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7KH LQIOXHQFHV RI WKH FOLPDWH DQG EXLOGLQJ W\SH RQ WKHUPDO VHQ\

X

$Q DGDSWDWLRQ WDEOH ZDV GHYHORSHG WR UHGXFH WKH LQIOXHQFHV RI
Xx 7TKH DGDSWLYH 309 PRGHO LV IUHH IURP VHULRXV ELDV LQ SUHGLFWLQJ W

X 7KV LV WKH ILUVW VWXG\ WR TXDQWLI\ WKH HIIHFW RI FDWHJRULFDO YDUI

$SEVWUDFW

7KH SBUHGLFWHG OHDQ 9RWH 309 PRGHO LV HIWHQVLYHO\ XVHYY E\DFXGQUHQW \
,62 GHVSLWH LWV GLVFUHSDQF\ LQ SUHGLFWLQJ 7TKHUPDO 6HQVDWLRQ 76
IRU SUHGLFWLQJ 76 RI D ODUJH SRSXODWLRQ 2XU VWDWLVWLFDO DQDO\VLYV |
ILHOG VWXG\ VKRZV WKDW RFFXSDQWVY H[SHFWDWLRQV WRZDUGYV 76 DUH DIIH]
PRGHO VXFK DV FOLPDWH EXLOGLQJ W\SH DJH JURXS VHDVRQ DQG JHQGHU

GHWHUBQRGR®WLYH 309 30IDDBRSWOWORQ WDEOH ZHUH GHYHORSHG EDVHG R
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1. ,QWURGXFWLRQ

%XLOGLQJV DUH UHVSRQVLEOH IRU RI WKH HQHUJ\ FRQVXPSWLRQ LQ WKH (
&RQGLWLRQLQJ +9%& HTXLSPHQW XVHG WR UHJXODWH WKH LQGRRU FOLPDW
HQHUJ\ FRQVXPSWLRQ > @ > @ > @ 'HVSLWH WKH VLJQLILFDQW HQHUJ\ IRR
VDWLVIDEFWLRQ ZLWK WKH LQGRRU FRPIRUW LV RIWHQ QRW PHW > @ $ ODUJH
FRPPHUFLDO EXLOGLQJV DFKLHYHG WKHUPDO VDWLVIDFWLRQ ZKLFK LV W}
IRU RFEXSDQWVY WKHUPDO FRPIRUW > @ &LWL]JHQV LQ LQGXVWULDOL]HG FR
WKHUHIRUH WKH LQGRRU FRQGLWLRQV DUH LPSRUWDQW WR KXPDQ KHDOWK D
LPSRUWDQW LQGLFDWRU LQIOXHQFLQJ WKH RYHUDOO VDWLVIDFWLRQ LQ WHUI
SURYHQ WKDW D GLVVDWLVILHG WKHUPDO HQYLURQPHQW ZRXOG UHVXOW L¢
DEVHQWHHLVP DQG UHGXFHG SURGXFWLYLW\ DW ZRUN > @ > @ )URP DQ HQHL
WR XQGHUVWDQG WKH VSHFLILF GHPDQG DQG UHTXLUHPHQWYV RI RFFXSDQWYV

EXLOGLQJ RSHUDWLRQ V\VWHPVY WR RSWLPL]JH HQHUJ\ HIILFLHQF\ DQG UHGXFF

7TKHUPDO FRPIRUW LV GHILQHG DV WKH FRQFHSW RI PLQG WR H[SUHVV VDWLVI|
EH HYDOXDWHG WKURXJK WKH GLUHFW IHHGEDFN RI WKH RFEX@GRQMDOO\ @ +
PHDVXUHG E\ DVNLQJ WKH VXEMHFWV WR FRPSOHWH D pFRPIRUDV YRWHM RQ D
RUGHUHG RU FRQWLQXRXV VFDOH p LV WKH EHVW FRQGLWLRQ UHSUHVHQW
DQDO\VH WKH UHVXOWV +RZHYHU LW LV QRW SUDFWLFDO IRU RFFXSDQWV WR

WHFKQLTXHYVY KDYH EHHQ GHYHORSHG WR FRUUHODWH 76 ZLWK WKH EXLOW HQ

309 3UHGLFWHG OHDQ 9RWH LV WKH PRVW ZLGHO\ XVHG PRGHO WR PDWKHPI
LQGLYLGXDOV ZKLFK LV WKH EDVLV IRU PXOWLSOK(LQGRR DMKHUPZDO FRP@RU

W ZDV GHYHORSHG EDVHG RQ HI[WHQVLYH H[SHULPHQWY FRQGXFWHG LQ ZHOO
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VXEMHFWYVY > @ > @ > @ ,W UHVWV RQ VWHDG\ VWDWH KHDW WUDQVIHU FRQG
7TKH VWDWLF KHDW EDODQFH5 RRWHKE BBHASEBQYWWKIS RHDPQ@Q WR WKHLU WKHUPD
IRXU WKHUPDO HQYLURQPHQWDO SDUDPHWHUV LQGRRU DLU WHPSHUDWXUH L

RFFXSDQWYV SHUVRQDO GDWD PHWDEROLF UDWH DQG FORWKLQJ LQVXODWLR

SUHYLRXV VWXGLHV KDYH UHYHDOHG WKDW KXPDQ UHVSRQVHV WR LQGRRU W
QRW DFFRXQWHG IRU LQ WKH FODVVLF 309 PRGHO > @ $V D UHVXOW D GLVFL
HYLGHQFHG GLVFUHSDQF\ WULJJHUHG DQ LQYHVWLIJDWLRQ LQWR LPSURYLQJ V
$GDSWLYH PRGHOV KDYH EHHQ SURSRVHG ZKLFK DVVXPHG WKDW SHRSOH DU
EHKDYLRXUDO DGMXVWPHQWY DFFOLPDWL]DWLRQ WR WKH WKHUPDO HQYLURC
PRGHO LV FDSDEOH RI DFFRXQWLQJ IRU VRPH GHJUHHV RI EHKDYLRXUDO DGD¢
RQHYY FORWKHY LW RYHUORRNV SV\FKRORJLFDO DGDSWDWLRQ DQG DFFOLPD
E\LQWURGXFLQJ DQ H[SHFWDQF\ IDFWRU IRU QRQ DLU FRQGLWLRQHG EXLOGL
HISHFWDWLRQ LV ORZHU DQG WKDWFRAFASNDLHVWIRRGC B MNORIVEGREZQ MHKWMDEROL
1LFRO DQG +XPSKUH\V > @ FODLPHG WKDW SHRSOH DUH DEOH WR DGMXVW

DGDSWLYH WKHUPDO FRPIRUW PRGHO WR HVWLPDWH WKH DFFHSWDEOH LQGR
WHPSHUDWXUH LQ IUHH UXQQLQJ EXLOGLQJV )DQJHU > @ SRLQWHG RXW WKI
DQG +XPSKUH\V LV WKDW WKH PRGHO GRHV QRW FRQVLGHU DFWLYLW\ OHYHO
ZKLFK DUH EHOLHYHG WR KDYH D VLIQLILFDQW LPSDFW RQ KXPDQ WKHUPDO F
EDVH®IERQDFN ER[" WKHRU\ WR H[SORUH WKH ORJLFDO DQG VWDWLVWLFDO

HVWDEOLVKHG UHODWLRQVKLS ZDV XVHG WR SUHGLFW WKHUPDO FRPIRUW DF
FODLPHG WKDW WKHLU PRGHO PLJKW EH LPSRUWDQW LQ WKH FRQWH[W RI KXP
> @ GLVFXVVHG WKH YDULDEOHYV DIIHFWLQJ WKH DFFXUDF\ RI 309 PRGHO 7KH

YRWHY FRXOG EH PLVOHDGLQJ DQG SURSRVHG D PRGLILHG 309 PRGHO EDVHG
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YRWHY 7KH ELDVHV ZHUH UHGXFHG DIWHU PRGLILFDWLRQ

7KH 309 PRGHO ZDV GHYHORSHG EDVHG RQ WKH DVVXPSWLRQ WKDW LI WKH

WKHUPDOO\ DFFHSWDEOHRGEMGHRBPMWGFWR QB LWVDIPRQ I RUKRIFFXSDQWY ZLWK WKH VDF
DQG FDUU\LQJ RXW VLPLODU DFWLYLWLHYVY UHJDUGOHVV RI WKH GHPRJUDSKL
SVI\FKRORJLFDO DGDSWDWLRQ DQG SK\VLRORJLFD@RDPB EGIURDW LYWW MRWH U H B WA
SURSRVHG VWXG\ DLPV WR H[SORUH WKH WK&ELUXFWYHRDWKH &DUUB QWY AFPRQYWU
HISHULPHQW VWX @OHW IDVHGEQXPIBEHRQRI VDPSOHYVY ZKLFK FDQQRW EH JHQHUD!
7KXV RXU VWXG\ LV GHULYHG IURP WKH $6+5%$( *OREDO 7KHUPDO &RPIRUW 'DW
VDPSOH VL]H )ROORZLQJ WKLV LQWURGXFWLRQ 6HFWLRQ TGN ROWHIN WKKHQI I
HODERUDWHY RQ WKH PHWKRGRORJ\ XVHG LQ WKLV VWXG\ 6HFWLRQ IROOR.
PRGHO DQG DQ DGDSWDWLRQ WDEOH DWR RRRABSHVHDWHSE W.KH 6 IHE MD IXRH@ F L W R XW i

