
7H[W�%RRN��.QLJKW�-RQHV�)LHOGV��8QLYHUVLW\�3K\VLFV�IRU�WKH�/LIH�6FLHQFHV
7RSLFV 5HOHYDQW�/LIHVFLHQFH�&RQQHFWLRQV�DQG�([DPSOHV�'LVFXVVHG

3+<6,&6��$
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+RZ�WR�PHDVXUH�GLVWDQFH��+HLJKW��/HQJWK�DQG�7LPH�DQG�PDNH�
*UDSKV�RI�FKDQJHV��/HDUQ�KRZ�WR�GHVFULEH�PWLRQ�DQG�PRYHPHQW�
LQ�DOO�DQLPDOV�DQG�REMHFWV��


P<djIg�Ä���!]jQ][�<Y][O�<�YQ[I

1[QN]gZ�!]jQ][���[hj<[j<[I]kh�6IY]EQjs��

][[IEjQ][�j]�
<YEkYkh��
][hj<[j�
�EEIYIg<jQ][���Q[IZ<jQE��fk<jQ][h�<[G�
/]YkjQ][���gII��<YY��+g]WIEjQYI�!]jQ][

&ODVVLI\LQJ�DVSHFWV�RI�PRWLRQ�WR�XQGHUVWDQG�VWHDG\�VSSHG�YV�
UXQQLQJ��KRSSLQJ��IO\LQJ��UHODWLRQ�WR�SUHGDWRUV�SUH\��7UDMHFWRU\�RI�
/HDSLQJ�MXPSLQJ��EXVK�EDE\�	�FOLFN�EHHWOHV�


P<djIg�Å����]gEI�<[G�!]jQ][
"Iqj][h��Qghj�<[G�/IE][G� <qh���]gEI�²�
�]gEI�6IEj]gh��-k<YQj<jQpI�YQhj�]N�QZd]gj<[j�
N]gEIh��1hI�]N�6IEj]gh��/IEjQ][h��Å�Â�Å�É

)RUFHV�XVHG�E\�DQLPDOV��PLFUR�RUJDQLVPV�DQG�SODQWV�WR�VXSSRUW��
DQG�LQ�ORFRPRWLRQ��ZDONLQJ��UXQQLQJ�HWF����([DPSOH��$QDO\VH�WKH�
IRUFHV�RQ�NQHH�FDS


P<djIg�Æ����[jIg<EjQ[O�/shjIZh

�QhjQ[OkQhPQ[O�!<hh�<[G�7IQOPj���gQEjQ][<Y�
�]gEI���Y<hjQE�N]gEI�<[G�DgQIN�fk<YQj<jQpI�
GQhEkhhQ][�]N�Gg<O�N]gEI��"Iqj][h�0PQgG� <q��
"Iqj][h� <q�]N��g<pQjs���/IEjQ][h��Æ�Â�Æ�Ä��
-k<YQj<jQpI��gQIN�Æ�Å��Æ�Æ�Æ�Ç�Æ�È

3ODQWV�DQG�$QLPDOV�HYROYH�EDVHG�RQ�WKH�IRUFHV�H[SHULHQFHG�LQ�
WKHLU�QDWLYH�SK\VLFDO�HQYLURQPHQW��DTXDWLF�RU�ODQG���'HYHORS�
XQGHUVWDQG�RI�DWWDFKPHQW�DQG�GHVFULEH�HODVWLF�SKHQRPHQD��
)ULFWLRQ��$LU�'UDJ��ZDWHU�GUDJ��8QGHUVWDQG�*UDYLW\


P<djIg�Ç����fkQYQDgQkZ�<[G��Y<hjQEQjs

0]gfkI��
I[jIg�]N��g<pQjs��/j<jQE��fkQYQDgQkZ��
�gQIN�GQhEkhhQ][�]N�/j<DQYQjs�<[G��<Y<[EI��
/IEjQ][h�Ç�Â�Ç�Å��-k<YQj<jQpI�GQhEkhhQ][�]N�Ç�Æ�
²Ç�Ç¦

7RUTXH�DQG�)RUFH�RQ�ERQHV�E\�WHQGRQV�DQG�PXVFOHV�WR�DFKLHYH�
EDODQFH�DQG�VWDELOLW\�EDVHG�RQ�HODVWLFLW\�RI�KDUG�PDWHULDOV�DV�
ERQH


P<djIg�È���
QgEkY<g�<[G�.]j<jQ][<Y�!]jQ][

1[QN]gZ�
QgEkY<g�!]jQ][��
I[jgQdIj<Y�
�EEIYIg<jQ][��.QOQG��]Gs�.]j<jQ][���[OkY<g�
6IY]EQjs�<[G��EEIYIg<jQ][��!]ZI[j�]N��[IgjQ<��
-k<YjQj<jQpI��QhEkhhQ][�]N�.]YYQ[O��/IEjQ][h�
È�Â�È�Å���N�0QZI�dIgZQjh�/IEjQ][�È�Æ

/DUJH�DVSHFWV�RI�%LRPHFKDQLFV�LV�URWDWLRQDO�PRWLRQ�RI�MRLQWV���
:DONLQJ�UXQQLQJ�VSHHG��5ROOLQJ��6SLQQLQJ�DQG�'LYLQJ��&HQWULIXJHV


P<djIg�É���!]ZI[jkZ
!]ZI[jkZ�²��ZdkYhQpI��
][hIgp<jQ][�]N�
!]ZI[jkZ��
]YYQhQ][h�²��rdY]hQ][h���[OkY<g�
!]ZI[jkZ��/IEjQ][h��É�Â�É�Å

-XPSLQJ��'YLQJ��5RFNHWV�DQG�2FWRSXV�PRWLRQ��


P<djIg�ÂÁ���7]gX�<[G��[IgOs
�[IgOs�0sdIh��7]gX���Q[IjQE��[IgOs��/IEjQ][h�
ÂÁ�Â�ÂÁ�Ä

&ODVVLILFDWLRQ�RI�GLIIHUHQW�IRUPV�RI�(QHUJ\�WKDW�DUH�XVHG�E\�DOO�
OLYLQJ�DQG�QRQ�OLYLQJ�V\VWHPV




P<djIg�ÂÂ����[jIg<EjQ][h�<[G�+]jI[jQ<Y��[IgOs
�g<pQj<jQ][<Y�+]jI[jQ<Y��[IgOs��+gQ[EQdYI�]N�
�[IgOs�
][hIgp<jQ][���Y<hjQE�+]jI[jQ<Y��[IgOs��
.IY<jQ[O��]gEI�<[G�+]jI[jQ<Y��[IgOs

(QHUJ\�IURP�*UDYLW\��)DOOLQJ��7UDVIRUPDWLRQ�EHWZHHQ�'LIIHUHQW�
)RUPV�RI�(QHUJ\�DQG�LWV�&RQVHUYDWLRQ��+RZ�WHQGRQV�DQG�
PXVFOH
V�VWRUH�HQHUJ\��(QHUJ\�XVDJH�DQG�IIHFLHQF\�RI�$QLPDOV��

([DPSOHV�RI�+RPH�:RUN�3UREOHPV

3URE������$�UXQQLQJ�PRXQWDLQ�OLRQ�
FDQ�PDNH�D�OHDS�������P��ORQJ��
UHDFKLQJ�D�PD[LPXP�KHLJKW�RI�����P��
:KDW�VSHHG�GRHV�LW�OHDYH�WKH�JURXQG"�
:KDW�DQJOH�GRHV�LW�OHDYH�WKH�JURXQG"

3URE������&HUWDLQ�LQVHFWV�FDQ�DFKLHYH�
VHHPLQJO\�LPSRVVLEOH�DFFHOHUDWLRQV�
ZKLOH�MXPSLQJ��7KH�FOLFN�EHHWOH�
DFFHOHUDWHV�DW�DQ�DVWRQLVKLQJ����J�
RYHU�D�GLVWDQFH�RI������FP�DV�LW�
UDSLGO\�EHQGV�LWV�WKRUD[��PDNLQJ�WKH�
�FOLFN��WKDW�JLYHV�LW�LWV�QDPH�
$VVXPLQJ�WKH�EHHWOH�MXPSV�VWUDLJKW�
XS��DW�ZKDW�VSHHG�GRHV�LW�OHDYH�WKH�
JURXQG"+RZ�PXFK�WLPH�LV�UHTXLUHG�
IRU�WKH�EHHWOH�WR�UHDFK�WKLV�VSHHG"

3URE�������6FDOORSV�HMHFW�ZDWHU�IURP�WKHLU�VKHOOV�WR�
SURYLGH�D�WKUXVW�IRUFH���)LJXUH����VKRZV�D�
VPRRWKHG�JUDSK�RI�DFWXDO�GDWD�IRU�WKH�LQLWLDO�
PRWLRQ�RI�D����J�VFDOORS�VSHHGLQJ�XS�WR�HVFDSH�D�
SUHGDWRU��:KDW�LV�WKH�PDJQLWXGH�RI�WKH�QHW�)RUFH�
QHHGHG�WR�DFKLHYH�WKLV�PRWLRQ"
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P<djIg�Ê����YkQGh

+gIhhkgI�<[G�
<khIh���k]s<[Es���YkQG�
�Y]q�<[G�E][jQ[kQjs�Ifk<jQ][���Ig[]kYYQ�
h�Ifk<jQ][���gQIN�GQhEkhhQ][�]N�6QhE]hQjs�

$WPRVSKHULF�3UHVVXUH��%ORRG�DQG�/LTXLG�3UHVVXUH�0HDVXHPHQW��FDSLOODU\�
DFWLRQ�DQG�6DS�)ORZ�LQ�WUHHV��,PSRUWDQFH�RI�%RX\DQF\�LQ�DFTXDWLF�
DQLPDOV�DQG�SODQWV��:DWHU�%ORRG�)OXLG�)ORZ���%HQRXWOL�3ULQFLSOH�DQG�
%LUG�LQVHFW�IOLJKW�DQG�)LVK�VZLP�DQG�6HHG�GLVEXUVHPHQW�


P<djIg�ÂÃ���0PIgZ]Gs[<ZQEh

�I<j��0IZdIg<jkgI�²��Qghj� <q��0PIgZ<Y�
�rd<[hQ][��/dIEQNQE��I<j�<[G��I<j�]N�
0g<[hN]gZ<jQ][��
<Y]gQZIjgs���I<j�
0g<[hNIg���GI<Y�O<h��7]gX�Q[�O<h�hshjIZh��
<[G��[jP<Yds

2UJDQLVPV�DQG�7HPSHUDWXUH��7HPSUDWXUH�$GDSWDWLRQV�LQ�/LYLQJ�6\VWHPV��
3KDVH�&KDQJHV��(QHUJ\�&RQVHUYDWLRQ���&RQVHUYDWLRQ��7UDQVIHU�RI�+HDW
�
,QVXODWLRQ��%RG\�7HPSHUDWXUH�0HDVXUHPHQW��1LJKW�9LVLRQ�LQ�
$QLPDOV�,QVHFWV��$GDSWDELOLW\�RI�$QLPDOV�DQG�3ODQWV


P<djIg�ÂÄ����Q[IjQE�0PI]gs

�Q[IjQE�0PI]gs�]N��<hIh��0PIgZ<Y��[IgOs���fkQd<gjQjQ][�0PI]gIZ

/,IH�DQG�$WRP�PRYHPHQW�YHORFLW\��:DUP�%RG\�$QLPDOV�3ODQWV��'LIIXVLRQ��
5DLQIDOO��7KLQGHUVWRUPV
�$QLPDO�%RG\�WHPSHUDWXUH�6WDELOLW��3ODQW�6WDELOL\�
7HPSHUDWXUH��5HIULJLUDWLRQ�DQG�3UHVHUYDWLRQ��5HDFWLRQ�5DWHV��(QHUJ\��
3K\VLFV�RI�3UHVVXUH


P<djIg�ÂÅ����[jg]ds�<[G��gII��[IgOs �[jg]ds�²�/IE][G� <q�<[G�khI���QDDh��gII��[IgOs�²�/d][j<[I]kh�+g]EIhhIh�
(QWURS\�DQG�5HODWLRQVKLS�WR�/LYLQJ�2UJDQLVPV��(QHUJ\�)ORZ��1HHG�IRU�
([KDXVW�:DVWH��2VPRVLV
��+\GURSKRELFLW\


P<djIg�ÂÆ���$hEQYY<jQ][h�<[G�7<pIh ~ñĈĨăÕі>±īĈďĉñËіWďĶñďĉБ
8QGHUVWDQGLQJ�UHSHWLWLYH�PRWLRQ�DV�LQ�KHDUW��OXQJV��PHPEUDQH�RVFLOODWLRQ�
��0ROHFXODU�9LEUDWLRQ��3HQGXOXP�	�:DONLQJ�UXQQLQJ�VSHHG��5HVRQDQFH�	�
+HDULQJ


P<djIg�ÂÇ���0g<pIYYQ[O�7<pIh�<[G�/]k[G 7<pI�Z]jQ][��7<pI�jsdIh��7<pI�hdIIG��dQjEP�NgIfkI[Es��/]k[G�<[G� QOPj�q<pIh���]ddYIg��NNIEj
6RXQG�DQG�/LJKW�:DYHV��+HDULQJ�LQ�$QLPDOV��8OWUDVRXQG�,PDJLQJ�DQG�
)ORZ�0HDVXUHPHQW


P<djIg�ÂÈ����/kdIgd]hQjQ][�²�/j<[GQ[O�7<pIh /kdIgd]hQjQ][��/j<[GQ[O�7<pIh�Q[�/]k[G�<[G�/jgQ[Oh���[jIgNIgI[EI�<[G��I<jh�0XVLFDO�,QVWUXPHQWV��FRQWUROOLQJ�VRXQG��+HDULQJ��(FKRHV�DQG�$QLPDO�6RXQG�*HQHUDWLRQ�


P<djIg�ÂÉ���7<pI�$djQEh  QOPj�7<pI���[jIgNIgI[EI�Q[��QYZh�<[G��]kDYI�/YQj���QNNg<EjQ][��g<jQ[O
$QLPDO�,QVHFW��%HHWOH��6KHOO�ILVK�&RORU��LQWHIHQFH�LQ�IHDWKHUV�DQG�VKHOOV��
0LFURVFRSHV�DQG�6SHFWURPHWHUV��;�UD\�'LIIUDFWLRQ�IRU�3URWHLQ�6WUXFWXUH


P<djIg�ÂÊ���.<s�$djQEh .<s�Z]GIY��.INYIEjQ][��.INg<EjQ][���Z<OI��]gZ<jQ][�Q[�0PQ[� I[hIh�<[G�/dPIgQE<Y�ZQgg]gh,PDJH�)RUPDWLRQ�DQG�(\H�)XQFWLRQ�+XPDQV�	�$QLPDOV��


P<djIg�ÃÁ��$djQE<Y��[hjgkZI[jh 
]ZDQ[IG� I[h �QhEkhhQ][�]N��sI��
<ZIg<�²�!QEg]hE]dIh�

([DPSOHV�RI�+RPH�:RUN�3UREOHPV

3URE��$W�VRPH�LQVWDQW��WKH�EORRG�SUHVVXUH�LQ�
WKH�KHDUW�LV�����î����3D��$VVXPH�WKH�GHQVLW\�
RI�EORRG�LV�WKH�VDPH�DV�ZDWHU��:KDW�LV�WKH�
SUHVVXUH�LQ�DQ�DUWHU\�������P
��EHORZ�WKH�KHDUW��WUHDWLQJ�WKH�EORRG�DV�D�
QRQYLVFRXV�IOXLG"



