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+1 SUDLULH UDLQ JDUGHQV LQ VDQG DQG F
OD[LPXP UHFKDUJH LQ WKH WXUI DQ

7KH 8 6 *HRORJLFDO 6XUYH\ LQ IJ—‘IQR%%?% J@‘L WRRE ST'HUFHQW GXUL!
FROVRUWLXP RI FLWLHV WRzQV D& ﬁf : Fg @g}(mv _—
LV, XQGHUWRRN D VWXG\ WR FRPS \3

JDUGHQV ZLWK GLITHUHQW YHJHWD IgF
LQ.cOWUDWH VWRUPZDWHU UXQRII I

VWUXFWXUH 7ZR UDLQ JDUGHQV R I JU
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WKH RWKHU ZLWK QDWLYH SUDLULH
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W\SHV HLWKHU VDQG RU FOD\ (DFK ﬁx

RI DSSUR[LPDWHO\ FRQWULEXWLq_J \)5?;—%36

D GHSWK RI IRRW V 0 \ DQG V)<
(DFK UDLQ JDUGHQ UHJDUGOHVV Q/WVQLO \9(’/\%?!

RYHU WKH \HDU VWXG\ SHULRG %R
ZHOO DV WKH SUDLULH UDLQ JDUGH

ng—PrH HQFHV |

SHUFHQW RI DOO SUHFLSLWDWLR

ZDV FDSDEOH RI VWRULQJ DQG LQC,O %J
ZDWHU \HDUV +  7KH WXUI UDLQ HFLOXFP\HL
KDG UXQRII H[FHHG LWV FRQ¢QLQJ ﬁ xS
DEOH WR UHWDLQ SHUFHQW RI DO \HDL
HYHQWV GXULQJ WKH VDPH WLPH SH %

DQG QXPEHU RI DQWHFHGHQW GU\ G g‘k RD|LV?/

WKDW LQAXHQFHG ZKHQ WKH VWRUD H
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UDLQ JDUGHQ LWVHOI HYDSRWUDQ g_
RI WKH DQQXDO ZDWHU EXGJHW F

WKH PD[LPXP HYDSRWUDQVSLUDW | VHDO
YROXPH UDQJHG IURP SHUFHQW IR L% DWI
WR SHUFHQW IRU WKH WXUI UDLQ
UDQJHG IURP SHUFHQW IRU WKH S
SHUFHQW IRU WKH SUDLULH UDLQ J ﬁﬁ(l
OHIW HDFK UDLQ JDUGHQ DV HIAXHQ
UXQRIl UHWXUQHG WR WKH DWPRVS ﬁ%/ﬁ?{ﬁf
WKHUHIRUH WKH UHPDLQGHU ZDV F
ZDWHU \HDU UHFKDUJH ZDV W leR {]RQVVZ"SVg
LQAXHQW YROXPH IRU WKH SUDLULH 5 DL
DQG WR SHUFHQW IRU WKH sum@; Uj 5 " WKV
FOD\ UHVSHFWLYHO\ OD[LPXP UHFK B JIQG
WR SHUFHQW RI WKH WRWDO LQAXHQW YROXPH LQ WKH WXUI DQG
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HITHFWLYHQHVV RI UDLQ JDUGHQV ZRW K QOAWIBXRHHQQW D RILAR @/ ZSHIVH DLPG R U W D Q
YHIJHWDWLYH VSHFLHV IRU LQ¢OW UDRN LKQ G WRVIRRIJR.ZFD W R UOU XOQRA | Y RZR WDWQ Y
JDUGHQV RQH SODQWHG ZLWK WX U IPHWK/R/GIQIBU W KaHH R FUKLHEWH @ L W/ i HQEDASLDYEH. ¢
SUDLULH VSHFLHV ZHUH FRQVWU X F WG HWLVELHP B WV QG HU HE KRDQH KD R D W RKQ U I
ZKHUH VDQG ZDV WKH GRPLQDQW V RARHMW B/H DIIH DRV KGO 3RIEDMLIRRR F K D U
ZKHUH FOD\ ZDV WKH GRPLQDQW VRID® & YSHIHWBWURE QWS MVZBUH FRPSDUH (
LQVWDOOHG WR PHDVXUH WKH YR O XPWW\WHYLMP A QW RE DUWOROROF HP RV \H G FHK WOR QP
JDUGHQ IURP ODWH WKURXJK DUKLSUHWX@WHG SRUWYV DQ

RQJRLQJ HIIRUW WR LGHQWLI\ H[LVWLQJ DQG QHZ PHWKRGV WR UHGXFH
WKH ORVV Rl UHFKDUJH WR JURXQGZDWHU |UF_3FP XUEDQ DUHDV

€ € ODGLVRQ :LV KDV D SRSXODWLRQ R
W K H FHQVXV 7KH FOLPDWH LV W\SL
7KLV UHSRUW GRFXPHQWYV WKH P RHKRIGAD XYHWG K. Q DQBJIJWKHQQXDO WHPSFH
UHVXOWV IURP D VWXG\ WR GHWHUPYRRUW BRIUQ RV SHHR S HYUHD\W WKV EXB Q JH \
VSHFLHV RU ERWK LQ D UDLQ JD U GBIQQKIDYOH S Ll BH.FD W QRQKID QOWHQ 0D\
RI LQ¢OWUDWLRQ RI VWRUPZDWHU UX@®XID T ZSRU H BIL{L WDU/ELHRIY DL AMKD J H V
GLIIHUHQW YHJHWDWLYH VSHFLHV D®WPRR/ISK MU BF ¢ ZMUH. VWDOXWRWEG DQG
WKHLU VRLO DQG YHJHWDWLYH FK D WRHDNUZNWH FOR E B WH & DSSRIHRQ MPHDMV HB\H
FRQWUROOHG FRQVWUXFWLRQ Rl WKERX¥Q GQ UDH\NG.RQ W IO G LWV WDOODWLRQ
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7ZR JHRJUDSKLF DUHDV ZHUH VHOMRWRMWHQLD DG UVIRQDEELHQW SODQW
WR UHSUHVHQW GLIITHUHQW VRLO FR@GAMHFRIQY vKIiE W RAHEE iR B W RQ HKIPE v X v
SUHGRPLQDQWO\ VDQG\ VRLOV DQG WKHN, guﬁﬁ@#@ﬁ)@,wm@mfagyww
FOD\ DQG VLOW 7ZR UDLQ JDUGHQV Q
VLGH DW HDFK ORFDWLRQ LQ -XQH ék"ié%ﬁﬁub\qwqyﬁue YQ%"HM%VW«%HKHDG
DSSUR[LPDWHO\ HTXDO DPRXQWV RI FEGRHCIBRPEWIEL b UQL®DO ARZHU

QHDUE\ VWUXFWXUH ,Q HDFK ORFDWARQSRKRQBAWIRYQUHRYPHG FWHHH Q G-IX Q WH/E
ZLWK WXUI JUDVYV DQG WKH DGMDFHGWLUDAW YDDUG KR ZDABSOW @ WAHUX K WK

ORFDWLRO DUH YDULDEOH Lo WHIWX G HaLE S0y SULP Rt b Rs b e?
E\ VRLOV WKDW FRXOG EH JHQHUDOL D@ﬁ\% 9?3¥ %qjlgb%b#’b@é}“‘j&';gl’@&w
WKHUHIRUH DVVLJQHG D VLQJOH VRL Q/\V‘\%'ﬁ‘(/\\i" UYRPYBLIPERVEXMRARER

7R FODULI\ UHIHUHQFH WR YHJHWDW BRX) OHPIFK RPRIDG HOUBHRD FRIOXGELQH

EH UHIHUUHG WR E\ YHJHWDWLYH VS#bBEW\Y VIFDOBURZFMG EWAM K B PVRIOE LQGLJIR

W\SH LQ ZKLFK LW ZDV ORFDWHG 7KEvWHYXSHWMQY UDLQ Glquy\,wuu

VXEVHTXHQWO\ FDOOHG WXUI VDQG OﬁQLbEbLULélDH VDQG WXUIFOD) PR w
SUDLULH FOD\

7KH FLW\ RI ODGLVRQ FRQVWUXFWHEWAG YLD VTERFE U eH EOXHVWHP
XVH RI HTXLSPHQW W\SLFDOO\ DYDLd’TB%M’#QAR%Q(ﬁMHVhLZSQ*@W%\&V JUDPD JUDV)
ODQGVFDSLQJ FUHZV 6NLG ORDG H U\8\ZAOWHI$ DOWHLE DR il WERYDIP W 1P LIDOIQH H G
SDUHQW PDWHULDO DQG DVVLVWHG @ JiRVWPEQ.D DWW IKRIDRDE bl RAPOH B IURXUREZ KHD

WKH UDLQ JDUGHQ ERXQGDULHVY WR DVVXUH WKDW QR UXQRITTURP DUHDYV
RWKHU WKDQ WKH URRI HQWHUHG WKH UDLQ JDUGHQ $SSUR[LPDWHO\

WR LQ RI VFUHHQHG FRPSRVW IURPWSKE OMNQ HRLRBRYWW HRPKSLFOWW HY FRPPRQC
IDFLOLW\ ZDV PL[HG E\ XVH RI D URVERWOO@OLRAUVL@WR EDOH®WWHRDW BMHDE FWRH
DW WKH ERWWRP RI HDFK UDLQ JDUGR® R$ RX@H IRIUWZB HBYRZR VIR XDVWWH GUDLQLQ
ZDV DSSUR[LPDWHG E\ XVH RI VXUYHUPLUISPHDW 7RUIGHRQIVQ (DFK UDLQ JDUG
JDUGHQV ZHUH VHHGHG ZLWK D JUDVV PYR®R IRQHG: IMNKFWIKH MOMWXFINWKH URRI
EOXHJUDVV DQG SHUHQQLDO U\H JUDWHUNAKIMMQ DA ORZBGIWR B8Q @ XWWHRGD G
7KH SUDLULH UDLQ JDUGHQV ZHUH SO VEHGRYUHVEHORURP QWK I8 aDIlhQ JDUGHAQ
VSDFHG DSSUR[LPDWHO\ W D/OEWW WHKHQ@ IHWUWBEBIHQVYH® FOD\ ZHUH EXLOW Ql
GHWDLOV WKH GLYHUVLW\ RI VSHFLHNXSODQWHPES K& X\OH 10 SYWLR[ULIPDPWHOO PL
JDUGHQ JDUGH®DV 6LPLODU WR WKH VDQG UDLQ JC

&RQVWUXFWLRQ RI HDFK UDLQ JDUG MK EZY WV BRP IOHIWHGURP-RMPQG\ ORDP

KRZHYHU DQ H[WHQGHG GURXJKW\RULKHVWERRVKEFBWRRQ 6HUYLFH

LQKLELWHG URRW JURZWK LQ WKRI WRUO V b QQWHOUIMsBOND R ELVWYV RI D V
WKH IROORZLQJ VSULQJ WKH JBEWZRDYK 2QCOVHOW DE\GLYRIPGRIXQFRQVF
ERWK WXUI JDUGHQV 7KH SUDLULH WIKHQO0L®WRD M @G & RIRON GHSE XY HQF W KH ¢
WKH VDPH UHWDUGDWLRQ RI YHJHWB WD FHDWLRQVK DRNGHIOE¥BRADUHG ZROBYHU
HVWDEOLVKHG E\ IDOO 7KLV PD\XEHEDQUENXB WRBIPWRW RWYH WKRWKH ODVW G
GRUPDQW SODQWLQJV UDWKHU WKDQDQEHGFDSH UHVXOWLQJ LQ SRVW FRQVW

5DLQ JDUGHQV LQ VDQG ZHUH E X IK®® YA HOWF RRSD P IHE FS$IbROU WR UDLQ JDU
PDLQWHQDQFH JDUDJH ORFDWHG LQURKR IPNCG RR YWHHHYBWERIXQBUINIURP WK
D KXPPRFN\ DUHD RQ WKH ZHVW RILGHHRIOOPRBXVRQ7KH WRWDO DUHD RI WKH Al
LQ WKLV DUHD FRQVLVW RI VLOW ORD®@G VDY GG HO\QGIRDW R DL WIRGIKIQHD B O W Z
ORDP 1DWXUDO 5HVRXUFHV &RQVHUXYRIRVERBEWYY I6ERLODU WRHWKH UDLQ JDLU
SDUHQW PDWHULDO RI VRLOV LQ WKWXBIUHKR 6 RSP\ MM RIOWYL OO0 L@\ € DK &Y
XQFRQVROLGDWHG JODFLDO GHSRYVLPWGLRQOGIUNRXY VOV W K H /W HG RE YWUKIh U RRI C
WKH :LVFRQVLQ JODFLDWLRQ OLFNHDQY®Q IWHVEHFAWNUDHQ\JDRDWHWY ZDV DOOR.
UHFHLYHG UXQRII IURP WKH URRI RI|GWHSHW KDRIQIMGESXMRYFRDIWHIOUHLQKEHIRUH O
WRWDO DUHD RI WKEBQ®RRWZDDN FR YIBUWEKDIUW K
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‘ UDLQ JDUGHQV (VWLPDWHV RI HYDSRWUL
' UDLQ JDUGHQV ZHUH EDVHG RQ D UDQJH |
6WRUPZDWHU UXQRII ZDV PHDVXURRH lURIPHQ@ WAQNRIRRWWULHWN RI' YHIJHWDW
OHDGLQJ WR HDFK D@ 7MHJGREDWDRR/ONG LQ WKH ODQGVFDSLQJ LQGXVWU\ 7|
Rl WKH PRQLWRULQJ VWPWHRBRBK DUKVKRVEHBELHY W\SH GHQVLW\ DQG PLFU|
PRQLWRULQJ VWDWLRQ ZDV HTXLSSHB8UVR PWMDbRQU R FAWRIUHW RO HHHIDUHQFH HYD
SUHFLSLWDWLRQ VXEVXUIDFH VRLORMRAHWUWXUH FREYWHOW DOQAMHABEH ERH I ¢
HYDSRWUDQVSLUDWLRQ 'DWD ZHUH:PREV PQIHEG: KRR & Wi RDOFHWEU DQGSLUDWLRQ
VWRUHG E\ HOHFWURQLF GDWDORJJRDQ\ RH OMNKIK RS HFRRIFHFY WOl BRYWPEULH Ul
IRU DXWRPDWLF UHWULHYDO RI GDWRWIZIFEH QWL D \V 8 WRILLF YHIEWDWLYH VS
FKDUDFWHULVWLFV IRU UXQRII HYHGEWWBWPHOQHK XVLQ JJ WKGHI®R QRRDVWAIRIR UF
DUH GHWDLOMGDEQ HD®EHQGL|
| |

v v el PF

ZKHUH
&RQWLQXRXV SUHFLSLWDWLRQ GDWD ZMU EHFV\/%F LL')"\M IH%E: RU DOG
UDLQ JDUGHQ ORFDWLRQ E\ XVH RI WLSSL@J VR 8 B T R

2FHDQLF DQG $SWPRVSKHULF $GPLQLVWUDWLRQ HDFIKWVKsl
VWDWLRQ DW WKH 'DQH &RXQW\ 5HJLRQDO $LU 8
1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQ

6XPPDULHV RI SUHFLSLWDWLRQ GDWD IURP WKH FOD\ DQG VDQG

UDLQ JDUGHQV DUH SWBY¥HEMHE LQ DSFHQ Gl

UHVSHFWLYHO\

FDOLEUDWHGJIJWR$OWKRXJK WKHVH UDLQ 8DJ

QRW GHVLJQHG WR PHDVXUH VQRZIDOO S/UHFII‘_ tsg%v"\'/%gr\m
UXQRII HYHQWYV GXULQJ ZLQWHU PRQWKYV HFH RO IRU D °
LQ WKH IRUP RI UDLQ LQVWHDG RI VQRZ ORQW \lzi/<

WRWDOV GXULQJ ZLQWHU PRQWKY ZHUH HVWLP % %E%F E@SIQHDJI-

~Z
. BWRUPZDWHU UXQRII LQAXHQW DW WKF
UDLQ JDUGHQV ZDV PHDVXUHG E\ PHDQV |
(VWLPDWHV RI HYDSRWUDQVSLUDWQ® QY Kb BFRIFFSCRMAN B SWIRX QR 11 ¢ UVW WU I
FKDUDFWHUL]H WKH YROXPH RI ZDW W HFD BRE QN B RXK\H OMGALFDIKHG MVR HDFK Ul
7R FDOFXODWH UHIHUHQRH WROBBW WKQWS SUBWHR®/ HG WXUEXOHQW ARZ FRQC
UDGLDWLRQ DLU WHPSHUDWXUH UHXDW UYW XX ZRXW\G DQGVH ®RG ORZHU D A
VSHHG ZHUH FROOHFWHG E\ XVH RI D\SWHWRRRBYHBEWSGDWR @XPKDIW HQFRGH
UHVLVWDQFH WHPSHUDWXUH GHWH FWKRH QHDIDHFLW LY HIWH @ R W MKH KX RILQEFLRG\H
VHQVRU DQG DQHPRPHWHYH IHHWHHFFARLOFQGHQW ZLWK WKH LQYHUW RI DQ +
HYDSRWUDQVSLUDWLRQ LQ PLOOLPHWHUW OBV G'RRXWKIG EHXIHWY WDQN ZHU|
PLQ E\ XVH Rl WKH 3HQPDQ ORQWHLQYKWIXWHQRRXIRQWHKWYKIH E\ XVH RI W
DQG 8QVZRUWK $O0HQ DQG RWEKWRWP UXPRIG ZYXWKHZHUH FRPSXWHG
VXPPHG LQWR KRXUO\ DQG GDLO\ WROYWEVYH O HIGNWRE W VEHRXVHGLVFKDUJH
FORVHO\ UHVHPEOHYV D JUHHQ ZHOO ZBWHRWURPGDWHU/ VXRYKIQ LIRAPHQW DW WKF
KHLJKW DFWLYHO\ JURZLQJ DQG FRBSOBWBOGMRD MW PHOH/ AURBQR PHDQV |
$0O0OHQ DQG RWKHUV %RWK UDPRJOMHIWGLHQWHSHTGD @RIENF B EWKKQRII cUVW W
WXUI JUDVV FORVHO\ UHVHPEOH D UW KHIRKQ R HWANKHU GIRFZH) V8BS A R WG/HFGSHDWH G W
FRHI¢FLHQW RI EDVHG RQ SXE O IEWKHIG YWDIDXN V$ I REDRRROXQQHO ZDV DWWD
VHDVRQ JUDVVHV $00HQ DQG RWKHMR IRFXVZDIYWHIE OQMW®R WR WWHSSLQJ EXF
UHIHUHQFH HYDSRWUDQVSLUDWLRQ UHSW K Y HWX¥WH GU D LNQ RZWQGHRYXPHHQOR | ZD W H
RI WKH YHJHWDWLYH SURSHUWLHV WXHKWNSSURX EXFNRIYWUURQRRRSARXOG AR:?
DQG DHURG\QDPLF UHVLVWDQFH LQ MXMRUWKE IDUGHD® SOPQWHG ZLWK
SUDLULH YHJHWDWLRQ ZHUH OLNHO\ GLIIHUHQW IURP WKRVH LQ WKH WXUI






&ODVVL{FDWLRQ DQG UHJL
WUHHV &$57 ZHUH XVHG WR
UHODWLRQ EHWZHHQ D GHSH
DQG D VHW RI LOGHSHQGHQW
%UHLPDQ DQG RWKHUYV
DQDO\WVLYVY ZDV GRQH RQ HDFK
WR XQGHUVWDQG ZKLFK FOLP
K\GURORJLF YDULDEOHYV PLJK
ZKHQ WKH UDLQ JDUGHQ ZR X
ZDWHU 7KH GHSHQGHQW YDU
TXDOLWDWLYHO\ WHUPHG 3ZH
GHVFULEH ZKHWKHU RU QRW
SRROHG ZLWK ZDWHU GXULQJ
HYHQW 4XDQWLWDWLYH LQG!
YDULDEOHYV LQFOXGLQJ SUHF
WRWDO HYHQW YROXPH DQW
DQG DQG PLQ SUHFL
LOWHQVLWLHY ZHUH XVHG WF
K\GURORJLF DQG FOLPDWROR

'XULQJ 3ZHW™ SHULRGV DQ
RI WKH UDWH RI LQ;OWUDWLF
E\ XVH RI D VLPSOL¢HG IDOOL
WHFKQLTXH &RQVLVWHQW ZL
IDZ LQ;OWUDWLRQ UDWHYV Y
RU KHDG RI ZDWHU LQ WKH |
7R GHWHUPLQH LI LQc¢OWUDW
FKDQJLQJ RYHU WKH GXUDWL
VWXG\ SHULRG D ¢([HG ZDWHI
XVHG LQ WKH FRPSXWDWLRQI
7KLY DOVR SURYLGHG D FRQV
IRU HYDOXDWLQJ HDFK UDLQ
FHVVDWLRQ RI UDLQIDOO LQ
ZHUH HVWLPDWHG EDVHG RQ
IDOOLQJ KHDG LQ WKH UDLQ .
GHSWK RI DSSUR[LPDWHO\
WKH UDLQ JDUGHQ ZDV QR OF
E\ ZDWHWYUWKRZYVY DQ H[DPSOH
RI WKH HVWLPDWLRQ RI LQ¢O
WKH VDQG UDLQ JDUGHQV ,Q
DQ HVYWLPDWH RI LQ;OWUDWL
SRVVLEOH EHFDXVH RI DGGLYV
SULRU WR RU GXULQJ UHFHV\

‘DWHU OHYHO LQ H[FHVV Rl LQ LQ HDFK UDLZQDWHIAGHQ WKW GDLRKODUEBQ
$ IW SUHUDWHG + AXPH ZDV XVHG WRQFER @QWHRID WEHOWINDAY RR QRIDWHYV ZHU
OHYHOV LQ HDFK UDLQ JDUGHQ ZHUH PHDVXUHG BEHWHDHXY \RR DD WX\EBSHHHU B QGO

WUDQVGXFHU FDOLEUDWHG WR

IW SODFHG VEWIFGEHW WRVNVNE B EZQUHDYRQ PO

GLDPHWHU SRO\YLQ\O FKORDQRGHDYHE OWXEE ZFKPIHAMXUGHDVRQDO GLIIHUH
LQ IW LQFUHPHQWY DERYH WKH UDLQ JDUGH®GAWRU P%®IF O XBAHX W HR IL @/ KHU
+ AXPH ZDV DW D NQRZQ HOHYDWLRQ DERYH WKH D®Q Q KIDNGHH\QV AFORNIL VAD MWFHDD
WKH AXPH LQYHUW ZHUH FRQYHUWHG WR DQ LQVWWR®®¥\D QHRXWHO LY ® &DHLIHY EK

+ AXPH UDWLQJ

6WRUP UXQRIlI YROXPHV ZHUH FRPSXWHG E\ VXPPLQJ WKH P

LOQWHUYDO LQVWDQWDQHRXY GLVFKDUJH RYHU WKH UXQRII GXUDWLRQ
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JLPLWHG VDPSOH SRSXODWLRQV SUHDFPKGHBLRQ DY 6B ®DADVRORR B 2 HQWHH D F
DQG IDOO LQ¢OWUDWLRQ UDWHYV LQ SWKH SIUHD EOIDN DIEEGWAIOUU | DQ QG DRIGU L H
SUDLULH FOD\ UDLQ JDUGHQV 7KHURIRUIS UR[HPRDIWHION 0DIQQEA\KXWHQRY D *HR
WHVW ZDV OLPLWHG WR D FRPSDULVIRGHRSWIS BIURY, DB RNV WHAIWXUH FKDQJHV
LQ:;:OWUDWLRQ UDWHV 7KH LQ¢OWUDMULIRQVDBW® \L QRU DDW PROOW I 8O M RIRF O
LQ WKH WXUI FOD\ UDLQ JDUGHQ ZHSHFIRPISD BEDG\ DDX\HIRUWKAY WR D GHS
QRQSDUDPHWULF .UXVNDOO :DOOLV WRGXXQY®HW \F\K D WD FWHBD TH WHVHN W X IFRVUA
PXOWLSOH JURXSV 'XQQ +HOVHXP RRGW RUWROWLDO YDULDELOLW\ LQ V
WDNHQ GXULQJ ZLQWHU PRQWKYV ZKHQ \
SURQH WR FRPSDFWLRQ IURP KHDY\ HTX

BHOHFWLRQ RI HDFK VWXG\ ORFDWLROVEDQ EDVKHAIREQQFMKIHQ YROXPHYV
SUHVHQFH RI HLWKHU VDQG RU FOD\SDR &DKH ERHQBPIHIW XRHG WHEKW KU YHL
3ULRU WR UDLQ JDUGHQ FRQVWU X F VPR WX UK. & GERBLUDY RRSL V WIXQY ) Z DU P H D
ZDV XVHG WR LGHQWLI\ VRLO WH[W XU H RVRQEF WGHPHRVR | VDR DUR HPWKY RO\ TW I

IW DW HDFK VWXG\ ORFDWLRQ ,Q NVGIQWRURDQ®HWWRSESDBWREWYVYHDBFFHVYV
ZHUH UHYLHZHG WR YHULI\ VRLO FODDVYRQ; FDWGRQ IRQ GRHBVOK PLHWKRI®O GHV
5HVRXUFHV &RQVHUYDWLRQ 6HUYLFHOHQWHN) 3DMWMWDWWRQ UDWHWRSHU LQV!
ZHUH WKHQ GHWHUPLQHG DW HDFK YRRYWRUNQDBOGXVHFRVY WKEHSHIHVXOWYV
ULQJ LQ,OWURPHWHU )LQDOO\ WKHOHRVWEWLI QY KH D6 WHNWWRKEH DWE W R K\
WKHQ FRPSDUHG WR SXEOLVKHG YD ®HVDGMDFBEQWRWRLDQI BQGHFGDDF]\N
VRLOV 5DZOV DQG RWKHUV Q DIWHU FRQVWUXFWLRQ RI
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6RLO PRLVWXUH ZDV PHDVXUHG DW FP FP FP FP

FP DQG FP EHORZ WKH ODQG VXUIDFH LQ WKH WXUI FOD\
SUDLULH FOD\ DQG SUDLULH VDQG UDLQ 2BVWREEVY 6RLO PRLWWZXIUGHHLB\ W
WKH WXUI VDQG UDLQ JDUGHQ ZDV PHMON@BK EDWH[FBPYDWHG WKURXJK WKH D
FP FP DQG FP EHORZ WKH ODQGUXUWJDHHDQEBDWXUHFAOQWWDLQ JDUGHQV
Rl VRLO PRLVWXUH ZHUH FROOHFWHEBODWUDPQQ DQYEURPHIMVEXIURMR D GHSWK
2FWREHU WR -DQXDU\ DQG PNQH@QFAURAPMQWRDMIRPHG WR RQO\ IW EH
JHEUXDU\ WR 6HSWHPEHU DW GHSWK QR VWDQGLQJ ZDWHU ZDV RE\

(DFK VRLO PRLVWXUH VHQVRU ZDWYHQERGTKB YO WADHOQEKIHDWHGRE\LGHG SU
XVH RI PHWKRGY GHVFULEHG E\ WKHGPNYG X LEMHVK K H S K& M QRDHON F3ODUMD\F W HU LV W
/WG &DOLEUDWLRQ ZDV OLPLWHRWRQJ G\WQUWPHEW ZEWWHQ HDFK UDLQ JI
DQG SHUFHQW DLU VDWXUDWLRQ HIDFK WHRBYRK FDWQ FHHEDO HEU BWHKIEQ G IR L
WR PHDVXUH WKH DEVROXWH YROXPWXBMIFPBRLVYWXDQGFRGCWHYWRRDD RQ VLW
VSHFL¢{¢F VRLO W\SH LI WKH SK\VLFD?DS/JUWONUHWILWMR RY RLKD WPHRIUAL @URI VRLO
NQRZQ DFURVV D UDQJH RI PRLVWXUH BRQGVVWHRPVGHREZUBYHHWG DFAHRUGLQI W
WKH GHVWUXFWLYH QDWXUH RI WKHIRDGQUIHQMU® \WEN G BYUR¥HVQY WRKERHWHERAUQH!
DEVROXWH VRLO PRLVWXUH YDOXHVOHWDYXOUHPBQWMA QEOARGHEKPDODVWHU DQG
GHYHORSHG E\ WKH PDQXIDFWXUHU WWR FKBQHINMQW 8SDQYBYWORDWNUDDQG WH][
FOD\ ORDPV ZDV XVHG LQ WKLV VWX®RORKHWVWIRUHVROHYV DWIKE SRIHEYHQFH RI P
PRLVWXUH FRQGLWLRQV ZHUH FRQVGGINWEBHGSHV URIQYOWHYH GRQH HWUL WEIDWF UH W
DEVROXWH YDOXH KRUL]IRQWDOO\ IURP WKH DSSUR[LPDWH P
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DORQJ WKH OHQJWK RI WKHWURGHK E\gXVH RI D LQ
GULYHQ LOQWR UDQGRP ORFDWLRQV DORQJ WKH WUHQFK ZDOO ZLWKLQ
HDFK KRUL]JRQ ZLWK D KDPPHU FRUH VDPSOHU %ODNH DQG +DUWJH
7TKHVH VDPSOHV ZHUH EDJJHG DQG WUDQVSRUWHG WR WKH

8QLYHUVLW\ RI :LVFRQVLQ VRLOV ODERUDWRU\ IRU PHDVXUHPHQWYV RI
EXON GHQVLW\ DQG URRW PRUSKRORJ\ '1?) |O_ V XL
WDNHQ ZLWK D KDQG WURZHO IURP Iﬂ%%&%ﬁgwgb é—b\lie{fﬁ#‘%\/&géDLQ
RI VRLO WH[WXUH | VRLO LQ WKH S|

7ZR Rl WKH VL[ VRLO FRUHV SHU &w

TXDQWLI\V EXON GHQVLW\ DQG VRLO DP&@LWWF; Egg
ODERUDWRU\ WKH VRLO&FRUHYV KRX

WKHQ ZHLJKHG %XON GHQVLW\ ZDV I
J 6RLO WH[WXUHV ZHUH GHWHUP DLQ JDU(
RQ VDPSOHVY SUHWUHDWHG ZLWK &D E Z&JFFDVLRQD
7KLV DQDO\WLV ZD¥ BEUWBR PO
HDFK KRUL]JRQ ZLWK WKH H[FHSWLRQ_, ’

WKH YDULDEOH SURSRUWLRQV RI RU
RUJDQLF PDWWHU FRQWHQWY ZHUH
E\ XVH RI J RI RYHQ GUI&H GRURLKU
,VRWHPS PXIAH IXUQDFH +HLUL DQ

SS“ % é%%‘%w)?‘g Yy ‘E%
'E'J@\/ E% va

Q JDUGHQ ZDV ORFDWHG RQ D
W EH H[FDYDWHG W

5RRW G\QDPLFV ZHUH TXDQWL¢H Y, H VXL
UHPDLQLQJ IRXU FRUH VDPSOHYV SH? 0 D }_%P Q ¢
OHQJIJWK GHQVLW\ 5/' VSHFL¢{F URR I? H[FDY
PDVV DQG WRWDO OHQJWK ZHUH G %H IX§1 I—lf \% K H
ZDV ¢(¢UVW VRDNHG LQ GLVWLOOHG ZL W H
FRUHV EHJDQ WR QDWXUDOO\ GLVSH U HQ OL F
DILWDWHG E\ KDQG WR OLEHUDWH P I3 QRLLOV'D%Q

URRWY ZHUH H[WUDFWHG IURP WKH

VLHYH DQG FOHDQHG ZLWK GLVWLO I-Ig:
WKURXJK WKH VLHYLQJ SURFHVV D
ZHUH H[WUDFWHG IURP WKH FRUH V

SDWWHG GU\ RQ D SDSHU WRZHO 1H
PHDVXUHG /DVW WKH &§RIRWYV ZKHW H
FRQYHFWLRQ RYHQ EHIRUH GHWHUP

% i

% éﬁ@% %F':L,_\II}IKWHH WHVW SORW
J ‘H SWDJH RI RUJDOQLF
ODZQV LQ 'DQH &RXQW\ 6LPLODUO\ SRL
UDLQ JDUGHQV WKDQ LQ 'DQH &RXQW\ O
€ EHHQ D IXQFWLRQ RI WKH KLJKHU VDQG
GHQVLW\ LQ WKH UDLQ JDUGHQV WKDQ |
+\GURORJLF VRLO DQG YHJHWDWWR® FKDUDFWHULVWLFV ZHUH
FRPSDUHG IRU WKH WXUI FOD\ SUDLULH FOD\ WXUI VDQG DQG
SUDLULH VDQG UDLQ JDUGHQV IURP 'HFHPEHU WR 6HSWHPEHU
'XULQJ WKH \HDU PRQLWRULQJ SHULRG WKH VDQG DQG

FOD\ JDUGHQV UHFHLYHG UXQRII IURP PRIKXHWKRDZY D FURK YV VHFWLRQ RI WZH
SUHFLSLWDWLRQ DQG VQRZPHOW HYWHEIWY j BUHV/PHI WAKHT QU DLW & wX U
WDEOHW& OHDVXUHPHQWYV RI UXQRIHEROXPHHYVSHFWLYHO\ 7KH WXUI DQG
ERWK LQAXHQW DQG HIAXHQW  SUHED & LWHRW bR © HDRIGL Pt bHHWN@VHRT VD QG
HYDSRWUDQVSLUDWLRQ ZHUH XVHG @iRs R i Wi\ PLIHT W6KHY 4 P RAHWY & DEIBRIFG |
IRU HDFK UDLQ JDUGHQ ZKLFK LQ W\ QKB BYRVIG M WKWLRPWKH wxul U
UHFKDUJH :DWHU GHSWK LQ HDFK UDLQWRHBH® WRY RRERPWXWHBEDEH FRPSD
WR HVWLPDWH LQ,OWUDWLRQ UDWHV Ak LERKORHUN KWK HRPSDIBHE WR WK H
GHWHUPLQH GLIIHUHQFHV EHWZHHQ PRW WONMRXAH P6SHFG HVH D QG ¥ B L@ D \BHi -
DV ZHOO DV VHDVRQDO DQG WHPSRUDQYMBHEREWK UDLQ JDUGHQV DW D GHS!
VRLO LQ WKH WXUI FOD\ UDLQ JDUGHQ V
FODVVL{;HG DV VDQG\ FOD\ FOD\ ORDP
OD\HUV RI VDQ&GIDQG JUDYHO
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6LPLODU WR WKH VDQG UDLQ JDUBRQVWRBLQJIDS}UER® DWKFHDIQQXDO SUHF
FKDUDFWHULVWLFV ZHUH H[DPLQHG L MUKAHBD®DE WORD WEKHKGH QWD D QRUPDO R
WKHLU FKDUDFWHULVWLF ZHUH WKHQ SRBEBQWGDWR YW KRR/ WPOERORY RUHG VWRI
DGGLWLRQDO UDLQ JDUGHQ DQG ODBJ WLXUIY WWH DSHRXRGE 'DRE JERBXIQWSUHFLSL
'LV &UDLJ 7KH UHVXOMAOBUH SUHWHQWKIE RPRXQW W\SLFDOO\ UHTXLUF
7KH DYHUDJH VRLO FRPSRVLWLRQ IURPQWKUMWR WHY QY $SQRWVPLQ WHHFLSLWDW
SUDLULH FOD\ UDLQ JDUGHQ KDG D KURRHU SWBFHQWQXURI RUJDQLF
PDWWHU WKDQ VXUYH\HG ODZQV LQ 'DQH &RXQW\ 6LPLODUO\
SRURVLW\ ZDV KLJKHU WKH SUDLULH DQG WXUI FOD\ UDLQ JDUGHQV
WKDQ LQ RWKHU 'DQH &RXQW)\ UDLQ JDUGHQV WKLV PD\ KDYH EHHQ D

