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LQ�+\GURORJLF�(QJLQHHULQJ :LQWHU����� 

'LUHFWRU'V�
&RPPHQWV 

FRQWLQXHG�RQ�SDJH���� 

%\�&KULVWRSKHU�1��'XQQ��3�(���'�:5( 

:HOFRPH�WR�WKH� 
ODWHVW�HGLWLRQ�RI� 
WKH�,QVWLWXWH�IRU� 
:DWHU� 
5HVRXUFHV' � 
+\GURORJLF� 
(QJLQHHULQJ� 
&HQWHU
(C(,:5-+(&)� 
1HZVOHWWHU��� 
+(&�KDV�ORQJ�EHHQ�NQRZQ�IRU� 
LQQRYDWLRQ�DQG�WKH�DUWLFOHV�LQ�WKLV� 
1HZVOHWWHU�VXSSRUW�WKDW�WKRXJKW��� 
:KDW�WKH�+(&�VWDII�FDQ�GR� 
FRQWLQXHV�WR�LPSUHVV���)URP�WKH� 
QHZ�IHDWXUHV�DQG�FDSDELOLWLHV�LQ� 
+(&-+06��WR�WKH�QHZ�ZD\V�WR� 
H[SORUH�DQG�DQDO\]H�K\GURORJLF� 
KD]DUGV��WR�WKH�LQQRYDWLYH�ZD\V� 
SHRSOH�DUH�XVLQJ�+(&-:$7�WR� 
DQVZHU�TXHVWLRQV�WKDW�ZH�IRUPHUO\� 
FRXOG�QRW�DQVZHU�RU�DW�OHDVW�QRW� 
DQVZHU�HDVLO\��WKH�+(&�VWDII�DQG� 
WKH�ZRUN�WKH\�GR�LV�DGYDQFLQJ�WKH� 
SURIHVVLRQ��,Q�DGGLWLRQ�WR�WKH� 
WHFKQLFDO�DUWLFOHV��\RX�ZLOO�EH� 
LQWURGXFHG�WR�WZR�QHZ�+(&� 
HQJLQHHUV�DQG�D�GD\�LQ�WKH�OLIH�RI� 
RQH�RI�RXU�VWDII��0HPEHUV�RI�WKH� 
&:06�WHDP�GLVFXVV�WKH�FRQFHSW� 
RI�7HDP�0RGHOLQJ�DQG�VXPPDUL]H� 
D�UHFHQW�WULS�WR�7H[DV���)LQDOO\��WKH� 
QHZVOHWWHU�LGHQWLILHV�WKH�)<������ 
DQG�)<������35263(&7�FODVVHV��� 
,�DP�H[FLWHG�DERXW�WKH�FODVVHV�ZH� 
DUH�RIIHULQJ�LQ�)<������DQG�)<� 
������:KLOH�DOO�WKH�FODVVHV�IRU�)<� 
�����DUH�IXOO��\RX�VWLOO�PLJKW� 
LQTXLUH�DERXW�WKHP�DV�\RX�QHYHU� 
NQRZ�ZKHQ�D�VORW�PLJKW�RSHQ��� 
7KH�WLPH�WR�VLJQ�XS�IRU�WKH�)<� 
�����FODVVHV�LV�XSRQ�XV�VR�LI�\RX� 
DUH�LQWHUHVWHG�LQ�DQ�)<������ 
FODVV�\RX�VKRXOG�VLJQ�XS�VRRQ��� 

2YHU�WKH�KROLGD\V��OLNH�PDQ\�RI� 
\RX��,�KDG�WKH�OX[XU\�RI�KDYLQJ� 
VRPH�WLPH�RII��1R��WKDW�WLPH�RII� 
ZDV�QRW�EHFDXVH�RI�WKH� 

+(&-+06�9HUVLRQ�����5HOHDVH 
%\�0DWWKHZ�)OHPLQJ�3�(���:LOOLDP�6FKDUIIHQEHUJ�3K�'���0LFKDHO�%DUWOHV�3�(���7KRPDV� 
%UDXHU��3�(���DQG�*UHJRU\�.DUORYLWV�3�(� 

)LJXUH�����+(&-+06�9HUVLRQ�����0DLQ�:LQGRZ 

7KH�+\GURORJLF�(QJLQHHULQJ� 
&HQWHU V�+\GURORJLF�0RGHOLQJ� 
6\VWHP� +(&-+06 �9HUVLRQ����� 

 VRIWZDUH ()LJXUH��) �ZDV�RIILFLDOO\� 
UHOHDVHG�LQ�1RYHPEHU���������+(&-
+06�LV�GHVLJQHG�WR�VLPXODWH� 
K\GURORJLF�SURFHVVHV�RI�GHQGULWLF� 
ZDWHUVKHG�V\VWHPV���7KH�VRIWZDUH� 
FDQ�EH�DSSOLHG�WR�PRGHO�D�VLQJOH� 
IORRG�HYHQW�RU�DSSOLHG�WR�D� 
FRQWLQXRXV�VLPXODWLRQ�WKDW�VSDQV� 
ZHHNV��PRQWKV��RU�\HDUV���+(&-
+06�LQFOXGHV�PDQ\�WUDGLWLRQDO� 
K\GURORJLF�DQDO\VLV�SURFHGXUHV�VXFK� 
DV�LQILOWUDWLRQ��XQLW�K\GURJUDSKV�� 
EDVHIORZ��DQG�K\GURORJLF�URXWLQJ��� 
$GGLWLRQDO�SURFHGXUHV�LQFOXGH� 
HYDSRWUDQVSLUDWLRQ��VQRZPHOW��DQG� 
VRLO�PRLVWXUH�DFFRXQWLQJ���7KH� 
VRIWZDUH�FDQ�XWLOL]H�OXPSHG� 
SURFHVVHV�DW�D�VXEEDVLQ�VFDOH�DQG�RU� 
GLVWULEXWHG�SURFHVVHV�DW�D�VPDOOHU� 
JULGGHG�VFDOH���7KHUH�DUH�PDQ\� 
VLPXODWLRQ�W\SHV�LQ�+(&-+06�WKDW� 
VXSSRUW�PRGHO�RSWLPL]DWLRQ��GHSWK-
DUHD�DQDO\VLV� VSHFLILF�IRU�IUHTXHQF\� 
EDVHG�SUHFLSLWDWLRQ�VLPXODWLRQV �� 
IORZ�IRUHFDVWLQJ��XQFHUWDLQW\� 
DVVHVVPHQW��DQG�HURVLRQ�DQG� 
VHGLPHQW�WUDQVSRUW���+(&-+06� 
9HUVLRQ�����LQFOXGHV�QHZ� 
K\GURORJLF�PRGHOLQJ�RSWLRQV��QHZ� 
RSWLPL]DWLRQ�DQG�XQFHUWDLQW\� 
DQDO\VLV�WHFKQLTXHV��DQG�QHZ� 

FDSDELOLWLHV�IRU�GHFUHDVLQJ�WKH�WLPH� 
UHTXLUHG�WR�FUHDWH�DQG�FDOLEUDWH�DQ� 
+(&-+06�PRGHO���7KH�+(&-+06� 
VRIWZDUH�GHYHORSPHQW�WHDP�KDV� 
EHHQ�ZRUNLQJ�ZLWK�PXOWLSOH�SDUWQHUV� 
RYHU�WKH�SDVW�WZR�\HDUV�WR�DGG�WKHVH� 
QHZ�FDSDELOLWLHV���)RU�D�IXOO� 
GHVFULSWLRQ�RI�WKH�QHZ�FDSDELOLWLHV�� 
SOHDVH�UHIHU�WR�WKH�+(&-+06����� 
5HOHDVH�1RWHV�DQG�+(&-+06����� 
8VHU'V�0DQXDO� KWWSV��� 
ZZZ�KHF�XVDFH�DUP\�PLO�VRIWZDUH� 
KHF-KPV�GRFXPHQWDWLRQ�DVS[ ��� 

FRQWLQXHG�RQ�SDJH�� 

,Q�7KLV�,VVXH� 

'LUHFWRU V�&RPPHQWV .......................3DJH�� 

+(&-+06�9HUVLRQ�����5HOHDVH ......3DJH�� 

&:06�(&RUSV�:DWHU�0DQDJHPHQW)� 
6\VWHP �7HDP�0RGHOLQJ .................3DJH�� 

+(&�&:06�7HDP�9LVLWV�7H[DV�:DWHU� 
0DQDJHPHQW�2IILFHV .....................3DJH��� 

7ULQLW\�5LYHU�%DVLQ�+\GURORJLF�+D]DUGV������� 
6WXG\ .............................................3DJH��� 

1RYHO�8VHV�RI�+(&-:$7� 
2XWSXW............................................3DJH��� 

2QH�+\GURORJLF�7HFKQLFLDQ'V��������������� 
([SHULHQFHV� ..................................3DJH��� 

&(,:5-+(&�3HUVRQQHO������������������������������������ 
1HZ�(PSOR\HHV.............................3DJH��� 

&XUUHQW�3URJUDP�&�)<������3URSRVHG� 
35263(&7�7UDLQLQJ�3URJUDP ......3DJH��� 

� 
86�$UP\�&RUSV 
RI�(QJLQHHUV 
+\GURORJLF�(QJLQHHULQJ�&HQWHU 
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 � 'LUHFWRU'V�&RPPHQWV� �FRQWLQXHG)

*RYHUQPHQW�6KXWGRZQ��$V�SDUW�RI� 
WKH�'HSDUWPHQW�RI�'HIHQVH�('2')�� 
+(&�ZDV�VSDUHG�IURP�WKH� 
VKXWGRZQ�DQG�ZH�ZHUH�ZRUNLQJ� 
IXOO�WKURWWOH���+RZHYHU��WKH�WLPH� 
DZD\�IURP�WKH�RIILFH�OHW�PH�WKLQN� 
DERXW�ZRUN�DW�+(&�DQG�P\�UROH��� 
,Q�DGGLWLRQ��ZLWK�WKH�DGYHQW� 
86$&('V�QHZ�SHUIRUPDQFH� 
HYDOXDWLRQ�V\VWHP��LW�LV�FOHDU�WKDW�,� 
DP�WR�EH�WDNLQJ�RQ�D�VOLJKWO\� 
GLIIHUHQW�UROH�DW�+(&���7KH�NH\�LV� 
QRW�WR�EH�VR�FDXJKW�XS�LQ�WKH�GHWDLOV� 
RI�WKH�GDLO\�KDSSHQLQJV�DW�+(&�EXW� 
UDWKHU�WDNH�D�EURDGHU��PRUH� 
VWUDWHJLF�YLHZ���7DNLQJ�RQ�D� 
GLIIHUHQW�UROH�PD\�EH�PRUH�GLIILFXOW� 
WKDQ�LW�VHHPV��)LUVW�RI�DOO��,�OLNH�WKH� 
GHWDLOV���7KDW�VDLG��DQG�PRVW�SHRSOH� 
DW�+(&�ZRXOG�DJUHH��,�DP�QRW�LQ� 
WKH�GHWDLOV�OLNH�WKH\�DUH�EXW�VWLOO� 
WKHUH�LV�D�OHYHO�RI�LQYROYHPHQW�ZLWK� 
WKH�+(&�VWDII�WKDW�PDNHV�PH�IHHO� 
FRQQHFWHG��,�ZRXOG�QHYHU�ZDQW�WR� 
ORVH�WKDW��6HFRQGO\��+(&�LV�QRW�VR� 
ODUJH�WKDW�ZH�KDYH�PXOWLSOH�OD\HUV� 
RI�PDQDJHPHQW�WKDW�FDQ�DGGUHVV� 
PDQ\�RI�WKH�WRSLFV��2QO\�RQH�OD\HU� 
RI�PDQDJHPHQW�VHSDUDWHV�PH�IURP� 
WKH�GHWDLOHG�ZRUN���6R�LW�GRHVQ¶W� 
WDNH�ORQJ�IRU�TXHVWLRQV�WR�FRPH�WR� 
PH��,�FHUWDLQO\�KDYH�WUXVW�LQ�RXU� 
'LYLVLRQ�&KLHIV�(ZH�KDYH�WKUHH�DW� 
+(&)�EXW�WKHUH�DUH�WLPHV�ZKHQ� 
HLWKHU�WKH\�ZRXOG�OLNH�WR�ERXQFH� 
VRPHWKLQJ�RII�RI�PH�RU�ORRN�WR�PH� 
IRU�LQVWLWXWLRQDO�NQRZOHGJH��6R�WKH� 
GLOHPPD�LV�WR�ILJXUH�RXW�KRZ�WR� 
VHSDUDWH�P\VHOI�IURP�VRPH�RI�WKH� 
GHWDLOV�ZKLOH�VWLOO�EHLQJ�VXSSRUWLYH� 
DQG�IHHOLQJ�FRQQHFWHG��� 

,Q�DQ�HIIRUW�WR�KHOS�PH�DGGUHVV�P\� 
GLOHPPD�DQG�DOVR�WR�GHYHORS�DQ� 
LPSURYHG�DQG�PRUH�VWUDWHJLFDOO\� 
DOLJQHG�PDQDJHPHQW�WHDP�DW�+(&�� 
WKH�'LYLVLRQ�&KLHIV�DQG�,�VWDUWHG�D� 
ERRN�FOXE�DQG�WKH�ILUVW�ERRN�ZH� 
UHDG�ZDV��7KH�)LYH�'\VIXQFWLRQV� 
RI�D�7HDP����7KH�DXWKRU�RI�WKDW� 
ERRN��3DWULFN�/HQFLRQL��WDONV�DERXW� 
KRZ�WR�EXLOG�EHWWHU�WHDPV��6HYHUDO� 
LWHPV�MXPSHG�RXW�DW�PH�DV�WR�KRZ� 
WKH�+(&�PDQDJHPHQW�WHDP��ZKLFK� 

DOVR�LQFOXGHV�RXU�&KLHI� 
$GPLQLVWUDWLYH�2IILFHU��FRXOG� 
EHFRPH�D�VWURQJHU�DQG�PRUH� 
FRKHVLYH�WHDP���)LUVW�DQG�IRUHPRVW�� 
ZH�DOO�KDYH�WR�KDYH�D�FRPPRQ� 
JRDO���,Q�RXU�FDVH��,�ZRXOG�VXJJHVW� 
LW�LV�WR�FRQWLQXH�WR�EULQJ�LQQRYDWLRQ� 
LQWR�RXU�VRIWZDUH�WR�SURYLGH�WKH� 
EHVW�K\GUDXOLFV�DQG�K\GURORJ\�� 
ZDWHU�PDQDJHPHQW��DQG�ZDWHU� 
UHVRXUFHV�SODQQLQJ�VRIWZDUH�IRU� 
86$&(���,I�WKH�JRDO�LV�QRW�FOHDU�� 
WKHQ�WKH�PHPEHUV�RI�WKH� 
PDQDJHPHQW�WHDP�PD\�QRW�EH� 
ZRUNLQJ�IRU�WKH�VDPH�SXUSRVH� 
ZKLFK�EULQJV�DERXW�DQ\�QXPEHU�RI� 
SUREOHPV���7R�KHOS�DVVXUH�WKH� 
PDQDJHPHQW�WHDP�LV�PDUFKLQJ�WR� 
WKH�EHDW�RI�WKH�VDPH�GUXP��ZH�KDYH� 
WR�ORRN�DW�RXU�WHDP��WKH� 
PDQDJHPHQW�WHDP��DV�RXU�QXPEHU� 
RQH�SULRULW\���0HDQLQJ�ZH�KDYH�WR� 
LQYHVW�LQ�WKH�PHPEHUV�RI�RXU�WHDP� 
ILUVW��:H�KDYH�WR�GHYHORS�DQ� 
HQYLURQPHQW�ZKHUH�FRQIOLFW�LV� 
RND\���:H�KDYH�WR�IHHO�VDIH�WR�VD\� 
ZKDW�ZH�QHHG�WR�VD\�ZLWKRXW�IHDU�RI� 
UHWULEXWLRQ�RU�MXGJPHQW��1RZ�WKLV� 
GRHVQ¶W�PHDQ�ZH�FDQ W�EH� 
FKDOOHQJHG�LQ�ZKDW�ZH�VD\���-XVW�WKH� 
RSSRVLWH��ZH�ZDQW�WR�EH�FKDOOHQJHG�� 
EXW�EH�FKDOOHQJHG�LQ�VXFK�D�ZD\� 
WKDW�LV�VDIH�DQG�FRQVWUXFWLYH��$QG�� 
MXVW�DV�LPSRUWDQWO\��ZH�KDYH�WR�EH� 
UHFHSWLYH�WR�WKRVH�FKDOOHQJHV�DQG� 
XQGHUVWDQG�WKDW�RXU�LGHDV�DUH�QRW� 
DOZD\V�RU��DW�OHDVW��LQLWLDOO\�WKH�EHVW� 
LGHDV��2XU�LGHDV�FDQ�EH�LPSURYHG� 
E\�D�WHDP�FRQYHUVDWLRQ�VR�WKDW�RXU� 
LGHDV�DUH�WKHQ�WUDQVIRUPHG�LQWR�DQ� 
LGHD�WKDW�PRUH�HIILFLHQWO\�RU� 
FRPSOHWHO\�DGGUHVVHV�WKH�UHDO�LVVXH��� 
%HLQJ�KHDUG�DQG�VHHLQJ�RXU�LGHDV� 
LQFOXGHG�DV�SDUW�RI�WKH�JUHDWHU� 
VROXWLRQ�ZRXOG�KHOS�GHYHORS�D� 
EHWWHU�WHDP�FRPPXQLW\��� 

:KLOH�,�XQGHUVWDQG�WKH�FRQFHSW��LW� 
FDQ�EH�GLIILFXOW�WR�OHDYH�EHKLQG�WKH� 
UHDOLWLHV�RI�LQVHFXULWLHV�DQG� 
FRPSHWLWLYH�FKDUDFWHULVWLFV���7KH� 
FRPSHWLWLYH�MXLFHV�WKDW�IORZ�LQ�PRVW� 
RI�XV�DUH��LQ�SDUW��WKH�UHDVRQ�IRU�XV� 
EHLQJ�ZKHUH�ZH�DUH�WRGD\��:H�� 

LQGLYLGXDOO\��ZDQW�WR�VWULYH�WR�EH� 
WKH�EHVW�ZH�FDQ�EH�DQG�JHW�DV�IDU� 
DKHDG�DV�RXU�DPELWLRQV�ZDQW�WR� 
WDNH�XV���7KHUHIRUH��SXWWLQJ�RXU� 
LQGLYLGXDO�SXUVXLWV�EHKLQG�XV�IRU� 
WKH�EHQHILW�RI�RQH�WHDP�LV�QRW�WKH� 
HDVLHVW�WKLQJ�WR�GR��� 

6R�KRZ�GR�ZH�EXLOG�WKLV� 
HQYLURQPHQW�ZKHUH�WKH� 
PDQDJHPHQW�WHDP�LV�PRUH� 
FRKHVLYH�DQG�ZKHUH�FRQIOLFW�LV� 
XVHG�WR�VKDSH�LGHDV"��,�VXSSRVH� 
WKHUH�DUH�PDQ\�ZD\V��VRPH�PXFK� 
OHVV�H[SHQVLYH��PRUH�SUDFWLFDO�WKDQ� 
RWKHUV���,Q�WKH�ERRN���7KH�)LYH� 
'\VIXQFWLRQV�RI�D�7HDP���WKHLU� 
PDQDJHPHQW�WHDP�IUHTXHQWO\� 
WUDYHOV�IRU�D�WZR-�RU�WKUHH-GD\� 
RIIVLWH�ZRUNVKRS�WR�1DSD�9DOOH\�RU� 
DQRWKHU�QLFH�ORFDWLRQ���7KH\�VWD\�LQ� 
QLFH�KRWHOV�ZLWK�DFFRPPRGDWLRQV� 
WKDW�)HGHUDO�ZRUNHUV�DUH�XQOLNHO\� 
WR�DIIRUG�IROORZLQJ�WKH�MRLQW�WUDYHO� 
UHJXODWLRQV��7KH\�PHHW�RIWHQ�LQ�WKH� 
RIILFH�DV�ZHOO���,�EHOLHYH�WKH� 
UHFRPPHQGDWLRQ�LQ�WKH�ERRN�LV�WR� 
PHHW�WZR�WR�WKUHH�GD\V�SHU�PRQWK� 
WR�GLVFXVV�PDQDJHPHQW�VWUDWHJ\� 
HWF����,W�LV�XQOLNHO\�WKDW�WKH�+(&� 
PDQDJHPHQW�WHDP�LV�JRLQJ�WR�PHHW� 
WZR�WR�WKUHH�GD\V�SHU�PRQWK�OHW� 
DORQH�VFKHGXOH�IUHTXHQW�WZR-�WR� 
WKUHH-GD\�RIIVLWH�ZRUNVKRSV��EXW� 
PD\EH�ZH�FRXOG�DIIRUG�RQH�RIIVLWH� 
ZRUNVKRS�SHU�\HDU���0D\EH�ZH�GR� 
QRW�JR�WR�WKH�EHVW�KRWHOV�LQ�1DSD� 
EXW�PD\EH�ZH�FRXOG�ILQG� 
VRPHWKLQJ�FORVH�E\�D�)HGHUDO� 
IDFLOLW\���7KH�LGHD�RI�DQ�RIIVLWH�WR� 
WDON�DERXW�ORQJ-WHUP�SODQQLQJ�DQG� 
VWUDWHJ\�IRU�+(&�PDNHV�SHUIHFW� 
VHQVH���1RZ�,�DP�QRW�VD\LQJ�WKH� 
+(&�PDQDJHPHQW�WHDP�GRHV�QRW� 
PHHW�DW�DOO���2I�FRXUVH�ZH�GR��EXW�� 
ZH�WHQG�WR�PHHW�DW�+(&�IRU�VKRUWHU� 
GXUDWLRQ�PHHWLQJV�WR�GLVFXVV�WKH� 
WDFWLFDO�QHHGV�RI�WKH�&HQWHU���:H� 
PHHW�PRQWKO\�IRU�RXU�'LYLVLRQ� 
&KLHIV�0HHWLQJV�DQG�ZH�PHHW� 
TXDUWHUO\�IRU�RXU�4XDUWHUO\�3URFHVV� 
5HYLHZV�DQG�EXGJHWLQJ�PHHWLQJV�� 
+RZHYHU��ZH�WHQG�WR�SXVK�WKURXJK� 
DV�HIILFLHQWO\�DV�SRVVLEOH�WR�UHWXUQ� 

FRQWLQXHG�RQ�SDJH�� 

$'9$1&(6�LV�DQ�XQRIILFLDO�SXEOLFDWLRQ�DXWKRUL]HG�XQGHU�WKH�SURYLVLRQV�RI�$5����-��DQG�SXEOLVKHG�ELDQQXDOO\�E\� 
WKH�8�6��$UP\�&RUSV�RI�(QJLQHHUV��,QVWLWXWH�IRU�:DWHU�5HVRXUFHV��+\GURORJLF�(QJLQHHULQJ�&HQWHU������6HFRQG� 
6WUHHW��'DYLV��&$�������-�������7HOHSKRQH�� ��� ����-������)$;�� ��� ����-�������9LHZV�DQG�RSLQLRQV�H[SUHVVHG� 
LQ�WKLV�SXEOLFDWLRQ�DUH�QRW�QHFHVVDULO\�WKRVH�RI�WKH�'HSDUWPHQW�RI�WKH�$UP\� 

RI�(QJLQHHUV 
+\GURORJLF�(QJLQHHULQJ�&HQWHU 'LUHFWRU� :DWHU�5HVRXUFH�6\VWHPV�&KLHI� 

&KULVWRSKHU�1��'XQQ��3�(���'�:5( /HD�*��$GDPV��3�(� KWWS���ZZZ�KHF�XVDFH�DUP\�PLO 

86�$UP\�&RUSV 
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'LUHFWRU'V�&RPPHQWV� �FRQWLQXHG)

WR�RXU��UHDO�ZRUN����:H�GR�QRW�WDNH� 
WKH�WLPH�WR�EXLOG�WKH�UHODWLRQVKLSV�� 
WUXVW��DQG�IDPLO\�3DWULFN�/HQFLRQL� 
UHFRPPHQGV���+H�VXJJHVWV�WKDW� 
EXLOGLQJ�WKHVH�WHDPV�DQG�VSHQGLQJ� 
WLPH�ZLWK�\RXU�PDQDJHPHQW�WHDP� 
LV�\RXU��UHDO�ZRUN�� 

,Q�DGGLWLRQ�WR�WKH�\HW�WR�EH�SODQQHG� 
�RIILVLWH��DQG�WKH�LQWURGXFWLRQ�RI� 
WKH�ERRN�FOXE��WR�IRVWHU�D�EHWWHU� 
PDQDJHPHQW�FRPPXQLW\��+(&�KDV� 
KDYH�DOVR�LQLWLDWHG�RXU�0RQWKO\� 
0DQDJHUV�/XQFK�ZKHUH�RQFH�D� 
PRQWK�WKH�HQWLUH�+(&� 
0DQDJHPHQW�7HDP�JRHV�WR�OXQFK� 
VRPHZKHUH�LQ�'DYLV��7KH� 
0DQDJHPHQW�7HDP�WDNH�WXUQV� 
FKRRVLQJ�WKH�UHVWDXUDQW� ZH�DOO�SD\� 
IRU�RXU�RZQ�OXQFKHV �DQG�ZH�KDYH� 
D�SDFW�WKDW�ZH�GR�QRW�WDON�DERXW� 
ZRUN���:H�DUH�WU\LQJ�WR�JHW�WR� 
NQRZ�HDFK�RWKHU�RQ�D�PRUH� 
SHUVRQDO�EDVLV���:H�WDON�DERXW� 
IDPLO\��VSRUWV��WUDYHO��QHZV�RI�WKH� 
GD\��DQG�ZRUOG�HYHQWV���2I�FRXUVH� 
ZRUN�FRQYHUVDWLRQV�GR�KDSSHQ�EXW� 
ZH�WU\�WR�UHWXUQ�WR�QRQ-ZRUN�WRSLFV� 

DV�VRRQ�DV�SRVVLEOH��7KH�LGHD�LV�WR� 
JHW�WR�NQRZ�WKH�RWKHUV�RQ�WKH�WHDP� 
PRUH�GHHSO\�VR�WKDW�ZH�FDUH�PRUH� 
DERXW�WKHP�DV�D�SHUVRQ��,I�ZH�FDUH� 
DERXW�WKHP�DV�D�SHUVRQ��ZH�VKRXOG� 
SURPRWH�WKHLU�VXFFHVVHV�E\� 
ZRUNLQJ�WRJHWKHU�WR�PDNH�WKHP� 
VXFFHVVIXO���,I�ZH�DOO�KDYH�WKH�VDPH� 
JRDOV��WKHLU�VXFFHVVHV�DUH�RXU� 
VXFFHVV���$IWHU�DOO��LI�ZH�DUH�DOO� 
URZLQJ�LQ�WKH�VDPH�GLUHFWLRQ�DQG�DW� 
WKH�VDPH�FDGHQFH�ZH�DUH�PRUH� 
OLNHO\�WR�JHW�WKHUH�IDVWHU�KDYLQJ� 
FRQVXPHG�OHVV�HQHUJ\���� 

:KLOH�RXU�HIIRUWV�WR�EXLOG�D�PRUH� 
LQWHJUDWHG�+(&�0DQDJHPHQW�7HDP� 
DUH�VWLOO�LQ�LWV�LQIDQF\�DQG�RXU� 
VWUDWHJLHV�DUH�VWLOO�YHU\�PXFK�D� 
ZRUN�LQ�SURJUHVV��ZH�DUH�VWULYLQJ� 
RQ�D�GDLO\�EDVLV�WR�EHFRPH� 
LQFUHPHQWDOO\�EHWWHU��:H�DUH�RSHQ� 
WR�LGHDV�DERXW�KRZ�\RX�KDYH�EXLOW� 
PRUH�LQWHJUDWHG�PDQDJHPHQW� 
WHDPV���:KDW�KDYH�EHHQ�\RXU� 
VWUDWHJLHV"�+RZ�KDYH�WKH\�EHHQ� 
VXFFHVVIXO"��,Q�WKH�ODWHVW�ERRN�ZH� 
DUH�UHDGLQJ���7KH�1HZ�2QH�0LQXWH� 

0DQDJHU�� D�FODVVLF�WKDW�KDV�EHHQ� 
UHYLVHG�WR�UHIOHFW�QHZHU�ZRUNLQJ� 
H[SHFWDWLRQV��DXWKRUV�.HQ� 
%ODQFKDUG�DQG�6SHQFHU�-RKQVRQ� 
SURYLGH�WKUHH�SULPDU\�ZD\V�WR� 
EXLOG�UDSSRUW�LQ�LQGLYLGXDOV��FUHDWH� 
FOHDUO\�GHILQHG�JRDOV��FDWFK�SHRSOH� 
GRLQJ�WKLQJV�ULJKW��DQG�FRUUHFW� 
SHRSOH�ZKHQ�WKH\�KDYH�GRQH� 
VRPHWKLQJ�ZURQJ�EXW�FRUUHFW�WKHP� 
LQ�VXFK�D�ZD\�WKDW�WKH\�VWLOO�IHHO� 
YDOXHG���2XU�ERRN�FOXE�KDV�\HW�WR� 
GLVFXVV�WKLV�ERRN�EXW�ZH�ZLOO��QR� 
GRXEW��WU\�WR�LQFRUSRUDWH�VRPH�RI� 
WKHVH�PDQDJHPHQW�FRQFHSWV�DV� 
ZHOO�� 

:HOO�HQRXJK�GLPH�VWRUH� 
SV\FKRORJ\�IRU�WRGD\��,�KRSH�\RX� 
HQMR\�RXU�1HZVOHWWHU�DQG�LI�WKHUH� 
LV�DQ\WKLQJ�+(&�FDQ�GR�IRU�\RX�� 
SOHDVH�MXVW�OHW�XV�NQRZ�� 

&KULV�'XQQ��3�(���'�:5( 
'LUHFWRU 

 +(&-+06�9HUVLRQ�����5HOHDVH�(cRQWLQXHG)
%\�0DWWKHZ�)OHPLQJ�3�(���:LOOLDP�6FKDUIIHQEHUJ�3K�'���0LFKDHO�%DUWOHV�3�(���7KRPDV�%UDXHU�3�(���DQG�*UHJRU\�.DUORYLWV�
3�(� FRQWLQXHG�IURP�SDJH��

$�VLJQLILFDQW�DPRXQW�RI�HIIRUW�ZHQW� 
LQWR�QHZ�FDSDELOLWLHV�IRU�+(&-+06� 
9HUVLRQ�����WKDW�VXSSRUW�WKH�8�6�� 
&RUSV�RI�(QJLQHHUV�(86$&()�ZDWHU� 
PDQDJHPHQW�PLVVLRQ��WKH�)ORRG�DQG� 
&RDVWDO�6WRUP�'DPDJH�5HGXFWLRQ�
()&6'5)�5HVHDUFK�DQG� 
'HYHORSPHQW�SURJUDP��WKH�86$&(� 
'DP�DQG�/HYHH�6DIHW\�SURJUDP�� 
'LVWULFWV��DQG�H[WHUQDO�FXVWRPHUV��� 
)XQGLQJ�IRU�VRIWZDUH�GHYHORSPHQW� 
DFWLYLWLHV�FRPHV�IURP�SURSRVDOV� 
VXEPLWWHG�WR�PXOWLSOH�86$&(� 
SURJUDPV��IURP�'LVWULFWV��RWKHU� 
IHGHUDO�DJHQFLHV��DQG�H[WHUQDO� 
DJHQFLHV���$Q�,QWHUDJHQF\� 
$JUHHPHQW�(,$)�LV�UHTXLUHG�WR� 
DFFHSW�IXQGLQJ�IURP�RWKHU�IHGHUDO� 
DJHQFLHV�DQG�D�0HPRUDQGXP�RI� 
$JUHHPHQW�(02$)�LV�UHTXLUHG�WR� 
DFFHSW�IXQGLQJ�IURP�QRQ-IHGHUDO� 
DJHQFLHV���+(&�KDV�H[SHULHQFH�DQG� 
VXFFHVV�GHYHORSLQJ�DQG�DZDUGLQJ� 
,$V�DQG�02$V���:H�ORRN�IRUZDUG� 
WR�KHDULQJ�IURP�WKH�XVHU�EDVH�DERXW� 
LGHDV�IRU�QHZ�IHDWXUHV�DQG� 
FDSDELOLWLHV�WR�DGG�WR�WKH�VRIWZDUH� 

WKDW�VXSSRUW�ERWK�86$&(�PLVVLRQV� 
DQG�FXVWRPHU�QHHGV� 

7KH�+(&-+06�WHDP�DFWLYHO\� 
SURYLGHV�WUDLQLQJ�WR�WKH�ILHOG�LQ�WKH� 
XVH�RI�WKH�VRIWZDUH���+(&�KDV�WZR� 
86$&(�35263(&7�WUDLQLQJ� 
FODVVHV�IRU�+(&-+06��D�EDVLF� 
K\GURORJLF�PRGHOLQJ�ZLWK�+(&-
+06�FODVV�DQG�DQ�DGYDQFHG� 
PRGHOLQJ�ZLWK�+(&-+06�FODVV��� 
'HVFULSWLRQV�IRU�ERWK�FODVVHV�FDQ�EH� 
IRXQG�DW� KWWS��� 
ZZZ�KHF�XVDFH�DUP\�PLO�WUDLQLQJ� 
OLVW�DVS[ ���7KH�35263(&7�FODVVHV� 
DOWHUQDWH�HDFK�\HDU�DW�+(&���7KH� 
+(&-+06�WHDP�GRHV�GHOLYHU�RII-
VLWH�FODVVHV�DQG�UHFHQWO\�SURYLGHG� 
FODVVHV�IRU�WKH�:DOOD�:DOOD�DQG� 
1DVKYLOOH�'LVWULFW�RIILFHV���3OHDVH� 
FRQWDFW�WKH�+(&-+06�WHDP�LI�\RX� 
DUH�LQWHUHVWHG�LQ�D�FODVV���7UDLQLQJ� 
PDWHULDO�IRU�WKH�EDVLF�K\GURORJLF� 
PRGHOLQJ�ZLWK�+(&-+06�FODVV�LV� 
RQ�RXU�ZHEVLWH�� KWWS��� 
ZZZ�KHF�XVDFH�DUP\�PLO�WUDLQLQJ� 
PDWHULDOV�DVS[�+<'52/2*,&B0 

2'(/,1*B:,7+B+(&-
+06B���� ��0DWHULDO�IRU�WKH� 
DGYDQFHG�PRGHOLQJ�ZLWK�+(&-
+06�FODVV�ZLOO�EH�SRVWHG�DIWHU�WKH� 
0DUFK�������FODVV�� 

7KH�IROORZLQJ�SDUDJUDSKV�SURYLGH� 
VRPH�GHWDLOV�RQ�WKH�QHZ�FDSDELOLWLHV� 
DYDLODEOH�LQ�+(&-+06�9HUVLRQ� 
����� 

9DULDEOH�&ODUN�8QLW�+\GURJUDSK� 
-�6\QWKHWLF�XQLW�K\GURJUDSKV�KDYH�
EHHQ�XVHG�LQ�+(&-+06�VLQFH�WKH� 
ILUVW�VRIWZDUH�UHOHDVH�LQ��������2QH� 
RI�WKH�FKDOOHQJHV�RI�FDOLEUDWLQJ�� 
YDOLGDWLQJ��DQG�DSSO\LQJ�D�PRGHO� 
XVLQJ�V\QWKHWLF�XQLW�K\GURJUDSKV�LV� 
WKH�DVVXPSWLRQ�RI�OLQHDU�ZDWHUVKHG� 
UHVSRQVH�WR�LQFUHDVLQJ�SUHFLSLWDWLRQ� 
LQKHUHQW�WR�WKH�DSSOLFDWLRQ�RI�XQLW� 
K\GURJUDSKV���+\GURORJLVWV�KDYH� 
ORQJ�REVHUYHG�WKDW�ZDWHUVKHGV� 
UHVSRQG�GLIIHUHQWO\�DV�SUHFLSLWDWLRQ� 
LQWHQVLW\�LQFUHDVHV��EXW�WKLV�RIWHQ� 

FRQWLQXHG�RQ�SDJH�� 
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FRQWLQXHG�IURP�SDJH�� 

QRQOLQHDU�YDULDWLRQ�FDQ�EH�GLIILFXOW� 
WR�TXDQWLI\�ZLWK�D�VLQJOH�PRGHO���$V� 
D�UHVXOW��WKH�DVVXPSWLRQ�RI�OLQHDULW\� 
LV�XVHG�DV�D�SUDFWLFDO�PHDQV�IRU� 
VLPSOLI\LQJ�WKH�PRGHOLQJ�SURFHVV�� 
HVSHFLDOO\�ZKHQ�HPSLULFDO� 
REVHUYDWLRQV�DUH�OLPLWHG���7KH� 
FKDQJHV�LQ�XQLW�UHVSRQVH�FDQ�EH� 
VHHQ�E\�HYDOXDWLQJ�FKDQJHV�LQ� 
REVHUYHG�IORZ�LQ�UHVSRQVH�WR� 
SUHFLSLWDWLRQ�RYHU�D�ZDWHUVKHG�IRU�D� 
UDQJH�RI�VPDOO�WR�ODUJH�IORRG�HYHQWV��� 
$QRWKHU�ZD\�WR�YLVXDOL]H�KRZ�WKH� 
UXQRII�UHVSRQVH�FKDQJHV�LV�XVH�RI�D� 
WZR-GLPHQVLRQDO�(�') VKDOORZ� 
ZDWHU�IORZ�PRGHO���7KH��'�PRGHO� 
FDQ�EH�FDOLEUDWHG�WR�D�ZDWHUVKHG�DQG� 
WKHQ�YDU\LQJ�SUHFLSLWDWLRQ� LQWHQVLWLHV�
DSSOLHG�WR�WKH�PRGHO�� )LJXUH���
VKRZV�KRZ�WKH�XQLW� UHVSRQVH�
FKDQJHG�IRU�D�ZDWHUVKHG�LQ� WKH�
1RUWKHDVW�8QLWHG�6WDWHV�DV� 
SUHFLSLWDWLRQ�UDWHV�YDULHG�EHWZHHQ� 
RQH�DQG�HLJKW�LQFKHV�SHU�KRXU���$Q� 
+(&-5$6�(5LYHU�$QDO\VLV�6\VWHP) 
VRIWZDUH �PRGHO�RI�WKH�ZDWHUVKHG� 
ZDV�XVHG�IRU�WKLV�H[DPSOH���1RWLFH� 
FKDQJHV�WR�ERWK�WKH�WLPLQJ�DQG� 
DWWHQXDWLRQ�RI�WKH�XQLW�K\GURJUDSK� 
WKH�UXQRII�YROXPH�LV�RQH-LQFK�IRU� 
DOO�XQLW�K\GURJUDSKV�FRQWDLQHG�LQ� 
)LJXUH�� ���8QLW�K\GURJUDSK�WKHRU\� 
GRHV�QRW�FDSWXUH�WKH�FKDQJHV�WR� 
WLPLQJ�DQG�PDJQLWXGH�RI�WKH�UXQRII� 
UHVSRQVH�DV�H[FHVV�SUHFLSLWDWLRQ� 
UDWHV�LQFUHDVH�� 

7KH�&ODUN�XQLW�K\GURJUDSK�PHWKRG� 
UHTXLUHV�RQH�VHW�RI�SDUDPHWHUV�WR� 
GHVFULEH�WKH�WUDQVODWLRQ�DQG� 
DWWHQXDWLRQ�RI�WKH�XQLW�UHVSRQVH��� 
+(&-+06�9HUVLRQ�����LQFOXGHV�D� 
YDULDEOH�&ODUN�XQLW�K\GURJUDSK� 
RSWLRQ�ZKHUH�LWV�SDUDPHWHUV��WLPH�RI� 
FRQFHQWUDWLRQ�(7&)�DQG�WKH�VWRUDJH� 
FRHIILFLHQW�(5)��FDQ�YDU\�EDVHG�RQ� 
H[FHVV�SUHFLSLWDWLRQ�UDWHV��VHH� 
)LJXUH�����7KH�UHODWLRQVKLSV� 
EHWZHHQ�H[FHVV�SUHFLSLWDWLRQ�DQG� 
7&�DQG�5�FRXOG�EH�FUHDWHG�XVLQJ� 
PXOWLSOH�KLVWRULF�VWRUPV�WR�GHYHORS� 
XQLW�K\GURJUDSKV�IRU�HDFK�RQH��RU� 
HYDOXDWLRQ�RI�XQLW�K\GURJUDSK� 
SDUDPHWHUV�IURP�PRGHOV�FDOLEUDWHG� 
WR�PXOWLSOH�VWRUP�HYHQWV� WKH�HYHQWV� 
ZRXOG�QHHG�YDU\LQJ�SUHFLSLWDWLRQ� 
PDJQLWXGHV ��RU�D��'�PRGHO���<HW� 
DQRWKHU�DSSURDFK�ZRXOG�EH�WR�FUHDWH� 
D�VLPSOH�UHODWLRQVKLS�EHWZHHQ� 
H[FHVV�SUHFLSLWDWLRQ�DQG�WLPH�RI� 
FRQFHQWUDWLRQ�WKDW�LV�EDVHG�RQ� 

)LJXUH��.��'HYHORSPHQW�RI�'HVLJQ�6WRUPV� 

)LJXUH��. 8SGDWHG�&ODUN�XQLW�K\GURJUDSK� 
FRPSRQHQW�HGLWRU�ZLWK�WKH�YDULDEOH� 
SDUDPHWHU�RSWLRQ�VHOHFWHG���7KH� 
EDVH�XQLW�K\GURJUDSK�SDUDPHWHUV� 
FDQ�EH�XSGDWHG�EDVHG�RQ� 
UHODWLRQVKLSV�EHWZHHQ�H[FHVV� 
SUHFLSLWDWLRQ�DQG�7&� (WLPH�RI�  �
FRQFHQWUDWLRQ) DQG�5� 
(VWRUDJH� FRHIILFLHQW)�� 

FKDQQHO�YHORFLW\�FRPSXWHG�IURP� 
0DQQLQJ V�HTXDWLRQ�RU�D�K\GUDXOLFV� 
PRGHO���+(&-+06�ZLOO�UH-FRPSXWH� 
WKH�7&�DQG�5�SDUDPHWHUV�IRU�HDFK� 
WLPH�VWHS�ZLWK�H[FHVV�SUHFLSLWDWLRQ��� 
7KLV�QHZ�YDULDEOH�7&�DQG�5�RSWLRQ� 
IRU�WKH�&ODUN�XQLW�K\GURJUDSK� 
PHWKRG�LV�EHVW�VXLWHG�IRU�WKRVH� 
VWXGLHV�ZKHUH�SUHFLSLWDWLRQ�UDWHV� 
YDU\�VLJQLILFDQWO\�ZLWKLQ�D�VWRUP� 
HYHQW��OLNH�HYHQW�VLPXODWLRQV�ZKHUH� 
IUHTXHQF\�VWRUPV�RU�WKH�3UREDEOH� 
0D[LPXP�3UHFLSLWDWLRQ� 303 �LV� 
DSSOLHG��DQG�IRU�FRQWLQXRXV� 

VLPXODWLRQ�RI�ORQJHU�GXUDWLRQV�WKDW� 
LQFOXGH�VPDOO�WR�ODUJH�SUHFLSLWDWLRQ� 
HYHQWV���,W�FDQ�DOVR�EH�XVHIXO�IRU� 
VLPXODWLRQV�ZKHUH�WKH�DSSOLHG� 
SUHFLSLWDWLRQ�LV�IDU�PRUH�LQWHQVH� 
WKDQ�WKH�SUHFLSLWDWLRQ�LQ�WKH�HYHQWV� 
XVHG�IRU�FDOLEUDWLRQ��DQG�DQ�HVWLPDWH� 
IRU�ZDWHUVKHG�EHKDYLRU�E\� 
H[WUDSRODWLRQ�LV�GHVLUHG�� 

)RUHFDVWLQJ�)HDWXUHV�-�6XSSRUW� 
IURP�WKH�&RUSV�:DWHU�0DQDJHPHQW� 
6\VWHP� &:06 �QDWLRQZLGH� 
LPSOHPHQWDWLRQ�SURJUDP�DQG�IURP� 
'LVWULFW�RIILFHV�KDYH�OHG�WR�QHZ� 
IHDWXUHV�DQG�LPSURYHPHQWV�WR�+(&-
+06�9HUVLRQ�����WKDW�VXSSRUW�WKH� 
86$&(�ZDWHU�PDQDJHPHQW� 
PLVVLRQ��� 

$�QHZ�UHDFK�URXWLQJ�PHWKRG��WKH� 
9DULDEOH�/DJ�DQG�.�PHWKRG��ZDV� 
DGGHG�DQG�LV�QRZ�DYDLODEOH�LQ�+(&-
+06�9HUVLRQ�������7KH�ODJ� 
SDUDPHWHU�FRQWUROV�WLPLQJ�RI�WKH� 
IORRG�ZDYH�DV�LW�WUDYHOV�WKURXJK�WKH� 
ULYHU�UHDFK��DQG�WKH�.�SDUDPHWHU� 
FRQWUROV�WKH�DPRXQW�RI�DWWHQXDWLRQ� 
GXH�WR�FKDQQHO�DQG�RYHUEDQN� 
VWRUDJH���7KH�/DJ�DQG�.�PHWKRG� 
DOVR�DOORZV�WKH�PRGHOHU�WR�YDU\�WKH� 
/DJ�DQG�.�SDUDPHWHUV�EDVHG�RQ� 
LQIORZ�UDWH���-XVW�OLNH�WKH�YDULDEOH� 
&ODUN�XQLW�K\GURJUDSK�PHWKRG�� 

FRQWLQXHG�RQ�SDJH�� 
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FRQWLQXHG�IURP�SDJH�� 

REVHUYHG�IORRG�HYHQWV�DQG�K\GUDXOLF� 
PRGHOV�FDQ�EH�XVHG�WR�EXLOG� 
UHODWLRQVKLSV�IRU�WUDYHO�WLPH�DQG� 
DWWHQXDWLRQ�YHUVXV�LQIORZ�UDWHV��� 
7KLV�URXWLQJ�RSWLRQ�FDQ�EH�KHOSIXO� 
WR�IRUHFDVWHUV�EHFDXVH�RQFH�WKH� 
YDULDEOH�UHODWLRQVKLSV�DUH�SUHSDUHG� 
GXULQJ�PRGHO�GHYHORSPHQW��WKH\�GR� 
QRW�KDYH�WR�EH�XSGDWHG�GXULQJ�UHDO� 
WLPH�FDOLEUDWLRQ�DV�PLJKW�EH� 
QHFHVVDU\�IRU�WKH�RWKHU�K\GURORJLF� 
URXWLQJ�PHWKRGV��� 

+(&-+06�9HUVLRQ�����LQFOXGHV�D� 
QHZ�WRRO�IRU�DXWRPDWLFDOO\� 
HVWLPDWLQJ�WKH�LQLWLDO�UHDFK�RXWIORZ� 
DW�WKH�EHJLQQLQJ�RI�D�IRUHFDVW� 
DOWHUQDWLYH���:LWK�WKLV�ODWHVW� 
DGGLWLRQ��PRGHOHUV�FDQ�XVH� 
REVHUYDWLRQV�WR�VHW�LQLWLDO�EDVHIORZ�� 
LQLWLDO�UHVHUYRLU�HOHYDWLRQ��DQG� 
LQLWLDO�UHDFK�RXWIORZ�DQG�GR�QRW� 
KDYH�WR�PDQXDOO\�VHW�WKHVH�LQLWLDO� 
FRQGLWLRQV�DW�HDFK�PRGHOLQJ� 
FRPSRQHQW�ZKHQ�FUHDWLQJ�D�QHZ� 
IRUHFDVW�DOWHUQDWLYH���7KHVH�RSWLRQV� 
ZLOO�GHFUHDVH�WKH�DPRXQW�RI�WLPH� 
QHHGHG�WR�FRQILJXUH�DQG�FDOLEUDWH�D� 
PRGHO��� 
2QH�RI�WKH�VWUHQJWKV�RI�&:06�LV� 
WKH�DELOLW\�WR�FUHDWH�PXOWLSOH� 
IRUHFDVW�VFHQDULRV�ZKHUH�DOWHUQDWLYH� 
PHWHRURORJLF�DQG�K\GURORJLF� 
FRQGLWLRQV�DUH�VLPXODWHG���7KH� 
DOWHUQDWLYHV�DUH�XVHG�WR�KHOS�ZDWHU� 
PDQDJHPHQW�VWDII�PDNH�GHFLVLRQV� 
ZKHQ�RSHUDWLQJ�86$&(�SURMHFWV��� 
(QKDQFHPHQWV�ZHUH�PDGH�WR�+(&-
+06�9HUVLRQ�����VR�WKDW�PRGHOHUV� 
FDQ�SORW�UHVXOWV�IURP�PXOWLSOH� 
YDULDQWV�LQ�WKH�VDPH�SORW� YDULDQWV� 
DUH�IRUHFDVW�DOWHUQDWLYHV�GHYHORSHG� 
LQ�D�&:06�+(&-576� 5HDO�7LPH� 
6LPXODWLRQ �ZDWHUVKHG ��� 

