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7KH�VLJQLILFDQW�HIIHFW�RI�ZDYHV�RQ�FRDVWDO�DQG�PDULQH�DFWLYLWLHV�XUJHV�WKH�SUHFLVH�LGHQWLILFDWLRQ�RI�

ZDYH� FKDUDFWHULVWLFV� XVLQJ� ILHOG� PHDVXUHPHQWV�� WKHRUHWLFDO� VWXGLHV�� SK\VLFDO� PRGHOLQJ� RU� QXPHULFDO�
VLPXODWLRQV�� ,Q� RUGHU� WR� VWXG\� WKRURXJKO\� WKH� ZDYH� FOLPDWH� LQ� WKH� &DVSLDQ� 6HD�� D� ZDYH�PRGHOLQJ� DQG�
KLQGFDVW�SURMHFW�ZDV�SHUIRUPHG�E\� ,UDQLDQ�1DWLRQDO�&HQWHU� IRU�2FHDQRJUDSK\�� ,Q� WKLV� VWXG\��RQH�RI� WKH�
ODWHVW� YHUVLRQV� RI� QXPHULFDO� ZDYH� PRGHOV� ��UG JHQHUDWLRQ�� ZDV� HPSOR\HG� IRU� ORQJ�WHUP� VLPXODWLRQ� RI�
ZDYHV�LQ�WKH�&DVSLDQ�6HD�XVLQJ�ZLQG�GDWD��7KH�ZLQG�ILHOG�ZDV�REWDLQHG�IURP�(&0:)�JOREDO�RSHUDWLRQDO�
PRGHO�DIWHU� D� IHZ� ORFDO�PRGLILFDWLRQV�ZHUH�PDGH��)RU�FDOLEUDWLQJ� WKH�PRGHO�� LQ�VLWX�PHDVXUHPHQWV�DQG�
DYDLODEOH�VDWHOOLWH�GDWD�ZHUH�XVHG���([WUHPH�YDOXH�DQDO\VLV�ZDV�WKH�QH[W�VWDJH�LQ�ZKLFK�IRU�GLIIHUHQW�UHWXUQ�
SHULRGV�WKH�ZDYH�FKDUDFWHULVWLFV�ZHUH�FDOFXODWHG��)LQDOO\��D�XVHU�IULHQGO\�VRIWZDUH�ZDV�GHYHORSHG�ZLWK�WKH�
DLP�RI�SUHVHQWLQJ�WKH�UHVXOWV�RI�WKH�SURMHFW����

.H\ZRUGV�:DYH�PRGHOLQJ��:DYH�KLQGFDVW�VWXG\��WKH�&DVSLDQ�6HD

,QWURGXFWLRQ
:DYH�� LV� RQH� RI� WKH�PRVW� VLJQLILFDQW�

PDULWLPH� SKHQRPHQRQ� WKDW� GXH� WR� LWV�
FRPSOLFDWHG� DQG� VWRFKDVWLF� EHKDYLRU� LV�
NQRZQ�DV�RQH�RI� WKH�PRVW�GLIILFXOW� FDVH�
VWXGLHV� IRU� HQJLQHHULQJ� SUDFWLFH�� 7KH�
HIIHFW� RI� ZDYHV� RQ� FRDVWDO� DQG� PDULQH�
DFWLYLWLHV�XUJHV�WKH�LGHQWLILFDWLRQ�RI�ZDYH�
FKDUDFWHULVWLFV�XVLQJ�ILHOG�PHDVXUHPHQWV��
WKHRUHWLFDO� VWXGLHV�� SK\VLFDO� PRGHOLQJ��
DQG� QXPHULFDO� VLPXODWLRQV�� &RDVWDO� DQG�
KDUERU� HQJLQHHUV� JHQHUDOO\� XVH� WKHVH�
PHWKRGV�WR�LGHQWLI\�ZDYH�FOLPDWH�DQG�WKH�
KLJKHVW�SUREDEOH�ZDYH�FKDUDFWHULVWLFV��DV�
ZHOO�DV�DQQXDO�DWWULEXWH�RI�ZDYHV�

)RU� WKLV� UHDVRQ�� FRXQWULHV�ZKLFK� WDNH�
WKH� DGYDQWDJH� RI� FRQWLJXLW\� WR� VHDV� RU�
JUHDW� ODNHV� KDYH� GHYHORSHG� D� UHJXODU�
SODQ� IRU� VWXG\LQJ� ZDYHV� DQG� RWKHU�
PDULQH�SKHQRPHQD���7KH�ILUVW�DWWHPSW�IRU�
VWXG\LQJ� WKH�ZDYH� FKDUDFWHULVWLFV� RI� WKH�
VRXWKHUQ� SDUW� RI� WKH�&DVSLDQ� 6HD� EHJDQ�
E\� GHSOR\LQJ� VRPH� ZDYH� PHDVXUHPHQW�

VWDWLRQV�LQ�GHHS�ZDWHUV�LQ�WKH�YLFLQLW\�RI�
$PLUDEDG�� $Q]DOL�� DQG� 1HND� SRUWV���
7RJHWKHU�ZLWK�WKLV�EDVLF�GDWD��RWKHU�GDWD�
VRXUFHV� VXFK� DV� GLIIHUHQW� VKRUW� SHULRG�
PHDVXUHPHQWV� RI� ZDYH� SDUDPHWHUV��
VDWHOOLWH� GDWD�� DQG� UHVXOWV� RI� ODUJH� VFDOH�
QXPHULFDO� VLPXODWLRQV� HQDEOH� XV� WR�
SXUVXH� D� KLQGFDVW� VWXG\� LQ� WKH� &DVSLDQ�
6HD�

7KH� PDLQ� JRDO� RI� WKLV� VWXG\� LV� WR�
LGHQWLI\� ZDYH� FOLPDWH� LQ� WKH� VRXWKHUQ�
SDUW�RI�WKH�&DVSLDQ�6HD�XVLQJ�WKH�UHVXOWV�
RI� ZDYH� VLPXODWLRQV�� 7KLV� VWXG\� ZDV�
SHUIRUPHG� E\� HPSOR\LQJ� WKH� ODWHVW�
YHUVLRQV� RI�ZDYH� QXPHULFDO�PRGHOV� ��UG
JHQHUDWLRQ�� WRJHWKHU� ZLWK� LQ�VLWX�
PHDVXUHPHQWV� DQG� DYDLODEOH� VDWHOOLWH�
GDWD� IRU� FDOLEUDWLQJ� WKH� PRGHO� DQG�
YHULI\LQJ� WKH� UHVXOWV�� �7KH� UHVXOWV�RI� WKH�
VWXG\� SUHVHQW� WKH� UHTXLUHG� ZDYH�
SDUDPHWHUV� IRU� GLIIHUHQW� DSSOLFDWLRQV� LQ�
KDUERU�HQJLQHHULQJ�DQG�FRDVWDO�ZRUNV���
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,QSXW�'DWD
,Q� RUGHU� WR� VLPXODWH� WKH� ZDYH�

FKDUDFWHULVWLFV�RI�DQ�DUHD��WKH�EDWK\PHWU\�
RI� WKDW� DUHD� LV� QHHGHG�� %DWK\PHWU\� GDWD�
XVHG�LQ�WKLV�VWXG\�ZDV�H[WUDFWHG�IURP�WKH�
ODWHVW� HOHFWURQLF� VHD� FKDUWV� XVLQJ�0,.(�
&�0DS�VRIWZDUH�IURP�'+,���7KLV�GDWDVHW�
ZDV� XVHG� IRU� SUHVHQWLQJ� WKH� EDWK\PHWU\�
DQG� DOVR� WKH� ERXQGDU\� RI� WKH� &DVSLDQ�
6HD�� � )LJ��� VKRZV� WKH� ILQDO� EDWK\PHWU\�
XVHG�IRU�WKH�&DVSLDQ�6HD�

)LJ����� &DVSLDQ�6HD�EDWK\PHWU\

7KH� ZLQG� ILHOG� RYHU� WKH� DUHD� DV� WKH�
PDLQ� VRXUFH� RI� WKH� HQHUJ\� LV� WKH� PRVW�
LPSRUWDQW� LQSXW� IRU� ZDYH� PRGHOLQJ� DQG�
VKRXOG� EH� H[DFWO\� NQRZQ�� $V� ILHOG�
PHDVXUHPHQWV� REWDLQHG� IURP� V\QRSWLF�
VWDWLRQV� RU� EXR\V� UHSUHVHQW� WKH�
PHWHRURORJLFDO� FRQGLWLRQ� RI� D� OLPLWHG�
UHJLRQ�� WKHVH� NLQGV� RI� GDWD� FDQQRW� EH�
HPSOR\HG� GLUHFWO\� DV� PRGHO� LQSXW��
7KHUHIRUH�� WKH�ZLQG� ILHOGV� JHQHUDWHG� E\�
PHWHRURORJLFDO� PRGHOV� ZKLFK� QRUPDOO\�
LQYROYH� WKH� ZLQG� FRPSRQHQWV� RYHU� D�
UHJXODU� JULG� DUH� XVHG� DOWHUQDWLYHO\�� 7KH�
IROORZLQJ�ZLQG�GDWD�VHWV�ZHUH�FRPSDUHG�
IRU�VLPXODWLQJ�WKH�ZLQG�ZDYHV��(&0:)�
(5$����PRGHO�ZLQG�ILHOG�GDWDVHW�ZLWK�D�
JULG� VSDFLQJ� RI� ������ GHJUHHV�� DQG�
(&0:)� RSHUDWLRQDO� ZLQG� ILHOG� GDWDVHW�

ZLWK�D�JULG�VSDFLQJ�RI������GHJUHHV��ERWK�
ZLWK� WLPH� UHVROXWLRQ� RI� �� KRXUV�� )RU�
H[DPSOH�� ILJ��� VKRZV� WKH� (&0:)�
RSHUDWLRQDO�ZLQG�ILHOG�LQ�RQH�WLPH�VWHS�RI�
WKH� QXPHULFDO� VLPXODWLRQ�� 7HVW� UXQV� DQG�
ORFDO� FRPSDULVRQV� ZLWK� ILHOG� ZLQG� GDWD�
VKRZHG� WKDW� WKH� RSHUDWLRQDO� PRGHO�
RXWSXW�LV�WKH�PRVW�DSSURSULDWH�ZLQG�LQSXW�
GDWD�IRU�WKH�ZDYH�JHQHUDWLQJ�PRGHO�

)RU�HYDOXDWLQJ�WKH�ZLQG�ILHOG��VHYHUDO�
V\QRSWLF� VWDWLRQV�� PRVWO\� DORQJ� ,UDQLDQ�
FRDVWOLQH��DV�ZHOO�DV�ZLQG�GDWD�FROOHFWHG�
E\�$Q]DOL�DQG�$PLUDEDG�EXR\V�DQG�QRQ�
GLUHFWLRQDO�ZLQG�GDWD�RI�7RSH[�3RVHLGRQ�
VDWHOOLWH�ZHUH�XVHG��7KH�ORFDWLRQ�RI�ZLQG�
V\QRSWLF� VWDWLRQV� DQG�EXR\� ORFDWLRQV�DUH�
VKRZQ� LQ� )LJ���� 7KH� FRPSDULVRQV� RI�
WKHVH� ZLQG� GDWD� VRXUFHV� LQGLFDWHG� WKDW�
WKH� ZLQG� ILHOG� VKRXOG� EH� VOLJKWO\�
PRGLILHG�� HVSHFLDOO\� LQ� FRDVWDO� DUHD�
ZKHUH� WKH� (&0:)� PRGHO� FDQQRW�
JHQHUDWH� WKH�ZLQG� ILHOG� FRUUHFWO\� GXH� WR�
WKH�XQUHDOLVWLF�KLJK�VXUIDFH�URXJKQHVV�RI�
FRDVWDO�DUHD� LQ� WKH�(&0:)�PRGHO��7KH�
PRGLILFDWLRQ� SURFHVV� FRQVLVWHG� RI�
FRS\LQJ� WKH�ZLQG�RI� VRPH�RIIVKRUH� JULG�
SRLQWV� WR� QHDUVKRUH� JULG� SRLQWV� DQG�
DSSO\LQJ�VRPH�ORFDO�FRUUHFWLRQ�IDFWRUV�WR�
WKH�ZLQG�ILHOG��

7ZR� VHWV� RI� ZDYH� PHDVXUHPHQWV�
ZKLFK� ZHUH FDUULHG� RXW� E\� 3RUWV� 	�
6KLSSLQJ� 2UJDQL]DWLRQ� LQ� $Q]DOL� DQG�
$PLUDEDG� KDUERUV� ZHUH� XVHG� IRU� PRGHO�
FDOLEUDWLRQ�� $OVR� PHWHRURORJLFDO� EXR\�
GDWD� LQ� 1HND�ZHUH� XVHG� IRU� YHULILFDWLRQ�
RI�WKH�PRGHO�UHVXOWV��7KH�TXDOLW\�RI�WKHVH�
GDWD�ZDV�FRQWUROOHG�E\�FRPSDULVRQV�ZLWK�
RWKHU� DYDLODEOH� GDWD� VRXUFHV�� )RU�
H[DPSOH�� WKH� GDWD� RI� $Q]DOL� EXR\� ZHUH�
FKHFNHG� E\� D� VLPXOWDQHRXV� RQH�PRQWK�
$'&3� UHFRUG�� ZKLFK� VKRZHG� D� YHU\�
JRRG� DJUHHPHQW� EHWZHHQ� WZR� VHWV� RI�
GDWD�

��

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.5
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
26

-0
2-

14
 ]

 

                               2 / 7

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.5.7
http://marine-eng.ir/article-1-14-en.html


:DYH�+LQGFDVW�6WXG\�RI�WKH�&DVSLDQ�6HD��

9RO� ����1R������:LQWHU���������������

-2851$/�RI�0$5,1(�(1*,1((5,1*

)LJ����� (&0:)�2SHUDWLRQDO�ZLQG�ILHOG

)LJ���� /RFDWLRQ�RI�ZLQG�DQG�ZDYH�
PHDVXUHPHQW�VWDWLRQV

$OWKRXJK�WKH�EXR\�GDWD�ZHUH�DFFXUDWH�
HQRXJK� IRU� FDOLEUDWLRQ� RI� WKH� PRGHO� LQ�
WKH�YLFLQLW\�RI�WKH�EXR\��WKH�VDWHOOLWH�GDWD�
ZHUH� DOVR� XVHG� WR� FRQWURO� WKH� UHVXOWV� RI�
WKH� PRGHO�� HVSHFLDOO\� LQ� WKH� RIIVKRUH�
]RQHV�� 7KH� HPSOR\HG� VDWHOOLWH� GDWD�
FRQVLVWHG� RI� WKH� GDWD� RI� 5$� �5DGDU�
$OWLPHWHU�� DQG� VFDWWHURPHWHU� LQVWUXPHQW�
IURP� 7RSH[�3RVHLGRQ� IRU� WKH� SHULRG� RI�
����������� 7KH� GDWD� ZHUH� FROOHFWHG�

DORQJ� IRXU� GLIIHUHQW� WUDFNV� ZLWK� D�
GLVWDQFH� RI� ���� NLORPHWHUV� IURP� HDFK�
RWKHU� ZLWK� WLPH� UHVROXWLRQ� RI� DERXW� WHQ�
GD\V�� 7KLUW\� WR� VL[W\� SRLQWV� DUH� ORFDWHG�
RQ� HDFK� WUDFN� ZLWK� D� GLVWDQFH� RI� �����
JHRJUDSKLFDO� GHJUHHV�� 7KH� ORFDWLRQ� RI�
VDWHOOLWH� WUDFNV� LQ� WKH� &DVSLDQ� 6HD� LV�
VKRZQ�LQ�ILJ���

)LJ����� /RFDWLRQ�RI�VDWHOOLWH�PHDVXUHPHQW�
7UDFNV�LQ�WKH�&DVSLDQ�6HD

7KH� ZDWHU� OHYHO� YDULDWLRQ� DORQJ� WKH�
VLPXODWLRQ� SHULRG� ZDV� FRQVLGHUHG� E\�
HPSOR\LQJ�DQ�DYHUDJH�OHYHO��7ZR�VHWV�RI�
ZDWHU� OHYHO� GDWD� FROOHFWHG� LQ�$Q]DOL� DQG�
1RVKDKU�KDUERUV�GXULQJ�����������ZHUH�
XVHG� IRU� FRUUHFWLQJ� WKH� GDWXP� OHYHO��
ZKLFK� ZDV� XVHG� IRU� SUHSDUDWLRQ� RI� WKH�
EDWK\PHWU\�ILOHV��

6:�0RGHO
0,.(����6:�ZKLFK�ZDV�XVHG�LQ�WKLV�

VWXG\� IRU� ZDYH� VLPXODWLRQ�� LV� XVHG� IRU�
WKH� DVVHVVPHQW� RI� ZDYH� FOLPDWHV� LQ�
RIIVKRUH� DQG� FRDVWDO� DUHDV�� LQ� KLQGFDVW�
DQG� IRUHFDVW� PRGH�� ,W� LQFOXGHV� D� QHZ�
JHQHUDWLRQ� VSHFWUDO� ZLQG�ZDYH� PRGHO�
EDVHG�RQ�XQVWUXFWXUHG�PHVKHV�
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1DYDO�$UFKLWHFWXUH�	�0DULQH�(QJLQHHULQJ

7KH� PRGHO� VLPXODWHV� WKH� JURZWK��
GHFD\� DQG� WUDQVIRUPDWLRQ� RI� ZLQG�
JHQHUDWHG� ZDYHV� DQG� VZHOO� LQ� RIIVKRUH�
DQG� FRDVWDO� DUHDV�� ,W� � LQFOXGHV� WKH�
IROORZLQJ� SK\VLFDO� SKHQRPHQD� ZDYH�
JURZWK� E\� DFWLRQ� RI� ZLQG� QRQ�OLQHDU�
ZDYH�ZDYH� LQWHUDFWLRQ�� GLVVLSDWLRQ� GXH�
WR� ZKLWH�FDSSLQJ�� GLVVLSDWLRQ� GXH� WR�
ERWWRP�IULFWLRQ��GLVVLSDWLRQ�GXH�WR�GHSWK�
LQGXFHG� ZDYH� EUHDNLQJ� UHIUDFWLRQ� DQG�
VKRDOLQJ� GXH� WR� GHSWK� YDULDWLRQV��ZDYH�
FXUUHQW� LQWHUDFWLRQ�� HIIHFW� RI� WLPH�
YDU\LQJ� ZDWHU� GHSWK� DQG� IORRGLQJ� DQG�
GU\LQJ�� 'LIIUDFWLRQ� DQG� UHIOHFWLRQ� LV� QRW�
FRQVLGHUHG��LQ�WKLV�PRGXOH�

6HWXS�RI�WKH�&DVSLDQ�6HD�0RGHO
6HW�XS�RI�WKH�PRGHO�ZDV�WKH�QH[W�VWHS�

RI� WKLV�VWXG\�� ,Q� WKLV�VWHS�� WKH� LQSXW�GDWD�
ILOHV� ZHUH� SUHSDUHG�� 7KH� IROORZLQJ�
DFWLYLWLHV�ZHUH�SHUIRUPHG�LQ�WKLV�VWHS�
��3UHSDULQJ� EDWK\PHWU\� DQG� PHVK� ILOHV�
LQFOXGLQJ� ����� XQVWUXFWXUHG� HOHPHQWV�
DQG������QRGHV�
��'HWHUPLQLQJ� WKH� WLPH� VWHS� RI� WKH�
PRGHO� UXQ� DFFRUGLQJ� WR� FRXUDQW� QXPEHU�
FULWHULRQ�ZKLFK�ZDV�OHG�WR�D�WLPH�LQWHUYDO�
RI� ���� VHFRQGV� DV� WKH� PRVW� DSSURSULDWH�
DQG� ���� VHFRQGV� DV� SUDFWLFDOO\� DFFHSWHG�
WLPH�VWHS�
�� 'HWHUPLQLQJ� ��� IUHTXHQFLHV� DQG� ���
GLUHFWLRQV� IRU� IUHTXHQF\�GLUHFWLRQDO�
GLVFUHWL]DWLRQ�
��&RPSDULQJ� WKH� (5$���� DQG�
RSHUDWLRQDO� VHWV� RI� ZLQG� GDWD� IURP�
(&0:)� ZKLFK� \LHOGV� WR� PDNH� WKH�
GHFLVLRQ DERXW� WKH� PRGLILFDWLRQ� DQG�
VHOHFWLRQ� RI� WKH� DSSURSULDWH� ZLQG� ILHOG�
GDWD�� L�H�� WKH�RSHUDWLRQDO�ZLQG�ILHOG�ZLWK�
PRGLILFDWLRQ�LQ�WKH�FRDVWDO�DUHDV�

&DOLEUDWLRQ� RI� WKH� &DVSLDQ� 6HD�
0RGHO

7KH� QH[W� VWHS� RI� ZDYH� PRGHOLQJ� LQ�
WKH�&DVSLDQ�6HD�ZDV�WKH�PRGHO�
FDOLEUDWLRQ�� )ROORZLQJ� SURFHGXUH� ZDV�
SXUVXHG�IRU�WKH�PRGHO�FDOLEUDWLRQ�
��� 6HOHFWLQJ� WKH� DSSURSULDWH� VHW� RI� GDWD�
IRU�FDOLEUDWLQJ�WKH�PRGHO��7KH�GDWD�IURP�
$Q]DOL� DQG� $PLUDEDG� EXR\V� ZHUH�
VHOHFWHG�IRU�WKLV�SXUSRVH�
��� 6HOHFWLQJ� WKH� SHULRG� RI� FDOLEUDWLRQ��
)RXU SHULRGV� LQFOXGLQJ� FRQVLGHUDEOH�
VWRUP� HYHQWV� ZHUH� VHOHFWHG� IRU�
FDOLEUDWLRQ�RI�WKH�PRGHO��QDPHG�DV�$��%��
&�	�(�SHULRGV�
��� 6HOHFWLQJ� WKH� FDOLEUDWLRQ� SDUDPHWHUV�
EDVHG�RQ�WKH�EHKDYLRU�RI�WKH�PRGHO�DW�WKH�
ORFDWLRQ� RI� HDFK� EXR\�� LQFOXGLQJ� WKH�
ZKLWH�FDSSLQJ�� ZDYH� EUHDNLQJ� IDFWRU��
DQG� EHG� URXJKQHVV� SDUDPHWHUV��
$FFRUGLQJ� WR� WKH� FDOLEUDWLRQ� UHVXOWV�� WKH�
YDOXHV�RI� WKHVH�SDUDPHWHUV�ZHUH�GHILQHG�
��� ����� DQG� ������� UHVSHFWLYHO\�� $�
FRPSDULVRQ� EHWZHHQ� PRGHOHG� DQG�
PHDVXUHG� GDWD� IRU� WKH� ILQDO� FDOLEUDWLRQ�
VHWXS�KDYH�EHHQ�SUHVHQWHG� LQ�)LJ���� DQG�
)LJ�� �� ZKLFK� DUH� UHODWHG� WR� � FDOLEUDWLRQ�
SHULRGV� $� DQG� %� IRU� $Q]DOL� � DQG�
$PLUDEDG��UHVSHFWLYHO\�

)LJ����� &RPSDULVRQ�UHVXOWV�IRU�FDOLEUDWLRQ�
SHULRG�$�LQ�$Q]DOL
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)LJ����� &RPSDULVRQ�UHVXOWV�IRU�FDOLEUDWLRQ�
SHULRG�%���LQ�$PLUDEDG

5XQQLQJ�WKH�&DVSLDQ�6HD�PRGHO
7KH� ORQJ� WHUP�PRGHOLQJ� RI� WKH�ZLQG�

ZDYHV�LQ�WKH�&DVSLDQ�6HD�ZDV�SHUIRUPHG�
IRU� D� SHULRG� RI� DSSUR[LPDWHO\� ��� \HDUV�
IURP� ����� WR� WKH�PLGGOH� RI� ����� XVLQJ�
0LNH��� 6:� PRGHO� GHYHORSHG� E\� '+,�
:DWHU� DQG� (QYLURQPHQW�� 7KH� IROORZLQJ�
SK\VLFDO� SKHQRPHQD� DUH� LQFOXGHG� LQ� WKH�
6:� PRGXOH� RI� 0LNH��� VRIWZDUH�� ZDYH�
JURZWK� E\� DFWLRQ� RI� WKH� ZLQGV�� QRQ�
OLQHDU�ZDYH�ZDYH�LQWHUDFWLRQ��GLVVLSDWLRQ�
GXH� WR� ZKLWH�FDSSLQJ�� ERWWRP� IULFWLRQ��
DQG� GHSWK�LQGXFHG� ZDYH� EUHDNLQJ��
UHIUDFWLRQ� DQG� VKRDOLQJ� GXH� WR GHSWK�
YDULDWLRQ�� ZDYH�FXUUHQW� LQWHUDFWLRQ�� DQG�
HIIHFW� RI� WLPH� YDU\LQJ� ZDWHU� GHSWK�� ,Q�
RUGHU� WR� UHGXFH� WKH� ULVN� RI�PLVVLQJ� GDWD�
GXULQJ� UXQQLQJ� WKH� PRGHO�� WKH� ZKROH�
VLPXODWLRQ� SHULRG� ZDV� GLYLGHG� LQWR�
VHYHUDO� ��PRQWK� UXQV� ZLWK� WZR� GD\V�
RYHUODS�� ZKLFK� KDG� EHHQ� IRXQG� IURP�
GLIIHUHQW� WHVW� UXQV� WR� EH� D� VXLWDEOH� WLPH�
IRU� PRGHO� ZDUP�XS�� 7KH� RXWSXW� RI� WKH�
PRGHO� FRYHU� WKH� SDUDPHWHUV� UHODWHG� WR�
WKH� WRWDO�ZDYHV�� VHDV� DQG�VZHOOV�DQG� WKH�
IUHTXHQF\�GLUHFWLRQDO�ZDYH�VSHFWUXP�IRU�
WKH�UHJLRQ�EHORZ�WKH�ODWLWXGH������GHJUHH�
ZLWK�D�JULG�VSDFLQJ�RI�������GHJUHHV�DQG�
IRU� WKH� UHJLRQ� DERYH� WKH� ODWLWXGH� �����
GHJUHH�ZLWK�JULG�VSDFLQJ�RI������GHJUHHV��

9HULILFDWLRQ� RI� WKH� ���\HDU�
VLPXODWLRQV

7KH�ILQDO�UHVXOWV�ZHUH�FRPSDUHG�ZLWK�
WKH� ILHOG� GDWD� DQG� LQ� WKLV� ZD\� WKH�
DFFXUDF\� RI� WKH� UHVXOWV� ZDV� FKHFNHG��
0DSSLQJ�WKH�PD[LPXP�YDOXHV�RI�YDULRXV�
SDUDPHWHUV�UHVXOWHG�IURP�WKH����\HDU�UXQ�
DVVXUHG�WKDW�QR�XQUHDOLVWLF�VWRUP�HYHQW�RU�
QXPHULFDOO\� PDGH� KLJK� ZDYHV� ZHUH�
UHVXOWHG� GXULQJ� WKH� VLPXODWLRQV�� 7KH�
UHVXOWV� ZHUH� DOVR� FRPSDUHG� ZLWK� WKH�
EXR\�DQG VDWHOOLWH�GDWD�DJDLQ� LQ�RUGHU� WR�
UH�HYDOXDWH� WKH� TXDOLW\� RI� WKH� ZDYH�
VLPXODWLRQ�UHVXOWV�

([WUHPH�YDOXH�DQDO\VLV
7KH� H[WUHPH� YDOXH� DQDO\VLV� ZDV�

FDUULHG� RXW� XVLQJ� (9$� VRIWZDUH�
GHYHORSHG� E\� '+,� :DWHU� DQG�
(QYLURQPHQW��7KLV�VWDJH�RI�WKH�ZRUN�ZDV�
ILQDOL]HG� DIWHU� SHUIRUPLQJ� YDULRXV� WHVWV��
2Q� WKLV�EDVLV�� WKH�RSWLPXP�DWWULEXWHV�RI�
LQSXW� GDWD� DQG� DSSURSULDWH� GLVWULEXWLRQV�
IRU� ZLQG� DQG� ZDYHV� ZHUH� VHOHFWHG��
6FLHQWLILF� UHIHUHQFHV� �*RGD�� ������
PHQWLRQ� WKDW� *XPEOH� DQG� :HLEXO�
VWDWLVWLFDO� GLVWULEXWLRQV� DUH� WKH� EHVW�
GLVWULEXWLRQV� IRU� ZLQG� DQG� ZDYH��
+RZHYHU�� WHVW� UXQV� DQG� UHODWHG�
LQYHVWLJDWLRQ� RI� VWDWLVWLFDO� SDUDPHWHUV�
VXFK� DV� FRUUHODWLRQ� FRHIILFLHQW� �&&��
VKRZHG� WKDW� WKH� PRVW� DSSURSULDWH�
VWDWLVWLFDO�GLVWULEXWLRQ�IRU�ERWK�ZLQG�DQG�
ZDYH�LV�7UXQFDWHG� �*XPEOH��7*��ZKLFK�
UHVXOWV� LQ� OHVV� VWDQGDUG� GHYLDWLRQ� DQG� D�
VPRRWKHU� VSDWLDO� SDWWHUQ� RI� H[WUHPH�
YDOXHV�
7KH� ILQDO�(9$�DQDO\VLV� UHVXOWV�RQ�ZDYH�
GDWD� DUH� VKRZQ� LQ� ILJ�� �� IRU� WKH� XSSHU�
SDUW�RI�WKH�&DVSLDQ�6HD�DQG�LQ�)LJ����IRU�
WKH�ORZHU�SDUW�RI�WKLV�ODNH�
)XUWKHUPRUH�� WKH� UHODWLRQVKLS� EHWZHHQ�
WKH�VLJQLILFDQW�ZDYH�KHLJKW��+V��DQG�WKH�
FRUUHVSRQGLQJ� SHULRG� �7R��� IRU� WKH�
H[WUHPH� HYHQWV� ZDV� LQYHVWLJDWHG�� 7KH�
UHODWLRQVKLS� IRU� WZR� SRLQWV� KDV� EHHQ�
VKRZQ�LQ�)LJV������DQG������
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9RO������1R������:LQWHU����������������������������������������������������������������������������������

-2851$/�RI�0$5,1(�(1*,1((5,1*
,UDQLDQ�$VVRFLDWLRQ�RI

1DYDO�$UFKLWHFWXUH�	�0DULQH�(QJLQHHULQJ

)LJ����� (9$�DQDO\VLV�UHVXOWV�RI�ZDYH�
KHLJKW�IRU�WKH�XSSHU�SDUW�RI WKH�&DVSLDQ�6HD

)LJ����� (9$�DQDO\VLV�UHVXOWV�RI�ZDYH�KHLJKW�
IRU�WKH�ORZHU�SDUW�RI�WKH�&DVSLDQ�6HD

3RLQW��1HDU��$PLUDEDG

7��  �������+V���

5�  �������

���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ��� ���

+V���

7 �
�

C

)LJ����� 5HODWLRQVKLS�EHWZHHQ�+V��H[WUHPH�
HYHQWV��DQG�7���IRU�D�SRLQW�QHDU�$PLUDEDG

5HJDUGLQJ� WKH�ZLQG� GDWD�� DQ� H[WUHPH�
YDOXH� DQDO\VLV IRU� VRPH� V\QRSWLF� GDWD��
IURP� VWDWLRQV� QHDU� WKH� &DVSLDQ� 6HD�
FRDVWV� ZDV� SHUIRUPHG� DQG� WKH� UHVXOWV�
ZHUH� FRPSDUHG� ZLWK� D� VLPLODU� DQDO\VLV�
IRU� FRUUHVSRQGLQJ� SRLQWV� RI� (&0:)�
ZLQG� GDWD� VHW�� 7KLV� FRPSDULVRQ� DOVR�
VKRZHG� UHDVRQDEOH� DJUHHPHQW� EHWZHHQ�
WKH� SUHGLFWHG� ZLQG� VSHHGV� IURP� ERWK�
VRXUFHV�

6RPH� SRLQWV� DGMDFHQW� WR� WKH� FRDVW�
ZLWK� XQUHDOLVWLF� SUHGLFWHG� YDOXHV� IURP�
(9$�ZHUH�LQYHVWLJDWHG�DQG�LW�ZDV�IRXQG�
WKDW�WKH�PDLQ�UHDVRQ�IRU�WKHVH�XQUHDOLVWLF�
YDOXHV� ZHUH� GXH� WR� WKH� HIIHFW� RI� ODQG�
LQWHUSRODWLRQ� IRU� FDOFXODWLRQ� RI� ZDYH�
KHLJKW� DW� WKH� SRLQWV�� ZKLFK� ZHUH� WKXV�
UHPRYHG�IURP�WKH�UHVXOWV�

)LQDOO\�� D� FRPSDULVRQ� RI� H[WUHPH�
ZLQGV�DQG�ZDYHV�EHWZHHQ�PRGHO� UHVXOWV�
DQG�VDWHOOLWH�PHDVXUHPHQWV�IRU������ORZHU�
SDUW� RI� WKH�&DVSLDQ� � VHD� VKRZHG�D�JRRG�
DJUHHPHQW� EHWZHHQ� WKHVH� WZR� VHWV RI�
GDWD�

&RQFOXVLRQV
7KH����\HDU�ZDYH�KLQGFDVW�VWXG\�WKDW�

ZDV� FDUULHG� RXW� LQ� ,1&2�� KDV� OHDG� WR� D�
VLJQLILFDQWO\� LPSURYHG� GHILQLWLRQ� RI�
ZDYH�FOLPDWH� LQ� WKH�VRXWKHUQ�SDUW�RI� WKH�
&DVSLDQ� 6HD�� ([FHOOHQW� DJUHHPHQW� ZDV�
REWDLQHG� EHWZHHQ� WKH� PRGHO� UHVXOWV� DW�
WKH ORFDWLRQV� RI� $Q]DOL� DQG� $PLUDEDG�
EXR\V� DQG� EXR\� PHDVXUHPHQWV� IRU� DOO�

3R LQW� �1HD U� �$Q] D O L ��

7�� ��������+V
���

5�  �� �����

���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ���

+V���

7 �
�

)LJ����� 5HODWLRQVKLS�EHWZHHQ�+V��H[WUHPH�
HYHQWV��DQG�7���IRU�D�SRLQW�QHDU�$Q]DOL
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:DYH�+LQGFDVW�6WXG\�RI�WKH�&DVSLDQ�6HD��

9RO� ����1R������:LQWHU���������������

-2851$/�RI�0$5,1(�(1*,1((5,1*
PHDVXUHPHQW� SHULRGV�� LQFOXGLQJ�
FDOLEUDWLRQ� SHULRGV�� $� FRPSDULVRQ� RI�
H[WUHPH� ZLQGV� DQG� ZDYHV� EHWZHHQ�
PRGHO� UHVXOWV� DQG� WKH� VDWHOOLWH�
PHDVXUHPHQWV� IRU� ���� ORZHU� SDUW� RI� WKH�
&DVSLDQ� 6HD� VKRZHG� D� JRRG� DJUHHPHQW�
EHWZHHQ�WKHVH�WZR�VHWV�RI�GDWD�

7KLV� VWXG\� VKRZHG� WKDW� WKH� PRVW�
DSSURSULDWH� VWDWLVWLFDO� GLVWULEXWLRQ� IRU�
ERWK� ZLQG� DQG� ZDYH� LV� 7UXQFDWHG�
*XPEOH� �7*�� ZKLFK� UHVXOWV� LQ� OHVV�
VWDQGDUG� GHYLDWLRQ� DQG� D� VPRRWKHU�
VSDWLDO� SDWWHUQ�RI� H[WUHPH�YDOXHV��%DVHG�

RQ�WKLV�VWXG\��WKH�PD[LPXP�ZDYH�KHLJKW�
RI� ����\HDU� UHWXUQ� SHULRG� IRU� WKH� ORZHU�
SDUW� RI� WKH� &DVSLDQ� 6HD� LV� DERXW� ��
PHWHUV�� ZKLFK� LV� TXLWH� FRPSDUDEOH� ZLWK�
WKH�VDWHOOLWH�GDWD�RI�DERXW�����PHWHUV��

$FNQRZOHGJHPHQWV
7KLV�SURMHFW�KDV�EHHQ� IXQGHG�E\�3RUW�

DQG� 6KLSSLQJ� 2UJDQL]DWLRQ� �362�� DQG�
WKH� DXWKRUV� RI� WKLV� SDSHU� ZLVK� WR� WKDQN�
WKHP� IRU� WKHLU� FRQWLQXRXV� VXSSRUW�

5HIHUHQFHV�
�� %HUHN�� (�3��� 9�-�� &DUGRQH�� DQG� 9�5�� 6ZDLO�������� ³&RPSDULVRQ� RI� +LQGFDVW� 5HVXOWV� DQG� ([WUHPH�
9DOXH� (VWLPDWHV� IRU�:DYH�&RQGLWLRQV� LQ� WKH�+LEHUQLD� $UHD�� *UDQG�%DQN� RI�1HZ� =HHODQG´�� 3URF�� �WK
,QWHUQDWLRQDO�:RUNVKRS�RQ�:DYH�+LQGFDVW�
�� &DLUHV��6��-��5��%LRGORW��1��*UDKDP��DQG�9��6ZDLO���������³&OLPDWRORJLFDO�$VVHVVPHQW�RI�5HDQDO\VLV�
2FHDQ�'DWD´���WK�LQWHUQDWLRQDO�ZRUNVKRS�RQ�ZDYH�KLQGFDVWLQJ�DQG�IRUHFDVWLQJ��SS��������%DQII��&DQDGD�
�� &DLUHV�� 6��� DQG�$�� 6WUHO �������� ³&RPSDUDWLYH� $VVHVVPHQW� RI� (5$���� 2FHDQ�:DYH� 'DWD´� *OREDO�
&KDQJH�2SHQ�6FLHQFH�&RQIHUHQFH��$PVWHUGDP�
�� &DLUHV��6���$��6WUHO���������³&RPSDUDWLYH�$VVHVVPHQW�RI�(5$����2FHDQ�:DYH�3URGXFW´��3URF��RI�WKH�
(&0:)�:RUNVKRS�RQ�5H�$QDO\VLV��(5$����3URMHFW�5HSRUW�6HULHV��1R�����SS�����������5HDGLQJ�
�� &R[��$�7���DQG�9�5��6ZDLO���������³$�*OREDO�:DYH�+LQGFDVW�RYHU�WKH�3HULRG������������9DOLGDWLRQ�
DQG�&OLPDWH�$VVHVVPHQW´��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��9RO�������1R��&���SS������������
�� &R[�� $�� 7��� 9�� -�� &DUGRQH�� DQG� 9�� 5�� 6ZDLO� ��������³2Q� WKH� 8VH� RI� ,Q�VLWX� DQG� 6DWHOOLWH� :DYH�
0HDVXUHPHQWV� IRU� (YDOXDWLRQ� RI� :DYH� +LQGFDVWV́ �� &/,0$5� ���� :02� :RUNVKRS� RQ� $GYDQFHV� LQ�
0DULQH�&OLPDWRORJ\��9DQFRXYHU��&DQDGD�
�� *RGD��<���³5DQGRP�6HDV�DQG�'HVLJQ�RI�0DULWLPH�6WUXFWXUH́ ��:RUOG�6FLHQWLILF��9RO�����������
�� *UDKDP��&���9��-��&DUGRQH��(��$��&HFFDFFL��0��-��3DUVRQV��&��&RRSHU�DQG�-��6WHDU���������³&KDOOHQJHV�
WR� :DYH� +LQGFDVWLQJ� LQ� WKH� &DVSLDQ� 6HD´�� �WK� ,QWHUQDWLRQDO� :RUNVKRS� RQ� :DYH� +LQGFDVWLQJ� DQG�
)RUHFDVWLQJ��%DQII��$OEHUWD��&DQDGD�
�� +RVNLQJ��-��5��0���³$OJRULWKP�$6���������� ³0D[LPXP�/LNHOLKRRG�(VWLPDWLRQ�RI�WKH�3DUDPHWHUV�RI�
WKH�*HQHUDOL]HG�([WUHPH�9DOXH�'LVWULEXWLRQ´��-RXUQDO�RI�$SSOLHG�6WDWLVWLFV��9RO������SS���������
��� 2]KDQ��(��DQG�6DOHK�$EGDOOD���������³:LQG�:DYH�&OLPDWH�RI�WKH�%ODFN�6HD�DQG�WKH�7XUNLVK�&RDVWV�
�1DWR�7X�:DYHV�3URMHFW�´���WK ,QWHUQDWLRQDO�:RUNVKRS�RQ�:DYH�+LQGFDVWLQJ�DQG�)RUHFDVWLQJ��0HOERXUQH��
)ORULGD��86$�
��� 6ZDLO��9��5���9��-��&DUGRQH��DQG�$��7��&R[��������³$�/RQJ�7HUP�1RUWK�$WODQWLF�:DYH�+LQGFDVW´����
�WK ,QWHUQDWLRQDO�:RUNVKRS�RQ�:DYH�+LQGFDVWLQJ�DQG�)RUFDVWLQJ��0HOERXUQH��)ORULGD��
��� :HLVVH��5���DQG�*��*D\HU���������³$Q�$SSURDFK�7RZDUG�D����\HDU�+LJK�5HVROXWLRQ�:DYH�+LQGFDVW�
IRU� WKH� 6RXWKHUQ�1RUWK� 6HD �́� 3URF�� �WK� ,QWHUQDWLRQDO�:RUNVKRS� RQ�:DYH +LQGFDVWLQJ� DQG�)RUHFDVWLQJ��
0RQWHUH\��86$�
��� :HLVVH��5���DQG�)��)HVHU���������³(YDOXDWLRQ�RI�D�0HWKRG�WR�5HGXFH�8QFHUWDLQW\�LQ�:LQG�+LQGFDVWV�
3HUIRUPHG�ZLWK�5HJLRQDO�$WPRVSKHUH�0RGHOV´��&RDVWDO�(QJLQHHULQJ�-RXUQDO��9RO������SS���������
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