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ZZZ QRD JU

SHVHDUFK 'LUHFWRU
'U $QQD %HOHKDNL

_ EHOHKDNL#QRD JU
7KH 3,7+,%$ 15) SURMHFW KDV UHFHLYHG
IJURP WKH (XURSHDQ 8QLRQ V +RUL]JROQ
UHVHDUFK DQG LQQRYDWLRQ SURJUDP X
DJUHHPHQW 1R

3,7+,%$ 15) GHSRUWYV



&EROWHQWYV

(IHFXWLYH 6XPPDU\
QWURGXFWLROQ
3KHQRPHQD ZLWK SRWHQWLDO LPSDFWV
PSDFWHG V\VWHPV DQG VHUYLFHV
6SDFH ERUQH ,QIUDVWUXFWXUH
(DUWK 2EVHUYDWLRQ (2 VDWHOOLWHYV LC
&RPPXQLFDWLRQ 6DWHOOLWHYV
*URXQG EDVHG ,QIUDVWUXFWXUH
SVWURQRPLFDO REVHUYDWLRQ V\VWHPV /
317 ZLWK *166 DQG JURXQBQEDVHG DXJPHC
VIVWHPYV
7JHUUHVWULDO UDGLR WRQWHPV +) FRPPXQ
4XDQWLI\LQJ VRFLRHFRQRPLF LPEBHFRRWPH*RZ ID
/(2 6DWHOOLWHYV
317 ZLWK *166 DQG JURXQG EDVHG DXJPHQW
VA\VWHPYV
7JHUUHVWULDO UDGLR V\WVWHPV
SYLDWLRQ
*ORVVDU\
/LVW RI DEEUHYLDWLRQV DQG DFURQ\PYV
SHIHUHQFHV
$SSHQGL[ $XWKRUV

(KH VRFLRHFRQRPLF LPSDFWV RI WKH XSSHL



7KH QHDU (DUWK VSDFH HQYLURQPHQW XQGHUJRHV G
YDULDEOH FRQGLWLRQV LQ WKH 6XQ ([SORVLYH HUX

6XQ FDXVLQJ PLQRU VRODU VWRUPV RQ (DUWK DUH U
OLWWOH FRQVHTXHQFH 2Q WKH FRQWUDU\ UDUHO

JHQHUDWH SK\WLFDO FKDQJHVY LQ WKH (DUWKMV
GHWULPHQWDO WR VDWHOOLWHY VLJOQDOV IURP JOBH
UDGLR V\VWHPYV

KLOH WKHVH HYHQWVuu SK\VLFV DQG HQJLOQHHULQJ U
VWXGLHG HIWHQVLYHO\ WKLV LV QRW WKH FDVH IRU
UDPLILFDWLRQV GHVSLWH RXU JURZLQJ GHSHQGHQF
/[ KHUHIRUH WKH UHSRUW LGHQWLILHVY WKH LQIUDYV

XSSHU DWPRVSKHUH HIIHFWY DQG TXDQWLILHV WK
VDWHOOLWHYV V\VWHPV RIIHULQJ 317 VHUYLFHV DQG

V\VWHPDWLF OLWHUDWXUH UHYLHZ

,Q VXPPDU\ ZH ILQG WKDW WKH FRVWY DVVRFLDWHG

FULWLFDO VSDFH ERUQH DQG JURXQG EDVHG WHH
DWPRVSKHULF HYHQWY DUH KLJK FRPSDUDEOH WH

KD]DUGV OLNH WVXQDPLV HDUWKTXDNHV RU IORR
TXDQWLILFDWLRQ RI WKH VRFLRHFRQRPLF LPSDFWYV
EHFDXVH RI WKH ODFN RI LPSRUWDQW PRGHOLQJ L¢
VRFLHW\uV ODFN RI H[SHULHQFH ZLWK H[WUHPHO\ OLC
JRYHUQPHQWY DVVHW RZQHUV DQG EXVLQHVV PDQI
LQ WKLV DUHD WR PLWLJDWH WKH ULVNV SRVHG E\
ZHDWKHU



OQWURGXFWLRQ

3,7+,% 150v D 5HVHDUFK ,QIUDVWUXFWXUH SURMHFW I[IXQGlH
&RPPLVVLRQ +RUL]JRQ SURJUDPPH 3,7+,% 15) DLPV WR EX

QHWZRUN WKDW LQWHJUDWHY LQWR D XQLILHG UHVHDUEFK
IDFLOLWLHYVY GDWD FROOHFWLRQV GDWD SURFHVVLQJ W

GHGLFDWHG WR WKH LRQRVSKHUH WKHUPRVSKHUH DQG S
LQWHJUDWLQJ GLIITHUHQW DVVHWYV 3,7+,$ 15) RIIHUV 5 ' VHL
FDUHHU UHVHDUFKHUVY DQG VRIWZDUH DQG LQVWUXPHQW
HQDEOLQJ OHDGLQJ HGJH UHVHDUFK DQG IRVWHULQJ LQQRY

3,7+,% 15) KDV WKH DPELWLRQ WR EHFRPH WKH (XURSHDQ K
IDFLOLWDWRU IRU FRRUGLQDWHG REVHUYDWLRQV |IRU GDW
DGYDQFHV IRU VRIWZDUH DQG GDWD SURGXFWYV VWDQGDUC

WUDQVLWLRQLQJ RI PRGHOV WR RSHUDWLRQV E\ SURYLGLQ.
WKDW PRGHOV FDQ UHDFK WKH GHVLUHG DFFXUDF\ DQG VWL

ODQ\ RSHUDWLRQ@DO VA\VWHPV WKDW DUH FULWLFDO IRU WKH
(XURSHDQ FLWL]JHQV UHO\ RQ WKH XSSHU DWPRVSKHUH IRU

WKH FDVH Rl UDGLR FRPPXQLFDWLRQ +) JHRORFDWLRQ R
8SSHU DWPRVSKHUH GLVWXUEDQFHV FDQ DIIHFW RU HYF
VIVWHPVY 6LPLODUO\ IRU RWKHU W\SHV RI LQIUDVWUXFW X
UHSUHVHQWY D OXLVDQFH WKLV LV WKH FDVH IRU W
FRPPXQLFDWLRQ DQG QDYLJDWLRQ V\VWHPV *166 (*126 *¢
UDGLR DVWURQRP\ REVHUYDWLRQV 7KXV WKHVH LQIUDYV
HVYVHQWLDO SHUIRUPDQFH GHJUDGDWLRQV DQG EHFRPH X
WKHVH V\VWHPVY UHTXLUH DFFXUDWH LQIRUPDWLRQ DERXW
DWPRVSKHUH DQG WKH H[SHFWHG HIIHFWV Rl IRUWKFR
GLVWXUEDQFHV ° HVSHFLDOO\ WKH H[WUHPH VSDFH ZHDWKH#
SODQQLQJ Rl WKHLU RSHUDWLRQV 3,7+,%$ 15) GHYHORSV WK
VXSSRUW VRIWZDUH DQG KDUGZDUH 5' SURMHFEWY E\ LPS(
HQJLQHHULQJ VROXWLRQV WR KHOS XVHUV GHYHORS UHOHY

/KLY UHSRUW VXPPDUL]JHV WKH VRFLRHFRQRPLF HIIHFWV Kk
VSDFH ZHDWKHU LPSDFW HQFRXUDJLQJ D GLVFXVVLRQ ZLW
IRU SRWHQWLDO FROODERUDWLRQ ZLWKLQ WKH LQQRYDWLI
SURMHFW