IXQFWLRQ RI WKH KLJK VDQG FRQWHQ%\? D B REIDE KPPoDHRY S WY Y& ¥4 H v L

SUDLULH DQG WXUI FOD\ UDLQ JDUGHQ K2 RpleRs Wi o HROYOMUH QHDY
UDLQ JDAMBEHRRY \HDU DQG VKRZHG D GLIIHUHQFH LQ LQAX
IRU DOQVYHDUA® JHQHUDO WKH SUDLULH V

. . UHFHLYHG VOLJKWO\ PRUH LQAXHQW YRO

UDLQ JDUGHQ 6RPH RI WKH DGGHG YROXI

7KH PDLQ VRXUFHV RI LQAXHQW W WKY HOWEDID YEOHRIMPOOHSDWWHUQV DV
UDLQIDOO DQG VQRZPHOW UXQRII IURPRYWRW Rt VIQWRXZF HEW \WIRQWKH SUDLULH
UDLQIDOO IDOOLQJ GLUHFWO\ RQWRWRKW Kith WRIROTWV RIJH HOW/PIWY LHRTX MWD Y & w
IRU VQRZ IDOOLQJ GLUHFWO\ RYHU WKRHHIB Db IXDNBHOHYYVLQRAPWHU \HDU
LQFOXGHG LQ WKH FRPSXWDWLRQ RKPYARH ®W UHHPAMHIKY P DR WX® & WIhRLZSLWD W
GHSWKV ZHUH QRW UHFRUGHG DW WRHW KOG OLME N HS@RQ B\ LW KGX H\WRUW KH HV

>6RLO FKDUDFWHULVWLFV UHSUHVHQW DYHUDJH YDOXHV IURP WKUHH WHVW SORWY SHU UDLC
UDLQ JDUGHQV VXUYH\HG DURXQG 'DQH &RXQW\ :LV GDWD QRW DYDLODEOH QPRO QDQRP

f T t «—
$JH RI UDLQ JDUGHQ LQ \HDUV
$UHD RI UDLQ JDUGHQ LQ VTXDUH IHHW
2UJDQLF PDWWHU LQ SHUFHQW
%XON GHQVLW\ LQ JUDPV SHU FXELF FHQWLPHWHU
3RUH VSDFH LQ SHUFHQW
:DWHU FRQWHQW LQ SHUFHQW
6RLO DLU LQ SHUFHQW
S+
3BDUWLFOH VL]H GLVWULEXWLRQ LQ SHUFHQW

6DQG
&O0D\
6LOW

6RLO WH[WXUH /JRDP 6DQG\ ORDP /RDP /RDP /RDP IR

9HIJHWDWLRQ ULFKQHVV LQ QXPEHU RI SODQW VSHFLHV

9HJHWDWLRQ FRYHU LQ SHUFHQW +

7RWDO PLFURELDO ELRPDVV LQ QPRO RI OLSLGV SHU JUDP RI VRLO

5SHODWLYH DEXQGDQFH RI EDFWHULD LQ PROH SHUFHQW

5SHODWLYH DEXQGDQFH RI IXQJL LQ PROH SHUFHQW

$YHUDJH YDOXH RI JDUGHQV LQ 'DQH &RXQW\ :LV &UDLJ
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> GDWD QRW DYDLODEOH YDOXHV UHSUHVHQW YROXPHV LQWR DQG RXW RI UDLQ JDUGHQ |
QRW LQFOXGH ZDWHU HTXLYDOHQW IRU VQRZ IDOOLQJ GLUHFWO\ RQ UD/IDE @BEUG HEG GLKHUHH G
EHFDXPMHOBFOXGHY HVWLPDWHYV RI ZDWHU HTXLYDOHQW IRU VQRZ XVLQJ DYDLODEOH 12$$ GI

— i ~

7XUl VDQG
BUDLULH VDQG
SHUFHQW GLIIHUHQFH

7XUl FOD\
BUDLULH FOD\
SHUFHQW GLIIHUHQFH

,Q ZDWHU \HDU DOO URRI UXQRII ZDV GLUHFWHG WR WKH WXUI VDQG DQG SUDLULH FO
WR WR DQG WR UHVSHFWLYHO\
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ZDV OLNHO\ GXH WR D FRPELQDWLR
SUHFLSLWDWLRQ LQWHQVLW\ DQG G
VRLO FRQGLWLRQV IURP SUHYLRXV
FRQVHFXWLYH GD\V IURP -XQH WKL
PRUH WKDQ LQFKHYV

$QQXDO UXQRII YROXPHV LQWR W
JDUGHQ ZHUH DSSUR[LPDWHO\ SH!
WKH SUDLULH FOD\ UDLQ JDUGHQ IR
WDEOHW LV XQFOHDU ZK\ PRUH URR
ZDV PHDVXUHG LQ WKH WXUI FOD\ U
SRVVLEOH H[SODQDWLRQ LV WKH EX
GXH WR SUHYDLOLQJ ZLQGV $OWKR
GUDLQHG DQ HTXDO DPRXQW RI URR
ZHVWHUO\ ZLQGV KDG WKH SRWHQW
IURP WKH URRI DUHD GUDLQLQJ WR
JDUGHQ RYHU WR WKH URRI DUHD G
FOD\ UDLQ JDUGHQ 'LIIHUHQFHV LQ
LQAXHQW YROXPHV FRXOG DOVR EH
GRZQVSRXW GHVLJQ (DFK GRZQVSR
IDFH WKDW DOORZHG UXQRII WR RFF
FKDQQHO ZDOOV 7KLV VPDOO DPRX
QRW FROOHFWHG RU PHDVXUHG E\ V
WKXV ZDV XQDFFRXQWHG IRU 7KLV
PRUH SURQRXQFHG GXULQJ ZLQWHU
GRZQVSRXW FKDQQHO: ZRXOG (00 Z
WKDQ GXULQJ RWKHU VHDVRQV O0XF
IURP PHOWLQJ LFH ZDV QRW FRQWD
GRZQVSRXW FKDQQHO ZDOOV $0OWK
KDG WKLV GHVLJQ OLPLWDWLRQ LW
SURQRXQFHG LQ WKH GRZQVSRXW G

. SUDLULH FOD\ UDLQ JDUGHQ

7KH WXUIl FOD\ UDLQ JDUGHQ KDG

SUHFLSLWDWLRQ RU VQRZPHOW HY K

L P I.:r H Y UXQF
o)

| % Wb 9H
9&‘% v% AUl

Lo
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RI VQRZPHOW GXULQJ ZLQWHU PRQWKV I
ZKLFK SUHFLSLWDWLRQ ZDV HVWLPDWHG
ZHDWKHU VWDWLRQ DW WKH 'DQH &RXQW\
'"HFHPEHU WKURXJK ODUFK DUH H[FOXGH
ZDWHU \HDU ZDV LQ IDFW JUHDWHU
7KHUH ZHUH QR PRQLWRUHG SUHFLSLW
SKDVH + RI WKH VWXG\ WKDW H[FHH
RI HLWKHU WKH WXUI VDQG RU SUDLULH V
UXQRIlI ZDV LQ¢;OWUDWHG DQG VWRUHG @

HYDSRWUDQVSLUDWLRQ RU UHFKDUJHG
GLUHFWHG WR RQO\ WKH WXUI VDQG UDL
WKH FRQWULEXWLQJ GUDLQDJH DUHD Rqu
SURGXFHG PHDVXUDEOH HIAXHQWDLEOWKH
6RPH HYHQWV SULRU WR -XQH KDG VLPL \5
LQWHQVLWLHY EXW WKH\ GLG QRW UHVX
EHWZHHQ WKHVH VWRUPV ZDV ORQJ HQRXJK
7KHUHIRUH WKH HIAXHQW GLVFKDUJH WK @

U UHFKDU
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€ £ JDUGMME OAKH SHUFHQWDJH RI HYDSRW
UHGXFHG WR SHUFHQW LQ ZDWHU \HDL
,Q JHQHUDO UHIHUHQFH HYDSRWGOGDOVGDUB WIURI® IWB ORKHH & YUl VDQG UD
VHDVRQDO SDWWHUQ RI WKH KLJKH\G PRRIWRDW M&R\W D &N\ ARHNE DAEKOHH @ H IEKLUMLLC
WKH ZDUPHU VXPPHU PRQWKYVY RI -XQH DQIHUXQFHROAGRQHBIERQDWRP\ VWRP
JUDGXDOO\ GHFUHDVLQJ YDOXHV ZLWRQVKMW \R OWRIHBWDRIUBG DQINP VH S H RISH G MH-
LQ ODWH ID®BIFDXVH WKH WXUI JUD¥DXWDGKDWHEQHEWY LQ HYDSRWUDQVSL
SDUW RI WKLV VWXG\ FORVHO\ UHVHPEOHt FVRE®WLRIDW i HIPIQI BDESER. EW WL PSR
VXUIDFH HVWLPDWHG HYDSRWUDQVSHYBWDRRQVS$BBIXHYW RIHUMIRYOWLRQ LGH
VOLIJKWO\ PRGL{¢HG $0OOHQ DQG RWHMHKUWYSUDLUEBHYHUDD JIVIEH YW DQG SUHV
LGHQWL¢{HG LQ WKH SUDLULH UDLQ WRIGHWHREH HYWIER W WDQMS\LHDIHL R Q
FRHI(FLHQW UDQJLQJ IURP 20ORZ" WHR &G PR FURFOURTIOMN VI ROUWHRIUBRXQG ZDV
W\SH UHVXOWLQJ FRUUHFWLRQ FRHR{ FEURXQ®G IRR)Y 8UD RWL @ DyAHN) AMAKBIWHRQ L
ZHUH ORZHU WKDQ WKRVH IRU WXUI JRWEFNQ W.RMUHH PPN EHVORVYWWHRPRYRLO
HYDSRWUDQVSLUDWLRQ ZHUH DOVR OKRXGIUQJ LV OHVV WKDQ SHUFHQW &l
$QQXDO HYDSRWUDQVSLUDWLRQ HRYWP®KWUDP@YBY WDHURIG VORWH IRU EDUH
WR LQ LQ WKH VDQG DQG FOD\ UDL®HDBBRWYV &RVYWHWHMHR RRGURWKHUV
DQG UHV SHFEMIAKHO®\DFFRXQWYV IRDPRUAP K GEEHRYFRBQW GHQWL{HG VSF
RQH KDOI RI GLUHFW DQQXDO SUHFLSIRPDWILWR (YIRSRW KB GSWPLLUDW L\RZR EDJ,
JUHDWHU WKDQ GLUHFW SUHFLSLWDSW R LY FOD\ZKkRBRHY O KHMHK §WORKIHV [
EHORZ QRUPDO SUHFLSLWDWLRQ 6WRXHUFDBGW K ORW SUD IUHSRYWHBVDWLR
VLPLODU DYHUDJH DQQXDO HYDSRWUDQV $\UVOMHLR QWHIRK g WQJIJH RILQDQGVFI
IRU WKH ZDWHUVKHG LQ ZKLFK WKLWQWXBO 2ZDAD BRWHW Q& S ELVW GRRQIRU WK
K\GURORJLF PRGHO VLPXODWLRQV IHRWLPDWRG WRWWHFr@KXVHURP SHUFHQW
WKH FRQWULEXWLQJ GUDLQDJH DUHD WIR ¥ D\eKHURQ @\ DU SQHP ZBGWQV DQG Il
DSSUR[LPDWHO\ ¢YH WLPHV JUHDWHW RV K 5 WAHRQ WHIE® L Y L OR LD W E B OVDIKQHG U D
SHUFHQWDJH RI WXUI JUDVV HYDSRWUKB EHIURHAWRIH RKHYIFRRPEDODDRESLUD\
WR GLUHFW SUHFLSLWDWLRQ SOXV U®PAXRHDNW GHBQGHE UK RV HIS ARz ZWIW HLIH \H |

WR D KLJK RI LQ IRU WKH FOBHUBHQWD BISHQ@ WKGFGFIRIRWULEXWLQJ C
D ORZ RI LQ WR D KLJK RI L QDS SURIL WKW HM\QHEL FHOW \WWRDHED W KH UHF |
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f LD 'LITHUHQFHY LQ DQQXDO UHFKDUJH EH\
DQG SUDLULH UDLQ JDUGHQV LQ FOD\ ZHL
5HFKDUJH ZDV HVWLPDWHG E\ XVI® RINKHEBWRY WDIOHQ MHKRVH YHIJHWDWL

IRUPXOD DYHUDJH GLIIHUHQFH EHWZHHQ SHUFHQW
JUDVV DQG SUDLULH UDLQ JDUGHQV LQ F(

5 3 99 (7 WR SHUFHQW LQ VDQG XVLQJ WKH ORZH

SHUFHQW UHFKDUJH IRU WKH SUDLULH UD

ZKHUH YHIHWDWLRQ PD\ WKHUHIRUH KDYH D PRL

5 LV UHFKDUJH LQ LQFKHV UHFKDUJH JLYHQ VLPLODU VRLO VWUXFW)
3 LV SUHFLSLWDWLRQ LQ LQFKVHQHUDO HDFK UDLQ JDUGHQ UHJD
9 LV WKH YROXPH RI UXQRII RYWRMWXKW\SHLEZDIYUFSAH®EOH RI VWRULQJ

LQ LQFKHYV WKH UXQRII GXULQJ WKH \HDU VWXG\ SH
% LV WKH YROXPH RI UXQRII RXWWXWKHRUDL\SHIUEGHFHIHWDWLYH VS
LQ LQFKHV DQG QR EHDULQJ RQ LWV RYHUDOO SHUIRUPDC

(7 LV HYDSRWUDQVSLUDWLRGHVGIQRKMAKH UDLQ JDUGHQV WHVWHG L

WKH SULPDU\ UHDVRQ IRU WKHLU VXFFHV

7DEOWKRZV WKH DPRXQW RI ZDWHG®RI® WBFKKRPDDEWE3H ]H WKH DSSUR[LPD'
GHVFULEHG LQ WKH IRUPXOD DERYHVOR/ Z[HFoI6l ® WHWHK YV WRODWH.¥FRSDFLW\ RI HL
SHUFHQWDJH RI ZDWHU RXWSXWV WRHURSXQUOWRDWRRGDWKWHRBLQLPXP GHSW
YROXPWODHE®HHUH QRUPDOL]HG E\ UDLWR ROOHWKHUWBEUEDRQG SUDLULH FOD\ UD
JDUGHQV SODQWHG ZLWK SUDLULH YO-HRISHUWARD WAIRWHEOUH HPSUHVVHQ LYHWEHPW L
RI D UDQJH Rl ORZ WR KLJK UHFKDUJY® WR @R ZEXIGH WHTWK BDHYDSBEOBLPDWHO!
UDQJH LQ HYDSRWUDQVSLUDWLRQ $\WRWRW K WRUPYDWYHHF bBDIANPAV\RVRW XIGRO XG L
VLWHV WKH UDLQ JDUGHQ SODQWHMWEKHWK WXUHYKB®E VY WPRHIWR{ EPPAMHRW O \S
PRUH DQQXDO LQAXHQW WKDQ WKH UDHRQUM UG E® W MW HEEO0 DA ¥R1Q GROEBQU® HJ D |
YHIJHWDWLRQ $OWKRXJK PRUH ZDWHDUGNQDFRRBWEHXAWRBQUEFKNYHIRI D WR
LQ WKH WXUI JUDVV UDLQ JDUGHQV WRKHHFHHUOYDQ ® BUWHIEHQWR JH RY WVKGIXDWD |
UHFKDUJH LQ WKH WXUI JUDVV UDLQZPIYU WKW i BRUWO LY RW 'Ok ©HHB/E/OW KR QU HAV L
WKH SUDLULH UDLQ JDUGHQV 7KLV LVSOINEHQWN BWHNUQ ESUME E S HWPRY DRRX H X H
VPDOOHU DPRXQW RI HYDSRWUDQVSZDWWURHWPWRRPOWHBSREULWYRIUD WDLQ J
VSHFLHV WKDQ IRU WXUI VSHFLHV ,PERRHWRO @ XEQIRIRZHURXRIX VWRUDJIH RI |
GLVWULEXWHG EHWZHHQ WKH WXUI DPYDAHNOMQEY S\ULDPLUD W DUPH ROX YD W@GHN U WK I
GLIIHUHQFH LQ SHUFHQW UHFKDUJH EWRMZH WK QR4 U 1 URID PV SBIE LSSUBMRW HRQ R
YHIJHWDWLRQ ZRXOG EHFRPH HYHQ JWHBM\RQG WKDW VXJJHVWHG E\ SRQGLQJ
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7XUl
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RI LQ¢OWUDWLRQ DQ HYHQ JUHDWHWKIHP RRQ®W RKSUG B DS QW BWHRIR ZR X D\G\
OLNHO\ EH UHWDLQHG DQG LQ,OWUPWHE RYAXHQEMHRIY B KD IS H B USRI L0
LQWHQVLW\ ZHUH HTXDO WR RU OHVVXQRDIQWKDI) RHCL BA QRLO@WEBDSW R Q7KH
OLVWHBEO®ULQJ $SULO WKURXJK 1RWHMEHRIOXPH RI ZDWHU WKDW GUDLQV Il
RQO\ PHDVXUHG SUHFLSLWDWLRQ RNWKHQ /W W Q DW WH RSQ RIL WIUKD FOW\ WR WKH
UDLQ JDUGHQ DQG LQ WKH WXUI FOD\ UR\LRVIDRGW®HKDBPH FFIDDFXODWLRQ
SUHFLSLWDWLRQ LQWHQVLWLHV JUHDW HVWLKRDQ W EB \P I? 6 GHQRIL Q¢ FOHV U R QML
DV ZHOO DV SUHFLSLWDWLRQ GHSW KD WX K DW H UMK KDWQR WKW PH QR B XVP KGIHE WK
UHTXLUHG WR H[FHHG UDLQ JDUGH Q7KW RAURIIX¥P FID DDWIHW\ QRVUWPOPLLQUQJ E\ UD
JHUR LQ,OWUDWLRQ 7KHUH ZHUH QWRR\UW RISSD WHRV LRI HAYKIHDQV F RLRS IMKHHG W
VDQG UDLQ JDUGHQV WKDW VDWLV ¢ H®HQRH WDIRBIW- ITWB OHB RU H[FHHGHG \
$GGLWLRQDO UXQRIl YROXPH FDQLRCSRRPH WEPWRWDIKE\DSSUR[LPDWH G
VWRUHG E\ WKH VRLOV EHORZ D UDDLQS$BIUGR YW R LIP IGMISQVIKOHDT X D O EVDR FAGK R ¢
XSSHUPRVW OLPLWLQJ OD\HU 7KH YRODWXPH RQ @ KHW H R/UR MK MSD¥HBN DQG SUL
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UHVSHFEWLYH&®LOV GRZQ WR WKHVH UHV§HFWLYH GHSWKYV
UDQJHG IURP VDQG WR VDQG\ FOD\ $(%DYHUDJH VRLO WH[WXUH RI VLOW
ZDV VHOHFWHG WR DSSUR[LPDWH WKH IXOO UDQJH RI VSHFL¢(F \LHOG

LQ WKH JDUGHQV 6SHFL:F \LHOG IRU XQERQY R =G WK G M B G BRVEMYW 1L
KB G H

ZDV HVWLPDWHG WR EH  SHUFHQW EDPMHGOWY & Y D IXQFWLE

-RKQVRQ %\ XVH RI WKHVH SDYRREWEH YNy RS Y RBEBF LRV R1 WKkH UDLOQ
UXQRII IURP WKH URRIWRS FRPELQH Iﬁ,\/\l\,{ikiHDf%éQWow LUREWY | WKH
SUHFLSLWDWLRQ UHTXLUHG WR VDWXYDW HpW KB VXY Ty A%y B HOW K bid FAGH Lo,
UDLQ JDUGHQV ZDV DQG LQ HHY 'bFFWk‘ﬁE{Bbv@ﬁWéWl@ﬁ'%DL JDUGHO
RI SUHFLSLWDWLRQ HYHQWYV HTXDO RH ¥k Gk o m\bHRwlglélvV%gﬁ:\ﬁH
ZDV VXPPHG IRU $SULO WKURXJK 1RYHHERY eHE P SOUWK'RXIK HIAXHQW GLVFK
VL[ RI WKH ~ SUHFLSLWDWLRQ HYHQ%\{JPITF%P&NW§O$<U\A}'U5#UCZ‘KQ4 LQAXHQW H
LQ UHVXOWHG LQ SRROHG ZDWHU LQ V&@"b&"\{%'a F\Fh'l\oLJ/D[B%GJ%%Q Bwic LQ st
WKH SUDLULH FOD\ UDLQ JDUGHQ RXW R o wMY R WKW 5@ BHBBWMM v R1 |
HTXDO WR RU H[FHHGLQJ LQ UHW&%WHEO%WW@#%WHVH%% Rl SRROI
WRWDO VWRUDJH FDSDFLW\ RI HDFK UBLQ dBUEHSO ¢RXH R EH OWHEVLW 0DUJ
RI VWRUDJH ERWK DERYBEDGIE VED I%WD HU ZRXOG SRR

L ERWK WK|
Wi

TXDQWLWLHV RI HDFK YDULDEOH XVig WWR QWV W

VWRUDJH FDSDFLW\ RI WKH WXUI DQ%y, 3 VPR QUL E QAP PEHR ¥ L ik Low
ZRXOG EH H[FHHGHG DQG FRPSDUHV, WK W 52\% 50 LO KU 7KFE
QXPEHU RI HYHQWV WKDW H[FHHGHGFM%/ YBIH VA RAPE L WD SX BRIRSSIEBWHU v
WKURXJK IRYHPEHU & 21 WKH Vi Wﬁ\éw\ﬁ'ﬁ@ ‘ﬁgﬁrﬂrﬁ%ék PWKRQRubwH pw zi
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HYHQWV H[FHHGLQJ WKH WXUI FOD\ U WS WYWRYEEIHR HU Dv wi

R
3
NJdRIFHHGHG WKH L

g Ro Hi

FDSDFLW\ ¢YH ZHUH SUHGWRERGE X W ow
FpL

6LPLODUO\ D VLQJOH SUHFLSLWDWLRORHYARWEZRY, SHH G5 BWAH G Ro HifcHi
WKH WRWDO VWRUDJH FDSDFLW\ RI WK &%%k%%ﬁ%@h%%@s@ SRS Hw
QRQH ZDV REVHUYHG 7K*“’\’F‘JELW“"HJLHLO"E£<\MI1 WRN\FY VRO Y Doo ZHUH D UHVXO\
WKHQ DSSOLHG WR WKH SUDLULH F Q JDUGHQ LQ zDWHU \HDU

ZKHQ WKH FRQWULEXWLQJ GUDLQDJH DYRD ZRY &R XECH & p

g
Hl & Y o9YiBucHov
IRXU SUHGLFWHG SUHFLSLWDWLRQ H %RMY HLR QA WY Kk BERUD R oW M-k
FDSDFLW\ RI WKH SUDLULH FOD\ UDL&hgggﬁﬁDm%w WYG HUH LPSRUWD

0DQ\ GHVLJQ PDQXDOV SURPRWH W BIHHPHR! PR YBEQsERGG HQ WKH WXUI F
DV DQ LPSRUWDQW YDULDEOH IRU DFRH Qb UXQfF SEBNYENDL 0 1DUGH G
WKH UDWLR Rl GUDLQDJH DUHD WR YRFH b B@)QVszv%%%w%Lrb\io\%@R,\élﬂ, e
VSDFH UHTXLUHPHQWY FDQQRW EH FRW BESERW MPHWHR REGVHERE FrRoGXF
SUHFOXGH WKH ORFDWLRQ RI D UDLQJPYGHOFQ( P QRBYBR AKBRGH wiLpPH EHW
VSDFH PD\ EH DYDLODEOH I VXU¢FLPO DL VB By MR woy P
VWRUDJH RI UXQRII FDQ EH FUHDWHE rip H T RN BWLRIEWE Db dEHOMWHY L 1 Fo bl
GHSWK HYHQ LQ WKH SUHVHQFH RI EPE\JHQL‘@’%\NDWL%(%LZHL\%QP WaiRopbvw
JDUGHQ IRU H[DPSOH WKH WLPH UHJX& bH&, WiRp O W Kkpw DO
WR SUH HYHQW VRLO PRLVWXUH FRQDCSE(M = RE PDJIOLWXGH
DSSUR[LPDWHO\ WR KU ZHOO EHERZW(FH o WREF RE EX U

SUHVFULEHG DV D GHVLJQ VSHFL&FQW*%@ |

HVWLPDWH DVVXPHV DQ LQ;OWUDWLRQLUDBW %ﬁ_q;%
My

R WR LQ KU +LOOHO 6LEWx H& I

S IRU D

SUHFLSLWDWLRQ HYHQWV PHDVXUHG XV beY ¢4 b ‘é’ﬁ%BéJérﬂﬁm’bD\ﬁﬁgLWK |
+ KDG DQ DQWHFHGHQW GU\ SHULRG JYHRWWPRWKPRHo WY &HFrROGDUV WR
DSSO\LQJ PHDVXUHPHQWYV RI WKH D$$YRS Y ERWH VRS @ \H% BPWERGO szHw:
HOQYLURQPHQWDO PDQDJHUV DQG HQU]LIjQ(;@B SR LR SH W Kow RI ORW RQ
WDLORULQJ RI GHVLIQ VSHFL¢FDWLRQW R VO Q) H B USHRYW RYQOHRW Y E X W
UHWUR¢{WWHG DUHDV JUHDWHU WKDQ DSSUR[LPDWHO\ LQ KU
WUXH LQ WKH WXUI FOD\ UDLQ JDUGHQ D

TXLWH DV VWURQJ

H@W B kR PrPH WHFF
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€ (E

€ f Lo JDUGHQ (YLGHQFH RI LPSURYHG LQ¢;OW
VDQG UDLQ JD UG HQ XV HLOHISX\DV) UNDDWCHXGH Y/
IRU HVWLPDWHG LQ¢OWUDWLRQ UDWHYV

Q.OWUDWLRQ UDWHV ZHUH HVWLPHWHGE-BWLRE P o 'JLl'JFiJPGHgI WKURXJ
E\ XVH RI D VLPSOL¢HG IDOOLQJ KHO& WHFFkQ%\L%‘)'!rP WAV XD RV 4 Q WKH G
LQ;OWUDWLRQ UDWHV IRU VRLO W\SkV h §EVWWH PP B WIYVHR WYHEH M OMitE LQ
FRPSDUHG WR GLVFHUQ VHDVRQDO WQQ%HBEQUJLP(S’Q%'RE v o PRD H KUHH
H

ux

LQ:;OWUDWLRQ UDWHV LQ VDQG UDL® PR YR ,HQJHDWW[K%%@JM‘W
LQ FOD\ UHJDUGOHVV RI YHIHWDWLYHREHET B V2KV W HR QY ZHUH LQ
'RB(S’%&EI%FWJK#W@‘BB? D\ DQG

ERWK VDQG DQG FOD\ SuDLULH upLbY 180&%0%
LQ:;:OWUDWLRQ UDWHV WKDQ wxul UBiY JHHER
UDWHVY ZHUH KLJKHU GXULQJ VSULQWH(?W ¥ REbAB
ZLQWHU IRU DOO UDLQ JDUGHQV VDQG UDLQ JD

O PDQ\ RI WKH HVW

LQ WKH SUDLULH VDQG UDLQ JDUGHQ ZF
VXPPHU HVSHFLDOO\ GXULQJLDPRQG

DQG 6KDQOH\ IRXQG D VLPLODU VHI
7DEOWKRZV WKH QXPEHU RI GLVFKAUIHYHR WK FYRBHWIERY poc WHPSRU

SRROHG ZDWHU GXULQJ HDFK ZDWHL#ESIE},B\&LQ,\M K1 @8 WY UPVRY G WL S & FiL JUH
VXPPDU\ RI HVWLPDWHG LQ¢OWUDW LR YRUARG 6 XU Ak W ik YW Ed e uDLQ -
SHULRG 0HGLDQ LQ;OWUDWLRQ UDWHY lgd Wi SHP RY ik YO 6 04PLRG ubwH
JDUGHQ DUH JUHDWHU WKDQ LQ WKHBdVd(Lq\IHVR/(Rﬁ ggb%%L ¢p GDWDLQ JDUG

DQG LQ KRXU UHVSHFWLYHO\ 7KK, QR UyH WV UGG RWEROQHG UH
LQ WKH SUDLULH VDQG UDLQ JDUGHQU\zg)@JJIV\,\%N

LQ.OWUDWLRQSWDWHKY EHILQQLQJI Ry Wit ¥ WS
SUDLULH VDQG UDLQ JDUGHQ KDG D \J U4 PIHUq RELYFWRUN pxEK O
HYHQWV WKDW UHVXOWHG LQ SRROHG R 7R S%@Q\gﬁylmpgédo,
UDLQ JDWDEW@KDW PD\ KDYH EHHQ D yX8FWEHRQG RY KW X U1 VDOG UDLO JDUGH
VWUXFWXUH RI WKH VRLO DQG LPPDWXUh WRE @ﬁﬁ@BWHWd&?@HG U
SUDLULH YHIJHWDWLRQ VKRUWO\ DIWyd SR RWMEA & S

VRLO LQ WKH SUDLULH VDQG UDLQ JDN&HQ HREWRY
RI FOD\ DQG VLOW WKDQ WKH WXUI WH@EG §8%8 (D UGHQYY
WKH QDWXUDO VRLO PDWUL[ DV ZHOO D[yd.{ﬁPR

GXULQJ UDLQ JDUGHQ FRQVWUXFWLRQQOWVKEXYD G Z/ngg,\gampy
@F@\R? H \’? X %
Iy

Q KU ZDV HVWLPDW!|

™

S

&0
x

§§C

KDYH LQAXHQFHG LQ,OWUDWLRQ UDpy

WKXV THZHU 3ZHW' FRQGLWLRQV ,P§HEZ|§{|1-WQ-|Q|W
Dt 4

DQG LQ,OWUDWLRQ UDWHV LQ WKH &l l
EHHQ PRUH SUHYDOHQW WKDQ LQ WKk W HYIsYRREpERL D MMM ER R D RYI
EHQHD W X DLQ

RI WKH DEXQGDQFH RI VDQG GLUHFWO\
T’ « 7 02

>3UHFLSLWDWLRQ HYHQWYV UHVXOWLQJ LQ SRROHG ZDWHU ZHUH XVHG WR HVWLPDWH DQ LQ¢
VWDQGDUG GHYLDWLRQ &29 FRHI(FLHQW RI YDULDWLRQ LQ KU LQFKHV SHU KRXU@
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7XUl VDQG
3UDLULH VDQG

7XUl FOD\
BUDLULH FOD\
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. JDUGHQ ZHUH JUHDWHVW GXULQJ VXPPHU
VLIQL{FDQFH OHYHO :LQWHU LQs;OWUDW
7DEOWKRZV WKH QXPEHU RI GLVFKIDWLY HDWHIHQV ZHWURMGW RHQORZHVW RI DOO
SRROHG ZDWHU GXULQJ HDFK ZDWHUW DIOXY RV ZHQAQ@ KW DZKWHEKWILY WIKFHD ODPH L
VXPPDU\ Rl HYWLPDWHG LQ¢OWUDW IPRH® WDOWHEY SAMRLQ W RV KIID VOV XBYGHQ FRQV
SHULRG LQ WKH FOD\ UDLQ JDUGHQW QyHGNDRWLRD WH\E WV RQ RDHMDHAH G QE WKHIC
SUDLULH FOD\ UDLQ JDUGHQ DUH PRORIZWK®D/Q WHKHIP K SMILLRHIV D@D WHQG W KD ¢
LQ WKH WXUI FOD\ UDLQ JDUGHQ DW,J DQG LQ KU UHVSHFWLYHO\
'HVSLWH WKH GLVSDULW\ EHWZHHQ RY I8 UPIOD B HBER DK HQW R WIUPMDLRWDD L Q JD U C
UDWHV WKH WXUI FOD\ UDLQ JDUGHRHIBIIKDLE LYK G VD UDHQLIHRUD O OL\VQH W ZIDWHD O V R
LQ DQQXDO PHGLDQ LQ;OWUDWLRQ UDWHVBPDUBRGDWWKURXFIKHG IURP LQ KL
UDQJLQJ IURP OHVV WKDQ LQ KU WXDQ DQIGQ KUWR PRUBIQWBKDQ UHVSHFWL
LQ KU LQ DQG $OWKRXJIK WKH JWPAWMWHDSWDLQLH YHJHWDWLRQ FDQ LPSUR
LQ,OWUDWLRQ UDWHYV DSSHDUV PRGHWW HDW IUMS HH VHPGW R YOL@ D & 5B Y RISIREJGIWY
LPSURYHPHQW RYHU WKRVH PHDVXUHRRWUBHZWMK UBHYHQ® L&HEQ*HUPDQQ
FRQVWUXFWLRQ ,Q/;OWUDWLRQ UDWHVWR{PVISHRFHRDWHBPOURSRQHKVU\ZWHRY FL
PHDVXUHG E\ XVH RI D GRXEOH ULQIOL®MWMNUB?HWHU DWDWKH %EBPHQ DQG *HL
UDLQ JDUGHQ VLWH SULRU WR UDLQEM UG HQ BR Q WDNEWRXRAWWKG GHVWBEWEWQRQ
Rl WKH QDWXUDO VRLO PDWUL[ E\ HIFDYOI))GLRQ PREDXRRSRFWKRQPB® RI GDW
GHFUHDVH K\GUDXOLF FRQGXFWLYLWRRBQLMWNZDWNHBWRKOG SUHFBXGH HVWLPI
DQG RWKHUV %HFDXVH WKH VRLYD XDWU K PWEKQ KV B H LAROWV W R QV WIK\H \SW PG U L
ZDV OLNHO\ GHJUDGHG IURP FRQVW DX\F WK REX DZADNLEY U W QH YD WLWD RGO IGQ Q/RWW K |
EH XQXVXDO WR VHH DQ LQFUHDVH IMDKHQU DWH ZWWRHY WRWHE UGIWRUW RQH VW L G
RI YHJHWDWLRQ W\SH +LQR DQG 6KXWWRHU W KB & QPG WHK -2 W/RD BRI X DVOY/L WD W L
Rl1 JUDVV DOWHUHG WKH VWUXFW XU N RIJUR WO VPIIWRKIHEG LR QWKNDWLRQ UDWH
HVWDEOLVKPHQW DQG WKH\ PHDVXUWFHKG ULFWHD VWHW LLFYY WORVK WRWUH & WX G\ \HD
K\GUDXOLF FRQGXFWLYLW\ IURP LQ W Q H\QWEDWM IVRGOF WWR HQ B RUB\ THUH QF H
LQ KU IRU JUDVV FRYHUHG VRLO VKPPHWHLQQ@QWDO VBRI WHQAHHW DW WKH
LQ PHGLDQ LQ,OWUDWLRQ UDWHY MRDWRRI G GO UHHH RE Bl UZHUH JORS HYY % H
DSSDUHQW &RPSDULVRQ RI VHDVR QDU GO QOWIMINMHICR & H W HR EG DWIHRRN G XU
D FRPELQDWLRQ RI WKH .UXVNDO :D®®DWDX\DHVVR QRR | RMHDW RSYDHD JBJIR XESWH QFH V
DQG 'XQQTV WHVW VXJIJHVWHG WKDW QQ\NOWPBWLRQ UDWHYV LQ WKH WXUI
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WKLV GHSWK +RZHYHU LI WKH SUDLULF
SHQHWUDWLQJ WKURXJK WKH OLPLWLQJ
$QDO\WVLV Rl WKH WHPSRUDO YDUEBWERODRWH/ BIRZ@RDYV & XGRILO PRLVWXUI
FDQ EH TXDOLWDWLYHO\ XVHIXO LQ XVhvRp DWQ IdX WIKRQ WILRPILIY BWSMKU LQV
DQG GXUDWLRQ RI UHFKDUJH HYHQWWHY IARRBIGRJHDRIFO UDQXK GD\V DIWH
,QWHUSUHWDWLRQ RI AXFWXDWWLRIQ¥ RRLV RXY i# RAD/SEGON LQFWKRVHG Lt
XQVDWXUDWHG JRQH LV EDVHG RQ WWKR 5 WIDR LB/INV WK AR RFOLVRH URL GV K WIB U Q
VRLO DERYH WKH YHIJHWDWLYH URRWK®JI BRIGMMWWLLLFYUHDW X8 2080 BRILY W XUH
UHVSRQVH WR HYDSRWUDQVSLUDWLRW® DDOHHIWEKHRIRR S\8 KB\ SIS &\ W ZK
GUDLQV GRZQZDUG WR WKH ZDWHU WHPOHFPWURRKRIUWKH7KESHU OLPLWLQJ
HYDSRWUDQVSLUDWLRQ GUDLQDJH BRK @G B UA RR/GIXQUWEHUHON VIFUR AE MK HE\X S S
'HOLQ DQG RWKHUV ZKR XVHG VIRE DURRLROWKHIGN DWW PIMOHQY WD \V KR ZE
FRPSXWH D YROXPHWULF PDVV EDODMFH IRV WHRDX QWESWHUIBEWHE QRRIWHU G
7LPH ODSVH LPDJHU\ LQ FRQMXQPMH{IRAR AIUWREDWHKWH Y (DB ISIRGLPRWOH O\ W
PRLVWXUH SUR{OH LOOXVWUDWHYV WIRZQRRPEHGQMREYHRHRW RI GRWWWDQGHPFR
DQG HYDSRWUDQVSLUDWLRQ RQ VRL®QBR WKW HH 08 YWPRVHH S UDR WM W XAGD O H Y F
UDLQ JDUGHQ GXULQJ DQ HIWHO@GHGSHULREWRIRWLP® 'HVSLWH WKH ORZHU C
,Q@JIJXUH D GLXUQDO AXFWXDWLRQ LOTRROFHE. BPWRXQBDALGVRY UHFKDUJH DV
LQFUHDVLQJ GHSWK EHFRPHV PRUH HY MRHOW RUNWBEDHWKWYRXWIKDQG GD\V
$XIXVW OXOWLSOH GD\V ZLWK Q& HIWKY HHOR¥ELROIWRYGH QFUHDVH LQ V
SUDLULH URRW V\VWHP WR WDS LQWRLBHWERU /RWWF HDO WIKRKUJE FRDOWX B H,
7KH GHYHORSPHQW RI URRW V\VWHPWKHWRLOHHSHIDVRLY GRBWXV 7Kl FOD\
LQFUHDVH WKH LQ;OWUDWLYH FDSD¥K®RUWODDJWHY WKt AR REG FMUHMNY WERJ Y H
PDFURSRUHVY DQG RWKHU ¢(VVXUHV WIREBWIBRBWRRRIRIKROKRIE ZBWHUWHVXOWYV C
PRYHPHQW 7KLV PLJKW DOVR H[SODUIWSRYOWSDUW WKH ODUJHU PHGLDQ
LQ¢OWUDWLRQ UDWH PHDVXUHG LQ WKHGCSW WILIRIQHPD PoHYX LUTH @F BIDRIGEI®HHS SHC
FRPSDUHG ZLWK WKDW LQ WEKHOWKH IVFEOWHRWY LY JIBUEKBU LOOXVWUDWHG LQ
GLXUQDO AXFWXDWLRQ LQ VRLO PRLY¥WXUHIRYHUWKKN N EZPY WLWHNWOHULKRER J
LV QRW DV SURPLQHQW LQ:WK¥H WKUP®HDOHOVYDIYHD HEWEHQGHG SHULRGV RI
LV OLNHO\ GXH WR WKH VKDOORZ URFDR G WDPWR RDP WKHIQ PUD VYV I8 W\ BAHIOR Z

XSSHUPRVW VRLO OD\HU IHHW E H®RG Q@ VRUIGH®@ DWKRZHIBHW EHORZ |
DSSUHFLDEOH GHFOLQH LQ VRLO PRKRWHEYUKU VRLO PRLVWXUH LQ WKH SUDL
,Q BHSWHPEHU DQ HIIRUW ZDWRPGEWUSWR\WUB EXURRIP AXFWXDWLRQ G

WHPSRUDO FKDQJHV LQ VRLO PRLVWZAKLF O ILWHRQDWAWALAD \WORQ R RAGLH) H I THF!
WKH SUDLULH FOD\ UDLQ JDUGHQ %FROQWWH WK HW KH BAXBIYYBRG FARRYWXUH
OLPLWLQJ FOD\ OD\HU DSSUR[LPDWH® VRWOERRRZWMMKKH OB OM UDRIBHW KLV

¢J ZDWHU ZDV H[SHFWHG WR SRR ® IDI)GDS RENOAMKLORQW PIQIBSWGRID IgHDIWH W KD Q
V\VWHP
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£ € DFWLYLW\ ZDV DOVR HYLGHQW LQ WKH KR
’€f SUDLULH FOD\ VRLO ZKLFK ZHUH ZDY\ LU
FRQWUDVW WKH KRUL]JRQ ERXQGDULHV R

,Q 2FWREHU \HDUV DIWHU sORYM Y YWWERHRYE (RRFHBEYHIW &ROOHFW
DQ REVHUYDWLRQ WUHQFK zDV H[FDYDYPHBYWRUR Wi W e & Lg% LWV HU S
FHQWHU RI WKH SUDLULH DQG WXUIYP&O\ P S?DWéHg\,LQ\/%VﬁHD >f)LIH\NFI—9Jq_\H—l|J[
GLIIHUHQFHV LQ VRLO SURSHUWLHV Do WERK %Wl‘éﬁ W iy W RO R !
WA\SHV $OWKRXJK WKH WXUI DQG s ¥BiaulHGFRHWEUH WR SBRWE %\NES
VLPLODU VRLO WH[WXUHV DQG VRLO%KRUL RY¢| QW Ko
VWULNLQJ GLIIHUHQFHV LQ VRLO FKBUBF L YRR By
FOD\ JDUBHIWBHWDLOV SK\VLFDO FKDUPHFWHHS WKF &Y
SUR¢{OHV LQ WKH WXUI DQG SUDLULHIFgP UL

7KH GLIIHUHQFHV LQ VRLO SURSHY®R vV DUGHQ SOWI
ZLWK ZDWHU DQG DLU PRYHPHQW ZLW@&%P?#W%R]FEJ%LW@%@&&QLF DFFXPX
7KH VRLO XQGHU WKH SUDLULH YHJI—H/PI!)@IH]BL{J%HL%V%BMGH Q Rk LQ WKH
SRVVHVVLQJ WKH UHPQDQWV RI D OBHWM%‘JUF'OQ) Soh g K RPddRB HHODWLYH W
ZHOO GUDLQHG $W QR WLPH GXxuLQP Kb & Q H&Dﬁ\ﬁ/ﬁ@ww*
WKH SUDLULH FOD\ WUHQFK IURP W9 WR LK FPKH SUDL
&RQYHUVHO\ WKHUH ZDV FOHDU HYt’é’ﬁ'(‘% W KH W,
DW DSSUR[LPDWHO\ + IW EHORZ S/KH
SODQWHG UDLQ JDUGHQ :DWHU QR\/\}'%}?/(&L
WUHQFK GXULQJ VDPSOLQJ EXW D Vi
SUHVHQW IURP + IW DQG zDV LBB
VDWXUDWHG HQYLURQPHQW D ZHDNON
FOD\ JDUGHOQ IW LQ WKLENQHVV
VXUIDFH 2[LGL]JHG PRWWOHV DQG RWK
WKH PDVWHU % KRUL]JRQ RI WKH WX U B
LOQGLFDWHG D AXFWXDWLQJ SHUFKH&PHAMRY
KRULJRQ DERYH WKH JOH\HG OD\HU B& Rk R
D ODUJH HQRXJK FOD\ IUDFWLRQ WK L

ORDP UHODWLYH WR WKH %W KRUL][;%@\% IRV
F

o
N AL
Sors

PRI WKH SUDL
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REVHUYDWLRQ PD\ LQGLFDWH D WU
ORZHU KRUL]JRQV LQ WKH SUDLULH K 2 \V
FOD\ IUDFWLRQ ZDV IRXQG LQ WKH oRSH (Y BNVXFPWH
JDUGHQV DV VKRZQ E\ DQ DQJX0DU $BRFIY Wi\
VWUXFWXUH DV ZHOO DV WKH ODERPHWRWMY
VLOW\ FOD\ ORDPV RUJD
7KH VRLO SUR¢OH GHVFULSWLROK
GLIIHUHQFHV LQ ARUD DQG IDXQD DFEMIYYDWAP
WXUI FOD\ UDLIEOBD@NQQH URRWV [
IURP WKH VXUIDFH GRZQ WR w LORW
DEVROXWH URRWLQJ GHSWK LQ WK $WBHLEobYDbY
EXW URRWYV H[WHQGHG WR D GHSWKFP U@
UDLQ JDUGHQ ORUHRYHU PDQ\ URRWRLEHIHRKDE
%WJ KRULJRQ RI WKH SUDLULH FoD\ 3% 5(
IURP WKH %WJ KRULJRQ RI WKH WxuF &8
DPRXQW DQG GHSWK RI URRWLQJ LQ&RR

WDWLRQ
DAHY PERS
DQG DLU
QFHV LQ |
HRMLWLH DQG
LRHDIU GHQ V
RO ZLWKLQ
@ HPYGCHQ 4PV DOPRVW
u BRY ZLWKLQ V
54 ZPMy SHUFHQW C
Wéﬂ%ﬁa%\ﬂk‘ ]RQ\(/? Uk
%WLP&G%WMVJ%%MWRQV
OO VKSR U b JDE%LF QW JUF
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FRLQFLGHG ZLWK JUHDWHU PDFURIDXOW K EWY PEWKH &R e B UHOEL
HDUWKZRUPV DORQJ ZLWK PDQ\ DEd/dihélHéQzM’&#* PRY FRYS {RQo4P Y VLPLODL
FDYLWLHV RQFH RFFXSLHG E\ URRWV ﬂR/HV%L#'W@b‘%HF(BW tQU%Rﬁm@HJ’RUSKR
OLQHG ZLWK RUJDQLF PDWWHU RU zﬁb'AHdJHH@FF[ZHJ\(Lh LR RE EEDN CH R Whi |
PRYHPHQW RI ZDWHU DQG DLU LQWRI‘]P%%QMQ\{(RB H%%\fpﬂﬁﬁgw\%w%UQ'BREM:LR’E')YDHVUV W
Eg IE:)EJ FleJ IDDLXQQ éDg FG \/:/4 8 Y L%NR\ QLYQH \?\/Y(%O\\/ R\I/_vd:F %%%ﬁ%’é‘@%ﬁ%@j",)” Lj,JgQLLHF%N,J_TL fé)gl\%vll:é\%%ﬁw QY
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o AdNYZ HATO \0dd rOT9X040T HAOHODTAH dNdzZ mOAS0OX3A$ ¢
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T 7 z WR JUHDWHU VRLO GHYHORSPHQW DQG LF

o DQG DLU WKDQ LQ WKH WXUI FOD\ UDLQ .
>65/ VSHFL¢(F URRW OHQJWK 5/' PRROWLONWOQPW LY QMWD RPMSISRUW WKLYV K\ASRWKHVLYV
URRW SHU YROXPH RI GUS VRLO P 3 PHWHUY R%‘ERW%‘ JWEKH DEYROX WH YDQXHY RI UF
FP FPFHQWLPHWHUV RI URRW OHQJWK SHU YFQB%JPNV%"b\(JH W Pd Q JPME QDY x4HEE ORZ UHO
IRU JUDVVHYVY 7KH UHODWLYH LPPDWXULW
RQH WLPH VDPSOLQJ ODWH LQ WKH JURZL
- WKLV GLIIHUHQFH ORUHRYHU WKH GLIIHL
“€f— ) “  UHSRUWHG KHUH DUH EDVHG RQ WZR UDL.
’ FRULQJ DQG DGGLWLRQDO WUHDWPHQW U

oL N UHSURGXFLELOLW\ RI WKHVH GDWD
$ +
% W +
% WJ +
5HFHQW WUHQGV LQ XUEDQ UXQRII PLW
-Ef—" < <- WHFKQRORJLHV WKDW IRFXV RQ LQs;OWUD
, —ce” — e, NQRZQ DV D UDLQ JDUGHQ LV D VKDOORZ
— e ,® UXQRIl JHQHUDWHG IURP QHDUE\ LPSHUYL
2L + LQs;OWUDWHY WKDW UXQRII EDFEN LQWR W
$ + UDLQ JDUGHQV PD\ SURYLGH VRPH OHYHO

