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7KH VFLHQWLILF VSRQVRUV DQG WKH RUJDQL]LQJ FRPPLWWHHV RI
ILQDQFLDO DQG LQ NLQG VXSSRUW UHFHLYHG IURP WKH IROORZLQ

86 1DWLRQDO 6FLHQFH )RXQGDWLRQ

3ULQFH $OEHUW ,, RI ORQDFR )RXQGDWLRQ

BFLHQWLILF &RPPLWWHH RQ 2FHDQLF 5HVHDUFK
,QWHUJRYHUQPHQWDO 2FHDQRJUDSKLF &RPPLVVLRQ RI 81(6&2
,QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\

,QWHUQDWLRQDO *HRVSKHUH %LRVSKHUH 3URJUDPPH

ORQDFR *RYHUQPHQW

OXVpH 2FpDQRJUDSKLTXH GH ORQDFR

&HQWUH 6FLHQWLILTXH GH ORQDFR

7KH ,QWHUQDWLRQDO &RXQFLO IRU ([SORUDWLRQ RI WKH 6HDV
7KH 1RUWK 3DFLILF ODULQH 6FLHQFH 2UJDQL]DWLRQ

7KLV UHSRUW VKRXOG EH FLWHG DV

2UU - & . &DOGHLUD 9 )DEU\ - 3 *DWWXVR 3 +DXJDQ 3 /H

S5LHEHVHOO 7 7UXOO O +RRG ( 8UEDQ DQG : %URDGJDWH

$FLGLILFDWLRQ UHSRUW IURP WKH 6HFRQG :RBORV IORR) BRRW R HW2H
FRQYHQHG E\ 6&25 81(6&2 ,2& ,$($ DDY® LOPBOH D3\

KWWS LRF XQHVFR RUJ RDQHW +LJK&2 :RUOG KWPO

&RQWULEXWLQJ DXWKRUV & 6DELQH 30(/ 12%$$% 7 7\UUHOO 12§
3,. & 7XUOH\ 30/ - %D[WHU 61+ ' $OOHPDQG &60 DQG 6 5t

JURQW &RYHU 3KRWRV FUHGLWYV IURP OHIW WR ULJKW
6HD EUHDP ILVK HJJV <« -HDQ /RXLV 7H\VVLp
JORDWLQJ RSHQ RFHDQ PHVRFRVPV <« 801 5LHEHVHOO
&ROG ZDWRBKRHRUUDOS BQWKYDUHLZDOG
&ROG ZDWHU FRUDO UHHI <« .DUHQ +LVVPDQQ
6HD EUHDP ILVK ODUYDH <« -HDQ /RXLV 7H\VVLp



 QWURGXFWLRQ

JRVVLO IXHO FRPEXVWLRQ UHOHDWHYV WHOH BRP BV 8KIHAWHH &PHDGLQJ
FOLPDWH %XW WKHUH LV DOQRWKHU GQWHKN DWBRVWKRIUIHQ FU HD \LL
WKH FKHPLVWU\ RI WKH RFHDQ

7KH RFHDQ DEVRWER WEKH DWPRVSKHUH DW D UDWH RI PRUH WKDC
WKXV UHPRYLQJ RQH IRXUWK RI WRHWIVHBK WRS RIKHD IDFAW B RV SKH U |
&DQDGHOO *& 3 DQG WKHUHE\ UHGXFLQJ FOLPDWH FKDQJ
JDV~ %XW WKLV EHQHILW WR KXPDQLW\ GRHV QRW FRPH ZLWKR;
GLVVROYHV LQ VHDZDWHU LW IRUPV FDUERQLF DFLG $V WKLV RF
ERWK RFHDQ S+ DQG WKH FRQFHQWUDWLRQ RI FDUERQDWH LRQ W
VNHOHWRQV RI PDQ\ PDULQH RUJDQLVPV

6LQFH WKH EHJLQQLQJ RI WKH ,QGXVWULDO 5HYROXWLRQ RFHDQ |
FRQFHQWUDWLRQ KDV LQFUHDVHG E\ 7KLV FKDQJH LV DERXW
LQ DFLGLW\ H[SHULHQFHG GXULQJ WKH ODVW PDQ\ PLOOLRQV RI \}
ZDWHUV LQ WKH FROGHVW SDUWV RI WKH RFHDQ DUH SURMHFWHG
FDUERQDWH VKHOOV RI VRPH PDULQH RUJDQLVPV %XW ODUJH X
RUJDQLVPV WR DGDSW DQG WKH SURSDJDWLRQ RI HIIHFWV WKUR>
RUGHU WR HYDOXDWH HFRORJLFDO DQG HFRQRPLFDO LPSDFWYV

,Q 0D\ WKH 6FLHQWLILF &RPPLWWHH RQ 2FHDQLF 5HVHDUFK 6
2FHDQRJUDSKLF &RPPLVVLRQ RI 81(6&2 81(6&2 ,2& FR KRVWF
VIPSRVLXP 37KH 2FHDQ LRUDGLIJWR2HYDOXDWH ZKDW LV NQRZQ D
DV ZHOO DV WKH SRWHQWLDO EHQHILWY DQG LPSDFWV DVVRFLD\
LQFUHDVLQJ DWPRVWEBRAHDMWE2WLRQV E\ VHTXHVWHULQJ FDUERQ
VIPSRVLXP EURXJKW WRJHWKHU RI WKH ZRUOGYTV OHDGLQJ V
H[SHUWLVH LQ PDULQH ELRORJ\ FKHPLVWU\ DQG SK\VLFV LQ RUG
DERXW WKH LPSDFWV Rl RFHDQ DFLGLILFDWLRQ RQ PDULQH HFR)
SULRULWLHYV QHHGHG WR XQGHUVWDQG WKH PHFKDQLVPV PDJQL\
7KH MRXDQDX®HFHQWO\ UHIHUUHG WR WKLV V\PSRVLXP DV 3D W
DZDUHQHVV DPRQJ VFLHQWLVWY DERXW DFLGLILFDWLRQ " *ROGV\
VHYHUDO QDWLRQDO DQG LQWHUQDWLRQDO RUJDQL]DWLRQV UHT
XQGHU UHYLHZ DQG WKHLU JRYHUQLQJ ERGLHV DJUHHG WR PDNH
KHOG HYHU\ \HDUV

7KHR®V\PSRVLXPKR@FHDQ LQ D "RUR&®Y KHOG GXULQJ 2FWREHU
WKH 2FHDQRJUDSK\ OXVHXP RI ORQDFR XQGHU WKH +LJK 3DWURC
3ULQFH $OEHUW ,, 7KH V\PSRVLXP ZDV DJDLQ VSRQVRUHG E\ 6
,QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\fV ODULQH (QYLURQPHQW
*HRVSKHUH %LRVSKHUH 3URJUDPPH $GGLWLRQDOO\ LW ZDV VXSS
., JRXQGDWLRQ WKH &HQWUH 6FLHQWLILTXH GH ORQDFR WKH 8 €
 QWHUQDWLRQDO &RXQFLO IRU WKH ([SORUDWLRQ RI WKH 6HD
2UJDQL]DWLRQ WKH 2FHDQRJUDSK\ OXVHXP DQG WKH ORQDFR *RY

7KH PHHWLQJ EURXJKW WRJHWKHU VFLHQWLVWY IURP FRXQW
WKH LPSDFWV RI RFHDQ DFLGLILFDWLRQ RQ PDULQH FKHPLVWU\
IXWXUH VFHQDULRYV RI RFHDQ DFLGLILFDWLRQ HIIHFWV RI FKDQJH
PHWDO VSHFLDWLRQ SDOHR RFHDQRJUDSKLF SHUVSHFWLYHV PH
EHQWKLF DQG SHODJLF FDOFLILHUV SK\VLRORJLFDO HIIHFWV [URF



HYROXWLRQ ILVKHULHVY DQG IRRG ZHEV DQG LPSDFWV RQ ELRJHR
FOLPDWH V\VWHP 7KH V\PSRVLXP DOVR DGGUHVVHG DFLGLILFDWL
VHDEHG VWRUDUOIRS®IF&2 RQ HFRQRPLFV DQG OLQNV ZLWK SROLF\
LQYLWHG DQG FRQWULEXWHG WDONV SRVWHUV DQG WKUHH GLV
SHUWXUEDWLRQ H[SHULPHQWVY WR DVVHVV DFLGLILFDWLRQ
DFLGLILFDWLRQ DQG LWV LPSDFWV DQG VFDOLQJ RUJDQLVP W
IHHGEDFNV RQ FOLPDWH

$V D IROORZ XS UHWXOWSRVRPPWKILYW EHLQJ GLVVHPLQDWHG YLD |
DSHVHDUFK 3ULRULWLBXPBBSRURU 3ROLF\PORGIWUHQFH 'HFODUDW
DQG D VSHFLDO LVVXH Rl WK 6 ISRUFHHR W FIRLEHEHNE M B XWUXED/GI W R
FRQWULEXWHG UHVHDUFK SD S HUHW HTKULVK GRIFORPRHIAL AW BMISIRO M K W
WKH QHZ ILQGLQJV DQG GHWDLOV WKH UHVHDUFK SULRULWLHYV
SDUWLFLSDQWYV GXULQJ WKH GLVFXVVLRQ VHVVLRQV ,W ZDV SUH
SODQQLQJ FRPPLWWHH DQG LW LV LQWHQGHG IRU RFHDQ VFLHQ
WKURXJKRXW WKH ZRUOG

6FLHQFH 6XPPDU\

$QWKURSRJHQLF RFHDQ DFLGLILFDWLRQ LV UDSLG LQ WKH FRQ
6XUIDFH RFHDQ S+ KDV DOUHDG\ GURSSHG E\ XQLWV VLQFH

SHYROXWLRQ ZKLFK LV HTXLYDOHQW WR D LQFUHDVH LQ K\GL
KHUH DV DFLGLW\ 7KLV UDWH RI DFLGLILFDWLRQ KDV QRW EHI
LQFOXGLQJ UHHI EXLOGLQJ FRUDOV IRU PDQ\ PLOOLRQV RI \HDUYV
RFFXU LQ WKH RFHDQ DV D UHVXOW RDUKWKULHRILGU BW/PRVSEGHLF
UDQJH RI ,3&& 65(6 VFHQDULRV VXUIDFH RFHDQ S+ LV SURMHFW!
XQLWYV E\ UHODWLYH WR SUHLQGXVWULDO FRQGLWLRQV OHHK
DFLGLILFDWLRQ HYHQW WKDW RFFXUUHG DSSUR[LPDWHO\ PLOO
7KHUPDO OD[LPXP 3(70 LV OLQNHG WR PDVV H[WLQFWLRQV RI VRI
=DFKRV HW DO $IWHU WKH 3(70fV UHODWLYHO\ UDSLG RQV]
ODVWHG IRU PDQ\ FHQWXULHV RU PLOOHQQLD LW H[KLELWHG D V
RI \HDUV 7RGD\YV DQWKURSRJHQLF :DFLGLILFDWLRQ HYHQW  GL
EHFDXVH LW PD\ EH RFFXUULQJ PXFK PRUH UDSLGO\ 3UHYLRXV QT
EHHQ DVVRFLDWHG ZLWK WKH ILYH PDMRU FRUDO PDVV H[WLQF\
RFFXUUHG GXULQJ (DUWKYTV KLVWRU\ 9HURQ SHFRYHU\ IURF
LQGXFHG SHUWXUEDWLRQ LI OHIW XQFKHFNHG ZLOO UHTXLUH W]
UHHVWDEOLVK HYHQ URXJKO\ VLPLODU RFHDQ FKHPLVWU\ $UFKHU
HW DO $UFKHU DQG %URYNLQ DQG IURP KXQGUHGV RI W
FRUDO UHHIV WR EH UHHVWDEOLVKHG EDVHG RQ SDVW UHFRUGYV
9HURQ

