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$PRQJ RXU REMHFWLYHV LQ WKH 8�6� */2%(& 1RUWKHDVW 3DFLILF 3URJUDP LV WKH

XVH RI SDUDVLWH FRPPXQLW\ DQDO\VHV WR KHOS FKDUDFWHUL]H WURSKLF LQWHUDFWLRQV�

PLJUDWLRQV� DQG VDOPRQ SRSXODWLRQ RULJLQV� 7KH SUHVHQW DQDO\VHV IRFXVHV RQ

IRXU FRPPRQ SDUDVLWH VSHFLHV IRXQG LQ MXYHQLOH FKLQRRN �2QFRUK\QFKXV

WVKDZ\WVFKD� DQG FRKR VDOPRQ �2� NLVXWFK� FDXJKW EHWZHHQ 1HZSRUW�

2UHJRQ� DQG &UHVFHQW &LW\� &DOLIRUQLD� LQ -XQH DQG $XJXVW RI ����� 7KHVH

SDUDVLWHV XVH WURSKLF LQWHUDFWLRQV WR PRYH WKURXJK PDULQH IRRG ZHEV DQG

FRPSOHWH WKHLU FRPSOH[ OLIH F\FOHV�

7URSKLF�LQWHUDFWLRQV�DQG�PLJUDWLRQ�RI�MXYHQLOH�VDOPRQLGV�LQ�WKH
&DOLIRUQLD�&XUUHQW�6\VWHP��FRQFOXVLRQV�IURP�SDUDVLWRORJ\�DQG�JHQHWLFV

&RKR VDOPRQ VWRFN FRPSRVLWLRQ HVWLPDWHG

IURP FRPELQHG -XQH DQG $XJXVW VDPSOHV

�1  ����

6WRFN *URXS � �6'�

&ROXPELD 5LYHU �� ���

1RUWK DQG PLG 2UHJRQ FRDVW �� ���

5RJXH DQG .ODPDWK 5LYHUV �� ���

1RUWK &DOLIRUQLD FRDVW � ���

0(7+2'6

7KH IUHVKZDWHU RULJLQV RI MXYHQLOH FKLQRRN DQG FRKR VDOPRQ ZHUH VWXGLHG XVLQJ

JHQHWLF �DOOR]\PH� GLIIHUHQFHV DPRQJ VSDZQLQJ SRSXODWLRQV LQ &DOLIRUQLD DQG WKH

3DFLILF 1RUWKZHVW E\ VWDQGDUG PHWKRGV RI JHQHWLF PL[HG VWRFN DQDO\VLV �0LOQHU HW DO�

������ %DVHOLQHV FRQVLVWHG RI �� JHQH ORFL DQG ��� SRSXODWLRQV IRU FKLQRRN VDOPRQ

�7HHO HW DO� ����� DQG �� ORFL DQG �� SRSXODWLRQV IRU FRKR VDOPRQ �:HLWNDPS HW DO�

������

*HQHWLF 5HVXOWV

*HQHWLF GDWD UHYHDOHG WKDW MXYHQLOH VDOPRQLGV LQ WKH VWXG\ DUHD RULJLQDWH IURP QXPHURXV

IUHVKZDWHU VRXUFHV WKDW VXSSRUW SRSXODWLRQV FKDUDFWHUL]HG E\ GLVWLQFW JHQHWLF DQG OLIH�KLVWRU\

WUDLWV� :H GHWHFWHG D VWURQJ VHDVRQDO VKLIW LQ WKH VWRFN FRPSRVLWLRQ RI MXYHQLOH FKLQRRN VDOPRQ�

,Q HDUO\ VXPPHU FKLQRRN VDOPRQ ZHUH QHDUO\ HQWLUHO\ \HDUOLQJV SULPDULO\ IURP FRDVWDO ULYHUV

ZKLFK HQWHU WKH VHD LQ WKH UHJLRQ LPPHGLDWHO\ QRUWK RI &DSH %ODQFR� 25� ,Q ODWH VXPPHU

VXEVWDQWLDO SURSRUWLRQV RI ERWK \HDUOLQJV DQG VXE\HDUOLQJV ZHUH SUHVHQW� 7KH ODWH�VXPPHU

\HDUOLQJ FKLQRRN VDOPRQ ZHUH PRVWO\ ILVK PLJUDWLQJ QRUWKZDUG IURP &DOLIRUQLD¶V &HQWUDO 9DOOH\�

/DWH�VXPPHU VXE\HDUOLQJ FKLQRRN VDOPRQ ZHUH SUHGRPLQDWHO\ IURP VRXWKHUQ 2UHJRQ DQG

QRUWKHUQ &DOLIRUQLD FRDVWDO VWUHDPV VRXWK RI &DSH %ODQFR� 'XH WR VDPSOH VL]H FRQVWUDLQWV� ZH

SRROHG ILVK IURP -XQH DQG $XJXVW WR HVWLPDWH WKH VWRFN FRPSRVLWLRQ RI FRKR VDOPRQ� 2XU

DQDO\VHV LQGLFDWH WKDW MXYHQLOH FRKR VDOPRQ ZHUH ODUJHO\ IURP 2UHJRQ FRDVWDO ULYHUV� EXW DOVR

IURP .ODPDWK DQG &ROXPELD ULYHU SRSXODWLRQV� 7DNHQ WRJHWKHU� WKH JHQHWLF GDWD IRU FKLQRRN DQG

FRKR VDOPRQ VKRZ WKDW QHDUVKRUH MXYHQLOH VDOPRQLG SRSXODWLRQV DUH FRPSULVHG RI KHWHURJHQHRXV

PL[WXUHV RI VWRFNV H[KLELWLQJ GLYHUVH ILUVW�VXPPHU RFHDQ PLJUDWLRQ SDWWHUQV�

/LWHUDWXUH &LWHG

0LOQHU� *� %�� '� -� 7HHO� )� 0� 8WWHU� DQG *� $� :LQDQV� ����� 0DU� )LVK� 5HY� �������

7HHO� '�-�� 3�$� &UDQH� &�0� *XWKULH ,,,� $�5� 0DUVKDOO� '�0� 9DQ 'RRUQLN� :�'� 7HPSOLQ� 1�9�

9DUQDYVND\D� DQG /�:� 6HHE� ����� �13$)& GRFXPHQW ���� ��S� $ODVND 'HSDUWPHQW RI )LVK DQG

*DPH� 'LYLVLRQ RI &RPPHUFLDO )LVKHULHV� ��� 5DVSEHUU\ 5RDG� $QFKRUDJH� $ODVND 86$ ������

:HLWNDPS� /�$�� 7�&� :DLQULJKW� *�-� %U\DQW� *�%� 0LOQHU� '�-� 7HHO� 7�*� .RSH� DQG 5�6� :DSOHV�

����� 12$$ 7HFK� 0HPR� 10)6�1:)6&���� ��� S�

.\P -DFREVRQ�� 5HEHFFD %DOGZLQ� DQG 'DYLG 7HHO�

�10)6� 1RUWKZHVW )LVKHULHV 6FLHQFH &HQWHU� +DWILHOG 0DULQH 6FLHQFH &HQWHU� 1HZSRUW� 2UHJRQ
�2UHJRQ 6WDWH 8QLYHUVLW\� &RRSHUDWLYH ,QVWLWXWH IRU 0DULQH 6FLHQFHV 6WXGLHV� +DWILHOG 0DULQH 6FLHQFH &HQWHU� 1HZSRUW� 2UHJRQ
�10)6� 1RUWKZHVW )LVKHULHV 6FLHQFH &HQWHU� 0DQFKHVWHU� :DVKLQJWRQ

*(1(5$/ &21&/86,216

%RWK DSSURDFKHV� SDUDVLWRORJ\ DQG JHQHWLFV� VXEVWDQWLDWH WKH PLJUDWLRQ RI MXYHQLOH FKLQRRN

VDOPRQ GXULQJ WKH VXPPHU PRQWKV RI ����� 7KH SDUDVLWH GDWD DOVR VXJJHVWV WHPSRUDO

FKDQJHV LQ WKH FRKR VWRFN FRPSRVLWLRQ� KRZHYHU VPDOO VDPSOHV VL]HV RI FRKR OLPLW FRQILUPDWLRQ

E\ DOOR]\PH DQDO\VLV�

� 'R SDUDVLWHV VXJJHVW WHPSRUDO GLIIHUHQFHV LQ WURSKLF
LQWHUDFWLRQV"

� 'R SDUDVLWHV LQGLFDWH GLHW GLIIHUHQFHV EHWZHHQ
VDOPRQ VSHFLHV� DJH FODVVHV� DQG UHJLRQDO KDELWDW
XVH"

0(7+2'6

-XYHQLOH VDOPRQ ZHUH IUR]HQ ZKROH� VWRPDFKV DQG LQWHVWLQH ZHUH H[DPLQHG

IRU PDFURSDUDVLWHV DW D ODWHU GDWH� &KL�VTXDUH DQDO\VHV ZHUH XVHG WR

GHWHUPLQH GLIIHUHQFHV LQ SDUDVLWH SUHYDOHQFHV� 3DUDVLWH LQWHQVLWLHV ZHUH

WHVWHG XVLQJ DQ $129$�

3$5$6,72/2*<

3DUDVLWH ,QWHQVLWLHV &RPSDUHG E\ 0RQWK DQG 6SHFLHV IRU */2%(& ���� 6DOPRQ�

0RQWK

*HQROLQHD VS� +HPLXUXV VS� 3RGRFRW\OH VS� +\VWHURWK\ODFLXP VS�
6XE\HDUOLQJ -XQH 1) 1) 1) 1)

&KLQRRN $XJXVW ������� ���� ������� ��� ������� ��� ������� ����

<HDUOLQJ -XQH ������� ���� ������� ��� ����������� ���� ������� ���

&KLQRRN $XJXVW ������� ��� ������� ��� �������� ��� ������� ����

6XEDGXOW -XQH ������� ���� ������� ���� ��������� ���� ������� ����

&KLQRRN $XJXVW � � � ������� ���

<HDUOLQJ -XQH ��������� ���� ������� ��� ��������� ��� ������� ���

&RKR $XJXVW ��������� ���� ������� ��� ��������� ��� ������� ���

6XEDGXOW -XQH 1) 1) 1) 1)

&RKR $XJXVW � ������� ��� � ������� ���

1)  QR ILVK FROOHFWHG

3DUDVLWH ,QWHQVLW\ �1�

*(1(7,&6

$OWKRXJK SUHYDOHQFHV RI WKHVHV FRPPRQ SDUDVLWHV ZHUH VLPLODU EHWZHHQ VDOPRQ

VSHFLHV� LQWHQVLWLHV RI WZR RI WKH WUHPDWRGHV ZHUH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ

\HDUOLQJ FRKR VDOPRQ DQG \HDUOLQJ FKLQRRN VDOPRQ �QRWHG LQ UHG�� 7KHVH GDWD

VXJJHVW WKDW \HDUOLQJ FRKR DQG FKLQRRN ZHUH HDWLQJ VLPLODU SUH\� EXW WKH

TXDQWLWLHV RI WKRVH SUH\ LQ WKH GLHW PLJKW KDYH EHHQ GLIIHUHQW�

�7KH SUHYDOHQFHV RI WKUHH WUHPDWRGH VSHFLHV ZHUH ORZHU LQ $XJXVW WKDQ

-XQH ���� LQ \HDUOLQJ DQG VXEDGXOW FKLQRRN VDOPRQ� DQG \HDUOLQJ FRKR

VDOPRQ�

�7KH SUHYDOHQFH RI WKH QHPDWRGH +\VWHURWK\ODFLXP ZDV ORZHU LQ $XJXVW

WKDQ -XQH RI ���� LQ VXEDGXOW FKLQRRN VDOPRQ�

�3UHYDOHQFHV RI WKH IRXU SDUDVLWHV ZHUH VLPLODU LQ \HDUOLQJ FRKR DQG

\HDUOLQJ FKLQRRN

�1R VXE\HDUOLQJ FKLQRRN VDOPRQ RU VXEDGXOW FRKR VDOPRQ ZHUH FDXJKW

LQ -XQH RI �����
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$� +HPLXUXV VS� �FRSHSRG� FKDHWRJQDWK�
FOXSHLG LQWHUPHGLDWH KRVWV�

1) 1)

1) 1)

%� *HQROLQHD VS� �FRSHSRG�
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5(68/76

/LIH F\FOH RI WKH WUHPDWRGH +HPLXUXV VS�

&KLQRRN VDOPRQ VWRFN FRPSRVLWLRQ

<HDUOLQJV <HDUOLQJV 6XE\HDUOLQJV

-XQH �1 ��� $XJXVW �1 ��� $XJXVW �1 ����

6WRFN *URXS � �6'� � �6'� � �6'�

&ROXPELD DQG 6QDNH 5LYHUV � ���� � ��� � � ��

1RUWK 2UHJRQ FRDVW � ��� � ��� � � ��

0LG 2UHJRQ FRDVW �� ���� � ��� � � ��

6RXWK 2UHJRQ FRDVW �� ���� � ��� � ����

.ODPDWK DQG 7ULQLW\ 5LYHUV � ��� � ��� �� � ��

1RUWK &DOLIRUQLD FRDVW � ��� � ��� � � ��

6DFUDPHQWR DQG 6DQ -RDTXLQ 5LYHUV � ��� �� ��� � � ��


