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4AXDQWLWDWLYH DQDO\WLY RI ODQGVEFCLC
PDSSLQJ RI GUDLQDJH QHWZRUN EDVF
PDSV FDVH VWXG\ RI WKH VXUURXQ!
.DaA&SHUVNp +RU\ WRZQ &]HFK 5HSX

5HQDWD (UHPLi&RYi ODUHN +DYOtpHN SHWHU

6LOYD 7DURXFD 5HVHDUFK ,QVWLWXWH IRQJDQGVFDSH D
'HSDUWPHQW RI /DQGVFDSH (FRORJ\ DQG QHRSBUW@FIQ W LG LF B i$ S
&= %UQR &]HFK 5HSXEOLF
UHQDWD HUHPLDVRYD#YXNR] F]

$EVWUDFW
7KH DXWKRUV VWXGLHG ODQG\LFDSR GBQIORGH FERWQUAE GCQQD PR ¢
+RU\ LQ WKH SHULR + & KD Q JHY R{ DEQUDILODG R @R RD 8 \ZK
LQ WKH SHU 7KH HXDE SN UO/RIHDMRHUG Y QY XAGR HD UR
30]H 5HJLRQ NP WKZDUG RI WHKHV&X RLFR | WRKZH G B RIPEX O/ R D
WKH PRGHO DUHD RI .D UVNp +RUD O HOUHGAHRDVBW DZK IV i PIR @IRFQ
DHVWKHWLF YDOXH ,Q S D U LL\QROQ) H LOMKN 2 RIHND DAWKLHY 1B @ \D \DWALLE/OF
VHYHUDO FKDQJHV LQ ODQGVFDSH GHYHORSPHQW LQ WKH ODVW
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.H\ ZRUGWQDPLFV RI ODQGVFDSHY KLVWRULFDO PDSV a4axXPDYD 0OW
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$ PRGHUQ VRFLHW\ PXVW KDYH PBAYT ¥RWSOH) IRQWBWUR
RI LWV DFWLYLWLHV LQ RUGHU WRQADMKF&HIFV ¥ HR Q/VE X D
DERXW ODQG XVH KDV EHFRP MRRLAHIWDYQRQQU\W R FRRAUHW B |
RI KDSKD]DUG XQFRQWUROOHG ®HYHWERRFPMHOIND O X D5
GDWD DUH QHHGHG LQ WKH DQDO®WL 8RR BHOHPLVU RQ F M QW
YHORSPHQW 2QH RI WKH SULPH SQBQE XL NQWRHM DRUL R (
ODQG XVH SDWWHUQV DQG FKDQJHV LQ ODQG XVH WKUI
7KH VWXG\ Rl ODQG XVH GHYHORSPH@WRL ® ORQG WD
SURMHFW = 5HVHDUFK RI %LRF®WRWUW LVQ\ B RXXOAHXUDQG/
&RQWH[W RI LWV )UDJPHQWDW L RUQN' \RYDW K HV U I$ QHIDRUISRKU
VWXG\ RI ODQG XVH FKDQJHV D QG GOHDHGRISE MW BIHW K
ZKLFK LV EDVHG RQ DQDO\VHMWRISKLF \VDRGL MRS R LI
ODUJH VFDOH PDSV ZLWK DSSAMBWSRQ RY 'SP M VRK R\C
4XDQWLWDWLYH (YDOXDWLRQ RI WKH &IX®MWEK H6 $BBG VI
AXDQWLWDWLYH HYDOXDWLRQ LV PEDVKIREGR Q QCH AR UMKRH
WKH UHVHDUFK SURMHFW LV HY DUDDRIBWVE RPRRIS 00 QW DQUH
Rl ODQG XVH ZKLFK LV DLPHG DWDEB® LPQR\Y W IDROIG RH O
ODQGVFDSH
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7KH UHVHDUFK UXQV LQ WZR OHYHIOROH KWH Y U Y W ROH\YRH G
WKH PDS VFDOH 7KH VHF R QG \DHHDY BIFK LLVQ DR.FR Gl 6
GLIIHUHQW SDUWV RI WKH &]HFK 5HBRBOLF LQ WHKHH \HFY
WLRQ RI WKH ODQG XVH LV EPWVIDG\R Y KHYW PWLF BRPEBR S
RI WRBQ®$XVWULDQ OLOLWDU\ 6XUYH\ L@ XW WH VFQ O (R
6XUYH\ LQ WKH VFDOH RI D Q G W THRAKRIY®\R Y© R PD\
FHQWXU\ DSUR] DQG %BYXE LS LR WKH &§
DYDLODEOH LQ GLJLWDO |IRQUFHGIDSWR WAK B W/H VIHHRR |