2FHDQ DFLGLILFDWLRQ LV DGUPBGGHGHMMEWBEOGBY RI RFHDQ FDU
RYHU WKH ODVW \HDUV VKRZ FOHDU WUHQGV RI LQFUHDVLQJ I
GHFUHDVLQJ S+ WKDW IROORZ LQFWBWWNVNQBW VW®RVSKHULFK&YH
FRUUHVSRQG SUHFLVHO\ ZLWK ZKDW LV H[SHFWHG IURP EDVLF PD!
2YHU WKH ODVW WZR GHFDGHV WKHUH KDYH DOVR EHHQ PHDVXUI
6RXWKHUQ 2FHDQ SWHURSRGV 5REHUWYV HW DO DQG IRUDF
FRUDOV RQ WKH *UHDW %DUULHU 5HHI KDYH VKRZQ D UHFHQW G

+RZHYHU PRUH VWXGLHV DUH QHHGHG WR YHULI\ WKDW WKH
WR RFHDQ DFLGLILFDWLRQ



6HYHUH ELRORJLFDO LPSDFWV PD\ RFAFXNMHAWLKRLQ@N GH ADKSHH W D W X UL
DUDJRQLWH D PHWDVWDEOH IRUP RI FDOFLXP FDUERQDWH XVHG
WKDW FDOFLILFDWLRQ UDWHV LQ ZDUP ZDWHU FRUDOV PD\ GHFI

*DWWXVR HW DO /IDQJGRQ DQG $WNLQVRQ %\ WKH PLG
UDWHV RI PDQ\ ZDUP ZDWHU FRUDOV DUH H[SHFWHG WR GURS WR
HURVLRQ (UH] *DWWXVR D ODQJHOOR HW DO /IDQJGR

KDYH VHULRXV LPSDFWV RQ FRUDO UHHI HFRV\VWHPV &ROG ZDW
ZDWHUV PD\ DOVR EH LQ GDQJHU 7KHVH FRUDOV VHUYH DV KDEL
DQG WRGD\ YLUWXDOO\ DOO RI WKHP DUH EDWKHG LQ ZDWHUV V
DUDJRQLWH <HW E\ LW LV SURMHFWHG XQGHU WKH ,6 D VFH
ZDWHU FRUDOV ZLOO EH H[SRVHG WR ZDWHUV WKDW DUH XQGHUYV
ZRXOG EH FKHPLFDOO\ FRUURVLYH WR WKHLU VNHOHWDO PDWHUL
H[SHULPHQWYV ZLWK FROG ZDWHU FRUDOV ZKHQ DPELHQW S+ ZD
FDOFLILFDWLRQ UDWHV GHFOLQHG E\ DQG ODLHU HW DO
1RUWKHDVW 3DFLILF KDYH UHFHQWO\ EHFRPH XQGHUVDWXUDWHG
GXH WR XSZHOOLQJ RQWR WKH FRQWLQHQWDO VKHOI RI LQWHUP
&2 )YHHO\ HW DO 211 ,FHODQG LQYDML FOQ XM LIDQ VWEKLHSS RD Wil
XQGHUJR WKLV VDPH WUDQVLWLRQ WR *FRUURVLYH FRQGLWLRQ
DUDJRQLWH WR EHLQJ XQGHUVDWXUDWHG W R RVUKH RH [ WHID\® RWR KD
H[SRVHG WR WKHVH FRQGLWLRQV DV DUH DVVRFLDWHG ERWWRPF

7KLV WUDQVLWLRQ WR XQGHUVDWXUDWHG FRQGLWLRQV LV
VXUIDFH ZDWHUV RYHU PXFK Rl WKH SRODU RFHDQV &DOGHLUD |
OF1HLO DQG ODWHDU 2UU HW DO

ODULQH RUJDQLVPV H[KLELW D UDQJH RI UHVSFB@ANHOL MWR RR FRHDUWQL @
FDOFLILHUV LQGLFDWH WKDW PRVW EXW QRW DOO RI WKHP H[KLEL
DFLGLILFDWLRQ )DEU\ HW DO ODULQH FDOFLILHUV GLIII
PHFKDQLVPV WKDW FRQWURO WKHLU LQWHUQDO PLFURHQYLURQP!
GLIIHUHQW OLIH VWDJHV RI PDULQH FDOFLILHUV UHVSRQG GLIIHU}
LQWR DFFRXQW ZKHQ GHVLJQLQJ H[SHULPHQWY WR HYDOXDWH OL
GXH WR RFHDQ DFLGLILFDWLRQ 7KH PDMRULW\ RI VHQVLWLYLW\
DGXOWV RI D OLPLWHG QXPEHU RI VSHFLHV XVLQJ VKRUW WHUP H|
WKH GLIIHUHQW OLIH F\FOH VWDJHV RI RUJDQLVPV WR LGHQWLI\ Z
(DUO\ OLIH VWDJHV PD\ EH SDUWLFXODUO\ VHQVLWLYH WR DFLGLI
QHJDWLYHO\ DIIHFWV VHD XUFKLQ UHSURGXFWLRQ E\ UHGXFLQJ
ORZHULQJ IHUWLOL]DWLRQ VXFFHVV DQG LPSHGLQJ HPEU\R DQG
2QH R\WWHU VSHFLHV WKDW ZDV VHOHFWLYHO\ EUHG WR UH
PRUH UHVLVWDQW WR DFLGLILFDWLRQ LPSDFWV 3DUNHU HW DO
ULJKW FLUFXPVWDQFHV VRPH RUJDQLVPV PLJKW EH DEOH WR DGD:
H[SHULPHQWY ZLWK FDOFLI\LQJ SK\WRSODQNWRQ FRFFROLWKRSK

DIWHU HYHQ DIWHU JHQHUDWLRQV 0OOHU HW DO OHDQZ!
WKH SRWHQWLDO HIIHFWV RI DFLGLILFDWLRQ RQ FRFFROLWKRS
5RGULJXH] HW DO B8R YDAMHD® &F LGLILFDWLRQ DIIHFWV D V
PHFKDQLVPV 3|UWQHU (ITHFWV Rl RFHDQ DFLGLILFDWLRQ RQC

EH VWURQJHVW ZKHUH PDULQH VSHFLHV DUH DOUHDG\ VWUH\
3K\WLRORJLFDO VWXGLHV VXSSRUW WKH GHYHORSPHQW RI D F
SKHQRPHQD UDQJLQJ IURP SHUIRUPDQFH FKDQJHV LQ LQGLYLGXE
LQWHUDFWLRQV DQG SKHQRORJLHV DW HFRV\VWHP OHYHOV 3|UWC



I1DWXUDOO\ ORZ S+ HQYLURQPHQWY SURYLGH D JOLPBRUORI HFR)\
,QVLIKWY LQWR KRZ HFRV\VWHPV PDQYDRGROWHRYR/ IKKLHKE&HQ JDL
QDWXUDO HQYLURQPHQWY QHDU YV HDINOIRFRAEL HEIW WWH WKHDWD WRUW &'
UHJLRQV ZLWK QDWXUDOO\ YDU\LQJ S+ JUDGLHQWYV VXFK DV FRD\
VKDOORZ VHDIORRU YHQW DUHDV DURXQG ,VFKLD ,WDO\ LQ WKH
FRQGLWLRQV UHDFK YDOXHV WKDW DUH H[SHFWHG IRU WKH HQG R
VRPH VSHFLHV JHQHUDOO\ UHGXFHG ELRGLYHUVLW\ DQG UHJL
HFRV\VWHPVY ZKHUH VHD JUDVVHV DQG LQYDVLYH VSHFLHV WKULY
JDVWURSRGY DOVR VKRZ VHYHUH HURGLQJ DQG SLWWLQJ RI VKHO!

RU OHVV 7KHUH LV D VXEVWDQWLDO GHFUHDVH LQ VSHFLHV DE
GURSV EHORZ $QRWKHU FDVH LV WKH ZDUP ZDWHU FRUDO UFt
&2 ORZ S+ ZDWHUV RI WKH HDVWHUQ WURSLFDO 3DFLILF ZKLFK D
ELRHURVLRQ ODQJHOOR HW DO

6RFLRHFRQRPLF DQG SROLF\ SHUVSHFWLYHV

2FHDQ DFLGLILFDWLRQ PD\ DIIHFW ILVKHULHVY WRXULVP DQG VW
(INTHFWV RI RFHDQ DFLGLILFDWLRQ PD\ SURSDJDWH IURP LQGLYLGHX
ZHEV ZKLFK FRXOG DIIHFW WKH PXOWL ELOOLRQ GROODU FRPPHU
ZHOO DV WKUHDWHQ SURWHLQ VXSSO\ DQG IRRG VHFXULW\ IRU I
&RUDO UHHIV JHQHUDWH ELOOLRQV RI GROODUV WKURXJK WRXUL\
IRXUWK RI WKH ZRUOGTV ILVK VSHFLHVY GXULQJ DW OHDVW SDUW
DSSHDU SDUWLFXODUO\ YXOQHUDEOH EHFDXVH RI WKH FRPELQHG
LQFUHDVHG ZDWHU WHPSHUDWXUHY DQG RFHDQ DFLGLILFDWLRC
ZHDNHQ UHHI VWUXFWXUH 'LWK WKH GHYHORSPHQW RI FDUERQ |
WR FDSH¥PALVVLRQV D SULFH WDJ FDQ QRZ EH DVVLIJQHG WR WKH D
WKH RFHDQTV ODUJH FDSDFLWKWWKBENVNBUER&2 PDUNHW SULFH UD

SHU WRQ RI FDUERQ WKH RFHDQYfV FXUUHQW DQQXDO FDSDF
FDUERQ SHU \HDU UHSUHVHQWY DQ DQQXDO VXEVLG\ WR WKH JORI
ZKLFK LV DERXW WR RI WKH JOREDO JURVV GRPHVWLF SUR
FDSDFLW\ WR WDNH XS DIWEHRQRIGHIUWFD&HG E\ RFHDQ DFLGLILF
PDNH LW PRUH GLIILFXOW WR WRDEHLWYH DWIPRYEKHULF &2

&RVWV Rl VWDELOL]LQJ DPXFRVGREMUFWED Q& ROQFHWMRERQDO ZLVGR
FOLPDWH HFRQRPLFV SUHYLRXVO\ KHOG WKDW LW ZRXOG EH WHF
HPLVVLRQV WR UHDFK D WDHIXWYRDHBWSIREBZEKDXV DQG %R\HU
8QIRUWXQDWHO\ VWDELOL]JLQJ JUHHQKRXVH JDVHV DW WKDW O}
DQWKURSRJHQLF LQFUHDVH LQ JOREDO PU®QOWHP@SKIOWNXUH ZLC
+RZHYHU PRUH UHFHQW HFRQRPLF DQDO\VHV DUH PRUH RSWLPLV
LOQYHVWPHQWY LQ ORZ FDUERQ WHFKQRORJLHV ZLOO UHGXFH FR
PRGHOV SUHGLFW WKH FRVW RI S$XUWDXLGWWKR EH DEREW RI
*'3 (GHQKRIHU HW DO 6LU 1LFKRODV 6WHUQ HVWLPDWHV WK
SSP OHYHO ZRXOG EH DERXW RI ZRUOG *'3 6WHUQ > @ HVWL
6LPLODU HVWLPDWHY DOVR DUH SURYLGHG E\ WKH UHFHQW UHSRL

7KHVH FRVWV DUH FRQVLGHUHG WROHUDEOH E\ PRVW HFRQF
ZRXOG EH WKRVH DVVRFLDWHG ZLWK LQDFWLRQ

$FKLHYLQJ VWDELOL]DWLRQ ZLOO UHTXLUH XUJHQW XQSUHFHGEH
$OWKRXJIK HFRQRPLFDOO\ IHDVLEOH ZKHQ YLHZHG RYHU VHYHUD
SSPY &2 URXJKO\ SYRXQAG UHTXLUHHP WML B2 SHDN E\ DQG



EH UHGXFHG LPPHGLDWHO\ DW D UDWH RI SHU \HDU ZKLFK L
SUHVHQW UDWH RI LQFUHDVH $QGHUVRQ DQG %RZV 6 XFK
HPLVVLRQV ZLOO UHTXLUH VZLIW LPSOHPHQWDWLRQ RI DPE
FRPSOHPHQWHG E\ ORFDO UHJLRQDO DQG QDWLRQDO LQLWLDW
FKDOOHQJH HDUO\ RQ DQG WKHQ JR EH\RQG

'"HFLVLRQ PDNHUV QHHG VFLHQFH ED&MHG BRIOILF\ WDHOWHFBIFK R UP X
DQVZHUV VFLHQWLILF TXHVWLRQV %XW WKHVH DQVZHUV PD\ EH |
SROLF\PDNHUV ,Q RUGHU WR HQVXUH WKH UHOHYDQFH XVHIXOQ
DFLGLILFDWLRQ UHVHDUFK LW QHHGV WR EH IRUPXODWHG ZLWK
XVHUV JRU RFHDQ DFLGLILFDWLRQ UHVH\HIF K USRKRRWID W IVQ ROKKHS H
SROLF\ H[SHUWV ZLWK LQWHUHVWYV WKDW VSDQ WKH UHOHYDQW
VHFWRUV 7TKHVH XVHUV VKRXOG DGYLVH UHVHDUFK VFLHQWLVW
SURGXFWV ZRXOG EH PRVW XVHIXO WR PDQDJHUV DQG GHFLVLRQ
SROLF\ UHODWHG PHVVDJHV VKRXOG WDNH DQG ZKDW DUH WKH EI
VSHFLDO XVHUV VKRXOG DOVR VWULYH WR LQWHJUDWH WKH UHVX
DQG RUJDQL]DWLRQV $Q H[DPSOH RIS5WKHVHWFFH 8RIHRY RMERXS W
(XURSHDQ 3URMHFW RQ 2FHDQ $FLGLILFDWLRQ VHH KWWS ZZZ H¢

'LVFXVVLRQ *URXS 5HSRUWYV

JROORZLQJ WKH LQYLWHG DQG FRQWULEXWHG RUDO SUHVHQWDWL
VIPSRVLXP SDUWLFLSDQWY GLYLGHG WKHPVHOYHV LQWR WKUHH V
PHW IRU KRXUV DQG WKHQ UHWXUQHG WR WKH ILQDO SOHQDU\
GLVFXVVLRQYVY PDNH UHFRPPHQGDWLRQV DQG SURPRWH TXHVWLR(
WKUHH JURXSY DGGUHVVHG SHUWXUEDWLRQ VWXGLHY REVHUYDW
DQG FOLPDWH IHHGEDFNYV

'LVFXVVLRQ *URXS I1DWXUDO DQG DUWLILFLDO SHUWXUEDWLRQ H
DFLGLILFDWLRQ

&KDLU 80!l 5LHEHVHOO ,)0 *(20%$5 .LHO *HUPDQ\
5DSSRUWHXU 6WHYH :LGGLFRPEH 3O0\PRXWK ODULQH /DERUDWRU\

*URXS ZDV DVNHG WR FRQVLGHU WKH IROORZLQJ TXHVWLRQV

D :KDW H[SHULPHQWYV KDYH EHHQ PRVW XVHIXO WR XQGHUVWLCL
DFLGLILFDWLRQ"

E :KDW KDYH EHHQ WKH OLPLWDWLRQV LQ SUHYLRXV SHUWXUEI

F +RZ FDQ WKHVH OLPLWDWLRQV EH RYHUFRPH"

G :KDW QHZ SHUWXUEDWLRQ H[SHULPHQWYV ZRXOG KHOS XV EH
DQG LWV HIIHFWV RQ ILVKHULHY DQG HFRV\VWHPV"

$SSURDFKHV

7KH JURXS GLVFXVVHG WKH UDQJH RI QDWXUDO DQG DUWLILFLDO
XVHG WR DVVHVV RFHDQ DFLGLILFDWLRQ LPSDFWYV 7KH GLV
SDOHRFHDQRJUDSK\ VWXGLHVY VSDWLDO YDULDELOLW\ VWXGLHV
7TKHVH VWXGLHV LQFOXGH



x +LJKO\ RU IXOO\ FRQWUROOHG VLQJOH VSHFLHV ODERUDWI
UHVSRQVHV WR LPSURYH XQGHUVWDQGLQJ RI SK\WLRORJLF
ORQJHU WHUP PXOWL JHQHUDWLRQDO DGDSWDWLRQ UHVSRQ

Xx OLFURFRVPV DQG PHVRFRVPV WR HOXFLGDWH FRPPXQLW\ UHV
VFDOH VLQJOH VSHFLHV UHVSRQVHYV

X 1DWXUDO SHUWXUEDWLRBQWMDQGLUMINRM @G QDWXUDOO\ ORZ
XSZHOOLQJ UHJLRQV ZKLFK SURYLGH LQVLJKWY WR HFRV\VYV
DQG DGDSWDWLRQ PHFKDQLVPV LQ ORZ S+ HQYLURQPHQWYV

X ODQLSXODWLYH ILHOG H[SHULPHQWY DQG

X OLQLQJ WKH SDOHR UHFRUG WR GHYHORS DQG WHVW K\SRWKH

:KLOH PDQ\ RI WKHVH DSSURDFKHV IRU RFHDQ DFLGLILFDWLRQ
FXUUHQWO\ QR FRPPRQ JXLGHOLQHV IRU EHVW SUDFWLFHV VFLH
DSSO\LQJ WKHVH DSSURDFKHYVY KDYH LQFUHDVHG RXU XQGHUVWDQ
DQG FRPPXQLW\ UHVSRQVH

/ILPLWDWLRQV

2Q0H Rl WKH JUHDWHVW FXUUHQW OLPLWDWLRQV LV WKH ODFN RI F
RIWHQ LQVXIILFLHQW GHVFULSWLRQ RI WKH FDUERQDWH V\VWH
FRQGLWLRQV ([SHULPHQWV XVH GLIIHUHQW S+ VFDOHV DQG

XQGRFXPHQWHG 7KHUH LV LOQODGHTXDWH LQIRUPDWLRQ DERXW DC
ZKHQ H[SHULPHQWY DUH FDUULHG RXW ZLWK VWUHVVHG DQLPDOV
XVH Rl ZLOG DQG FXOWXUHG VSHFLPHQV DQG GLIIHUHQFHV LQ S
RUJDQLVP LV VORZO\ DFFOLPDWHG WR WKH VWUHVVRU UDWKHU W
SDOHR VWXGLHV D VLJQLILFDQW OLPLWDWLRQ LV WKH PLVPDWFK

2WKHU OLPLWDWLRQV LQFOXGH GLIILFXOWLHV ZLWK H[SHULPHQW
DJUHHPHQW RQ PHWKRGY SURWRFROV DQG GDWD UHSRUWLQJ VX

Xx 3UREOHPV ZLWK UHSURGXFLELOLW\ Rl REVHUYDWLRQV

x 2UJDQLVPV WKDW KDYH EHHQ NHSW LQ FXOWXUH IRU PDQ
H[SHULPHQWY EXW PD\ QR ORQJHU EH UHSUHVHQWDWLYH RI
LV ZHOO NQRZQ LQ KXPDQ FHOO FXOWXUHYV

x ([SHULPHQWY DUH OLPLWHG WR WKRVH VSHFLHV WKDW DUH HI
LJQRULQJ PDQ\ VHQVLWLYH VSHFLHV

X BWXGLHV KDYH H[DPLQHG D VLQJOH SURFHVV HJ UHVSLULC
ZLWKRXW FRQVLGHULQJ WKH LQWHJUDWLRQ RI FKDQJHV LQ
RUJDQLVP UHVSRQVH WR KLJK &2

x (FRORJLFDO SURFHVVHV DUH QRW VXIILFLHQWO\ VWXGLHG
YXOQHUDELOLW\ DW GLIIHUHQW OLIH VWDJHV RI WKH RU.
LQWHUDFWLRQV

X 'LIILFXOWLHV ZLWK PDLQWDLQLQJ QDWXUDO FRQGLWLRQV H .

X ,QYHVWLJDWRUV RIWHQ UHSRUW REVHUYDWLRQV UDWKHU W
UHVSRQVLEOH

X 'LIIHUHQFHV LQ SHUFHSWLRQ RI ZKDW PDNHV D JRRG RU SXI
SXEOLVKHG ZKHUHDV WKH FRPPXQLW\ DOVR QHHGV WR KHDU
WKDW SURGXFHG QR VLJQLILFDQW HIIHFWV VR WKDW ZH FDQ

X 'LVVHPLQDWLRQ RI UHVXOWY DQG FRQFOXVLRQV KDV EHHQ VO

X &RPPXQLFDWLRQ DPRQJ GLVFLSOLQHV KDV EHHQ OLPLWHG DW



2YHUFRPLQJ OLPLWDWLRQV

7R RYHUFRPH PDQ\ RI WKHVH OLPLWDWLRQV WKH JURXS KLJKOL
DVSHFWV LPSURYHG FROODERUDWLRQ LQFUHDVHG IXQGLQJ DQG

&ROODERUDWLRQ LV QHHGHG WR RSWLPL]H OLPLWHG UHVRXUFHV
JUHDWHU GDWD DQG LQIRUPDWLRQ VKDULQJ 6HYHUDO FXUUH
RYHUFRPH WKURXJK FORVHU FROODERUDWLRQ ZLWK HQJLQHHUYV
WLVVXH RU VKHOO VDPSOHV VKRXOG EH VKDUHG PRUH UHDGLO\
SUDFWLFHVY DUH QHHGHG LQFOXGLQJ WKH W\SH Rl PHWDGDWD V
JURXSV ZLWK H[SHUWLVH LQ PHVRFRVPV ODERUDWRU\ PDQLS)
WHFKQLTXHV VKRXOG EH LGHQWLILHG WR IDFLOLWDWH VKDULQJ
JURXSV RQ NH\ RUJDQLVPV VKRXOG EH RUJDQL]JHG WR UHYLHZ FX
SUDFWLFHV IRU H[SHULPHQWY &RPPXQLFDWLRQ LV D NH\ WRRO
OLPLWDWLRQV DQG DQ HIIRUW VKRXOG EH PDGH WR DQQRXQFH H
HQFRXUDJH FROODERUDWLRQ DQG HQVXUH WKDW RWKHU UHVHDUF
IURP H[SHULPHQWDO PDWHULDO RU GDWD $ FDOHQGDU RI XSFRPL
GHYHORSHG DQG PDLQWDLQHG DVVRFLDWHG :HE VLWHV VKRXOG E
LQIRUPDWLRQ RQ RFHDQ DFLGLILFDWLRQ DFWLYLWLHYV

(ITIRUWYVY WR LPSURYH SXEOLF DZDUHQHVYVY DUH FUXFLDO WR RYHUF
UHVHDUFK DV ZHOO DV IXQGLQJ 2Q0H VXJIJHVWLRQ LV WR LGHQ\
FRXOG VHUYH DV :DFLGLILFDWLRQ DPEDVVDGRUV™ LQ PXVHXPV DT
DQG YLGHRYV H[SODLQLQJ RFHDQ DFLGLILFDWLRQ DQG LWV SRWHQ\

1HZ DQG LPSURYHG H[SHULPHQWYV

*URXS GLVFXVVHG QHHGV IRU QHZ W\SHV RI H[SHULPHQWYV DQG
IRU LPSURYLQJ DQG HQKDQFLQJ FXUUHQW DSSURDFKHYVY 6XJJHVWL

Xx '"HYHORS DQ DSSURDFK WR OLQN SHODJLF DQG EHQWKLF PHVR

X ,PSURYH WKH OLQNV EHWZHHQ SK\VLRORJLVWV HFRORJLVWYV
ORRN DW LQWHJUDWHG IRRG ZHEV

X (QKDQFH EHQWKLF DQG SHODJLF PHVRFR\PWVLBRBHQWH W \SH
VIVWHPV WR VFDOH XS DQG YDOLGDWH ODERUDWRU\ H[SHULPF

x &DUU\ RXW ORQJ WHUP SHUWXUEDWLRQ VWXGLHV WR ORRN DV

X $SSO\ D ZKROH RUJDQLVP DSSURDFK ZLWK PXOWLSOH HQG
EHKDYLRUDO

X ,PSURYH PHWKRGYV WR XQGHUVWDQG XQGHUO\LQJ PHFKDQLV
VSHFLHYV

X 6WXG\ VLPSOH DVVHPEOHG 2HFRV\VWHPV~ ZLWK PXOWLSOH W
LQWHUDFWLRQV DQG IOX[HV DPRQJ RUJDQLVPV DQG DFURVV W

Xx '"HYHORS DQ DSSURDFK WR VWXG\ FRPPXQLW\ OHYHO UHVS
FRPPXQLWLHYV WKDW FRXOG EH PDQLSXODWHG

X $VVHVV ZKDW PDNHV VRPH VSHFLHV PRUH W®VDHLFROIPMH QVRVO BZ
LGHQWLI\ LQGLFDWRUV RI YXOQHUDELOLW\ DQG WROHUDQFH

Xx '"HYHORS DQG HQKDQFH WKH XVH RI RSHQ RFHDQ PHVRFRVPV

7KH JURXS DOVR GLVFXVVHG WKH SRWHQWIQD O KMRXH FIDIURKR Q@ WR X
H[SHULPHQWYVY EXW UHSHDWHGO\ TXHVWLRQHG WKH VFLHQWLILF
UHODWLYH WR WKH ODUJH DPRXQW RI IXQGLQJ WKDW ZRXOG EH Ul



GLVFXVVHG WKH WUDGH RIl EHWZHHQ WKH GHVLUH IRU SHUIHFW F
LQIRUPLQJ VRFLHW\ DQG SROLF\PDNHRIMWILQDRVULARHU HWWIR UQYM XHQFH

'LVFXVVLRQ *URXS 2EVHUYDWLRQDO QHWZRUNV IRU WUDFNLQJ D

&KDLU 7RE\ 7\ UUHOO 1DWLRQDO 2FHDQRJUDSK\ &HQWUH 6RXWKD
5DSSRUWHXU &KULV 6DELQH 12%$%$ 30(/ 86%

*URXS ZDV DVNHG WR FRQVLGHU WKH IROORZLQJ TXHVWLRQV

+RZ FDQ ZH PRQLWRU FKDQJLQJ FKHPLVWU\ HQYLURQPHQWYV
+RZ FDQ ZH GHWHFW LPSDFWV RQ FDOFLILHUV WHFKQLTXHV
+RZ FDQ ZH GHWHFW LPSDFWV RQ RWKHU RUJDQLVPV HFRV\V
+RZ GR ZH RSWLPL]H PRQLWRULQJ HIIRUWV WR HQKDQFH
DFLGLILFDWLRQ"

OTmQo

7TUDFNLQJ DFLGLILFDWLRQ DQG LWV LPSDFWV UHTXLWKY VOWXIH V
PHDVXUHPHQWY 3DUWLFLSDQWYV VWUHVVHG WKH QHHG IRU HDUO!
FRRUGLQDWHG JOREDO QHWZRUN RI RFHDQ REVHUYDWLRQV WKD
DQG SURJUDPV DV IDU DV SRVVLEOH ZKLOH QRWLQJ WKH QHHG |
SURFHVV VWXGLHYVY DLPHG H[SOLFLWO\ DW RFHDQ DFLGLILFDWLRQ

.H\ UHFRPPHQGDWLRQV IRU IXWXUH UHVHDUFK DUH WR

X '"HYHORS QHZ LQVWUXPHQWDWLRQ IRU DXWRQRRR>\D BB PN WHH
SDUWLFXODWH LQRUJDQLF 3,& DQG SDUWLFXODWH RUJDQLF
LPSDFWV RQ RUJDQLVPV DQG HFRV\VWHPV

Xx ODLQWDLQ HQKDQFH DQG H[WHQG H[LVWLQJ ORQJ WHUP WLP
DFLGLILFDWLRQ

x (VWDEOLVK QHZ PRQLWRULQJ VLWHVY DQG UHSHDW VXUYH\V
YXOQHUDEOH WR RFHDQ DFLGLILFDWLRQ

X '"HYHORS UHOD[HG FDUERQ PHDVXUHPHQW PHWKRGV DQG DSSL
FKHDSHU DQG HDVLHU LI SRVVLEOH IRU KLJK YDULDELOLW\
PHDVXUHPHQW SUHFLVLRQ

Xx (VWDEOLVK D KLJK TXDOLW\ RFHDQ FDUERQ PHDVXUHPHQW VH
WKHLU RZQ PHDVXUHPHQW FDSDELOLWLHYV

x (VWDEOLVK LQWHUQDWLRQDO FROODERUDWLRQV WR FUHDW
SURJUDP IRU QHZ RFHDQ DFLGLILFDWLRQ GDWD DV ZHOO DV G
KLVWRULFDO GDWD VHWYV

X :RUN RQ GHYHORSLQJ DQ RFHDQ DFLGLILFDWLRQ LQGH[ SHUK
FDUERQDWH PDWHULDO DQG

X ,QLWLDWH VSHFLILF DFWLYLWLHV IRU HGXFDWLRQ WUDLQLQJ

2Q0H RI WKH NH\ TXHVWLRQV UHJDUGLQJ UHVSRQVHVY WR RFHDQ DF
EHWZHHQ 3*WLSSLQJ SRLQWV'  DQG DGDSWDWLRQ $UH WKHUH
DFLGLILFDWLRQ PHQHU®D&ZROXELOLW\ WKDW LI FURVVHG ZLOO
HITHFWV RQ VSHFLHV RU HFRV\WWHPV L H WLSSLQJ SRLQWV "
VXIILFLHQWO\ HODVWLF WKDW DGDSWDWLRQV WR FKDQJLQJ VHDZ
SRWHQWLDO QHJDWLYH LPSDFWV RI RFHDQ DFLGLILFDWLRQ" 2FHD (
EDVLF ZDWHU FROXPQ FDUERQDWH FKHPLVWU\ KDYH \HW WR EH



PHDVXUDEOH SDUDPHWHUV WKDW UHOLDEO\ GHWHFW ELRWLF H
LQGLFDWRU VSHFLHV DEXQGDQFH FDOFLILFDWLRQ SHU FHOO E
VWUHVV RU HFRV\WWHP VSHFLHV FRPSRVLWLRQ GR QRW \HW H|
LQFRUSRUDWHG LQWR D JOREDO PRQLWRULQJ QHWZRUN

THFKQLFDO 1HHGYV

RUNVKRS SDUWLFLSDQWY DJUHHG WKDW LW LV HVVHQWLDO W
PHDVXUHPHQW SURWRFROV DQG GDWD UHSRUWLQJ JXLGHOLQHYV
LOWHUQDWLRQDOO\ DJUHHG XSRQ JXLGH WR EHVW SUDFWLFHV I
SXEOLVKHG 'LFNVRQ HW DO EXW RWKHU RFHDQ DFLGLILFD\)
VWDQGDUGL]HG 7KH JURXS DOVR WKRXJKW WKDW D VHW Rl UHC
PDNLQJ FDUERQ PHDVXUHPHQWY HDVLHU DQG FKHDSHU IRU FDVH
UHFRPPHQGHG KLJK SUHFLVLRQ DQG DFFXUDF\ +RZHYHU LW ZDV
FKHDS pRII WKH VKHOIT S+ VHQVRUV VKRXOG EH GLVFRXUDJHG |
SXUSRVHV EHFDXVH KLJK TXDOLW\ UHVXOWY DUH XQOLNHO\ WR E
IRU VKLSERDUG PHDVXUHPHQWY RI WKH LQRUJDQLF FDUERQDWH V
EH PHDVXUHG DUH WRWDO GLVVROYHG LQRUJDQLF FDUERQ DQ
UHIHUHQFH PDWHULDOV &50V ERXWWHOQWOE H HLZV WF VFAKHEBRMIEKR © R
&50V H[LVW IRU WKH RWKHU SDUDPHWHUYV

&XUUHQWODQS&2+ VHQVRUV DUH DYDLODEOH IRU VWDWLRQDU\ SOI
PHDVXUHPHQWY :RUNVKRS SDUWLFLSDQWY HPSKDVL]HG WKH Y
DXWRQRPRXV V\WVWHPV IRU PHDVXUHPHQW RI DGGLWIMRQWEPSDUDF
SDUWLFXODUO\ WRWDO GLVVROYHG LQRUJDQLF FQG ERQVIQUR QUFON
FR YDU\ WKH\ DUH QRW WKH LGHDO SDLU RI SDUDPHWHUV WR Pt
YRLFHG D VWURQJ QHHG WR GHYHORS QHZ PHWKRGV WR TXDQW
VHDZDWHU XVLQJ VPDOO YROXPH VDPSOHV WR PO

