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+HWHUR]JRDQ RU WHPSHUDWH WRHRR®RZDVFBQ FDREIRGHD
XQLTXH REVWDFOHV WR HVWDEOLV&HQJWX B/WS E BQOE & HSR\YLH
DSSOLHG 8QOLNH WKHLU WURSLF D OQUHDHOW DFURKK QW SHLLFDDOUON \K
KHWHURJHQHRXV RFFXUULQJ DFURVYV DDZLG A QLIP@IML R | VRIFWD
WKXV UHTXLULQJ D FDVH E\ FDVH DS S HBRNVK WIRR QO AU 8 WHIW
VXFK H[DPSOH LV GLVSOD\HG LQ WKH YR\GREIOML RQGRIY L R X VMK L
1RUZD\ DQG .RPVWDG )RUPDWLRQ RIFBFPQWDRQ@XHBHY 7KHVE
DSSUR[LPDWHO\ P WKLFN FRUUHVSR QGLIQRFW B DMK % D DRHRAX
7KLV VWXG\ DLPV WR H[SORUH WKH HOHSRMLWKRQDBLSWRFHVV
GHYHORSPHQW DORQJ D WHPSHUD QD W EWHB OO0 RIDYRERQOHG\
FKDUDFWHUL]LQJ DQG LQWHUSUHWLQJ SWHRI LR H PDHASLLRQAH Q O R

YDU\LQJ SRVLWLRQV DORQJ WKH WUDQVHFW

7KH +XN )RUPDWLRQ FRQVLVWYV RI WKRFRPERWVHG+ RNRRB B WQ
PDVVLYH ZDFNHVWRQH D PLGGOH /\VDNUVPHGPHEG Q RE RS RVYHW
VHPL QRGXODU ZDFNHVWRQH DQG FD UERL b WHU AREVANHRIQ BHH FDE
FRPSRVHG RI PRVWO\ PDVVLYH SDFNVWRQH DG RRPMDRDV VL'
JRUPDWLRQ LV FRPSRVHG RI DQ LQIRUBDRO ERYWW PPPE¥YUY H F

LL



ZDENHVWRQH DQG DQ LQIRUPDO XSSHUGRHRE BR GREB R \DHGS R
VHPL QRGXODU ZDFNHVWRQH DQG FDUERWOOWH BR&ENMRQRIQA
EHGV 7KH IDFLHV RI WKHVH IRUPDWYRQVFBD®& REHD WIHR KBHLGH V ¢
PDVVLYH WULORELWH DQG EUDFKLRSRQDEHBWL QJ BLDRON O WEIRY
FDUERQDWH PXG ZDENHVWRQH IDFLHVXV ZDFDNGINW EEB GHG LLF
D QRGXODU WR OHQWLFXODU IRV\ELOPMGJRXKFKZDBENHBR YRWH
ZDFNH WR SDFNVWRQH IDFLHV F PDVVLWH DRVDQGLIHURXYV
IRVVLOLIHURXY FDUERQDWH SDFNVWRE©HHYREFUH RV GIHDUFH 8 VE \E
LQFUHDVLQJ JUDLQ VL]H DV ZHOO DWHUGI®PWLYH DQ RYH EDRGI
LQ HQHUJ\ UHJLPH DQG VXEVHTXHQW IGHI\FR HID¥/1HH I/ QD DIBIW K U VGK
LOQWHUSUHWHG WR UHSUHVHQW W K& HWMHOLRSPH SWR R B VIV ID\R D Q
FDUERQDWH VKHOI ZLWK PDVVLYH SDFN\VWRQHKH CBQU®R [ZFPHNH \
PLGGOH VKHOI HQYLURQPHQW WKLQOPHWGADRNBRGRQH U @ RV K|

PLGGOH VKHOI DQG FDUERQDWH PKGWIWRQP HQWVKH GHHS VK

'HVSLWH WKH RYHUDOO GHFUHDVH HQHB8HIEWUR JLLPIHD O~
RQ WKH FDUERQDWH IDFLHV FKDQJBVSURELPHYMW W R B VF WWRQ
GHYHORSPHQW WKURXJKRXW WK HKWYEFRHV/UHRDQ FIK IRV EORW X U
DQG EXUURZLQJ WKURXJKRXW WKH @ XFKH\GAMRQDIOQ BR ¥ IYWUH IV
WKLV VXFFHVVLRQ ZDV GHSRVLWHG DERYHWHNWRURPGZDYB EDV
KRVSLWDEOH HQYLURQPHQW 7K HWH O RUHPMDNV IRYQH/O NXG WKHUL B
FRPSDUHG WR WKH RYHU DQG XQGHUTHILOQRQ®IUWHI DSIWRO LV
UHFRQVWUXFWLRQV LGHQWLI\ D OD U JH®R WLADICRD URHIJWK KMV HR G

FDUERQDWH VXFFHVVLRQV UHODWLYHRH YWRD®\W R GRYWHLFOVILQL DL

LLL



PXGVWRQHV LGHQWLI\LQJ D UHOWWILLY WKHDP DEIGE B RIRW KSHR W
DW WKH WUDQVLWLRQ IURP WKH 9 ROIRKRY WR Q/KHQ\X DG D Y & I
SDOHRFOLPDWLF UHFRQVWUXFWLRQV LD DQG GPMHWH B/KDIW LD G
HQYLURQPHQWDO FRQGLWLRQV GOWUUE O DWKLYHW®L PHV DI O JW X
WKDW WKH ILQH VFDOH LQWH U E H G I & DADIFANWA N WIRQNH. B RG \W K
IRUPDWLRQV FRXOG VHUYH DV H[FHOOBQW AQICPLIFWWRDPRI W

HQYLURQPHQWDO IOXFWXDWLRQV

LY
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JLUVW , ZRXOG OLNH WR WKDQN P\RUGKLYRUYLGD @FH Q (J
HQWKXVLDVP VXSSRUW DQG PHQWRWWKES QWK DR XW K R XFR X\QKW
KRXUV VSHQW DGYLVLQJ PH DQG W KRHIRIXQ K R\ WHYLIVH &/ IKGIV D\D ¢
DOVR OLNH WR WKDQN WKH PHPEHU\WRQ PR IFRRP L/WWH BW WL JK
DQG 'U OLFKHOOH 6WDQOH\ IRU WKHIXS$RBWHRIWNVK Il M HGJERIMH
ZRXOG DOVR OLNH WR WKDQN 'U 3HUXX® ERW B D RYWEHQS QYA
WKH )nJHOVNQJ GULOO FRUH IRU*WBHV5BQRMHBW VDKHZ8IQ@IOY E

Rl .DQVDV IRU KLV UHYLHZ RI DQ HOF\WALIRHY YHUVLRQ RI WKH L

, ZRXOG DOVR OLNH WR WKDQN P\ WRORHK\PIMDWH VW QDWHKH L
ZRUNLQJ JURXS WKDW , KDG WKH DEMROKX®XUSE QB PN XWIHP R | DAR
&RORUDGR 6WDWH 8QLYHUVLW\ LQNODXQGIUII 1RYON6SDQEMD\ O
$KPHG $0OL $EXNKWZD DORQJ ZLQYGWWHKDRW QKOYHORQH IKUH I
&68 , ZRXOG DOVR OLNH WR WKDQNEP\HI DRLYCH DRWG WKISER UWW F
WDNLQJ RQ WKLV SURMHFW VR IDOLNRPMERWKDRQRN POALIH ZRD
KHU FRQWLQXHG ORYH VXSSRUW DX@WMGWKQUAR XU R VHHA-AQ WVQWE KRJ.

HQGHDYRUV
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*HRORJLFDO ODS RI 6RXWKHUQ 1RUZD\ ««&«&&«&KLK LK<
*HRORJLFDO ODS RI 6RXWKHUQ 6ZHGHQ « ««««««&«&LLL
&RPSRVLWH +XN )RUPDWLRQ 6WUBWIJUIIXSKLF &ROXPC
J)nJHOVNQJ 'ULOO &RUH 6WUDWLJUDSKLF &ROXPQ «««:
2XWFURS 2YHUYLHZ 3KRWRJUDSKYV «« & & &« &« &« KK KKK KK <
SDOHRFXUUHQW S$QDOVVLV «««&««&KEKK KKK KKK KL KL KL KK
7TKLQ 6HFWLRQ 3KRWR OLFURJUDSKYV ««««&&««KKKLLK K
2XWFURS ([DPSOH 3KRWRJIUDSKV «««&«&«& &KL KL KKK
'"HSRVLWLRQDO ORGHO « &« &« & &KL KL KKK KKK LKL K K
&RPSDUDWLYH 6HD /HYHO 5HFRQVWUXFWLRQV ««««««:
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(DUO\ 3DOHR]RLF WHPSHUDWH ZDWHUHRDRIRRQDWHYV DV Z
FDUERQDWHY SUHVHQW D XQLTXH FRENVWWRFIORD W RR\@ KIHQIEV W D E
LQWHUSUHWDWLRQ RI 3W\SLFDO’~ FDWERQDWH+H@HURIAPBQW:
FDUERQDWHY UHIHU WR FDUERQDW i\ H W\ MWL REQX WQV E RORIG \

3RPDU HW DO GRPLQDW H® G \S\KNRMORHWUIRS K UP WUGNG D ¢
+DOORFN ,Q FRQWUDVW WR SKRAVFRIRDQ WEKHEWR QR SWLH\D O7
UHVWULFWHG WR ORZ ODWLWXGHYV D@ UHQEMIWRQNVDMHW DO'U
KHWHUR]JRDQ FDUERQDWH GHSRVLWYV DWH AR S UBD Q O \DKIUIR\OK
ZLGH EUHDGWK RI FOLPDWLF DQG RNHO QMRLIW DG XK RFK B RXEG IOW IR
SUHGLFWLYH LQWHUSUHWDWLRQV EDNHVG RV RVFRYERWDM A K
UHDGLO\ IRXQG LQ WKH URFN UHFRDGGA ® HWPKEH 8 R HWK2HO O RRZH
&RUDOOLQH /LPHVWRQH %UDQGR HWDFG®RXV (@G W O /THGH
VIQFOLQH RI VRXWKHDVWHUQ )UD Q FZH O3 IDVL EQD BRGHDWQ VH W'
IRU H[DPSOH WKH URFN\ FRUDO G ®RRYDMWFELBHIDINIRI WH\HP R

HW DO DQG WKH UHG DOJDH QHSBRWVIGN VERI; WXE@ HRUZEJILL

$QRWKHU SULPH H[DPSOH RI WK LVWRKHEMHDGOLH XXUMB\RYILF S
VXFFHVVLRQ RI VRXWKHUQ 6FDQGLQIPROWMRYHQ YJYSDUWLRD &
WKH (DUO\ 3DOHR]RLF /RFDWHG DSSURABHWGWOWU|P f6 7RU
&RFNV DQG 7RUVYLN WKH PLFURXRBQRX.QGIQG R PRROWLR
WHPSHUDWH ZDWHU GXULQJ WKLV WLPH/KHLV L&RIKNWERBG UR WK

LQ WKH JUDSWROLWH SRSXODWLRRRNRI WIRILWY VY A¥ R VARR® Z1K



VHWWLQJV ODOHW] DQG (JHQKRII LQ FOFOD@MW W] WHWWR IRU H[D
WLPH HTXLYDOHQW SRSXODWLRQVDR] /DXUHAWWUBK HHW B@&RSH
7KH SUHVHQW VWXG\ ZLOO IRFXV RQRWXRRW MWAKH H 2 X WHCRFFHHQ\D
/JLPHVWRQH" WKH OLGGOH 2UGRYLFYDR $¥XNHR WHIWRQ R RV R
1RUZD\ DQG WKH WLPH HTXLYDOHQWERPY IV G JRRI@ RW 6R & GR-
JLIXUH

7KH +XN DQG .RPVWDG IRUPDWLRQV RIEVRXWKHUQ 6FDQG
WHPSHUDWH ZDWHU FDUERQDWHYV D QG55 UG WHRQIW WDMKH|FHO O
GHYHORSLQJ DQG XQGHUVWDQGLQJ KWKH AKHLB K DD KWWRWH URRY H (@
GHSRVLWY 7KHVH IRUPDWLRQV SUHMH QAN HDOHRNWXEO UILLFIKL Q LE®RIF
XQLWYV ZLWK IHZ LI DQ\ VHGLPHQW D UL QWHIQWFKY E U R W SSWHEDAM U
2ZHQ HW DO 7KH VHGLPHQWDU\ RKBDWDERMHRMW W VKLFLMVR/| 2
LQYHVWLIJDWHG GHVFULELQJ LQ FRIQW Y FHWMFVRB® HRGWWD L
JRUPDWLRQ LQ WKH 2VOR $VNHU UHJLRQWK »RXW.KOHU BRILRH RD
WLPH HTXLYDOHQW .RPVWDG /LPHVWRRQRIUHRHFROYWUUNHG 6ZRB MQ
JLIXUH 7KH IDFLHV GREXPHQWDWLRYQHY \DDA-S UK Y'S RUZ\M B @/ \E |
RI ZKLFK KDYH EHHQ PDGH LQWR W KNIQUWHDPOW LRIQW KHK R XEG & W\
$GGLWLRQDOO\ WKH RULHQWDWGER/GWH RLHVZIR XQ® QUHWRK DKORX
IRUPDWLRQ RUWKRFHULG DQG HQGRFHUFZBUFHBKDORBRGW 6\

RUGHU WR UHFRQVWUXFW UHJLRQDO SDOHRFXUUHQW RULHQ\

7KH SULPDU\ REMHFWLYH RI WKLV VWEGLQY RMRWHK®IK D Q F H
PHFKDQLVPV JRYHUQLQJ DQG VKDSLQUDW H IXDAMW H3WD OGARE RLLGFF ¢

FDUERQDWH V\VWHP DV UHIOHFWHG E\LWM +XN WD &/ XBER \ZW O (
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Figure 1. Location maps showing the localities studied in southern Scandanavia (A), the Huk Formation
outcrop locations in the Asker region, Norway (B), and the Komstad Formation drill core location in
Scania, Sweden (C). Locations F-1 and F-2 represent cores recovered from the same location as FNK,
but not studied here. Komstad Formation map (C) modified from Maletz and Ahlberg (2018). Southern
Scandanavia (A) and Oslo-Asker region (B) maps modified from Google Earth.



LGHQWLI\ DQG GHVFULEH WKH IDFLWY HD @GNl DRLGH VREP WY RKILGV H F \
JRUPDWLRQV LQ RUGHU WR GHWHUPLQHS WIKH BQGPBER G R LIPHD
PHEKDQLVPV JRYHUQLQJ FDUERQDWHNGKS RN URQ P QWK L)X 1
WKLV VWXG\ ZLOO GHWHUPLQH WKH BWLPRUN GSWKHWHR@D®
LQ RUGHU WR GHYHORS D GHSRWPRVKRQYB O FP|RG BOF VK DRWQ B DV
GHSRVLWLRQ ZLWKLQ VHGLPHQWD U\2W\E RAHLPPL IV Q PALOPAH WARL RV

VRXWKHUQ 6FDQGLQDYLD
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7KH 2UGRYLFLDQ LV D FULWLFDO W WP WDIZQW Kk Y.DQ V. QD@ E
Rl WKH VRXWKHUQ VXSHUFRQWLQHQW *R@GIZR QW K & RIRSHIH YW
ELRGLYHUVLILFDWLRQ HYHQWYVY GXULQJ \WKHWAKI M PIXMR OXWLRQ
3DOHR]RLF VHD OHYHO SRVLWLRQ &RFNVWQ&XRUNTXNQW G
IDOO DQG UHODWHG PDMRU H[WLIQF Wi B QRIGY G WPD W | WHKAH DHQD C
%DOWLFD RQH RI WKH VPDOOHU RRDRWILRGIHG B SSSXUR[Q B DVKH. @'\
FRQVLVWHG RI ODUJH SDUWV RI S @D\CHOLVE 6 W'D BRD\Q GIRIDQA®
DQG ZHVWHUQ 5XVVLD 7RUVYLN HW DO +DYL.RFRRYMHBG 7RUV
QRUWK HDVWZDUGYV GXULQJ WKH /DVBHWKILREM R Q Q %D G WU EDJ!
2UGRYLFLDQ DQG XQGHUZHQW DQ DSRUR YLD VG G \5 H KFQWRWU DR

W LV DVVXPHG WKDW D OD U DH) SRISW HRG RW WX H PHIIGQRKR
FOLPDWH FRQGLWLRQV QHYHUWKHOBIY W DZRVAH RR XWK-H FEBLSAHL
FRQGLWLRQV DQG WKH IRUPDWLRQ@ RQ S/RIOHD b LLUFGHD BIMEL\D © XJaoA
WKH VRXWKHUQ FRQWLQHQWY <RXQJ HW DO

'XULQJ PXFK RI WKH 2UGRYLFLDQ %DSQWRBIVZONQWRRG\HH
ILQGVWU]|P ZLWK RQO\ D VPDO Q@ ®DER RH WKEB P HFUHROF RER
DQG 7RUVYLN 7KH ZLGHVSUHDGURBQIGQ I V WHQ V UFHHIQL\R Q D\
H[SRVHG SDUW RI WKH FRQWLQHQW ZDYCGARKDRQF WBIRLHMG HO [
IRUPLQJ WKH VKRUHOLQH DQ DG WDIFKHQWK H D (RE RKIRW H | DBICH T
VLOLFLFODVWLF PXGVWRQH IDFLHWYHEH OV R@XWKRIQG H H S &\RKFHNC

DQG 7URVYLN ~OYDUR HW DO GXUEKQ@JL RDKHL FURRRYYAIFWD RC
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Figure 2. Paleogeographic maps of Baltica at 510 Ma (A), 480 Ma (B), 460 Ma (C), 450 Ma (D), and 425
Ma (E). These maps highlight the movement of Baltica and adjacent terranes from the Lower Cambrian
through the Middle Silurian, as well as the aerial distribution of the exposed land and shelf development.
Oslo region locality (B) and Scania region locality (C) are referenced as they are in Figure 1. Modified
from Cocks and Torsvik (2005).



%DOWLFD DUH HQYLVLRQHG WR KDY HUE®BD MYHPS HAHW HK R/RH?
WHPSHUDWXUHVY OLNHO\ LQFUHDVH® W ®DDWA\F W K B V/ PW HUDWC
WKH WURSLFDO UHDOP H J OXQQHENH HW DO

,Q WKH 2VOR $VNHU UHJLRQ RI 1RUZD® WXKHE HEWDLNR @ | WU KUK
WRS Rl WKH OLGGOH &DPEULDQ WR /RYGE RRGRIYV\WVDRI HDADPH
XQLWYV VKRZLQJ PRVWO\ VLOLFLFODVWIXRJRXGV2AZRQHMDRG FLC

7KH $OXP 6KDOH LV RYHUODL @ EW W& Hb FD U E RDKRDHP 6@ P L
JRUPDWLRQ ZKLFK OLHV EHORZ WKH Ol WHLF 6/KLIDQ I L PO®N WN F JR)
XQLW H J (JHQKRII HW DO UKCHWVR RIQUER QYL WWN RR FDUE
PXGVWRQH ZDFNHVWRQH DOWH UQ D WLRQM VOWGWIXG W KKV IR KX ¥
FRQIRUPDEOH FRQWDFW ZLWK WKHRYHUDBPKROH DQE VK HLD JW
VLOLFODVWLF PXGVWRQH XQLW L@ MWHHW @/ )R U P DRALIORQ WK
GHVLJQDWLRQ 3+XN JRUPDWLRQ  L\DOWPRWW & HMRX WKHHV VR B DH .
6ZHGLVK FDUERQDWH XQLWYV WKDW DHB W I3 WR WPV HON DR H |
DUH UHIHUUHG WR DV WKH 3.RPVWDG /LPWWDRQEHHE 1 QWHIDS/
WKDW WKH DOWHUQDWLQJ SDFNDJHVURUHILRER R D WRHVZ DQ WHK E
FKDQJLQJ VHD OHYHO WKURXJKRXW LLADGRKHBIL DM WQRWVRRQ W

7KH +XN )RUPDWLRQ EHWZHHQ P DQXV CPR LSV WHKUW FNHIH RD
JLIXUH LV JHQHUDOO\ VXEGLY L GHIBYD@WR MWRKE G tH QP 61t I E )L
WKH PLGGOH /\WVDNHU OHPEHU DQG WKH2XHQHHWW PDUWRGGHQ
7KH +XNRGGHQ OHPEHU LV D FDUERQD VDN KDU BRDOQ & H PG
DQG ZDFNHVWRQHV ZLWK PLQRU SDFNVWRQBD DL@® N HU\ WKL

VKRZLQJ VRPH VLIJQLILFDQW KDUGJURXQQ®& GN YIHORISP S IQHW H &
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EXPLANATION
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Figure 4. Geological bedrock map (A) and cross section (B) of the Asker region, Norway, modified from
Lutro et al. (2017). Cross section should be used as approximate reference only. Transect line here is
translated 1km NE from original position in Lutro et al. (2017). Undivided Oslo Group includes the
Solvang Fm. the Nakkholmen Fm., the Frognerkilen Fm., and the Arnestad Fm. Undivided Reyken Group
includes the Tagyen Fm., the Bjgrkasholmen Fm, and the Alum Fm.




