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ESTIMATING URBAN ROAD TRANSPORT VEHICLES
EMISSIONS IN THE RIJEKA CITY STREETS

ABSTRACT VLQFH ZKLFK KDV FRQWULEXWF
The growing demand for private and public transportW KH DPRXQW Rl YHKLFOH GHULYHG
services in urban areas requires sophisticated approach URP DOO WUDQVSRUWDWLRQ V\VWH
es to achieve satisfactory mobility standards inurbanarV SRQVLEOH IRU DERXW RI JUHHQ
eas. Some of the main problems in urban areas today aggp L VVLRQV IURP WUDQVSRUW 7KH
road congestions and consequently vehicle em|SS|on§ RYHUQPHQWDO 3DQHO RQ &OLPDV

The aim of this paper is to propose a methodologlca{/ KRZV WKDW RI WRWDO *+*V DL

approach for the estimation of vehicle emissions. Th
proposed methodology is based on two interrelated-mo UEDQ WUDQVSRUWDWLRQ RSHUDW

HOV 7KH ¢UVW PRGHO LV D PLFWYRERYH- KB WHER RS B4pW DWLRQ >
model which can be used to identify the most congestédY RQH RI WKH PRVW VLJQL¢FDQW J
XUEDQ DUHDV DQG URDGV ZLWK EFRXQWDhO Jy bR HVERXWUD IRl $WKH WR
UDPHWHUV 7KH VHFRQG PRGHO LV @/ K#+& 283 Pa.7V &/\W BRIQHR/WI URRYAH @V UD QV SR
for estimating vehicle emissions. The proposed model KDQ DQ\ RWKHU HFRQRPLF VHFWR
ZHUH WHVWHG RQ WKH XUEDQ DUNQ)B@@LI\%-@\{;D \ip:(HQJ[b-Ilyp_(QWj/cﬂ:gE/\DI@-l WU

PLFURVFRSLF 6802 VLPXODWLRQ @ F|_PL‘ Vi
URDGV ZLWK WKH FULWLFDO WUDJg r\>UD \|7 F'?Q RI |
VLV RI WKH VL[ LGHOQWL¢HG XUED&%%%% %{fv@ IWLY o
KLEOH HPLVVLRQV ZDV FDUULHG LP'F\ LLRF&Q/ Q
DQG $FFRUGLQJ MWRHWR R R HRAx Wi RV W LPSRUWDQW

WKH VHFRQG PRGHO WKH XUEDQDURD & RO O XWDQVEWHew®@, Hd LV ZHOO
DV WKH PRVW SROOXWHG URD-G F(BFV\EK)HV)NU_ER@ BHOWUDAMHR | WIKMHH PD L
ND 7KH UHVXOWYV LQGLFDWH WKDWQ?\Ql['”UG KH DM E IR ORQR[LGH &2
&2 HPLVVLRQV ZLOO EH UHGXFHGZFLQG'PIWH HDEWLORQQ2DIOQLF &RPSR;
REVHUYHG XUEDKPURDICRQ\& E\ %@G3$QJWLFXODU ODWWHUV 30 $F
HPS\C’)VLRQ.V.E; ZKLOH WKH OB RV, UESSEWBR@ R RO /RQJ UDQ.
zL E ferhig3ion $LU 3ROOXWLRQ &/57$3 E\ WKH (X
URQPHQW $JHQF\ (($ URDG WUDOQ\
KEYWORDS VLIOL.FDQW VRXQFBQRI QRQ PHWKI
PLFURVFRSLF 6802 PRGHO &23(57Y§\6%WL%{'HYRF@ LF FRPSRQHQWYV
PRGHO YHKLFOH HPLVVLRQ HVWL\P|_P|¥\H_(§8 |y|'>€( EQWB&E@P X UF H
transport. HPLVVLRQV > @ ,Q (XURSH WKH UF
DFFRXQWV IRU RI WRWDQ DQQXDC
1. INTRODUCTION IRU &2 IRU SULPDIUR\U??SULPD
7KH UDSLG JOREDO HFRQRPLE\JARDWE WRUIRIW ER&VZEWEK $FFXUDYV
XUEDQ GHYHORSPHQW KDYH-OMG RWR FOJYHKYFOWHHRUED DRIV LQ D

WLRQ DQG PRWRUL]DWLRQ LQ RRO\ GH PRQR BLRQUILBDR X\QMWDM HRQV OR
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WKURXJKRXW D FLW\ 7KH\ DUHPXVXDR®\)ZA®A PR QLB HSURYLG
LQ PDMRU FLWLHV EXW LW UHBBW®RW G R I} X0V FW B UGHHMWWH Y R KQFHO
HPLVVLRQV RU DLU TXDOLW\ GDWP [DOW IKWWUFHRRNP HDUHFYLHDA®D LYQH R IRFVOM |
FLWLHV ZRUOGZLGH > @ $OWERXBN WK BPRQLIWRE IPRWRWB\FOHV
WLRQV FROOHFW UHOLDEOH G 6 WbH WKHNVQKIPW H URRJIL PIR Q LRWMR WIKYJ P
VWDWLRQV LQ D VSHFL¢F FLWXDIWLR®@¥D OPL VY LRIQWIDE WERUHY WRU D
KLJK SXUFKDVH SULFH DQG P DLRB/RWWIDGRMON [ SHQUHW ODWHG SRO
,Q UHFHQW \HDUV VHYHUD® \bZSIORD P KHWH®D AR Y PP W GR&?2 >
GHYHORSHG WR DVVHVV DQG PBHO0/ XV HD WIRHP $ B WhHWPRIGH®DWKDW
WUDI¢{F RQ XUEDQ DLU SROOXWAIRY LRRW EPYWGLRO PRGH®HQVL)
DUH WKH PRVW FRPPRQO\ XVHBHDIYXXNYHPHEAW v LRQ FRRYg1IUV SDVVHC
HOV FDQ EH FDWHJRUL]HG DVKHRBHBMVWEBWHYHIXXE W R KHWRQ\
IROORZLQJ GDWD DYHUDJH VSHHL RESCVIVY P80 WLHKE FORHWLRQV
HJ &RPSXWHU 3URJUDP IRU $RBEF\P LY LRBY VB BRXPRGHO IRU P
ODWLRQ * &23(57 (OLVVLRQ )@&WMJQHE@§&XVH RQ D QDWLRQDO
WUDI¢F VLWXDWLRQV L H -TxWorW® W VYW RRMUT PHRAM VY LRIQY ulUR P
LQJ FRQGLWLRQV HJ 0DQXDORRBGZAFIYEYBPFYPRY SROOXWLE
)DFWRUV +%()$ DQG 9HKLFOWRRRFIFUWRE- YWD H J
3DVVHQJHU &DU DQG +HDY} 'XW\ (PLVVLRQV ORG
HO 3+(0 ORWRU 9HKLFOH (P Xxd NMMERIALSAND METHODS

@ &23(57 LV D FRPPRQO\ XVHG HRLA W REGHOXVWUDWHY WK
LQ (XURSH .H\ HVWLPDWLRQ SREABHEWIERSWRAIVKY WKLY VWXG)\
3(57 PRGHO LQFOXGH AHHW KHPRERVRWYREW BWHWHIMA OHYHO LOQ
VSHHG DYHUDJH PLOHDJH [IXHQWORPPHRVN RY WORP ER ®QBCFWHG L
VORSH DPRQJ ZKLFK LV WKH @D XPYOWHP A ¥MyBW PR O UDBMDBIIH YV
PLOHDJH LQ FDVH WKH SDUDPHWHbD U BV VWIH LWRRY WMKHMD JH FR
HVWLPDWH > @ ,Q WKH &23(5GHPRGBCQHRLNNLRQADDYS PRGHO WR
FRQVXPSWLRQ IDFWRUV DUH PR@UHQHW VD \Z IDN KK QURKWMLRQIIRHVW WU |
DYHUDJH YHKLFOH VSHHG (0)%& MMND FRRISXPWRNW PRISTXHQW ZD\ W
HO WKDW FDQ HVWLPDWH HPLAMWLR QA HUKRLPI KOOV PPRWIRIY FYAIRZ LV
KLFOHV VXFK DV SDVVHQJHU EF-DW\R WRHKHPIMH G XOWWUYBKLSHDN KR
FOHV RSHUDWLQJ RQ KLJKZD\VS UR® ORRENVOL QRRBYOHWW KHR QV LG
\HDUV W R RSHUDWLQJ IARZ RO 1D RFRHQWID:Q URBDG LV-LQAXHQ
W LV XVHG WR FDOFXODWH WHKWMHJWH WHKEGW D\Q & K\HK 8 XIKEWXW R | RO D
PRWRU YHKLFOH HPLVVLRQ L Q\RHDEBW R QXHP\E WU VRK LEX \D WWWDSNVH Q X P
DLUSRUW DLU SRRO FRXQW)\ DRQG SUIRHI B F\WW J WK DRE WKHQIVGWHWY D C

