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*\HRQJVDQJ 1DWLRQDO 8QLYHUVLW\� .RUHD

'HSDUWPHQW RI 8UEDQ (QJLQHHULQJ

KK\RR#QRQJDH�JVQX�DF�NU

:RUNLQJ *URXS ,9��

.(<:25'6� 'LJLWDO 2UWKRSKRWR� 5DGLDO 6ZHHS $OJRULWKP� 6XUIDFH 5HFRQVWUXFWLRQ� ,QWHUHVW 3RLQWV� %XLOGLQJ 0RGHO�

$%675$&7

*HQHUDWLQJ GLJLWDO RUWKRSKRWRV IRU XUEDQ DUHDV KDV EHHQ OLPLWHG EHFDXVH RI WKHLU QDWXUDO FRPSOH[LW\� 3UREOHPV DULVH ZLWK

WKH H[LVWHQFH RI D JURXS RI EXLOGLQJV VWDQGLQJ VLGH E\ VLGH DQG ZLWK GLIIHUHQW SDWWHUQV� 7KLV VWXG\ DLPV DW WKH JHQHUDWLQJ

GLJLWDO RUWKRSKRWRV IRU XUEDQ DUHD WKURXJK WKH PRGHOLQJ RI WKH EXLOGLQJ� 0RGHOLQJ RI D EXLOGLQJ ZDV GRQH E\ ILUVW

HVWLPDWLQJ EXLOGLQJ KHLJKW IURP LQWHUHVW SRLQWV PDWFKLQJ� UDGLDO VZHHS DOJRULWKP� DQG VXUIDFH UHFRQVWUXFWLRQ WHFKQLTXH�

7KHQ FRPELQHG ZLWK DQ H[LVWLQJ GLJLWDO PDS� PRUH DFFXUDWH EXLOGLQJ KHLJKW HVWLPDWLQJ ZDV GRQH WR FUHDWH D GLJLWDO

RUWKRSKRWR IRU XUEDQ DUHD�

� ,1752'8&7,21

,W KDV EHHQ GLIILFXOW WHFKQLFDOO\ WR FUHDWH D GLJLWDO RUWKRSKRWR IRU XUEDQ DUHD EHFDXVH RI WKHLU QDWXUDO FRPSOH[LW\�

(VSHFLDOO\ HVWLPDWLQJ EXLOGLQJ KHLJKW ZDV PRVW WURXEOH PDNLQJ SURFHVVHV RI DOO� (EQHU DQG +HLSNH ������ SURSRVHG DQ

LQWHJUDWLRQ VROXWLRQ IRU LPDJH PDWFKLQJ DQG REMHFW VXUIDFH UHFRQVWUXFWLRQ� /DQJ DQG RWKHUV ������ DQG +DDOD ������

GHDOW ZLWK SUREOHP RI DXWRPDWHG EXLOGLQJ H[WUDFWLRQ IURP DHULDO LPDJHV� $PKDU DQG (FNHU ������ SURSRVHG DQ

LQWHJUDWHG VROXWLRQ IRU WKH SUREOHPV RI �' PDQ�PDGH REMHFWV LQ GLJLWDO RUWKRSKRWRV� 7KH\ FODVVLILHG LPDJH LQWR FODVVHV

DQG SHUIRUPHG VHSDUDWH UHFWLILFDWLRQ IRU WHUUDLQ DQG EXLOGLQJ DUHD WR JHQHUDWH RWKRSKRWRV� 7KLV SDSHU SUHVHQWV D PHWKRG

DERXW WKH JHQHUDWLRQ RI RUWKRSKRWR IRU XUEDQ DUHDV WKURXJK WKH DFFXUDWH PDSSLQJ RI EXLOGLQJ� 7KH DFFXUDWH EXLOGLQJ

ERXQGDU\ LQIRUPDWLRQ KDV REWDLQHG IURP WKH H[LVWLQJ GLJLWDO PDSV�

� $3352$&+

2XU VFKHPH WR JHQHUDWH GLJLWDO RUWKRSKRWR IRU XUEDQ DUHD LV LOOXVWUDWHG LQ )LJXUH ��

x &RQVWUXFW 7,1 PRGHO XVLQJ GLVWLQFW SRLQWV VXFK DV WKH FRUQHU RI EXLOGLQJV � D URDG FURVVLQJ� DQG VR RQ�

x ,QLWLDO '(0 JHQHUDWLRQ XVLQJ SLHFHZLVH /DJUDQJH LQWHUSRODWLRQ DQG VHWWLQJ XS WKH LQLWLDO EXLOGLQJ KHLJKW�

x ([WUDFW WKH EXLOGLQJ OD\HU IURP H[LVWLQJ ������ GLJLWDO PDS�

x 'HWHUPLQH FHQWURLG FRRUGLQDWH RI HDFK EXLOGLQJ OD\HU�

x 'HWHUPLQH WKH EXLOGLQJ KHLJKW XVLQJ VXUIDFH UHFRQVWUXFWLRQ PHWKRG�

x *HQHUDWH ��' REMHFW ILOH�
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x *HQHUDWH GLJLWDO RUWKRSKRWR IURP D PRGHOLQJ RI EXLOGLQJ�
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��� &RQVWUXFWLRQ RI D 7,1 XVLQJ LQWHUHVW SRLQWV

)LUVW ZH DSSOLHG )|UVWQHU LQWHUHVW RSHUDWRU �)|UVWQHU DQG *�OFK� ����� WR H[WUDFW WKH GLVWLQFW SRLQWV LQ D �[� RU �[�

ZLQGRZ E\ XVLQJ WKH VODQW RI EULJKWQHVV� $IWHU WKH GLVWLQFW SRLQWV KDYH EHHQ H[WUDFWHG� UDGLDO VZHHS DOJRULWKP LV DSSOLHG

WR FRQVWUXFW D 7,1 RI WKH �' FRRUGLQDWHV� 'HWDLO SURFHGXUHV IRU WKLV SURFHVV LV VKRZQ LQ )LJXUH �� ,QLWLDO '(0 IRU

EXLOGLQJ LV XVHG LQ VXUIDFH UHFRQVWUXFWLRQ SURFHVV VLQFH WKLV SURFHVV LV QRQOLQHDU DQG UHTXLUHG LQLWLDO YDOXHV� ,QLWLDO YDOXH

RI VXUIDFH UHFRQVWUXFWLRQ LV REWDLQHG E\ SLHFHZLVH /DJUDQJH LQWHUSRODWLRQ RI D 7,1�
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)LJXUH �� UDGLDO VZHHS DOJRULWKP�56$�

��� 6XUIDFH UHFRQVWUXFWLRQ

,PDJH GHQVLW\ �LQWHQVLW\� RI DHULDO LPDJHV LV IRUPHG XQGHU WKH LQIOXHQFH RI FKDUDFWHULVWLFV RI REMHFW VXUIDFH�

5HODWLRQVKLS EHWZHHQ GHQVLW\ YDOXH DVVLJQHG WR WKH REMHFW VXUIDFH HOHPHQW DQG WKH FRUUHVSRQGLQJ LPDJH GHQVLW\ YDOXH

FDQ EH IRUPXODWHG IROORZLQJ HTXDWLRQ ���� ,Q WKLV SDSHU� ZH DVVXPHG WKDW ZH KDYH DOUHDG\ NQRZQ H[WHULRU RULHQWDWLRQ

SDUDPHWHUV� DQG VHOHFW WKH PHWKRG RI JHWWLQJ WKH VROXWLRQ E\ SXWWLQJ WKH KHLJKW YDOXH DV DQ XQNQRZQ TXDQWLW\�
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ZKHUH * � WKH XQNQRZQ GHQVLW\ YDOXH DVVLJQHG WR WKH REMHFW VXUIDFH HOHPHQW

7U � UDGLRPHWULF LPDJH WUDQVIRUPDWLRQ
= � WKH KHLJKW RI WKH JULG SRLQWV RI WKH JHRPHWULF VXUIDFH PRGHO

3 � WKH RULHQWDWLRQ SDUDPHWHUV

G�[S� \S� � LPDJH GHQVLW\ YDOXH LV FRPSXWHG IURP WKH QHLJKERULQJ GHQVLW\ YDOXH E\ H�J� ELOLQHDU LQWHUSRODWLRQ

�� &5($$7,21 2) 7,1 $1' %8,/',1* (;7$5&7,21

��� &RQVWUXFWLQJ D 7,1 DQG VXUIDFH LQWHUSRODWLRQ

$HULDO LPDJHV RI WHVW DUHD DUH VKRZQ LQ )LJXUH �� 2XU WHVW DUHD VKRZV WKH W\SLFDO XUEDQ VFHQH RI .RUHD� 6HYHUDO JURXS RI
EXLOGLQJ EORFNV UHSUHVHQWV DSDUWPHQW FRPSOH[� ,QGLYLGXDO KRXVHV DQG VFKRRO GLVWULFW DUH DOVR YLVLEOH LQ WKH LPDJH� %ODFN

WH[WXUHG DUHD UHSUHVHQWV VXUURXQGLQJ PRXQWDLQRXV WHUUDLQ� 7KH VWDWXV RI WHVW DUHD PDSSLQJ LV VXPPDUL]HG LQ 7DEOH ��

:H DSSOLHG LQWHUHVW SRLQW RSHUDWRU DQG H[WUDFWHG DERXW ������ LQWHUHVW SRLQWV� $ERXW ��� RI H[WUDFWHG SRLQWV ZHUH

VHOHFWHG IRU PDWFKLQJ SXUSRVHV� 7KLV ZDV GRQH E\ FDOFXODWLQJ FURVV FRUUHODWLRQ FRHIILFLHQWV� :KHQ WKH FURVV FRUUHODWLRQ

FRHIILFLHQWV XVLQJ ��[�� ZLQGRZ VL]H ZHUH RYHU ���� ZH VHOHFW WKRVH SRLQWV IRU PDWFKLQJ� :H FUHDWHG 7,1 XVLQJ WKRVH

VHOHFWHG SRLQWV�

�D� /HIW LPDJH ����� �E� 5LJKW LPDJH �����

)LJXUH �� $HULDO LPDJHV RI WHVW DUHD

7HVW DUHD 3KRWR VFDOH )RFDO OHQJWK 7KH VL]H RI SL[HO )OLJKW KHLJKW
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:H SHUIRUPHG SLHFHZLVH /DJUDQJH LQWHUSRODWLRQ XVLQJ � SRLQWV RI HDFK WULDQJOH WR LQWHUSRODWH WKH SRLQWV LQVLGH WKH
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)LJXUH � VKRZV WKH UHVXOW RI LQWHUSRODWLRQ XVLQJ �P LQWHUYDO LQ HTXDWLRQ ����
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)LJXUH �� ,QLWLDO YDOXH IRU VXUIDFH UHFRQVWUXFWLRQ XVLQJ D �P LQWHUYDO�

��� %XLOGLQJ H[WUDFWLRQ

,W LV FULWLFDO WR GHWHUPLQH DFFXUDWH EXLOGLQJ KHLJKW WR FUHDWH RUWKR LPDJH RI WKH EXLOGLQJ� 7R HIILFLHQWO\ SHUIRUP WKLV

SURFHVV ZH ILUVW SXW VRPH DVVXPSWLRQ RQ WKH VL]H RI EXLOGLQJV� )RU RXU VWXG\ DUHD WKH VPDOOHVW VL]H RI EXLOGLQJ LV

DVVXPHG WR EH �P� :H FRQVWUXFWHG �P 
�P JULG DURXQG WKH FHQWURLG RI WKH EXLOGLQJV� 7KH EXLOGLQJ ERXQGDULHV DUH

REWDLQHG IRUP H[LVWLQJ ������� GLJLWDO PDS RI WKH VWXG\ DUHD�

7KH WRWDO QXPEHU RI H[WUDFWHG EXLOGLQJ IURP WKH GLJLWDO PDS ZDV ��� 6L[ H[WUDFWHG EXLOGLQJV DPRQJ WKHP DUH QRW

JHQHUDWHG SURSHUO\ EHFDXVH WKH ERXQGDU\ DUHD LV RXW RI WKH EOXHSULQW DUHD� 7KH OD\HU FRGH RI EXLOGLQJ OD\HU RI GLJLWDO

PDS LV VKRZQ LQ 7DEOH �� 'LJLWDO PDS RI WKH WHVW DUHD LV VKRZQ LQ )LJXUH ��

/D\HU FRGH &RQWHQWV

���� 1RW FODVVLILHG

���� %XLOGLQJ H[FHSW KRXVHV

���� +RXVHV

���� 7HQHPHQW KRXVH

���� &RQVWUXFWLRQ

���� $SDUWPHQW

���� %XLOGLQJ ZLWKRXW ZDOOV

���� *UHHQ KRXVH

���� 7HPSRUDU\ EXLOGLQJ

���� 7KH ERXQGDU\ RI FOXVWHUHG KRXVHV

7DEOH �� 7KH FRGH RI EXLOGLQJ OD\HU LQ GLJLWDO PDS
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)LJXUH �� �P
�P JULG JHQHUDWLRQ IURP HDFK EXLOGLQJ FHQWURLG

�� *(1(5$7,21 2) ',*,7$/ 257+23+272 2) %8,/',1*

��� 'HWHUPLQDWLRQ RI EXLOGLQJ KHLJKW

%XLOGLQJ KHLJKW ZDV GHWHUPLQHG E\ VXUIDFH UHFRQVWUXFWLRQ ZLWK WKH LQLWLDO EXLOGLQJ KHLJKW� 7KH SL[HO VL]H ZDV ��¢�

FRUUHVSRQGLQJ WR DSSUR[LPDWHO\ ��� P RQ WKH JURXQG� ,Q VXUIDFH UHFRQVWUXFWLRQ SURFHVV WKH DFWXDO VL]H RI REMHFW VXUIDFH

HOHPHQW �26(� ZDV ��� P� :H GHILQHG �� 26( LQVLGH WKH �P [ �P JULG� 7RWDO QXPEHU RI 26( LQ WKH RULJLQDO �P [ �P�

WKHUHIRUH� LV ����

,Q HDFK PHVK QRGH SRLQW �WRWDO � LQ WKH �P [ �P JULG�� ZH FDQ FDOFXODWH FRUUHVSRQGLQJ = YDOXHV� 7KHVH FDOFXODWHG YDOXHV

PD\ EH GLIIHUHQW� :H DVVXPHG WKDW WKH WRS RI WKH EXLOGLQJ LV IODW DQG XVHG DYHUDJH YDOXH RI FDOFXODWHG = DV D

UHSUHVHQWDWLYH KHLJKW IRU WKH EXLOGLQJ� )LJXUH � UHSUHVHQW '(0 DQG EXLOGLQJ KHLJKW� 7KH EULJKWHU WKH LPDJH LV� WKH KLJKHU