PRGHO DUHDV DV EDVLF W\SHWRVEDQFAD QRWBDISHY BE
GHWDLOHG HYDOXDWLRQ RI ODQG@E YX\RX ¥&D @ WHDW H & H FURH
WKH DQDO\VLV RI KLVWRULFDO PBSVDQ SKRWWR DODIRKP K
XVHG

‘H DQDO\]HG LQGLYLGXDE XP\DBYVLNERMLOLWDU\ 6XUYH\
WLPH $ FRPSLODWLRQ RI GLIJLWDOLSRK®ORMQLPBSSHRILRG
D EDVLV IRU DQDO\VLV 7KH PHQWRXP ®RE P DISY HRHD W

KHFWDUH )RU FRPSDULVRQDRVH® O WHBVWY/ DDHG GOLLI QHHDH.

O\ GHOLPLWHG SRO\JRQV DQG OL QHNWGRHY MG PIDSD Q-G FX
ZKLFK ZDV EDVHG RQ WKH DQDO\VLQ\R| PRIBWNHRU L7HM C

+ JUDVVODQGY PHDGRZV + RUFIDDIGGNQ V + ¥ L@ H MDA
KSRQGY + YLOODJHV + WRZQV V +7RHYMXADHVBIUR D VH
HIFHSWLRQ RI FDWHJRU\  QHLNXWHK HGJ H Q VD OPD PDEBHVE
UHVXOWY IURP WKH VSHFL¢F GHYHQ RKRHH\QHF R D\G KD ] HR
&HQWXU\ /LQHDU HOHPHQWVLMYH GUPLGBGHLQMA\RZRED
URDGYV

‘H VWXGLHG ODQGVFDSH GHYHQXR SPHD W &RHU M KIP GRRHUA
SHULRG + 7KH DXWKRUV DOVR KX BQWLQB GHCBINY W Q|
PDS VKHHW LQ WKH VFDOH RI G'XBILW R \@ K BiL 3/HDLOL
VLQJ RI PDSV LQIRUPDWLRQ D E RXIO WHKHY &SXOWWHL DVOSHHNW E
VRQ RI WKH OHQJWK RI ZDWHU FRXURHEWDQQMGH % E QMG
IRUPDWLRQ LW LV SRVVLEOWKMRQXREZH & RU VORIU®D SK HF
DJDLQ VKRZ G\QDPLFV RU VWDELOQW \RRIYQHQ RV FDEHEV
ORSPHQW LW ZLOO EH LPSRUWD @\8HVR. G B K QFHKVW/IOHE O B
QRW FKDQJHG GXULQJ WKH ZKROH VWXGLHG SHULRG

