*HQHUDO UHPDUNYV

7TKDQNV WR WKH YDOXDEOH FRPIP@E® WK HR IHW® KW RUK U D Y H YLHHZIEMHEER W KH P I
KDYH DOVR IROORZHG WKH UHTXANWYY ® IFR KH HHGNV. WRER ¥ OSKIU DRVH. YR B B U |
DV ZHOO DV WH[WV DQG OHJHQGV LQ ILIJXUHV DQG WDEOHYV

5HSOLHV WR 5HYLHZHU

7KLV SDSHU DVVHVVHG WKH ZDWZHKH & B OMDIQH H H.OD 4XDN B OH LEVDWH.®@ $MQ. [P L G
5H¢;QHG DQDO\VLV GDWD GXULQJG DOPRVAKHHWHRVRQWXDWKERB®DQFH ZLWK
QHJDWLYH GXULQJ GU\ \HDUV $RNROWRB W \§DWXBH QB O W HQIBK R/EKLHEND B R
DUH GLDJQRVHG E\ VLPSOH UHJUHVVLRQ VFDWWHULQJ DQDO\VLV

5HSO\ 7KH VWXG\ DGGUHVVHV ERMX W K B WHRKWD BHOPIQW K HG XDIL@D PS B BN Q W\ C
WR YDULDWLRQV LQ PHDQ DQQXD® G KXB L\GLW D F/ W UD\G B P DHYUHBNM\MLE DROY |
TXDQWLWLHY DUH DGGUHVVHG 1IZ& HUHH DREQITH WD Q € RE 6 VPIDQV BIORE B @IHANDQH
LQ SDOHRJHRJUDSKLF GDWD GR QRW DH\CRRZX VRILR @S D\@ DIODH \G RW D Q OPITBW
SDUWLFXODUO\ WUXH IRU RURJDIDISKK E N OIR W QGXRHY 1$G HER LISFOMBWHLRMH GO |
EXW LV RI XWPRVW LPSRUWDQFH DV P\ VWXG\ UHYHDOV

&KDQJHV 7H[W LPSURYHG

$VVHVVPHQWYV Rl DQQXDO ZDWHU ERWKHIFIH LED WIKH BHKALLQ G UA3D XE LK)Q FRP
VDWHOOLWH HVWLPDWHY DQG QXPKH WDKWQBRGKRZ @ UE FLKID OPRIQIG QEIH Y H U
HYLGHQFHV LQ WKH VRFLDO DFWRXOW LEH/ UW® HDEXOGH BW G XV H VAP HQWWKHE S
5HSO\ , GLG QRW DQDO\VH WUHQG\DWLRRUHR ¥ 8 UW K HH FCCPLLQGHIY 1 R IVQAHDQERAD/O D
LH SUHFLSLWDWLRQ DQG DFW XD@HBYD®RWIDWHRIYL UDW & PV R UYIDWEKKD\ M/ ILIRQGY \
TXDQWLWLHY DUH UHVROYHG E\ @WEKW D+ VHWS A5 5RO QHGWDIQ BW \ EKVY L&D W [
WKDW KDYH EHHQ WKRURXJKO\ H[DPL\W X G HD R G L DLGHSMH QGHHIBWL @ F DGEMVOK H. F
+$5 GDWD VHW DUH IUHHO\ DYDLODEOHWYRR WWK H ¥E XP WAX RK W K DWW VIWAHSGA
SDUW FRPSULVHV YDULRXV VWXBLHRZQKLFKXDWH FREZS0O 0HISG BL WEKU W LU DIHH\
VKRZLQJ WKDW WKH UHVXOWV RI WKLV VEXGGC POW §RWALHFRQWUDGLFWLR
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHV DGGHG

$OVR LQ WKH VFDWWHULQJ GLDURPROLQLHU UHIHBVVLRQVYKIPRPXOG EHWRLD
NQRZ WKH IDFWRUV LQ +$5 GDWD WKDW RD OWHBHRWLRQHGE IRQY RYHIDWLYH E



5HSO\ , GRQIW XQGHUVWDQG ZKDIWH. VHVXMVYLMG B! WREH B H @ GEIHAR © & UR
WKH LQGHSHQGHEW LWYMHQOL BEE @/HWH S\D \ZK B[O BGHHRWBW MKH LQGHSHQGHQW Y
ZKLOH DOO WKH RWKHU LQGHS HWG HQKW VY D\ IH] B W D \DK-D WH\DLCB § GIRVWOAL E-XOC
VLQFH WKH UHJUHVVLRQ FRHIIBMMOMW WY D IOHVS DQ MW L B D QG i UMD XYHD WV KD i
SUREDELOLW\ WKDW D FRUUHODWHR® ZF R XFOHU W LSX WHKQAHE/\K RIOIEQ AKEHAULH V
WKDW DUH VWDWLVWLFDOO\ VLJ®L FIIPOWDW LR QF RAXIW HW KR BWKMDLOFW LIR® W K HQ
DQDO\WVHV RI WKH UHDVRQV EHKLQG FRUUHODWLRQYV

&KDQJHV 7H[W LPSURYHG

%HVLGHY WKHUH DUH PDQ\ IXQGDPHSWDWVXRVQROORZLUQEFIR PRIEQ R'W OR
5HSO\ 7KLV VWDWHPHQW LQGRF DM HVWPI®RWF D LBHW M KIRE O/Gl I VAMRMERH®V HE 8 & D
WKH VWXG\ DQG WKDW DGGLWLRQDO VWXGLHV VKRXOG EH DGGHG WR WKH
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHY DGGHG

ORXQWDLQ ZDWHU LQFOXGLQJ | QRW KIH B BIGHIM URXIDQ ® F B QX RDAWMHEH 8/ K H
E\ KXPDQ RU ELRVSKHUH DJULFXOWSOURS LIQY W& HH VSIRELDWIO3 EXVLQWLBRQ |
LJQRUHG LQ DQG ARZLQJ DQDO\VLV
5HSO\ , KDYH H[SODLQHG LQ W IGHs BB QXN V¥ ZIDSMH W IED\® DAKFHH \L\PXEBRHAD D\ \B KW
VHSDUDWHO\ 7KH ODWWHU ZRX0OG& P E HE\RQIEGWIKRWVER I H DRV L EPRWBSHRHIDIQ B ¢
GDWD VHW $V VKRZQ LQ (T JHVK 8 ZPWKHHU FE B O ¥ RE HF RQ [ H DS S U R [WKBIW H
GLIIHUHQFH EHWZHHQ SUHFLSLWIW RRQ \DLANF HD FOVIDX\DHU Bl @ DI © K \WHEDARHAS [RUM DAF
EDVLQYY ERUGHUV DUH #4ROXGRG BUBHJHQQWIREMH ZKH @ FR@ $ DWHZ WDRN @
HQWLUH EDVLQ 7KDQNV WR WKHDUHMUWRUUEE® ERP P HWYWD W G®HHWIGM\RMKREH F |
WKH PDQXVFULSW L YEHFYWU®J VXEVXUIDFH LQ BAKA: HZIKKLDFW LIRVQ WPKKY WV HE i PU
WH[W IRU FKDQJHV LQ JURXQGZDWHU VWRUDJH
,Q DGGLWLRQ , ZLOO FKDQJH WRB QXNEPILSG RO R/NX FIKQWKON UMKH WHKEBR) Z D W
UHIHUULQJ WR WKH VSDWLDO DYHWQWH (RH BBEWL S U i F WS SW B ILLRLQVE WRVERQN ¥
LQGLYLGXDO JULG SRLQWYV RU DUHDD @ UWXHY W RN LETH/ WK HEE B D XY HD WHK HF @ |
0DQ\ VWXGLHV XVH WKH WHUP W HIKILHKWRQ DR G R WWH @ R/ FELDIHUHRCG\RLID W B C
VXEV\VWHPV $V ORQJ DV ZDWHU WWBRVL\ GIDFK B Q YH G ENNWZ HRI@ X QEEDWQH U
LW GRHV QRW FKDQJH 7:6 7KXV FKDQOHDUH) G/L B HFIWOK H IOV I6® PE E DWKLH
SUHFLSLWDWLRQ L H ZDWHU EDODKFIHH WIKMHOWHI @ X B VPIOKIW WWKXGHE R Q FIHC
&KDQJHV 7H[W LPSURYHG WHUPLQRORHUPQEHMDBGOHHE DGRSWHG IXUWKH!



IDNH LV WKH JURXQG ZDWHU OHMHO RWHD QUKHWKOMDBE KW ERW QWIIDMHFWH G
DQG GLVFXVVHV DERXW WKH ODNH H[LVWHQFH LQ WKH SDVW

5HSO\ , GR RI FRXUVH NQRZ WKH FRXWVYBGWIURX @G DD WHNHL Q BB HUDLO/ D (
VWRUDJH LQ SDUWLFXODU LQ WKMHERDB X VE WKW GHVFXMY(RQ SDUMW LI /
JURXQGZDWHU UHVHUYRLUV DQGIW WHIHUUHGWWRW WRARZG\GI WRFH - DB RR YU B D (
IURP DQ DQDO\VLV RI *5$&( VDWH @QIOWHR QDML YV, ZWXG\JD QIG DRSGH IBERBKW U \

HW DO WR WKH GLVFXVVLRQ SDUW
IRRPLV %' 5LFKH\ $6 $UHQGW $$ $SSDQ 5 XMZW YH6DEDNRUIPDRQE 6KHDQ '(
7UHQGV LQ +LJK ORRQ@W/D L(Q UBW K DEGR L IHDUW

2YHU ORQJ WLPH SHULRGV SRVLWLYE BKDOQJH\ ULRXQ:GZDIVOHU UMHHKOEY D Q
OHYHOV %RWK SKHQRPHQD DUH LRXURJ HQ WG DAD N HG R B O Bl iBH L IQQRIKBHK QW (HI N
0\ VWXG\ GRHVY KRZHYHU QRW DGGUHWK W IGH IWH.PPHL QW RIHWW R Y RIH VKD QJH
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHV DGGHG

7KHUH LV D KXJH WLPH VFDOHPID ¥ GELHFMZIRRHUQSW KM HQWH BOY PBHVRI OLGWLM
30LRFHQH 0D \HDUV  $KIWKIRWV BB VR BHFRJQ F]BIG QRW XQGHU
FRPSDULVRQ ,W LV YHU\ QRQVHQVH MW R/ RRPISI S O HR [F OV FODQNHK BV FDHY N'B D ¢
5HSO\ 7KH VWXG\ GRHV QRW LQWKEE WRWKH RD VAKX EW W RHGZDWE U \ER D D
LQGHHG LPSRVVLEOH VLQFH QR VX L\VPDB®H GDDNDMH RIFHRILUHSX L R UR G HRDDIHR
PRGHOOLQJ VWXGLHY DUH DYDLODEOHW MRGD\R D RWKHRY BV H @\Q DED\V A B WHKJ
\HDUV RI WKH HQWLUH 4DLGDP EDWLIODWHRG YPHIR Q VDIGRIMD 0 QQUODWODWO OF H |
KXPLGLW\ 7KHQ , XVHG UHVXOWYV NMGRM Y QREH WHK®OIGADQ\E S @ B R EQ LRDVWHK WV
IURP SUR[\ EDVHG DQG QXPHULFD®W R GMHOIW Q¥ KHVX B Q Bl W HUR POIO QMW F
SRVLWLYH GXULQJ WKLV SHULRG 7LKHJU B WQ REQ DAOK-H BB K MQ @ KDRAL \8 \Y/$ B R D FC
DQG WKH UHVXOWYV DUH LQ DFRREGIVGFHHSWR[L @0 WBE 8 QGG H VOWS KI) V0 D/NKHR :
VIVWHP GXULQJ D SHULRG RI LQWHORQI\|L @I ®Q IDGELG L POMLKRHU R3 HWKIAKQY D G
WRSLF , DOVR GLVFXVVHG WKH DNDSBSWDRRV3DQG OLPLWDWLRQV RI WKL
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHV DGGHG

I \RXU IRFXV LV WKH PHFKDQLVPPRLOWHRQDQNH IRUPDHWHRQ® ® GO O LRRDV RI
GXULQJ WKH PLG 30LRFHQH LV QRIGHVKDW\ AN W B EER[X G®IMD FRQGLWL
5HSO\ $V VWDWHG DERYH WKLRQMWUGNFWLR & VR WDKK HADMHURBD OBREEJ D (
WKH K\GURORJ\ RI WKH 4DLGDP EDVLQ GXULQJ WKH PLG 30LRFHQH HSRFK
&KDQJHV 7H[W LPSURYHG



$OVR WKH HYDSRUDWLRQ RYHU WWKRIPOWKI G B WHHWWL V XTXIDWH & IKID MUK \@ R \
VRLO VDQG DW WKH VNLQ VXUIDFH EORFRNHVRURXRREVWXUH PRYHPHQW IUR
5HSO\ $FWXDO HYDSRWUDQV S LG D MRCH RMWOXOANH 6ZDMHD © VD LY @ FBIDAVERT FRRI PIS QU
JULG SRLQWVY LQGLFDWHG DV URNHWERVWKE WHGHGDSME LM HFV U RID B GRG LO\CLNRH
VWDWHG LQ 3 / WKDW WKHUHR DDWLRORRH DDA ZHOIHW HIBQW FQ WV IFR Q V|
ODNH OHYHO FKDQJHV QRW \HWHWROW K G L DD G Y\DXRW D WTRIQU R) PAOUWE KEG1 \L YUY
VWXG\ 6RLO PRLVWXUH LV RQH RIWKKHIDREXW RBHUDRAHRY 5O R YH & @G BOGH \
QRW EH DFFXUDWHO\ UHSUHVHQWREZ VRLW KR L5/)WPRIGH 0D OWKH YHHUWH G WAK H O
UHVLVWDQFHV ZRXOG EH ODUJHU MW WQSSLHFDMSH @& EW MRKH ZRHXYQ G EHHHU PIRLKS! @
SRVLWLYH DQG WKXV VXSSRUWLQJ WKH ILQGLQJV RI WKLV VWXG\
&KDQJHV 7H[W LPSURYHG

, FRXOG QRW XQGHUVWDQG WKDWVZKRW3 DQG KR HFKB DMK RUK HWOMP D
DOWLWXGH DQG PHWHRURORJLFDOHIOBDPH® HDWVI BREHWYRQW & 1) LYW XZBIVR U
GLIIHUHQFHV ,I VR WKH PHWKRGV DUH ZURQJ
5HSO\ 7KH YDOXHV IRU PLQLPXP D QHUP DHHPXPDRXDXDI® \D L@ \WRBS HW D W X U H
WKH OLWHUDWXUH DV UHIHUHQFHG LUHGXWLFEQWRFUHKBEMWQW KMHVHQ YDOI KD
FRQVHUYDWLYH HVWLPDWHY IRU ERWKHWIRH 6 L & L3FOQ R FHIQH DQE [RRUWI X)W K B |
LQ D VWULFW VHQVH PRUHRYHH RKOCH MNHKR ZQWRKHHD (@DIQ € X0 5 BVWOVE BR 818 D /W
ZLWK WKH UHVXOWY IURP YDULRKVH Q/GHSWBEHQ@\WR PONXE WVAKH ,DBISAXR DBIKY E |
DGG IXUWKHU VWXGLHV
$OWLWXGH LV QRW H[SOLFLWOKHFRW X GG HYUM® LDOW K I/ VD IBUE/BIY LHD DX D QHWULD
UHSUHVHQWLQJ WKH ZKROH VS HFOWRX PWRKIHDDFAQLWA XV FY V. W IQH W KDHH! I AR QLVYSHRS
VSDWLDO DYHUDJHV RI PHDQ DQQXDBI® YDOXHV RI WKH UHVSHFWLYH TXDQW
&KDQJHV 7H[W LPSURYHG WHUPLQRG@GRINGKDQJIHG IXUWKHU UHIHUHQFHYV

