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$EVWUDFW
:H�KDYH�EHHQ�RQ�WKLV�SODQHW�IRU�PLOOLRQV�RI�\HDUV��EXW�OHVV�WKDQ�������\HDUV�DJR�GLG�ZH�GHYHORSHG�D�ZULWWHQ
ODQJXDJH��/HVV�WKDQ�����\HDUV�DJR��WKH�SULQWLQJ�SUHVV�JUHDWO\�H[SDQGHG�RXU�DELOLW\�WR�VKDUH�NQRZOHGJH��,Q������RU
MXVW����\HDUV�DJR��WKH�LQWHUQHW�HQDEOHG�XV�WR�DOPRVW�LQVWDQWDQHRXVO\�VKDUH�NQRZOHGJH�DURXQG�WKH�ZRUOG��&RQVLGHU�
MXVW�IRU�D�PRPHQW��WKDW�IRU�PLOOLRQV�RI�\HDUV�ZH�KDG�QR�ZULWWHQ�ODQJXDJH�WR�UHFRUG�DQG�VKDUH�NQRZOHGJH�ZLWK
RWKHUV��WKHQ�LQ�OHVV�WKDQ�������\HDUV��ZH�FUHDWHG�VFLHQFH�DQG�DUH�FUHDWLQJ�QHZ�hHOGV�RI�VFLHQFH�DW�DQ�DFFHOHUDWLQJ
UDWH�

$W�WKH�VDPH�WLPH��RXU�SRSXODWLRQ�KDV�DOVR�JURZQ�H[SRQHQWLDOO\��IURP�QHDU�H[WLQFWLRQ�DW��������%&�WR�����������
SHRSOH�DW�WKH�WLPH�RI�ZULWWHQ�ODQJXDJH�WR�DERXW�����ELOOLRQ�WRGD\��&RQVLGHU�WKDW�GXULQJ�WKH�VDPH�������\HDUV�IURP
ZULWWHQ�ODQJXDJH�WR�WRGD\��RXU�SRSXODWLRQ�KDV�JURZQ�PRUH�WKDQ�����WLPHV�

7KLV�FRPELQDWLRQ�RI�H[SRQHQWLDOO\�PRUH�SHRSOH�VKDULQJ�H[SRQHQWLDOO\�PRUH�LQIRUPDWLRQ�LV�H[SORGLQJ�RXU�NQRZOHGJH
LQ�WHFKQRORJ\�DQG�RWKHU�DUHDV��LQFOXGLQJ�ZLQH��:LQHcV�NQRZOHGJH�JURZWK�HQFRPSDVVHV�WKH�DSSOLFDWLRQ�RI�DW�OHDVW�DW
OHDVW���QHZ�VFLHQWLhF�hHOGV�b�1HXUR�/LQJXLVWLF�3URJUDPPLQJ��1HXUR�*DVWURQRP\��DQG�1HXUR�(QRORJ\�

7KLV�SDSHUcV�REMHFWLYH�SDSHU�LV�WR�VKDUH�WKH�FRQWULEXWLRQV�RI�WKHVH���QHZ�QHXURVFLHQFH�hHOGV�LQ�DGYDQFLQJ�RXU
NQRZOHGJH�RI�ZLQH�iDYRU��VSHFLhFDOO\�
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���)HHO�
���7DVWH�
���6PHOO��DQG
���7KH�%UDLQ�

)((/

$FFRUGLQJ�WR�5RQDOG�-DFNVRQ��VFLHQWLVW��SURIHVVRU��DQG�DXWKRU��dWKH�DYHUDJH�ZLQH�FRQVXPHU�SODFHV�PRUH
LPSRUWDQFH�RQ�WKH�PRXWKIHHO�RI�D�ZLQH�WKDQ�RQ�LWV�IUDJUDQFH�e

%HVLGHV�WDVWH��ZH�FDQ�DOVR�VHQVH�WKH�SUHVHQFH�RI�ZLQH�LQ�RXU�PRXWK�E\�WRXFK��DND�IHHO�RU�WDFWLOH��VHQVDWLRQ��ZKLFK
LV�VFLHQWLhFDOO\�FDOOHG�dVRPDWR�VHQVDWLRQ�e�:H�KDYH�VLQJOH�VHQVRUV��PHDVXULQJ�
f�OLJKW�WRXFK
f�SUHVVXUH
f�WHPSHUDWXUH
f�SDLQ

7KHUH�DUH�DOVR�PXOWLSOH�VHQVRUV�ZKLFK�PHDVXUH�PRXWKIHHO��DND��PRXWKVHQVH�RU�WH[WXUH��

,W�ZDV�QRW�XQWLO�������ZKHQ�5LFKDUG�*DZHO��$��2EHUKROVWHU��DQG�,��/HLJK�)UDQFLV�LQWURGXFHG�WKH�5HG�:LQH�0RXWKIHHO
WR�FDWHJRUL]H�DQG�GRFXPHQW�PRXWKIHHO�

,Q�������*DU\�-��3LFNHULQJ�GHYHORSHG�WKH�:KLWH�:LQH�0RXWKIHHO�:KHHO�

%RWK�FKDUWV�VKRZ�WKHUH�DUH�VLJQLhFDQW�GLgHUHQFHV�LQ�ZKDW�WKH\�FRQVLGHU�PRXWKIHHO��KRZ�WKHVH�IHHOLQJV�DUH
FDWHJRUL]HG��KRZ�VXEGLYLGHG��DQG�KRZ�GHhQHG��7KH�GLgHUHQFHV�LQ�WKHVH�WZR�FKDUWV�KLJKOLJKWV�WKH�ZRUN�UHPDLQLQJ
LQ�FDWHJRUL]LQJ��GLYLGLQJ��DQG�GHhQLQJ�PRXWKIHHO�

,Q�������DGGLWLRQDO�VFLHQWLhF�UHVHDUFK�KHOSHG�UHFRQFLOH�VRPH�RI�WKHVH�GLgHUHQFHV��EXW�PXFK�ZRUN�UHPDLQV�

7$67(

:H�XVH�SULPDULO\���VHQVHV�LQ�WDVWLQJ�ZLQH��VZHHW��VRXU��DQG�ELWWHU�

,Q�1HXUR�HQRORJ\��dWUDLQLQJ�WR�EH�DQ�H[SHUW�LQ�WDVWLQJ�ZLQH�GHSHQGV�WR�D�JUHDW�H[WHQW�RQ�WUDLQLQJ�WKH�WRQJXH�WR
GHOLYHU�WKH�ZLQH�WR�WKH�ZLQH�VHQVLQJ�RUJDQV�RI�WKH�PRXWK��WRJHWKHU�ZLWK�GHOLYHULQJ�WKH�YRODWLOHV�WR�WKH�LQWHUQDO
QRVH�e

7DVWH�EXGV�DUH�QRW�RQO\�IRXQG�RQ�WKH�WRQJXH��EXW�RWKHU�SODFHV�LQ�WKH�PRXWK�WR�LQFOXGH�WKH�VRIW�SDODWH��XSSHU
HVRSKDJXV��WKH�FKHHN��DQG�WKH�HSLJORWWLV�

,Q�1HXUR�HQRORJ\��*RUGRQ�0��6KHSKHUG�GHYRWHG�D�ZKROH�FKDSWHU�WR�d6LS�DQG�6DOLYD�e�,Q�DGGLWLRQ�WR�WKH�WRQJXH�
VDOLYD�LPSDFWV�WKH�WDVWH�RI�ZLQH�
f�6DOLYD�EHJLQV�WKH�SURFHVV�RI�GLJHVWLRQ�RI�VWDUFKHV�DQG�IDWV��DV�PXFK�DV�����LQ�WKH�PRXWK��6SHFLhFDOO\��DP\ODVH
EUHDNV�VWDUFKHV�GRZQ�LQWR�VLPSOHU�VXJDUV�VXFK�DV�PDOWRVH��VZHHW�WDVWH��DQG�GH[WULQ��ELWWHU�OLNH�XQVZHHWHQHG
FRFRD���ZKLFK�LV�WKHQ�EURNHQ�GRZQ�IXUWKHU�LQ�WKH�VPDOO�LQWHVWLQH�
f�6DOLYD�DOVR�ELQGV�WDQQLQV�ZKLFK�UHGXFHV�ELWWHUQHVV�E\�UHGXFLQJ�WKH�DELOLW\�WR�UHDFK�WKH�ELWWHUQHVV�UHFHSWRUV�	
LQFUHDVHV�DVWULQJHQF\��ORZHU�S+��
f�:LQH�DOVR�LQFUHDVHV�WKH�DPRXQW�RU�iRZ�RI�VDOLYD�LQ�WKH�PRXWK��ZKLFK�FKDQJHV�WKH�SHUFHSWLRQ�RI�WKH�ZLQH�LQ�WKH
PRXWK�
f�7KHVH�FKHPLFDO�FKDQJHV�LQ�WKH�PRXWK�FKDQJH�WKH�iDYRU�RI�WKH�ZLQH�DV�LW�PRYHV�WKURXJK�WKH�PRXWK�DQG�ORQJHU�LW
VLWV�LQ�WKH�PRXWK�

,Q�DGGLWLRQ��WDVWH�UHFHSWRUV�KDYH�EHHQ�IRXQG�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW��NLGQH\V��DQG�EUDLQ��(QULTXH�5R]HQJXUW��D
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ELRORJLVW�DW�8&/$�IRXQG�WDVWH�FHOOV�LQ�WKH�ORZHU�JXW�

7KRPDV�)LQJHU��D�QHXURELRORJLVW�DW�WKH�8QLYHUVLW\�RI�&RORUDGR��KDV�DOVR�IRXQG�WDVWH�UHFHSWRUV�LQ�RXU�QRVH��VWRPDFK�
OXQJV��DQG�LQWHVWLQH��)RU�H[DPSOH��ZKHQ�\RXU�LQWHVWLQH�VHQVHV�VRPHWKLQJ�ELWWHU��LW�IRUFHV�LW�RXW�RI�WKH�ERG\��TXLFNO\
b�\RX�PD\�IHHO�VLFN��YRPLW��KDYH�GLDUUKHD�RU�ERWK��7KLV�KDSSHQV�XQFRQVFLRXVO\�ZLWKRXW�DQ\�FRQVFLRXV�GHFLVLRQ�
PDNLQJ��%LWWHU�GHWHFWLRQ�FHOOV�LQ�WKH�OXQJ�DQG�QRVH�FDQ�UHVXOW�LQ�VQHH]LQJ�

'U��)RVWHU�IRXQG�ELWWHU�WDVWH�UHFHSWRUV�RQ�KXPDQ�KHDUWV�

7KLV�KDV�OHG�VRPH�WR�VD\�ZH��d7DVWH�ZLWK�RXU�ZKROH�ERG\�e

)LQDOO\��\RXU�IDFLDO�QHUYH�IXQFWLRQV�LQ�WKH�FRQYH\DQFH�RI�WDVWH�VHQVDWLRQV�IURP�WKH�DQWHULRU�WZR�WKLUGV�RI�WKH�WRQJXH
DQG�RUDO�FDYLW\�DQG�DOVR�FRQWUROV�WKH�PXVFOHV�RI�IDFLDO�H[SUHVVLRQ��,Q�VKRUW�\RXU�IDFH�UHYHDOV�ZKDW�\RX�DUH�HDWLQJ�
f�%LWWHU�7DVWH��H\HV�GLPLQLVK
f�6RXU�7DVWH��OLSV�SXUVHG��OLSV�SUHVVHG��QRVWULOV�ZLGHQ��PRXWK�RSHQ
f�%LWWHU�	�6DOW�7DVWHV��QRVH�ZULQNOHV

60(//

7RGD\��DOPRVW�HYHU\RQH�DJUHHV�WKDW�VPHOO�WUXPSV�WDVWH��EXW�LW�ZDV�QRW�XQWLO������LQ�d1HXURHQRORJ\e�WKDW�*RUGRQ
0��6KHSKHUG�GHWDLOHG�+2:�UHWUR�QDVDO�VPHOO�LQ�FRPELQDWLRQ�ZLWK�WDVWH�FUHDWHV�iDYRU�

5HPHPEHU��LQ�1HXUR�HQRORJ\��dWUDLQLQJ�WR�EH�DQ�H[SHUW�LQ�WDVWLQJ�ZLQH�GHSHQGV�WR�D�JUHDW�H[WHQW�RQ�WUDLQLQJ�WKH
WRQJXH�WR�GHOLYHU�WKH�ZLQH�WR�WKH�ZLQH�VHQVLQJ�RUJDQV�RI�WKH�PRXWK��WRJHWKHU�ZLWK�GHOLYHULQJ�WKH�YRODWLOHV�WR�WKH
LQWHUQDO�QRVH�e

