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Ɣ 8QGHUVWDQGLQJ�FOLPDWH�IRUFLQJV�DQG�IHHGEDFNV
Ɣ *OREDO�FOLPDWH�PRGHOV�DV�D�YDOXDEOH�WRRO�IRU�H[SHULPHQWDWLRQ�LQ�

FOLPDWH�VFLHQFH
ż 3DUDPHWUL]DWLRQ�
ż 8QFHUWDLQW\�

Ɣ 'HWHFWLRQ�DQG�DWWULEXWLRQ�RI�KXPDQ�FDXVHG�FOLPDWH�FKDQJH

7RGD\¶V�WRSLFV



4XLFN�UHFDS�IURP�\HVWHUGD\

:KDW�IDFWRUV�FDQ�
GLVUXSW�WKH�EDODQFH�RI�
LQFRPLQJ�DQG�
RXWJRLQJ�HQHUJ\�IURP�
WKH�V\VWHP"

,3&&�$5���&KDSWHU����S����

(DUWK¶V�UDGLDWLYH�IOX[HV�



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP
:KDW�DUH�FOLPDWH�IRUFLQJV"

Ɣ &KDQJHV�LQ�WKH�DPRXQW�RI�HQHUJ\�
WKDW�HQWHUV�RU�OHDYHV�WKH�V\VWHP��
DOWHUV�(DUWK¶V�UDGLDWLYH�HTXLOLEULXP�
DQG�FDQ�IRUFH�WHPSHUDWXUHV�WR�
ULVH�RU�IDOO

Ɣ 1DWXUDO�RU�PDQ�PDGH

Ɣ 6RODU�F\FOH��FKDQJHV�LQ�(DUWK¶V�
RUELW��YROFDQLF�HUXSWLRQV��SROOXWLRQ�
�DHURVROV���JUHHQKRXVH�JDVHV��
ODQG�XVH�FKDQJHV�GHIRUHVWDWLRQ��

������DQWRQLR�������KDJOXQGF��DQG�FRXUWHV\�0LNH�
(PEUHH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP

������DQWRQLR�������KDJOXQGF��DQG�FRXUWHV\�0LNH�
(PEUHH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�

:KDW�DUH�FOLPDWH�IRUFLQJV"

Ɣ $�SRVLWLYH�UDGLDWLYH�IRUFLQJ��PRUH�
LQFRPLQJ�HQHUJ\��ZDUPV�WKH�
V\VWHP��ZKLOH�D�QHJDWLYH�UDGLDWLYH�
IRUFLQJ��PRUH�RXWJRLQJ�HQHUJ\��
FRROV�LW

Ɣ 4XDQWLWDWLYHO\�JLYHQ�DV�WKH�
FKDQJH�LQ�HQHUJ\�IOX[�DW�WKH�WRS�RI�
WKH�DWPRVSKHUH

Ɣ 'RHV�QRW�HQWLUHO\�SUHGLFW�FOLPDWH�
UHVSRQVH�



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP
&OLPDWH�IRUFLQJ�DQDORJ\�

,PDJLQH�ZDWHU�IORZLQJ�LQWR�WKH�EXFNHW�DW�
D�IL[HG�UDWH��WKH�UDWH�RI�ZDWHU�H[LWLQJ�
WKURXJK�WKH�ERWWRP�KROH�LV�GHSHQGHQW�RQ�
WKH�VL]H�RI�WKH�KROH�DQG�GHSWK�RI�ZDWHU�

:DWHU�LQ�WKH�EXFNHW�ZLOO�UHDFK�D�IL[HG�
OHYHO�RQFH�WKH�DPRXQW�RI�ZDWHU�HQWHULQJ�
WKH�EXFNHW�HTXDOV�WKDW�ZKLFK�LV�OHDYLQJ�



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP
&OLPDWH�IRUFLQJ�DQDORJ\�

$�VWHDG\�VWDWH�FOLPDWH�H[LVWV�ZKHQ�WKH�HQHUJ\�
HQWHULQJ�WKH�V\VWHP�HTXDOV�WKDW�OHDYLQJ�

(DUWK¶V�RXWJRLQJ�ORQJZDYH�HQHUJ\

,QFRPLQJ�VRODU�HQHUJ\

/HYHO�LV�DQDORJRXV�WR�(DUWK¶V�JOREDO�KHDW�FRQWHQW



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP
&OLPDWH�IRUFLQJ�DQDORJ\�

5DGLDWLYH�IRUFLQJ�LV�DQDORJRXV�WR�
FKDQJLQJ�WKH�DPRXQW�RI�ZDWHU�HLWKHU�
HQWHULQJ�RU�OHDYLQJ�WKH�EXFNHW�

)RU�H[DPSOH�LI�ZH�PDGH�WKH�KROH�
VPDOOHU��WKH�ZDWHU�OHYHO�LQ�WKH�EXFNHW�
ZRXOG�ULVH�

7KH�VDPH�DV�LQFUHDVLQJ�WKH�DPRXQW�RI�
JUHHQKRXVH�JDVHV�LQ�WKH�DWPRVSKHUH��
LPSHGLQJ�HVFDSH�RI�,5�WR�VSDFH��WKH�
VXUIDFH�WHPSHUDWXUH�ZLOO�ULVH�



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP

,3&&�$5���)LJ�����

4XDQWLWDWLYH�HVWLPDWHV�RI�
DQWKURSRJHQLF��PDQ�PDGH��
DQG�QDWXUDO�UDGLDWLYH�IRUFLQJ�
UHODWLYH�WR������



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP
:KDW�DUH�IRUFLQJ�IHHGEDFNV"

Ɣ &OLPDWH�IHHGEDFNV�DUH�LQWHUQDO�
FOLPDWH�SURFHVVHV�WKDW�FDQ�
DPSOLI\�RU�ZHDNHQ�WKH�FOLPDWH�
UHVSRQVH�WR�DQ�LQLWLDO�IRUFLQJ

Ɣ 3RVLWLYH�IHHGEDFN�LQFUHDVHV�
LQLWLDO�ZDUPLQJ

Ɣ 1HJDWLYH�IHHGEDFN�UHGXFHV�
LQLWLDO�ZDUPLQJ



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP

3RVLWLYH��,FH�DOEHGR�HIIHFW���

��5) 6XUIDFH�
ZDUPLQJ

0HOWLQJ�VQRZ�
DQG�LFH

5HGXFHG�DOEHGR��
PRUH�DEVRUEHG�

VXQVKLQH

�

:KDW�DUH�IRUFLQJ�IHHGEDFNV"

([DPSOHV�



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP

1HJDWLYH��7HPSHUDWXUH�ODSVH�
UDWH�IHHGEDFN

7KH�ODSVH�UDWH�LV�WKH�UDWH�DW�ZKLFK�WHPSHUDWXUH�GHFUHDVHV�XSZDUG�

,Q�WKH�IXWXUH�FOLPDWH��WKH�
WHPSHUDWXUH�LV�SUHGLFWHG�WR�
LQFUHDVH�WKURXJKRXW�WKH�
WURSRVSKHUH��EXW�LW�LQFUHDVHV�
PRUH�KLJKHU�XS�WKDQ�QHDU�WKH�
VXUIDFH�

:KDW�DUH�IRUFLQJ�IHHGEDFNV"

([DPSOHV�



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP

1HJDWLYH��7HPSHUDWXUH�ODSVH�
UDWH�IHHGEDFN

:DUPHU�DLU�XS�KLJK�FDQ�UDGLDWH�
KHDW�DZD\�WR�VSDFH�PRUH�
HDVLO\�WKDQ�ZDUPHU�DLU�QHDU�WKH�
JURXQG�

��5) 7URSRVSKHUH�
ZDUPLQJ

'HFUHDVHG�
ODSVH�UDWH

,QFUHDVH�FRROLQJ�
WR�VSDFH

�

:KDW�DUH�IRUFLQJ�IHHGEDFNV"

([DPSOHV�



)RUFLQJV�DQG�IHHGEDFNV�LQ�WKH�FOLPDWH�V\VWHP
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:KDW�DUH�IRUFLQJ�IHHGEDFNV"

Ɣ 7KH�UHVSRQVH�RI�WKH�FOLPDWH�
V\VWHP�WR�VSHFLILHG�IRUFLQJV�
WKDW�FDQ�LQWHQVLI\�����RU�ZHDNHQ�
����WKH�RULJLQDO�IRUFLQJ

Ɣ 0DQ\�PRUH�FOLPDWH�IHHGEDFNV�
ZLWK�ODUJH�GLIIHUHQFHV�LQ�
WLPHVFDOHV�

Ɣ +RZ�FDQ�ZH�HVWLPDWH�(DUWK¶V�
UHVSRQVH�ZLWK�DOO�WKHVH�
IHHGEDFNV"



*OREDO�FOLPDWH�PRGHOV *LYHQ�WKH�QXPEHU�DQG�GLYHUVLW\�RI�
HOHPHQWV�LQ�WKH�FOLPDWH�V\VWHP��ZH�
QHHG�PRGHOV�WR�PDNH�D�TXDQWLWDWLYH�
DVVHVVPHQW�DERXW�FOLPDWH�FKDQJH���

:KDW�LV�D�JOREDO�FOLPDWH�PRGHO"

Ɣ 1XPHULFDO�UHSUHVHQWDWLRQ�RI�WKH�
(DUWK�V\VWHP�

Ɣ 6\VWHP�RI�RI�GLIIHUHQWLDO�HTXDWLRQV�
WKDW�GHVFULEH�IOXLG�PRWLRQ��
UDGLDWLYH�WUDQVIHU��FKHPLFDO�
FRPSRVLWLRQ��HWF�

Ɣ 3ODQHW�GLYLGHG�LQWR���GLPHQVLRQDO�
JULG�WR�VROYH�WKH�HTXDWLRQV

Ɣ 6XE�JULGVFDOH�SURFHVVHV�DUH�
SDUDPHWUL]HG



*OREDO�FOLPDWH�PRGHOV
&RXSOHG�FOLPDWH�PRGHO�

Ɣ 'LIIHUHQW�FRPSRQHQWV�RI�WKH�
FOLPDWH�V\VWHP�ZRUNLQJ�WRJHWKHU

Ɣ 7KH�DWPRVSKHUH��RFHDQ��ODQG��
DQG�VHD�LFH�FRPSRQHQWV�µWDON¶�WR�
HDFK�RWKHU��FRXSOLQJ�

Ɣ &DQ�DSSO\�FKDQJHV�LQ�H[WHUQDO�
IRUFLQJV���VRODU�LQSXW��
JUHHQKRXVH�JDVHV��YROFDQLF�
HUXSWLRQV

Ɣ 3URYLGH�D�YLUWXDO�ODERUDWRU\�IRU�
H[SHULPHQWDWLRQ�

1&$5�8&$5�&(60�



*OREDO�FOLPDWH�PRGHOV

1&$5�8&$5�&(60�



3DUDPHWUL]DWLRQ��

Ɣ 0DQ\�SK\VLFDO�SURFHVVHV�RFFXU�DW�
VPDOO�VSDWLDO�VFDOHV�WKDW�WKH�*&0�
FDQQRW�UHVROYH��PRGHO�JULG�LV�WRR�
ODUJH�

Ɣ 7KH�SK\VLFV�QHHGV�WR�EH�
UHSUHVHQWHG�E\�DQ�DSSUR[LPDWLRQ�
ZLWKLQ�WKH�JULG�ER[��WKDW�LV�
HPSLULFDOO\�VXSSRUWHG

Ɣ ([DPSOHV�LQFOXGH��FORXG�
SURFHVVHV��UDGLDWLYH�WUDQVIHU��
ERXQGDU\�OD\HU�SURFHVVHV�

*OREDO�FOLPDWH�PRGHOV 5HDG�ZRUOG &OLPDWH�PRGHO

;� �FORXG�IUDFWLRQ

7HPSHUDWXUH��ZDWHU�YDSRU�FRQFHQWUDWLRQ��SUHVVXUH

$YHUDJH�UHODWLYH�KXPLGLW\�LQ�JULG�FHOO

/DQG�RFHDQ"�

&ORXG�IUDFWLRQ�LQ�JULG�FHOO

8VH�REVHUYDWLRQV�WR�GHULYH�VWDWLVWLFDO�
UHODWLRQVKLS�EHWZHHQ�UHODWLYH�KXPLGLW\�
DQG�FORXG�IRUPDWLRQ�FRQGLWLRQV

7KH�GLIIHUHQFH�LQ�KRZ�WKHVH�VXE�JULG�VFDOH�
SURFHVVHV�DUH�SDUDPHWUL]HG��LV�DQ�LPSRUWDQW�UHDVRQ�

ZK\�FOLPDWH�PRGHOV�GLIIHU�IURP�HDFK�RWKHU�



*OREDO�FOLPDWH�PRGHOV

:K\�LV�WKHUH�XQFHUWDLQW\�LQ�
IXWXUH�SUHGLFWHG�
WHPSHUDWXUHV"

,3&&�$5���)LJ����



'HWHFWLRQ�DQG�DWWULEXWLRQ�RI�FOLPDWH�FKDQJH

Ɣ &OLPDWH�FKDQJH��FKDQJH�LQ�WKH�VWDWH�RI�WKH�FOLPDWH�WKDW�
FDQ�EH�LGHQWLILHG��H�J��E\�VWDWLVWLFDO�WHVWV��E\�FKDQJHV�LQ�
WKH�PHDQ�RU�YDULDELOLW\�RI�LWV�SURSHUWLHV�WKDW�SHUVLVWV�IRU�
DQ�H[WHQGHG�SHULRG��GHFDGHV�RU�ORQJHU

Ɣ &OLPDWH�YDULDELOLW\��YDULDWLRQV�EH\RQG�LQGLYLGXDO�
ZHDWKHU�HYHQWV�LQ�WKH�PHDQ�VWDWH�DQG�RWKHU�VWDWLVWLFV�RI�
WKH�FOLPDWH��H�J��VWDQGDUG�GHYLDWLRQV��RFFXUUHQFH�RI�
H[WUHPHV��RQ�DOO�VSDWLDO�DQG�WHPSRUDO�VFDOHV



'HWHFWLRQ�DQG�DWWULEXWLRQ�RI�FOLPDWH�FKDQJH
Ɣ 'HWHFWLRQ��GHPRQVWUDWLQJ�WKDW�

FOLPDWH�KDV�FKDQJHG�LQ�VRPH�
GHILQHG�VWDWLVWLFDO�VHQVH��
ZLWKRXW�SURYLGLQJ�D�UHDVRQ�IRU�
WKDW�FKDQJH

Ɣ $WWULEXWLRQ��HVWDEOLVKLQJ�WKH�
PRVW�OLNHO\�FDXVHV�IRU�WKH�
GHWHFWHG�FKDQJH�ZLWK�VRPH�
GHILQHG�OHYHO�RI�FRQILGHQFH��
$UH�REVHUYHG�FKDQJHV�
FRQVLVWHQW�ZLWK�H[SHFWHG�
IRUFHG�UHVSRQVH�

&OLPDWH�PRGHOV

2EVHUYDWLRQV



'HWHFWLRQ�RI�FOLPDWH�FKDQJH�
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$WWULEXWLRQ�RI�FOLPDWH�FKDQJH�
:KDW�GR�ZH�QHHG�

2EVHUYDWLRQV�RI�FOLPDWH�LQGLFDWRUV��6SDFH�DQG�WLPH�PHDVXUHPHQWV

$Q�HVWLPDWH�RI�H[WHUQDO�IRUFLQJ��+RZ�H[WHUQDO�GULYHUV�RI�FOLPDWH�FKDQJH�
KDYH�HYROYHG�EHIRUH�DQG�GXULQJ�SHULRG�RI�LQYHVWLJDWLRQ��H�J��*+*�DQG�VRODU�

$�TXDQWLWDWLYH�SK\VLFDOO\�EDVHG�XQGHUVWDQGLQJ��+RZ�H[WHUQDO�IRUFLQJ�PLJKW�
DIIHFW�WKH�FOLPDWH�LQGLFDWRUV���QRUPDOO\�ZLWK�SK\VLFDOO\�EDVHG�PRGHO

(VWLPDWH�RI�FOLPDWH�LQWHUQDO�YDULDELOLW\��)UHTXHQWO\�GHULYHG�IURP�D�
SK\VLFDOO\�EDVHG�PRGHO



$WWULEXWLRQ�RI�FOLPDWH�FKDQJH�
7KH�VFLHQWLILF�HYLGHQFH�IRU�D�KXPDQ�³ILQJHUSULQW´�RQ�JOREDO�FOLPDWH�DV�
VWUHQJWKHQHG�RYHU�WLPH��

³7KH�EDODQFH�RI�HYLGHQFH�
VXJJHVWV�D�GLVFHUQLEOH�KXPDQ�
LQIOXHQFH�RQ�JOREDO�FOLPDWH´



$WWULEXWLRQ�RI�FOLPDWH�FKDQJH�
7KH�VFLHQWLILF�HYLGHQFH�IRU�D�KXPDQ�³ILQJHUSULQW´�RQ�JOREDO�FOLPDWH�DV�
VWUHQJWKHQHG�RYHU�WLPH��

³7KHUH�LV�QHZ�DQG�VWURQJHU�HYLGHQFH�WKDW�
PRVW�RI�WKH�ZDUPLQJ�REVHUYHG�RYHU�WKH�ODVW�
���\HDUV�LV�DWWULEXWDEOH�WR�KXPDQ�DFWLYLWLHV´



$WWULEXWLRQ�RI�FOLPDWH�FKDQJH�
7KH�VFLHQWLILF�HYLGHQFH�IRU�D�KXPDQ�³ILQJHUSULQW´�RQ�JOREDO�FOLPDWH�DV�
VWUHQJWKHQHG�RYHU�WLPH��

³0RVW�RI�WKH�REVHUYHG�LQFUHDVH�LQ�JOREDOO\�DYHUDJHG�WHPSHUDWXUHV�VLQFH�
WKH�PLG���WK�FHQWXU\�LV�YHU\�OLNHO\�GXH�WR�WKH�REVHUYHG�LQFUHDVH�LQ�
DQWKURSRJHQLF�JUHHQKRXVH�JDV�FRQFHQWUDWLRQV´



$WWULEXWLRQ�RI�FOLPDWH�FKDQJH�
7KH�VFLHQWLILF�HYLGHQFH�IRU�D�KXPDQ�³ILQJHUSULQW´�RQ�JOREDO�FOLPDWH�DV�
VWUHQJWKHQHG�RYHU�WLPH��

³$QWKURSRJHQLF�JUHHQKRXVH�JDV�HPLVVLRQV�KDYH�LQFUHDVHG�VLQFH�WKH�SUH�LQGXVWULDO�HUD���WKHLU�HIIHFWV��WRJHWKHU�ZLWK�
WKRVH�RI�RWKHU�DQWKURSRJHQLF�GULYHUV��KDYH�EHHQ�GHWHFWHG�WKURXJKRXW�WKH�FOLPDWH�V\VWHP�DQG�DUH�H[WUHPHO\�OLNHO\�
WR�KDYH�EHHQ�WKH�GRPLQDQW�FDXVH�RI�WKH�REVHUYHG�ZDUPLQJ�VLQFH�WKH�PLG���WK�FHQWXU\´



$WWULEXWLRQ�RI�FOLPDWH�FKDQJH�

([DPSOH��6HDUFKLQJ�IRU�µILQJHUSULQWV¶�RI�KXPDQ�FDXVHG�FOLPDWH�FKDQJH�LQ�
REVHUYDWLRQDO�UHFRUGV�RI�DWPRVSKHULF�WHPSHUDWXUH



([DPSOH�RI�DWWULEXWLRQ�
����������$WPRVSKHULF�7HPSHUDWXUH�7UHQGV

6DQWHU�HW�DO���������31$6�

2EVHUYDWLRQV



([DPSOH�RI�DWWULEXWLRQ�
����������$WPRVSKHULF�7HPSHUDWXUH�7UHQGV

$OO����KLVWRULFDO�&0,3���PRGHOV�

6DQWHU�HW�DO���������31$6�

0XOWL�PRGHO�PHDQ�
KLVWRULFDO�
VLPXODWLRQ



([DPSOH�RI�DWWULEXWLRQ�
����������$WPRVSKHULF�7HPSHUDWXUH�7UHQGV

6DQWHU�HW�DO���������31$6�

0XOWL�PRGHO�VLPXODWLRQV�
ZLWK�VSHFLILHG�H[WHUQDO�
IRUFLQJV



([DPSOH�RI�DWWULEXWLRQ�
����������$WPRVSKHULF�7HPSHUDWXUH�7UHQGV

6DQWHU�HW�DO���������31$6�

µ8QIRUFHG¶�SUH�LQGXVWULDO�FRQWURO�VLPXODWLRQV



([DPSOH�RI�DWWULEXWLRQ�

,GHQWLI\LQJ�IRUFLQJ�
ILQJHUSULQWV��

7KH�GRPLQDQW�PRGHV�
RI�IRUFHG�UHVSRQVH�
DQG�LQWHUQDO�QDWXUDO�
YDULDELOLW\

6DQWHU�HW�DO���������31$6�



([DPSOH�RI�DWWULEXWLRQ�

8VH�WKH�$17��DQWKURSRJHQLF�RQO\��
ILQJHUSULQW��DQG�D�SDWWHUQ�FRUUHODWLRQ�
DQDO\VLV�WR�ORRN�DW�KRZ�WKH�DPSOLWXGH�
RI�WKH�SDWWHUQ�LV�FKDQJLQJ�RYHU�WLPH�LQ�
REVHUYDWLRQV��VLJQDO���DQG�FRPSDUH�WR�
WKH�FRQWURO�QDWXUDO�UXQV��QRLVH��



)LQJHUSULQWV�RI�KXPDQ�FDXVHG�FOLPDWH�FKDQJH



6XPPDU\��
Ɣ /DUJH�UDGLDWLYH�IRUFLQJV�IURP�JUHHQKRXVH�JDV�HPLVVLRQV�KDYH�FRQWULEXWHG�WR�

SRVLWLYH�LPEDODQFH�LQ�WKH�FOLPDWH�V\VWHP��WKRXJK�WKHUH�LV�XQFHUWDLQW\�WR�WKH�
PDJQLWXGH�RI�ZKLFK�DHURVROV�DQG�FORXGV�KDYH�RIIVHW�WKLV�IRUFLQJ

Ɣ &OLPDWH�IHHGEDFNV�FRQWURO�WKH�PDJQLWXGH�RI�UHVSRQVH�WR�SRVLWLYH�UDGLDWLYH�IRUFLQJ��
FRPSOH[�V\VWHP�ZLWK�XQFHUWDLQW\�LQ�FHUWDLQ�IHHGEDFNV��HJ��FORXG�UHVSRQVH���

Ɣ *OREDO�FOLPDWH�PRGHOV�DUH�DQ�LQYDOXDEOH�WRRO�IRU�LQYHVWLJDWLQJ�KRZ�WKH�FOLPDWH�
V\VWHP�UHVSRQGV�WR�H[WHUQDO�IRUFLQJV��GLIIHUHQFHV�LQ�SDUDPHWUL]DWLRQ�DQG�FRXSOLQJ�
DUH�UHVSRQVLEOH�IRU�PRGHO�VSUHDG

Ɣ +XPDQ�FDXVHG�HIIHFWV�RQ�WKH�FOLPDWH�V\VWHP�FDQ�EH�LGHQWLILHG�WKURXJK�GHWHFWLRQ�
DQG�DWWULEXWLRQ�VWXGLHV



5HVRXUFHV��

&KHFN�RXW�
KWWS���JOREDOFKDQJH�PLW�HGX�QHZV�HYHQWV�HGXFDWLRQ�UHVRXUFHV
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