SHODWLRQV LQ )LJ ZDV GHULYH®LQRPLY KHKB\SDRYARW GRIEMNVHQFRRB L
SDVVHG RU IXWXUH FOLPDWH FR®GOWURG @D WKFXON GRZFQACIDVD L QI LVR R B/HL 0
FRQGLWLRQ VHH 30LR0,3 SURMHFW HWF

5HSO\ $V VWDWHG DERYH WKH VW )S®\WGRBY G RW KQ W HFQG PR/ I ¥ FOROGY WIJWW
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHV DGGHG



3DSHU VWUXFWXUH LV YHU\ RQWOD QLR L WHGXDW W K X WHWV LDARHD FXO\DL @ B G\D

\HDUV +$5 GDWD ZLWKRXW FOHDUPHIOUG D NWRF R K00D LRUW KXW VE B L @V G U L
5HSO\ $V VWDWHG DERYH WKH WX¥FOA SIRHV DA W IXQWXHGIGF O RP D WRHREDWNG &
WKH VWXG\ LV WR DQDO\VH \BIOOV GH WISIDWH® GO WDQIE® R\PH FEKRALB @5 H WR W
HQWLUH EDVLQ WKH LPSRUWDQFH RIUVEDH BQFK RO W/LKIA X 6 G WS DJUHWE/D MRLLD WIKG
EDODQFH RI WKH HQWLUH EDVLQNAR SYHDUDLVD YLIR @V G Q/ 8 H BIQI LDFQ KQXKABGE DN S
EDVLQ DV SUHVHQWHG LQ WKH UHMAX-DAN ¥ L SVIXU WH \ESHH/FWD WWR DXUQHE RVUKWA 1) IRGPIAALFF
RWKHU LQGHSHQGHQW VWXGLHYV
] UHTXHVWHG E\ WKH UHYLHZHWKH, FIREOIGVR R Y W \WKHX G M WWKFO W YAHR LW\ XQOWRY
GLVFXVVLRQ SDUW LQ RUGHU WRI WKMW $5LEBXYG B RDW\ WH\H DUHW YRRV LV
LQGHSHQGHQW VWXGLHV DQG WKDRW DDSVSHVADLEYQIHS FEW HRQUML B DL DKV K HS/D R WV
WKH IXWXUH
&KDQJHV 7H[W LPSURYHG VXEVHNFKR QVRIGGHRENWRQSH WROMP\S DRBH' WKV
PDQXVFULSW

&RQFOXVLRQ GR QRW FRQWDLQKWRH\PDG® DJ HADNO W MWVEXQWE HKGE V DR DR V WHJ [R
ODUV FRXOG ¢W WR WKH VWXG\ UH VXD WRQILMEXRXW DQ\ DQDO\VLV LQ WKH
5HSO\ , ZLOO UHSHDW WKH P DSOQUWHVX @W VY H. G WMWKDIL BRIQEF O XW/HL TRIQMHGH MHIUAVQ
WR WKH 4DLGDP EDVLQ GLVFXVVHGOXWWQDWROIHWKR GRL Y ¥ UH/S EVRIZM EHRVE Z
DOWLWXGH SDUWV RI WKH E DN IHD QG HWKDVEZ QWEHKLER QN QF@ ROMHIW B GHR S|
7KHUH DUH PDQ\ VWXGLHV WKDW |RGXVUWXPWGRQ WW KHO RZSRO W DVQX & kR 5 D
WKH ZDWHU EDODQFH

&KDQJHV 3DUDJUDSK VXPPDUL]LQX®\KBIGRDH® WLRQ & K® J & RRY PV K M\\VR/Q N FWHLFRAD
LPSURYHG WH[W SDUWV VKLIWHG WR WKH 'LVFXVVLRQ VHFWLRQ

OLQRU FRPPHQWY 3/ m U$ U$:KLFK LV WHKBL&DPKEPRX QW D,VOWKR Y JIHR U @ MG
5HSO\ $V VKRZQ LQ )LJ DQG GLVFEMWHSUHF VBHWDWLRQ LV SRVLWLYH R

P DVO 7KH WHUP ZDWHU EDO®DQIPHHBL D OUNH RO RIL GAHCH LRD D OWF G L '8 VX V I/
DERYH 7KH VHQVLWLYLW\ FRPSXWDWMRQWX G R VQ FEW W RAQKWH. GHLY FRKVD/Q RHV 9L
/ WKDW UHIHUV WR )DQJ HW DO XGHV ZRIRWKHIS RDMG RP BMDDIHR \DALW K W
DGGLWLRQ , KDYH LQFOXGHG UHVXOWW [EDX G I6VRIDUHS ® R BHDUVW K DQR B K VEHIH
JULG 7KHVH UHVXOWV VKRZ WKRWNQRZHI DO RW S GH VLG HIDGV WER WIHIBKG EIR
ZDWHU EDODQFH YDOXHV , ZLOO D GY LXBW KHW VIVRGE RH WRE REQXWFR S BV |
&KDQJHV 7H[W LPSURYHG WHUPLQRGRIN G KDEEIHGN A XUHNVEKHOW M HE H W WRIFJH M [



3/ ,V WKLV REMHFWLYH SDUWV" &DQ QRW XQGHUVWDQG WKH GLVEXVVL
5HSO\ 7KH ODVW VHQWHQFH RI WKLVKS$DPDUQDSKWBYDWLRQW BRHXH RG WK
UHIHUHQFHG LQ WKLV VHQW HRQP HQWDDWE 0@ HWD WK IV W DFAR KIEG XA X QY 1 D
JOREDO FOLPDWH FKDQJH FRXO GQEHWKDWR DIGGIGHL G VEK H @Y 16 VINDLLIFOMALRH H -
VKRZHG WKDW D PHJD ODNH ZDV SWHKKN HREM HRWILYOH RVIKWWK HV ¥ K GRVIVENWG W R
PHFKDQLVP WKDW FRXOG H[SODDNMWEKB WHKNVSDYRH BOQ & KR ¥GIG DO MRV B U W
HQYLURQPHQWDO FKDQJHYV

&KDQJHV 7H[W LPSURYHG

3/ +RZ PDQ\ *62' VWDWLRQV LQ WKH WDUJHW DUHD " 4XLWH IHZ" 2U PDQ\
5HSO\ $V ZULWWHQ LQ WKH WOHJWR QWK B UW KDLQH RHUL QKMD U B 2 'VWKNH DEAD W IHQ) \ TKR.Q
DOWLWXGHY L H WKH DOWLWXGEHD RO MXQ KV HKHHMW *6 21 W W RWARQ R © HD RO
WKH PDMRU UHDVRQV IRU GHYHORSLQJ WKRIQ+ B @IOND VHW DV H[SODLQHG
&KDQJHV 7H[W LPSURYHG

%ODFN SRLQW LQ )LJ "

5HSO\ 7KDQN \RX 7KH EODFN SRLQW\Z DK Q\DKPHH W L@@/ D ©2V IMMXOAMLVR QL W k
EDVLQ , ZLOO DGG WKLV LQIRUPDWLRQ WR WKH ILJXUH FDSWLRQ

&KDQJHV )LIJXUH FDSWLRQ LPSURYHG

3/ )LJ FRPHV EHIRUH )LJ "

5HSO\ 7KDQN \RX , RYHUORRNHG WKDMQ, VWK \E DRWDH B Q)G JP H \E K RRWH S U W
RI WKH ILJXUHV DFFRUGLQJO\

&KDQJHV 5HIHUHQFH WR )LJ UHPRIFMARQ WKH 'DWD DQG PHWKRGV V

3/ FOLPDWH GULYHU ! YDULDEOHY HOHPHQWYV "

5HSO\ ,Q WKH WH[W FOLPDWIB @& KXHUW G IDAM\H ,DZ UOW HUPHS HIUHR & IKFHD W H [ & UMY
DYRLGHG

&KDQJHV 7HUP FOLPDWH GULYHU LV NHSW EXW EHWWHU H[SODLQHG

3/ , V WKLV UHYLHZ " 7KHQ EHWWHU WR PRYH LQ &KDSWHU
5HSO\ 7KLV SDUDJUDSK EHORQJW KW RUWYXOG\LY RAWK RQ V R/EKFEDROIMKH B RV DG |
&KDQJHV 7H[W LPSURYHG



3/ mU$ U$3FRPSDUDWLYH ZLWKA" / WHUS$ YBIXE PRN WPNVGHQGV | FDQQRW X
5HSO\ 7KLV WH[W VKDOO EH UHYNKRG QVRQEHMWEWDHU H[SODLQ WKH UHVXOWV
&KDQJHV 7H[W LPSURYHG

3/ 6RPH SDSHUV VKRZ WKDW FOLPDWHW QHOI GE3LOKRFMQH LV ZDUP DQG
5HSO\ <HV DQG , KDYH UHIHUHQFHG WKH VWXGLHV LQ 3 /
&KDQJHV 1RQH

&HOHPHQWYV HW DO VKRZV $MLUDW GRQVRPQ IGRQLQV SHOIL\RH 3R IHQ & MHR F H
ZDV VWDEOH IRU VHYHUDO 0D \HDUV"

5HSO\ , RQO\ UHIHU WR WKH P LW HW VRFHGIN HBKRHFKHE W WHQRIIIN B DOWDHE M V\FW H
LQ WKH LQWURGXFWLRQ SDUW 3 / RGZFMWOLRGG IXUWKHU VWXGLHV WR
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHV DGGHG

3/ GFEORFNLQJ KXPLGLW\" 7KHUPD\OLGHGFMW RURNBQED W\KHHV QRU W K HDW W $V
LQFOXGLQJ DURXQG 4DLGDP EDVLQ 6RH BQWRDDFG .8BOUDW RI QGBUWKZH V)
PD\ DOVR HIIHFW WR WKLV HIITHFW X WOWE®\ FXKDWXYED@RFHYVLW\ URXWH
5HSO\ $V QRWHG DERYH , ZLOO DGG DXUMXIHH & WHBLM\R @ R MWK W [BRGX BDF |
WKH ILQGLQJV IURP WKH +$5 DQDO\VLV

&KDQJHV 7H[W LPSURYHG IXUWKHU UWMEBHOUMHWDHISEBLAHE NP UHVXO

5HSOLHV WR 5HYLHZHU

7KH DXWKRU FDUULHG RXW D VWXG\ DER XWWWMHP \DQU 30 ¥ R DHRIHWEK HD QI3 PLR
EDODQFH RI WKH EDVLQ 7KH DXWHKRRI 40 GG DWW KD WX HVZ Q WH UERI@® RWARG
DQG EHOLHYHV WKDW 4DLGDP EDVLQWADN\HVIZQ WRKHIQR P Q HIWWWMH WR SRV

5HSO\ 7KH VWXG\ DGGUHVVHV ERMX W K B WHKWD BHIOIQW K HG XDJIL@D PS B BN Q W\ C
WR YDULDWLRQV LQ PHDQ DQQ X DQ35 QKKPW G/ D/FSHD I L D ONDH FCSYHHULDDA KEBRIR DY H L
QRW EHOLHYH DQ\WKLQJ , D PQN WKW WHHS/RDWLQ B 1DV IGHL WY XI&)\S KZHKQYALKL 1 R UEFDX,
YDOLGDWHG DJDLQVW LQGHSHQGHQWSRIEXIODY\HVR R QVK HQHS B O WWRER@DRI W K
FOLPDWHVY PRUHRYHU , VKRZHG MWK B WJ KGK\HV EDWLLQWLWY B DWRH B KEDDQDNW® BIHQ DRQHG
VSHFLILF KXPLGLW\ VXFK WKRI/W. W KN BKIDLE D R B \VSRW W IPE ORWEBHEWF D B WW
LW KDV KDSSHQHG VHYHUDO WLPHV L QWXIGH F\D Y& YDV ULHQYGHDSHHIBGG HQW S UR]J)\
&KDQJHV 7H[W LPSURYHG



$OWKRXJK WKH VWRU\ LV TXINVRI WEGRWE MV WVIYLGEH QFKH UE B MWAELE XLaD W K W HOHD
LV VR GLIIHUHQW IURP D JHRORJLFDQRHXS RV KJ HOXF WKGWHIRUH WKHLU FRQ
5HSO\ 7KH VWXG\ GRHV QRW LQWKEE WRWKH RD VAKX EW W RHGZDWE U \ER D D
LQGHHG LPSRVVLEOH VLQFH QR VX L\VPDB®H GDDNDMH RIFHRILUWHSX L R UR G HRDDIHR
PRGHOOLQJ VWXGLHY DUH DY DL GIIBE &/ H WRIGDAL VO RYULHARRY R U W K B CEIIDQWHLQM ¢
4DLGDP EDVLQ WR YDULDWLRQV LQ H/3WD W KD OBRHD Y HW MRS P W D @ DQKVBIBG
UHVXOWV IURP LQGHSHQGHQW S POEHRFIOL PRW KV KM ®PEGCHIORRFWRH HSIRGFHK
QXPHULFDO PRGHOOLQJ VWXGLHWHBR ZOGNIWEDOCH WHK W X IGHKOR & JEW H Q
7KH UDWLRQDOH EHKLQG WKLV DSSK\WRFR Q \ODEZYH®RE®Q RWK H K D BWHWREHY V
DFFRUGDQFH WR LQGHSHQGHQW ILQGLQ@JWKH WHN\BHQFPHERN B G N IDX G DN W
RI LOWHQVLI\LQJ DULGLILFDWLRQ ROWRB GJ BERIQN L R D® DHEIG UKQWIKW R G
DVVXPSWLRQV DQG OLPLWDWLRQV Rl WKLV DSSURDFK 3 /