INPUT MODEL OUTPUT
Road configuration
Traffic lights ]
Street lenght SUMO Traffic volumes
Fuel class Average vehicle speed
Fleet structure
Traffic volume
Exaust gas
COPERT STREET emission

LEVEL for each street

JLIXUH +* OHWKRGRORJLFDO IUDPHZRUN
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DQG SHGHVWULDQ FURVVLQJV5HWHND FLW® DGKHIQHNRWHD WO YH ER
WKH PHQWLRQHG SDUDPHWHURI ZHUNR WD N& Q5L IWRDFRQ WIGH ODU
HUDWLRQ GXULQJ WKH GHVLJ® RH WKH WA FOCODW VRQ FRRGH®@ &UR
7KH WUDI¢F PRGHO ZDV FUHDWH® VELYWHK AHQWKODRVLWRHRBULPRUN
BUEDQ ORELOLW\ 6802 *8, W\ 6BWXLY WEH DGPLQLVWUDWLYH
RSHQ VRXUFH VRIWZDUH DQG DL MHNDRWRISUA DRBIG WUDILQKDELYV
¢F VLPXODWLRQ VRIWZDUH W KD \8 RSXSBRW MRQ GE& HBINJIHRWRW\SHV L Q
RI YHKLFOHV > @ 7KLV VRIW2DUH@.V+USDMWVNRQWV@XR&VW R LV
DQG WLPH GLVFUHWH 6802 LRIFQXIHPH@WKHRIHBRDBMQUXFLDO IF
PRGHOV EDVHG RQ WKH +%()$OMHMWKEGRWRHYV ZKKFKFRPSDQ\ 5LMH
PHDQV WKDW LW SURYLGHV ABGRRXVAEWHRIRW MRKH DRIDER MASRNQ W
RI' YHKLFOHV SDVVHQJHU FDWL/HGLURWGEXWRFDMKHE AQVWKH DU
KHDY\ GXW\ YHKLFOHV PRSHW®WXDW GH®R DPFROMHRRXWHOHY FRQQHFWLR
GLYLGHG LQWR GLIIHUHQW HPRYWVR® @ODYVHV WKARIHGEZQUH
WR WKH IXHO FODVVHV > @ UKH LWHWFHRQHGG VIVIDD WHK H GBHGXEIDV. F R
WKH FDOFXODWLRQ RI YHKLF®RWRPWL VVHRIOAO RQ WHKH WURIDGNG L Q
RI WKH FLW\ RI 5LMHND ZLWK.RMBIUK BRI WU W IRW DAR R | F
VHOHFWHG DFFRUGLQJ WR W KZH VHPXI®DW MRHY K E VWQOWKH GRMEND
WKHUH KDYH EHHQ PDQ\ GLIIHUHQW IPW WHK RMGROIRJ LIXPEEEB RI1 YHK
PHWKRGV IRU FDOFXODWLQJ WRHMH HRIQKRIX VRWDRL\RARORDV\ >

LQ XUEDQ WUDQVSRUW > @ 2RIHWMKIHWEBIWER VWW\R DERYX®A WKH SR
XVHG PHWKRGRORJLHV IRU WEHMHNDFRQ O WK (RXPEHKILROKWHILV!
HPLVVLRQV LQ WKH (XURSHDQDRRHDVURKR AW BEBDW7WKHIGHIUHH RI
&23(57 LV EDVHG RQ VSHFLDOLPIBW MHDWHNBIO \PIREKHDEL WD QW RI
WKDW FRQVLGHU YHKLFOH HPIPRALFR QAK D Q FRQIG IPRMWWRR YHKLFOH $
W\SH DQG WHFKQRORJ\ DQG WKRY GDRHIP ITER BW WOV WR@ DO QXPE
RI WKH DYHUDJH YHKLFOH VSHRQGNKH@D UHKH RSUWRBHDAPLWY RI 5LMHI
DOLJQHG ZLWK WKH , QW H WRIRYHW\ORPGIDA BBKIBFEQHY RR U ZLW
&OLPDWH &KDQJH ,3&& JXLGNBRQHQJIMKDOWHHQKRKIVWKHVH DUH
HPLVVLRQ FDOFXODWLRQ ,W DOIKRAFROHVWUNQ@GWUDQVEB UBDY W@
VWDQGDUGL]HG ZD\ RI FROGHPW [@Q J) X3WWOH ¥ PRGE HR W KIHH 8 RIWW F W X |
LQJ RQ JUHHQKRXVH HPLVVLRAVHW DRPRVEBRRE ZQWKKWKH W\ RI
LQWHUQDWLRQDO FRQYHQWLRQV DIMWH SURWWFROW\ DAH B HO@DHD V /'
WKH (8 OHJLVODWLRQ &23(57 KIDVYE EKMO RSHG FAHVKH'9V  DQG
(XURSHDQ (QYLURQPHQWDO $HMJFF\>WR KD OFXODWH YH

KLFOH HPLVVLRQV IRU DOO-(8 PHPEHU VWDWHYV 7KH DX

WKRUV DOVR XVHG WKH &23(%72 BimiatiBrCoRtBRUrbah MoliiL V

SDSHU ZKLFK UHTXLUHG WKH D &yMmofPodelB&upR! WKH FRP

SXWHU VRIWZDUH &23(57 6WUHHW /[HYH

Q Y WLV
D VWDQGDORQH 06 :LQGRzV VR{WZDMHY RN kB RGP RSO RI WKH -

FDOFXODWLQJ HPLVVLRQV RQ WkFHERDE Ep W KYN W HRL Q- BHRARP
SROOXWLRO PRGHOOLOJ ZRUN PRGHOOLGOJ VWDJIH WKH GHPE
DQG WKH VLPXODWLRQ SDUDPHWHU

ZRUN JHRPHWU\ VWDJH GH¢QHV D

2.1 Study area WUDI¢(¢F PRGHO L H WKH WUDIAF Q
$SFFRUGLQJ WR WKH ODVW RILWL FO QWRWD O KR ®XHOWWRURIQP R G H
HVWLPDWH LQ WKH 5HSXEOLFWIH&G RDOWMLDL RFR @ G WAWHIR QQRZL Q J

