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Abstract inthis paper we examine the role salt tectonics can play in a number of key energy
transition technologies, namely, energy storage as gas in salt caverns (e.g. hydrogen and com-
pressed air), CO, storage, and geothermal energy. For each of these technologies we explore: i)
fundamental concepts and driving forces; ii) how and why the properties of salt are of importance;
and iii) the key salt-related technical challenges, potential future research directions, and techni-
cal approaches needed for large-scale development. We highlight how salt-bearing basins offer
vast potential for development throughout the energy transition including, but not limited to: i)
the likely demand for thousands of new hydrogen storage caverns inside salt bodies by 2050; ii) a
likely early focus for porous media CO, storage sites in basins strongly influenced by salt tectonics;
and iii) enhanced geothermal energy potential in and around salt bodies. Effective exploitation of
these resources will require a deeper understanding of the internal composition, geometry, and
evolution of salt structures and their surrounding sediments, and potentially the development of
more predictive models of salt tectonic behaviour. Critically, we see the need to integrate learn-
ings of salt tectonics gained in the academic, mining, solution mining, and oil and gas communities,
and apply a fresh perspective to answer research questions of relevance to the energy transition.
Developing this new understanding will help optimise design, reduce geotechnical risk, and im-
prove efficiency for energy transition technologies, thus indicating a strong future demand for
salt tectonic research.

1 Introduction ideal seal, to such an extent that 14 of the world's 25

The properties of salt (the term ‘salt’ refers to rocks
composed mainly of evaporite minerals, especially
halite) have long been exploited in the search for
hydrocarbons, with its fundamental properties influ-
encing all of the key petroleum play elements (e.g.,
Kirkland and Eva, 1981; Mello et al., 1995; Warren,
2006; Jackson and Hudec, 2017). For example, salt is
i) thermally conductive, meaning it quickly removes
heat from underlying source rocks and allows source
rocks below the typical oil window to remain pro-
ductive in very deep traps (e.g., Mello et al., 1995);
ii) mobile, such that salt-related deformation gener-
ates a myriad of trapping locations and styles within
salt-bearing basins, whereas the structural deforma-
tion modifies topography and bathymetry and there-
fore influences the distribution of syn-deformational
reservoirs (e.g., Seni and Jackson, 1983; Hodgson et al.,
1992; Rowan and Weimer, 1998; Gee and Gawthorpe,
2006; Winker and Booth, 2000; Cumberpatch et al.,
2021); and iii) self-healing and crystalline meaning
it is in most cases impermeable to pore water, hy-
drocarbons, and gases, and thus typically forms an
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largest oil fields are sealed by salt (Warren, 2006) (Fig-
ure 1). The sealing behaviour of salt has also been ex-
ploited to store oil, gases, and wastes in underground
salt caverns (e.g., Gillhaus and Horvath, 2008). These
characteristics have driven the pursuit of salt tectonic
knowledge over the past century (e.g., see summaries
in Jackson, 1997; Jackson and Hudec, 2017).

Oil-filled
reservoir
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Figure 1 - Salt structures and their influence on petroleum
system elements (Jackson and Hudec, 2017). Reproduced
with permission of Cambridge University Press through
PLSclear.
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b 5(6($5&+5(9-(:'"X*\HW DO 6DOW7HFWRQLFVDQG WKH (QHUJ\7UDQVLWLRQ

WR UHGXFHWKHKDUPIXO H*HFWV RI D QWK YR SRIHQEFLUQREBGXPSHG WR WKH
ZDUPLQJ ZLOO UHTXLUH D FRPELQDW LFDY RUQH BLXIKBMBOM VFDYHUQV DUH W\SLF
VLO IXHO FRQVXPSWLRQ DQG FDUER QRGIHRI LIBM EHHPWYWHRQV DQG P GHSWK
DORQJZLWK WKH DPELWLRXVO\WHFKEBRQRIFBARBO W ROMDBSRPPRQO\ P
WXULQJ DQG VHTXHVWHULQJ DV PXFKPFIDQ & RQPGHWVRHIUG B @& ZLWK D YROKRBH RI
SRVVLEOH )LIXWHKLQ WKLV IUDPHZRU N IDRQXPHMRDUUHQ OLFKDOVNL HW DO
RIWHFKQRORJLHV KDYH EHHQ SUR SR VI WWIRFKHH®D IS W R B&DWYIHQ QV GLVVROYHG L
VLWLRQ WR D VWDEOH VDIH ORZ FDUGERGQ WROWIN\WFRER®O\ KDYH ORZHU KHL.
WKHVH LQFOXGH EXW DUHZLRW\OS PHIMEG @ WKRVH LQ GRPDO VDOW H J

XVH Rl FDUERQ FDSWXUH IURP LQG X3\0\DWLVD @ BWRE HWIHZ LW K KHLIJKW YV UH V\
DQG VXEVHTXHQW VHTXHVWUDWLRQ ZEWWKB WK HFNKENXVYRIMHKH VROXEOH KDO
LXSVFDOLQJ RI K\GURJHQ SURGXFW LRIQVX®® R YDFIMHOWH KHWHURJHQHRXV EHC
TXLULQJ XSVFDOLQJ RI VXEVXUIDFH KRXURWHD® $WRQRDH G ' XV V HDX@ WW D O
LIZLGHU XVHRIJHRWKHUPBIOQHQRV MDY G )LIXUH

OHFNHO 6WHSKHQVRQ HWDVKHPL HW DOh v yoyv FUHDWHG E\VDOW GLVVROXW
6KXVWHU HWMHYWHU HWOWRWRILQR 6 FUHDWHG DV DQ LOQFLGHQWDO E\S
IDQNRIHW DOXKDPPHG HW DO

PLQLQJRIVDOW ZKHUHWKHVDOW FRQW
&ULWLFDOO\ WKH SURSHUWLHV RI VPOMOWKNMW RBRWUHWHGXEWKVIXUIDFH HYDSF

YDOXDEOH HOHPHQW LQ RLO DQG JDVFAI$BRUDWDRE DOWRDEWHRQ FUHDWHG LQ\

LPSRUWDQW WR WKHVH HQHUJ\ WU D @VHWRIRKD WHBRXKIZDMWMM K\GURFDUERC

YRUH[DPSOH DQ XQGHUVWDQGLQJRI| VROWRWRSHIRVERY BME 'XVVHDXOW DQ

EHKDYLRXULVFULWLFDO IRUVHDVRQDIDYRGE RRYU VIVOWKXWMNYLE Y& E RUDDWKQ

VXUIDFH VWRUDJH ZLWK KLJK HJFLHQF\ Rl UHFRYKHN BEL®DW\ IXQFWLRQ RI VR(

HJ K\GURJHQ K\GURFDUERQV DQG ARPYUHKNYW® DHFUHDWHG DV D E\SURG X

DQG ORQJ WHUP VHTXHVWUDWLRQ ZKHQHLVH¥FRRBWLEPLYHWDIOW UHFRYHU\ VF

QRW GHVLUMWR&DJIH DQG ZDVWH GLVBRVRRW KRWWRHW VXLWDEOH JHRPHWU\ RU \

DJHPD\EH ZLWKLQ WKH VDOW LWVHOIDHH SXDSR\VHDW HBQWPIRGSOH WKH\ PD\ E

LQWUD VDOW UHSRVLWRULHV IRU K\G BRY HQWRHIQKE GCVURRWB B BHRGYJW RI WKH VDO W I

RUZLWKLQ WKH VHGLPHQWY DURXQG WXHWRDONGLQ WERSYWHQURFN -Q FRQW

HUDWHG E\ VDOW WHFWRQLFV )XUW KHHWQPRAUHH D\Q 166G URVWWDWRBUDJH PXVW EH H

LQJ WKH WKHUPDO SURSHUWLHV Rl VBRWSREY 8 KARIDWK K. \JHD Q 7KLV PHDQV

RPHWU\ Rl VDOW ERGLHV PD\ IRFXV KHHDAGWRD LYLPBERYWDEOH VL]H DQG VKDS

WDQW JLYHQ WKDW VDOW EHDULQJ EWKHQNRXMGIHJEBVYWRLMKH VDOW ERG\ D

ODUO\ SURVSHFWLYH IRU JHRWKNWRDOHBPQHBU\DISSSURSULDWH WLPHRWDEBV

HW DO ORHFN 'DQLLOLGLVDQG +HUWKH UHTXLUHG WLPHVFDOHV IRU VDIH |

5D\PRQG HW DO -Q OLJKW RI WKLV ZMDKMSHOGR@\H EHLQJ \UV IRUVWRULQJ

WKH UROH VDOW WHFEWRQLFV FDQ SO\ G Q RFOH BRE YV JWR\MHDQWL IRU VDIH GLV S

WLRQ :H VSHFL4FDOO\DGGUHVV WKHRIXQ6 B RXEWBDtERBYW HVUUHQ

FHSWV DQG GULYLQJ IRUFHV IRU DVSI—%\@\%@?WRP&WLQéé FDYHUQV ZLWKLQ

HQFHLQ WKH HQHUJ\ WU D QIWWWR LRI H
VLGH VDOW GEPWWRUDJH L Q V DIABMOED . Hf D FZY“UQL“gg‘;PBS‘@DDJWRZ'
JHRWKHUPDO H[SORUDWLRQ )RU HDF K v‘P XWKHUQ 3HU F
RXWOLQH RXU SHUVSHFWLYH RQ WKH R V DQ® 1R
QLFDO FKDOOHQJHY SRWHQWLDO IXW 3 B E ﬁ 5 \9? KH EHVW N
DQG WHFKQLFDO DSSURDFKHV QHHG E\Q UH WKRVH WKDW EF
A L\f $35 DORQJ
5 Y t%IV_FK ZHUH IRL

5 L

UXSWHG VXSSO\ 7RGD\ WKH 635 FRQVL\V

RVWRUHRL
VDWIRXUORFDWLRQV ZLWKD FXUU
6WRUDJH LQ 6DOW &DYHUWGVrpspriwi Rl PLOGIWRGSED ULFEONC

6DOW &DYHUQV 2YHUYLHZ DG E3RIHEWL BB PWHILFE SHWUROHXP

JXWXUH 'HPDQG 6DOW &DYHUQV DQG WKH (PHUJL
6DOW &DYHUQV %DVLFV JHQ (FRQRP\

6DOW FDYHUQV DUH PDQ PDGH YRLGVOX® RV B W WXEMXIURBFIHY IRFXVHG RQ EDO
FUHDWHG E\ WKH SURFHVV Rl VROXW LWVRR W UQ QYL WRRGRR FOHDQ UHQHZDEC
PDO RU EHGGHG VDOW GHSRVLWV —-@| WKLWKHIQRHHE W FOREHW JOREDO HQHU,
VDOLQLW\ZDWHU LV SXPSHG GRZQ D ERRXKRIDH IRKZMHW SBQHHV ZLWK DQG LV OL
WUDWHYV WKH VDOW WKH ZDWHU GLV\ORGY ¥ NKRUKH WBOW ZBO®/WKH VRODU SF

WKDW LIVDOW LV WREHIXOO\H[SORL
FDQW UROHLQ WKH HQHUJ\WUDQVLWI7
IXWXUH GHPDQG IRUVDOW WHFWRQLF, EUL%
D VKLIWLQ IRFXV
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5 5(6($5&+ 5(9—(:'X\HW DO 6DOW 7HFWRQLFV DQG WKH (QHUJ\ 7UDQVLWLRQ

JLIXUH3URMHFWLRQV RIJOREDO HPLVVLRQV WR DQG WKH SURMHFWHG UROH RI YD
VLRQVIURP 6WDWHG 3ROLFLHV 6FHQDULR GRZQ WR 6XDAMIR @DE BHHWHINRHDORIPTEHRIQ EE B Q L

YJLIXUH ([DPSOHV Rl WKH VROXWLRQ PLQLQJ SURFHVV WKDW
FUHDWHY VDOW FDYHUQV DQG LQ5XHQFH RQ FDYHUQ JHRPHWU\

D EURDGO\ F\IOLQGULFDO FDYHUQ WHQGY WR GHYHORS ZKHQ GLUHFW
EULQH FLUFXODWLRQ LV XVHG /RZ VDOLQLW\ ZDWHU LV LQMHFWHG
WKURXJK WKH WXELQJ VWULQJ GHHS LQWR WKH FDYHUQ DQG EULQH
LV ZLWKGUDZQ WKURXJK WKH DQQXODU VSDFH EHWZHHQ WKH 4QDO
FDVLQJDQG WKH WXELRID ZWEHQURBOBG FDYHUQ

GHYHORSV LI UHYHUVH FLUFXODWLRQ LV XVHG /RZ VDOLQLW\ ZDWHU
HQWHUV WKH FDYLW\ WKURXJK WKH DQQXOXV QHDU WKH FDYHUQ WRS
DQG EULQH LV ZLWKGUDZQ WKURXJK WKH WXELQJ VWULQJ LQ ERWK

GLUHFW DQG UHYHUVH FLUFXODWLRQ D 5¥LG EQDQNMWY S RV Y WY Ep o H pvN HWE
FDYHUQIURRIHQ  SHSURGXFHG ZLWK SHURLMWLR X B Fpo O\ 1 DF RHVIVEI®N RXQWGDEOH VH

6SULQJHU 1DWXUH IRUVROXWLRQ FDYHUQ GHYGIORBRW W DO W H
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(@)

GHSHQGHQW VR WKDW LW YDULHV GLODWQYRGODWWAENEE\DMWVBIPH LQIUDVWUXF\
VRQDOO\ 1HLWKHU VRXUFH FDQ EH UDPSH
sxFwxowLrov Lo HaHus srepoc vey N TEHATEANER L oLat e wLroy
EHIRXQGWREDODQFH VXSSO\LDGE GG
HW DO 7KH LVVXH RI FXUWDLOPHQ 'IQ_ g: \{NRILQMHFWLRQDQGZLW
V OH DW IDVW LQMHFWL
WHQF\RIUHQHZDEOH HQHUJ\ LV D FR \ H H URDEK LV LGFH
MRUREVWDFOHWRGHSOR\LQJUHQHZ QH \|7VQ §§VNL LEDY
DWVFDOH LQWKHS8QLWHG .LQJGRPD LDiV %}-ﬁg FDQ EH FXVWRPLYV
WHUPLWWHQF\FRVWWKHJRYHUQPHQ
. LAFDQWRIHGUHLWR VORI WL
:-DOODFH HW D®OQH VROXWLRQ LV WR 4 F% \ HQ ORVV E\ OHDND.
VWRUHUHQHZDEOH VRXUFHG SRZHU L \/é;-%FSH;\HPE[%LPDO GXH WR WK
WLDO HQHUJ\WKDW FDQ EH UHOHDVH %’ LH_ HV ORZ SHUPHDELOLW\ WF
8VLQJ K\GURJHWR WUDQVSRUW DQGWKAILNUWVPH IHKQY EH YDULDEOH GHSHQGLQJ F
HUJ\' LV D VLPSOH DQG WHFKQLFDOOWHDVVLWQHVDRISWRD RIOBW RR UG R \M MWRDO
IRUEDODQFLQJWKHVHLQWHUPLWWHQRW ZXH\8 ®@QBGHPDQEBWRY HW DO
FKDOOHQJHVY DW D ODUDK Q/HFIDVOQGIHWH JLWKH LQMHFWLRQ UDWH RI K\GURJHQ L
&GURWRILQRDUNRZVNILORXOL &DVWLOOQRWWWORQJO\GHSHQGHQW RI FRPSOH]
OXKDPPHG HW DO 'XULQJ SHULRGKIROQORPHQODODFH HW DVDOW LV W\SLF
KLJKHU WKDQ UHTXLUHG RXWSXW IURPHEIMQW RK\GBRDHIQ DOWKRXJK LPSXU
VRXUFHV WKHH[FHVV SRZHU FDQ EH XYRW BWHR BQE MWKURDVIEHFW QHHGV IXUW
ZDWHU DQG SURGXFH JUHHQURWRRUGIRQMHUVLRQ RI DQ\ ZDWHU WR EULQH U
- QDGGLWLRQ K\GURJHQ FDQ EHI8URE®FAMAHGUH DWW KWL IYH WN VWHDIDO OD FH
E\VWHDP PHWKDQHUHIRUPLQJ RU D X WARNIKMH USPIDFONRIIRQUAD Q BWKH SURSRUWLR
LQJRIQDWXUDOJDV WHUPHG EOXH KVCGWKRIRH@QIDVRHYRDUMHG LV PRGHUDWH FF
TXHVWUDWLRQ RI FDUERQ GLR[LGH RFRAWW W RGDIHH) HW DO2QH RI WKH PDL(
GURJHQ LI QRW +\GURJHQ SURGXFHGEHDZEDRNWKMR/YIDOW FDYHUQ VWRUDJH
PHWKRGVY FDQ EHVWRUHG DQG XVHG IQRMHFHMIEIHKRHORILFDOO\N IULHQGO\ zZD
WLRQODWHU RUDV FKHPLFDO IHHGVVERMM RIRZKIWBULQYKWORZUDFWHGGRULQ.
GHQVLW\ RI K\GURJHQ DW VMWID®GDUGWRHPQR 6XJJHVWLRQVIRUEULQH XVHYV
SHUDWXUH DQG SUHVVXUH DQG WKH VRE&QLPEMDQQYD\IJGIRIHKHUPDO DQG K\GUI|
HQHUJ\ SRWHQWLDO SHU XQLW YROXPMLRIGAGOORIHEZIZFWHK@OLWKLXP H{WUDFWL
FRPSDUHG WR QDWXUDO JDV DERXWLRQAH Y KOQWAJLPHIRIWSSRUWXQLW\ JLYF
WKDW WR VWRUH HQHUJ\DW D VFDOH MRHEWQ WW R R HBON R WWBOLHYV
PDQGY WHUDZDWW KRXUUDQJH UHTX Y V,
RI K\GURJHQ DQGDYDVWXSVFDOLQJ@E%%’M%\S&HFO%W ﬁSSS\I;QJL\VQgUHsyl—?QI
DIJHDYDLODE+LtDVYMMHPH BW DBAKXVWHU H