EHQH,{W E\ VHWWOLQJ ¢(¢OWUDWLRQ DGVI
H[FKDQJH DQG YRODWLOL]DWLRQ 5DLQ J
DUH FRPPRQO\ XVHG DV D ZD\ WR UHWURY¢
ZKHUH ODQG UHTXLUHPHQWY RIWHQ SUHF
$OWKRXJK WKH XVH RI UDLQ JDUGHQV LV
R FOHDU FRQVHQVXV RQ KRZ VRLOV I
7KH OHQJWK RI D SODQWV URRWX\(,\,A(OWHLPE;? ia@wu VRGREON VLW M 7K H XV
DFTXLVLWLRQ RI ZDWHU DQG QXWUL} WA OGN (VKGR (,EHX@@RLSWPFH b g
RI VRLO VWUXFWXUH $OWKRXJK VSWWWYQHL@ \GLE WA B LYQBS L) F L
URRW OHQJWK WKH UHODWLYH GL"HHWQfﬁ'\MI—Rﬁ/\kWU% IBH'EJWESZL 'V\% L'J*]HTXLUL
WZR UDLQ JDUGHQV VWXGLHG KHUH K(Wﬂ.ﬁbptliSLQjD K W GO B QY
REVHUYHG LQ VRLO GHYHORSPHQW )LWNKHKDW HPS \R/IKI-MVSZé_W#RORJLFDO 6 X
D UHODWLYHO\ VPDOO LQYHVWPHQWZ AW BRYMREVRBRN Y S Y XQLW IURRWRZ O\
OHQJWK KLJK 65/ PD\ SRVVHVV DQ RRYBRWD (g' TR HOXORMNE XK H HITHFWLYF
SXOVHV RI ZDWHU LQ WKH VRLO E\ TXLANQHEQFYRDY VR HR DWW O NRIWK DWL Y+
(LVVHQVWDW DQG &DOGZHOO & KD D\RUDWLR W&'&YWWLﬁJDUGHQV RQH
ORZHU HQHUJ\ FRVW SHU XQLW OHQM?ﬁ RIMKRRWzZ PR\ 1B DA LWDONH VELR vsHFE
GHYHORSPHQW DV WKH SODQW FDQERNREE WH WIFROBREHDIVERBVVRH WG LITHUHQ)
YROXPH RI VRLO DQG W\SLFDOO\ WX WYUKE W¥ B K SoWEHY R PHD
*ULPH DQG RWKHUYV ,Q D VW X G\pRy pRIERQR H i HYp L. RISUEQAQ IURP ODV
GLVWXUEHG VRLO URRWVWRFNV ZLWKRK ERORAC YRITB WKUH DOG R
ZHUH DEOH WR H[WUDFW ZDWHU PRUH Y FikPYDWHRQ WHKE MR Z4 MBWOREHHUH Q
65/ (LVVHQVWDW OWUDWLR% UDWHYV EHWZHHQ YHJHWD\
7KLV LQWHUDFWLRQ EHWZHHQ UR*Z%\E/HBQ@,Q/FR@ PD\ H[SODLQ WKH
JUHDWHU VRLO GHYHORSPHQW LQ WKHgHWQIgW Y kO WK HBLRXEAWHKRY WKBQ HC
LQ WKH WXUI FOD\ UDLQ JDUGHQ :LWKLQ Wit W K LdBQ/RW!S"\WSWL%bU FDSD
URRWYV QRW RQO\ KDG D JUHDWHU PP VOR,\;L}JDE\,W/\Q\(] oW\ leRU)y kQ GXUL
EXW DOVR D ORZHU PDVYV LQYHVWPH@%@@W w % Wb WHRK W RMS L .
WKHUH ZDV DOPRVW GRXEOH WKH URK aj U \ W FHD\{:F;(L@RLO
LQ WKH SUDLULH FOD\ UDLQ JDUGHQSUUQQN\(_,LVHM gxkudecg YSYRERY PHC
JDUGHQ 7KLV WUHQG EHWZHHQ UDL\QKJFP\H_QQQ\MKFWQ(W} o Y MW L R Q
KRULJRQ DOWKRXJK WKH GLIIHUHQRHYUZBY H BEFKxB B MY %Q@ gllf\lfl\ﬁ GXULQ.
WKDQ LQ WKH $ KRULJRQ 7KHUHIRUHK oW&H PENPRW U &%Q%Lb (%WKV 7
Rwk Y

YHIHWDWLRQ WR EXLOG DQ HQHUJHWkFEDORUBKRYY FH IS UQ YMHP 3
PD\ KDYH IDFLOLWDWHG KLJKHU UD VKR R il R \SHYRW H LD WLRQ OHDGLQ

% W
% WJ
% W

Hoe
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7KH VXFFHVV RI WKH UDLQ JDUGH:F)% ZDV SULPDULO\ EHFDXVH
Q

WKH WR UDWLR RI FRQWULEXWL UHD WR UHFHLYLQJ DUHD IRU
WKH SUDLULH FOD\ UDLQ JDUGHQ DQ W %Lé é q\ﬁ_pg/éa DQ[
VWRULQJ DQG LQ,OWUDWLQJ QHDUO c,5_' fé
WKH FRQWULEXWLQJ DUHD ZDV GRXE, )@é m
UDLQ JDUGHQ DQG WR LQ WKH SU 5'.9 WKL
OLPLWHG DPRXQW RI RXWARZ IURP L. (g LDW:
$SSUR[LPDWHO\ SHUFHQW RI DOO E LYH -
WKH \HDU VWXG\ ZDV FDSDEOH RI . H IRU SUR
DVVXPLQJ DQ LQ:OWUDWLRQ UDWH I\NKRXW WK
SUHFLSLWDWLRQ HYHQWYV IX0O0O\ UH %& L 0 SR
LQFUHDVHG WR QHDUO\ SHUFHQW K L & owtRY
UDWH DQG VSHFL¢F \LHOG RI VXEVXUIDFH VRLOV ZHUH LQFOXGHG LQ WKH
HVWLPDWHV 3UHFLSLWDWLRQ LQWHQVLW\ DQG DQWHFHGHQW GU\ GD\V ZHU
WKH GRPLQDQW VHFRQGDU\ FRQWUROOLQJ IDFWRUV LQ GHWHUPLQLQJ
ZKHQ WKH VWRUDJH FDSDFLW\ RI D UDLQ JDUGHQ PLJKW EH H[FHHGHG
DQG UHVXOW LQ SRROHG ZDWHU DE%\()%H RXQG 3HUHLUD 5DHV :
%HFDXVH RI WKH ODUJH DUHD RI UR RSy ER A Y b §4LXL
WR HDFK UDLQ JDUGHQ HYDSRWUDQV DWW LR €Y HPR Sb‘&‘é’?dt‘l
RI WKH RYHUDOO ZDWHU EDODQFH 7|w|kJH| HWI-FCB\iWV\ﬂ' %‘E?ﬁ?\ﬁLRQ D
UXQRIl YROXPH LQAXHQW WR HDFK UDLQ JDUGHQ drIbue H\/V
YHJHWDWLRQ RU VRLO W\SH ZDV UB¥KBQJIHG EBEMNKMWHWR &JUFD)QIISZ-DWHU)HN
+RZHYHU GLIIHUHQFHV LQ DQQXDO UMHRKRMIJYFEHWKZ RH QKM VDXUWKH OL QN
JUDVV DQG SUDLULH UDLQ JDUGHQV LIDBQMA @RILUH YOLIJKWO\ JUHDWHU WKD:
WKH GLIIHUHQFHV EHWZHHQ UDLQ JDUGHQV SODQWHG ZLWK WKH VDPH
YHJHWDWLYH VSHFLHV LQ VDQG 7KL®WDRQRHHBPKROCEHFBANRVD P¥FK RGGV 5
VPDOOHU DPRXQW RI HYDSRWUDQVSL@DWLR% & B Xy Uiy R Ip SHEO PRVYD KM b RH
VSHFLHV WKDQ IRU WXUI JUDVV LHQFH 7HFKQRORJ\ Y QR
(IDPLQDWLRQ RI VRLO GHYHORSP QW G UBB P,RL{J RJ\ LQ OPFYR:
WKH UDLQ JDUGHQV \HDUV DIWHU SQ ﬁ FOMP NG 5' d% Hl\pl-blgyy SuE
ELRORJLFDO DFWLYLW\ Rl ARUD DQG | QD LQ WKH SUDLULH FOD DLQ
JDUGHQ WKDQ LQ WKH WXUI FOD\ UDLQ JDUGHQ 5RRWV LQ WKH SUDLULH
FOD\ JDUGHQ ZHUH IRXQG WR D GHSW&DNH *IV§ FRORSD WBHOWIWK + % X
IW LQ WKH WXUI FOD\ UDLQ JDUGH@Q$ 7 KHG J UHDWWHRIG B PRRXVORY. ® Q@D O\V LV
GHSWK RI URRWLQJ LQ WKH SUDLULH FO@PHN WDQRJLP D6 HQH WRIRGRL GHGS 2V WE
JUHDWHU HDUWKZRUP DFWLYLW\ DORQJ HFEDQGRQHGFZRIP FKDQQHOV
DQG FDYLWLHV RQFH RFFXSLHG ZLWK URRWYV 7KHVH FKDQQHOV ZHUH
HLWKHU OLQHG ZLWK RUJDQLF PDWWEHP RGHIM G R 1RBWX u-Hl P%@L?ﬂ%\%\ﬁ/ hJ
WKH PRYHPHQW RI ZDWHU DQG DLU L \WﬁDéMVZ/HB'r@iUYLyﬁfg@F‘ZFEW W\SH R

WKH SUDLULH FOD\ UDLQ JDUGHQ ORURR @MY DIMLRQ (P RiY IRy KFb)@JQD(
D ORZHU PDVV LQYHVWPHQW SHU OHQ@HWVIRRY URR BV VY RE k BWLRR Wk HUHRR

ZDV DOPRVW GRXEOH WKH URRWLQJ, le_QLJ%I&SIﬁ VRBER IB(SRI VRLG HCPH
WKH SUDLULH FOD\ VRLO UHODWLYH W iR M V\{:)wa b&%@_' ﬁﬁ%bm

WKHVH GLIIHUHQFHV SRLQW WR JUHDW|5|(JJJOSHG Wy e WLRQ DQG VRLO
GHYHORSPHQW LQ WKH SUDLULH FOD\ UDLQ JDUGHQ UHODWLYH WR WKH WX
FOD\ UDLQ JDUGHQ DQG WKLV PD\ U&LIMXORI LRQQHIIBD W H U SO0 Fh WE RO B KN L.
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