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0 DJQHWV� DUH� VR� IDVFLQDWLQJ�
ULJKW"� 7KRVH� WZR� VPDOO� SLHFHV�

WKDW� DWWUDFW� DQG� UHSHO� HDFK� RWKHU�� DOLJQ� WKHP�
VHOYHV�LQ�1-6��DQG�GR�D�ORW�RI�RWKHU�IXQ�VWXII��
1R� RQH� UHDOO\� NQRZV� KRZ� LPSRUWDQW� PDJ�
QHWLVP� LV� WR� OLIH� LQ� JHQHUDO�� %XW�PDJQHWV� DUH�
IDU� PRUH� LPSRUWDQW� WKDQ� ZH� WKLQN�� PDJQHWLF�
ILHOGV� DQG� UHODWHG� SKHQRPHQD� SOD\� D� SLYRWDO�
UROH� LQ� GHWHUPLQLQJ� WKH� ZRUNLQJ� RI� RXU� XQL�
YHUVH�� �:H�ZLOO�IRFXV�RQ� WKDW�SDUW�RI�WKH�XQL�
YHUVH��ZKLFK�LV�UHOHYDQW�WR�XV��\HV��\RX�JRW�LW�
ULJKW�� RXU� (DUWK� ������������������������������������������������������������������������������������������������
 (YHU� KHDUG� RI� WKH� 0DJQHWRVSKHUH"�
:HOO� DIWHU� UHDGLQJ� WKLV�� \RX� ZLOO� NQRZ�� 7KH�
PDJQHWRVSKHUH� LV� WKH� UHJLRQ� RI� VSDFH� VXU�
URXQGLQJ�(DUWK�ZKHUH�WKH�GRPLQDQW�PDJQHWLF�
ILHOG�LV�WKH�PDJQHWLF�ILHOG�RI�(DUWK��UDWKHU�WKDQ�
WKH�PDJQHWLF�ILHOG�RI�LQWHUSODQHWDU\�VSDFH��7KH�
(DUWK� KDV� WZR� OD\HUV� RI� SURWHFWLRQ� $WPRV�
SKHUH� DQG� WKH� 0DJQHWRVSKHUH�� VR� WKDW� ZKHQ�
RQH�LV�JRLQJ�WKURXJK�D�FKDQJH��WKH�RWKHU�SUR�
WHFWV�RXU�SODQHW��6R�KRZ�H[DFWO\�GRHV�WKH�PDJ�
QHWRVSKHUH� SURWHFW� XV"�7KH�KDUPIXO� VSDFH�
UDGLDWLRQV��PRVWO\� IURP� VRODU�ZLQG� DQG� VRODU�
IODUH��FRQVLVWLQJ�RI�KLJKO\�HQHUJL]HG�SDUWLFOHV��
DUH� IRUFHG� E\� WKH� PDJQHWLF� ILHOG� WR� PRYH�
DURXQG WKH�(DUWK��KHQFH�SUHYHQWLQJ�WKHP�IURP�
HQWHULQJ� WKH�DWPRVSKHUH��3DUWLFOHV�GR�HQWHU�DW�
WKH� IXQQHOV� RYHU� WKH� SROHV� RU� WKH\� JDLQ� HQWU\�
IDU�GRZQVWUHDP�IURP�WKH�(DUWK��7KH�SDUWLFOHV�
WKDW� HQWHU� GRZQVWUHDP� RU� DW� WKH PDJQHWR�
WDLO FDXVH�WKH DXURUD�OLJKWV��2WKHU�KLJKHU�HQHU�
J\� SDUWLFOH� UDGLDWLRQ� WKDW� FRXOG� HQGDQJHU� OLIH�
RQ� (DUWK� LV� IRUFHG� WR� GULIW� DURXQG� WKH� (DUWK�

ZLWKLQ� WZR� ODUJH� GRQXW-VKDSHG� UHJLRQV�
FDOOHG WKH� UDGLDWLRQ� EHOWV�� ,QYLVLEOH� PDJQHWLF�
ILHOGV� DUH� WKH� UHDVRQ� WKDW� SDUWLFOH� UDGLDWLRQ�
PRYHV� LQ� WKLV� ZD\������������������������������������������������������������������������������������������������������������
 1RZ� WKH� LPSRUWDQW� TXHVWLRQ��
:KDW¶V� WKH� SUREOHP"� 6FLHQWLVWV� XQGHUVWDQG�
WKDW�(DUWK
V�PDJQHWLF�ILHOG�KDV�IOLSSHG� LWV�SR�
ODULW\� PDQ\� WLPHV� RYHU� WKH� PLOOHQQLD�� 7KLV�
VXJJHVWLRQ� PLVWDNHQO\� DVVXPHV� WKDW� D� SROH�
UHYHUVDO�ZRXOG�PRPHQWDULO\�OHDYH�(DUWK�ZLWK�
RXW� WKH� PDJQHWLF� ILHOG� WKDW� SURWHFWV� XV� IURP�
VRODU� IODUHV� DQG� FRURQDO� PDVV� HMHFWLRQV� IURP�
WKH�VXQ��%XW��ZKLOH�(DUWK
V�PDJQHWLF�ILHOG�FDQ�
LQGHHG�ZHDNHQ�DQG�VWUHQJWKHQ�RYHU�WLPH��WKHUH�
LV� QR� LQGLFDWLRQ� WKDW� LW� KDV� HYHU� GLVDSSHDUHG�
FRPSOHWHO\� 

�3UHVHQWLQJ�DW�WKH DQQXDO�/LYLQJ�3ODQ�
HW� 6\PSRVLXP� LQ� 3UDJXH ODVW� ZHHN�� (6$� UH�
VHDUFKHUV�VKRZHG�WKDW ³�WKH�PDJQHWLF�ILHOG�KDV�
ZHDNHQHG�E\�DERXW�����SHUFHQW�RYHU�WKH�WRS�RI�
1RUWK�$PHULFD� VLQFH� ������ EXW� KDV� VWUHQJWK�
HQHG� E\� URXJKO\� �� SHUFHQW� RYHU� $VLD� LQ� WKDW�
VDPH�WLPH�SHULRG�´�$�ZHDNHU�ILHOG�ZRXOG�FHU�
WDLQO\� OHDG� WR� D� VPDOO� LQFUHDVH� LQ� VRODU� UDGLD�
WLRQ�RQ�(DUWK�–�DV�ZHOO�DV�D�EHDXWLIXO�GLVSOD\�
RI� DXURUD� DW� ORZHU� ODWLWXGHV� -� EXW� QRWKLQJ�
GHDGO\�� ,Q� WKH�DEVHQFH�RI� WKLV�PDJQHWLF� ILHOG��
RU� PDJQHWRVSKHUH�� WKHVH� FRVPLF� UD\V� ZRXOG�
ERPEDUG�WKH�HQWLUH�(DUWK�ZLWK�D�KLJKHU�LQWHQ�
VLW\�WKDW� WRGD\��7KH�HIIHFWV�RI�FRVPLF�UD\V�RQ�
OLIH�LQ�JHQHUDO�DUH�QRW�NQRZQ�IRU�VXUH��EXW�LW�LV�
H[SHFWHG�WKDW�WKH\�ZRXOG�FDXVH�WLVVXH�GDPDJH�
VLPLODU�WR�WKH�HIIHFWV�RI�[-UD\V� 

· dŚĞ�ŵĂŐŶĞƟĐ�ĐŽŶͲ
ŶĞĐƟŽŶ�������������������Wϭ 

· WĂƌĂůŝ�/�ŚĂƐ� 

������sĂŶŝƐŚĞĚ����������������WϮ 

· E'd�ŽƌĚĞƌ�ĨŽƌ�'ĂŶŐĂ�
ƌŝǀĞƌ�ĐůĞĂŶŝŶŐ���������WϮ 

· /ŶŶŽǀĂƟǀĞ�ŝĚĞĂƐ����Wϯ 

· ^͘�͘�͘Y͘�͛ϭϳ�ďƌŝĞĨ���
ƌĞƉŽƌƚ����������������������Wϰ 

· &ƵŶ-YƵŝǌ�����������������Wϰ 

· 7KH�R]RQH�KROH�LV�DW�LWV�
VPDOOHVW�VL]H�VLQFH�������
WKDQNV�WR�KRW�DLU�DQG�D�
PDVVLYH�LQWHUQDWLRQDO�
HIIRUW��UHSRUWHG�1$6$�
DQG�12$$ 

· 5HVHDUFKHUV�LQ�WKH�
&RFNUHOO�6FKRRO�RI�(QJL�
QHHULQJ�DW�7KH�8QLYHUVL�
W\�RI�7H[DV�DW�$XVWLQ�
KDYH�GLVFRYHUHG�D�IDPL�
O\�RI�DQRGH�PDWHULDOV�
WKDW�FDQ�GRXEOH�WKH�
FKDUJH�FDSDFLW\�RI�OLWKL�
XP-LRQ�EDWWHU\�DQRGHV� 
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7KH� DERYH� TXRWH� DSSHDUV� WR� EH� SHUIHFWO\���
WUXH� DV� WKH� UHFHQW� LQFLGHQW� WKDW� KDSSHQHG���
DW� RQH� RI� � WKH� XQLQKDELWHG� LVODQG� RI����
/$.6+':((3� -� ³� 3$5$/,-,� ´� SURYHV�
LW�� 7KH� LVODQG� KDV� YDQLVKHG� GXH� WR���
FRDVWDO� HURVLRQ� DQG� DQRWKHU� IRXU� VXFK���
WHUULWRULHV� LQ� WKH� VHD� DUH� VKULQNLQJ� IDVW��
FODLPV�D�QHZ�VWXG\�� 

$� UHVHDUFKHU� IURP� $QGURWK� LQ� /DNVKDG�
ZHHS� FODLPHG� WKDW� FRDVWDO� HURVLRQ� KDG���
VXQN� DQ� LVODQG� LQ� WKH� DUFKLSHODJR� DQG���
DQRWKHU� IRXU� DUH� YDQLVKLQJ� IDVW�� $FFRUG�
LQJ� � 5� 0� +LGD\DWKXOOD� �� ZKR� � � VWXGLHG���
WKH�YXOQHUDELOLW\�RI� � WKH� LVODQGV��3DUDOL�-,���
LVODQG�� SDUW� RI� %DQJDUDP� $WROO� �� ZKLFK���
KDG�DQ�DUHD�RI�������VT�NP�LQ������GLVDS�
SHDUHG�GXH�WR�FRDVWDO�HURVLRQ�� 

+H� ZDV� DZDUGHG� 3K'� LQ� -XO\� WKLV� \HDU���
E\� &DOLFXW� 8QLYHUVLW\� LQ� .HUDOD� IRU� KLV���
ZRUN� -� �6WXGLHV� RQ� &RDVWDO� (URVLRQ� LQ�
VHOHFWHG�XQLQKDELWHG�,VODQGV�RI��/DNVKDG�
ZHHS� DUFKLSHODJR� ZLWK� VSHFLDO� UHIHUHQFH���
WR�ELRGLYHUVLW\�FRQVHUYDWLRQ���+H�FRGXFW 

HG�VWXGLHV�RQ�DVVHVVPHQW�RI�WKH�ELRGLYHU�
VLW\�FRQILQLQJ��WR�ILYH�XQLQKDELWHG�LVODQGV���
-�%DQJDUDP��7KLQQDNDUD��3DUDOL-,��3DUDOL-
,,� DQG� 3DUDOL-,,,�� RI� ZKLFK� 3DUDOL-,� KDV���
EHHQ� LQXQGDWHG� RI� %DQJDUDP� DWROO�� DQ�
DUFKLSHODJR�RI����LVODQGV�LQ�WKH�/DNVKDG�
ZHHS�VHD��7KH�GDWD�UHTXLUHG�IRU�WKH�VWXG\���
ZDV� REWDLQHG� XVLQJ� � UHPRWH� VHQVLQJ� DQG�
*,6� �� JHRJUDSKLFDO� LQIRUPDWLRQ� V\VWHP� ��
VRIWZDUH��� 

7KH�VWXG\�VDLG��WKH�FRPSOHWH�HURVLRQ�DQG���
LQXQGDWLRQ�RI��3DUDOL-,�ZDV�SRLQWLQJ�WR�WKH�
JUDYLW\�RI� � LVVXHV�DVVRFLDWHG�ZLWK�FRDVWDO���
HURVLRQ�ZLWKLQ� WKH� DWROO��+LGD\DWKXOOD�� LQ���
KLV� VWXG\�� VDLG�D�JHQHUDO� WUHQG� LQ�HURVLRQ���
KDV�EHHQ�QRWLFHG� LQ�DOPRVW�DOO� LVODQGV�KH���
VWXGLHG���� 

7KH� UHVXOWV� DUH� LQGLFDWLYH� RI� � WKH� XUJHQW���
PHDVXUHV� WR� EH� LPSOHPHQWHG� RQ� HDFK���
LVOHW�RI��WKH�DWROO�WR�FKHFN�IXUWKHU�HURVLRQ��
,W�LV�DOVR�UHTXLUHG�WR�FKHFN�WKH�IHDVLELOLW\���
RI� � ELR� SURWHFWLRQ� VWUDWHJ\� XVLQJ� PDQ�
JURYHV�� LQ� DGGLWLRQ� WR� WKH� FRQYHQWLRQDO���
SK\VLFDO�SURWHFWLRQ�PHDVXUHV�� 

,W� LV� QRZ� ZLGHO\� UHFRJQLVHG� WKDW� LVODQGV���
DQG�FRDVWDO�DUHDV�DUH�JRLQJ�WR�JHW�HURGHG���
DQG� LQXQGDWHG� GXH� WR� ULVLQJ� VHD� OHYHOV���
EHFDXVH�RI�LQFUHDVLQJ�JOREDO�WHPSHUDWXUH��
,QGLD
V� FRDVWV� DQG� LVODQGV�� ZKLFK� DUH���
GHQVHO\�SRSXODWHG��DUH�KLJKO\�YXOQHUDEOH��
,W�DSSHDUV�WR�EH�ZDUQLQJ�VLJQ�IRU�KXPDQV���
ZKR�DUH�\HW�EXV\�LQ�UHVRXUFH�H[SORLWDWLRQ�
DQG�DUH�QHJOLJHQW�WRZDUGV�LWV�LOO-HIIHFW����������������� 

³12:� /$.6+':((3� ,6� 12� 025(���
$1�$5&+,3(/$*2�2)����,6/$1'6´���������������� 

6RXQGV���SDLQIXO���EXW���ZKR���FDUHV�����������������������������������������������������������������������������������������

/HWV���HQMR\���RXU���OLIH««� 

6RXUFH���7+(�+,1'8 

 

 

 

E'd�ŽƌĚĞƌ�ĐŚĂŶŐĞƐ�ĞǀĞƌǇƚŚŝŶŐ�ĂďŽƵƚ�ĐůĞĂŶŝŶŐ�ƌŝǀĞƌ�'ĂŶŐĂ� 
, Q�D� VLJQLILFDQW�RUGHU�VHHNLQJ�D� IXQGD�PHQWDO� FKDQJH� LQ� VWUDWHJ\� LQ� FOHDQLQJ�
WKH� ULYHU�*DQJD�� WKH�1DWLRQDO�*UHHQ�7UL�
EXQDO� KDV� GLUHFWHG� WKDW� ����PHWHUV� IURP�
WKH� HGJH� RI�*DQJD� EHWZHHQ�+DULGZDU� LQ�
8WWDUDNKDQG�DQG�8QQDR� LQ�8WWDU�3UDGHVK�
VKRXOG� EH� WUHDWHG� DV� �QR� FRQVWUXFWLRQ� RU�
QR� GHYHORSPHQW� ]RQHV��� 7KH� 1*7� RE�
VHUYHG�WKDW�DOO�WKH�JRYHUQPHQW�VFKHPHV�LQ�
WKH� SDVW� WKDW� KDYH� VSHQW� KXQGUHGV� RI�
FURUHV� LQ� *DQJD� FOHDQXS� KDYH� QRW� RQO\�
IDLOHG� EXW� OHG� WR� DQ� LQFUHDVH� LQ� SROOXWLRQ�
OHYHOV��ZKLFK�LV�ZK\�*DQJD�QRZ�QHHGHG�D�
FKDQJH�LQ�VWUDWHJ\��,W�DOVR�GLUHFWHG�WKDW�DQ�
HQYLURQPHQWDO� FRPSHQVDWLRQ� RI� 5V�
������� EH� LPSRVHG� RQ� DQ\ERG\� ZKR� LV�
IRXQG�GXPSLQJ�DQ\�NLQG�RI�ZDVWH� LQ� WKH�
ULYHU� 
 ,Q� D� MXGJHPHQW� RQ� DGYRFDWH�0&�
0HKWD
V�SHWLWLRQ�DJDLQVW�SROOXWLRQ�LQ�ULYHU�
*DQJD� WKDW� UDQ� LQWR� ���� SDJHV��1*7�GL�
UHFWHG� WKDW� WKHUH� ZLOO� EH� QR� GXPSLQJ� RU�
ODQGILOO�VLWHV�RI�DQ\�NLQG�ZLWKLQ�����PH�
WHUV� IURP� WKH�HGJH�RI� WKH�ULYHU�RU�DQ\�RI�����������������������������������������������������������������������������
LWV� WULEXWDULHV��,WV�MXGJHPHQW�ZDV�SHUWDLQ�

LQJ� WR�+DULGZDU� WR�8QQDR� VWUHWFK��7KHUH�
ZLOO�EH�FRPSOHWH�SURKLELWLRQ�RQ�GLVSRVLQJ�
RI� PXQLFLSDO� VROLG� ZDVWH�� HOHFWURQLF-
ZDVWH�RU�ELR-PHGLFDO�ZDVWH�RQ�WKH�IORRG�
SODLQV�RU�LQWR�*DQJD�RU�LWV�WULEXWDULHV�IDOO�
LQJ� LQ� WKH� VDPH� VWUHWFK�� 7KH� WULEXQDO�
SRLQWHG� WKDW� 5V� ����� FURUHV� KDG� DOUHDG\�
EHHQ� VSHQW� XQGHU� 1DWLRQDO� 0LVVLRQ� IRU�
&OHDQ� *DQJD� VLQFH� ������ �7KH� VWDWH� RI�
WKH� ULYHU� LV�D� VXIILFLHQW� LQGLFDWRU� WKDW� WKH�
VWDNHKROGHUV� PXVW� DGRSW� DQ� LQQRYDWLYH�
DSSURDFK�TXLWH�GLIIHUHQW�WR�WKH�RUWKRGR[L�
FDO� DQG� XQFHUWDLQ� DSSURDFK��� DGGLQJ� WKDW�
1*7� LQ� LWV� MXGJPHQW� LV� WKHUHIRUH� DGRSW�
LQJ� D� �KRWVSRW�DQG� ULYHU�EDVLQ� DSSURDFK��
ZLWK�IRFXV�RQ��HQG�RI�SLSHOLQH�WUHDWPHQW���
([SODLQLQJ�KRZ�SDVW�VFKHPHV�KDYH�IDLOHG��

WKH�MXGJHPHQW�VDLG��)RU�LQVWDQFH��WKH�GLV�
FKDUJH�IORZ�RI�ULYHU�*DQJD�IURP�VHZDJH�
ZDV��������PLOOLRQ�OLWHUV�SHU�GD\��0/'��
DQG�IURP�WKH�LQGXVWULDO�HIIOXHQW�LW�LV�������
0/'� LQ� ������ :KLOH� DV� SHU� &3&%� LQ�
����� LW�ZDV� UHSRUWHG� WR� EH� �������0/'�
IURP� VHZDJH� DQG� ����0/'� IURP� LQGXV�
WULDO� HIIOXHQW��� ,W� DGGHG� WKDW� WKH� ULJKW� WR�
GHFHQW�DQG�FOHDQ�HQYLURQPHQW� LV�DQ� LQWH�
JUDO� SDUW� RI� $UWLFOH� ��� DQG� E\� ODZ�� WKH�
LQGXVWU\�LV�PDQGDWHG�WR�DGKHUH�WR�WKH�SUH�
VFULEHG� VWDQGDUGV� IRU� GLVFKDUJH� RI� WUDGH�
HIIOXHQWV� 
 $PRQJ� RWKHU� LPSRUWDQW� GLUHF�
WLRQV��1*7�GLUHFWHG�WKH�FUHDWLRQ�RI�D�VSH�
FLDO� PRQLWRULQJ� FHOO� LQ� WKH� 8WWDUDNKDQG�
DQG� 83� 3ROOXWLRQ� &RQWURO� %RDUGV� IRU�
NHHSLQJ�WUDFN�RI�ZDWHU�TXDOLW\��LW�DOVR�GL�
UHFWHG�FUHDWLRQ�RI�VXSHUYLVRU\�DQG�LPSOH�
PHQWDWLRQ� FRPPLWWHHV� ZLWK� ERWK� VHQLRU�
FHQWUDO� DQG� VWDWH� JRYHUQPHQW� RIILFLDOV� DV�
PHPEHUV�� ,W� RUGHUHG� WKDW� H[WUDFWLRQ� RI�
JURXQGZDWHU�E\�DQ\�LQGXVWU\�ZLOO�EH�RQO\�
DIWHU�VHHNLQJ�SHUPLVVLRQ�IURP�WKH�&HQWUDO�
*URXQG�:DWHU�$XWKRULW\��&*:$��� 
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dƌĂŶƐƉĂƌĞŶƚ�ƐŽůĂƌ�ƚĞĐŚŶŽůŽŐǇ����
ΖǁĂǀĞ�ŽĨ�ƚŚĞ�ĨƵƚƵƌĞΖ������������������������� 

6HH-WKURXJK� VRODU� PDWHULDOV� WKDW� FDQ� EH�
DSSOLHG� WR�ZLQGRZV� UHSUHVHQW� D�PDVVLYH�
VRXUFH� RI� XQWDSSHG� HQHUJ\� DQG� FRXOG�
KDUYHVW�DV�PXFK�SRZHU�DV�ELJJHU��EXONLHU�
URRIWRS� VRODU� XQLWV�� VFLHQWLVWV� UHSRUW� LQ�
1DWXUH� (QHUJ\��/HG� E\� HQJLQHHULQJ� UH�
VHDUFKHUV� DW� 0LFKLJDQ� 6WDWH� 8QLYHUVLW\��
WKH�DXWKRUV�DUJXH�WKDW�ZLGHVSUHDG�XVH�RI�
VXFK� KLJKO\� WUDQVSDUHQW� VRODU� DSSOLFD�
WLRQV�� WRJHWKHU� ZLWK� WKH� URRIWRS� XQLWV��
FRXOG� QHDUO\� PHHW� 8�6�� HOHFWULFLW\� GH�
PDQG� DQG� GUDVWLFDOO\� UHGXFH� WKH� XVH� RI�
IRVVLO�IXHOV���� 

�VRXUFH���0LFKLJDQ�6WDWH�8QLYHUVLW\� 

EĞǁ�ŐƌĞĞŶ�ƐŽůǀĞŶƚ�ĐŽƵůĚ�
ŚĞůƉ�ĐůĞĂŶ�ŽƵƌ�Ăŝƌ 

(FR-IULHQGO\� PL[WXUH� PDGH� IURP� FKR�
OLQH�VDOW�DQG�XUHD�FRXOG�DEVRUE�KDUPIXO�
JDVHRXV� SROOXWDQWV�� 7KH� QRQ-
IODPPDEOH� VROYHQW� FRQWDLQV� XUHD� DQG�
FKROLQH� VDOW�� D� FRPPRQ� LQJUHGLHQW� LQ�
FKLFNHQ� IHHG�� VD\V�/HLOD�0RXUD�RI� WKH�
8QLWp� GH�&KLPLH� (QYLURQQHPHQWDOH� HW�
,QWHUDFWLRQV� VXU� OH� 9LYDQW� LQ� )UDQFH��
7R� ILQG� DQ� LPSURYHG� DEVRUEHQW� IRU�
FOHDQLQJ� WKH� DLU�� WKH� UHVHDUFKHUV� IR�
FXVHG� WKHLU� DWWHQWLRQ� RQ� GHHS� HXWHFWLF�
VROYHQWV��7KHVH�PL[WXUHV�KDYH�UHFHQWO\�
HPHUJHG� DV� D� JUHHQHU� DOWHUQDWLYH� WR�
PDQ\� RI� WKH� OLTXLGV� WKDW� DUH� XVHG� WR�
DEVRUE�YRODWLOH�RUJDQLF�FRPSRXQGV�� 

�VRXUFH���6SULQJHU�� 

DĞƚŚĂŶĞ�ĞŵŝƐƐŝŽŶƐ�ƚĂĐŬůĞĚ�
ǁŝƚŚ�ŐĂƐ-ŐƵǌǌůŝŶŐ�ďĂĐƚĞƌŝĂ���������� 

$Q�LQWHUQDWLRQDO�UHVHDUFK�WHDP�FR-OHG�E\�D�
0RQDVK�ELRORJLVW�KDV�VKRZQ�WKDW�PHWKDQH
-R[LGLVLQJ� EDFWHULD� --� NH\� RUJDQLVPV� UH�
VSRQVLEOH�IRU�JUHHQKRXVH�JDV�PLWLJDWLRQ�--�
DUH�PRUH�IOH[LEOH�DQG�UHVLOLHQW�WKDQ�SUHYL�
RXVO\� WKRXJKW��������������������������������������������������
�7KLV�VWXG\�LV�VLJQLILFDQW�EHFDXVH�LW�VKRZV�
WKDW�NH\�FRQVXPHUV�RI�PHWKDQH�HPLVVLRQV�
DUH� DOVR� DEOH� WR� JURZ� RQ� LQRUJDQLF� FRP�
SRXQGV� VXFK� DV� K\GURJHQ��� 'U� *UHHQLQJ�
VDLG� 

�7KLV� QHZ�NQRZOHGJH� KHOSV� XV� WR� UHGXFH�
HPLVVLRQV�RI�JUHHQKRXVH�JDVHV��� 

�VRXUFH���0RQDVK�8QLYHUVLW\��� 

>ĂƚĞƐƚ�/ŶŶŽǀĂƟǀĞ�/ĚĞĂƐ�-��ǆƉůŽƌĞ�ǇŽƵƌƐĞůĨ 

9ROXPH����,VVXH����_�1RYHPEHU����� 

^ĐŝĞŶƟƐƚƐ�ĞůĞǀĂƚĞ�ƋƵĂŶƚƵŵ�
ĚŽƚ�ƐŽůĂƌ�ĐĞůů�ǁŽƌůĚ�ƌĞĐŽƌĚ 

5HVHDUFKHUV�DW�WKH�8�6��'HSDUWPHQW�RI�
(QHUJ\
V� �'2(�� 1DWLRQDO� 5HQHZDEOH�
(QHUJ\� /DERUDWRU\� �15(/�� HVWDE�
OLVKHG� D� QHZ� ZRUOG� HIILFLHQF\� UHFRUG�
IRU� TXDQWXP� GRW� VRODU� FHOOV�� DW� �����
SHUFHQW��%HFDXVH�RI�WKHLU�DVWRQLVKLQJO\�
VPDOO� VL]H� �W\SLFDOO\� �-��� QDQRPHWHUV�
LQ� GLPHQVLRQ�� FROORLGDO� TXDQWXP� GRWV�
SRVVHVV� IDVFLQDWLQJ� RSWLFDO� SURSHUWLHV��
7KH� QHZ� TXDQWXP� GRW� OHDGHU�PDWHULDO�
LV� FHVLXP� OHDG� WULLRGLGH� �&V3E,���� DQG�
LV�ZLWKLQ�WKH�UHFHQWO\�HPHUJLQJ�IDPLO\�
RI� KDOLGH� SHURYVNLWH� PDWHULDOV�� 7KLV�
ODWHVW�DGYDQFH��WLWOHG��(QKDQFHG�PRELO�
LW\�&V3E,��TXDQWXP�GRW�DUUD\V�IRU�UHF�
RUG-HIILFLHQF\�� KLJK-YROWDJH� SKRWRYRO�
WDLF�FHOOV���LV�SXEOLVKHG�LQ 6FLHQFH�$G�
YDQFHV�� 

�VRXUFH���'2(�1DWLRQDO�5HQHZDEOH�
(QHUJ\�/DERUDWRU\� 

EĞǁ�ŶĂŶŽŵĂƚĞƌŝĂů�ĐĂŶ�ĞǆƚƌĂĐƚ�
ŚǇĚƌŽŐĞŶ�ĨƵĞů�ĨƌŽŵ�ƐĞĂǁĂƚĞƌ 

,W
V�SRVVLEOH�WR�SURGXFH�K\GURJHQ�WR�SRZHU�
IXHO� FHOOV�E\�H[WUDFWLQJ� WKH�JDV� IURP�VHD�
ZDWHU��EXW� WKH�HOHFWULFLW\�UHTXLUHG�WR�GR�LW�
PDNHV�WKH�SURFHVV�FRVWO\��8&)�UHVHDUFKHU�
<DQJ�<DQJ�KDV� FRPH�XS�ZLWK� D� QHZ�K\�
EULG� QDQRPDWHULDO� WKDW� KDUQHVVHV� VRODU�
HQHUJ\� DQG� XVHV� LW� WR� JHQHUDWH� K\GURJHQ�
IURP�VHDZDWHU�PRUH�FKHDSO\�DQG�HIILFLHQW�
O\�WKDQ�FXUUHQW�PDWHULDOV��<DQJ�GHYHORSHG�
D� PHWKRG� RI� IDEULFDWLQJ� D� SKRWRFDWDO\VW�
FRPSRVHG� RI� D� K\EULG� PDWHULDO�� 7LQ\�
QDQRFDYLWLHV�ZHUH�FKHPLFDOO\�HWFKHG�RQWR�
WKH�VXUIDFH�RI�DQ�XOWUDWKLQ�ILOP�RI�WLWDQLXP�
GLR[LGH�� WKH�PRVW� FRPPRQ� SKRWRFDWDO\VW��
7KRVH�QDQRFDYLW\� LQGHQWDWLRQV�ZHUH�FRDW�
HG�ZLWK�QDQRIODNHV�RI�PRO\EGHQXP�GLVXO�
ILGH��D� WZR-GLPHQVLRQDO�PDWHULDO�ZLWK� WKH�
WKLFNQHVV�RI�D�VLQJOH�DWRP�� 

�VRXUFH���8QLYHUVLW\�RI�FHQWUDO�)ORULGD� 

�ƌĞĂŬŝŶŐ�ƚŚĞ�ĐŚĂŝŶ�͗�ĐĂƚĂůǇǌŝŶŐ�
Ă�ŐƌĞĞŶ�ĨƵƚƵƌĞ�ĨŽƌ�ĐŚĞŵŝƐƚƌǇ 

5HVHDUFKHUV� FUHDWH� FDWDO\VW� IRU� UHILQLQJ�
FKHPLFDOV�LQ�SODQW�ZDVWH��DOORZLQJ�D�JUHHQ�
ZD\�WR�SURGXFH�YDOXDEOH�UDZ�PDWHULDOV� 
$�5HVHDUFK�WHDP�DW�2VDND�8QLYHUVLW\�KDV�
GLVFRYHUHG�KRZ�WR�FUHDWH�YDOXDEOH�FKHPL�
FDOV� IURP� FOHDQ� VRXUFHV�� 7KH\� XVHG� ELR�
PDVV��HVVHQWLDOO\�ZDVWH�IURP�SODQW�PDWHUL�
DOV�� 7KH� PHWKRG� GHYHORSHG� DW� 2VDND� LV�
EDVHG� RQ� D� QHZ� FDWDO\VW� -� LW� FRQVLVWV� RI�
DWRPLFDOO\�VPDOO�SDUWLFOHV�RI�UXWKHQLXP��D�
PHWDO�UHODWHG�WR�LURQ��VLWWLQJ�RQ�D�PDWHULDO�
FDOOHG� FHULXP� R[LGH��  �7KLV� LV� WKH� ILUVW�
WLPH�WKDW��-EXWDQRO�KDV�EHHQ�PDGH�LQ�WKLV�
JUHHQ�ZD\�� XVLQJ� /$��� VWXG\� ILUVW� DXWKRU�
7RPRR�0L]XJDNL�H[SODLQV���7UDGLWLRQDOO\��
LW�LV�PDGH�IURP�EXWHQH��ZKLFK�FRPHV�IURP�
KLJKO\�SROOXWLQJ�RLO�UHILQHULHV��� 

�VRXUFH���2VDND�8QLYHUVLW\� 

'ƌŽǀĞ��ĐŽƐǇƐƚĞŵ�͗�ƵƐĞƐ�ĂƋƵĂƉŽŶŝĐƐ�ƚŽ�
ŐƌŽǁ�ƐĂůĂĚ�ŝŶĚŽŽƌƐ 

ZĂǁůĞŵŽŶ͛Ɛ�^ƉŚĞƌŝĐĂů�^ŽůĂƌ�'ĞŶĞƌĂƚŽƌ �ǀĂŶŝ��ĐŽ͛Ɛ�ƉůĂŶƚ�ďĂƐĞĚ�ďŝŽ-ĚĞŐƌĂĚĂďůĞ�
ƉůĂƐƟĐ�ŵĂĚĞ�ĨƌŽŵ�ĐĂƐƐĂǀĂ 



�KD/��^�E^� 

&hE-Yh/� �Z��/d^ 

�ŝƐĐůĂŝŵĞƌ͗��� 
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ǁƌŝƚĞ�ƚŽ�ƵƐ�ŽŶ�ŽƵƌ�ďůŽŐ�ŚƩƉ͗ͬͬǁǁǁ͘ƚŚĞĞŚďůŽŐŵŶŝƚ͘ďůŽŐƐƉŽƚ͘ĐŽŵ� 
    �ůƐŽ�ĨŽůůŽǁ�ƵƐ�ŽŶ�ŽƵƌ�&ĂĐĞďŽŽŬ�ƉĂŐĞ�ŚƩƉƐ͗ͬͬǁǁǁ͘ĨĂĐĞďŽŽŬ͘ĐŽŵͬ�,͘DE/d:ĂŝƉƵƌ͘ŝŶ 
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^ƵƐƚĂŝŶĂďůĞ��ŶĞƌŐǇ�ĂŶĚ��ŶǀŝƌŽŶŵĞŶƚ�YƵŝǌ�;^͘�͘�͘Y͘Ϳ�

:LQQLQJ�WHDPV�ZLWK�IDFXOW\�DGYLVRU�RI�(QHUJ\�&OXE 

)URP�OHIW���1DYQHHW�6KDK��$EKLJK\DQ�%LVZDV���WK�SODFH���3XUX�0LWWDO��9LVKDO�6RQL���UG�SODFH���'U��.DSLO�3DUHHN��)DFXOW\�
FR-RUGLQDWRU���<DVK�3DWHO��QG�SODFH���$GLW\D�%DQVDO��6KULVKWL�7KDNXU���WK�SODFH���6KXEKDP�.XPDU��QG�SODFH�� �� ,Q�IURQW�
IURP�OHIW���5��1��3D\DO���5DP�*RYLQG�<DGDY��:,11(56� 

�� 1DPH�WKH�DIIRUGDEOH�IXOO\�HOHFWULF�FDU�
ODXQFKHG�E\�0DKLQGUD�LQ�2FWREHU������ 

�� 7KH�FDSDFLW\�RI�WKH�ODUJHVW�FRPSOHWHG�
+\GURSRZHU�SODQW�LQ�,QGLD�LV�KRZ�PXFK�
OHVV�WKDQ�WKH�FDSDFLW\�RI�WKH�ZRUOGV�ODUJ�
HVW�FRPSOHWHG�K\GURSRZHU�SODQW��LQ�
0:��" 

�� 1DPH�WKH�VHFRQG�*UHHQ�DLUSRUW�RI�,Q�
GLD���VHHQ�LQ�WKH�PRYLH�6HFUHW-6XSHUVWDU� 

���EĂŐƌĂũ��ĞƐŚŵƵŬŚ���������;�//�zĞĂƌ͕��ůĞĐƚƌŝĐĂů��ŶŐŐͿ 

���ZƵũƵƚĂ�sĂǌĞ��������������������;�//�zĞĂƌ͕��ůĞĐƚƌŝĐĂů��ŶŐŐͿ 

���^ŚƌĞǇĂŶƐŚƵ�'ĂƌŐ�����������;�//�zĞĂƌ͕��ůĞĐƚƌŝĐĂů��ŶŐŐͿ 

���sŝǀĞŬ�<ƵŵĂƌ�^ŚĂƌŵĂ����;�//�zĞĂƌ͕��ůĞĐƚƌŝĐĂů��ŶŐŐͿ 

 

· WƌŽĨ͘�/ŶŐ͘�:ǇŽƟƌŵĂǇ�DĂƚŚƵƌ��� 

· �ƌ͘�<ĂƉŝů�WĂƌĞĞŬ��������������;&ĂĐƵůƚǇ�ĐŽ-ŽƌĚŝŶĂƚŽƌƐͿ 

9ROXPH����,VVXH����_�1RYHPEHU�

(QHUJ\�&OXE�KDG�RUJDQLVHG���WK�6((4��
����� ZKLFK� ZDV� D� ELJ� VXFFHVV� ZLWK� DQ�
RYHUZKHOPLQJ� SDUWLFLSDWLRQ� RI� GLIIHUHQW�
FROOHJHV�DOO�RYHU�5DMDVWKDQ��7KH�SUHVWLJ�
LRXV�TXL]]LQJ�HYHQW�RI�FROOHJH�FDPH�ZLWK�
D� WZLVW� WKLV� \HDU� �%UHDNLQJ� WKH� SDWWHUQ�
HYHQW�FDPH�XS�ZLWK�KHDUW-EHDWLQJ�URXQGV�
OLNH�%DWWOHV�DQG�6KRZGRZQ��7HDPV�DQG�
DXGLHQFHV� HQMR\HG� DQG� DSSUHFLDWHG� WKH�
HIIRUW�D�ORW� 

/^,Z���DE/d��,�Wd�Z 

(QHUJ\� FOXE�� 01,7� -DLSXU� KDV� UHLQ�
VWDOOHG� ,6+5$(� �,QGLDQ� 6RFLHW\� RI�
+HDWLQJ�5HIULJHUDWLQJ� DQG�$LU� &RQGL�
WLRQLQJ� �(QJLQHHUV�� VWXGHQW� FKDSWHU� LQ�
FROOHJH�� ,QWHUHVWHG�VWXGHQW�FDQ�PDLO� WR�
VWXGHQW� FKDSWHU� VHFUHWDU\� 0U�� $QLVK�
5DM� DW� ����XHH����#PQLW�DF�LQ� RU�
FRQWDFW�(QHUJ\�FOXE�PHPEHUV�IRU�PRUH�
LQIRUPDWLRQ�� 