JLHOG 2EVHUYDWLRQV

([LVWLQJ LQIUDVWUXFWXUH DQG PRQLWRULQJ SURJUDPV VKRXO
3URJUDPV WKDW DOUHDG\ PRQLWRU RUJDQLVPV RU HFRV\VWHPYV
RFHDQ DFLGLILFDWLRQ E\ DGGLQJ FDUERQDWH FKHPLVWU\ PHDYV
PHDVXUHPHQWY DQG SURFHVV VWXGLHV FRXOG EH FRQGXFWHG I
VLWHV VXFK DV WKRVH LQ WKH &DOLIRUQLD &XUUHQW RU QHDU 3
3HQLQVXOD $OWKRXJK VKLS ERDUG VXUYH\V ZLOO OLNHO\ EH
FRRUGLQDWHG PXOWL GLVFLSOLQDU\ RFHDQ DFLGLILFDWLRQ VW
EXR\V DQG JOLGHUV VKRXOG EH XVHG H[WHQVLYHO\ WR HQKDQFI
FDUERQ VHQVRUV VKRXOG EH PRXQWHG RQ WKH 2FHDQ6,7(6 QF
PRQLWRULQJ VLWHV SURFHVV VWXG\ VLWHVY DQG VXUYH\V ZLOO
WKDW DUH FULWLFDO IRU XQGHUVWDQGLQJ RFHDQ DFLGLILFDWLR
GHYHORSPHQW RI UHJLRQDO QHWZRUNV 6DWHOOLWH DOJRULWK
DVVHVVLQJ RFHDQ DFLGLILFDWLRQ LQ RFHDQ @ XHMIRHX @ B WHIQW L Q
HJ /,$5 WR GHWHFW VWUXFWXUDO FKDQJHV LQ FRUDO UHHIV

$WWHPSWV VKRXOG EH PDGH WR LQLWLDWH PHDVXULQJ SURJUDPYV
DFLGLILFDWLRQ RQ FDOFLI\LQJ DQG RWKHU PDULQH RUJDQLVPY\
GHFUHDVHV LQ VL]H QRUPDOLVHG IRUDPLQLIHUD DQG SWHURS
DYHUDJH 3,& SHU FRFFROLWK SURSRUWLRQV RI PDOIRUPHG F
FDOFLILFDWLRQ UDWHV UDWH RI XSWDNH RI UDGERQGHDEHM®NG RF
FDOFLI\LQJ RUJDQLVPV DQG DYHUDJH 3,& FRQFHQWUDWLRQ



SDUDPHWHUV VXFK DV WKHVH VKRXOG EH PHDVXUHG DW WLPH VH
DOORZ GHWHFWLRQ RI FKDQJHV RYHU WLPH $IWHU VHYHUDO
FDOFLILFDWLRQ ZRXOG DOVR OHDG WR D PHDVXUDEOH LQFUHDVH
UHSHDW VXUYH\V WKDW LQFOXGH DONDOLQLW\ DV D PHDVXUHG YD
LOQWR DUHDV KDYLQJ KLJK FDOFLILFDWLRQ UDWHV VXFK DV WKH C
RI SUHVHQW GD\ RUJDQLVPV FROOHFWHG RQ FUXLVHV PD\ SURYH X

'DWD ODQDJHPHQW

'DWD PDQDIJHPHQW DQG GLVVHPLQDWLRQ PXVW EH D SDUW RI WKFE
SODQQHG IURP WKH EHJLQQLQJ 'DWD PXVW EH UHSRUWHG DQG
DFFHVVLEOH QRZ DQG LQ IXWXUH GHFDGHV /LNHZLVH GDWD PLQL
SURYLGH XVHIXO LQVLIKWY LQWR WKH HYROXWLRQ RI RFHDQ DFLC
DSSURDFKHG FDUHIXOO\ DV WKHUH DUH PDQ\ KLVWRULFDO GDW
DGGUHVV WKHVH LVVXHV $ TXDOLW\ DVVHVVPHQW HIIRUW VKRXOC
GDWD PLQLQJ HITRUW LQ RUGHU WR FRQILUP WKDW GDWD DUH XVH

(GXFDWLRQ DQG 2XWUHDFK

"RUNVKRS SDUWLFLSDQWY UHFRJQL]JHG WKH QHFHVVLW\ IRU LQ
VWXGHQWY SRVW GRFWRUDO LQYHVWLJIJDWRUV DQG SULQFLSDC
QHWZRUNV ERWK UHJLRQDOO\ DQG JOREDOO\ 6XJIJHVWLRQV LQF
VFKRROV IRU H[SHULPHQWDOLVWY DQG PRGHOHUV LQYROYLQJ
,QLWLDWLYHV IRU SXEOLF RXWUHDFK DQG HGXFDWLRQ ZHUH DOVF
PDQDJHUV ILVKHULHY PDQDJHUVY DQG RWKHU VWDNHKROGHUV V
FRPPXQLWLHVY WR GHYHORS LGHDV IRU PRQLWRULQJ VWUDWHILHYV
H[LVWLQJ SURJUDPV WR DGYDQFH SXEOLF HGXFDWLRQ DW WKH QI
DFFHVVLEOH SUHVHQWDWLRQVY DQG IDFW VKHHWY RQ RFHDQ DFL(
VKRXOG EH FUHDWHG IRU WKH SXEOLF DQG VFKRROV $GGLWLRQI
YLD :HE VLWHYV

'LVFXVVLRQ *URXS 6FDOLQJ RUJDQLVPV WR HFRV\VWHP DFLGLILF
RQ FOLPDWH

&KDLU +DQV 2WWR 3|UWQHU $OIUHG :HJHQHU ,QVWLWXWH *HUPD
5DSSRUWHXU .HQ &DOGHLUD &DUQHJILH ,QVWLWXWH 86%

*URXS ZDV DVNHG WR FRQVLGHU WKH IROORZLQJ TXHVWLRQV

D +RZ FDQ HIIHFWV RFFXUULQJ RQ VLQJOH RUJDQLVPV DQG VP
VFDOHG XS WR HFRV\VWHP HIITHFWV RYHU WLPH"

E &DQ JHQHWLF FKDQJHV EH GHWHFWHG RYHU H[SHULPHQWDO
KRZ FDQ JHQHWLF FKDQJHV RFFXUULQJ RYHU WKHVH SHULR
HYDOXDWH SRWHQWLDO HIIHFWV RYHU ORQJHU SHULRGV RI W

F +RZ FDQ NQRZQ FKDQJHV LQ SRSXODWLRQV RI RUJDQLVPV WK
RFHDQ DFLGLILFDWLRQ GXH FXUUHQWO\ WR IRUFLQJ IURP RW
WR SUHGLFW WKH SRWHQWLDO IXWXUH HIIHFWV Rl RFHDQ DFL

*URXS VXE GLYLGHG WKH TXHVWLRQV LQWR PDLQ WRSLFV D
TXHVWLRQV DQG NH\ DSSURDFKHYVY DV ZHOO DV WKH PHWKRGV DQG



6FDOLQJ XS I[URP RUJDQLVPV WR HFRV\VWHPYV

$ VHW RI PDMRU UHVHDUFK TXHVWLRQV ZDV LGHQWLILHG WR XQGH
RUJDQLVPV WR HFRV\VWHPV

"KLFK HFRV\WVWHPV DUH DW WKH JUHDWHVW ULVN IURP RF
WKHVH DUH PRVW LPSRUWDQW"

$UH WKHUH FOHDU HFRORJLFDO WLSSLQJ SRLQWV WKDW

FDUERQDWH LRQ FRQFHQWUDWLRQ"

"KDW LV WKH LPSDFW RI RFHDQ DFLGLILFDWLRQ RQ PDULQH
KDW DUH LPSDFWV RI RFHDQ DFLGLILFDWLRQ RQ ILVKHUL
KXPDQ XVHV RU EHQHILWYV >HFRV\VWHP VHUYLFHV@"

'KDW SK\VLRORJLFDO SURFHVVHV DUH PRVW LPSRUWDQW W
KDW DUH WKH LPSDFWV RI RFHDQ DFLGLILFDWLRQ RQ SR
SRSXODWLRQ SURSHUWLHV "

+RZ DUH LPSDFWV RI RFHDQ DFLGLILFDWLRQ RQ GLIITHUHQW
DW WKH HFRV\WWHP OHYHO"

+RZ DUH RUJDQLVP UHVSRQVHYV DQG VSHFLHV LQWHUDFWLR
KDW DUH WKH HFRV\WVWHP HFRV\VWHP OLQNDJHV H J KR
UHPLQHUDOL]DWLRQ DIIHFW HFRV\WVWHPV EHORZ WKH JRQH ¥
:KDW LV WKH SRWHQWLDO IRU PLJUDWLRQ DQG DYRLGDQF
FDUERQDWH LRQ FKDQJHV"

SHVHDUFK $SSURDFKHYV

6FDOLQJ XS IURP EODFN ER[ HISHULPHQWDO UHVXOWY RQ LQGLYLC
OHYHO UHTXLUHV PHFKDQLVWLF XQGHUVWDQGLQJ RI WKH SK\VLRC
WKHVH LQWHUDFW WR DIIHFW HQHUJ\ IORZV DQG HFRV\VWHP VWU
DQEQDO\WLVY DSSURDFKHV FRXOG EH XVHG WR XQGHUVWDQG VFLC
H[SHULPHQWYV PHVRFRVP VWXGLHYV REVHUYDWLRQV RI RFHDQ
SHUWXUEDWLRQ H[SHULPHQWVYV ,W PD\ EH SRVVLEOH WR H[DPLC
HQYLURQPHQWDO GLVWXUEDQFH H J RYHUILVKLQJ FDQ OHDG WR
IRRG ZHE HIIHFWYV

JLUVW LW ZLOO EH KHOSIXO WR SURGXFH D PDWUL[ RI NH\ SK\VLR
DFLG EDVH FRQWURO DQG RWKHU SURFHVVHV DIIHFWHG E\ FK
FRQFHQWUDWLRQV LGHQWLI\ VHQVLWLYH RUJDQLVPV DQG HYDOX
HFRV\WVWHPV 6RPH ORQJ WHUP VWXGLHV VKRZ LPSDFWV Rl YDULR?