&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHV DGGHG

, GR QRW NQRZ KRZ UREXVW WKLVRUQHDRW \DSHF 30 B W LARMN EHVYRZHH @/ WOV F
WKHUH DUH VHYHUDO IXQGDPHQWDO ADZV

5HSO\ , GRQYW VSHFXODWH EXW\FROWRZY RXWM [ WIMWDEGE'S QKD R | VIWWDABKAS D |
UHYLHZHU TXHVWLRQV WKH FRUUBIKW QGR2AQ &R PG DMHD | U H ¥ &X\HDWHHMERE B O H
DQDO\WHV 7KH UHYLHZHU PLJKW IVEDRVIJARGWIHD B UFRW FFH W.R & MWBIBZLLHY HD WE D
WKH VWXG\ GRHV QRW WU\ WR BH MRV WLLGX BW LW RH QD WSIRIFED O@ WK LSW R ¥ W +
WKDW WKH FXUUHQW VHQVLWLYLWMKHBRO® @ K,DR & OB HHR BWKG ZLDAAHKD R W MYX G\
ZKLFK LV VWDWLVWLFDOO\ VLIQLQGRDQW IDRE LQ OHFFRUGPDQWHVILNGA KN ZR
PHJD ODNH V\VWHP KDV VXUYLYHHP®WEEHHRI WKH FIMG GO LYRFUQGUM SRKL R @O
WKLV DSSURDFK EXW , UHDOLVHHZIHRPYWKKD AR WKHQIWR & H V¥ R 19 FUHSEVH B/RKH
H[SODLQHG DQG WKDW WKH UHVXEW D GGHE) WR UBH U X UNNUKHIF NXEVWD QW LD
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHV DGGHG

/ILQH ODNH HYDSRUDWLRQ LVHFIDASRQDWIORW KN M FHXD VBILRIGH UMDEIRIXIIKR PW
LV YHU\ VPDOO LQ PRGHUQ WL PBOEHFPXYMPWKHW BRNB EHHDXEK @PUJH ZKH
KXQGUHG WLPHWP LQ 30LRFHQH ORUHRY HUW WU LE/DIODWE WV RQGHXAK 1D \F B ¥
GDWD FRQVLGHULQJ YHU\ GLIIWBDQWKBMWHEW \Q RW D QFOXGIHGDIN 438 GDW
FRQVLGHUHG LQ WKH UHPDLQLQJ GLVFXVWKRQ DXRUKRUDBBEG HQ RV) FOR@WL G
HYDSRUDWLRQ



5HSO\ (YDSRUDWLRQ RI ODNH ZDWBO DY HQFIHG R G DLAOWSKH WLW R G\T ¥B QWL
LQGLFDWHG DV ODNHV LQ WKH A8K HG U WHFVHW U ROV R | GOLIVN B VWD &/ H/G L Q
/ 3«6 LQFH ODNHV WHQG WR UHGXFH SFHRELSUWILWK RF & K D@H HFYRG RXUDW/
DQ XSSHU OLPLW IRU ODNH JURZW KX ZKLWK H W HKYR B WK UL VQ R I\D UHHW RNDDFEZ V/ \
HYDSRUDWLRQ RI WKH PHJD ODNH V\\DNGIPNRI MX B QDR &K P [E EWVVQ QR G OUR B
YHU\ KDSS\ WR JHW NQRZOHGJH D ERMXW MO\HE b HWXKVE  QFHKIHDUML P M VIRNHESHEID F
JURZWK DQG LW ZRXOG EH RI XWRR\QW WKIRH WOM¥FW LIRQY W K A RRHAIBNUOMDHKHH Vv
GHWDLOV , KDYH DOVR PHQWLRQHE®WE W UHF\F O MXDMR X 8 EL R R OQDNHNULDNF DAL
UROH RI WKLV SURFHVV LV DOVR VWLOHQ YOWXEGRAHY [ KXW H TPRQMHEX B & GV WK

$V VKRZQ LQ (T WKH ZDWHU E V@ Q (FFOHQ RE HD DSBW.R{ LPQGWRIGK BL ) HXF IS UH F
EHWZHHQ SUHFLSLWDWLRQ DQ@® LEFRWXDWVR HFYFORSRUA VB @ VD N B WHLYRDG RAWD RVIL R
UHYLHZHU , GHWHFWHG DQ HUBRUUHFWHG L QVRDWH QIHMHDY WHR \ELHR,Q R1 W

LQGLFDWLQJ VXEVXUIDFH LQ WE#&HZKIDAVKLIRQ VPN W H H PUX\SIO® FGNBRWHW H [
VWRUDJH , ZLOO DOVR FKDQJH GV R QWVFRILGRO RIX FLKQ WK UV RHEGWZAKUHRQ Z T
UHIHUULQJ WR WKH VSDWLDO DYHWMWQWH (RH BBEWL S U i F WS SW B ILLRLQVE WRVERQN ¥
LQGLYLGXDO JULG SRLQWYV RU DUHDD @ UWXHY W RN LETH/ WK HEE B D X HD WHK HF @ |
&KDQJHV 7H[W LPSURYHG WHUPLQRBORIV DKDREWBGIRUPXODV DQG V\P

,Q IDFW ZKHQ WKH ODNH FRQW MWQLRKV L\P R UHIAUHD D 1) GO HH HXYLDOBLREWRHK P E F
UHDFKHG 7KHUHIRUH ODNH ZDWRUWR®HUY HOKERKDGL Q RZWWHKIMH FEQW L Y H NDR Q4
WHUP PHDQ DQQXDO ZDWHU EDODQFH

5HSO\ 6HH P\ FRPPHQWY DERYH GEQRBHIDNE WXBISRDW WU FEQ QB QFGIG D B R
IDFW UHVXOW LQ DQ LQFUHDVH & QDWE& WMXEXWM T X Bl Q VEZ DU/MHF . DANER (IJWKH OB
VWDWHG LQ 3 / $V SUR[\ EDVHGHWWROGLIHY WRNMH VKKRZP EONNEQKBIYH LG
LQ WKH SDVW GXULQJ WKH 30HLVWWREBQHS BODR GIVOK BWYWHD KV X D KDL § MEHQRIGK
ODVWLQJ IRU DERXW WR ND 6RHDKB8DMNHYWLRQPDARXGIE KB YHUBMHQ L
GXULQJ VXFK FRPSDUDEO\ VKRUW WLPH SOMUWROW GENH LWQHGVLVQR VU IRW PR / W K.
VKRUW WLPH SHULRGV ZLWK R XDAQ UHVT XILRUL @ K LGFKKDW W B HF @ V PQRYHHFY IFGIHDQYFE MV L
RI WKH ZDWHU EDODQFH RI WKH 4DNVGWR GID V X WDIVVE'IREZ § WKW W \BFRIMOS W
KDYH VWDWHG WKDW WKH SDOHR FHRIM B SREK \KIDWV XBDHHQ ¥ LFPIL @ BH EIRS RAKHL F
WUXH IRU WKH 30HLVWRFHQH D@® G HDPQQ RN Z\I U K HR I RDJQW K W XQEND WM DX XK
RI WKH ZDWHU EDODQFH WR RXK®PH G L)\ IXIDW VEH PIHE DIWHKWHHQ BVQWVR [EQ! \U R C
XQSURYHQ K\SRWKHVLV 7KHUHIRUH , GRIQRW XRFBMHUQW MNWKEH ZK\VRFDSOU



VKRZQ LQ 7DEOH WR HVWLPDWHV RIQWKH SAOHDPOSHEDW XWOHQD B (R IS BAKHE@IS H W [
DV LQIHUUHG IURP LQGHSHQGHQW VWMXGL/XHOW E RWKKR X0 R [ E HDWHH.G QW GI LPARDEH
&KDQJHV 7H[W LPSURYHG IHHGEDFNV EHWWHU GLVFXVVHG

/ILQH DV WKH DXWKRU VDL@GXPERWKLQDWKHDUMHIDGDR GEMWDINH KDYH LQ
GHFDGHV 7KH JURXQGZDWHU LQ WKHHAAHKHD® EDVI@GZDV GHMHKWR MWKDQ JH
VWRUDJH RI NP DW UDWH RIDWH WKDWHWHKHIWHXGKRXYO® G HFE R \AWGHD

WKH ODVW WZR GHFDGHV LQ 4BL&WHBPWKNMVPQ L Q@ KLEQFORYWRQ \RIDW/ KK \EW 6 \C
RI WKH EDVLQ LV DOPRVW JHUR /LQH

5HSO\ , GLVFXVVHG WKDW WKH EHXVX® \WQ D0 RWPH V5 HEI(HVDONFO U K WELH 1D RVK D
O\LQJ UHJLRQV RI WKH 4DLGDP BDWE® QD QFAH/ @ H IVKIHQ Bl Q IWLHI! ZIDWILRQIVQIE\D
WR EH DVVHVVHG )RU WKH VDPHNWL\PKR 3HULPRPGD WKHOME $&KHEB$5 GDWD \
8QIRUWXQDWHO\ , FRXOG QRW |L @WK 5SS LEDFBW LIRMV RO W K H. @ WKHJ SRAE O
EXW LW LV REYLRXV WKDW WBWWHUURP DV TIQHWKQF RUW B UQRN \DRY HAGK HU R B W
+$5 GDWD VHW LV * PP D IRU WKIHAQIWHGH §V8X G\ S6RJ LRRBEWIXY WHRXQO W \D OV
GLVFXVVHG IXUWKHU UHVXOWYVQHR B Q\QIGHEH@®GH W KDWX &/ LKHE/ I \BIMIM DE/D BHD
SRVLWLYH GXULQJ WKLV SHULRG ZKLBW W KROHEA. WDR © M U 7IXGIE HO HV \Q 8 UAWOQ
WKH UHVXOWYV GHULYHG IURP WKH +#%6 GDWD VHW IRU WKH UHFHQW WLPH ¢
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHV DGGHG

/ SWKH HVWLPDWHG FKDQJKNQIMH 8 WIPFD & UWDMMPLRHU BWH UMRZR XO G EF
FKDQJH LQ ZDWHU EDODQFH DV L @& PBHUDG XWRP 2R KI® G KCHDIGH W R QD DERAMVW L °
RI PP D’ , FDQQRW EHOLHYH WAOW HAHEDODWERQL V7 WHR IS EEV.UWE RK D BVEHP F

ORVW WKURXJK HYDSRUDWLRQ LQ VXFK D GU\ HQYLURQPHQW
5HSO\ ,W LV QRW D PDWWHU RI [EHGRPSXBWOW MY WX WLRH D HWKMHWSQE XBQW
SUHFLSLWDWLRQ WR FKDQJHVUHQ PEG CE DW®XDIOU B VH QWH B DR L/IHEIDNQ DWQ FYHL WK
FKDQJHV LQ PHDQ DQQXDO S U H PLCS\LIWDHAIDRI®! GDROYOH UXWY K MV HV@ MH K M SIBW/G/D ® Uk
DQG FROGHU KLJK PRXQWDLQ UHJLRQW RTKHWWPRK WDQJ I$ RRU B/ RX W IEIOH AR
WHPSHUDWXUH UHODWLYH WR WK H HHUQ WHDQW G DU R/R. WKW IRYQW KB WHKR) K DVIRQ
LQ P\ VWXG\ $SSO\LQJ D JLYHV W®DRVLR QP RVRDRR WHR G\HWHKQVY UDQJH RI
DFFRUGDQFH ZLWK WKH SDOHRFW®KMDRHQ X WKELSW ,7RBY 8 JFWWHRHL §IVEX H \
PP D KLJKHU YDOXHV IRU WKH ,DDOVEMR B WBIQWH WPKD Q W R GADD N EQ I WHKQWY
HVWLPDWH WKH ZDWHU EDODQFH ZRXOB EH ER-PWZ HRHQDYHLDO@GH 3@®WDIYH U
HYDSRUDWLYH ZDWHU ORVVHV DUH LQ IDFW LQFOXGHG LQ WKH VHQVLWLYL



&KDQJHV 7H[W LPSURYHG VHQVLWHGEWKFNWEBWRBHWWHY H{SOVBGQHG |

7KH PDLQ FRQFOXVLRQ RI WKH ®RWGRAXPK pGIH DHIU QWX UHRPOS. B 1D WHEDDWN IF R Q
OHYHOV DQG H[SDQGLQJ ODNH VRHWDW LIRQGRP DV KUHH ¥ X IOG\D P QP H JIDP & DWAHD © HW
OLQH $OWKRXJK , DP QRW D WHREHR FRLWDR® QR FNVID ODNHH VIVOMHYP R
PLIJKW KDYH XQGHUZHQW VSHFLD @ WOLPDOHY FRIQGLMH PQ YV LH) W HBMM EFRIQHR Q
DQG WKLV VSHFXODWLRQ LV TOXUPDH KQEHO®W D LSR V(IYW QY AXR\HDRBOE® @ FHHO RV
VRRQ GXH WR WKH LQFUHDVH Rl ODNH HYDSRUDWLRQ ZKHQ ODNH H[SDQGYV
5HSO\ $V GLVFXVVHG DERYH P\ VWKRBQ WHYXOMNR Q@ RH QK HWAMW HQR B DI D ¢
SURMHFWLRQ RI WKH IXWXUH ZIODWHWEBDOB QFHQR RGIGIGFIRRQF G X OM@WHYVF\W RP
H[SODLQ WKH H[LVWHQFH RI D GMH}IE DWDINH $W.\QH PVKG W KM XADWW KD RP, WBN
UHIHUHQFHG LQ WKH PDQXVFULSMWV KK A H HDL @ DSNHR Y F\QAVH YPL G BBl IDHA WIBKRDOWD K. Hi
PXVW KDYH EHHQ D SK\VLFDO @HWK E QRHN.FD VOIOINM K DWWDH® O\R R HV XH/ WIDER)X WX

NP8 IRU ORQJ WLPH ZLWKRXW OB IMLR ® ROUHG ZHDYADHSR W\U O QM B LI DMMER (
SUHFLSLWDWLRQ 7KH IHHGEDFN P HF KH@L 8P RPK.IDW QO © L \F M QDD INRHQ HUGR Z @/ KV
PDQXVFULSW WR PDNH FOHDU WKDWRMKEHS REDWLWR 3B WWIUVBDRDHIFD¥FE OO P
DQ HTXLOLEULXP +RZHYHU , VWDWK G QRKDOWH G BIHGRQQW WL VH WH K B B B KHPRW R
HIITHFW ZKLFK ZRXOG EH SUHUHTXLVKW 5 DRWB P @\DDNW VN ROW WLR Q HER QX W Ul
&KDQJHV 7H[W LPSURYHG IXUWKHU GHURPHQYRHVER@E B &V MRHIW \8 R UMKH V K\

SHSOLHV WR 5HYLHZHU

7KH SDSHU SURYLGHV D QLFH VW WHUILKRQIRY ZDWEH H VEDLCPIDYFIHR @ HRIWWIHK @ DW €
REVHUYH WKDW WKH ZDWHU E D O DIDFHIQFBOINK QBIW UR|® W FE R,Q\, U P SV KLEDWK IV K B\
K\SHU DULG FRQGLWLRQV WKHUMILY D8 YDXFKQMOAZB UMW WRK EDOXORGRIQR € G F
SHULRGV LQ WKLV EDVLQ XQGHU DULG FRQGLWLRQV

5HSO\ 7KLV LV H[DFWO\ WKH PDQBH®PXR RD NK MW KMVXBX F K ZHFOWMWYHHU V L R IQE |
WKH PDQXVFULSW

&KDQJHV 7H[W LPSURYHG

, DP VWUXJJOLQJ ZLWK WKH ZD\IXWKXVHLW LB B PHEU LHVKDR ZHQRDHQ Q@ WE&H
IXWXUH ,W LV LQWHUHVWLQJ W KDV WHAKIP \F X\URU B 6 I/GWW Rl @G S/RR/IL W@ Y D Z\DHW
LV WKDW WKLV GRHV QRW DXWRPDWALRDD OLYRSO\ WKDW WKH ODNH O

5HSO\ $Q\ NLQG Rl SURMHFWLRQVHG EWMHKFQERR\RH §WRNEH FW LARRIZWRFIQ F
VIVWHP ZRXOG WKHQ EH SXUHO\ VIHFWEBWLYWWS$SYDW RHURS R RO WKIER &R Q F



FOHDUO\ LQGLFDWHY , GRQTW PIBINHWRQ W& HHERGEWHRQEKW RIQDH VIS DK W
VHQWHQFHY DUH ZULWWHQ D¥ PRQGVWIRDRWQ DW DWGHEWH D MDU HAKULWX\D WIHR Q
WKH EDVLQYV ZDWHU EDODQFW KH O® GH WHHRRSPIH® @ & B WX XEJHOBHQ B R \RLI VWK
WKHQ DQG RQO\ WKHQ WKH FRQWW TRKOFEH VARXO\G R WK B W RUBHY HWG/ERM F D QF
, DOVR VWDWHG WKDW WKH |1URWQGH\DSARHLY i R DGR E H \WKRGND RHEHRH Z B X BIGD [
VWDUW WR UHVWRUH ZKLFK VHHPV N WK K $FHYQ HZILQOWIHDHM QRZ VHH ¢
&KDQJHV 7H[W LPSURYHG IXUWKHU UHIHUHQFHY DGGHG

, WKLQN WKH FODLP RI D WLSSLQJ SRLQ® EGILDR W KU HV KRG \EXXEV IV DAQLVS IS\
QHZ VIVWHP HTXLOLEULXP 7KLV FDQ \QR\W GH ESDINMHAL RVQ HWE KHL WU O H@MD ¥\ U ¥
5HSO\ 7KDW LV FRUUHFW , ZLOO X@HY WKWLR® IRA WKKUPDMRRQBU LLS)VD UHY L)
&KDQJHV 7HUP 3WLSSLQJ SRLQW" UHSODFHG E\ *WKUHVKROG"

7KH OLQN ZLWK WKH OHJD /DNH LRQ DRI VIRVX QHF [MHDQW 1B HSWRUPXIK D JOIY NI
ZRXOG LQYDOLGDWH PDQ\ Rl WKH DWH X\PKSWZ R O¥ ) EDP PDGHHWR FDOFXOD
5HSO\ 7KHUH LV QR VSDWLDOOWPHJ®OQBNW VMR BIPDM[LR Q LRQK MAKRHPR @ R BiL BL
HYLGHQFH RI LWV H[LVWHQFH LV7KHIHQWEBMG RQ@ RVKWKMDDXYRVESW@SW L\
3O0HLVWRFHQH FRQGLWLRQV Rl WKEGP BJIDKODIND © \N VSIOD @ B W LIR@EINRW RATKNH F
VIVWHP 7KH PDLQ DQVZHU LV WKDKHWBRHGOR K PRXQ WRKQ G BDWN BEFHUG D
VOLJKWO\ ZHWWHU DQG ZDUPHWIUQBOALRD \PH @ B/XIDR\F i$Q H Y-DSLROFHKE WAKI HQ 8 RFBI\E
P\ VWXG\ VXFK WKDW WKH ORQJ WBIYH®P ZBMWGo W HEDIDDIQRH Z@X0G REMPR ZQ
EDODQFH ZRXOG KDYH EHHQ JHURRDBYGZ KR ¥ LWK M HP 16 XD IO@N W LVA M VBHHRJ Z R X O
SHULRGYV RI ODNH VKULQNDJH ZKLPKKORH.LRBBXKIMMERYNMYHUDO WLPHV LQ
&KDQJHV 7H[W LPSURYHG

30HDVH GLVFXVV SRVVLEOH |HKRXE MRZVVIHH R KR VDX & PHHGWK\ N WEI R QY OQ RIW CH\ [
5HSO\ ,Q WKH ODVW SDUDJUDSKQRNWKH &R QFIOXRMX\RGHG VIH F\G ERE N'® LW K D W
IXWXUH VWXGLHV , PHQWLRQHGHW®W K B FRR \LWH L PIS@RWHDQMW Q@ HQ D WH. BHY DIS R
JHUR ZDWHU EDODQFH HYHQ ZKHQVEDIQFWRIGNDD V& XRIQWZR K & B QEIHH \K LLIK BAMP R V S
EH DQ XSSHU \HW XQNQRZQ OLPLW IRU GEMNHF WURIZWKL \Z KIWFXGLYV , ERQ@ B YRIN
H[SOLFLW LQ D UHYLVHG YHUVIOQRVLRQ MW W REQXWBEIDSFM W DDW RO RFWDLA LUHHEF \
ZKHQ ODNH VXUIDFH LQFUHDVHV +HDKWWHLD OO N H HWOBR U WRRIDH FRUUGFSL RIRW
WKH 4DLGDP EDVLQ ZKLFK LV ODHFNMFBQAXJRKKWR MXSERDNY BBFRAW HBN T



IHHGEDFNV GXH WR RURJUDSKLF FKDRXIGIE EVHH HOHSYDODLHW BHO R XK H PHKKSFRBOL
QH[W KXQGUHG WKRXVDQG \HDUV
&KDQJHV 7H[W LPSURYHG IHHGEDFNV EHWWHU GLVFXVVHG

OLQRU FRPPHQWYV

/LQH WKH SKUDVH LQFUHDVLQJO\VDKH GDFFOAL RDVDRW VK HF R Q DXOAVQ Y 1IW B W
WHUP FOLPDWH FKDQJHYV

5HSO\ 7KLV VHQWHQFH LQ WK I FOLEMQWMULD ERV Q. MVHHIBIW ¥ U € JWKBUWR XRIGP R | VPK |
VWXG\ $V LW LV SDUW RI WKH DEVWNOBEWY QR HBLNUHBQFKMUMR MELLH QW IGIR §
&KDQJHV 1RQH

/LQH WKH UHVWRUDWLRQ RI WKNH® IHKEDBAW WXBW W S H FKIDDRXLBYIBIWLLR C
6XFK D UHVWRUDWLRQ ZRXOG QHHG WHQ WKRXVDQGV RI \HDUV

5HSO\ 6HH P\ UHSOLHV DERYH , GRQWQWS RF X\DKDHNVE DR/ Q QVEXW XU Hz B W ¥ bl
ORQJ WHUP PHDQ ZDWHU EDODQFHLYRX 0@ EEHPRPHF SRRHQOLWYIR D K LFE WWKDXG \
WKLV FRXOG KDSSHQ RU PD\ HYHQ X®XHKUDDUEHDGH VWD Q WH/G L\Y RVEKDIBE RE. R
8VLQJ WKH UHVXOWYV IURP P\ VWXGNLR@®DGHQBEY H[DPSOR ADOICPXNOMLYW H WA
SK\WLFDOO\ UHDOLVWLF ZDWHU KDODQNH ZHR X-OFGV KRYYHHU DWIKDQJ MV KR R\RDAQ G \ |
SUHGLFWLRQ VLQFH QR IHHGEDFNADDBXCRWQVRGHDEG DQVWKH RKDRGI®Y H @
NQRZQ

&KDQJHV 7H[W LPSURYHG

/LQH WKH GLVDSSHDUDQFH RI WKHI®DNH GXOUNL @D W IGH IDHDWMQW " ND LV LQ
5HSO\ 7KLV LV D YHU\ LQWHUHYV WL G\XHKW LRLY E X $HOQ R WYQFMHUR RHKEH LPQH J T
WKH VFLHQWLILF OLWH UDW XQMHMN H ®ZHEY A O L MKW HG HRAQDALON/L R KMA KORY BIVQR\Q X B
, ZRXOG UHJDUG WR ILQG DQ DQVZHLWRWR BXKAL W O & ¥ B QR Q BIVODI K U JIKKG XDR-E
WKDW FOLPDWHV FROGHU DQG \GAURS WK ZDMRED ERRPQGE HS GR HIVKER X HG X
WKH PHJD ODNH V\VWHP GLVDSSKBWW DB QMKHWH YIDUWH. DOMLYRHQMWV K GEOHDHD\EDNHHY +
OHYHO YDULDWLRQV KDYH EHHQ WKHRIR QW MG BIWH\@ KIRR W MACH. @ RQR DRBHY VD
FKDQJHV LQ FOLPDWH FRQGLWLRQMQIWVGDH YJHHIROH O SIKQ P FRWE GW LRWD B UH V

&KDQJHV 7H[W LPSURYHG

/ILQH SOHDVH SURYLGH XQLWY DQG VXSSRUW NP IRU H[DPSOH



5HSO\ , ZLOO QHHG WR UHIRUPQ®D DWKH WHKIH FP\D @@ N WU 5 8W FU S 1 IV IIBOLURHD GD C
PHQWLRQHG LQ P\ UHSOLHV WR 3R W RW E B 0 JFH. WEDOW R KD WEH @ WHHG WZIK\M
RYHU WKH HQWLUH EDVLQ , ZLOR UG G+R XHWIDE O,HGR HW HK@FFHHUD WRIREI L Q
&KDQJHV 7H[W LPSURYHG WHUPLQRBRIV IKDREWEBG IRQPROPYWILR® \R@ X QL

/LQH SOHDVH IRUPXODWH D ERQURBRVH WK DWDAEMHK K QS R\ K HALIEAVGIHD B D
JHUR

5HSO\ ,Q IDFW WKLV ZDV QRW\WK B L\G/O¥ WWH.[GH BW LD @ HRD WP | HURX BRWB O EL
K\SRWKHVLV ZDV WKDW LQFUHDVIMPKHDZ D \W\HHLP § B OD W KK HOH ¥ R XZH3) P\BKNMH X Q
UHVXOWYV RI P\ VWXG\ VKRZHG W K DWK HV ¥ W\D W\ \L\@ GFHIHGE KBS WQ QWK B XMVE LWL
KXPLGLW\ DQG WKH FRPELQHG HSHFAWL R IKXIPU GALAMASIHWHD B XN UWLRDQ D Y XD O Z
H[SOLFLWO\ IRUPXODWH WKLV LQ D UHYLVHG YHUVLRQ RI WKH PDQXVFULS\
&KDQJHV 7H[W LPSURYHG K\SRWKHVHV H[SOLFLWO\ IRUPXODWHG

/LQH ZKDW DUH YDOLG GDWD" +RZ LV WKLV VXSSRUWHG E\ HYLGHQFH"
5HSO\ 7KH H[SUHVVLRQ 3YDOL ® HW MU RJAHR Bl IUADW RC WW B  [DDUFRWY H IK\CRQVR. WY JI O J
DV LQYDOLG E\ WKH GDWD SURYLGHU

&KDQJHV 7H[W LPSURYHG

/LQH LV WKHUH SRVVLEO\ VSDWMWIDW DXWRFRUUHODWLRQ LQ \RXU DQD¢
5HSO\ 7KH UHVXOWYV SUHVHQDHGUDQHGJXDHU V DRJHD QRX\Y DDBMYX BV WRKX W W
DUH QR SUREOHPV ZLWK VSDWLDO DXWRFRUUHODWLRQ

&KDQJHV 1RQH

/ILQH DUH \RX LPSO\LQJ WKDW WKHUW KLWVH LN MEED FDVHL Q. W/ K S/QY W RV K
WR XVH \RXU UHJUHVVLRQ UHODWLRQVKLS RXWVLGH FXUUHQW FRQGLWLRQ
5HSO\ 7KHUH DUH GHILQLWHO\ IHHRGEDBKY A R UN IKHV X UWHV HHPRZ K 1B @ K3 IFOR-B D IS |
VXUIDFH ZRXOG FKDQJH )RU WKLYVHIONVRQY L0 ZDOWG XMHHUKWRVWKW SUHYV
$00 VWDWHPHQWY UHIHUULQJ RAMR WARK MV KPHL G X3VID XU M VWDRJAFHH @QVHK XAVS RRIQ G\LW LR Q
VLPSOLILHG SURMHFWLRQV DQG VKRQU LQ QR ZD\ EH UHJDUGHG DV SUHGL
&KDQJHV 7H[W LPSURYHG IHHGEDFNV EHWWHU GLVFXVVHG

/LQH DQ LPSRUWDQW FRQFOXVLRQ WADHDV H GI® FRIQAPNH WLRIQW PRUH LQ [
5HSO\ , ZLOO FRQVLGHU WKLV LQ D UHYLVHG YHUVLRQ RI WKH PDQXVFULS



&KDQJHV 7H[W LPSURYHG

/ILQH VDPH DV DERYH LPSRUWDQW LQVLIJKW LQ FXUUHQW V\VWHP
5HSO\ , ZLOO FRQVLGHU WKLV LQ D UHYLVHG YHUVLRQ RI WKH PDQXVFULS
&KDQJHV 7H[W LPSURYHG

/LQH KRZ VHQVLWLYH LV \RXU VWXG\ IRU VSDWLDO UHVROXWLRQ™"
5HSO\ ,QWHUHVWLQJO\ DQG VXUSDQWLQLXO\ @KHHWUHENX®WNVH®L® KHRW N R EVQ
VHH OLQHYV DQG WKH UHVXBD®W SBEWVIRONVHIV LRDWRH MXEBE DUHDW RI W

EDVLQ DUH SUHVHQW LQ WKH G VQIO¥P\L FW&H RE QR ¥ B D0 & JDWXRRW SIKEIESIKR BURF
UHVROYHG E\ WKH PRGHO WKID® WGIE WPHRWXHO SN WD V LIRRQ. QKWWK VE PHIEFX VE U
VHH DOVR P\ UHSO\ EHORZ

&KDQJHV 7H[W LPSURYHG +$5 NP UHVXOWYV EHWWHU H[SODLQHG

/LQH KRZ ORQJ ZRXOG LW WDNH WWRK;, O®& LYVS WDKWH ZRKIROIR PP DJH ODNH ZL
5HSO\ , KDYH PDGH DQ H[DPSOH FDOWXOPWLOR XNIL@YH IRE WIH ZIRMHU ED
6LQFH QR IHHGEDFNV DUH LQFOXGH®HD QB VEIR YGRU WU HQ\WR X R Z R QY HEW WCZBINIK
UHVXOW P ULVH RI WKH ZDWRHW W DE @ H [LIH G QR YRIIUWK i H UHDWBANUHOHU B D VY QR
LOOXVWUDWLQJ WKDW KXJH ODNHWFRWOMGL PRIU 8 HALWRIGL Q7 IOL ¥ HRIDARANDESD @ R
WLPH VFDOHV RI WKRXVDQGV WR K X0QGbiN GD W KIRDS\RIJQNGH GH D@ WV FOHD M EIE. B B BALT
XQIHDVLEOH 6LQFH WKHUH LV QRRQSDWHD O®K SHYKOR B LY\R O® PRIU REDOWIKRY R P J
WKH OLWHUDWXUH D VSDWLDOO\ WI[EOHF IHW HF® Z&X\WQDIW HB @ IZFRNK\O ZREMY B RESHR
EDODQFH WLPH GHSHQGHQW

&KDQJHV 7H[W LPSURYHG

/LQH KRZ LPSRUWDQW FDQ WKH RURJWPSHKWK BY KRS AR WHIRSE-HIEHK $IGR X |
RI D ELJ ODNH DIIHFW WKLV HIIHFW"

5HSO\ 0\ VWXG\ VKRZV WKDW RUMRIUDEHKLFRSYWHER S RW VW QRQSIM FHOBEDMAH @ L
EDODQFH $V )LIXUH VKRZV DQGSMV ®HWFMNVIVHIA QRVWKH P D GX\HFAS X &/ W L
ZKLFK LV D GLUHFW FRQVHTXHRGH , Rl LRU R RWD B IOWL BAXKEFL $ MWW DEAKIVR Q@ HLC
PRXQWDLQ UDQJHV 7KH UHVXOWYV LRYLI\L WW RG \ZR QGI\U VEKKRZD W KH ¥ RIEDIVRIQ H Q
FRQGLWLRQV XQGHU SUHVHQW GD\ JHRSUD DIQGE WREGLW Y RGDF$ RK DI PHIG L
LQGXFH DGGLWLRQDO IHHGEDFNVL DV GINF PV VHES QQHR\ PRV F 7KLV FR.
SUHFLSLWDWLRQ 7KH HIIHFW RIGEY MK IDGWI W XNeRH G DLW S MVHBWO V E Q BIM XU BIK



JULGGHG WRSRJUDSK\ DUH ORZHU EKH H8Z KXNPGGB®WDP NWWU W HHKD QQLHY W
FRXQWHUDFWLQJ HIITHFWV DV GLOQHWVHG LQSWHKHHLBD Y OWLRGWR XBBSHHR G
SUHFLSLWDWLRQ ZRXOG SRVVLEO\ EKHAHDINARMABU BXOD @ ORFE NWQW AR WIK\WM PARDV
UDQJHV ZRXOG DOVR EH UHGXMREHV WKH Q DHAUMM K DHY IW KW MRHNFRV RIDRAIH MDQ 61D
EDVLQ LV PP D LQ WKH +8$5 NP GDWP MHW MK H$I5W DNPRREQWYYD WRW
&KDQJHV 7H[W LPSURYHG +$5 NP UHVXOWYV EHWWHU H[SODLQHG



6XUYLYDO RI WKH 4DLGDP OHJD /DNH 6\VW
&OLPDWHY DQG LWV 5HVWRUDWLRQ XQGHU

'LHWHU 6FKHUHU
&KDLU RI &OLPDWRORJ\ 7HFKQLVFKH SQUPMHYWVWLWIW %YHUOLQ %HUOLQ
&RUUHVSRQOUM@WHHIVBRKHUHU GLHWHU VFKHUHU#WX EHUOLQ GH

$EVWUDKHW4DE@D/R Q LQ WKH QRUWK -RK DWK M Q7G. I bl WRDQH 3GWDDAVMADLDE HQYLURQP
ODVW PLOOLRQV Rl \HDUV 4RUGQP VEgH FROQ\WBHQHG WWDKHJHVKZDWHU PHJD
VXUURXQGLQJ UHJLRQV VKRZHG WEFWHKE VRQV B W DRILE KHD B B B W VAWRRELM R Ul L DN
DQG ILQDOO\ GLVDSSHDUHG DOPRVRAOERPWEBHMRGLWRREQY KUSIHDDIOHGQ W
E4DLGDP @DVKHVIXHVWLRQORRE WKHVHP ZDV DEOH WR ZLWXWYWVGL QG DWKIHR
PLOOLRQV RI \HDUV UHPDLQHG HBYHDIDW LW KER) ADMHHEKHENOS-WXBHK H PHD Q L
FKDQJH LQ WHUUH VAR UWEBE LED/PHILEV WFRHIDWE\ JHUR XQGHU SUGIXH QWR FSMRLAD
YDOXHV RI QHW SUHFLSLWDW L RIDQYE®R SRV W Q D B @ XWAREHYZDD@ HWY OHVV G L
ILQGLQJ SURYLGHV D SK\VLFDOO\LRFWDG H [SLODMHWLYREXQE ZHP DGODN H V\V\
WKDW QHDU IXWXUH FOLPDWHV QR WRRXF R RXIIEVE-ELR WHIR R [P J B UND/QIS &/BRRIGRGE
DQG H[SDQGLQJ OD NM G WOMW CLAGURDAW.REBEPIL @ M WKHVHP RYHU JHRORJL
VWXG\ UHYHDOV WKDW D UHJLR@ G\LR/ FOWWH G XBIVWERY L@V DKQ SHBBOR EKH @ Y KB
SRIXQGHU SUHVHQW FOLPDWH FRQGLMYMRQWX HD QFE PR\QV 2WWIFR  PUHRR) MHIMXD
WKDW KDYH SUHYDLOHG GXULQJ WKH\WODYW KH RLHDOL ROWMXWDHW Y WR SRVLWL'

L QWURGXFWLRQ

3DOHRJHRJUDSKLF VWXGLHV &KHQ DQG WRADHUBW DO +XD QJ: Bl@XQHIAH I OD @
RQ WKH LQWHUPR QW D&BH/ H@YG @R KBIWH @ DLLGG R R L DD TWR & MAKH R MWKHHI Z R BH W
73 UHYHDOHG WK D WUHA/ IRPIHMDIRGRQDNHRZQMEHEP 0B NH \GXUDGH WKH PLG 3

FD 0D %G EMIRWKRXJK VSDWLDO GHWDLOV RI ZMK H: RHQDD@IEN ¥ RVA @ WL
KDYH UHSRUWHG WKDW WRWDO GXNH Q/IXWIKH H ¥ DKHNCREPHMWW R F MWEH 3OHLVW
DW FD 0D %3 PDUNHG D SHULRGLRD WH UHDWVHH G H\DHIQ IDEL® HVWY IRY W +DX\D @
HW DO :DQJ HW DO $Q HWODO_ )DQJ +HH DRDKH WP HIW DDNH V\VWE

GLVDSSHDUHG GXULQJ WKH ODVW DOND ODG\WRGCDHWP® IHZ VRO MAHD QBNF
WKH ORZ DOWLW %E&ERP BIIOW WSRO VEKWHUWY &KHQ DQG %RZOHU +XDQJ I



"3DOHRFOLPOHWHQVMWW @LGIVQJ HW DO OLDR HW DORXWVRGHQGULFWRXW SURY
WKDW FOLPDWHV LQ WKH UHJLRQWKDRKJERRRPW KI) BOHBR¥FHQHO\+EZBDNY
VIVWHP GXULQJ WKLV SHULRG LP $0Z B W MUKEBHODRE HWKHOW PRIQ A HQQ XD W U
ZDWHU VWRUDJH ZLWK L QDWXIH HIDW L\DRV. QM VRHNIRWY. UV L Y H B\ VS HHABRAD [ JHRAMRVR U
HYHQ SRVLWLYH DQG GLG QRW VKRRY HRWDQ WLYRH BHU LR B YDRIL WH RFOUBXHS V F
RWKHUZLVH WKH PHJD ODNH V\VWHP ZR X0 R GKIFHEG VOIDRIS B Y IRU LHO DEWRILH GV R Y

7KH ZDWHU EDODQFH HTXBWERQ E HIZVGMDWEGIDIH EDVLQ
i5L2F'6F4

663+ 7 Gdyrr0dixe
ZKHPHLY SUHFLBQWDAALMRQFWXDO HY D SRRV @ X5 DWDWAIRIY VSDWLDOO\ DYF
GUDLQDJH EDVLQ ZKLOH7BRWD®QKIRUIHLYVZIKQEKFIDWWMKBHEVXP RI VXUIDFH D
LOIOX[ RIHVXUIDFH DOG JURKXIGH DI BDWHQD OMKR \O NBKIGAJ DOO TXDQWLWLHYV

YROXPH ZDWHU HTXLYDOHQW SHU DMKHBW®B WLPH LQWHUYDO LQ PP PRQ

YRU HQGRUKMHLNHEW K HOMb ALY FH WK ERIGHILQLWLRQ *UR X QIS\ZIDQVHW DMK
GLIILFXOW WR TXDQWLI\ EXW FDRQEH @H JIDIHFIMHIGQ VRHU\R FoB\ZD QHE EIEDERY C
HI{WHOGY RYHUKDYV DQ DUHMKOXRIH FKDQJH LQ WHUUBYR U WERMHGDRV-H BIDMNER D
DSSUR[LPDWHG E\

(5 L2F'6

(03}
w

+( 7
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7KH WHUP2 F'6LVDV LQ WKRLABWRIKIBBWUHG WR DV QHW SUHFLSDWDWLRARH WIRRA
FDOMBHIKHHFWLYH SUHFLSLWDWLRQ ZDM WWEF KDDNDE GHIME ID@LAK L K-HYYHSIBWWLA- X O D

VR \G KW KZ Y WWHAUX
¢5LY FDOOHG ZDWHU EDODQFHDDH QR UG HAW \E WHF WSKH WV B B/ W Q DFOYSEBYDRMIR Bl (W R \

[«

7KLV VWXG\ DGIGVUHNAHRKVWRE KRZ P HBDROIQPHIEQ @DKMMHP EBFOXO.® KDYH EHH
RU HYHQ SRVLWLYH RYHU PLOOLRQW RFKHDKNVWX Q GAHLI [Y KDWD\N G UN \ F @/LHED RN/
K\SRWKHVLVH WKDW WKH K LBKGPIRPX-G WHRMIQY B Q/IH VL E QH\G KVH SAH B MSLLYWD WIL® X
QHW SUHFLSLWDWLRQ DYHWRG@REZ DPRXQWKGBRN S

HYDSRWUDDWIS IARPBEHRYRWHGLYH YDOXHV RI QH
VSDWLDOO\ DYHUDJIHG RY $UVWRRQED K LR W KW IVU W KDUM D @ XVD BR W\ & HL @ 98NV K
SRVLWLYHO\ VHQVLWLYH WR ZDWPHARFDORBWHW VS W MWKDW B RMAEWNWIE D




SRVLWLYH DORPHIHAGHFHIUO SUHIKDW JHRIUDSKLEF FRO}-GN\MDRF!#VR_WQDW@JOWF

WR FKDQJHWZIRXDOG@DIRZ IRU D ILUVW RUGHUXBBW UP®IW H B H QYW HE D D WHW HEV
30LRFHQH RU WKH IXWXUH 7KLV ®B5 KROIEAKU RO Q R W WE HH YH®W K D IWQKWDKY H C
WKRVH SURMHFWHG IRU WKH QHDU IXWXUH XVERD WKMHIFRQGE HBFD \RLHFDLPD\
7KLV VWXG\ GRIRWLHKIBEZMNBG VQR UH F R @WWAW KIF ik RY KRKFOEBDPWRHPDNH SUHGL
WKH IX6RXIDH) SDOHRJHRJUDSKLF GDWD OLISKLFDPRIRGD OM RW ¥ GRH VWK 2 B6O
DWPRVSKHULF FLUFXODWLRQ SDWWENQV ERQMWK DRV BEL@®BYHD IMNAVRE |
XVH WKHP DV LQSXW LQ VSDWLH®O\, #HWDDOWE &R RFO/R BAE\DMLHEG B RRR T XIE
F\FOH RI WKH 4% OL6l &YW WaFUHMHDRHG ODNH D U HD/ VHID RQB Y U @ EIOHREN Q
RU FKDQJHV LQ ZDWHU UHF\FOLQJ ZDMKALRV SWKHHU 14 B4ORRRI0SIR WA PR QDH SHKX P LIBD C
H[SODQDW ISRIGR ORRMWKWHHUP H[LVWHQFH RUQN\K KXPB%HDU OCDN HF 8 L\PBMWRH FRQGLW
6LQFH WKH PLG 30LRFHQH LV RXWH®QUURRGWENGFDY PHOIWHW FIKQMORY =XEDN
+D\ZRRG HW B®DQGDU DQG 3WRMLMWXG\ DOVR LQW H QIGRW VDR \BHNRWLLGH HIQ Y D!
FKDQJHV WKDW PLJKW EH FDXVHG EW KDV RIHAU HRRX DRI NWK B V XSWRWIHH FOHGN HG
+XL HW DO

'DWD DQG PHWKRGYV

J)LJ  SURYLGHV DQ FVHEDWL B RELIDMH VAXUURXQGLQJ UHJL RQERIX® GVIKW @R U
4DLGDP %EDWIGHOLQHDWHG E\ /HKQHU DQG®G ¥YDWQRBQ PRGHAP ' D0 GGHUNY 8 GH
6KXWWOH 5DGDU 7RSRJUDSK\ OLVVLRQ 6570

OHWHRURORJLFDO GDWD IURP WKH$3 JK $VLD 5HILQHG DQDO\VLYV

OHWHRURORJLFDO GDWD IRU K\GURORJLRXOIURPUV WR FRY HUHLLGH WX
ILUVW YHRVLRIQH +LJK $VLD 5HILQHG DQD R\Y IHW B85 G IRAUDWKHWP DO U VAR P |
NP JULG VS@FUOIVLDWKH VRMBERORJLRRO \HDUV VWDUW L ®&H F\URERG DDQG
ZKLFK -DQXDU\ EHORQJV L H WHKHWWAQRDRWYREMY IHGDWEKHAHSS5 ZDV SUR(
G\QDPLFDO GRZQVFDOLQJ Rl JOREDO 1M GRMIE0 D&HRRWVIS KW U RRK G Q WU RQ R\
2SHUDWLRQDO ORGHO *OREDO 7UR KRV SKIHMWK A $ G B @ HWOHM K) D/Q G L)VRK RABD V W L

WR WZR UHJLRQDO GRPDLQV Rl WRIDBKG ENP DXV GLRODHWODQDNVR@M U D'
WR UHJLRQDO FOLPDWH VLPXODDMOLRGNG WXHIUA5E PR OHG LIVQ WHH LIQD WIH.G \RQ O
WZHOYH KRXUV DUH GLVFDUGB& ADK \DHQR [EG PRIGHHD DFSA\Q KSH @ W B COH D XGIW L |
WKXV VWURQJO\ FRQVWUDLQHGNE\ RV KMKRIENW B RM 6 KBIJWJI H N F BB bl DNGRVBHDWARDD >
VHW LV RQ/H KRKWKRXUV IRU WK H+$85 G DNPD GOWH \LIQWW KLY VWXG\ ZHUH DJJL




ORQWKO\ GDWD IRW-DLUPWHFRSHU DWROUGG D Q G4V S A FRLEIRFY K XJRARXAWG DUH F D ¢
FOLPDWH GULYHWDWH®PREWKOAMPHDQV ZKIE2OBKPRKVWRO S GIDWHRY o ERWXQED L Q
VQRZEDQ:0..» DQRE6— DUH PRQWKO\ VXPV QRQWKOHYDROPSHWIRG 1URP-PR QWK C
DQG'6 VSDWLDOO\ DYHUBPUPSG SONHQJIJWAH 4% 'DWD ZHUH IXUWBKEY DQBUMIPW
HDFK K\GURORJLFDO \HDU DQG WRHRHRQ RRKGW K ON DERS/REQGREBOI N RG. G

SRVRWWKHI+$5NP GDWD VHWG SRLOQWYV LQ WKH +$5 NP G DWHUVW WEDEVWBG W
DP EP\GLIRPDLQ JUI

OHWHRURORJLFDO GDWD IURP WKH *OREDO 6XPPDU\ RI WKH 'D\

7KH 1DWLRQDO &HQWHUV IRU (QHUWERQRARMD ®VQIRWERRWDR Q& A RREWIOF 'D!
2FHDQLF DQG $WPRVSKHULF $GPLQLU/REMDWERPPOZS R | SWKRH LB\H VERH ZKLFK
PHWHRURORJLFDO GDWD IURP QXPHMKRXR ZE 0 WKH KW WO RRWIDWAD BR0OVR $ HARDY(
GDWD IRU WKH HQWLUH VWXG\ S\HWKRGEDPHED R BMIVRHE G POVWK '@ 2R W5 QWD UEK L
QRW IODJJHG DV LQYDOLG ZHUH XVHG LQ WKLV VWXG\

'DWD RQ DFWXDO HYDSRWUDQVSLUDWLRQ

$ GDWD VHW Ré DIDIXD\O IRIUGWR HEBQYGQRLJKW K\GURORJLFDO VXEUWRGIURRW F

WR -LQ HW DO ZDV XW\H\GL Q@ WHKH W M WXCGWEVRENEWYD RQ WKW +BI5
VHW ZDV GHULYHG IURP YDULRXVVGDWB ERXQHAHYHRMRASHALIDQWL QU RBQ WD |L
,PDJLQJ 6SHFWURUDGLRPHWHU 02',6 E% DGBQFHQE\WW H P6 Xa[ PR HD GUHRWIL\W K P

6WDWLVWLFV

5HJUHVVLRQ DQDO\VHV DV SHUIGH PG HDUWKH YUWWXIGR @OW B Q4G ARBDE J PW R M/ |
RUGLQDU\ OHDVW VTXDUHV PHWKR GK I6F P I0FHDWXGBIE WHR IDHWV 8 EXH@GHEW R U

SHUIRUPHG ERWKRELSGLIUGWFWO\ LQ PTOL VK@EfDQIGﬁFIﬁJN—lU—E{%i..zi;@dﬂ
Pl x

srrr e 7KH UHVSHFWLYH UHVXOW ZVWRZWKHD KH-D KK \SD GiH G RW )\ BIPHR BOVEL® L
YDOXHRU VLIQLILFDQFH WHVWLQJ RI SWKMHWGH DWRIF/ \GRREHN AV GI® X H U W LAFRDF
UHVXOWYV DUH 0DV VARG IRUHFW VL]H Rl WKH UHJBRMWVLRQNQW RISBFWHWE
ZKLFK LV WKH IUDFWLRQ Rl YDUUPWRBPWQ WKHSGBEEBG HQW KB WDUDEFEDH RRC
TS 7KH HIITHFW VL]H LV IXUWKHUAV§ HFLdLHG E\ WKH DGMXVWHG

. ._C?5 e @ e - .
I}SXY'LSF.SFIQI,Q?D?—S"%*é s B s -5

—(T
Z-KHOHLV WKH QXPEHU RI REVBHY YDsW LAKDBOHY WKHHPXURVEHU RI SUHGLFWRU °



S5HVXOWYV

,Q WKH IROORZLQJ VXEVHFEFWLRQV)IWRKHN VIFGXDE WODKWHY BH \8 KH \ZHNERWHHRIGE
WKH \HDUV 7KHQ DOWLWXGH GHSHWOHEMHOEGHR R IHBDEBKKJIUX G GBRILWY WDRJIIHWK
WKH 4% )JLQDOO\ WKH UHYVXOWMWVWRH 2\DHAHAL W D OLDVD\F YAWPRGEP\S R ) GIWHY VAKLRAZKQ |\

:DWHU EDODQFH

7DEOH OLVWV PHDQ PRQWKO\ DBDODRFXDOR PSR IBBQRMRANGHWICHWNU ZKLO +
WLPH VHULHV RI WK DQY®XDOQGYDI®RUHWKH \HDUV FRYHUHG E\ WROM/ W KK G
4DLGDP EV\ZIDWHU EDODQFI/ QHDPO\OHNRGHU SUHVHQW FOLPRWH FRQG
DOO \HDUV H[FHSW VKRZ DERYH DWW EHD O QQKID G XD GWeH ¥ Q RUHPINIO®@ D
LV WKH PDLQ GULYHU RI LQWHUDQQMXR® QY DQICD AMAMY ED ERWAH SEKEQ
HYDSRWUDQVSLUDWLRQ DUH OHYDVYWKHDEQH ZTKH IWKWHWE\HDU PRBW QHJD

PP D DQG ZDV DOVR WK H
6- f& DQGAGULHYWJ \HDU DQG UHFHLYHG WRM IORZHV VP D PR XQW. @®IID
256 (gt PP D DQG %QRZHDOOPP D VHH 7DEOHV 6 6 LQ WKH ®ESSQG®RB

YDOXHV IRU HDFK TXDQWLW\ DQG \HDU

OHDQ PRQWKO\ YDOXHV IRU WKH XXIQ W WM LWHW WRKQRIZ G LLI QH UBIBXEEH WFLED OV K H L |
200 tar2ase—m DQG WR D OHVVHE MKREQGVDAQR YDULDWLRQV R YRHHUGWZK I WHHD
PLQLPD DQG VXPPHASIPD PPV YDULDEOH GXULQJ WKH FRXOQNH LRIMWKKIKE KIS BIQ
EHWZHHQ WKH QG WEHFZDWHHXEDGDWFRIPRBSRQHQW
FRPSHQVDWRU\ HITHFWV &RQFXUUHQ¥FHPEHWBW XXP PG FL[HPDSRWRMULR Q
PD[LPXP RI VQRZIDOO WR 0D\ VL@ KQIKHPPHU WHEGXAKM DWKXUIMND F®WLRQ R
7KH FROG PRQWKYV DUH FRQ Q HPRWMHMADALMK B/MDAD QWD \GAHIWW LIWHEOLPDWLRQ
7KH FRQFXUUHQWO\ KLJKHU YDOMMY SRIWSLULHFLS L WIDWLR® ®QEA QFWXPPHU F

VXFK MRCOMBOWHU EDODQFH LV RQO\ VOLJKW O)\QS KX BXUMMKBVG XU EQ.D B Q B \HWX
VPDOO ZDWHU ORVVHV VLQFH SUB FWXDMDDMMIRER &/HDOA/IS\L WD WL\RQH U WKD Q

$OWLWXGH GHSHQGHQFLHYV

$OWLWXGH GHS HGHE@MLHHY RD WDKFH FREFIR@HOWVCNQEHMKHDUH SUHVHQW |
— 2446w DQG'6— VKRZ VWURQJ FRUUHOBDINMRQ\QEAMABHE AFMW' 6% GRIQ O\ ZHH N
FRUUHODMHOBQTGLWKQRW GHBHGOHROWAWXGHV Rl ZB\BHVW-C DIDQP® KH Q KIKW S
EHFRPHV SRVLWLYH RQ DYHUDJHNP QG LEER ORLRMWW KHK REY QHJIDWLY H KD O X K



GHPRQVWUDWHY WKH LPSRUWD @R KL HKVPIRX Q W D L QRAVDIWEKZED RIMBY RISGRLID RA
XQGHU DULG FOLPDWHY OLNH WKRVMHEEL WKH GHVHUW JRQHV RI +LJK

)LJ LOOXVWUDWHY WKDW WKEWW W@ YEKH \MR5G O I/NDHVH W HIQV JIHGHERIO O\ 2
WKDQ RYHU ODQG ZKLFK LV WK VWSO RQ IGLXHK B R WOXOINGH HHYYIDSSRRWODR L R G
O\LQJ DUHDV ZLWK YHU\ KLJK DFIVMR O LMY DRS ROVDUDE DSHLDMW Y R R Z WK B AEL R Q\
ZLWK DOWLWXGH ZKLOH DLU W RFS BODW WXIE V¥ WRRQRZ\L Q B FAUKIHD WPHIND @/ D Q Q
7KLV LQGLFDWHVY WKDW DEXQGDQFHJIRIUZDW Wl ZEMMK HIRWL Q YOILPIDEIOH HDR
HYDSRWUDQVSDUDWPRRIDQ@QUONMKH WKH DUHDV VKRZLQJ KUWHKP D E /XD D DHOYLIDHR ¢
DUH QRW LQGLFDWHG® DVNPDBIBIW O @ MWK HVXFK WKDW ZDS\RHUUDWQ DS DUDWER®
WR VXSSUHVV UDLQ D QGD\D@AKDIOXHV VIXFK MIKDNH &/EHORZHU RY HMVO VKN Q,

RI WHQ JULG SRLQWV VERZ 8WHRICSION DM MRAMMKMH G HEWDDQF D QG PDSV RI
WKH ZDWHU EDODQFH FRPS8RQYHQGIL PIBVWKIH SUHVHQWHG LQ )LJ 6 WR 6

6HOVLWLYLW\ VWXG\

)L  SUHVHQWYVY UHVXOWV RI VINPBBW ZHHIH D Q QX-DDINMMDEHOT BEYMAKMNHE BV | F
HQW IDUG DR E DRAL QK H K\GURORJLFDO \HDUV LEBELPKW\HRH Z0O WHKD®DDQ Q

SUHFLSLWDWLRQ EXW QRW E\ DFWKTLS LAWIDVERR\QU DQ\GS ZIDDWHILR @ D OIRWAH D
WHPSHUDWXUH DQG VSHFLILF KXPIRG®UWYU WIKHFOD WWHY V& RZKI V PXS & HV & IUC
6LQPBQBDO® WHPSHUDWXUH DQG VSHFLILFDKBPE GLWNDUHWKHPVYHOYHV FRIL
VHH-XUBH LQ WKH 6XSSOHPHQW WKH SURW@R FF @ L PX\® W ICARO/GIUQYH DIV WD \G R I
DQ DGGLWLRQDO PXOWLSOH O IDEHBUDIHFEIVHWYYH R/ § Q HAKLLAFWRRRMEEAIL\D E O H'
WDNMXBWGHSHQGHQW YDULDEOH @ RPRK IS WHK®LF W R IRV IWRBIKIPIDMAE D ® F $10LDQ
N« tet & 2 +RZHYHU WKH D QD OXWILVFRH WHID G HRIQD R FAPKSHH U D W X U
YDULD @K ID@RIMBO EDODQFH LV QRW VLJQLITXBQWH [SLOUD W\ RHIORAKRIH D O
WKH YDULDQFH LQ ZDWHU EDODQSED QR IWLR QVE H \KHFLX H AYK0 XM IDELRASTA KIH/
FRPELQHG HIIHFW RI DLU WHPSHSDWXQW DQG VBHIL | WKKXPLESONBHEHDLE |
KXPLGLW\ DQG ZDWHU EDODQRHHLV WK RRQSNDREBRWIGLUHFW DQG LQGLUHF
YDULDWLREMSBBLILF K>XPRQLGZDNW HRW EMDIOWD IQHF Hi %

7KH UHVXOWYV VKR2HABD XD 6 KB ILF KXPLGLW\ RWLPDW B @EXMDHDO W
ZDWHU EDODQFH RI PP D 6L QHNWLIKRD VDMIX® UMW HWREPDRIDVBIRE Q D VOLJ
L@HDDRQXDO VSHFLILF KXPLGLW\ RI H J DOW H R K 6 @/ I3 FDIWKIBADUERIDI D @ E
WKBGDP EDRXQ® EHFRPH SRVLWLYH




'LVFXVVLRQ

(UURUV DOG XQFHUWDLQWLHYV

3K\WLFDO FRQVLVWHQF\ Rl WKH GH&XW D/ W HR\E W D LEDG\GX UHRG BA KWK H$ BLDFONO W K [
EDVHG DQGB®SD KDYH EHHQ FRPSUHKHQVL YWY DHFDMD WRI G USIPUSBIIWRO/DEB Q)
WUD Q¥ SRWWKDUG HHDXWWLRQ HW DO 38X WWLFRK BH WGDI@W D O +$8RRQ |
9 -GDWD KDYH EHHQ VXFFHVVIX0O\ XWD® VVHEIBO IRQEH 3ERYWRHKIT W DODFLH
ZKLFK LQGHSHQGHQW GDWD VHWV OGR P HIDWEDHP H 8 /YDKD VHVDONYWREBRG LQ
WKH UHVXOWV 3ULWFKDUG HW DO WKIR 216 NPUGD KD XSBM W V B®XIMVE B )
LQ VWXGLHV RQ ZDWHU DYDLODELOLW\

6LQFH WRHGHDSMD VHW DV DQ\ GDWD VHW FRPWYH [TW K \VAWWILRRQ D WDIQ/GH X GRFZUV
WKH UHVXOWYV RI WKH VWXG\I WKH HLLQ QWVV8 D'DVWH I WA RN B MWAKIE P RRIQLEQ 5 D L
_ NP 9SUHFLSLWDWLRQ GDWD DUH ZHO Q@ KLARRUGARD J 6\W RS/ WHIFIL BRI W YU IR DH K
VOLIJKWO\ XQBWUMXRY k®D BAMAEDKWHL REF G DWIDH DOWILWXGLQDO FKDQJHV RI EF
SUHFLSLWDWLRQ DV GRFXPHQWHGJHGVWEKMWKER '+$% B RESD WUH VZRID 8 NEEB\WM X X O W
IRU DFWXDO HYDSRWUDQVSLUDWLRQ WDXVGK BWKRMH HWRBPOWKH 6 (%6 EIDRVH
HYDSRWUDQVSLUDWLRR 9®DWEBH 'X8§5QJ WKH FDOHQGDU \HDUVDI FRFWXD U
HYDSRWUDQVSLUDWLRQ LVNP MWD QZWIKMH+86%6 GDWD VKRZ LPHPV DD 4R \
ZHOO FRUUHODWHG GXULQJ WKINVWLPH-SHULR®HH )LJ 6 DQG 7DEOH 6 LQ "
6(%6 VKRZV LQFRQVLVWHQW HYHQ P@ ZHDWD R W X6IXQ HYD WKW IFD@WSIG®EU \H D
— '6- PP D 6(%66 PP D VHH 7DEOH 6 LQ WKH 6K 883 HP®QMWK D WKWWKH W
WKDW WKH NFEDWD VHW ZR X@K HRLY @OQ W LPDOEQEH R IERKQHMKH FRQWUDU\
YDOXHV IRDFWXRD®DHYDSRWUDQVSLUDW LARRQU A RIXFOFGK U BIWHR @NREGMHDIREVGUHRDE H
ZDWHU EDODQFH ZRXOG KDYH EHHQ SRVLWLYH WKURXJKRXW DOO \HDUV

&RPSDULVRO ZLWK RWKHU VWXGLHV

7KH UHVXOWYV RI-GKQHNWDVWEKIGEDOHMQOWY IURP RWKHU VWX ®&IKHQ $ QXPBEBRU
HW DO /L HW DO =KD XD WWWE®G 73 HES WHLYH@RHGIJWQHODO YBE XYW ¢
WUHQGV WR KLJKHU DLU WHPSH® BWKBHYLWRWUR DRV Z@ L FEX-BHIH. BONRQ R X Q C
HW DO 7KH UHJLRQV LQ WKH #4DQGHRPLERHRRAVAVH VW R ZZ WILFFKQW W HV R Z
FOLPDWHV ZKLOH WKRVH UHJLRQV EH®REUILDOLPRWHEHWKWBQ GIW R E@DUP HE
BHYHUDO VWXGLHV =KDQJ HW DO = KBEQDHWW OO D /HLHMWDDO

ODNH OHYHOV DQG H[SDQGLQJ &RKB TFHED YORE LVHKIHPHO Wo HMQ FBUGYIDWL © D LU
GULYHU RI ULVLQJ ODNH OHYHOV =KRRQHMWDDO D /HKHHWRMED® GDNHQ



KDV LQFUHDVHGLIRKH NP WIRQ NPDQ HW DO DQRG WKH REGPEHHWI
DO E\ IURP WR
-, QFUHWDNHGHEMWHUDWN R BBEHBREGKHYIRW RQO\ DIIHFW ODNHV ERW BWVIROJ
VKRZHG BRUGEGWKHEWKDWODTXLIHUY ZHUH UHFKDUJHG EHWZWHQUHVWQGD
VWRUDJHNRI ZKLFK LV HTXLYDOHQW WR DOVQDWHNOE RN QG WH YR JP W B (/D@ IQMXE
ZKLOH WKH PHDQ YD®XH NPRBDWKH AHHRBNSURIQGW RWDPH SHULRG LV RQO\ VOL
DPRXQWYVY WRKLPRIBVXOW LV DOVR FRQILUPHG EYKRKNKWREZXIG\URI WHRRYY O \/ JHWY (
WUHQGY LQ WKH QRUWKHUQ 73

,PSOLFDWLROV IRU WKH PLG 3O0LRFHQH DQG WKH IXWXUH

'XULQJ WKH PLG 30LRFHQH FOLRIPMIVDKEY B HRHH G U\H RHIU DIDWW FDR WK B
ZRUOG +D\ZRRG HW DO 7KH VWWRGLMHXWR IHK D@ HW DOURYLEH TX
RI PLG 30LRFHQH FKDQJHV LQ PHDQUHFQSDW [DW URW HASHK D W X RIRFIVQ W RR XV
JOREDO SDOHRFOLPDWH VLPXODOWLRQW¥ IXH BWHKG \RRI B PIX@IWR ARHRGG Bl OSH@Y
WR . KLJKHU PHDQ DQQ XD @ID&BPWHEPEHIOWXKIHH RIQGVBIOH. RFHQH DV KIQ IHU
VDPH )LJ LQGLFDWHYV WR PPDR XD RHIUWB OXIHW DIW URRH DK H VAWBX G\ R
RQ VLPXODWLRQV E\ D VLQJOH JOREDO PRGBDU WKHRRZS QU D WKRJ H .L QL WHKHHU KR
ZDV DSSUR[ WR . FRROHU LOD.WKM ORZIHPIEDUWGE RIRPKWMKHLU )LJ OHE
ZDV DSSUR[ -PPWRKLJKHU DV VKRZQ LQ WKH VDWHS)LHV H QMR B/HKWDNK G LGHM |
SUHLQGXVWULDO DQG SUHVHQW W IPRHD\WQ DDV KBIIOH WWH P\8 K I DAVIDAOKEH \B \DRS
)LJ  LQ OXW] HW DO DUH JHQ HIURDFO O\F RPIBD GIDENTH WHRV WKW S UH V H
DLU WHPSHUDWXUH LV DVVXPHG W RDEH GAOLLIGIW SV HILQ KBV WIJE R RS IHRHDWY X/X
EHWZHHQ WKH PLG 30LRFHQH DRZH 5 UBXWH QW LVOLCP I8 R \DLWHL Y B L DKW O M @V W
FKDQJHV LQ SUHFLSLWDWLRQ DUH [DW ORHDS/WR R @RKL WKKHHU WD R Bl QS IV\R @/ B \
7DEOH SUHVHQWYV HVWLPDWHYV ZRW P Y [EQ O QISR | FWERMEHIMAR LFQD MPKCHV H FK [
UHVSHFW WR SUHVHQW FRQGLWL® QW G7 KLIHQ GIURVEN M/ i & IRIGR/Z VL —P D UINRHG L
HVWLPDWHYV RI PLQLPXP DRIGDRIMX B X PDE K BUWh KB Y HFROQWHWIY D WALHPHH QH.\PW P PIDQOACH
PD[LPXP FKDRIBRIDIQWHPSHUDWXWDHQBHUH YHWSWRWLYHO\ ZKLFK FDKH EH X\
WHPSHUDWXUH UDQJH UHSUHVHQWQ QJWEKRWK SIUR 86 ERAHIDHR BIOMLR B WHOWN R |
*X HW DO +XL HW DO P 981510 \V QR S\U KHO U B AR OFOVE TEIRRNLLARLQV

HVWLPDWHYV |Ruf—§/\_/4f§H D,'Q?@WMMLMMWLHDWEQQWJJ-S\LWQWLRQ ® XK BDRD F KD

WHPSHUDWXUH ZRXOG EH WR PP KDW K K L¥ B ODXUHH/ APRRAIGSHDOWOLHE® HRZUL WK H P



F DQG E\ 0XW] HW-PHDQHVWARFEHEDADWHU EDODQFH DV LQIHBUBG IUR
DQQBDW WHPSHUDWXUH ZRXOG OHDG WRQBHSRVLWAP I® PHDQ DQQXDO ZDWH
" %DVHG RQ WKH VDPH HVINQE BB W HRDHEDWEHW HQVLWLYLW\ RI DQQXDO V:
LQO DQQXDO DL UNKH RBHVMXOWRIQE) WSKFQJIHN KXQPLGLW\ ZRXOG EH EHWZHHQ

$SSO\LQJ WKH vmgxwmﬁ/m%ﬁ;mwmmHﬁéizmeHNSHF\Ammmcuumwmm

IRXUWK DQG ILIWK URZ LQ 7DEOH)J FPHODUQUHAG) B.BEQ % HW DMKLR @ HWQXE® WD W H U
DOPRVW LGHOMH\VFDBQIIHU RQOWR WRKR\WHRGLOHFWO\ HVWDPDWHG WHRPRS MUKW
7KH VL[WK URZ Rl 7DEOH PDUNHG LQJE D&Y ZDWRIDV BRGH RUFHY XONQV FIRD QR
DQOQSDBFLSLIVAKXMLRQLPXP DQG PD[LPXP YDOXHQQRUBFKELMKDWURGY LQ WR

FRQVHUYDWLYH HVWLPDWHYV EXW DONRJFRWSDWLEOH ZDWYE& XU HMWXBOHV
LOQQXDWHU EDODQFH DV LQIHDQEBOIMARFSEWKBMEKRMIHWKE VHQVLWLYLW\ R

WR FKDQJHV LQ DC}!%i_XZ[R(XCSGH-G:I-L[S(EVV\DR\NDF&'RVLWLYH PHDQ DQQXDO ZDWHU EI

'DUPHU DQG OHVV GU\CARRIDGEL AN WRKIDD QRWVAKRIQ4LUPHG IURP JHRORJDEBI@/ HYL
DO &DL HW DO 7 KH DYGIQX DM BIK) \EHD@\DLOAF IBYQUORBA [FREI VGHIRMS/H U@ W X UH D
KXPLGLW\ DV UHYHDOHG LQ W KLY WAWX & WZR XZD® P $JOM@R & COBKDMAGKD VF @ QP DRV
WHUP PHDQ DQQXDO ZDWHU EDODQHIR X®BKKWW K B VE MK IPHABD W B NHRWQWRLD V
ORQJ WWPRXVW KRZHYHU EH QRWHG WEBW IWKBEDANWWKDWHXLGR KRB WH FI
ZDWHU EDODQFH RI WKH 4% $W D FHDWDD® \GRWXBDHN QEDMH S\RR. Q W FROMHNHH DI
HYDSRUDWLRQ ZRXOG OHDG WR D JHUR PHDQ DQQXDO ZDWHU EDODQFH

6LQFH WKH KLJK PRXQWDLQ U D QURHWWERM#H RN HX\E A R W\E DIWPHS R UEVE DNDKEMIF T XAHIV W K
DULVHV KRZ GLIIHUHQW WKH SDOHRKHRIGDS KLDFV MORPSIDW HREQ ZK DAK  BAHRHGD L
GHWDLOV Rl WHFWRQLFV DUH DR \PIRVY HRMHDDOY RO DUKLH LOIGN HORNGE KE-HDUMAL & PV
RURJUDSK\ )DQJIHMW XOGURWKHSKHVXOWYV RI WKLV VWXG\ DOLHF FRQN LVGRI WK
30LRFHQH VLQFH WKH SROHRILK BSREHIBD WDVS OO /UL RQR WKH SUHVHQFH 'R
6LOFH WKH PLG OLRFHQH HOHYDW LRMWRILY KID @%H B Q05U M XFURIFRSOQUMLEDIH PR R
<XDQ HW DO DOWLWXGHV RI WKH KLJKRIPRX®D\EDROQEDIQDMN E & HADKEBRHIMZH K X Q
ORZHU WKDQ WRGD\ DV LQGLFDWHG EN YD QIFMWRD @ R Z Bl Q QR WERCHYR RI@ Bi
EH DFFRPSDQLHG E\ WKH FRXQWHUDIFGVDQU RO M ¥ WVWE DWK B ORE K L R RRYWKIXLP
WKBGDP EDRXQ® KDYH EHHQ OHVV VWURQJ D IDFWROROV®RGVWDXEILEHG IRU W
7KLV VWDWHPHQW LV DOVR MX\VB\A.$ONIGQHE\ WKK-H RIDKNYHR-B W K55 \

GDWD VHW IRU WKH NP GRBB&/Q DQISH67DEQ W EBH BLXISSOHPHQW UDGI WR HA
DOWLWXGHV RI WKH KLJKHVW NPR X@EWELON WDakh xOR AEKDIDL O KHK K s QNP JULC




L wavuu « [D@EMDQ DQQXDO ZDWHU EDODQFH ULWRYV PWPRDP N DU L @GR D)\
WKDW OHVV EORFNLQJ RI KXPLGBUUW DWW DWR X GHR/ WRKYH 8% R B X iH QV B VWU R G X
LQO WKH +$5 NP GDWD VHW GXH WHRGWKR \WR B UVHUX OWN\G | O WRR ZIBY N |
DQG ILQHU JULG

*OREDO FOLPDWH FKDQJH DV SWRRI®¥MWHG QRFFUH W KRHU | MWK X UBHD QRERIDW FOLP D!
*X HW DO +XL HW DO FRXOVX I HD GWWRV VIVQ BRPWKH @QRDNVRRQ :D
FRXOG DOVRDHHFW WK AVDHDONDRERBEKLIQ F KXP LG LW \-ZR 0% WKMHBW MIDWHL R7K
ZRXOG WKHQ OHDG WR FRQWLQXH GV UHFE DDWHDRO D WRIXJQGVE D YH UNURH WERHMIZYGRIL
ODNBYV DOUHDG\ REWVWHD YARD W REGDVP SHUVSHFEWLYH VAN P @ % KEH 4DH B\ R UPHHG |
D VOLJKWO\ SRVLWLYH ORQJ WHUP PR DQD N QRIVIFG \ADHNGH D EFRDYGID GFOENR 1 ZD W F

P DYHUDJHG RYHU WKHWQWKUG BRDIOGDPNDVAIOLFEFK LV LQ DVIMRORIWEPK $H

6LQFH ZDWHU ZRXOG SUHIHUHQWLD OGBXMHFARP X RDM FH @ QWK HURKZD G WBQAMHDJL
HIITHFW ZRXOG EH HYHOQ VWURQJHU L @& HHKCR 8 BLDAJ-HRD WV KZAK 14 DK GBI K 1 D [ FOHDUND

UHVWRUDWLRQ RI WKH PHJD ODNRH WOWMHPU GXD E DD O RRHRH IR G @ HDIW WHRS R U W t
RWKHUY LQGLFDWHY WKDW WKLYV PHAKD® WP KBW G UREWKOKMWIWMRHQ SODFH

&RQFOXVLRQV

7KLY VWXG\ FRXOG VKRZ WKDW WKH PHDY) M@RMD & R [) WHR) EDWIDPIFW KRH W K

WR 1HIJDWLYH YDOXHV RILQHWKSUGREZ SO\W Q W IGRHY FWW Y\DH JO. RRIDWV Z K L (
ZLWKLQ RU DW WKH ERUGHU RI WK EHY IFRPHH @ ¥ ¥ WD &K RVAK 8§ RADIZAWHRY HDORS/KVLE
SUHFLSLWDWLRQ LV VWURQJO\KLJGKRKUKDYQ @ L WRGHNMO 3 KJ IHF HOED FARDX/RIIR EH DS IRQ
DOWLWXGH EXW OHVV VWURQX KKHKOYDMOWHY RO FIV- WEROPAE LHYHDG EZRVWWID KWW SAL K
DYDLODELOLW\ RI ZDWHU EXW QR@WGAHWBI RR D BW WHO W YKDHBIRW U D QWKSH. P\
$QQOXDO ZDWHU EDODQFH RI WIKWHPH¥W XN US/R WL IEHHWEXHMHD YHD WH W IKSREAM VWKL
$QOXDO ZDWHU EDODQFH YDULDW RIDMWIL® QWK HQ4 % QEIXD G BLUYHEFQ) GEXK VD WD [ERVG
HYDSRWUDQVSLUDWLRQ VKRZHG @WK WRWDWW)Y WD G DOV ML JED O IDRDFHW LK HH
WHPSHUDWXUH DORQH EXW VSHFLULK KX RU @ OMQ XLD/OWHKDHN PID L B)DOMLCPAHN HQG O |
WR WKH 4% WDNHY SODFH GXULQJ ZDAHAVMHERWKD®QUBAIRUPDWDWDREY DQG ED WWH




OBNHV\VWHP
)XWXUH UHVHDUFK FRXOG WDUJHWPBQ RYHTX MSDVLIRIDO @Y B G\GW WILRXQW G RC
FRPSRQHQWY DQG FOLPDWH GULYHUVRDRMD BWHKQ H MIKH G N ®DWQO B (R U WK R OKKLW
4DLGDP EMQ®%RU ORQJIJHU WLPH SHULRGV W RQMPBW XD @MAH U WOHDQWH\G RN |
EDODQFH 7KH QHZ JOREDO (5% WHDWRB\WIL\D GYMWD D/EHVO LYW BHWER RWWK K E
UHJLRQV RIIHU QHZ RSWLRQV LQ MIKUKKUFHRISHE WR RXWKRQ GLQBIFLRDNHHGR Z
VLPXODWLRQV IRU 30LRFHQH WM ARAWICR@W Y RRIUWIOHR EO\WD XFUOH. P95 RAM 8 HIMRQIEO B
WRR FRDUVH WR IX0OO\ UHVRO Y H CCBWRROAS KGSRMHFHSHIRFBIWY R @ & UNBIFRAXDIU H'Y
PRXQWDLQ UDQJHV *X HW DO O D\QFAHK ARIPSWWIHWLR QB CEZUMG R @CFRD U
FRPH ZLWK KLJK XQFHUWDLQWLHVI JEREDG\RWP RVB® HBRFQEBW®LOY BHJID U
"\QDPLFDO GRZQVFDOLQJ FRXOGH\OVA WK K WKD WRVWL K B O/RKDD W\L R Q W DIV
PRGLILHG SDOHR JHRJUDSKLHYV UBIEQBHWIDMHR/QWHKQ G HVIRR QI & M B H BW IOR Q/ K
WKMNERXOEMXDQ XSSHU OLPLW IRU ODNH JURDWREQZRDFW KN RRARKZHIY KD QGR \
DOVR SRVVLEOH WKDW D PHJD ®DINWHYVRY WY HZD W HH FW IHY H®/\K D MF DRORIR VS BN M
HYDSRUDWLRQ SUHFLSLWDWHV ZLWW LUHPBAKID LEDN L Q KL FIOOM FIKFPSRUM D Q M/DI R:L
DQG PLJKW DOVR SOD\ DQ LPSRUBDIDAP MWW N®NQRZIODREH IRU WKH

'DWD DYDLORHE L+&S58DWD VHW LV I[UHHO\ DYDLODEL GIHVASBW KWWS ZZZ NOL

6XSSOHPFKEWXSSOHPHQW UHODWHG WR WKLV DUWLFOH LV DYDLODEOH RQ!

