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0LFURZDYH�3URSDJDWLRQ�&KDUDFWHULVWLFV�LQ�DQ�8UEDQ�(QYLURQPHQW�

� ZLWK�%DVH�6WDWLRQ�$QWHQQD�RQ�7RS�RI�D�+LJK�%XLOGLQJ�

.R]R 6DNDZD� +LURQDUL 0DVXL� 0DVDQRUL ,VKLL� +LUR\XNL 6KLPL]X� DQG 7DNHKLNR .RED\DVKL
<53 .H\ 7HFK /DEV

��� +LNDULQR�RND� <RNRVXND ��������� -DSDQ
(�PDLO� VNZ#\US�NWUO�FR�MS

,� ,1752'8&7,21

,Q UHFHQW \HDUV� ZLWK WKH LQFUHDVLQJ GHPDQG IRU PRELOH FRPPXQLFDWLRQ DQG FURZGLQJ RI WKH UDGLR

WUDQVPLVVLRQ IUHTXHQF\ EDQGV� WKH XVH RI WKH PLFURZDYH EDQG KROGV WKH SURPLVH RI KLJKHU EDQGZLGWK

WUDQVPLVVLRQ� VR WKHUH LV YLJRURXV UHVHDUFK DLPHG DW FODULI\LQJ SURSDJDWLRQ FKDUDFWHULVWLFV LQ WKH PLFURZDYH

EDQG� ,Q SDUWLFXODU� ZH VHH PDQ\ UHSRUWV RI ZRUN WKDW LV FRQFHUQHG ZLWK WKH SURSDJDWLRQ FKDUDFWHULVWLFV RI

WKH FRQILJXUDWLRQ LQ ZKLFK� DVVXPLQJ WKH XVH RI PLFURFHOOV WR LQFUHDVH V\VWHP FDSDFLW\� WKH LQVWDOODWLRQ

KHLJKW RI WKH EDVH VWDWLRQ �%6� DQWHQQD LV ORZHU WKDQ WKH VXUURXQGLQJ EXLOGLQJV >�@>�@� +RZHYHU� WR

GHFUHDVH WKH KDQG�RYHU SURFHVVLQJ ORDG DW WKH VZLWFK DV ZHOO DV WR UHGXFH WKH QXPEHU RI VWDWLRQ LQVWDOODWLRQV�

LW LV HIIHFWLYH WR XVH D KLJK %6 DQWHQQD IRU WKH PLFURZDYH EDQG� VR FODULILFDWLRQ RI WKH SURSDJDWLRQ

FKDUDFWHULVWLFV RI WKDW FRQILJXUDWLRQ LV DOVR LPSRUWDQW� +HUH� ZH UHSRUW WKH UHVXOWV RI SURSDJDWLRQ

H[SHULPHQWV LQ ZKLFK WKH SURSDJDWLRQ ORVV DQG GHOD\ SURILOH FKDUDFWHULVWLFV ZHUH HYDOXDWHG LQ DQ XUEDQ

HQYLURQPHQW ZKHUH WKH WUDQVPLWWLQJ %6 ZDV LQVWDOOHG RQ WKH URRI RI WKH KLJKHVW EXLOGLQJ ZLWKLQ ��NP

GLVWDQFH�

,,� 0($685(0(17'(6&5,37,21

7KH PHDVXUHPHQW V\VWHP FRQVLVWV RI D

WUDQVPLWWHU ZLWK LWV DQWHQQD PRXQWHG RQ

EXLOGLQJ DW D KHLJKW RI �� P WKDW WUDQVPLWV DW D

IUHTXHQF\ RI ���� *+]� DQG D UHFHLYLQJ PRELOH

VWDWLRQ �06� ZKRVH DQWHQQD LV PRXQWHG RQ D

YHKLFOH DW D KHLJKW RI ��� P� 9HUWLFDO

KDOI�ZDYHOHQJWK GLSROH DQWHQQDV ZHUH XVHG IRU

WUDQVPLVVLRQ DQG UHFHSWLRQ� 7KH SURSDJDWLRQ

ORVV ZDV PHDVXUHG E\ XVLQJ FRQWLQXRXV ZDYH

DW WKLV IUHTXHQF\� 7KH VSHFLILFDWLRQV RI WKH

GHOD\ SURILOH PHDVXUHPHQW V\VWHP >�@ DUH

VXPPDUL]HG LQ 7DEOH �� 7KH WLPH UHVROXWLRQ

LV �� QV� WKH G\QDPLF UDQJH RI WKH UHFHLYHU LV

DURXQG �� G% ���ORJ������ ≒ �� G%� ZLWKRXW

