
6.3
7+(�86(�2)�6<1237,&$//<�'(3(1'(17�%$&.*5281'�(5525�6758&785(6�$1'�$

*(267523+,&�&2�25',1$7(�75$16)250�,1��'�9$5,$7,21$/�'$7$
$66,0,/$7,21�

$GULDQ�7��6HPSOH
�

�DQG�,DQ�5RXOVWRQH
0HW�2IILFH��%HUNVKLUH��8.

������������������������������ �������������������������
1  Corresponding author address: Adrian Semple, Met Office, JCMM, University of Reading, PO Box 243,
Reading, Berkshire, RG6 6BB.

1. INTRODUCTION

7KH�DLP�RI�WKH�*HRVWURSKLF�&R�RUGLQDWH
7UDQVIRUP��*&7��DQG�(UURUV�RI�WKH�'D\��(RW'�
LV�WR�PDNH�EHWWHU�XVH�RI�WKH�H[LVWLQJ
REVHUYDWLRQDO�QHWZRUN�DQG�H[LVWLQJ�0HW�2IILFH
GDWD�DVVLPLODWLRQ�V\VWHPV���'�9DULDWLRQDO�'DWD
$VVLPLODWLRQ����'�9$5���/RUHQF������
SDUWLFXODUO\�LQ�RUGHU�WR�LPSURYH�IRUHFDVWV�RI
H[WUD�WURSLFDO�F\FORQHV�LQ�WKH�1RUWK�$WODQWLF
UHJLRQ�

7KH��'�9$5�VFKHPH�DWWULEXWHV�D�UHJLRQ�RI
LQIOXHQFH�WR�DQ�REVHUYDWLRQ��LQ�ZKLFK�WKH
WKUHH�GLPHQVLRQDO�GLVWULEXWLRQ�DVVRFLDWHG�ZLWK
WKH�REVHUYDWLRQ�LV�DVVXPHG�WR�EH�LVRWURSLF�
7KLV�PHDQV�WKDW�WKH�FRUUHODWLRQ�EHWZHHQ�WZR
SRLQWV�GHSHQGV�RQO\�RQ�WKH�PDJQLWXGH�RI
WKHLU�VHSDUDWLRQ�DQG�QRW�RQ�LWV�GLUHFWLRQ��7KH
LVRWURSLF�DVVXPSWLRQ�PHDQV�WKDW��'�9$5
DWWULEXWHV�WKH�VDPH�GLVWULEXWLRQ�WR�WKH
REVHUYDWLRQ�ZKHWKHU�WKH�REVHUYDWLRQ�LV
ORFDWHG�QHDU�D�IURQWDO�]RQH�RU�QRW���7KH�UHVXOW
LV�WKDW�DQ\�REVHUYDWLRQ�DVVLPLODWHG�QHDU�D
IURQWDO�]RQH�PD\�FDXVH�D�ZHDNHQLQJ�RI�WKH
EDURFOLQLF�UHJLRQ�UHODWLYH�WR�UHDOLW\�WKURXJK�LWV
UHSUHVHQWDWLRQ�LQ�WKH�9$5�LQFUHPHQW�ILHOG��WKH
RXWSXW�RI�9$5��

7R�UHPHG\�WKLV��WKH�*&7�VFKHPH�DLPV�WR
LQFRUSRUDWH�IORZ�GHSHQGHQFH�LQWR�WKH
DVVLPLODWLRQ�E\�DOORZLQJ�WKH�GLVWULEXWLRQ�RI�WKH
REVHUYDWLRQ�WR�EH�DQLVRWURSLF�RQ�WKH�9$5�JULG�
7KLV�LV�DFKLHYHG�E\�WUDQVIHUULQJ�WKH�GDWD
DQDO\VLV�LQWR�D�JHRVWURSKLF�FR�RUGLQDWH�V\VWHP
ZKLFK�LV�QRW�UHJXODU�OLNH�WKH�9$5�JULG�EXW�KDV�D
GLVWRUWLRQ�GHWHUPLQHG�E\�WKH�JHRVWURSKLF
ZLQG�FRPSRQHQW�RQ�WKH��[�\��SODQH���7KH
IURQWDO�GLVFRQWLQXLW\�LQ�WKH�9$5�FR�RUGLQDWH
V\VWHP�DSSHDUV�PRUH�UHJXODU�LQ�WKH�GLVWRUWHG
JHRVWURSKLF�FR�RUGLQDWH�V\VWHP�DQG�WKXV
YLRODWHV�WKH�LVRWURSLF�DVVXPSWLRQ�OHVV���2QFH

DQDO\VHG��WKH�ILHOGV�DUH�WKHQ�WUDQVIRUPHG�EDFN
WR�WKH�9$5�JULG�

7KH��'�9$5�VFKHPH�UHTXLUHV�NQRZOHGJH�RI
WKH�EDFNJURXQG�HUURU�FRUUHODWLRQV�LQ�RUGHU�WR
SURGXFH�WKH�EHVW�DQDO\VLV���(VWLPDWLRQ�RI�WKHVH
HUURUV�LV�FXUUHQWO\�DFKLHYHG�E\����KRXU�DQG���
KRXU�IRUHFDVW�GLIIHUHQFHV�DYHUDJHG�RYHU�D�WZR
ZHHN�SHULRG�DQG�VR�IDLOV�WR�JLYH�DQ�LQGLFDWLRQ
RI�WKH�GDLO\�YDULDWLRQ�LQ�WKH�PDJQLWXGH�DQG
VWUXFWXUH�RI�WKH�HUURUV���7KH�(RW'�VFKHPH�XVHV
DQ�(UURU�%UHHGLQJ�6\VWHP��(%6��DQG�LV�EHLQJ
WULDOHG�DV�D�URXWH�WR�EHWWHU�HVWLPDWH�WKH
EDFNJURXQG�¨(UURUV�RI�WKH�'D\©���,W�SURYLGHV
WKH�HUURUV�DV�WKUHH�GLPHQVLRQDO�¨EUHGPRGHV©
ZKLFK�RULJLQDWH�DV�IRUHFDVW�GLIIHUHQFHV
EHWZHHQ�ORZ�UHVROXWLRQ�VKRUW�UDQJH�IRUHFDVWV
UXQ�IURP�SHUWXUEHG�DQDO\VHV���%UHGPRGHV
UHSUHVHQW�UHJLRQV�RI�WKH�PRGHO�DWPRVSKHUH
ZKLFK�KDYH�JURZQ�UDSLGO\�LQ�WKH�SUHFHGLQJ
WLPH�SHULRG�DQG�VR�UHSUHVHQW�DUHDV�ZKLFK�DUH
OLNHO\�WR�EH�DVVRFLDWHG�ZLWK�WKH�JUHDWHVW
EDFNJURXQG�HUURUV���*LYHQ�D�VXLWDEOH
EUHGPRGH�VWUXFWXUH��WKH�(RW'�VFKHPH�DOORZV
WKH�GLVWULEXWLRQ�RI�WKH�REVHUYDWLRQ�ZLWKLQ�9$5
WR�FKDQJH�DFFRUGLQJ�WR�WKH�ORFDO�EUHGPRGH
VWUXFWXUH��VR�WKDW�REVHUYDWLRQDO�LQIRUPDWLRQ
FDQ�KDYH�D�JUHDWHU�RU�OHVVHU�LQIOXHQFH
GHSHQGLQJ�RQ�WKH�LQIHUUHG�ORFDO�EDFNJURXQG
HUURU����7KH�HUURU�EUHHGLQJ�WHFKQLTXH�KDV�EHHQ
XVHG�RSHUDWLRQDOO\�DW�1&(3�VLQFH�'HFHPEHU
�����WR�SURYLGH�DQDO\VLV�SHUWXUEDWLRQV�IRU
HQVHPEOH�SUHGLFWLRQ�DSSOLFDWLRQV��

7KH�DLP�RI�WKLV�UHVHDUFK�LV�WR�DVVHVV�ERWK�WKH
0HW�2IILFH�*&7�DQG�(RW'�VFKHPHV�UHODWLYH�WR
�'�9$5���,W�DLPV�WR�HVWDEOLVK�ZKHWKHU�ERWK
VFKHPHV�DUH�����DVVLPLODWLQJ�REVHUYDWLRQV�LQ�D
PHWHRURORJLFDOO\�VRXQG�ZD\��DQG�����KDYLQJ�D
SRVLWLYH��QHJDWLYH�RU�QHXWUDO�LPSDFW�RQ
LQGLYLGXDO�VWRUP�IRUHFDVWV�



7KH�ZRUN�GLVFXVVHG�LQ�WKLV�SDSHU�LV�WKH�UHVXOW
RI�LQLWLDO�WULDOV�SHUIRUPHG�ZLWK�WKH�FXUUHQW�0HW
2IILFH�8QLILHG�0RGHO��&XOOHQ�������
*HRVWURSKLF�&R�RUGLQDWH�7UDQVIRUP�FRGH�DQG
(UURU�%UHHGLQJ�6\VWHP�FRGH�

$W�WKH�WLPH�RI�ZULWLQJ��ZRUN�LV�LQ�SURJUHVV�E\
WKH�DXWKRU�WR�GHYHORS�QHZ�(UURU�%UHHGLQJ
FRGH�WR�IDFLOLWDWH�D�EHWWHU�LQWHUIDFH�EHWZHHQ
WKH�(%6�DQG�WKH�QHZ�QRQ�K\GURVWDWLF�YHUVLRQ
RI�WKH�8QLILHG�0RGHO�FXUUHQWO\�XQGHU
GHYHORSPHQW�DW�WKH�0HW�2IILFH���$V�D�UHVXOW�
WKLV�GLVFXVVLRQ�LV�LQWHQGHG�WR�EH�D�EULHI
LQWURGXFWLRQ�WR�WKH�FRQFHSWV�WKDW�ZLOO�EH
SUHVHQWHG�DW�WKH�V\PSRVLXP�

2. THE ERROR BREEDING SYSTEM

)LJXUH���VKRZV�D�VFKHPDWLF�RI�WKH�HUURU
EUHHGLQJ�F\FOH���&\FOH���RI�WKH�SURFHVV�EHJLQV
ZLWK�DQ�LQLWLDO�RSHUDWLRQDO�DQDO\VLV�$���ZKLFK�LV
UHFRQILJXUHG�WR�D�ORZHU�UHVROXWLRQ���6PDOO
UDQGRP�SHUWXUEDWLRQV�DUH�WKHQ�DGGHG�DQG
VXEWUDFWHG�WR�WKH�FRQWURO�DQDO\VLV�LQ�RUGHU�WR
SURGXFH�D�SDLU�RI�ORZ�UHVROXWLRQ�SHUWXUEHG
DQDO\VHV��$���DQG�$������$�IRUHFDVW�LV�UXQ�IURP
HDFK�RI�WKH�SHUWXUEHG�DQDO\VHV�IRU�D�FKRVHQ

EUHHGLQJ�SHULRG
����KRXUV�DW�WKH�0HW�2IILFH�
VR�WKDW�WZR�EDFNJURXQG�ILHOGV�DUH�SURGXFHG
�)���DQG�)������$�GLIIHUHQFH�ILOH�LV�WKHQ
FDOFXODWHG�IURP�WKH�SDLU�RI�EDFNJURXQG�ILHOGV
�)G���DQG�WKH�IRUHFDVW�ILHOGV�ZLWKLQ�WKH�ILOH�DUH
QRUPDOLVHG�VR�DV�WR�EUHHG�HUURU�VWUXFWXUHV�RI�D
VSHFLILHG�PDJQLWXGH���7KH�UHVXOW�LV�DQ�HUURU�
EUHG�IRUHFDVW�GLIIHUHQFH�FDOOHG�WKH�
%UHGPRGH

