhAhd:ZZPZNANY ;XXAX;WHhAPZAkgC;ZAX\D;jP\ZhAj\AX;gN
Ds;Z\C;DjHgP;XAD\YYkZPjPHhAqHgHA\ChHgpHFA;Dg\hhAX;WHhA;ZFA\rPZ dg\FkDPZNANIH
ijA\ZHA\MAjOHAX;WHhiA s;Z\j\rPZhAquHEFH jHDjHFAPon;XMA\M}\jOHAx;WH hAqOHg
EHgHA\ChngHFi

"pHg; XXYAC\JOAD;hHAhjkFPHhAgHpH; XHFAC\JOAO;CPj;jhAO\hjHFAKZHrdHDjHFADS;Z\C;Dj
Y;ZsAZ\pHXAj:r;zA \jOAhjkFPHhA; Xn\AFHY\Zhjg;jHFAjO:jAjOHAdgHhHZDHA\MADS; Z\|\rPZ " dg
:Xq;shAPZFPD;jPpHA|O;jAj\rPZhA;gHAdgHhHZJACKAO:pPZNA;AD;j; X\NA\MAj\rPNHZPDAhdF
Y\ZPj\gPZNA;ZFA;XX\qhAY;Z;NHghA)AhdHDPMPD;XXsAj;gNHjAj\rPZhAdg\FKDHFACsAgHhF
C;hHFAPFHZjPMPD;jP\ZA\MADs;Z\C;DjHgP;AqPjOAJOHA;FFPjP\Z;XADO;g;DjHgPV;jP\ZA\MA
D\ZFPjP\ZhYAqHAFHY\Zhj ;jHFA;Adg\YPhPZNA;ddg\;DOAM\gAPFHZjPMsPZNgjOHAWHsAF
dg\pPFPZNA;Z%Png\pHF kZFHghj;ZFPZNA\MADs;Z\C;DjHgP; AHD\X\NsZA

DLI#H® DHD LIS O
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6HYHUDO UHJLRQDO DQG VWDWHZLGH VWXGLH
FKDOOHQJHV Rl SURWHFWLQJ DTXDWLF OLIH LQ PI

‘ULWWHQ E\ 5DSKDHO OD]RU 6&&:53

3RI SJ XLI QENSV WXVIRKXLW SJ FMSEWWIWWQIRX-MXW EFMPMX] XS VIJPIGX XLI MQTE
LIEPXL-EPWS GVIEXIW GSQTPMGEXMSRW JSV MXW YWI MR QSHMJMIH GLERRIPW -R IRK
SJ HMVIGX LEFMXEX EPXIVEXMSR GER FI WS INXIRWMZI XLEX XLI] SZIV[LIPQ XLI EFMPM
'SRHMXMSR -RHI\ SV '7'- XS VIJPIGX MQTVSZIQIRXW MR [EXIV UYEPMX] SV SXLIV QERH
GLERRIP QSHMIJMGEXMSR EJJIGXW FMSMRXIKVMX] MR SVHIV XS WIX MRXIVMQ XEVKIXW

8S EHHVIWW XLIWI RIITHW XLI 7XSVQ[EXIV 1SRMXSVMRK 'SEPMXMSR 71' SJ 7SYXLIVR '
&SEVH LEZI GSQTPIXIH E RYQFIV SJ WXYHMIW XS MHIRXMJ] GPEWWIW SJ QSHMJMIH GL|
'EPMJSVRME 'SEWXEP ;EXIV 6IWIEVGL 4VSNIGX 7'';64 ERH XLI 7TER *VERGMWGS )WXYE
GPEWWIW SJ QSHMJMIH GLERRIPW HIJMRIH F] FIH ERH FERO QEXIVMEP 8LI X[S VIKMS
GPEWWMJIMIH WXVIEQW FEWIH SR HMVIGX SFWIVZEXMSRW SJ GLERRIP JSVQ 1E~SV
IWXMQEXIH GPEWWIW MRJIVVIH JVSQ KISWTEXMEP MRJSVQEXMSR EFSYX WXSVQ[EXIV
VIWYPXIH MR WMQMPEV GSRGPYWMSRW EFSYX GSRWXVEMRXW SR FMSMRXIKVMX] MR Q