PLG WKH DUHD RI WKH 5HSXEGHMNPRIL @ URIBM MDUDV(FHYHWZRUN |
PDQHQWO\ SRSXODWHG E\ LOQGLYKGXD® DURDG ZWWHKQLQJ GLUH

LQKDELWDQWY OLYLQJ ERQUYKHWEBRBOFVRENW ZHRHIQ ODQHV LQ
VNL .RWDU &RXQW\ > @ 3SVWLRRWMHURIG/ BDIQ GRWSIDW LDO FRQ¢J

&RXQW\ FRYHUV D WRWDO DUMMRI¢{F QHWAR ZNK LBDIHH VOKIRYLGHG E\

BURPHW = 7UDI¢(F TUDQVSRUWDWLRQ 9RO 1R
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260 GDWDEDVH ZKLFK LV LPSSRUMWNG EQWR FGBOQW HEY WUDI¢F QHW:
WKH 1(7&219(57 WRRO %\ DSSIORRSIWUPH; E(BHWHFWRUV DUH LQV
"7 WRRO DQ LPSRUWHG WUDKJF GH WRGXRH®RIEHD PRONHPHQW GLL
DGDSWHG WR SUHVHQW PR UHWBHDLGIN WQ & XW WD V¥ ORHRVE ZRH\WN H F W
FRQGLWLRQV %DVHG RQ WKHWRDW D &&RROV/QBFHWHGJIIBRO GALMLRQV
DXWKRULWLHY URDGV DQG ODRVHSE R QM WGV PHQUAH. RIGH @& D& V L.
DQG DUHDV ZLWK WKH GHVLUMGKDWGXEKHGVVUDHHGABEG RQWUGH ¢ Q
DQ FURVVLQJV WUDI{F OLJKWWRRSG QIQWHOQW MRRZRQ W BI G)S X&7 (5
OLF WUDQVSRUW ¥ighRS VIEHUHIQOM JQHG 7KH ')5287(5 DVVLIQPHQV
HUDWHG FLW\ Rl 5LMHND WUD I & QUHWEAR FR PRISFHOL RRQRIL\BWW D | L
RI URDGV RQ WKH FLW\ VXUWMHAHVRUDERRWHENXRPOG HVWLPDWH
7KH QH[W VWDJH GHPDQG PR{LKHLGOHQURXWSIV/LHY WKH GRPDLQ

DUUDQJHPHQW RI SDUDPHWH @QWWRR UWNK H YBRID OrlH R MAGRHD LRI W K H

WUDI¢F ARZV RQ WKH 5LMHN L WWYWARKMMVBIQGWPRDYIE ¥ IQMHGWHSHQ G F
ZRUN 7R FDUU\ RXW WKLV SKDRUN D$AFRUBX\GHB O\ UMQDWHG GHRP D C
YHKLFOH W\SHV VXFK DV OHQMKH BIHG\QPK GK\WUDKWF QFRMHZRUN RI W
DWLRQ GHFHOHUDWLRQ VSHH® QDF®\RR EBIQER QB XEPWICR BV YXOULHD J
GH,QHG ,Q DGGLWLRQ WR WKEVIVERQR HPO\Q LKR OK G DHKHO©E8HDW H
G\QDPLF PRGHOV KDYH EHHQ GRXQWGGDAE MOUDRORBREZLQJ WKH °
LQJ PRGHO EHKDYLRU RI YHKARZM\D QKGHOXDRSURWERNVQ@ZKLFK SUH
DQG FURVVLQJ DQ LQWHUVHFWLRG7BDXVVL PRHDW DRG- WKH ')5
WKH ODQH FKDQJH PRGHO EHKDURLQRI DHXLFWHY ZRERFWLYH O
FKDQJLQJ WKH ODQH GXH WR QPOXBWEOJLFD FRRSHQBWEWHYH OR
VSHHG JDLQ RU NHHS ULJKW WHDHIRQSR VIHMWHRIP RQLW KN WDQH LV

KLFOH URXWHV LV WKH PRVW VR®VEW LDYGIGS DIUGW RLIQWS K I VBIHP® Q® R
PRGHOOLQJ SURFHGXUH EHFDNUAKLRI RKM EQ GORMWILHE RRRS GHW
E\ XVLQJ QXPHURXV PHWKRGVSSWR'G DN GSORQW DEORWIGH QH[W VW
LQJ WR WKH VL]H RI WKH WUDMEKA Q528ZRYU®\VPRGEPHDWHDRU HDF
WKDW UHTXLUH YDULRXV LQSSWLGDWROXPH6BR2 SONWKIHFQK U FDUV
URXWHV FDQ EH GH¢QHG E\ XNUQJHRQSHRIG VGO DR FRRUGLQJ WR
LQJ SURFHGXUHV PDQXDOO\ WRPUWGEAOH RUVEYQHED WR FRPSXWH
GHPDQG JHQHUDWRUV DVVL]PREG\ODOHCGLWH DSEE28HWZRUN 9HKL]
(5 -7&5287(5 -755287(5 -)5RBRQH \HDU UHDO ZRUOG GHWHFWF
(5 0$5287(5 HWF 2Q WKH WUDQGF 7TBEXQM@DR| ™MKWH SURYLGHG DV

JLIXUH + 5LMHND FLW\ WUDI,F QHWZRUN

SURPHW = 7UDI¢(F TUDQVSRUWDWLRQ 9RO
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ZHUH DJJUHJDWHG LQWR W URHHP I IQQOALHDU Y IDQDW H W WHHSAVL RSHW O R F D\
V IRUD GH¢QHG SHDN KR X W WHBWAF GXHRHBRBEXY LAWHUUXSWLRC
6HWXS VLPXODWLRQ SDUDP HWEA UVHDHUHDAHRIHG®QRQ FDXVHV
RUGHU WR VLPXODWH UDQGRMWRGEVHRWE BEPOHW VR IZKHKK FRBWKH U
ARZV WKDW DUH JHQHUDWHG DBIFPERVGRQY WKIWMKMHOHBRWHG URDGV
(5 DVVLIQPHQW IURP WKH VRWUFRSSQEKPWLRIQ ROIRWEH &23(57 P
GHWHFWRUV SODFHG WRZDUGAL QX & HY XU N GL @/&X 6 WWYIH RO-RHS W K -
GHWHFWRU 7KH GXUDWLRQ RARZAMOONLRYVRZD RQ/ N WKWROBP HPL
SHULRG RI \% + ZKWHKEH WKMHNPYVRLWOEHQWHU WUDI¢F
ODVW V SUHVHQW WKH KHDWLQJ DQG FRROLQJ WLPH RI WKH
VLPXODWLRQ PRGHO WUDI¢F QB8 WQRERN Steeinliave! modeksetDpy L Q J

WKH PRGHO IRU WLPHV ZLWK,@LIIHYHOVE P QERBUIWE H FRPS X
YHKLFOH HQWUDQFHV TRU QHW IR Ny YRIPW V¥ GIHY v v WKy wkH
IROORZLQJ DYHUDJH DJJUHJIDWRG GO WRVER R WHREXVHWY RI
ODWLRQ WLPH SHULRGV VWHgY %W RR QRS uRWK P D w L R
RI YHKLFOHV WUDYHO WLPHV\(hkKLEQHI @HREANY 7RRG, U¥WXHo s xw
OHQJWKV $FFRUGLQJ WR WK RQRO AR RV KD H vsE
RXWSXW SDUDPHWHUV FULWLF®GyYBBXHYcZHEH G HrEComtbw L
HYHU\ URDG 7UDI{F QHWZRUNWHE W bRV Wik Bw YRR OY Z4MK LoLw
FULWLFDO YDOXHV RI WKH GHRH@IRXWHOW FnpPH® RFRW d Y VRS HYdH
VHOHRWXYUEG EDVHG RQ ZKLFK Wit PSS @ bsXWLB8BWD VHW UHTXLUH
RI' WKH &23(57 PHWKRGRORJ\ WRdH @R WY RWUIRHWVKHY HO UHIHUV |
LPSDFWV RI WKH WUDI¢(¢F ARZXLE B P OAHPIML R@ U@ W XKl FODWD  YH
HPLVVLRQV JHQHUDWHG LQ WIKOHSHUMMINTDK & bW \VHOQMW W VU R i R 1
QHWZRUN ZLOO EH FRQGXFWHR| LQSXW GDWD LV EDVHG RQ WKH |

7KH VHOHFWHG URDGV ZLWKR WNKHKLYKHYWGWIHO IYAKLEOH FDWH
XPHV DUH YVKRZHB LG 5 5VWDQGDUGV IRU HDFK RI WKH GH¢ QI

5 DQG 5 7KH PHQWIVRIQHR | URBXW DBUHVD ZKLFK LV WKE
LVRODWHG IURP WKH QHWZRUW LRR)GEQGE BBDDXOWWLW KRH\ VBKH QHJID W
PDULO\ UHSUHVHQW EDVLF RUHPILY \VAHROW LR WIKRHQ HIRVERNR \D RHEDW
DFFHSW PRVW RULJLQ GHVWLQ Dxé b & RZVWWWKHI Q@ SR W YGIIXWDORI V|
WUDYHOV Rl WKH 5LMHND FLW\QFHIQWHIND AKHY LOH/X RW R | ULR/RR W K H
ODWLQJ WKHVH URDGV LV DOVRRW KN W MNK MUK R UKLLILIKQH @ M/ W U Q DAFL
SRLQWVY UHSUHVHQW WUDI¢FGHQWH GVHFEWLRQVD RILW K H VWRHP EH U

JLIXUH * 6HOHFWHG URDGV ZLWK WKH KLIKHVW WUDI¢,{F YROXPH

BURPHW = 7UDI¢(F TUDQVSRUWDWLRQ 9RO 1R
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7DEOH + &23(57 6WUHHW /HYHO LQSXW GDWD

9HK BORERDGB/HQJIJWR3((" >NP K@ yvwpUywB/WDUWBHQGE HQGE

5RDGB

5
5
5
5

WKH SHDN KRXU WLPH LQWHURDO RIQM KK RRUWKIHREVHNLYRDQ R
WLRQ 'DWD DQDO\VLV FOHDU®RWUWKIREZ \L. QWKIDWS WHKN DDAVLHRUD RH W K H
OHQJWK RI URDGV LQ WKH V H CHRAUUMHDGE) WHW R DDUFIXOD HHW KW UHOD W L
NP ZKHUH LW LV LPSRUWDQW WKR{ QRWOLIEIF WR D VR IWW K HJ WIRD\S H5/ W
OHQJWK RI WKH URDG LV SPWDRGKYVEULBDLEE WKH WUDILF ARZ
VPDOOHVW OHQJWK LV NP5RRBG G5 5 KDYKH DWZHU PRWRU Yt
HUDJH QXPEHU RI YHKLFOHV UHFRG® GHG GEXEKR GCWKIHURGEXW LRQ E
GDWD FROOHFWLRQ LV Y HEKHLB @ HRV  Y7HKKHL & O MAD \DKERRXXQN\G YEHH D Q D C
KLFOH VSHHG EDVHG RQ WKH PHQLWXPDQBPWHEH DWHWDJIH YHKLFC
DJH 9BDYHU DQG PD[LPXP ®BPD[DUWSHRH®\ZHUNP DQG NP K
REWDLQHG E\ PHDVXUHPHQW FR®D WSKH LLFED\GHE W L R Q\H RS MAKHL Y H O\
VHOHFWHG URDGV ,Q WKH UHVMHDXWF KG D WIDDF DLQV BLW/ DLW S/RIUL & DY WG
WR VLQJOH RXW WKH GDWD UHIHUULN Y IMWRXIMMKHGURD &VEH QDUURZ
ZKLFK LV WKH PRVW LPSRUWDQWHJRDEXIR R IFRBIQHFWHL G D WNLHD J L\
QDUURZ FHQWUDO SDUW RI-W KA XTLWHN @\ WELQIPMR RXKHUEBBEN RI
GHQWLDO DUHDV VLWXDWHG RWKW K H FDDUH L@QYORH H R X W H.\D@® 1S DJAO R
WKH FLW\ 5RDG 5 ZLWK D OHIKQLFDKHR | ZKLRR KBWWUXFWV WKH
WKH JUHDWHVW QXPEHU RI PRWBDIYFKIRFOBYG LQAUHIFOHW DOO S
LQ WKH LQWHUYDO RI REVHUY BWWRQ PRRY RQ JWDKMW W R B COFYLWU DRIH W K
VSHHG RI NP K 7KH ODUJBVARQPRTOQM RH RRWRBEK GLVFUHSD (
YHKLFOHV RQ WKH PHQWLRQHWGKWHRQEBPEW D \RWYH E XMHE/ WIRNW.R/HL F
IDFW WKDW WKH LQKDELWDQWODRU K QX FFEMUY B HBHGHIYWIDO @ BHE
SUHIHU WR XVH SUHFLVHO\ WRW 5QDGUHRRBWHOLWUGRMHG OD\ E)
QRW KDYH PDQ\ WUDI¢F OLJKVOK REH 8 HREI HWWRIS WD QDRWER FR Q@ B X H Q
WKDW FDXVH IUHTXHQW VWRSWOW KXV UHGXFFLAH GVHKGIDR DD WKW\ W |
RI WKH URDG DQG LQFUHDVLQNK®KKHQW A WD GubtAQ BXWRRG BARIDVY BIlOQ V
WR WKH ¢QDO GHVWLQDWLRQ DE R XWDWHK & LS RNILMQLARHQ ¥ DR/l BMK\HR V H C
QRWHG LQ WKH QXPEHU Rl PRWRW YGIKWEDBVDRG WRBOJRRRUGLQL
5 FRPSDUHG WR WKH RWKHU NOGHFIWH G WDRIEGY RALDUW ORQJ
WR DGHTXDWHO\ SODQQHG b QBKERK L\IQWGHSXE GLEHWEIDVQWS RRUJ P D
WDWLRQ OD\ E\V ZKLFK DYRLGSUMKH GWR D WILRLD RW \WRKIHV@/RFSD W LR Q
SLQJ WKH WUDI¢F ARZ IRU WDMMMH \RYWHP G16/FKDUJLQJ
SDVVHQJHUV RQ SXEOLF WUDQWXRUWIDMRER® WANWR R LIQH\KLVE HGWD W |

URDG 5 RZLQJ WR WKH VSWEKH;BHSODMWKRIGIW HG WRKWRU YHKLF(
UHVHDUFK DUHD LW LV DOVRWRSR UMD YWOWRWH® JORD BXWOWKHF
URDG 5 GLVWLQJIX1taMeK HGVDW KRBGERDWWR DV REWDLQHG DFFRU

WKH OHDVW QXPEHU RI PRWRWHMRIMMV-EBVYWULHBHRXWOWKURXJIK UR|
WKH REVHUYHG LQWHUYDO URQQVLH MWFWARURDBY WUHFRW LRQHHBST W
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obJoLua / .UOMDQ 7 *UXELaLu 1 obJoLu / (VWLPDWLQJ B8UEDQ 5RDG 7UDQVSRL

7DEOH + 7KH VWUXFWXUH RI PRWRU YHKLFOHVY RQ VHOHFWHG URDGYV

5RDGB|' 3& 3& | /'0 1'9 | +'9 +'9 | wxvHV oxWRZHCON ORWRUEIZOHY

5

5

5
5
5
5

DQG YDOLGDWHG LQ DFFRUGDQFH ZLWK WKH FROOHFWHG D?NGLI\ (

U R Drébi¥ 2

Table 2 VKRZV WKH VKDUH RI FHUWDY ORRRRRE A EOE&RPSHWLWL‘

: L

FDWHJRULHV FRQFHUQLQJ WKH o) Hy
UXQQLQJ RQ WKH VHOHFWHG yﬁ{ F Y

DQDO\]HG GDWD FDUULHG RX é\PWWPWbERFDH%g/[WﬁPW
VHUYLFH S5LMHND SURPHW - 7 WP GRQ ALKV R RHVRYHHD G WU
XDWLRQ RI WKH LPSDFW RI YHKLFEHWOFEORNM L RYE SPFHREFQLFE WU
VL[ FDWHJRULHV RI PRWRU YRRLEQWUGUFRAIQHGWEGH Ak&Y TUHTX
WKH JUHDWHVW VKDUHV LQ WKHRRYO FESRREVRIGSIWKH VHOHFWHG
$V SDUW RI WKH SURMHFW LPSOHF

DERXW WKH WUDI,F ARZV RQ H %%3 LL Y%}j_{ vV VI\?,:(
LQDEOWHIHU WR WKH IROORZL D V\E HV LPSO
YHKLFOHVY SDVVHQJHU FDUV '& %D }é\[/g U|¥I\_/YDOV GF
Q
X

/['9  KHDY\ GXW\ YHKLFOHV +' \ HGV

DQG PRWRUF\FOHV 3DVVHQJH \gg V\<( %H %&%ﬂ)@ VR[I)E\I/_VOHV:Z_Z
VKDUH RI RQ DYHUDJH RQ WUW IUV WH 9 SRVLWLRQ
URDGY ZKLOH WKH DYHUDJH V \WH%\// RIC%RRW%HH ’EiBWFBéJ YHKL LW

FOH FDWHJRULHV RQ WKH VHOHEWHG UR

B W R R v { RRX A b

DQG UH\ W PRUH PHDVXUHV WKDW ZI
O\ &RQVLGHULQJ WKH DYHUDJHR\KP Bty BRI BEVRY th Qv WY BhFuHow
ARZV Rl WKH VHOHFWHG URDG\)(/Ub‘@\/'SRB'@\/SGHWPLQﬁM\WB??\NQH FLW

WLRQ WKH VKDUH RI EXVHV Rl o RQcWKHWERMWDOLWYRIGEEO\ DO«
ARZ RI WKH 5 URDG 6XFK DQ XRHYHRLYKBYE RIPROHPHEN WKH LPs
WKH WRWDO WUDI¢F ARZ LQ Uwagnwmw VY WhiE Y b
EHFDXVH URDG 5 LV WKH SULRQ U RYRRGE ¥RRIATML O UKV KLUG Vv
HIWUHPH SRLQWV RI WKH FLW} fH@WHM QKR¥VYb QXPRHYRRGHOOLQ
GHVWLQDWLRQ FHQWHUV RI-YDRYLRB\YWDREWWY kMAEHY HFRP YWWHHIRE R
XODWLRQ LQ LWV YLFLQLW\ ,WebX APV R b RWPRE & AW W R DRHRQWR R @
WKH VKDUH RI EXVHV LQ WKH WU{RbofF RARFIORHE KHMRURDBSKSFDWHJIR U\

ZKHUHE\ WKH DQDO\VLNURBWWEYH kQSKHMWHODVOIHFWHG URDG)
IURMble1 VKRZV WKH REVWUXFWLRRHRL MKHL WO DHFUARZ DUH FROOHT
E\ EXVHV GXH WR LQDGHTXDWIHQ\D O KWLV FHRE@ ©0R MG 8F WKH 39HKL
FRUGII@d2WRKH XVH RI EXVVHV WBIXE @ LEOWUD Q¥ SRWIWHQWHG ZLWKL
LQ WKH FLW\ RI 5LMHND LV ORZ VR H V6 DW Q HF BRGNS WIRBI O WK D U
PHQW PHDVXUHV WR HQFRXUDJ WRWRYVHYRKEXGALFDWMHIRWLHYV L
SRUW VHUYLFHV 7KH PHDVXUMMK B WHGHVAMHEHR WEKWRMXRIGEFHUQL
FRQGLWLRQV WKDW WKH SXESQKB W BRQNKIRIMVUPXRW GIK® ¢LG0 W K H
RQ GHPDQG WUDQVSRUW ORFDWHSHVQXSAH®H Q UMRN VHIOHFGH G Y |
HI¢FLHQW FRPIRUWDEOH DQGGRKHDBGVHQY YLREH HOWHFWFKQDE H W

QO
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7DEOH * 9HKLFOH FDWHJRU\ DQG IXHO W\SHVY RQ VHOHFWHG URDGV LQ YDO

G H, . +\EULG . .
9HKLFOH FDWHGHG\JDV%%)@'@%LQ&HVI-0/3 1DVROL Q%! % LR HWKDQRO
5

3&

/'9

+'9
% XVHV
ORSHGV
ORWRUF\FOHV

3&

/'9

+'9
% XVHV
ORSHGV
ORWRUF\FOHV

3&

/'9

+'9
% XVHYV
ORSHGV
ORWRUF\FOHV

3&

/'9

+'9
% XVHV
ORSHGV
ORWRUF\FOHV

3&

/'9

+'9
% XVHV
ORSHGV
ORWRUF\FOHV

3&

/'9

+'9
% XVHV
ORSHGV
ORWRUF\FOHV
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JDVROLQH XQOHDGHG JDVROW®BH VGHONWFWOHG3WRR\EWIXE/H OHDGH
JDVROLQH &1* DQG ELRHWKIXEROH W KWKHHWRMWDL@ WD YH XV HYV
ARZ VWUXFWXUH RI WKH VHOMKHWGOIGY WRFDGAVH GRWAL R PRADRNU Y HK |
KRXUV DQ DYHUDJH YDOXH RWUDI¢;RIAWEH/ WHXKERXHWH GXULQJ S|
WKDW XVH OHDGHG JDVROLQHWQESHPRWRUFWIOBW XV HQKQOHDGH
OHDGHG JDVROLQH IXHO DQGOXVLYWBDW XVH GLHVHO

IXHO ZDV UHFRUGHG ZKLOH WKH UHPDLQLQJ VKDUH RI WKH

WUDI,F YROXPH VWUXFWXUH 20 §QMBdNana At@EtYp WKDW JHQ
HUDWH SURSXOVLRQ E\ XVLQJ /3* K\EUL DVROL

&1* DQG ELRHWKDQRO IXHOV éhW%WH@WM'@HV\Fl@H%L&DO \HDU
FDWHJRU\ ZKLFWDEEHWL&;@HQ/J-WQNRQG DQDO\VLV RI WKH LPSDFV
ODUJHVW VKDUH RI WKH w-UDIH R NP R oF WKW D\ Qor\WH IR UL
HG URDGV PRVWO\ XVH XQOoHbB&HHYBQWH CGo ﬁLWdféQGW#\HHWUD'c
IXHOV 7KH DYHUDJH VKDUH YFOXBO GV WB,[&OVIRKE@@%LHG R X"
FDWHJRU\ DSSO\LQJ WKH VSMLF PeW oy YRQHRKHSWYLRG ITURP
OHFWHG URDGV DUH X Q3 RF &P & Uhh WO GoIRUpREWHUPLQLQ

UHVSHFWLYHO\ ZKLOH WaH¥ QRBUFHURRG@M HEYXPGHY REWDL
EHU RI YHKLFOHVY WKDW DSSBDYRYGEMGLIN ROV QURWR+ WKH  FKI
DQG K\EULG IXHOV DUH XQUHBKHRKH B8R DAHEE MRR ¥RROFAEEWFRQF
LQJ IXUWKHU DQDO\VLV GXH WK @Y YRQoORHWDIWQ INL@OV R YHI
LPSRUWDQW WR QRWLFH WK DRQWWKKH KMV KK 7 W X&) XVE R Iu WK HWIK$HS O
WRWDO QXPEHU RI 3& YHKLFOH PR WKW YHKS-HOW H® W R HRSUL HV T
LQ WKH SHDN KRXU WLPH LQWG URDAVKN XNWWORGX QOHDGEHGWKH ¢
JDVROLQH DQG GLHVHO IXHOVYHUY H PRI W BAWKRI WERIDHEHGD WD D
DQG 5 ZKLFK LV DOQGGH, QHEGHWWH¥KH OHYHO RI WKH 5HE
WLYHO\ :KHQ LW FRPHV WR /"WKH\QD Q' OV WK BW RSSOLHG ZKHQ T
HUDWH RQ WKH VHOHFWHG URPEWLQJ IXUDNKEHU DQDO\VLV RI YHE
RI WKHP UHVSHFWLYHO\ XVAHSHDVROWKH GLWKROBHLMKND GXH
UHPDLQLQJ VKDUH RI WKH -/'PL QIQRX P '@ M YX DM IXRQV FDXVHG E\ X
OHDGHG JDVROLQH IXHO L H WBH DSISO LITDMRIOR@ R 11 RPR® R,W YLH/K L |
DOVR LPSRUWDQW WR SRLQW WRYSWMWRDMHO RI EXVHV RQ

7TDEOH +* 9HKLFOH FDWHJRULHV E\ IXHO W\SHV *+ WLPH SHULRG IURP WR

Gl—il_fr_' .| +\EULG,.,| %LR
9HKLFOH FDWHHOW\| /HDGHG JDV%Q%D&E}B-{LQ VHO3 sovRALBH | HwkDoRrO

3DVVHQJHU FDUV

/'9

% XVHV

ORSHGV +

ORWRUF\FOHV=*
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,Q GDWD LQWHUSUHWDWLRQGEBVMQAFAXBOV DWW NRDNURQ & B XK
EH SDLG WR WKH FDWHJRU\ RIW3&H FGHQMWW R QHAGV I X HDQWABB@W Q WK
VKDUH LQ WKH WRW DaBle ¥ WQ XVFWHKK REVKRX®P G SHULRGY DUH WKH |
EDVH \HDWEOH WKH PDMRULWV'RV 3@ M QY KQ@OHDGHG JDVROLQH ZC
XQOHDGHG JDVROLQH DQG GLENMMR WK GHFEHEDM B G WUWEBE R
VKDUH RI DQG UHVSHFWLYHR® %\ RWKH VKDUH RI /'9V X
VHUYLQJ WKH UHODWLRQ RI WKHB&DNKDUH YQOXH ZIQNVK DQ LQFU
FRQVLGHULQJ WKH YDOXHV- UHFREGMXHQH ZHUWKHR IRIDJQL ¢ FDQW
ORZLQJ FDQ EH FRQFOXGHG WHKIHU M K DOUHG RV K3H& ¥ KOVQIHV LQ WKH |
XQOHDGHG JDVROLQH IXHO ZLQOWEH OREBHUQEQJ YHKLFOH FDWH,
ZLWK WKH DYHUDJH UHGXFW LURQWRKIHXQIDMHDW\ HEG J DK R OMOIH. DEOH

IXHO VKDUH LQ 3&V RI IRJ BOARKW X\EKVH RYHHQW OO UHVXOW L
REVHUYHG SHULRG 7KH XVH RKIDGIPHX® O HKH 6 OH) BERWVHANODQG WK
LQFUHDVH E\ ZKHUHE\ WIKKUWKHUDD@DIRQVUWDMHHU WR WKH

LQ WKH XVH RI GLHVHO IXHO WEHB&HZQBOG EKIDUDFWRHULVWLF ¢ YH
HDFK RI WKH VXEVHTXHQW REVHHKHHGHYHDIURFE DRG OWHHRYVVPHQW
K\EULG JDVROLQH IXHO LQ -3&Y¥HKQFOHWLQOWKH KAHKQHG SHDN KI

HU E\ LQ UHODWLRQ WR URDDBGRLEK WH FOHWHE®VRXW E\ WKH
DQ DYHUDJH LQFUHDVH LQ W R/H UXWLH HR 1B 5K\ N 8 DRAR BWQYH DU FK Z
IXHO RI IRU HDFK VXEWHTBEOMHGE REVB UYHGHMHUDQDO\VLY RI

RG ORUH VLIJQL¢(¢FDQW VKDUHW DV DOOE DRSWHWIFEWDQNR HPSKD
HV LQ WKH XVH RI RWKHU IXHPKDVQIHY LQ WKH FWWKBRXWURIRI YH
3&V ZHUH QRW UHFRUGHG - WB HUHJR UPISW K WIDW WV QIADHADPUHIMHD L Q
WLRQ LV QRW VWDWLVWLFDOGRYHY®IU; AD WD @KHVD & SHI D GHIYEB W
RI D QHJDWLYH JURZWK W U-HQGD IMD WKH Y\ LRPIDOL BQEOW-KHUH D
HOHG 3&V PD\ EH DWWULEXWI$6G PWR/ \R RHWLKQHF Y B D OHUHY XYORMHY  H [
GHJUHH RI PRWRUL]DWLRQ DQW.LWKRIQRYHHFRISGHGWR @R WWKHYHOHF
3& PDUNHW ZLWK WKH GLHVHUHDIHOHGPB&\E H QV RN REAL@OWRR DFFR
7KLV QHJDWLYH WUHQG PD\ E RV R B XWVXDX BAL WKIHWLLARSR BWYRIIKLFOH H
GLHVHO IXHOHG 3&V IURP FHQWUHO DQG ZHVWHUQ (XURSH

DQ FRXQWULHV DV D UHVXOW RTKE GQWWDL BYWER FBEHIHA RWURH & X FHH D V \
WKH XVDJH RI GLHVHO IXHOH®D®D&WHV)RUWKKH RXPHEHWKRH YHKLFO
QHJDWLYH WUHQG PD\ EH DW WJRIEXW HU W\RK W ISHH DIRRZGINU ISRIPFHV V)
RI WKH GLHVHO IXHO DQG V P DRIOGHH Q XIPYEHHWD URHU FHREDAKK RS WVKRQR E V H
RI IXHO LQ VXFK 3&V 7KH VW WX\FDAWGOGI\ FEIURE B LEKIDEAH LQRQ DYHL
WKH VKDUH RI WKH IXHO W\SHNVXWHGXWPERNOB | EHHRDPMHIM GQ WKH
DQG LQWHUSUHWHG IRU WKH /DR EDEVHJR U F RE¥ REIBU QI IWRKH QXP
WKH GDWDIDEOREZRH. QQLWLDO \HODWKH SMUWKIHRGV DQG

/'9V XVHG OHDGHG JDVROLQH LPGAHWE®IE® JVRR QRQHH DMXE IROOR.

7TDEOH + 7UDI¢F YROXPHV RQ WKH VHOHFWHG URDGYV *+ GH¢,QHG WLPH SHULRGYV

5 5 5 5 5 5
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QXPEHU RI YHKLFOHV RQ W-KHFRASHWWE® WRIDEGVFHWRQNUGWUDI¢F
HULQJ WKH UHODWLRQ WR WKH WHNIX VYV WJ HIFURHUOS HAGH URIUXVHG TR U

DQG KLFOH HPLVVLRQV LQ 7KHUHIRL
DQG UHVSHFWLYHO\ $ FRMW\OUWGHYDERHVEEHUHBYVBEW QKH UHIF
YHKLFOH QXPEHU ZDV UHFRUGH® OKW WIKRHQURID WX H PHQWWLRQHG

5 ERWK ORFDWHG LQ WKH QDUURDFEW\ FRQWHBIXWRRUV DGD

WKH FDOFXODWLRQ RI YHKL-FOHOHBEFRURQY J AP MHIGHE\3RR DO G (
WRU YHKLFOHV RQ FHUWDLQ YRPGVHER UsWMHMNH OV ik R BT v H
LQJ FDWHJRULHV RI YHKLFOH RPWMML-BOY AT HB SKBNH QY R\ wkK
FRQVLGHUDWLRQD®®E &2 7KH phldyWQVW®Y wWKH UbERWW VKRZQ LQ
REWDLQHG EDVHG RQ WKH ¥ DU L7RW L&R Rk plapH VO \C\PRRE SEBHW Wi k
DFWHULVWLFV IRU HDFK GH¢QREG\SHIKHRE RGHH @ HYENEEVISEWA RO
GHWDLO DQG DQDO\V\HG LQ WK@IRPLRFWIR FHKPYWHYU 7 wk D wWR\
,Q WKH URDG WUDI¢{F HPLVVLRQ FDC
3. RESULTS AND DISCUSSION &23(57 6BWUHHW /HYHO WDNHV LQWR
7KH DQDO\VLV LQFOXGHV WRH QINWKK 8\ W Keiipold R @ BRRYME R/ LR E H L
&23(57 PHWKRGRORJ\ DQG UHYH KV Falelt VWWKUHD NeHFKA R bl WV UX G & X U H
HPLVVLRQV RI122D@G 30 RQ-WRISSQLHG W\SHV RI SURSXOVLRQ IXF
OHFWHG URDGV LQ 5LMHND |RW KW KRR SHRWL K B8 KIIBRBH £ Q WHRIHR [ DR/ \
5HOHYDQW VWDWLVWLFD®RIGOWDW FRBOBFWHG EWRPVWRBHOHG

7DEOH + &DOFXODWHG YHKLFOH HPLVVLRQV IRU D GH¢{¢QHG WLPH SHULRG LQ N

5RDG|,5RDG OHQJWKIDNP®2 >NJ NP@ &2 >NJ NR@ 12, >NJ NR@ 30 >NJ NR@
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SROOXWHG URDG DPRQJ WKH VHOBRRWHG LVRDG \D QQ XWDKH UFH.GVX F W L

Rl S5LMHND ,Q RQ WKH 5HPLWRR® EMFWLRRQ DYHUDJH 5H)\
WKHUH ZHUH YHKLFOHV UHVRRLGBGSORWEKHYVRPH GREVYNDR QW Q
Tabel ZLWK WKH VKDUH Rtatk&V RKEBREWLWY YDOXH ZRXOG GHFUH
UHOHDVLQJ NJ NP RI &2 LQ UHODWLRQ WR WKH UHIHUHQ
NJ NP RI &2 NJ NP RDQEBUDVWLF UHGXNVWALRIK RHMROW RI1 D

NJ NP RI 30 Sddds KRXGBQQXDO GHFUHDVH UDWH RI IR
RQ WKH EBDROHBURYLGHYV D FOHBDULGBXVRA DIOIVRQ WKH ODVW REV
RI WKH UHVXOWYV UHFRUGV D GHFUHDVH LQ E\

Figure 4 VKRZV WKDW DOO UHOHDVHGA FKHKHBSOH VHRIWY DQ DYHUDJ
VLRQV ZRXOG EH UHGXFHG RRI WKH ¥R DHIYNUWHGRQ RDIGH RWKHU K
WKH FLW\ RI 5LMHND LQ WKH WRUURGHINWRAK UHWROWY URDG 5

,Q WKH SHULRG IURP WR W UHPKHWIKDMWP VKRIXPG EH VHSDUDW
RQ WKH REVHUYHG URDGV -ZRWMRGVEH ORZNBHBURQ, DPYARRZ EXW D
DJH E\ R\2 30 E\ ZKLPRIUWKHFHSWDEOH VWDQGDUGV UR
JUHDWHVW UHGXFWLRQ RI, WRRWBE BREBOVUIHBUURDG 5 UHFR
HPLVVLRQ 7KH URDG 5 /P OOWE DYPWKHWLRADAQ HDFK REV!
JHQHUDWLQJ WKH JUHDWHVW VKDWRDBI5YHKLEBFHRHBIW DLARXHU
DFFRUGLQJ WR WKH UHVHDUFMEK UHV XPRWP\SDIRXGOE RU WKRIUGHDH UH
UHGXFWLRQ RI &2 HPLVVLRQ ZKLFK LM QVKH WQVXOW RI DQ DQQ>

UHODWLRQ WR UHSUHVHQ@MERQWDQ DYEBUBPHY®HRQ HZIRXK G EH
LQ YDOXH E\ IRU HDFK \HHDW EYKH HIPQ WHORBDNRRQ WR- ZLW
&2 RQ WKH DIRUHPHQWLRQH G WHIDVG ZPXCHGREH ORZXIWWKHUPRUH
E\ LQ LQ UHODWLRQ V\DRQWKAFRLQ—HWHH\ADIF[BI\MFLEP)UUHFRAWD(D‘
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JLIXUH +* &DOFXODWHG YHKLFOH HPLVVLRQV UHVXOWY IRU D GH¢{QHG
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VLIQL:{FDQW GHFUHDVH E\ R JL QWKHHOBPML\RR) WIRMHND ZLOO SRVL
7KH 30 YDOXHV LQ ZRXOG GHFYHODNPHEWY RI WKH UHGXFWLRQ
LQ UHODWLRQ WR ZKLFK WHPSVYNYRQW S DRV BQIQBHD®D EB HWKH (X L
FUHDVH RI 7KH HPSKDVLV ZDV SODFHG RQ WKH
LQWHUSUHWDWLRQ RI UHVXOU\QE?D%@MD%@R Y DQG

5 WR VKRZ WKH H[WUHPH MISQWNLRE W D é Z R K

PD\ EH DWWULEXWHG QRW WR(WI@HOFMVIIR@UHO/DMQJMDKAH)Q/MUMH_WOUUH
RI WKH YHKLFOH AHHW LQ WKHI]RESWRUYGG \FHBYLRE EXW WR WKH
SUHYLRXVO\ PHQWLRQHG FKD(éfI-'?Jd *Wk'ﬁ YRTU UL RSk WRRY
IXHOV DQG UDLVLQJ WKH VWD ,E[R Dgﬁd) ﬁ?g/g\k’&u KGHKLFOHV LQ
WKH HITRUW WR PLQLPL]H YHKLF@KRpHELMML-R@VMHFL 3RPRUVNL IDNX:
6WXGHQWVND 5LMHND +UYDWVND

4. CONCLUSION

PROGJENA EMISLIA STETNIH PLINOVAIZ.
(DFK AHDU FHUWDLQ FRXQW&%MMI@V&F&K‘NP%HEN
(XURSHDQ 8QLRQ LQFOXGLQJU\%ﬁ'&bUSﬂJ%&EOL Rl &UR

F
WLD UHFRUG LQFUHDVHG UDWHY, RI PR W XA F& SPEHYN pPD
g

PRVWO\ SDVVHQJHU FDUV ZKLEK RRQ ¥ I-kUQE BKD ESVoDPD 1D
WKH QHJDWLYH LPSDFW FDXVH&EUEV WK XYHLKCLI\E@H\)'W\LD/LVI-L@I\@D/]DGRW
+RZHYHU WKH PHDVXUHV G H inQokthGsti. BaddaWdtl dsn¢vhitd RRébiEbaQrbanih sredi

8QLRQ DQG WKH LQVWUXPHQWWDW)>S SRREBWQDD]IPIXaRI QPP UB B\RW OM
WKH FRRSHUDWLRQ DQG H||RUV\W/HWQDK)@OFLIQIQEHU&FLF@W'QWLF‘LJHN/DGD )

LQ WKH GUDVWLF UHGXFWLRQ RI YSHIVMOYP H Ha W H
O\ RZLQJ WR WKDW WKH 5HS>@%§LE%F#§} L?RGFE>|'R|4 IDDG z) ‘(‘(’)Hggg(';"\'
DFFHSWHG WKH &RYHQDQW RI LLRAQ/PE HPHOMHP
WKH SURVFULEHG PHDVXUHV HarGU

&RYHQDQW ZKLFK ZDV DOVR L&@QWE’&@WH\GUL@HW@HMN%\DRSURPHWc
S5LMHND WKH YHKLFOH HPLVVLRRGHUDOSUHM Z WO HOoMH @ ¥8l 5 H GWIUW H W
FLW\ OHYHO L H VL[ URDGV RQRAMHF KXWKUR B UMIDQW-HQM §XPEHGQR V\
Rl FULWHULD GH¢:QHG WR GHWHHWBIORE AWK HP FRN QW BWHY WML UR RH VX Q
UHVHDUFK ZHUH HVWDEOLVKH@LEXDM@D%P@W wWHVH By v X @@/ DWL PL

ND]XM QD aHVW
WUDI¢F PRGHO DQG WKH FRQGX¥ BBWE% ODMYHUD 1DIX4

7KH UHVHDUFK UHVXOWYV IR#) QLK SURPHWRQI

VLQJOHG RXW WKH URDG 5 P IR LGWQWKHFL X BERPHWQLFD
ZKLFK WKH JUHDWHVW DPRXQW RIVYMEBLEWHAHWHKYEbRQNYHDYD NDUD
UHDOL]JHG WKURXJK WKH WUDWHFGREBRWRU YHKLFOHV L%\ JRGLQ

LPSOHPHQWLQJ WKH PHDVXUHWVHR® WKW RJH 6 X ERMHIH RBIUWIRH PRGH
VKDUH Rl FHUWDLQ YHKLFOH FIBHMQRYRUFHYD ED YW LHFXO Q0FIDIDVHQL
VHQJHU FDUV WKH JUHDWHU WV‘HD H#JFP\N-FQU*@WK'M#Q}#VHZ’LWWD St

K\EULG RU H[FOXVLYHO\ HOHFR?V I H aw;
UHPRYDO RI YHKLFOHV WKDW Gy I\_/l]: Lvmgj}i \é\éfﬂ\%m\/ﬁg
GDUGY RI HPLVVLRQ UHGXFWL R SRt RN S WRY b, L o
WKH RYHUDOO LPDJH RI WKH F)Nu@H@vaMQDlvyLYH FROQGLWLRQ RI
YHKLFOH HPLVVLRQ FRQFHQWUDWLRQV LQ WKH FLW\ RI 5LMHND

,| WKH PHQWLRQHG LPSURYHPHQIN¥1RPHDV¥UHV DUH WDNHQ

DQG LPSOHPHQWHG E\ WKBYRURRKRSVRE d382PRE%N 0 &23(57 swi
DJH UHGXFWLRQRID&XG &2 RQ WREGK&RISURFMHQD aWHWQLK HPLVLMD
WKH REVHUYHG URDGYV E\ DQG

UHVSHFWLYHO\ LQ UHODWIRRENCRSWKH UHIHUHQFH \HDU

)LQDOO\ WKH DXWKRUV HWWg, PP W HpW K DM RFFRYGLO I MR po w
WKH UHVXOWY REWDLQHG WKUR X HK AM KH Y8LEIG T B biWFK IRF.ROLRQV ED V|
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obJoLua / .UOMDQ 7 *UXELaLu 1 obJoLu / (VWLPDWLQJ B8UEDQ 5RDG 7UDQVSRL

DQG PXOWL VRXURHD QUERQWEIMLBQ 6HY HHUIFRHWKRG WR FDOFXODWH HPLVYV

3DUW & (PHUJLQJ 7HFKQRORJLHV WUDI¢{F FRQGIQWHRWYDWLRQDO-,((( $QQX

‘2, M WUF IHUHQFH RQ ,OQOWHOOLJHQW 7UDQVSRUWL
@7KH ,QWHUJRYHUQPHQWDO 3DQHO RQ S&OLPDWH &KDQJIt6&

,3&8&%5 &OLPDWH &KDQJH - 0L>WL@I%\&|3R*Q Kl /&O'I'KDQJ < $SSOLFDELOLW)\ R

IURP KWWS ZZZ LSFF FK >$FFHVVH&N>¥<¥V\ klé—ﬂm DO RI WKH 7UDQVSRUWD!
@:DQJ + =HQJ : 5HYHDOLQJ 8UEDQ &RUERQ 'LRILG .

&2 (PLVVLRQ &KDUDFWHULVWLFYV Dé (\DI\WEXH FL J OHFKD’

QLVPV IURP WKH 3HUVS Swihabit RT & M '??J vV)* 1RODQG 5% ,QGXFHC
y Y VX LRQV IURP 7UDI¢,F YORZ ,BBI&RYHPHQW

@%DNNHU 6 +DT * 3HHW . *RWD 6 0H'GW#<I'€'U7HJFD?V§LR>PWDWLRQ SHVHDUFK %R
$ -HQQLQJV * S5RJHUV - /RZ &DUERQ 4XLFN :LQV ,Q
WHJUDWLQJ 6KRUW 7HUP 6XVW D LXQ D@ 0RXDWDNI\RIR B \WSDEYGIFORE U@IDM\ DQG +H
&OLPDWH 3ROLF\ LQ /R BusifdRifyd &R X OXWAL PLV VLR @YTRG®HDEOH IURP KWWSV
"2, V X GH GRFV ORGHOV (PLVVLRQV 3+(00LJKW
@=KDQJ : /X - =KDQJ < ORYLQJ - WRZDU®WYX 6RYWDL@DELOL
W\ 5RDG *UDGHV DQG 2Q 5RDG (PLVEURRYDRIGEHERN RIMPLVVLRQ )DFWRUV IR
9HKLFOHV 3 &SusthinablitX G\ $YDLODEOH IURP wasv 227 KEHID QH
2, VX FHVVHG WK 1RY

@1W]LDFKULVWRYV / *NDW]RALDV' . Q/IR % Q_IB = XR ./ $QDO\VLV
&23(57 $ (XURSHDQ 5RDG 7UDQVSR QBQFRQJH\./WHG JQWH U\

WRU\ OF@QYIZIQJRQPHQWDO 6FLHQFH D KL (J)lH Q Foumal 6F DIEVTEaRD

@*XDOWLHUL * &DPLOOL ) &DYDOLHUE%UMWISBQ$%H¥5|\R/H56D%%UGZ’
ORZ FRVW URDG WUDI¢(¢F DQG DLU SROOXWLRQ PRQLWRULQJ SODW
IRUP WR DVVHVV YHKLFOHV DLU PXD@®XWR SO K@ YLy KQBHQTO HIEIFRSXWHU
7UDQVSRUWDWLRQ 5HVHDUFK 3URF H@grgnme to calculate emissions from road transport
‘2, M WUSUR $YDLODEOH RQOLQH KWWSV -ZZZ HQJ D
@3DUN - 1RODQG 5 3RODN - OLFURVFRBEUMWORFHBD ORI $GU 3RFFFHVVHG WK 1RY
OXWDQW &RQFHQWUDWLRQV &RPSDERVRI®HI & L+P XOQ WK G SHYKIOHZVRI PRGHO
ZLWK OHDVXUHG DQG 0DBduRa BRSLF WVRIP PVWRHPVYWUDI¢(F DW VWUHHW OHYHO +
WKH 7UDQVSRUWDWLRQ 5HVHDUFK W‘{@QQQRQPHQWDO 3ROOXWLRQ '2,
‘2, M HQYSRO
@6PLW 5 1W]LDFKULVWRYV [/ %RXO>W U% % MB WDDEOH

YHKLFOH DQG WUDI¢F HPLVVLRQ PR UQ¥ WY\}_ ZQg-JfIRJU 1DV.BNUDM 6W
WD DQDIONPRWSKHULF (QYLURQPHQWFHVVHG VW 'HE @

‘2, M DWPRVHQY
@HFN[ & 3DQLV /, 9DQNHUNRP > @ERRMWMBRQ: % A {AGMKDRY LBMMOW D OVWHDAU E R F
* $UHQWI]H 7 $Q ,QWHJUDWHG $FWLMLSNERD T R $REPEPHH JURP KWWSV  Z
JUDPHZRUN WR SVVHVV 9HKLFOH (PLYYERBVVHSSYRDHE DQc@
$SSOLFEWILR@QPHQW DQG 30DQQE Q@HES BOWRKQWI MIQELW) $GPLOLVWUDWLR
'"HVLJQ ‘2, E XUEDQLVP HFRORJ\ DQGSOMNI® ® BQDJIH |
@HGHUDO 5HJLVWHU 21,FLDO 5HOHDWRH RL\W)$RI SYBRONMEOH IURP - KWWSYV
WRU 9HKLFOH (PLVVLRQ )DFWRU ORGKMD KRIUWN B H. QDWIKID GWRWHY WD QRYDQM
RI &DOLIRUQLD $YDLODEOGOH IURR/LEWRVSYWDELZYDB®HU SURVWRUQL SOD(
DOUHJLVWHU JRY GRFEXPHQWYV GH MD JuDRIE ULMHNH >$FFHVVHG WK '

FLDO UHOHDVH RI HPIDF PRW%U@ ':9"&([-'2" \k/YJ\éLoRQH WHRID L BB W Bl JRU R P
WRU PRGHO IRU XVH LQ WKH VWDWH R VRED 1 18R PHvavvﬁ 272 ULMI

WK 1RY @

@ERX 6+ 5DGZDQ 6 HVWHUOXQG %%\HngBUL]BFE pBFHVWD >,$FFHVVH

D WUDI.F VLPXODWLRQ PRGHO 9>66%HQGWRE HBh MHLOPL & \(/DWVNH‘ HSDUWF

PRGHO 029(6 WR SUHGLFW HPLVVLREWYURﬁYMP@LDFWV KWWSV 22z

D OLPLWHG DFFRXVQOOKZIDWKH $LU D®FHYWIWRE WK 'HF @

ODQDJHPHQW $VVRFLDWLRQ '2> @ULPRUVNR JRUDQVND &RXQW\ 3ROLFH
$YDLODEOH IURP KWWSV SULPRUVNR J

@ LUVFKPDQQ . =DOOLQJHU 0 )HOOHKWG RABIFEH YD KGE KU HHUF @
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