+(&-+06�KDV�LQFOXGHG�WKH�RSWLRQ� 
WR�VDYH�PRGHO�VWDWHV�GXULQJ�D� 
VLPXODWLRQ�UXQ��DQG�DOVR�XVH�D�VDYHG� 
PRGHO�VWDWHV�WR�LQLWLDOL]H�D� 
VLPXODWLRQ�UXQ���6DYHG�DQG�VWDUW� 
VWDWHV�QRZ�ZRUN�ZLWKLQ�WKH�IRUHFDVW� 
DOWHUQDWLYH�VLPXODWLRQ�W\SH�ZLWKLQ� 
+(&-+06�9HUVLRQ�������$OVR�� 
PRUH�IOH[LELOLW\�ZDV�DGGHG�VR�WKDW� 
PRGHOHUV�FDQ�FKRRVH�DQ\�SUHYLRXVO\� 
VDYHG�VWDWHV���7KH�VWDWH�RI�WKH�PRGHO� 
LQFOXGHV�PRLVWXUH�VWDWHV�LQ�VXEEDVLQ� 
HOHPHQWV��UHVHUYRLU�VWRUDJH��UHDFK� 
IORZ��DQG�RWKHU�LQIRUPDWLRQ���$� 
PRGHOHU�FDQ�FKRRVH�WR�FUHDWH�D�ILOH� 
ZLWK�PRGHO�VWDWHV�DW�DQ\�WLPH�VWHS� 

GXULQJ�WKH�VLPXODWLRQ��WKH�ILOH� 
UHSUHVHQWV�D�VQDSVKRW�RI�WKH�PRGHO� 
VWDWHV�DW�WKDW�WLPH���)RU�PRGHOHUV� 
UXQQLQJ�IRUHFDVWV�GD\�WR�GD\��WKH� 
VDYHG�VWDWHV�FRXOG�EH�XVHG�WR� 
LQLWLDOL]H�WKH�PRGHO�DQG�UHGXFH�WKH� 
DPRXQW�RI�WLPH�UHTXLUHG�WR� 
PDQXDOO\�VHW�LQLWLDO�FRQGLWLRQV��� 

)LQDOO\��DQ�HQKDQFHPHQW�ZDV�DGGHG� 
WR�+(&-+06�9HUVLRQ�����ZKHUH�WKH� 
VRIWZDUH�QR�ORQJHU�UHVHWV�WKH�&ODUN� 
XQLW�K\GURJUDSK�RU�0RG&ODUN� 
SDUDPHWHUV�ZKHQ�VZLWFKLQJ�EHWZHHQ� 
WKH�&ODUN�DQG�0RG&ODUN�PHWKRGV��� 
$GGLWLRQDOO\��WKHUH�LV�D�QLFH�WLPH-
VDYLQJ�RSWLRQ�EXLOW�LQWR�WKH�SURJUDP� 
ZKHQ�XVLQJ�JULGGHG�SUHFLSLWDWLRQ� 
DQG�WKH�XQLW�K\GURJUDSK�PHWKRGV� 
QRW�0RG&ODUN ��LI�WKH�VLPXODWLRQ� 
KDV�DOUHDG\�EHHQ�FRPSXWHG��WKHQ�WKH� 
SURJUDP�ZLOO�QRW�SURFHVV�WKH� 
JULGGHG�SUHFLSLWDWLRQ�ZKHQ�UXQQLQJ� 
WKH�VLPXODWLRQ�D�VHFRQG�WLPH�DQG� 
ZLOO�XVH�WKH�SUHYLRXVO\�FRPSXWHG� 
EDVLQ�DYHUDJH�SUHFLSLWDWLRQ�WLPH-
VHULHV� DV�ORQJ�DV�QR�XVHU�FKDQJHV� 
ZHUH�DSSOLHG�WR�WKH�PHWHRURORJLF� 
PRGHO� ���7KLV�RSWLRQ�FDQ� 
VLJQLILFDQWO\�UHGXFH�VLPXODWLRQ�UXQ� 
WLPHV�IRU�IRUHFDVWLQJ�PRGHOV�DQG� 
KHOS�PRGHOHUV�FDOLEUDWH�PRGHOV� 
ZKHQ�WKHUH�DUH�WLPH�FRQVWUDLQWV�� 

2SWLPL]DWLRQ�DQG�8QFHUWDLQW\� 
$QDO\VHV�-�+(&-+06�9HUVLRQ����� 
LQFOXGHV�D�FRPSOHWHO\�UHGHVLJQHG� 
RSWLPL]DWLRQ�FDSDELOLW\�ZLWK�VHYHUDO� 
QHZ�IHDWXUHV���7KH�RULJLQDO� 
RSWLPL]DWLRQ�WULDO�ZDV�UHOHDVHG�LQ� 
9HUVLRQ�����EDFN�LQ�������DQG� 
LQFOXGHG�D�YHU\�EDVLF�RSWLPL]DWLRQ� 
FDSDELOLW\�WKDW�SURYLGHG�VRPH�KHOS� 
LQ�FDOLEUDWLQJ�K\GURORJ\�PRGHOV��� 
2QO\�PLQRU�HQKDQFHPHQWV�ZHUH� 
RIIHUHG�LQ�WKH�\HDUV�VLQFH��������$� 
ZRUN�XQLW�LQ�WKH�)&6'5�SURJUDP� 
SURYLGHG�IXQGLQJ�WR�UHYDPS�WKH� 
RSWLPL]DWLRQ�FDSDELOLW\�DQG�WR� 
IXUWKHU�DGYDQFH�WKH�XQFHUWDLQW\� 
DQDO\VLV�WRROV���7KH�GHYHORSPHQW�RI� 
WKH�QHZ�RSWLPL]DWLRQ�FDSDELOLWLHV� 
KDV�EHHQ�D�MRLQW�HIIRUW�EHWZHHQ�WKH� 
&RDVWDO�DQG�+\GUDXOLFV�/DERUDWRU\� 
DW�WKH�(QJLQHHU�5HVHDUFK� � 
'HYHORSPHQW�&HQWHU� 86$&(�� 
(5'&-&+/ �DQG�+(&-+06�WHDP� 
PHPEHUV���7KH�QHZ�RSWLPL]DWLRQ� 
DQG�XQFHUWDLQW\�DQDO\VLV�FDSDELOLWLHV� 
KDYH�DOUHDG\�EHHQ�DSSOLHG�RQ� 
SURMHFWV�ZLWKLQ�86$&(��� 

7KH�WHUP�RSWLPL]DWLRQ�LV�FRPPRQO\� 
LQYRNHG�ZKHQ�XVLQJ�DXWRPDWLF� 
VRIWZDUH�DOJRULWKPV�WR�HVWLPDWH� 
PRGHO�SDUDPHWHUV�ZKLOH�ILWWLQJ�WKH� 
PRGHO�WR�REVHUYHG�LQIRUPDWLRQ��� 
7KH�FODVVLFDO�DSSURDFK�WR� 
RSWLPL]DWLRQ�EHJLQV�ZLWK�FKRRVLQJ�D� 
WDUJHW�ORFDWLRQ�ZLWK�REVHUYHG�IORZ� 
GDWD���1H[W��DQ�REMHFWLYH�IXQFWLRQ� 
PXVW�EH�VHOHFWHG�IRU�FDOFXODWLQJ� 
PRGHO�SHUIRUPDQFH���$Q�REMHFWLYH� 
IXQFWLRQ�PHDVXUHV�WKH�DJUHHPHQW� 
EHWZHHQ�WKH�VLPXODWHG�DQG�REVHUYHG� 
GDWD��ZKLFK�FDQ�EH�TXDQWLILHG�LQ�D� 
QXPEHU�RI�ZD\V���2QH�FRPPRQ� 
REMHFWLYH�IXQFWLRQ�LV�WKH�URRW�PHDQ� 
VTXDUH�HUURU�EHWZHHQ�WKH�PRGHOHG� 
DQG�REVHUYHG�IORZ���1H[W��D�VHW�RI� 
SDUDPHWHUV�WKDW�DIIHFW�WKH�PRGHOHG� 
IORZ�DUH�FKRVHQ�DQG�JLYHQ�D� 
ERXQGLQJ�UDQJH���$�GHWHUPLQLVWLF� 
DOJRULWKP�WKHQ�VHDUFKHV�IRU� 
SDUDPHWHU�YDOXHV�WKDW�PLQLPL]H�WKH� 
YDOXH�RI�WKH�URRW�PHDQ�VTXDUH�HUURU��� 
,Q�WKHRU\��D�YDOXH�RI�]HUR�IRU�WKH� 
URRW�PHDQ�VTXDUH�HUURU�ZRXOG�PHDQ� 
WKDW�WKH�PRGHOHG�IORZ�H[DFWO\� 
PDWFKHV�WKH�REVHUYHG�IORZ���6WULFWO\� 
VSHDNLQJ��WKHUH�DUH�GLIILFXOWLHV�LQ� 
K\GURORJLF�PRGHOLQJ�WKDW�PDNH�WKLV� 
JRDO�LPSRVVLEOH�WR�DFKLHYH��� 
1HYHUWKHOHVV��WKH�DXWRPDWLF� 
DOJRULWKPV�FDQ�VWLOO�EH�YHU\�KHOSIXO� 
LQ�HVWLPDWLQJ�SDUDPHWHU�YDOXHV�PRUH� 
HIILFLHQWO\�WKDQ�D�PDQXDO�FDOLEUDWLRQ� 
DSSURDFK���$XWRPDWLF�DOJRULWKPV� 
RIIHU�UHSHDWDELOLW\�DQG�FDQ�SURYLGH�D� 
WUDFNLQJ�KLVWRU\���7KH\�DUH�DOVR� 
KHOSIXO�WR�QHZHU�XVHUV�RI�WKH� 
VRIWZDUH� 

2QH�RI�WKH�UHDVRQV�IRU�UHYDPSLQJ� 
WKH�RSWLPL]DWLRQ�FDSDELOLW\�ZDV�WR� 
IDFLOLWDWH�QHZ�IHDWXUHV���,Q�DGGLWLRQ� 
WR�WKH�VRIWZDUH�FKDQJLQJ�SDUDPHWHUV� 
ZLWKLQ�WKH�EDVLQ�PRGHO��+(&-+06� 
9HUVLRQ�����DOORZV�WKH�XVHU�WR� 
FKRRVH�FHUWDLQ�SDUDPHWHUV�ZLWKLQ� 
PHWHRURORJLF�PRGHOV���$QRWKHU� 
LPSRUWDQW�QHZ�IHDWXUH�LV�WKH�DELOLW\� 
IRU�WKH�RSWLPL]DWLRQ�HQJLQH�WR� 
RSHUDWH�ZLWK�ERWK�PLQLPL]DWLRQ�DQG� 
PD[LPL]DWLRQ�JRDOV���,Q�WKH� 
PLQLPL]DWLRQ�JRDO��SDUDPHWHU� 
YDOXHV�DUH�VRXJKW�WKDW�PLQLPL]H� 
REMHFWLYH�IXQFWLRQV�WKDW�PHDVXUH�WKH� 
GLIIHUHQFH�EHWZHHQ�WKH�PRGHOHG�DQG� 
REVHUYHG�GDWD���7KH�+(&-+06� 
8VHU'V�0DQXDO�GHWDLOV�DOO�WKH� 
DYDLODEOH�REMHFWLYH�IXQFWLRQV�WKDW� 

FRQWLQXHG�RQ�SDJH�� 
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%\�0DWWKHZ�)OHPLQJ�3�(���:LOOLDP�6FKDUIIHQEHUJ�3K�'���0LFKDHO�%DUWOHV�3�(���7KRPDV�%UDXHU�3�(���DQG�*UHJRU\�.DUORYLWV�3�(� 

FRQWLQXHG�IURP�SDJH�� 

FDQ�EH�VHOHFWHG�IRU�PLQLPL]DWLRQ��� 
7KHUH�DUH�RWKHU�REMHFWLYH�IXQFWLRQV�� 
OLNH�WKH�1DVK-6XWFOLIIH�PHDVXUH�� 
ZKHUH�PRGHO�SHUIRUPDQFH�LPSURYHV� 
DV�WKH�REMHFWLYH�IXQFWLRQ�EHFRPHV� 
ODUJHU���)RU�WKHVH�REMHFWLYH� 
IXQFWLRQV��D�PD[LPL]DWLRQ�JRDO�FDQ� 
EH�FKRVHQ���,Q�WKH�PD[LPL]DWLRQ� 
PRGH��SDUDPHWHU�YDOXHV�DUH�VRXJKW� 
WKDW�PD[LPL]H�RQH�RI�WKH�VXPPDU\� 
VWDWLVWLFV���7KH�PD[LPL]DWLRQ�PRGH� 
FDQ�DOVR�EH�XVHG�IRU�RSWLPL]DWLRQ� 
VLPXODWLRQV�ZKHUH� 
+\GURPHWHRURORJLFDO�5HSRUW�(+05) �
���VWRUP�SDUDPHWHUV��VXFK� DV�
FHQWHULQJ�DQG�RULHQWDWLRQ��DUH� 
QHHGHG�WKDW�PD[LPL]H�WKH�SHDN�IORZ� 
DW�D�VWUHDP�MXQFWLRQ�RU�PD[LPL]H� 
WKH�SRRO�HOHYDWLRQ�LQ�D�UHVHUYRLU��� 
7KH�RSWLPL]DWLRQ�UXQQLQJ�ZLWK�D� 
PD[LPL]DWLRQ�JRDO�LV�PXFK�PRUH� 
HIILFLHQW�DW�GHWHUPLQLQJ�WKH�VWRUP� 
SDUDPHWHUV�FRPSDUHG�WR�D�PDQXDO� 
DSSURDFK���$Q�H[DPSOH�RI�XVLQJ� 
PD[LPL]DWLRQ�WR�HVWLPDWH�VWRUP� 
SDUDPHWHUV�LV�VKRZQ�LQ�)LJXUH����� 
)LJXUH���VKRZV�WKH�HYROXWLRQ�RI�WKH� 
[�DQG�\-FRRUGLQDWHV�IRU�WKH�FHQWHU�RI� 
D�3UREDEOH�0D[LPXP�3UHFLSLWDWLRQ�
(303)�VWRUP���7KH�RSWLPL]DWLRQ� 
FRQYHUJHV�RQ�D�VWRUP�FHQWHULQJ�WKDW� 
SURGXFHV�WKH�PD[LPXP�SRVVLEOH� 
SHDN�IORZ�DW�WKH�LQOHW�RI�D�UHVHUYRLU� 

7KH�PRVW�VLJQLILFDQW�QHZ� 
RSWLPL]DWLRQ�IHDWXUH�LQ�+(&-+06� 
9HUVLRQ�����LV�WKH�0DUNRY�&KDLQ� 
0RQWH�&DUOR�RSWLRQ�(0&0&)��� 
$SSOLFDWLRQ�RI�WKH�QHZ�0&0&� 
RSWLRQ�FRQYHUWV�+(&-+06�IURP�D� 
GHWHUPLQLVWLF�WR�D�SUREDELOLVWLF�IORZ� 
VLPXODWLRQ�WRRO���7KH�0&0&� 
DOJRULWKP�LPSOHPHQWDWLRQ�OHYHUDJHV� 
UHFHQW�UHODWHG�DFDGHPLF�UHVHDUFK�LQ� 
WKH�ILHOG�RI�ZDWHU�UHVRXUFHV���7KH� 
KHDUW�RI�WKH�DOJRULWKP�LV�WKH�XVH�RI� 
%D\HV �7KHRUHP���%D\HV �7KHRUHP� 
XSGDWHV�RXU�SULRU�NQRZOHGJH�DERXW� 
WKH�XQNQRZQ�SDUDPHWHUV�RQ�WKH� 
EDVLV�RI�REVHUYHG�GDWD���,Q�ZDWHU� 
UHVRXUFHV��WKLV�PHDQV�ZH�FDQ� 
DVVXPH�SDUDPHWHU�YDOXHV�EDVHG�RQ� 
EHVW�DYDLODEOH�LQIRUPDWLRQ��DQG�WKHQ� 
XSGDWH�WKH�HVWLPDWH�RI�WKRVH�YDOXHV� 
EDVHG�RQ�REVHUYHG�IORZ���7KH� 
DOJRULWKP�XVHV�0DUNRY�&KDLQ� 
GLUHFWHG�UDQGRP�ZDONV�WR� 
HPSLULFDOO\�FKDUDFWHUL]H�RXU� 
NQRZOHGJH�RI�WKH�XQNQRZQ� 
SDUDPHWHUV���7KH�HQWLUH�SURFHVV�LV� 

FDUULHG�RXW�LQ�D�SUREDELOLVWLF� 
IUDPHZRUN���$SSOLFDWLRQ�RI�WKH�QHZ� 
0&0&�IHDWXUH�LQ�+(&-+06�\LHOGV� 
HPSLULFDO�HVWLPDWHV�RI�WKH�PDUJLQDO� 
SUREDELOLW\�IRU�HDFK�RI�WKH�VHOHFWHG� 
SDUDPHWHUV��LQFOXGLQJ�WKHLU� 
FRUUHODWLRQ�ZLWK�RQH�DQRWKHU���$Q� 
H[DPSOH�RI�HYROYLQJ�SDUDPHWHU� 
HVWLPDWHV�LQ�D�0&0&�DSSOLFDWLRQ� 
DUH�VKRZQ�LQ�)LJXUH�����$Q�H[DPSOH� 
RI�D�SRVWHULRU�GLVWULEXWLRQ�IRU�D� 
VLQJOH�PRGHO�SDUDPHWHU�JHQHUDWHG� 

IURP�WKH�SUREDELOLVWLF�IUDPHZRUN�LV� 
VKRZQ�LQ�)LJXUH��� 

2QH�RI�WKH�FULWLFDO�VWHSV�LQ�XVLQJ� 
RSWLPL]DWLRQ�LV�GHWHUPLQLQJ�LI�WKH� 
DOJRULWKP�KDV�FRQYHUJHG�WR�D�ILQDO� 
VHW�RI�SDUDPHWHU�YDOXHV���&ODVVLFDO� 
RSWLPL]DWLRQ�DOJRULWKPV�DWWHPSW�WR� 
FRQYHUJH�WR�D�VLQJOH�SRLQW��RU�D� 
VLQJOH�VHW�RI�PRGHO�SDUDPHWHUV��� 
%HFDXVH�WKH�0&0&�DOJRULWKP� 
RSHUDWHV�LQ�D�SUREDELOLVWLF� 

)LJXUH��. 6LPXODWLRQ�RI�D�3UREDEOH�0D[LPXP�3UHFLSLWDWLRQ�(303)�VWRUP�FHQWHULQJ�WR� 
PD[LPL]H�SHDN�IORZ���7KH�ILJXUH�VKRZV�KRZ�WKH�[�DQG�\�FRRUGLQDWHV�RI�WKH�VWRUP� 
FHQWHU�HYROYH�RYHU�WKH�RSWLPL]DWLRQ�� 

)LJXUH��. 8VH�RI�0DUNRY�&KDLQ�0RQWH�&DUOR�RSWLPL]DWLRQ�WULDO�WR�HVWLPDWH�WLPH�RI� 
FRQFHQWUDWLRQ� PHDVXUHG�LQ�KRXUV �IRU�D�VXEEDVLQ�� 

FRQWLQXHG�RQ�SDJH�� 
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FRQWLQXHG�IURP�SDJH�� 

0RQWHLWK�PHWKRG�UHTXLUHV�VRODU� 
UDGLDWLRQ��WHPSHUDWXUH��ZLQG�VSHHG�� 
DQG�UHODWLYH�KXPLGLW\�GDWD���7KH� 
3ULHVWOH\-7D\ORU�PHWKRG�UHTXLUHV� 
QHW�UDGLDWLRQ��DQG�WHPSHUDWXUH�GDWD�� 

+(&-+06�9HUVLRQ�����EULQJV�VRPH� 
LQWHUPHGLDWH�FRPSOH[LW\� 
HYDSRWUDQVSLUDWLRQ�PHWKRGV�WR�WKH� 
VRIWZDUH���7KHVH�PHWKRGV�UHTXLUH� 
RQO\�DLU�WHPSHUDWXUH�WR�FRPSXWH� 
HYDSRWUDQVSLUDWLRQ���7HPSHUDWXUH-
EDVHG�HYDSRWUDQVSLUDWLRQ�ZHUH� 
DGGHG�WR�VXSSRUW�D�86$&(�VWXG\�LQ� 
WKH�7ULQLW\�5LYHU�%DVLQ�ZKHUH� 
V\QWKHWLF�ZHDWKHU�HYHQWV�GURYH�D� 
K\GURORJLF�PRGHO�LQ�D�VWRFKDVWLF� 
PRGHOLQJ�IUDPHZRUN��WKH� 
UHTXLUHPHQW�ZDV�WR�UXQ�FRQWLQXRXV� 
VLPXODWLRQV�ZLWK�V\QWKHWLFDOO\� 
JHQHUDWHG�SUHFLSLWDWLRQ�DQG� 
WHPSHUDWXUH�GDWD���$IWHU�D�OLWHUDWXUH� 
UHYLHZ��WKH�+(&-+06�WHDP� 
GHFLGHG�WR�DGG�ERWK�WKH�+DPRQ�DQG� 
+DUJUHDYHV�HYDSRWUDQVSLUDWLRQ� 
PHWKRGV�WR�WKH�SURJUDP��� 

7KH�+DPRQ�HYDSRWUDQVSLUDWLRQ� 
PHWKRG��EDVHG�RQ�WKH������ 
IRUPXODWLRQ��UHTXLUHV�GDLO\�DYHUDJH� 
WHPSHUDWXUH�GDWD�DORQJ�ZLWK�EDVLQ� 
ORFDWLRQ��L�H���ODWLWXGH�DQG�ORQJLWXGH��� 
:KHQ�XVLQJ�WKH�+DPRQ�PHWKRG� 
ZLWK�VXE-GDLO\�VLPXODWLRQ�WLPH� 
VWHSV��WKH�GDLO\�HYDSRWUDQVSLUDWLRQ� 
ZLOO�EH�GLVWULEXWHG�WR�WKH�VXE-GDLO\� 
LQWHUYDOV�XVLQJ�D�VLQXVRLGDO� 
GLVWULEXWLRQ�� 

7KH�+DUJUHDYHV�HYDSRWUDQVSLUDWLRQ� 
PHWKRG��EDVHG�RQ�WKH�+DUJUHDYHV� 
�����IRUPXODWLRQ��UHTXLUHV�GDLO\� 
DYHUDJH�WHPSHUDWXUH�DQG�VRODU� 
UDGLDWLRQ�GDWD���6RODU�UDGLDWLRQ�FDQ� 
EH�DSSUR[LPDWHG�XVLQJ�WHPSHUDWXUH� 
GDWD�DQG�WKH�+DUJUHDYHV�DQG�6DPDQL� 
�����DSSURDFK���&RPELQLQJ�WKH� 
+DUJUHDYHV������HYDSRWUDQVSLUDWLRQ� 
DSSURDFK�ZLWK�WKH�+DUJUHDYHV�DQG� 
6DPDQL������VRODU�UDGLDWLRQ� 
DSSURDFK�\LHOGV�WKH�+DUJUHDYHV�DQG� 
6DPDQL������HYDSRWUDQVSLUDWLRQ� 
DSSURDFK��ZKHUH�WHPSHUDWXUH�LV�WKH� 
RQO\�GDWD�UHTXLUHPHQW���7KH�+(&-
+06�WHDP�LPSOHPHQWHG� 
+DUJUHDYHV�HYDSRWUDQVSLUDWLRQ�LQ� 
+(&-+06�LQ�DQ�XQLQWHJUDWHG� 
PDQQHU�WR�NHHS�WKH� 
HYDSRWUDQVSLUDWLRQ�DQG�UDGLDWLRQ� 
SLHFHV�PRGXODU���)RU� 

FRQWLQXHG�RQ�SDJH�� 

)LJXUH��. $�SRVWHULRU�GLVWULEXWLRQ�RI�VWRUDJH�FRHIILFLHQW�(PHDVXUHG�LQ�KRXUV)�IRU�D�VXEEDVLQ� 
XVLQJ�WKH�0DUNRY�&KDLQ�0RQWH�&DUOR�RSWLPL]DWLRQ�WULDO�� 

IUDPHZRUN��FRQYHUJHQFH�LV�WR�D� 
GLVWULEXWLRQ�IRU�HDFK�SDUDPHWHU��� 
&RQYHUJLQJ�WR�D�GLVWULEXWLRQ� 
FRPSOLFDWHV�DVVHVVPHQW�RI�LWV� 
FRPSOHWLRQ�DQG�DFFHQWXDWHV�WKH� 
QHHG�IRU�D�ZHLJKW-RI-HYLGHQFH� 
DSSURDFK���(YLGHQFH�IRU�WKH� 
HYDOXDWLRQ�RI�FRQYHUJHQFH�LQFOXGHV� 
WKH�*HOPDQ-5XELQ�VWDWLVWLF��D�PRGHO� 
SHUIRUPDQFH�PHDVXUH�VXFK�DV�WKH� 
URRW�PHDQ�VTXDUH�HUURU��DQG�WKH� 
HYROXWLRQ�RI�HDFK�SDUDPHWHU���7KH� 
SURJUDP�FDQ�DOVR�FRQWDLQ�SORWV� 
VKRZLQJ�WKH�HYROXWLRQ�RI�WKH� 
OLNHOLKRRG�IXQFWLRQ�DQG�SDUDPHWHUV� 
GXULQJ�WKH�VLPXODWLRQ� 