$XWKRU FRQWUHVENKWIBRQHUHU FDUULHG RXW WKH DQDO\WHY DQG ZURWH W|

&RPSHWLQJ /KW HUHWKRW GHFODUHV WKDW KH KDV QR FRQIOLFW RI LQWHU

$FNQRZOHGJPZHRXWE OLNH WR WKDQN )DELHQ O\ND XXWLRQL 08 QR ¢ 8 U-XIOW D R X, QL

S5HDGLQJ 8QLWHG .LQJGRP IRU WKRS RHM R/IL WIKSD WLIKQS$ V Q DNKHHEHNBHRD Q D
(UZLQ $SSHO 6YHWODQD %RWV\XQ QNRGI® VK /N RV 7 6 HIED® J/HNAQOH@m @I VWV R8I0 UK PR




9DQHVVD 7RONVGRUI DQG :XQ :DQJ 7HFKQ UREKHRODYERIOWILRQHU® IGL VF
7L3 SURMHFW

JLOQDQFLDO MXISSRRWN ZDV VXSSRUWHG E\ WRE *HU P30UQ BH VW D BB R J)IRXRRGD W
30DWHDX )RUPDWLRQ &OLPDWKS5*(FR3Y \S/AWMRMPHFW EWRDO LW KHHVSRQD/ R *
30DWHDX WR &OLPDWH &KDQJH  FRGH6&+( DQB&E\ WKH *HOUUPDQ )HGH
(GXFDWLRQ DQG 5HVHDUFK %0%) BBRIRRRPHQBEHPWDOQG $NRDFRV\VWHPV
(7 SURMHFW 29DULDELOLW\ DQGRPSRQEQW® RD WiHHUD FHORDOUNF HJDLQDXH %DV
FRGH * $ DQG WKH IROORZ RQ 3URJUDPRBH EBMHFW EXWKDAVPHWR DU\ 7L S
6\WWHPV LQ WKH $ULG =RQH RI &HQWUDO $VLD" FRGH * &

SHIHUHQFHV

$Q = .XW]JEDFK - ( 3UHOO : YRODX@QGR®RRWKBYVD® PPRQVRRQV DQG SKD\
7LEHWDQ SODWHDX VLQFH /DWH OLRFHQH WLPHV 1DWXUH
%URFFROL $ - DQG ODQDEH 6 7KH \WLMPWG\H RIRLURK M DG KAHPQ \0SIGKOU H 'U\ &

%XUNH . ' :LOOLDPV - : &KDQGOHU '0- $DQOBG\ZWR/®R %OQHVRAIW % [/ 3
SURYLGH EHVW DQDORJV IRU QHDU IXWXUH FOLPDWHYV 31%6
&DL O )DQJ ; X ) OLDR < DQG RE§8RHE (WHIDAURAHGQGHIBQHRYVWHQWUL

SDOHRPDJQHWLVP DQG VSRURSROOH@ WHKEHR & VRV HUKH 4BH 18 S FE RADHVK.RO H (67 |
30DQHW &KDQJH
&KDOGDQ ' DOG 3HOWLHU : 5 2QWKKHPRBFXDICRVPYHRD @G UPKIBIL OMWH HQF

VHOVLWLYLWLHY ZLWK UHOHYD QPHWW B HVK K XIORG BDWWD QGLQJ RI FOLPDWH

&KHQ . DQG %RZOHU - 0 /DWH SKOHV\\QRFKIQ H HYRIPX R RIQQR U VQBID OB U |
3DOHRFOLPDWRO 3DOHRHFRO

&XULR - ODXVVLRQ ) DQG 6FKHURQ FOLPDWRDR K LR K DIWHRMRDSKWH B MFD DD W
3O0DWHDX (DUWK 6\VW '\QDP

'RZVHWW + B5RELQVRQ 0 +D\ZRRG6RBKO6DO]RRRQGB8HWLOO :LOOLDPV 0
' 7KH 35,60 ' SDOHRHQYLURQPHQWDO UHFRQVWUXFWLRQ 6WUDWLJUDSK\
)DQJ ; =KDQJ : OHQJ 4 *DR - :DQJ ;L .6QJDQG BRMR & +DJIK L
PDJQHWRVWUDWLJUDSK\ RI WKH 1HRHBYW HXOQ LADRSWP OADVHEWRER QKB K
3URYLQFH &KLQD DQG LWV LPSOH FI} W L E & WRIDQ WSHDIWRHDDE XIS QW IKV DRY GWXO D (



)DQJ /L 0 :DQJ = :DQJ - /L - JLRQRIDPQQHWMO FREPERVOWDWQV LQ

4DLGDP %DVLQ 1( 7LEHWDQ 30DWHDX 6FL 5HS

*UHYH 3 *XGPXQGVVRQ / DQG 6HRGYRUDWQQXD® PHBEJLRYHOLSMIDWLRQ
JOREDO WHPSHUDWXUH FKDQJH (DUWK 6\VW '\QDP

*X + <X = <DQJ & -X 4 <DQJ UHVROXWKRQJIHQVHRHERH SURMHFWLROQ
RI UHJLRQDO FOLPDWH FKDQJH RYHU &K(DQDNVKQ682W' (§EDVW $VLD +\GURO

+D\ZRRG $ 0 HW DO /DUJH VF DRDHW HH DUWWHMXIOW R | [BRPRWIHEH3GORFHQH ORC
&OLP 3DVW

+D\ZRRG $ 0 'RZVHWW + - DQG®J'RIOP@RILFDO,QWHILMHVLD QG RE HPBW H
ZDUP SHULRG 1DWXUH &RPPXQLFDWLRQV

+HHUPDQFH 5 9 3XOOHQ $ .DSS 3 *DUQRORQ&E 3 &RIXMHWIBF DIQE WH
VHGLPHQWDWLRQ DQG HURVLRQ G XU 4Q I G\DKPH 9B\ IRF HQKIL @ D WHE B QDX CLEOWW
+XDQJ 4 .X 7 /| DQG 3KLOOLSVWHUOLVWRFVXRILRQNHV AKDW 5P ODHRFP LP |

%DVLQ &KLQD &KLQ - 2FHDQRO /LPQRO

+XL 3 7DQJ - :DQJ 6 1LX ; =RROWB FPMQGIHROURMHEWLRQV RYHU &Kl
PRGHOV IRUFHG E\ WZR &0,3 JOREDOIRPREHBD\FOLPDW H, ,DWRMHBWLRDQW RO
-LDR- - =KDQJ ; /LX < DQG .XDQJ ; H,DGUWHAIDN HI® LZDDWPHY% DMLRU DWKH QR U
*5$&( JUDYLW\ GDWD 3/R6 21( H

-LQ ; *XR 5 DQG ;LD : 'LVWUIQR/SUUR® IRR @D RWMKND Ot BIYOBRWDNLQ DQ L
6HQV

.DQJ 6 X < <RX 4 )0O+JHO : $ 3HZLR AOLPRWHKDRG7/FUIRVBHKHULF F
30DWHDX (QYLURQ 5HV /HWW
. RXWVRGHQGULV $ $OOVWIGW KZDUJHVQI9ROQ®DERKVODV :RXBHUVHO $ $

)DQJ JULHGULFK 2 +RRUQ & - 6DODWRDRQLRBFHDEGYBURWY W L R Q DAWXHIDDR

&HQWUDO $VvLD WULJIJHUHG E\ HDWOR Q@ R YOREDUID JHOHPQNWK KB QOH F L

/JHKQHU % DQGOREDO ULYHU K\GURJUDSK\ DXDGNVQHMQZR QN U R X WU RD FE BV HAC
ODUJH ULYHU V\VWHPV +\GURORJLFD®WDRIFPHDYBYODEOH DW ZZZ K\GURVK
JHL < <DQJ . :DQJ % B6KHQJ < %LDG % 5H\VKP@VUH*RI DQGD/QG ODN}
7LEHWDQ 30DWHDX WR FOLPDWH FKDQJH &OLP &KDQJ

/L / <DQJ 6 :DQJ = =KX ; DQG 7D@RQG ZHWVBIHQFFORPDIMHPRYHU WKH
$UFWLF $QWDUFWLF DQG $OSLQH 5HVHDUFK

/L + ODR ' /L ; :DQJ = DQG :DQJ & H RINDVRKDQJIHYV HDWK/H 4DLGD
30DWHDX 8VLQJ /DQGVDW 7LPH 6HULHV 5HPRWH 6HQV

/ILX : DQG &KHQ % &OLPDWLF ZDUPIQUHE® QUWKIE HEEBWD Q, @ ®/D W HOXL 6 B WIR



/IRRPLV % ' S5LFKH\ $§ 6 $UHQGW $< $- &SSHRQUPD®H ¥HZHHWVHPDU 6 9 6

6KHDQ " ( :DWHU 6WRUDJH 7UHQGY DOWKJIJKFORXQWDLQ $VEML JURQWIHD U\
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Qaidam Basin: annual precipitation (HAR 10 km) Qaidam Basin: annual actual evapotranspiration (HAR 10 km)
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Qaidam Basin: annual water balance (HAR 10 km)
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Qaidam: HAR V1 (10 km) (basin): annual precipitation

Qaidam: HAR V1 (10 km) (basin): annual evapotranspiration
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Qaidam: HAR V1 (10 km) (basin): annual water balance
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Qaidam Basin: annual air temperature vs altitude (HAR 10 km)
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Qaidam Basin: annual specific humidity vs altitude (HAR 10 km)
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Qaidam: HAR V1 (10 km) (basin): annual air temperature (2 m ag) vs altitude

air temperature (2 m ag) (deg C)
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T

" e

i e e e
o P b, .a'.{i.
AT
ik
r e

4000
altitude (m as!)
Qaidam: HAR V1 (10 km) (basin): annual snowfall vs altitude

000
altitude (m as!)
Qaidam: HAR V1 (10 km) (basin): annual water balance vs altitude

F= 0552

oo

FETTIINTTRTTITINNeTT

LTTTTTTTTINeTIN

OHDQ DQQXDO-D X6 \HUB 6 I WDB/EKFJH L F—K XXPISSHW ED QKU HFLSLWLDWGRE® OHI\

SDQHWYWQRZLBORDL GG O HSWIQHWF W XDO HYDSRWORQ M S5 DEMWMERN H-U-O-HWIEED OBLFSH WD W L

+$5

ODQG FRYHU GDWD EOXH GRWV GDWD

ORZHU IDQRWIUVXV DOWLWXEIDNQAMKHKEXDLGDRVKH K\GURORJLFDO Y\HRBWHKH W

NP GDWRODFWMAGRWBWVWULG SRLQWY OLJKW EOXH VTXDUHW KK HBESRNPWYV FR
| URPHHDLQY KW @ &D OV WIDOWHRWQY GRWWHG OLQH



water balance (mm/a)

water balance (mm/a)

Qaidam Basin: annual water balance vs precipitation (HAR 10 km) Qaidam Basin: annual water bal. vs actual P piration (HAR 10 km)
T T T T T T T
| F=0853 3 4 | p=0.050 : 4
p < 0.001 .
— - 50 b -
L . - o .
L . e 4
s F . ° .
o
g Lo
I _
.
50 }— —
AP T — . . g P PR L s PR R . " L
150 200 250 180 200 220 240
precipitation (mm/a) actual evapotranspiration (mm/a)
Qaidam Basin: annual precip Vs air P (HAR 10 km) Qaidam Basin: annual precipitation vs specific humidity (HAR 10 km)
T T v 13 g T T q F T T T =7 T q
/= 0.507 7= 0925 :
T p<001 S T " p<0.001 ¥

250

— 150 b~ —
a—¥ _» L% 1 ! I ! 1 P—
15 1.0 0.5 05 24 26 30
air temperature (deg C) specific humidity (a/kg)
Qaidam Basin: annual water balance vs air temperature (HAR 10 km) Qaidam Basin: annual water balance vs specific humidity (HAR 10 km)
T T 13 T T x = = T R ¥ ¥ T
| F=0532 : : J | F=0.849
p<0.01 . p<0.001

water balance (mm/a)

® 1 ! : L 1

24 30

26
specific humidity (a/kg)




Qaidam: HAR V1 (10 km) (basin): annual water balance vs precipitation Qaidam: HAR V1 (10 km) (basin): annual water balance vs evapotranspiration
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Qaidam Basin: mean annual air temperature (HAR 10 km)
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Qaidam Basin: mean annual rainfall (HAR 10 km)
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Qaidam Basin: mean annual snowfall (HAR 10 km)
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Qaidam Basin: mean annual actual evapotranspiration (HAR 10 km)
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Qaidam Basin: mean annual net precipitation (HAR 10 km)
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Qaidam Basin: annual specific humidity vs air temperature (HAR 10 km) Qaidam: HAR V1 (10 km) (basin): annual specific humidity (2 m ag) vs air temperature (2 m ag)
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Qaidam basin 2001-2011 Qaidam basin 2005-2011
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Qaidam Basin: annual precipitation (HAR 30 km) Qaidam Basin: annual actual evapotranspiration (HAR 30 km)
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Qaidam Basin: annual water balance (HAR 30 km)
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