SLIWI WXYHMIW JSYRH XLEX LEVHIRIH GLERRIPW [IVI EWWSGMEXIH [MXL E HMWXMR G X
VIKMSRW WSJX FSXXSQ GLERRIPW X]TMGEPP] WGSVIH LMKLIV XLER LEVH FSXXSQ GLE}
WXYHMIW MR FSXL VIKMSRW WLS[IH XLEX LEVHIRIH GLERRIPW MR SV GPSWI XS YRHIZIH
GLERRIPW MR YVFER WIXXMRKW 8LI 7SYXLIVR 'EPMJSVRME WLS[IH XLEX XLIVI [EW E Q
%VIE WXYH] WLS[IH XLEX XLI MRJPYIRGI SJ GLERRIP QEMRXIRERGI HMH RSX I\TPEMR Z
71ZIVEP RI[ ERH SRKSMRK WXYHMIW PIH F] XLI 7XEXI ;EXIVFSEVH XLI 71 ERH XLI "IRX
[LIVI XLIWI WXYHMIW PIJX SJJ 8LIWI WXYHMIW [MPP VIWYPX MR E WXEXI[MHI GPEWWM
QEXIVMEP -R EHHMXMSR XLIWI WXYHMIW [MPP IZEPYEXI XLI VERKIW SJ FMSWXMQYPE
FIX[IIR FMSMRXIKVMX] FMSWXMQYPEXSV] WXVIWW

4VIZMSYW WXYHMIW LIPTIH XLI 7ER (MIKS 6IKMSREP ;EXIV 5YEPMX] 'SRXVSP &SEVH HIX
MQTPIQIRXIH ERH XLIWI WXYHMIW EVI INTIGXIH XS EWWMWX XLI HIZIPSTQIRX ERH MQT
WXEXI

*MKYVI %R IEVXLIR IRKMRIIVINHKKGVERRYP OBR GVIX| GLERRFMKNRVTSY%LWRIX FSXXSQ G
'IRXVEP :EPPI] TVMQEVMP] YWER WSS PR HE[EXIWMISRIH XS QW KHMWX S ¥IONEX WXEREQ MR
EKVMGYPXYVEP WYTTP] TVSXIGX WYVVSYRHMRK TVSTQEREKWS ®SHPLS $8VHEREESKH T
KVSYRH[EXIV MRIMPXVEXM
"MXIH PMXIVEXYVI
(YWXIVLSJ) 7 7 7LE[ ERH / 1G/RMKLX 7ER *VERGMWGS &E] 6IKMSR *PSSH 'SRX
4VSKVEQ 7ER *VERGMWGS )WXYEV] -RWXMXYXI 4YFPMGEXMSR 7ER *VERGMWGS )
LXXTW [[[ WJIM SVK WMXIW HIJEYPX JMPIW FMFPMSCJMPIW 7ER *VERGMWGS &E]
¥.29%0C()0-:)6%&0) THJ

1E~ASV 6 ( 6ITSVX SR XLI 71' 6IKMSREP 7XVIEQ 7YVZI] 8IGLRMGEP 6ITSVX
4VSNIGX 'SWXE 1IWE '% %ZEMPEFPI JVSQ
LXXT JXT WGG[VT SVK TYF HS[RPSEH (3'91)287 8IGLRMGEPG6ITSVXW C C71'C6ITSV

8ERMKYGLM 5YER / 6 ( 1E~SV . &VS[R 6 +YMPP 1 =IEKIV % 7YXIV . 6YHSPTL ;
71" 7TXVIEQ 7YVZI] 7SYXLIVR '"EPMJSVRME 'SEWXEP ;EXIV 6IWIEVGL 4VSNIGX 'SWXI
LXXTW JIJXT WGG[VT SVK TYF HS[RPSEH (3'91)287 8IGLRMGEPG6ITSVXW cr1' THJ

*SV QSVI MRIJSVQEXMSR TPIEWI GSRXEGX VETLEPQSWGH



SRVWHU :LQQHUV $0\VVD ORUJDQ 7LHG IRU )LUVW 30D

1DPH$O\VVD 6FKWBWRGHUJUDG XD WRIQWDERH@W U#FVXPE HGX
$IILOLDSSIBRIRQWHUHAVIMHVKZDWHU LOQYHUWHEUDWH FRPSRVILWLRQ GHSHQGY RQ U

6XPPDUWHDOWK\ [UHVKZDWHU ULYHUV DUH SRSXODWHG E\|DTXDWLF LQYHUWHE
(SKHPHURSWHUD 30OHFRSWHUD DQG 7ULFKRSWHUD RIWHQ UHIHUUHG WR DV (37
PHWDFRPPXQLWLHV WKDW LQFOXGH IUHVKZDWHU (37 IURP|XSVWUHDP DQG POL
GRZQVWUHDP :H TXDQWLILHG WKH FRPSRVLWLRQ RI LQYHUWHEUDWHYV LQ
DVVHPEODJHV FKDQJH DFURVV D VDOLQLW\ JUDGLHQW IURP

