6LOYD *DHUHWD YRO S
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9L

IDQG XVH FKDQJHV LQ WKH WRZQ RI aH(
VXUURXQGLQJV &]J]HFK 5HSXEOLF EDVH
Rl KLVWRULFDO PDSV IURP WKH SHU]I

'DUHN /DFLQD -DURPtU '"HPHN 3HWHU ODFNRYpPLQ

7KH 6LOYD 7DURXFD 5HVHDUFK ,QVWLWXWHQIRW /BQ&BVEFDSH D!
%UQR EUDQFK 'HSDUWPHQW RI /DQGVFDSB®6YRRO RJH HK GLHRENKGE C
SHWHU PDENRYFLQ#YXNR] F]

$EVWUDFW

7KH DUWLFOH GHDOV ZLWK WKHWRZQGKR/IF®ISGIHHPROXWDL DR & | LW/ V
%RKHPLDQ )RUHVW aXPDYD OWV LEWDPHFBKUYREDVHG RQ WWKKH U
KLVWRULFDO WRSRJUDSKLF PDSV KVH@DEOQMH 8 HWIODRGM W KWV YOHS 5 ¥
FKDQJHY DQG ODQGVFDSH HYROXWLRQ LQ WKH VWXG\ DUHD

(6]

.H\ ZRUGNMQG XVH FKDQJHV KLVWRULFDO PDSWRZQDR) GIHEH] B i H5YXR3

,1752'8&7,21

7KH SUHVHQW ODQG XVH RI WEG\ &HBK BXBKK BQ YH WV HY
HYDOXDWLRQ RI WKH ODQG XVH RBDR/LEHKWIZHHAHF MXP\DSHIF IE \
QDWXUDO FRQGLWLRQV LV DQ LPB® WWD 8 WUFKU WRRV VDX
HYROXWLRQ ODQG XVH FKDQJHV IRVK I 0IQRV I MADNADLUYAHK
SHDUV WR EH WKH PRVW VXLWDEOH DSSURDFK

/IDQG XVH FKDQJHV DQG WUHQW B WID\QVE A DSIUCH V@GV A C
&DUWRJUDSKLF YLVXDOL]DWLRQVN KRZD/QWH\WH W@ K B & HHI[ R
G\QDPLFV RU ODQGVFDSH VWD ELWH® \E\7 ¥ WAD K @&/H BLDOYGW
LH DUHDV WKDW GR QRW GLVSODSHW\RGDIQE TV WH.IRC
FKDQJHYV FDQ EH HYDOXDWHG & HIXTHKQ & KIHHIKHROM S/H
7UHQGYV LQ ODQGVFDSH HYROXWLRQHM UH \GHAFRIYWWROQ \R
FKDQJHV IURP IRUHVWY WR PHDGR XY DS W R MWD SOR YC
PDWLRQ DERXW FXOWXUDO ODQGVFDSH WDRBNG@RQWWR
RQV

6LQFH ZH KDYH GHDOW ZL® RITWKGWLWRDW UWWLHR ¢ YR
ODQGVFDSH LQ WKH &]HFK 5HSXEORRUGX VS8 FLVW R B OXD VY \
WLOO SUHVHQW 7KLV UHVHDUFK WK ADARIQH & HRXRV ULV W
060 sS5HVHDUFK RI ELRGLYH DWRNM\VVIRX DFFHXYODWXG
LQ WKH FRQWH[W RI LWV IUDJP HQUWHDWLIQR.Y V& UQ ORR L(RW L V.
WKH &]HFK SGHSXEOLF :LWKLJDLWEDVPBSRMHFOD @G VMWW R R
5HSXEOLF EDVHG RQ KLVWRWH® QP WKWDBED PRI LV
VWXGLHG SHULRG +

$ PRGHO VWXG\ DUHD + WKH WWRZQURIXZHIOLHIIN 5 XZDD/ FE



DUWLFOH )LJ +HUH ZH LW XVGH I & KORDUMGH XV SIHFKLIREI H \
Rl SUREOHPDWLF JHRUHIHUH QB XY VRU IMDKH PREDS. W DWR PP |

+ 7KH PDSV LQ )LJV * UH S UHWUH@QWL QL D Q B UX\
LQ D ELJJHU VFDOH DFFRUG LIGF] P\DB W KWH R LELHR R D O MKRISY
FKRVHQ DV D UHSUHVHQWDW UWLHR ® | IOIRIZK QHYQHL Q O @XOW
OHLVXUH DFWLYLW\ GHYHORSPHQW

)L 7KH VWXG\ DUHD



0(7+2'6
7KH IROORZLQJ PDSV ZHUH XVHG DV WKH EDVLV IRU WK

ODSV I®BRVWULDQ PLOLWDU\ PDSSLQJ * LQ Wk
PDSV I'U®RPVWULDQ PLOLWDU\ PDSSLQJ * LQ WK
UHYLVHG PDSXVWRPDQ PLOLWDU\ PDSSLQJ + L (
&HFKRVORYDN PLOLWDU\ PDSYV * LQ WKH VFDC
&]HFKRVORYDN PLOLWDU\ PDSV WKH V LQ WKH VF
&]HFKRVORYDN PLOLWDU\ PDSV * LQ WKH VFDC
EDVLF WRSRJUDSKLF PDSV LQ WKH VFDOH

O0DSV IURPMXKMULDQ PLOLWDU\ VXUYB\IRWPHL R EFRIRLSQHH
ZLWK *HRLQIRUPDWLFV /DERUDNW® UL Q8WKHHWREZ QY \RRIOR '
VHWV ZHUH VFDQQHG DW WKH % U QHRRDEFE Q DK/ \R L \WEKMV B L IGR
DQG 2UQDPHQWDO *DUGHQLQJ 675,/PDS$VURBDWHERIUH I |
$XVWULDQ PLOLWDU\ PDSSLQJ ZHRHIQIM RU M HRRIPHDQWFLHFGE D8
RI :HVW %RKHPLD LQ 30]H ZLWEK ®I WRFSRORLIFAO DFF X

2WKHU PDS VHWV ZHUH JHRUHIHUE QBHGZDWKWK M B
JLFDO DFFXUD®ERIHWPD®

0DSV ZHUH SURFHVVHG LQ WKH $UF9LHD GG RUKD BW RF
E\ PDQXDO YHFWRUL]DWLRQ

7KH OHJHQG IRU WKH FRQVHTXHQWDSDQ\® XR/GI @ 1D BVQIEH
RULJLQDO PDSV ,W LV GLYLGHGGLQW RHDIER DN E GRID WA
2UFKDUGYV 9LQH\DUGV DQG +RIBUM OG¥X UD)YREXNVOW X
BUEDQ EXLOW XS DUHDYV /H LV XRUH FOWKIHDWY D&IBN H\A
QH\DUGYV DQG KRS ¢HOGV GRHV QRWRNFXRW QWFIOHK G & @
UHV JUDSKV DQG WDEOHV VKRZQ LQ WKH DUWLFOH

1$785%$/&21',7,218) 7+(678'<$5($

7KH VWXG\ DUHD KDV D UHFWDQJXQDRUWRH P/ R X WNKH UDQQ §
WRY\ GLVWULFW VRXWKZHVW Rl WKKH WRZQ RR 6X &IUF H W
WKH WRZQ RI 4HOH]Qi 5XGD DQG WKH ORFDOLW\ RI asLp

*HRPRUSKRORJLFDOO\ WKH DUHDWHH LEQ® \L \D \PLRAXXQDIWAL
KHPLDQ JRUHVW DQG LWV VXEXQLWY WKKeH+. B HOVR YOMINGE) H Y[
QLFNi +RUQDWLQD KLJKODQGV 7KHYROQRB\RQWKW 5 HR
RQ IRUPV WKH D[LV RI WKHI FHH W RARH/DOBIFQ DIOVFILQ TLXH
KLIKHVW SRLQW LV WKH aSLpiN OWVW SRLOW Lo/ UARU®
-H]JHUQt 3BRWRN VWUHDP DERYP IV KHO$ O 8K \WiRJMROODSI K L
EHORQJV WR %RKHPLDQ RUHRSK\WVRXPLFGL YW O RNW Na&X P
WHQWLDO YkkbbbWE@WLRQV UHSUHVHQWHG E\ DFLGRSKLOF
,Q WKH JHRERWDQLFDO FODVVL ¢ MDY QRY VDKFH. G R Sl B LEH
UHVW KHUE ULFK EHHFK IRUHV\MVWY@®GEHUERD VSV XDRHGI AL
GLQJ WR WKH ELRJHRJUDSKLFBDHSRE BN L& F DWHK R ¥ RINGK |
LV SDUW Rl WKH aXPDYD ELRUHJLRQ

