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$ERXW WKH *URZWK /DE

7KH *URZWK /DEpV PXOWLGLVFLSOLQDU\ WHDP OHG E\ 3URIH\
IURQWLHUV RI UHVHDUFK RQ HFRQRPLF JURZWK DQG GHYHC
DGYDQFHYVY DFDGHPLF UHVHDUFK RQ WKH QDWXUH RI HFRQRP
SODFH EDVHG HQJDJHPHQWYVY WKDW DLP WR XQGHUVWDQG F
DGGUHVV NH\ FRQVWUDLQWY DQG LGHQWLI\ SURPLVLQJ RSSF
DW WKH *URZWK /DE LQFOXGH *URZWK 'LDJQRVWLFV DQG |
'LDIJQRVWLFV LV D VIVWHPDWLF PHWKRGRORJ\WRDRWWUPLVQWR
WEHWWHU JURZWK RXWFRPHV DOORZLQJ SROLF\PDNHUV WHF
(FRQRPLF &RPSOH[LW\ LV D JURZLQJ PHOG RI UHRPM®PRNHKGWKD'
RI GLVWULEXWHG NQRZOHGJH DQG SURGXFWLYH FDSDELOLW|
EH XVHG LQ SURGXFWLRQ DQG VHHV JURZWK DV WKH H[SI
NQRZOHGJH DQG LWV XVHV 7KURXJK LWV UHVHDUFK\YVQG WHI
EHFRPH D JOREDO WKRXJKW OHDGHU RIITHULQJ E WHKDNWKHGX J
SROLF\PDNHUV VWDNHKROGHUV DQG VFKRODUV PQG ZD\V W
HISDQG RSSRUWXQLW\ DFURVV WKH ZRUOG

$FNQRZOHGJHPHQWYV

7KLV UHSRUW ZDV SURGXFHG LQ WKH FRQWH[W RI WKH RQJRI
*URZWK /DE DQG WKH OLQLVWU\ Rl (FRQRP\ Rl WKH 8QLWHG $
WR SURGXFH QRYHO UHVHDUFK EDVHG LQSXWV WR LQIRUF
HFRQRPLF SROLF\ DJHQGD 7KH JRDO RI WKLV FROORERUDW|
WKDW FDQ VXSSRUW WKH OLQLVWU\ RI (FRQRP\ DQG UHODW
PLVVLRQ RI SURPRWLQJ KLJK TXDOLW\ VXVWDLQDEOH JU
WUDQVIRUPDWLRQ LQ WKH 8$(
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&RQWHQWYV
([HEXWLY H B XPPD U oot e et e et
COWURGXEMWLRQ oo

,QQRYDWLRQ DQG LWV ,PSRUWDQFH.IRU.WKH.8%$(.......

8%(pV 3HUIRUPDQFH LQ ,QQRYDW.LRQ.$EWLYLWLHV.....
7TKH 2XWSXW RI WKH..5.....6e HEW.R.U

8%(pV 5SHVHDUFK 3URGXEW.LRQ..)DXQEWLRQ. ...ccooovreiirinnn.
$Q 2YHUYLHZ RI WKH.5..L . QSXW. Ve

8QGHUVWDQGLQJ WKH 8$(pV +XPDQ &DSLWD.O. , QQRYDW

8QGHUVWDQGLQJ ([SHQGLWXUHV..D.QG...QYHVWPHQWV L
7KH 3URGXFWLYLW\ RLMKH. 5. BHEWRU. o]

/JHYHUDJLQJ 8% (pV..&DSDELOLWLHN. ..o
8$(pV &DSDELOLWLHV LQ )LHOGV ZHEKQRQRJLHVY DQG ,Q
2YHUYLHZ Rl )LHOGV 7HFKQR.QRJLHV...DQG..,.QGXVWULH

. 1HDUE\ 2SSRUWXQLW.LHM..LRU.MWKH..88. oo,

7KH 5ROH RI )RUHLJQ )LUPV DQG ., QW.HUQDW.LRQDO 8QLYH
%R[ 7KH &DVHV RI %RURXJH..D.QG..8.3.L.IM.G

7KH SROH RI 6FLHQWLRE.&RQODERUDWLRQ. ..cccccoeerirri

,GHDV IRU 6FLHQFH ,QQRYDWLRQ.3ROLE e,
B R QF O XM LR Qoo eeeee et ee e e ettt e e e e e et e s et ee et e ee et ee et e er et

S HIHU H. Q E H e
$SSHQGL] $CGGLWLRQDO..HVEULSWLY.HV.
$SSHQGL] 'HQVLW\ DV D 3UHGLFWRU Rl )XWXUHWHHRKQRORJ
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6FLHQWLPF 3XEOLFDWLRQV SHU OLOOLRQ.33HRSOH D
SDWHQWY SHU OLOOLRQ 3HRS.QH.DQG..%'.3.SHU &DSLW
6FLHQWLPF :RUNV SHU OLOOLRQ 3HRSOH..LQ *&& FRX
S3DWHQWY SHU OLOOLRQ 3HRSOH DQG 7RS SDWHOQ\

*OREDO ,QQRYDWLRQ ,QGH] ,QSXW.6ERUH DQG 2
,QSXW 6XE ,QGH[HM..8 (. Y.M...BHHUM. .coooovoreceenrann,
+XPDQ &DSLWDO DQG 5HVHDUEK.6XE..QGH[HYV
 QERXQG 7HUWLDU\ 6WXGHQWY SHU OLOOLRQ 3HRSC
$GYDQFHG 6WXGLHV DQG 67(0 6WXGHQWYV SHU 7KR

)XOO 7LPH (TXLYDOHQW )7( 5HVHDUEKHUY DQG *'3
6KDUH RI )7( 5HVHDUFKHUV LQ.7ZRW.D.O...QRZOHGJH
)7( 5SHVHDUFKHUV SHU OLOOLRQ 3HRSOH BDRMER*U3 SH

SHVHDUFK (PSOR\PHQW ,QGH[ E\ SHUILRUPRPDQFH 6HF
SHVHDUFKHUV LQ WKH /DERU )RUFH DQG :HLJKWHG
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*URVYV ([SHQGLWXUHV LQ 5 HVHDUFK DQG 'HYHORSP!
5HVHDUFK DQG '"HYHORSPHQW..([SHQGLW.XUHYV

*URVV ([SHQGLWXUHV LQ 5 HVHDUFK DQG 'HYHORSP!
SHVHDUFKHUV SHU OLOOLRQ.3HRSQH.DQG.5HVHDUF
*URVV ([SHQGLWXUHV LQ 5HVHDUFK DQG 'HYHORS
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JLIXUH
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SURGXFWLYLW\ SHU 5HVHDUFKHU D.QG..([SHQGLWXU
8$( VO6FLHQWLPF )LHOGV VL]J]HG E\ WKH QX®@EHU R .

8%(V THFKQRORJLFDO )LHOGV VL]HG E\ 3IDWHQW |

3DWHQW 3URGXFWLRQ ,QWHQV.LW\.D.QG..4XDOLW\
8$(V 'LYHUVLPFDWLRQ LQWR.1HZ.6ELHQWLPF )LHOC
8$(V 'LYHUVLPFDWLRQ LQWR.QHZ.ZHEKQRORJ\ &0OD
*OREDO 7UHQGV DQG..8%(.V..2SSRUW.XQLW.LHY
1XPEHU Rl 3DWHQW )DPLOLHV ZKHUH WKH $VVLJQH!

6FLHQWLPF SURGXFWLYLW\ RL.8%.(..QVWLWXWLRQV =
$IHQWYV WKDW ,QWURGXFHG D 7THFKQRORJ\ 6 XE &OD

3DWHQW )DPLOLHV E\ 7THFKQRORJ\ &OXVWHU DQG )F
$YHUDJH 3DWHQW $VVHW..QGHI[..E\l.<HDU.RL)LOLQJ
8%( ,QVWLWXWLRQV E\ &RXQW.U\.RL.3DUHQW ,QVWLW
OHGLDQ 'LVWDQFH IURP &DSDELOLWLMMMWR 2WKHU
&ROODERUDWLRQV LQ 6FLHQWLRE.3XEQLEDWLRQV |
&ROODERUDWLRQV LQ 6FLHQWLPF )LHOGVRRU 8$%(

&R DXWKRUVKLSV EHWZHHQ..8%.(.DQG.2WKHU &RXQW
5HVLGXDOV IRU 8%( IURP *UDYLW\ OR ®HE®R RD WQWE U !

LT HW ZRUIN e e et e et e e e e e e

JLIXUH
YJLIXUH

, QWHUQDWLRQDO 6FLHQWLbPF.&ROQDERUDWLRQ 1H)\
'HJUHH &HQWUDOLW)\ 5DQNV LQ WKH QQMAMWZ@RDW LR G
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7TDEOHYV

7DEOH 6XE VDPSOH RI 7RS 1HDUE\ 2SSRUWXQLWLHV IRU W
) oYU 1 T YOO

7DEOH 6XE VDPSOH RI 7RS 1HDUE\ 2SSRUWXQLWLHV IRU W
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7DEOH 6XE 6DPSOH RI 7RS 1HDUE\ 2SSRUWXQLWLHW IRU WK
LQWHQV LY Ho P DUJL Qoo eee e ee e eeneeeee

7TDEOH 6XE 6DPSOH RI 7RS 1HDUE\ 2SSRUWXQLWLHW IRU WK
HIWHQVLY Hi BDUJLQueiiiiiiiiiee ettt e e

7TDEOH *UDYLW\ ORGHO RI ,QWHUQDWLRQDQ.6ELHQWLPF &RC
7TDEOH , QVWLWXWLRQV ZLWK )RUHLJQ 5HODWLRQVKLSV 3XE
7TDEOH SUHGLFWLQJ JURZWK LQ VFLHQWLPRFE.SXEOLFDWLRQV
7TDEOH SUHGLFWLQJ JURZWK LQ SDWHQW.LQJ.DEW.LYLW\ XVL
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([HEXWLYH 6XPPDU\

7KH VXFFHVV RU IDLOXUH RI WKH 8QLWHG $UDE (PLUDWHVp
VWUDWHJI\ ZLOO LQ ODUJH SDUW EH GHWHUPLQHGWEQXHKQRY
WUDQVLWLRQLQJ IURP LWV SDVW IRFXV RQGRE®VDUH3 GIDV

H[SRUWLQJ VHUYLFHV WR D IXWXUH HFR QRRQKA JKRGIHDX H Q F
NQRZOHGJH LQWHQVLYH JRRGV DQG VHUYLFHV $WWDX\FEHHV\
LPSRUWLQJ DQG DGDSWLQJ IURQWLHU IRUHLJQ EQO@RYDWLF
LQQRYDWLRQ HFRV\VWHP DW KRPH

3DUW RI WKLV HIIRUW ZLOO HQWDLO GHYHORSLQJ IXQUWKHU \
5' FDSDELOLWLHV :KLOH VLJQLDPFDQPW O WH R DL VVWIROEH 05
WR EULQJ WKH 8$(pV 5 ' RXWSXW LQ OLQH ZWW KOW EVE HIPVELVEL
SURGXFWLRQ RI VFLHQWLPF SPEPHADRWILIRQ\G OQGOFDWEQMWQI R
IHZ \HDUV +RZHYHU WKH FXUUHQW OHYHO RI VFLHQWLPF SX
DFWLYLW\ UHPDLQV EHORZ WKDW RI DVSLUDMRDDO ¥V D\D V!
IHOORZ *XOl &RRSHUDWLRQ &RXQFLO *&& FEBXGQGWDEHN VXFK

2QH Rl WKH UHDVRQV PD\ EH VLPSOH WKHUH DUH QHRW HQR:
SURSRUWLRQ RI UHVHDUFKHUV LQ WKH 8$(pV ZRUNIRUFH LV |
DGYDQFHG HFRQRP\ :KLOH WKH 8%$( KDV EHHQ W\ R BHWDWXCD R
VNLOOHG ZRUNHIUQG7(0QFPEBRGNVQAKLFK XQGHUSLQ 5 ' DEWLYLW
WUDQVODWHG LQWR D KLJKHU GHQVLW\ RI UHVHDUFEHKWB UV LQ
WKDW UHVXOWYVY IURP ORZ FXUUHQW GHPDQG IRU 5 ' VNLOOV C
VWUXFWXUH RU IURP GLIPFXOWLHV LQ SUR GWF LDQWRLR R WKWEJRD\
OLNHO\ FRQWULEXWH WR WKH LVVXH

2YHUDOO 5 ' VSHQGLQJ VHHPVY DGHTXDWH &RQWUDU\ WR UH
HISHQGLWXUHV LQ 5' DUH FORVH WR ZKDW LV H[SHFWHG O
SURVSHULW\ 7KHVH H[SHQGLWXUHV KDYH LQ IDFW EHHQ UDS
ERWK LQ UHDO WHUPV DQG DV D VKDUH RIBD'WLRQ DA QA QAR Y\DK
6WUDWHINUH DUH KRZHYHU OHVV SRVLWLYH VLIJQV 5 ' H[SI
VAWRU ZKLFK LQFOXGHV 6WDWH 2ZQHG (QWHUSULWHVYFDUH
EHORZ RU FORVH WR WKHLU H[SHFWHG OHYHO 7KH JRYHUQI
ZRUOG V KLIJKHVW ZKLOH VSHQGLQJ E\ WKH KPEPRWWU SHIXRAD W
2YHUDOO WKLV SDLQWV D SLFWXUH RI D JRYHUQPHRWVOHG =
HIPFLHQW DQG OHVV VFDODEOH WKDQ PRUH GLIIXWH; RUJDC
DFDGHPLF DFWRUYV

,Q IDFW WKHUH LV DQ LQFUHDVLQJ TXHVWLRQ RBEYDOXH IR
VSHQGLQJ PD\ QRW EH LPPHGLDWH VRPH VLIJQDOV SRLQW W|

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWHG



5" LQYHVWPHQW DQG WKH FXUUHQW OHYHO RI 5§ ' RXWSXW
KHDGFRXQW WKH UHVHDUFK RXWSXW LQ SDWRWHWW®DQGVWF
HISHFWHG YDOXH +RZHYHU ORRNLQJ DW H[SHQGLWXUHV WK
ZRXOG EH H[SHFWHG ,Q WHUPV RI UHVHDUFK RXWSXW SHU G
WKH ORZHVW OHYHOV RI 5" SURGXFWLYLW\ LQ WKH ZRUOG

,QFUHDVLQJ WKH UHWXUQ RQ WKH 8%$(pV 5' LOYHVWPHQWYV F
IXUWKHU DQG WDNLQJ D FORVHU ORRN DW WKH 8$PBWNVWUHC
WHFKQRORJLFDO DUHD 6LQFH WKH HDUO\ bPW SXED&$FpW LR
ZDV OHG E\ &RPSXWHU 6FLHQFH DQG OHGLFLQH 7KHOPRUH P
SDWHQWLQJ ZD¥E\SRRWHEKQRORJI\ DQG 7HOHFWRBRRQE¥DWLR
+RZHYHU JURZWK ZDV QRW FRQPQHG WR D KD QGJWQ RQ PMHO G
GLYHUVLPHG LWV UHVHDUFK RXWSXW

&RQVLGHULQJ WKH DWWUDFWLYHQHVYV RI HDFK ' 'URRMIWHK YU
RI WKH 8%( ZH LGHQWLI\ WZR W\SHV RI RSSRUWXQLWLHV )L
RQ VHOHFWHG DUH MWV HRVY H/DAUUFHKQD WHKNYV WKDW VHH KLJK JOREL
WKH 8%( DOUMDPEDRDYIIXO SUHVHQFH ORFDO 5 ' REWSXW FI
EXLOGLQJ DURXQG DMSRBYHEUWWAKFRDEHRI KLJK TXDOLW\ UHV/|
6XFK DUHDV RI RSSRUWXQLW\ LQFOXGH IRJH IHQMDEAN LKQ& U
VHFRQG DSSURDFK FRXOG IRFXV RQ DWWUDFWLYH UHVHDUF
FXUUHQWO\ XQWDSSHG EXW DGMDFHQW WR H[LVWLQJ 8%( 5
LQVWDQFH FRPSXWDWLRQDO PRGHOV RU QXFOHDU SK\VLFV

JRUHLJQ LQYHVWPHQW DQG LQWHUQDWLR QDO FKBLHDHNL\P BV RF
GHYHORS VFLHQWLPF FDSDELOLWLHY LQ QHZ DUHBVWHRWHL.
FROODERUDWLRQ DQG NQRZOHGJH H[FKDQJH ZKLDDHWIOVR F
8$(pV H[SHULHQFH VKRZV +LVWRULFDOO\ IRUHLJQ bUPV Z|
SDWHQWLQJ HIIRUWY ZKLOH UHFHQWO\ ORFDO XQLYHUVLW
SURPLQHQFH DV ZHOO 'HVSLWH QRW EHLQJ WKH SULPDU\ |
DOQ\PRUH IRUHLJQ PUPV DQG XQLYHUVLWLHY SODULBXWLJQLE
WHFKQRORJLFDO FOXVWHUY DQG SURYLGH Y)DOXPE R H W DRI O
WKH\ VXSSRUW 6WDWH 2ZQHG (QWHUSULVHYV

%H\RQG TXDQWLW\ IRUHLJQ DFWRUV FDQ EULQJ KLJK TXDOL
DUH JHQHUDOO\ PRUH YDOXDEOH DQG JOREDRID BEQVOKG\W W LL
XQHYHQ 5HJDUGLQJ VFLHQWLPF SXEOLFDWLR QN WLRIHX WR RQ\
VHHPV WR PDWWHU IRU WKH TXDOLW\ RI WKH UHVWBIBIPK RXW
WR SURGXFH HVSHFLDOO\ KLJK TXDOLW\ UHVHRVK®& FKIRKWDLJ
ERUGHU SDUWQHUVKLSV
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7KH 8$%$(pV UHFRUG RI VFLHQWLPF FROODERUDWLRQRAKRZV KF
KDV EHHQ LQVWUXPHQWDO WR VRPH UHFHQ®VW HFRLIRWDLRYL
DUHDV IRU LPSURYHPHQW 7KH 8$%$( LV DOUHDG\ OHYHUDJLQJ
WRRO IRU LQQRYDWLRQ DQG DFTXLULQJ /L HDUONL RV K B B DEE7L( C
PHOGV 7KH 8%$(V FXUUHQW FROODERUDWLRQV DUH PDLQO)
(QYLURQPHQWDO 6FLHQFH DQG ODWHULDOV 6FRYFHIRPQG I
FRXQWULHV OLNH WKH 8QLWHG 6WDWHV WKH DXGHBXGRQJIG
$UDELD 7KLV UHIOHFWY OLNH IRU PRVW RWKHEBEH@®WQDWLAY
RQ FRXQWULHV ZLWK D ODUJH 5 ' VHFWRU DQG RYWDDGE GHF
'KHQ FRQWUROOLQJ IRU WKHVH IDFWRUV RXU DQDO\VLV b
RSSRUWXQLWLHVY WR H[SDQG FROODERUDWLRQ ZQWWKLHWVHI
LQFOXGLQJ &KLQD *HUPDQ\ 6SDLQ DQG -DSDQ

7RGHYHORS IXUWKHU WKH 8$(pV LQQRYDWLRQ HFRBVERWWP LQ
HITHFWLYH PDQQHU D UDQJHERFBXEICDLG SROLHQ HW KH@IOQJ W
HFRV\WWHP ZLOO KDYH WR UHO\ RQ LQFUHDVHG 5 ' GHPDQG |
EDFN WR D EURDGHU LQGXVWULDO SROLF\ DIHQYG D HEFRXWLR
+RZHYHU LQQRYDWLRQ SROLF\ FDQ KHOS DV ZHQQJ WKNWU I
QXPEHU RI UHVHDUFKHUV E\ OHYHUDJLQJ WDOHQWHG ORF
,QWURGXFLQJ UHVHD WRKXDBWEXQWR MWK UR XVMKHUHVHDUFK DVVL
VFKHPHV KDV EHHQ HIIHFWLYH LQ RWKHU FRXQWULHYGWR IR
LQFUHDVH VFLHQWLPFURIUPBGXFWRFXWLNQ)J RQ DWWUDFWLQ.
UHVHDURBKIHUWUDWVR SURYHQ HIIHFWLYH WR VSXU LQQRYDWLR
HVSHFLDOO\ UHOHYDQW DV D FRPSOHPHQW WR RQEYLBRQGORFI
62(V FDQ DOVR SOD\ D UROH WKURXJK WDUJHWHG 'DFTXLVL
JURZWK IROORZLQJ D PRGHO WKDW KDV DOUHDGQHHWRDNQ V X
DOVR SURYHQ HIIHFWLYH LQ DWWUDFWLQJ BQGL@RREWWHQW
6FLHQFH DQG VKRXOG EH FRQWLQXHG H LVQIOMDW\SR@/LEVPBMWK
UHO\ RQ UHOLDEOH GDWD WR JXLGH SROLF\ )RQDE@WHWBDUF H
OHYHO LQGLFDWRUV UHODWHG WR 5 ' H[SHQGLWXUZH. G RPESH VL
HVVHQWLDO IRU FRRUGLQDWHG HIIHFWLYH LQQRYDWLRQ SR

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWHG



,QQRYDWLRQ DQG LWV ,PSRUWDQFH IRU WKH 8%(

7HFKQRORJLFDO SURJUHVV DQG LQQRYDWLRQ DOORZ XV WF
HFRQRPLF JURZWK DQG FRRSMWLMFKYQGHROHRV M. FDO SURJUHVYV LV
WKH QXPEHU RI LGHDV FUHDWHG LQ D VRFLHW\ DQGHLWV VR
HFRQRPLF V\VWHP RI D FRXQWU\ 7KHVH LGHDV DUH FUHDWH
HPERGLHG LQ WRROV FRGLPHG LQ SDWHQWYV RD @W®R WNMHALW O
7KXV WKH VFLHQWLPF DQG WHFKQRORJLFDO NQRWQHG D YW
EH XQGHUVMRRG BI¥RQRP\ DOORZV IRU WKH UHFRPELQDWLRC
LQWR QHZ VHWV RI SURGXFWYV DQG SURGXFWLRQ SURFHVVHYV
FDSDELOLWLHVY FDQ SRWHQWLDOO\ OHDG WR IXWHKIUH LQGX
SURVSHULW\ +DXVPDQQ HW DO E D

OHDVXULQJ WKH OHYHO RI LQQRYDWLRQ ZLWKLQ DQ HFRQRP\
POHG LQWHUQDWLRQDOO\ DQG VFLHQWLPF SXEOLFDWLRQV
FRPSDUDEOH LQGLADQHRIDO® SDWHQWLQJ DQG SXEOLVKLQJ D
IRU PUPV DV WKH\ SUHIHU WR HQJDJH LQ RWKHU IRHPV RI 5
VHFUHWYV OH]]JDQRWWL G6LPFRH 7KLV PDNHV WWH PHDYV
WKH XQLYHUVH RI PUPV LQ DQ HFRQRP\ HVSHFLDOD® GKDOO'
SDWHQWY DUH HVSHFLDOO\ FRQFHQWUDWHG LQ WKH PUPV W
'HYHORSPHQW 5' $W WKH VDPH WLPH PUPV RSHUDWLQJ D\
GHPRQVWUDWH D KLIJKHU SURSHQVLW\ WR SDWHQW HKLOH D
6DLD HW DO $V WKHVH FRPSDQLHV WHQG W3R WRKQFNVQ W |
SDWHQWY DQG SXEOLFDWLRQV EHFRPH XVHIXO RURWMMHY RI W

,QQRYDWLRQ DQG WHFKQRORJLFDO GLIIXVLRQ DUH NH\ WR
BWURQJ LQQRYDWLRQ DQG WHFKQRORJLFDO GLIIXVLRQ LQFU
QHZ KLJK SURGXFWLYLW\ DFWLYLWLHYV DQG E\ HQKD®HALQJ W
FUHDWLRQ DQG DGRSWLRQ RI QHZ WHFKQRORJLHVKHUDQ HF]
HFRQRPLF JURZWK LQ WKH IXWXUH HVSHFLDOO\ WKURXJK LG

OHVWLHUL 7KH 8$( KDV PDQDJHG WR WUDQVIRUP DQ
HIWUDFWLRQ LQWR DQ HFRQRP\ DEOH WR SURGXFH DQG H[S|
IRUZDUG D FRPELQDWLRQ RI LQQRYDWLRBHDQIBTWHFHK® FDVRWI
FRXQWU\ DGYDQFHV WRZDUGV D QHZ VWDJH Rl GHYHORSPH
JURZWK

$V WKH 8%$( HQWHUV GLIIHUHQW VWDJHV Rl GHYHORSPHQW

FKDQJHV IURP RQH EDVHG PDLQO\ LQ WHFKQRORJLFDO DGRS
LQQRYDWLRQ DW(RRKMRPIRYWLHWURGXFH QHZ H[SRUW SURGXF
DW ORZHU OHYHOV RI GHYHORSPHQW DQG UHO\ PRUH RQ LQ
ZKHUH WKH\ EHFRPH PRUH VSHFLDOL]HG .OLQJHU /HGHUPDQ
WR GLYHUVLI\ LWV H[SRUW EDVNHW LQ UHFHQW HSUH MCRG WX HD Q

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JOREDO SURGXFWLYLW\ I[URQWLHU FRQWLQXHGDSEGL@QNXHVW
LQQRYDWLYH FDSDELOLWLHV WR WKH HFRQRP\ ZKLOH UHWDL
GLYHUVLPHG VHW RI LOQQRYDWLYH FDSDELIOQWERYY RRIXO GURRN
ZKLOH WUDQVLWLRQLQJ WR D NQRZOHGJH EDVHG HFRQRP\

7KURXJK WHFKQRORJLFDO DBR®WER®X O\DKWHSBD S DFEDL@H W LHV V
UHFRPELQHG IRU HFRQRPLF SURGXFWLRQ RU VKDSHG LQ
LQQRYDMWLR®H 8$( PRYHV IRUZDUG LQ LWV FXUUHQW GLYHUV
QHHG D FRPELQDWLRQ Rl WHFKQRORJLFDRQMERISW 7RG KDIRDO RQ
DGRSWLRQ WR FDSWXUH WKH FDSDELOLWLHV DO ®RHDNGKHFUHD
ZRUOG ,QQRYDWLRQ WR UHFRPELQH WKHVH FDSDELOLWLH
VHUYLFHVY DQG QHZ SURGXFWV 7KH FRQWLQXHG DFTXLVL\
FDSDELOLWLHY ZLOO DOORZ WKH FRXQWU\ WIRODRWRWE KR VR
VHEWRUV Rl WKH HFRQRP\ 7KLV SURFHVV RI DFFRPEGBOGWLRQ |
ZRXOG FUHDWH WKH FRQGLWLRQV IRU DQ HFRV\VWHBW LVRIQD W |
WKDW KDV D PRUH VLJQLPFDQW WHFKQRORJLFDO DQG HFRQR

(FRQRPLHYVY DUH QRW OLPLWHG WR WKHLU ORFDO VWRFN RI I
LQFRPLQJ NQRZOHQGIJWKDRIHIDUG WKH 8$( PQGV LWVHOI LQ
DFFXPXODWH DQG FUHDWH QHZ NQRZOHGJH 7KH FRXQWU\ L
VLJQ WUDGH DJUHHPHQWY WKDW FRXOG LPSURYHJRXIKVH OL
LOYHVWPHQW DWWUDFWLRQV ZKLOH DW WKH VDPEHWLRIH EH
IRUHLJQ UHVHDUFKHUV 7KH 8$( ZLOO OLNHO\ EH DEOH WR
GLYHUVLW\ FDQ SRWHQWLDOO\ SOD\ D UROH ZQ HGNW EDRMNQ J
ORUHRYHU WKHVH IDFWRUV SOD\ D UROH DQG ZLD@ WREWLQ
FRXQWU\ KDSSHQV DV WKH\ DUH LPSRUWDQW HOHPHQWYV RI

'LITHUHQW GLPHQVLRQV RI SUR[LPLW\ DUH NH\ GULYHUV R
LQQRYDWLRQ UDQJLQJ IURP RUJDQL]I|DWLRDRBKWRDIJHRJUDS
RXWOLQHYV PYH GLIITHUHQW W\SHV RI SUR[LPLW\ WKW WQS0O D\ |
KRZ LWV LQWHQVLW\ FDQ EH EHQHPFLDO RU GHWWLPHIQ W D (
LQVWLWXWLRQDO RUJDQL]DWLRQDO VRFLDODOOORZVHRUIUWEK!
DVVLPLODWLRQ RI UHODWHG LGHDV DV SUH Y[LRXWJ\SE&IRWVALOGHA
WKH IRUPDO DQG LQIRUPDO VWUXFWXUH ZKHUH WKH LQWH
RSHQQHVYVY DQG VWDELOLW\ 5HODWHG WR PLJUDWLRQ DQG
RUJDQL]DWLRQDO VRFLDO DQG JHRJUDSKLFDO RBURYLPDW)\ |
EHQHPW IURP FXUUHQW SROLFLHV LQ WKH QH[W IHZ \HDUV

7KH DWWUDFWLRQ RI UHVHDUFKHUV WR WKH 8%( FRXOG IDYR
DQRG JHRIJUDSKLFDO SUR[IKPHWVUHRSHDRFKWYWUY DUULYH LQ WKH
WKHLU NQRZOHGJH DQG VNLOOV DV ZHOORWNHW KUWH \JH\DRJ KD
ZKLFK IDYRU WKH H[FKDQJH RI WDFLW NQRZOHGJH ZKRHFK LV P

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



LQ WKH FRXQWU\ WKH JHRJUDSKLFDO SUR[LPLW\ IDYRUYV

UHVHDUFKHUV FUHDWLQJ VRFLDO SUR[LPLW\ ZKLO® RYOWR/ FL
DQG DJJORPHUDWLRQ HIIHEWV LQ WKH ORFDO HPRBRWY AMKHC
8$( LV ZHOO SRVLWLRQHG WR UHWDLQ DQG DWWUDFW NH\ UH
FDQ SURYH WR EH VLJQLPFDQW LQ LQFUHDVLQJ NQ®R@OHGJ}
HQFRXUDJH ORFDO DQG LQWHUQDWLRQDO FR®ODERUDWLRQV

6LPLODUO\ LQYHVWPHQW SURPRWLRQ SROLFLHV DLPHG DW [
DQG FDPSXVHV IURP LQWHUQDWLRQDO XQLYHUVLWLHV FDQ |
2UJDQL]DWLRQDO SUR[LPLW\ LV DOVR FORVBIO\SORQINMHG W FD\
UHVHDUFKHUV DWWUDFWHG WR WKHVH FHQWHUV ZRXOG FU}
GLVFXVVHG +RZHYHU RUJDQL]DWLRQV SURYLGH DUP@GLWL
VKDUH DQG WUDQVIHU NQRZOHGJH DFURVV WKHLU LQWHL
WWVDFWLRQ FRVWV DQG XQFHUWDLQW\ LQ WKRPIS@QMHUDF
NQRZOHGJH 7KHUH LV D JHRJUDSKLFDO IDFWRU LQ WKH KHD
LWV LQWHUDFWLRQV ZLWK RWKHU ORFDO bUWPWWBQW BDOWREY
VXSSOLHUV FXVWRPHUV DQG SDUWQHUV 2UJDQLVDPMRLRIDD O \
QHWZRUNV WKDW FRXOG EH GLIPFXOW WR DFFHVV RWKHU
FROODERUDWLRQV DQG SDUWQHUVKLSV

*OREDO &ROODERUDWLYH 3DWHQWV *&3V WHQG WR EH V
H[FHHGLQJ WKRVH IURP WKH VDPH PUP WKDW\WR GQIIKVHYW
SROLFLHV DLPHG DW LQWHJUDWLQJ 8%$(pV UHVHDWHKHUV L
LPSOHPHQWHG WR LQFUHDVH WKH NQRZOHGJH GLYHUVLW\ LC
VLIQLPFDQW HIIHFW RQ WKH TXDOLW\ Rl WKH LONWHGCHWRIQW VC
DQG SXEOLFDWLRQV FRXOG OHDG WR LPSURYHRHQWIYVLDHW ROH
DV WR WHFKQRORJLFDO EUHDNWKURXJKV 7\SLRXQ®AUWKXMGP U
WHFKQRORJ\ WHQG WR KDYH D JOREDO LQYHQWWR W LRI QWK K \WAF
WKH LPSRUWDQFH RI LQWHUQDWLRQDO QHWZRUNV LQ WKH C
WHFKQRORJ\ FODVVHYV DQG bHOGYV

1 $ SDWHQW LV FRQVLGHUHG D *&3 ZKHQ DWLGHD VY R FRORQ WK HG L QHGIY!
UHVW RI LQYHQWRUYV
_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



8$(pV 3SHUIRUPDQFH LQ ,QQRYDWLRQ $FWLYLWLHYV

$GYDQFLQJ VFLHQFH DQG WHFKQRORJ\ LQQRYDWLRQ LV D V
RQJRLQJ GHYHORSPHQW SURFHVV DQG D FHQWWRB BRHFHRRIL
6FLHQFH 7HFKQRORJ\ DQG ,QQRYDWLRQ SR®LKH WXHRIGIYIHP B (
RI WKH 8%( LQ GLIIHUHQW DGYDQFHG EDVLF DQ&SDFIOLHG
VFLHQFH DUWLPFLDO LQWHOOLJHQFH DQG DOWHWIDWLYH
8$(pV JRDOV ZLOO UHTXLUH D FRPELQDWLR@ WL XK GH SV RO
DQG OHYHUDJLQJ WKHP WR FRQWLQXH WR JURZ LWV 5HVHDUF

%ULGJLQJ WKH VWUDWHJILF JRDOV VHW E\ WKH 8%$( DQG WKH
UHTXLUHV D GLDJQRVWLF RI LWV FXUUHQW FDSDELOLWLHYV
LQSXWV UHTXLUHG WRLIPGWDRFHXBOLFDWLRQV DQG SDWHQV
LQQRYDWLRQ SURFHVV RI PUPV EXW WKH\ VHIBYDHE DO LRHMHYLWY |
DUH LQVLGH RI DQ HFRQRP\ 7KLV LQYROYHV QFWHR@QPMBV
SXEOLFDWLRQV DQG SDWHQWV EXW DOVR XQGHUVWDQGLQ
FRQWULEXWLRQV )XUWKHUPRUH LGHQWLI\LQJ WKH VSHFLPF
WHUPV RI LQQRYDWLRQ LV FUXFLDO WR RXWOLQH KRZ WKH\
IXUWKHU SURJUHVV LQ WKH DUHD

7TKH 2XWSXW RI WKH 5 ' 6HFWRU

JLUVW UHJDUGLQJ VFLHQWLPF SXEOLFDWLRQV YROXPH LW
H[SHFWHG OHYHO JLYHQ LWKH®3FBRABD&MSLWDWK FRXQWULH
OHYHOV RI *'3 SHU &DSLWD WKH 8%$( XQGHUSHUIRUPV LQ LWV
‘KLOH WKH QXPEHU RI FLWDEOH SXEOLFDWPEBAVYV DO & LKPLLGBIW
WKDQ WKDW RI PRVW RI WKH *&& FRXQWULHV LWEBKORZLQV |
$VSLUDWLRQDO 3HHUV 7KH SDWWHUQ UHPDLQV ZKHQ DGMX\
UHVRXUFH UHQWV LQH#B SIHIXE L]

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH 6FLHQWLPF 3XEOLFDWLRQV SHU OLOC)LRQ 3HRSOH D
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6RXUFH 2SHQ$OH[ DXWKRUVp FDOFXODWLRQV

6LPLODUO\ SDWHQWLQJ DEWLYLW\ UHPDLQV VLJQLPEDQWO\ |
VLPLODU OHYHOV RI *'3 SHU FDS$WDQDW&HEADRHE BHISMEOLFD
8$( SURGXFHV SDWHQWY DW D UDWH VLIJQLbPFDQWOR\EHH ORRZ L
WHOHYHOV RI LWV UHJLRQDO SHHUV VXFK DgJoDKGL \§ K B BT |
DQG RWKHU *&& FRXQWULHV DUH VLPLODU WR UWRRYHGOM RR
LQFRPH SHU FDSLWD ZKLFK KLJKOLJKWV O MPLHWD VDR © B WLIDQ'
FDQ EH VHHQ DV DQ LPSRUWDQW IHDWXUHDRI E) YRHDWLRKQ
DGMXVWLQJ IRU WKH SDWHQWY E\ TXDOLW\ DQG WKH *'3 SH
UHVRXUFHV UHQW LWH$ISSH®GH]

22Q0\ VFLHQWLPF ZRUNV ZLWK PRUH WKDQ FLWDWLRQV DUH LQFOXGHG
_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



Y)LJIXUH 3DWHQWYV SHU OLOOLRQ 3HRSOH DQG *'3 SHU &DSLW
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'HVSLWH WKH JDS LQ WKH QXPEHU RI VFLHQWLPF SXEOLFDW
SXEOLFDWLRQV KDV EHHQ LQFUHDVLQIUUD B RGE\ WIS WE H @AUH
LQ SXEOLFDWLRQV LQ &RPSXWHU 6FLHQFH (& DIVQEHIHQ QIE DH
WR JURZ VRPH UHVHDUFK FDSDELOLWLHV LQ IDVW JURZLQJ bk

VLQFH KDV QRW PDWFKHG WKDW Rl RWKHU PDQ®RBDE&&LHFR
$UDELD $00 WKUHH FRXQWULHV VWDUWHG UHODW LDi®\ VLP
6DXGL $UDELD KDYH ZLGHQHG WKH JDXB WKWK DAKW B \F+

%DKUHLQ DRLGORPWDQ KDYH GLYHUJHG VLIQLPFDQWO\ IURP Wi
HVSHFLDOO\ ZKHQ FRQWUROOLQJ IRU WKHWBRWORWV RI WKH S

8 7KLV JUDSKVHHBEBREGWY QXPEHUYV
_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH 6FLHQWLPF :RUNV SHU OLOOLRQ 3HRSOH LQ *&& FRX
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6RXUFH 2SHQS$OH[ :', DXWKRUVp FDOFXODWLRQV

:KLOH LW H[SHULHQFHG UDSLG JURZWK LQ WKH QXPEHU RI SD
SDWHQW FUHDWLRQ VWDPURP WIHIKX XIQW LA LV VKRZQ WKDW WK
DFWLYLW\ JURZWK EHWZHHQ DQG LV FRPXSPW D EW WK K
DV 4DWDU DQG 6DXGL $UDELD +RZHYHU JURZWKLQW B GQLDQV H
6DXGL $UDELD 7KLV JURZWK LQ WKH 8$( EHWUHERPLQDMEO)
IURP WHFKQRORJLHV UHODWHG WR 3K\VLFV DQG +XRDQ 1HF}
FODVVHV ZKHUH WKHUH ZHUH QR SDWHQWYV LQ WKH BGHYLRX\
LQ WKH WRS RI &RPSHWVWIQHP FDSDFE®N VORZHU ZKLFK UHYV
JDS EHWZHHQ 6DXGL $UDELDpV DQG WKHLU RZQ SIDWIBDQWVYQJ
TXDOLW\ SDWHQWLQJ FDWEKHV XS E\

