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��PP�PLQ��7KH�YDOXH�RI�WKH�QRUPDO�VWUHVV�RFFXUULQJ�LQ�WKH�DVSKDOW�ELQGHU�LV�FDOFXODWHG�RQ�WKH�EDVLV�RI�WKH�
PHDVXUHG�YDOXH�RI�WKH�QRUPDO��WHQVLOH��IRUFH��,W�KDV�EHHQ�QRWHG�WKDW�DVSKDOW�ELQGHUV�ZLWK�KLJKHU�SHQHWUDWLRQ�
YDOXHV�DUH�FKDUDFWHULVHG�E\�D�EHWWHU�UHOD[DWLRQ�DELOLW\ DW�ORZ�WHPSHUDWXUH��WKDW�LV�UHOD[DWLRQ�WDNHV�SODFH�IDVWHU�
DQG�KDV�KLJKHU�YDOXHV�RI�VDPSOH�VWUHVV�UHGXFWLRQ�LQ�WKH�GRPDLQ�RI�WLPH��DW�FRQVWDQW�VWUDLQ��:LWK�DSSUR[LPDWH�
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7ULQLGDG�(SXUp�DGGLWLYH�

� ,QWURGXFWLRQ

7KH�UHOD[DWLRQ�SKHQRPHQRQ�RFFXUV�H�J��ZKHUH�D�PDWHULDO�
LV� VXEPLWWHG� WR� GHIRUPDWLRQ� �H�J�� DV� D� UHVXOW� RI�
VWUHWFKLQJ��� DQG� VWUHVV� LV� GHFUHDVLQJ� LQ� WLPH�� DW� FRQVWDQW�
VWUDLQ�� 7KH� UHOD[DWLRQ� DELOLW\ RI� DVSKDOW� ELQGHUV� DW ORZ�
WHPSHUDWXUH�LV�IDYRXUDEOH�GXH�WR�KDYLQJ�D�SRVLWLYH�HIIHFW�
RQ� WKH� DVSKDOW� SDYHPHQW
V� UHVLVWDQFH� WR� FUDFNLQJ�� $�
FXPXODWLRQ� RI� VWUHVV� LQ� DVSKDOW� ELQGHUV� PD\� WDNH� SODFH�
ERWK� DV� D� UHVXOW� RI� WKHUPDO� FKDQJH� �FRROLQJ� RI� WKH�
SDYHPHQW�FDXVHV�DVSKDOW�ELQGHUV�WR�FRQWUDFW���DV�ZHOO�DV�
WUDIILF� ORDGV�� 7HPSHUDWXUH� LV� D� IDFWRU� GHWHUPLQLQJ� WKH�
LQWHQVLW\� RI� UHOD[DWLRQ�� ,Q� RUGHU� WR� OLPLW� WKH� QHJDWLYH�
LQIOXHQFH�RI�ORZ�WHPSHUDWXUH�RQ�WKH�SDYHPHQW�FRQGLWLRQ��
LW�LV�HVVHQWLDO�WR�FKRRVH�DQ�DVSKDOW�ELQGHU�KDYLQJ�LQ�PLQG�
WKH�VSHFLILF�FRXUVH�LW�LV�WR�EH�DSSOLHG�LQ��DQG�WKH�FOLPDWLF�
]RQH� IRU� WKH� SDYHPHQW� >�@�� ,Q� WHUPV� RI� DVSKDOW�
SDYHPHQW
V�UHVLVWDQFH�WR�ORZ�WHPSHUDWXUH�FUDFNLQJ��LW�LV�D�
GHVLUHG� IHDWXUH� RI� WKH� DVSKDOW� ELQGHU� WR� EH� DEOH� RI� IDVW�
UHOD[DWLRQ�� $VSKDOW� ELQGHUV� FKDUDFWHULVHG� E\� ORZ�
UHOD[DWLRQ� DELOLW\ DUH� PRUH� VXVFHSWLEOH� WR� ORZ�
WHPSHUDWXUH� FUDFNLQJ�� EHFDXVH� WKH\� DUH� VXEPLWWHG� WR�
WKHUPDOO\�LQGXFHG�WHQVLOH VWUHVV�

$Q� DVSKDOW� ELQGHU� LV� D� YLVFRHODVWLF� PDWHULDO�� ZKLFK�
PHDQV� WKDW� LWV� YLVFRXV� SDUW� �OLQNHG� WR� L�D�� UHOD[DWLRQ�
DELOLW\�� LV� LQFUHDVHG� RU� GHFUHDVHG� GHSHQGLQJ� RQ�
WHPSHUDWXUH�� $W ORZ� WHPSHUDWXUH�� VRIW� DVSKDOW� ELQGHUV�
�ZLWK� KLJK� SHQHWUDWLRQ� DW ���&�� RU� ELQGHUV� FRQWDLQLQJ�
PRGLILHUV� H�J�� LQ� IRUP� RI� HODVWRPHUV� KDYH� D� KLJKHU�
YLVFRXV�SDUW�FRQWHQW�FRPSDUHG�ZLWK�KDUG�DVSKDOW�ELQGHUV�
�ZLWK ORZ�SHQHWUDWLRQ�DW ���&��RU�ELQGHUV�VWLIIHQHG�DV�WKH�

UHVXOW� RI� PRGLILFDWLRQV� ZLWK� H�J�� SODVWRPHUV� >�@�� 7KH�
KLJKHU� YLVFRXV� SDUW� FRQWHQW� UHVXOWV� LQ� DVSKDOW� ELQGHUV�
EHLQJ� OHVV� VXVFHSWLEOH� WR� ORZ�WHPSHUDWXUH� FUDFNLQJ�� L�D��
GXH�WR�D�KLJKHU�DQG�IDVWHU�UHOD[DWLRQ�DELOLW\�

0RGLI\LQJ� URDG� ELWXPHQV ZLWK� QDWXUDO� DVSKDOW�
DGGLWLYHV� LQFUHDVHV� WKHLU� VWLIIQHVV�� ZKLFK�� LQ�
FRQVHTXHQFH��PD\�WUDQVODWH�LQWR�D�ORZHU�UHVLVWDQFH�RI�WKH�
PRGLILHG� ELQGHU� WR� ORZ�WHPSHUDWXUH� FUDFNLQJ� >�@��
&XUUHQWO\�� WKH� EHQGLQJ� EHDP� UKHRPHWHU� �%%5�� LV DQ�
DSSDUDWXV� W\SLFDOO\� XVHG� WR� DVVHVV� WKH� VWLIIHQLQJ� RI� DQ�
DVSKDOW� ELQGHU� VDPSOH� DW ORZ� WHPSHUDWXUH�� EDVHG�RQ� WKH�
YDOXH� RI� WKH� VWLIIQHVV� PRGXOXV� DQG� WKH� LQFUHDVH� RI� WKH�
VWLIIQHVV� JUDGLHQW� �FUHHS� DW� VWDWLF� ORDGLQJ DQG� UHFRYHU\
DIWHU� XQORDGLQJ�� $� P�YDOXH� �VWLIIQHVV� JUDGLHQW��
GHWHUPLQHG XVLQJ�%%5�PHWKRG LV�D�SDUDPHWHU�ZKLFK�FDQ�
EH�XVHG� WR�DVVHVV� WKH�DELOLW\�RI�ELWXPHQ� WR� UHOD[DWLRQ�DW�
ORZ�WHPSHUDWXUH >�@�

7KH� UHOD[DWLRQ� SKHQRPHQD� RFFXUULQJ� LQ� DVSKDOW�
ELQGHUV�DW�ORZ�WHPSHUDWXUH�LV�YHU\�ZHOO�UHFRJQL]HG >����@�
EXW� LV D� ODFN�RI� VWDQGDUGV�RU�VSHFLILFDWLRQV�SHUWDLQLQJ� WR�
LQYHVWLJDWLRQ RI� UHOD[DWLRQ� )RU� H[DPSOH�� WR� DVVHVV WKH
UHOD[DWLRQ� RI� DVSKDOW� ELQGHUV� DW� ORZ� WHPSHUDWXUHV�� WKH�
DXWKRUV� RI� WKH� SDSHU� >�@� KDYH� XVHG� D� G\QDPLF� VKHDU�
UKHRPHWHU��'65���8VLQJ�WKH�'65�PHWKRG WKH�UHOD[DWLRQ�
SKHQRPHQD�FDQ�EH�REVHUYHG�DV�D�UHVXOW�RI�DSSOLFDWLRQ�RI�
FRQVWDQW� VKHDU� VWUDLQ� LQ� UHODWLRQ� WR� WLPH�� ,Q� WKH� FDVH� RI�
XVLQJ� WKH� '65� PHWKRG� WR� DVVHVV WKH DVSKDOW� ELQGHU�
UHOD[DWLRQ�QRW� RFFXU� D VLPSOH� VWDWH� RI� VWUHVV WKH� DXWKRUV�
RI� WKH� SDSHU� KDYH� GHFLGHG� WR� LQWURGXFH DQ� RULJLQDO� WHVW�
PHWKRG� 8VLQJ� D� GXFWLORPHWHU� WR� REVHUYH� UHOD[DWLRQ�
SKDHQRPHQD�LW�LV�SRVVLEOH�WR�JHW�D�VLPSOH�VWDWH�RI�VWUHVV��

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/). 

MATEC Web of Conferences 262, 05001 (2019) https://doi.org/10.1051/matecconf/201926205001
KRYNICA 2018



L�H��RQO\� WHQVLOH� VWUHVV RFFXUULQJ��7KH�UHVXOWV�RI� WKDW� WHVW�
PHWKRG DUH�DOORZ�WR�FRPSDUH� WKH�SURSHUWLHV�RI�GLIIHUHQW�
DVSKDOW� ELQGHUV� LQ� D� VLPSOH� ZD\� DQG� DUH� HDV\� WR�
PDWKHPDWLFDO� PRGHOOLQJ� RI� WKH� UHOD[DWLRQ� SKHQRPHQD��
0DWKHPDWLFDO�PRGHOOLQJ�LV�PRUH�GLIILFXOW�ZKHQ�XVLQJ WKH�
'65�PHWKRG��IRU�H[DPSOH�>�@�

��3XUSRVH�RI�WKH�VWXG\

)RU� WKH�SXUSRVH�RI�FRPSDULQJ� WKH� UHOD[DWLRQ�DELOLWLHV�RI�
URDG� ELWXPHQV� DQG� DVSKDOW� ELQGHUV� PRGLILHG� ZLWK�
*LOVRQLWH� DQG� 7ULQLGDG� (SXUp� QDWXUDO� DVSKDOWV�� WKH�
DXWKRUV� LQWURGXFHG DQ�RULJLQDO� WHVW�PHWKRG��GLVFXVVHG� LQ�
GHWDLO� LQ� SDSHU� >�@�� ZKLFK� HQDEOHV� WKHP� WR� VWXG\� WKH�
UHOD[DWLRQ� SKHQRPHQRQ� RI� ELQGHUV� LQ� WKH� FRQGLWLRQV� RI�
FRQVWDQW�VWUDLQ�DW ORZ�WHPSHUDWXUHV� 7KH�GHWHUPLQDWLRQ�RI�
QDWXUDO� DVSKDOW�PRGLILHG� ELQGHUV� DELOLW\� WR� UHOD[DWLRQ� DW�
ORZ� WHPSHUDWXUH� LV� SDUWLFXODUO\� LPSRUWDQW� EHFDXVH� WKH�
DSSOLFDWLRQ�RI�QDWXUDO�DVSKDOW�FDXVHV�D�VWLIIHQLQJ�HIIHFW�RI�
WKH�ELWXPHQ >�@�

��6XEMHFW�RI�WKH�WHVWV

7KH� WKUHH� URDG� ELQGHUV XVHG� LQ� WKH� WHVWV� ZHUH� �������
������ DQG� ������ SHQHWUDWLRQ� JUDGH ELWXPHQV SURGXFHG�
IURP� 5XVVLDQ� FUXGH� RLO�� DQG� DOVR� QDWXUDO� DVSKDOWV��
*LOVRQLWH� LQ� SRZGHUHG� IRUP� DQG� 7ULQLGDG� (SXUp� LQ�
DJJUHJDWH� IRUP�RI�����PP�JUDLQLQJ��7KH� FRQWHQW� RI� WKH�
DGGLWLYH� LQ� WKH� IRUP� RI� WKH� QDWXUDO� DVSKDOW� LQ� WKH� URDG�
ELWXPHQV� ������ DQG� ������ZDV� HVWDEOLVKHG� DIWHU� KDYLQJ�
FRQGXFWHG� D� VHULHV� RI� WULDO� GHWHUPLQDWLRQ� RI� SHQHWUDWLRQ
YDOXHV DW ���&�� 7KHVH� ZHUH� SHUIRUPHG� LQ� D� ZD\� WR�
JXDUDQWHH� WKDW� XSRQ�PRGLILFDWLRQ� URDG� ELWXPHQV VKRXOG�
EHFRPH� DVSKDOW� ELQGHUV� ZLWK� DSSUR[LPDWH� SHQHWUDWLRQ�
YDOXHV�� WKDW� LV�� LW� KDV� EHHQ� DVVXPHG�� WKDW� WKH� GLIIHUHQFH�
EHWZHHQ� WKH� GHWHUPLQHG SHQHWUDWLRQ� YDOXHV� ZLOO� QRW� EH�
JUHDWHU�WKDQ���PP�����7KH�DSSOLFDWLRQ�RI�WKH�SHUFHQWDJH�
RI� WKH� DGGLWLYH� LQ� UHODWLRQ� WR� WKH� PRGLILHG� DVSKDOW�
ELQGHU¶V PDVV�ZDV������������IRU�*LOVRQLWH��DQG������
���������IRU�7ULQLGDG�(SXUp��7KH�DXWKRUV�DGRSWHG� WKH�
IROORZLQJ� PHWKRG� RI� PDUNLQJ� WKH� DWWDLQHG� DVSKDOW�
ELQGHUV�� SULPDULO\� ZLWK� WKH� W\SH� RI� URDG� ELWXPHQ��
VHFRQGO\�� ZLWK� WKH� W\SH� DQG� FRQWHQW� RI� WKH� DSSOLHG�
DGGLWLYH�� *LOVRQLWH� ZDV� PDUNHG� DV� *,/� IRU� VKRUW�� DQG�
7ULQLGDG�(SXUp�DV�7(��)RU�H[DPSOH��D�������SHQHWUDWLRQ�
JUDGH� ELWXPHQ ZLWK� D� ���� 7ULQLGDG� (SXUp� DGGLWLYH�
ZRXOG� EH� ± ���������� 7(�� %DVLF� SURSHUWLHV� RI� WKH�
VWXGLHG�DVSKDOW�ELQGHUV�FDQ�EH�VHHQ�LQ�7DEOH����

7DEOH��� %DVLF�SURSHUWLHV�RI�WKH�DVSKDOW�ELQGHUV�VWXGLHG�
LQ�WKH�SDSHU�
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7KH� QDWXUDO� *LOVRQLWH� DVSKDOW� LV� H[WUDFWHG� IURP�
GHSRVLWV�LQ�1RUWK�(DVW�SDUW�RI�WKH�8WDK�VWDWH��86$���7KLV�
PDWHULDO�LV�D�QDWXUDO�PL[WXUH�RI��SHU�SURGXFW�PDVV��FRDO�±
����� K\GURJHQ� ± ����� QLWURJHQ� ± ��� DQG� R[\JHQ��
VXOSKXU� DQG� RWKHU� FRPSRQHQWV� LQ� WKH� DPRXQW� RI� DERXW�
���� *LOVRQLWH� LV� D� PDWHULDO� EHORQJLQJ� WR� WKH� JURXS� RI�
DVSKDOWLWHV�� UHVHPEOLQJ� ELWXPLQRXV� FRDO� LQ� DSSHDUDQFH�
>������@�

7ULQLGDG�(SXUp�LV�D�QDWXUDO�DVSKDOW�ORRVHQHG�IURP�WKH�
VXUIDFH�RI� WKH�3LWFK�/DNH� LQ� WKH�YLFLQLW\�RI� WKH� WRZQ�RI�
/D�%UHD� LQ� WKH� LVODQG�RI�7ULQLGDG�� DQG� VXEPLWWHG� WR� WKH�
UHILQHU\�SURFHVV��7KH�SURFHVV�FRQVLVWV�LQ�L�D��KHDWLQJ�WKH�
DFTXLUHG� PDWHULDO� LQ� RUGHU� WR� VRIWHQ� LW�� HYDSRUDWH� IUHH�
ZDWHU�DQG�FKHPLFDO�FRPSRXQGV�GLVVROYHG�LQ�LW��DV�ZHOO�DV�
WR� VHSDUDWH� PLQHUDO� DQG� RUJDQLF� LPSXULWLHV�� H�J�� LQ� WKH�
IRUP�RI�VWRQHV�RU�ZRRG�>��� ��@�

� 0HWKRGRORJ\�RI�WKH�VWXGLHV

7KH� WHVW� PHWKRG� GHVLJQHG� E\ WKH� DXWKRUV� ZDV� XVHG� WR�
DQDO\VH� WKH� UHOD[DWLRQ�SKHQRPHQRQ� LQ� WKH� FRQGLWLRQV�RI�
FRQVWDQW� VWUDLQ RI� DVSKDOW� ELQGHU� VDPSOHV� DW ORZ�
WHPSHUDWXUH� GXH� WR� WKH� KLJK� SUHFLVLRQ� RI� WKH�
PHDVXUHPHQWV�� 7KH� DSSUR[LPDWH� YDOXH� RI� WKH� WHQVLOH�
IRUFH�UHPDLQV�ZLWK�����SUREDELOLW\�ZLWKLQ�WKH�UDQJH����
1� >�@��$� VFKHPDWLF� RI� WKH� WHVW� FDQ�EH� VHHQ� LQ�)LJXUH����
7KH�DVSKDOW�VDPSOH�LV�H[WHQGHG�XQWLO�UHDFKLQJ�D�VSHFLILF�
YDOXH�RI� WKH� WHQVLOH� IRUFH� �LQ� WLPH� IURP� W� WR� W� ± OLQHDU�
LQFUHDVH�RI�VWUHVV�DQG�VWUDLQ LQ�WLPH�LV�DVVXPHG���DQG�WKHQ�
LV�NHSW�LQ�WKH�FRQGLWLRQV�RI�FRQVWDQW�GHIRUPDWLRQ��VR�WKDW�
UHOD[DWLRQ� FDQ� EH� REVHUYHG� �WLPH� IURP� W� WR� W� ± VWUHVV�
YDOXHV� DUH� UHGXFHG� LQ� WLPH� DW� FRQVWDQW� VWUHVV�� XQWLO� WKH�
HQG�RI�WKH�WHVW��W��

)LJ���� $�GLDJUDP�RI�UHOD[DWLRQ�WHVWV�LQ�D�GXFWLORPHWHU�
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:KLOH� DSSO\LQJ� WKLV� PHWKRG� IRU� DVVHVVPHQW� RI�
UHOD[DWLRQ�DW�FRQVWDQW�GHIRUPDWLRQ�DW ����������&�LQ�URDG�
ELWXPHQV� DQG� QDWXUDO� DVSKDOW�PRGLILHG� ELQGHUV�� WKH�
DXWKRUV� XVHG� D� GXFWLORPHWHU FRQVLVWLQJ� RI�� D� OLTXLG� EDWK�
ZLWK� D� WKHUPRVWDW�� DQ� H[WHQVLRQ� PHFKDQLVP�� D�
G\QDPRPHWHU�� DV� ZHOO� DV� EUDVV� PRXOGV� XVHG� LQ� WKH�
PRGLILHG� DVSKDOW� ELQGHUV� H[WHQVLRQ� WHVWV� DFFRUGLQJ� WR�
(1� ���������� %LWXPHQ� DQG� ELWXPLQRXV� ELQGHUV� ±
'HWHUPLQDWLRQ� RI� WKH� WHQVLOH� SURSHUWLHV� RI� PRGLILHG�
ELWXPHQ�E\� WKH� IRUFH�GXFWLOLW\�PHWKRG��7KH�GXFWLORPHWHU
EDWK�ZDV�HTXLSSHG�ZLWK�DQ�H[WUD�FRROLQJ�V\VWHP��ZKLFK�
PDGH� LW� SRVVLEOH� WR� VXVWDLQ� WKH� UHTXLUHG� WHPSHUDWXUH� RI�
����&�GXULQJ�WKH�WHVW��7KH�VHOHFWHG WHVW�WHPSHUDWXUH�ZDV�
����&�� DOORZLQJ� IRU� DQ� DWWHPSW� WR� UHODWH� WKH� DFKLHYHG�
UHVXOWV�RI�DVSKDOW�ELQGHUV�VWXGLHG�LQ�WKH�SDSHU�WR�WKH�WHVWV�
FRQGXFWHG�DW WKH� VDPH� WHPSHUDWXUH�E\�XVH�RI�D�EHQGLQJ�
EHDP�UKHRPHWHU��%%5��

7KH�SURFHGXUH�RI�SUHSDULQJ�WKH�VDPSOHV�FRQVLVWHG�LQ�
SRXULQJ� D� KRW� DVSKDOW� ELQGHU� LQWR� EUDVV� PRXOGV� �LQ�
FRPSOLDQFH�ZLWK�(1��������SODFHG� RQ� ODERUDWRU\� VFDOH�
ZLWK� WKH� UHDGLQJ� DFFXUDF\� RI� ����� J�� 7KH� ELQGHU� PDVV�
SODFHG� LQ� D� VLQJOH� IRUP� ZDV� ������������� J�� 7KH� QH[W�
VWHS� ZDV� SODFLQJ� D� VLOLFRQH� SDG� RQ� WKH� EUDVV� IRUP�
PRXOGHG�ZLWK�DVSKDOW�ELQGHU��WKH�SDG�ZDV�SUHVVHG�ZLWK�D�
VWHHO� FLUFOH�VKDSHG� VWDPS� RI� WKH� GLDPHWHU� RI� ��� PP� LQ�
RUGHU� WR�DFKLHYH�D�SHUIHFWO\�HTXDO� VXUIDFH� LQ� WKH�PLGGOH�
SDUW� RI� WKH� VDPSOH�� ,W�ZDV� VXEVHTXHQWO\� OHIW� IRU� FRROLQJ�
GRZQ� IRU� WKH� SHULRG� RI� �������PLQXWHV�� 7KH� QH[W� VWDJH�
ZDV�WR�FRRO�WKH�VDPSOHV�LQ�WKH�GXFWLORPHWHU EDWK�IRU�WKH�
SHULRG� RI� ������� PLQXWHV�� 1H[W�� WKH� VDPSOHV� ZHUH�
VXEPLWWHG�WR�VWUHWFKLQJ�ZLWK�WKH�VSHHG�RI���PP�PLQ�XQWLO�
UHDFKLQJ� WKH� WHQVLOH� IRUFH� ��� 1� �HQGLQJ� SRLQW� RI� WKH�
VWUHWFKLQJ�SURFHGXUH���DQG�WKH�YDOXHV�RI�WKH� WHQVLOH�IRUFH�
LQ� WKH�FRQGLWLRQV�RI�FRQVWDQW� VWUDLQ GXULQJ� WKH�SHULRG�RI�

���PLQXWHV�ZHUH� QRWHG��7KHUH�ZHUH� IRXU� UHSHWLWLRQV� IRU�
HDFK�RI�WKH�WHVWHG�DVSKDOW�ELQGHUV� 7KH�YDOXH�RI����1�RI�
WHQVLOH� IRUFH� ZDV� GHWHUPLQHG� H[SHULPHQWDOO\�� VR� DV� WR�
REWDLQ� WKH�SRVVLELOLW\�RI�FRPSDULQJ WKH�GLIIHUHQW�DVSKDOW�
ELQGHUV�ZKLOH� NHHSLQJ� WKH�PLQLPDO� GHIRUPDWLRQ� �VWUDLQ�
LQ�WKH�VDPSOH��ZKLFK�QRW�H[FHHG�WKH�YDOXH�RI����>�@��7KH�
PD[LPXP�H[WHQVLRQ�RI�WKH�VDPSOHV ZLWK�D�OHQJWK����PP�
GXULQJ�WKH�WHVW�ZDV������PP��%\�XVLQJ�WKH�YDOXHV�RI�WKH�
WHQVLOH�IRUFH�GHWHUPLQHG�LQ�WKH�FRXUVH�RI�WKH�H[SHULPHQW��
LW� ZDV SRVVLEOH� WR� FDOFXODWH� WKH� WHQVLOH� VWUHVV� LQ� WKH�
DVSKDOW� ELQGHUV� SHU� )RUPXOD� ��� DVVXPLQJ�� GXH� WR� D� ORZ�
VDPSOH�GHIRUPDWLRQ�WKDW�WKH�FURVV�VHFWLRQ�LV�LQYDULDEOH�

���

ZKHUH�

ı ± YDOXH�RI�WHQVLOH VWUHVV��3D�
) ± YDOXH�RI�WHQVLOH IRUFH��1�
$ ± VXUIDFH� DUHD� RI� WKH� FURVV�VHFWLRQ� RI� WKH� VDPSOH��
��í� P� �D�VDPSOH�ZLWK�D�VTXDUH�VHFWLRQ�KDYLQJ�WKH�VLGH�
OHQJWK�RI���FP��

��7HVW�UHVXOWV

)LJXUHV� �� DQG� �� VKRZ� WKH� UHVXOWV� RI� GHWHUPLQLQJ� WKH�
YDOXHV�RI�WKH� WHQVLOH� IRUFH�LQ� WKH�IXQFWLRQ�RI�WLPH� LQ�WKH�
FRQGLWLRQV�RI�FRQVWDQW� VWUDLQ� DW ����&�RI�FKRVHQ�DVSKDOW�
ELQGHU� VDPSOHV� ± FRPSDUDEOH� LQ� WHUPV� RI� WKHLU�
SHQHWUDWLRQ�YDOXHV�DW ���&�± WKH�������SHQHWUDWLRQ�JUDGH�
URDG� ELWXPHQ DQG� PRGLILHG� DVSKDOW� ELQGHUV�
��������*,/�DQG����������7(��UHVSHFWLYHO\�

)LJ���� 7KH�YDOXHV�RI�WKH WHQVLOH IRUFH�LQ�WKH�GRPDLQ�RI�WLPH�LQ�WKH�FRQGLWLRQV�RI�FRQVWDQW�VWUDLQ LQ�WKH�FDVH�RI�������SHQHWUDWLRQ�JUDGH�
URDG�ELWXPHQ�DW ����&�
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)LJ���� 7KH�YDOXHV�RI�WKH�WHQVLOH�IRUFH�LQ�WKH�GRPDLQ�RI�WLPH�LQ�WKH�FRQGLWLRQV�RI�FRQVWDQW�VWUDLQ LQ�WKH�FDVH�RI�PRGLILHG�DVSKDOW�ELQGHU�
��������*,/�DW ����&�

)LJ���� 7KH�YDOXHV�RI�WKH�WHQVLOH�IRUFH�LQ�WKH�GRPDLQ�RI�WLPH�LQ�WKH�FRQGLWLRQV�RI�FRQVWDQW�VWUDLQ LQ�WKH�FDVH�RI�PRGLILHG�DVSKDOW�ELQGHU�
���������7(�DW ����&�

7KH� GLDJUDPV� VKRZ� WKH� UHVXOWV� DFKLHYHG� RQ� IRXU�
LQGHSHQGHQW�� VXFFHVVLYHO\� WHVWHG� VDPSOHV� RI� WKH� VWXGLHG�
PDWHULDO�� 7KH� ILJXUHV� VKRZ� KRZ� WKH� YDOXH� RI� ���1�ZDV�
FURVVHG� DW� WKH�EHJLQQLQJ�RI� WKH�PHDVXUHPHQWV� �IRU� WLPH
W  � �� V��� WKDW� LV�� DIWHU� WKH� SURFHGXUH� RI� VWUHWFKLQJ� WKH�
DQDO\VHG� VDPSOHV� RI� DVSKDOW� ELQGHUV� FDPH� WR� DQ� HQG��
ZKLFK� ZDV� FDXVHG� E\� WKH� LQHUWLD� RI� WKH� H[WHQVLRQ�
PHFKDQLVP� RI� WKH� GXFWLORPHWHU�� +RZHYHU�� WKH�
SKHQRPHQRQ�DW�KDQG�GRHV�QRW�DIIHFW�WKH�SUHFLVLRQ�RI�WKH�
GHWHUPLQDWLRQV�� DV� LQ� DOO� DQDO\VHG� FDVHV� WKH� PD[LPXP�
YDOXH� RI� WKH� WHQVLOH� IRUFH� UHPDLQHG� LQ� WKH� UDQJH� �������
1��,W�KDV�EHHQ�QRWHG�WKDW�LQ�WKH�FDVH�RI�ELQGHUV�PRGLILHG�
ZLWK� WKH� QDWXUDO�7ULQLGDG�(SXUp� DVSKDOW�� WKH�GLIIHUHQFHV�

LQ� WKH� WHQVLOH� IRUFH� YDOXHV� IURP� IRXU� GLIIHUHQW� VDPSOHV��
FRPSDUHG� WR� URDG� ELWXPHQV� DQG� *LOVRQLWH� PRGLILHG�
ELQGHUV�� DUH� WZLFH DV� KLJK�� ZLWK� WKH� YDULDWLRQ� IURP� WKH�
DYHUDJH�YDOXH�LQ�PRVW�FDVHV�DPRXQWLQJ� WR�PD[LPXP����
1�� 7KLV� FDQ� EH� D� FRQVHTXHQFH� RI� WKH� IDFW� WKDW� WKH�
7ULQLGDG�(SXUp�DGGLWLYH�FRQVLVWV�DOPRVW� LQ�KDOI� �����RI�
WKH�DGGLWLYHV
�PDVV��RI�PLQHUDO�SDUWV��SUHYDLOLQJO\��GXVW���
$V� D� UHVXOW�� WKH� VHFWLRQ� VWUXFWXUHV�RI� WKH� WHVWHG� VDPSOHV�
WDNHQ�IURP�WKH�VDPH�PDWHULDO�PD\�GLIIHU�

)LJXUHV� �� DQG� �� VKRZ� LQWHUGHSHQGHQFLHV� RI� WKH�
PHGLXP�H[WHQVLRQ�VWUHVV�LQ�WKH�ILHOG�RI�WLPH�RFFXUULQJ�LQ�
WKH�VDPSOHV�RI�WKH�DQDO\VHG�DVSKDOW�ELQGHUV��
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)LJ���� $YHUDJH�YDOXHV�RI�WHQVLOH VWUHVV�LQ�WKH�WLPH�GRPDLQ�LQ�WKH�FRQGLWLRQV�RI�FRQVWDQW�VWUDLQ RI�������DQG�������SHQHWUDWLRQ�JUDGH�
ELWXPHQV��DV�ZHOO�DV�PRGLILHG�DVSKDOW�ELQGHUV�FRQWDLQLQJ ������SHQHWUDWLRQ�JUDGH�ELWXPHQ�DW ����&�

)LJ���� $YHUDJH�YDOXHV�RI�WHQVLOH VWUHVV�LQ�WKH�WLPH�GRPDLQ�LQ�WKH�FRQGLWLRQ�RI�FRQVWDQW�VWUDLQ RI�������DQG�������SHQHWUDWLRQ�JUDGH�
ELWXPHQV��DV�ZHOO�DV�PRGLILHG�DVSKDOW�ELQGHUV�FRQWDLQLQJ ������SHQHWUDWLRQ�JUDGH�ELWXPHQ DW ����&�

,W� KDV� EHHQ� REVHUYHG� WKDW� WKH� KDUGHU� WKH� DVSKDOW�
ELQGHU���WKH�ORZHU�SHQHWUDWLRQ�YDOXH�DW ���&���WKH�VORZHU�
UHOD[DWLRQ� WDNHV� SODFH�� DQG� LWV� LQWHQVLW\� LV� DOVR� ORZHU��
,QWHUHVWLQJO\�� GHVSLWH� FRPSDUDEOH� SHQHWUDWLRQ� YDOXHV�
DW� ���&�� FKDUDFWHULVLQJ� PRGLILHG� ELWXPHQV� ZLWK�
SDUWLFXODU�DGGLWLYHV�RI�QDWXUDO�DVSKDOWV��7ULQLGDG�(SXUp
V�
UHOD[DWLRQ� DELOLW\ LV� ORZHU� WKDQ� LQ� WKH� FDVH� RI�*LOVRQLWH�
PRGLILFDWLRQ��0RVW� SUREDEO\�� WKLV� LV� FRQQHFWHG�ZLWK� WKH�
KLJK� SHUFHQWDJH� RI�PLQHUDO� SDUWV� LQ� WKH� 7ULQLGDG� (SXUp�
DGGLWLYH�� 7KH� YDOXHV� RI� WHQVLOH VWUHVV� FDOFXODWHG� IRU� WKH
FKRVHQ WLPH� W  ���� V� IURP� WKH�PRPHQW�RI� SURGXFLQJ� LQ�
WKH� VDPSOH� WKH� FRQGLWLRQV� RI� FRQVWDQW� VWUDLQ
�W  � �� V�� ZHUH� JUHDWHU� LQ� WKH� FDVH� RI� DVSKDOW� PRGLILHG�
ELQGHUV� ZLWK� WKH� 7ULQLGDG� (SXUp� DGGLWLYH� E\�
DSSUR[LPDWHO\� �� N3D�� FRPSDUHG� ZLWK� WKHLU� *LOVRQLWH�
PRGLILHG�FRXQWHUSDUWV�� DQG�E\� VR�PXFK�DV� ��N3D ZLWKLQ�

WKH� UDQJH� RI� VWUHVV� YDOXHV� LQ� WKH� WLPH� IURP� ���� V� WR�
����� V�� 6RPH� QDUURZO\� VPDOOHU� GLIIHUHQFHV� LQ� WHQVLOH
VWUHVV� YDOXHV� KDYH� EHHQ� QRWHG� EHWZHHQ� DVSKDOW� ELQGHUV�
FRQWDLQLQJ�WKH�JLYHQ�QDWXUDO�DVSKDOW�DGGLWLYHV�ZKHQ�WKHVH�
ZHUH�XVHG�WR�PRGLI\�D�YHU\�VRIW�ELQGHU��WKDW�LV�WKH�������
SHQHWUDWLRQ� JUDGH� ELWXPHQ�� 7KH� IDFW� WKDW� QR� VLJQLILFDQW�
GLIIHUHQFHV� LQ� UHOD[DWLRQ� DELOLW\ KDYH�EHHQ�REVHUYHG� IRU�
������DQG�������SHQHWUDWLRQ�JUDGH�URDG�ELWXPHQV�FDQ�EH�
H[SODLQHG� ZLWK� WKHLU� VLPLODU FROORLGDO� VWUXFWXUH� DQG� RLO�
FRQWHQW�� ZKLFK� GLVWLQJXLVKHV� WKHP� IURP� �����
SHQHWUDWLRQ� JUDGH� URDG� ELWXPHQ�� $VSKDOW� ELQGHUV�
FRQWDLQLQJ�WKH�*LOVRQLWH�RU�7ULQLGDG�(SXUp�DGGLWLYHV�DUH�
FKDUDFWHULVHG� E\� KLJKHU� WHQVLOH VWUHVV� YDOXH� WKDQ� WKH�
UHIHUHQWLDO� ELWXPHQV� �VXEMHFWHG� WR� PRGLILFDWLRQ�� GXH� WR�
WKH� VWLIIHQLQJ� SURSHUWLHV� RI� QDWXUDO� DVSKDOWV�� �����
SHQHWUDWLRQ� JUDGH� ELWXPHQ�� PRGLILHG� ZLWK� WKH� *LOVRQLWH�
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DGGLWLYH� LQ� WKH� DPRXQW� RI� ��� RU�7ULQLGDG� (SXUp� LQ� WKH�
DPRXQW� RI� ����� VKRZV� D� VLPLODU� SHQHWUDWLRQ� YDOXH�
DW ���&� WR� WKH� ������ SHQHWUDWLRQ� JUDGH� ELWXPHQ�� 7KH�
��������*,/� PRGLILHG� DVSKDOW� ELQGHU� VKRZV� D� KLJKHU�
UHOD[DWLRQ� DELOLW\ DW ����&� WKDQ� WKH� ������ SHQHWUDWLRQ�
JUDGH� ELWXPHQ DQG� WKH� ���������7(�PRGLILHG� DVSKDOW�
ELQGHU�� $OO� PRGLILHG� DVSKDOW� ELQGHUV FRQWDLQLQJ ������
SHQHWUDWLRQ� JUDGH� ELWXPHQ DUH� FKDUDFWHULVHG� E\� D� ORZHU�
UHOD[DWLRQ� DELOLW\ WKDQ� WKH� ������ SHQHWUDWLRQ� JUDGH�
ELWXPHQ�

��'LVFXVVLRQ

,W�KDV�EHHQ�REVHUYHG� WKDW�DVSKDOW�ELQGHUV�PRGLILHG�ZLWK�
QDWXUDO� DVSKDOW� *LOVRQLWH� DQG� 7ULQLGDG� (SXUp� DGGLWLYHV�
DUH� FKDUDFWHULVHG� E\ UHOD[DWLRQ� FXUYHV� WKDW� DUH� QRW� DV�
GHFUHDVLQJ�LQ�WKH�WHPSHUDWXUH�RI�����&�DV�WKH�UHIHUHQWLDO�
ELWXPHQV� �ZKLFK� ZHUH� XVHG� DV� WKH� EDVLV� IRU�
PRGLILFDWLRQV��� ZKLFK� FDQ� UHVXOW� LQ� D� KLJKHU�
VXVFHSWLELOLW\� RI� WKH� URDG� SDYHPHQW� WR� FUDFNLQJ� ZKHQ�
PRGLILHG� DVSKDOW� ELQGHUV� LQ� WKLV� ZD\� DUH� DSSOLHG��
HVSHFLDOO\� LQ� KLJK� SHUFHQWDJHV RI� QDWXUDO� DVSKDOW�� $�
ORZHU� UHOD[DWLRQ� DELOLW\ RI� PRGLILHG� DVSKDOW� ELQGHUV�
FRQWDLQLQJ� WKH� 7ULQLGDG� (SXUp� DGGLWLYH� LQ� FRPSDULVRQ�
ZLWK� *LOVRQLWH� PD\� EH� FDXVHG� E\� D� KLJK� PLQHUDO� SDUWV�
FRQWHQW�LQ�7ULQLGDG�(SXUp��FRQVWLWXWLQJ�XS�WR�����RI�LWV�
ZHLJKW��

,Q�WKH�FDVH�RI�VLPLODU�SHQHWUDWLRQ�YDOXHV�RI�PRGLILHG�
DVSKDOW� ELQGHUV� DW ���&� �PD[LPXP� GLIIHUHQFH� EHWZHHQ�
SHQHWUDWLRQ�YDOXHV�HTXDOOLQJ����PP������DVSKDOW�ELQGHUV�
FRQWDLQLQJ� WKH� *LOVRQLWH� DGGLWLYH� VKRZ� D� KLJKHU�
UHOD[DWLRQ� DELOLW\ UDWKHU� WKDQ� 7ULQLGDG� (SXUp�� 2Q� WKH�
RWKHU�KDQG��DW�FRPSDUDEOH�SHQHWUDWLRQ�DW����&��WKH�������
SHQHWUDWLRQ� JUDGH� ELQGHU�� PRGLILHG� ZLWK� WKH� *LOVRQLWH�
DGGLWLYH� LQ� WKH�DPRXQW�RI�����VKRZV�D�EHWWHU� UHOD[DWLRQ�
DELOLW\ WKDQ� ������ SHQHWUDWLRQ� JUDGH� URDG� ELWXPHQ�� 7KH�
������ SHQHWUDWLRQ� JUDGH� URDG� ELWXPHQ LV�� LQ� WXUQ��
FKDUDFWHULVHG� E\� D� EHWWHU� UHOD[DWLRQ� DELOLW\ WKDQ� DOO�
QDWXUDO�DVSKDOW�PRGLILHG�ELQGHUV�

,W� FDQ� EH� FRQFOXGHG� WKDW� WKH� DSSOLHG� RULJLQDO� WHVW�
PHWKRG� XVHG� WR� DVVHVV� UHOD[DWLRQ� LQ� WKH� FRQGLWLRQV� RI�
FRQVWDQW� VWUDLQ� DW ORZ� WHPSHUDWXUH� FDQ� EH� DSSOLHG� IRU�
GHWHUPLQLQJ� WKH� LQIOXHQFH� RI� PRGLI\LQJ� ELWXPHQV� ZLWK�
YDULRXV� DGGLWLYHV� RQ� WKH� YDULDWLRQV� LQ� URDG� ELWXPHQV�
SURSHUWLHV� ,Q� RUGHU� WR� EHWWHU� UHFRJQL]H� WKH� FKDQJHV�
RFFXUULQJ� LQ� ELWXPHQV� ZKLFK� DUH� PRGLILHG� E\� QDWXUDO�
DVSKDOWV�� WKH� DXWKRUV� RI� WKH� SDSHU SODQ� WR� H[WHQG� WKH�
VFRSH�RI�IXUWKHU�UHVHDUFK E\�XVLQJ�VSHFWURVFRSHV�

��&RQFOXVLRQV

x $VSKDOW� ELQGHUV� FRQWDLQLQJ� WKH� *LOVRQLWH� DGGLWLYH�
VKRZ� D� KLJKHU� UHOD[DWLRQ� DELOLW\ WKDQ� WKH� RQHV�
FRQWDLQLQJ� 7ULQLGDG� (SXUp� �DW� VLPLODU� SHQHWUDWLRQ�
YDOXHV�DW ���&�

x $W�VLPLODU�SHQHWUDWLRQ�YDOXHV��DW ���&��URDG�ELWXPHQV�
PRGLILHG�ZLWK�WKH�*LOVRQLWH�DGGLWLYH�LQ�WKH�DPRXQW�RI�
��� VKRZ� D� EHWWHU� UHOD[DWLRQ� DELOLW\ WKDQ� WKH� ������
SHQHWUDWLRQ�JUDGH�URDG�ELWXPHQ�

x 7KH� ������ SHQHWUDWLRQ� JUDGH� URDG� ELWXPHQ� LV�
FKDUDFWHULVHG� E\� D� EHWWHU� UHOD[DWLRQ� DELOLW\ WKDQ� DOO�
VWXGLHG�QDWXUDO�DVSKDOW�PRGLILHG�ELQGHUV�
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