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Preface to the DMI edition

DMI participated in the RODOS project (Real-time On-line DecisiOn Support system) in the
working group on Meteorology and Atmospheric Dispersion Activities in the period 1991 to
1999. The overall objectives of this working group were to develop and provide the decision
support system with an integrated atmospheric transport dispersion model chain for now- and
forecasting of radioactive airborne spread on all ranges from local to European scales.

DMI's general objectives were to provide forecast and analysed data from the DMI-HIRLAM
model for the development and test of the RODOS Local Scale Model Chain and RODOS
Long Range Model Chain, both for real-time and historical cases (e.g. Chernobyl and ETEX).

During the project DMI-HIRLAM has been validated in a number of studies both on direct
validation of forecast data, and also indirect validation by the model simulation of the first
ETEX experiment using the Danish Emergency Response Model of the Atmosphere
(DERMA) utilising high-resolution data from the DMI-HIRLAM model as well as data from
the ECMWF global model. The analysis showed in general that the use of DMI-HIRLAM
data gave better results than use of ECMWF data, and in particular the use of DMI-HIRLAM
data explains some of the observed mesoscale features in the tracer gas measurements.
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52'26�:*��71������

$OL[ 5DVPXVVHQ� -HQV +DYVNRY 6¡UHQVHQ�

1LHOV :RHWPDQQ 1LHOVHQ DQG %MDUQH $PVWUXS

'DQLVK 0HWHRURORJLFDO ,QVWLWXWH

0HWHRURORJLFDO 5HVHDUFK 'LYLVLRQ

/\QJE\YHM ���

'.����� &RSHQKDJHQ �� 'HQPDUN

(PDLO� DU#GPL�GN� MKV#GPL�GN�QZQ#GPL�GN�EMD#GPL�GN

6HSWHPEHU ����

0DQDJHPHQW�6XPPDU\

+,5/$0� ZKLFK VWDQGV IRU +,JK 5HVROXWLRQ /LPLWHG $UHD 0RGHO� LV D VWDWH�RI�WKH�DUW DQDO\VLV
DQG IRUHFDVW V\VWHP IRU QXPHULFDO ZHDWKHU IRUHFDVWV� 7KH SURMHFW VWDUWHG LQ ���� DV FRRSHUDWLRQ
RI WKH 1RUGLF &RXQWULHV DQG WKH 1HWKHUODQGV� ODWHU RQ MRLQHG E\ ,UHODQG� )UDQFH DQG 6SDLQ� 7KH
FRRSHUDWLRQ LV YHU\ DFWLYH LQ D ZLGH UDQJH RI DUHDV� LPSURYLQJ WKH IRUHFDVWLQJ V\VWHP� LQFOXGLQJ
VXFK DUHDV DV SUHFLSLWDWLRQ� WXUEXOHQFH SDUDPHWHUV DQG ZLQG� ZKLFK DUH RI SDUWLFXODU LPSRUWDQFH
IRU WKH QXFOHDU HPHUJHQF\ SUHSDUHGQHVV�

7KH +,5/$0 V\VWHP LV LQ RSHUDWLRQDO XVH DW PRVW RI WKH PHWHRURORJLFDO VHUYLFHV SDUWLFLSDWLQJ LQ
WKH +,5/$0 FRRSHUDWLRQ IRU WKHLU URXWLQH ZHDWKHU IRUHFDVWLQJ� DQG DW '0, LW KDV EHHQ LQ
RSHUDWLRQDO XVH VLQFH �����

'0,�+,5/$0 LV QRW DQ LQWHJUDWHG SDUW RI WKH 52'26 V\VWHP� EXW GXULQJ WKH GHYHORSPHQW RI
52'26 LW KDV EHHQ DQ LPSRUWDQW SDUW RI WKH ZRUN� DV '0,�+,5/$0 GDWD KDV EHHQ XVHG
H[WHQVLYHO\ LQ WKH WHVW RI WKH 52'26 /RFDO 6FDOH 0RGHO &KDLQ DQG 52'26 /RQJ 5DQJH 0RGHO
&KDLQ� ERWK IRU UHDO�WLPH DQG KLVWRULFDO FDVHV�

$ GHVFULSWLRQ RI WKH '0,�+,5/$0 V\VWHP DQG UHVXOWV RI YDOLGDWLRQ VWXGLHV KDYH SUHYLRXVO\
EHHQ SXEOLVKHG LQ D QXPEHU RI 52'26�UHSRUWV� 7KLV UHSRUW LV D FRQJORPHUDWH RI WKHVH UHSRUWV�
DQG LQFOXGHV LQ DGGLWLRQ UHFHQW UHVXOWV RI WKH URXWLQH YDOLGDWLRQ RI '0,�+,5/$0�

,Q JHQHUDO� WKH UHVHPEODQFH EHWZHHQ PHDVXUHPHQWV DQG WKH '0,�+,5/$0 DQDO\VLV DQG IRUHFDVW
LV TXLWH JRRG IRU PHDQ VHD OHYHO SUHVVXUH �PVOS�� ZLQG DQG WHPSHUDWXUH� ZKLOH WKH TXDOLW\ RI WKH
SUHFLSLWDWLRQ IRUHFDVWV DUH OHVV JRRG� HVSHFLDOO\ LQ FRQYHFWLYH FRQGLWLRQV�

,Q JHQHUDO WKHUH LV DQ LPSURYHPHQW LQ TXDOLW\ RI WKH IRUHFDVWV ZLWK KLJKHU UHVROXWLRQ� HVSHFLDOO\
JRLQJ IURP �� NP KRUL]RQWDO UHVROXWLRQ WR �� NP� ZKLOH WKHUH DUH RQO\ PLQRU GLIIHUHQFHV LQ WKH
VWDQGDUG VWDWLVWLFV JRLQJ IURP �� NP WR � NP�

7KH URRW PHDQ VTXDUH HUURU �UPVH� RI WKH � P�WHPSHUDWXUH LV DURXQG ��� R&� IRU WKH ��� K3D
WHPSHUDWXUH WKH UPVH LV DERXW � R& IRU WKH DQDO\VLV LQFUHDVLQJ WR DERXW � R& IRU D �� KRXU
IRUHFDVW� )RU WKH �� P�ZLQG YHORFLW\ WKH UPVH LV DURXQG � P�V� IRU WKH ��� K3D ZLQG YHORFLW\ WKH
UPVH LV DURXQG � P�V IRU WKH DQDO\VLV� LQFUHDVLQJ WR DERXW � P�V IRU D �� KRXU IRUHFDVW�

6HQVLWLYLW\ VWXGLHV RI YHUWLFDO SURILOHV IURP - JHUVERUJ� 'HQPDUN� IURP WKH \HDUV ���� DQG �����
VKRZ LQ JHQHUDO WKDW WKH GLXUQDO YDULDWLRQ RI WKH '0,�+,5/$0 WHPSHUDWXUH QHDU JURXQG LV WRR
VPDOO� DQG DOVR WKH GLXUQDO YDULDWLRQ RI WKH '0,�+,5/$0 YHORFLW\ LV WRR VPDOO� HVSHFLDOO\ '0,�
+,5/$0 GRHV QRW UHSURGXFH ZHOO WKH QRFWXUQDO MHW�

+RZHYHU� D QHZ ERXQGDU\ OD\HU SDUDPHWHUL]DWLRQ� LPSOHPHQWHG LQ WKH '0,�+,5/$0 WRJHWKHU
ZLWK D QHZ SK\VLFDO SDFNDJH� VHHPV WR UHVXOW LQ VLJQLILFDQW LPSURYHPHQWV� SURGXFLQJ PRUH
UHDOLVWLF SURILOHV DQG GHHSHU XQVWDEOH ERXQGDU\ OD\HUV�
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��� 7KH RSHUDWLRQDO '0,�+,5/$0 V\VWHP�������������������������������������������������������������������������

��� '0, RSHUDWLRQDO PRGHO DUHDV�����������������������������������������������������������������������������������������

��� 9HUWLFDO UHVROXWLRQ RI WKH RSHUDWLRQDO '0,�+,5/$0 ���������������������������������������������������

��� 2SHUDWLRQDO WLPH VFKHGXOH����������������������������������������������������������������������������������������������
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� 9HULILFDWLRQ UHVXOWV ����������������������������������������������������������������������������������������������������������������������

��� 2EV�YHULILFDWLRQ RI VXUIDFH SDUDPHWHUV �������������������������������������������������������������������������

����� 0HDQ VHD OHYHO SUHVVXUH �PVOS� ����������������������������������������������������������������������������

����� ��PHWHU WHPSHUDWXUH����������������������������������������������������������������������������������������������

����� ���PHWHU ZLQG YHORFLW\ �����������������������������������������������������������������������������������������

��� 2EV�YHULILFDWLRQ RI ��� K3D SDUDPHWHUV������������������������������������������������������������������������

����� +HLJKW DW ��� K3D �������������������������������������������������������������������������������������������������

����� 7HPSHUDWXUH DW ��� K3D����������������������������������������������������������������������������������������

����� :LQG YHORFLW\ DW ��� K3D �������������������������������������������������������������������������������������

��� &RPSDULVRQ RI *��� (�� DQG '����������������������������������������������������������������������������������

����� 3UHFLSLWDWLRQ ���������������������������������������������������������������������������������������������������������

��� )LHOG YHULILFDWLRQ UHVXOWV������������������������������������������������������������������������������������������������

��� 3URILOHV RI ZLQG DQG WHPSHUDWXUH ����������������������������������������������������������������������������������

� &RQFOXVLRQ�����������������������������������������������������������������������������������������������������������������������������������

� 5HIHUHQFHV �����������������������������������������������������������������������������������������������������������������������������������

��� 5HOHYDQW 52'26 UHSRUWV����������������������������������������������������������������������������������������������

��� 2WKHU 5HIHUHQFHV�����������������������������������������������������������������������������������������������������������

� $SSHQGL[ �7DEOH � � 7DEOH � �������������������������������������������������������������������������������������������������������

� $SSHQGL[ � )LJ� �� � )LJ� ����������������������������������������������������������������������������������������������������������

� 'RFXPHQW +LVWRU\ �����������������������������������������������������������������������������������������������������������������������
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� ,QWURGXFWLRQ

7KH 52'26 SURMHFW �5HDO�WLPH 2Q�OLQH 'HFLVL2Q 6XSSRUW V\VWHP � EHJDQ DV D UHVHDUFK SURMHFW
ODWH ���� DV D PDMRU LWHP RI WKH 5DGLDWLRQ 3URWHFWLRQ 5HVHDUFK $FWLRQ RI WKH �UG 5	'
)UDPHZRUN 3URJUDPPH ������������ 7KH REMHFWLYH ZDV WKH GHYHORSPHQW RI DQ LQWHJUDWHG DQG
FRPSUHKHQVLYH UHDO�WLPH RQ�OLQH GHFLVLRQ VXSSRUW V\VWHP IRU RII�VLWH HPHUJHQF\ PDQDJHPHQW
DIWHU D QXFOHDU DFFLGHQW LQ (XURSH� %\ DFFHVV WR ORFDO DQG QDWLRQDO PRQLWRULQJ DQG IRUHFDVW GDWD
IURP UDGLRORJLFDO DQG PHWHRURORJLFDO LQIRUPDWLRQ QHWZRUNV� WKH V\VWHP ZLOO PDNH FRQVLVWHQW
SUHGLFWLRQV IURP WKH YLFLQLW\ RI WKH UHOHDVH DQG WKH HDUO\ SKDVH XS WR IDU GLVWDQW DUHDV DQG WKH
ODWHU VWDJHV RI DQ DFFLGHQW�

7KH GHYHORSPHQW RI 52'26 FRQWLQXHG GXULQJ WKH �WK (8 5	' )UDPHZRUN 3URJUDPPH ������
����� ZLWK VWURQJ HIIRUWV WR PDNH 52'26 D IXOO\ RSHUDWLRQDO V\VWHP IXQFWLRQDO IRU WKH HQG�XVHUV
LQ GLIIHUHQW FRXQWULHV�

7KH GHYHORSPHQW RI 52'26 ZDV RUJDQLVHG LQ GLIIHUHQW ZRUNLQJ JURXSV IRU�

� 6\VWHP 'HYHORSPHQW LQFO� 4XDOLW\ $VVXUDQFH�

� 0HWHRURORJ\ DQG $WPRVSKHULF 'LVSHUVLRQ�

� &RXQWHUPHDVXUHV DQG &RQVHTXHQFHV�

� +\GURORJLFDO 0RGHOOLQJ�

� 'DWD $VVLPLODWLRQ DQG 8QFHUWDLQWLHV LQFO� 6RXUFH 7HUP (VWLPDWLRQ�

� 7UDLQLQJ DQG ([HUFLVHV�

� 52'26 XVHUV

'0, SDUWLFLSDWHG LQ WKH VHFRQG JURXS RQ 0HWHRURORJ\ DQG $WPRVSKHULF 'LVSHUVLRQ DFWLYLWLHV
ZLWK WKH RYHUDOO REMHFWLYHV WR GHYHORS DQG SURYLGH WKH GHFLVLRQ VXSSRUW V\VWHP ZLWK DQ LQWHJUDWHG
DWPRVSKHULF WUDQVSRUW GLVSHUVLRQ PRGHO FKDLQ IRU QRZ� DQG IRUHFDVWLQJ RI UDGLRDFWLYH DLUERUQH
VSUHDG RQ DOO UDQJHV IURP ORFDO WR (XURSHDQ VFDOHV �52'26 /RFDO 6FDOH 0RGHO &KDLQ DQG
52'26 /RQJ 5DQJH 0RGHO &KDLQ�� 7KH PRGHO FKDLQ LQFRUSRUDWHV RSWLRQV IRU XVLQJ GDWD IURP
ORFDO RQ�VLWH ZHDWKHU VWDWLRQV DQG RQ�OLQH QXPHULFDO ZHDWKHU SUHGLFWLRQ GDWD DYDLODEOH DW ZHDWKHU
VHUYLFHV�

'0,
V JHQHUDO REMHFWLYHV ZHUH WR SURYLGH IRUHFDVW DQG DQDO\VHG GDWD IURP WKH '0,�+,5/$0
PRGHO IRU WKH GHYHORSPHQW DQG WHVW RI WKH 52'26 /RFDO 6FDOH 0RGHO &KDLQ DQG 52'26 /RQJ
5DQJH 0RGHO &KDLQ� ERWK IRU UHDO�WLPH DQG KLVWRULFDO FDVHV �H�J� &KHUQRE\O DQG (7(;�� 7KLV KDV
H�J� EHHQ GHVFULEHG LQ �8VHU
V 0DQXDO )RU 7KH $WPRVSKHULF 'LVSHUVLRQ 0RGXOH� 0HW�5RGRV��
52'26�:*���71������� DQG �1XPHULFDO :HDWKHU 3UHGLFWLRQ 'DWDEDVH +,5/$0��

52'26�:*���71��������

,W LV HPSKDVLVHG WKDW '0,�+,5/$0 LV QRW DQ LQWHJUDWHG SDUW RI WKH 52'26 V\VWHP� DQG
52'26 HQG�XVHUV FDQ FKRRVH WR XVH IRUHFDVW GDWD IURP DQ\ RWKHU QXPHULFDO ZHDWKHU SUHGLFWLRQ
PRGHO�

'XULQJ WKH SURMHFW '0,�+,5/$0 KDV EHHQ YDOLGDWHG LQ D QXPEHU RI VWXGLHV� FI� H�J�
52'26�:*��������������������������������� ERWK RQ GLUHFW YDOLGDWLRQ RI IRUHFDVW GDWD� DQG DOVR
LQGLUHFW YDOLGDWLRQ E\ WKH PRGHO VLPXODWLRQ RI WKH ILUVW (7(; H[SHULPHQW XVLQJ WKH 'DQLVK
(PHUJHQF\ 5HVSRQVH 0RGHO RI WKH $WPRVSKHUH �'(50$� XWLOLVLQJ KLJK�UHVROXWLRQ GDWD IURP
WKH '0,�+,5/$0 PRGHO DV ZHOO DV GDWD IURP WKH (&0:) JOREDO PRGHO� 7KH DQDO\VLV VKRZHG
LQ JHQHUDO WKDW WKH XVH RI '0,�+,5/$0 GDWD JDYH EHWWHU UHVXOWV WKDQ XVH RI (&0:)�GDWD� DQG
LQ SDUWLFXODU WKH XVH RI '0,�+,5/$0 GDWD FRXOG H[SODLQ VRPH RI WKH REVHUYHG PHVRVFDOH
IHDWXUHV LQ WKH WUDFHU JDV PHDVXUHPHQWV�

7KLV UHSRUW LV D FRQJORPHUDWH RI WKH DERYH PHQWLRQHG YDOLGDWLRQ UHSRUWV� DQG LQFOXGHV LQ DGGLWLRQ
VRPH RI WKH UHFHQW UHVXOWV RI WKH URXWLQH YDOLGDWLRQ RI '0,�+,5/$0�
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� 7KH�+,5/$0�V\VWHP

7KH +,JK 5HVROXWLRQ /LPLWHG $UHD 0RGHO �+,5/$0� LV DQ DGYDQFHG VKRUW�UDQJH QXPHULFDO
ZHDWKHU IRUHFDVWLQJ V\VWHP� GHYHORSHG LQ D MRLQW LQWHUQDWLRQDO UHVHDUFK SURMHFW� 7KH SURMHFW
VWDUWHG LQ ���� DV D FRRSHUDWLRQ RI WKH 1RUGLF &RXQWULHV DQG WKH 1HWKHUODQGV� ODWHU RQ MRLQHG E\
,UHODQG� )UDQFH DQG 6SDLQ�

7KH +,5/$0 OHYHO � V\VWHP ZDV HVWDEOLVKHG LQ ���� �0DFKHQKDXHU�� 7KH SUHVHQW RSHUDWLRQDO
V\VWHP LQ WKH SDUWLFLSDWLQJ FRXQWULHV LV PDLQO\ EDVHG RQ WKH +,5/$0�� V\VWHP� DQG LV QRZ XVHG
LQ URXWLQH ZHDWKHU IRUHFDVWLQJ E\ '0,� '10,� )0,� ,06� .10,� ,10� DQG 60+,�

$ UHIHUHQFH YHUVLRQ RI +,5/$0 LV PDLQWDLQHG DW WKH (XURSHDQ &HQWUH IRU 0HGLXP UDQJH
:HDWKHU )RUHFDVWV �(&0:)�� $OO FKDQJHV LQ WKH +,5/$0 V\VWHP DUH WKRURXJKO\ WHVWHG EHIRUH
LQWURGXFHG WR WKH UHIHUHQFH V\VWHP� 7KLV HQVXUHV D KLJK GHJUHH RI TXDOLW\ DVVXUDQFH�

7KH UHIHUHQFH V\VWHP FRQVLVWV RI WKH IROORZLQJ PDLQ FRPSRQHQWV�

7KH DQDO\VLV RI VXUIDFH SUHVVXUH� DWPRVSKHULF WHPSHUDWXUH� ZLQG� DQG KXPLGLW\ LV SUHVHQWO\ EDVHG
RQ D RSWLPXP LQWHUSRODWLRQ VFKHPH� ZKLFK KDV EHHQ GHULYHG IURP WKH RQH GHYHORSHG DW (&0:)
DQG DGDSWHG IRU XVH LQ D OLPLWHG DUHD PRGHO� 0RVW LQVWLWXWHV XVH D VL[ KRXUV GDWD DVVLPLODWLRQ
F\FOH� EXW VRPH XVH D WKUHH KRXUV F\FOH� 7KH ODWHUDO ERXQGDU\ YDOXHV DUH DVVXPHG WR EH JLYHQ E\
D ODUJH VFDOH �JOREDO� PRGHO VXFK DV WKH (&0:) PRGHO� 6HD VXUIDFH WHPSHUDWXUHV� LFH DQG VQRZ
FRYHUDJH DUH DQDO\VHG ZLWK D VXFFHVVLYH FRUUHFWLRQ PHWKRG�

$Q LPSOLFLW� DGLDEDWLF QRQ�OLQHDU QRUPDO PRGH LQLWLDOLVDWLRQ VFKHPH LV XVHG�

+,5/$0 LV D K\GURVWDWLF SULPLWLYH�HTXDWLRQ JULG�SRLQW PRGHO DQG WKH UHVROXWLRQV SUHVHQWO\ LQ
XVH DUH IURP �� WR � NP KRUL]RQWDOO\ DQG IURP �� WR �� OHYHOV LQ WKH YHUWLFDO� 7KH FRRUGLQDWH
V\VWHPV XVHG DUH D URWDWHG ODW�ORQJ JULG KRUL]RQWDOO\ DQG D K\EULG S�V V\VWHP LQ WKH YHUWLFDO
�6LPPRQV DQG %XUULGJH� ������ 1HDU WKH VXUIDFH WKLV LV LGHQWLFDO WR WKH V FRRUGLQDWH
�V S�SVXUIDFH�� DQG LW DSSURDFKHV WKH SUHVVXUH S ZLWK LQFUHDVLQJ KHLJKW�

7KH WLPH VWHSSLQJ LV VHPL�LPSOLFLW (XOHULDQ ZLWK D IRXUWK RUGHU OLQHDU KRUL]RQWDO GLIIXVLRQ� 7KH
UDGLDWLRQ VFKHPH KDV EHHQ GHYHORSHG LQ WKH +,5/$0 SURMHFW �6DYLMDHUYL�� YHUWLFDO GLIIXVLRQ LV
IRUPXODWHG WKURXJK D QRQ�ORFDO ILUVW�RUGHU FORVXUH VFKHPH �+ROWVODJ�� DQG FRQGHQVDWLRQDO
SURFHVVHV DUH KDQGOHG E\ WKH 6XQGTYLVW VFKHPH �ZLWK 675$&2� D 6PRRWK�75$QVLWLRQ .XR W\SH
&2QYHFWLRQ�� 6XUIDFH SURFHVVHV RYHU ODQG DUH KDQGOHG LQ D WZR OD\HU VFKHPH ZLWK VQRZ� LFH DQG
VRLO PRLVWXUH LQFOXGHG�

7KH +,5/$0 UHIHUHQFH V\VWHP KDV EHHQ GHVLJQHG IRU SRUWDELOLW\� 7KH VRXUFH FRGH LV ZULWWHQ LQ
)RUWUDQ��� ZLWK VRPH H[WHQVLRQV �DXWRPDWLF ��)RUWUDQ����� DUUD\V� DQG WKH VFULSWV DUH LQ 8QL[
%RXUQH VKHOO V\QWD[� ,QSXW WR WKH V\VWHP LV LQ :02 VWDQGDUG %8)5 �IRU REVHUYDWLRQV� DQG
*5,% �IRU ILHOGV�� 2XWSXW ILHOGV DUH LQ *5,%�

7KH FRPSOHWH V\VWHP KDV UXQ RQ &UD\� &RQYH[� 6*, �I�� DQG I���� )XMLWVX� DQG 'HF $OSKD� DV
ZHOO DV *18 IRUWUDQ VXSSRUWHG PDFKLQHV� H�J� 1(;7 DQG /LQX[� 3RUWV WR PDVVLYHO\�SDUDOOHO
DUFKLWHFWXUHV �ZLWK 03,� H[LVW� EXW WKHVH DUH QRW �\HW� DYDLODEOH LQ WKH UHIHUHQFH V\VWHP�

7KH MRLQW UHVHDUFK DQG GHYHORSPHQW SURMHFW IRU +,5/$0 LV LQ LWV IRXUWK SKDVH� +,5/$0��� DQG
LV YHU\ DFWLYH LQ PDQ\ DUHDV� 7KH UHVHDUFK DUHDV SUHVHQWO\ SXUVXHG LQ +,5/$0 DUH DV IROORZV�

¡ 6HPL�/DJUDQJLDQ WLPH LQWHJUDWLRQ VFKHPH�

¡ 6SHFWUDO IRUPXODWLRQ�

¡ /DWHUDO ERXQGDU\ FRQGLWLRQV� UHGXFHG UHVROXWLRQ QHDU WKH ERXQGDULHV�

¡ 5DGLDWLRQ�

¡ &ORXGV DQG FRQGHQVDWLRQ�

¡ 7XUEXOHQFH SDUDPHWHULVDWLRQ�

¡ 6XUIDFH SDUDPHWHULVDWLRQ�

¡ 3K\VLRJUDSK\�
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¡ 1RQ�K\GURVWDWLF IRUPXODWLRQ�

¡ 2, DQDO\VLV�

¡ 'HYHORSPHQW RI YDULDWLRQDO DQDO\VLV V\VWHP ��'�9$5� �'�9$5�

¡ 6DWHOOLWH GDWD�

¡ 6XUIDFH SDUDPHWHU DQDO\VLV�

¡ &DVH VWXGLHV DQG YHULILFDWLRQ�

¡ 3RUWV WR PDVVLYHO\ SDUDOOHO DUFKLWHFWXUHV�

¡ 'RFXPHQWDWLRQ WRROV�

0RUH LQIRUPDWLRQ RQ +,5/$0 FDQ EH IRXQG RQ��

KWWS���ZZZ�NQPL�QO�KLUODP� �RIILFLDO +,5/$0 KRPHSDJH�� DQG

KWWS���ZZZ�GPL�GN

��� 7KH RSHUDWLRQDO '0,�+,5/$0 V\VWHP

7KH ILUVW '0,�+,5/$0 V\VWHP ZDV LPSOHPHQWHG LQ DXWXPQ ����� DQG LW KDV VXEVHTXHQWO\ EHHQ
XSGDWHG DQG WXQHG DFFRUGLQJ WR VFLHQWLILF SURJUHVV DQG DYDLODEOH FRPSXWHU UHVRXUFHV� 7KH '0,�
+,5/$0 IRUHFDVWLQJ V\VWHP FRQVLVWV RI SUH�SURFHVVLQJ� DQDO\VLV� LQLWLDOL]DWLRQ� IRUHFDVW� SRVW�
SURFHVVLQJ DQG YHULILFDWLRQ �6DVV ����� �����������

'XULQJ WKH ODVW \HDU VHYHUDO XSGDWHV RI WKH V\VWHP KDYH WDNHQ SODFH�

¡ QHZ SDUDPHWUL]DWLRQ RI SUHFLSLWDWLRQ DQG FORXGV �WKH 675$&2 VFKHPH� ZLWK FORXG ZDWHU
DV D SURJQRVWLF YDULDEOH �1LHOVHQ HW� DO� �����

¡ LPSURYHG VXUIDFH IOX[ FRPSXWDWLRQV RYHU VHD DV GHVFULEHG LQ 1LHOVHQ �����������

¡ $,5(36 �$0'$5� ZLWK D FXWRII RI SOXV�PLQXV �� PLQXWHV DUH DYDLODEOH IRU WKH DQDO\VLV

¡ KLJK UHVROXWLRQ SK\VLRJUDSKLF GDWD RURJUDSK\� ODQG�VHD PDVN� DOEHGR DQG VXUIDFH URXJKQHVV
�6DWWOHU� �����

¡ XSJUDGH RI FOLPDWH ILOHV

7KH RSHUDWLRQDO V\VWHP FRQVLVWV RI VHYHUDO QHVWHG PRGHOV QDPHG �*�� �1�� �(� DQG �'�� 7KH
PRGHO DUHDV DUH VKRZQ LQ )LJ� �� 7KH SURSHUWLHV RI WKH PRGHOV ZLWK UHVSHFW WR UHVROXWLRQ� WLPH
VWHS� DQG ERXQGDULHV DUH VSHFLILHG LQ 7DEOH ��

)LJ� � VKRZV WKH VXUIDFH URXJKQHVV RI WKH PRGHOV �(��� DQG �'���� ,W DSSHDUV WKDW �'��� LV
PXFK PRUH GHWDLOHG WKDQ �(����

)LJ� � VKRZV WKH YHUWLFDO UHVROXWLRQ RI WKH '0,�+,5/$0 V\VWHP ZLWK �� OD\HUV IRU DOO WKH PRGHO
YHUVLRQV� ,W FDQ EH VHHQ WKDW WKH UHVROXWLRQ LV QRW YHU\ KLJK LQ WKH ERXQGDU\ OD\HU� DQG WKHUH DUH
GHILQLWH SODQV WR LQFUHDVH WKH QXPEHU RI YHUWLFDO OD\HUV LQ QHDU IXWXUH�

7KH RSHUDWLRQDO WLPH VFKHGXOH LV JLYHQ LQ 7DEOH �� 7KH DSSUR[LPDWH DUULYDO WLPHV RI (&0:)
ERXQGDU\ ILOHV DUH LQGLFDWHG� 7KH UXQV DUH LGHQWLILHG E\ � FKDUDFWHUV IROORZHG E\ D IRUHFDVW
OHQJWK� 7KH ILUVW FKDUDFWHU LV WKH PRGHO LGHQWLILFDWLRQ� WKH WZR GLJLWV DSSO\ WR WKH LQLWLDO KRXU� H�J�
*�����K PHDQV DQ DQDO\VLV DW �� 87& ZLWK PRGHO �*� IROORZHG E\ D �� KRXU IRUHFDVW�

7KH PRGHO �*� LV XVHG ERWK WR SURYLGH ERXQGDU\ YDOXHV WR WKH KLJK UHVROXWLRQ PRGHO �1� IRU
*UHHQODQG� DQG WR WKH KLJK UHVROXWLRQ PRGHO �(� RYHU (XURSH� )LQDOO\� �(� SURYLGHV WKH
ERXQGDU\ YDOXHV IRU �'��

7KH IROORZLQJ RSWLRQV DQG VSHFLILFDWLRQV DSSO\ WR WKH '0, RSHUDWLRQDO V\VWHP�

i +,5/$0 ��� SK\VLFV�

i (XOHULDQ G\QDPLFV RSWLRQ�

i /LQHDU IRXUWK RUGHU KRUL]RQWDO GLIIXVLRQ�

i 9HUWLFDO GLIIXVLRQ RSHUDWHV RQ YDULDEOHV XSGDWHG E\ G\QDPLFV

i 7KH 675$&2 VFKHPH LV XVHG WR SDUDPHWHUL]H SUHFLSLWDWLRQ�
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i �&ORXG &RQGHQVDWH� DQG �7XUEXOHQW .LQHWLF (QHUJ\� �7.(� DUH SURJQRVWLF YDULDEOHV

i 7XUEXOHQFH SDUDPHWUL]DWLRQ EDVHG RQ 7.( �&X[DUW� %RXJHDXOW DQG 5HGHOVEHUJHU� �����

i &RQYHFWLRQ FORVXUH EDVHG RQ �PRLVWXUH FRQYHUJHQFH�

i &ORXG 6FKHPH �675$&2 6RIW 75$QVLWLRQ &RQGHQVDWLRQ� EDVHG RQ VWDWLVWLFDO
GLVWULEXWLRQV RI PRLVWXUH �6DVV� �����

i 0LFURSK\VLFV DQG SUHFLSLWDWLRQ �6XQGTXLVW� �����

i 5DGLDWLRQ VFKHPH EDVHG RQ 6DYLMDHUYL �����

i 6XUIDFH IOX[HV RYHU VHD LQFOXGHV WKH HIIHFW RI �IUHH FRQYHFWLRQ�

i 8VH RI (&0:) 667�GDWD WR XSGDWH VHD VXUIDFH WHPSHUDWXUH DQG IRU GLDJQRVLQJ LFH
IUDFWLRQ DV DQ DOWHUQDWLYH WR WKH +,5/$0 VXUIDFH DQDO\VLV SURJUDPPH 1$68�

0RUH LQIRUPDWLRQ RQ WKH V\VWHP FDQ EH IRXQG LQ 6DVV �������

��� '0, RSHUDWLRQDO PRGHO DUHDV�

 20N

 40W  20W   0  20E

G        

N        

E        

D        

)LJ� �� $UHDV IRU WKH RSHUDWLRQDO '0,�+,5/$0� VLQFH 2FWREHU ����� 7KH LQQHU DUHDV �( DQG 1�

DUH QHVWHG LQVLGH WKH RXWHU DUHD �*�� DQG ' LV QHVWHG LQVLGH (� 7KH ERXQGDU\ ILHOGV IRU WKH

ODUJHVW DUHD YHUVLRQ �*� DUH REWDLQHG IURP WKH (XURSHDQ &HQWUH IRU 0HGLXP�5DQJH :HDWKHU

)RUHFDVW �(&0:)�� 7KH PRGHO SURSHUWLHV DUH JLYHQ LQ WDEOH ��

* 1 ( '

JULG SRLQWV �PORQ� ��� ��� ��� ���

JULG SRLQWV �PODW� ��� ��� ��� ���

1R� RI YHUWLFDO OHYHOV �� �� �� ��

KRUL]RQWDO UHVROXWLRQ ���� R ���� R ����R ���� R

WLPH VWHS ��� V �� V �� V �� V

ERXQGDU\ DJH �� K � K � K � K

ERXQGDU\ IUHTXHQF\ ����K� ����K� ����K� ����K�

7DEOH �� '0,�+,5/$0 SURSHUWLHV
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Surface Roughness, z0, in cm                             D05-HIRLAM                                         
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 55N

Surface Roughness, z0, in cm                           E15-HIRLAM                                             

)LJ� ��D�E 6XUIDFH URXJKQHVV RI WKH RSHUDWLRQDO '0,�+,5/$0 PRGHOV �'��� DQG �(���� 7KH

URXJKQHVV LV EDVHG RQ KLJK UHVROXWLRQ SK\VLRJUDSKLF GDWD �6DWWOHU � ������
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��� 9HUWLFDO UHVROXWLRQ RI WKH RSHUDWLRQDO '0,�+,5/$0
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)LJ� �� 9HUWLFDO UHVROXWLRQ RI WKH '0,�+,5/$0 V\VWHP� )XOO PRGHO OHYHOV DUH VKRZQ IRU VXUIDFH

SUHVVXUH YDU\LQJ IURP ���� K3D WR ��� K3D� 9DOXHV RI ] DUH JLYHQ IRU D VXUIDFH SUHVVXUH RI

���� K3D DQG VWDQGDUG DWPRVSKHUH WHPSHUDWXUH� 7KH YHUWLFDO UHVROXWLRQ LV WKH VDPH IRU WKH

GLIIHUHQW '0,�+,5/$0 YHUVLRQV�
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��� 2SHUDWLRQDO WLPH VFKHGXOH

87& * 1 ( '
���� *�����K
���� (�����K
���� '�����K
���� *�����K
���� 1�����K

(&0:) �� 87&

���� (�����K
����� *�����K
����� (�����K
����� '�����K
����� 1�����K
����� *�����K
����� (�����K
����� '�����K
����� *�����K
����� 1�����K
����� (�����K

(&0:) �� 87&

����� *�����K
����� (�����K
����� '�����K
����� 1�����K

7DEOH �� 2SHUDWLRQDO '0,�+,5/$0 VFKHGXOH

� 9HULILFDWLRQ�PHWKRGV

)RU QXPHULFDO ZHDWKHU SUHGLFWLRQ LW LV GLIILFXOW WR FRQVWUXFW DQ REMHFWLYH YHULILFDWLRQ V\VWHP WKDW
FDQ KDQGOH WKH YDOLGDWLRQ RI WKH PDQ\ GLIIHUHQW PHWHRURORJLFDO YDULDEOHV LQ WLPH DQG VSDFH�
7KHUHIRUH PHVRVFDOH YHULILFDWLRQ VWLOO UHOLHV RQ VXEMHFWLYH HYDOXDWLRQ� ZKHUH YDOXH LV SXW RQ WKH
XVHIXOQHVV DQG JXLGDQFH� UDWKHU WKDQ RQ WKH DFFXUDF\ RI IRUHFDVWV� H�J� D FRUUHFW PRGHO SUHGLFWLRQ
RI WKH GHYHORSPHQW RI D VHYHUH GHHS ORZ � EXW VRPHZKDW RXW RI SKDVH LQ WLPH DQG VSDFH � FDQ EH
PRUH YDOXDEOH WKDQ MXVW D SUHGLFWLRQ RI DQ RUGLQDU\ ORZ GHYHORSPHQW� +RZHYHU� LQ PRVW REMHFWLYH
YHULILFDWLRQ V\VWHPVWKH IRUHFDVW RXW RI SKDVH ZLOO QRW JHW D KLJK VFRUH�

7KH FXUUHQW REMHFWLYH YHULILFDWLRQ V\VWHPV DUH JHQHUDOO\ EDVHG RQ VLPSOH VWDWLVWLFV �ELDV� UPVH�
DQG FRUUHODWLRQ� RI WKH PRGHOOHG YDOXHV DQG PHDVXUHG YDOXHV ��REV�YHULILFDWLRQ�� RU FRPSDULVRQ
RI PRGHO ILHOG YDOXHV ZLWK DQDO\VHG ILHOG YDOXHV ��ILHOG�YHULILFDWLRQ��� 7KH EDVHOLQH UHIHUHQFH LQ
DQ\ ILHOG�YHULILFDWLRQ VKRXOG LGHDOO\ EH LQGHSHQGHQW RI WKH PRGHO YHULILHG� H�J� DQDO\VLV DQG
VKRUW�UDQJH IRUHFDVW IURP WKH (&0:) PRGHO�

$W PRVW (XURSHDQ PHWHRURORJLFDO VHUYLFHV WKH REMHFWLYH YHULILFDWLRQ V\VWHPV DUH EDVHG RQ WKH
JXLGHOLQHV IURP WKH (XURSHDQ :RUNLQJ *URXS RQ /LPLWHG $UHD 0RGHOOLQJ �(:*/$0�� FI� +DOO
������ ZLWK VHOHFWHG SDUDPHWHUV� OHYHOV DQG D FRPPRQ OLVW RI UDGLRVRQGH DQG V\QRSWLF VWDWLRQV�
VR WKDW UHVXOWV FDQ EH LQWHUFRPSDUHG�

7KH REV�YHULILFDWLRQ V\VWHP LV ZHOO HVWDEOLVKHG DQG LV XVHG H[WHQVLYHO\ � DQG PRVW UHVXOWV
SUHVHQWHG LQ WKLV UHSRUW DUH EDVHG RQ REV�YHULILFDWLRQ� %XW HVSHFLDOO\ ZLWK WKH YHU\ KLJK
UHVROXWLRQ PRGHOV LW FDQ EH GLIILFXOW WR EDVH DQ REMHFWLYH V\VWHP RQO\ RQ REV�YHULFDWLRQ DV WKH
UHVROXWLRQ RI WKH REVHUYDWLRQ QHWZRUN LV OLPLWHG FRPSDUHG WR WKH PRGHO UHVROXWLRQ� $OVR WKHUH LV
WKH JHQHUDO SUREOHP ZLWK GDWD TXDOLW\ DQG GDWD UHSUHVHQWDWLYLW\� 7KHUHIRUH ILHOG�YHULILFDWLRQ ZLOO
EH PRUH ZLGHVSUHDG LQ WKH IXWXUH�
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)RU QXFOHDU HPHUJHQF\ SXUSRVHV WKH GHVLJQ RI DQ REMHFWLYH YHULILFDWLRQ V\VWHP RI WKH
PHWHRURORJLFDO LQSXW GDWD VKRXOG LGHDOO\ EH EDVHG RQ WUDFHU H[SHULPHQWV �DV (7(;�� %XW DV WKHVH
H[SHULPHQWV DUH GLIILFXOW DQG H[SHQVLYH WR DFFRPSOLVK� LW LV QHFHVVDU\ WR UHO\ RQ D PRUH
WUDGLWLRQDO VROXWLRQ EDVHG ERWK RQ REV�YHULILFDWLRQ DQG ILHOG�YHULILFDWLRQ� )RU 52'26 WKH /60&
�/RFDO 6FDOH 0RGHO &KDLQ� QHHGV HVWLPDWHV RI ORFDO PRGHO ZLQG FRPSDUHG ZLWK REVHUYHG ORFDO
ZLQG� ZKLOH WKH /50& �/RQJ 5DQJH 0RGHO &KDLQ� PRUH QHHGV YHULILFDWLRQ RI H�J� WKH ZLQG RYHU
D ODUJH DUHD� DQG WKHUHIRUH ILHOG�YHULILFDWLRQ FDQ EH DGYDQWDJHRXV�

)RU QXFOHDU HPHUJHQF\ FRUUHFW SUHFLSLWDWLRQ IRUHFDVWV DUH H[WUHPHO\ LPSRUWDQW IRU WKH GLVSHUVLRQ
PRGHOOLQJ� EXW XQIRUWXQDWHO\ SUHFLSLWDWLRQ LV ERWK GLIILFXOW WR IRUHFDVW FRUUHFWO\ DQG WKH
YHULILFDWLRQ RI SUHFLSLWDWLRQ LV QRWRULRXVO\ GLIILFXOW� 5DLQIDOO H[KLELWV H[WUHPH VPDOO�VFDOH
YDULDELOLW\� ZKLFK LV UHIOHFWHG LQ WKH REVHUYDWLRQV� 8QWLO WKH DGYHQW RI FDOLEUDWHG UDGDU UDLQIDOO
UDWHV� ZKLFK LV DQWLFLSDWHG WR RFFXU LQ IHZ \HDUV WLPH� JRRG DUHD FRPSDULVRQV DQG ILHOG�
YHULILFDWLRQ ZLOO EH GLIILFXOW�

,Q QXPHULFDO ZHDWKHU SUHGLFWLRQ WKHUH LV PXFK DWWHQWLRQ RQ WKH IRUHFDVWLQJ RI H[WUHPH DQG UDUH
HYHQWV � HVSHFLDOO\ WKH GHYHORSPHQW RI GHHS ORZV ZLWK VWURQJ GHYDVWDWLQJ ZLQG DQG H[WUHPH
SUHFLSLWDWLRQ V\VWHPV� )RU QXFOHDU HPHUJHQF\ WKHVH H[WUHPH HYHQWV XVXDOO\ ZLOO EH DFFRPSDQLHG
ZLWK VWURQJ GLVSHUVLRQ� VR FRQFHQWUDWLRQV LQ WKH DLU ZLOO EH ORZ� ZKLOH ZHW GHSRVLWLRQ ZLOO EH
ODUJH� 2Q WKH RWKHU KDQG D VSHFLDO WUDQVSRUW LQ FHUWDLQ OD\HUV � H�J� LQ FRQQHFWLRQ ZLWK LQWHUQDO
LQYHUVLRQ OD\HUV� QRFWXUQDO MHW HWF� � LV PHWHRURORJLFDOO\ QRW VR LQWHUHVWLQJ� EXW FDQ KDYH ODUJH
LPSRUWDQFH IRU WKH QXFOHDU GLVSHUVLRQ�

7KHUHIRUH D YHULILFDWLRQ V\VWHP IRU QXFOHDU HPHUJHQF\ V\VWHPV� H�J� 52'26� FDQQRW RQO\ XVH WKH
UHVXOWV IURP D WUDGLWLRQDO QXPHULFDO ZHDWKHU SUHGLFWLRQ YHULILFDWLRQ V\VWHP� EXW KDYH WR GHVLJQ D
VSHFLDO V\VWHP� ZKLFK WDNHV LQWR DFFRXQW WKH PDQ\ VSHFLDO WUDQVSRUW SRVVLELOLWLHV� 7KLV LV D
GLIILFXOW WDVN� DV WKHUH DUH PDQ\ SDUDPHWHUV� FI� 7DEOH �� ZKLFK DUH YHU\ GLIILFXOW WR YHULI\ GXH WR
ODFN RI REVHUYDWLRQV�

� 9HULILFDWLRQ�UHVXOWV

,Q WKLV UHSRUW WKH UHVXOWV SUHVHQWHG DUH PDLQO\ EDVHG RQ REV�YHULILFDWLRQ RI VRPH VWDQGDUG
PHWHRURORJLFDO SDUDPHWHUV DW VRPH VWDQGDUG OHYHOV ���PHWHU WHPSHUDWXUH� ���PHWHU ZLQG YHORFLW\�
��� K3D KHLJKW� ��� K3D WHPSHUDWXUH� ��� K3D ZLQG YHORFLW\�� SUHFLSLWDWLRQ DQG RQH H[DPSOH RI
D ILHOG�YHULILFDWLRQ� 7KLV LV RQO\ D OLPLWHG SDUW RI WKH JHQHUDO URXWLQH VWDQGDUG YHULILFDWLRQ
SHUIRUPHG DW '0, �1LHOVHQ DQG $PVWUXS� ������ $OVR SUHVHQWHG DUH SUHYLRXV UHVXOWV RI D
VHQVLWLYLW\ VWXG\ RI SURILOHV IURP - JHUVERUJ�

7KH VWDWLVWLFV SUHVHQWHG DUH VWDQGDUG� H�J��

0HDQ (UURU �0( RU ELDV�
�

1
�\ [ �

L �

1

L L
= −

=
∑

5RRW 0HDQ 6TXDUH (UURU �UPVH� = −
=
∑ �

�

�

1
\ [

L

1

L L
� �

ZKHUH \L LV WKH YDOXH FDOFXODWHG E\ WKH PRGHO DQG [L LV WKH REVHUYHG YDOXH�

��� 2EV�YHULILFDWLRQ RI VXUIDFH SDUDPHWHUV

7KH REV�YHULILFDWLRQ LV EDVHG RQ UHFRPPHQGDWLRQV IURP (:*/$0 �+DOO� ������ 7KH OLVW RI
UDGLRVRQGH DQG V\QRSWLF VWDWLRQV LV JLYHQ LQ )LJ� ��� )RU UDGLRVRQGHV PRVW RI WKH VWDWLRQV RQO\
REVHUYH DW �� DQG �� 87&� EXW GDWD IURP WKH IHZ VWDWLRQV DOVR REVHUYLQJ DW �� DQG �� 87& DUH
LQFOXGHG LQ WKH YHULILFDWLRQ� )RU WKH V\QRSWLF VWDWLRQV GDWD IURP ��� ��� �� DQG �� 87& DUH
LQFOXGHG�

7KH YHULILFDWLRQ UHVXOWV LQ VHFWLRQ ��� DQG ��� DUH EDVHG RQ UHVXOW IRU �(���� L�H� WKH '0,�
+,5/$0 ( YHUVLRQ ZLWK ����R KRULVRQWDO UHVROXWLRQ� FI� 7DEOH ��
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)RU WKH FRPSDULVRQ EHWZHHQ PRGHO YHUVLRQV �(� DQG �'�� FI� VHFWLRQ ���� WKH VWDWLRQVOLVW LV JLYHQ
LQ 7DEOH ��

����� 0HDQ VHD OHYHO SUHVVXUH �PVOS�

0HDQ VHD OHYHO SUHVVXUH �PVOS�� 0HDQ ELDV DQG UPVH� ����� '0,�+,5/$0�(��

��� ��� ��� ��� ��� ��� ��� ��� ���

ELDV �3D� ���� ���� ���� ���� ���� ��� ��� ��� ����

UPVH �3D� ���� ����� ����� ����� ����� ����� ����� ����� �����

7KH PHDQ ELDVHV RI WKH (�� PVOS IRUHFDVWV DUH VPDOO� XS WR DERXW ��� K3D �RU �� 3D� IRU D ��
IRUHFDVW�

7KH UPVH LQFUHDVHV IURP ��� K3D IRU WKH DQDO\VLV WR DERXW ��� K3D IRU WKH �� KRXU IRUHFDVW�

)LJ� �� VKRZV WKH ELDV DQG UPVH IRU WKH TXDUWHUV LQ ����� 7KH ODUJHVW HUURUV JHQHUDOO\ DSSHDU LQ
WKH �VW TXDUWHU� ZKHUH ZH XVXDOO\ KDYH DOVR WKH ODUJHVW YDULDWLRQ LQ WKH SUHVVXUH� 7KH VPDOOHVW
HUURUV LQ ELDV DQG UPVH DUH IRXQG LQ WKH �UG TXDUWHU�

����� ��PHWHU WHPSHUDWXUH

��PHWHU WHPSHUDWXUH� 0HDQ ELDV DQG UPVH� ����� '0,�+,5/$0�(��

��� ��� ��� ��� ��� ��� ��� ��� ���

ELDV �R&� ����� ����� ����� ����� ����� ����� ����� ����� �����

UPVH �R&� ���� ���� ���� ���� ���� ���� ���� ���� ����

7KH PHDQ ELDV RI WKH ��PHWHU WHPSHUDWXUH LV QHJWLYH DQG TXLWH VWDEOH� EHWZHHQ ����� DQG �����
R&� ZKLOH WKH UPVH LV VORZO\ LQFUHDVLQJ IURP DERXW ��� R& IRU WKH DQDO\VLV WR DERXW ��� R& IRU WKH
��� KRXUV IRUHFDVW�

)LJ� �� VKRZV WKDW WKH ELDV LQ WKH �WK TXDUWHU LV FORVH WR ]HUR� ZKLOH WKH ELDV IRU �VW TXDUWHU LV
DURXQG ���� R&� ZKLFK PHDQV WKDW WKH '0,�+,5/$0�( ��PHWHU WHPSHUDWXUHV DUH WRR ORZ� )RU
WKH UPVH WKH ODUJHVW HUURUV DSSHDU LQ WKH �QG DQG �VW TXDUWHU UHVSHFWLYHO\ DQG WKH ORZHVW HUURUV
DSSHDU LQ WKH �UG TXDUWHU�

7KH UHODWLYHO\ ODUJH HUURUV LQ WKH DQDO\VLV DUH H[SODLQHG E\ WKH IDFW WKDW ��PHWHU WHPSHUDWXUH LV
QRW LQFOXGHG LQ WKH DQDO\VLV�V\VWHP �DQG WKH YHULILHG �DQDO\VLV� DUH LQ IDFW D �� KRXU IRUHFDVW�

����� ���PHWHU ZLQG YHORFLW\

���PHWHU ZLQG� 0HDQ ELDV DQG UPVH� ����� '0,�+,5/$0�(��

��� ��� ��� ��� ��� ��� ��� ��� ���

ELDV �P�V� ���� ���� ���� ���� ���� ���� ���� ���� ����

UPVH �P�V� ���� ���� ���� ���� ���� ���� ���� ���� ����

7KH PHDQ ELDV RI WKH ���PHWHU ZLQG YHORFLW\ LV VPDOO� EXW VOLJKWO\ LQFUHDVLQJ GXULQJ WKH IRUHFDVW�
VHTXHQFH� IURP DERXW ��� P�V WR DERXW ���� P�V� 7KH UPVH LQFUHDVHV VORZO\ IURP DERXW ��� P�V
IRU WKH DQDO\VLV WR DERXW ��� IRU WKH ��� KRXU IRUHFDVW�

)LJ� �� VKRZV WKH ODUJHVW ELDV LQ �WK TXDUWHU� ZKLOH WKH ODUJHVW UPVH DUH LQ WKH �VW DQG �WK TXDUWHU�
$V IRU ��PHWHU WHPSHUDWXUH WKH UHODWLYHO\ ODUJH HUURUV LQ WKH DQDO\VLV DUH H[SODLQHG E\ WKH IDFW
WKDW ���PHWHU ZLQG LV QRW LQFOXGHG LQ WKH DQDO\VLV�V\VWHP �DQG WKH YHULILHG �DQDO\VLV� DUH LQ IDFW D
�� KRXU IRUHFDVW��

��� 2EV�YHULILFDWLRQ RI ��� K3D SDUDPHWHUV

����� +HLJKW DW ��� K3D

+HLJKW DW ��� K3D� 0HDQ ELDV DQG UPVH� ����� '0,�+,5/$0�(��

��� ��� ��� ��� ��� ��� ��� ��� ���

ELDV �P� ���� ����� ����� ����� ����� ����� ����� ����� �����

UPVH �P� ���� ���� ����� ����� ����� ����� ����� ����� �����
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7KH PHDQ ELDV RI WKH KHLJKW RI WKH ��� K3D SUHVVXUH OHYHO LV JHQHUDOO\ QHJDWLYH DQG UHODWLYHO\
VPDOO GXULQJ WKH IRUHFDVW SHULRG� ZLWK WKH ODUJHVW ELDV DURXQG ���� P� 7KH QHJDWLYH ELDV PHDQV
WKDW '0,�+,5/$0�( JHQHUDOO\ LV WRR FROG EHWZHHQ WKH VXUIDFH DQG WKH ��� K3D OHYHO� 7KH UPVH
LQFUHDVHV GXULQJ WKH IRUHFDVW� IURP DERXW � P IRU WKH DQDO\VLV WR DERXW �� P IRU WKH ��� KRXU
IRUHFDVW�

)LJ� �� VKRZV WKDW WKH ODUJHVW UPVH LV LQ WKH �VW TXDUWHU DQG WKH VPDOOHVW HUURUV LQ WKH �UG TXDUWHU�
*HQHUDOO\ WKH \HDUO\ YDULDWLRQ LV QRW DV ODUJH DV IRU WKH VXUIDFH SDUDPHWHUV

����� 7HPSHUDWXUH DW ��� K3D

7HPSHUDWXUH DW ��� K3D� 0HDQ ELDV DQG UPVH� ����� '0,�+,5/$0�(��

��� ��� ��� ��� ��� ��� ��� ��� ���

ELDV �R&� ���� ���� ���� ���� ���� ���� ���� ���� ����

UPVH �R&� ���� ���� ���� ���� ���� ���� ���� ���� ����

7KH PHDQ ELDV RI WKH WHPSHUDWXUH DW ��� K3D OHYHO LV SRVLWLYH� EHWZHHQ ��� DQG ��� R&� 7KH UPVH
LQFUHDVHV IURP DERXW ��� R& IRU WKH DQDO\VLV WR ��� R& IRU WKH ��� KRXU IRUHFDVW�

)LJ� �� VKRZV WKDW WKH ELDV LV SRVLWLYH LQ DOO TXDUWHUV� DQG RQO\ WKH �WK TXDUWHU VKRZV D FOHDUO\
LQFUHDVLQJ ELDV ZLWK IRUHFDVW OHQJWK� 7KH ODUJHVW UPVH LV IRU WKH �VW TXDUWHU DQG VPDOOHVW HUURUV IRU
WKH �QG TXDUWHU�

����� :LQG YHORFLW\ DW ��� K3D

���PHWHU ZLQG� 0HDQ ELDV DQG UPVH� ����� '0,�+,5/$0�(��

��� ��� ��� ��� ��� ��� ��� ��� ���

ELDV �P�V� ����� ����� ���� ���� ���� ���� ���� ���� ����

UPVH �P�V� ���� ���� ���� ���� ���� ���� ���� ���� ����

)RU WKH ��� K3D ZLQG YHORFLW\ WKHUH LV D FOHDU LQFUHDVLQJ WUHQG LQ WKH ELDV� ZLWK QHJDWLYH ELDV
DURXQG ���� P�V IRU WKH DQDO\VLV WR ��� IRU WKH ��� KRXU IRUHFDVW�

)LJ� �� VKRZV WKDW WKH VPDOOHVW HUURUV ERWK IRU WKH ELDV DQG UPVH DUH LQ WKH �UG TXDUWHU� 7KH ODUJHVW
HUURUV DUH LQ WKH �VW TXDUWHU�

��� &RPSDULVRQ RI *��� (�� DQG '��

)LJ� �� VKRZV WKH YHULILFDWLRQ UHVXOWV IRU PVOS� ��PHWHU WHPSHUDWXUH DQG ���PHWHU ZLQG� IRU WKH
WKUHH GLIIHUHQW YHUVLRQV RI '0,�+,5/$0� *��� (�� DQG '��� 7KH FRPSDULVRQ LV EDVHG RQ GDWD
IRU 'DQLVK FRDVWDO DQG ODQG VWDWLRQV� FI� 7DEOH ��

)RU WKH PVOS WKHUH LV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ FRDVWDO DQG ODQG VWDWLRQV� )RU ERWK WKH
ELDV DQG UPVH WKHUH LV HVVHQWLDOO\ QR GLIIHUHQFH EHWZHHQ (�� DQG '��� DQG IRU WKH UPVH WKHUH LV
RQO\ D VPDOO LPSURYHPHQW JRLQJ IURP *�� WR (���'��� )RU WKH ELDV *�� LV VOLJKWO\ EHWWHU WKDQ
(���'���

)RU WKH ��PHWHU WHPSHUDWXUH DW WKH FRDVWDO VWDWLRQV WKHUH LV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH
PRGHOV� )RU WKH ODQG VWDWLRQV (���'�� KDYH VPDOOHU UPVH WKDQ *��� 7KH RVFLOODWLRQ VHHQ LQ WKH
ELDV RI *�� DSSHDUV EHFDXVH WKH ORQJ ���� KRXU� IRUHFDVWV DUH RQO\ SHUIRUPHG DW �� 87& DQG ��
87&� FI� 7DEOH �� 7KLV PHDQV WKDW ���� ���� ��� DQG ��� KRXU IRUHFDVWV DUH YHULILHG DJDLQVW
REVHUYDWLRQV DW �� 87& DQG �� 87&� ZKLOH WKH ���� ��� DQG ��� KRXU IRUHFDVWV DUH YHULILHG
DJDLQVW �� 87& DQG �� 87& REVHUYDWLRQV� 7KH RVFLOODWLRQ FDQ EH JHQHUDWHG E\ D GLXUQDO
YDULDWLRQ LQ WKH ELDV RU�DQG E\ ODUJH GLIIHUHQFHV LQ WKH QXPEHU RI REVHUYDWLRQV DYDLODEOH DW WKH
WLPH RI WKH WZR VHW RI DQDO\VHV� 1RWH WKDW WKH *�� DQDO\VLV DQG �� KRXU IRUHFDVW DUH YHULILHG
DJDLQVW REVHUYDWLRQV DW DOO PDLQ REVHUYDWLRQ WLPHV ���� ��� �� DQG �� 87&��

)RU WKH ZLQG YHORFLW\ WKHUH DUH RQO\ PLQRU GLIIHUHQFHV IRU WKH FRDVWDO VWDWLRQV� )RU WKH ODQG
VWDWLRQV� KRZHYHU� WKHUH LV D VLJQLILFDQW LPSURYHPHQW ZLWK KLJKHU UHVROXWLRQ�
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����� 3UHFLSLWDWLRQ

$V PHQWLRQHG LQ VHFWLRQ � FRUUHFW SUHFLSLWDWLRQ IRUHFDVWV FDQ EH H[WUHPHO\ LPSRUWDQW IRU WKH
QXFOHDU GLVSHUVLRQ DQG GHSRVLWLRQ PRGHOOLQJ� EXW XQIRUWXQDWHO\ SUHFLSLWDWLRQ LV ERWK GLIILFXOW WR
IRUHFDVW FRUUHFWO\ DQG WR YHULI\�

$W '0, �F�I� 1LHOVHQ DQG $PVWUXS� ����� WKH YHULILFDWLRQ RI SUHFLSLWDWLRQ IRUHFDVW LV EDVHG RQ
GDWD IURP �� GDQLVK V\QRSWLF VWDWLRQV� LQFOXGLQJ �� VWDWLRQV IURP 7DEOH ��

7DEOH � EHORZ VKRZV FRQWLQJHQF\ WDEOHV RI ���KRXU SUHFLSLWDWLRQ IRU WKH IRUHFDVW LQWHUYDO IURP
�� KRXU WR ��� IRU '0,�+,5/$0�(��� )URP WKH WDEOH LW LV FOHDU WKDW (�� JHQHUDOO\ RYHUSUHGLFWV
SUHFLSLWDWLRQ DV (�� KDV ���� � LQ FODVV 3� �d��� PP�� ZKLOH REVHUYDWLRQV VKRZ ���� � LQ WKLV
FODVV� &ODVV 3� DQG 3� DUH RYHUUHSUHVHQWHG LQ WKH PRGHO ZLWK ���� DQG ���� UHVSHFWLYHO\ DJDLQVW
���� DQG ���� LQ WKH REVHUYDWLRQV� )RU WKH ODUJH SUHFLSLWDWLRQ DPRXQWV �3� DQG 3�� PRGHO DQG
REVHUYDWLRQV DUH RI WKH VDPH RUGHU�

)URP WKH WDEOH LW DOVR DSSHDUV WKDW ZKHQ (�� SUHGLFWV �GU\� ZHDWKHU �d��� PP� LW PRVW SUREDEO\
DOVR ZLOO EH �GU\� ZHDWKHU�

(�� 2� 2� 2� 2� 2� VXP

)� �����PP� ���� ��� ��� ��� ��� ����

)� ��������PP� ���� ��� ��� ��� ��� ����

)� ������PP� ��� ��� ��� ��� ��� ����

)� ������� PP� ��� ��� ��� ��� ��� ���

)� �t �� PP� ��� ��� ��� ��� ��� ���

VXP ���� ���� ���� ��� ��� ���

� )2 ���� ���� ���� ���� ���� ����

7DEOH �� &RQWLQJHQF\ WDEOHV ��� RI ���KRXU IRUHFDVWHG �)� DQG REVHUYHG �2� SUHFLSLWDWLRQ� 7KH

SUHFLSLWDWLRQ FODVVHV �3� DUH JLYHQ LQ WKH OHIW FROXPQ� )2 LV WKH SHUFHQWDJH RI WKH IRUHFDVWHG

YDOXHV LQ WKH VDPH FODVV DV WKH REVHUYDWLRQ FODVV� 7KH IRUHFDVW LV LQ WKH LQWHUYDO IURP �� KRXU WR

��� IRU WKH '0,�+,5/$0�*��� 'DWD IURP �� V\QRSWLF VWDWLRQV LQ 'HQPDUN IURP �����

,Q 7DEOH � DQG 7DEOH � WKH UHVXOWV DUH VKRZQ IRU '�� DQG *��� ,W DSSHDUV WKDW WKHUH LV QR
VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH PRGHOV� EXW WKHUH DUH VRPH PLQRU GLIIHUHQFHV� H�J� '�� KDV �
� FDVHV LQ )�� ZKLOH *�� KDV ��� � LQ )� � DQG REVHUYDWLRQV VKRZHG ��� ��

��� )LHOG YHULILFDWLRQ UHVXOWV�

$V GLVFXVVHG LQ VHFWLRQ � WKH REV�YHULILFDWLRQ KDV FHUWDLQ OLPLWDWLRQV �OLPLWHG UHVROXWLRQ LQ
REVHUYDWLRQ QHWZRUN FRPSDUHG ZLWK PRGHO UHVROXWLRQ� GDWD TXDOLW\ DQG GDWD UHSUHVHQWDWLYLW\�� $W
'0, ILHOG�YHULILFDWLRQ LV SHUIRUPHG IRU VHYHUDO SDUDPHWHUV �1LHOVHQ DQG $PVWUXS� ������ +HUH
LV RQO\ VKRZHG RQH H[DPSOH� FI� ILJ� )LJ� ��� VKRZLQJ WKH ELDV DQG VWDQGDUG GHYLDWLRQ RI PVOS IRU
WKH *�� ��� KRXU IRUHFDVW IRU -DQXDU\� ����� ,W DSSHDUV WKDW WKH ODUJHVW HUURUV DUH IRXQG LQ WKH
$UFWLF� ZKLOH WKH HUURUV LQ (XURSH DUH UHODWLYHO\ VPDOO IRU WKLV PRQWK�

��� 3URILOHV RI ZLQG DQG WHPSHUDWXUH

7KLV VHFWLRQ JLYHV D VXPPDU\ RI UHVXOWV IURP D VHQVLWLYLW\ VWXG\ RI '0,�+,5/$0 SURILOHV RI
WHPSHUDWXUH DQG ZLQG IRU WKH UDGLRVRQGH VWDWLRQ - JHUVERUJ LQ 'HQPDUN� FI� H�J�52'26�:*���

53���������������

,W LV HPSKDVLVHG WKDW WKH VWXG\ LV EDVHG RQ ROGHU '0,�+,5/$0�GDWD IURP ���� WR ����� DQG
WKDW WKH PRGHO LQ WKH PHDQWLPH KDV EHHQ IXUWKHU GHYHORSHG LQ PDQ\ UHVSHFWV� HVSHFLDOO\ UHJDUGLQJ
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WKH ERXQGDU\ OD\HU SDUDPHWULVDWLRQ �1LHOVHQ HW� DO� ����� +ROWVODJ HW� DO�� ����� &X[DUW HW� DO��
����� *ROOYLN HW� DO�� ����� DQG SK\VLFDO SDUDPHWULVDWLRQ �1LHOVHQ HW� DO������� 6DVV HW� DO� ������
9HULILFDWLRQ EDVHG RQ FDVH�VWXGLHV �1LHOVHQ� SHUVRQDO FRPPXQLFDWLRQ� VKRZV WKDW WKH QHZ
SDUDPHWHULVDWLRQ LQ JHQHUDO JLYHV EHWWHU UHVXOWV WKDQ WKH ROG SDUDPHWHULVDWLRQ� DQG HVSHFLDOO\ LQ
FRQYHFWLYH FRQGLWLRQV LW JLYHV PRUH UHDOLVWLF SURILOHV LQ WKH ERXQGDU\ OD\HU�

,Q WKH SUHYLRXV RSHUDWLRQDO YHUVLRQ RI '0,�+,5/$0 WKH YHUWLFDO GLIIXVLRQ VFKHPH ZDV EDVHG RQ
D ORFDO DSSURDFK �VR�FDOOHG . WKHRU\�� L�H� WKH WXUEXOHQW IOX[ RI WKH TXDQWLW\ LV SURSRUWLRQDO WR WKH
ORFDO JUDGLHQW RI WKH TXDQWLW\� 0RUHRYHU� WKH SURSRUWLRQDOLW\ IDFWRU �HGG\ GLIIXVLYLW\� GHSHQGV RQ
ORFDO JUDGLHQWV RI PHDQ ZLQG DQG PHDQ YLUWXDO WHPSHUDWXUH� 7KLV DSSOLHV LQ WKH $%/ XQGHU
QHXWUDO DQG VWDEOH FRQGLWLRQV� ZKLOH WKH ORFDO DSSURDFK LV QRW DSSURSULDWH XQGHU XQVWDEOH DQG
FRQYHFWLYH FRQGLWLRQV� GXH WR WKH QRQORFDO WUDQVSRUW RI WKH FRQYHFWLYH SOXPHV�

7KHUHIRUH� D QRQORFDO GLIIXVLRQ VFKHPH KDV EHHQ GHYHORSHG DFFRUGLQJ WR 7URHQ DQG 0DKUW
������ DQG +ROWVODJ HW DO� ������� ,Q WKH QRQORFDO VFKHPH� WKH HGG\ GLIIXVLYLW\ LV GHVFULEHG E\ D
SURILOH RQ EDVLV RI GLDJQRVHG ERXQGDU\ OD\HU KHLJKW DQG D WXUEXOHQW YHORFLW\ VFDOH�

)LJ� � DQG )LJ� � VKRZ WZR H[DPSOHV RI YHUWLFDO SURILOHV RI WHPSHUDWXUH� GHZ SRLQW WHPSHUDWXUH
DQG ZLQG REVHUYHG DW WKH UDGLRVRQGH VWDWLRQ - JHUVERUJ DQG FDOFXODWHG E\ '0,�+,5/$0
�DQDO\VLV�� 2Q )HEUXDU\ �� ZH KDG IURQWDO SUHFLSLWDWLRQ DQG WKH REVHUYHG WHPSHUDWXUH SURILOH KDV
D ZHOO�GHILQHG ERXQGDU\ OD\HU XS WR DERXW ��� PHWHUV� ZKLOH WKH KHLJKW RI WKH ERXQGDU\ OD\HU
IURP WKH '0,�+,5/$0�SURILOH LV DERXW ��� PHWHUV� %HORZ ��� PHWHUV DQG DERYH ���� PHWHUV
WKH DJUHHPHQW LV IDLUO\ JRRG� 1RWH WKH ILQH DJUHHPHQW IRU WKH ZLQG YHHULQJ IURP HDVWHUO\ WR
ZHVWHUO\ ZLQG� WKRXJK WKH ZLQG YHORFLW\ LV WRR VPDOO LQ WKH ORZHVW OD\HUV�

-XO\ �� )LJ� �� WKH ZHDWKHU LV GU\ ZLWK VRPH VXQVKLQH DQG VFDWWHUHG FXPXOXV FORXGV DQG
QRUWKZHVWHUO\ ZLQGV� 7KH DJUHHPHQW EHWZHHQ WKH REVHUYHG DQG '0,�+,5/$0 SURILOHV LV IDLUO\
JRRG IRU WHPSHUDWXUH� ZLQG GLUHFWLRQ DQG ZLQG YHORFLW\� ZKLOH WKH KXPLGLW\ LV WRR KLJK DERYH WKH
LQYHUVLRQ� 7KH HVWLPDWHG KHLJKW RI WKH ERXQGDU\ OD\HU LV PRUH VKDOORZ WKDQ REVHUYHG� EXW WKH
GLIIHUHQFH LV UHODWLYHO\ VPDOOHU WKDQ LQ WKH SUHYLRXV ILJXUH�

7KH PHDQ SURILOHV IRU WKH WHPSHUDWXUHV DW �� DQG �� 87&� IRU WKH SHULRG -XO\ WR 6HSWHPEHU�
����� DUH VKRZQ LQ )LJ� �� 1HDU WKH JURXQG WKH +,5/$0 WHPSHUDWXUH LV WRR ORZ GXULQJ GD\� DQG
WRR KLJK GXULQJ QLJKW� DQG DERYH ��� PHWHUV WKH +,5/$0 WHPSHUDWXUH LV VOLJKWO\ WRR KLJK� ERWK
GXULQJ GD\ DQG QLJKW�

)LJ� � VKRZV WKH PHDQ HUURU �0(� DQG PHDQ DEVROXWH HUURU �0$(� IRU WKH WHPSHUDWXUH SURILOHV DW
�� 87& IRU WKH SHULRG -XO\ WR 6HSWHPEHU� ����� IRU WKH +,5/$0 DQDO\VLV ����K� DQG WKH ���
KRXU IRUHFDVW ����K�� 7KH 0$( LV DURXQG ���R& QHDU JURXQG� GHFUHDVLQJ WR DERXW ��� R& DERYH
��� PHWHUV� 7KH 0( LV DURXQG ���� R& QHDU JURXQG� EHFRPLQJ SRVLWLYH DERYH ��� PHWHUV�
LQGLFDWLQJ WKDW WKH PRGHO SURILOHV DUH WRR VWDEOH�
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)LJ� �� 3URILOH IURP )HEUXDU\ ��� ���� �� 87& RI WHPSHUDWXUH �77�� GHZ SRLQW WHPSHUDWXUH �7G�

DQG ZLQG �:02�VWDQGDUG� REVHUYHG DW - JHUVERUJ DQG FDOFXODWHG E\ '0,�+,5/$0�
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)LJ� �� $V )LJ� �� EXW IRU -XO\ ��� ���� �� 87&

7KH PHDQ SURILOHV RI WKH ZLQG YHORFLW\ DW �� 87& DQG �� 87& IRU WKH SHULRG -XO\ WR 6HSWHPEHU�
����� DUH VKRZQ LQ )LJ� �� DQG WKH FRUUHVSRQGLQJ 0( DQG 0$( DW �� 87& DUH VKRZQ LQ )LJ� ��
*HQHUDOO\ WKH +,5/$0 ZLQG YHORFLW\ LV WRR KLJK QHDU JURXQG� DQG WKH GLXUQDO YDULDWLRQV DUH QRW
FRUUHFWO\ GHVFULEHG� VR WKH JUDGLHQW RI WKH PRGHO ZLQG YHORFLW\ FDQ EH HUURQHRXV� 7KLV LV
HVSHFLDOO\ LPSRUWDQW LI RQH XVHV ORFDO JUDGLHQWV RI� H�J�� WKH 5LFKDUGVRQ QXPEHU� 7KH 0$( LV
JHQHUDOO\ DURXQG ��� P�V IRU WKH DQDO\VLV DQG � WR � P�V IRU WKH ���KRXU IRUHFDVW� EXW LQ WKH FDVH
VKRZQ 0$( LV DURXQG ��� P�V ERWK IRU WKH DQDO\VLV DQG IRU WKH IRUHFDVW�

3URILOHV IRU ���� FDQ EH VHHQ LQ WKH DSSHQGL[� )LJ� �� DQG )LJ� ��

7DEOH � VXPPDUL]HV WKH 0( DQG 0$( RI WKH WHPSHUDWXUH SURILOHV DW WKH ���PHWHU OHYHO IRU ����
DQG ����� 7KH HUURUV DUH JHQHUDOO\ ODUJHVW IRU WKH GD\�WLPH WHPSHUDWXUH GXULQJ VXPPHU� ZLWK
0$( DURXQG �R& LQ ���� DQG ���R& LQ ����� EXW GXULQJ WKH FROG ZHDWKHU LQ WKH DXWXPQ RI 
��
WKH PRGHO JDYH WRR KLJK WHPSHUDWXUHV� UHVXOWLQJ LQ D SRVLWLYH ELDV RI ���R& DW QLJKW�
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3HULRG (UURU
0(

�� 87&

0(

�� 87&

0$(

�� 87&

0$(

�� 87&

-DQ��0DU�� ��� ��� ���� ��� ���

$SU��-XQH� ��� ��� ���� ��� ���

-XO\�6HSW����� ��� ���� ��� ���

2NW��'HF����� ��� ��� ��� ���

-DQ��0DU�� ��� ��� ���� ��� ���

$SU��-XQH� ��� ��� ���� ��� ���

-XO\�6HSW����� ��� ���� ��� ���

2NW��'HF����� ��� ��� ��� ���

7DEOH �� 0( DQG 0$( RI WKH +,5/$0 WHPSHUDWXUH SURILOHV DW DERXW �� PHWHU KHLJKW IRU
- JHUVERUJ ��������

� &RQFOXVLRQ

+,5/$0 LV D VWDWH�RI�WKH�DUW DQDO\VLV DQG IRUHFDVW V\VWHP IRU QXPHULFDO ZHDWKHU SUHGLFWLRQ ZLWK
D FRRSHUDWLRQ YHU\ DFWLYH LQ D ZLGH UDQJH RI DUHDV WR LPSURYH WKH IRUHFDVWLQJ V\VWHP LQ JHQHUDO�
DQG � LPSRUWDQW IRU WKH QXFOHDU HPHUJHQF\ � ZLWK IRFXV RQ LPSURYLQJ IRUHFDVW RI SUHFLSLWDWLRQ�
WXUEXOHQFH SDUDPHWHUV DQG ZLQG�

7KH VWDQGDUG URXWLQH YHULILFDWLRQ RI '0,�+,5/$0 LV EDVHG RQ JXLGHOLQHV IURP WKH (XURSHDQ
:RUNLQJ *URXS RQ /LPLWHG $UHD 0RGHOOLQJ �(:*/$0� RQ WKH VWDWLVWLFV RI WKH PRGHOOHG YDOXHV
DQG PHDVXUHG YDOXHV ��REV�YHULILFDWLRQ�� RU RI WKH PRGHO ILHOG YDOXHV DQG DQDO\VHG ILHOG YDOXHV
��ILHOG�YHULILFDWLRQ��� 7KH JXLGHOLQHV LQFOXGH UHFRPPHQGDWLRQV RQ SDUDPHWHUV� OHYHOV DQG D
FRPPRQ OLVW RI UDGLRVRQGH DQG V\QRWLF VWDWLRQV� VR UHVXOWV FDQ EH LQWHUFRPSDUHG�

)RU QXFOHDU HPHUJHQF\ SXUSRVHV WKH GHVLJQ RI DQ REMHFWLYH YHULILFDWLRQ V\VWHP RI WKH
PHWHRURORJLFDO LQSXW GDWD VKRXOG LGHDOO\ EH EDVHG RQ WUDFHU H[SHULPHQWV �DV (7(;�� )URP
SUHYLRXV 52'26 UHSRUWV LW DSSHDUV WKDW WKH UHVXOWV RI WKH PRGHO VLPXODWLRQV RI WKH ILUVW (7(;
H[SHULPHQW E\ WKH 'DQLVK (PHUJHQF\ 5HVSRQVH 0RGHO RI WKH $WPRVSKHUH �'(50$� XWLOLVLQJ
KLJK�UHVROXWLRQ GDWD IURP WKH '0,�+,5/$0 ZHUH YHU\ VXFFHVVIXO� 7KH DQDO\VLV VKRZHG WKDW LQ
JHQHUDO WKH XVH RI '0,�+,5/$0 GDWD JDYH EHWWHU UHVXOWV WKDQ WKH XVH RI (&0:) GDWD� LQ
SDUWLFXODU WKH XVH RI '0,�+,5/$0 GDWD FRXOG H[SODLQ VRPH RI WKH REVHUYHG PHVRVFDOH IHDWXUHV
LQ WKH WUDFHU JDV PHDVXUHPHQWV�

%XW DV WUDFHU H[SHULPHQWV DUH GLIILFXOW DQG H[SHQVLYH WR DFFRPSOLVK� LW LV QHFHVVDU\ WR UHO\ RQ
WUDGLWLRQDO YHULILFDWLRQ V\VWHPV EDVHG ERWK RQ REV�YHULILFDWLRQ DQG ILHOG�YHULILFDWLRQ� &RQFHUQLQJ
52'26 WKH /60& �/RFDO 6FDOH 0RGHO &KDLQ� QHHGV HVWLPDWHV RI ORFDO PRGHO ZLQG FRPSDUHG
ZLWK REVHUYHG ORFDO ZLQG� ZKLOH WKH /50& �/RQJ 5DQJH 0RGHO &KDLQ� UDWKHU QHHGV YHULILFDWLRQ
RI H�J� WKH ZLQG RYHU D ODUJH DUHD� DQG WKHUHIRUH ILHOG�YHULILFDWLRQ FDQ EH DGYDQWDJHRXV�

,Q WKLV GRFXPHQW VRPH UHVXOWV RI WKH VWDQGDUG YHULILFDWLRQ SHUIRUPHG DW '0, DQG DOVR UHVXOWV RI D
SUHYLRXV VHQVLWLYLW\ VWXG\ RI YHUWLFDO SURILOHV RI WHPSHUDWXUH DQG ZLQG IURP '0,�+,5/$0 DUH
SUHVHQWHG�

7KH UHVXOWV RI WKH REV�YHULILFDWLRQ IRU WKH (:*/$0 VWDWLRQV ��� UDGLRVRQGH VWDWLRQV DQG ���
V\QRSWLF VWDWLRQV� VKRZ WKDW WKH UHVHPEODQFH EHWZHHQ PHDVXUHPHQWV DQG WKH '0,�+,5/$0
DQDO\VHV DQG IRUHFDVWV LQ JHQHUDO LV TXLWH JRRG� )RU WKH '0,�+,5/$0�(�� WKH URRW PHDQ
VTXDUH HUURU �UPVH� RI WKH � P�WHPSHUDWXUH LV DURXQG ��� R&� IRU WKH ��� K3D WHPSHUDWXUH WKH
UPVH LV DERXW � R& IRU WKH DQDO\VLV LQFUHDVLQJ WR DERXW � R& IRU D �� KRXU IRUHFDVW� )RU WKH �� P�
ZLQG YHORFLW\ WKH UPVH LV DURXQG � P�V� IRU WKH ��� K3D ZLQG YHORFLW\ WKH UPVH LV DURXQG � P�V
IRU WKH DQDO\VLV LQFUHDVLQJ WR DERXW � P�V IRU D �� KRXU IRUHFDVW�
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&RPSDULVRQ RI WKH GLIIHUHQW PRGHO YHUVLRQV� *��� (�� DQG '��� VKRZV QR VLJQLILFDQW GLIIHUHQFH
EHWZHHQ (�� DQG '�� IRU PRVW SDUDPHWHUV� EXW IRU WKH ��PHWHU WHPSHUDWXUH DQG HVSHFLDOO\ WKH
���PHWHU ZLQG WKHUH LV D VLJQLILFDQW LPSURYHPHQW ZLWK KLJKHU UHVROXWLRQ�

3UHFLSLWDWLRQ YHULILFDWLRQ EDVHG RQ GDWD IURP �� 'DQLVK V\QRSWLF VWDWLRQV VKRZV WKDW IRU (��
DURXQG ��� RI WKH SUHFLSLWDWLRQ IRUHFDVWV DUH LQ WKH FRUUHFW FODVV� 7KH PDLQ UHDVRQ IRU WKH HUURUV
LV D JHQHUDO RYHUSUHGLFWLRQ RI VPDOO DPRXQW RI SUHFLSLWDWLRQ E\ '0,�+,5/$0� 7KH UHVXOWV IRU
*�� DUH VOLJKWO\ EHWWHU� DQG WKH UHVXOWV IURP '�� VOLJKWO\ ZRUVH�

7KH UHVXOWV RI WKH VHQVLWLYLW\ VWXG\ RI YHUWLFDO SURILOHV RI WHPSHUDWXUH DQG ZLQG IURP '0,�
+,5/$0 IURP ������� VKRZV WKDW WKH UHVHPEODQFH EHWZHHQ PHDVXUHPHQWV DQG WKH '0,�
+,5/$0 SURILOHV DW - JHUVERUJ LV TXLWH JRRG� EXW HVSHFLDOO\ LQ XQVWDEOH DQG FRQYHFWLYH
FRQGLWLRQV HUURUV LQ WKH WHPSHUDWXUH SURILOHV FDQ EH FDXVHG E\ D WRR ZHDN GHYHORSPHQW RI WKH
ERXQGDU\ OD\HU�

$OVR WKH GLXUQDO YDULDWLRQ RI WKH '0,�+,5/$0 WHPSHUDWXUH QHDU JURXQG LV WRR VPDOO� DQG WKH
GLXUQDO YDULDWLRQ RI WKH '0,�+,5/$0 YHORFLW\ LV WRR VPDOO� HVSHFLDOO\ '0,�+,5/$0 GRHV QRW
UHSURGXFH ZHOO WKH QRFWXUQDO MHW�

+RZHYHU� D QHZ ERXQGDU\ OD\HU SDUDPHWHUL]DWLRQ� LPSOHPHQWHG LQ WKH '0,�+,5/$0 WRJHWKHU
ZLWK D QHZ SK\VLFDO SDFNDJH� VHHPV WR UHVXOW LQ VLJQLILFDQW LPSURYHPHQWV� SURGXFLQJ PRUH
UHDOLVWLF SURILOHV DQG GHHSHU XQVWDEOH ERXQGDU\ OD\HUV�

� 5HIHUHQFHV

��� 5HOHYDQW 52'26 UHSRUWV�

52'26 �:*���53������� 4XDOLW\ 9DOLGDWLRQ RI $QDO\]HG DQG )RUHFDVW 9HUWLFDO 3URILOHV RI

:LQG DQG 7HPSHUDWXUH IURP WKH '0,�+,5/$0 0RGHO LQ &RPSDULVRQ ZLWK 5DGLRVRXQGLQJV� E\
$OL[ 5DVPXVVHQ DQG -HQV +DYVNRY 6¡UHQVHQ� 3XEOLVKHG LQ� 3URFHHGLQJV RI WKH 6L[WK 7RSLFDO
0HHWLQJ RQ (PHUJHQF\ 3UHSDUHGQHVV DQG 5HVSRQVH� $PHULFDQ 1XFOHDU 6RFLHW\� 6DQ )UDQFLVFR�
&DOLIRUQLD� $SULO ������ ����� SS ������

52'26 �:*���53������� &RPSDULVRQ RI 0HDVXUHG DQG 0RGHOOHG 0L[LQJ +HLJKWV GXULQJ WKH

%RUH[��� ([SHULPHQW� %\ 7� 0LNNHOVHQ� 3� $VWUXS� +� (� -¡UJHQVHQ� 6� 2WW� -� +� 6¡UHQVHQ� 3�
/¡IVWU¡P� ,Q� 7KH 'HWHUPLQDWLRQ RI WKH 0L[LQJ +HLJKW � &XUUHQW 3URJUHVV DQG 3UREOHPV�
(85$6$3 :RUNVKRS 3URFHHGLQJV� 2FW� ���� ����� 5LV¡ 1DWLRQDO /DERUDWRU\� SS �������� 5LV¡�
5�����(1� ,6%1 �������������� ,661 ����������

52'26 �:*���53������� 0L[LQJ +HLJKW 'HULYHG IURP WKH '0,�+,5/$0 1:3 0RGHO� DQG

8VHG IRU (7(; 'LVSHUVLRQ 0RGHOOLQJ� E\ -�+� 6¡UHQVHQ DQG $� 5DVPXVVHQ� ,Q� 7KH
'HWHUPLQDWLRQ RI WKH 0L[LQJ +HLJKW � &XUUHQW 3URJUHVV DQG 3UREOHPV� (85$6$3 :RUNVKRS
3URFHHGLQJV� ��� 2FWREHU� ����� 5LV¡ 1DWLRQDO /DERUDWRU\� (GV� 6��(� *U\QLQJ� )� %H\ULFK DQG
(� %DWFKYDURYD� 5LV¡�5�����(1� ,6%1 �������������� ,661 ����������SS� ������

52'26 �:*���53������� 9DOLGDWLRQ RI 0L[LQJ +HLJKW 'HWHUPLQHG IURP 9HUWLFDO 3URILOHV RI

:LQG DQG 7HPSHUDWXUH IURP WKH '0,�+,5/$0 1:3 0RGHO LQ &RPSDULVRQ ZLWK
5DGLRVRXQGLQJV� E\ $� 5DVPXVVHQ� -�+� 6¡UHQVHQ DQG 1�:� 1LHOVHQ� ,Q� 7KH 'HWHUPLQDWLRQ RI
WKH 0L[LQJ +HLJKW � &XUUHQW 3URJUHVV DQG 3UREOHPV� (85$6$3 :RUNVKRS 3URFHHGLQJV� ���
2FWREHU� ����� 5LV¡ 1DWLRQDO /DERUDWRU\� (GV� 6��(� *U\QLQJ� )� %H\ULFK DQG (� %DWFKYDURYD�
5LV¡�5�����(1� ,6%1 �������������� ,661 ���������� SS� �������

52'26 �:*���53������� 4XDOLW\ 9DOLGDWLRQ RI $QDO\]HG DQG )RUHFDVW :LQG DQG

7HPSHUDWXUH IURP WKH '0,�+,5/$0 0RGHO E\ $� 5DVPXVVHQ DQG -�+� 6¡UHQVHQ� ,Q� 5HSRUW RI
WKH 6HFRQG 0HHWLQJ RQ 1RUGLF 'LVSHUVLRQ�7UDMHFWRU\ 0RGHO ,QWHUFRPSDULVRQ ZLWK WKH (7(;��
)XOO�VFDOH ([SHULPHQW�

52'26 �:*���53������� &DOFXODWLRQV 3HUIRUPHG E\ WKH 'DQLVK 0HWHRURORJLFDO ,QVWLWXWH� E\
-�+� 6¡UHQVHQ DQG $� 5DVPXVVHQ� ,Q� 5HSRUW RI WKH 1RUGLF 'LVSHUVLRQ�7UDMHFWRU\ 0RGHO
&RPSDULVRQ ZLWK WKH (7(;�� )XOOVFDOH ([SHULPHQW� (GV� 8� 7YHWHQ DQG 7� 0LNNHOVHQ ������
5LV¡�5�����(1�� 1.6 (.2�������� ,6%1 �������������� ,661 ����������
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52'26 �:*���53������� 0HWKRG IRU &DOFXODWLRQ RI $WPRVSKHULF %RXQGDU\�/D\HU +HLJKW

XVHG LQ (7(; 'LVSHUVLRQ 0RGHOLQJ� E\ -� +� 6¡UHQVHQ DQG $� 5DVPXVVHQ�� ,Q� 3URFHHGLQJV RI
WKH 6L[WK 7RSLFDO 0HHWLQJ RQ (PHUJHQF\ 3UHSDUHGQHVV DQG 5HVSRQVH� $SULO ������ ����� 6DQ
)UDQFLVFR� &DOLIRUQLD� SS� �������� ,6%1 ��������������

52'26�:*���71������� 8VHU
V PDQXDO IRU WKH $WPRVSKHULF 'LVSHUVLRQ 0RGXOH� 0(7�

52'26� E\ 7RUEHQ 0LNNHOVHQ� 6¡UHQ 7K\NLHU�1LHOVHQ� 3RXO $VWUXS� 6DQGRU 'HPH� -HQV
+DYVNRY 6¡UHQVHQ� $OL[ 5DVPXVVHQ� -�UJHQ 3lVOHU�6DXHU� 7KRPDV 6FKLFKWHO� :ROIJDQJ 5DVNRE
DQG 5HLQKDUG 0DUWHQV�

52'26�:*���71������� 'HVFULSWLRQ RI WKH 1XPHULFDO :HDWKHU 3UHGLFWLRQ 'DWDEDVH

+,5/$0� E\ -HQV +DYVNRY 6¡UHQVHQ� $OL[ 5DVPXVVHQ� 7RUEHQ 0LNNHOVHQ � 6¡UHQ 7K\NLHU�
1LHOVHQ � 3RXO $VWUXS DQG 6DQGRU 'HPH�

��� 2WKHU 5HIHUHQFHV�

&X[DUW� -�� 3� %RXJDOW DQG -� /� 5HGHOVSHUJHU ������� �7XUEXOHQFH &ORVXUH IRU D QRQ�K\GURVWDWLF

0RGHO�� ��WK $06 V\PS� RQ %RXQGDU\ /D\HU 7XUEXOHQFH� S� ��������

*ROOYLN� 6�� %� %ULQJIHOGW� 9� 3HURY� DQG $�$�0 +ROWVODJ� ³([SHULPHQWV ZLWK QRQORFDO YHUWLFDO

GLIIXVLRQ LQ +,5/$0�´ 7HFKQLFDO 5HSRUW 1R� ��� 60+, �������

*XVWDIVVRQ� 1� �HG�� ³+,5/$0 � )LQDO 5HSRUW�´ 7HFKQLFDO 5HSRUW 1R� �� 60+,� 1RUUN|SLQJ�
�������

+DOO� &�'�� ����� �$ FRPPRQ YHULILFDWLRQ 6FKHPH IRU /LPLWHG $UHD 0RGHOV�� /$0 1HZVOHWWHU�
GHF� ����� (:*/$0� 8.02�

+ROWVODJ� $�$�0�� %�$� %RYLOOH DQG &��+� 0RHQJ� ������� ³(GG\ 'LIIXVLYLW\ DQG
&RXQWHUJUDGLHQWV 7UDQVSRUW LQ WKH &RQYHFWLYH $WPRVSKHULF %RXQGDU\ /D\HU´� -� $WPRV� 6FL�����
����������

+ROWVODJ� $�$�0��DQG %� $� %RYLOOH ������³/RFDO YHUVXV QRQORFDO ERXQGDU\ OD\HU GLIIXVLRQ LQ D

JOREDO FOLPDWH PRGHO� � -� &OLPDWH� �� ����������

.lOOHQ� (��HG�� �������³+,5/$0 GRFXPHQWDWLRQ PDQXDO� 6\VWHP �����$YDLODEOH IURP 60+,�

0DFKHQKDXHU� %��HG�� ������� ³+,5/$0 ILQDO UHSRUW�� +,5/$0 7HFKQLFDO 5HSRUW� 1R� �� '0,�
'HQPDUN�

0DKUW� /� �������³0RGHOOLQJ WKH GHSWK RI WKH VWDEOH ERXQGDU\�OD\HU�´%RXQGDU\�/D\HU 0HW�� ���
�����

0LNNHOVHQ� 7�� 6� 7K\NLHU�1LHOVHQ� 3� $VWUXS� -� 0� 6DQWDEiUEDUD� -�+� 6¡UHQVHQ� $� 5DVPXVVHQ�
/� 5REHUWVRQ� $� 8OOHUVWLJ� 6� 'HPH� 5� 0DUWHQV� -� *� %DUW]LV DQG -� 3lVOHU�6DXHU ��������0(7�

52'26� $ &RPSUHKHQVLYH $WPRVSKHULF 'LVSHUVLRQ 0RGXOH�� 5DGLDW� 3URW� 'RVLP� ��� ��±��

1LHOVHQ� 1� :� ������� �,QFOXVLRQ RI IUHH &RQYHFWLRQ DQG D 6PRRWK 6HD 6XUIDFH LQ WKH

3DUDPHWHUL]DWLRQ RI 6XUIDFH )OX[HV RYHU 6HD��+,5/$0 1HZVOHWWHU� ��� S� ������

1LHOVHQ� 1� :� ������� �$ FRPSDULVRQ RI WKUHH GLIIHUHQW WXUEXOHQFH SDUDPHWHUL]DWLRQ VFKHPHV

IRU +,5/$0�� LQ 3URFHHGLQJV IURP %$/7(; :RUNVKRS RS 3URFHVV 6WXGLHV� $ELVNR 6ZHGHQ� ,Q
SUHVV�

1LHOVHQ� 1� :� ������� �5HYLVLRQ RI WKH 6XUIDFH )OX[ 3DUDPHWHUL]DWLRQ RYHU 6HD LQ +,5/$0�

7KHRU\ DQG 5HVXOWV�� LQ 5HSRUW RI WKH ��WK (:*/$0 0HHWLQJ DQG WKH �WK 651:3 1HWZRUN
0HHWLQJ� &RSHQKDJHQ� ��� 2FWREHU ����� /$0 1HZVOHWWHU� ��� ��������

1LHOVHQ� 1� :� ������� �6HQVLWLYLW\ RI 3UHFLSLWDWLRQ )RUHFDVWV WR +RUL]RQWDO 5HVROXWLRQ XVLQJ WKH

675$&2 6FKHPH�� LQ +,5/$0 � :RUNVKRS RQ +LJK 5HVROXWLRQ 0RGHOOLQJ� 1RUUN|SLQJ� �����
0D\� �����

1LHOVHQ� 1� :� DQG $PVWUXS� %�� �'0,�+,5/$0 9HULILFDWLRQ 5HSRUW �TXDUWHUO\���'0,� �����
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1LHOVHQ� 1� :� DQG $PVWUXS� %�� �'0,�+,5/$0 9HULILFDWLRQ 5HSRUW �TXDUWHUO\���'0,� �����

1LHOVHQ� 1�:�� %� $PVWUXS DQG -� 8� -¡UJHQVHQ ������� �+,5/$0 ��� 3DUDOOHO 7HVWV DW '0,�

6HQVLWLYLW\ WR 7\SH RI 6FKHPHV IRU 7XUEXOHQFH� 0RLVW 3URFHVVHV DQG $GYHFWLRQ��'0, 6FLHQWLILF
5HSRUW� 1R� �����

6DVV� %� +� �������³7KH '0, 2SHUDWLRQDO +,5/$0 )RUHFDVWLQJ 6\VWHP� 9HUVLRQ ���� '0,
7HFKQLFDO 5HSRUW ����� '0,� 'HQPDUN�

6DVV� %� +� ������� �2SHUDWLRQDO +,5/$0 DW '0,�� +,5/$0 1HZVOHWWHU� 1R� ��� S� �������

6DVV� %�+�� 1LHOVHQ� 1�:� -¡UJHQVHQ� -�8� DQG %� $PVWUXS� ������� �7KH 2SHUDWLRQDO +,5/$0
6\VWHP DW '0,�� 2FWREHU ���� ���'0, 7HFKQLFDO 5HSRUW� QR� ������

6DWWOHU� .� ������� �1HZ KLJK UHVROXWLRQ SK\VLRJUDSLF GDWD DQG FOLPDWH JHQHUDWLRQ IRU WKH

+,5/$0 IRUHFDVW V\VWHP���'0,� 7HFKLFDO 5HSRUW� 1R� ������

6DYLMlUYL� +� ������� �)DVW 5DGLDWLRQ 3DUDPHWHULVDWLRQ 6FKHPHV IRU 0HVRVFDOH DQG 6KRUWUDQJH

)RUHFDVW 0RGHOV�� -� $SSO� 0HWHRU�� ��� ��������

6LPPRQV� $� -� DQG '� 0� %XUULGJH ������� ³$Q HQHUJ\ DQG DQJXODU PRPHQWXP FRQVHUYLQJ
YHUWLFDO ILQLWH�GLIIHUHQFH VFKHPH DQG K\EULG YHUWLFDO FRRUGLQDWHV�� 0RQ� :HD� 5HY������������

6XQGTXLVW� +� ������� �,QFOXVLRQ RI LFH SKDVH RI +\GURPHWHUV LQ &ORXG 3DUDPHWULVDWLRQ IRU

0HVRVFDOH DQG /DUJH�VFDOH 0RGHOV��%HLWU� 3K\V� $WPRVSK�� ��� ��������

6¡UHQVHQ� -� +�� DQG $� 5DVPXVVHQ ������� ³&DOFXODWLRQV 3HUIRUPHG E\ WKH 'DQLVK
0HWHRURORJLFDO ,QVWLWXWH�� 5LV¡�5�����(1�� 1.6 (.2������� ,6%1 �������������� 5LV¡�
'HQPDUN

6¡UHQVHQ� -�+�� $� 5DVPXVVHQ DQG +� 6YHQVPDUN ������� �)RUHFDVW RI $WPRVSKHULF %RXQGDU\

/D\HU +HLJKW 8WLOLVHG IRU (7(; 5HDO�WLPH 'LVSHUVLRQ 0RGHOOLQJ�� 3K\V� &KHP� (DUWK ��� ���±
����

6¡UHQVHQ� -�+� $� 5DVPXVVHQ� 7� (OOHUPDQQ DQG (� /\FN ������� �0HVRVFDOH ,QIOXHQFH RQ /RQJ�
UDQJH 7UDQVSRUW� (YLGHQFH IURP (7(; 0RGHOOLQJ DQG 2EVHUYDWLRQV�� $WPRV� (QYLURQ���� �����
�����

6¡UHQVHQ� -�+� ������� �6HQVLWLYLW\ RI WKH '(50$ /RQJ�5DQJH *DXVVLDQ 'LVSHUVLRQ 0RGHO WR
0HWHRURORJLFDO ,QSXW DQG 'LIIXVLRQ 3DUDPHWHUV�� $WPRV� (QYLURQ��� ����������

6¡UHQVHQ� -�+� �6HQVLWLYLW\ RI '(50$ WR %RXQGDU\�/D\HU 3DUDPHWHUV� DQG (YLGHQFH IRU
0HVRVFDOH ,QIOXHQFH RQ /RQJ�5DQJH 7UDQVSRUW� ,Q� (7(; 6\PSRVLXP RQ /RQJ�5DQJH
$WPRVSKHULF 7UDQVSRUW� 0RGHO 9HULILFDWLRQ DQG (PHUJHQF\ 5HVSRQVH� 3URFHHGLQJV� (G� .�
1RGRS� 9LHQQD� $XVWULD� ����� 0D\� ����� (85 ����� (1� SS� �������

7URHQ� ,� DQG /� 0DKUW ������� ³$ VLPSOH PRGHO RI WKH DWPRVSKHULF ERXQGDU\ OD\HU� 6HQVLWLYLW\
WR VXUIDFH HYDSRUDWLRQ´� %RXQGDU\�/D\HU 0HWHRURO�� ��� ��������

9RJHOH]DQJ� '�+�3 DQG $�$�0� +ROWVODJ ������� �(YROXWLRQ DQG PRGHO LPSDFWV RI DOWHUQDWLYH

ERXQGDU\ OD\HU IRUPXODWLRQV��%RXQGDU\�/D\HU 0HWHRURO� ��� ��������
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� $SSHQGL[��7DEOH�����7DEOH��

6,1*/(�/(9(/ ),(/'6

xx VXUIDFH JHRSRWHQWLDO xx VXUIDFH SUHVVXUH

xx VHD VXUIDFH WHPSHUDWXUH x VXUIDFH WHPSHUDWXUH

x ��PHWHU WHPSHUDWXUH x ��PHWHU VSHFLILF KXPLGLW\

x ���PHWHU X ZLQG FRPSRQHQW x ���PHWHU Y ZLQG FRPSRQHQW

x IUDFWLRQ RI LFH x IUDFWLRQ RI ODQG

x DOEHGR x G\QDPLF �VHD� VXUIDFH URXJKQHVV

x FOLPDWRORJLFDO VXUIDFH URXJKQHVV x VXUIDFH VHQVLEOH KHDW IOX[

xx VXUIDFH ODWHQW KHDW IOX[ xx DFFXPXODWHG VWUDWLIRUP SUHFLSLWDWLRQ

xx VXUIDFH PRPHQWXP IOX[ xx DWPRVSKHULF ERXQGDU\ OD\HU KHLJKW

xx DFFXPXODWHG FRQYHFWLYH SUHFLSLWDWLRQ

08/7,�/(9(/ ),(/'6

xx X ZLQG FRPSRQHQW xx Y ZLQG FRPSRQHQW

xx WHPSHUDWXUH xx VSHFLILF KXPLGLW\

7DEOH �� )LHOGV GHOLYHUHG E\ '0, IRU 52'26 SDUWQHUV GXULQJ WKH SURMHFW

/DQG 6WDWLRQV &RDVWDO VWDWLRQV

:02�QR VWDWLRQ QDPH :02�QR VWDWLRQ QDPH

����� cOERUJ ����� 6NDJHQ

����� 6LQGDO $LUS� ����� 7K\ERU¡Q

����� +DGVXQGEURHQ ����� +YLGH 6DQGH

����� .DUXS ����� )RUQ V )\U

����� 7LUVWUXS ����� $QKROW +DYQ

����� %LOOXQG ����� %OnYDQGVKXN )\U

����� 6NU\GVWUXS ����� 5¡P¡

����� 2GHQVH $LUS� ����� .HJQ V )\U

����� /ROODQG�)DOVWHU $LUS� ����� $OEXHQ

����� 7\YHOVH ����� *HGVHU 2GGH

����� 9 UO¡VH ����� 2P¡ )\U

����� 	 5RVNLOGH $LUS ����� +HVVHO¡

7DEOH �� 'DQLVK ODQG DQG FRDVWDO VWDWLRQ OLVW� �7KH VWDWLRQV ������ ������ ����� DQG �����

KDYH VWRSSHG RSHUDWLRQ DIWHU ������
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REVHUYDWLRQ FODVV� 7KH IRUHFDVW LV LQ WKH LQWHUYDO IURP �� KRXU WR ��� IRU WKH '0,�+,5/$0�'��� 'DWD IURP ��

V\QRSWLF VWDWLRQV LQ 'HQPDUN IURP �����
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7DEOH �� &RQWLQJHQF\ WDEOHV ��� RI ���KRXU IRUHFDVWHG �)� DQG REVHUYHG �2� SUHFLSLWDWLRQ� 7KH SUHFLSLWDWLRQ

FODVVHV DUH JLYHQ LQ WKH OHIW FROXPQ� )2 LV WKH SHUFHQWDJH RI WKH IRUHFDVWHG YDOXHV LQ WKH VDPH FODVV DV WKH

REVHUYDWLRQ FODVV� 7KH IRUHFDVW LV LQ WKH LQWHUYDO IURP �� KRXU WR ��� IRU WKH '0,�+,5/$0�*��� 'DWD IURP ��

V\QRSWLF VWDWLRQV LQ 'HQPDUN IURP �����
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EWGLAM-stations, number of SYNOP is 371      
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Scientific reports from the Danish Meteorological Institute cover a variety of geophysical
fields, i.e. meteorology (including climatology), oceanography, subjects on air and sea polluti-
on, geomagnetism, solar-terrestrial physics, and physics of the middle and upper atmosphere.

Reports in the series within the last five years:

No. 95-1
Peter Stauning and T.J. Rosenberg:
High-Latitude, day-time absorption spike events
1. morphology and occurrence statistics
Not published

No. 95-2
Niels Larsen: Modelling of changes in stratosphe-
ric ozone and other trace gases due to the emission
changes : CEC Environment Program Contract No.
EV5V-CT92-0079. Contribution to the final report

No. 95-3
Niels Larsen, Bjørn Knudsen, Paul Eriksen, Ib
Steen Mikkelsen, Signe Bech Andersen and
Torben Stockflet Jørgensen: Investigations of
ozone, aerosols, and clouds in the arctic stratosphe-
re : CEC Environment Program Contract No.
EV5V-CT92-0074. Contribution to the final report

No. 95-4
Per Høeg and Stig Syndergaard: Study of the de-
rivation of atmospheric properties using radio-
occultation technique

No. 95-5
Xiao-Ding Yu, Xiang-Yu Huang and Leif Laur-
sen and Erik Rasmussen: Application of the HIR-
LAM system in China: heavy rain forecast experi-
ments in Yangtze River Region

No. 95-6
Bent Hansen Sass: A numerical forecasting system
for the prediction of slippery roads

No. 95-7
Per Høeg: Proceeding of URSI International Con-
ference, Working Group AFG1 Copenhagen, June
1995. Atmospheric research and applications using
observations based on the GPS/GLONASS System
Not published

No. 95-8
Julie D. Pietrzak: A comparison of advection
schemes for ocean modelling

No. 96-1
Poul Frich (co-ordinator), H. Alexandersson, J.
Ashcroft, B. Dahlström, G.R. Demarée, A. Drebs,
A.F.V. van Engelen, E.J. Førland, I. Hanssen-
Bauer, R. Heino, T. Jónsson, K. Jonasson, L. Kee-
gan, P.Ø. Nordli, T. Schmith, P. Steffensen, H.
Tuomenvirta, O.E. Tveito: North Atlantic Clima-
tological Dataset (NACD Version 1) - Final report

No. 96-2
Georg Kjærgaard Andreasen: Daily response of
high-latitude current systems to solar wind variati-
ons: application of robust multiple regression. Met-
hods on Godhavn magnetometer data

No. 96-3
Jacob Woge Nielsen, Karsten Bolding Kristen-
sen, Lonny Hansen: Extreme sea level highs: a
statistical tide gauge data study

No. 96-4
Jens Hesselbjerg Christensen, Ole Bøssing Chri-
stensen, Philippe Lopez, Erik van Meijgaard, Mi-
chael Botzet: The HIRLAM4 Regional Atmosphe-
ric Climate Model

No. 96-5
Xiang-Yu Huang: Horizontal diffusion and filte-
ring in a mesoscale numerical weather prediction
model

No. 96-6
Henrik Svensmark and Eigil Friis-Christensen:
Variation of cosmic ray flux and global cloud cove-
rage - a missing link in solar-climate relationships

No. 96-7
Jens Havskov Sørensen and Christian Ødum
Jensen: A computer system for the management of
epidemiological data and prediction of risk and e-
conomic consequences during outbreaks of foot-
and-mouth disease. CEC AIR Programme. Contract
No. AIR3 - CT92-0652

No. 96-8
Jens Havskov Sørensen: Quasi-automatic of input
for LINCOM and RIMPUFF, and output conversi-



on. CEC AIR Programme. Contract No. AIR3 -
CT92-0652

No. 96-9
Rashpal S. Gill and Hans H. Valeur:
Evaluation of the radarsat imagery for the operatio-
nal mapping of sea ice around Greenland

No. 96-10
Jens Hesselbjerg Christensen, Bennert Machen-
hauer, Richard G. Jones, Christoph Schär, Paolo
Michele Ruti, Manuel Castro and Guido Visconti:
Validation of present-day regional climate simula-
tions over Europe: LAM simulations with observed
boundary conditions

No. 96-11
Niels Larsen, Bjørn Knudsen, Paul Eriksen, Ib
Steen Mikkelsen, Signe Bech Andersen and
Torben Stockflet Jørgensen: European Stra-
tospheric Monitoring Stations in the Artic: An
European contribution to the Network for Detection
of Stratospheric Change (NDSC): CEC Environ-
ment Programme Contract EV5V-CT93-0333:
DMI contribution to the final report

No. 96-12
Niels Larsen: Effects of heterogeneous chemistry
on the composition of the stratosphere: CEC En-
vironment Programme Contract EV5V-CT93-
0349: DMI contribution to the final report

No. 97-1
E. Friis Christensen og C. Skøtt: Contributions
from the International Science Team. The Ørsted
Mission - a  pre-launch compendium

No. 97-2
Alix Rasmussen, Sissi Kiilsholm, Jens Havskov
Sørensen, Ib Steen Mikkelsen: Analysis of tro-
pospheric ozone measurements in Greenland: Con-
tract No. EV5V-CT93-0318 (DG 12 DTEE):
DMI’s contribution to CEC Final Report Arctic
Trophospheric Ozone Chemistry ARCTOC

No. 97-3
Peter Thejll: A search for effects of external
events on terrestrial atmospheric pressure: cosmic
rays

No. 97-4
Peter Thejll: A search for effects of external
events on terrestrial atmospheric pressure: sector
boundary crossings

No. 97-5
Knud Lassen: Twentieth century retreat of sea-ice
in the Greenland Sea

No. 98-1
Niels Woetman Nielsen, Bjarne Amstrup, Jess
U. Jørgensen:
HIRLAM 2.5 parallel tests at DMI: sensitivity to
type of schemes for turbulence, moist processes and
advection

No. 98-2
Per Høeg, Georg Bergeton Larsen, Hans-Henrik
Benzon, Stig Syndergaard, Mette Dahl Morten-
sen: The GPSOS project
Algorithm functional design and analysis of
ionosphere, stratosphere and troposphere observa-
tions

No. 98-3
Mette Dahl Mortensen,  Per Høeg:
Satellite atmosphere profiling retrieval in a nonli-
near troposphere
Previously entitled: Limitations induced by Multi-
path

No. 98-4
Mette Dahl Mortensen, Per Høeg:
Resolution properties in atmospheric profiling with
GPS
No. 98-5
R.S. Gill and M. K. Rosengren
Evaluation of the Radarsat imagery for the operati-
onal mapping of sea ice around Greenland in 1997

No. 98-6
R.S. Gill, H.H. Valeur, P. Nielsen and K.Q.
Hansen: Using ERS SAR images in the operational
mapping of sea ice in the Greenland waters: final
report for ESA-ESRIN’s: pilot projekt no.
PP2.PP2.DK2 and 2nd announcement of opportu-
nity for the exploitation of  ERS data projekt No.
AO2..DK 102

No. 98-7
Per Høeg et al.: GPS Atmosphere profiling met-
hods and error assessments

No. 98-8
H. Svensmark, N. Woetmann Nielsen and A.M.
Sempreviva: Large scale soft and hard turbulent
states of the atmosphere

No. 98-9
Philippe Lopez, Eigil Kaas and Annette Guld-
berg: The full particle-in-cell advection scheme in
spherical geometry

No. 98-10
H. Svensmark: Influence of cosmic rays on earth’s
climate



No. 98-11
Peter Thejll and Henrik Svensmark: Notes on
the method of normalized multivariate regression

No. 98-12
K. Lassen: Extent of sea ice in the Greenland Sea
1877-1997: an extension of DMI Scientific Report
97-5

No. 98-13
Niels Larsen, Alberto Adriani and Guido Di-
Donfrancesco: Microphysical analysis of polar
stratospheric clouds observed by lidar at McMurdo,
Antarctica

No.98-14
Mette Dahl Mortensen: The back-propagation
method for inversion of radio occultation data

No. 98-15
Xiang-Yu Huang: Variational analysis using
spatial filters

No. 99-1
Henrik Feddersen: Project on prediction of cli-
mate variations on seasonel to interannual time-
scales (PROVOST) EU contract ENVA4-CT95-
0109: DMI contribution to the final re-
port:Statistical analysis and post-processing of
uncoupled PROVOST simulations

No. 99-2
Wilhelm May:  A time-slice experiment with the
ECHAM4 A-GCM at high resolution: the expe-
rimental design and the assessment of climate
change as compared to a greenhouse gas experi-
ment with ECHAM4/OPYC at low resolution

No. 99-3
Niels Larsen et al.: European stratospheric mo-
nitoring stations in the Artic II: CEC Environment
and Climate Programme Contract ENV4-CT95-
0136. DMI Contributions to the project

No. 99-4
Alexander Baklanov: Parameterisation of the
deposition processes and radioactive decay: a re-
view and some preliminary results with the
DERMA model

No. 99-5
Mette Dahl Mortensen: Non-linear high resolu-
tion inversion of radio occultation data

No. 99-6
Stig Syndergaard: Retrieval analysis and metho-
dologies in atmospheric limb sounding using the
GNSS radio occultation technique

No. 99-7
Jun She, Jacob Woge Nielsen: Operational wa-
ve forecasts over the Baltic and North Sea

No. 99-8
Henrik Feddersen: Monthly temperature fo-
recasts for Denmark - statistical or dynamical?

No. 99-9
P.  Thejll, K. Lassen: Solar forcing of  the
Northern hemisphere air temperature: new data

No. 99-10
Torben Stockflet Jørgensen, Aksel Walløe
Hansen: Comment on “Variation of cosmic ray
flux and global coverage - a missing link in solar-
climate relationships” by Henrik Svensmark and
Eigil Friis-Christensen

No. 99-11
Mette Dahl Meincke: Inversion methods for at-
mospheric profiling with GPS occultations

No. 99-12
Benzon, Hans-Henrik; Olsen, Laust: Simulati-
ons of current density measurements with a Fara-
day Current Meter and a magnetometer

No. 00-01
Høeg, P.; Leppelmeier, G: ACE: Atmosphere
Climate Experiment: proposers of the mission

No. 00-02
Høeg, P.: FACE-IT: Field-Aligned Current Expe-
riment in the Ionosphere and Thermosphere

No. 00-03
Allan Gross:  Surface ozone and tropospheric
chemistry with applications to regional air quality
modeling. PhD thesis

No. 00-04
Henrik Vedel: Conversion of WGS84 geometric
heights to NWP model HIRLAM geopotential
heights

No. 00-05
Jérôme Chenevez: Advection experiments with
DMI-Hirlam-Tracer

No. 00-06
Niels Larsen: Polar stratospheric clouds micro-
physical and optical models

No. 00-07
Alix Rasmussen, Jens Havskov Sørensen, Niels
Woetmann Nielsen and Bjarne Amstrup:
Uncertainty of meteorological parameters from
DMI-HIRLAM, RODOS(WG2)TN(99)12, EU-
Contract FI4P-CT95-0007



No. 00-08
A.L. Morozova: Solar activity and Earth’s wea-
ther. Effect of the forced atmospheric transparen-
cy changes on the troposphere temperature profile
studied with atmospheric models

No. 00-09
Niels Larsen, Bjørn M. Knudsen, Michael
Gauss, Giovanni Pitari: Effects from high-speed
civil traffic aircraft emissions on polar stratosphe-
ric clouds

No. 00-10
Søren Andersen: Evaluation of SSM/I sea ice al-
gorithms for use in the SAF on ocean and sea ice,
July 2000
(In Press)

No. 00-11
Claus Petersen, Niels Woetmann Nielsen:
Diagnosis of visibility in DMI-HIRLAM
(In Press)

No. 00-12
Erik Buch:  A monograph on the physical ocea-
nography of the Greenland waters
(In Press)