7KH�QHZ�0&0&�DOJRULWKP�ZLOO� 
SURYLGH�D�VLJQLILFDQW�QHZ�WRRO�IRU� 
VWDWH�RI�WKH�DUW�PRGHO�FDOLEUDWLRQ�� 
ZKHUHLQ�LWV�DSSOLFDWLRQ�UHVXOWV�LQ� 
IRUPDO�TXDQWLILFDWLRQ�RI�+(&-+06� 
PRGHO�SDUDPHWHU�XQFHUWDLQW\���,WV� 
0&0&�DOORZV�+(&-+06�WR� 
RSHUDWH�DV�D�SUREDELOLVWLF�IORZ� 
VLPXODWLRQ�WRRO���2XWSXW�IURP�WKH� 
0&0&�DOJRULWKP�ZLOO�SURYLGH�D� 
OHDS�IRUZDUG�LQ�VWXGLHV�UHTXLULQJ� 
SUREDELOLVWLF�UHVXOWV��VXFK�DV�ULVN-
LQIRUPHG�HQJLQHHULQJ�DQDO\VHV��� 
2XWSXW�IURP�WKH�0&0&� 
RSWLPL]DWLRQ�LQFOXGHV�FRUUHODWHG� 
SDUDPHWHU�VHWV�WKDW�FDQ�EH�XVHG� 
ZLWKLQ�WKH�+(&-+06�XQFHUWDLQW\� 
DQDO\VLV�VLPXODWLRQ�W\SH���$�QHZ� 
SDUDPHWHU�VDPSOLQJ�PHWKRG�KDV� 
EHHQ�DGGHG�WR�+(&-+06�9HUVLRQ� 
����DQG�LV�UHIHUUHG�WR�DV�WKH� 
6SHFLILHG�9DOXHV�0HWKRG���7KLV� 
PHWKRG�DOORZV�WKH�XVHU�WR�VSHFLI\� 

RQH�RU�PRUH�VHTXHQFHV�RI�SDUDPHWHU� 
YDOXHV�(SDUDPHWHU�SDLUHG�GDWD� 
FXUYHV)���6DPSOLQJ�RI�WKH�SDUDPHWHU� 
VHTXHQFHV�SURFHHGV�LQGH[-ZLVH��� 
7KH�VDPSOLQJ�ZLOO�SURFHHG�E\� 
FKRRVLQJ�DOO�YDOXHV�LQ�,QGH[��� (WKHVH�
YDOXHV�UHSUHVHQW�RQH� SDUDPHWHU�VHW� ��
WKHQ�WKH�VHFRQG� VDPSOH�ZLOO�FKRRVH�
DOO�SDUDPHWHU� YDOXHV�LQ�,QGH[����DQG�
VR�RQ���(DFK� LQGH[�UHSUHVHQWV�D�
VLQJOH�VHW�RI� SDUDPHWHUV�(FRUUHODWLRQ�
LV�LQKHUHQW� ��� ,Q�DGGLWLRQ�WR�XVLQJ�
RXWSXW�IURP�DQ� 0&0&�RSWLPL]DWLRQ�
WR�FUHDWH� SDUDPHWHU�VHWV�IRU�DQ�
XQFHUWDLQW\� DQDO\VLV��XVHUV�FRXOG�
VLPSO\�FUHDWH� UHDOLVWLF�SDUDPHWHU�
VHWV�IURP�PDQXDO� FDOLEUDWLRQV�DQG�
XVH�WKH�QHZ� 6SHFLILHG�9DOXHV�
0HWKRG�VDPSOLQJ� RSWLRQ�WR�HYDOXDWH�
KRZ�WKHVH� GLIIHUHQW�SDUDPHWHU�VHWV�
LPSDFW� UHVXOWV�ZLWKLQ�DQ�XQFHUWDLQW\� 
DQDO\VLV�VLPXODWLRQ�� 

7HPSHUDWXUH-EDVHG� 
(YDSRWUDQVSLUDWLRQ��-
(YDSRWUDQVSLUDWLRQ�LV�DQ�LPSRUWDQW� 
FRPSRQHQW�LQ�WKH�ZDWHU�EDODQFH�� 
HVSHFLDOO\�RYHU�ORQJ�GXUDWLRQV��� 
+(&-+06�KDV�KDG�FRQWLQXRXV� 
VLPXODWLRQ�FDSDELOLW\��XVLQJ� 
PRQWKO\-DYHUDJH� 
HYDSRWUDQVSLUDWLRQ��IRU�PRUH�WKDQ� 
ILIWHHQ�\HDUV���0RUH�UHFHQW�UHOHDVHV� 
RI�+(&-+06�EURXJKW�3HQPDQ-
0RQWHLWK��DQ�HQHUJ\-EDODQFH� 
HYDSRWUDQVSLUDWLRQ�PHWKRG��DQG� 
3ULHVWOH\-7D\ORU��D�VLPSOLILFDWLRQ�RI� 
WKH�3HQPDQ-0RQWHLWK�PHWKRG��LQWR� 
WKH�SURJUDP���7KH�3HQPDQ-

� 



 

 

 

� � 
 

 
 

 
 

 
 

 
 

� �
 

 

 
 

�
�



 

 

 

 +(&-+06�9HUVLRQ�����5HOHDVH�(cRQWLQXHG)
%\�0DWWKHZ�)OHPLQJ�3�(���:LOOLDP�6FKDUIIHQEHUJ�3K�'���0LFKDHO�%DUWOHV�3�(���7KRPDV�%UDXHU�3�(���DQG�*UHJRU\�.DUORYLWV�3�(� 

FRQWLQXHG�IURP�SDJH�� 

HYDSRWUDQVSLUDWLRQ�WKDW�LV�HTXLYDOHQW� 
WR�WKH�+DUJUHDYHV�DQG�6DPDQL������ 
IRUPXODWLRQ��WKH�PRGHOHU�VKRXOG�XVH� 
+DUJUHDYHV�UDGLDWLRQ�ZLWK� 
+DUJUHDYHV�HYDSRWUDQVSLUDWLRQ�LQ� 
WKH�+(&-+06�PHWHRURORJLF�PRGHO� 

+DPRQ�HYDSRWUDQVSLUDWLRQ�� 
+DUJUHDYHV�HYDSRWUDQVSLUDWLRQ��DQG� 
+DUJUHDYHV�VRODU�UDGLDWLRQ�DOO� 
LQFOXGH�HPSLULFDO�FRHIILFLHQWV�WKDW� 
WKH�PRGHOHU�FDQ�DGMXVW�GXULQJ� 
PRGHO�FDOLEUDWLRQ��$FDGHPLF� 
OLWHUDWXUH�SURYLGHV�VXJJHVWLRQV�RQ� 
KRZ�DQG�WR�ZKDW�H[WHQW�WKHVH� 
FRHIILFLHQWV�VKRXOG�EH�DGMXVWHG� 

,Q�DGGLWLRQ�WR�WKH�+DPRQ�DQG� 
+DUJUHDYHV�HYDSRWUDQVSLUDWLRQ� 
PHWKRGV��WKH�+(&-+06�WHDP� 
DGGHG�DQ�DGGLWLRQDO� 
HYDSRWUDQVSLUDWLRQ�PHWKRG�WKDW�LV�D� 
VLPSOLILFDWLRQ�WR�WKH�3HQPDQ-
0RQWHLWK�LPSOHPHQWDWLRQ�WKDW�KDV� 
EHHQ�DYDLODEOH�LQ�WKH�SURJUDP���7KLV� 
QHZ�RSWLRQ�LV�WKH��UHGXFHG-VHW�� 
3HQPDQ-0RQWHLWK� 
HYDSRWUDQVSLUDWLRQ�PHWKRG��� 
5HGXFHG-VHW�3HQPDQ-0RQWHLWK�FDQ� 
XVH�DQ\�VRODU�UDGLDWLRQ�GDWD�VWUHDP�� 
EXW�WKH�VXJJHVWHG�DSSURDFK�LV�WR�XVH� 
WKH�+DUJUHDYHV�VRODU�UDGLDWLRQ� 
PHWKRG��ZKLFK�UHTXLUHV�MXVW� 
WHPSHUDWXUH���7KH�UHODWLYH�KXPLGLW\� 
UHTXLUHPHQW�LV�QHJDWHG�E\�DVVXPLQJ� 
GHZ�SRLQW�WHPSHUDWXUH�LV�DW�RU�QHDU� 
GDLO\�PLQLPXP�WHPSHUDWXUH���6R�� 
WKH�UHGXFHG-VHW�3HQPDQ-0RQWHLWK� 
DSSURDFK�FDQ�EH�GULYHQ�ZLWK�MXVW� 
WHPSHUDWXUH�DQG�ZLQG�VSHHG�GDWD�� 
WKHUH�DUH�VXJJHVWLRQV�IRU� 
DSSUR[LPDWLQJ�ZLQG�VSHHG�ZKHQ�QR� 
GDWD�LV�DYDLODEOH� 

7KH�DGGHG�FDSDELOLW\�RI� 
LQWHUPHGLDWH�FRPSOH[LW\� 
HYDSRWUDQVSLUDWLRQ�PHWKRGV�VKRXOG� 
EH�D�KXJH�ERRQ�IRU�VHWWLQJ�XS� 
FRQWLQXRXV�VLPXODWLRQ�PRGHOV���7KH� 
+(&-+06�WHDPV�DQWLFLSDWHV�WKHVH� 
VLPSOHU�PHWKRGV�ZLOO�ULVH�LQ� 
SRSXODULW\�RYHU�PRUH�FRPSOH[� 
PHWKRGV�JLYHQ�WKH�VFDUFLW\�RI�JRRG� 
K\GURPHWHRURORJLF�GDWD�DURXQG�WKH� 
ZRUOG���,Q�DGGLWLRQ�WR�ZRUN�RQ� 
HYDSRWUDQVSLUDWLRQ��WKH�+(&-+06� 
WHDP�ORRNV�IRUZDUG�WR�HQKDQFLQJ� 
WKH�VKRUWZDYH�DQG�ORQJZDYH� 
UDGLDWLRQ�FRPSRQHQWV�WKDW�GULYH� 

HYDSRWUDQVSLUDWLRQ�DQG�VQRZPHOW� 
DOJRULWKPV�LQ�+(&-+06� 

7KH�%HJLQQLQJV�RI�,QWHJUDWHG�*,6� 
7RROV�-�$V�WKH�+(&-+06�WHDP� 
EHJLQV�GLUHFWO\�LQWHJUDWLQJ� 
JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP� 
(*,6)�FDSDELOLWLHV�ZLWKLQ�+(&-+06��
9HUVLRQ�����SURYLGHV�LQLWLDO� *,6�
FDSDELOLWLHV�WKDW�FDQ�EH�XVHG�WR� 
TXLFNO\�VHWXS�D�EDVLQ�PRGHO�RU� 
PRGLI\�DQ�H[LVWLQJ�EDVLQ�PRGHO��� 
:LWKLQ�+(&-+06�9HUVLRQ������WKH� 
XVHU�FDQ�QRZ�GHILQH�WKH�FRRUGLQDWH� 
V\VWHP�IRU�D�EDVLQ�PRGHO���2QFH�D� 
FRRUGLQDWH�V\VWHP�KDV�EHHQ�GHILQHG�� 
*,6�IHDWXUHV�IRU�VXEEDVLQV�DQG� 
UHDFKHV�FDQ�EH�LPSRUWHG�LQWR�WKH� 
SURMHFW��RU�H[LVWLQJ�VXEEDVLQ�DQG� 
UHDFK�EDVLQ�PRGHO�HOHPHQWV�FDQ�EH� 
JHRUHIHUHQFHG�XVLQJ�*,6�IHDWXUHV��� 
,QVWHDG�RI�LQWHUDFWLQJ�ZLWK�HOHPHQW� 
LFRQV��WKH�XVHU�FDQ�LQWHUDFW�ZLWK� 
SRO\JRQV�DQG�OLQHV�IRU�VXEEDVLQ�DQG� 
UHDFK�HOHPHQWV�RQFH�*,6�IHDWXUHV� 
KDYH�EHHQ�DGGHG�WR�WKH�EDVLQ�PRGHO��� 

)LJXUH���VKRZV�D�EDVLQ�PRGHO�PDS� 
ZKHUH�WKH�HOHPHQW�LFRQV�KDYH�EHHQ� 
WXUQHG�RII���7KH�VXEEDVLQ�HOHPHQWV� 
DUH�UHSUHVHQWHG�ZLWK�SRO\JRQV�DQG� 
WKH�UHDFK�HOHPHQWV�DUH�UHSUHVHQWHG� 
ZLWK�OLQHV�EHFDXVH�*,6�IHDWXUHV� 
ZHUH�LPSRUWHG�� 

7KH�RSWLRQ�WR�LPSRUW�VXEEDVLQ�DQG� 
UHDFK�HOHPHQWV�IURP�*,6�IHDWXUHV� 
DOORZV�XVHUV�WR�TXLFNO\�FUHDWH�D� 
EDVLQ�PRGHO���2QFH�VXEEDVLQ�DQG� 
UHDFK�HOHPHQWV�KDYH�EHHQ�LPSRUWHG� 
IURP�VKDSHILOHV��WKH�XVHU�FDQ� 
PDQXDOO\�DGG�MXQFWLRQV�DQG�RWKHU� 
HOHPHQWV�WR�WKH�EDVLQ�PRGHO��� 
)LQDOO\��WKH�XVHU�FDQ�FRQQHFW�WKH� 
HOHPHQWV�IURP�XSVWUHDP�WR� 
GRZQVWUHDP�WR�IRUP�WKH�K\GURORJLF� 
QHWZRUN��� 

,QWHJUDWLRQ�RI�+(&-+06�ZLWKLQ� 
+(&-:$7�DQG�&:06� +(&-
576 �–�+(&-+06�LV�D�PDMRU� 
FRPSRQHQW�RI�ERWK�WKH�+(& V� 
:DWHUVKHG�$QDO\VLV�7RRO� 

)LJXUH��. $�EDVLQ�PRGH�PDS�ZLWK�WKH�HOHPHQW�LFRQV�WXUQHG�RII���7KH�XVHU�FDQ�LQWHUDFW�ZLWK�WKH� 
VXEEDVLQV�E\�VHOHFWLQJ�VXEEDVLQ�SRO\JRQV�DQG�UHDFKHV�E\�VHOHFWLQJ�UHDFK�OLQHV���7KH� 
JUH\�SRO\JRQ�UHSUHVHQWV�D�VHOHFWHG�VXEEDVLQ�HOHPHQW�� 

FRQWLQXHG�RQ�SDJH�� 
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+(&-+06�9HUVLRQ�����5HOHDVH�(cRQWLQXHG)
%\�0DWWKHZ�)OHPLQJ�3�(���:LOOLDP�6FKDUIIHQEHUJ�3K�'���0LFKDHO�%DUWOHV�3�(���7KRPDV�%UDXHU�3�(���DQG�*UHJRU\�.DUORYLWV�3�(� 

FRQWLQXHG�IURP�SDJH�� 

(+(&-:$7) �DQG�WKH�&:06� 
+(&-576�VRIWZDUH���%RWK�+(&-
:$7�DQG�+(&-576�DUH�LQWHJUDWLRQ� 
WRROV�WKDW�PDQDJH�SDVVLQJ�RXWSXW� 
DQG�YLVXDOL]DWLRQ�RI�PRGHOLQJ� 
HOHPHQWV�DQG�UHVXOWV�IRU�VRIWZDUH� 
DSSOLFDWLRQV���+(&-:$7�DOVR� 
FRQWDLQV�RSWLRQV�IRU�VDPSOLQJ� 
SUHFLSLWDWLRQ�DQG�IORZ�ZLWKLQ�D� 
0RQWH�&DUOR�FRPSXWH���+(&-+06� 
FDQ�EH�DSSOLHG�ZLWKLQ�DQ�+(&-:$7� 
VLPXODWLRQ�ZKHUH�SUHFLSLWDWLRQ�RU� 
IORZ�LV�VDPSOHG� LQFOXGLQJ� 
PDJQLWXGH�RI�WKH�HYHQW��VSDWLDO�DQG� 
WHPSRUDO�SDWWHUQ�RI�WKH� SUHFLSLWDWLRQ��
DQG�GDWH�RI�WKH�HYHQW� � ZKLOH�DOVR�
SHUIRUPLQJ�DQ� XQFHUWDLQW\�DQDO\VLV�
RQ�LQWHUQDO� +(&-+06�PRGHO�
SDUDPHWHUV���+(& -:$7�IDFLOLWDWHV�
WKH�SDVVLQJ�RI�+(&-+06�PRGHO�
RXWSXW�WR�RWKHU�+(&�VRIWZDUH�IRU�
HYDOXDWLRQ�RI�XQFHUWDLQW\�LQ�
K\GUDXOLFV��UHVHUYRLU�RSHUDWLRQ��DQG�
FRQVHTXHQFH�DQDO\VLV��

)XWXUH�(IIRUWV 

7KH�+(&-+06�WHDP�KDV�SODQV�IRU� 
QHZ�FDSDELOLWLHV�IHDWXUHV�LQ�YHUVLRQV� 
����DQG�������+(&-+06�9HUVLRQ����� 
LV�FXUUHQWO\�VFKHGXOHG�WR�EH�UHOHDVHG� 
LQ�WKH�6SULQJ�RI��������7KH�IODJVKLS� 
IHDWXUH�SODQQHG�IRU�9HUVLRQ�����LV� 
DXWRPDWHG�*,6�GHOLQHDWLRQ�RI� 
VXEEDVLQV�DQG�UHDFKHV���7KLV�QHZ� 
*,6�FDSDELOLW\�ZLOO�DOORZ�PRGHOHUV� 
WR�VHW�XS�WKH�EDVLQ�PRGHO�GLUHFWO\� 
ZLWKLQ�+(&-+06���+(&-*HR+06� 
KDV�EHHQ�WKH�WRRO�XVHG�WR�GDWH�WR� 
FUHDWH�WKH�VXEEDVLQ�DQG�UHDFK� 
HOHPHQW�QHWZRUN���2QH�JRDO�RI�WKH� 
+(&-+06�WHDP�LV�WR�SURYLGH�*,6� 
FDSDELOLWLHV�GLUHFWO\�ZLWKLQ�WKH� 
VRIWZDUH��WKH�*,6�FDSDELOLWLHV�ZLOO� 
EH�FXVWRPL]HG�IRU�WKH�+(&-+06� 
ZRUNIORZ���7KHUH�DUH�RWKHU�QHZ� 
PRGHOLQJ�RSWLRQV�WDUJHWHG�IRU� 
+(&-+06�9HUVLRQ������DV�ZHOO�DV� 
HQKDQFHPHQWV�DLPHG�DW�UHGXFLQJ� 
PRGHO�UXQ�WLPHV���7KH�PDLQ�QHZ� 

VRIWZDUH�IHDWXUH�VFKHGXOHG�IRU� 
+(&-+06�9HUVLRQ�����ZLOO�EH�D��'� 
IORZ�DQG�VHGLPHQW�WUDQVSRUW�RSWLRQ��� 
7KH�+(&-+06�DQG�+(&-5$6� 
WHDPV�KDYH�EHHQ�FROODERUDWLQJ�WR� 
EULQJ�WKH�+(&-5$6��'�IORZ�FRGH� 
GLUHFWO\�LQWR�WKH�+(&-+06� 
FRPSXWDWLRQ�IUDPHZRUN���0RGHOHUV� 
ZLOO�EH�DEOH�WR�GHILQH�VXEEDVLQV�WKDW� 
XVH�ERWK�VWDQGDUG�XQLW�K\GURJUDSK� 
PHWKRGV�DQG�WKH�QHZ��'�RYHUODQG� 
IORZ�RSWLRQ�ZLWKLQ�D�EDVLQ�PRGHO��� 
7KHUH�ZLOO�DOVR�EH�QHZ�FDSDELOLWLHV� 
WKDW�VXSSRUW�ZDWHU�PDQDJHPHQW� 
VLPXODWLRQV��QHZ�K\GURORJLF�SURFHVV� 
VLPXODWLRQ�RSWLRQV��DGGLWLRQDO�*,6� 
FDSDELOLWLHV��DQG�IXUWKHU� 
LPSURYHPHQWV�WR�UXQ�WLPHV�ZLWK� 
+(&-+06�9HUVLRQ�������7KH�+(&-
+06�WHDP�LV�H[FLWHG�DERXW�WKH�QH[W� 
WZR�YHUVLRQV�RI�WKH�VRIWZDUH��VR� 
SOHDVH�VWD\�WXQHG�� 

&:06� �&RUSV�:DWHU�0DQDJHPHQW�6\VWHP��7HDP�0RGHOLQJ� 
%\�0\OHV�0F0DQXV��3�(��DQG�0DWWKHZ�0F3KHUVRQ��3�(���'�:5( 

7KH�&:06� &RUSV�:DWHU� 
0DQDJHPHQW�6\VWHP �7HDP� 
0RGHOLQJ�IHDWXUH�GHOLYHUHG�LQ� 
&:06�9HUVLRQ�������SURYLGHV�D� 
VLJQLILFDQW�QHZ�IXQFWLRQDOLW\�WKDW� 
&:06�XVHUV�VKRXOG�WDNH�QRWH�RI�–� 
LW�HQDEOHV�PXOWLSOH�XVHUV�WR�ZRUN� 
WRJHWKHU�RQ�WKH�VDPH�IRUHFDVW�ZLWK� 
HIILFLHQW�VHPL-DXWRPDWLF�ILOH� 
PDQDJHPHQW�FDSDELOLWLHV�� 

7KH�7HDP�0RGHOLQJ�IHDWXUH�ZDV� 
GHVLJQHG�WR�IDFLOLWDWH�FROODERUDWLRQ� 
EHWZHHQ�PXOWLSOH�PRGHOHUV�ZKR� 
VKDUH�IRUHFDVWLQJ�DQG�UHVHUYRLU� 
UHJXODWLRQ�UHVSRQVLELOLW\�ZLWKLQ�D� 
FRPSOH[�ZDWHUVKHG�WKDW�LV� 
UHSUHVHQWHG�ZLWK�VHYHUDO�PRGHOV�LQ� 
&:06���2QH�PRGHOHU�PD\�RQO\� 
EH�UHVSRQVLEOH�IRU�WKH�+(&-+06�
(+\GURORJLF�0RGHOLQJ�6\VWHP)� 
PRGHO��ZKLOH�DQRWKHU�PD\�EH�LQ� 
FKDUJH�RI�WKH�+(&-5HV6LP� 
(5HVHUYRLU�6\VWHP�6LPXODWLRQ)� 
DQG�+(&-5$6�(5LYHU�$QDO\VLV� 

 6\VWHP)� PRGHOV��7HDP�0RGHOLQJ� 
DOORZV�HDFK�PRGHOLQJ�WHDP� 
PHPEHU�WR�IRFXV�RQO\�RQ�WKH� 

PRGHOV�DQG�DOWHUQDWLYHV�WKH\�DUH� 
UHVSRQVLEOH�IRU� 

$�7HDP�0RGHOLQJ�:DWHUVKHG�-�$� 
WHDP�PRGHOLQJ�ZDWHUVKHG�FRQVLVWV� 
RI�D�0DVWHU�:DWHUVKHG�DQG�LWV� 
)RUHFDVWV��ZKLFK�DUH�VWRUHG�LQ�D� 
VKDUHG�ORFDWLRQ� VXFK�DV�D� 
QHWZRUNHG�GULYH�RU�WKH�&:06� 
VHUYHU ��7HDP�PHPEHUV�VKDUH�GDWD� 
E\�XSORDGLQJ�DQG�GRZQORDGLQJ� 
FKDQJHV�WR�DQG�IURP�WKH�0DVWHU� 
:DWHUVKHG��LQWHUDFWLQJ�ZLWK�D�ORFDO� 
FRS\�WKDW�UHVLGHV�RQ�WKHLU�FRPSXWHU�� 
:KHQ�RQH�WHDP�PHPEHU�XSORDGV� 
FKDQJHV�WR�WKH�0DVWHU�:DWHUVKHG�� 
RWKHU�WHDP�PHPEHUV�DFWLYHO\� 
ZRUNLQJ�RQ�WKH�VDPH�ZDWHUVKHG�DUH� 
QRWLILHG�RI�WKH�FKDQJHV�E\�D�UHDO-
WLPH�QRWLILFDWLRQ�V\VWHP� 
'HVLJQDWLQJ�D�&:06�:DWHUVKHG�WR� 
EH�D�0DVWHU�:DWHUVKHG�LV�HDV\�� 
IURP�WKH�:DWHUVKHG�3URSHUWLHV� 
GLDORJ�()LJXUH��)��RSHQHG�IURP� 
ZLWKLQ�WKH�&:06�&$9,�(&RQWURO� 
$QG�9LVXDOL]DWLRQ�,QWHUIDFH)��IURP� 
WKH�6HWXS�WDE��:DWHUVKHG�PHQX��WKH� 
XVHU�VLPSO\�FOLFNV�D�FKHFNER[�DQG� 

)LJXUH��. :DWHUVKHG�3URSHUWLHV�'LDORJ�� 

VSHFLILHV�WKH�1HWZRUN�'LUHFWRU\� 
ZKHUH�WKH�0DVWHU�:DWHUVKHG�ZLOO�EH� 
VWRUHG� 

$XWRPDWLF�&KDQJH�1RWLILFDWLRQV�-� 
:KHQ�D�WHDP�PRGHOLQJ�ZDWHUVKHG� 
LV�RSHQHG�LQ�&:06��WKH�XVHU�LV� 
LPPHGLDWHO\�QRWLILHG�RI�DQ\� 
FKDQJHV�WKDW�KDYH�EHHQ�PDGH�WR�WKH� 
0DVWHU�:DWHUVKHG�LQ�WKH�0DVWHU� 
:DWHUVKHG�6\QFKURQL]DWLRQ�GLDORJ�
()LJXUH��)�DORQJ�ZLWK�WKH�UHYLVLRQ� 

FRQWLQXHG�RQ�SDJH��� 
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&:06� &RUSV�:DWHU�0DQDJHPHQW�6\VWHP �7HDP�0RGHOLQJ� FRQWLQXHG� � 
%\�0\OHV�0F0DQXV��3�(��DQG�0DWWKHZ�0F3KHUVRQ��3�(���'�:5( 

FRQWLQXHG�IURP�SDJH�� 

)LJXUH��. 0DVWHU�:DWHUVKHG�6\QFKURQL]DWLRQ� 
'LDORJ� 

QXPEHUV�DQG�DQ\�FRPPHQWV�PDGH� 
E\�WKH�XSORDGLQJ�PRGHOHUV��� 

:KHQ�ZRUNLQJ�ZLWK�D�WHDP� 
PRGHOLQJ�ZDWHUVKHG��DQ\�QHZ� 
IRUHFDVW�WKDW�LV�FUHDWHG�DQG� 
XSORDGHG�WR�WKH�0DVWHU�:DWHUVKHG� 
EHFRPHV�D�0DVWHU�)RUHFDVW��:KHQ� 
D�0DVWHU�)RUHFDVW�LV�RSHQHG�ORFDOO\� 
E\�D�WHDPPDWH��WKH\�ZLOO�EH� 
QRWLILHG�LI�DQ\�FKDQJHV�KDYH�EHHQ� 
PDGH�WR�WKH�0DVWHU�)RUHFDVW�ZKLFK� 
WKH\�FDQ�WKHQ�V\QF�WR�WKHLU�ORFDO� 
FRS\�RI�WKH�IRUHFDVW�� 

(IILFLHQW�)LOH�0DQDJHPHQW�-�7KH� 
V\QFKURQL]DWLRQV�WR�DQG�IURP� 
0DVWHU�:DWHUVKHGV�RU�0DVWHU� 
)RUHFDVWV�ZLOO�RQO\�DIIHFW�ILOHV�WKDW� 
KDYH�EHHQ�FKDQJHG��PDNLQJ�WKH� 
7HDP�0RGHOLQJ�V\VWHP�HIIHFWLYH� 
LQ�ORZ-EDQGZLGWK�HQYLURQPHQWV�� 
VLQFH�ILOHV�WKDW�KDYH�QRW�EHHQ� 
FKDQJHG�ZLOO�QRW�EH�XSORDGHG�RU� 
GRZQORDGHG�� 

(DV\�$FFHVV�WR�6\QFKURQL]DWLRQ� 
7RROV�-�7KH�7HDP�WDE��ORFDWHG�DW� 
WKH�ERWWRP�RI�WKH�)RUHFDVW�&RQWURO� 
3DQHO�RI�WKH�0RGHOLQJ�0RGXOH� 
)LJXUH��� �LQ�WKH�&:06�&$9,�� 
FRQWDLQV�WKH�8SORDG�& 'RZQORDG� 
DFWLRQ�EXWWRQV�WR�HQDEOH�WKH�XVHU�WR� 
V\QFKURQL]H�WKH�ORFDO�FRS\�RI�WKH� 
7HDP�)RUHFDVW�ZLWK�WKH�0DVWHU� 
)RUHFDVW��� 

8VHUV�FDQ�DOVR�SURWHFW�VSHFLILF� 
PRGHOV�LQ�WKH�SURJUDP�RUGHU�RI� 
WKHLU�0DVWHU�)RUHFDVW�IURP�EHLQJ� 
RYHUZULWWHQ�GXULQJ�V\QFKURQL]DWLRQ�� 

)LJXUH���. �0RGHOLQJ�0RGXOH�-�)RUHFDVW� 
&RQWURO�3DQHO�–�7HDP�7DE� 

7KLV�FDSDELOLW\�UHGXFHV�WKH�SRWHQWLDO� 
IRU�RWKHU�WHDP�PHPEHUV�XSORDGLQJ� 
LQFRUUHFW�RU�XQZDQWHG�UHYLVLRQV�WR� 
WKH�PRGHOV��0RGHOV�FDQ�EH�SURWHFWHG� 
DQG�XQSURWHFWHG�IURP�WKH�7HDP�WDE� 

XVLQJ�WKH�3URWHFW�DFWLRQ�EXWWRQ� 
ZKLFK�DSSHDUV�ZKHQ�D�VSHFLILF� 
PRGHO�DOWHUQDWLYH�LV�VHOHFWHG�IURP� 
WKH�)RUHFDVWV�WUHH� 

$OVR�DYDLODEOH�IURP�WKH�7HDP�WDE�LV� 
WKH�+LVWRU\�EXWWRQ��ZKLFK�RSHQV�WKH� 
5HYLVLRQ�+LVWRU\�GLDORJ�()LJXUH���)�� 
7KH�5HYLVLRQ�+LVWRU\�GLDORJ�FDQ�EH� 
XVHG�WR�NHHS�WUDFN�RI�HYHU\�ILOH� 
FKDQJHG�EHWZHHQ�UHYLVLRQV�RI�HDFK� 
V\QFKURQL]DWLRQ�RI�WKH�7HDP� 
)RUHFDVW��� 

7KH�7HDP�0RGHOLQJ�IHDWXUH�LQ� 
&:06�ZLOO�KHOS�WKH�:DWHU� 
0DQDJHPHQW�FRPPXQLW\�WR�EH�PRUH� 
HIILFLHQW�DQG�SURGXFWLYH�LQ� 
IRUHFDVWLQJ�E\�DOORZLQJ�PXOWLSOH� 
XVHUV�WR�ZRUN�WRJHWKHU�DQG�PDNH�XVH� 
RI�DXWRPDWHG�ILOH�YHUVLRQLQJ�DQG� 
DUFKLYLQJ�RI�WKHLU�IRUHFDVWV��1R� 
ORQJHU�VKRXOG�PRGHOHUV�QHHG�WR� 
ZRUN�IURP�WKH�VDPH�QHWZRUN� 
ORFDWLRQ�DQG�ULVN�UHDG�ZULWH�HUURUV�RU� 
VSHQG�WLPH�PDQXDOO\�DUFKLYLQJ� 
IRUHFDVWV��:LWK�7HDP�0RGHOLQJ�� 
&:06�EHFRPHV�D�PRUH�SRZHUIXO� 
WRRO�QR�PDWWHU�\RXU�ZRUNIORZ�–�ERWK� 
HYHQW-EDVHG�IRUHFDVWLQJ�DQG� 
FRQWLQXRXV�IRUHFDVWV�EHFRPH�PRUH� 
HDVLO\�PDQDJHG�XVLQJ�WKLV�JUHDW�QHZ� 
WRRO�� 

)LJXUH���. �5HYLVLRQ�+LVWRU\�'LDORJ� 
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+(&�&:06�7HDP�9LVLWV�7H[DV�:DWHU�0DQDJHPHQW�2IILFHV�� 
%\�0DWWKHZ�0F3KHUVRQ��3�(���'�:5( 

7KH�+\GURORJLF�(QJLQHHULQJ� 
&HQWHU'V�(+(&)�&:06�(&RUSV� 
:DWHU�0DQDJHPHQW�6\VWHP)�WHDP� 
PHPEHUV�0U��0DWWKHZ�0F3KHUVRQ�� 
0U��0LFKDHO�3HUU\PDQ��0V��-RDQ� 
.OLSVFK��0U��)DXZD]�+DQEDOL��DQG� 
0U��0\OHV�0F0DQXV�SDUWLFLSDWHG�LQ� 
WKH�:DWHU�0DQDJHPHQW� 
,PSOHPHQWDWLRQ�6XSSRUW�7HDP� 
(:0,67)�PHHWLQJ�LQ�$UOLQJWRQ�� 
7H[DV�RQ���-���1RYHPEHU�������� 
7KH�EURDG�VSHFWUXP�RI�SDUWLFLSDQWV� 
IURP�DFURVV�WKH�FRXQWU\�VKDUHG� 
H[SHULHQFHV��GLVFXVVHG�UHODWHG� 
LVVXHV��DQG�OHYHUDJHG�WKH� 
QHWZRUNLQJ�RSSRUWXQLW\�WR�DVVLVW� 
HDFK�RWKHU�DQG�FROODERUDWH��� 
7KH�86$&(� 8�6��$UP\�&RUSV�RI� 
(QJLQHHUV' 6RXWKZHVWHUQ�'LYLVLRQ� 
(&(6:')�ZDV�KHDYLO\�UHSUHVHQWHG� 
DPRQJ�WKH�SDUWLFLSDQWV��EXW�DERXW� 
KDOI�RI�WKH�VHVVLRQ�ZDV�GHYRWHG�WR� 
VKDULQJ�DQG�GLVFXVVLQJ�ZDWHU� 
PDQDJHPHQW�RSHUDWLRQV�DW�&(63.� 
(6DFUDPHQWR�'LVWULFW� ��&(1:.� 
(.DQVDV�&LW\�'LVWULFW� ��&(6$-� 
(-DFNVRQYLOOH�'LVWULFW� ��&(1:3� 
(3RUWODQG�'LVWULFW� ��&(6$:� 
(:LOPLQJWRQ�'LVWULFW� ��DQG 
&(091�(1HZ�2UOHDQV�'LVWULFW� ���
7KH�+(&�team members noted the 
different  implementations and 
requirements  related to water 
management software at each 
office, and contributed to the 
discussions about the challenges 
and potential ways forward.  One of 
the most 

VLJQLILFDQW�WRSLFV�ZDV�WKH�XVH�RI� 
&:06�GXULQJ�IORRG�HPHUJHQFLHV� 
FDXVHG�E\�UHFHQW�KXUULFDQHV���7KH� 
86$&(�'LVWULFWV�KDYH�EHHQ�YHU\� 
VXFFHVVIXO�DW�OHYHUDJLQJ�&:06� 
GDWD�DQG�PRGHOLQJ�WR�SURYLGH�WKH� 
LQIRUPDWLRQ�UHTXLUHG�WR�PDNH� 
RSHUDWLRQDO�GHFLVLRQV��LQIRUP�ORFDO� 
SDUWQHUV��DQG�VDWLVI\�XSZDUG� 
UHSRUWLQJ�UHTXLUHPHQWV�ZLWKLQ�WKH� 
86$&(���7HFKQLFDO�VXSSRUW�IURP� 
WKH�0DSSLQJ��0RGHOLQJ��DQG� 
&RQVHTXHQFH�&HQWHU�(00&)�DQG� 
+(&�ZDV�RIWHQ�DQ�HVVHQWLDO�SDUW�RI� 
WKH�RSHUDWLRQ�� 

:KLOH�LQ�7H[DV�IRU�WKH�:0,67� 
PHHWLQJ��0U��0F3KHUVRQ��0U�� 
+DQEDOL��DQG�0U��0F0DQXV�DOVR� 
YLVLWHG�VHYHUDO�ZDWHU�PDQDJHPHQW� 
RIILFHV�LQ�7H[DV�ZKR�XVH�&:06�� 
2XU�YLVLWV�LQFOXGHG�REVHUYLQJ� 
RSHUDWLRQV�DQG�VRIWZDUH� 
LPSOHPHQWDWLRQV��WURXEOHVKRRWLQJ� 
WHFKQLFDO�LVVXHV��DQG�SODQQLQJ�IXWXUH� 
DFWLYLWLHV���7KH�/RZHU�&RORUDGR� 
5LYHU�$XWKRULW\�LQ�$XVWLQ��7H[DV� 
XVHV�WKH�SXEOLFO\�DYDLODEOH�YHUVLRQ� 
RI�&:06��+(&–576� 5HDO-7LPH� 
6LPXODWLRQ �WR�KHOS�PDQDJH�  
RSHUDWLRQV�DW�LWV �V\VWHP�RI� 
UHVHUYRLUV�LQ�FHQWUDO�7H[DV���7KH� 
UHVHUYRLU�FRQWURO�RIILFH�LQ�$XVWLQ� 
RYHUORRNV�WKH�7RP�0LOOHU�'DP� 
()LJXUH���)�ZKLFK�ZDV�PDNLQJ� 
UHOHDVHV�DIWHU�KLVWRULF�IORRGLQJ�LQ�WKH� 
+LJKODQG�/DNHV�ZDWHUVKHG���7KH� 
+(&�WHDP�SURYLGHG�XSGDWHG� 

VRIWZDUH��FRQVXOWHG�RQ�GDWD� 
SURFHVVLQJ�LPSOHPHQWDWLRQV�DQG� 
+(&-+06�PRGHOLQJ��ORJJHG� 
VRIWZDUH�LVVXHV�WR�UHVROYH�LQ� 
VXEVHTXHQW�YHUVLRQV��DQG�SODQQHG�D� 
IXWXUH�WUDLQLQJ�DFWLYLW\� 

7KH�+(&�WHDP�QH[W�SDUWLFLSDWHG�LQ� 
WKH�$GGLFNV�DQG�%DUNHU�(PHUJHQF\� 
7DEOH�7RS�([HUFLVH�LQ�+RXVWRQ�� 
7H[DV����7KH�*DOYHVWRQ�'LVWULFW� 
(&(6:*)��+DUULV�&RXQW\�)ORRG� 
&RQWURO�'LVWULFW��DQG�RWKHU�SDUWQHUV� 
SUDFWLFHG�HPHUJHQF\�UHVSRQVH� 
FRRUGLQDWLRQ�DQG�FRPPXQLFDWLRQ� 
JLYHQ�D�VHULHV�RI�HVFDODWLQJ�IORRG� 
KD]DUG�VFHQDULRV����7KH�VLWXDWLRQV� 
ZHUH�DOO�SUHGLFDWHG�RQ�LQXQGDWLRQ� 
PDSV�DQG�UHOHDVH�VFKHGXOHV� 
JHQHUDWHG�IURP�WKH�'LVWULFW'V� 
&:06�IRUHFDVW�PRGHOV���7KH�+(&� 
WHDP�MRLQHG�WKH�'HSXW\�'LVWULFW� 
&RPPDQGHU�RQ�D�TXLFN�WRXU�RI�WKH� 
$GGLFNV�DQG�%DUNHU�SURMHFW�� 
OHDUQLQJ�DERXW�LWV�SHUIRUPDQFH� 
GXULQJ�+XUULFDQH�+DUYH\�DQG�WKH� 
PDMRU�LPSURYHPHQWV�XQGHUZD\��� 
7KH�+(&�FRQWLQJHQW�VXEVHTXHQWO\� 
YLVLWHG�WKH�*DOYHVWRQ�'LVWULFW�RIILFH� 
WR�GLVFXVV�ZDWHU�PDQDJHPHQW� 
RSHUDWLRQV��GDWD�DQG�PRGHOLQJ� 
LVVXHV��DQG�VRIWZDUH�LPSURYHPHQWV�� 

7KH�)RUW�:RUWK�'LVWULFW�(&(6:))� 
DOVR�KRVWHG�WKH�+(&�WHDP�� 
GHPRQVWUDWLQJ�ZDWHU�PDQDJHPHQW� 
RSHUDWLRQV�PDNLQJ�KHDY\�XVH�RI� 
5(*,�(5HSRUW�*HQHUDWLRQ�,QWHUIDFH)� 

)LJXUH���. 7RP�0LOOHU�'DP��7H[DV� 
FRQWLQXHG�RQ�SDJH��� 
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+(&�&:06�7HDP�9LVLWV�7H[DV�:DWHU�0DQDJHPHQW�2IILFHV�(cRQWLQXHG�
%\�0DWWKHZ�0F3KHUVRQ��3�(���'�:5( 

FRQWLQXHG�IURP�SDJH��� 

DQG�&:06���7KH�GLVFXVVLRQ� VRIWZDUH�LVVXHV�IRU�VXEVHTXHQW� HQKDQFHPHQWV��,Q�DGGLWLRQ��WKH�+(&� 
XQGHUOLQHG�WKH�FRPSOHPHQWDU\� IROORZ-XS�� &:06�JURXS�ZDV�DOVR�DEOH�WR� 
QDWXUH�RI�WKH�VRIWZDUH�SDFNDJHV�DQG� GLUHFWO\�LQWHUDFW�ZLWK�WKH�ILHOG� 
VXJJHVWHG�DUHDV�RI�IXUWKHU� 2YHUDOO��WKH�WULS�ZDV�YHU\�EHQHILFLDO� RIILFHV�DQG�SURYLGH�VXSSRUW�WKDW� 
GHYHORSPHQW�DQG�EHWWHU�LQWHJUDWLRQ��� DV�WKH�+(&�WHDP�OHDUQHG�PXFK� VKRXOG�EHQHILW�WKH�ILHOG�RIILFHV�DV� 
7KH�JURXS�H[SHULPHQWHG�ZLWK�WKH� IURP�VHYHUDO�ILHOG�RIILFHV�ZKR�DUH� WKH\�FRQGXFW�WKHLU�GDLO\�RSHUDWLRQV��� 
7HDP�0RGHOLQJ� SDJH��� �IHDWXUH� LPSOHPHQWLQJ�&:06���:KDW�ZDV� 
LQ�&:06�9HUVLRQ��������HQJDJHG� OHDUQHG�ZLOO�SURYLGH�IXWXUH�GLUHFWLRQ� 
LQ�WURXEOHVKRRWLQJ��DQG�ORJJHG� WR�&:06�GHYHORSPHQW�DQG� 

7ULQLW\�5LYHU�%DVLQ�+\GURORJLF�+D]DUGV�6WXG\ 
%\�*UHJRU\�.DUORYLWV�3�(� 

$VVHVVLQJ�K\GURORJLF�KD]DUGV�IRU� 
ODUJH�GDPV�LV�SDUW�DUW�DQG�SDUW� 
VFLHQFH���)ORRG�FRQWURO�GDPV�DUH��E\� 
GHVLJQ��LQWHQGHG�WR�ZLWKVWDQG� 
KD]DUGV�FUHDWHG�E\�YHU\�UDUH��ODUJH� 
IORRGV���)RU�WKH�SXUSRVHV�RI�D�ULVN� 
DVVHVVPHQW�IRU�RQH�RI�WKHVH�NLQGV�RI� 
GDPV��WKH�SUREDELOLW\�RI� 
RYHUZKHOPLQJ�WKH�GDP�WR�WKH�SRLQW� 
RI�FDXVLQJ�HFRQRPLF�GDPDJHV�RU� 
ORVV�RI�OLIH�PXVW�EH�HVWLPDWHG��� 
2IWHQ��WKH�PDJQLWXGH�RI�WKH� 
SUREDELOLW\�RI�LQWHUHVW�LV�RQ�WKH� 
RUGHU�RI���-��WR���-���RU�URXJKO\�WKH� 
SUREDELOLW\�RI�IOLSSLQJ�D�FRLQ�DQG� 
JHWWLQJ�WKLUWHHQ�WR�WZHQW\�WDLOV�LQ�D� 
URZ���1R�XQLYHUVDO�UHFLSH�H[LVWV�IRU� 
HVWLPDWLQJ�ZKDW�IORRGV�RI�WKDW� 
PDJQLWXGH�ORRN�OLNH�IRU�HYHU\�GDP� 
LQ�WKH�8�6��$UP\�&RUSV�RI� 
(QJLQHHUV�(86$&()�SRUWIROLR��7KLV� 
LV�ZKHUH�WKH�DUW�RI�K\GURORJLF� 
KD]DUGV�FRPHV�LQWR�SOD\��� 
'HYHORSLQJ�DQ�HVWLPDWH�IRU�WKH� 
IUHTXHQF\�RI�ODUJH��GDP-WKUHDWHQLQJ� 
IORRGV��TXDQWLI\LQJ�XQFHUWDLQW\�LQ� 
WKDW�HVWLPDWH��DQG�GRLQJ�VR�ZLWKLQ� 
WKH�EXGJHW�DQG�VFKHGXOH�RI�WKH� 
SURMHFW�UHTXLUHV�FUHDWLYLW\�DQG�DFWLYH� 
SUREOHP-VROYLQJ���)RUWXQDWHO\��D� 
ZHDOWK�RI�WRROV�DUH�DYDLODEOH�WR�GDP� 
VDIHW\�HQJLQHHUV�ZKLFK�PDNH�D� 
VFLHQWLILFDOO\-GHIHQVLEOH�ILQGLQJ� 
ZLWKLQ�WKHVH�FRQVWUDLQWV�SRVVLEOH� 

'HVLJQLQJ�D�VROXWLRQ�WR�DQVZHU�WKH� 
TXHVWLRQ��KRZ�OLNHO\�LV�WKLV�KD]DUG�� 
DQG�KRZ�FRQILGHQW�LV�WKDW�HVWLPDWH�� 
UHTXLUHV�D�EDODQFH�RI�WKUHH� 
FRPSRQHQWV��DGHTXDWH� 
UHSUHVHQWDWLRQ�RI�WKH�IORRG�KD]DUG�� 
DSSURSULDWH�UHSUHVHQWDWLRQ�RI� 
XQFHUWDLQW\�DQG�WKH�SURMHFW�EXGJHW�
()LJXUH���)� 

7KH�DGHTXDF\�RI�WKH�UHSUHVHQWDWLRQ� 
RI�WKH�IORRG�KD]DUG�LV�PHDVXUHG�E\� 

)LJXUH���. 7KH�WKUHH�FRPSHWLQJ�QHHGV�RI�D� 
K\GURORJLF�KD]DUGV�VROXWLRQ�� 

ZKHWKHU�RU�QRW�D�GHFLVLRQ�FDQ�EH� 
PDGH�UHJDUGLQJ�WKH�DSSURSULDWH� 
PHDVXUHV�QHHGHG�WR�UHGXFH�ULVN��� 
2IWHQ�WKLV�LV�WKH�GULYLQJ�IDFWRU�LQ�WKH� 
FRPSOH[LW\�RI�WKH�VFRSH�RI�D� 
K\GURORJLF�KD]DUGV�DVVHVVPHQW��� 
7KH�UHSUHVHQWDWLRQ�RI�WKH�IORRG� 
KD]DUG�VKRXOG�EH�DV�VLPSOH�DV� 
SRVVLEOH�WR�GHFLGH�ZKDW�DFWLRQ�WR� 
WDNH�RQ�WKH�GDP¶V�ULVN��EXW�QR� 
VLPSOHU���$�GHFLVLRQ-PDNHU�PXVW�EH� 
DEOH�WR�ORRN�DW�WKH�UHVXOWV�RI�D�ULVN� 
DVVHVVPHQW�DQG�GHFLGH�ZKDW�DFWLRQV�� 
LI�DQ\��DUH�QHFHVVDU\�WR�PDNH�WKH� 
ULVN�SRVHG�E\�WKH�GDP�WROHUDEOH��� 
:KHQ�DGGLWLRQDO�VLPSOLI\LQJ� 
DVVXPSWLRQV�DUH�PDGH�LQ�WKH� 
DQDO\VLV��WKH�XQFHUWDLQW\�LQ�WKH�ILQDO� 
DQVZHU�JHQHUDOO\�LQFUHDVHV�DV�WKH� 
LQIRUPDWLRQ�FRQWHQW�RI�WKH�UHVXOW� 
GHFUHDVHV���1RW�DOO�XQFHUWDLQWLHV�DUH� 
SUDFWLFDO�WR�LQFOXGH�LQ�WKH�PRGHOLQJ� 
HIIRUW��EXW�WKH�RQHV�WKDW�DUH�PRVW� 
OLNHO\�WR�LQIOXHQFH�WKH�RXWFRPH� 
JHQHUDOO\�VDPSOH�HUURU�LQ�WKH�LQSXW� 
GDWD �PXVW�EH�LQFOXGHG�WR�SURYLGH� 
DQ\�FRQILGHQFH�LQ�WKH�ILQGLQJV��� 
6RPH�XQFHUWDLQWLHV�DUH�LPSUDFWLFDO� 
WR�PRGHO��RU�DUH�WKH�LQIDPRXV� 
�XQNQRZQ�XQNQRZQV��ZKLFK�PDNH� 
DQ\�XQFHUWDLQW\�FKDUDFWHUL]DWLRQ� 
OLPLWHG��HVSHFLDOO\�ZLWK�OLPLWHG� 
UHVRXUFHV�WR�FRPSOHWH�WKH�VWXG\��� 
&RPSXWDWLRQ�WLPH�LV�WKH�FXUUHQF\� 

ZLWK�ZKLFK�SUHFLVLRQ�DQG�DFFXUDF\� 
RI�WKH�VWXG\�FDQ�EH�ERXJKW���0RUH� 
FRPSOH[�PRGHOV��UREXVW� 
UHSUHVHQWDWLRQ�RI�XQFHUWDLQW\�DQG� 
LQIHUHQFH�DERXW�UDUH�HYHQWV�UHTXLUHV� 
DGGLWLRQDO�FRPSXWDWLRQDO�WLPH��� 
7HFKQLTXHV�FDQ�EH�HPSOR\HG�WR� 
VWUHWFK�WKH�FRPSXWDWLRQ�WLPH� 
�GROODU��IXUWKHU�DQG�DFKLHYH�PRUH� 
PRGHOLQJ�ZLWK�OHVV�LQYHVWPHQW��� 
0RGHOV�RI�KLJKHU�FRPSOH[LW\� 
UHTXLUH�PRUH�GHWDLOHG�DQG�WKRURXJK� 
GRFXPHQWDWLRQ�DQG�UHYLHZ��ZKLFK� 
DUH�SDUW�RI�D�SURMHFW
 V�EXGJHW� 

+\GURORJLF�KD]DUG�DQDO\VHV� 
W\SLFDOO\�UHVXOW�LQ�DQ�HVWLPDWH�RI�WKH� 
UHODWLRQVKLS�EHWZHHQ�D�GDP¶V� 
DQQXDO�PD[LPXP�UHVHUYRLU�SRRO� 
HOHYDWLRQ�DQG�WKH�IUHTXHQF\�RI�WKDW� 
SRRO�HOHYDWLRQ��VXFK�DV�WKH�LGHDOL]HG� 
FDUWRRQ�LQ�)LJXUH������,PSRUWDQW� 
SLHFHV�RI�LQIRUPDWLRQ�UHDGLO\� 
JOHDQHG�IURP�VXFK�D�SORW�DUH�WKH� 
DQQXDO�SUREDELOLW\�RI�VSLOOZD\� 
DFWLYDWLRQ��WKH�DQQXDO�SUREDELOLW\�RI� 
RYHUWRSSLQJ�WKH�GDP��DQG�D�ZRUNLQJ� 
RUGHU-RI-PDJQLWXGH �TXDQWLILFDWLRQ� 
RI�WKH�XQFHUWDLQW\�LQ�WKRVH� 
TXDQWLWLHV���0RVW�ODUJH�GDPV�GR�QRW� 
H[SHULHQFH�D�IORRG�ZKLFK�WKUHDWHQV� 
WR�RYHUWRS�LW�LQ�D�KXPDQ�OLIHWLPH� 
GXH�WR�WKH�LQWHQWLRQDO�UDULW\�RI�VXFK� 
DQ�HYHQW���7KH�LQIRUPDWLRQ� 
FRQWDLQHG�LQ�WKH�RSHUDWLRQDO�KLVWRU\� 
RI�D�GDP��W\SLFDOO\�OHVV�WKDQ�D� 
KXQGUHG�\HDUV��LV�QRW�HQRXJK�WR� 
SURYLGH�HVWLPDWHV�IRU�IORRGV� 
SRWHQWLDOO\�PDQ\�WLPHV�ODUJHU�WKDQ� 
WKH�IORRG�RI�UHFRUG���$V�D�KHXULVWLF�� 
WKH�ODUJHVW�HYHQW�LQ�����\HDUV� 7 � 
KDV�DQ�HVWLPDWHG�SUREDELOLW\�RI� 
EHLQJ�H[FHHGHG� S �RI���� ��7 �LQ� 
DQ\�\HDU���$GGLWLRQDO�LQIRUPDWLRQ�LV� 
UHTXLUHG�LQ�RUGHU�WR�PDNH�LQIHUHQFHV� 
IDU�EH\RQG�WKH�SHULRG�RI� 

FRQWLQXHG�RQ�SDJH��� 
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7ULQLW\�5LYHU�%DVLQ�+\GURORJLF�+D]DUGV�6WXG\� FRQWLQXHG� 
%\�*UHJRU\�.DUORYLWV�3�(� 

FRQWLQXHG�IURP�SDJH��� 

)LJXUH���. $Q�LGHDOL]HG�UHSUHVHQWDWLRQ�RI�D�GDP�K\GURORJLF�KD]DUG�FXUYH�� 

REVHUYDWLRQV�LQWR�WKH�UHDOP�RI�S� � 
������RU�VPDOOHU���7KH�QDWXUH�DQG� 
TXDQWLW\�RI�WKLV�LQIRUPDWLRQ�LV� 
GLFWDWHG�E\�WKH�GHFLVLRQ�DW�KDQG�DQG� 
WKH�GHWDLO�QHFHVVDU\�WR�DGHTXDWHO\� 
UHSUHVHQW�WKH�IORRG�KD]DUG� 

7KH�7ULQLW\�5LYHU�%DVLQ 

+LVWRULFDOO\��WKH�8QLWHG�6WDWHV�$UP\� 
&RUSV�RI�(QJLQHHUV�(86$&()� 
K\GURORJLF�KD]DUGV�DVVHVVPHQWV� 
KDYH�EHHQ�IRFXVHG�RQ�D�VLQJOH�GDP� 
DW�D�WLPH��5HFHQWO\��LQ�DQ�HIIRUW�WR� 
GR�PRUH�ZLWK�OHVV��VWXGLHV�KDYH�EHHQ� 
VFRSHG�ZLWK�WKH�LQWHQWLRQ�WR� 
HVWLPDWH�UHVHUYRLU�VWDJH-IUHTXHQF\� 
FXUYHV�IRU�PXOWLSOH�GDPV�DW�D�WLPH��� 
7KH�7ULQLW\�5LYHU�%DVLQ�DERYH� 
'DOODV��7H[DV�SUHVHQWHG�DQ� 
RSSRUWXQLW\�WR�GR�H[DFWO\�WKDW���)LYH� 
86$&(�GDPV�LQ�WKLV�ZDWHUVKHG� 
UHJXODWH�WKH�WULEXWDULHV�RI�WKH�XSSHU� 
7ULQLW\�%DVLQ��D�KLJKO\�XUEDQL]HG� 
������VTXDUH�PLOH�ZDWHUVKHG�LQ� 
QRUWK�FHQWUDO�7H[DV��ZKLFK�IORZ� 
WRJHWKHU�LQ�WKH�'DOODV-)RUW�:RUWK� 
0HWURSOH[�()LJXUH���)���7KH�QDWXUH� 
RI�IORRG�UHJXODWLRQ�LQ�WKH�EDVLQ�� 
SDUWLFXODUO\�WR�UHGXFH�IORRG� 
GDPDJHV�LQ�'DOODV��UHTXLUHV�D� 
V\VWHPV�DSSURDFK�WR�UHVHUYRLU� 
RSHUDWLRQV�PRGHOLQJ�ZKLFK� 
HQWDQJOHV�WKH�K\GURORJLF�ULVN�IRU�WKH� 
GLIIHUHQW�GDPV���,Q�RUGHU�WR�DVVHVV� 
K\GURORJLF�KD]DUGV�IRU�D�VLQJOH�GDP�� 
WKH�HQWLUH�EDVLQ�PXVW�WKHQ�EH� 

VLPXODWHG���$V�D�EHQHILFLDO�VLGH-
HIIHFW��D�ZHOO-FRQVWUXFWHG�EDVLQ-
ZLGH�PRGHO�FDQ�EH�XVHG�WR�HVWLPDWH� 
WKH�K\GURORJLF�KD]DUGV�IRU�DOO�RI�WKH� 
GDPV�LQ�WKH�EDVLQ�LQ�RQH�PRGHOLQJ� 
H[HUFLVH� 

,QIHUHQFH�DERXW�UHPRWH-SUREDELOLW\� 
HYHQWV�UHTXLUHV�FRQVWUXFWLRQ�RI�D� 
PRGHO�WR�UHSUHVHQW�WKH�SRSXODWLRQ�RI� 
WKRVH�HYHQWV��DQG�FDOLEUDWLRQ�RI�WKH� 
PRGHO�SDUDPHWHUV�XVLQJ�REVHUYHG� 
GDWD���$�FKDOOHQJH�WR�WKH�SDUDPHWHU� 
HVWLPDWLRQ�SDUW�RI�VXFK�DQ�HIIRUW�LV� 
WKH�QRWLRQ�RI�PL[HG�SRSXODWLRQV��� 
,PSURSHUO\�LGHQWLI\LQJ�WKH�FDXVDO� 
PHFKDQLVP� RU�PHFKDQLVPV �EHKLQG� 
H[WUHPH�HYHQWV�FDQ�OHDG�WR� 
LQDFFXUDWH�LQIHUHQFHV�DERXW�WKH� 
UDUHVW�HYHQWV���6XFK�D�FKDOOHQJH� 
RFFXUV�LQ�WKH�7ULQLW\�%DVLQ��ZKHUH� 
VHYHUDO�GLVWLQFW�W\SHV�RI�VWRUPV�� 
ZLWK�YDU\LQJ�VFDOH�LQ�WLPH�DQG�VSDFH� 
DV�ZHOO�DV�VHDVRQDOLW\��FDQ�RFFXU�DQG� 

)LJXUH���. 6WXG\�DUHD�PDS�LQFOXGLQJ�ORFDWLRQV�RI�WKH�ILYH�GDPV�DQG�WKHLU�GUDLQDJH�DUHDV�� 

FRQWLQXHG�RQ�SDJH��� 

�� 



 

�  
 

 
 

 
 

 
 

� �

� �  

 
� �

� �  

�



�  
�

�

 

� �

� �

 
 

 
 

� �

 
 

 

� �  

 

 

 

 

 � �  

 

 

7ULQLW\�5LYHU�%DVLQ�+\GURORJLF�+D]DUGV�6WXG\� FRQWLQXHG� 
%\�*UHJRU\�.DUORYLWV�3�(� 

FRQWLQXHG�IURP�SDJH��� 

FUHDWH�IORRG�KD]DUGV���0L[WXUHV�RI� 
IORRG�PHFKDQLVPV�RFFXU�LQ�PDQ\� 
RWKHU�SODFHV�DV�ZHOO��VXFK�DV�WKH� 
FRPELQDWLRQ�RI�UDLQ�DQG�VQRZ-
GULYHQ�IORRGLQJ��LFH�MDPV�DQG�GHEULV� 
IORZV��DQG�RWKHU�FRPELQDWLRQV�RI� 
VHSDUDWH�IORRG-LQGXFLQJ� 
PHFKDQLVPV���7R�RYHUFRPH�WKH� 
LPSDFW�RI�WKLV�PL[WXUH��QHZ� 
DSSURDFKHV�WR�WKH�UDUH�HYHQW� 
LQIHUHQFH�SURFHVV�DUH�UHTXLUHG� 

0RGHOLQJ�)UDPHZRUN 

)ORRGV�DIIHFWLQJ�WKH�7ULQLW\�%DVLQ� 
DUH�FKDUDFWHUL]HG�E\�WKHLU�KLJKO\� 
YDULDEOH�PHWHRURORJ\���6WRUPV�PD\� 
EH�EULHI�DQG�ORFDOO\�LQWHQVH�� 
ZLGHVSUHDG�DQG�ORQJ-ODVWLQJ�DQG� 
PDQ\�VKDGHV�LQ-EHWZHHQ���,Q�RUGHU� 
WR�FDSWXUH�WKLV�YDULDWLRQ��D�PRGHOLQJ� 
IUDPHZRUN�ZKLFK�DOORZV�IRU� 
YDULDEOH�PHWHRURORJLFDO�ERXQGDU\� 
FRQGLWLRQV�WR�GULYH�FKDQJHV�LQ� 
UHVHUYRLU�RSHUDWLRQV�LV�QHFHVVDU\� 

6\QWKHWLF�ZHDWKHU�JHQHUDWRUV (6:*) �
DUH�D�WRRO�IRU�FUHDWLQJ� DUWLILFLDO�GDWD�
VHTXHQFHV�ZKLFK� EHKDYH��LQ�D�
VWDWLVWLFDO�VHQVH�� LGHQWLFDOO\�WR�WKH�
ZHDWKHU�IRU�DQ� DUHD�RI�LQWHUHVW���
7KH\�DUH�QRW� GHWHUPLQLVWLF�ZHDWKHU�
IRUHFDVW� PRGHOV��LQVWHDG��WKH\�
FRDUVHO\� UHSUHVHQW�PHWHRURORJLFDO�
SURFHVVHV� XVLQJ�VWDWLVWLFDO�PRGHOV���
6:*�DUH� PRVW�RIWHQ�XVHG�WR�
DXJPHQW� REVHUYHG�PHWHRURORJLFDO�
GDWD�IRU� GHVLJQ�RU�ULVN�DQDO\VLV�
SXUSRVHV���,Q� WKLV�VWXG\��DQ�6:*�
ZDV�GHYHORSHG� ZLWK�WKH�SXUSRVH�RI�
JHQHUDWLQJ� H[WUHPH�SUHFLSLWDWLRQ�
HYHQWV�IURP� WKH�FRQWUROOLQJ�VWRUP�
W\SH�ZKLOH� DOVR�FUHDWLQJ�
�EDFNJURXQG��ZHDWKHU� QHFHVVDU\�IRU�
FRQWLQXRXV�K\GURORJLF� PRGHOLQJ���
7KLV�PRGHO�DOVR� JHQHUDWHV�PXOWLSOH�
�UHDOL]DWLRQV��RI� V\QWKHWLF�ZHDWKHU�
E\�YDU\LQJ�WKH� SDUDPHWHUV�XVHG�WR�
JHQHUDWH�WKH� HYHQWV�LQ�HDFK�
UHDOL]DWLRQ�� H[SUHVVLQJ�SDUDPHWHU�
XQFHUWDLQW\�LQ� D�GLVFUHWH�ZD\���
5HDOL]DWLRQV�HDFK� FRQWDLQ�D�ODUJH�
QXPEHU�RI�HYHQWV�LQ� RUGHU�WR�FDSWXUH�
WKH�QDWXUDO� YDULDELOLW\�WKDW�RFFXUV�
ZKHQ� VDPSOLQJ�IURP�D�GLVWULEXWLRQ���
$� ODUJH�QXPEHU�RI�UHDOL]DWLRQV�LV�
XVHG� WR�IXOO\�H[SUHVV�WKH�XQFHUWDLQW\�
DV�LW� LV�FDSWXUHG�LQ�WKH�PRGHO���7KLV� 
SURFHVV�LV�FDOOHG�WZR-VWDJH�0RQWH� 
&DUOR�VLPXODWLRQ��D�SURFHGXUH�XVHG� 

IRU�PRGHOLQJ�ERWK�NQRZOHGJH� 
XQFHUWDLQW\�DQG�QDWXUDO�YDULDELOLW\�LQ� 
D�QXPHULF�PRGHO� )LJXUH��� � 
3UHFLSLWDWLRQ-UXQRII�PRGHOV�DUH� 
QHFHVVDU\�WR�WUDQVODWH�VWRUP�HYHQWV� 
LQWR�IORRGV�ZKLFK�FDQ�EH�UHJXODWHG� 
E\�UHVHUYRLU�PRGHOV���$GGLWLRQDOO\�� 

)LJXUH���. $�VFKHPDWLF�RI�WKH�+(&-:$7� 
PRGHO�IUDPHZRUN� OHIW �DQG�WKH� 
WZR-VWDJH�0RQWH�&DUOR�DSSURDFK� 
WR�XQFHUWDLQW\� ULJKW �� 

WKH�SDUDPHWHU�XQFHUWDLQW\�LQ�WKH� 
ERXQGDU\�FRQGLWLRQV�DV�ZHOO�DV�WKH� 
K\GURORJLF�PRGHO�PXVW�EH�H[SOLFLWO\� 
PRGHOHG���%\�FRXSOLQJ�WRJHWKHU�DQ� 
+(&-+06�(+\GURORJLF� 
(QJLQHHULQJ�&HQWHU'V�+\GURORJLF�
Modeling System) model and HEC-
ResSim (Reservoir System 
Simulation) model for the basin,  
flood operations can be modeled for  
these events.  The boundary  
conditions are generated externally  
and must be provided to the  
HEC-HMS model in an orderly  
manner.  The HEC Watershed  
Analysis Tool  HEC-WAT  meets  
these needs, and offers additional  
power and flexibility in handling  
and processing the model output.   
Externally-generated storm events  
enter the HEC-WAT model through  
a plug-in called the Stochastic Data  
Import Tool (SDI) which manages  
the connection between the  

PHWHRURORJ\�LQ�WKH�6:*�DQG�WKH� 
HOHPHQWV�RI�DQ�+(&-+06�PRGHO�� 
+(&-:$7�WKHQ�PDQDJHV�WKH� 
VLPXODWLRQV�SHUIRUPHG�LQ�WKH�+(&-
+06�DQG�+(&-5HV6LP�PRGHOV�� 
FDSWXUHV�WKH�GHVLUHG�PRGHO�RXWSXW�� 
DQG�SURFHVVHV�LW�VR�WKDW�WKH�GHVLUHG� 
UHVXOWV�RI�WKH�PRGHO�FDQ�EH� 
YLVXDOL]HG� 

0RGHO�'HWDLOV 

6\QWKHWLF�:HDWKHU�*HQHUDWRU� 
6:* �-7KH�6:*�ZDV�XVHG�WR� 
FUHDWH�KRXUO\�WHPSHUDWXUH�DQG� 
SUHFLSLWDWLRQ�GDWD�IRU�WKH�HQWLUH� 
7ULQLW\�%DVLQ�ZKLFK�PHHWV�WKUHH� 
SULPDU\�JRDOV� 

· &UHDWH�]HUR�RU�PRUH�ZDWHUVKHG-ZLGH�
H[WUHPH�IORRGV�SHU�\HDU�ZLWK�EHKDYLRU�
GHULYHG�IURP�D�SUHFLSLWDWLRQ-IUHTXHQF\�
DQDO\VLV� )LJXUH��� �

· 'HYHORS�FRQWLQXRXV�SUHFLSLWDWLRQ�DQG�
WHPSHUDWXUH�GDWD��RYHU�D�IRXU�PRQWK�
ZLQGRZ��ZKLFK�FKDUDFWHUL]H�ZDWHUVKHG�
FRQGLWLRQV�SULRU�WR�WKRVH�IORRGV�

· 'HVFULEH�WKH�XQFHUWDLQW\�LQ�WKH�
VWDWLVWLFDO�SDUDPHWHUV�LQ�WKH�JHQHUDWLRQ�
SURFHVV�

7KH�6:*�PRGHO�DSSOLHG�LQ�WKLV� 
VWXG\�LV�ORRVHO\�EDVHG�RQ�RQH�XVHG� 
LQ�D�SULRU�GDP�VDIHW\�VWXG\�IRU� 
+HUEHUW�+RRYHU�'LNH�LQ�FHQWUDO� 
)ORULGD��EXW�LQFOXGHV�LPSURYHPHQWV� 
WR�WKH�PRGHO�SURFHGXUHV�WR�LPSURYH� 
IORRG�FKDUDFWHUL]DWLRQ�IRU�WKH� 
7ULQLW\�ZDWHUVKHG���$�QRYHO� 
SURFHGXUH�IRU�VSDWLRWHPSRUDO� 
GLVDJJUHJDWLRQ�RI�SUHFLSLWDWLRQ�ZDV� 
GHYHORSHG�IRU�WKLV�VWXG\�LQ�RUGHU�WR� 

)LJXUH���. 3UHFLSLWDWLRQ-IUHTXHQF\�FXUYH�IRU�WKH�GULYLQJ�VWRUP�W\SH� PLG-ODWLWXGH�F\FORQHV �� 

FRQWLQXHG�RQ�SDJH��� 
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7ULQLW\�5LYHU�%DVLQ�+\GURORJLF�+D]DUGV�6WXG\� FRQWLQXHG� 
%\�*UHJRU\�.DUORYLWV�3�(� 

FRQWLQXHG�IURP�SDJH��� 

SURGXFH�KRXUO\-UHVROXWLRQ� 
SUHFLSLWDWLRQ�GDWD� 

2QH�DGGLWLRQDO�JRDO�PHW�E\�WKH� 
PRGHO�LV�WR�UHGXFH�WKH�QXPEHU�RI� 
HYHQWV�UHTXLUHG�WR�DGHTXDWHO\� 
GHVFULEH�WKH�IXOO�SUREDELOLW\�UDQJH�RI� 
LQWHUHVW���%\�XVLQJ�D�UDQGRP� 
VDPSOLQJ�WHFKQLTXH�FDOOHG� 
LPSRUWDQFH�VDPSOLQJ��WKH�� PRUH� 
LQWHUHVWLQJ��SDUWV�RI�WKH�IUHTXHQF\� 
FXUYH�JHW�PRUH�VDPSOHV�WKDQ�WKH� 
RWKHU�SDUWV���,PSRUWDQFH�VDPSOLQJ� 
ZDV�LPSOHPHQWHG�XVLQJ�D�VWUDWLILHG� 
VDPSOLQJ�VWUDWHJ\���7KLV�WHFKQLTXH� 
UHTXLUHV�DGGLWLRQDO�SRVW-SURFHVVLQJ� 
XVLQJ�+(&-:$7�SOXJ-LQV�WR�PDNH� 
VHQVH�RI�WKH�UHVXOWV��EXW�UHGXFHV�WKH� 
QXPEHU�RI�VDPSOHV�UHTXLUHG�WR� 
XQGHUVWDQG�ZDWHUVKHG�UHVSRQVH�WR� 
SUHFLSLWDWLRQ�HYHQWV�DW�UDUH� 
IUHTXHQFLHV���7KH�SUHFLSLWDWLRQ-
IUHTXHQF\�DQDO\VLV�ZDV�FRPSOHWHG� 
E\�0HW6WDW��D�FRQWUDFWRU��ZLWK�WKH� 
ZHDWKHU�JHQHUDWRU�GHYHORSHG�DW� 
+(&� 

+\GURORJLF�0RGHO� +(&-+06 �-� 
$�K\GURORJLF�PRGHO�LV�QHFHVVDU\�IRU� 
WXUQLQJ�WKHVH�H[WUHPH�SUHFLSLWDWLRQ� 
HYHQWV�LQWR�IORRGV�ZKLFK�FDQ�EH� 
XVHG�WR�HVWLPDWH�UHVHUYRLU�UHVSRQVH��� 
$GGLWLRQDOO\��WKH�XQFHUWDLQW\�LQ�WKH� 
SDUDPHWHUV�XVHG�WR�PRGHO�WKH�ZDWHU� 
F\FOH�DUH�WR�EH�FDSWXUHG���7KLV�QHHG� 
OHG�WR�WKH�GHYHORSPHQW�RI�D�EDVLQ-
ZLGH�+(&-+06�PRGHO�ZLWK� 
SDUDPHWHU�XQFHUWDLQW\�FKDUDFWHUL]HG� 
XVLQJ�D�QHZ�+(&-+06�FDSDELOLW\�� 
0DUNRY�&KDLQ�0RQWH�&DUOR� 
(0&0&)���$IWHU�WKH�LQLWLDO� 
FDOLEUDWLRQ�IRU�WKH�EDVLQ�PRGHO�ZDV� 
FRPSOHWHG��ODUJH�VDPSOHV�RI�PRGHO� 
SDUDPHWHU�VHWV�ZHUH�JHQHUDWHG�XVLQJ� 
WKH�0&0&�SURFHGXUH���(YHQW� 
VLPXODWLRQV�WKHQ�XVHG�WKHVH� 
SDUDPHWHU�VHWV�WR�YDU\�WKH� 
K\GURORJLF�UHVSRQVH�DFFRUGLQJ�WR� 
WKH�PDJQLWXGH�RI�WKH�XQFHUWDLQW\�LQ� 
WKRVH�SDUDPHWHUV���'HYHORSPHQW�RI� 
WKH�+(&-+06�PRGHO�ZDV� 
FRPSOHWHG�E\�HQJLQHHUV�DW�)W��:RUWK� 
'LVWULFW�ZLWK�DVVLVWDQFH�IURP�+(&��� 
%ULDQ�6NDKLOO� (5'&-&+/ �PDGH� 
VLJQLILFDQW�FRQWULEXWLRQV�WR�WKH� 
SDUDPHWHU�XQFHUWDLQW\�GHYHORSPHQW� 
XVLQJ�0&0&� 

5HVHUYRLU�2SHUDWLRQV� +(&-
5HV6LP �-�5HVHUYRLU�UHVSRQVH�WR� 
IORRGV�LV�VLPXODWHG�XVLQJ�DQ� 
RSHUDWLRQV�PRGHO�WKDW�FDSWXUHV�KRZ� 

D�GDP�ZRXOG�RSHUDWH�LQ�D�VHW�RI� 
JLYHQ�FRQGLWLRQV�EDVHG�RQ�LWV� 
UHJXODWLRQ�UXOHV��$Q�+(&-5HV6LP� 
PRGHO�ZDV�GHYHORSHG�WR�ZRUN�ZLWK� 
WKH�VLPSOLILHG�EDVLQ���'DOODV�LV�QRW� 
WKH�RQO\�SRLQW�LQ�WKH�7ULQLW\�%DVLQ� 
IRU�ZKLFK�WKHVH�ILYH�GDPV�RSHUDWH�� 
EXW�LV�WKH�RQO\�RQH�LQFOXGHG�LQ�WKH� 
PRGHO�DQG�WKH�+(&-5HV6LP�PRGHO� 
ZDV�DGMXVWHG�WR�PDLQWDLQ�JRRG� 
SHUIRUPDQFH�FRPSDUHG�WR�REVHUYHG� 
RSHUDWLRQV���$OWKRXJK�RSHUDWLRQV� 
PD\�LQ�UHDO�OLIH�YDU\�GXULQJ�D�IORRG� 
HYHQW��FXUUHQW�SROLF\�LV�WR�WUHDW� 
UHVHUYRLU�RSHUDWLRQV�DV�GHWHUPLQLVWLF� 
DQG�DV�UHIOHFWLYH�RI�FXUUHQW� 
RSHUDWLRQDO�UXOHV�DV�SRVVLEOH���7KH� 
+(&-5HV6LP�PRGHO�ZDV�RULJLQDOO\� 
GHYHORSHG�DW�)W��:RUWK�'LVWULFW�ZLWK� 
PRGLILFDWLRQV�IRU�0RQWH�&DUOR� 
VLPXODWLRQV�PDGH�E\�+(&� 

0RGHO�&RXSOLQJ�DQG�3RVW-
3URFHVVLQJ� +(&-:$7 �-
0DQDJHPHQW�RI�WKHVH�FRPSOH[� 
VLPXODWLRQV�ZDV�JUHDWO\�DLGHG�E\�XVH� 
RI�+(&-:$7��,WV�IHDWXUHV�SURYLGHG� 
QXPHURXV�EHQHILWV�WR�WKH�VWXG\��IRU� 
H[DPSOH��+(&-:$7� 

· PDQDJHG�D�GLVWULEXWHG�FRPSXWH�LQ�
ZKLFK�VLPXODWLRQ�ZRUN�ZDV�VSOLW�XS�
RYHU�QXPHURXV�FRPSXWHUV�IRU�
Ŷ ������UHDOL]DWLRQV�RI�������HYHQWV�

UDQJLQJ�IURP�����WR���-��$(3� 

Ŷ 7RWDO�FRPSXWH�EXUGHQ�RI� 
����������HYHQWV� HDFK�IRXU� 
PRQWKV�ORQJ �DW�KRXUO\�RU�ILQHU� 
WLPH�VWHS��DQG 

Ŷ (LJKW\�FRPSXWH�QRGHV�GLYLGHG� 
LQWR�IRXU��JULGV��RI�FRPSXWHUV� 

· RUJDQL]HG�ODUJH�PHWHRURORJLFDO�LQSXWV�
DQG�FRQQHFWHG�WKHP�WR�WKH�FRUUHFW�

· +(&-+06�PRGHO�HOHPHQWV�XVLQJ�WKH�
6',�SOXJ-LQ��

· DLGHG�PRGHO�YDOLGDWLRQ�ZLWK�D�UHVXOWV-
SURFHVVLQJ�SOXJ-LQ�ZKLFK�DOORZHG�IRU�
IHHGEDFN�RQ�PRGHO�SHUIRUPDQFH��DQG�

· DFFHOHUDWHG�SURFHVVLQJ�RI�UHVXOWV�E\�
KDQGOLQJ�WKH�VWUDWLILHG�UHVXOWV�ZKLFK�
RFFXU�GXH�WR�WKH�6:*�LPSRUWDQFH�
VDPSOLQJ�VFKHPH�DQG�SURGXFLQJ�
PHDQLQJIXO�RXWSXW��

7KH�JUHDWHVW�IOH[LELOLW\�FDPH�ZLWK� 
ZLGHVSUHDG�XVH�RI�WKH�SOXJ-LQ�$3,��� 
6HYHUDO�FXVWRP�SOXJ-LQV�ZHUH� 
UDSLGO\�GHYHORSHG�E\�0U��:LOO� 
/HKPDQ�(+(&)�ZKLFK�JUHDWO\� 
HQKDQFHG�WKH�WHDP¶V�FDSDFLW\�IRU� 
FRPSOHWLQJ�WKH�VWXG\� 

&RQFOXVLRQ 

6WDJH-IUHTXHQF\�FXUYHV�ZHUH� 
JHQHUDWHG�IRU�WKH�ILYH�GDPV�RI� 
LQWHUHVW� )LJXUH��� �DQG�ZLOO�EH�XVHG� 
DV�SDUW�RI�WKH�ULVN�DQDO\VLV�SURFHVV� 
LQ�WKH�RQJRLQJ�,VVXH�(YDOXDWLRQ� 
6WXG\�LQ�WKH�7ULQLW\�5LYHU� 
ZDWHUVKHG���:KLOH�WKH�SURMHFW� 
GHOLYHUDEOHV�ZHUH�WKH�SULPDU\�IRFXV�� 
PDQ\�RI�WKH�VXFFHVVHV�HQJLQHHUHG� 
GXULQJ�WKH�FRXUVH�RI�WKH�VWXG\�DUH� 
H[WUHPHO\�YDOXDEOH�IRU�IXWXUH� 
VWXGLHV� 

· FORVH�FROODERUDWLRQ�EHWZHHQ�+(&��
&(6:)� 86$&(��)RUW�:RUWK�'LVWULFW ��
(5'&-&+/� 86$&(��(QJLQHHU�
5HVHDUFK� �'HYHORSPHQW�&HQWHU�-�
&RDVWDO�DQG�+\GUDXOLFV�/DERUDWRU\ �DQG�
50&� 86$&(��5LVN�0DQDJHPHQW�

)LJXUH���. 6WDJH�IUHTXHQF\�FXUYH�IRU�RQH�RI�WKH�ILYH�XSSHU�7ULQLW\�GDPV�� 
FRQWLQXHG�RQ�SDJH��� 
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7ULQLW\�5LYHU�%DVLQ�+\GURORJLF�+D]DUGV�6WXG\� FRQWLQXHG� 
%\�*UHJRU\�.DUORYLWV�3�(� 

FRQWLQXHG�IURP�SDJH��� 

&HQWHU �UHVXOWLQJ�LQ�NQRZOHGJH�WUDQVIHU� 
DV�ZHOO�DV�LQQRYDWLRQV�IRU�VRIWZDUH� 
GHYHORSPHQW� 

· VXFFHVVIXO�LQFOXVLRQ�RI�FRXSOHG-PRGHO�
SHUIRUPDQFH�YDOLGDWLRQ�LQ�WKH�PRGHOLQJ�
IUDPHZRUN�

· HQYHORSH-SXVKLQJ�DSSOLFDWLRQ�RI�+(&-
:$7��LQFOXGLQJ�VHYHUDO�QHZ�SOXJ-LQV�
DQG�GLVWULEXWHG�FRPSXWDWLRQ�

· FRPSXWDWLRQDO�EXUGHQ-UHGXFLQJ�
VWDWLVWLFDO�WHFKQLTXHV�LQ�WKH�V\QWKHWLF�
ZHDWKHU�JHQHUDWRU�

· GHYHORSPHQW�RI�QRYHO�VWDWLVWLFDO�ZHDWKHU�
JHQHUDWLRQ�SURFHGXUHV�IRU�LPSURYHG�
IORRG�FKDUDFWHUL]DWLRQ�

· DSSOLFDWLRQ�RI�0&0&�SDUDPHWHU�
XQFHUWDLQW\�LQ�+(&-+06��ERWK�LQ�
RSWLPL]DWLRQ�DQG�XQFHUWDLQW\�
VLPXODWLRQV�

· DSSOLFDWLRQ�RI�WKH�QHZ�YDULDEOH�&ODUN�
WLPH�RI�FRQFHQWUDWLRQ�DQG�VWRUDJH�
FRHIILFLHQW�RSWLRQ� FDSWXUHV�QRQ-OLQHDU�
SUHFLSLWDWLRQ-UXQRII�UHVSRQVH �

· FRGH�HQKDQFHPHQWV�WR�UHGXFH�UXQ�WLPHV�
LQ�+(&-+06��DQG

· FOHDU�HOXFLGDWLRQ�RI�UHVHDUFK�DQG�
GHYHORSPHQW�QHHGV�LQ�H[WUHPH�IORRG�
K\GURORJ\��HVSHFLDOO\�XQFHUWDLQW\-EDVHG�
K\GURORJLF�PRGHOLQJ�DQG�V\QWKHWLF�
ZHDWKHU�JHQHUDWLRQ�

$FNQRZOHGJHPHQWV 

86$&(�SURMHFW�GHOLYHU\�WHDP�� 
+DGHQ�6PLWK�(50&)��*UHJRU\� 
.DUORYLWV�(50&�+(&)��$OOHQ� 

 $YDQFH (S:))��:LOOLDP�/HKPDQ� 
(+(&)��DQG�-RKQ�(QJODQG 
(50&)� 

)RUW�:RUWK�'LVWULFW�VXSSRUW�� 
-RKQ�+XQWHU��6LPHRQ�%HQVRQ��DQG� 
$OH[�3DUROD� 

(5'&-&+/�VXSSRUW�� %ULDQ�
6NDKLOO� 

&(,:5-+(&�VXSSRUW�� 
/HD�$GDPV��0DWWKHZ�)OHPLQJ�� 
'DUUHQ�1H]DPIDU��%UHWW�3DOPEHUJ�� 
0\OHV�0F0DQXV��6DUD�2'&RQQHOO�� 
-RDQ�.OLSVFK��/HLOD�2VWDGUDKLPL�� 
3HQQL�%DNHU��&KDQ�0RGLQL��DQG� 
&KULVWRSKHU�'XQQ� 

&RQWUDFWRU-FROODERUDWRUV�� 0HO�
6FKDHIHU�(0*6�(QJLQHHULQJ)�� 
0HW6WDW��,QF��(QRWDEO\�'HEELH� 
0DUWLQ)��7\H�3DU]\ERN��-DVRQ� 
&DOGZHOO��.DWLH�:DUG��9LFWRULD� 
%DKOV��%ULDQ�&URZ��%UDGOH\�:HOOV �� 
DQG�:D\QH�*LEVRQ�($SSOLHG� 
&OLPDWH�6HUYLFHV)� 

1RYHO�8VHV�RI�+(&-:$7� �:DWHUVKHG�$QDO\VLV�7RRO ��2XWSXW� 
%\�:LOOLDP�/HKPDQ�(&(,:5-+(&)��6WDQIRUG�*LEVRQ�(&(,:5-+(&)�3K�'���DQG�:RRGURZ�)LHOGV�(&(,:5-50&) � 

7KH�+\GURORJLF�(QJLQHHULQJ� &HQWHU 
V�:DWHUVKHG�$QDO\VLV�7RRO�(+(&-
:$7)�LV�D�VRIWZDUH� DSSOLFDWLRQ�
GHVLJQHG�WR�VXSSRUW� ZDWHUVKHG�
DQDO\VLV�ZLWK�XQFHUWDLQW\�� 7KH�
+(&-:$7'V�SXUSRVH�LV� 

�7R�SURYLGH�D�ZDWHU�UHVRXUFHV� 
WRRO�WKDW�LQWHJUDWHV�HQJLQHHULQJ� 
DQG�FRQVHTXHQFH�VRIWZDUH�WR� 
VXSSRUW�D�ZLGH�UDQJH�RI� 
86$&(�DSSOLFDWLRQV��LQFOXGLQJ� 
ZDWHUVKHG�DQG�V\VWHPV�EDVHG� 
ULVN�DQDO\VLV�� 

7KLV�DUWLFOH�GHWDLOV�WZR�UHFHQW� 
+(&-:$7�DSSOLFDWLRQV�WKDW� 
VXSSRUWHG�QRYHO�ZDWHU�UHVRXUFHV� 
DQDO\VHV��7KH�ILUVW�H[DPSOH�� 
�$FWXDULDOO\-%DVHG�,QVXUDQFH� 
5DWHV���GHYHORSV�DFWXDULDOO\-EDVHG� 
IORRG�LQVXUDQFH�UDWHV�RQ�D�SHU� 
VWUXFWXUH�EDVLV��7KH�VHFRQG� 
H[DPSOH���6HGLPHQWDWLRQ�&DVH�� 
LOOXVWUDWHV�VWRUP�VHTXHQFLQJ�HIIHFWV� 
RQ�D�VHGLPHQW�OLIH�F\FOH�DQDO\VLV� 
� 
$FWXDULDOO\-%DVHG�,QVXUDQFH� 
5DWHV�-�7KLV�H[DPSOH�XWLOL]HG� 
+(&-:$7�WR�HYDOXDWH�ULVN-EDVHG� 
IORRG�LQVXUDQFH�SUHPLXPV�RQ� 
VWUXFWXUHV�LQ�WKH�IORRGSODLQ�QRUWK�RI� 
WKH�$PHULFDQ�5LYHU�LQ�6DFUDPHQWR�� 
&DOLIRUQLD��7R�VXSSRUW�WKH� 

HYDOXDWLRQ�RI�ULVN-EDVHG�SUHPLXPV�� 
+(&-:$7�XVHG�WKH�+\GURORJLF� 
6DPSOHU��+(&-5$6�(5LYHU� 
$QDO\VLV�6\VWHP)��WKH�)UDJLOLW\� 
&XUYH�6DPSOHU��DQG�D�GDPDJH� 
FRPSXWDWLRQ�SOXJ-LQ��7KHVH� 
VRIWZDUH�SURJUDPV�ZHUH�XVHG�ZLWKLQ 
a Flood Risk Analysis FRA compute 
i.e., considering uncertainty  to 
produce three  outputs, Annual 
Exceedance Probability (AEP) grids, 
Expected Annual Damage(EAD) 
with  uncertainty per structure, and 
AEP  per structure. The EAD 
estimates  and their uncertainty 
distribution can be used to determine 
a risk-based premium per structure. 

7KH�+\GURORJLF�6DPSOHU��D�SOXJ-LQ� 
IRU�+(&-:$7��JHQHUDWHG�IORZ� 
HYHQWV�IRU�WKH�XSVWUHDP�ERXQGDU\� 
FRQGLWLRQ�RI�+(&-5$6��)LJXUH���� 
LOOXVWUDWHV�D�VDPSOH�RI�ILIW\�HYHQWV� 
RI�YDU\LQJ�PDJQLWXGH��ZLWK�HDFK� 
HYHQW�VHSDUDWHG�IURP�RQH�DQRWKHU�LQ� 
WLPH��7KLV�WHFKQLTXH�PDGH�HDFK� 
+(&-5$6�PRGHO�VLPXODWLRQ�UHVXOW� 
LQGHSHQGHQW�IURP�SUHYLRXV�HYHQWV�� 

7KLV�SURMHFW�XWLOL]HG�WKH�WZR-
GLPHQVLRQDO�FRPSXWH�HQJLQH�ZLWKLQ� 
+(&-5$6��7KH�OHYHH�VWUXFWXUH�ZDV� 
VHW�ZLWK�WZR�EUHDFK�ORFDWLRQV��RQH� 
RQ�WKH�1RUWK�(DVW�0DLQ�'UDLQDJH� 
&KDQQHO� 1(0'& �DQG�RQH�RQ�WKH� 
$PHULFDQ�5LYHU��7KH�+(&-:$7� 

)LJXUH���. 6XEVHW�RI�WKH�VDPSOHG�HYHQWV�IRU�WKH�LQVXUDQFH�VWXG\�H[DPSOH� 
FRQWLQXHG�RQ�SDJH��� 
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$PHULFDQ�5LYHU�
EUHDFK�ORFDWLRQ

1RYHO�8VHV�RI�+(&-:$7� :DWHUVKHG�$QDO\VLV�7RRO �2XWSXW� FRQWLQXHG� 
%\�:LOOLDP�/HKPDQ�(&(,:5-+(&)��6WDQIRUG�*LEVRQ�(&(,:5-+(&)�3K�'���DQG�:RRGURZ�)LHOGV�(&(,:5-50&) � 

FRQWLQXHG�IURP�SDJH��� 

)UDJLOLW\�&XUYH�6DPSOHU�UDQGRPO\� 
JHQHUDWHG�EUHDFK�WULJJHU�HOHYDWLRQV� 
IRU�HDFK�EUHDFK�ORFDWLRQ��7KLV� 
SURFHVV�DOORZHG�IRU�WKH�FRPSXWDWLRQ� 
RI�DQ�$(3�JULG�ZKLFK�UHSUHVHQWHG� 
WKH�LPSDFW�RI�OHYHH�IUDJLOLW\�RQ�WKH� 
FRPSXWHG�$(3�IRU�HDFK�JULG�FHOO� 
()LJXUH���)��7KLV�JULG�FDQ�DOVR� 
JHQHUDWH�WKH�ERXQGDULHV�RI�DQ\� 
IORRGSODLQ�UHTXHVWHG�IRU�DQ\�UHWXUQ� 
IUHTXHQF\� 

7KH�K\GUDXOLF�RXWSXWV�IURP� 
+(&-5$6�ZHUH�XWLOL]HG�WR�FRPSXWH� 
GDPDJHV�DW�HDFK�VWUXFWXUH�IRU�HDFK� 
HYHQW��'HSWKV�IRU�HDFK�HYHQW�ZHUH� 
H[WUDFWHG�IRU�HDFK�SRLQW�LQ�WKH� 
VWUXFWXUH�LQYHQWRU\��DQG�GDPDJHV� 
ZHUH�FDOFXODWHG�DQG�VWRUHG�IRU�HDFK� 
HYHQW��)LJXUH����VKRZV�D�VLQJOH� 
HYHQW�IURP�+(&-5$6�FRPSDUHG�WR� 
WKH�ORFDWLRQV�RI�VWUXFWXUHV�LQ�WKH� 
VWUXFWXUH�LQYHQWRU\� 

)LJXUH���. 'HSWK�JULG�DQG�VWUXFWXUHV� 
GLVSOD\HG�WRJHWKHU� 

+(&-:$7�VXPPDUL]HG�DOO�HYHQWV� 
LQWR�($'�HVWLPDWHV�IRU�HDFK�RI�WKH� 
WZHQW\�UHDOL]DWLRQV�VLPXODWHG��ZKLFK� 
JHQHUDWHG�D�GLVWULEXWLRQ�RI�($'�IRU� 
HDFK�VWUXFWXUH��7KH�GLVWULEXWLRQ�RI� 
($'�UHSUHVHQWV�WKH�NQRZOHGJH� 
XQFHUWDLQWLHV�RI�WKH�VLPXODWLRQ�� 
ZKLOH�WKH�($'�LWVHOI�UHSUHVHQWV�WKH� 
QDWXUDO�YDULDELOLW\�LPSDFWLQJ�WKH� 
GDPDJH�HVWLPDWHV�DW�HDFK�VWUXFWXUH�� 
)LJXUH����LOOXVWUDWHV�WKH�DYHUDJH�RI� 
DOO�($'�HVWLPDWHV�IRU�HDFK� 
VWUXFWXUH��FODVVLILHG�E\�GROODU�UDQJHV� 

,Q�DGGLWLRQ�WR�FRPSXWLQJ�($'�DW� 
HDFK�VWUXFWXUH��WKLV�SURFHVV�DOVR� 
DOORZV�IRU�WKH�H[WUDFWLRQ�RI�$(3�SHU� 
VWUXFWXUH��VR�WKDW�$(3�FDQ�EH� 
UHSRUWHG�RQ�D�SHU�VWUXFWXUH�EDVLV� 
()LJXUH���)��$(3�SHU�VWUXFWXUH� 
DOORZV�IRU�FRPPXQLFDWLRQ�RI�WKH� 

OLNHOLKRRG�RI�LQXQGDWLRQ�DW�D� 
VWUXFWXUH�WR�IDFLOLWDWH�XQGHUVWDQGLQJ� 
RI�WKH�KD]DUG�� 

6HGLPHQWDWLRQ�&DVH�–�+(&-5$6� 
VXSSRUWV�WKH�FRPSXWDWLRQ�RI� 
VHGLPHQWDWLRQ�SURFHVVHV�GXULQJ�D� 
RQH�GD\�FRPSXWDWLRQ��)RU�WKLV� 
H[DPSOH�DSSOLFDWLRQ��+(&�XVHG�D� 
QHZ�IHDWXUH�LQ�WKH�+\GURORJLF� 
6DPSOHU�LQ�FRQMXQFWLRQ�ZLWK�DQ� 

)LJXUH���. $(3�JULG�IRU�,QVXUDQFH�H[DPSOH�VWXG\�� 

+(&-5$6�VHGLPHQW�PRGHO�RI�/HZLV� 
DQG�&ODUN�UHVHUYRLU�(*LEVRQ�DQG� 
%R\G������)���7KH�XQVWHDG\� 
+(&-5$6�PRGHO�VLPXODWHV�WKH� 
GHSRVLWLRQ�RI�WKH�1LREUDUD�5LYHU�LQ� 
WKH�GRZQVWUHDP-PRVW�UHVHUYRLU�RQ� 
WKH�0LVVRXUL�&DVFDGH��� 

7KH�VHGLPHQWDWLRQ�VWXG\�XVHG�WKH� 
+\GURORJLF�6DPSOHU�WR�SURGXFH�WKH� 
XSVWUHDP�ERXQGDU\�FRQGLWLRQV�IRU� 

)LJXUH���. $QQXDO�([FHHGDQFH�3UREDELOLW\�(RI�GHSWK�DERYH�JURXQG)�E\�VWUXFWXUH�� 

)LJXUH���. $QQXDO�([FHHGDQFH�3UREDELOLW\�(RI�GHSWK�DERYH�JURXQG)�E\�VWUXFWXUH�� 

FRQWLQXHG�RQ�SDJH��� 
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1RYHO�8VHV�RI�+(&-:$7� :DWHUVKHG�$QDO\VLV�7RRO �2XWSXW� FRQWLQXHG� 
%\�:LOOLDP�/HKPDQ� &(,:5-+(& ��6WDQIRUG�*LEVRQ� &(,:5-+(& �3K�'���DQG�:RRGURZ�)LHOGV� &(,:5-50& � 

FRQWLQXHG�IURP�SDJH��� 

+(&-5$6��8QOLNH�WKH�LQVXUDQFH� 
FDVH�VWXG\�ZKHUH�HYHQWV�ZHUH� 
LQGHSHQGHQW��WKLV�WLPH�WKH�HYHQWV� 
ZHUH�FRQWLQXRXV�IRU�ILIW\�\HDUV�DW�D� 
WLPH��7KH�QHZ�IHDWXUH�RI�WKH� 
+\GURORJLF�6DPSOHU�SURGXFHV� 
FRQWLQXRXV�HYHQWV�IRU�PXOWLSOH�\HDUV� 
RI�GXUDWLRQ��7KHUHIRUH��WKH�PRGHOHG� 
HYHQWV�DQG�WKHLU�VHTXHQFHV�LPSDFWHG� 
WKH�RXWFRPHV�IRU�+(&-5$6��,Q�WKLV� 
H[DPSOH��WKH�+\GURORJLF�6DPSOHU� 
VDPSOHG�KLVWRULF�VWRUPV��ZHLJKWLQJ� 
HDFK�VWRUP�LGHQWLFDOO\�DQG� 
FRPELQLQJ�WKHP�LQWR�ILIW\-\HDU�IORZ� 
VHULHV� L�H���KLVWRULFDO�ERRWVWUDSSLQJ� 
WHFKQLTXHV ��)LJXUH����LQFOXGHV�WKH� 
DFWXDO�KLVWRULFDO�UHFRUG� UHG �DQG� 
RQH�VDPSOHG�OLIHF\FOH� ILIW\�\HDUV�RI� 
FRQWLQXRXV�IORZ�GHULYHG�IURP�WKH� 
KLVWRULFDO�UHFRUG�(JUHHQ)��7KH� 
V\QWKHWLF�VHULHV�(JUHHQ)�GLG�QRW� 
VDPSOH�WKH�ODUJHVW�KLVWRULFDO�HYHQW�� 
DQG�SODFHG�WKH�VHFRQG�ODUJHVW�HYHQW� 
KDOIZD\�WKURXJK�WKH�SHULRG�RI� 
UHFRUG���2WKHU�WLPH�VHULHV�VDPSOHG� 
WKH�ODUJHVW�HYHQW�PRUH�WKDQ�RQFH�� 
6HGLPHQW�SURFHVVHV�DQG�OLIH�F\FOH� 
DQDO\VHV�DUH�VHQVLWLYH�WR�WKLV� 
YDULDELOLW\�LQ�PDJQLWXGH�DQG�WLPLQJ� 

+(&-:$7�UDQ�WKH�+(&-5$6� 
VHGLPHQW�PRGHO�ZLWK�WKUHH�KXQGUHG� 
UDQGRPO\�JHQHUDWHG�ILIW\-\HDU�IORZ� 
HYHQW�VHTXHQFHV��GHYHORSHG�IURP� 
KLVWRULFDO�IORZ�GDWD��6HGLPHQW� 
WUDQVSRUW�LV�QRQ-OLQHDU�ZLWK�IORZ��� 
7KH�VHTXHQFH�DQG�PDJQLWXGH�RI�WKH� 
IXWXUH�IORZ�HYHQWV�LV�D�GRPLQDQW� 
IDFWRU�LQ�VHGLPHQW�WUDQVSRUW� 
XQFHUWDLQW\��7KH�WLPLQJ�RI�ODUJH� 
HYHQWV�LV�SDUWLFXODUO\�LPSRUWDQW� 
EHFDXVH�WKHVH�ODUJH�HYHQWV�PD\� 
DFFRXQW�IRU�PXFK�RI�WKH�VFRXU�RU� 
GHSRVLWLRQ��DIIHFW�WKH�SURMHFW�OLIH� 
F\FOH�DQDO\VLV��DQG�DIIHFW�IXWXUH� 
GLVWULEXWLRQ�RI�EHQHILWV� 

)LJXUH����LOOXVWUDWHV�WKH�XQFHUWDLQW\� 
LQ�EHG�FKDQJH� HURVLRQ �DW�D�PRGHO� 
FURVV�VHFWLRQ�LQ�WKH�+(&-5$6� 
PRGHO�DFURVV�WKH�OLIHF\FOH�RI�WKH� 
DQDO\VLV�LQ�+(&-:$7��7KH�YHUWLFDO� 
UHG�GLVWULEXWLRQV�VXPPDUL]H�WKH� 
LPSDFW�RI�K\GURORJLF�XQFHUWDLQW\�RQ� 
WKH�FKDQQHO�LQYHUW�RYHU�WKH�ILIW\-
\HDU�VLPXODWLRQ��ZKLFK�LQFUHDVHV� 
ZLWK�WLPH�� 

 UHG �)LJXUH���. +LVWRULFDO�IORZ�UHFRUG� FRPSDUHG�WR�RQH�RI�WKH�WKUHH-KXQGUHG���-\HDU� 
V\QWKHWLF�(ERRW�VWUDSSHG)�IORZ�UHFRUGV�(JUHHQ)�XVHG�LQ�WKH�VHGLPHQW�H[DPSOH� 

)LJXUH���. 7KUHH�KXQGUHG�WUDFHV�RI�WKH�LQYHUW�HOHYDWLRQ�RI�D�FURVV�VHFWLRQ�DFURVV�WLPH� 

&RQFOXVLRQ XVH�+(&-:$7�DQG�SURYLGH�XV� 
IHHGEDFN�RQ�\RXU�H[SHULHQFH�–�\RX� 

+(&-:$7�SUHVHQWV�D�IOH[LEOH� DUH�WKH�UHDVRQ�ZH�EXLOW�WKLV��OHW�XV� 
IUDPHZRUN�IRU�HYDOXDWLQJ�D�UDQJH�RI� NQRZ�KRZ�ZH�FDQ�KHOS� 
VWXG\�JRDOV�ZLWK�XQFHUWDLQW\�� 
8WLOL]LQJ�+(&-:$7�FRXOG�LPSURYH� 
D�SURMHFW�GHOLYHU\�WHDP¶V�DELOLW\�WR� 
FKDUDFWHUL]H�WKHLU�XQFHUWDLQW\�RQ� 
VSHFLILF�RXWSXWV�LQ�ZD\V�WKDW�ZHUH� 
SUHYLRXVO\�RQO\�WKHRUHWLFDO��7KH� 
IOH[LELOLW\�RI�WKH�+(&-:$7� 
IUDPHZRUN�FUHDWHV�RSSRUWXQLWLHV� 
WKDW�DUH�RQO\�OLPLWHG�E\�RXU�XVHUV � 
LPDJLQDWLRQV��:H�FKDOOHQJH�\RX�WR� 
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2QH�+\GURORJLF�7HFKQLFLDQ'V�([SHULHQFHV 
%\�-XOLD�6ODXJKWHU� 

$IWHU�EHJLQQLQJ�P\�K\GURORJLF� 
WHFKQLFLDQ�SRVLWLRQ�RYHU�WKUHH�\HDUV� 
DJR��,�VRRQ�GLVFRYHUHG�WKDW�,�VKRXOG� 
H[SHFW�WKH�XQH[SHFWHG�QHDUO\�HYHU\� 
GD\�DW�WKH�+\GURORJLF�(QJLQHHULQJ� 
&HQWHU�(+(&)��7KLV�H[SHFWDWLRQ� 
JUHZ�IURP�WKH�ZLGH�UDQJH�RI� 
GLIIHUHQW�VHUYLFHV�,�KDYH�EHHQ�DVNHG� 
WR�SURYLGH�LQ�VXSSRUW�RI�+(&'V� 
PLVVLRQ��ZKLFK�DW�WLPHV�YDU\�RQ�D� 
GDLO\�EDVLV��6HUYLFHV�SHUIRUPHG� 
LQFOXGH�EXW�DUH�QRW�OLPLWHG�WR� 
VRIWZDUH�WHVWLQJ�DQG�GRFXPHQWDWLRQ� 
IRU�YDOLGDWLRQ��86$&(�JXLGDQFH� 
GRFXPHQWDWLRQ��WUDLQLQJ�DVVLVWDQFH�� 
VRIWZDUH�XVHUV¶�GRFXPHQWDWLRQ��DQG� 
SURMHFW��WHFKQLFDO��DQG�EXVLQHVV� 
VXSSRUW��:KHQ�SHUIRUPLQJ�WKH� 
GLYHUVLW\�RI� UHVSRQVLELOLWLHV�WKLV� 

SRVLWLRQ� 
HQWDLOV��,� 
ILQG�LW�LV� 
HVVHQWLDO�WR�DSSURDFK�HDFK� 
WDVN�ZLWK�XQGHUVWDQGLQJ�� 
FUHDWLYLW\��DQG�D�WKRURXJK� 
DQG�RUJDQL]HG�LQYHVWLJDWLRQ� 

6XSSRUWLQJ�+(&'V� PLVVLRQ�GRHV�
FRQWDLQ�D� FHUWDLQ�DPRXQW�RI�URXWLQH�
LQ� VRIWZDUH�WHVWLQJ�DQG�
GRFXPHQWDWLRQ�� ZKLFK�LV�D�FUXFLDO�
FRPSRQHQW�RI� GHYHORSLQJ�QHZ�DQG�
LQQRYDWLYH� VRIWZDUH�IRU�86$&(��
$QDO\]LQJ� DQG�XQGHUVWDQGLQJ�WKH�
LQWHQGHG� DXGLHQFH�DQG�FRPSRVLWLRQ�
RI�WKH� ORJLFDO�ZRUNIORZ�SURFHVV�LV� 
LPSRUWDQW�IRU�UHDFKLQJ�WKLV�JRDO�� 
)XUWKHUPRUH��WHVWLQJ�WKH�VRIWZDUH� 
IURP�D�QRQ-GHYHORSHU'V�SHUVSHFWLYH� 
FDQ�EH�EHQHILFLDO�E\�ILQGLQJ� 
SRWHQWLDO�VQDJV�RU�SLWIDOOV�XVHUV� 
PLJKW�HQFRXQWHU��DQG�FDQ�KHOS�PH� 
SURYLGH�LGHDV�IRU�LPSURYLQJ�WKH� 
SURGXFW
 V�GHVLJQ��2FFDVLRQDOO\�� 
VSHFLILF�VRIWZDUH�GHVLJQ� 
LPSURYHPHQWV�DUH�UHTXHVWHG��)RU� 
H[DPSOH��,�ZDV�DVNHG�WR�FUHDWH� 
YHFWRU�LFRQV�IRU�+(&-/LIH6LP�� 
ZKLFK�DOORZHG�PH�WR�DSSO\� 

FUHDWLYLW\�DQG�LQJHQXLW\�WR�FRPSOHWH� 
WKH�WDVN��2YHUDOO��,�KDYH�IRXQG�WKDW� 
FRPPXQLFDWLRQ�ZLWK�WKH�VRIWZDUH� 
GHYHORSPHQW�WHDP�LV�SDUDPRXQW�WR� 
VXSSRUW�WKH�WHDP�HIILFLHQWO\�E\� 
UHVROYLQJ�TXHVWLRQV�DQG�FODULI\LQJ� 
SUREOHPV�ORJLFDOO\�� 

)XUWKHUPRUH��LW�KDV�EHFRPH�P\� 
H[SHULHQFH�WKDW�ZKHQ�XQGHUWDNLQJ� 
VRIWZDUH�WHVWLQJ�DQG�ZRUNLQJ�RQ� 
VRIWZDUH�GRFXPHQWDWLRQ��D�WKRURXJK� 
LQYHVWLJDWLRQ�DQG�XQGHUVWDQGLQJ�RI� 
WKH�LQWHUZRUNLQJ�RI�WKH�VRIWZDUH�LV� 
YLWDO��)RU�H[DPSOH��RQH�RI�P\�YHU\� 
ILUVW�WDVNV�DW�+(&�ZDV�WR�UHYLHZ�WKH� 
&RUSV�:DWHU�0DQDJHPHQW�6\VWHP�
(&:06)�8VHU'V�0DQXDO�DQG�XSGDWH� 
WKH�GRFXPHQW�EDVHG�RQ�WKH� 

PLJKW�SRS�LQ�WR�UHTXHVW�DQ� 
LOOXVWUDWLRQ�IRU�D�SUHVHQWDWLRQ��D� 
VRIWZDUH�GHVLJQ�UHFRPPHQGDWLRQ�� 
KHOS�ZLWK�DQ�LVVXH�WKH\�KDYH� 
HQFRXQWHUHG��RU�D�TXLFN�UHYLHZ�RI�D� 
GRFXPHQW��7KHUHIRUH��D�EDODQFH� 
EHWZHHQ�D�WDVN V�DUUDQJHG�WLPHWDEOH� 
DQG�VLJQLILFDQFH�PXVW�EH� 
GHWHUPLQHG�WR�DFFRPSOLVK�HDFK�WDVN� 
ZLWK�HIILFLHQF\��7KURXJK�P\� 
H[SHULHQFHV�,�KDYH�IRXQG�WKDW�WKH� 
UHVSRQVLELOLWLHV�RI�D�K\GURORJLF� 
WHFKQLFLDQ�DW�+(&�UHTXLUH� 
FUHDWLYLW\��REMHFWLYLW\��DQG� 
IOH[LELOLW\�WR�DGDSW�WR�D�G\QDPLF�DQG� 
YDULHG�ZRUNORDG��,Q�RWKHU�ZRUGV��,� 
KDYH�FRPH�WR�ZHDU�D�ZLGH�UDQJH�RI� 
GLIIHUHQW�KDWV�LQ�VXSSRUW�RI�+(&'V� 
PLVVLRQ� 

&RQFHSWXDO�GLDJUDP�LOOXVWUDWLQJ�WKH�G\QDPLF�ZRUNORDG�DQG�YDULRXV�KDWV�ZRUQ�LQ�VXSSRUW�RI�WKH�+(&¶V�PLVVLRQ� 

LPSURYHPHQWV�PDGH�WR�WKH�FRQWURO� 
DQG�YLVXDOL]DWLRQ�LQWHUIDFH�(&$9,)� 
RI�&:06��$�FROOHDJXH�GHVFULEHG� 
WKLV�WDVN�DV�EHLQJ�WKURZQ�LQ�WKH� 
GHHS�HQG�DQG�EHLQJ�H[SHFWHG�WR� 
OHDUQ�KRZ�WR�VZLP��DV�WKH�WDVN� 
LQYROYHG�VHYHUDO�+(&�DQDO\VLV� 
DSSOLFDWLRQV��&RQVHTXHQWO\��WKLV� 
WDVN�SURYLGHG�PH�DQ�LPSRUWDQW� 
LQWURGXFWLRQ�WR�D�QXPEHU�RI�+(&'V� 
VRIWZDUH�DSSOLFDWLRQV� 
VLPXOWDQHRXVO\��DQG�IXUWKHUHG�P\� 
XQGHUVWDQGLQJ�RI�WKH�LPSRUWDQFH� 
DQG�YDOXH�RI�+(&'V�SURGXFWV�DQG� 
PLVVLRQ� 

2YHUDOO��FRPPXQLFDWLRQ�DQG� 
RUJDQL]DWLRQ�DUH�LPSRUWDQW�IRU� 
EDODQFLQJ�WKH�PXOWLWXGH�RI�GLIIHUHQW� 
DVVLJQHG�WDVNV��)RU�H[DPSOH��LQ�WKH� 
FRXUVH�RI�D�GD\�VHYHUDO�LQGLYLGXDOV� 
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&(,:5-+(&�3HUVRQQHO��1HZ�(PSOR\HHV 
%\�'DZQ�3DOPD 

0V��.ULVW\�5LOH\�-�MRLQHG�+(&�LQ� 
0DUFK������DV�+(& V�ILUVW� 
HPSOR\HH�GHGLFDWHG�WR�3URMHFW� 
0DQDJHPHQW�(30)���.ULVW\�KDV�KHU� 
XQGHUJUDGXDWH�GHJUHH�LQ�&LYLO� 
(QJLQHHULQJ�IURP�&DO�3RO\��6DQ� 
/XLV�2ELVSR�DQG�PDVWHUV�LQ�&LYLO� 
(QJLQHHULQJ�IURP�8&�'DYLV��6KH� 
VWDUWHG�KHU�FDUHHU�LQ�WKH�6DFUDPHQWR� 
'LVWULFW�LQ�+\GUDXOLF�'HVLJQ��7KHUH� 
VKH�ZRUNHG�RQ�ODUJH�IHDVLELOLW\� 
VWXGLHV�(&RPPRQ�)HDWXUHV�DQG� 
:HVW�6DFUDPHQWR)�GHYHORSLQJ� 
+(&-5$6�PRGHOV�DQG�LQXQGDWLRQ� 
PDSV�� 

.ULVW\�5LOH\ 

,Q�-DQXDU\������.ULVW\�VZLWFKHG�WR� 
:DWHU�0DQDJHPHQW�ZKHQ�VKH� 
MRLQHG�WKH�6HDWWOH�'LVWULFW�(1:6)�� 
6KH�UHJXODWHG�1:6�UHVHUYRLUV�ZHVW� 
RI�WKH�&DVFDGHV�DV�ZHOO�DV�/LEE\� 
DQG�$OEHQL�)DOOV�LQ�WKH�8SSHU� 
&ROXPELD�EDVLQ��6KH�DVVLVWHG�ZLWK� 
VRPH�&ROXPELD�5LYHU�7UHDW\� 
(&57)�ZRUN�DQG�ZDV�WKH�'LVWULFW� 
OHDG�IRU�&:06�ZDWHUVKHG� 
GHYHORSPHQW�� 

:KLOH�LQ�6HDWWOH�VKH�KHOSHG�RQ�WKH� 
&57�HIIRUW�ZKHQ�86$&(�� 
%RQQHYLOOH�3RZHU�$GPLQLVWUDWLRQ�
(BPA)and British Columbia (BC 
Hydro) were trying to decide on the 
hydraulic capacity of Grohman 
Narrows (in Canada) which are 
affected by Libby Dam (in the U.S.) 
operations. After years of   
discussion, she offered a proposal  
that the agencies accepted. Since  
there were so many hydraulic  
capacity curves, they asked what it 

VKRXOG�EH�QDPHG�DQG�VRPHRQH� 
VXJJHVWHG�FDOOLQJ�LW�WKH�5LOH\�FXUYH��� 
7KH�QDPH�FRQWLQXHV�WR�WKLV�GD\� 

.ULVW\�HQMR\HG�OHDGLQJ�WHFKQLFDO� 
SURMHFWV��VR�ZKHQ�WKH�MRE� 
RSSRUWXQLW\�DW�+(&�FDPH�XS�WR�ILOO� 
D�30�UROH��LW�VHHPHG�WR�EH�D�JRRG� 
ILW��.ULVW\�DQG�KHU�IDPLO\�DUH�DOVR� 
YHU\�KDSS\�WR�EH�EDFN�LQ�VXQQ\� 
&DOLIRUQLD�� 

0U��.DUO�7DUEHW�-�MRLQHG�+(&�LQ� 
WKH�VXPPHU�RI������DV�D�&LYLO� 
(QJLQHHU�(+\GUDXOLFV)�LQ�WKH�:DWHU� 
0DQDJHPHQW�6\VWHPV�'LYLVLRQ���+H� 
KDV�DQ�XQGHUJUDGXDWH�DQG�PDVWHUV�LQ� 
&LYLO�DQG�(QYLURQPHQWDO� 
(QJLQHHULQJ�IURP�8WDK�6WDWH� 
8QLYHUVLW\��/RJDQ� 

3ULRU�WR�MRLQLQJ�+(&��KH�ZRUNHG���� 
\HDUV�IRU�WKH�8�6��%XUHDX�RI� 
5HFODPDWLRQ�LQ�,GDKR��7KH�ILUVW�WZR� 
\HDUV�ZHUH�DV�D�FRQVXOWDQW�ZLWK� 
&+�0�+LOO���.DUO�JRW�WLUHG�RI�WUDYHO� 
DQG�MRLQHG�WKH�8�6��%XUHDX�RI� 
5HFODPDWLRQ��+H�HYHQWXDOO\�EHFDPH� 
WKH�PDQDJHU�RI�WKH�ZDWHU�GDWD� 
V\VWHP�FDOOHG�+\GURPHW�LQ�WKH� 
3DFLILF�1RUWKZHVW�5HJLRQ�LQ�%RLVH� 

.DUO�7DUEHW 

.DUO�ZDQWHG�WR�VSHQG�WKH�ODVW�KDOI� 
RI�KLV�FDUHHU�ZRUNLQJ�PRUH�GLUHFWO\� 
ZLWK�WKH�VRIWZDUH�GHYHORSPHQW� 
ZRUOG���SHRSOH��FRPSXWHUV��EXJV�� 
DQG�FRGH���+H�GLVFRYHUHG�+(&� 
ZRUNV�ZLWK�SHRSOH��FRPSXWHUV�� 
EXJV��FRGH��DQG�JUHDW�ZHDWKHU�DV�D� 
ERQXV�� 
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35263(&7�7UDLQLQJ�3URJUDP 
&XUUHQW�3URJUDP�&�)<������3URSRVHG�35263(&7�7UDLQLQJ�3URJUDP
%\�&KULVWRSKHU�1��'XQQ��3�(���'�:5(��/HD�*��$GDPV��3�(���3HQQL�%DNHU��DQG�-XOLD�6ODXJKWHU 

7KH�35263(&7�(3URSRQHQW-
6SRQVRUHG�(QJLQHHU�&RUSV� 
7UDLQLQJ)�SURJUDP�IRU�)<������KDV� 
EHJXQ�ZLWK�WKUHH�FODVVHV�FRPSOHWHG� 
DQG�VHYHQ�PRUH�WR�EH�WDXJKW��� 
3OHDVH�QRWH�WKDW�ZKLOH�WKH�)<������ 
FODVVHV�DUH�FXUUHQWO\�ILOOHG��LI�\RX� 
DUH�VWLOO�LQWHUHVWHG��LW�QHYHU�KXUWV�WR� 
LQTXLUH�DERXW�MRLQLQJ�D�FODVV�� 
6RPHWLPHV�SHRSOH�FDQFHO�DQG�\RX� 
PLJKW�EH�DEOH�WR�MRLQ�WKH�FODVV�LI� 
WKH\�GR� 

7KH�WDEOH�EHORZ�SURYLGHV�WKH�)<� 
�����3URSRVHG�35263(&7� 
WUDLQLQJ�SURJUDP�IRU�WKH� 
+\GURORJLF�(QJLQHHULQJ�&HQWHU�� 
(CEIWR-HEC).  The PROSPECT 
training program is provided  
through  the USACE Learning 
Center  ULC . The ULC is located 

LQ�+XQWVYLOOH��$ODEDPD�DQG�LI�\RX� 
DUH�LQWHUHVWHG�LQ�RQH�RU�PRUH�RI�WKH� 
FRXUVHV��SOHDVH�OHW�WKH�WUDLQLQJ� 
SURJUDP�OHDG�LQ�\RXU�'LVWULFW� 
'LYLVLRQ�NQRZ�VR�WKH\�FDQ�UHSRUW� 
\RXU�LQWHUHVW�WR�WKH�8/&���8/&�KDV� 
LPSOHPHQWHG�D�QHZ�SROLF\�WKDW�LI� 
PLQLPXP�HQUROOPHQW�UHTXLUHPHQWV� 
DUH�QRW�PHW�QLQHW\�GD\V�SULRU�WR�WKH� 
VWDUW�GDWH�RI�D�FODVV�LW�ZLOO�EH� 
FDQFHOOHG���,I�\RX�KDYH�DQ�LQWHUHVW� 
LQ�D�FODVV��\RX�QHHG�WR�JHW�\RXU� 
UHTXHVW�LQ�VRRQHU�WKDQ�ODWHU� 

7R�UHJLVWHU�IRU�RXU�FRXUVHV��SOHDVH� 
FRQWDFW�WKH�DSSURSULDWH�SDUW\�LQ� 
\RXU�RIILFH�RU�FRQWDFW�8/&�� 
KWWS���XOF�XVDFH�DUP\�PLO��� 

5HJLVWUDWLRQ�LV�KDQGOHG�E\�7UDLQLQJ� 
DQG�2SHUDWLRQV�(&(+5-3-5*)��� 

&RXUVH�GHVFULSWLRQV�DUH�SURYLGHG�DW� 
WKH�8/&�VLWH�� 
(KWWS���XOF�XVDFH�DUP\�PLO� 
&UV6FKHGXOH�DVS[). 

$�VKRUW�GHVFULSWLRQ�DORQJ�ZLWK�D� 
FRXUVH�DJHQGD�LV�DOVR�SURYLGHG�RQ� 
&(,:5-+(& V�ZHE�VLWH�(KWWS��� 
ZZZ�KHF�XVDFH�DUP\�PLO�WUDLQLQJ� 
FRXUVH_OLVW�KWPO).��7R�REWDLQ� 
HQUROOPHQW�LQIRUPDWLRQ��SOHDVH� 
FRQWDFW�WKH�86$&(�/HDUQLQJ� 
&HQWHU���:KHQ�GRLQJ�VR��SOHDVH� 
QRWH�WKH�FRXUVH�QXPEHU��QDPH�� 
GDWH��DQG�ORFDWLRQ��DQG�FRQWDFW� 

86$&(�/HDUQLQJ�&HQWHU 
����6SDUNPDQ�'ULYH��1: 
+XQWVYLOOH��$/�������-���� 
3KRQH���(���)����-���� 
)$;��(���)����-���� 

&(,:5-+(&'V�)<������3URSRVHG�35263(&7�7UDLQLQJ�3URJUDP 

&RXUVH�1XPEHU 
&RXUVH�7LWOH�� 

DOO�FODVVHV�ORFDWHG�LQ�'DYLV��&$ 'DWHV 

��� :DWHU�DQG�:DWHUVKHG ���-����-DQ����� 

��� &:06�0RGHOLQJ�IRU�5HDO-7LPH�:DWHU�0DQDJHPHQW ���-����-DQ����� 

��� 5HVHUYRLU�6\VWHPV�$QDO\VLV�ZLWK�+(&-5HV6LP ���-����)HE����� 

��� 5LVN�$QDO\VLV�IRU�)ORRG�'DPDJH�5HGXFWLRQ�3URMHFWV ���-����)HE����� 

��� +\GUDXOLFV�DQG�+\GURORJ\�IRU�'DP�6DIHW\�6WXGLHV ��-����0DU����� 

��� +\GURORJLF�$QDO\VLV�IRU�(FRV\VWHP�5HVWRUDWLRQ ��-����$SU����� 

��� 8QVWHDG\�)ORZ�XVLQJ�+(&-5$6 ���-����$SU����� 

��� )ORRG�)UHTXHQF\�$QDO\VLV ��-���0D\����� 

��� +\GURORJLF�0RGHOLQJ�ZLWK�+(&-+06 ��-����-XQ����� 

��� $GYDQFHG��'��'�0RGHOLQJ�ZLWK�+(&-5$6 ���-����-XO����� 

�� 
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