SOHPHQWDWLRQ DV WKH EDVLYV IRU |
EURWRJLQRDQNRIHW DO)XKDPPHGZLOO UHTXLUH YDVW XSVFDOLQJ 2QH

HWDO WKDW PLOOLRQ PHWULF WRQQHV RI
SRWHQWLDO VLWHY SURSRVHG IRU EBIUdMHG DOR KDG DR JIHD LI VWURQJ
VWRUDJH LQ WKH VXEVXUIDFH LQFO XU VIDOMW FAIRMRURNG GHR OLPLW JOREDO
SOHWHG UHVHUYRLUYV VDOLQH DTXLIKUWRREKDU G()U/RANWRIWDHG RI WKLV DQQ
FDYHUQV/RHUB HW DO%%QJHU HW DO GURJHQ GHPDQG ZRXOG UHTXLUH VI
7TDUNRZVNL=LYDU HW D&URWRJLQR EHGHYHORSHG DWD FRV¥W@RRRPEHLWIALR
OXKDPPHG HW DO 21 WKHVH VDOW FDYHUQM/ PPY*HHW DO :H QRZ RXWOLQH KRZ
FXUUHQWO\ WKH RQO\ SURYHQ RSWLWR@GFWRWK FFODHHHIQYWFKQ@LOO EH UHTXLUH
WKUHH VDOW GRPHV LQ WKH 7H[DV *WQPERBDEFWHVPGRISPHQW RI VDOW FDYHU
WKH EHGGHG VDOW DW 7HHVLGH LQ WKMW ®%.L @INRINQRE DDAMW

FDYHUQV FDQ VDIHO\ VWRUH K\GURJHQ IRU GHFDGHV H J

6WRQH HW DBDQ40ORY &URWRJIJLQR HW DOROH RI 6DOW 7THFWRQLFV LQ |

7TDUNRZVNL +RZHYHU K\GURJHQ VWRUPYHORSPHOW RI 6DOW &DYHL
LQWKHVHIDFLOLWLHVLVPDLQO\VWUDWH\}]H WERN RSP HHIHHG

VWRFN IRU UH4QHULHV DQG IHUWLOLVHU SURGXFWLRQ QHFHV
VLWDWLQJ ORZ IUHTXHQF\ LQMHFWLRQ DQBYHWKADRDHWHURIHQHLW\ L
FOHV +\GURJHQ VWRUDJH IRU WKH SXUSRN8NVWY DEDWLQJ

UHQHZDEOHHQHUJ\LQWHUPLWWHQF\ H[D P p \B \
TXLUH KLJKHU IUHTXHQF\LQMHFWLR(’EE% Lli_g} C% }}f\UDHUO,_} ﬁﬁSVRHJUHSJHHRd
FOHV DND VHYHUDO F\FOHV SHU \HDU™) QV\% VDSRULWH |
WKLV LV WKHRUHWLFDOO\ IHDVLEOH OFLRW] P X ﬁé} VWUXEWXU |
WLRQDO GDWD WR LQIRUP XV DERXW g% ,5 DW DUH LO5X

@ 8 H1QW DQG FRPSOH]

KLIK UDWHV RI K\GURJHQ LQMHFWLRQQ | %%;Q/VWHE

FOHV PLIJIKW KDYH RQ WKH LQWHJULW\
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7TDEOH&ODVVL4AFDWLRQ RI KHWHURJHQHLWLHY ZLWKLQ VDOW ERGLHVY WKDW PD\ SUHV

"HSRVLWLRQDO IRQ GHSRVLWLRQDO +HWHURJHQHLWLHV

+HWHURJHQHLWLHARVW GHSRVLWLRQBA&VW GHSRVLWLRGWIOURSRIHQLF
&RPSRVLWLRQDO &KBIQYH¥DO $OWH UBDHWHRORIHQHLWLHV

(YDSRULWH LQWH UXDFADW VLR QV "HIRUPDWLRQ ([FDYDWLRQVDQG PLQHYV

HYDSRUDWLYH FDUBRGBRWWLQWUXVLRQNVXOWYV

J\SVXP DQK\GULWH QWUDLQHG FRXQWUVKHDANRQHY %RUHKROHYV

KDOLWH VXWXUHV VWRSHG VI FD/GWH V
ELWWHUQ VDOWVEORFNV HQFDVHG PLRRERQW\QV ([LVWLQJVROXWLRQ FDYHL
1RQ HYDSRULWH L @ KWHHRILYAIDGDVD O W H U D WEIHEEQ \VW D O O L ] D WQ RQ YWRQAHNVWH DQG VWR UL
VDQG VROXWLRQ UHVLGXH FKHPLFDO ZDVWH
VKDOH HJ FDSURFNV 0\ORQLWL]DWLRQUDBREBDHAWLYH ZDVWH
ELRJHQLF FDUERQBWRIGXFWV RI RW K HUUBPKKR/L FD O PXQLWLRQV

UHDFWLRQV HJ VXOSKDWH SUHVHUYHG YDOXDEOH RE
6\Q GHSRVLWLR QDWHGQHRIXKQ E\ K\GURFDUERQV
ODYDV OLJUDWHG DQWKURSRJHQL
DVKHV 1DWXUDO 5XLGV EULQHV

EULQHV K\GURFDUERQV
JOXLGV DQG JDVHV \WUDSBHIBUERQV GLVVROYHG KD]DUGRXV ZI

GXULQJGHSRVLWLRQ

JLIXUH(YLGHQFHRI KHWHURJHQHLWLHV LQ\
JLIXUH &URVV VHFWLRQ WKURXJK D *HUPD® MP ORQGLIRSRM¥IK D WLPH PLIJUDWHG VHL
VKRZLQJ KHWHURJHQHRXYV QDWXUH ZLWK DAURYIM /RDOLOMKIRARILEVWKH 6DQWRYV %DVL
DQGS5DPHOLNH IBOBRWBIWH®WH U QERXULFKWNKRZLQJPDUNHG YDULDWLRQV RIVHLVPLF U
-DFNVRQ DQG +XGHHASURGXFHG ZLWK §BORMLVHTXHQFH WKH GHYHORSPHQW RI FR
VLR Q=R** 5DSV DQG WKH LQWUXVLRQ RIROGHU VDOW!
D VKHHMBK\VLFDO PRGHO VKRZLQJ VLPLODU
DVLQRROH\HW DO
SDWWHUQ.WX SHHU +RIULFKWHUDOERW