3URE������+LSSRV�VSHQG�PXFK�RI�WKHLU�OLYHV�LQ�
ZDWHU��EXW�DPD]LQJO\��WKH\�GRQ
W�VZLP��7KH\�
KDYH��OLNH�PDQDWHHV��YHU\�OLWWOH�ERG\�IDW��7KH�
GHQVLW\�RI�D�KLSSR
V�ERG\�LV�DSSUR[LPDWHO\�
�����NJ�P�
��VR�LW�VLQNV�WR�WKH�ERWWRP�RI�WKH�IUHVKZDWHU�
ODNHV�DQG�ULYHUV�LW�IUHTXHQWV��DQG�WKHQ�LW�
VLPSO\�ZDONV�RQ�WKH�ERWWRP��$�������NJ
��KLSSR�LV�FRPSOHWHO\�VXEPHUJHG��VWDQGLQJ�RQ�
WKH�ERWWRP�RI�D�ODNH��:KDW�LV�WKH�DSSUR[LPDWH�
YDOXH�RI�WKH�XSZDUG�QRUPDO�IRUFH�RQ�WKH�
KLSSR"

3URE�������$�GURSOHW�RI�ZDWHU�VLWV�RQ�D�OHDI��
7KH�FRQWDFW�DQJOH�RI�WKH�ZDWHU�ZLWK�WKH�OHDI�LV�
���䌬��DQG�WKH�FLUFXPIHUHQFH�RI�WKH�FLUFXODU�
FRQWDFW�OLQH�LV����PP:KDW�LV�WKH�PDJQLWXGH�
RI�WKH�QHW�XSZDUG�IRUFH�H[HUWHG�RQ�WKH�OHDI�E\�
WKH�GURSOHW
V�VXUIDFH�WHQVLRQ"�8VH��ȖZDWHU� �
����P1�P
��

3URE������7KH�DYHUDJH�GHQVLW\�RI�WKH�ERG\�RI�D�ILVK�LV�
�����NJ�P���7R�NHHS�IURP�VLQNLQJ��D�ILVK�LQFUHDVHV�LWV�
YROXPH�E\�LQIODWLQJ�DQ�LQWHUQDO�DLU�EODGGHU��NQRZQ�DV�D�
VZLP�EODGGHU��ZLWK�DLU��%\�ZKDW�SHUFHQW�PXVW�WKH�ILVK�
LQFUHDVH�LWV�YROXPH�WR�EH�QHXWUDOO\�EXR\DQW�LQ�IUHVK�
ZDWHU"�7KH�GHQVLW\�RI�DLU�DW����䌬&�LV������NJ�P�

3URE��7KH�DRUWD�SXPSV�EORRG�DZD\�IURP�WKH�
KHDUW�DW�DERXW����FP�V�DQG�KDV�D�UDGLXV�RI�
DERXW�����FP��,W�WKHQ�EUDQFKHV�LQWR�PDQ\�
FDSLOODULHV��HDFK�ZLWK�D�UDGLXV�RI�DERXW�
�î��í��FP�FDUU\LQJ�EORRG�DW�D�VSHHG�RI������
FP�V��+RZ�PDQ\�FDSLOODULHV�DUH�WKHUH"
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P<djIg�ÃÂ����YIEjgQE��]gEIh�²��QIYGh


P<gOIh��
]kY]ZDh� <q���YIEjgQE��QIYG�]N�ZkYjQdYI�d]Q[j�
EP<gOIh���YIEjgQE��QIYG�YQ[Ih���<khh� <q���YIEjgQE��QIYG�]N�
/dPIgI��dY<jI�<[G�jq]�]dd]hQjIYs�EP<gOIG�dY<jIh��!]jQ][�]N�
EP<gOIG�d<gjQEYI�Q[�<[��YIEjgQE��QIYG��-k<YQj<jQpI�GIhEgQdjQ][�
]N��Qd]YIh�<[G�q<jIg�Z]YIEkYI�

(OHFWULF�&KDUJHV�DQG�)LHOGV�RI�&HOO�%LOD\HU�0HPEUDQH��0RWLRQ�RI�FKDUJHV�WKURXJK�%LOD\HU��
2ULJLQ�RI�+\GURSKRELF�DQG�+\GURSKLOLF�DQG�UHODWLRQ�WR�3URWHLQ�)ROGLQJ��3ROOLQDWLRQ�
%HHV�%LUGV