8vLQJ WKHVH VHQVLWLYH RUJDQLVPV ODERUDWRU\ H[SHULPHQW
LQGLFDWRUV VXFK DV PRUWDOLW\ VWUHVV DQG FKDQJHV LQ S
PHFKDQLVWLF EDVLV IRU VHQVLWLYLW\ ([SHULPHQWDO FRQGLW
H[SRVXUHV VKRUW WR ORQJ WHUP H[SRVXUHV DQG YDULRXV V\
RUJDQLVPV OXOWLSOH QDWXUDO SRSXODWLRQV LQ DGGLWLRQ WI
XVHG LQ VXFK H[SHULPHQWYV

7KH JHQHWLFV RI WKH HIIHFWV Rl FKDQJHV LQ S+ DQG FDUERQD\
XQNQRZQ ,W ZLOO EH QHFHVVDU\ WR HYDOXDWH WKH SODVWLFL
FDUERQDWH LRQ FRQFHQWUDWLRQV JHQHWLF GLYHUVLW\ DQG W
SRSXODWLRQ OHYHO 3K\VLRORJLFDO SURFHVVHV ZLOO QHHG WR
HWF HQYLURQPHQWDO JHQRPLFV



8OWLPDWHO\ LW ZLOO EH LPSRUWDQW WR PRGHO LQGLYLGXDO
DGDSWDWLRQ LQ WHUPV RI QXWULHQW F\FOLQJ HQHUJ\ WUDQVIHU

2FHDQ DFLGLILFDWLRQ YHUVXV RWKHU RQJRLQJ FKDQJHV LQ WKH |

%HFDXVH RFHDQ DFLGLILFDWLRQ RFFXUV VLPXOWDQHRXVO\ ZLWHK
*URXS LGHQWLILHG PDMRU UHVHDUFK TXHVWLRQVY DQG DVVRFLDW

+RZ GR ZH LVRODWH RFHDQ DFLGLILFDWLRQ LPSDFWV IURF
REVHUYDWLRQDO FRQWH[W"
+RZ GR FKDQJHV LQ WHPSHUDWXUH VDOLQLW\ OLJKW Q
EHKDYLRU RYHUILVKLQJ SROOXWLRQ HWF LQWHUDFW ZLW
D &KDQJHV LQ ZHDWKHU DQG LWV YDULDELOLW\
E &KDQJHV LQ RFHDQ FLUFXODWLRQ ODUJH VFDOH F\FOl
F &KDQJHV LQ VHDVRQDO SDWWHUQV (O 1LxR HWF
'RHV RFHDQ DFLGLILFDWLRQ PDNH VHQVLWLYH RUJDQLVPV F
+RZ GRHV RFHDQ DFLGLILFDWLRQ DIIHFW WKH VXFFHVV RI L
:KDW DUH WKH UHOHYDQW UHJLPHV RI FKDQJHV LQ WHPSH
XVHG E\ H[SHULPHQWDOLVWY LQWHUHVWHG LQ SUHDOLVWLF

SHVHDUFK $SSURDFKHYV

'"HYHORSLQJ JRRG REVHUYLQJ V\VWHPV LQ NH\ DUHDV ZLOO EH IX
RFHDQ DFLGLILFDWLRQ DQG RWKHU JOREDO FKDQJHV LQWHUDF
PHDVXUHPHQWY RI RFHDQ FDUERQ V\VWHP SDUDPHWHUV DV ZHO:
QXWULHQWYV HWF ,Q DGGLWLRQ WR JRRG REVHUYDWLRQV L
XQGHUVWDQGLQJ RI WKH EDFNJURXQG VWDWH RI VHQVLWLYH RUJC
KHDOWK UHSURGXFWLRQ DV ZHOO DV WKHLU EXUGHQ RI SDUD!'
H[SHULPHQWYVY ERWK LQ WKH ODERUDWRU\ DQG LQ PHVRFRVP\
H[SHULPHQWYV VKRXOG UHO\ RQ VWDQGDUGL]J]HG SURWRFROV ZKLO
VKDULQJ DQG DUFKLYLQJ 'LWK UHVXOWYVY IURP WKHVH DFWLYL)\
H[SHULPHQWV WR SURYLGH EHWWHU XQGHUVWDQGLQJ RI KRZ WK
GHYHORSLQJ SUHGLFWLYH FDSDELOLWLHYV ORGHOOLQJ HIIRUWYV F
WKH UHVHDUFK DFWLYLWLHVY UHODWHG WR WKH VFDOLQJ XS LVVXF

6FDOLQJ LQ WLPH DGDSWDWLRQ DQG HYROXWLRQ

ODMRU UHVHDUFK TXHVWLRQV UHODWHG WR XQGHUVWDQGLQJ KR
HYROYH RYHU WLPH LQFOXGH WKH IROORZLQJ

7R ZKDW H[WHQW ZLOO RUJDQLVPV EH DEOH WR DGDSW
DFLGLILFDWLRQ"
D +RZ IDVW FDQ WKLV DGDSWDWLRQ RU HYROXWLRQ RF]|
ZLWK DQWLFLSDWHG UDWHV RI FKDQJH"
7R ZKDW H[WHQW GRHV JHQH IORZ DQG GLVSHUVDO >OLIH |
DGDSWDELOLW\ WR RFHDQ DFLGLILFDWLRQ"
,V WKHUH HYLGHQFH Rl RQJRLQJ DGDSWDWLRQ RU HYROXW.L
D :KDW DUH WKH NH\ JHQH UHJXODWRU\ QHWZRUNV IRU
DFLGLILFDWLRQ"

E $UH WKHVH JHQH DEXQGDQFHV FKDQJLQJ LQ WKH ILHO
+RZ FDQ FKDQJHV IURP RFHDQ DFLGLILFDWLRQ EH GLVWLQ.
JOREDO FKDQJHV"

'KDW DUH WKH UHODWLYH UROHV Rl SODVWLFLW\ DFFOLPD)



D :KDW DUH GLIIHUHQFHV DPRQJ FORVHO\ UHODWHG SI
HQYLURQPHQWDO FRQGLWLRQV"

E :KDW DUH WKH UHODWLRQVKLSY DPRQJ JHQHUDWLRQ W

+RZ ZLOO WKH HYROXWLRQDU\ DGDSWDWLRQ RI VSHFLHV DI

:KDW DUH WLPH VFDOHV IRU HFRV\VWHP FKDQJH DQG UHFRY

SHVHDUFK $SSURDFKHYV

7KH ILUVW DSSURDFK ZRXOG EH WR FRPSDUH LQGLYLGXDOV DQG ¢
LQ GLIIHUHQW DUHDV ZLWK GLIIHUHQW QDWXUDO S+ YDOXHV IR
VXFK DV ¥RQWV XQGHUVWDQGLQJ WKDW WKLV DSSURDFK KDV VI
LGHQWLILHG NH\ JHQHV VKRXOG EH PRQLWRUHG LQ QDWXUDO SR:
FKDQJLQJ $Q H[DPLQDWLRQ DQG DQDO\VLV Rl WKH SDOHR UHFRL
ODERUDWRU\ DQG PHVRFRVP H[SHULPHQWYV ZLOO EH QHHGHG WR
RYHU WKH ORQJ WHUP XQGHU HQYLURQPHQWDOO\ UHOHYDQW I
FRQGLWLRQV YDULDELOLW\ HWF LQFOXGLQJFR[GHUQLWH QWY R K
PRUH FORVHO\ PLPLF SURJUHVVLYH FKDQJH &RPPLWPHQW WR ORC
GLIILFXOW ZLWK \HDU IXQGLQJ F\FOHV )LQDOO\ VHOHFWLYH E
LQIRUPDWLRQ DERXW WKH DGDSWDELOLW\ RI RUJDQLVPV WR
FRQFHQWUDWLRQV

JHHGEDFNV RQ FOLPDWH DQG WKH FDUERQ F\FOH

ODMRU UHVHDUFK TXHVWLRQV WKDW VKRXOG EH DGGUHVVHG WR X
IHHG EDFN RQ FOLPDWH DQG WKH FDUERQ F\FOH LQFOXGH WKH IRC

+RZ ZLOO RFHDQ DFLGLILFDWLRQ DIIHFW SURGXFWLRQ RI
FOLPDWLFDOO\ LPSRUWDQW JDVHV DQG WKHUHIRUH FOLPD)
D +RZ ZLOO WKH HIIHFWV RI RFHDQ DFLGLILFDWLRQ RC
FOLPDWH FKDQJH"
E $UH WKHUH RWKHU LPSRUWDQW UDGLDWLYH HIIHFWYV |
DOEHGR "
+RZ ZLOO WKH LPSDFW RI RFHDQ DFLGLILFDWLRQ RQ WKH
LPSRUWDQW IOX[HVY '06 RWKHU WUDFH JDVHV FDUERQ H[SH
D +RZ ZLOO WKH HIIHFWV RI RFHDQ DFLGLILFDWLRQ RQ
FOLPDWH FKDQJH"
:KDW DUH WKH ORQJ WHUP FOLPDWH FRQVHTXHQFHV RI HI
ELRIJIHRFKHPLFDO F\FOHV™
D +RZ ZLOO LQFERDWHR W2DIIHFW VHGLPHQW GLVVROXWI
E :LOO WKH HIIHRW IROLEPWLRQ VLIQLILFDQWO\ LPSDFW E
+RZ ZLOO RFHDQ DFLGLILFDWLRQ DIITHFW SURGXFWLRQ RI W
JDVHV WKDW DIIHFW WKH R]JRQH OHYHOV"
:KDW DUH WLPH VFDOHV IRU JHRFKHPLFDO UHFRYHU\"

SHVHDUFK $SSURDFKHYV

7TKH DSSURDFKHV WR VWXG\ KRZ RFHDQ DFLGLILFDWLRQ IHHGV EL
LQFOXGH PRGHOLQJ ODUJH VFDOH RSHQ RFHD@RS HU WIXQH DN O L
IRU ZKLFK ERWK OHJDO DQG ORJLVWLFDO FRQFHUQV UHPDLQ DQC
XSZHOOLQJ VA\VWHPV

2ZWKHU TXHVWLRQV WR FRQVLGHU LQFOXGH WKH IROORZLQJ



"'RXOG LQWHQWLRQDO RU XQLQWHQWLRQDO SHUWXUEDWLRQ)\
RFHDQ DFLGLILFDWLRQ"
"KDW LV WKH UHODWLRQVKLS EHWZHHQ SURSRVHG FDUERQ VF
DFLGLILFDWLRQ"

D 2FHDQ IHUWLOL]DWLRQ

E 'LUHFW LQMHFWLRQ

F $FFHOHUDWHG FDUERQDWH ZHDWKHULQJ
7R ZKDW H[WHQW DQG DW ZKDW VFDOH DUH GLUHFW PLWLJDW

2FHDQ LQ D +I1IRKO& 6\PSRVLD

7KH ILUVW V\PSRMLXPHRQ LQ D :RUIIJBGX2 SURYHG WR EH D ODQGPDU
HYHQ WKRXJK LW EURXJKW WRJHWKHU RQO\ DERXW KDOI WKH QXP
VIPSRVLXP LQ ORQDFR ,Q WKH WHUP *RFHDQ DFLGLILFDWLRQ"
VPDOO JURXS RI VSHFLDOLVWY KDG EHHQ VWXG\LQJ KRDQGFUHDV
FRUUHVSRQGLQJ UHGXFWLRQV LQ S+ DQG FDUERQDWH LRQ FRQ
RUJDQLVPV PRVWO\ FRUDOV $W WKDW WLPH RFHDQ VFLHQWLVYV
HIITHFWV Rl WKH RFHDQYV JUHDW FWRBHBHE\ ARGWDNWLRS WXH L
DWPRVSKHUURR2RVVLO IXHO EXUQLQJ %XW DV WKH PHHWLQJ SU
DZDUHQHVV RI SUREOHPV DVVRFLDWHG ZLWK FRUUHVSRQGLQJ |
SRWHQWLDO LPSDFWV RQ PDULQH RUJDQLVPYV

7KH ILUVW V\PSRVLXP PDUNHG D WXUQLQJ SRLQW IRU PDQ\ VFLHQ
WKH LPSDFWV RI RFHDRHXFHWDW H PREIRANVDQW DV DVVHOUXLQJXYKNHKH D
PHGLD DOVR SLFNHG XS RQ WKHVH JURZLQJ FRQFHUQY DQG LQWH
WKH V\PSRVLXP ZHUH SXEOLVKHG LQ KLJK SURILOH VFLHQFH MRXU

2UU HW DO DQG DV VFLHQWLILF UHYLHZV ZHUH UHOHDVH
HW DO E\ 263%5 &RPPLVVLRQ +DXJDQ HW DO E\ 16)
*HRORJLFDO 6XUYH\ .OH\SDV HW DO DQG E\ WKH *HUPDQ $G

YRXU \HDUV ODWHU XQGHU KHLJKWHQHG FRQFHUQ WKH VFLHQWLI
VIPSRVLXPKRIQ2FHDQ LQ D :RUB®&KRH LQWHUHVW LQ RFHDQ DFLGLILF
DV GHPRQVWUDWHG E\ WKH VFLHQWLVWV IURP FRXQWULHV
GXULQJ 2FWREHU 'XULQJ MXVW WKH \HDUV WKDW HODS

WKHUH KDYH EHHQ VFLHQWLILF SDSHUV RQ WKH WRSLF
GXULQJ WKH SUHFHGLQJ \HDUV WKHUH ZHUH SDSHU\
DFLGLILFDWLRQ LV QRZ ZLGHO\ FLWHG LQ WKH SUHVV LQ FRQMX
UHIHUUHG WR DV *WWRERWRHU &®2IJKOLJKWV RI VRPH RI WKH UHFI
SUHVHQWHG DW WKH VHFRQG V\PSRVLXP LQFOXGH

x 1HZ VWXGLHV IRFXVLQJ RQ WKH SRODU RFHDQV DQG ZKHQ W
EHFRPH XQGHUVDWXUDWHG ZLWK UHVSHFW WR DUDJRQLWH
VWDELOL]LQJ DW PRW RIRHPR B .2V K D Q SSPY WR OLPLW WKHVF

x 1HZ VWXGLHV LQGLFDWLQJ WKDW VKHOO ZHLJKWV RI 6RXWKH!
DUH GHFUHDVLQJ ZKLFK PD\ EH GXH WR RFHDQ DFLGLILFDWLR

x 1HZ SHUWXUEDWLRQ H[SHULPHQWYVY VKRZLQJ WKDW WKH UDWH
GHFOLQHV DW ORZHU S+

X $ QHZ VWXG\ GHPRQVWUDWLQJ WKDW FROG ZDWHU FRUDO FDC
FRQGLWLRQV



X $ QHZ VWXG\ Rl WKH LPSDFW RID.QG& WHDP/SHIU BRWKDG &2 ODUYL
R\WWWHUV UHYHDOLQJ QHJDWLYH HIIHFWV IURP RFHDQ DFLGLI
DUH PXFK OHVV VHYHUH LQ R\WWHUV WKDW KDYH EHHQ EUHG
GLVHDVH

x 1HZ SHUWXUEDWLRQ H[SHULPHQWY UHYHDOLQJ GHOHWHULR X
LQYHUWHEUDWH UHSURGXFWLRQ DQG ODUYDO VWDJHV

X 1HZ VWXGLHV VKRZLQJ KRZ HFRV\VWHPV UMHDFEGL WLR @\D QXD
VHDIORRU YHQWY ZKHUH HFRV\WWHP FKDQJHV JHQHUDOO\ IF
SUHYLRXV XQGHUVWDQGLQJ JDLQHG IURP ODERUDWRU\ SHUW X

X 1HZ VWXGLHVY UHYHDOLQJ WKDW RFHDQ DFLGLILFDWLRQ LV DI
LQ WKH RFHDQ

6FLHQWLVWY DW WKH VIPSRVLXP LGHQWLILHG QHZ UHVHDUEFK
LQYHVWLIDWLRQ DQG FXUUHQW OLPLWDWLRQV IRU REVHUYDWLR
3DUWLFLSDQWYV VWUHVVHG WKH LPSRUWDQFH RI LPSURYLQJ LC
DIJUHHPHQWY RQ SURWRFROV PHWKRGV DQG GDWD UHSRUWLQJ D
JUHDWHU VKDULQJ RI PDWHULDOV IDFLOLWLHVY H[SHUWLVH DQG

6\PSRVLXP SDUWLFLSDQWY UHFRJQL]HG WKH LPSRUWDQFH RI GHY'
RFHDQ DFLGLILFDWLRQ UHVHDUFK UHVXOWY LQ RUGHU WR JXLGH
WR EHWWHU GLVVHPLQDWH WKLV LQIRUPDWLRQ WR DSSURSULDWH
UHVHDUFK FRPPXQLW\ PXVW SULRULWL]H ILQGLQJ ZD\V WR VFD
UHVSRQVHV RI LQGLYLGXDO RUJDQLVPV WR SURYLGH PHDQLQJIXO
ZLOO DIIHFW IRRG ZHEV ILVKHULHV DQG WRXULVP S5HVHDUFKHI
XQGHUVWDQG LQIRUPDWLRQ WKDW ZRXOG EH SDUWLFXODUO\ XVHI
RI FKDQJH DQG WKUHVKROGYV EH\RQG ZKLFK WKH HFRV\VWHP ZLOO

,QFUHDVLQJ DWPRNWNREHMNQW ERWLRQYVY GULYH ERWK RFHDQ DFLGLIL
EXW WKH\ DUH VHSDUDWH LVVXHV LQYROYLQJ GLIIHUHQW UHVHD!
WKDW WKHUH PXVW EH D JUHDWHU HIIRUW WR LQWHJUDWH UHVXO\
VWLOO LQ LWV LQIDQF\ LQWR WKH ,3&& SURFHVV DQG SRVW .\RWF
&2 HPLVVLRQV

7KH WKLUG V\PSRMWMAKPOQRIOQOQWK HLRKEE&EODQQHG IRU ZLOO DVVHVYV
DGYDQFHVY PDGH VLQFH WKH VHFRQG V\PSRVLXP

2UJDQL]JHUV

, QWHUQDWLRQDO 30DQQLQJ &RPPLWWHH OHPEHUV
-DPHV 2UU &KDLU + ,$($ ODULQH (QYLURQPHQW /DERUDWRULF
.HQ &DOGHLUD + &DUQHJILH ,QVWLWXWH RI :DVKLQJWRQ 6WDQ
9LFWRULD )DEU\ + &DOLIRUQLD 6WDWH 8QLYHUVLW\ 86$%
-HDQ 3LHUUH *DWWXVR + /DERUDWRU\ RI 2FHDQRJUDSK\ 9LOO
3HWHU +DXJDQ * 8QLYHUVLW\ Rl %HUJHQ 1RUZD\
3DWULFN /HKRGH\ + &ROOHFWH /RFDOLVDWLRQ 6DWHOOLWHYV
6LOYLR 3DQWRMD + 8QLYHUVLW\ Rl &RQFHSFLRQ &KLOH
+DQV 2WWR 3RHUWQHU + $OIUHG :HJHQHU ,QVWLWXWH *HUPD
801 5LHEHVHOO + ,I0 *(20$5 *HUPDQ\
7RP 7UX0OO + &6,52 $QWDUFWLF &0LPDWH DQG (FRV\VWHPV &R



/JRFDO 6FLHQWLILF 2UJDQL]LQJ &RPPLWWHH
'HQLV $OOHPDQG &HQWUH 6FLHQWLILTXH GH ORQDFR
OLFKHO %RLVVRQ &HQWUH 6FLHQWLILTXH GH ORQDFR
-HDQ 3LHUUH *DWWXVR /DERUDWRLUH 2FpDQRJUDSKLTXH GH
1DGLD 2XQDLV OXVpH 2FpDQRJUDSKLTXH ORQDFR
BWpSKDQLH 5H\QDXG &HQWUH 6FLHQWLILTXH GH ORQDFR
-DPHV 2UU ,$($ ODULQH (QYLURQPHQW /DERUDWRLUHV ORQDF
3KLOLSSH ORQGLHOOL )RQGDWLRQ $OEHUW ,,

6SRQVRU 5HSUHVHQWDWLYHYV
(G 8UEDQ 6&25
ODULD +RRG 81(6&2 ,2&
‘HQG\ %URDGJDWH ,*%3
-DPHV 2UU ,$($ 0(/
&RQIHUHQFH ODQDJHU
(OLIDEHWK *URVV 6&25
3UHVV UHODWLRQV
6XH :LOOLDPV 81(6&2
ODU\ $QQ :LOOLDPV ,*%3
/IRFDO ORJLVWLFDO DLGHYV
ODXULFHWWH +LQW]\ OXVpH 2FpDQRJUDSKLTXH ORQDFR
)DQQ\ &KDKLQH ,$($ 0(/

SDUWLFLSDQWYV

$FKWHUEHUJ (ULF 8QLYHUVLW\ Rl BRXWKDPSWR@QLWHG .LQJGRP
$OLQ 6LPRQH 12$$ 3DFLILF ODULQH (QYLUR@BEQWDO /DE
$OOHPDQG 'HQLV &HQWUH 6FLHQWLILTXH GH 0R@RFIRFR
$QGHUVVRQ $QGUHBWUPXGD ,QVWLWXWH RI 2FHDH BPXEDFHV
$QGHUVVRQ 3LDO 60+, 2FHDQRJUDSKLF 8QLW 6ZHGHQ
$SSHOKDQV <DVPLQ)® *(20%$5 *HUPDQ\
$UGHODQ OXUDW 9 1RUZHJLDQ 8QLY RI 6FLHQFH IIRUZOHFK
$JHWVX 6FRWW .XPENRGIRUG ,QVWLWXWH RI 2FHDE&IRIDGB K\
%DUFHORV H 5DPRV,)0RDQDS$5 *HUPDQ\

%DUU\ -DPHV 3 0%$5, 86$%

%D[WHU -RKQ 6FRWWLVK 1DWXUDO +HULWDJMQLWHG .LQJGRP
%HGQDUVHN 1LQD %ULWLVK $QWDUFWLF 6XUYH\8QLWHG .LQJGRP
%HUQDUG 20LYLHU,15,$ &2025( JUDQFH
%HUWXFFL $QWKRQ&HQWUH 6FLHQWLILTXH GH 0R@RFRFR

%HWWL ODULD ,$($ ODULQH (QYLURQPHQW /DERQDMRRULHYV
%LMPD -HOOH $OIUHG :HJHQHU ,QVWLWXWH *HUPDQ\
%ODFNIRUG -HUU\ 30\PRXWK ODULQH /DERUDWRBQLWHG .LQJGRP
%ODQFK\ %UXQR % *RXYHUQHPHQW GH ORQDFR ORQDFR

%OHLFK ODUNXV  &KULVWLDQ $OEUHFKWV 8QLYHUWRDQ\.LHO
%RFN &KULVWLDQ $OIUHG :HJHQHU ,QVWLWXWH *HUPDQ\
%RHWLXV $QWMH -DFREV 8QLYHUVLW\ *HUPDQ\
%RLVVRQ )ORUHQFH$)($ ODULQH (QYLURQPHQW /DERQDMRULHV
%RLVVRQ OLFKHO 36FLHQWLILF &HQWHU RI ORQDPRQDFR

%RSS /DXUHQW 36/ 16&( JUDQFH

%RUJKL $QGUHD 8QLYHUVLWpP GH 1HXFKKkWHO 6ZLW]HUODQG
%iUVKHLP .QXW <QJ®MWLWXWH RI ODULQH 5HVHDLRKZD\

%R]HF <DQQ 6WDWLRQ %LRORJLTXH GH 5RYBRQFH



%UHLWEDUWK (LNH*RWKHQEXUJ 8QLYHUVLW\ 6ZHGHQ

%UHYLHUH (PLO\+ 62/$6 3URMHFW 2I1ILFH 8QLWHG .LQJGRP
%URDGJDWH :HQG\:*%3 6HFUHWDULDW 6ZHGHQ

%X[WRQ /XF\ 8QLYHUVLW)\ Rl 7THFKQRORJ\ 6 $X@MAUDOLD
&DOGHLUD .HQ &DUQHJILH ,QVWLWXWLRQ 86%

&DVVDU 1LFRODV 3ULQFHWRQ 8QLYHUVLW\ 86%

&DWDULQR $QD, 8QLYHUVLWp /LEUH GH %UX[H GG\ L X P
&KDKLQH )DQQ\ ,$($ ODULQH (QYLURQPHQW /DERQDMRRULHYV

&KDUDODPSRSRXORXDWLRQDO 2FHDQRJUDSK\ &H@@UWHG .LQJGRP
&KLHULFL OHOLVVD8QLYHUVLW\ RI *RWKHQEXUJ 6ZHGHQ

&KRX /HL 8QLYHUVLWp /LEUH GH %UX[H GGV L X P
&OHPPHVHQ &DWULRQD(20$5 *HUPDQ\

&RPHDX 6WHHYH /DERUDWRLUH G RFpDQRJUDSKUBMRMOHIUDQFKH
&XUULH .LP 1,:% 1HZ =HDODQG
&]HUQ\ -DQ )0 *(20%$5 *HUPDQ\

'DYHQHW 9DOpULH 'LUHFWLRQ GH O (QYLURQQHPHRMW FR

'H %DDU +HLQ - 5R\DO 1HWKHUODQGV ,QVW IRHWHHBBKNHDDBIGYV
'H & DUOR (ULF +HL@®QYHUVLW\ Rl +DZDLL 86%

'"H*UDQGSUH OLFKDBQLYHUVLW\ Rl ORQWDQD 86%

'LFNVRQ $QGUHZ* BFULSSV ,QVWLWXWLRQ RI 2FBB®RIUDS\
'LVVDUG 'HOSKLQH $OIUHG :HJHQHU ,QVWLWXWH *HUPDQ\

'XERLV 3KLOLSSH 8QLYHUVLWp /LEUH GH %UX[H @GO LXP
'XPRXVVHDXG &\QWKDWKRQDO 2FHDQRJUDSK\ &H@BWUWHG .LQJGRP

'XSRQW 6DP 6YHQ /RYpPQ &HQWUH IRU ODULBZM GARHQFHYV
(JLOVGRWWLU +URQ®MEYHUVLW\ Rl 30\PRXWK 8QLWHG .LQJGRP
(QVWDG /DUV ,QJH/8QLYHUVLW\ Rl %HUJHQ 1RUZD\

(UH] -RQDWKDQ 7KH +HEUHZ 8QLYHUVLW)\ Rl -HUMDBOHP
J)DEUHV -RDQ - *5 ' $UHQGDO 1RUZD\

)DEU\ 9LFWRULD - &DOLIRUQLD 6WDWH 8QLYHUVBWS 6DQ ODUFRYV
JHHO\ 5LFKDUG 30(/ 12$$ 86%

J)LQGOD\ +HOHQ6 30\PRXWK ODULQH /DERUDWRWBQLWHG .LQJGRP
J)LQH ODR] %DU ,0DQ 8QLYHUVLW\ ,VUDHO

YRVVn -DQ +HOJH - ,QVWLWXWH RI ODULQH 5HVHDLRKZD\
JUDQVVRQ $JQHWD 8QLYHUVLW\ RI *RWKHQEXUJ 6ZHGHQ

JURPPHO $QGUHD <,)0 *(20%$5 *HUPDQ\
*DQJVW| 5HLGXQ S8QLYHUVLW\ RI %HUQ 6ZLW]HUODQG
*DUWKZDLWH 5DFKH®H 5R\DO 6RFLHW\ 8QLWHG .LQJGRP

*DWWXVR -HDQ 3LHEU56 /DERUDWRLUH G 2FpDQRJUDQRKHH
*DJHDX )J)UHGHULF 1HWKHUODQGV ,QVWLWXWH RI7TKHROHRRWKHUODQGYV

*HKOHQ ODULRQ 16 &( JUDQFH

*RGLQRW &ODLUH &HQWUH 6FLHQWLILTXH GH 0R@RFIRFR

*RUVN\ *DEULHO &156 /29 JUDQFH

*R\HW &DWKHULQH 839" JUDQFH

*URVV (OL]DEHWK G6FLHQWLILF &RPPLWWHH RQ 26O QLF 5HVHDUFK
*UXEHU 1LFRODYV (7+ =XULFK 6ZLW]HUODQG
*XWRZVND ODJGDOH@DWHG :HIHQHU ,QVWLWXWH *HUPDQ\

+DOO 6SHQFHU -DVBQLXYHUVLW\ RI 30\PRXWK 8QLWHG .LQJGRP
+DPPHU .DUHQ 1RUZHJLDQ 8QLYHUVLW\ RI 6FLRQZEBADQG 7HFK
+DPSHO +HQULHWWXURSHDQ &RPPLVVLRQ %HOJLXP
+DQVVRQ /LQD /IDERUDWRLUH G 2FpDQRJUDSKRUBDQ@EBOHIUDQFKH
+DUDGD .RK 1DW ,QVW RI $GY ,QGXVWULIDSBRLHQFH 7HFK
+DXFN -XGLWK $OIUHG :HIJHQHU ,QVWLWXWH *HUPDQ\

+DXJDQ 3HWHUDO 8QLYHUVLW\ RI %HUJHQ 1RUZD\

+DXWRQ &KULV & 1DWLRQDO 2FHDQRJUDSK\ &H@WUWHG .LQJGRP
+DYHQKDQG -RQ1 8QLYHUVLW\ RI *RWKHQEXUJ B6ZHGHQ
+HLOPD\HU 20DI 1IDWLRQDO 2FHDQRJUDSK\ &H@WUWHG .LQJGRP



+HLQULFK +DUWPXWHGHUDO ODULWLPH DQG +\GURIWEBEWLF $IJHQF\

+HLQ]JH &KULVWRSK8QLYHUVLW)\ Rl %HUJHQ 1RUZD\

+HOG +HUPDQQ 3RWVGDP ,QVW IRU &OLPDWH*HUSAIFAM 5HVHDUFK
+RFKPXWK -HQQLIHBQLYHUVLW\ Rl $EHUGHHQ 8QLWHG .LQJGRP
+RRG 0DULD ,2& 81(6&2 JUDQFH

+RSNLQV )UDQFHV (8QLYHUVLW)\ RI (DVW $QJOLD 8QLWHG .LQJGRP
+RXOEUHTXH )DQQ\,$($ ODULQH (QYLURQPHQW /DERQDMRRULHYV
+RZDUG :LOOLDP5 $QWDUFWLF &0OLPDWH (FRV\\$WWWV EGEKD

+X 0DULDQ )0 *(20$5 *HUPDQ\

,DQVRQ 'HEE\ JLVKHULHY DQG 2FHDQV &DQD&MDQDGD
,JOHVLDV 5RGULJXH]IDWERQ@DO 2FHDQRJUDSK\ &H@WUWHG .LQJGRP
,O\LQD 7DWMDQD 8QLYHUVLW\ RI +DZDLL 86$%

,VHQVHH .LUVWHQ /HLEQL] ,QVWLWXWH IRU %DOWHBPEHD\ 5HVHDUFK
,VKLGD +LURVKL + *HQHUDO (QYLURQPHQWDO 7HAXSIRY &R /WG

,VKLL ODVDR OHWHRURORJLFDO 5HVHDUFK ;Q8W/QWXWH
-DFRE %DUEDUD 8QLYHUVLW)\ Rl &RQFHSFLRQ &KLOH

-HIIUHH 5RVV $ ,$($ ODULQH (QYLURQPHQW /DERQDMRRULHYV
.DVHPDQQ 6LPRQH $8QLYHUVLW\ RI (GLQEXUJK 8QLWHG .LQJGRP
.HHOLQJ 5DOSK 6FULSSV ,QVWLWXWLRQ RI 2FBBRRJIUDSK\
.HOOHUPDQQ $GROI&(6 '"HQPDUN
.HUULVRQ 3KLOLS'8QLYHUVLW\ RI (VVH] 8QLWHG .LQJGRP
.OH\SDV -RDQLH 1IDWLRQDO &HQWHU IRU $WPR¥BKHULF 5HVHDUFK
.QROO $QGUHZ+ +DUYDUG 8QLYHUVLW\ 86$%
.ULVWLDQVHQ (UOHIYAS 1RUZD\

.UXJ 6HEDVWLDQ $ ,)0 *(20%$5 *HUPDQ\

. XULKDUD +DUXNR 1DJDVDNL 8QLYHUVLW\ -DSDQ

IDFRXH /DEDUWKH 7&8&RPODVULQH (QYLURQPHQWDOOU/DEREDWRULHYV
IDYHURFN %RQQLH %O\PRXWK ODULQH /DERUDWRBQLWHG .LQJGRP
/IHEOXG -XOLHQ 8QLYHUVLWpP ORQV +DLQDXW %HOJLXP
/IHIHQGUH /RXLYV &156 DQG 3LHUUH ODULH &XUYUBD@RHYHUVLW\
/IHKRGH\ 3DWULFN &/6 6DWHOOLWH 2FHDQRJUDSKUDWQMHKNLRQ

/IH 4XHVQH :LOOLDP&()$6 /RZHVWRIW /DERUDWRU\8QLWHG .LQJGRP

/IHYLWDQ 2UO\ %DU ,0DQ 8QLYHUVLW\ ,VUDHO
ILSVFKXOW] )J)UHG 1$6% +HDGTXDUWHUV 869%
ILX -LQZHQ &156 /DERUDWRLUH G 2FpDQRJUDQRKHH
ODF&UDFNHQ OLFKD&O®OL&DWH ,QVWLWXWH 869%

ODKDQWD &KDQGDQQGLDQ ,QVWLWXWH RI 7THFKQRUERD *XZDKDWL
ODLHU &RUQHOLD /DERUDWRLUH G 2FpDQRJUDSKUPQ@EB®OHIUDQFKH
ODQWRXUD 5 )DX]L/DERUDWRLUH G 2FpDQRJUDSKUBQ@EB®OHIUDQFKH
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6FKPLGW 'DQLHOD 18QLYHUVLW)\ Rl %ULVWRO 8QLWHG .LQJGRP
6FKQHLGHU %LUJLWQLYHUVLW)\ RI .LHO *HUPDQ\
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)DEU\ 9 - % 6HLEHO % 5 $ )HHO\ DQG - & 2UU ,PSDFWV RI RFHDQ |
HFRV\WVWHP SURFHVYVHYU 6FLHQFH

JHHO\ 5 $ & / 6DELQH . /HH : %HUHOVRQ - .OH\SDV 9 - )DEU\ DOQC
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