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6XEMHFW

0DULQH�([KDXVW�(PLVVLRQ�4XDQWLILFDWLRQ�6WXG\���0HGLWHUUDQHDQ�6HD

2Q�EHKDOI�RI� WKH�(XURSHDQ�&RPPXQLW\�'LUHFWRUDWH�*HQHUDO�IRU�(QYLURQPHQW��1XFOHDU�6DIHW\�DQG�&LYLO
3URWHFWLRQ�� /OR\G·V� 5HJLVWHU� XQGHUWRRN� D� PDULQH� H[KDXVW� HPLVVLRQ� TXDQWLILFDWLRQ� VWXG\� IRU� WKH
0HGLWHUUDQHDQ�6HD���7KH�VWXG\�ZDV�EDVHG�RQ�D�V\VWHPDWLF�PHWKRGRORJ\�IRU�WKH�TXDQWLILFDWLRQ�RI�UHJLRQDO
H[KDXVW� HPLVVLRQV� IURP� VKLSSLQJ�ZKLFK�ZDV� GHYHORSHG� DV� SDUW� RI� /OR\G·V� 5HJLVWHU·V�0DULQH� ([KDXVW
(PLVVLRQV�5HVHDUFK�3URJUDPPH�

7KH�PHWKRGRORJ\� GHYHORSHG� XWLOLVHG� VKLS�PRYHPHQW� GDWD� VXSSOLHG� E\� /OR\G
V�0DULWLPH� ,QIRUPDWLRQ
6HUYLFHV��VKLS�SDUWLFXODUV�IURP�WKH�5HJLVWHU�RI�6KLSV�DQG�HPLVVLRQ�GDWD�SUHYLRXVO\�FRPSLOHG�E\�/OR\G
V
5HJLVWHU��7KH�PHWKRGRORJ\�KDV�EHHQ�GHVLJQHG�WR�TXDQWLI\�HPLVVLRQV�EDVHG�RQ�VKLS�PRYHPHQW�GDWD�DQG
URXWH�LQIRUPDWLRQ�ZLWKLQ�WKH�0HGLWHUUDQHDQ�6HD�

(PLVVLRQ�HVWLPDWHV�ZHUH�TXDQWLILHG�RQ�D�SHU�JULG�EDVLV�DQG�VSDWLDOO\�GLVWULEXWHG�WKURXJKRXW�WKH�VWXG\
DUHD�XVLQJ�D�JULGGHG�PDWUL[��HTXDWLQJ�WR�WKH�(0(3����NP�[����NP�JULG�V\VWHP���)URP�WKH�UHVXOWV�RI�WKH
VWXG\��LW�ZDV�HVWLPDWHG�WKDW�DSSUR[LPDWHO\�������NLORWRQQHV��NW��RI�R[LGHV�RI�QLWURJHQ��12[���������NW�RI
VXOSKXU�GLR[LGH� �62��������NW�RI�FDUERQ�PRQR[LGH� �&2��DQG����NW�RI�K\GURFDUERQV� �+&��ZHUH�HPLWWHG
IURP�VKLSSLQJ�RSHUDWLQJ�LQ�WKH�0HGLWHUUDQHDQ�6HD�LQ������

7KH� HPLVVLRQ� HVWLPDWHV� IURP� WKLV� VWXG\� ZHUH� DSSUR[LPDWHO\� ������� RI� WKH� HPLVVLRQ� WRWDOV� IRU� WKH
QRUWK�HDVWHUQ� $WODQWLF� UHJLRQ�� SUHYLRXVO\� HVWLPDWHG� E\� /OR\G·V� 5HJLVWHU�� � 7RWDO� DQQXDO� HPLVVLRQ
HVWLPDWHV�IRU�12[�DQG�62��ZHUH�RI�D�VLPLODU�PDJQLWXGH�WR�WKRVH�UHSRUWHG�IRU�)UDQFH�LQ������

7KH� VSDWLDO� GLVWULEXWLRQ� RI� WKH� HPLVVLRQ� HVWLPDWHV� IRU� HDFK� SROOXWDQW� DUH� SUHVHQWHG� LQ� IRXU� JUDGXDWHG
WKHPDWLF�PDSV�RI�WKH�VWXG\�DUHD�DV�WRQQHV�RI�SROOXWDQW����NP�[����NP�JULG�VTXDUH���(PLVVLRQ�HVWLPDWHV
ZHUH�DOVR�TXDQWLILHG�RQ�D�SHU�URXWH�EDVLV�

7KLV�GDWD�KDV�EHHQ�SURYLGHG�RQ�D�IORSS\�GLVNHWWH�DV�D�0LFURVRIW�([FHO���ILOH�

$� VWURQJ� UHODWLRQVKLS�EHWZHHQ� VKLS� WUDIILF�GHQVLW\� DQG�SROOXWDQW� HPLVVLRQV�ZDV� HYLGHQW��ZLWK� WKH� JULG
VTXDUHV�ZLWK�WKH�KLJKHVW�HPLVVLRQV�O\LQJ�DORQJ�WKH�$WODQWLF�6XH]�FRUULGRU��WKH�%RVSKRUXV�9ROJD�WUDQVLW�
WKH�FRDVWDO�URXWHV�DURXQG�WKH�*XOIV�RI�9DOHQFLD�DQG�/LRQ�DQG�WKH�/LJXULDQ��7\UUKHQLDQ�DQG�$GULDWLF�6HDV�

:LWK�UHVSHFW�WR�IXUWKHU�GHYHORSPHQW�RI�WKLV�ZRUN��WKH�HPLVVLRQ�TXDQWLILFDWLRQ�PRGHO�GHYHORSHG�LQ�WKLV
VWXG\�FRXOG�DOVR�EH�DSSOLHG�WR�DVVHVVLQJ�HPLVVLRQ�UHGXFWLRQ�VWUDWHJLHV��VXFK�DV�IXHO�VXOSKXU�UHVWULFWLRQV
DQG�HQJLQH�12[�UHGXFWLRQV�

:ULWWHQ�E\ $SSURYHG�E\��'HSDUWPHQW�+HDG�

.�$��/DYHQGHU�%�6F� *�/��5H\QROGV�3K'��&�&KHP���&�(QJ�
6LJQDWXUH 6LJQDWXUH

'HVLJQDWLRQ 'HVLJQDWLRQ
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��� ,1752'8&7,21