GHSOR\HG OHDI SDFNV LQ WKUHH WLGDO VWUHDPVY 3DMDUR| $SWRV %DOGZLQ |W
LQYHUWHEUDWHV

&RPSDULQJ ORZ VDOLQLW\ ULYHUV WR KLJK VDOLQLW\ ULYHUV ZH REVHUYHG
OHVV (37 DQG 1HZ =HDODQG PXGVQDLOV

LQFUHDVHG QXPEHU RI QRQ (37 LQYHUWHEUDWHV

PHDQV DV VDOLQLW\ LQFUHDVHY ZH VHH D GHFUHDVH LQ

FRDVWDO IUHVKZDWHU ULYHUV ZLOO H[SHULHQFH VDOLQLW

WLGDO LQIOXHQFH

7KLV \HDUfV &DO 6)6 FRQIHUHQFH ZDV P\ ILUVW VFLHQWLILF FRQIHUHQFH ,W ZDV
FRPPXQLW\ RI SDVVLRQDWH IUHVKZDWHU VFLHQWLVWY :KLOH WKH FRQIHUHQFH Z
DXGLHQFH UHFHLYLQJ FRPPHQWDU\ DQG JDLQLQJ YDOXDEOH LQVLIJKW , ZRXOG O
DQG WKRVH WKDW PDGH WKH &DO 6)6 FRQIHUHQFH SRVVLEOH

*NHA~A«As




PP P D ® D P @ B W W®
6)6 BWXGHQW &HTQWW D
B HD D DD D D HHD D D D P

<=
- - - - - - - - — - - -

O

.HD\ZFA*X;DHA*\thgAq;gFﬁE3RVWHU YJURFOBEWRQHIOLHVY WR 6SLGHUV ,QWHJUDWLQJ $TXDW
1DPHOHOLVVD YRQ O0D\WRD&YEPIUVWDQG WKH (IITHFWV RI (IITOXHQW RQ 6WUHDP (FRV\V
$IILOLDBK'RQNXGHQW 8&

%HUNHOH\ 5XKL DQG ¥BBRWYNDPY¥WHZDWHU HIITOXHQW KDV GRPLQDWHG VWUHDPIORZ
/IDENSMRQWDFANL.WWHU WKH PLG WR ODWH V EXW ZDVWHZDWHU WUHDWPHQW SO
#PHOLVVDYRQPD\ UHF\FOLQJ WR IXOILOO FRQVHUYDWLRQ PDQGDWHYV :LWK UH(
WKH KLVWRULFDOO\ LQWHUPLWWHQW /RV $QJHOHV DQG 6DQ\
DIITHFWLQJ LQ VWUHDP DQG ULSDULDQ HFRORJLFDO FRPPXQL\
RQ DTXDWLF LQYHUWHEUDWHY LQ ZDGHDEOH DQG SHUHQQLI
WHUUHVWULDO LQYHUWHEUDWHY ,Q -XO\ DQG 6HSWHPEHU
5LYHU DQG /$ 5LYHU VLWHV ZKLFK UHSUHVHQWHG D JUDGL
XSVWUHDP DQG GRZQVWUHDP RI HIITOXHQW GLVFKDUJHYV

, K\SRWKHVL]H WKDW LQ KDELWDWV RI FRPSDUDEOH K\GUF
XSVWUHDP RI :73 HIIOXHQW LQSXWV ZLOO EH PRUH GLYHUVH
GRZQVWUHDP VLWHYV ZKLFK PD\ EH H[SRVHG WR LQFUHDVHG |
LOQYHUWHEUDWHY XSVWUHDP RI HIITOXHQW LQSXWV ZLOO EH
EHFDXVH WKH\ QHHG WR UHVLVW KDUVKHU FRQGLWLRQV ,Q X
GHVLIJQ TXDQWLI\LQJ KRZ HIIOXHQW GLVFKDUJH FKDQJHV

LQYHUWHEUDWH FRPPXQLWLHV 7KLV VWXG\ ZLOO LQIRUP GHF
WR UHVWRUH HFRV\VWHP KHDOWK DQG LPSURYH KXPDQ ZHOO

7KH SRVWHU VHVVLRQ ZDV D ZRQGHUIXO RSSRUWXQLW\ WR
&$%: &DO 6)6 SDUWLFLSDQWY , DSSUHFLDWHG WKH FKDQFH W
DQVZHU WKHLU TXHVWLRQV ZKLFK JDYH PH KHOSIXO IRRG |
UHVHDUFK