FDUERQDWH GHSRVLWLRQ RQ D VXHHOL RGWYDR)IVQ R/Q REHDER VR Q/HL R
UHSUHVHQWHG E\ WKH KDUGJURXQGVHW DORUGOXRB PLG G
/A\AVDNHU OHPEHU LV IRUPHG E\ GRPLQDQWQFRKHMNLN H WHKQ MV
JUH\ WR JUH\ FDUERQDWH PXGVWRQBR G&RXWMHU ZDE B W\HG RTLHW K
LOQWHUSUHWHG DV UHSUHVHQWLQJ DDPRR QDMWY RO ®HMB X B R HIL
FDUERQDWH PXGVWRQHV 5DVPXVVHQ | R Pl L&YDW MVHR GVARIBQF
WKH +XN JRUPDWLRQ LV GRPLQDWHG BQ @& ISIDFFN EWR D HR | ZDEWN
SUHVHUYLQJ RUWKRFHULG DQG HQGRFHDKGFRHIKH WERIGVX N |
IRUPHU QDPH RI 32UWKRFHUDV /LPHVVORIQJ PIH\Q WHOQ B VHR W&
RI EXUURZLQJ 7KH 6YDUWRGGHQ OHPEMHHGGNR FRQUBPQDW H/F
PXGVWRQHV DQG LV HQYLVLRQHG WR UBIS OHWHBDRP B DUHYRDHV
XQGHUO\LQJ /\VDNHU OHPEHU 7KH VOSRIUP\GZEWKIR RMRQW HPGW
KDV EHHQ LQWHUSUHWHG E\ +DQVHRRNWWWILRQ LQ DWRLUK IIO®
VKDOORZ VHD

7KH .RPVWDG /LPHVWRQH ODUJHO W PNWIRRMH BIWX RQD IQRKQ\S
VRXWKHUQ 6ZHGHQ 7LQQ DQG OHLGDDQXVVRQV GHIDYHG E\ -
VRXWKHUQ LVRODWHG H[WHQVLRQ RIGWRH RQVDKRFHS DAH FIWPLH
WKH %DOWRVFDQGLDQ EDVLQ :X HWLIDDU WR)WXKH HXN )RR D
WKH .RPVWDG )RUPDWLRQ ODUJHO\ FRQIVQ&WW RN HHDWE Q B D WZ
VLIQLILFDQWO\ OHVV SDFNVWRQHV WKIX MKHMHWIIRIAHIL B € GAK
GDUN FDUERQDWH PXGVWRQH LQWHUFDOD®G ® @ LDEK QR PHD
JODXFRQLWH WKDW LPSUHJQDWHY KDUGHORKQG VXUTBAHV Wi

IRUPDWLRQ LV WKRXJKW WR UHSUHVHOQOWX NVWXBWDLA QW IR WW DX
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Figure 5. Simplified geological bedrock map of the Scania region of Sweden (A) and cross section of the
thickness of the Komstad Formation throughout the region (B). Bedrock map modified from Martin (2014)
and Erstrom et al. (1999) and shows sediments lumped by era. Cross Section modified from Nielsen
(1995) to do thickness and distribution patterns of the Komstad Formation, and adjacent shale formations
throughout the region. Komstad Formation is part of the Paleozoic Sediments on map A. FNK drill core
recovery site located at Fagelsang
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IDOO LQ VHD OHYHO UHODWLYH WHR MCKDHV RIY I P XBEQVAV R Q 8 HAURCA L
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0(7+2'6

2XWFURSV DQG &RUH

2XWFURS ORFDWLRQV IRU WKH +XN )R Q PIDR¥HR/QY LZEHOH. W K F
H[SRVXUH DQG WKH LGHQWLILD BIK®L RY HRU C\R. QW DIMBV X EFGW K @
IRUPDWLRQV $00 RXWFURSV ZHUH P HBADX\DH @ IDMK PHSHF L P IOW
WR FKDQJHV LQ OLWKRORJ\ IRV V.ILODERQWHI W KD®MG HM VEWKULLER
DQG EXUURZLQJ LQWHQVLW\ RU RWKKIHURFINI QLIDFDH W PK DXQU
WRWDO RI IRUW\ ILYH VDPSOHV ZHUH ¥RQOHFWHGDWRE WX H R
DV ZHOO DV VL[ VDPSOHV IURP WKH .RIRYW IRX WPUHR/SWRBINE RU
WKH 2VOR $VNHU UHJLRQ VWXG\ ORFBWIER@YHUBJERBSWRKHW H
WKLFNQHVV TXDQWLW\ DQG RWKHUGNWKERKRER R XIW DMKLYH VW
ORFDWLRQ IRU WKH +XN J)RUPDWLRQ

7KH WKUHH QRUWKHUQPRVW R XW KUHRISY VILGH GRR FDKHHG R
'MXSWUHNNRGGHQ 3HQQLQVXOD .%+ DVMXG RO PWHK S HORQW KB D
QRUWK RI WKH 9ROOHQ %nWVHUYLFO WKIHSYDWHEU N 1V K RDO/P B O ¢
SHQLQVXOD DGMDFHQW WR WKH BWHP®XE WH-G EnWIRWH QL K
ZHOO H[SRVHG VHFWLRQV VKRZ DO ORWRD WH FPGI PEV ZW RO \B K Hv
FRQWDFWV ZLWK WKH RYHUO\LQJ (OQAY 7RUPD\RURDQ \WIQRQWK
)XUWKHU VRXWK DQ LQFRPSOHWH H[S@WXGHDRV IV KIHR B & NF X I/V/
WKH 60HPPHVWDG %DUQHVNROH 6/+ VHUXHBM WKHKOR RKW FU
+XNNRGHQ PHPEHU DQG PLGGOH /\VDNHWPR@EBY RH ®/®& D V¥ XMW

FRQWDFWV ZLWK WKH XQGHUO\LQJVDOHBRRW B BW [ZR.Q/ B QWX M/ K
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Figure 6. Composite log of the Huk Formation, combining the measured sections from all 5 locations in
the Asker region. Compositing includes 3 complete sections of the Huk Formation (KBH, KYH, and BJH),
one section missing the Svartodden Member (SLH), and one section where only the Svartodden Member
is exposed (SFH). Conodont biostratigraphy from Rasmussen et al. 2013. Trilobite biostratigraphy from
Nielsen (1995). Graptolite biostratigraphy Bruton et al. (2010). Carbonate mudstone is abbreviated to "c.
mudstone" and siliciclastic mudstone is abbreviated to "s. mudstone."
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Figure 7. Log of the Komstad Formation section of the Fagelsang-3 drill core recovered from Scania,
Sweden. Conodont biostratigraphy from Wu et al. (2018). Trilobite biostratigraphy from Nielsen (1995).
Graptolite biostratigraphy from Maletz and Ahlberg (2018). Here, the E. pseudoplanus conodont zone is
abbreviated to "E. p.", and the Y. crassus conodont zone is abbreviated to "Y. c." Carbonate mudstone is
abbreviated to "c. mudstone" and siliciclastic mudstone is abbreviated to "s. mudstone." Duplicate

samples were taken from FNK-18-55.4 for thin section.
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6YDUWRGGHQ PHPEHU 7KH ILIWK RXWZF UR S RE DMKHG 2 W RVSAMN
6OHPPHVWDG )RRWEDOO $UHQD 6)+ )YAHXUW RQQJKER QX VFQ\R
XSSHU 6YDUWRGGHQ PHPEHU RI WKH B XRUOG ZAGHOX B KWFUR
RQH Rl WKH ODUJHVW IRVVLO H[SRWXRHVRUZMKH FRXQIW U\ 7
)NJHOVNQJ GULOO FRUH ZDV UHFRMHIONG QUHIDQY WRKKHNV X HQ@DE:
)1. )LIXUH DQG SURYLGHG E\ /XQG WQLYQN UL IER P STKHHWHR U |
VXFFHVVLRQ RI WKH .RPVWDG /LPHVWRRHWE 8 RQUGHLU/DK L\@ B H
JRUPDWLRQ DQG WKH RYHUO\LQJ $OPHWXDG )RUPDWUIRQH % H)U
ILHOG ORJV RI WKH LQGLYLGXDO RORWF WDRS3/ W R HW)K H HRONORQ $ V/ |
FRUH VHH DSSHQGL[ $

7KLQ 6HFWLRQV

21 WKH IRUW\ ILYH VDPSOHV RI WKMWBEBNL)RHPWRQRQ VDIHX
ILYH VDPSOHV ZHUH JOXHG FEXW RQ® QDBSDLWH G LR KWHKH® R/
VDPSOHV RULJLQDWHG IURP WKH RXW PUWRSVHH®KHDPBOR\$
SUHSDUHG IURP WKH )nJHOVNQJ GQVDOWERUHS WKALMUY BF WL K
ZDENVHWRQH DQG SDFNVWRQH ZHUH SUHXDOHGYW RS MAK L F N (
FRQVLVWLQJ SULPDULO\ Rl FDUERQDMWH RMRGY WRKQ F NZGHHI\HV PRDIG
RUGHU WR REVHUYH ILQH GHWDLOV Z®& WHKHXW WRFN W V\DQG\ |
RI PP E\ PP DQG ZHUH SUHSDUHG W RDWVKR Z KRLQH VIHFWLLWVRKG\G
ZHUH GHVFULEHG DQG FODVVLILHG DFFRERQDPMWMRF /EWV'XIQKL
VEKHPH PRGLILHG E\ (PEU\ DQG .ORYDQWLRQ VDRIGF RP\BRIMH & W
FRPSRVLWLRQV ZHUH PDGH IROORZLQJ %MEF MD P SOMNYGZ % BN H

DQDO\]HG LQ SODLQ SRODUL]HG OLYK\WJDD G LANRRY VFORO DM L8 H



Komstad Formation
Toyen Formation = — Contact

Figure 8. Photographs of outcrop loactions and core. Complete exposures of the Huk Formation are
found at KBH (A), KYH (B), BJH (C). Incomplete exposures are found at SLH (D) where the upper
Svartodden Member is missing, and at SFH (E) where only the Svartodden Member is exposed. Photos
of the complete Komstad Formation core recovered from FNK (F) are also shown.
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OLFURVFRSH DQG DFFRPSDQ\LQJ 1LNRQ '6 FDSRFWRMFRSH FD
SKRWRPLFURJUDSKV )RU SKRWR PRBWR MHMSE S SRIQIEAQ %/ KL Q

3DOHRFXUUHQW $QDO\VLV

7KH +XN )RUPDWLRQ FRQWDLQV D \QEPEMUNQRRYVROVW EB
RUWKRFHULG DQG HQGRFHULG FHSKDORSREYHKOREDO JLYHQ
VWUDWLJUDSKLF WHUPV 32UWKRFHULW H WRPGINW R QKU DHUG 3(Q
7KHVH IRVVLOV KDYH D UHODWLYH ®OWV\WRZ D LWKWPFWQ LFE D IOH QAL
WKHPVHOYHV LQ WKH GLUHFWLRQ RRGDPRRFRIIUHQWKGI X H QU
FHSKDORSRG DQG VXEVHTXHQW G HSR WKUERE R Q Q\GK K HDHL Hi €
WKH FRQFK VHUYHV DV WKH DQFKR D G® LAJWK W & 0 RZQ @ WK KA-R \
SRLQW LQ WKH GLUHFWLRQ RI IORDQDDXPHWKHLERQHFWLRQ |
SDOHRFXUUHQW DW WKH WLPH RI GWBR®E LAHLIRKX UNHPYHHQWYA Z IHY
PDGH RI WKH RUWKRFHULG DQG HQGRE® WIGHFHSK DRRSER\G LIRG
RXWFURSV LQ WKH 2VOR $VNHU UHJKRQ@ S®&RWHVB G VRI) SURNHW
GLDJUDPV WR GHWHUPLQH SULPDU\ SDHD H RAXIQUIHWG KH RUHLR-BERW |

URVH GLDJUDP VRIWZDUH
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6(',0(172/2*<

J)DFLHV ODVVLYH 7ULORELWH RQ G NOHDRKHRSWR G XHMWRQ |

)DELHV LV D FDUERQDWH PXGVWRQHRIRIQWP LIMQGJ VRPH
ELRFODVWY WKDW DUH SUHGRPLQDQWXUFDUE R ®@RWW Q\QEMHR\PZ
PP DQG PP LQ VL]H DQG KDYH D PIFLPXA BHRIMWIHRIDUR
SUHGRPLQDQWO\ WULORELWH DQGYHUPKIXWUBBW & U3 HEWLLFY L\ KA
VWUXFWXUHV DV ZHOO DV RXWHU HMOMUUHH UHP Q@ DAMXDWQ Rl RUEQ
VWHPV EU\R]JRDQV DQG FRQRGRQWV \WRHSRNVWWHRQR G BV X
RWKHU SKRVSKDWLF ELRFODVWLF JURLQWV HR PEXG PDNH XX EORD
WKDQ YRO RI WKH URFN %HGV RAPIDFLGYV PPUWMKEHWZHEQ
JUDLQV DUH DQJXODU WR VXE DQJXODKBRG ROIL QB OHIRW RJE
URXQGLVK DOUHDG\ 7KH JUDLQV DUHD/ZER®DWHLMXG IRMW WL
FRQWDLQV YDU\LQJ DPRXQWYV RI FOD\ PZIQMK DVKWH DWDR RQNK HLV
DSSHDULQJ LQ FOXVWHUV RU LVRODWHG R)ID¥HB Y P HQMWDOMV LY
VWUXFWXUHV ,WV FRORU YDULHV EHWZHHD DQJKRWEKURYZ\YEVF
WKLQ VHFWLRQ &RQWDFWV WR RYHDU D QK M RAHHQW DRW LREL |
SDUWLFOHV LV JHQHUDOO\ UDQGRP WKRZHYHQV VRRHE RIWKEHSE
WR SDUDOOHO DUUDQJHPHQW WR EHGGVQWILQFRHENKUMRZWER
IDFLBINR O LMWKR VDKIBO DV VLIQRL. GHXUURZV LQ WKLQ VHFWLRQ DL
LQ KHLJKW DQG PP LQ ZLGWK )LJKWKDW UAKHBM®BY B OP DML
JUDLQHG WKDQ WKH PDWUL[ RI WKH BREMN ERW EFRRECDMOH. GW B/ L

PRVW FDVHV FDUERQDWH JUDLQV D WHAKBIURIXOWHHGS B R YWVHRIWAMK
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EXUURZ VWUXFWXUH 3K\FRVLSKRQLGXIHKRXWVWELQVYYV DQB Yk
D PDWUL[ DQG FOD\ ULFK ILOO )RIXKQEH[%%,7KR EHRRIXWEDW I

IROORZLQJ 7D\ORU DQG *ROGUWLGYN FDQ EH ¥WWHRQJIDG\ UHFL
DQG FRQWDLQ S\ULWL]HG ELRJHQLFKRZDEDYF I6\R A H LMDIOLHG VK B\
WKDW KDYH DQJOHV SDUDOOHO \WR DRRXWKH P WKR E HD®GR QUH G
SHUSHQGLFXODU WR EHGGLQJ 7KHR DRK O/XW A UNDOLGN DRIYW LK
DQG YDU\ LQ WKLENQHVV EHWZHHQ FDROBIQWH IRM® OGS OHDIEGN F

REVHUYHG LQ SODFHV FURVV FXWWLQJ HDFK RWKHU )LJXUH

)DFLHV S, QWHUSUHWDWLRQ

7TKH PXGVWRQHV RI IDFLHV UHIOHWW L)@ E YN YU G OROQ VWNUKDH]
JHQHUDOO\ VPDOO JUDLQ VL]H +RZHYMHQ WKRJSOQOHVHRQEE WK]
JHQHUDOO\ IUDJPHQWHG ELRFODVWN UIQ GMKDW H DR PNV CEFORDX X
GHSRVLWLRQ RI WKLV IDFLHV VLPH®DU®HSRKIHVWKDMHISOBHB WHWY
KLIJK UDWKHU WKDQ ORZ HQHUJ\ FRQRBLWIKRQNVNDE ERBQ@WWHGLP
PXGVWRQHV %RWK RI WKHVH REVHDYWDWHKHRQIL R HOWKHU LQC
FRQGLWLRQV ZHUH PRVW OLNHO\ UHMBSRRMWLE OKURQJIVWIRN @& HRS
VHGLPHQWDWLRQ KLVWRU\ FRQGLWLRIQNQD WX MWHW ¥ [ I(OARLRAD V
WKH PXGVWRQH HJ 6FKLHEHU HW WDPHV K LUKYHQMKH OHNANQ
OLNHO\ VWRUPV VWLUUHG XS WK RXY®HBRWEKHQ@DWDW HGEG RIPIC
DQG WKHUHE\ EURNH D IDLU DPRXQ VE>RU URKH B J $& WHW UG IE X RAHL

JUDLQV DQG GHVWUR\HG PRVW LI OQORW®QCQIBXH®HFEFH RI VWF

7KH FRPSRVLWLRQ RI WKH JUDLQVLVKHIH FWVLHWREZKD)\

FRPSDULVRQ WR RWKHU RYHU DQG X Qi®RHWLOR@PHQWLRXV \W R



EHHQ KRVSLWDEOH DV LV DOVR QHIOWR YWIGV) @@ Y& HD ER R YW URE
UHFRJQL]DEOH EXUURZV VLPLODUOWVUDANRKN WBQ@HRAPWELWW K LKED
GHJUHH RI ELRWXUEDWLRQ 7KLV IRMAWV RDOOMRG URHFQ WGV RMBQRY
ZKLFK LV LQGLFDWHG LQ WKH SKRV $KDMWHY WHKH RWKIBOXQOL
WKH SKRVSKDWHYV ZHUH UH GLVWUKIX\Y B 0 VBEALEDRUW GRIZ/VQRID QK L
EH LQGLFDWLYH RI UHODWLYHO\ VKDOWRRY MYGZHDWSBY GHH 3V
6NROLBWXRYRZY DUH H[FOXVLYH WR D YHU\ VIK®IDRXRHAUZDWHU H
%URPOH\ W LV WKHUHIRUH OWXHO\IWKDW ZWVOEDBSRVYR
UHODWLYHO\ VKDOORZ ZDWHUV 6 X & VIHIGXQMWWRQV HGILMHNQ WA
ZHUH VXEMHFWHG WR EULWWOH GHORDN DWW RQHAK 1 HIQ UKHIVW O R

IUDFWXUH IRUPDWLRQ UHIOHFWHG LQ WKHLU FURVV FXWWLQ.

)DFLHV %LRWXUEDWHG &DUERQDWH 0XG :DFNHVWRQH

7KLV IDFLHV FRQVLVWV Rl PRVWO\ FDQRRRIDWH PKIGF @ DW W
ILQH JUDLQHG FRPSRQHQWYV LQ WKHKRRWRG [D QIGHRMWIDH Q W DHIG
RI XQNQRZQ RUJDQLVPV UHFU\VWD O OLQHGVPIUEE R QIHWIH B RQ W
VL]H TXDUW] JUDLQV FRQRGRQWV DQ@GHRUHDEUDGDWWHU |0
PLOOLPHWHU EXW FDQ EH XS WR (PPNOOX P EWWZHHRQ J DKCH J
YRO RI WKH URFN YLVXDO HVWLPDR VXK@ D®I R HPFHBWH W
TXDUW] JUDLQV WKDW DUH JHQHUDODY PRGE WRXQGHBH T & H K
ZLWK HVSHFLDOO\ WKH ODUJHU FHBELG\ R IS\OHIQ B Y U BQ O HIA DX
PDWUL[ VXSSRUWHG )LIJXUH & )LJIXEHGYV' R I7WH MK ICFILGINVVIVV
VHYHUDO FHQWLPHWHUV WR VRPH GHFHRWAMHIQV TKHGP DWR O[

RI WKH URFN DQG FRQVLVWY PDLQO\ RIJPFROUBERY RW HCPDAGD RIGN



RUJDQLF PDWWHU %HGGLQJ LV YLWGLEOGHLUD OSDVU WL UDIOWKILOM I
RUJDQLF PDWWHU IODNHV *UDGLQJ EXMHDVEWRQMVL Q@ WK NRHDRX
VHGLPHQWDU\ VWUXFWXUHYVY 7KLV IDFLHVFKVERUV RAUUHIXDDU
DEVHQW ZKLFK DUH VOLJKWO\ GDKINU WD PR RXFROR B IDRUI B Q DRV I
IODNHV WKDQ QHLJKERULQJ SDUWYWIDFKHWRE N XAVKHURRBOIRW
EURZQ WR EODFN DQG LW LV PHGQXWHFWHL\RWR &RMAV B B R/ X/QWLR)
XQGHUO\LQJ IDFLHVY DUH JHQHUDOOUV KN DM \YDEURNRYEV VE BQ
IRVVLOV VXFK DV FRQRGRQWY DUH R R U DROVOAL IOQYWHDRW E H KUHD
EXW LQ RWKHU SODFHV WKH\ IRUFN RH & KSHDQOOW OKGCG KHORX GH
'LVWLQFW EXUURZV DUH UDUH GLIIXVH BEXRRBDALRA LXAEHM XS F
DUH SUHVHQW DQG FRQWDLQ D OFROWH®W KDMNQ LW KVHO B DRWUQ Y O7LKIH
DERXW SRURVLW\ LV HI[FOXVLYHO\ SVUHN\HIQQVUBH\F B\ OFCHAR |
ELRIJHQLF IUDJPHQWYV 3\ULWH LV SUHVEQWHQMHYBEO GLOOLPH)

DVVRFLDWHG WR WKH RUJDQLF PDWWHU IODNHYV

J)DFLHYV , QWHUSUHWDWLRQ

7KH WZR JUDLQ VL]HV SUHVHQW LQ WIKHLAV IRBLWY Hs HQ HYH
OHYHO WKDW WKLV IDFLHV UHIOHRWHVP X& H VGKRP ISOUBIQ FIQ RH RD |
DPRXQWV Rl VLOLFLFODVWLF PXG PXG& W K H SIREW HEKD @OW.KQLG/
UHODWLYHO\ TXLHW GHSRVLWLRQ DR EZRDUL WERWQK WRKH VEDINE |
PXG 6FKLHEHU HW DO DV ZHOO6B K LWEH W/ L O L FALFRCLBN\EWM UF
DO (JHQKRII DQG )LVKPDQ R B DVUDHYS KDWHGE E\ FX|
DQG WKHUHIRUH VKRZ WKH RSSRV XWHQt H/GIHEW PHIVY MFD MR- R@L V8

WKH VDQG VL]H ZHOO URXQGHG TXIDWUWIFLHBNLIQQGXEDWH WRRH



Rl WUDQVSRUW HQHUJ\ DQG QRW ERWWW H\® K H XLRIQV FLRRGLW\ELL
SRUWLRQV RI WKLV IDFLHV ZKLFK WKH DPRKQWDRQRGJIDQ IZH O
HVSHELDOO\ DEXQGDQW LQ QRQ E UMW MXEDWHG LSFDHADRKBIW\ UFHRI
,Q RUGHU WR LQWHJUDWH ERWK RIOWKH®M \RIENW UW B ML REDAL H V
GHSRVLWHG E\ VRPH KLJK HQHUJ\ HYHGW\R| OXNH® F N QR PV

UHSUHVHQWLQJ IDLU ZHDWKHU GHSRVLWLRQ LQ EHWZHHQ

7KH VRXUFH Rl WKH VHGLPHQW LV LBWHQWSURWHMGKEY EHL
FDUERQDWHY DQG WKH VLOLFLFODVWNHERRIR QHDIWWHGVKE W
PDULQH VHWWLQJ LWVHOI XVLQJ WRH SCDKD/MIV B VI RUNHIRM

OLNHO\ LQ WKH VKDOORZ S®U W KRQVRO MFKH QCDOW IFR/D KR B
SUREDEO\ VWHP IURP WKH H[SRVHGQSDRXW W/ KIDK'HH %EBIB QW LF 6K
WUDQVSRUWHG LQWR WKH PDULQH WD OR IPRIVWE G EL QU WKHHUL W
H[FHOOHQW URXQGLQJ LQGLFDW LIDIFM VU R@LWKDIQWSWD BB \RI
ZKHUH WKH\ ZHUH GHSRVLWHG 7KHRGMSRWL WLFRGINOP X QW LKIRY
ZHOO R[\JHQDWHG 7KLV LV UHIOHEWPDLIQY W® BOXREROQIWH R | ||
LVSDV ZHOO DV WKH DEXQGDQFH R IERMRWDHFHDIW\L\R Q LOHN B W

UDQGRP RULHQWDWLRQ RI VKHOO VGLEWEXISWRZL G RV IJDHLY.P

J)DFLHV :DFNH DQG :DFNH WR 3DFNVWRQHYV

7KH FDUERQDWH ZDENHVWRQHV RI IDXFRGH VD QERQWRIOQ EH \
ELRJHQHV DQG ELRFODVWYVY *UDLQR QRW YHK®H UDROXI) GLLQOA DREW
%DVDO FRQWDFWYV ZLWK WKLV |IDKLHVW DWW WK KIRZ HDYOHU D BMUR)SS
FRQWDFWY ZLWK WKH VDPH IDFLHW KIDQ FERIQWIDFEAD R L RIDALA VS C

IDFLHV RU DW WKH EDVH RU W RJSU DGAMHWILHREHDUWD O’F&\H VRRIPW 2 K



IDFLHV FRQVLVWVY PRVWO\ Rl FD U E RRIDMOD P XEeH V@ 8 R P N FDP
DQG YRO ZKLFK DFFRXQWYV IRU KV KR FP\D VAKLIWH | Q BMHW 8 RRH WA
FRQWDLQ DQ\ LQWHUQDO ODPLQDW LREQKX WH\D G, MQ I V RILL VKM LIR
OLJKW WDQQLVK JUH\ LQ RXWFURY @ WK EQUH FI\Q® QVD Q W®DE
HORQJDWH SKRVSKDWLF JUDLQV RAFXIUDWIGD WY RDN IR IX\§ KELW\W D)
WKH\ DUH EHWZHHQ P WR P LQ GDRBHWKHEUD @ YZWKUDXFW WRH\D
URXQGHG 7KURXJKRXW WKLV IDFLHV LSUMINOBQWRQBO\RI G
FDUERQDWH PXG ILOOHG VHGLPHQ W P\ FRQMEDLH LRR WK DY K/
DQG RQO\ VRPH ELRJHQHV WKH\ DUHURFK ZDO/® RXQFK DHR X VS L
YRO JUDLQV WKDQ WKH EXON RI WKILWR D ¥ KX VP L7GK®ILLRIH XN HBWV W
PP 7KH ELRWXUEDWLRQ LQGH[ RIRQFIDHORUWQ® RROGDVAE
7KH LUUHJXODU FDUERQDWH PXG ULFKI]JRQHWRD® WR FEQ@ QW DP ¢
%DWKXUVW LQ WKLV IDFLHV )DFRLMY S\ER @\M DLOQH/ W RHP & WH
QRW H[FOXVLYHO\ LQ WKH LUUHJXODKH FDUWERQDWH PXENH VK
DUH KHUH VXEGLYLGHG LQWR WZR VB U EHG®HEXRMVDEQHM U

ZDFNHVWRQH DQG VXE IDFLHV E + GRBXRRV Z\DRF IOH\DWR G MO C

6XE )DFLHVY D ODVVLYH )RVVLOLIHURXYV :DFNHVWRQH

7KH ELRJHQHV LQ WKHVH URFNV DUHREUWMPH VKEOIOBWD ZK MF
YRO RI FULQRLGV )LJXUH ( J)LIXWHQHY DWHIJPRUVIKN FEPEPRR VW
ELRFODVWY LQ WKLV VXE IDFLHV QH¥YWHOWQ&HOHYV ¥ LRRUDVRUW
EURNHQ %HGV RI WKLV VXE IDFLHV DPWPHWEHW XHMH@QG GRPQIRWG V
DQ\ RU YHU\ OLWWOH ODWHUDO ZIDWKDE LDO} WX WE VNRKSHRU WKU |

PDWUL[ FRQVLVWY SULPDULO\ RI FDUERGBWNWRGC EAWGCLYV, RIV



JHQHUDO DOO HORQJDWH JUDLQWGLMWD\WIL RE CS\D 8 D B OHHIH §
ZLWK PRVW RI WKHP EHLQJ RULHWR EE @A QF W RV WfL Q AW DUNRLX!

EXUURZ FURVV VHFWLRQV KDYH QRW EHHQ REVHUYHG LQ WKL

6XE )DFLHV E 1RGXODU WR /HQW IFENO-DWN)RYW LOLIHUR

7KH ELRGLYHUVLW)\ RI WKLV VXE |DFLWHLM DV IORZR IEWR LIDRH
DQG EUDFKLRSRGV ZLWK PLQRU DPRXQW V7KIHERD RIRDIOV\ RQ G
RUJDQLVP GHULYHG JUDLQV DUH ELRFODWRW/ IKLFKYRIDN R XS
JUDLQV LQ WKLV VXE IDFLHV ORVW E LRIHHQMWHGGL R OMmD BDRF
JLIXUH * 7KH PDWUL[ LV JHQHUDOON EBIEERQDMHOP KHGGW KD
DUH RULHQWHG DW YDULRXV DQJOBW \8EHIHG 8 QWL DAL \R K LR \
7KDODVVLIQRLGEHMUURZYV RFFXU LQ WKLV IDFLHW IDIKG IDWHS W\ S
PP LQ ZLGWK 7KH\ DSSHDU LQODR SMILB R @& O/\K IDDSCHW S\DHIDHOG HHX

ZLWK WKLQ ! P KDORV RI GDUN FO®) WKH @ IPDWRIUWEKG ¥XU

6XE )DFLHV F OXG 5LFK &DUERQDWH :DFNH WR 3DFNVWF

7KH GDUN FRORUHG ZDFNH WR SDFNVWRQHGRFRQMLVWYV R
FRPSRQHQWYVY WKH ODUJHVW RQH VHIWUWH FF& APS.ROVOH.& HRW I D @ RLC
DQG JHQHUDOO\ PDNH XS EHWZHHQ XPHQGQ SDKWKWH WKHNJIYR
DEXQGDQFH LV EHORZ YRO $O0VRW QIRQW WRXQBHWK D) G R/ARL
DOVR SRRU *UDLQV DUH RUJDQL]HGHMWHVURWHKILFNIXOBUQMHY HR
SDFENVWRQHV ZLWK VWUHDNY RI FDUERQDWHH ZDFNRKINWRQHYV 1
WKLFNQHVYV RI EHGV RI WKLV IDFLHWHQW LLRHW KK W WWRI M RRPTHV H

GHFLPHWHUV 7KLV IDFLHV LV SULPDULOQWUPX®@ VXSSRUWHG



PDWUL[ LV GDUN EURZQ LQ FRORU DQGREPAWH. \PW G RUWS FR G R/E
VPDOO SHUFHQWDJH RI FOD\ DQG R WK MUK H PGXWN VE RFD\R W IRD W/
VHGLPHQW 7KH PDWUL[ JHQHUDOO\ PIROH\D @6 RIQWY HBQS O [DF]
XS WR YRO RI WKH UREN 'HVSLWWHVKHFMWYWRIDHIN RRVFW U
IDFLHV LV PDVVLYH DQG VKRZV QHLW IODHUY VWDEE@XQRV D DRJIXU

, +RZHYHU LW LV RUJDQL]HG LFEHMRVYPMNMWHBDOVE]H O RKXWE H U

LUUHJXODU IHDWXUHYV WKDW DUH RYWHQ ERXQG E\ GLVVROXW

'KLOH LQ WKLQ VHFWLRQ WKLV DFRLHY ERU3IDD R &E URZDK K
VDPSOHV &RQWDFWV WR RYHU DQG ZRGEHR@DMIHI ZDFNHYV WBH
SDFNVWRQH JUDLQV RI WKLV IDFLHV FREOFHLY WY PIRROMQLRI UL
SDUWLFOHV WKDW DUH XQUHFRJQL]DBOHU BUPDE@NVRMW H @ RZH
WKHLU LQQHU RU RXWHU VWUXFWX UM RGBUPWH \FKH QA LGHVEDQ
RI XQNQRZQ RULJLQ RU IURP EUDFKLHR S\RG D REWWVRHRD G @ ODIQUD
UDQGRPO\ RULHQWHG DQG DUH ZLWHKVLHZEW[ENSWRR W REWRW
DUH XQFRPPRQ EXW DUH DURXQG R@HH\LDOHPIH®BMG @LOWD Pt
PXG 7KH %, LQGH[ LV HVWLPDWEBRBURW LW\ &M FCHRQAM QMO DO ® D Q
VHFWLRQV KRZHYHU LW PD\ EH SUH®HO/MDMPHNVSBBEWRIREXU UF
PLOOLPHWHU WKLEN URXJKO\ EHG G\LQUHS/DW B D & HIDU FHPSH @A\R | L
PLOOLPHWHUV LQ OHQJWK REFFXW VW HY HODMNVIRQH U P RDW OLOW
JHQHUDWLRQV RI FHPHQW D FORXG\RRXOWHWHPHP VK LB LFJIRW
IHDWXUHV DQG LQ SODFHV D FOHDU ©NP B QW RRHY B IUPLOY & >OQ
PLFURPHWHUV LQ VL]H $00 FDUER QDRVWRIMHU@/H FOHN TWHVU F

IDFLHV FRQWDLQV GLVVROXWLRQ VHRPKRKYWH UNKIH X ¥HRHNV VR IR



J)DFLHYV , QWHUSUHWDWLRQ

7KH UHODWLYH DEXQGDQFH RI ELRHHKHO OV HPD LSDU W DI
IDFLHV LV LQWHUSUHWHG WR U H HDHUA \WZHIVYWO D NFHHOAWLEDLYR O P F
GHSRVLWLQJ WKLV IDFLHV $ UHODRILWKE\ELRXHBQF KD UGGHSB
DOVR LQGLFDWHG LQ WKHLU JHQH SI®EH F WRNHB FRY WIDH \B Q)
XQGHUO\LQJ IDFLHV JUDGDWLRQDDWWRKHFR B ® DFW ¥ OH DHIG! W
WHPSHVWLWHY H J $LJQHU 1RIY W W KEHDQHE\R\Q DAAHE R D EW E
DOVR H[SHULHQFHG TXLHW FRQGLWERQW R® X VAHKWW/IOH AU E
WKH JUDLQV WKLV ZDV OLNHO\ D VKW W®IQWIR M FERH VUXMSRHIDAN. |
EHEDXVH RI ODWHU RYHUSULQW R @X H M/ V& X M AU SIDQQ¥NH Q @ |
LOQWHUSUHWDWLRQ RI IDFLHV \VIH®LRHQW B W RRR E /YO IGNR Q \W
RI LWV HSLVRGLF GHSRVLWLRQ GXNHQV WKW RK P\Q HUK H HYRDQW
ZHUH GHSRVLWHG SUREDEO\ LQ ODPQPWG GRYFH WKHH ¥ B WERR)
PXG ZDV ODLG GRZQ RQ WRS DQG LQ EHWKHQ WHGILPUHIUVOVW
UHVXPHG ZKLFK ZDV OLNHO\ DOVR FK D WHF WX® L1HG HPUDWIKRHIOMN
WKH HQYLURQPHQW ZDV SUREDEO\ FWBGR [\Q FAXHN B 60 DWK L Y HI
ELRGLYHUVLW\ WKH DEXQGDQFH RIRULIDWQ ID/PCGKWK B 5D UMM C
JRQHV ILOOHG ZLWK PRVWO\ FDUERGDWWHXG®WRDWLDXH KXW
EXUURZ VWUXFWXUHV 7KH SKRVSKDWLRIJODW®\O 8 UWREDLEPG\QLW
GHOLYHU\ DQG VHGLPHQW VWDUYDWLRQKHRRGQGOXRBFXU KRZ
UHZRUNHG LW LV OLNHO\ WKDW DW OW QW RORPHG DPIRDEQUMWWRR |

GHSRVLWLRQ 7KLV WUDQVSRUW PD\HKNUWRHA W D/ADH W KK \PE QL



PD\ DOVR PDLQO\ UHIOHFW WKH EXQWREDG@JIRKLWK HIDJ BB QGR

RFFXUUHQFH LQ WKH VHGLPHQW

J)DFLHV SDFNVWRQHYV

7KLV IDFLHV LV D PDVVLYH ELRJHQH DESVBAREGBDOVWWVULF
JUDLQV DUH FDOFLWLF LQ FRPSRVLWIRRDQ DQG P DMNO XK IEW W |
URFN $00 JUDLQV GLVSOD\ SRRU RU DO RRRRUL X L¥VQIG PR,
HQWLUHO\ JUDLQ VXSSRUWHG DOWKRMJIXO® &DALOX KD BOUERIQHD W
7KH PDWUL[ FRQVLVWY H[FOXVLYHO\ RL WDMCER QIDHWH RWKED Q Q Gi
FOD\ VLIHG PLQHUDOV *UDGLQJ LV DEVHRNFMWDOWHE V RQDRIHNFRIQ
DQG FRUH WKLV IDFLHV JHQHUDCOQQXKWSEBUDQYLUN OUHKW QGHL
VHFWLRQ DV OLJKW RUDQJLVK EURZGMRIUGQU B \E OR ZRW ZI1WHK
&RQWDFWYV ZLWK WKLV IDFLHV DUH DRGX$Q/GCHUQG \VRD UWEK LEVH GO
JHQHUDOO\ PXG ULFK IDFLHV WR WKI1KHIPBIMRUDWM FEIL REF DX
UDQJH IURP VXE PLOOLPHWHU WR DRRW ER QB HRLHEO\O D RHWIHQOL
ELRFODVWY DUH EURNHQ VRPH DUH FXH HRXRIXDO® E XWR R/R\EW
DQJXODU 'LVVROXWLRQ VHDPV %DWKXWMWKLOQUHKYRHABEKE
7KH\ DUH FRQVWLWXWHG RI WKLQ DQP DK BXWDWQE & |E\DMOX
LURQ R[LGH SDUWLFOHV ,Q SODFH\GHWIKHWR GWYOROKXWHR Q7K

