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Climate Classes

Equatorial

B ranforest (monsoonal)
B savanna

Tropical

B rainforest (persistently wet)
B rainforest (monsoonal)

W savanna

Subiropical

M no dry season
I distinctly dry summer
| distinctty dry winter
moderately dry winter

Desart

W hot (persistently dry)
B hot (summer drought)
B hot (winter drought)

O warm (persistently dry)

Grassland

B hot {persistently dry)
hot (summer drought)
hot (winter drought)
warm {persistently dry)
warm {summer draught)

Temperate
B no dry season (hot summer)
B moderately dry winter
{hot summer)
W distinctly dry (and hot) summer
W no dry season [warn summaer)
W moderately dry winter
[warm summer)
B distinctly dry (and warm) summer
B no dry season (mild summer)
[] distinctly dry (and mild) summer
no dry season {cool summer)
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$JKD.RXFKDN $ )HOGPDQ ' +RHUOLQJ 0 +X[PDQ 7 /X
5HFRJQL]H DQWKURSBRWHKQHYR®DR X JK\QR

$OH[DQJ®HU=KDQJ :; 3HWHUVRQ 7 & &DHVDU - *OHDVRC
0 &ROOLQV ' 7UHZLQ % 5DKLP]DGHK ) *ORE
FOLPDWH H[WUHPHV RI WHPSHXM\WBPOHRD @BRSKNFLSD o/
$ WPV SK HURIY QR

$00DQ 53 6RGHQ % - $WPRVSKHULF :DUPLQJ DQG
([W U HBHVYH QFRIO QR

$QDJQRVWRX (1 ODJJLRQL 9 1LNRORSRXORV KORWHVN|
$ %HQFKPDUMNVRD XWIRQ JOREDO VDWHOOLWH UL
UDLRXJH UDLQIDQ@( HWWDIOPMDWWY.RQV RQ *HRVFLHQFH D
YRO AR

$QJHORSRXORV . 'LFKLR % ,QKLEWDMRY R& SKRWRV\QWK
20HD HXURSDHD / GXULQJ ZDWXUQDWURIVM[BSQGLB H QD
YRO AR

$UQHOO 1 : *RVOLQJ 6 1 7KH LPSDFWV RI FOLPDW|
JOREDO&DRPOMWLF KO QJHSGR

$VDGL =DUFK 0 $ 6LYDNXPDU % 6KDUPD $ '"URX.
JOREDO DVVHVVPHQW RI 6WDQGDUGL]JHG SUHFLSLWD
GURXJKW LQ®RXDG 'Rl +\GUR®RJI\ SS

%DMUDFKDU\D 65 3DODVK : G6KUHVWKD 06 .KDGJL 9

6\WWHPDWLF HY D GDDWGR QDRIQMDWHSORWKFWY RY

EDVLQ IRU K\GUROR $GFD® PI$\% @ OF DMRB RVROR J\

%DO]J]DUROR 0 9L5AFMHUBNVRIX\$ %RQDO ' (OEHUV -
+RUHPDQV - 3DBIDXXHHODV - ODWFKLQJ WKH S
HFRV\WVWHP H[FKDQJH DQG YHJHWDWLRQ LQGLFHV HVW
VLWX REVBUPRWHRENQVLQJ RYRQYLURRPHQW

%DR - 6KHUZRRG 6 & $OH[DQGHU YXWXUHYDRQWUHDBVHYV
SUHFLSLWDWLRQ H[FHHGLR®XHUY Y&IGL ¥ DR § K DEDIW H V
%iUGRVV\ $ 'DV 7 ,QIOXHQFH Rl UDLQIDOO REVHU

DQG DSSOH\E\WDRQ\ DQ & HP UBFKHQW HV YR X V VAERQ V

%DUURQ 2 6LOEHUVWHLQ 5 $OL 5 'RQRKXH 5 OF)DL

6PDUW 1 'RQQ 0 &OLPDW HGHKDHQE HQWH F\WR VR)
VRXZH/ WHUQ $RXWQDOL®D +YRORORJSS
%D\LVVD < 7DGHVVH 7 'HPLVVH * 6KLIHUDEDVH G

UDLQIDOO HVWLPDWHYV DQG DSSOLFDWLRQ WR PRQLWR
1LOH %DVLQ5HWRKWRSE®AD SQR

%HHFKDP 6 &KRZGKXU\ 5 . 7HPSRUDO FKDUDFWH
UDLQIDOO D VWDWLVW LG NG D@IBWZRQHDH VR OW@MAVR V &
QR SS

%HKERXGLDQ 0 fDEZHYWKV . 7KH LQIOXHQFH RI ZD

UHODWLRQV SKRWRV\QWKHVLV DQG IUXLW &B5RHQYW LLI)
+RUWLFXORWOXUDHGRB

%HUJ 3 ORVHOH\ & +DHUWHU Q@ FRQY HRAMULR/QL) SLUQHFRLI
UHVSRQVH WR KLJKBW X\WHP SHRNBQ X QSER

%HULQJHU - +XWOH\ / % +DFNHU -0 1HLQLQJHU %
SURFHVVHV RI FDUERQ ZDWHU WRBUIQ$X\W B DFADLHD\Q X
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JURP SRLQW MR LFNIDWRRQUDO DQG )RBBVW 0I®HRURORJ

%O|VFKO * ORQWDQDUL $ 2 WERURZWOJFW\EEUID RAS BB
SURFHVVHV $Q QWHUYRDWIRRSEDO -RXUQDO
%REpH & 2WWOp & ODKF@DNQUp GHOUIREQNW3 /p]LQH $

0 $QDO\WLV RI YHIJHWDWLRQ VHDVRQDOLW)\ LQ 6l
/$, LQ DVVRFLDWLRQ ZLWK-ROQBDBRY 8 U @ULW® RO P B QDDV
SS

%RHUV 1 %RRNKDJHQ % O0DUZDQ 1 .XUWKV - 0DUH

LGHQWLI\ VSDWLDO SDWWHUQV RI H[WUHPH UDLQIDOC
6\WWHRRSK\VLFDO 5HVNROFER/ S\ WHUV

%RWNLQ ' % 6D[H + $UD~MR 0 % %HWWV 5 %UDGVKD
'DZVRQ 7 3 (WWHUVRQ -5 )DLWK '3 )HUULHU &6
': J/RHKOH & ODUJXOHV &0 -lHZ6WRFANZHHMD ' 5 %
JRUHFDVWLQJ WKH (IITHFWV RI *OREAIRGFEDMREDJ RQR%LF
SS

%RWWD $ O9LRY\ 1 &LDLV 3 )ULHGOLQJVWHLQ 3 OR
VEKHPH RI OHDI RO & WWDHYBQAV B E D Q JHRBL R GGR\

%UDGOH\ $ 9 *HUDUG ) ) %DUELHU 1 ‘HHGRQ * 3 $

$UDJmMR / ( =HOD]JRZVNL 3 $UDL ( 5HODWLF
UDGLDWLRQDMI®R G UIPF WKLHV $PIR]IRIO USKID R P¥MRWL R O RIR
SS

%XUHDXRIOHWHRDWEBRJINQ $XVWUDOLD
%XUURZV 0 7 6FKRHPDQ ' 6 %XFNOH\ /| % ORRUH 3 3

%URZQ & %UXQRH -8 0 'XD4DOSHUQ % 6 7KH S
FOLPDWH LQ PDULQH D QG FLHQGRI® WU LIQRHFRV\VWHPV

&KDGZLFN 5 *RRG 3 ODUWLQ * 5RZHOO '3 /IDU.
SURMHFWHG R D WKEV VRD HRMWRSHF RO IOFCDRBID & K D8Q J H

&KDKLQH 0 7 *(:(; 7KH *OREDO (QHUJ\ DQ®RVDWHU
7UDQVDFWLRQV $PHULFD@RGBGIRSKIRFDO 8QLRQ

&KDYHV 00 3HUHLUD -6 ODURFR - B5RGULJXHV 0/
&DUYDOKR , )DULD 7 3LQKHLUR & +RZ SODQ
ILHOG" 3KRWRV\QW &8 ¥ D\D \D @REYEREDR D\GISR

&KHQ ' :DQJ ; 7KDWFKHU 0 %DUQHWW * .DFKHQNR
YHIJHWDWLRQ IRU UHGXFLQ® XHDRQ RIHDD IRG FPROQ XHBICR

&KHQ ; X 3KHQRORJLFDO UHVSRQWPVWR SORRD\
FKDQJH LQ WKH WHP S HQ\W WHQIRW HRRIDOK MRX UYP® R EL
QR SS

&KHQ5< <X % -HQNLQV * BHFXODU YDULDWLRQ LQ

LQ HDVW HU QRU\QHOBRI RIP HW HRRUR O R $BR

&KLHZ ) +DUUROG 7 6LULZDUGHQD / -RQHV 5 BULND
FKDQJH LPSDFW RQ UXQRII XVLQJ UDLQIDOO VFHQDULF
IURP *&®M2'6,0 ,QWHUQDWLRQDO &RQJUHVV RQ ORG
BURFHHGQRGWOOLQJ DQG 6LPXODWLRQ B6RFLHW\ RI $
&DQEHU WD $]7

&KLPQHU 5 $ :HONHU -0 ORUJDQ - /H&DLQ 5HH
PDQLSX®RDWLR®WHU VQRZ DQG VXPPHU UDLQ LQIOXHQF}
PL[HHWDVV SUDLULH (FRPL\GURE®AI\ SGR