O02'(/ $5(%
7KH PRGHO DUHD RI .DASHUVNp +RUWRPFODWAKNG LQ W KHRWID
RI WKH 30]H 5HJLRQ NP VRXWKZDDQAWRIOWRBWHKGLEHV

2WDYD 5LYHU WKH /RVHQLFH =0ODWB8 FBRRWR N KBIQIGL Z B/IR(
SRUWDQW WRZQ RI .DASHUVNp +RW\RIVWKK RDWB ®WQ W
6: SDUW Rl WKH DUHD EHORQJV WR \RXB® @GR B D Y DW D WILKRK
SURWHFWHG /DQGVFDSH $UHD 3/$ POHYP WQRWQKHL DWDHK
YHU YDOOH\ WR P RQ WKH &KOXPPK/L D G5 HHS LZGFAW H G ¢
WKH 2WDYD 5LYHU 7R WKH 6( GHHSW® @RW RN R WAUKHD PR/
UHQW ORUSKRORJLFDOO\ LW LV DVURIZH®GWKBKQRQ® @
RI FU\ZWWDOOLQH EHGURFN )LJ USKRORILFVGRY UHIR® C
ORQJV WR WKH AXPDYD JHRPRUSKRHWRZ HFHIDOWHK M \WHRK B Bl
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)L *HQHUDO PDS RI WKH PRGHO DUHD ZLWK VSHFLDO UHJDUG WF

AXPDYD OWV DQG LWV SLHGPRB W UHKDH LY RRDADKHHIE VBHK
+RUQDWLQD KLJKODQG DQG WKH VRSWKH V& ESOOULW RH QN
VNp 30iQ S@DWHDX3RWHQWLD QsMbeJH®WDWLRQHSUHVHQ'
KHUE ULFK EHHFK IRUHVW ZLMQW' DRIRRS HEIQ % D& KVJO BYRKUMD
FRQWHPSRUDU\ ODQGVFDSH DQ VRMSRWWDW VFRMN-OH VLK HS
WKH WHUULWRU\ *UDVVODQGVR RIPSERIND RYG BSDHYMKX @ H
KHDSV RIWHQ ZLWK ULFK WDHH BRYHUDDGHRF FXUF RQ OF
LQ WKH VXUURXQGLQJV RI VHW W QHIMHYQ \§ R P A KHR DDAV HRJI
DOVR EH IRXQG LQ WKH ¢HOGV BBRENUGLRQ MR WKHLRQE
EHORQJV WR WKH FROG FOLPDWLF PQWD L&QR XK LOIBIL\RBR
LV GUDLQHG E\ WKH 2WDYD 5 YRVHIQQLWR WW H HLIRRJ WZK 6K
ERJV LQ WKH VXUURXQGLQJVJIRI QWOH ARKN NiO.IYWO B IV XA
LPSRUWDQW WULEXWDU\ RI JWHKRI 25MMEDV B MYOH U7 R QV WHK H
+RU\ WRZQ DQRWKHU ULJKW WULEXOMFEWNE RBIRWRM W
HPSWLHV LQWR WKH 2WDYD 5LYHU LIQXDKGH YKB ZDIMHRI
KDYH VKDOORZ EHGV DW WK HOBRWW FRYHU EHES DQBLV
WKHLU ORQJLWXGLQDO SUR,OHVDUHLQDGLVHTXLOLEU

7KH PRGHO DUHD ZDV FKRVHQVDWWUBDRQG\VEQ A X HWQFHG\
DQG E\ WKH WUDQVIHU RI WKH tWHRD:® WG DINW Q,) $RS X\
WLRQ DQG GHYHORSPHQW RI WKMDQDVQ DWRDBHY EH B HP R
QLQJ OLQLQJ IRUPV IURP SDQE@HQRRPQG HREBG\EKEUBJILR
GLQJV RI WKH .DASHUVNp +RU\ WRAMX U)IDDFH JBOGI PE B DY
GHSOHWLRQ RI JROG EHDULQJ UKX¥IQF WG & IKMH QWY G DML
WRZQV + .DASHUVNp +RU\ DQG 5HWWRH M QA4 WU ¥YIN@ DR



AWHMQ IRUPHG RQH WRZQ FDOOHG DW5HRMEWSHWGE WNHM' R'C
FWLYHO\ ZKLFK UHFHLYHG UR\DQ ULJKW@LDV B HW Y D®!.
IRXQGHG DORQJ SDWKV RIWHQ DWVV HW DAOWHPHHUW PIQRS
NHUV 7KH PDLQ JRQH RI PLQWY RV WKW X D\&$IKEUW R p WHRH
PLQLQJ JRQH LV NP ORQJ IURP WKH &XFWK& H B K\ O
7KHUH DUH PDQ\ SUHVHUYHG DQWKBRORJID®@LW \P L\DH I
XS WR WKH SUHMHQ3W WLPH2s$(1,5.HW DO s's 5

OLQLQJ LQAXHQFHG QRW RQO\ OD @& X\DMVEXWP DQ\DR 16 RIIDQ
HVSHFLDOO\ LQ UHODWLRQ ®\R RRIGVRLDXCFW LIRMG RO WU W/
LURQ ZRUNV LQ WKH YDOOH\VLAMDB RODLPHVH G VRXMD PURE
GDPPHG E\ ZHLUV DQG ZDWHU ZDV @HUHWYHGYWRUVLBAHF/
5LYHU WUDLQLQJ ZRUNV DOVRIRgYRQYH EB QNRWWRE&HQ
2Q WKH =ODWeé 3RWRN VWUHDPURDYRDB H\R @V WW R BW HG U
WDULHV Rl WKH /RVHQLFH VWKUARORPG i/ FIDDOV\HHG VWS W HQY DYQ
WKLV ZRUN GLG QRW SULQFLSDOO\ FKDQJHDWKH OHQJW

$IWHU WKH HQG RI JROG PLQLQUAHQWKM\VHPRYE® BRG
IDFWXUH FDWWOH EUHHGLQJ D @QGWIRHR ® HH DO RX W\D WH. B
Rl WKHVH EUDQFKHY DQG LQFUHD\DHG %W HRO Z RRKEQINQ A )
IRUHVWY GHFOLQHG DQG DOVRQWHK & L $ MW H KIOW/XFRIPE B /.
D VXSSOHPHQWDU\ IXQFWLRQ DQBEWADY RKB SHDN \R{BRL
ZDV UHDFKHG LQ WKH WARRY& K\D G| SOUDIOMHO GHFOLQ
DQG DJULFXOWXUH EHFDPH WKH PRV¥W ZZIRQSWXPW WR K
LQIRUPDWLRQ LV FRQ¢{¢UPHG E\WKHDQDO\VLV RI KLVWRU

$1$/<6(62) /$1' 86(&+$1*(6

AXDQWLWDWLYH GHYHORSPHQW RIHOD.Q@ S¥MHV R | DFRIH K |
EHHQ DQDO\]HG RQ IRXU PP X\NHWAYLDURBLOLWDKHN 6XUYH
‘H ZHUH QRW DEOH WR FRPSLOHRDS GRDWEXKMWH P 0 UG
6XUYH\ + GXH WR GLI¢(¢FXOVQBHRUPIWUMOFQRP BW G
'XH WR IDGHG FRORXUV RQ P D VD QX @ LIQGHDQMHLG HF P Q.

