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$%675$&7�
�
7KLV�VWXG\�LQYHVWLJDWHV�WKH�DFRXVWLF�SURSHUWLHV�RI�WKH�
IULFDWLYH� YRZHO� RI� WZR� YDULHWLHV� RI� 5\XN\XDQ�
ODQJXDJHV��$UDJXVXNX�<DH\DPD��$5��DQG�.DULPDWD�
0L\DNR��.5��5\XN\XDQV��5\XN\XDQV�DUH�HQGDQJHUHG�
ODQJXDJHV�VSRNHQ�LQ�WKH�6RXWKZHVW�,VODQGV�RI�-DSDQ��
7KH�SKRQHWLF�SURSHUWLHV�RI� WKH� IULFDWLYH�YRZHO�KDYH�
EHHQ�DQ�LVVXH�RI�GHEDWH��:H�DLP�WR�FKDUDFWHUL]H�WKH�
IULFDWLRQ� LQ� WKH� DFRXVWLF� VLJQDOV� RI� WKLV� YRZHO�� :H�
FRPSDUHG�WKH�]HUR�FURVVLQJ�UDWHV��=&5��EHWZHHQ�WKH�
IULFDWLYH�YRZHO�DQG�WKH�UHJXODU�YRZHO��L���7KH�UHVXOWV�
LQGLFDWHG�WKDW�WKH�IULFDWLYH�YRZHO�KDV�IULFDWLRQ�QRLVH�
VXSHULPSRVHG�RQ�LWV�IRUPDQW�VWUXFWXUH�LQ�WKH�����N+]�
UHJLRQ��7KLV� QRLVH� GLVWLQJXLVKHG� WKH� IULFDWLYH�YRZHO�
IURP� �L�� LQ� $5� EXW� QRW� LQ� .5� EDVHG� RQ� =&5��
1HYHUWKHOHVV��WKH�IULFDWLYH�YRZHOV�LQ�ERWK�ODQJXDJHV�
KDYH� D� VLPLODU� TXDQWLW\� RI� IULFDWLRQ� QRLVH�� 7KHVH�
UHVXOWV�VXJJHVW�WKDW�WKH�IULFDWLYH�YRZHOV�LQ�$5�DQG�.5�
KDYH� D� VLPLODU� DFRXVWLF� SURILOH� WR� WKRVH� UHSRUWHG� LQ�
RWKHU�ODQJXDJHV��
�
.H\ZRUGV��)ULFDWLYH�YRZHO��5\XN\XDQ��(QGDQJHUHG�
ODQJXDJH��=HUR�FURVVLQJ�UDWH��*$00�

���,1752'8&7,21�

5\XN\XDQ� ODQJXDJHV� DUH� VSRNHQ� RQ� WKH� 6RXWKZHVW�
,VODQGV�RI� -DSDQ��$OO� VL[�5\XN\XDQ� ODQJXDJHV�ZHUH�
LGHQWLILHG� DV� HQGDQJHUHG� E\� 81(6&2� >��@�� 6RPH�
GLDOHFWV�RI�0L\DNR�DQG�<DH\DPD�5\XN\XDQV�SRVVHVV��
FURVV�OLQJXLVWLFDOO\�UDUH��IULFDWLYH�YRZHOV��)9V��>������
��@���

)9V� DUH� V\OODEOH� QXFOHL� FRPSRVHG� RI� IULFDWLYH�
VRXQGV�DQG�DUH�IRXQG�LQ�VHYHUDO�XQUHODWHG�ODQJXDJHV�
>�����@��2QH�ZHOO�NQRZQ�H[DPSOH�LV�WKH�DSLFDO�YRZHOV�
LQ� &KLQHVH� ODQJXDJHV�� ZKLFK� LV� WKH� PRVW� VWXGLHG�
H[DPSOH�RI�)9V�>���������������������������@��$FRXVWLF�
DQDO\VHV� RI� )9V� VKRZHG� VXSUDODU\QJHDO� IULFDWLRQ�
JHQHUDWHG�DW�ODELDO�RU�DOYHRODU�SODFH�VXSHULPSRVHG�RQ�
YRLFLQJ� DQG� WKDW� WKH� IULFDWLRQ� HYROYHV� GXULQJ� WKH�
YRZHO� LQWHUYDO�� 7KLV� IULFDWLRQ� FRXOG� EH� REVHUYHG�
IROORZLQJ�VLELODQW��SORVLYH��DQG�QDVDO�RQVHWV�>������@��
$UWLFXODWRU\� VWXGLHV� XVLQJ� XOWUDVRXQG� LPDJLQJ�
VKRZHG� D� IULFDWLYH�OLNH� WRQJXH� VKDSH� ZLWK� PHGLDO�
JURRYLQJ�IRU�WKH�DOYHRODU�)9�LQ�&KLQHVH�ODQJXDJHV�>���
��@���

'DWD�FROOHFWLRQ�RI�WKH�)9�ZDV�SODQQHG�LQ�0L\DNR�
,VODQGV� IRU������EXW�KDV�EHHQ�VXVSHQGHG�GXH� WR� WKH�
SDQGHPLF��7KLV�VLWXDWLRQ�GURYH�XV�WR�H[SORUH�WKH�DXGLR�
UHFRUGLQJV� RI� WKH� $UDJXVXNX� GLDOHFW� RI� <DH\DPD�
5\XN\XDQ��$5��DQG�WKH�.DULPDWD�GLDOHFW�RI�0L\DNR�
5\XN\XDQ� �.5�� PDGH� DYDLODEOH� E\� 1,,�65&� >��@��
5\XN\XDQV� DUH� JHQHUDOO\� VSRNHQ� E\� WKH� HOGHUO\�
SRSXODWLRQ��7KH�QXPEHU�RI�VSHDNHUV�RI�HDFK�GLDOHFW�LV�
QRW�FHQVXVHG��,Q�������WKH�SRSXODWLRQ�RYHU����\HDUV�
ROG�LQ�$UDJXVXNX�FRXQWV���DQG�WKDW�RI�.DULPDWD�LV������
$5� LV� WKH� RQO\� GLDOHFW� SUHVHUYLQJ� DQ� )9� DPRQJ�
<DH\DPD�5\XN\XDQ�>�@�ZKHUHDV�WKH�)9�LV�IRXQG�LQ�
PRVW�RI�WKH�GLDOHFWV�RQ�WKH�0L\DNR�PDLQ�,VODQG�EXW�LQ�
GLVWLQFW� SUHFRQVRQDQWDO� FRQWH[WV� GHSHQGLQJ� RQ� WKH�
GLDOHFW��VHH�6HF������

�

)LJXUH����7KH�5\XN\X�,VODQGV�DQG�WKH�DUHDV�ZKHUH�WKH�
WZR�ODQJXDJHV�DUH�VSRNHQ��.DULPDWD��.5��RQ�0L\DNR�
,VODQGV�DQG�$UDJXVXNX��$5��,VOHWV�RI�<DH\DPD�,VODQGV�

�2NLQDZD�7UDYHO�*XLGH��OLQN��
�
7KH�TXDOLW\�RI�WKH�)9�LQ�5\XN\XDQV�KDV�EHHQ�DQ�

LVVXH�RI�GHEDWH�LQ�-DSDQHVH�GLDOHFWRORJ\��,W�KDV�EHHQ�
YDULDEO\�FDOOHG�DQ�µDSLFDO�YRZHO¶�>�����@�RU�D�µFHQWUDO�
YRZHO¶�>�����@��>��@�LQYHVWLJDWHG�WKH�IRUPDQW�VWUXFWXUH�
RI�WKH�YRZHOV�LQ�WKH�VDPH�GDWDEDVH��7KH�)��YDOXHV�RI�
WKH�)9V�ZHUH�ORFDWHG�PLGZD\�EHWZHHQ��L��DQG��X��LQ�
$5�DQG�.5��.5¶V�)9�ZDV�VOLJKWO\�PRUH�IURQW��FORVHU�
WR� �L��� )ULFDWLRQ� QRLVH�ZDV� REVHUYHG� DW� �� N+]� DORQJ�
ZLWK� WKH� SUHVHQFH� RI� )�� DQG� )�� LQ� $5�� $V� D�
FRPSOHPHQWDU\� VWXG\� WR� >��@�� ZH� VKDOO� H[DPLQH�
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IULFDWLRQ�QRLVH�LQ�WKH�)9�LQ�ERWK�UHJXODU�DQG�GHYRLFHG�
FRQWH[WV��VHH�EHORZ���

���6281'�6758&785(6�2)�$5�$1'�.5�

7KH�SKRQRORJLFDO�GHVFULSWLRQV�EHORZ�DUH�EDVHG�RQ�>��@�
IRU�$5�DQG�>��@�IRU�.5�DQG�VXSSOHPHQWHG�E\�>�@�IRU�
$5�DQG�>��@�IRU�.5��$5�FRQWUDVWV�VL[�YRZHOV��D�L�X�H�
R�,����,��GHQRWHV�WKH�)9���.5�GRHV�ILYH��D�L�X�R�,���$V�
ZH�LQWHUSUHW�WKH�FRQVRQDQW�VHJPHQWV�LQ�>��@��$5�DQG�
.5�ERWK�KDYH��S�E�W�G�N�J�WV�I�Y�V�]�K�P�Q�Z�U�M��DV�
FRQWUDVWLYH� FRQVRQDQWV�� 7KH\� KDYH� D� VLPLODU� EDVLF�
V\OODEOH� VWUXFWXUH� �1��&�9�1��� ,Q�DGGLWLRQ��PDQ\�RI�
WKH� VHJPHQWV� KDYH� OHQJWK� FRQWUDVW�� �,�� DSSHDUV� LQ�
UHVWULFWHG� FRQVRQDQWDO� HQYLURQPHQWV� LQ� ERWK�
ODQJXDJHV��,W�FDQ�IROORZ��S�E�N�J�V�WV�]�U��LQ�$5�DQG��S�
E�N�J�V�WV�]��LQ�.5��,Q�ERWK�ODQJXDJHV��LW�FDQ�DSSHDU�
ZLWKRXW�DQ�RQVHW�FRQVRQDQW��H�J����,��>,�@�µULFH¶���7KH�
KLJK�YRZHOV��LQFOXGLQJ��,���DUH�GHYRLFHG�EHWZHHQ�WZR�
YRLFHOHVV�FRQVRQDQWV�LQ�ERWK�$5�DQG�.5��7KH\�FDQ�
EH�GHYRLFHG�SKUDVH�ILQDOO\��DQG�WKH�RWKHU�YRZHOV�FDQ�
DOVR�EH�GHYRLFHG�LQ�VLPLODU�HQYLURQPHQWV��9RZHOV�FDQ�
EH� GHYRLFHG� DIWHU� D� YRLFHOHVV� FRQVRQDQW�� DQG� D�
IROORZLQJ�YRLFHG�FRQVRQDQW�FDQ�DOVR�EH�GHYRLFHG��H�J���
>N,ࡢ Pࡢ X@�µOLYHU¶����

���678'<�48(67,216�$1'�0(7+2'�

�����6WXG\�TXHVWLRQV�

2XU�VWXG\�DLPV�WR�DQVZHU�WKUHH�UHVHDUFK�TXHVWLRQV�����
'R�WKH�)9V� �,�� LQ�$5�DQG�.5�FRQWDLQ�DQ\�IULFDWLRQ�
QRLVH�LQ�WKH�DFRXVWLF�VLJQDOV"�����,I�WKH\�GR��KRZ�GRHV�
WKH�IULFDWLRQ�QRLVH�HYROYH�GXULQJ� WKH�HQWLUH�GXUDWLRQ�
RI� �,�"�� ��� ,V� WKHUH� DQ\� GLIIHUHQFH� LQ� WKH� GHJUHH� RI�
IULFDWLRQ�EHWZHHQ�WKH�WZR�ODQJXDJHV"��

�����=HUR�FURVVLQJ�5DWH�DQG�*HQHUDOL]HG�DGGLWLYH�
PL[HG�PRGHO�

7R�PHDVXUH� WKH�GHJUHH�RI� IULFDWLRQ�QRLVH� LQ� WKH�)9��
ZH�FKRVH�=HUR�FURVVLQJ�5DWH��=&5��DV�DQ�LQGLFDWRU��
=&5�PHDVXUHV�WKH�QXPEHU�RI�XSZDUG�DQG�GRZQZDUG�
FURVVLQJV� RI� ]HUR� G%� SHU� VHFRQG� LQ� WKH� ZDYHIRUP��
ZLWKRXW� LQYROYLQJ� WKH�GHWHFWLRQ�RI�YRLFLQJ�RU�SLWFK��
3UHYLRXV� VWXGLHV� RQ� WKH� DSLFDO� YRZHO� LQ� &KLQHVH�
ODQJXDJHV�>���������@�GHPRQVWUDWHG�WKH�UREXVWQHVV�RI�
WKLV� PHDVXUHPHQW� LQ� DQDO\VHV� RI� YRLFHG� VHJPHQWV�
FRQWDLQLQJ�IULFDWLRQ�QRLVH���

,Q�RXU�VWXG\��=&5�ZDV�REWDLQHG�DV�PointProcess�
REMHFWV�LQ�3UDDW�>�@�ZLWKLQ�D����PV�VOLGLQJ�ZLQGRZ�RQ�
WKH�DFRXVWLF�VLJQDOV��7KH�=&5�ZDV�FDOFXODWHG�DV�WKH�
QXPEHU�RI�]HUR�FURVVLQJV�GLYLGHG�E\�WKH�OHQJWK�RI�WKH�
ZLQGRZ�� ��� GDWD� SRLQWV� �WKH� RQVHW� DQG� RIIVHW� RI� DOO�
QXFOHLF�VHJPHQWV�DQG����GDWD�SRLQWV�HYHQO\�VSDFHG�RQ�
HDFK�VHJPHQW��ZHUH�H[WUDFWHG��7KLV�PHWKRG�DOORZHG�
XV�WR�YLVXDOL]H�DQG�DQDO\]H�HDFK�VHJPHQW¶V�WHPSRUDOO\�

G\QDPLF�=&5�SDWWHUQV���
:H� FKRVH� *HQHUDOL]HG� $GGLWLYH� 0L[HG� 0RGHOV�

�*$00V��>������@�WR�PRGHO�WKH�G\QDPLF�SDWWHUQ�RI�
)9V�� ZLWK�mgcv� SDFNDJH� Y������� LQ�R Y������ >��@��
7KLV� PHWKRG� KDV� EHHQ� JDLQLQJ� JURXQG� LQ� WKH�
LQYHVWLJDWLRQ� RI� G\QDPLF� VSHHFK� SDWWHUQV�� LQFOXGLQJ�
WHPSRUDO�DQG�VSDWLDO�DVSHFWV�DQG�WKHLU�LQWHUDFWLRQV�>����
��@��:H�FKRVH�*$00V�EHFDXVH�=&5�ZDV�H[SHFWHG�
WR�FKDQJH�RYHU�WLPH�>�����@��DQG�ZH�FRXOG�DOVR�H[SORUH�
LI�WKH�IULFDWLRQ�QRLVH�ZDV�LQIOXHQFHG�E\�RWKHU�IDFWRUV��
QRWDEO\�E\�WKH�W\SH�RI�RQVHWV��

:H� PDGH� ZLWKLQ�ODQJXDJH� DQG� FURVV�ODQJXDJH�
FRPSDULVRQV� ZLWK� *$00V�� :LWKLQ�ODQJXDJH�
FRPSDULVRQV� ZRXOG� VKRZ� WKH� GLIIHUHQFH� LQ� =&5�
EHWZHHQ� DQ� )9� �,�� DQG� D� UHJXODU� YRZHO� �L�� LQ� D�
ODQJXDJH�� &URVV�ODQJXDJH� FRPSDULVRQV� ZHUH�
SHUIRUPHG�RQ�WKH�QRUPDOL]HG�=&5�VFRUHV��IROORZLQJ�
>�@�� 7KH� QRUPDOL]DWLRQ� WRRN� WKH� UDWLR� EHWZHHQ� WKH�
=&5� RI� �,�� DQG� WKDW� RI� �V�� IRU� HDFK� VSHDNHU� �L�H���
5HODWLYH�]HUR�FURVVLQJ�UDWH��5=&5����,Q�WKH�PRGHOV��
=&5� RI� WKH� YRZHOV� ZDV� HVWLPDWHG� RYHU� WLPH�� ZLWK�
IDFWRU�VPRRWKV�IRU�RQVHW�DQG�WKH�YRLFLQJ�FDWHJRULHV�RI�
WKH� RQVHW�� 7ZHHGLH� GLVWULEXWLRQV� ZHUH� XVHG� LQ� WKH�
PRGHO�� DV� =&5� IROORZV� D� OHIW�VNHZHG�� ORQJ�WDLOHG�
GLVWULEXWLRQ��5HVXOWV�ZHUH�YLVXDOL]HG�XVLQJ� tidyverse�
Y������DQG�tidymv�Y������>������@���

�����6SHHFK�PDWHULDOV�

1,,�65&� GDWD� FRQWDLQ� UHFRUGLQJV� RI� D� PDOH�
$UDJXVXNX�VSHDNHU�DJHG����LQ������>��@�DQG�D�IHPDOH�
.DULPDWD�VSHDNHU�DJHG����LQ������>��@��7KH�UHFRUGLQJ�
FRUSXV�LQFOXGHG�UHDO�ZRUGV�ZLWK�ILYH�W\SHV�RI�YRZHOV��
DOZD\V�YRLFHG� ORQJ� IULFDWLYH� YRZHO� >,�@�� VKRUW�
IULFDWLYH� YRZHO� >,@� LQ� YRLFHG� DQG� GHYRLFHG�
HQYLURQPHQWV�� DQG� UHJXODU� YRZHO� >L@� LQ� YRLFHG� DQG�
GHYRLFHG� HQYLURQPHQWV�� 7KH� GHYRLFHG� ࡢ,< � Lࡢ @� WRNHQV�
ZHUH� WUHDWHG� VHSDUDWHO\� IURP� WKH� YRLFHG� >,� L@�� 7KH�
VSHDNHUV�UHSHDWHG�HDFK�ZRUG�WKUHH�WLPHV��7KH�GDWDVHWV�
WXUQHG�RXW�WR�EH�UHODWLYHO\�VPDOO�DQG�XQHYHQ��$5�����
>L@�����>,@����>,�ࡢ,<�����@ @����>Lࡢ @��.5�����>L@�����>,@����>,�@��
ࡢ,<�� @����>Lࡢ @����
�

���5(68/76�

�����$UDJXNXVX��,���
�
)LJ����SUHVHQWV�WKUHH�WRNHQV�RI��,���>,@�SUHFHGHG�E\�D�
YRZHO��>PD,@�µULFH¶��>,@�SUHFHGHG�E\�D�YRLFHG�DIIULFDWH��
>DG],@�µIODYRU¶��DQG�>,ࡢ @�EHWZHHQ�YRLFHOHVV�REVWUXHQWV�
�L�H��� D� GHYRLFLQJ� HQYLURQPHQW��� >S,ࡢ WX@� µKXPDQ�¶�
)ULFDWLRQ�QRLVH�LV�REVHUYHG�LQ�WKH�����N+]�UHJLRQ�LQ�
DOO�WKUHH�WRNHQV��7KLV�VXJJHVWV�WKDW�WKH�IULFDWLRQ�QRLVH�
LV�QRW�LQWURGXFHG�E\�WKH�SUHFHGLQJ�FRQVRQDQW��)RU�WKH�
ILUVW� WZR� YRLFHG� WRNHQV�� WKH� IULFDWLRQ� QRLVH� LV�
VXSHULPSRVHG� RQ� D� FOHDU� IRUPDQW� VWUXFWXUH�� DQG� WKH�
IULFDWLRQ�VHHPV�WR�GLPLQLVK�DQG�GLVDSSHDU�WRZDUGV�WKH�
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HQG�RI�>,@�� �,Q�WKH�FDVH�RI�GHYRLFHG�>,ࡢ @�� WKH�IULFDWLRQ�
QRLVH�VHHPV�WR�EH�PRUH�LQWHQVH�LQ�WKH�VDPH�IUHTXHQF\�
UDQJH��

)LJXUH����6SHFWURJUDPV�RI�WKUHH�UHDOL]DWLRQV�RI��,���DIWHU�D�
YRZHO��DIWHU�D�YRLFHG�FRQVRQDQW��DQG�EHWZHHQ�YRLFHOHVV�

FRQVRQDQWV�LQ�$UDJXVXNX���

7KH� =&5� LQ� )9V� ZDV� IXUWKHU� DQDO\]HG� XVLQJ�
*$00V��FRPSDUHG�ZLWK�WKH�KLJK�IURQW�YRZHO�>L@��)LJ��
�� VKRZV� WKH� HYROXWLRQ� RI� =&5� GXULQJ� >L@�� >,�@�� DQG�
GHYRLFHG�>,ࡢ @�RI�$5��7KH�GHYRLFHG�VHJPHQWV¶�SDWWHUQ�
LV�GLIIHUHQW�IURP�WKH�YRLFHG�RQHV��GHYRLFHG�VHJPHQWV�
KDYH�PXFK�KLJKHU�=&5��7KLV�LV�QRW�VXUSULVLQJ�VLQFH�
ZKHQ� )9V� DUH� GHYRLFHG�� WKHLU� DFRXVWLF� VLJQDO�
UHVHPEOHV� WKDW� RI� D� YRLFHOHVV� IULFDWLYH� FRQVRQDQW��
KDYLQJ�D�PXFK�KLJKHU�=&5��)RU�WKH�YRLFHG�VHJPHQWV��
RYHUDOO��>L@�KDV�D�ORZHU�=&5�DQG�>,@�KDV�D�KLJKHU�=&5��
ZKHUHDV�>,�@�KDV�D�GHVFHQGLQJ�SDWWHUQ��LW�VWDUWV�IURP�D�
KLJK�SRLQW�DQG�JUDGXDOO\�UHDFKHV�WKH�OHYHO�RI�>L@�DQG�
FRQWLQXHV�IXUWKHU�GRZQ�WRZDUG�WKH�HQG�RI�WKH�VHJPHQW���

7KH� >,�@� DQG� WKH� GHYRLFHG� >Lࡢ @� KDYH� ODUJHU�
FRQILGHQFH�LQWHUYDOV�FRPSDUHG�WR�WKH�RWKHU�VHJPHQWV��
7KLV� FRXOG�EH�H[SODLQHG�E\� WKH� IDFW� WKDW� WKHUH�ZHUH�
IHZHU� WRNHQV�RI� WKHP� LQ� WKH�GDWDVHW�� WKXV�� WKH� ILWWHG�
YDOXHV� RI� WKHVH� WZR� VHJPHQWV� VKRXOG� EH� LQWHUSUHWHG�
ZLWK�FDXWLRQ���

)LJXUH����*$00�ILWWHG�YDOXHV�RI�=HUR�FURVVLQJ�5DWH�
GXULQJ��L��DQG��,��LQ�$UDJXVXNX��

�
7KH�GLIIHUHQFHV�DPRQJ�WKH�WKUHH�YRLFHG�VHJPHQWV�

>,�,��L@�DUH�SUHVHQWHG�LQ�)LJ�����&RPSDUHG�WR�>L@��>,�@�KDV�
D� KLJKHU� =&5� LQ� WKH� ILUVW� KDOI� RI� LWV� LQWHUYDO�� WKH�
VHFRQG�KDOI�LV�OHVV�IULFDWHG��KDYLQJ�D�VLPLODU�=&5�WR�
>L@��7KH�=&5�RI�>,@�LV�OHVV�UHOLDEOH��KRZHYHU��LW�VWLOO�KDV�
D�KLJKHU�=&5�RYHUDOO�WKDQ�>L@�GRHV��HVSHFLDOO\�LQ�WKH�
PLGGOH�SRUWLRQ��ZKHUH�WKH�GLIIHUHQFH�LV�VLJQLILFDQW���

)LJXUH����'LIIHUHQFH�EHWZHHQ�>L@�DQG�WKH�IULFDWLYH�YRZHO�
>,��,�@�LQ�$UDJXVXNX��7KH�VROLG�OLQHV�LQGLFDWH�SRUWLRQV�ZLWK�

D�VLJQLILFDQW�GLIIHUHQFH���

�����.DULPDWD��,��

6LPLODU�WR�$5��IULFDWLRQ�QRLVH�ZDV�REVHUYHG�LQ��,��LQ�
DOO�GLIIHUHQW�FRQWH[WV��)LJ����SUHVHQWV�WKUHH�WRNHQV�RI�
�,���>,@�SUHFHGHG�E\�D�YRZHO��>,@�SUHFHGHG�E\�D�YRLFHG�
DIIULFDWH�� DQG� ࡢ,< @� EHWZHHQ� YRLFHOHVV� REVWUXHQWV��
)ULFDWLRQ�QRLVH�LV�REVHUYHG�RQ�WKH�VSHFWURJUDP�RI�DOO�
WKUHH� WRNHQV� EXW� DSSHDUV� WR� EH� ORFDWHG� DW� KLJKHU�
IUHTXHQFLHV��VSHFLILFDOO\��LQ�WKH�����N+]�UHJLRQ��WKDQ�
LQ� $5�� 7KH� IULFDWLRQ� QRLVH� LV� VXSHULPSRVHG� RQ� D�
IRUPDQW�VWUXFWXUH�IRU�WKH�ILUVW�WZR�YRLFHG�WRNHQV���

)LJXUH����6SHFWURJUDPV�RI�WKUHH�UHDOL]DWLRQV�RI��,��LQ�
.DULPDWD��,Q��G],EX��µMDU�¶�WKH�RQVHW��G]��LV�UHDOL]HG�DV�>WV@��

�

)LJXUH����*$00�ILWWHG�YDOXHV�RI�=HUR�FURVVLQJ�5DWH�
GXULQJ��L��DQG��,��LQ�.DULPDWD���

�
7KH� =&5� RI� �L�� DQG� �,�� ZHUH� DOVR� DQDO\]HG� XVLQJ�
*$00V�� 7KH� ILUVW� REVHUYDWLRQ� LV�� DJDLQ�� WKDW� WKH�
GHYRLFHG�>,ࡢ @�DQG�>Lࡢ @�SDWWHUQ�WRJHWKHU�GLIIHUHQWO\�IURP�
WKH� YRLFHG� VHJPHQWV�� )RU� WKH� YRLFHG� VHJPHQWV��
FRQWUDU\�WR�$5�>,@��WKH�.5�>,@�VHHPV�WR�SDWWHUQ�FORVHO\�
ZLWK�>L@��ZKLFK�FDQ�DOVR�EH�VHHQ�LQ�)LJ�����7KH�RYHUDOO�
GLIIHUHQFH�EHWZHHQ�>,@�DQG�>L@�LV�QRW�VLJQLILFDQW��DQG�
WKH�>,�@�VHHPV�WR�KDYH�DQ�HYHQ�ORZHU�=&5�WRZDUGV�WKH�
HQG�RI�LWV�GXUDWLRQ�FRPSDUHG�WR�>L@��+RZHYHU��WKH�VL]H�
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RI�WKH�GDWDVHW�FDOOV�IRU�D�FDXWLRXV�LQWHUSUHWDWLRQ�RI�WKH�
UHVXOWV���

)LJXUH����'LIIHUHQFH�EHWZHHQ�>L@�DQG�WKH�IULFDWLYH�YRZHO�
>,��,�@�LQ�.DULPDWD��7KH�VROLG�OLQHV�LQGLFDWH�D�SRUWLRQ�ZLWK�

D�VLJQLILFDQW�GLIIHUHQFH��

�����&RPSDULVRQ�EHWZHHQ�$5�DQG�.5�>,@�

7KH�UHVXOWV�SUHVHQWHG�DERYH�PD\�JLYH�WKH�LPSUHVVLRQ�
WKDW�WKH�$5�YRLFHG�>,@�FRQWDLQV�PRUH�IULFDWLRQ�QRLVH�
WKDQ�WKDW�LQ�.5��7KH�FURVV�ODQJXDJH�FRPSDULVRQ��)LJ��
���LQGLFDWHV�WKDW�DOWKRXJK�$5�>,@�KDV�D�VOLJKWO\�KLJKHU�
5=&5��WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�
WZR� ODQJXDJHV�� )LJ�� �� DUJXDEO\� VKRZV� WKDW� WKH� WZR�
ODQJXDJHV¶��,�V�GR�QRW�GLIIHU�LQ�WHUPV�RI�5=&5���

)LJXUH����*$00�ILWWHG�YDOXHV�RI�5HODWLYH�=HUR�FURVVLQJ�
5DWH�GXULQJ��,��LQ�$UDJXVXNX�DQG�.DULPDWD��

�

)LJXUH����7KH�GLIIHUHQFH�LQ�5=&5�EHWZHHQ�WKH��,�V�LQ�
$UDJXVXNX�DQG�.DULPDWD��7KH�RYHUDOO�GLIIHUHQFH�LV�QRW�

VLJQLILFDQW��

���',6&866,21�$1'�&21&/86,21��

7KLV� DQDO\VLV� LV� WKH� ILUVW� VWXG\� FRQGXFWHG� RQ� WKH�
IULFDWLRQ�RI�WKH�)9��,��LQ�WZR�HQGDQJHUHG�ODQJXDJHV��
$5�DQG�.5��7KH�UHVXOWV�VKRZHG�WKDW�WKHUH�LV�IULFDWLRQ�
QRLVH� RQ� �,�� LQ� WKH� �� N+]� WR� �� N+]� UHJLRQ�� 7KLV�
IULFDWLRQ�QRLVH�ZDV�REVHUYHG�ZKHQ�LW�ZDV�SUHFHGHG�E\�
YRLFHOHVV� VLELODQWV�� YRZHOV� DQG� YRLFHG� DIIULFDWHV��
7KHVH�REVHUYDWLRQV�VKRZ�WKDW�WKH�IULFDWLRQ�QRLVH�RI��,��
FRXOG� QRW� EH� LQWHUSUHWHG� DV� EHLQJ� LQWURGXFHG� E\�
SUHFHGLQJ�VLELODQW�FRQVRQDQWV��:KHQ��,��ZDV�GHYRLFHG�
ࡢ,<� @�� �L�H��� EHWZHHQ� WZR� YRLFHOHVV� FRQVRQDQWV��� WKH�
IULFDWLRQ�QRLVH�LV�PRUH�LQWHQVH���

,Q�$5��>,�,�@�FRQWDLQV�VLJQLILFDQWO\�PRUH�IULFDWLRQ�
WKDQ�WKH�UHJXODU�YRZHO�>L@�DW�OHDVW�LQ�WKH�ILUVW�KDOI�RI�LWV�
GXUDWLRQ��7KLV�SDWWHUQ�PDWFKHV�ZKDW�ZDV�UHSRUWHG�IRU�

DSLFDO� YRZHOV� LQ� &KLQHVH� ODQJXDJHV� >���� ��@�� 7KH�
SDWWHUQ� FRXOG� EH� DUJXDEO\� H[SODLQHG� E\� WKH�
DHURG\QDPLF� DGMXVWPHQW� >��@�� WKH� YRLFLQJ� DQG� WKH�
IULFDWLRQ�DUH�GLIILFXOW�WR�DFKLHYH�VLPXOWDQHRXVO\��DQG�
D�WUDGH�RII�KDV�WR�KDSSHQ�GXULQJ�WKH�IULFDWLYH�YRZHO��
PDNLQJ� WKH� ILUVW� KDOI� PRUH� IULFDWLYH�OLNH� DQG� WKH�
VHFRQG�KDOI�PRUH�YRZHO�DSSUR[LPDQW�OLNH��,Q�.5��>,�
,�@�ZDV�QRW�VLJQLILFDQWO\�PRUH�IULFDWHG�WKDQ�WKH�UHJXODU�
YRZHO� >L@� DV� PHDVXUHG� LQ� =&5�� +RZHYHU�� ZH� QRWH�
DJDLQ�WKDW�WKH�OLPLWHG�QXPEHU�RI�WRNHQV�DQG�VSHDNHUV�
LQYLWHV� D� FDUHIXO� LQWHUSUHWDWLRQ�� 5HFDOO� WKDW� WKH� $5�
VSHDNHU�ZDV� D�PDOH� DQG�.5�ZDV� D� IHPDOH�� )HPDOH�
VSHDNHUV�PLJKW�KDYH�D�GLIIHUHQW�SK\VLFDO�VWUXFWXUH�DQG�
GLIIHUHQW� VRFLR�OLQJXLVWLF� WHQGHQFLHV� IURP� PDOH�
VSHDNHUV�LQIOXHQFLQJ�WKH�UHVXOWV�WR�VRPH�H[WHQW��

7KH� LQWHUDFWLRQ� EHWZHHQ� YRLFLQJ�� IULFDWLRQ�� DQG�
GXUDWLRQ� DPRQJ� >,� ,�� ࡢ, @� LV� FRPSOH[�� 7KH� ORQJ� >,�@�
FRQWDLQV�JHQHUDOO\�OHVV�IULFDWLRQ�FRPSDUHG�WR�>,@���DQG�
WKH� GHYRLFHG� ࡢ,< @� FDQ� EH� FRQVLGHUHG� D� IULFDWLYH��
:LWKRXW�NQRZOHGJH�RI�WKH�DUWLFXODWRU\�FKDUDFWHULVWLFV�
RI�>,�,�@��LW�LV�GLIILFXOW�WR�GHWHUPLQH�KRZ�WKH�IULFDWLRQ�
QRLVH� LV� JHQHUDWHG� DQG� VXSHULPSRVHG� RQ� YRLFLQJ���
6LPLODUO\�� XQGHUVWDQGLQJ� WKH� DFRXVWLF� VKDSH� RI� ࡢ,< @�
UHTXLUHV� DQ� XQGHUVWDQGLQJ� RI� LWV� VXSUD�ODU\QJHDO�
DUWLFXODWLRQ��

)LQDOO\�� WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ�
5=&5�EHWZHHQ�>,@�LQ�WKH�WZR�ODQJXDJHV��ZKLFK�PLJKW�
VXJJHVW�WKDW�WKH�GLIIHUHQFH�LQ�=&5�LQ�HDFK�ODQJXDJH�
ZDV�QRW�VROHO\�FDXVHG�E\�WKH�IULFDWLRQ�QRLVH�SUHVHQW�LQ�
>,�,�@��EXW�DOVR�E\�WKH�DFRXVWLF�VKDSH�RI�>L@���

2XU� VWXG\� UHYHDOHG� WKDW� $5� DQG� .5� KDYH� D�
VWULNLQJO\� VLPLODU� W\SH� RI� IULFDWLYH� YRZHO�� GHVSLWH�
EHORQJLQJ� WR� WZR� GLIIHUHQW� 5\XN\XDQ� ODQJXDJHV��
<DH\DPD� DQG� 0L\DNR�� +LVWRULFDOO\�� ,VKLJDNL�� WKH�
PDLQ�LVODQG�RI�<DH\DPD��VHH�)LJ�����KDG�FRQWDFW�ZLWK�
2NLQDZD��ZKHUH�WKH�FDSLWDO�RI�WKH�5\XN\X�.LQJGRP�
ZDV�ORFDWHG�LQ�WKH�SDVW�ZKLOH�$UDJXVXNX�LVOHWV�ZHUH�
OHIW� RXW� IURP� WKH� LQIOXHQFH� RI� WKH� PDLQVWUHDP�
ODQJXDJH�FKDQJHV�>��@��+RZHYHU��KLVWRULFDO�ODQJXDJH�
FRQWDFW�PLJKW�QRW�EH�WKH�RQO\�UHDVRQ�IRU�WKH�VLPLODULW\�
EHWZHHQ� $5� DQG� .5�� 3KRQRORJLFDO� HQYLURQPHQWV�
PD\� FRQWULEXWH� WR� WKH� SUHVHUYDWLRQ� RI� WKH� IULFDWLRQ�
QRLVH� RI� �,��� �,�� LQ� VRPH� RI� WKH� 0L\DNR� 5\XN\XDQ�
GLDOHFWV��H�J���+LUDUD��.DULPDWD��%RUD��DUH�UHSRUWHG�WR�
SUHVHQW� IULFDWLRQ� QRLVH� LQ� ZLGHU� FRQVRQDQWDO�
HQYLURQPHQWV�WKDQ�LQ�RWKHUV��H�J���,NHPD��2JDPL��>����
��@��$QG�LQ�WKH�ODWWHU�ODQJXDJHV��WKH�IULFDWLRQ�QRLVH�LV�
UHSRUWHG�GHFOLQLQJ��,W�ZRXOG�EH�GHVLUDEOH� WR�FRQGXFW�
DQ�DUWLFXODWRU\�VWXG\��H�J���XOWUDVRXQG�WRQJXH�LPDJLQJ��
DFURVV� GLDOHFWV� RI� 0L\DNR� 5\XN\XDQ� DORQJ� ZLWK�
DFRXVWLF�DQG�DOVR�SKRQRORJLFDO�DQDO\VHV�WR�LQYHVWLJDWH�
WKH�GLDOHFWDO�GLIIHUHQFHV�DQG�WKH�DUWLFXODWRU\�QDWXUH�RI�
WKH� IULFDWLYH� YRZHO�� ZKLFK� ZRXOG� FRQWULEXWH� WR� D�
IXUWKHU�XQGHUVWDQGLQJ�RI�WKH�)9�DV�D�JURXS�RI�DW\SLFDO�
VRXQGV��
� �
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���$&.12:/('*(0(176�

:H�ZRXOG�OLNH�WR�H[SUHVV�RXU�JUDWLWXGH�WR�WKH�1DWLRQDO�
,QVWLWXWH� RI� ,QIRUPDWLFV
� 6SHHFK� 5HVRXUFHV�
&RQVRUWLXP� IRU� SURYLGLQJ� XV� ZLWK� DFFHVV� WR� WKH�
$UDJXVXNX�'LDOHFW��$UDJXVXNX��DQG�2RJDPL�'LDOHFW�
�2RJDPL��VSHHFK�GDWDEDVHV��7KH�VWXG\�ZDV�VXSSRUWHG�
E\�/DEH[�()/��

���5()(5(1&(6�

>�@�%RHUVPD��3���:HHQLQN��'��������3UDDW��GRLQJ�SKRQHWLFV�
E\�FRPSXWHU�>&RPSXWHU�SURJUDP@��9HUVLRQ���������

>�@�'HOO��)��������&RQVRQQHV�j�SURORQJHPHQW�V\OODELTXH�HQ�
&KLQH��Cahiers de linguistique – Asie orientale��������
��±����

>�@�)D\WDN��0���6KDR��%��������)ULFDWLYH�YRZHOV�DUH�QRLVLHU�
LQ�FURZGHG�YRZHO�VSDFHV��LabPhon18��2QOLQH���

>�@�)D\WDN�� 0�� ������ Articulatory uniformity through 
articulatory reuse: insights from an ultrasound study of 
Sǌzhǀu Chinese�� 3K'� GLVVHUWDWLRQ�� 8QLYHUVLW\� RI�
&DOLIRUQLD��%HUNHOH\��

>�@�)D\WDN��0���/LQ���6��������$UWLFXODWRU\�YDULDELOLW\�DQG�
IULFDWLYH� QRLVH� LQ� DSLFDO� YRZHOV�� Proc. 18th ICPhS��
*ODVJRZ��

>�@�+LUD\DPD�� 7� �HG���� ������ Ryukyu Miyako shotou 
hougen kiso goi no sougouteki kenkyuu��7RN\R��2XKXX��

>�@�.DMLNX��6��������0LQDPL�5\XN\X�KRXJHQ�JDLVHWVX��,Q��
Ryukyu no hougen, 40�����±������

>�@�.DULPDWD��6��������µ0L\DNR�+ǀJHQ�QR�2Q¶LQ�+HQNDQL�
7VXLWH�QR�2ERHJDNL��.ǌNL±5LNLJDNXWHNLQD�.DQWHQ�NDUD�
0LWH¶��Gengogakurin������±��������±����

>�@�.DUOJUHQ��%��������Études sur la phonologie chinoise��
8SSVDOD��.��:��$SSHOEHUJ��

>��@�.LQXKDWD�� 7���+D\DVKL�� <�� ������5\XN\XJR�0L\DNR�
.DULPDWD�KRXJHQ�QR�RQLQ�WR�EXQSRX��Ryukyu no hougen��
������±����

>��@�.RQJ��+���:X�� 6��� /L��0�� ������+pIpL�+Xj� 6KpMLƗQ�
<XiQ\ƯQ�GH�0yFƗ�;uQJ]KL� Mt�*ӽQ]KƯ�=ƝQJTtDQJ�/ӿO�Q�
-LČG~�>7KH�)ULFDWLRQ�3URSHUW\�RI�$SFLDO�9RZHOV�LQ�+HIHL�
&KLQHVH� DQG� ,WV� 3HUFHSWXDO� (QKDQFHPHQW� $FFRXQW@��
Yuyan Yanjiu����������±�����

>��@�.XQR��0���.XQR��0���2RQR��0���6XJLPXUD��7��������
Zan o jounoushita hitotachi-Minami Ryukyu Aragusuku 
hougen no onsei to Jiraba�� .RNXJDNXLQ� 8QLYHUVLW\��
,QVWLWXWH�IRU�-DSDQHVH�&XOWXUH�DQG�&ODVVLFV��

>��@�/DGHIRJHG��3���0DGGLHVRQ��,��������The sounds of the 
world’s languages��2[IRUG�	�0DOGHQ��0$��%ODFNZHOO��

>��@�/HH�.LP�� 6�,�� ������ 5HYLVLWLQJ� 0DQGDULQ� DSLFDO�
YRZHOV��$Q�DUWLFXODWRU\�DQG�DFRXVWLF�VWXG\��J. Int. Phon. 
Assoc.�����������±�����

>��@�0RVHOH\��&��������Atlas of the World’s Languages in 
Danger���UG�HG����3DULV��81(6&2�3XEOLVKLQJ��

>��@�1DNDKDUD�� -�� ������ 2NLQDZD� 0L\DNRMLPD� %RUD�
KRXJHQ�QR�RQLQ��Ryukyu no hougen��������������+RVHL�
8QLYHUVLW\��

>��@�1,,�65&� �6SHHFK� 5HVRXUFHV� &RQVRUWLXP�� 7KH�
1DWLRQDO�,QVWLWXWH�RI�,QIRUPDWLFV��/DVW�DFFHVVHG����-XO\�
������KWWS���UHVHDUFK�QLL�DF�MS�VUF�LQGH[�KWPO���

>��@�2KDOD��-��-��������7KH�RULJLQ�RI�VRXQG�SDWWHUQ�LQ�YRFDO�
WUDFW� FRQVWUDLQWV�� ,Q� 0DF1HLODJH�� 3�� )�� HG��� 7KH�

3URGXFWLRQ�RI�6SHHFK����±�����6SULQJHU��1HZ�<RUN���
>��@�2RQR��0���.XQR��0���.XQR��0���6XJLPXUD��7��������

Miyako Ogamijima no onsei – tango to bunpou 
(Appendix Karimata hogen)�� �������*UDQWV� LQ� DLG� IRU�
6FLHQWLILF�5HVHDUFK�5HSRUW��

>��@�2RQR��0���.XQR��0���6XJLPXUD��7���.XQR��0��������
3KRQHWLF� VXEVWDQFH� RI� QHXWUDO� YRZHOV� LQ� WKH� 6RXWK�
5\XN\X�'LDOHFWV���Onsei Kenkyǌ��������±����

>��@�5�&RUH�7HDP��������R: A language and environment 
for statistical computing�� 5� )RXQGDWLRQ� IRU� 6WDWLVWLFDO�
&RPSXWLQJ�� 9LHQQD�� $XVWULD�� 85/� KWWSV���ZZZ�5�
SURMHFW�RUJ���

>��@�6DNL\DPD��2��������7KH�&RPSDUDWLYH�3KRQRORJ\�RI�
0L\DNR�'LDOHFWV�LQ�WKH�5\ǌN\ǌV��Kokugogaku�������±
����

>��@�6KDR��%��������The apical vowel in Jixi-Hui Chinese: 
phonology and phonetics��3K'�GLVVHUWDWLRQ��8QLYHUVLWp�
6RUERQQH�1RXYHOOH���

>��@�6KDR��%���5LGRXDQH��5��������µ$SLFDO�YRZHOV¶�DUH�QRW�
YRZHOV��DFRXVWLF�DQG�XOWUDVRXQG�HYLGHQFH�IURP�-L[L�+XL�
&KLQHVH��Proc. of the 12th International Seminar on 
Speech Production�����±�����

>��@�6KDR�� %��� 5LGRXDQH�� 5�� DFFHSWHG�� 2Q� WKH� QDWXUH� RI�
DSLFDO� YRZHO� LQ� -L[L�+XL� &KLQHVH�� $FRXVWLF� DQG�
DUWLFXODWRU\�GDWD��J. J. Int. Phon. Assoc.  

>��@�6RVNXWK\��0�� ������ (YDOXDWLQJ� JHQHUDOLVHG� DGGLWLYH�
PL[HG�PRGHOOLQJ�VWUDWHJLHV�IRU�G\QDPLF�VSHHFK�DQDO\VLV��
J. Phon.��84����������

>��@�:LHOLQJ��0��������$QDO\]LQJ�G\QDPLF�SKRQHWLF�GDWD�
XVLQJ�JHQHUDOL]HG�DGGLWLYH�PL[HG�PRGHOLQJ��$� WXWRULDO�
IRFXVLQJ�RQ�DUWLFXODWRU\�GLIIHUHQFHV�EHWZHHQ�/��DQG�/��
VSHDNHUV�RI�(QJOLVK��J. Pho.��70����±�����

>��@�:RRG�� 6�� ������ Generalized additive models: an 
introduction with R��&5&�3UHVV��

>��@�:RRG�� 6�� 1�� ������ )DVW� VWDEOH� UHVWULFWHG� PD[LPXP�
OLNHOLKRRG� DQG� PDUJLQDO� OLNHOLKRRG� HVWLPDWLRQ� RI�
VHPLSDUDPHWULF� JHQHUDOL]HG� OLQHDU�PRGHOV��Journal of 
the Royal Statistical Society (B)����������±����

>��@�:LFNKDP� +�� $YHULFN� 0�� %U\DQ� -�� &KDQJ� :��
0F*RZDQ�/��'��)UDQoRLV�5��*UROHPXQG�*��+D\HV�$��
+HQU\�/��+HVWHU� -��.XKQ�0�� 3HGHUVHQ�7/��0LOOHU� (��
%DFKH�60��0�OOHU�.��2RPV�-��5RELQVRQ�'��6HLGHO�'3��
6SLQX�9��7DNDKDVKL�.��9DXJKDQ�'��:LONH�&��:RR�.��
<XWDQL�+��������³:HOFRPH�WR�WKH�WLG\YHUVH�´�Journal 
of Open Source Software����������������

>��@�&RUHWWD��6�������� WLG\PY��7LG\�0RGHO�9LVXDOLVDWLRQ�
IRU� *HQHUDOLVHG�$GGLWLYH�0RGHOV�� U� SDFNDJH�� YHUVLRQ�
�������

�
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