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7R�WKH�IDFXOW\�RI�WKH�3URIHVVLRQDO�:ULWLQJ�0LQRU�

7KURXJKRXW�WKH�SURFHVV�RI�FRPSOHWLQJ�P\�ELRORJ\�GHJUHH��,�FDPH�WR�UHDOL]H�WKDW�,�HQMR\HG
WDONLQJ��UHDGLQJ��DQG�ZULWLQJ�DERXW�VFLHQFH�PRUH�WKDQ�,�HQMR\HG�GRLQJ�ODE�ZRUN��,�KDYH�D�OLIHORQJ
SDVVLRQ�IRU�ZULWLQJ��DQG�HQGOHVV�FXULRVLW\�DERXW�VFLHQFH��,�KRSH�WR�JR�LQWR�WKH�VFLHQFH
FRPPXQLFDWLRQ�ILHOG�DQG�FRPELQH�P\�WZR�SDVVLRQV��,�DP�LQWHUHVWHG�LQ�ZULWLQJ�VFLHQFH�HGXFDWLRQ
DQG�RXWUHDFK�PDWHULDOV��DV�ZHOO�DV�SRWHQWLDOO\�GRLQJ�VFLHQFH�UHSRUWLQJ�RU�IHDWXUH�ZULWLQJ��,�ZDQW�WR
H[SORUH�WKH�SRVVLELOLWLHV�IRU�FDUHHUV�ZLWKLQ�VFLHQFH�FRPPXQLFDWLRQ��ZKLFK�,�KDYH�DOUHDG\�EHJXQ
GRLQJ�ZLWK�VRPH�RI�WKH�LQWHUQVKLSV�,�KDYH�WDNHQ�RQ�

7KHUH�DUH�PDQ\�VNLOOV�,�KRSH�WR�OHDUQ�IURP�WKH�3URIHVVLRQDO�:ULWLQJ�0LQRU��$Q�LPSRUWDQW�RQH�LV
GHWHUPLQLQJ�ZKDW�VFLHQFH�LV�LQWHUHVWLQJ�HQRXJK�WR�VKDUH�ZLWK�WKH�SXEOLF��DQG�WKHQ�ILQGLQJ�WKRVH
VWRULHV��,�KDYH�EHHQ�ZRUNLQJ�RQ�ZULWLQJ�DERXW�LPSDFWIXO��UHOHYDQW�VFLHQWLILF�LVVXHV�ZKLOH�VWLOO
ILQGLQJ�D�QLFKH�DQG�QRW�UHSHDWLQJ�ZKDW�KDV�EHHQ�VDLG�PDQ\�WLPHV��,Q�SDVW�FODVVHV��,�KDYH�OHDUQHG
KRZ�WR�WDNH�D�WRSLF�DQG�GHWHUPLQH�WKH�EHVW�DXGLHQFH�DQG�IRUPDW�IRU�LW��,�ZRXOG�ORYH�WR�EXLOG�RQ
ERWK�RI�WKHVH�IRXQGDWLRQDO�VNLOOV��,�ZDQW�WR�OHDUQ�DERXW�PRUH�IRUPDWV�P\�ZULWLQJ�FRXOG�WDNH��DQG
H[SORUH�WKH�PDQ\�GLIIHUHQW�QLFKHV�RI�VFLHQFH�ZULWLQJ��,Q�P\�FDUHHU��,�ZDQW�WR�VLPSOLI\�WKH�VFLHQFH
HQRXJK�WR�EH�XQGHUVWDQGDEOH�E\�P\�WDUJHW�DXGLHQFH�ZLWKRXW�VDFULILFLQJ�DFFXUDF\�

%HFDXVH�,�DP�LQWHUHVWHG�LQ�ZULWLQJ�SULPDULO\�DERXW�VFLHQFH��VFLHQFH�FRPPXQLFDWLRQ�LV�P\�ILUVW
WUDFN�SUHIHUHQFH��,�KRSH�WR�OHDUQ�DERXW�PDQ\�GLIIHUHQW�IRUPV�RI�VFLHQFH�ZULWLQJ�LQ�WKLV�WUDFN�
ZKLFK�LV�LPSRUWDQW�WR�PH��7KH�VFLHQFH�FRPPXQLFDWLRQ�WUDFN�ZLOO�KHOS�PH�GHYHORS�WKH�VNLOOV�RI
WUDQVODWLQJ�FRPSOLFDWHG�WRSLFV�WR�GLIIHUHQW�DXGLHQFHV��DV�ZHOO�DV�LGHQWLI\LQJ�WRSLFV�WR�ZULWH�DERXW
WKDW�DUH�GLIIHUHQW�HQRXJK�IURP�H[LVWLQJ�FRQWHQW��EXW�UHOHYDQW�HQRXJK�WR�JDUQHU�LQWHUHVW�

%HFDXVH�RI�P\�LQWHUHVW�LQ�VFLHQFH�UHSRUWLQJ��MRXUQDOLVP�FRXOG�DOVR�EH�D�JRRG�ILW��,�ZRXOG�ORYH�WR
JDLQ�PRUH�VNLOOV�LQ�UHSRUWLQJ��DQG�ZRXOG�KRSH�WR�IRFXV�RQ�VFLHQWLILF�WRSLFV�LI�,�ZDV�DGPLWWHG�WR
WKLV�WUDFN��0XOWLPHGLD�FRPPXQLFDWLRQ�LV�P\�WKLUG�FKRLFH�EHFDXVH�,�KDYH�ORWV�RI�H[SHULHQFH�ZLWK
SURPRWLRQDO�ZULWLQJ��DV�ZHOO�DV�ZULWLQJ�IRU�ZHEVLWHV�DQG�VRFLDO�PHGLD��0XOWLPHGLD�VNLOOV�DUH
FUXFLDO�WR�DQ\�ZULWLQJ�FDUHHU��HVSHFLDOO\�ZLWK�WKH�ULVH�RI�ZHE�SODWIRUPV�

7KDQN�\RX�IRU�\RXU�FRQVLGHUDWLRQ��DQG�,�ORRN�IRUZDUG�WR�KHDULQJ�IURP�\RX�VRRQ�
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8&6%��%$�LQ�%LRORJ\��([SHFWHG�*UDGXDWLRQ��-XQH�����
�����SUHVHQW

Ɣ %$�LQ�%LRORJ\�IURP�WKH�8QLYHUVLW\�RI�&DOLIRUQLD��6DQWD�%DUEDUD¶V�&ROOHJH�RI�&UHDWLYH�6WXGLHV
/LEHUDO�$UWV�DQG�6FLHQFH�$FDGHP\�+LJK�6FKRRO��+LJK�6FKRRO�'LSORPD
���������

Ɣ *UDGXDWHG�ZLWK�WKH�0DJQHW�(QGRUVHPHQW�'LVWLQJXLVKHG�/HYHO�RI�$FKLHYHPHQW

:5,7,1*�&20081,&$7,216�(;3(5,(1&(

&RPPXQLFDWLRQV�,QWHUQ�IRU�8&6%�6XVWDLQDELOLW\
6HSWHPEHU������SUHVHQW

Ɣ ,Q�FKDUJH�RI�8&6%�6XVWDLQDELOLW\�VRFLDO�PHGLD��6XVWDLQDELOLW\�:HHNO\�%XOOHWLQ��DQG
ZULWLQJ�DUWLFOHV�IRU�6XVWDLQDELOLW\�6FRRS�QHZVOHWWHU

'LJLWDO�&RQWHQW�,QWHUQ�ZLWK�7KH�1DWXUH�&RQVHUYDQF\
-XQH������$XJXVW�����

Ɣ 6XPPHU�LQWHUQVKLS�LQ�0DUNHWLQJ�DQG�&RPPXQLFDWLRQV�ZLWK�7KH�1DWXUH�&RQVHUYDQF\
Ɣ %HJDQ�D�VWRU\�DQG�FRQWHQW�DQDO\VLV�SURMHFW��ZURWH�FRS\�IRU�1DWXUH�RUJ�DQG�1DWXUH�1HZV

HPDLO�QHZVOHWWHU
&&6�%LRORJ\�$OXPQL�6SHDNHU�6HULHV��&�%$66�
-XO\������-XQH�����

Ɣ :DV�RQH�RI�ILYH�VWXGHQW�IRXQGHUV�RI�D�VSHDNHU�VHULHV�IHDWXULQJ�DOXPQL�RI�8&6%¶V�&ROOHJH�RI
&UHDWLYH�6WXGLHV��&&6��%LRORJ\��+HOSHG�HVWDEOLVK�&�%$66�DV�DQ�RIILFLDO�SURJUDP�ZLWK�&&6�

Ɣ &RQWDFWHG�DOXPQL��FRQGXFWHG�LQWHUYLHZV��ZURWH�SXEOLFLW\�PDWHULDOV��ZURWH�VSHDNHU�LQWURGXFWLRQV
(GLWRU�LQ�&KLHI� 7KH�&RPSRVHU /LWHUDU\�0DJD]LQH��/$6$ +LJK�6FKRRO
����

Ɣ 5HYLHZHG��HGLWHG��DQG�FXUDWHG�SLHFHV�IRU�WKH�PDJD]LQH��$FWHG�DV�FUHDWLYH�GLUHFWRU�

5(6($5&+�(;3(5,(1&(

8QGHUJUDGXDWH�5HVHDUFKHU�XQGHU�'U��%URRNH�*DUGQHU�DW�8&6%
0D\�������-XQH�����

Ɣ 5HVHDUFKHG�,UH��PXWDWLRQV�DQG�WKHLU�HIIHFW�RQ�WKH�8QIROGHG�3URWHLQ�5HVSRQVH�LQ�\HDVW

/($'(56+,3�(;3(5,(1&(

9RFDO0RWLRQ�0XVLF�'LUHFWRU
-XO\������SUHVHQW

Ɣ 7HDFK�PXVLF��SDUW�RI�FRUH�OHDGHUVKLS�WHDP
9RFDO0RWLRQ�3UHVLGHQW�DQG�7UHDVXUHU
-XQH������-XO\�����

Ɣ 2UJDQL]HG�HYHQWV�DQG�OHG�UHKHDUVDOV�DQG�FDELQHW�PHHWLQJV��UHVSRQVLEOH�IRU�FOXE�IXQGV
Ɣ $WWHQGHG�PHHWLQJV�ZLWK�FDPSXV�RIILFLDOV�IRU�IXQGLQJ��5&2�FHUWLILFDWLRQ

9RFDO0RWLRQ�:RPHQ��$�&DSSHOOD�3XEOLFLW\�&KDLU
-XQH�������-XQH�����

Ɣ ,Q�FKDUJH�RI�VRFLDO�PHGLD��HYHQW�SXEOLFLW\
Ɣ :URWH�SXEOLFLW\�PDWHULDOV�IRU�DXGLWLRQV��IXQGUDLVHUV��HYHQWV��PXVLF�UHOHDVHV
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&RS\ZULWLQJ�$VVLJQPHQW��1DWXUH�RUJ�:KR�:H�$UH�3DJH�+LJKOLJKWV
KWWSV���ZZZ�QDWXUH�RUJ�HQ�XV�DERXW�XV�ZKR�ZH�DUH�

��:D\V�:H�&RQVHUYH�4XLFNO\�DQG�'XUDEO\

:H�KDYH�WR�ZRUN�TXLFNO\�WR�FRQVHUYH�QDWXUH��7KRXJK�ZH�KDYH�D�OLPLWHG�DPRXQW�RI�WLPH��LW�LV�YLWDO
WKDW�RXU�FRQVHUYDWLRQ�SURMHFWV�ODVW��+HOSLQJ�WR�ODXQFK�D�VXVWDLQDEOH�WXQD�FRPSDQ\��5DLVLQJ�FRUDO
HPEU\RV�WR�VHUYH�DV�PDULQH�KDELWDWV��3DUWQHULQJ�ZLWK�ORFDO�FRPPXQLWLHV�WR�FRQVHUYH�LPSRUWDQW
KDELWDWV��,Q�DOO�RI�WKHVH�ZD\V��71&�DLPV�WR�LPSOHPHQW�VWURQJ�FRQVHUYDWLRQ�IUDPHZRUNV�WKDW�FDQ
EH�XSKHOG�E\�WKH�QH[W�JHQHUDWLRQ�

%87721����&RQVHUYDWLRQ�3URMHFWV

6DYLQJ�(QHUJ\�$QG�)LVK

:KHQ�ZH�GHVLJQ�ZLWK�QDWXUH�LQ�PLQG��ZH�DFFRPSOLVK�PRUH��/LNH�PDNLQJ�WKULYLQJ�PDULQH�KDELWDWV
RXW�RI�RIIVKRUH�ZLQG�WXUELQHV��7KH\�ILJKW�FOLPDWH�FKDQJH�DQG�FDQ�DFW�DV�DUWLILFLDO�UHHIV��71&
VFLHQWLVWV�DUH�KHOSLQJ�UHVHDUFK�PDWHULDOV�DQG�GHVLJQV�WKDW�ZLOO�SURSHUO\�DQFKRU�RIIVKRUH�ZLQG
WXUELQHV�ZKLOH�DOVR�VXSSRUWLQJ�PDULQH�OLIH�DQG�ELRGLYHUVLW\�

%87721��(QJLQHHULQJ�)RU�1DWXUH

%XUQLQJ�WR�.HHS�)RUHVWV�LQ�&KHFN

)LUH�FDQ�EH�D�IRUFH�RI�UHVWRUDWLRQ��:LVFRQVLQ�2DN�WUHHV�UHO\�RQ�ILUH�WR�EXUQ�DZD\�FRPSHWLQJ
SODQWV��&RQWUROOHG�EXUQV�GHFUHDVH�WKH�VHYHULW\�RI�ZLOGILUHV��71&�SDUWQHUV�ZLWK�ORFDO�RUJDQL]DWLRQV
DQG�,QGLJHQRXV�OHDGHUV�WR�SHUIRUP�FRQWUROOHG�EXUQV�DQG�KHOS�PDLQWDLQ�QDWLYH�SODQW�SRSXODWLRQV�

%87721��7KH�)RUHVW�1HHGV�WR�%XUQ

5HGXFLQJ�(PLVVLRQV�ZLWK�1DWXUH

7R�DYRLG�FDWDVWURSKLF�FKDQJHV�LQ�RXU�FOLPDWH��ZH�QHHG�WR�GUDPDWLFDOO\�UHGXFH�FDUERQ�HPLVVLRQV�
2QH�WKLUG�RI�WKHVH�HPLVVLRQ�UHGXFWLRQV�FDQ�FRPH�IURP�QDWXUDO�VROXWLRQV��7HFKQRORJ\�ZLOO�WDNH�XV
D�ORQJ�ZD\��EXW�ZLWKRXW�SURWHFWLQJ�DQG�PDQDJLQJ�IRUHVWV�DQG�ZHWODQGV��ZH�ZLOO�QHYHU�UHDFK�RXU
HPLVVLRQV�JRDOV��71&�ZRUNV�ZLWK�GHFLVLRQ�PDNHUV�DQG�ODQG�VWHZDUGV�WR�FRQVLGHU�WKH�VFLHQFH��,I
ZH�WDNH�DFWLRQ�WR�SURWHFW�QDWXUH��LW�ZLOO�LQ�WXUQ�SURWHFW�XV�

https://www.nature.org/en-us/about-us/who-we-are/


%87721��1DWXUDO�&OLPDWH�6ROXWLRQV

.HQ\D¶V�0DQJURYH�*XDUGLDQV

0DQJURYH�IRUHVWV�DUH�VWURQJO\�WLHG�LQWR�1RUWK�.HQ\DQ�HFRV\VWHPV�DQG�FXOWXUH��0DQJURYHV
SUHYHQW�FRDVWDO�HURVLRQ�DQG�SURWHFW�DJDLQVW�VWRUP�VXUJH��DQG�ORFDOV�GHSHQG�RQ�WKHP�IRU�UHVRXUFHV�
7KH\�HYHQ�KHOS�FOLPDWH�FKDQJH²7KH\�DEVRUE�DERXW�IRXU�WLPHV�PRUH�FDUERQ�WKDQ�WHUUHVWULDO�WUHHV�
0DQJURYH�IRUHVWV�DUH�WKUHDWHQHG�E\�RYHUH[SORLWDWLRQ��71&�DQG�SDUWQHUV�VXSSRUW�DQG�VWUHQJWKHQ
FRPPXQLWLHV��OLNH�WKH�0DWDQJDZDQGD�:RPHQ¶V�$VVRFLDWLRQ�LQ�.HQ\D��WR�KHOS�UHVWRUH�WKHVH�YLWDO
PDQJURYH�IRUHVWV�

%87721��5HVWRULQJ�0DQJURYH�)RUHVWV
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6\VWHPDWLF�/LWHUDWXUH�5HYLHZ��7KH�0DNHXS�RI�WKH�*XW�0LFURELRPH�DQG�)RRG�$OOHUJ\

,QWURGXFWLRQ

,Q�UHFHQW�GHFDGHV��WKH�SUHYDOHQFH�RI�IRRG�DOOHUJLHV�KDV�EHHQ�VLJQLILFDQWO\�LQFUHDVLQJ��1ZDUX��
6RPH�WUHDWPHQWV��OLNH�RUDO�WROHUDQFH��KDYH�EHHQ�GHYHORSHG��EXW�PDQ\�VWLOO�VWUXJJOH�ZLWK�VHULRXV
IRRG�DOOHUJLHV�SDVW�FKLOGKRRG��7KH�LPPXQRORJLFDO�PHFKDQLVP�RI�DOOHUJ\�LV�IDLUO\
ZHOO�XQGHUVWRRG��,W�LV�D�PLVDFWLYDWLRQ�RI�DQ�LPPXQH�UHVSRQVH��:KHQ�D�SHUVRQ�KDV�IRRG�DOOHUJLHV�
WKH\�KDYH�,J(�DQWLERGLHV�WKDW�UHFRJQL]H�DQWLJHQV�IURP�IRRGV�WKDW�DUH�IRUHLJQ��EXW�DUH�QRW�KDUPIXO�
7KLV�WKHQ�OHDGV�WR�LQIODPPDWLRQ��D�VWDQGDUG�SDUW�RI�DQ\�LPPXQH�UHVSRQVH��+DDKWHOD���,Q�DOOHUJLF
GLVHDVH��KRZHYHU��WKLV�FDQ�OHDG�WR�DQDSK\OD[LV�DQG�DVSK\[LDWLRQ��DQG�FDQ�EH�OLIH�WKUHDWHQLQJ�
(YHQ�LI�QRW�OLIH�WKUHDWHQLQJ��LQIODPPDWLRQ�UHVXOWLQJ�IURP�DOOHUJ\�LV�RIWHQ�VHULRXV�DQG�UHTXLUHV
PHGLFDO�LQWHUYHQWLRQ�

'HVSLWH�EHLQJ�LQFUHDVLQJO\�FRPPRQ��+DDKWHOD���WKH�UHDVRQ�IRU�IRRG�DOOHUJ\�GHYHORSPHQW�LV�VWLOO
QRW�ZHOO�XQGHUVWRRG��7KH�ULVH�LQ�DOOHUJLF�GLVHDVH�VHHPV�WLHG�WR�OLIHVW\OH�FKDQJHV��EDVHG�RQ�WKH�IDFW
WKDW�JHQHWLFDOO\�VLPLODU�SRSXODWLRQV�ZKR�OLYH�LQ�GLIIHUHQW�SODFHV�KDYH�GLIIHUHQW�UDWHV�RI�DOOHUJ\
�+DDKWHOD��

7KLV�KDV�OHDG�VFLHQWLVWV�WRZDUG�WKH�ELRGLYHUVLW\�WKHRU\�RI�DOOHUJ\��VWDWLQJ�WKDW�D�ODFN�RI�VSHFLHV
GLYHUVLW\�LQ�PLFUREHV�OHDGV�WR�D�KLJK�ULVN�RI�LQIODPPDWRU\�GLVHDVH��LQFOXGLQJ�DVWKPD�DQG�DOOHUJ\
�+DDKWHOD���$QRWKHU�WKHRU\�WKDW�WLHV�LQ�ZHOO�ZLWK�WKLV�RQH�LV�WKH�K\JLHQH�K\SRWKHVLV��7KH�K\JLHQH
K\SRWKHVLV�VWDWHV�WKDW�WKH�ODFN�RI�H[SRVXUH�WR�D�GLYHUVLW\�RI�PLFUREHV�LQ�HDUO\�OLIH�FDQ�FDXVH�IRRG
DOOHUJLHV��)UHL���7KLV�ZRXOG�EH�D�SDUWLDO�H[SODQDWLRQ�IRU�ZKHUH�WKH�GHFUHDVHG�ELRGLYHUVLW\�WKDW
FDXVHV�LQIODPPDWRU\�GLVHDVH�FRPHV�IURP�

2QH�UHDVRQ�WKH�PLFURELRPH¶V�ELRGLYHUVLW\�LV�EHLQJ�VWXGLHG�LV�EHFDXVH�WKH�PLFURELRPH��LQ�ERWK�WKH
JXW�DQG�WKH�UHVW�RI�WKH�ERG\��KDV�DOVR�EHHQ�VKRZQ�WR�EH�RI�LPPXQRORJLFDO�LPSRUWDQFH��)UHL���,I
DOOHUJLHV�PD\�EH�FDXVHG�E\�ODFN�RI�H[SRVXUH�WR�PLFUREHV��DQG�WKH�ELRGLYHUVLW\�RI�WKH�PLFUREHV
OLYLQJ�LQ�WKH�ERG\�KDV�EHHQ�VKRZQ�WR�EH�UHODWHG�WR�LPPXQLW\��WKHUH�LV�D�ORJLFDO�QH[W�VWHS��7KLV�LV
WR�DVN�ZKHWKHU�WKH�PDNHXS�RI�RQH¶V�RZQ�QDWLYH�JXW�PLFURELRPH�FRXOG�FDXVH��RU�EH�WLHG�WR��IRRG
DOOHUJLHV��+DDKWHOD��

7KH�DVVRFLDWLRQ�EHWZHHQ�JXW�PLFURELRPH�ELRGLYHUVLW\�DQG�IRRG�DOOHUJ\�LV��LQGHHG��EHLQJ�VWXGLHG�
6RPH�SURSRVH�WKDW�WKH�OLQN�EHWZHHQ�WKH�WZR�FRXOG�EH�D�ELJ�PLVVLQJ�SLHFH�LQ�KRZ�ZH�XQGHUVWDQG
DQG�WUHDW�DOOHUJ\��,I�ELRGLYHUVLW\�RI�WKH�JXW�PLFURELRPH��RU�WKH�VSHFLHV�PDNHXS��LV�UHODWHG�WR�IRRG



DOOHUJ\��WKLV�ILQGLQJ�FRXOG�JR�KDQG�LQ�KDQG�ZLWK�WKH�K\JLHQH�DQG�ELRGLYHUVLW\�K\SRWKHVHV
�+DDKWHOD��

$GGLWLRQDOO\��OHDUQLQJ�DERXW�WKH�OLQN�EHWZHHQ�WKH�JXW�PLFURELRPH�DQG�IRRG�DOOHUJLHV�FRXOG�OHDG�WR
PRUH�HIIHFWLYH�WKHUDSLHV��$V�RI�QRZ��WKH�PRVW�SURPLQHQW�WUHDWPHQW�WR�DOOHUJ\�LV�H[SRVXUH�WR�WKH
DOOHUJHQ��,W�LV�SRVVLEOH�WKDW�H[SRVXUH�WR�SDUWLFXODU�PLFUREHV��RU�WR�D�GLYHUVLW\�RI�PLFUREHV��ZRXOG
KHOS�PLWLJDWH�DOOHUJLHV�RU�GHFUHDVH�WKHLU�VHYHULW\��7KLV�ZRXOG�EH�D�SURPLVLQJ�DQG�OHVV�GDQJHURXV
WUHDWPHQW��,W�FRXOG�DOVR�KHOS�LQ�WKH�FUHDWLRQ�RI�SUHYHQWDWLYH�WUHDWPHQWV�WR�LQWHUYHQH�EHIRUH�IRRG
DOOHUJLHV�FDQ�GHYHORS�

7KLV�V\VWHPDWLF�OLWHUDWXUH�UHYLHZ�VHWV�RXW�WR�GLVFRYHU�WKH�VWDWH�RI�UHVHDUFK�RQ�WKH�UHODWLRQVKLS
EHWZHHQ�WKH�PDNHXS�RI�WKH�JXW�PLFURELRPH�DQG�WKH�SUHVHQFH�RI�IRRG�DOOHUJLHV��DV�ZHOO�DV
SRWHQWLDO�DSSOLFDWLRQV�RI�WKDW�UHVHDUFK�

0HWKRGRORJ\

7KLV�VWXG\�ZDV�FRQGXFWHG�E\�HVWDEOLVKLQJ�UHVHDUFK�TXHVWLRQV��GHILQLQJ�NH\ZRUGV��DQG
HVWDEOLVKLQJ�LQFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD��%HIRUH�DQ\�RI�WKLV�ZDV�GRQH��WKH�VWDWH�RI�WKH
OLWHUDWXUH�ZDV�VFDQQHG�WR�VHH�ZKDW�W\SHV�RI�UHVHDUFK�ZHUH�EHLQJ�FRQGXFWHG��7ZR�PDLQ�W\SHV�RI
VWXGLHV�VWRRG�RXW��7KH�ILUVW�DVVHVVHG�ZKHWKHU�WKH�GLYHUVLW\�RI�WKH�JXW�PLFURELRPH�DIIHFWHG�IRRG
DOOHUJLHV��7KH�VHFRQG�ZDV�ZKHWKHU�WKH�SUHVHQFH�RI�DQ\�SDUWLFXODU�VSHFLHV�LQ�WKH�JXW�PLFURELRPH
DIIHFWHG�DOOHUJLHV��RU�WKH�W\SH�RI�DOOHUJ\��%RWK�W\SHV�RI�VWXGLHV�ZHUH�UHDG�DQG�LQFOXGHG�LQ�WKLV
UHYLHZ�WR�JLYH�D�PRUH�FRPSOHWH�RYHUYLHZ�RI�WKH�VWDWH�RI�WKH�UHVHDUFK�

%DVHG�RQ�SUHOLPLQDU\�UHVHDUFK��WKH�IROORZLQJ�WKUHH�UHVHDUFK�TXHVWLRQV�ZHUH�HVWDEOLVKHG�

54���'RHV�WKH�GLYHUVLW\�RI�WKH�JXW�PLFURELRPH�DIIHFW WKH�SUHVHQFH�RU�DEVHQFH�RI�IRRG�DOOHUJLHV"
54���'RHV�WKH�PDNHXS�RI�VSHFLHV�LQ�WKH�JXW�PLFURELRPH DIIHFW�VSHFLILF�W\SHV�RI�IRRG�DOOHUJLHV"
54���'RHV�WKH�SUHVHQFH�RU�DEVHQFH�RI�VSHFLILF�VSHFLHV LQ�WKH�JXW�PLFURELRPH�FDXVH�RU�FRQWULEXWH
WR�IRRG�DOOHUJLHV"

%DVHG�RQ�WKHVH�TXHVWLRQV��LQFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�ZHUH�HVWDEOLVKHG��6RPH�H[FOXVLRQ
FULWHULD�ZHUH�DUELWUDU\��WR�UHGXFH�WKH�YROXPH�RI�SDSHUV�WKDW�QHHGHG�WR�EH�VRUWHG�WKURXJK�LQ�WKH
WLPH�JLYHQ�

3DSHUV�ZHUH�LQFOXGHG�LI
Ɣ 7KH\�ZHUH�SXEOLVKHG�LQ�WKH�MRXUQDO $OOHUJ\
Ɣ 7KH\�GLVFXVVHG�WKH�OLQN�VSHFLILFDOO\�EHWZHHQ�WKH�ELRGLYHUVLW\�RI�WKH�JXW�PLFURELRPH�DQG

IRRG�DOOHUJ\

3DSHUV�ZHUH�H[FOXGHG�LI



Ɣ 7KH\�DGGUHVVHG�RWKHU�GLVHDVHV��VXFK�DV�DVWKPD
Ɣ 7KH\�ZHUH�QRW�SXEOLVKHG�LQ�WKH�MRXUQDO $OOHUJ\
Ɣ 7KH\�ZHUH�OLWHUDWXUH�UHYLHZV
Ɣ 7KH\�ZHUH�SXEOLVKHG�EHIRUH�����

7KH�VWXG\�ZDV�FRQWDLQHG�WR�WKH�MRXUQDO $OOHUJ\ EHFDXVH LW�LV�D�SUHPLHUH�MRXUQDO�LQ�WKH�ILHOG��DV
ZHOO�DV�IRU�OLPLWLQJ�WKH�DPRXQW�RI�DSSOLFDEOH�VWXGLHV�GXH�WR�WLPH�FRQVWUDLQWV�

%DVHG�RQ�DOO�RI�WKHVH�FULWHULD��VHDUFK�WHUPV�ZHUH�XVHG�WR�RSWLPL]H�WKH�YDULHW\�RI�GDWD�IRXQG�
6HDUFK�WHUPV�LQFOXGHG�³JXW�PLFURELRPH�DQG�IRRG�DOOHUJ\�´�³JXW�PLFURELRPH�GLYHUVLW\�DQG�IRRG
DOOHUJ\�´�DQG�³JXW�PLFURELRPH�DQG�K\JLHQH�K\SRWKHVLV�´�7KHVH�VHDUFK�WHUPV�DOORZHG�IRU
VHOHFWLRQ�RI�UHOHYDQW�DQG�WLPHO\�SDSHUV�

5HVXOWV

�� 6KRUW�&KDLQ�)DWW\�$FLGV
7KH�ILUVW�FDWHJRU\�RI�VWXGLHV�IRFXVHG�RQ�WKH�FRUUHODWLRQ�EHWZHHQ�PHWDEROLWHV�WKDW�DUH�SURGXFHG�E\
WKH�JXW�PLFURELRPH�DQG�DOOHUJ\��7KH\�VRXJKW�WR�HLWKHU�VHH�LI�DOOHUJLF�FKLOGUHQ�KDG�HQULFKHG�RU
ZHUH�ODFNLQJ�LQ�WKHVH�PHWDEROLWHV��RU�WR�VHH�LI�DGPLQLVWUDWLRQ�RI�PHWDEROLWHV�FRXOG�KHOS�UHGXFH
DOOHUJLF�V\PSWRPV�

7KH�ILUVW�DUWLFOH�LQ�WKLV�FDWHJRU\�LV�E\�5RGXLW��HW�DO��7KH�VWXG\�IRXQG�WKDW�FKLOGUHQ�ZLWK�KLJK�OHYHOV
RI�EXW\UDWH�DQG�SURSLRQDWH��WZR�FRPPRQ�VKRUW�FKDLQ�IDWW\�DFLGV��LQ�WKHLU�JXWV�KDG�OHVV�DWRSLF
VHQVLWL]DWLRQ��$WRSLF�VHQVLWL]DWLRQ�LV�VLPLODU�WR�IRRG�DOOHUJ\��EXW�OHVV�VHYHUH��DQG�FDQ�EH�D
SUHFXUVRU�WR�IXOO\�GHYHORSHG�DOOHUJ\��7KLV�VWXG\�DLPHG�WR�ORRN�LQWR�ZKHWKHU�FKLOGUHQ�ZLWK�DQG
ZLWKRXW�DOOHUJLHV�KDG�GLIIHUHQW�OHYHOV�RI�VKRUW�FKDLQ�IDWW\�DFLGV�LQ�VWRRO�VDPSOHV��7KH�UDWLRQDOH
EHKLQG�WKLV�LV�WKDW�LQ�WKH�SDVW��VWXGLHV�KDG�EHHQ�GRQH�WR�VHH�LI�DQ\�IRRGV�GHFUHDVHG�WKH�OLNHOLKRRG
RI�GHYHORSLQJ�DVWKPD�RU�DWRSLF�GHUPDWLWLV��GLVHDVHV�VLPLODU�WR�DOOHUJ\��,W�ZDV�IRXQG�WKDW�IRRGV
FRQWDLQLQJ�D�ODUJH�DPRXQW�RI�VKRUW�FKDLQ�IDWW\�DFLGV��6&)$V��GLG�GHFUHDVH�WKH�OLNHOLKRRG�RI
GHYHORSLQJ�WKHVH�GLVHDVHV��7KH\�KDYH�DOVR��DFFRUGLQJ�WR�WKH�DUWLFOH��EHHQ�VKRZQ�WR�KDYH
DQWL�LQIODPPDWRU\�SURSHUWLHV��7KH�UHVHDUFKHUV�DOVR�WUHDWHG�PLFH�RUDOO\�ZLWK�6&)$V��7KH\�IRXQG
WKDW�WKLV�WUHDWPHQW�UHGXFHG�VHYHULW\�RI�DOOHUJLF�UHDFWLRQV�LQ�PLFH��7KH�VWXG\�FRQFOXGHV�E\
VXJJHVWLQJ�WKDW�RUDO�DGPLQLVWUDWLRQ�RI�6&)$V�FRXOG�EH�DQ�HIIHFWLYH�WUHDWPHQW�LQ�FKLOGUHQ�ZLWK
DOOHUJLHV��ZKRVH�JXW�PLFURELRPHV�PD\�QRW�EH�SURGXFLQJ�VXIILFLHQW�DPRXQWV�RI�6&)$V�OLNH
EXW\UDWH�

7KH�QH[W�DUWLFOH�LQ�WKLV�FDWHJRU\�LV�E\�<DPDJLVKL�HW�DO��7KLV�VWXG\�IRXQG�WKDW�FKLOGUHQ�ZLWK�HJJ
DOOHUJLHV�KDG�IHZHU�EXW\ULF�DFLG�SURGXFLQJ�EDFWHULD��%$3%��LQ�WKHLU�JXWV��DV�ZHOO�DV�IHZHU
FLUFXODWLQJ�UHJXODWRU\�7�FHOOV��7UHJV���1DPHO\��FKLOGUHQ�ZLWK�DOOHUJLHV�KDG�KLJKHU
(QWHUREDFWHULDOHV�DQG�ORZHU�/DFWREDFLOODOHV��7KLV�VWXG\�LV�VLPLODU�WR�WKH�ILUVW�LQ�WKDW�LW�DOVR
IRFXVHV�RQ�WKH�HIIHFW�RI�VKRUW�FKDLQ�IDWW\�DFLGV�RQ�IRRG�DOOHUJLHV��EXW�KDV�D�GLIIHUHQW�UDWRLQDOH�



:KLOH�5RGXLW�FODLPHG�WKDW�6&)$V�KDYH�DQWL�LQIODPPDWRU\�SURSHUWLHV��<DPDJLVKL�FODLPV�WKDW
EXW\ULF�DFLG�LQGXFHV�WKH�PDWXUDWLRQ�RI�7UHJV��7UHJV�DUH�LPPXQH�FHOOV�WKDW�DUH�EHOLHYHG�WR
VXSSUHVV�DOOHUJLF�GLVHDVH�DQG�RWKHU�H[FHVVLYH�LPPXQH�UHVSRQVH��7KXV��SUHVHQFH�RI�7UHJV�FRXOG
FRUUHODWH�ZLWK�UHGXFHG�DOOHUJLHV��7KLV�SDSHU�DOVR�WDNHV�D�GLIIHUHQW�DSSURDFK�WKDQ�WKH�ILUVW��LQ�WKDW�LW
ORRNV�DW�PLFURELDO�VSHFLHV�LQ�WKH�JXW�PLFURELRPH�WKDW�SURGXFH�6&)$V��UDWKHU�WKDQ�ORRNLQJ�IRU
6&)$V�WKHPVHOYHV��7KLV�JLYHV�DQ�LGHD�RI�RQH�RI�WKH�ZD\V�WKH�PHWDEROLF�SDWKZD\V�RI�JXW
PLFUREHV�FRXOG�FRQWULEXWH�WR�WKH�SUHVHQFH�RU�VHYHULW\�RI�DOOHUJ\�

7KH�ILQDO�DUWLFOH�LQ�WKLV�FDWHJRU\�LV�E\�3DSDUR��HW�DO��7KH�VWXG\�IRXQG�WKDW�WUHDWPHQW�ZLWK�EXW\UDWH
UHGXFHG�DOOHUJLF�UHVSRQVH�LQ�DQLPDO�PRGHOV��%XW\UDWH�DOVR�SURPRWHG�SUHFXUVRUV�RI�VHYHUDO�W\SHV
RI�LPPXQH�FHOOV��LQFOXGLQJ�7UHJV��DORQJ�ZLWK�0��PDFURSKDJHV�DQG�GHQGULWLF�FHOOV���7KH�DUWLFOH
WRRN�D�VLPLODU�DSSURDFK�WR�5RGXLW��:RUNLQJ�RII�RI�WKH�NQRZOHGJH�WKDW�WKH�JXW�PLFURELRWD�SURGXFH
EXW\UDWH��DQG�WKDW�EXW\UDWH�FDQ�DVVLVW�LQ�JXW�EDUULHU�LQWHJULW\��WKH\�DVVHVVHG�ZKHWKHU�EXW\UDWH�FRXOG
EH�D�SURWHFWLYH�IDFWRU�DJDLQVW�IRRG�DOOHUJ\��7KH\�VSHFLILFDOO\�ORRNHG�DW�EXW\UDWH�OHYHOV�LQ�KXPDQ
PLON��+0��WR�VHH�LI�+0�FRXOG�EH�DQ�HIIHFWLYH�SURWHFWLYH�IDFWRU��7KLV�VWXG\�LV�UHOHYDQW�EHFDXVH�LW
LV�VKRZLQJ�WKDW�EXW\UDWH�FDQ�SURWHFW�DJDLQVW�DOOHUJ\��7KLV�VXJJHVWV�WKDW�WKH�JXW�PLFURELRPH¶V�ODFN
RI�DELOLW\�WR�SURGXFH�EXW\UDWH�FRXOG�EH�D�IDFWRU�LQ�DOOHUJ\�GHYHORSPHQW�

$OO�WKUHH�RI�WKHVH�VWXGLHV�IRXQG�WKDW�WKHUH�VHHPV�WR�EH�DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�SUHVHQFHV
RI�6&)$V�DQG�SUHVHQFH�RI�DOOHUJLHV��7ZR�RI�WKH�VWXGLHV�KDYH�IRXQG�WKDW�WUHDWPHQW�ZLWK�6&)$V
FDQ�UHGXFH�VHYHULW\�RI�DOOHUJLHV��ZKLFK�LV�D�SURPLVLQJ�WKHUDS\�

�� *XW�0LFURELRPH�'LYHUVLW\�DQG�6SHFLHV�0DNHXS

7KH�VHFRQG�FDWHJRU\�RI�VWXGLHV�ORRNV�PRUH�FORVHO\�DW�WKH�PDNHXS�RI�WKH�JXW�PLFURELRPH��7KHVH
VWXGLHV�DQDO\]HG�GLIIHUHQFHV�LQ�JXW�PLFURELRWD�SRSXODWLRQV�EHWZHHQ�FKLOGUHQ�ZLWK�DQG�ZLWKRXW
DOOHUJLHV��RU�EHWZHHQ�FKLOGUHQ�LQ�SRSXODWLRQV�ZLWK�GLIIHUHQW�IUHTXHQFLHV�RI�DOOHUJ\�

7KH�ILUVW�VWXG\�LQ�WKLV�FDWHJRU\�LV�E\�)D]OROODKL�HW�DO���,QWHUHVWLQJO\��LW�ZDV�IRXQG�WKDW�FKLOGUHQ
ZLWK�HJJ�DOOHUJLHV�KDG�LQFUHDVHG�GLYHUVLW\�LQ�WKHLU�JXW�PLFURELRPH�FRPSDUHG�WR�QRQ�DOOHUJLF
FKLOGUHQ��%DFWHULD�IURP�WKH�JHQHUD 5XPLQRFRFFXV��/DFWRFRFFXV� DQG /HXFRQRVWRF ZHUH�PRUH
DEXQGDQW�LQ�FKLOGUHQ�ZLWK�HJJ�DOOHUJLHV��$GGLWLRQDOO\��LW�ZDV�IRXQG�WKDW�VXEMHFWV�ZLWK�WKH�HJJ
DOOHUJ\�KDG�GHFUHDVHG�PHWDEROLVP�RI�SXULQH��D�FRPSRXQG�IRXQG�LQ�VRPH�IRRGV��,W�ZDV�SUHGLFWHG
WKDW�WKLV�ZDV�WKH�IXQFWLRQDO�SDWKZD\�WKDW�ZDV�FRPPRQ�EHWZHHQ�WKH�EDFWHULDO�JURXSV�WKDW�ZHUH
DVVRFLDWHG�ZLWK�DOOHUJ\��7KH�DXWKRUV�DFNQRZOHGJH�WKDW�WKH�ILQGLQJ�WKDW�LQFUHDVHG�GLYHUVLW\�LV
DVVRFLDWHG�ZLWK�DOOHUJ\�VHHPV�FRXQWHU�LQWXLWLYH��7KH\�VXJJHVW�WKDW�RYHUDOO�GLYHUVLW\�LV�QRW�ZKDW
QHHGV�WR�EH�VWXGLHG��EXW�SURPLQHQFH�RI�LQGLYLGXDO�WD[D�DQG�LQWHUDFWLRQV�EHWZHHQ�WKHP��DV�ZHOO�DV
PRUH�VSHFLILF�PHWDEROLF�HIIHFWV��7KLV�VWXG\�DQDO\]HG�IHFDO�VDPSOHV�DQG�SURILOHG�WKHP�E\���6
U51$�VHTXHQFLQJ��ZKLFK�DOORZV�IRU�LGHQWLILFDWLRQ�RI�VSHFLHV�LQ�D�VDPSOH�



$QRWKHU�VWXG\�LQ�WKLV�FDWHJRU\�LV�E\�6DYDJH�HW�DO��,W�IRXQG�WKDW�VRPH�JHQHUD�EDFWHULD�ZHUH�OHVV
DEXQGDQW�LQ�FKLOGUHQ�ZLWK�IRRG�VHQVLWL]DWLRQ��7KHVH�ZHUH +DHPRSKLOXV��'LDOLVWHU��'RUHD��DQG
&ORVWULGLXP� *HQHUD�OHVV�DEXQGDQW�LQ�FKLOGUHQ�ZLWK IRRG�DOOHUJLHV�ZHUH &LWUREDFWHU��2VFLOORVSLUD�
/DFWRFRFFXV� DQG��DJDLQ� 'RUHD� /LNH�WKH�)D]OROODKL VWXG\��WKLV�VWXG\�XVHG���6�VHTXHQFLQJ�WR
DQDO\]H�WKH�PDNHXS�RI�VSHFLHV�LQ�WKH�PLFURELRPHV�RI�VXEMHFWV��8QOLNH�)D]OROODKL��KRZHYHU��WKLV
VWXG\�IRXQG�RYHUDOO�JXW�PLFURELRPH�GLYHUVLW\�WR�EH�VLPLODU�EHWZHHQ�FKLOGUHQ�ZLWK�DQG�ZLWKRXW
DOOHUJ\��7KLV�ZDV�FRXQWHU�WR�ZKDW�WKH�DXWKRUV�H[SHFWHG��DV�DQ�LQYHUVH�DVVRFLDWLRQ�EHWZHHQ
GLYHUVLW\�DQG�ULVN�RI�GLVHDVH�KDV�SUHYLRXVO\�EHHQ�VHHQ�

7KH�WKLUG�VWXG\�LQ�WKLV�FDWHJRU\�LV�E\�6MRGLQ�HW�DO�,W�IRXQG�WKDW�FKLOGUHQ�ZLWK�DOOHUJLHV�VKRZHG
XQGHUUHSUHVHQWDWLRQ�RI 5XPLQRFRFFXV��%DFWHURLGHV� 3UHYRWHOOD� DQG &RSURFRFFXV FRPSDUHG�WR
FKLOGUHQ�ZLWKRXW�DOOHUJLHV��,Q�DOOHUJLF���\HDU�ROGV� %LILGREDFWHULXP ZDV�HQULFKHG�DQG
/DFWREDFLOOXV��(QWHURFRFFXV� DQG /DFKQRVSLUD ZHUH GHSOHWHG��7KH�VWXG\�VXJJHVWV�WKDW�WKHUDSHXWLF
WUHDWPHQW�LQYROYLQJ�H[SDQGLQJ�JXW�PLFURELRPH�WD[D�GLYHUVLW\�FRXOG�EH�D�VXFFHVVIXO�VWUDWHJ\���,Q
WKLV�VWXG\�VWRRO�VDPSOHV�IURP�FKLOGUHQ�ZHUH�DQDO\]HG�IRU�WKHLU�JXW�PLFURELRWD�SRSXODWLRQ�E\���6
U51$�VHTXHQFLQJ��DV�LQ�WKH�)D]OROODKL�DQG�6DYDJH�VWXGLHV��/LNH�WKH�SUHYLRXV�WZR�VWXGLHV��LW�ZDV
IRXQG�WKDW�VRPH�VSHFLILF�JHQHUD�RI�EDFWHULD�ZHUH�HQULFKHG�RU�GHSOHWHG�LQ�VXEMHFWV�ZLWK�DOOHUJLHV
FRPSDUHG�WR�WKRVH�ZLWKRXW�

7KH�ILQDO�SDSHU�LQ�WKLV�FDWHJRU\�LV�E\�6HSSR�HW�DO��7KLV�VWXG\�IRXQG�WKDW�LQ�2OG�2UGHU�0HQQRQLWHV
�220���VXEMHFWV¶�VWRRO�ZDV�HQULFKHG�ZLWK %LILGREDFWHULDFHDH� &ORVWULGLDFHDH��DQG
$HURFRFFDFHDH FRPSDUHG�WR�FRQWURO�LQIDQWV�IURP�5RFKHVWHU� 1<���$GGLWLRQDOO\��VWRRO�ZLWK %�
LQIDQWLV KDG�KLJKHU�OHYHOV�RI�ODFWDWH�DQG�PHGLXP�ORQJ FKDLQ�)DWW\�$FLGV��7KLV�FRQQHFWLRQ�ZLWK
WKH�ILUVW�FDWHJRU\�RI�VWXGLHV�LV�RI�QRWH��$GGLWLRQDOO\��DOOHUJLF�DWRSLF�GLVHDVHV�ZHUH�DERXW�ILYH�WLPHV
PRUH�FRPPRQ�LQ�5RFKHVWHU�LQIDQWV�WKDQ�220�LQIDQWV��/LNH�WKH�6DYDJH�VWXG\��LW�ZDV�IRXQG�WKDW
WKH�WZR�SRSXODWLRQV�KDG�VLPLODU�OHYHOV�RI�GLYHUVLW\�LQ�WKH�JXW�PLFURELRPH��7KH�UDWLRQDOH�IRU
VWXG\LQJ�220�LV�WKDW�220�LQIDQWV�KDYH�D�³WUDGLWLRQDO�IDUPLQJ�OLIHVW\OH´�DQG�DUH�OLNHO\�H[SRVHG
WR�PRUH�PLFUREHV�IURP�OLYHVWRFN�DQG�SODQWV�WKDQ�LQIDQWV�LQ�5RFKHVWHU��7KLV�LV��WKXV��D�VRUW�RI
RIIVKRRW�RI�WKH�³K\JLHQH�K\SRWKHVLV´�RI�DOOHUJ\��7KH�VWXG\�DQDO\]HG�ERWK�LQIDQW�VWRRO�VDPSOHV�DQG
KXPDQ�PLON�VDPSOHV��DJDLQ�E\���6�U51$�VHTXHQFLQJ�

'LVFXVVLRQ

,Q�DOO�WKUHH�VWXGLHV�IURP�&DWHJRU\����DV�ZHOO�DV�WKH�6HSSR�VWXG\��WKH�SUHVHQFH�RI�%$3%�RU�6&)$V
VHHPV�WR�LQGLFDWH�ORZHU�OLNHOLKRRG�RI�DOOHUJ\��,W�LV�LQWHUHVWLQJ�WKDW�WKLV�PHWDEROLWH�LQ�SDUWLFXODU�KDV
EHHQ�IRXQG�WR�EH�RI�VXFK�ODUJH�LPSRUWDQFH��DQG�VXUSULVLQJ�WKDW�WKLV�LV�QRW�D�PRUH�ZHOO�XQGHUVWRRG
SKHQRPHQRQ��:KLOH�UHVHDUFKLQJ�UHOHYDQW�VWXGLHV��QR�UHYLHZV�ZHUH�IRXQG�VSHFLILFDOO\�RQ�%$3%
DQG�WKHLU�UHODWLRQ�WR�DOOHUJ\��7ZR�SDSHUV�IURP�WKLV�UHYLHZ�DOVR�IRXQG�WKDW�RUDO�DGPLQLVWUDWLRQ�RI
IDWW\�DFLGV�KHOSHG�LQ�GHFUHDVLQJ�VHYHULW\�RI�DOOHUJLF�UHDFWLRQV��8QGRXEWHGO\��WKLV�LV�D�WKHUDSHXWLF



RSWLRQ�WKDW�FRXOG�SURYH�LQFUHGLEO\�EHQHILFLDO��7KHVH�ILQGLQJV�LPSO\�RQH�ZD\�WKDW�WKH�PDNHXS�RI
WKH�JXW�PLFURELRPH�FRXOG�EH�FRQWULEXWLQJ�WR�WKH�GHYHORSPHQW�RU�VHYHULW\�RI�IRRG�DOOHUJLHV�

:KLOH�WKHUH�ZDV�QRW�PXFK�FRQVHQVXV�DPRQJ�WKH�VHFRQG�FDWHJRU\�RQ�ZKLFK�JURXSV�RI�EDFWHULD�DUH
PRVW�OLQNHG�WR�DOOHUJLHV��DOO�VHHPHG�WR�DJUHH�WKDW�VSHFLILF�VSHFLHV�PDNHXS�LV�IDU�PRUH�LPSRUWDQW
WKDQ�RYHUDOO�ELRGLYHUVLW\�RI�WKH�JXW�PLFURELRPH��,Q�IDFW��LW�VHHPV�WKDW�ELRGLYHUVLW\�RI�WKH�JXW
PLFURELRPH�PDWWHUV�YHU\�OLWWOH��*LYHQ�WKLV�DQG�WKH�UHVXOWV�IURP�FDWHJRU\�RQH��LW�ZRXOG�EH
ZRUWKZKLOH�WR�IROORZ�XS�RQ�WKH�UHVXOWV�DQG�VHH�ZKLFK�JHQHUD�WKDW�ZHUH�IRXQG�WR�EH�GHSOHWHG�RU
HQULFKHG�LQ�WKH�VXEMHFWV�DUH�IDWW\�DFLG�SURGXFLQJ��0RVW�RI�WKHVH�SDSHUV�KDG�WKH�JRDO�RI�VLPSO\
HVWDEOLVKLQJ�ZKHWKHU�WKHUH�DUH�EDFWHULDO�IDPLOLHV�JHQHUD�GLIIHUHQWLDOO\�HQULFKHG�LQ�VXEMHFWV�ZLWK
DOOHUJLHV��DQG�GHWHUPLQHG�WKDW�WKHUH�DUH��7KH�FOHDU�QH[W�VWHS�LV�WR�ORRN�IRU�VLPLODULWLHV�EHWZHHQ
WKHVH�VSHFLHV��7KH�PHWDEROLF�SDWKZD\V�WKDW�HDFK�RI�WKH�EDFWHULD�WDNH�SDUW�LQ�FRXOG�EH�DQDO\]HG
JRLQJ�IRUZDUG��DV�ZHOO��WR�VHH�LI�DQ\�RWKHU�SDWKZD\V�FDQ�EH�OLQNHG�WR�WKH�SUHVHQFH�RI�IRRG�DOOHUJ\�

7KHVH�VWXGLHV�ODUJHO\�VKRZHG�WKDW�RQ�WKH�FRXQW�RI�ELRGLYHUVLW\��WKH�K\JLHQH�K\SRWKHVLV�VHHPV
LQFRUUHFW��2YHUDOO�GLYHUVLW\�GRHV�QRW�VHHP�WR�GLIIHU�EHWZHHQ�VXEMHFWV�ZLWK�DQG�ZLWKRXW�DOOHUJLHV�
EXW�WKDW�GRHV�QRW�PHDQ�WKH�WKHRU\�LV�DOO�ZURQJ��7KH�6HSSR�VWXG\�IRXQG�WKDW�2OG�2UGHU�0HQQRQLWH
FRPPXQLWLHV�KDG�ORZHU�SUHYDOHQFH�RI�IRRG�DOOHUJ\��6HSSR�QRWHV�WKDW�WKHLUV�LV�QRW�WKH�RQO\�VWXG\
WKDW�KDV�IRXQG�WKDW�FRPPXQLWLHV�ZLWK�PRUH�³WUDGLWLRQDO´�RU�OHVV�³ZHVWHUQL]HG´�OLIHVW\OHV�KDYH
ORZHU�IUHTXHQF\�RI�DOOHUJ\��7KH�PRVW�QRWDEOH�GLIIHUHQFH�EHWZHHQ�WKHVH�FRPPXQLWLHV�DQG�WKRVH
ZLWK�KLJKHU�SUHYDOHQFH�RI�DOOHUJ\�LV�WKH�DPRXQW�RI�WLPH�VSHQW�RXWGRRUV��LQ�FRQWDFW�ZLWK�DQLPDOV
DQG�QDWXUH��,W�LV�YHU\�GLIILFXOW�WR�VWXG\�ZKHWKHU�WKLV�LV�WKH�SULPDU\�FDXVH�RI�DOOHUJ\��EXW�WKH
FRUUHODWLRQ�H[LVWV��DQG�ZDUUDQWV�IXUWKHU�LQYHVWLJDWLRQ�

2YHUDOO��WKHVH�ILQGLQJV�VKRZ�WKDW�DZDUHQHVV�RI�WKH�OLQN�EHWZHHQ�WKH�JXW�PLFURELRPH�DQG�IRRG
DOOHUJ\�LV�JURZLQJ��,W�VHHPV�FOHDU�WKDW�WKHUH�DUH�GLIIHUHQFHV�EHWZHHQ�DOOHUJLF�DQG�QRQ�DOOHUJLF
VXEMHFWV��EXW�H[DFWO\�ZKDW�WKRVH�GLIIHUHQFHV�DUH�DQG�ZK\�WKH\�PDWWHU�LV�QRW�GHWHUPLQHG��/RRNLQJ
LQWR�WKH�PHWDEROLF�SDWKZD\V�RI�GLIIHUHQWLDOO\�HQULFKHG�EDFWHULDO�IDPLOLHV�ZRXOG�EH�D�JRRG�ILUVW
VWHS�LQWR�GHWHUPLQLQJ�KRZ�WKH�JXW�PLFURELRPH�DIIHFWV�DOOHUJ\�



%LEOLRJUDSK\

)D]OROODKL��0��HW�DO����������(DUO\�OLIH�JXW�PLFURELRPH�DQG�HJJ�DOOHUJ\� $OOHUJ\��������
�����������GRL� KWWSV���GRL�RUJ���������DOO������

)UHL��5��HW�DO����������0LFURELRWD�DQG�GLHWDU\�LQWHUDFWLRQV��DQ�XSGDWH�WR�WKH�K\JLHQH�K\SRWKHVLV"
$OOHUJ\����������������� GRL� KWWSV���GRL�RUJ���������DOO�M���������������������[

+DDKWHOD��7����������$�ELRGLYHUVLW\�K\SRWKHVLV� $OOHUJ\� ����������������� GRL�
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7KHUH�LV�D�QDWXUDO�VHHS�ILHOG�RII�WKH�FRDVW�RI�&RDO�2LO�3RLQW�
ΔW�SURGXFHV�D�ODUJH�DPRXQW�RI�RLO��DQG�LV�FRQVLGHUHG�RQH
RI�WKH�PRVW�SUROLILF�QDWXUDO�VHHSV�LQ�WKH�ZRUOG��7KH

:RRGV�+ROH�2FHDQRJUDSKLF�ΔQVWLWXWH�HVWLPDWHV�WKDW����WR
���WRQV�RI�RLO�DUH�UHOHDVHG�IURP�WKH�VHHS�HYHU\�VLQJOH
GD\��7KDWȇV�DURXQG�WKH�VDPH�YROXPH�DV�������WDQNV�RI

JDVROLQH��7KH�WDU�WKDW�FDQ�EH�IRXQG�RQ�WKH�EHDFKHV�RI�ΔVOD
9LVWD�DQG�6DQWD�%DUEDUD�LV�D�SURGXFW�RI�WKLV�QDWXUDO�VHHS��

àňýƶ�ōƩ��ĨýĚň�¼ýơۢ
7DU�EDOOV�FRPH�IURP�RLO��ΔQ�WKH�RFHDQ��RLO
ULVHV�WR�WKH�VXUIDFH�DQG�WKHQ�SDUWLDOO\
HYDSRUDWHV��$�VWLFN\�VXEVWDQFH�LV�OHIW

EHKLQG��ZKLFK�WKHQ�ZDVKHV�XS�RQ�VKRUH�DQG
EHFRPHV�WKH�LQFRQYHQLHQW�WDU�ZH�DUH�DOO�WRR
IDPLOLDU�ZLWK��7KH�VRXUFH�RI�WKH�RLO�FDQ�EH�DQ
RLO�VSLOO�RU�D�QDWXUDO�RLO�VHHS��2LO�VHHSV�DUH
IUDFWXUHV�LQ�WKH�VHD�IORRU�LQ�DUHDV�ULFK�LQ�RLO
DQG�K\GURFDUERQV��2LO�HVFDSHV�WKURXJK�WKH

IUDFWXUHV�DQG�ULVHV�WR�WKH�VXUIDFH�

¼ňĨ� źýť��ōť�£źōŰƶ�®ĨĨƞ�FōĨťġ

SƩ�ōƶ�ġýŰŁĨơźƾƩ�ƶź�Ůǡ�ňĨýťƶňۢ
&RQWDFW�ZLWK�WDU�LV�QRW�KDUPIXO�LQ�VPDOO
DPRXQWV��7KH�12$$�UHFRPPHQGV�OLPLWLQJ

FRQWDFW�DV�PXFK�DV�SRVVLEOH��7KH�DPRXQW�RI�WDU
\RX�ZRXOG�UHJXODUO\�HQFRXQWHU�ZKHQ�YLVLWLQJ�D
EHDFK��KRZHYHU��LV�QRW�GDQJHURXV��7DU�FDQ�EH
UHPRYHG�IURP�WKH�VNLQ�ZLWK�VRDS�RU�EDE\�RLO�

�

SƩ�ōƶ�ňýơŮŀƾť�ƶź�ƶňĨ�ĨŰǚōơźŰŮĨŰƶۢ
1DWXUDO�RLO�VHHSV�DUH�YHU\�ROG��DQG�WKH�RQH�KHUH�
�DW�&RDO�2LO�3RLQW�KDV�OLNHO\�EHHQ�HPLWWLQJ�RLO�IRU
WKRXVDQGV�RI�\HDUV��:KLOH�WKH�RLO�OHDNDJH�LV
QDWXUDO��LW�LV�VWLOO�VRPHZKDW�KDUPIXO�WR�WKH

HQYLURQPHQW��2LO�IURP�WKHVH�VHHSV�LV�WR[LF�WR
PDULQH�OLIH��DQG�RLO�RQ�WKH�RFHDQ�VXUIDFH�FDQ�EH
KDUPIXO�WR�VHD�ELUGV��7KLV�EHLQJ�VDLG��WKH�QDWXUDO
RLO�VHHSDJH�GRHV�QRW�KDYH�VXFK�GUDVWLF�HIIHFWV�DV
D�KXPDQ�FDXVHG�RLO�VSLOO��GXH�WR�WKH�FRPSDUDEO\
VORZHU�VSHHG�DQG�WKH�UHJXODULW\�RI�WKH�HPLVVLRQ�

�

LPDJH�IURP�'RF�6HDUOV�:HEORJ

ΔPDJH�IURP�-RKQQ\�-HW�FRP



6R��EHDFK�WDU�DFFXPXODWHV�VHDVRQDOO\��FRXOG�WKLV
EH�GXH�WR�HQYLURQPHQWDO�IDFWRUV"�7KH�VWXG\
LQYHVWLJDWHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH

GLUHFWLRQ�RI�WKH�ZLQG�DQG�WDU�DFFXPXODWLRQ��7KH\
IRXQG�WKDW�WKHUH�ZDV�PRUH�ZLQG�EORZLQJ�WR�WKH
QRUWK�GXULQJ�WKH�VSULQJ�DQG�VXPPHU��ZKLFK�LV

ZKHQ�WDU�DFFXPXODWHV�WKH�PRVW�
�

®ĨýƩźŰýť�ßýơōýęōťōƶǡ�źŀ�¼ýơ
ΔI�\RXȇYH�HYHU�IHOW�OLNH�MXVW�ZKHQ�EHDFK�WDU
VHHPV�WR�KDYH�EHHQ�JRQH�IRU�PRQWKV��LW

DSSHDUV�DJDLQ"�ΔWȇV�QRW�MXVW�\RX��WKH�DPRXQW
RI�WDU�RQ�WKH�EHDFK�YDULHV�JUHDWO\��QRW�RQO\
IURP�GD\�WR�GD\��EXW�VHDVRQ�WR�VHDVRQ��$

JURXS�RI�VFLHQWLVWV�VHW�RXW�WR�VHH�LI�WKHUH�ZDV
D�GHWHFWDEOH�SDWWHUQ�WR�WKLV�YDULDELOLW\��RU�DQ\

XQGHUO\LQJ�UHDVRQ�IRU�LW�

¼ýơ�źŰ�®ƾŮŮĨơ�ßýĚýƶōźŰ

ΔPDJH�IURP�DEF��/RV�$QJHOHV

7KH\�ORRNHG�DW�RXU�YHU\�RZQ�&RDO
2LO�3RLQW�EHDFK��7KH\�IRXQG�WKDW�WDU
DFFXPXODWHG�RQ�WKH�EHDFK�GXULQJ
WKH�VSULQJ�DQG�VXPPHU�PXFK
PRUH�WKDQ�LW�GLG�LQ�WKH�IDOO�DQG

ZLQWHU��7KH�DPRXQW�RI�WDU�RQ�WKH
EHDFK�GRXEOHG�EHWZHHQ�ZLQWHU
DQG�VSULQJ��DQG�WKHQ�DJDLQ

EHWZHHQ�VSULQJ�DQG�VXPPHU��-XVW�LQ
WLPH�IRU�VXPPHU�YDFDWLRQ�EHDFK

GD\V�

�Űǡ�àýǡ�ƶňĨ�àōŰġ��ťźǛƩۢ
�%HFDXVH�WKH�&RDO�2LO�3RLQW�EHDFK

IDFHV�VRXWK��WKLV�ILQGLQJ�LPSOLHV�WKDW
ZLQG�FRXOG�EH�KHOSLQJ�SXVK�WDU�RQ�WKH
RFHDQ�WRZDUG�WKH�EHDFK�GXULQJ�WKH
VXPPHU��DQG�DZD\�IURP�WKH�EHDFK

GXULQJ�WKH�ZLQWHU�

 ňźƞƞǡ�àýƶĨơƩ
%HVLGHV�WKH�ZLQGȇV�GLUHFWLRQ��WZR�RWKHU

HQYLURQPHQWDO�IDFWRUV�VHHP�WR
LQIOXHQFH�WDU�DFFXPXODWLRQ��2QH�RI
WKHVH�LV�WKH�DYHUDJH�KHLJKW�RI�ODUJH
ZDYHV��DOVR�FDOOHG�VZHOO�KHLJKW��ΔW

DSSHDUV�WKDW��WKH�ODUJHU�WKH�VZHOO�KHLJKW�
WKH�OHVV�EHDFK�WDU�DFFXPXODWHV��7KH

RWKHU�IDFWRU�LV�VXUI�]RQH�DFWLYLW\��7KH
VXUI�]RQH�LV�WKH�UHJLRQ�RI�WKH�ZDWHU

ZKHUH�ZDYHV�FUDVK�DQG�IRDP��

:KHQ�WKH�VXUI�]RQH�LV�PRUH�WXUEXOHQW�
RLO�RQ�WKH�RFHDQȇV�VXUIDFH�LV�GLVWULEXWHG
RYHU�D�ODUJHU�DUHD��:KHQ�RLO�LV�PRUH

GLVSHUVHG��OHVV�WDU�UHDFKHV�WKH�EHDFK
LQ�WKH�ILUVW�SODFH��$GGLWLRQDOO\��ZKHQ

FRPELQHG�ZLWK�ODUJH�VZHOOV��D�WXUEXOHQW
VXUI�]RQH�ZLOO�ZDVK�WDU�DZD\�IURP�WKH
EHDFK�PRUH�RIWHQ�WKURXJKRXW�WKH

GD\��7KLV�PHDQV�WKDW�WDU�ZLOO�VWD\�RQ�WKH
EHDFK�IRU�VKRUWHU�SHULRGV�RI�WLPH��



$�EHWWHU�XQGHUVWDQGLQJ�RI�WDUȇV�VHDVRQDO�YDULDELOLW\
FRXOG�KHOS�WR�LGHQWLI\�RLO�VSLOOV��(YHQ�WKRXJK�WKH
WDU�RQ�WKHVH�EHDFKHV�DOPRVW�DOZD\V�FRPHV�IURP

QDWXUDO�VHHSV��LW�ORRNV�WKH�VDPH�DV�LW�ZRXOG�LI�WKHUH
KDG�EHHQ�DQ�RLO�VSLOO�FDXVHG�E\�KXPDQV��ΔI�WKH
VHDVRQDO�SDWWHUQV�RI�EHDFK�WDU�DUH�XQGHUVWRRG�
DQRPDOLHV�FDQ�EH�LGHQWLILHG�PRUH�HDVLO\��ΔI

WKHUHȇV�D�KXJH�VSLNH�LQ�EHDFK�WDU�LQ�WKH�PLGGOH�RI
'HFHPEHU��WKDW�LV�D�UHG�IODJ�WKDW�WKHUH�PD\�EH�DQ

RLO�VSLOO�QHDUE\�
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5HVHDUFK�RQ�WKH�VHDVRQDO�SDWWHUQV�RI�WDU�ZLOO�EH
XVHIXO�IRU�ORWV�RI�SHRSOH��LQFOXGLQJ�EHDFKJRHUV��ΔI
ZH�NQRZ�WKDW�WDU�DFFXPXODWHV�LQ�WKH�VXPPHU��ZLWK
VWURQJ�ZLQG��RU�ZLWK�FDOP�VHDV��ZH�FDQ�EHWWHU�SODQ
IRU�WKLV��&RPPXQLW\�DZDUHQHVV�RI�WKH�SDWWHUQV�RI
WDU�DFFXPXODWLRQ�ZLOO�KHOS�SHRSOH�NQRZ�ZKDW�WR
H[SHFW�RQ�D�EHDFK�GD\��7KLV�ZLOO��KRSHIXOO\��DOVR
UDLVH�DZDUHQHVV�RQ�KRZ�WR�JHW�ULG�RI�WDU�RQ�WKH