4 1XPEHU RI VFLHQWLPF ZRUNV IRU LV LQFRPSOHWHVYQ WKH VQDSVKRYV
"¢ RPSHWLWLYH ,PSDFW LV D PHDVXUH FUHMKWHWEKHE\ GCIDUWNHWWV & RIMHN DA KD B
THFKQRORJ\ 5SHOHYDQFH RI D SDWHQW

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLJIXUH 3DWHQWYVY SHU OLOOLRQ 3HRSOH DQG 7RS 3DWHQV
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6RXUFH 3%$767%$7 3DWHQWG6LJKW :', DXWKRUVp FDOFXODWLRQV

8$(pV XQGHUSHUIRUPDQFH LQ LQQRYDWLRQ DFWLYLWLHV FR;
LQ LWV UHVHDUFK SURGXFWLRQ IXQFWLRQ RU FRQVWUDLQW
LQVLGH WKHSRRXHUWWDQGLQJ WKH URRW RI LWV XQGHUSHUIR
GHSWK GLYH LQWR WKH LQSXWV WKDW JR LQWR SJHDRAWLYLW
5' WKHLU G\QDPLFV DQG DQ XQGHUVWDQGLQJ ZRWRWV FX
OHYHUDJH WKHP PRYLQJ IRUZDUG

8$(pV 5SHVHDUFK 3URGXFWLRQ )XQFWLRQ
$Q 2YHUYLHZ RI WKH 5 "' ,QSXWYV

$W PUVW VLIJKW WKH *OREDO ,QQRYDWLRQ ,QGH[ *,, VKRZV

LQSXWV IRU LQQRYDWLRQ LQ WKH 8%( ZKLOH LWV RXWSXW S
H[SHFWHG OHYHO JLYW® KWMHQSXMKW VFRUH LQ WKH *,, F
VHYHUDO LQGH[ GLPHQVLRQV HVSHFLDOO\ WKRVH UHODWH
KXPDQ FDSLWDO ,Q WHUPV RI RXWSXW WKH 8i$[KWHEPWHEVER Q
RWKHU *XOl FRXQWULHVY VXFK DV 6DXGL $URELDQR® YADWLIRD
KXEV OLNH +RQJ .RQJ RU 6LQJDSRUH 7KH ORZHU WKDQ H[SH
DWWULEXWHG WR WKH QXPEHU RI TXDOLW\ SXEOLFDWLRQV T

6§ 1XPEHU RI SDWHQWYV IRU LV LQFRPSOHWH LQ WKH VQDSVKRW XWLOL]
_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



GHVLIQV GHVSLWH KDYLQJ D UHODWLYHO\ KLMHGHY® OVRH F
.QRZOHGJH 2XWSXW 6XE ,QGH[ RI WKH *,,

JLJIXUH *OREDO ,QQRYDWLRQ ,QGH] ,QSXW 6FRUH DQG 2

60

40 CAN

Output Score

20

Input Score

® Aspirational peers GCC Other countries ® UAE

6RXUFH *OREDO ,QQRYDWLRQ ,QGH[ 5HSRUW

8$( H[KLELWV VWURQJ LQGLFDWRUV LQ UHOHYDQW LQSXWV
LQQRYDWLRQ HFRV\VWHKLQHWKKH RK@WOV LQ DOO VXE LQGH]|
WR WKH ZRUOG DQG WR RWKHU *&& FRXQWULHV WKH®@$( LV \
DVSLUDWLRQDO SHHUV VXFK DV 1RUZD\ &DQDUGB UDLEG VKB J
PDUNHW VRSKLVWLFDWLRQ DQG WKH EXVLQHVV HQYLURQPHQ
LQ WKHVH LQSXWV SXW WKHP RQ SDU ZLWK RWKHWBRWOQWULF
ZKHQ H[FOXGLQJ QDWXUDO UHVRXUFH ULFK FRXQWULHYV

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH ,QSXW 6XE ,QGH[HV 8$( YV 3HHUV
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6RXUFH *OREDO ,QQRYDWLRQ ,QGH[ 5HSRUW DXWKRUVp FDOFXODWLRQV

(VSHFLDOO\ LPSRUWDQW IRU WKH LQQRYDWLRQ SURGXFWLR
DQG VSHFLPFDOO\ LWV 5' FDSDELOLWLHV ZKHUH LW WUDL®¢
7KH 8$(WHVXOWV RQ *HQHUDO (GXFDWLRQ DUH VOLJKWO\ DE
ZHDNQHVVHV LQ LWV 3,6$ VFRUHVY DQG WKH UHODWLYHO\ OR?Z
ZLWK UHVSHFW WR *'3 7KHVH UHVXOWV FRXOG SRWHQWLDO
WHWLDU\ HQUROOPHQW E\ KLJK VFKRRO JUDGXDWHV LQ WKH
KLJK QXPEHU RI IRUHLJQ VWXGHQWY LQFRPLQWLYMW®R & (JKQ
QXPEHU RI JUDGXDWHY LQ WKH VFLHQFHV DQG HQJLQHHULQ.
PXFK EHWWHU WKDQ WKH DYHUDJH DQG WKH *&& KRZHYHU
DVSLUDWLRQDO SHHUV VXFK DV 6LQJDSRUH ZKLARXWBX®/G H
FRPSDUHG WR RWKHU FRXQWULHV ZLWK VLPLODU OHYHOV RI

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH +XPDQ &DSLWDO DQG 5HVHDUFK 6XE ,QGH[HV
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6RXUFH *OREDO ,QQRYDWLRQ ,QGH[ 5HSRUW

$W LWV FRUH 5 ' FDQ EH VXPPDUL]JHG DV D SURGXFWLRQ SUR
PUPV FRPELQH VSHFLPF IDFWRUV VXFK DV ODERU UHVHDUFK]I
H[SHQGLWDMLHMS XWV WR SURGXFH RXWSXW SDWHQUY DQG

FRXQWULHV LQ WKH ODVW \HDUV DQ LQFUHDVH RILV LQ Wt}
DVVRFLDWHG ZLWK DQ DEFXPXODWHG LQFUHDVH ZRLWKHLQYXP
LV QRW DVVRFLDWHG ZLWK DQ\ VLIQLPFDQW JURZMKHDY 5D W
6LPLODUO\ DQ LQFUHDVH RI LQ UHDO 5 ' H [SHWQHILWHX UG W KV
QXPEHU Rl SXEOLFDWLRQV RI DQG LQ WKH QXPEHU RI SD!

1RW RQO\ LV WKH RYHUDOO QXPEHU RI UHVHDUFKHUV LPSRU\
KXPDQ FDSLWDO LQSXWV LQ LWV HFRQRP\ SOD\V D VLIJQLPFD(
VHFWSRJIHYLRXV UHVHDUFK KDV HVWDEOLVKHG D UHODWLRQVK
GHQVLW\ 5+&' DQG WKH SURGXFWLRQ RI SDWHQWYV DQG SXE

7:KLOH LQFUHDVHV LQ WKH RYHUDOO QXPEHU RI UHVHDU
HITHFWV RQ LQFUHDVHV LQ WKH QXPEHU RI SDWE&DMAD QWG S
IDFWRU LQ FURVV FRXQWU\ FRPSDULVRQV

" 5HVHDUFK +XPDQ &DSLWDO 'HQVLW\ 5+&FDWHGKWR/ IEBVHIRIFXHRSQ G H HGHHG
SHU SRSXODWLRQ DJHV JRU WKH SXURRYFHXBDWHKGVXVHQR WK HLWF
IRUFH LQ HDFK FRXQWU\

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



8QGHUVWDQGLQJ WKH 8%$(pV +XPDQ &DSLWDO ,QQRYDWLR

$V SDUW RI LWV 1DWLRQDO ,QQRYDWLRQ 6WUDWHJ\ WKH 8%
HGXFDWLQJ DWWUDFWLQJ D QIGQLMAW BIER IQWRP \W RIS U\ D O HDWWU |
DURXQG KXPDQ FDSLWDO LQ 6FLHQFH 7HFKQRORJMQF®G ,QQ
RXWOLQHV SROLFLHV DURXQG HGXFDWLRQ D QED DWKL QD PMKHR
JRDO RI KDYLQJ DQ HFRQRP\ LQ ZKLFK NQRZOHGJH ZRUNHU
ZRUNIRUFH 7KH DFKLHYHPHQW RI WKLV JRDO LWQUROYXGIMQD F
(PLUDWL]DWLRQ DQG WKH WUDQVIHU Rl NQRZOHGJHFHIJRP IR
VNLOOV GHYHORSPHQW LQ WHUWLDU\ HGXFDWLRQRDQG/VORE
ODERU IRUFH DQG DV VWXGHQWYV IRU LWV KLJKHU HGXFDWLR

$Q LPSRUWDQW VRXUFH IRU IXWXUH UHVHDUFKHUV FRPHV Il
IURP ORFDO XQLYHUVLWLHV IRU ZKLFK WKH 8$( LMYOHPDMRU |
WKRXJK WKH 8$( GRHY QRW OLVW D XQLYHQVLW)\ KV WHDH VRS
WR FUHDWH D QHWZRUN RI ORFDO DQG LQWHUQDWLERQDKHXQL
UHJLRQ RQ DYHUDJH 7KLV HFRV\WWHP RI XQLYHEWLDW DV KC
PDMRU KXE IRU IRUHLJQ VWXGHQWY ORRNLQJ IRU XQGHUJU
FRPELQDWLRQ WKH ORRVHQLQJ RI YLVD UHTXL BIHPHQGH/GIR U
WKH SRRO RI DYDLODEOH WDOHQW IRU NQRZOHGUH LQWHQVL

JLIXUH ,QERXQG 7THUWLDU\ 6WXGHQWY SHU OLOOLRQ 3HRSC
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6RXUFH :', 81(6&2 DXWKRUVp FDOFXODWLRQV

(YHQ WKRXJK WKH 8%( KDV EHHQ DEOH WR DWWUDFW VWXGHQ)
HGXFDWLRQ V\VWHP VWXGHQWY SXUVXLQJ DGYDQFHG GHJL
PHOGYVY UHPDLQ FOR$HO WRXSHHIWYW LQ DWWUDFWLQJ IRUHLJQ

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



WUDQVODWHG LQWR DGYDQFHG VWXGLHV )RUY FIKQ W D@V HLLY
VLIQLPFDQWO\ EHORZ ZKDW LV H[SHFWHG RI D FRXQWU\ ZLWt
SDU ZLWK LWV *&& SHHUV DQG 6LQJDSRUH ,Q WHUPV RI DWW
FORVH WR LWV H[SHFWHG OHYHO JLYHQ LWV *'3 SHU &DSLWD |
YLIXUH 7KHVH IHDWXUHV RI WKH 8$(pV KLIKHU H®XFHDWLR
VLIQLPFDQW QXPEHU RI VWXGHQWY JRLQJ WR SXUVX® XQGHU
DWWUDFWLQJ VWXGHQWY LQWR RWKHU PHOGW¥FPHYRK R VWX KV |
VWXGHQW DWWUDFWLRQ WR D SLSHOLQH RI IXWMYHWKBWHD
H[SRVHV WKH WDOHQW WR UHVHDUFK DEWLYLWLH W HD®&EY W UD
LQWR 5 ' ZRUNHUV

J)LIXUH $GYDQFHG 6WXGLHV DQG 67(0 6WXGHQWYV SHU 7KF
&DSLWD

)
@

o

&

H

A
iR
s

H
=
\

Students in STEM Fields per Thousand People
S
\
[}
Students in PhD and Master Level per Thousand People
\

8 9 10 12 7 8 9 10 12
Log GDP per Capita, PPP (2021) Log GDP per Capita, PPP (2021)

e Aspirational Peers GCC Other countries ® United Arab Emirates
6RXUFH 81(6&2 :', DXWKRUVp FDOFXODWLRQV

8$(pV LQGXVWULHY KDYH EHHQ DEOH WR DWWUDFW D VLJQLP
RFFXSDWLRQV LQ LV¥OWIPERIK I RUAHGDWD LV QRW DYDLODEO
WKH ZRUOG LW VKRZV WKH 8%$( DV RQH RI WKH ZRDGEHQY FRX
MXVW EHKLQG FRXQWULHV OLNH 6ZLW]HU OBKPGH DARG MHQ VDS
FRQFHQWUDWHG LQ LQGXVWULHYV ZKHUH WKH 8%( KDV FRPSD
KDV EHHQ VLIJQLPFDQW JURZWK LQ WKH QDNVWLHZ \&DQWVYWWUY XF

8 OHWKRGRORJ\ WR FODVVLI\ 67(0 ZRUNHU VHWUQYFO/XGWW PV WHFKLOLFIL\DWY 1’
DQG RWKHU RFFXSDWLRQV ,/2

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



DQG &RPSXWHU SURJUDPPLQJ DFWLYLWLHYV ZKLFK FRPSULVH
67(0 RFFXSDWLRQV $FFRUGLQJ WR ,/2 PRUH WKDQ
RFFXSDWLRQV KDYH WHUWLDU\ GHJUHHV DQG WKIHRNHN@WWK K
Rl ZRWNHU

JLIXUH :RUNHUV LQ 67(0 2FFXSDWLRQV SHU 7KRXVDQG 3HRS
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6RXUFH ,/2 ', DXWKRUVp FDOFXODWLRQV

'HVSLWH WKH VXFFHVV RI DWWUDFWLQJ LQWHUQDWLRQDO
ZRUNHUV LQWR 67(0 RFFXSDWLRQV WKH QXPEHU RI UHVHDU
EHORZ LWV DVSLUDWLRQDO SHHUV DQG FRXQW&RPSDALMGK VL
WR RWKHU RLO HFRQRPLHV LQ WKH *XOl WKH 8%( KQW\WWLJK
SRSXODWLRQ EXW LW LV VLIQLPFDQWO\ EHORZ RWKHU SHHL
WR WUDQVODWH LWV UHODWLYHO\ RSHQ ODER U ® D/WNHIM QLMY
DQG LWV UHODWLYHO\ KLJK QXPEHU RI JUDG XWR HDV OLBQU YHFEU +
VHFWRU $V WKH RXWSXW Rl LQQRYDWLRQ LV GHBHWGIHRW |
GHHSHQLQJ WKH DQDO\VLY LQWR WKH SRWHQW IPE® UFRQ VWU
UHVHDUFKHUV PLJKW EH IDFLQJ

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH
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6RXUFH 81(6&2 :', DXWKRUVp FDOFXODWLRQV

7KHUH KDV QRW EHHQ VLJQLPFDQW SURJUHVV LQ FORVLQJ
UHVHDUFKHUV YIRWHQFUHDVH LQ WKH QXPEHU RI DYDLODEO
WKH HFRQRP\ GXH WR FKDQJHV LQ WKH YLVD UHJLPH KDV
HPSOR\PHQW LQ KLJK VNLOO RFEXSDWLRQW WXQRX \WWNFXKDQB 1B
+RZHYHU WKH QXPEHU RI )7( UHVHDUFKHUV GHGLFDWHG W
VWDJQDQW VLQFH 7KLV KDV OHG WR D GHFQ HWDRH QREWKH
IRUFH ZKLFK PLJKW EH GHWULPHQWDO WR WKH DGYDQFHPH
DERXW SRWHQWLDO FRQVWUDLQWY WKDW DW K HV B R 5 DIRE PR W
RI KLJKO\ VNLOOHG ZRUNHUV LQ WKH 8%$( PDUNHW DIWHU W
SDQGHPLF LQ

® $FFRUGLQJ WR 81(6&2 QRWHV RQ 8$(pV 16 IV\WD LMV RBAXIM DQBUIHD N L @ KK
WKH DQDO\VLV Rl WKH HYROXWLRQ RYHU WLPH

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH6KDUH RI )7( 5HVHDUFKHUV LQ 7TRWDO .QRZOHGJH :RUI
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BRXUFH )&6& 02+5(

7KH JDS UHPDLQV ZKHQ FRPSDUHG E\ LQVWLWXWLRQDO VHF
RWKHU VHOHFWHG$ FRROQGMLWLQIHWR WKH GDWD SUHYHQWHG
SHVHDUFKHUV SHU OLOOLRQ 3HRSOH DQG *'3 SHU &DVXIWWD E
FRUUHODWLRQ EHWZHHQ WKH GHQVLW\ RI UHVHDUFKHUV
GHYHORSPHQW RI WKH FRXQWU\ LV ZHDN +HUH WKH 8%( SHI
&DQEDGD +RZHYHU WKH FRUUHODWLRQ LV VWURQJHWLQ WKH
6HFWRU ZKHUH WKH 8%$( LV EHKLQG DOO LWV DVSLUDWLRQD
QRWLFHDEO\ ODUJHU LQ WKH +LJKHU (GXFDWLRQ VHFWRU Z}
FRXQWULHY DQG KDV D VLIHDEOH JDS ZLWK DVSAQDYWHIRQMNA 4
DUH SUHGRPLQDQWO\ PQDQFHG E\ WKH JRYHUQPHQW WKDW \
EXVLQHVV UHVHDUFK DQG WKDVDWIKEN WRQMULORHYRWU WRBRQRRY
LWV FUXFLDO WR LQYHVWLJDWH LI WKHUH DUH EDUULHUYV
HPSOR\PHQW LQ WKH +LJKHU (GXFDWLRQ VHFWRU

1 )LJXUHV RI NQRZOHGJH ZRUNHUV IRU DUH FDOFXODWHG LQWHUSROD
1 2WKHU FRXQWULHV LQFOXGHG DUH &KLQD 6QGLIDSRDNKG & UWBIHIEADQ & D VD

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH
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6RXUFH )&6& 8%( 2(& 36% 4DWDU *$6 6DXGL $UDELD 1,7, $D\RJ ,QGLD

7TKH GHFOLQH LQ WKH QXPEHU RI UHVHDUFKHUV LQ WKH JRY
FDXVHG E\ &29,' ZDV SDUWLDOO\ RIIVHW E\ WKH VWURQJ JU|
KDV H[SHULHQFHG VKR®H WKH G\QDPLFV RI WKH JURZWK L«
UHVHDUFKHUV LV PDLQO\ GULYHQ E\ WKH JURZWK LQ WKH
VLIQLPFDQW JURZWK FRPLQJ IURP WKH +LJKHU (GXFDWLRQ
JXUWKHUPRUH LQ WKH %XVLQHVV 6HFWRU DQG ANKH *RY
WKHLU UHVHDUFK HPSOR\PHQW OHYHOV RI ZKHQ WKH +L
H[KLELWHG D JURZWK RYHU LWV OHYHOV RI *LYHQ WKH
LQ LQ WKH 8%( LQ WKH SULYDWH VHFWR O UW R 8\ UHVAHDYUHRKH
LWV GHYHOV

2 $W WKH WLPH RI WKLV UHSRUW WKHUH DWPH QW PQXUHW R BRUWPHWMCHI WKKHHU(
RI WKH UHVHDUFKHUV LQ WKH 8%( HFRQRP\

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH5HVHDUFK (PSOR\PHQW ,QGH[ E\ 3BHUIRUPDQFH 6HFWR
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6RXUFH )&6& DXWKRUVp FDOFXODWLRQV

8$(pV GHQVLW\ RI UHVHDUFKHUV LV EURDGO\ LQ OLQH ZLWK L
LOQWHQVLW\ RI LWV H[SRUWYV DQG LWV LQGXVWULDO FRPSRVL
ZLWK WKH GHPDQG RISWLQ L /EXVMWUNHYVLW\ RI' 5 ' DVVHWYV D\
LQ WKH 86 WKH 8%$( LV EHORZ WKH OHYHOV RI 5 'HLIQMEH@N LW
EXW LV VLIQLPFDQWO\ PRUH 5 " LQWHQVLYH WKPRSYHYHQRERXD '
ZLWK WKH GHQVLW\ RI UHVHDUFKHUV LQ WKH ODERKURK FH