WKH HOHYDWLRQ LV�

)LJXUH �� '(0 DQG %XLOGLQJ +HLJKW 0DS
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��� *HQHUDWLRQ RI RUWKRSKRWR

)LJXUH � VKRZV D RUWKRSKRWR RI WKH WHVW DUHD ZLWKRXW FRQVLGHULQJ EXLOGLQJ PRGHO� 6LQFH WKH VKDSH RI WKH EXLOGLQJ ZDV

QRW SURSHUO\ PRGHOHG� WKH GLVSODFHPHQW RI EXLOGLQJ ZDV QRW FRUUHFWO\ DGMXVWHG� )LJXUH � VKRZV LPSURYHG YHUVLRQ RI

)LJXUH � E\ FRQVLGHULQJ EXLOGLQJ PRGHO� 7KH EODFN DUHDV DURXQG WKH EXLOGLQJ UHSUHVHQW RFFOXVLRQ DUHD� 7KHUH ZDV QR

FRUUHVSRQGLQJ JUD\ YDOXHV LQ WKH RULJLQDO LPDJH� ZH DVVLJQHG � JUD\ YDOXHV IRU WKH RFFOXGHG DUHDV�

�D� /HIW �E� 5LJKW

)LJXUH �� 2UWKRSKRWR JHQHUDWHG ZLWKRXW FRQVLGHULQJ EXLOGLQJ OD\HU

��� $FFXUDF\ DVVHVVPHQW RI EXLOGLQJ KHLJKW

:H FKHFNHG WKH KHLJKW DFFXUDF\ RI RXU SURFHVVHG GLJLWDO EXLOGLQJ PRGHO E\ FRPSDULQJ ZLWK KHLJKW YDOXHV PHDVXUHG E\

WKH DQDO\WLFDO SORWWHU� 5HVXOWV VKRZ WKDW KHLJKW GLIIHUHQFH EHWZHHQ GLJLWDO EXLOGLQJ PRGHO DQG WKH KHLJKW YDOXHV

PHDVXUHG E\ WKH DQDO\WLFDO SORWWHU UDQJHV IURP ¤����� P WR ����� P ZLWKä�����P 506(�
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�D� /HIW �E� 5LJKW

)LJXUH �� 2UWKRSKRWR ZLWK RFFOXVLRQ DUHDV

�� &21&/86,216

6XFFHVVLYH DSSOLFDWLRQ RI DOJRULWKPV VXFK DV LQWHUHVW SRLQWV PDWFKLQJ� UDGLDO VZHHS DOJRULWKP DQG VXUIDFH

UHFRQVWUXFWLRQ WHFKQLTXH PDGH LW SRVVLEOH WR UHFRQVWUXFW WKH VXUIDFH� HVSHFLDOO\ EXLOGLQJ� 7KH SURSRVHG PHWKRG XVHG D

EXLOGLQJ ERXQGDU\ LQIRUPDWLRQ IURP D GLJLWDO PDS� DQG WKHUHIRUH WKH FRQVWUDLQWV IRU WKH VKDSH RI WKH EXLOGLQJ ZHUH

UHGXFHG� :H ZHUH DEOH WR UHFRQVWUXFW WKH EXLOGLQJV HIIHFWLYHO\ ZLWK WKLV FRPELQHG PHWKRG�

5()(51(1&(6

$PKDU� )� DQG (FNHU� 5�� ����� $Q ,QWHJUDWHG 6ROXWLRQ IRU WKH 3UREOHPV RI �' 0DQ�0DGH 2EMHFWV LQ 'LJLWDO

2UWKRSKRWRV� ,6356� 9RO� ;;;,� 3DUW %�� 9LHQQD� SS�������

(EQHU� +� DQG +HLSNH� &�� ����� ,QWHJUDWLRQ RI 'LJLWDO ,PDJH 0DWFKLQJ DQG 2EMHFW 6XUIDFH 5HFRQVWUXFWLRQ� ,6356� 9RO�

�� 3DUW %��� .\RWR� &RPPLVVLRQë� SS���������

)|VWQHU� :� DQG *�OFK� (�� ����� $ )DVW 2SHUDWRU IRU 'HWHFWLRQ DQG 3UHFLVH /RFDWLRQ RI 'LVWLQFW 3RLQWV� &RUQHUV DQG

&HQWHUV RI &LUFXODU )HDWXUHV� ,6356 ,QWHUFRPPLVVLRQ :RUNVKRS� ,QWHUODNHQ� SS���������

+DDOD� 1�� ����� �' %XLOGLQJ 5HFRQVWUXFWLRQ XVLQJ /LQHDU (GJH 6HJPHQW� 3KRWRJUDPPHWULF :HHN� 6WXWWJDUW 
��� SS����

���

/DQJ� )�� /FKHUEDFK� 7�� DQG 6FKLFNOHU� :�� ����� $ 2QH�(\H 6WHUHR 6\VWHP IRU 6HPL�DXWRPDWLF �'�%XLOGLQJ

([WUDFWLRQ� *,0� -XQH� SS�����
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