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1REXDNL <26+,=$:$� 6KLQ�LFKLUR 0(,*2� DQG 1DRNL <$0$12

0LWVXELVKL 5HVHDUFK ,QVWLWXWH� ,QF�

������2WHPDFKL� &KL\RGD�NX�

7RN\R� ��������� -DSDQ

&HQWHU IRU 1HXWURQ 6FLHQFH� -DSDQ $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXWH

7RNDL�PXUD� 1DND�JXQ� ,EDUDNL�NHQ ��������

6XPLWRPR $WRPLF (QHUJ\ ,QGXVWULHV� /WG�

�������� 5\RJRNX� 6XPLGD�NX�

7RN\R ��������� -DSDQ

H�PDLO� \RVKL]DZ#PUL�FR�MS

7KH QHXWURQ DQG SURWRQ FURVV VHFWLRQV RI
��
)H ZHUH HYDOXDWHG XS WR � *H9� -(1'/ +LJK (QHUJ\

)LOH RI
��
)H ZHUH GHYHORSHG IRU XVH LQ WUDQVSRUW FDOFXODWLRQ� )RU QHXWURQV� WKH KLJK�HQHUJ\ GDWD DUH PHUJHG

ZLWK -(1'/����ILOH� ,QWHJUDO EHQFKPDUN FDOFXODWLRQV IRU WKLFN WDUJHW QHXWURQ \LHOGV �77<� IRU ��� 0H9

DQG ��� 0H9 SURWRQ ERPEDUGPHQW RI )H WDUJHWV ZHUH SHUIRUPHG XVLQJ WKH HYDOXDWHG OLEUDULHV� &DOFXODWHG

77< QHXWURQ VSHFWUD ZHUH FRPSDUHG ZLWK H[SHULPHQWDO GDWD� )RU ��� 0H9� FDOFXODWHG 77< DW ��� GHJUHH

XQGHUHVWLPDWHG LQ WKH HPLWWHG QHXWURQ HQHUJ\ UDQJH DERYH �� 0H9� )RU ��� 0H9� FDOFXODWHG 77< ZHOO

DJUHH ZLWK H[SHULPHQWDO GDWD H[FHSW EHORZ �� 0H9�

�� ,QWURGXFWLRQ

+LJK�HQHUJ\ HYDOXDWHG QXFOHDU GDWD DUH QHHGHG IRU DFFHOHUDWRU HQJLQHHULQJ DQG UDGLDWLRQ SURWHFWLRQ

RI DLU FUHZ DQG VSDFH DVWURQDXWV� ,Q /$���>�@� QHXWURQ DQG SURWRQ FURVV VHFWLRQV XS WR ��� 0H9 DUH

LQFOXGHG� $ERYH ��� 0H9� QXFOHDU GDWD ILOH DUH DOVR QHHGHG� +LJK�HQHUJ\ QXFOHDU GDWD HYDOXDWLRQ IRU

PRUH WKDQ �� HOHPHQWV KDV EHHQ VWDUWHG E\ -1'& +LJK (QHUJ\ 1XFOHDU 'DWD (YDOXDWLRQ :RUNLQJ *URXS�

)RU VRPH HOHPHQWV� HYDOXDWLRQV ZHUH SHUIRUPHG� ,QWHJUDO EHQFKPDUN FDOFXODWLRQV KDV DOVR EHHQ

SHUIRUPHG E\ WKH -1'& ,QWHUPHGLDWH DQG +LJK (QHUJ\ 1XFOHDU 'DWD ,QWHJUDO 7HVW :RUNLQJ *URXS� ,Q WKLV

VWXG\� QXFOHDU GDWD HYDOXDWLRQ IRU
��
)H DQG ,QWHJUDO EHQFKPDUN FDOFXODWLRQV IRU SURWRQ LQGXFHG WKLFN WDUJHW

QHXWURQ \LHOGV ZHUH UHSRUWHG�

�� (YDOXDWLRQ RI
��
)H FURVV VHFWLRQ

��� (YDOXDWLRQ FRGH

6HYHUDO NLQGV RI FRPSXWDWLRQ FRGHV ZHUH XVHG LQ WKLV HYDOXDWLRQ DV VKRZQ LQ )LJ��� (&,63/27 >�@

DQG 4XLFN�*1$6+ >�@ FRGH V\VWHP ZHUH XVHG IRU GDWD HYDOXDWLRQ XS WR ��� 0H9� 7RWDO� HODVWLF DQG

QRQ�HODVWLF FURVV VHFWLRQV IRU QHXWURQ DQG SURWRQ LQ WKH HQHUJ\ UDQJH IURP ��� 0H9 WR �*H9 ZHUH

FDOFXODWHG E\ 727(/$ >�@ FRGH� 3DUWLFOH SURGXFWLRQ FURVV VHFWLRQV DQG DQJXODU GLVWULEXWLRQV IRU

QRQ�HODVWLF VFDWWHULQJ ZHUH HYDOXDWHG ZLWK -40' FRGH >�@� )RU QHXWURQV� WKH KLJK�HQHUJ\ GDWD DUH PHUJHG

ZLWK -(1'/����ILOH >�@�

��� 5HVXOWV RI HYDOXDWLRQ



([SHULPHQWDO GDWD >�@ DUH SUHVHQWHG IURP )LJ�� WR )LJ�� FRPSDUHG ZLWK HYDOXDWHG GDWD� )LJXUH �

VKRZV QHXWURQ LQGXFHG WRWDO FURVV VHFWLRQ RI
��
)H� 1HXWURQ HODVWLF VFDWWHULQJ FURVV VHFWLRQV ZHUH DOVR

SUHVHQWHG LQ )LJ� �� $V VKRZQ LQ WKRVH ILJXUHV� HYDOXDWHG FURVV VHFWLRQV ZHOO DJUHH ZLWK H[SHULPHQWDO GDWD�

3URWRQ LQGXFHG UHDFWLRQ DQG HODVWLF FURVV VHFWLRQV DUH VKRZQ LQ )LJXUHV � DQG �� UHVSHFWLYHO\� ,Q WKH VDPH

PDQQHU IRU QHXWURQ� WKHUH DUH JRRG DJUHHPHQW EHWZHHQ HYDOXDWHG GDWD DQG H[SHULPHQWDO GDWD�

,Q )LJ��� HYDOXDWHG GRXEOH GLIIHUHQWLDO FURVV VHFWLRQV RI �S�[Q� UHDFWLRQV DUH VKRZQ FRPSDUHG ZLWK

H[SHULPHQWDO GDWD>���������@� 3/'';>��@ ZHUH XVHG WR FDOFXODWH ''; IURP HYDOXDWHG QXFOHDU GDWD ILOH�

$ERYH ��� 0H9� HYDOXDWHG GDWD ZHOO DJUHH ZLWK H[SHULPHQWDO GDWD� $W ��� 0H9� WKHUH LV VRPH

GLIIHUHQFHV EHORZ QHXWURQ HQHUJ\ �� 0H9� 7KHUH DUH DOVR VRPH GLIIHUHQFHV DERYH �� 0H9 DW �� GHJUHH�

DQG DERYH �� 0H9 DW �� GHJUHH�

�� ,QWHJUDO EHQFKPDUN FDOFXODWLRQ

��� ([SHULPHQWDO GDWD

([SHULPHQWDO GDWD RI 7KLFN WDUJHW QHXWURQ \LHOG �77<� ZHUH XVHG LQ WKLV LQWHJUDO EHQFKPDUN

FDOFXODWLRQ� )RU )H WDUJHW� H[SHULPHQWDO GDWD IURP /$1/>�����@ ZHUH FRPSDUHG ZLWK FDOFXODWLRQ UHVXOWV�

)RU� &X WDUJHW� -$(5, GDWD>��@ ZHUH XVHG� ([SHULPHQWDO FRQGLWLRQV DUH VKRZQ LQ 7DEOH ��

7DEOH � ([SHULPHQWDO FRQGLWLRQV RI 77< GDWD

7DUJHW 3URWRQ HQHUJ\ �0H9� 'HWHFWHG DQJOH �GHJUHH� 5HIHUHQFH
QDW
)H ���

���

���� ��� ��� ���

��� ��� ���� ���
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>��@
QDW
&X �� �� ��� ��� ��� ��� ��� >��@

��� &DOFXODWLRQ PHWKRG

77< VSHFWUD ZHUH FDOFXODWHG E\ (T��� >��@� XVLQJ QHXWURQ SURGXFWLRQ FURVV VHFWLRQV DQG QRQ�HODVWLF

FURVV VHFWLRQV RI HYDOXDWHG QXFOHDU GDWD�
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ZKHUH
Q

G(GQG Ω��
LV WKH 77< QHXWURQ VSHFWUD� 1 WKH DWRPLF GHQVLW\ RI WKH WDUJHW PDWHULDO�

Q
G(GG Ω��σ WKH GRXEOH GLIIHUHQWLDO QHXWURQ SURGXFWLRQ FURVV VHFWLRQ� G[G( �
 WKH VWRSSLQJ SRZHU

DQG ( )
(QRQσ WKH QRQ�HODVWLF FURVV VHFWLRQ IRU SURWRQ DW WKH HQHUJ\ 
( � 3/''; ZDV XVHG WR

FDOFXODWH GRXEOH GLIIHUHQWLDO QHXWURQ SURGXFWLRQ FURVV VHFWLRQV IURP -(1'/ KLJK�HQHUJ\ ILOH�

��� 5HVXOWV RI FDOFXODWLRQ

��� )H

)RU 77< FDOFXODWLRQ RI
QDW
)H� HYDOXDWHG UHDFWLRQ FURVV VHFWLRQ DQG ''; RI

��
)H ZHUH XVHG�

)LJXUHV � DQG � VKRZ FRPSDULVRQV RI H[SHULPHQWDO>�����@ DQG FDOFXODWHG 77< IRU ��� 0H9 DQG ��� 0H9

SURWRQ LQFLGHQFH� UHVSHFWLYHO\� 7KHUH DUH VRPH GLIIHUHQFHV LQ WKHVH FRPSDULVRQV� )RU ��� 0H9� QHXWURQ

HQHUJ\ EHORZ �� 0H9� FDOFXODWHG UHVXOWV RYHUHVWLPDWHG H[SHULPHQWDO GDWD� 7KLV GLIIHUHQFHV DUH DWWULEXWHG

WR PXOWLSOH VFDWWHULQJ RI QHXWURQ LQ )H WDUJHW� ,Q WKLV 77< FDOFXODWLRQ� PXOWLSOH VFDWWHULQJ LV LJQRUHG�

$ERYH �� 0H9� FDOFXODWHG UHVXOWV DOVR VKRZ RYHUHVWLPDWLRQ� &DOFXODWHG ��� 0H9 77< XVLQJ /$��� DUH

VKRZQ LQ )LJ��� &DOFXODWHG 77< ZLWK SUHVHQW HYDOXDWHG GDWD RYHUHVWLPDWH EHORZ �� 0H9� 7KHUH DUH QR

RYHUHVWLPDWLRQ ZLWK /$��� LQ WKH VDPH HQHUJ\ UHJLRQ� ,W LV QHFHVVDU\ WR FRPSDUH EHWZHHQ SUHVHQW

HYDOXDWLRQ DQG /$���� $ERYH ��0H9� WKHUH DUH QR ODUJH GLIIHUHQFHV EHWZHHQ UHVXOWV IURP SUHVHQW GDWD

DQG /$���� )RU ��� GHJUHH� WKHUH DUH ODUJH GLIIHUHQFHV EHWZHHQ H[SHULPHQWDO GDWD DQG FDOFXODWLRQ UHVXOWV�



2QH RI WKH UHDVRQ LV DVVXPHG WR WKLFNQHVV RI H[SHULPHQWDO WDUJHW LV QRW HQRXJK ORQJ� %HFDXVH� LQ WKLV

FDOFXODWLRQ� DOO SULPDU\ SURWRQ LV VWRSSHG LQ WKH WDUJHW�

7R FKHFN WKH UHDVRQ RI WKH DERYH PHQWLRQHG GLIIHUHQFHV� EHQFK PDUN FDOFXODWLRQ XVLQJ WUDQVSRUW

FRGH �H[� 0&13;>��@� LV QHHGHG� 8QIRUWXQDWHO\� WKH ODWHVW GLVWULEXWHG YHUVLRQ RI 0&13;� WUDQVSRUW

FDOFXODWLRQ ZLWK SURWRQ QXFOHDU GDWD OLEUDU\ FDQ QRW EH SHUIRUPHG�

��� &X

)RU 77< FDOFXODWLRQ RI
QDW
&X� HYDOXDWHG UHDFWLRQ FURVV VHFWLRQ DQG ''; RI

��
&X ZHUH XVHG�

)LJXUH � VKRZV FRPSDULVRQV RI H[SHULPHQWDO DQG FDOFXODWHG 77<� )URP � WR �� GHJUHH� FDOFXODWHG UHVXOWV

ZHOO DJUHH ZLWK H[SHULPHQWDO GDWD� )URP �� WR ��� GHJUHH�� DERYH �� 0H9� FDOFXODWHG UHVXOWV

RYHUHVWLPDWHG H[SHULPHQWDO GDWD�

�� &RQFOXVLRQ

7KH QHXWURQ DQG SURWRQ FURVV VHFWLRQV RI LURQ �
��
)H� ZHUH HYDOXDWHG XS WR � *H9 DQG -(1'/ +LJK

(QHUJ\ )LOH RI LURQ ZHUH GHYHORSHG� ,QWHJUDO EHQFKPDUN FDOFXODWLRQV IRU WKLFN WDUJHW QHXWURQ \LHOGV

�77<� IRU )H DQG &X WDUJHWV� 6HYHUDO GLIIHUHQFHV ZHUH IRXQG EHWZHHQ H[SHULPHQWDO GDWD DQG FDOFXODWLRQ

UHVXOWV� %HQFK PDUN FDOFXODWLRQ XVLQJ WUDQVSRUW FRGH LV QHHGHG WR LQYHVWLJDWH WKHVH GLIIHUHQFHV� 7KH

HYDOXDWHG GDWD DUH YHU\ XVHIXO IRU DFFHOHUDWRU HQJLQHHULQJ UHODWHG WR UDGLDWLRQ�

5HIHUHQFHV

>�@ &KDGZLFN 0�%�� HW DO�� 1XFO� 6FL� (QJ����������������

>�@ /HH <� � 1'/������������

>�@ <RXQJ 3�*�� HW DO�� /$�������06�������

>�@ 7�)XNDKRUL 7� DQG 1LLWD .���´3URJUDP 727(/$ &DOFXODWLQJ %DVLF &URVV 6HFWLRQV LQ ,QWHUPHGLDWH

(QHUJ\ 5HJLRQ E\ 8VLQJ 6\VWHPDWLFV�´ ,1'&�1'6������´1XFOHDU 0RGHO 3DUDPHWHU 7HVWLQJ IRU

1XFOHDU 'DWD (YDOXDWLRQ�´ 6XPPDU\ 5HSRUW RI WKH 6HFRQG 5HVHDUFK &R�RUGLQDWLRQ 0HHWLQJ� 9DUHQQD�

,WDO\ ����� -XQH������

>�@ 1LLWD .�� HW DO�� -$(5,�'DWD�&RGH �������������

>�@ -1'& SULYDWH FRPPXQLFDWLRQV�

>�@ (;)25� 2(&'�1($ 1XFOHDU 'DWD 6HUYLFHV �KWWS���ZZZ�QHD�IU�KWPO�GEGDWD���

>�@ ,VKLEDVKL� HW DO�� -� 1XFO� 6FL� 7HFKQRO�� ��� ��� �������

>�@ $PLDQ :�%�� HW DO�� 1XFO� 6FL� (QJ���������������

>��@$PLDQ :�%�� HW DO�� 1XFO� 6FL� (QJ��������������

>��@0HLHU 0�0�� HW DO�� 1XFO� 6FL� (QJ����������������

>��@)XNDKRUL 7�� HW DO�� -$(5,�0 �������������

>��@0HLHU 0�0�� HW DO�� 1XFO� 6FL� (QJ����������������

>��@0HLJR 6�� HW DO�� �0HDVXUHPHQWV RI QHXWURQ VSHFWUD IURP VWRSSLQJ�OHQJWK WDUJHWV LUUDGLDWHG E\ ���0H9

SURWRQV� ����0H9 DOSKD DQG ����0H9 FDUERQ SDUWLFOHV�� 3URF� 1XFO� 'DWD IRU 6FL DQG 7HFKQRO�� 7ULHVWH

����� 0D\ �����

>��@0HLJR 6�� HW DO�� -�1XFO�6FL�7HFK���������������

>��@+XJKHV +�*�� HW DO�� ;70�51�8� �������������



)LJ � )ORZ FKDUW RI KLJK�HQHUJ\ QXFOHDU GDWD HYDOXDWLRQ DQG ILOH GHYHORSPHQW
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