)L 7RSRJUDSKLF ODS RI WKH )LUVW $XVWULDQ OLOLWDU\ 6XUYH\



)LL) 6HFRQG $XVWULDQ OLOLWDU\ 6XUYH\

J)LJ 7KLUG $XVWULDQ OLOLWDU\ 6XUYH\



FXOW *HQHUDOO\ ODUJH DUHOV *RIDMVDPQE\ODQE BRE
ULYHU DQG VWUHDP ARRGSODLQV 60WOMBFRIQLYHGV DQ
7KHUH ZHUH DOVR SUREOHPV ZR%K WWKWL DQWOH. 0§ WHDW D
WR WKH UXJJHG UHOLHI WKIQWEHEOW GJ4FHFMKARY RH DD X\DK
LQWR GDUN VSRWV VHH )LJ Q'R R YDV LY R QVER W\ KPH
YH\ DUH SUHFLVH 7KH PDS VKRZVWD/ \PDGAIBUR S RDWII
UHDFKHG LWV SHDN
ODSV RIVESKMWULDQ OLOLWDU\ 6XUYH\ ZHU HWKHKH &R IQPOK
5HSXEOLF XS WR W KM<FHQMWXKIDO)IRI WKHLIJLWDO PDSV RI
GLHG DUHD LQ WKH VKRZ D KLIK BDRBSRD@GER Q)R] DU
WXUDO ODQGVFDSH LV GLYLGHG LQWR DVODIWHK QX ERHX
KHDSV RU URDGYV )RUHVWV VKIRZ WKH V@DOQHBWVSBR S
7KLV LV LQ DIJUHHPHQW ZL W RDKKMHN R M ILFFDHDV & 1D YWH (R
SHDN LQ WKH VHFR®BQUDXOU\RD WKBDWHU WKH WUHQG F
ZRRG KDUYHVWLQJ IfF HQKWHXHQ GD RU MEKKKOW XUH EHFDPH \
UFH RI VXEVLVWHQFH IRU WKH ORFDO SRSXODWLRQ
'XH WR WKH ORFDWLRQ RI WKH VWNXB8 Y LORCH DD LR)D Bl FPUL (34
ULFXOWXUDO ODQG EHORQJVSWR PRHVOVRIDL RN ¥ KUWHL P
PRVWO\ *HUPDQ VSHDNLQJ SR SHKGDWODRDWS K DFKWHL/ HOG H
WUDGLWLRQDO EXW UHODWLYH®DW HGWHQW RY:HR UBDIU LIFWX C
=59 (/ ZZZ QSVXPDYD F] 7KH HYU®RRQFH DVJD PDB3QW
ZKLFK VKRZV D VOLJKW GHFOLQH LRUBDDEQK ODQ gV ®DF
WKH FRQWUDU\ LQFUHDVH LQ IRUHVWHG ODQG
7KH PDS VHW IURP yLJ VKRZV B BHAWWUMDW HH\N DWF

Landuse

= fields
grasslands
[[[[n] orchards
others
forests
l:l fishponds
I vilages
- towns
m leisure areas

)LJ /DQG XVH PDS FRQVWUXFWHG RQ WKH EDVLF RI 7TRSRJUDSKLF



S5HYLVHG PDSAWXVYWRPFPLDQ OLOLWDU\ 6XUYH\
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)L &]HFKRVORYDN OLOLWDU\ 7TRSRJUDSKLF 0DS
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)yLJ &HFKRVORYDN 7RSRJUDSKLF OLOLWDU\ 0DS

)LJ /DQG XVH PDS FRQVWUXFWHG RQ WKH EDVLV RI 7TRSRJUDSKL



RI WKH WUDQVIHU RI WKH *HWAHDWQ:REBBNDQJ, S RISOHOD @/
KLVWRULFDO PDSV KDV VKRZQ WK DE® § &R B HG OKH N Dt
FXOWXUDO DFWLYLWLHV FKDQJHOGNXYWMR PHBIGRZ FKB 8L
DUDEOH ODQG UDGLFDOO\ GHFUG® VRIGHMWM Y)RXU R I16PWDL
¢HOGV QHDUO\GLVDSSHDUHG DQG RHG JHURZY G K M HDRSG
EHFRPH RYHUJURZQ E\ VHOI VHHGLDURXRRGE OV OHPIWHY D I
PHQWV ZKLFK KDYH QRW EHHQ PDLQWDLQHG
JHDWXUHV DQG SURFHVVHV DFRRPS$DQRKQW KRG ODHFHML €
WKH QH[W PDS VHW IURP )LI QH®EHQWHR DO 0 JHUOX
DQG URDGV ZHUH HOLPLQDWHG 7 KH DRKR RIPWKHKHP SR
RI DJULFXOWXUDO ODQG LQHWXBIQGDX\GH PDSHVKRZYV D
SURSRUWLRQ RI DJULFXOW X U D:®R D-DYQHA E XM KDMMH VHRZP R HC
WKH DFFXUDF\ RI WKH PDSSLQJ 7KH FIDRL® IXW B UP\DV8 RZITRV,
PDSV IRU ZKLFK WKLV LQIRUPDWLRQ SUREDEO\ ZDV QR
4XDQWLWDWLYH DQDO\VLYV DQG D 8LURWDO QR\WE KNE
EHFDXVH ZH GR QRW Kd¥+ W K HDEAD RIXFJ RDLS/ SRVDO \HW )
DQDO\VLV Rl WKH YHFWRU WKHPDWL® DAGE M WD @G VIK BWE W
ODQG GRZQ WR D PLQLPXP FDQWE HWHE @ JUKLHP B € WHDIF
EHFDXVH VLQFH WKH WUHQG KID\D @8 HQ HDR H E VQIG®R
LW DQG WKH UHVXOW LV WKH UDGLFDO GHEWBDVS$KRW R
SKV RI WKH PRGHO DUHD IURELWKVIRRZ WK H FOFDSQ0GM AN ST
DJULFXOWXUDO ODQG ZLWK VPROKVYRQ G DKILMMW RV ISEB O C
ROG ODQGVFDSH VWUXFWXUHV ORRWEW I @GAL® RWRE VW k
WDQW IRU UHFRQVWUXFWLQJ WRI® ®VLFWRU KBPXY® G H ¥IQOS
WKH DUHD $W WKH SUHVHQW W p PHR UW KHR IVQH U U L & R \WRR
KLVWRU\ QXPEHU RI FXOW X UDQ@DRMRQMPH QWY LLDEE@ FSHGI
FHQWUH RI FXOWXUH OHLVXUH DQG WRXULVP LQ WKH ¢
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\HDUV

)LJ &KDQJHV RI DUHDO H[WHQW RI ODQG XVH W\SHV EDVHG RQ C
ZLWKRXW (¢HOGY PHDGRZV DQG IRUHVWYV

7DEOKKDQJHY LQ ODQG XVH EDVHG RQ WRSRJUDSKLF PDSV IURP
/IDQGXVH FDWHJRULHV
(HOGV
PHDGRZV JUHHQ ODPQGYV
RUFKDUGYV
IRUHVWV
(VKSRQGYV
YLOODJHV
WRZQV
OHLVXUH DUH|DV
RWKHUV
7RWDO

AXDQWLWDWLYH DQDO\VLV RI GLRQWD QVRBISWSB QDL PDOHKE
YLGXDO W\SHV RI XVH LQ WKH SHUDE®H + 7KH)IPRVW I
FKDQJHV DSSHDUHG LQ WKH FDW RRREUHH D ZH D FK JHOHS W\
JUDVVODQGYV 7KH JURZWK RI WKHNpUEDWD VR QVIF\D SHK H
SDUHQW IRU FDWHJRULHV ZLWK DDARZMW DHDHDXUB ZDV
LQ OHLVXUH DUHDV )LJ 7 K HL W B D QOADLQAGD YLK HP D\D © k
DVH LQ WKH DUHD RI ¢HOGV IURRJDV XSO WRG V DLA@G D WR/XLDF
$W WKH VDPH WLPH SHUPDQHQW JBER VR RO HAGK M LW H D
W\SLFDO 7KH VSDWLDO H[WHQW RLRBIUWY V2D QG D Q& MW K



)LJ &RPSDULVRQ RI WKH GUDLQDJH QHW

\HDUV

)LJ 7TRWDO FKDQJHV RI WKH OHQJWK RI ZDWHU FRXUVHV EDVHG



GHFUHDVH IURP XS WR 2Q WK RWBKHL KDSUGE L Q|
WKH SURSRUWLRQ RI JUDVVORABGV 7HHNQWUKH G FKO\Y]
GHFUHDVH LQ JUDVVODQGYV HKDILIH ZKHQ MR O R QIGRQVM
LV FRPSLOHG 7KH GLJLWDO RJKHNWPOMUL Z LODK HJH OGRPR U N
LQFUHDVH LQ JUDVVODQGYV DQG DKIDAK UDH B Ak & DLW\HV LR
WHQW LQ WKLV SHULRG

&KDQJHV LQ WKH GUDLQDJH QHWZRRIN ZWMURH VWXGLHG
7KH GUDLQDJH Q HW2RUNUILDRP OLRHW D U\ 6X UY HANRAD W IQHR \
UHDVRQV DOUHDG\ PHQWLRQHG L Q OMIQLW & B SRIUW KKIH G U
WZRUN WKH PTPSXIW\WR B LMDIQHOLOLWD U\ 6XUYHWKRUW VG&URIZI/C
JH QHW 7KH UHDVRQ LV WKDW WKW RD D ¥ &RZVQR Q\OJ LE
PLVVLQJ 7KH LQWHUSUHWDW LR QGRIHWKR WHKBISYWHIW ZXDN
WKH VWXG\ DUHD 7HUUDLQ RQ WH\LR UP B S DLAN UKHDSAS FHRVHH\
PHUJH DQG WKXV WKH LGHQW LQHFPMQALRQ RY GQ GJ FX.GW DTK\
GUDLQDJH SDWWHUQ LV VKRZQ RQ \RKH ®PDSIJHIRFF D O HE >
DQG PRUH SUHFLVH PHWKRGV RI PDSSWLIKQRZ QLW K D W 7W K HD
VHV DUH UHODWLYHO\ VWDEOH K/IXK\HFRHQ® R/HIE WIKIDWUWHK
PHQWLRQHG WUDLQLQJ ZRUNV F RIDW HAFKAHH B RZLW R PR/L R L (
YDOOH\V GLG QRW VXEVWDQWLDOQHLEHAXEREFN WKH OH Q

$QDO\WLV RI QXPEHU RI ODQG XVH FKDQJHYV

7KH GLJLWDO IRUP Rl ODQG XVH PDRV GIRQE ¥ HSW RV W
XVHG WKH ODQG XVH PDSV FRQVWURBW WG \RQ MXH, E B\
SURJUDPV YHUVLRQ DQG WR FQE S EO B HVK\W DELLIQ W
FDWHJRULHV RI WUDFWV ZHUH DVMURQHAGRD QRPRUGERO
¢HGODQG XVHOHJHQG 8VLQJ 8QLRQLN Q EWILRQFDWIDKD § X

)LJ I1XPEHU RI FKDQJHV RI ODQG XVH EDVHG RQ IRXU WRSRJUDS



JHRPHWULF LQWHUVHFWLRQ RQ WK H\PVILS\8 OZH DZGIGH \DLEV
O\JRQ FKDQJHG IRU D JLYHQ SHUWRGH ,ZH WH B FQRHWW B R F
PDSV DQG HVWDEOLVK ZKDW 8 WWVFX\QHWLR)I DV KHY 8 Q QGH BK I
RXW ZKLFK W\SH RI ODQG XVH FKDQJHG LQ LQGLYLGXDC

JRU WKH PRGHO DUHD RI .D&SKWR/RRPRIOH 2ZHKEHHPBISY
FKDQJHV )LJ EDVHG RQSEQW LROOWD FORLD MM VW 6 X U Y
PLOLWDU\ PDSV IURP DQG DQG &]HHAKREWDLVOBIG\ F
SH ¢OHVRIODQG XVHFKDQJHV E\ XVGRUWKH GRPEUQEBG
VKDSH ¢OHV DPDS RIWRWDO FKD QJHWSR \DWLE® K WHRZIDR/TF
PDWLRQ DERXW WKH QXPEHU RGOD® & X B AWK DQR P WK Q V
WKH QXPEHU RI FKDQJHV LV IURP R QHARR MR Q V) YWKWM KWM |
RI FKDQJHV DQG DFWXDO W\SH RI ODHQ) EDXQV B HF KGBIQ OHH G7It
QXPHULFDO FRGH ZKLFK LV DVVLJQHK W RV KN HROS RROQJ F
FRGH PHDQV WKDW WKH ODQG ZDW RQIEG/BNRI) B PDG F
DUDEOH ODQG LQ WKH WKLUG YALIDODHMW LDYQW KoH/ @OV WU \E|
ODQGVFDSHV LQ WKH PRGHO D UHWDPDIHUNM LRH \OND O DHLG MF
[HV +LVWRULFDO FRUHV RI VHW WGH BN FWWH M VIDKIHH DD
S8QVWDEOH ZLWK FKDQJHV LQ WRW\JLRGI@ SEILM RHEU \LHI
ZKROH VWXG\ DUHD 7KH DUREDXVRIGXD FKQ QJHG R
WUDFWV VLWXDWHG DW WKH B\HWRZIQH 7U R F WX HR |. DA
ZHUH ODWHU XVHG DV PHDGRZR UHY® BB VIVOX WKW BIQG F
VWDEOH 2QH FKDQJH RI ODQG XVH ZDV FKDUDFWHULVW

‘H SODQ WR FRPSLOH WZR PRUH ODQGB W\KH PDSWCIR) W
$XVWULDQ OLOLWDU\ 6XUYH\ @@ I[URP GLILWDO PDSV F
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7KH UHVXOW RI WKH UHVHDDFKI VEERZ M UNVKND W RUK HH PKRLAEH. G
FXOWXUDO ODQGVFDSH RI WKH) WRKH BIHIUQ RRBRUH VMW |R RV
ODQG XVH FKDQJHG LQ DSUR[ WKRIWMHCGDDHED )HJKLEI
FXOWXUDO ODQGVFDSH ZLWKKDL JXRODHE VAGHKYHW RS KB 1B Q WHD/Q
D UHODWLYHO\ VWDEOH GUDLQD/JMKRZN BRWHY HWUKH GEQ C
ODVW \HDUV

GIHKRMHDRVWW WKH UHVXOWYV RI ZKLFZD B IDHF BRIFYGIQVKHG |
D SURMHFW 060 RGLYHUSHWNDBRKMRH\VEDQG EQGLFD\
RI LWV 1UDJPHQW DWW RQNVENQRIPLEXF D MARRU W R BV
DUFK ZDV FDUULHG RHM WO QV & HHIQM P
YDWLRQ DQG /DQGWRD'SH 3 ER VYWHSHWIMRRH Q GRY I Q
L R X 5H D IQBUEKQ QR MQWDX®/ HDIRE H Q QE)
RI WKH &]HFK 5HSXEOLF
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$1: 58 0 $ ( 3 HGV aXPDYD S tURGD KILVAWDR/WDL HL-DAVXYERA® /%I HW
3UDKD SS LQ &]HFK

'o(. - HG =HP SLVQé OH[LNRQ y6&SHRIRIDSKLFHBADOQOH[LFRQ RI WKH y6
ORZO®@QGWDGHPLD 3UDKD SS LQ &]HFK

+253(1,$.9 ,17=/( 8l(a, 8% 3 $9 y(. - .DASHUVNp +RU\ D RNROt 3 tURG|
PIiWN\ PtVWRSbENaNKODWDHPUBRUN DQG VXUURXQGLQWV 1DRERUM DSIKWYWE
WX@HOX]HXP aXPDY\ 6XaLFH SS LQ &]HFK

1(8+b86/29E= HG ODSD SRWHQFLiIiOQt S LWBRHQp IRMWHAWEBG5LDWXUDO ¢



&]HFK 5H®@XBEDBHPLD 3UDKD S LQ &]JHFK

48,77 ( 0DSD NOLPDWLFN@&FXDS EFOIDW WH REBE5PDWLF 5HJLR QVDRILWW H
5HSX®OAHFKRVORYDN $FDGHP\ RI 6FLHQFWYR , QQWWKKVH RI *HRJL

58's 3 BWUXpQé HNRQRPLFN& YEYRM DQDRX.IDHBGI& KIRAGKRIG RIF RO KR |
GHYHORSPHQW DQG SUHVHQW 2 G SHIFUR/Q@ P € E BLLPSRIU WIDIMWAMLR G Q
aXPDY N Y@URpPt P VWD .DESHUVNYNRYR UL DWOKNIEXIP AaRBBMU SS
LQ &]HFK

=505+ (" =iNODGQt Ei]H JHRJUD¢FN&FK G D'W RJ)XDSKLAFH QWD® % DN BOR
YHVNEé ~ DG JHP P LFNé D NDWDVWUiOQt 3UDKD

SHFHLYHG "HFHPEHU
$FFHSWHG -XQH