+,6725,&$7(9(/230(17

7KH VHWWOHPHQW RI aHOH]Qi 5XGDRODIK IRKQCAHRK RRLD |
IURP %RKHPLD WR %DYDULD 7KH SRSBROD@ILRAKEZD \ZPWD L
RI SROLWLFDO DQG HFRQRPLF GH¥YH® RSN WDD YWV AL



%tOi +RUD OW QHDU 3UDJXH 71K IRFPK VOKHHG YRR M/AKIHDL @
DQG WKXV HQDEOHG *HUPDQ VSHDG $SQY WRQRBRQLR VFR ORF
ODQGYV LQFOXGLQI WKH=$WXG\ DUHD $

7KH VHWWOHPHQW LV PHQWLRIQHGWIOH ¢ UVRWLWREB PUD\
HG ,URQ RUH UHVRXUFHV ZHUH VBB ORI B Q\GK A XLLFRIQ \PH |
SODFHG E\ JODVVZRUNV DQG SRWID\OKD SH RG XABWRLIRQLQW
KDOI RWKBWXU\ 0LOOV ZHUH JUDG XD OO W X IDURX @& B
FUHDWH D ORFDO HFRQRPLF FHQWWHZ B D ORDH HID HRXA WD
VWHLQ RU ODUNW (LVHQVWHLQ GDKHV&PH BV QR® H G HORIA
7(5(s HW DO 7KH SURVSHULW)\ RI WK 2 D\O B R QZRIUFNWH
-RKDQQ *HRUJ +DIHQEUIGO 7KG& SR\ B XRKWLHRHG R G JID D\D\
ZRRG ([FHVVLYH ORJJLQJ WRJHWKHQ IMKMKIR D WWWD\H DHD
FOHDU IHOOHG DUHDV WKDW ZH/UWHDQRI\D \D E B H HW\R K\HHUCHI |
UHIRUHVWHG ZLWK VSUXFH SO DWWDQWLRBYH AYREZHY QW
FOLPDWLF FRQGLWLRQV DQG ZHUH G DDNW G FEN W D® 2V K ¢
GHFDGHYV

IJLYHVWRFN SURGXFWLRQ ZDV W KD QU¥SELHFQ W XOWLUH\F X DKA
VXSSOLHG WKH PDUNHW PDLQO\ ELW&K UBWOW R FIN HDADDEE ¢
FURS SURGXFWLRQ VHUYHG RQO\ IRU WKH ORFDO SRSX(

$Q LPSRUWDQW HYHQW LQ WKH KLVWDRUNKH AEKGIVWRZAGE
UDLOZD\ DQG D WXQQHO WURXJK WRH A FRQ@OMFWQR Q
PRXQWDLQRXV DUHD 7KH UDLOZDR WW MWHED VIMG DVKRIQY ¥
H[SDQVLRQ LQ WRXULVW DFW LKYRW\H® VD Q& HWVKAHKBH Y H @ R
/(5 .$/,1%

$QRWKHU PLOHVWRQH LQ WKH KLVWRULWY WKH UVRRKOBG
UHSUHVHQWHG E\ WKH SHULRG RI \RHOGRIDWKH FRIQ®RDH
SRSXODWLRQ DQG UHVHWWOHPHQVS \ELRQHE® W KK LPR O M
HFRQRPLF GHYHORSPHQW DQGLQRBBDWD QWL LR @R W
HQFH FRXUDJH RU SDWLHQFH IRUL®LIRIQNQ MKKIHQKL WVHY!
PDWLRQ RI D FORVHG ERUGHU WP GOIHVEBIQHIR HK H 1 FR Q RP
WKH DUHD 7KH ODQGVFDSH ZDV DIONRL QEARCHIHGLEN\LWIZ
WXUH UHVXOWLQJ IURP FHQW UD O UWH\DDAZH S0 VF Q RBIG L.Q
DQG VHFRQGO\ ODUJH FRZVKHGYV ZLWK \HDUORQJ ODLU

7KH VLWXDWLRQ FKDQJHG DIWHH UHRSHIH & K% RRK G
LQWHUQDWLRQDO WRXULVP GH Y HORSHGN KHD\OUDBQ GRO\ V
D PRUH VXVWDLQDEOH RQH

5(68/762) 7+(/$1' 86('(9(/230(17 $1$/<6,86$6('21 +,6725,0$36

,Q WKH IROORZLQJ WH[W ZH GHWFRLEB SNKHWM ¥R GWWKI
ODQGVFDSH LQ LQGLYLGXDO WLPH SHULRGY VHH DOVR
7KH SURFHVVLQJ REBXYWULRPR WKBLWDU\ PDSSLQJ LQ
S5HSXEOLF LV GLI¢(¢FXOW GXH WR W RHKHURR/XA/QIGIDW E K V(QRI W
JRULHV 7KH DQDO\VLV RI WKHRMH WD RV WKRZVWXIGDH VD WH
DIJULFXOWXUH S$ERXW RI WKH DUHDVZDXUHRY H R Ul & VEX
5XUDO EXLOW XS DUHDV IRUPH®J WK AV KWHR ZMR R/IDHOHD |
ZKLFK UHFHLYHG WKH VWDWXV$RIDIEEVRDOD®R & DY RRQFH
WKH VHWWOHPHQW PHDGRZV DQGWIDW W XYW B ZFHU H) R/U &
VWHHS VORSHYVY DW KLIKHU DOWLWXGHYV
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7KH PDSV '"R$XWKHJLDQ OLOLWDU\ PDSSLQJ DUH ZKRFK
LV PRUH VXLWDEOH IRU YHFWRNH JPRSLRLY WK/D R YHQ D PN
WUDQVLWLRQ EHWZHHQ GLIIHUHQW TRROMRXW VDIQ\G DN I BB
IRUHVWY DUH ZHOO UHFRJQL]DEOH KLEAH WWZ NHQ \P 8 DIG R XY
UHV RQ WKH RQH VLGH DQG DUDEOSHUBEQBPR Q WK I® RW
WK#$SXVWULDQ PLOLWDU\ PDSV LV RILDAKOF W RVWWK-H/SF K Rk
WHUUDLQ RYHUOD\V WKH ERXQGIMWDLOHY R WOLDQ SRX/WH EFQ
WLRQ EHWZHHQ DUDEOH ODQG DQG PHDGRZHNDQG SDV\
,Q WKLV SHULRG PRUH WKDQ RI RMRGWMY X 8 X D UR D Hz
VPDOOHU SDWFKHV EDVLFDOO\RG MK B FOW HREF ZOW PR YUHUWM
DQG SDVWXUHV LQ WKLV FDNW DVE® \KHHUEN DRWHPE GREN DU
ODQG UHSUHVHQWHG RI WKH VI ROGHRWHID WEG ZRVUW
EORFNV 7KLV FRXOG EH FDXVHGUBUWWD \BERY HG P HFEW OR
XS DUHDV FRQVLVWHG RI WKH W R Z\QV REIKDHDHW® H B XZDDV |
EXLOW XS DUHDV ZHUH WKHQ UH SU B V6 DI HGN D\WIIDRIP VDI
WKH UDLOZD\ DQG WZR FHPHWHULHYV EHORIQIGHG WR7WHK }
SURSRUWLRQ RI ZDWHUV ZDV L Q VHD g WJRD@® SDRIWGRA R/®IV
Rl WKH WRWDO DUHD

7KH ODQG XVH SDWWHUQ ZDV LQAKH Q PHGWE\WH®H W DIQ
HDVWHUQ VORSHV ZHUH FRYHUH G HDV RBIH\HWY LAKX DW HG)
ERWWRPYV ORZHU SDUWV RI WHK HX U Q/RSHIV XFSURIDY W R XWX |
KLOOVLGHYV

7KH UHY$PMHOAWDU\ PDS IURP LV RQO\ D \EOWRNUBIQC
(OHYDWLRQV DUH JLYHQ E\ FEQMRRX UD WL VD IGDOWD DICP X
OLQRU SUREOHPV RFFXU ZLWK DQ Y B VDKW SIUHRDX\G HEQHR
JRU\  ZKHQ WKHUH LV D V\PERO IRU PHDGRZV RU SDVW
$V LQ WKH SUHYLRXV SHULR G HSKE\ @KW HRAWHDWMD Z|
DUHD 7KHLU DUHD HYHQ LQFUHDEVHGVRWLWERH M [S\HXDWH
ZLWK PHDGRZV DQG SDVWXUHV = KHVU DWW IWKE HYKHQLQF
ODQG 7KH DUHD RI DUDEOH OD®® OWRXWEZDVWQWVL]H DQ
DUDEOH ODQG PRUH RU OHVV DJUWHRGE LZAMXK GHKYHH OR & ¥ H
¢HOGV ZHUH GLVWULEXWHG DORQJ MHKWIZKIR OH FB IF R U LFK
HOHYDWLRQV ZHUH XVHG IRUVFWR 8 VO B BDI0QMHFUHNVIHQ L
YLOODJH RI +DPU\ LQ WKH QRUW K K/BI\DW M/ @ HSD WML JRY LW R
ZDV QRWHG IRU WKH EXLOW]RS IXGLDV RI| \8XKH DORE QLRI
LQFUHDVHG 2Q WKH FRQWQIDIKW EDWHBER YD VRIVBK H |
PLVWDNH RPLVVLRQ RI D TXDUUDYV 6XKISAK ZHQHOFRQK H
VWDEOH DOVR GHFUHDVHG ZHUHHIWXUMLWHBDNRU WK
WKH\ LQFOXGHG KRWHOV FKDONWYHDRGHDHZIWD X UW B B
WKZHVW RI WKH WRZQ RI 4HOH]Qi 5XGD DQG ZDV FDOOH
7KH EDVLF VSDWLDO GLVWULEXW LRIQG RQ R RUFHK/DAQ DH) G, K,
DWXUHV Rl WKLV SHULRG ZHRHEQWRKIHAE B WHOIRSPGD \D (RG
DUHDYV

7KH &HFKRVORYDN PLOLWDU\ P@®BWHORB L || HUKRANVDVE R
VH Rl :RUOG :DU ,, DQG HVSHRLBI® OHRP WK i SHDNQ QIH B
SURFODPDWLRQ RI D FORVHG ERBB HQ QR DR P BIWLLRIG
UHVXOWHG LQ D VLPSOL:{HG ODQG XV BILEH WW/DISKQF D I P!
WKHUH DUH QR SUREOHPV ZLWK LQWHUSUHWDWLRQ
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)L /DQG XVH LQ WKH VWXG\ DUHD LQ IRU OHJHQG VHH )LJ



$ IXUWKHU LQFUHDVH LQ WKH DUHD KRUIVIR QIF VWD VI 2D
PDLQO\ E\ WKH FKDQJHV LQ WWKMGESWHID DRIRXSL® i WNKH 65H.G
6LURWHN KRWHOV DQG WR WDQOH&IH B | GW K H HVAN X \WIKUHH
YLOODJH RI +DPU\ LQ WKH QRUW KHDL\D SBKIHD DG E ® H R
WKH DUHD Rl SDVWXUHV DQG PHDB®YK RXFDPE QB G DAVHDE
WHG 7KH UXUDO EXLOW XS DUH D V KLQ/FLUHDWMHDG/ M IZDQLR B
O\ E\ WKH EHWWHU OHJLELOEWX\RH WKH PDS D\Q G. G WU W
DUHDV VHSDUDWH KRWHOV LQ WX MW ISIMH F DRWHI RD\S $Z 8
LQFUHDVH ZDV UHFRUGHG IRU WK® RIUVEHD@HEQYL 6X\GBS D U
WKH FRQWUDU\ RWKHU DUHDVLGW® WHRWWERDQD®G VR |
GHFUHDVH LQ WKH ZDWHU DUHD RI yHUWRYR /DNH UHDF
7KH ODQGVFDSH UHFRUGHG VLJQWKFADSQUWR SRDQLRY RIV
QRQ IRUHVW DUHDV DQG LQ WKH SSREYRDQG @ \RW B U D E
H[WHQGHG PDLQO\ RQ WR WKH VORSYHG RVRASILpMWO W U
UXUDO EXLOW XS DUHDV LV QHHGH G HDRUBIBO®E DY D® HH [
YyHUWRYR /DNH

7KH & HFKRVORYDN PLOLWDU\ PDSWIRWRLRQ DKRZI @ @
SUREOHP RI WKHVH PDSV LV UHBSQHWYHDQWH GQE D D DFEFOGHV |
DFFRUGLQJ WR WKH V\PERO XVHGDSBHIVUWLEHBDXDN W
GLQJ WR WKH ORFDO FRQGLWLRRF LQWRHHPSD WA RRHNI RFH V
FRXOG QRW DSSHDU DQG DOVR QHYHRU WBKGV LIQGF BQ RIED
ORZ TXDOLW\ RI PDSSLQJ +RZHYHWDE®HLYUSFOWEZEOH W(
DUDEOH ODQG

7KH DUHD RI IRUHVWY LQFUHDVHGIBUBN® YV RQ WHKHH VR
ASLpiN OW IURP WKLV FDWH JRW\HLUQBL IWKF @ K @ HGR RVKOHP]
WKH FDWHJRU\ Rl OHLVXUH DUHDMH TOKCDQUEN B QAGR | RVUK VA
RI PHDGRZV DQG SDVWXUHV VLJQ@LQ POKDVOO®\ G H F UTHKIHV®IK
DUHDV ZHUH GHOLPLWHG DJDLQQIFQG DWKHL U H[W S IV UWX
FRPSOH[ Rl VNL SLVWHV RQ WKH V®HRG WMWK R KRKH @FLP LN
URXQGLQJY DQG FKDOHWYV $ GHNUIHD® ¥R ALSD W KR QXZJLDADK
RQ IURP ZDV FDXVHG E\ XQFOH B Q VBLLIV® DQRWIIDRIP EH\
DOVR E\ WKH LQFRUSRUDWLRRVRI$KRNUH OAO L QRWR LVQHEHY DD
WKH WRZQ RI 4HOH]Qi 5XGD UG ATKFRAVDHWGHD KRH RAR B B L
GRXEOHG ZKLFK ZDV FDXVHGQ EX QWKXHUDROQ V MANHKE \I
DUHDV 7KH DUHD RI yHUWRYR /DNH UHPDLQHG VWDEOH
$Q LPSRUWDQW FKDQJH LQ WKSUEB DB G WHIES B\ IR X WH
FRPSOH[ LQ WKH DUHD RI WKH aSLpiDNUMD mIQRD BAHWRBI\ L
7KH ODUJH SURSRUWLRQ RI DUDEOH ODQG VKRXOG EH F
7KH EDVLF WRSRJUDSKLF PDSV RI W KM &HQRK B HSXEOR
DQG JUDSKLFDOO\ WUDQVSDUHQW HE@RHS OKD G D[EFX0DK
D SUREOHP EHFDXVH PDQ\ GHWDLO W LBIOWVLYAXRQ FSHW K
VXOWV DQG WKXV PXVW EH JHQHUDOL]HG

7KH DUHD RI IRUHVWY UHDFKHG R®I2MWH WKW 5Q YL
WKH DUDEOH ODQG ZDV DJDLQ DERAHOMR Q HRMV SEDWHHWRW V
VWDEOH 7KLV ZDV FDXVHG EDUBRRGSRRWWOR RRI
RQ WKH VNL SLVWHV LQWR WKH FIDHVWLIRU\ RL\WKLWKM H
VNL SLVWHV RQ WKH VORSHV RI WKGH DAS P[H N QORZ V \R K HS/D-
ULQJ WKH VXPPHU SHULRG 7KH LOEGHRWH LQ WKHYBBE
RI WRXULVP UHVXOWHG LQ WKH G H5YHIIR SPKROM RIUWB H.



)LJ /DQG XVH FKDQJHV LQ WKH VWXG\ DUHD

E\ 7KH SURSRUWLRQ RI RWKHU XU WK DD V. R ALUHW
UHVXOWHG IURP PRUH GHWDLOHG WPHRBR/U GHA TRW ¥WRIHQUAK
DUHDYV 7KH UHDVRQ LV VLPGCBE WLW O EXLIREGIPQMWLLE

VHV WKDW EHORQJ WR WK H I IDWHIRE\ RH WOWRYRUB NDH HQ
ZKLFK ZDV YHU\ OLNHO\ GXH WR WKH XVH RI D PRUH GH'