7KH�WRQJXH�SOD\V�D�VLJQLhFDQW�UROH�LQ�UHOHDVLQJ�YRODWLOHV�E\�PRYLQJ�WKH�ZLQH�VORZO\�WKURXJK�WKH�PRXWK�DQG
SHUIRUPLQJ�YDULRXV�IXQFWLRQV�
f�$QWHULRU�WRQJXH�VWDUWV�E\�DHUDWLQJ�WKH�ZLQH�DW�WKH�IURQW�RI�WKH�PRXWK��:LQH�H[SHUWV�VXFN�LQ�DLU�WR�PD[LPL]H
DHUDWLRQ�DQG�LQFUHDVH�UHOHDVH�RI�YRODWLOHV�
f�0LGGOH�WRQJXH�DJLWDWHV�WKH�ZLQH�WR�YDULRXV�SDUWV�RI�WKH�PRXWK�DQG�PL[HV�ZLWK�VDOLYD�WR�LQFUHDVH�iDYRU�LQWHQVLW\
FDXVHG�E\�WKH�UHOHDVH�RI�YRODWLOHV�IRU�UHWUR�QDVDO�VPHOO��:LQH�H[SHUWV�ZLOO�FKHZ�DQG�VZLVK�ZLQH�WR�FRYHU�WKH
QHFHVVDU\�DUHDV�RI�WKH�PRXWK�
f�3RVWHULRU�WRQJXH�KROGV�WKH�ZLQH�EHIRUH�VZDOORZLQJ�VR�H[KDOLQJ�ZLWK�ZLQH�DW�WKH�EDFN�RI�WKH�PRXWK�LQFUHDVHV�WR
LQFUHDVH�UHWUR�QDVDO�VPHOO��:LQH�H[SHUWV�ZLOO�H[KDOH�ZLWK�WKH�ZLQH�DW�WKH�EDFN�RI�WKH�PRXWK�WR�LQFUHDVH�UHOHDVH�RI
YRODWLOHV�WR�WKH�ROIDFWRU\�EXOE�
f�$IWHU�VZDOORZLQJ��ZH�VHQVH�DQ�DURPD�EXUVW�IURP�WKH�YRODWLOHV�OHIW�FRDWLQJ�WKH�WKURDW��ZLWK�WKH�hUVW�H[SLUDWLRQV
SURYLGLQJ�WKH�VWURQJHVW�VWLPXODWLRQ�RI�UHWURQDVDO�VPHOO�
f�)LQDOO\��ZH�VHQVH�E\�FRQWLQXLQJ�UHWURQDVDO�VPHOO�WKH�OLQJHULQJ�hQLVK�FRPLQJ�IURP�WKH�YRODWLOHV�RQ�WKH�VXUIDFH�RI
RXU�PRXWKV�DQG�WKURDWV�e

7RGD\��ZH�QRZ�NQRZ�WKDW�WKH�QRVH�VKDSH�DQG�DLU�iRZ�LPSDFWV�VPHOO�
���7KHUH�DUH�ODUJH�GLgHUHQFHV�LQ�WKH�VKDSH�DQG�RSHQQHVV�RI�RXU�QDVDO�FDYLW\�EHFDXVH�RI�LQWHU�LQGLYLGXDO
GLgHUHQFHV�
���7KH�WZR�VLGHV�RI�RXU�QRVHV�DUH�QRW�LGHQWLFDO�ZLWK�HYHU\����PLQXWHV�RXU�QDVDO�FRQJHVWLRQ�PRYHV�IURP�RQH�VLGH�WR
WKH�RWKHU��LQ�VPHOOLQJ�ZLQH��RQH�VKRXOG�XVH�ZKLFKHYHU�QRVWULO�LV�QRW�FRQJHVWHG�VKRZLQJ�WKDW�WKHUH�DUH�LQWUD�
LQGLYLGXDO�GLgHUHQFHV��
���$LU�iRZ�OLQHV�WKURXJK�RXU�QRVH�DUH�VXUSULVLQJO\�ULJLG�ZLWK�WKH�DLU�HQWHULQJ�DW�D�SUHFLVH�VLWH�PRVW�DQWHULRU�LQ�WKH
QRVWULO�WR�VWLPXODWH�WKH�ROIDFWRU\�UHFHSWRUV
D��WLOWLQJ�WKH�JODVV�DW�DQ�RSWLPXP�DQJOH�EHWZHHQ����DQG����GHJUHHV�LV�SUREDEO\�EDVHG�RQ�LQGLYLGXDO�QRVH�VWUXFWXUH
E��VRPH�LQGLYLGXDOV�FDQ�VPHOO�PRUH�ZLWK�����TXLFN�VQLgV��ZKLOH�RWKHUV�SUHIHU�D�VLQJOH�GHHS�EUHDWK
F��VRPH�LQGLYLGXDOV�VPHOO�EHWWHU�LQKDOLQJ�WKH�DURPDV�WKURXJK�WKH�PRXWK�DQG�QRVH
���$LU�iRZ�SDWKZD\V�DUH�KLJKO\�VHQVLWLYH�WR�VPDOO�REVWUXFWLRQV�DQG�FRQJHVWLRQV��
���d5HODWLYHO\�VPDOO�FKDQJHV�LQ�WKH�DQDWRP\�RI�WKH�QDVDO�FDYLW\�DW�VSHFLhF�ORFDWLRQV�FDQ�LQGXFH�ODUJH�FKDQJHV�LQ
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WKH�DLUiRZ�WKURXJK�DQG�WKH�RGRUDQW�XSWDNH�RQ�WKH�ROIDFWRU\�PXFRVD�

d,W�LV�D�ZRQGHU�WKDW�ZH�FDQ�UHDFK�DQ\�NLQG�RI�DJUHHPHQW�ZKHQ�DVVHVVLQJ�WKH�DURPD�RI�ZLQH�e

7+(�%5$,1

,Q�������*RUGRQ�0��6KHSKHUG�SXEOLVKHG���1HXURHQRORJ\��+RZ�WKH�%UDLQ�FUHDWHV�WKH�7DVWH�RI�:LQH���+H�VXPV�KLV
ERRN�LQ���SKUDVH���WKH�WDVWH�RI�ZLQH�LV�QRW�LQ�WKH�ZLQH��WKH�WDVWH�LV�FUHDWHG�E\�WKH�EUDLQ�RI�WKH�ZLQH�WDVWHU���,Q�VXP�
ELJ�EUDLQV��ELJ�VPHOO��:K\"�%HFDXVH�VPHOO�LV�SURFHVVHG�LQ�WKH�EUDLQ�DQG�VR�ODUJHU�EUDLQV�GHVLJQHG�IRU�SURFHVVLQJ
DQG�PHPRU\�FDQ�SURFHVV�DQG�UHPHPEHU�PRUH�VPHOOV�

+RZHYHU��VPHOO�LV�SURFHVVHG�DQG�UHPHPEHUHG�GLgHUHQWO\�WKDQ�RXU�RWKHU�VHQVHV�RI�WRXFK��VLJKW��KHDULQJ��DQG�WDVWH�
6PHOOV��QRW�VRXQGV��VLJKWV��WRXFK��QRU�WDVWH��JHW�URXWHG�WKURXJK�WKH�ROIDFWRU\�EXOE��WKH�VPHOO�DQDO\]LQJ�UHJLRQ�LQ
\RXU�EUDLQ�WKDWcV�FORVHO\�FRQQHFWHG�WR�EUDLQ�UHJLRQV�WKDW�KDQGOH�PHPRU\�DQG�HPRWLRQ��$V�D�UHVXOW��RGRUV�DUH
HVSHFLDOO\�HgHFWLYH�DV�UHPLQGHUV�RI�SDVW�H[SHULHQFH��PXFK�PRUH�VR�WKDQ�FXHV�IURP�RWKHU�VHQVHV��VXFK�DV�VLJKWV�RU
VRXQGV

+RZHYHU��XQOLNH�RXU�RWKHU�VHQVHV�ZKLFK�VHQG�WKHLU�D[RQV�GLUHFWO\�WR�WKH�WKDODPXV�DQG�LQ�WXUQ�WKH�QHR�FRUWH[��WKH
ROIDFWRU\�EXOE�LV�UHVSRQVLEOH�IRU�VPHOO�DQG�VHQGV�D[RQV�WR�WKH�ROIDFWRU\�FRUWH[��WKHQ�WKH�DP\JGDOD���RXU�SULPLWLYH
EUDLQ�ZKLFK�LQGXFHV�HPRWLRQV�VXFK�DV�SOHDVXUH��IHDU��DQ[LHW\��DQG�VDGQHVV�b�EHIRUH�WKH�DP\JGDOD�FRQQHFWV�WR�WKH
WKDODPXV��ZKLFK�FRQQHFWV�WR�WKH�QHR�FRUWH[�

7KXV��FRPSDUHG�WR�RXU�RWKHU�VHQVHV��DUWLFXODWLQJ�VPHOOV�LV�PRUH�GLjFXOW�EHFDXVH�RI�WKH�SURFHVVLQJ�WKURXJK�WKH
ROIDFWRU\�EXOE��ROIDFWRU\�FRUWH[��DQG�DP\JGDOD�EHIRUH�SURFHVVLQJ�LQ�WKH�WKDODPXV�DQG�QHRFRUWH[��OLNH�RXU�RWKHU
VHQVHV�

,W�LV�WKH�ZD\�WKDW�VPHOO�REMHFWV�DUH�UHSUHVHQWHG�LQ�WKH�EUDLQ�WKDW�PDNHV�WKLV�WDVN�RI�0DWFKLQJ�6PHOOV�DQG�ZRUGV�DUH
PRUH�GLjFXOW�

3ULRU�WR�WKH���WK�&HQWXU\��ZLQH�ZDV�GHVFULEHG�DV�JRRG�RU�QRW��$FFRUGLQJ�WR�:LOOLDP�6KDNHVSHDUH���*RRG�ZLQH�QHHGV
QR�EXVK��DGYHUWLVLQJ���

,Q�������$QQ�1REOH�GHYHORSHG�WKH�:LQH�$URPD�:KHHO��$QQ�1REOHcV�:LQH�$URPD�:KHHO�ZDV�D�WXUQLQJ�SRLQW�LQ�KRZ
ZH�WDON�DERXW�ZLQH�

6LQFH�WKHQ��ZLQH�GHVFULSWLRQV�KDYH�FRQWLQXHG�WR�EHFRPH�IDU�PRUH�HODERUDWH��7KHVH�HODERUDWH�GHVFULSWLRQV�PD\
KHOS�XV�GHFLGH�LQ�SXUFKDVLQJ�D�ZLQH��EXW�WKHUH�DUH�GRZQVLGHV�WR�WKLV�ZKHQ�ZH�DUH�WDVWLQJ�
���/DQJXDJH�VKDSHV�ZKDW�ZH�SHUFHLYH
���&XOWXUH�DQG�RXU�HGXFDWLRQ�DQG�H[SHULHQFHV�LQiXHQFH�KRZ�ZH�GHVFULEH�DQG�LQWHUSUHW�ZLQH�GHVFULSWLRQV
���:RUGV�FRQYH\�PHDQLQJV�DQG�SUHMXGLFHV

0RVW�LPSRUWDQWO\��0HODQL�0F%ULGHcV�UHVHDUFK�LQGLFDWHG�WKDW�LQ�RXU�FXOWXUH�ZH�PRYH�DZD\�IURP�WKH�VHQVRU\
H[SHULHQFH�DQG�JR�VWUDLJKW�WR�WKH�ZRUGV��,QVWHDG��HQMR\�WKH�WDVWH��WH[WXUHV��VPHOOV��DQG�iDYRUV�

5HPHPEHULQJ�VPHOO�LV�DOVR�SURFHVVHG�GLgHUHQWO\�WKDQ�WKH�RWKHU�VHQVHV��IURP�WKH�ROIDFWRU\�FRUWH[�GLUHFWO\�WR�WKH
DP\JGDOD�DQG�WKH�KLSSRFDPSXV��6R�ZLQH�LV�QRW�FRPELQHG�ZLWK�WKH�RWKHU�VHQVHV�LPPHGLDWHO\�LQ�WKH�WKDODPXV��7R
KHOS�UHPHPEHU�ZLQH�VPHOOV��LW�KHOSV�WR�LQYRNH�1HXUR�/LQJXLVWLF�3URJUDPPLQJ��1/3��WRROV�DQG�WHFKQLTXHV�DQG
V\QHVWKHVLD�WR�FRPELQH�ZLQH�ZLWK�WKH�RWKHU�VHQVHV�

7LP�*DLVHU��0DVWHU�6RPPHOLHU�DQG�:LQH�(GXFDWLRQ�&KDLU�RI�&RXUW�RI�0DVWHU�6RPPHOLHUV��UHFRPPHQGV�WKH�IROORZLQJ
VWHSV�WR�GLVWLQJXLVK�DQG�UHPHPEHU�VPHOOV��$OO�RI�WKHVH�VWHSV�OHYHUDJH�WR�YDU\LQJ�GHJUHHV�1HXUR�/LQJXLVWLF
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Neuro-Science of Wine Flavor 
By William Stefan 

We have been on this planet for millions of years, but less than 6,000 years ago did we developed a 
written language.  Less than 600 years ago, the printing press greatly expanded our ability to share 
knowledge.  In 1982 or just 36 years ago, the internet enabled us to almost instantaneously share 
knowledge around the world.  Consider, just for a moment, that for millions of years we had no written 
language to record and share knowledge with others, then in less than 6,000 years, we created science 
and are creating new fields of science at an accelerating rate.   
  
At the same time, our population has also grown exponentially, from near extinction at 70,000 BC to 
14,000,000 people at the time of written language to about 7.5 billion today.  Consider that during the 
same 6,000 years from written language to today, our population has grown more than 500 times.   
 

 
 
This combination of exponentially more people sharing exponentially more information is exploding our 
knowledge in technology and other areas, including wine.  Wine’s knowledge growth encompasses the 
application of at least at least 3 new scientific fields – Neuro-Linguistic Programming, Neuro-Gastronomy, 
and Neuro-Enology.  
 
This paper’s objective paper is to share the contributions of these 3 new neuroscience fields in advancing 
our knowledge of wine flavor, specifically: 

1. Feel,       
2. Taste,       



3. Smell, and     
4. The Brain. 

 
FEEL 
 
According to Ronald Jackson, scientist, professor, and author: “the average wine consumer places more 
importance on the mouthfeel of a wine than on its fragrance.”  
 
Besides taste, we can also sense the presence of wine in our mouth by touch (aka feel or tactile) 
sensation, which is scientifically called “somato-sensation.”  We have single sensors, measuring: 

x light touch 
x pressure 
x temperature 
x pain 

 
There are also multiple sensors which measure mouthfeel (aka, mouthsense or texture).   
 
It was not until 2000, when Richard Gawel, A. Oberholster, and I. Leigh Francis introduced the Red Wine 
Mouthfeel to categorize and document mouthfeel. 
 
In 2006, Gary J. Pickering developed the White Wine Mouthfeel Wheel.   
 

 
 
Both charts show there are significant differences in what they consider mouthfeel, how these feelings are 
categorized, how subdivided, and how defined.  The differences in these two charts highlights the work 
remaining in categorizing, dividing, and defining mouthfeel.   
 
In 2017, additional scientific research helped reconcile some of these differences, but much work 
remains. 
 
TASTE 
 
We use primarily 3 senses in tasting wine: sweet, sour, and bitter.  



 
In Neuro-enology, “training to be an expert in tasting wine depends to a great extent on training the 
tongue to deliver the wine to the wine-sensing organs of the mouth, together with delivering the volatiles 
to the internal nose.”   
 
Taste buds are not only found on the tongue, but other places in the mouth to include the soft palate, 
upper esophagus, the cheek, and the epiglottis.  
 
In Neuro-enology, Gordon M. Shepherd devoted a whole chapter to “Sip and Saliva.”  In addition to the 
tongue, saliva impacts the taste of wine:   

x Saliva begins the process of digestion of starches and fats, as much as 30% in the 
mouth.  Specifically, amylase breaks starches down into simpler sugars such as maltose (sweet 
taste) and dextrin (bitter like unsweetened cocoa), which is then broken down further in the small 
intestine.   

x Saliva also binds tannins which reduces bitterness by reducing the ability to reach the bitterness 
receptors & increases astringency (lower pH). 

x Wine also increases the amount or flow of saliva in the mouth, which changes the perception of 
the wine in the mouth. 

x These chemical changes in the mouth change the flavor of the wine as it moves through the 
mouth and longer it sits in the mouth.     

In addition, taste receptors have been found in the gastrointestinal tract, kidneys, and brain.  Enrique 
Rozengurt, a biologist at UCLA found taste cells in the lower gut.   

Thomas Finger, a neurobiologist at the University of Colorado, has also found taste receptors in our nose, 
stomach, lungs, and intestine. For example, when your intestine senses something bitter, it forces it out of 
the body, quickly – you may feel sick, vomit, have diarrhea or both.  This happens unconsciously without 
any conscious decision-making.  Bitter detection cells in the lung and nose can result in sneezing.   

Dr. Foster found bitter taste receptors on human hearts.   

This has led some to say we, “Taste with our whole body.” 

Finally, your facial nerve functions in the conveyance of taste sensations from the anterior two-thirds of 
the tongue and oral cavity and also controls the muscles of facial expression. In short your face reveals 
what you are eating: 

x Bitter Taste: eyes diminish 
x Sour Taste: lips pursed, lips pressed, nostrils widen, mouth open 
x Bitter & Salt Tastes: nose wrinkles 

 



 
 
SMELL 
 
Today, almost everyone agrees that smell trumps taste, but it was not until 2017 in “Neuroenology” that .  
Gordon M. Shepherd detailed how retro-nasal smell in combination with taste creates flavor.   
 
Remember, in Neuro-enology, “training to be an expert in tasting wine depends to a great extent on 
training the tongue to deliver the wine to the wine-sensing organs of the mouth, together with delivering 
the volatiles to the internal nose.”   
 
The tongue plays a significant role in releasing volatiles by moving the wine slowly through the mouth and 
performing various functions: 

x Anterior tongue starts by aerating the wine at the front of the mouth.  Wine experts suck in air to 
maximize aeration and increase release of volatiles.  

x Middle-tongue agitates the wine to various parts of the mouth and mixes with saliva to increase 
flavor intensity caused by the release of volatiles for retro-nasal smell.  Wine experts will chew 
and swish wine to cover the necessary areas of the mouth. 

x  
x Posterior tongue holds the wine before swallowing so exhaling with wine at the back of the 

mouth increases to increase retro-nasal smell.  Wine experts will exhale with the wine at the 
back of the mouth to increase release of volatiles to the olfactory bulb. 

x After swallowing, we sense an aroma burst from the volatiles left coating the throat, with the first 
expirations providing the strongest stimulation of retronasal smell.   

x Finally, we sense by continuing retronasal smell the lingering finish coming from the volatiles on 
the surface of our mouths and throats.”  

 
Today, we now know that the nose shape and air flow impacts smell:  

1. There are large differences in the shape and openness of our nasal cavity because of inter-
individual differences,  

2. The two sides of our noses are not identical with every 90 minutes our nasal congestion moves 
from one side to the other (in smelling wine, one should use whichever nostril is not congested 
showing that there are intra-individual differences),  



3. Air flow lines through our nose are surprisingly rigid with the air entering at a precise site most 
anterior in the nostril to stimulate the olfactory receptors  

a. tilting the glass at an optimum angle between 30 and 45 degrees is probably based on 
individual nose structure 

b. some individuals can smell more with 2-3 quick sniffs, while others prefer a single deep 
breath 

c. some individuals smell better inhaling the aromas through the mouth and nose   
4. Air flow pathways are highly sensitive to small obstructions and congestions.. 
5. “Relatively small changes in the anatomy of the nasal cavity at specific locations can induce large 

changes in the airflow through and the odorant uptake on the olfactory mucosa. 
 
“It is a wonder that we can reach any kind of agreement when assessing the aroma of wine!”  
 
THE BRAIN 
 
In 2017, Gordon M. Shepherd published: "Neuroenology: How the Brain creates the Taste of Wine."  He 
sums his book in 1 phrase: "the taste of wine is not in the wine; the taste is created by the brain of the 
wine taster."  In sum, big brains, big smell.  Why? Because smell is processed in the brain and so larger 
brains designed for processing and memory can process and remember more smells.   
 
However, smell is processed and remembered differently than our other senses of touch, sight, hearing, 
and taste. Smells (not sounds, sights, touch, nor taste) get routed through the olfactory bulb, the smell-
analyzing region in your brain that’s closely connected to brain regions that handle memory and emotion. 
As a result, odors are especially effective as reminders of past experience, much more so than cues from 
other senses, such as sights or sounds  
 
However, unlike our other senses which send their axons directly to the thalamus and in turn the neo-
cortex; the olfactory bulb is responsible for smell and sends axons to the olfactory cortex, then the 
amygdala - our primitive brain which induces emotions such as pleasure, fear, anxiety, and sadness – 
before the amygdala connects to the thalamus, which connects to the neo-cortex. 
 
Thus, compared to our other senses, articulating smells is more difficult because of the processing 
through the olfactory bulb, olfactory cortex, and amygdala before processing in the thalamus and 
neocortex, like our other senses. 
 
It is the way that smell objects are represented in the brain that makes this task of Matching Smells and 
words are more difficult. 
 
Prior to the 20th Century, wine was described as good or not.  According to William Shakespeare, "Good 
wine needs no bush (advertising)."   
  
In 1976, Ann Noble developed the Wine Aroma Wheel.  Ann Noble’s Wine Aroma Wheel was a turning 
point in how we talk about wine.   
 



 
 
 
 
Since then, wine descriptions have continued to become far more elaborate.  These elaborate 
descriptions may help us decide in purchasing a wine, but there are downsides to this when we are 
tasting: 

1. Language shapes what we perceive 
2. Culture and our education and experiences influence how we describe and interpret wine 

descriptions 
3. Words convey meanings and prejudices 

 
Most importantly, Melani McBride’s research indicated that in our culture we move away from the sensory 
experience and go straight to the words.  Instead, enjoy the taste, textures, smells, and flavors. 
 
Remembering smell is also processed differently than the other senses, from the olfactory cortex directly 
to the amygdala and the hippocampus.  So wine is not combined with the other senses immediately in the 
thalamus.  To help remember wine smells, it helps to invoke Neuro-Linguistic Programming (NLP) tools 
and techniques and synesthesia to combine wine with the other senses.   
 
Tim Gaiser, Master Sommelier and Wine Education Chair of Court of Master Sommeliers, recommends 
the following steps to distinguish and remember smells.   All of these steps leverage to varying degrees 
Neuro-Linguistic Programming (NLP) tools and techniques.  In addition, he leverages synesthesia to 
remember smells by combining with pictures (sight) and speech (hearing).  Synesthesia can explain why 
our other senses affect what attracts us, including music and colors.     

1. Get present and focus.  Live in the present moment by Andy Shaw.   
2. Smell the wine.  Enjoy the smell and sense of discovery.  Get curious and ask “What is there?” 
3. Smell first for fruits. They are often the most dominant. Fruits: Citrus, berry, apple, plum 



4. Make a mental picture of the first thing you notice (such as apple?), put in visual collage or folder, 
then continue smelling  

5. Ask again, “What else is there?”  Repeat  collage 
a. Non-Fruits: Flowers, herbs, spices, lavender, grain, nuts 
b. Earth/mineral: earth, dirt, rocks, leaves 
c. Oak: French, American, Hungarian 

6. Organize in a visual collage 
7. Add wine label to the visual collage 
8. Look up and to the left.  Good place to move mental picture so it is locked in your memory 

 
 
Bottom Line: Remember that both Melani Mc Bride and Tim Gaiser recommend to enjoy the smell!  


