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6FRSH�DQG�SROLF\�RI�WKH�MRXUQDO
$JULFXOWXUDO�6FLHQFH�DQG�7HFKQRORJ\��$67��
±� DQ� ,QWHUQDWLRQDO� 6FLHQWLILF� -RXUQDO� RI�
$JULFXOWXUDO� DQG� 7HFKQRORJ\� 6FLHQFHV� LV�
SXEOLVKHG� LQ� (QJOLVK� LQ� RQH� YROXPH� RI� ��
LVVXHV�SHU�\HDU��DV�D�SULQWHG�MRXUQDO�DQG�LQ�
HOHFWURQLF�IRUP��7KH�SROLF\�RI�WKH�MRXUQDO�LV�
WR� SXEOLVK� RULJLQDO� SDSHUV�� UHYLHZV� DQG�
VKRUW� FRPPXQLFDWLRQV� FRYHULQJ� WKH�
DVSHFWV� RI� DJULFXOWXUH� UHODWHG� ZLWK� OLIH�
VFLHQFHV�DQG�PRGHUQ�WHFKQRORJLHV��,W�ZLOO�
RIIHU� RSSRUWXQLWLHV� WR� DGGUHVV� WKH� JOREDO�
QHHGV� UHODWLQJ� WR� IRRG� DQG� HQYLURQPHQW��
KHDOWK�� H[SORLW� WKH� WHFKQRORJ\� WR� SURYLGH�
LQQRYDWLYH� SURGXFWV� DQG� VXVWDLQDEOH�
GHYHORSPHQW��3DSHUV�ZLOO�EH�FRQVLGHUHG�LQ�
DVSHFWV�RI�ERWK� IXQGDPHQWDO�DQG�DSSOLHG�
VFLHQFH� LQ� WKH� DUHDV� RI� *HQHWLFV� DQG�
%UHHGLQJ�� 1XWULWLRQ� DQG� 3K\VLRORJ\��
3URGXFWLRQ� 6\VWHPV�� $JULFXOWXUH� DQG�
(QYLURQPHQW� DQG� 3URGXFW� 4XDOLW\� DQG�
6DIHW\��2WKHU�FDWHJRULHV�FORVHO\�UHODWHG�WR�
WKH�DERYH� WRSLFV�FRXOG�EH�FRQVLGHUHG�E\�
WKH�HGLWRUV��7KH�GHWDLOHG�LQIRUPDWLRQ�RI�WKH�
MRXUQDO� LV� DYDLODEOH� DW� WKH� ZHEVLWH��
3URFHHGLQJV� RI� VFLHQWLILF� PHHWLQJV� DQG�
FRQIHUHQFH�UHSRUWV�ZLOO�EH�FRQVLGHUHG�IRU�
VSHFLDO�LVVXHV�

6XEPLVVLRQ�RI�0DQXVFULSWV

7KHUH� DUH� QR� VXEPLVVLRQ� �� KDQGOLQJ� ��
SXEOLFDWLRQ�FKDUJHV��
$OO�PDQXVFULSWV�ZULWWHQ� LQ�(QJOLVK� VKRXOG�
EH�VXEPLWWHG�DV�06�:RUG�ILOH�DWWDFKPHQWV�
YLD� H�PDLO� WR� HGLWRIILFH#DJULVFLWHFK�HX��
0DQXVFULSWV�PXVW� EH� SUHSDUHG� VWULFWO\� LQ�
DFFRUGDQFH�ZLWK� WKH�GHWDLOHG� LQVWUXFWLRQV�
IRU�DXWKRUV�DW�WKH�ZHEVLWH�
ZZZ�DJULVFLWHFK�HX� � DQG� WKH� LQVWUXFWLRQV�
RQ� WKH� ODVW�SDJH�RI� WKH� MRXUQDO��)RU�HDFK�
PDQXVFULSW� WKH� VLJQDWXUHV� RI� DOO� DXWKRUV�
DUH� QHHGHG� FRQILUPLQJ� WKHLU� FRQVHQW� WR�
SXEOLVK� LW� DQG� WR� QRPLQDWH� RQ� DXWKRU� IRU�
FRUUHVSRQGHQFH�
7KH\� KDYH� WR � EH� SUHVHQWHG� E\� D�
VXEPLVVLRQ� OHWWHU� VLJQHG� E\� DOO� DXWKRUV��
7KH� IRUP� RI� WKH� VXEPLVVLRQ� OHWWHU� LV�
DYDLODEOH� XSRQ� IURP� UHTXHVW� IURP� WKH�
7HFKQLFDO � $VVLV WDQFH� RU � FRXOG� EH�
GRZQORDGHG� IURP� WKH� ZHEVLWH� RI� WKH�
MRXUQDO�� 0DQXVFULSWV� VXEPLWWHG� WR� WKLV�
MRXUQDO� DUH� FRQVLGHUHG� LI� WKH\� KDYH�
VXEPLWWHG� RQO\� WR� LW�� WKH\� KDYH� QRW� EHHQ�
SXEOLVKHG� DOUHDG\�� QRU� DUH� WKH\� XQGHU�
FRQVLGHUDWLRQ� IRU� SXEOLFDWLRQ� LQ� SUHVV�
HOVHZKHUH��$OO�PDQXVFULSWV�DUH�VXEMHFW�WR�

HGLWRULDO�UHYLHZ�DQG�WKH�HGLWRUV�UHVHUYH�WKH�
ULJKW�WR�LPSURYH�VW\OH�DQG�UHWXUQ�WKH�SDSHU�
IRU� UHZULWLQJ� WR� WKH�DXWKRUV�� LI� QHFHVVDU\��
7KH�HGLWRULDO�ERDUG�UHVHUYHV�ULJKWV�WR�UHMHFW�
PDQXVFULSWV�EDVHG�RQ�SULRULWLHV�DQG�VSDFH�
DYDLODELOLW\�LQ�WKH�MRXUQDO�
7KH� MRXUQDO� LV� FRPPLWWHG� WR� UHVSHFW�KLJK�
VWDQGDUGV� RI� HWKLFV� LQ� WKH� HGLWLQJ� DQG�
UHYLHZLQJ� SURFHVV� DQG� PDOSUDFWLFH�
VWDWHPHQW�� &RPPLWPHQWV� RI� DXWKRUV�
UHODWHG� WR� DXWKRUVKLS� DUH� DOVR� YHU\�
LPSRUWDQW�IRU�D�KLJK�VWDQGDUG�RI�HWKLFV�DQG�
SXEO LVKLQJ� � :H� IR O ORZ� F ORVHO\� WKH�
&RPPLWWHH�RQ�3XEOLFDWLRQ�(WKLFV��&23(��
KWWS���SXEOLFDWLRQHWKLFV�RUJ�UHVRXUFHV�JXLG
HOLQHV
7KH�DUWLFOHV�DSSHDULQJ� LQ� WKLV� MRXUQDO�DUH�
LQGH[HG�DQG�DEVWUDFWHG� LQ��'2,��(%6&2�
3XEOLVKLQJ�,QF���$*5,6��)$2��DQG�'2$-�
7KH�MRXUQDO�LV�DFFHSWHG�WR�EH�LQGH[HG�ZLWK�
WKH�VXSSRUW�RI�D�SURMHFW�ʋ�%*���32����
������������ ³6FLHQFH� DQG� EXVLQHVV´�
ILQDQFHG� E\� 2SHUDWLRQDO� 3URJUDPPH�
³+XPDQ�5HVRXUFHV�'HYHORSPHQW´�RI�(8��
7KH� WLWOH� KDV� EHHQ� VXJJHVWHG� WR� EH�
LQFOXGHG� LQ� 6&2386� �(OVHYLHU�� DQG�
(OHFWURQLF� -RXUQDOV� 6XEPLVVLRQ� )RUP�
�7KRPVRQ�5HXWHUV��
7KH� MRXUQDO� LV� IUHHO\� DYDLODEOH� ZLWKRXW�
FKDUJH� WR� WKH� XVHU� RU� KLV�KHU� LQVWLWXWLRQ��
8VHUV� FDQ� UHDG� � GRZQORDG� � FRS\��
GLVWULEXWH��SULQW��VHDUFK��RU� OLQN� WR� WKH� IXOO�
WH[WV�RI� WKH�DUWLFOHV��RU�XVH� WKHP� IRU�DQ\�
RWKHU�ODZIXO�SXUSRVH��ZLWKRXW�DVNLQJ�SULRU�
SHUPLVVLRQ� IURP� WKH� SXEOLVKHU� RU� WKH�
DXWKRU�
7KLV� LVVXH� LV� SULQWHG� ZLWK� WKH� ILQDQFLDO�
VXSSRU W � E\� &RQWUDFW � 1R� '13� ���
��������������� ILQDQFHG� IURP� )XQG�

6FLHQWLILF� 5HVHDUFK
� JUDQW� %XOJDULDQ�
VFLHQWLILF�3HULRGLFDOV�

$GGUHVV�RI�(GLWRULDO�RIILFH��
$JULFXOWXUDO� 6FLHQFH� DQG� 7HFKQRORJ\��
)DFXOW\�RI�$JULFXOWXUH��7UDNLD�8QLYHUVLW\��
6WXGHQW
V�FDPSXV�������6WDUD�=DJRUD��
%XOJDULD� � �
7HOHSKRQH�� ��������������
� ��������������
ZZZ�DJULVFLWHFK�HX

7HFKQLFDO�$VVLVWDQFH�
1HO\�7VYHWDQRYD
7HOHSKRQH����������������
(�PDLO��HGLWRIILFH#DJULVFLWHFK�HX

(GLWRU�LQ�&KLHI

*HRUJL�3HWNRY�
)DFXOW\�RI�$JULFXOWXUH
7UDNLD�8QLYHUVLW\��6WDUD�=DJRUD�
%XOJDULD
(�PDLO��JSHWNRY#DI�XQL�V]�EJ

&R�(GLWRU�LQ�&KLHI

'LPLWDU�3DQD\RWRY
)DFXOW\�RI�$JULFXOWXUH
7UDNLD�8QLYHUVLW\��6WDUD�=DJRUD
%XOJDULD

(GLWRUV�DQG�6HFWLRQV

*HQHWLFV�DQG�%UHHGLQJ

7VDQNR�<DEODQVNL��%XOJDULD�
$WDQDV�$WDQDVRY��%XOJDULD�
6YHWODQD�*HRUJLHYD��%XOJDULD�
1LNROD\�7VHQRY��%XOJDULD�
0D[�5RWKVFKLOG��86$�
,KVDQ�6R\VDO��7XUNH\�
+RULD�*URVX��5RPDQLD�
6WRLFKR�0HWRGLHY��%XOJDULD�
%RMLQ�%RMLQRY��%XOJDULD�

1XWULWLRQ�DQG�3K\VLRORJ\

1LNRODL�7RGRURY��%XOJDULD�
3HWHU�6XUDL��8.�
,YDQ�9DUO\DNRY��%XOJDULD�
*HRUJH�=HUYDV��*UHHFH�
9DVLO�3LUJR]OLHY��8.�

3URGXFWLRQ�6\VWHPV

5DGRVODY�6ODYRY��%XOJDULD�
'LPLWDU�3DYORY��%XOJDULD�
%RJGDQ�6]RVWDN��3RODQG����
%DQNR�%DQHY��%XOJDULD�
*HRUJ\�=KHO\D]NRY��%XOJDULD��

$JULFXOWXUH�DQG�(QYLURQPHQW

0DUWLQ�%DQRY��%XOJDULD�
3HWHU�&RUQLVK��$XVWUDOLD�
9ODGLVODY�3RSRY��%XOJDULD�
7DUHN�0RXVVD��(J\SW�

3URGXFW�4XDOLW\�DQG�6DIHW\

6WHIDQ�'HQHY��%XOJDULD�
9DVLO�$WDQDVRY��%XOJDULD�
5RXPLDQD�7VHQNRYD��-DSDQ�

(QJOLVK�(GLWRU

<DQND�,YDQRYD��%XOJDULD�
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+HDY\�PHWDOV�LQ�RUJDQV�RI�JXGJHRQ��*RELR�JRELR�/���IURP�9DUGDU�5LYHU��5��0DFHGRQLD

5��1DVWRYD
��9��.RVWRY��,��8VKOLQRYVND

,QVWLWXWH�RI�$QLPDO�6FLHQFH��³6V��&\ULO�DQG�0HWKRGLXV´�8QLYHUVLW\��%OYG��,OLQGHQ����$�������6NRSMH��5HSXEOLF�RI�0DFHGRQLD

�0DQXVFULSW�UHFHLYHG���$XJXVW�������DFFHSWHG�IRU�SXEOLFDWLRQ����1RYHPEHU������

$EVWUDFW��(FRWR[LFRORJLFDO�H[DPLQDWLRQV�EDVHG�RQ�VHYHQ KHDY\�PHWDOV��)H��&X��=Q��0Q��&G��3E�DQG�&U��FRQFHQWUDWLRQV�LQ�RUJDQV�RI JXGJHRQ��*RELR�JRELR�/���� �
FDXJKW�E\����PRQLWRULQJ�SRLQWV�DW�9DUGDU�5LYHU�LQ�5HSXEOLF�RI�0DFHGRQLD�ZHUH�SHUIRUPHG��7KH�RUJDQ
V�VDPSOHV�HOHPHQWV�ZHUH�UHDG�RXW�RQ�$$6�LQ�IODPH�DQG�
JUDSKLWH�FXYHWWH��6LJQLILFDQW�LQFUHDVH�RI�3E�DQG�&G�FRQWHQWV�LQ�OLYHU��JLOOV�DQG�JRQDGV�RI�ILVK�VDPSOHG�GRZQVWUHDP�6NRSMH�DQG�WKH�WRZQ�RI�9HOHV�ZDV�IRXQG��,W�
VKRXOG�EH�SRLQWHG�RXW�WKDW�DW�WLPHV�&G�FRQFHQWUDWLRQV�LQ�PXVFOHV�ZHUH�DV�KLJK�DV�������PJ�NJ�ZKLFK�LV�VLJQLILFDQWO\�RYHU�WKH�PD[LPDOO\�DOORZHG�FRQFHQWUDWLRQV�
IRU�KXPDQ�QXWULWLRQ�

.H\ZRUGV��*RELR�JRELR�/���RUJDQV��KHDY\�PHWDOV�FRQFHQWUDWLRQ�

$*5,&8/785$/�6&,(1&(�$1'�7(&+12/2*<��92/�����1R����SS����������������
'2,�����������DVW������������

,QWURGXFWLRQ

)UHVKZDWHU�ILVK�IDXQD�ELRGLYHUVLW\�FDQ�EH�YLHZHG�WKURXJK�WKH�
YDVW� YDULHW\� RI� WKH� ZLOGOLIH� RQ� WKH� %DONDQ� 3HQLQVXOD�� :LOGOLIH�
FRPPXQLWLHV�LQ�WKLV�DUHD�KDYH�FRQVWDQWO\�EHHQ�H[SRVHG�WR�YDULRXV�
JHRPRUSKRORJLFDO��FOLPDWLF�DQG�DQWKURSRJHQLF�LQIOXHQFHV��7KLV�IDFW�
KDV� SUHFRQGLWLRQHG� WKHLU� ELRGLYHUVLW\�� )RU� SUHVHUYDWLRQ� RI� ILVK�
VSHFLHV�RQ�DQ�LQWHUQDWLRQDO�OHYHO��LW�LV�D�PXVW�WR�JHW�LQVLJKWV�LQWR�DOO�WKH�
FKDQJHV�LQ�WKH�DTXDWLF�FRPPXQLWLHV�LQ�WKH�5HSXEOLF�RI�0DFHGRQLD�
DQG�RQ�WKH�ZKROH�WHUULWRU\�RI�WKH�%DONDQ�3HQLQVXOD�

9DUGDU�LV�WKH�ELJJHVW�0DFHGRQLDQ�ULYHU��ZKHUH�DOO�WKH�ZDWHUIORZV�
LQ�WKH�FRXQWU\�IORZ�LQ��H[FHSW�IRU�WKH�ULYHUV�'ULP�DQG�6WUXPLFD��7KH�
ILUVW� GDWD� RQ� WKH� ULYHU� 9DUGDU� LFKWK\RIDXQD� ZDV� UHSRUWHG� E\�
6WHLQGDFKQHU��������ZKR�GHVFULEHG�/HXFRV�PDFHGRQLFXV�IURP�WKH�
9DUGDU�5LYHU�EDVLQ�E\�WKH�VDPSOHV�IURP�'RLUDQ�/DNH��'RIOHLQ���������
LQ� KLV� ZRUN� FRYHULQJ� WKH� UHVXOWV� RI� WKH� 0DFHGRQLDQ� FRPPLVVLRQ�
VXUYH\V��TXRWHV����ILVK�VSHFLHV�LQ�9DUGDU�5LYHU�

9DUGDU� 5LYHU� DV� SDUW� RI� WKH� %DONDQ� K\GURHFRV\VWHPV�� LVQ
W�
VXIILFLHQWO\� UHVHDUFKHG� IURP� WKH� DVSHFW� RI� LFKWK\RGLYHUVLW\� DQG�
HFRWR[LFRORJ\�DW� WKH� LFKWK\RIDXQD� OHYHO�� ,W� RXJKW� WR�EH�HVSHFLDOO\�
PHQWLRQHG�WKDW�RQ�WKH�DUHD�RI�WKH�:HVWHUQ�%DONDQV�PDQ\�HQGHPLF�
VSHFLHV�KDYH�VXUYLYHG��EHLQJ�DPRQJ� WKH�HOGHVW� LQ�(XURSH��6LQFH�
WKHVH� VSHFLHV� DUH� HQGDQJHUHG�� DQG� WKH� LFKWK\RIDXQD� LQ� JHQHUDO��
VSHFLDO�DWWHQWLRQ�WR�VXFK�W\SHV�RI�UHVHDUFK�ZDV�SDLG�LQ�WKH�ZRUNV�RI�
$QWLSD���������7DOHU���������'UHFXQ���������������������-DQNRYLü�
������� ������ ������ ������ ������� -DQNRYLü� HW� DO�� ������� �������
,YDQRYLü���������+DFNHU���������.QHåHYLü�DQG�0DULü���������0DOHWLQ�
HW�DO���������������DQG�3XMLQ�HW�DO���������

7KHLU�RZQ�FRQWULEXWLRQV�WR�WKH�LQVLJKWV�DERXW�WKH�ILVKHV�LQ�9DUGDU�
5LYHU��JDYH�.DUDPDQ���������3HWURYVNL�HW�DO���������DQG�'LPRYVNL�
DQG� *UXSþH� ������� ����D�� ����E�� ������� $FFRUGLQJ� WR� WKHLU�
LQYHVWLJDWLRQV�� WKH� ULYHU� LV� LQKDELWHG� E\� DSSUR[LPDWHO\� ��� ILVK�
VSHFLHV�

7KH� HFRV\VWHP
V� ELRGLYHUVLW\� LQFOXGHV� WKH� YDULHW\� RI�
ELRFHQRVHV�� KDELWDWV� DQG� HFRORJLFDO� SURFHVVHV�� XSRQ� ZKLFK� DQ�
HFRV\VWHP
V�IXQFLRQDOLW\�FDQ�EH�GHILQHG��çXNLü�HW�DO���������������
������������������0DOHWLQ�HW�DO��� ������������������0DOHWLQ�DQG�

çXNLü���������)LVK�IDXQD�GLYHUVLW\� LQ�WKH�XSSHU�IORZ�RI�WKH�9DUGDU�
5LYHU� LV� VWLOO� ZHOO� SUHVHUYHG�� WKRXJK� FHUWDLQ� VHFWRUV� RI� WKLV�
K\GURHFRV\VWHP�DUH�VXEMHFW�WR�GUDVWLF�FKDQJHV��ZKLFK�SUHVHQWV�D�
VHULRXV�WKUHDW�IRU�WKH�LFKWK\RIDXQD�VWUXFWXUH��6RPH�ILVK�VSHFLHV�LQ�
WKDW� ULYHU� �/HXFLVFXV� FHSKDOXV� /��� %DUEXV� EDUEXV� /��� %DUEXV�
PHULGLRQDOLV�5LVVR��9LPED�YLPED�/���DUH�UHOLDEOH�ELRLQGLFDWRUV�RI�WKH�
UHVSHFWLYH�HFRORJLFDO�FRQGLWLRQV�DQG�WKHLU�FKDQJHV�RFFXUUHG�ZLWKLQ�D�
VKRUWHU�RU�ORQJHU�SHULRG�RI�WLPH��1DVWRYD��������1DVWRYD�*LRUJLRVND�
HW�DO���������

,FKWK\RIDXQD�LV�D�SDUW�RI�WKH�DTXDWLF�ZLOGOLIH�FRPPXQLW\�DQG�LV�
DQ�LPSRUWDQW�FRPSRQHQW�LQ�WKH�IRRG�FKDLQ��,W�KDV�DFWLYH�SDUWLFLSDWLRQ�
LQ�WKH�SURFHVV�RI�VHOI�ILOWUDWLRQ�RI�WKH�K\GURHFRV\VWHPV��çXNLü�HW�DO���
������ ������ 0DOHWLQ� HW� DO��� ������ ������ ������ -RUGDQRYVNL� DQG�
1DXPRYVNL��������7DOHYVND��������7DOHYVNL�DQG�6SLUNRYVNL��������

3ROOXWLRQ�RI�ZDWHUIORZV�ZLWK�ELR�QRQ�GHJUDGDEOH�VXEVWDQFHV�LV�
D�FRPSOH[�SUREOHP�WKH�VROYLQJ�RI�ZKLFK�UHTXLUHV�D�FRPSUHKHQVLYH�
DSSURDFK�� ,Q� WKH� ODVW�GHFDGH�� VSHFLDO� DWWHQWLRQ�KDV�EHHQ�SDLG� WR�
VWXG\LQJ�WKH�ORDG�ZLWK�WR[LF�DQG�KD]DUGRXV�VXEVWDQFHV��RQH�RI�ZKLFK�
DUH�WKH�PLFURSROOXWDQWV��%LRORJLFDO�SDUDPHWHUV�DUH�VRPH�RI�WKH�PRVW�
UHOLDEOH�LQGLFDWRUV�IRU�HVWLPDWLQJ�WKH�VWDWH�RI�D�K\GURHFRV\VWHP��IRU�
WKH\� DUH� QRW� RQO\� D� UHIOHFWLRQ� RI� WKH� FXUUHQW� TXDOLW\� RI� WKH�
HQYLURQPHQW��EXW�DOVR�JLYH�D�SLFWXUH�IRU�D�ORQJ�SHULRG�RI�WLPH��)LVK�
SRSXODWLRQ�LV�RI�H[FHSWLRQDO�HFRORJLFDO�DQG�HFRQRPLF�LPSRUWDQFH��,W�
LV�D�FHUWDLQ�IDFW�WKDW�ILVK�DUH�PHPEHUV�RI�WKH�KLJKHVW�WURSKLF�OHYHOV�RI�
ELRFHQRVLV� DQG� WKH\� DUH� D� UHIOHFWLRQ� RI� WKH� K\GURHFRV\VWHP�
PHWDEROLVP��)URP�WKH�DVSHFW�RI�WKH�TXDOLW\�RI�QXWULWLRQ�DQG�SURWHFWLRQ�
RI�KXPDQ�KHDOWK��D�YHU\�LPSRUWDQW�IDFWRU�LV�WKH�FRQWHQW�RI�KD]DUGRXV�
DQG�WR[LF�VXEVWDQFHV�LQ�WKH�PXVFOH�WLVVXHV�RI�ILVKHV��)RHUVWQHU�DQG�
:LWWPDQ�� ������ 3HWURYLü� HW� DO��� ������ :DFKV�� ������ ������
<HYWXVKHQNR�DQG�6\WQLN��������3XMLQ�HW�DO���������6\WQLN�HW�DO���������
6DODQNL�HW�DO���������0DOHWLQ�HW�DO���������������-DQNRYLü�DQG�-RYLþLü��
������çXNLü�HW�DO���������7HRGRURYLü���������

$FFRUGLQJ�WR�WKH�2(&'�UHFRPPHQGDWLRQ�RI�������6WDWH�RI�WKH�
(QYLURQPHQW�������±�TXRWH��-RUJHQVHQ�HW�DO����������KHDY\�PHWDO�
FRQFHQWUDWLRQV�LQ�ILVK�WLVVXHV�FDQ�EH�D�XVHIXO�LQGLFDWRU�IRU�WKH�ORDG�RI�
WKHVH�SROOXWDQWV�LQ�ZDWHU��7KH�LPSOHPHQWDWLRQ�RI�WKH�LFKWK\RIDXQD�LQ�
WKH� ELRPRQLWRULQJ� SURFHVV� DQG� WKH� DQDO\VHV� RI� WKH� WUHQGV� LQ� WKH�
K\GURHFRV\VWHPV� DUH� DOVR� UHFRPPHQGHG� E\� +(/&20� �+HOVLQNL�

���


�H�PDLO��URGQHBQDVWRYD#\DKRR�FRP



���

&RPPLVVLRQ��DQG�263$5&20��2VOR�DQG�3DULV�&RPPLVVLRQ�������
±�TXRWH��-RUJHQVHQ�HW�DO���������

+HDY\� PHWDOV� KDYH� QHJDWLYH� LPSDFW� RQ� WKH� PHWDEROLVP��
SK\VLRORJ\�DQG�G\QDPLFV�RI�ILVK�SRSXODWLRQ�WKURXJK�WKH�IRRG�FKDLQ�LQ�
WKH�ZDWHU�DQG�PD\�WKUHDWHQ�KXPDQ�KHDOWK��,Q�WKLV�SURFHVV��WKH�PRVW�
UHOHYDQW�IRU�KXPDQ�KHDOWK�DUH�WKH�FRQFHQWUDWLRQV�RI�KHDY\�PHWDOV�LQ�
WKH�PXVFOHV��VLQFH�WKH\�DUH�XVHG�IRU�QXWULWLRQ�RI�SHRSOH��&KHYUHXLO�HW�
DO���������WKLQN�WKDW��GHVSLWH�WKH�KLJK�WR[LFLW\�DQG�WKH�SHUVLVWHQFH�RI�
RUJDQLF�DQG�PHWDOOLF�PLFURSROOXWDQWV��LQYHVWLJDWLRQV�DQG�GDWD�DERXW�
WKH� OHYHOV� RI� FRQWDPLQDWLRQ� RI� FRQWLQHQWDO� DTXDWLF� V\VWHPV� DUH�
UHODWLYHO\�IHZ��'HWHUPLQDWLRQ�RI�WKH�FRQWHQWV�RI�SROOXWDQW�UHVLGXDOV�LQ�
WKH� WLVVXHV� RI� DTXDWLF� RUJDQLVPV� LV� XVHG�� EXW� LW� KDVQ
W� EHHQ�
LPSOHPHQWHG� ZLGHO\� \HW� ZLWKLQ� V\VWHPDWLF� ELRPRQLWRULQJ� RI�
IUHVKZDWHU�HFRV\VWHPV��QRU� WKHUH�DUH�VWDQGDUGL]HG�PHWKRGV�DQG�
W\SHV� IRU� WKLV�NLQG�RI�PRQLWRULQJ�RI�SROOXWLRQ��7KH�DIRUHPHQWLRQHG�
DXWKRUV� WKLQN� WKDW� ILVK��EHFDXVH�RI� WKHLU�HFRORJLFDO�FKDUDFWHULVWLFV�
�OLIHWLPH��ZD\�RI�QXWULWLRQ��GLVWULEXWLRQ��DQG�HFRQRPLF�HIIHFWV��FRQVLVW�
RI�D�JURXS�ZKLFK�PD\�EH�D�UHOLDEOH�SDUDPHWHU�LQ�PRQLWRULQJ�DTXDWLF�
HFRV\VWHPV�

*XGJHRQ� �*RELR� JRELR�/���� D� ILVK�ZKLFK� LQKDELWV� WKH�9DUGDU�
5LYHU�LQ�WKH�5HSXEOLF�RI�0DFHGRQLD�KDV�QRW�EHHQ�VWXGLHG�HQRXJK��
LQFOXGLQJ� WKH� DFFXPXODWLRQ� RI� KHDY\� PHWDOV� LQ� WKH� WLVVXHV� DQG�
RUJDQV��.DUDPDQ��������IRXQG�JXGJHRQ�LQ�WKH�VPDOOHU�FRQIOXHQWV�RI�
WKH�9DUGDU�5LYHU�QHDU�6NRSMH��DQG�ODWHU��������KH�GHQRWHG�JXGJHRQ�
DV�D� IUHTXHQW� ILVK�VSHFLHV� LQ� WKH� UXQQLQJ�ZDWHUV�RI�6NRSMH� URXQG�
YDOOH\�� ,W� LV� LPSRUWDQW� WR�NQRZ�ZKHWKHU�WKLV� ILVK�FDQ�EH�XVHG�DV�D�
ELRLQGLFDWRU� IRU� DVVHVVLQJ� WKH� HFRORJLFDO� VWDWXV� RI� GLIIHUHQW� ULYHU�
]RQHV��

*XGJHRQ�OLYHV�LQ�VPDOO�VKRDOV�DW�WKH�ERWWRP��ZKHUH�LW�ILQGV�IRRG��
,W�LQKDELWV�FOHDQ�ZDWHUV��ZLWK�JRRG�IORZ�DQG�VDQG\�WR�FOD\�ERWWRP��DV�
ZHOO�DV�LQ�ORZ�IOX[�ULYHU�EUDQFKHV��,W�DOVR�OLYHV�LQ�FOHDQ�ODNHV��7KH�ILVK�
VSDZQV� LQ� SRUWLRQV�� IURP� 0D\� WR� $XJXVW�� RQ� VDQG\� RU� JUDYHO�
VXEVWUDWHV��,W�PDWXUHV�VH[XDOO\�EHWZHHQ�WKH�VHFRQG�DQG�IRXUWK�\HDU�
RI�OLIH��ZKHQ�LWV�OHQJWK�LV���WR��FP��7KH�IHUWLOLW\�LV�������WR�������HJJV��
ZKLFK�KDYH�D�GLDPHWHU�RI�DURXQG��PP��7KH�KDUG�URH�LV�VWLFN\��DQG�
WKH�GHYHORSPHQW�RI�WKH�HPEU\RV�WDNHV���WR����GD\V��7KH�ODUYDH�DQG�
WKH�EURRG�IHHG�ZLWK�WLQ\�LQYHUWHEUDWHV��ZKLOH�WKH�DGXOW�XQLWV�IHHG�ZLWK�
ODUYDH� RI� FKLURQRPLGV�� WLQ\� PROOXVFV�� URH� IURP� RWKHU� ILVKHV�� DQG�
YHJHWDWLRQ��*XGJHRQ� FDQ�JURZ�XS� WR� ��FP� LQ� OHQJWK�DQG���J� LQ�
ZHLJKW��1DXPRYVNL���������

7KH� DLP� RI� WKH� VWXG\� ZDV� WR� PDNH� DQ� HFRWR[LFRORJLFDO�
H[DPLQDWLRQV� RI� WKH� 9DUGDU� 5LYHU� LQ� WKH� 5HSXEOLF� RI� 0DFHGRQLD�
EDVHG�RQ� VHYHQ�KHDY\�PHWDOV� �)H��&X��=Q��0Q��&G��3E�DQG�&U��
FRQFHQWUDWLRQV�LQ�JXGJHRQ
V��*RELR�JRELR�/���RUJDQV��

0DWHULDO�DQG�PHWKRGV

7KH�REMHFW�RI�WKH�VWXG\�ZDV�JXGJHRQ��*RELR�JRELR�/���IURP�WKH�
9DUGDU�5LYHU��5HSXEOLF�RI�0DFHGRQLD�GXULQJ�WKH�SHULRG�IURP������WR�
������)RU�WKH�SXUSRVH�RI�WKH�LQYHVWLJDWLRQ�WKH�VSHFLHV*RELR�JRELR�/���
�JXGJHRQ��ZDV�FDSWXUHG� LQ����RI�DOO� WKH��� ORFDWLRQV� �0RQLWRULQJ��
SRLQWV���03V��RI�WKH�9DUGDU�5LYHU��7DEOH����)LJXUH���� 6DPSOHV�IURP��
WKH�VSHFLHV��Q �����ZHUH�DQDO\]HG�IURP�HDFK�PRQLWRULQJ�SRLQW��)LYH�
VSHFLPHQV�RI�JXGJHRQ�ZHUH�DQDO\]HG�IURP�HDFK�PRQLWRULQJ�SRLQW�
�Q ���

6DPSOHV� RI� PXVFOHV�� JLOOV�� OLYHU� DQG� JRQDGV� IURP� JXGJHRQ�
�*RELR�JRELR�/���KDG�EHHQ�SUHSDUHG�XVLQJ�VWDQGDUG�SURFHGXUH�±�E\�
GU\LQJ�DW�����&�DQG�GLVVROYLQJ�LQ�D�PL[WXUH�RI�WKUHH�DFLGV��+12 ���

+ 62 �DQG�+&O2 ��$OOHQ�HW�DO����������7KH�VDPSOHV�ZHUH�UHDG�RXW�RQ�� � �

$$6�LQ�IODPH�DQG�JUDSKLWH�FXYHWWH��7KH�FRQWHQWV�RI���PHWDOV�ZHUH�

DQDO\VHG��QDPHO\��=Q��0Q��)H��&X��&U��&G��3E��7KH�FRQFHQWUDWLRQV�RI�
PHWDOV� LQ� ILVK� WLVVXHV� DQG� RUJDQV� DUH� H[SUHVVHG� LQ�PJ�NJ� IUHVK�
PDVV�� IRU� FRPSDWLELOLW\� ZLWK� WKH� OHJDO� UHJXODWLRQV� UHJDUGLQJ�
PLFURSROOXWDQW�FRQWHQWV�LQ�ILVKHV�

$� FRPSOHWH� VWDWLVWLFDO� SURFHVVLQJ� ZDV� SHUIRUPHG� XVLQJ�
VWDQGDUG� VRIWZDUH� SDFNDJHV�� 0LFURVRIW� ([FHO� DQG� 6WDWLVWLFV�� )RU�
HVWDEOLVKLQJ�WKH�GLVWULEXWLRQ�RI�KHDY\�PHWDOV�DQG�IRU�FRPSDULQJ�WZR�
GLIIHUHQW� ORFDWLRQV� EDVHG� RQ� WKH� FRQWHQWV� RI� PHWDOV�� VWDQGDUG�
VWDWLVWLFDO�PHWKRGV�ZHUH�XVHG�

z DOO�WKH�UHVXOWV�SUHVHQWHG�DUH�JLYHQ�ZLWK�WKH�DULWKPHWLF�PHDQ�
YDOXH��[��DQG�VWDQGDUG�GHYLDWLRQ��6'��
z WKH�VLJQLILFDQFH�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�FRQFHQWUDWLRQV�
RI�DFFXPXODWHG�PHWDOV�LQ�LQGLYLGXDO�WLVVXHV�DQG�WKH�DQDO\VLV�RI�
WKH� YDULDQFH� ZDV� SHUIRUPHG� XVLQJ� RQH�ZD\� $129$� WHVW�
�.UXVNDO�:DOOLV��
z WKH�VLJQLILFDQFH�RI�WKH�GLIIHUHQFH�EHWZHHQ�ERWK�ORFDWLRQV�ZDV�
HVWDEOLVKHG�XVLQJ�RQH�ZD\�$129$��.UXVNDO�:DOOLV�� WHVW��DQG�
ZDV�FKHFNHG�XVLQJ�DQ�LQGHSHQGHQW�W�WHVW�
z LQ�DOO�WKH�SDUDPHWULF�WHVWV��D�VLJQLILFDQFH�RI�WKH�GLIIHUHQFH�ZDV�
DOORFDWHG�WR�S������
z IRU� WKH� JUDSKLF� LPDJHU\� D� %R[�:KLVNHU
V� GLDJUDP� ZDV�

7DEOH����0RQLWRULQJ�SRLQWV�DW�WKH�9DUGDU�5LYHU�DQG�QXPEHU�
RI�FDSWXUHG�VSHFLPHQV�RI�*RELR�JRELR�/LQQDHXV�����

/RFDWLRQV �1XPEHU�RI�FDSWXUHG�VSHFLPHQV
9RONRYLMD
6LULFLQR
5DGXVD
6NRSMH
$HURGURP
7UXEDUHYR
7DRU�,
%DVLQR�6HOR
+,9
1RJDHYFL
3HSHOLVWH
'HPLU�.DSLMD
0LUDYFL
*HYJHOLMD
7RWDO
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)LJXUH����0DS�RI�9DUGDU�5LYHU�YDOOH\�ZLWK�PRQLWRULQJ�SRLQWV



���

LPSOHPHQWHG�� ZKHUH�� EHVLGH� WKH� DULWKPHWLF� PHDQ� YDOXHV��
YDULDELOLW\�LV�DOVR�SUHVHQWHG�

5HVXOWV�DQG�GLVFXVVLRQ

7KH� UHVXOWV� REWDLQHG� IRU� WKH� VWXGLHG� KHDY\� PHWDOV�
FRQFHQWUDWLRQV�LQ�WLVVXHV�DQG�RUJDQV�RI�WKH�JXGJHRQ��*RELR�JRELR�
/��� IURP�GLIIHUHQW�03V�DW� WKH�9DUGDU�5LYHU� UHYHDOHG� WKH� IROORZLQJ�
SLFWXUH�

)H��)H�FRQFHQWUDWLRQ�YDOXHV� LQ� WKH�RUJDQV�RI�*RELR�JRELR�/��
XQLWV�DUH�VKRZQ�LQ�)LJXUHV���DQG����7KHUH�WKH�DULWKPHWLF�PHDQ�YDOXHV�
RI�WKH�VDPSOHV��WKH�FRUUHVSRQGLQJ�VWDQGDUG�GHYLDWLRQV��FRHIILFLHQWV�
RI� YDULDWLRQV� DQG� WKH� UHVXOWV� RI� W�WHVW� DQG� )�WHVW� DUH� JLYHQ�� 7KH�
PD[LPXP� YDOXH� IRU� )H� FRQFHQWUDWLRQ� LQ� JXGJHRQ
V� OLYHU� LQ� WKH�
FRPSDULVRQ�EHWZHHQ�VDPSOHV�IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUWV�RI�
WKH�9DUGDU�5LYHU��LV����PJ�NJ��)URP�WKH�%R[�:KLVNHUV
V�GLDJUDP�LW�
FDQ�EH�VHHQ�WKDW�)H�LV�PRVWO\�DFFXPXODWHG�LQ�OLYHU��$FFRUGLQJ�WR�W�
WHVW�� WKH� FRQFHQWUDWLRQV�PHDVXUHG� LQ� OLYHU� DUH� YHU\� VLJQLILFDQW� ��
����

��

7KH�YDOXHV�IRU�)H�FRQFHQWUDWLRQV�LQ�PXVFOHV�IURP�WKH�XSSHU�DQG�
WKH�ORZHU�SDUW�RI�WKH�9DUGDU��DUH�����
��,Q�)LJXUH���LW�FDQ�EH�VHHQ�WKDW�

WKHUH�LV�DQ�RYHUODS�RI�WKH�LQWHUYDOV��DQG�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
HQYLURQPHQWV�VXUYH\HG� LV�DW� WKH�WKUHVKROG�RI� WKH�VLJQLILFDQFH��%\�
FRPSDULVRQ�RI�)H�FRQFHQWUDWLRQV� LQ�JLOOV�DQG�JRQDGV�RI�GXGJHRQ�
IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�ULYHU��GLIIHUHQFHV�KDYH�EHHQ�
IRXQG��ZKLFK�DUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�

&X��,Q�)LJXUH���LW�FDQ�EH�VHHQ�WKDW��DFFRUGLQJ�WR�WKH�DQDO\VHG�
UHVXOWV�� WKHUH� LV� D� GLIIHUHQFH� LQ� &X� FRQFHQWUDWLRQV� LQ� JXGJHRQ
V�
RUJDQV�EHWZHHQ�WKH�XQLWV��03V��IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�
WKH� ULYHU�� 6R�� WKH� KLJKHVW� PD[LPXP� YDOXH� IRU� &X� LQ� PXVFOHV� LV�
����PJ�NJ��$FFRUGLQJ�WR�WKH�W�WHVW��WKH�KLJKHVW�&X�FRQFHQWUDWLRQV�LQ�
PXVFOHV� DUH� �����

�� DQG� WKH� GLIIHUHQFHV� DUH� VWDWLVWLFDOO\� YHU\�
VLJQLILFDQW�� ,Q� JRQDGV�� OLYHU� DQG� JLOOV�� QR� VWDWLVWLFDOO\� VLJQLILFDQW�
GLIIHUHQFHV�LQ�&X�FRQFHQWUDWLRQV�KDYH�EHHQ�PHDVXUHG�

0Q�� 7KH� GDWD� IURP� WKH� PRQLWRULQJ� RI� 0Q� FRQFHQWUDWLRQV� LQ�
JXGJHRQ�VDPSOHV�IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�ULYHU�DUH�
VKRZQ� LQ� )LJXUH� ��� 7KH� VWDWLVWLFDOO\� SURFHVVHG� GDWD� VKRZ� WKDW�
FRQFHQWUDWLRQ� RI� PDQJDQHVH� LV� WKH� KLJKHVW� LQ� OLYHU�� ZKHUH� WKH�
GLIIHUHQFH� LV�VWDWLVWLFDOO\�YHU\�VLJQLILFDQW� ������

��� ,Q�DOO� WKH�RWKHU�
RUJDQV� WKHUH� LV� QR� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ� 0Q�
FRQFHQWUDWLRQV�IRU�WKH�XQLWV�IURP�ERWK�SDUWV�RI�WKH�ULYHU�

3E��7KH�KLJK�ORDG�ZLWK�3E�RI�9DUGDU
V�ZDWHU�GRZQVWUHDP�WKH�
WRZQ�RI�9HOHV��LV�DQRWKHU�LQGLFDWRU�WKDW�LQ�WKLV�SDUW�RI�WKH�ULYHU�WKHUH�LV�
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)LJXUH����&X�FRQFHQWUDWLRQV�LQ�PXVFOHV�RI�*RELR�JRELR�/��
IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�5LYHU
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&X

)LJXUH����0Q�FRQFHQWUDWLRQV�LQ�OLYHU�RI�*RELR�JRELR�/��
IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�5LYHU



���

SUHVHQFH�RI�KHDY\�PHWDOV��(IIOXHQWV�IORZ�LQWR�WKLV�SDUW�RI�WKH�9DUGDU�
5LYHU��RULJLQDWLQJ�IURP�WKH�LQGXVWULDO�SODQWV�LQ�WKH�WRZQ��7KH�KLJKHVW�
YDOXH�RI�WKH�GLIIHUHQFH�EHWZHHQ�3E�FRQFHQWUDWLRQV�IURP�WKH�XSSHU�
DQG�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�5LYHU��LV�����PJ�NJ��)URP�)LJXUH���LW�
FDQ�EH�VHHQ�WKDW�3E�FRQFHQWUDWLRQ�LV�WKH�KLJKHVW�LQ�JXGJHRQ
V�OLYHU��
DQG�DPRXQWV�WR�����

��,Q�WKH�GLDJUDP�LW�FDQ�EH�VHHQ�WKDW�WKHUH�LV�QR�
RYHUODS�RI�LQWHUYDOV��PHDQLQJ�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�WKH�ULYHU�
SDUWV�VXUYH\HG�LV�YHU\�VLJQLILFDQW��$�VWDWLVWLFDOO\�YHU\�VLJQLILFDQW�3E�
FRQFHQWUDWLRQ� LV� SUHVHQW� LQ� WKH� JLOOV�� WRR� �����

��� 7KLV� LV� FOHDUO\�
VKRZQ�LQ�)LJXUH����

&G��7KH�DQDO\VLV�RI�&G�FRQFHQWUDWLRQV�LQ�SDUWLFXODU�WLVVXHV�RI�
JXGJHRQ�VDPSOHV�IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�
5LYHU�� LV� VKRZQ� LQ� )LJXUHV� ��� ��� ��� DQG� ���� 7KH� KLJKHVW� &G�
FRQFHQWUDWLRQV�LQ�JXGJHRQ
V�OLYHU�IURP�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�
ZHUH�����PJ�NJ��)LJXUH�����%\�FRPSDULVRQ�RI�&G�FRQFHQWUDWLRQV�LQ�
WKH�VDPSOHV�IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�ULYHU�XVLQJ�W�
WHVW��LW�ZDV�IRXQG�WKDW�&G�LV�PRVWO\�DFFXPXODWHG�LQ�OLYHU�������

���
7KH�GLIIHUHQFH�LV�YHU\�VLJQLILFDQW��,Q�JXGJHRQ�XQLWV�IURP�WKH�ORZHU�
SDUW�� PD[LPXP� &G� FRQFHQWUDWLRQ� LQ� JLOOV� ZDV� ����PJ�NJ�� DQG�
����PJ�NJ�LQ�JRQDGV��)LJXUHV���DQG������7KH�YDOXHV�IURP�WKH�W�WHVW�
IRU� &G� FRQFHQWUDWLRQV� LQ� JLOOV� ZHUH� ����

� LQ� JLOOV� DQG� ����

� LQ�
JRQDGV�� 7KLV� PHDQV� WKDW� WKHUH� LV� D� YHU\� VLJQLILFDQW� GLIIHUHQFH�

EHWZHHQ�WKH�DPRXQWV�RI�DFFXPXODWHG�&G�LQ�WKH�JLOOV�DQG�WKH�JRQDGV�
RI� JXGJHRQ� XQLWV� IURP� ERWK� SDUWV� �)LJXUH� ����� +RZHYHU�� E\�
FRPSDULVRQ�RI�&G�FRQFHQWUDWLRQV�LQ�PXVFOHV�ZKLFK�DUH�JUHDWO\�OHVV�
WKDQ� WKRVH� LQ� OLYHU�� JRQDGV�DQG�JLOOV�� YDOXHV�KDYH�EHHQ�REWDLQHG�
LQGLFDWLQJ� WKDW� WKH� GLIIHUHQFHV� LQ� WKLV� UHVSHFW� DUH� QRW� VWDWLVWLFDOO\�
SURYHQ��)LJXUH�����

&U��,Q�)LJXUHV������������DQG�����WKH�LQWHUYDOV�RI�%R[�:KLVNHU
V�
GLDJUDPV�DUH�IDU�IURP�RQH�DQRWKHU��7KLV�PHDQV�WKDW�WKH�GLIIHUHQFHV�
EHWZHHQ�&U�FRQFHQWUDWLRQV�LQ�OLYHU��)LJXUH������PXVFOHV��)LJXUH�����
DQG�JRQDGV��)LJXUH�����RI�JXGJHRQV�IURP�WKH�XSSHU�DQG�WKH�ORZHU�
SDUW� RI� WKH� 9DUGDU� 5LYHU� DUH� VWDWLVWLFDOO\� YHU\� VLJQLILFDQW�� 2QO\� LQ�
)LJXUH� ��� WKHUH� LV� VRPH� RYHUODS� RI� WKH� LQWHUYDOV�� DQG� WKLV� LV� IRU�
FRQFHQWUDWLRQV�RI�FKURPLXP�LQ�JLOOV��,QGHSHQGHQW�W�WHVW�EHWZHHQ�WKH�
VDPSOHV�IURP�ERWK�SDUWV�KDV�VKRZQ�WKDW�WKH�YDOXHV�IRU�&U�LQ�WKH�JLOOV�
DUH�DW� WKH� WKUHVKROG�RI� VLJQLILFDQFH�� DQG�DUH�HTXDO� WR�����
��7KH�
YDOXHV�IRU�&U�FRQFHQWUDWLRQV�LQ�OLYHU�DUH������

��LQ�PXVFOHV�±�����

��
DQG�LQ�JRQDGV�±����

�

7KH�UHVXOWV�REWDLQHG�LQGLFDWH�WKDW�LQ�JXGJHRQV�IURP�ERWK�XSSHU�
DQG� ORZHU� SDUWV� RI� WKH� 9DUGDU�� WKH� OLYHU� LV� WKH� HQG� RUJDQ� RI�
DFFXPXODWLRQ� RI� DOO� WKH� H[DPLQHG�PHWDOV�� HVSHFLDOO\� 3E� DQG� &G�
ZKLFK�LQ�KLJK�FRQFHQWUDWLRQV�DFFXPXODWH�LQ�WKH�JLOOV�WRR��8QOLNH�WKH�
OLYHU��PXVFOHV�DUH�WLVVXHV�ZLWK�YHU\�ORZ�FRQWHQWV�RI�WKH�H[DPLQHG�

�

�

���

���

���

���

���

���
��8SSHU�SDUW
��/RZHU�SDUW

������
6WG��(UU
������
6WG��(UU
0HDQ

3E
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IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�5LYHU

�

�

���
���
���
���
���
���
���
���

��8SSHU�SDUW
��/RZHU�SDUW

������
6WG��(UU
������
6WG��(UU
0HDQ

3E

)LJXUH����3E�FRQFHQWUDWLRQV�LQ�JLOOV�RI�*RELR�JRELR�/��
IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�5LYHU
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)LJXUH����&G�FRQFHQWUDWLRQV�LQ�OLYHU�RI�*RELR�JRELR�/��
IURP�WKH�XSSHU�DQG�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�5LYHU
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PHWDOV��ZKLFK�LV�LQ�OLQH�ZLWK�WKH�UHVXOWV�RI�PDQ\�DXWKRUV�ZKR�ZHUH�
VWXG\LQJ� WKH� LVVXH� RI� WKHLU� GLVWULEXWLRQ� LQ� WLVVXHV�� $FFRUGLQJ� WR�
:LFNXQG�HW�DO����������FDGPLXP�DFFXPXODWHV�LQ�OLYHU�DQG�LQ�NLGQH\V��
DQG�FDQ�EH�HOLPLQDWHG�YHU\�VORZO\��ZKLOH� WKH�]LQF��SUHVHQW� LQ� WKH�
ZDWHU��HYHQ�LQFUHDVHV�LWV�SHULRG�RI�UHWHQWLRQ��7KH�DXWKRUV�FDPH�WR�

WKH� FRQFOXVLRQ� WKDW� LQ� ZDWHUV� ORDGHG� ZLWK� ]LQF� DQG� FDGPLXP��
LQFUHDVHG� FRQFHQWUDWLRQV� RI� ]LQF� PD\� OHDG� WR� DQ� LQFUHDVH� RI�
DFFXPXODWLRQ�RI�FDGPLXP�LQ�OLYHU�DQG�LQ�NLGQH\V��2QH�RI�WKH�PRUH�
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OLYHU��LV�JLYHQ�E\�$OOHQ�*LOO�DQG�0DUW\QRY���������$OWKRXJK�ZLWKRXW�
DQ\�SK\VLRORJLFDO�IXQFWLRQ��WKH�RUJDQLVPV�UHWDLQ�ERWK�WKHVH�PHWDOV�
WKURXJK�VSHFLILF�PHWDO�ERQGLQJ�SURWHLQV��1DPHO\��LQ�NLGQH\V�DQG�LQ�
OLYHU�WKH�FRQFHQWUDWLRQV�RI�PHWDOORWLRQHLQ�DQG�OHDG�ERQGLQJ�SURWHLQV�
DUH�VLJQLILFDQWO\�KLJKHU�WKDQ�LQ�PXVFOHV��VR�LW�LV�ORJLFDO�WKH�WRWDO�3E�
DQG�&G�FRQWHQWV�LQ�WKHVH�WLVVXHV�WR�EH�KLJKHU�

3XMLQ�HW�DO���������IRXQG�WKDW�LQ�3ODQNWLYRUD�DQG�%HQWLYRUD�WKH�
PXVFOHV�DUH�WKH�WLVVXHV�ZLWK�WKH�ORZHVW�DFFXPXODWLRQV�RI�=Q��0Q��)H��
&X��&U��&R��1L��3E��&G��$O�DQG�6U��ZKLOH�0DOHWLQ�HW�DO���������VSUHDG�
WKLV�FODLP�WR�DOO�RWKHU�WURSKLF�FDWHJRULHV�RI�ILVK��çXNLü�HW�DO�������D��
E���GHPRQVWUDWHG�WKDW�WKH�DFFXPXODWHG�DPRXQWV�RI�DOO�WKHVH�PHWDOV�
DUH�VWDWLVWLFDOO\�TXLWH� ORZ� LQ�PXVFOHV��DQG�WKH�KLJKHVW� LQ� OLYHU�DQG�
NLGQH\V��$FFRUGLQJ�WR�WKH�LQYHVWLJDWLRQV�SHUIRUPHG�E\�6DODQNL�HW�DO��
��������WKH�FRQFHQWUDWLRQV�RI�DOO�WKH�PHWDOV��+J��&G��3E��=Q��)H��&X�
DQG�0Q�� ZHUH� WKH� ORZHVW� LQ� WKH�PXVFOHV� DQG� WKH� KLJKHVW� LQ� WKH�
NLGQH\V�RI�ERWK�EHQWLYRUH�DQG�SLVFLYRUH�VSHFLHV�IURP�/DNH�%DODWRQ�

&RQFOXVLRQ

(FRWR[LFRORJLFDO� H[DPLQDWLRQV� ZHUH� SHUIRUPHG� EDVHG� RQ�
VWXG\LQJ�WKH�SUHVHQFH�RI�VHYHQ�KHDY\�PHWDOV��)H��&X��=Q��0Q��&G��
3E� DQG� &U�� LQ� JXGJHRQ
V� �*RELR� JRELR� /��� RUJDQV�� ,QFUHDVHG�
FRQFHQWUDWLRQV�RI�WKHVH�KD]DUGRXV�VXEVWDQFHV��HVSHFLDOO\�3E�DQG�
&G��LQ�ZDWHU�DQG�VHGLPHQW�IURP�WKH�ORZHU�SDUW�RI�WKH�9DUGDU�5LYHU��
LQIOXHQFHG�KLJKHU�DFFXPXODWLRQV�RI�PHWDOV�LQ�OLYHU��JLOOV�DQG�JRQDGV�
RI�*RELR�JRELR�/��:LWK�WKH�LPSOHPHQWDWLRQ�RI�W�WHVW��YHU\�VLJQLILFDQW�
GLIIHUHQFHV�LQ�WKLV�UHVSHFW�ZHUH�IRXQG�EHWZHHQ�ERWK�VXUYH\HG�SDUWV�
RI�WKH�ULYHU��WKH�XSSHU�SDUW�DQG�WKH�ORZHU�SDUW���,W�ZDV�IRXQG�WKDW�WKH�
ZDWHU�RI�WKH�9DUGDU�5LYHU�GRZQVWUHDP�WKH�WRZQ�RI�9HOHV�LV�XQGHU�
SHUPDQHQW�LQIOXHQFH�RI�WKH�HIIOXHQWV�ZKLFK�KDYH�YHU\�XQIDYRXUDEOH�
LPSDFW�RQ�WKH�ZLOGOLIH�RI�WKLV�HFRV\VWHP��7KHVH�DUH�WKH�UHDVRQV�IRU�
ZKLFK�LW�LV�QHFHVVDU\��EDVHG�RQ�WKH�UHVXOWV�REWDLQHG��WR�XQGHUWDNH�
VWHSV� IRU� ZDVWHZDWHU� WUHDWPHQW�� VR� WKH� ULYHU� ZRXOG� EH� DEOH� WR�
UHFXSHUDWH�DQG�VHUYH� LWV�SXUSRVH�DJDLQ��6LPXOWDQHRXVO\�ZLWK� WKH�
LQWURGXFWLRQ� WR�ZDVWHZDWHU� WUHDWPHQW�SODQWV�� IXUWKHU�PRQLWRULQJ�RI�
ZDWHU� TXDOLW\� LV� QHFHVVDU\� LI� ZH� ZDQW� WR� DFKLHYH� WKH� JRDO� RI�
SUHVHUYDWLRQ�DQG�LPSURYHPHQW�RI�WKLV�K\GURHFRV\VWHP�

5HIHUHQFHV�

$QWLSD� *�� ������ )DXQD� LFKWK\RORJLFD� 5RPDQLHL�� $FDGHPLD�
5RPDQD��%XFXUVW��3XEOLVKLQJ�
$PHULFDQ� 3XEOLF� +HDOWK�$VVRFLDWLRQ� �$3+$��� ������ 6WDQGDUG�
PHWKRG� IRU� WKH� ([DPLQDWLRQ� RI�:DWHU� DQG�:DVWHZDWHU�� ��WK� HG��
$PHULFDQ�3XEOLF�+HDOWK�$VV��S�������
'LPRYVNL�$�DQG�*UXSFH�5��������7KH�,FKWK\RIDXQD�RI�%UHJDOQLWVD�
5LYHU��(GLWLRQV��,9�����6NRSMH��0F��
'LPRYVNL�$�DQG�*UXSFH�5������D��6RPH�SUREOHPV�RI�WKH�3ODVLFD�
ILVK��$OEXUQXV��V\VWHPDWLFV�LQ�0DFHGRQLD��$FWD�0XVHL�0DFHGRQLFL�
6FLHQWLDUXP�1DWXUDOLXP��;,,����������0F��
'LPRYVNL� $� DQG� *UXSFH� 5�� ����E�� 7KH� PRUSKRORJLFDO�
FKDUDFWHULVWLF�RI�WKH�%HOYLFD�ILVK��$OEXUQXV��LQ�'RMUDQ�/DNH�DQG�WKH�
9DUGDU�5LYHU��)UDJP��%DOF��0XV��VZRUG��6F��1DW��9,,,������6NRSMH�
�0F��
'LPRYVNL�$�DQG�*UXSFH�5��������,FKWK\RIDXQD�RI�WKH�7UHVND�5LYHU��
$FWD�0XVHL�0DFHGRQLFL�6FLHQWLDUXP�1DWXUDOLXP��;,,����������6NRSMH�
�0F��
'RIOHLQ�)���������0DFHGRQLHQ��-HQD��
'UHFXQ�ĉ��������0XJLOLGL��FLSOL��RI�6NDGDU�/DNH��)LVKHULHV�VWDWLRQ��

7LWRJUDG�������6U��
'UHFXQ�ĉ��������,FKWKW\RIDXQD�RI�6NDGDU�/DNH��2XU�DJULFXOWXUH�����
�������6U��
'UHFXQ� ĉ�� ������ 'LVWULEXWLRQ� DQG� /LVW� RI� )UHVKZDWHU� )LVK� RI�
0RQWHQHJUR��+\GURELRORJLD�0RQWHQHJULQD����������6U��
ĉXNLý�1��0DOHWLQ�6��6HOHäL�ĉ�DQG�0LOMDQRYLý�%��������5HODWLRQVKLS�
EHWZHHQ�QXWULWLYH�HOHPHQWV�DQG�2OLJRFKDHWD�ELRPDVV�LQ�UHVHUYRLUV�
RI�3DQQRQLDQ�EDVLQ�±�<XJRVODYLD��)LIWK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�
$TXDWLF�2OLJRFKDHWH�%LRORJ\��$EVWUDFWV������7DOOLQ��(VWRQLD�
ĉXNLý�1��0DOHWLQ�6��0LOMDQRYLý�%�DQG�0DUNRYLý�=��������:DWHU�
TXDOLW\�DQG�GLVWULEXWLRQ�RI�WKH�2OLJRFKDHW�SRSXODWLRQ�LQ�WKH�ĈHWHQLFD�
ULYHU���:DWHU�3URWHFWLRQ�
�����=ERUQLN�UDGRYD�����������6XERWLFD��6U��
ĉXNLý�1��0DOHWLQ�6��3XMLQ��9��,YDQF�$��.RMÿLý�.�DQG�0LOMDQRYLý�%��
������(FRORJLFDO�HVWLPDWLRQ�RI�ZDWHU�TXDOLW\�RI�WKH�7LVD�E\�SK\VLFDO�
DQG�FKHPLFDO�ELRORJLFDO�SDUDPHWHUV��6]HJHGL�gNROyJLDL�QDSRN�±�����
7LV]DNXWDWy�DQNpW��6]HJHG��+XQJDU\���S����
ĉXNLý�1��0DOHWLQ�6��3XMLQ�9��,YDQF�$��.RMÿLý�.�DQG�0LOMDQRYLý�%��
������ (FRORJLFDO� DVVHVVPHQW� RI� ZDWHU� TXDOLW\� RI� WKH� 7LV]D� E\�
SK\VLFR�FKHPLFDO�DQG�ELRORJLFDO�SDUDPHWHUV��7LVFLD�������������
ĉXNLý�1��0LOMDQRYLý�%��0DOHWLQ�6��,YDQF�$�DQG�=KHQMXQ�6��������
(YDOXDWLRQ�RI�'DQXEH�ZDWHU�TXDOLW\�LQ�<XJRVODYLD�DFFRUGLQJ�WR�WKH�
2OLJRFKDHWD�FRPPXQLW\��$UFKLY�I�U�+\GURELRORJLH��6XSSO�������/DUJH�
5LYHUV����������6WXWWJDUW�����������
ĉXNLý�1��0DOHWLQ�6��7HRGRURYLF�,��7HSDYFHYLF�'�DQG�0LOMDQRYLF�%��
������ $VVHVVPHQW� RI� HXWURSKLFDWLRQ� OHYHO� LQ� <XJRVODY� SDUW� RI�
'DQXEH�DSSO\LQJ�)X]]\�6HWV�PHWKRG���WK�,QWHUQDWLRQDO�6\PSRVLXP�
RQ�$TXDWLF�2OLJRFKDHWHV��$EVWUDFWV������3UHVTXH�,VOH��0DLQH��86$�
ĉXNLý�1��0DOHWLQ�6��7HRGRURYLý�,��0LOMDQRYLý�%�DQG�9XMRäHYLý�=��
����E��7KH�FRQWHQW�RI�KHDY\�PHWDOV�LQ�WLVVXHV�DQG�ILVK�RUJDQV�DV�DQ�
LQGLFDWRU�RI�ZDWHU�TXDOLW\�LQ�WKH�K\GUR�V\VWHP�RI�WKH�'DQXEH�7LVD�
'DQXEH�FDQDO���:DWHU�3URWHFWLRQ�
�����3URFHHGLQJV��.RWRU��SS������
�����6U��
)RHUVWQHU�9�DQG�:LWWPDQ�*7��������0HWDO�SROOXWLRQ�LQ�WKH�DTXDWLF�
HQYLURQPHQW��6SULQJHU�
+DFNHU� 5�� ������ 5RWH� /LVWH� JHIDHKUGHWHU� )LVFKH� 2HVWHUUHLFKV�
�3LVFHV��� ,Q�� *(33�� -�� �HG���� 5RWH� /LVWHQ� JHIDHKUGHWHU� 7LHUH�
2HVWHUUHLFKV��:LHQ��������
,YDQRYLý�%��������,FKWK\RIDXQD�RI�6NDGDU�ODNH��,QVW��ELRO��PHG��UHV��
0RQWHQHJUR��7LWRJUDG�
-DQNRYLý�'��������'LH�JHRJUDSKLVFK�RHNRORJLVFH�9HUEUHLWXQJ�GHU�
)LVFKH�LQ�GHP�MXJRVODZLVFKHQ�7HLO�GHU�'RQDX��=ERUQ��UDG�ELRO��LQVW���
������
-DQNRYLý� '�� ������ &XUUHQW� VWDWH� RI� UHVHDUFK� RI� 6HUELD
V�
,FKWK\RIDXQD�DQG�IXWXUH�UHVHDUFK�SUREOHPV��$UFKLYHV�RI�%LRORJLFDO�
6FLHQFHV������������6U��
-DQNRYLý�'��������(IIHFWV�RI�DQWKURSRJHQLF� IDFWRUV�RQ� WKH�]RQDO�
GLVWULEXWLRQ� RI� ILVKHV� LQ� WKH� 'DQXEH� ULYHU� V\VWHP� LQ� 6HUELD�
�<XJRVODYLD��� 9HUKDQGOXQJHQ� GHU� ,QWHUQDWLRQDOHQ� 9HUHLQLJXQJ� I�U�
7KHRUHWLVFKH�XQG�$QJHZDQGWH�/LPQRORJLH����������������
-DQNRYLý�'��������9HOLND�0RUDYD
V�,FKWK\RIDXQD�DV�OLPQRVDSUREH�
LQGLFDWRU��,,�(FRORJ\�.RQJUHVV�RI�-XJRVODYLMD��=DJUHE��SS������������
�6U��
-DQNRYLý� '� � ������ &UQ� 7LPRN� ,FKWK\LRIDXQD� GUDLQDJH��
3URFHHGQLQJV�RI�65�6HUELD
V�IDXQD��65�6UELMH��%HRJUDG��6$18�����
���������6U��
-DQNRYLý�'��.USR�-��+HJHGLä�$��0DOHWLQ�6�DQG�.RVWLý�'��������'LH�
6WUXNWXU� GHU� ,FKW\RIDXQD� LP� MXJRVODZLVFKHQ� 'RQDXWHLO� QDFK�
8QWHUVXFKXQJVIDQJHQ� LQ� ������ ����$UEHLWVWDJXQJ� GHU� ,$'��:LVV��
.XU]UHI������������3DVVDX��'H��
-DQNRYLý�'��3XMLQ�9��+HJHGLä�$��0DOHWLQ�6��.USR�-��/HQKDUGW�0��
.RVWLý� '�� $QĀHONRYLý� '� DQG� 0LOMDQRYLý� %�� ������ &RPPXQLW\�
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VWUXFWXUH�RI�WKH�ILVK�IDXQD�LQ�WKH�'DQXEH�DQG�LWV�WULEXWDULHV��LQ�'��9��
-DQNRYLü� DQG� 0�� ä�� -RYLþLü� HGV���� 7KH� 'DQXEH� LQ� <XJRVODYLD� ±�
FRQWDPLQDWLRQ��SURWHFWLRQ�DQG�H[SORLWDWLRQ��%HOJUDGH��SS����������
-DQNRYLý�'9�DQG�-RYLÿLý�0å��������7KH�'DQXEH�LQ�<XJRVODYLMD���
FRQWDPLQDWLRQ��SURWHFWLRQ�DQG�H[SORLWDWLRQ��%HOJUDGH�
-RUJHQVHQ�/$�DQG�3HGHUVHQ�%��������7UDFH�0HWDOV�LQ�)LVK�XVHG�
IRU�7LPH�7UHQG�$QDO\VLV�DQG�DV�(QYLURQPHQWDO� LQGLFDWRUV��0DULQH�
3ROOXWLRQ�%XOOHWLQ��������������
-RUGDQRYVNL�0�DQG�1DXPRYVNL�7��������1LWURJHQ�DQG�SKRVSKRUXV�
ORDG�RI� WKH� OLWWRUDO�EHOW�RI� WKH�0DFHGRQLDQ�SDUW�RI� WKH�2KULG�/DNH��
�:DWHU�3URWHFWLRQ�
����3URFHHGLQJV��.RWRU��6U��
.DUDPDQ�6��������&RQWULEXWLRQ�WR�WKH�NQRZOHGJH�RI�LFKWK\RIDXQD�RI�
0DFHGRQLD��%LRORJLFDO�JD]HWWH���������������6NRSMH��6U��
.QH]HYLý�%�DQG�0DULF�'��������,FKWK\RIDXQD�GHV�)OXVVJHELWHV�3LYD�
IRU� XQG� QDFK� GHU� (UULFKWXQJ� GHV� 6WDXVHHV� �3LYD��� 0RQWHQHJUR��
,FKWK\RORVLV���������
0DOHWLQ�6��ĉXNLý�1�DQG�.RVWLý�'��������$QDO\VH�GHU�)LVFKEHVWlQGH�
LQ�GHU�'RQDX�XQG�LQ�GHU�7KHLVV�LQ�GHU�9RMYRGLQD�XQG�JHJHQVHLWLJHU�
(LQIOXVV�� /LPQRORJLVFKH� %HULFKWH� GHU� ���� 7DJXQJ� GHU� ,$'��
:LVVHQVFKDIWOLFKH�.XU]UHIHUDWH��9DUQD��SS�����������%J��
0DOHWLQ�6��ĉXNLý��1��0LOMDQRYLý�%��0DUMDQRYLý�3�DQG�.RVLWý�'��
������7KH�JURZWK�UDWH�RI�WURXW��6DOPR�WUXWWD�P��)DULR��DV�LQGLFDWRU�RI�
ZDWHU� SURGXFWLYLW\�� SRWHQWLDO� VRXUFHV� RI� ZDWHU� VXSSO\�� �:DWHU�
3URWHFWLRQ�
�����3URFHHGLQJV��1HXP��SS�����������6U��
0DOHWLQ�6��ĉXNLý�1�DQG�0LOMDQRYLý�%��������+HDY\�PHWDOV�FRQWHQW�
LQ�ILVK�IURP�%DFNZDWHU�7LV]D��%LVHU�LVODQG���7LVFLD������������
:DWHU�3URWHFWLRQ�
����3URFHHGLQJV��,JDOR�����������6U��
0DOHWLQ�6��ĉXNLý�1��,YDQF�$�DQG�0LOMDQRYLý�%��������%HXUWHLOXQJ�
GH U � :DVVH UJ� WH � GHV � ) O XVVHV � & UQ L � 7 LPRN � QDFK � GH U�
=XVDPPHQVHW]XQJ� GHU� LFKWK\RIDXQD�� /LPQRORJLVFKH� %HULFKWH�
'RQDX�������,��:LVVHQVFKDIWOLFKH�.XU]UHIHUDWH������$UEHLWVWDJXQJ�
GHU�,$'��=XR]�±�(QJDGLQ��6FKZHL]�����������
0DOHWLQ�6��ĉXNLý�1�� ,YDQF�$��0LOMDQRYLý�%�DQG�3XMLQ�9�� ������
+HDY\�PHWDO�FRQWHQW�RI� ILVK�FRPPXQLWLHV� LQKDELWLQJ� WKH�<XJRVODY�
SDUW�RI�WKH�'DQXEH�ULYHU�V\VWHP��)LUVW�,QWHUQDWLRQDO�6\PSRVLXP��7KH�
(FRORJ\�RI�/DUJH�5LYHUV���$EVWUDFWV������.UHPV�/RZHU�$XVWULD�
0DOHWLQ�6��ĉXNLý�1��2EUDGRYLý�6��,YDQF�$��0LOMDQRYLý�%��3XMLQ�9�
DQG�=KHQMXQ�6�� ������+HDY\�PHWDO� FRQWHQW�RI� ILVK� FRPPXQLWLHV�
LQKDELWLQJ� WKH� <XJRVODY� SDUW� RI� WKH� 'DQXEH� ULYHU� V\VWHP�� $UFK��
+\GURELRO��6XSSO�������/DUJH�5LYHUV�����6WXWWJDUW����������������
0DOHWLQ�6��ĉXNLý�1��0LOMDQRYLý�%�� ,YDQF�$�DQG�3XMLQ�9�� ������
&RPSRVLWLRQ� RI� ILVK� FRPPXQLWLHV� LQ� WKH� 'DQXEH� 5LYHU� DQG� LWV�
IORRGSODLQ� QHDU� 1RYL� 6DG�� ���� .RQIHUHQ]� GHU� ,QWHUQDWLRQDOH�
$UEHLWVJHPHLQVFKDIW� 'RQDXIRUVFKXQJ� GHU� 6�,�/�� /LPQRORJLVFKH�
%HULFKWH�'RQDX�������%DQG� ,��:LVVHQVFKDIWOLFKH�5HIHUDWH��:LHQ��
��������
0DOHWLQ� 6� DQG� ĉXNLý� 1�� ������ 6WUXFWXUH� RI� ILVK� FRPPXQLW\� LQ�
<XJRVODY� SDUW� RI� 'DQXEH�� ,QWHU�� 6\PS�� �$TXDURP� 
����� )LVKHULHV�
PDQDJHPHQW�LQ�WKH�'DQXEH�ULYHU�EDVLQ��([WHQGHG�DEVWUDFWV���������
*DODWL��5RPDQLD�
1DVWRYD�5�� ������ 6WXG\� RQ� WKH� LFKWK\RIDXQD� RI� 9DUGDU�5LYHU� LQ�

5HSXEOLF�RI�0DFHGRQLD�DV�DQ�LQGLFDWRU�RI�LWV�FRQWDPLQDWLRQ��7KHVLV�
IRU�3K'��7UDNLD�8QLYHUVLW\��6WDUD�=DJRUD��%XOJDULD��%J��
1DVWRYD�*LRUJLRVND� 5�� .RVWDGLQRYD� *� DQG� 3HWNRY� *�� ������
$FFXPXODWLRQ� RI� KHDY\�PHWDOV� RQ� WKH� HFR�WURSKRORJLFDO� FKDLQ� RI�
%DUEXV�0HULGLRQDOLV�5LVVR��%ODFN�%DUEDU\��IURP�WKH�9DUGDU�5LYHU�LQ�
5��0DFHGRQLD��(FRORJ\�DQG�)XWXUH������������
1DXPRYVNL� 0�� ������ )LVK� LQ� 0DFHGRQLD�� 6\VWHPDWLF� DIILOLDWLRQ��
ELRORJ\�DQG�PHDQLQJ��0F��
3HWURYVNL�1��6LGRURYVNL�0�DQG�$SRVWROVNL�.��������7KH�VWDWH�RI�
ILVK�SRSXODWLRQV�LQ�VRPH�WULEXWDULHV�RI�9DUGDU�5LYHU��,,,�6\PSRVLXP�
�&RQWHPSRUDU\�LFKWK\RORJLFDO�UHVHDUFK���.RWRU��6U��
3HWURYLý� *� � -DQNRYLý� '� DQG� 3XM LQ� 9� � ����� � ( LQ LJH�
K\GURFKHPLVFKH�� K\GURELRORJLVFKH� XQG� LFKWK\RORJLVFKH�
(LJHQVFKDIWHQ�GUH�MXJRVORZLVFKHQ�'RQDXVWUHFNH�LQ�PHKUMDHKULJHP�
=HLWUDXP��$UFKLY�+\GURELRORJ\��������������
3XMLQ�9��ĉXNLý�1��0DOHWLQ�6��2EUDGRYLý�6�DQG�.RVWLý�'��������
&RQWHQW�RI�KHDY\�PHWDOV�LQ�VRPH�ILVK�VSHFLHV�LQ�WKH�'DQXEH�IORZLQJ�
WKURXJK�9RMYRGLQD��:DWHU�6FLHQFH�DQG�7HFKQRORJ\������������
3XMLQ�9��ĉXNLF�1��0DOHWLQ�6��0LOMDQRYLF�%�DQG� ,YDQF�$�� ������
&KDQJHV�RI�]RRFHQRWLF�VWUXFWXUH�LQ�WKH�ORZHU�UHDFK�RI�WKH�ULYHU�7LV]D��
7LVFLD������������
6DODQNL�-��/LFVNR�,��/DV]OR�)��%DORJK�.9��9DUDQND�$�DQG�0DVWDOD�
=��������&KDQJHV�LQ�WKH�FRQFHQWUDWLRQ�RI�KHDY\�PHWDOV�LQ�WKH�=DOD�
0LQRU�=DOD�V\VWHP� �ZDWHU�� VHGLPHQW��DTXDWLF� OLIH���:DWHU�6FLHQFH�
DQG�7HFKQRORJ\��������������
6WHLQGDFKQHU�)��������8EHU�HLQLJH�QHQH�XQG�VHOWHQH�)LVFKDUWQ�DXV�
GHU� LFKWK\RORJLVFKHQ� VDPPOXQJ� GHV� 1DWXU� +LVWRULVFKHQ�
+RIPXVHQPV��'HQGVFKU��GHU�$NDG��GHU�:LVVHUVFKDIW��:LHQ��%G��/,;�
6\WQLN� <X0�� $UVDQ� 20� DQG� <HZWXVKHQNR� 1<X�� ������ 'HU�
6FKZHUPHWDOO� ±� (LZHLVV� ±� XQG� /LSHGHQJHKDOW� LQ� GHQ� *HZHEHU�
HQLJHQ�)LVFKDUWHQ�GHU�'RQDX��/LPQRO��%HU������7DJ��,$'��.LHZ�������
����
7DOHU�=��������'LVWULEXWLRQ�DQG�/LVW�RI�)UHVKZDWHU�)LVK�RI�<XJRVODYLD��
1DWXUH�RI�WKH�6HUELDQ�1DWLRQDO�0XVHXP����������������6U��
7DOHYVND�0��������&RQWHQWV�RI�VRPH�PLFURHOHPHQWV�LQ�WKH�UHHG�EHOW�
RI�WKH�2KULG�/DNH���:DWHU�3URWHFWLRQ�
�����3URFHHGLQJV��.RWRU��6U��
7DOHYVNL�7�DQG�6SLUNRYVNL�=��������$QWKURSRJHQLF�LPSDFW�RQ�WKH�
ILVK� SRSXODWLRQ� IURP� /DNH� 2KULG�� �:DWHU� 3URWHFWLRQ� 
�����
3URFHHGLQJV��.RWRU��SS�����������6U��
7HRGRURYLý�,��������)LVK�VHWWOHPHQW�DV�ELRLQGLFDWRU�RI�PHWDO�K\GUR�
V\VWHP� ORDGLQJV�� SRVVLELOLW\� RI� ZDWHU� FODVVLILFDWLRQ� EDVHG� RQ�
PRQLWRULQJ�RI�PLFUR�WREDFFR�FRQWHQW� LQ� LQGLYLGXDO� WLVVXHV�DQG�ILVK�
RUJDQV��0DVWHU�WKHVLV��1RYL�6DG��6U��
:DFKV� %�� ������ (IIHFWV� RI� :DWHU� (QJLQHHULQJ� 0HDVXUHV� LQ� WKH�
6WUXFWXUH�RI�ELRFHQRVLV�DQG�WKH�&RQWHQW�RI�1R[LRXV�3ROOXWDQWV�LQ�WKH�
'DQXEH��-RXUQDO�IRU�:DWHU�DQG�ZDVWH�ZDWHU�5HVHDUFK��������������
:DFKV� %�� ������ 2NREHZHUWXQJ� GHU� 6FKZHUPHWDOOEHODVWXQJ� YRQ�
)OLHVJHZDVVHUQ��0�QFKQHU�%HLWUlJH�]XU�$EZDVVHU���)LVFKHUHL��XQG�
)OX�ELRORJLH��������������
<HZWXVKHQNR�1<X�DQG�6\WQLN�<X0��������+HDY\�PHWDOV�LQ�ILVKHV�
LQ�WKH�'DQXEH��:3&5'��1RYL�6DG��SS����������



*HQHWLFV�DQG�%UHHGLQJ

9DULDWLRQ�LQ�WKH�DJURQRPLF�DQG�PRUSKRORJLFDO�WUDLWV�LQ�VSULQJ�EDUOH\
1��'\XOJHURY��%��'\XOJHURYD

6WXG\�RQ�WKH�ORVV�RI�DFFXUDF\�RI�$&�PHWKRG�IRU�PLON�\LHOG�FRQWURO�LQ�VKHHS�
'��'LPRY��3��=KHO\D]NRYD��$��9XFKNRY

ɈRUGHLQ�SRO\PRUSKLVP�EHWZHHQ�VSULQJ�EDUOH\�FXOWLYDUV�E\�6'6�3$*(�HOHFWURSKRUHVLV
1��1H\NRY��6� 'RQHYD�

1XWULWLRQ�DQG�3K\VLRORJ\

&RPSDUDWLYH�VWXG\�RI�UDSHVHHG��PRQRIORUDO�W\SHV�DQG�PXOWLIORUDO�KRQH\�E\�VRPH�SK\VLFR�FKHPLFDO�
SDUDPHWHUV
,��=KHO\D]NRYD��6��/D]DURY

%RG\�FRQGLWLRQ�VFRUH��QRQHVWHULILHG�IDWW\�DFLGV�DQG�EHWD�K\GUR[\EXW\UDWH�FRQFHQWUDWLRQV�LQ�JRDWV�
ZLWK�VXEFOLQLFDO�NHWRVLV
9��0DUXWVRYD��5��%LQHY

3URGXFWLRQ�6\VWHPV

/XFUDWLYH�VWDWXV�RI�LPSURYHG�GXDO�SXUSRVH�FRZSHD��9LJQD�XQJXLFXODWD�/���:DOS��LQ�'DPERD��%RUQR�
6WDWH��1RUWK�(DVWHUQ�1LJHULD
%�+��*DEGR

6WXG\�RQ�WKH�HPSW\LQJ�WLPH�RI�JUDLQ�KDUYHVWHU�KRSSHUV
.��7UHQGDILORY��1��'HOFKHY��%��.ROHY��*��7LKDQRY

/HQJWK�RI�WKH�JURZLQJ�VHDVRQ�DQG�\LHOG�LQ�7ULWLFXP�PRQRFRFFXP�/���LQ�DFFRUGDQFH�ZLWK�WKH�JURZLQJ�
FRQGLWLRQV
6��6WDPDWRY��(��9DOFKLQRYD��*��'HVKHYD��.��8]XQG]KDOLHYD��3��&KDYGDURY��7��&KRODNRY��%��.\RVHY��5��
5XVHYD��1��9HOFKHYD

3URGXFWLYLW\�RI�GXUXP�ZKHDW�FXOWLYDU�3UHGHO�DW�QLWURJHQ�SKRVSKRURXV�IHUWLOL]DWLRQ
/��3OHVFXWD

(IIHFW�RI�WKH�KHUELFLGH�WUHDWPHQW�GRVH�RQ�WKH�ZHHG�LQIHVWDWLRQ�LQ�FRPPRQ�ZLQWHU�ZKHDW
=��3HWURYD

(YDOXDWLRQ�RI�VRPH�WHFKQRORJLFDO�SURSHUWLHV�RI�&DXFDVLDQ�UDP�ZRRO�
'��3DPXNRYD��*��6WD\NRYD��1��6WDQFKHYD��'��3DQD\RWRY

&217(176� �����

$*5,&8/785$/�6&,(1&(�$1'�7(&+12/2*<��92/�����1R��������

���

���

���

���

���

���

���

���

���

���

���



$JULFXOWXUH�DQG�(QYLURQPHQW

6DYHG�Ɍɉ �HPLVVLRQV�E\�XVLQJ�UHQHZDEOH�VRXUFHV�IRU�KRW�ZDWHU�\LHOG�LQ�%XOJDULDQ�GDLU\�IDUPV�

5��*HRUJLHY��5��6ODYRY��.��3H\FKHY��'��*HRUJLHY��6��$SRVWRORY��-��(OOLQJVHQ��-��7¡QQHVHQ

,QYHQWRU\�RI�WKH�OHJDO�EDVH�IRU�UHFODPDWLRQ�RI�ODQGV�GLVWXUEHG�E\�RSHQ�FDVW�PLQLQJ�LQ�%XOJDULD
0��%DQRY��9��7]RORYD��,��.LULORY

7D[RQRPLF�FRPSRVLWLRQ�RI�SK\WRSODQNWRQ�LQ�%ODFN�6HD�DUHD�LQ�IURQW�RI�WKH�&DSH�*DODWD������������
'��.OLVDURYD��'��*HUG]KLNRY

%LRGLYHUVLW\�RI�WKH�PDFUR]RREHQWKRV�LQ�VRPH�SURWHFWHG�PDULQH�DUHDV�DORQJ�%XOJDULDQ�%ODFN�6HD�
FRDVW
(��3HWURYD��6��6WR\NRY

+HDY\�PHWDOV�LQ�RUJDQV�RI�JXGJHRQ��*RELR�JRELR�/���IURP�9DUGDU�5LYHU��5��0DFHGRQLD
5��1DVWRYD��9��.RVWRY��,��8VOLQRYVND

3URGXFW�4XDOLW\�DQG�6DIHW\

0DWKHPDWLFDO�PHWKRGV�IRU�DVVHVVPHQW�DQG�DQDO\VLV�RI�KRQH\�\LHOG�GDWD�IRU�%XOJDULD�DQG�WKH�
(XURSHDQ�8QLRQ�IRU�WKH�SHULRG����������
1��.HUDQRYD

&DUFDVV�WUDLWV�DQG�PHDW�TXDOLW\�RI�GLIIHUHQW�VORZ�JURZLQJ�DQG�IDVW�JURZLQJ�EURLOHU�FKLFNHQV
0��2EODNRYD��1��0LQFKHYD��3��+ULVWDNLHYD��,��,YDQRYD��0��/DOHY��6Y��*HRUJLHYD

5ROH�DQG�LPSRUWDQFH�RI�WKH�DZDUHQHVV�IRU�ZKH\�LQ�GDLU\�VHFWRU�DW�DQ�LQWHUQDWLRQDO�OHYHO
0��<ÕOPD]��+��&HOLN��$�'��.DUDPDQ��.��&HOLN
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,QVWUXFWLRQ�IRU�DXWKRUV

3UHSDUDWLRQ�RI�SDSHUV
3DSHUV�VKDOO�EH�VXEPLWWHG�DW�WKH�HGLWRULDO�
RIILFH�W\SHG�RQ�VWDQGDUG�W\SLQJ�SDJHV��$���
���OLQHV�SHU�SDJH�����FKDUDFWHUV�SHU�OLQH���
7KH�HGLWRUV�UHFRPPHQG�XS�WR����SDJHV�IRU�
IXOO� UHVHDUFK� SDSHU� �� LQFOXGLQJ� DEVWUDFW�
UHIHUHQFHV�� WDEOHV�� ILJXUHV� DQG� RWKHU�
DSSHQGLFHV�
7KH�PDQXVFULSW�VKRXOG�EH�VWUXFWXUHG�DV�
IROORZV��� 7LWOH�� 1DPHV� RI� DXWKRUV� DQG�
DIILOLDWLRQ� DGGUHVV�� $EVWUDFW�� /LVW� RI�
NH\ZRUGV�� ,QWURGXFWLRQ�� 0DWHULDO� DQG��
PHWKRGV�5HVXOWV��'LVFXVVLRQ��&RQFOXVLRQ��
$FNQRZOHGJHPHQWV� �LI� DQ\��� 5HIHUHQFHV��
7DEOHV��)LJXUHV�
7KH� WLWOH� QHHGV� WR� EH� DV� FRQFLVH� DQG�
LQIRUPDWLYH�DERXW�WKH�QDWXUH�RI�UHVHDUFK��,W�
VKRXOG�EH�ZULWWHQ�ZLWK�VPDOO�OHWWHU��EROG������
ZLWKRXW�DQ\�DEEUHYLDWLRQV���
1DPHV� DQG� DIILOLDWLRQ� RI� DXWKRUV
7KH� QDPHV� RI� WKH� DXWKRUV� VKRXOG� EH�
SUHVHQWHG� IURP� WKH� LQLWLDOV�RI� ILUVW�QDPHV�
IROORZHG� E\� WKH� IDPLO\� QDPHV�� 7KH�
FRPSOHWH� DGGUHVV� DQG� QDPH� RI� WKH�
LQVWLWXWLRQ� VKRXOG� EH� VWDWHG� QH[W�� 7KH�
DIILOLDWLRQ� RI� DXWKRUV� DUH� GHVLJQDWHG� E\�
GLIIHUHQW�VLJQV��)RU�WKH�DXWKRU�ZKR�LV�JRLQJ�
WR�EH�FRUUHVSRQGLQJ�E\�WKH�HGLWRULDO�ERDUG�
DQG� UHDGHUV�� DQ� (�PDLO� DGGUHVV� DQG�
WHOHSKRQH�QXPEHU�VKRXOG�EH�SUHVHQWHG�DV�
IRRWQRWH�RQ�WKH�ILUVW�SDJH��&RUUHVSRQGLQJ�
DXWKRU�LV�LQGLFDWHG�ZLWK�
�
$EVWUDFW� VKRXOG� EH� QRW� PRUH� WKDQ� ����
ZRUGV��,W�VKRXOG�EH�FOHDUO\�VWDWHG�ZKDW�QHZ�
ILQGLQJV�KDYH�EHHQ�PDGH�LQ�WKH�FRXUVH�RI�
UHVHDUFK��$EEUHYLDWLRQV�DQG�UHIHUHQFHV�WR�
DXWKRUV�DUH�LQDGPLVVLEOH�LQ�WKH�VXPPDU\��,W�
VKRXOG�EH�XQGHUVWDQGDEOH�ZLWKRXW�KDYLQJ�
UHDG� WKH� SDSHU� DQG� VKRXOG� EH� LQ� RQH�
SDUDJUDSK��
.H\ZRUGV��8S�WR�PD[LPXP�RI���NH\ZRUGV��
VKRXOG�EH�VHOHFWHG�QRW�UHSHDWLQJ�WKH�WLWOH�
EXW�JLYLQJ�WKH�HVVHQFH�RI�VWXG\��
7KH� LQWURGXFWLRQ� PXVW� DQVZHU� WKH�
IROORZLQJ� TXHVWLRQV�� :KDW� LV� NQRZQ� DQG�
ZKDW� LV� QHZ�RQ� WKH� VWXGLHG� LVVXH"�:KDW�
QHFHVVLWDWHG� WKH� UHVHDUFK� SUREOHP��
GHVFULEHG� LQ� WKH� SDSHU"� :KDW� LV� \RXU�
K\SRWKHVLV�DQG�JRDO�"
0DWHULDO� DQG� PHWKRGV� 7KH� REMHFWV� RI��
UHVHDUFK�� RUJDQL]DWLRQ� RI� H[SHULPHQWV��
FKHPLFDO� DQDO\VHV�� VWDWLVWLFDO� DQG� RWKHU�
PHWKRGV� DQG� FRQGLWLRQV� DSSOLHG� IRU� WKH�
H[SHULPHQWV�VKRXOG�EH�GHVFULEHG�LQ�GHWDLO��
$�FULWHULRQ�RI�VXIILFLHQW�LQIRUPDWLRQ�LV�WR�EH�
SRVVLEOH� IRU� RWKHUV� WR� UHSHDW� WKH� H[SHUL�
PHQW�LQ�RUGHU�WR�YHULI\�UHVXOWV�
5HVXOWV�DUH�SUHVHQWHG�LQ�XQGHUVWDQGDEOH�

WDEOHV� DQG� ILJXUHV�� DFFRPSDQLHG� E\� WKH�
VWDWLVWLFDO� SDUDPHWHUV� QHHGHG� IRU� WKH�
HYDOXDWLRQ�� 'DWD� IURP� WDEOHV� DQG� ILJXUHV�
VKRXOG� QRW� EH� UHSHDWHG� LQ� WKH� WH[W�
7DEOHV�VKRXOG�EH�DV�VLPSOH�DQG�DV�IHZ�DV�
SRVVLEOH��(DFK�WDEOH�VKRXOG�KDYH�LWV�RZQ�
H[SODQDWRU\� WLWOH� DQG� WR� EH� W\SHG� RQ� D�
VHSDUDWH�SDJH��7KH\�VKRXOG�EH�RXWVLGH�WKH�
PDLQ� ERG\� RI� WKH� WH[W� DQG� DQ� LQGLFDWLRQ�
VKRXOG� EH� JLYHQ� ZKHUH� LW� VKRXOG� EH�
LQVHUWHG�
)LJXUHV� VKRXOG� EH� VKDUS� ZLWK� JRRG�
FRQWUDVW�DQG� UHQGLWLRQ��*UDSKLF�PDWHULDOV�
VKRXOG� EH� SUHIHUUHG�� 3KRWRJUDSKV� WR� EH�
DSSURSULDWH� IRU� SULQWLQJ�� ,OOXVWUDWLRQV� DUH�
VXSSOLHG� LQ� FRORXU� DV� DQ� H[FHSWLRQ� DIWHU�
VSHFLDO�DJUHHPHQW�ZLWK�WKH�HGLWRULDO�ERDUG�
DQG�SRVVLEOH�SD\PHQW�RI�H[WUD�FRVWV��7KH�
ILJXUHV�DUH�WR�EH�HDFK�LQ�D�VLQJOH�ILOH�DQG�
WKHLU� ORFDWLRQ� VKRXOG� EH� JLYHQ� ZLWKLQ� WKH�
WH[W���
'LVFXVVLRQ��7KH�REMHFWLYH�RI�WKLV�VHFWLRQ�
LV�WR� LQGLFDWH�WKH�VFLHQWLILF�VLJQLILFDQFH�RI�
WKH� VWXG\�� %\� FRPSDULQJ� WKH� UHVXOWV� DQG�
FRQFOXVLRQV� RI� RWKHU� VFLHQWLVWV� WKH�
FRQWULEXWLRQ�RI�WKH�VWXG\�IRU�H[SDQGLQJ�RU�
PRGLI\LQJ� H[LVWLQJ� NQRZOHGJH� LV� SRLQWHG�
RXW�FOHDUO\�DQG�FRQYLQFLQJO\�WR�WKH�UHDGHU�
&RQFOXVLRQ��7KH�PRVW� LPSRUWDQW� FRQVH����
TXHQFHV� IRU� WKH� VFLHQFH� DQG� SUDFWLFH�
UHVXOWLQJ� IURP� WKH� FRQGXFWHG� UHVHDUFK�
VKRXOG�EH�VXPPDUL]HG�LQ�D�IHZ�VHQWHQFHV��
7KH� FRQFOXVLRQV� VKRXOGQ
W� EH� QXPEHUHG�
DQG� QR� QHZ� SDUDJUDSKV� EH� XVHG��
&RQWULEXWLRQV�DUH�WKH�FRUH�RI�FRQFOXVLRQV��
5HIHUHQFHV�
,Q�WKH�WH[W��UHIHUHQFHV�VKRXOG�EH�FLWHG�DV�
IROORZV�� VLQJOH� DXWKRU�� 6DQGEHUJ� ��������
WZR� DXWKRUV�� $QGHUVVRQ� DQG� *HRUJHV�
��������PRUH�WKDQ�WZR�DXWKRUV��$QGHUVVRQ�
HW�DO���������:KHQ�VHYHUDO�UHIHUHQFHV�DUH�
FLWHG� VLPXOWDQHRXVO\�� WKH\� VKRXOG� EH�
UDQNHG� E\� FKURQRORJLFDO� RUGHU� H�J���
�6DQGEHUJ��������$QGHUVVRQ�HW�DO���������
$QGHUVVRQ�DQG�*HRUJHV��������
5HIHUHQFHV�DUH�DUUDQJHG�DOSKDEHWLFDOO\�E\�
WKH�QDPH�RI�WKH�ILUVW�DXWKRU��,I�DQ�DXWKRU�LV�
FLWHG�PRUH� WKDQ� RQFH�� ILUVW� KLV� LQGLYLGXDO�
SXEOLFDWLRQV�DUH�JLYHQ�UDQNHG�E\�\HDU��WKHQ�
FRPH�SXEOLFDWLRQV�ZLWK�RQH�FR�DXWKRU��WZR�
FR�DXWKRUV�� HWF�� 7KH� QDPHV� RI� DXWKRUV��
DUWLFOH� DQG� MRXUQDO� WLWOHV� LQ� WKH�&\ULOOLF� RU�
DOSKDEHW� GLIIHUHQW� IURP� /DWLQ�� VKRXOG� EH�
WUDQVOLWHUDWHG� LQWR� /DWLQ� DQG� DUWLFOH� WLWOHV�
VKRXOG� EH� WUDQVODWHG� LQWR� (QJOLVK��
7KH�RULJLQDO�ODQJXDJH�RI�DUWLFOHV�DQG�ERRNV�
WUDQVODWHG�LQWR�(QJOLVK�LV�LQGLFDWHG�LQ�
SDUHQWKHVLV� DIWHU� WKH� ELEOLRJUDSKLF�
UHIHUHQFH��%XOJDULDQ� �%J��5XVVLDQ� �5X��
6HUELDQ� �6U��LI�LQ�WKH�&\ULOOLF��0RQJROLDQ� �

Ɇɨ�� *UHHN�  � *U�� *HRUJLDQ�  � *HRU���
-DSDQHVH� �-ɚ��&KLQHVH� �&K��$UDELF� �ȺU��
HWF��
7KH�IROORZLQJ�RUGHU�LQ�WKH�UHIHUHQFH�OLVW�LV�
UHFRPPHQGHG�
-RXUQDO�DUWLFOHV��$XWKRU�V��VXUQDPH�DQG�
LQLWLDOV��\HDU��7LWOH��)XOO�WLWOH�RI�WKH�MRXUQDO��
YROXPH��SDJHV��([DPSOH�
6LPP� *�� /HZLV� 50�� *UXQG\� %� DQG�
'LQJZDOO� :6�� ������ 5HVSRQVHV� WR�
VHOHFWLRQ�IRU�OHDQ�JURZWK�LQ�VKHHS��$QLPDO�
6FLHQFH�����������
%RRNV�� $XWKRU�V�� VXUQDPH� DQG� LQLWLDOV��
\HDU�� 7LWOH�� (GLWLRQ�� QDPH� RI� SXEOLVKHU��
SODFH�RI�SXEOLFDWLRQ��([DPSOH��
2OGHQEURHN� -.�� ������ *HQHEDQNV� DQG�
WKH� FRQVHUYDWLRQ� RI� IDUP� DQLPDO� JHQHWLF�
UHVRXUFHV��6HFRQG�HGLWLRQ��'/2� ,QVWLWXWH�
I R U � $Q LPD O � 6F L HQFH � DQG � +HD O W K ��
1HWKHUODQGV�
%RRN�FKDSWHU�RU�FRQIHUHQFH�SURFHHGLQJV��
$XWKRU�V��VXUQDPH�DQG�LQLWLDOV��\HDU��7LWOH��
,Q��7LWOH�RI�WKH�ERRN�RU�RI�WKH�SURFHHGLQJV�
IROORZHG�E\� WKH�HGLWRU�V���YROXPH��SDJHV��
1DPH� RI� SXEOLVKHU�� SODFH� RI� SXEOLFDWLRQ��
([DPSOH��
0DXII� *�� 3XOYHUHU� *�� 2SHUNXFK� :��
+XPPHO� .� DQG� +LGGHQ� &�� ������ &��
YDULDQWV� DQG� GLYHUVH� SKHQRW\SHV� RI�
XQFRQYHUWHG� DQG� FRQYHUWHG� &��� ,Q��
3URYLGHV� RI� WKH� %LRORJLFDO� )OXLGV� �HG�� +��
3HWHUV��� YRO�� ���� ��������� 3HUJDPRQ�
3UHVV��2[IRUG��8.�
7RGRURY�1�DQG�0LWHY�-��������(IIHFW�RI�
OHYHO�RI�IHHGLQJ�GXULQJ�GU\�SHULRG��DQG�ERG\�
FRQGLWLRQ� VFRUH� RQ� UHSURGXFWLYH� SHUIRU�

WKPDQFH� LQ� GDLU\� FRZV�,; � ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� 3URGXFWLRQ� 'LVHDVHV� LQ�
)DUP�$QLPDOV��6HSWHPEHU� ��±����%HUOLQ��
*HUPDQ\�
7KHVLV�
+ULVWRYD�'��������,QYHVWLJDWLRQ�RQ�JHQHWLF�
GLYHUVLW\�LQ�ORFDO�VKHHS�EUHHGV�XVLQJ�'1$�
PDUNHUV��7KHVLV�IRU�3K'��7UDNLD�8QLYHUVLW\��
6WDUD�=DJRUD��%XOJDULD���%J��

7KH�(GLWRULDO�%RDUG�RI� WKH� -RXUQDO� LV� QRW�
UHVSRQVLEOH� IRU� LQFRUUHFW� TXRWHV� RI�
UHIHUHQFH� VRXUFHV� DQG� WKH� UHOHYDQW�
YLRODWLRQV�RI�FRS\ULJKWV�

$QLPDO�ZHOIDUH
6WXGLHV� SHUIRUPHG� RQ� H[SHULPHQWDO�
DQLPDOV�VKRXOG�EH�FDUULHG�RXW�DFFRUGLQJ�WR�
LQWHUQDWLRQDOO\� UHFRJQL]HG� JXLGHOLQHV� IRU�
DQLPDO� ZHOIDUH�� 7KDW� VKRXOG� EH� FOHDUO\�
GHVFULEHG� LQ� WKH� UHVSHFWLYH� VHFWLRQ�
³0DWHULDO�DQG�PHWKRGV´�
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