&KRNQJDPZRQJ 5 &KLX / 9RQJVDDUG - &RPSDULYV
JDXJH GDWDQIS®87&HDWIOQJ OHHWLQJ $EVWUDEWYV

&KRX & &KLDQJ - & &KX/@PX® &ILDR& < /HH- & ,QFUHDVH
WKH UDQJH EHWZHHQ ZHW D QI®D W XU N HBI\RWE O DHELRS L W
SS
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&KRX & 1HHOH®R ® &K <- (YDOXDWLQBWWKKIHBULF
PHFKDQLVP LQ WURSLFDO SUHFLSLWDWXRBQDRKRQ RO X
YRO AR

&KXYLHFREXHWH $ 3K\WLFDO SULQFLSOHV Rl UHPRWH
+XHWH )XGBDPHQWDOV RI 6DWHO&AAN B UKHNVRR WAR BB B
JORULGD SS

&OHYHUO\ - (DPXV ' [/XR 4 &RXSH 15 J/OMXQ 41 0D
+XHWH $ 7KH LPSRUWDQFH RI LQWHUDFWLQJ
FRQWULEXWLRQ WR JOREBPPLARQWHRIQF RIS R UHWW UHPHYV

&OHYHUO\ - (DPXV ' 9DQ *RUVHO ( &KHQ & G5XPPDQ
LOMXQ 1 )DX[ 5 <X 4 +XHWH $ 3URGXFWLY
WZR FRQWUDVWLQJ VHPLDULG HFRV\WWHPV IROORZLC
DQRPBOULFXOWXUDO DQG )REAVW 0BWHRURORJ\

&RRN *DUU\ 'GHMHHBLFKDUG * 6SDWLDO YDULDWLRC
VHDVRQ LQ PRQVRRWHU GRWWRQDOD-RXW®RDO Rl QRLPD
SS

&UDLQH -0 :RONRYLFK (0 *HQH 7RZQH ( HREMO 6
DV D IXQFWLRQDO W U DILWZ 13§ \DV RVORMIMMDSIRSUDLULH

&XED 1 5RJDQ - &KULVWPDQ = :LOOLDPV & $ G6FKQHI
0 ORGHOOLQJ GU\ VHDVRQ GHFLGXRUMQWVXVLQ
02',6 (9, GDWR * 6FLHQFH UHPRWRKD VHGBRQJ

GH -RQJ 5 B6FKDHSPDQ O ( )XUUHU 5 'H %UXLQ 6
UHODWLRQVKLS EHWZHHQ FOLPDWRORJLHW\DW@REBRD Q.
FKDQJH ELYR®RJ\ SGR

'HO *URVVR 6 3DUWRQ : 6WRKOJUHQ 7 =KHQJ ' %DF
20VRQ 5 *OREDO SRWHQWLDO QHW SULPDU\ SU
FODVV SUHRG IMDRVSLHED W XR G SGR

'"HVPHW . +DROMAHUJ ( 2Q WKH VSDWLDO HFRQRPLF
"-RXUQDO RI SBUEDQR(GERQRBEFV

'LMN $, -0 %HFN + ( &URVELH < 63RGIHUS $ 0 T7LREBRO
9LQH\ 1 5 7KH OLOOHQQLXP 'URXJKW:t LQ VRXWI

IDWXUDO DQG KXPDQ FDXVHV DQG LPSOLFDWLRQV IRU
DQG VREAWMUY 5HVRXUFNRGHYVBRERBFK

'RL + .DWDQR , SKHQRORJLFDO WLPLQJV RI OHDI E;
$JULFXOWXUDO DQG NRRUHVW BBRVHRURORJ\

'RQDW O $OH[DQGHU / <DQJ + 'XUUH O9RVH 5 "X
%UXQHW O &DHVDU - 8SGDWHG DQDO\VHV R

H[WUHPH LQGLFHV VLQFH WKH EHJLQQLQJ RI WKH WZ
-RXUQDO RI *HRSK\VLFDO 5HWRIDUFIKGRWPRVSKHUHYV
'RQDW O0/RZU\ $/ $OH[DQGHU /9 27*RUPDQ 3 $ ODKHL
SUHFLSLWDWLRQ LQ WKH ZRDWEB YWY &0\ PONRIKZ B WDSQH BL R

'RUH 0 + , &OLPDWH FKDQJH DQG FKDQJHV GR) ZWRED
NQRZQYLURQPHQW LQRVWHUQB®R.RQDO

'RXJODV ( O9RJHO 5 .UROO & 7UHQGV LQ IORRGV
LPSDFW RI VSDW-RX2 6 ROURIOKWBORQ R JGB

'RZG\$ - *URVH 05 7LPEDO % ORLVH $ (NVWU|P 0
5DLQIDOO LQ $XVWUDOLDYV HDVWHUQ VHDERDUG D U
REVHUYDWLRQV D QG $XRAW LFHDW® HRUWARFOA R B H B QSRBRU -

'X | 7LDQ 4 <X 7 OHQJ 4 -DQFVR 7 8GYDUG\ :

FRPSUHKHQVLYH GURXJKW PRQLWRULQJ PHWKRG LQW
, QWHUQDWLRQDO -RXUQDO RI $SSOLHG (DURMK 2EVHIJY

W Hii



'X 6 *X + :HQ - &KHQ . 9DQ 5RPSDH\ $ "HWH
6KDQJKDL RYHWLWK 0PQGDOO 7HVWV DWQIEVH G HZWDEDN
‘DWHYRO  SGR

'XQNHUOH\ ' GDLG®GXBDLQIDOO HYHQWVYV LQ DQ DULG HQY
YDULDELOLW\ 9DULDWLRQ DPRQJ ZHW DQG GU\ \HDU\
$XVWUBRUDDO RI $ULG YEOLURGBHQW YV

'XUDFN 3 - 6BLMIIHDODWHDU 5 - 2FHDQ VDOLQLWLHV U
F\FOH LQWHQVLILFDW L R(F IGKYRQ J QES
"\PRQG & & -RKQVRQ ( $ 0DSSLQJ YHJHWDWLRQ VSC

WHPSHHDOMXG VRODU UDG&DILRROXUQDGLRQWKNRWRJIUD
5HPRWH 6MROLQJ SR

(DPXV ' (FRK\GURORJ\ YHJHWDWLRQ IXQFWLRQ &MDWRU I
3XEOLVKLQJ
(DPXV ' &OHYHUO\ -DQWRXIOD)LDX[1 5 *9KHIDOBPORERV&DUER

DQG ZDWHU IOX[RYHLQFDGLDUYBYDQQD ZRRGODQG $Q
SDWWHUQV DQG UHVSREMH\F X\ORV X D DQI D QROU M RQ B H F

QR SS
(DPXV 2 *UDG\ $ 3 +XWOH\ / 'U\ VHDVRQ FRQGLW
ZDWHU XVH:WQ RBKIFZHWDYDQQDV RU HHR 3 KAK/HYBRREN V W L
QR SS
)DQJ - 3LDR 6 +H - 0D Y HQ FHWHDWVILRQ  BY/FW UYHLA
+ 6FLHQFH LQ &KLQD 6HUNIRWD & /SBR 6FLHQFHV
)D\ 3 $ &DUOLVOH -' .QDSS $. %ODLU -0 &ROOC
UHVSRQVHV WR DOWHUHG RIIDHD IO DVEHFREENIRD/ LQ D !
QR SS
)D\' 3 $ &DUOLVOH -' .QDSS $. %ODLU -0 &ROO
UHVSRQVHV WR DOWHUH G RPILQDOVHE SHNROIRUBYGLQ D &
QR SS
)D\ 3 $ .DXIPDQ 'O 1LSSHUW - % &DUOLVOH - +D

JUDVVODQG HFRV\WWHP IXQFWLRQ GXH WR H[WUHPH U]
WR FOLPDWGE REKD® &K D Q JHRWL R OFIR

YHQJ +=KDQJ 0 *OREDO ODQG PRLVWXUH WUHQGV Gl
OD@BGELHQWLILFFEBBSRUWYV

JHQJ ; 3RUSRUDWR ,WXUBRGULJXH] &KDQJHV LQ UDLQIDC
WURSDAWXUH &OLPPR® & KRR JIH

JHQVKDP 5 )DLUID[ 5 $UFKHU 6 5DLQIDOO 0ODQC

FKDQJH E@ WIHP I$XV W UD OR B QQ\DIDY B QRO R J \SER

YJLVFKHU (0 .QXWWL 5 RQ V8 Q MEKAURISRY MR I FRED O RF
SUHFLSLWDWYRPSBQ G VKX U W KW H HSPGHLVP DWRHD & K BEBRI H

JRURRWDQ ( .KDQGX $ZDQJH -/ 6FKXPDFKHU 0 $Q\DK
D 4XDQWLI\LRWWRKH(L®ZSMQG ,2' RQ UDLQ JDXJH DC
SUHFLSLWDWLRQ S U RGIPRMWWH RBYHH & Y VRUBMQ@Y. DU RKFP HQ \

JRURRWDQ ( .KDQGX $ZDQJH -/ G6FKXPDFKHU 0 $Q\C

XVFKH - ELI\UXDQWKH LPSDFWV RI (162 DQG ,2' R
UHPRWHO\ VHQVHG SUHFLSLWBWPRQY I BRGXEQY RIY HUY |
YRO Ss

)X * O9LQH\ 15 &KDUOHV 6 37HURX HPSRUDORQDULDWLR(
5DQIDOO (YHQWV L@ $XVRXWD@LO RI +\GURPRIMHRURR R J

SS

)X <+ =KDR + 3LDR 6 3HDXFHOOH 0 3HQJ 6 =KRX
3HXXHODV - 'HFOLQLQJ JOREPWQRIDWRAIL @RI NISHEQ
XQIRO GDQYXVYRO QR
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*DURMIMOLQRY - +DOSHBUQ6FWRIQAMDBLODMREZQ &KULVWR S
.LHVVOLQJ : ORRWBIQHRMGID 3FRKRF]DQWND5LPKRUBVRC
$QWKRQ\%WXUURZV DLFKDH@OLPDWH YHORFLW\ DQG V
UHGLVWULEXWLRQ RI1BB/XUQMHEEOLLRPE®WRKS &K IDBY\) H

*HQWLQH 3 ' 2GRULFR 3 J/LQWQHU % 5 6LYDQGUDQ *
Rl FOLPODWH) QBGRYHJHWDWLRQ DV FRQVWUDRSKAELED QV
SHVHDUFK YRWWHUgR

*LWHOVRQ $$ 3HQJ < $UNHEDXHU 7 - BX\NHU $ (
SKRWRV\QWKHWLFDOO\ DFWLYH UDGRBW L RRE OR 8 BWALIRX
UHPRWH VHQVLQJ Rl FURRISUQPDURISSIBCERWIRYLROR

*RFLF 0 7UDMNRYLF 6 $QDO\VLV RI FKDQJHV LQ PH
.HQGDOO DQG 6HQ V VORSMWWINWQ PEBIRRED DV \URW L YOG
&KDQMRO SS

*RO\DQGLQD 1 .RUREH\QLNRY $ %DVLF 6LQJXODU
ZLWK&ERPSXWDWLRQDO 6WDWIMRMLFV SDOPWD $QDO\VLV

*RO\DQGLQD 1 YRYREGHKQHRRY $ S8VHYLFK . 0X O\
HIWHQVLRQV Rl VLQJXODU VSHFWUXP DQDG\\SLWH U
DU;LY

*RO\DQGLQD 1 6WHSDQRIYVHG DSSWRBFKHY WR DQDO\V

PXOWLGQPWOQWLRH VRIFPHHELQJIJV RI WKH WK 6W 3HWL
VLPXODYRLRQ 6W 3HWHUVEXUJ 6WDWH 8QLYHUVLW\ 6

*UDFH - -RVp -6 OHLU 3 OLUDQGD + 6 ORQWHV 5
IOX[HW WRRSLFDO-RRYDRQ QDR %L R RHR J U BSK\
*UHHQYLOOH $ & :DUGOH *O0 'LFNPDQ & 5 ([WUHP

LUUXSWLRQV UHJUHWHIDRQ WWQHDIDAVLVQRGHVHUW UDLQI
(FRORJ\ DQG (YROXW LR

*ULPP $ 0 7HGHVFKL 5 * (162 DQG H[WUHPH UDLQI
-RXUQDO RI YR PD\W®R

*U|PSLQJ 8 5SHODWLYH LPSRUWDQFH IRU OLQHDU UH
-RXUQDO Rl VWDWYR®/LFB@R/RIWZDUH

*URVH 0 7LPEDO % :LOVRQ / %DWKROV - HQW
&0,3 PRGH®VYP®QLFDWLRQV IRU SURMHFWLRQ¥XRWUDLC
OHW 2FHDQMRIJ - SS

*X ) =KDQJ < +XDQJ 0 7DR % *XR 5 <DQ & (1
QHW SULPDU\ SURGXFWLY4£W)\ (RRQ®RUQD @X PYRO X W LGRRQ

SS
*XDQ . *RRG 63 &D\ORU .. 6DWR + :RRG VFDPOH/L

LPSDFWV WRHDIMRQWI UDLQIDOO YDULDELOLW\ RQ VLP
$IULBLRJHRVFRE QFH QR

*XDQ . 6XOWDQ % %LDVXWWL 0 %DURQ & /IREHOO
UDLQIDOO FKDQJHV PDWWHU IRtHREBRS/LEDOGHHNG DHWK
YRO (6323

*XDQ . :RRGHGEYLJ\ ' .LPEDOO - 3DQ 0 &D\ORU .. ¢
-RQHV 0 2 7HUUHVWULDO K\GURORJLFDO FRQW!
$IULFDQ VDYDQQDV-RRGQDRRBDPWRBYK\VLFDO 5HVHDUF
YRO AR

*XDQ .< *RRG 63 &D\ORU .. OHGYLJ\ ' 3DQ 0 :RRC
&KHQ 0 $KOVWURP $ X 7 6LPXODWHG VHQ
HFRV\WWHP SKRWRV\QWKHVLV WR UDRQOD OKHDVRDXBA
(QYLURQPHQWDO 5NRMDUFBQRHWWHUYV

*XHUUHLUR 6 % )RZOHU + - %DUEHUR 5 :HVWUD 6 /F

L) 'HWHFWLRQ RFDFRMQW Q@QHMWDAFDWLRQ R

H[WUHIPBHWWXUH &OL P DWVRID & KSERI H
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+DUPVHQ (: B3RQHDHS 'LQWHU HMYDOXDWHRQ RI SDQ H
FRHIILFLHQWVDDWLRQWYHQ BRKHWRXSLFRO RI $JULFXO\
8QLYHUVLW\ RI 3kHUWR 5LFR

+D\ORFN 0 1LFKROOV 1 7UHQGV LQ H[WUHPH UDL
TXDOLW\ GDWD VHW IRUGWHWWQD®LER QO DPIRXR@G®DD RI &
QR SS

+D\ORFN 05 3HWHUVRQ 7 & $OYHV /0 $PEUL]IL 7
%DUURV 95 %HUODWR 0 $ %LGHJDLQ O &RURQF
HIWUHPH 6RXWK $PHULFDQDQMIL QLIMINY IZQWK VHD VXUID
“-RXUQDO RIYR®MLP D &GR

+H = 'X - &KHQ / =KX ; /LQ 3 =KDR 0 )DQJ 6
H[WUHPHV RQ VSULQPEBKAQYRQRJIJNARVDWIBPNXIOW & KDQC
IRUHVW PHWHRRURORSS

+HEHUJHU o0 $XVWUDOLDYTV PLOOHQ QLKW TRIRXGKW ZDF
6SULQJHU SS

+HLV.GHWH -/ %ODLU -0 .HOO\ () +DUPR&RIQW.LQJIHD
SURGXFWLYLW\ UHVSRQVHV WR PRUH H[WUHPH UDLQI
*OREDO &KDQJHR®BLR O KRR

+HOG , 0 6RGHQ % - SREXVW UHVSRQVHV Rl WKH K!
-RXUQPOLRD\RA AR

+RX $ < .DNDU 5. 1HHFN 6 $]DUEDU]JLQ $$ .XPPHUR
1IDNDPXUD . JIXFKL 7 7KH JOREDO SUHFLSLV
%XOOHWLQ Rl WKH $PHULFDWQRO®HW HIBRRORJLFDO 6RFLH

+XDQJ - :X 3 =KDR ; (IIHFWV Rl UDLQIDOO LQWH
JUDGLHQW RQ VRLO LQILOWUDWLRQ &M\ HQROLPXO0BW H

+XDQJ 3 B8LH 6 HFKDQLVPV RI FKDQGMNFAHG(IMBPRSLFDO 3DF
YDULDELOLW\ LQ D1DBUXRLH 3 HRWEFIDHVY HSH

+XHWH $ 'LGDQ . OLXUD 7 B5RGULJXH] (3 *DR ; )H
WKH UDGLRPHW U DFSMHQGREIPPSX N LEIDWKH 02" 564 F RWHNV D \
VHQVLQJ Rl HQRIQUR Q PG W

+XHWH $ -XVWLFH & /LX + 'HYHORSPHQW RI YHJH
(26 56HPRWH 6HQVLQJ RYRQYLUFIRPHQW
+XHWH $5 /LX + 4 %DWFKLO\ . YDQ /HHXZHQ

LQGLFHV RYHU D JOREDO VHWZ2RbE 75HRRW HH 6 HIRWL Q2
(QYLURQPRQW SGR

+XR = 'DL ; )HQJ 6 DQ@QIQX 6 +KIHFW RI FOLPDWH FKD
HYDSRWUDQVSLUDWLRQ DQG DULGRWUY QRG HR[| LKYGDRRLGER |

SS
+XWOH\ / % %HULQJHU - ,VDDF 35 +DFNHWRQWLQ HMHNVI

WVDOH OLYLQJ ODERUDWRU\ 6SDWLDO SDWWHUQV RI VI
QRUWKHUQS$SSXVWXDWKDDO DQG )REBVW 0B®RHRURORJ\

+X[PDQ 7 ( 6Q\GHU . $ 7LVVXH ' [HIIOHU $DQQ®UOH W
"5 3RWWV '/ 6FKZLQQLQJ 6 3UHFLSLWDWLR
VHPLDULG DQG D PHEROFRIRD/ W HBBR

,KDND 5 *HQWOHPDQ 5 5 D ODQJXDJHRKROD BEIDWD
FRPSXWDWLRQDO DQG YRD®SKSEGRO VWDWLVWLFV

,3&& &OLPDWH &KDQJH 7KH 3K\WLFDO 6FLHQFH %DVLV
, WR WKH )LIWK $VVHVVPHQW 5HSRUW Rl WKH ,QWHUJ
>6WRFNHU ZLQ 30DWWQHU 0 7LJQRU 6 . $OOHQ - ¢
LD 9 %H[ DQG 3 0 OL&DPHULBGN 8@LYHUVLW)\ 3UHVV ¢
.LQJGRP DQG 1HZ <RUN 1< 86$

“HIIUH\ 6 - &DUWHU -2 ORRGLH .SWLQUINSDMFIND G I5QW K
FRQVWUXFW D FRPSUHKHQVLYH DUFKLOMH LRIR KN QW I
ORGHOOLQJ &RIO ZDBE®R
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"HRQJ 6+R +& &KRL 6LP - /[HH fLP -+ 6DWHEBDVYWGE GD
SKHQRORJLFDO HYDOXDWLRQ Rl WKH QDR RAIEM UHI
QRS H
-HRQJ- 6+R +& *LP -+ %URZQ O 3KHQRORJ\ VKLIWV D
JURZLQJ VHDVRQ LQ WHPSHUDWH YHJHWDWLRQ RYHU
+ *OREDO &KDQJHR®WLR OB
-LDQJ 4 /L : :HQ - 4LX & 6XQ :7DWDQJ 4 XFRXUTL
(YDOXDWLRQ BHYRR %W.IHQD6/DH\EHDAIQVHO O 3URGXFWYV
DQG &0253+ LQ 6RIVGIYRDL SQR

-RKQVRQ ) :KLWH & - YDQ 'LMN $ (NVWURP 0QDUBQV
0 5RXLOODUG $ :HVWUD 6 1D W X LRDOO. FKIDWR. B G
&KDQMRO SGR

-XQJ:, %DH+' .LP * 5HFHQW WUHQGV Rl PHDQ DQG

.RUHMWHUQDWLR QP®WROARIDO R BGO L
.DPUX]]DPDQ 0 %HHFKDP 6 0 HWERDWODHV LR @D ULW\ 1RQU
WHPSHUDWXUH LQ WKH -9VGUURIO R DIUFDLAYRZRAH\ME 8 V

.DQQOLDK . ' %HULQWIOW\ -/ % (QYLURQPHQWDO FROQ
YDULDELOLW\ RI VDYDQQD SURGXFWLYLW\JUQFWEW XILRD
DQG )RUHVW ONWBRUR R\

.DUO %UDJDQ]D %UDG O0XUSK\ % HRISMU DSIGG TH P E'IRA G \3 D QH

+HQQHVV\ %KHQG - &DURDWH &KDQJH LQ $XVWUDOLEL

.DUO 75 QLJKW 5 : BHFXODU WUHQGV RI SUHFL
LQWHQVLW)\ LQ W% M CBQH W IHE MWD MHH \$ P H UALA-DMR®H W HR U
QR SS

.HHQDQ 7)) 5LFKDUGVRQ §$ ' 7KH WLPLQJ RI DXWXI
WLPLQJ Rl VSULQJ SKHQRORJ\ LPSOQREWORKKD (RIH EUWF
YRO AR

.HOOH\ O& BWDGL 6 &DQH 0 $ 6HDJIHU 5 XVKQLU <

JHUWLOH &UHVFHQW DQG LPSOLFDW IBRI@F HHGW® HV URIF
IDWLRQDO $FDGHRRRI 6FLB&FHV

.HQGDOO 0 * WDRREY PRWKRGN

LGG & 6DWHOOLWH UDLQ,@W B URDLVP DRVGRIOR J R X QY L
YRO AR

.LQJ $' 'RQDW 0 * /JHZLV 6 & +HQOH\ % - OLWFKHOO
.DURO\ ' - 5HGXFHG KHDW H[SRVXUH E\ OLPLWLQJ J
1IDWXUH &OLPDWRID & KSERI H

.LQJ $' .OLQJDPDQ 13 $OH[DQGHU /9 'RQDW 0 * -R
(IWUHPH UDLQIDOO YDULDELGUWYHQV$ XD\QGERNOHEDLIS\R BY
& OL P DARID AR

.MHUIYH % /DFHUGD / B5H]JHQGH & ( 2YDOOH $ 5

K\GURJHRFKHPLFDO YDULDWLR Q VO D.QJ UFRDYQH URRFYRV \ M /R
WURSLFDO WRHNERDXUH |IXQFWLRQ DUD® PIDELDI HP HIDQAG
'RPLQTXH] $/ HGV ,1(&2/ OH[LFR ,8&1 250% &RVWEL
%HDXIRUW B& 86%

.QDSS $ . %HLHU & %ULVNH '' &ODVVHQ $ 7' /XR <
6PLWK 6 ' %HOO - ( )D\ 38 &RQVHTXHQFHV F
UHJLPHV IRU WHU U MRV EDBRFHR VSGR/ HP V

.QDSS $. )D\ 3$% %ODLU -0 &ROOLQV 6/ &PLWK 0
'DQQHU % 7 /HWW 06 OF&DUURQ - . 5DLQIDC
DQG SODQW VSHFLHV GLYHOMWWMRQ D PHY®RE JUDVVOD

.RFK *: O9LWRXVHN 30 G6WHIIHQ :/ \WDONKUW®BDQVHF
JOREDO FKD QYIHJIBMADROR K SGR

W Hid



.ULVKQDVZDP\ - -RKQ 5 -RVHSK 6 &RQVLVWHQW
UHFHQW FOLPDWH FKDQJH LQOREPDL BREO PRRBWRBRRJIU +
SS

. XOPDWLVNL $ %HDUG . + 'RRG\ SODQW HQFURD
SUHFLSLWDWLRWY XUHVEQLVRDWRID & K D5Q J H

XQG]HZLF] = : ‘:DWHU UHVRXUFHV +RWURORY B LQHDEFRH
-R X U QYORD SGR

IDVKRI '$ $KXMD 'S5 5HODWLYH FRQWULEXWLRQV R
ZD U P LXDIW X URIO QRS

IDYHU\ % .DULNR $ 1LFKROOV IDOO GDW BLVMARUIRAD
$XVWUDOLDQ OHWHRURP®RJILFEZR 0DJD]LQH

/L - 6KDUPD $ (YDQV - -RKQVRQ ) $GGUHVVLQJ
UDLQIDOO LQ UHJLRQDO EGL\PIMW B WIREDEOVSWEFLOQD RRRD
DSSURRBRKK QDO RI +\GURORJ\

IJLSVBIRRW H * - :ROII 1 + *DPH (7 (PLVVLRQV PLW
VDYDQQD FRXQWULHYV IURP HD UQ\DGW\UHH PR RIEXYRIGHD WD

QRS

/IRQREDUGL $ 9LOODQL 3 7UHQG DQDO\VLV RI DQQX

WKH OHGLWH U QWHHIP WURQDO -RXYQDO RIGOLPDWROTF

IXFDV & +HQQHVV\ . O0OLOOV * 9% DWKKRONQ VRXWK®H®WBHVW
UHFHQW WUHQGY DQG SURMHFWHG FOLPDWH FKDQJH L

IXFH & ODQDJHPHQW &KRLFHV LQ DQ 8QFHUWDLQ )XV
DQG 7HPSHUDWXUH 3URMHFWLRQV LQ WKHD3IIDFIHPH QWU
$OWHUQDWLYHV YRO S

IXFKW : 6FKDSKRII 6 (UEUHFKW 7 +H\GHU 8 &UDPH
UHGLVWULEXWLRQ DQG FDUERQ ERDDBERE %QOGBQFFC
ODQDJHPHR® SQR

OD ; +XHWH $ &OHYHUO\ - (DPXV ' &KHYDOOLHU )

*XDQWHU / OH\HU : '"URXJKW UDSLGO\ GLPLQLV
RYHU D/HIPG $XGWILHDOAUDILFFBBSRUWYV

0D ; +XHWHX 4 &RXSH 15 'DYLHV . %URLFK 0 5DWL
I % &OHYHUO\ - 6SDWLDO SDWWHUQV DQG WHP
SKHQRORJ\ DFURVV WKH 1RUWK $XHPRINHL D6 QMLRDS I
(QY L UR@WR O SS

OD ; +XHWH $ <X &RXSHHVWUBSRILQJIJHU - +XWOH\ /@
&OHYHUO\ - (DPXV SDUDPHWHUXVHIWIFR® @A\ D
PRGHO IRU SUHGLFWLQJ VDYDG®R W33 6XMI\QLIQU2R B (@Y L
YRO SS

oD X < 3HQJ - &KHQ 4 :DQ ' +H . 6KL = /L +

SUHFLSLWDWLRQ SDWWHUQV FKDUDFWHULEH® EQ BIODW
DQG VXUURR@EBWYURQDO MRXUQDOYRODUHPRRH VHQVLQ

ODJIJLRQL 9 OH\HUV 3 & S5RELQVRQ 0 5 H \$ RHWN IHRZ G
6DWHOOLWH 3UHFLSLWDWLRQ 3URGXFW $FFXUDF\ GX
OLVVLRQ 7500RXUQDO RI +\GURPRWHRSEORJI\

ODJOLDQR 31 %UHVKHDUV '' )HUQIQGH] 5 - -REEiJ\
VZLWFKHV HFRK\GURORJLFDO UXQRII UXQRQ UHGLVWL
SDW FRWO R ILFDIOF DY ROQV SGR

ODLJQDQ ) @UPRIFRXU & 'HPDUW\ - 3RLUVRQ $
SKHQRORJ\ HYWLPDWHV IURP JOREDO $9+55 PHDVXUHP
DQG DSSOLFPRWRBHQVYLOR RPRQW  SGR

ODNXHL * OF$UWKXU / .XOHVKRY < $QDO\VLV RI V
LQ VHOHFWHG UHJLRQV RI $XVW WKO,IQDN R VP WLKRQ O D V&
ORGHOOLQJ DQG 6LPXODMLRQ ORGV

W Hif



0DQQ + % 1RQSDUDPHWULRFRGRRMHIW DUBD Q \-W X WM
(FRQRPHWULBSRFLHW\

ODUWU@HJID - )HUULHU 5 & *RUGR@WH,U- HFRKDWOW P VHU
JOREDO SHWDPHRMBENY HUVLW\ 3UHVV

ODUWtQH] % *LODEHUW 0 $ 9HJHWDWLRQ G\QDPLF
XVLQJ WKH ZDY H5OHHP\R WH D B @ MAWDR RIRIDQ YL UBRSBRPHQW

OF&OXQH\ . ( %HOQDS - &ROOHQVH® /( CRADPWHKID FLHO +
.RWOHU % 3 ODHVWUH )7 6PLWK 6" "ROI %

LQWHUDFWLRQV LQ WHUUHVWULDO GU\ODQG HFRV\VV
FOLPDW HY%LKRDMRIH. FD ¥ BE Y L HX3R

OFODKRQ 7 $ 3HHO 0& /RZH / 6B6ULNDQWKDQ 5 0F9
DFWXDO SRWHQWLDO UHIHUHQFH FURS DQG SDQ HYD
D SUDJPDWLFVOQRERILYQG (DUWK YSROWRHPSBFLHQFHV

OFOLFKDHO $ - :RRGUXIlI 5 ( +DOHV 6 &OLPDWH Fl
DQG I XW XUKH U D\QVRIW QRS

OHWHRURORJ\ % R 5HFRUG EUHDNLQJ
KWWS ZZZ ERP JRY DXVWDROHUSKISZL G

OL 3 :HL O< +H 4& /L 1+ <XD@ ; /LDR + 5HIJLRQDO F

PLWLJDWH FOLPDWH FKBWQLW HUQ B KDL\QWDH \IY. X QDIMO. RKU B
$GDSWDWLRQ 6WUDWHJLYHRO IRUSGERREDO &KDQJH

0LOO\ 3 & 'XQQH . $ 9HFFKLD $ 9 *OREDO SDWW]|
ZDWHU DYDLODELOLW\ 1IIDQVXUR®D QJL QIRFOLPDWH

0LQ 6 =KDQJ ; =ZLHUV ): +HJHUO EXWLRQ MXRNBIRUFR C
SUHFLSLWDWLRQY XMRQ HPHWR

OLWFKHOO ' +HDYLVLGH & 9DUGRXODNLV 6 +XQWLQ
JUXPKRIlI 3 %RZHU\ $ :DOORP ' $0OOHQ O\ $V

GXULQJ H[WUHPH KHDW ZDYHV WR (RYWKRQRSRQW®DICF 5HC
/HWWHR ® SQR

ORGDUUHV 5 6DUKDGL $ %XUQ ' + &KDQJHV RI HJ[
,UD'®REDO DQG 30D Q¥RWD B\S&KDQJH
ORQWD]HUROJKDHP 0 O9HUYRRUW : O0LQDVQ\ WHUPOF%

YDULDELOLW\ RI WKH OHDGLQJ V HDWRNHDUOQ PIRKG/MIKIHRUD U L
DQG &OLPDWHY R UHPHY

ORQWD]JHUROJKDHW Q OHQFRAQU % OF%UDWQH\ $ E
PRQWKO\ UDLQIDOOHRBRVWH\DWI/QIR H VRY¥WHEKQ $XVWUDOL
7KHRUHWLFDO DQG $SYS®AHG &QBPDWRORJ\

ORUHLUD $ )RQWDQD7 0 & X DOIHFEKHW DSSURDFK DSSOLF
WLPH VHULHV DQG PHBBSRUMRRUQMDIDO RGEBKBRWRJIUDPPF
VHQVIYRD Ss

OSHODVRND ) 6 &KLHZ ) + ,QIOXHQFH Rl UDLQIDOC
KXQRIlI SURMRFWALRQ\R| +\G U RPRV HREEGO R J\

0XJDODYDL (0 .LSNRULU (& 5DHV 5DR 0 6
FHVVDWLRQ DQG OHQJWK RI JURZI$QU LFFKXDWRXQ DRU DM
OHWRERMRO SGR

1DJDL 6 1DVDKDUD .1 ,QRXH 7 6DLWRK 7 0 6X]XNL
VLWX DQG VDWHOOLWH SKHQRORQWHAHIU®D DRENRQYD WM F
ELRPHWHRWRRD R J'SGR

IDNNHQ 0 'DYHOHW RUDDRVILW DRILDPLQLHOOLVRODW
DQWKURSRJHQQFLSIRQWHQQ®WO ORGHCRILQJ SERIWZDUH

1LFKROOV 1 'URV/GREWN\ % $XVWUDOLDQ UDLQIDOO
' HD W KHRIO SGR

W Hio



1LFKROVRQ 6 ( 'DYHQSRUW 0/ ODOR $ 5 $ FRPSD!
WR UDLQIDOO LQ WKH 6DKHO DQG KD\ F$H ULHF DH WKD/W Q E
IURP 123$$ $945BLPDWLF YRK®QJHGHE

2FFKLSPPEGWRJIL $ *OREDO FKDQJH DQG PDULQH FRP
FOLPDWHOPKD@MHSROOXWRRQ EX®®HWLQ

2HUOHPDQV - $QGHUVRQ % +XEEDUG $ +X\EUHFKWYV
6FKPHLWY 0 G6WURHYHQ $3 YDQ GH :DO 56 : :L
ORGHOOLQJ WKH UHVSRQVH RI &O@DFLWHV\WRPAGVP QR H
SS

2NL 7 .DQDH 6 *OREDO K\GURORJLFDOWFLAQM DQG

QR SS

20LYHU 0 $ "HEVWHU 5 ,ULJLQJ D PHWKRG RI |
LQIRUPDWLRQW HUDBRYRRQPQDO RI *HRJUDSKLFDRO,QIRU
QR SS

3DJHW O - .LQJ 02%6 /DQG GDWD VHWV IRU W& 58XV W U
ODULQH DQG $WPRVSKHULF 5HVHDUFK &DQEHUUD $&7

3DQDJRV 3 %RUUHOOL <X %WHXVEXWIHY /LP .- <DQJ -
OLDR & < &KDWWRSDGK\D\ 1 6DGHJKL 6 + +DJEDYL
_.UDVQRY 6 ) *RUREHWV $9 /HYL < (USXO * %Ll

20LYHLUD 37 & $%REGGQDO 1HO : $0O 'DVKWL + ¢
1 9DQ 2RVW . 1HDULQJ O %DOODELR &
DVVHVVPHQW BADH/ASR B Q CK UKV R O X WBIER @ QDL IQ IFD ®@S B K R

3DUWDO 7 .DK\D7UHQG DQDO\VLV LQ 7XUMLVKROBRHEEBC
3URFHVVHV $Q ,QWHY@DWLR®BRO -RXUQDO

3HHWHUV - (LOHUV 3 7KH UHODWLRQVKLS BHWZH}
VLPSOH PDWKHPHWURE ORPRG HBDRO% X GBBRW L Q

3HQJ 6 &KHQ $ :X / &DR & )DQJ - O0\QHQL 5 % 3LC

5HFHQW FKDQJH RI YHIHWDW(RWQLUBRRPW®VWDWH QA
OHWWROV SQR

3HQJ 6 6 3LDR 6/ 6KHQ =+ &LDLV 3 6XQ == &KH
&KHQ $ 3 SBUHFLSLWDWLRQ DPRXQW VHDVRQDO
F\FOLQJ RIDDLGHPUDVVODQG HFRV\VWHP $ @®RG88BUQJUR
DQDOSVUVYFXOWXUDO DQG )REAVW 0BWHRURORJ\

3HxXHODV - )LOHOOD , =KDQJ ; /ORUHQV [/ 2JD\D 5
7HUUDGDV - &RPSOH[ VSDWLRWHPSRIUWEB BRHQRX
FKDQJIMY 3K\WR®ROLVW SGR

SHWHUV *3 $QGUHZ 50 %RGHQ 7 &DQDGHOO - * &l

5DXSDFK 05 :LOVRQ & 7KH FKDOOHQJH WR NH
1DWXUPDAOH &KWR@JIH S

3HWULH 0 ' 3HWHUV '3 <DR - %ODLU -0 %XUUXV)\
*KHUDUGL / $ +HQGULFNVRQ -5 6DOD 2 ( 5H

UHVSRQVHV WR SUHFLSLWDWHERQGGEHD®RB UPDXIHW U\DHLDQU
SHULRBREDO FKDQMRELROIZR

SHWW\ * : 7KH VVEDW NG RIDYVYQ WHGDO HVE\M PRMWHL RIQQR/Y. U
(QYLURQPRIQW SGR

3LDR 6 &LDGOLQ@JIVWHIHQ 3 3H\OLQ 3 B5HLFKVWHLQ 0
YDQJ - %DUU $ &KHQ $ 1HW FDUERQ GLR[LGI
LQ UHVSRQVH WR DRWXBROZDUP QRS

3LDR 6 &LDLV<3 6KMDRDQF¥ 3HQJ 6 /L - =KRX [/ [/LX
JULHGOLQJVWHLQ 3 /LX & 7DQ . <X < =KDQJ 7
FOLPDWH FKDQJH RQ ZDWHU UHVRYOWHYRIOQG DSULFXO)

SLHFKRWD 'UDFXS - $ '"URXJKW DQG UHJLRQDO K\GUF
6WDWHV $VVRFLDWLRQV ZLWK W KIHW(FOU 1% IRR KR\ ¥ HBUHC
YRO /AR

W Hio6



3RORF]DQVND (6 %URZQ & - 6\GHPPORHPD-Q .'L6VVORRUH
%UDQGHU . %UXQR -) %XFNOH\ / % %XUURZV 0
+ROGLQJ - .DSSHO & 9 27Y&RQQRU 0, 3DQGROIL
7KRPSVRQ 6 $ S5LFKDUGVRQ U$QW RI FOOLAPEHDCH LPKSD Q.
OLIHDWXUH &OLPDWRKD &K 8Q JH

3RQFH &DPSRV * ( ORUDQ 06 +XHWH $ =KDQJ < %Ul

' RVFK "' %XGD $ 5 *XQWHU 6 $ 6FDOOH\ 7 +
0 3 OF1IDE : + ORQWR\D ' 6 ORUJDQ -$ 3HWHUV
0 6 6WDUNV 3 - (FRV\VWHP WHDIO®L HIRA-W H

K\GURFOLPDW LD RRE@&ADW L R QYRS

3UDVNLHYLF] 6 &KBQUHWLHZ RI K\GURORJLNFO (PR GIOQ PD
FKDQJH DQG XUEDQ G HWRIRSRNWQW) L3KSBEMBO *HRO®RD S
SS

3ULPDFN 5 % /DXEH - *DOOLQDW $6 OHQJHO $
IQ SKHQRORJ\ UHVHDUFK LQYHVWLJDWLQJ FOLPDWH F
GRUPDQW QWXR OV R YERRON D Q\SGR

3XGPHQ]IN\ & .LQJ 5 %XWOHU + %URDG VFDOH PI
SXVWUDOLDIIDNARE DG WHPBXWENX RH S DVEDYRYVLURQPH
SS

5SDGX "' ‘XYDO 7 3 SUHFLSLWDWLRQ IUHTXHQF\ DOV

&2 H[FKDQJH FRQWUDVWLQJ HIIHFWV RQ PE®E® VHG.
FKDQJH ELYR®RJ\ SGR

5DLFK - : BFKOHVLQJHU : + 7KH JOREDO FDUERQ G
LWV UHODWLRQVKLS W R HGIO MVRENW L RSB QG FOLPDWH

5DQDWXQJH ( ODOP\DUMKQ % $OLNDPL 7 ORULVKLPD
1LVKLPRUL 0 &KDQJHV LQ WKH 6RXWKZHVW ORQV
LQ 6UL /DQND UHODWLRGRKWSHWR ANKBIOMOIRIAKRROU D S
3DODHRFOLPDWRORMRID GIRH FISFROR J\

5DQGDOO0O ' .UXHJHU 6 %UHWKHUWRQ & &XUU\ - 'X\
BWDUU ' OLOOHU O G5RVVRZ : &RQIURQWLQJ F
FORXG V\VWHRD WAWKXIGQ RI WKH $PHLQ FERGROHWAHIIRR O R

5DVKLG 00 %HHFKDP 6 &KRZGKXU\ 5 . $VVHVVP}
XVLQJ FRQWLQXRXV ZIEWHH N WD @ WRRI® U HVRX U FHV

5DXW % $ S5HHGHWWRE - & 7UHQGV LQ &0,3 5DLQID
6RXWKZHVWH U RX$XYMMOU R DRADL P D \SGIR

5HHG % & %URZQ -) 9DQGHU=HH ' /RYHODQG 7 5 OH

OHDVXULQJ SKHQR®R URF & DWDHQ O FRUGL@PO JRU\YHJIH W
VFLHQRO  SGR

5HHG % & 6FKZDUW] 0 ' 'LDR ; 5SHPRWH 6HQVLQ.
HG3KHQRORJ\ RI (FRV\WVWHP 3URFHVVHV $SSOLFDWLF
6SWQJHU 1HZ <RUN 1HZ <RUN 1< SS

5HLG 0 & *XDQ . :DJQHU ) ODX]HUDOO '/ *ORED
ODWURQHVRQ 6FLYRLFKQRER

S5LFKWHU % ' %DXPJDUWQHU -9 3RZHGEWKRG %RBDXDQVV
K\GURORJLF DOWHUDWLRRQXIHW K DQV LHFR & V R

5LVEH\ -6 3RRN O0- OF,QWRVK 3 & :KHHOHU 0 & +HC
'ULYHUV RI 5DLQIDOO 9MDUR Q WIK\WH DY KPRWOWBH D DR
SS

SRGULBEXWXKUEH (FRK\GURORJ\ $ K\GURDWRRHL6 SHU
YHIHWDWLRQD®AYPWD BHNVR XUFNR G H V ISIBRF K

5RHVFK $ 6FKPLGEDXYM®@ &RPS $ IXLGHG VSRXW DVUKUR X

W Hio



5RJHOM - GHQ (O]JHQ 0 +|KQH 1 )UDQVHQ 7 )HNHWH

SLDKL . OHLQVKDXVHQ O 3DULV $JUHHPHQW FO
NHHS ZDUPLQZd ZH @DWBDHIRD S
S5RVHQJUDQW O &DL :DWHU VFDUFLW\ DQG IRRG

VW FHOMNXHUY VFLHQFH DQROWHFSGERR ORJ\

5RXLOODUG $ B6NUJ\SHN * 'RJMUDPIDNIRQ 37)XUQH\ ,RSDFW
LQWBQXDO YDULDELOLW\ RI UDLQIDOO RQ D FHQWXL
QRUWKZHV W SXWRVORDIO IDQ G (DUWKYROWHBGRELHQFHYV

6DNDPRWR 7 9DQ 1JX\HQ XIND2KQR <RNRYKIWVO * 6
WHPSRUDO GLVWULEXWLRQ RI ULFH SKHQRORJ\ DQG FL
VSHFLDO UHIHUHQFH WR WKH VHDVRQDO ZDW®WHPRWIRZ |
BHQVLQJ RI (QYRWR QP ISGR/

6DQWRYV 0 %DXPDQQ O (VIDOKDGR & '"ULYHUV RI
ZRRGODQGV RYHU WHMRADH BW R AHQ BYR

6DWWHUWKZDLWH &LWLHV FRQWULEXWLR@IWR JO
JUHHQKRXVH JOQ YHPRIR/YRRQW DQX R®WEDGSFOWLRQ

6FKPLGW + .DUQLHOL $ SHPRWH VHQVLQJ RI WKH \
VHMWULG HQYLBRRQPBOW I DULGYHR®YLUBDPHQWYV

HGGRQ $ : )DRBLDVO /RQJ 35 %HQ] ':LOOLV . -
JOREDO WHUUHVWULDO HFRUDMWXPY WR FOLPDWH YDU

6HPDGB®LHY $ +HUQHEULQJ & B6YHQOVVRQ 7KH LP\B\DBWW
FOLPDWH FKDQJH DQG XUEDQLVDWLRQ RQ GUDLQDJH L
VIVWHPXUQDO RI +YRORORJSR

BHSXOYHGD 0 %RZQ + ( OLUDQGD O0' )HUQDQGH] %
DQG LQW HQNVEHQGC RIQQMXD O & HBHWIHOHDA\H YHIHWDWLRQ S
DQ $FDFLD FDYHQ VKUXEODQG BRPRX\Q (MR & H @VRU D (

SS

6HUGHF]Q\ 2 $GDPV 6 ®%DDUVFK ) &RXPRX U BRELQV
3HUUHWWH 0 B5HLQKDUGW - &OKPDWA BKDLEIH |
SK\WVLFDO FKDQJHV WR W KHLIL R®B DD(@ YIHSRIQFER § WIDROQ &
QR SS

6KDKLG 6 7UHQGV LQ HRW GHDRH QLRAHMUBHO/DL DY ®f (D/IO\G
&OLPDWRRRJ\ SGR

6KHQ ' %DR 1L 3 $ OHWKRG IRU '"HWHFWLQJ
'LVFKDUJH LQ WKH /RHD W BYIROOVHDSQ R KL Q D

6KHQ - +XHWBQ$1 1 'HYDGDV 5 0D : (DPXV <X

VHQVLWLYLW\ RI ZLQWHU FURSV RYHU WKH JURZLQJ
WHPSHUDWXUH DFURVV BMWONW URDIL GIDNGW U S 6D QW N D €
(FRV\VWHPV (QWROR QP HEBW

BKHQ : -HQHUHWWH *' +XL ' 3KLOOLSV 5 3 5HQ
SUHFLSLWDWLRQ UHJLPHV RQ GU\ODQG VRLO UHVSLUD
VHDVRQDO DQG LQWXUQRQ XD G BASHIDMAAD O% L R YHRROV F L H

QR *

6KL + /L / (DPXV ' +XHWH $ &OHYHUO\ - 7LDQ ;
ODJOLXOR 9 G5RWHQEHUJ ( 3DYHOND 0O &DUUDUD
02',6 (9, WR HVWMPDLVDKW WARVWMW HP JURVYV SULPDU\ SU|
FRYHU WABGRJILFDO ,QREQFDWRYV

6RQJ 6 /L |/ &KHQ ; %DL - 7KH GRPLQDQW U
SUHFLSLWDWLRQ FKDQJH GHVSR@GI HRB3SWYVRW I RUWHKC
,QWHUQDWLRQDO -RXY@DO RIS LPDWRORJ\

BRURRVKLDQ 6 *DR : +VX . ODGGR[ 5% +RQJ < *X
'LXUQDO YDULDELOLW\ RI WURSLFDO UDRQGD@®0® HW |
VDWHOOLW H- R QURWRD R/ILYEREL P D 8GR

W Hid



6SHVVD $ OF%HWK % 3UHQWLFH & SHODWLRQVKL
YHIJHWDWLRQ SDGWHWQRIIOFWIRH QRWWKHURVS$IG/ R QD C
12$$$9+55 GD'WREDO (FRORJ\ DQGYRORJHKRIRIDSK\

6ULYDVWDYD + 6LQKD 5D\ . 'LNVKLW 6 OXNKRSDGKD)
UDGLDWLRQI9RY)X 0D QGR® Ss

BWHSKHQVRQ &GOGLPDWLF FRQWURO Rl YHJHWDWLRQ GLVW
EDODQFH ZLWK H[DPSOHV IURP 1RUWK $PHULFD DQG 6F

BWHSKHQVRQ 1 / &OLPDWLF FRQWURO RI YHJHWDWI
EDODSFHHDIQF 1IDWXEPHOLVW

BWXUPDQ $ 7DSSHWMH ZHDWKHU DQG FOLPDWH RI $XVWU
2[IRUG 8QLYHUVLW\ 3UHVV

6XHSD 7 4L - [/DZDZLURMZRQJ 6 OHVVLQWHPZRUDO
YDULDWLRQ RI YBIRHWDQE&RWD BERHDXDO VHDVRQDOLW\ LC
$VLDQYLURQYRIDV Ss

6XQ 4 OLDR & 'XDQ 4 $VKRXUL + B6RURRVKLDQ 6 +
SUHFLSLWDWLRQ GDWD VHWYV 'DWD WRXRIFWV HZW VRL P
*HRSK\VYR® SGR

6XQ : 6RQJ ; OX : *DR 3 :DQJ ) =KDR * 6S
FRYHU YDULDWLRQV DVVRFLDWHG ZLWK FOLPDWH FKD(
30D WHDX AXIDWBR QG )RUHVW BBW HRUFRO R J\

6XSSLDK 5 7UHQGY LQ WKH VRXWKHUQ RVFLOODWLR
FKDQJHV LQ WKH,QWHIHQDWILRQWIOL SR X URIDO RISBRLPDW

6XSSLDK OQHYN\ .HYLQ - 7UHQGYV LQ WRWDO UDLQID
RI GU\ GD\V LQ $XVWUDWHDQDWLRQDO -RXY@DO RIG@®L

SS
6\DIULQD $ + =DOLQD 0 ' -XQHQJ / XUO\ H]LWWHRH. RIDQ.C

SHQLQVXODWHKPRODNWIDFDO DQG $SHYRQHG &GEPDWRORJ

7HVWD 6 B6RXGDQL . %RVFKHWWL /GHOR®BGQR, (190, D
:'59, WLPH VHULHV WR HVWLPD® H USKHXR GR FILBX®R XPH
,QWHUQDWLRQDO MRXUQDO RI DSSOLHGYRMUWK REVHU

7KRUQWRQ 3 . (ULFNVHQ 3 - +HUUHUR 0 &KDOOLQRL
YXOQHUDELOLW\ WR FOEPRWBOF&RDQHMROURY RPF

7LHWMHQ % 6FKODHSIHU '5 %UDGIRUG - % /DXHQUR
+RFKVWUDVVHU 7 -LD * O0OXQVRQ 60 BLNHG X'FH G
YHIHWDWLRQ WUHWMW RGIRIE.MDROPGURXJKWY GHVSLWH S
PDQ\ JOREDO WHPSBRBREWG BKDQIMREVY R OSTR

7RUUHQFH & &RPSR * 3 $ SUDFWLPDOOKMAK WRR
$PHULFDQ BHMADROURREQ HW \SGR
7JUDYHUV 6 . (OGULGJH ' -  QFUHDVHG UDLQIDOO I
IDOO UDWHV RI UHSURGXFWLYH VWUSRWXUBU (YOR®® JD |
QRSS
JUHQEHUWK . ( &KDQJHV LQ SUH RIOSLPVDDWH L RNOR BIDW K KE C
QR SS

8NNROD $ 0 3UHQWLFH , & .HHQDQ 7 ) YDQ 'LMN $, -
- 5HGXFHG VW UHRD\RIKBE ZFQQPDIWHNVUFRQVLVWHQW Z
YHIHWDOWRQH &OLPDWH &KDQJH

B8UVLQR 1 &RQWDULQL 6 6WDELOLW\ RI EDQGHG YH
DQG OLPLWHG VRLO PRLYGNDIGHFMW R@D JHWRIESOD BRW X U F |
SS
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YDQ /HHXZHQ : +DUWILHOG . OLUDQGD 0 OH]D )
YDULDELOLW\ LQ 1'9, GHULYHG SURGXFWLYLW\ DQG
ORXQWBHBRWH 6KN@0LQ BGR

9HOR®LMBHUH] * - 7DSDQJ * &RPLVR - YJURP 7500
FROQWLQXLW)\GRIUNVDMGI UDLWHI OO0 WKURXJK FRPSDULVF
PHDVXUHPHRAMWHGLQJV RI WKH 6DPDKDQJ 3LVLND QJ 3L

9LOODULQL * ®DQGIDIDHND/ NI : ) ORRUH 5 - 5DLQ
XQFHUWDLQWLHY $ UDLQRIDRIDD SRHUVSRBWULWLH DO
$WPRVSKHROHY QR

9LOOHJDV ' $OIDUR & $PPDU . &iIWHGUD GRWURVVD

'D\OHQJWK WHPSHUDWXUH DQG VRODU UDGLDWL
IRUPDWLRQ RI VSULBX G RZEHDRMQRP\ DYR® & U R SQRF |
SS

9LVVHU 0 ( &DUR 63 9DQ 2HUV % 6FKDBKHIQRORJI\ AHHOL
WLPLQJ DQG FLUFDQQXDO UK\WKPV VWRIZDRBRERSBLPC
7UDQVDFWLRQV RI WKH 5R\DO 6R¥FREBW\ % QRERORJLFDC

9|U|VPDUW\ & - %UDYR GH *XHQQL / :ROOKHLP : 0 3HO
' $OPHLGD & *UHHQ 3 &RORQ / (IWUHPH UDL
FRQWLQFIMWDOVVHVVPHQW IR GRXRSKK [$PRIQV FBD QWKOH
5R\DO 6RFLHW\ $ ODWKHPDWLFDO 3K\VREDO D@®R (QJL
S

9|U|VPDUW\ & - OF,QW\UH 3 % *HVVQHU 02 'XGJHRQ
*OLGGHQ 6 %XQQ 6 ( 6XOO0OLYDQ & *RE DL U\PHOWHD
KXPDQ ZDWHU VHFXULW)\ DIMEXYROHU ELRSGLYHUVLW\

‘DOODFH . - &ODVVLILFDWLRQ RI HFRV\VWHRORHUND B
FRQVHUWRMDLRQ SGR

‘DOWKHXD®WHU / +HLP % -XQJ 0 'XYHLOOHU * :RO
$VVHVVLQJ WKH G\QDPLFV RI YHJHWDWLRQ SURGXF
GLIIHUHQW VDWHOOLWH LQGLFDW RULR RH R\UFUHROQEHNWY T

QR SS
'DOWKHU 6 9RLJW 0 7KXP 7 *RQVDPR $ =KDQJ < .|t
*XDQWHU / 6DWHOOLWH FKORURSK\OOENPORIH V F

GHFRXSOLQJ RI SKRWRV\QWKHVLV D QY HUHHOHH VR UG
*OREDO FKDQMRELR OIFZR

'DQJ * +HQGRQ + + BHQVLWLYLW\(8I1$HQRNVYDWLDWL
-RXUQDO RIYRA@ML P D VER
'DQJ / &KHQ : $ &0,3 PXOWLPRGHO SURMHFWLRC

SUHFLSLWDWLRQ DQG FOLPDWRQRHFQDW IGRIRXA K WR
&OLPDWRRRJ\ SGR

‘DQJ / < <XDQ ; G:LH =+ =:X 3/ VYILQJ +0ODVK GORXHR)
&KLQD GXULQJ WKH UHFHQMFUIOREDQFBEBBRQWKLDWXV

‘DVNR & 6KDUPD $ BWHHSHU WHPSRUDO GLVWUL
WHPSHUDWXUHV ZLW KLEDWXXKWHY UHDRYEEIPRY SR U B V

‘DVNR & 6KDUPD $ &RQWLQXRXV UDLQIDOO JHQH
REVHUYHG WHPSH U DRWUQD O HRIV -+ WRIDRLONRLIFE\E

‘DWWHUVRQ &RPSRQHQWY RI SQRPDOLWMUWLERQ PK

DVVRFLDWHG ZLWK PRGHV RI W,IQW HRYEWWHRQD @ H PR
&OLPDWRRBRJ\ SGR
"HEHU 8 -XQJ 0 5HLFKVWHLQ 0 %HHU & %UDDNKHN

.DGXN - O9LRY\| 1 *REAUDRY B 5|GHQEHFN & 7K
YDULDELOLW\ RI $IULFD V HF RN RGM P DSYREEMERWLPLIVD\F |
YRO R
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"HL : &KHQ / )X % [« < *RQJ - 5HVSR@MHV R
H[WUHPHY DQG YHJHWDWLRQ W\SHV LQ D+\GRMROR VIHFD
3URFHWRDY AR

‘KLWH 0$ 7KRUQWRQ 3 ( 5XQQLQJ 6 : $ FRQWL
PRQLWRULQJ YHJHWDW L RIQ QXH\OS ROV IHAD WNAD RIEM®HIJE
ELRJHRFKHPLNRO F\FEG3R/

'KLWHFURVVY 0$ :LWNRZVNL (7 S$UFKLEDOG 6 $V\
RI HEUOMHQLQJEIGHEYROG ZRRGODQGY DORQYVRX\WER WWQ
$IULBXVWUDO MRRORJSGR

'KLWHKHDG 3 :LOE\ 5 %DWWDUEHH 5 .HUQDQ O T
SRWHQWLDO LPSDFWV Rl FOLPDWH AKBD®DR RF DX WBIFDL
"-RXUQDRD R SG

'KLWOH\ 5 - 1U0DFRLQQ@LV +XWOH\ / % %HULQJHU - =HSS
7D\ORU ' (DPXV ' .V SURGXFWLYLW\ RI PHVLF "
OLPLWHG" 5HVXOWYV RI* DR¥DRX @B QR RDWRKBGRG B

'LOKHOPL 29 ORUVV 5 ( ,QWHJUDWHG DQDO\VLV RI
SUHFLSLWDWLRQ HYHQW GQMRUWWR GROMW QY B BARHI\F\N X G3
SS

:LOOLDPV 5 'XIRD® '%R &RRN * 9DULDWLRQ LQ WK

VWUXFWXUH RI WURSLFDO VDYDQQDV DV D IXQFWLRQ
VFDOH FOLPDWLF JUDGLHQW LQ WRHNURNO RH W R HURJ
YRO AR

X ' :X + =KDR ; =KRX 7 7DQJ % =KDR -LD
VSDWLRWHPSRUDO YDULDWLRQV RI JOREDO IUDFWLRQI
GDWD IURP S5MARWH 6 N@WOLQBGR

‘LD -:DQ 6 7KH HITHFWRKLRYVHE® BRIMIW SKHQRORJ\ RQ
H[FKDQJH DUH UHJXODWHG BUIS® HEINREORQERQ LQ @RV
S H
‘LH = +XHWH $ &OHYHUO\ ODGIXHQQ( <6 &DFE'RQPOG

OXCWLPDWH PRGH LQWHUDFWLRQV GULYH K\GUROR.
K\GURFOLPDWLF H[W USPRRW HQ 6 $XQWW QD RIDROYLUR QP H

‘LH = +XHWH SRXHVWWUHSR ; 'HE&DSDBUBOOL * D
SDUWLWLRQLQJ DQG WHPSRUDO HYROXWLRQ RI $XVWI
K\GURFOLPDWIHPRMWIDEMWYVLQJ RYRQYLURQRHRNES OHP H

yLH = < +XHWH $ ORRXSHHWWDGBR 5 &ODUNH . IHZI
/IDQGVDW DQG *5%$&( REVHUYDWLRQV RI DULG ZHWODQ
XQGHU GPKEDAGID O K\G U RF O1RPDWQLIFOHRW W MIRBR/ORJ\S S

'LH = < +XHWH &RXSHMVWODHSR 'HYDGDV 5 &DSUDUHC
6SDWLDO SDUWLWLRQLQJ DQG WHPSRUDO HYROXWLR
HIWUHPH K\GURFOIHPPRW.H BAYNERY RYRQYLURRPHQW

<DQJ / &KHQ / :HUIHMFWV Rl YHJHWDWLRQ UHVWRUDWLF
RI VRLO PRLVWXUH DW WRH LG O@SORIH RVGDOH §8 VHP

<DQJ < *XDQ + %DWHODDQ 2 OF9LFDU 75 /RQJ ' 3
6LPPRQV & 7 &RQWUDVWLQJ UHVSRQVHV RI ZDW
JOREDO WHUUHVSALLDRRKDFRV\S/WHPV
<DQJ < *XDQ + 6KHQ 0 /LDQJ : -LDQJ / &KD
GRUPDQF\ RQVHW EOMPDWBGRQWUROV DFURVV WHPS]
IURP WRORE &KDQYRELROSGR
<DQJ < /RQJ ' *XDQ + 6FDQORQ % 5 6LPPRQV & 7

*5$&( VDWHOOLWH REVHUY HGLIQW HERD & QXAD0 DFR® WHRY
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LQ VXUIDFH JUHHQQHVV RYHXURDPLQ ORDQXH BXK\W UPMDQ L
WLRIJHRVFLRQFHV R

<H = +X i LDR < )DQ <LQ - 'XDQ 6 <DQ ; +}
PHFKDQLVWLF RRFISEQRIVHORIKKRWRVI\QWKHWLF HOHFW
&KLQHVH -RXUQDO RMREWDQVWRFRORJI\

<H = =KDR = $ PRGLILHG UHFWDQJXOBVSKRKRQMH EFRXQIL
Rl SRRVQWKHVLV RI %LGHQV SLORVD / JURZQ XQGHU
JURQWLHUV RI $JULKFROWXB@BRLQ &KLQD

<HYMHYLFK 9 DWHWWEG EQWHYIRDDW ILR@D O

<LOPD] $ * +RVAVHIIHUD, % - & (I1"HFW RI FOLPDWH FK
HIWUHPH UDLQIWDHOIX BQBH\QVRY\UHODWLRQVKLSYVY D FD
+\GURORJ\ DQG (DUWKYROWHPERLHQFHYV

<X + [/XHGHODQJ- ( 'LQWHU DQG VSULQJ ZDUPLQJ UF
SKHQRORJ\ RQ WKH FUWEFMIGEL GOWWHIWKH 1DWLRQDO $
YRO (633

=HQJ + -LD * )RUEHV % & 6 KLIWQEVLIHQWR AR LLP 5\ |

DQWKURSRJHQLF IDFWRUV DV GHWHFWHG YIIURPQPKQWI
5HVHDUFK YRWW HSOR

=HQJ 1 1HHOLQ -' /DX .0 7XFNHU & - (QKDQFF
YDULDEW®BHWADIKHO E\ YHJHWBMWILGFRHAL QWHQREWLRQ

=KDQJ ) -X : B6KHQ 6 :DQJ 6 <X * +DQ 6 +F

LQIOXHQFHV ZDWHU XVH RKHRUM@A\FDQ (DYG BYROLHG
QR SS

=KDQJ : SHFRQVWUXFWLRQ RI D FRPSOHWH JOREDO
WUDMHFWRWHUWR S OB PRWDH 6HQVLQJ RYRQYLURSPH

=KDQJ ; &RQJ = 7 WIDQVG\R @R IL O WHHRL\SLLW\ DQG IUHTX
UHJLRQV RI &KLQD IURREDOWRY)G 30D QWHROD U\ &BBQJH

=KDQJ ; )ULHGO 0 $ 6FKDDI & % *OREDO YHJHW

5HVROXWLRQ ,PDJLQHUSSHF WU R UDIBLRPWIWRQ RI JORED
FRPSDULVRQ ZLWK LQ VERXUQTHDVRUHMREWWLFDO
%LRJHRVFYRQFHV QR *

=KDQJ ; )JULHGO 0$ 6FKDDI & % 6WUDKOHU $ + +RC
+XHWH $ ORQLWRULQJ YHJHWDWLRQS5SRRGRO BHQXVQQ
(QYLURQPRQW SGR

=KDQJ :; )JULHGO 0$ 6FKDDI & % 6WUDKOHU $ + /LX
RI YHJHWDWLRQ SKHQRORJ\ BARFRNS PILRLIWD2W,BRQQICQ 7¢
LQVWUXRNQ@VO Rl *HRSK\VLFDO 5 RMWDUFK QRWPRVSKH

=KDQJ ; /LX [/ <DQ &RPSDULVRQV RI JOREDO
SKHQRORJ\ GHULYHG IURP $9+55 0 R X6 QDOGRS K B\6L BGDY
SHVHDUFK %L R YHRROV F L HSBRH V

=KRX - )X % *DR * [e¢ 1 [e¢ < 'DQJ 6 7HPSRUI
PRLVWXUH RI GLIITHUHQW YHJHWDWLRQ@W\IHYRA WKH |
SS

=KX 4 <DQJ ; <X % 7KQDRUOHOF, QDAHIY¥YDQ 5 + 'X =

(VWLPDWLR@E FROVHEHQWLQIDOO HURVLYLW\ IDREB UDC
GHJUDGDWLRQ &R®HORSRHQW

=KXDQJ : &KKODWOMH\ 5 6KL + %HULQJHU - :DQJ < +}
- <X 4 +RZ HQHUJ\ DQG ZDWHU DYDLOREHOLW\
DORQJ WKH 1RUWK $XVWUDOQW® URDWDRSLEQDO 7 URDXQMH
BURGXFWLRQ
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