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7KLV� ERRN� LV� DERXW� HQYLURQPHQWDO� FKHPLVWU\�� 7R� XQGHUVWDQG� WKDW� WRSLF�� LW� LV
LPSRUWDQW� WR� KDYH� VRPH� DSSUHFLDWLRQ� RI� HQYLURQPHQWDO� VFLHQFH� DV� D� ZKROH�
(QYLURQPHQWDO� VFLHQFH� LQ� LWV� EURDGHVW� VHQVH� LV� WKH� VFLHQFH� RI� WKH� FRPSOH[
LQWHUDFWLRQV� WKDW� RFFXU� DPRQJ� WKH� WHUUHVWULDO�� DWPRVSKHULF�� DTXDWLF�� OLYLQJ�� DQG
DQWKURSRORJLFDO� HQYLURQPHQWV�� ,W� LQFOXGHV� DOO� WKH� GLVFLSOLQHV�� VXFK� DV� FKHPLVWU\�
ELRORJ\�� HFRORJ\�� VRFLRORJ\�� DQG� JRYHUQPHQW�� WKDW� DIIHFW� RU� GHVFULEH� WKHVH
LQWHUDFWLRQV��)RU�WKH�SXUSRVHV�RI�WKLV�ERRN��HQYLURQPHQWDO�VFLHQFH�ZLOO�EH�GHILQHG�DV
WKH� VWXG\� RI� WKH� HDUWK�� DLU�� ZDWHU�� DQG� OLYLQJ� HQYLURQPHQWV�� DQG� WKH� HIIHFWV� RI
WHFKQRORJ\� WKHUHRQ�� 7R� D� VLJQLILFDQW� GHJUHH�� HQYLURQPHQWDO� VFLHQFH� KDV� HYROYHG
IURP� LQYHVWLJDWLRQV� RI� WKH�ZD\V� E\�ZKLFK�� DQG� SODFHV� LQ ZKLFK�� OLYLQJ� RUJDQLVPV
FDUU\�RXW�WKHLU�OLIH F\FOHV��7KLV�LV�WKH�GLVFLSOLQH�RI QDWXUDO�KLVWRU\ ��ZKLFK�LQ�UHFHQW
WLPHV� KDV� HYROYHG� LQWR HFRORJ\�� WKH� VWXG\� RI� HQYLURQPHQWDO� IDFWRUV� WKDW DIIHFW
RUJDQLVPV�DQG�KRZ�RUJDQLVPV�LQWHUDFW�ZLWK�WKHVH�IDFWRUV�DQG�ZLWK�HDFK�RWKHU��

)RU�EHWWHU�RU�IRU�ZRUVH��WKH�HQYLURQPHQW�LQ�ZKLFK�DOO�KXPDQV�PXVW�OLYH�KDV�EHHQ
DIIHFWHG�LUUUHYHUVLEO\�E\�WHFKQRORJ\���7KHUHIRUH��WHFKQRORJ\�LV�FRQVLGHUHG�VWURQJO\�LQ
WKLV� ERRN� LQ� WHUPV� RI� KRZ� LW� DIIHFWV� WKH� HQYLURQPHQW� DQG� LQ� WKH� ZD\V� E\� ZKLFK�
DSSOLHG�LQWHOOLJHQWO\�E\�WKRVH�NQRZOHGJHDEOH�RI�HQYLURQPHQWDO�VFLHQFH��LW�FDQ�VHUYH�
UDWKHU�WKDQ�GDPDJH��WKLV�(DUWK�XSRQ�ZKLFK�DOO�OLYLQJ�EHLQJV�GHSHQG�IRU�WKHLU�ZHOIDUH
DQG�H[LVWHQFH�

)LJXUH������7KHUHIRUH��LQ�D�VHQVH�WKLV ILJXUH� VXPPDUL]HV� DQG� RXWOLQHV� WKH� WKHPH� RI

7KH�(QYLURQPHQW�

$LU��ZDWHU��HDUWK��OLIH�� DQG� WHFKQRORJ\� DUH� VWURQJO\� LQWHUFRQQHFWHG� DV� VKRZQ� LQ

WKH�UHVW�RI�WKLV�ERRN�
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)LJXUH������ �,OOXVWUDWLRQ�RI�WKH� FORVH� UHODWLRQVKLSV� DPRQJ� WKH� DLU�� ZDWHU�� DQG� HDUWK� HQYLURQPHQWV
ZLWK�HDFK�RWKHU�DQG�ZLWK�OLYLQJ�V\VWHPV��DV�ZHOO�DV�WKH�WLH�LQ�ZLWK�WHFKQRORJ\��WKH�DQWKURVSKHUH��

7UDGLWLRQDOO\�� HQYLURQPHQWDO� VFLHQFH� KDV� EHHQ� GLYLGHG� DPRQJ� WKH� VWXG\� RI� WKH
DWPRVSKHUH��WKH�K\GURVSKHUH��WKH�JHRVSKHUH��DQG�WKH�ELRVSKHUH��7KH�DWPRVSKHUH�LV
WKH�WKLQ�OD\HU�RI�JDVHV�WKDW�FRYHU�(DUWK¶V�VXUIDFH��,Q�DGGLWLRQ�WR�LWV�UROH�DV�D�UHVHUYRLU
RI�JDVHV��WKH�DWPRVSKHUH�PRGHUDWHV�(DUWK¶V�WHPSHUDWXUH��DEVRUEV�HQHUJ\�DQG�GDPDJ�
LQJ� XOWUDYLROHW� UDGLDWLRQ� IURP� WKH� VXQ�� WUDQVSRUWV� HQHUJ\� DZD\� IURP� HTXDWRULDO
UHJLRQV��DQG�VHUYHV�DV�D�SDWKZD\�IRU�YDSRU�SKDVH�PRYHPHQW�RI�ZDWHU�LQ�WKH� K\GUR�
ORJLF�F\FOH��7KH�K\GURVSKHUH�FRQWDLQV�(DUWK¶V�ZDWHU��2YHU�����RI�(DUWK¶V�ZDWHU�LV
LQ�RFHDQV��DQG�PRVW�RI�WKH� UHPDLQLQJ� IUHVK�ZDWHU� LV� LQ� WKH� IRUP� RI� LFH�� 7KHUHIRUH�
RQO\�D � UHODWLYHO\� VPDOO� SHUFHQWDJH� RI� WKH� WRWDO�ZDWHU� RQ�(DUWK� LV� DFWXDOO\� LQYROYHG
ZLWK� WHUUHVWULDO�� DWPRVSKHULF�� DQG� ELRORJLFDO� SURFHVVHV�� ([FOXVLYH� RI� VHDZDWHU�� WKH
ZDWHU� WKDW� FLUFXODWHV� WKURXJK� HQYLURQPHQWDO� SURFHVVHV� DQG� F\FOHV� RFFXUV� LQ� WKH
DWPRVSKHUH�� XQGHUJURXQG� DV� JURXQGZDWHU�� DQG� DV� VXUIDFH�ZDWHU� LQ� VWUHDPV�� ULYHUV�
ODNHV�� SRQGV�� DQG� UHVHUYRLUV�� 7KH�JHRVSKHUH� FRQVLVWV� RI� WKH� VROLG� HDUWK�� LQFOXGLQJ
VRLO�� ZKLFK� VXSSRUWV� PRVW� SODQW� OLIH�� 7KH� SDUW� RI� WKH� JHRVSKHUH� WKDW� LV� GLUHFWO\
LQYROYHG�ZLWK� HQYLURQPHQWDO� SURFHVVHV� WKURXJK� FRQWDFW� ZLWK� WKH� DWPRVSKHUH�� WKH
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K\GURVSKHUH��DQG�OLYLQJ�WKLQJV�LV�WKH�VROLG� OLWKRVSKHUH��7KH�OLWKRVSKHUH�YDULHV�IURP
���WR�����NP�LQ�WKLFNQHVV��7KH�PRVW�LPSRUWDQW�SDUW�RI�LW�LQVRIDU�DV�LQWHUDFWLRQV�ZLWK
WKH�RWKHU�VSKHUHV�RI�WKH�HQYLURQPHQW�DUH�FRQFHUQHG�LV�LWV�WKLQ� RXWHU� VNLQ� FRPSRVHG
ODUJHO\�RI�OLJKWHU�VLOLFDWH�EDVHG�PLQHUDOV�DQG�FDOOHG�WKH�FUXVW��$OO� OLYLQJ� HQWLWLHV� RQ
(DUWK�FRPSRVH�WKH�ELRVSKHUH��/LYLQJ�RUJDQLVPV�DQG�WKH�DVSHFWV�RI�WKH�HQYLURQPHQW
SHUWDLQLQJ�GLUHFWO\�WR�WKHP�DUH�FDOOHG�ELRWLF��DQG�RWKHU�SRUWLRQV� RI� WKH� HQYLURQPHQW
DUH�DELRWLF�

7R�D�ODUJH�H[WHQW��WKH�VWURQJ�LQWHUDFWLRQV�DPRQJ�OLYLQJ�RUJDQLVPV�DQG�WKH�YDULRXV
VSKHUHV� RI� WKH� DELRWLF� HQYLURQPHQW� DUH� EHVW� GHVFULEHG� E\� F\FOHV� RI� PDWWHU� WKDW
LQYROYH�ELRORJLFDO��FKHPLFDO��DQG�JHRORJLFDO�SURFHVVHV�DQG�SKHQRPHQD��6XFK�F\FOHV
DUH�FDOOHG�ELRJHRFKHPLFDO� F\FOHV�� DQG� DUH� GLVFXVVHG� LQ�PRUH� GHWDLO� LQ� 6HFWLRQ� ���
DQG�HOVHZKHUH�LQ�WKLV�ERRN�
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(QYLURQPHQWDO� FKHPLVWU\� HQFRPSDVVHV�PDQ\� GLYHUVH� WRSLFV�� ,W� PD\� LQYROYH� D
VWXG\�RI�)UHRQ�UHDFWLRQV�LQ�WKH�VWUDWRVSKHUH�RU�DQ�DQDO\VLV�RI�3&%�GHSRVLWV�LQ�RFHDQ
VHGLPHQWV�� ,W� DOVR� FRYHUV� WKH� FKHPLVWU\� DQG� ELRFKHPLVWU\� RI� YRODWLOH� DQG� VROXEOH
RUJDQRPHWDOOLF�FRPSRXQGV�ELRV\QWKHVL]HG�E\�DQDHURELF�EDFWHULD��/LWHUDOO\�WKRXVDQGV
RI� RWKHU� H[DPSOHV� RI� HQYLURQPHQWDO� FKHPLFDO� SKHQRPHQD� FRXOG� EH� JLYHQ�
(QYLURQPHQWDO� FKHPLVWU\�PD\� EH� GHILQHG� DV� WKH� VWXG\� RI� WKH� VRXUFHV�� UHDFWLRQV�
WUDQVSRUW�� HIIHFWV�� DQG� IDWHV� RI� FKHPLFDO� VSHFLHV� LQ� ZDWHU�� VRLO�� DLU�� DQG� OLYLQJ
HQYLURQPHQWV��DQG�WKH�HIIHFWV�RI�WHFKQRORJ\�WKHUHRQ�

(QYLURQPHQWDO�FKHPLVWU\�LV�QRW�D�QHZ�GLVFLSOLQH��([FHOOHQW�ZRUN�KDV�EHHQ�GRQH
LQ�WKLV�ILHOG�IRU�WKH�JUHDWHU�SDUW�RI�D�FHQWXU\��8QWLO�DERXW�������PRVW�RI�WKLV�ZRUN�ZDV
GRQH� LQ� DFDGHPLF� GHSDUWPHQWV� RU� LQGXVWULDO� JURXSV� RWKHU� WKDQ� WKRVH� SULPDULO\
FRQFHUQHG� ZLWK� FKHPLVWU\�� 0XFK� RI� LW� ZDV� SHUIRUPHG� E\� SHRSOH� ZKRVH� EDVLF
HGXFDWLRQ�ZDV�QRW�LQ�FKHPLVWU\��7KXV��ZKHQ�SHVWLFLGHV�ZHUH�V\QWKHVL]HG�� ELRORJLVWV
REVHUYHG� ILUVWKDQG� VRPH� RI� WKH� OHVV� GHVLUDEOH� FRQVHTXHQFHV� RI� WKHLU� XVH�� :KHQ
GHWHUJHQWV�ZHUH�IRUPXODWHG��VDQLWDU\�HQJLQHHUV�ZHUH�VWDUWOHG�WR�VHH�VHZDJH�WUHDWPHQW
SODQW�DHUDWLRQ�WDQNV�YDQLVK�XQGHU�PHWHU�WKLFN� EODQNHWV� RI� IRDP��ZKLOH� OLPQRORJLVWV
ZRQGHUHG� ZK\� SUHYLRXVO\� QRUPDO� ODNHV� VXGGHQO\� EHFDPH� FKRNHG� ZLWK� VWLQNLQJ
F\DQREDFWHULD��'HVSLWH� WKHVH� ORQJ� VWDQGLQJ� HQYLURQPHQWDO� HIIHFWV�� DQG� HYHQ� PRUH
UHFHQW� DQG� VHULRXV� SUREOHPV�� VXFK� DV� WKRVH� IURP� KD]DUGRXV�ZDVWHV�� UHODWLYHO\� IHZ
FKHPLVWV� KDYH� EHHQ� H[SRVHG� WR�PDWHULDO� GHDOLQJ� ZLWK� HQYLURQPHQWDO� FKHPLVWU\� DV
SDUW�RI�WKHLU�HGXFDWLRQ�

(QYLURQPHQWDO�&KHPLVWU\�DQG�WKH�(QYLURQPHQWDO�&KHPLVW

$Q�HQFRXUDJLQJ�WUHQG�LV�WKDW�LQ�UHFHQW�\HDUV�PDQ\�FKHPLVWV�KDYH�EHFRPH�GHHSO\
LQYROYHG� ZLWK� WKH� LQYHVWLJDWLRQ� RI� HQYLURQPHQWDO� SUREOHPV�� $FDGHPLF� FKHPLVWU\
GHSDUWPHQWV� KDYH� IRXQG� WKDW� HQYLURQPHQWDO� FKHPLVWU\� FRXUVHV� DSSHDO� WR� VWXGHQWV�
DQG�PDQ\�JUDGXDWH�VWXGHQWV�DUH�DWWUDFWHG�WR�HQYLURQPHQWDO�FKHPLVWU\�UHVHDUFK��+HOS�
ZDQWHG�DGV�KDYH�LQFOXGHG�VLJQLILFDQW�QXPEHUV�RI�RSHQLQJV�IRU�HQYLURQPHQWDO�FKHP�
LVWV� DPRQJ� WKRVH� RI� WKH� PRUH� WUDGLWLRQDO� FKHPLFDO� VXEGLVFLSOLQHV�� ,QGXVWULHV� KDYH
IRXQG�WKDW�ZHOO�WUDLQHG�HQYLURQPHQWDO�FKHPLVWV�DW�OHDVW� KHOS� DYRLG� GLIILFXOWLHV�ZLWK
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UHJXODWRU\�DJHQFLHV��DQG�DW�EHVW�DUH�LQVWUXPHQWDO�LQ�GHYHORSLQJ�SURILWDEOH�SROOXWLRQ�
FRQWURO�SURGXFWV�DQG�SURFHVVHV�

6RPH�EDFNJURXQG�LQ�HQYLURQPHQWDO�FKHPLVWU\�VKRXOG�EH�SDUW� RI� WKH� WUDLQLQJ� RI
HYHU\�FKHPLVWU\�VWXGHQW��7KH�HFRORJLFDOO\�LOOLWHUDWH�FKHPLVW�FDQ�EH�D�YHU\�GDQJHURXV
VSHFLHV��&KHPLVWV�PXVW�EH�DZDUH�RI�WKH�SRVVLEOH�HIIHFWV�WKHLU�SURGXFWV�DQG�SURFHVVHV
PLJKW� KDYH� XSRQ� WKH� HQYLURQPHQW�� )XUWKHUPRUH�� DQ\� VHULRXV� DWWHPSW� WR� VROYH
HQYLURQPHQWDO�SUREOHPV�PXVW�LQYROYH�WKH�H[WHQVLYH�XVH�RI� FKHPLFDOV� DQG� FKHPLFDO
SURFHVVHV�

7KHUH�DUH�VRPH�WKLQJV�WKDW�HQYLURQPHQWDO�FKHPLVWU\�LV�QRW��,W�LV�QRW�MXVW�WKH�VDPH
ROG�FKHPLVWU\�ZLWK�D�GLIIHUHQW�FRYHU�DQG�WLWOH��%HFDXVH�LW�GHDOV�ZLWK�QDWXUDO�V\VWHPV�
LW�LV�PRUH�FRPSOLFDWHG�DQG�GLIILFXOW�WKDQ�³SXUH´�FKHPLVWU\��6WXGHQWV�VRPHWLPHV�ILQG
WKLV�KDUG�WR�JUDVS��DQG�VRPH�WUDGLWLRQDOLVW�IDFXOW\�ILQG�LW�LPSRVVLEOH��$FFXVWRPHG�WR
WKH� FOHDU�FXW� FRQFHSWV� RI� UHODWLYHO\� VLPSOH�� ZHOO�GHILQHG�� WKRXJK� RIWHQ� XQUHDOLVWLF
V\VWHPV��WKH\�PD\�ILQG�HQYLURQPHQWDO�FKHPLVWU\�WR�EH�SRRUO\�GHOLQHDWHG��YDJXH��DQG
FRQIXVLQJ��0RUH�RIWHQ�WKDQ�QRW��LW�LV�LPSRVVLEOH�WR�FRPH�XS�ZLWK�D�VLPSOH�DQVZHU�WR
DQ�HQYLURQPHQWDO � FKHPLVWU\� SUREOHP��%XW�� EXLOGLQJ� RQ� DQ� HYHU�LQFUHDVLQJ� ERG\� RI
NQRZOHGJH�� WKH� HQYLURQPHQWDO� FKHPLVW� FDQ� PDNH� HGXFDWHG� JXHVVHV� DV� WR� KRZ
HQYLURQPHQWDO�V\VWHPV�ZLOO�EHKDYH�

&KHPLFDO�$QDO\VLV�LQ�(QYLURQPHQWDO�&KHPLVWU\

2QH�RI�HQYLURQPHQWDO�FKHPLVWU\¶V�PDMRU�FKDOOHQJHV�LV� WKH� GHWHUPLQDWLRQ� RI� WKH
QDWXUH� DQG� TXDQWLW\� RI� VSHFLILF� SROOXWDQWV� LQ� WKH� HQYLURQPHQW�� 7KXV�� FKHPLFDO
DQDO\VLV�LV�D� YLWDO� ILUVW� VWHS� LQ� HQYLURQPHQWDO� FKHPLVWU\� UHVHDUFK�� 7KH� GLIILFXOW\� RI
DQDO\]LQJ�IRU�PDQ\�HQYLURQPHQWDO�SROOXWDQWV�FDQ�EH�DZHVRPH��6LJQLILFDQW�OHYHOV�RI
DLU�SROOXWDQWV�PD\�FRQVLVW�RI�OHVV�WKDQ�D�PLFURJUDP�SHU�FXELF�PHWHU�RI�DLU��)RU�PDQ\
ZDWHU�SROOXWDQWV��RQH�SDUW�SHU�PLOOLRQ�E\�ZHLJKW��HVVHQWLDOO\���PLOOLJUDP�SHU�OLWHU��LV
D�YHU\�KLJK�YDOXH��(QYLURQPHQWDOO\�VLJQLILFDQW�OHYHOV�RI�VRPH�SROOXWDQWV�PD\�EH�RQO\
D�IHZ�SDUWV�SHU�WULOOLRQ��7KXV��LW�LV�REYLRXV�WKDW�WKH�FKHPLFDO�DQDO\VHV�XVHG�WR�VWXG\
VRPH�HQYLURQPHQWDO�V\VWHPV�UHTXLUH�D�YHU\�ORZ�OLPLW�RI�GHWHFWLRQ�

+RZHYHU�� HQYLURQPHQWDO� FKHPLVWU\� LV� QRW� WKH� VDPH� DV� DQDO\WLFDO� FKHPLVWU\�
ZKLFK�LV�RQO\�RQH�RI�WKH�PDQ\�VXEGLVFLSOLQHV� WKDW� DUH� LQYROYHG� LQ� WKH� VWXG\� RI� WKH
FKHPLVWU\�RI�WKH�HQYLURQPHQW��$OWKRXJK�D�³EUXWH�IRUFH´�DSSURDFK� WR� HQYLURQPHQWDO
FRQWURO��LQYROYLQJ�DWWHPSWV�WR�PRQLWRU�HDFK�HQYLURQPHQWDO�QLFKH� IRU� HYHU\� SRVVLEOH
SROOXWDQW�� LQFUHDVHV� HPSOR\PHQW� IRU� FKHPLVWV� DQG� UDLVHV� VDOHV� RI� DQDO\WLFDO� LQVWUX�
PHQWV��LW�LV�D�ZDVWHIXO�ZD\�WR�GHWHFW�DQG�VROYH�HQYLURQPHQWDO�SUREOHPV��GHJHQHUDWLQJ
LQWR� D� PLQGOHVV� H[HUFLVH� LQ� WKH� FROOHFWLRQ� RI� PDUJLQDOO\� XVHIXO� QXPEHUV�� 7KRVH
UHVSRQVLEOH� IRU� HQYLURQPHQWDO� SURWHFWLRQ� PXVW� EH� VPDUWHU� WKDQ� WKDW�� ,Q� RUGHU� IRU
FKHPLVWU\� WR� PDNH� D� PD[LPXP� FRQWULEXWLRQ� WR� WKH� VROXWLRQ� RI� HQYLURQPHQWDO
SUREOHPV��WKH�FKHPLVW�PXVW�ZRUN�WRZDUG�DQ�XQGHUVWDQGLQJ�RI� WKH� QDWXUH�� UHDFWLRQV�
DQG� WUDQVSRUW� RI� FKHPLFDO� VSHFLHV� LQ� WKH� HQYLURQPHQW�� $QDO\WLFDO� FKHPLVWU\� LV� D
IXQGDPHQWDO�DQG�FUXFLDO�SDUW�RI�WKDW�HQGHDYRU�

(QYLURQPHQWDO�%LRFKHPLVWU\

7KH�XOWLPDWH�HQYLURQPHQWDO�FRQFHUQ�LV�WKDW�RI�OLIH�LWVHOI��7KH�GLVFLSOLQH�WKDW�GHDOV
VSHFLILFDOO\� ZLWK� WKH� HIIHFWV� RI� HQYLURQPHQWDO� FKHPLFDO� VSHFLHV� RQ� OLIH� LV
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