$W� WKH� UHTXHVW� RI� WKH� (XURSHDQ� &RPPXQLW\� 'LUHFWRUDWH� *HQHUDO� IRU� (QYLURQPHQW�
1XFOHDU� 6DIHW\� DQG� &LYLO� 3URWHFWLRQ�� /OR\G·V� 5HJLVWHU� XQGHUWRRN� D� GHVN� EDVHG�PDULQH
H[KDXVW�HPLVVLRQV�TXDQWLILFDWLRQ�VWXG\�IRU�WKH�0HGLWHUUDQHDQ�6HD��7KH�VWXG\�ZDV�EDVHG
XSRQ� D� V\VWHPDWLF� PHWKRGRORJ\� XVHG� WR� TXDQWLI\� UHJLRQDO� H[KDXVW� HPLVVLRQV� IURP
VKLSSLQJ��ZKLFK�ZDV�GHYHORSHG�DV�SDUW�RI�WKH�WKLUG�SKDVH�RI�ZRUN�RI�/OR\G·V�5HJLVWHU·V
0DULQH�([KDXVW�(PLVVLRQV�5HVHDUFK�3URJUDPPH�>�@�� �7KH�REMHFWLYH�RI�WKH�VWXG\�ZDV� WR
TXDQWLI\�DQQXDO�HPLVVLRQV�IURP�VKLSSLQJ�RSHUDWLQJ�ZLWKLQ�WKH�0HGLWHUUDQHDQ�DQG�%ODFN
6HDV�DQG�WR�VSDWLDOO\�GLVWULEXWH�WKHVH�HVWLPDWHV�RQ�D�JULG�EDVHG�PDS�RI�WKH�VWXG\�DUHD�

��� 0(7+2'2/2*<

���� 2YHUYLHZ

7KH�PHWKRGRORJ\�SUHVHQWHG�XVHG�DYDLODEOH�FRUH�GDWD�VHWV��/OR\G·V�0DULWLPH�,QIRUPDWLRQ
6HUYLFHV� �/0,6�� VKLS�PRYHPHQW� GDWD� DQG� WKH� 5HJLVWHU� RI� 6KLSV� >�@�� DQG� FRPPHUFLDOO\
DYDLODEOH� FRPSXWHU� VRIWZDUH�� � 7KUHH� NH\� GDWD� FRPSRQHQWV�ZHUH� XVHG� LQ� WKH� HPLVVLRQ
TXDQWLILFDWLRQ� SURFHVV�� 7KHVH� LQFOXGHG�� WKH� GHWDLOV� RI� DOO� VKLSSLQJ� PRYHPHQWV� LQ� WKH
VWXG\�DUHD�RYHU�WZR�SHULRGV�LQ�������YHVVHO�VSHFLILF�GDWD��VXFK�DV�HQJLQH�SRZHU��XVHG�IRU
WKH� FDOFXODWLRQ� RI� VSHFLILF� HPLVVLRQ� UDWHV� DQG� HPLVVLRQ� IDFWRUV� SUHYLRXVO\� GHILQHG� E\
/OR\G·V� 5HJLVWHU� IURP� LQ�VHUYLFH� PHDVXUHPHQWV�� 7KHVH� WKUHH� GDWD� VHWV� ZHUH
LQWHUFRQQHFWHG�XVLQJ�D�FRPSXWHU�EDVHG�UHODWLRQDO�GDWDEDVH�

5RXWH�VSHFLILF�HPLVVLRQ�HVWLPDWHV�ZHUH�WKHQ�FDOFXODWHG�EDVHG�XSRQ�VKLS�PRYHPHQW�GDWD
DQG� VKLSSLQJ� URXWHV��ZKLFK�ZHUH�PDQLSXODWHG�RQWR� D�GLJLWL]HG�PDS�RI� WKH� VWXG\� DUHD
XVLQJ�D�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHP��*,6��VRIWZDUH�SDFNDJH���)RU�WKRVH�URXWHV�HLWKHU
HQWHULQJ�RU�H[LWLQJ�WKH�0HGLWHUUDQHDQ�6HD�YLD�WKH�6WUDLWV�RI�*LEUDOWDU�RU�WKH�6XH]�&DQDO�
HPLVVLRQ�HVWLPDWHV�DORQJ�HDFK�URXWH�ZHUH�FDOFXODWHG�RQO\�IURP�WKH�SRLQW�RI�HQWU\�LQWR�XS
WR�WKH�SRLQW�RI�H[LW�RXW�RI�WKH�VWXG\�DUHD�UHVSHFWLYHO\�

7KHVH�URXWH�EDVHG�HVWLPDWHV�ZHUH�WKHQ�VSDWLDOO\�GLVWULEXWHG�XVLQJ�D�*,6�EDVHG����NP�[
���NP�JULG�QHWZRUN� �HTXDWLQJ� WR� WKH� JULG� V\VWHP�DGRSWHG�E\�(0(3��� WR�SURGXFH�JULG
VSHFLILF� HPLVVLRQ� HVWLPDWHV�� �0DSV�ZHUH� WKHQ� JHQHUDWHG� IRU� HDFK� SROOXWDQW� TXDQWLILHG�
LQGLFDWLQJ� WKH� PDJQLWXGH� DQG� JHRJUDSKLFDO� GLVWULEXWLRQ� RI� R[LGHV� RI� QLWURJHQ� �12[��
FDUERQ�PRQR[LGH��&2���K\GURFDUERQV��+&��DQG�VXOSKXU�GLR[LGH��62���ZLWKLQ�WKH�VWXG\
DUHD�

                                                          
1 Convention of Long-Range Transboundary Air Pollution, Co-operative Programme for Monitoring and Evaluation
of the Long Range Transmission of Air Pollutants in Europe
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���� 6WXG\�DUHD

7KH� DUHD� XVHG� LQ� WKLV� VWXG\� LQFRUSRUDWHG� WKH� 0HGLWHUUDQHDQ� 6HD� GHILQHG� DV� ´WKH
0HGLWHUUDQHDQ�6HD�SURSHU�LQFOXGLQJ�WKH�JXOIV�DQG�VHDV�WKHUHLQ��ERXQGHG�WR�WKH�ZHVW�E\
WKH�6WUDLWV�RI�*LEUDOWDU�DW�WKH�PHULGLDQ������·�:´�DQG�WKH�%ODFN�6HD���7KLV�GHILQLWLRQ�KDV
EHHQ�WDNHQ�IURP�WKH�,QWHUQDWLRQDO�&RQYHQWLRQ�IRU�WKH�3UHYHQWLRQ�RI�3ROOXWLRQ�IURP�6KLSV
�0$532/��������>�@���7KH�ZKROH�VWXG\�DUHD�HQFRPSDVVHG�DSSUR[LPDWHO\�����������NP�

�)LJXUH����

���� 6WXG\�SHULRGV

7KH�\HDU������ZDV�FKRVHQ�DV�WKH�EDVH�\HDU�IRU�WKH�HPLVVLRQ�HVWLPDWHV�LQ�WKLV�VWXG\�DV�LW
ZDV� WKH� \HDU� XVHG� LQ� WKH�PDULQH� H[KDXVW� HPLVVLRQ� TXDQWLILFDWLRQ� VWXG\� IRU� WKH� QRUWK�
HDVWHUQ�$WODQWLF�2FHDQ�SUHYLRXVO\�XQGHUWDNHQ�E\�/OR\G·V�5HJLVWHU�>�@���,Q�DGGLWLRQ������
ZDV� WKH�\HDU�FKRVHQ� IRU� D� VLPLODU�TXDQWLILFDWLRQ� VWXG\�RI� WKH�%DOWLF� 6HD�XQGHUWDNHQ�E\
/OR\G·V� 5HJLVWHU� RQ� EHKDOI� RI� 'HW� 1RUVNH� 0HWHRURORJLVNH� ,QVWLWXWW� �'10,�� >�@�
&RQVHTXHQWO\�� FRPSDUDWLYH� HYDOXDWLRQV� FRXOG� EH� XQGHUWDNHQ�ZLWK� WKH� UHVXOWV� RI� WKHVH
RWKHU�VWXGLHV�

'XH�WR�WKH�VL]H�RI�WKH�VWXG\�DUHD�DQG�WKH�ODUJH�QXPEHU�RI�YHVVHO�PRYHPHQWV�ZLWKLQ�WKH
UHJLRQ��DSSUR[LPDWHO\���������SHU�\HDU���WZR��WZR�ZHHN�SHULRGV�������)HEUXDU\�DQG�����
$XJXVW� ������ ZHUH� IRFXVHG� XSRQ�� � (PLVVLRQ� HVWLPDWHV� IURP� WKHVH� WZR� SHULRGV� ZHUH
VXEVHTXHQWO\�H[WUDSRODWHG�WR�SURYLGH�DQ�DQQXDO�HVWLPDWH�

)LJXUH���� 0DS�RI�WKH�VWXG\�DUHD�VKRZLQJ�SORWWHG�VKLSSLQJ�URXWHV
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���� 6KLSSLQJ�PRYHPHQWV

7KH�ODWLWXGH�DQG�ORQJLWXGH�RI�GHSDUWXUH�DQG�DUULYDO�SRUWV�� WRJHWKHU�ZLWK�FRUUHVSRQGLQJ
GDWHV�IRU�DOO�YHVVHOV�JUHDWHU�WKDQ�����JURVV�WRQQHV�WUDYHOOLQJ�ZLWKLQ�WKH�VWXG\�DUHD��GXULQJ
WKH� WZR� VWXG\�SHULRGV�ZHUH�SURYLGHG�E\�/0,6�� �9HVVHOV�GHSDUWLQJ� IURP�RU� DUULYLQJ� DW
SRUWV�ZLWKLQ� WKH� VWXG\� DUHD�� RQH�ZHHN� EHIRUH� RU� DIWHU� WKH� SHULRG� RI� LQWHUHVW�ZHUH� DOVR
LQFOXGHG�� WR� LGHQWLI\�ZKHWKHU� WKHVH�YHVVHOV�ZHUH� WUDYHUVLQJ� DQ\�SDUW� RI� WKH� VWXG\� DUHD
GXULQJ� WKDW� SHULRG�� � )RU� WKRVH� YHVVHOV� HQWHULQJ� RU� OHDYLQJ� WKH� 0HGLWHUUDQHDQ� 6HD�
HQWU\�H[LW� SRLQWV� DW� *LEUDOWDU� DQG� 6XH]�� GHILQHG� DV� �����·1�� �����·:� DQG� �����·1�
�����·(� UHVSHFWLYHO\�� ZHUH� LQFRUSRUDWHG� LQWR� WKH� VKLS� PRYHPHQW� GDWDEDVH�� � 7KHVH
LQWHUPHGLDWH�SRLQWV�ZHUH�XVHG�LQ�WKH�SORWWLQJ�RI�DOO�URXWHV�HQWHULQJ�DQG�H[LWLQJ�WKH�VWXG\
DUHD�

$�WRWDO�RI��������YHVVHO�PRYHPHQWV�GXULQJ�WKH�WZR�SHULRGV�LQ�)HEUXDU\�DQG�$XJXVW�ZHUH
SURYLGHG�E\�/0,6���,Q�DGGLWLRQ��D�IXUWKHU��������IHUU\�PRYHPHQWV�IRU�WKH�UHOHYDQW�SHULRGV
ZHUH� GHULYHG� IURP� RSHUDWRUV
� VFKHGXOHV� RU� LQWHUQDWLRQDO� WLPHWDEOHV�� � *HQHUDOO\
PRYHPHQWV�RI�QDYDO�YHVVHOV��VPDOO�FUDIW�DQG�ILVKLQJ�YHVVHOV�ZHUH�QRW�UHFRUGHG�E\�/0,6
DQG�ZHUH��RQ�WKH�ZKROH��H[FOXGHG�IURP�WKH�HPLVVLRQV�HVWLPDWH�

2QO\� VKLSV� RQ� SDVVDJH� RU� DUULYLQJ� DW� RU� GHSDUWLQJ� IURP� D� EHUWK�ZHUH� LQFOXGHG� LQ� WKH
VWXG\���(PLVVLRQV�IURP�VKLSV�KRWHOOLQJ�LQ�SRUW��RU�DW�DQFKRU�DZDLWLQJ�D�EHUWK��RU�DZDLWLQJ
RUGHUV��ZHUH�QRW�TXDQWLILHG�

���� 6KLS�SDUWLFXODUV

6KLS�SDUWLFXODUV�ZHUH�SURYLGHG�E\�WKH�5HJLVWHU�RI�6KLSV�>�@�DQG�/0,6��'DWD�RQ�VKLS�W\SH�
JURVV�WRQQDJH��QXPEHU�RI�HQJLQHV��PDLQ�HQJLQH�SRZHU�DQG�W\SH��VORZ��PHGLXP�VSHHG�RU
VWHDP���JHQHUDWRU�SRZHU�DQG��ZKHUH�DYDLODEOH��VHUYLFH�VSHHG�IRU�HDFK� LQGLYLGXDO�YHVVHO
ZHUH�REWDLQHG�RQ�FRPSXWHU�GLVNHWWH�

$�WRWDO�RI�������LQGLYLGXDO�YHVVHOV�SOXV�����IHUULHV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\���7KH�UDWLR
EHWZHHQ�WKH�QXPEHU�RI�PHGLXP�VSHHG�DQG�VORZ�VSHHG�YHVVHOV�ZDV�LQ�WKH�UHJLRQ�RI�������
KRZHYHU�� VORZ� VSHHG� HQJLQHV� DFFRXQWHG� IRU� DSSUR[LPDWHO\� ���� RI� WKH� WRWDO� LQVWDOOHG
SURSXOVLRQ�SRZHU��2QO\������RI�YHVVHOV�ZHUH�VWHDP�SRZHUHG��\HW�WKHVH�VKLSV�UHSUHVHQWHG
DSSUR[LPDWHO\����RI�WKH�WRWDO�LQVWDOOHG�SRZHU�

'DWD� RQ� HQJLQH� W\SH� DUH� VXPPDUL]HG� LQ� 7DEOH� �� EHORZ�� )XUWKHU� GHWDLOHG� LQIRUPDWLRQ
UHJDUGLQJ�QXPEHU�RI�VKLSV�� WRWDO�JURVV�UHJLVWHUHG�WRQQDJH��JUW��� WRWDO�SRZHU��QXPEHU�RI
VKLSSLQJ�PRYHPHQWV�DQG�WRWDO�GLVWDQFH�WUDYHOOHG��EDVHG�XSRQ�VKLS�W\SH�� LV�SURYLGHG�LQ
$SSHQGL[���



���((�����
'HFHPEHU�����

0$5,1(�(;+$867�(0,66,21�48$17,),&$7,21�678'<���0(',7(55$1($1�6($

3DJH�6 of 13

7DEOH����6KLSV�FDWHJRUL]HG�E\�HQJLQH�W\SH

(QJLQH�7\SH 1R��RI�9HVVHOV � 7RWDO�3RZHU
�N:�

�

0HGLXP�6SHHG ����� ���� ��������� ����

6ORZ�6SHHG ����� ���� ��������� ����

6WHDP ��� ��� ��������� ���

�7RWDO ����� ��� ���������� ���

���� (PLVVLRQ�IDFWRUV

(PLVVLRQ� UDWHV� LQ� NJ�KRXU� IRU� R[LGHV� RI� QLWURJHQ� �12[��� FDUERQ� PRQR[LGH� �&2��
K\GURFDUERQV� �+&�� DQG� VXOSKXU� GLR[LGH� �62���� IRU� LQGLYLGXDO� PRWRU� YHVVHOV�� ZHUH
GHULYHG�IURP�HPLVVLRQ�GDWD�REWDLQHG�GXULQJ�WKH�VKLSERDUG�PHDVXUHPHQW�SURJUDPPH�>�@�
7KHVH�HPLVVLRQ�IDFWRUV��7DEOH����DUH�EDVHG�XSRQ�FXUYHV�RI�HQJLQH�UDWLQJ�DJDLQVW�HPLVVLRQ
UDWH� DQG� DGMXVWHG� WR� DOORZ� IRU� DQ� DVVXPHG� HQJLQH� ORDG� RI� ����PD[LPXP� FRQWLQXRXV
UDWLQJ��0&5����7KH�HPLVVLRQ�UDWH�LV�GHSHQGHQW�XSRQ�WKH�QXPEHU�DQG�W\SH�RI�HQJLQHV��L�H�
PHGLXP�VORZ�VSHHG�GLHVHO�DQG�VWHDP��DQG�WKH�LQVWDOOHG�SRZHU�RI�HDFK�YHVVHO�

7DEOH�����(PLVVLRQ�)DFWRUV��NJ�K�

0DLQ�HQJLQHV $X[LOLDU\�HQJLQHV

0HGLXP�VSHHG 6ORZ�VSHHG

12[ �����ð����ð3����ð1 �����ð����ð3ð1 �����ð����ð$����

&2 �����ð����ð3����ð1 �����ð����ð3����ð1 �����ð����ð$����

+& �����ð����ð3����ð1 �����ð����ð3ð1 �����ð����ð$����

62��3��������N: �����ð����ð3ð1 � �

62��3�!������N: �����ð����ð3ð1 �����ð����ð3ð1

62� � � �����ð����ð$ð&

3��� PD[LPXP�FRQWLQXRXV�HQJLQH�SRZHU��N:��PXOWLSOLHG�E\�HQJLQH�ORDG�IDFWRU�WR�JLYH�FRQWLQXRXV�VHUYLFH�UDWLQJ������0&5�
1��� QXPEHU�RI�HQJLQHV
$��� DX[LOLDU\�SRZHU��N:�
&��� �����������DQG���ZKHUH�YHVVHO�*7�LV�����������������������������������������������������DQG��������UHVSHFWLYHO\

(PLVVLRQ� UDWHV� IRU� 62�� DUH�GHSHQGHQW�XSRQ� WKH� VXOSKXU� FRQWHQW� RI� IXHO� EXUQW�� � ,Q� WKLV
VWXG\��LW�ZDV�DVVXPHG�WKDW�VORZ�VSHHG�HQJLQHV�DQG�PHGLXP�VSHHG�HQJLQHV��JUHDWHU�WKDQ
RU�HTXDO�WR������N:��ZHUH�EXUQLQJ�KHDY\�IXHO�RLO��ZLWK�D�VXOSKXU�FRQWHQW�RI�������E\�ZW��
0HGLXP�VSHHG�HQJLQHV��OHVV�WKDQ������N:��ZHUH�DVVXPHG�WR�EH�EXUQLQJ�JDV�RLO��ZLWK�D
VXOSKXU�FRQWHQW�RI�������E\�ZW��>�@�
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(PLVVLRQ�IDFWRUV�IRU�VWHDP�VKLSV�ZHUH�GHULYHG�IURP�GDWD�SXEOLVKHG�E\�WKH�8QLWHG�6WDWHV
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�>�@�

,W�ZDV�DVVXPHG�WKDW�DX[LOLDU\�SRZHU�ZDV�SURYLGHG�E\�PHGLXP�VSHHG�GLHVHO�HQJLQHV�RQ
DOO� VKLSV��$YHUDJH�DX[LOLDU\�SRZHU� HVWLPDWHV�ZHUH� EDVHG�XSRQ�SURIHVVLRQDO� MXGJHPHQW
DQG�GDWD�ZLWKLQ� WKH�5HJLVWHU�RI�6KLSV� >�@� DQG�DUH�SUHVHQWHG� LQ�7DEOH����(PLVVLRQ� UDWHV
ZHUH� FDOFXODWHG� IROORZLQJ� WKH� VDPH� SURFHGXUHV� DV� IRU� WKH� PDLQ� HQJLQHV�� XVLQJ� WKH
HPLVVLRQ� IDFWRUV� SUHVHQWHG� LQ� 7DEOH� ��� � 7KHVH� IDFWRUV� DVVXPHG� DQ� 0&5� RI� ����� IRU
DX[LOLDU\�HQJLQHV�

���� (PLVVLRQ�TXDQWLILFDWLRQ�SURFHGXUH

$�FRPSXWHU�EDVHG�UHODWLRQDO�GDWDEDVH�ZDV�XVHG� WR�FRPELQH� WKH�YHVVHO�PRYHPHQW�GDWD
ZLWK� LQGLYLGXDO� YHVVHOV� DQG� WKHLU� FRUUHVSRQGLQJ� HPLVVLRQ� UDWHV�� � � 7KH� ODWLWXGH� DQG
ORQJLWXGH�RI�HDFK�FRPELQDWLRQ�RI�GHSDUWXUH�SRUW��DUULYDO�SRUW�DQG�HQWU\�H[LW�SRLQW� �L�H�
*LEUDOWDU�RU�6XH]��ZHUH�HQWHUHG�LQWR�D�*,6�SDFNDJH�ZKLFK�LQFOXGHG�D�GLJLWL]HG�PDS�RI�WKH
VWXG\�DUHD��)LJXUH�����7KH�*,6�SDFNDJH�LQLWLDOO\�OLQNHG�HDFK�FRPELQDWLRQ�RI�FR�RUGLQDWHV
ZLWK�D� VWUDLJKW� OLQH��7KHVH� VWUDLJKW�OLQH� URXWHV�ZHUH� WKHQ�PDQLSXODWHG� WR� UHSUHVHQW� WKH
PRVW�OLNHO\�FRXUVH�EHWZHHQ�HLWKHU�WKH�WZR�LQWHUQDO�SRUWV��RU�WKH�SRUW�DQG�HQWU\�H[LW�SRLQW�
XVLQJ�*,6� WRROV�DQG�UHIHUULQJ� WR� VKLS� URXWLQJ�JXLGHV� >���@��$� WRWDO�RI� ������ URXWHV�ZHUH
PDQLSXODWHG�LQ�WKLV�ZD\�

$�*,6�EDVHG�JULG�QHWZRUN�RI�WKH�VWXG\�DUHD�ZDV�GHYHORSHG� LQ�SDUDOOHO� WR� WKH�URXWLQJ
SURFHGXUH���7KH�RULJLQ�RI�WKH�JULG�V\VWHP�ZDV�HTXLYDOHQW�WR�WKDW�XVHG�E\�(0(3���7KH
*,6� ZDV� WKHQ� XVHG� WR� FDOFXODWH� WKH� WRWDO� GLVWDQFH� RI� HDFK� LQGLYLGXDO� URXWH� DQG� WKH
GLVWDQFH� WUDYHUVHG�DFURVV�DOO� WKH�JULG�VTXDUHV�DORQJ�HDFK�URXWH�� � ,Q� RUGHU� WR� DVVHVV� WKH
UHOLDELOLW\� RI� WKH� URXWLQJ� LQIRUPDWLRQ�� HLJKW\� URXWHV�ZHUH� VHOHFWHG� DQG� WKH� FDOFXODWHG
URXWH� GLVWDQFHV� ZHUH� FRPSDUHG� WR� WKRVH� JLYHQ� LQ� GLVWDQFH� WDEOHV� >�@�� (VWLPDWHG
GLVWDQFHV�ZHUH�IRXQG�WR�EH�ZLWKLQ�����RI�WKRVH�TXRWHG�

6LQFH�MRXUQH\�WLPHV�ZHUH�GHULYHG�IURP�GHSDUWXUH�DQG�DUULYDO�GDWHV�JLYHQ�LQ�WKH�/0,6
VKLS�PRYHPHQW�GDWD��DOO�PRYHPHQW�WLPHV�ZHUH�URXQGHG�XS�WR�WKH�QHDUHVW����KRXUV��,Q
DGGLWLRQ�� WKH� /0,6� GDWD� GLG� QRW� SURYLGH� LQIRUPDWLRQ� DV� WR� ZKHQ� D� VKLS� HQWHUHG� RU
H[LWHG�WKH�VWXG\�DUHD�� � �7KHUHIRUH�� LW�ZDV�QHFHVVDU\� WR�DVVXPH�DYHUDJH�VHUYLFH�VSHHGV
IRU�VSHFLILF�YHVVHO�W\SHV�WR�EHWWHU�HVWLPDWH�WKH�DFWXDO�MRXUQH\�WLPH�WDNHQ��WR�WKH�QHDUHVW
KRXU��7KHVH�VSHHG�HVWLPDWHV�ZHUH�EDVHG�XSRQ�PDULQH�HQJLQHHULQJ�SULQFLSOHV�DQG�GDWD
ZLWKLQ�WKH�5HJLVWHU�RI�6KLSV�>�@�DQG�DUH�SUHVHQWHG�E\�VKLS�W\SH�LQ�7DEOH���� �7KH�URXWH
GLVWDQFHV�ZHUH�FRQYHUWHG�WR�WRWDO�MRXUQH\�WLPHV�IRU�HDFK�YHVVHO�E\�DSSOLFDWLRQ�RI�YHVVHO
VSHFLILF� VSHHG� IDFWRUV� �H[FOXGLQJ� IHUULHV�� DV� WLPHV� ZHUH� WDNHQ� IURP� HLWKHU� RSHUDWRUV

VFKHGXOHV�RU�LQWHUQDWLRQDO�WLPHWDEOHV��

7DEOH����� (VWLPDWHG�DX[LOLDU\�SRZHU��N:��DQG�VSHHG�IDFWRU�E\�VKLS�W\SH
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$YHUDJH *57 6SHHG

6KLS�7\SH ���� ������� ����������� ������
�����

�������
������

!������ )DFWRU
�.QRWV�

/LTXHILHG�*DV�7DQNHU �� ��� ��� ��� ��� ����� ��

&KHPLFDO�7DQNHU �� �� ��� ��� ��� � ��

2WKHU�7DQNHU �� �� ��� ��� ��� ��� ��

%XON�'U\�&DUJR �� �� ��� ��� ��� ��� ��

*HQHUDO�&DUJR �� �� ��� ��� ��� � ��

3DVVHQJHU�*HQHUDO�&DUJR �� �� ��� ��� ��� � ��

&RQWDLQHU �� �� ��� ��� ����� ����� ��

5HIULJHUDWHG�&DUJR �� ��� ��� ��� ��� � ��

5R�5R�&DUJR ��� ��� ��� ����� ����� ����� ��

3DVVHQJHU�5R�5R�&DUJR ��� ��� ��� ����� ����� ����� ��

3DVVHQJHU ��� ��� ��� ����� ����� ����� ��

2WKHU�'U\�&DUJR �� �� ��� ��� ��� ��� ��

)LVK�&DWFKLQJ � �� ��� � � � ��

2WKHU�)LVKLQJ �� ��� ��� ��� ��� � ��

2IIVKRUH �� �� ��� ��� ��� � ��

5HVHDUFK �� �� ��� ��� ��� � ��

7XJ �� �� ��� � � � ��

'UHGJHU �� �� �� ��� ��� � �

&DEOH �� � ��� ��� ��� � �

$OO�RWKHU�VKLS�W\SHV �� �� ��� ��� ��� ��� �

7KH�WLPH�WDNHQ�IRU�HDFK�YHVVHO�WR�WUDYHO�DORQJ�D�URXWH�DQG�WR�WUDQVYHUVH�DOO�LQGLYLGXDO
JULG� VTXDUHV� DORQJ� HDFK� URXWH�ZDV� FDOFXODWHG�� � (PLVVLRQV� SHU� YHVVHO� SHU� JULG� VTXDUH
ZHUH�GHULYHG�IURP�WKH�SURGXFW�RI�WKH�WLPH��LQ�KRXUV��D�YHVVHO�ZDV�LQ�D�JULG�VTXDUH�DQG
WKH�HPLVVLRQ�UDWH��LQ�NJ�KRXU��RI�WKH�LQGLYLGXDO�YHVVHO��DV�IROORZV�

(PLVVLRQV�YHVVHO�JULG�VTXDUH��(� �HW
ZKHUH�

W�LV�HVWLPDWHG�WLPH�WDNHQ�WR�WUDYHUVH�JULG�VTXDUH��KRXUV�� �G�V

H�LV�YHVVHO�VSHFLILF�HPLVVLRQ�UDWH��NJ�KRXU�

G�LV�GLVWDQFH�WUDYHUVHG�DFURVV�JULG�VTXDUH��QDXWLFDO�PLOHV�

V�LV�WKH�HVWLPDWHG�VSHHG�RI�YHVVHO��NQRWV�
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�� 7KH�HPLVVLRQV�SHU�JULG�DORQJ�HDFK�VKLSSLQJ�URXWH�ZHUH� WKHQ�VXPPHG� WR�JLYH� WKH� WRWDO
HPLVVLRQV�SHU�JULG���7KHVH�HPLVVLRQ�WRWDOV�SHU�JULG�ZHUH�WKHQ�VXPPHG�DQG�H[WUDSRODWHG
WR� GHULYH� DQQXDO� HPLVVLRQ� HVWLPDWHV�� � %RWK�PDLQ� DQG� DX[LOLDU\� HQJLQH� HPLVVLRQV�ZHUH
FDOFXODWHG� LQ� WKLV� ZD\�� � 7KH� *,6� ZDV� WKHQ� XVHG� WR� DVVLJQ� WKH� HPLVVLRQ� WRWDOV� WR� WKH
UHOHYDQW� JULG� VTXDUHV� RYHUOD\LQJ� WKH� VWXG\� DUHD� WR� HQDEOH� WKH� VSDWLDO� GLVWULEXWLRQ� RI
HPLVVLRQV� WR� EH�SORWWHG��7KH� HPLVVLRQ�TXDQWLILFDWLRQ� SURFHGXUH� LV� RXWOLQHG� LQ� )LJXUH� �
EHORZ�

�)LJXUH�����6XPPDU\�RI�UHJLRQDO�HPLVVLRQ�TXDQWLILFDWLRQ�SURFHGXUH

(0(3����NP�[���
NP�JULG�V\VWHP

LMIS
Ship movement data

/0,6
6KLS�SDUWLFXODUV

/OR\G·V�5HJLVWHU·V
H[KDXVW�HPLVVLRQ

GDWDEDVH

6KLS�VSHHG (PLVVLRQ�UDWH
NJ�K

'HYHORSHG
3RZHU

7LPH�WDNHQ�IRU
YHVVHO�WR�WUDYHUVH

JULG�VTXDUH

7RWDO�HPLVVLRQV�
JULG�VTXDUH

(PLVVLRQV�YHVVHO�
JULG�VTXDUH

'LVWDQFH
WUDYHOOHG�DFURVV
JULG�VTXDUH

6KLS
URXWH
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���� $VVXPSWLRQV�DQG�([FOXVLRQV

$V�GLVFXVVHG�DERYH��FHUWDLQ�NH\�GDWD�SDUDPHWHUV�UHTXLUHG�IRU�FDOFXODWLQJ�VKLS�HPLVVLRQV
ZHUH� HLWKHU� XQDYDLODEOH� RU� XQVXLWDEOH� IRU� LQFRUSRUDWLRQ� GXH� WR� OLPLWDWLRQV� LQ� WLPH�
UHVRXUFHV�DQG�GDWD�KDQGOLQJ�FDSDELOLWLHV��7KHUHIRUH��LW�ZDV�QHFHVVDU\�WR�PDNH�D�QXPEHU
RI�DVVXPSWLRQV�DQG�H[FOXVLRQV�

$VVXPSWLRQV�ZHUH�PDGH�DERXW�WKH�IROORZLQJ�

(QJLQH�/RDG���7KH�PDLQ�HQJLQHV�RI�DOO�YHVVHOV�ZHUH�DVVXPHG�WR�EH�RSHUDWLQJ�DW�����0&5
IRU�DOO�RI�WKH�WLPH�ZKLOVW�DW�VHD�

6SHHG� �� ,W�ZDV� QHFHVVDU\� WR� DVVXPH� DYHUDJH� VHUYLFH� VSHHGV� IRU� VSHFLILF� YHVVHO� W\SHV� LQ
RUGHU� WR� HVWLPDWH� DFWXDO� MRXUQH\� WLPHV�� WR� WKH� QHDUHVW� KRXU�� IURP� WKH� SORWWHG� URXWH
GLVWDQFHV�LQ�QDXWLFDO�PLOHV��7KHVH�VSHHG�HVWLPDWHV�DUH�SUHVHQWHG�LQ�7DEOH���

$X[LOLDU\�3RZHU�²�,W�ZDV�DVVXPHG�WKDW�DX[LOLDU\�SRZHU�ZDV�SURYLGHG�E\�PHGLXP�VSHHG
GLHVHO� HQJLQHV� RQ� DOO� VKLSV�� (VWLPDWHV�ZHUH� EDVHG� XSRQ� LQIRUPDWLRQ� RQ� VKLS� W\SH� DQG
JURVV�WRQQDJH��7DEOH������(PLVVLRQ�UDWHV�ZHUH�FDOFXODWHG�IROORZLQJ�WKH�VDPH�SURFHGXUHV
DV�IRU�WKH�PDLQ�HQJLQHV��DVVXPLQJ�DQ�0&5�RI�������

([FOXVLRQV�ZHUH�XVXDOO\�DWWULEXWDEOH� WR� ODFN�RI�EDVLF� LQIRUPDWLRQ�RQ�YHVVHO�PRYHPHQWV
DQG�LQFOXGH�

6KLSV�LQ�SRUW���5RXWLQH�TXDQWLILFDWLRQ�RI�KDUERXU�WUDIILF�ZDV�QRW�FRQVLGHUHG�IHDVLEOH�XVLQJ
WKH�PHWKRGRORJ\�SUHVHQWHG�KHUH���2QO\�HPLVVLRQV�IURP�VKLSSLQJ�RQ�SDVVDJH�RU�DUULYLQJ
DW��RU�GHSDUWLQJ�IURP�D�EHUWK�ZHUH�LQFOXGHG���(PLVVLRQV�IURP�VKLSV�KRWHOOLQJ�LQ�SRUW��RU�DW
DQFKRU�DZDLWLQJ�D�EHUWK�RU�DZDLWLQJ�RUGHUV��ZHUH�H[FOXGHG�

)LVKLQJ� YHVVHOV� �� )LVKLQJ� YHVVHOV� ZHUH� QRW� JHQHUDOO\� LQFOXGHG� LQ� WKH� /0,6� GDWD�
)XUWKHUPRUH�� GDWD� UHODWLQJ� WR� ILVKLQJ� YHVVHO� IXHO� FRQVXPSWLRQ� RU� PRYHPHQWV�� ZKLFK
ZRXOG�HQDEOH�UHJLRQDO�HPLVVLRQ�TXDQWLILFDWLRQ�ZDV�QRW�DYDLODEOH��7KHUHIRUH��RWKHU� WKDQ
WKH�OLPLWHG�QXPEHU�LQFOXGHG�LQ�WKH�/0,6�GDWD��ILVKLQJ�YHVVHOV�ZHUH�H[FOXGHG�IURP�WKLV
TXDQWLILFDWLRQ�VWXG\�

1DYDO�YHVVHOV���9HU\�OLWWOH�YHVVHO�PRYHPHQW�RU�URXWH�GDWD�ZHUH�DYDLODEOH�IRU�QDYDO�VKLSV�
7KHUHIRUH��RWKHU�WKDQ�WKH�OLPLWHG�QXPEHU�LQFOXGHG�LQ�WKH�/0,6�GDWD��QDYDO�YHVVHOV�ZHUH
DOVR�H[FOXGHG�IURP�WKLV�TXDQWLILFDWLRQ�VWXG\�
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��� 5(68/76�2)�7+(�678'<

7KH�UHVXOWV�RI�WKH�TXDQWLILFDWLRQ�VWXG\�DUH�SUHVHQWHG�LQ�IRXU�WKHPDWLF�PDSV�� �(DFK�PDS
VKRZV�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�DQQXDO�HPLVVLRQ�HVWLPDWHV�RI�12[��&2��+&�DQG�62�

SURGXFHG�E\�VKLSV·�PDLQ�DQG�DX[LOLDU\�HQJLQHV��$SSHQGL[������7KH�HPLVVLRQ�HVWLPDWHV�DUH
SUHVHQWHG�DV�WRQQHV�RI�SROOXWDQW����NP�[����NP�JULG�VTXDUH�

$V�PD\�EH�DQWLFLSDWHG��D�VWURQJ�UHODWLRQVKLS�EHWZHHQ�VKLS�WUDIILF�GHQVLW\�DQG�SROOXWDQW
HPLVVLRQV�ZDV�DSSDUHQW��ZLWK�WKH�JULG�VTXDUHV�ZLWK�WKH�KLJKHVW�HPLVVLRQV�O\LQJ�DORQJ�WKH
$WODQWLF�6XH]�FRUULGRU��WKH�%RVSKRUXV�9ROJD�WUDQVLW��WKH�FRDVWDO�URXWHV�DURXQG�WKH�*XOIV
RI�9DOHQFLD�DQG�/LRQ�DQG�WKH�/LJXULDQ��7\UUKHQLDQ�DQG�$GULDWLF�6HDV�

7KH� HVWLPDWHG� WRWDO� DQQXDO� HPLVVLRQV� RI� 12[�� &2�� +&� DQG� 62�� HPLWWHG� E\� VKLSSLQJ
RSHUDWLQJ�WKURXJKRXW�WKH�ZKROH�VWXG\�DUHD�LQ������DUH�SUHVHQWHG�LQ�7DEOH���EHORZ�

7DEOH�����������7RWDO�HVWLPDWHG�HPLVVLRQV�IURP�VKLSSLQJ�RSHUDWLQJ�LQ�WKH
0HGLWHUUDQHDQ�DQG�%ODFN�6HD�DUHDV�LQ�������WRQQHV�DQQXP�

(PLVVLRQ 12[ &2 +& 62�

0DLQ�(QJLQHV ��������� ������� ������ ���������
$X[LOLDU\�(QJLQHV ������� ������ ����� ������

7RWDO ��������� ������� ������ ���������

7KH�HPLVVLRQ�HVWLPDWHV�KDYH�DOVR�EHHQ�TXDQWLILHG�RQ�D�SHU�URXWH�EDVLV���7KH�������URXWHV
ZHUH�GLYLGHG�LQWR�VL[�GLVWLQFW�URXWH�FDWHJRULHV��URXWHV�HQWHULQJ�������RU�H[LWLQJ��������WKH
0HGLWHUUDQHDQ� 6HD� YLD� WKH� 6WUDLWV� RI� *LEUDOWDU�� URXWHV� HQWHULQJ� ����� RU� H[LWLQJ� ����� WKH
0HGLWHUUDQHDQ�6HD�YLD�WKH�6XH]�&DQDO��URXWHV�SDVVLQJ�VWUDLJKW�WKURXJK�WKH�VWXG\�DUHD�YLD
WKH�6WUDLWV�RI�*LEUDOWDU�DQG�WKH�6XH]�&DQDO�����DQG�WKRVH�URXWHV�O\LQJ�HQWLUHO\�ZLWKLQ�WKH
VWXG\�DUHD����������ZKLFK�LQFOXGHG�DOO�IHUU\�URXWHV�

7KHUH� ZHUH� D� QXPEHU� RI� URXWHV�� ZKLFK� ZHUH� LQ� HIIHFW� ¶PLUURU� LPDJHV·� RI� RWKHUV�� � )RU
H[DPSOH��RI�WKH�����URXWHV�HQWHULQJ�WKH�0HGLWHUUDQHDQ�6HD�YLD�WKH�6WUDLWV�RI�*LEUDOWDU�����
KDG�D�FRPSDUDEOH�URXWH�H[LWLQJ�WKH�0HGLWHUUDQHDQ�WKH�VDPH�ZD\���6LPLODUO\��WKHUH�ZHUH
������ ¶PLUURU� LPDJH·� LQWHUQDO� URXWHV�� � &RQVHTXHQWO\�� WR� GHWHUPLQH� WKH� WRWDO� HPLVVLRQ
HVWLPDWHV� DORQJ� WKHVH� URXWHV�� WKH� HVWLPDWHV� IRU� ERWK� URXWHV� ZHUH� DGGHG� WRJHWKHU�� � $
VXPPDU\� RI� WKH� URXWHV�� VKRZLQJ� WKH� ¶PLUURU� LPDJHV·� DQG� WKHLU� UHVSHFWLYH� HPLVVLRQ
HVWLPDWHV��DV�ZHOO�DV�WKH�WRWDO�HPLVVLRQ�HVWLPDWHV�SHU�URXWH�IRU�WKH�ZKROH�VWXG\�DUHD��KDV
EHHQ�SURYLGHG�RQ�D�IORSS\�GLVNHWWH�DV�D�0LFURVRIW�([FHO���ILOH�
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7KH�WRWDO�DQQXDO�HPLVVLRQ�HVWLPDWHV�IURP�WKLV�VWXG\�ZHUH�FRPSDUHG�ZLWK�WKH�UHVXOWV�RI
WKH�WKLUG�SKDVH�RI�/OR\G·V�5HJLVWHU·V�0DULQH�([KDXVW�(PLVVLRQV�5HVHDUFK�3URJUDPPH�>�@�
WRJHWKHU� ZLWK� QDWLRQDO� HPLVVLRQ� HVWLPDWHV� IRU� ������ GHULYHG� IURP� WKH� (XURSHDQ
(QYLURQPHQW�$JHQF\�7DVN�)RUFH�>��@���7KHVH�HVWLPDWHV�DUH�SUHVHQWHG�LQ�7DEOH���EHORZ�

7DEOH�����������5HODWLYH�PDJQLWXGH�RI�VKLSSLQJ�DQG�QDWLRQDO�HPLVVLRQ�HVWLPDWHV�LQ
������[����WRQQHV�DQQXP�

12[ &2 +& 62�

6KLSSLQJ�
0HGLWHUUDQHDQ�	�%ODFN�6HDV�UHJLRQ ����� ��� �� �����
1(�$WODQWLF�UHJLRQ�>�@ ����� ��� �� �����
1DWLRQDO�HVWLPDWHV��>��@
'HQPDUN ��� ��� ��� ���
)UDQFH ����� ������ ����� �����
*HUPDQ\ ����� ������ ����� �����
1HWKHUODQGV ��� ����� ��� ���
1RUZD\ ��� ��� ��� ��
6SDLQ ����� ����� ����� �����
8QLWHG�.LQJGRP ����� ����� ����� �����

7KH� HPLVVLRQ� HVWLPDWHV� IURP� WKLV� VWXG\�ZHUH� DSSUR[LPDWHO\� ������� RI� WKH� HPLVVLRQ
WRWDOV� IRU� WKH�QRUWK�HDVWHUQ�$WODQWLF�UHJLRQ��SUHYLRXVO\�HVWLPDWHG�E\�/OR\G·V�5HJLVWHU�
7RWDO�DQQXDO�HPLVVLRQ�HVWLPDWHV�IRU�12[�DQG�62��ZHUH�RI�D�VLPLODU�PDJQLWXGH�WR�WKRVH
UHSRUWHG�IRU�)UDQFH�LQ������

��� &21&/86,216�$1'�5(&200(1'$7,216

,W�ZDV�HVWLPDWHG�WKDW�RQ�DQ�DQQXDO�EDVLV��VKLSV�HPLWWHG�DSSUR[LPDWHO\�������NLORWRQQHV��NW�
RI�12[��������NW�62�������NW�RI�&2�DQG����NW�RI�K\GURFDUERQV�LQ�WKH�VWXG\�DUHD��EDVHG�RQ
�����VKLS�PRYHPHQW�GDWD�� 7KLV�ZDV� DSSUR[LPDWHO\� ������� RI� WKH� HPLVVLRQ� WRWDOV� IRU� WKH
QRUWK�HDVWHUQ� $WODQWLF� UHJLRQ�� SUHYLRXVO\� HVWLPDWHG� E\� /OR\G·V� 5HJLVWHU�� � 7RWDO� DQQXDO
HPLVVLRQ� HVWLPDWHV� IRU�12[� DQG� 62�� ZHUH� RI� D� VLPLODU�PDJQLWXGH� WR� WKRVH� UHSRUWHG� IRU
)UDQFH�LQ������

$� VWURQJ� UHODWLRQVKLS�ZDV�HYLGHQW�EHWZHHQ� VKLS� WUDIILF�GHQVLW\�DQG�SROOXWDQW� HPLVVLRQV�
ZLWK�WKH�JULG�VTXDUHV�ZLWK�WKH�KLJKHVW�HPLVVLRQV�O\LQJ�DORQJ�WKH�$WODQWLF�6XH]�FRUULGRU�
WKH�%RVSKRUXV�9ROJD�WUDQVLW��WKH�FRDVWDO�URXWHV�DURXQG�WKH�*XOIV�RI�9DOHQFLD�DQG�/LRQ�DQG
WKH�/LJXULDQ��7\UUKHQLDQ�DQG�$GULDWLF�6HDV�

:LWK� UHVSHFW� WR� IXUWKHU� GHYHORSPHQW� RI� WKLV� ZRUN�� WKH� HPLVVLRQ� TXDQWLILFDWLRQ� PRGHO
GHYHORSHG�LQ�WKLV�VWXG\�FRXOG�DOVR�EH�DSSOLHG�WR�DVVHVVLQJ�HPLVVLRQ�UHGXFWLRQ�VWUDWHJLHV
VXFK�DV�IXHO�VXOSKXU�UHVWULFWLRQV�DQG�HQJLQH�12[�UHGXFWLRQV�
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5()(5(1&(6

�� /OR\G
V� 5HJLVWHU�� 0DULQH� ([KDXVW� (PLVVLRQV� 5HVHDUFK� 3URJUDPPH�� � /OR\G
V� 5HJLVWHU� RI
6KLSSLQJ��/RQGRQ�������

 
�� /OR\G
V�5HJLVWHU��5HJLVWHU�RI�6KLSV���������������/OR\G
V�5HJLVWHU�RI�6KLSSLQJ��/RQGRQ�������

�� ,QWHUQDWLRQDO� 0DULWLPH� 2UJDQL]DWLRQ�� 7KH� ,QWHUQDWLRQDO� &RQYHQWLRQ� IRU� WKH� 3UHYHQWLRQ� RI
3ROOXWLRQ� IURP� 6KLSV�� 0$532/� ������� &RQVROLGDWHG� (GLWLRQ�� ,QWHUQDWLRQDO� 0DULWLPH
2UJDQL]DWLRQ�������

 
�� /OR\G·V�5HJLVWHU��0DULQH�([KDXVW�(PLVVLRQV�4XDQWLILFDWLRQ�6WXG\�²�%DOWLF�6HD��3UHSDUHG�IRU

'HW� 1RUVNH� 0HWHRURORJLVNH� ,QVWLWXWW�� 'HFHPEHU� ������ � /OR\G·V� 5HJLVWHU� 5HSRUW� 1R�
���((������

�� 3HUVRQDO� FRPPXQLFDWLRQ�� )OXLG� $QDO\WLFDO� &RQVXOWDQF\� 6HUYLFHV�� /OR\G
V� 5HJLVWHU�
/RQGRQ�������

 
�� 8QLWHG� 6WDWHV� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\�� &RPSLODWLRQ� RI� $LU� 3ROOXWDQW� (PLVVLRQ

)DFWRUV��$3�����WK�(GLWLRQ������

�� ,QWHUQDWLRQDO� 0DULWLPH� 2UJDQL]DWLRQ�� 6KLSV·� 5RXWHLQJ�� )LIWK� (GLWLRQ�� ,QWHUQDWLRQDO
0DULWLPH�2UJDQL]DWLRQ��/RQGRQ�������

 
�� $GPLUDOW\� &KDUWV��0HGLWHUUDQHDQ� DQG� %ODFN� 6HDV�� &KDUW� 1R�� ������ +\GURJUDSKHU� RI� WKH

1DY\��7DXQWRQ�������
 
�� 7KRPDV�5HHG�3XEOLFDWLRQV��5HHG·V�0DULQH�'LVWDQFH�7DEOHV��6HYHQWK�(GLWLRQ��7KRPDV�5HHG

3XEOLFDWLRQV�/LPLWHG��6XUUH\�������

��� (XURSHDQ�(QYLURQPHQW�$JHQF\�7DVN�)RUFH��&25,1$,5�������6XPPDU\�7DEOHV��(XURSHDQ
(QYLURQPHQW�$JHQF\�7DVN�)RUFH��&RSHQKDJHQ�������
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$SSHQGL[��

6KLS�W\SH�DQG�PRYHPHQW�GDWD
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$SSHQGL[��

$QQXDO�HPLVVLRQ�HVWLPDWH�PDSV
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