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,��%UXQGWODQG�UDSSRUWHQ���������IUD�9HUGHQVNRPPLVLRQHQ�IRU�0LOM¡�RJ�8GYLNOLQJ�EOHY�GHU�IRU
DOYRU�IRNXVHUHW�Sn�EHJUHEHW��E UHG\JWLJ�XGYLNOLQJ���GYV��HQ�XGYLNOLQJ�GHU� WLOIUHGVVWLOOHU�QXW L�
GHQV� EHKRY� XGHQ� DW� ¡GHO JJH� IUHPWLGLJH� JHQHUDWLRQHUV�PXOLJKHGHU� IRU� DW� WLOIUHGVVWLOOH� GHUHV
EHKRY�

(Q�IRUXGV WQLQJ�IRU��E UHG\JWLJ�XGYLNOLQJ��HU�DW�HQHUJLIRUEUXJHW�UHGXFHUHV�RJ�DW�IRUXUHQLQJHQ
QHGEULQJHV� WLO� HW� QLYHDX� VRP� LNNH� VNDGHU� RPJLYHOVHUQH�� 'HUIRU� EOHY� GHU� L� 'DQPDUN� VRP� L
PDQJH� DQGUH� ODQGH� RSVWLOOHW� �Q\H�� VW UNHUH�� PnOV WQLQJHU� IRU� UHGXNWLRQ� DI� HPLVVLRQHUQH� DI
VSHFLHOW�NXOGLR[LG��VYRYOGLR[LG��NY OVWRIR[LGHU��NXOEULQWHU�RJ�SDUWLNOHU�

,� �5HJHULQJHQV� 7UDQVSRUWKDQGOLQJVSODQ� IRU� PLOM¡� RJ� XGYLNOLQJ��� ������ VDPW� L� WUDILNSODQHQ
�7UDILN�������3UREOHPVWLOOLQJHU��PnO�RJ�VWUDWHJLHU���������HU�PLOM¡PnOV WQLQJHU�IRU�WUDQVSRUW�
VHNWRUHQ�DQJLYHW�

(QGYLGHUH�EOHY� IRUVNHOOLJH� LQLWLDWLYHU� WLO� RSI\OGHOVH� DI�PnOV WQLQJHUQH�EHVNUHYHW��(W� DI� GLVVH
LQLWLDWLYHU� YDU� HWDEOHULQJHQ� DI� HQ� �7UDILN�� RJ� 0LOM¡SXOMH�� IUD� ������ RJ� EHVOXWQLQJ� RP� ¡JHW
IRUVNQLQJ� RJ� VWDWLVWLNLQGVDPOLQJ� IRU� DW� VNDEH� EHGUH� JUXQGODJ� IRU� IUHPWLGLJH� EHVOXWQLQJHU� Sn
RPUnGHW�

,�UHODWLRQ�WLO�GLVVH�RYHURUGQHGH�SODQHU�RJ�7UDILNPLQLVWHULHWV�SODQHU�IRU�XGE\JQLQJ�DI�WUDILNNHQ�L
KRYHGVWDGVRPUnGHW� IRUHVORJ� '0,� L� ����� HQ� VW\UNHW� LQGVDWV� YHGU¡UHQGH� NRUW O JQLQJ�
RYHUYnJQLQJ�VDPW�YDUVOLQJ�DI� WUDILNNHQV�ELGUDJ� WLO� OXIWIRUXUHQLQJHQ�� ,QGVDWVHQ� VNXOOH�RPIDWWH
EnGH� GHQ� ORNDOH� RJ� GHQ� ODQGVG NNHQGH� OXIWIRUXUHQLQJ� IUD� WUDILNNHQ� RJ� OXIWIRUXUHQLQJHQV
EHW\GQLQJ� ORNDOW� RJ� ODQGVG NNHQGH� VDPW� Sn� HXURS LVN� RJ� JOREDO� VNDOD�� KHUXQGHU� RJVn
ODQJVLJWHGH� HIIHNWHU� L� IRUP� DI� NOLPDSnYLUNQLQJ�� )RUVODJHW� IUD�'0,� UHVXOWHUHGH� L� DW� I¡OJHQGH
IHP�SURMHNWHU�EOHY�VDW�L�JDQJ�PHG�¡NRQRPLVN�VW¡WWH�IUD�7UDILNPLQLVWHULHWV�7UDILNSXOMH�

x� 2YHUYnJQLQJ�DI�OXIWNYDOLWHWHQ�RJ�WUDILNNHQV�ELGUDJ�WLO�OXIWIRUXUHQLQJ��JHQQHPI¡UW�L�VDP�
DUEHMGH�PHG�'DQPDUNV�0LOM¡XQGHUV¡JHOVHU� �'08��� 9HMGLUHNWRUDWHW� �9'�� RJ� .¡EHQ�
KDYQV�.RPPXQHV�0LOM¡NRQWURO��0-.��

x� 9LGHUHXGYLNOLQJ�DI�DWPRVI UHPRGHOOHU

x� 9LGHUHXGYLNOLQJ�DI�DWPRVI UHNHPLPRGHOOHU

x� )RUXGVLJHOVH�DI�R]RQ��RJ�VPRJNRQFHQWUDWLRQHU

x� 9LGHUHXGYLNOLQJ�RJ�NYDOLILFHULQJ�DI�PRGHOOHU�YHGU¡UHQGH�GULYKXVHIIHNW�RJ�NOLPD

3URMHNWSHULRGHQ�YDU�RSULQGHOLJ�IUD����������PHQ�GD������JHQHUHOW�EOHY�EHQ\WWHW�WLO�HWDEOHULQJ
EOHY�SURMHNWSHULRGHQ�XGYLGHW�WLO�RJVn�DW�RPIDWWH������

'HU� HU� IRU� GH� IRUVNHOOLJH� SURMHNWHU� XGDUEHMGHU� IOHUH� UDSSRUWHU� VDPW� YLGHQVNDEHOLJH� DUWLNOHU�� ,
GHQQH�UDSSRUW�YLO�GHU�EOLYH�JLYHW�HQ�NRUW�VDPPHQIDWQLQJ�DI�KRYHGUHVXOWDWHU�VDPW�DQJLYHW�UHI H�
UHQFHU�WLO�KRYHGGRNXPHQWHU��.RUW�UHVXPHUHW�KDU�7UDILNSXOMHQ�EHW\GHW�DW

�� GHU�HU�JHQQHPI¡UW�Y UGLIXOGH�WUDILNNRUWO JQLQJHU�IRU�FD�����JDGHU�

�� GHU�HU�JHQQHPI¡UW�Y UGLIXOGH�%7;�PnOLQJHU�L�.¡EHQKDYQ�RJ�2GHQVH�

�� GHU�HU�JHQQHPI¡UW�Y UGLIXOGH�PnOLQJHU�DI�&2��12�RJ�12��L�2GHQVH�

�� GHU�HU�JHQQHPI¡UW�DQDO\VHU�DI�OXIWNYDOLWHWHQ��GHU�YLVHU�HQ�NODUW�QHGDGJnHQGH�WUHQG�L�GHQ
WUDILNVNDEWH�OXIWIRUXUHQLQJ�

��'0,�KDU�NXQQHW�YLGHUHXGYLNOH�'0,�+,5/$0�
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��'0,�KDU�SnEHJ\QGW�XGYLNOLQJHQ�DI�HQ�LQWHJUHUHW�YHMUSURJQRVH��RJ�VSUHGQLQJVPRGHO�

��'0,�KDU�XGYLNOHW�HW�DWPRVI UHNHPLPRGHOV\VWHP��'DQLVK�$WPRVSKHULF�&KHPLVWU\�)2�
UHFDVWLQJ�6\VWHP���'$&)26���PHG�KYLONHW�GHU�EOLYHU�XGDUEHMGHW�R]RQSURJQRVHU�IRU�VWR�
UH�GHOH�DI�(XURSD�

��'0,�KDU�XGI¡UW�YXUGHULQJHU�DI�JOREDOH�RJ�UHJLRQDOH�NOLPD QGULQJHU�VRP�I¡OJH�DI�¡JHW
GULYKXVHIIHNW�

'HQQH�UDSSRUW�HU�HQ�V\QWHVH�UDSSRUW�KYLV�Y VHQWOLJVWH�ELGUDJ�HU�KHQWHW�IUD�

9HMGLUHNWRUDWHW��������7UDILN�RJ�JDGHOXIW�L�'DQPDUN��5HJLVWUHULQJ�RJ�EHUHJQLQJ�IRU������
������5DSSRUW�QU������

+HUWHO��2���%HUNRZLF]��5���3DOPJUHQ��)���.HPS��.��RJ�(JHO¡Y��$���������2YHUYnJQLQJ�DI
WUDILNNHQV� ELGUDJ� WLO� OXIWIRUXUHQLQJ� �729�� ��0nOLQJHU� RJ� DQDO\VHU� XGI¡UW� DI�'08�� 'DQ�
PDUNV� 0LOM¡XQGHUV¡JHOVHU�� ��� V�� �� )DJOLJ� UDSSRUW� IUD� '08�� QU�� ���� �RQOLQH��
�KWWS���ZZZ�GPX�GN���YLGHQ���3XEOLNDWLRQHU���

&KULVWHQVHQ��2�%���������'ULYKXVHIIHNWHQ�RJ�UHJLRQDOH�NOLPD QGULQJHU��'DQPDUNV�.OLPD�
FHQWHU��'0,��5DSSRUW������

.LLOVKROP��6���9DOLGDWLRQ�RI�'$&)26�6XUIDFH�2]RQH�)RUHFDVWV�����������'HVFULSWLRQ�RI
WKH�QHZ�YHULILFDWLRQ�6\VWHP�DQG�0RGHO�,PSURYHPHQW��7HFK��5HSRUW���±����'0,

&KHQHYH]��-����������$GYHFWLRQ�H[SHULPHQWV�ZLWK�'0,�+,5/$0�75$&(5���'0,��6FLHQWL�
ILF�5HSRUW�������

6DWWOHU��.����������1HZ�KLJK�UHVROXWLRQ�SK\VLRJUDSLF�GDWD�DQG�FOLPDWH�JHQHUDWLRQ�IRU� WKH
+,5/$0�IRUHFDVW�V\VWHP���'0,��7HFKQLFDO�5HSRUW��1R��������

'HOWDJHUH�L�SURMHNWHUQH�YDU�

$OL[�5DVPXVVHQ��)0

6LVVL�.LLOVKROP��)0

&KULVWLDQ����-HQVHQ��)0

-RDFKLP�-DFREVHQ��)0

$OODQ�*URVV��)0

-pU{PH�&KHQHYH]��)0

+HQULN�6YHQVPDUN��)0

(LJLO�.DDV��).

2OH�%¡VVLQJ�&KULVWHQVHQ��).

:LOKHOP�0D\���).

.QXG�(��&KULVWHQVHQ��9

5DVPXV�)HOGEHUJ��9

(ULN�:LHQEHUJ��(

/DUV�$QGHUVHQ��2

3HWHU�9HVWHU�)DEULQ��2

-DQ�7¡QQHVHQ��0-.

5D\PRQG�6NDDUXS��0-.

*LWWH�3ORXJ�/RUHQ]HQ��0-.

2OH�+HUWHO��'08

5XZLP�%HUNRZLF]��'08

)LQQ�3DOPJUHQ��'08

(OLVDEHWWD�9LJQDWL��'08

+DQV�%HQGWVHQ��9'

/DUV�(OOHEMHUJ�/DUVHQ��9'

/RQH�5HLII��9'

5HQH�$QGHUVHQ��9'

'08� 'DQPDUNV�0LOM¡XQGHUV¡JHOVHU

9'� 9HMGLUHNWRUDWHW

0-.� .¡EHQKDYQV�0LOM¡NRQWURO

)0�� 6HNWLRQ�IRU�0HWHRURORJL��)RUVNQLQJV��RJ�XGYLNOLQJVDIGHOLQJHQ��'0,

).�� 6HNWLRQ�IRU�.OLPD��)RUVNQLQJV��RJ�XGYLNOLQJVDIGHOLQJHQ��'0,

9� 9HMUWMHQHVWHDIGHOLQJHQ��'0,

(� ('%�DIGHOLQJHQ��'0,

2� 2EVHUYDWLRQVDIGHOLQJHQ��'0,
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��� 2YHUYnJQLQJ�DI�WUDILNNHQV�ELGUDJ�WLO�GHQ�ORNDOH�OXIWIRUXUHQLQJ�L

'DQPDUN��729�

���� 3URMHNWIRUPnO

3URMHNWHWV�IRUPnO�YDU�DW�XGYLNOH�HW�RYHUYnJQLQJVV\VWHP�IRU�GHQ�WUDILNVNDEWH�OXIWIRUXUHQLQJ�IRU
O¡EHQGH�DW�NXQQH�YXUGHUH�RP�JHQQHPI¡UHOVHQ�DI� IRUVNHOOLJH� WLOWDJ�RJ�KDQGOLQJVSODQHU� WLO�EH�
JU QVQLQJ�DI�HPLVVLRQHUQH�IUD�WUDILNNHQ�PHGI¡UHU�GHQ�¡QVNHGH�IRUEHGUHGH�OXIWNYDOLWHW��8GYLN�
OLQJHQ�L�OXIWNYDOLWHWHQ�VNDO�EHVNULYHV�Sn�HQ�RYHUVNXHOLJ�PnGH���LGHHOW�PHG�NXQ�pW�nUOLJW�LQGHNV
IRU�OXIWNYDOLWHWHQ�L�'DQPDUN�KYRU�YDULDWLRQHU�GHU�VN\OGHV�DQGUH�NLOGHU�HQG�WUDILNNHQ�RJ�YDULDW L�
RQHU� L�PHWHRURORJLVNH� IRUKROG�� HU� IUDILOWUHUHW��'HW� DQVHV� GRJ� LNNH� IRU� UHDOLVWLVN� DW� XGYLNOH� pW
I OOHV�LQGHNV�IRU�GH�PDQJH�IRUVNHOOLJH�VWRIIHU�RJ�IRUVNHOOLJH�ORNDOLWHWHU�

3URMHNWGHOWDJHUH�YDU�

x� 'DQPDUNV�0HWHRURORJLVNH�,QVWLWXW��'0,�

x� 'DQPDUNV�0LOM¡XQGHUV¡JHOVHU��'08�

x� 9HMGLUHNWRUDWHW��9'�

x� .¡EHQKDYQV�.RPPXQHV�0LOM¡NRQWURO��0-.�

'HOWDJHUQH�KDU�L�I OOHVVNDE�XGDUEHMGHW�HW�IRUVODJ�WLO�HW�RYHUYnJQLQJVV\VWHP�>'0,������@�

���� %DJJUXQG

%DJJUXQGHQ�IRU�729�SURMHNWHW�VRP�HU�EOHYHW�VW¡WWHW�DI�7UDILNPLQLVWHULHWV�7UDILNSXOMHQ������
���� HU�7UDQVSRUWKDQGOLQJVSODQHQ� IRU�0LOM¡�RJ�8GYLNOLQJ� >7UDILNPLQLVWHULHW�� ����@� RJ�7UDILN
�����>7UDILNPLQLVWHULHW������@�

,�7UDQVSRUWKDQGOLQJVSODQHQ�HU�GHU�RSVWLOOHW�JHQHUHOOH�PnOV WQLQJHU� IRU�KYRU�PHJHW� WUDQVSRU W�
VHNWRUHQV�VDPOHGH�HPLVVLRQHU�DI� IRUXUHQHQGH�VWRIIHU� VNDO� UHGXFHUHV� IUHP� WLO� nU�������RJ�GHQ
Q\HUH�7UDILN������ IDVWKROGHU�GLVVH�PnOV WQLQJHU��0nOV WQLQJHUQH�GHU�KDYGH������VRP�UHIH�
UHQFHnU��YDU�

x� NXOGLR[LG�XGVOLSSHW��&2���VWDELOLVHUHV�LQGHQ�nU�������RJ�GHU�VNDO�VNH�HQ�UHGXNWLRQ�Sn����
IUHP�WLO�nU������

x� NY OVWRIR[LG�� RJ� NXOEULQWH�XGVOLSSHW� �12[� RJ� +&�� UHGXFHUHV� PHG�PLQGVW� ���� LQGHQ� nU
������GHU�VNDO�VNH�HQ�UHGXNWLRQ�Sn�����LQGHQ�nU������RJ�HQ�\GHUOLJHUH�UHGXNWLRQ�IUHP�WLO�nU
�����

x� SDUWLNHO�XGVOLSSHW�L�E\HUQH�VNDO�KDOYHUHV�IUHP�WLO�nU�������RJ�GHU�VNDO�VNH�\GHUOLJHUH�UHGXN�
WLRQ�IUHP�WLO�nU������

x� IRU�NXOLOWH��VYRYOGLR[LG�RJ�EO\��&2��62��RJ�3E��HU�GHU� LNNH�RSVWLOOHW�QRJHQ�GLUHNWH�PnOWDO
IRU�XGVOLS�LGHW�VYRYOGLR[LG�XGVOLSSHW�IUD� WUDQVSRUWVHNWRUHQ�LNNH�HU�V UOLJW�EHW\GQLQJVIXOGW�
EO\�XGVOLSSHW�RYHU�HQ�nUU NNH�Q VWHQ�YLO� IRUVYLQGH��VRP�I¡OJH�DI�NDWDO\VDWRUHU� WLO�SHUVRQ�
ELOHU�RJ�VPn�YDUHELOHU��RJ�NXOLOWH�XGVOLSSHW�YLO�EOLYH�UHGXFHUHW�PHG�RPNULQJ�����LQGHQ�nU
������RJVn�VRP�I¡OJH�DI�NDWDO\VDWRUHU�WLO�SHUVRQELOHU�RJ�VPn�YDUHELOHU�

7UDQVSRUWKDQGOLQJVSODQHQV� PnOV WQLQJHU� HU� VnOHGHV� XGWU\NW� L� IRUP� DI� XGVOLSVEHJU QVQLQJHU
KYRULPRG�GH�GHUDI�I¡OJHQGH�IRUYHQWHGH�IRUEHGULQJHU�L�OXIWNYDOLWHWHQ�LNNH�HU�HNVSOLFLW�XGWU\NW�
7UDILNPLQLVWHULHW�¡QVNHGH�LPLGOHUWLG�DW�WUDILNNHQV�ELGUDJ�WLO�OXIWIRUXUHQLQJHQ�VNXOOH�RYHUYnJHV
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PHG�KHQEOLN�Sn�DW�YXUGHUH�RP�XGYLNOLQJHQ�JnU�L�GHQ�UHWQLQJ��VRP�LPSOLFLW�OLJJHU�L�KDQGOLQJV�
SODQHQV�PnOV WQLQJHU�

'HW�HU�YLJWLJW�DW�I¡OJH�XGYLNOLQJHQ�L�WUDILNNHQV�ELGUDJ�WLO�OXIWIRUXUHQLQJHQ�LGHW�WUDILNNHQ�VWnU�IRU
FD������DI�GH�WRWDOH�12[�HPLVVLRQHU�RJ�RYHU�KDOYGHOHQ�DI�+&�HPLVVLRQHUQH��7UDILNNHQ�YXUGH�
UHV�DW�Y UH�NLOGH�WLO����±�����DI�GHQ�ORNDOH� OXIWIRUXUHQLQJ��IRU�&2�HU� WUDILNNHQ�VWRUW�VHW�GHQ
HQHVWH�NLOGH�WLO�IRUXUHQLQJ�ORNDOW�L�JDGHUQH�

2YHUYnJQLQJVV\VWHPHW�E\JJHU�Sn�HNVLVWHUHQGH�OXIWNYDOLWHWVPnOLQJHU��PHWHRURORJLVNH�PnOLQJHU
RJ� WUDILNW OOLQJHU� VDPW� QRJOH� In� VXSSOHUHQGH� PnOLQJHU� DI� OXIWNYDOLWHW� RJ� HQ� GHO� \GHUOLJHUH
WUDILNPnOLQJHU�RJ��NRUWO JQLQJHU�

���� ,QGOHGQLQJ

,�SURMHNWSODQHQ�HU�GH�JUXQGO JJHQGH�SURFHVVHU�GHU�VW\UHU�OXIWNYDOLWHWHQ��RJ�SUREOHPVWLOOLQJHQ
PHG�RSVWLOOLQJ� DI� HW� nUOLJW� LQGHNV� IRU� IRUVNHOOLJH� VWRIIHU� Sn� IRUVNHOOLJH� ORNDOLWHWHU� GLVNXWHUHW�
*UXQGO JJHQGH�E¡U�HW�RYHUYnJQLQJVV\VWHP�EDVHUHV�Sn�ILUH�HOHPHQWHU�

��� OXIWNYDOLWHWVPnOLQJHU

��� WUDILNPnOLQJHU��NRUWO JQLQJHU�

���PHWHRURORJLVNH�GDWD

���DQDO\VHU�RJ�PRGHOOHULQJ

)RU�DW�RSE\JJH�HW�HIIHNWLYW�RJ�EUHGW�G NNHQGH�RYHUYnJQLQJVV\VWHP�E¡U�PnOLQJHU�RJ�EHUHJQLQ�
JHU�DI�JDGHOXIWNYDOLWHWHQ�VXSSOHUH�KLQDQGHQ��RJ�LGHHOW�VNDO�GHU�Y UH�PnOHVWDWLRQHU�IRUGHOW�RYHU
KHOH� ODQGHW�PHG� UHSU VHQWDWLYH�PnOLQJHU�� L� E\JDGHU� �VWUHHW� FDQ\RQV��� L� XGNDQWHQ� DI� GH� VWRUH
E\HU�� L� PHOOHPVWRUH� SURYLQVE\HU�� L� ODQGVE\HU� PHG� JHQQHPIDUWVWUDILN� RJ� W W� YHG� VW¡UUH� WUD�
ILNDQO J��PRWRUYHMH��EURHU��P�P�

DG����0nOLQJ� DI� OXIWNYDOLWHW� HU� UHVVRXUFHNU YHQGH�� RJ� GH� HNVLVWHUHQGH�PnOHSURJUDPPHU� NDQ
LNNH�DQWDJHV�DW�Y UH�IXOGW�G NNHQGH�IRU�XGYLNOLQJHQ�Sn�ODQGVSODQ��6SHFLHOW�NDQ�EHP UNHV�DW
PnOLQJHUQH�NXQ�RPIDWWHU�FHQWUDOH�JDGHU�L�.¡EHQKDYQ��2GHQVH�RJ�cOERUJ��EDJJUXQGVVWDWLRQHU�L
GH�VDPPH�E\HU��VDPW�ODQGVWDWLRQHU�L�/LOOH�9DOE\�YHG�5LV¡�RJ�YHG�.HOGVQRU�)\U�Sn�/DQJHODQG�
'D�HWDEOHULQJ�DI�IOHUH�Q\H�PnOHVWDWLRQHU�LPLGOHUWLG�On�XGHQIRU�SURMHNWHWV�UDPPHU��EOHY�GHU�NXQ
JHQQHPI¡UW�HQ�EHVNHGHQ��PHQ�DOOLJHYHO�Y VHQWOLJ�XGE\JQLQJ�DI�GH�DOOHUHGH�HNVLVWHUHQGH�PnOH�
SURJUDPPHU�

DG����6RP�HQ�GHO�DI�SURMHNWHW�EOHY�GHU�LY UNVDW�RPIDWWHQGH�WUDILN�NRUWO JQLQJHU� L����JDGHU� L
RWWH� IRUVNHOOLJH� E\HU� DI� YDULHUHQGH� VW¡UUHOVH� L� IRUVNHOOLJH� ODQGVGHOH�� 9HG� NRUWO JQLQJHQ� GHU
EO�D�� VNXOOH� RPIDWWH� VDPWOLJH� JDGHU� L� PnOHSURJUDPPHW� IRU� OXIWNYDOLWHW�� EOHY� WUDILNP QJGH�
WUDILNP¡QVWHU� P�P�� IDVWODJW� YHG� VWLNSU¡YH�W OOLQJHU�� *HQHUHOW� YXUGHUHV� WUDILNGDWD� DW� JLYH� HW
JRGW� JUXQGODJ� IRU� PRGHOEHUHJQLQJHUQH� RJ� VDPPHQOLJQLQJHQ� DI� GLVVH�� 'HVY UUH� HU� GHW� Sn
JUXQG�DI� WHNQLVNH�SUREOHPHU� LNNH� O\NNHGHV�DW� In�EUXJEDUH� W OOLQJHU� IRU� -DJWYHM��.¡EHQKDYQ�
KYLONHW� VY NNHGH� SURMHNWHW� �LV U� PRGHOGHOHQ�� GD� GH� PHVW� RPIDWWHQGH� OXIWNYDOLWHWVPnOLQJHU
QHWRS� IRUHWDJHV� Sn� -DJWYHM�VWDWLRQHQ�� (QGYLGHUH� PHGI¡UWH� RPIDWWHQGH� YHMDUEHMGHU� HOOHU� WUD�
ILNRPO JQLQJHU�L�QRJOH�JDGHU�DW�DQWDOOHW�EOHY�UHGXFHUHW�WLO����JDGHU�

DG����'H�HNVLVWHUHQGH�PHWHRURORJLVNH�PnOHSURJUDPPHU�DQVHV�IRU�G NNHQGH��(QGYLGHUH�HU�GHU
L� QRJOH� VWXGLHU� EHQ\WWHW� DQDO\VH�GDWD� IUD� PHWHRURORJLVNH� YHMUSURJQRVHPRGHOOHU� �'0,�
+,5/$0��

DG����7LO�DQDO\VHULQJ�DI�GDWD�EOHY�GHW�EHVOXWWHW�DW�DQYHQGH�RJ�YLGHUHXGYLNOH�'08
V�JDGHOXI W�
PRGHO�2SHUDWLRQDO� 6WUHHW� 3ROOXWLRQ�0RGHO� �2630��� DW� DQYHQGH�1RUGLVN� %HUHJQLQJVPHWRGH
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IRU� %LODYJDVVHU� �1%%�� VDPW� DW� XGYLNOH� RJ� WHVWH� HQ� PHUH� VLPSHO� QRUPDOLVHULQJVPRGHO
��YHMULQGHNV����GHU�HWDEOHUHU� VDPPHQK QJHQ�PHOOHP�PHWHRURORJLVNH�SDUDPHWUH�RJ� OXIWNYDO L�
WHW��7\SLVNH�SDUDPHWUH�DI�EHW\GQLQJ�HU�YLQGKDVWLJKHG�RJ��UHWQLQJ��DWPRVI UHQV�VWDELOLWHW��JU Q�
VHODJVK¡MGH��VROLQGVWUnOLQJ��WHPSHUDWXU�RJ�IXJWLJKHG��6DPPHQK QJHQ�DIK QJHU�DI�nUVWLG�VDPW
WLG�Sn�G¡JQHW��(QGYLGHUH�HU�GHU�IRUVNHOOH�L�YHMULQGHNV�IRU�IRUVNHOOLJH�OXIWIRUXUHQHQGH�VWRIIHU�

(WDEOHULQJHQ�DI� VXSSOHUHQGH� OXIWNYDOLWHWVPnOLQJHU� VDPW� VSROHU� L� YHMEDQHU� WLO� WUDILNW OOLQJHUQH
EOHY�JHQQHPI¡UW� L� O¡EHW�DI�������'HUXGRYHU� LQGHKROGHU�SURMHNWHW�YXUGHULQJHU�DI� WLOJ QJHOLJH
GDWD�IRU�WUDILNNHQ�RJ�OXIWNYDOLWHWHQ�IRU�SHULRGHQ�������������

���� 5HVXOWDWHU

������ 0nOHGDWD

,� RYHUYnJQLQJVV\VWHPHW� LQGJnU� OXIWNYDOLWHWVGDWD� IUD� GHW� /DQGVG NNHQGH� /XIWNYDOLWHWV� 0nOH�
SURJUDP� �/03�� GHU� GULYHV� DI� '08� IRU� HQ� U NNH� DI� ODQGHWV� NRPPXQHU� RJ� DPWHU�� GDWD� IUD
+RYHGVWDGVUHJLRQHQV�/XIWRYHUYnJQLQJVSURJUDP��+/8��GHU�GULYHV�DI�.¡EHQKDYQV�.RPPXQHV
0LOM¡NRQWURO��VDPW�GDWD�IUD�VXSSOHUHQGH�PnOLQJHU��729�OXIWNYDOLWHWVPnOLQJHU���/03�RJ�+/8
VXSSOHUHU�KLQDQGHQ�L�KRYHGVWDGVUHJLRQHQ�VnOHGHV�DW� WUH�/03�PnOHVWDWLRQHU� LQGJnU� L�RYHUYnJ�
QLQJHQ� DI� KRYHGVWDGVUHJLRQHQV� OXIWNYDOLWHW�� RJ� WLOVYDUHQGH� LQGJnU� +/8�PnOHVWDWLRQHU� L� GHW
ODQGVG NNHQGH�PnOHSURJUDP�

0nOHSURJUDPPHUQH�RPIDWWHU�PnOLQJHU�L�.¡EHQKDYQ��2GHQVH�RJ�cOERUJ�VDPW�WR�ODQGVWDWLRQHU�
pQ�YHG�/LOOH�9DOE\�Q U�5RVNLOGH�RJ�pQ�YHG�.HOGVQRU�)\U�Sn�/DQJHODQG��,�KYHU�E\�HU�GHU�RS�
VWLOOHW�PLQGVW�WR�PnOHVWDWLRQHU���pQ�L�HQ�WUDILNHUHW�JDGH�RJ�pQ�Sn�HW�KXVWDJ�L�Q UKHGHQ�VnOHGHV�DW
VDPVSLOOHW�PHOOHP�GHQ�GLUHNWH�OXIWIRUXUHQLQJ�IUD�WUDILN�L�JDGHQ�RJ�GHQ�JHQHUHOOH�OXIWIRUXUHQLQJ
L� E\RPUnGHW� �E\EDJJUXQGHQ�� NDQ� EHO\VHV�� 3URJUDPPHUQH� RPIDWWHU� GHVXGHQ� PHWHRURORJLVNH
PnOLQJHU�

/RNDOLWHW RJ SURJUDP W\SH

.HPLVNH

VWRIIHU�IRUELQGHOVHU

7UDILN RJ

0HWHRUORJL

6XSSOHUHQGH

0nOLQJHU

-DJWYHM� .¡EHQKDYQ /03�603 JDGH 12� 12�� &2� 62�� VRG�

%7; RJ 2�

�7UDILN� %7;

+�&��� ,QVWLWXWWHW� .¡EHQKDYQ E\EDJJUXQG 12� 12�� 2�� 62� RJ &2� 0HW�

+�&�$QGHUVHQV %RXOHYDUG� +/8 JDGH 12� 12�� 2�� &2� 62�� VRG 0HW�

%UHGJDGH� .¡EHQKDYQ� +/8 JDGH 12� 12�� &2 RJ VRG 7UDILN

$OEDQLJDGH� 2GHQVH� /03 JDGH 12� 12� RJ 62�� %7; 7UDILN &2 RJ %7;

5nGKXVHW� 2GHQVH� /03 E\EDJJUXQG 12� 12� RJ 2� 0HW� 12 RJ 12�

9HVWHUEUR� $DOERUJ� /03 JDGH 12� 12� RJ 62� �7UDILN�

5nGKXVHW� $DOERUJ� /03 E\EDJJUXQG 2� 0HW�

7UDILNPnOLQJHU RJ VXSSOHUHQGH OXIWNYDOLWHWVPnOLQJHU HU ILQDQVLHUHW DI 7UDILNPLQLVWHULHWV 2YHUYnJQLQJVV\�
VWHP �729�

/03� 'HW /DQGVG NNHQGH /XIWNYDOLWHWVPnOHSURJUDP IRU OXIWNYDOLWHW L GDQVNH E\RPUnGHU� GULYHV DI '08
IRU HQ U NNH DI ODQGHWV NRPPXQHU�

603� 0nOLQJHU XQGHU GHW 6WUDWHJLVNH 0LOM¡IRUVNQLQJVSURJUDP ��������� VRP EOHY XGI¡UW DI '08�

+/8� +RYHGVWDGVUHJLRQHQV /XIWRYHUYnJQLQJVSURJUDP� XGI¡UHV DI 0LOM¡NRQWUROOHQ L .¡EHQKDYQ

7DEHO ��� /XIWNYDOLWHWVPnOLQJHU� PHWHRURORJLVNH PnOLQJHU VDPW WUDILNW OOLQJHU KYRUDI HQ GHO HU DQYHQGW L IRUELQ�
GHOVH PHG 729�SURMHNWHW�

/XIWNYDOLWHWVPnOLQJHUQH� L� GHW� /DQGVG NNHQGH� 0nOH3URJUDP� �/03�� IRU� OXIWNYDOLWHW� RJ� GH
VXSSOHUHQGH� PnOLQJHU� HU� JHQQHPI¡UW� HIWHU� SODQHQ�� ERUWVHW� IUD� PLQGUH� WHNQLVNH� SUREOHPHU�
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%HQ]HQ��� WROXHQ��RJ�[\OHQ�� �%7;��PnOLQJHU�HU� IRUHWDJHW�EnGH�Sn�-DJWYHM� L�.¡EHQKDYQ�RJ�Sn
$OEDQLJDGH�L�2GHQVH��)¡UVWQ YQWH�KDU�N¡UW�UXWLQHP VVLJW�VLGHQ�PDM������RJ�VLGVWQ YQWH�EOHY
HWDEOHUHW�L�DXJXVW�������2SULQGHOLJW�YDU�GHW�SODQODJW�NXQ�DW�PnOH�%7;�GH�WR�VWHGHU�L�NDPSDJ�
QHU��PHQ�YHG�DW�NRPELQHUH�GHW�PHG�HW�DQGHW�DI�'08
V�SURMHNWHU��HU�GHW�EOHYHW�PXOLJW�DW�JHQ�
QHPI¡UH�NRQWLQXHUOLJH�PnOLQJHU�KYLONHW�HU�DI�VWRU�Y UGL�IRU�RYHUYnJQLQJHQ�GD�OXIWNYDOLWHWVPn�
OLQJHU�HU�EDVDOH�L�RYHUYnJQLQJVV\VWHPHW�

������ 7UDILNLQGHNV

7UDILNNRUWO JQLQJHU� RJ� WUDILNW OOLQJHU� GHU� IRUHWDJHV� DI�9HMGLUHNWRUDWHW�� GDQQHU� EDVLV� IRU� RS�
VWLOOLQJ�DI�WUDILNLQGHNV�RJ�HU�HVVHQWLHOOH�YHG�PRGHOEHUHJQLQJHU�DI�OXIWNYDOLWHWHQ�L�JDGHUQH�

7UDILNW OOLQJHU�VNXOOH�HIWHU�SODQHQ�JHQQHPI¡UHV� L����JDGHU� L���E\HU��.¡EHKDYQ��2GHQVH��cO�
ERUJ��9HMOH�� 1 VWYHG��+ROE N��+LOOHU¡G� RJ� ,NDVW�� 3n� JUXQG� DI� RPIDWWHQGH� YHMDUEHMGHU� HOOHU
WUDILNRPO JQLQJHU� L�QRJOH�JDGHU�HU�DQWDOOHW�GRJ�UHGXFHUHW� WLO�����*DGHUQH�GHU�XGJnU�� OLJJHU� L
.¡EHQKDYQ��cOERUJ��1 VWYHG�RJ�+LOOHU¡G�RJ�HU�VnOHGHV�M YQW�IRUGHOW�Sn�E\NDWHJRULHUQH��PHQ
XKHOGLJYLV�HU�GHU�OXIWPnOHVWDWLRQHU�L�WR�DI�GH�JDGHU�GHU�KDU�PnWWHW�XGJn��QHPOLJ�-DJWYHM�L�.¡�
EHQKDYQ�RJ�9HVWHUEUR�L�cOERUJ�

,�%UHGJDGH�L�.¡EHQKDYQ�HU�GHU�IRUHWDJHW�NRQWLQXHUWH��PDVNLQHOOH�WUDILNW OOLQJHU��,�GH�¡YULJH���
JDGHU�HU�GHU�WDOW�L�FD����XJHU�SU��nU��'HU�HU�IRUHWDJHW�PDQXHOOH�W OOLQJHU�PHG�KHQEOLN�Sn�N¡UH�
W¡MVIRUGHOLQJ�L����JDGHU�VDPW�KDVWLJKHGVPnOLQJHU�L����JDGHU�

)RUXGHQ�GH�Q\H�PnOLQJHU�HU� OGUH�WUDILNGDWD�EOHYHW�LQGVDPOHW�VnOHGHV�DW�GHU�QX�HU�WUDILNGDWD�IRU
JDGHU�WLOEDJH�WLO�������'H� OGUH�WUDILNGDWD��IUD�I¡U�������KDU�GRJ�JHQHUHOW�LNNH�VDPPH�VWDWLVW L�
VNH�VLNNHUKHG�VRP�GH�Q\HUH�GDWD�GD�WLGOLJHUH�GDWD�RIWH�HU�LQGVDPOHW�Sn�EDVLV�DI�pQ�GDJV�W OOL Q�
JHU�
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9HMGLUHNWRUDWHWV WUDILNLQGHNV

%\LQGHNV � �� SXQNW W OOLQJHU

*DGHUQH L RYHUYnJQLQJHQ
,QGIDOGV� RJ JHQQHPIDUWVYHMH

+RYHGJDGHU L FHQWUXPRPUnGHU

+RYHGJDGHU L E\RPUnGHU

)LJXU ��� 7UDILNLQGHNV IRU SHULRGHQ ������� IRU JDGHUQH L RYHUYnJQLQJHQ� WRWDOW RJ RSGHOW HIWHU JDGHW\SH�
VDPPHQKROGW PHG ³9HMGLUHNWRUDWHWV WUDILNLQGHNV´� GHU EHVNULYHU XGYLNOLQJHQ L GHQ WRWDOH WUDILN�

7UDILNLQGHNV�IRU�SHULRGHQ����������)LJXU������YLVHU��DW�WUDILNNHQ�Sn�KRYHGJDGHU� L�E\RPUnGHU
XGYLVHU� HQ� VWDJQHUHQGH� WHQGHQV�� WUDILNNHQ� Sn� KRYHGJDGHU� L� FHQWUXPVRPUnGHU� XGYLVHU� HQ� ID O�
GHQGH�WHQGHQV��PHQV�WUDILNNHQ�Sn�LQGIDOGV��RJ�JHQQHPIDUWVYHMH�NXQ�XGYLVHU�HQ�VYDJW�VWLJHQGH
WHQGHQV�� 6DPOHW� VHW� HU� WUDILNNHQ� Sn� GH� ��� JDGHU� LNNH� VWHJHW� L� SHULRGHQ� ����� WLO� ������ ,� GHQ
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VDPPH� SHULRGH� HU� WUDILNNHQ� Sn� ODQGVSODQ� VWHJHW� PHG� ����� 'HQ� Y VHQWOLJH� IRUVNHO� VN\OGHV
KRYHGVDJHOLJ�DW�YHMQHWWHW�HU�XGE\JJHW�RJ�DW�GHQ�PHVW�PDUNDQW�WUDILN¡JQLQJ�L�'DQPDUN�HU�VNHW
Sn�PRWRUYHMH�RJ�UHJLRQDOH�YHMH��RJ�GLVVH�LQGJnU�LNNH�L�RYHUYnJQLQJVV\VWHPHW�

������ 9HMULQGHNV

9DULDWLRQHU�L�OXIWNYDOLWHWHQ�HU�VW UNW�DIK QJLJH�DI�YDULDWLRQHU�L�YHMUHW��LNNH�NXQ�IUD�GDJ�WLO�GDJ�
PHQ�RJVn�IUD�nU�WLO�nU��7LO�EHO\VQLQJ�DI�GHWWH�KDU�'0,�XGYLNOHW�PRGHOOHU�IRU�HW�YHMULQGHNV��GHU
HWDEOHUHU�VDPPHQK QJHQ�PHOOHP�PHWHRURORJLVNH�SDUDPHWUH�RJ� OXIWNYDOLWHW��'H�PHVW� VLJQLI L�
NDQWH�YHMUSDUDPHWUH�HU�YLQGKDVWLJKHG�RJ��UHWQLQJ��PHQV�DWPRVI UHQV�VWDELOLWHW��JU QVHODJVK¡M�
GH��VROLQGVWUnOLQJ��WHPSHUDWXU�RJ�IXJWLJKHG�NXQ�KDU�PLQGUH�EHW\GQLQJ�

9HMULQGHNV ���������
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%UHGJDGH

+& $QGHUVHQV %RXOHYDUG

-DJWYHM

)LJXU ��� 9HMULQGHNV IRU +�&� $QGHUVHQV %RXOHYDUG� -DJWYHM RJ %UHGJDGH L .¡EHQKDYQ IRU SHULRGHQ �����
��� ,QGHNVHW HU EDVHUHW Sn GHQ PnOWH YLQGKDVWLJKHG� YLQGUHWQLQJ L IRUKROG WLO JDGHQV UHWQLQJ RJ JDGHUXPPHWV
RSE\JQLQJ�

)LJXU�����YLVHU�HW�HNVHPSHO�Sn�YHMULQGHNV�EHUHJQHW�IRU�+�&��$QGHUVHQV�%RXOHYDUG��-DJWYHM�RJ
%UHGJDGH�L�.¡EHQKDYQ�IRU�SHULRGHQ����������,QGHNVHW�YLVHU�YHMUHWV�SRWHQWLHOOH�LQGIO\GHOVH�Sn
OXIWIRUXUHQLQJHQ�L�JDGHQLYHDX��'HW�IUHPJnU�DW�GHU�NDQ�Y UH�VWRUH�IRUVNHOOH�Sn�GH�WUH�VWDWLRQHU�
GRJ�PHG������VRP�HQ�XQGWDJHOVH��RJ�DW�YDULDWLRQHUQH�IRU�+�&��$QGHUVHQV�%RXOHYDUG�HU�PLQ�
GUH�HQG�IRU�GH�WR�DQGUH�VWDWLRQHU�

9HMUHW� L������EHYLUNHGH�HW�K¡MW�YHMULQGHNV��VSHFLHOW� IRU�-DJWYHM��KYLONHW�RJVn�VYDUHGH� WLO� OXI W�
NYDOLWHWVPnOLQJHUQH��MI��)LJXU�������0HG�HW�YHMULQGHNV�NDQ�OXIWNYDOLWHWVGDWD�Sn�HQ�VLPSHO�PnGH
NRUULJHUHV� IRU� YDULDWLRQHU� L� YHMUHW�� Sn� WLOVYDUHQGH�PnGH� VRP�GHU�NRUULJHUHV� IRU�JUDGGDJH�YHG
RSJ¡UHOVHU�DI�YDUPHIRUEUXJ��0HQ�GHW�VNDO�SRLQWHUHV�DW�GH�PHUH�NRPSOHNVH�PRGHOEHUHJQLQJHU
SU VHQWHUHW�L�Q VWH�DIVQLW�JHQHUHOW�JLYHU�HQ�EHGUH�IRUNODULQJ�DI�YDULDWLRQHUQH�

������ /XIWNYDOLWHWVLQGHNV

'HU�HNVLVWHUHU�HQ�GHO�PHUH�HOOHU�PLQGUH�DYDQFHUHGH�PRGHOOHU�GHU�NDQ�EHUHJQH� OXIWNYDOLWHW�XG
IUD�WUDILNW OOLQJHU�RJ�WUDILNRUWO JQLQJHU��1RJOH�DI�GLVVH�PRGHOOHU�EHQ\WWHU�VWDQGDUG�PHWHRUROR�
JLVNH�GDWD��JHQQHPVQLWVGDWD��PHQV�DQGUH�EHQ\WWHU�REVHUYHUHGH�PHWHRURORJLVNH�GDWD�

�������� %HUHJQHW�YHG�DQYHQGHOVH�DI�%/%

(Q�DI�GH�PHUH� VLPSOH��PHQ�PHJHW�DQYHQGWH�PRGHOOHU�� HU�GHQ�QRUGLVNH�%HUHJQLQJVPRGHO� IRU
/XIWIRUXUHQLQJ�L�%\JDGHU��%/%���'HQQH�EHQ\WWHU�VWDQGDUG�PHWHRURORJLVNH�GDWD��RJ�UHVXOWDWHUQH



��

IUD�GHQQH�PRGHO�HU�GHUIRU�XSnYLUNHW�DI�YDULDWLRQHU� L�YHMUHW��%/%�EHUHJQHU�NRQFHQWUDWLRQHU�DI
&2�RJ�12���RJ�GHW�HU� VnOHGHV�NXQ�GLVVH� WR� VWRIIHU� GHU� LQGJnU� L� GHQQH�GHO� DI� XQGHUV¡JHOVHQ�
'HWWH�HU�LNNH�RSWLPDOW�VHW�L�O\VHW�DI�GHQ�YLGHQ�RP�RJ�IRNXV�Sn�IRUXUHQLQJHQ�PHG�EODQGW�DQGHW
SDUWLNOHU�VRP�KDU�SU JHW�GHEDWWHQ�RP�WUDILNNHQV�IRUXUHQLQJ�L�GH�VHQHUH�nU�
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�

7UDILNLQGHNV IRU SURMHNWHW

12� LQGHNV �%/%�

&2 LQGHNV �%/%�

)LJXU ��� %HUHJQHW OXIWNYDOLWHWVLQGHNV YHG DQYHQGHOVH DI %/%� .XUYHUQH YLVHU JHQQHPVQLWWHW IRU VDPWOLJH JDGHU
GHU LQGJnU L RYHUYnJQLQJVV\VWHPHW� 6WUHJHQ PHOOHP ���� RJ ���� DQJLYHU VNLIWHW PHOOHP  OGUH RJ Q\HUH WUDILN�
GDWD PHG VW¡UUH VWDWLVWLVN VLNNHUKHG�

5HVXOWDWHU� DI� OXIWNYDOLWHWVEHUHJQLQJHU� IRU� 12�� RJ� &2� JHQQHPI¡UW� DI� 9HMGLUHNWRUDWHW� �)LJXU
�����YLVHU�DW�OXIWNYDOLWHWHQ�IRUWVDW�IRUEHGUHV��6nOHGHV�HU�&2�QLYHDXHUQH�IDOGHW�VW¡W�PHG�L�JHQ�
QHPVQLW�����IUD������WLO������PHQV�12��QLYHDXHUQH�HU�IDOGHW�PHG�����L�VQLW�

)RUEHGULQJHUQH�L�OXIWNYDOLWHWHQ�VN\OGHV�KRYHGVDJHOLJ�DW�HPLVVLRQHUQH�IUD�GH�HQNHOWH�N¡UHW¡MHU
HU�UHGXFHUHW�LV U�YHG�LQGI¡UHOVHQ�DI�NDWDO\VDWRUHU�Sn�EHQ]LQELOHU�

%nGH�IRU�&2�RJ�IRU�12��HU�GHU�HQ�ULPHOLJ�JRG�RYHUHQVVWHPPHOVH�PHOOHP�EHUHJQHGH�RJ�PnOWH
Y UGLHU�Sn�GH�WUH�JDGHU�L�XQGHUV¡JHOVHQ�KYRU�GHU�HU�OXIWPnOHVWDWLRQHU�

�������� %HUHJQHW�YHG�DQYHQGHOVH�DI�2630

(Q�PHUH�DYDQFHUHW�PRGHO�WLO�EHUHJQLQJ�DI�OXIWNYDOLWHWHQ�HU�³2SHUDWLRQDO�6WUHHW�3ROOXWLRQ�0R�
GHO´��2630���XGYLNOHW�DI�'08��'HQQH�PRGHO�HU�EDVHUHW�Sn�DWPRVI UHNHPLVNH� OLJQLQJHU�RJ
NDQ�EnGH�EHQ\WWH�PRGHOGDWD�RJ�REVHUYHUHGH�GDWD�

9HG�DW�VDPPHQKROGH�PRGHOEHUHJQLQJHU�PHG�OXIWNYDOLWHWVPnOLQJHU�NDQ�PDQ�UHJQH�VLJ�IUHP�WLO
NLOGHVW\UNHQ� �HPLVVLRQHQ�� RJ� Sn� GHQ�PnGH� EHVWHPPH� XGYLNOLQJHQ� L� NLOGHQV� IDNWLVNH� ELGUDJ�
'HQQH�XGYLNOLQJ�HU�XSnYLUNHW�DI�GH�PHWHRURORJLVNH�IRUKROG��$QYHQGHOVHQ�DI�GHQQH�PHWRGH�Sn
WUDILNNHQ�HU�YLVW�IRU�-DJWYHM��.¡EHQKDYQ��)LJXU�������RJ�IRU�$OEDQLJDGH��2GHQVH��)LJXU������

)RUVNHOOHQ�PHOOHP�PnOLQJHUQH� L� JDGHQ�RJ�Sn� WDJVWDWLRQHQ�JLYHU�ELGUDJHW� WLO� OXIWIRUXUHQLQJHQ
IUD�WUDILNNHQ�L�JDGHQ��'HWWH�ELGUDJ�IRU�VWRIIHUQH�12[��&2�RJ�EHQ]HQ�HU�YLVW�VDPPHQ�PHG�GH
EHUHJQHGH� HPLVVLRQHU� IRU� SHULRGHQ� ���������� �&2�� RJ� EHQ]HQPnOLQJHU� VWDUWHGH� GRJ� I¡UVW� L
�������9DULDWLRQHQ�L�GH�PnOWH� OXIWNRQFHQWUDWLRQHUQH�HU�SnYLUNHW�DI�YDULDWLRQHU� L�YHMUHW� L�PRG�
V WQLQJ�WLO�GH�EHUHJQHGH�HPLVVLRQHU�
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&DOFXODWHG HPLVVLRQV

0HDVXUHG FRQFHQWUDWLRQV
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&DOFXODWHG HPLVVLRQV

0HDVXUHG FRQFHQWUDWLRQV

)LJXU ��� 8GYLNOLQJ L WUDILNNHQV ELGUDJ WLO OXIWIRUXUH�
QLQJ DI 12[� &2 RJ EHQ]HQ Sn -DJWYHM� .¡EHQKDYQ
XGWU\NW L IRUP DI JHQQHPVQLWOLJH G¡JQHPLVVLRQHU� 7LO
VDPPHQOLJQLQJ HU YLVW GH PnOWH NRQFHQWUDWLRQHU
NRUULJHUHW IRU EDJJUXQGVIRUXUHQLQJ�

)LJXU ��� 6RP )LJXU ���� PHQ IRU $OEDQLJDGH�
2GHQVH�



��

)RU�-DJWYHM�VHV�GHW�PHVW�PDUNDQWH� IDOG� IRU�VWRIIHW�EHQ]HQ��HQ�UHGXNWLRQ�Sn�FD������L������ L
IRUKROG� WLO� ������� 'HWWH� VN\OGHV� GHQ� O¡EHQGH� IRUQ\HOVH� DI� ELOSDUNHQ� RJ� GHQ� KHUDI� I¡OJHQGH
VWLJHQGH� DQGHO� DI� NDWDO\VDWRUELOHU�� PHQ� RJVn� HQ� Y VHQWOLJ� UHGXNWLRQ� DI� EHQ]HQLQGKROGHW� L
EHQ]LQ�L� O¡EHW�DI�������1RJHW�PLQGUH�IDOG�VHV�IRU�&2��FD������UHGXNWLRQ��RJ�12[ �FD�����
UHGXNWLRQ��� 6DPPHQOLJQHV� GH� EHUHJQHGH� HPLVVLRQHU� PHG� GH� PnOWH� NRQFHQWUDWLRQHU� VHV� HQ
JHQHUHO�JRG�RYHUHQVVWHPPHOVH��PHQ�GHW�EHP UNHV�DW�GHU�VSHFLHOW�HU�DIYLJHOVHU�L������RJ�����
KYRU�PLQGUH�JRGH�VSUHGQLQJVIRUKROG�EHYLUNHGH�DW�GH�PnOWH�NRQFHQWUDWLRQHU�YDU� UHODWLYW�K¡MH�
)RU�$OEDQLJDGH�HU�WLGVVHULHQ�NRUWHUH�KYLONHW�J¡U�GHW�YDQVNHOLJHUH�DW�YXUGHUH�XGYLNOLQJHQ�

(Q�OLJQHQGH�PHWRGH�HU�DQYHQGW�Sn�GHQ�JHQHUHOOH�OXIWIRUXUHQLQJ�L�.¡EHQKDYQ��EDJJUXQGVIRUX�
UHQLQJ��� ,� )LJXU� ���� HU� YLVW�PnOLQJHU� DI�12[��12��� RJ� R]RQ� �2��� IUD� E\EDJJUXQGVVWDWLRQHQ� L
.¡EHQKDYQ��'H�REVHUYHUHGH�YDULDWLRQHU�IUD�nU�WLO�nU�HU�VPn��RJ�GHU�NDQ�LNNH�VHV�QRJHQ�W\GHOLJ
WHQGHQV��.RQFHQWUDWLRQHUQH�DI�R]RQ�L�E\RPUnGHU� QGUHU�VLJ�PRGVDW�12[�KYLONHW�EHW\GHU�DW�GHQ
ORNDOH� OXIWIRUXUHQLQJ� IUD� WUDILNNHQ� PHGI¡UHU� HQ� IDNWLVN� UHGXNWLRQ� DI� R]RQOXIWIRUXUHQLQJHQ� L
E\RPUnGHU��7RWDOW�VHW�JLYHU�WUDILNNHQV�OXIWIRUXUHQLQJ�GRJ�¡JHGH�L�R]RQNRQFHQWUDWLRQHU�

0RGHOEHUHJQLQJHUQH�IRU�SHULRGHQ������������YLVW�L�)LJXU�����PHG�HQ�VWLSOHW�OLQLH��HU�IRUHWDJHW
PHG�HQ�WUDILNHPLVVLRQVRSJ¡UHOVH�XGDUEHMGHW�DI�9HMGLUHNWRUDWHW�L�IRUELQGHOVH�PHG�GHW�6WUDWHJ L�
VNH�0LOM¡IRUVNQLQJVSURJUDP� ����������� %HUHJQLQJHUQH� HU� XGI¡UW�PHG� HQ� X QGUHW� HPLVVLRQ
IRU�VDPWOLJH�nU��RJ�YDULDWLRQHQ�L�GH�EHUHJQHGH�NRQFHQWUDWLRQHU�VN\OGHV�GHUIRU�NXQ�YDULDWLRQHQ�L
GH�PHWHRURORJLVNH�IRUKROG�IUD�nU� WLO�nU��9HG�DW�VDPPHQKROGH�GH�EHUHJQHGH�RJ�GH�PnOWH�NRQ�
FHQWUDWLRQHU�DI�12[�NDQ�PDQ�EHVWHPPH�GHQ�UHODWLYH�YDULDWLRQ�DI�GH�JHQQHPVQLWOLJH�HPLVVLRQHU
L�.¡EHQKDYQ�
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'HQ UHODWLYH YDULDWLRQ L 12[ HPLVVLRQHU L .¡EHQKDYQ

)LJXU ��� 8GYLNOLQJ DI PnOWH RJ EHUHJQHGH OXIWIRU�
XUHQLQJVNRQFHQWDWLRQHU L .¡EHQKDYQV E\EDJJUXQG�
0RGHOEHUHJQLQJHUQH �VWLSOHW OLQMH� HU IRUHWDJHW PHG
HQ X QGUHW HPLVVLRQ RJ DIVSHMOHU GHUIRU YDULDWLRQHU�
QH L YHMUHW�

)LJXU ��� 8GYLNOLQJ L GH JHQQHPVQLWOLJH 12[ HPLVVL�
RQHU L .¡EHQKDYQ EHVWHPW XG IUD VDPPHQOLJQLQJ
PHOOHP PnOLQJHU RJ PRGHOEHUHJQLQJHU�

5HVXOWDWHUQH�HU�YLVW�L�)LJXU�����KYRU�HPLVVLRQHQ�L������HU�VDW�WLO�������'HW�VHV�DW�GHQ�JHQQHP�
VQLWOLJH�UHGXNWLRQ�DI�12[�HPLVVLRQHUQH�IUD�WUDILNNHQ�L�.¡EHQKDYQ�HU�UHW�EHVNHGHQ���PLQGUH�HQG
����cUVDJHQ�WLO�DW�GHQQH�UHGXNWLRQ�HU�Y VHQWOLJW�PLQGUH�HQG�UHGXNWLRQHQ�DI�HPLVVLRQHUQH�IUD
WUDILNNHQ�L�-DJWYHM��HU�DW�PHQV� WUDILNNHQ� L�GH�PHVW� WUDILNHUHGH�JDGHU�JHQHUHOW�HU� IDOGHW�HU�GHQ
VDPOHGH�WUDILN�L�.¡EHQKDYQ�IRUPHQWOLJW�VWHJHW��'HVXGHQ�VWDPPHU�HW�Y VHQWOLJW�ELGUDJ�WLO�12 [

IRUXUHQLQJHQ�IUD�GHQ�WXQJH�GLHVHOWUDILN��,�PRGV WQLQJ�WLO�SHUVRQELOWUDILNNHQ�HU�GHU�HQGQX�LNNH
LQGI¡UW�HQ�HIIHNWLY�HPLVVLRQVEHJU QVHQGH�WHNQRORJL�IRU�GLHVHO�ELOHU��'HW�VNDO�EHP UNHV�DW�GHQ
WXQJH�WUDILNV�DQGHO�DI�WUDILNNHQ�Sn�-DJWYHM�HU�OLOOH�



��

���� .RQNOXVLRQ

/XIWNYDOLWHWVPnOLQJHU�DI�NXOLOWH��NY OVWRIR[LGHU�RJ�EHQ]HQ�YLVHU�DW�OXIWIRUXUHQLQJHQ�IUD�WUDILN�
NHQ�L�JDGHU�L�.¡EHQKDYQ�KDU�Y UHW�NODUW�IDOGHQGH�IUD������WLO������

)DOGHW�L�OXIWIRUXUHQLQJ�IUD�WUDILNNHQ�L�E\JDGHU�L�GH�VHQHUH�nU�VN\OGHV�I¡UVW�RJ�IUHPPHVW�DW�XG�
VOLSSHW� IUD� LV U�SHUVRQELOHUQH�HU�EOHYHW� UHGXFHUHW� L� WDNW�PHG�GHQ�VWLJHQGH�DQGHO�DI�ELOHU�PHG
NDWDO\VDWRUHU��6SHFLHOW�VHV�HW�PHJHW�NUDIWLJW�IDOG�L� IRUXUHQLQJHQ�PHG�EHQ]HQ�IRUGL�EHQ]HQLQG�
KROGHW�L�EHQ]LQ�VROJW�L�+RYHGVWDGVRPUnGHW�HU�UHGXFHUHW�PHG�RPNULQJ������L�SHULRGHQ�

'HU�HU� LNNH�REVHUYHUHW� HW� WLOVYDUHQGH� IDOG� L� GHQ�JHQHUHOOH� �E\EDJJUXQGV��� IRUXUHQLQJ�PHG� I[
NY OVWRIR[LGHU��'HW�VN\OGHV�DW�GHQ�VDPOHGH�WUDILN�L�.¡EHQKDYQ�HU�VWHJHW��RJ�DW�GHU�HU�HW�Y �
VHQWOLJW�ELGUDJ�PHG�NY OVWRIR[LGHU�IUD�GHQ�WXQJH�WUDILN�

6DPOHW�HU�WUDILNNHQ�L�'DQPDUN�VWHJHW�PHG�����L�SHULRGHQ������WLO�������,�VDPPH�WLGVUXP�YDU
WUDILNNHQ�Sn�KRYHGJDGHU� L�E\RPUnGHU�VWDJQHUHQGH�� L�KRYHGJDGHU� L�FHQWUXPRPUnGHU�VYDJW� ID O�
GHQGH� RJ� Sn� LQGIDOGV�� RJ� JHQQHPIDUWVYHMH� VYDJW� VWLJHQGH��7UDILNLQGHNV� IRU� VDPWOLJH� JDGHU� L
729�SURMHNWHW�YDU�VWRUW�VHW�NRQVWDQW�L�KHOH�SHULRGHQ��FD��PHOOHP����RJ������

9HMGLUHNWRUDWHWV�EHUHJQLQJHU�DI�OXIWNYDOLWHWHQ�EDVHUHW�Sn�GH�PnOWH�WUDILNGDWD�RJ�%HUHJQLQJVPR�
GHO� IRU� /XIWIRUXUHQLQJ� L� %\JDGHU� �%/%�� YLVHU� IRU� VDPWOLJH� JDGHW\SHU� DW� IRU� 12 �� RJ� &2� HU
OXIWNYDOLWHWHQ�PDUNDQW�IRUEHGUHW��6nOHGHV�HU�&2�QLYHDXHUQH�IDOGHW�VW¡W�PHG�L�JHQQHPVQLW����
IUD������WLO������PHQV�12��QLYHDXHUQH�HU�IDOGHW�PHG�����L�VQLW�

%HUHJQLQJHU� PHG� OXIWNYDOLWHWVPRGHOOHU� RJ� PRGHOOHU� IRU� YHMULQGHNV� JHQQHPI¡UW� DI� '08� RJ
'0,�YLVHU��DW�GH�PnOWH�OXIWNYDOLWHWVGDWD�NDQ�QRUPDOLVHUHV��VnOHGHV�DW�YDULHUHQGH�PHWHRURORJ L�
VNH�IRUKROG�IUD�nU�WLO�nU�IUDILOWHUHUHV��+HUYHG�NDQ�GHQ�UHHOOH�XGYLNOLQJ�L�OXIWNYDOLWHWHQ�YXUGHUHV�
'H�XGYLNOHGH�PHWRGHU�KDU�YLVW�VLJ�YHOHJQHW�WLO�DW�EHVWHPPH�WUDILNNHQV�ELGUDJ�WLO�OXIWIRUXUHQLQ�
JHQ� EDVHUHW� Sn� UXWLQHP VVLJH� OXIWNYDOLWHWVPnOLQJHU�� PHWHRURORJLVNH� PnOLQJHU� RJ� O¡EHQGH
WUDILNW OOLQJHU��'HW�Pn�GHUIRU�DQEHIDOHV�DW�V\VWHPHW�EOLYHU�YLGHUHI¡UW�

���� 5HIHUHQFHU�WLO�GHWWH�DIVQLW

7UDILNPLQLVWHULHW��������5HJHULQJHQV�WUDQVSRUWKDQGOLQJVSODQ�IRU�PLOM¡�RJ�XGYLNOLQJ�

7UDILNPLQLVWHULHW��������7UDILN�������3UREOHPVWLOOLQJHU��PnO�RJ�VWUDWHJLHU�

9HMGLUHNWRUDWHW��������*DGHOXIWNYDOLWHW�L�'DQPDUN���EHUHJQLQJHU�Sn����JDGHU��5DSSRUW�QU�����

'DQPDUNV�0HWHRURORJLVNH� ,QVWLWXW�� ������ $IWDOH� PHOOHP� 'DQPDUNV�0HWHRURORJLVNH� ,QVWLWXW�

'DQPDUNV� 0LOM¡XQGHUV¡JHOVHU�� 9HMGLUHNWRUDWHW� RJ� 0LOM¡NRQWUROOHQ� .¡EHQKDYQ� YHGU¡UHQGH

7UDILNSXOMHSURMHNWHW��2YHUYnJQLQJ�DI�OXIWNYDOLWHWHQ�RJ�WUDILNNHQV�ELGUDJ�WLO�OXIWIRUXUHQLQJHQ��
1RWDW�

.LLOVKROP�� 6�� DQG� 5DVPXVVHQ�� $��� ������ 7UHQGV� RI� $LU� 3ROOXWLRQ� 1RUPDOLVHG� E\� D� 6LPSOH
:HDWKHU�,QGH[�0RGHO��7HFK��5HSRUW���±����'0,�

9HMGLUHNWRUDWHW�� ������ 7UDILN� RJ� JDGHOXIW� L� 'DQPDUN�� 5HJLVWUHULQJ� RJ� EHUHJQLQJ� IRU� �����
������5DSSRUW�QU������

+HUWHO�� 2��� %HUNRZLF]�� 5��� 3DOPJUHQ�� )��� .HPS�� .�� RJ� (JHO¡Y�� $��� ������ 2YHUYnJQLQJ� DI
WUDILNNHQV�ELGUDJ�WLO�OXIWIRUXUHQLQJ��729����0nOLQJHU�RJ�DQDO\VHU�XGI¡UW�DI�'08��'DQPDUNV
0LOM¡XQGHUV¡JHOVHU�����V����)DJOLJ�UDSSRUW�IUD�'08��QU�������RQOLQH��� �KWWS���ZZZ�GPX�GN��
YLGHQ���3XEOLNDWLRQHU���



��

��� $WPRVI UHPRGHOOHU

���� 3URMHNWIRUPnO

3URMHNWHWV�IRUPnO�YDU�DW�IRUEHGUH�JU QVHODJVSDUDPHWULVHULQJHQ�L�'0,¶V�DWPRVI UHPRGHO�'0,�
+,5/$0��'0,�+,JK�5HVROXWLRQ�/LPLWHG�$UHD�0RGHO���LGHW�HQ�PHUH�Q¡MDJWLJ�IRUXGVLJHOVH�DI
UHOHYDQWH� PHWHRURORJLVNH� SDUDPHWUH� HU� HQ� IRUXGV WQLQJ� IRU� K¡M� NYDOLWHW� DI� EHUHJQLQJHU� DI
OXIWIRUXUHQLQJ� IUD� WUDILNNHQ��(QGYLGHUH� HU� GHU�PHG� VW¡WWH� IUD� 7UDILNSXOMHQ� XGYLNOHW� HQ� I¡UVWH
YHUVLRQ�DI�HQ�LQWHJUHUHW�DWPRVI UH��RJ�VSUHGQLQJVPRGHO��'0,�+,5/$0�75$&(5��

���� ,QGOHGQLQJ

+,5/$0�V\VWHPHW�HU�HW�DYDQFHUHW�QXPHULVN�YHMUSURJQRVH�V\VWHP�EHVWnHQGH�DI�IRUEHKDQGOLQJ
DI�GDWD�� DQDO\VHU�� LQLWLDOLVDWLRQ��SURJQRVHU�� HIWHUEHKDQGOLQJ�DI�GDWD�RJ�YHULILNDWLRQ��+,5/$0
EOHY�RSULQGHOLJ�XGYLNOHW�L�HW�LQWHUQDWLRQDOW�VDPDUEHMGH��VRP�VWDUWHGH�L�������PHOOHP�GH�PHWHR�
URORJLVNH�LQVWLWXWWHU� L�GH�1RUGLVNH� ODQGH�RJ�+ROODQG��6HQHUH�KDU� ,UODQG��)UDQNULJ�RJ�6SDQLHQ
WLOVOXWWHW� VLJ� VDPDUEHMGHW�� RJ� L� GDJ� HU�+,5/$0� L� RSHUDWLRQHO� GULIW� L� IOHUWDOOHW� DI� GLVVH� ODQGH
�'DQPDUN�� 1RUJH�� 6YHULJH�� )LQODQG�� ,UODQG�� +ROODQG� RJ� 6SDQLHQ��� ,� 'DQPDUN� EOHY� '0,�
+,5/$0�VDW�L�RSHUDWLRQHO�GULIW�L�HIWHUnUHW������

+,5/$0�HU�HQ�K\GURVWDWLVN�JLWWHUSXQNWVPRGHO�KYRU�GH�PHWHRURORJLVNH�SDUDPHWUH�YLQG��WU\N�
WHPSHUDWXU�RJ� IXJWLJKHG�EHUHJQHV�XG� IUD� DWPRVI UHOLJQLQJHU� �EHY JHOVHVOLJQLQJHU�� NRQWLQXL�
WHWVOLJQLQJHU��WHUPRG\QDPLVNH�OLJQLQJHU��WLOVWDQGVOLJQLQJHU�P�P��

)LJXU�����RJ�)LJXU�����YLVHU�KKY��GHQ�YHUWLNDOH�RSO¡VQLQJ�RJ�PRGHODUHDOHU� IRU�GH� IRUVNHOOLJH
YHUVLRQHU�DI�'0,�+,5/$0��'HW�HU� VSHFLHOW�GDWD� IUD�'0,�+,5/$0�(�RJ�'0,�+,5/$0�'
GHU�EHQ\WWHV�WLO�EHUHJQLQJHU�DI�VSUHGQLQJ�RJ�OXIWIRUXUHQLQJ�L�'DQPDUN�
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)LJXU ��� '0,�+,5/$0 KDU S�W� �� ODJ
L DWPRVI UHQ RJ WUH ODJ OLJH XQGHU
MRUGRYHUIODGHQ� 'H VLGVWQ YQWH ODJ� GHU
WLOVDPPHQ KDU HQ W\NNHOVH Sn OLGW XQGHU
� PHWHU� HU Q¡GYHQGLJH DI KHQV\Q WLO
EHUHJQLQJHQ DI MRUGRYHUIODGHQV WHPSH�
UDWXU� IXJWLJKHG� YDQGLQGKROG RJ VQH�
G\EGH�

'0,�+,5/$0 KDU LNNH WLOVYDUHQGH ODJ L
RYHUIODGHQ DI RFHDQHW� PHQ RFHDQHUQHV
WHPSHUDWXU YHG RYHUIODGHQ RJ IRUGDPS�
QLQJ IUD RFHDQHUQH KDU DIJ¡UHQGH
EHW\GQLQJ IRU YHMUXGYLNOLQJHQ�



��

'HW�IUHPJnU�DW�'0,�+,5/$0�LNNH�S�W��KDU�PDQJH�ODJ�L��EODQGLQJVODJHW����ODJHW�YHG�MRUGRYHU�
IODGHQ�KYRU�GHU�VNHU�JRG�RSEODQGLQJ�DI�OXIWHQ���VnOHGHV�HU�GHU�I[�NXQ���ODJ�WLO�DW�EHVNULYH�GH
QHGHUVWH������PHWHU��'HU�HU�GHUIRU�SODQHU�RP�DW�XGYLGH�DQWDOOHW�DI�ODJ�L�Q U�IUHPWLG�KYLONHW�YLO
JLYH�PXOLJKHG�IRU�PHUH�SU FLVH�IRUXGVLJHOVHU�DI�UHOHYDQWH�PHWHRURORJLVNH�SDUDPHWUH�

9HG� XGYLNOLQJHQ� DI� Q\H� JU QVHODJVSDUDPHWULVHULQJHU� HU� GHU� RJVn� EHQ\WWHW� pQ�GLPHQVLRQDOH
PRGHOOHU�PHG�PHJHW�K¡M�RSO¡VQLQJ�

 20N

 40W  20W   0  20E
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)LJXU ��� $UHDOHU IRU GHW RSHUD�
WLRQHOOH '0,�+,5/$0 V\VWHP
VLGHQ RNWREHU �����

'0,
V YHMUPRGHOV\VWHP EHVWnU DI
PRGHOYHUVLRQHUQH '0,�
+,5/$0�*� '0,�+,5/$0�(�
'0,�+,5/$0�1 RJ '0,�
+,5/$0�'� %RUWVHW IUD EHUHJ�
QLQJVRPUnGH RJ KRULVRQWDO
W WKHG DI EHUHJQLQJVSXQNWHU HU
PRGHOYHUVLRQHUQH HQV� $IVWDQGHQ
PHOOHP EHUHJQLQJVSXQNWHUQH
YDULHUHU IUD FD� �� NP L * RYHU
�� NP L 1 RJ ( WLO FD� � NP L '�
' RJ 1 HU ORNDOH PRGHOOHU PHG
K¡M RSO¡VQLQJ IRU KKY� 'DQPDUN
RJ *U¡QODQG� PHQV * RJ ( HU
UHJLRQDOH PRGHOOHU IRU KKY�
1RUGDWODQWHQ RJ (XURSD�

���� 5HVXOWDWHU

'HU�HU�PDQJH�IDNWRUHU�GHU�KDU� LQGYLUNQLQJ�Sn�NYDOLWHWHQ�DI�GH� IRU� OXIWIRUXUHQLQJHQ� UHOHYDQWH
SDUDPHWUH��I[�YLQGKDVWLJKHG�RJ�YLQGUHWQLQJ��WHPSHUDWXU��VWDELOLWHW��JU QVHODJVK¡MGH��VN\G NNH
RJ�QHGE¡U���,�+,5/$0�VDPDUEHMGHW�HU�GHU�VnOHGHV�JHQQHP�GH�VHQHUH�nU�EOHYHW�XGI¡UW�HW�VWRUW
DUEHMGH� VSHFLHOW� YHGU�� GDWDDVVLPLODWLRQ� RJ� QHGE¡UGDQQHOVH��0HG� VW¡WWH� IUD� 7UDILNPLQLVWHULHWV
7UDILNSXOMH�KDU�GHW�Y UHW�PXOLJW�DW� IRNXVHUH�Sn�NYDOLWHWHQ�DI�SDUDPHWUH� L�JU QVHODJHW�RJ�RS�
E\JQLQJ�DI�HQ�I¡UVWH�YHUVLRQ�DI�HQ�LQWHJUHUHW�DWPRVI UH��RJ�VSUHGQLQJVPRGHO��+HU�YLO�GHU�EOLYH
JLYHW� HQ� NRUW� VDPPHQIDWQLQJ� DI� UHVXOWDWHW� DI� GHWWH� DUEHMGH�� ,� UHIHUHQFHUQH� �DIVQLW� ����� HU� HQ
PHUH�XGG\EHQGH�JHQQHPJDQJ�DI�UHVXOWDWHU�VDPW�RPIDWWHQGH�UHIHUHQFHOLVWHU�

������ 1\H�RYHUIODGHGDWD

7LO�EHUHJQLQJ�DI�GH�DWPRVI ULVNH�JU QVHODJVSDUDPWHUH�EHQ\WWHV�VnNDOGWH�I\VLRJUDILVNH�GDWD�GHU
EHVNULYHU�MRUGRYHUIODGHQV�EHVNDIIHQKHG�I[�K¡MGH��DOEHGR��UXKHG��WHPSHUDWXU�RJ�IXJWLJKHG�

'0,�KDU�Sn�EDVLV�DI�Q\H�I\VLRJUDILVNH�GDWD�PHG�K¡M�RSO¡VQLQJ�Sn�FD����NP�IUD�*OREDO����$UF
6HFRQG�(OHYDWLRQ��*7232�����*OREDO�/DQG�&RYHU�&KDUDFWHULVWLFV� �*/&&��RJ�.RUW�RJ�0D�
WULNOHVW\UHOVHQ��.06��XGDUEHMGHW�Q\H�RYHUIODGHGDWD�WLO�VDPWOLJH�YHUVLRQHU�DI�'0,�+,5/$0�

)LJXU�����YLVHU�GH�Q\H�K¡MRSO¡VQLQJV�I\VLRJUDILVNH�GDWD��ODQGW\SHU��IRU�'DQPDUN��RJ�WLOVYDUHQ�
GH� VHV� L� )LJXU� ���� GH� EHUHJQHGH� RYHUIODGH� UXKHGHU� �]��� IRU� '0,�+,5/$0�'� RJ� '0,�
+,5/$0�(�GHU�KKY��KDU���NP�RJ����NP�KRULVRQWDO�RSO¡VQLQJ��'HW� IUHPJnU�� DW� VSHFLHOW� �(�
PRGHOOHQ� KDU� IRU� JURY� RSO¡VQLQJ� WLO� EHUHJQLQJ� DI� GHWDOMHUHGH� SURJQRVHU� IRU� PHWHRURORJLVNH



��

SDUDPHWUH� L�JU QVHODJHW�PHQV��'��KDU�PDQJH�GHWDOMHU�PHG��'HW� VNDO�EHP UNHV�DW� �(��HU�HQ
UHJLRQDO�PRGHO�IRU�(XURSD��RJ�IRU�VWRU�VNDOD�VSUHGQLQJVHNVSHULPHQWHW�(XURSHDQ�7UDFHU�(;SH�
ULPHQW��(7(;���VH�%2;�����L�DIVQLW��������GHU�EOHY�JHQQHPI¡UW�L�HIWHUnUHW�������HU�GHU�RSQnHW
EHP UNHOVHVY UGLJH� UHVXOWDWHU� PHG� '0,
V� VSUHGQLQJVPRGHO� 'DQLVK� (PHUJHQF\� 5HVSRQVH
0RGHO�RI�WKH�$WPRVSKHUH��'(50$��YHG�DQYHQGHOVH�DI�Q\H�'0,�+,5/$0�(�GDWD�

)LJXU ��� .ODVVLILFHULQJ DI RYHUIODGH�
W\SHU RYHU 'DQPDUN XG IUD */&&�GDWD
RJ .06�GDWD� %HP UN� DW GHU L OHJHQG
QHGHQIRU NXQ HU DQJLYHW HW EHJU QVHW
DQWDO W\SHU� , 0RGHOOHQ HU GHU ��
IRUVNHOOLJH ODQGW\SHU�
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Surface Roughness, z0, in cm                             D05-HIRLAM                                         
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)LJXU ��� 2YHUIODGH UXKHG �]�� IRU '0,�+,5/$0�' RJ '0,�+,5/$0�( EHVWHPW XG IUD I\VLRJUDILVNH GDWD PHG
K¡M RSO¡VQLQJ� �'� PRGHOOHQ HU ORNDO PRGHO IRU 'DQPDUN PHG KRULVRQWDO RSO¡VQLQJ Sn FD� � NP PHQV �(� HU HQ
UHJLRQDO PRGHO IRU (XURSD PHG FD� �� NP RSO¡VQLQJ�



��

������ 1\W�WXUEXOHQVVNHPD

9LJWLJH�I\VLVNH�SURFHVVHU�L�DWPRVI UHQ�IRUHJnU�Sn�HQ�UXPOLJ�VNDOD�VRP�HU�PLQGUH�HQG�DIVWDQ�
GHQ� PHOOHP� DWPRVI UHPRGHOOHQV� EHUHJQLQJVSXQNWHU�� 'LVVH� VnNDOGWH� VXEJULG� VNDOD� I\VLVNH
SURFHVVHU�NDQ�GHUIRU�LNNH�EHUHJQHV�GLUHNWH�L�PRGHOOHQ��'HUHV�YLUNQLQJ�Sn�DWPRVI UHWLOVWDQGHQ
L�EHUHJQLQJVSXQNWHUQH�Pn�GHUIRU�SDUDPHWULVHUHV�KYLONHW�EHW\GHU�DW�GHUHV�HIIHNW�EHUHJQHV�LQG L�
UHNWH�Sn�JUXQGODJ�DI�IRUVNHOOH�L�DWPRVI UHWLOVWDQGHQ�PHOOHP�QDEREHUHJQLQJVSXQNWHU�RJ�L�YLVVH
WLOI OGH�Sn�JUXQGODJ�DI�IRUVNHOOH�L�HQ�OXIWV¡MOH�IUD�EXQG�WLO�WRS�L�DWPRVI UHQ��3DUDPHWULVHULQJHQ
E\JJHU�Sn�HQ�NRPELQDWLRQ�DI�WHRUL�RJ�IHOWPnOLQJHU��.UDYHW�WLO�SDUDPHWULVHULQJHQ�HU��DW�GHQ�PHG
VWRU�Q¡MDJWLJKHG�EHUHJQHU�HIIHNWHQ�DI�GH�I\VLVNH�SURFHVVHU�Sn�VXEJULG�VNDOD�XQGHU�DOOH�NOLPDW L�
VNH� IRUKROG� �GYV�� IUD� WURSLVN� WLO�DUNWLVN�NOLPD��RJ�XDQVHW�RP�SURFHVVHUQH� ILQGHU� VWHG� W W�YHG
MRUGRYHUIODGHQ�HOOHU�K¡MW�RSSH�L�DWPRVI UHQ�

'H�I\VLVNH�SURFHVVHU�VRP�SDUDPHWULVHUHV� L�'0,�+,5/$0��HU�� WXUEXOHQV��RYHUIODGHSURFHVVHU�
NRQYHNWLRQ��VN\HU��QHGE¡U�RJ� VWUnOLQJ��*HQQHP�GH� VHQHVWH�nU�HU�GHU� ODJW�HW� VWRUW� DUEHMGH� L� DW
IRUEHGUH�SDUDPHWHULVHULQJHQ�DI�IOHUH�DI�GH�RYHQQ YQWH�SURFHVVHU��'HW�J OGHU�EO�D��WXUEXOHQV�RJ
RYHUIODGHSURFHVVHU�

8QGHUV¡JHOVHU�PHG�'0,�+,5/$0�KDU�YLVW�DW�DUEHMGHW�PHG�DW�IRUEHGUH�WXUEXOHQVSDUDPHWHULVH�
ULQJHQ� HU� YHOEHJUXQGHW�� )RU� HNVHPSHO� KDU� XQGHUV¡JHOVHU� DIVO¡UHW� DW� YLJWLJH� GHWDOMHU� L� HQ� RU�
NDQXGYLNOLQJ�L�EHW\GHOLJ�JUDG�IRUPHV�DI�GHQ�EHQ\WWHGH�WXUEXOHQVSDUDPHWHULVHULQJ��'HW�J OGHU
RUNDQHQV� EDQH�� G\EGH� �GYV�� PLQLPXP� RYHUIODGHWU\N�� RJ� LNNH� PLQGVW� IRUPHQ� RJ� VW\UNHQ� DI
RUNDQHQV�YLQGIHOW�W W�YHG�RYHUIODGHQ�

7XUEXOHQV�HU�QDYQHW�Sn�HQ�³NDRWLVN´�VWU¡PQLQJ�KYRUL�GHU�ILQGHV�HW�PHJHW�VWRUW�DQWDO�LQWHUDNWLYH
KYLUYOHU�IUD�PLOOLPHWHU�WLO�NLORPHWHU�VW¡UUHOVH��6WU¡PQLQJHQ�L�DWPRVI UHQV�JU QVHODJ��RIWH�GHQ
QHGHUVWH�FD��HQ�NLORPHWHU�DI�DWPRVI UHQ��HU�Q VWHQ�DOWLG�WXUEXOHQW��+¡MHUH�RSSH�L�DWPRVI UHQ
RSWU GHU� WXUEXOHQV� L� IRUELQGHOVH�PHG� MHWVWU¡PPH�RJ�E\JHDNWLYLWHW��7XUEXOHQV�KDU�PHJHW� VWRU
EHW\GQLQJ�IRU�YHMUHW��)RU�HNVHPSHO�WUDQVSRUWHUHU�WXUEXOHQV�W\SLVN�LPSXOV��YDUPH�RJ�IXJWLJKHG
RS�RJ�QHG� L� DWPRVI UHQ���������JDQJH�PHUH�HIIHNWLYW� HQG�GH� WLOVYDUHQGH�PROHN\O UH� WUDQV�
SRUWHU�

7XUEXOHQVSDUDPHWULVHULQJ� E\JJHU� IRUPHOW� Sn� HQ� DQDORJL� WLO� GH� PROHN\O UH� WUDQVSRUWHU� DI� I[
LPSXOV��YDUPH�RJ�IXJWLJKHG��'LVVH�WUDQVSRUWHU�HU�SURSRUWLRQDOH�PHG�KKY��YLQG���WHPSHUDWXU��RJ
IXJWLJKHGVJUDGLHQWHUQH��3URSRUWLRQDOLWHWVIDNWRUHUQH�NDQ� L� DWPRVI UHQ�EHWUDJWHV� VRP�NRQVWDQ�
WHU�� )RU� LPSXOV� NDOGHV� NRQVWDQWHQ� IRU� GHQ� NLQHPDWLVNH� YLVNRVLWHWVNRHIILFHQW� RJ� IRU� YDUPH
KHGGHU�NRQVWDQWHQ�GHQ�WHUPLVNH�GLIIXVLYLWHWVNRHIILFLHQW��'H�DQDORJH�NRHIILFLHQWHU�L�WXUEXOHQV�
SDUDPHWULVHULQJHQ� NDOGHV� IRU� KKY�� HGG\� YLVNRVLWHWHQ� RJ� HGG\� GLIIXVVLYLWHWHQ�� (Q� VWRU� GHO� DI
NRPSOHNVLWHWHQ� L� GHQ� WXUEXOHQWH� VWU¡PQLQJ� OLJJHU� JHPW� L� HGG\� NRHIILFLHQWHUQH��'LVVH� NRHII L�
FLHQWHU�YDULHUHU�GHUIRU�PHJHW�L�EnGH�WLG�RJ�UXP��1RJHW�IRUHQNOHW�IUHPVWLOOHW�HU�XGIRUGULQJHQ�L
WXUEXOHQVSDUDPHWULVHULQJHQ�GHUIRU�DW�EHVNULYH�HGG\�NRHIILFLHQWHUQHV�YDULDWLRQ�L� WLG�RJ�UXP�Vn
Q¡MDJWLJW�VRP�PXOLJW�

7XUEXOHQV�NDQ�L�PRGV WQLQJ�WLO�PROHN\O U�YDUPHWUDQVSRUW�L�YLVVH�WLOI OGH�WUDQVSRUWHUH�YDUPH
IUD� HW� NROGHUH� WLO� HW� YDUPHUH� RPUnGH�� 'HWWH� NDOGHV� IRU� ³FRXQWHU�JUDGLHQW´� YDUPHWUDQVSRUW�
'HQQH� HIIHNW� EOHY�PHGWDJHW� L� GHW� ³LNNH�ORNDOH´� WXUEXOHQVVNHPD� GHU� EOHY� XGYLNOHW� WLO� '0,�
+,5/$0�L�VOXWQLQJHQ�DI�����
HUQH��6NHPDHW�EOHY�LQGI¡UW�RSHUDWLRQHOW�YHG�'0,�G������IHEUXDU
�����

(Q�DQGHQ�YDQVNHOLJKHG�HU�DW�EHVNULYH�WXUEXOHQVHQ�L�DWPRVI UHQV�JU QVHODJ�RJ�K¡MHUH�RSSH� L
DWPRVI UHQ�YHG�KM OS�DI�GH�VDPPH�IRUPOHU��)RU�DW�O¡VH�GHWWH�SUREOHP�HU�GHU�EOHYHW�XGYLNOHW�HW
Q\W�WXUEXOHQVVNHPD�WLO�'0,�+,5/$0��VRP�EHUHJQHU�GHQ�WXUEXOHQWH�NLQHWLVNH�HQHUJL��7.(��Sn
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JUXQGODJ� DI� GHQ� WXUEXOHQWH� NLQHWLVNH� HQHUJLOLJQLQJ�� 'HQ� EHUHJQHGH� 7.(� EHQ\WWHV� GHUHIWHU� L
EHUHJQLQJHQ�DI�HGG\�NRHILFLHQWHUQH��7.(�VNHPDHW�DIO¡VWH�GHW�³LNNH�ORNDOH´� VNHPD� L�'0,¶� V
RSHUDWLRQHOOH�PRGHOV\VWHP�G������6HSWHPEHU������

������ '0,�+,5/$0�75$&(5

1RUPDOW�HU�VSUHGQLQJVPRGHOOHU�RJ�YHMUSURJQRVHPRGHOOHU�DGVNLOW��PHQ�PHG�GH�VWDGLJ�NUDIWLJHUH
FRPSXWHUH�HU�GHU�L�GH�VHQHUH�nU�XGYLNOHW�VnNDOGWH�LQWHJUHUHGH�PRGHOOHU�KYRU�VSUHGQLQJVPRGX�
OHU�HU� LQWHJHUHW� L�YHMUSURJQRVHPRGHOOHQ��'HWWH� LQGHE UHU�PDQJH� IRUGHOH�RJ�NDQ�EHW\GH�PHUH
SU FLVH�RJ�GHWDOMHUHGH�SURJQRVHU��PHQ�HQGQX�HU�GHWWH�NRQFHSW�EHUHJQLQJVP VVLJW�Vn�NU YHQGH
DW�GH�LQWHJUHUHGH�PRGHOOHU�NXQ�DQYHQGHV�L�IRUVNQLQJHQ�RJ�L�IRUELQGHOVH�PHG�XQGHUV¡JHOVHU�DI
VSHFLHOOH�K QGHOVHU�

'0,�KDU�XGYLNOHW�HQ�I¡UVWH�YHUVLRQ�DI�HQ�LQWHJUHUHW�VSUHGQLQJV��RJ�YHMUSURJQRVHPRGHO��'0,�
+,5/$0�75$&(5��KYRU�VSUHGQLQJHQ�DI�SDVVLYH�WUDFHUH�HU�EOHYHW�LQNOXGHUHW�� )LJXU�����YLVHU
VSUHGQLQJHQ�EHUHJQHW�IRU�(7(;���KKY�����RJ����WLPHU�HIWHU�VWDUW��*HQHUHOW�HU�GHU�JRG�RYHUHQV�
VWHPPHOVH�PHOOHP�EHUHJQLQJHU�RJ�REVHUYDWLRQHU�
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)LJXU ��� %HUHJQHGH RYHUIODGH NRQFHQWUDWLRQHU IRU (7(;�� KKY� �� RJ �� WLPHU HIWHU HNVSHULPHQWHWV VWDUW PHG
'0,�+,5/$0�75$&(5�

%2; ���� (XURSHDQ 7UDFHU (;SHULPHQW �(7(;� EOHY JHQQHPI¡UW L RNWREHU RJ QRYHPEHU ����� LGHW GHU L WR
RPJDQJH EOHY JHQQHPI¡UW VWRUH NRQWUROOHUHGH XGVOLS DI VSRUVWRIIHW 3)& �3HU )OXRU &DUERQ�� 'HW I¡UVWH XGVOLS
IDQGW VWHG IUD G� ���������� ��] RJ �� WLPHU IUHP� PHQV XGVOLS QU� � VNHWH IUD G� ���������� ��] RJ �� WLPHU
IUHP� %HJJH XGVOLS IRUHJLN L %UHWDJQH�

'0, XGI¡UWH UHDO�WLPH EHUHJQLQJHU DI VSRUVWRIIHWV XGEUHGHOVH YHG DQYHQGHOVH DI VSUHGQLQJVPRGHOOHQ '(50$
�'DQLVK (PHUJHQF\ 5HVSRQVH 0RGHO IRU WKH $WPRVSKHUH�� (Q HYDOXHULQJ EDVHUHW Sn GDWD IUD GH PDQJH RSVWLOOH�
GH PnOHVWDWLRQHU YLVWH DW EODQGW �� UHDO�WLPH PRGHOOHU IUD (XURSD� 86$� &DQDGD� -DSDQ RJ ,VUDHO ILN '(50$ HQ
DEVROXW WRSSODFHULQJ�

(7(; YDU DUUDQJHUHW DI :02� ,$($ VDPW (8�NRPPLVVLRQHQ PHG GHW IRUPnO DW IUHPVNDIIH NYDOLWHWVGDWD WLO
YXUGHULQJ DI VSUHGQLQJVPRGHOOHU VSHFLHOW IRU ODQJWUDQVSRUW DI UDGLRDNWLYLWHW�



��

)LJXU�����YLVHU�GH�WLOVYDUHQGH�WLPH�NRQFHQWUDWLRQHU�EHUHJQHW�RJ�PnOW�YHG�5LV¡�IRU�(7(;���IRU
IRUVNHOOLJH�Y UGLHU�DI�GLIIXVLRQHQ�L�'0,�+,5/$0�75$&(5��'HW�IUHPJnU�DW�GH�EHGVWH�UHVXO�
WDWHU�RSQnV�YHG�DQYHQGHOVH�DI�YHUWLNDO�GLIIXVLRQ�DOHQH�PHQV�KRULVRQWDO�GLIIXVLRQ�JLYHU�IRU�ODYH
Y UGLHU�

'0,�+,5/$0�75$&(5�YLO�EOLYH�YLGHUHXGYLNOHW�WLO�DW�LQNOXGHUH�NLOGHU��HPLVVLRQHU��DWPRVI �
UHNHPLVNH�UHDNWLRQHU�P�P���RJ�GU Q��W¡U��RJ�YnGGHSRVLWLRQ��KHQIDOG��DWPRVI UHNHPLVNH�UHDN�
WLRQHU�P�P����Vn�PRGHOOHQ�PHUH�UHDOLVWLVN�NDQ�EHVNULYH�VSUHGQLQJHQ�DI�I[�UDGLRDNWLYH�VWRIIHU�RJ
DWPRVI UHNHPLVNH�VWRIIHU

30 40 50 60 70
Tid (timer) efter start af udslip af tracer for ETEX−1.
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Observerede og modellerede overflade koncentrationer
DMI−HIRLAM−TRACER beregninger for ETEX−1 for Risø

Vdiff + Hdiff
Målinger

Vdiff
Hdiff

)LJXU ��� %HUHJQHGH RYHUIODGH NRQFHQ�
WUDWLRQHU IRU (7(;�� RJ PnOWH NRQFHQ�
WUDWLRQHU YHG 5LV¡� 'H EHUHJQHGH NRQ�
FHQWUDWLRQHU HU IRU KKY� �9GLII�+GLII��
GHU DQJLYHU YHUWLNDO � KRULVRQWDO GLIIXVL�
RQ� �9GLII� GHU DQJLYHU YHUWLNDO GLIIXVLRQ
DOHQH RJ �+GLII� GHU DQJLYHU KRULVRQWDO
GLIIXVLRQ DOHQH�

'HW EHQ\WWHGH VNHPD IRU GHQ YHUWLNDOH
GLIIXVLRQ HU XGYLNOHW PHG VW¡WWH IUD
7UDILNSXOMHQ�

���� .RQNOXVLRQ

.YDOLWHWHQ�DI�'0,
V�RSHUDWLRQHOOH�SURJQRVHV\VWHP�'0,�+,5/$0�HU� IRUEHGUHW�YHG�IOHUH� Q�
GULQJHU�JHQQHP�GH�VHQHUH�nU��VnOHGHV�HU�GHU�LQGI¡UW�K¡MHUH�RSO¡VQLQJ�VDPW�IRUEHGUHGH�I\VLVNH
SDUDPHWULVHULQJHU��Q\H�I\VLRJUDILVNH�GDWD�VDPW�Q\H�JU QVHODJVSDUDPHWULVHULQJHU��$UEHMGHW�PHG
GH�WR�VLGVWQ YQWH�KDU�Y UHW�VW¡WWHW�DI�7UDILNSXOMHQ�

'H� LQGI¡UWH�  QGULQJHU� KDU� PHGI¡UW� PDUNDQWH� IRUEHGULQJHU� DI� IRUXGVLJHOVHU� DI� I[� VWDELOLWHW�
YLQGKDVWLJKHG�RJ��UHWQLQJ�VDPW�GH�YHUWLNDOH�SURILOHU�DI�WHPSHUDWXU�RJ�IXJWLJKHG�L�GHQ�QHGHUVWH
GHO�DI�DWPRVI UHQ�KYLONHW�HU�DI�VSHFLHO�VWRU�EHW\GQLQJ�IRU�VSUHGQLQJVEHUHJQLQJHU��(Q�\GHUOLJHUH
IRUGHO�YHG�GHQ�Q\H�JU QVHODJVSDUDPHWULVHULQJ�HU�DW�EHUHJQLQJHU�DI�JU QVHODJVK¡MGHQ���VRP�HU
HQ�IXQGDPHQWDO�VW¡UUHOVH�IRU�DWPRVI UHQV�VSUHGQLQJ�DI�OXIWIRUXUHQLQJ���HU�EOHYHW�HQ�LQWHJUHUHW
GHO�DI�'0,�+,5/$0�PRGHOOHQ�

8GYLNOLQJHQ� DI� '0,�+,5/$0�75$&(5� KYRU� DWPRVI UHPRGHO� RJ� VSUHGQLQJVPRGHO� EOLYHU
LQWHJUHUHW�� HU� VWDUWHW� PHG� VW¡WWH� DI� 7UDILNSXOMHQ�� )RUHO¡ELJH� UHVXOWDWHU� YLVHU� DW� HW� LQWHJUHUHW
PRGHOV\VWHP�YLO�KDYH�PDQJH�DQYHQGHOVHVPXOLJKHGHU�



��

���� 5HIHUHQFHU�WLO��$WPRVI UHPRGHOOHU�

&KHQHYH]�� -��������� �$GYHFWLRQ�H[SHULPHQWV�ZLWK�'0,�+,5/$0�75$&(5���'0,��6FLHQWLILF
5HSRUW�������

6¡UHQVHQ�� -�+��� 5DVPXVVHQ�� $��� (OOHUPDQQ�� 7�� RJ� (�� /\FN�� ������ 0HVRVFDOH� ,QIOXHQFH� RQ

/RQJ�UDQJH�7UDQVSRUW��(YLGHQFH� IURP�(7(;�0RGHOOLQJ�DQG�2EVHUYDWLRQV��$WPRV��(QYLURQ�
�������������

6DVV��%��+���1LHOVHQ��1��:���-¡UJHQVHQ��-�8��������� �7KH�RSHUDWLRQDO�'0,�+,5/$0�V\VWHP�

�
QG
�UHY��HG���'0,�7HFKQLFDO�5HSRUW�������

6DWWOHU�� .��� ������ �1HZ� KLJK� UHVROXWLRQ� SK\VLRJUDSLF� GDWD� DQG� FOLPDWH� JHQHUDWLRQ� IRU� WKH
+,5/$0�IRUHFDVW�V\VWHP���'0,��7HFKQLFDO�5HSRUW��1R��������



��

��� $WPRVI UHNHPLPRGHOOHU�VDPW�VPRJ��RJ�R]RQSURJQRVHU

���� 3URMHNWHWV�IRUPnO

3URMHNWHWV�IRUPnO�YDU�DW�XGYLNOH�RJ�LPSOHPHQWHUH�HW�DWPRVI UHNHPLVN�PRGHOV\VWHP�GHU�PX�
OLJJ¡U�EHUHJQLQJ�DI�UHJLRQDOH�R]RQ��RJ�VPRJSURJQRVHU�IRU�HW�YLONnUOLJW�SXQNW�L�(XURSD��VDPW�DW
XGYLNOH�HW�V\VWHP�WLO�IRUXGVLJHOVH�DI�ORNDOH�NRQFHQWUDWLRQHU�DI�VPRJ�RJ�R]RQ�

���� ,QGOHGQLQJ

'HW�GDQVNH�VPRJEHUHGVNDE�IRU�12��RJ�62��EOHY�RSUHWWHW� L� HIWHUnUHW������PHG�GHOWDJHOVH�DI
0LOM¡VW\UHOVHQ�� 'DQPDUNV� 0LOM¡XQGHUV¡JHOVHU� �'08��� .¡EHQKDYQV� 0LOM¡NRQWURO� �0-.��
6XQGKHGVVW\UHOVHQ�RJ�'0,��%HUHGVNDEHW�EOHY�WLOWUnGW�DI�0LOM¡PLQLVWHUHQ�G������RNWREHU�����
Sn�JUXQGODJ�DI�HQ�LQGVWLOOLQJ�IUD�0LOM¡VW\UHOVHQ��'0,�HU�DQVYDUOLJ�IRU�XGDUEHMGHOVH�DI�SURJQR�
VHU�PHQV�'08�RJ�0-.�VWnU�IRU�REVHUYDWLRQHU�DI�OXIWIRUXUHQLQJHQ�

6RP�I¡OJH�DI�(8�GLUHNWLY�������(�)�YHGU��OXIWHQV�LQGKROG�DI�R]RQ�YHG�RYHUIODGHQ�EOHY�EHUHG�
VNDEHW�L�IRUnUHW������XGYLGHW�WLO�RJVn�DW�RPIDWWH�R]RQ��,I¡OJH�GLUHNWLYHW�VNDO�PHGOHPVVWDWHUQH
YHG�RYHUVNULGHOVH�DI�YLVVH� W UVNHOY UGLHU� WU IIH�GH�Q¡GYHQGLJH�IRUDQVWDOWQLQJHU� WLO�DW�RIIHQ W�
OLJKHGHQ�XQGHUUHWWHV��I[�YLD�UDGLR��IMHUQV\Q�HOOHU�DYLVHU��EO�D��RP�IRUXGVLJHOVH�DI�XGYLNOLQJHQ�L
R]RQNRQFHQWUDWLRQHUQH��GHW�EHU¡UWH�RPUnGH�RJ�YDULJKHGHQ�DI�HSLVRGHQ�

7 UVNHOY UGLHUQH�HU�

6WRI W UVNHOY UGL

R]RQ��2� �����J�P���LQIRUPDWLRQ�

R]RQ��2� �����J�P���DGYDUVHO�

NY OVWRIGLR[LG��12� �����J�P���LQIRUPDWLRQ�

VYRYOGLR[LG��62� �����J�P���LQIRUPDWLRQ�

2YHUVNULGHOVH�DI� LQIRUPDWLRQVQLYHDXHW�������J�P��� IRU�R]RQ�VNHU�DOPLQGHOLJYLV�HW�SDU�JDQJH
RP�nUHW�PHQV�NRQFHQWUDWLRQHUQH�DI�62��RJ�12��LNNH�KDU�RYHUVWHJHW�GH�IDVWVDWWH�JU QVHU�VLGHQ
EHUHGVNDEHWV�VWDUW�L�������$GYDUVHOVQLYHDXHW�IRU�R]RQ�Sn������J�P� IRUHNRPPHU LNNH�L�'DQ�
PDUN�

'H� WUH� VWRIIHU�GHU� LQGJnU� L� EHUHGVNDEHW�� HU� IXQGDPHQWDOW� IRUVNHOOLJH��62 �� RSVWnU� RYHUYHMHQGH
YHG� DIEU QGLQJ� DI� ROLH� RJ� NXO� RJ� NXQQH� WLGOLJHUH� JLYH� DQOHGQLQJ� WLO� SUREOHPHU� VSHFLHOW� RP
HIWHUnUHW� RJ� YLQWHUHQ� L� WLOI OGH� DI� VYDJH� YLQGH� RJ� WHPSHUDWXULQYHUVLRQHU� L� ODY� K¡MGH�� 'HQQH
YHMUVLWXDWLRQ� HU� VDPWLGLJ�SU JHW� DI� GLVHW� HOOHU� WnJHW� YHMU� RJ� DI� K¡MH� NRQFHQWUDWLRQHU� DI� DQGUH
OXIWIRUXUHQHQGH� VWRIIHU�� I[� VRGSDUWLNOHU�� LGHW� EnGH� GHQ� KRULVRQWDOH� RJ� YHUWLNDOH� VSUHGQLQJ� HU
OLOOH��,�GDJ�HU�NRQFHQWUDWLRQ�DI�62��JHQHUHOW�PHJHW�ODY��RJ�L�GH�WLOI OGH�KYRU�NRQFHQWUDWLRQHUQH
Q UPHU�VLJ�GH�EHQ\WWHGH�JU QVHY UGLHU��HU� I QRPHQHW�HQWHQ� ORNDOW�� I[� L� IRUELQGHOVH�PHG�HQ
ORNDO�U¡JIDQH��HOOHU�HW�PHUH�ODQGVG NNHQGH�SUREOHP�KYRU�IRUXUHQHW�OXIW�IUD��VW��HOOHU�0HOOHP�
HXURSD�VSUHGHV�RS�RYHU�'DQPDUN�

12��HU�W\SLVN�HW�SURGXNW�IUD�NUDIWY UNHU�RJ�IUD�WUDILNVHNWRUHQ��GHOV�GLUHNWH�IUD�ELOHUQHV�XGVW¡G�
QLQJ��GHOV�YHG�RPGDQQHOVH�DI�12�WLO�12���1RUPDOW�YLO�12��NXQ�JLYH�DQOHGQLQJ�WLO�SUREOHPHU�L
HOOHU� Q U� GH� VW¡UUH� E\HU� LGHW� 12�� LNNH� WUDQVSRUWHUHV� RYHU� VWRUH� DIVWDQGH� GD� GHW� IRUKROGVYLV
KXUWLJW�YLO�LQGJn�L�NHPLVNH�RPGDQQHOVHU�HOOHU�GHSRQHUHV�Sn�MRUGRYHUIODGHQ�



��

/XIWIRUXUHQLQJ�PHG� R]RQ� �Q U� MRUGRYHUIODGHQ�� HU� HW� IRUKROGVYLV� Q\W� SUREOHP� L�'DQPDUN� RJ
RSWU GHU��PRGVDW�GHQ�¡YULJH�OXIWIRUXUHQLQJ��RP�IRUnUHW�RJ�VRPPHUHQ�L�VROVNLQVYHMU�PHG�K¡MH
WHPSHUDWXUHU��(QGYLGHUH�J OGHU�VSHFLHOW�IRU�R]RQ�DW�GH�K¡MHVWH�NRQFHQWUDWLRQHU�QRUPDOW�PnOHV�L
ODQGGLVWULNWHU� LGHW�NRQFHQWUDWLRQHQ�DI�R]RQ� L�E\RPUnGHU� UHGXFHUHV�YHG�NHPLVNH�RPGDQQHOVHU
PHG�XGVW¡GQLQJVJDVVHU�IUD� WUDILNNHQ��*HQQHP�GH�VHQHUH�nUWLHU�KDU�GHU�Y UHW�HQ�JHQHUHO�VWLJ�
QLQJ� L� R]RQNRQFHQWUDWLRQHQ�KYLONHW� KDU� VNDEW� HQ� VW¡UUH�RSP UNVRPKHG�RP�SUREOHPHW�� 6WLJ�
QLQJHQ� VN\OGHV� KRYHGVDJHOLJ� GHQ� ¡JHGH� WUDILNP QJGH� LGHW� XGVW¡GQLQJVJDVVHUQH� JDQVNH� YLVW
NDQ�EHYLUNH�ORNDOW�UHGXFHUHGH�R]RQNRQFHQWUDWLRQHU�L�E\RPUnGHU��PHQ�VHW�RYHU�HW�VW¡UUH�RPUnGH
PHGI¡UHU�WUDILNNHQ�HQ�VWLJQLQJ�L�R]RQNRQFHQWUDWLRQHQ�

+¡MH�NRQFHQWUDWLRQHU�DI�R]RQ�NDQ�KDYH�VNDGHOLJH�HIIHNWHU�Sn�PHQQHVNHU�RJ�SODQWHU�

���� 5HVXOWDWHU

������ '$&)26

'0,�KDU�L�O¡EHW�DI�SURMHNWSHULRGHQ�XGYLNOHW�HW�RSHUDWLRQHOW�SURJQRVH�PRGHOV\VWHP�IRU�RYHUIO D�
GHR]RQNRQFHQWUDWLRQ�RYHU�(XURSD��6\VWHPHW�HU�EDVHUHW�Sn�HQ�NREOLQJ�DI�HQ�NHPLVN�PRGHO�RJ
'0,
V��'�/DJUDQJH
VNH�WUDQVSRUWPRGHO��'HQ�NHPLVNH�PRGHO�HU�IUD�GHW�HXURS LVNH�VDPDUEHMGH
RP� JU QVHRYHUVNULGHQGH� OXIWIRUXUHQLQJ� (XURSHDQ� 0RQLWRULQJ� DQG� (YDOXDWLRQ� 3URJUDPPH
�(0(3���RJ�HU�HQ�PHJHW�DQYHQGW�NHPLVN�PRGHO��3URJQRVHV\VWHPHW�EHQ\WWHU�DQDO\VH��RJ�SUR�
JQRVHGDWD�IUD�'0,
V�QXPHULVNH�YHMUSURJQRVHPRGHO�'0,�+,5/$0�

+HOH�V\VWHPHW�NDOGHV�'DQLVK�$WPRVSKHULF�&KHPLVWU\�)2UHFDVWLQJ�6\VWHP��'$&)26��

'$&)26�HU�HW�VnNDOGW�IRWRNHPLVN�WUDMHNWRULHPRGHOV\VWHP��3ULQFLSSHW�L�V\VWHPHW�HU�DW�GHU�IRU
HW� YLONnUOLJW� XGYDOJW� SXQNW�� UHFHSWRUSXQNW�� I¡UVW� EHUHJQHV� KYRU� OXIWPDVVHQ� VRP� WLO� HW� JLYHW
WLGVSXQNW�EHILQGHU�VLJ�RYHU�UHFHSWRUSXQNWHW��NRPPHU�IUD��GYV��DW�GHU�IRUHWDJHV�HQ�WUDMHNWRULHEH�
UHJQLQJ�WLOEDJH�L�WLGHQ��KYRUHIWHU�DWPRVI UHNHPLVNH�EHUHJQLQJHU�XGI¡UHV�

'H�DWPRVI UHNHPLVNH�EHUHJQLQJHU�WDJHU�XGJDQJVSXQNW�L�VWDUWSXQNWHW�IRU�WUDMHNWRULHUQH�KYRUIUD
PDQ� JnU� IUHP� WLO� UHFHSWRUSXQNWHW�� 8QGHUYHMV� RSWDJHV� HPLVVLRQHU� DI� NHPLVNH� VWRIIHU�� RJ� GH
NHPLVNH� RPGDQQHOVHU� EHUHJQHV� XQGHU� DQYHQGHOVH� DI� NHPLPRGXOHW� IUD� (0(3� 06&�:� LGHW
UHOHYDQWH� PHWHRURORJLVNH� SDUDPHWUH� VRP� VROVWUnOLQJ�� WHPSHUDWXU�� QHGE¡U� P�P�� IUD� '0,�
+,5/$0�LQGJnU�

%HUHJQLQJHU�IRUHWDJHV�IRU����NHPLVNH�VWRIIHU�IRU�KYLONH�FD������NHPLVNH�UHDNWLRQHU�LQGJnU��)RU
KYHU�EHUHJQLQJ�WDJHV�KHQV\Q�WLO�DIV WQLQJ�DI�VWRIIHUQH�Sn�MRUGHQ�VDPW�XGYDVNQLQJ�SJD��QHGE¡U�

������ 2SHUDWLRQHOOH�R]RQSURJQRVHU

'$&)26�V\VWHPHW�EOHY�IXOGW�RSHUDWLRQHOW�L������PHG�EHUHJQLQJHU�IRU�HW�VWDWLRQVQHW�EHVWnHQGH
DI����VWDWLRQHU�RYHU�(XURSD��KHUDI����GDQVNH��MI��)LJXU��������'HU�EHUHJQHV�SURJQRVHU�IRU�R]RQ
RJ�HQ�U NNH�DQGUH�VWRIIHU����WLPHU�IUHP�ILUH�JDQJH�L�G¡JQHW�EDVHUHW�Sn�GDWD�IUD�'0,�+,5/$0
��������� ���RJ����87&���3URJQRVHUQH� HU� VLGHQ� MXQL� �����EOHYHW� RIIHQWOLJJMRUW� Sn� ,QWHUQHWWHW
�ZZZ�GPL�GN��KYLONHW�KDU�IXQJHUHW�XGHQ�VW¡UUH�SUREOHPHU�



��

)LJXU ��� 2]RQSURJQRVHU RIIHQWOLJJ¡UHV Sn '0,¶V ,QWHUQHW VHUYHU �ZZZ�GPL�GN�� +HU VHV HW HNVHPSHO Sn GH
PDNVLPDOH IRUYHQWHGH Y UGLHU IRU 1RUGHXURSD RQVGDJ G� ��� PDUWV ����� 'HU HU RJVn PXOLJKHG IRU DW VH HW
'DQPDUNVNRUW PHG �� VWDWLRQHU� (QGYLGHUH NDQ GHU IRU GH IRUVNHOOLJH VWDWLRQHU RSWHJQHV JUDIHU GHU YLVHU
XGYLNOLQJHQ L R]RQNRQFHQWUDWLRQHU WR G¡JQ IUHP L WLGHQ�

������ 9HULILNDWLRQ�DI�'$&)26

9HULILNDWLRQ�DI�'$&)26�EDVHUHW�Sn�RYHUIODGHR]RQGDWD�IUD�- JHUVERUJ�YLVHU�DW�GHU�JHQHUHOW�HU
HQ�ULPHOLJ�JRG�RYHUHQVVWHPPHOVH�PHOOHP�PRGHOIRUXGVLJHOVHU�RJ�REVHUYDWLRQHU��MI�� )LJXU������
GHU�YLVHU�HQ�WLOI OGLJ�SHULRGH�IUD�MXOL�������(Q�RPIDWWHQGH�YHULILNDWLRQ�HU�JLYHW�L�UHIHUHQFHUQH�L
DIVQLW�����
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'$&)26

2EVHUYDWLRQHU

)LJXU ��� (NVHPSHO Sn '$&)26�R]RQSURJQRVHU IRU - JHUVERUJ G� ������� MXOL ���� VDPPHQKROGW PHG
REVHUYDWLRQHU��� SSE VYDUHU FD� WLO � �J�P��

7LO�\GHUOLJHUH�YDOLGHULQJ�DI�'$&)26�HU�GHU�XGYLNOHW�HW�DXWRPDWLVN�V\VWHP�WLO�KMHPWDJQLQJ�DI
UHDO�WLPH� R]RQ�REVHUYDWLRQHU� IUD� 6WRUEULWDQQLHQ� RJ� 6YHULJH� RYHU� ,QWHUQHWWHW�� 'LVVH� GDWD� KDU
JMRUW�GHW�PXOLJW�DW�YDOLGHUH�PRGHONRQFHSWHW�Sn�HW�ODQJW�EUHGHUH�JUXQGODJ��VSHFLHOW�KYDG�DQJnU
HNVWUHPH�R]RQHSLVRGHU�GHU�LNNH�HU�Vn�K\SSLJH�L�'DQPDUN��9HULILNDWLRQHUQH�KDU�PHGI¡UW�QRJOH
 QGULQJHU�L�PRGHONRQFHSWHW�KYLONHW�NXQ�KDU�KDIW�PLQGUH�EHW\GQLQJ�IRU�GH�EHUHJQHGH�NRQFHQ�
WUDWLRQHU�IRU�GDQVN�RPUnGH�KYRULPRG�GHU�HU�VNHW�VWRUH�IRUEHGULQJHU�IRU�VWDWLRQHU�I[� L�6WRUEU L�
WDQQLHQ�

)LJXU ��� 0LGGHO REVHUYHUHGH RJ EHUHJQH�
GH R]RQNRQFHQWUDWLRQHU �'$&)26� IRU
���� IRU GH IRUVNHOOLJH PnQHGHU IRU GDQVNH
VWDWLRQHU �- JHUERUJ� /LOOH 9DOE\ RJ .HOGV
1RU�� EULWLVNH VWDWLRQHU �+DUZHOO� /DG\�
ERZHU� 6WUDWK 9DLFK� RJ VYHQVNH VWDWLRQHU
�9DYLKLOO� 5RUYLN RJ 1RUUD .YLOO�� [ RJ \�
DNVH HU L SSE VYDUHQGH WLO FD� � �J�P��

9HULILNDWLRQHU EDVHUHW Sn RYHUIODGHR]RQ�
GDWD IUD 'DQPDUN� 6WRUEULWDQQLHQ RJ
6YHULJH YLVHU DW '$&)26 JHQHUHOW IRUXGVL�
JHU IRU ODYH NRQFHQWUDWLRQHU VSHFLHOW IRU GH
EULWLVNH VWDWLRQHU �PDUNHUHW PHG JU¡Q
IDUYH�� cUVDJHUQH WLO GH IRU ODYH Y UGLHU
NDQ VN\OGHV IOHUH IDNWRUHU� I[ IHMO L HPLVVLR�
QHUQH� EDJJUXQGVNRQFHQWUDWLRQHU� NHPL�
VNHPDHW P�P�



��

������ 1\W�NHPLVNHPD���0221

'0,�KDU�XGYLNOHW�HW�Q\W�NHPLVNHPD��0221��0XOWL�WUDMHFWRU\�2ULJLQDO�2UGLQDU\�GLIIHUHQWDO�
HTXDWLRQ�1XPHULFDO�ER[���6NHPDHW�HU�XGYLNOHW�L�VDPDUEHMGH�PHG�DPHULNDQVNH�IRUVNHUH�RJ�HU
EDVHUHW�Sn�NHPL�PRGHOOHQ�IUD�5HJLRQDO�$WPRVSKHULF�&KHPLVWU\�0HFKDQLVP��5$&0���9HULI L�
NDWLRQHU�DI�GHWWH�V\VWHP��MI��)LJXU������YLVHU�PDUNDQWH�IRUEHGULQJHU�L�IRUKROG�WLO�GHW�RSHUDWLR�
QHOOH�V\VWHP�EDVHUHW�Sn�(0(3�NHPLVNHPDHW��'HW�Q\H�V\VWHP�GHU�HU�PHUH�EHUHJQLQJVNU YHQGH�
IRUYHQWHV�VDW�L�RSHUDWLRQHOW�GULIW�L�O¡EHW�DI������

Observed
MOON
DACFOS

)LJXU ��� 2EVHUYHUHGH RJ PRGHOOHUHGH R]RQNRQFHQWUDWLRQHU IRU 8OERUJ IRU SHULRGHQ ��� DXJXVW WLO ��� DXJXVW
����� �� SSE VYDUHU FD� WLO � �J�P��

������ /RNDOH�R]RQSURJQRVHU���.DOPDQILOWHULQJ

)RU�DW�EHVNULYH�GH� ORNDOH�YDULDWLRQHU� L�R]RQNRQFHQWUDWLRQHUQH�EHGUH�HU� GHU�XGYLNOHW� HQ� VWDW L�
VWLVN�HIWHUEHKDQGOLQJ�DI�'$&)26�UHVXOWDWHUQH�YHG�EUXJ�DI�HW� VnNDOGW�.DOPDQILOWHU��.DOPDQ�
ILOWUHULQJVV\VWHPHW� MXVWHUHU� DXWRPDWLVN�'$&)26�SURJQRVHUQH� L� KHQKROG� WLO� REVHUYHUHGH� OXI W�
NYDOLWHWVGDWD�RJ�SURJQRVHU�DI�PHWHRURORJLVNH�SDUDPHWUH�IUD�'0,�+,5/$0��'HQQH�VWDWLVWLVNH
HIWHUEHKDQGOLQJ�YLO�GRJ�DOHQH�NXQQH�JHQQHPI¡UHV�IRU�VWDWLRQHU�KYRUIUD�GHU�HU�DGJDQJ�WLO�UHDO�
WLPH�PnOHGDWD�

)LJXU� ���� YLVHU� HW� HNVHPSHO� Sn� R]RQSURJQRVHU� EHUHJQHW� DI�'$&)26� RJ�PHG�.DOPDQILOWUH�
ULQJVPHWRGHQ�� 'HW� IUHPJnU� DW� YDULDWLRQHUQH� IRU� .DOPDQR]RQSURJQRVHQ� EHGUH� VYDUHU� WLO� GH
REVHUYHUHGH�YDULDWLRQHU���VSHFLHOW�NDQ�EHP UNHV�G������MXOL��KYRU�'$&)26�IRUXGVLJHU�DOW�IRU
K¡MH�Y UGLHU�PHG�RS�WLO�FD�����SSE�PHQV�REVHUYDWLRQHUQH�NXQ�YLVWH�FD�����SSE�RJ�.DOPDQSUR�
JQRVHUQH�YDU�RS�WLO�FD�����SSE�

9DOLGHULQJ�RYHU�HQ�O QJHUH�SHULRGH�YLVHU�DW�.DOPDQILOWUHULQJHQ�JHQHUHOW�PHGI¡UHU�PHUH�SU FL�
VH� SURJQRVHU�� )LJXU� ���� YLVHU� UHVXOWDWHU� DI� HQ� YHULILNDWLRQ� DI� ���� WLPHUV� R]RQSURJQRVHU� IRU
- JHUVERUJ� ��� KDOYnU� ����� L� GH� ILUH� NODVVHU� �ODY��� �PLGGHO��� �K¡M�� RJ� �PHJHW� K¡M�� �MI�� ILJXU
)LJXU����� ���'HW� IUHPJnU� DW�.DOPDQSURJQRVHUQH�KDU� HQ�K¡MHUH� DQGHO� NRUUHNWH� SURJQRVHU� HQG
'$&)26������PRG�������(QGYLGHUH� IUHPJnU�GHW�DW�REVHUYDWLRQHU�NXQ� IRUHNRPPHU� L�NODV�
VHUQH��ODY��RJ��PLGGHO���KKY������PRG������
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.DOPDQ

'$&)26

2EVHUYDWLRQHU

)LJXU ��� (NVHPSHO Sn ��� WLPHUV R]RQSURJQRVHU �'$&)26 RJ .DOPDQ� IRU - JHUVERUJ G� ������� MXOL ����
VDPPHQKROGW PHG REVHUYDWLRQHU�

9HULILNDWLRQ DI R]RQSURJQRVHU� �� KDOYnU ����
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ODY PLGGHO K¡M PHJHW K¡M

�

2EVHUYHUHW �DQWDO�

.$/0$1 �DQWDO�

'$&)26 �DQWDO�

.$/0$1 �NRUUHNWH�

'$&)26 �NRUUHNWH�

)LJXU ��� 9HULILNDWLRQ DI ����WLPHUV
R]RQSURJQRVHU IRU �� KDOYnU �����

6¡MOHUQH YLVHU KKY� REVHUYHUHW DQWDO
VDPW .DOPDQ RJ '$&)26 SURJQRVHU
L GH IRUVNHOOLJH NODVVHU DQJLYHW L � DI
WRWDOW DQWDO� I[ HU GHU IRU �REVHUYHUHW�
IRUHNRPPHW ���� � WLOI OGH L NODVVHQ
�ODY� RJ ����� L NODVVHQ �PLGGHO� RJ
QXO SURFHQW L GH WR ¡YHUVWH NODVVHU�

.XUYHUQH YLVHU DQWDO ULJWLJH SURJQR�
VHU L GH IRUVNHOOLJH NODVVHU DQJLYHW L
� DI WRWDOW DQWDO SURJQRVHU� I[ HU GHU
IRU .DOPDQ ���� � ULJWLJH SURJQRVHU
L NODVVHQ �ODY� RJ ����� ULJWLJH
SURJQRVHU L NDWHJRULHQ �PLGGHO�
KYLONHW WRWDOW JLYHU ��� ULJWLJH
.DOPDQ� SURJQRVHU�

���� .RQNOXVLRQ

'0,� KDU� L� O¡EHW� DI� SURMHNWSHULRGHQ� XGYLNOHW� HW� RSHUDWLRQHOW� SURJQRVH�PRGHOV\VWHP�� 'DQLVK
$WPRVSKHULF�&KHPLVWU\�)2UHFDVWLQJ�6\VWHP��'$&)26���6\VWHPHW�HU�EDVHUHW�Sn�HQ�NREOLQJ�DI
HQ�NHPLVN�PRGHO��(0(3�06&�:
V�R[LGDQW�PRGHO��RJ�'0,
V��'�/DJUDQJH
VNH�WUDQVSRUWPR�
GHO��3URJQRVHV\VWHPHW�EHQ\WWHU�DQDO\VH��RJ�SURJQRVHGDWD�IUD�'0,
V�QXPHULVNH�YHMUSURJQRVH�
PRGHO�'0,�+,5/$0�

0HG�'$&)26�HU� GHW�PXOLJW� DW� EHUHJQH� UHJLRQDOH� R]RQ�� RJ� VPRJSURJQRVHU� IRU� HW� YLONnUOLJW
SXQNW� L�(XURSD��9HULILNDWLRQ�DI�'$&)26�YLVHU�DW�GHU�JHQHUHOW� IRUXGVLJHV� IRU� ODYH�R]RQNRQ�
FHQWUDWLRQHU��'0,� KDU� XGYLNOHW� HW� Q\W� NHPLVNHPD� NDOGHW�0221� L� VDPDUEHMGH�PHG� I¡UHQGH



��

DPHULNDQVNH�IRUVNHUH��0221�HU�EDVHUHW�Sn�NHPL�PRGHOOHQ�IUD�5HJLRQDO�$WPRVSKHULF�&KHPL�
VWU\�0HFKDQLVP��5$&0���9HULILNDWLRQHU�DI�GHWWH�V\VWHP�YLVHU�PDUNDQWH�IRUEHGULQJHU�L�IRUKROG
WLO� GHW� RSHUDWLRQHOOH� V\VWHP� EDVHUHW� Sn�(0(3� NHPLVNHPDHW�� 'HW� Q\H� V\VWHP� IRUYHQWHV� VDW� L
RSHUDWLRQHO�GULIW�L�O¡EHW�DI������

'0,� KDU� XGYLNOHW� HW� LQIRUPDWLRQVV\VWHP� WLO� ,QWHUQHWWHW� KYRU� R]RQSURJQRVHU� NDQ� VHV� IRU� ��
VWDWLRQHU�RYHU�(XURSD��KHUDI����GDQVNH��3URJQRVHUQH�RSGDWHUHV�ILUH�JDQJH�L�G¡JQHW�

(QGYLGHUH�KDU�'0,�XGYLNOHW�HW�.DOPDQILOWHULQJVV\VWHP�WLO�IRUXGVLJHOVH�DI�ORNDOH�R]RQNRQFHQ�
WUDWLRQHU� EDVHUHW� Sn� '$&)26� R]RQSURJQRVHU� RJ� PHWHRURORJLVNH� SURJQRVHGDWD� IUD� '0,�
+,5/$0��'HWWH�V\VWHP�JLYHU�JHQHUHOW�EHGUH�SURJQRVHU�HQG�'$&)26�

���� 5HIHUHQFHU�WLO�GHWWH�DIVQLW

&KHQHYH]��-���.DOPDQ�)LOWHULQJ�RI�'$&)26�IRU�2]RQH�)RUHFDVWV��7HFK��5HSRUW��������'0,�

&KHQHYH]��-���.DOPDQ�)LOWHULQJ�RI�'$&)26��)LUVW�9HULILFDWLRQ�5HSRUW��3HULRG�-XO\���'HFHP�
EHU�������7HFK��5HSRUW��������'0,�

&KHQHYH]��-���.DOPDQ�)LOWHULQJ�RI�'$&)26��9HULILFDWLRQ�5HSRUW�IRU�������7HFK��5HSRUW����
����'0,�

-HQVHQ��0��+���5DVPXVVHQ��$���6YHQVPDUN��+��DQG�6¡UHQVHQ��-��+���'DQLVK�$WPRVSKHULF�&KH�
PLVWU\�)RUHFDVWLQJ�6\VWHP��'$&)26���7HFK��5HSRUW���±���'0,�

*URVV��$��� 6XUIDFH�2]RQH� DQG� 7URSKRVSKHULF� &KHPLVWU\� ZLWK� $SSOLFDWLRQV� WR� 5HJLRQDO� $LU
4XDOLW\�0RGHOLQJ��3K'�7KHVLV��6FLHQWLILF�5HSRUW��1R���������'0,�

.LLOVKROP��6���9DOLGDWLRQ�RI�'$&)26�6XUIDFH�2]RQH�)RUHFDVWV�����������'HVFULSWLRQ�RI�WKH
QHZ�YHULILFDWLRQ�6\VWHP�DQG�0RGHO�,PSURYHPHQW��7HFK��5HSRUW���±����'0,



��

��� 'ULYKXVHIIHNW�RJ�NOLPD

���� 3URMHNWIRUPnO

)RUPnOHW�PHG�GHWWH�SURMHNW�YDU�DW�JHQQHPI¡UH�HQ�JUXQGLJ�XQGHUV¡JHOVH�DI�GH�PXOLJH�UHJLRQDOH
RJ� ORNDOH� NOLPD QGULQJHU� IRU� 'DQPDUN� VDPW� IRU� ) U¡HUQH� RJ� *U¡QODQG� VRP� I¡OJH� DI� ¡JHW
GULYKXVHIIHNW�

���� 5HVXOWDWHU

������ ,QGOHGQLQJ

7LO� DW� XQGHUV¡JH� PXOLJH� NOLPD QGULQJHU� EHQ\WWHV� QRUPDOW� JOREDOH� NOLPDPRGHOOHU� VDPW� IR U�
VNHOOLJH�QHGVNDOHULQJVWHNQLNNHU�WLO�EHUHJQLQJ�DI�UHJLRQDOH�RJ�ORNDOH�NOLPD QGULQJHU�

,�NOLPDPRGHOOHU�EHVNULYHV�G\QDPLNNHQ�DI�KHOH�DWPRVI UHQ�VRP�HW�V W�DI�Y UGLHU�IRU�OXIWWU\N�
WHPSHUDWXU��YLQG�RJ�IXJWLJKHG� L� IDVWODJWH�K¡MGHQLYHDXHU�RJ�IDVWODJWH�JLWWHUSXQNWHU��.OLPDPR�
GHOEHUHJQLQJHUQH� WDJHU� XGJDQJVSXQNW� L� HQ� EDVLVWLOVWDQG� VRP� NDQ� Y UH� IUD� IRUWLG�� QXWLG� HOOHU
IUHPWLG�� RJ� Sn� JUXQGODJ� DI� IXQGDPHQWDOH� I\VLVNH� OLJQLQJHU� VDPW� HQ� U NNH� WLOQ UPHOVHU� RJ
HPSLULVNH� VDPPHQK QJH� EHUHJQHV� XGYLNOLQJHQ� DI� YHMUHW� IUHP� L� WLGHQ�� %HUHJQLQJHUQH� VNDO
QRUPDOW�G NNH�PHJHW�ODQJ�SHULRGHU���IOHUH�nUWLHU���Vn�GHQ�VWDWLVWLVNH�XVLNNHUKHG�YHG�EHUHJQLQJ
DI�NOLPDSDUDPHWUH�EOLYHU�OLOOH�

9HG� NRQVHNYHQVEHUHJQLQJHU� DQYHQGHV� QRUPDOW� NREOHGH� PRGHOOHU� KYRU� RJVn� RFHDQHUQH� RJ
GHUHV�YHNVHOYLUNQLQJ�PHG�DWPRVI UHQ�EHVNULYHV�JHQQHP�YLQGHQV�WU N�Sn�YDQGHW��KDYRYHUIO D�
GHWHPSHUDWXU��QHGE¡U��IRUGDPSQLQJ�P�P�

5HVXOWDWHU� IUD�GH�JOREDOH�NREOHGH�NOLPDPRGHOOHU�HU�YLJWLJH� IRU�PDQJH� IRUVNHOOLJH� IRUPHU� IRU
NRQVHNYHQVEHUHJQLQJHU��PHQ�GHW�HU� LPLGOHUWLG�SUREOHPDWLVN�DW�EUXJH�GH�GLUHNWH� UHVXOWDWHU�GD
GH� JOREDOH�PRGHOEHUHJQLQJHU�� WURGV� HQ�PHJHW� VWRU� FRPSXWHULQGVDWV�� KDU� UHODWLYW� JURY� RSO¡V�
QLQJ�

'HUIRU� EHQ\WWHV� GHU� IRUVNHOOLJH� QHGVNDOHULQJVWHNQLNNHU� KYRUPHG� RSO\VQLQJHU� IUD� GH� JOREDOH
NREOHGH�PRGHOOHU�PHG�JURY�RSO¡VQLQJ�NDQ�XGQ\WWHV�WLO�DW�VNDIIH�YLGHQ�RP�ORNDOH�NOLPD QGUL Q�
JHU��'0,�KDU�LJHQQHP�GH�VHQHVWH�nU�EHQ\WWHW�WUH�W\SHU�DI�QHGVNDOHULQJ�DI�UHVXOWDWHU�IUD�JOREDOH
NREOHGH� DWPRVI UH�RFHDQ�PRGHOOHU� �2FHDQ�$WPRVSKHUH� *HQHUDO� &LUFXODWLRQ�0RGHOV�� 2$*�
&0
HU��

D��'HU�HU� XGI¡UW� JOREDOH� WLGVXGVQLWV�EHUHJQLQJHU�KYRU�GHU� L� HQ�NRUWHUH�SHULRGH� �KHU��u���nU�
XGI¡UHV�PHUH� GHWDOMHUHGH� EHUHJQLQJHU�PHG� HQ� JOREDO� DWPRVI UH�NOLPDPRGHO�PHG� K¡M� RSO¡V�
QLQJ�LGHW�RFHDQEHWLQJHOVHU��KDYWHPSHUDWXU�RJ�KDYLVXGEUHGHOVH��WDJHV�IUD�HQ�PHUH�JURYPDVNHW
2$*&0�PRGHO�KYRU�NOLPDHW�EHUHJQHV�����nU� IUHP�HOOHU�PHUH�PHG�VWLJHQGH�P QJGHU�GULY�
KXVJDVVHU��1RUPDOW�Y OJHV�WLGVXGVQLWWHW�RPNULQJ�QXWLG�� IRUGREOLQJ�DI�DWPRVI UHQV�NXOGLR[LG
LQGKROG�HOOHU�WUHGREOLQJ�DI�DWPRVI UHQV�NXOGLR[LG�LQGKROG��+HU�HU�EHQ\WWHW�QXWLG�RJ�HQ�WUHGRE�
OLQJ�

E�� 'HU� HU� XGI¡UW� UHJLRQDO� G\QDPLVN� QHGVNDOHULQJ� KYRU� HQ� UHJLRQDO� NOLPDPRGHO� �5HJLRQDO
&OLPDWH�0RGHO��5&0��N¡UHV�L�HQ�PHJHW�K¡M�RSO¡VQLQJ�IRU�HW�XGYDOJW�RPUnGH��'LVVH�PRGHOOHU
InU�RFHDQGDWD�IUD�I[�HQ�2$*&0�HOOHU�HW�IHOW�EDVHUHW�Sn�REVHUYDWLRQHU��(QGYLGHUH�NU YHV�GDWD
WLO�UDQGHQ��XGNDQWHQ�DI�PRGHODUHDOHW���RJ�GLVVH�InV�QRUPDOW�IUD�HQ�PHUH�JURYPDVNHW�PRGHO���I[
IUD�HQ�2$*&0��IUD�HQ�JOREDO�DWPRVI UH�NOLPDPRGHO�HOOHU�IUD�HQ�UHJLRQDO�PRGHO�PHG�VW¡UUH
XGVWU NQLQJ��'\QDPLVN�QHGVNDOHULQJ�JLYHU�HQ�GLUHNWH�EHUHJQLQJ�DI�NOLPDYDULDEOH�L�PHJHW�K¡M



��

RSO¡VQLQJ�� PHQ� HU� EXQGHW� DI� GHQ� IRUHVNUHYQH� VWRUVNDODFLUNXODWLRQ� IUD� GHQ� PRGHO� GHU� JLYHU
UDQGEHWLQJHOVHU�RJ�DI�GH�IRUHVNUHYQH�KDYWHPSHUDWXUHU�

F��'HU�HU�HQGHOLJ�XGI¡UW�VWDWLVWLVN�QHGVNDOHULQJ��'HQQH�WHNQLN�XGQ\WWHU�DW�HQ�ORNDO�NOLPDYDUL D�
EHO��VRP�I[�WHPSHUDWXUHQ�YHG�HQ�EHVWHPW�PnOHVWDWLRQ��QRUPDOW�HU�UHW�JRGW�EHVWHPW�XG�IUD�IHOWHU
GHU�KDU�HQ�VWRU�XGVWU NQLQJ�RJ�GHUIRU�HU�EHVNUHYHW�JRGW�L�HQ�ODYWRSO¡VW�2$*&0��I[�SRVLWLRQHQ
DI�ODYWU\N�EHVWHPW�XG�IUD�P¡QVWHUHW�DI�RYHUIODGHWU\N�

%HUHJQLQJVP VVLJW�HU�VWDWLVWLVN�QHGVNDOHULQJ�PHJHW�ELOOLJHUH�HQG�G\QDPLVN�QHGVNDOHULQJ��'HW
HU�GRJ�SUREOHPDWLVN�DW�DQYHQGH�VWDWLVWLVNH�UHODWLRQHU�GHU�HU�XGOHGW�DI�REVHUYDWLRQHU�L�GHW�QXY �
UHQGH�NOLPD��GLUHNWH�L�HW�VFHQDULR�LGHW�GHW�LNNH�HU�VLNNHUW�DW�GH�VWDWLVWLVNH�UHODWLRQHU�NDQ�RYHUI¡�
UHV� WLO� IUHPWLGLJH� IRUKROG�� 'H� I\VLVNH� SULQFLSSHU� GHU� VW\UHU� HQ� G\QDPLVN� NOLPDPRGHO�� DQVHV
GHULPRG�IRU�DW�Y UH�DOPHQH�

+HU�YLO�NXQ�UHVXOWDWHU�IUD�GH�WR�I¡UVWQ YQWH�PHWRGHU�EOLYH�RPWDOW��$OOH�VLPXOHULQJHU�EHVNUHYHW
KHU�EHQ\WWHU�,3&&
V�,6��D�VFHQDULR�IRU�XGVOLS�RJ�GULYKXVJDVVHU�

������ *OREDOH�WLGVXGVQLWV�EHUHJQLQJHU

'HU�HU�XGI¡UW�VLPXOHULQJHU�RYHU�NOLPD QGULQJHU�PHG�GHQ�JOREDOH�PRGHO�(&+$0��L�FD�����
NP�RSO¡VQLQJ��'HQQH�VLPXOHULQJ�HU�EODQGW�GH�I¡UVWH�L�YHUGHQ�PHG�Vn�GHWDOMHUHW�RSO¡VQLQJ�GHU
VDPWLGLJ�G NNHU�KHOH��u���nU��%HUHJQLQJHUQH�HU�XGI¡UW�PHG�Y VHQWOLJ�IOHUH�KRULVRQWDOH�JLWWHU�
SXQNWHU�HQG�GHU�QRUPDOW�EHQ\WWHV� L�JOREDOH�NOLPDPRGHOOHU��6LPXOHULQJHUQH� LQGHKROGHU�GHUIRU
RJVn�GHWDOMHU�RJ�HNVWUHPHU�Sn�OLOOH�JHRJUDILVN�VNDOD�VRP�HOOHUV�LNNH�VHV�L�JOREDOH�NOLPDPRGH O�
OHU�

'HU�HU�L�EHJJH�SHULRGHU�EHQ\WWHW�RFHDQEHWLQJHOVHU��KDYWHPSHUDWXUHU�RJ�KDYLVXGEUHGHOVH��IUD�HQ
VLPXOHULQJ�PHG� HQ� UHODWLYW� JURYPDVNHW� NREOHW�PRGHO� �(&+$0��7����23<&�� GHU� EHVNULYHU
DWPRVI UH�� RFHDQHU� RJ� KDYLV�� ,� GHQQH� NREOHGH� VLPXOHULQJ� EOHY� P QJGHQ� DI� GULYKXVJDVVHU
JUDGYLVW� ¡JHW� IUD� NRQFHQWUDWLRQHQ� REVHUYHUHW� L� I¡ULQGXVWULHO� WLG� WLO� ����� RJ� GHUHIWHU� LI¡OJH� HW
VFHQDULR��,3&&
V�,6��D��IRU�IUHPWLGLJH�XGVOLS�DI�&2��

'HQ�I¡UVWH����nUVSHULRGH�L�GHQ�GHWDOMHUHGH�VLPXOHULQJ�VYDUHU�WLO�NOLPDHW�RPNULQJ�������RJ�GHQ
DQGHQ�VYDUHU�WLO�FD��������'HU�HU�EUXJW�GH�VDPPH�YDULHUHQGH�NRQFHQWUDWLRQHU�DI�GULYKXVJDVVHU�L
GHQ�GHWDOMHUHGH�EHUHJQLQJ�VRP�L�GHQ�PHUH�JURYPDVNHGH�NREOHGH�PRGHO�

)LJXU� ���� YLVHU� IRUVNHOOHQ� L� VLPXOHUHW� WHPSHUDWXU� �R&��PHOOHP� GHW� GULYKXVRSYDUPHGH� NOLPD
RPNULQJ������RJ�GHW�QXY UHQGH�NOLPD��'HW�VHV�DW�GHU�RP�YLQWHUHQ�HU�VWRUH�WHPSHUDWXUVWLJQLQ�
JHU�L�GHW�DUNWLVNH�RPUnGH��'HWWH�K QJHU�EO�D��VDPPHQ�PHG�HQ�VPHOWQLQJ�DI�KDYLVHQ�RP�VRP�
PHUHQ�RJ�PHG�DW�YLQWHUKDYLVHQ�I¡UVW�HWDEOHUHV�XG�Sn�YLQWHUHQ�L�GHW�VLPXOHUHGH�YDUPHUH�NOLPD�
1nU�LV�RJ�VQH�IRUVYLQGHU��YLO�MRUGRYHUIODGHQ�UHIOHNWHUH�PLQGUH�VROO\V�WLOEDJH�WLO�DWPRVI UHQ�RJ
GHUPHG�EOLYH�\GHUOLJHUH�RSYDUPHW��GHQQH�VHOYIRUVW UNHQGH�PHNDQLVPH�HU�W\GHOLJ�DW�VH�L�ODQJW
GH� IOHVWH�NOLPDPRGHOEHUHJQLQJHU��'HU� VHV�RJVn�EHW\GHOLJH� WHPSHUDWXUVWLJQLQJHU�RYHU�&DQDGD
RJ�6LELULHQ��%nGH�VRPPHU�RJ�YLQWHU�VHV�IOHUH�RPUnGHU�PHG�VWRUH�VWLJQLQJHU�RYHU�ODQG���EO�D��L
%UDVLOLHQ��'HWWH�K QJHU�LV U�VDPPHQ�PHG�HQ�XGW¡UULQJ�DI�MRUGRYHUIODGHQ�L�GHW�YDUPHUH�NOLPD�

2JVn�QHGE¡UHQ�XGYLVHU�Y VHQWOLJH� IRUDQGULQJHU� LI¡OJH� VLPXOHULQJHUQH� �LNNH�YLVW�KHU���'HU�HU
VnOHGHV�HQ�JHQHUHO�WHQGHQV�WLO�IRU¡JHW�QHGE¡U�Sn�K¡MH�EUHGGHJUDGHU�RJ�HQ�WLOVYDUHQGH�UHGXNWLRQ
L�QHGE¡UHQ�L�VXEWURSHUQH��,�WURSHUQH�VHV�EnGH�IDOG�RJ�VWLJQLQJHU�
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)LJXU ���� )RUVNHO L VLPXOHUHW WHPSHUDWXU �R&� PHOOHP GHW GULYKXVRSYDUPHGH NOLPD RPNULQJ ���� RJ GHW QXY �
UHQGH NOLPD� )LJXUHQ YLVHU IRUVNHOOH L OXIWWHPSHUDWXU Q U YHG RYHUIODGHQ L GHFHPEHU� MDQXDU RJ IHEUXDU �¡YHUVW�
RJ L MXQL� MXOL RJ DXJXVW �QHGHUVW�� )LJXUHQ HU EDVHUHW Sn �� nUV WLGVXGVQLW�EHUHJQLQJHU XGI¡UW YHG 'DQPDUNV
.OLPDFHQWHU PHG PRGHOOHQ (&+$0��7�����

�������� 6WRUPDNWLYLWHW�RYHU�1RUGDWODQWHQ

'H�RYHQIRU�RPWDOWH�JOREDOH�WLGVXGVQLW�EHUHJQLQJHU�YLVHU�DW�RPUnGHUQH�PHG�NUDIWLJ�VWRUPDNW L�
YLWHW�RYHU�GHW�QRUGOLJH�$WODQWHUKDY� U\NNHU� OLGW�PRG�¡VW� L� IRUELQGHOVH�PHG� IRU¡JHW�GULYKXVHI�
IHNW��'HW�EHW\GHU�DW�YL�EODQGW�DQGHW�L�'DQPDUN�RJ�QRUG¡VW�KHUIRU�NDQ�IRUYHQWH�HQ�YLV�VWLJQLQJ�L
K\SSLJKHGHQ�RJ�VW\UNHQ�DI�VWRUPH�L�O¡EHW�DI�GH�Q VWH����nU��'HU�YLVHV�L�)LJXU�����HQ�LQGLNDWLRQ
DI�GHWWH��6W¡UUHOVHQ�GHU�SORWWHV��HU�YDULDELOLWHWHQ�DI�����K3D�IODGHQV�K¡MGH�Sn�WLGVVNDODHU�NDUDN�
WHULVWLVNH�IRU�ODYWU\N������GDJH���(W�K¡MW�WDO�YLVHU�DW�GHU�KDU�Y UHW�NUDIWLJ�ODYWU\NVDNWLYLWHW�L�GHQ
UHOHYDQWH�SHULRGH��)LJXUHQ�YLVHU� IRU� YLQWHUSHULRGHQ��'HQ� REVHUYHUHGH� VW¡UUHOVH�� NOLPDPRGH O�
OHQV�EXG�Sn�GHW�QXY UHQGH�NOLPD��GHQV�EXG�Sn�NOLPDHW�RPNULQJ�������NOLPD QGULQJVVLJQDOHW�
DOWVn�IRUVNHOOHQ�PHOOHP�GH�WR�IRUULJH�VW¡UUHOVHU��6LJQDOHW�YLVHU�DW�GH�EDQHU�VRP�ODYWU\N�I¡OJHU�
YLO�Qn�O QJHUH�¡VWSn�L�IUHPWLGHQ�HQG�GH�QRUPDOW�J¡U�QX�

'HQQH�NRQNOXVLRQ�KDU� WLO�GHOV�Y UHW�RSQnHW� WLGOLJHUH�YHG�EHUHJQLQJHU�Sn�DQGUH�NOLPDFHQWUH� L
YHUGHQ��8OHPSHQ�YHG�GLVVH�OLGW� OGUH�EHUHJQLQJHU�HU�GRJ�DW�GH�HU�XGI¡UW�PHG�HQ�JURY�GHWDOM H�
ULQJVJUDG��GHU�LNNH�WLOODGHU�EHVNULYHOVH�DI�VW UNH�VWRUPH�PHG�OLOOH�JHRJUDILVN�XGVWU NQLQJ�

'H�Q\H�EHUHJQLQJHU�IUD�'0,�'.&�HU�DI�VWRU�EHW\GQLQJ�L�IRUELQGHOVH�PHG�VWXGLHU�YHGU¡UHQGH
NRQVHNYHQVHUQH� DI� HQ� IRU¡JHW� GULYKXVHIIHNW�� %HUHJQLQJHUQH� RJ� EHW\GQLQJHQ� IRU� E¡OJH� RJ
VWRUPIORGVDNWLYLWHW�YLO�EOLYH�DQDO\VHUHW�Q UPHUH�L�GH�NRPPHQGH�nU�



��

a) Observeret (DJF) b) ECHAM kontrol; ca. 1990 (DJF)

c) ECHAM ca. 2075 (DJF) d) Forskel, 2075-1990 (DJF)

)LJXU ��� )RUGHOLQJHQ DI VWRUPDNWLYLWHW RP YLQWHUHQ� 9 UGLHQ HU K¡M KYLV GHU Sn HQ WLGVVNDOD DI QRJOH GDJH KDU
Y UHW HQ VW UN YDULDWLRQ DI K¡MGHQ DI ��� K3D IODGHQ KYLONHW HU XGWU\N IRU SDVVDJHU DI NUDIWLJH ODYWU\N� %On IDUYHU
LQGLNHUHU UHODWLYW VYDJ VWRUPDNWLYLWHW� RJ RUDQJH VW UN DNWLYLWHW� �YHUVW WLO YHQVWUH VHV GHQ REVHUYHUHGH VWRUPDNWL�
YLWHW� ¡YHUVW WLO K¡MUH UHVXOWDWHW DI NRQWURON¡UVOHQ PHG (&+$0�7����� QHGHUVW WLO YHQVWUH UHVXOWDWHW DI VFHQDULHW
VYDUHQGH WLO nU ����� QHGHUVW WLO K¡MUH VHV IRUVNHOOHQ PHOOHP ���� RJ NRQWURO� %HP UN� DW GHU L GHQ VLGVWH GHOIL�
JXU EHQ\WWHV HQ DQGHQ IDUYHVNDOD�

������ 5HJLRQDO�G\QDPLVN�QHGVNDOHULQJ

,� IRUELQGHOVH� PHG� HW� LQWHUQDWLRQDOW� VDPDUEHMGVSURMHNW� RJ� PHG� VW¡WWH� IUD� 7UDILNPLQLVWHULHWV
7UDILNSXOMH�HU�GHU�XGI¡UW�GHWDOMHUHGH�VLPXOHULQJHU�DI�NOLPD QGULQJHU�L�6NDQGLQDYLHQ�PHG�GHQ
UHJLRQDOH�NOLPDPRGHO�+,5+$0��

6LPXOHULQJHUQH�HU�XGI¡UW� VRP�HQ� WR�WULQVEHUHJQLQJ��)¡UVW� HU� GHQ� UHJLRQDOH�PRGHO�N¡UW� IRU� HW
RPUnGH�G NNHQGH�(XURSD�RJ�HQ�GHO�DI�$WODQWHUKDYHW�PHG�FD�����NP�RSO¡VQLQJ�LGHW�UDQG��RJ
RFHDQEHWLQJHOVHU�HU�IUD�GHQ�JURYPDVNHGH�NREOHGH�PRGHO�(&+$0��23<&��'HUHIWHU�HU�UHVXO�
WDWHU�IUD�GHQ�UHJLRQDOH�NOLPDPRGHO�PHG����NP�RSO¡VQLQJ�EOHYHW�EHQ\WWHW�VRP�UDQGEHWLQJHOVHU
WLO�HQ�EHUHJQLQJ�PHG�HQ�HQGQX�K¡MHUH�RSO¡VQLQJ��FD�����NP��IRU�HW�RPUnGH�G NNHQGH�6NDQG L�
QDYLHQ�

6LPXOHULQJHUQH�LQGHKROGHU�GHUIRU�GHWDOMHU�Sn�PHJHW�OLOOH�JHRJUDILVN�VNDOD�GHU�LNNH�HQJDQJ�DQHV
L�*&0�VLPXOHULQJHQ��MI��K¡MGHNRUW��)LJXU�������IRU�GH�WR�IRUVNHOOLJH�EHUHJQLQJHU��'D�GHU�PLG�
OHV�RYHU�PHJHW�PLQGUH�DUHDOHU��YLO�HNVWUHPY UGLHU�EOLYH�EHVNUHYHW�PHJHW�EHGUH�L�GHQ�K¡MRSO¡�
VWH�PRGHO�
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)LJXU ��� +¡MGHNRUW IRU WR IRUVNHOOLJH NOLPDPRGHOOHU� 9HQVWUH� 'HQ JURYH *&0 (&+$0��7���� +¡MUH� 'HQ
UHJLRQDOH NOLPDPRGHO +,5+$0� PHG �� NP RSO¡VQLQJ�

'HU�HU�XGI¡UW�WR�GHWDOMHUHGH�VLPXOHULQJHU�KYHU�Sn����nU���GHQ�HQH�RPNULQJ������PHG�GHW�QXY �
UHQGH�DWPRVI ULVN�LQGKROG�DI�GULYKXVJDVVHU�RJ�GHQ�DQGHQ�RPNULQJ������PHG�HQ�WUHGREOLQJ�DI
NRQFHQWUDWLRQHQ�DI�GULYKXVJDVVHU�

)RU� WHPSHUDWXUHQ� �LNNH�YLVW�KHU��JLYHU�GHQ�GHWDOMHUHGH� VLPXOHULQJ�HQ�JHQHUHO�RSYDUPQLQJ�Sn
RPNULQJ��q&��'HQQH� QGULQJ�HU� UHW� M YQW� IRUGHOW�RYHU�RPUnGHW��2SYDUPQLQJHQ�HU�VW¡UVW�RP
YLQWHUHQ�RJ�RP�QDWWHQ��RJ�GHQ�JHQQHPVQLWOLJH�WHPSHUDWXUIRUVNHO�PHOOHP�QDW�RJ�GDJ�PLQGVNHV�
'HQ� K¡MHUH� GHWDOMHULQJVJUDG� L� GHQ� UHJLRQDOH� VLPXOHULQJ� SnYLUNHU� NXQ� WHPSHUDWXU QGULQJHUQH
OLGW���GH�HU�VWDGLJ�UHW�HQVDUWHGH�RYHU�KHOH�RPUnGHW�

%HWUDJWHV�GHULPRG�IRUVNHOOLJH�SDUDPHWUH�L�YDQGEDODQFHQ��HU�GHU�W\GHOLJH�IRUEHGULQJHU��,�*&0
PRGHOOHUQH�VHV�GH�QRUVNH�IMHOGH�NXQ�VRP�HW�VWRUW�SODWHDX�Sn���������PHWHU��'HUIRU�UHJQHU�GHW�L
GH�JURYHUH�PRGHOOHU�LNNH�Q U�QRN�L�IMHOGRPUnGHUQH�L�1RUJH�OLJHVRP�IRU�PHJHW�QHGE¡U�IDOGHU
Sn�GHQ�DQGHQ�VLGH�DI�IMHOGHQH��VnOHGHV�RJVn�RYHU�'DQPDUN��0HG�GHQ�K¡MHUH�RSO¡VQLQJ�RSQnV�HQ
ODQJW�PHUH�UHDOLVWLVN�QHGE¡UIRUGHOLQJ�
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vinter (DJF) foraar (MAM)

sommer (JJA) vinter (SON)

 < -4.0

-4.0, -2.0

-2.0, -1.0

-1.0, -0.3

-0.3 - 0.3

 0.3 - 1.0

 1.0 - 2.0

 2.0 - 4.0

 > 4.0

)LJXU ��� )RUVNHO L VLPXOHUHW QHGE¡U �PP�GDJ� PHOOHP NOLPDHW RPNULQJ ���� RJ NOLPDHW L GDJ IRU KKY� YLQWHU�
IRUnU� VRPPHU RJ HIWHUnU� )LJXUHQ HU EDVHUHW Sn �� nUV WLGVXGVQLWV�EHUHJQLQJHU XGI¡UW YHG 'DQPDUNV .OLPDFHQ�
WHU PHG GHQ UHJLRQDOH NOLPDPRGHO +,5+$0 PHG �� NP RSO¡VQLQJ�

)RU�EHUHJQLQJ�PHG�K¡M�RSO¡VQLQJ�VHV�L�)LJXU�����IRUVNHOOHQ�L�QHGE¡U�PHOOHP�NOLPDHW�RPNULQJ
�����RJ�NOLPDHW�L�GDJ�IRUGHOW�Sn�GH�ILUH�nUVWLGHU��'HW�IUHPJnU�DW�GHU�VNHU�HQ�JHQHUHO�IRU¡JHOVH
DI� QHGE¡UP QJGHQ� Sn� DOOH� nUVWLGHU�� GRJ�PHG� HQ� OLOOH� WHQGHQV� WLO� QRJHW� W¡UUHUH� VRPUH� L� GHQ
V\G¡VWOLJH�GHO�DI�UHJLRQHQ��'HW�VHV�HQGYLGHUH�DW�GHQ�NUDIWLJVWH� QGULQJ�IRUHNRPPHU�RP�HIWH U�
nUHW� RYHU� GHW� YHVWOLJH� 1RUJH�� 1HGE¡UIRU¡JHOVHQ� HU� HQ� GHO� VW¡UUH� YHVW� IRU� GH� VNDQGLQDYLVNH
IMHOGH� HQG�¡VW� IRU� GLVVH��'HWWH�K QJHU� VDPPHQ�PHG�DW� YHMUHW� L� VFHQDULHW� L� K¡MHUH�JUDG� HQG� L
NRQWUROEHUHJQLQJHQ� HU� NDUDNWHULVHUHW� YHG� YHVWOLJ� VWU¡PQLQJ�� DOWVn� NUDIWLJHUH� YHVWHQYLQGH�� GHU
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JLYHU�PHUH�QHGE¡U� L�9HVWQRUJH��/ HIIHNWHQ�DI� IMHOGHQH�HU�PHUH�XGWDOW� L�GHW� IUHPWLGLJH�NOLPD
KYRUIRU�GHU�HU�HQ�UHW�VYDJ�QHGE¡UIRU¡JHOVH�¡VW�IRU�GLVVH�

'HW�EHP UNHV�DW�GH�VLPXOHUHGH� QGULQJHU�DOOH�HU�UHODWLYW�VPn�VDPPHQOLJQHW�PHG�QRUPDOQHG�
E¡UHQ�� 5HVXOWDWHUQH� HU� L� JURYH� WU N� L� RYHUHQVVWHPPHOVH� PHG� KYDG� PDQ� InU� IUD� GH� JURYHUH
JOREDOH� VLPXOHULQJHU�� 'H� ��� nU� HU� GRJ� OLGW� IRU� NRUW� WLG� WLO� DW� JLYH� HQ� WLOVWU NNHOLJ� VWDWLVWLVN
VLNNHUKHG�Sn�GHQ�EHUHJQHGH� QGULQJ�L�QHGE¡UHQ�

(Q� Q UPHUH� DQDO\VH� DI� GH� VLPXOHUHGH� QHGE¡UIRUKROG� YLVHU� DW�  QGULQJHUQH� XG� RYHU� DW� Jn� L
UHWQLQJ�DI�HW�QRJHW�YnGHUH�NOLPD��VDPWLGLJ�EHW\GHU�HQ�WHQGHQV�WLO�K\SSLJHUH�IRUHNRPVW�DI�NUD I�
WLJ� QHGE¡U�� 'HWWH� LOOXVWUHUHV� L� )LJXU� ���� KYRU� QHGE¡UHQ� HU� NODVVLILFHUHW� HIWHU� LQWHQVLWHWHQ� DI
UHJQYHMUHW�VQHIDOGHW�� 'HQQH� LQWHQVLWHW� HU� EHUHJQHW� Sn� EDVLV� DI� GHQ� VDPOHGH� QHGE¡U� Sn� GHQ
SnJ OGHQGH�GDJ�

1HGE¡U IRUGHOW Sn GDJOLJH LQWHQVLWHWHU
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9HVWQRUJH� FD� ����

)LJXU ��� %HUHJQHW VDPOHW nUOLJ QHGE¡U IRUGHOW Sn GDJOLJH LQWHQVLWHWHU �PP�GDJ�� 'HW VNDO EHP UNHV DW GHQ
EHUHJQHGH ���nUV QHGE¡U IRU FD� ���� HU OLGW VW¡UUH HQG GHQ REVHUYHUHGH ���nUV QHGE¡U IRU SHULRGHQ ��������

'HU� HU� HQ�NUDIWLJ� VDPOHW� HIIHNW� DI� RSYDUPQLQJHQ�RJ�GHQ� IRU¡JHGH�QHGE¡U�Sn� DIVWU¡PQLQJHQ�
GYV��GHQ�P QJGH�YDQG�GHU� O¡EHU� L� IORGHU�RJ�HOYH��(Q�EHVNULYHOVH� DI� DIVWU¡PQLQJHQ�NDQ�NXQ
IRUHWDJHV� KYLV� GHQ� EHQ\WWHGH�PRGHO� KDU� HQ� WLOVWU NNHOLJ� K¡M� RSO¡VQLQJ� WLO� DW� NXQQH� JLYH� HQ
UHDOLVWLVN�VLPXOHULQJ�DI�WRSRJUDIL�RJ�GHUPHG�DI�VQHG NNH�RJ�VQHDIVPHOWQLQJ��'HQ�KHU�EHQ\WW H�
GH�RSO¡VQLQJ�Sn�FD�����NP�HU�EHW\GHOLJW�EHGUH�HQG�*&0�RSO¡VQLQJHU�RJ�UHSURGXFHUHU�REVHU�
YDWLRQHU�DI�GHQ�nUOLJH�JDQJ�ULPHOLJW�

3n�)LJXU�����VHV�GHQ�nUOLJH�XGYLNOLQJ�DI�GHQQH�VW¡UUHOVH�IRUGHOW�RYHU�VHNV�GHORPUnGHU�L�6NDQGL�
QDYLHQ��,V U�L�GHW�QRUGOLJH�6NDQGLQDYLHQ� QGUHU�GHQ�nUOLJH�JDQJ�VLJ��,�GDJ�HU�GHU�HW�PDNVLPXP
RP�IRUnUHW�QnU�VQHHQ�L�IMHOGHQH�VPHOWHU��,������HU�GHWWH�PDNVLPXP�VY NNHW�SJD��PLQGUH�VQH�L
IMHOGHQH� RJ� OLJJHU� WLGOLJHUH�� 6DPWLGLJ� HU� GHU� NRPPHW� HW� Q\W�PDNVLPXP� GHU� VN\OGHV� IRU¡JHW
QHGE¡U�RP�HIWHUnUHW�RJ�HQ�VHQHUH�VWDUW�DI�YLQWHUHQV�IURVW�
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)LJXU ��� $IVWU¡PQLQJ L PP�GDJ IRUGHOW Sn GHORPUnGHU DI 'DQPDUN�6YHULJH�1RUJH� +YLGH FLUNOHU HU GHW QXY �
UHQGH NOLPD� VRUWH FLUNOHU HU IRU �����

'HQ�JHQHUHOOH�RSYDUPQLQJ�VRP�IRUnUVDJHV�DI�GHQ�¡JHGH�GULYKXVHIIHNW��¡JHU�VnOHGHV�WHPSHUDWXU
VnYHO� VRP�QHGE¡U��6LPXOHULQJHQ�YLVHU� DW� GHU�EOLYHU�Y VHQWOLJW�PLQGUH� VQH�RP�YLQWHUHQ� RYHU
KHOH�6NDQGLQDYLHQ��PHQ� LV U� L�GH�QRUVNH�RJ�VYHQVNH�IMHOGH��'HWWH� IRUVNXEEHU�KHOH�GHW�nUOLJH
P¡QVWHU� IRU� YDQGHWV� NUHGVO¡E� RYHU� GHQ� 6NDQGLQDYLVNH�+DOY¡� LGHW� W¡EUXGGHW� RP� IRUnUHW� KHOW
 QGUHU� NDUDNWHU�� 6RP� HQ� I¡OJH� DI� GHQ�PLQGUH�P QJGH� DI� RSODJUHW� VQH� RP� YLQWHUHQ� RJ� GHQ
JHQHUHOOH� RSYDUPQLQJ�� VNHU� IRUnUVW¡EUXGGHW� WLGOLJHUH�� 9DQGP QJGHQ� GHU� IULJLYHV�� HU
Y VHQWOLJW�PLQGUH��7LO� JHQJ OG�PHGI¡UHU�GHQ�¡JHGH�QHGE¡U�RP�HIWHUnUHW� DW� YDQGP QJGHQ� L
IORGHU�RJ�HOYH�¡JHV�Sn�GHQ�nUVWLG�

���� .RQNOXVLRQ

'H�EHUHJQHGH�NOLPD QGULQJHU�VHU�UHW�YROGVRPPH�XG�VDPPHQOLJQHW�PHG�DQGUH�RIIHQWOLJJMRUWH
JOREDOH�EHUHJQLQJHU��,�GHQ�IRUELQGHOVH�HU�GHW�YLJWLJW�DW�KXVNH�Sn�DW�WLGVSHULRGHQ�RPNULQJ�����
OLJJHU�VHQHUH�HQG�GH� IOHVWH�JOREDOH�PRGHOEHUHJQLQJHU��'HU�HU�Sn�GHWWH� WLGVSXQNW�PHG�GHW�EH�
Q\WWHGH�XGVOLSVVFHQDULR�VNHW�Q VWHQ�HQ�WUHGREOLQJ�DI�GHQ�QDWXUOLJH�DWPRVI ULVNH�&2 ��NRQFHQ�
WUDWLRQ��(QGYLGHUH�HU�GHW�Y VHQWOLJW�DW�EHP UNH�DW�GHQ�NREOHGH�EHUHJQLQJ�VRP�EOHY�XGI¡UW� L
������ LNNH�PHGUHJQHU� HIIHNWHU� DI� VDPIXQGHWV�XGVOLS� DI� VXOIDWDHURVROHU��'LVVH�PLNURVNRSLVNH
SDUWLNOHU�GHU�HU�HQ�GHO�DI�GHQ� LQGXVWULHOOH� IRUXUHQLQJ��YLUNHU�DIN¡OHQGH�Sn�DWPRVI UHQ�YHG�DW
UHIOHNWHUH� VROO\V� Y N� IUD� MRUGHQ�� 'HUIRU� KDU� GH� HQ�PRGVDW� YLUNQLQJ� DI� GHQ�PHQQHVNHVNDEWH
GULYKXVHIIHNW��LV U�L�GH�LQGXVWULDOLVHUHGH�GHOH�DI�YHUGHQ��,�PRGV WQLQJ�WLO�&2 ��KDU�DHURVROHUQH
HQ�UHW�NRUW�OHYHWLG��'HUIRU�EUHGHU�GH�VLJ�LNNH�XG�RYHU�KHOH�MRUGHQV�DWPRVI UH�VRP�GHW�HU�WLOI  O�
GHW�PHG�&2���'H�KDU�HQ�ORNDOW�DIN¡OHQGH�YLUNQLQJ�L�GH�LQGXVWULDOLVHUHGH�GHOH�DI�YHUGHQ�
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'HU� HU� GLVNXWHUHW� WUH� WHNQLNNHU� WLO� QHGVNDOHULQJ� DI� GH� JURYPDVNHGH� GDWD� IUD� JOREDOH� NREOHGH
DWPRVI UH�RFHDQ� PRGHON¡UVOHU� Vn�  QGULQJHU� L� GHW� UHJLRQDOH� RJ� ORNDOH� NOLPD� NDQ� YXUGHUHV�
+YHU�WHNQLN�KDU�IRUGHOH�RJ�XOHPSHU�

7LGVXGVQLWV�EHUHJQLQJHU� PHG� HQ� JOREDO� DWPRVI ULVN� NOLPDPRGHO� KDU� HQ� NRQVLVWHQW� I\VLVN
EHVNULYHOVH�DI�DWPRVI UHQ��6HOY�RP�GH�LNNH�L�VLJ�VHOY�NDQ�EUXJHV�WLO�DW�IRUXGVLJH�HW�NOLPD Q�
GULQJVVLJQDO��NDQ�GH�Sn�HQ�UHDOLVWLVN�PnGH�RSO\VH�RP�HYHQWXHOOH� QGULQJHU�L�GHQ�DWPRVI ULVNH
FLUNXODWLRQ�Sn�VWRU�VNDOD�VDPWLGLJ�PHG�DW�GHU�HU�HQ�UHW�GHWDOMHUHW�UXPOLJ�RSO¡VQLQJ��'HU�NU YHV
LPLGOHUWLG�VWRUH�FRPSXWHUUHVVRXUFHU�IRU�DW�XGI¡UH�VnGDQQH�EHUHJQLQJHU�

(Q�UHJLRQDO�NOLPDPRGHO�JLYHU�RSO\VQLQJHU�Sn�HQGQX�PLQGUH�VNDOD��PHQ�HU�EXQGHW�DI�GHQ�IRUH�
VNUHYQH�VWRUVNDODFLUNXODWLRQ�IUD�GHQ�PRGHO�GHU�JLYHU�UDQGEHWLQJHOVHUQH��/LJHVRP�GHQ�JOREDOH
PRGHO�HU�GHW�ORNDOH�NOLPD�EHVNUHYHW�XG�IUD�IXQGDPHQWDOH�I\VLVNH�SULQFLSSHU��VnOHGHV�DW�GHW�LNNH
L�VLJ�VHOY�HU�SUREOHPDWLVN�DW�EHQ\WWH�PRGHOOHQ�L�HW�IRUFHUHW�NOLPD��I[�HW�NOLPD�KYRU�HQ� QGUHW
DWPRVI ULVN�VDPPHQV WQLQJ�SnYLUNHU�VWUnOLQJVEDODQFHQ�

6WDWLVWLVN�QHGVNDOHULQJ�HU�HQ�ELOOLJ�PHWRGH�GHU�EHQ\WWHU�VWDWLVWLVNH�VDPPHQK QJH�XGOHGW�IUD�HQ
WU QLQJVSHULRGH��QRUPDOW�GHW�QXY UHQGH�NOLPD��.YDOLWHWHQ�DI�VWDWLVWLVN�QHGVNDOHULQJ�DIK QJHU
DI�KYLONH�IHOWHU�GHU�EHQ\WWHV�WLO�IRUXGVLJHOVHQ��RJ�KYLONH�GHU�IRUXGVLJHV�

+YLONHQ�DI�GH�WUH�WHNQLNNHU�GHU�YLO�Y UH�EHGVW�HJQHW�WLO�HQ�JLYHQ�DQYHQGHOVH��DIK QJHU�QDWX U�
OLJYLV�DI�DUWHQ�DI�GHQQH��+YLV�GHQ�UHOHYDQWH�NOLPD QGULQJ� LQYROYHUHU�Y VHQWOLJH� QGULQJHU� L
VWU¡PQLQJHQ�Sn�VWRU�VNDOD��HU�GHW�Q¡GYHQGLJW�PHG�HQ�JOREDO�NOLPDVLPXOHULQJ��KYLV� QGULQJHQ
HU�ORNDO��RJ�KYLV�GHQ�LQYROYHUHU�PXOLJH� QGULQJHU�L�NOLPDV\VWHPHWV�I¡OVRPKHG��YLO�G\QDPLVN
QHGVNDOHULQJ�PHG�HQ� UHJLRQDO�NOLPDPRGHO�Y UH�HQ�PXOLJKHG��KYLV�GHQ� VW¡UUHOVH�GHU� HU� EUXJ
IRU��HU�GnUOLJW�EHVNUHYHW�DI�HQ�NOLPDPRGHO��HOOHU�KYLV�GHW�UHOHYDQWH�IHOW�EHILQGHU�VLJ�HW�VWHG�Vn
VHOY�HQ�PLGGHOY UGL�RYHU�HQ���NP�VWRU�JLWWHUERNV�LNNH�JLYHU�HQ�JRG�WLOQ UPHOVH��HU�GHU�PX�
OLJKHG�IRU�DW�EHQ\WWH�VWDWLVWLVN�QHGVNDOHULQJ�

'HU� HNVLVWHUHU� Q\H�NOLPDVLPXOHULQJHU� KYRU� DHURVROHUQHV� UHGXNWLRQ� DI� RSYDUPQLQJHQ� HU�PHG�
UHJQHW�Sn�HQ�VLPSOLILFHUHW�PnGH��,�IUHPWLGHQ�YLO�GHU�Y UH�EHKRY�IRU�VLPXOHULQJHU��KYRU�GHQQH
HIIHNW�HU�PHGUHJQHW�IXOGW��'HU�YLO�HQGYLGHUH�Y UH�EHKRY�IRU�DW�EHQ\WWH�Q\H��UHYLGHUHGH�VFHQDU L�
HU�IRU�IUHPWLGLJH�XGVOLS�DI�GULYKXVJDVVHU��NRQVWUXHUHW�DI�,3&&�IRU�Q\OLJ��.OLPDPRGHOOHUQH�VHOY
EOLYHU�EHGUH�RJ�EHGUH� L� WDNW�PHG�DW� FRPSXWHUQH�EOLYHU�KXUWLJHUH�RJ�GHU� LPSOHPHQWHUHV�PHUH
IXOGVW QGLJH�EHUHJQLQJHU�DI�NOLPDV\VWHPHWV�SURFHVVHU�

'0,� GHOWDJHU� L� GHQQH� IRUVNQLQJ� RJ� YLO� L� IUHPWLGHQ� EnGH� XGI¡UH� NREOHGH� RFHDQ�DWPRVI UH
VLPXOHULQJHU�PHG�JOREDOH�PRGHOOHU�VDPW�YLGHUHXGYLNOH�GH�QHGVNDOHULQJVWHNQLNNHU�GHU�HU�RP�
WDOW�L�GHQQH�UDSSRUW�

���� 5HIHUHQFHU�WLO��'ULYKXVHIIHNW�RJ�NOLPD�

&KULVWHQVHQ�� 2�%��� ������ 'ULYKXVHIIHNWHQ� RJ� UHJLRQDOH� NOLPD QGULQJHU�� 'DQPDUNV� .OLPD�
FHQWHU��'0,��5DSSRUW������

&KULVWHQVHQ��-��+���2��%��&KULVWHQVHQ��3��/RSH]��(��YDQ�0HLMJDDUG��DQG�0��%RW]HW�������� 7KH
+,5+$0��UHJLRQDO�DWPRVSKHULF�FOLPDWH�PRGHO��6FLHQWLILF�5HSRUW�������'DQLVK�0HWHRURORJL�
FDO�,QVWLWXWH��&RSHQKDJHQ��'HQPDUN�

&KULVWHQVHQ�� 2�� %��� -�� +�� &KULVWHQVHQ�� %�� 0DFKHQKDXHU�� DQG� 0�� %RW]HW�� ������ 9HU\�KLJK�
UHVROXWLRQ� UHJLRQDO� FOLPDWH� VLPXODWLRQV� RYHU� 6FDQGLQDYLD�� 3UHVHQW� FOLPDWH�� -�� &OLPDWH�� ���
����������



��

+RXJKWRQ�� -��7���/��*��0��)LOKR��%��$��&DOODQGHU��1��+DUULV��$��.DWWHQEHUJ�DQG�.��0DVNHOO
�(GV����������&OLPDWH�&KDQJH�������7KH�6FLHQFH�RI�&OLPDWH�&KDQJH��&DPEULGJH�8QLYHUVLW\
3UHVV�

.DDV��(���DQG�3��)ULFK��������'LXUQDO�WHPSHUDWXUH�UDQJH�DQG�FORXG�FRYHU�LQ�WKH�1RUGLF�FRXQ�
WULHV��REVHUYHG�WUHQGV�DQG�HVWLPDWHV�IRU�WKH�IXWXUH��$WPRV��5HV���������������

.DDV��(���7��6��/L��DQG�7��6FKPLWK��������6WDWLVWLFDO�KLQGFDVW�RI�ZLQG�FOLPDWRORJ\�LQ�WKH�1RUWK
$WODQWLF�DQG�1RUWK�ZHVWHUQ�(XURSHDQ�UHJLRQ��&OLP��5HV�������������

0DFKHQKDXHU��%���0��:LQGHOEDQG��0��%RW]HW��-��+��&KULVWHQVHQ��0��'pTXp��5��*�-RQHV��3��0�
5XWL��DQG�*��9LVFRQWL��������9DOLGDWLRQ�DQG�DQDO\VLV�RI�SUHVHQW�GD\�FOLPDWH�DQG�FOLPDWH�FKDQ�
JH�FOLPDWH�FKDQJH�VLPXODWLRQV�RYHU�(XURSH��03,�5HSRUW������0D[�3ODQFN�,QVWLWXW�I�U�0HWHR�
URORJLH��+DPEXUJ��*HUPDQ\�

0D\��:���������$�WLPH�VOLFH�H[SHULPHQW�ZLWK� WKH�(&+$0��$�*&0�DW�KLJK�UHVROXWLRQ��7KH

H[SHULPHQWDO�GHVLJQ�DQG�WKH�DVVHVVPHQW�RI�FOLPDWH�FKDQJH�DV�FRPSDUHG�WR�D�JUHHQKRXVH�JDV

H[SHULPHQW�ZLWK�(&+$0��23<&�DW�ORZ�UHVROXWLRQ��6FLHQWLILF�5HSRUW�������'DQLVK�0HWHRUR�
ORJLFDO�,QVWLWXWH��&RSHQKDJHQ��'HQPDUN�


