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%ML HHQ DQG RXUDQDOWY | LQGV WDW
FOP DV FKDQJH FRX@ [P SRWH

LRXJKO® EL@RQ LQ

DGGMRQDOFRWV
DQG UHM@HQRH QHHGV DRRW &RBUDGR V KHDIK
IO IDVAKPMH Z 1@ ILH IBRGIQI DQG Z QWU
UHRUHDMRQ [P SDRW 7KH @U HVAT XDQWILHG GUYHWY
DUH H WHP H KHDWZ KLFK FRX@ BDG IR DERXW
DGGIMRQDIKHDWHDWG GHDWY DERXW
%LQ BWHY  DQG LI IDVAKFMUH SUHWXUHV
VRVBI) DERXW %1Q DGGHG FRW DQG
XSJUDGHV DV URDGV EUGIHV VMRWP Z DMUM VWP V/
DQG EXI@IQI FRROQJ GHP DQG DLH SXWKHG EH\ RQG
KIMRUFDOGHVI Q FRQGMRQV : L@ ILH VP RNH DQG
SURSHUWV [P SDFWDGGDQRWHU % Z W
DGGMRQDOHMIHOFH QHHGVRQWHRWGEHURL %
7KHVH 1 LIXUHV GRQ WFDSWUH HYHU. KD] DUG RU
LQGLLHPAWBRW EXWWKH P DNH RQH SRLQWFBIDU

S@QQLQJ DQG LQYHWP HOWQRZ FDQ VDYH QYHV
DQG DYRLG P XFK @U HUFRW @VAU

3HIDK -DDQ



S&RBDGRIVDOHDG H SHIHCAQ) WHHIHRVR DZ DUP Q) TP DM KRAMMXP P HY GQIHUZ G ILHVHDRQY P R
\P R\HH SRVXUH DQGP RXQUQ SUHWWXUH RQ FUMFDQQ! IDWAKRMUH DQG Z DIMUGHSHQGHINOGXVARY 7KHVH
FKDQIHVDUH QRATEVADPAMAKH. QI GHQPH SXETFKHDEN. KRXVHKRT FRVV DQGWH UHIDELOW R URDGY EUGIHY DQG
VIRUP Z DMM VP V Z KIBIHLQRUHDMQ) WHUMR GMXSWYH KLIK GWHYHOW

$ARWWHIP SDRWZ HTXDOW\ VRBCSUIRWMRMG FRWVILQ DUHRQWH

RUWGHUR % R Z KIEK %UHSUAMHQW DGEMRQDORRW GLHAD
DWMIEXVREGIVR FIP DA FKDQIH SV GH LOHG UIMMIHOAH LIQYHWR HOW

TKIVH HRXWHVXP P DY KLIKQKW SURMAMG KPP D UHDWIG CDP DI HV DQG UMEHOFHQHHGVIRU W
[QMGHGIRUSRIA P DNHY FRP P XQW GDGHY/ DQG UHSRUMY Z KR GHHGDRBDU FRP SDICEGIVHR QXP EHY/\WR
XQGHIAMQG WHVFDBIRI WHFKD®IQIH 5 HVXOVDUH\WKRZ QXQCHME RIGEDOHP MRQVSDKZ D VIWDAEWDANAWV
SOXMEG!HIXWMUHY DP HAXP KUK SDKZ D 663 DQGDKWUK HGHP MRQVSDKZ D 663

$P RQJ &RBUDCRVKHDIN [QUDMKRXNUH Z IGHLH |GRAQ) DQGZ IQMIUHFUHDIRQIP SDRNV \WH OLI AT XDQWMHG
GUYHY/DUIHH WHP HKHDWZ KIEK FRX@ ®DG\R CERXW DEGMRQDAKHDAHDWMG GHDIMV DERXW %
IQBWHY DQGIQ UDWIKRMUH SUXUAY \RBIER) DERXW 9/6Q DAGHG FRWWDQG XSIUDGHYDVURDGY EUGIHY
VIRUP Z DMM VMP V DQGEXICIQ) FRRE GHP DQG DUHSXVKHG EH RQG KMRUFDGEHVIQFRQAMRYY © LG ILH