$*&� DQG WKH DPSOLWXGH XQFHWDLQW\ LV � G% RU

OHVV� 7KH DXWRPDWLF JDLQ FRQWURO �$*&� LQ

WKH 06 RSHUDWHV LQ � G% VWHSV ZLWK D � µV WLPH

FRQVWDQW� DQG KDV D G\QDPLF UDQJH RI �� G%�

)RU HDFK ORFDWLRQ� WKH HQVHPEOH DYHUDJH RI ��

GHOD\ SURILOH GDWD LWHPV LV WDNHQ WR VHUYH DV WKH

GHOD\ SURILOH IRU WKDW ORFDWLRQ� 7KH UHFHLYHU

VHWV WKH $*& JDLQ EHWZHHQ WKH �� GDWD�

7KH PHDVXUHPHQWV ZHUH PDGH LQ DQ XUEDQ

DUHD LQ <RNRVXND� -DSDQ GXULQJ WKH GD\WLPH�

7KH %6 DQWHQQD ZDV LQVWDOOHG RQ WKH URRI RI WKH

WDOOHVW EXLOGLQJ ZLWKLQ ��NP GLVWDQFH ��� P

KLJK� WKH DYHUDJH KHLJKW RI WKH RWKHU EXLOGLQJV

LQ WKH DUHD LV DSSUR[LPDWHO\ �� P�� 7KH 06

)LJ� �� /RFDWLRQ RI H[SHULPHQW�

7DEOH � 0HDVXUHPHQW V\VWHP

)UHTXHQF\ ���� *+]

2XWSXW SRZHU �� :

0RGXODWLRQ %36.

7UDQVPLVVLRQ UDWH �� 0FKLS�V

6SUHDGLQJ FRGH 0�VHTXHQFH� ����� ELW

7\SH 6LQJOH VXSHUKHWURG\QH

$' FRQYHUVLRQ �� ELW� ��� 0VDPSOH�V

$*& UDQJH �� G% LQ ��G% VWHS

'DWD PHPRU\ ��� *% 5$0 SOXV D KDUG GLVN

7UDQVPLWWHU

5HFHLYHU
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PRYHG DORQJ D FRXUVH LQ WKH YLFLQLW\ RI WKDW EXLOGLQJ� DV LOOXVWUDWHG LQ )LJ� �� 7KH FRXUVH LV GLYLGHG LQWR

WZR SDUWV� FRXUVH � DQG FRXUVH �� &RXUVH � LV D ����P VWUDLJKW OLQH FRXUVH WKDW EHJLQV DW D SRLQW WKDW LV ���

P IURP WKH EXLOGLQJ RQ ZKLFK WKH %6 LV LQVWDOOHG DQG LV ZLWKLQ WKH OLQH RI VLJKW �/26�� &RXUVH � LV D

QRQ�OLQH�RI�VLJKW �1/26� FRXUVH WKDW FURVVHV SHUSHQGLFXODUO\ WR WKH VRXWKHUQ HQG RI FRXUVH � DW LQWHUVHFWLRQ

$� 7KH GLVWDQFHV WKDW DSSHDU LQ WKH IROORZLQJ GHVFULSWLRQ DUH GLVWDQFHV RI PRYHPHQW DORQJ FRXUVH � DQG

FRXUVH � PHDVXUHG IURP WKH RULJLQ GLUHFWO\ EHORZ WKH %6�

,,,� 0($685(0(175(68/76

3DWK�ORVV &KDUDFWHULVWLF

7KH PHDVXUHG SURSDJDWLRQ ORVV FKDUDFWHULVWLF LV VKRZQ LQ )LJ� �� 7KH DWWHQXDWLRQ FRHIILFLHQW α IRU WKH

GLVWDQFH RQ FRXUVH � DQG WKH GLVWDQFH RQ FRXUVH � ZHUH ��� DQG ���� 7KH YDOXH ��� IRU FRXUVH � LV

DSSUR[LPDWHO\ WKH VDPH DV IRU WKH FDVH RI D /26 SDWK LQ DQRWKHU XUEDQ HQYLURQPHQW IRU D ��P�KLJK %6

DQWHQQD FRQILJXUDWLRQ >�@�

3URSDJDWLRQ GHOD\ FKDUDFWHULVWLF
([DPSOHV RI WKH PHDVXUHG GHOD\ SURILOHV DUH VKRZQ LQ )LJ� �� 7KH GHOD\ VSUHDGV REWDLQHG IURP WKH

GHOD\ SURILOHV LV VKRZQ LQ )LJ� �� ,Q WKH GHOD\ VSUHDG FKDUDFWHULVWLFV� WKHUH LV D JUDGXDO LQFUHDVH DW WKH UDWH

RI ���� QV�P XS WR WKH GLVWDQFH RI ��� P DQG IURP WKH GLVWDQFH RI ��� P WR WKH QHDU YLFLQLW\ RI LQWHUVHFWLRQ

$� WKH YDOXH LQFUHDVH DW ��� QV�P WR D PD[LPXP RI ��� QV� :KHQ WKH 06 LV PRYLQJ LQ WKH PLGGOH RI

LQWHUVHFWLRQ $ IURP FRXUVH �� WKH YDOXH GURSV UDSLGO\ WR ��� QV� EXW DIWHU WKH WXUQ DW LQWHUVHFWLRQ $ WR FRXUVH

� LV FRPSOHWHG� WKH YDOXH FKDQJHV WR URXJKO\ ��� WR ��� QV� LQFUHDVLQJ DW WKH UHODWLYHO\ ORZ UDWH RI ��� QV�P
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FRPSDUHG WR WKH FKDUDFWHULVWLFV IRU FRXUVH �� 8S WR WKH GLVWDQFH RI ��� P� WKH GHOD\ VSUHDG WHQGV WR

LQFUHDVH VORZO\� LQ WKH VDPH ZD\ DV IRU WKH UHVXOWV IRU WKH ORZ %6 DQWHQQD XUEDQ FRQILJXUDWLRQ >�@� EXW

EH\RQG ��� P D UDSLG LQFUHDVH WKDW LV DERXW �� WLPHV WKH UDWH DV EHIRUH WKDW SRLQW LV VHHQ�

,9� ',6&866,21

3URSDJDWLRQ ORVV FKDUDFWHULVWLF

+HUH� ZH FRQVLGHU WKH GLIIHUHQFH LQ WKH DWWHQXDWLRQ FRHIILFLHQW α EHWZHHQ WKH /26 SDWK �FRXUVH �� DQG

WKH 1/26 SDWK �FRXUVH �� IRU WKLV H[SHULPHQWDO FRQILJXUDWLRQ� )RU WKH FRXUVH �� WKH ZDYHV WKDW SURSDJDWH

DORQJ WKH FRXUVH � DUH DWWHQXDWHG DW WKH FRUQHU $� KHQFH WKH ZDYHV WKDW KDYH EHHQ GLIIUDFWHG E\ WKH URRIWRSV

LQ WKH YLFLQLW\ RI WKH 06 DUH GRPLQDQW� %HFDXVH WKH WUDQVPLVVLRQ DQWHQQD LV RPQL�GLUHFWLRQDO LQ WKH

KRUL]RQWDO SODQH� WKH SURSDJDWLRQ ORVV LQ WKH UHJLRQ ZKHUH WKH GLIIUDFWHG ZDYHV DUH GRPLQDQW LV HTXDO DW

HTXDO VWUDLJKW�OLQH GLVWDQFHV IURP WKH %6 >�@� )RU FRXUVH �� ZKLOH WKH GLVWDQFH RI PRYHPHQW IURP

LQWHUVHFWLRQ $ WR LQWHUVHFWLRQ % LV ��� P� GLIIHUHQFH EHWZHHQ WKH VWUDLJKW�OLQH GLVWDQFHV EHWZHHQ WKH %6 DQG

WKH 06 EHWZHHQ WKRVH WZR LQWHUVHFWLRQV LV �� P� WKXV WKH GLUHFW GLVWDQFH EHWZHHQ WKH %6 DQG WKH 06 YDULHV

OLWWOH GXULQJ WKH PRYHPHQW RQ FRXUVH � FRPSDUHG WR WKH GLVWDQFH WKDW WKH 06 PRYHV� 7KH 06 PDNHV D

FKDQJH IURP D /26 HQYLURQPHQW WR D 1/26 HQYLURQPHQW DW LQWHUVHFWLRQ $� DQG WKHUHIRUH FDQQRW UHFHLYH

WKH GLUHFW ZDYHV VR WKDW WKH SURSDJDWLRQ ORVV VKDUSO\ LQFUHDVHV E\ ZKDW LV UHIHUUHG WR DV FRUQHU ORVV�

%HFDXVH WKH GLIIUDFWHG ZDYHV GRPLQDWH RQ FRXUVH �� WKH HIIHFW RI SHGHVWULDQV DQG YHKLFOHV LV VOLJKW LQ

FRPSDULVRQ ZLWK WKH ORZ %6 DQWHQQD FRQILJXUDWLRQ� ,Q WKH 1/26 HQYLURQPHQW DORQJ FRXUVH � WKH IDFWRUV

WKDW DIIHFW WKH FKDQJH LQ WKH SURSDJDWLRQ ORVV DUH HVVHQWLDOO\ WKH KHLJKW RI WKH EXLOGLQJV QHDU WKH 06� WKH

ZLGWK RI WKH URDG� DQG WKH GLVWDQFH EHWZHHQ WKH %6 DQG WKH 06� 2Q FRXUVH �� H[FHSW IRU WKH DUHDV QHDU WKH