DQG -DFNVRQDFNVRQ DQG 7DOXRMU

'R\L &KHPLD HW DORR<« DQG 5DX®DYDV FROXPQ RQDMEOHPDLQLQJ Q
PDQ DE 9DQ *HQW HW DOFNVRQ HWGHSRVLWLRQDO KHWHURJHQHLWLHV WK

5RZDQ HW DO)LJXUBQG :HGLYLGMDOW PDVV FROXPQV RO @D RO MV K H
LQWUD GLDSLUKHWHURJHQHLWLHV LQQVRUNDZ & LPDI LQUWK IS WA URK HIQDIY. MV ISHIWH Y. IQ
SRVLWLRQDO KHWHURJHQHLWLHV W RRWYKD WEKDINVQ &B ¥ W ORAHEEDIYVD QRPDOR XV \
WKHHYDSRULWH VHTXHQFH ZDV GHSRWHGH GQKDIOH WB ODQRLQLQJI DQG VROXV
GULWH ELWWHUQ VDOWYV FDUERQDWKWQLMOIHWWDILFY ZBVKKHKDBQ® JHQHWLF F
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b 5(6($5&+5(9-(:'"X*\HW DO 6DOW7HFWRQLFVDQG WKH (QHUJ\7UDQVLWLRQ

.XSIHU IHDODQGODJRUMRXDQG 7KH2ULJLQ 1DWXUHDQG 'LVWU
5DXWPDQDE /RR« :DUUHQ +RZ +HWHURJHQHLWLHVLQ 6DOW 'LL

HYHU ZH SUHIHU QRW WR XVH WKLV W Q§<R RJ\
SDSHU IRUWZR UHDVRQV )LUVW PD'Q_:_\I_'I %V;ZH Cﬂ"(/ HUULELLBZD%'GWGKLHV\\;
DQRPDORXVVDOWDUHQRWDFWXDOO VT | c‘ﬁ UHHOHLWLHY Lo VD
LJQHRXV URFNV HQWUDLQHG FRXQWUlY H VH L

EDVLQV VXWXUHVHWF 6HFRQG WKHWEUFDQRPDORXVVDOW

ZDV GH4QHG EDVHG RQ REVHUYDWLRQV R186 *XOIl &RDVW

VDOW GLDSLUV ZLWKWKHPRVW SUH YL W W B @1 R 'R BQW MMITBXWA Q F H
LQWKHOLWHUDWXUH DOVR UH.IXIBILQ I %A X BM AMvWVE Y RXJK SUHFLSLWDWLRQ
XSIHU HW DORR< DQG 5DXW HU DQG D YDULHW\ RI HYDSRULWH

DE /RR« 7KLV FDQ FDXVH SURBHEPVIBWR GHYSMARSLR J -Q VHTXHQFF
IHDWXUHV SDUWLFXODUO\ HYDSRULWHSHWEREW PIVELR Qv kiR -@HRUGHU R1 |
DQRPDORXV RQ WKH 86 *x0I &rRDVW PEWEWEKHYHHRPWIHPRVW FRPPRQO\ FDUER
QRUPDO LQVLGH VDOW GRPHV LQ RWKKBEPWIHoP QG RRMWHUQ VDOWYV SRWD)
IRUH UHIUDLQ IURP XVLQJ DQRPDORXY R YW DWW WkpWHHEHFLSLWDWH DUH

XVH RXU VXEGLYLVLRQ RI LQWUD VD 0O MR (MY P QAp OKUNODQG DQ
coH (YDQV B6FKUHMLEHUDUUHQ %CEHODQG

6FKUHLEHUDFNVRQ DQG +XGHRH VDOWV
*LYHQ WKH QHHG WR YDVWO\ XSVFDOBWXHJIIXBFHHR IGHIRN LWHG FODVWLFV
FDYHUQV WKDW VWRUHK\GURJHQ RU MMCRIRRBH @BVHIR YW ROBDQ HYDSRULWH VH
PLIWXUH JOREDOO\ ZHVHHD IXQGDPW@W®D @ Qi CKNB EWW DQG ELWWHUQ VD
WHU XQGHUVWDQG HYHQ SUHGLFW Wighl ¢ Lty Y BEAMHRQ B BEIQDWHYV DQG Fi
HURJHQHLWLHV ZLWKLQ VDOW GLDSLRY vQ Q& AWK iy Y RAGIVWIHF W 82 IFi D w
SURFHVVHV WKDW FRQWURO WKHVH KHW iR HERHEAVIL Y S RN K WHTXHQFHV
NHVUHDVRQV )LUVW LPSURYHG SUHGRRWBBLQbWWZLE Qi NKO| R1 OH[LFR D
IRUWKHGHYHORSPHQW SKDVH ZKHUH&HQQ®&HVD-E QW HOBGHWK XV FRQWDLQ P
SHQG RQ SURJQRVLV RILQWUD VDOW KilMERWR W RILNO- I % WMIDNIR W5 8 2D Q
FDQ LPSDFW ZHOO LQWHJULW\ DQG VRW WYL (QRRXQWHPSEOMA LW LV EHOLHY!
XQH[SHFWHG KHWHURJHQHLWLHV GXWKkRUEWBECGRO6R4L kDRWWHEW VWRFNV DUH
WR GDQJHURXV SUHVVXUHV ZDVKRXW DRE®RYN BOELERSRPLQLQJ RQO\ PLQR
WLRQ DQG ZHOOV FDQ EH GDPDJHG E\W\KtH/D WHREHRW HEXE FOND. X S 1 H U ~Q
OLQJ LI GLUHFWLRQV DQG UDWHYV RI VAERQW &/ W Ki-f § \RIFIX$RULWH VHTXHQF
RQ KXPDQ WLPHVFDOHV DUH LQFRUUHIBW 8 bSWHIEd DWEGRPSRVLWLRQDOO\ KF
/IRR<DQG 5DXWPDQXNOD HW DOHLMHUWDLQLQJ KLJKHU SURSRUWLRQV RI QRG
PDUV HW DO 6WURJ\N :DUUHQ DQG WHUPHG OD\HUHG HYDSRULWH VHTX
JLIXUH 6HFRQG SUHGLFWLQJ WKH O IR\ @M\ bLESHVLURR XS 1RUWKZHVW (
RI KHWHURJHQHLWLHYV LQ VDOW VW R FRywWr IDRQK B OSKIRQVXH DN KH $UD *URXS 2
VDIHSODFHPHQWRIVDOWFDYHUQV ZKtd KxXEHPWD 8 WORIBWKHRSUHFDVSLDQ %
FDWHG LQ UHODWLYHO\ KRPRIJHQHRX Y KR O b Wi RAKKIEEYSWHRHW DO )LIX UH
HUWLHYV DQG VWUHVVHV DUH SUHGLFWPEQH VW @B AKHUWRBERN VWURQJIHU DC
DJHLVOHVV OIMHO\ HOOKDXVDQG +RUYOWHYVHQW ZLWKLQ WKH HYDSRULWH
:DUUHQ BLFKDW  )LJXUH GHIRUPHG HQWUDLQHG DQG LQFRUSRL
7KLUG PRGHOOLQJ WKH 4QDO JHRP H Wl )W Riy@it P ioKii&EE DM QHOD ERW DQG -D|
HUQV DQG KHQFH VDIHO\ GHVLIQLQJIWRRYHU@WUHOGYKMWHL.D HW DODQ *HQW
TXLUHV DQ XQGHUVWDQGLQJ RI WKH QiiN i\ GlRAMBLEWWWLRA RXUHDQ G
LQWUD VWRFN OLWKRORJLHV DQG RWHKHWKEHUNWRDIGIQIHI VR HW KBV PHFKDQLFD
FDYHUQ JHRPHWU\ LV KLIJKO\ VHQV LW\ BMRLY § B Wi \DI WIKWHLRQ GHIRUPHG HYI
WLRQV LQ VRO XEIONHVANWHDIZDUWZULJKMYKHUHIRUH FULWLFDO EHIRUH DWWH

DQGS5DWLIDIDXWPDQDQG /REBGSRZVNERPSOH[LQWHUQDO GHIRUPDWLRQ ZLW
HWDO /RR«<DQG5DXWHDE:DUUHQ X UH

&\UDQ JLIXUH)RXUWK PDLQWDLQLQJ WK

H UH
TXLUHG SXULW\RI VWRUHG K\GURJHQ u%&&ébﬂ@%@?@d@#@mmJHRPHWU'-HV
VWDQGLQJRI ZKDW OLWKRORJLHV DQE€WP I+ FrMW pldHFPeWHHHG EV WKH PDS
DWLRQV ZLOO RXWFURS RQ FDYHUQ ZHb¥WHH/ V QNVKF\'GQJ*#Q\(]#%*RWW\WHL”

FDQ EH KLJKO\ UHDFWLYH WR VRPH PLGH I HK® KRIHU 6FKDFKO

K\GULWH ZKLFK PD\ IRUP FRQWDP&QDQWYV KU IHKRQNIXOO\ VRPH IXQGDPH(
WKDW DOVR SRVH D VLJQL4FDIXDMYD RVl 29 lf'kI-QWUD GLDSLU SURFHVVHV D

3RUWDUDSLOORDQG 'L %HQHGHW®RRUIHOV WKDQNV WR SK\VLFDO DQG QX
VWXGLHYVAKHUDQG .XHQIBMQ@ERW DQG -D

VRQ .R\L 'RROH\ HW DO REVHUYD
WLRQV IURP ZHOO H[SRVHG QDWRBNMO H|
VRQ HW DO%XUOLJD DQGIURP '"VHLVPL
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5 5(6($5&+ 5(9—(:'X\HW DO 6DOW 7HFWRQLFV DQG WKH (QHUJ\ 7UDQVLWLRQ

JLIXUH&RPSOH[VDOW5RZDQG VKHDULQJGXULQJGULOOLQJKLIJKOLIJKWVLPSRUWDQFH
RIVKHDU ]JRQHV %6= %RXQGDU\6KHDURRQBQBR®XMREDIQ R P

JLIXUH ([DPSOH VKRZLQJ KRZ VDOW FDYHUQV DUH SUHIHUHQWLDOO\ ORFDWHG DZD\ |
JHQHLWLHV LQ WKH %HQWKH VDOW GRPH5FAKNWEQ\ YRHULGHERDMK BRVIDESE +RUYDWK

5 YROXPH



b 5(6($5&+5(9-(:'X*\HW DO ©6DOW 7HFWRQLFVDQG WKH (QHUJ\7UDQVLWLRQ

DQG+XGHF 6HHVHFWLRFENVIRD DQG +XG
IRUDUHYLHZ

7R VKHG OLJKW RQ DQG XOWLPDWHO\
GHSRVLWLRQDO KHWHURJHQHLWLHV Gl
WULEXWHG LQ VDOW GLDSLUV ZH VKRXC
WKHIROORZLQJUHVHDUFK TXHVWLRQV

‘KLFKHYDSRULWHVHTXHQFHV RU SD!
VHTXHQFHV FRQWDLQ RULJLQDO DQG
VLWLRQDO KHWHURJHQHLWLHV DQG
3LEKDW "

+RZ DUH GL*HUHQW IROG VW\OHV GL\

VDOW GLDFIKWHU -DFNVRQ DQG 7DO
&DOORW HW ®mQ *HQW HW DO

%XUOLJD-DFNVRQ HW DO

+RZGRHV WKHJIJHRPHWU\DQG VKDSH F
GLDSLU LQ5XHQFH WKH VW\OH DQG Gl
IRUPHG GHSRVLWLRQDO KEBWEORWIHQE

+RZGRHV WKHPHFKDQLFDO VWUDWLJ
EHU WKLFNQHVV DQG GLVWULEXWL
ZHDN OD\HUV ZLWKLQ WKH LQLWLDO
5XHQFH WKH 4QDO GLVWULEXWLRQ R
VLWLRQDO KHWHBRLHQKDWIOHRW HW L
&KHPLD HW D®RROH\ HW DODFN
VRQ HW DOSRZDQ HW DO)LIJXUB®QG

JLIXUH ([DPSOHV VKRZLQJ SUHIHUUHG SODQ{K R IR GDU\ FRQGLWLRQV H J
GLVVROXWLRQ DQG DQRPDORXV FDYHUQ JHRR/H VAL RQ UDWHV DQG
WH

Lo'¥ W H Y H AR
GXHWR SUHVHQFHRILQWUD VDOWKHWHURJWLHF&_ Lkbvd_@gg),l_gp% RTIPWKLQ WKH v

VDOW GRPH 86 *XOI &dRBRVW [RRRJIJLQDOLPDJ KH VW\OH RI GHIRUPDWLRQ DQG GL

IURBRDUWZULJKW DQG 55DMLLITIDED
Q IRUPHG GHSRVLWLRQDO KHWHURJHQ
DSLWKHPLD HW DODYLVRQ HW DO

EDVHG VWXGLHV ZKHUH LQWUD VDOW VWIRZDMRXHUMW POQ EH ZHOO

LPDJHG BVBKHUDQG . XHOWQ "HQW HW @ vzZHULQJ WKHVH W\SHV RI TXHVWLR

JLGXN DQG SRZDMFNVRQ HW DO prppyyy WR JRRG PDSV DQG GLIJLWDO G
(VFKHU DQG .XHQEBPRQVWUDWHG WK\ DU LURP VDOW PLOHV DQC
4UVW RUGHU DQVGHSRVLWLRQD O KHWHWRGH RA LWL KIV) VS RIRP\ERUHKR OH

OD\HULQJ LQVLGH GLDSLUV FDQ EH EYRDSHON HV GHULYHG IURP L

ZLWK WKH VDOW VHGLPHQW LQWHUngHW@\p,N%JD éLS'lgtgr_l-L J WKHP LQWR D
OLHI VKHDWK DQWLFOLQH 7KLVVKHD,\_.1\H%D[9\$,GD\\/HB R/Wt'\ﬁé’gh FRQWH[W VF

RQGDU\IROGV GHYHORSLQ D PDQQHU BNLQWE PIRN LRROM DK\ VLFDO DOG QX
WDEOHFORWK GUDZQ XSZDUG WKURXJK § KRGly ROSD FRPELODWLRO
\

NLQ ULQJDFNVRQ DQG +XGWHH DOVR )k{ 3 ko

%o
e
=
0

G DQG VXE YHUWLFD

@

WRUWH
XUHVDQG &RPSRVLWLRQDO OD\HUV\E WHURJHOHLWLHYV OD\HULOQJ
R K

ﬁﬂ%@gaﬁ
VWULFWHG DV WKH\ HQWHU WKH ORZ{g 5 HHELE WAl JVHLVPLF VXUY
DSLU UHVXOWLQJLQ UDGLDO IROGV 2y K X5 Yil Hp/¥ Rl IQMIUJI%/'T(HHVLQVLGHV R

WKDW SOXQJH VWHHSO\ RXWZDUGV P@_'\?V\%VDWWWVWYJ%WLJUDSK\VXUURXQ

WXUHVULVHLQWKHQDUURZVWRFEN WIRH\ Y k J KW@ R QEWHIDRVF poG JDVv H[SC

WLRQLQWRPRUH RU OHVV YHUWLFDO®k$HYPXRX bEFp Y Rk WRIEYXDOLVH LQ
FRQ

H J6WLHU SLFKWHU %HUQERODERW DQp o RODO VHLVPLF PHWKR

L
"DFNVRQ -DFNVRQDQG +XCHEXUH -Q 5AYDOF RFHVVLQJ WHFKQLTXHV

u

QDWXUH KRZHYHU WKLV XVHIXO FRQRJ SMXP OolidE BB Wb kY SURYHQ XVHIXO
FRPSOLFDWHG E\ WKH LQ5XHQFH RI g PQWLSOH $hOMUR xOoDU IRU D EHWWE
WLRQVRIIROGVLQVLGHVDOWGLDSLL&BO\(,@@H(EQEEM K WYWR D FHD G /R R «
LQ WKH VDOW SULRUWR HQWHULQJ Wk &l g LU ik HF\:?HHR/%H‘%HV DUH FRF

'VWUDLQ DQGLLL YRUWLFLWI\DQG WA T Y GFRAPADIEFEIWLPH FRQVXPLQ.
WKHSRZLQJ VDDWERWDQG -DF-NDWVRQYRQ ) vpLF VXUYH\V ERWK RQVKRUH DQG

DQG 7DOERWDOERW DQG 3RKMROTHOWS 1j\/| JOHG LQ WKH IXWXUH ZLWK DFTXL)
HW DO %XUOLJD)XFKV HW DODFNVRQ

(&

=3
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5 5(6($5&+ 5(9—(:'X\HW DO 6DOW 7HFWRQLFV DQG WKH (QHUJ\ 7UDQVLWLRQ

J)LIXUH 6LPSOL4HG UHSUHVHQWDWLYH H[DPSOHV RI VWUDWLJUDSKLFFROXPQVIURP/
ZLGHD$ULUL )P ReVKRUH 6DQWRYV %DVLQ *BRBRDCH W ®DSEMH®D "BRPRQVKRUH 2PDQ DGC
IURBHWHUY HW DB =HFKVWHLQ *S JITURP WKH 'XWFK SRUWLRQ RI WKH 6RXWKHBDQ 3HUI
$GULFKHP %RRIJDHUW DQG. X RXI2ZHULDQ VDOW IURPWKHFHQWUDO UHJLRQRIWKH3UHFDV:
IURPUDOOD DQG ODUWNAHVVLQLDQ HYDSRULWHV IURP WKH/HYDQW %DVLQ HDYRMHUQ OF
HW DO D DQG H DUHFRQVWUDLQHG IURP ZHOOV ZKHUHDV WKH RWKHUV DUH PRUH
QHVVHVY DUH QRW HTXLYDOHQW LQ WKH GL*HUHQW H[DPSOHV /DEHOV RQ WKH VLGHV R
LQWUD VDOW L@QMGIUQY WEW @H W HYRZDXUHW ) WEZRRWK RQO\FRORXUV PRGL4HG

JLJXUH 6DOW5RZ EODFNDUURZYV DQG 'VWUHVVHV ZKLWHDUURZYV DVVRFLDWHG ZLW
FRPSHWHQW LQWUDVDOW S$RZWL QMOFOWEH $VOI/ORIWKHUH LV UDGLDO HIWHQVLRQ ERXC
DQG UDGLDO FRQWUDFWLRQ IROGV LQ WKH SLOORZ FRUH -Q DGGLWLRQ WDQJHQWL
5RZLQWR WKH SLERRIZQ)WWMOZLWK RQO\ FRORXUV PRGL4HG

B 5 YROXPH



5 5(6($5&+5(9-(:'X*\HW DO 6DOW 7HFWRQLFVDQG WKH (QHUJ\7UDQVLWLRQ

JLIXUH &URVV VHFWLRQ WKURXJK D SK\VLFDOPRGHO VKRZLQJWKH GHIRUPDWLRQ WKD
(YDSRULWHG6HTXHQFH 7KHLQLWLDO /D\HUHG (YDSRULWHG6HTXHQFH LVVKRZQ WRSL
GHG VDQGHTXLYDOHQWYV VKRZQDV GDUNEOXH UHG JUH\ DQGOLJKWEOXH OLQLEDVL
/ID\HUHG (YDSRULWHG6HTXHQFH UHVXOWLQJLQLQWHQVHGHIRUPDWLRQDQGIROGLQJI
LOQWR WKH GLDSLU

WR WDUJHW VKDOORZ LQWUD VDOW IHDWXUHV $OWHUQDWLYHO\
YLQWDJH VHLVPLF FRXOG EH UHYLVLWHG XVLQJ XQFRQYHQ
WLRQDO UHSURFHVVLQJ PHWKRGV VXFK DV PDFKLQH OHDUQ
LQJDQG DUWL4FLDO LQWHOOLJHQFH DOJRULWKPV WR WU\ WR LP
SURYHLQWUD VDOW LPDJLQJ EXW WKLV LVVWLOODQDUHD ZKHUH
PRUH IXQGDPHQWDO UHVHDUFK LY QHHGHG -Q DGGLWLRQ
ZLGHUXVHRIDIXOOHUUDQJHRIJHRSK\WVLFDOWRROVLQFOXG
LQJ EXW QRW OLPLWHG WR PDIQHWRWHOOXULF HOHFWURPDJ
QHWLF ERUHKROH EDVHG HOHFWULFDO UHVLVWLYLW\ WRPRJUD
SK\' UDGDU DQG SHWURSK\VLFDO WRROV VXFK DV WULSOH
FRPER ZLUHOLQH ORJV DQG KLJK UHVROXWLRQ LPDJH ORJV
ZLOO OLNHO\ SOD\DQ LPSRUWDQW UROH LQ WKH FKDUDFWHUL]D
WLRQ RI LQWUD VD O WKIRWPBSK/IRMHIF QX URHR/<

1RQ GHSRVLWLRQDO +HWHQRVKIQHEZ RUNYV
QRQ GHSRVLWLRQDO KHWHURJHQHLWLHV FRPSULVH VWUXF
WXUHV LQFOXVLRQV WH[WXUHV DQG FRORXUV WKDW DUH DW\S
LFDO RI WKH VDOW PDVV DQG WKDW GR QRW UHODWH WR WKH
LQLWLDO GHSRVLWLRQ RI WKHXSDHOW VHTXHQFH H J
/IRR<DQG 5DXWPDE)/RR«
:DUUHQ 7DEOBHLIJXUH -Q EURDG WHUPV
QRQ GHSRVLWLRQDO KHWHURJHQHLWLHV DUHDVVRFLDWHG ZLWK
OLWKRORJLF LPSXULWLHYV VKHDULQJLAXWKLOWMMKEMXDO®W PBRIRGWKH %HOOH -\

HQWU\ LQWR WKH VDOW RU VRPH FRPER WRRD R D OKREVIWZR PDVVHV RI VD
/RR< DQG 5DXWPBQ /RR< .DUUHQ VHSDUDWHG E\ ZKDW ZHUH LQWHUSUHWHG |

&\UDQ YXUWKHUPRUH GHJUD MR EP |DDUNH QRZ LQFRHUDS\TVURDF"‘(*;SV;g‘Z"’L
VDOW TXDOLW\ HJ LQFUHDVHG SHS\}%L ELBY Wit %p%;gé) oW LY H LOVWD
QRQ GHSRVLWLRQDO KHWHURJHQHL VERDQ D ’E)\A%?/% L w% RIHOHRXV ODW
OHDN LQWR WKH GLDSLU DQG LV D PDMRYsMRXUFsHBY ¥ERMME 7L WK SHUPLVVLRQ
DQG ORQJ WHUP SUREOHPV DVVRFLDWR&vALINK ROL® P DR&HHRI *HRORJILFDO 6RFLHV
VDOW F D YIHULGHQ ~Q JHQHUDO OQRQ
GHSRVLWLRQDO KHWHURJHQHLWLHY VKRXOG EH HYDOXDWHG

5 YROXPH



b 5(6($5&+5(9-(:'"X*\HW DO 6DOW7HFWRQLFVDQG WKH (QHUJ\7UDQVLWLRQ

DQGDYRLGHGLIGHHPHG HVSHFLDOO\BIRBOHPDWLXE XHUQILFDO VWHPYV YHU
WKHVROXWLRQ PLQLQJRU FDYHUQ VWRYHDHKDRINU VR IVRPWH VSDWLDO FRQWH]!

W, V, DO DQG DQRPD

6WUXFWXUHV FODVVL4HG DV ORQ GRSRVERL é{ H % RU VRXUEH
JHQHLWLHV LQFOXGH MRLQWYV IUDFV\(,? WY E o 2 ,.F&fi OLNHO\ WR
VKHDU JRQHWSH HU 7KHVH IRUP GX EUAVW LIDWLRQ RI VDO
QHDU VXUIDFHVWUDLQDQG LQWHUQD REEoWLRG RY PG\

LQJW\SHVLQWKHGLDSLU &DUH PXVW EFRVGIHNEGI @Y R B U §HUFHQU VWD QGLQJ RI WK
WLDWH QDWXUDO MRLQWLQJIURP PLQWQLERWXKRA®RMRRQWIHERWKWLRQDO KH

WKH ODWWHU QRW FODVVL4HG DV QRQ L®KERYVL W HRAHIHODKO@ MHHA RRU UHVHD U F K

JHQHLWAFHWU IDWXUDO MRLQWLQJIRWORUHQDPEHVWLRQV

ZKHQ SUHVHQW FRQWLQXRXV LQ QDWXUH U \% H ‘

FDWLRQV RIPLQLQJ LOGXFHG MRLQWYV PE)IE \PL % %UH][RS?-IFILzVI\F;VﬁJ(T-III;’QW

ZLWK UHVSHFW WR PLQL)@]IF‘]SHUDWLRQV.XSIHU 5DXWPDQ HW DDFNVRQ HW D
6KHDU JRQHV LQ SDUWLFXODU KDYH EHHQ/RRWHUSXIHWW®DO "

LQVLGH VDOW GLDSLUVY ODUJHO\ LQ 86 ,* DV S V,

{ I%DON  OXHKOEHUIHU D0G 20DEDX . oom VSLERY kv ov Fxuuron

.XSIHU JLIXUH —-W LV ZLGHO vy 7DOERW DQG -DFNVRG

DFFHSWHG WKDW VRPH VKHDU JRQHV éj%%&%l/}oDQG _DENDRIQVR Q

VKHDU JRQHV IRUP E\ GL*HUHQWLDO V| + %\& >

QHDU WKH HGJH RI D GLDSLU DQG DUH H)\(/ G DV D

VKHDWK RI KLJIKO\ VWUDLQHG VDOW DORRZ DMKXG ZKIHDUH GRSHQFOXVLRQV EHFF

ULSKHU\V%4DON .XSIHU -DFNVRQ UDWHG LQWR VDOW BQBEBWUNQEHE JDFN

HW DO /RR« JLIXUH -Q FRQWUDVW WKHXSIHU 7DOERWDQG-DFBYRQ

RULJLQ DQG GLVWULEXWLRQ RI VKHDU NRR® M VO R BODMHNG QXADUW Q HDWWN B R Q

WKHU LQWR WKHERG\RIDGLDSLU DUH P PWHHRX@GWEB RFBQN QD O

DV PDQ\ KHWHURJHQHLWLHYV SUHYLRXV(_'?|§2 %%?HZCkH\{JmH%LbG ZKHQ GR 5XLGV

IRQHV VHG@VNU ~ VKRZ QR GLUHFW HYLGH@RER ;\ oipgywk Hw DRR< DOG 5D xw

RI VKHDXSIHU XSIHU HW DCEXW JLYHQ '/ ‘DUUHQ "

WKDW VDOW FDQ EH VHOI KHDOLQJ RQH FP)P\RN Z%%dﬁ-ﬁj LI H'PL

GHQFH RI VKHDULQJ PLJKW EH HOXVLYH WRZ QGR® AVWXDWIHP MWDJH WHFWRQLF (

DIWHUGHIRUPDWLR§H)H DXOWHR HQ SXHQFH WKH QDWXUH DQG GLVWULE

- QWHUSUHWDWLRQVRIWKHVH IHDW XU H\GHBERW.IW QR @ BDWVHOW HRIIRYI IH\VOQRHQ. W WHDV/C

WHQ GHSHQGLQJ RQ WKH VDOW EDVLQ EHLQY VWXGLHG H J

8 6 *XOIl &RDVW YHUVXV QRUWKZHVWHU, %

VFKRROV RI WKRXJKW DGYRFDWLQJ WKI?/%{‘ %' ngv EFRPI?E\({EII—I%;%%E:DVF\

LQWUD vDOW VKHDU JRQHV UHSUHVHQ I%( % L}/\\/IVLRQDOKHWHU

JROHV RU LQWHUQDO VKHDU JRQHV WKDWER P U

PDVVHV RI VDOW ZLWKLQ WKH GLDSLU WRBDRPHG UWIWSHRGNL. WKE®WHUHQFHYV LQ W

ULVHLQGHSHQGHQWO\LQ DQ XSZDUG SLW R FE VAVILHERDQR® GHSRVLWLRQDO |
H JXSIHU LL VKHDU ]RQHV DURXQG WKHIHQDHGWHWY DQG LQWHUSUHWDWLRQ

RI'LQFOXVLRQV ZLWKKQIWKH GLDSLHMY GL*HUEHWZHHQVDOWEDVLQV H J 8¢
LGHQFH RI WRURLGDO 5RZ DQG IROGLQIJVXWRRQ WKHHZMWHULQ (XURSH "

TDOERWDQG -DFNVRQSIHU $GGUHVVLQJ WKHVH TXHVWLRQV ZLO
~QFOXVLRQV FODVVL4HG DV QRQ GBHRMLWORBQDHSKRWFHKHRY DV RXWOLQHG
JHQHLWLHV FDQ LQFOXGH L LIJQHRXVHWRWNRQQWBSREHE LR +HWHURJHQF
HYDSRULWH VHTXHQFHY DQG WKHQ VIXE DHTUWHNVRQ\WRPRUX G\ Rl ERUHKROH
SRUDWHG LQWR GLDSLUV RU LQWUXA@HEGCRWKAWOHRGW\R/ DFDUOHGDWD WRJH\V
HILVWLQJGLPSKPHHGAWQHU DQGIRYODURDO DQG SK\VLFDO PRGHOOLQJ WR XQG|
VRQ HW DOODUW Q 0DUW Q BIDWBIG HW DSURFHVVHYV ZHDOVR HQYLVDJH ZLGHU X
LL URFNV WKDW ZHUH LQLWLDOWX EDIO PRDDEHVLENMRWFRQVWUDLQ WKH ¢
DERYH WKH GLDSLUDQG ZKLFK KDYH EWHRQ @ WHIKDL QIH\GPVQWR G OLNHO\ UHFHQ
WKH GLDS)IHURDQGH] HW D@G LLL DQGLDWLRQV H[SHULHQFHG E\ GUDS LHW FD\DC

LGVDQGJIJDVHV JHQHUDWHG GXULQJ EXULRDURUHDKH WKDFIR :DUUHQ HW DO
KDYH VXEVHTXHQWO\ PLJUDWHEDXOMR WD GYRRUU HW &Q@ DQ 7APDJHW DO
HWDO -DFENVRQDQG +XGHF JXUWKHUPRUH XVHRIJHRFKHPLFD

7H[WXUHV FODVVL4HG DV QRQ GHS %%ﬂl W@PW% GZ;ISSORE/IIQ_\L/JVT%/SPSD
JHOHLWLHV LQFOXGH FRDUVH JUDLQ& %%L b c’;JFD(é/:'ﬁv VRN
H[WUHPHO\ KDUG DQG SRLNEIQREODYV VRO,
R DUUHO  RWDEO\ VDO%QVQV MODWH WR WKH GLVWULEXWLR
WXUHV YDU\ EHWZHHQ GL-HUHQW ORF % WARRO QR HBRPEPHRIN HWILH H -
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b 5(6($5&+5(9-(:'"X*\HW DO 6DOW7HFWRQLFVDQG WKH (QHUJ\7UDQVLWLRQ

6DOW &DYHUQV 5HVHDUFK XSOUOWOHRING SHUPDQHQW

6DOW ERGLHVY KDYH EHHQ XVHG IRU VH¥W $ D& \GHFW GW K HDMNO R/BADFOUDDIW H @ B&B |
UHSRVLWRULHV RI D YDULHW\ RIS5XLGVUORW KNFURFDYFERRIVPDWHO\ PHJDWF
DQG K\GURJHQ WR ZDVWH GLVSRVDO L7RGDERXSWMANRLQUGHUYV RI PDJQLWXG
XUJHQF\ DVVRFLDWHG ZLWK WKH QHHXURHGQDRSLGWSWHSEDBMHFWHG UROH LQ F
ERQL]IDWLRQRIRXUHQHUJ\V\VWHPV FOHDIRIREMLOQ SN W R WD OWXYWW ADWHY RI W
IRUPDWLRQV DV D VXEVXUIDFH UHVRXK6WWKDWHZLOREDIDYWRUDJH FDSDFLW\
LPSRUWDQW UROH WR GHYHORS D YLBPHOW KMQ WR EXQVHFFRRQK JOREDO DQG UHJ
RP\ :HFDQ WKLQN RIVDOW FDYHUQV VYXVIRUN@JIWKOWRWHKPGIUH LV HQRXJK FDSD
DV VXEVXUIDFH PHJD EDWWHULHV WKRWHDOWY Z8 D WK RUKPQD & DREMVIDIDQ
UROH DV SDUW RI WKH QHZ K\GURJHQ MAROQPRPW OTRBED OW2( 1(7/ 7TUHYLQR
PLQLQJLQGXVWU\N KDV DFFXPXODWHGDRFOHGHNHRI RISH DD PLWDWLRQV DUH QF
WLRQDO NQRZOHGJH WKDW FRXSOHG RUWHK RBBHIUFQ UDEXNWWHHFRQRPLF UHJXOL
WRQLF FRQFHSWYV FDQ KHOS DFFHOHBBSMIDRX¥WHFDSDFLW\ WR

SUHGLFW LQWUD VDOW KHWHURJHQHL

WKH SODFLQJ GHVLJQ FRQVWUXFWL qb%g{ ﬁ%%/t%H’_frvl\i(LLyLHV\\//\RD%%
RIVDOW FDYHUQV (YHQ WKRXJK K\GU kh b RIH V VWUHDP DQG L
UHQWO\ RQJRLQJ LQ VRPH VDOW IRUP H‘F%%fﬁ #YHPE?& &N QDA MH
VWLOO QHHGHG WR IXO0O\ XQGHUVWD \ f;;'

VDOW ERG\DUFKLWHFWXUHDQG FRPS L8r§<wgb

WHQWLDO WR LQWHUDFW ZLWK K\GURYj

H’%/ MWOREH QV 1. B K D \
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HUYRLU W\SLFDOO\ PRUH WKDQ P
RI WKH ZDWHU FREXOQURIVH H J )LJ

6DOW 5HODWWRWR2IH LQ GDHOWsLPLODUO\ WKH QHHG IRU SUHV

%HDULQJ %DVLQV DFFRPPRGDWH LQMHFWLRQ VXJJHVWV I
VWDWLF RUXQGHU SUHVVXUHG UHVHUY

SULQFLSOHVORVRIZDJH DQG 5"!3%5'LNH SHWUROHXP DFFXPXODWLQJ D'
YDQFHLQ 6DOW %HDULQJ %RViWERQVRQ IJHRORIWRWD PH USZT KQUH V &

$QWKURSRJIHQREW2LRQV DUH FXUUHQWIRFWLRQHW LQGXVWULDO UDWHV 7KH
WRQV *W SHB&BDU -Q RUGHU WR oMW{RHWHYHUYRLU YROXPH ZLOO EH H[SOR
PDWH FKDQJH WR  r& QHW HPLVVLRORIHIREY WREHKPH LPSHUIHFW  SRUH ZD
GXFHG WR"BR&ER 'KLOH WKHUH LV DYM{PWRRFHUQ DQRG SUHVVXUHEXLOGXS!
FRQVHQVXV RQ KRZ WKLV zLooO EH DPKERRWH OLFLW RQLBHYHWWLYRQ GHUD OHH
WKDW LW ZLOO UHTXLUH D FRPELQDW IR R} P L'\W RMWREGYEKHRRE + RIMQIILRLY H
RGV 'L HUHQWDQDO\VHV FRPH xsZLWKGLM@J%W&LRQWUDVWWWPRWZHF
EXWLRQV IURP WKH YDULRXV PLWLIJDWER®RA WRSYTFLH\VWHPV DUH LC
DEOH EXW FRPPRQO\ WKH\ VKRZ DERYW RROHW MWRERIH XQOLNH D JRRG VR
WKHWRWDO UHGXPWYRORMVEPRPLQJ | YR LIJIKW IJHQHUDWH VX]JFLHQW SHWL
HUJ\ HIFLHQF\ JDLQV DQRWKHU WKL®E&E PFRP WY ¥ RQ wik ¥ KR XIOGNHMPHCE&RLL N
LQJ QRQ FDUERQ HPLWWLQJ HQHUJ\ VRXBELWOWH IDH PRG  WHHRIRING R V&I
DQG VRODU IRU IRVVLO HQHUJ\ VRXURKHY WHHWN WY 1@e & KXV VXFFHVV GRH
WKLUG IURP HYHU\WKLQJ HOVH LQFOY¥ROIHEDIERDFEYSIWREFEPH FRQFHQWUD
DOG VWRUDJH &XBFDBD DOG 6RFRORZQCGHHG VWRUDJH LV PRVW VHFXUH ZKH¢
38 & "(3 E )JLIXUH:LWKRXW &&6 LWIQRQH RIWKRVH 'LVVROXWLRQ FDSLC
SRVVLEOH SDWKV WR 1HW =HUR VKULDWPEMWBB RS FDDb &Q GVKHE HFRQRPLF EX
FRVWV PRUH WKDQ GRXEOH DQG JHWWKOERRYRW RQRRKWH DUHDOO YLDEC
OLHV KHDYLO\RQ JOREDO EB&® Y LR X UCHOFRHWR WKH ODUJH EXR\DQW WUDSV
&&6 LV DSSOLFDEOH DFURVV D EURDGIV® @xPPRYKHIFARLOLDU WR WKH SHWU
VLRQV VRXUFHV EXW LW LV PRVW YDOXDEHREH T RPW K RQothW B&DUPD DQG
HOVH ZRUNV ZHOO 6SHFL4FDOO\ LWHRHQ'EHRWVHILWRPW\REBOIDK HW DO

JDWH WKH SURFHVV HPLVVLRQV DVVRADWHE AW SHREEFPLIUDWLRQ ORVYV
WLRQ RI FHPHQW VWHHO SHWURFKHPOPNGY XPW RFXYHd VWRUDJIH IURP
K\GURJHQ DPRQJRWKHUV -W FDQ EXDYYRYHYWR KLYRPHIDFWRUV WKDW K
LQJ FRPEXVWLRQ GULYHQ SRzHU sopDgWRWR EVHBWHWREZQKDQFH VWRUDJH

FDUERQ GLVSDWFKDEOH SRZHU IRU WKRYH WlBWY FKHHNLQIPLIUDWLRQ OF
ZLQG DQG VRODU VRXUFHV DUH LQDGERZPWMH L1H B v IFPEFPH VWUDWHI\WKDW F
QLIJKWYV $GGHG WR 'LUHFW $LU &D SWUMKRUVELERAX U D RRFARWDEH QRW MXVW
EXVWLRQ LWFDQHYHQUHPRYH H[LVWLERHN\DHY RRM SKHYREMOBH RHHIW DDQOOLDPV
ERQ VRPHWLPHV UHIHUUHG WR DV QHRWbY Hs RBEWH-R@V50 QJURVHBOIDK
-Q VKRUW LQ RXU YLHZ &&6 LV WKH PX@WloW R R §xRIHF QWKIRW W UHVWULFWLRQ
FKDQJH PLWLJDWLRQ S5H[LEOH DYDLROEOV PRPHKRFWMHGMRUDJIH ZLQGRZ L

5 YROXPH
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