\P R\HDQGSURSHWIP SCRVDGGDQRWHU % Z MY DEAMRCDAMMBHFHQHGVROQWHREGHUR % 7KHWH

|LIXUHVGROWDS\WUHHYHY KD DU RUQALHRAEW EXWIH. P DNHRQH SROWRBDU SOQQQ) DQGIQYHWR HONRZ
FDQ\DYHOHVDQG DYRGP XFK OUHUFRRIV DM

+RZ Z HHWP DMGIP SRV |RUHDAK VHRRU Z HARP EICH&RBUDGR \SHALIE KMRUEDOHRGVZ W GRZ QWFDBG

FIP DM SURVRIRQV\R TXDQMA KRZ NH KD DUGVAKDQIHRYHMP H : HWHQHWP DMRTP DM DMIEX\VEEGILP SDRV
F\ FRP SDUQ) SUIRVIFMG RX\RRP HV\R DFRXQMUIDRXDOND/KROVFTP DMKD] DLGEVDW EDHIHGVHY

Z KIBI DBZ [Q) XQGHDIQ) WHOGVR FRQIXH : KHUHUHBDQAZ HDOR HVP DM GH ICHE UMEHCFHIQYHWR HOW 1RU
H DP S®I EUGIHXSIWGHY WRUP Z DMUP SUIRYHP HOW Z G ILHP MIDIRQ DQGVQRZ P DNQJ \WDWDQUHGXFH
IXHUHEWH $@P RQHEN YOOHVDHUSRWGI)  GRMWY/

% FOXVHCQRWAYHY R DMIP SCRVDQEHP RGHBIGZ W DYDIGE®I GO \WHVHHWP DIMV\KRXG EHYIHZ HGDV

FROHYDIYH WH. FRYHUP DRU TXDQUIDE®I SDIMZ D VEXVWER QRAQFECGHHYHY KO DUG IQAUHAWRQRP [E\SIERYHJ
RUQRQ | DBOKHDEK HIHRV

7KMXP P DU KIKOKW SURMAMG &RBUDGR TP DM UHDWG GOP DI HYDQG UMEHQAH QHHGVIRU )
YOOHVIQ — GROW XQGHMIRHP MIRQVSDMZ DV DP HAXP KUK SDAMZD. 663 DQGDKUK HG

SDNZD. 663 - KHHDSSTTE®! YDOHYUH GRMHFTP DM DMIEX\BEGISRMRQR! P SCRV VFHIDURP IQXVD
FRXQMUDRXYDIXRTIQ) FIP DMKD] DUGVDAEDHIHGYHY DBQJ Z W GH IQHG UMEHFHIQYHVR HON H  EUGTHY

VRWP ZDMJZ I IUHP MIDNRQ VORZ P DNQJ NS
S* O
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7TKHVH PLG FHQWXU\ SURMHFWLRQV DUH FRQVHUYDWLYH DQG LQ
VSLOORYHUY DUH QRW PRGHOHG DQG VRPH FDWHJRULHYV DUH VK
SURYLGH D FOHDU SULRULWL]DWLRQ VLIQDO UHGXFLQJ KHDW U
ZLOGILUH H[SRVXUH GHOLYHU WKH ODUJHVW EHQHILWYV

/ IP WIDMRQV DQG H FOMMRQV

7TKHVH HVWLPDWHY DUH LQWHQGHG WR EH SROLF\ UHOHYDQW DQC
FDSWXUH HYHU\ FOLPDWH LPSDFW 6HYHUDO FDWHJRULHYVY DUH HJI
LOQFRPSOHWH UHODWLRQVKLSY DUH QRW UREXVW HQRXJK IRU SUI
VSHFXODWLYH

.H\ HI[FOXVLRQV LQFOXGH QRQ IDWDO KHDOWK LPSDFWV H J KR
YLVLWV ORVW ZRUN WLPH RU ORQJHU UXQ KHDOWK FRQVHTXHQF
FKDLQ GLVUXSWLRQ EXVLQHVV LOQWHUUXSWLRQ KRXVLQJ PDUNH\
EH\RQG WKH VHFWRUV H[SOLFLWO\ PRGHOHG HFRV\VWHP DQG EL
ZDWHU TXDOLW\ GDPDJHV RXWVLGH WKH PRGHOHG SDWKZD\V DQ((
KDLO DQG VHYHUH FRQYHFWLYH ZLQG WKDW DUH GLIILFXOW WR S
IORRG GDPDJHVY DUH VKRZQ ERWK DV D FRQVHUYDWLYH W\SLFDO \
LOOXVWUDWH XQFHUWDLQW\ LQ UDUH FDWDVWURSKLF \HDUV :H D
GDPDJHV WR WKH DJULFXOWXUH VHFWRU ZKLFK ZLOO EH DGGHG

JRU WKHVH UHDVRQV WKH WRWDOV UHSRUWHG KHUH VKRXOG EH |
7KH\ DUH XVHIXO IRU SULRULWL]LQJ DFWLRQ EXW QRW DV DQ HI[K
FRVWYV &RORUDGR PD\ IDFH WKURXJK PLG FHQWXU\

&ROQFOXMMRQV DQG SRORA [P SOFDVIRQV

$FURVV WKH FDWHJRULHY TXDQWLILHG LQ WKLV UHSRUW PLG FHC
DOUHDG\ HPHUJLQJ WRGD\ H[WUHPH KHDW ULVN ZLOGILUH H[SRV
PRUWDOLW\ DQG JURZLQJ VWUDLQ RQ LQIUDVWUXFWXUH V\VWHP
IXWXUH FRVWYV DUH QRW GULYHQ E\ D VLQJOH VHFWRU WKH\ UHIC
EXLOW HQYLURQPHQW DQG FOLPDWH VHQVLWLYH LQGXVWULHYV

7KH ELJIJHVW RSSRUWXQLWLHYV IRU ULVN UHGXFWLRQ FRPH IURP D
H[SHQVLYH V\VWHP IDLOXUHV +HDW ULVN UHGXFWLRQ FRROLQJ L
PLWLIDWLRQ DQG SXEOLF KHDOWK SUHSDUHGQHVV LQIUDVWUXF
VWRUPZDWHU FDSDFLW\ DQG ZLOGILUH PLWLIJDWLRQ IXHO WUHD
DQG VPRNH SUHSDUHGQHVY VWDQG RXW DV KLJK YDOXH SULRULMW
FRQVHTXHQFH RXWFRPHYV

)LRDOO\ WKHVH UHVXOWY VKRXOG EH LQWHUSUHWHG DV D IORRU
LPSDFWV DUH HI[FOXGHG RU RQO\ SDUWLDOO\ FDSWXUHG IRU H[DI
LPSDFWV HFRV\VWHP ORVVHV DQG EURDGHU HFRQRPLF GLWN*%SW



([ WHP HKHDWY ROH Rl WH P RWFRQVHT XHQWDCFTP DM UHDWG

KD] DUGV I RUSXETE KHD®K EHFDXVH IMFDQ W] J HUDFX\WM FDUGRYDVEX@U
DQG UIHVSILDRUY VAHW Z RUHQ FKLRQLE FRQGIMRQV DG LORUHDWH

P RUBQV UWN HVSHAD® DP RQJ RGHUDGX@W SHRS®IZ W SUH H MAQJ
LAHW RXVERRUZ RUNHLY DQG KRXVHKRGV Z I @P WG DFFHW\R
FRROQU ( SIGHP [REJLEDCHYIGHOAH FROVMMOWD [LQGV D QRQIOHDU
UIHDMRQWKLS EHVEZ HHQ WP SHIDWUH DOG P RUBONV Z I UMN UMQJ P RWH
VWHS® RQ YHU KRWGD\ VDQG RIWQ YDU LQJ DRRW GFDWRQV DQG RYHU
WP H_9%DVX * DVSDUIQL HADO

&RORUDGR KDV DOUHDG\ H[SHU
WRZDUG PRUH IUHTXHQW DQG L
FRQGLWLRE&ROKRHUBGR &OL PDWH

S$VVHVVPOHRWHY WKDW KRW GD\V
KDYH EHFRPH PRUH FRPPRQ DFU
UHFHQW GHFDGHV ZLWK VLJQLI
HIWUHPH KHDW DFURVV PRVW U
DVVHVVPHQW UHSRUWYV WKDW K
LQFUHDVH GUDPDWLFDOO\ SRW
IROG E\ PLG FHQWXU\ XQGHU FR
7TKHVH FKDQJHYVY DUH FRQVLVWH
ZDUPLQJ WAREXFPHQWHGLCRORUD
UHFHQW GHFDGHYV

%YHFDXVH KHDW UHODWHG PRUWDOLW\ LV VHQVLWLYH WR ERWK F
HFRQRPLF GDPDJHV IURP KHDW FDQ ULVH HYHQ ZKHQ SHU FDSLW
DFFOLPDWL]IDWLRQ DQG DGDSWDWLRQ H J DFFHVV WR DLU FRQ
UHVRXUFHYVY 2XU DQDO\VLV TXDQWLILHVY WKH FOLPDWH DWWULE?>
&RORUDGR UHODWLYH WR D KLVWRULFDO UHIHUHQFH FOlI
LPSDFWV XVLQJ D YDOXH SHU VWDWLVWLFDO OLIH FRQVLVWHQW
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' DO WP SHIDWUH SIRMPARQVFRP HIWRP /2 &$ D \MDWMEDD

GRZ QUFDBIG GCDIVHVEXIGVRP &0 -3 J@EDCFIP DM P RGHO

VP XOMRQV DQG GHVLI QHG | RUBFDOWR LHILIRQDAP SDPADQDOVHY : H
FRP SXWM GDLO FRXQW GIYHP HDQ WP SHIDXIHE\ FRP ELQQJ GDIO
PIQP XP DQGP D IP XP WP SHIDWWH I HGV DQG DJJ UHIDAQJ JUG FHD
YDOHV VR FRXQWHV XMQJ DL HG FRXQW JUG P DSSIQ) VR FRXQW
ERXQGDUHV DQG WH UH HIHQFH JUG DUH KDQGBIG FROVMMOWD DRLRW

P RGH® DQG VFHQDURVY

: HSWRMPARXWRP HV XQGHUWY R HP BMMRQV VHHQDURY WDW/SDQ D
P GG W KUK DQG YHUY KUK IRWAQI SDKZ D\ 663 DQG 663

YDOVHIDH P RUBON DWV DQG KMRUFDCSRSX@WRQV DUH FROVAKXPRMG
ILRP WH&' &: 21' (5 DQQXDAFRXQW GDVD XVHG 1O WLV SLRMIPWZ KIGH
| XVMXUH FRXQW SRSXOMWRQVFRP HIWRP &RE®DGR GHP RJUWDSKIE
SIRMPARQV ' 2/$ 7KLY HQUXUHV WDWSURMIPMG GDP DIHV UH GFAERW
FTP DWW FKDQJH DQG SRSXOMRQ H SRVXUH
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7KH SHHUUHYIHZ HG QM DWUH WSLED@® HWP DWWV D GFDWRQ VSHALLE

H SRVXUH UHVSRQVH LHDMRQWKLS EHVE HHQ WP SHUDWUH DQG P RUBONV
XVIQJ 1B LEGI QRQIDHDUP RGHY RIWQ GMMEXWG @J QRQIDHDUP RGHY
DQG IGHOWIEVDP IQP XP P RUEON WP SHIDMUH 0 0 7 WH

WP SHIDWUH DWZ KLEK P RUBDN UMN LY GRZ W _* DVSDUIOLHWDO

* DVSDUIQLHWDO

%HFDXVH FRXQW GIYHCHVAP DMRQRI | X@MP SHIDWUH P RUBON FXUYHV
LHT XWLHV GHVLBIG GDIO® P RUBON WP H VHUHV DQG FDLHIXCP RGHOQ
FKRIFHV WH P SGP HOMRQ KHUH XVHV D SLDIP DAEO 0 7 SWR[\
DSSURDAK |RUHDFK FRXQW 0 0 7 LVDSSUR] LP DWG DV D FKRVHQ TXDOWO!
Rl WH FRXQW V KMRUFD DLP VHDVRQ WP SHIDW(UH GMMEXWRQ 7KLYV
JHOHDQ DARQ LV XVH XCEHFDXVH IWL SUAVHUYHV JHRIWDSKLE
KHWURIHOHW 1Q WSLFDO VXP P HUFRQGMRQV DQG L P DNHVWH
VHOUKW RI UHVXEV VR WH DWXP HGO 0 7 WDQVSDUHQW:  H DGRSW

T DVRXUSUP DU VSHALIFDWRQ VR EH FRQVHUYDWYH DERXVWKH KHDW
UMN WUHVKRG



















































































































