VXJIHVWYVY WKDW WKLV PLIJKW EH GHWHUPLQHG E\ IDFWRUV V
WKH LQGXVWULHV RI D FRXQWU\ 6SHFLPFDOO\ LOQNMHKH FD)\
UHVHDUFKHUVY VHHPV WR EH DW WKH OHYHO H[SHFWHG IURP

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH
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6RXUFH &203867%$7 81(6&2 DXWKRUVp FDOFXODWLRQV

+RZHYHU WKH OHYHO RI H[SHQGLWXUHV SHU UHVHDUFKHU P
SUHPLXP EHLQJ SDLG IRU UHVHDUFKHUV RU RI D KLJKHU FE
SURFHVV LQ WREX8®I(QJ WKH *&& DUHD WKHUH LV D FRUUHODV
DJJORPHUDWLRQ RI UHVHDUFKHUV DQG WKH H[SHQGLWXUH
DFDGHPLD DQG JRYHUQPHQW GHGLFDWH WR WKHLU DFWL
H[SHQGLWXUHV SHU UHVHDUFKHU DUH DPRQJ WKH KLJKHVW L
LQFUHDVH SUHPLXP SDLG IRU UHVHDUFKHUV WR ORFDWH L
LQYHVWPHQWY WKDW RYHUSDVV WKH FXUUHQW SUHVHQFH RI
FDVH Rl WKH 8$( 6WDWH OHG GHPDQG DQG LQYHY@PHIMWMLR R
DFWLYLWLHV FRXOG EH OHDGLQJ WR ERWK RXWRRPHWRQ Z
LQFHQWLYL]H WRS UHVHDUFKHUV WR UHORFDWH WRLBKH 8$(
LPSURYHG LQYHVWPHQWY IRU SK\VLFDO FDSLWDWQHIRU W KH F'
%RRXJH ,QOQRYDWLRQ &HQWHU ZKLFK RSHQHG L® $YBXQWREH L
EHWZHHQ %RUHDOLV DQG $'12&

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH
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6RXUFH 81(6&2 :', DXWKRUVp FDOFXODWLRQV
$FKLHYLQJ WKH JRDOV Rl WKH 1DWLRQDO ,QQRYDWLRQ 6WUD
6FLHQFHV $JHQGD ZLOO UHTXLUH LQFUHPHQWDO DWYV

UHVHDUFKHUV WR DGG FDSDELOLWLHWKWFEXWYHRXNW UD@W RI' .
RI 5' SHUVRQQHO LQ DOO WKH LQVWLWXWLRQDWVVHG WRLH |
8$( DV WKH FRXQWU\ FRQWLQXHV WR LQYHVW HMNVQLBFDQV
DWWUDFWLQJ LQWHUQDWLRQDO VWXGHQWYV DYGGHNLDRWE B F
SLSHOLQH DQG D EOXHSULQW WR HQVXUH WKDW WK H FLLGIFQUM D
UHVHDUFK VNLOOV LQ WKH ODERU PDUNHW DV WKH 5 ' VHFW
VHW Rl FDSDELOLWLHYV

8OQGHUVWDQGLQJ ([SHOGLWXUHY DQG ,QYHVWPHQWYV LQ &

,Q LWV IUDPHZRUN WR VXSSRUW EDVLF DQG DSSOLHG VF
HVWDEOLVKHYV WKDW LW ZLOO SURYLGH HQRXJK JRYHUQPHOQ\
HQYLVLRQV DQ LQFUHDVH LQKHQBXVWRYNURQGE®JI3ROLF\ )UDF
IRUHFDVWY DQ LQFUHDVH LQ LQGXVWU\ 5 ' VSHQGKQZRXR G ('
UHSUHVHQW DQ LQFUHDVH RI IURP LWV OHYHOV DQG Z
WKH $(' WULOOLRQ *'3 JRDO IRU WKDW \HDU 7KDW OHYHO
FRPSDUDEOH WR WRS 5 ' SHUIRUPHUV VXFK DV *HUPDQ\ DQG
ZRXOG SURYLGH D VLIJQLPFDQW RSSRUWXQLW\ IRU EX\WMDNWK
ZLOO DOVR UHTXLUH HQRXJK FDSDFLW\ WR D E VIRUUERWIKGHD O HW
UHVHDUFK

_ 6FLHQWLPF DQG 7HFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



8%( OHYHOV RI 5" *URVV ([SHQGLWXUHYVY DUH FORVH WR WKH
OHYHO RI *'3 SHKIEDS LWDLY VWLOO EHKLQG DVSLUDWIHRAM) O S
OHYHOV DUH VLIJQLPFDQWO\ DERYH WKRVH RI RWKHU FRXQ\
HISHQGLWXUHYV LQ 5" LW LV XQOLNHO\ WKDW WHIDUEH O\ iRA
IXQGV IRU WKLV SXUSRVH +RZHYHU LW LV LPSRUWDQW WR
HIPFLHQF\ RI WKHVH H[SHQGLWXUHYVY DQG WKH FXUUHQW FDSL
DQG WUDQVODWH WKHP LQWR UHVHDUFK RXWSXW

JLIXUH*URVV ([SHQGLWXUHV LQ 5HVHDUFK DQG '"HYHORSPHQV

Gross Expenditures in Research and Development (% of GDP)

r 8 10 11 12

9
Log GDP per Capita, PPP (2021)

® Aspirational Peers GCC Other countries @ United Arab Emirates

6RXUFH 81(6&2

7KH GLIIHUHQW 5 ' VWUDWHJLHY DGRSWHG KDYH OHG WR D
IXQGLQJ DYDLODEOH IRUBBQFBFWLYWRWDO UHDO H[SHQGLYV
DFWLYLWLHV KDYH JURZQ@KLOH MWKKWHKDUH RI *'3 KDV ULVHQ

RI *'3 7KHVH DFFHOHUDWHG JURZWK LQ WKHRE®GLDBELO
VXUSDVVLQJ WKH 8$(pV FXUUHQW DYDLODWRH ®HHDBEIRILL WY QHI
GHSWK GLDJQRVWLF Rl WKH DYDLODEOHMKQP@RYDSIRONFBQRE
JHQHUDWLRQ DQG DEVRUSWLRQ :KLOH WKH JURZWKORI 5 '
SHUIRUPDQFH VHFWRUV WKHUH DUH VLJQLPFDQW GLIIHUHQTF
ORRN

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH
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6RXUFH )&6& :', DXWKRUVp FDOFXODWLRQV

'"HVSLWH JURZWK LQ 5' VSHQGLQJ LQ WKH ODVW IHZ \HDUV |
%XVLQHVV 5" HISHQGLWXUHV ZKLFK DUH EHLQJ FRYHUHG E
J)LIXUH " KHORXWLQHVY 6HFWRU UHPDLQV WKH PRVW VLJQ
VSHQGLQJ IRU 5" DFWLYLWLHY LQ DOPRVW DOGKPBPRXQWULH
H[SHFWHG IRU D FRXQWU\ Rl 8$(pV OHYHO RI GHYHORSPHQW |
6LPLODU WR WKH FDVH Rl UHVHDUFKHUV WKH +LJKHU (GXFI
ORZHVW RI LWV SHHUV MXVW DERYH 6DXGL $UDELD 7KH

HISHQGLWXUHY DW D OHYHO H[SHFWHG E\ LWV *'3 SHU FDSLW
LQYHVWPHQWY LQ 5' VXUSDVVLQJ WKRVH RRYRYQP RQ C
LOQYHVWPHQWY LQ 5" DUH QRW WKH UHVXOWY RI D RGHNHW E
WR ORFDWH WKHLU 5" DFWLYLWLHYV LQ WKH R XQWWH D WHGE L
UHVHDUFK RXWSXW DW WKH VFDOH RI LWV H[SMKQHEBEWRWHIQW LT
GLVFRQQHFW EHWZHHQ WKH 5 ' FDSLWDO DQG WKH UHTXL
NQRZOHGJH WR DXJPHQW WKH SURGXFWLYLW\ RI WKH VHFWR

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH
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6RXUFH )&6& 8%( 2(& 36% 4DWDU *$6 6DXGL $UDELD 1,7, $D\RJ ,QGLD

7KH JHGHUDO *RYHUQPHQW WKH (PLUDWHV DQG LWV 62(V
VLIQLPFDQW VRXUFH RI IXQGLQJ I(RB G WHRHGEGWWKUHWY QF
GDWD UHOHDVHG DERXW WKH VRXUFHV RI IXQGLQJ LW FDQ I
WKH (PLUDWL HFRQRP\ WKDW WKH 6WDWH LV D ANWHPFDQW
6WDWH IXQGLQJ IRU 5 ' DEWLYLWLHY QRW RQO\ IORRVURRP W
WKH GLIIHUHQW B6WDWH 2ZQHG (QWHUSULVHV 62(VG VXFK L
SXEOLFO\ RZQHG XQLYHUVLWLHV VXFK DV 8$( 8 QWXHNMVILQ\G D (
WKH HFRQRPLF VWUXFWXUH RI WKH 8$( LW LV LPSRUWDQW W
RI WKH 8%( DQG WKH RYHUDOO SURGXFWLYLW\ RI WKH UHVHI
WKDW WKH\ DUH FXUUHQWO\ UHFHLYLQJ

7KH 3URGXFWLYLW\ RI WKH 5 "' 6HFWRU

7KH SURGXFWLYLW\ RI WKH LQSXWV JRLQJ LQWR WKH SURG)
ZRUNV ZLOO SURYLGH D PRUH LQ GHSWK XQGHUVWIIKQE@LQJ R
FRPSDULVRQ VHUYHYVY DV D NH\ PHWULF WR HYDOXDWH WKH
LQYHVWPHQWY +LJK SURGXFWLYLW\ LQ 5 ' LKX®IDHYV ARISDW D/Ot
DQG PQDQFLDO LQYHVWPHQWY DUH EHLQJ XWLWH]JGIGHRWKBW
SURSHUW\ DQG VFLHQWLPF DGYDQFHPHQWY &RQYHUVHO\

LOQHIPFLHQFLHY RU PLVDOORFDWLRQ RI UHVRXDEORRAOLWORQ I

3 /DVW DYDLODEOH \HDU IRU HDFK FRXQWU\
_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



SROLF\ LQWHUYHQWLRQ WR DGGUHVV WKH FDXVWIRVHVBRX H L
GHQVLW\ RI UHVHDUFKHUYV

SHVHDUFKHUVp SURGXFWLYLW\ LV LQ OLQH ZLWK WKH H[SHF
SXEOLFDWLRQV ZKLFK ZRXOG LPSO\ WKH QHHG IRU PRUH UH
'"HVSLWH EHLQJ LQ GLIITHUHQW SDUWV RI WKH SUR®XFUY LW
UHVHDUFK RXWSXW LV FORVH WR LWV H[SHFWHG OHYHO JLY!
8$( KDV LQ LWV HFRQRP\ 7KLV LPSOLHV WKDWWIGH @ ¥ ( WR RO
UHVHDUFKHUV LQ WKH HFRQRP\ ZKLFK DRNMRKHMRKMNUUMKHLA X
FRQVWUDLQW LQ WKH FXUUHQW IMRPWKHNRHWHDNMEBGFKXWNRRE
pPUPV SUHIHU QRW WR ORFDWH WKHLU 5 "' FDSDEDKXXWMLKIHUL Q
LQFUHDVH LQ WKH SURGXFWLYLW\ RI UHVHDUFKHUV LQ WKH F

JLIXUH5HVHDUFKHUY SHU OLOOLRQ 3HRSOH DQG 5HVHDUFK 2
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6RXUFH 81(6&2 :', 2SHQ$OH[ 3%$767%7

7KH 8%( LV EHORZ LWV H[SHFWHG RXWSXW RI SDWHQWYV DQG
OHYHO RI| H[SHXKK&EVMWXQGEHMQIJ KDV WZR SRWHQWLDO LPSOLFDW
VSHQGLQJ DERYH LWV FXUUHQW FDSDELOLWLHYV VDR 1D BWKRHJ E L
HISHQGLWXUHYV DUH QRW PDUNHW GULYHQ EXW IXQGHG E\ WI
PLIKW UHVXOW LQ LQFUHDVHG RXWSXW LQ WKH IXVWXQWH SUR
GHYHORS LQQRYDWLRQ FDSDELOLWLHYV DV LW KDV GRQH LQ V
WKH G\QDPLFV VWHPPLQJ IURP WKLY DUH GHWHUPLQHG E\ W

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



([SHQGLWXUHV E\ WKH 8%$( WKH VRXUFH RI WKLV IXQGLQJ IR
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6RXUFH 81(6&2 2SHQ$OH[ 3%$767%$7 :', DXWKRUVp FDOFXODWLRQV

7KH PLVPDWFK EHWZHHQ WKH OHYHO RI H[SHQGLWXUHV WK
WKH UHVHDUFK RXWSXW PLJKW EH SRLQWL/KH VORH YEHLO | HRU H
HISHQGLWXUHV WKDW WKH 8%( FXUUHQWO\ KDV LV RQ OHYHO
DUH VLIQLPFDQW JDSV LQ WKH QXPEHU RI UHVHDUFKHUV DQ
JHQHUDWLQJ 3URGXFWLYLW\ OHYHOV RI UHVHDUFKHUV VXJJI
WKH 5 ' VHFWRU DUH ZRUNLQJ RQ SDU ZLWK ZKDW LWV HFRQRI
WR WKH OHYHO RI UHVHDUFK RXWSXW WKDW DQ HFRQRP\ F
DWWUDFWLQJ PRUH UHVHDUFKHUY DQG VLJQLPFDQWO\ LQFUH
WKH G\QDPLFV RI LWV UHVHDUFK SURGXFWLRQ IX@FEWVRQ EHF
FDSDELOLWLHYVY LQ WKH LQQRYDWLRQ VHFWRU

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



7KH SURGXFWLYLW\ SHU UHVHDUFKHU LQ WKH 8%$( LV DQ RXW«(
RI WKH H[SHQGLWXUHV SHW KHWID/MHFRHYFLHQWLPF SXEOLFL
SURGXFWLYLW\ LV EHORZ DVSLUDWLRQDO SHHUV DRIQBRXQW
FRQVLGHUDEO\ PRUH SHU UHVHDUFKHU WKDQ PRVW RI WKt
SURGXFWLYLW\ LV RQ SDU ZLWK 2PDQpV ZKLOB ® WKR K DHGG L
LW LV DQ RXWOLHU ZKHQ FRPSDUHG WR SHHUV OLWNH 6DXG
$OWKRXJIK KLIKHU VSHQGLQJ FDQ ERRVW UHVHDUFK RXWS)
HYLGHQFH VXJIJHVWYV LVVXHV LQ 5 ' SURGXFWLYLQWUWRMIWMWOD U |
5" H[SHQGLWXUHV HVSHFLDOO\ WKURXJK WKH *RYHUQPHQW

JLIXUH3URGXFWLYLW\ SHU 5HVHDUFKHU DQG ([SHQGLWXUHYV
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6RXUFH 3$767%$7 2SHQ $OH[ 81(6&2 )&6& DXWKRUVp FDOFXODWLRQV

8$(pV ORZ UHWXUQV WR WKH VFDOH RI LWV 5 ' ([SHQGLWXUH\
LWV 5HVHDUFK SURGXFWLRQ IXQFWLRQ ZKLFK FDQ EH D UH
LQQRYDWLRQ FBHSRBY CHHWHMWVFNQRZOHGJIJHG LQ WKH OLWHUD!
WHFKQRORJLFDO VSHFLDOL]DWLRQV DQG WKH DXSHWRUDQFH
ODUJHO\ GULYHQ E\ WKH UHFRPELQDWLRQ RI| FDZ®HEGOHWLH\
7KH 8QLWHG $UDE (PLUDWHV 8%$( DLPV WR WUDQVIRUP LQW
PRYLQJ DZD\ IURP LWV UHOLDQFH RQ RHG I$@ KNK 18GJ WK DW 1|
,QQRYDWLRQ 6WUDWHJ\ QHFEHVVLWDWHVY D IRFXVHGDDSSURI
FDSDELOLWLHV %\ SURJUHVVLYHO\ EXLOGLQJ RQFID®MV H[LV
VLIQLPFDQWO\ ERRVW LWV UHVHDUFK SURGXFWLYLW\ 7KL

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



UHVHDUFK ZLOO QRW RQO\ LQFUHDVH WKH FKDQFHV RI JHQF
DOVR PUPO\ HVWDEOLVK WKH 8%( DV D KXE RI LQQRYDWLRQ D

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



/IHYHUDJLQJ 8%(pV &DSDELOLWLHYV
8%(pV &DSDELOLWLHV LQ )LHOGY 7HFKQRORJLHV DQC

8$(pvV 5' VHFWRU IHDWXUHV D EOHQG RI UHODWLYH ORZ Gt
HISHQGLWXUHVY SHU UHVHDUFKHU DQG UHODWLYH OWRY SURC
VLIQLPFDQW LQYHVWPHQW LQ UHVHDUFK DQG GHYHORSPHQW
SHU UHVHDUFKHU DQG SHU SDWHQW VFLHQWLPF SXEOLFDWLR
RWKHU FRXQWULHV WV GHPDQG IRU UHVHDUFK VNLOOV D
RFFXSDWLRQV XQGHUVFRUHV WKH LPSRUWDQFH RI DGRSWI
WDUJHWLQJ VSHFLPF WHFKQRORJ\ VXE FODVV WRENVWHPWPL]}
UHVHDUFK FDSDELOLWLHYV LQ WKH IXWXUH

$Q LQFUHPHQWDO DSSURDFK IDFLOLWDWHY D QXDQFHG H
UHODWHGQHVV DQG XQUHODWHGQHVV NHIHWHRP HR\MWE BHQR |
EUHDNWKURXJK WHFKQRORJLHV RIWHQ UHOLHV RQ BDEOHQG

PHOGV %RVFKPD HW DO %\ | RWXFIODIV VE FUHCHODW B DL
WHFKQRORJLFDO VWUHQJWKY DUH FRPELQHG ZLWK QHZ XQ
FUHDWH DQ HQYLURQPHQW FRQGXFLYH WR LQQRYDWLRQ

XQGHUVWDQGLQJ WKDW WHFKQRORJLFDO EUHDNWRURKXJKV I
GLIIHUHQW PHOGV 7DUJHWLQJ WHFKQRORJLHV WKURXJK P
SROLFLHY DQG WDUJHWHG LQYHVWPHQWY LQ LQIRDWKNHUXFW
DSSHDUDQFHV Rl EUHDNWKURXJK WHFKQRORJLHYV

8$(pV LQYHVWPHQWY LQ 5 ' DQG WKH LQIUDVWUXEFWXUH WR V
ERRVW LWV LQQRYDWLRQ RXWSXW EXW RQO\ LI WKH FDSDELO
'LWKRXW WKH VXSSRUWLQJ FDSDELOLWLHWB®GKQRIOHR FIRHQ/G L/
QHDU WHUP WKHUH LV D ULVHONKD WLWBHVHQD Y6 Y R PH\YMWR/Q
KDV VKRZQ WKDW OREFDO PLVPDWFK EHWZHHQ BFWDQW DQGR
SUHYHQW IXUWKHU VSLOORYHUV &UHVFHQ]L JRUHLJ
FROODERUDWLRQV DQG VFLHQWLPF PLJUDWREE®VAD ® 8 RVWKHQ \
DFW DV FKDQQHOV IRU NQRZOHGJH GLIIXVLRQ 2KLFR BRBOG
WHFKQRORJLFDO FDSDELOLWLHV

2YHUYLHZ RI )LHOGY 7THFKQRORJLHV DQG ,QGXVWULHYV

8$(pV FXUUHQW UHVHDUFK FDSDELOLWLHY RQ VFLH@®WLPF SX
OHGLFLQH ODWHULDOV 6FLHQFHV (QJLQHHUWIKQI 830 G RIRP S X\
SXEOLVK LQ D UDQJH Rl RWKHU VFLHQWLBRUHHOEW WY LAHO O
QRWLFHDEOH FRQFHQWUDWLRQ RI VFLHQWLbPF DSXE BIZEOWLR G
PHOGV VXFK DV $UWLPFLDO ,QWHOOLJHQFH ZKLFIKRQRWLRO\
EXW DOVR LWV UHVSRQVH WR JOREDO WUHQGY DQ®REKDOOHQ

_ 6FLHQWLPF DQG 7HFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



GULYHQ VHFWRUV VXFK DV $UWLPFLDO ,QW BHORED B QFFR QRPIH
VKLIWV WRZDUGV HPHUJLQJ WHFKQRORJLHV 5HVH@PUERHUV L
EDVLF VFLHQFHV VXFK DV %LRORJ\ D CHI &KHPE V VOUWN B V( T HLAYX
DQG +HDOWK 6FLHQFHV LQGLFDWLQJ D EDDQQ/AHES REWHBDRM
EDVLF UHVHDUFK DQG LWV DSSOLFDWLRQ WR UHDO ZRUOG SU

JLIXUH8%$( V 6FLHQWLPF )LHOGV VL]HG E\ WKH QXPEHU RI ZR
FLWDWLRQV

Scientific Works per Field
Unit b Emi 2017-2020)
L5 7 ematical
alysis
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gy Stereochemistry AStICII'ID!T\y p—

Genetics Microbiology  chromatagrphy | Combinatorial | & 7 Arsey
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Lo igy i . i Astrophysi management
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Medical
education
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3 Environmental
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6RXUFH 2SHQ$OH[ DXWKRUVp FDOFXODWLRQV

8$(pV SURGXFWLRQ RI SDWHQWV LV FRQFHQWUDWHG LQ W
,QIRUPDWLRQ 7HOHFRPPXQLFDW IRKLD & GV& R QYX\PUEXFIWR R VW |
\HDU KDV UHPDLQHG UHODWLYHO\ VWDJQDQW LQ WKH ODVW
LQWR D ZLGH UDQJH Rl WHFKQRORJLFDO V XE A@DNHRAWRIRIQLG?
DQG 7HOHFRPPXQLFDWLRQ DQG 3K\WLFDO 6FLHQFHV 7KH
SXEOLFDWLRQV LQ PHOGY UHODWHG WR FRPSXW&BUWHLH FH
LQ SDWHQWVY DURXQG $UWLPFLDO ,QWHOOLJHQFH WHFKC
7HFKQRORJLHV * $GGLWLRQDOO\ 8%( LQYHQWRLHV QRW R
DUHDV FORVH WR WKHLU FRPSDUDWLYH DGYDQWDYHWW GKRIPL|
FUHDWHG WHFKQRORJLHV LQ DJULFXOWXUH KHDOWKFDUH D

4 7KH WHFKQRORJ\ FOXVWHU RI HDFK WHFKQRORJ\ VXE FORVWHY GBPQHG
IRU WKDW VSHFLPF VXE FODVV DV FRPSXWHG E\ 3B DWHQWG6LJKW

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



J)LIXUH 8$( V 7THFKQRORJLFDO )LHOGV VL]HG E\ 3DWHQW )UDF

Patent Fractional Counts per Technology Class
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6RXUFH 3%$767%7 DXWKRUVp FDOFXODWLRQV

3DWHQWLQJ DFWLYLW\ KDV EHHQ PDLQO\ OHG E\ ORFDO XC
VHUYLFHV DQG ®QKGIOH GRDOV SDWHQWLQJ DEWLYLW\ LQ WKH
LQGLYLGXDOV VHUYLFHV DQG RLO UHODWHG ARPSNQWKBWW
SDWHQW DQG SDUWLFLSDWH LQ WKH PDQXIDFWXUKDRMHIRRG
EHFRPH WKH PRVW LPSRUWDQW LQGXVWU\ WKURXJIOMRH DFV
8QLYHUVLW\ ,Q DGGLWLRQ PDMRU 62(V LQ WKH SURGXFWL
VLIHDEOH LQ WKH SURGXFWLRQ RI SDWHQWV $'12&Q WV KDG
ZLWK VXEVLGLDULHV IRFXVHG RQ VHUYLFHV LQWHUQDWLR
UHSUHVHQWDWLYH RIPFHV KDYH DOVR FRQWULEXWHG WR WK
DV FRQQHFWLRQV DQG KXEV RI 5 ' DEWLYLWLHV SBHWMDIEHQ L«
5' FHQWHUV LQ RWKHU SODFHV Rl WKH ZRUOG

% 7KLV DQDO\WLV XVHV WKH DVVLJQHHV RI WKH SDWHQWYV IRU DJJUHJDWL|
_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH ,QGXVWU\ RI 3IDWHQW $VVLIQHHYV VL]JHG E\ 3DWHQW )|

Patent Fractional Counts per Industry
United Arab Emirates (2017-2022)

UAE

Finance and ——
Government

: S Insurance
Professional, Scientific, it

and Technical Services e Manufacturing

wl " Mining, Quarrying, and Oil
Plastics Material and

and Gas Extraction

Information Resin Manufacturing

International University Management of Companies

and Enterprises

Wholesale Trade

Local University

Individual

. Government . Individuals . Manufacturing . Services

- Holding Offices and Headquarters International Firms . Qiland Gas . Universities

6RXUFH 3%$767%$7 1DWLRQDO (FRQRPLF 5HJLVWU\ 1(5 DXWKRUV FDOFXODWLRQV

,QYHQWRUV LQ WKH 8$( SDUWLFLSDWH LQ D VLIQLPFDQW QXP
DERYH DYHUDJH TXDOLW\ EXW DW D ORZHU IUHTXHQF\ WKD(
SRSXODWLRQ VL]H ZKLFK KLIJKOLJKWY RSSRUWKID BWLKD\WLQ W
EHHQ DEOH WR SURGXFH PRUH WKDQ LWV H[SHFWHG VKDUH |
WZR WHFKQRORJ\ FODVVHVY WZR UHODWHG W R @ILQH K OMIU F
7KHUH LV DOVR D VLJQLPFDQW QXPEHU RI WHFKQRORJIWHV W]
DWEHORZ DYHUDJH TXDOLW\ ZKLFK PLJKW EHQHPW IURP SRO
WKURXJK D FRPELQDWLRQ RI SROLFLHV ROKERORWE R U DO/RIERXC
VWDU UHVHDUFKHUVp DWWUDFWLRQ )LQDOO\ DHQDALMWK QX
DERYH DYHUDJH TXDOLW\ ZKLFK LV VXJJHVWLYHRRDWKH GUH
WKHP 3XWWLQJ LQ SODFH SROLFLHV WK DWR ¥ ERIQUPIFH. DR M
WKH RYHUDOO FDSDELOLWLHV RI WKH 8%$(

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



J)LIXUH 3DWHQW 3URGXFWLRQ ®QWHQVLW\ DQG 4XDOLW\
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6RXUFH 3$767%$7 3DWHQW6LJKW DXWKRUVp FDOFXODWLRQV
1IHDUE\ 2SSRUWXQLWLHV IRU WKH 8%(
7KH 8%$( KDV H[KLELWHG PDUNHG GLYHUVLPFDWLRQ LQWR VI

RYHU WKH SHULRG,Q WKH 8%( VUHVHDUFK ODQGVFDSH zZD
ZLWK D PRGHVW SUHVHQFH LQ D IHZ PHOGV ZLWKHQD@GLQH'
OHGLFLQH DQG %LRORJ\ %\ WKHUH KDVORHH)QWKMLYRQXP

EXW LQ WKH YDULHW\ RI VFLHQWLPF GLVFLSOWL Q@I QHHILLKDIMW
DQG &RPSXWHU 6FLHQFH PHOGV DQG VRPH 6RFLQWDBBEGLHQT
6FLHQFHY DQG ODWKHPDWLFV 7KLV GLYHUVLPFDWLRQ LV
FDSDELOLWLHYVY LQ VFLHQWLPF SXEOLVKLQJGHHUHIOBRWHQRI D
NQRZOHGJH VHFWRUV 7KH VFLHQWLPF PHOG VSD&EW LQ W
EHWZHHQ VFLHQWLPF PHOGYVY (DFK FLUFOH LV DDW IDHHDVEL b F
RYHUDOO LQ WKH ZRUOG LQ WHUPV RI QXPEHUGRIUS/X¥EPLH QW L
SXEOLFDWLRQV ZLWK DW OHDVW FLWDWKEQYFDMDVRLA QDR/L WI @F
LV RYHUUHSUHVHQWHG LQ WKH 8%( FRPSDUHG WR WKH HJ!
SXEOLFDWLRQV EDVHG RQ WKH FRXQWU\ V VL]H 5S&$ RU 5:
QHDUE\ FRORUHG FLUFOHV LQGLFDWH VFLHQWLPF IR’HIOGV W
GLYHUVLPFDWLRQ WKDW DUH DWWDLQDEOH JLYKQVWKIKVHW

6 2Q WKH OHIW DOO XQPOWHUHG REVHWBRYLRDY G 27H MK 0 RIK WD QRRHPO

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



VKRZV XV KRZ ZH FDQ XVH DQ HFRQRPLF FRPSOH[LW\ SHLU
UHFRPPHQGDWLRQV IRU GLYHUVLPFDWLRQ LQ VFIODOQMWHW E @ H
WKLY VHFWLRQ WR GRFXPHQW QHDUE\ RSSRUW X QUHQMWLVP R U
SXEOLVKLQJ DQG SDWHQWLQJ 7KH LQFUHDVH LWQFEOOQKWWHHR V
PHOGYV VXJJHVWY DQ HPHUJLQJ VRSKLVWLFDWHG LQQRYDWLR

JLIXUH8$( V 'LYHUVLPFDWLRQ LQWR 1HZ 6FLHQWLPF )LHOGYV

ARE in 2000 ARE in 2020

Scientific Field
W Engineering and Computer Science
icine and Biclogy
nces

6RXUFH 2SHQ$OH[ DXWKRUVp FDOFXODWLRQV

5SHODWLYH WR WKH 8$( KDV GLYHUVLPHG LQWR PRUH V
SDWWHUQ LV PRGHVW LQ FRPSDULVRQ WR WKH GUDPDWLF
SXEOLFDWLRQV VXJJHVWLQJ D QXDQFHG WUDMHFWRHU\ RI |
SHULRG IURP VKRZV D VSDUVH SLFWXUH RIWKVXRRH Pl
DV %LRWHFKQRORJ\ DQG +HDOWKFDUH DQGJ3B\WEV¥BDXG6RLWM Q
\HDUV GHPRQVWUDWH DQ H[SDQVLRQ LQWR QHZ WHFKQRORJ
DQG )DEULFDWLRQ DQG (OHFWURQLFV DQG 7HOWHFRRPPWALFI
HITRUW WR WUDQVLWLRQ IURP DQ RLO FHQWUYH ® FRQRRRWFR
WKH VEDOH RI DFWLYLW\ UHPDLQV UHODWLYHOREFPR@WHUY
GLYHUVLPFDWLRQ VHHQ LQ VFLHQWLPF SXEOLVKEG©HVMWXOXQ\ |
FXOWLYDWHG D VWURQJHU VELHQWLPF UHVHDUFR &DWH QWHKIHS
WHFKQRORJLHV KDV EHHQ PRUH FRQVHUYDWLYH JIKIV FRQ
EHWZHHQ UHVHDUFK RXWSXWV DQG WKHLU FRPPHUFLDO DSS
SROLFLHV WKDW QRW RQO\ IRVWHU UHVHDUFK EXW.RO®VR |
FRPPHUFLDOL]DWLRQ 6WUHQJWKHQLQJ WKH 0 QK EHWZUHH Q
SBYLGLQJ VXSSRUW IRU WKH SDWHQWLQJ SURFHWWVHQKDC

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



UHJXODWLRQV DQG LQFHQWLYL]LQJ SDWHQWIH S FWEQYWLR JF
DFWLYLW\ LQ WKH 8%(

JLIXUH8$( V 'LYHUVLPFDWLRQ LQWR QHZ 7THFKQRORJ\ &0DV V't
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6RXUFH 3%$767%7 DXWKRUVp FDOFXODWLRQV

'KLOH WKHUH LV D ZHDN UHODWLRQVKLS EHWZHHQ WKH 8
FDSDELOLWLHY DQG JOREDO JURZWK UDWHVY WKHUH DUH RS
WUHQBGKH 8$( V FXUUHQW WHFKQRORJLFDO FDSDELAGKWLHV D
WHFKQRORJ\ FODVVHV VKRZV D VPDOO SRVLWLYWH\WRRUHOD
WKHVH VHFWRUV DV PHDVXUHG E\ WKH &RPSRXQG $QQXDO *I
SDWHQW DVVHW LQGH[ )RU SROLF\PDNHUV DWKW VW DKVH KICFL J
UHDOLJQPHQW Rl SULRULWLHV WR IRFXVLWQHVNQEQ H®NERQ R
FODVVHV QRW RQO\ ZKHUH JOREDO &$*5 LV KLJK EX® DOVI
UHDOLVWLEDOO\ EXLOG FRPSHWLWLYH DGYDQWDJH( DRZ GH
RYHUDOO LQQRYDWLRQ SULRULWLHV 7KH 8$( V FXUUHQW Wt
QRW IXOO\ DOLJQHG ZLWK JOREDO JURZWK WUHQGV +RZ
WHFKQRORJLFDO FOXVWHUV DURXQG KHDOWKRDWX QIQMGL BRI
(OHFWURQLFV DQG 7THOHFRPPXQLFDWLRQ

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



)LJXUH*OREDO 7UHQGV DQG 8%$( V 2SSRUWXQLWLHV
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6RXUFH 3%$767%7 3DWHQWG6LIJKW DXWKRUVp FDOFXODWLRQV

&DSDELOLWLHY DURXQG YDULRXV VFLHQWLPF PHOGYV DQG W
E\ WKH GHQVLW\ DURXQG WKRVH DUHDV DUH SUHGLFWLYH
7TDEOH $SSHQGEGLIGHPQH GHQVLW\ DV WKH FDSDELOLW\ R®
FDSDELOLWLHYV D FRXQWU\ KDV DQG ZKDW FD $MHEOL® WWR_HW D
SUHVHQW LQ WKDW FRXQWU\ 7KH UHJUHVVLRQV WUMMHQW!
DVVRFLDWLRQ EHWZHHQ WKH GHQVLW\ RI VFLHQWUIPFHPHOGV
DUHDV VXJJHVWLQJ WKDW PHOGV ZLWK D KLJKHW HRQLANHHON U
WR VHH FRQWLQXHG SURJUHVV 7KLV LV WB%H MXURNVWLRH .
WKDW LQYHVWPHQW LQ DUHDV RI H[LVWLQJ H[SHUWLVH LQV
HI[ILVWLQJ H[SHUWLVH H[WHQVLYH PDUJLQ PD\ \LHOG VLJQLE

FROXPQ LQ WKH UHJUHVVLRQ LQGLFDWHYV @& KQWUMHD WHK\WH G R
GRHVY WKH LQWHQVLYH PDUJLQ JURZWKUPHDQLQJ WKHUH LV I
RI H[LVWLQJ NQRZOHGJH ZLWKLQ WKDW PHOG 6LPLODUO\ W
FROXPQV UHIOHFW WKH H[WHQVLYH PDUJLQ UHSUHVHQWLQJ
QHZ VFLHQWLPF PHOGV RU WHFKQRORJLHV 7KH UREXVWQH)
VSHFLPFDWLRQV FRQPUPV WKH UHOLDELOLW\ RXGHQVRAZWEBYV

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



7KLY OHQGV VXSSRUW WR WKH LGHD RI UHODWHG IGLYHUV
FDSDELOLWLHY LQWR DUHDV WKDW D UHUMGOIDNFHHG WV W IR QH [ IQWWA
WKDW DUH IXUWKHU DZD\ LQ WKH VFLHQWLPF PXQ@Q&GHUWHRKRR
WKH SRWHQWLDO IRU WKH 8%$( WR OHYHUDJH LWV H[LVWLQJ
LQQRYDWLRQ DV D VWUDWHI\ IRU VXVWDLQHG GHYHORSPHQW

:KLOH JOREDOO\ GHQVLW\ UHPDLQV D VLIQLPFDQW LQGLFDWR
LV QRW VWDWLVWLFDOO\ VLIQLPFDQW ZKHQ FRQVLGHULQJ M
7KLY ODFN RI D FOHDU UHODWLRQVKLS EHWZHHRX83G \ESDW'
DWWULEXWHG WR HLWKHU D JHQXLQH ODFN RI FRQUWHODWLRC
WKH UHODWLYHO\ VPDOO QXPEHU RI QRLV\ REVHUYWYOMWWRQV V
7KH QRLVH LQ WKLV GDWD LV HIDFHUEDWHG E\ WXHW&HEIW UF
pOLQJYV DFURVV GLYHUVH WHFKQRORJ\ FODVVHNHIURRHV IS UH
LQLWLDO PQGLQJV VXJIJHVW WKDW ZKLOH VFLHQWLPF SXEC
HI[ILVWLQJ DUHDV RI H[SHUWLVH WKH UHODWLRQVKLS EHWZHF
IXWXUH LQQRYDWLRQ LV OHVV FOHDU

7KH 8$( KDV D KLJK FRQFHQWUDWLRQ RI FXUUHQW SDWHQWL
FODVVHV VXFK DV OHFKDQLFDO 'ULYHQ &ORFNV RU :DWFKHV
WKHVH DUH QRW WKH IDVWHVW JURZLQJ AVRHHFE® QRIDHR JAXF/OIDU\G
LOQQRYDWLRQ JURZWK WKH 8%( PXVW IRVWHU LWV VHRLWWHQJ
G\QDPLF JOREDO PDUNHW WUHQGVY 7KH WDEOH SURYLGHYV

WHFKQRORJ\ FODVVHV ZKHUH WKH 8$( KDV H[LVWLRQQIGHMSID E L (
JOREDO JURZWK UDWHY LQ SDWHQWLQJ 7KH PRGHVW RYHUO!
WKH JOREDO JURZWK UDWHV LQ WKHVH DUHDV VXJJHVWV Wk
FHUWDLQ WHFKQRORJLHV LW KDV QRW \HW DOLIQB&EDW®DV V\
VHFWRUV 7KLV UHTXLUHV D QXDQFHG XQGHUVWDQGLQJ R
HFRV\VWHP DQG QHHGV DV ZHOO DV WKH LQWHUQDWLRQDO W

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



7DEOH
0DUJLQ

Opportunities for Intensification
United Arab Emirates (2020 - 2022)

PATENT ASSET  PATENT RCA (POPULATION-

DENSITY GLOBAL CAGR (5-

6XE VDPSOH RI 7RS 1HDUE\ 2SSRUWXQLWLHV IRU WK

GLOBAL CAGR

IPC TECHNOLOGY SUBCLASS TECHNOLOGICAL CLUSTER INDEX* ADJUSTED) (IHS) YEARS) (10-YEARS)
Installations For Collecting, Or Distributing  Physical Sciences and 12,261 549 0.03 8.8% 739
Water Engineering
Mechanically-Driven Glocks Or Watches Elechnonicsand 13,886 1.68 0.02 3.9% 4.8%
Telecommunication
Waveguides b ealeonictnd 28,374 221 0.02 4.6% 3.3%
Telecommunication
Lahoratory Apparatus Elegtronics and 55,140 1.44 0.02 7.0% 5.6%
Telecommunication
Gantiol OFReElatingSystes InQanaral oo oicsand 201,518 113 0.02 8.6% 8.9%
Telecommunication
Treatment Of Water, Waste Water, Sewage, Physical Sciences and 147192 113 0.02 7.9% 78%
Or Sludge Engineering
Physical Sciences and "
Hydraulic Engineering 22,993 2.66 0.02 9.0% 71%
Engineering
Refrigeration Systems Physical Sciences and 74447 114 0.02 4.5% 47%
Engineering
Organic Fertilisers; Fertilisers From Waste Physical Sciences and 14.466 187 0.02 5.0% a.9%
Or Refuse Engineering
Measuring Temperature Liechionies an‘d 39,985 1.48 0.02 B.5% 7.5%
Telecommunication
Generating Or Transmitting Mechanical Physical Sciences and 14184 141 0.02 4.4% 46%
Vibrations Engineering
Blasting Ehys‘cal Siancosand 4,349 3.35 0.02 12.5% 8.5%
ngineering
Generation Of ‘Elei:tmc Power By Conversion Electronics an‘d 30,570 165 0.02 11.4% 16.7%
Of Infra-Red Radiation Telecommunication
Mountings For Smallarms Or Ordnance Ehys‘ca' setences and 9,087 514 0.02 4.9% 5.2%
ngineering
Solar Heat Collectors Phiysical Solencesand 13,560 241 0.02 8.2% 4.0%

Engineering

*Patent Asset Index is a measured computed by PatentSight which normalizes citations by technology class, age, and office and multiplies it by the Market Coverage at the
patent level. Then, they were aggregated at the Technology Subclass level

1HDUE\ LQQRYDWLRQ RSSRUWXQLWLHY RQ WKH H[WHQVLY!
(OHFWURQLFV DQG 7THOHFRPPXQLFDWLRQ FOXMWHVBS( KDWK L
VWURQJ H[LVWLQJ SDWHQW DVVHWY LQ WKH (OHFWURWKFV DC
YDU\LQJ JOREDO JURZWK UDWHV :KLOH WKH 8$( WDV PDC
WHFKQRORJLFDO SRUWIROLR WKHUH LV D QWREZ® WRVVIWOREWE
H[SDQGLQJ VHFWRUV WKDW DUH DGMDFHQW WR WKH 8$( V
PHDVXUH LQ WKHVH WDEOHV SURYLGHV LQVLJKW GWOWR Wt
FRQVLGHULQJ WKH FDSDELOLWLHV RYHUODS DQG DMKXV WK
GLYHUVLI\ LWV LQQRYDWLRQ SRUWIROLR LQWR WKHVH bHOG\

6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



7DEOH
PDUJLQ

Opportunities for Diversification

United Arab Emirates (2020 - 2022)

PATENT ASSET

PATENT RCA

DENSITY

GLOBAL CAGR

6XE VDPSOH RI 7RS 1HDUE\ 2SSRUWXIQWWDRDWVYYRU WK

GLOBAL CAGR

IPC TECHNOLOGY SUBCLASS TECHNOLOGICAL CLUSTER INDEX*  (POPULATION-ADJUSTED) (IHS) (5-YEARS) (10-YEARS)
Additive Manufacturing Gonsumer Products and 765,231 0.44 0.04 26.2% 46.1%
Fabrication
Transmission Of Digital Information Electronics and 973,181 0.29 0.03 5.1% 5.3%
Telecommunication
Wireless Communication Networks Eleetronics and 704,636 0.23 0.03 6.8% 7.4%
Telecommunication
Electric Digital Data Processing Electronios and 1,787,167 0.37 0.03 5.3% 5.4%
Telecommunication
Speech Analysis Or Synthesis; Speech Physical Sciences and 108481 012 0.02 10.4% 77
Recognition Engineering
Data Processing Systems Adapted For Electronics and 401 332 0.84 0.02 10.3% 8.5%
Administrative, Or Similar Purposes Telecommunication
Measuring Electric Variables Electronics and 238,802 0.19 0.02 6.0% 5.5%
Telecommunication
Antennas Electronics and 103,377 0.51 0.02 7.2% 5.6%
Telecommunication
Specific Uses Or Applications Of Physical Sciences and 91 052 0.87 0.02 5.7% 7 7%
Nanostructures Engineering
Recognition Of Data Electronics and 465,965 0.51 0.02 11.1% 7.9%
Telecommunication
Image Data Processing Or Generation Electronics and 442 536 0.18 0.02 12.5% 8.9%
Telecommunication
Radio Direction-Finding Electronics and 195,368 0.50 0.02 12.0% 8.9%
Telecommunication
Computer Systems Based On Specific Electronics and 314 461 0.62 0.02 52.4% 32 6%
Computational Models Telecommunication
; . Biotechnology and - —
Diagnosis; Surgery Healthcare 588,561 0.32 0.02 6.9% 5.6%
Printed Cirouits Electronics and 264,436 0.05 0.02 4.5% 3.6%

Telecommunication

*Patent Asset Index is a measured computed by PatentSight which normalizes citations by technology class, age, and office and multiplies it by the Market Coverage at the
patent level. Then, they were aggregated at the Technology Subclass level.

7KH 8%$(V VWUHQJWKVY LQ VFLHQWLPF SXEOLVKLQJ DUH P
7HFKQRORJ\ ZKHUHDV LWV DGMDFHQW RSSRUWXQLWLHV RQ \
LQ RWKHU PHOGV VXFK DV WKH QDWXUDO VFLHQFHV KHDOW
EXVLQHVV DQG HERPRMRIFWKH DGMDFHQW RSSRUWXQLWLHV K
UDWHV LQGLFDWLQJ WKDW WKH 8%( LV ZHOO SRWVH® WR
&RQYHUVHO\ PHOGV VXFK DV &RQVWUXFWLR QZKMUL MHUH. QJ
8$( KDV D KLJKHU QXPEHU Rl VELHQWLPF SXEOLFOBWUR®N D Q (
JOREDO JURZWK UDWHV %DVHG RQ WKHVH LQVLJKWYV WKEFE
VFLHQWLPF UHVHDUFK DQG GHYHORSPHQW LQ KLJK JURZWK
FRQWLQXLQJ WR QXUWXUH WKH PHOGV ZKHUH LWL HD\D UHKDLGA
DSSURDFK ZLOO QRW RQO\ DOLJQ ZLWK JORERXQGDMARYD EC
VWUHQJWKY ZLWKLQ WKH 8$( V H[LVWLQJ LQQRYDWLRQ HFRV!

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



7TDEOH

6XE 6DPSOH RI 7RS 1HDUE\ 2SSRUWXQLWLHV IRU WK

LWHQVLYH PDUJLQ

Opportunities for Intensification
United Arab Emirates (2020)

NUMBER OF SCIENTIFIC DENSITY PUBLICATION GLOBAL CAGR (5- GLOBAL CAGR (10~
SCIENTIFIC FIELD SCIENTIFIC FIELD CATEGORY PUBLICATIONS (IHS) RCA YEARS) YEARS)
Traditional medicine Health and Life Sciences 99,831 0.88 1.34 15.8% 14.5%
Programming language Engineering and Technology 577,754 0.85 1.30 10.5% 8.9%
Pulp and paper industry Engineering and Technology 84,997 0.84 1463 16.9% 17.5%
Operating system Engineering and Technology 551,968 0.84 1.88 12.9% 11.2%
Computer engineering Engineering and Technology 10.714 0.83 1.28 25.2% 15.7%
Software engineering Engineering and Technology 47,338 0.83 276 10.5% B6.9%
Engineering drawing Engineering and Technology 16.543 0.83 1.:33 13.8% 12.6%
Computer architecture Engineering and Technology 13,673 0.82 288 7.6% 5.1%
Financial economics Business and Economics 31.806 0.82 4.69 9.0% 6.9%
;EIZOH'“:;'“' compitten Engineering and Technology 68,433 0.82 193 13.5% 10.0%
Combinatorics Ef:;:;ii;‘:;ces and 162,571 0.82 136 7.1% 8.4%
Macroeconomics Business and Economics 237,770 0.82 1.65 12.9%
Automotive engineering Engineering and Technology 71,922 0.82 219 13.8%
Engineering management Engineering and Technology 15,500 0.82 3.01 16.6%
Civil engineering Engineering and Technology 67,927 0.81 1.82 17.1%

7TDEOH

6XE 6DPSOH

HWHQVLYH PDUJLQ

Opportunities for Diversification

United Arab Emirates (2020)

Rl 7RS 1HDUE\ 2SSRUWXQLWLHV IRU WK

NUMBER OF SCIENTIFIC DENSITY PUBLICATION GLOBALCAGR(5-  GLOBAL CAGR (10-

SCIENTIFIC FIELD SCIENTIFIC FIELD CATEGORY PUBLICATIONS (IHS) YEARS) YEARS)

Fishery Health and Life Sciences 142,917 0.82 0.51 12.7% 10.5%

Mineralogy Rl Pl it 99,768 0.78 0.98 9.4% 9.4%
Mathematics

Economic policy Business and Economics 14,389 0.78 013 14.2% 10.4%

Regional science Ndtiral Sciences and 16,562 0.76 0.88 20.7% 16.9%
Mathematics

Gender studies bl selonoesang 35,016 0.75 0.63 16.9% 13.0%
Humanities

Nuclear physics patralagcneesmn 265,947 0.75 0.47 4.3% 8.5%
Mathematics

Soil science Health and Life Sciences 114,003 0.74 0.55 15.4% 13.8%

Neoclassical economics Business and Economics 3,743 R:73 0.73 10.8% 7.7%

Polymer chemistry Rafckatacleneesiand 175,635 071 0.67 4.5% 6.8%
Mathematics

Audiology Health and Life Sciences 109,655 0.70 0.38 8.2% 10.2%

Classics gpsRlsoEhoasEnd 2,262 0.70 0.40 8.4% 5.0%
Humanities

Envipanmental sasdlese Health and Life Sciences 94,739 0.69 0.80 17.6% 18.0%

management

Computational science Engineering and Technology 12,791 0.68 0.14 8.6% 8.9%

Environmental ethics ookl Selencosand 10,526 0.66 0.78 17.9% 14.1%
Humanities

Cognitive science Bocilbeirneasiang 17,451 0.66 0.63 10.6% 9.7%

Humanities

7KH 5ROH RI )RUHLJQ )LUPV DQG ,QWHUQDWLRQDO 8Q

JREXVLQJ RQ DWWUDFWLQJ IRUHLJQ PUPV IRU UHVHDUFK DQC
IRU WKH 8QLWHG $UDE (PLUDWHV 5 ' VHFWRO GG HQW \HDRD
WKH JOREDO ODQGVFDSH IRU FURVV ERUGHU 5 ' LQ QHRWV/PHQ!

6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



RQO\ LQ 2(&' FRXQWULHV EXW LQ FRXQW UIRHM DY LLDLYGHIVWR HD
LQ PDQXIDFWXULQJ DQG VRSKLVWLFDWHG VHUYLFHV SUR
FRPSHWLWLRQ DPRQJ FLWLHVY DQG UHJLRQV WR DRUNHLNW W
ZLWK KLIJKUMKDOEW\VNLOOV GULYHQ E\ WKH H[SHFWDWLRQ W}
PDQXIDFWXULQJ FDSDELOLWLHY HQKDQFH OREDQVKQWRWDYV
FRXQWU\ DV D UHFRJQL]HG WHFKQRORJLFDO K$EWXWERQ VRW

7KH LQIORZ RI 5 ' DFWLYLWLHV E\ IRUHLJQ PUPV DQG XQLYHL
RI FROOHFWLYH OHDUQLQJ ZLWKLQ WKH ORFDO HFRQRP\ IR
LQYHQWRUV DQG WKH UHFRPELQDWLRQ RI: QIHZHDIR® HHL[ I ¥ WoLUP.
LQYHVW DEURDG WR DFFHVV NQRZOHGJH DVVHW\ERGWYEIGH W
WKH QHHG WR DFTXLUH QHZ NQRZOHGJH DJDLQVSL &R YHUAN
WR SRWHQWLDO FRPSHWLWRUV 7KLV G\QDPLF FUHDWHV D X¢
WR EHQHPW IURP WKH DGYDQFHG NQRZOHGJH DQG WHFKQR
HQULFKLQJ WKH ORFDO 5' ODQGVFDSH 7KH LQWBRBBBEWLRQ
HQWLWLHY FDQ OHDG WR D IUXLWIXO H[FKDQJH RI NQRZO
VLIQLPFDQWO\ WR WKH DGYDQFHPHQW RI WKH 8$(REBO VH
FRPSHWLWLYHQHVV &UHVFHQ]L HW DO

JLUPV ZLWK IRUHLJQ SDUWLFLSDWLRQ OHG WKH ZD\ LQ bUP S
LOQQRYDWLRQ VHFWRU LQ WKH 8$( EXW W WBEWY @ $FHWHIWHZG D\Q
HVWDEOLVKHG LWVHOI D KXE IRU WKH H[SRUWV RI VHUYLFHV
SDUW RI WKH JURZWK FDQ EH DWWULEXWHG WR LQGLYLGXD
SURGXFHG D VL]JHDEOH SDUW RI WKH 8$%$(pV UHDERYHKWROHN S
SURGXFWLRQ RI GRPHVWLF PUPV ZLWK QR |IRWHIQWLSD UWRPL
ORFDO IXMWRB¥HOHUDWHG HVSHFLDOO\ WKURXJK ORFDO X
8QLYHUVLW\ DQG 8$( 8QLYHQWLKH PRYKURI SXEOLFDWLRQV W
EHHQ FRQFHQWUDWHG RQ ORFDO XQLYHUVLWLHV ZKIFK DUH
WKH ODVW IHZ \HDUV KRZHYHU WKHUH KDV EHHQ VLJDLPFDQ
XQLYHUVLWLHV VLQFH WKH VHFRQG KDOI RI O IDWK IRG U H
FDPSXVHV LQ WKH 8$(

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH1XPEHU RI 3 DWHQW )DPLOLHV ZKHUH WKH $VVLJQHH L\
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6RXUFH 3%$767%7 1(5 DXWKRUVp FDOFXODWLRQV

JLIXUHG6FLHQWLPF BURGXFWLYLW\ RI 8%( ,QVWLWXWLRQV 2YH
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6RXUFH 2SHQ$OH[ DXWKRUVp FDOFXODWLRQV

'"HVSLWH EHLQJ RQH RI WKH PRVW VLIQLPFDQW JURXSV DV SI
DUH QRW WKH PDLQ JURXS RI PUVW PRYHUV ZKHQ)URWURGXF
WKH HDUO\ SDUW RI WKH V WR WKH PLG vV WBWKQRORE\ |
E\LQGLYLGXDOV PUPV WKDW DUH QRZ GLVVROYHGJRQWOWPYV )
6LQFH WKH PLG V. WKHUH KDV EHHQ D VL IDJL® KEHQ W HIJWVH WH.
ZKLFK FRXOG EH VXJJHVWLYH RI DGGHG FDSDELOLWLHV DFTX
RI RWKHU WHFKQRORJLHVY RU WKH DWWUDFWLRQ RI UHVHD
FRXQWULHV WKDW DUH LQWURGXFLQJ WKRVH FDSDELOLWLH\

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH $JHQWYV WKDW ,QWURGXFHG D THFKQRORJ\ 6XE &0ODVV

40+

30+

20+

Number of Patents

10

o

AT | "”“sl

1980 2000 2020

CoS2e00000
QOOC0C0
QOO0
Q00000
00oCO
88ggccoee
@000

o

Dissolved Firms with i i i
Firms with Foreign

b ® |ndividuals
Participation

Patent Assignee ® Companies/Firms with @ No Foreign
No UAE Presence Participation

6RXUFH 3%$767%$7 1(5 DXWKRUVp FDOFXODWLRQV

'HVSLWH QRW EHLQJ WKH PDLQ LQWURGXFHU Rl WHFKQROR
FDSDELOLWLHYV PUPV ZLWK IRUHLJQ SDUWLFLSDWLRQ WHQG
GLIIHUHQW WHFKQRORJLFDO FOXVWHUV VXFK DV ,QIR!
7HOHFRPPXQLFDUMILRQ PUPV DQG XQLYHUVLWLHV DUH DPRQ.
SURYLGLQJ NH\ NQRZOHGJH LQSXWV WR WKH FUHDWDR®RI| QF
LQ WHFKQRORJ\ FODVVHV W\SLFDOO\ DVVRFLDWH® LBADKQ WQ
SUHVHQFH RI 62(V VXFK DV SRO\PHUV RLO ZHOO GULOC
$GGLWLRQDOO\ WKH 8$( KDV EHHQ DEOH WR ORFDOL®QH UHVH
LQIRUPDWLRQ WHFKQRORJLHV 7KLV VHFWRU KDVEEBQWPWWH
IRUHLJQ VNLOOHG ODERU LQ LWV VHFWRU ZRUNILBBWIDG6QFW
RQO\ SDWHQWLQJ LQ WKHVH WHFKQRORJLHV EXW VELHQWLbP]
PHOGV

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH
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6RXUFH 3%$767%7 1(5 DXWKRUVp FDOFXODWLRQV

3DWHQWY POHG E\ IRUHLJQ PUPV DQG XQLYHUVLWLHV WHQG
WKDQ RWKHU JURXSV DV WKH\ DUH PRUH IUHTXHQWO\ FLW
PDUNHMVWKH RWKHU KDQG WKH TXDOLW\ RI WKH SDWHQWV |
YRODWLOH DQG KLJKO\ GHSHQGHQW RQ WKHORQH URO OV R Bl SITE
DQG GXH WR WKH RYHUDOO ORZ SDWHQW QXPEHUV WHPLODU
LQGLYLGXDOV RU ORFDO XQLYHUVLWLHV KDY HDBRQMLR XS W
ZKLFK LV VXJJHVWLYH RI WKH ORZHU FRPPHUFUBOWH®ELO
+RZHYHU WKHUH KDV EHHQ PRGHVW JURZWK LQ WKH YDOXF}
XQLYHUVLWLHV DV WKH\ KDYH EHFRPH UHODWLYSDOAHBRUH
LOYHQWRUV ZAMIUMKH LQYHQWRUV LQ DQG LQ

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH $YHUDJH 3DWHQW $VVHW ,QGH[ E\ <HDU RI )LOLQJ

w

Average Patent Asset Index

- 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

=~ Foreign Firms and Universities Individuals == Local Firms === Local Universities

6RXUFH 3%$767%$7 3DWHQWG6LJKW DXWKRUVp FDOFXODWLRQV

,Q WKH FDVH Rl 6FLHQWLbPF 3XEOLFDWLRQV WKHUH LV VLJIQL!
RI WKH SXEOLFDWLRQ GHSHQGLQJ RQ WKH FRX®WOHN RMKRULJ
QXPEHU Rl SXEOLFDWLRQV LV KLJKO\ FRQFHQPMLD QW HISFDQ VD R
VKDUH Rl WKH SXEOLFDWLRQV WKDW FRPHV IURPDXG@LYEUVL)
,QGLD DQG WKH 8QLWHG 6WDWHV ,Q WHUPV RI WKHDRWHUDO
RULJLQDWHG LQ )UHQFK DQG $PHULFDQ XQLYHUVLWLIHO/OW H Q
GULYHQ E\ D KLJKHU GHJUHH Rl FRQQHFWHGQHNW ZRQGE VFHQ
+RZHYHU LW LV LPSRUWDQW WR QRWH WKDW )UHQFK SXEOLF

$SSHQGL]J LQ ORZ QXPEHUV 7KLV KLJKOLJKRWVY W WH HYH |
FROODERUDWLRQ WKDW ZRXOG LQFUHDVH WKH NQRZHOVHGJIH V
WR ORFDO XQLYHUVLWLHV

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH
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6RXUFH 2SHQ$OH[ DXWKRUVp FDOFXODWLRQV

6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



%R 7KH &DVHV RI %YRURXJH DQG 83/ /WG

%RURXMMRLQW YHQWXUH IRXQGHG LQ EHWZHHQ $EX 11
%RUHDOLY D FKHPLFDO FRPSDQ\ IURP $XVWWXUXUPQHG DWK
FHQWHU LQ $EX 'KDEL ZKRVH PDLQ SXUSRVH ZDV WR IREGRSP
DQG DSSOBBDWUIBWY DQ ,QGLDQ 0XOWL 1DWLRQDO &RUSRUDW
PDQXIDFWXUHV DJURFKHPLFDOV DQG LQGXVWULDO'REHBP LRD
ZKHUH LW FRQGXFWV VRPH RI LWV 5HVHDUFK DQG 'K RGPH
EDVHG LQ WKH 8$%$( WR POH IRU SDWHQWV VLQRHWKHH SSRIDWH R
ZLWK 8$( EDVHG LQYHQWRUV VLQFH

%RHDOLV RQH RI WKH SDUHQW FRPSDQLHV Rl %RURXJRXRZ
FHQWHUV LQ )LQODQG $XVWULD &KLQD DQG 6ZMERHQQWKLU
DFFHVV LQWR LWV RUJDQL]DWLRQDOF®HWHEG WO R FRIOCLNELR;
WKH ZRUOG ZKLFK LQFOXGH SODFHV OLNH OH[VFRHWZRWDN B(
FHQWHUV DOORZ ORFDO LQYHQWRUV WR WDS LROPER QH VW U2
NQRZOHGJH D FUHDWH QHZ WHFKQRORJLHV 6LQF&$( LQ RIQQIV

SDWHQW DURXQG RI WKH WRWDO LQYHQW R UVQLYHYQR/OR BI\G
DURXQG RI WKH WRWDO LQYHQWRUV LQYROYHG
6LQFH %RURXJH KDV GDWHHOMGWEBFKQRORJ\ VXE FODVYV

WKH PUVW DSSOLFDQW RI RQO\ WZR LQ FKHRLBBO S DMHX W
GLIIHUHQW FODVVHV IRU ZKLEK LW ZDV RQO\ PHV\®LRRY WK H. G
SDWHQWLQJ WHFKQRORJ\ VXEFODVVHY DQG WKH DFBEBWH QR
LQ WHFKQRORJLHV WKDW ZHUH FORVHU WR WKH VHQ RHBDY
PUVW SDWHQW WKDW WKH 8$%( KDG MXVW EHIRUH R\SKRH WQ O/
PRUH WDUJHWHG DSSURDFK WR WKH DWWUDFWLRQLRI WKR\8$

JLIXUHOHGLDQ 'LVWDQFH IWRRPWIOSD ZHEKWRIOWRILFDO 67

UPL Ltd.-

Borouge

0.0 01 0. 03 0.4 0E

2
Median Distance

UT LTITT\VWLFT Do rmiTfmr N YLrouvu  YVUYUNTUDVWLENNY LY VVINTT O\JLYV



7KH 5ROH RI 6FLHQWLPF &ROODERUDWLRQ

6FLHQWLPF FROODERUDWLRQ LV DQ LPSRUWDQW WRRO WR I
VFLHQWLPF FDSDELOLWKH VSUHRMD GWEFHHW\RI WHDPV LQ VFLHQI
UDSLGO\ RYHU WKH ODVW IHZ GHFDGHV :DJQHU BXFIO

FROODERUDWLRQV SURYLGH VLIJQLPFDQW UHZDUGMN DRIGHULQJ
VRFLHW\ DQG DUH DQ HVVHQWLDO HOHPHQW L@OBGGMW\DW Q
ZDV GHPRQVWUDWHG WKURXJK UBWHDHFK RQ &RO,0DERUDWLY
VFLHQFH KDYH EHHQ UHFRJQL]HG IRU WKHLU DELWDLWQ®R EU
FXOWXUDO GLYLGHV WKXV H[SDQGLQJ WKH SRWHQWLDO IR
6FLHQWLPF FROODERUDWLRQ KDV EHHQ VKRZQ @R BURYLG
NQRZOHGJH DQG JDWKHU PRUH IXQGLQJ 8]]L HWRR® LQ ,
SDUWLFXODU KDYH EHHQ JURZLQJ DV D VKDUH RI DOO SDSHL

FLWHG SDSHUV $GDPV &ROODERUDWLRQV ZLWKXHIBY WD E ¢
SDSHUV DQG SURYLGH ODVWLQJ SRVLWLYH LPSDFWV WR HD
$JRXOD\ HW DO W LV WKXV LPSRUWD®W¥ WKDW

FROODERUDWLRQV DV D WRRO WR DFTXLUH DQG GHYHORS LW

,Q WKH FRQWH[W RI WKH 8$( FROODERUDWLRQ KDV EHHQ NH
SRUWIRRHRFRXQWU\ FROODERUDWHY H[WHQVLYHO\ DFURVV "
UHVHDUFK WRSLFV WKDW DUH JURZLQJ JOREBMVO\7KH) BOXG L Q
VHHPV WR KDYH IRUJHG NH\ SDUWQHUVKLSV LQ DUHDV ZKHU}
HGJH OHYHUDJLQJ WKH H[SHUWLVH DQG UHVRXUFHV RI HVW
LQWHUQDWLRQDO FROODERUDWLRQV VHUYH BVNDRRYIDWIGJR U
UHVRXUFHV ZKLFK LV SDUWLFXODUO\ EHQHHFISBQ DRULWUP\
GLYHUVLPHV DZD\ IURP DQ RLO EDVHG WR DQ LQQRWXWLRQ |
XQLYHUVLWLHY DQG UHVHDUFK LQVWLWXWHY JOSREDORN W]
LOQQRYDWLRQ DQG H[SHUWLVH HQKDQFLQJ LWVLQ®Z®FB®SDE
SDWHQWLQJ ,Q VXPPDU\ WKH 8$( V DSSURDFK WR MFLHQWL
WUHQG WRZDUG LQWHUFRQQHFWHG UHVHDUFK HIDRW\RQD®\
SDUWQHUV DQG IRFXVLQJ RQ PHOGV WKDW VXSSRUQLWYV GF
SRVLWLRQ LWVHOI WR EHQHPW IURP JOREDO VFLHQWLPF FRO

‘H XVHG 2SHQ$OH[ GDWD WR DQDO\]H WKH ODQGVFDSH RI VFI
8$( 7R PHDVXUH LQWHUQDWLRQDO VFLHQWLPF FROODERUDW
DXWKRUV FRXQWU\ DIPOLDWLRQV RQ HRBKFRBDOBERXDMALIY WK
‘H DGRSWHG WKLY DSSURDFK DV FLWDWLRQV WDRMHVIMEIRH WF
WKH ODWHVW WUHQGY LQ VFLHQWLPF FROODERUDWLRQV 6H
RIFRDXWKRUVKLSV WR XQGHUVWDQG VFLHQWLPF FROODERUL
<RXQ :DIJQHU HW DO %\ IRFXVLQJ RWLWRBOSBRYV|

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



DXWKRUVKLS DV D GLUHFW LQGLFDWRU RI AREGQWERUWW/\WR &
LPSDFW RXU DQDO\VLVY FDSWXUHV WKH PRVW UHFWQWHNROOL

7KH 8$( KDV LWV UHVHDUFK FROODERUDWLRQV PRVWO\ FRQF
HQYLURQPHQWDO VFLHQFH D Q)G JPOMLDDLOOWU D FLHHD PHV W U L N|
LQ WKH VFDOH RI LQWHUQDWLRQDO VFLI®PSWUbLYR® WWM®RDW RH BW
6WDWHV 86% DQG XQGHUVFRUH WKH 8%( V IREXVEBEGGMDJIHF
,Q FRPSDULVRQ ZLWK WKH 86% WKH 8%( GHPRQVWUDWHYV D
VFLHQWLPF SXEOLFDWLRQV DFURVV D ZLGH QUPWHE RO GLHVFG
VXFK DV &RPSXWHU 6FLHQFH (QYLURQPHQWDO &/FKUHEFMW WD QG
D FRQFHQWUDWHG DUHD RI H[SHUWLVH DQG SRVVLEO\ D V\
UHVHDUFK HQGHDYRUV )XUWKHUPRUH ZKHQ DGMXVWLQJ IRL
WKHVH PHOGV WHKKW$( VKRZV D KLJKHU UDWLR RI FR DXWKR
WKHVH VDPH PHOGYV LQGLFDWLQJ D UREXVW OJHYRO LR¥VVFRO
DFDGHPLF FRPPXQLW\ 7KHVH SDWWHUQV RI FROODERUDWL
FRPSOH[ PHOGY DUH LQGLFDWLYH RI WKH 8%$( VAMWRY®\RLR C
FROODERUDWLRQV FRXOG KHOS EXLOG DQ LQQRYPOQOD®Q HF
SDUWQHUVKLSY DQG VFLHQWLPF PRELOLW\ WR DPSOLI\ LWV L

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH&ROODERUDWLRQV LQ 6FLHQWLPF 3XEOLFDWLRQV IRU

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



J)LJIXUH & ROODERUDWLRQV LQ 6FLHQWLPF )LHOGV IRU 8%$( $GN\
"RUNYV

7KH 8%(V UHVHDUFK FROODERUDWLRQV DUH PRVWO\ ZLWK
SDUWQHUVKLSYVY ZLWK WKH 8. &KLQD ,QGLD KK WWURLDI L
FRQFHQWUDWLRQ RI UHVHDUFK FROODERUDWLR@RYIWKI WKH
WKH UHVHDUFK LQ WKH ZRUOG RFFXUV LQ WKH 86D )XWWWHU F

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



EH EHFDXVH RI VKDUHG UHVHDUFK LQWHUHVWY DQGD@®RZ GLV
DUH VLPSO\ ERUQH RXW RI WKH VL]H RI FRXQWULM\D QEHHUD O
ZH XVH D JUDYLW\ PRGHO DV VKRZQ LQ WKH OHVBHNGWR® FV
FROODERUDWLRQV IROORZ D JUDYLW\ PRGHO SDWWHUQ ZKH
ZLWK GLVWDQFH EXW DOVR YDULHV EDVHG RQ8$GHWRIXHOFGFR X
DFWLYHO\ VHHN WR EXLOG FROODERUDWLRQV LQ UHJLRQV
H[SHFWHG SHUKDSV E\ SURYLGLQJ LQFHQWLYHV IRU MRLQ\
SURMHFWV WKXV EURDGHQLQJ WKH 8$( V LQQRWYDWRED OQF
VFLHQWLPE LPSDFW

JURP D SROLF\ SHUVSHFWLYH WKH 8$%$( V IRFXVHG FROODER
RSSRUWXQLW\ WR IXUWKHU OHYHUDJH WKHVH UHRRDMWDR Q@ &L ¢
GHHSHU HQJDJHPHQW ZLWK WKHVH NH\ SDUWQHUV FRXOG LQ
RU IXQGVY HVWDEOLVKLQJ LQWHUQDWLRQDO LQQRYDBWLRQ K.
SURJUDPV 6FLHQWLPF FROODERUDWLRQV KDYH EHHQ VKRZC
UHVHDUFKHU SURGXFWLYLW\ LQ WKH ODVW IHZ GHFDGHV 1D\

*OREDO VFLHQWLPF FROODERUDWLRQV IROORZ D JUDYLW\ PR
OLNHOLKRRG GLPLQLVKHV ZLWK GLVWDQFH DQG LV EDVHG R
7KLV LV LQ OLQH ZLWK SUHYLRXV OLWHUDWX@H RQ WKH WRS
QHJDWLYH UHVLGXDOV IRU WKH 8$( LQ 7DEOH \KLUKGT XHQW ZK
WKDQ H[SHFWHG LQGLFDWLQJ SRWHQWLDO XQWDSSHG RSS
H[SDQVLRQ 7KH 8$( VHHPV WR EH FROODERUDWL@D XK OF
PLIJKW EH EHFDXVH &KLQD LWVHOI KDV JURZQ LRWQOV EIQH®WH b
ODVW WZR GHFDGHV 7KLV UHSUHVHQWYVYV D VLJQLPFDQW
SDUWQHUVKLSYV 2WKHU FRXQWULHV ZLWK ZKLFK WKH 8$( KDV
LQFOXGH -DSDQ 5XVVLD 6SDLQ *HUPDQ\ DQGLWDMDD\V ERWK
SRVLWLYH UHVLGXDOV LQ RUDQJH DQG QHJDWLYHDWHVLGXD
FRXQWULHV ZLWK XQH[SHFWHGO\ KLJK FRO O NBROU KW V R/ WLDA
RULQVWLWXWLRQDO IDFWRUV PD\ EH SURPRWLQJ WKHVH SDU
8$( V VLIH DQG JHRJUDSKLFDO SRVLWLRQ

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



J)LIXUH &R DXWKRUVKLSY EHWZHHQ 8%$( DQG 2WKHU &RXQWULF

7TDEOH *UDYLW\N ORGHO RI  QWHUQDWLRQDO 6FLHQWLPF &RC

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH5HVLGXDOV IRU 8$%( IURP *UDYLW\ ORGHO RI ,QWHUQDV
1HWZRUN

7KH LQWHUQDWLRQDO VFLHQWLPF FROODERUDWLRQ QHWZRL
FRQQHFWHG WR WKH JOREDO UHVHDUFK FRPPXQLW\ WKURXJK
JLIXUHVKRZV WKH LQWHUQDWLRQDO VFLHQWLPF FROODERUTL
QRGHV DUH FRXQWULHYV DQG WKH HGJHV WKRE L\OLH QWLKOHF B QW \F
OLQNV DUH QRW LPPHGLDWHO\ YLVLEOH EHFDXVH JDIWLRIQ QR
WKH SULPDU\ OLQNV WR WKH 8%( DUH WR WKH 86 DIQ/GDWR WK
RSSRUWXQLW\ IRU WKH 8$( WR FROODERUDWH ZLWKQ PRUH
LWVHOI DV D PRUH FHQWUDO SOD\HU LQ LQWHEHQHDIUROQBQ V&
LV DQ LPSRUWDQW UHVHDUFK SDUWQHU WKDW WKHHG( LV FF
DQG UHSUHVHQWY D VLIJQLPFDQW RSSRUWXQLW)\ IRU LQFUHD"

7 7KH PD[LPXP VSDQQLQJ WUHH Rl WKH QHWRRN\ IHG GH V SADKD WGV LLIID DIG ® N
FROODERUDWLRQV EHWZHHQ WKH SDLU RI FRXQWULHYV

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH , QWHUQDWLRQDO 6FLHQWLPF &ROODERUDWLRQ 1HWZF

7KH 8%( KDV LPSURYHG LWV SRVLWLRQ ZLWKLQ WKH VFLHQWL
RQO\ VOLJKWO\ DV GHPQHG E\ D YDULHMWWHRAIXREGIW UDOXV \WR
8¢(V GHJUHH EHWZHHQQHVVY DQG HLIJHQYHFWRU FHQWUDOL
FROODERUDWLRQ QHWZRUN 'HJUHH FHQWUDOLW\ UHIOHFWLC
VKRZV WKH 8%$( V HQJDJHPHQW LQ WKH JOREDO UHWUDOEW\FR
LQGLFDWHV WKH 8%( V SRVLWLRQ DV DQ LQWHUPHWEZBUNEHW
DQG HLIHQYHFWRU FHQWUDOLW\ D PHDVXUH RI FRQQHFWHG(
7KH 8%( KDV D UDQN RI DERXW LQ DOO WKUHH PHWULFV

7KH 8%(V GHJUHH FHQWUD QIDMN URIQNWRWBO QXPEHU RI |
FROODERUDWLRQVY KDV VWHDGLO\ ULVHQ RYHU WLPH PHD
VFLHQWLPF FROODERUDWLRQV ZKM K8 $R WKHUN V¥ RKXIQWH UHW K D (
%DKUDLQ 2PDQ DQG .XZDLW ZKHQ LW FRPHV WRE®&WPIEW UDRJI |
ORZHU LQ UDQNLQJ FRPSDUHG WR 6DXGL $UDEUD WAKHFE UWD C
REVHUYHG LQ RWKHU PHWULFV RI FHQWUDOLW\ %HWZHHQC
HIWHQW WR ZKLFK WKH 8%$( LV DQ LOWHUPHGLDU\ EHWZHHQ F
UHPDLQHG PRVWO\ VWHDG\ RYHU WLPH 7KH 8%( V HLIJHQYHFW
HIWHQW WR ZKLFK WKH 8%( LV FRQQHFWHG WR ZUHHORDER R Q@ HF\
PRVWO\ VWHDG\ RYHU WLPH 7KLV FRQWUDVWYV ZWWBGGD XGL
LQFUHDVH LQ DOO LWV FHQWUDOLW\ PHWSJILIEFW ®RRWURWNLIRE XM

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



DV DQ LQWHUPHGLDU\ E\ RWKHU FRXQWULHVY WRSYWFEKMV DG
8$( PD\ DOVR EHQHPW IURP GHHSHU LQWHJUDWLRQ ZLWK FHC
FRXOG OHDG WR D VSLOO RYHU HIIHFW HQK® QRIIRY /W HR &
FDSDELOLWLHY 7KHVH LQFUHDVHV LQ FHQWUW®LWEK HP WUV F
FRQWLQXHG LQYHVWPHQW LQ VFLHQWLPF UHVHDUFK DQG LQC

JLIXUH 'HJUHH &HQWUDOLW)\ 5DQNV LQ WKH ,QWHUQDWLRQDO

JLIXUH % HWZHHQQHVYV &HQWUDOLW\ 5DQNV LQ WKH ,QWHUQD
IHWZRUN

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH (LJHQYHFWRU &HQWUDOLW\ 5DQNV LQ WKH ,QWHUQDW
1HWZRUN

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



,GHDV IRU 6FLHQFH ,QQRYDWLRQ 3ROLF\

7KH 8$( KDV PDGH VLJQLPFDQW SURJUHVV LQ DGYDQFLQJ LW
WKH ODVW IHZ \HD WDWE®W MRKHSXEDOVF SROLF\ WRFBLE YW@ WKL
WKH JRDVOXOH 1DWLRQDO ,QQRYDWLRQ 6WUDWHJ\ ZRXDKBVOLNH C
ZLWK YDU\LGY \RPREOIL QWEH SRUWK ORSLQJ D VXFFHVVIXO LQQR
WKDW WUDQVODWHY WKH KHIW\ LQYHVWPHQW W WWLDML KWK H Q8
HFRQRPLF SURJUHVV UHTXLUHV D FRPELQDWLRQ RI LQSXWYV
DFWLRQ RQ HDFK RI WKHP

,QFUHDVLQJ FXUUHQW OHYHOV RI UHVHDUFK RXWSXW PLJKW
WKH QXPEHU RI UHVHDUFKHUV DKBDUB MEOHH LIQEG WHOHNER(QV WKL
GHQVLW\ RI UHVHDURRBIWHYROMWKRI8WKH FXUUHQW GHPDQG IF
88(pV FXUUHQW LQGXVWULDO ¥WDJUXHWXOW RKWHKKHRADSDWODR
5' FDSDELOLWLHV LQ WKH ZRUOG $V WKH 83WGYYMWWWIVP HVK
FRXQWU\ FDQ WDNH VWHSV WR DFFRPSDQ\KWRDOVW F&HYH WXIDP
HQFRXUDJH WKH DWWUDFWLRQ RI WFRORBDWHRQVRD @G WKW LYK
WKH FRXQWU\

8QGHUJUDGXDWH DQG SUH GRFWRUDO UHVHDUFK DVVLVWDC
SURGXFWLYLW\ DQG WKH SUREDELOLW\ R ({ YAAGRROHAH ¥ DJ UHWH
WKDW HDUO\ H[SRVXUH WR UHVHDUHRKQKON VOHOH AW LARR R IWDH U |
FDUHHU WKDQ LQQRYDWLRQ VSHFLPF DELGAIMO® VHW KEDONV D Q
6LPLODUO\ WKH H[SRVXUH RI UHFHQW PHGLFDO JUWKXDWH)
UHVHDUFK SURJUDP PDGH WKHP PRUH OLNHO\ WR SXEOLVK F
PRUH FLWDWLRQV LQ WKHLU ZRUN $]RXOD\ HW DOWLHV &X
QDPHO\ 8%( 8QLYHUVLW\ DQG .KDOLID 8QLYHUVLW\ RIIHU JUI
JUDGXDWH VWXGHQWY WKDW FRXOG EH H[SDQGHG WR LQFOX
GHJUHH DV WKH\ FXUUHQWO\ UHSUHVHQW WKH ELJJHVW VKD
FRXOG SURYH D VRXUFH RI IXWXUH UHVHDUFRKQWODVPDKHXB H
DQG GHYHORS $V WKH 8%( DGGV WHFKQRORJLFDO FDSDELOL!
UHVHDUFK VNLOOV WKH DYDLODELOLW\ RIYHHFHRUEKHDY D)
WKHUH ZLOO EH OHVV EDUULHUV QHHGHG WR DVVLPLODWH L

7KH DWWUDFWLRQ DQG PLIUDWRRQRXQHYHDVEWHHY DQG bUP
WR WKH GHYHORSPHQW Rl PRUH WHFKQRORJLHVY FRQGLWLR
HQYLURQPHQW IRU WKHLQ 9H @HFWLOLWLHYDQW LQYHQWRUYV
NQRZOHGJH IURP WKHLU KRPH FRXQWULHV ZKLFK DOORZV W
SDWHQWLQJ 7KLV SRLQWV WR PLJUDQW LQYHQWRUV DV FKD
DFURVV GLIITHUHQW FRXQWULHV LQ WKH ZRUOGH RADWDUWHRW \D

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



SOD\ D NH\ UROH LQ WKH GLIIXVLRQ RI WHFKQRG RILMHZXDOFL
DGGLWLRQV RI FDSDELOLWLHYQYRXDOGLAULRYHWKHYHPFLDQV E
WHQXUH RI WKH PLJUDQW LQYHQWRUV 7KLV SROLF\ LQ FRP
UHVHDUFKHUV ZRXOG SRWHQWLDOO\ EROVWHU DQG H[SDQG
UHVHDUFKHUV XVH WKLV gLPSRUWHGr NQRZOHGJH WR UHFRP

BRYHUHLJQ :HDOWK )XQGV 6:)V DQG 62(V FRXOG EH D V
DFTXLVLWLRQV DQG MRLQW YHQWXUHV IRU WKH DGGLWLRQ F
DUH FORVH WR WKH 8$(pV UBYD MW HG HRIFSGE EO® IMMLH VDV H RI

LQQRYDWLRQ FHQWHU MRLRXW FH QRW OWGEHH G DRD EBIELOLWLHYV

DQG H[WHQVLYH PDUJLQ DV ORQJ DV WKHUH LVEWLI®Q W HG Q,H
WKLV FDVH DQG WKH FDVH RI *OREDO)RXQGULWWHDHRTXRDVY DG

JDS EHWZHHQ WKH HVWDEOLVKPHQW RI WKH PUPWQBVWKH L
WKH 8$( OLNHO\ ODFNHG WKH LPSOLHG FDSDEEDOWURD \@ HHG
RI WKHVH FRPSDQLHV 7KLV FRXOG SURYH WR EH DQ HIIHFWL
FDSDELOLWLHYVY LQ UHODWHG WHFKQRORJLHYV

7KHVH MRLQW YHQWXUHVY QRW RQO\ IDFLOLWDWH LQWHUQDW|
FDSDELOLWLHV E\ OHYHUDJLQJ WKH FORVH RUJDQL]DWLRQD!
DQG LQWHUQDWIDRQWQ RDMAHRWQ DO PUPV KDYH EHHQ DQ LPSRU
LQ WKH 8$( DV WKH\ KDYH QRW RQO\ LQWURG XFW® WHAKIQ® C
DQG UHORFDWHG UHVHDUFKHUV WR SHUIRUP 5 ' DFWLYLWLH)
DQG 6:)V PQDQFLDO SURZHVV WR DWWUDFW HQWHW®BWLSR QL
FRXOG EXLOG XSRQ LWV UHYHDOHG VHW RI| FIHSDWKOMNDHW Z|
WKHLU DGMDFHQW SRVVLEOH 6LPLODUO\ WKHVMW MR LQW R H
WKH QHZ NQRZOHGJH EHLQJ FUHDWHG E\ RWKHU VXEVLGLDU
FROODERUDWLRQ RI WKH UHVHDUFKHUV DQG WKH FRGLPHG N

7KH XVH Rl J)UHHRD=RRFNHVVIX ®SRORE\RMRRHG WR DWWUDFW )
FRXOG SURYH XVHIXO IRU DWWUDFWIJI=BQHM YBVWRH BWY |
EHFRPH IDFLROIMKHVBURYLVLRQ RI SXEOLF LQSXWV DQG KT
H[SHULPHQWDMO®Y VXFK DV DUWLPFLDO LQWHOOLJHQFH 'D
DOORZHG IRU WKH HVWDEOLVKPHQW RI IRUHLJQ bVPWKDIW KL C
KDYH FRQWULEXWHG WR WKH JURZWK LQ WKH PHOGV RI &RP
,QIRUPDWLRQ 7HFKQRORJLHV 3URYLGLQJ SXEOLF JRRGV WKD
UHODWHG QHZ WHFKQRORJLHV VXFK DV LQ WKH R®IMMHLRY 83
&HQWUH '0&& FRXOG XQORFN 8$(pV ODWHQW WHFKQRORJLF

8 %RURXJH ZDV HVWDEOLVKHG LQ DQG GDVEHEQWHEH QRWRWKH @ UVW VOLF
YRXQGULHV ZDV HVWDEOLVKHG LQ DQG SDWHQWRIGYIRQ WKH bUVW WLF

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



(QDEOLQJ DQG HQKDQRIQD IWRHMWXNKHFWXUH LQYHVWPHQW IF
VSLOORYHU PLJKW UHTXLUH IRVWHULQJ FROODERUDWLRQ\
LQIUDVWUXFWXUH DQG RWHKHLD DRFWO HIPMMR BB GH LQ LQIUDV\
PUPV DQG XQLYHUVLWLHVY LQFOXGLQJ 62(V PLJWRPWWUKHTXLUEF
JHGHUDO *RYHUQPHQW DQG WKH (PLUDWHV WR DFKLHYH WKF
WKHVH LQYHVWPHQWY ,Q LWV EXUUHQW IRUP WKH 8$( L\
H[SHQGLWXUHV SHU UHVHDUFKHU OHYHOV LQ WKH ZRUOG Wi
H[SHQGLWXUHV SHU RXWSXW LQ WKH ZRUOG ERWKWQ SXEC
JURZWK WR EH H[SHFWHG LQ WKH IXWXUH PD[LPL]LQJ WKH R
ZLOO UHTXLUH UHGXFLQJ WKH EDUULHUV RI FROMIERUDWI
XQLYHUVLWLHY DQG IRUHLJQ PUPV DQG XQLYHUVLWLHYV

)LQDOO\ GLDJQRVLQJ WKH 5 "' VHFWRU LQ WKH 8$( UHTXLUH"
WKHLU H[SHQGLWXUHV FRPSRVLWLRQ LWV LQGXVWULHV I
DYDLODEOH IRU LKWV PDSISWROLONVWRFEN LV DQ HVVHQWLDO SDU!
LGHDV DQG LWV VFDUFLW\ FDQ VORZ GRZQ WKH DOWH RI JURZ
+RZHYHU WKH SODFHPHQW RI PDMRU 5 ' LQYHVWPHQWYV LQ S
EHWZHHQ ORFDO FDSDELOLWLHV DQG WKH QSHGEVLRQW KB WL
DQG WKH VSLOORYHUV LQWR WKH ORFDO LQQRYDWKLRD HFF
&UHVFHQ]L 3XEOLF SROLFLHV IRU LQQRYDWLRQ LQ
FRRUGLQDWLRQ EHWZHHQ LQVWLWXWLRQV LQ WKH6WDBWHDO *
2ZQHG (QWHUSULVHV $V VXFK WKLV FRRUGLQDWHG HIIRL
GLVDJJUHJDWHG GDWD WKDW PLQLPL]JHV WKH EDUULHUV W
HITHFWLYHO\ WDUJHWHG SODFH EDVHG SROLFLHYV

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



&RQFOXVLRQ

7KH 8%$( KDV PDGH VLIJQLPFDQW SURJUHVV LQ LWV 5 " HIIRUWYV
DQG VFLHQWLPF SXEOLFDWLRQV EXW WKHUH LV VWKOW D JD
XQGHUSHUIRUPDQFH VWHPV PDLQO\ IURP LWV UHODWLYHO\ C
WKH QDWLRQ V *'3 SHU FDSLWD GHVSLWH KLJK @RYBOQGE RI |
VXEVWDQWLDO H[SHQGLWXUHV SHU UHVHDUFKHU 'HVSLWH
HISHQGLWXUH OHYHOV DQG UHVHDUFK RXWSXW WKHQ@H FRXO
WKHVH LQYHVWPHQWY DQG WKH DFWXDO RXWFRPHV LQ UHVH

8QORFNLQJ WKHVH RSSRUWXQLWLHVY UHTXLUHV D PRUH Q
LQYHVWPHQW WDUJHWLQJ VSHFLPF PHOGY DQG WHFKQRORJL
SRWHQMKIHIUMH LV PHULW IRU D WDUJHWHG DSSURDFK WRZDUC
ZKHUH WKH 8%( VKRZV VRPH UHYHDOHG FDSDELOLWLHV ZKLO
JOREDO LQQRYDWLRQ WUHQGY ZKHUH WKH FRXQWUERDQ PDI
LPSOHPHQWHG E\ HQFRXUDJLQJ PXOWLQDWLRQRO IRRIHLDER U
5' LQYHVWPHQWY DV VKRZQ E\ WKH JURZLQJ L@QROYHPH
LQWHUQDWLRQDO RUJDQL]DWLRQV LQ WKH 8$( V SDWHQWLQJ

,Q VXPPDU\ WKH 8%$( KDV PDGH UHPDUNDEOH SURJUHVV LQ
UHTXLUHV MXGLFLRXV DQG VWUDWHJILF BKEWLEQBROYRV LU
PXOWLIDFHWHG DSSURDFK LQFRUSRUDWLQJ D GLYHUVH VHW
GLIIHUHQW DUHDV DQG VHFWRUV ([SDQGLQJ WKH UHVHDUF
SURJUDPV IRU VFLHQWLPF SURGXFWLYLW\ DWWWRPWLQJI JO
LQYHVWPHQWY DQG LQIUDVWUXFWXUH DUH NH\LQR RHDW L RLQY .
KXE 7KH UROH RI 6RYHUHLJQ :HDOWK )XQGV 6WDWH 2ZQHG (
RI JUHH =RQHV DUH LQVWUXPHQWDO LQ WKLV FRWHGHPW GPDU
HITHFWLYH LQQRYDWLRQ SROLF\ WKDW UHVRQDWHV ZLWK WK

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



SHIHUHQFHYV
$GDPV - 7KH IRXUWK DJHDWXUWBHVHDU FKt

KWWSV GRL RUJ D

$NFLJLW 8 &DLFHGR 6 OLJXHOH] ( 6WDOWFK®YZLWK WaN

6WDUV ,QQRYDWLRQ 7KURXUNKLQQWIHDITHW URQ V 1DW
%XUHDX Rl (FRQRPLF 5HVHDUFK KWWSV GRL RUJ y
$JRXOD\ 3 *UDII =LYLQ - 6 'DQJ - 7 K H6 X4 SKHDUUNAAHIILD \(
“RXUQDO RI (FRQRPLFV t
KWWSV GRL RUJ TMHF
$JRXOD\ 3 *UHHQEODWW : + +HJJHQHVV 0 / /IRQJ

HISRVXUH WR UHVHDUFK (YLGHQFH IUBRVWBRHM FIK+3ROH 60O

KWWSV GRL RUJ M UHVSRO
%DKDU ' &KRXGKXU\ 3 5SDSRSRUW + OLJUDQW LQYI
DGYDQWDJH R GBIWHRQWVK 3ROLF\
KWWSV GRL RUJ M UHVSRO
%HOO $ 0 &KHWW\ 5 -DUDYHO ; SHWNRKR AHFR®BIY S5HI

DQ ,QYHQWRU LQ $PHULFD" 7KH ,PSRUWDQFUHNRRQU[SREKUH

1R IDWLRQDO %XUHDX RI (FRQRPLF
KWWSV GRL RUJ Z
%RVFKPD 5 OLIJXHOH] ( ORUHQR 5 2FDPSR &RUUDOHYV

SHODWHGQHVYVY DQG 8QUHODWHGQHVV IRU WKH *HR.

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



%UHDNWKURXJKV LOQFROQRWPREH *HRJIUDSKN\ t

KWWSV GRL RUJ

&RPLQ OHVWLHUL O , | THFKQRORJ\ +DV $UULYHG (Y
'LYHUIJHB®HULFDQ (FRQRPLF -RXUQDO ODFURHFRQRPLF

KWWSV GRL RUJ PDF

&UHVFHQI]L 5 5' ,QQRYDWLYH &ROODERUFWHRQWDQG
3 %HFN 3 &KDUDZWRMVFR®WRPLFV Rl %LJ 6FLHQFH (VVD\
BFLHQWLVWY DQG BMOLFtPDNHGBWLQIJHU ,QWHUQDWLRQL

KWWSV GRL RUJ B

&QUHVFHQIL 5 "\AYUH $ 1HIINH ) ,QQRYDWLRQ &DV
5HVKDSH WKH *OREDO *HRJUB8KQRRLFEQGRYDDHERD

KWWSV GRL RUJ

'DERLQ - /DPE\ / 7DSLD - 3UDVDG, @BSXWHWURQRWOE&F\ 'HV

7TRROV IRU (FRQRPLF 'LYHUVLPFDWLRQ LQ WKH 88%(

'XVGDO - 3RZHOO - - %WHQHPWY OROWIMD@YDWRQRQD

&ROODERUDWLYH 5HVHDUFK $ 6RFLR®RLIN QA Hs PLGHX B X E&D

3ROLF\ t KWWSV GRL RUJ VFLSRO VFDE
*URZLHF - OF$GDP 3 OXFEN &DSLWDO DQG WKH ,GHD 3L

)XQFWLRQ 6651 6FKRODUO\ 3DSHU 1R

KWWSV GRL RUJ VVUQ

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



+DXVPDQQ 5 <LOGLULP 0 $ &KDFXD & +DUWROREDO*DG.

WUHQGV RI LQQRYDWLRQ FRPSOH[LW\

+DXVPDQQ 5 <LOGLULP 0 $ &KDFXD & +DUWRJ 0 *

,QQRYDWLRQ 3ROLFLHV 8QGHU (FRQRPLF &RPSOH[LW\

.OLQJHU % JHGHUPDQ@HUVLPFDWLRQ ,QQRYDWLRQ DQG ,
*OREDO 7HFKQRORJLF®E®1 )WBEBRWOBUO\ 3DSHU 1R

KWWSV SDSHUV VVUQ FRP DEVWUDFW

OH]]JDQRWWL ) 6LPEROR¥DWLRQ DQG $SSURSULDELOLW\ 5

 QWHOOHFWXDRUNLRIHIMBHU 1R 1IDWLRQDO %XUH
5HVHDUFK KWWSV GRL RUJ z

1DWXUH 5SHVHDUFK FROODERUDWLRQV EULQJ ELJ UH?Z
1DWXUH t KWWSV GRL RUJ G ]

6DLD $ $QGUHZV $OFWRGXFEWLYLW\ 6SLOORYHUV IURP W
DQG 3XEOLF 3ROLF\ L QGXVWU\ /HYH®' (YLC
KWWSV GRL RUJ H@YV KNY[KPU

8]JL % OXNKHUMHH 6 6WULQJHU 0 “RQHV % $\
6FLHQWLbPF ,PSDBFFWH Q FH t
KWWSV GRL RUJ VFLHQFH

YDQ GHU :RXGHQ ) <RXQ + 7KH LPSDFW RI JHRJUDS
WKURXJK FROODBRWYBWURR 3ROLF\
KWWSV GRL RUJ M UHVSRO

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



‘DJQHU & 6 3DUN + IH\GHVGRUII /[ 7KH &RQWL
&RRSHUDWLRQ 1HWZRUNV LQ 5HVHDUFK $ &RQXQGUXP

3/26 21( H KWWSV GRL RUJ MRXUQDO SRQ

:DJQHU & 6 :KHWVHOO 7 $ OXNKHUMHH 6 !

FROODERUDWLRQ 1RYHOW\ FRQYHQWLRQDOLW\ DQ

UHFRPELQDWLRM)HDUFK 3ROLF\ t
KWWSV GRL RUJ M UHVSRO
‘XFKW\ 6 -RQHV % ) 811L % 7KH ,QFUHDVLQJ 'R
3URGXFWLRQ RI . Q R Z IOHH@RIHH t
KWWSV GRL RUJ VFLHQFH

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



$SSHQGIS[GGLWLRQDO '"HVFULSWLYHYV

J)LIXUH 3XEOLFDWLRQV SHU OLOOLRQ 3HRSOH DQG *'3 SHU ¢
SHVRXUFHYV 5HQW

JLIXUH3DWHQWY SHU OLOOLRQ 3HRS®MXIVOWGH 6 E 'S HDWDSED W B H
5HQW

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH)DVWHVW *URZLQJ 7THFKQRORJLHV LQ WKH :RUOG

6RXUFH 3DWHQWG6LJKW

JLIXUH %LJIJHVW 7THFKQRORJLHV LQ WKH :RUOG

6RXUFH 3DWHQWG6LJKW

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



7TDEOH , QVWLWXWLRQV ZLWK )RUHLJQ 5HODWLRQVKLSV 3XE

,QVWLWXWL| &RXQY 3XEOLFD 7TRWD(Q &LWHG &LWDWL
&LWDV 3XEOLFD SHU
SHU $XW 3XEOLFI

1HZ <RUN 86%
S8QLYHUVLW
'KDEL

$PLW\ 8QLYH ,1°

7DZDP +RVS| 86%

%LUOD ,QVW ,1°
7HFKQRORJ\
6FLHQFH 3L
'XEDL &DPS)

8QLYHUVLW)\ $86
'ROORQJRQ
'XEDL

6\QHUJ\ 8QL| 586
'XEDL

,VODPLF $]D| ,51
8QLYHUVLW

% UDQFK
02'8/ 8QLYHI( $87
'XEDL

,16($' )5$
,QWHO 8QL\ 86%
(PLUDWHYV

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



JLIXUH (YROXWLRQ RI WKH ,QWHUQDWLRQDO 6FLHQWLPF &RO

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



$SSHQGL] '"HQVLW\ DV RO )XWMHKGAIHFWRBKQRORJILFD
6FLHQWLPF &DSDELOLWLHYV

7TDEOH SUHGLFWLQJ JURZWK LQ VFLHQWLPF SXEOLFDWLRQV

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



7TDEOH SUHGLFWLQJ JURZWK LQ SDWHQWLQJ DFWLYLW\ XVL

_ 6FLHQWLPF DQG 7THFKQLFDO ,QQRYDWLRQ LQ WKH 8QLWH