)XUWKHU VLPSOL¢FDWLRQ RI OD Q/GAKADBIHFWHW X FW X B HF
DIWHU +XPDQ DFWLYLWLHQW UBWHRE HAX/D \I QIVKQ\RFS
WKHVH DUHDV LV JUHDWHU L QWHIKQN VXK WRMQEAALFDISHR P R
WKRXVHV DQG FKDOHWYV FROWE®DWFWWR RKNVQNVSWRN
ERUGHU FRQWUROV DQG W R XdHO/MP] QW E ¥ GIDU H\D LRQ FAUHKIHD WL
VRPH Rl WKH LPSDFWV DUH GLVSXWDEOH HJ WKH ODU

7TDEOBUHD RI ODQG XVH FDWHJRULHV LQ WKH VWXG\ DUHD LQ WKF

/IDQG XVH EDVH KD ?| <HDU
RWKHUV
DUDEOH ODQG
PHDGRZV DQG SDVWXUHYV
RUFKDUGYV
IRUHVWV
ZDWHUYV
UXUDO EXLOW XS DUHDYV
XUEDQ EXLOW XS| DUHDV
OHLVXUH DUHDYV




)L BURSRUWLRQ RI ODQG XVH FDWHJRULHYV LQ WKH VWXG\ DUHD
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7KH VWXG\ DUHD LV FKDUDFWHULQY M E\DDUARCQRV LR X B OW
Rl WKH WRWDO DUHD 7 KRIQRALGDXH.W H 8 V. RAQGK HQS WK L R G
ZKHQ WKH SURSRUWLRQ MXPSHG EHTXHOQWR® WKHR QF
DUHD GHFUHDVHG GXH WR WHFKYRGRHLFDROS X 0 R WMLIR\QV F
LQWR ODUJHU VHWWOHPHQWYV HBRX®N JHDRHI WHR MWDK I W
SURFHVVHV 7KH DUHD RI PHDBBZWMR®G SDWRXUHV T
FUHDVH KDV RFFXUUHG RQO\\G X8 QUKW KD P WYL P H= D\
DEDQGRQHG 7KH AXFWXDWLRQ LQ WKH D QB DYRI®XUDE o/
LQ ZDV SDUWLDOO\ LQAXHQFHDBWEWWK®G G\R HW L BL
WDNHV LQ WKH DSSOLHG PDS EDVL\WIWKHVEREG KR WRKQH
DQG WKLV LV FOHDUO\ GRFXPHQWNGXE\WRKH LQFKHD \LK
SDUWLDOO\ DW WKH H[SHQVH RI LI WKKEWWHDRUOBRW
QHFWHG ZLWK WKH VRFLDO HFRQRPEW GRIQY HRO FBIRHEQW WH
*HQHUDOO\ WKH SUHVHQW O DJQJRWXRIDGEHD UV SKRZHNGHWV L
ZLWK WKH SDVW LW LV OHVV GLHHLQWHIRQ®FQRR Q/ R ISEE
ZLWK HOHFWULF IHQFLQJ KDV U HVXPIHHGH WQ MVEOHH CCDQGs
2Q WKH RWKHU KDQG RQH LPSRURMDSHNVLM D@ X QW RH DAWKH
JUHHQHU\ LQ WKH IRUPV RI ZLQGEUHDNV EDXONV DQG



50(5(1&(6
$1: 55 0 $ (/ 3 HGV axXPDYD + S tURGD MN/\%HRLKLHI—PL@LQ(RR/\UHVW + QD'

Ol@H %$6(7 3UDKD SS LQ &]HFK

&i(. 0 HG %LRJHRJUD:FNppOHQ GulyRriMVNRIUBSKEBDR\GLYLVL&Q RI W
(1,0 3UDKD SS LQ &]JHFK

ys's 9 +RGQRFHQt SRORKRYp D JHRPHRWLHEWN pXK R PORRWILQ S DRNPD
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_UHLVELOGXQJVZHUN 5HJHQ SS LQ &]HFK DQG *HUPDQ

+39/Ey(. 0  £&.29y,13 (o(. - 9éINXPQé ]JiP U 060 A9e B\AH WRU R\

U$ ELRGLYHU]JLW\ Y NXOWXUQt NWDMP® QWBPR g WHI M\ XKHEWHKPENR MH M
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&' 520 LQ &]HFK

/e77(5(5, 07610  @Eo(. 5 =HP SLVQi MPpQD yHWRBYDBXHRD/ANQDPHV RI
VORY® NQODGi )URQWD 3UDKD SS LQ &]HFK
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