JOPgFA*X;DHA” A*\hjHgA q;gF

IDPH-RVHSK &XUQLDSK. RQ6WXGHQW :D\QH DQG 6KDIIf[FUTDEV SWLYHUVLW.!
Rl &DOLIRUQLD /RV $QJHOHV 8&/$

&ERQWDHENLWH LV MRVHSKFXUWL FRP ,* LV #QLNNRHXUWL (PDLO LV MFEXUWL #J XFC

SRVWHU BWDOMWH RI WKH $57 8VLQJ DUWLILFLDO UHIXJH WUDSV WR FRQWURO LQ
FUD\ILVK LQ VRXWKHUQ &DOLIRUQLD VWUHDPV

6XPPDUYQ 6RXWKHUQ &DOLIRUQLD WKH LWIRHDMAREDBUHBXVVZDPS FUD\ILVK
FODURNILLWDUG SRVHV D VLJQLILFDQW WKUHDWJWR QDWLYH DTXDWLF IDXQ{I)
FROQVHUYDWLRQ PDQDJHUV KDYH OHG HUDGLFDWLR HITRUWYV VLQOQFH EXW OlW
UHVHDUFK KDV EHHQ GRQH WR LPSURYH WKH HIILFDIF\ RI WKLV ZRUN 7KLV PRQWK
WHVWHG WKH HIIHFW RI PRGLILFDWLRQV RQ QRYHO DUWLILFLDO UHIXJH WUDI|S\
UHVHPEOH FUD\ILVK EXUURZV WR UHPRYH LQYDVLYH FUD\ILVK :H WHVWHG $57 BL
FRORU DQG VRDNWODEPNMRQ HITHFWLYHQHVY DFURVYV WUDSV

‘H HYDOXDWHG FDWFK GDWD E\ FUHDWLQJ PXOWLSDH FDQGLGDWH JHQHUDOL]HG
PRGHOV SUB GEG WDBWIHRKHY ZLWK GLIITHUHQW PRGH®LRJ SDUDPHWHUL]DWLRQV DQG
SULRUSRWKHVL]HG SUHGLFWRU YDULDEOHV 'XULQJ|WKH VWXG\ SHULRG $57V UHP
WRWDO RI UHG VZDPS FUD\ILVK ZLWK QR LQFLGHQWDO E\FDWFK %ODFN FRORU
GLDPHWHU WUDSV UHPRYLQJ WKH 3U HDWHNGIBF R XZJWKRI WKH WRWDO
G DQG G GHSOR\PHQW GXUDWLRQV KDG ORZHU FDWFK XQLW HIIRUW WKDQ WUDBYV
G GHSOR\PHQWV 7KLV VWXG\ GHPRQVWUDWHV WKPW $57vV FDQ EH D YDOXDEOH
FRQVHUYDWLRQ PDQDJHUV LQWHUHVWHG LQ UHVW\}ZULQJ VWUHDPV WKURXJK LQYI

UHPRYDO HVSHFLDOO\ ZKHUH WKHUH DUH VHQVLWLYH ELRORJLFDO UHVRXUFHYV
E\FDWFK ZRXOG RWKHUZLVH SRVH D VLIJQLILFDQW WKUHDW

A
7KLV zDV P\ ILUVW WLPH SUHVHQWLQJ DW &DO 6)6 DQG DOVR SUHVHQWLQJ DW D YLI
IUHVKZDWHU UHVHDUFKHUV ZDV YDOXDEOH WR PH , DP JODG WR JHW DQ RSSRUW X(
FKDQFH WR WKLQN DERXW IXWXUH GLUHFWLRQV IRU LQYDVLYH VSHFLHV PDQDJHPH(
PH WKLV XQLTXH RSSRUWXQLW\




HBA X . .A 6. *Ax"- A
XXAM\gA;ddXPD;jP\ZhA" A kHA HCAX{YAMBA

AEAEAEAEABOAFAMHXX\GhAGHDHPpHY AEAEREAERAEABO\APhAHXPNPCXHAACHA AMHXX\q¥

\gAF\A A ddXs¥

6;ZjA)Ankdd\gjA ;X". .¥AAG;ZjANANHjAPZp\XpHF¥AA/OHgHA;gHAhHpHg; XA\djP\Zt

A\PZA X", Aj\F;sEA  JA\Z;jHAFPgHDjXsAJ\A ;X" .Aa~A\XX\gAOhA\ZA \DP; XA H
‘HZHgA\GA \PZA. ARA X' AjA CsADOHDWA\gA5 "£A

Ojjdh ««MgHhOG;jHg' hDPHZ Bk ZAgMA« 5 "AFPgHDIXsA\AKgAjgH:hkgHB \XX\gAKhA\ZAjqPjiHc
V\PZA :X". zAA O:djHgAgHpHZKHhAN\A A 9
FPgHDjXsAj\q;gFhAdg\pPFPZNAN; ARA

H:gXsAD:gHHgA\dd\gjkzPjPHhYA AA AY;PXA\kgAjgH;hkgHgA\AhHZ "gA\ZA Zhj;:Ng:;YEA
:ZZKk;XAYHHjPZNhA;ZFA\JOHgAD o A DOHDWA®V\\Xh\ZPDhkYCZHF D:XhMhZh\DP
:DiPPPjPHhZAA '
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