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ABSTRACT

O\FREDFWHULXP OWWXEMUFXORPRWH SHRSOH HDFK \HDU WKDQ DQ\
LQFOXGLQJ +,9 DQG PDODULD V\@R VSRIGAMEXRIQERSNODELE VDX WHDI QR W
0'5 7% LV HPHUJLQJ DV WKH JUHDWHVW Z\WRK OB W7RLRERKHACHRD W L
RFFXUV:RQOMKHHDOWK 2UJD GROMWHRQSFVLDM®@BOIODBHVK LV D OF
PLGGOH LQFRPH FRXQWU\ ORF MW H/GI D QREFXOMEKHDVAERHQIMMWKK LY W U R
DPRQXLIJREXUGRRQWKKWHN QVPLVVLRQ G\QDPLFV ID® & KIS ERXDIWVRD
DUH SRRUBBXQKH UMW RI P\ UHVHDUFK ZDV WR LQYHVWLJDWH W
DQWKHQWRIDVVLRQ G\QDPULFRVHBW GEXH P Y0 W BGID/RBWD J9% L Q
%DQJODGHVK 7R DFKLHYH WKLV DLP , FRQGXFWHG D WLPH VHUI
ZHDWKHU YDULDEOHV DQG 7% HSLGHPLF H®OWRK & HYHDRSMIG/ \
G\QDPLF& 7Rl DQG D% LQ %D QJODIEH\RKHIDMER VLYHQROUPLY RI WK
VIVWHP SURSHUWLHY DQGIWBERKMWLR Q\QW HUOYHR) \B VR E VWW UDWHJL
HITHFBUWRHUDPV |R 7 95RO O B IRH U K W/IW R G\UWRDMQV UHODWLY
QHJOHFWHG LQ WKH OLWHUDWXUH

,Q D QDUUDWLYH OLWH U BW X E)V K HHg BHZQ RHK D \8 HHWV W DIDALE K P H Q W
0'5 7% DORQNIKHRWKLELOLW\ RI IXW X H %l S LGP B X BRYNIFVR U V
FDQ OHDG WR DQ RXWE VKRN NR I IVPAW G UWHIDYRHO X&H EXW DUH QRW
IDFWRUV HQYLURQPHQWDO IDFWRUV KR VWHWYHIOIDWW® U B FDARIU K XI
VHIQWVLYH FRQWULEXWLQJ WR D ZRU U L WRKFH/:DWRDMRBR ¥ @ SHH YO R
SRRU SRSXODWLRRBPOPENHRE HKHDOMIK IDFLOLWLHV DFUR Z/GIHGE LFH)
K R X V LBQRIL O MWKCHW\L U HEOLG HRD 7 BotD@LEDXIW FPRPWH D FRQVHTXHQFH 7% FF
WR EH WKH ZRUOGYTV ELJIJHVW LQIHFWLRXV GANHIDO RSN QI OHRX QWY
VXFK6DWYJIODGHVK

JURPIBQHUDOL]HG OLQHDU 3RLVVRQ UHJUHVVLR\OHPRG H 2Q ROKN\DHW
WKUHH NQRZQ HQGHPLGWVWDQBWNGRIVEKRIWRRXW&B\E 7% ULVN
LQFUHDWKGSURORQJHG H[SRVXUH WR WHPSHUDWXUH DQG UDLQI
TXDUWHUV 7KH DVVRFLDWQICR Q%E HW ¥MHR B X DL@BEWPPHGLDWH DW
ULVN GHFUHDVHV ZLWK LQFUHDVLQJ ODJ 8VLQJ WKH RSWLPXP Z
RI LQIHFWLRQ WKH ULVN RI 7% LV KLJIKHVW DW ORZ WWRIHUDW)
WKH ULVN DWWULEXWDEOH WR ZHDWKHU YDULDBEGHV KHLUY WKDOG
WKDW Rl WHPSHUDWXUH DQG UD L Q ITKGO ULHR/DHINE W HRO HW K B F\M K IURH
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%DQJODGHVK &PWMBRRDWDPIOQG DFW DV D SUDFWLFDO UHIHUHQF
Rl 7% FDVHV

, Q& KD SWH®H Y H O R SHWBUD MDZ B X § FHHFSMHEE © H U HE&L VA-PERVGHA BHL U V W

V W ULDH-SU HO/BDQXWME H S 8/ LIEQ@GH WRKV K H U UIHW LOABXD, Q WWIXQ B O ) B DW R
PRGHWKH HPHUJHQFH Rl GUXJ UHVLQWOG B F X DWHDWARHDWHR XOWF i |
, SHUIRUPHG D G\QDPLFDO DQDO\VLRRRS WHLDNVIPHR\GHIOWE R Q WD\ W &
HTXLOLEULXP SR LUDNAHVCHIEXUELXPH DY HYRVQHR W QGELIMHIDFV M TXLOLEUL X P
UHVSHFWs WR WDKK B VDHBRM QGLH/MIDFVHTXLOLE UL XPDIMEHUH ERW F
VWUDLQV SHUVLVW , FRQGXFWHG D ORFDO VWDELOLWWRQDO\VL
+XUZLW] FRQGLWLRQV DQG D JOREDO VWDELOLW\ DQDO\VLV X\
LQYHVWLIJDWHG WKH LPSDFW RI DPSOLILFDWLRQ DQG WUHDWPHC
SUHYDOHQFH RI LQIHFWLRQ DRXE BRUEQ 6 DWHRBHIV VL | UDFFRY H U F D\D W H
'5 SUHYDOHQFH L QF UHDAMDO HEXPAM ) BWWERHQH LI DPSOBLILFDWLR
WUHDWPHQW UHFRY H'G\ SWHWY DD H QUEKNECRVE-E WOXBIDQ F HRIOMARIZH. MV H V
WKLV , SHWHRQWPHELDPLW\ DQDO\VLVY WR LQYHVWLIJDWH WKH PRC
LQIOXHQFH RQ WKH SUHYDOHQFH

,Q &KDSWHHWYHORSHG D SDUVLPRQLRXV PRGHO VWUXFWXUH FDSD
7% HSLGHPLRORJ\ G\QDPLRWORRIUWGLEXOBQG\ WHHWLEBG DQG WKH
VORZ SURJUHVVLR®LMLRODFWR HVEK% PRGHO LQYHVWLJDWHG LQ
DPSOLILFDWLRQ SDWKZD\ IRU LQGLYLGXDOV WK 8W WD RUPIHEH DG U
ULJRDRXW\WLFDO DQDO\VLV RI WKH VIVWHP SURSHD@G HOD VGG V
WLPH EMKRBYMR{H PEBHQURXDWBWDQFH WV IGAUK LIDEQURIMOWHH W K D W
LV DFWWUHDIVMPHQW UHV X GW X Q QHY DVHMBRW E R €@ DRIH%E RV H V
EHFDXVH Rl DPSOLILMDAML RRTH G WRR DIQ & QUFRGVG DLW D WLQRE) SHUIRUF
DVHQVLWLY LW\QUEOW MWKH FRQWDFW UDWH RI ERWK6 WQGDLQV K
'5 7% SUHYDOHQFH

,Q&KDSW B UH[WD Q G HRGP D MMKHFRIQWL\VF D DLW ZR6 PRGHO | LAWE/BIE DNV R %[
WR X QG WUNAWDM\P LVVLRIB GUQDPGF¥Y% SHUIRDPHEQVLWLYLW\ DQDC
L G H Q WS D\U\B R HIVAMKI N MDD /R MHCH BB OGHPLF , WROHQ BOWIRRQV

UDWH IRU '6 DG VW'WKH PRVW LPSRUWD@WS PR Q WHIRFEDX/GLQDIW H
GLVWDQFLQJ ODWHQW FDVH ILQGLQJ FDVH KROGHQX YCHRWALLYJHD W
ZLWKLQ WKH RSWLPDO FRQWURO |UMDRMEZRGNRYSWHLE DL &R QYKUHR
'6 DQG 07% SDWLHQWV ZLWK PLQLPXP LQWHUYHQWLRQ LPSOHPH(



WIKH. VWDQFLQJ FRQWUR BR VWVIHEFWH YH LWL @ KMK PRYVEB 9 OB @/ L R Q
ILQGUD@INVR UHFRPPHQGHG WKDW HQKDQFLQJ DFWLYH FDVH ILQGI
GLVWDQFLQJ DQG CDW HQLW GAD VFIMEEDANAER B DEDRIG S5 7% L Q
%DQJODGHVK

L Q8KDSWHBHYHORSHG IRXU SRWHQWLDO VSHFLILF LQWHUYHQWLF
VWDIl RFT3WRH%DQJODGHVK GXULQJ WKH 7KHWIR GQIRMRPGH L @/RUHD
GHWHFWLRQ'6 DRSR 0W VREHDW B DW HWX B DIESGULEL OLW\ WHVWLQJ Ul
WR H[SORUH WKHWRBFAYWWLUR{DRK 7@ L QA LIEH QK IO & WPKRRLK/DMO L
GHWHFWLRQ\8 WKSRPRMWQ PSRUWDQW LAQ IVGI® A% W DRFGIER® GHFU
PRUWDQLWWDQJODGHVK L@EZWXBUD QBFXY% WUHDWPHQW UDWH DOF
GUDPDWLFDOO\ DIIHFNQW KI 56 i DG LIBGIGLRRHR W QKL WRIGQUN IUQ J
PRUH INHWHUY WQRXBQWDQHRXVO\H Z DN KHRPRIN®/X A HEVWBRIGEXE GHQ R
7% LQFHGBIQG PRQ WDMU\®D GH VK

,Q VXPPRUNKWVLY SURYLGHV D EHW WH F KOQEGIH QV W@ G HIPQ 8 O R J\
HPHUJLQW ®' HSLGHPLFV DQG ZLOO VXSSRUW %XMRQMWURROH FI\R D
%DQJODGHVK )LQDOO\ WKLV IOH[LEOH PRGHOOLQJ ERWK WUD
DGDSWDEOH WR RWK3HUUY HQYRLIQYJ K LWR EX WIBHQHR | '6
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Kuddus, M.A,, OHHKDQ OGFWU\GH ( 60DWKHPDWLFDIOHF®E& YHRPWGHOOLC
HOLPLQDWLRQ RI WXEHUFXDRVNY &FR NLEFLHIBBEWHWUHNFK/LY DO
6HSWHPEHU

Kuddus, M. A. ODWKTV H[SODLHSLEBNBLRRORAG ZRW BMWKHHBRFK R R
%XUGHNLQ $XVWUDOLD $XJIXVW

Kuddus, M. A, OHHKDQ O@GF®U\GH ( 60RGHOOLQJ WKH LPSDFW RI QRY
WUHDWPHQWY IURP WKH PLFBROER\SUHGHY WEW 1QRHEMVOLRKD OGL \
PDWKHPDWLFDO PRGHOOLQJ S8EJXWWQQXDO FRQIHUHQFH

Kuddus, M. A, OHHKDQ MF®U\GHG6 ( (SLGHPLF PRGHOV RI WXE
%DQJODGHVK PDWKHIPBRMA EDKE DQ@QDOFRMOHYDQW LQIHFWLRXV GL\
PDWKHPDWLFDO PRGHOOLQJ S8R3JXWWQQXDO FRQIHUHQFH
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3267(5 35(6(17$7,216
Kuddus, M. A, OHHKDQ ©DF®U\GH ( 6 ODWKHPDWLFDO DQMMOJFLYQ RI
WXEHUFXORVLV PR GR 2Q\Q¥ BDMM\EHDIBHR/EF 2V MW R E H U

Kuddus, M. A, OHHKDQ 70F%U\GH ( 60DWKHPDWLFDO PRGHOV RI W
WOQDPLVVLRQ LQ3%BQJOPWHVYRDWLRQDO FRQIH U HDAH QNXIAW W L FV

Kuddus, M. A, OHHKDQ OF®U\GH ( 6$ VWXG\ RQ PDWKHPDWLFDO DQ
PRGHOOLQJ IRU WUDQVPLVVLRQ G\@DP DR R KW BEBMERIRW KV 79

FRQIHUWH®MHHPEHU

Kuddus, M. A, OHHKDQ D®BF®U\GH ( 6% VWXG\ RQ PDWKHPDWLFDO DQ
PRGHOOLQJ IRU WUDQVPLVVLRQ G\QDPLFV-IRRPHVX&RR K XORWLHU V7

6FLHOGHWHDHVWBEMBWHPEHU
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SHORT COURSES

3\WKRQ SURJUD P P{IPIH® DERIKND BHY K Y MUWNDLON.\D

3URJUDPPLQJ IRU HYHU\ERG\ *HWWLQJ VWDUWHG ZLWK 3\W}
5 SURJUDPRKQY +RSNLOMSB®LY

*HWWLQJ VWDUWHG ZLWK 5 DQG 5BXX®UDOIDPHY &RRN 8QLY
/IRQJLWXGLQDO DQG PL[HG PRGHO DQDO\VLV 4&,) $XVWUDO
/LQHDU UHJUHVVLRGNH 8QRREH® DWY J

(ISORUDWRU\ GIRMR WD @RONVOWSSSLYHUV LW\

%DVLDQ VWDWLVWLFV IURP FRQFHSW WR &@$WD DQDO\VLV ¢
OXOWLSOH UHJUHVVLRQ D@BQW kR SMQL 6 X EWELIFY KWV OW\K
,QIHFWLRXV GLVI3BWOBRGHOOLQJ

3URMHFW PDH)DDBPHRKRRO $XVWUDOLD

3XEGROLWHEUDG 6FKRRO $XVWUDOLD

5HVHDUFK FRPPHYEDBOLRKRRIOR BXVWUDOLD

&ULWLFDO DQG FHHDWLIAKRRQQKEXQWUDOLD

6NLOOV IRU LQWHUQDWLR®@PE\SRR RN USISEVRNWWDMOND. , 3

8VLQJ 5 IRU GDWDIDRPIOLNDY SHRNWGWR R M IBRA Y WW\DLON. \D

$Q LQWURGXFWLRQ WR-DWBW ERWR NFY¥GX VYV MUIDEBEH

$GYDQFHG VWDWDV WV RR RN 669 X Y WW\DLON. \D

$FDGHPLF DQG W-OHP\HLW &ZRR.NV B @ K YOMUDDL W \

J QIHFWLRQ FR®&2YRO WHIILWYWOB QW Rl +HDOWK $XVWUDOLD
,QIHFWLRQ SUHYHQWLRQ DQG FRQWURO ;R&UOBUQROWE FRL
2UJDQL]DWLRQ

&29," 2SHUDWLRQDO SODQQLQJ SDLOMORQASY BWE KR U'W
FRXQWU\ SUHSDUHG QRHMYGD-QHD O MNKSRDMHD L]DWLRQ

(PHUJLQJ UHVSLUDWRU\ YLUXPHW KIREAO KGL CHWHFWLRQ SU
UHVSRQVH DQRGABBQWDRWK 2UJDQL]DWLRQ
,QWURGXFWLRS) LVWR &2G DMIR DR BRBEQV Rl WUDQVPKXBVLRQ DG
"RUOG +HDOWK 2UJDQL]DWLRQ

$00 FRPSXOVRU\ KLJKHU GHJUHH E\DAHAHRBRK 8Q3 Y+HUBVERX
$XVWUDOLD
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'276
'6 7%
'S5 7%
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, 37
7%,
0'5S 7%
173
30'7

5v
5u
5p
6,5
6,6
6/,5
7%
767
81
T+ 2
'S5 7%

LIST OF ABBREVIATIONS

% D F L O O H X&HDWLRH W W H
'LUHFWO\ 2EVHUBHKRB UMW RRWBMB W
VXVEHSWLEOH 7XEHUFXORVLYV
UHVLVWRDW 7XEHUFXORVLYV
+XPDQ ,PPXQRGHILFLHQF\ 9LUXV
+XPDQ ,PPXQRGHILFLHQF\ 9LUXV $FTXLUHG ,PPXQH
-DPHV &RRN 8QLYHUVLW\
,VRQLDJ]LG 3UHYHQWLYH 7KHUDS\
IDWHQW 7XEHBBXORVLV ,QIHFWL
5 HOXLO/ W/ IDRWWK F XEHUFXORV LV
1IDWLRQDO 7% &RADMURO GHWWRKUDP
BRJUDPPDWLF 0DQDJHBHQW R D QX\O WXEHIXFIXORV LV
%DVLF 5HSURGXFWLRQ 1XPEHU
%DVLF 5HSURGXFWLRRVIPHSEMILE ORHU 7XYXKHUFXORVLYV
%DVLF 5HSURGXFW L R® VIXPVE Bl Q WRAX EHXUF XORV LV
%PWHSURGXFWLRQ 1XPEH\IL VRUD QX\0 WXEBHIXEXORV LV
6XVFHSWHEWHRRYHUHG
6XVFHSWHEWMREWSWLEOH
6 X V F H/DWLHEMM F VB HFRRYWH U H G
7XEHUFXORVLYV
7XEHUFXOLQ 6NLQ 7HVW
7KH 8QLWHG 1DWLRQV
':RUOG +HDOWK 2UJDQL]DWLRQ
([WHQVLYHDAWDRW 7XEHUFXORVLV

[YLLL
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&+$37(5

L, QWURGXFWLRQ

(PHUJHQFEDRID@® QDWLRQDO SUREOHP
$LPV RI WKLV WKHVLYV

5HVHDUFK REMHFWLYHV

7KHVLV VWUXFWXUH

SHIHUHQFHYV

&+$37(5
%DFNJURXQG
6XPPDU\ Rl WKLV FKDSWHU

$Q RYHUYLHZ RI WXEHUFXORVLY GLVHDVH DQG LWV PRGH RI
7KH HPHUJHQFH Rl GUXJ UHVLVWDQFH
&XUUHQW JOREDO VWDWLVWLFV Rl 7% DQG LWV ULVN IDFWRL
7% WUHDWPHQW DQG FRQWURO VWUDWHJILHV
AXDQWLWDWLYH WRROV DYDLODEOH IRU WKH FRQWURO RI 79
+HDOWK HFRQRPLFV RI 7%
7% LQ %DQJODGHVK DQG LWV FXUUHQW VLWXDWLRQ
ODWKHPDWLFDO PRGHOOLQJ RI 7% $Q RYHUYLHZ

ORGHO GLDJUDP DQG HTXDWLRQV

%DVLF UHSURGXFWLRQ QXPEHU

BWDELOLW\ D/QDWHWPLY RI WKLV

7% PRGHO H[WHQVLRQV

[LI



OXOWLGHMNVWDQW 0'5 DQGHYWWWURYHQI5G UM% PRGHOV
&RMWHFWLYHQHVV 7% PRGHOV
&RQFOXVLRQ
SHIHUHQFHYV
&+$37(5
'HOD\ HIIHFW DQG EXHGBY REG ZHOBMKHFXORVLY FDVHV LQ 5DMVKI

$EVWUDFW
, QWURGXFWLRQ
OHWKRGV DQG PDWHULDO
'DWD VRXUFHYV
6WDWLVWLFDO DQDO\VLV
5HVXOWV
,QLWLDO VHTXHQFHV RI 7% FDVHV DQG ZHDWKHU IDFWRUYV
$VVRFLDWLRQ EHWZHHQ 7% DQG ZHDWKHU IDFWRUYV
"HDWKHU UHODWHG EXUGHQ RI 7%
'LVFXVVLRQ
SHIHUHQFHV
6XSSOHPHQWDU\ PDWHULDOV
&+$37(5
ODWKHPDWLFDO D\OWODVIQVGIVHI DWARPRGHO ZLWK DPSOLILFDWLR
$EVWUDFW
, QWURGXFWLRQ
ORGHO GHVFULSWLRQ DQG DQDO\VLV
ORGHO HTXDWLRQV
%DVLF UHSURGXFWLRQ QXPEHU
6 W U DIDF HIRMBQ W
6\WWHP SURSHUWLHYV
6WDELOLW\ DQDO\VLYV
, QIHAWHR@ TXLOLEULXP
ORB®IRLVWHQW HQGHPLF HTXLOLEULXP
&R[LVWHQW HQGHPLF HTXLOLEULXP
BHQVLWLYLW\ DQDO\VLYV
1XPHULFDO VLPXODWLRQV
'LVFXVVLREOBYGRER Q
S5HIHUHQFHV
&+$37(5
ODWKHPDWLFDO ROWODVIQVWAEHWREZXORVLY PRGHO LQ %DQJODGH

[l



$EVWUDFW
, QWURGXFWLRQ
ORGHO GHVFULSWLRQ
ORGHO HTXDWLRQV
%DVLF UHSURGXFWLRQ QXPEHU
6\WWHP SURSHUWLHYV
6WDELOLW\ DQDO\VLYV
'LVHDWH HTXLOLEULXP
ORBIRLVWHQW HQGHPLF HTXLOLEULXP
(VWLPDWLRQ RI PRGHO SDUDPHWHUYV
BHQVLWLYLW\ DQDO\VLYV
1XPHULFDO VLPXODWLRQV
'LVFXVVLRQ DQG FRQFOXVLRQ
SHIHUHQFHV
&+$37(5
ORGHOOLQHB\VAWXMDQW WXEHUFXORVLV DPSO ULH\D WQ RAD QD WM HD

$EVWUDFW
,QWURGXFWLRQ
ODWIBQIGDPHWKRGV
%DQJODGHVK 7% HSLGHPLRORJLFDO GDWD
OR@HHW FULSWLRQ
ORGHO FDOLEUDWLRQ DQG FRQWURO VWUDWHJILHV
5HVXOWYV
%DQJODGHVK 7% SUHYDOHQFH UDWHYV
7% G\QDPLFDO SURFHVV LQ %DQJODGHVK
6HQVLWLYLW\ DQDO\VLY RI PRGHO SDUDPHWHUV
2SWLPDO FRQWUR G MWW MYHIQ HV VDRGEGDR V LW
'LVFXVVLRQ DQG FRQFOXVLRQ
5HIHWHYQF
6XSSOHPHQWDU\ PDWHULDOV
&+$37(5

6FHQDULR DRULDRAWD?PHABRWLF WXEHUFXORVLY FRQWURO LQ %DQJC
VWXG\

$EVWUDFW
,QWURGXFWLRQ
ORGHO GHVFULSWLRQ
%DVLF UHSURGXFWLRQ QXPEHUV

[[L



(VWLPDWGRQ BDBRPHWHUYV
6HQVLWLYLW\ DQDO\VLV
6FHQDULR GHYHORSPHQW DQG DQDO\VLYV
'LVEXVVLRQ DQG FRQFOXVLRQ

5HIHUHQFHYV

&+$37(5

'LVFXVVLRQ DQG IXWXUH GLUHFWLRQV
'LVFXVVLRQ RI PDLQ ILQGLQJV
/ILPLWDWLRQV
6LIJQLILFDQFH DQG LPSOLFDWLRQV
JXWXUH GLUHFWLRQV
&RQFOXVLRQ

S5HIHUHQFHYV

[[LL



/[LVW Rl )LIXUHYV

J)LIXUH 7% WUDQVPLVVLRQ F\FOH IURP SHUVRQ WR SHUVRQ W
J)LIXUH 7KH OHIW VLGH UHSUHVHQWY ODWHQW 7% DQG WKH U
J)LIXUH &RQWULEXWL QG LIDH AR R XMWABDWMDHNG/ WR G W KHLU LPSD
J)LIXUH IDWLRQZLGH QXPEHU RI 7% FDVH LQ %DQJODGHVK IUF

J)LIXUH &KORX™Y Rl WKH FRPSDUWPHQWDO 6(,5 PDWKHPDWLFDO F
WKH WUDQVLWLRQ LQ DQG RXW RI HDFK VWDWH

J)LIXUH I1XPHULFDO VLPXODWLRQV RI WKH PRGHO RXWFRPHV
J)LIXUH 4XDUWHUO\ 7% FDVHV EODFN ZAXNUK QY AMKIHIN WX G\ SH
THPSHUDWXUH E +XPLGLW\ DQG F 5DLQIDOO IRU WKH WKU|
J)LIXUH ([CRHYSERQVH DVVRFLDWLRQ LQ WKH WKUHH GLVWULF
DVVRFLDWLRQ OLGG®HDYNMG@HODWDRQIBBIRWVRFQHEW L R
J)LIXUH ([CCRHYERQVH DVVRFLDWLRQ LQ WKH WKUHH GLVWULF
DVVRFLDWLRQ OLGGOH% DQMNRFIZBWERQDAMLIXBDWYVREFQHB® L ROV
J)LIXUH ([CRHYERQVH DVVRFLDWLRQ LQ WKH WKUHH GLVWULF

DVVRFLDWLRQ OLGGD% BY)QRFL DAVXIPRQ LB IEKYW R B QMWL RDJ

J)LIXUH JORZ FKDWWDRROQWKH PRARHO VKRZLQJ WKH IRXU LQIHFW
WUDQVLWLRQ UDWHY LQ DQG RXW RI HDFK VWDWH
J)LIXUH 35&& YDOXHV GHSLFWLQJ WKHMZVW®VUILMMSH MW HWRRW KK

SDUDPHWHUWYa> 4Xe a * fe1O ZKHQ@Pf5>re 8?2 L H HFRVWHQW
HQGHPLF HTXLOLEULXP

J)LIXUH 35&& YDOXHYV GHSLFWLQJ WKk ALK UW V'8 HWWHW RR W K
SDUDPHWHUWYa> 4Xe a * fe1O ZKHQ@Pf5>re 8?2 L H HFRVWHQW
HQGHPLF HTXLOLEULXP

J)LIXUH 35&& YDOXHYVY GHSLFWLQJ WK ME V-HALWNLKY UHMNE HIF W RN RVW
HVWLPDWHG>SOUDPPHEKMEY fefO rePefSre 8?2 L HHERVWHQW
HQGHPLBO HEXLXP

J)LIXUH 35&& YDOXHV GHSLFWLQJ WK MM ALK UW V'8 HWWHW RR WK K
HVWLPDWHG>SXxUDRPVEKUe fe1TO ZKH® P refetre Ps IH
PROHRILVWHQW HQGHPFRLF HTXLOLEULXP

JLIXUH H[LRNVHQW HQGHPrle P HISXLCEE UQ XKLV FDVH ERWK WKH G
VXVFHSWLEOH LQUHFWVWROQ D) G HHRWHRIRSKODVWWQ EODFN G
UHPDLQLQJ SDUDPHWHU YDOXHY DVVXPH WKHLU EDVHOLQH YL

[[LLL



J)LIXUH (ITHFW RO RRP WKHUK®BWRWEEODO VO BQGUEVXYWD QW
SUHYDOH&PKW UHPDLQLQJ SDUDPHWHU YDOXHV DVVXPH WKHLU

YLIXUH (IITHFWVRHSWXEOH W UH DW PRMDIAH HTKROHBU UXRVEBHY HO
SUHYDOHQFH ZKHQ E RW&K ;IDQUH AW[IHRX Vs OO WHHW DL QLQJ SDUDPH
DVVXPH WKHLU EDVHOLQH YDOXHV JLYHQ LQ 7DEOH

YLIXUH (GIRWVRHSWLEOH WUH DW PRH® W KM AR XHO L EJWDIVKH® OH Y H
GUXHVLVWDQW VWUDLQ ZK#&> EIRWKILHEF®WQRXWVHEDWRIVQJ SD |
YDOXHV DVVXPH WKHLU EDVHOLQH YDOXHV JLYHQ LQ 7DEOH

J)LIXUH JORZ FKDUW RI WKH 7% FRPSDUWPHQWDO PDWKHPDWL
WUDQVLWLRQV LQ DQG RXW RI HDFK VWDWH LQ D FORVHG SRS
J)LIXUH SHSRUWHG SUHYDOHQFH GDWD UHG GRW DQG WKH F|
Rt eE % $O00O0 UHPDLQLQJ SDUDPHWHU YDOXHYV DVVXPH WKHLU E
J)LIXUH SHSRUWHG QRWLILFDWLRQ GDWD UHG GRW DQG WKH

RIR ER 7 $00 UHPDLQLQJ SDUDPHWHU YDOXHYVY DVVXPH WKHLL

J)LIXUH 35&& YDOXHYV GHSLFWLQJ WK MMZVW®&WVUILMMSH MWL HWRRW KK
HVWLPDWHG>SB NMD P FMREVUE'4X"a "aR fe10 ZKHQ@P «f$Sr1"&?
L HHERWWHQGHPLF HTXLOLEULXP

J)LIXUH 35&& YDOXHV GHSLFWLQJ WKHZVW®&VILMMSH MWW HWR RW KK
HVWLPDWHG>SE NMD P FREVSF'aX"a "aR fe1TO ZKHQ P
rfetrePs L HHEFRVWHQW HQGHPLF HTXLOLEULXP

J)LIXUH 35&& YDOXHV GHSLFWLQJ WKHMEVEQWKWLHVSHHW WIRWKI
HVWLPDWHG>SE NMD P FREVUFE'aX"a "aR fe10O ZKHQ PefSr"&?
L HHERVWHQW HQGHPLF HTXLOLEULXP

J)LIXUH 35&& YDOXHV GHSLFWLQJ WKHZ VW& VULAMNMS/H MW HAWR RW KK
HVWLPDWHG>SB XD P HAREVSF'4X"4 "aR f+1O0 ZKHQP
refetrPs L H PRIQRWHQW HQGHRLF HTXLOLEULXP

J)LIXUH TW\HHHD®BE WESCRar”’?Qs 7KH GLINJHHHAVHTXLOLEULXP LV
DV\PSWRWLFDOO\ VWDEOH ZKLFK PHDQV WKDW WKH GLVHDVH
rabDQG”" L ra

J)LIXUH HNBRWRQW HTXLPLEYAHBP ,Q WKLV/POGHHY RXW EXW WKH
7% SHUVLVW LQ WKH SRSXODW&RQ G+*+HWH ZH FRQVLGHU

J)LIXUH HILAVRVHQW HTXROLISEUEBRP,Q WKLVTERWRAGES SHUVLVW LQ
WKH SRSXODWLRQ r+«HWBQ@1 IFRQVLGHU
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YLIXUH 5ROH RI DPrSOLILFDHWK RBHDRRVHQFH JRU67 %
GLRXW EX® 15QFUHDVHV ZE'WK R\ EBH DNY® @ ARKH 7 %
SUHYDOHQFH FDQ % [FHHGDWKBF6l $00 UHPDLQLQJ SDUDPHWH
EDVHOLQH YDOXHV JLYHQ LQ 7DEOH

YLIXUH (I 1'H% W EBHDBWRHR® WDWBLEULXP OHYHO Rl WRWDO S
LQIHFWLRX® ; DDWHY[HG $00 UHPDLQLQJ SDUDPHWHU YDOXHYV
JLYHQ LQ 7DEOH

YLIXUH W (RIFB WUHDWRHR® HWIDWBLEULXP GCHHUNO®RHOFH ZKHQ
ERWK LQIHFW&R PV H DWHE $00 UHPDLQLQJ SDUDPHWHU YDOX
YDOXHV JLYHQ LQ 7DEOH

J)LIXUH 6FKHPDWLNVWUDUOQDPARW WYRVPLVVLRQ PRGHO IRU %DC

J)LIXUH /ILQHDU ILW WR %DQJODGHVK 7% SUHYDOHQFH GDWD

J)LIXUH 7KH LPSDFWV RI WKH VWUDLQ VSHFMLPFH BVQ B RLHYURI
WKH 7% PRGHO

JLXUH $ ILW RI PRGHO WR WKH %DQJPOD&GHVRQG PXPX®DWLY
7%

J)LIXUH 35&& YDOXHV GHSLFWLQJ WKH VHOQWLK UWRBWHEW R1 WK

HVWLPDWHG>SB&®R2PHWHUWRGDQG r%ZLWK UHVSHFW WR WKH HVW
S D U D P+ WHe Wsvaxe « D®G

J)LIXUH 35&& YDOXHYVY GHSLFWLQJ WKH VHQULIWA BSILWWMIYHD\D R Q MH
J)LIXUH 7KH VLQJOH RSWLPDO FRQWURO VWUDWHJ\ $ 7KH RS
EHQHILWY RI XVLQJ RQO\ GLVWDQFLQJ FRQWURO VWUDWHJ\
JLIXUH 7KH GRXEOH RSWLPDO FRQWURO VWUDWHJ\ $ 7KH 'L

VWUDWHI\ % 7KH EHQHILWYV RI XVLQJ GLVWDQFLQJ DQG ODW
JLIXUH 7KH WULSOH RSWLPDO FRQWURO VWUDWHJ\ $ 7KH 'L

KROGLQJ FRQWURO VWUDWHJI\ % 7KH EHQHILWV RI XVLQJ GL
KROGLQJ BER®WURO VW

JLIXUH $ 7KH RSWLPDO TXDG X3 FHRQHFWRRQV WA SWH YD
%DQJODGHVK

JLIXUH (ITHFWV RI YDU\LQJ: WKRHQ Z\M K HK Q/LHVGN BRFWOIJ W RIQMURO D Q
WKH REMHFWLYH IXQFWLRQDO ULJKW )LJXUH

JLIXUH 7KH FRUUHVSRQGD@HGWDRWHK Y DULDED BNE DMWHR BKW H C
DSSO\LQJ WKH GLMVVWDRFLQUDAVRPWDEDDEOHY ZLWK DQG ZLWKR
JUD\ EOXH GRWWHG DQG EODFN OLQHV UHVSHFWLYHO\
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YLIXUH &RPELQDWLRQ -RD G GVOMDQH Q §vJ FORGMAMIVRGD Y B AR Q @G R
FRQVLGHULQJ GLMVWWNQBVOHJIF PYWU RO FWLRQ :Rsl; WIK-HFH DQG ZH|

ZHLIJKWHG; ERWHAW WR WKH WKUHVKROG YDOXHV

YJLIXUH &RPELQDWLRQ -R® G GVOD/QH Q @) FORGHMAVRWGD Y B AR Q &G R
FRQVLGHULQJ ODWH QW\RADWHWHQ\GD Q JD FIKQ\W W BBAG: FERW WP H D Q(
7KH ZHLIJKWHG HFRHMWPLQHG E\ WKUHH WKUHVKROG YDOXHYV

YJLIXUH 7KH FRUUHVSRQGLQJ VWDWH YDULDEOKIVQRI WKH FRP
OWHQW FDVH QG WUDRRIWDRG FRQVLGHYLY Y WKIHHBHD QIGW H (
t 7KH VWDWH YDULDEOHV ZLWK DQG ZLWKRXW FRQW L
DQG EODFN OLQHY UHVSHFWLYHO\

YJLIXUH &RPELQDWLRQ-R® G GVODVQH Q QRREMRIGHRIDRGI\@B J\ DQG
FRQVLGHULQJ ODWHNQYWDADWH D GLIXDRFWLRQ Rl WIKRH DQG ZH
ZHLIKWHG; BRIVWW UP WXHWG HEWKUHYKROG YDOXHV

)LIXUH &RPELQDWLRQ -RD G GVODVQHF Q Q/3-FEERRIGMIULERI0L § W U D W H J\
FRQVLGHULQJ GLVWWNYPVORXIFMYMRURRQ!I WLPH DQG 7K. JKWHG F
ZHLIJKWHG; BRWWMUPLQHG E\ WKUEH WKUHVKROG YDOXHYV

JLIXUH 7KH FRUUHVSRQGLQJ VWDW H QFLWLID ERGWQRR OV KH FRP
ODWHQW FDVH :HQ/GLODIWHRIQ WQREOF RQ VLG HULYQ Y WKIHH BHD QIGW H (¢
s 7KH VWDWH YDULDEOHV ZLWK DQG ZLWKRXW FRQW U

DQG EODFN OLQHV UHVSHFWLYHO\

J)LIXUH 6FKHPDWLF GLDJUDP RI 7% PRGHO IRU %DQJODGHVK 7
J)LIXUH 7KH HITHRMSY ARLI WFKEDWWR DIHSPURGXFWLRQ QXPEHU RQ
J)LIXUH SHSRUWHG %DQJODGHVK 7% DQQXDO LQFLGHQFH GDW

FRUUHVSRQGDQH ERIOVMG I EWU BMXV FOIISMMLE®WHXJI6 7% DQG ULJIKW
UHVLVWDQW 0'5 7%

JLIXUH 35&& YDOXHV GHSLFWL®3 WFKIS W HEXWH VEDWLLW \ URH SW RIS )G
5vZLWK UHV SR MHRVMKN 2 . DQG

JLIXUH 358& YDOXHV GHSLFWLQB WL.RKAN DB QVEDALYRE W H B U RGKXF €
ZLWK UHVSHFW WR WHKH %D UDRHWHUV

YLIXUH ,PSDFW RI WKH IRXU VLQJOH LQWHUYHQWLRQ VWUDW

JLIXUH ,PSDFWN. ®JOMKHQWNMUYHQWLRQ VWUDWHJILHYV RQ 7% PR

JLIXUH &RPELQDWLRQ LQWHUYHQW ZB:QDWMEU DK% ID @@XGDIOW V +

LOFLGHQFH FDVHV LQ %DQJODGHVK
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YLIXUH &RPELQDWLRQ LQWHUYHQW LTREQ D/NCU DAVFRI B Q Q DLV V H
PRUWDOLW\ LQ %DQJODGHVK
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/ILVW RI 7TDEOH

7TDEOH SHODWLYH ULVNV ZLWK H& ,ORJ YQPBPXGEFYWQFH DW VSH
7TDEOH $SWWULEXWDEOH IUDFWLRHBDWHCERFIUHSRQHQWLDO F

7TDEOHHVFULSWLRQ RI PRGHO SDUDPHWHUYV

7TDEOH'HSLFWLRQ DQG HVWLPDWLRQ RI SDUDPHWHUYV
7TDEOHGHQVLWLYLW\ LQGLFHV WR SDUDPHWHUV IRU WKH PRGHO

TDEOHBSDUDPHWHU GHVFULSWLRQ DQG HVWLPDWHYV IRU %DQJODG
7TDEOHLWWLQJ UHVXOWYV
7TEOH 6HQVLWLYLW\ LOQGLFHV WR SDUDPHWHUV IRU WKH PRGHO

7DEOH ,QFUHPHEWDRYHFEBWLR Rl VLQJOH FRQWURO VWUDWHJ
7DEOH ,QFUHPHEWDROYHFEBWLR Rl FRXSOHG FRQWURO VWUDWHF
7DEOH ,QF U HPHEWDRYHRRWY UDWLR RI HDFK WULSOH FRQWUR
7DEOH 6HOHFWLQJ EHVW FRQWURO VWUDWRHJ\

7DEOH /LVW Rl SDUDPHWHUV V\PEROV SODXVLEOH YDOXHYV
7DEOHSHQVLWLYLW\ LQGLFHV WR SDUDPHWHUV IRU WKH PRGHO
7DEOH +\SRWKHWLFDO VLQJ®H QW WG WLYHRXWL B Q RSRYDBI\G HIR G R

0'5 7% FRQWURO LQ %DQJODGHVK IRU WKH SHULRG
7DEOH +\SRWKHWLFDO FRPELQDWLRQ LQWHUYHQWLRQ VWUDYV

DQG 079 FRQWURO LQ %DQJODGHVK IRU WKH SHULRG
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CHAPTER 1

Introduction



1.1 Emergence of global and national problem

7XEHUFXORVLV 7% LV DQ DLUERUVQMYE HWWWRBNXWBEGERQHOG M B WK
ZRUOGZL G H >H @FKR B-IDFUNMHYXUELEK P FOVOIRW MWK BIE R U Q H WSWDDWQKVRPILHDW H G 1 U
DGLVHDVHG SHUVRQ WR KHBS® ®KLRSH RV R3U RVEOFHRWRX V RSH WK R QL
LQKDODWLRE\RWIGH R X 0 FINVEW H D OMKSN UPRP® LQWR FRQWDFW HDFK
DVLQJOH LQKDODWLRQ RU YHU\ VRRDW ¥ R ULMNAKAAMBLRKI @& R MUHAW P
|UHTW FWR O FRIHGED P\WY Z DWHKF W LRN PFRN VYR QOVR F FOWDHVBREW D F W
PRVW DW @Q¥N LQIHFWHG WKH LQGLYLGXDO ZLOO ILUVW XQGH
VIPSWRPV FDOOHKFWDRM QMW %,% ZRH ODWHQW SHULRG LV WKH
LQIHFWLRQ WR WKH EHJLQQLQJ Rl WKH VWDWH RI LQIHFWLRXVQF
OWHRHWKH LQIHFWHE DQGHLWLEBXDKA VN RI SURUUHSWUR® QV R LEVFWIL
KDV EHHQ HV VDIUFRXQEGGWRBHEHGLQJ RQ WKH @JH DW LQIHFWLRQ

,Q WKH :RUOG +HDOWK 2UJDQLVDWPRQOLRQ ISYWREPBWIHG GV KDR
WKDW DQ DGBLWQRR® SHRSOH EHFDPH QHZOWHYIHERVFHFX UURNGW R
LQ $VLD DQG PQUGFRI 7% GHDWKV RFFQG PHIGRERRIRFRXQWU L}
> @KH KLIJKHVW EXUGHQ RI 7% LV QR WHDX/URSUDLO/ LAGNDOA BUHDN KYSIDU R ¢
DQIGHDOWK V\VWHRY B[UDHPVERBIN. Q F L GKII)W HE HRH 7 % K RZKH VR € K UKL Q J
VXPPHU WKXV LW ZDV K\SRWG®HWRIBLEKN K B VE MHKH DFIMKH DG G X
PRQWKYV 7KLV FRXOG EH DWWULEXWHG WR UH6G X& IMLRGRBILYL W D F
FURZGLQJ BFWI@YG WIHDW B RD@LP®XQH X QF\@LRQ

Q WKH :+2 UHFRIJBXVEBQ FRXEWULHY DFFRUGLQJ WR WKHLU
> @PRQJ WKHVH LV %DQJODGHVK D FRXQW U\ XX®G PH G QX WUWW L
DUH FRPPRQSODFHXUEHDHVHQY LDU RMPRIQW IRU 7% RXWEUHDNV )
FRPSOLB@RW IL\) %BOUEUERNMEO\ DV D UHVXOW RI WKHHBGLIQQVLY
WR D ULVH LQ MXOHNVQUSEREBIONER QW FDVHE@'5 7% LV GHILQHG DV 7% W
UHVLVWDQW WR LVRQLD]LG DQG ULIDPSLFLQ WXHQW ZRILRERY W HII
RU ZLWKRXW UHVLVWDQPH \& R MGG D WH ROZDFO PR MRW 'BDT% RI GHYH
ROMHUPPSOLILWBWLIRQKHU SULPNEKHWIDDMWRUVWHR® UHIHUULQJ W
GLUHFWOD'3JRRLQQHFWH G FEHULM RBBIWH.RWY WR WKH F%D®WBH IURP '6
7% LQ WKH VIVKH BXIK/ RO AXXUWDLAXT\ PGWMCHVY RQMFIML RQ SUHVVXUH
LHD6 7% SDWLHQW KDV SDUWLDO UHV IZALWEQIE K \RAWQE QIXID Q WX
VHTXHQWLDO UHYV LWXWDIQF H. \FF IRQWRHFF ¥ OO HG D P DALG LIHVU LK [H 1A WFR
DQDWURJHQLF SKKIQRPHQRQ



(DFK \HDU LW LV HVWLPDWHG WKDW S B R E QHA®IQHIXR D@ PhVIKQ G
, Q WKH FDVH QRWLILFDWLRQ UDWHYV SHU SR WXIOW WYLHR Q
FDVHV L H FDVHV WKDW DUH XVXDOO\ PRUH LQIHFWLRXV DQG KI
UHV SHFWWXHOVDPWKH DIXPEMWUISRIVDROO7% FDVHWXHD® R QFRUHIDAHIAA
PLIJUDWLRQ WR DQG IURPD G QEIAHIPUFLRR XRQWRWHWYVLY JLYHQ WKH
QHLIWERJ FRXQWULHYV VXFK @V ,QGLD DQG &KLQD

,Q OLJKW RI WKHVH DODUPLQJ VWDWLVWLFV DQG VLPLODU ILJX

WKH :+2 XSJUDGH G6WHK B IWMHBFWRB6WHBWZGWKs WKH JRDO RI HU
7% IURP WKH KXPDQ B8 X®BFIRVUMRIDO IR E\ DQG WR FXW LQFLGH
WKURXJK LPSURYHG FDVH |LQOGIM@K RYUG MU MIRWPAKQ W YWHK REKHHV YO R |
RI DFKLHYLWJ DWDWHDM-QGLQJ DQG WUHDWPHQW VXFFHVV Q.
FRQWURO 7% RXWEUHDNV DW WKH QDWLRQDO DQ® HUREW D QW Y bt
30'7 LV RQH RI WKH PRVW HIIHFWLYH VWURY H XLHWL VBVD @WH FR
7% 30'7 DFWLYLWLHV LQFOXGH SURSHU PDQDJHPHQW RI FRQWTL
UHOLDEOH GUXJ VXSSO\ DQG DGHTX%D\®R RCHD & WK VIHD' B/IVBLEDMWACH ¥ L BA U
2EVHUYHG 76KRUMRHI@W276 LV D YHU\ LPSRUWDQW FRPSRQHQW
UHFRPPHQGHG SROLF\ SDENDJH IRU 7% FRQWURO 'XULQJ '276 D T
LQJHVWLQJ WKHLU PHGLFDWLRQ ZKLFK UHVXOWYV QW 5 BW PR QWW
RXWFRP @V

3URPSW WUHDWPHQW DQG FXUH RI LQIHFWLRXV FDVHV RI 7% FX\
WKH FRPHYMHDO 7KHUHIRUH UDSLG LGHQWLILFDWLRQ RI SUHVXF
FRPPHQFHPHQW Rl WUHDWPHQW DQG VXFFHVVIXO FRPSOHWLRQ
HOLPLQDWL@XKEZ@VW WU'BDIWPHQWHOIDWLYHO\ VWUDLJKWIRUZDUC
LVRQLD]LG D QHUQJIDWEBHFE QF NERQH URHIIDBIRRKQ IRU VL[ PRQWKV
RI '57% PRUH OHQJWK\ H J WUOHDDNRHQ WY S QURFRSPDAMHAN\ IRXU PRC
DQG W\SLFDOO\ LQFRUSRUDWH VD Q GF R PEEIRIMBVEIURG VR | 0 RRbW R Y IHLW V
WUHDWPHQW UHJLPHQV DUH DOVR PRUH VGRS$IDFW LKDOMAVDWKBLKB O ¢
KLIKHU PRQWDDLIWHE

BURJUHVYV LQ 7% FRQWURO LV FRQVWUDDYHGGED WXRV WDFW FR5IUP
YDFFLQHY 7KH ODFN RI HIITHFWLYH WRR®V/ ®HD\G ¥ HVORD7 ¥ K HO '15Q F U
ODQ\ RI WKH H[LVWLQJ WRROV DYDLODEOH IRU 7% FRQWURO DU
HSLGHPLWHWYLGHQMKGE E\ QHZ FDVHV RI ULIBBBWARIQZUHNKY WD C

DOVR PHW BUL WU LAY PRERQWURO SURSRRRVFIRX QWHZR NNV KDY



DOWHUEROWMWRHXVH D PHWKRG RI GLDJQRVLQJ WKH GLVHDVH VSX
ROG DQG GHWHFWV RQ@ KDOI RI WKH FDVHV

PSURYHPE GWBJIJQRVWLFDWDH S DVWHFWOBQWWVQHHGHG LQ FRXQWU
LV UHVSRARUFIP QG KDV D KLJK ¥ FERXDGIHS & KOIDE@GIHFWLYH LQ SU
FKLOGUH@HDIDUOMVRUEXSRRYBEWWOH SURWHFWLRQ LQ DGXOWYV
LQIHFWLRXVSROPKRUAYRUH QHZ WQWDWAHQWHHW D\ QHHGHG &X
UHJLPHQV 7IRUXVXDOO\ WDNH DSSUR[LPDWHOY% L{VRRQ®K W DI
DSSUR[LPDWHO\ QLQH PRQWKV LQ %DQJODGHVK 7KH LPSDFW RI
HY D O X\CRV HGGY i KRKR QIHW IR S WBPDLOY HQ V:KHQBUWRHUH DUH VHYHUDO
FRQWURO WULDOV 5&7V IRU LPSURYHG WKHUDSLHV ZLWK VKRU\
FXUUHQWO\ XQGHUZD\ WKHVH WULDPDA BB HNEWRHDK/FE U WD WHK
RI PRUH WKDQ RQH DEWLYLW\ DW D W L@ B VDIQHCP P RVE RH[OD RHIRHIO \
HITHFWLYH ZD\ WR LQFOXGH PRUH WKDQ RQH DFWHMLBRDGBGRJIHWK I
FRVW HIIHFWLYBQHVYV

6WDWLVWLFV VKRZ WKDW 7% LV RQH RI WKH PRVW SBRP\HWHI S XE/(
WKH WUDQVPLVVLRQ GO®RIP IRAV7 QL HEB BBEREE DY KX QGOGER/ WR R G

QRYHO 7% WUHDWPHQW WKHUDSLHY DUH LQ GHYHORSPHQW 7KL"
GHYHORS D PDWKHPDWLFDO PRGHOOLWZR | %DRH DEMHMIRWKH% FR C
RSSRUWXQLW\ WR LGHQWLE\7W KIHQ CHD& HEL GBOXVHW ARIOO EH OR)
NQRZOHGJH QR SUHYLRXV 7% PDWKHP DAVRXREDJOUBR W & HO PMPRUJBIX VR X\
KDV LQYHVWLIJDWHG WKH FRVW HIHMNRHQWYVYYD WRH GIH VHSIQRL LY
RUGHU WR LGHQWLI\ WKH RSWLPDO DSSURDFK JLYHQ WKH OLPLW

1.2 Aims of this thesis

7KH ILUVW DLP RIRWHKH MKW NVINVWHN WKH LPSWKR®¥ RISFEHBWKHR YYHIW L
SHULRGWR LQ %DQJOWHNGEGVQWH VHULKWLILBQIDGDW.EYVHWY LQFO)
VXUYHLOODQFH GDWDVOWNU IFYZBEVRHRIO & @D U H F R URSRH@GL WURRUPL Q J
VWDWLRQV DFURVV WKH FRXQWU\ WR WIQHW \¥HU WIXEHO Bl ¥ OIDMA. RWKM
7% FDVHV 7KH VHFRQE W LWRRGBKAHOWERHFNDWLFDO PRGHO RI WK
G\QDPLFo/7B DQG D% LQ %DQJODGHVK DQG SHUIRUP D ULJRURX\
VI\IVWHP SURSHUWLBVVIHYO WR YSWERIQ¥ LOWHUYHQWLRQ VWUDWH
ZD\V WRRF®RQ@W HSLGHRXRWLQY WKLV



1.3Research objectives

7KH NH\ RRM MRV VYBU RMHFEWR BOWRWS PDWKHWEKWMW BDQPRBEKOHG WR
WKHGEHSPLF WUDMHFWRU\N RI 7% LQ %DQJODGHVK )XUWKHUPRUH F

WKH HIILFDF\ GXUHDBLEAUMWIHIQH/ FRRMWRPELQDWLRQV RI QRYHO W
6SHFLILF REMHFWLYHY DUH DV IROORZV

Objective 1: 7R H[S WRIBMV REQ DEMHIW ZHH Q Z H D W KAHGHXPEW IR B BV H I QLAY
5DMVKDKL SURYLQFHQ YHD\W DEIRE % KDVWA LEXWDEOH WR ZHDWKHL
Objective 2: 7R LQYHVWLJIDWH W KHWE\IDP GAW RD \DHWPZRRGHO ZLWK DPSO
WKH WP SRDFSRRU TXDOLW\ WUHDWPHQW

Objective 3: 7R LQYHVWLIJDWH WKH G\TI® RIQF % RQJ6 DEHY K5DQG LGHQ!
LPSRUWDQW SDUDPHWHUYV

Objective 4 7R GHYHORS DQ DFFXUDWH HFRIGRPMFL | R WHKAD FHRAMWPLIFE R R @/
LOQWHUYMWQWMWRHILHY IRU UHG XFPGE] WK HQE%DQ@HQDRIHVK DQG EH\I

Objective 5: 7R H[SORUH WKH 7% G\QDPLFV LQ %DQJODGHVK WKURX
VFHQDULRYV

, bGGUHVYVY HDFK RI WKHVH UHVHDUFK REMOFGHGE HOW WKKUHRAIM FX
RXWOLQHG EHORZ

Objective 1:To explore the association between weather variables tnmedhumber of TB cases in
Rajshahi province, Bangladesh and investigdhe risk of TB attributable to weather

,Q WKLV FIDHIP®MKHXPEHD%RFDVHY IURP XVIWDR VARXWBHG IURP WK
1IDWLRQDO 7% &RQWURO 3URJUDP 173 LQ 5DMVKDKL SURYLQFH
WIRH[LPXP DQG PLQLPXP WHPSHUDWXUHURDP L Q ZIHIDOWR I8} W\H B D RM.\
%DQJODGHVK ZHUW KRHE WOLBDI\GH WGRF LV LR Q W KHY%ICD IORW@GIHY R FOHD B
$WPRVSKHULF $GPLQLYVQXDDWWRRQO1ZHYWHUV IRU (QYLURQPHQWD
XVHG JN@HUDYQHDU 3RLVVEHOMMRHVYYRQWIRIDWH WKH DVVRFLDW!
DQG 7% FDVHV UHSRUWHG WR WKH %DQJODGHVK 173 EHWZHHQ

RI 1RUDWKN %DQJODGHVK 7KH UHVXOWYV KLJKOLJKW WKH KLJK C
PDJQLWX@EXBGHQ DWWULEXWDEOH WR WHPSHUDWXUH KXPLGLW
DGYLVH WKH PFBQQGDGHWKDY D SUDFWLFDO UHIHUHQFH IRU WK
SDUWLFXODUO\ LQ WKH VHWW L QV LR MWHH[@M FZRHD &/ I Bl W KEHKID @1 YHH\Q W V



Objective 2: To investigate the dynamics of a tateain disease model with amplification and explore
the impact of poor quality treatment.

, LQYH G WWDRMHD L Q G LVAHOLFK ZR®HXRW GZMMB \DHPSVIIRMIFLR VLP X O
WKH SUHYDBOBHQBHGRNVHDVH VWUDMXH HPHRGH®DFH RI GUXJ UHVI
FRQVHTXHQBEHIXDWH WUHDWPHQW L H DPSOLILFDWLRQ ,Q WK
VWUDLQ DRIV UHV®WAIF KQWHKIWWL R\KW VWUDLQV DUH FRXSOHG , S
RI WKH UHVXOWLQJ VWHK\HH P RGHD IERGWIKDRW W DU M R OKKTKLLROQ EW |
GLIIHUHQWLDO V\VWHP RI HTXDWLRQY ®IK\DMDNGHR f X LIDPE QKB Q J H
H[LVWH QM QGLHRLLIFV H TIXQ KELFIKX R O W WKHYW Y G IB[IPRWHQW GLVHD
HQGHPLF HTXLOLEULBP® @& WWUBRQNK S HKH/LVW , FRQGXFWHG D O
WKH VIVWHP HTXLOLEULXP SRLIOW VFRQIGCQIWWKGV5RRE K JOREDO V
DSSURSULDWH /\DSXQRY IXQFWLRQV B6HQVLWLYLW\ DQDO\VLV ZI
SDUDPHWHUV WKURXJK WKH SDUWLDO UDQN FRUUHODWDR/® FRHI
RI ERWK VWUDLQV KDG WKH ODUJHVW LQIOXHQFH RQ SUHYDOHQ
DQG WUHDWPHQW UHFRYHU\ UDWHV Rl ERWK VWU DHYYRBWKH H'
WKDW WKH ORQJHU WKFRYSHVUW WIKHQ PREIRMHOY WRQUWKNH KLIJKHU V
DPSOLILFDWLRQ UDWH DQG OW KHHID WRHKHHOBYNUHH DRV DHE QY GDURFFH R
LQIHFWKRQWHFKB®VWXODWH H[SODEE W ZSRIFUUIMMLDWN LR QM B WP H (
LQFRPSOHWH WKHUDS\ RI LQIHFWLRXV GLVHDVHV DQG HPHUJHQF

Objective 3: To invegyate the dynamics of DS and DRB in Bangladesh and identify the most
important parameters.

,Q WKLV FR P/GHRHXH Y VB/HRHMED RBWKB® DPRIGHO RI 7% WUDQVPLVVLRQ
WLPH 7DNLQJ DGYLFH IURP WKH UHFHQW UHYLHZ E\ > @ , VHOH
FDSDEOH Rl DFFXUDWHO\ UHSURGXFLQJ REVHUYHG 7% HSLGHPL
ODWHQF\ SMKHBRWVWOIELOLW\ Rl IDVW DQG VORZ SURJUHVVLRQ WF
WR LQFRUSRALDW XOMDIRL ©R 67 76VVWWDD [FY7 QA DDLQ $Q LPSRUWDC
RI WKLV RRGRICS OV QJ EHWYZ W HIHSAKHHWWIQHR/ LARZ RI LQIHFWHG LQGL
DFTXLUH UHVLVWDQFH GXULQJ WUHDWPHQW

, WKHQ SHUIRUPHG D ULJRURXV DQDO\WLFDO DQDO\VLV RI WKH
WKH HDQUOWDWH ERKRY MRKH PRGHO )RU H DRAKU D WIMHE RDRAHU QH PW V
GHWHUPLQH DQDO\WLF H[SUHVVLRQ V,4IRIUWKHKIHGED MUHWQHN\S @ R GVXF W



4LV WKH H[SHFWHG QXPEHU RI VHFRQGDU\ FDVHV FUHDWHG E\
WRWDOO\ SREYRKIODDWNVEFEININWHQ DQ LPSRUWDQW GHWHUPLQPQW RI W
sDQ HSLGHPLF RVFFIFRAFU ERKDMD®R WKH VAIVWHP VHWWOHVWRZD UGV |
EHKDWLR7KH DV\PSWRWUIFWEHK BYWHRCH FEW 8H GV KMHQHUWDWLRQ PHWKRC
YDOLGDWHG WKURXJK VWDELOLW\ DQDO\VLYV WHFKQLV®KHRWRQV XFK L

7R VXSSOHPHQW DQG YDOLGDWH WKH DQDO\WLFDO DQDO\VLV
HTXDWLRHWBQBLQH WKH HSLGHPLF WUDMHFWRU\ IRU D UDQJH |
FRQGLWLRQV

JROORZLQJ WKLV , SHUIRUPHG D VHQVLWLYLW\ DQDO\VLV WR LQ
LQIOXHQFH RQ WKH PR G HWDROFMERR/RH VO WBRHDPHWW UL GLUHFWO)
RI WKH DOID®SUWVYFIRQWKERBUIR@®PQXPHULFDOVD@RB\SDWWLDO UL
FRUUHODWLRQ FRHIILFLHQW WHFKQLTXH WR LGHQWLIWWKH PR
SHUIRU®DDE R GLEOHRUPDWLRQ RQ WKH TXDQWLWDWLYH UHODW
PRGHO RXWFRPHV SDU$WLRYFRPGORWOWRPBQDO\WLY RI WKH V
P\ PRGHO WR WKH %D QJODGE VXNRWAEKIRN Bl YYD\ HQ F GRSIMWDWLNR G D U H \
PHWKRG LPSOHPHQWHG LQ ODWODE , WKHQ FRPSDD®G P\ PR
QRWLILFDWRB Y )XGCDIRDWLQJ IXWXUH SROLF\ DQG SODQQLQJ RI 7%

Objective 4: To develoan accurate economic forecasting model aitentify the most costffective
intervention strategies for reducing the burden of DS and MBB in Bangladesh (and beyond).

,Q WKLV FRIP#WEHYWYR HBRYY REHP Q W K H PIOR\GW BLDWVI LW/ H G

DQG 07% LQFLGHQFH GDWD WR XQGHUVWDQG WKH WUDQVPLVVLR
FRQWURO VW UDGLIWW B FL@RO X®MMHQW FDVH ILQGLQJ FDVH KROC
FRPELQDWLRQV DU H LVQKH R\ WIIPD OGF RIOMKIR O |UDP HZWW/ N G2S WL P
IRU UHGXFLQJ VBKHORX FEHSDRVLHQWY ZLWK PLQLPXP LQWHUYHQW
SHVXOWYV VXJJHVW WKDW HQKDQFL QK FOO-GMEXUH ¥ RSB RIDHGBRALQQIJ LY/
ODWHQW FDWHK HLREUGRI LLIAD QW IRU UHGXFQQJOVEK H ¢ SUHDIO BG H V|
7KLV VWXG\ SURYLGHV DQ XQGHUVWDQGLQJ RIZREH SWUHWHGW WG
WWKH3WR LQIRUP IRERQW BRPOQLQJ 7% LQ %DQJODGHVK

Objective 5: To explore the TB dynamics in Bangladesh through different specific intervention
scenarios.



,Q WKLV VWX WHBRIHWYHQ WDWKHPDWLFDO PRGHOOLQJ IUDPHZRUI
WKH G\QDBLBYGRD7% LQ %DQJODGHVK )RXU KYSRWW KM LSHUL R/G H

WR ZHWHYHORSHG ZLW KWW IKIHQISWRA LEDBRRDESI-R UDWHG [RXU V
LQWHU Y HQMWH\R G OMEUSIMRBIHHE HE WR. RROWW HR@XPEI QRWLILHG FDVHV
E\ WKH QXPEHU LRIFH B B\QRMD WRIE WKDW \HDU H[S6HD/YG @YWV D SHU
WUHDWPHQW VR WHVS D/Q & LOWX\ HY $1® R/ I WKBIWH SDFW6RD H® FK LQ!
0'5 7% LQF LO3H® PMW U @ HWWAWMKZWW KBWQDULR W K B S/URRRHEEHF MAL R Q
SURSR USNMRPFHS W L E LDOQ.GVDEWG U VBA QUUHDWPHQW LV WIS LRAROAW H |
UHGR®B DQG 075% LQFLBEH® PR UQ DMDLQVO D G HV KH GDWLIHRYVQPMNQL EH D6 R
WR FXUE 7% GHSHQGLQJ RQ WKH DYDLODELO LOWN\I IRQ MHVIR KV RMHV D
WKDW. QREXY.QJOH LQWHUYHQWLRQ LQFOXGLQJ LQFUHDVLQJ WKH
PRVW LPSDFWRROWKMUDMGXEWLR QR L QF DRMQEH DQG PRUWDOLW)\
EXW FRPELQH PRUH LQWHUYHQWLRQV VLPXDWDQ ¥ RMXWD E BUG HYK
DQG 07% ZKLFK PD\ KHOS 7% HOLP L QID/MLGR € GSEREDEL HALIHW/FA DRRGY WU R C
VWUDWHJILHV LQ %DQJODGHVK

1.4 Thesisstructure

7KLV IWKHW E DV B FREK H GY S DEH WD DKNMEULGMW DIBGLHZVVLQJ UHVHE
REMHFVRIQAWI QLQJ WKH P R\WKHP@W ZBD 8 SRRBGRORORJI\ WMDK%DQJO
EDFNJURXQG GLVFXVVLRQ DQG FRQFOXVLRQV FKDSWHUV $0O0
FDQGLGDWXUH DQG UHSURGXFHG ZLWK WKH SHORMWRIERY RKHV
DXWKRUVY FRQWULEXWISB®WY ®UH GHWDLOHG LQ WKH

Chapter2 SRYLGHXYPP DU\ Rl WKH H3%WGHPRRIARA\ RQ G LEON B BILORDYE HB\HKY
EDFNJURXQG LQIRUPDWLRQ RQ SUHYLRX@JVIMXE LHY BX UAVDKHKLH F
HIlHFOHRYRHGE@HL Q J D S SIUURHD F/KRH SGDRW MGHH HQ GHRIF WKLV FKDSW

L ONVKH SDSHU SlUapMH3 WIHBY HWIBWWKBEWEHOD\ HIIHFW RI ZHDWKHU Y
RFFXUUHQFHY DQG HVWLPDWH WKH EXUGHQ Rl WKH GLVHDVH WKI
JHQHUDOL]HG OLQHDU 3RARVRY WHWWHYWIHRYW KP-ROWORFLDWLRQ Et
7% FDVHV UHSRUWHQ@ VBRHWEH H4D QJOD@B VK LQ WKUHH NQRZQ H
IRUWDK/W %DQJODGHVK

, @hapter4 , SUHH/GBGI@GWSHU UHGLVBDYH WHMRWEDIL PPRGHO ZLWK DPS
WR VLPXODWH WKHDSUGIGLDUHRYH RWUTR@HNDY KH WHPHUJHQFH RI G



UHVLMWDONWMNXPLQJ LW RFFXUV LQ D IUDFWLRQ RI WUHDWHG FDVFE
RI WUHDWPWHQ@W HF RRDEHH XDWSOLILFDW®RGQG\QDPHBDROUP QD O\VLYV
UHVXOWLQJ VI\IVWHP SURSHUWLHY DQG VROXWLRQ FRXSOHG ZLW
DQERDO\VLV

,Q WKH SDSHUCISptet BH Q \8 HSIHEDRV W UBL ORGH® IRQG VWUDLQV DQG
SHUIR®P DQDO\VLV Rl WKH VI\VWHP SURSHUW HIBVKBIQWGWDEQ B W\WR (
VHQVLWLYLW\ DQDO\VLV WKURXJK DSSURSULDWH /\DSXQRY IXQ
UHVSHFWLYHD®YHVUGWKBWHASDFW RI DPSOLILFDWLRQ DQG WUHDW
WKH HTXLOLEULXP SUHYDOHQFH RI LQIHFWLRQ UHVXOWV VXJJH'
PRUH CED\WW QQFUHD VISV RBKRRINE RO WQNHHFWLRQV

, Chapter6 , SUHVVGI GWSHU UHJDUGLQJ WKH 7% PDWKHPDWLFDO PRGHE
7% GDWD WR XQGHUVWDQG WKH WU D®D¥ PLY WKLY GRXOPYEBYV BH Y6H
VWUDWHJILHY LQFOXGLQJ GLWWB XRMGL Q@D VWHOMW YAD FEVHQGQQLQ
DUH H[DPLQHG ZLWKLQ WKH RSWLPDO FRQWURO 8XWMWOaLQ W KBS W
QXPEHU RI '6 DQGSOWLHQWY ZLWK WKH ORZHVW LQWHUYHQWLRQ

,Q WKH S\DISOIWCHIRIM D , H{IWHQG WKH 7% PDWKHPDWLFQ@P® PBGHO W
7%LQFLGGHDWE® % D QJ OTHIMHARKQ VHGRIU VSHFLILF LQWHQFRERBLRD V
GHWHFWLRQ GURVEBWWRELOLW\ WH YV Wh QV UHDWH X' © VP GNKHEY W L P
SHULRG IURP 5HWROM JWMKIPRP EQGRUH LQWHUYHQWLRQV VLPXOV
PRVW HIIHFWLYH ZD\ WR 'GHFQG DV Q/FKLHIER® & RQ @ DEOLQW\O D G H V K

$ JHQHUDO GLVFXVVLRQXWH FERARBHFQERQFROX VL R Q ChapeiB SUHVHQ W
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Summary of this chapter

7KLV FKDSWHU GLVFXVVHV WKH LOQWURGXFWLRQ DQG HQGHPLF H
HIITHF'WREHOOLQJ Rl 7% DQG WKH OLNHOLKRRG RI IXWXUH HSLC
VIQWKHVL]LQJ JUH\ OLWHUDWXUH *RRJGHIFR.EDIX BXIEOKIEG DABWL I
LQ %DQJODGHVK DQG WKH :+2 OLEUDU\ GIBIW B E D\ %7 W IVO\DRILFK\
37% LQFLGHQFH  37% SUHYDOHQFH" 37% QRWLILFDWLRQ  37%
PDWKHPDWLFDO PR GHIHFMOLIY H 2P BGRHRO/OL Q J1 X P B G ReX% DDQVISOHIFGAHW R’
HSLGHPLRORJ\ LQ %D Q RO\D & HOAMK KSIWMHYRIBQEMIKLEY GHVFULSWLRQ UF
'LYHUVLW\ LQ 7% HSLGHPLROR R VEKKIKNH G HQD RQREWFHMHEWD® G7 K L \
FKDSWHUVW[OH ISRYVVLEOH FDXVHV Rl DQ DSSDUHQW UHMGQXFWLRQ
FRQWURO PHDVXUHV DQG SRSXODWLRED QR PDGEHWK DRUCBNZ RH WKW
SDDWQ@\ DFFRXQWV IRU WKH UHGXFWLRQ 7KH DVVRFLDWLRQ EHV
VIVWHP IDFWRUV HQYLURQPH®@WDZOVRF\RRRV L AORY WD FIVARMR/U D U
ODWKHPDWLFBIOHFQGE VYHR PWRGHOOLQJ DSSURDFKHY DUH DOVR UHY!



2.1 An overview of tuberculosis disease and its mode of transmission

7TXEHUFXORVYLY EDBWHULDO SRWHQWLDOO\ IDWDO LQIHFWLRXV
ZRUOGZLGH H®DF% \WDDQ DLUERUQH GLVHDVH FDYXYARED EWHDEXP C
WXEHUFXORKNHVEDDMEB OL JHQHUDOO\ HQWHU WKH ERG\ WKURXJK
WKH ERG\ WKURXJK WKH EORRGVWUHDP WK KDONERDQDWWR WD\&GL
RUJDQVSKOWBDR DU\ 7&H P\FREDFWHU ISSRJ R HIP\DWRH&\FDQJ D QG

PLQ GLDPHWHU DQG JURZV YHU\ VORZO\ ZI@WK FHOO GLYLVL

S eg e ‘

0 ([

JLIXUH7 % WUDQVPLVVLRQ F\FOH IURP SHUVRQ WR SHUVRQ WKUR X

KWWSV 72727 FAFFRRXYUWHEY WE SDJH KWPO

JROORZLQJ DQ LQIHFWLRXVJSNBHR§ LRRIXNA K RELKDIQEVHRIUQWHQV RI
RI GURSOHW [@RPGEEK DWHI PLQXWH GURSOHW QXFOHL FDQ UHPDLQ
PLQXWHV WR DQ KRXU DOORMKUWRXS K HE& M@ROHR/\W K 8 WESERBV R Q V

RQH LQGLYLGXDO WR DQRWKHU GHSHQGV RQ WKH QXPEHU RI GUF
7KLV LQ WXUQ LV GHSHQGH Q V8 REQREBWRLZEE AW R US/U HAXFIKO DY'J F O
FRQGLWLRQV WKH VWUDLQ RI 7% DQ6& WKH LPPXQH VWDWXV RI

2QFH LQIHFWHG WKH LQGLYLGXDO ZLOO ILUVW XQ GH® JIRDWV IS & WL |
7% LQIHFWLRQ /7%, 7KH ODWHQW SHULRG LV WKH WLPHVSDQ I
WKH VWDWH RI LQIHEFWLRXVQHVV ZKLFK UPHDR DOLOM M JARIUWZKHH N @ | HPFF



LQGLYLGXDO ,Q ID/AWRIWXWHROUHYVWLRE WMR DFWLYH 7% IRU D SHLU

GHSHQGLQJ RQ WKH DJH DW LQIHFWLRQ )RU WKRVH ZKR SUR
ZLOO GR VR ZLWKLQ WKH ILUVW @UZRXUHMDUV VKIRZYLWK B CG L I HHIAW
ODWHQW DQG DFWLYH 7%

L

Latent TB TB Disease
* TB lives but doesn’t * TB is active and
grow in the body % grows in the body
* Doesn’t make a person ¢ f * Makes a person feel
feel sick or have sick and have symptoms
symptoms y ¢

+ Can spread from

» Can't spread from person to person

person to person + Can cause death if not
» Can advance to TB treated
@sease y '

N
&m | N 2 (fd}ig

Y&

JLIXUHTKH OHIW VLGH WS DB GHQMY WDWWQW GH DFWLYH 7%
KWWSV DLGVLQIRPPVKHLR Y GMHE BWD QWX EHUFXBDRVLV

7KH :RUOG +HDOWK 2UJD QLYW WRXRKH L-AHRWWRBDKMDN EHHQ DFWLYI
GHYHORSWUVRQ HLEKKVDEQWLYHDWHG 7RUPPRUBIHAMWKHU>S@RSOH S
JRUWXQDWHO\ WKH LQIHFWHG ISHHWV¥RQRY DIRVER QJHIUHB NAR RU FIR
HITHFWLYH sW@HOHWPMHRWH HIITHFWLYH WUHDWPHQW QRW RQO\ SU
UHGXFHV H[SRVXUH LQ WKH FR P POVDR WDLENGAGR RVZKHY IOU N MKIHK RIR @1
UHVWRUHG DOQGFSRDKHMHIB/WEKBONQIHFWHG LQGLYLGXDO IDLOV WKF
LV GUNVLVWDQW '5 7% RU LI WKH LQIHFWHG SHUVRQ GRHV QRW

2.2 The emergence dafrug resistance

,Q UHFHQW \HDUV DQWLELRWLF UHVLVWDQFH WR WKH PRVW HIIl
KDV HPHUJHG>D@IGLVSKUUMD GHG WR D GHF O LRQMHLEY YN\KHEGH\N BoPEZA \WRK
'5 7% SDWLHQWV H[SHULHQFLQJ >P X#WKRRL DK A UF URELRDR JLEFEWE VY
UHVLVWDQFH ILUVW RFFXUV E\ RUJBPQHWR FVROWDUWHRGHIUY D RELF
7\SLFDOO\ VX FFR QHVLYMDIQBFWDDNVLR YD HV V5 FRRVM QZKRYHEASURG



DW D ORZHU UDWH DQG DUH RIWHER R & W\ WEEIRQMPHY/ LE® H WHO I
SUHVVXUH DSSOLHG E\ DQWLEXWW QR WHWRKEHPEIRORY. GBIQWLWWVUD L Q
LQIHFWHG ZLWXLQ% REHUDWW 6XFK VHOHFWLRQ LV H[DFHUEDWH
RU SRRU GHOLYHU\ RI WUHDWPHQW WR FRQWURO 7% RXWEUHDN
DPSOLILEDWLRHQ DQ LQGLYLGXDOYBDSRVQWWR QOFKD @ ¥YH\D \MDRPL R
IROOXBZ LV WKH PRGH E\ ZKLFK GUXJ UHVLVWDQBRLQUYVW HURHHJ JH!
OLQH WUHBW®HQMWWMRK EHVW ZD\ RVR RSIUBIHIQ@NV DO FMLV LWL

2QFH WWXYLVWDQW RUJDQLVPV KDYH HPHUJHG LQ D SRSXODWLRC
WUDQ@YRQVIQRROGLYLGXD® MRVKXBFHSWLEOH LQGLYLGXDOV 3UL
H[SHFWHG WR VERQWUEE®WB\ WR 7WKHE XRGHQ@D GXH'5WR WKH
ILWQHVV WUDQVPUMNVLEWDIQW RUSNXIVPV +RZHYHUH@XEWHRTUXHQ
PXWDWLRQV FDQ UHVWRUH ILWQHVV LQ WKH SDE&FKBFH2DQG RU
UHFRPPHQ®VWILPHO\ LGHQWLDLGG WLRIIRDWH WUHDWPEQWH UHJLF
GUXJV DGPLQLVWHUHG HDUO\ LQ WKH FRXUVH Rl WKHL®DWHDVH
WUDQVPRLB®OMRKRXJK LWV FDXVHV RGHSPIRIWDPLPIW WFHNEXHEDWL D O
PD@DGH SKHQRPHQRQ

&EXUUHQWO\URXOWWBQWJ 0'5 7% LV HPHUJLQJ DV WKH>UHDWHVW

@'5 7% LV GHILQHG DV 7% WKDW LV UHVLVWDQW WR LVRQLD]LC
FRPPRQO\ XVHG JYVUYWWELRH BLIVKXKRXW UHVLVWDQ@FH&WRRRLGG LW L
VWXGLHV ZLWKLQ SURJUDPV RI 7% WUHDWPHQW HVWLPDWH WKD
EHIJLQ ZLWK D VXVFHSWLHORSRIYED @YPREQOONGBQVPLAWLRQ RI
VWUDLQV LQPDSROXBDAVRIGRQUHZERYHD 7% LV DQ HPHUJLQJ WKUHDYV
LQ 7% FRQWURO GXH WR WKH KLIKHKHFBNMW BH GE RTYRRNLL/XDIQHE:BW |
SUHYHQWLRQ RI ERWK GHYHORSHG GUXJ UHVLVWDQFH DQG VX
GUQRVLY DQG WUHDWPHQW IRV WKRVH FDVHV WKDW GR HPHUJH

8QIRUWXQDWHO\ LW GRHV QBMDWWRSGWHR HRIBS K QHDISVRAXID WHHQ W
UHVLVWDQFH ZGWXHM WHEGDIFWHGRR7LY WUDLQV EHILQQLQJ WR HPF
7% LV GHILQH® ZYWKSDGGLWLRQDO UHVLVWDQFH WR DQ\ IOXRUR
IROORZLQJ LQMHEWDEOH GUXJVD F® SIASRMIKIRY J AR 'G&IDPA FEH H Q
IRXQG LQ DOO DUHDV Rl WKH ZRUGG L@-+RYZ WYHLD 7 K H OB YWHLY WEIF |
GUXJV DUH EHLQW5XY%G WWRH WHJ HL IV ALY % LH/ANH RUK:KBJ H KRHU IR OWQ LE D O
VLIQLILFDQF®# RHMSY WR EH UHYLVHG LQ EHGBWXRO RO GUDOIIVPILG
SUHWRPDQLGRUP®WHRQAAQ WKH YDOXH RI WKH LQMHFWDEOH DJt



7KH HPHUJHQFH DQG VSUHDG RI DQWLELRWLF UHVLVWDQFH W
FRPELQDWLRQ WKHUDSLHY KDV UHVXOWHG LQ D GHFOGLQH LQ WI
7% SBPIWWV H[SHULHQFLQJ PXPK@KKHHWH UZHWLHO X bl 3 U B WRIG/ N WAXKGH.
IROORZIRRFSCHVYQRU'BDG@&UHVVLQJ

7KH XVH RI GUXJ UHVLVWDQFH GLDJQRVWLFV LV FULWLFDO
GLDJORY% LV FRQWULEXWLQJ WR WKH V@V URO R | VWO G B
GUXJ UHVLVWDQFH GLDJQRVWLF LV WKH XVH Rl FXOWXUH |
UHVLVWDQW SKHQRW\SH KRSZHS HUQ @ HFGH D584 W LV

7UHDWPHQWORILYU'SY HU\ FRPSOH[FDQ®E (SHURRMWP D@L KLFK 0'5
SUREOHPDWLF '276 SOXV VWHFRWPHQ®HSUBQY®RARFOXGHV V
WXEHUFXORVLV GUXJV >2KLF® DUH PRUH WRJ[LF

BUHYHQWLRQ WKURXJK UDSLG FDVH GHWHFWLRQ LQFOXGLQ
LPSRUIARPORRHQ®LG FDVH GHWHFWLRQ LV LGHQWLILFDWLRQ
D KHDOWK IDFLOLW\ HLWKHVUKRQ XWK BLHD EREWXBQL \K HD\W WYKH |
KHDOWK ZRUNHU FRPPXQLWBDIWONQWWHILDHQWRVHG ZLWK D
VKRXOG DOZD\V EH DVNHG ZKHWKHU WKHUH LV DQ\ERG\ OLY
FRXJK DQG EH HQFRXUDJHG WR EULQJ RU VHQG WKDW SH
HIDPLQDWLRQ

 QIHFWMRORPRQ@KLFK LQFOXGHY SURPSW GHWHFWLRQ RI LQIt
DQG WUHDWPHQW RI SHRSOH ZKR KDY H@WSPRBUIGLRLF WR R QL
FRQWURO SURFHGXUHV LQ DOO KHDOWK VHUYLFHV DUH DO’
WUDFLGJ7®RI FDVHV 7KH PDMRU JRDOV RI 7% LQIHFWLRQ F
FRRUGLQDWLRQ IRU LPSOHPHQWLQJ DSSURSULDWH 7% LQIH
RI DHURVROV DQG WKHUHE\ WKH H[SRVXUH WR GURSOHW Q
LQIHFWLRXV SDUWLFOHYV DQG LYSWRWLHGOXH LQKDODWLRQ

2.3 Current global statistics of TB and its risk factors

7% NLOOV PRUH SHRSOH HDFK \HDU WKDQ DQ\ RWKHU LQIHFWLR>

RQH RI WKH SULPDU\ JOREDO@&HD OWKHSHREOPIPWHG WKHUH ZHU
PLOOLRQ QHZ FKPDG@HRLBOIZRQ LHG IURP 7% GLVHDVHV ORVW RI
RFFXUUHG LQ $VLD DG $IIRGEMBWKYV RFFXDQGE @ ILQGCGORIZ



LQFRPH FRX @SN ENWIDUREIRDUWLRQ RI & DWKIH RIVAMKHUW@ GOLFLILF UHJ

ZLW K( DAKWIHHGEQL WHUUDQHD @ KHH JXR®SHDQ UHJLRQ DQG WKH $P
DOVR FRQW W@REMXNLAQGH WKHUH LV DQ LPEDODQFH LQ FDVH QRWL
QHZ FDVHV LQ HVDQG PHPDQORQ QHZ FDVHV LQ ZKLFK PD!

LOQFOXGLQJ PLVVHG FDVHV &KLOGKRRG 7% LV RIWHQ PLVVHG L
LQVHQY L@ LYH

1XPHURXV VI\VWHPLF ULVN IDFWRUV FDQ OHDG WR DQ RXWEUHDN
QRW OLPLWHG WR KHDOWK V\VWHP IDFWRUV HQYLUR@RHQWDO |
> @+HDOWK 6\WWHP IDFWRUV SOD\ D GLUHFW UROH>LQ@PDQDJL
JRU WKH SXUSRVHV Rl WKLV VWXG\ KHDOWK V\WWHP IDFWRUV F
VXSSRUW LQFOXGLQJ IXQGLQJ RVYLFHFEHDOKLNHHRIDW WXB OELDWLEI
%08 OHYHO DQG D V\VWHP IRU DFFHVERRWHRDRQDJIRBG LLFQ G HOWF
RI WKHLQHW®UXJV IRU IXO0O\ VXVFHSWLEOH GLVHIWHDBE®&G VHFR
RI WKHDFWRUV LV LQWHUFRQQHFWHG

/IDFN Rl JRYHUQPHQW EXGJHW DQG VHU Y3LLFIHE WHDD O L W WPDWH G QW K Bl
ODFN Rl JRYHUQPHQW EXGJHW SOD\V RXW VWURQJO\ DW WKH OR
SURFXUHRMHQWXWLRQ DOG@R U XYF BUSRFXRIHPHQW DGHTXDWH IX(
'LWKRXW D UHOLDEOH RRIGQHRCLFD BIYMH WSS OAWHP WKH DOORWW
LQWHQGHG EHQHILFLDULHV :HDN LQVWLWXWLRQV DQG SRRU JF
PHGLVLWR WKH ZKROH FRXQ@&KH JW IRRISIX HIQWIXRIQQJ WKDW QDWLR
VIVWHPV DUH LPSURYHG E\ VW U HPBK WKH g L\QN HPKLH PHERL O SERH W R 6 ¢
ZLWK RU FRQWUR @0 L@Y W% URX WEKLWDALOO HQVXUH WKDW WKH IL
WKH SURFXUHPHQW RI SKD U P IBHBH WILFIDHQ BADRK@RRENR S RIS X VDIFS H
PHGLFLQHV IRU WKH JRYHUQPHQW IV@®GDWIRL Bl F FHRPRSFOG. WK @)UHD QRS
V\V WeH R@

(QYLURQPHQWDO IDFWRUV LPSDFW WKH PDQDJHPHQW RI 7% S
5HVHDUFK KLJKOLJKWVY PDMRU H QDMLR@P HRYWD 6 U R E W/IRQUN D/QRs B/H
@ PH Rl WKH PDMRU KHDOWK SUREWHRY UG NGR®H QSR RWR & XX
SROONWOR®YHG KHDOWK FRQGLWLRQV 7KHVH KDYH GLUHFW LP
VWUDLQLQJ SXEOLF KHPOMHKY VEWEBR PV KDERAD UBJDWLYH LPSDFW
QXWULWLRQDO KHDOWK RI SRRU SRSXODWLRQV %HEDXVH WKH\
IRRG LV KLJKHU LQ FLWLHV WKH> X @€ D% SR RS RID E N @ BYBGLOWVILARXQ
PLJUDRLUR® EULQJ SRSXODWLRQV LQWR FRQWDFW ZLWK SDWKRJ]



ORUHRYQUXUEDQ VOXP DUHDV WKH SRRU OLYH ILQWMKMRORORAGHG
FRQWDFW DQGOSROPRBWIHEGI DRI MWK VSUHDG RI 7%

6HDVRQDOLW\ LV DQRWKHU PPMR® ,(DFRAGC UB JTR QL\Q FW& H QLFHF L C
KLIKHVW GXULQJ ZWRWEW RZEBBEXWRWHWIGWDPLQ ' OHYHO GHFUHLC
DFWLYLWLHVY DQG VHDVRQDO >F K@ VH WIQH V. PRIX @ MW/ X & DIF W LKRDQY/  V
DVVRFLDWLRQ EHWZHHQ 7% DQG GHILFLHQF\ LQ YLWBPSRQVENLF
VSHFLWR 7% LQIHFOVUIRHUHIRUH IDQ@YOL URIQUPHHHD \W XO E IDGMIRQ V
FURZGHGQHVV DfFDWVHARVRQDQHWYLVWLFDOO\ WR LQFUHDVH WK
RXWEUHDN

+RVWHODWH® WKDWMR OHDG WR WKH VSUHDG RI 7% GLVHDVH DUH
LQFOXGLQJ ORZLRDPRRWLWOVFRI J FRPPXDQBDERE GLVHDVHV VXFI
> @O0DOQXWULWHRW LAROQX WHRBDFM RYVLPPXQH VIVWHP GHYHORSH
ODOQRXULVKHG FKLOGUHQ DUH PRUH VXVFHSWLE®H@WRRIXDIE FWLI

PLOOLRQ FKLOGUHHRQ DOBFHMVIWYRDWBIGYWR EH PDOQRXULVKHG |
OLYH L® ®&/LD

$ QXPEHU Rl VWXGLHY KDYH DOVR VKRZQ WKDW LPSURYHG QXWU.
> @RUUHFWLRQ RI PDOQXWULWLRQ ZLWK QXWULWLR@®O VXS
GHDWK DQG LQFUHDVH WUHDWPHQW Hi1HFWaNWQBHWNVKED QHR/ W R U
WKDW XQGHUZHLJKW SDWLHQWY DUH PRUH OLNHO\ WR KDYH FOL:
R VLGH HIIHFWV DQG GHDWKV FRPSDUHG WR SDWLBQWWKHWK Q
VWXG\ LPSOLHW WKILRD RWOWHSWH 001 VXSSOHPHQWDWLRQ LQFUH
> @7KHUHIRUH SDW QHKQWW\ WILRWX KIQRHIUG EH FRQVLGHUHG D KL
QXWULWLRQDO FES E6 HPHDRVIDDQV D B @ X/QF W KWHR) IDSAW D DEDAMRN D QW L R
DJJUDYDWLQJ IDFRAQRE |18 UVSIDR/H HVR/R. ODW H QW MR P FIRIG WH R\ LIRC
7% ODOQXWULWLRQ FDQ IDFLOLWDWH SDWKRJHQ LQYDVLRQ DQG
KDYH GHPRQVWUDWHG WKDW PDOQXWULWLRQ L@ UHDVHVY WKH U

$V PHQWLRQMNEFERIRWHHIWPHQW LV7®RWKD B 7K WHQFH UHVWRU
QDWXUDO LPPXQLW\ LV SDUDPRXTO# GURINYIRW &HIFRQGVE LDSSH T
DQG OHDRGKWROFBERQVHTXHQWO\ PRUH HIIRUW LV UHTWLEBG WR
IFPWRUV Rl GHYHH@®RGILDHPEBHRWHR GLDJQR V VDIQRER | OH.FPMGNFY M RIHH EAW V
RI WUHDWPHQW RQ REG QW VERIBWHKVHWRP 0'5



+,9 LV WKH. PRVNBRD® ULVN IDFWRU IRU UHDFW L)RIWL@®LR L G XDV
ZLW%+,9 FIRQIHR® WKH OLIHWLPH ULVN RI GHYHPRBSQU HFWLWK 7
+ EDVHOLQH ILIXUH TXRAWHE IDNHRYH W KMVIWHPX SBUWLFXODUO\ L
PDFURSKRERJHMOSKRKBWHLRQ DQG QWKEHHPNFURSKDJH LV WKH NH\
LQ UHDFWLRQ WRQM6 W IGHHEOW. RQH W KR XJKMW MDRDSIDB\WIL P ID NURIY SF
OWEQIHFWLRQ ,Q WKH SUHVHQFH RI +,9 LQIHFWLREQW QJHBW HEGRF
&' FHOOV DQG WKHUGWEY H RQ W DD NHHEDO@ORD M X U Y LY H

$OWKRXJK OHVV SURIRXQG WKH DVVRF KIDW HR BHHIQWLZM Q@ ¥\%| P\
WKRXVDQGYV RI \HDUV DOWKRXJK WKH O Q® @ DWKE RWD G®\F X AHKQRMI
LW ZDV DVVXPHG WKDW SHRSOH ZKR GHYHORSYW®R GITREH@HV X V)
IDWHU EHFDXVH RI WKH H[WHQVLYH XVH Rl LQVXOLQ WR WUHD\
UHODWLRQVKLS EHWZHHQ WKHMDWAXR Z0 VI HX Q\GKHIHCE/B K ® E Q D W(
HSLGHPLRORJLFDO VWXGLHV KDYH SUR QNG QLIQD &/H\S HSHG H G WD B\
VWURQJHVW ULVN IDFWRUV IRU 7% Y XO®@H B DWILO QWAVDDIGR ZW \WRH
PRUH VXVFHSWLELOLW\ WR GHYHORSLQJ>DFWL@&H 7% FRPSDUHG 2

6RFLRORJLFDO VWDWXV RIWHQ LQGLFDWHG E\ HGXFDMRORWQ OHYF
EHOLHIV DUH DGGLWLRQDO ULVN IDFWRU\W WKW H 20 \DLQHFEKL KK |
VRFLRORJLFDO IDFWRUV LPSDFW GLUHFWO\ RQ GLVHDVH LQFL
GHFQ¥YRPH SDUHQWY PD\ REMHFW WR LPPXQL]DWLRQ RQ UHOLJLI
REMHFW WR ZKDW VHHPV WR EH D SDLQIXO DVVDXOW RQ WKHLU
LPPXQL]DWLRQ GR QRW MXVWLINWHKEHOLVAINYV WRRWWHYL.DFFK QDG LR-
WR EH FRUUHODWHG ZIW KGKZE B8 M 5 DRRVRIQHO M WHIOWR X JKR XW WK
LQ 6RXWK ®@WUMH PRUH OLNHO\ WR LPPXQL]H W KHKLXF bW HGG RRI\Y KR
> @ KHUHIRUH LI SHRSOH DUH HGXFDWHG WKH\ DUH RIWHQ EH)V
> @KDOOHQJHV HYHQ HQWHU WKH UHDOP RI UHOLJLRQ DV VR
FRQVXPH LQJUHGLHQWY WKDW IRUBKWNKH YDFWRQ D WILUIRH AWOWHOU
FROWULEXWLQJ WR D ZRUULVRPH $XREKHBPRUBHYBPRISQAHI KBX
LPSDFW UHGXFLQJ WKH QXPEHU RI URGKFFMIVRIKNS BRSO H QZW KHK
&RQVHTXHQWO\ ODFN RI LPPXQL]DWLRQ LQFUHDVHV ERWK WKH L
WKH ULVN RI 7% GLVHDVH VSUHDGLQJ WKURXJKRXW WEKP FRPPXQ
LPSDFWV SIRRURSR'SK®RUH EHFDXVH ODFN RI KHDOWK IDFLOLWLHYV |
WRIJHWKHU FRQWULEXWH WR WKH VSUHDG RI 7% GLVHDVH LWV
VR F >H V@



7% H[LVWV WKURXJKRXML GHKPFARINMOKLDQG\ IPRY WIQODWHG ZLWK S|
,Q DGGLWLRQ WR WKH HQYLURQPHQWDO IDFWRUYVY DOUHDG\ GLVF)>
GULYHV 7% )RU LQVWDQFH DFFHVV WR KLJK OHYHDQEDUDEVR/ K3
V\VWHP FRYHUDJH DW D QDWLRQDO OHYHO OHDGLQJ WR ODWH
> @

JRU QXPHURXV UHDVRQV LQFOXGLQJ YLROHQFH RRW\GCLMWWHXQME D
WKHUDSHXWLF DUUDQJHPHQW UHIXJHH@SRERGE H®DI DAURY HDWWV K P DA
8QLWHG 1DWLRQV +LJK &RPPLVVLRQHU IRU 5HIXJHHV DURXQG

Rl ZKRP PLOOLRQ DUHURHILRDIMHVO\ZK VKl EHD RZ @7 KHD W\D\RW D.
KHWHURJHQHRXV SRSXODWLRQ H[SHULHQFHV VLJQLILFDQW KHDC
DUH WZLFH DV OLNHO\ WIRLEBKSHUER®SHB UWAGHW R FRAVQKH W LPPLJUDC
UDWHV Rl 7% LQIHFWLRQ LQ LPPLJUDQW DQG UHIXJHH SRSXODWL
> @KLV LV GEHSWRWUHH VRAUIRIDQRQ D BWIMYHHE 7% EHLQJ XQFRF
DUULYLQJ UHIXJHHVY DQG WKH UDWHV RI ODWHQW 7% LQIHFWLF
+RZHYHU FKLOGUHRQ DIXHIH BD SIHBOWIRIID QG FKLOGUHQ ZLWK /7%,
JUHDWHUW RIPWRMHBIDFWLY¥H @% LQIHFWLRQ

ORYHPRDW% LQIHFWHG SHRSOH SUHVHQWYV D F K DDROYHHUIGIPW @ VB\K E
+XPDQV KDYH ORRQU WEBW IKSHKWIB&VH RI UHOLJRRXM[D BGOWHS RHUDNL Q J
GXULQJ WKH WLPHV Rl WKH +DMM DQG 8PUDK SLOJULPDJHV
HVWLPDWHG WR WUDYHO WR WKH .LQJG R PRPIH6 DURFL LWIKEE B U GE6Q
DQG 07% DUHDV DQG WIRXYW KXDE\LPDYQKVHG OEQLLFHO 7786 DXE ODW
LQIHFWLI@RUWKHUPRUH GXULQJ WK®O)FRPBHWGWDRD | RRABYIE DY % D
SUHYDBHYMHAIRQJ WKH FLWL]JHQV RI HYD UM L WLKSD \§ R SUHHEDREK. @ 8 UW F
ZRUOGYZL@H DWW LGHVSUHDG FRQFHUQ DPRQJ JOWRD® SWKELO/L B ROH
OHD®SWRDG RI 7% EHWZHKHQ H ¥RUHVOB\WMERQD®BOW JDWKHULQJV D
RYHUFURZGGEQWULRIXDOV DW WKHVH HYHQWYV UDLVH WKH ULVN RI L
RI 7% @
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JLIXUHRRQWULEXWLQJ IDFWRUV UHODWHGSWRW% GLVHDVH RXWE

2.4 TB treatment and control strategies

7UHDWPHQW RI 7% LV OHQJWK\ DQG FRPSOH[ XVXDOO\ LQFRUS
DSSUR[LFPDWVRDAMK G TRUDQIGWHR PRQWKWV¥RU 0@%DFLOOH &DOPHW
*XHUI%®* YDFGEHQHYHG IURP DQ DFWLYWH DWRRPPXDGHG DW VR
SRVVLEOH DIWHU ELUWK WR DYRLG OLIH WKUHDWHQLQJ 7% GLVHI
WKLV YDFFLQDWLRQWIW HQRWDFL I MDBOQHVDIRR  WR LQ FKLOGU
> @DQ\ Rl WKH H[LVWLQJ WRROV DYDLODEOH IRU 7T%QRRQWUR
7% HSLGHPWLFRHQFHG E\ WKH QHZ FDR HWVHR L WWIDP\S L% QH VB/8 L

> @% FRQWURO SURBRRW ARX QWYRKVFHHQHUDOO\ XVH D PH!
GLVHDVH VSXWXP VPHDU PLFURVFRS\ WKDW LV > @HIYUWWRO®G D
WULDOV WU\LQJ WR UHGXFH WKH6W U R BWRREKRRQ W K F HK DRUH SRVRLY®
XQVXFFHV@IKBELORQWK FPRORIUMHMHQH ILPQJIJODGHVK UM% RBY ERMWQ'S5
UHSRUWHG WR EH KLJKO\ HIIHFWLYH ZLWK WUHDWPHQW VXFFF
WRQRHDJHWRDW MGKH FRQ YIHMWILR@OK OWKHUPRUH VRPH VWXGLH
WKDW EHGDTXDOLWKH SRIWHKQWLD @ WR H/IX\R P WONVLRIRE \U KV \Z KD Q
XVHG LQ FRQMXQFWLR® [ WKKE&'WEQWDQ G ®DWH QRH V 90 FE\M LR BIHL I\
DQRWKHY RFWHRLROH RI WKLV VWUDWHJI\ LV QRW ZHEXW GHQLQHG
FRXQWULHY ZKHUHDV PRGHOOLQJ VWXGLHV VXJJHVWRMKDW KLJ



> B®KHUHIRUH P RMQIGHZLKGFHMOLYHFFHVVLEOH WRROV DUH QHHGI
RQ WUHDWPHQW D@IGLPEQV IRU

3URPSW WUHDWPHQW DQG FXUH RI LQIRFWULRXYVPDVMVRRI R Vb 7B6X)
WKH FRPPXQ+W\ OHBKHUHIRUH UDSLG LGHQWLILFDWLRQ RI SUHI
GLDJQRVLV SURPSW FRPPHQFHPHQW RI WUHDWPHQW DQG VXFF
HITHFWLYH ZD\V RI>S@3DWHICHOWVD FRMSOLDQFH LV NH\ WR WUHDWP
HJ DSSURSULDWH FRPELQDWLRQV RI GUX#Q WP DREDMHIP\N B MQ IVQ
DGKHUHQFH SURMEGHRBWUWLRIGRI SDWLHQWY VWRS @GVKHDWPHQ
LQFUHDVHV WKHLU 5 %WNDRIGGIHYFHIOHRCBLHQM WKHLU GXUDWLRQ RI LQ
HQKDQFHG WUDQVPLVVLRQ 7R SUHYHQW WKLV DQ® WR HDPWPER QR
LV D SLOODU RI WKH7% FRWURO VWUDWHJ\

7R REHYH WKH JOREDO :+2 WDUJHWV RI DFKLHYLQJ DW OHDVW

QXPHURXV VWUDWHJILHY DUH XVHG WR FRQWURO 7% RXWEUHDN\
PDQDJHPHQWHRVILBWODW 7% 30'7 LVHE@H YRH WWHDPRWILHM IRU W
SUHYHQWIL/R® R@30'7 DFWLYLWLHV LQFOXGH SURSHU PBOBDJHPHQ
RSWLPDO WUHDWPHQW D UHOLDEOH GUXJ VXSS O® MR MEHTNXD W
VWUDWHJILHV '276 LV DQ LPSRUWDQW FRPSRQHQW LQ WKH LQW
7% FRQWURO 'XULQJ '276RDHYREMHHEHWUWKWLSDWLHQW LQJHV
UHVXOWYV LQ D GHPRQVWUDEOH LPSURYHPHOW@Q WUHDWPHQW L

2.5 Quantitative tools available for the control ofTB

0DQ\ DUHDV RI TXDQWLWDWLYH DQDO\VLV FDQUESL @HMRGRWR JLP S
ZHOO DV WKH G\QDPLFV RI GLVHDVH VS UHWDGH @WICGR B S O7TRKUHIV KV K@ |

1. Decision theory HFLVLRQ WKHRU\ FDQ JXLGH D VHW RI SROLFLHV RU .
VKRXOG GR WR PDNH WKH EHVW GHFLVLRQV IRUSLP&URYLQJ 7% G

2. Geographic Information System (GIS):XULQJ D 7% RRWHJRHDLIGEHY, WRROV WKDW
FROOHFWLRQ RI SUHFLVH ILHOG GDWD ZKBFK@HOSV VXSSRUW F

3. Operational research2SHUDWLRQDDQ UHDRDQHAKWKH NQRZOHGJH IRU VHY
SROLFLHV RU WRROV WKDW FDQ LPSURY HHWERKYH ROYD®HW W DQWIH |
HVSHFLDOO\ LQ WKH DUHDV WKDW DUH@H[SHULHQFLQJ KLJK EXUC



4. Mathematical modeling: ODNKHPDWLFDO PRGHOOLQJ FDQ LPSURYH RX
HSLGHPLRORJ\ RI 7% DV ZHOO DV WKRVH FRPSRQHQWYV WKDW DL
ODWKHPDWLFDO PRGHOOLQJ WRROV FDQ EH XVHG WR VWXG\ D
RYHUWWUHERDMWHG IDFWRUV DQG SRSXODWLRQ GHQVLW\ DQG W
JRYHUQLQJ 7% HSQAGHPLFV

5. Health economics analysist HDOWK HFRQRPLF DQDO\VLV FIHG W YOO EBWHK
SDWLHQWY DQG WKH KHDOWK V\VWHP FRQVLGHULQJ IDFWRUV VXI
DQG H[DPLQLQJ WKH XQLW FRVW IRU LQWHUYHQWLRQV 7KH UHV;
KHOS LGHQWLI\ LQ WHKRHY\H\Q WIRK @& WD W

)XUWKHUPWUPH DD \VLY RI 7% HSLGHPLFV FDQLQXEPRUQLYNEOL
FROQWLQXLQJ ZHWHKX REGMWEWGBHDMVRFLDWHG UHMRX WFKHD 8DR KW C
HPHUJHQF\(GSHODMWRQLF EDVHG FRPPXQLFDWLRQ V\WWHPV LQFO X
SULRULW\ WR IDFLOLWDWH 7% VXUYHLOODQFH DQG RXWEUHDN L
UDSLG GDW DVFRW OHVFMY RQVGE@D Q D

2.6 Health economics of TB

7% KDV GLVUXSWLYH ILQDQFLDO LPSDFWV RQ DB RVWVGERWPWK |
\HDUV Rl OLIH IURP WR \HDUV RI DJH R/ KW RRPIRKRILWL\GYQG IL
WKLV DJH JURXS DUH ZRUVH DV 7% GHFUXDYHV WEHR B\WUA.QV DG
IXQGLQJ IRU 7% SUHYHQWLRQ DQG UHVSRQVH LV D WKUHDW WR
&XUUHQWO\ IXQGLQJ IRU 7% FDUH DQG SUHYHQWLRQ K{WHQGH(
PLGGQRRPH FRXQWULHY FRPSDUHG WR 86 ELOOLRQ LQ DQ
LQ > @0Q ,QGLDYV 7% EXGJHW VXEVWDQWLDOO\ LQFUHDVH
FRPSDUHG WR@,Q QRERPH FRXQWULHV LQWHUQDWLRQDO GRQR!
%DQN IXQGLQJ H[FHHGV QDWLRQDO IXQGLQJ DQGhUQ]IMXHWK KL
5XVVLDQ )HGHUDWLRQ ,QGLD &KLQD DQG 6RXWK PIKWYHDYQDWLF
VLPLGDU DQ HVWLPDWHGEWGANMMRILYIHG IRU 7% GLDJIJQRVLV C
7KLV IXQGLG36LQFPDXGRIURDY% 86 ELOOLRQ7ERDQ® WKH UHPDLQG!
7%+,9 LQWHUYHQWLRQV 7KH *OREDO )XQG GHOLYHUV WKH ODUJF
FRQWUR® @HREBWWMU WKH ILQDQFLDO VMV RADIQRQ DY 7 Ro LAR Q R'W
86 PLOOLRQ ZDV HVWLPDWHG WR EH QHHGHG IRUUR® GLDJQ!
GRPHVWLF VRXUFHV IURP LQWHUQDW®@&RQDO VRXUFHV DQG



2.7 TB in Bangladesh and & current situation

Q WKH :+2 FODVVLILHG KLDRR/QW BRIGEHD 6 R XROVOWINHHY K\H
7% LQFLEBOHRETHONU)XIRW WREEH DBIODGHV N RUIDWKHG KLI% 0'5
EXUGHQ FRX@WMEK NNDU LQ %DQJODGHVK DQ HVWLPDWHG SHI
FDVHV DUHP®WIR FIBFR/GIKE R1 WKH PRVW LPSRUWDQWGHMKOI@F KHDO\
%HIRUHKH FBWH QRWLILFDWLRQ UDWHV SHU SRSXODWLRQ Z
XVXDOO\ PRUH LQIHFWLRXV DQG KDYH D KLJKHU PRUWDOLW)\ DQ
HQG RI WKH QXPEHU RI DOO W \SWHYDRHG% ZLRWKL DL F B BV W Q Q W DE
QXPEHU RIXHOMRIDPDU\ FDVHV 7KLV L QPUEVDMBIQRHELDBHP G XWHD W R R \
IURP HQGHPLF FRXQWULHV 7KLV LV D ZRUU\LQJ K\SRWKHVLV
FRXQWULHYOLFP @ &KLQD

,Q %DQUIODWKH 7% PRUWSMALW)\ UDSHULNHDU WKH LQFLGHQFH UD!
SHU SHU \HDU DQG WXKHUSUHKYD@HN PN RV FRPIMUIKNRIQODQG
WKH WXEHUFXORVLY GHDWK UDWH LV V SHSHU D QSH®EB HL Q F |
7KXWHWH LV D JUHDW QHHG WR UHGXFH L Q FILG HDFMIODUBHALKO H Q
+HDOWK FDUH ILQDQFLQJ LQ %DQJODGHVK SULPDULO\ FRPHV IUR
SRFNHW SDXFHH@W \DBG R UGLKIH) PRGIJODGHVK JRYHUQPHQW LV FR
WR VXSSO\ EDVLF PHGLFLQH UHTXLUHPHQWY WR D®ODFR BPRRGOWM\
LQ %DQJODGHVK KDYH QR RU OLWWOH DFFHVV WR KHDOWK FDUH
> @KHUHIRUH LI SHRSOH DUH LQIHFWHG E\ 7% W KH DBORW®R W
FDUH VHWYVMFSIRRU TXDOLW\ Rl VHUYLFH WR WKH SRRU SRSXODW|I
FDQ OHDG WR 7% BLV @PVHWRXHW P B WBR O WRRRXKU®H LV YHU\ HIIHF
7% SDWL@QWMWFN RI DFFHVV WR %&* YDFFLQHV PD\ EH D FRQW|
RXWBRBMDWSUHDG R 7%

,Q %DQJODGHVK SRYHUW\ SRSXODWLRQ GHQVLW\ DQG PDOQX\
IDYRXUDEOH HQYLURQPHQW@ RO LGHYHIDARR SRQG YRFLDO VWLJIPDV
WKDW PD\ OHDG WR SHRSOH IDLCLQ@DWRL R & E HG/MHD BSRIRKE iH P MOUCH.E
SHRSOH KDYH GLDEHWHV WKHVH SHRSOH KDYH D WZR WR WKU
GHYHORSLQJ>7%@LVHDVH

,Q %DQJODGHVK XQGHU WKH OLQLVWU\ RI +HDOWK DQG )DPLO\
173 RI WKH 'LUHFWRUDWH *HQHUDO Rl +HDOWK 6HUYLFHV '*+6
7TKHVHUYLFHVY LQFOXGH VFUHHQLQJ FDVH GHWHWWERQ RVKULDIN K
UHJLPHQ IROORZ XS DQG HY@RNDWDRY IRQ W&RDVDIUHRDBM DP DUH



GHDWK DQG WUDQVPLVVLRQ RI 7% DQG WR DFKLHYH XQLYHUVDC
DQG ODWHQ@RU% WKDQ SDUWQHU RUJDQL]JDWLRQV 1*2V DOV]
LQFOXGLQJ DGYRFDF\ FRPPXQLFDWLRQ DQG VRFLDO PRELOL]DW
UHFHQWJHFRPPHQGHGQDWHDWWXLIH Y276 6 WWKOHVEWRS 7% 6WUDWH.
DQG WKH (QG 7% 6RWI DW HRRQW U@ O

JROORWK®I6 DQG (QG 7% VWUDWPVLWR WXKKNWDRE® WKH JOREDO WD
OHDVW FDVH GHWHFWLRQ DQG W USFOWL RH. QW V% FFFDHWH/V DI R R QV
FRXQWU\ 7KH JHQHUDO SURJUHVV LQ FDVH ILQGLQJ ZDV VORZ D

DWDWRU QHZ YPWIDMLYH FDVHV RI  SHU SRSXODWLRQ )URP
L Q F U HDR/ HUGI D FK SHU LQ DQG IXUWKHU LQFSHDVHG W
LQ DQB WKH FDVHUMBWKIBADWLRQ SR $KODARPHDY

SRVLWLYAVFDVHIW XOW RI H[WUD NOIRNJW \QHH B B/HLFYIHD D QWA W K DOMA. R C
DV ZHOO DV KDUG WR UHDFK DUHDWEDWHK ©RMLODFDXVIRRU WHIGRXIF

SRSXODWLRQ LQ EXW LQ FDVH QRWLILFDWLRQ LQFU
SRSXODWLRQ LQ 'XULQJ FDVH QRWLILFDWLRQ IXUW
LW ZDV SHU SRSXODWLRQ

7KH 173 DFKRE¥WHEWWWHY LQ HIIHFWLYH WUHDWPHQW FDVH GHW
SDUWQHUVKLS HQJDJLQJ D@V FDQYE BDRNQGHUWDLEDEOH IUHH
WUHDWPHQW VXSSRE W%>S D@ W LFXODKD WIRWDWPHQW VXFFHVV UD
UHDFKHG WKH WDUJHWHG DQG KDV EHHQ PDLQWDLQHG DW \
WUHDWH®RWRILHG SRML WR VB BFROBAKY W KH QXPEHU Rl DOO IRUPV |
IHOO WSRHU SR S X DVIFMU DRI QG H W HRA WDLSRSQU RJ[. W BHW H@®

:+2 HVYWLPDWHG WKDW RI QHZ FDVHV DQG RI SUHYLRXVO\
IRU "% ZKLFK KDV DQ LQFLGHQFH UDWHK R@LIXSHU VKRIRSWR
QDWLR@YZREHU RDOVHA LQ %PYHO NKHRRIDU WR @
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Number of tuberculosis cases

0 1 1 1 1 1 1 1 1 1

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Year

JLIXUHIDWLRQZLGH QRPE¥HUW RI1%DQIODGHVK IURP WR

,Q %DQJODGHVK VHYHUDO JRYHUQPHQW KRVSLWW®OMQRDW®RO\ FK
7% SDWLHQWAMMDSIBNLBQWY 7KH\ DOVR SURYLGH FRQYHQWLRQDO
GDY @HFHQWO\ %D QJODERIWK PO /W RIS RPIQ® 94 B WQWKRII FORP P X Q L
OHYHWOHBRFH W KIHD WLRKQ XRW LLOD S D WV K QW HEBH BURGVWDBH DWP HQW X Q
VWDQGDUG UHKESVPWRM H I H FRAPPYXHOE BWNHKERAURYX U V H7865P DQDJHPHQW

7KH %DQJODGHVK UHJLPHQ ZDV IRXQG WRE EWHG POIQ DB BB MWW K
LPSRUWDQW WR LGHQWL I\UWHIHH IFVF MR UR DA DM SR 6 Q ME OLH) FRO X G L Q J
QXWULWLRQ DEZQDBBHNY VXESGRUW IURP WKH WUHDWPHQW SURJ
HPRWLRQDO DQG SVWKRSRIIKR O%LFROWMURO LQ %DQJODGHVK

SURJUHIMVP/SHERYHG FDVH ILQGLQJ DYDLODELOLW\ RI IUHH GLDJQR
RI PXOWLSOH SDUWQHUV QHZHU GLDJQRVWLF IDFLOLWLHV VXI
JXH® LEPHRWH HITRUW LV UHTXLUHG 7R UHGXFH 7% LQFLGHQFH DQC
ZH QHHG WR LGHQWLI\ WKH FULWLFDO IDFWRUV IRU GHYHORSLQJ
UHGXFH DGYHUVH G@XJ UHDEFWLRQV

%DQJODGHVK LV D UHVRXUFH SRRU KLJK EXUGHQ 7% FRXQW!
HSLGHPLRORJ\ RI 7% DURKSREBH YN ARENRHQYWRIRGRYHO 7% WUHDWP
LV YHU\ VORZ 1HZ WUHDWPHQW UHJLPHQV DUH EHLQJ GHYHORS



WKHUDS\ LPSURYH SDWLHQW RXWFRPHV DQG DUR GBWB SHIQGI R\LF
RXU NQRZWKIG MU DR QPIPLFIVRDPQG HSLGHPLRORID YRH DB W X @G QU OF
ULJRDR®R PDWKHPDWLF D ® [RRABHOD VWK H R DW XFBIE@XEHR G MOR SUH G L F
TXDQWLW B\W URR G\QWHKIHL &/HPWRS\HIOM V KWW L) G LPSDFW RI LQIHF
FRQWURO LQWHUYHQWLRQV L QF CKOGELSZHIHMR © B O Q/HL S O VIDQJBIW Ul D ¥ \W
LPSOHPHDRMHUGI IRUH RAMXQ W B URMIHRWU XQGHUVWDQGLQJ RI 7% L
SRWHQWLDO VX¥DRWHIU Bl @ ONG XWHEKHHKPRWRBMMFW ZLOO DOVR LQF
HIITHFWLYHQHVY DQDO\VLY WR LGHQWLI\ RSWLPDBI & WLUYHDQWHPR/H/C
7KH LQWRLRRDIMWIQIMW OWH IURP WKHVH D QDSURMYQRDW KR GBW Y VEXQWH
LQ %DQJODGHYVKLWXUMKHUP RIYSHFWHG WR EHQHILW WKH DGPLQL
FRQFHUQHG ZLW' D/GOE5LP%BDFWHRWPHQW LQ %DQJODGHVK

2.8 Mathematical modelling of TB: An overview

ODWKHWLEDO PRGHOOLQJ LV DAXIDEWWQOFRVLRRGRIOOHQOLUW\D SF
LQIHFWLRXV GLVHDVH FRQWURO WKDW FDQ EH XVHG IRU ERWK S
G\QDP+F @0DQ\ UHVHDUFKHUV KDYH LPSOHPHQWHG PDWKHPDWL
LQVLIRWWR GLIIHUHQW W\SHV>RI LQIH®WDRXWFRIOLW HP® WRGHOV
LPSURYH RXU XQGHUVWDQGLQJ Rl WKRVH FRPSRQHQWY WKDW D
GLDJQRVLV D@OS WUMNHDXMPHIQHKIRBOWK HFRQRPLF PRGHOV LQ S
HITHEFWLYHQHVY PRGHOV DUH XVHIXO WRRDY LROW HYFBBARDAR QY W
SDWLHQWY KHDOWK FRWPW NV WIIBVWXH WRGKHWDO®K EHQHILWYV

JURP WKH LQIRUPDWLRQ SURGXFHG E\ PDWKHPDWLFDO PRGHO VL
HVWLPDWH GLITHUHQW RXWSXWV VXEW LDVFDQALREH Q Pi6 BRIBIW D O H'
WR GHYHORS KHDOWK SROLFLHY D@® \&KWRD WH LRI PR 8 H DY J FOML
WR LPSURYH KHDOWK SROLF\ DQG LQIHBWILRXD 5 WKHIHWHK R A G I WZR
EH UHDFKHG LQ RUGHU WR DFKLHYH HOLPLQDWLRQ )RU H[DPSO}
VWDELOLW\ DQDO\VHV RI PDWKHPDWLFDO PRGHOV FDQ LGHQWLI\
DV\PSWRWRBH WWRWEHOH RU XQVWDEOH WKXV DCOORZNRYPRY WR !
EHKDYLRXU RbB W KHXUW KHWPP RUH  VHY QRAL DLW KW P DY DIODRZ \P XG& HVO R
GLVFRYHU WKH SDUDWPHMWHUSURJUHFRQR@ EMMWH DPSOLILFDWLRQ
UDWH GQGKBWE GHDWK UDWH UDWH RI ORVV RI LPPXQLW\ HWF
PRGHO RXWSXNVHDVH LQFLGHQFH $UHATKAHGIFR UMQ G IPRUWGBQ!
SDUD RHPWRIIVSRQVLESHHRG WIKBLVHDVH WKHQ UHVSHFWLYH JRY!
SROLFLHV WR FRQWURO DQ\ LQIHFWLRXV GLVHDVH RXWEUHDN



$Q LPSRUWDQW WKUHVKROG SDUDPHWHU ZKRVH DQDO\WLFDO |
PRGHOOLQJ LV WKH EDMUE >U H@HRGEIFW.IFRQHSXREB XFWLRQ QXPEH
QXPEHU Rl VHFRBGBUDWBBHPIOH LQIHFWLRXV FDVH LQWURGXFH
SRSXODWIEKRQEDVLF UHSURGXFWLRQ QXPEHU LV JUHDWHU WKDQ
JURZV D@ G SLGHPLEFRRFFXWWO\ LI WKH EDVLF UHSURGXFWLRQ C
QXPEHU RI LQIHFWLYH LQGLYLGXQQOW WHLSRIFUPDWUW H B I6W KRS |HI@R
WR FDOFXODWH WKH EDVRE FHRPEREMWPMHIRDD Q X\WEBQ WRHH VLR Q
EHORZR YHULI\ WKH DV\PSWRWLF EHKDYLRXU Rl WKH V\VWHP ZH
/A\ADSXQRY PHWKRG KALRDHYRQG WKHKDWLRXU GH FUVYERH® HDE BYHHIOY I
LQGLFDWRU RI WKH DV\RBBWRWLF G\QDPLFV

(DFK \HDU 7% FDXVHV VHYHUH SRSXODWLRQ ORVYV @XKEBBMWIR GH YH
QRYHO WRROV KDYH HPHUJHG IRU 7% FRQWURO LQ ERWK GHYHOI
LQ WKH GIDWW IHIANVHU D ORQJ KLDWXV +HQFH LW LV FUXFLDO WHEF
ZD\V LQ ZKLFK DQ\ VWUDWHJI\ ZLOO EH PRVW HIIHFWLYH ODWKHEF
EH XVHIXO IRU XQGHUVWDQGLQ?3 DQGC #OWKRBRRBWL @R GHKQV BD® BLD:
YHU\ VLPSOH WR KLJKO\ FRPSOH[ RQH RI WKH FRPPRQHVW SUDF)
GLVHDVH G\QDPLFV LV D FRPSDUWP Q@ @R IPWWHK LIPS DIHD/AV PFRDG
PRGHOV XVHG LEDVRGX@MDMWHEWDRXY GLVHDYVHYV(PFOHQBHFQUHIGY W K
5HFRYHUHG 6(,5 FRPSDUWPHQWDO PRGHO

2.8.1 Model diagram and equations

7TKH FRPSDUWPHQWDPHEZRGNOGLRRPSRVHG RI VHWV RI LQWHUFRC
HDFKRPSRQHQW RI WKH FRPSDUWPHQWDO PRGHO LV FRQVLGH
FRPSDUWPHQWDO 6(,5 PRGHO LXYXKE&HBALFWHMH QY V) LMXVHHSWLEOH
UBIUHVHQWY H[SRVHG LQGLYLGXDOV ZKR KD YWHHQR WV\HHQW Y UIRQ G HY!
ZKR DUH ERWK LQIHFVWH& B QGHVAIIWW IMRKN UHPRYHG UHFRYHUH
SUHYLRXVO\ LQIHFWHG EXW VXFFHVVIXOO\ UHFRYHUHG



uN

Susceptible Exposed Infected Removal

S ! E - I y R

J)LIKU )ORZ &KDUW RI WKH FRPSDUWPHQWDO 6(,5 PDWKHPDWLFDC
WUDQVLWLRQ LQ DQG RXW RI HDFK VWDWH

+HUHL 7TRWDO SRSXGRWHRRWLEOH BREROVHELBAR S X Q Q WHIFRMH G
SRSXEDW5HPRYHG 5HFRYHUBIG % RISXIO BDWHRQU pRMUH-FH RI LQIHFWLR
=L3URJUHVVLRQ UDWM IWsRi BFFY\HUY\HUBMVHH D V H

7KLY PRGHO LQFRUSRUDWHY WKH IROORZLQJ DVVXPSWLRQV

X 7TKH SRSXODWLRQ LV IL[HG 7KLLEBRHDSHUWK® VEHUNFKWOR IP D X\WM
LQ DOO JURXSV WKH ELUWK UDWH DQG WKH GHDWK UDWH D
ORVV WR WKH VXVFHSWLEOH JURXS RFFXUV EHFDXVH D St
LQGLYLGXDO DQG EENRIANY Q@ OAFWHKGE HPSRVHG SRSXODWLRC
WR WKH LQIHFWHG JURXS 7KH WUDQVLWLRQ IURP WKH LQIH
IURP GLVHDVH 2QFH UHFRYHUHG LQGLYLGXDOV DUH LPPXQ!

x $JH VH[ VRFLDONVMWOWXQRWDQWIIHFW DQ\ RI WKH PRGHO SDULIL
X 7TKHUH LV QR LQKHULWHG LPPXQLW\ DQG
X 7TKH PHPEHUV RI WKH SRSXODWLRQ PL[ KRPRJHQHRXVO\

/IHW XV FRQVLGHU D IL[HG KRPRIHHRXGOXDPV HE QUWRIXS LRI DW I
VXVFHSWHHSORVHGLQIHFWLYHVHPRG DOV 7KHUHIRUH WKH PRGHO
DV
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$W WKH EHJLQQLGJ WKB Q' BKSKKEHRIUR:M QG Pra ir; Pr :r;Pr
WKHQ ZH KDYH
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,GLYLGXDOV HQWHU WKH VXVFHSWLEOH FRPSDUWPHQW DW D FRC
ZLWK D FLUFXODWLQJ VWUDILG B:W +Bf WH. P H.LEW\A\VB KEDVEX-EGR\M FSKADLVE 19 H
LQGLYLBGXHBWHE HFWHG 5EXEQLYWGWMDEHYLGXDOV LQ WKH GLITHUH/C
VXIIHU IURP QDWXUDO GHDWKZBWFW KN YDRR MR BIOWMWKQUBDFWHS
LQELGXDOV PRYH MDRHEMH G [5RRBHIBURWA-H DWW K GlIEFRY BSIRY W R
DFWLYH L@IKHFWLFRRPSDUWPHQW DV D UHVXOW RI UHDFWLYDWLF
SURSRUWLRQ RI WKH LQIHFWHG LQGLYLGXDOV UHFRYHU WKURXJ
LQWR WKH UHFRYH WG PREBDDHNY PRGWO FDQ EH H[SUHVVHG E\ W
GLIIHUHQWLDO HTXDWLRQV

W 3 E> FJa

br

Yy s F= FJoa

br

M= FXFJa

br

YU X FJ &

br

7KH PA&H KDYH MXVW LOQWURGXFHG KDV WEZHRHHH KX I0Q EBW XPP SIFRLL
Lr DQG DQ HQGHPLF HTrX LSO BUKLH B ML RMCRVXH. @ L E U LX R :r: L
4DQ%VLr ZKLEK \LHOGYV

JFJ,Lr

eJ LJ,

,L a

+HQFH WKHIBHVHDM. OUEAJ& 4P LLV&adada, +HUH UHIHUV WR WKH YDOX
S ZKHQ ra

2.8.2Basic reproduction number

2.8.2.1 Estimatingthe basic reproduction number of the pathogen

7KH EDVLF UHSURG X F @l RQH@GXP ¥ MUK HVHZS®PWHG QXPEHU RI1 VHFF
VLQJOH LQIHFWLRXV FDVH LQWURGXFHG LQWR D WBRMWDGOLQV RV
SRSXODWLRQ RQO\ LI WKH EDVLF UHSURGXFWLRQ QXPEBE@&U LV JL
LQIHFWLRQ VSUHDGV WKURXJK \DQRSQLRI HDF S/R/S X OIM\MBRERE SHXEMDVBHLLR
LV SRVVLEOBRDYKAQ@MKHRGXFWLRQ QXPEHU LV OHVV WKDQ RQH Z
| D GRXW @



7KH VI\VWHP KDV W ZRDIQW b6 W HAGZ R VKW €& BHFGIDIOGV K RDIVKHW KHUH DU
VWDWHY LQ WKH VIVWHP DQG WKH WRWD O |8RSX\O\WMWILER\Q VWD HV

Lr&KHQAH &% KH RRFFPXUUHQFH RIL@KHT XDAMEREROHLWKHU GLUHFWO
LPSOLFLWOV YWKURX>K WKIQ FHHWR H:t & TK:D& DRBIVFORVHG LQ WKDW
QRW LQYROYH W KIN FGRH IV MWHDDAGL RVOW R I&/RiH Y D @ K W QIEEDS/MD W LFR Q V
t&aD QG IRWZH KDYH WKH V\VWHP

o

|
r

L> F= FJ a

L= FXFJa

ol o

M
;
+HUH WKH 2'(V DQG DUH UHIHUUHG WR DV WKH LQIHFW
SURGXFWLRQ RI QHZO\ LQIHFWHMKHQWGA B WEHRD RV DDOQUGI B&D Q QHN FIW

VHWWLQ4;" ZKHUH WKH SULPH GHQRWHVY WUDQVSRVH WKH LQIH
IROORZLQJ IRUP

a: E-; a

7KH PDWRBUUHVSRQGY WR WUDQVPLVVLRQ DUULYDO RD®BVFHSW
DQG WKHWVFRODWUDRVLWLRQV 5HPRYDO WKURXJK GHDWK LV LQFO

VLPSOH $00 HSLGHWRKRWROHBPBOWR QOWVY.QIHFWLRQV MUWHSLQFRU

RWKHU HYHQWW K L) IHFWHG VW DD\ BB A. QUGH IF Q WAHKGEVZHIGHKU \

UDWH DW ZKLFK LQGLYEHAIXMPHOWLNVNEA MR HENGHESUMEL V@D WEl
5HIDUGLQJ WKHyVXE®Z\AHWREBWDLQ
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+HUH WKH HEHPH@WHRH[SHFWHG WRRHD\QS NQGLAQGUW NV B\ LQ VW
GXULQJ LWV HQWLUH IXWXUH OLIH
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2.8.2.2 Estimating the basic reproduction number using next generation matrix
technique

7KH QH[W JHOMWRWLRQDPPHWKRG XVHG WR HYDOXDWH WKH EI
FRPSDUWPHQWDO PRGHO Rl WKH VSUHDG RI LQIHFWLRXV GLVHDYV
DV WKHEW JHQH U XW WKQDP O WUDE\GE R © D LGRMHD Q@ [ WWLHR@HRDW UL[ ZLW
WKH ODUJH GRPDLQ LV DOZD\V WKH PDWUL[ ZLWK WKH KLJKHVW
WKH PRGHO 7KH VPDOO GRPDLQ RI WKH QH[W JHQHUDWLRQ P
LQFRUSRUDWHY VWDWH \D @/®& D5/R FDRULHY LRO WRW L RX @ O$SHYPVW DQG FI
QH[W JHQHUDWLRQ PDWUL[ LI WKHUH DUH IHZHU>VW@®WHV RI LQIF}

+HUH WKH QH[W JHQHUDWLRQ PDWUL[ 1*@¢ RLWK RNMMIBWHGCGREO L (
LQIHFWLRXV VWDWH DU HE E\R WHKKLHRQY IDIRMRBF @HYSNRQWHIE WLRXVQHVV G
FRQWDLQ D QHZ LQIHFWLRQ KDSSHQLQJ EXW UDWKHU DQ DOUH
LQIHFWLRQ VWDJH 7KLV KDV OHG WR FRQIXVLRQ DV RWKHU UHVH
DDJHEUD DSS@RRFKDNH WKH GLVWPAFW LRRY POHRY) ZOIGZUBO FDO
1*0 : p;

5

— r
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2.8.2.3 Estimating the dominant eigenvalue of the matrixu 4

7KH GR®QW HLIJHQYDOXH LV WKH EDVLF UHSURGXFWLRQ QXPEH
QXPEHU RI LQIHFWLRQV SURGXFHG E\ RQH LQIHFWHG LQGLYLGXD

1RZ WKH FKDUDFWHQRIEVWLF KAXBS URQHQYWYV WKH LGHQWLW\ PDW

R g R
d>xo>e :0>edL ra
r rFi

'R ,
| @—. Sy FIAL ra

"R’ ..
I Lr DQl@Lma

+HQFH WKH EDVLF UHSAJLR-_‘G;@;%-;A&LELRQ QXPEHU LV



1RZ ZH EUHDN GRZQ WKH YDULRXV FRPSRQHQWY WKDW PDNH XS
PRGHO

+HUPH 7UDQVPLVVLRQ UDWH

—L3UREDELOLW\ RI EHFRPLQJ LQIHFWLRXV RQFH LQIHFWHG L F
VWD\WRI VWDWH

2.8.2.4 Endemic equilibrium

+DYLQJ GHHMWHG WHBQRGXFEHU ZH QRZ UHWXUQ WR RXU DQDO\\
HTXLOLEULXP VWDWHV RI WKH V\VWHP

7R GHWHUPLQH WKH HQG—LFIrL%:AL%\:LrEULXP ZH VHW
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JLIXUHLXPHULFDO VLPXODWLRQV RI WKH PRGHO RXWFRPHYV

+HUH G\RMW HBL @B XHHSUHVHQWY WKH G\QDPLEV: RV KWK BO\DX\KF DS @
UHSUHVHQWY WKH H[S®YXHGGBRROKO® WIHBQYHVHQWY WKW QQIHFWH
W KHHGBEL QH UHSUHVHQWY W:KH UHPRYDO SRSXODWLRQ

,Q ILJXUH KDYH SURYLGHG D VDPSOH HSLGHPLF WUDMHFWRU\ Wt
VXVFH: NUB@!: ;G,QIH: W& UHI: ;BHRBKG®DWLRQV DUHPRR®WLGHUH
,Q WKLV MNBERS®IHVHDVH LV KLJKO\ FRQWDJLRXRRIVW WRO WXWAHS
PRYH WHRISRRK/HHG FODVV DQG WK M B \R\GFLRIPVW] B QFVES B B/KWD WE R QW K \
ZH FDQ REVHUYH KRZ PDQ\FRHRSI Z0\W D EH YLHQ HOH U LIRS RI WL
LQGLYLGXDOXVHPHIWQEOH WRGWKRY 8 UWEDMHRP LW :H VWDUW ZL\
VXVFHSWLEOH WRHW WK GE WHOH N\D VG P E\ SOIWYREE X\FLIDQ R B FRHP[HE)
LOQMWERMXH FXUYH IRU WKH V:: FPHSRWZIVE OHY B8R § XYXDW BER®HFUHD VH
FRQWUDVW WKH : {PBIGULE : HFFBSRRGIBWLRQV ILUVWO\ LQFUHDVHYV
WKHQ GHFUHDVHV VKDUSO\ DQGUWYW QR U MKDPL @ LVAHD B B bl WAOHILFRIU
UHPI: DBRSXODWLRQ LQFUHDVLQJ UD S8 IMXOAWLQIGHW KHXP HHPPLQ VM
PRGHO ZLWK DQDO\WLFDO VROXWLRQV ZKLFK LV VDPH

2.8.3Stability analysis of this system

7R LQOYHWWHJIJBPMWKDYLRXU RI RXU PRGHO LQ WKH YLFLQLW\ RI WKH
WKH V\VWHP RI HTXDWLRQV UHIHUHQFH HTXDWLRQ QXPEHUV D
VWDELOLW\ DQDO\VLYV ZLOO LGHQWYDWUR IXVRDOW\ RWRWILW H W & DV



XQVWDEOH DQG DOORZ XV BEMK BYRHRKLK-NV PRI KDHU P SWKRIVMMW D ELO L
RI WKH HTXLOLEULXP SRLQWV ZLOO LGHQMQLWPFZRDNEHBR/Q 8 WWLLER @
SRSWQORQ EDVHG RQ WKH EDVLF UHSURGXFWLRQ QXPEHU

1RZ WKH VIVWHRY ZULWWHQ LQ WKH IROORZLQJ IRUP
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ZKLFK ZLOO DOZD\V EH SRVLWLYH IRU SR#*&®WIDYQIG SODXVLEOH SI
6LPLODUO\ ZH YATXKUFHKWIRBWLHYV

eJ:=EJ;:XEJ;: ,Fs;Pr

®J:=EJ;:XEJ;Pr DQGPs

J)LQDIRAA ORFDO VWDELOLW\ RI WKk V WHOGKVIVWEBWHHAZH UHTXLUH
®J ,;=EtJEX;:=EtJEXEJ 4,; PJ=EJ;:XEJ;: ,Fs;

el , =EtJEX;PEJ ,C:=EtJEX;EJ=EJ;:XEJ;PJ ,;=EJ;:XEJ;

ZKLFK ZLOO DOZD\V EH SRVLWLYH IRU SR*&WIDYJG BQGXVLEOH SI
SURY LGHSG

+HQFH WKH V\VWHP ¥RWAMVL HU WK UL IXPBENDKCH. @ § @/HKDIWF HIT XLOL
LV VWDEOH UR &GAMKH GBWYHDQ WKH SRSXODWLRQ LQ WKH FRPSDU

9DULRXV W\SHV RI 7% PDWKHPDWLFDO PRGHOV H[WHQR3 WKH 6
FRQWULEXWLQJZDEBWRIRZ GKVFKVYV

2.8.4TB model extensions

2.84.1 Heterogeneity

$V VWHDNUEKHUH DUH QXPHURXV FRQWULEXWLQJ IDERVRPSDFNW SR
RI GHPRJUDSKLF YDULDEOHV LV ZHOO UHFRJQL]HE Q¥R LDXOWHOQ
UHDVRQDEO\ WKHUH DUH D QWPERQVRGRBEGHWHQRIHQRUWY LQ
DQG LQGLYLGXDO OHY H®XUSHWRD G H¥\HHOR BLRRIGA%LHG 6 XVFHSWL
,QIHFWHG 6(, PRGHO WR LQYHVWLJDWH WKH HIIHFWV RI JHQHWL
HSHBLRORJ\ LQ D KHWHURJHQHRXV SRSXODWLRQ DQG FRPSDUHC
WKH 8QLWHG 6WDWHV> RI@$PIBIL DK 8 63X WEW KN LDSBIFWLRDWSH F
SDUDPHWHUWQH®DWMEWRSWLELOLW\ RQ WKH OHYHOV RI 7% SU
RI WKLV VWXG\ VKRZHG WKDW WKH YDULDQFH RI LQIHFWLRXVQ
VXVFHSWLEOH SRSXODWLRQ DQJ& FEOHRPRIG MHSHDE) REFFHRIVNALRD KD
FDUH VWURQJO\ DIIHFW 7% S U RQHMOG QFIHVD@/G RQ RZIDG/H W K I W DANKHH
LQWR DFFRXQW KRVW UHODWHG IDFWRUV QXWULWLRQ VWDWXV
RYISBRSXODWHG HEWLIULRQRODW VWDWXV LV D SDUWIBFX@DUO\ SRV



2.84.2 New data

,Q ORZ DQG KLJK EXUGHQ FRXQWULHVY 7% FRQWURO DQG HUDGL
KHDOWK SROLF\ PDNHUV DQG UHVSHFWLYH JRYHUQPHQWY 1HZ \
IRU FDVH GLVFRYHU\ GLOWQRVHVYBIQG [PASRUMPEW WR LQFOXGH
ZKHWKHU WKHVH VKRXOG EH LQFRUSRUDWHG LQWR 7% FRQWUR
RSWLPDOO\ EH GHSOR\HG $GGLWLRQDOB HFWHY QO HGYWRKEW O
LPSRYHG XQGHUVWDQGLQJ Rl 7¥%HHSEGHNHRD@DOD\QE KK & LFHRNWWH
'KLWH DQG $EXEDNDU GHYHORSHG D PDWKHPDWLFDO PRGHC
VLWXDWLRQ DQG FRQWURO VWUDIHHS K E® LR R PhDEDW K HEQOA@I\ E i QAW
7KLV PRGHO DOVR H[WHQGHG WKH DELOLW\ Rl FROOHFWLQJ ORQ
ZLWK VXUYHLOODQFH DQG REVHUY DWLHRRIO DAKR € MHF W7 KSLDW WA
YDULRXV ZRUN SODFHV YDULRXV OLYLQJ VHWWLQJVY DQG DFFI
LPPLJUDWLRQ WKDW FDQ DIIHFW WUDQVPLVVLRQ LQ D SRSXODW
GDWD LQFR HIFOUMWNIR®I WOWFLQJ GHWDLOHG ULVN IDFWRU UHFR
PRGHOOLQJ FDQ RIIHU WKH SURVS@FW RI QHZ XQGHUVWDQGLQJV

2.8.43 Social contact (infections network) structure

SLHODWWO GHYHORSHG D PDWKHPDWLFDO PRG@&D VKWK PVRRGHR C
WKH WRWDO FLW\ SRSXODWLRQ FRQVLVWHG RI IRXU FRPSDUW
LQIHFWLRXV DQG7TUHHFRYDOW®LVVLRQ G\QDPLFV PRGHO GLII
GLITHUHQW \RR FFIRDQOWIRFRW ¥ RO SPVFW BALWK FRPPXWHUV IRU WKH SH
GD\WLPH FRPPXQLFDWLRQ DQG IDPLO\ PHPEHU H|ISWNXVUH WWGQL
ZDV WKDW ODUJH IDPLO\ VL]H LV UHVSRQVLEOH IRU PRUH GLVHD?
WUDYHOOHUY RQ SXEOLF YHKLFOHY SURYLGH WKH LGHDO VLWXD'
WKH PRGHO DOVRPSURMHBWHGHWWPWQW DQG GLDJQRVLYV PLQLPL:

2.84.4 Investigating combinations of interventions

ODWKHPDWLFDO PRGHOOLQJ KDV SOD\HG D VLJQLILFDQW UROH
FRPELQDWLRQ RI FRQVEWIRPRYBRHFHN VWY YZRKQGHFUHDMIPQJ WKH
HW DO GHYHORSHG D PDWKHPDWLFDO PRGHO IRU 7% ZLWK H[RJ
FXUUH@WDWLRQ RI DFWLYH ¥ % @@ MLIGIHVQ F W X ®W RGKHF R SDUWPH
PRGHO ZDV GHSOR\HG 7KH VWXG\ VKRZHG DFWLYH 7% LQFLGHQF
7KH VWXG\ VKRDNE WHWWFMWKIR® UDWH ZDV WKH PRVW LPSRUWDQ
7% FDVRAKLV DVOWEAHUYHG WKDW IREFXV RQ WUHDWPHQW DORQH



GUDPDWLFDOO\ DIITHFW WKH GHFOLQH LQ DFWLYH 7% LQFLGHQFH
VLPXOWDQHRXVO\ LV WKH PRVW HIQHFWLNW LA\ "R FODH/HIWVHDVH W

2.84.5 Accounting for seasonality

BHDVRQDOLW\ LV D IDFWRU WKDW FDQ /LW HDIDV HGW K H CRROMEU B |
FRPSDUWPHQWDO WUDQVPLVVLRQ G\QDPLFV 7% PRGHO ZLWK VHI
SHULRGLF SURSHUWLHV LQ D @KLY ODDGCGE F MKR RM G IR I X PV R Q D
FDVHV ZDV KLJKHVW LQ ODWH VSULQJ WR HDUO\ VXPPHU UHDFI
VSULQJ 7KL\D WMWIHWRQPD\ EH OLQNHG WR WKH &KLQHVH 6SULQJ )
IDPLOLHV OLYH LQ RYHUFURZGHG SRRUO\ YHQWLODWHG URRPV
FDXVH LPPXQRORJLFDO YXOQHUDELOLW) Z{BMKEKH UPHROGRANDLN G W L R
YHU\ ZHOO ZLWEK DAXD YOHARRUBQBH WR WKH VHDVRQDO YDULDWLRC
LQ &KLQD DQG PDGH SUHGLFWLRQV DERXW LQFLGHQFH DV ZHOO

<DQHW DO GHYHRBRMEKHU 7% PRI®N® QG &RMAQDE® &WKDW VHDVRQD
KLJK LPOD%WHRODWHG LQFLGHQFH SUHYDOHQFH DQG PRAUWDOLW
7KH VWXG\ REVHUYHG WKDW GXULQILWYH BHQMKHFYK PEBBURIQHIQE
WRHKPPHU VHDVR®RU HAKKAKSUREDELOLW)\ R IEWXQE-RWHAIGEERR S HU VR Q
LQIHFWLRXV SHUVRQV EHFDXVH Rl UHGXFHG YHQWLODWLRQ LQ
VXQVKLQH MUHQFWRARZLQWHU VHDVRQ ZKLFK PD\ GHFUHDVH KXPI
OHYHOV ZKLFK PD\ EH LQFUHDVH, @ KOG GHI BHRAQ IIMMMRIRCRQ G % F D\
WKDW LI WKH EDVLF UHSUHR®RPW DR @ \QXR G R QWEINY RMKW GULK/IHD V H
HTXLOLEULXP ZDV JOREDOO\ DV\PSWRVRYRBIQOZ %W \G DEDBIV H. | SIHW \LI
SRSXOBQERQVWDQGLQJ WKH WUDQVPLVVLRQ G\QDPLFV RI 7% GL\
ZKLFK PD\ KHOBOKWD ®PWKHUV WR LPSOHPHQW VXSSOHPHQWDU\
FRQWURO WKURXJKRXW WKH SHULRG RI J @DV GNHMKH R BV RV HD
SDWWHUQV DQG VRPH ®DWWD KX PDERFPES6 ) DVMRX BRVEANRE BMIR Q | D O O
LQYHVWLIJDWH WKH GHJUHH RI FRUUHOAWER QHEHWM ZHM Q6 2 8 DOVIX
&KDSWHU

2.84.6 Importation travel and exportation of TB infection

ILXYHYW DO GHSOR\MEBWFK 6,6 PRGHO ZLWK LQIHFWLRQ WKURXJK
HIDPLQHG WZR GLIITHUHQW FDWHJRULHV RI LQFLGHQFH UDWH V\
DFWLRQ LQFLGHQFH WK U KHKWNRWDDY/ SRSWOMILRRQ ZDV GLYLGHG



WKH VXVFHSWLEOH SRSXODWLRQ 6 DQG WKH LQIHFWLYH SRSXO
WUDYHO UDWH VD\ P WKH WUDYHO UDWH IURMFWDRE KO HWHROSIDQY
LOWHULRU SDWFK ZLOO GURS DV P WKH WUDYHO UDWH IURP
LQ WKH LQWHULRU SDWFK ZLOO ULVH DV P ULVHV $Q DGGLW
UDQGRPO\ RYHUW WH- BHR SWBBWLQRW KDG D VWDQGDUG LQFLGHQFH
JXUWKHUPRUH LQ WKH SUHVHOFMW RR QVUQMHAVLRW®Y J D MYHH QVKBIWJWHAH
LQIHFWLRQ LQ HDFK SDWFK WKDQ ZRXOG@H SUHGLFWHG LI QR W

2.84.7 Demographic structure

$JH LV DQ LPSRUWDQW LQIOXHQFLQJ IDFWRU WKDWFEDQIRQFUHD

VWUXFWX UBDS D@ PRED M [B HIOCMLR) WK H@GKHH @DLQ LGHD R
WKLV PRGHO ZDV WR LQYHVWLJDWH KRZ SXEOLF KHDOWK SROLT
SRSXOPWLRIIDNMMP® PRGHO KDG WZR EXDAHG VP ROGH O JDIQWGH EQROR J
PRGHO 7KH ILUVW PRGHO VLPXODWHG WKH VSUHDG RI 7% LQ D
UHVLVWDQFH DQG WKH VHFRQG PRGHO ZDV D SRSXODWLRQ FRPS
LQ DQ LQGLYLGXDOYTV JHQRPFRPIEW Q HIG HP R GKHU I8 HRUPH WWMHG W K H
VFKHPH LQ ZKLFK WKH SRSXODWLRQ DJHV W&H IEQBYDOW @®RAHVK]
PRVWO\ LQ HOGHUV IRU KLJK HIILFDF\ WUHDW RHKMWRR G K OWADHQU E
ILWWRGHSURGXFH TXDQWLWDWLYH UHVXOWYV VXFK DV WKH VSU
LQIHFWLRXV QHWZRUNYV

%ODNWWUDO FRQVWUXFWHG D WUDQVPLVVLRQ G\QDRRBPVUH % PRGH
VWUXFWXUH XS WR W \HBDWKMVKD &BSHHBRAQ WRXEKUWBHYXOWYV VKF
WKH ILURWFSHOMG. Q®UHQ GXH WR KLJK WUDQVPLVVLRQ DQG \
FRPSDUDWLYHO\ IDVW UHDFWLYDWLRQ WUDWH EDGHRBE\ DR O WK |
\HDU ROGV 6HQVLWHELBOHRPWBOQ/Z% WKRVHY JHQHUDOO\ GHSHQG
E\ HDUOLHU ODWHQW LQIHFWLRQ ,I WKHUH LV QR SURWHFWLYH
DURXQG WKH DJH RI HBD®BXOGNLKRBG HRQ W IB®! W\HD/SABIHDIU D @/J KOLQ B
LQ ODWH DG XOWKRBYGM IHOFRIMRRQIBEHG WKDW 7% LQWMBYHRQM GRQV
SUHYHQUMHIOBY 7% VFUHHQLQJ DOQGISEWHG 7% SDWLHQWYV PXVW
DFFRXQW ,37 DQG HDSPP®\VFENMH BLYORYLIQLILFDQW LQ \RXQJ DG
SURJUHVVLRQ UDWHY L@X©D#\®\DDOG XEOHWKIFORRSHG DQRWKHU PDWKH
ZLWK ,3EVWR YR WKH LPSDFW RI ,37 GXUDW IVR@ RIQVWXH{ D Q & LIGWRY
UHVLVWDWBNI R %G 8 QWLIRRYX \L VR QDL BWRFWGHQ FH PD\ HURGH LV
EHQHILWAY KH\ DOVR IRXQG WKDW D FRQWLQXRX\ Y8R JSURUUD ZB
GURSSLQJ WKH EXUGHQ RI 7%



*X]]HWWDDO GHYHORSHNGVDXF\WIHWHGHPAGU DR KLR EDYGIGY MEDPHO
GHSHQGHQW 7% PDWXHRIWLY DR ER G HPOR QAVRWEDHWH GD ¥ RVIRLLDO V X F
KRXVHKROGY ZRUNSODFHV DQG VFKBRGMW QB 6 RFRW WHIVEW V5 HD
LQFOXVLRQ RI DJH VWUXFWXUH FDSWXUHV VXEVWDQWLDO DPRX
GHPRJUDSKLF VWU XEWKALH WURIYL% HGUD QVPLVVLRQ UDWHV RI LQ
DQG WKH UDWH RI UHODSVH FDVHV LQ KRXVHKROG VFKRRO D(
GHPRJUDSKLFEDYG®IGY PRGHM®D LV DQ LGHDO FKRLFH IRAULMMAHVVP
LQFOXGLQJ FRQWDFW QHWZRUN LQTXLU\ RI LQGH[ FDVHV DQG
HOLPLQDWLRQ @RDOV

%URRKOVDO GHYHORSHG D 7% PDWKHPDW L F DL FPRRYGHHO WZK. W K PVSOLF
DJH VWUXFWXUH RQ WKH SUHYDOHQFH RI 7% WKH EDVLF UHS!
LQWHUYHQ@MIKRQPRGHO HPSKDVLVHY WKH GLITHUHQFHYV EHWZHHQ
OLIHVSDQV DQG LPSOHPMB® P P@HIOQW RY H (DR & B YIMRDAUY QU LBIRWA F
DFFXUDWH GLVWULEXWLRQV RI VXUYLYRUVHKWS 7TKHG PRGH & WAHFF
SOD\V DQ LPSRUWDQW UROH IRU WUDQVPLVVLRQ G\QDPLFV RI
VXUYLYRUVKLS ZHUH H[SORUHG FRQVWDQW OLIH SHULRGV HI[S
PRUWDOLW\ WKDW UKWHVNMNPSERIHEQ WKDOOXRUVKLS LQWHQVHO\ |
G\QDPLFV SDUDPHWHU DSSUR[LPDWLRQ DQG IRUHFDVWV DERX\
H[DPSOH WKH FRQVWDQW OLIH SHULRG DVVXPSWLRQ QHVXOW\
H[SRQHQWLDO OLIH SHULRGYV

7% LQ FKLOGUHQ LV JUDGXDOO\ EHLQJ UHFRJQL]HG DV D PDMRU
WKH WRWDO £ X @ %QWRIDQNVPLVVLRQ REFXBRXIKD WQBN]HHUBRR V
ZLWK DFWLYH SXOPRQDU\ 7% WKDW FRQWDFW D VXVFHSWLEOH !
ZLWK 7% RI WKH OXQJV UDUHO\ LQIHFW RWKHU SHRSOH EHFDXV
VHFUHWRRWHRX QUKLOGUH@ EDWHK D KLJK ULVN RI SURJUHVVLQJ
GHWHUPLQH WKH LPSDRW RW DO LG HFKHOBSM® D PDWKHPDWLFDO
FKLOGUHQ ZLWK GB5IHAUMRVVUWREBY VRH UHJLRQDO RBPW%RQDO D
LQIHFWL@XKH PRGHO HVWLPDWH G RWKDGZH GH L G IKHLBOMATH @ L W K
ZLWK LVRQIUMHYGYWEQRY ZLWK PXOWLGWBRQW ZLWK
H[W H Q GO L YWEYEWY VW XG\ HVW L(PNWHEY MK DW G B KILKD KDY H
QXPEHU RI LQIHFWLRQV ZKLOH JUHDWHU SURSRUWLRQV RI GUXJ
(DVW $VLD DQG WKH :HVWHUQ 3DFLLLEFD8&W\W®RQW RD W\KRY FERQME bl [Q
+RZHYHU D SRWHQWL BI@ GMPH\EWDADVRWY KOWRGWBXJ UHVLVWDQFH ZLC
FRWW UHR XHUS UR S R UWQ R@H REHMUBNVEQ WUHDWPHQW QDLYH SDWL



UHIOHFMHGGUBF DQG WKH DXWKRUV GLG QRW LQFOXGH @Q\ XQFF
,Q FRQWUDWW DRFLEMDLPHG WKDW GUXJ UHVLVWDQWHFRYWD VVRF|
> @7KH DFTXLWHWLRQDRFHWR PQWVY ELRWLORQJIJH W GBOADWLRQ
LQFUHDVH WKH GXUDWLRQ RI WUHDWPHQW D V>ZH@®WZ R M RWPSHRW L
DFWLQJ LQ RSSRVLWH GLUHFWLRQV 7KXV PRUH GWRIGQ'HBYV DUH
GRPLQDWLQJ LQ D DYDGHQ NV WKE WINREKDSIRBNHKL V WK HV LV

2.84.8 TB model with different types of interventions

JRU WKH SRVVLEOH HUDGLFDWLRQ DQG FRQWURO RI 7% PDWKI
SRMPWLDO HIIHFW RI LQWHUYHQWLRQV DQG LGHQWR ILPSURYHDV
UHDOLVP RI PRGHOV DQG DPFFBDWRHRDWQFBDOHPREMOOLQJ FDQ !
HYLGHQFH DERXW WKH YDOXH RI LQWHUYHQWLRQ SURJUWPV DQC
ORGHOV FDQ HVWLPDWH GLIIHUHQW ULV NW KM W RUWVX RQ FHb6 RH SQ
LOQWHUYHQWLRQV 2QH RI WKH PRVW HIIHFWLYH ZD\V Rl GHVFULE
UHSURGXFWLRBQ JUIDOWLFRDQWO\ EHWWHU FRPP X G LHFEWUR G HEHWZGI -
RU ILHOG VWDII ZLOO EH QHHGHG WR LPSURYH WKH TXHVWLRQV
LPPHGLDWHO\ ZHQW MEKHD QW KMRDQDO\WLFDO UHVHDUFK OHDGYV
FRQWU®@O

2.84.8.1 Modelling prevention of TB by treatment of latentMtb infection

$FFRUGLQJ WR PDQ\ PRGHOV LVRQLD]JLG SUHYHQWLYH WKHUDS
VWUDWHJI\ WR UHGXFH 7% LQFLGHNQ@BH \ KCRFZAHHYSHAUH GV BL W DLY  LCGPROVD H
DQRG KDV EHHQ GHIOBHI@® ARXOQWXLHYV UDWKHU TARK BG@ WALIIKE H XW K
UHODWLRQ EHWZHHQ 7% LQFLGHQFH DQG ,37 HIHFWOILOYrHQHVYV D
GHYHORSHG/VLRQ QYPPLF 7% PDWKHPDWLFDO PRGHO DQG HI[DP
HSLGHPLRORJL¥F D @MWMWIWXDWXEBQVKRZHG WKDW WR SUHYHWQW RQH
QXPEHU QHHGHWKW,BR W DKW, 37 HIIHFW LV KLIKHVW DW DQ LQWH!

SHU DQG LPSDFW LV UHGXFHG DW ERWK ORZHU DQG KLJI
WKDW 7% EXUGHQ LV D VHULRXV LVVXH DQG WRWDO GLVHDVI
LPSOHPHQWDWLRQ RI ,37

:KDQHW DO FRQVW WXFHEG @QGHQW WUDQVPLVVLRQ G\QDPLF 6(,
.RUKD @LXPHULFDO WHFKQLVXKHNVUWXFK \DWL@HDXMUH XVHG IRU D
SDUDPHWHUV 7KUHH VWUDWHJLHY DKPE W REG N[ BRVHGX BB OGN K®
LQGLYLGXDOV 7KUHH FRQWURW KW RHRYONG HHY S HVRK/D WH S MUBR/GRIW L K



LVRODPWNH GLVFRYHU\ DQG FDVH KROGLQJ HIIRUWYVY ZHUH FRQVL
PRGHOOWBKGX¥F¥WLRQ LQ WKH WUDQVPLVVLRQ UDWH KHQFH D UHG
LQIHFWLRXV SHUVRQV 7KH FDVH ILQGLQJ FRQWURO VWUDWHJ\ U
ZLWK HIITHFWLYH WUHDWPHQW IRW HR & ®VFAVGE YSHH U Yo RBRIYVRYV LTGHQ B/
FRQWURO VWUDWHI\ ZDV PRGHOOHG DV DQ LQLWLDWLYH WR UH
LPSURYHG FDUH RI 7% SDWLHQWYV X% WRKRR A SOLH WNHK/W QPIRIEM ©H X\
FRQWUREGWWUICHOHWMKH LVRODWLRQ FRQWURO VWUDWHJI\ ZDV Wk
DOVR VKRK@®WKRROGLQJ VWUDWHJIW KR WRUH B LG FWMWUDWHKDQW
WKH QXPEHU RI H[SRVHG DQG LQIHFWLRXV SHUVRQV

2.84.8.2 Modelling completion of therapy rates

7KH XVHIXOQHVV RI WKH WUHDWPHQW SROLF\ GH SHDFRP KQHS\CHV |
WUHDWPHQW FDQ OHDYH SDWLHKOQ@MWLRDOH BMYRIORB B G WP WR P
G\QDPLF FRPSDUWPHQWDO 7% PRGHOV@IKWKI LLO\FE PRRIGRC-DIW K &
LQFRP SOHWHQUWRMDOPSHRIK ODWLRQ SDUWLWLRQHG LQWR IRXU FR
6 ZKLFK LQGLFXRHKDSHUYRWWHRWWEHHE) 7% ODWHQW FRPSDU
PHDQV SHUVRQV ZKR KDYH @RI\ QL QIHFWWR)IGY EX QI HDRMALRXV FRP S
LQGLFDWHY SHUVRQV DUH LQIHFWLRXV EXW QRW EHLQJ WUHDW
SHUVAK@WH EHLQJ WUHDWHG :KHQ DQ LQIHFWLRXV SHUVRQ LV L
FRSDUWPHQW DQG EH WUHDWHG +RZHYHU LQ WKH VHFRQG PR
DIIHFWHG E\ RWKHU FKURQLF GLVHDVHV VXFK DV +,9 DQG GLDE}
LPPXQH VIVWHP 7KHUHIRUH LQ SHUVRK D ZWW KRRX B/HY,ORBQRSI G KD
WKDQ WKDW Rl SHUVRQV ZLWK WKHVH GLVHDVHV DQ&HQKH ODW
DQ LQIHFWLRXV LQGLYLGXDO LV GHWHFWHG KH VKH ZLOO PRY}
OHDYLQUMXWPHQW FRPSDUWPHQW DQ LQGLYLGXDO PD\ HQWHU
RI WUHDWRHQWW JHQHUDWLRQ PDW PHWKRGEDIYSXQHRG WRQ B\ WRHQ
WKH EDVLF UHSURGXFW LIR@ DKIPEHW\ DR® CHAUNR UPKH VWXG\ VKRZ
UHSURGXFWLRQ QXPEHU LV ORZHU WKDQ XQLW\ WKH GLVHDVH |
USIURGXFWLRQ QXPEHU LV JUHDWHU WKDQ RQH WKHQ WKH HQGF
WKH GLVHDVH SHUVLMWW K& UV KWK S R SADOGN LIRAQVR UHYHDWHG WKE
XVHIXO WR UHGXFH @XH QIHFWLPWLRQ RI UHGXFLQJ WUHDWPHQ
UHGXFLQJ WKH DSSHDUDQFH RI GUXJ UHVLVWDGEM D2 WHHVRW &
KDV SRVLWLYH LPSDFW RI 7% FRQWURO



2.84.8.3 Models which address vaccination

BWDWLVWLEWKMKREFWKOQMW LV YHU\ HIITHFWLYH IRU \RXQJ FKLOGUH
FDVWHV@ RZHYBQ IDQMGLYLGXDO OHYHO %&* YDFFLQDWLRQ LV RQO
WKRXJKM \RRHAIEWWPBAKHQ PRGHOOHG DW D FRPPXQLW\ OHYHO W
HYDOXDWH WKH HIIHFW Rl YDFFLQDWLRQ O0LNVEVMPLDYIER 6 UG YDD/RA
PDWKHPDWLFDO PRGHO WR VLPXODWH WKH VSUKDGNKIDTG G,IQGLT
IR DQG 07% FDVHV ZLWkK Y 0@ KHQOPMWIRPYWUDWHILHYV RWMRKQV PRC
PRGHOOHG E\ PRYLQJ WKH VXVFHSWEDDN\8R3YG D' DR @ QWRL Q/H HI
RQO\ 7KH DXWKRUV IRXQG WKDW WKHVH WZR IDFWRUV DUH LQW
IRXQGLWKDBWFFLQDWLRQ W RKYLHWKDWH HD WL ZIRXO QW R HGXFWLF
LQFLGHMWKHU VWXGLHV VXSSRUW WKH QRWLRQ WKDW %&* YDFFLC
FRQWULEXWLQJ IDFWRU IRU FRQWUROOLQJ 7% ZRUOGZLMGM EHFD)
WKH GL>VHD\@

2.84.8.4 Modelling increased case detection through raised awareness

2NXRQJKDH DQG ,NKLPZLQ GHYHORSHG D UHDOLVWLF FRPSD
WR LQYHWWLBBWHWWKI FDVH>GHMAFRULEBRQUDMWH WKH DZDUHQHV
SRSXODWLRQ 2NXRQJKDH DQG ,NKLPZLQ GLY WK KWIXINKFHESWN. B O F
ORZ OHYHO RI DZDUWNRAVRXD K& IXKREZH¥HO RI DZDUHQHVYV DQG
GLVFRYHU\ EKUWDPKWKRUYV VWDWHG WKDW 7% WUHDWPHQW DOR
EXUGHQ DW WKH FRPPXQLW\ OHYHO EXW LI ZH WDNHHMXAR RU P!
DZDUHQHVYV DQG DFWLYH FDVH ILQGLQJ WKHQ LW PD\ EH SRVVLE

2.84.8.5 Modelling multiple interventions

0OXOWLSOH MPREHUBQYYROQWLDO WR H[SORUH PRUH VXEVWDQ\
EHKDYLRXUV YHODAWHRWERRFG GHWHFWLRQ DQG WUHDWPHQW W
LPSRUWDQW ZD\ Rl H[SDQGLQJ RXU NQRZOHGJH WR DVVHVV WKH
GLIIHUHQW OHYHO$% RRRF $D 8D\ HIQQWDY 7% PR G HB W RO/ WU XFWH
PRGHOOHG OLPLWHG YDFFLQH OM3THFEWDRYBQEMVQRNHR QUHFWL\RQ Q
WUHDWP QKLY VWXG\ VKRZHG WKDW WKH PRGHO FRXOG QRW EH

UBBWLWKRXW DOORZLQJ IRU UHLQIHFWLRQ PRGHOOHG DV D UHY
RI SURJUHVVLRQ WR GLVHDVH FRPSDUHG ZLWK ODWH ODWHQF\

UHVLVWDQFH D Q8 SHRUNRLINGERHMAMFB/KRIG X FW L R Q XQUX\PKEHHWP FBUH W KH F
IRXQG WKDW WKH PRVW VLJQLILFDQW LQIOXHQFLQJ IDFWRU RI



FRPSOHWLRQ UDWHV ZKHUHDV YDAFLEXD WDREQHUBRAHV LE OOHH 8@ X HV N
WHURQ RI WKLY PRGWODVW VRPH WW?PDEEHQ DDVUURKEQ GFRWKDWMD JH U
LPSRUWDQW WR UHGXFH @ LQFLGHQFH

ORXDQBXQJIJXW DO FRQVWUXFWHG D FRPSD\QDPHOWD® \WROBOUPL
&DPHURR@7KLVY PRGHO LQFRUSRUDWHG ODFN RI DFFHVV WR PHG
ODFN Rl HYLGHQFH DERXW WKH LQIHFWHG LQGLY L\GCDCOHIUWGOW K B \
GLIIHUHQW G\QDPLFV XVLQJ IUHTXHQF\ YHRVUXWKGHHGN QWL VEHG H 8
WUDQVPLVVLRQ WKH SHU FDSLWD FRQWDFW UDWH EHWZHHQ V
SRSXODWLRQ GHQVLW)\ 7KWHIWHLRBHHDNH QUWIKVYSRBRODDELRQ GHC
LQ IUHTKHHSHFQGHQW W UD QV P LYNBIHRQY R KIH ARQAX P A\ WRWEH FRQ V\
ZLWK GHQVLW\ RbWKIHK SRS XMDMWHEWRYH VXEFODVYV SRSXODWLRQV
LQIHFWLRXV XQGLDJQRVMBGIJK®WIHBDWLRXBXDQ\%ZE& R WAHYHV EHH Q
GLDJQRVHG DQG VWDUWHG WKHLWXSVUQ DDMYHQOWRSRLQG DRIXQ QRN W
$VLD DQEDBREDQ $IULFD ZKHUH WKH SXEOLF KHDOWK V\VWHP L)
ORWMIKW VXEFODVVHV WURUY MKHVEXQGIHODR! 7% 'HWDLOHG VH
SHUIRUPHG WR LGHQWLI\ WKH PRVW LPSR3WD QMH BHWD R YW HRIDWI
SHUIRUPHG ZLWK D VXEVHW RI XQNQRZQ SDUDPHWHUV DQG WKH
VHW Rl SDUDPHWHUV WR FKHFN ZKHWKHU WKH QHZ YDOXHV RI H
NQRZQ RQHV 7KLV SURFHGXUH ZDV UHSHDWHG XQWLTKERQYHUJ
VWXG\ VKRZHG WKDW YDU\LQJ SO WDIRH &HUM RYEQ ¥®IQ Y W QHDL\WE
GLVHDVH EXUGHQ LQ WKH SRSXODWLRQ 7KHVH SDUDPHWHUV FD(
GLDJQRVLV FDPSDLJQ DFWLYLWLHVY WKDW HQFRXUDJH 7% VFUHH
EH ®XVHRU RSWLPDO FRQWURO VWUDWHJILHYV LQ RUGHU WR DFKLI
VKRUWHVW WLPH ZLW® PLQLPXP FRVW

2NXRQJKDH DQG 2PRVLJKR GHYHORSHG DKTW R CCL WI\D QY LD/Y
G\QDY1% PDWKHPDWLFDO PRGHO> L Q@+ PQ MRW\S XILSRVUHDRI WKL
WR LGHQWLI\ VRPH IDFWRUV WKDW FRXOG LPSURYH FHISWEB®H Gt
SRSXODWLRQ ZDV VHSDUDWHG LQWR WZR ZUWRKSV GHSHBGHQW IRC
ULVN ORZ OAREGQOFRRYYQHVV DQG 6 LQGLFDWERQ®\ORRIMYNV\K
,QIHFWHG SHRSOH FDQ HQWHQJWRH VBKR H B HFWRLYS GHBW RE W K H
JRXU WASHV RI NH\ IDFWRUV L QF USRS/ ¥EDRXRERXWQE N W HB WWR Q
LGHQWLILFDWLRQ F RAUW DR/IRHUERR WA FHXQDAD L MDAV L ¥ Bl O0F X SHUBRADLRKI W F
EDVLF UHSURGXEG\WQRMRIR WEEH GLITHUHQW FRQWURO VWUDWHJILH)
WUDQVPLY®HRQWUHDWPHQW 7KLV VWXG\ VKRZHG WKDW GHYHC
LQFUHDVLQJ WKH DFWLYH FRXJK [ZGHBX\LGHRD WQ RQK H DSARHS YGOHIFW H



EULQJLQJ GRZQ WKH EDVLF UHSURGXFWLRQ QXPEHU XQGHU XQ
FRQVFLRXVQHVV SURJUDP DQG ORZHULQJ WKH FRVW Rl WUHDWF
EDVLF UHSUR GXFERHGRRZ QXGPLEN \

7R DVVHVV WKH LQIOXHQFH Rl YDFFLQDWLRQ DQG WUHDWPHQW R
GHYHORSHG D FRPSDUWPHQWDO W U@@V MKLWL RQ GG Q D KA/ PHRIX
VXEGLYLGHG LQWRMHIWAHHSOWDEUHV W KERFXQDWHEQ 9 SRSXODWLF
LQIHFWHG ZNMNHOWPQMD VWDJH / SHUVRQV LQIHFWHG ZLWK 7% L
SHVRQV LQIHFWHG ZLWK 7% 7 7KH PRGHO VKRZEBVW KDKD QI R\KH
WKHQ WKHJBHWHIDMMLEULXP LV JORED O QWK EBSM R W HSRRG\X FWD |
LV JUHDWHUNWKQ QVREHH LY OLE HQXPHP QB MIKKH GLVHDVH FRQWLQ
PRGHO DOVR UHFRJQL]HG WKDW WKH YDFFLQDWLRQ UDWH YDFF
HIITHFWLYH UHSD®G XYRVRIZRIG WKDAV LIBDOWH IR LY DVAFH. @1 | 1 H A Y WP HHIQNW V
UDWHV UHDFK D SDUWLFXODU WKUHVKROG WKHQ WKH VSUHDG R
VXFK DV YDFFLQDWLRQ RU WUHDWPHQW IDLOV WR FRWGNMHIRO Wt
PRVW HIIHFWLYH ZD\ WIRVH OB DQN W HV@ BR/G | \DHE GKIBHIS/W B @ G&

&KDSWRU WKLY WKHVLV UHJUDGLQJ PXOWLSOH LQWHUYHQWLRQ
VWUDWHJILHY DUH WKH PRVW.HIIHFWLYH WKDQ VLQJOH VWUDWHJ

2.8.5Multidrug -resigant (MDR) and extensively drugresistant (XDR) TB models

,Q UHFHQW \HDUV WKH HPHUJHQFH Rl UHVLVWDQFH WR WKH PRV
RFFXUUHG LRDMKHF$VHDLRQ DQG VSUHD G HDIGIDRBHMIROQW W& HWKI
HIILFLHQF\ RI DQWLELRWLFV LQ WUHDW@RH VILYM B YE R XVDG! HWH I K
GHOD\HG FOHDUDQFH RI EDFWHULD RU FRP S®UWHWDHDWYPEH QI
8QIRUWXQDWHO\ LKH GHR H Q) BVUTHOIWRSH @% RD\OBUHDWH HYHQ F
UHVLVWDQFH HOSWNHMHODIOW WXEFEUFXWEBLYV (BHILQLQJ W
"5 7% LV GHILQH® LW DGGLWLRQDO UHVLVWDQFH WR DQ\ IO
RI WHKWHW IROORZLQJ LQMHFWDEOH GUXJV FDSUBRP\FLQ NDQDF

,Q %KXQX GHYHORSHG D WKUHW6 Y% 7P © RVGHDEW K DWW Q) XG\
VHQVLW IGUHUIPXIOWD QW D Q GU i WA N @ADLOGH T GIR VLU RIRRE \W ©

ZDV XVHG WR UHFRJQL]H WKH ORFDO VWDELOLW\ Rl WKH HQGHP
EDFNZDUG ELZKWRKDWIVRODWHIGW KH ED VLB YURESHIR @ X ¥ VOIRZG U WK D ¢
DOWKRXJK D VLQJOH HQGHPLF HTXLOLEULXP H[LVWV DQG LW L
UHSURGXFWLRQ QXPEHU LV ODUJHU WKDQ XQL®HN W R EBWEPUH QWK R
VWUDLQV ZLOFRUMRSSRUQVWKBH/ SUHDG R IBWHK 5 U N QW IDAWIHY P LR9K VEHK



0'5 7% FDAMHDOVH )XUWKHU®BRMBIHDWPHQW M®HARH U X B SIRQIMWK HD 0'5
EXUEGENH®Y LI QRW D S& UW K H GDANGHIDVHHWWURUDWLRQWHK SFERSPBB GV
WRUHGXFWLRQWQ@W D SRSXODWLRQ OHYHO ,Q DGGLWLRQ QXP
UHFRPPHQG LPSOHPHQWLQJ PXOWLSOH FRQWURO DFWLYLWLHYV
WUHDWRHQW RQWLWLYH 7% 7 FEVHIRGVEHFUHDVH LQ WKH VSUI
GLVHEHDV®

7UDXMUDO GHYHORSHG D PRGHO IRU VFHQDULR DQDO\VLV RI SUTJ
*XLQHD 31* 7KLV PRGH®RWWMEDDEO L Q MHG FHQ@TEKRQ | VWY DWALHRQYD
UHSURGXFHG D FRQWLQXDWLRQ RI WKH SURJUDPPDWLF FLUFXP)\
7KH SURJUDPPDWLF IDFWRUV XFXGUW & W DD MELUYD. WD iH NWAKEEH BRI
WUHDWPHQW FRPSOHWLRQ UDWHNVN FGISWYFHIFWAL RRQU UWDBH-DAVHIHOGBN WA
VHFRQG VFHQDULR/DQYRQX S RIDIBIMH G SURJUDPV KHQFH LQFUH
DQG VXFFHWMWXB FRMIWHY 7KH WKLUG VFHQDULR LQFRUSRUDWH
SURJUDPPDWLF PDQDUWPHQW RIKLBEK LQFOXGHG LQSDWLHQW VX
LQWHQVLYH VWDJH RI WUHDWPHQMW FAHL W R F S Bl 0 NGRS HREBED FOLQWV L E
WUHDWPHQW 7KH IRXUWK VFHQDULR LQFRKBRWDARKG\HPR BRIQW
0'5 7% UDWKHU WKDQ ZKDWPRMW KRERMHDMLRQQRDOO\ VFHQDULF
UHYHUVLRQ RI FRQGLW L RIYGWRX BEHIW\. RMXOW G M VWHHEAY DRVQ OHYH
WKDW PDLQWHQDQFH RI FXUUHQW SURJODP#® DQEEGHQIFDHI BAH MV \
SHU SRSXODWLRQ SHU \HDU 'BX¥6 WION W RORUWDRRBGRIUR P
)XKWUPRUHJDAQLXAKJI HVWDEOLVKPHQW R EQEH HMW USHDRIH® R.\) RICC
SHU SRSXODWLRQ SHUH{HDWDABWEDS 7% ,Q DGGLWLRQ LQF«
SURJUDPPDWLFVPRIQIHRBO® R WHHPWH GHERIHIAL GHQFH WR SHU
SRSXODWLRRH]LWARBIVEHL®S3 7% ORUHRYHU WKLV VWXG\ DOVR VK
WKH DVVRFLDWHG HFRQRPLF FRVWVY FRPPX®LW) EDVHG WUHDWP

7UDXMUDO DOVR GHYHORSHG DQRWKHU WUDQVPLWWLRIQHGW) RP L F
D VKRRV VH7065VFKHGXOH LQ D KLJK +,9 SUHYDOHQFH DUHD RI .D!
KDG KLJK UDWHV Rl GUXJ UHRLVGALDQEOR V WR IS/ PG B BHTAGWK Q L \
EDVHG D% FXUH RI DURXQG @7 KSIDWVYWRBVIRXQG WKDW LI WKH WU
EDVHG RQ DYD FGNELQ DMY%RE SDW P HY WHRURRQPAUWEQXUVRP D C
WR D FRRUWHX @ FKIHBF UHDVHYV W K% QWPHEBIW PRHQOWSY  HV5 D7 BRQV H T X
LQFLGHQBHGXRPG WR FDVHYRSKODWLRQ SHW %HPRUWRGLWS5
IURP W R GHDWERSXHOWWLRQ SHU \HDU GRUWRREKWG DVY B WL MK
FRXUVH7865WUHDWP HDWWRFISHEROWHY WR GHFUHDVH WUDQVPLVYV
LQGLYLGXDO SD@&LHQWYV



'LIHQW W\SHV RI VXVFHSWLELOLWLHYV SOD\ D YRPWRRQURDH LQ

GHYHORSHG D PDWKHPDWLFDO PRGHO WKDW VHSDUDWHYV
SRSXOPWE@RRLY VWXG\ LGHQWLILHG WKUHH JURXSV RI VXVFHSW
UHVLVWDQFH 6 VXVFHSWLEOH ZLWK SDUWLDO UHVLVWDQFH 6
DVVXPSWLRQ RI WKLV PRGEBYHLVEMREKBWH6L GIHMEWRIEBY 7KH VDPH
DSSOLHG IRU ODWHQWO\ LQIHFWHG SHUVRQV GLYLGHG LQWR W
GHYHORS DFWLYH 7% ( QRUPDO GHYHORSHUV ( DQG QRQH
DVRSWLRQ ZDV WKDW ( SHUVRQV ZLOO KDYH OLWWOH RU QR UHD
7% )XUWKHUPRUH , UHSUHVHQWHG LQIHFWLRXV SHUVRQV IURP
, UHSUHVHQWHG WKH LQIHFWLRXNORSPWRWW AR RS DWW IR HDQRW [ C
LQGLFDWWHHRWOIG SHUVRQV ZKRVH LQIHFWLRQV ZHUH SURGXFHG
DQG 7 LQGLRADMBO'EEEHUVRQV ZKRVH LQIHFWLRQV YBBH SURG
GHYHORSPHQWWRPSPUOVPWKLY PRGHO DQG HVWLPDWLQJ WKH 11U
WKLV VWXG\ W IKORZHG WK SWUWLRQ RI VXVFHSWLEOH SHUVRQV KDC
LQIHFWLRQ DQG WUDQVIHU LQWR WKH QRU PHDYH G HYH /K SIP BERUW
VLWXDWLRQ RI KDYLQJ D KLJK WUDQVPLVVLRQ UDWH WKH GLVE
UDQJLQJ WUHDWPHQW +RZHYHU WKLV VWXG\ GLG QRW LQFOXGH
WUHDWPHQWW OBDIWHRNQ WD \DHQWG PLIJUDWLEQ KR QQHISFEIIRG \B i WAKREQ
VKRZHG WKDW WKRVH IDEFWRUV KDYH KLJK LPSDFW R* 7% UHODMW

@

2.8.6Cost-effectivenessTB models

7UHDWPBQ@W RV UHODWLYHO\ VOLQDIL FRWER QDIWML®R QI WKMWUD S\ LVR
HWKDPEXWRQIIPQAG S \WIJNHQ IR U PR © IWXBR)HD WP'MOMWe RV PRUH
OHQJWK\ DQG FRPSOH[0'B J%\WWJUDBDMAP HDG\E URWLRP (PR IQOWK @ L @) G
W\SLFDOO\ LQFRUSRUDWHY D FRPELQDW LR @ HRY BRRBAHC DMILVAD D Q
PRGHOV PHDVY%UGQXIDQMXLYLW\ DUH DYDLODEOH EXW LW LV \HW
OHDGV WR6 RRWLPEO WUHDWPHQW HIILFLHQR\I BEW KYWDQWaM D FW R |
*LYHQ WKH KXJH EX% GOH)IG RWKH5SDXFLW\ RI GDWD RQ FRPELQDWI
VWURQJ QHHG IRU IXUWKHU UHVHDUFK LQWR GUXJ FRP®LQDWLR
VFKHGXOHV DQG WKHLU FRQ¥HUVIGRQ LQWR FOLQLFDO SUDFWLFF

1RYHO VKRUWHQHG VFKHGXOHY KDYH SRVVLEOH EHQHILWYV VXFlI
FRPSOLDQFH UHGXFHG WLPH WR FXUH DQG UHGXFHG FRVWYV LQ
WDWPHQW :KLOH D QXPEHU RI UDRWG RAYWRH® RFEEDYFW B RQ D a GO ZWHOL



XQGHUZD\ WKHVH DUH WLPH FRQVXPLQJ DQG FRVWO\ DQG IXUWK
RI WKHUDSLHV &OHDUO\ WKHUH IWRDSSRWH@H LR LUR O/K ILRQUN RRR
GUXJ FRPELQDWWR Q@O *RRFWDEOLVKHE IDVWHGQREREH G XMR PHDVXUH
HITHFWLYHQHVV RI PRW WHRVFHKHGEOOHI RKW ILUVW OLQH WUHDWPE
LQIHULBUHWH QW VF KHPGQWKY SR UB/AE[ L Q GEYNBGPARGHO ZDV SRSX
XVLQJ UDGHLQJ HPSLULFDOO\ FROOHFWHG GDWD WR DVVHVV WKHI
VIVWHPVYT VAKMBXIOMH VRR LUV W LW MW %G WERHREEPWRI DMK H SHU L |
ILUVW OLQH WUHDWPHQW RI 7% KDV WKH SRVVLELOLW\ Rl FRC
SHUVSHFWLYH 7KH SRVVLEOH ILQDQFLDWLJDLQLERBARGEWVEKWMK D
SURSHU SULFLQJ RISDQ®QHZ VFKHGXOH

$OMD\\RXWWDWIO GHYHORSHGHFWRYMBRVW L/QWRBGHO DQG HVWDE
WKHWILPW RI WKH 09Q@®WUWHERSXODODWIRY LV WKH FULWLFDO IDFWRU
7% WUHDWPHQVWOWSHIPRGHO VKRZHG WKDWJINHDWHDPGRVHY RU
GHFUHDVH WKH W3CHDDN PR ICPIRGIHROG UHFRPPH@ BGNGQD GHRIRL V L R (
WKH LGHQWLILFDWLRQ DQG SULRULWL]DWLRQ RI QHZ WKHUDS|
GHFUHDVH WKH 7% WUHDWPHQW SHULRG

,Q PRVW FRXQWULHV R WAKHY BSWKRWP WX B XH WR SRRU FRPSOH\
HIWH@XYBWLRQ RIGWMKUEH UDSLG HPHUHYVQ MW RY WXIOQWL GW KH
VLWXDWLRIQHIWWVFIRPSOLEFDWHG 7KHUHIRUH 7% FRQWURO SROLF\ |
LPSRUWDQW WKHUDSHXWLF DFWLY LWHMLW \D D R DONAK WS BRAR W/ R
GHFUHDVH LQ WKH $HUAR G U(ROWAWDUCH DAHPYHHIDMR SHG D PRGHO WR LGH
LQ WKHUDS\ SHULRG @R KLVLRMRBSHLP DOMVR ARLUOHWLRQ ZLWK EDFWHU
DQWLIDP S WVHTK IG\R BRIGIKEQDWHIEBDVLQJ ULIDPSLFLQ GRVHV IURP W
GXUDWLRQ RI W WHKRW 8 HQRV CEAKE @ M H- R QFRWISWIM BWUR & UDWLR

7TKH LQFLGHQ@PHK®IV PDUJLQDOO\ GHFWH®KH A @RIUBHZEAKDR/IE X' 5

LQFUHDVHG GXH WR SRRU WWHD®WPHRWYVWLUINPWRE DLWODQVPLV
VWRFKDVWLFEDQIBGC FREBR&®HO IRU VLPXODWLQJ WKH WKHUDS\
SDUDPHWHUYV RI QHZO\ GLD% QSROWHIGH QOHNUW DEDBENJURXQG UHJLPHQ .
DGGLWHR@ RIRYIHWJ MHMDU SHBULE®MEKH RDUWMRPH RI WKH PRGHO ZDV |
FRVW SHDAGMROWWG OLIH \HDU 4%$/< JDLQHG WKLRQ4B/WKH QHW
FRPSDUHG ZLWK WKH QH[W OHVV H[SHQVLYH LQWHUYHQWLRQ
LQFUHPHQWDLO FRMOWMNXYMHG OLIH \HDUV '$/<V DYHUWHG ZKLFK
IRU DVVHVVLQJ HIITHFWLYHQHVV LQVEBHWKARSYYXERXKQRIH G W KI
'"HODPRYLGYVXDEBOHFRWUWH ZKHQ FRPSDUHG WRQHKH ERFNIVRXQIGV



SHUVSHRWDFBMHDEGEY WRMQB ILW DW ORZHU FRVWY FRPSDUHG WR
WHUPV RI LQFUHPHQWDO FRVW SHU 4%$/< LQ > R®ZKROO\ SUREDE

$HKRXIK HIITHFWLYH 7% GUXJ WUHDWPHQW SUHYHQWYV DURXQG

FPH RI 07% HIIHFWLYH WUHDWPHQW LQ WHUPV Rl UH¥ISWREXH WR
HW DO FRQVWUXFWH GWU G QVILR\LIFR\WRAGHE O HFG LFW WKH KHDOWK |
HITHFWLYHQHVV RI GUHVMLXMFBIG &/ IVEHFRLQEBQRIL ® G OGHU IX® § RIFGH. GFRRZ H L
ZLWK KLJK OHYPBOV @IKL'S VRZXGG VRVDQGDUGL]HG VI HIGPYDLHAH FR |
ZKHQ D WHVW% RY X$HG EHIRUH HQUROOLQJ SUHYLRXVO\ WUHD
WKHUDS\ ,Q DGGLWLRQ VHFRQG OH QL J3UDNJ FNRPAMWIUYDHS Y 8D \0 '8 K R |
SDWLGI QREGELGGOH LQFRPH FRXQWULHV )XUWKHUPRUHG WKH DW
OLQH GUXJV GHSHQG EXRGWRBH70A5LQFLGHQFH DQG WKH DYDLODE
VFKHGXOHV ZRXI®G VEHY FRVWDQ H[WHROMLEB B R@D/QJH RI FLU

'XULQJ D WUHDWPHQW SHULRGD¥YHWWBQ NKNOSIBUWRVEBRBYRIQW Wi
UHVLVWDQFH S$SQRBWVWWILIBOAWWMNEY RFFXU LQ SHRPWHBKIRHKDYHEEFHR
DQG WKH VSUHDG RI UHVLVWDQW VWUDLQY Z@WKHLUHODRBRSXADRW
RlI 0'57% QHHGY SUHYHQWLRQ RI ERWK GHYHORSHG QHRWUHWLVW
GLDJQRVLVY DQG WUHWWIRHOQNUHFRPPHQGHG WKDW D KHDOWKFD
FRWWHFWLYH LI WKH FRVW SHU '$/< DY HUWWH&SDDMVN@RINGY WKDQ SH
GHYHORS HG DFARMWG HO D QKDIWR X@GDW O V XE U H KRMWH UWWKHHG FIFRWUW
0'5 7% WUHDWPHQW FRXOG EH OHWYXWWBHBE® USSHRW /D MKWDPR&HO L
RXWSDWLHQW PRGHOV RI FDUHHDIHFFWRDE PROMRYDODHEHORD DR GNVKRBY
KRVSLWDOL]DWLRQ IRU VHYHUDO PRQWKYV RI WUHDWPHQW

2.9 Conclusion

7% LV DUHFROQL]HG EDFWHULDO LQIHFWLRXV GLVHDVH ZRUOGZLC
UDQGRPL]JHG FRQWUROOHGUWDWPOY W KRIE WEDWDFEROBWIVRQ D
7% FXUH DQG SUHYHQWLRQ UHVSHFEWLYHO\ 1HYHUWKHOHVV 7%
GLVHDVH NLOOHU DQG WKH LQFLGHQFH UDWH YDULHV GUDPDWL
RXQWUWBWYHORSLQJ FRXQWULHV VXFK DV %DQJODGHVK SRYHU
SROLWLFDO REVWUXFWLRQV WKDW FRQWULEXWH WR WKH SUREO
IURP PDMRU KHDOWK FHQWHHNV HOUHO ADGJL D HY R VR VN RPOWNW®I WKHP F
OWWR IDPLO\ DQG FRPPXQLW\ 7KLV FRQWUDVWYV ZLIKR 7KDY 8IHFW
DFFHVV WR FDUH ZLWKRXW VXEVWD®WR QW R PENE WHRIPRS IRHIGH D H
FRXQWULHV PD\ QRW SURYLGH VXIILFLHQW IXQGVY DQG D QXPEH



LQDGHTXDWH YDFFLQH GHOLYHU\ GUXJ VWRFN RXWDJHV LQ SHU
FHQWUDOL]DWLRQ RI VHUYWMHOH BER U HXPWWYWHRIF @0 DAL KD V H

&KDOOHQJHV HYHQ H[LVW LQ WKH UHDOP Rl UHOLJLRQ DV VRF
FRQVXPH FHUWDLQ HOHPHQWYV LQFRO@YRWRMILD Z RDEGELYIHZLRQ D
S9DFFLQDWLRQ LV DQ DUWLILFLDO LQYHQWLRQ PDGH E\ PDC
VIVWHP RQ WKH RWKHU KDQG LV D QDWXUWXVOIUR® F®/L\RHD V
7UXVWLQJ LQ PDQPDGH YDFFLQDWLRQ LV OLNH VD\LQJ WKDW
WKDW ZH QHHG DUWLILFLDO MERRVWLQJY LQ RUGHU WR VXU
7KHVH FRQVLGHUDWLRQV DUH FXOWXUDOO\ VHQVLWLYH DQG FI
FRXQWULHV3DF WKH GHUBRQ RPHWLPHYV UHIXVH YDFFLQDWLRQ DJ
UHOLJLRXV EHOLHIV D¥G @EDXMN LR | SDQURIZOMG DWWH HGXFDWHG E\ Ut
H[SODLQ ERWK WKH HIITHFWLYHQHWVRRI DY DHOLQ HRXYGSIRW @ VID FRA HYI\
RXWEUHDNV ZLOO BH FRQWUROOHG

OXFK FDQ EH OHDUQHG DQG DSSBBHGJIBRRKXQ@MYIHOR BHRG SW R PR
UHFRYHU\ LQ WKRVH DIIHFWHG E\ WK ®RWHD ViR X@QWGH YN O RVSKLHD .
JLODQFH 02) FRQWURO\W W) @ DAR BRIQARH EXBRWWQGHUVWDQG W
OLQLVWU\ RI +HDOWK DQG WKH QHJDWLYH FRQVHTXHQFHV RI X
KHDOWK DQG WKDW FDEDGWBG LWR B HDLFN RHW @DMIG ORZ TXDOL
JRRG UHGDEH.\RDWKQ WKH OLQLVWU\ RI +HDOWK DQG OLQLVWU\ R
VXIILFLHQW EXGJHW DOORFDWLRQ IRU WKH KHDOWK VHFWRU $G:
ERG\ +HDOWK\ SHRSOH DUH PRUH R CSRURW HIFWW MOKWML X KP DQ & Gl
LOOOHWW2Q WKH RWKHUXMQ® LRQGHIHDWHY SHRSOH ZKR DUH T
VXVFHSWLEBOR @R Q®IHFOQHVY 7KXV LI SHRSOHTV QXWULWLRQ
7% GLVHDVH PD\ GHFUHDVH

'XULQJ D 7% RXWEUHDN WKH KRVW IDFWRUV WKDW LQIOXHQF
WUDQVRKIDWMH RWR EH LQYHVWRGDWHI\GH D Q BKXBIBWHUS/ WRLGHQFH PXV
LQIOXHQFH SROLF\ PRGLILFDW LOROW KIHPOKLGDD FR@MAQ®RIOD 5 RD Q)
LQFRUS KQIBWUYW D Q G VOV WH RIS DG WICAR U PBIIGF EVVLEOH GDWD WF
SUHGLFWHRQ\BDEWNURIQ®W SROLFLHV FDQ EH HVWLPDWHG PXFK P]
WKH ILHOG ZKLFK KDV LQ DGGLWLRQ SRWHQWLDO VWDWLVWLF
VXEVWDQWLDO FRVWY ODWKHPDWLFDYH PRRERIOWO W)R KR LYRRH D
SUHVHQW HUDGLFDWLRQ HIIRUWYV VXFK DV LQFLISIHIQFW L YSHUIGI\D\C
PRGHOOLQJ FRQVLGHUV FRVWYV DJDLQVW FXUUHQWHRIMHFRUWNFDV\



SROLFLHV 7UDNQ@WVREVFLDRW®&HP DWILHP W IDYHGPRRGWHWMO OLQJ SUDFWLFH)
WR FRQWULEXWH PD[LPXP HIILFDF\ RI GLITHUHQWHLQHW¥ WULYHQWVY R

,Q WKLV WKHVLV , SHUIRUPHG D WLPH WH B QHE HIWEZMHON\Y LAH DR KHH[L
DQG WKH QXPEHU RI 7% FDVHV LQ %DQJODGHVK , XVHG D JHQH!
LGHQWLI\ TXDUWHUO\ IFGX DAKBINHL Q L¥% FDFAWMY RI1 5DMNWKWKRI SURY
% D Q J O DRIKHD\SKV, HJOBHRY HHGBER 8 DWKHPDWLFDO PRGHO RI WKH WUDQV!
DQ6 7% LQ %DQFE&DSWWKD QBQE-HHBRWIPIRURXY DQDO\WLFDO DQDO\
SURSHUWLHV DIQXD UROXWHRBMHNMLF LQWHUY AFRIVI\WWB UMW Q@& HJL
LGHQWLI\ WKH PRVW HII'6 FMQLY 97 %D H\S MGRH P R DW 4@ QY W IX\G U W KIDRAD [
SUHVHQW UHPDLQV UHODWLYHO\ QHJOHFWHG LQ WKH OLWHUDW
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&KRZGKXU\ BHDMR@DOLW\ RI WXEHUFXORVLV LQ UXUDO :HVYV

 QWHUQDWLRQDO -RXUQDO RI #HDOWK $OOLHG 6FLHQFHYV

<DQJ < HWDDMBQDOLW\ ,PSDFW RQ WKH 7UDQVPLVVLRQ

&RPSXWDWLRQDO DQG ODWKHPDWREFIBOSOHWKRGYV LQ OHGLFL

7DODW 19LMWPR@ ' 'HILFLHQF\ DQG 7XEPMEXIORNLYIHEBRLRD

'LVHDVHMU6 S

2QRIXND QD ILK® WIKH DVVRFIWWHRE WHRSHUDWXUHV DQG W

WXEHUFXORVQWHQ QD %D & QURP HRXHRUREDR J \96

/JHXQJ && HWSHDIDVRQDO SDWWHUQ RI W X BRUHX®RW L R QIO +ARX.

(SLGHPLRORA\ S

.DQ ; HWAERRU VROLG IXHO XVH DQG WXEHBRRWRNRLO/ \L\F X&H

%0& 3XEOLF +HDOWIS

*XSWD6 . *XSWD 5 $WUH NGV KYHNWDRIKRBIHE FXORVLY DQG QX)

/IXQ ,QGLD26 S

ILHQKDUGW & %HQQHWVWRE 2HQABDSRWHN *0 %DXXWWDIVRQ

. *RPHV 9 O@®B$GDP ,QYHVWLIDWLRQ RI HQWYHOR®QPIBQULIVD®

IDFWRUV IRU WXEHUFMXORRERAR$LEDEDDVSHFWAHBLMDBPRPE L

-RXUQDO RI (SLGHPFLROFRSI\

3DZORZVNL $XEMHWFXORVLV,QHF @/ HREBRDWKRIBQV S

H

SHVWUHSR 'LBGEHWHYV D Q GL VW XEWRIEXFORR/I\ VS HIFW UXSP

PLFURELROVSHF 710,

ODFDOO®DQDOQXWULWLRQ'LRJIWREWUWFXQARVRELRAQRHDD/HG , QI
34 S

$KPHG ) 'HAWWD®Q\ SDWWHWQ MW UURGWKLEWDGROHVFHQW

XUEDQ %D GBXEDG H V+#\WOMKLRQ S

9LMD\DNXPDU 0 %KBENMRDODWRDQXWULWLRQ DQG FKLOGKRF

-RXUQDO RI 7TURSLFDB3® 3HELDWULFV

-DIJDQDWKQGBXSHUH&KLOGKRRG WXEHUFXORWKN DRX®W QPDM® QRAV

,QIHFWLRKXD V H 206 S

3RGHZLOV HW,PBSOWFW Rl PDOQXWULWLRQ RQ FOLQLFDO SUH\

PRUWD®BEW\%L 8D WISHGWRL R O Q IK FVQICRIFY s

5DQJH 1 7KW HIOHFW RI PLFURQXWULHQW VXSSOHPHQWDWLR

ZLWK SXOPRQDU\ WXEHUFXORVLY D UDQGRPL]JHERBRRWURO

OHGLFIDRG ,QWHHWIMDWKIRQD G +

6DQWRYV ( :+HPWWRORJIJLFDO DOWHUDWLR®W WIQN 5 R @ WSHHLYQ HP
75 s

3HOOHWLBIQ@®WRQJILOOKKIQSHY LQ FKLKOEWXRYLEDODARFLDW

FKDQJHV LQ PDOQXWULWLR® H QRXHHDMRBS L QI3 B XY WRQ H V

'*+6 1IDWLRQDO 7XEHUFXORVLV &RQWURO 3URJUDP 173 1D
PDQXDO IRU WXEHUFRQGRWEK HFROWILRRD WK D

1DUDVLPKDQ 3 :RRG - DQEPWQKDBHYVMN IBFWRUV IRU WXEH
3XOPRQDU\ 0H G203 GBH

6DQWRY O07KHWH®IOGHPLRORJLFDO G LIRH®¥BARIERW D% BWL G R
$PHWLFD®ORQIHUPDJIHP S

&OD\WRQ*DUFLD - 9 & OQMBHONHW +9 LQIHFWLRQ RI PDFURS
,PSOLFDWLRQV IRU SD3XRKRDHYVYV PP § X\ H

‘R ( O\FREMWULDO LQWHUDFWLRQ ZLWK\$ @MHFW LUHF HB Q@R L
&XUUHQW 2SLQLROQVIHD VOIAFWLRXV

2VFDUVVMRODQEA OZHUQFLGHQFH RI 3XOPRQDU\ 7XEHSFXDRVLV
OHGLFD 6FDQGLIGBDYSFD



5RRW) 7KH $VVRFLDWLRQ RI 'LDEHIWHM\ DQIEQTX ERNUFD® \RL VO +
210 S

LP 6 - H@FD®HQFH RI SXOPRQDU\ WXERXENORYHVDRBRXR

'LVHDVH6 S

"HRQ & <0XUQ®\ 0O'LDEHWHY PHOOLWXV LQFUHDVHV WKH UL\

VIVWHPDWLF UHYLHZ RI 3RE&OHBGDMLRHHDO WHNXGLHV

SHVWUHSRHW/ M GLDEHWHV DIQ®E DV GEQ MINMIRQNO ERUGH

SRSXODMWIGHPLRORJ\ DQG 13BIHFWLRQ

5DVDQDWKDQ . 6LYDVDQND®QIRQQYRWEKHDWPROLIDRDO GHWHUPL

RI KHDOWK NH\ WR JORE PODVW X B BRWERMM\ORY FREHWUFERO RV LV

'LVHDVHIL5Suppl2 S

BHQJXSWD GRFHMOD®SDFW Rl WXEHUFXORVLV LQ VRXWKHUQ

FDUH SURYLGHUV DQGWHKIQ FWPRRQDWRXUQDO RI 7XEHUFXC
10 S

BWUDFKDQ 9HJHWDNQDQ GLHW DV D ULVN IDFWRU IRU WXEHU

$VLDIAQKRUD] 50 S

'LHNHPD6 ,PSURYLQJ &KLOGKRR G1$HZFFQLLIDDNR ORSLEH RI 0F
366 S

' RUMDQMQIHQGHULQJ GHYHORSPHQW $ :RUOG 2%RQ@K SROL

8QLYHUVLW\ SUHVYV

&*' &HQWHU IRU *OREDO 'HYHORSPHQW &*' (GXFDWLRQ DQf

9LNUDP . 9DQREENQRLAKNDIHVY EHWZHHQ PDWHUQDO HGXFI

LPPXQL]DWLR®EID M EGEDHQFH DQ/B OHSLFLQH

/JHYLQ6 5HOLJLRQ DQG KHDOWK ,V WKHUH DQ DVORRFLIDIDONLRQ

6FLHQFHGLFLQRS S

.DWRQIDQIDWRQD 7H- , QWHUDFWLRQ EHWZHHQQXQLFDWOLR C

,QIHFWLRXV 'L¥6H DV HV

BRPPD ' HHOGBU DEFEOMEURO GHWHHEDMHGBM @ 1%7DQ JOD G b
,QGLD O0DODZL DQ@KH&RORPEQRDWLRQDO -RXUQDO RI 7XEHUF
12 S

5HQ]DK® 1$)DW ULFK DQG EHDXWHAXXOW XAKDD $IDQUDGREPR DV VF

REHVLW\ ULVNWQXWKXYLIVQ& QIHOX J HéD KIDIUDRUHQ@ DBABKP 30D F H
10 S

81+&58QLWHG 1DWLRQV +LJK &RPPLVVLRQHU IRU 5HIXJHHV

6ZLW]HUODQG

*UHHQDZD\ &7XERMUMOORVLY HRWGOGE®\UMYUHYLQJ LPPLJU

UHIXJ&MYDGLDQ OHGLFDO $VVRBADWIRQ -RXUQDO

%DUQHWWIHFWLRXV GLVHDVH VFUHHQLQJ IRU WHIXQHADQHV

JQIHFWLRXV 'LSHDVBV

BWDXIIHUDQ:GILQEHU(@PHUJILQJ FOLQLFDO EXVXHWYWQ2 8 HPX RH-

,QIHEWLRXV 'LZHDVBV

=XPOD $ TXNEHLGEXORVLV DQG REBRWUWRYKMUHLQYJINRU GHILQ

WUDQVPLVVLIRQHURSWLPRG VXUYHLOODQFH SUHYHQWLRQ D¢

+DMM SLOQMRDQHWLRQDO -RXUQDO &1 RIHFWLRXV 'LVHDVH

1IVRHVLH (OXEHUJ 6 $ OHNDUX 6 5 ODMXPGHNQ® 6 .k

%BURBVLQ1HZ6'LILWDO 7THFKQRORJLHV IRU WKH 6XUYHLOODQ

*DWKHULQ&DPHPMO/ 0L FURE LHRFORUIRAP Q G S

OHPLVKS$ = HW+D®M LQIHFWLRXV GLVHDVH/D®BMWLOODQFH

383 S

BKLQ -+DQ&RQ < 7TIHDWPHQW Rl GUXJ VXVFHSWLEOH SX!

7XEHUFXORVLY DQG 5HVSIBUDWSRU\ 'LVHDVHYV

%URGH BWOROWLEGHMANVWDQW WXEHUFRGRN\FIRWP HMJ R D W PSHDQWAL

&DQDGLDQ 5HVSLUDWRU\ -RXUQDO -RXUQD@2RI| BKH &DQDG



7UXQ]%%ALQB DOG & (IIHFW Rl %&* YDFFLQDWLRQ RQ FKLO
PHQLQJLWLY DQG PLOLDUZLGMXENGBUIEYYVDRRBUDOVVHVVPHQ
HITHFW LYK HDAQYF H3g7 S

5R\ 3 HWWKHQWLDO HIIHEFW RI DJH Rl %&* YDFFLQDWLRQ R
PRUWDOLW\ D PRIGH OIDQRHW WOXRSE YO + H® OMHK

'+2 *OREDO WXEHUFXORYLWVUHABRUW 6ZLW]HUODQG
'XWWD DRDQ®UDNRXVLAD@ WKH GXUDWLRQ RI WXEHUFXORVLV
ZLWK KLJKHU GRVDJHR QW D BIVRE]Y RLADE J\S

,UZLQO 6 HWWHIEDTXLOLQH DQG 3\UDJLQDPLGH 7UHDWPHQW
3XOPRQDU\ /HVLRQ +HWHURJHQHLW\ LQ O\FREDFWHULXP WX
$&6 ,QIHFWLRXV 'RVHDS/HV

ODULHWWH ,QIOMWQF® Rl UHSODFLQJ WXEHUFXOLQ VNLQ WH
UHOHDVH DVVD\V RQ GHFLVLRQ WR DGPLQLVWHU SURSK\ODF
71) WKHY@®GDOV RI WKH 5KHXPDWLF SLVHDVHV

&KLOGU /HWORGHOOLQJ FKDOOHQJHV LQ FRQWH[W OHVVR
WXEHURSQBMPYFY0 S

<LUGDZ HWWMHDHILFLDO HIIHFW RI LVRQLD]LG SUHYHQWLYH \
RQ WKH LQFLGHQFH RI WXEHUFXORVLV 3/@6SBEAB®H OLYLQJ Z
S H

‘R : 3UHYHQWLQJ WKH WUDQVPLVVLRQ Rl WXEHUFXORVLV |
FRQWMEBUFXORVLV DQ®HHWHSEOU DWSR U\

"HQVHY) BWXLGHOLQHV IRU SUHYHQWLQJ WKH WUDQVPLVVLF
LQ K HAEDOUWMHKY HWWLQJV

BKHK]DG $&KIDWMDHQJIHY LQ WKH GHYHORSPHQW RI GUXJV IR
7KH %UD]JLOLDQ -RXUQDO RILIQIHBWLRXV 'LVHDVHV
$OLSDQDK ISGHHWH®FH LQWHUYHQWLRQV DQG RXWFRPHV
VIVWHPDWLF UHXYQBQ@\D QG RPIHWDLD OV D Q3G RFEEMGILALIWLR QDO
15 S H

OLWQLFN HW3D®JUDPPDWLF PDQNHWLNOWD RW GWXEHUFXORVL)
UHVHDUFK3DRHQGH 11 S H

'DOH\ /& *OREDO X8FROHNKH SURJUDPPDWLF PODQDOGRAHQW R
WXEHUFKMRMIGLDQ -RXUQDO RBLI7XESUFXORVLYV

BRGW ' DQG'(UWWWO\ BEVHUYHG 7KHUDS\ '27 IRU WKH 7UF
OLQQHVRWD 'HSW RI +HDOWK

:DJQHUOO HW7RB HPHUJLQRI WAHB\QRBUO\ GHWHFWLRQ RI GL
-RXUQDO RI 3XEOLF +HDOWK OD@DJH®HQW DQG 3UDFWLFH
ODWW*,6 IRU HDUO\ GHWHFWLRQ DQG W HERRRQ \(65W RS U DOMFWG.
WKH 8QLWHG 6WDWHV RI $PHULFD

+RUVWLFN 2 6RPPHUIDQE GOHYUFFHUBWLRQDO WHMWHRPHEK LQ
FRXQWHKHHWQFHW ,QIHFIWLRXV 'LVHDVHV

7UDXHW 5DJRQQHW 5 DRER%U\GIH QRGXODU SURJUDPPLQJ
WKEFXORVLV FRQWURO WO $XITDEON L FSXOD WRRHIPS H V
OHQJLHY 1HW&R®W HFWLYHQHVY DQG UHVRXUFH LPSOLFDWL
WXEHUFXORVLV LQ &KLQD ,QGLD D QG GBIRXN R RKH OB FBIWRP |
*OREDO +HDIOWK S HH

7LPLPL + :#PWIDPIOGGDQFH RQ HOHFWURQLF VI\VWHPV WR PDQD
DQG FRQ®RWURDOO RI WKH $PHULFDQ OHGLFDO ,QIR9PDWLFV $\
S

7DQLPXUD 7LQEMWFROO EXUGHQ IRU W XEHQUG XROURRE®RSID W L H
FRXQWULHV D V\YXAUHPIHDIF SHANSLHID MR U\ SRXUQD O
+DUJUHDY H\VHWZ B® VRFLDO G HWBHIPFDQIDROMV RURMX HYLGHQF|
$PHULFDQ -RXUQHIMORKBNEOLF +

&KDXKD @QEKDNXUSWDWH RI WKH JOREH 7KH JOREDO EDW)
O\FREDFWHULXP \RXPQDPOXRRYQAREDO ,QIHFWLBXV 'LVHDVHV



=DPDQ . MHWEHUWFXORVLV LQ %BQUODKHHER 2L ,&''5 %
6FLHQWLILF VHVVLRQ8DBVWUDFW ERRN

+2 *OREDO WXEHUFXORY WV W RABRUW 6ZLW]HUODQG

" $ 7TKDLODQG WXEHUFXORVLYVY LQFLGHQFH DQG GHDWK UDW|
%DQX 6 OEKWWLBHMAIINVWDQOQW WXEHUFXORVLVY LQ %DQJODGH
VXUYHLOOD@Q@MHHUYXYMWHIPRQDO -RXUQDO RI 7TXEHUFX®RVLV DQC(

$QZDU , $KVIDAXKIBQ+HWDOWK 6\WWHP )LQDQFLQJ LQ %DQJO
$QDOBWPIHWLFDQ -RXUQDO RI (FRQRPLFV )UQDQFH DQG 0DQDJ
,VODP 60 DQG 8OODEKHRSOHYTV 3DUWLR SHWIYROHNQ $ HMOME \
%DQJODGHVKYV 5XUDEB5HDNONVEK &R PSFOHR U J VVUQ
%XODJH /7KHW OIDOLW\ RI WXEHUFXORVLV VHUYR®G H/L ¥ § WKIHDV
LQ 8JDQGD 7KH SURYLGHUV TXEG FIOXHIROWLY SHHVUH/SUHAFKV DYOH
2014 S

(LVHQKXW 0%&HWYDRFLQDWLRQ UHGXFHV ULVN RI LQIHFW
WXEHUFXORVLV DV GHWHFWH G HD \QIEDAARLEYIHNEYW H U BH U R

1737XEHUFXORVLV FRQWOQRG D@ YHDSRIOW G HV K

&KRZGKXUS OHWB6RPLDO ,PSDFW Rl 6WLJPD 5HJDUGLQJ 7XE

$GKHUHQFH WR 7UHDWPHQW Q¥ RARIMYJ 67HFEMIUFEQXD® \6IWX D W L |

&LW\ %D Q-JIDIDBHWKH -RXUQDO RI ,QIBBFWLRXV 'LVHDVHV

+RVVDLQ HWWMDRJODGHVK QDWLRQDO JXLGHOLQHV RQ WKH F

GLDEHWHVY PROBLBXMRBRAGLDQ -RXUQDO RI (QGRFULQRORJ\
20 S

'+2 7KH (QG 7% 6WUDWHJ\

'+2 *OREDO WXEHUEMQRVDV UHSRUW

%DQX 6 ONWWLBHMIVWDQW WXEHUFXORVLW WQ DG PUMWYHGD

KRVSLWDO RI3%M2QBEGHVKS H

1731DWLRQDO *XLGHOLQHV DQG 2SHUDWLRQDO 0DQXDO IRU

SHVLVWDQW 7XEHUFXORVLY QG HGLWLRQ

ODXGH- 5SHWKIOUROH R| PDRMRKGHPOWMLFDLQ JXLGLQJ WKH VFLF

RI PDODULD HQWRHLQIDWMLIRRQ RO +HDOWK

'KLWH /)OHJJ - $ 3K\R ®JIBUOQLODESMHWKHOO ' 30RZH

7 1INKRPD 6 1DRU56 6WHISLBAVXP . GBD@DPXW . &RRSF

6 /XEHOO < $VKOH\ ( $ 1JXRQ RQBIFRORISQ H)IIQKQWH 1

WKH LQ YLYR SKHQRWH S HVRIDQUW HPQNLRDQXP PDBDRE&D D PR

OHGFLQH 12 S H

ODXGH- 53RQWDYRUQSLQ\R : 6DUDODPED 6 $JXDV 5 <H:

1 3 :KLWHQE&LWH 7KH ODVW PDQ VWDQGLQJ LV WKH PRVW

DUWHPUWNQV® DQW BRDPHEREDDULD -RX8U @D O

5DJRQQHW 5 7UDXHU - 0 'H@KR®®BUAGH $OOHILNQ &0 \

PDWKHPDWLFDO PRGHOOLQJ ZHE LQWHUIDFH WR DVVLVW OR

UH VLV WWDRXM RBDEEH) IHFWLRXV 'LNHD$HV

OF%U\GKB (OHHKDQ 0 7 'RDQ 7 1 5DJRQQHW 5DQGDUDLYV

7UDXHU 7KHOULVN Rl JOREDO HSLGHPUHVLNS\DDAM PO BR\E Z E W

WXEHUFRXOBRMOWHYW QDWLRQDO -RXUQDO B ,®IHFWLRXV 'LVHD)

IXEHOO < 'RQGRUS $ *XpULQ 3 - 'UDNH 7 OHHN 6

- DQBLWH $UWHPLVLQLEPEBWIOWONLRQAMHKH SRAWIRQWPDP KRWP\W @

ODODULD -RXIBQDG

'RDQ 17 (LVHQ ' 3 B5RVH 0 7 6 CODQRW %%\ GHW,HINBHQH W UR Q

JDPPD UHOHDVH DVVD\ IRU WKH GLDJQRVLYV RO DODMH@MNO WX &

3/R&QH 12 S H

5DJRQQHW 5 7UDXHU - 0 'HQKROP -DDE®RWDEIE (1 6 +F

9DFFLQDWLRQ 3URJUDPV IRU (QGHPLF ,QIHFWLRQV ORGHOC

9DFFLQH DQG ,QIHFW I6FQHEKDIID F VB H S RUW/LVF V



=ZHUOLQJ $ 6BQ®ZBGKD BGODWKHPDWLFDO ORGHOOLQJ DQG

$GYDQFHV LQ 'LDJQRVWLFYCYQ® ARY HQ DKIIED SQHV

'HQKROP DQGF%U\GH &D® $XVWUDOLD HOLPLQDWH 7%" ORG

VWUDWHJILHV IRU UHDF K LVQU D0 W IDVIVBERNMAMHMIM D@D QG 1HZ =|

-RXUQDO RI 3XEORF +HPOWK

%DFDHU 10REWORQJ WKH MR L QWG HS 19GLHP IDF 6 RXIWA® $SDULFD Q |

-RXUQDO RI ODWKHPDWLFDGS %LRORJ\

&RRNH BHWDELOLW\ DQDO\VLV IRU7RHYHEMNR U0 BX QWD) PRGUY

ODWKHPDWRFV S

X - HWHDOYLWQEDOWALV RI LQIHFWLRXV GLVHDVH PRGHOV |

DSSOLFBWURQO RI WKH 5R\DO 6®FLHVB\ ,QWHUIDEH

&KLWQLV 1 &XVEBRODQ-%LIXUFDWLRQ DQDO\VLV RI D PDWKH

PDOD DIQD/ MUBVERQRXUQDO RQ $SSOLHGB7ODWSKHPDWLFV

&KLOGU /HWORGHOOLQJ FKDOOHQJHV LQ FRQWH[W OHVVR

WXEHURSQBMPYFY0 S

':DOOL GDWKHPDWLFDOERBBXORVRY WHKXDFW L)WURWMNLHM D\Q G QL

OLFURELRORJS

(JRQPZDQ BIQXNXRQJKBBADO\VLYV RI D PDWKHPDWLFDO PRGHO

GLDJQMRKWMQDO RI $SSOLHG ODWKHPDWLFV DQG &RPSXWLQJ

'LHNPDQQ+RHVWHUEMPEBREH UMWV 7KH *FRQVWU X BWQR Q DRV LRI\

PDWULFHV IRU FRPSDUW P HRX\WID ® SRIGW R HFG RRIEHDBRE L HW\ |

7 S

9DQ 3 5SHSURGXFWLRQ QXPEHUV RI Q) HFAWLIRXW 'GUNBDN H RR
2 S

OXUSK\ 0% HW &R®PSDULQJ HSLGHPLF WXEHUFXORVLV LQ G

KHWHURJHQH R XOD 3/K$POIWL ERQV% LBV BLHQFHV

2]FDJODU @gSLEMPRRO RPRGHOV Rl 0O\FREDFWHULXP WXEHUFXO

ODWKHPDWLFDO %PRIBVFLEQFHV

'KLWH- BQEEXEDNDRISURYLQJ &RQWURO RI9%XEEHBDXORYVQ W WI

,QVLJKWYV IURP ODWKHPROYWFMRM ORGSO LQJ

3LHQDDU & ORWHIORI 7XEHUFXORVLV 7UDQVPLVVLRQ DQG ,

BUEDQ 5HVLGHRRRER®W BIWHRQDO %LROR3% DQS &KHPLVWU\

.LP 6 HWDDW 'RHV D 0DWKHPHOQ FHE®R YOW GMIOH7,PSDFW RI 5}

.RUHDQ 7XEHUFXORARQJ,RXEPWER®DOWK DQG 5BVHDIFK 3HU

ILX /| =KDRDQS8KRX % WXEHUFXORVLV PRGHOXZOWWLQHBRY |
ODWKHPDWLFDO ™ LRGRJ\

<DQJ < HOWMDMB®QDOLW\ LPSDFW RQ WKH WUDQVPLVVLRC
&RPSXWDWLRQDO DQG ODWKHPDWREIBOSOHWKRGYV LQ OHGLFL
/ILX - %DQEEDQJI$ BHULR GIDFVWEFS,6 WRGHPHELGHOD\ DQG WU
UHODWHG-RIHFMNA RQ 7KHRUHWAF 30 %LRORJ\

*UDFLDQL 5 (VStQGROMQSHRQDBTHIL RBIHMWHG FRPSXWDWLR
PRGHO IRU WXEHUFXORWWUX S WD BREQAKRREXOMIM 6 WD W LV W
OHFKDQLFV DQG LWV 48S®LFDWLRQV

%ODVHU 17XHEWUBXORVLV LQ &DSWUNRADXUSEBG DNBUDQVPLVYV
(SLGHPLFY4 S

XQNHO $%HQHDOVV Rl FROWMELOMRXMQWROH WKHUDS\ PD\ RX
ULVNV LQ D GHFOHGLGHTH +RPQBRQ (QJOIMQG S

*X]]JHWWD 06R GH\D DQG WRFELRD SK\ WR FDSWXUH WXEHUFXORVL
LQ D ORZVEXVWMREQ@IQDO RI 7KHRUHVREF S0 %LRORJ\

%HIXQ 0 &RMWDFW WUDFLQJ RI WXEHUFXORVLV D V\VW}
PRGHOOLQI/R&VXGHHV S H



3UDWV & ,QWYE®XDBG PRBGRIOWXEHUFXORWILWQ G@\ DL QWHW I D
XQGHUVWDQGLQJ WKH HSLGHPLRORJLFDO UROR QRVL$RIS/X DQ
OLFURELRORJ'S

%URRNV @RKHQ@Q®XUUD\7RH ,PSDFW RI 5HDOLV® LA S @& H6W U
ORGHOV RI 7XEHUFXORARLEV2QUHD R VP LSV VHLR Q

=DPDQ 7XEHUFXORVLV $ *ORED®QXUHDMOWR | 3#HEDMR 3RSXO
IXWULWLBBQ S

'RGG -3 6LVPDQDGENG&RQ*OREDO EXUGAHY RYVENYW WXEHUF X
FKLOGUHQ D PDWKHPDWIKFD D ORBWO QLB WLVRE®\ 'LBHDVHYV

IXFLDQL ) 7TKHWHBQGHPLRORJLFDO ILWQHVV FRVW RI GUXJ
WXEHRYEXORFHHGLQJY RI WKH 1DWLRQDOIWFDGHKP\ RI 6FLHQ

OXUUD\- /& DQBDORPRQ ORGHOLQJ WKH LPSDFW RI JOREDO W

VWUDWHREHMWGLQJV RI WKH 1DWLRQDO $FDIBWIRV RIl GHPLHHUQFFHD\
95 S

*DUQHWW &RXVHQV 6 +DOOHWWRG0 NG WOMKMPWWHFBO PRG

LQ WKH HYDOXDWLRQ RKKHDQRHA¥BURJUBPPHYV

5DJRQQHW 5 ,BWPROH HIIHEXUGHQQ/ KWMLQJIV" ORGHOOLQ

WXEHUFXORVLV LQFLGHQMFHQRGIURDWRBRMPW -RXUQDO RI 7X|

'LVHDVH21 S

'KDQJ 6 &RRE®I $(G\QDPLF PRGFXORWLWXEHWVPLVVLRQ D

WUHDWPHQW VW UDWRXUHYDIOQRE RMKWMIR URUHE D OS%LRORJ\

<DQJ < HWRBMO VWDELOLW\ RI WZR PRGHOV ZLWK LQFRPS

&KDRV B6ROLWRQV43)WDFWDOV

.RUREHLQLINR®RGE 0OPLAIS /\DSXQRY IXQFWLRQ DQG JOREDO SUR

6(,5 HSLGHPLRORJLFDO PRGHOV EDWKH@RQYQEQBD®%LRYFLE

(QJLQHHULRJ S

7UXQ] %% )LRHWQGH &(IIHFW Rl %&* YDFFLQDWLRQ RQ FKLO

PHQLQJLWLY DQG PLOLDU\ WXE DQMORVYVDDREUDEGYHEMP HQ

HI1HFW LYK HDAQYF H3E7 S

OLVKUD DQEULYDVVWODMBPDWLFDO PRGHO RQ SXORROQDWD QWG

WXEHUFXORVLV SDWLHRXWQ ROWRKI YDKHF L(QBWILAD@ ODWKHPDW

22 S

<RXQJ DQ'GH &7KH GHYHORSPHQW DQG LPSDF&H®O WXEHUFX

124 S

&DVWLODFEDYORY *PREDO VWDELVMNMNXRWBPQHDBRGHO IRU 7!

DSSOLFDWLRQV WR RSWLP DDWKHMPL IDADICR @6 LVRAY(F D VBGIB H M V

2NXRQJIKMHMKLPZLQ 'WQDPLFV RI D ODWKHPDWLFDO ORGHO
ZLWK 9DULDELOLW)\ LQ 6XVFHSWLELOLW\ DQG 'LVHDVH 3URJ
/JHYBORQWLHUV LQ OLBUBELRORJ)\

7UDXHU '"HQKROPDQWFU\GH &R®WXFWLRQ RI D PDWKHPDWLF
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Abstract

7XEHUFXORVBRWHQ WNIDBOF WLWRBDOGER AWV B XMDWR EH D SXEOLF
LQ %DQJOIMFKHWOU LQ %DQJODGHVK DQ HVWLPDWHG SHRSOF
DUH SURMHFWHG X®GHW Y WORGWY RMW DWRRFLDWLRQ EHWZHHQ 7%
LQ %DQJODPBHEKU WR GHYHORS SURSHU LQWHUYHQWLRQ SURJUEL
HIITHFW Rl ZHDWKHU YDULDEOHV RQ 7% RFFXUUHQFH DQG HVWL
DWWULEXWHG WR ZHDWKHU IDFWRUV N DR/ @ RIG QG MORL JIHGY BV X
DVVRFLDWLRQ EHWZHHQ ZHDWKHU IDFWRUV DQG 7% FDVHV UHS
SURJUDP EHWZHHQ DQG LQ WKUHH NRRWQ%HQG B P IGH \GK. V'
DVVRFLDWHG ULVNLRWUYA EW WLIKMPFWKDWHVGZLWK SURORQJHG H[SR'
DQG SHUVLVWHG DW ODJ SHULRGV EH\RQG TXDUWHUV 7KH DVV
LPPHGLDWH DW ORZ KXPLGLW\ EXW WKH ULVNS®HPXHA DAHDWZXLHW
YDOXHV FRUUHVSRQGLQJ WR WKH ORZHVW ULVN RI LQIHFWLRQ
KXPLGLW\ DQG ORZ UDLQIDOO OHDVXUHV RI WKH ULVN DWWULEX
7% EDVHV DWWULEXVWKHGKWRB WXPIGWKDW Rl WHPSHUDWXUH DQG
GLVWULFWV 2XU UHVXOWYV KLJKOLJKW WKH KLJK OLQHDULW\ RI W
DWWULEXWDEOH WR WHPSHUDWXUH KXPLGIZWOODSGRYDG®IDP SRR
LQIRUPDIMGRIQVW RVKH %DQJODGHVK 1DWLRQDO 7% FRQWURO SUR.
WKH HDUO\ ZDUQLQJ Rl 7% FDVHYV

Keywords: 7 XEHUFXORVLYVY %DQJODGHVK 'LVWULEXWHG ODJ PRGHOV



3.1 Introduction

7XHUEXORVLV 7% NLOOV PLOOLRQV RI SHRSOH HDFK \HDU DQG
LGHQWLILHG E\ WKH :RUOCG@W DO WK 2DLIDER YW LRGHFWLRXV GLV
ZLWK WK HO EIREDHEWLIHUL X P OWXE HW R RQEBSIUMHDGY HDVLO\ IURP D St
DFWLYHDQRWKRHU SHUVRQ ZKHQ WKH LQIHFWLRXV SHUVRQ FRXJ
VXVFHSWLEOH SHUVRQ FRPHV LQWR SK\VLFDO FRQWDPW@ZLWK IC
7KH LQFLGHQFH RV 1%Q BUNBDVQJ DQG LW LV HVWLPDWHG WKDW JC
QHZ FDVHV RI 7% DQG PLOOLRQ GLHG IURP WKH 7% GLVHDVH |
LQ $VLD DQG $IULFD 7%GHDQKV RRF XU R GGIGQAERPH FRXQWU L}
> @% LV WKHUHIRUH D PDMRU FKDOOH®QJH [ WVRH 8 X DOWHG K E\D OWMED §
SRSXODWLRQ PRYHPHQW ®QG FOLPDWH FKDQJH

3UHYLRXV VWXGLHV KDYH VKRZQ WKDW HQYLURQPHQWDO IDFWRI
7% GLVHDVH YHFWR@\RD QGDHRIBYW LQFILG@IQFHEHHQ VKRZQ WR EH

GXULQJ VXPPHU WKXV LW ZDV K\SRWKHVL]HG WKDW WKH GLVE
PRQWKYV 7KLV FRXOG EH DWMWUREX® M ® WWYRI O H®X AMWMHRIR Q@ HU V
ZLQWHU LQGRRU FYRZGOHERG DAWVROWOHNKDQJHl LQ L@LPPLMHD UXOQ FW
DLU TXDOLW\ LV DIIHFWHG E\ DWPRVSKHULF SROOXWL\RQY ZWHR @

DQG LQFUHDVHV WKHSUL@N RI 7% RXWEUHDNV

7% LV RQH Rl WKH PDMRU SXEOLF KHD@WKQS DREO®NPR | LTX ReDWQL
DQDO\VLV FDQ EH XV H3H UWNRWIDRBIRYH RW KIQ IXEWLRXV GLVHDVHV F
G\QDPZERH VHULHV DQDO\VLV KDV EHHQ H[WHIYBRAH UNME0BWELR
RI GLVHDVHV )RU HHBWIBSORD LHER M UDOL]H OLQHDURTREVWRQ P
DXWRUHJUHVVLYH PRGHO WR LQYHVWLJDWH WKH HIIHFW RI ZH
LQFLGHQFH RI P\FRSODVPD SRGIXPIRNY MIOLE® BD\SDRIA/U DHNAHRH

PRGHO WR LQYHVWLJDWH WKH LQIOXHQFH RI WHPSHUDWXUH D
$1JKDQEVWO@QG HVWHESSOLHG D GLVVOURQEOWHBRGHED RRQ VW X G\ W
PXOWLSWHRURORJIJLFDO YDULDEOHYVY RQ PRQWKO\@.QFLGHQFH RI 7

2YHUDOO WKH WUDQVPLVVLRQ G\QDPLFV DQG HSLGHPLRORJ\ RI
DYDLODEOH VWXG\ KDV FRQFXUUHQWO\ GLVFXVVHG WKH LPSDF
DWWULEXWDEOH EXUGHQ RI WKH GLWWRSH 210 @ D QA O DAGKHWK J DBK H
E\LQYHVWLIDWLQJ WKH GLVWULEXWHG ODJ HIIHFWV RI ZHDWKH



LOQIOXHQFH RI PXOWLSOH ZHDWKHU LQGLFDWRUYV DQG WKH EXUG
IRUWHKVW UHJLRQ RI %DQJODGHVK XVLQJ FRQVHFXWLYH VXUYHLC

'H DSSOLHG GLVWULEXWHG ODJ PRGHOV '/0V O\BURH M BIRIDRAHH L\PLSFDXC
RI VHOHFWHG ZHDWKHU IDFWRUV L H RQHPSHWFWEHEFHKXPKB L'W
QRYHO DQG IOH[LEOH PRGHOOLQJ VWUXFWXUH IRU GHDOLQJ ZLW
VWUXFWXUHV ,W ZLOO HIILFLHQWO\ FDSWXUH DQG FRQWURO WK
DQG WLPHRILPHKN ILQGLQJV LQ WKLV VWXG\ ZLOO FRQWULEXWHt
LQFLGHQFH UHODWHG WR ZHDWKHU IDFWRUV LQFOXGLQJ WHPSEH
HYLGHQFH WR VXSSRUW WKH %DQJODGHVK VDWQRQQRO DJGHGFR@V
SUHYHQW DQG FRQWURO IXWXUH 7% RXWEUHDNYV

3.2Methods and material

3.2.1 Data sources

3.2.1.1 TB case notifications

%DQJODGHVK LV D 7% GLVHDV({DHWQY @R FPRYERW BRI 7% 6RXWKFK D
VFDUH FRXQWU\ VKRXOGGHISWER IRSPGIEPER ORILEDO XQGHUVWDQG
VWXG\ LV EBYRIGWHEG TXDUWHUO\ 7% FDVHV LQ WKUHH HKBMLW W UL FW
RI %DQJODGHVK )LIXUHKH 1TREWDRQBIHEBRRMRVLY RI 7% FDVHV
RQ WKH FOLQLFDO FULWHULD HVW D EKG®L U K® GV MQJ WKIH + HTBOIXK G ¢
> @W WLPH RI GDWD FROOHFWLRQ LQGLYLGXDIOW DQIS W® ARG MRH
WKDW LW LV D GRW@LILDEOH GLVHDVH
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3.2.1.2 Weather variables

:HDWKHU GDWD IURP ZHDWKHU VWDWLRQV DFURMHZDOQ QR ODDGH V
$WPRVSKHULF $GPLQLVWUDWLRQ 12$$ 1DWLRQDO &HQWHUV
JLIXUH +RZHYHU QRQH RI WKH ZHDWKHU VWDWLRQV LV ORF
RI WKH ZHDWKHU VWDWLRQND&R RIRAWD (PLD\G HIG VB DMV D W X GI XIJUA
VSDWLDO DQDO\VLV RFFXUV ZKHQ VDPSOHV WHNH@7BWUGLIRHHHQ
LQWHUSRODWLRQ .ULJLQJ RbWKH@EHWDHWEH X \GHD W [V DY HWYH DXL UH.G
> @R HVWLPDWH WKH GDLO\ ZHDWKHU YDULDEOHV LQ HDFK RI
ZHDWKHU VWDWLRQV VKRZQ LQ )LJXUH

7KH JHQHUDO IRUPXOD IRU .ULJLQJ LV

& 4L AGslg g
KHUH
tg LV WKH PHDYV X UMK YDOROPCHVD RQW K H
gLV DQ XQNQRZQ ZHLJIJKW IR W RMWKH OPRHHDWKXIURHEG YDOXH DW W
sUHSUHVHQWY WKH SUHGLFWHG ORFDWLRQ
LV WKH QXPEHU RI PHDVXUHG YDOXHYV

+HUKRGHSHQGY RQ WKH PHDVXUHG SRLQWV GLVWDQFH WR WKH S|
DPRQJ WKH PHDVXUHG YDOXHVY @QURXQG WKH SUHGLFWLRQ ORFDYV

‘H XVHG YDULRJUDP WR FUHDWH FRYDULDQFH $XQEBWLRQ WR HYD
@ DYHUDJKZ Y.DRRHEV... froc’

ZKH@ME s& aiéd &

7KH HPSLULFDO VHPLYDULRJUDP LV D JUDSK Rl WKH DYHUDJHG
GLVWDQFH RQ WKH [ D[LV DQG LWYJV SURYUBEUWIQRRURID @D WQ \R-
PDWKHPDW L RB&HRIGHD®DV H[SRQHQWLD O @HWH PH[SW R Q HIG QWVFRV HR @A
XVHG IRU LQWHUSRODWLRQ

7KH %D\HVLDQ .ULJLQJ ZDV LPSORBHOG\EM® D\QLWWHFD @DEMDOMV L\

HVWLPDWHG GDLO\ ZHDWKHU Y®ULPHED® W DRIYDDOWH PHH UD /K LPH-
KXPLGLW\ ZHUH DJJUHJDWHQX BRI HXDUWHUO\ GDWD 6H

3.2.2 Statistical analysis



3.2.2.1 Weathe -TB association

7KH DVVRFLDWLRQ EHWZHHQ ZHDWKHU YDULDEOHV DQG WKH Q
GLVWULEXWHG OD>J PR@WHON IROWVYRQ UHJUHVVLRQ PRGHO DGMXYV

VHD VR Q D O L WM HIUPGWAURHEIG

7TKH TXDUWHUO\ FRXDQW VMRPHEHFBDNSKODWDLQHG LQ WHUPV[RiIl SDVW Z
XS WD J
rlu_f.( ‘(.:Q]F;.

Z'%; LBE " et —Zf=&e: <o E kSypjn>a0

ZKHOH :,; DQG&V DVVXPHG WR D UWLIWB HUR/M GIGMRWHERQNLRQ 3RS X
ZDV HQWHUHG DV DDIVPMRBRWKHEW IRQEWLRQ RI WLPH ZDV XVHG
VHDVRQ@RBUWORWSERPM\ WKH UHODWLRQVKLS &HDVZG MK M K IHS RH/DX\

ODJUHVSRQVH @KOYHE\ WKHLSDUR@RHWHU YHFWRUV

7KH IXQFWHRIQYHV WKH UHODWLRQVKLS DORQJ WKH WRR SX\VWPH® V
DV WKH DSSUR[LPDWH LQBOUBHWORQRHWXBFMWERYXRMHU WKH ODJ G
WKH FXPXODWHG ULVN RYHU WKH ODJ SHULRG
L ijf"aTwér?jéZTz

N Ag a™&, & L ™
7KH SDUDPHWHUL]DWLRQ LQ WKHW LREDODY O/HG WE KX KXRBWR R
LQYROYLQJ D WHQVRU SURGXFW ":EHWNZAZH Q7 KAHK IREUBRBANL. VI XFKFRW HRYG

VSHFLILHG ZLWK B, ¥MHGUBQWH ¥ IDWXB FDQW HLEL @K ESRK QW KR/BI GV K
GHIMXH FRXQWHUIDFW@DO FRQGLWLRQ

3.2.2.2 Model assessment

'H H[SORUHG VHYH UD®R VORIH-FWERWDHNH HKEQFPMOARIQHDU DQG TXDGU
VSOLQH IXQFWLRQV ZHUKW HYSBRVH G HOD WISSRQ\KKIHS ZKLOH FRQV\
VSOLQHV ZHUH HUSIYVBRIQE H RWAR DHWDL RIQYHK WVKH ODJ HIIHFWV YDL
VKRXOG EBWHEBEREBBDXVH IHZ PRGHOV PD\ OHD&GWIRQ P LR/ROUHHD GBI,
YDULDEOHV PD\ OHDG WR D JUHDWHU ORVV RI DFFXUD@&QZLWK D
HISRVXUH DQG ODJ IXQFWLRQV GLIITHUHHRMWWLIRIQYV XBTWRO OT AMBU



PHDQ ZHUH LGYQDMWKIUDWHFKXELF VSOLQH RI WLPH ZDV XVHG WR
H[SORULQJ WR GHJUHHV RI IUHHGRP

$ FROOHFWLRQ RI FDQGLGDWH PREH @QXEZEHUY BINN @R ESFOV BW
ODJV QXPEHU RI GHJUHHV RI IUHHGRP GI DQGOUBRITRDWLIDJI IX
IXQFWLRQ 6HH 7DEORIUSGHIVDIG® WKHVH FKRLFHV ZLOO GHSHQG
WKH DQDO\VLV DV ZHO G DV QWKUHD BH WWPBRGIWOPRGHQY H J OLQHLE
EHLQJ HDV\ WR LQWHUSUHW DQG DUH SDUWLFXODUO\ DWWUDFWL
DVVRFLDWLRQV DFURVV FLWLHV +RZXDEW DRRIHEEBROPBGKEHP RG F
EHWWHU ILWV WR WKH GDWD D ® GW WHVX\GH.IK\O DL\D ZH{ 6 O ROIAD W R W\Q\
WKHUH DUH Z#D\@KKH AKRHLFWVWRI VSHFLILF PRGHO PD\ DOVR EH LG
LQFOXGLQJIPRIBGY.LDH)F SNDLNH DQBWABRMHFUDYHQLRURU PRGHOV Zl
GDWD #XDVQG %XBVL @RZHYHU ZKHQIXWLOULRRGISOHY WR LQIF
FKRLFH ZH PXVW NHHS LQ PLQG WKDW UHO DBMISYHD S M UR R UW B 9 EW
IRUPXODWLRQ )LQDOO\ FRQVLGHULQJ WKH FKRLFH RI D SUHIH
VHQVLWLYLW\ RI PRGHO FKRLFH QRW RQO\ LQ UHODWLRQ WR W|
VSHFLILF>IDFW&R UV

7KHUHIRUH LQHWIOIMVUMWX®XVE DQ HIWHQVLYH PRGHO VHDUFK XVI
RI ZHDWK BV VR FIDEWHR/GA HVHQW WKH PRGHO GHVFULSWLRQ 7Kt
DQG 4%,& DUH FRPSOH[ PRGHOEBQ &R F R & WDH.IQVDR IKIWHKHGRP VSHQ
ZHDWHKHBYHUDOO HIIHFW PRUH WKDQ GIURMLDWUWEWN VRADEBW
BUHYLRXV VWXGLHV KDYH VXJJHVWHG WKDW LQIRUPDWIHRQ FULW
VL]H DQG HIIHFW VL]H@DVIP SPBHOCPRGHO SURYLGLQJ UHODWLYH LU
ELDV DQG ZLWK VPDOOHU Y-DULDGKAHJRDRUFH BDWIHJUUWEHVH FRQ
DFFRXQW DQGG ERRWHWHWDHD SUHYLRXV VWX@H HAR QV L GCH.® HODLW H D L
H[SRVOMWHYSRQVH PRGHOV WR DVVHVV WKH UHODWLRQVKLS EHW
UDLQIDOO DQG UB@® WIKHH QOXPPEKBULVRY 7% FDVHV LQ7WHK UHGD®LVW
PRGHO VHOHFWHG GHV FA% BDHGT ERINHKO W WH RZGN\DRALISNUE\ D OLQHDU |
TXDUWHU ODJV DQG GHJWHHNWY RVUHBB8RP IRU ORQJ

3.2.2.3 Attributable risk associated with weather variables

7KH DWWULEXWDEO B WWUAW XRVH GOHWUXPFPEE& G L B0 W RIHVO BW A B DRAHITHA
EXUGHQV WKDW WDNHODNVYWRLDWVHRX QWWERHDWEKHOO DV WKH ODJV R
> @HVXOWYV IURP WKH ILQ M WPIRYGH 8 VAMHLURDNHR GRW BKDDWIXWHWR F L D



UHSRUWHG DV UHODWLYH ULVNV 55V FXPKID QWPEHWRH A% VFND ¥
DWWULEXWDEOBDUWBEDOHMWXWHLYJ RSWLPXP ZHDWKHU YDOXHV
FRUUHVSRQGLQJ WR D PLQLPXP QXPEHU RI 7% FDVHV DV UHIHU
PHDVXUHYV

‘H XVHG ERWK EDFNZDUG DQG IRUZDUG SHUV SHNVWAH$FHW B LHOOWR.@
LOQOWHUSUHWDWALRRIRRIHD KK MHWKIQ WHIPVH WKH FROQWULEXWLRQ
HISRVRHFXUULQIWIRNWKIHPHLVN DW YHVSERWIDYHRBHADURBGWLHZSR
ORRNLQJ IURP FXUUHQW H[SRVXJUMHUW RV KHNV KR QN WULLVENAW BRKQH WUHRJR
RFFXUULQWRWNVWK HPUWLE AEBBAEWIPHHQ E\ WKH HTXDWLRQ EHORZ

~ 2 AH
F sl sF {5y ns

~ - AP _ljeb
Fowal 'F o Alg 5t

'KHUR ,4DQG 4FDQ EH LQWHUSUHWHG DV WXUH IEDVMM.RQ DVEKE O
EZ& #E DWWULEXWDEOH W RBRW RXUWLL@QIWVERWH VEIRP/H U H

7KH EDFNZDUG SHUVSHFWLYH DYV XPWE UL E X WRIEKDHS BWRK D HYN UM BR
$LQ WKH SDVW GHVFULEHG DV

JF s L sF £ AB no

»Foval . Foova®

7KHUWM; DUH WKH FRQW ULEXW LRQRP WAR SUK 8 Ul M N[ MU MH@FH G DV
FZ8&F ,Q WKLV VWXG\ WKH DWWULEXWDEOH ULVN DW HDFK T
HISRVXUHV XS WR WK HJ DU P XF,QBK W ISXBX PEHU R, FDVHYV DW W
DQGF ,4DUH LOQOWHUSUHWHG DV WKH QXPEHU R I\ WKV EXQNGD B/ H

SDVW H[SRNVNQUWKHWRBAERE FRPSDUHG WR POV RKRBMWOLEWWMKIS VD P
SHUER®@

3.2.2.4 Sensitivity analysis

'H FDUULHG RXW VHQVLWLYLW\ DQDO\VLVY WR DVVHVV ZKHWKH !
PHDVXUHV ZHUH BWEXRMRXKHWMHPDWHY GXH WR WKH FKRLFH RI
SUHGLFWLRQ ZHUH DOVR LQYHVWLJDWHG :H FKDQJHG WKH FRYL
DQDAWRPA VSKHULFDO WR H[SRQHQWLDO DQ@ FMWRQQ LDQRSX XV HA
6HH 7DEOH 6 PQBNVKHUPRUH ZH DVVHVVHG WKH LQWHUSOD\ EH
ORRNLQJ DW H[SRVXUH WR LQGLY L @XH®NF HQWHKH D FMDLRICPH VY HIXW



$O00 DQDO\WVHV ZKUBHSGRRB IX\V@® WWH 5 VWDWL@WLFDO VRIWZ

3.3Results
3.3.1 Initial sequences of TRases and weather factors

7TKHUH ZHUH DQG 7% FDVHV UHSRUWHG LQ WKH WKU
1DRJDRQ 1DZDEJDQM DQG 5DMVKDKLVHUWRMY GLWR ULEXMWIER @y LRPIH
FDVHV DQG DYHUDJHNKXHPHUWHOOWWWHR SHPRGLW\ DQG UDLQIDOO
SUHVHQWHG LQ )LJXUH 9DULDWLRQV RI WKH WKUHH ZHDWKHU
SDWWHUQ

3.3.2 Association between TB and weather factors

7KH DVVRFLDMQL RYVWRWYYHUDJH TXDUWHUO\ WHPSHUDWXUH UH
ILQDO PRGHO DUH LOOXVWHKBWHGEW & DIQIKW RY WK K ISFOHRQW\VL RIEQ VS O
SORWV RI WKH UHODWLRQVKLSV EHW RQHQWAHD &/KHWU ¥ RUQ B B/OKIH/
WKH ULJKW SDQHOV GHWSEGQ\YVWHH)ERORHXDWUVRFLDWHIR @Y UHVS
WHPSHUDWX DH QIP@ 0% ORWY VXIIHVW WKDW WKH VORSH RI UHO
WHPSHUDWKQHOOQG/EDOH LQ DOO WKH WKUHH GLVWULFWYVY 7KH\
ODJ SHULRGV XS WR TXDUWHUV 6LJQLILFDQW QHJDWLYH DVVRI
DQG WKH ULVN RHZPXWDAW OOKH DVQY EHWXHHQ UHODWLYH KXPLGL
LPPHGLDWH DW ORZ KXPLGLW\ DQG WKH ULVN GHFUHDVHV ZLWK
ZDV VLJQLILFDQW IRU ODJ SHULRGYV XS WR TXDUWHUV )LJIXUH
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,Q WKH WKUHH GLVW WISHFY | LW KH I$1F WY LEWHG \ODHG DQ LQFUHDVL
UDLQIDOO RMWSHD®A\ DW ORZ YD @YW HEIXMWF VQRL APHPGEG LW\ )L JIX
ULJKW SDQHO 6LPLODUO\ WKH PXOWLSOH SORW Rl SURMHFWH
DW VSHFLILF ODJV DXQ GV KH LFRE BIHNAFREVG LQUXUMH SDQHO LOOXV\
YDULDELOLW)\ Rl WKH HNIHHESNHW B WEKIUIKVD @ BPARBZW\ DQG UDLQIDOO
DQG GHOD\HG DVVRFLDWLRQ ZLWK ORZ WHPSHUDWXUH DQG ORZ
DQ LPPHGHEBRW B R KXPLGLW\ RQ WKH 7% FDVHYV

7TDEOH VKRZHG WKH UHODWLYH ULVNV 55V RI 7%DROSVIBWIRU
GLITHUHQW ODJ H[SRVXUHYV WR HVWLPDWHG DW WK WK |
KXPLGOQW\ UDLQIDOO YDOXHV IRU HDFK VSHFLILF GLVWUHFW ,Q
KLIKHVWRZHV W KD WX H



TDEOHSHODWLYH ULVNV ZLWK H&, RI IOPRALGEBIQXHVDW VSHFLILEF

'LVWUL 2YHUDOO= /[ /DJ /DJ /DJ /DJ /DJ /DJ /DJ
7THPSHUL 1DRJDH WK + * + * * + * +
WK + * + * * + * +
wK * * * * * * * *
+XPLGLW wK * * * * * * * *
WK + + + * * + * +
WK + * + * * + * +
5DLQIDO WK + + + + + + + +
wK * * * * * * * *
WK + + + * * + * +
7HPSHUL 1DZDEJ wK * * * * * + * *
wK * * * * * * * *
wK * * * * * * * *
+XPLGLW WK + * + * * + * +
wK * * * * * * * *
wK * * * + * + * +
5DLQIDO| WK + + + + + + + +
WK + * + * + + + +
WK + * + * + + + +
7HPSHUL 5DMVK]| wK * + * + * + * +
wK * * * * * * * *
WK + + + * + + + +
+XPLGLW wK * * * * * + * +
wK * * * * * * * *
wK * * * * * * * *
5DLQIDO WK + * + * + + + +
wK * * * + * + * +
wK * * * + * + * +

,Q SDUWLFXODU 1DRJDRQ GLOWXKOIDAMWM YK RAHR/M WK M RFKALUIKWM® ZLW
SHUFHQWLOH 56, = 7KH ULVN GHFUHDVHV ZLWK LQFL
WK DQGWK 55 YYSORULQJ WKH LPPHGLDWH HIIHFW



WKHUH ZDV DQ LQFUHDVH ULVNS5SD»DW WKH WK iISHUFHQW IUQN N
GHFUHDVHNVBWDWKHSHUFHQWIQGGHY UHVSHFWINPODAMQEXW.IJQLILFDQ\

&, = YV 55 &, 6LPLOBDURXQL D VLJIQLILF
UHODWLRQVKLS ZLWK WKH WK &HWEHQWLOH VWHPSHUDWXUH RI
SHUFHQWLOH WHRSHYDWXUH RI&# DQG WK SHUFHQWLOH WH

& 55 &+ DW OYRIU UDLQIDOO ZH IRXQG WKH KLJKH
PP 55 &+ PP 55 &, DQG PP
55 &, * DW ODJ TXDUWHUO\

7KH RP®O WHPSHUDWXUH HIITHFW W®& SBUFERD/QAND\S L3BAVULFW DW W

&, + $W D VSHFLILF ODJ %WXWH R/HFSWIURDQVXDW KLIKHVW DW
UHODWHG )RU H[DPSOH DW WKHR& WESSHDNWVHQWLOH&WHP ®MUDW XL
WKH WK SHUPRHQWE OH &, * DQG DW WKH WRESHUFHQV
55 &, * JRU KXPLGLW\ ZH IRXQG WKH KLJKHVW UHOD
RI 55 &, * DW ODJ YRU UDLQIDOO ZH REVHUYHG I
UDLQIDOO DW ODJ PP 55 PR, 55 £,

DQG 5P &, =

JLODGOMVKDKL GLVWULFW VERERKGDWLH RWHYVDNOXOVKRFKBWMG ZLV

SHUFHQWLOH RI PP &,55% 7KH ULVN GHFUHDVHV DW LQFUH
W K PR GW K PP 55 $Y¥ VSHFLILF ODJ LQFUHDVHG ULV
IRU WKH 7O DMRFQADWLRQ DW ODJ DQG DW ORZHU WDLQIDOO
PP 55 & DQG PP 55 + &, )RU

WHPSHUDM(KYMW BVVRFLDWLRQ ZDV REVHUYHGR® W56DJ DQG DW C
&, Re 55 &, + DQ&& 55 &+
JRU KXPLGLW\ ZH REVHUYHG WKH KLJKHVW GHODWLRQVKLS DW
55 &, + DQG 55 + &, DW ODJ

3.3.3 Weather related burden of TB

7TDEOH VKRZV WKH HVWLPDWHG DWWULEXWDEOH IWQDHRWERQV G
GLVWULFW ZLWK HPSHULFDO FRQILGHQFH LQWHUYDOV H&,V
SURSRUWLRQV RI 7% DWWULEXWDEOH WR WHPSHUDWXUH LQ 1D
DQG UHVSHFWIKYHBXUG&LHQ GRD WG\ DWWULEXWDEOH W
KLIKHU WKDQ WHPSHUDWXUH ZLWK DQG Rl 7% FDV
1DRJDRQ 1DZDEJDQM DQG 5DMVKDKL GLVWULFWYV UHVSHFWLYH



MVHVY GXH WR UDLQIDOO LV KLIJIKHU WKDQ WKDW RI WHPSHUDW XL
LQ 1DZDEJDQM DQG LQ SDMVKDKL GLVWULFWYV

7TDEOHSWWULEXWDEOH IUDFWLRQ EDVHG RQ H[SRQHQWLDO FRYDL

9DWDEOH "LVWULH &DVH\ 2YHUDOO| ([WUHPH ORZ WH ([WUHPH KLJK W
WISHUFHQW | WSHUFHQW
7HPSHUDWX| 1DRJDRQ YRUZ + + +
%DF N + t t
1DZDEJDQ YRUZ + + +
%DF N + + +
5DMVKDKL JRUZ + + +
%DF N + + +
2YHUDOO (IWUHPH OR ([ WUHPH KLJK
UDLQID®o | WSHUFHQW
SHUFHQWLQ
+XPLGLW\ 1DRJDRQ YRUZ + + +
%DFN + + +
1DZDEJDQ YRUZ + + +
%DFN + + +
5DMVKDKL YRUZ + t +
%DF N + + +
2YHUDOO (IWUHPH ORZ K ([WUHPH KLJK K
WSHUFHQW, | WISHUFHQW
5DLQIDOO 1DRJDRQ YRUZ + + +
%DF N + + +
1DZDEJDQ JRUZ + + +
%DFN + + +
5DMVKDKU YRUZ + +
%DF N + + +

7KH DWWULEXWDEOH ULVNV ZHUH WKHQ VHSHUDWHG®GVKQ W RVWI R |
WK SHUFHQWLOH DQG H[WUHPH KLJK PRUH WKDQ WKH WK SH
WKH WZR FRQWULEXWLRQV FOHDUO\ LQGLFDWHY WKDW H[WUHPF
7% LQFLGHQFH ZLWK DWRMULEXW D EOHS S UR SRRIMSIRUAG W R
IRU HIWUHPH KLJK WHPSHUDWXUHV LQ 1DRJDRQ 1DZDEJDQ
6LPLODUO\ H[WUHPH ORZ UHODWLYH KXPLGLW\ LV UHSRQVLEOH |
ZLWK DQG FRPSDUHG WR DQG IRU H[WUF
LQ 1DRJDRQ 1DZDEJDQM DQG 5DMVKDKL GLVWULFWYV UHVSHEFE)V
UHVSRQVLEOH IRU PRVW RI WKH TOOQFLGHQFH QW W UL E R RMIEIDH



DQG IRU HIWUHPH KLJK UDLQIDOO LQ 1DRJDRQ 1D
UHVSHFWLYHO\

7KH HISROIMWSRQVH DVVRFLDWLRQ DQG WKH HVWLPDWLRQ RI WI
WWKH FKRLFHVY RI FRYDULDQFH PRGHO XVHG IRU SUHGLFWLQJ W|
UREXVWQHVY DVVRFLDWHG ZLWK XVLQJ GLIIHUHQW FRYDULDQF
&KDQJLQJ WKH FRYDULDQFH PRGHG WIR VGEH ULH\D)XOO RIY ®D/WFHWHV
6 6 6LPLODUO\ ZH HVWLPDWHG WKH DWWULEXWDEQ@G ZBDFWL
FRPSDUHG WKH UHVXOWYV ZLWK WKRVH HVWLRPHBWHE G WO WIKANV E
VXEVWDQWLDO GLIITHUHQFHY LQ WKH HVWLPDWHG DWWULEXWDEDQ®O
*DVSDUULQL HW@HGRUWHG WKDW DWWULBRUZDEGHDIWH AWILHRFQWH E
FHUWDLQ GHJUHH RI QHJDWLYH ELDVY DVVRFLDWHG ZLWK WKH DY

‘H SUHVHQW WKH UHVXOWYV IURP LQYHVWLJDWLQJ WK& LQWHUSO
7KH ILJXUH G L2ESDO/WDRA® WWRHFLDWLRQV H[SUHVVHG DV ORJDULWKP
YDOXHV IRU WKUHH VLQJOH DQG VL[ DGMXVWHG ZHDWKHU SDUD]
SDUDPHWHU PRGHOV LQGLFDWHYV VLJQRVXADH W[FHSW HDWQ FLDOAH
DVVRFLDWHG ZLWK WHPSHUDWXUH LQFUHDVHG DIWHU DGMXVWL
VXEVHTXHQWO\ ZKHQ DGMXVWHG IRU UD IZMDW RH UQSWY K B FGLW MW LK
RQ 7% FOWHWHDVHG DIWHU DGMXVWLQJ IRU WHPSHUDWXUH DQ¢
DVVRFLDWLRQ ZLWK 7% DPRQJ WKH VLQJOH SDUDPHWHU PRGHOV
UDLQIDOO LQFUHDVNG W @K HQWIDG NEXWVWWE IBFIRIUDK X PL G LW\

3.4Discussion

,Q WKLV VWXG\ ZH TXDQWLILHG WKH ODJJHG DQG FXPXODWLYH F
WKH ULVN RI 7% LQ WKUHH GLVWULFWYV XVLQJ D @&/HMINPUWEXWIBG
UHVXOWY VKRZHG WRKDWPDHN DBWIOR W QQODLPSRUWDQW UROH LQ WKH
IRXQG D VWURQJ DVVRFLDWLRQ EHWZHHQ WKUHH FOLPDWH YDU
%DQJODBEWKHPSHUDWXUH ORZ KXPLGLW\ DQG ORUZ IUQRIQGBQ®BHD !
RI' 7% LQ WKLV VWXG\ KRZHYHU WKH ODJ GLIIHUV ZLWK HDFK ZHI
ZHUH GHOD\HG DQG LQFUHDVHY RYHU WKH ODJ SHULRG ZKLOH K
ZLWK ORQJHU H[SRVXOMWHREM WDWIHVWWADWEKRYHUQ WUDQVPLVVI
JRYHUQ UHDFWLYDWLRQ LQFXEDWLRQ SHULRG SUHYIGRXV VWXC



,Q UHFHQW \HDUV 7% KDV FHBQLUHPERIWLJGIBPWLRXV GLVHDVH

> @%$Q LQFUHDVHG ULVN Rl 7% LQFLGHQFH IROORZLQJ ZHDWKF
ZRUDG @ VWXG\ LQ &KLQD VKRZHG WKDW WKH VHDVRQDO UDW
VSULQJ WR HDUO\ VXPPHU UHDFKLQJ WKH ORZ@¥/\VP ISRRDLIQON LD QD
HW DP®KRZHG WKDW ZHDWKHU IDFWRUV ZHUH VLJQLILFDQWO\ D
LQFLGH@FSUHYLRXV &DPHURRQ VWXG\ HVWLPDWHG WKDW PRUH
VHDVRIQWVK D VLIQLILFDQW GLIITHUHQFH PV@rRPWBHMHGBG RWURI WKHHO R W
KXPLGLW\ DOVR ZDV WKRXJKW WR SOD\ DQ LPSRUWDQW UROH L«
> @

:KLOH RXU VWXG\ DQG WKRVH FLWHG DERYH PHDVXUH DVVRFLLE
FDXVDOLW\ LW LV LQWH QNW\IOQR HFR IFRIQML\G R U WWKHH CHOVRWRHF L D W L
SOD\ DQ LPSRUWDQW UROH LQ 7% WUDQVPLVVLRQ E\ LQIOXHQ
$OWHUQDWLYHO\ ZHDWKHU FDQ LPSDFW KX&UDIGEMKPSHR B W DWQH
ODFNXQVKLQH KDYH EHHQ VKRZQ WR GHFUHDVH KXPDQ LPPXQLW
LQFUHDVH WKH UHDFWLYDWOR® RIQ7%RPBVHQYLURQPHQWYV ZLWHk
FRQGLWLRQV UZDNKHR X KRN W BIRSXODWLRQWE R B \VWER WIKHR K UIKEHOH
RI HQW @

,W LV DOVR FOHDU IURP HSLGHPLRORJLFDO VWXGLHV WKDW FOI
VSUHDWHERP LQIHFWHG SHUVRQ¥ WR XZLQMWHWIPQ G DWW R/Q¥PHV RI
LOGRRU DFWLYLWLHY DUH PXFK PRUH IUHTXHQW WKDQ LQ WKH
UHGXFHV YHQWRODWYRHDBY WR EH DVVRFLDWHG W ® K@6XKK WUDC
FRQGLWLRQV DOVR LQFUHDVH WKH IUHTXHQF\ RI YLUDO LQIHFW
> @KHQFH PD\ UHQGHU SHRSOH PRUWMVEXOQHUDEOH WR LQIHFWL

BHYHUDO OLPLWDWLRQV RI WKLV VWXG\ VKRXOG EH QRWHG )LUV
WLPH VHULHVY REVHBMDQWVRBNVHG RXWXFK ORQJ WLPH LQWHUY
WKHUHIRUH WKH ULVN Rl ELDV FDQQRW EH H[FOXGHG 6HFRQGC
ZHDWKHU YDULDEOHV LQ WKH PRGHO O0DQ\ RI WKH RWXKHU LPSH
LQFOXGLQJ KXPDQ DFWLYLWLHV SRSXODWLRQ GHQVLW\ DQG |
YDULDEOHV EDVHG RQ IL[HG PRQLWRULQJ VLWHV DUH QRW FRPS
LQGLYLGXDO 7KHUHIRUH PR WD O FRFXWUND WH\G R UND DIQ % DFIERXNG. K
PRGHOV WR FRQILUP WKHLU DVVRFLDWLRQV DQG PHEKDQLVP RI ;



7R RXU NQRZOHGJH WKLV LV WKH ILUVW VWXG\ WR H[SORUH W
KXPLGLGWUDDR@QIDOO RQ 7% DW D ORQJ WLPH VFDOH XVLQJ '/OV LQ
IDFWRUV RQ 7% FDVHV REVHUYHG LQ WKLV VWXG\ FDQ KHOS WKH
LOQFOXGLQJ IRUZDUG SODQQLQJ DQW HUPYSHOQHWY HRQWL QR US YWHEKOHL IS WK
FRQWURO RI 7% (DFK \HDU DQ HVWLPDWHG SHRSOH GLH RI
%DQJOPGEBMKWKRXIK WKLV VWXG\ LV EDVHG RQ GDWD IURP 5DMV
7% LQFLGHQFH LQ % H@IOHHEH VIKFBIRIUWRLIKW EH PXFK JUHDWHU
RI ELJ FLWLHVY H J 'KDND DW ULVN

,Q WKLV VWXG\ ZH IRXQG VLJQLILFDQW LQWHUDFWLRQV EHWZHF
WKH HVWLPDWHG ULVN RI VL QIMDHUZBIGWXWW LD UIIRDJE D 8 & LRAQL R @ DI
'HDWKHU SDUDPHWHUV DUH RIWHQ KL 3K O0@ REWH]BRBOBHE D ORX G G
> @HODYH KXPLGLW\ FKDQJHV ZKHQ WHPSHUDWXUH FKDQJHV EHF
WKDQ FRRO DLU WKLV PD\ KDYH VLJQLILFDQW LPSDFW RQ LQFLG
KDYH VWURQJ FRQQHFWLRQ EHFDXVHHDWVHS B EYRQR MBF RRD VWEH
LPSOLHV WKDW DYHUDJH UHODWLYH KXPLGLW\ GHFUHDVH WKUR.
7% FDVHV

7KH DVVHVVPHQW RBFNMRWWKMHW LA VWK H HRIWIRWKRT %DQJODGHVK KD
LOVLIKW LQWR WKH EXUGHQ RI WKH GLVHDVH WKDW FDQ EH DWW
LGHQWLILHG VWDWLVWLFDOO\ VLIQLILFDQW DXNYH FKRWLRIOV\ EB Y
UDLQIDOO DQG 7% FDVHV LQ 5DMVKDKL SURYLQFH XVLQJ '/OV P
KXPLGLW\ DQG UDLQIDOO RQ 7% ZHUH LPPHGLDWH DQG VWURQJ

OLQN EHWZHHQ 7% DG RIGDWKBW VRBKDNEDRZOHGIJH FRXOG EH FI
SROLF\ WR VXSSRUW 173 LQ %DQJODGHVK IRU FRQWUROOLQJ 7%
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CHAPTER 4

Mathematical analysis of a twestrain disease model
with amplification
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Abstract

‘H LQYHVWLJ\DWUWD DQWZRVHDVH PRGHO ZLWK DPSOLILFDWLRQ WHF
VXVFHSWLEOH UMVIDAWND GWXP GLVHDVH VWUDLQY¥KHQXGUXIVLVYV
VXVFHSWLEOH VWUDLQ VXBXWWDLWW DIWG/ SR FREFCHCILUQHG@HT XFOIW H

WUHDWPHQW L H DPSOLILFDWVRKSWQ EVKH \DLFERY \BHY WAV KW UDUWXQN D
'H SHUIRUP D G\QDPLFDO DQDO\VLV Rl WWHKHUFRREBE® LORQW D W\
HFXLOLEULXP SRLQMH/ HD XGE OWH BN M\PW B QRRRQBRMHIDAVV HTXLOLEULXP D
RQO\ WKIHHGUUWWD QW VW UD HQL 8 Wb\ QY H/BUFGEHD XAR LEULXP ZKHU
GUXXVFHSWLE QM \DIQ/AV BQWJ VVHURDQQ/G SMPR LEDWLF UHSURGXFWL!
DVVRFLDWHG XXW RH8 WH.:EZHHW MH RMWK H U BJIHW K VIWHOHD, \§ 4DY@IG D L Q

VKRZHG WKDW DW OHDVW RQH RI WK HMf¥WADk QPVs FIXQWPEHHD G LQ
ZH DOVR VKRZHK® W¥DQW?LWKHVOWEFHSWLEOH VWUDLQ HMLHAW R QW E
VWUDLQ SHUVLVWYV L® WKW QRS XHODXW OR B PRESR,KRZ MWKHQLE R W K

WKH BXXBHSWLE QMLY@/® GW XIWUDLQV S H UNLLWW H Q WV K XSRS K O DX
FRQGXFWHG D ORFDO VWDELOLW\ DQDO\VLV R # XK. WVARHRG H WX R
DQG D JOREDO VWDELOLW)\ DQDO\VLV XVLQWD DRDFOSYLD VB V\R'S b
LGHQWLI\ WKH NH\ PRGHO SDUDPHWHUV WKDW GULYH WUDQVPL
FRUUHODWLRQ FRHIILFLHQWYV 35&&V :H IRXQG WKDW WKH FRQW
RQ SUHYDOHQFHWWHIDWWR MXHH LPSDFW RI DPSOLILFDWLRQ DQG
VWUDLQV RQ WKH HTXLOLEULXP SUHYDOHQFH RI LQIHFWLRQ UH
PDNHV FRH[LVWHQFH PRUH OLNHO\ DQG LQ®WHLDMH¥ WIRQUHODW |
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4.1 Introduction

0DQ\ SDWKRJHQV KDYH VHYHEBOSBHYFQRBHWRIQGDIW BWQRWD LQV RI
RIWHQ IROORZV VRRQ DIWH W PDQ B D BADHH DI\ P Y GATKGE H BIBGI MM/ MFR GWU
OHYHOV ZKLFK PD\ HIINXVHABSWL.EMDH G DOWORII H QW H X K I @\DW D O/OXF
SRSXODWLROW@WRVIDFZXLUHG UHVLVWDQFH ZKLFK FDQ UHVXO
DGKHUHQ@POHD RURRISWLRQ LV 5F D@DHG RO PVBIOH IPBMRURRKKDOOHQJIHV
VSUHDG RI LQIHFWLRXV GLVHDVHV LV WR FRQWURO WKH JHQHWL
UHJLPHQ\W@

ODWKHPDWLFDO PRGHOV FDEL QP RURWH RWUFXQBUHILDMMIR®D Y RI LQ
ZHOO DV WKRVH FRPSRQHQWYV WKDW DUH VLJQLILFDQWOWR LQI}
ODWKHPDWLFDO PRGHOV FDQ DOVR BB X\ IQEGHWW LLAPYSW B Y. M HOHDHD
E\ LGHQWLI\LQJ WKUHVKROGV ZKLFK PXVW EH U@RRK HEDPG GRH G H
DQDO\WLFDO VROXWLRQV QXPHULFDODWKGRWWREDC GRGHONEED
UHJLRQV LQ WKH SDUDPHWHU VSDFH ZKHUH WKH YDULRXV DV\PS!
XV WR SUHGMFRW RV EH KDR'QR X U> R1 W K H@V/UWWHQHRL WY M LW\ DQDO\VL
PDWKHPDWLEDO PRGHO DOORZV XV WR GLVFRYHU WKH SDUDPHW
RXWSXWV@

7KH JURZLQJ W KHVRWWRI QG $DWKRJHQ VWUDLQV SUHVHQWYV D V
ZRUOG SDUWLFXODUO\ LQ GHYHORSEQRFRRORPW B VEVRIVXGGW K R V H
UHVLVWDQW VWUDLQV KDYH HPHUJHG LQ D SRSXODWLRQ SULPDL
WR WKH GLVHDVH EXUSMAQ L EQWAGREH & WROWYERDMM VKRZQ WKDW G
UHVLVWDQW VWUDLQV FDQ LQ VRPH FDVHV SRVVHXXNVRKHSKHLE OH L
VWUDLQV DQG WKRVH KQGGUWHEIXDOD QW I MAWWBGQZKWYH WKH KLJK
WXEHUFXORYLV D@G +,9

7R H[DPLQH WKH WKUHDW SRVHG EHN QMW QHAHV IS HDRQ D WD RIGARRII
VXVFHSWLEOHH VLY @&/ QN JOB XK FBAMHHBBRWLHEWHHG 6,5 HSLGHPLF PRGHO
LQIHFWLRXV FRPSDUWPHQWY DQG XVH LW WR LQYHVWLJDWH W|
LQIHFWLRXV GRQNDGHY WHKH SRVYGENYQGWDOMRDWRVDODWLRQ FKDQ
VXVFHSWLEOH DW LQLWLDO SWBYHEWY WVRWKWRP REMLE\WAKQ\W KD @
ILUVW HPHUJHV LQ D SRSXODWLRQ DQG LV BHQRIRRGDVPREB WIHEBBRG
7KH PRGHO FDQ EH DSSOLHGWWARHIQQAW RYWIRIDSMWWW HYHRH[FOXVLY |
VWUDLQV :H FKRRVH WKH 6,5 PRGHO LQ WKLV VWXG\ LQ RUGHU W
LOQIHFWLRXV SHDWERHBPOWE IMPU KHSDWLWLY & DQG +,9 +HUH WKH



LV WR EH DSSOLHG EURDGO\ WR WKRVH SHRSOH ZKR DUH QHLWK
WUHDWPHQW LVRODWLRQ QR ORQJHU FRQWYDH WIK@WRRKH B R GRHUC
PDQ\ RI WKH LQIHFWLRXV DJHQWYV WKDW DUH WUDGLWLRQDOO\ P

([SOLFLWO\ LQ WKLV SDSHU ZH SHUIRUP D ULJRURXV DQDO\WLFI
VWUDLQ PRGWDHYURGG VROXWLRQV IURP ERWK WKH PDWKHPDWLF
ZH XVH WKHQEHPWLRQ PDWUL[ PHWKRG WR GHWHUPLQH DQDO\WL
QXPEHUV RNWYFHHGWXE OH VLY ®/ B Q W.JVRADUIND MEKH B B ® UHQIGPWR UWD QV
IRU UHJXODWLQJ VIVWHP G\QDPLFV W MPH DE KEKIXRKG! W KVHNV H P U ¢
RXWOLQH WKH UHTXLUHG RR®/G LLVDLIREOW[ILRQ A KHR[LLY G/G IHGRH

7R VXSSOHMD@WGD@WH WKH DQDO\WLF DQDO\VLV ZH XVH QXPHU
HTXDWLRQV DQG H[SORUH WKH HSLGHPLF WUDMHFWRU\ IRU D L
FRQGLWHKIRQ@RFDO VWDELOLW\ RI WKH WKUHH WKNMW HBRXINKI]OLEU
FRQGLWLRQV DQG WKH JORIEMM \HW & EQO E WH KPPV DIHX GBI FYBIRY H

HTXLOLEULXP LV H[DPLQHG XVLQJ DSSURSULDWH /\DSXQRY IXQFW
DQDO\VLV WR LQXH® V8 DILCDPH WHBVPWKDW KDYH WKH JUHDWHVW L

7KH UHPDLQGHU RI WKLV SDSHU LV FR @WWSIXHWHISWDW BIERQWGZARZ V
PRGHO ZLWK GLIIHUHQWLDO LQIHFWLYLW\ DQG ® FRRVLWEDNWWR ®
VROXWLRQV DV ZHOO DV WKH H[LVWHQFH Rl VHYHUDO HTXLOLE
HTXLOLEULD DUH SUHV,QQWHGNAHR @/IHRXIVR'QD VHQVLWLYLW\ DQD{
RXWSXWV H WKHQ SUPRYODBMLRINHWRFDXOSSRUW D QIRQMOF\ UHY X
VHFWLRZH SURYLGH D VXPPDU\ Rl RXU RXWFRPHV GLVFXVV WKHI
DQG SURSRVH JXLGHOLQHV IRU IXWXUH GLVHDVH PDQDJHPHQW H

4.2 Model description and analysis

4.2.1 Modelequations

‘H GHYHORSHG D \GNQDEDRF6WZRRGHO IRU WRKREKWUHEQN\LEIOWH IDRYXE K
UHVLVWDQW LQIHFWLRQV ZKHUH WKH WRWDO BWYRSWROHSBSMWIRED Ho
LQGLYLEXROGYWLGILHFWHG AWK MSWILE AKQWGLYDERXIDOV LQIHFWHC
GUXHVLVWDQW AMWWHBFRYGIUBQGLQGLYLGXDOV ZKR DUH DVVXPHG W
VWUDLQY 7KXV WKH WRWDW SM¥YXODWLRQ QXPEHU

5L SEgSEgiSE 5



'H DOVR LQWURGXFHG WK &+FRROQO/RZD QW SIHFUKHWRHQW UDWH LQ\
WKURXJK ELUWK R+QDRPX.UADBUWMDQGHDWK UDWH DFURYV+WKH HQW
HIITHFWLYH FRQWDFW UDWH EHWZWHCS W QEBG N L EKUIDMNIR Z DQ B FGAU
VXVFHSWLEQHVSHRUDSLWD WUHDWPHQW UWRRFHHSIW LEBBIW HVAEXNI\G U
LQIHFWHG LQGk Y4+ GXDRIAHD WSS ISMD G HD W K VXD WHIS WRLE 0GHU XG U
UHVLVWDQW LQIHEWHRBSRORBQYRGKQGNYLGXDOV Z KR \DPHBIW L\E MR
VWUDLQ WRHWIKHN®QW VWUDLQ GXULQJ WUHDWPHQW UHFRYHU\
ZKR DP3GXHN WR LQFRPSOHWH WUHDWPHQW R W DQAKSERMHRPSOLD
GLUHFWO\ |URPVWHKSWAEOH ,ARNED WHKHNQWWD QW FRPISH PREBHQW
VWX FWXUH LV LOOXVWUDWHG LQ )LIXUH

Ps

{ Iml .

-

1

JLIXUHORZ FKDUW \RWWKH) BZRPRGHO M KRWLED WK VRKW ID®R G W
UDWHV LQ DQG RXW RI HDFK VWDWH

1IRWKRZQ WKH FRQVWD&QWV)W R PWKHWXNVGEWSWILEBH FRRED UWPHQ\
GHQRWWXGBKRSWLEOH\VLYGBQWITXDQWLWLHY UHVSHEWLYHO\

JURP WKH DIRHG PWRWISRSXODWLRQV LQ HDFK GLVHDVH VWDWH LC

VIVWHP Rl QRQOLQHDU RUGLQDU\ GLIIHUHQWLDO HTXDWLRQYV
B &FJ F>5q F>

SL >4 F:XqE qEJ;q

'DWDURWJIO\ VXIMWKM DERRWXWH QXPEHU RI ELUWKY JOREDOO\ KDV EHHQ DSSUR[LPDWHO

SUHGLFWHG WR UHPDLQ FRQVWDQW IRU WKH QH[W \HDMUW\S H7 KQNWHFIW URIQ 2.W KY QJ WIKWHWRW D
DVVXPHFRQVWDQW JHMEWK UBRIXODWLRQ XQ RUJ ZSS *UDSKV




BLXyqE> k F:Xg E ¢ EJig
6L :sFOXqqEX¢ k FJ

*LYHQ @QHRIDWLYH LOQLWLDO FRQGLWLRQV IRU WKH VA\VWHP DERYH
WKH VWDWH YDURQMHEO ML GHA PRURDGBEYHU VXPPLQEXr HTXBWLRQV
ILQG WKDW WKH VL]H RISWKBWLRWMHY SRSXODWLRQ

65 Q&FJ :=

, QWHJUDWLQJ WKLV LQHTXDOLW\ ZH ILQG

- Q—("EE o ®a

7KLY VKRZV WKDW WKH WRWERXSFKIXD DY WRKQLYIIHBIVH DQG WKDW
HDFK RI WKH FRPS@q@MPHnJ\/H VWU RHERXQGHG

IRRWWKDW HTXXDWLBQN LQGHSHQGHQW RI WKH VLIH RNKMKH IRHUAR Y
LI ZzZH RQO\ ZLVK WR WUDFN GLVHDVH LQFLGHQFH DQG SUHYDOHAQ

UHGXFHG V\¥WHP
6L &FJ F>yq F>y i
§L > F\ig
I§L0<qu>kk FM o«

ZKHYH X4E qEJDQWL Xk E  EJBHSUHVHQW WKH WRWDO UHPRYDO U|
UHVSHFWLYH LQIHFWLRXV FRPSDUWPHQWYV
*LYHQ WKH SRVLWLYLW\ DQG ERXQGHGQHVV RI WKH VI\VWHP VRO:

HTXDWLRQV LV JLYHQ E\

LD 4qa,;P9l+ EqE QIE F

ZKHUHV SRVLWLYHO\ LQYDULDQW 7KHUHIRUH LQ WKLY VWXG\ ZF
LQ WKH VHW

4.2.2 Basic reproduction numier

+HUH ZH HVWLPDWH WKH EDVLF UHSURGXFYQLRQ QX3PEGHPBLRIPRIGH
EDVLF UHSURGXFWLRQ QXPEHU LV WKH H[SHFWHG QXPEHU RI VF
FDVH LOQOWURGXFHG LQWR D @ RWXMHOE YKV HEW URG X FS/RISAX@ MW PE
ROQH WKH QXPEHU RI LQIHFWHG LQGLYLGXDOV JURZV DQG WKH L
&RQYHUVHO\ LI WKH EDVLF UHSURGXFWLRQ QXPEHU LV OHVV W



WS DOO\ WHOGYVY WR EHUR ZH XVHHWKHDYQH{RQ PDWUL[ WHFKQLTX|
EDVLF UHSURGXFWLRQ @XP&@HU V RI RXU V\VWHP

7KH UHGXFHG PRGHOV WZR LQ I FIVNQED @ & RWHVX QL Q | $I\W WHIGH V W D
LQIHFIWHRQVWHPIGP VWBWRFH IURRQ WKH DEVHQ‘itLH—;c’IRI LQIHFWLRGQ

/LQHDULILQJ WK HVKH WRIIR FDWE B LZ0H. EIUQ & PW KDW  HET X DB URIQ V
FORVHG VXFK WKDW WKH RE&RE EHARBHM) IHFWLRQ VXE

SL > UF i 44

BLOGqEX « UFV 4

+HUH WKH 2QG GHVFULEH WKH SURGMBWLRGEL RIL GXHYOMU DQIG FK
WKH VWDWHYV RI DOUHDG\ LQIHFWHG LQGLYLGXDOV

%\ VHV\)‘WL‘@Jk X ZKHWBHQRWHY WUDQVSRVH WKH LQIHFWLRQ VXE\
IROORZLQJ IRUP
6 :6E-; &

7KH PDBAFRGWDLQV WKH WUDQVPLVVLRQ DFR® SR D HQW KRH B UXDL WD
VXVFHSWLEOH LQGLYLGXDOV LQDNHG WDKHG L\ KHHF I EMVE/UBLERGP\S DMUVDRH/Q
EHWZHHQ DQG RXW RI WKH LQIHFWHG VWDWHYV L H UHFRYHU\ I
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J QWHUHVWLQJO\ ZH ILQG WKDW WO GDIVIER WS IR G REW IQR\Q R) XWPK
DPSOLILFDONLRQ UDWH

4.2.3 Strain replacement

7R LQYHVWLIDWH QUNH GHDRIGYV LY KLFE LV DQWLFLSDWHG WR VWU
VIVWHP G\QDPLFV VHH EHORZ ZBQ® WLAXKGXH H M\KSHEIVUDABWEH
ILWQHVV FRVW H[DFWHG RQ W K H ONDWDLQY\HRWANRY IR EVWNVR\HRAU HY GVUDL G
WUHDWPHQW e UDHADHD W L Y M WIRL QWD VRSIHFWILED@ O\ ZH OHW

> L sk ..>
DQG
Xe LisF ;Xja

| ZH DVVXPH WBQW,  BRMAKIUHDWHU WKDQ WKHQ WKKN MRROGLWL
UHSOBRYWLWLYH LQIHFWLRQV LV JLYHQ E\

ak P ag@

6XEVWLWXWLQJDVKHER URXODKH EDVLF UHSURGXFWLRQ QXPEHUV

>k >q
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$VVXPLQINWKOMWPFH LW LV YHU\ VORZ WRIR'S DQLEE VKD RIDKGH RWKKH U L
FRQGLWLRQ
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ZKLFK ZH FDQ UHDUUDQJH WR REWDLQ
SXE i

Xq
7KH DERYH UHODWLRQ VKRZV WKDW WKH UHVLVWDQWWWDUIFH) FL
OHYHW KLJK ZKLFK PD\ EHUMNHVADYEWRLID GUKUGXDOV $OWHUQD
ZLOO EH ILWWHU WKDQ WKH VXV¥HSWILEQH QRQA\ IQREZKH ILWQHVYV

P

4.2.4System properties

4.2.4.1. Existence of equilibra
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4.3 Stability analysis

6LQFH HTXDWLRQWUH LQGHSHQGHQWLRH HTKBVWHYFRDAEHDRE@ RI
LQGHSHQGHQWHRADQ IRFXV RXU DWWHQWLR@ RQ WK H WXG\X PHGH

SHUVLVWHQFH R71RWIKKMY HY WVHIFMDMWRHQ VWDELOLW\ RI WKH HRIKHOLEU
IROORZLQJ UHVXOWY DUH HVWDEOLVKHG

4.3.1 Infectionfree equilibrium



Lemmal:,l 4L f% 44 44?0s WKH GUHHDNAXLRIEUEXP LV ORFDOO\ DQ
JOREDOO\ DV\PSWRWLFDQDASW,BREQAP 4 1 VIK\R XQYMAD E O H

Proof: :H FRQVLGHU WKH -DFREEDQ RIKWKK IMAVIWHIRQ E\
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6LPLODUPOSL) 5\ rDV » DQG WKH K\SHUSWWQUBFWY DOO+VROXWL?F
RULJLQDWLQD@Q\ LW LV VWUDLJIKWIBRQED UGN RQKRZ WKDW
7KHUHPRVHIOREDOO\ DV WESRRHNIFKBEQG 4 ?0s

4.3.2 Mongexistent endemic equilibrium

Lemma?2: ,| WKH ERXQGDUY IHTHAR LEUWXKMH HTXRPWLROMVWY DQG
4k Pef3s4,54°5LV ORFDOO\ DQG JOREWOBOBV\PSWRWLFDOO\

Proof: :H FRQVLGHU WKH -DFREEDQ PIWNVWHKH PRWHRRDW HQGHPLF HTXI
SRLODKLFK LV JLYHQ E\
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4.3.3 Coexistent endemic equilibrium
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ZKHUH LQ O\LKQHH IZHWKKDYH VXEVWLWXWHG Q@ Q QV K BXOWKLHR BRQ B QWRIR
7PTLV WUXP 4DQGyP 4

J)LQDOO\ LI ZH PXOWLSO}Y KGLW[SVHYWURQYKMRIRUZDUG WR VKR:
5 6P 7LV VDWLVILIHG ZRBP 4, 7KXV E\ WKMHUZRMWWHKULWHULD W
HILVWHQW HQGHPFILN HRAMAEGUDX PP SWR W,PEDQG,V WDEOH ZKHQ

44 Sensitivity analysis

5HFRJQL]JLQJ WKH DUHGD R/IL WK H PYSIRWWVR XV ULVN IDFWRUV UHVSRC
LQIHFWLRXV GLVHDVHV LV HVVHQWMHQVWOH\S URWUBYQLRQGRL W
SUHYDOHQFH PXVW EH XQGHUVWRRG LQ RUGHU W®R)BHWHULPALQH
SXUSRVH ZH FDOFXODWHG WKH SDUWLDGEKLF@N ¥RU UGIRHMNL RO @
DQDO\WVLYV WHFKQLTXH XVLQJ /DW+RI MISHKE R D HNGHD RSO RIW/¥® U L
FDVH ZH DVVLJQHG D XQRPRUW R L WMWPLHX WKRIQEDVHOLQH YDOXH
WR JHQHUDWH D WRWDO RI FRPSXWDWLRQV RI HDFK RX
RXWSXWV ZH FRQVLGHU DUH WKH QX@®EBQGRW KQYIXE,W RREDDL QG L Y
HTXLOLEULXP 1RWH WKDW 3D&& YD BRN\L WLHHE QMZBMWQYH YDOX
QHJDWLYH FRUUHODWLRQ WR WKH PRGHO SDUDPHWHU DQG RXW
WKH 35&& WKH JWKBEWRWUBBDOWHLRQ RI WKH SDUDPHWHU WR WKH

)L X WH GLVSOD\ WKH FRUJAHDQ@E R QDEMSWEKH FRUUHVSRQGLQJ
>8Xq8 q&% 8 &k DQEZKHQP +f & 44 &8? WKDW LVH[DWMMIQMVARQGHPLF HTXI
JURP XIDH LW LV HDV\ W RDSHGEF H;KYCHY W IDDWW URQJ SRVLWLYH FR
> DQ@ KU D ZHDNHU SRVLWLYH ERSUHQDWLRDWZDWHRILZQYH FK
LQFUHDMH,;DQE 3DUDPYDBAGEKDYH D QHIDWLYH,FRDQKGEDWLRQ Z
«; ,Q DGGLMOLR®@ QFRDWHOH WDRQELWKKW D VWURQJ SRVLWLYH
ZLWK 3DUDPHWIGVKDYH D SRVLWLYH ,PRUGEHQ EWWRQWALRGI QHJID\
FRUUHODWLRQ ZLWK



)XUWKHU SBODPMHWHUBWDWH FRQEGH K; EXW D VWURQJ SRVLWLYH
ZLWK)LIXUHHSUHVHQWY WKH FRUUHODW L R,QDEH3NE K H G RUKHHE BXRIC
PRGHO SDU@RA YH&YAE, DQGZKHQ, P 4,DQGPs L H DW WKH PRQI
HILVWHQW HQGHPLF HTX%L¥ DE)E\XPD OIDYDO MW IQRW VKRZLQJ KDY
YDOXHV LPSO\LQJ WKDW D SRVLWLYH FKDQ i RQY¥NJEBR\DIQ SDUDP H
« KDYH QHJDWLYH 35&& YDOXHV DQG WKXV LQFUHDVLQJ WKHVH
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45 Numerical simulations

,Q WKLV VHFWLRQ BHQXKPHW\L RX® \GLHPXDDWH. RQV XVLQJ WKH 0DW
WR VXSSRUW WKH DQDO\WLF UHVXOWV DQG WR NXVHEWSWLEWH
WUHDWPHQW UHFRYHU\ UDWH RQ HTXLOLEWHXPYV @D D & ERIY\D B W
LOOXVWUDWLRQ ZH KDYH FKRVHQ EDVHOLQH SDUDPHWHU YDO?
WUDQVPLVV@R® DFFRUGDQFH ZLWK WK H WIQUHHNWLTFX UB VKIOIWKP BHR
GLVHDWH HTXLOLEWPRAPRVWHQW HQGHPLFDRTGX BOIERMHRORY HQGHP
HTXLOLE&UH XV HG GLIIHUHQW LQLWLDO FRQGLWLRQV IRU ERWK VV
ERWK EDVLF UHSURGXFWLRQ QHXFEHAV, DOH WKMQ WIKBIGGER QHD \Lt
HTXLOLEULXP LV ORFDOO\ DQG JOREDQ &\, FrEWPISHV & WX B 1D ©\0 L B/OND
VWUDLQ GLHV RXUMVEXW DAQKAH VBWXDLQ SHUVLVWV LQ WKH SRS,
c %, BPWKHQ ERWXXWEKH SCWDEIOH \DLY®V BOWIVWUDLQV SHUVLVW LQ

TDEOHHVFULSWLRQ RI PRGHO SDUDPHWHUYV

Parameters Description Estimated value References

&

$ GHPRJUDSKLF SDUDPHWHU ZKLFK |
LQWR WKH SRSXODWLRQ

2 SHUUHD >
3HEDSLWD GHDWK UDWH 4

7KH HIITHFWLYH FRQWDFW UDWH SHU YDULDEOH
GUXXVFHSWLEOH LQIHFWLYH LQGLY

7KH HIITHFWLYH FRQWDFW UDWH SHU YDULDEOH
GUXHVLVWDQWGRYHEWD YN

7KH FBPOGLWD UDWH DWXY Kk HBSKVWEK®HGL SHU \HDU >
SRSXODWLRQ SURJUHVV WR WKH UH
UHVXOW RI WUHDWPHQW

7KH $FBPSLWD UDWH DWHXKNMKD®WHL Q SHU \HDU$VVX
SRSXODWLRQ SURJUHVV WR WKH UH
UHVXOW RI WUHDWPHQW

7KH SURSRUWLRQ RI DWSHODWARHDQW G >
QQH GUXJ WKHUDS\

7KH FBPOGLWD UDWH DWXY Kk HSKV WEK®HGL RYHU \HDU¥ @
SRSXODWLRQ GLH IURP LQIHFWLRQ ¢

7KH $FBPSLWD UDWH DWHXKNMKD®WHL Q RYHU \HDUW (¢
SRSXODWLRQ GLH IURP LQIHFWLRQ ¢




JLIXUH LOOXVWUDWHY WHKH HVIWIVEH@W W QRS H FVIKFH HFEBKUHB) E UL X P

«f& 4, &8? E\ GHSLFWLQJ V\VWHP WY YMHSE WRQH HR/U W QXN KQW KHR P
LQLWLDO FRQGLWLRQV ,Q fWHRLVSWOAMLNW ERWF D XMHURILL @KH DPSO
IURP WKWXGBMSWLEOH VWHMNID®D W RIWWEHLEEXBWY WKH HIIHFW RI DI
‘QRQ HTXLOLEULXPVRWKHSOW LEIOG UXU HND/A N @VPH WQSU BYXOHQFH D
LQ WKH ILUYW&UMWKHRGUNHSWLEOH SUHYDOHQFH LV LQLWLDOO\
UHVLVWDQW SUHYDOHQF Y IQ@WXYDDU W KWKHFUHMBLIMMD QW VW UDLQ

GRPLQDQW FRXUWHV\ Rl WKH DPSOLILFDWLRQ SDWKZD\

JLIXUHDQIGIXUHVKRZ WKH HITHNWVFEFIHYWHE®OWHXYWUDLQ WUHDWPHQ
HTXLOLEULXP OHYHO RI WBWND QWHSDHOHIQOFHHQ H BKEBXHERWK LQI
DUH IL[HG ,I ZH LQFUHDVH WKH SURSRUWLRQ RI DR$SVLNWDWWR
SUHYDOHQFH DOVR LQFUHDVH

+RZHYHMUMNLYKRZYV WKDW IRU KLJK DU DRI ERE Y IVKHQGE H XLIQ F
WKH WUHDWPHQW UHRRWHH\SWRLWEHRYWHEBLQUXRYHG IURP JHUR W
GHFOLQHG WR D FRPPRQ SRLQW )RU ORUZHVLDWSQMLSDWSRQW
LQFUHDVHG XBRW RS RIKHWF RFK LV SRLQAW WD QMKR GUXHTXLOLEULXP
WKH HIIHFWLYH UHSURGXFWKXRGHSWREWW RWWBHQGEKERPHV OR
UHSURGXFWLRQ QKREWWDRQWGUXIUDLQ 1XPHULFDDFVHPXIDDWLR®
DPSOLILFDWLRQ WKH SWHWLD/QHIFM RW WIKIHQ GALXOJO H[FHHG WKDW
YDOXH WKDW R ON KIH XIHOALB W X®WYKHQWLKEHD B WXMUDLQ H[LVWYV D
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4.6 Discussion and conclusion

,Q WKLV VWXG\ ZH VRWPX.IDBRIBOW QMIR SRSXODWLRQ PRGHO ZL\
LQYHVWLIJDWHG LWY GNIRRL\FLBHKBIGLRP SOLILF D VDICR QOB YALIGHK 5 O
LQIHFWHG ZUXWERBL B NV WUDLQ DFT XL UWHHW IL\QWHDBVWAL RAPWE I M/GQ 1D [ B |



JHQHUDWLRQ PDWUL[ ZH REWDLQHG WKH EDVLF JJHEUREXBWLR/
VXVFHSWLEOH, ARV HGUB\LG/ W D:®IWI FPDQY/G W K D WHS K R GEOFWLIERQ QX P |
GHWHUPLQH WKH HTXLOLEULXP VWDWHY RI WKIHYVAY WD 0UQ @ KDIH
DQG XQLW\ RQEVMWKHDQWXYWUDLQ Z,,Q® OHE B D QD\EEBHIRHDN LD
FRH[LVIWH@REMHO\ :H DOVR IRXQG WKDW ERWK EDVLF UHSURGX
DPSOLILFDWLRQ UDWH ZKLFK LQGLFDWHV WKDW WKH UHSURGXF
DPSOLILFDWLRQ UDWH EHWZHHQ WKHP

'H DOVR IRXQG WXNSWWEKGHGWWUDLQ LV QRW QHFHVVDULO\ WKH P
LI LW KDV WKH KLJKHVW EDVLF UHSURGXFWLRQ QXPEHU 7KLV
VXVFHSWLEOH VWUDLQ SHUVLVWYV SXUH Q\HRQ WUID@ \&WS WHNDERO/HPQ F
GULYHQ E\ D FRPELQDWLRQ RI GLUHFWHWH DUHRWPALYW VRHY A0E. Q@ ALK
LQ GUKXKVLVWDQW VWUDLQ SVXYPHFWPIFHOHKWUW WDKI) GYUXWUHDWHG

IDVWO\ ZH H[SORUHG WMHSRWLEPOW RJIUWERW FBHIQXW UDWH RQ WKH H
SUHYDOHQFHHYQEWIUQW SUHYDOHQFH :H |RXXE FWSIW EO H W UGIP
UDWH WKH WRWDO SUHYDOHQFH ZLOO GUHHF\DLL\QMD G RIZ @Y K D IVQV IS K
QRMRQRWRQLF LQFUHDVLQJ IRU D FHUWDLQ SHULRG DQG WKHQ
ILQGLQJ KDV LPSRUWDQW LPSOLFDWLRQV IRU FKRRVURPWKH SUI
PLFURELRORJLFDO YLHY¥Y$®RRORXUWHEL DWHQFHNALFI B RW\DRV WK® W QO E
WR UHVLVWDQFH WR D WUHDWPHQW PRGH O ORHEH ER RXHDGX F XK@ ¥ WM
ZKHWKHU LW LV SUXGHQW WBHVLWND@W N WHIDILHIDW B HR) QF UBIVHL E
WKH SXXBHSWLEOH VEVW DOLK)D VR ZHOLWLL FEQV H VX E K JU Al XY WADWMD. @ B
H[DFW D 3*ILWQHVV FBMWLVIKHYWERUIDOLVPV UHSURGXFH DW D C
WUDQVPLVVLE O X\WBRHQ EV® K HALR}X GRMEIHSIDWKMO HVY WKH VHOHFWLY
E\ DQWLELRWLF WUHDWWPHQW GWUPXWDQIWXWR EHFRPH WKH GF
LQIHFWHG ZLWK GLYHDVKHROQSLDWW DOORZV IRU IXUWKHU PXWD
7KHUMHRLQFUHIXVEHSWXEOH WUHDWPHQW UDWHY PD\ LQFUHDVFH
HYHQ PRUH SUROLILF VWUDLQ ZKLFK DOVR KDV GUXJ UHVLVWDQF

,Q FRQFOXVLRQ WKLV VWXGVWDYYLFR GRXOQ VW® W FGHBQ @H WIZR PR G
DULJRURXV DQDO\WLFDO DQDO\VLV RI WKH V\VWHP SURSHUWLH
GLVHDVH JHQHWLF YDULDWLRQ DQG WK i QILG/H QX DMKHZ KRMH-DRN FDHX,
UHVXOWYV KHOS LQIRUP WK HQSW B W HRHWRIQG LR JGW X Bl W R H QW DLQ F
VXFK DV LV RFFXUULQJ LQ WXEHUFXORYUVZRQB RKMRZM WEDHF RWUHHM
WUHDWPHQ@WVFHSWKEOH VWUDLQV RI DQ LQIHFWLRXV GLVHDVH



UHVLVWDQW VWUDLQ HYHQ LI WKDW VWUDLQ KDV UHGXFHG ILW
RQH )XUWKHU XQGHU WKHVH FLUFXPVWDQFHV RXU DQDO\VLV V
EH RYHUFRPH LI WKH WU WHRQ WO UPMWHX W HH BMI HEFOLHXMW UDL Q
SRSXODWLRQ +HQFH ZH UHFRPPHOQBVWKWD/QMR WG BWRREOH@Y WHV
UHSURGXFWLRQ QXPEHUV RI WKH VXVFHSWLEOH DQG UHVLVWL
DPSOLILWBRWHRWYWXUH RSWLPDO OHYHOV RI WUHDWPHQW EH XVHG
UHVLVWD QXWYXWH DARG/HOOLQJ VWXGLHVY FRXOG IRFXV RQ VSHFL

SDUDPHWHUV DQG ZKHWKHU WUHDW P H QI HFW LARKD B RW R/ XK. QAN
LQFUHDVH LQ UHVLVWDQW VWUDLQV
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Abstract

7XEHUFXORVLV 7% LV DQ DLUERUQH LQIHFWLRXV GLVHDVH WKD

PLOOLRQ SHRSOH GLHG LQ $ODUPLQJOV\NREBIENBULWE D
WXEHUFXWRMIQFOXGLQIVEHRWLEOH UsH VD YW DRWX J+5D OYUHDLA\Q W V
FLUFXODWH WKURXJKRXW PRVW GHYHORSLQJ DQG GHYHORSHG
LQFUHDGLRBOL VW DR WWRDHPIYH ,Q WKLV VW XGY VZH DGIQY 'H ORGGD
'5 7% WUDQVPLVVLRQ PRGHO DQG SHUIRUP DQ DQDO%RWKRI WK
DQDO\WLFDO DQG QXPHULFDO UHVXOWHNVYKRD QWK DL\VQ | WKWM LKRQHIYC
LQFUHBVXQXVH WKURXJKLPPGRUIWKFEYREQVLF UHVXOWY DQG QXF
VXJIJHVW WKDW LI WKH EDVLF UH S, P@GF VB, Q@ MXUREBHV R WERW K
L Mf& 44 4?0SaWKH GLWHB VHH X LU LEVAMPXSREWVRWLFDOO\ VWDEOH PHDQ
QDWXUDOO\ GLHV RXMW « f) U MR HURRQUHEGLLIHV R XA% ESHW VE VWYV LQ
SRSXODWLRQP O @G APERWK79% DQG/% SHUVLVW LQ WKHVEREXOD
VHQVLWLYLW\ DQDO\VLV Rl WKH PRGHO SDUDPHWHKN OPXQE WK L
LQIOXHQFH R % PUWIGYBOHQFH :H DOVR LQYHVWLJIJDWH WKH LPSD
UDWHV Rl ERWK VWUDLQV RQ WKH HTXLOLEULXP SUHYDOHQFH
WUHDW P H QM[ LP\D/NHHY FFHR P RUGIFO HDW® WV DIQIGH UHO DWL Y B I BEWQR Q@ F

Keywords: 7 XEHUFXORVLWPRGWWDQWXd% VWDELOLW\ DQG VHQVLWL)Y



5.1 Introduction

7TXEHUFXORVLY 7% LV D EDFWHULDO LRI HGFH/DMRKKW AR WG X/IHG W KH

, Q WKH :RUOG +HDOWK 2UJDQL]DWLRQ :+2 HVWLPDWHG WKH
FDVHV RI 7% DQG PLOOLRQ LQGLYLBRBXWOR/I GULKHSE HUW B PDAVE GVIF
RFFXUUHG LQ $\WDF DQG RHOWKY RFFXDQAa G IL@EBHRH

FRXQWU®@HV

7% LV DQ DLUERUQH GLVHDVH FDWRHE® FEW HD E X B O\WKE HADFRHOERD/AEW H
LQIHFWHG WKH LQGLYLGXDO ZLOO ILUVW XQGHUJR D SHULRG ZL
LQIHFWWR® @/KH ODWHQW SHULRG LV WKH WLPHVSDQ IURP WKH
WKH VWDWH RIZKQIFHFWDRRDMVMRU ZHHNV PRQWKY RU WKH HQW|
> @ KH OLIHWLPH ULVN RI SURJUHVVLRQ WR DFWLYGH3WQRBUQD St
RQ WKH DJH DW LQIHFWLRRBYV VYRIWPRWPK RAH, Z\NKR BGRVEYRIUN WKH P
ZLWKLQ WKH ILUVW WZRAHDUV RI LQLWLDO LQIHFWLRQ

&XUUHQWO\UPXOWWBQWJ 0'5 7% LV HPHUJLQJ DV WKHXJ@HDWHVV
0'5 7% LV GHILQHG DV 7% WKDW LV UHVLVWDQW WR LVRQLD]LG
FRPPRQO\ XVHG ILUVW OLQH GUXJVG GILMLKR R D & L-MERARAIVEXLUGHA/HBNOX |
FRVWY DQG WKH ORB JHL LDRHE® W FOUH/ R\FRYD WG ZW WIKQON5 SODFH Vv
WUHVV RQ KHD@YKGCHVXCHPN W UHO WPHBWHRWS HYHQ PRUH UHVI
GUXJ XVHG WKLV KDV EHHQ WHUPHGFRXWV B PSRORE L DBWERE M K-
2QJR)J WUDQVPLY¥%L\RQUDIRBGKQRWLEBQ DOVR JBoQFHIA@WYHY QHZ '5

ODWKHPDWLFDO PRGHOOLQJ LV DQ LPSRUWDQW WRRO WR H[SOR
LQVLIJKWYV LQWR AHKRI SHOW RRIPY 7 %>F R@ WU RE H/ WD BWHBHIZHEHFDG }
PDWKHPDWLFLDQV VWDWLVWLFLDQV DQG ELRORJLVWY KDYH GH
7% )RU L@XWBRWHDO XVHG D PRGLILHG 6XVFHSWLEOH ([SRVHG

LQYHVWLIJDWH WKH HIIHFWV Rl JHQHWLF VXVFHSWLELOLW\ DQG
KHWHURJHQHRXV SRSXODWLRQ FRPSDULQJ WKH SUHMBGHQFH D
$PHULFD >86@LPHW DO GHYHORSHG D PDWKHPDWLFDO PRGHO

UHLQIHFWLRQ H[DPLQLQJ WKH FXUUHQW VEW®DXIWRQORI DFWLY|
GHYHORSHG D 7% PRGHO ZLWK VHDVRQDOLW\ WR GHVFULEH 7%
PDLQODQG FbW@RI RAKRIMDUWPHQW 7% PRGHOHVR ®DOW UXEGWHHIE0 E\G7
OLWHG YBIFFHRMLYHQHVYV TUMHLDOQIF®HRIRYR UHVLVWD @KHWKUR X.
VWXG\ VKRZHG WKDW W KB ORLE® B OMKEIX O GROIRWWEHG LQFLGHQFH U



IRU UHLQIHFWLRQ ZKLFK ZDV PRGHOOHG DV D UHYHUVLRQ WR
SURJUHVVLRQ WR GLVHDVH FRPSDUHG ZLWK ODWH ODWHQF\

7RH[DPLQH WKHHWKWHB W RU LD W LR V \RU DEDHY/GZGMVI BMAR '6 DQG
'5 7% 6/,56 HSLGHPLF PRGHO ZLWK FRXSOHG LQIHFWLWRKM FRPS|
HPHUJHQFH DQG7WSUHDFRAVLE HU WWHDRRGVEEY D ISRVWWDRQ FKDQ
'6 7% DW LQLWLDO S 0% VI WREWAMRADVWR/ "8/ KH PRI IEUYWLARHUJH
LQ D SRSXODWLRQ DQG LV GHVLJQHG WR UHSURGXFH WKH SKHQ!
NQRZQ DV DWBRQILAKH PRGHO FDQ EH KYIHGNVW & W RYUH RRVALSIBW HWL b
SKHQRPHQD DPRQU%6VINQ® LRV

,Q WKLV VWXG\ ZH SHUIRUP DQ DQDO\WLFDO DWGDQXP AW LFRGHI
SURSHUWLHY DQG VRORWWREYDWRPDERWRGWKLRORJLFDO YLHZSR
QH[W JHQHUDWLRQ PDWUL[ PHWKRG WR GHWHUPLQH BHWDWORVLF H
WKH7® DQG/% VWUDLQV DQG ILQG WKDW WKHVH DURNVMPER UWD Q
G\QDPLFV :LWK D IRFXV RQ WKH HDUO\ DQG ODWH WLPH EHKDY
FRQGLWLRQV IRU WKH VI WBE LVOLBW IR | MK RWRICRAENEFRIGR DR H R1 WZF
VWUDLQ

7R VXSSOHPHQW DQG\WDBD G DDA @AKHVD @B XVH QXPHULFDO WHF
HTXDWLRQV DQG H[SORUH WKH G\QDPLF HSLGHPLF WUDMHFWRU\
LQLWLDO FRQGLWLRQV )JURP WKH DQDO\WLFDO D QL \@XRH WKW O
GLVHDWH HTXLOLEUMKP/ WEGWRQRHDVH HQGHPLF HTXLOLEULXP L
+XUZLW] FRQGLWLRQV DQG DSSURS Wi DVYWHH/QIVS % QRN DIXI FVDIGRHP\L |
LV DOVR H[DPLQHG QXPHUHF®WR YR DORZQ Y I WLKLLW\ZDQDO\VLV V
SDUDPHWHUV WKDW KDYH WKH JUHDWHVW LQIOXHQFH RQ '6 '5 D

7KLV SDSHU LV VWUXFW X UGIKVB V LI RIOWD RVAH BREWDR®WDELOLW)\ DQ
DQG MWQWAWQDO\VLY DUH SHUIRQRH @Q L\DHY WEW (BRURY LGH QXPHUL
VLPXODWLRQV WR VXSSRUW DQDO\WLF UHVXOWYV $ EULHI GLVFX

5.2 Model description

5.2.1 Model equations

‘H GHSHHGRD GHWHUPLQLVWLFI PKH MPLIDDAMVAADLY VPLRREH & WRWBD DQYG
EHWZHHQ WKH IROORZLQJ PXWXDOO\ H[FOXYLYH FRMSD UGMPLHYQ\G ¥



DUH VXVFHSWLEOH WR 7% LQIHFWLRQ W KIRMH RS BN HGHWRKH%
VXEVRUESBWHIHUV WR TXDQWLW L HWX DV RWLE @ HEGHZL W DEWX J
LQIHFWIHBS@HVHQWLQJ WKRVH ZKR DUH LQIHFWHG DQG-KDYH QRV
FRPSULVLQJONQBLWKGRBWLYH 7%= WHKHR ZHERYISUHGLRXVO\ LQIt
VXFFHVVIXOO\ WUHDWHG DQG DVVXPHG WR EH WHPBR@DWLO\ LP]
XVHG WR GHQRWH TXDQWLWLHV DVVRFLDWH G: & LIWK X\PK-H WE&K I W UAD
'5 VWUDLQ LV LQLWLDO OATXDQHHU DWW & G RVAKUD RODIMEIEVEFBHRADVG R/IX'BV H T >
EH WUDQVPLWWHG W,R GIWK B X DIOYG PYDLGXOWR UHWXUQ WR WKH
IROORZLQJ UHFRY HUUADE W@ MERPARWD R MV CSRIY K HRW R VDX IS\R S X O D
VL]H= LV JLYHQ E\

,QGLYLGXDOV LQ WKHQ®IMIMNHAW IFRPSDDWRXKMDO GHDIMKGDW WK
DFWLYH 7% ;fFDAHW[56@ ULHQFHH®DWHIDGE HG H gW.IkdD WRDH QD WBIH W K H
SRSXODWLRQ VL]H UHPDLQV FRQVWDQW ZH UHSODBNVDPHQ®H D W
,QGLYLGXDGERASDWWRHQW PD\ EH LQI|HPMWEVGURIL\®E DWW IDUWXEGBW L
GHSHQGHQY B PWEKHYHY WKH WUDQVPLVVLRQ UDWH EHWZHHQ
LQGLYLGXDOV 2QFH |,QQHEMWHG XDOAK PRWHDW® WKH ORQWHQWO\ L
SURSRUWLRQ RI WKRVH ZLWK ODWHQW LQIHFWLRQV SURJUHVV W
RI WKH ODWHQ¥ E@GLOICGXDWVUDMMK G UXJ7WRYL WY W DRIE0'G\ [E
GHWHFWHG DQGRWQRSD WWSHBWLYBWHE GGRRBVKWWMLEBDWHG '6 DF\
UHFRYHU WR PRYH LQWR W K40 QG FARKHH B R 8 SKIR-PPS-DB\WM/EPHHMERNE RSURXUIW
UHVLVWDQFHS®XWWRVUBIPRWPPHQW RU ODFN RI \OMQHF & UXR RS GLUXG
XVHG WR WUHDW WKH '6 IRUPV RI 7% )XWRNRRUY ARWUHW R FRIPYSLOENE
QDWXUDO®) PRYD QUQWHRFH PRGHO IORZ SUBYHURMWHG LQ )LIXUH
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5.2.2 Basic reproduction number

7KH PRGHO KDV IRXUd,&Q8H FWEG WW&RWIQL Q IHFG/ $\8 WW B WIVHFW L
IUHH VWHD®BLN MWHWH. YL r&KHQFH &R FDOFXODWH WKHERVIEROQYLF |
QXPEHUV Rl WKA%6VIVU® LR\ ZBQRBOBRXYV RQ WKH OLQHDUL]JHG LG

GHULYHG IURP HTXDWLRQV
bR,
br

by _
oL TaaF Vg

bPh _
it p F3pFJdp

L>q FZqFJgq

bW | _

S E S pFMpEQR

ZKHWH X,E (EREJDQWGL X,E ,EREJDUH WKH WRWDO UHPRYDO UDW
DQG '5 DFWLYH 7% LQIHFWLRQ VWDWHY UHVSHFWLYHO\

+HUH WK#a&2F(Wss GHVFULEH WKH SURGXFWLRQ RI QHZ LQIHFWHC(
DOUHDG\ LQIHPWHXE RQ & LWIKGDHDH FXWOLLREQ) L X P

%\ VHWXMLQA.4,4pX ZKHUH 7 GHQRWHV WUDQVSRVH ZH QRZ ZD(
VXEV\VWHP LQ WKH IRUP

6L :6E-; .

7KH PDBMRUJUHVSRQGY WR WUDQV-PULR WI/E DR VR @G RQR/H PO UDLY H
V\VWWPF wss E\ $BUDWLQJ WKH WUDQVPLVVLRQ HYHQWYV IURP R
LQIHFWHG VW DWHYEZ L WK sk QEBEWKHNQ 6JQ@WWKH UDWH DW ZKLFK LQ
LQIHFW HGE WHWWOMMH WR LQGLY LG @ D/DRNHL D\ \&-@HGIFFNV H 8 U/ VR IV X E V|V \
‘wis ZH REWDLQ

r >q r r quEJ, r r r
rror o r = F\g r r
- q
6Ln rr ro> rbREnN r r Fi5EJ; rf
ror ror r xR, = F\p

7KH QH[W JHQHUDMM ROEPIDAYRWH WKH HVVHQWLDO PLQXV VLJIQ



L F6-?°L 6:F-7°;

=4~q >q , ;

c =EdV Vg =
L E r r r roEy
F =R >Ry T pF
TRENGY W% RENY W
E r r r ro|

7KH GRPLQDQW H IDIHH WIXGIXERG/RFWULHRSY) QXPEHUY IRUKH DESUH VH
WKH DYHUDJH QXPEHU RI QHZ LQIHFWLRQV SURGXFHG E\ RQH
UNRGXFWLRQ QXPEHU%I PWHE DQG '5

E

+Hu7H;—OEDQ76;:—OEDUH WKH SUREDELOLW\ RI WUDQVLWLRQLQJ IURP WK

FRPSDUWRHQW RR® '5 VWUDLQV UI?\DSJ&?U/‘HLS(U—I—DAHQX\UWKHUWLPH

LQIHFWLRXV LQG L,DIQGEN B @S HLFW Y WHAM H V

J QWHUHVWLQJO\ ZH ILQG WKDW ER W{O QG D & B \SDFUMRS LIFREBORF WWLKRH
HSLGHPRAR® RRIRUDPHWHUV RTWKHVSHF@G&YBO\ L H ERWK DUH L
DPSOLILFDO¥L&Q UDWH

*LYHQ WKHVH H®UHY VIRRQWKH 7%DBIVISF UHSURGXFWLRQ QXPEH
LQYHVWLIJDWH WKH UHODW L R.QN KGSKEEHW E H HDQUW K M A% WAHEW IOVE\R \/ |
UHVLVWDQFH WRQMWUK DWWHYQM ILWQH/V Rl '6 DQG '5

I ZH DVVXPH WBQ®,ERWBEUHDWHU WKDQ WKHQ WKH FRQGLWLR(
UHSODFH VHQVLWLYH LQIHFWLRQV LV JLYHQ E\
4pP 4q

6XEVWLWXWLQJ WKHEIRIBHREWEHF UHSURGXFWLRQ QXPEHUV JLYHYV

‘h'h il

Y h>0e8 > e§
I ZH FRQVLGHU WKDW UHYVLVVWVIEHHWH]D QW KN LI V L WIQIHWY\RRROME N '
WKDW

> L:sF >

)XWKHU LI ZH DVV% BN WKHY HD RI WRWYVWDWFHQW ZH KDYH



RL:sFBR,
/DVWO\ DVVXWPLYL@KDWW LV YHU\ VORZ FRPSDUKIG WR QGKH RWK
XpL X;\LHOGV WKH FRQGLWLRQ IRU UHVLVWIVNQRQMIHFWLRQV WR |

ad; >® >n;

G

BP

7KH DERYH UHODW LR WK RXWRKBR®BSHWHK H UHWMLWWILQKH ZKH¥K O
PD\ RFFXU GXH WRWWRHRLDWIPXDDOA FGWH WD BH. Y HWAV H B WKKID IQ WeQ H V
FRVMY VKHQ®W O\ ORZ

5.2.3 System properties

,Q WKLV VHFWLRQ ZH SURYLGH WKH EDVLF BURSHUXMLAOHMEBLDIWVKH

5.2.3.1 Existence of equilibria

7KUHH W\SHV RI HTXLOLEULXP VROXWLRQWHB SEBIFDUD IL BK MAKL L W\
UHDFKHG ZKHQ ERWK EDVLF UHSURGXPW®R@ ,GOREMKH PRI RO HV?
HILVWHQW HQGHPLF HTXLOLEULXP ZKLFK LV UHDFKH®& ZKHQ WK
JUHDWHU WKDQ WKH EDVLF6U®WSDRG XFQPRBFQFHPEBIQGRWKH FR
HILVWHQW HQGHPLF HTXLOLEULXP ZKLFK LV UHDFEH® ZNHQ WK
JUHDWHU WKD® WROW RIR 5 $ 4, ? :H GLVFXVV WKHVH LQ RUGHU E
&OHDHUIX\DWLRQV DOZD\V KD YK HBDHGHVXIDOAHEULXP

UL: Y% fag§a baga % L: ararararar;a

JURP HTXDWLRQYH FDQ DOVR GHWMWWHQYWHHRREGRLF HTXLOLEULXF
SL:SararaSasSas;DW ZKLFK WKH '5 VWUDLQ SHUVLVWY DQG WKH '6

s _R
I_V
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5.3 Stability analysis

7R LQYHVWLIJDWH WKH VWDELOLWYRI WRKHTRKQOREUQD BH WX G /W
HVWDEOLVKHG

5.3.1 Diseasdree equilibrium

Lemma 1: 7KH GLMHDH/ #TXLOLEUL X FO RF DAOKD® IRIBH®\ IDV\PSWRWLFDO
[ 4A44,70SDQG XQVAfOE@AHAPs
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5.4 Estimation of model parameters
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kqr E prOD QKR ¢t ER ,roDUH WKH FRUUHVSRQGLQ 3 PRGSIDFWAY KWK R QV
QXPEHU RI DYDLODEOH GDWD SRLQWYV 7KH DVVRFLDWHG VWDWH
DUH WDEXODWHGDQVRDEORW RXU PRGHO SUHGLFWLRQV XVLQJ V
FRPSDUH WKH UHVXOWYV ZLWK WKH REVHUYHG 7% IRWHWEBRBHABBH\D

+ JLIXUHDQG )LIXUH:H FRQVLGHU WKH LKH W MDDV HR QBULMOLE
DUHr; Lsw&{{&sy 4ir;Lx&tsa{vagr;Lst{@rya pir;Lv{&vr ,ir;L savt
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5.5 Sensitivity analysis

W LV HVVHQWLDO WR UHFRJQL]H WKH UHODWLYH LPSRUWDQFH
WUDQVPLVVLRQ RKH7SUBRQBHMVYRSUHYDOHQFH GHWHUPLQH KRZ E
+HUH ZH FDOFXODWHG WKH 3DUWLDO 5DQN &RUUHODWLRQ &RHI
DEDO\WLYV WHFKQLTXH XVLQJ /DWL@SHBHUFRDBID\6P XQLQRURP+6 L
DVVLIQHG IRU HDFK PRGHO SDUDPHWHU DQG D WRWDO RI
PRGHO LV WKHQ VLPXODWHG IRU HDFK RI WKH SDUDPHWH
SUHYDOH@HH ®GFH DUH UHFRUBK® S XMWWHZW KRR @RIGEHHWBLHG ZHUH
7% ,,DQG WRWDOSUHYDOHQFH DW HTXLOLEULXP 3RVLWLYH QH.
SRVLWLYH QHJIJDWLYH FRUUHODW LRHD RR XWK-HR FPHR GHCH SH1.U D IR U WV
DEVROXWH YDOXH RI WKH 35&& WKH JUHDWHU OHVVHU WKH FRL
> @
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DQG FRUUHVSRQ GL&,aX,8 QiR DN B LEREOD Q@ ZKHQP «f & 4 &7

JURP )LIXUW LV HDV\ WR SHY F$UMNWDW KMWHDIE SRVLWLYH FRUUHC
>qéq@pé, D@GLPSO\LQSRWKIWYB FKDQJEDUDBRAWRIUW KH O QFUHD\
SUHYDQHQMFHDOVR REVHUYH WKDW, WEW WK B QWURKHWYVRR PEDW W

SUHYDQHQ@KHUHIRUH IURP D SXEOLF KHDOW KSSRUWHEHF W XY I H.IW
LQGLYLGXDOV IURP 7% H[SRVXUH E\ HIIHFWLYHO\ UHGXFLQJ W
LQIHFWLRXV LQGLYLGXD O ¥4a (@R XRQ#} D REGWD YSHOQUHDITHMLY WV F R U U H C
ZLWK7% SUHWDOHAXALFK PHDQV WKDW LQFUHDVLQJ WKHVH SDUDF
GHFUHDYBUWKBOHQFH 2XU ILQGLQJ LV FRQVLVWHQW ZLWK RE\
GLIIHUHQW LQWHUYHQWLRQ VW U DUNN ML H SR ENOLXEXIA VV FSUHH/QHLES
IDLOXUH Rl WUHDWPHQW LQ LQIHFWLRXV LQGLYLGXDOV ODWHQ
UHFRYHU\ HOLWQR ZHDWHE D& BV BDYDKQRM BLO0 EH UHGXFHG ))
KDV D QHJDVRIQY Hb % PSSMDIFOMH Q FH EHF D X V A%/ @FPW HRS MQKGHL YBLG XD OV P
WKH 7% QIHFW KBXH WRWMH FRUUHFW WHS D WHHHQBR/U)W BXOWDHV LR Q EH YV
'5 7% SUHYDOHQFH DQG FRUUHVSE@GEL QR &ERER,6KKQ,FDDRBHWH UV

ZKHQuP *f& 4,7 3DUDPHWabLEY, ODQ@&DYH SRVLWLYH 35&& YDOXHV D
Xqé (R&pad , DQBKDYH QHJIJDWLYH 35&& YDOXHOH ZKWKLQIERQUW\ ER
WR SRRU TXDOLWYV % UN B MW Bk @ WHRIN §G RWQ UDIW B>, WK\DLYRHQ DU B RAHL W L Y
LPSDFW RWQ S HY DO H QH[H \DMH YWHHFRLOLEULXP

JLIXUHGLVSOD\V WKH FRUUHGWMYRQ, EQMHEHER W BMADSR Q% LQJ SD|
>4 q8Xqa (8RR EE,EXpd p8REOD Q@ ZKHQP «f& 4, &? JURP )LIXWM LV HDV\ WR V
WKDW WRWDO 7% SUHYDOHQFH KB)B,SRE@ LWPISOH LR UW KD W WIRY
FKDQJHV LQ WKHVH SDUDPHWHUV ZLOO LQFUHDV M aVE&XWRWDO 7
4 ,83DQGKDYH D QHJDWLYH FRUUHODWLRQ ZLW K FURVDY Q QO%WKUHHN
SDUDPHWHUYV YDOXHV ZLOO FRQVHTXHQWO\ GHFUHDVH WKH WRW

)LQDOO\ ) LUIKSBINMKHQ RRU UH O D W L RT®% ESHMAX DG QW KH-H DR G FRUUHV'S
S D U D P Hy 8 BXJAV R &, 55,84 ,8RD Q@ KHQ,P 44DQG,Ps L H DW WKH PRQ
HILVWHQW HQGHPLF HTXLQ&E&] OPQBEDPAHSRMLWLYH 35&& YDO
SDUDPMMKRY, ,DQEKDYH QHIDWLYH 3HAKRROKHWVKH SDUDPHWI
Xqd qDQBEDUH QHJIDWLYH WKH\ DUH QH HJLHQWOHT K HO D BVEKXRY "W K H
RXW DQG WK K SYDH DO MWIHULYL F DTPA SLUPHS\DIFOVWH R G H 5
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5.6 Nunerical simulations

,Q WKLV VHFWLRQ ZH FDUU\ RXW GHWDLOHG QXPHULFDO VLPXOI
WR VXSSRUW WKH DQDO\WLFDEMVRDWRSDQ G MDRVD RQHMNG\R\M R ML PS
RQ HTXLOLEULXP O HWHIXPH FDIQER'W B® BYMHYB®QFH :H XVHG GLIIHUI
ERWK VWUDLQV RI DOO SIRIS XO\DMELFOQW \D Q BVRBWIVL [(RHG WKH PRG
GLVHDVH ZLOO HYHQWSXR$XO DA HR RX XK HPRWR, EHK FIRSAIGR VG R Q7 K H

FRQGLWPRRS ,&?LPSOLHV VWKDGALXW BXW% S5HUVLVWYV LQ WKH SR

)XUWKHUPRUH WK fRAR QB1LPISQ HYV WKDW ERGEG SHUVLVW LQ W
SRSXODWLRQ

JLXUH GHSLFW W \VDMHFRV RUY WS Q QLMWKKI GLITHUHQW LQLWLDO FFR
SDUDPHWHU YDOXHV IRUOHEKHFXL®WKHUGK? HDN B \WEWRRARWR GP\ V
VWULRD®@Y> GLH RXW WKLV LV EHFDX\WQKRMEKHU K D RIUF WKIES IV RVGHOR VR VR
WKDQ*R®HA 4,705 )LIXUBHSLEWV VIVWHP WD MGIEFQM K LGIM |HQ AW
LOQLWLDO FRQGLWLRQV XVLQJ SDUBRHWWHHIQWD B XXLVO LREW KA. AW W
VWDEOWKLYV VIVWWHPVWKBEE RXW EX%WWYDIWUVLVWYV LQ WKH SR
apP [ 4887



JLIXUH GHSLFWV VA\VWHP WUWD/)$HE DERRVIKH & LI QGH WHKGW LQLWLDO FR
SDUDPHWHU YDOXHM[LRW B RMF K TAKK EWFERWLLEF B R PDWEP , 557

,Q WKLV V\VWHRER®EHUVLVW WKLV LV EHFDXVH WK EDVLF UH:
7%.VUHDWHU WKDQ RQH DQG W R WWKH DADNJRWERT 860 D) ILLPOMLRQ S

GHRBWY WKH HIITHFW :RIRIP $YKIH LHFDX\LIOR.E U T %P D@QKEY #0SU RY D& H Q F H
VKRZLQJ WKDW L QOMIKH BTV W QUIVIILIR@MCH GG BAE@®®D VR URDOH EXW IR
r&k WKH '5 VWUDLQ EHFRPHV GRPLQDGWWKR2OIWHV\ RI WKH DPSOL

JLAUH DQGIJXUHVKRZ WKH HIIHPRW WU HDRNRHIQNG LDV L ILFDWLRQ |
HTXEOQOLXP OHYHO RI WRVEBDEYDOBQEH5ZKHQ BEYWHOURIHFWERXV |
ZH LQFUHDVH WKHSSURIFMWN IR QREKESWRIMHIY O GPhQFH DOVR LQFUHI
JLXUH VKRWKDW IRU KLJK DR %O3UIHYCD/OIHRYF H 5. Q BT kDWW K E XW A QMW
UDWH PRYHG IURP JHUR WR DURXQG WR D QHBUVWDKPHE@ IGIH F D WQ F
YDOXXHH '3Wo SURSRUWLRQ RQO\ LERQYHHOHNRHGWX S7 KR/ VBRRIQER RV W K
HTXLOLEULXP DQG RFFXUWHSE URB @ PMWKLHR Q71 REPMEERIMR V ' REZIHVUL W KD Q
UHSURGXFWLRQoUDWRRURIFCBONY RV VKRZ WKDW IRWWXR DF LVAKNW C
SUHYDOHQFH7®I 2LR® B[FHHG WKDW RI LWV LQKHUHQ@WMTXLOLI
HTXLOLEULXP ZXHY WRH[EVWHQFH DQG LV EHLQJ WUHDWHG

JURP WKH DERYH QWX PIHW LLA/D POB® I PARKIIMW SR SHHW\ W BHSIK ) Y IDHOQWV MR
RWKHUZLVH LW KH GO HDHDICR @ R | 704 Z7 K B M H VIDESHP LS50 IO (BLLUQ/HV
WUHDWPHDMW ULRW6H EHVW ZD\ WR SUHYHQW ® FVTR LDAL \B PS Q LR L FUH
7LPHO\ LGHQWLIT%DDMIGR Q RHTEXDWH WUHDW POH@M GHIXIPHRQE PALION K
DUH HVVHQWLD Q@ QV R % WBHUY-HY@WD HIQ K V



100 . ——r———— ; 100 7

90 -

80 -

r

70

60 -

S0 =

40

30

Drug-resistant TB prevalence (I )
Drug-resistant TB prevalence (I )

20

10 P g [4 g Y s
e s ; ; : e A W, N, S0, e, T, S W s Wi B8
0 10 20 30 40 50 60 70 80 20 100 0 10 20 30 40 50 60 70 80 90 100
Drug-susceptible TB prevalence (Is) Drug-susceptible TB prevalence (Is)
JLIXUH 'LVHDWVHH HTXL )LIXUH ORQR[LVWHQW HTXR

8> ,447°Qs TKH GLVHDF «f% ,4? ,Q WKHVED GLHEXR)
HTXLOLEULXP LV DV\PSWFR '5 7% SHUVLVW LQ WKH S
PHDQV WKDW WKH GLVHDV FRQVLGHWDQG,L u

ZH FRQVLGHUD QG,L ra

100 9000
\ 0 i Drug-susceptible TB prevalence
0 | W\ § 8000 Drug resistant TB prevalence
\\\ & "_\ ‘
80 | ] \
\ I @ 7000 \ 1
- /] s A\
= 70 = \
/ = 6000 \ 1
= / o]
3 60 / B \
© 8 5000 |
o 2
© 4000 |
(=]
= 40 'g \ ‘
5 & 3000 \ e
o 30 g =
9 & 2000
‘ \ ]
& A H J
a S 1000 |
10 c a ‘
L |
o P X 0 " i i . |
0 50 100 150 200 250 300 0 02 04 06 08 . ;R 12 14 16 18 2
Oor "0s

Drug-susceptible TB prevalence (I3)

JLIXUH &RH[LVWHQW HT¥JRC )LIXUH 5ROH RI DPSOLILF®
& 45?2 ,Q WKLV ERWKQGEF % _49 ZH KDWHLFRHQEP )RUEG
SHUVLVW LQ WKHZ$RERQQWE /% GLRXNEXW 75 LQFUHD
WD Q G,L u LQFUHRQYURWLFH HyYH QAN
'5 7% SUHYFOKWQFHHFHHG 7%
SUHYDOHQFH $00 UHPDL
DVVXPH WKHLU EDVHOLQH



x10° . . - x10°

o ~ @ ©
T T T T

Total prevalence

Drug-resistant TB prevalence (\r)

o — N w £y (ol
T T T T T

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Drug-susceptible TB treatment rate (,—s) Drug-susceptible TB treatment rate (rs)

— —_—

JLIXUH (IITHFW R WUHDWR' )LIXUH (IITHFW RP'6NUHDWRF
RQ HTXLOLEULXP OHWHEG R RQ HTXLOLEULXPHOFY b R
ERWK LQIHFW}&X\DUWDWHWY ERWK LQIHFW3&xX\WD U WIHW
UHPDLQLQJ SDUDPHWHU " UHPDLQLQJ SDUDPHWHU

EDVHOLQH YDOXHV JLYHQ L EDVHOLQH YDOXHV JLYHQ L

5.7 Discussion and onclusion

,Q WKLV SDSHU ZH IRUPXODWHNG®& DRI D/AD © RGHIY DARMOR RRHYIA SNXAR LB
IRU '8% DQG DQRWKRHU+HRJWH '52H FRQVLGHUHG DPSOLILPMWLRQ D
LOQGLYLGXDO LQVTROFWHGHDRSEK '"6QIHFWLRQ ZLWK D UHVLVWDQW V
IDLOXUH IRU LQGLYLGWBEGVIR) ILUVW OLQH GUXJ

‘H IRXQG WKUHH HTXLOLEULXP SRLQWYV IRIHRXKWTSUBBRRHGP P R/GH
HILVWHQW HTXLOUZEUGRPLDOMMHG LQ WKRIN[ M WWIBR B QXGL QVKEH EX
'6 7% GRPLQDWHG LQ WKLV V\VRDIPU LT KRHH QK [RAG JAHIQH ¥ D MWGE RIDR F D (
UHSURGXFWLRQ QXPEHU RI WKH Gl{IRUH®@WDIYHE R W UB QM HGH QR \
YDOXH Rl WKH EDVLF UHSURGXG @, PQ ® ERRIOERV L RD® OWUDPHWH U
ZHUH HVWLPDWHG RQ WKH EDVLV RI DYDLODEOWK B D RDUBQ & DH 15
+XUZLW] FRQGLWLRQV ZHUH DOVR XVHG WR LQ¥HVMTLILDON I U KR
PROHRILVWHQW HTXLOLEULXPDWVWDBDD®DLWLGHERDBEY WR WKH Wk
WKH EDVLF UHSURGXFQGR QF fEXPEHOS WKH GUHHDMAXLOLEULXP
JOREDOO\ DV\IPSWRWLFDOO\ VWDEOH ZKLFK PHDPQ\SWHEDW WKH G
'6 7% GLHV RXWo EBHUVE VWYV LQ WKP+ B3 ¥s0 DMKHRAYS 60 Q G7 %6

ERWK SHUVLVW LQ WKH SRSXODWLRQ

2XU PRGHO GHWHUPLQHG WKDW |IYRPQH KH W [ISWV LIHFKOMD UR WKXOOD M/
UHSURGXFWLRQ QXPEHUV GH$HQ G SRIR WHY@EYRLQVWHRRYWHDWH DB W H



Xq:Xp; GLVHDVH UHODWHG BGIG WK i DR R Q WRWPDWHKINY VHQVLWLYLW)
LW LV DOVRKHRBYWEKPSRUWDQW SDUD B3 HRIYORWZH GV 8 D WRHLDW
UDWHY 7KHUHIRWR FRQWURO DRQ @ QGEDG LERDMHVIBRQ LW LV LPS
FRQVLGHU WKH IROORZLQJ VWUDWHIYUBDW HUK HV IWR W LOXQ.® LH R WWK

> % ZLWK LQIHFWHG LQGLYLGXDOV >£%,,G HAFKIHH D/NHEQRIRQ @ R 8 RNUDNCDKH

VWUDWHJ\ LV WR LQFUHPWRHRWHKHK) I WEWDWMPHQWLYD®XDVQY +RZHY
FRXQWULHYVY HJ %DQJODGHVK LW LV YHU\ GLIILFXOW WR LVRO]I
ORQJ WHUP WUHDWPHQW 7KHUHIRUHSWHPSORSEWR VB WHIAYR RVIMO LHP
DQG 7% LQ %DQJODGHVK WD W R HQ@QVW UHDVHVWEKR HGWRUHDVLQJ WKH
SRRU SHRSOH FDQ REWDLQ WUHDWPHQW
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'XWWD. DQG .DUDBRXVDMQW WXEHUFXORVLV LQIHFWLRQ F
PROHFXODU PHAKUIRELWRORI\ DQG OROHFXODM %LBORJ\ 5HYL:

$L : HWEB@BDWHY RQ WKH ULVN IDFWRUV IRU ODWHQW W.
PDQDJHRRABWMDBUREHV ,QIHBEWLRQWH

'DYLHV 23 'UXUHVLVWDQW -WXBBDPXRRWKW 5R\DO 6RFLHW\ RI
94 S

BHXQJ .HVKDYMBIGIG 5LFKOXOWLGHMINWDQW WXEHUEXORVLV
GUXJHVLVWDQW &REG ItFRXUARVMLYDUERU 3HUVSHBWLYSHY LQ 0
D

. HQGD®O)R(DQDODQG 'RZG\ %XUGHQ Rl WUDQVPLWWHG PXOV
LQ HSLGHPLFV RI WXEHUFXORVLV DVIKWD QD/PENWL BBV BRGBH
OHGLFLQHR S

+DUULY HW\DSHPDWLF UHYLHZ RI PDWKHPDWLFDO PRGHOV
LPSDFW RI IXWXUHKFRQYDFFRIQHN PXQRWXKHUDSSHXWLFV

=ZHUOLGBKUHWWBEQG 'RZG\ ODWKHPDWLFDO PRGHOOLQJ DQC
DGYDQFHV LQ GLDJQRVWBBEWY DQFEH @ R YQH OHABEHIUDHS L H V
INDPEDL / HWODWKHPDWLFDO PRGHO WR DVVHVV YDWHLQDW]
LPSDFW LQ WKH VS UHDQ QD O RE HULFR@RMLIED O '"SQDPLFV
OXUSK\ 0% HW &RPSDULQJ HSLGHPLF WXEHUFXORVLV LQ G
KHWHURJHQH R X0D 3/KSPOIWL ERQV% L&V SLHQFHV
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Abstract

7XEHUFXORVLV 7% LV WKH VHYHQWK OHDGLQJ FDXVH RI PRUELC
1IDWLRQDO 7% &RQWXRD BDRIODBHVK LV LPSOHPHQWLQJ LWV
VWUDWHJILHY PRUH VSHFIFARPEL@® W LIRG W QYWHVYPLOWLRQE DUH Q
0'5 7% ,Q WKLV VWXG\ ZWWAIHDLKORS HP® D KMPRWLFDO PRGHO ZLW
LW WR %DQYXDGH VRINBE MR XQGHUVWDQG WKH WUDQVY®LVVLRQ

6HQIWLW)\ DQDO\VLYV ZDV XVHG WR LGHQWLI\ LP SR LHFDVQ W HSITHND/P F
YDU\LQJ FRPELQDWLRQV RI IRXU EDVLF FRQWURO VWUDWHJILHV
KROGLQJ DQG DFWLYH FDVH ILRQOQIMUR ®OWDPHERUQ WKRPRBWUWUADY
ZLWK GLIITHUHQW WUDQVPLVVLR® EHN WVFDSWXHWHG "& KHY & M) O D
FDVH FRXQWV 7KH HVWLPDWH® E D6vL EDWH S U ROGXG7\BELIRMVE X P EH U

ZLWK DQ DWSERQIUPWH RI SHU \HDU 7KH VHQVLWLYLW\ DQDO\
UDWHV IRU ERWERK%6KDGGWKEH ODUJHVW LQIOXHQFH RQ SUHYDOHQ
ERWK '6 DQG 0'5 RXU ILQGLQJ VXJJHWWB® WK DWK IDWT K B B P XS OW
FRQWURO ODWHQW FDVH ILQGLQJ FDVH KROGIGIHFIWLYB BOWLHUHQI
VWUDWHJILHY FDQ EH DGRSWHG WR FXUE 7% GHSHQGLQJ RQ D'
GHFLVLRQV

Keywords: 0'5 7% PDWKHPDWLFDO PRGHO VHQVLWLYLW\ DQDO\VLYV

HITHFWLYH DQDO\VLV



6.1 Introduction

7% LV DQ DLUERUQH EDFWHULDO LQIHFWLRQ WKDW@FRWVHY PLO
EDFWHWBEEBQHUDOO\ HQWHU WKH ERG\ WKURXJK WKH OXQJV VSUL
WKH EORRWKNMWUWHBBKDWLF V\VWHP RU WKURXJK GLUHFW H[WH
SXOPRQDU\ 7%ROORZLQJ DQ LQIHFWLRXV SHUVRQ FRXJKLQJ Vi
WKRXVDQGV RU WHQV RXPFOKR XY D) BAKHRYV\GHPR QAMWM QURSOHW QXF
VXVSHQGHG LQ WKH DLU IRU VHYHUDO PLQXWHV WR DQ KRXU DO
> @

2QFH LQIHFWHG WKH LQGLYLGXDO ZLOO ILUVW XQGHUJR D SHULI
7% LQIHFWLRQ /7%, 7KH ODWHQW SHULRG LV WKH WLPHVSDQ I
WKH VWDWH RI LQIHFWRRXXQHNY PRGWKN\ D WKH HQWLUH OLIH
,Q IDFW WKH OLIHWLPH ULVN RI SURJUHVVLRQ WR GRWH®B L7Qa IR
RQ WKH DJH DW LQIHFWLRQ )RU WKRVH ZKR GR WURI0OBVERI WRP
ZLWKLQ WKH ILUVW WZR3H®DUV RI LQLWLDO LQIHFWLRQ

,Q DQJODGHVK 7% LV RVDH WI XKD IPRYXWDIOPBRIBUREOHPY *ORE
WYODUJHVW 7% LQFLGHQFH LQ WKH ZRUOG DQG LW LV HVWLPDWH
FDVHV DUH JHQHY IYVRIGH RSOIHEI HDGH V K fTYPBRQ NG K 0 7%
EXUGHQ FRXKRWUWKWUH LV D JUHDW QHHG WR UHGXFH 7% LQFL(
%DQJOBGEHVK

,Q %DQJODGHVK XQGHU WKH OLQL VW UWRR K MIX®IW K UHFG RLDVON *
RI +HDOWK 6HUYLFHV '*+6 SURYLGHV QDWLRQZLGH 7% FRQWURC
FDVH GHWHFWLRQ WKURXJK GLDJQRVLVY WUHDWPHQW IROORZLQ.
DOO DU®BKBW JRDOV RI WKLV SURJUDP DUH WR UHGXFH LOOQHVYV
DFKLHYH XQLYHUVDO KLJK TXDOLW\ VHUY LF HOIRRWHD\® ©DSH R SSIDHJ B/I(C
RUJDQL]DWLRQV 1*2V DOVR VXSSRUW WKH 173 LQ DOO DUHDV LC
PRELOL]DWLRQ $&60 DFWLYLWLHV 7KH 173 DGRSWBOPMION UHF!
WKH '276 6WUDWKS 6WRS 7% 6D/QG WHKI(QWUDWRU\LWY 7% FRQW!
> @

ODWKHPDWLFDO PRGHOOLQJ LV RQH RI WKH PRVW LPSRUWDQW W
DQG IRU SUHGLFWLQJ WKH HSL G/HMH. B DWINDAVEHA IGHRAEIDW ML DQV DQG



KHDOWK SURIHVVLRQDOV KDYH GHYHORSHG GLIIHUHQW W\SHV R
G\QDPLFV LQ GLIIHUHQW HQGHPPHRW BILR QPR QWRW UXMWISGH) PDW]
PRGHW 1® ZLWK H[RJHQRXV UHLQIHFWLRQ DQG H[DPLQHG WKH EX
.RUHD DQG FROXQIGGWWHWWLRQ ZDV WKH PRVW LPSRUWDQW LQWH L
> @DQHW DO GHYH@RERMBKHU 7% PRGHO ZLWK VHDVRQDOLW)\ DQG
KDV D KLJK LPSDFW RQ 7% UHODWHG LQFLGHQFH SUHYDOHQFH
> @URRMWVDO GHYHORSHG D 7% PDWKHPDWLFDO PRGHO ZLWK V.
RI DJH VWUXFW X WQH R ® WA SWKHY BEOMLF UHSURGXFWLRQ QXPEH
LQWHUYHQ@LRQW DQG 6ULYDVWDYD FRQVWUXFWHG D WUD
PRGHOPW®DWH WKH VSUHDG RI 7% G LV HDBKHIN® D/QHIR UKQEPIDI GS R S X
0'5 7% FDVHV ZLWK>YD@$FEFRPWDEYPHQWDO 7% PRGH® WRIO/ WU X |

PRGHOOHG O LHPILMWAVEL Y B BFVYH Uk QDHFOVGRQ RYR UHVLVWDC
WUHDW P@ QW

,Q WKLV VWXG\ ZWWAIHDYLHO RS PRWBHO WRLEWIVEQ LEKW DWKHFEWED® DQ
7% LQ %DQJODGHVK :H SHUIRUP D VHQVLWILPRSHD QIDAAD P ¥ \WWHRU }
PRGHO LV FDOLEUDWHG WR WKH 7% %DQJODGHVK GDWD WR HVWL
SDUDPHWHUV VXFK DV LQIHFWLRQ DQG WUHDWPHQW UDWHV %
VWUDWHJILHY RRQSROHBPHEY BWHHEDO VFHQDULRYV DUH H[DPLQHG
SROLF\GRELYH WKH VSUHDGYRI7EHD ®BUSBVH Rl RSWLPDO FRQWU|
SUHY DRIH@®MHG 07% DV ZHOO DV WR PLQLPL]H WKW BRALWR Q @ F FRQRW
SURFHGXUHV 7R WKH DXWKRUJV EHVW NQRZOHGJH WKLV VWXG
DPSOLILFDWLRQ UDWH LQ %DQJODGHVK DQG XVH WKH UHVXOW W

6.2 Material and methods

6.2.1 Bangladesh B epidemiological data

%DQJODGHVK LV D 7% GLVHDV(DWQGHEIR PR EROLR \LQF KRX W K VR X
VFDUH FRXQWU\ VKRXOGEEBWIK IRDWKBPHWLEOD® DQG HSLGHPLRO
WKH GLVHDVH 7KLV VWXGHN SR WEDNG G R Q I\ % NEUFR BIQGF® 55 D W D
ZDV REWDLQHG IURPURRH :+WRHSRUWU WKLY GDWD 7% LQFLGHQ
LQWR SDWLHQWYV ZKRo KD ' 6 RMVOGBRW LQFOXGH SUHYDOHQFH UD
DQG ‘H HVYWLPDWHG SUH YDDW\D EM IWBMWH D J ROU OLIQHWD U PRGHO
LQ *UDSK3DG @ULVP



7TKH %DQJODGHVK 7% G B WD DMKOCDMA @K GKHD B8 L VW L QFW/ IDRXG BEOHW ZH H Q
7% TKH%% DUH DOO SDWLHQWYV ZLWXVFU SMILERDLH) LY B0 WVUKHH 11X
GUXJV RU KDYH UHVLVM®\PBREBRAWH ULLLD\ONDQ B @ S\.YF (RE@VHZHIUBOWMKD Q UL
UHJDUGHG DV DWUEBMDVWDWWD RSLFHQH,;SHUW DQG LQ WKH FDVH |
DG LVRQLD]LG UHVLY¥ WDHMW V7 EHUWHS5FRQGXFWHG XVLQJ *HQH;SH
ULIDPSLFLQ IROORRKBGVHQRMLOWM. X UWQ WBIVWLQJ IRU\RWMWXPW GWBXJIV
LV D VXEVHWoROQ@G5LY QRW UHSRUWHG VHSDUDWHO\ LQ %DQJODG

6.2.2 Modeldescription

‘H GHYHORSHG D GHWHUPLQLVWLF WUDQVPLVVQRBQ7 &\ QUMDY PD)
EHWZHHQ WKH IROORZLQJ PXWXDOO\ H[FOXV&¥H WRRSHBUW S8R QMG
WR 7% RU ODWHQWONSOQHNFOMWEQJ WKRVH WKDW DUH LQIHFWHG
7% WKH LQ+BFROVRXIVQLQOVLQIGWKL®RWLYH 7% WKDW DUH LQIHI
‘~ZKR ZHUH SUHYLRXVO\ LQIHFWHG DQG VXFFHVVIXOO\ UHFRYH
7KH VXEVFULSWV V DQG P GHQRWH YDULDEOHV DVVRFLDWHG ZLW
D/VXPH WKDW 0'5 VWUDLQV ZHRKJKQLODL® DTN DIWHH FAADHDHMGP FAQKW
DPSOLILFDWLRQ DQG WKDW WKHVH VWUDLQV FRXOG VXEVHTXHQ

7KH WRWDO SRSAODDWMWRXPNGIWR EH FRH@GYWDQW DQG ZHOO PL

7R HQVXUH WKH SRSXODWLRQ VL]H UHPDLQV FRQVWDQW ZH UH!
FRPSDUWPHQMO XBHY GHDWK WKURXJK QDWXUDO FDXVHV ZKLFK
FDSLWD DRDWHHODWHG GHDWKV ZKLFK RFFSUWDWMLBH FRQVW
,QGLYLGXDOV PD\ DOVR UHWXUQ WR WKH WHKWY\FB ®WWEK®EB HF RR F S\l
FDSLW@ UDWH

6XVFHSWLEORR\QBH YIQBNBWHMG ZLWK D FLUF XD} -QIQWBWRIOL R
WR WKH FRUUHVSRQGLQJ ODWH QWA LQ | WKW HSU R R B S.LLFIOMPH Q W
LQGLYLGXDO FRQWUDFWYV LQIHFWLRQ DIWHU FRQWQF®;ZLWK DQ
7KRVH ZLWK ODWHQW LQIHFWLRQ SURJUHVV WR DFWLYH 7% DV |
EDFLOOL BWKWEHYWW MR P8 GLIERGEPWVSURJIJUHVV W R WEOHVL Q IHFV
LQVWHDG XQGHUJR HQGRJHQRXV UHFRYHU\ D©6GW DY HHGL BB 5 WD
UDAYHL +& ; ,QGLYLGXDOV ZLWK '6 DQG PDB BIF\W QWX DRMON GE H @G W
W U HD W HRS DIME UBWSWFWLYHO\s B GRRISRKUW VWRWHDWHG '6 DFWLYH 7



IXOO\ UHFRYHU WR PRYH LQWR WKHZHKHIARN HERIES GI6RPISQ WW B H
DPSOLILFDGHROBRIZIWHE XIQ MRPEOHWH WUHDWPHQW RU ODFN RI
XVH RIOLQNWUXJV GUXJV XVHG WRDW GHDRAY MV K WR IRIKBRVFRP 3% U \
JXUWKHUPRUH LQGLYLGXDGSVWHORWHKH ©BMSOIDWDROH QDMHEURBY H L (
FODMWMVDW WKHY GBWHYH 7% JFQRV#YH[QHULHQFH GLVHDVH UHODW
UDWH *&; 7KH PRGHO IORZ GLDJUDP LV SUHVHQWHG LQ )LIJXUH

)

)
L)

)
L)
L)

JLIXUHBFKHPDWLF GLNWWIPLR| WeZW UD QV P L \D\GLHRUK P/RAG Y IDW R/U QAD G

JURP IRWWHPHQWLRQHG TWKRREPQGGW'SLYHQ E\ WKH IROORZLQJ
Rl QRQOLQHDU RUGLQDU\ GLIITHUHQWLDO HTXDWLRQV

bw ,
FI‘LJ F>qq F>kk FJ E@EquETkka
bR, _ ,
- L >aq F3qF A qFJ 4@
by | _ . .
EL—qqF.SFQF%IqFO:%IqFquFquFan

bR, _ .
oLk Faok FA «FJlyga

b _ .
?L_k K EG%qFXk K FTk kFRk FJka

bV "
T LiSFQRGER  EXqqEXc « EA (EA «F@FJ a



6.2.3 Model calibration and control strategies

‘H HYWLPDWHG WKH 7% PRGHO SDUDPHWHUV IURP ILWWLQJ GLIII
WR WKH DFWXDI® 'b CFQGHQBHURP %DQJ@D GRUGHU WR SDUDPF
WKH 7% PRGHM REWDLQHG VRPH RI W KNHOBMMUDPIMWXHILH Y B K0 IXGRXO\EWDRF
RWKHIWH HVWLPDWHG IURP ILWWLQJ WR WHK R |IGIDR/SID L T KFHD VLR QVRW
7% DQG LWVIGWBPLEDW LQ TXDQWLI\LQJ WKHXPPBBOWILEDMW DR U
UHVLVWDQW WUHDWPHQW UDWHY DUH DOVR GHWHUPLQHG

+HQFHPRWKXHHOV ZH FRQVLGHU DUH

x ORGHO IDDAXUH>®QOIREA LrDQ® SDUDPHWHU PRGHO  +H
DVVXPHG WHKIN RIQIF DSXUBOLYHQ EDL®UUH TURP '6

x ORGHO |MDAIXUH DQG HTXDO DNMUFIHIWPH Y \ELHRQZ B E QW8 UHQ G 0!
> L>» &L R DQ® SDUDPHWHU PROGBWOXPHBUMKHEHLW @RV FRVW
LV QHJOLJLEOH DQG WHKHWKWHHDDWPH QRW FEXRMAKR BHD QG 0'5

x ORGHO IDWDAXUH DQG XIQHIDRIQE IMMEMBNDP '6 D7QG>,M5
> &L R DQEB SDUDPHWHU PRGH®HG HUKH ZIHWRWWY% ARVW WR
VLIJQLILFDQW DQG W K WUKHIDWIPFHQ VR R EWRBKP' DQG 0'5

x ORGHO IDLAXUH DQG XQHTXDO WeUBQ & PHSR W LU 8HN EHW ZH
R DQ@®B SDUDPHWHU PRGHO +4HWBHXN BRMWRWEWEGLILEOH I
WKH WUHBRPH GWIRMXW EHWZHMQ '6 DQG 0'5

x ORGHO 'UXJ IDLOXUH DQG XQEBWPH® W UHDYME \BIQ\RID 'BQG \
7% >M>» & MR DQEB SDUDPHWHU PRGHO WKHUHWRH DV \FRVMG W
7% LV VLIJQLILFDQW D QGGAKIH WU EBDWPHIQW FRWKE RPEQG 0'5

'LWK RWKHU SDUDPHWeHJW HUJHDUWL XY BB NHRHR POIREBEHDO YV ZHUH ILWWHG
XVLQJ WKRAVBN@®/WIOJRULWKP ZLWK@7 KHVRRQMWHLQIQHQRLQMWXOWYV D
FRQILGHQFH LQWHUYDOV DUH FRQVWUXFWHG DVVXPLQJ WKDW
GLVWULEXWHG 7KH EHVW PRGHO VHOHFWLRQ LV GRQH E\ XVLQ
$,&RlI WKH PRGEBDXUWKHU ZH SHUI| WA G OHRARWKR VOIRHDM\ DQDO\VH
PRGHO SDUDPHWHUV WR GHWHUPLQH WKH SDUDPHWHUV WKDW
SUHYDOHQFH DQG EDVLRIUMBURGXFWLRQ QXPEHU

‘H IXUWKHU XVH WKH SDUDPHWHUV ITURR WIKWLEBWWN WWKGHWS UH\D
%DQJODGHVK E\ GHYHORSLQJ IRXU FRPELQDWLRQ VWUDWHJILHYV 3



D%~ WKH GLVWDQFLQ*WRQW UROWKBUBIWHYHQWLQJ VXVEHSW
IURP JHWWLQJ H[SRVHG WR 7% EDFLOOL 7KLV LQFOXGHV SHI
FRQWUROV GLDJQRVLV FDPSDLJQV DQG HGXFDWLRQDO SUR

E - ODWHQW FRYKLARMQHY FKHPRSURSK\OD[NMW \M [STFOMKRIHHC
VFUHHQLQJ DQG RWKHU IRUPV Rl ODWHQW 7% WUHDWPHQW
GHFUHDVH WKH ULVN Rl GHYHORS®@®QJ DFWLYH 7% E\ DW OHD

F—= FDVH KROWBLWIWRVDFWLYLWLHY WKDW HQVXUH WUHDWPHC
IROORZLQJ WDWDWQPWP WDHWRHGWQJIRU HLWKWMU VERRO ' 'EH
PRQLWRUHG WR HQVXUH WKH FRPSOHWLRQ RI WKH ZKROH FI
PD\ EHFRPH UHVLVWDQW WR H[LVWLQJ DQWLELRWLFYV

G5~ DFWLYH FDWHNVKLOGUABSUHVHQWYV WK HG YUY RRHERW RU
HIITHFWLYH WUHDWPHQW IRU H[SRVHG SHUVRQV RU LGHQWLII

7KH UHVXOWLQJ RSWLPDO FRQWURO SHIREIZHRNG DUZH N @ EMGK R @ L
LPSOHPHQWHG PQ @BKHSRXWSXWYV IURP WKLV VLPXOIDMAVRIQY B UH
DEDO\VLV XVLQJ WKHIIHFMAUIHAHHQOHWVDOUBRMW ,&(5 WR GHWHUPLQ
WKDW LV WKH EHVW YDOXH IRU PRQH\
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6.3 Results

6.3.1 Bangladesh TB prevalence rates

7KHUH ZHUH |RO(ODQF N XMMWHELHY FRQGXFWHG LQ %D@IBQBHVK El
WKH 7% SUHYDOHQFH UDWHY DUH QRW DYDLODEOH IRU \HDUYV
SUHYDOHQFH UDWHV IRU WKH PLVVGBO® \WR WWK H D YDW\D\W B OW W PbGS
JLMUH 7KOIRSH RI WKH OLQHDU&LW ZDV DQG\ WEWHUFHBW LV
WKH \HDBVLQJ WKLV PRGHO WR SUHGLFW WKH 7% SUHYDOHQFH
ZHRXQG WKH HVWLPDWHG SUHSYHRSOFAHUHW AKHSBHFOLQH LQ
SUHYDOHQFH UDWH LV MX¥WEZDL\ EQW FR®YEISE WIQQEFREE @D JIH '27
ZDV UHDFKHG\LQ WKH WUHDWPHQW $ZBRHUDR BRIVG B&HVKKH @ W K
DQG KDV EHHQ PDLQWDLQHG DERYH VLQFH Q WK H
RI QRWLILHGS@NEZWIPHDBDVHY DQG WKH FDVH GHWHFWLRQ UDWH
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6.3.2 TB dynamical process in Bangladesh

YRU WKWWUDR Q 7% PRGHO WKH EDVLF UHSURGXFWLRQ QXPE}
4L'fé: 4qé.4k;
ZKHUHqL— Riili DQG,, L— Re'e 7KH VWSHFLLOLF

S s® 0,56 555 > om0, 56, o S
UHSURGXFWLRQ @FEHUNUPLQH ZKHWKHU D VSHFLILF VWUDLQ ZL
WR WKH RWKHU VGWHD R WI/ZRMRI\DRGPR Y RZHYHU WKH 0'5 VWUDI
SHUVLVW LQ WKH FRFPIXOQ QP 8l DPWQWIKH UHVLVWDQW VWUDLQ LV

WUDQVPLVVLRQ D QW KBPSWUDXPHSLRQYRAISDQG,0s WKH '6 VWUDLQ
GLHV RXW UHPDLQLQJ WKH 0'5 \XWWHBL Q6LL® VDKOHI BRPW X B L8/ V WIUD L
ERWK VWUDLQ VSHFLILF EDVLF UHSURGXFWLRQ,QX®REH& DUH JUH

2WKHUZLVH ERWG DWW VXVWDL
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WKH 7% PRGHO

'LWK FOHDU XQGHUVWDQGLQJ RI WKH G\QDPLHORIGHR/'GHOQEHG LD
PRGHO FDOLEUDWLRQ VHFWLRQ MWRLWKHGAXPHKO GWWYHL'G ®0Q G JOO D
WKH UDWH RI DPSOLILFDWLRQ DQG WKH VWWPRQ G/ASHF W RFWETHV L
PHWULF ZH IRXQG WKDW KHRVGHNIL WWDYSWXBWHGDWD EHWWHU DQG

GUXHVLVWDQW 7% GDWDIEYHWMHUILSWWHH. @DBOH/ XOWV RILOMRGHO

D JRRG WKWHTRUQFLGBQEW GDW ZRUVH %RUQWIKEGH® EH ZMHROGH O G
IRU GUHIX@VLWLYH 7% EXW IDLOHBLWW DFQSWXJ ARWGKIKD GHXOID ZKLOI
VDPH ILWWLQJ UHVXOWY DV ORGHO 6HH WHKWH WKHSIRUWWILQ@JI LWUH
ORGHO DQG
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%RWK ORGHOV ODRGQ WRB @[SDPLFVRIL'G BOQIJDBDGHVK )RU LQ\
H[SHFW WKW MDWPHQW UDWX DRQG'6DIVY&FLRJ WKH VDPH DYHUDJH
EHWZEH®RG 07% WKHQ ZH B,PWRGXNBHFR WKH ILWQHVV FRVW DVYV
UHVLVWDQFH DV SR\ X@DBW PIGOBDWUORKBMHEOXVLRQV FDQ EH UHDFK
IURP OR®RGHO IDAIXUH DQG HTXDDWHIW BNWZWALR ' 6 DB\G XU 5

WKH7® EHWWHU WKDQDAREHE D QGXAYNWLRMOUW WHYVPHWZHHQ '6
7% EXW VLQFH RXU7IRFXMREAHRRR G50 ZKLF K % DESHAW IDHQ/GOGEL G QF
GR ZRUVH7MRUVHKUH IRU RXU IXUWKHU DQDO\VLV )RU ORGHO W
EDVLF UHSURGXFW/,R @5 QR HSAVDXNHHVWLR%Y @500 WDNH RYHU |



ORQJ UXQHY.J DQG IRU QRGHMQ Gy Lravyv ZKLFKQV HVDKDW Z6 OO
GRPLQDWH D%Q G L0O®H SHKUWBVWRILORGHO WKH DPSOLILFDWLRQ U
LV DQ DYHUDWHEHWZBHQ FRQYHMUWWLR @Y% IURP '6

6.3.3 Sensitivity analysis of model parameters

'H IRXQGVKHDQVPLVRLRRQHUW WHD W PDHQKH UTABIO LDFOWLRQ UDWH
IRU WKH HSLGHPLRORJ\ Rl 7% LQ %DQJODGHVKW KR I I QOB KQHF b -
WUDQVPLVVLRQ RT7%6 DKM YO HUVWDQGRQDPRIWKNKMVPMDNHDOSR S
DOWHUQDWLYH LQWHUYHQWLRQ SDUDGLJPV IRU 7% FRQWURO $\
DQG VHYHULW\ RI 7% WUDQVPLVVLRQ DUH GLUHFWO\ QVVRFLDYV
DQGy +HUH ZHVHGWARB VHQVLWLYLW\ LQGLFHYDRIGWWR WHKSHURG:
PRGHO SDUDPHWHUV

7KH LQGLFHV H[SUHVV KRZ YLYDQ G{DPKQ G DD AMXKWRAU WR WR WU
G\QDPLFV DQG DOORZ XV WR [EGH®Y WU IHIWLE KE D UGN ¥ UNKHRX\W GR Q
IXUWKHU FRPSXWHG SDUWLDO UDQN FRUUHODWLRQ FRHIILFLHQ\
WHFKQLTXH XVLQJ /DWLQ +\SHUFXEH 6DPSOLQJ /+6 WR VWXG\ W
SUKWHLQ WKH EDVLF UHSURGXFWLRQ QXPEHU RQ WKH 7% G\QDPL
WR EH XQLIRUPO\ GLVWULEXWHG DQG ZH SHUIRUPHG VLP X
RXWSXWV DUH WKH ERWK EDVLF ,yHEGREXEWORQDE XWPEH UVT RQIDPLH
7% SUHYDOHRQFH6 SUHYDOH@RH WRWDO 7% §UHFO/QMQNH QHJIDW
35&& YDOXHV UHIHU WR D SRVLWLYH QHJDWLYH FRUUHODWLRQ
SRWIHWIQHIJDWLYH FRUUHODWLRQ VXJJHVW WKDW D SRVLWLYH Q
GHFUHDVH WKH PRGHO RXWFRPH 7KH ELJJHU VPDOOHU WKH D
WKH FRUUHODWLRQ RI WKH\BRPRHWHU ZLWK WKH PRGHO RX

J)LXUH VKRZV WKH FRUUHQDWHKR® EEWZKHHERUUHVSRQGLQJ PRG
3DUDPH,WRGKDYH SRVLWLYH 35&& YDOXHV LPSO\LQJ WKDW D SR
ZLOO LQFUHDVH WKH EDHUWY, DOIGUREXEWERQYERFPE,Q FRQWUDV
Xq& & *TR DV ZH®O DV D®GKDYH QHJDWLYH 35&& YDOXHV ZKLFK L
WKHVH SDUDPHWHUV ZLOQ,F@Q@VHTXHQWO\ GHFUHDVH
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JLIXUH35&& YDOXHV GHSLFWLQJ WKH VHQVBWZI UM MBS RW W/HRH WK
HVWLPDWHG >§DLBR®HWHUD QG DQG 4% ZLWK UHVSHFW WR WKH
SDUDPHWHBWX, . DG®G

)LXUH $ VKRZV D SRVLWLYH FRUUHODWLRQ :EHMXG MQK H6 PIRFGNHLOY
SDUDP MU DQ@ IRMP +f 3 48? 7KLV LPSOLHV WKDW VDKSRWLWLY
SDUDPHWHUV ZLOO LQFUHDVH WKH QXPEHU RI SHRSOH ZLWK
ABXE BREA & 4 8 DQE@KDYH D QHJIDWLYH (F RRIUH OB WU R QUAHMHIQ W V V
FRUUHODWLRQ EHW®HHEYMNKHQFRPOG FRUUHVSRQGLQJ PRGHO
> 88 (R &Y &5 8y A R OD Q@R U P+ f 3> 4 8? 7TKH SDURRAMW UV
ODQ@KDYH WKH SRYDWKWN 35EROHEW KB ARBBREA &, ( DQG

R KDYH QHJDWLYH)BYS&E RDUXIBWHVHQWY WKH FRUUHODWLRQ EH\
:qE «; DQG WKH FRUUHVSRQGLQJ PRGED ,SBN DHP HAEUMNH/G ZEKRIDL W L Y
FRUUHODW&RQ &Z KW KM@ LPSO\LQJ DQ LQFUHDVH LQ WKH WRWDO
LQFUHDVH LQ WKHVH SDUDPHWH UA¥R,® JaR|aA 96RZHXYGRY K WKHH 5D UDF
QHIJDWRYHBHODWLRQ ZLWK WRWDO 7% SUHYDOHQFH ZKLFK PHDQ
FRQVHTXHQWO\ GHFUHDVH WU W R WD ®U BRMKHEQUMRYUDUOHIAM L B RJ EH V
0'5 7% SUHYDOHQFH DQG FRUUH ®\&RRE B PR @Y @ SR WIDRIGW H U V
@KHQK P 4qDQGy Ps 3DUDPHW&NJE O VPDOO YDOXHV @REVYWKRZQ
SRVLWLYH 35&& Y D O XA, D@RBASRU DPHIYRHINY H QHIDWLYH 35&& YD
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FRQWDFWDQEBWHVE& % DQG D% E\ LQFUHDVHVY RU GHFUHDVHV
QX P EHEVQ Gy E\ 6LRIOODLQFUHDVLQJ RU GHFU¥D®QIGRE\ WKH UH
GHFUHDVHV RUD@GUHEDVHV DQG UHVSHFWLYHO\

6.3.4 Optimal control strategies and coseffectiveness analysis

‘H LQFRUSRUDWHG WEKGEWHIIRWDO VMWW BWHIQHS8 EQ WKH %DQJODGHVK
EHORZ DQG IURP LW GHULYHG DOWHUQDWLYH PHDVXUHV WR UH
WKH WRWDO QXPEHU RI DFWLYH 7% FDVHV DYHUWHG 7%$7%%$
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JURP HTXDWRBRQ&%DUH WKH WUHDWPHQW UDWHYV RI WERWEKIDQUG 0'5
PRUH" FRQWURO LV WKH EDVHOLQH FRQWURO ZLWK JHUR DGGLW
WKH WRWDO QXPEHU RI DFWLYHVHRWIQYHFRVLW KRN REWUWRMHG FRIQH



PLQLPL]H WKH FRWW HR Q XMEXF LRIJODWHR Wf <6, DQBQG 5LQIHFWLR X
LQGLYLGMBDOV7KH FRQWUROV UDQJH EHWZHHQR—D&RE~ L DQG ZKHQ
WKDW LWQRWIRERBR FRQWYRAZKLClg < sSUHIHUV WR PD[LPXP HI
Rl WKH FRQWURO SROLF\ EHLQJ LPSOHPHQWHG :H IRUPXODWHG
DOWHUQDWLYHV DQ ® IGHRWHLYAH @ H @& KMHKWH PRVMWD W HJLH V

6.3.4.1 Single control strategy

)RU WKLV FROWDR &KNMYWJDRKU DOWHUQDWLYHYV
D =~ RQO\ GLVWDQFLQJ FRQWURO
E == RQO\ ODWHQW FDVH ILQGLQJ
F —= RQO\ FDVH KROGLQJ
G —= RQO\ DFWLYH FDVH ILQGLQJ

JRU HDFK RI WKHVH DOWHUQDWLYHV WKH REMHFWLYH IXQFWLRC

scocecdit—5 L1 @s gE 6qE 7k E sk E—-SAT -

+HUH WKH WRWDO FRVW=R§ DKH.QH W B BMLLFDHDLKIRILBAR DR i D U

SHUIFR® VLVWYV IRQ GKKHI G RX\WV K H7'% BRBHY SWKHPVHOYHY DQG WKH
WKH HITRUWY RI WKH IRXU SLIIH@MQDWWIEHW RECERQWQRDQJ OTC
ILQGLQJ FDVH KROGLQJ DQG DFWVWHLDBWXH HGQE\LQD W:HHQWS O6L W ¢

n

i q:—;H)QiQ - :=T- SURSRUWLRQDO WR WKH QXPEHU 'R DO®N H QW (

rx
0'5 7% UHVSHFWLYHOVW>X\Q\GKIFH GWEK HD FR7I% K D§'HDYQG 16050 G

n

i gkisT—- SURSRUWLRQDO WR WKHFQWWPEHW RIYDEWDRONGRIL@I DQ

UHVSHFWLYHO\ LEHUHWEH ERDQX¥DGUDWLF IRUP LQ WKH IRXU FRQ

H[SHQVLYHQHVV Rl WKHVH VWUDWHJILHY 7KH FRVW LQYROYHG L
DQG DFWLYH FDVH ILQGLQJ i&i@/@i};wﬁb%#&\/—;ﬂéy%ﬁi};mmmv
irr\%"—g:—;T—UHVSHFWLYHO\ W LV DVVXPHG WKDW WKH FRVW RI HDF

TXDGUDWLF IRUP ZKLEXLMWVHYXW & WWIRCESHBHRLR XV ZRUNV

7KH FRHIIgBIUHHOQWKH FRVW RI GLDJQRVLQJ DQG WKWHIDQ\ALQYIL G B WM\
+HUH ZH FRQVIDGEBU SHU ODW#®WQRDVEH; DQ®ssfyzSHU DFW/I% H '6



FDWHRQYHUVHO\ ®*buQFUHHDSPHQW LV IDU PRUH BV SWSRIWUL OB WAHD W |
0'5 7% FDVH DQDu{wS&HU DFW LY WE5 @

7KH FRHIILFULHE@#Y UHSUHVHQW WKH ZHLJKW FRQVWDQWYV DVVRF
LPSOHPHQWLQJ WKH UHVSHFWLYH FRQWURO VWUDWHJILHYV 7KH (
FRHUDJH DQG HQFRXUDJLQJ UHGXFWLRQ RI FRQWDFWYV ZLWK LQ]|
WHOHFDVW IRU Dt{BMIXXXWWWKHWRVW SHU KRVSLWB@ BEHG@HU GD\
7KHUH DUH DSSUR[LPDWHO\ KREELGV DB BWYWGX/PHQWKDW ODE& K X
DUH LQYROYHG IRU 7% WUDQVPLVVLRQ FRQWURO SURWHFWLQJ V
7TKXVDRUWDU UXQ RI WKH GLVWDQFLQJ FRQWURO SR EJDUPPH WK
7KH XQLW FRVW SHU QuIzi® R®EQG RMKHAUHMMYV DQ DYHUDJH RI K
%DQJOBDGEBVHKQFH ZHLKPYHD¥udyx )RU WKH FDVH KROGLQJ ZH L
KHDOWK ZRUNHUYVY DUH UHFUXLWHG IRU WKLV ®XUERVBQGKH XQl
KHQFH D&rvyarr

7KH VXSSOHPHQWDU\ PDWKHRZIVDWKH REWLRQ® FKDUDFWHUL]DWLR
JLIXUH DQG VXSSOHPHQWDU\ PDWHULDOV VHFWLRQ 6 DQG )l
VLQJOH FRQWURO VWUDWHJ\ )RU HDFK RI WKHDIG\D ®\RHU Q B &/X KW
LQ 7% SUHYDOHQFH +REHHHFWLYHXNVHG FRVOAVLYV WRI HGFHMLYBIP L C
VWUDWHJ\ WR XVH LQ WKH FRQWURO RI 7% LQ %DQJODGHVK 7K
DPRQJ WKH FRVWV DQ&QRXMUFRPHWLRQ HREWDLQHG E\ HVWLPDW
HIITHFWLYH UDWLR ,&(5 ZKLFK LV GHILQHG DV WKH H[WUD FR
,QFUHPHQWDOO\ ZKHQ DQDO\]LQJ WZR RU PRUH FRPSHWLQJ L«
DVVRFH® ZLWK WKH QH[W OHVV HIIHFWLYH RSWLRQ 7KH ,&(5 Q
LQWHUYHQWLRQ FRVWVY DFWLYH 7% FDVHV DYHUW HEBHRRHMY D QC
HDFK VFHQDULR DQG EDVHOLQH 7KK P& (U GR1 QIRFAIL QYDFWRAH E B WHK/H
,&(5 LV REWDLQHG E\ WKH IROORZLQJ IRUPXOD
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6.3.4.2 Dual control strategy

,Q WKH GXDO LPSOHPHQWDWLRQ VFHQDULR ZH KDYH VL[ DOWHUQC
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6.3.4.3 Triple control strategy
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6.3.4.4. Quadruple control strategy
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6.3.4.5 Sensitivity analysis of our best optimal control strategies
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6.4 Discussion and conclusion

7% '6 DQG 0'5 LV RQH Rl WKH PRVW SUHVVLQJ >S QEDH B DKIHD OWWKKH
WUDQVPLVVLRQ G\QDPLFV DQG HSLGHPLRORJ\ Rl 7% '6 DQG 0'5

%DQJODGHVKYTV JRY HUQWP HQW HURLMLDE MRAIGRSEDQILLARL Q DMV H Q 6WIKGIG 0
ODVW GHPRIGRIXJK '6 DRGFRGBWURO LQ %DQJODGHVKtKPYURYIQGE I LFI
FDVH ILQGLQJ DYDLODELOLW)\ RI IUHH GLDJQRVWLFSDQUWQHHD W F
QHZHU GLDJQRVWLF IDFLOLWLHV VXIILFLHQW KXPPRUUHWIRKUWH \
LUHTXLUHG 7R UHGXPHLGFLQE QFH SWHIWHOMQ EH DWQIGY IURP '6 D
7% LQ %DQJODGHVK ZH QREHG WEWBHQWRU GHKYHPRISWDJI 7% '6 |
LPSURYH WUHDWPHQW HIITHFWLYHQHVYV DQG UHGXFH IDLOXUH RI

L ONKLV SDSHU ZH S WH\DHQWMGFRMSIRUWPHQWDO PRGHO ZLWK DP
WUDQMRPQ\GMQDPLIFYGRO 786 LQ %DQJODGHVK :H GHULYHG WKH EDV
RI HDFK 7% Y&/ BIYD@ XDWHG W¥YSHFR O RIHS K RGARDWWLRE @VQMEPH. F V
'6 DQG 07% :H SURSRVHG ILYH GLIIHUHQW P7 %6FPPIRGG VD QG DS ¢
LQFLGHQFH GDWD LQ %DQX®MMIKDIO WK PRRELN/WIZRGWUB DVPE VOV E R
UDWHV DQG VDPH WUHDGN RHK@IWO0 BDQDHP LFI'SWKH EHVW LWK WK
HVWLPDWHG ZH FDOFXODWHGIWRH b \IQF YWHGURIBGH WKL B Q G XRXC
WKDQ+R@HYHU WKH XQFHUWDLQW\ DURXQG WKH SDUDPHWHU HV
QXPEHU WR EHORZ RQH 7KLV LV UHIOHFWLYH RI WKH HIIHFWLYH
PHDVXUHV DUH HIITHFWLYH RUWQR W B RIQHMSKWH O/IRV VG BQWMAL I\ L QW
HIITHFWLYH YLD VHQVLWLYLW\ DQDO\VLV RI WKH DVVRFLDWH SDU
EH DFKLHYHG YLD RSWLP DO HURD WIJRWDL M & IRDMWVH L Q HW K B R/W/EK &\ Z L
LQIOXHQFLQJ WKH 7% G\QDPLFV PRUH WKDQ DQ\ RWKHU YDULDEC

'H DGRSWHG RSWLPDO FRQWURO DQDO\VLY ®IG 3IRQW X ODM B GV \
RSWLPDO VRWUPBRQMWUHRD O L Q J7 % KHHS L6GBI@ GFOLE) RAOUQGOQDEHMRW FRQ
VWUDWHJILHY ZHUH FRQVLGHUHG VLQJOH GXDO WULSOH DQG T
FDVH ILQGLQJ FDVH KROGLQJ DQG DFWLYH FDVH ILQGLQJ FRQW
HIITHFWLYHQHVV

$PRQJ WKH IEFRQWURDOVH WKH GLVWDQFLQJ AROIWWRY N/ W D DAM B W
ILQGLQJ FRQWURO DSSHAWWY HVW KEDH) PIRRUMLWH FDVH ILQGLQJ 7KH
KROGLQJ FRQWURO 7KHUHIRUH ZKHQ RQO\ RQH FRQWURO VW



%DQJODGHVK JRYHUQPHQW VKRXOG LPSURYH GLVWDQ@HH@J FRQ)
LOQIHFWLRXV DQG VXVFHSWLEOH SHRSOH

'LWKLQ WXKBERQWURO VWUDWHJLHY FRPELQDWLRQV ZLWK GLVWD!(
ODWHQW FDVH ILQGLQJ AR HFUR® RUBIGWEIDS IPROAWU ARS\X\WREY '6 D Q (
FRPSDUHGOGXP RWREWURO VWUDWHJILHY 7KH DFWLYH FDVH ILQGI
KROGLQJ FRQWURO L®X®GLQKWVRH QRVP RHIUD R UAHD \DHGEXX® DOV R UH
FRQWURO LPSOHPHQWDWLRQ GXUDWLRWLQJY&EHZWO QFK 8 JGR HID ¥ »
LQYROYHV D KLJK VRFLDO FRVW SKDUPDFHXWLFDO FRQWURO Z
ILQGLQJ DQG FDVH KROGLQJ VKRXOG DOVR EH FRQVLGHUHG :H I
ILQGLQJ FRQYVDORPRPW DR® VW UD WHHFIV LIWH PRIIDIQFRKW RWKHU GX
FRQWURO NQ® DUWDISLIGDA UHGXFHY BKBQBIUH LI WZR FRQWURC
FRQVLGHUHG ZH UHFRPPHQGHG WKDW GLVWDQBRUQRBRORWURIR OV
LPSOHPHQWHG VXFFHVVIXOO\ WKH %DQJODGHVK JRYHUQPHQW F
IHZHU SKDUPDFHXWLFDO FRQWURO SURFHVVHV +RZHYHU LI GLV
WKHUDS\ LV DOVR ZRUWKZKLOH

&RQVLEG WKIHQWULSOH FRQWURO VWUDWHJI\ VWUXFWXUH GLVWDQ
FRQWURO LV WKHFRRWW FRVGLVWDQFLQJ FRQWURO LV GLIILFXOV
SKDUPDFHXWLFDO FRQWUROV D®RARILM®LIQO IVOHEQDW WD Y H FLOIMGL QL
JURP WKH DQDO\VLVY Rl DOO WKH FRQWUR CHM WEM MYH LFHRVQ WZHR R
TXDGUXSOH FRQWURO VWUDWHJ\ IROORZHG E\ WKH GRXEOH FRQ

2SWLPDO FRQWURO VWUDWHJILHY KDV EHHQ DSSOLHG LQ RWKHU
FDVHV DQG WKH LQWHUYHQWLRQ LPSOHPHQWDWLRQ FRVWV 3U
VWUDWHJ\ GLVWDQFLQJ FRQWWKROGR/XWE&H ER YW UWRNUDWHDWDHQ G
FDVH ILQGLQJ FRQWURO LV WKH EHVW VWUDWHJ\ WR GHFUHDVH
@ZKLFK LV VLPLODBRZAHR RRX URXHVYXW W\ VKR Z \F R\GKVD WR R ¥ WWKDHWI R
GLVWDQFLQJ ODWWOWHFPREALQE LYIWKMHGEHVW REBXWML BQV Z KPR E® DL
WR @H FDQ VSHEXODWH DV WR ZK\ DFWLYH FDVH ILQGLQJ EHFR
VWUDWHJ\ FRPSDUHG ZLWK WKH GREHS B XNMRQMDUWRIO QXPE B WW JG H P
WKH VWUDWHJ\ PRUH FRVWO\ IRU HYHU\ DFWLYH FDVH IRXQG

2XU SULQFLSDO ILQGL QW KK DIGKILXS @ WWFRIDMAIR/ B DKL FK LQFOXGH YV
ODWHQW FDVH ILQGLQJ FDVH KROWURO® DWRG HW WH.Y H. \F DWKH | PQ @ W
HITHFWLYH DSSHRBDE®RJIRUKIE WSWHDGIYRIL 6 BPDGARBAHYE&LQJIV DOV



VXJIHVWYV WKV LWRORPFPRQQWQRO VWUDWIHHFWLYRHQEB WF G UQ R DLV
0'5 7% LQQ@IODGHVK ZKHUHRRVRWRPRRPEERGWWURXOWDQB\N N YIOHN VZ

GHUHDVH WKH EXUGHARIQ 6%MD@QE@KIDBXHVK IRXQG WR EH FRQVLVWH
ZRUNV @

' Q %D®HVP LQIHFWLRXV GLVHDVH VXUYHLOODQFH GRHV QRW G
HVWLPDWHV PBE\XBI HUDMEBUWLQJ 7KHUHIRUH PRUH DFFXUDWH
DGGERQY¥FHUQV UHODWHG Wi F&X D RS H BHDW\Y HOHBGW WRWLRQ DQG
EDVHG RQ WKHVH GDWD EHFRPHPPRHUHVURENXGWV R HFREH L SR O LW\K
XQGWHHISRUWLQJ ELDV ZKHQ DQDO\]LQJ RXU ILQGLQJV
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JLIXUH 6 % &RPELQDWIR QO BW HEQWMWHENNHDQILQ FDVH KROGLC

*VWUDWHJI\ DQG FRQVLGHULQ J:—Q DAWHI@W HD VBV | DQ GLAMFIWE R QW
ZHLIKWHG; FRW ZHLJIKWH 6t FROMWHUPLQHG E\ WKUKRH WIKUHVKRO
sroL sr° L sr:



JLIXUH 6 & &RPELQDWLRQORW IGQWW BRYFHIIGQ EDYH KROGLC
—VWUDWHJ\ DQG FRQVLGH U+QVWWIMHKIR ®FL D JIERRMLRRO R1 WL

FRVY 7KH ZHLIJKWHGCGTFR&GMWHUPLQHG E\ WKUHH WIKE){PINKROG YL
sr- L sr:

JLIXUH 6 ' 7KH FRUUHVSRQGLQJ VWDWH YDUL D:EO HVDRVHQKH F
FDVH ILQAEL@G FDVH KFR@WIIRO 8 VWBRQWHGHDRQJ WKHVZHDUKWEG |

DQGgL sLsr%LsriLsri 7KH VWDWH YDULDEOHV ZLWK DQG ZLWKRXW
DQG EODFN OLQHV UHVSHFWLYHO\



YJLIXUH 6 $ &RPELQDWLRQORWIBQVANER¥BQEQFDVH KROGLC
. VWUDWHJ\ DQG FRQVLGHULQJIODWHDWHED DN I QBQEW ER®\
ZHLIKWHG; FRKMV ZHLIKWHGT FRW/AWHUPLQHG E\ WKUHH WKUHVK
sLsroL sri L sr



YJLIXUH 6 % (IIHFWV RI FR:PELQD@H R W GR-HVBD@FERLVGI KR O G LC
—VWUDWHJ\ DQG FRQVLGHYL@W GLDWWDQPVQD PRIAWLR@ RI WLI
FRVW 7KH ZHLJKWHGTFRZMWHUPLQHG E\ WKUHH WKS&SHVKROG YI
sr- L sr



YLIXUH 6 & &RPELQDWLRQORMW IBQWW BR¥HIIGQEDYH KROGLC
‘—VWUDWHJI\ DQG FRQVLGHU+£QVWWDIDNHORIX@EQIL RRQRV WRICPH DQ
FRVYW 7KH ZHLJKWHGTFR&MWHUPLQHG E\ WKUHH V;\/lKkrP-IIVKROG YL
sr- L sr:

JLIXUH 6 ' 7KH FRUUHVSRQGLQJ VWDWH YDULDEGHV RI WKI
ODWHQW FBY B QGQELWH: KFRAMIURO VWUDWHJI\ DQG FRVLGHULC



LV YDULHG PRS®°Lsri Lsr’ 7KH VWDWH YDULDEOHV ZLWK DQG ZLW
E\JUD\V DQG EODFN OLQHV UHVSHFWLYHO

JLIXUH 6 $ &RPELQDWLERQ OPIWB QWN PEHF HRIGQ EDYH KROGLC
—VWUDWHIJ\ DQG FRQVLGHUELQVWWDWYVWMHKR @OFLDR JIXXrREWMIRRO RI WL
FRVW 7KH ZHLJKWHGEGTERZMWHUPLQHG E\ WKUHH \g/lerFIIVKROG YL
sr- L sr:



JLIXUH 6 % &RPELQDWg R @ DRV HERLW WEBRY BIQUEIQRDLNGH : K- ROGLQ J
VWUDWHJ\ DQG FRQVLG H& VWU G MWHA DRI IR MAGRFBIVDUR ZH L JK W H G
7KH ZHLIJKWHG tRREMWHUPLQHG E\ WKUKHH WKHHVHKRIOB YDOXHV



JLIXUH 6 & &RPELQDWLRQORW IEQWW B:RYHIIGQ EDYH KROGLC
_VBYWHJ\ DQG FRQVLGHULQJ ODW QW DADNH IR\) ®L QX QFRWQ\K Q RF
ZHLIKWHG,; FRWW ZHLIKWH & FERGHWWHUPLQHG EV WKUHH WIKUHVKRO
sr9L sri L sr:



JLIXUH 6 " TRRGFRYUVHAWODWH YDULDEOHV RI WKH-F R®GEBWHDQMW.L R (
FDVH IL&GDQE FDVH:KREORAWURO VWUDWHJI\ ZKHQV WKHI IZHHG JB Q/G
sL gLsr%Lsr'Lsri 7KH VWDWH YDULDBMORR QW WRODQBUHL B/ERW W H (
EODFN OLQHVY UHVSHFWLYHO\



YLIXUH 6 $ &RPELQDWLR® RW HQ WWHRE/AHE QLVIG K840 B RGJ
DFWLYH FDVH ILQGLQJ FRQWURO VWU D W MWNDWQIEIFRYVLGKQEQLI
WLPH DQG ZHLJKWHKE ERUWNWHSG, FRYWOHWHUPLQHG E\ WKUHH
YDOXHMV,L gL sr®L sr L sr



YLIXUH 6 % &RPELQDWLFRO®WHGMW PAR\QFD I8 GLRIEQ® DFWLYH
FDVH ILQGLQJ FRQWURO VWUDWHIJI\ DQG—§FRWIGMHIQD VOD WHDFAMW
WLPH DQG ZHLJKWHKE ERUWNWHSG, FRYWOHWHUPLQHG E\ WKUHH
YDOOXHI ;L gLsr®L sr L sr



YLIXUH 6 & &RPELQDML RIDRHRW \F-DQF DY GARRIBQ® DFWLYH

FDVH ILQGLQJ FRQWURO VWUDWHIJ\ DQG/\WRQWHINWIM D RONHLRR
DQG ZHLIJKWHG 7TRRVWEHLIKWH@ ; FRRMWEHWHUPLQHG E\ WKUHH V
YDOXHMV,L gL sr®L sr L sr



YLIXUH 6 '  &RPELQDW&LRQORWGE RWW B-RWV HUDIVEAIKRID DQ G
DFWLYH FDVH ILQGLQJ FRQWURO VWUDWHJ\ DB &WRDWHGH D VQD

IXQFWLRQ Rl WLPH DQ@G 7 KW BIGWKESY fJFRYWSHWHUPLQHG E\ WK
WKUHVKRQG YDOgXH® L sr' L sr



YLIXUH 6 ( 7KH FRUUHVSRQGLQJ VWDWH YDULDEOPD\WRHQWH F
FDVH ILGQGLRDVH KROBQQAJIDFWLYH FRF¥RQUWURIOQYWUDWHJI\ ZKHQ W
FRMLY YDULKG PQGLsPLsriLsri 7KH VWDWH YDULDEOHV ZLWK DC
DUH SORWWHG E\ JUD\V DQG EODFN OLQHV UHVSHFWLYHO\



JLIXUH 6 $ &RPELQDWER® RW KQWWEE/FAEQYVGGKRD 0 DG
DFWLYH FDVH ILQGLQJ FRQWURO VWUDWHJ\ Bg 8WRIMWH G\H D VQD

IXQFWLRQ Rl WLPH DQ@QG 72¢H N B IGWERSY fFRYWSHWHUPLQHG E\ WK
WKUHVKRQG Y DOgXH° L sr’ L sr’



JLIXUH 6 % &RPELQDWLPO®WHGMW WD IE GLRXIBQ @ DFWLYH
FDVH ILQGLQJ FRQWURO VWUDWHIJ\:-B@® EROYWUG BV LI J XELFWWLIRQF

ZHIKWHG ERVWH ZHLIJKWHG fFRY,YBMWHUPLQHG E\ WKUHH WKUHVK
;L gLsrdL sri L sr



JLIXUH 6 & &RPELQDWL RIDRIH®W \F-5;,QF D § @ GLROIEQ @ YDH W L

FDVH ILQGLQJ FRQWURO VWUDWHIJ\ DQG/WRQWHINWDMVID FOYFHWLR
DQG ZHLIJKWHG 7TRRVEHLIKW:H@E ; FRRMWEBHWHUPLQHG E\ WKUHH V
YDOXHV,L gLsrPLsriLsr



YLIXUH 6 '  &RPELQDWLRQORWGE QWY B-RW HUDIVGG K80 0 RGJ
DFWLYH FDVH ILQGLQJ FRQWURO VWUDWHJ\ DB &WRDWHGWH D VQD

IXQFWLRQ Rl WLPH DQ@QG 72¢H ZHN B IGWERSY fFRY,WSBHWHUPLQHG E\ WK
WKUHVKRQG Y DOgXH° L sr’ L sr’



YLIXUH 6 ( 7KH FRUUHVSRQGLQJ VWDWH YDULDEOPD\WRHQWH F
FDVH ILGQGLRDVH KROBQQAJIDFWLYH FRF¥RQUWURIOQYWUDWHJI\ ZKHQ W
FRVWYV YDULHG PQGLsroLsriLsri 7KH VWDWH YDULDEOHV ZLWK DC
DUH SORWWHG E\ JUD\V DQG EODFN OLQHV UHVSHFWLYHO\



YLIXUH 6 $ &RPELQDWLR® RW HQ WWHRE/AHE QLVIG K840 B RGJ
DFWLYH FDVH ILQGLQJ FRQWURO VWUDW:HZVVWQOIBWHRIQ DIVGBI UX Q F &
WLPH DQG ZHLJKWHKBHERKWHG ;& RMWY, GHWHUPLQHG E\ WKUHH \
YDOXHVgL gL sr®L sriLsr



YJLIXUH 6 % &RPELQDWLPO®WHGW WMR\OFDIQE GURIEQ® DFWLY H
FDVH ILQGL\OW U FRQMIURDQG FRQVLGHL VUG MWHNAID Q FLED J XFRRMLIRRO
ZHLIKWHG; FRW ZHLIKWHG fFRY,YBHWHUPLQHG E\ WKUHH WKUHVK
6L gLsrdL sri L sr



YLIXUH 6 PELQSORVLRQ RisG LOMWDHEW QRIR;V IR D VO GURIIEQ® DFWLYH
FDVH ILQGLQJ FRQWURO VWUDWHIJI\ DQG—§FRWIGMHIQD VOD WHDFAMW
WLPH DQG ZHLJKWHKE ERYMWHSG FRYWOHWHUPLQHG E\ WKUHH
YDOXHVgL gL sr®L sriLsr



JLIXUH 6 '  &RPELQDWLRQORWGE QWY B-RW HUDIVGG K80 0 RGJ
DFWLYH FDVH ILQGLQJ FRQ®HRIOQY VWFDWLM B\ F D ¥ VAREBALHQIA DR/Q D\
IXQFWLRQ RI

WLPH DQ@G 72 ZHAL B IGWERY IWRY,WSBHWHUPLQHG E\ WK
WKUHVKRQG ¥DOgXHsV° L sr’ L sr’



JLIXUH 6 ( BRQERQUNWDWH YDULDEOHV RI WKHsF RMBENLIQOW L R
FDVH ILQGLRDVH KROBQQAJIDFWLYH FRF¥RQUWURIOQYWUDWHJI\ ZKHQ W
FRVWYV YDULHG PQGLsr®LsriLsri 7KH VWDWH YDULDEOHV ZLWK DQ
DUH SORWWHG E\ JUD\V DQG EODFN OLQHV UHVSHFWLYHO\



JLIXUH 6 $ &RPELQDWER@® RW KQ WWHE/AHE QLV/GIG K80 B RGJ
DFWLYH FDVH ILQGLQJ FRQWWIR®I \D/F WRWH JK D B4 & MOREMMDOH J F DYWL

IXQFWLRQ Rl WLPH D@G 72¢H ZHL B IGWERY fJFRYWSHWHUPLQHG E\ WK
WKUHVKRQG ¥DOMXHsV° L sri L sr’



JLIXUH 6 % &RPELOWWQRIWHQW Fp;VIHDVOGURIBQ® DFWLYH
FDVH ILQGLQJ FRQWURO VWUDWHIJ\:-B@® ERYWUG BV LI J XGLFWW.IRQF

ZHLIKWHG; FR/W ZHLIKWHG fFRY,VBMWHUPLQHG E\ WKUHH WKUHVK
6L 7Lsr%L sri L sr



YLIXUH 6 & &RPELQDMWLRIDRHRW \PQIF DG GLRIEQ® DFWLYH
FDVH ILQGLQJ FRQWURO VWUDWHUD GL@GC—F K @MLDFA1\QD VO D WXDAM
WLPH DQG ZHLJKWHKE ERYMWHSG FRYWOHWHUPLQHG E\ WKUHH
YDOXHVgL 7LsroLsriLsr



YLIXUH 6 ' &RPELQDWILRQORWE QW B-RY HRIDIVRG KD B RGJ
DFWLYH FDVH ILQGLQJ FRQWURO VWUDW:HZVVWQOIBWHRIQ DIVGBI UX Q F &
WLPH DQG ZHLJKWHKE ERVYMWHSG FRYWOHWHUPL QWK HH WKUHVKI
YDOXHVgL 7LsroLsriLsr



YLIXUH 6 ( 7KH FRUUHVSRQGLQJ VWDWH YDULDEOPD\WRHQWH F
FDVH ILQGLRDVH KROBQQJIDFWLYH FRF¥RWLURELYWUDWHI\ ZKHQ Wi
FRVZWV YDULHG PQGLsrOLsriLsri 7KH VWDWH YDULDEOHV ZLWK DC
DUH SORWWHG E\ JUD\V DQG EODFN OLQHV UHVSHFWLYHO\
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Abstract

7XEHUFXORVLV 7% LV D PDMRU SXEOLF KHDOWK SUREOHP LQ %
SURJUDP 173 Rl %DQJODGHVK LV LPSOHPHQWLQJ D FRPSUHKHQ
ORJLVWLFDO FKDOOHQJHV HQW W QBERGWWKGWH AR/Q NHIQLIQ F DW k
ODWKHPDWLFDO PRGHOOLQJ RI 7% LV FRQVLGHUHG RQH Rl WKH P
RI LQIHFWLRQ WUDQVPLVVLRQ DQG DOORZV TXDQWLILFDWLRQ
%DQJODGHWKLY VWXG\ ZWBDHYHDWPHRRZRLFDO PRGHOOLQJ IU
G\QDPLFV RX\GFWSWLEOH '6 UBIYGVRKIDQW GU'EJ 7% LQ %DQJODGHYV
WKH PRGWHLQJ '6 DAYE MONABPIOGHQFH GDWD |IWPRFMHBODWJIODERVK [UR
)XUWKHU ZH SHUIRUPHG D VHQVLWLYLW\ DQDO\VLV RI WKH PRGF
ERWK VWUDLQV KDG WKH ODUJHVW LQIOX/PQFa FRQ6WIXGIGEDSLF UH
7% UHVSHFWILYHO\ SEEHHDYO LQWHUYHQWLRQ VWUDWHJILHV ZH
DQG FRYHUDJH GHWHUPLQHG ZLWK WKH KHOS RI ORFDO VWDII
+HUH ZH SURMHFWHG % EX UG D@ GDV' 5P HDV X UH GGE\QWKFHDY KN EBIQ
PRUWDOLW\ XQGHU D UDQJH RI LQWHUYHQWLRQ VFHQDULRV WF
HITHFWLYH DW UHGXFLQUQEXHIGHHQ VILRVKNWUQWHHILHY HQKDQFH
HITHFWLYH DQG SURP®W DA HGKEGBQFH DQG PRUWDOLW) LQ %D
*HQH;SHUW WHVWLQJ ZDV DOVR KLJKO\ HIIHF LY¥XULQ GGIFYHD B L
VXJJHVW FRPELQLQJ DGGLWLRQDO LQWHUYHQWLRQWXQPXOWDQ!
IRU 0'B% ZKLFK ZH HVWLPDWH UHTXLUHV D PRGHVW LQAKVWPHQ\
UHTXLUHV D VWURQJ VXVWDLQHG LQYHVWPHQW

Keywords: 7 XEHUFXORVLY PDWKHPDWLFDO PRGHO VHQVLWLYLW\ DQ



7.1 Introduction

7XBUFXORVLV 7% NLOOV PRUH SHRSOH HDFK \HDU WKDQ DQ\ R
PDODULD PDNLQJ LW RQH RI WKH S@.G@DU\ JWRE D ®2KH\DWYMPD W ik
ZHUH DSSUR[LAFMWBORQ QHZ FDVHV RI 7% DQG PLOOLRQ GLHC
HVWLPDWHG FDVHV LQ RFFXUUHG LQ $VLD DQG $IULFD
RFFXUUHG LQ ORDHARPE FRX@WMWLHYLILFDQW SURSRUWLRQ RI FD
'HVWHUQ 3DFLILF UHJLRQ ZLWK WKH (DVWHUQ OHGLWHUUDQ
DQG WKH $PHULFDV UHJLRQ DOVR RRQ®G I EG W MXHWRHD O\ D5 R
LQ FDVH QRWLILFDWLRQ EHWZHHQ PDOHV PLOOLRQ QHZ FDVH
LQ ZKLFK PD\ KDYH PDQ\ FDXVHV LQFOXGLQJ PLVVHG FDV#
FODVVLADQ\GEZDWX VSXWXP W@DU LV LQVHQVLWLYH

,Q UHFHQW \HDUV DQWLELRWLF UHVLVW DQPH WRPEKQ WRWWDHSIL!
KDV HPHUJHG DQG VSUHDG 7KLV KDV OHG WR D GHFOLQH LQ WK
GUXHVLVWDQW '5 7% SDWLHQWYVY H[SHULHQFLQJ PXFK KLJKHU I
SDWLHQWYV LV PRUH \H[RHQWLSBWLKDWYW QG WKH GLDJQRVLV IR
HVSHFLDODQRGQPD®ERRH FRXQWULHV $% P RIHW IO MWV \WKMHWE LV P
WKDQ WKW @I '6

7KHUH DUH WZFR%ZPDY '6HYHORS RQH LV FDOOHG DPSOLILFDWL
WUDQVPIPSQARQFDWLRQ GHYHORSV FPRALQIU LW B IPROW BWQLIRY X UD@® \
WUHDWRRQWH SUHOLPLQDU\ UHVLVWDQFH KDV EHHQ HVWDEOLV]
VXSSOHPHQWDU\ GUXJV EHFRPHV PRUH OLNHO\ DV WUHDWPHQW

3ULPDU\ WUDQVPLVNQBQYLGXIKIZIBUKHEWO\ LQIHFWV D VXVFHS
3ULPDU\ WUDQVPLVVLRQ ZDV LQLWLDOO\ QRW H[SHPWEGUGBRERQ
GXH WR WKH UHGXFHG ILWQHVV WUGCRZFHLWHWUEVXEW M RXH ® R UH\DR
FRPSHQVDWRU\ PXWDWLRQV FDQ UHVWRUH ILWQH@YKH):WXH DEV
UHFRPPHQGYV WKDW WLPHD% IDGHQWGHTFOMWLRQVEHDBWPEIQOH UHJLF
GUXJV DGPLQLVWHUHG HDUO\ LQ WKH FRULPE R WKBDI@/PLND YR Q



&EXUUHQWO\URXOWNBQWJ 0'5 7% LV HPHUJLQJ DV WKHXW@B@HDWHVYV
0'5 7% LV GHILQHG DVQW WREWRWY UMRQVYWLG DQG ULIDPSLFLQ
FRPPRQO\ XUHGQGH IGUWWWYV ZLWK RU ZLWKRX®@LQHVEVWDWQ RRWRUNG
ZLWKLQ SURJUDPV RI 7% WUHDWPHQW HVWLPDWH2MRDEHDISHUR [
ZLWK D VXVFHSWLEOH RUJD%L@PQFIHOW KGHY AR RFD 0BV KDYH HPHU.
LQ WKH FRPPXQLW\ WKH\ DUH FDSDEOH RIUV SUHDGWLRLIV WIKRIQL Q X
FROQWULEXWLQJ WR WKH JURZLQJ SRRO RI7TOHW5UHOWHYHYKWKHIKRUH®
RI ERWK DFTXLUHG GUXJ UHVLVWDQFH DQG VXEVHTXHQW WUDC(
WUHDWPHQW IRU WWHRUWHH@FDVHY WKDW GR H

7KH KLIKHVW 7EX UG HQRW VXUSULVLQJO\ LQ UHJLRQV ZKHUH KHDC
'+2 UHFRJQLVHG KLJK EXUGHQ FRXQWULHV DFFRUGBPERDWR WK
WKHVH LV %DQJODGHVK D FRXQWU\ ZKHUH SRYHUW\ KLJK SR
FRPPRQSODFH FUHDWLQJ D IDYRUDEOH HQYLURQ PDOWP HRW 7 %
FRPSOLDQFH LV SRRINHY ¥PDEIDIMOHYKIHVXOW RI WKHHB[GLQV LY
WR D ULVH LQ WKH QXREBBKRVHD® IFEWVWWVHVWLPDWHG WKDW

QHZ FDVHV DSSHDY @3 I%R0UQ YWIRD GHH DWW H | EBIVWLRQ UDWHYV ¢
SRSXODWLRQ ZHUH DQBRVLWRY HQARWHPHDWH FDVHV WKDW DU}
DQG KDYH D KLJKHU PRUWDOLW\ DQG DOO IRUPV RI 7% FDVHV Ut
RI DOO W\FBWHV K®BG LQFUHDVHG ZLWK D VXEVWBRWRRQDIUQFUF
FDVHV GXH WR EHWW®U FDVH GHWHFWLRQ

Q %DQJODGHBKPWKHR MBVWDLQ WKH JOREDO WDUJHWV RI DFKLF
WUHDWPHQW VXFFH\ORBPWQYH)H®% ¥PMBY IRU WKH ZKROH FRXQ
LQ FOMHSLQJ ZDV VORZ DQG VWHDG\ XQWLO UHDFKLQJ D FD
SRSXODWHR® DFKLHYHG LWV REMHEWLYHV LQ HIIHEFWLYH WUHI
PDQDJHPHQW WKURXJK SDUWQHUVKLS ZHWHK RWKIHU 8 X EQUP IL@G
SURYLGHU®2V*DPQG PDNLQJ DYDLODEOH IUHH GLDJQRVWLEF DQG W
7% @)\ WKH WUHDWPHQW VXFFHVV UDWH Rl WKLV SURJUDP
PDLQWDLQHG DW VLQFH Q WKH SURJUDP VXFFHVVIXO
SRVLWLYHWONHFDOWVHGHWHFWLRQ @DWH ZDV DERXW

ODWKHPDWLFDO PRGHOV FDQ LPSURYH RXU XQGHUVWDQGLQJ R
FRPSRQHQWY WKDW DUH WLJWUHF®O WQWR G700 ERGWMWOFDO PRC
DUH DOVR XVHIXO IRU VLPXODWLQJ GLIIHUHQW LQWHUYHQWLRQ\
LQIHDVLEOH LQ FOLQLFDO VBWIDIFOWL BX®I FMRRQ A MUKQ ¥ D DK®IR HL WWR RFOD



HOLPLQDWH WULDO DQG HUURU PHWKRGV BRGHGL G BF MWMAVRKMP W F
)RU H[DPSOH 2NXRQJKDH DQG ,NKLPDLYWLF FEBRSEHOWSHG WD O}
G\QDPLF 7% PEIFHBUGLQJ WR WKH BZIRSKODHDWLABY AR XRQUYKDH D
PRGHO GLYLGHG VXVFHSWLEOH SHUVRQV LQWR WZR JURXSV WK
ORZ ULVN JURXS KLJK OHYHO RI DZDUHQHVV DQG LQFRUSRUDW
VKR2MIGD W UBMDWPHQW DORQH PD\ QRW VLJQLILFDQWO\ UHGXFH 7
ZH WDNH WZR RU PRUH LOQWHUYHQWLRQV WRJHWKHU VXFK DV W
LW PD\ EH SRVVLEOH WIRPH\W GXCF HGHY HEDXBSM@ HPDWLFDO PRGHO IF
H[RJHQHRXV UHLQIHFWLRQ DQG H[DPLQHG WKH FXWUHKIQMHVLWXD
UHVXOWYV VKRZHG QVEDW VERN HP BWWW HPWREBWDQW LQWHUYHQWLRQ
DQG GHPRQVWUDWHG WKDW WUHDWPHQW RU FDVH GLVFRYHU\ DO
7% LQFLBMXQEFQIKDH DQG 2PRVLJKR GHYHORANG D IXWDRODLMKD \
D WUDQVPLVVLRQ G\QDPLF 7% PDWKHP DW L@ DL F ROMXOG b / RERTZPILA
GHYHORSD@DDHQ4 VYV SURJUDP DQG DOVR LQFUHDVLQJ WKH DFW|
WKH 7% EXUGHQ LQ WKH SRSXODWLRQ XOWLPDWHO\ EULQJLQJ G
)XUWKHUPRUH PXWXDOO\ UDLVLQJ WK H.V %QRBRRU PIRZHUQIPV VRS WR
WUHDWPHQW LQ UHFRJQL]HG FDVHV FDQ DOVR GHBPUKIDVH WKH EI

,Q D SUHYLRXV 7% PR G QLQQH W LXIEDWM HKEF WVLKYHH @ IRADW \R.IQ W L P H
FRPELQDWLRQV RI GLIIHUH QM) AGXYGH QY HGMLVRIQ ¥ MWQUID WZHKLLRKY F R
UHVSLUDWRU\ SURWHFWLRQ HQYLURQPHQWDO SURWHFWLRQ Gl
HGXFDWLRQ FXUULFXOD FROWRKER SDURBE KL@IELYIJWWHKDWPHQW VI
ULVN H[SRVXUH DQG DGGLWLRQDO SBRWVHGARRTA R RERD WENPWR Q%
WKDW JXDUDQWHH WUHDWPHQW FRPSOHWLRDQ ® R FG\HFYUH BD MHU H
WK/ UHIHUV WKH SUHYHQWLRQ RI GLVHDVH SURJUHVV ZLWK HI
LGHQWLILFDWLRQ RX\DFRWLYE RBWIDALHY FRQWURO IUDPHZRUN 7k
VLQJOH LQWHUYHQWLRQ VW UDRMINJILYV WWKKHH GPIRKVIARYR IR QIR B RIHNGUKFEQD
QXPEHU RI '6 D@GFDWBHY LQ %DQJODGHVK +RZHYHU WKH PDLQ IL
FRPELQDWLRQ RI DOO LQWHUYHOWHRWLYWUDWHJILHV LV WKH PRV

,Q WKLV SDSHU ZHGHBE®LWQWHUDWWMLHY GHYHORSHG LQ SDUWQH!L
I1DWLRQDO 7% SURJUDP 6SHFLILFDOO\ ZH SURMHFW WKH IXW)
VWUDWHILHVY LQFUHDVHG FDVH GHWMFWEWQELOR B3R UMH\VR/QL QP B
DQG 07 WUHDWPHQW VXFFHVVY WR DVVHVV WKH HIIHFW RI WK
GXULQJ WKH SHULRG IURP WR +HUH ZH DGGLWLRQDOO\ F



WKH BXXBHSWLELOLW\ WHVW MDQ HWVD/WHR WRGRAUKEEEW FDGXAF YR WHFIR.Q V
WKH SUHYDBPRX@ VWXG\

)LQD @OWKMBW H FRQVLGHWWGDRQVZR PRGHO WR GHVFULEH WKH W
'6 DQG 07% LQ %DQJODGHVK 7KH PRGHO LV FDOLEUDWHG WR WK
0'5 7T QQXQ@PLGHQFH GDWD IURP \HDUYV WR LRQVR G/ WIVPQMAF
FRVW SDUDPHWHUV OXOWLSOH LQWHUYHQWLRQ VWUDWHJILHV Zt
RZQ DQG ZKHQ FRPELQHMRMFABGHGFHSD QG PRUWDOLW\ 7KLV VW
VSHFLILF HOLPLQDWLRQNKXRIOLAVNO WY R IGEHVIFHUERW OHYHOV RI |
FRQWURO EXVLQHVV DV XVXDO PRGHVW LQYHVWPHQW DRZ DQ
VXVWDLQHG LQYHVWPHQW

7KLV SDSHU LV VWUXFWXUBGVIFWUILEEGOREBH 6HFAWIRKUDWLRQ DQG
DQDO\VLV DUHG6ISHW LRIMES GUHY SH KRMHFWMORQH LQYHRWUW JDMWHIUHQW
WA\SHV RI LOWHUY HQBVJULRIQ GEVERXDWMIRRQ DQG FRQFOXGLQJ UHPDU!I

7.2 Model desciription

‘H GHYHORSHG D GHWHUPLQLVWLF PDWKHPDWLFDD%PRWHDLRIN W
EHWZHHQ WKH IROORZLQJ PXWXDOO\ H[FKO X QLQHHFRPS® U Q¥ 6 HDLWGV
DUH VXVFHSWLEOH WR 7% LQ |6 6WLRWQH QWM VIHIDS HEFRWHHGWW R J7 % KIR
DUH LQIHFWHG DQG KDYH QRW \HW:-G HFRWPGR § M GQD FIVQLGYLHY 7 GoX D QV |
7% ZKR DUH LQIHFWLRXVZKRKBAHUHFRYHYHRBXVO\ LQIHFWHG DQG V
LIHFWLRQ WKURXJK WUHDWPHQW RU QDWXUDO UHFR¥%HDQGH XVI
0'5 7% TXDQWLWLHY UHVSHFWLYHO\

7KH WRWDO SRSXDWDWHRQEWL]H

1LDYVVXPHG WR EH FRQVWDQW DQG LQGLYLGXDOV PL[ UDQGRPO\

7R DVVXUH WKH SRSXODWLRQ VL]H UHPDLQV FRQVWDQW ZH UH:
FRPSDUWPHQW 7MK IRYRONHQBWMPUDO FDXVHV ZKLFK RFFXUV
FDSLWD PO DWHG GHDWKY ZKLFK KD $9I$QVWINRM R DPLHG KR Q
LQ WRRGFRPSDUWPHQWYV ,QGLYLGXDOM S\ EIDOV RRPKS\D X W@ HAQRV



UHFRYHU\ DW WRBISERWDY Q/BDWW. GXROV HQWHU WKH VXVFHSWLEOH
UDWH WK BEROHIKHEWKWWKP D\ EH L QI H FON BG WU VLK OB VS B ENCOBHIVL Q D
lj<=L>y5> @HUWHV WKH SUREDELOLW\ RI D VXVFHSWLEVDWUDLGL Y LC
<<L+&;E\ DQ XQWUHDWHG LQIHFWER@®S LSURISERYEW DROQDSHE G D\
'SF ;> = (5 Rl WKH 07% VXVFHSWLEOH LQGLYLGXDOV PRY¥H WR WKt}
DQG:= UHVSHFWHVYHGNS UHVHQ WAL W KW @HSHY DRRAXRP HG WIRD WV 0'5
LQLWLDOO\ JHQH U IBWH & DWKIU R/XIHDW BB QW BRX 06 VXEVHTXHQWO\ |
WR RWKHU LQGLYLGXDOV

$ SURSRUWLRQ RI ODWHQWO\ LQIHFWHG LQGLYLGXDOYTV SURJU
UHDFWLYDWLRQ RI WKH @FRUHHRY W UE DVALOIDRIA VDGV B QWIDYLIG XDOV KD
SDUWLDO LPPXQLW\ ZKLFK UHGXFHV WKH ULVN RI VXEVHTXHQV
VXVFHSWLEOH :FFORS DUKWM PFHREENSW VQWILS- WM VKLY UDWH FDQ EH DFFE
E\ WUHDWPMQ W%RI6BPWHQIHFWLRXV 7% FDVHV ZLOO X@GHUJR V
ZKLOH RWKHUV ZU B ODG\HGI ERK VR D W PD QEMPHL G X D OAM RIVW W LGYUHX J
DQG 0'5 DFWLY¥HZLO® HYHQWXDOO\ EH GHWHRWIE&AQG WUHI
¢ ;UHVSHFWLYHO\ARSRS WRSR WWHPWHG '6 DFWLYH 7% UHFRYHU W
FRPSDUW-PAD@QW D SURSRUWLRQQORGHDF-EDRSCERWORKY LVWDQFH G
LQFRPSOHWH WUHDW P HSQON. IRQF B CLEN VRE HOWIWE BRUJ ARIB/MWX IV XVHG V
'6 IRUPV Rl 7% WR PRYH LQWR FRPSDUWPHQW

7R FRQILUPIYD'GWXYFHSW LLEQXIOILW U WHVMWHIGH IRUH MRS BRSRBUWLRQ
DFWLYH 7% FDVHV UHKR YHHUF RVRH PIRG HERWESDW WHPWHRRW H D SURS
@f+1@ Rl LQGLYLGXDOV LQ: PRESDQUDW KQI/O\ U+ FBRSYHED SLQWDR
UDMWMMRP WKH UHFRYHUH:G RRR SLIUMRP WEW FRPSOHWHQWVXVFHSW
GXH WR WKH ORVV RI LPPXQLW\ 7KH PRGHO IORZ GLDJUDP LV SU



JLIXUHGFKHPDWLF GLDJUDP RI 7% PRGHO IRU %YDQJODGHVK 7% VH

JURP WKH DIRUHPHQWLRQHG WKH V\XWHRGODRDPQF\GBWH WRLYH.L
QRQOLQHDU RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV

bW . . A
23 F>q FisF.u>, FIEX E 4E (EDQqEQ 44
bR _ )
Db >a F=qFJqF Dy qa
oM | _ , L
ML= (F@qFIFARGF oF:sFR;AQa
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7.2.1 Basic reproduction numbers

7KH EDVLF UHSERIGXIPMWZRQOQ®&AILQHG DV WKH H[SHFWHG QXPEHU

VLQJOH LQIHFWLRXV FDVH LQWURGXFHG LQWR DVWRAMDD QY VIXV

SRSXODWLRQ RQO\ LI WKH EDVLF UHSURGXFW LREF QXWY EZHKUH Q@ VD QL



LQIHFWLRQ VSUHDGV WKURXJK DQG LQIHFWYV D M UHML BLREDQWD WU R
LV SRVVLEORDYKA Q@ MKHRGXFWLRQ QXPEHU LV OHVV WKDQ RQH Z
IDGRXW @HUH ZHWEKNHBHOWUDWLRQ PPWE&/IR RWWIKRIBWH WKH
UH S UR G XFEMLRQLXR XU S IR SIRAVRIGHPRIGINO | R X al&Q 14 FWAG WWEZRW H )
XQLQIHFWHIBQ G MWHKH LOHHFWLRQGY VWDWH. *Lra&kKHQEH

46LQFH WKH WRWDO SRSWODRWLRWKMLRQQ@V RARFRXUUHQFH RI
HTXDWLROM,; DUH HLWKHU GLUHFWAR RDOEXODWFHWOIHY EDVLF |
QXPEHUV RI WKH7% DO@GDLRY ZBQBORRZY RQ WKH OLQHDUL]HG LC
GHULYHG IURP HTXDWLRQV
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7KH VWBBERILF UHSURG X/ORQIGR @ HUXFOEHUN ZKHWKHU D SDUWLFXO
RU IDGH RXW IURP W KRIQSWERN CRIWKLHRQ VOB DK @ R M WKHD W 7% GLVHI
HYHQWXDOO\ GLH RXW IURP WKH +*$&S%Q DM kR Q OZ&K\H Q7 NHK HF FR®IGA
sk Pof& 4 &B?LPSOLHV MK BWH® RXW % XM OVAL VWV W QR KA BXRI$IX O D

% )LQDOO\ WKH PR LMERPRMSOLHYV W KD DERWEBY%ESHUVLVW LQ
WKH SRSXODWLR@ VHH )LIXUH



JLIXUHKH HITHFWV RBEWKBWVWEREUMHSY RGXFWLRQ QXPEHU RQ WKH G

7.3 Estimation of model parameters

,Q WKLV VHFWLRQ ZH HVWLPDWHG WKH PR%HDQ BQ BIDEHWAHJ) G EW
WDNHQ IURP WKH :RUOG +HDOWK 2UJDQL]DWLR®XR RWZH W MR UXLC
SDUDPHWHULVH WKHEH REPRBIHHG VRPH RI WKH SDUDPHWHU YDO

DQG WKH UHVW RI WKH PRGHO SDUDRNMXYMHWHYVZIHWHVHE W P PHIMWKE
SURYLGHV D EHWRGIHOI MR OXOVREBODIDY/R WEBIHQFLGHQFH GDWD )LJXI
7KH REMHFWLYH IXQFWLRQ XVHG LQ WKH SDUDPHWHU HVWLPDWL
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JLIXUHSHSRUWHG %D RQQXGBVEHIZAH FODMLIP DWHGHTK B RW2Y DQG W
FRUUHVSRQGLQJ EHVW QHW EGYRMSR\LED AX U6y H7 % D Q BV UN\WKOW WP |
0'5 7%

ZKHUMf DQGfff GHQRWH WKH '6%D@®RODBLGHQFH GDWD UHVSHF

%= Dt tD QG s FRIAQ L E= it *DUH WKH FRUUHVSRQGLQJ PRG

r

WLRHHVSHFWLYHO\ ZKLOH Q LV WKH QXPEHU RI DYDLODEOH DFW
WKH PRGHOUH WDEXODWHG HQ@OVDBDEPH WKH LQLWLWO KFRPQEDWORY
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7TDEOHLVW RI SDUDPHWHUV V\PEROV SODXVLEOH YDOXHV XQLW

S3DUDPHWHUYV 1DPH

6\PERO 9DOXH

8QLW 5HIHUHQFHYV

%DQJODGHVK SRSXODWL 1 > @
%DQJODGHVK ELUWK Gt — s S5 > @
7UDQVPLVVLRQ UDWH > }{/arvthsrk >1 7?5 ILWWHG
0'5 7% ILWQHVV FRVW F ILWWHG
BURJUHVVLRQWFROWH IURF = st P75 > @
1IDWXUDO UHFRYHA\ UDW @ S5 > @
1IDWXUDO UHFRYHU% UDW @ »175 > @
7% UHODWHG GHDWK UD\ »175 > @
7UHDWPHQW WDWH IRU '€ R »175 > @



7TUHDWPHQW UDMWH IRU 0 R 1S > @
3URSRUWLRQ RI DPSOLIL O > @
5DWH Rl ORVLQJ LPPXQL' X 1S > @
3URJUHVVLRQWRWH IURF D 1S > @
3URJUHVVLRQ WBWH IURF @ yEPS > @
'"HWHFWLRQ UDWH A >$ 1?5 "HIDXOW ILWHRVH!
SURSRUWLRQ G|
:+2 UHSRUWHG |
'"UXY¥XVFHSWLELOLW\ WH' H 1S > @

Calculation of the detection re (3%

‘H XVH WKH FDVH GHWHFW LR QARU RQRUIKXRPMVR BHDNVXRBWWHGREWHQ U
WKH 3FDVH GHWHFBALRQ DOWKRXJK LW LV DFWXDOO\ D SURSRUWI
LQ JLIXUWKH &'5 LV JLYHQ E\

SR>

ZKLFK ZH FDQ UHDUUDQJH WR REWDLQ

GHV | i 48 ;<99<455
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7.4 Sensitivity analysis

6HQVLWLYLW\ DQDO\VLV LV XVHG WR PHDVXUH WKH GHJUHH RI C
ZKLFK SDUDPHWHUV LPSDFPW R@WKH PR G R Q WVWOMIXWBVWKH SDUWL
FRHIILFLHQW 35&& D JORENVOPYMWQVLIFWWRLMfSORDH WKH LQIOXH
RQ WKH PRGH® RXWRRPHUFXODWDBOMXKN 3BB&HFPBWRHG\ SWHKWHF XEH
6DPSOL¥B) WHFKQLTXH D VWUDWLILHG WBF8QLDXH ZW KRK W CUHRSA
HIITLFLHQW DQDO\VLV RI SDUDPHWHU YDULDWLRQ 6SHFLILFDOO
WLPHVWOWKEBLEH YDOXH IRU HDFK PRGHO SDUDPHWHU DQG VDPSO

VLPXODWLRQV DUH LPSOHPHQWHG ZLWK VDPSOHG SDUDP
RXWFRPHV ZH FROADL\GIHUH B SR MWYBIUREDQ QXPEHUYV

)LIXUHDQG )LIXBHSLFW WKH FRUUHODWLRQ EHWZHHQ WHKH EDVLF
DQGx DQG WKH FRUUHVSRQGLQJ P RMHEKID/UHD 8 R WIHULVY H3 B B & & H\A
LPSO\LQJ WKDW D SRVLWLYH FKDQJH LQ WKHVH SDUDPHWHUV L



ZLOO LQFUHDVH WKH EDV LEDQHES U RG FRWQMRUD QWRFBHRHYDFHIN H U V
QKDYH QHJDWLYH 3588 ZDGKH\WP EOWHKY WKDW UDLVLQJ WKHVH SD

GHFUHPVKUWKHU S BGD&ERMHDQGKDYH QHJIDWLYH 35&& YDOXHV
ZKLFK LPSOLHV WKDW LH)/¥H YD \ZIL@D W RIDWHY J5XOHRIQRIEOAHE B FHIGH W K B W
HITHFW RI WKH WOIW RLR/N LORIU UHWWWH L,Q KDHH @ RH IR RARAW KV R F R G
DQG HUDGLFDWR%6LROQHFWERQ LW LV LPSRUWD@OWWR PLQLPL]H

JLIXUH35&& YDOXHV GHSLFWLQJ W KB WHEHFBEWLEMOLWILAV U RS WRKEHX BW KR
5vZLWK UHVSHFW WR WKKH @8DDQRBHWHUV



JLIXUH35&& YDOKSIVFWLQJ WKH VH QWHMMAWMWEBED\VR F W KIS lIGRIBOIFW LR Q
ZLWK UHVSHFW WR WHKH $D UIDRMHWHUV

JURP WKH H[SOLFLW (R} RPRXYBE LRUHTXDWLPEWO\WLFDO H[SUHVV
WKHHOQWLWLYLW\ LQGLFHV WR HDFK RI WKH SDUDPHVEHRIY FDQ EH C
H[DPSOH IRU WXHH XIDYMPHWHU

Vi AVi o

[0 L — Hv’ia

1RZ XVLQJ WKH YSIDQJ)OHP\H WRZ HDKEMYH WKH IROORZLQJ UHVXOWY 7D

7TDEOHGHQVLWLYLW\ LQGLFHV WR SDUDPHWHUV IRU WKH PRGHO

3DUDPHWH 6HQVLWLY LMW\ LC 3DUDAHJ BHQVLWLY LW\

> >

D oIp >
O I Tp >




,Q WKH VHQVLW L YD QWG L QUKL R R \AW SIHUDAAWLM U LV WKH:HIITHFWLYF
2WKHU VLJQLILFDQW SDUDPHWHDEGD B HRW K HYVAIE QY DRMOMRAYZ B 6 W H
E\ ILWQHVMV7KRIVOHDVW VHQVLWLYH SDUD® H,\@ F U H.IVVWEBVERRSGH FLUF

WKH HITHEWLYHREF R®W DFNG BTHVEN LQFUHDVHVY RU GHFUHDVHYV
QX P EHYIVQ Gy E\ 6LPLODUO\ LQFUHDVLQJ RU GHEBHDSVLQJ WK
7% E\ GHFUHDVHV ,RE\LQFUHDVHV

7.5 Scenario development and analysis

,Q WKLV VHFWLRQ ZH GHYHORSHG PXOWLSOH SRWHQWLDO LQWFE
IDWLRQDO 7% &RQWURO 3URJHBPLQATBWNQS®BDDRP A WEHHVKDY WKLV |
WLPH IUDKXIEHEQ FGHWHFW LRQGS U6 RVUMAIDRMP H W MFIHVB MAL EG O KXW\ W
UDWHIUH WKH GHWHFWLRQ SURSRUWLRQ LV LPSURYHG WKURXJK
LPSURYHG NQRZOHGJH RI VWDIRG DRG Ro IGUDWQRRVLS/URGEBGNVUHD W
&DVH ILQGLQJ LV FRQVLGHUHG DV LGHQWLILFDWLRQ RI VIPSWRPI
WKHLU RZQ LQLWLDWLYH RU UHIHUUHG E\ DQRWKHU KHKHDOWK ID
7TKHVH DFWLYLWLHY DUH DVVXPHG WR SURJUHVVLYHO\ LQFUHDVF

)XUWKHU '6 D@GWUBHDWPHQW UDWHY DUH LPSURYHG WKURXJK L
VHHNLQJ PHGLFDO FDUH DQG JREQULWRHWKWMRKKQ G MWWKIRDWUHDW
PDQDJHPHQWHVLBWODW 7% 30'7 LV RQH RI WKH PRVW HIIHFWL
SUHYHQWLR® R@3'G'7 DFWLYLWLHY LQFOXGH SURSHU PDQDJHPHQ\
RSWLPDO WUHDWPHQW D UHOLDEOH GUXJ VXSSO\@QBFW®NTXD
REVHUYHG WUHDRXRNBM YERUMPSRUWDQW FRPSRQHQW LQ Wi
UHFRPPHQGHG SROLF\ SDFNDJH IRU 7% FRQWURO 'XULQJ '276

SDWLHQW LQJHVW WKHLU PHGLFDWLRQ ZKLFK UHVXOWV LQ D G
SDWLHQW>RX@FFRRIGLQJO\ ZH DVVXP H® WKHH BWPHR W' DWHV SU
LQFUHDVHG IURP DQG W R D\WYBG UWWHRFRHHRWILXEO0\ WUH

7KH HIILFLHQW FR @WGRIERIHEHQGY RQ UDSLG GLDJQRVLV DGHT
RI WUHDWPHQW ZLWK WKH SURSHU UHJLPHQ DSSURSULDWH FRQ
LQIHFWLRQ FRQWBRWKPHDADOLMWLHY DQG FRPPXQLMWLW&J )RU Gl
VXVFHSWLELOLW\ WHVWLQJ SOD\V D YLWDO UROH ZKLFK LV DOVR



+27V (QG 7% 6WUDWHJI\ ,Q %DQJODGHVK DURX®@®GXNSE WL ELBLOV\W
WHVWLQJ E\ > H@HKHBHUWRUH ZH D WVHFFHG WLIKEHL GIUWU WHVWLQJ UD\
WKH FULWHULD SRRRJUHVNYWHDQ\FHQFUHDVLQJ IURP EDVHOLQH
(DFK FDWHJRU\ RI LQWHUYHQWLRQ FRXOG LQYROYH VHYHUDO SR
0'5S5 7% WUHDWPHQWY FRXOG LQFOXGH WUDLQQQIWRIXEREHWRQWYV
PRQLWRULQJ DQG PDQDJLQJ RI VXSJROLHUFRI| RALWKHXB OD.OW H3WL
DSSOLFDWLRQ RI HDFK VHSDUDWH LQWHUYHHBGWLRQFOGDBQQNHWIRQ
PRUWDOLW\

+HUHH DQDO\]HG PXOWLGWHU ¥R QW QRQ DVFHQWDIUQRVH L MROGX O KK
FRPELQDWLRQ EDVHOLQH PRGHVW LQYHVWPHQW KP® @WHIWWM UG Y
WR EDVHOLQHVRQWDMWUIRE LQYHVWPHQW WR DVVHVV WKH HIIHFV
7% LQFLGHQFH DQG PRUMHD SHWLRBX UUQ T WHKHW R/ FHQDULRY DUH G
7DEOHDQG :H SDUDPHWHUL]JHG WKHVH SURSRVHG UHVSRQVHV W
HITHFW RI WKHVH UHVSRQVHV+GXULQJ WKH WLPH SHULRG

6LQJOH LQWHUYHQWLRQ VWUDWHJ\ VLPXODWHYV D FRQWLQXDWLF
WKH KLJK H[SHFWHG TXDQWLW\ RI WKH SURJUDPPDWURE QL WXDW L
WLPH ZH VLPXODWHG ORXILRHBWUDWHILEWHUQHUHDVLQJ WKH (

EDVHOLQH RI LQFUHPHQWDOO\ XS WR 7%L\W B U BMMPIHQWE R /K H
EDVHOLQHV RI WR DQG IURP EDVHOLQH RI WR UHVSH
VXAHSWLELOLW\ WHVWLQJ UDWH IURP WR ‘H LPSOHPHQW \

WKHP ZLWK EDVHOIDQHG YIHKKD®&OWR H[SORUH WKH LPSDFW RI HE
RQ '6 DQG785LQFLGHQFH DQG PRUWDOLW\

5HVXORVWHKBRILUVW WLHU RI VLQJOH LQWHUYHQWLRQUEQEDWHJL
JLIXUH)URP WKLV WLHU ZH REVHUYHG WKDW DPRQJVW WKH IRXU
WKH GHWHFWLRQ SURSRUWLRQMVL\QPAH H GI\WHB WH § W MRKD QW QH B X
7% LQFLGHQFH DQG PRUDNIO)LWX BHBHQGDEOB QG WJIJXQE $ LQ
%DQJODGHVK $0W HUWQ W HDMOPH QM(CHJDBWH LV D Q RWKEXWR BV R Q
DGYHUVHRIQPSIBRW 6LPLODUO\ LQFUXDAHRWLEKELBYXNWHVWLQJI Ul
FKRLFH IRU UHTB%FLQJ 0'5



%

%



%

JLIXUHPSDFW RI WKH IRXULRQOVO M RWWHWHWHRQ 7% EXUGHQ
/HIWD YGGH7%D QQXKOPLGHQFHKDQG HVDIJEX¥D QQXQPLGHRFH$
YDU\LQJ GHWHFWLRQ UDWPRH W HDW P N QW\UQW's R% WU HDDWPH Q W
UDWH DQG ' ' WNRUFHSWIWUEIOLW\ WHVWLQJ UDWH

%



JLIXUH,PSDFW Rl WKH IRXULRQOVWH DY WHHWHRQ 7% PRUWDOLW\
/HIWD QY& GH7%D QQRROWD O LWKWQEG WL GHMMEQRROWD GLW$
YDU\LQJ GHWHFWLRQ UDWPRH WO HDW P NQW\UQW's R% WU HDDWPH Q W
UDWH DQG ' ' YDMMEBSWWELOLW\ WHVWLQJ UDWH

7TDEOH+\SRWRPWIFRQJOH LQWHUYHQWLRQ VWUDWHJI\ LPSOHPHQW
0'5 7% FRQWURO LQ %DQJODGHVK IRU WKH SHULRG

3DUDPHW| 3DUDP| (VWLPO S5HGXF| (VWLPO 5HGXF| (VWLPO SHGXF (VWLPD| BHGXFW
YDOX ‘6 IURP| 0'5 7% IURP '6 7% | IURP ED| 0'5 7% | IURP ED)]
79D QQ EDVHd DQQX| EDVHC DQQX DQQXD
LQFLG LQFLG PRUWD PRUWD
FDVHV FDVH
BURSRUWLR|] %DVH( 7.35x10° | 0.00x105 | 1.26x10° | 0.00 x 106 | 3.15 x 10 0.00 x 106 0.65 x 106 0.00 x 10°
GHWHFWHG | (58%)
\HDU &'S
70% 3.73x10° | 3.62x10° | 049x106 | 0.77 x 106 | 1.30 x 108 1.85 x 108 0.24 x 108 0.41 x 108
80% 0.34x 106 | 7.01x10° | 0.08x 106 | 1.18 x 106 | 0.92 x 10 3.14 x 106 0.04 x 106 061 x 106
90% 0.15x 102 | 7.35x 105 | 0.37x 108 | 1.26 x 106 | 0.30 x 10t 3.15 x 106 0.16 x 108 0.65 x 106




'6 7% %DVH( 7.35x 106 0.00 x 106 | 1.261608 x | 0.00 x 106 3.15 x 108 0.00 x 108 0.656690 x 0.00 x 108
WUHDWPHQ (94%) 108 106
SURSRUWLR
96% 7.25 x 108 0.10 x 108 1.261610 F0.02 x 3.09 x 108 0.06 x 108 0.646691 x FO.1 x 10t
x 106 102 106
98% 7.16 x 108 0.19 x 108 1.261612 F0.04 x 3.03 x 108 0.12 x 108 0.646692 x F0.2 x 10t
x 106 102 106
100% 7.06 x 108 0.29 x 108 1.261614 F0.06 x 2.96 x 108 0.19 x 108 0.646693 x F0.3 x 10t
x 106 102 106
0'5 7% %DVH( 7.35x 106 0.00 x 108 1.26 x 108 0.00 x 108 3.15 x 108 0.00 x 108 0.65 x 108 0.00 x 108
WUHDWPHQ (78%)
SURSRUWLR
85% 7.36 x 106 F0.01 x 1.13 x 108 0.13 x 108 3.16 x 108 F0.01 x 108 0.57 x 108 0.08 x 108
106
90% 7.37 x 108 F0.02 x 1.04 x 108 0.22 x 108 3.17 x 108 F0.02 x 108 0.53 x 108 0.12 x 108
106
95% 7.38 x 108 F0.03 x 0.95 x 108 0.31 x 108 3.17 x 108 F0.02 x 108 0.48 x 108 0.17 x 108
106
BURSRUWLR| %DVH( 7.35x 1086 0.00 x 108 1.26 x 108 0.00 x 108 3.15 x 108 0.00 x 108 0.65 x 108 0.00 x 108
IURQWOLQH| (18%)
KDYH 'UXJ
VXVEHSWLE 50% 7.49 x 106 F0.14 x 0.11 x 108 1.15 x 108 3.21 x 108 F0.06 x 106 0.05 x 108 0.60 x 108
106
70% 7.54 x 106 F0.19 x 0.02 x 108 1.24 x 108 3.24 x 1086 FO0.09 x 108 0.94 x 104 0.64 x 1086
106
100% 7.58 x 106 F0.23 x 0.17 x 104 1.25 x 108 3.26 x 108 FO.11 x 108 0.73 x 103 0.65 x 108
106

‘H QH[W FRQVLGHUHG WKH FRPE L@MWWHLR QRV L RQ OV WRMXIUW N LIQH
VLPXOWDQIHROXH)QUXUBIQG )LIXSWHVHQWFRRHWIMRU FRPELQDWLRQ
RI LQFUHPHQWDO VWUHQJWK

%DVHOLQH FRQWURO VWUDWHIJ\ FRQVLVWY RI D FRPELQDWLRQ RI
LQFOXGLQJ GHWHFWLRQ SURSRAUWILRHDWPHQW DOWWHWBUXIDQG
VXVFHSWLEOH WHVWLQJ UDWH 7 KH%D QU \O/ILNVHWOK RZ R MQKFDUM D
FXUUHQW EDVHOLQH FRQWURO VWUDWHJ\

ORGHVW LQYHVWPHQW LQWHUYHQWLRQ VWUDWHJI\ ZKLFK LQFOX
0%'7% WWRHQW UDXWRHSGWEDH WHVWLQJ UDWH IURP
DQG UHVSHFHWVIHFHWNGSWKH VWUDWHJ\ UHVXOWHG LC
'6 DQG 07% LQFLGHQFH DQG PRUWDOLW)\ LQV% DY JORGHIWW LHUH \
VWUDWHJI\ LV PRVW HIIHFWLYH WKDQ WKH EDVHOLQH VMU DWHJ\ :
LQFLGHQFH DQG PRUWDOLW)\ L QL %0OUHDMIEG H\IK ORKEHH V W ELOQHY HV W P |
VWUDWHJ\ UH S URQY HRQ WR/X BRPEWGIQWILDO LQWHUYHQWLRQV IURP
UHVSHFWLYHO\ 5HVXOW IURP WKLV VWUDWHJI\ VKRZV WKDW L\
LQ OLJKW Rl QRW RQO\ UHGXFLQ@% W R MHYX P E WUDRRIS RIRQGX F'GQ W \



7KH VWUDWHJ\ VWURQJ LQYHVWPHQW \HDUV DQG WKHQ UHYHUW
RI GHWHFWLRQ SURSRUWWHR & D V8 PH@EX MFHSMM E@BXWHVWLQJ UDW
W R DQG HFWHYBO\ IRU \HDUV DQG KWHKE QDUHYHV W KRR
WKBWRQJ LQYHVWPHQW IRU \HDUV WKHQ UHYHUW WR EDVHOL
PLQLPDO UHERXQG DIWHU UHYHUWLQD QR FPW A LKREZ HIYWH VV K R/ EK®! U
LV VXEVWDQWLDO UHERXQG EXV8HWKRIU R WUV IQH [ \W R DM XVHW U
LQYHVWPHQW XS XQWLO D@ VKRZQ LQ )LIXUHV

JLOD@VWIRQJ VXVWDLQHG LQYHVWPHQW VW URWHHW HE WR B RRYDRGF
'6 DQG 0P8 WUHDWPHQM WHHBMAL EGBXWHVWLQJ UDWH IURP EDVHO

UHVSHFWLYHO\ RYHU \HDUV SHULRG 7KH DQDO\VLV VKRZ
VWUDWHJ\ LV WKH PR@W LIRRS N PWIDN\DHIQ WAKLYK UHDEK WKH (QG 7
0'5 7% FDVHV E\ DQG 7% UHODWHG GHDWK E\ LQ %DQJODGH
DYDLODELOLW\ RWKH UFBBHED BRRW LL@H UMK H



%

JLIXUH&RPELQDWLRQ LOQWHUYHQWLRSQ ' '§7 Wi Q B H D\ 5D%R ® QY X DHOI | H F \
LQFLGHQFH FDVHV LQ %DQJODGHVK



%

JLIXUH&RPELQDWLRQ LQWHUYHQW L RQ' 6/ WADIMEH J D ' V@G DLQMK BIOI H F!
PRUWDOLW\ LQ %DQJODGHVK

7TDEOH+\SRWKHWLFDO FRPELQDWLRQ LQWHUYHQWLRQ VWUDWHJ\
DQG 079 FRQWURO LQ %DQJODGHVK IRU WKH SHULRG

6FHQD| 3WDPHWH]| 3DUDP (VWLPD| 5HGXFW (VWLPD| 5HGXFW| (VWLPD| 5HGXFW| (VWLPDWH 5HGXFW
FKDQJHG | YDOXH '67% IURP 0'5 7% | IURP 67 % IURP 0'5 7% IURP ED
DQQXDJ EDVHOL| DQQXD( EDVHOL| DQQXDJ EDVHOL| DQQRROWI
LQFLGH LQFLGH PRIWDO
FDVHV FDVHV

%DVHQ 3URSRUWI 7.35 x 108 0.00 x 108 1.26 x 106 0.00 x 10¢ 3.15 x 108 0.00 x 10° 0.65 x 10¢ 0.00 x 10°
GHWHFWH

'6 7% VXFH
0'5 7%
VXFFHVYV

*HQH[SHU

ORGHV| 3BURSRUWI 3.89 x 108 3.46 x 106 0.03 x 10° 1.25x 106 1.34 x 106 1.81 x 108 0.01 x 10° 0.64 x 10°
LQYHV| GHWHFWH

"6 7% VXFHR
0'5 7%
VXFFHVV
*HQH[SHU

ORGHV| BURSRUWI 0.34 x 108 7.01 x 108 0.003 x 1.26 x 106 0.09 x 10° 3.06 x 100 0.001 x 10t 0.65 x 100
LQYHV| GHWHFWH 101

'6 7% VXFH
0'5 7%
VXFFHVV
*HQH[SHU

6WURQ 3URSRUWI 026x10° | 7.09x10° | 0.002x | 126x10° | 0.08 x 106 | 3.07 x 106 0.000 x 10° 0.65 x 106
LQYHV| GHWHFWH 10t
\HBU M6 70, VXFHR
WKHQ S
WR ED| 05 7%
VXFFHVV

*HQH[SHU




6WURQ
VXWDL

BURSRUWI 0.69 x 10t 7.35 x 108
GHWHFWH

LQYHV

'6 7% VXFH

0'5 7%
VXFFHVV

*HQH[SHU

0.000 x
10t

1.26 x 106

0.15 x 10t

3.15 x 108

0.000 x 10t

0.65 x 10°

7.6 Discusson and conclusion

%DQJODGHVK LV D UHVRXUFH SRRU KLJK EXUGHQ 7% FRXQW!
HSLGHPLRORJ\ RI 7% DUH 53HFRIQONOXQ GHWIWRBHVK LQWURGXF
PDQDJHPHQW B IDONSWKH FRPPXQLW\ OKHXMWQ OVLRDWHERRQFR I W RIS KW 1
UHVXOWHG TRPUHDWPHQW XQGHU @WDIGDHGEHNLPHQMVY RI Wk
EDVHG PROVRIUM 7065PDQDIHPHQW % DQ JOIG HRAKQGHWIRPHEH VLJIJQLILFI
WKDQ KRVSHWIPMQDIJHPHQW LW LV LPSRUWDQW WR LGHQWLI\ Wk
7% PDQDJHPHQW SXEOLF DZDUHQHVV WKURXJK HGXFDWLRQ D
SURJUDP DQG LFURWUB Q@KWK RXJK 7% FRQWURO LQ %DQJODGH
SURJUHIMVA/SHELRYHG FDVH ILQGLQJ DY DL GVIURHDDW WH QRW IUHBIYG EB YQ R
RI PXOWLSOH SDUWQHUV QHZHU GLDJQRVWLF IDFLOLWLHV VXI
IJXLGHORRWMHY HITRUW LV UHTXLUHG

,Q WKLV SDSHU ZHWWUBYBQWHBRB M ZLWK DBS &L PR\ LIRMR R K Hil
IRU 0'B% +HUH ZH FRQVLGHUHG DPSOLILFDWLRQ DV WKH SURFH)
'6 7% GHYHOR®¥ Qb GHULYHG WKH EDVLF UHSURGXFWLRQ QXPEH
WKDW ERWK EDVLF UHSWDRXGXP®RRBY D@ BLHROM SIGD WK H %6 \QD P L F\
RXWEUHDNV :H ILWWHG RXU PR&H XYERGHOGFBQGDWSD IURP W
%DQJODGHVK UHSRUWY B6HQVLWLYLW\ DQDO\VHV ZHUH SHUIRUPH
SDUDPHWHY \R XV HPREG WQDO\VLY OHG WR WKH REVHUYDWLRQV WK
WKMHUHDWPHQWSRUOPMWRBW KRG WKH QHIJDWLYH FRUUHODWLRQ Z
RI '6 DQG ™5 G\QDPLFV 7KLV FRUUHODVOHRZ LZQIV K QFIHHD \GHHIN /M
KDYLQJ WKH JUHDWHVW LPSDFW RI WKH LQWHUYHQWLRQV DQG V
UHVSRQVHV WKDW IRFXV RQ FDVH GHWHFWLRQ VKRXOG EH WKH |

$V D VLQWHUYHQWLRKK H. Q AWHHFWIRRQ SURSRUWLRQ ZDV IRXQG W
IRU UHGXFLQJ WKH LQFLGHQFH D@ A ® RADNDODWHRK 'E RORE® 0 H6G W
LOQWHUYHQWLRQ VWUDWHJILHV ZKLPK LV RRIQB®VW KIQ W HFALRNKG SRR
HIITHFWLYH RQWIDWVYHRBMRYH WUHDWPHQW VXFFHVV UDWH ZKLFK



LQGLYLGXDO DQG@RUDNQ3AP LEVXREGHSWLELOLW\ WHVWLQJ LV WKH
LOQWHUYHQWLRQ SOL EDMKDYH HIRMPW ZLWK FDVH GHWHFWLRQ LQ C
HITHFWLY © LVQHF RVQUGH WP HQ W

7UDGLWLRQDO ZLVGRP LV WXRWF AR WH BOBIHDMY BH® &VURR DY KR DHWH
'6 DQG 07% +RZHYHU RQH FRQGLW LLRF WQDENDBWRHQN G\R MWK QW
LPSURWWHSDWPHQW VR RXU PRGHO SUHGLFWV WKDW WKH ULVN RI
UHPDLQV WKH VDPH | MVMKWRQ'BEOMHURMQKYV WXFK WKDW WKH EC
JUHDWHU :WRBQ RMGIXFLQJ WKH '6 VWUDLQ ZLOO LQFUHDVH WKH
VWUDLQ )XUWKHU HYHQ LI WKH 0'5 VWUDLQ LVQ®&RMWD B K LIHYWH DD/Q!
Sennne@ VY WKDQ RQH IRU WKH '6 VWUDLQ WKH 0'5 VWUDLQ Z
DPSOLILFDWLRQ 2Q MWRHORW KHUKDMQOREQ M IITRU WKH 0'5 VWUDLQ W
DFKLHYHV B@&NB QH DWW URH D 6P HRYW7 862ZL OO DOVR HTOAPLQDWH 0'5

‘H DFNQRZOHGJHG WKH LPSRUWDQFH RI FRPSUHKHQVLYH FRXQW
FRQWURO LQ %DQJODGHVK :LWKRXW VXFK H[WHQVLYH DSSURDF
DUH H[SHFWHG DQG WKH SUREOHP RI GUXJ UHVLVWDQFH PD\ SR\
LPSURYHG FDVH QRWLILFDWLRQ WUHDWPHQW VXFFHVV UDWHYV |
PHDVXUH WKH HIITHFWLYHQHVYVY RI WKHVH VWUDWHJLHV

JURP WKH DQDO\VLV RI LPSOHPHQWLQJ FRPELQDWLRQ LQWHUYH(
D PRGHVW LQYHVWPHQW GHWEBWFWUR®Q VERRG@W UWKIFBE@EW VH DBV P HQ W
VXFFHVV VXGBKSWLELOLW\ WHVWVYLRBVWD QWLDXOIOMFUHQMWFMW R'S5 7
D VWURQJ VXVWDLQHG LQYHVWPHQW VW& DMNVWHDWEGHYWRIVLR® 5S U
WUHDWPHQWXVFKBINMUELOLW\ WHVWLQJ LV UHAX)LRB G 'WR VXE
7% LPSOHPHQWL@QWPUOWRNMALRQV VLPXOWDQHRXVO\ LV WKH PRU
VWUDWHJILHV ZBHUKHDFK IRQOUBEBDG\ KDV D YHU\ KLJK WUHDWPHQW °
GHWHFWLRQ UHPDLQV WKH NH\ LQWHUYHQWLRQ

2XU VWUDWHJILHV RBIHYFWHBRMW DDYXD UHNWRQVHYVY H[{WHQGLQJ IURP L
PXOWLIDFWRULDO VWUDWHJLHY 'HVSLWH WKH FKDOOHQJHV IDFF
LQ DQJODGHVK ZH EHOLHYH LW LV HVVHQWIRXY VR RRR@WVLVG KD
GHPRQVWUDWHG VXEVWDQWLDO GXFHONHGKWMB®W K QILIVL¥Y YFIKQ DWH §
$OWKRXIK WKH HIWHQVLYH DSSURDFKHYVY DUH QRW SUHVHQWO\ U
RU %DQJODGHVK 1DWLRQDRXUY%P RBRE®ORQ@J VUIRIVHD/ANY WKDW WKH
0'5 7% LQ %DQJODGHWQK UWNDYIHNHION VR EB \HH GVSWRIUDPPD WLF UH'
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CHAPTER 8

Discussion and future directions



8.1 Discussion of main finding

7KH UHVHDUFK SUHVHQWHG LQ WKLV WKHVLV HQFRPSDVVHV RXU
FRPSRQHQWYV QUKIDAD WRKRMEEZ D%V QJODGHVK 7KLV HQDEOHV X\
XQGHUVWDQGLQJ Rl 7% WUDQVPLVVLRQ DQG ULVN IDFWRUV DQG

$OWKRXIK 7% KDV EHHQ HQGHPLF LQ %DQJODGHVBELWWEH WIXWH HLE
SXEOLVKHG RQ LWV WUDQVPLVVLRQ G\QDPLFV DQG HSLGHPLROR.:
WKDW KDV EHHQ VSHFLILFDOMK\HWDDLODOWRLDW GY W RJ BoYDLAHIZO DG HR\WKKD S W |
HPHUJHQFH DQG HQWBPOEVERBGOMWKBEBWHVN IDFWRUV IRU WUDQVPI
IDFWRUV HQYLURQPHQWDO IDFWRUV KRVW IDFWRUV DQG VRFLF
SHUIRUPHG WR XQGHUVWDQG WKH UHODW LYGIHIQFIFD RH @ PoH IRQ & IHAX
WKDW SURMHFWHG FKDQJHYV LQ ZHDWKHU YDULDEOHYV LQFUHDVFE
WKHUHIRUH PXVW EH FRQVLGHUHG LQ SUHGLFWLQJ WKH LPSDF\
WUDQVPLVVLRQ YKHZODWWR IBMPRY VWMAUDWHG WKH H[WHQW RI X
PHWKRG IRU VWUXFWXULQJ 7% PRGHOV DQG KLJKOLJKWHG WKH
SDUDPHWHUL]LQJ FRPSDUWPHQWY WR VLPXODWH VRPRIORIJWKH P
WKHUHE\ FOHDUO\ UHIOHFWLQJ WKH ODFN RI XQGHUVWDQGLQJ R
FOLQLFDO DQG HSLGHPLRORJLFDO OHYHOV

,Q DGGUHVVLQJ VWUXFWXUDO XQFHUWDLQW\ WKH RULJLQDO DS
UHYLHZ Rl SXEOLVKHG OLWHUDWXUH ERWK SUHYLRXVO\ SXEOLYV
WKH ILUVW LWHUDWLRQ RI WKH PRGHO ZDV FRQVWUXFWHG ZL
DSSOLFDWLRQV LQ PLQG WKH IXQ WRKXHRROW WWIUNK WX HB WK ©
LQFUHDVHG PDUNHGO\ LQ FRPSOH[LW\ ZLWK HODERUDWLRQV XQ
RI LQWHUYHQW L FB@®E DFMW QR RQRIXEFRPSDUWPHQWYV L\W§BOKXG WG [ZL
FRPSDUWREBABW +RZHYHU ERWK VLPSOH DQG FRPSOH[ VWUXFW
GLVDGYDQWDJHV &RPSOH[ PRGHOV PD\ KDYH WKH SRWHQWLDO V
JUHDWHU SUHGLFWLYH SRZHU &RPSOH[ PRGMAV DWNE D8 TGXLWHI
SURJUDPPLQJ FRGLQJ VNLOO WR PLQLPL]H WKH ULVN RI HUURUYV
RI EHLQJ XQGHUVWRRG E\ D EURDGHU UHDGHUVKLS $ VLPSOH PR
WR PDNH D VWURQJWR) G HIDGHDWY S RIQE DOORZ IRU DQDO\WLFDO H
RI SDUDPHWHUV RQ PRGHO RXWSXWV 7KXV FKDSWHU RIIHUHG
DQG FRPSOH[ 7% PRGHOV DV ZHOO DV KLVWRU\ DXHY HGRSHPLR
FRXQWULHY SDUWLFXODUO\ LQ %DQJODGHVK OD\LQJ GRZQ WKH



,Q FKDSIWWHQ@HUDOL]JHG OLQHDU 3RANVXRPGR HIUHWWLRID WRGWMIOH T
EHWZHHQ ZHDW KMHKHI QKWRMEDRBIE UHSRUWHGLWIE HVKAH Q@ QJOD G
DQG LQ WKUHH NQRZ G DIQGKIPKE CIMMWWPIRFGHW RZIDYV LPSOHPHQW
D IUHTXHQWLVW DSSURDFK ZLWK WKH DLP RI LGHQWLI\LQJ ZHDW
DQWGDLQIDOO ZKLFK VLJQLILFDQWO\ LQIOXHQFH 7% WUDQVPLVVLF
ZHUH SHUIRUPHG WR FRQILUP WKH JRRGQHVV RI ILW RI WKH PRG
FDVHV LV VWURQJO\ DVVRFLDWHN® QGWK WHP®HOUDW XD0MVKRRLGS U
/IRZ WHPSHUDWXUH ORZ KXPLGLW\ DQG ORZ UDLQIDOO DUH D
7HPSHUDWXUH DQG UDLQIDOO HIGRFMMY Z\HUH ODHIODN K G RIGQ BK L Q FL
LPPHGLDWHKHDQIGY NGBIHWFK FOORGHIHU H[SRVXUH 7KLVPBXJIRMHUQ WK I
WUDQVPRYGLRRPLGLW\ PD\ JRYHUQ UHDFWIKNBWILRQLILEBRED\SR
LQIOXHQFH RI WHPSHUDWXUH KXPLGLW)\ BQ® YIDQLEH D R B QR3Q LTP6RLX
DQDO\VLV LQ WKLV WKHVLV LV FRQVLYW@ QW ZLWK WKH ILQGLQJ\

,Q FKDSWHU , GHWHORQH&GLVYVHWYR PRGHO ZLWK DPSOLILFDWLRH
'"UXY¥XVFHSWLEOH UHVRRWDOX 'S GLVHDVH VWUDLQV +HUH , S
RI' WKH UHVXOWLQJ VI\IVWHP DQG IRXQG WKDW WKH PRW@GHHH FRQV
HTXLOLEULXPLDWHRMW HTXLOLEULBPVILWIK. Q HY RBWW QRRHAVKHOLE |
ZKHUH ERWK WKH '6 DQG '5 VWUDLQV SHUVLVWHG |, IRXQG WZR
ZLWK WKH '6 VWUDLQ DQG WKH RWKHU WKH '5 VWUDLQ DQG IRX(
RXWERHBNVHDVH *OREDO VHQVLWLYLW\ DQDO\VLV ZDV SHUIRUF
VWUDLQV KDG WKH ODUJHVW LQIOXHQFH RQ GLVHDVH SUHYDC
DPSOLILFDWLRQ DQG WUHDWPHQW URWHNVXRDEWRW W WRMDUDRIQYWD Q
FRH[LVWHQFH PRUH OLNHO\ DQG LQFUHDVHVY WKH UHODWLYH DE>

7KH WXIRUDLQ 7% PRGHO GHYHORSHG LQ &KDSWHU DQG H[WH
SUHYDOHQFH QRWLILFDWERQQF& GO 6 FIHQ G DWRWWR FUHDWH PRGFH
WUDQVPLVVLRQ G\QDPLFV RYHU WLPH

,Q FKDSWHU , GHYHORSHG D SDUVLPRQLRXV PDWKHPDWLFD(¢
SDUWLFXODUO\ WKH SURORQJHG ODWHQF\ SHUIRRGWR) B FS\ROMVH. E &
PRGHO ZDV WKHQ H[W HQE HEF WRDIMDLFRU BRAVIWDRAQQW BHVGHD) DI Q

, WKHQ LQFRUDRSDWIHEDWKRQ SBWKRD% | DRORG '6QYHVWLIDWHG W
DPSOLILFDWLRQ LQ VPIRK HAD QUPIWHVYKDMWARQ GHYHORSV PDLQO\
QDWXUDOO\ RFFXUULQJ PXWDWLRQV VHOHFWHG E\ LQDSSURSUL
HVWDEOLVKHG DFTXLVLWLRQ RI UHVLVWDQFH WR VXSW®&HPHQW
XVXDO UHJLPHQV@ KERSWLWPHD OLQ WKLYV PDWKHPDWLF®RHPRGHO



'57% LQ UHVSRQVH WR LQDSSURSULDWH DQG SRRUO\ DGPLQL
UHODWLRQVKLS EHWZHHQO Y& HVKBWIHDO WHDRPSWUHFWWHRWYW RI '6

JROORZLQJ WKLV DQDO\VLYV , DOVR SHURRWPKHS VD VUM H R LBRIRAS B Q\
VROXWLRQV WR SUHDBQBEWY B RM KE RKEY IMEKHG PR 16 bl GG MUKLHY EQJY/ L F
UHSURGXPWHEBQ R /$DQG 7% 45 XVLQJI WKH QHPW W HRHW B WKRIQT X
,LQYHVOWKBWEWSRl WKHLU UHODWLYH PDJQLWXGHWR® WRB LQIH
'5 7% '8% D'GG % FDQ VSUHDG LQ D+BRSAQPPMELRQLFBGIBLEI EXW D
PDLQWDLQHG LQ D SRSXODWLRQ ZLW KR¥W, ALKH QHAGHRUFH[WHU
GLVHDWH SR SXKODW IZRMMROBRWK EDVLF UH SMRGEXFALTFOE QXPEHU\
ZKLFK PHDQV WKDW WKH GLVHDVH QRW XD QA WKBDRIBY )X UWK
RXW 'BEXW6 FSUVLVWV LQ WKQHG SRS XfGD MR @ K H Q 6ERMN B GG %
SHUVLVW LQ WKH SRSXB8D®WHE QV R KEHRDMIIRHE B FUUWLRGVRIL Y QULIRFW L R X
WRHIH G X FHG & QAV,LTDs , DOVR SHUMHUPHGNVLYLW\ DQDO\VLV Rl WK
DQG SDUDPHWHUV DQG IRXQG WKDW VOKH FIROW D WO X B ¢/FHHRR E R6
7% SUHY D OH®IRW PRMYRRQ JHQHUDW H EDE}HR R WHIGLYWL R: . DASKAHHY D Q J O D
173R WKH SURJUDPPDWLF HIIHFW Rl WUHDWPHQW UHJLPHQV

,Q &KDSWHU , HIWHQ G W& DMIKH 7SU AR GRDOOVVWARKFW XUH DQG DOOR
WR PRYH GLUHFWO\ WR WKH UHFRYHUHG FODVVHV GXHIRRUSURS|
GLITHUHQW W\SHV RI FRQWURO VWUDWHJLHY GLVWDQFLQJ ODWtE
DQG WKHLU HFRQRPLFDO FRVW LOQWR WKH PDWKHPDWLFDO IUDP
7KH HFRQRPLFDO FRPSDUWE@HIDND FWRWOHAHVIEKE QFKIN IRIQBLITHUHQW
HISORUHG WKHKUY NVEIDNFMW RYSWHDGITWRILG PODGIODBGHVK )XUWK
HVWDEOLVKHG D UHODWLRQVKLS EHWZHHQ GLIIHUHQW LQWHUYH
DQG RWKHOHDYQWOGID Y HBRW LKRRYV W\KRH SASHIGIID G/ R IFBQDRIB DYSRLGHG
GHOD\HG

7KH HFRQRPLFDO FRPSDUWPHQW DOVR HYDOXDWHG WKH HFRQRP
FRQVLGHULQJ IDFWRUV VXFK DV VFKNWUGPODONHP MRQRUWR® H)D RRQLIQU
IRU LQWHUYHQWLRQV 7KH HYDOXDWLRQ IRXQG WKDW VKRUWHU
IURP D SDWLHQW SHUVSHFWLYH DQG WKH SRVVLEOH ILQDQFLDO
EXWXDR EH IUMBHERUN DQG GHSHQGHQW RQ WKH SURSHU SULFL(
VXJIHVWYV WKDWVLRRRQB WEWHRXHQWLRQ VWUDWRY LNVW WH HP FGMLW
FRYVWHFWIWKLQ VKD O/ IHR QW URION XWGIDMWHDIQLHM?IJ FRQWURO WKH
FROQOWWROLWHIVKH PRMWFMROBMUH UDSLGO\ UHGXFH VRGP BRQRGHG 5WR



RWKHU GXDO FRQWEHERBUWYWGDWHKDWHYK\ DFWLYH FDVH ILQGLQJ E
GLVWDRFSQUHG ZLWK ODWHQW FDVH ILQGLQJ EHFDXVH FDVH QX
FRVWO\ IRU HYHU\ DEFRMIWLHG RDNV®JIRKGIGWULSOH FRQWURO VWUD
ODWHQW FDVH ILQGLQJ DQG FDVH HHHROMGILYH § B R WV MR DVQWDKEHHY [P
FRQWURO VIWXOQ® NIKBW WK PRV FRRQWURO LV WKHEKLFKGUXSO
LQFOBGWWDQFLQJ ODWHQWQRDN®@ G LODFGALIQYIH - DRURH KNRGIREILQ/IW WO B
VLPLOR BGRMWMNVURO VWUDWHJI\ DQG IROOEBDME ¥ X VI1HM\QREK R QMW R (
VLQJOH FRQWURO VWUDW HIHFGR WK H B\ FEU Q FDAQ 6 O@ERGEDDSS H V
LQVWIRPEIQWZR RU PRUH FIRHGMRXROMD\PHBBWKH PRVW HFIWHFBMY H ZC
WKH EXUGHQ RI7%® RQ D 6IRDRXHNK FRQVLVWHQW Z&WK SUHYLRX

,Q &KDSWHU , H[WWHWQIELHG 7WKMHRWER IURP WKH S DBOIRRHG PRIGHH OX
IURP WKH ODWHQWO\ LQIHFWHG SHRSOH WR PRYH WR WKH VXVF}
, FDOLEUDWHG "W KOH) BRIGHHOD DIDYBIOGHQFH GDWD WR HVWLPDWH W
YDOXH , FRQVLGHUB®HRXHQWSIHEFQ IVFHQDULRY U RSUEIBQBRIQJ W K
VXVFHSWVELIOZWYDWH D QG % WH HD V@ @ @/ K B MWH WRRR BIVQ/DIW I RWQK
HIITHFW RI WOKHHMWHRUHFSR% PRGHO GXULQJ WKFHRSHESLORAHI LR BDF WV
RI HDFK LQWHUYHQWRRG RR 0% RADRWIGHE@HEY KO HRIXUWHUYHQWLRQ
LQFUHDVLQJ DQ LQGLYLGXDOfV LQWHUYHQWLRQ IURP EDVHOLQ]
YDOXH LDIGHQJ VWKIHGWMWHRQ SURSRWWH RRRVW LPSRUWDQW LQ
GHFUHBVRQG 07%LQFLGHMEH RUYDPODLWIODGHVK WREBYH WQRF XV
0'5 7% WUHDWPBRWHUDMOD QRW GUDPDW!I6FDQ Q\ODIAHL GHIQH & H F
DQG PRULY AILQJUDGIMQPK PRUH NH\ SDUDPHWHUV VLPXOWDQHRXYV
UHGWRKH EXUSGBQGRO079% QF L GCHING P R WY DAOLQW\O D G HV K

+RZHYHU VFHQDADLROPLOORVWRDWH OH RXWFRPHV PDQRDHEDYLQJ
DPELWLRXV PXOWLIDFWRULDOU HD SISMLR CLAFKKHDWV L i @ WIK@ X G K OWKHIU L
SURJUDPPDWLF 7% FRQWURO LQ %DQJODGHVK ZH FRQVLGHU LW
LV EHFDXVH H[WUHPH LPSDFWWUYRP WHROVSKEDHFHRKWDQ WK EBMQ
OLPLWHG FRQWH[WV LQ %DQJODGHVK DHHX ESHFDI RUHR [XBNE WOID AR
DPELWLRXV SURJUDPV $OWKRXJK WKH ZLGHVSUHDG VWUDWHJL
'+2 RU %DOQBIWK DIPEURYHPHQWYV L QG DAL YIDMHQMWKDEH QRW EH
W KRLR/GRI@®J LPSOLHV WKDW' VB E K D7% E R B EBGRAPIR U QY MDLQVW\O D G H V K
OLNHO\ WRLWHEKWDWW '276 EDVHG SURJUDPPDWLF UHVSRQVH



8.2 Limitations

BHYHUDO OLPLWDWLRQV RI WKLV WKHVLV VKRXOG EH QRWLFHG
DQDO\VLQJ 7% HSLGHPLRGRter3QWhk B B NHDUWEHWKD QDO\VLY ZDV ED\
WLPH VHULHYV, YWHTX HIQIMRUMEDWD LQ GLVFXVVLQJ FURVV FRUUHOI
VHTXHQRDHPHDVXUHPHQWY EDVHG RQ VXFK ORQJ WLPH LQWHUY
WKH ULVW RDEQRW EH S UHFROOOH B Q PX UMGKHX W | R H WD Y B B LLIPESGRHUWA
LQ WKH PRGHO 0DQ\ RWKHU LPSRUWDQWLQEWONX GDRBRW KXW DR UDF®W
DQREWKHU HQYLURQRHDAWKHY NDFWPEWHY EDVHG R Q RWH®R PRQHWF
JDXJH WKH WUXH ZHDW QU HSRIMHI R URH HPYRUH DFFXUDWH GDWD
ULVN IDFWRIUYFPEBOEBKEHPRGHOV WR FRQILUP WKHLU DVVRFLDWL
DQG FRQWLQXLQJRZHNEW DWKBQOVPH QW BPIVIREWKKNURQNVMY WK H
UHJLRQ RI %DQJUQBH\IQBILIAKW G®OWR WKH EXUGHQ RI WKH GLV!}
YDU\LQJ ZHDWKHU FRQGLWLRQV

7KH WXARUDLQ 6,5 PRGH®OapeUH VY QRMG EEDVHG RQ D GDWD VHULH)
YDOLGDWHG DJD\V Q,WWLKRWWKKIHULUPIRRSULHO D WKHRUHWLFDO PRGHO ZLV
ZLWK WKH DLP WR VLPXODWH WKH SUHYDOHQFH RI '6 DQG '5 G
UHVLVWDQFH DV D UHVXOW RI LQDGHTXDWH WUHNDIWBHRD W G)DXWW/IX
HISORUH WKRIGEQDEGAWUDLQY GXH WR WKH SRRU TXDOLW\ WUHI
JXUWKHUPRUH VWXGLHV PD\ XVH WKH JHQHUDO ILQGLQJV RI WE
LQIHFWLRXV GLVHDVH® IXMWMXOJHRU EDFWHULDO

, @hapters5, 6and 7,, XVHG 7% VXUYHQPORPQEQIGIUWHYDOHQFH QRWLILF
GDWR HVWLPDWH WKH,ORGBQJODGBBNKWHQMFWLRXV GLVHDVH \
UHFRJQL]JHG ODFN RI V\B\WBIWRPMV\DRIGWXLP 7¥6H G D FOFHD/&/V WRR K H
XQGHHUSRUWLQJ DQG PLVFODVVLILFDWLRQ RI 7% FDVHV DQG WKH
PRUH DFFXUDWHFRDW W RWIREGIGI ¥ FRQF B VRV S H R SIMKHHIOG NKRVLR Q
LV GDWD GSFSOREMNHUW QHHG WRIMPCIVGRENVWLIBW R SRV H G 7IKGIW H U Y H C
\HD VR FIRPISRQW @R W | X UW K H. @R @DRMKSHRADWHFB® WPRRGH ODVHVY LW
JLY H HDW MWK W R WXUHWMEBHAPEErs5, 6and7 , DOVR FRQVLGHUHG WKH SRSX(
DQG PL[HV KRPRJHQHRXVO\ 7KDW PHDQV WKH RQO\ ZD\ D SHUVR
LV WR EHFRPH LQIHFWHG DQG QRW DOO LQIHFWHG EHHF&BMVLQIH
DQG WKHQ WKH RQO\ ZD\ D SHUVRQ FDQ OHDYH WKH LQIHFWLRX
RQFH D SHUVRQ KDV UHFRYHUHG WKH SHUVRQ UHFHLYHG LPPXQL
DOO SRSXODWLRQV ZHUH HTHKIDW IO \UDXWH F B W LHETOKHD @ Q BUWHKDHF K S R S



8.3 Significance and implications

7KLV SURMHFW DQDO\]HG 7% HSLGHPLRORJLFIYGD\QX3RY B0 D Q FH
LQYHVWLIJDWHG VSDWLRWHPSRUDO WQRQGNQFH DA S UBFINRNY FE
WUHQGY , PRGHOOHG 7% HOLPLQDWLRQ VWUDWHJILHVDEG WKH %]
DOGRWHGWPKBHRSWLPDO FRPELQDWLRQV RI LQWHUYHHQOWGRQN IRU
LQ FORVHFROR@ZRWK WKH 173 DQG KDV WKH SRWHQWLDO WR GL
VWUDWHJILHV IRU %DQJODGHVK )XUWKHUPRUH WKLV ZRUN SUR
HSLGHPLR®OR® RQG HPHUIPQH I SBOGFYXBERXUW SROLF\ DQG SODC
7% FRQWURO HIIRUWYV L QHPIOIMHQUDO® HRRIG Hf R(MKXO WU DVQR/ PLVVLRQ D
IUDPHZRUN GHYHORSHG KHUH FRXOG EH D BKOLSIW DEEXQIE M@R\RRM K H U
0'5 7%

8.4 Future directions

ORUH UHVHDUFK LV QHHGHG WR H[SODLQ WKHWHHIPBHR QVKILE E
FDVMHN %DQJODGHVK $V PHQWLRQHG HDUOLHU RQO\ D IHZ LPSRU
WKH WLPH VHULHV DQDO\V MK HQHW K HURRGHIQ W/IROF DISMQUUHY LQ Wk
LPSRUWDQW YDULDEOHV LQFOXGLQJ KXPDQ DFWLYLW\ SRSXODYV
ZLOO QHHG WR EH FRQVLGHUHG WR LPSURYH WKH SHUIRUPDQFH
ZKOG EH DQ LPSRUWDQW DGYDQFH WRZDUGVY WKH GHYHORSPH
%DQJODGHVK

,Q WKLV, D\KSHRALWORSHG D IOH[LEOH PBMKHP\DRL VAL @ P REGEPR F V

PDQ\ RI WKH LPSRUM®E MG HPL\E IBHIY QR DF TXLS L7WLW R URIX JK WK H
WZR SRVVLEOH PHFKDQLVPV Rl DPSOLTKFDRAGHELGR SW RGUL P8R
GULYHUV IR W YURK DVVDIQQWFIHELRWLF SUHVVXUH SRRU XVH RI DQWL!
|RADRXSDQIQFUHDVHG ULVN RIHGR®DREDQF H GARP-SMAHIV HVEKGIW L E L R
IXW XKLV PRGHHIWH®®LQFRUSRUDWLQJ WZR @H SR IWLRIIRN PR BW C
SKDUPDFRG\QDRRFRBPDWLRQ DQGPDQYWRR@HRWD IRWUDMUIRUGLYHUVLW
DQMEREDFWHULDO UHVLVWDQFH WKH ODWWHU ZLOO EH LQIRUI
PXWDWLRQV DQG SKHQRW\SH JHQRW\SH PXWDWLRQV

([SHULPB.@WPRGHOV LQFOXGH LQ YLWUR @CHDG X QHWLHQRWD RIL WIX®! RF
DVLQJOH RU FRPELQDWLRQV RI GUXJV RQ UHVLVWDQFH HPHUJH(
PRGHO RI GUXJ GHOLYHU\ PREHOXKWROORBY JGRMV+GOBHGHFW WKH U



HPHUJHQW UHVLVWEBQWRQRRB®BWBS\ ZRU GXDO WKHUDS\ XQGF
SKDUPDFRNLQHWLF SURILOBYVH,QSXWKWH LFRWQR HOKHUPRGRQ R G U X
DW WKHVKIHWEARFWLRQ XQGHU D UDQJH RI GLIIHUHQWQ&RSXODWL
FRQGLWLRQV DW WKH VLWH LQ WHUPV RI DFLGLW\ DQG K\SR[LD
LQIHFWLRQ 2XWSXWV RI WKH +)0 DUH ORJ NLOO WLPH®%XUYHV |
LVRODWHYV FBHM HX D OMRZHIDNELR @ kMR H{WRYO FRQFHQWUDWLRQ \
YLWUR WARKSBIMRBHDMML OLW\ Rl WKH GHYBGRIBHQW AR QURHELVAWMWDISED
2XWSXWV IURP WKH 3.3' PRGHO FDQ EH IHG LQWR WKH WUDQV
OHOMLKRRG RUWHGQFHMRI D QRW B«R ¥ WIKRLVQVRMUDLQ DGDSWV LQ WFE
VHTXHQWLDO UHVLVWDQFH DQG WUDQVPLW IPKQ W DKROHHVIW U WK &

7KH PXOWLSOHZVLW O DL@F®RGHOMKWH D QG WDYREOKWQRE WKH VXEVFH
GLVHDVH G\QDPLFV WKDW UHVXOW WKURXJK DQWLELRWLF VHOHTF
WKURXJK SXEOLVKHG GDWD RQ IUHTXHQF\ Rl UHVLVWI®EFH DFT
FRPSHQVDWRU\ PXWDWLRQMR BOFWHE BK RO WKHODVQMWEHLQJ FRQVLG!
QRYHO PIRGOINCH D WRR Q W W HTRFRMIGNE% 7\ H L S VHDWARIRHD WLYH DSSUF
WKH JOREDO FKDOOHQJH ®FH EHEDXYH QWX Z LUHY IPRPELQH WKUF
VWUHDPV LQWR RQH FRPSRVLWH PR G HWL GIRUBGHFW LR QH RW W KKIHH
DQG GXUDELOLW\ RI FRPELQDWLRQV RI DQWLELRW HRAX OWBWH ZILIQ ©
EH JHQHUDOL]D7E@®IIS$ VBRI PIIIREDIBH\RQG WKDW WKH PHWKRGV XVH
VLIQLILFDQFH IRU RWKHU LQ IHEWLRERELEDWLR QWG LQIHFWLRQ

8.5 Conclusion

7KLV WKHWH.GBRIDHG LFDO D S SWRIDE KHG WIRYBNB O GILQJ RSLGHPLROR
7% G\QDPLFV LQ %DQJODGHVK XVLQJ JHRJUDSKLF GHPRJUDSKLF
IUDPHARUN PDUNHG GHYHORSPHQW RQ @OLQJILRU 7V WIN\B B YIPHLV
%D QJODIKHY KUDP KZRKGILIKWY WKDW HVWLPDWLRQ IRQIWKH ZHD'
WUDQVPLVVLRQ QHHGV FRQVLGHUDWLRQ RI QR\ FRXG\L @R PHOHD
WHPSHUDWXUH KXPLEXW \D ®QRG UKRIWVDDQG ORBDWHEBRWOMKMDULI
PDWKHPDWLFDO PRGHOOLQJ IUDPHZRUN WKLV VWXG\ FDUULHG |
YDULRXV 7% PRGHO DUFKLWHFWXUHV WR H[SORUHVWIKH LRSDFW
G\QDPLFV Rl '6 DREP® ' BDQJODWMNEK DOMR DVVHVVHG WKH FRQVH
LQWHUYHQWLRQV DQG RSWLPDO HOLPLQDWLRQ VWUDWHJILHV DQ
'6 DQG 07% LQ %DQJODGHVK 7KH UHVXOWYV RI WKLV WKHVLV ZLOC
WR WKH 1@300G%WDK WR SODQY %RHOBEPRQGWLRQ VWUDWHJILFDOO\
WKH WKUHDW RI GUXJ UHVLVWDQFH
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