ZKLFK�LV�XVHG�DV�DQ�LQGLFDWRU�RI�WKH�WKUHH�
GLPHQVLRQDO�V\QRSWLFDOO\�GHSHQGHQW
EDFNJURXQG�HUURU�VWUXFWXUH��6%(6��

7KH�EUHGPRGH�LV�WKHQ�IHG�WR�WKH�QH[W�F\FOH�RI
HUURU�EUHHGLQJ�DQG�SURYLGHV�WKH�GHJUHH�RI
SHUWXUEDWLRQ�IRU�WKH�QH[W�FRQWURO�DQDO\VLV��$���
7KH�PRGH�LV�DOVR�VXSSOLHG�WR�WKH��'�9$5
DQDO\VLV�ZKHUH�LW�LV�XVHG�LQ�WKH�PLQLPLVDWLRQ�RI
WKH�FRVW�IXQFWLRQ�DQG�WKH�SURGXFWLRQ�RI�D�QHZ
FRQWURO�DQDO\VLV�

7KH�EUHGPRGHV�GHYHORSHG�LQ�WKH�HDUO\�F\FOHV
DUH�LQLWLDOO\�GRPLQDWHG�E\�UDQGRP
IOXFWXDWLRQV��EXW�GXULQJ�VXEVHTXHQW�F\FOHV�WKH
IRUHFDVW�GLIIHUHQFHV�EHFRPH�GRPLQDWHG�E\�WKH
PRVW�XQVWDEOH��UDSLGO\�JURZLQJ�VWDWHV���)RU
WKLV�UHDVRQ�WKH�HUURU�EUHHGLQJ�F\FOH�UHTXLUHV�D

VSLQ�XS
�SHULRG�RI���WR���ZHHNV�XQWLO�WKH
UDQGRP�PRGHV�KDYH�GLPLQLVKHG�

3HUKDSV�WKH�PRVW�REYLRXV�ZD\�LQ�ZKLFK�WR
LQFRUSRUDWH�WKH�EUHGPRGH�LQIRUPDWLRQ�LQWR
�'�9$5�ZRXOG�EH�WR�UHODWH�WKH�EUHGPRGHV�WR
WKH�EDFNJURXQG�HUURU�FRYDULDQFH�PDWUL[
GLUHFWO\��WKHUHE\�IHHGLQJ�WKURXJK�WR�9$5�WKH
QHFHVVDU\�LQIRUPDWLRQ�RI�WKH�ORFDWLRQ�RI�ODUJHU
DQG�VPDOOHU�EDFNJURXQG�HUURUV���+RZHYHU��LQ
UHDOLW\�WKH�SURGXFWLRQ�RI�WKHVH�V\QRSWLFDOO\�
GHSHQGHQW�EDFNJURXQG�HUURU�YDULDQFHV�LV�QRQ�
WULYLDO�DQG�ZRXOG�UHTXLUH�PRUH�VRSKLVWLFDWHG
FRPSXWLQJ�WKDQ�LV�FXUUHQWO\�RSHUDWLRQDOO\
DFKLHYDEOH�

$Q�DOWHUQDWLYH�PHWKRG�RI�LQWURGXFLQJ�WKH
EUHGPRGH�LQIRUPDWLRQ�LV�WR�DGG�H[WUD
EUHGPRGH�EDVHG�GHJUHHV�RI�IUHHGRP�GXULQJ
WKH�DVVLPLODWLRQ���,Q�WKH�RSHUDWLRQDO��'9$5
V\VWHP��WKH�DQDO\VLV�LV�SURGXFHG�E\�D�EHVW�ILW
RI�WKH�PRGHO�VWDWH�WR�WKH�REVHUYDWLRQV�DQG�WKH
EDFNJURXQG���%\�DOORZLQJ�H[WUD�EUHGPRGH
GHJUHHV�RI�IUHHGRP��WKH�DQDO\VLV�LV�SURGXFHG
E\�D�EHVW�ILW�RI�WKH�PRGHO�VWDWH�WR�WKH
REVHUYDWLRQV�DQG�EDFNJURXQG��DQG�DQ
DGGLWLRQDO�SDWWHUQ�OLNH�WKDW�RI�WKH�EUHGPRGH�
7KXV�WKH�SURFHVV�ZRUNV�E\�ILWWLQJ�WKH
REVHUYDWLRQV�WR�WKH�EDFNJURXQG�DV�XVXDO��EXW
WKHQ�DGGLWLRQDOO\�QXGJLQJ�WKH�DQDO\VLV
WRZDUGV�WKH�HUURU�EUHG�VWUXFWXUHV�

7KH�EUHGPRGH�LQIRUPDWLRQ�WKDW�UHSUHVHQWV�WKH
V\QRSWLFDOO\�GHSHQGHQW�HUURU�VWUXFWXUH�LV
HVVHQWLDOO\�WKH�GLIIHUHQFH�EHWZHHQ�WZR
IRUHFDVWV���7KLV�PHDQV�WKH�EUHGPRGH
VWUXFWXUHV�VKRXOG�EH�LQ�UHDVRQDEOH�EDODQFH
DQG�WKDW�WKHLU�LQWURGXFWLRQ�LQWR�WKH�9$5
V\VWHP�VKRXOG�QRW�LQWURGXFH�VLJQLILFDQW�QRLVH�
$OVR��WKH�EUHGPRGHV�DUH�JHQHUDWHG�RQ�D�ORZHU
UHVROXWLRQ�JULG�WKDQ�WKDW�XVHG�LQ�WKH�80�
ZKLFK�OHDGV�WR�KRUL]RQWDOO\�VPRRWKO\�YDU\LQJ
PRGLILFDWLRQV�WR�WKH�DQDO\VLV�LQFUHPHQWV�
7KXV�QR�VLJQLILFDQW�GHWULPHQWDO�HIIHFW�VKRXOG
EH�LQWURGXFHG�YLD�WKH�PHFKDQLFV�RI�WKH
SURFHVV�LWVHOI�

)LJXUH���VKRZV�D�EUHGPRGH�VWUXFWXUH��θ � ��IRU

�����87&�RQ�WKH���
���

�'HFHPEHU�������$W�WKLV
WLPH�D�VWURQJ�EDURFOLQLF�]RQH�H[LVWHG�DFURVV
WKH�QRUWKHUQ�$WODQWLF�2FHDQ��RULHQWDWHG�HDVW�
ZHVW�IURP�1HZIRXQGODQG�WR�WKH�8.���7KLV
SURYLGHG�DQ�LGHDO�FDVH�VWXG\�LQ�RUGHU�WR�VHH
KRZ�HDFK�V\VWHP��9$5��*&7�DQG�(%6�
EHKDYHG�QHDU�IURQWDO�]RQHV�

3. PSEUDO SINGLE OBSERVATION
TESTS



7KH�DLP�RI�WKLV�VHFWLRQ�LV�WR�DGGUHVV�WKH
HIIHFWLYHQHVV�RI�WKH�*&7�DQG�(%6�LQ�WKH
PRGLILFDWLRQ�RI�WKH�9$5�DQDO\VLV�LQFUHPHQWV�
)RU�WKLV�SXUSRVH�VLQJOH�REVHUYDWLRQ�WHVWV�ZHUH
FDUULHG�RXW�DW�GLIIHUHQW�SRVLWLRQV�LQ�WKH�PRGHO
LQ�UHODWLRQ�WR�IURQWDO�]RQHV�DQG�H[WUD�WURSLFDO
F\FORQHV���6LQJOH�2EVHUYDWLRQ�WHVWV�FRQVLVW�RI
DVVLPLODWLQJ�D�SVHXGR�LQFUHPHQW�RI�D�YDULDEOH
ZLWKLQ�WKH�PRGHO�DWPRVSKHUH���7KH�VL]H�RI�WKH
LQFUHPHQW�FKRVHQ�LQ�WKHVH�WHVWV�LV�RI�WKH�RUGHU
RI�PDJQLWXGH�WKDW�RQH�ZRXOG�H[SHFW�IRU�UHDO
REVHUYDWLRQV�

7KH�SVHXGR�VLQJOH�2EVHUYDWLRQ�7HVW�GLVFXVVHG
KHUH�FRQVLVWHG�RI�D�SRWHQWLDO�WHPSHUDWXUH
LQFUHPHQW�RI��.��HUURU�RI������RQ�PRGHO�OHYHO
����DSSUR[LPDWHO\����K3D��DW���1���:�
)LJXUH���VKRZV�WKH��θ � ���LQFUHPHQW�DQDO\VLV

ILHOG�RQ�PRGHO�OHYHO����IRU�WKH�9$5�V\VWHP�
9$5�ZLWK�WKH�*&7��9$5�*&7��DQG�9$5�ZLWK
WKH�(%6��9$5�(%6���θ � �LV�XVHG�DV�θ LV
XQDYDLODEOH�LQ�WULDO�RXWSXW����$OVR�VKRZQ�LV�WKH
LQWHQVLW\�GLVWULEXWLRQ�RQ�WKLV�PRGHO�OHYHO�IRU
WKH�DQDO\VLV�LQFUHPHQWV�IRU�HDFK�VFKHPH�
LOOXVWUDWLQJ�WKH�QXPEHU�RI�JULG�ER[HV�ZLWK
HDFK�LQFUHPHQW�YDOXH��)LJXUH���VKRZV�YHUWLFDO
FURVV�VHFWLRQV�WKURXJK�WKH�OLQH�$%�DV�LQGLFDWHG
IRU�HDFK�RI�WKH�WKUHH�VFKHPHV�

$V�GLVFXVVHG�HDUOLHU��WKH�9$5�VFKHPH�DWWULEXWHV
D�WKUHH�GLPHQVLRQDO�UHJLRQ�RI�LQIOXHQFH�WR�WKH
REVHUYDWLRQ��LQ�ZKLFK�WKH�GLVWULEXWLRQ
DVVRFLDWHG�ZLWK�WKH�REVHUYDWLRQ�LV�DVVXPHG�WR
EH�LVRWURSLF���7KLV�FDQ�EH�VHHQ�E\�WKH
GLVWULEXWLRQ�RI�WKH�9$5�VLQJOH�REVHUYDWLRQ�WHVW
LQ�)LJXUH���ZKLFK�UHSUHVHQWV�LWV�KRUL]RQWDO
LQIOXHQFH��DOWKRXJK�9$5�DWWULEXWHV�D�SXUHO\
VSKHULFDO�GLVWULEXWLRQ��WKH�SDWWHUQ�ORRNV
VOLJKWO\�RYDO�GXH�WR�WKH�PDS�SURMHFWLRQ����7KH
LVRWURSLF�DVVXPSWLRQ�LV�FOHDUO\�HYLGHQW�LQ�WKH
YHUWLFDO�DOVR��)LJXUH������7KH�GLVWULEXWLRQ�RI�WKH
REVHUYDWLRQ�LV�WKH�VDPH�DV�WKRXJK�WKHUH�ZHUH
QR�IURQWDO�]RQH��DQG�LV�ODUJHO\�VSKHULFDO�

$OWKRXJK�DQ�LQFUHPHQW�RI�SRWHQWLDO
WHPSHUDWXUH�ZDV�SODFHG�ZLWKLQ�WKH
WURSRVSKHUH��WKH�FURVV�VHFWLRQV�LQ�)LJXUH��
LQGLFDWH�WKH�SUHVHQFH�RI�D�UHJLRQ�RI�FRROLQJ�LQ
WKH�VWUDWRVSKHUH��YHUWLFDOO\�DERYH�WKH
LQFUHPHQW���7KLV�LV�WKH�VRUW�RI�UHVSRQVH�WKDW
RQH�ZRXOG�KRSH�IRU�ZLWKLQ�WKH�DVVLPLODWLRQ
V\VWHP��DV�LW�LV�LQGLFDWLYH�RI��JHRVWURSKLF�
EDODQFH�LQIRUPDWLRQ�EHLQJ�SURSDJDWHG
WKURXJK�WKH�DQDO\VLV�E\�WKH�EDFNJURXQG
FRYDULDQFHV���7KH�ZLQG�DQG�WHPSHUDWXUH�ILHOGV
WKDW�UHVXOW�IURP�DQ�LQFUHPHQWDO�WHPSHUDWXUH
SHUWXUEDWLRQ�DUH�TXDOLWDWLYHO\�FRQVLVWHQW�ZLWK

WKRVH�DWWULEXWDEOH�WR�D�SRWHQWLDO�YRUWLFLW\
DQRPDO\�ORFDWHG�YHUWLFDOO\�EHWZHHQ�WKH
WHPSHUDWXUH�GLSROH�

7KH�HIIHFW�RI�WKH�*&7�VFKHPH�LV�WKDW�WKH
REVHUYDWLRQ�LV�QR�ORQJHU�VSUHDG�XQLIRUPO\
DURXQG�WKH�LQVHUWLRQ�SRLQW���)RU�SXUSRVHV�RI
FRPSDULVRQ��FRQVLGHU�WKH�SRLQW�RQ�)LJXUH���DW
ZKLFK�WKH�LQFUHPHQW�YDOXH�RQ�PRGHO�OHYHO���
GURSV�WR�a����LW©V�PD[LPXP�YDOXH��7KH
GLVWULEXWLRQ�IRU�WKH�*&7�VFKHPH�H[WHQGV
a����IXUWKHU�LQWR�WKH�ZDUP�DLU�WR�WKH�VRXWK
WKDQ�WKDW�ZLWK�WKH�9$5�VFKHPH���7KH�H[WHQW�WR
WKH�QRUWK�LQ�WKH�*&7�LV�URXJKO\�KDOYHG�UHODWLYH
WR�9$5��ZKHUHDV�WKH�GLVWULEXWLRQ�DORQJ�WKH
IURQW�UHPDLQV�ODUJHO\�WKH�VDPH�

7KH�JUDSK�RQ�)LJXUH���VKRZV�WKDW�WKH�LQWHQVLW\
GLVWULEXWLRQ�IRU�WKH�*&7�LV�VLPLODU�WR�WKDW�IRU
9$5��DOWKRXJK�WKHUH�DSSHDUV�WR�EH�D�UHODWLYH
UHGXFWLRQ�LQ�WKH�KLJKHU�YDOXH�DQDO\VLV
LQFUHPHQWV������WR�������IRU�WKH�*&7�DQG�DQ
LQFUHDVH�RI�WKH�*&7�UHODWLYH�WR�9$5�HLWKHU�VLGH
RI�WKLV���7KLV�LV�HYLGHQFH�WKDW�WKH�*&7�LV
VXFFHVVIXOO\�UHGLVWULEXWLQJ�WKH�REVHUYDWLRQDO
LQIRUPDWLRQ�UDWKHU�WKDQ�DPSOLI\LQJ�RU
DWWHQXDWLQJ�LW���,Q�FURVV�VHFWLRQ�WKH�*&7�KDV
GLVWRUWHG�WKH�GLVWULEXWLRQ�VR�WKDW�LW�DSSHDUV�WR
IORZ�XS�WKH�IURQWDO�]RQH�ZKLFK�PD\�EH�VHHQ
RQ�WKH�ULJKW�RI�WKH�SDQHO���7KLV�UHVXOWV�LQ�PRUH
RI�WKH�LQFUHPHQW�EHLQJ�DVVLPLODWHG�RQ�WKH
ZDUP�VLGH�RI�WKH�IURQW��L�H��WKH�VLGH�RI�WKH
IURQW�RQ�ZKLFK�WKH�REVHUYDWLRQ�KDV�EHHQ
SODFHG���DQG�LV�FRQVLVWHQW�ZLWK�WKH�GLVWULEXWLRQ
VKRZQ�LQ�)LJXUH���

)LJXUH���DOVR�VKRZV�WKDW�LQ�WKLV�FDVH�WKH�(%6
KDV�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�KRUL]RQWDO
DQDO\VLV�LQFUHPHQWV�DORQJ�WKH�IURQWDO�]RQH
UHODWLYH�WR�9$5��ZKLOVW�PDLQWDLQLQJ�WKH
PHULGLRQDO�H[WHQW���,Q�DGGLWLRQ��WKH�LQWHQVLW\
SURILOH�IRU�WKH�(RW'�LV�DSSUR[LPDWHO\����
ODUJHU�WKDQ�ERWK�WKH�*&7�DQG�9$5�VFKHPHV�
7KLV�LV�D�SURGXFW�RI�WKH�EUHGPRGH�LQWHQVLW\
SDWWHUQ��FRPSDUH�GLVWULEXWLRQ�ZLWK�WKDW
VKRZQ�LQ�)LJXUH����LQ�ZKLFK�WKH�REVHUYDWLRQ
LQFUHPHQW�SDWWHUQ�LV�VXSHULPSRVHG�XSRQ�WKH
ODUJHU�KLJK�LQWHQVLW\�EUHGPRGH�VWUXFWXUH
GLVWULEXWLRQ��WKXV�LQFUHDVLQJ�WKH�UHODWLYH
QXPEHU�RI�DOO�LQFUHPHQW�YDOXHV�

,Q�WKLV�FDVH��WKH�(RW'�VFKHPH�WKHUHIRUH�KDV
KDG�WKH�HIIHFW�RI�ERWK�ERRVWLQJ��E\�WKH
QXPEHU�RI�JULGER[HV�ZLWK�KLJKHU�LQFUHPHQW
YDOXHV��DQG�H[WHQGLQJ�WKH�KRUL]RQWDO
REVHUYDWLRQ�LQIOXHQFH�DORQJ�WKH�IURQWDO�]RQH�
,Q�FURVV�VHFWLRQ��)LJXUH�����WKH�9$5�(%�DQDO\VLV



LQFUHPHQWV�DUH�HORQJDWHG�YHUWLFDOO\�DORQJ�WKH
EDURFOLQLF�UHJLRQ�ZLWK�UHVSHFW�WR�WKH�9$5
DQDO\VLV�LQFUHPHQWV��DQG�LQIOXHQFH�RI�WKH
REVHUYDWLRQ�LV�VHHQ�DW�IDU�ORZHU�OHYHOV�LQ�WKH
WURSRVSKHUH�WKDQ�HLWKHU�WKH�9$5�RU�9$5�*&7
FDVHV���7KH�FURVV�VHFWLRQ�DOVR�VKRZV�WKDW�WKH
LQFUHDVHG�LQWHQVLW\�RI�WKH�(%6�DQDO\VLV
LQFUHPHQWV�PHDVXUHG�RQ�PRGHO�OHYHO����LV
WUXH�RQ�DOO�PRGHO�OHYHOV�UHODWLYH�WR�WKH�9$5�DQG
*&7�FDVHV���$OO�WKLV�EHKDYLRXU�LV�LQ�DFFRUGDQFH
ZLWK�WKDW�H[SHFWHG�IURP�WKH�UHOHYDQW
EUHGPRGH�DQG�WKH�GHVLJQ�LQWHQWLRQV�RI�WKH
(RW'�VFKHPH

4. FUTURE WORK

2QFH�WKH�QHZ�(%6�FRGH�LV�FRPSOHWH��WHVWV�ZLOO
EH�FDUULHG�RXW�LQ�RUGHU�WR�DVVHVV�WKH
SHUIRUPDQFH�RI�ERWK�WKH�(RW'�DQG�*&7�

5. $&.12:/('*(0(176

7KH�FXUUHQW�YHUVLRQ�RI�WKH�(%6�FRGH�DV
GLVFXVVHG�LQ�WKLV�SDSHU�ZDV�ZULWWHQ�DQG
GHYHORSHG�E\�'DOH�%DUNHU���$�QHZ�YHUVLRQ�RI
WKH�FRGH�LV�FXUUHQWO\�EHLQJ�GHYHORSHG�E\�WKH
DXWKRU���7KH�*&7�FRGH�ZDV�ZULWWHQ�E\�0DUN
'XEDO�

6. 5()(5(1&(6

&XOOHQ��0�-�3���������7KH�XQLILHG
IRUHFDVW�FOLPDWH�PRGHO��0HWHRURO��0DJ�������
�����
/RUHQF��$�&���������7KH�0HW��2IILFH�JOREDO
WKUHH�GLPHQVLRQDO�YDULDWLRQDO�GDWD�DVVLPLODWLRQ
VFKHPH��4�-�5��0HWHRURO��6RF����������������
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