3KHQRPHQD ZLWk
SRWHQWLDO LPSDF

7KLV UHSRUW SUHVHQWY D V\WVWHPDWLF OLWHUDWXUH U
GHVFULEH WKH HIIHFWV DQG TXDQWLI\ WKH UHODWHG LPSD
ZHDWKHU L H WKRVH YDULDWLRQV LQ WKH 6XQ LRQRV
LQIOXHQFLQJ VSDFH ERUQH DQG JURXQG EDVHG WHFKQROR
DQG UHOLDELOLW\ &DQQRQ

6SHFLILFDOO\ WKH UHSRUW IRFXVHV RQ WKH LRQRVSKHL
QDYLIJDWLRQ V\VWHPV DQG WKHUPRVSKHULF HIIHFWV RQ \

/(2 )YLJIXUH

COMMUNICATION
AND EO SATELLITES
SATELLITE- AND
GROUND-BASED
SYSTEMS FOR PNT

TERRESTRIAL RADIO

/ SYSTEMS

DECREASED,
[I.]:ITI’Th G ACCURALCY

6FKHPDWLF UHSUHVHQWDWLRQ RI WKH XSSHU
HITHFWYV RQ VSDFH DQG JURXQG EDVHG LQIUDVWUX
‘HDWKHU (IIHFWV?® LPDJH UHWULHYHG DW
KWWSV 2Z2z7ZzZ HVD LQW (6$BOXOWLPHGLD ,PDJHV
$SULO




SKHQRPHQD ZLWK SRWHQWLDO LPSDFWYV

/KH LRQRVSKHUH LV D OLJKWO\ LRQL]J]HG UHJLRQ RI WKH
IURP DERXW W R NP DERYH WKH (DUWK ZLWK D G

NP DOWLWXGH W LV FROQYHQWLRQDOO\ GLYLGHG L
HTXDWRULDO PLG ODWLWXGH DXURUDO DQG SRODU FD:

20H RI WKH UHDVRQV IRU ZKLFK WKH LRQRVSKHUH LV
FRPPXQLFDWLRQV V\VWHPV LV WKDW WKH LRQRVSKHUL
WKHUHIRUH LOQWHUDFWY ZLWK HOHFWURPDJQHWLF ZDYH

+RZHYHU WKH LRQRVSKHULF SODVPD LV KLIJKO\ YDULDE"
VSDWLDO VFDOHYV UDQJLQJ ITIURP WKRXVDQGV RI NLORPH
WHPSRUDO VFDOHV UDQJLQJ IURP PDQ\ \HDUV WR KRX

VHFRQGY &DQGHU 'XH WR SKHQRPHQD RULJLQDWLC
HYHQWY HDUWKTXDNHY H[SORVLRQV RU FRPLQJ IURI
HYHQWYV VXEK KLJK YDULDELOLW\ SRVHV FRP S(

UDGLRFRPPXQLFDWLRQY DQG QDYLJDWLRQ VA\WVWHPV RS
PRGHOV IRU IRUHFDVWLQJ DQG QRZFDVWLQJ LRQRVSKHUI
$V LOOXVWUDWHG LQ )LIJXUH WKH LRQRVSKHUH FRQVL\

UHJLRQ WKH ( UHJLRQ DQG WKH ) UHJLRQ HDFK SOD\L
SURSDJDWLROQ

Layers of the ionosphere
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Ocean

/I D\HUV RI WKH (DUWKpV LRQRVSKHUH UHWULH
DW KWWSV Z27Z7Z EULWDQQLFD FRP VFLHQFH " UHJLRQ

/KH VRFLRHFRQRPLF LPSDFWV RI WKH XSSH



SKHQRPHQD ZLWK SRWHQWILDO 1 PSD

/KH ) UHJLRQ LV WKH PRQWHQPHUDEOWIWH)ESDFH ZHDWKH
FRPSOH[ LRQRVSKHULF @&D\HAGL SFHUH VBHWMWRWVIKHUH SKHQR

WKH KLIKHVW GHQVLW\ RUVMWHGEG HQHMPWORQYV DIIHFWLQJ
DQG SRVLWLYHO\ FKDWIHAJDWQNQ VWWHPY DUH

IXQGDPHQWDO LPSRUWBQFHHRPDJQBGWLR VWRUPV L
FRPPXQLFDWLRQ IROORGVVWXREDWEHVH.Q WKH JHRPDJQ

SURSHUWLHYV FDXVHG E\ JXVWV RI VRODU ZLQGC
W LV SUHVHQW KS DV @ DW KHHY (DQJ W K

WKRXJK ZHDN LQ WKH %DBROMNIPRUDPDGIDWLRQ VWRUPV

KRXUYV OHYHOV RI UDGLDWLRQ WKDW RF

WV KLJK DOWLWXGH DEPREVVWKRI| O RHQHWIHWLF SDU
FRPPXQLFDWLRQ SDWKVLQFUHDVH

W XVXDOO\ UHIOHRWWROMXWH IKDUKY L H : UD\V HF
IJUHTXHQF\ +) H O H F WJURFPP I K@ HBAKIGF
ZDYHV ZLWK OHVV DEVRUSWLRQ DQG WKH
KLIJKHVW ELW UDWH *HRPDJQHWLF VWRUPV DUH DO\
7KHUHIRUH PRVW RISUIDRDQ\ WRXUFH RI XQFHUWDLQ

FRPPXQLFDWLRQ OLQNVSRWUMLBQD RPHGOO REMHFWYV
DVVXPLQJ WKH H[SORLWNSHRDRD BO\WHKHNBOOLWHY ZKLFI

UHJLRQ LQ WKH KLIJKOWESRSERBVWKIKURLB/ KH QHXWUDO F
ODWLWXGHYV &DQGHU R WKH LRQRVSKHUH $V |
WKHUPRVSKHUH HISHULHQFHYV

SQGHU TXLHW FROQGYWURDWLRQWIKH WKH QHXWUDO Gl
LRQRVSKHUH HQDEOHYDGLDWDGLR QSXWV IURP WKH €

FRPPXQLFDWLRQYV SRVW[EOJIHPH \WOWWKBIYLROHW ZDYHOH
VDPH WLPH LW UHSUHVHQMUYINWKHF SDLWPWUROHY SUHFLSL
VRXUFH RI LOQDFFXUDFDXURWDOORERAGY (MWEGOGOHOREDO

QDYLIJDWLRQ VDWHOOLWOHRWWHPNO *EB&/IUHQWY JHQHUI
DQG WKH VHFRQG VRXUKHMHRRDJIQHW L UFHOWRDPOY GUDJ IRU

*166 6 HFWLRQ [KH *DaFoWNVRIQRQ VDWHOOLWHYV 10\LQJ
LV WUDQVPLWWHG E\ VIWWHOPRWSKWHUBG\LGD XD/'WQJ RUELYV
DERXW NP WKDW DUFKNGFHVLYH®WE WIRGU HW DO

WKH JURXQG E\ *166 UHFHLYHUV 7KH
SUHVHQFH DQG WKH GLVWULEXWLRQ RI TUHH

HOHFWURQY LQ WKH LRQRVSKHUH PRGLI\
WKH WUDYHOLQJ *166 VLJQDO V SKDVH

DQG DPSOLWXGH LQGXFLQJ GHJUDGDWLRQ
LQO WKH QDYLJDWLRQ VHUYLFH



SKHQRPHQD ZLWK SRWHQWLDO LPSDFWYV

/DEOH

/KH VRFLRHFRQRPLF LPSDFWYV RI WKH XSSHU



SKHQRPHQD ZLWK SRWHQWI DO | PSD

JLIXUHLRUWK $PHULFD :$$6 DQG (XURSHDQ (*126 DYLDW!
IRU WKH HYHQWY KDSSHQHG RQ IURP OHIW WR ULJKW
DQG -XQH SHGPRQ HW DO

oW 3DWULFNhV 'D\ HYHQ

JHRPDJOQHWLF VXSHUVWRUP
VRODU F\FOH

$ &0( GULYHQ VWRUP FDXVHG WKH WRWDO O
SVWUR ' $6&% GXH WR WKHUPRVSKHULF GUDJ &DQQRQ

7KH ODUJHVW VRODU UDGLR EXUVW HYHU
UHFHLYHUVY RYHU WKH HQWLUH VXQOLW VLGH RI WKH (I
RI *36 LQ WKH PRXQWDLQ VWDWHY UHJLRQ VSHFLILFI
UHJLRQ RI 1HZ OH[LFR DQG &RORUDGR $GGLWLRQDOC
ORVLQJ ORFN RQ *36




SKHQRPHQD ZLWK SRWHQWLDO LPSDFWYV

$XIXVW $ PDMRU VRODU IODUH FDXVHG IDGH RXWYV L
RI 5 DGLR 1HWKHUODQGYV :RUOG IRU DQ KRXU

-DQXDU\ $Q 0 FODVV VRODU IODUH GLVUXSWHG EUR
PHWHUV EDQGYV DFURVYV 1RUWK $PHULFD DQG VHYHUHO\
EDQGV IRU D IHZ KRXUYV

JHEUXDU\ $ UHODWLYHO\ PRGHVW JHRPDJQHWLF
'LVWXUEDQFH 6WRUP ,QGH] '"VWPLQ | 1 Q7 GHJUDGH

WKH 86 :LGH $UHD $XJPHQWDWLRQ 6\WWHP :$$6 QI
FRYHULQJ HDVWHUQ $ODVND DQG WKH QRUWK HDVWHUC
WKH VLPLODU (XURSHDQ *HRVWDWLRQDU\ 1DYLJDWLRQ
FRYHULQJ QRUWKHUQ (XURSH

ODUFK >-XQH 7KH@6W 3DWULFN V 'D\3 HYHQW
Q7 >'VWPLQ ! i Q7@ UHVXOWHG LQ WKH PRVW LQV
RI WKH ODVW VRODU F\FOH ZLWK PLG ODWLWXGH D

LRQRVSKHULF LUUHJXODULWLHY %9RWK HYHQWYV LPSDF\
RYHU LPSRUWDQW FRYHUDJH DUHDV )LJXUH

'LG \RX NQRZ"

/KH VRFLRHFRQRPLF LPSDFWYV RI WKH XSSHU



3KHQRPHQD ZLWK SRWHOWtDO—+tPSD



PSDFWHG V\VW

VHUYLFHYV
6SDFH ERUQH ,QIUDVWU)

($57+ 2%6(59%$7,21 (2 6$7(//,7(6 ,1 /(2

7KH (DUWK DQG LWV VXUURXQGLQJV DUH FRQWLQXR
VDWHOOLWHY 7KHVH VSDFHFUDIW RIIHU LQIRUPDWLROQ

(DUWKpV HQYLURQPHQW DQG LWV VXUURXQGLQJV E\ S
REVHUYDWLRQ RI JHRSK\VLFDO SDUDPHWHUYV

5HPRWH VHQVLQJ V\VWHPV FRQYH\ LQYDOXDEOH GDWD
ZHDWKHU H J WHPSHUDWXUH FORXG FRYHU JURXQG

W\SHVY WKH VWDWH RI WKH RFHDQVp VXUIDFH DQG
GHYHORSPHQW RI KLIJK UHVROXWLRQ WRSRJUDSKLF F

REVHUYH WKH XSSHU OD\HUV RI WKH DWPRVSKHUH DQG
IOXFWXDWLRQV RI WKH PDJQHWLF ILHOG DQG RI HQHUJI
VSDFHFUDIW PRQLWRULQJ WKH 6XQ DQG WKH VRODU Z
ZHDWKHU DOHUWYVY WR SUHSDUH WKH XVHUV IRU LPPLQH

+RZHYHU RSHUDWLQJ LQ IUHTXHQFLHV IURP KLJK IU
IUHTXHQF\ UDQJH WR P VSDWLDO UDQJH WR XOWL!
IUHTXHQF\ UDQJH P WR GP VSDWLDO UDQJH (2 V\
XSSHU DWPRVSKHUH SKHQRPHQD 8$3 )RU LQVWDQFH
DQG 7(& JUDGLHQWY FDQ FRUUXSW LPDJHV FUHDWHG
DSHUWXUH UDGDUV 6$5V OLNH (6$uV 3 EDQG 0+]
RSHUDWHYV LQ /(2 $OIRQVL HW DO

,Q WKH VKRUW WHUP LOQWHUUXSWLRQV WR UHPRWH \
EURDGFDVWLQJ RU KLQGHU GLVDVWHU UHVSRQVH DQG

UHDO WLPH PDSV )XUWKHUPRUH LQ D ZRUVW FDVH VFI
VDWHOOLWHYV IURP WKHUPRVSKHULF GUDJ WKH ORQJ V
DQG HFRV\VWHPLF PRGHOV WKDW UHO\ RQ (2 GDWD ZRX



,PSDFWHG V\VWHPVDLDQG M EIYLEH

(DEOH

3,7+,$ 15) SHSRUWYV



,PSDFWHG V\VWHPVY DQG VHUYLFHYV

&20081,&%$7,21 6$7(//,7(6

6DWHOOLWHY IDFLOLWDWH PRVW PHDQV RI FLYLO DQG |
SKRQHY LQWHUQHW FRQQHFWLRQV WHOHYLVLRQ DQG
VDWHOOLWHY %\ RSHUDWLQJ LQ D ZLGH UDQJH RI UDGLR
UHOD\ PHVVDJHV WR JURXQG UHFHLYHU VWDWLRQV RU W
VDWHOOLWH FRPPXQLFDWLRQ 6%$7&20 LV DOVR VXVFHSWLE
JRU H[DPSOH VDWHOOLWH UDGLR VLIJQDOV LQ WKH YHU\ +)
UDQJH P VSDWLDO UDQJH DQG DERYH VXIIHU GHJL

EDFNJURXQG LRQL]DWLRQ ,Q WXUQ UDSLG IOXFWXDWLRQ
WKH UDGLR VLJQDO FDQ OHDG WR UHSHDWHG GLVUXSWLR

FOHDU GHWULPHQWDO LPSOLFDWLRQV IRU EXVLQHVVHYV
VHUYLFHY DQG FXVWRPHUY DOLNH

*URXQG EDVHG ,QIUDVWU)

$6752120,8&%/ 2%6(59%$7,21 6<67(06 /2)$5

Y)LIXUH

/KH VRFLRHFRQRPLF LPSDFWV RI WKH XSSH



,PSDFWHG V\VWHPV_DQG VHUYI EH\

/12)$5 /RZ )UHTXHQF\ $UUD\ LV FXUUHQWO\ WKH ODUJHVW
DW WKH ORZHVW IUHTXHQFLHY GHWHFWDEOH IURP (DUWE

/2)$5 LV D PXOWLSXUSRVH VHQVRU QHWZRUN LQIUDVWU X
GDWD YROXPHV DOORZLQJ DVWURQRPHUV WR HQJDJH LOQ
RQFH

6RODU VFLHQFH DQG VSDFH ZHDWKHU DUH DPRQJ WKHP

QRW RQO\ LQ WKH \HDU 6XQVSRW F\FOH EXW DOVR LQ V

IODUHVY DQG FRURQDO PDVV HMHFWLRQV &0(V 7KHVH H

HQKDQFHG UDGLR HPLVVLRQV IURP WKH 6XQ HVSHFLDOO
0+] FRYHUHG E\ /2)$5 )LJIJXUH

+RZHYHU WKH YLHZ RI WKH UDGLR XQLYHUVH DW WKH 9
VWURQJO\ DIITHFWHG E\ WKH (DUWKpV LRQRVSKHUH 5DGL
VFDWWHUHG LQ WKLY UHJLRQ GXH WR WKH LOQWHQVLILFD
SODVPD EXEEOHV 7KH HIIHFW IRU DVWURQRPHUV LV WKD
WDNH RI GLVWDQW UDGLR VRXUFHV FDQ EH KHDYLO\ GLV
ORRNLQJ DW D SHEEOH WKURXJK WURXEOHG ZDWHU

317 :,7+ *166 $1' *5281"' % $6("
$8*0(17$7,21 6<67(06

JLIXUH*%$6 DUFKLWHFWXUH 6RXUFH 1DYLSHGLD )$%

3,7+,%$ 15) SHSRUWYV



,PSDFWHG V\VWHPV DQG VHUYLFHYV

*166 LV DQ LQIUDVWUXFWXUH WKDW DOORZV XVHUV ZLWK
GHWHUPLQH WKHLU SRVLWLRQ YHORFLW\ DQG WLPLQJ E

*OREDO FRQVWHOODWLRQYVY LQFOXGH WKH 8QLW *OREDO
*OREDO 1DYLJDWLRQ 6DWHOOLWH 6\WWHP */21%66 (81

HL'RX *166 SURYLGH 317 VHUYLFHV IXQGDPHQWDO WR
HFRQRPLHYV

$00 *166 FRPPXQLFDWH ZLWK JURXQG EDVHG UHFHLYHU\
VLIQDO WUDQVPLWWHG E\ WKH VDWHOOLWH WUDYHOV '

UHDFKHV WKH UHFHLYHU 8QGHU QRUPDO FRQGLWLRQV V
VLIJQDO DQG XVHV LW WR FRPSXWH LWV ORFDWLRQ -+
FRQGLWLRQV VXPPDUL]JHG LQ 7DEOH FDQ JHQHUDWH

SRVLWLRQ RU WLPH FDXVH WHPSRUDU\ ORVV RI ORFN I
FRPSOHWH RXWDJHYV

7KH VR FDOOHG DXJPHQWDWLRQ V\VWHPV DUH XVHG WR
LOQGXFLQJ UDQJLQJ HUURUV 7KH DXJPHQWDWLRQ RI D *1
WKH *166u SHUIRUPDQFHV VXFK DV LQWHJULW\ FRQWLQ}
FRPSXWLQJ DQG EURDGFDVWLQJ GLIIHUHQWLDO FRUL
LQIRUPDWLRQ WR HJ DQ DLUFUDIW SHUIRUPLQJ SUHFL

IRQHWKHOHVVY H[WUHPH LRQRVSKHULF FRQGLWLRQV
SHUIRUPDQFH WRR

$00 UDGLR FRPPXQLFDWLRQ PHWKRGV DUH EDVHG F
SURSDJDWLRQ ZKLFK YDULHV ZLWK WKH IUHTXHQF\ RI W

XVHG WR FDUU\ WKHP 7TKH PHGLXP FDQ EH WKH WURSR
VSDFH

+) FRPPXQLFDWLRQ V\VWHPV XVH WKH LRQRVSKHUH D
UHIOHFWRU WR FRYHU ODUJH GLVWDQFHV ZLWKRXW D

VDWHOOLWH LQIUDVWUXFWXUH 'XULQJ WKH GD\WLPH W
LQFUHDVHYV ZLWK GHFUHDVLQJ ITUHTXHQF\ GXH WR ' OD\

IJUHTXHQF\ ZDYHV ZLOO SDVV WKURXJK WKH LRQRVSKHU
UDGLRIUHTXHQF\ VA\VWHP RSHUDWRUV PXVW VHOHFW WK
RQ WKH LRQRVSKHULF UHIOHFWLRQ SURSHUWLHYV &DQGH



,PSDFWHG V\VWHPV_DQG VHUYI| FH

J)LIXUH+) DEVRUSWLRQ GXULQJ WKH LQWHQVH 2FWREHU
JHRPHWULF HIITHFWYV WKH " UHJLRQ LRQL]J]DWLRQ LV PRVW

ZKHUH WKH 6XQ LV GLUHFWO\ RYHUKHDG 7KH DPRXQW RI L
GLVWDQFH DZD\ IURP WKH VXEVRODU SRLQW UHDFKLQJ |]H
QLJKW VLGH RI (DUWK LV XQDIIHFWHG ,&%2

)28&86 &RPPXQLFDWLRQV IRU
+XPDQLWDULDQ RSHUDWLRQV

H &R X
Y,
OQDWLY
IWHQ X
DGHFLQ
HDOWK

O\ HV
FW X UH
R TXLF
IUHT X
HWKR G
W DQG
H RXW
FRQIOL

3,7+,%$ 15) SHSRUWYV



,PSDFWHG V\VWHPV DQG VHUYLFHYV

/KH LRQRVSKHUHuVY HOHFWURQ GHQVLW\ FRQGLWLRQ LV
UDGLR OLQN ,W GHSHQGV RQ WKH GLXUQDO F\FOH WKH
DQG WKH VSDFH ZHDWKHU FRQGLWLRQV 'XULQJ TXLHW
YHUWLFDO DQG JHRJUDSKLFDO GLVWULEXWLRQ RI WKH H

%LOLW]D HW DO DOORZLQJ IRU SUHFLVH ITUHTXHC
GHVLUHG UDGLR OLQNV +RZHYHU GLVWXUEHG JHRPDJ
IODUHVY DQG VRODU SDUWLFOH HPLVVLRQV 63( PD\ YD
GLVWULEXWLRQ RU FDXVH KHDY\ DEVRUSWLRQ MHRSDUG

0DQ\ VHFWRUV LQFOXGLQJ GHIHQVH 6HDUFK DQG 5HVF
PDULQH WUDQVSRUW DQG DYLDWLRQ GHSHQG RQ +) F
WKHLU RSHUDWLRQV )RU H[DPSOH +) LV WKH SULPDU\ P

DERYH DSSUR[LPDWHO\ f ODWLWXGH LQ DYLDWLRQ ©6W
ODWLWXGHYV GXULQJ WUDQV RFHDQLF IOLJKWYV DQG U

FRPPXQLFDWLRQ LV QRW DQ RSWLRQ ,&$2 7KLV LV
$YLDWLRQ 2UJDQL]DWLRQ ,&$2 UHOLHV RQ WKH 3(&$68
&HQWHU IRU DYLDWLRQ RSHUDWLRQV IRU LQIRUPDWL

SRWHQWLDO WR DIIHFW DPRQJ RWKHU VHUYLFHV +) FRP
HITHFW RI D SRZHUIXO VRODU IODUH WKDW KDSSHQHG R

ORVW RU GHJUDGHG +) FRPPXQLFDWLRQV RYHU WKH FRQ)






AXDQWLI\LQJ
VRFLRHFRQRPLF L
+RZ IDU KDYH ZH |

/KH SUHYLRXV VHFWLRQV KLJKOLJKW KRZ GLVWXUEL
DWPRVSKHUH FDQ LOQOWHUIHUH ZLWK WKH FRQWLQX

WHFKQRORJLFDO LQIUDVWUXFWXUHY LQ VSDFH DQG RC(C
HYHU LQFUHDVLQJ QXPEHU RI DFWLYH VDWHOOLWHYV

HOQDEOLQJ EURDGEDQG VDWHOOLWH FRPPXQLFDWLRQV
VHUYLFHVY 2U FRQVLGHU DYLDWLRQpYV GHSHQGHQFH
SULPDU\ DQG LQ VRPH FDVHV VROH PHDQV RI FRPPX
, &% 2

+RZHYHU WR KHOS LQIRUP FRVW EHQHILW DVVHVVPH(
PDNHUV LQ JRYHUQPHQW DQG LQGXVWU\ QHHG UHOLDE
DQDO\WHVY RQ WKH DGYHUVH LPSDFWV RI WKH XSSHL

IHYHUWKHOHVY GHVSLWH WKH ULVNV DQG RXU GHSH!
HITRUWYV WR TXDQWLI\ WKH VRFLRHFRQRPLF LPSOLFD

JHQHUDOO\ RI VSDFH ZHDWKHU HYHQWY KDYH EHHQ W
FRPSDULVRQ WR WKH H[LVWLQJ OLWHUDWXUH RQ WHL
KXUULFDQHYVY HDUWKTXDNHY RU WVXQDPLV 2XJKWRQ
IRU ZKLFK WKH HFRQRPLF LPSDFWV DUH FRPSDUDEOH )

/KH UHDVRQV EHKLQG WKLV XQEDODQFH DUH PXOWLE
VRFLHW\pVY ODFN RI HISHULHQFH ZLWK H[WUHPH VSDFH
DITHFWHG LQGXVWULHVUuY XQHDVLQHVYV LQ VKDULQJ SRV

WKDW UHVHDUFKHUV FRXOG XVH LQ VLPXODWLRQV $0O
VLIH DQG ORFDWLRQ RI 8$3 LPSDFW JRQH LV DQ LVVXH

DO

I1RQHWKHOHVY LQ UHFHQW \HDUV D IHZ VWXGLHV KDY

RI WKH QDWXUH RI LPSDFWV SRVLQJ WKH EDVLV IRU G
LOQGLFDWRUV :RUPDQ HW DO DQG TXDQWLWDWLYF

DO 2XIKWRQ WR FDSWXUH WKH HFRQRPLF LPS



AXDQWLIN\LQJ VRFLRHFRQRPLF LPSDFWNM_+tRZ 1DU KD

)LIXUH

JLIXUHK

3,7+,% 15) GHSRUWYV



AXDQWLI\LQJ VRFLRHFRQRPLF LPSDFWV +RZ IDU KDYH ZH FRPH"

/DEOH

/KH VRFLRHFRQRPLF LPSDFWYV RI WKH XSSHU



AXDQWLIN\LQJ VRFLRHFRQRPLF LPSDFWNM_+tRZ 1DU KD

,QGHHG WKH FRVWV DVVRFLDWHG ZLWK 8%3 DUH RI GLII
PLWLIDWLRQ FRVWY DQG GXH WR YDULRXV HFRQRPLF D/

FRPPHUFLDO DQG LQGXVWULDO FXVWRPHUV KRXVHKRO
2XJKWROQ

)LIXUH

+HUH DUH WKH FRVW HVWLPDWHYVY EDVHG RQ D VA\VWHPDWLF
WR WKLV UHSRUW

AXDQWLIN\LQJ WKH LPSDFWV RI 8$3 RQ WKH RSHUDWLRQ RI1 \
QRW DQ HDVN WDVN W YDULHV EURDGO\ DFFRUGLQJ WR \
PRUH DVVHW ORVVHV DQG WKH VHYHULW\ RI WKH VSDFH ZH



AXDQWLI\LQJ VRFLRHFRQRPLF LPSDFWV +RZ IDU KDYH ZH FRPH"

KLOH /(2 VDWHOOLWHY DUORUBGRWYWUY XOH-QHHUDEOHOG HYHQ
WR FXPXODWLYH GRVDIJHOQHRDWDORCD ®UHWW EXVLQHVYV

FDXVHG E\ 63(V WKDQ WKROUWHNHQVKE DQIELGHQW RQ )HEUXI
0(2 RUELWV UHGXFLQJ FRVIW\O IDKWRMFLDWHKEQ IR U W\

ZLWK GHIHQVLYH LQYHVWPHWWYO LWKHNLU ZRHRNVWORVW WR
VLIQLILFDQW ULVN FRPHVGUWRPGCGXWPRYSIMNKHULRVHUWLRQ S
IULFWLRQ DQG RUELW GHFD\ FDXVHG E\

YDULDEOH GUDJ IRUFHV L &QRMK MK HUIP\RN SEUVYRIFLDWHG
DWPRVSKHULF GUDJ FRO VW HOPGSIWILRQV WKH PDMRU
2GHQZDOG HW DO D VNRHAPY 9 G 2V WDHIW HFRIPPXQLFDWLR Q
LQFUHDVHG DWPRVSKHULAGUWKFWXWPXOWLIOH VSDFHFUI
VXSHUVWRUP DNLQ WR WEHWKL@DUUHODWRYHO\ VKRUW \
HYHQW ZRXOG FDXVH WKWKS$UHPDRHXURUGKWLPLODU FRP!
RUELW RI DSSUR[LPDWHO\7KHWYH IRWWHOIOLWHWHYLRXVO\ X
ZRUWK DQ HVWLPDWHG LV\EX®OWOIHPHUIH WKH\ FRXOG FLC
YDOXH J/LNHZLVH $%7 $VRIRFDBWHIGCOLW\ IRU PXOWLSOH V
IRXQG WKDW DQ HYHQW RIRVULFAYGRUOHII® IWRKGMKH IDLOXU
FDXVLQJ WKH ORVV RI WR VDWHOOLWHYV
JOREDOO\ ZRXOG KDYH D VWDJJHULQJ JOREDO
GLUHFW HFRQRPLF LPSDFWRRIHRYHUELOMKIHIRQLQFUHDVLQJ
E\ FRPELQLQJ WKH ORVW&RPRMHOFADWH2 ID V¥ HWWKH O | &
YDOXH DQG WKHLU ORVW FHRPBIRRHHQMWWH O XZHKWRVH ZLGHU D
UHGXFHV PDOXIDFWXULQJ OHD
6LOQFH WKHQ ZLWK WKHLDHEWHDRKEWY DERXW WKH
FRPPHUFLDO 2PHJD FROQVWBWYEDWRLRQOVWRWEHWKVWDQG
/(2 GRPDLQ KDV EHFRPHLRODEWPRDKG KDUVK VSDFH ZH
FURZGHG (LJKW\ ILYH SHUAHO®ORILBIGO BFWWKH IDLOXUFE
VDWHOOLWHY PRYH LQ /(BXPEDRIQGLQBQmMUNVPIWHOOLWH
WKH HIIHFW Rl D VHYHUH7KXWRUHPRUHMHQ PRDAGWLWDWLYH C
GUDPDWLF GXH WR WKWKH[SRIZQYWIHD® LPSOLFDWLI
LOQFUHDVLQJ ULVN RI FDWHKD®HWD ERDONVLRQYV PHID FRQ
 HVVOHU HW DO % HUIHVLBQ IDOQHHGHG

)2&86 (DUWK 2EVHUYDWLRQ

$OPRVW DOO VDWHOOLWHYV IRU (2 SXUSRVHV OLH LQ /(2

DVVHW YDOXH RI PLOOLRQ SHU VDWHOOLWH $%7 $VVR
IRU (2 GDWD DQG YDOXH DGGHG VHUYLFHVY JHQHUDWLQJ

(863% WKH FRQVHTXHQFHV RI ORVLQJ HYHQ RQH (2 V

/KH VRFLRHFRQRPLF LPSDFWYV RI WKH XSSH




AXDQWLIN\LQJ VRFLRHFRQRPLF LPSDFWNM_+tRZ 1DU KD

Q WKH JOREDO GHPDQG IRU *166 HTXLSPHQW JHQHUD\
GHYLFHVY DQG VHUYLFHV UHYHQXHV ZLWK (XURSH KROG
(863%

+RZHYHU *166 DQG *%$6 DUH VXVFHSWLEOH WR 8%$3 WK
VFHQDULR FRXOG UHQGHU 317 VHUYLFHV XQDYDLODEOH )
IRU XS WR VHYHUDO GD\V 7'DEOH

/(DEOH

(DEOH UHSRUWYV WKH HVWLPDWHG FRVW DVVRFLDWHG ZL'
LQ WKUHH PDLQ FRPPHUFLDO VHFWRUV RYHU ZKLFK *16

LQIOXHQFH /KH ILJXUHV IRU WKH SUHFLVLRQ DJULFXO
UHSUHVHQW HLWKHU WKH GLUHFW FRVWYV RI VXVSHQGLQ

+$/ RU WKH EHQHILWYV RI XVLQJ *166 HTXLSPHQW
%\ FRQWUDVW 37Z& UHSRUWYV WKH LPSDFW RQ
GD\V RI *36 ORVV OHDGLQJ WR RI WKH VHFWRU QRW RSH

FDOFXODWHG ZLWK LQSXW RXWSXW DQDO\VLV 20H FDQ
DFURVVY VHFWRUY DQG JHRJUDSKLFDO DUHDV GHSHQGLQ

DFWLRQV LQ SODFH WKH URDG DQG ORJLVWLFV VHFWRU Z1I



AXDQWLI\LQJ VRFLRHFRQRPLF LPSDFWV +RZ IDU KDYH ZH FRPH"

,Q WKH UHYLHZHG OLWHUDWXUH FRVW HVWLPDWHYV IRU W
RQ WKH LPSDFWV RQ DYLDWLRQ RI +) UDGLR ZDYHV DEVRI

$w WKH VDPH WLPH +) FRPPXQLFDWLRQV EODFNRXW G.
FROQGLWLRQV FDQ DIIHFW DPRQJ RWKHUV GLVDVWHU UL

6HSWHPEHU uvV KXUULFDQH UHVSRQVH LQ WKH &DULEE
owLOO WKHUH LV QR FRVW EDVHG HYLGHQFH LQ WKLV DU}

$9,%$7,21

'Q DYLDWLRQ +) FRPPXQLFDWLRQV UHPDLQ WKH SULPDU\ |
RI FRPPXQLFDWLQJ RYHU WKH SROHV ,&%$2 DQG GHYV
GDWDOLQN V\VWHPVY DQG 6DWFRP WUDQVPLVVLRQ WKH VD
HPHUJHQFLHV +DSJRRG HW DO 7JDEOH SUHVHQWYV
FRVWVY Rl GHOD\LQJ FDQFHOLQJ RU UHURXWLQJ IOLJKW\
IUHTXHQFLHV LQ (XURSH WKH 86% DQG &DQDGD

/(DEOH

'HSHQGLQJ RQ WKH LQWHQVLW\ DQG W\SH RI 8%$3 WKH |
HIWHQVLRQ RI WKH RXWDJH FRXOG YDU\ WKH EODFNRXW

LQ DOO ORZ DQG PLG ODWLWXGH UHJLRQV RQ WKH GD\V
KLIJK ODWLWXGHV +DSJRRG HW DO $V D FRQVHTX

8$3 WKHUH ZRXOG EH DQ HFRQRPLF LPSDFW RQ DOO
UHJLRQV QRW MXVW LQ WKH SRODU VHFWRU



AXDQWLIN\LQJ VRFLRHFRQRPLF LPSDFWNM_+tRZ 1DU KD

,Q VXPPDU\ GHVSLWH WKH ULVNV SRVHG E\ 8%3 WR FULWL
WHFKQRORJLHV WKH VFLHQFH RI TXDQWLI\LQJ WKHLU VR
PDWXUH SDUWO\ IRU WKH ODFN RI LPSRUWDQW PRGHOLQ.
QRWDEOH VWXGLHV KDYH FHUWDLQO\ DGYDQFHG RXU X

UHVHDUFKHG KD]DUG QRQHWKHOHVV IRFXVLQJ RQO\ RQ C
SKHQRPHQD DIIHFWLQJ WKHP RIWHQ SURSRVLQJ HVWL

FRPPHUFLDO XVHUV )LJXUH ZLWKRXW I XO0O\ H[SORULC
ZLWK 8%3

)LIXUH



/KH VRFLRHFRQRPLF LPSDFWV RI WKH XSSH



*ORVVDU\




*ORVVDU\

/KH VRFLRHFRQRPLF LPSDFWV RI WKH XSSH



*ORVV.LLL

3,7+,% 15) GHSRUWYV



*ORVVDU\

/KH VRFLRHFRQRPLF LPSDFWV RI WKH XSSH



*ORVV.LLL

3,7+,% 15) GHSRUWYV



/LVW RI DEEUHY
DQG DFURQ\PV



/ILVW RI DEEUHYLDWLRQV-DQG DEURG

3,7+,$ 15) 5HSRUWYV



SHIHUHQFHYV

6RFLRHFRQRPLF LPSDFWV LQ )LJXUH
JORRG *HUPDQ\

KWWSV 27Z2ZZ PXQLFKUH FRP HQ FRPSDQ\ PHGLD UHODWLRC(
FRUSRUDWH QHZV PHGLD LQIRUPDWLRQ QDWXUDO GLV|

+HDWZDYH (XURSH
*DUFtD /THyQ ' HW DO 2& XUUHQW DQG SURMHFWHG

RI KHDWZDYHV LQ (XURSH 3 1DWXUH &RPPXQLFDWLRQV
KWWSV GRL RUJ V |

9ROFDQLF (UXSWLRQ ,FHODQG

SOIDUVVRQ *) DQG 8QJHU ( $ 2 PSDFWV DQG 5HVS

$YLDWLRQ WR WKH (\MDIM\DOODM|NXOO 9ROFDQLF (UX.

7JUDQVSRUWDWLRQ 5HVHDUFK 5HFRUG -RXUQDO RI WKH 7U
GRL

&0( 4XHEpF

'RUPDQ 6 7D\ORU 6 2QVDJHU 7 $GNLQV - %DNHU
7KH VRFLDO DQG HFRQRPLF LPSDFWV Rl PRGHUDWH |

ZHDWKHU ([WUHPH (YHQWV LQ *HRVSDFH 2ULJLQV 3UHGL

&RQVHTXHQFHV (OVHYLHU ,QF KWWSV GRL RUJ %

&DUULQJWRQ OLNH HYHQW :RUOG O6DWHOOLWH ,QGXV

2G6HQZDOG 6 *UHHQ - /D\ORU : JRUHFDVWLQJ W
FDOLEHU VXSHUVWRUP RQ VDWHOOLWH UHVRXUFHV $GYD
° KWWSV GRL RUJ M DVU

5 IODUH (XURSH $YLDWLRQ LQGXVWU\
3Z& 6 XPPDU\ RI &%% 5HVXOWY E\ GRPDLQ 6XPPDU\ &

DQDO\WWHYVY 'RZQVWUHDP PDUNHW

6RFLRHFRQRPLF LPSDFWYV

$EW $VVRFLDWHYV 6RFLDO DQG (FRQRPLF ,PSDFWYV R

SQLWHG 6WDWHYV S5SHWULHYHG IURP

KWWSV 2727272 ZHDWKHU JRY PHGLD QHZV 6SDFH:HDWKHU(FF
SGI



SHIHUH QEH\

(DVWZRRG - 3 %LIILY ( +DSJRRG 0 $ *UHHQ / %LV
HW DO /KH (FRQRPLF ,PSDFW RI 6SDFH :HDWKHU
5LVN $QDO\VLV ° KWWSV GRL RUJ ULVD
(DVWZRRG - 3 +DSJRRG 0 $ %LIILYV ( %YHQHGHWWL
HW DO AXDQWLINLQJ WKH (FRQRPLF 9DOXH RI 6SDFH

3RZHU *ULGV $Q ([SORUDWRU\ 6WXG\ 6SDFH :HDWKHU
KWWSV GRL RUJ 6:

+$/ 6SDFH :HDWKHU O6RFLRHFRQRPLF ,PSDFW o6W.
L, QIUDVWUXFWXUH ))LQDO 5HSRUW

+DSJRRG 0 $QJOLQJ 0 S$WWULOO * %XUQHWW & &l
6XPPDU\ Rl VSDFH ZHDWKHU ZRUVW FDVH HQYLURC

IURP KWWS SXUO RUJ QHW HSXEV ZRUN YY
IRQGRQ (FRQRPLFV 1HZ6SDFH %ULQJLQJ WKH IURQV
ODF$OHVWHU 0 + OXUWDJK ((WUHPH 6SDFH :H

(PHUJHQF\ ODQDJHPHQW 3HUVSHFWLYH 6SDFH :HDWKH
KWWSV GRL RUJ 6:

2GHQZDOG 6 *UHHQ - /D\ORU JRUHFDVWLQJ W
FDOLEUH VXSHUVWRUP RQ VDWHOOLWH UHVRXUFHV $GYL
° KWWSV GRL RUJ M DVU

2XIKWRQ (- /KH (FRQRPLF ,PSDFW RI &ULWLFDO
)DLOXUH 'XH WR 6SDFH HDWKHU 2[IRUG 5HVHDUFK (QF
+D]DUG 6FLHQFH ° KWWSV GRL RUJ DFUHIRUH

2XIKWRQ ( - +DSJRRG O S5LFKDUGVRQ * 6 %HJJDQ &
3 *LEEV 0 HW DO $ 5LVN $VVHVVPHQW )UD

6RFLRHFRQRPLF ,PSDFWV RI (OHFWULFLW\ 7UDQVPLVVLRQ

6SDFH :HDWKHU $Q $SSOLFDWLRQ WR WKH 8QLWHG .LQJ
° KWWSV GRL RUJ ULVD

3Z& 6 XPPDU\ RI &%3%$ 5HVXOWYV E\ GRPDLQ 6XPPDU\
DOQDO\WWHYVY DQG 'RZQVWUHDP PDUNHW



SHIHUHQFHYV

RUPDQ 6 /D\ORU 6 2QVDJHU 7 $GNLQV - DNHU
/KH VRFLDO DQG HFRQRPLF LPSDFWV RI PRGHUD\

ZHDWKHU ((WUHPH (YHQWV LQ *HRVSDFH 2ULJLQYV

ESRQVHTXHQFHYV (OVHYLHU ,QF KWWSV GRL RUJ

2WKHUV

$OIRQVL / 3RYHUR * 6SRJOL / &HVDURQL & )RUWH
$QDO\VLV Rl WKH 5HJLRQDO ,RQRVSKHUH DW /RZ /D

%LRPDVV (6% OLVVLRQ ,((( 75$16$&7,216 21 *(26&,(1&(

5(027( 6(16,1*

SQGHUVRQ & : 20DIQHWLF 6WRUPYV DQG &DEOH &R
6\VWHP 30DVPD 3K\VLFV

HUJHRW 1 & %UX\QLQ[ 3 'HIUDLJQH 6 3LUHDX[ - [H
4 %DLUH 2, PSDFW RI WKH +DOORZHHQ , RQRVSKH
*36 SRVLWLRQLQJ L Q (XURSH 3 *36 6ROXWLRQV
KWWSV GRL RUJ V

%HUJHU 7 ( +ROJLQJHU 0 - B6XWWRQ ( . 7KD\HU
7KURXJK SQFHUWDLQW\ 6SDFH "HDWKHU
KWWSV GRL RUJ 6:

%LOLW]D ' HW DO OQOWHUQDWLRQDO 5HIHUHQFH

LRQRVSKHULF FQLWDMNH MM WKHIW SUHGLFWLRQV 6SDFH

%RWHOHU ' + 27KH 6XSHU 6WRUPV RI $XJXVW 6HSV
(IITHFWV RQ WKH 7HOHJUDSK 6\WWHP 3 $GYDQFHV LQ 6SD
+LVWRULFDO *HRPDJQHWLF B6WRUP RI $ ORGHUQ /R
KWWSV GRL RUJ M DVU

&DQGHU [ 5 , RORVSKHUH 6SDFH :HDWKHU DQG 5D
, ROQORVSKHULF ©6SDFH 'HDWKHU 6SULQJHU *HRSK\VLFYV

KWWSV GRL RUJ B



SHIHUH QEH\

&DQQRQ 3 (IWUHPH VSDFH ZHDWKHU LPSDFWV RQ F
LQIUDVWUXFWXUHV 5R\DO $FDGHP\ Rl (QJLQHHULQ
KWWS ZZZ UDHQJ RUJ XN QHZV SXEOLFDWLRQV OLVW UHES
6SDFHB:HDWKHUB)XOOB5HSRUWB)LQDO 3")

&DUUDQR & 6 & 7 %ULGJZRRG DQG . 0 *URYHV
'HFHPEHU VRODU UDGLR EXUVWV RQ WKH SHUIRUPDQI
56 $ GRL UV

gHUUXWL $ 3 3 0 . -U ' ( *DU\ $ - ODQQXFFL 5 )
DQG $ - &RVWHU (IHIHFW RI LQWHQVH 'HFHPEHU

*36 UHFHLYHUV 6SDFH ZHDWKHU 6 ' GRL 6:
&RPIRUW / . DQG +DDVH 7: &RPPXQLFDWLRQ

FROOHFWLYH DFWLRQ (KH LPSDFW RI +XUULFDQH .D
LOQIUDVWUXFWXUH SXEOLF :RUNV ODQDJHPHQW 3ROLF\
'DYLGVRQ : ) 2/ KH ODJQHWLF 6WRUP RI ODUFK
3RZHU 6\VWHP 3 (GLVRQ (OHFWULF ,QVWLWXWH %XOOHWLC

*UHHQ -DPHV / DQG 6FRWW %RDUGVHQ 2'XUDWLRQ

$XURUDO 6WRUP RI 8 $GYDQFHY LQ 6SDFH 5HVHDUEFK
*HRPDIJQHWLF O6WRUP RI $ ORGHUQ J/RRN

KWWSV GRL RUJ M DVU

+DUDQJ J/HLY 20D[LPDOZHUWH 'HU (UGVWURPVSDQQ;
1RUGOLFKW]RQH :IKUHQG 6HKU ,QWHQVLYHU (UGPDJQHWL
9DOXHV RI (DUWK &XUUHQW QHDU WKH $XURUDO =RQ
*HRPDJQHWLF 'LVWXUEDQFHV :ULWWHQ LQ *HUPDQ ZLW
*HUO %HLWU *HRSK\V

, & $ 2 6SDFH :HDWKHU (IITHFWV LQ UHJDUG WR ,QWHUZC

.HVVOHU ' - -RKQVRQ 1/ ILRX - & ODWQH\ O
VIOGURPH LPSOLFDWLRQV WR IXWXUH VSDFH RSHUDWI
*XLGDQFH DQG &RQWURO &RQIHUHQFH © JHEUXDU\ $
6RFLHW\ %UHFNHQULGJH &RORUDGR



SHIHUHQFHYV

IDQJHURWWL / - DQG * 3 *UHJRUL 27HOOXULF
(QYLURQPHQW DQG ,QWHUDFWLRQV ZLWK 0DQ ODGH 6\VW

(QYLURQPHQW °

ORRV 1 $ ) D ODJQHWLF 2EVHUYDWLRQV ODGH D
2EVHUYDWRU\ %RPED\ W R DQG 7KHLU 'LVFXVVL
3KHQRPHQRQ DQG ,WV 'LVFXVVLRQ %RPED\ ,QGLD *RY &

+++ E ODIQHWLF 2EVHUYDWLRQV ODGH DW WKH *RYH

RPED\ IRU WKH 3HULRG W R DQG 7/7KHLU 'LVEFEXVYV
'‘DWD DQG ,QVWUXPHQWV %RPED\ ,QGLD *RY &HQW 3UH"

1DYD % 5DGLFHOOD 6 /HLWLQJHU 5 DQG &RWVVROQ
HOHFWURQ FRQWHQW GDWD WR DQDO\]H LRQRVSKHUH
$GYDQFHV LQ 6SDFH 5HVHDUFK °

SXONNLQHQ % 6 /LQGDKO $ 9LOMDQHQ DQG 5 3LUM

6WRUP RI ° 2FWREHU *HRPDIJQHWLFDOO\ ,QGXFHG
S HODWLRQ WR 3UREOHPV LQ WKH 6ZHGLVK +LJK 9ROV
6\VWHP 3 6SDFH 'HDWKHU 6 ¢
KWWSV GRL RUJ 6:

5DGLFHOOD 6 0 1DYD % &RWVVRQ 3 .HUVOH\ / D¢
(IIHFWV Rl JUDGLHQWVY RI WKH HOHFWURQ GHQVLW\ RQ
$QQDOV RI *HRSK\VLFV

SHGPRQ 5 - 'HQLJ :) /RWR DQLX 370 )XOOHU 5RZHC
*HRHIIHFWLYH 6SDFH :HDWKHU (YHQWVY DQG 7HFKQROR]J
(IWUHPH (YHQWV LQ *HRVSDFH (OVHYLHU ,QF 60
KWWSV GRL RUJ %

5LEHLUR 3 - 0 9DTXHUR DQG 5 0 7ULJR 2* HR P L
&DUULQJWRQuUY 6WRUP IURP *XDWHPDOD 3 -RXUQDO RI
7HUUHVWULDO 3K\VLFV 6SDFH &OLPDWH °
KWWSV GRL RUJ M MDVWS

5RGJHU &UDLJ - 3HNND 7 9HUURQHQ ODUN $ &OLOYHUC
7XUXQHOQ 2$WPRVSKHULF ,PSDFW RI WKH &DUULQJW

-RXUQDO RI *HRSK\WLFDO S5HVHDUFK SWPRVSKHUHYV
KWWSV GRL RUJ -



SHIHUH QEH\

6DL] (OHQED $QWRQLR *XHUUHUR &RQVXHOR &LG -XGL'
&HUUDWR 26HDUFKLQJ IRU &DUULQJWRQ OLNH (YHQ"
/ULJJHUV 3 -RXUQDO RI 6SDFH :HDWKHU DQG ©6SDFF
KWWSV GRL RUJ VZVEF

6LOYHUPDQ 6 0 2& RPSDULVRQ RI WKH $XURUD RI 6}
2WKHU *UHDW $XURUDV ® $GYDQFHV LQ 6SDFH 5HVHDUF
*HRPDJQHWLF 6WRUP RI $ ORGHUQ /RRN
KWWSV GRL RUJ M DVU

6LVFRH * 1 8 &URRNHU DQG & 5 &ODXHU 2'VW R
R | 3 $GYDQFHV LQ 6SDFH 5HVHDUFK 7KH *UHDW +LV
6WRUP R | $ ORGHUQ /RRN °
KWWSV GRL RUJ M DVU

7UD[OHU ) DQG 6FKOHJH . +DQV 0|JHO WUDQVU

GHOOLQJHU HIIHFW 856, 5SDGLR 6FLHQFH % XOOHWLQ

IVXUXWDQL % 7 ' *RQ]JDOH] * 6 /DNKLQD DQG 6
(I WUHPH ODJQHWLF 6WRUP RI ° 6HSWHPEHU 3 -RXU
SHVHDUEFK 6SDFH SK\VLFV $

KWWSV GRL RUJ -$

IVXUXWDQL % ¢ ' [ -XGJH ) / *XDUQLHUL 3 *DQJRSCLC
I1XWWDOO * $ =DPERQ HW DO 2/ KH 2FWREHU

)ODUH DQG 5HVXOWDQW ([WUHPH ,RQRVSKHULF (IIHFW
+DOORZHHQ (YHQWY DQG WKH %DVWLOOH 'D\ (YHQW 3 *HR:
/] 6 KWWSV GRL RUJ *

SEHURL &KDQFKDO 2*HRPDJQHWLF 6WRUPV 2YHU ,(

+LVWRULF 6SDFH :HDWKHU DW OXPEDL 3 6SDFH :HDWE
KWWSV GRL RUJ 6 :

ODTXHUR - 0 0 $ 9DOHQWH 5 0 7ULJR 3 5LEHLUR DAQ
27 KH 6SDFH :HDWKHU (YHQW *HRPDJQHWLF DQG $XUR
R *HRSK\VLFDO SHVHDUEFK 6SDFH SK\VLFV $
KWWSV GRL RUJ -$



SHIHUHQFHYV

LWYOLHW % $ DQG $0OVLQED 3DJgqV 5 0 SDGLR FF
OHUWLFDO ,QFLGHQFH G6N\ZDYH SURSDJDWLRQ DQ RYHI

VI\VWHPV

'LWYOLHW % $ HW DO 'PSDFW RI D 6RODU : )OD
'D\WLPH FKDUDFWHULVWLF ZDYH UHIUDFWLRQ DQG QLJKW
DQG SURSDJDWLRQ PDJD]LQH

‘HE UHVRXUFHV

'VW S QGKHWWSYVY 2z2z7zZ DHU FRP VFLHQFH UHVHDUFK VSDFH
ZHDWKHU LQGH]

6SDFH; RSHUKWMWYY 27272 VSDFH FRP VRODU JHRPDJQHWI
VWDUOLQN WKUHDW

6XPEDQGLOD6DWWMO/XUHABZZ GHIHQFHZHE FR |D MRLQW VF
WHFKQRORJ\ VXPEDQGLODVDW EH\RQG UHSDLU

/KH VRFLRHFRQRPLF LPSDFWV RI WKH XSSH



$SSHOGL[ $XWKRU

3LHWUR 9HUPLFHOOL 6SDFHDUWK 7HFKQRO]
6DUD ODLQHOOD 6SDFHDUWK 7HFKQRO]
IXFLOOD $OIRQVL ,QVWLWXWR 1DJLRQDOH Gl

9XOFDQRORJL

$QQD %HOHKDRVWLWXWH IRU $VWURQRP\ $VW
$SSOLFDWLRQV DQG 5HPRYV

'DOLD %XUHV.RYWWLWXWH RI $WPRVSKHULF 3K\\
$FDGHP\ Rl 6FLHQF

5HNR +\Q|QHOQ 6RGDQN\OI *HRSK\VLFDO 2E\
9LQFHQ]R 5RPDQR ,QVWLWXWR 1D]JLRQDOH G|
9XOFDQRORJL

%HQ :LWYOLHW SQLYHUVLW\ RI 7Zt



/KH VRFLRHFRQRPLF LPSDFWV RI WKH XSSH



&5(',76
JURQW FRYHU LPDJH $XURUD RYHU QRUWKHUQ &DQDGD
« (6% 1%69%

3DJH VL[ 6RODU ODUH $SULDO
<« 1$6% 6'2

3,7+,$ 15) 5HSRUWYV



6WD\ LQ WRXFK ZLWK
3,7+,% 15)

&217%&76

. 3.7+, 15) <RX7XEH

. LQ SLWKLD QUI UHVHDUFK LQIUDYV

. #SLWKLDQUI

SURMHFW +RPHSDJH L/ SLWKLD QUI HX

71$ WOQD#SLWKLD QUI HX
1HZV 6HFWLRQ ZZZ SLWKLD QUI HX QHZV