LGHQWLILHG LQ 6HFWLRQ 7KH UHVXOWY DUH WKHQ GLVFXVVHG LQ 6HFWLRQ

2. )DFWRUV FRQWULEXWLQJ WR WKH GLVFUHSDQFLHVY EHWZHHQ 309 DQG WKHU

7KH 309 PRGHO ZDV SULPDULO\ GHYHORSHG IURP SUHGHILQHG WKHUPDO HQYL
RWKHU IDFWRUV WKDW PD\ SRWHQWLDOO\ DIIHFW WKH DFFXUDF\ Rl WKH UHVX
FORVHO\ DVVRFLDWHG ZLWK RFFXSDQWVY WKHUPDO H[SHFWDWLRQV DQG FDS|
SHUFHSWLRQV RI WKHUPDO FRPIRUW HYHQ ZKG&)F K [GRNHGHYRHVKHUWDPWVIRG I I
LQIOXHQFH RI VHDVRQDO YDULDWLRQV > @ > @ > @ DQG WKH JHQHUDO FOLP
IDFWRUV LQFOXGLQJ WKH XVH RI GLIIHUHQW FORWKLQJ PDWHULDOV > @ HJ¢
> @ DJH> @ > @ DQG JHQGHU > @ > @ DQG WKH DELOLW\ WR FRQWURO
> @ 7KLV LQ WXUQ LQYROYHV YDULDWLRQV LQ D SHUFHLYHG QHXWUDO WHI

DQG F SHUVRQDO MXGJHPHQWYV > @ $V VXFK ILYH GHWHUPLQDQW YDULDEOF
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EXLOGLQJ W\SH DJH JURXS DQG JHQGHU DQG HODERUDWHG EHORZ

21 6HDVRQ

0DQ\ SUHYLRXV VWXGLHV KDYH UHSRUWHG WKH HIIHREW @I>VHD VR@DS Y@ Y L BNV
HW DO > @ FRQGXFWHG D ODUJHDKROWXWRHU FODQ0G FRRPOBUZL. )W HYHROD® R1 &K
DGDSWLYH UHVISWEVWWGEH®W GLIIHUHQW VHDVRQV 7KH UHVXOWY UHYHDOHG W
WKH LQGLYLGXDOVY WKHUPDO H[SHULHQFH DQG WKHUPDO H[SHFWDWLRQV LQ ¢
LQ ZDUP VHDVRQV 7KXV PDLQWDLQLQJ WKH VDPH LQGRRU WHPSHUDWXUH LQ
DGGLWLRQ WR WKH GLIIHUHQFH LQ SHUFHLYHG 76 WKH RFFXSDQWVY SK\VLROI
UHFRUGHG IURP FOLPDWH FKDPEHU H[SHULPHQWYVY E\ PHDVXULQJ SK\VLRORJLF
> @ LQYHVWLIJDWHG VHDVRQDO PHWDEROLF UDWH YDULDWLRQ Rl VXEMHFWYV
5HVXOWV VKRZHG WKDW RHHM)DER@W A W DPDMBYQ ZOUHXRPHU /HH HWW®I > @ FRPS
PDOH SDUWLFLSDQWYV LQ VXPPHU DQG ZLQWHU 7KH\ FRQFOXGHG WKDW VZHD

ZLQWHU WKDQ LQ VXPPHU

22&0LPDWH

SHVHDUFK VWXGLHV ZLWK UHJDUG WR WKHUPDO FRPIRUW KDYH UHYHDOHG WK
VRFLDO FXVWRP PDLQO\ UHIOHFWHG E\ WKHLU SHUFHLYHG QHXWUDO WHPSHU
> @ *HQHUDOO\ WKHVH VWXGLHV IRXQG WKDW QHXWUDO LQGRRU WHPSHUDYV
DQG ORZHVW LQ FRRPORMKEIROWHNKH@FORWKLQJ LQVXODWLRQ DQG PHWDEROLF
FODVVLF 309 PRGHO WKH YDOXHV DUH QRUPDOO\ DVVHVVHG IURP D VWDQGDU
GLIIXVLRQ RI PRLVWXUH DQG DLU > @ 7KH PHWDEROLF UDWH PD\ EH ORZHU

WDVNV > @ 7KXV WKH LGHQWLFDO FORWKLQJ OHYHO DQG WDVNV SURYLGLQ
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UDWHV PD\ UHVXOW LQ WKH VDPH 309 ZKLOH WKH 76 LV GLIITIHUHQW OHDQZKLC
QDWXUDO VHOHFWLRQ LV VWURQJO\ FRUUHODWHG ZLWK FOLPDWH YDULDEOF
WROHUDQFH IRU KLJKHU WHPSHUDWXUH DQG KXPLGLW\ > @ > @ )RU H[DPSO]

WHPSHUDWXUH > @

23%XLOGLQJ W\SH

7KH LPSDFW Rl EXLOGLQJ W\SH RQ WKHUPDO FRPIRUW LV PXFK OHVV GLVEXV"
GHVLJQ EXLOGNVYX Y RAWLIRW DB GHAXLUHPHQWY ZKLOH FRPSO\LQJ ZLWK WKH HQF
ORUHRYHU WKH LQWHULRU GHVLJQ DV ZHOO DV LQGR® R L F HOEMY EHP DO\ | UR
HTXLSSHG ZLWK SHUVRQDO FRPSXWHUV DQG VHUYHUV ZKLFK DUH UHVSRQVLE
RFFXSDQWYV DUH QRW SDVVLYH UHFLSLHQWY Rl WKHLU WKHUPDO HQYLURQPHC
SODFH HJ WKHUPRVWDWYVY DQG UDGLDWRU YDOYHV WR PDNH WKHPVHOYHV FEF
WR DGDSW WR FORWKLQJ LQVXODWLRQ DQG FRQWURO Rl WKH HQYLURQPHQW
WR DGDSW WKHLU FORWKLQJ OHYHO DQG LPSDFW RQ WKH LQGRRU HQYLURQF
WHPSHUDWXUH UDQJH LQ UHVLGHQWLDO EXLOGLQJV LV ZLGHU WKDQ RWKHU
WKHUPDO FRPIRUW IURP KRPH RIILFH DQG D FOLPDWH FKDPEHU 7KH DXWKRU
WKH SDUWLFLSDQWY IHOW ZDUPHU LQ WKHLU KRPH WKDQ LQ WKHLU RIILFH
UHVXOW ZDV YDOLGDWHG E\ D IROORZ RQ VWXG\ IURP .DUMDODLQHQ > @ ZI

FRIRUW RI UHVSRQGHQWYV 7KH UHVXOWY VKRZHG WHKDMBNIMWHKH UHVSRQGHQW

24 $JH JURXS

7TROHUDQFH WR FROG DQG KRW HQYLURQPHQWY RI GLITHUHQW DJH JURXSV LV

WKHUPRUHJXODWLRQ UHVSRQVH > @ 7KLV UHGXFWLRQ LQ WKHUPDO VHQVLW
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EORRG IORZ > @ 1DWVXPHHHRPHOQ@O > @WHINUWXEBDKSG DR®G \RXQJ PHQ \HD U\
WKHLU SUHIHUUHG WHPSHUDWXUH 7KH VXEMHFWVY ZHUH KHDOWK\ ERWK SK\VI
WHPSHUDWXUH UDQJH RI WKH ROGHVHRIS®SO I$ Q FVFWZHKBUH ¥ WKE®\QZ YK HF RRIGXF W H G
WR LQYHVWLIJDWH WKHUPDO FRPIRUW UHVSRQVH RI GLITHUHQW DJH JURXSYV
ROG SDUWLFLSDWHG LQ WKH LQYHVWLIJDWLRQ 7KH UHVXOWY UHYHDOHG WKD
WKH \RBERSOH DRLOWKHRQUUDOO\ VFDOH XQLWY OHVV WKDQ WKH \RXQJ SHR
VFLHQWLVWY ZKR FODLPHG QR Y& JBRHEPNOGM HW OXH QF HORIL @YHVRVQLIJDWHG WKF
VDPSOHV DQG ROGHU VDPSOHV VXEMHFWYV XQGHU GLITHUHQW WHVW |
PHDVXUHG DW IRXU ERG\ SDUWV 1R VLJQLILFDQW GLIITHUHQFH LQ WKHUPDO S

GLITHUHQW DJH JURXSYV

25*HQGHU

$ ODUJH QXPEHU RI VWXGLHY KDYH H[DPLQHG WKH HIONFWRRIVJHQGHELY WQ QW LDDY
RI ILHOG VWXGLHYVY UHSRUWHG D ZHDN RU LQVLJQLILFDW VW @ Q+0 XaH § WK & DX MG
FRPIRUW XQGHU WKUHH 6VE\SHVURQ PHD \EMW ZHHD PDOH DQG IHPDOH VXEMHFWYV
FRQGXFWHIBOG VWXGLHY WR LQYHVWLJDWH WKH LQIOXHQFH Rl JHQGHU RQ WKH
LOQYROYHG LQ WKH H[SHULWRHQWKH HRIGIWMBW VFDIOREZBG OVKIDW WKH FRPIRUW W
VOLJKWO\ KLJKHU * f& WKDQ PDOH &RQYHUVHO\ VRPH VWXGLHV UHYHDOH
FRPIRUW > @ > @ > @ %HVKLU DQ7® GDRMHHOFI® EWEANMWQ JD\WEGHVEK®G  |H|
7KH VXEMHFWV ZHUH H[SRVHG WR HGNR D @& XO\WW6 ZKHHVOIREHDOWRKA H WKUR XJ
UHVXOWY VKRZHG D VLIJQLILFDQW JHQGHU GLIIHUHQFH ZLWK WKH PDOH VXEM
VXEMHFWVY 7KH IHPDOH SDUWLFLSDQWY IHOW PRUH XQFRPIRUWDEOH LQ ERWK

VLPLODU WR VRPH ILHOG DQG ODERUDWRU\ VWXGLHV ZKLFK VKRZHG WKDW W

3DJH RI



WKH FRPIRUW WHPSHUDWXUH DQG PRUH OLNHO\ WR EH WKHUPDO GLVVDWLVII
> @ 7KXV LW ZDV VXJJHVWHG WKDW IHPDOH VKRXOG EH XVHG DV SULPDU\
UHTXLUHPHQWY > @ +RZHYHU .LQJPD DQG /LFKWHQEHOW > @ DQG :DQJ HW
GHULYHG IURP WKH PHWDEROLF UDWH DQG FORWKLQJ LQVXODWLRQ DQG WK

PHWDEROLF UDWHY DUH ZHOO FRQWUROOHG > @

3. OHWKRGRORJ\

7KLV VHFWLRQ GHVFULEHV WKH GDWD VRXUFH XVHG LQ WKH VWXG\ WKH DGR

XVHG WR DQDO\WVH DQG TXDQWLI\ WKH UHODWLRQVKLSVY EHWZHHQ WKH FDWHJI
'‘DWD VRXUFH DQG VDPSOLQJ WHFKQLTXH

7KH $6+5%$( *OREDO 7KHUPDO &RPIRUW 'DWDEDVH ,, ZKLFK FRQVLVWYV RI WKHL
DQG REMHFWLYH LQVWUWARWVIQGVDQ WHRVXWUWREQWMVLGHY WKH WKHUPDO FRPI
LOQFOXGHV RWKHU UHODWHG LQIRUPDWLRQ VXFK DV VHDVRQ FOLPDWHV EXLC
VHQVDWLRQ VHDVRQ FOLPDWH .|SSHQ**HLJHU FOLPDWH FODVVLILFDWLRQ
GDWDEDVH OHDQZKLOH WKH DWWULEXWHV XQGHU WKH GLITHUHQW YDULDEOH
D FRQILGHQFH OHYHO RI 7KLV QXPEHU LV REWDLQHG E\ HTXDWLRQ

E @A -Ay

S=ILHA O%
—,

KHUH = FRQILGHQFH OHYHO ©6' VWDQGDUG GHYLDWLRQ H PDU

WKH GDWDEDVH

3DJH RI



Spring W 634
Summer e 11578
Autumn B 648

Winter s 4621

Seasons

Am 2075
3 Aw 4919
= BSh 2130
£ Cfa 3340
o
Cfb 2223
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s Cwb 1406
o
>
-
?:ﬂ Classroom I 2736
..1_’ office I 14280
>
() Senior center Bl 465
"
g- Young: 16-24 e 4086
gﬂ Adults: 25-64 (E————— ] ) 377
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<

male EEEEEEE 8868
female IEEEEEEEEEEEEEEEE— 8613

Genders

0 5000 10000 15000

)LJ 'LVWULEXWLRQ RI HI WUDFWHG GDWD VDPSOHMWHR KERKEHF®DWZHD \DH) G$ IS UT UFROSLL
%6K +RW VHPL DULG FOLPDWH &ID +XPLG VXWWURZIDFDO\FQOQMHVUHVXPERGEGREWD®RIS

'U\ ZLQWHU 2FHDQLF FOLPDWH

7KH FDOFXODWHG SRSXODWLRQ VL]H LV )LQDOO\ D WRWDO RI YDULDEOH\
FRQVLVWLQJ RI REVHUYDWLRQV ZHUH XVHG LQ WKLV DQDO\VLV $ QHZ YD
EHWZHHQ 309 DQG 76 ZzDV JHQHUDWHG 7KH H[WUDFWHG DJH LQIRUPDWLRQ ZC
VWXG\ WKH DJH ZDV JURXSHG LQWR WKUHH DWWULEXWHY <RXQJ $GXOW
GLVWULEXWLRQ RI WKH H{[ WUDFWHG VDPSOHV $ ODUJH QXPEHU RI WKH UHFRL

GXULQJ VXPPHU
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$QDO\WLFDO PHWKRGV IRU FDWHJRULFDO YDULDEOHYV

7KH IDFWRUV FRQWULEXWLQJ WR WKH GLVFUHSDQF\ LQ RXU DQDO\VLVY DUH FD
EH DEOH WR DQDO\VH WKH UHODWLRQVKLSVY DPRQJ WKHVH FDWHJRULFDO YDU

WKH DVVRFLDWLRQ EHWZHHQ WKH GLVFUHSDQF\ DQG WKH GLIITHUHQW FDWHJR

$ ER[SORW LV D VWUDLJKWIRUZDUG JUDSKLFDO PHWKRG WR VXPPDUL]H WKH GI
W ZDV XVHG LQ WKLV DQDO\VLV WR YLVXDOO\ LGHQWLI\ WKH GLVSHUVLRQ RI1 \
TXDUWLOH 4 PHGLDQ XSSHU TXDUWLOH 4 DQG PD[LPXP’ DV VKRZQ LQ )
XSSHU TXDUWLOH LV WKH OHQJWK RI WKH ER[ $ OLQH WKDW GLYLGHV WKH ER]
D PHGLDQ RI GHQRWHYVY WKDW WKH QXPEHU RI GDWD KLJKHU WKDQ LV WKH
EHWZHHQ ORZHU TXDUWLOH DQG XSSHU TXDUWLOH LV WKH LQWHUTXDUWLOH

,45 DQG 4 ,45 2XWOLHUMBUMLGNMSID BRH® WV

Interquartile range
Outliners

Outl:ners (IQR) | l

M|— —|09

“Minimum” Q1 Median Q3 “Maxmum”

(Q1-1.5%IQR) (25" percentage) (75" percentage)  (Q3+1.5*|QR)

)LJ , QWHUSUHWDWLRQ RI WKH ER[SORW

&RUUHVSRQGHQFH $QDO\VLV &% DQG 0OXOWLSOH &RUUHVSRQGHQFH $QDO\VL)
FRUUHODWLRQ EHWZHHQ WKH GLVFUHSDQF\ DQG WKH FDWHRERRQLFDID® G BVILDEH
VSHFLILFDOO\ IRU WKH DQDO\VLV RI FDWHJRULFDO YDULDEOHV ZKLFK LQW|
LGHQWLI\LQJ WKHLU GLITHUHQFHY DQG VLPLODULWLHYV > @ > @ > @ 7KLV W

DQG LV DEOH WR DFFRPPRGDWH DQ\ W\SH RI FDWHJBPARRGWDQYBQIED BMCCHEO H@ Z KV
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WZR GLPHQVLRQDO WDEOH LQ PDWUL[ IRUPDW VKRZLQJ WKH IUHTXHQF\ RI WK
&$ DSDUW IURP WKDW LW FDQ EH XVHG ZKHQ WKHUH DUH PRUH WKDQ WZR FD
0&% DUH PHDVXUHG E\ FKL VTXDUH GLVWDQFH EHWZHHQ WKH UHVSRQVH FDYV
SRSXODWLRQ GR QRW GRPLQDWH WKH UHODWLYH GLVWDQFH 7KXV &$ H[KLEL)
WHFKQLTXHV GHULYHG IURP WKH FRUUHODWLRQ FRHIEFQHBQW GHI@QRKHEKKL

HTXDWLRQ > @

ZKHWHDQGy DUH UHODWLYH IUBDQBQRLAROXIERRZ WKH PDUJLQDO UHODWLYH |

FROXPQ

$QDO\WLFDO PHWKRGV WR TXDQWLI\ WKH UHODWLRQVKLSV

$OWKRXIJK FDWHJRULFDO YDULDEOHY DUH ZLGHO\ XVHG LQ RXU GDLO\ OLIH W
D VWDWLVWLF UHODWLRQVKLS 'XPP\ FRGLQJ DOVR NQRZQ DV RQH KRW FRGL
UHJUHVVLRQ DQDO\VLYVY E\ FRQYHUWLQJ WKH FDWHJRULFDO YDULDEOHV LQWR
WKHQ FDQ EH FRQVLGHUHG DV WUXH YDOXHV WKDW FRQ®GLN RI VBDRGRQ 7HIBN

FRGLQJ WKH DWWULEXWHY DUH FRQYHUWHG LQWR ELQDU\ GDWD

7TDEOH $Q H[DPSOH RI GXPP\ FRGLQJ IRU VHDVRQ

‘XPP\ YDULDEOHYV

6HDVR 6SULQ 6XPPH $XWXP :LQWH!

6DPSO 6SULQ

3DJH RI



6DPSO 6XPPH
6DPSO $XWXP

6DPSO LQWH

OXOWLYDULDWH QWU BDQHDHI WAWDM ROWLFDO PRGHO ZLWK PRUH WKDQ RQH LQ
VWX\GRVWDEOLVK WKH UHODWLRQVKLS EHWZHHQ WKH GLVFUHSDQF\ DQG WKH
VHOHFWHG EHFDXVH LW LV WKH PRVW H[WHQVLYHO\ XVHG UHJUHVVLRQ PRG

FRPSHQVDWRU\ WDEOH IRU FDWHJRULFDO YDULDEOHYV

'RUNIORZ RI WKH PHWKRGRORJ\

7KH ZRUNIORZ Rl WKH PHWIKIRGKGRRED LY FRRERSMY RI WKH SDSHU LV WR DQDO\\
309 PRGHO IRU 76 SUHGLFWLRQ LGHQWLI\ WKH UHDVRQV IRU WKH ©&LVFUHSDC

WRIJHWKHU ZLWK DQ DGDSWDWLRQ WDEOH WR HQKDQFH WKH DFFXUDF\ RI WKH
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Data source
|
Extracting the samples

.
Analysing the accuracy of the PMV

! !
Identifying the problems

-
[ Boxplot ] [Correspondence]
O

analysis analysis

!
Proposing an adaptive model (PMVa)
!
Generating an adaptation table
i
Evaluating the accuracy of the PMVa
!

Discussion

)L ZRINIORZ RI WKH PHWKRGRORJ\

4. 5HVXOWYV

7KLV VHFWLRQ SUHVHQWY WKH UHVXOWY UHODWHG WR WKH DFFXUDF\ RI WK

YDULDEOHY LQYROYHG LQ WKH GLVFUHSDQF\ EDVHG RQ WKH H[WUDFWHG VDPE

$FFXUDF\ RI WKH 36% PRGIHOVNLRWY

$V SHRSOH GLIIHU LQ WKHLU WKHUPDO SHUFHSWLRQV 309 FDQQRW EH H[SHE
UHODWLRQVKLS EHWZHHQ WKH 309 DQG LWV GLVFUHSDQF\ 309 76 LV LOOXVW
D OLQHDU UHODWLRQVKLS RI WKH 309 FRUUHV SR QG WXHWR WHIH §BI@ RUGRRUE D
WKH LQFUHDVH RI WKH 309 :KHQ WKH 309 LV QHXWUDO WKH DEVROXWH YDO

GHYLDWHYV IURP WKH QHXWUDO76/1KL X RW DOQW KVRK\D RIUWAHKRO SHIWWVF MY HYG SUHGLFW
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RU FROG HQYLURQPHQWV

7KH 309 ZDV ELQQHG LQWR FDWHJRULHV LQ )LJ E &K \3MRRO & FRBRO
" 1IHXWUDO 309 ” 60LJKWO\ ZDUP 309 ° ‘DUP U 309"
ELQQLQJ WKH 309 WKH RYHUDOO VDPSOH QXPEHU IRU HDFK FDWHJRU\ LV &|
6OLJKWO\ ZDUP :DUP DQG +RW 7KH PDJQLWXGH RI WKH GLVFU
SUHGLFWLQJ 76 7KH PHGLDQ RI HDFK ER[SORW LV D C
FRRO ~ 31HXWUDO  DQG 360LJKWO\ ZDUP° HQYLURQPHQWYV 7KXWHMWKHIBO9 PR
FLUFXPVWDQFHV 7KH ,62 > @ DOVR UHFRPPHQGVY WKDW WKH 309 UDQJH VK
7KH GLVFUHSDQF\ LV ELJJHU LQ 3&ROG  DQG 3&RRO° HQYLURQPHQWY WKDQ LQ
WKH 309 PRGHO LV EHWWHU LQ SUHGLFWLQJ 3+RW’ DQG 3:DUP° FRQGLWLRQV \
FRXOG EH H[SODLQHG E\ WKH DFFHVV WR JUHDWHU DGDSWLYH RSWLRQV IRU P

PRGLILFDWLRQ 7KXV WKH\ GR QRW IHHO DV FROG DV SUHGLFWHG IURP WKH 3

Discrepancy (PMV-TS)
Discrepancy (PMV-TS)

e O

T I T T T T T
Cold Cool Sl. cool Neutral Slwarm Warm Hot

PMV (Binned)

(a) Scatter plot of PMV corresponding to discrepancy (b) Boxplots of Binned PMV corresponding to discrepancy
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)LJ 7KH FRUUHODWLRQ EHWZHHQ 309 DQG LWV GLVFUHSDQF\ 30¢

7KH HITHFW RI YDULDEOHYV RQ WKH GLVFUHSDQF\

7KLYV VHFWLRQ GLVFXVVHV WKH LQIOXHQFH RI VHDVRQ FOLPDWH EXLOGLQ.
GLVFUHSDQF\ EDVHG RQ WKH H[WUDFWHG VDPSOHV 7KH $129% WHVW UHVXC
VLIQLILFDQWO\ GLIITHUHQW IRU HDFK FDWHJRU\ 7KH ER[SORWYV BPIDWHAKRUL]JHG
&% PDSV DQG 0&% PDS LOOXVWUDWLQJ WKH GLVWDQFH EHWZH B CHDGKLYDULDE

7KH RULJLQV RI WKH PDSV FRUUHVSRQG WR WKH FHQWURLG RI HDFK YDULD

WKH PRUH GLVFULPLOQDWLQJ LW LV 7KH UHVXOWY DUH GLVFXVVHG LQ WKH IRC

6HDVRQ

)LJ D VKRZV WKH ER[SORWYV RI WKH GLVFUHSDQF\ REVHUYDWLRQ FRUUHVSR
DUH IRU VSULQJ IRU VXPPHU IRU DXWXPQ DQG IRU ZLQWHU 7
SHUFHIBYN&ZDUPHU WKDQ SUHGLFWHG IURP WKH FODVVLF 309 PRGHO ZKLOH W
WKH $6+5%$( YRWH ZKHQ FRPSDUHG ZLWK WKH 309 PRGHO ,W LV DSSDUHQW WK

7KH PD[LPXP GLIIHUHQFH RI WKH GLVFUHSDQF\ LV ZKLFK RFFXUV EHWZHHC

7KH &% PDS LQ )LJ D GHPRQVWUDWHY WKH GLVWDQFH EHWZHHQ VHDVRQ L
GLVFULPLQDWLQJ DWWULEXWH LQGLFDWHG E\ LWV GLVWDQFH IURP WKH RULJI
76 7 OHDGLQJ WR D ODUJHU QHJDWLYH PHGLDQ YDOXH 7KHUSOWEBRXIJKHY H |

vsuLQJ Lv bOVR VFDWWHUHG IURP WKH RULJLQ LW LV FORVHU WR FDWHJRU\

&OLPDWH

7KH ER[SORWYV Rl WKH GLVFUHSDQF\ REVHUYDWLRQ FRUUHVSRQGLQJ WR WKH
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E\ FOLPDWH LV PRUH QRWLFHDEOH ZKHQ FRPSDUHG ZLWK RWKHU YDULDEOHYV
&ZE DUH 7KH PDQICP XP GLIIHUHQFH LV ZKLFK RFFXUV EH
VKRXOG EH QRWHG WKDW WKH LPSDFW RI WKH VLPLODU FOLPDWHYV RQ WKH Gl

DQG $Z ERWK UHVXOW LQ D FRROHU 76

2Q WKH RWKHU KDQG WKH &$ PDS LQ )LJ E LQGLFDWHV WKH GLIIHUHQW
FOXVWHUHG DURXQG FDWHJRU\ DQG 309 76 ” OHDGLQJ WR QHJDWLYF
FOXVWHUHG DURXQG FDWHJRU\ DQG 309 76 ! DQG WKXV SRVLWLYH PH

%XLOGLQJ W\SH

$V FDQ EH VHHQ IURP )LJ F WKH LQIOXHQFH RI FODVVURRP DQG RIILFH EX
DQG UHVSHFWLYHO\ +RZHYHU WKH LQIOXHQFH RI VHQLRU FHQWHU LV I
WKH SHUFHLYHG WKHUPDO FRPIRUW LV ZDUPHU WKDQ SUHGLFWHG IURP WKH 3
FHQWHU LV KLJKO\ GLITHUHQWLDWHG UHIOHFWHG LQ WKH GLVWDQFH EHWZHI
FDWHJRU\ DQG FDWHJRU\ 7TKHUHIRUH D QHJDWLYH PHGLDQ LV REVHUYHG

WKH RULJLQ ZKLFK LV LQ DFFRUGDQFH ZLWK WKH VPDOO PHGLDQV

$JH JURXS

)LJ G GLVSOD\V WKH ER[SORWV RI WKH GLVFUHSDQF\ REVHUYDWLRQ FRUUFE
DUH IRU <RXQJ $GXOW DQG 20GHU DGXOWYV 7KH JU
DQG $GXOW LV PLQRU ZKHQ FRPSDUHG ZLWK WKH 20GHU DGXOWYV 7K

LQ )LJ G DOVR LQAURIRMAB®E RKHD G LWKHLRPQGDWLQJ YDULDEOH
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*HQGHU

7KH JHQGHU GRHV QRW KDYH D VLIJQLILFDQW LQIOXHQFH RQ WKH GLVFUHSDQF

DQG PDOH DUH VLPLODU )LJ H FOHDUO\ GHPRRXWA BW®W WRK W O B BD\

GHYLDWLRQ EHWZHHQ WKH WZR DWWULEXWHY LV VPDOO 7KH PDOH RFFXSDQW

LQGLFDWHY WKDW WKH PDOH RFFXSDQWV WHQG WR IHHO VOLJKWO\ ZDUPHU W
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(d) Age group (e) Gender
)LJ %R[SORWV RI WKH GLVFUHSDQF\ 309 76 FDWHJRWHHGIE$JB JBHRDANSRQH EBEHQGLHE
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Dimension 1 Dimension 1

(d) Age group (e) Gender

)LJ &RUUHVSRQGHQFH DQDO\VLYV DB GR I DW K H BOVLR/E U HES DOA\P BWH F %XLOGLQJ W

*HQGHU

2YHUDOO DQDO\VLV

7KH UHVXOWYVY LQ )LJ DQG )LJ VKRZ WKDW WKH ILYH FDWHJRULFDO YDULDE
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LQYHVWLIJDWHG KDG DQ LPSDFW RQ WKH GLVFUHSDQF\ ,Q RUGHU WR H[DPLQH
DBPDSSHG LQWR RQH 0&% LQ )LJ $V FDQ EH VHHQ IURP WKH ILIJXUH WKH FOL
RWKHU YDULDEOHV ZKLFK LQGLFDWHV WKH WZR YDULDEOHY DUH PRUH GLIIHU
WR WKH RULJLQ 7KH GLVFUHSDH) BUERPWWHUIRUEGXVWHHRPHGWR WKH FOLPDWH 7K

VLIQLILFDONR Q QMIOK KEQ VFUHSDQF\

' Age group
3 : (O Building type
Senior center (U Climate
i ZEPMV-TS
2 - Older adults: 65-99 ' Season
o Autumr'’ Gender
N “Cfa
c — % 2
=) 1 ™™ 3
'G : %
c Male Summer yong:16-24
Q — e i .s. . D™ F Jo 0 :s.a Nre s ileia e
0 Adults:?5.64 G044 Female ¢
.g Office 8, Winter Classroom Am
(@) cwbe? 6 o
Cwa,
-1 Aw '
Spring
iy B
=3 T T f T T T

Dimension 1

)LJ OXOWLSOH FRUUHVSRQGHQFH DQDO\VLV PDS

,PSURYHPHQW LQ WKH 309 PRGHO

$V WKH 309 PRGHO LV DQ DJJUHJDWHG PRGH®RBMHDYWHIAHR S R S X\W R WSIRHBAL K /V WK S
DFFXUDF\ IRU SUHGLFWLQJ LQGLYLGXDOYV WKHUPDO FRPIRUW UHVSRQVH LV (

VKDULQJ WKH VDPH HQYLURQPHQW WKHLU WKHUPDO FRPIRUW SHUFHSWLRQ YI
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YRWH RI D ODUJH SRSXODWLRQ 7KH PHGLDQV VKRZQ LQ )LJ DUH GHYLDWH |
WKH GLVFUHSDQF\ ZKLFK DUH QRW DFFRXQWHG LQ WKH FODVVLF 308® PRGHO

IDFWRUV VR WKDW WKH 309 FDQ EHWWHU UHSUHVHQW WKH 76 RI D JURXS RI S

$GDSWDWLYH PRGHO DQG DGDSWDWLRQ WDEOH

$ UHJUHVVLRQ PRGHO LQ HTXDWLRQ ZDV GHYHORSHG WR DFFRXQW IRU WK

EXLOGLQJ W\SH DJH JURXS DQG JHQGHU RQ WKH GLVFUHSDQF\
2/8 F65L UE USA=OKXBHWEI=PMEBH@EJCOANCRNHUQLAI@®AN E Y

KHUB 0 U U ¢ & DUH FRHIILFLHQWYV IRU FRQVWDQW VHDVRQ YOVPDRNMH EXL!
HUURU WHUP 7KH FDWHJRULFDO YDULDEOHV ZHUH WKHQ GXPP\ FRGHG 7KH V
WDUJHW ZDV WR UHGXFH WKH GLIIHUHQFH EHWZHHQ 309 SUHGLFWLRQ DQG 76
7DEOH %DVHG RQ WKH UHVXOWYV Zi BRRI$S®VHGHI Y MVGIDRSQWHG 38Y WEH UDQJ

W R 309D VKRXOG DOVR PHHW WKH UHTXLUHPHQW LQ HTXDWLRQ
2/8 L 2/8 FYFU5A=0KIBHEI=PAPEH@ EJCPAOACNEK Q)AR® A N
Fu Q 248Q u

"KHU U4 4 U 4 DQx DUH FRHIILFLHQWY IRU FRQVWDQW VHDVRQ FOLPDWH E
FRUUHVSRQGLQJ YDOXHV DUH GLVSOD\HG LQ 7DEOH JRU H[DPSOH LQ 6XPPH
RFFXSDQWV WKH 309D 309 309 + 7KH VW
LV WKH VWDQGDUG GHYLDWLRQ RI WKH FRHIILFLHQW ZKLFK PHDVXUHV KRZ SL
VWDQGDUG HUURU LV VPDOO ZKLFK LQGLFDWHY WKH DFFXUDF\ WIOWKH PRGHC

PRGHO $V LW FDQ EH VHHQ IURP 7DEOH WK RAGIDQIKD PRQHHVR U @ DILAFFDW MW XE GOEKX
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RI JHQGHU LV PLQRU 7KH PD[LPXP GLIITHUHQFH IRU FOLPDWH DQG EXLOGLQJ W

7TDEOH $GDSWDWLRQ WDEOH IRU 309 PRGHO

coefficient Standard error p

Constant U, 0.362 0.019 3

Season  Spring -0.408 0.044 3

U Autumn -0.586 0.052 3

(U, Fwinter -0.093 0.019 3

Climate U Am -0.594 0.068 3

(4 BSh 0.170 0.028 3

( Cfa -0.756 0.025 3

( Cfb -1.032 0.032 3

(, Cwa 0.294 0.032 3

( Cwb -0.222 0.032 3

Buildingtype U, Classroom 0.391 0.057 3

U, Senior center -0.358 0.068 3

Agegroup (4 Older adults:65-9¢ 0.249 0.063 3

(} Young:16-24 -0.092 0.024 3

Gender & Male 0.087 0.016 3
7KH UHIHUHQFH FDWHJRULHY DUH $GXOW $ZR )HP@Q OWKHE MFRBW LRIQLFH ZKLFK DU

(YDOXDWLRQ RI WKH DGDSWHG GLVFUHSDQF\

7KH HIWUDFWHGI VWRSIOWKMHW ZLWK HTXDWLRQV DQG WKH UHVXOWYV [URP

GLVFUHSDQF\ 309D + 76 %R[SORWYV LQ )LJ VKRZ WKH DGDSWHG GLVFUHSDQ
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JURXS DQG JHQGHU $V VKRZQ LQ WKH ER[SORWYV WKH PHGLDQ RI HDFK DWWU

WKH 309D LV IUHH IURP VHULRXV ELDV 7KXV LW LV FRQFOXGHG WKDW WKH 309

(a) Season (b) Climate (c) Building type

o 0

PMVa-TS
o
|

Female Male

(d) Age group (e) Gender

)LJ %R[SORW RI WKH G/l6V RDANHDIRAUL]IFIDG E\ D 6HDVRQ E &OLPDWH F %XLOGLQ.

$IWHU DGDSWDWLRQ LW LV DOVR LPSRUWDQW WR HQMWXWH W K8 DHAFUBFA RRC
ZKHQ XVHG IRU LQGLYLGXDO SUHGLFWLRQ 7R FRPSDUH WKH RYHUDOO DFFX

GLVFUHSDQFLHV DQG RULJLQDO GLVFUHSDQFLIY BEBHESRRABEGHVEW R LELIV W |
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GLVFUHSDQFLHV IRU HDFK 7XKB RULROQORZE LN RQURHESIDIF GLYWULEXWLRQ ZLWK
DQG D VWDQGDUG GHYLDWLRQ RI VFDOH XQLWY 7KH PHDQ YDOXH GHPRQV)
DFWXDO $6+5%( YRWH E\ VFDOH XQLWV ZKLFK LQGLFDWHVY WKDW RQ DYHU
DGDSWHG GLVFUHSD)QF\ DVZEL¥EOMDONB LROORZY D QRUPDO GLVWULEXWLRQ .
GHYLDWLRQ RI VFDOH XQLWYV %RWK WKH PHDQ YDOXH DQG WKH VWDQGDU

RI WKH DGDSWLYH PRGHO XVHG IRU WKHUPDO FRPIRUW YRWH SUHGLFWLRQ KD

)LJ JUHTXHQF\ GLVWULEXWLRQ RI D DGDSWHG GLVFUHSDQF\ DQG E

7KH 309D DQG 76 DUH ELQQHG LQ WKH VDPH zZD\ DV WKH 309 7KH 309D zZDV EL

&RRO 309D 6OLJKWO\ FRRO 309D \ ZIDXOWUDO 309D 309D
‘DUP 309D DQG +RW 309D ! 7KH 76 ZDV DOVR ELQRRG LQWR
76" 6OLJKWO\ FRRO 1HXWUD®” 6OLJKWO\7BDUP :DUP 76

" DQG76RW $IWHU ETZ® QUKH] WXP-SOH QXPEHU IRU HDFK ELQQHG 76 FDWHJF

60LJKWO\ FRRO 1IHXWUDO 60LJKWO\ ZDUP :DUP DQG +
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ZLWK UHVSHFW7¥%BUWKIHO B Y@ /HBIWHKCWIKIH UDWLR RI FRUUHFW SUHGLFWLRQ I
SUHGLFWLRQ DFFXUDF\ VKRZQ LQ WKH)WRSDRIZWWK IEJXWKH :BKHERXBRFS DRIUW BD ¢
3& RRO" 360 FRRO®™ B31HXWUDO" 360 ZzZDUP" 3:DUP" LV KLIJKHU WKDQ WKH 309 PI
WKH DFFXUDF\ KDV LQFUHDVHG E\ 7KH PRVW VLJQLILFDR®WHIQQYAWHRINMHN W U
LQFUHDVLQJ IURP DQG WR DQG UHVSHFWLYHOD L¥ DGGLUWHR QN RADK}

309 PRGHO ZKLFK LQGLFDWHV WKH 309D PRGHO LV EHWWHU LQ SUHGLFWLQJ 7

)LJ Oeft MDQG,<E*ft GLVWULEXWLRQ FRUUHV'SREEVNYLRA ELQQHG

7KH 309 PRGHO ZDV GHYHORSHG IURP VWDWLF KHDW EDODQFH, BHVOXNNQ D VKX P
WKH UHODWLRQVKLS EHWZHHQ WKH DYHUDJH 76 RI D ODUJH SRSXODWLRQ DQf
WKH 76 LV H[FOXVLYHO\ DIIHFWHG E\ IRXU HQYLURQPHQWDO DQG WZR SHUVR
UHFLSLHQWWKRURDKH HQYLURQPHQW > @ ,Q UHD@LKMUPRDICHHQFWUR @ PN QW WWHR
RZQ WKHUPDO SUHIHUHQFHV 'HPRJUDSKLF DQG FRQWH[WXDO IDFWRUV DUH E}
H[SHFWDWLRQV WKURXJK EHKDYLRXUDO SV\FKRORJLFDO DQG SK\VLRORJLFDO

RITHUV WKH ELJJHVW RSSRUWXQLW\ IRU WKH RFFXSDQWYV WR SOD\ DQ DFWLYH
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7KH OLWHUDWXUH UHYLHZ LQ 6HFWLRQ DQG WKH DQPOWHYVHEXY GEHEQYIL RQSHG
JURXS DQG JHQGHU RQ WKH GLVFUHSDQF\ EHWZHHQ 309 DQG 76 7KHVH YDUL
ZLOMYDOXDWLQJ WKH LQGRRU WKHUPDO FRPIRUW 7KH SURSRVHG DGDSWLYH
$OWKRXIK WKH HIITHFW RI YHQWLODWLRQOWH®WR OCDND B Kk VIHFREMEEGLYW LR GH GO F
LV QRW XVHG DV DQ LQGLFDWRU LQ WKLV VWXG\ 7KH YHQWLODWLRQ LQIRUPD
LWV GLIILFXOW WR LGHQWLI\ ZKHWKHU RU QRW WKH GHYLFH ZDV RQ ZKHQ WKH
)L VKRZV WKH RULJLQDO GLVFUHSDQF\ RI WKH VDPSOHVY FROOHFWHG IURP W
7KH PHGLDQV IRU WKH GLITHUHQW FRQWURO VWUDWHJIJLHY DUH YHU\ FORVH WtE
HITHFW RI DLU FRQGLWLRQLQJ RQ 309 DFFXUDHF\D@KUVQHKHUBRGHUWRWRMXWHFRLRE
ZLWK VHDVRQ DQG EXLOGLQJ W\SH )RU H[DPSOH WKH RIILFH EXLOGLQJV LQ W

IDFLOLWLHYV ZKLOH LQ FROG DUHD WKH\ DUH HTXLSSHG ZLWK KHDWLQJ GHYLFI
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%R[SORWVDJGI FRPSDUHG WKH PHGLDQV RI WKH GLVFUHSDQFLHNQAAIWK UHVSFH

GLVFXVV WKH LQWHUDFW LR Q FERBS/MDIUHHHQ WKHKIH PHISUWIDDEO RV WIKHKH DGDSWHG GLVI
GLVFUHSDQF\ IRU GLIITHUHQW EXLOGLQJ W\SHV DQG VHDVRQV $IWHU DGDSW|
VLIQLILFDQW GHYLDWLRQ IURP p 1 IRU WKH DGDSWHG GLVFUHSDQF\ DUH VSUI
VDPSOHV DXWXPQ RIILFH VDPSOHV DQG DXWXPQ VHQLRU FHQWHU VDP!
D FRQILGHQFH WKH VDPSOH VL]H VKRXOG EH ODUJHU WKDQ 7TKXV WKH

GLIIHUHQFHYVY ZKLOH WKH OLPLWHG QXPEHU RI REVHUYDWLRQV FDQQRW EH VF
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%R[SORWYV LQ )LJ FRPSDUHG WKH PHGLDQV RI DGDSWHG GLVFUHSDQF\ ZLW
JHQGHU 7KH VDPSOH VL]H RI HDFK DWWULEXWH LV ODUJHU WKDQ H[FHSW IF
FRPSDUHG ZLWK WKH RULJLQDO GLVFUHSDQF\ WKH PHGLDQV RI WKH DGDSWH

SDUWLFLSDQWYV IURP WKH GLITHUHQW FOLPDWHYV

W FDQ EH FRQFOXGHG IURP )LJ DQG )LJ WKDW WKH XQLYHUVDO DSSOLFL
GHHEPOYVY LQDSSURSULDWH 5HVHDUFKHUV SURSRVHG PXOWLSOH DGDSWLYH WKFE
7KH PRGHOV DUH FULWLFLVHG IRU WKHLU LQKHUHQW FRPSOH[LW\ ZKLFK PDNF
VWXG\ LV WKH ILUVW RQH WR DWWHPSW WR TXDQWLI\ WKH HIITHFW RI GLITHUHQ
LV DQ HIWHQVLRQ RI WKH 309 PRGHO ZKLFK LV HDV\ WR EH XWLOL]JHG E\ RWK
LQYHVWLIDWH WKH LQGRRU FRPIRUW WHPSHUDWXUH ZKLFK IDFLOLWDWHYV E>
DGDSWDWLRQ WDEOH VKRXOG EH LQFRUSRUDWHG LQWR WKH FXUUHQW VWDQ
W\SH DJH JURXS DQG JHQGHU RQ 76 &RQYHUVHO\ VWDQGDUGV VKRXOG EH D

WKH FDWHJRULFDO YDULDEOHYV
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7KH )DQJHUYV PRGHO ZDV GHYHORSHG ZLWKRXW FRQVUILGMHUWNKWEHWWQ | DKHQ E
XVHG IRU SUHGLFWLQJ 76 RI WKH HI[WUDFWHG VDPSOHV WKH GLVFUHSDQF
YRWH %DVHG RQ WKH UHVXOWYV RI WKLV VWXGDFRKHGDRW KRR Y BY RRIRG H D@S
GHULYHG KLV FRPIRUW HTXDWLRQ EDVHG RQ FROOHJH(DJH VWXGHQWYVY H[SRVI
KRXUV SHULRG LQ ZLQWHU DW VHD OHYHO K3D ZKLOH ZHDULQJ VWDQGDI
$FFRUGLQJ WR $OIDQR HW DO > @ H[WHQVLYH H[SHULPHQWDO VWXGLHV ZH
IRUPHG WKH EDVLV RI )DQJHUTfV ILQGLQJ /DWHU D'BDXENWN\Q WHNDO@L U R R XSTM YRH
'78 ZHUH LQWHJUDWHG WKH GDWDVHWVDIRU )D QUKRIAW GBM PQBWXO D WH RIL IR
309D DQG 309 IRU .68 LV VPDOO ZKLOH WKH GLITHUHQFH IRU '78 LV VOLJKWC
GHYHORSHG LQ ZHOO FRQWUROOHG HQYLURQPHQWY DW VWHDG\ VWDWH ZLWK
FROOHFWHG IURP RWKHU FOLPDWH LW LV UHDVRQDEOH WKDW HYHQ ZKHQ GD

)DQJHUYV PRGHO LV VWLOO VPDOO

(%S& fZ...—Zf—(" £ f cem f.%o:t”'fo ié’:t”(.:to_o

7KHUH DUH DOVR OLPLWDWLRQV IRU WKH XVH RI WKH DGDSWHG PRGHO 'XH
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GHPRJUDSKLF DQG FRQWH[WXDO IDFWRUV VXFK DV HGXFDWLRQDO EDFNJURY
LQIOXHQFH WKHUPDO VHQVDWLRQ DUH QRW WDNHQ LQWR FRQVLGHUDWLRQ LQ
,QWHUQHW RI 7KLQJV ,R7 LQ WKH EXLOW HQYLURQPHQW XQGHUVWDQGLQJ W
FRPIRUW KDV JDLQHG LQFUHDVHG SRSXODULW\ +R&BYHW WXLYHYDWBG LRRGH
JURXS Rl SHRSOH ZKLFK GRHV QRW GLIIHUHQWLDWH LQGLYLGXDO GLIIHUHQF
LQGLYLGXDOV GXH WR ODUJH YDULDWLRQV DPRQJ WKH RFFXSDQWV 7KXV WKt}
UHTXLUHPHQWY RI DQ LQGLYLGXDO RFFXSDQW DQG FKDUDFWHUL]H D VHW RI F

7TKH VWDQGDUGY VKRXOG EH DGDSWHG WR GLIITHUHQW FOLPDWHYV

&RQFOXVLRQV

7KH 309 PRGHO KDV EHHQ ZLGHO\ XVHG WR SUHGLFW RFROSDIXNGV Y 6WKKIHW EB @ F |
QRWHG DQG GLVFXVVHG VLQFH WKH PRGHO ZzDV GHYHORSHG ([WHQVLYH VWXC
76 WKURXJK VXUYH\V RU ILHOG H[SHULPHQWY 8QGHUVWDQGLQJ WKH LPSDFWYV
LOQWHUDFW ZLWK WKH EXLOW HQYLURQPHQW LW DOVR SURYLGHV JXLGDQFH R
KHDOWK FRQVLGHUDWLRQY DUH PHW ZKLOH RSWLPL]JLQJ HQHUJ\ XVDJH 7KLYV
TXDQWLI\ WKH LQIOXHQFHV RI VHDVRQ FOLPDWH EXLOGLQJ W\ASH DJH JURXS
LPSDFWV RI FOLPDWH DQG EXLOGLQJ W\SH RQ WKH GLVFUHSDQF\ DUH PRUH QI
SURSRVHG WR UHGXFH WKH GLVFUHSDQF\ E\ WKH ILYH YDULDEOHY DQG DQ DG
FOLPDWH DQG EXLOGLQJ W\SH DUH DQG UHVSHFWLYHO\ $IWHU DGDS
ZKLFK LQGLFDWHYVY WKDW RQ DYHUDJH WKH 309D LV IUHH IURP VHULRXV ELDV

76 ZDV LPSURYHG IURP WR

3DJH RI



$FNQRZOHGJIJHPHQW

7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH UROH RI WKH UHYLHZHUV L¢

'HFODUDWLRQV RI LQWHUHVW

1RQH

SHIHUHQFH

V

(XURSHDQ &RPPLVVLRQ $Q (8 6BWUDWH J\ RQ +HDWLQJ DQ

KWWSV HF HXURSD HX HQHUJ\ VLWHYV HQHU ILOHV GRFXPHQWYVY B(1B$&7BSDUW B

< /L < B5H]JXL + =KX 'LVWULFW KHDWLQJ DQG F RRGLVQLQRESNIUFLWL W QRR) D@ G HAD

DQG VPDUW JULG 5HQHZ 6XVWDLQ (QHUJ\ 5HY * GRL M UVHU

< /L 6 .XELFNL $ *XHUULHUR < 5H]JXL 5HYLHUZWLILEDVOIR@ JV HOHRHY S\WHRIZR

LPSURYHPHQW 5HQHZ 6XVWDLQ (QHUJ\ 5HY GRL - 56(5
0 JURQWF]DN 6 6FKLDYRQ - *RLQV ( $UHQV + =KDQJ 3 :DUJRFNLQ 4XDQWLW
DQG VDWLVIDFWLRQ DVSHFWV RI LQGRRU HQYLURQPHQWHO TERDLW\ D®IG EXLOGL

[

& .DUPDQQ 6 6FKLDYRQ ( $UHQV 3HUFHQWDJH RRFRRBBD QML D O VEXVIQE GQIMMKK R/

FRPIRUW LQ WK :LQG &RQI 5HWKLQN &RPI &XPEMWHP /RPG [ DFFHAZ HGFKFOQD

3 +|SSH , ODUWLQDF ,QGRRU FOLPDWH DXMEXDIHUWRBICHWL Q5W KHHIZ RO & XU U B Q@ W

- %LRPHWHRURO + GRL \%

< $0 KRUU 0 $ULI 0 .DWDINJLRWRX $ OD]JURHIQGRRIXNRYNURQFRHPWDOJTXBODY

ZHOO EHLQJ DQG FRPIRUW $ UHYLHZ R{QWHH RQWHUDWXUH GRW - 6XVW®OHBQ %XL

@0 )URQWF]DN 3 :DUJRFNL /LWHUDWXUH VXUYH\ RQ KRY L®L3 RRIH Q /Y ILDUFRNQRPUH\Q WY
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(QYLURQ GRL M EXLOGHQY

@; :DQJ ' /L & & OHQDVVD 95 .DPDW ,QYHPW®OJB@NIQIRWYRH GIW HRFRWRFEIF XS G R RIY Wi

DQG WDVN SHUIRUPDQFH XVLQJ HOHFWURHQFHSKDORJUDP %XLOG (QYLURQ

@$ *KDKUDPDQL * &DVWUR % %HFHULN *HUKKXPDQ «RFHQIRW PHRE® MWKRHILRRJ WIX$HK

SHUIRUPDQFH DQG HVWLPDWLQJ SHUVRQDO WKHUPDO FRPXROBH®ONXLOG (QYLURQ

@: &KHQJ % <DQJ $ +HGPDQ 7 20RIVVRQ + XIG\/RIOFQQWROWOHN VS FHDRNW VR

WHPSHUDWXUH IRU LQWHOOLJHQW EXLOGLQJ (QHUJ\ %XLOG * GRL

@% <DQJ ; &KHQJ ' 'DL 7 20RIVVRQ + /L $ OHWHPHGWD ®R WW RHUPQO® FRQYWRF VWRQ
KXPDQ SRVHV IRU HQHUJ\ HITLFLHQW FRQWURO R EXLOGLQJV % X L (

GRL - %8,/'(19

@$6+5%( 6WDQGDUG 7KHUPDO (QYLURQPHQWDO &RQGLWLRQV [IRU +XPC

KWwWSV 72Z2Z WHFKVWUHHW FRP DVKUDH VWDQGDUGWKKOBWRNHQ D'FHHR/G XIFBW B X©@

@,62 (UJRQRPLFV RI WKH 7KHUPDO (QYLURQP B®\MPSHHMWOD W L RQOR THMKHHWAPLDQ

8VLQJ &DOFXODWLRQ RI WKH 309 DQG 33' ,QGLFHV DQG /RFDO 7TKHUPDO &RPIRUW

@3 2 )DQJHU 7KHUPDO FRPIRUW $QDO\VLV DQG DSSOLFQWDRQVY K @HFEQLER QPHH

GRL Vv

@- 9DQ +RRI )RUW\ \HDUV RI )DQJHUYVY PRGHODRIO'WKIQGRRW BRBIRUW &RPIRU

GRL M [

@ 2 )DQJHU - 7RIWXP ([WHQVLRQ RI WKH 309 PRIGM @DVUFP R QPDIWHNR Q G L \(QRQH Gb

SS + GRL 6
@% &DR < =KX 4 2X\DQJ ; =KRX / +XDQJ )LHOG VW DG\DFSMWKELIDQ W\KE X B DDJI PR RH
DQG ZLQWHU LQ %HLMLQJ LQ (QHUJ\ %XLOG SS + GRL M HQEXL
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@-) 1LFRO 0 $ +XPSKUH\V $GDSWLYH WKHUPDO FRPIRUW DQG VXVWDLQDEOH WK

* GRL 6
@5 <DR % /L - /LX $ WKHRUHWLFDO DGDSWLYH PRBBQ R WK HLFODO BFRKRIRG W Q ¥
* GRL M EXLOGHQY

@0 $ +XPSKUH\V - ) 1LFRO 7KH YDOLGLW\ RI ,6Q B¥H¥H UR WG BUWEHRM D@J HRYL B R YPHF

GRL 6 :
@. 3DQWDYRX 6 J/\NRXGLV 0 1LNRORSRXORX ,; 7VLURNMNVRRHRPBD&Y HD@\VD B/(7R |
WKUHVKROGY LQ GLIITHUHQW FOLPDWHY ,QW - %LRPHWHRURO + GF

@7 &KHXQJ 6 6FKLDYRQ 7 3DUNLQVRQ 3 /L * %UDJHUO$RVIOQV LWKRI #6K B $D F PRI

7TKHUPDO &RPIRUW 'DWDEDVH ,, %XLOG (QYLURQ * GRL - %8,/'

@9 )|OGYiU\ /LpLQD 7 &KHXQJ + =KDQJ 5 GH 'HDU 7 3DUNLQVRQ ( $UHQV & &
.DDP 0 $ $GHEDPRZR 00 $QGDPRQ ) %DELFK & %RXGHQ + %XNRYLDQVND ¢
&KHRQJ -+ &KRL 0 &RRN 3 &URSSHU 0 'HXEOH 6 #HPL.GDURQDV , QGUBUQODKVLS .
.ZRN 5 /DPEHUWVY ' /RYHGD\ - /DQJHYLQ 6 O0DQX & ORRVPDQQ ) 1LFRO 5 2]
5 5DZDO 5 5RPHUR + % 5LMDO & 6HNKDU 0 6FKZKDRHU 7HODUWDRLWXP 6/ LFR

7VX]XNL 5 'H 9HFFKL $ :DJQHU = :DQJ + :DOOEDXPKDQHEE FKRBQIH¥KHORSPH

RI WKH $6+5%$( *OREDO 7KHUPDO &RPIRUW 'DWDEDVHGRL%XLOGV EXLIOURHR Y

@0 $ +XPSKUH\V -) 1LFRO $GDSWLYH WKHUPDO FRP RGN QRQ/G QMWD WQOBMmH W K

* GRL 6

@0 )RXQWDLQ * %UDJHU 5 'H 'HDU ([SHFWDWLRQWXRDGQGRRU FOLBDWH F

GRL 6

@+ % 5LMDO + <RVKLGD 1 8PHPL\D 6HDVRQD®WDMSH U BN RODDO LEL LIHIB@HHEY WO X

KRXVHVY Q G GRL M EXLOGHQY
@) 1LFRO O +XPSKUH\V OD[LPXP WHPSHUDWXUHY KIQDMXX ULRS/HFR@ IRUWFHEERL QGH QJ!
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GRL M VROHQHU

@+ * 'HQJHO & OHKQHUW 3 6FKZDU]JHQDX (Y D COQEBW IURIQHBRMWMRLY BIHDY P @ MWPK M 8 U R

6FDQG - :RUN (QYLURQ +HDOWK 6XSSO + KWWS ZZZ QFEL QOP QL

@%$ 0 +DQFRFN ' % :LWRQVN\ * $ONRUWD $UDQEXUX & B8WHHPOQQS$ - *HBUHWH &R I

&RRS $ 'L 5LHQ]JR $GDSWDWLRQV WR &OLPHXWDQNG I3DREH GHQHOWHFWLYH BUHVV

GRL MRXUQDO SJHQ
@< =KDQJ + &KHQ - :DQJ 4 OHQJ 7KHUPDO FRPIRUWLRIDSHRSIDAHVMRW K H IX\RRAQ D B ¢
DQG WKHUPDO KLVWRU\ ,QGRRU $LU + GRL LQD

@+ /LX < :X % /L < &KHQJ 5 <DR 6HDVRQDO YO0 HRIWL.DRQEKIL & HYPD® QV W& ¥ DAR

&ROG :LQWHU ]J]RQH RI &KLQD (QHUJ\ %XLOG * GRL M HQEXLOG

@5 - G 'HDU * 6 %YUDJHU 'HYHORSLQJ DQ DGDSWHYH CPFRHG Hi®G +B B (WKUHUPD O FRPIF

KWWSYV HVFKRODUVKLS RUJ FRQWHQW TW TT S F TWTT S F SGI

@. 1DWVXPH 7 2JDZD - 6XJHQR\D 1 2KQLVKL . IRPDRO3UBIHU URDGOD FPEHM Q@Y WXHF

ZLQWHU , QW - %LRPHWHRURO + GRL %)

@% <DQJ 7 20RIVVRQ $ TXHVWLRQQDLUH VXUYH\ RIOQWVPRRGL @O WPIRIROP H QW XRY

UHVLGHQWLDO EXLOGLQJV RI 6LQJDSRUH ,QGRRU %XLOW (QYLURQ + C

@= :DQJ 5 GH 'HDU 0 /XR % /LQ < +H $ *KDKUDPDRDRO<FRKDIR U W G § YALLGAKHDWDD @G/LX Ut

%XLOG (QYLURQ + KWWSV 272727 CFHHQEHGLUHFW FRP VFEHDQFHHDGUX

@6 .DUMDODLQHQ 7KHUPDO FRPIRUW DQG JHQGHU D s:OLWKRLDWXUH MIHYLHZ
[

@ 7HOL 0) -HQWVFK 3% % -DPHV 1DWXUDOORIYHQRWWQRWHEBFBDWRREBRU VSR WD
WKHUPDO VHQVDWLRQ DQG SUHIHUHQFH R SULPDU\ VFKRR#© FKLOGUHC
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GRL M HQEXLOG

@ :DQJ - .LP - ;LRQJ + <LQ 2SWLPDO FORWIGL 8 LAVXPID/WEKRQ QG @0Q WX O\

GRL M EXLOGHQY

@0 6 $OZHWDLVKL ,PSDFW RI %XLOGLQJ )XQFWLRRQ RQQKH$SDDO &RIPIRUW $ 5HYLI

GRL DMHDVVS
@< 1DNDPXUD . 2NDPXUD 6HDVRQDO 9DULDWLRQ RW 6GAMDAMNQ J HHS/CE REQVH V6 KIQ G-H
$QWKURSRO * GRL MSD

@1 8PHPL\D 6HDVRQDO 9DULDWLRQV RI 3K\VLRORJLFDQ&KPWDFWHUKHMWRBY BRQF

3K\WWLRO $QWKURSRO + GRL MSD

@ % /HH 7 : .LP < . OLQ + 0 <DQJ 6HDVRQDO $EROLHPUD WIR DK DRQ H\Q LEX RPKHHU ¢
5HVSRQVH GXULQJ 3DVVLYH +HDWLQJ LQ .RUHDQ <RXQJ $GXOW OHQ .RUHL

GRL NMSS

@% <DQJ ) :DQJ 6XSSOHPHQWDU\ RSLQLRQV RQ DWW H,DQD W L Y. EFRHRVWHQ I RMOH FK Q R

GRL Vv

@) =KDQJ 5 GH 'HDU ,PSDFWV RI GHPRJUDSKLF FRQ@ W HRWDMOL PQ YLLGEWM QB B FIW RR

GDWDEDVH %XLOG (QYLURQ GRL M EXLOGHQY

@ 'DKHU 6 .XELFNL $ *XHUULHUR 3RVW RFHAEXBBDHA F\WLDYGIXDIVIRRQ. [TDNV IDRPQI-DUAH G
LQ $GY ,QIRUPDWLFV &RPSXW &LY &RQWKUQUQEKBBULQJIIG ,QWHUQGRILRQDO 3

B

@1 $ 2VHODQG 3UHGLFWHG DQG UHSRUWHG WKBQBDIORPHEV DQHRD %X LFADEPDWH F

GRL

@6 .DUMDODLQHQ 7KHUPDO FRPIRUW DQG XVHFRVNWKNKUBGBV\WDWWVYRQ )LQQLVK KR

GRL M EXLOGHQY
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@6 *XHUJRYD $ "XIRXU 7KHUPDO VHQVLWLYLW\ LQ5WKH HOGHUO\+ $ UHYL

GRL M DUU

@/ 6FKHOOHQ :' 9DQ ODUNHQ /LFKWHQEHOW 0 */ & /RRPRBONQ-\RIMRQW DIEXDW V' HD C
HOGHUO\ LQ WKHUPDO FRPIRUW SURGXFWLYLWNUDWH WKHPLERHUD \& K UWH. QR J W LIDQ

FRQGLWLRQ ,QGRRU $LU + GRL M [

@9 6RHEDUWR + =KDQJ 6 B6FKLDYRQ $ WKHUPDG® TRRURDQGHRKXIQUR Q PH-ORSGIH F %X |

* GRL M EXLOGHQY

@+ $PDL 6 7DQDEH 7 $NLPRWR 7 *HQPD 7KHUHPWLWHDQWHQRDYW LRRRXQ 6 DR\ELRRRIRIU W\

(QYLURQ + GRL - %8,/'(19

@- . OD\NRW 5 ) 5XSS ( *KLVL $ ILHOG VWXGHBPE&RMRWHXLHVHUQDRIGL WH HEXR DG LKRIR

* GRL M HQEXLOG

@0 < %HVKLU -' 5DPVH\ &RPSDULVRQ EHWZHHQ PREOUPDQGHIHPBD/OWH D/XEG M/HHFQN IDYWA

(UJRQ + GRL

@6 .DUMDODLQHQ *HQGHU GLIIHUHQFHV LQ QVKMH B DD F RW R U D DQHEQ X \/ H RRQ PV IQRUM

* GRL M EXLOGHQY

@% .LQJPD : YDQ ODUNHQ /LFKWHQEHOW (QHUJ\ FRQVXPSWL&QLIPQ EXDQGLQJIV DQ

+ GRL QFOLPDWH
@0 *UHHQDFUH &RUUHVSRQGHQFH DQDO\VLYV KWWS WDNDQH EULQNVWHU QF
@1 B6RXULDO & :ROIVRQ % =KX - 4XDLO - )OHWFKHU 6 .DUXQDQDQWKDQ

&RUUHVSRQGHQFH DQDO\VLV LV D XVHIXO WRROLAIROXVFRLYMHEOWKH-U KO D LEFQGK

* GRL M MFOLQHSL

@9 &DULRX (0 4DQQDUL 6WDWLVWLFDO WU FRWPH\SR RE HQHH \DRWGWHMX VEGCHWDDE

3UHIHU + GRL M IRRGTXDO
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> @< <DR = /LDQ : /LX 4 6KHQ ([SHULPHQWDO 6WXG\RONE6RL QKHPSHRIDQV %RK5 \DlI

SHFXPEHQW 3RVWXUH XQGHU 8QLIRUP 7KHUPDO (QYLURQPHQWY ,QGRRU

GRL ;
> @( +boDzD - 9DQ +RRI 7KH DGDSWLYH DSSURDFK WR\ WKHOBDO FRPIRUW $ FUL
GRL M HQEXLOG

> @. - OF&DUWQH\ - )HUJXV 1LFRO 'HYHORSLQJ DQ HQBBWLY K LR W(WDR/® DICHIR U L W K¢

GRL 6
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