VNLQ��DQG�DOORZ�SHRSOH�WR�DUP�WKHPVHOYHV�ZLWK�WKH
SURSHU�HTXLSPHQW�WR�GR�VR��

��rźġĨť�ŀźơ��ōť�®ƞōťťƩ

®ŰźǛǡ�£ťźǚĨơ� źŰƩĨơǚýƶōźŰ
&RDO�2LO�3RLQW�LV�KRPH�WR�D�SURWHFWHG

SRSXODWLRQ�RI�VKRUH�ELUGV�FDOOHG�6QRZ\
3ORYHUV��7KHUH�LV�D�ODUJH�HIIRUW�WR�KHOS�WKHVH
DGRUDEOH�ELUGV��DQG�SURWHFW�WKHP�IURP�QDWXUDO
DQG�KXPDQ�FDXVHG�GDQJHUV��7DU�DQG�RLO�FDQ
EH�GDQJHURXV�WR�ELUGV��VR�XQGHUVWDQGLQJ
WKHLU�VHDVRQDO�SDWWHUQV�FDQ�KHOS�LQ�FUHDWLQJ
PDQDJHPHQW�SODQV�IRU�NHHSLQJ�6QRZ\
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7KH�QDWXUDO�VHHS�KHUH�KDV�EHHQ�SURGXFLQJ�RLO�IRU�D�ORQJ
WLPH��DQG�ORQJ�EHIRUH�3ODWIRUP�+ROO\�ZDV�SODFHG�KHUH�WR

WDNH�DGYDQWDJH�RI�WKDW��KXPDQV�KDYH�IRXQG�XVHV�IRU�RLO�DQG
WDU��7KH�&KXPDVK�SHRSOH�RQ�WKH�&KDQQHO�ΔVODQGV�IRXQG
PDQ\�XVHV�IRU�KDUG��KLJK�JUDGH�DVSKDOWXP��ZKLFK�WKH\
PLQHG��7KLV�PDWHULDO�LV�KDUGHU�DQG�PRUH�GXUDEOH�WKDQ
WKH�VRIW�WDU�EDOOV�WKDW�DUH�ZDVKHG�XS�RQ�RXU�EHDFKHV��DQG
ZKHQ�PLQHG�IURP�ODQG�EDVHG�GHSRVLWV��ZDV�FDOOHG�ZRTR�
&KXPDVK�SHRSOH�XVHG�ZRTR�WR�ZDWHUSURRI�ERWWOHV�DQG
EDVNHWV��DQG�WR�FDXON�UHGZRRG�FDQRHV��:RTR�ZDV�DOVR

PL[HG�ZLWK�SLQH�UHVLQ��ZKLFK�UHVXOWHG�LQ�\RS��D�XVHIXO
DGKHVLYH�PDWHULDO�

£ťýƶŀźơŮ�Nźťťǡ
2QH�RI�WKH�PRVW�UHFRJQL]DEOH�ODQGPDUNV�DW
&RDO�2LO�3RLQW�LV�3ODWIRUP�+ROO\��DQ�RLO

SODWIRUP�ORFDWHG�ULJKW�QH[W�WR�WKH�SRLQW��ΔW�FDQ
EH�VHHQ�SODLQO\�IURP�DOO�RI�WKH�EHDFKHV�LQ�ΔVOD
9LVWD�DQG�DW�8&6%��DQG�DW�QLJKW��OLJKWV�XS�OLNH�D
EHDFRQ��3ODWIRUP�+ROO\�ZDV�SODFHG�LQ������
DQG�ZDV�SURGXFLQJ�RLO�IRU�QHDUO\����\HDUV
EHIRUH�EHLQJ�GHFRPPLVVLRQHG�LQ������

��ōť�®ƞōťťٻٸٻٳ
7RGD\��3ODWIRUP�+ROO\�EULQJV
EDFN�XQSOHDVDQW�PHPRULHV
RI�WKH�LQIDPRXV������RLO
VSLOO��ZKLFK�RFFXUUHG�RQ
3ODWIRUP�$�MXVW�HDVW�RI
+ROO\��7KH�VSLOO�UHOHDVHG
�������EDUUHOV��RU�RYHU��
PLOOLRQ�JDOORQV��RI�RLO�LQWR
WKH�RFHDQ��DQG�VSXUUHG�D

ZDYH�RI�DQWL�GULOOLQJ
DFWLYLVP��

�ơƶōŀōĚōýť�¦ĨĨŀ
7RGD\��KXQGUHGV�RI�ILVK�DQG�LQYHUWHEUDWH

VSHFLHV�KDYH�WXUQHG�3ODWIRUP�+ROO\ȇV�XQGHUZDWHU
VWUXFWXUDO�HOHPHQWV�LQWR�D�KRPH��7KH�ULJ�IXQFWLRQV
DV�DQ�DUWLILFLDO�UHHI��DQG�LV�WHHPLQJ�ZLWK�OLIH�XQGHU

WKH�VHD��7KHUH�DUH�PDQ\�SRVVLEOH�IXWXUHV�IRU
3ODWIRUP�+ROO\��EXW�EHFDXVH�RI�WKH�PDULQH�OLIH�WKDW

GHSHQGV�RQ�LW��PDQ\�REMHFW�WR�LWV�FRPSOHWH
UHPRYDO��
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:ULWLQJ�6DPSOH�5HIOHFWLRQV

0\�ILUVW�ZULWLQJ�VDPSOH�LV�VRPH�FRS\ZULWLQJ�,�GLG�IRU�1DWXUH�RUJ�ZKHQ�,�ZDV�ZRUNLQJ�DV�WKH
'LJLWDO�&RQWHQW�,QWHUQ�IRU�7KH�1DWXUH�&RQVHUYDQF\��71&���7KH�JRDO�RI�WKHVH�EOXUEV�ZDV�WR
KLJKOLJKW�WKH�GLYHUVLW\�RI�FRQVHUYDWLRQ�ZRUN�EHLQJ�GRQH�E\�71&��DV�ZHOO�DV�LQVSLUH�UHDGHUV�WR
FOLFN�WKURXJK�WR�WKH�IXOO�VWRULHV�EHLQJ�VXPPDUL]HG�LQ�WKHVH�VKRUW�SDUDJUDSKV��7KLV�ZULWLQJ�LV
SXEOLVKHG�DW KWWSV���ZZZ�QDWXUH�RUJ�HQ�XV�DERXW�XV�ZKR�ZH�DUH� DW�WKH�ERWWRP�RI�WKH�ZHESDJH�
7KLV�SLHFH�VKRZV�P\�DELOLW\�WR�ZRUN�ZLWK�VWULFW�FKDUDFWHU�OLPLWV��WR�ZULWH�IRU�SXEOLFLW\��DQG�WR
FDSWXUH�DQ�DXGLHQFH�ZKLOH�VWD\LQJ�WUXH�WR�WKH�FRQWHQW�RI�WKH�DUWLFOHV�EHLQJ�KLJKOLJKWHG��,�QHYHU
FRQVLGHUHG�WKLV�W\SH�RI�VFLHQFH�ZULWLQJ�XQWLO�,�GLG�LW��DQG�LW�PDGH�PH�ZDQW�WR�OHDUQ�PRUH�DERXW�WKH
GLIIHUHQW�W\SHV�RI�ZULWLQJ�,�FRXOG�SRWHQWLDOO\�GR�LQ�WKH�IXWXUH�

0\�VHFRQG�VDPSOH�LV�IURP�:ULWLQJ�IRU�6FLHQFH�DQG�7HFKQRORJ\��,�FRPSLOHG�DQG�DQDO\]HG�GDWD
IURP�VHYHUDO�VFLHQWLILF�SDSHUV�RQ�WKH�HIIHFWV�RI�WKH�JXW�PLFURELRPH�RQ�WKH�GHYHORSPHQW�RI�IRRG
DOOHUJ\��7KLV�SLHFH�VKRZV�WKDW�,�FDQ�ZULWH�IRU�DQ�DXGLHQFH�RI�VFLHQWLVWV��DQG�GR�UHVHDUFK�WR�LQIRUP
P\�ZULWLQJ�DV�ZHOO�DV�EDFN�XS�P\�FODLPV��,�ZDQW�WR�OHDUQ�KRZ�WR�PRUH�HIIHFWLYHO\�DQG�HIILFLHQWO\
GR�UHVHDUFK��DQG�KRZ�WR�WUDQVODWH�LW�WR�P\�DXGLHQFH�ZKLOH�VWLOO�DGGLQJ�D�IUHVK�SHUVSHFWLYH�LQWR�LW�

7KH�ILQDO�VDPSOH�LV�IURP�6FLHQFH�:ULWLQJ�IRU�WKH�3XEOLF��7KHVH�DUH�GHVLJQHG�WR�EH�LQIRUPDWLRQDO
RQ�VLWH�VLJQV�WKDW�ZRXOG�EH�ORFDWHG�DW�WKH�&RDO�2LO�3RLQW�%HDFK��,�KDG�WR�WKLQN�D�ORW�DERXW�WKH
DXGLHQFH�ZKHQ�ZULWLQJ�WKHVH�VLJQV��,�ZDV�ZULWLQJ�WR�WKH�SXEOLF��EXW�D�YHU\�VSHFLILF�VXEVHW�RI�WKH
SXEOLF��7KHVH�VLJQV�VKRZFDVH�WKH�VNLOOV�RI�NHHSLQJ�DQ�DXGLHQFH�LQWHUHVWHG�ZKLOH�SURYLGLQJ
LQIRUPDWLRQ��DQG�RI�GHWHUPLQLQJ�WKH�PRVW�HIIHFWLYH�IRUPDW�WR�FRQYH\�WKDW�LQIRUPDWLRQ��,�ZDQW�WR
EXLOG�RQ�ERWK�RI�WKRVH�VNLOOV��EHFDXVH�ZULWLQJ�IRU�SXEOLF�DXGLHQFHV�LV�ZKDW�,�ZDQW�WR�GR�WKH�PRVW�
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