FRQWDLQV PLQRU DPRXQWYV RI VXE PLPO\WVRNHDMOHWU VLIH HXKHG

6XE )DFLHVY D ODVVLYH )RVVLOLIHURXV 3DFNVWRQH

7KLV VXE IDFLHV IRUPV EHGV WKDW D UHNEBWZ KBHRQQ RAP D

VKRZ VLJQLILFDQW WKLFNQHVV FKDQURYHQLW KRB SRV IL\YLRXQW



VXE IDEFLHV D LV GLYHUVH LW FRPBUHVKYEUDHKRPRSRGY WL
FHSKDORSRGYV EU\R]JRDQV DQG RVWUDFBGMN V)XHXRLD O L P HWKH:
VHYHUDO PLOOLPHWHUV LQ VL]H QW CSLGDD/F B UWHK I @ G/RFEH IWDLFG.
FHSKDORSRGYV ZKLFK UDQJH LQ VL]H IWPPP 7KH BARIHNVQEBUJIH I
PDNH XS EHWZHHQ YRO DQG YHROWBWWK® BRUBLRYHQHVY D
ELRFODVWY LV DOZD\V UDQGRP DQG RUIMRZY REB KH VP DK U\
FLUFXODU VKDSH )LJXUH . 5DUHO\FWRKENDWXEYIBBIHRZMKL
%XUURZV DUH XELTXLWRXV LQ W KLK/DDDOE VRERA\GIBYGES FRPSUL
6NROLUMMKRWBEROLUMWMKBNQHUDOO\ EHWZHHQ PP DQG PP LQ ¢
VHFWLRQ WKH WDQJHQWLDO DU U D Q UHRXHEWD RA H@OW B B Q D IIHU §
PXG GRPLQDWHG SDUW RI D EXUURZ DQ & [EEHAMZWHHHLY LRQP SDOQDGF Hi
DOVR HORQJDWH FURVV VHEWLRQV WKWRKYK UERAM RPW DLAHO Sl
FDUERQDWH PXG DQG FDUERQDWH JDDERQUWKR2HYBO ZAMRWPH AL
FHPHQW 7KH %, LQGH[ Rl WKLV VXEGDFREBULRNIORZLOVY @D NG

DERXW

6XE )DFLHVY E 7ULORELWH DQ& 3% NNKREGHR G R4 N B W\Q

6XE IDFLHV E IRUPV OHQV OLNH 3SRFNHWDORD G® FNR/SV R C
FRQWDFWV WR RWKHU IDFLHV )LJXWHMNSLFD G RM VP 3 B/RF NPHPWAJ
ZLGWK DQG PP WR PP LQ KHLJKW DDWKH/ RFH PRHD ¥ XG WEJ DX
KHLIJKW 7KH\ RIWHQ KDYH D VOLBOWOQ HWRQWDW H UV R Q SHiL WDKS!
D IODWWHQHG WRS DQG EXOERXV EDWI WKH g H HFRAFINRHWV W R DK
VXUURXQGHG E\ D WKLQ ULP RI R[LGD WV RIQ WK YW QARQ®WY LIQRHP

WDSHUHG HGJH RI WKH GHSRVLW 7WHKN EDRHBHHW B VOLIRE MWKHHW 1D O



EUDFKLRSRG IUDJPHQWY DV ZHOO DUVL WEW DB/RIPRQ RQ W EH RIFMD
WKHVH SRENHWV LV PRVWO\ VXE SDUMJIOHORR WP BWVEREZQ@IQD O
JUDLQ RULHQWDWLRQV UHODWL ¥R NMRYE DGR QK U W RR Rf WK
HORQJDWH ELRJHQHV DQG ELRFOD\VBXV ZRXLGH W& WPKQWHGDFLVY
DEVHQW LQ SODFHV PLQRU VXVSHFWHSG, EXQUUHR ZR/ BMKH. \R EDVHL

7D\ORU DQG *ROGULQJ LV OLNHO\ DERXW

)DFLHV S, QWHUSUHWDWLRQ

7KH KLJK DPRXQW RI JUDLQV LQ WX IMWRINFHLYH\ D Q G MOKOH.LRU
QRW LQFOXGLQJ WKH (QGRFHULG FOIISKDORSRICYI GBSRNDWHR
KLJK HQHUJ\ VHWWLQJ LV DOVR LQ\GDPDWH® LEQ WE H H EEFRMR NHQ
EDVDO VXUIDFHV RI WKLV IDFLHV KDM WKB USJ DM VVZRRFK 1@ U
IUDPHZRUN ZHUH GHSRVLWHG LQGHSGRGWHQWIQ\R R W OB UFDHIE\R
PXG WKH PXG ILOOLQJ DOO SRUWMSORMNYV HBHUHIE WK D QJQKIH
ZDV OLNHO\ LQWURGXFHG LQWR WK H) WGRFIR U LWHIG WIKHY H U VIKQ
WUDQVSRUW Rl WKH JUDLQV FDQQRWVKBPHVEREQ RXQG LU DD/
VRPH URXQGLQJ LV SUHVHQW WKHQ RQPK SRRR VYBKQEVQURRD
WUDQVSRUW SULRU WR GHSRVLWLRQ UBFOLHNW D RFAR DKV HQ
GHSRVLWLRQ ZLWK WKH ELRJHQHMID GGKIRKIDWIWK BB EHRVHW
FRQGLWLRQV DQG WKH FDUERQDWH PAXICR @ RBVH@ M HQWAD\VZR M
YHU\ ORZ )DFLHV VHGLPHQWYVY WKHWHRRUWHWRIUNPHGN SRS/
SUREDEO\ QRW LQ DQ DUHD WKDW BB WKDIW WRDXQWE KZM B G DH

WKH FDUERQDWH PXG WR VHWWOH



6XE IDFLHVY D LQGLFDWHV WKDW QLW K®JVAHDQ BGOLRRLR © X VDN
KDYH EHHQ IDYRUDEOH GXULQJ LWVFWHIGL P& QWKIHWGE RYQH UNKILW \ |
DV ZHOO DV LQ WKH LQWHQVLW\ D@®G RN KIHE R R WX QW (RO FEEALLQUIR Z
DQG *ROGULQJ 7KH EXUURZLQJ EUH ORAR D/ IFR © SIDVH WHV S R
KRPRJHQL]DWLRQ RI WKH VHGLPHQW OH RG MQJHWR SIKAHN F BAR\QL
WKH UDQGRP RULHQWDWLRQ RI D6®MRILMOQMK AKH RFFXHN HQF
IROORZLQJ 6HLODFKHU L Q G L F DRWHAL OV RB WXDR/HW K HV KIL V RV
PRVW OLNHO\ GHSRVLWHG LQ D Y H W\ KLK/DBROGRWE H{BVU LVQKIH VI EOWWM
KLJK HQHUJ\ GHSRVLWLRQ RI VKHOOV YHROXR | WKkH FPA ERGID
PXG ZRXOG VXJJHVW GHSRVLWLRQLQQ @ XWWDRWR WQ 8 QIRIJ PROM®*

EDVH

6XE IDFLHV E LV LQWHUSUHWHG WR B5HHRUGHB SWL\DROGL\FVE H O
DQG VRPH ELRJHQLF FRPSRQHQWYV VKEWQWK NG RXWRQD QL &WR\VF
ULFK VWUDWD 7KH VFRXU DW WKH EDVKHRKHYKKWHRISRENHW V
HQHUJHWLF HYHQW PRVW OLNHO\ D XWRQP WKLDMWHL [FFHD X:KIHYH
VWRUP FDOPHG GRZQ LW VWD UKH G RDR VHY® W K i& IMFAHRQXW L WL W
ZKLFK ZHUH WKH ELRJHQLF IUDJPHQW®\ 2Q¥HQNXDH\ WRRIDR K D
ZHDWKHU FRQGLWLRQV WKH FDUERQB® MV RN Gf R HGWWBHHWS ZRIX\@
ELRJHQLF SDUWLFOHV 7KH RULH @ WD IORQ URH @/HKFHWH/OWR R B DGARH
WUDQVSRUW SURFHVV RI WKHVH FDUERQ@D®HUSB O WD ¥ CBHVG Z&

FORVH WR WKH RFHDQ IORRU



+$5'*5281'6

+DUGJURXQGV DUH SURPLQHQW GLVFRSWHW®QXQW\DVEH LR
RI QRQ GHSRVLWLRQ DQG VXE V HRIXWM QN VLHD VIIORR O L TKKLIM LFFTDQV
UHVXOW RI VHGLPHQW VWDUYDWLRQQYH\G L®HOMD EBWEHQV D W
FKHPLVWU\ ZLWK WKH UHVXOW D Q\W\WHSDLE® QU DJQ \K KW K VI ISH
RI \HDU WR PLOOLRQV RI \HDUV &KUVXWIBMHD®SSHD U HIQHR X\
DV FOHDU GLVFRQWLQXLW\ VXUIDFHVHBLRKXS W\ WLYHZHD Q@ §
ERULQJV 7KH ERULQJV LQWR WK HV®DHIURZID R & QFG ¥ LBQUEHJ WA B [
H[WHQGLQJ DV IDU D FP EHORZ WKBM®AXNQEN WKWLQJFKEHDH
XQGXODWLQJ DSSHDUDQFH )LIXUH L¥ KDIXGI R %Q GVKKHWSH K
EHHQ LQWHUSUHWHG WR UHSUHVHQW PFHJUHMRINGIOXRGIDFHV
*XWWRUPVHQ 7KLV LV VXSSRUWHG B\OHOLGEIHRIF B LR H UURLEG-
ILQGVWU]|P SKRVSKDWL]HG VXUIDBERVLRAGUBORWQIGRQ D &«
GLVVROXWLRQ RI FHSKDORSRG FR QW KM GXRHVORW FXHFH DB
(NGDOH DQG %URPOH\ DQG | X WW/HKIKEVELR/GD QHNGORGH F|
VXJIJHVWLQJ VLIQLILFDQW VHD OWW B OHVLR/IH+DRND G R B RY.L WIKRIQ
EDVDO KDUGJURXQG FRPSOH[ LQ S D UMR FKIOHD B%IOIRG B HHQW FRR)
%ORRG\ /D\HU )JLIJXUH $ )LIXUH o[ DLGCHOG JWIRADGL ERRSG
UHFRJQL]DEOH WKURXJKRXW WKH 2UGRDLFLRGWXBFHVVLRQ F

DQG ILUVW UHFRJQL]JHG LQ WKH +XN )RULRAD WLBQWRN HWUKH 2V OR






)$&,(6 $58&+,7(&785(

7KH IDFLHV GLVWULEXWLRQ DQG DUXRKLWHPWWURGQRLWKH
ODUJHO\ UHIOHFWLYH RI WKH SUHYLRXWOKHGHU®HB® LRQL 7B\

$FFRUGLQJ WR WKDW VRXUFH WRHW4OHN HRVUPO W XR A GRIC
OHPEHU RYHUODLQ E\ WKH /\VDNHU 0HPENLURBGE QVRISBEMUE \
*HQHUDOO\ WKH IRUPDWLRQ FRQVIQM & HSRY QW VI DL VHE EDF
RYHUODLQ E\ DOWHUQDWLQJ ZDFNHWWVRQHW O @8 GA\D BE REDWEB
PDVVLYH SDFNVWRQHV DQG VRPH ZDFNHVWR GDW WDRILWK XS \
IRUPDWLRQ 7KH 6ZHGLVK .RPVWD G\ RUKH WOLARLGH \D DWFHKD WHLERA
+XN J)RUPDWLRQ FKDUDFWHUL]JHG E\ ZDENHRWRQGIDEQGEA DW V
DOWHUQDWLQJ EHGV RI ZDFNHVWRQH® BRGWD\EWR QDRVW KK @'
PDVVLYH SDFNVWRQHV RI WKH 6 YDUWRG&BQVOKR EXSS RU WK H
.RPVWDG )RUPDWLRQ LV FKDUDFWHUL]H® GG FRWIE RRIBXODU 2
PXGVWRQH EHGV WKDW DUH LQWHUFDDDNHV/G RIQMK O, B QMA IQRHXU
WKH PDVVLYH ILQH JUDLQHG FDUER QD WK R XFEL\G/GROGHSYR B WD B
ERWK IRUPDWLRQV PDNH XS D ODUWDEG PRRPPOGHBW RIKDH&H QI

JRUPDWLRQ

7KH ORZHU P RI WKH +XNRGGHQ OHPEBHG/ RRAW DOAHD N |
ILQLQJ XSZDUG VXFFHVVLRQ :KLOH LW FRHW LY WIMWSDE GR RIQF
P WKLFN EHG RI KHDYLO\ UHFU\VWDPPHE® WIHFOAO\HNVE RDYW WK
LV WKH ILUVW KDUGJURXQG FRPSOHNI[LHY WIKH KH{XUNG JRIRXEME L R X

FP IURP WKH EDVDO FRQWDFW ZLWHK XNSSHUi\H® RRUWPKHVLRQ



+XNRGGHQ OHPEHU FRQVLVWYV RI DODMME QD WIL\W K EB @\ RFDDPL
GHSRVLWYV RI IDFLHV E WKH ODWWHKILUQ | RVKRL DD PNHDONOR § R FEIHH
DOWHUQDWLQJ EHGV RI WKH /\VDNHU 0EPENKVWKRZN RAKFX-UHU R
JLIXUH ' )LIXUH ( 7KHVH SDENDJM® FRPRU MWH VWPKIHP EHDU
FHQWUDO P DQG WKH XSSHUPRVW D[LPP D7 IO VHV 23 MNHDWYHREQ E
P WKLEN ORZHU DQG P WKLFN XSBWUW YSD FRDQWHDKH B H RDKII
PXGVWRQH LV JUHDWHU WKDQ WKHZDEKMNWRRGHUERR VERQW L |
WKH VXFFHVVLRQ ZDFNHVWRQH EHGV DUW P RUD UON TOHHDWLI
ZKLOH LQ WKH PXGVWRQH ULFK SDFNDIUHYD ZOFRRVUW RRG EE D
SREFNHWV RI IDFLHV E KHUH DUH JHDWW B RO \WPKRHJ M XCFEEXIY G D R §
KLJIKHU FRQWHQW Rl ZDENHVWRQHD BRRQWRWY MV E & @ 6 BVUHERXDMN
PXGVWRQH EHGV D VLQJOH P WK KXEN EH G SPDIFID\VFWIRY HY BD G
IRXQG LQ WKH PLGGOH RI WKH PEPEFRIQWLWKLIVS VR B LIAHD YW
FRQWDFW RI WKLV SDFNVWRQH EHGX3RBE B LEYIDW WHR GRUHRD QAR
VKRZV D GLVWLQFW FRDUVHQLQJ XSZDUB RXRMKH PHRGHU WK
FRQVLVWLQJ PRVWO\ RI IDFLHV D EDXMIDMH WRHRQSHUW P DQ!
RYHUZKHOPLQJO\ RI IDFLHV D $G6 ®RUWKRQ®IURX QK H R/MHFRID[GI
QHDU WKH WRS RI WKH 6YDUWRG G H® 0HRPEHWNK D FRORY D FEBWZ.C

RYHUO\LQJ (OQHV )RUPDWLRQ

7KH WUL SDUWLWH VXEGLYLVLRQ @ $®PMUEK W ROQ KMAKH + XN
WUDQVODWHG WR WKH .RPVWDG )RWPDWRBBD @0 WEKRRS R \GHRIN
HTXLYDOHQW WR WKH ORZHU SDHANDJH RVKRAEKMN +RQNWRK PR PALR

JRUPDWLRQ ,W VKRZV D ZHDNO\ GHILQWWG RRD UWN QLIHXIS Z DR



DQG ORZHU P SRUWLRQV FRPSULVMERRXOO\ R LWFLPINVG ®O:
WKLFN SRUWLRQ FRQVLVWLQJ RI IEFFHGI\R| IBERNW WK WRHN K
ORZHUPRVW SURPLQHQW KDUGJURXQW®W KH BNDHUHODMW) WEHG RQ
$GGLWLRQDOO\ D OHVV ZHOO GHYGPRWH A HG UGB UR RO GNKD
RI WKH IRUPDWLRQ 7KH FHQWUDOR®DUW RS SUKRH L.ARPW WD\G ) RL
DQG VLPLODU WR WKH /\VDNHU OHPEHIWDFER@VLYV@F FEl DOMDHHU
DOWHUQDWLRQV RI FDUERQDWH P X & ¥XWKRQ M W LDRKH DODSES 2 D F I K
.RPVWDG )RUPDWLRQ DV WKH\ DUH L QDFKD XN ) BHPORW DY
GHILQHG +HUH FDUERQDWH PXG\WWWRQH LR G\RFH G B QW UDOW K
WKH XSSHUPRVW P VHSDUDWHG B\QDXGBEMU PPWWKERNSDOHX
ZKHUH ZDENHVWRQH GRPLQDWHYV 7KY¥WSHD W\R HAKQH LVX NH QRHULPID
ZKHUHDV LQ WKH +XN )RUPDWLRQ WKUBWHZDRESBYD\RBE BLRK
FDUERQDWH PXGVWRQH ULFK SDFNDJFMHR/QW.RKHAVVRRV WE G HR UFDL
PXGVWRQH ULFK SDFNDJHV VHSDUDWHG E\ WKZAR ZFNHHW W RQ H
IDFLHV E RFFXU LQ WKH .RPVW D GHRRUPDWHR Q QS WHIHH Z B © MHL\D\
KRZHYHU WKH\ DUH OHVV IUHTXHRFWXWUARFED ULQ/ RUK RV R XWK k
JRUPDWLRQ $V LQ WKH +XN JRUPDWIGRR!| [IDFLRVOHB DS SHBKIF
WKH PLGGOH RI WKH .RPVWDG )RUPDWILRQVDPIRI@IALM W KB QL& W
E DQG LV WKH RQO\ DSSHDUDQ FIR WRF D IVEIRHV $D STLRWPH.IQP @A H
GLVFRQWLQXLW\ VXUIDFH FDQ EHDLFGM @W WIK H\G DF NWKHRXQHS B |
VLPLODUO\ WR WKH HTXLYDOHQW BH G KR YRGS LD WK HR + X\NK HR LF
JRUPDWLRQ LV P WKLEN DQG FKDUDIBWHKVY]HDBQE D[EO VEHW® DA

PLGGOH FRQVLVWLQJ RI D P DVXGE PN B QY MWH BRH GDFHEWLPHWHL



RI IDFLHVY GLVWULEXWHG WKURXWKRXWW?PROMWLRQSKHBUSBRBIMLEF
GLVFRQWLQXLW\ VXUIDFH IRUPV DW RAPHD WH B Q VWR\S VRKHNVEKRQW

WKH RYHUO\LQJ $OPHOXQG )RUPDWLRQ



'(326,7,21$/ 02'(/

9HUWLFDO )DFLHV 6XFFHVVLRQ

7KH VWDFNLQJ RI WKH IDFLHV L Q ON KM HOXHNF VRIUYPHD W/ IL RVGK HL \
ZDWHU GHSWK GXULQJ GHSRVLWLRQ WIQHOXH®LFALHQ WV KCH- EK D U
GHYHORSHG 7KLV IRUPDWLRQ FDQ KH VOIS D/UND N G QLIQ SIRWW/ZF
ILQLQJ XSZDUG VHTXHQFH IURP W KM \ERN H RO WEFHW RZU MIKWW R E
XQGHUO\LQJ 7{\HQ )RUPDWLRQ XS WERRRIXD WK HEHR O NK RYR.X
WKH EDVH DQG D FRDUVHQLQJ XSZD UG EHIG XHQW K U B R PKWKIDH
IRVVLOLIHURXVY SDENVWRQH EHGV RI WEHVKSSGIRZ6NDRWWE K6 H
VEFDOH VWDENLQJ SDWWHUQV WKH WKQWNR 2 MRAHHYFDROPDHN H I6GR
ZDENHVWRQH DQG FDUERQDWH PXGVWWRMH EZR QYW QW UHFODH
XSZDUGV 7KLV LV LQWHUSUHWHG DY SMKO HIFWWMVD G HG RV H /Y D
VHGLPHQWY IURP D PHGLDO PLGGO EKIQNWQYLER®EE D W KR
XOWLPDWHO\ GHHS VKHOI VHGLPHQWV7K&XNERHW\WB MIQRE WHKE
VXFFHVVLRQ PLUURUV ZKDW LV VHH® VQLW® H ZQ RVZKH UQRADHOU BRH C
ZDENHVWRQH DQG FDUERQDWH PXGVWROQMX BN ®B\R G FIRMIWH. Q\.
XSZDUGY RYHUODLQ E\ WKLFN EHGV RH IMKHWHY BHR®Q\WH WREBHY |
XSSHUPRVW GHSRVLWV FRQWDLQ WRWREN.E BGP\R B H STUR Y WIRQ K
WKDQ DW WKH EDVH RI WKH IRUPDW L R @ HWXAHHY WW H VHQE Z R
VFDOH VHTXHQFHV WKH 9RONKRY .XQGD [ERDQG B U FBHG LG/UR
VHD OHYHO UHSUHVHQWLQJ WKH SUR[KRD{XI®BRWPG®MIRQL W V

2ZHQ HW DO &DOQHU HW DO



'KHUHDV LQ WKH +XN JRUPDWLRQ ZKHUKSZFOGYDU RYHUD
VHTXHQFH FRXOG EH REVHUYHG WKERIWDWWHHFOBA DY WERY.HR RWM
9RONKRY .XQGD ERXQGDU\ EHG WKHUMRDV\VHQHQY XSZDOGG H
VHTXHQFH REVHUYDEOH JUDGLQJ IURGG SWWHN\EWMB G H G @\I RNW
EHGV Rl ZDENHVWRQH P IURP WKH RIIRQ FRIQWDEFIWD RQ WK HOF
JUDGXDO ULVLQJ LQ ZDWHU GHSWEK RGHSRN LSUIRQPUPIDO VRN G Gt
IROORZHG E\ GLVWDO PLGGOH VKH®QH®IQRH R W/W L PO F R M ¥ WHHS|
TULJKW +DUULV HW DO ' KIMW DR/ QL Z KHKUIHH +DX NF QRID U R
FRDUVHQLQJ XSZDUGV VHTXHQFH FRXQGLBHWKEN HRPWHAGD GVKW |
FOHDU $ERYH WKH 9RONKRY .XQGD ERX@GDY\GEHHGQMEK HUH L\
FRDUVHQLQJ XSZDUG VHTXHQFH REVEHWG G BG H DIRNDHBMMYR Q H ROPG
SDFNVWRQH LQWR WKLFN EHGV RI ZDF MHDWMWRRIHWRH UR P PADRAHL
7KLV LV LQWHUSUHWDWHG VLPLOBUWXNWR WKW KB SQH D \S S\ R
RI GLVWDO VKHOI VHGLPHQWYV | RIOLGRZMHG \EK HZLIVEHDIR WIRVE B R
WR WKH +XN WKH .RPVWDG LV WR $ISSHGH G\ ZID SDHF N RH) 1R [DIQXBN |
FDUERQDWH PXGVWRQH ZLWK WKH PXIGNVWRIQMKRD KR PSS RV W K
JUDGLQJ LQWR WKH FDUERQDWH PXWRQYRYD HR IDW & HV $ O P F IORXI0,
JRUPDWLRQ LV LQWHUSUHWHG DV VQK HWK® VHHOG RV WBI.DH @ HRY H @ |

GHSRVLWLRQ 7LQQ DQG OHLGOD 1L®%EVHQWU|P HW DO

/IDWHUDO )DFLHV 6XFFHVVLRQ

7KH +XN DQG .RPVWDG )RUPDWLRQV DHWYHQ@QMHUSYHWHGJ
SRVLWLRQV DORQJ D ORZ LQFOLQH® FD WVER QDFDH KA DWH\UW

WKH IDFLHVY FKDQJHV RI WKH IRUPDW MHADV OHYSHIH 0 I @ WH- @QH URK



UHJLPH 7KH VHYHQ IDFLHV LGHQWUILJMGDLODWKHW VRIXGM FR DI
VXE VHWWLQJV ZLWKLQ WKLV ORZ WOKH EQIBDE WKH® PRYHORA
GHSRVLWLRQ RQ ORZ LQFOLQHG FD U% RQBRHW B/HHSR Y GW UR QWD
DV LV WKH SUHYDLOLQJ LQWH U PRKEW DW RR QVKIHW2KIHG B Y ISFR\DLQY
VXFFHVVLRQ RI 6FDQGLQDYLD H J 2ZHM HW DO +DQVHQKWI

&DOQHU HW DO KLJK HQWHIU \OH®DGS V KDRD VKA ZDH SRV L
FRDUVH JUDLQHG VHGLPHQW ZKLOH UHDPDBMW MH O3 HORZVHY R W
GHSRVLWLRQ RI ILQH JUDLQHG VHEGP @R PJ RV KHLRG HEQ + I U
DO IRU WKH 2UGRYLFLDQ VXFFHW HRWHJIVIVRVRRLIVEKLF
6FDQGLQDYLDQ VXFFHVVLRQ WR WKH7KBVW FZR ®/HQ Q/ KVRKZH VD P
VKDOORZ VKHOI ZLWK JUDLQ VXSSRUMDNG B HGQLGGMW V KHD B VR
FRQWDLQLQJ PL[HG JUDLQ VXSSRUWHG/DRQGSRMS VKBORUWHG
HQYLURQPHQW FRQVLVWLQJ H[FOXVLYHOQ ®RIDPEBVV.RSSRUWHG
HQYLURQPHQW FKDUDFWHUL]HG E\ RUBNQ)ROOKEXLQUOLR L FOTR
WKH IDFLHV LGHQWLILHG LQ WK LW KWHXG\REMHY ESIUR[RXBE ® LG

WKH GLVWDO PLGGOH VKHOI DQG GHHS VKHOI HQYLURQPHQW

7KH SUR[LPDO PLGGOH VKHO! IDFLHWEH®W Q BSISRYHYWR
UHFRUGHG LQ WKH +XN DQG .RPVWDG YRWPRMWRLRWOWL YAHKLV JRQ
IRVVLOLIHURXY SDEFNHVWRQHYV IDFLHV WH DUHY/ H Q ANID WARKGH
JUDLQ VXSSRUWHG SRUWLRQ RI WKH PRL[HG  PLKAWOGIHBRKRNVOQ W L
HQYLURQPHQW LV FKDUDFWHUL]HG DWKBEHLWDHITEHDDYALL @ X WQHSX
UHZRUNLQJ Rl VWRUP HYHQWV EHW Z HQHHQ B\H BILR GAD R G H H © [DVQL

+[10LQJ 5DQNH\ 7KH IRV VIK®IL | BBRKY IRXW B UH WK WQ W



FRPELQHG ZLWK WKH ELRGLYHUVLWWRRG QR @ ISH H IUHDULHQYW DI
LQGLFDWLYH RI D UHODWLYHO\ KLOKVHQMWU X RZHMPY 7®E LEDG
HQHUJ\ UHJLPH OHVV WKDQ WKDW FKDUWHIWFK QYL RQ PH QW
ZKHUH WKH FRQVWDQW DJLWDWLR@WRP X0 YGHB RWLWQRIR XK
KDUGJURXQG GHYHORSPHQW REVHDYHGHZEMW®XQ 8 QWK L) GD F DMWM
VHGLPHQW VWDUYDWLRQ RU FRQGHE\QKIDIW LRIDG KR\ B Q MWQHD O O\

WUDQVJUHVVLRQV /LQGVWU|P 1RUGOXQG *XWWRUPV

$GMDFHQW WR WKH SUR[LPDO PL &G \PHHESIOGIHERNWQ WND |
FRQVLVWLQJ RI WKH WKLQ EHGV PIFREWRDW WR PLHP/L 8 R BIXW
GLVWULEXWHG SRENHWV RI SDFENVWRBMUHERBIDHWH D ANMHG WK L
SDFNVWRQH IDFLHV F 7KH ZDFNHVWRQH. DWW R IFWKER GBIWW |
PDNLQJ XS WKH PDMRULW\ RI GHSR VEN YHRQMH WIXGIOG H K S WXFHOH
LQFUHGLEO\ PXG ULFK ZLWK ELRJHQOF BUDPRQ WV RPSIRQB QW DE
DUH QRQHWKHOHVY SUHVHQW DQG OPBIUJIH G\DEFRNROWHR QBG XDEI
DUH QRW W\SLFDO RI WKLV HQYLURW PH®&WU K RH HR RAXHUDW QG H
IHDWXUH RI WKH ZDENHVWRQH EH G\ QE HLRDIQ@HOK VP RYE UR VKL ¢
%LRWXUEDWLRQ LV DOVR KLJK ZLWKRQ HWK I (Z DRFINW VAN RFGRH) Y Q

7TKDODVVUQYRBLEXWURZY DQG D %, LOQGH[ DURXQIXJ RU 7D\O

7KLY GHSRVLWLRQDO HQYLURQPHQWVLVHSUMNHEFHYMR@DIO O\
UHODWLYHO\ WUDQTXLO FRQGLW L RBQ\. WRERWIWR@Q\ EHANRIQU AMIORNV K
EDVH EXW ZLWKLQ WKH UHDFK RHWLD® HQHUJKH YRDWRW L8R HR
VHGLPHQWY KHUH UHIOHFW D FOD¥VHNDEHIOW HAL QYK G GBIHGV VE

JHQHUDOO\ VSDUVH RU DEVHQW UHGQWHRWR QYH :KIL B RVOHOAVWIHE



WKDQ LQ RWKHU SDUWV RI WKH VXFERVYRRICHW IEHL SGERDW R Q
RFFDVLRQDO LQIOXHQFH RI KLJKHU RIQPU J\WH Y ¥ QUWK\H WHIRQ MW €
WKDW WKH SDFNVWRQH GHSRVLWYV WHGUWW B QW GG KRR WLKH. RQ
VKHOI IDFLHV EHOW QHDU WKH ORZIHUODMMHFX H g IRIX HHIEWR G KH
ULFK ZDENHVWRQHV QRW FRQWDLQLQRBHERF NHWW KH SDERVWR

UHSUHVHQWLQJ D SUR[LPDO WR PH&S VEKBG GBIRVLWLRQ ZLWKLQ V

$GMDFHQW WR WKH GLVWDO PLGIUOH Q ISIRARIUI BB UHER @D W HA
PXGVWRQHV IDFLHVY DQG ELRWXUEDWHHR®HADUERMYWH PXG
UHSUHVHQWLQJ WKH GLVWDO PRVWN DFRQG VRPH/OWD G HRR B BWGF
7KH GHHS VKHOI VHGLPHQWY KHUH D W B H® UM H®OW EHILQHBI DV
FDUERQDWH PXGVWRQHV ZLWK VRP H) D\PKRX @ YWRU LY L OW B DOV W L
VLOW WR FOD\ VL]HG DQG ELRJHQLEFRW)XOUBEDWLRIY QQUWKOV O
LV UHODWLYHO\ ORZ 7KLV GHSRVR@DLRQDPKBQ DEWRHURLH DGV D\D
UHODWLYHO\ ORZ HQHUJ\ DQG W UDQUXLG®HFR QWKW LKRIQWH FAO D ¢
W\SLFDO VWRUP UHODWHG HYHQWYV HMW D BKHO S \LRW KD @& K H
FDUERQDWH PXG DQG WKH VLOLFLFOMVEBALEDRXG EKUBHMWH O
WUDQVSRUW DQG VXEVHTXHQW V HW WU QW IRK \8 LRH WHQ/SH @ V IZ
URXQGHG TXDUW] JUDLQV DPRQJVW \WER W W HIK CFLRNGWON Q W GRLIF R
ODUJHO\ WUDQTXLO HQYLURQPHQW HSIHRIG LHDHODW \L. Q IERKH GIE

6FKLHEHU HW DO (JHQKRIN6FAGHENK PADA) D O



',6&866,21

'"HSRVLWLRQDO 3URFHVVHV RI D OAGDQ L&D URERQD ¥WRHAQ 6K +

7KH OLWKRVWUDWLJUDSKLE GHSR VY WIMWRQ®Ol PR GHKB S XNV
.RPVWDG IRUPDUWLRQV FDQ EH XVH® &V R HFHRMNM DR VW @G PIUV
3DOHR]RLF WHPSHUDWH ZDWHU FDUER ®RWH USHD VWEIRWPE RAK L
FKDUDFWHULVWLEV DQG VKRZV WKH SV RFHHVIVINY FDKDEVR @ B W H

VKHOI 7KH WUDQVLWLRQ IURP WHKID G WKHG D DVWRKW K HK @/L VW\R T
ZKHUH KLJKO\ IRVVLOLIHURXV PXG ULY¥KWIIRIERQWW HJ 8D DMALW
SRRU ILQH JUDLQHG FDUERQDWH P XGV WIRMK W KH MU D QY HW LXR
WKH RXWHU UDPS WR EDVLQ IDFLHV DKMRUGLQR W RS BobKS) F/HHH\G
WR EDVLQ HQYLURQPHQWY DFFRUGL®® DWR/ kPO LL\Q WW UISQ H W [
WKLY HQYLURQPHQW FKDUDFWHULJKNDWK®\ ALLQE G ® H QUAHHZ0 E D MU
VWRUP UHZRUNLQJ VXVSHQVLRQ IDCOPX® X QRS SWHUIMDLVIHQR X V
ELRWXUEDWLRQ %XUFKHWWH DQG :ULKK VG LV W 6 GERKHW HRWQ DR
PLGGOH VKHOI HQYLURQPHQW LV LQWORZE VMRHE EO DM VETFDH (
FKDUDFWHUL]JHG E\ VXER[LF FRQGLWLRQ@¥H®SVRWM\BWOH DQG

VKRZV YHU\ GLIIHUHQW FKDUDFWHULWWLENVRQ PDIOHP-RGH BKH C
VXJIJHVW LQIUHTXHQW UHZRUNLQ JURE KWW MWH SIDQUGV : B L WKKAH VK H-
HW DO WKH ZDENHVWRQHYV D @GR DX G VVWRID®! \P IDMG/DUHL E K WE
HQYLURQPHQW LQ WKH +XN JRUPDWYRQ @ KRZH QAT XK QMK LW R |
IRUHPRVW UHIOHFWHG LQ SUHVHQFHWRIQID F)IHW UH SRFINNKW M R

DQRG FRXOG DOVR EH D FDXVH IRU WHKIHHGC URXQGGL\WWD &R IPLIGDV. WO



VHGLPHQWY 6XER[LF FRQGLWLRQV G®BMQBRHGUPHGWED WLKRD
GHSRVLWY ELRWXUEDWLRQ LV TRIQDI® RQHX HZQW K G VRKLX/UE B
LQGLFHY EHLQJ QHDUO\ RU DV KLHKVEHMQIQ WHKHYVSW R HLPHDI @ PH. G
WKH SURFHVV WKDW LQIOXHQFH PWJBHD HWVKKIHOD F3HH B R VR @V MRKG
VKHOI \HW KLJK HQHUJ\ SURFHVVHV EHFRPIHGG WV VKRROA L@ R

FRPSDULVRQ WR WKH GHHS PLGGOH VKHOI

W VHHPV UHDVRQDEOH WR DVVXPH WWDRQWKQ WKW XVGAHFI
ZKDW ZH FDOO SUR[LPDO DQG GLVWBO H IUDPGH R/KGH®O D VK HQ
GHSRVLWY LQ DOO RWKHU SDSHOV ZK LOAK VI R M QHG) WLKLHRQQ PUH.Q W\
GHHSHU VKRZ D GHFUHDVH LQ EXUURIZQDERDGVOWRHP LQWH
IHYHUWKHOHVV WKLV ZRXOG DVVXPRB WHK@WLD HO\VRIDED VER S
ZRXOG IRUP WKH IDFLHY EHOW DEHVMED RHQW DWR GLK MW RQ MK GV
QRW WKH FDVH 7KH IDFLHVY EHOWLB B M XKNHEDAW BRRQWWH WP RV \P F
OLNHO\ D VLOLFLFODVWLFE PXGVWRQNMFLHYXRIDDW L EBQFRQ PLHLM
RQ WKH VKHOI LV WKHUHIRUH YHU\ XQ{O/LEHWY HHMH WHK W ER DB\
PRGHOV DQG WKH ILQGLQJV RI WK LRQVRIXGAW X 1HZVRQDP AR GD L
HQYLURQPHQWY VWRUPV GLG UHDRX \GRZ@M VEWR/MWXKH BUR®G B
PRGLILHG DQG WUDQVSRUWHG VH®M KO WRLY GAKDR\G LRIGHG EK L

EXUURZLQJ RUJDQLVPV WR D GHJUHHONKIH¥F FSBILRAEE Q®HVD QUM

7KH IDFLHVY GLVWULEXWLRQ KRZHY BUVHD/OBOWHRDLQHQYXHKQ
IOXFWXDWLRQV 7KHVH VHD OHYHDOWKEWRWWRRORI UHMKQWH
D DQG JUDLQ SRRU IDFLHVY GHSRVILWWRIKXEK DQB WRRGIKIW

OHYHO +RZHYHU $PEHUJ HW DO DOWWXIQIMHWV WHELY VRK JW DW R H






JUDLQ SRRU OLWKRORJLHV DUHOQRBW DDWHLI R @ ¥ VEIXR\Q LRIVVWWHID G
GLDJHQHWLF DOWHUDWLRQ RIVR@H LUDDINO 0L FKK DU VKR B R 1} HVE
7KLV PRGHO LV HVVHQWLDOO\ D PRGLILF XW WKQWR H: HOVL\WM S KIDI@
LQ WKLY FDVH WKHVH DUH DOW H U RRURQVWVRKIRIOURILLG W L 6 R B @X
DQG PDUOV +RZHYHU DVVXPLQJ WKBW BPEPHEBW ) G QVKH FDO
PXGVWRQHV ZHUH RULJLQDOO\ JUDLWKWHLEK SWYHW LW R D\O ZPRRXQ
WKH +XN JRUPDWLRQ HYHQ PRUH SURE QHPLIFK LE L WX RVKFDM. HAD
ERUGHU GLUHFWO\ RQ VLOLFLFOD VWG EPRXEGNDIUR KV IDWQK/RIEG R/J I
WKH VKHOI 7KLV GRHV QRW RQOVIFFRIQOVPRGH BW RI0ORZHIGQ POl
FDUERQDWH GHSRVLWLRQDO V\VWHPV VEKMW DHUARS B AWLXYHV WL R
GHSRVLWLRQDO HQHUJ\ ,W ZRX®CHOHDQ\ \&KI3W® VUM RW LLYHID\H
VKHOO ULFK SDENVWRQHV ZRXOG G RYHEM OOWILRYQN QW URQWOL
RI VLOLFLFODVWLF PXGVWRQHV 7KLV ®DEGHSRVHWEREBRGBRG
EHIRUH QHLWKHU IRU WKH UH F HE&WVQWRU JWHIHV LIRROW K HEMHORID

XQOLNHO\

5SHODWLYH 3RVLWLRQLQJ RI WKH +XN6D®B , @ POXWHIG D\ G

7KLV VWXG\ VXJIHVWV WKDW WKH 1RIRZHIWDRQHKHN BRUPD \
SUR[LPDOO\ RQ WKH VKHOI WKDQ WKH &KHEK\AD VR SR WID/GL RRUH
PRUH GLVWDOO\ )LJXUH 7KLV 1\ B U BUW R DWKIHR Q HLO/D ®MLY H
FRQWHQW RI SDFNVWRQHV LQ WKH +®N KRUKPHDIWERQWB Q® WK H
FDUERQDWH PXGVWRQHV LQ WKH .R PD/G\(D GP PRAUFFKCHV L RIQV K K L V
SDOHRJHRJUDSKLF UHFRQVWUXFWLRBMRI %RPNI P G X RIUYY

KRZHYHU RI QRWH LV WKDW WKHWILRWAIWUR QV HVHWQKWH & HP



WUDQVYHUVH YLHZ RI WKH VKHO I HUTHVUKHIWG G/KHX® DUVWUDRW H-
WKH ORFDOLWLHYV LQYHVWLJDWHG Q& DVWKALV VNEX GV KOHULHJ VSRSVOL
RQ WKH VKHOI UHODWLYH WR WK VR®UIGOHE\Q H] X DR/l MILKDHRE \H R/
JLIXUH ZKLFK LV UHIOHFWHG LGFWHHYLYMQB W LRV VDK H/ MPAFD L

IRUPDWLRQV

7KH PRVW VLIQLILFDQW DGMXVWPHWEYWQYRBRONVKRIGW ODLG/L WK
UHODWLYH SRVLWLRQV RI IDLU ZHDW R HR SIRYG ¢ VBRIG R \ZIDW IHR B)I
PRGHO RI WKH +XN DQG .RPVWDG IEDRBW LR DQ LW K IRQ WWKXH:
OLWKRORJLFDO FKDUDFWHULVW LIFGWG & IHFSD @ KRIIOW K $R \GIG/DLHR
PRGHOV 7KH WUDGLWLRQDO PRGHMCO RQ PO UERQLDW I RIHPE VG HA
DQG :ULJKW SODFHV IDLU ZHDWKIHULRDQYIHJ EP WHK B W. QUXKHHU V
WKH PLG UDPS DQG VWRUP ZDYH EWYXH PWGWKIH B/ WIRQ W KW LARX
UbPS 7KH FDUERQDWH VKHOI GHSRVEWURQYVOGIWRXGBHO GHYBARI
LV DGDSWHG IURP WKH % XUFKHWWH BH\G | DU KW D W K H B RADH/®
DW WKH WUDQVLWLRQ IURP WKH HMKODODMRZ VWIROP WD YK H DP/LHG
WUDQVLWLRQ I[URP WKH PLGGOH VK HMHIMWR WKRQFH KR Z/HYHHOU

LQWR TXHVWLRQ E\ WKH ILQGLRJYQRS \RRVW B® X8 U RD WIKRQVX

W LV UHODWLYHO\ ORJLFDO WR LOW HWSQH VS RD L W ZRIQ MK
WKH WRS RU DERYH WKH GHSRVLW 7K@ DROX BRGLHFE SKBUYBEWHG
PDVVLYH SDFNVWRQHV LQWHUSUHWH® \8R SRV WH\RHIDD W K H
HQYLURQPHQW RI WKH +XN DQG .RPWWSHGW ) R G R DRV LTRQ W VIEQI @M
FRQGLWLRQV DOORZLQJ PXG WR GHKBWR ZIRW EG \@ RMH B HWXLHN HD

WKH FRQVWDQW DJLWDWLRQ RI ZDYHOHQHODW +®Z AMWRH W KHSER



VWRUP ZDYH EDVH ERWK WKHVH DQG RWXHFNHPBRGH O\ HG H US/H
DQG +|IOLQJ =HOOHU HW DO QHFVFKNUDCG WRIVUW |H[P & & V MWYR
IDOOLQJ EHORZ WKH UHDFKHV RI VVHRW X@G HP\R VAL W R VRIDQOW W\
HYHQWY UHZRUNLQJ WKHVH FDUERQDWM \PRKFGAMV\R R BIVWG M B/R\ULPY
UHODWHG UHZRUNLQJ LV FRPPRQ ZLWKYIQGGW®W EQUW R B OEW R NPt

ELRFODVWLF JUDLQV DQG VKDUS FRQWDFMWW ZLWK RYHU DQG

$ VWXG\ E\ 3HWHUV DQG /RVV DURXHVKWKEW WKH SR
VWUDWLJUDSKLF ERXQGDULHV LV QRVWKB FFD$DE0OO VWAURF W FED
ZDYH LQIOXHQFLQJ DQG LQWH UD PWILFQVLRIQVKI WWKHH VUHHDO D W R Y H
IRUPHG DQ\ JLYHQ ZDYH 7KLV VWX LL@Y & XWQ FBWRH & DWKHV G E
GXULQJ IDLU ZHDWKHU DQG VWR UR FFHRI)EG D\WY GRIRK @G WD W RB |
SUREDELOLW)\ RI DQ\ JLYHQ ZDYH RQWHNUD FXQRW LRQV R | WO | |
UDWKHU WKDQ VWULFW ZDWHU GHSWIKRERNQBSOHH Y DYHH 8 KK |
SRVVLELOLW\ EHLQJ LQIOXHQFHGGHHS WKNVR H B B SAIRYHF D W$ GUR
7KLV PRGHO ODUJHO\ DJUHHV ZLWK BRBW RPN REB\GH PRUHRED Q. R\C
:KLOH WKH FDUERQDWH PXGVWRQH YV THL.MOHERQ@®L WIHR Q M F W KPHR\
H[KLELW FOHDU HYLGHQFH RI DW R8UYV@WHS IFW\RG\LIEQHW H U P\ FA
OLWKRORJ\ WKH GLVWULEXWLRQ RILYWRJDPIDQHF RDDV&HE VHJ
ZLWKLQ WKH FODVVLFDO GHSRVL®YLRQDLF R RRG ZMW HE X MWOWD WHH C
UHZRUNLQJ REVHUYHG WKURXJKRXW W& HP R X R FIHW DL R I DWRKRIXHO
WKH IUHTXHQF\ DQG UHODWLYH VWUHDBHWHKQ@WW K ZXKD FW G Y\H:

VHDIORRU GXULQJ WKH GHSRVLWLRQPODIWLRIDW XANKBIQ & | RRWPH WA



VWXG\ SRVWXODWHYV WKDW VWRUPKALDNYHHFRWH B@ G IWRHG L

VXFFHVVLRQ QRU LV LW OLNHO\ DSSOLFDEOH

SDOHRHQYLURQPHQWDO DQG 3DOHRFOLPDWLF ,PSOLFDW

J)DFLHVY FKDQJHV ZLWKLQ FDUERQDWHEYXPFHHVYRRQV FDQ
IDFWRUV LQFOXGLQJ EXW QRW GHBWKH & DWRHRK BIQH Pl IvVV WU ¥ D¥
ELRORJLFDO SURGXFWLYLW\ 5HDGDO 7XFNEUNKH VKBDOD RV
HSLFUDWRQLF VHD WKDW FRYHUHG % @®WNLEFP GXULQW WKHORN
WKDW WKH IDFLHV FKDQJHV UHFRUGH® DLW LWRQN DXINH BDQC HRP \
SURGXFW RI IOXFWXDWLRQV LQ VIRD JIO0D/AH®R HKRWWNHIMWY L DIOHDW |

6HD VXUIDFH WHPSHUDWXUHDWIK '®%B DGWLIAD @ OWLGE H DMK\

‘buzLooLbQ bUH HVWLPDWHG WR KBWHDEOHHQ DDIRXR ®WPRYV 6

2 DQG &HYHOV HVWLPDWHG WR EH DURXQG D/QRS (GZDU«
SSP &RFNV DQG 7URVYLN UHVSHFWO FXKOYHKROH WKH
%DOWRVFDQGLD E\ 1LHOVHQ LVARYHD WOHODWOLE W WHOHO M D

LV HVWLPDWHG WR KDYH UDQJHG EHWRISHQ@ Q ®&DD /G D ®HLYHER

SDVPXVVHQ HW DO

/ILNHO\ WKH PRVW HQYLURQPHQWDOO\QVE DNV V¥LWH IS VWK |
I\WDNHU OHPEHU RI WKH +XN )RUPDW LRRQVDRIGWWKHXBEGGOSR DX
WKH .RPVWDG )RUPDWLRQ 7KHVH SDUWWRBL]W&HEV XHSHWWYIL\Y L
LOQOWHUEHGY RI ZDFNHVWRQH IDFLHV HQH FIDFQBVFDUE RALDMWKH
WKH .RPVWDG )RUPDWLRQ 7KHVH WRLRQEWEN YREBOFDINWH IGS$F
ERXQGDU\ EHWZHHQ WKH GLVWDO PRGGWKHVEURILADBLENHE \

IDFLHV 7KH VHD OHYHO |10XRWADVWKIR QVGERY LD OW LKDYE



LOWHUSUHWHG WR EH JODFLR HXVWOQ®WUHEZRQROXWDOWXUHLHOY H®R

+LQWYV HW DO DQG WKXVWWREWBDHOEMBBQAOMKHRW RC
SDOHRFOLPDWLF FRQGLWLRQV ZIQVKWKRLIRBDELWIBOPGH BOMQXHJ B X
WKHUPDO H[SDQVLRQ 6FKXO] DQG 6FKWBU QHWE&L QJ WRXWEMHLT
OHYHOV ZLWK FRROHU WHPSHUD W XOUHS FORHHDELKF WKRH U@ D BL D
FRQWUDFWLRQ UHVXOWLQJ LQ IDOOLRZWNB W HY\H QR W(HD®& LER N
(JHQKRII HW DO WKH FDXVHXOWLKKWHDWHR EHYK & GOLXF
%MiUNNVKROPHQ )RUPDWLRQ PD\ QRWKEH QWWHFWROD WOWEKHR |
DPSOLWXGH RI PRGHOHG VHD OHYHO +BD @JIH3/ 6 HKXWWHOVHQ
'URQRY HW DO GRHV QRW PDWEWRRORGURNVWKAR KIKQI5MHIHO
$OXP )RUPDWLRQ WR WKH FDUERQDWH & NV KN riRWKHRWOOPAH Q J) R I
JRUPDWLRQ $ GUDVWLF FKDQJH Q QWXKUWHK RVKRRIK O G| BHX U\ DOMLFF
OHYHO UHFRQVWUXFWLRQV DQG VKRZQOEHDWKREDODUFRWYED (
6XFK DV LQ WKH %MijUNnNnVKROPHQ )RUPDWLR® | EBRMIKWW R g A X I
UHSUHVHQW D VWDUN GURS LQ VHDR G RWYH OHQO WILKYDHO W RRW R
6R ZKLOH WKHVH VPDOO VFDOH |IOXEWXNMWDRQVF FR\PKBQH @W

LW LV DOVR OLNHO\ WKDW UHJLRQDR 06 WD QGILIQ B B DBV WHRFOWR Q |

$ SDOHRFXUUHQW UHFRQVWUXFWLRRQROORRZVQIKWEK®G PH
UHFUHDWLQJ FXUUHQW GLUHFWLRQ GRUPQW WKMH GISR VWD LR §
XWLOL]LQJ WKH RULHQWDWLRQV EX©BBKMNORSRE WRB KOS HR >
Rl WKH 6YDUWRGGHQ OHPEHU LQ WKH 2VQARX{WMNHY UHIKRE )L
, 7KLV DQDO\VLV VKRZV WKDW WK H WU R 9DR DL HWHER FUR

QRUWK HDVW )LJIJXUH 7KLY RULH@QWDWKLHR @ RERDKYE D\ RV IU-



RI 1IRUZD\ DQG QHHGV WR EH FRUUW FGAKHG FVWR. R® | QMG DAMWL K H |
GXULQJ WKH WLPH WKDW WKH XS SHRGRERMVVOSIR EW U RZHW R | OMISHR
3DOHRJHRJUDSKLFDO UHFRQVWUXFWLROUWERWKD D ¥D OWRVEY
RULHQWHG DSSUR[LPDWHO\ [ UHW®DRQL YK LOR MXW XXH G HQRV
*RQGZDQD DQG URWDWHG FRXQWHUFORMNZH HHQ G \RISBKIR[$ 0D
VWDJH ZKLFK DSSUR[LPDWHO\ FRUUHVSRB®OGR W R MRCH B DG
DO 7KHUHIRUH WKLV DSSUR[LPRWBW WXKMH SV @HR FXQD\ |
WKH HDVW QRUWK HDVW ZKLFK IWHNSKRWRRIL FZIKWD WOL M WORRPZ \WWKKH

YMRUG )LJIJXUH

&RPSDULVRQ RI )DFLHV WR 5HILRQBREPWAHRIYHYHO 5HFRQYV

'KLOH UHJLRQDO UHODWLYH VHD OMMBO UHERKYWHUXFWLF
'URQRY HW DO 5DVPXVVHQ\HVW HWXUH WK BDDOKBU V
VHD OHYHO SDWWHUQV ZLWKLQ WKH |PARSGDKIH DG RFMLEG G D Q DX
WKH ILQHU VFDOH GHWDLOV DUH OD WIHXHCRLMW. BG \BXFRK DSV
UHFRQVWUXFWLRQ LV WKH 2UGRYLFLDQ %YRSORAMNYVG EQ G LB QWHH
7KLV UHFRQVWUXFWLRQ DGHTXDWHYH G KS WKW BV WHKFRW

LQ JUDSWROLFWLF VLOLFLFOD VWL FHRX FRUPPGH\R @ | DV IGHWXKGHG
RYHUO\LQJ (OQHV )RUPDWLRQ LQ VRGWKHVRXMHEDQ B QB GHOP
ZHOO DV WKH UHODWLYH IDOO LQDVHER @IHW H G YOV GG R R BW\G Dl
JRUPDWLRQV )LJIJXUH +RZHYHU WHK®IOI LDQMH \WHEHD G HH SR BMLLAR\
UHFRUGHG LQ WKHVH IRUPDWLRQV DBM RIUWKEMH Q BVULI® N KLY
UHFRQVWUXFWLRQ )LJXUH 'KDW LV VXSURBRMBEEWKH VI

1LHOVHQ LV RYHUDOO DV VORZ@HBEWEKYDW KDRXUJ KR W QN






VHFRQG KDOI Rl WKH 9RONKRY %D MWIGF (6W DJ H CRD W H ¥ X 8 G\
RI WKH .XQGD %DOWLF 6WDJH 1LHOVID®OHW] B QBWK® ENU D O

:X HW DO $GGLWLRQDOO\ ¥XHYHHFR YPWO RFAH RNV H\QVW |
IDOOV DQG VXEVHTXHQW ULVHV LQVHNIE HGTHO® FOWIERMDLVDN LP

DQG ZDFNHVWRQH Rl WKH PLGGOH RSl ERFMFKH WMKLR @XN DQG .RP

'LWKLQ WKH +XN )RUPDWLRQ WKHUQDRDEGQ UBPDOHOXVEBIFNL
GHVFULEHG DV D URXJKO\ ILQLQJ XSZBUW KH VXHFGHANVURE@ WX
WKH PLGGOH RI WKH /\VDNHU PHPEHUPXKENWHR QH GR\Y WYH AD D\
DSSUR[LPDWHO\ LWV KLJKHVW )URPQ®DKH FBRGDYWR QWK H RIQHMVDHD(
ZLWKLQ WKH PLGGOH RI WKH +XN )R UPR WLKRHQEIDMHG R D &/® H G4HEF
6YDUWRGGHQ PHPEHU ZKHUH WKH LQWMHEWRGQGHG WV RGVUWRODL
IRVVLOLIHURXYVY PDVVLYH ZDFNHVWRQH) EDARNVLELIBDQRBXNVWYV I
SDFNVWRQH )DFLHV D )LJXUH 7 KBWHH D BIH\H @ REXXQUY Y XN
UHIOHFW D UDSLG IDOO LQ VHDIJEMYHO IRHOOBABRY WKLHR B Q CR X
D JUDGXDO ULVH DQG VXEVHTXHQW XJIKIRGXD & XID GG $ RV MWD FOG

ILQDOO\ WRSSHG E\ D UDSLG ULWRIIRRO® RKBHIRVWWHRHO G VWDJ

'LWKLQ WKH .RPVWDG )RUPDWLRQ WK Q D.WJE& DWFIHDH VW
UHIOHFWLYH RI WKH +XN )RUPDW IUFDQ QZUWKK DOUWER RO R YHRY HPE
7i\HQ )RUPDWLRQ LWVHOI RYHUODIPXGYVW®W H DEHG @ Bl BNHD/WWE
ZKLFK UDSLGO\ GHFUHDVH LQ UHODW LR WHZ O KKHWMORIDML K R PISF
PXGVWRQH LQFUHDVH WR WKH PLGG QKR I+ KH IWRPFWKWLRIQG (
WKH IRUPDWLRQ WKH RYHUDOO UHW®WBW WY ADRD B B RAHHVQHWARX G §

JUDGXDOO\ IURP D ZDFNHVWRQH ULFWWKBARDPBDWHPRQY WKH ®.



XSZDUGVY WR LQFUHDVLQJO\ PXGVWRKLH N LEFFHKG VQRV HUHF D WD\WH @
FDUERQDWH PXGVWRQH QHDU WKRIWRGH )ROUBOG PRHIWDRDWKR C
WKLFN a FP EHG RI IRVVLOLIHURXV FDUEHRGDWN IMKANHVWRQ|
DSSUR[LPDWH VHD OHYHO PLQLPXP FOWNMALFQR XVGK/NV R Q M HAMH R
RI WKH $OPHOXQG )RUPDWLRQ 7K HWHDI EDFHYHH/O ZIRXXWDYCH WX R JBIN I
JUDGXDO IDOO LQ VHD OHYHO IROHOR ZR QB DWKLHR & QGH § RADLWM VRR
IROORZHG E\ D JUDGXDOO\ DQG UHD® W HOH LFRHQ X/ W\ H QGM S X
NH\ SRLQWVY QHDU WKH EDVH Rl WKH FBIBERQDWRH KG\UW RQK
FRQWHQW DQG QHDU WKH WRS REINWEKHG | R U PROWWLLROQ. | HKIHRXHY X R
LV UHFRUGHG OLNHO\ UHSUHVHQW E WLLHIJ VPWD GO LVHAD®HS B M 1
RI FKDUDFWHULVWLFDOO\ PRUH VKDO®RZ IDFLHWFAK 11 Q 9D®G: D

&DWXQHD X

J)LQDOO\ ZKDW LV XQDFFRXQWHG |RW LLRXQWKHD B WD YO-H WHRO
IDFLHY UHFRUGHG LQ ERWK WKH +XNWKX®GO.LRPHI O B URKEG WL |
=HFFKLQ DQG &DWXQHDQX DV UHFRNVIGLH® IEH®& R FP WR
IRVVLOLIHURXY FDUERQDWH SDFNVRWG@EGHO H RALER'W R VIREKFHY V-
URXJKO\ WKH VDPH VWUDWLJUDSKL¥HIRVRURQUDKQVUERK RI
FRPSRVLWLRQ KDV EHHQ LGHQW LUHS® HQHWYMHD H/ LR Q P LW D R @A\
VHD OHYHO IDOO DW WKH ERXQ G D XQEHWYZ B 8 @ WFKEHWDRIGINK RIYJ
HW DO OHLGOD HW DO ILQGVYNRI HW DO 7KH VI
OHYHO FXUYH SURSRVHG E\ 1LHOVHQ\ DF FRZKQVD H RN UG RHW U}
VPDOO UHJUHVVLRQV WKURXJKRXW WRKMV@/HMHSR VRWPLIRYLR QW K &

QRW GR VR DGHTXDWHO\ 7KH SUHUBQGHJRF KV R HWK RQR UHBL E



LOWHUFDODWHG EHGV RI FDUERQDWHKHHXGCWKRQHDQ W LYDH R B
PXGVWRQH FRPSRVLWLRQ LV DW RU @LG D @G [VREYPWDXQIN HI (

VHD OHYHO IROORZHG E\ UHODWLAYH XDOHPDQUMHWDXGHYHO R

6XJIJHVWHG )XUWKHU ,QYHVWLJDWLRQ

'KLOH WKLV VWXG\ SURYLGHV VRPH RQVILQRWLOPER WKH F
FDUERQDWH VKHOI HQYLURQPHQW FROWLLIRH) ¥ X R XOUQ B Q.R IR ¥ VD G C
FRXOG EH IXUWKHU EROVWHUHG EL DHG WK HR QDD UGQHW Wi QI
RFHDQLF DQG FOLPDWH FRQGLWLRQV RIUWSKH YWV DRN HW KO-H PRERHM
JRUPDWLRQ WKH\ PD\ VHUYH DV DQ H[FOQ®@B®\ BKBRUBVRI O
+RZHYHU WKH PRGHO SURSRVHG E\L BB WHIWJ WD WON K HV H LIDTGW
SDFNDJHV Rl ZDFNHVWRQH DQG FDUER QIDVWH BK6R WIRQIR PDOC
UHFRUGV RI VPDOO VFDOH FOLPDWH DK GV K H I [OGHY®HD 2 0 & RWIXF
7KLV FRXOG EH IXUWKHU LQYHVW LS DRSS HO B\RZH RN KWHW B 6\

DQG UHILQHG E\ (LOHU DQG LD FOXMHSHBGQVRWRSH
WKHUPRPHWU\ 7KLV PHWKRG ZRXOG DQ/D\®HPLSRE @/HRP B\ § Bl \D\D Wit
SDOHRWKHUPRPHWU\ Rl DQFLHQW URFNR R& GLER BWE 0 \DRHD V X

& 2 ERQGY WR UHFUHDWH VHD VXUIDFFARXOBSW K B XEHH | XKW
DSSOLHG WR WLPH HTXLYDOHQW IRDPDILR DU XGK QR XN KR X\R @
/DQQD )RUPDWLRQV RI FHQWUDO 6ZH®WG /XQWBKNEJIJHDWW QQV
(VWRQLD DQG 5XVVLD +DUULV HW DGSSOLPBWERQWHWRDWKHV
IRUPDWLRQV ZRXOG DOORZ IRU WK HX 0 WKRIWL WH R @M MR\G B QO

PRUH VWURQJO\ YDOLG WR VLPLODWWMWRMHPHU OWHVZDWX®\ KGHRW



KRZHYHU SURYLGH VLJQLILFDQW PGG MHZUHFRIIE R | L\DXEK D K

GHSRVLWLRQDO V\VWHP VHWWLQJBRBWKVWKH ZXKHFKVWRU[ER



&21&/86,216

7TKH +XN DQG .RPVWDG )RUPDWLR®QH IPRFEQHWVV W DRV LFBIUW B X
DQG EUDFKLRSRG EHDULQJ FDOFDURRXW P RXEWYE RADH EIDE D M\H
ZDFNHVWRQH IDFLHV SODQDU EHGGBGE6LIHRWVLOLQRGRXD Z DA
OHQWLFXODU IRVVLOLIHURXYV ZDFNHV\BR@HZDPBPRHHW RE S DPPANG/
IDFLHY F PDVVLYH IRVVLOLIHURXYV SDEQNVNWRNV IPBFEUHRQD\

SDENVWRQH SRFNHWV IDFLHV E

7KH 1RUZHJLDQ +XN )RUPDWLRQ DQRUPION bR B GLINVKU.HRPH@AD
YDU\LQJ SRVLWLRQV RI FDUERQDWH IDFGRYLG HY @ ORSBEW RWF D
SDOHR EDVLQ 3RVLWLRQDOO\ WKHRYXNSIRRIPPIQRIH & RS UM VF
WKH .RPVWDG )RUPDWLRQ UHSUHVHQWWRRRRBHUDISKILBO GHSR)
UHFRQVWUXFWLRQV KRZHYHU HVWNMIDW HR QUK\DWH B/KHIWHIQI\R U F
NLORPHWHUV RI VHSDUDWLRQ D\W B DQ WWKERHV VEKHH.)IJ SRIRRV WADH SV}

VKRUHOLQH

7TKHVH VHYHQ IDFLHV PDNH XS G LW\AXEQBW LIHD\F [EHHMO /WO W/ H
SUR[LPDO PLGGOH VKHOI HQYLUR @A HXQAN LWR G PHLOMW DWKML & GR
GHHS VKHOI HQYLURQPHQW DQG WKHQ@WLVWBOCSGRHY V& HPAIGIE
VKHOI LV FKDUDFWHUL]HG E\ PDVVLYHGIRWWDOLPHGRBXW S/IXHNM
FKDUDFWHUL]HG E\ SODQDU EHGGHG PDVWIKYHSBR MIRDLO HAHREKS
VKHOI LV FKDUDFWHUL]HG E\ LQWH ULFODW WR\RVQ\O RIIHW R XY OA DE-

ZLWK SRFNHWV RI WULORELWH DRQHE SBFKHRSO\R G/ EABWU LRV VI



FDUERQDWH ZDFNVHWRQH DQG FDUERQ®HHS FXGBWVOWREYPH DQG

FKDUDFWHUL]HG E\ IRVVLO SRRU FDOFDUHRXV PXGVWRQH

)DLU ZHDWKHU ZDYH EDVH LQ WKLWR XPFFHVEHRQ ZVVQQWHB
IDFLHVY UHFRUGHG LQ WKHVH IRURDWDRQWR QZRW KD WK A HIRW K/ ML
DSSHDULQJ WR KDYH LQIOXHQFHGFWHKW GHKBER \PIRVMR@\ B1J WHKHHWY
WUDGLWLRQDO SRVLWLRQLQJ RIRBLLIQEBDDYKEWEKBYH BWWRH R
KRZHYHU DSSHDUV WR KDYH KDG SHHUWKGIRX WKR K\WLWR 8 L\FXIEE
ZKLFK ODUJHO\ GLVDJUHHV ZLWK WRAH/ WR DB LADLYRHQBDMV HQDWH W\
WUDQVLWLRQ IURP WKH PLGGOH W KMXIGW RV KMHKUHH GRHUHFS WXXIH GV \
VWRUP ZDYH EDVH ZDV SRVLWLRQHG EHORAR Y KBIQOG FALIHVHRN &
SRVLWLRQHG DW OHDVW DW WKHKMBAU\RLZWWR LIPOW KRl BADKH. &

WKLV ORZ LQFOLQHG FDUERQDWHRUKGHG LEH QKD W K X\FKEH VD ER

&RPSDULVRQ WR ZHOO FLWHG VHDVOMKBW DKE®RKD WWKUHXOE /U &
SDWWHUQ RI UHODWLYHO\ KLJK VHIO WHHHOQGXWIOQ 1 QN KIHQGHRS
JUDSWROLWLF VLOLFLFODVWLF PX®V WHIQH KBWISRY DWULHR@D & L W

ORZ GXULQJ WKH GHSRVLWLRQ RI WHKRHAHY HDUBRKGDWH VXFFH\

:KLOH WKH LQWHUEHGGHG ZD F N HAWRRQH FIXQ G CFIOW I B Q\DWMHE R
/A\VDNHU OHPEHU DQG SRUWLRQV RI W KMH.@ R\H D G G)RE MDMWIRIC
UHFRUGV RI VPDOO VFDOH VHD OH@W® US X AWM RRY VK IDYCHVW
WKH WUXH QDWXUH Rl WKHVH EHGNYBIUD @ Il (AW RKWE@ H WU EPRIUD !
WKHP EHLQJ WKH ODWHUDO WUDFHREUGDWD WL RIKWH \DHH IV 8 I ONDK

IDYRU WKH LQWHUSUHWDWLRQ RI WHKHDV® HEYHHLAD J OSKUFIWPYOIW WRHE



SRWHQWLDO IXWXUH LQYHVWLJIDYW EFROD@OWRIVWIEKGQ GBS © Bl UARG
FRXOG IRFXV PRUH KHDYLO\ RQ WKHWHKK G RN ) RWUPNDHVL BIQPE® G
PLGGOH DQG XSSHU SRUWLRQV RI WKI®QYRNFWW DBEW)IRRJP ZWKRG
PRGHO SURSRVHG E\ $PEHUJ HW DGOLPDWILR B QG ORKPHNDH) MFK |
RI WKH LOQOWHUFDODWHG ZDFNHVWRQH ORBSHBUIE\RRWRIHP XGV
SDOHRWKHUPRPHWU\ UHFRQV WU XFWLHRWL JPMEAIRDOLRROOG \E HD
WR WKH WLPH HTXLYDOHQW FRXQ WUt R DKLRXW RV RAHK 5D KD \WRRU/HD
%DVLQ WR IXUWKHU GHYHORS WKH GHSR\VEWLRRIRQ P R WG UIRR

FDUERQDWH VXFFHVVLRQV



5()(5(1&(6

$LIQHU 7 %LRIDEULFV DV '"\QDPLW HQEFLFPAPX R DW L R QINX P-R
RI 6HGLPHQWDU\ SBHWURORJ\ Y Q S

-OYDUR - - $KOEHUJ 3 DQG $HWWHRLOGHWDUERQDWGEHNBHOR G XFW
S3KRVSKRJHQHVLYVY DW WKH /RZHU OLGGRMHQ&DPERB XWX HUQ C
6ZHGHQ *HRORJLFDO ODJD]LQH Y S

$PEHUJ & ( $ &ROODUW 7 6DOHQ@XHIHENH(J$HULLHOVHQ
ORQQHW & +DPPHU ‘ DQG 9DQGHQEURKENWXUH5RS
2UGRYLFLDQ /LPHVWRQH 0DUO $OWHUGBWILRQYDL\Q WKH 2
'LWQHVV RI 3ULPDU\ *ODFLR (XVWDV\ RU HL®FIHOQMHWLE 5K\
SHSRUWV Y Q S

%DFFHOOH / DQG %RVHOOLQL D$VWLPD'YRWUDYPIPEHSHAWDOFRP S
SHUFHQWXDOH QHOOH URFFKH VHGLWPHQW BEULL HHY $QQD OL
6HULH G6H]JLRQH 6FLHQ]H JHRORJLFKH & SDO HRQWROR.

%DVVHW 0 * HG 7KH 2UGRYLFIWD QUR\R WHKH 3URFHHGLC
SDODHORQWRORJLFDO $VVRFLDWLRQ 6\PSRVLXP S

%DWKXUVW 5 * & *HOQHVLV RIMWRRPBDQ B KYWR DB USLIDYH W L
LQ 3DOHR]RLF &DUERQDWH 0XG % XIRAGKBY 6-RKULHMW\ORRI1 W
IRQGRQ Y S

HQWRQ 0 - DQG +DUSHU ' $ 7RORJ\ WHRICFRIDEPDG RQWD]L
Y Q S

%HUJVWU|P 6 0 /DUVVRQ . 3nOVVRQ &KHROGPHOXEHII BKBD (

D 5HSODFHPHQW 1DPH IRU WKH 8SSHIG W& RRIUHDS W XV 6K
'LFHOORJUDSWXV 6KDOH LQ WKH FDWK R QWU DMKH 2L SKRLYFLLF
6XFFHVVLRQ LQ 6FDQLD 6RXWKHUHRBDHRGHED G B R POHHMLQR
'HQPDUN Y S

%HUJVWU|P 6 0 $KOEHUJ 3 O0OD@MW-JRDFKIXRAMGEHWI 0) D
'DUZLOLDQ OLGGOH 2UGRYLFLDQ &KHPBRAROUBMMLJIUDSK
&RQRGRQW DQG 7ULORELWH %LRVNWWRLWOJERSKWGEED QLK
6ZHGHQ *HRORJLVND )|[UHQLQJHQ Y Q S

%LUNHODQG & HG &RUDO 5HHIWHZ GRVWUKNH $Q WIKQURBRFH

%UDQGR O )UH]ID 9 7RPDVVHWWL AHWHRGOGREROQWROWERQD!
LQ 20LIJRWURSKLF 7TURSLFDO :DWHUWRZAHKHERWWOOGQIHPE
ILPHVWRQH )RUPDWLRQ 8SSHU 20LJRBEKQH ODOWD 3DO
SDODHRFOLPDWRORJ\ 3DODHRHFRORJ\ Y S



%UHQFKOH\ 3 - DQG 1HZDOO * V RI 8SPBMHU 2V GRDLANVDLQ
5HIJUHVVLYH 6HTXHQFHV LQ WKH 2VOR 5HOIDRFQR1IRUZD\ +
(XVWDWLF &KDQJHV 3DODHRJHRJUDSXHRBBRORRFOLPDWF

S
%URPOH\ 5 * 7UDFH )RVVLOV %B$RBORI1YF DADISK@D R*A\RIDRC
ODJD]JLQH Y Q S

%UXWRQ ' / *DEULHOVHQ 5 + TIKMIGE&MWWERQLGHY RI WKH :
5HJLRQ 1RUZD\ + 6WUDWLJUDSK\ DRGZHNUROWRNXN D Q OO HA
*HRORJ\ Y S

%WXUFKHWWH 7 3 DQG :ULJKW 5DPES 'HSR\WIDVUIER@DAVBE\VWHP\
6HGLPHQWDU\ *HRORJ\ Y S

&DOQHU 0 $KOEHUJ 3 /HKQHUW 27KBIQRZHOWBWOHR]RLF R
6RXWKHUQ 6ZHGHQ DQG WKH 2VOR BHIJLRQ WIKRH) ZIDDG H QDA ¢
OHHWLQJ RI WKH ,*&3 SURMHFW HCRHQR M FDO 6 XJ YH\ R

&KULVW 1 ,PPHQKDXVHU $ :RRG 19 MGHDBDLAK $ DQG
3HWURJUDSK\ DQG (QYLURQPHQWDO I&RQMUHRUR]RRFE WKH )
ODULQH &DUERQDWH +DUGJURXQGV (DWWK 6FLHQFH 5HYL

&RFNV / 5 0 DQG 7RUVYLN 7 + URP(DUWKR *HRJUDG KR @
<HDUV $JR $ )DXQDO DQG 3DODHRPDJWKM I HFRGIRLHZD GR X
6RFLHW\ /RQGRQ Y S

&RFNV /5 DQG 7RUVYLN 7 + D W Ho B O MADFME WLRDRQ WAKRH OL G
S3DODHR]RLF 7LPHV 7KH *DLQ DQG /RWV(RUW K BBUBQHHV |,
SHYLHZV Y S

&RFNV / 5 0 DQG 7RUVYLN 7 + RIJHRUGECRSKLFDODQ 3DoPBW
&KDQJH *RQGZDQD 5SHVHDUFK GRL LQ SWHNVV S

&RH $ / %RVHQFH ' : - &KXUEK +RZHQOLQWS 6DQG :LOVR
& | HGYV 7KH 6HGLPHQWDU\ 5KPQUKs RHEBHIR UHNY HO ¢
&DPEULGJH 8QLYHUVLW\ 3UHVYV S

&RRSHU 5 $ OHDVXUHQHREELYHWLWDULY ) 'URVHU 0
DQG 3HUFLYDO , * HGV 7 KRIGMUYHHDUW 21U ERW L RICD QY PA
1HZ <RUN &ROXPELD 8QLYHUVLW\ 3UHVV S

&RRSHU 5 $ 1RZODQ * 6 DQG :tORED®VOWUDBWRW\SH 6HFV
SRLQW IRU %DVH RI WKH 2UGRYLFLDQ &VWHP (SLVRGHYV

&RRSHU 5 $ 6DGOHU 3 0 OXQQHFNB $ DOWDSWRORLRQ
(YROXWLRQDO 5DWHV 7UDFN 2UGRY L KLDQY 6 L OKXRIQ B QL FORE
ODJD]LQH Y QR S



'L[RQ 2 $ 1IDXWLORLGV DQGDOHRFKXQWHQ\S S,QIEV. ADMWR U \
2UGRYLFLDQ /LPHVWRQHV $QWLFRV/\WL 6MGDPIEQWDQDGD
3HWURORJ\ Y Q S

'URQRY $ 9 $LQVDDU / .DOMRQDVMWR. GHDD 7 DUBRYLFLDC
%DOWRVFDQGLD )DFLHV B6HTXHQFHV D)@EG6BBRVHYH®D &KL
OXVHR *HRPLQHUR Y S

‘\HU % ODORRI $ & 3XUNLV 6 - BRDBDOMDUVLEYJ 3VKH
5SHODWLRQVKLS %HWZHHQ :DWHU 'HSWGLPGQ@WDUERQDWH
*HRORJ\ Y S

'XQKDP 5 - &ODVVLILFDWLRQ RUG@&DQE RVRD WIS B\RIFW IVREHF
7THIWXUHV OHPRLUV RI WKH $PHULFDQHROURALNMDWM- RQ RI S3

(GzZzbUGV & 7 6DOW]PDQ O 5 O5R\KWU ' / 2DQBQLRWHRQ DV |
‘'ULYHU RI WKH *UHDW 2UGRYLFLDQ WoX BRI FHRV Y L HE DAW. RX
S

(JHQKRIlI 6 2 DQG )LVKPDQ 1 WKH 'DUWNJDBHGILRHQWDU\ 3U|
DQG )DFLHV *UDGLHQWY LQ WKH 8SSHW 6HDRGILDHP FRZH R |
OLVVLVVLSSLDQ %DNNHQ )RUPDWLRQ D:L8® LY WRRX %6PNVQQ
RI 6HGLPHQWDU\ 5HVHDUFK Y S

(JHQKRIlI 6 &DVVOH & ODOHW] 6 JQLYN DRRG 6WNEEHHMD .
6HGLPHQWRORJ\ DQG 6HTXHQFH GQQWVFBGBWIDIWD\S K\ RI D
2UGRYLFLDQ 6HD /HYHO )DOO RQ %DR®WEBW ERAXHQ@MRURD
DQG 6ZHGHQ O6HGLPHQWDU\ *HRORJ\ Y S

(KUHQEHUJ 6 1 3LFNDUG 1 $G+HR[WRBEQN 7+ $ DQ&HPHQW
*HRFKHPLVWU\ RI 3SKRWR]RDQ &DUERQDMNKWWRZHD 8SSH
SBHUPLDQ )LQQPDUN &DUERQDWH 3O0ODDNRRUBPGHLPHEOW D/V\ 6

SHVHDUEFK Y Q S
(LOHU - O© SDOHRFOLPDWH 5HHFHR@QDWH XOWPBERG SVRY/R &
7TKHUPRPHWU\ 4XDWHUQDU\ 6FLHQFH 5HYLHZV Y S

(NGDOH $ $ DQG %URPOH\ 5 *QQRY DAMLIRRHQURRUWRDDIAD,) LQ &
+DUGJURXQGV LQ WKH (DUO\ 2UGRWLFLDQ ®I 6ZHGHQ /HW

(NGDOH $ $ %HQQHU - 6 %URROW\ -50¢ DQGWGRHWUEVLRC
IRZHU 2UGRYLFLDQ +DUGJURXQGV LQ 6HRXWHUHQ Q RRFW R G L (
$PHULFD $FWD *HRORJLFD +LVSDQLFD Y Q S

(OULFN 0 5HDUGRQ ' /DERU : ODDWGQ3RSHHWURFKHUV §
2UELWDO 6FDOH &OLPDWH &KDQJH D QDU DBMWRH XVWDV\ '



2UGRYLFLDQ SUH +LUQDQWLDQ 'HWHWDRILQHGCSESDRPLW R 9I
*HRORJ\ Y Q S

(PEU\ $ ) DQG .ORYDQ - ( 5% HD WHID' FHWRRQQL RQUWKHD VW
%DQNV ,VODQG 1 :7 %XOOHWLQ RO&DQDGLDQ3HWIURO!

(UOVWU|P 0 G6LYKHG 8 DQG :LONPDWIIAQ@G UPXNBYNRQ
7 DQG 6FKO\WHU 3 HGV $ WHOD VD[ W iH B G6IN® QW O ®WH)

*HUPXQGVVRQ 7 DQG 6FKO\WHU 3 NHGN 6YHUS$WODVYDWHR QL
)JUODJ

*KRVK 3 $GNLQV - S$IIHN + ®IDODXNEDH»' *RRG: (LOHU - 0
& 2 %RQGV LQ &DUERQDWH OLQHUDOWYRPHWHULQG RI 3D
*HRFKLPLFD HW &RVPRFKLPLFD $FWD Y S

*XWWRUPVHQ - 6HGLPHQWPRQKJ\L 3 DHOPHHVRIYWR ORKH 2UG|
'‘DUULZLOLDQ 6YDUWRGGHQ OHPEHU +XWORUBADMR@®RQ 6
>0DVWHUfV 7KHVLV@ 8QLYHUVLW\ RI 2VOR 2VOR 1RUZD

+DOORFN 3 &KDQJLQJ ,QIOXHOQFPHWWRYHEWHQ /(1D HWIQ &L\
L@LUNHODQG & HG &RUDO HOHIVMHD YRUNSQWKUR
6SULQJHU S

+DQVHQ 7 1LHOVHQ $ 7 DQGDODMRRAGORJI\ LQ D 0XG 'RPLC
(SLFRQWLQHQWDO 6HD $ &DVH 6WXRURDWK R Q UGRMLK HD
1RUZD\ 3DODHRJHRJUDSK\ 3DODHRFOLPDWR®RJ\ 3DODH

+DT % 8 DQG 6FKXWWHU 6 5 3DOHMRERURGRDRBYRD &KDQ
6FLHQFH 5HVHDUFK $UWLFOH Y S

+DUULY 0 7 $LQVDDU 6 / +LOWN 4/ DIIXRBEXEBO 100
8SSHU 2UGRYLFLDQ 6HTXHQFHV RI :HYWHJUQ (VWRQLD 3D
SDODHRFOLPDWRORJ\ 3DODHRHFRORJ\ Y S

+LQWY 2 'HODEUR\H $ 1}OYDN $ DPROGYDOOLZQ &XWHOD
%LRGLYHUVLW\ SIDWWHUQV RI 2UGRYLFALPRR® DOMQH DMLFUR
&RPSDULVRQ ZLWK 2WKHU )RVVLO *URXSV DQG 6HD /HYHC
3DODHRJHRJUDSK\ 3DODHRFOLPDWRO®J\ 3DODHRHFROR

-DDQXVVRQ 9 *UDSWRORLGV | WDRP MKGR2YQ W/LLR B § VDRYEH ¥/
(VWRQLD DQG 6ZHGHQ %XOOHWLIDLROQW RH WHRORILFB OV,
8SSVDOD Y S



-DDQXVVRQ 9 )DXQDO '\QDPLFVALD /KH. OXOQORI2WBRW |
6FDQALWDVVHW 0 * HG 7KH 2UGRYLBUDQURFWHP
WKH 3DODHORQWRORJLFDO $VVRFLDWLRQ 6\PSRVLXP S

.RKXW - - &RQRGRQW %LRYWURWGRYLEFKDRI2W WHK RR H U L
6WHLQ /LPHVWRQHY F 1RUZD\ 1RUVNSHRORJLVN 7LGV

ILQGVNRJ $ (ULNVVRQ O ( DQG 3HWKWHORURRRS .XQIGD
7UDQVLWLRQ DQG WKH %DVH RI WHMX-ORH @ IN\R H VU WRW GI DI
6ZHGHQ *HRORJLVND )|[UHQLQJHQ Y S

ILQGVNRJ $ /LQGVNRJ $ 0 / -RKDQRVBRG (ULNVYRQEWUJ
7KH &DPEULDQ 2UGRYLFLDQ 6XFFHV6MRQ WM UDSK\DD
'HSRVLWLRQDO (QYLURQPQHWYV (VWM Q -RXWQDOSRI (L

ILQGVWU|P O IRZHU 2UGRYLFLD Q RROQRIARQ D \6 RF LHAWR RI
$PHULFD 6\PSRVLXP RQ &RQRGRQW %LRVWUDWLJUDSK\ Y

ILQGVWU|P O 'LDIHQHVLV RI /RZXHQUGMWMW GR BEZHI@AOHR +DUGJL
*HRORJLFD HW 3DODHRQWRORJLYD Y S

IXFLD ) - .HDUQV & DQG -HQQPWERDDWH:5HVHUYRLU
&KDUDFWHUL]DWLRQ -RXUQDO RI 3SHWUR®HXP 7THFKQROR

IXWUR 2 *UDYHUVHQ 2 /DUVHW % RFNHODWHUVWDG %-HGDR
0ODS $VNHU 1RUJHV *HRORJLVNH 8QGHUV{NOVH VFD!

ODOHW] - DQG $KOEHUJ 3 TTMHMERBKDRHW EGRFERVMOQRQ L
J)nJHOVNQRJ 'ULOO &RUH G6FDQLD 6ZHGHXQ Y"HRORJILVID )

ODOHW] - DQG (JHQKRII 6 2 R (DWW HUHABPDERBESWROLW
)DXQDV RI 6RXWKHUQ %ROLYLD DQG WEHLEH, PER]RDW WR.E
/JHWKDLD Y S

ODOHW] - (JHQKRII 6 %|KPH 0 $WFEBWHSVFRERZVNMVYFK O
DQG :HUQHU 0 $ 7DOH RI %RWSKS $HGHU RU L, DLSH VDOV
2UGRYLFLDQ *UDSWROLWH )DXQDO '\GBRPMWLMORQ WAKH (G.
&DQDGLDQ -RXUQDO RI (DUWK 6FLHQFHV Y S

ODUWLQ ( .RPVWDG /LPHVW R Q&R XRWKPHDUNL B DH GHMO HU4 GJ |
5HVROXWLRQ 6WXG\ Rl DQ ,QF U H D GHZ0 6iHAHGRRILLW HD)@ X V
>SODVWHUTV 7KHVLV@ /XQG 8QLYHUVLW\ /XQG B6ZHGHQ

ODWRQWL & %RXUJHW - )RXUIHGIQHYLQ-nOND@RQRQ) ( DQG
SHLMPHU - 'LVWLQFW 3HW URDFRRDVW LEF QR BERWIRY R |



&DUERQDWHY S5SHVXOWLQJ IURP &RPEILGKWHS BVYVRWHR @ B
ODULQH DQG BHWUROHXP *HRORJ\ Y S

OHLGOD 7 $LQVDDU / +LQWV @ 6\VWHPKHQ2MMRQEDD)LHOC
IRU WKHDQXDO OHHWLQJ RI ,*&3 (VWRQLD S

OLFKHO - %RUJRPDQR - DQG 5#+HWRUR]RDQ &DUERQDWHV
‘KHUH DQG :K\" $ 6\QWKHVLV RQ 3D U D R}HMHJ 3 USRRIXW WR @
DQG 2FFXUUHQFHV (DUWK 6FLHQFH S5HYLHZV Y S

OXOwWWL 0 DQG +DOORFN 3 &DXNWRQB QYW B\YE/ ARV SHORD
*UDGLHQWY 6RPH 6HGLPHQWRORJLRDDO QWE® *HRNFHKWHE@ D AOD
-RXUQDO RI (DUWK 6FLHQFH Y S

OXQQHFNH $ &DOQHU 0 +DUSHU ' $ 2U®RYGE BHLQ DLQ/G 7
6LOXULDQ 6HD :DWHU &KHPLVWU\ 6HPRGWIHO DQG &OLPELC
3DODHRJHRJUDSK\ 3DODHRFOLPDWRO®J\ 3DODHRHFROR

1LHOVHQ $ 7 7TULORELWH 6\\XVDKRED VLG M H RoHl RR @/RJD VRLL JW
IRZHU 2UGRYLFLDQ .RPVWDG /LPHVWRQKHM@G +XN )RUPD\
6FDQGLQDYLD )RVVLOV DQG 6WUDWD S

1ILHOVHQ $ 7 2UGRYLFLDQ BHDOMRWPDRICDQIH@H YV SHF\
"HEE\ ' % 3DULV ) 'URVHU 0 */ HGM 3HUFLKBOUHDW
2UGRYLFLDQ %LRGLYHUVLILFDWLRQQIHHQUW LWHZ3UYRYN &R

1RUGOXQG 8 JLWKRVWUDWLJRD DKARZGIG @M G RFYH 6 MWIRD R J
ILPHVWRQH 6HTXHQFH DW +I0O0XGGHRILYEDQEU HQHGIHHD *
S

2ZHQ $ : UXWRQ ' / %RFNHGLH =+ ) DOQXPoREGHRAILFLD
6 XFFHVVLRQV RI WKH 2VOR 5HIJLRQ 1RUDD3IXERUNDNWHR® J
S

3pWHUII\ 2 BHGLPHQWRORJ\6 /Q® \& DUERSK \ VRFRWRBHU 0L C
2UGRYLFLDQ 6XFFHVVLRQV Rl 60HPPHVWDG RRVOR $VNHU
.IPWODQG 6ZHGHQ >0DVWHU TV 7KHVLOH@ HIXQGS8QLYHU\

3HWHUV 6 ( DQG /RVV ' 3 DAMKRHUP D@ E YOOL\UH: HS 5HOH Y
'LVWLQFWLRQ" *HRORJ\ Y Q S

3KHOSV 5 0 .HUDQV & 6FRW®G GHOOIIDQVRQS$: D T7KUHF
'LPHQVLRQDO ORGHOOLQJ DQG 6HEZPMERIY BWH BN P SUW K\
6KHOl 7UDQVLWLRQ 3HUPLDQ 8SSHBHEDL® $QWBBRV\)RUPL
S



3KLOLS - 0 DQG *DUL - /IDWB @ EPWPRERWHWYHWHURI]R
3DODHRHQYLURQPHQWDO 6HWWLQJD BERQIM RQVEURY HQ R
6RXWK (DVW )UDQFH B6HGLPHQWDU\ *HRORJ\ Y S

3RPDU / %UDQGDQR 0 DQG :HVWSHK@WD® )DFWRQVLQRQXH
6NHOHWDO *UDLQ 6HGLPHQW $VVRFDDRERQWN (BD&SOW NMFD ¢
IURP WKH :HVWHUQ OHGLWHUUDQHDQ B6HGLPHQWRORJ\ Y

SDOQNH\ ( & 2Q WKH ,QWHUG6KHW DSDURER Q D WKiD YDFR AV D (
+DELWDWYV +RZ O0XFK 'RHV :DWHU '"HSWKPHIMWWDHIU" -RXUQI
SHVHDUFK Y Q S

5DVPXVVHQ - $ &RQRGRQW BWHWDWUGRYIKLBRQ WKN JRUF

DW 60HPPHVWDG 6RXWKHUQ 1RUZD\ 1RUWW *HRORJLVN 7

5DVPXVVHQ - $ %UXWRQ ' / DQGBWRSUHP7UHRBDGRFLDQ W
'DUZLOOLDQ 8QLWY %M{UNDVKROPHQ DCGCRUDRYWMUHBNRG
$KOEHUJ 3 /HKQHUW 2 DQG (URXMUWPBHDOHR]RLF7RH
BRXWKHUQ 6ZHGHQ DQG WKH 2VOR BHHILRQ WIKRH ZDG H QDT «
OHHWLQJ RI WKH ,*&3 3URMHFW HGRIGDR ML FDO 8XUYH\ R

SDVPXVVHQ & 0 ° U|IJHU % 1LHPOVDQ 60 / DEDERODGLQJ
7TUHQG RI (DUO\ SBDOHR]RLF ODULQH 5DGERPWIRROQ®WY 3DXVHG
(IWLQFWLRQV 3URFHHGLQJV RI WKEFIFfDWRIRY RO $0D® H B\

6WDWHV RI $PHULFD Y Q S
SHDG - ) &DUERQDWH 30D WKR U$P HJAIFHD\Q OSRVG/HRE Y. D W L R (
SHWUROHXP *HRORJLVWYV %XOOHWLQ Y Q S

5H\PRQG & ( =LKUXO . 6 +DOQBKUH\V5IHIOQ®B :HHVWSKDO
+HWHUR]RDQ &DUERQDWHYV IURP WKRI WKEWRBO LB F
$UFKLSHODJR 6HGLPHQWRORJ\ Y S

6DQGHUV ' DQG +|IOLQJ 5 Q DLUE RIQ[BIVG H5 LIDS RV E QWD RW L F
&DUERQDWH (QYLURQPHQWY RQ WRS &UBDWDRAHRIXWOLF HG
1IRUWKHUQ &DOFDUHRXV $0SV $XVWULDS 6HGLPHQWDU\

6FKLHEHU - 6LPSOH *LIWV D@SOAXDMWHR QVHIV)XQIBVY. Q J,
%LRWXUEDWLRQ DQG (URVLRQ 6XUIGERY QWY DAQ BHFBKOG O]
Q S
6FKLHEHU - G6RXWKDUG - DQG 1TRMLRHOXGVWRQHFRHBW |U|
OLJUDWLQJ )ORFFXOH 5LSSOHV 6FLHQFH Y S
6FKLHEHU - G6RXWKDUG - % .LVMWDMVMOAQUQYEXSRIVVMAPDQ %

([SHULPHQWDO 'HSRVLWLRQ RI &DUER@MWRQ\NG IURP ORY
,PSRUWDQFH RI JORFFXODWLRQ DQG $®B5IO0HG WVRLIRUER ROV
0XG 'HSRVLWLRQ -RXUQDO RI 6HGLPHQWDU\ 5HVHDUFK Y



6FKPLW] % +DUSHU ' $ 7 3HXFNXBH (KUBQEBDQN & 6WR
&URQKROP $ %HUJVWU|P 6 0 7DVVLQDULS$SOVWHURLGLD
%UHDNXS /LQNHG WR WKH *UHDW 2UGIRYW.FLDQ XAWJUIHRGLYHU
*HRVFLHQFH Y S

6FKXO] 0 DQG 6FKIIHU 1HWK & Y LTWWHXQ & O IDRADLVDH PR O BLON]
(XVWDWLF )OXFWXDWLRQV YLD 7KHURR® FHISSV XIDWH/W NS D
7THUUD 1RYD Y S

6HLODFKHU $ JRVVLO %HKDYLRU 6BLHQWLILF $PHULFDC(

6MiWXQ . +XVD 9 $VSOLQ / DQ&OAIP@OGWMIMND®G' (QYLURQP
J)DFWRUV ,QIOXHQFLQJ 2FFXUUHQFH DQG )y MRW G LBXDNGLLRH®)
SHYLVHG ODULQH (FRORJ\ 3URJUHVYV 6HULHV Y S

6RQJ + LIJQDOO 3 % 6RQJX+' 'DL ;6HDQOVWHKU 7THPSHUDW
DQG 'LVVROYHG 2[\JHQ RYHU WKH 3DV®W RI (DOWK RBF L<HHDRJ

Y Q S
6W{UPHU / 7KH OLGGOH 2UGRYLFLPWZR) WIRKM \2N O R RSMR LI
7LGVVNULIW Y S

AWRUFK 3 OLWFKHOO & ( )LQ@H\: 6 & 83GE WHROWKLQ
2UGRYLFLDQ 8SSHU .DWLDQ +LUQDQWVLDRO *ILHDYIDGO LW H \
86 $ %XOOHWLQ RI *HRVFLHQFHV Y Q S

7D\ORU $ 0 DQG *ROGULQJ 5 QDOWALNWURBWLRQ OUEDWLRC
,FKQRIDEULF -RXUQDO Rl WKH *HRORJBFDO 6RFLHW\ /RQ

7LQQ 2 DQG OHLGOD 7 2UGRXHFLRORY W\DWU/DPRG W RQRIP
%XOOLWHQ RI WKH *HRORJLFDO SRFLHW\ RI '"HQPDUN Y

7TRUVYLN 7 + DQG 5HKQVWU|P ( ®HD DQGK®WIDRWORAXL$SWWOR
'RENLQJ 7HFWRQRSK\VLFV Y S

7RUVYLN 7 + 5\DQ 3 ' 7UHQFK 7% DQ®&bBbBPBHSBHDQ' $
2UGRYLFLDQ 3DOHRJHRJUDSK\ RI %DOWLFD *HRORJ\ Y

7TULORELWHYV RI 1RUZD\ SDOHROWROROHPREWWDRB *HRO
KWWSV 7Z2ZZ WULORELWHVRIQRUZD\ FRP DFFHVVHG -XQI

7TXENHU 0 ( 6KDOORZ ODULQH &DRIEHRQORGH XDF LHMR O R GL
6RFLHW\ RI /RQGRQ 6SHFLDO 3XEOLFDWLRQV Y S

9DQ :DJRQHU - & 3RVDPHQWLHU +LO BLWFIORIJI5 -0) 9IRX\
7 6 DQG +DUGHQERO - $Q DPHIDYABIE@ VR R WEHHT YOHWMG
BWUDWLJUDSK\ DQG .H\ '"HILQLWLRDR/Q G(R0 6SSFLDO 3XEO



:DONHU - ' *HLVVPDQ - : %RZULQJY 6 HFRPBIOWD¥FRFN
*HRORJLF 7LPH 6FDOH Y 7KH $SRRORBDFDO 6RFLHW\ RI

HEE\ ' % 3DULV ) 'URVHU 0 * HGM 3HUFLKBOUHDW
2UGRYLFLDQ %LRGLYHUVLILFDWLRQQIYHHUWLWHZIYRIUN &R

'HVWSKDO + OXQQHFNH $ 3URVV - 0RQWLSHUURJOBSSURDFK
8QGHUVWDQGLQJ WKH 2ULJLQ RI &UH\WDOF 4R W\H 3B 0 /.LIRFQAM
'6'3 6LWH %ODNH %DKDPD %DVLQ SBHGLPHQWRORJ\

X 5 & &DOQHU 0 /HKQHUW -RDBKWAMNL\ ® 0DQG /RZHU
OLGGOH 2UGR& BKIHPFRYWUDWLJUDSK\ RI tHVWHUQ %DOWL
6ZHGHQ 3DODHRZRUOG Y S

<RXQJ 6 $ 6DOW]PDQ 0 5 $XVLFKDOWMRURFKHUV'L&E DQG
&KDQJHV LQ $WPRWSRHUHFLEER2ZZLWK WKH /IDWHVW 2UGRYLF
, QWHUJODFLDQ &\FOHV" SDODHRJHRJDOBKR HBBRODORHRFOLP
S

=DDXU 6 $IIHN + 3 DQG %UDCHYRYHG &ZDOLEUBWLRQ RI WK
,VRWRSH 7KHUPRPHWHU (DUWK DQG 30DGHWDU\ 6FLHQF!

=HFFKLQ O DQG &DWXQHDQX 2 O6HTXHIQIKHS6W BDWWIWRDS K\ F
&ODVWLF 6KHOYHV , 8QLWYV DQG %R XBG®URIOFHXPIDAR®YRAE
Y S

=HOOHU 0 9HUZHU . (EHUOL *FRZDAOVVDIHQGRSDAOHWW.L
'"HSRVLWLRQDO &RQWUROV RQ BLEMFEOEDUERDWH 6LC
6HTXHQFHVY RQ *HQWO\ ,QFOLQHG 6KH®I 3URBILOHYVY G6HGLF




























