P<djIg�ÃÃ����YIEjgQE�+]jI[jQ<Y

�YIEjgQE<Y�+]jI[jQ<Y��[IgOs��+]jI[jQ<Y��[IgOs��IjqII[�jq]�
hQZQY<g�<[G�]dd]hQjIYs�EP<gOIh�qQjP�E][[IEjQ][�j]�Q][QE�
D][G���YIEjgQE�+]jI[jQ<Y�]N�d]Q[j�EP<gOIh�<[G�jP<j�DIjqII[�
jq]�d<g<YYIY�dY<jI

%RQG�(QHUJ\��(QHUJ\�WR�%UHDN�%RQGV��'HILQLWLRQ�RI�9ROWDJH��(.*��$[RQ�3RWHQWLDOV


P<djIg�ÃÄ����Q]Y]OQE<Y��ddYQE<jQ][h�]N��YIEjgQE��QIYGh�²�+]jI[jQ<Yh

<d<EQj<[EI�<[G�+<g<YYIY�dY<jI�
<d<EQj]gh���[IgOs�/j]gIG��
/IgQIh�<[G�+<g<YYIY�
<d<EQj]gh

(OHFWULFDO�(QHUJ\�6WRUHG�LQ�&HOO�0HPEUDQH��0HPEUDQH�3RWHQWLDO�+HDUW�YV�$[RQ��(OHFWULFDO�
:RUN�'RQH��(OHFWULF�(HOV��&35�3DGGOHV��


P<djIg�ÃÅ���
kggI[j�<[G�.IhQhj<[EI 
kggI[j���<jjIgQIh��.IhQhj<[EI��$PZh� <q���[IgOs���<[G�+]qIg��QhhQd<jIG�
,QVXODWRUV�	�&RQGXFWRUV��&XUUHQW�)ORZ�LQ�ZLUHV�+HDW�*HQHUDWLRQ��3RZHU�8VHG��:HLJKW�
6HQVRUV


P<djIg�ÃÆ����
QgEkQjh 6LPSOH�&LUFXLWV� (OHFWULFLW\�LQ�1HUYRXV�6\VWHP��3URSDJDWLRQ�RQ�1HUYH�,PSXOVHV��7LPLQJ�&LUFXLWV�IRU�+HDULQJ�DQG�3DFH�0DNHUV


P<djIg�ÃÇ���!<O[IjQE��QIYGh�²��]gEIh

!<O[IjQE��QIYG�Ng]Z�
kggI[jh���ddI[GQr����ZdIgIh� <q�
<[G�!<O[IjQE��QIYG�Ng]Z�<�Y][O�hjg<QOPj�qQgI�<[G�ZkYjQdYI�
qQgIh��!<O[IjQE��QIYG�Ng]Z�<�h]YI[]QG��!<O[IjQE�N]gEI�][�
Z]pQ[O�d]Q[j�EP<gOI��!<O[IjQE��]gEI�DIjqII[�jq]�qQgIh�

(DUWKV�0DJQHWLF�)LHOG��0DJQHWLF�0DWHULDOV��0DJQHWLF�)LHOG�LQ�05,�PDFKLQH��%DFWHULDO�
0DJQHWLVP�DQG�$QLPDO�%LUG�)LVK�0LJUDWLRQ��0DVV�6SHFWURPHWHU


P<djIg�ÃÈ�����YIEjg]Z<O[IjQE��[GkEjQ][�<[G��YIEjg]Z<O[IjQE�7<pIh
!<O[IjQE��Ykr���<g<G<sh� <q�� I[v�h� <q���ddYQE<jQ][�]N�
�YIEjgQE�+]qIg��I[Ig<jQ][���YIEjg]Z<O[IjQE�7<pIh

/LJKW��5DGLR�:DYHV��(OHFWULF�3RZHU�*HQHUDWLRQ�2SWLRQV�IRU�6XVWDLQDELOLW\��
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