LQWHUVHFWLRQV� WKHUH LV QR H[WUHPH FKDQJH LQ WKH KHLJKW RI WKH QHDUE\ EXLOGLQJV�

+HUH� ZH FRPSDUH WKH HPSLULFDO 6DNDJDPL PRGHO >�@ DSSOLFDEOH WR EHORZ ��� *+] DQG WKH SUHVHQW

UHVXOWV �WKH UHVXOWV IRU FRXUVH �� LQ WHUPV RI WKH SURSDJDWLRQ ORVV� 7KH IUHTXHQF\ UDQJH DQG %6 KHLJKWV WKDW

DUH GHDOW ZLWK E\ WKH HPSLULFDO PRGHO ZHUH H[WHQGHG WR D PD[LPXP IUHTXHQF\ RI ��� *+] DQG 06 DQWHQQD

KHLJKWV LQ WKH UDQJH IURP � WR �� P E\ )XMLL HW DO� >�@� 7KH XSSHU IUHTXHQF\ OLPLW IRU WKLV H[WHQGHG

6DNDJDPL PRGHO LV ��� *+]� EXW WKHUH LV QR H[SRQHQWLDO LQFUHDVH LQ WKH SURSDJDWLRQ ORVV DV RFFXUV ZKHQ WKH

RULJLQDO 6DNDJDPL PRGHO LV DSSOLHG DERYH WKH � *+] EDQG� 7KHUHIRUH� WR WKDW H[WHQGHG 6DNDJDPL PRGHO�

ZH DGGHG D IXUWKHU FRUUHFWLRQ �D IL[HG YDOXH RI � G%� WR FUHDWH D PRGHO �UHIHUUHG WR DV WKH H[WHQGHG PRGHO LQ

WKH IROORZLQJ� WKDW FDQ EH DSSOLHG WR WKH ���� *+] WUDQVPLVVLRQ IUHTXHQF\ DQG FRPSDUHG WKH UHVXOWV RI WKDW

PRGHO WR WKH DFWXDO PHDVXUHG YDOXHV� 7KH FRUUHFWLRQ YDOXH LV REWDLQHG E\ UHFXUVLYH DQDO\VLV VR DV WR

PLQLPL]H WKH VTXDUHG HUURU EHWZHHQ WKH PHDVXUHG GDWD DQG WKH H[WHQGHG PRGHO YDOXHV� 7KH H[WHQGHG

PRGHO �DV ZHOO DV WKH 6DNDJDPL PRGHO� LV D PHGLDQ HVWLPDWLRQ PHWKRG EDVHG RQ WKH SURSDJDWLRQ ORVVHV LQ

�� P VHFWLRQV� )URP WKH FRPSDULVRQ RI WKH H[WHQGHG PRGHO SUHGLFWLRQV DQG WKH PHDVXUHG ���P PHGLDQV

VKRZQ LQ )LJ� �� ZH FDQ VHH WKDW WKH DFWXDO PHDVXUHG YDOXHV DQG WKLV PRGHO DJUHH ZHOO ZLWKLQ WKH PD[LPXP

HUURU UDQJH RI � G%� 7KLV UHVXOWV VXJJHVWV H[WHQGDELOLW\ RI WKH 6DNDJDPL PRGHO WR WKH PLFURZDYH EDQG LQ

1/26 HQYLURQPHQWV� )XUWKHU VWXG\ LV QHHGHG WR YHULI\ WKH IXOO DSSOLFDELOLW\�

)LJ� �� &RPSDULVRQ RI WKH H[WHQGHG 6DNDJDPL PRGHO

DQG PHDVXUHG ���P PHGLDQV RI SDWK ORVV�
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3URSDJDWLRQ GHOD\ FKDUDFWHULVWLF
7KH GHOD\ VSUHDG LQFUHDVHV IURP WKH PRYHPHQW GLVWDQFH RI ��� WR ��� P �WKH QHDU YLFLQLW\ RI

LQWHUVHFWLRQ $�� 7KHUH DUH WZR UHDVRQV IRU WKDW� 7KH ILUVW LV WKDW WKH UHFHSWLRQ OHYHO RI WKH GLUHFW ZDYHV

GHFUHDVHV ZLWK GLVWDQFH DQG WKXV WKH HIIHFW RI RWKHU GHOD\HG ZDYHV EHFRPHV ODUJH� 2I WKRVH GHOD\HG

ZDYHV� WKH ZDYHV WKDW KDYH D GHOD\ WLPH RI ��� µV DQG DSSHDU DOPRVW DOZD\V LQ WKH GHOD\ SURILOHV DORQJ

FRXUVH �� EHFRPH PRUH FRQVSLFXRXV DV WKH 06 DSSURDFKHV QHDUHU WR LQWHUVHFWLRQ $ DQG WKH GHOD\ VSUHDG

EHFRPHV ODUJH� 7KHVH ZDYHV ZKRVH GHOD\ WLPH LV ��� µV �HTXLYDOHQW WR D GLIIHUHQFH LQ SDWK OHQJWK RI ���

P� FDQ EH LGHQWLILHG DV WKH ZDYHV WKDW DUH UHIOHFWHG IURP DQ DSSUR[LPDWHO\ ���P�KLJK EXLOGLQJ WKDW LV

ORFDWHG ��� P WR WKH QRUWK RI WKH %6� 7KH VHFRQG UHDVRQ IRU WKH LQFUHDVH LQ GHOD\ VSUHDG LV WKH HIIHFW RI

WKH HQYLURQPHQW LQ ZKLFK ILYH VWUHHWV FRQYHUJH DW LQWHUVHFWLRQ $� ZLWK WKH �� P ZLGH PDLQ URDG PDNLQJ D

WXUQ WR WKH VRXWKZHVW DW LQWHUVHFWLRQ $� 7KDW LV WR VD\� DV WKH 06 DSSURDFKHV LQWHUVHFWLRQ $� WKH HIIHFWV RI

ZDYHV IURP D GLVWDQFH WKDW DUH UHIOHFWHG LQWR WKH LQWHUVHFWLRQ $ E\ WKH EXLOGLQJV DQG FRQQHFWLQJ URDGV RQ

WKH VRXWKHDVW VLGH EHFRPH ODUJH�

9� &21&/86,21

7KH SURSDJDWLRQ ORVV DQG GHOD\ FKDUDFWHULVWLFV LQ WKH ���� *+] PLFURZDYH�EDQG ZHUH PHDVXUHG IRU D

FRQILJXUDWLRQ LQ ZKLFK WKH %6 DQWHQQD LV SODFHG LQ D SRVLWLRQ WKDW LV KLJKHU WKDQ WKH VXUURXQGLQJ EXLOGLQJV�

7KH PDLQ UHVXOWV DUH DV IROORZV�

��� 7KH DWWHQXDWLRQ FRHIILFLHQWV α DUH ��� DQG ��� IRU WKH /26 DQG 1/26 SDWKV LQ WKLV H[SHULPHQW� 7KHVH

UHVXOWV LQGLFDWH WKDW WKH GLUHFW ZDYH DQG WKH ZDYHV UHIOHFWHG IURP WKH JURXQG DQG EXLOGLQJV DQG

SURSDJDWHG DORQJ WKH URDG GRPLQDWH RQ FRXUVH � RI /26� DQG WKDW WKH ZDYHV GLIIUDFWHG RQ WKH URRI RI

EXLOGLQJV GRPLQDWH RQ FRXUVH � RI 1/26�

��� %\ DGGLQJ D IUHTXHQF\ DQG 06 DQWHQQD KHLJKW FRUUHFWLRQ WR WKH 6DNDJDPL PRGHO� RULJLQDOO\ GHYHORSHG

IRU WKH 8+) EDQG� WKH H[WHQGHG PRGHO FDQ DOVR EH DSSOLHG WR 1/26 SURSDJDWLRQ ORVV LQ WKH PLFURZDYH

EDQG�

��� 7KH GHOD\ VSUHDG FKDUDFWHULVWLF H[KLELWV QR VLJQLILFDQW FKDQJH ZLWK GLVWDQFH IRU WKH /26 SDWK� EXW LW

LQFUHDVHV VKDUSO\ QHDU SRLQWV DW ZKLFK WKH SDWK DQJOH FKDQJHV� VXFK DV DW FXUYHV�

5()(5(1&(6

>�@ $� -� 5XVWDNR� 1� $PLWD\� *� -� 2ZHQV� DQG 5� 6� 5RPDQ� ³5DGLR 3URSDJDWLRQ DW PLFURZDYH IUHTXHQFLHV

IRU OLQH�RI�VLJKW PLFURFHOOXODU PRELOH DQG SHUVRQDO FRPPXQLFDLRQV�´ ,((( 7UDQV� 9HK� 7HFKQRO�� YRO� ���

QR� �� SS� ������� �������

>�@ '� +DU� +� +� ;LD� DQG +� /� %HUWRQL� ³3DWK�/RVV 3UHGLFWLRQ 0RGHO IRU 0LFURFHOOV�´ ,((( 7UDQV� 9HK�

7HFKQRO�� YRO� ��� QR� �� SS� ���������� �������

>�@ +� 0DVXL� .� 7DNDKDVKL� 6� 7DNDKDVKL� .� .DJH� DQG 7� .RED\DVKL� ³'LIIHUHQFH RI SDWK�ORVV

FKDUDFWHULVWLFV GXH WR PRELOH DQWHQQD KHLJKWV LQ PLFURZDYH XUEDQ SURSDJDWLRQ�´ ,(,&( 7UDQV�

)XQGDPHQWDOV� YRO� (���$� QR� �� SS� ��������� �������

>�@ +� 0DVXL� .� 7DNDKDVKL� 6� 7DNDKDVKL� .� .DJH� DQG 7� .RED\DVKL� ³'HOD\ SURILOH PHDVXUHPHQW V\VWHP

IRU PLFURZDYH EURDGEDQG WUDQVPLVVLRQ DQG DQDO\VLV RI GHOD\ FKDUDFWHULVWLFV LQ DQ XUEDQ HQYLURQPHQW�´

,(,&( 7UDQV� (OHFWURQ�� YRO� (���&� QR� �� SS� ��������� �������

>�@0� .DML DQG $� $NH\DPD� ³8+)�EDQG UDGLR SURSDJDWLRQ FKDUDFWHULVWLFV LQ EXLOW XS DUHDV IRU ODQG PRELOH

V\VWHP XVLQJ ORZ DQWHQQD KHLJKW EDVH VWDWLRQ�´ ,(,&( 7UDQV�� YRO� -���%� QR� �� SS� ������� �������

>�@ 6� 6DNDJDPL DQG .� .L\RVKL� ´0RELOH SURSDJDWLRQ ORVV SUHGLFWLRQ IRU DUELWUDU\ XUEDQ HQYLURQPHQWV�´

,(,&( 7UDQV�� YRO� -���%�,,� QR� �� SS� ����� �������

>�@ 7� )XMLL DQG 7� ,PDL� ³3UHGLFWLRQ IRUPXOD RI SDWK ORVV IRU ZLGHEDQG '6�&'0$ FHOOXODU V\VWHPV�´ ,(,&(

7HFKQLFDO 5HSRUW� 5&6������� SS� ����� �������


