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2XWOLQH
� ,QWURGXFWLRQ
� 'DWD
� 0RGHO
� 5HVXOWV
� &RQFOXVLRQV



6WDUWLQJ�SRLQW
� )RUHFDVWLQJ�FOLPDWH�FKDQJH�UHTXLUHV�LQIRUPDWLRQ�RQ�WKH�SDVW�

FOLPDWH�EHKDYLRU
� 0HWHRURORJLFDO�UHFRUGV�DUH�WRR�VKRUW�WR�FRYHU�WKH�IXOO�FOLPDWH�

YDULDWLRQ
�!�+LVWRU\�KDV�WR�EH�LQIHUUHG�IURP�LQGLUHFW�³SUR[\´�LQGLFDWRUV

� %LRORJLFDO�LQGLFDWRUV�SUHVHUYHG�LQ�WKH�VHGLPHQWDU\�GHSRVLWV�DUH�D�
PDMRU�VRXUFH�RI�SUR[\�FOLPDWH�GDWD

5HFRQVWUXFWLRQ
� (DUO\�DWWHPSWV�IRU�FOLPDWH�UHFRQVWUXFWLRQ�XWLOL]HG�TXDOLWDWLYH�DQG�

GHVFULSWLYH�DQDO\VLV�RQ�VLQJOH�LQGLFDWRU�VSHFLHV�GDWD
� 1RZDGD\V�QXPHULFDO�WHFKQLTXHV�DQG�DSSURDFKHV�DUH�DYDLODEOH�

DOORZLQJ�TXDQWLWDWLYH�UHFRQVWUXFWLRQ
� ,Q�JHQHUDO��WKH�PHWKRGV�LQYROYH�WZR�VWHSV

± 5HJUHVVLRQ��PDSSLQJ�UHVSRQVHV�RI�ELRORJLFDO�LQGLFDWRUV�WR�WKH�
FRQWHPSRUDU\�HQYLURQPHQW�

± &DOLEUDWLRQ��SUHGLFWLQJ�WKH�HQYLURQPHQWDO�YDULDEOH�IURP�WKH�IRVVLO�GDWD



$SSURDFKHV
� :D\V�WR�SHUIRUP�WKH�TXDQWLWDWLYH�UHFRQVWUXFWLRQ�FDQ�EH�FODVVLILHG�

WR�WZR�FDWHJRULHV�
± &ODVVLFDO��HVWLPDWH�WKH�UHVSRQVH�IXQFWLRQ�IURP�WKH�FOLPDWH�VWDWH WR�WKH�

ELRORJLFDO�LQGLFDWRU��DQG�UHFRQVWUXFW�WKH�FOLPDWH�VWDWH�E\�XVLQJ WKH�
LQYHUVH�RI�WKH�IXQFWLRQ

± ,QYHUVH��HVWLPDWLQJ�GLUHFWO\�WKH�LQYHUVH�IXQFWLRQ�IURP�WKH�ELRORJLFDO�
LQGLFDWRUV�WR�WKH�FOLPDWH�DQG�DSSO\LQJ�WKH�IXQFWLRQ�LQ�WKH�UHFRQVWUXFWLRQ

� 5HFRQVWUXFWLRQ�FRQWDLQV�PDQ\�XQFHUWDLQWLHV�WR�EH�DFFRXQWHG�IRU
± 1DWXUH�LQ�JHQHUDO�LV�QRW�GHWHUPLQLVWLF
± 0HDVXUHG�ELRORJLFDO�LQGLFDWRU�GDWD�LV�³QRLV\´
± $SSOLHG�PRGHO�RQO\�DSSUR[LPDWHV�WKH�UHDO�ZRUOG

2EMHFWLYH
� $SSO\LQJ�%D\HVLDQ�PXOWLQRPLDO�*DXVVLDQ�UHVSRQVH�PRGHO�WR�IRVVLO�

FKLURQRPLG DVVHPEODJHV�LQ�D�WUHH�OLQH�ODNH�LQ�)LQQLVK�/DSODQG�WR�
UHFRQVWUXFW�+RORFHQH�SDODHRWHPSHUDWXUHV
± $OO�XQNQRZQ�TXDQWLWLHV�± SDUDPHWHUV�DV�ZHOO�DV�WKH�GDWD�± DUH�WUHDWHG�

DV�UDQGRP�YDULDEOHV
± 7KH�JDLQHG�NQRZOHGJH�DQG�UHFRQVWUXFWLRQV�DUH�H[SOLFLWO\�FRQGLWLRQHG�RQ�

WKH�VWDWLVWLFDO�PRGHO��SULRU�NQRZOHGJH�DQG�GDWD�LQ�KDQG



6WXG\�VLWH
� /DNH�7VXROEPDMDYUL LV�ORFDWHG�RQ�

WKH�QRUWK�ZHVWHUQ�)LQODQG�����P�
DERYH�VHD�OHYHO�DW�WKH�ERXQGDU\�
EHWZHHQ�ERUHDO�IRUHVW�DQG�WXQGUD
± ,W�LV�VPDOO��$ �����KD���VKDOORZ�

�=PD[ �����P���FOHDU�DQG�ROLJRWURSKLF
± 0HDVXUHG�PLG�VXPPHU�ZDWHU�

WHPSHUDWXUH�LV������&�DQG�VLWH�
VSHFLILF�DOWLWXGH�FRUUHFWHG�PHDQ�-XO\�
DLU�WHPSHUDWXUH�LV������&��

± 7KH�PHDQ�DQQXDO�DLU�WHPSHUDWXUH�LV�
DERXW���&��DQQXDO�SUHFLSLWDWLRQ�LV�
DERXW����PP������IDOOV�EHWZHHQ�
-XQH�DQG�6HSWHPEHU�

)RVVLO�GDWD
� $�����FP�ORQJ�VHGLPHQW�FRUH�ZDV�VDPSOHG�LQ������DW�WKH�FHQWUDO�

SDUW�RI�WKH�ODNH�IURP�WKH�IUR]HQ�ODNH�VXUIDFH
� )RU�FKURQRORJ\����UDGLRFDUERQ����&��GDWLQJV ZHUH�GHWHUPLQHG�

IURP�WKH�FRUH�DQG�DJH�GHSWK�PRGHOV�ZHUH�GHYHORSHG�E\�QRQ�
SDUDPHWULF�ZHLJKWHG�UHJUHVVLRQ

� 7KH�GDWHV�VXJJHVW�D�IDLUO\�OLQHDU�VHGLPHQW�DFFXPXODWLRQ�UDWH�



&KLURQRPLG DQDO\VLV
� 7KH�VHGLPHQW�FRUH�ZDV�VDPSOHG�IRU�VXEIRVVLO FKLURQRPLGV DW�

LQWHUYDOV�RI���FP��ZKLFK�LV�HTXLYDOHQW�WR�D�WHPSRUDO�UHVROXWLRQ�RI�
��±���\HDUV

� 6XEVHTXHQWO\��D�IHZ�VDPSOHV�ZHUH�WDNHQ�DW���FP�LQWHUYDO�IURP�
VHTXHQFHV�ZLWK�UDSLG�FKDQJHV�LQ�FKLURQRPLG FRPSRVLWLRQ

� &KLURQRPLG KHDG�FDSVXOHV�ZHUH�FRXQWHG�IURP�WKH�VDPSOHV�XVLQJ�
FRPSOH[��PDQXDO�SURFHUGXUH �LQFOXGLQJ�FKHPLFDO�SURFHVVLQJ��
VLHYLQJ��PLFURVFRSLQJ HWF���
± ���FKLURQRPLG WD[D ZHUH�UHFRUGHG�IURP�WKH�WRWDO�RI�����VDPSOHV

&RQWHPSRUDU\�GDWD
� 7KH�PRGHUQ�WUDLQLQJ�GDWD�XVHG�IRU�FDOLEUDWLRQ�PRGHOV�LQFOXGH�VXUIDFH�VHGLPHQW�FKLURQRPLG KHDG�FDSVXOHV�DQG�DLU�WHPSHUDWXUH�GDWD�IURP����ODNHV�LQ�QRUWK�ZHVWHUQ�)LQODQG�

± 7KH�VWXG\�ODNHV�DUH�JHQHUDOO\�VPDOO��FOHDU�DQG�ROLJRWURSKLF
� &KLURQRPLG GDWD�DUH�H[SUHVVHG�DV�WKH�KHDG�FDSVXOH�FRXQW

± 5DUH�WD[D �OHVV�WKDQ����UHODWLYH�DEXQGDQFH�LQ�PRUH�WKDQ���ODNHV��ZHUH�H[FOXGHG
± 7KH�UHPDLQLQJ�GDWD�LQFOXGHG����FKLURQRPLG WD[D�����RI�ZKLFK�DUH�FRPPRQ�ZLWK�WKH�IRVVLO�GDWD

� 0HDQ�-XO\�WHPSHUDWXUHV�ZHUH�HVWLPDWHG�IRU�HDFK�ODNH�XVLQJ�GDWD�RI�QHDUE\�FOLPDWH�VWDWLRQV�IURP�\HDUV��������
± 2QH�PHDVXUHPHQW�ZDV�UHPRYHG�DV�DQ�RXWOLHU
± 7KH�UHPDLQLQJ�GDWD�LQFOXGHG����PHDVXUHPHQWV�UDQJLQJ�IURP�����&�WR������&



&KLURQRPLG VWUDWLJUDSK\

3UREOHP�VWDWHPHQW
� /HW�\LN EH�WKH�FRXQW�RI�WD[RQ N DW�VLWH�L�DQG�\L  ��\L���«��\LP�7 EH�WKH�DFWXDO�FRXQWV�DW�VLWH�L

�!�<  �>\���«��\Q@�LV�WKH�PîQ PDWUL[�RI�DEXQGDQFHV��P ����Q ���
� )XUWKHUPRUH�OHW�WKLV�EH�GHQRWHG�DV� LN  �\LN�\L���ZKHUH�\L�  ��K\LK�UHODWLYH�DEXQGDQFH�
� /HW�[L EH�WKH�WHPSHUDWXUH�DW�VLWH�,�!�;  ��[���«�[Q�7 LV�WKH�YHFWRU�RI�WHPSHUDWXUHV�DW�VLWHV
� /HW�\�  ��\����«�\�P�7 EH�D�IRVVLO�DVVHPEODJH�DQG�[� WKH�DLU�WHPSHUDWXUH�DW�WKH�WLPH�WKH�IRVVLO�DVVHPEODJH�ZDV�IRUPHG
� *LYHQ�<��; DQG�\���WKH�WDVN�LV�WR�UHFRQVWUXFW�WKH�WHPSHUDWXUH�[��

± ,Q�RWKHU�ZRUGV�WKH�LGHD�LV�WR�HVWLPDWH�WKH�SRVWHULRU�GLVWULEXWLRQ�
I�[�_;�<�\��



%D\HVLDQ�DSSURDFK
� /HW� EH�WKH�YHFWRU�RI�SDUDPHWHUV�RI�WKH�VWDWLVWLFDO�PRGHO

�!�I�[�_;�<�\��� �� I�[�� _;�<�\��G
∝ �I�[�� �I�<�\�_;�[�� �G

� ,Q�RWKHU�ZRUGV��WKH�PRGHO�VSHFLILHV�WKH�UHVSRQVH�IXQFWLRQV�WKDW�
FRQVLVW�RI�WZR�SDUWV
± /LNHOLKRRG�WHUP�I�<�\�_;�[�� �
± 3ULRU�SUREDELOLW\�GLVWULEXWLRQ�I�[�� �

%XPPHU�PRGHO
� %XPPHU�XVHV�D�PXOWLQRPLDO�UHVSRQVH�PRGHO�

�!�(� LN_[L� N�� � LN ���M LM��ZKHUH� LN LV�WKH�UHVSRQVH RI�WD[RQ N WR�WHPSHUDWXUH DW�VLWH L
� ,W�LV�DVVXPHG�WKDW�WKH�UHVSRQVH�FXUYH�KDV�D�XQLPRGDO�*DXVVLDQ�

VKDSH
�!� LN  � NH[S^�>� N�[L�� N@�`�

� +HQFH� N  �� N� N� N��UHSUHVHQWVK\SHUSDUDPHWHUV WKDW FRQWURO
VFDOLQJ IDFWRU��RSWLPXP DQG�
WROHUDQFH RI�WD[RQ N WR�WKH�
WHPSHUDWXUH



/LNHOLKRRG�WHUP
� ,W�LV�DVVXPHG�WKDW�VLWHV�DUH�PXWXDOO\�LQGHSHQGHQW�JLYHQ�WKH�

WHPSHUDWXUHV�DQG�WD[RQ�VSHFLILF�PRGHO�SDUDPHWHUV
�!�I�<�\�_;�[�� �� ��L�I�\L_;�[�� �� ��L�I�\L_[L� �

� ,W�LV�IXUWKHU�DVVXPHG�WKDW�WKH�WD[RQ DEXQGDQFHV�\L DUH�PXOWLQRPLDOO\ GLVWULEXWHG
�!��\L��\L���«�\LP_\L��SL��a�0XOW�\L��SL���ZKHUH SL  ��SL���«�SLP��DQG�SLNLV�WKH�SUREDELOLW\ RI�DQ�LQGLYLGXDO IURP VLWH L WR�EH RI�WD[RQ N

� 5DQGRP YDULDEOHV SL DUH DVVXPHG WR�EH 'LULFKOHW GLVWULEXWHG
�!��SL���«�SLP_[L�� ��a�'LULFKOHW� L���«�� LP���JLYHQ�WKH�*DXVVLDQ�UHVSRQVHV� LM

3ULRU�GLVWULEXWLRQV
� ,W�LV�DVVXPHG�WKDW�HDFK�WHPSHUDWXUH�[� WR�EH�UHFRQVWUXFWHG�DV�ZHOO�DV�DOO�VSHFLHV�VSHFLILF�SDUDPHWHUV� N�� N��DQG� N DUH�PXWXDOO\�LQGHSHQGHQW�LQ�WKH�SULRU

�!�7KH�MRLQW�SULRU�GLVWULEXWLRQ�I�[�� ��FDQ�EH�GHWHUPLQHG�E\�LQGLYLGXDO�PDUJLQDO�SULRUV
� 7KH�IROORZLQJ�SDUDPHWHU�DSULRUL GLVWULEXWLRQV�ZHUH�FKRVHQ�

± [� LV�QRUPDO�GLVWULEXWHG�ZLWK�PHDQ����DQG�YDULDQFH��
± N LV�XQLIRUPO\�GLVWULEXWHG�LQ�>�������@�
± N LV�QRUPDO�GLVWULEXWHG�ZLWK�PHDQ����DQG�YDULDQFH���
± N LV�JDPPD�GLVWULEXWHG�ZLWK�PHDQ���DQG�YDULDQFH��



0RGHOLQJ
� 7KH�LQWHJUDWLRQ�RI�WKH�PRGHO�ZDV�LPSOHPHQWHG�XVLQJ�VWRFKDVWLF�

0DUNRY�FKDLQ�0RQWH�&DUOR��0&0&��PHWKRGV
� 6WDWLVWLFDO�DFFXUDF\�RI�WKH�UHFRQVWUXFWHG�WHPSHUDWXUH�ZDV�

DVVHVVHG�XVLQJ�WKH�FRQWHPSRUDU\�GDWD
± ����& URRW�PHDQ�VTXDUH�HUURU�RI�WKH�SUHGLFWLRQ�FDOFXODWHG�E\�OHDYH�RQH�

RXW�FURVV�YDOLGDWLRQ
± 0D[LPXP�ELDV�DORQJ�WKH�WHPSHUDWXUH�JUDGLHQW������&

� %XPPHU�KDV�KLJK�SUHGLFWLYH�DQG�ORZ�LQKHUHQW�V\VWHPDWLF�DQG�
PD[LPXP�ELDV
�!�0RGHO�VKRXOG�EH�VXIILFLHQWO\�SUHFLVH�IRU�WUDFNLQJ�WHPSHUDWXUH�
FKDQJHV��JLYHQ�WKH�DVVXPHG�VHQVLWLYLW\�RI�WKH�SUR[\�VRXUFH

,QIHUUHG�WHPSHUDWXUH



5HOLDELOLW\�RI�WKH�UHFRQVWUXFWLRQ
� 7KHUH�DUH�PDQ\�XQFHUWDLQWLHV�DQG�SRWHQWLDO�SUREOHPV�WR�EH�WDNHQ�

LQWR�DFFRXQW�LQ�WKH�LQWHUSUHWDWLRQ
± 0DQ\�RI�ILQHU�VFDOH�YDULDWLRQV�DUH�VPDOOHU�WKDW�WKH�DYHUDJH�DFFXUDF\�RI�

WKH�PRGHO
± &KURQRORJLFDO�FRQWURO�DQG�FKLURQRPLG DQDO\VLV�LQYROYH�XQFHUWDLQWLHV
± 6WRFKDVWLF�QDWXUH�RI�WKH�HQYLURQPHQW

� /DUJH�VFDOH�SDWWHUQV�ZHUH�DVVHVVHG�E\�FRPSDULQJ�ZLWK�
LQGHSHQGHQW�SUR[\�UHFRUGV�IURP�WKH�VDPH�UHJLRQ
�!�5HVXOWV�VHHPV�DFFXUDWH�HQRXJK��DSDUW�IURP�WKH�ODWH�+RORFHQH��GXH�WR�

VKDOORZLQJ RI�WKH�ODNH�E\�SURJUHVVLYH�VHGLPHQWDWLRQ�
� 7KH�XQFHUWDLQW\�LQ�WKH�ILQH�VFDOH�FKDQJHV�ZDV�PLQLPL]HG�E\

± 8VLQJ�WD[D ZKRVH�HFRORJLFDO�LQGLFDWRU�YDOXH�LV�ZHOO�HVWDEOLVKHG�
± (QVXULQJ�WKDW�WKH�WD[D ZHUH�ZHOO�UHSUHVHQWHG�LQ�IRVVLO�DQG�FRQWHPSRUDU\�

GDWD
± &ODULI\LQJ�WKH�PHFKDQLVPV�DQG�FDXVDWLRQV�EHKLQG�WKH�FKDQJHV

,QWHUSUHWDWLRQ�RI�WKH�UHFRQVWUXFWLRQ
� &OLPDWH�GXULQJ�WKH�HDUO\�+RORFHQH�ZDV�SDUWLFXODUO\�XQVWDEOH

± +RZHYHU��FRQFHUQLQJ�WKH�YHU\�ILUVW�IHZ�KXQGUHGV�RI�\HDUV�RI�WKH�+RORFHQH�WKH�SUHGLFWLRQ�DFFXUDF\��FUHGLELOLW\��LV�TXLWH�ORZ
� )DLUO\�ORZ�EXW�VWHDGLO\�ULVLQJ�VXPPHU�WHPSHUDWXUHV�GXULQJ�WKH�HDUO\�+RORFHQH��

± 7KHUH�DUH��KRZHYHU��WKUHH�VXFFHVVLYH�FRROLQJ�HYHQWV�ZLWK�DPSOLWXGHV�RI��±����&�DW�DURXQG������������DQG������FDO�\U�%3
� 7KH�LQWHUYDO�EHWZHHQ�FD������DQG������FDO�\U�%3�DSSHDUV�WR�KDYH�EHHQ�ZDUP�DQG�VWDEOH
� 5HODWLYHO\�ORQJ�ODVWLQJ�WHPSHUDWXUH�PLQLPXP�EHWZHHQ�FD������DQG������FDO�\U�%3��FD���&�GURS�LQ�WKH�LQIHUUHG�PHDQ��

± :LWKLQ�WKH�FROG�LQWHUYDO��SDUWLFXODUO\�FRRO�VXPPHUV�DSSHDU�WR�KDYH�SUHYDLOHG�DW�DERXW������������DQG������FDO�\U�%3
� 7KH�LQIHUUHG�ODWH�+RORFHQH�FOLPDWH�LV�VXUSULVLQJO\�IHDWXUHOHVV��IOXFWXDWLQJ�EHWZHHQ���������&�GXULQJ�WKH�SDVW������\HDUV��

± $�EULHI�FROG�RVFLOODWLRQ�FDQ��KRZHYHU��EH�GLVWLQJXLVKHG�ZLWK�VRPH�FRQILGHQFH�DW�DERXW������FDO�%3



6XPPDU\
� $�%D\HVLDQ�PRGHO�ZDV�LPSOHPHQWHG�IRU�UHFRQVWUXFWLQJ�ORQJ�WHUP�

WHPSHUDWXUH�FKDQJHV�IURP�VXEIRVVLO FKLURQRPLG UHPDLQV
± 5HSUHVHQWLQJ�WKH�WHPSHUDWXUHV�DV�SRVWHULRU�GLVWULEXWLRQV�LQYROYHV�

H[SOLFLW�LQIRUPDWLRQ�RQ�WKH�PRGHO�VWDWLVWLFDO�XQFHUWDLQW\
± (PEHGGHG�HFRORJLFDO�NQRZOHGJH�UHVXOWV�LQ�PRUH�SODXVLEOH�PRGHO
± &ODVVLFDO�DSSURDFK�HQDEOHV�LPSURYHG�H[WUDSRODWLRQ�FDSDELOLW\

� 2EWDLQHG�VXPPHU�WHPSHUDWXUH�UHFRQVWUXFWLRQ�LV�LQ�JHQHUDO�
FRQVLVWHQW�ZLWK�RWKHU�LQGHSHQGHQW�SUR[\�VRXUFHV�IURP�WKH�UHJLRQ
± 8QVWDEOH�HDUO\�+RORFHQH��FRROLQJ�HYHQWV�DW������������DQG������FDO�\U�

%3��WKHUPDO�PD[LPXP�FD�����������FDO�\U�%3��DQG�GLVWLQFW�FRROLQJ�
DURXQG�����PFDO�\U�%3

± /DWH�+RORFHQH�WHPSHUDWXUH�LV�DSSDUHQWO\�QRW�UHFRQVWUXFWHG�DFFXUDWHO\�
GXH�WR�WKH�VKDOORZLQJ RI�WKH�ODNH�E\�SURJUHVVLYH�VHGLPHQWDWLRQ

5HIHUHQFHV
9DVNR��.���7RLYRQHQ��+�7�7���.RUKROD��$���������$�%D\HVLDQ�
PXOWLQRPLDO�*DXVVLDQ�UHVSRQVH�PRGHO�IRU�RUJDQLVP�EDVHG�
HQYLURQPHQWDO�UHFRQVWUXFWLRQ��-RXUQDO�RI�3DOHROLPQRORJ\ �������±
����
7RLYRQHQ��+�7�7���0DQQLOD��+���.RUKROD��$���2ODQGHU��+���������
$SSO\LQJ�%D\HVLDQ�VWDWLVWLFV�WR�RUJDQLVP�EDVHG�HQYLURQPHQWDO�
UHFRQVWUXFWLRQ��(FRORJLFDO�$SSOLFDWLRQV��������±����
.RUKROD��$���9DVNR��.���7RLYRQHQ��+�7�7���2ODQGHU��+���������
+RORFHQH�WHPSHUDWXUH�FKDQJHV�LQ�QRUWKHUQ�)HQQRVFDQGLD
UHFRQVWUXFWHG�IURP�FKLURQRPLGV XVLQJ�%D\HVLDQ�PRGHOOLQJ��
4XDWHUQDU\�6FLHQFH�5HYLHZV���������±����


