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$�GUDIW�KLVWRU\�RI�WKH�DUWLILFLDO�6WMXÊD�FRDVWDO�ODJRRQ�ZDV�UHFRQVWUXFWHG�RQ�WKH�EDVLV�RI�ROG�PDSV�������DQG������
DQG�FRPSDUHG�ZLWK�WKH�SUHVHQW�GD\�VLWXDWLRQ�XVLQJ�*,6��7KH�FXUUHQW�GDWD�ZHUH�VLPSOLILHG�WR�REWDLQ�FRPSDUDEOH�FDWH�
JRULHV� �ODQGVFDSH� XQLWV�� ZLWK� ROG� PDSV�� 7KH� IROORZLQJ� PDMRU� ODQGVFDSH� XQLWV� ZHUH� GLVWLQJXLVKHG�� ODJRRQ�� VDOW
PDUVKHV��PDLQODQG��EUDFNLVK�ULYHUV�DQG�HVWXDULHV��GLWFKHV�DQG�FDQDOV��VDOW�SDQV��HPEDQNPHQW��YLOODJHV�DQG�URDGV��2Q
FXUUHQW�PDS��D�WRWDO�RI����KDELWDW� W\SHV�DFFRUGLQJ� WR�3+<6,6� W\SRORJ\�RFFXUULQJ� LQ�����SRO\JRQV��ZKLFK�FRYHU�DQ
DUHD�RI������KD��ZHUH�LGHQWLILHG�DQG�GHVFULEHG��+DELWDWV�ZLWK�JUHDWHU�QDWXUH�FRQVHUYDQF\�YDOXH�FRYHU������KD�RI�WKH
WRWDO�UHVHDUFK�DUHD�DQG�FRQVWLWXWH�����RI�WKH�SRO\JRQV�GHVFULEHG��������RI�WKHVH�EHORQJ�WR�KDORSKLORXV�VFUXEV���6DU�
FRFRUQHWHD�IUXWLFRVL�� �$UWKURFQHPHWHD�IUXWLFRVL����DQG�������WR�DQQXDO�VDOW�SLRQHHU�VZDUG�FRPPXQLWLHV��GRPLQDWHG
E\�6DOLFRUQLD�HXURSDHD��0HGLWHUUDQHDQ�VDOW�VZDPSV��-XQFLRQ�PDULWLPL��DUH�SUHVHQW�WR�D�VPDOO�H[WHQW�RQO\��,W�FRXOG�EH
FRQFOXGHG�WKDW�WKH�DUWLILFLDO�6WMXÊD�ODJRRQ��FRQVWUXFWHG�IRU�ILVK�IDUPLQJ�SXUSRVHV��GHYHORSHG�LQ�KDELWDW�GLYHUVH�FRDVWDO
ZHWODQG�DUHD�DIWHU�SDUWLDO�DEDQGRQPHQW�

.H\�ZRUGV��FRDVWDO�ODJRRQ��YHJHWDWLRQ��KDELWDW�W\SHV��3+<6,6��PDSSLQJ�*,6

9(*(7$=,21(�'(//$�/$*81$�&267,(5$�67-8Ë$�1(/�3$5&2�1$785$/(�',
6758*1$12��6/29(1,$���%2==$�6725,&$��5,/(9$0(172�(�9$/87$=,21(

'(/�*5$'2�',�&216(59$=,21(�'(//$�1$785$

6,17(6,

6XOOD�EDVH�GL� YHFFKLH�PDSSH� �GDWDWH������H������� JOL� DXWRUL� KDQQR� ULFRVWUXLWR� XQD� ER]]D� VWRULFD� GHOOD� ODJXQD
FRVWLHUD�DUWLILFLDOH�6WMXÊD�H��FRQ� O¢DXVLOLR�GHO�*,6�� O¢KDQQR�FRQIURQWDWD�FRQ� OD� VLWXD]LRQH�DWWXDOH�� ,�GDWL� UHFHQWL�VRQR
VWDWL�VHPSOLILFDWL�SHU�RWWHQHUH�FDWHJRULH�FRPSDUDELOL��XQLWi�GL�WHUUHQR��FRQ�OH�YHFFKLH�PDSSH��/H�QRYH�PDJJLRUL�XQLWi
GLVWLQWH�FRPSUHQGRQR��ODJXQD��PDUHPPH��WHUUDIHUPD��ILXPL�HG�HVWXDUL�VDOPDVWUL��IRVVL�H�FDQDOL��VDOLQH��DUJLQL��YLOODJJL
H�VWUDGH��6XOOD�PDSSD�FRQWHPSRUDQHD�YHQJRQR�LGHQWLILFDWL�H�GHVFULWWL����WLSL�GL�KDELWDW�FRQIRUPL�DOOD�WLSRORJLD�3+<�
6,6�� ULWURYDELOL� LQ�����SROLJRQL�� ULFRSUHQWL�XQ¢DUHD�GL������HWWDUL��*OL�KDELWDW�FRQ� LO�SL|�DOWR�JUDGR�GL�FRQVHUYD]LRQH
GHOOD�QDWXUD�ULFRSURQR������HWWDUL�GHOO¢DUHD�VWXGLDWD��RYYHUR�LO������GHL�SROLJRQL�GHVFULWWL��,O��������GL�HVVL�DSSDUWLHQH
DG�DUEXVWL�DORILOL���6DUFRFRUQHWHD�IUXWLFRVL�� �$UWKURFQHPHWHD�IUXWLFRVL����PHQWUH�LO��������DOOH�FRPXQLWi�DQQXDOL�SL�
RQLHUH�DORILOH��GRPLQDWH�GD�6DOLFRUQLD�HXURSDHD��/H�FDUDWWHULVWLFKH�PDUHPPH�PHGLWHUUDQHH� �-XQFLRQ�PDULWLPL�� VRQR
SUHVHQWL� VROR� LQ�PLQRU�PLVXUD� LQ� TXHVW¢DUHD��*OL� DXWRUL� FRQFOXGRQR� FKH� OD� ODJXQD� DUWLILFLDOH� 6WMXÊD� KD� VYLOXSSDWR�
GRSR�XQ�SDU]LDOH�DEEDQGRQR�GHOO¢DWWLYLWi�GL�SHVFLFROWXUD��GLYHUVL�KDELWDW�WLSLFL�GHOOH�]RQH�XPLGH�FRVWLHUH�

3DUROH�FKLDYH��ODJXQD�FRVWLHUD��YHJHWD]LRQH��WLSL�GL�KDELWDW��3+<6,6��ULOHYDPHQWR��*,6
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7KH�DUHD�XQGHU�FRQVLGHUDWLRQ�ZDV�GHFODUHG�6WUXQMDQ
1DWXUH�3DUN� LQ������ �)LUEDV���������SULPDULO\�GXH� WR� LWV
IORULVWLF� DQG� IDXQLVWLF� GLYHUVLW\�� JHRORJLFDO� SKHQRPHQD
DQG� ODQGVFDSH� YDOXH�� 7KH� DWWUDFWLYH� VHDFRDVW� FOLIIV� DUH
EXLOW�RI�IO\VFK��(RFHQH�FDOFDUHRXV�VDQGVWRQH���ZKLFK�HQ�
DEOHV�GHYHORSPHQW�RI�GHFLGXRXV� WKHUPRSKLORXV� YHJHWD�
WLRQ�� 'XH� WR� IO\VFK� SURSHUWLHV� �LPSHUPHDEOH� WR� ZDWHU��
WKHUH�DUH�VHYHUDO�VSULQJV�DQG�PRVW�RI�WKHP�UHPDLQ�DFWLYH
DOVR� GXULQJ� WKH� VXPPHU�� 7KH� PRVW� SURPLQHQW� DPRQJ
WKHP� LV� WKH�6WUXQMDQ� VWUHDP��HYHQ� WKRXJK� LW� LV� RQO\� ���
NP�ORQJ�EXW��H[FHSW�WKDW� LQ�LWV� ORZHU�FRXUVH� WKH�SHUPD�
QHQW�ZDWHU� LQSXW� LV� SURYLGHG�ZLWK� XQGHUJURXQG� VSULQJV
�5DGLQMD�� ������� ,Q� LWV� PRXWK� LQ� 6WUXQMDQ� ED\� WKHUH
SUREDEO\�ZDV�� LQ� SUH�KXPDQ�KLVWRU\�� D� VHDFRDVW�PDUVK�
GHYHORSHG� RQ� DOOXYLDO� GHSRVLWV��:H� FRXOG� DVVXPH� WKDW
3KUDJPLWHV�DQG� -XQFXV�PDULWLPXV�GRPLQDWHG�YHJHWDWLRQ
GHYHORSHG� LQ� SHUPDQHQWO\� IORRGHG� VWDQGV�� +DORSK\WH
YHJHWDWLRQ� SUREDEO\� GHYHORSHG� RQ� VKDOORZ�PXGIODWV� RI
WKH�HVWXDU\�LQ�GLIIHUHQW� IRUPV��PRVWO\�GXH� WR� WKH�VDOLQLW\
OHYHO��ZDWHU�DYDLODELOLW\��VRLO�W\SH�DQG�PLFURWRSRJUDSK\�
7KH�DUHD��KRZHYHU��PXVW�KDYH�EHHQ�VXEMHFWHG�WR�VWURQJ
KXPDQ� SUHVVXUHV� LQ� GLVWDQW� SDVW�� $V� HDUO\� DV� LQ� 5RPDQ
WLPHV� �'DURYHF�� ������� WKH� VHGLPHQWDU\� FRDVW� RI� WKH
PRXWK�RI�WKH�6WUXQMDQ�VWUHDP�ZDV�SUREDEO\�WUDQVIRUPHG
LQWR� VDOW�SDQV��ZKLFK� VWLOO� H[LVW� QRZDGD\V��$QRWKHU� SDUW
RI�WKH�ED\�ZDV�ODWHU�VHSDUDWHG�IURP�WKH�VHD�E\�D�VKDOORZ
G\NH��EXW�UHPDLQHG�FRQQHFWHG�ZLWK�D�FDQDO��,W�ZDV�XVHG
IRU� ILVK� IDUPLQJ��EXW�DEDQGRQHG�DW� WKH�EHJLQQLQJ�RI� WKH
��WK� FHQWXU\� �$YáLQ� HW� DO��� ������� $V� WKH� ODJRRQ� RULJL�
QDWHG�GXH�WR�WKH�IDFW�WKDW�WKH�ED\�ZDV�DUWLILFLDOO\�FORVHG
DQG�VHSDUDWHG�IURP�WKH�RSHQ�VHD��LW�ZDV�JLYHQ�WKH�QDPH
6WMXÌD��GHULYLQJ�IURP�WKH�,WDOLDQ�WHUP��FKLXVD���FORVHG��

0DULQH� HQYLURQPHQWV�� OLNH� HVWXDULHV� DQG� ODJRRQV�
FRQVWLWXWH� KLJKO\� SURGXFWLYH� HFRV\VWHPV� ZLWK� VSHFLDO
HFRORJLFDO� UROH�RZLQJ� WR� WKHLU� ORFDWLRQ�EHWZHHQ�PDULQH
DQG� WHUUHVWULDO� LQWHUIDFH� DUHD�� ZKHUH� QXWULHQWV� DUH� VXS�
SOLHG�IURP�IUHVK�ZDWHU�LQSXWV��WLGHV��WKH�DWPRVSKHUH�DQG
ERWWRP�VHGLPHQWV� �)RUPDQ�	�*RGURQ���������6WLOO�� WKH\
UHPDLQ� DPRQJ� WKH� PRVW� WKUHDWHQHG� HFRV\VWHPV� ZRUOG�
ZLGH�DFFRUGLQJ�WR�,8&1�FODVVLILFDWLRQ��HVSHFLDOO\�GXH�WR
YDULRXV� DQWKURSRJHQLF� LPSDFWV�� VXFK� DV� WRXULVP� DFWLYL�
WLHV��DTXDFXOWXUH�DQG�DJULFXOWXUH��6DOPDQ��������

7RGD\�� WKH� 6WMXÌD� FRDVWDO� ODJRRQ� LV� DQ� LPSRUWDQW
ZHWODQG�VLWH�DOVR�GXH� WR� WKH� UDUH�DQG�HQGDQJHUHG�KDOR�
SK\WH� YHJHWDWLRQ� W\SHV� DQG� LWV� KDORSK\WH� IORUD�� $PSOH
GDWD� RQ� WKH� KDORSK\WH� IORUD� RI� 6WUXQMDQ� ZHUH� DYDLODEOH
DOUHDG\� LQ� VRPH� KLVWRULFDO� IORUDV�� VXFK� DV� 0DUFKHVHWWL
����������DQG�3RVSLFKDO������������$�YHU\�FRPSUHKHQ�
VLYH�OLVW�ZDV�SURGXFHG�E\�:UDEHU��������DQG�ODWHU�FRP�
SOHWHG�E\�.DOLJDULá� ��������7KH�YHJHWDWLRQ�FRYHU�� WKUHDW
VWDWXV�DQG�SK\WRFRHQRVLV�GLVWULEXWLRQ�RI�KDORSK\WHV�KDYH
EHHQ� GLVFXVVHG� E\� .DOLJDULá� ������� ������ ����D�
����E���ZLWK�SK\WRVRFLRORJLFDO�6WUXQMDQ�UHOHYHV�DOVR�LQ�
FOXGHG�LQ�3ROGLQL�HW�DO���������

7KH� REMHFWLYH� RI� WKLV� VWXG\�ZDV� ���� WR�PDNH� D� GUDIW
KLVWRULFDO� UHFRQVWUXFWLRQ�RI� WKH�DUHD¤V�YHJHWDWLRQ�DVVHP�
EODJH������WR�TXDQWLI\�DQG�VSDWLDOO\�FKDUDFWHULVH�WKH�SUHV�
HQW� YHJHWDWLRQ� WKURXJKRXW� KDELWDW� W\SHV�� ���� WR� LGHQWLI\
YDOXDEOH�KDELWDWV� IRU�FRQVHUYDWLRQ��DQG� ���� WR�GHYHORS�D
*,6�V\VWHP�WKDW�FDQ�EH�XVHG�IRU�IXWXUH�REVHUYDWLRQV�

0$7(5,$/�$1'�0(7+2'6

&DUWRJUDSK\

7KH� HDUO\� DYDLODEOH� YHJHWDWLRQ� FRYHUV� RI� WKH� DUHD
ZHUH� LQWHUSUHWHG� IURP�$XVWUR�+XQJDULDQ�PLOLWDU\�PDSV�
PDGH� LQ� ����� H[FOXVLYHO\� IRU� PLOLWDU\� SXUSRVHV� ZLWKLQ
WKH� �(PSHURU� -RVHSK� ,,� /DQG� 6XUYH\�� �5DMÊS� 	� )LFNR�
������� 7KH� PDSV� ZHUH� GUDZQ� DW� D� VFDOH� RI� FD�� �� �
�������� 7KH\� DUH� QRW� VXIILFLHQWO\� DFFXUDWH� WR� EH� SURF�
HVVHG�GLUHFWO\�E\�*,6� �àDUQL�HW� DO��� ������� EXW� E\� FRP�
SDULQJ�WKH�SRVLWLRQV�DQG�GLVWDQFHV�EHWZHHQ�VWLOO�H[LVWLQJ
VLQJOH�KRXVHV�IURP�ROG�DQG�QHZ�PDSV��LW�ZDV�SRVVLEOH�WR
WUDQVIHU� FDWHJRULHV�� FOHDUO\� YLVLEOH� IURP� WKH� ROG� PDSV�
LQWR� *,6� DQG� DOORZHG� XV� WR� UHVL]H� WKH� PDSV� WR� ILW� WKH
VFDOH�RI�WKH�SUHVHQW�RQHV�

1H[W� WHPSRUDO�ZLQGRZ� LV� UHSUHVHQWHG�E\� ,WDOLDQ� FD�
GDVWUH� ��5HJROD]LRQH� GHOO�LPSRVWD� IRQGLDULD��� DW� D� VFDOH
RI�FD���� ����������GUDZQ� LQ������E\�*LXVHSSH�&RUHJJL
�&RUHJJL�� ������� 7KH� ODJRRQ� LV� PDUNHG� �3HVFKLHUD� GL
6WUXJQDQR�%DVVR��DQG��3HVFD���ZLWK�ERWK�QDPHV�UHIHUULQJ
WR�ILVK�IDUPLQJ�

7KH�FXUUHQW�GDWD�ZHUH�VLPSOLILHG�WR�REWDLQ�FRPSDUD�
EOH�FDWHJRULHV��ODQGVFDSH�XQLWV��ZLWK�ROG�PDSV��:H�GLV�
WLQJXLVKHG� WKH� IROORZLQJ� PDMRU� KDELWDW� FDWHJRULHV�� OD�
JRRQ�� VDOW�PDUVKHV��PDLQODQG��EUDFNLVK� ULYHUV� DQG�HVWX�
DULHV�� GLWFKHV� DQG� FDQDOV�� VDOW�SDQV�� HPEDQNPHQW�� YLO�
ODJHV�DQG�URDGV�

+DELWDW�PDSSLQJ

7R� UHSUHVHQW� WKH� GLYHUVLW\� RI� YDULRXV� ELRORJLFDO� IHD�
WXUHV�� GLIIHUHQW� DSSURDFKHV� DUH� XVHG�� 'LYHUVLW\� FDQ� EH
PHDVXUHG� HLWKHU� DW� WKH� VSHFLHV� RU� FRPPXQLW\� OHYHOV
�%RWHYD�HW�DO����������$�VXUYH\�DW�WKH�VSHFLHV�OHYHO�FRXOG
EH� YHU\� FRPSOH[� DQG� WLPH�FRQVXPLQJ�� OLNH� D� GHWDLOHG
IORULVWLF� DQG� IDXQLVWLF� LQYHQWRU\�� 5HPRWH�VHQVLQJ� GDWD�
OLNH� DLUERUQH� PHWKRGV�� UHTXLUH� ILHOG� HYDOXDWLRQ� WR� SUH�
YHQW� GLIIHUHQW� NLQGV� RI� HUURUV� DVVRFLDWHG� ZLWK� GLJLWLVLQJ
DQG� VXEMHFWLYH� SKRWR� LQWHUSUHWDWLRQ� �*UHHQ� 	� +DUWOH\�
������� 6RPHWLPHV� WKH� VFDOH� LV�QRW� VXIILFLHQWO\� DFFXUDWH�
HVSHFLDOO\� LI� WKH�YHJHWDWLRQ�RFFXUV� LQ� D� VPDOO�VWUXFWXUHG
PRVDLF��OLNH�WKH�6WMXÌD�FRDVWDO�ODJRRQ��6PLWK�	�7KHEHUJH
������� HPSKDVL]H� WKDW� YHJHWDWLRQ� FRPPXQLWLHV� DUH� WKH
PRVW� FRPPRQO\� XVHG� VSDWLDO� XQLW� IRU� GLYHUVLW\� DVVHVV�
PHQW�� $V� VXJJHVWHG� E\� .DWL� HW� DO�� �������� VWDQGDUG� W\�
SRORJLHV�RI�KDELWDWV��SUHGRPLQDQWO\�EDVHG�RQ�YHJHWDWLRQ
W\SHV�� DFFRUGLQJ� WR� 'HYLOOHUV� 	� 'HYLOOHUV�� 7HUVFKXUHQ
��������3LHQNRZVNL�HW�DO�� �������RU�6WRPV�HW� DO�� �������
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)LJ�� ���+LVWRULFDO� UHYLHZ� RI� WKH� 6WMXËD� ODJRRQ� DQG� DG�
MRLQLQJ�DUHDV�RQ�WKH�EDVLV�RI����ODQGVFDSH�XQLWV�
6O�� ��� =JRGRYLQVNL� SUHJOHG� ODJXQH� 6WMXËD� LQ� VRVHGQMLK
REPRàLM�QD�SRGODJL����NUDMLQVNLK�HQRW�

FRXOG�EH�XVHG�HIIHFWLYHO\��$PRQJ� WKHP�3+<6,6� LV� YHU\
SUDFWLFDO�� GXH� WR� LWV� SK\VLRJQRPLFDOO\� EDVHG� FULWHULD� RI
GHWHUPLQLQJ� VLQJOH� SRO\JRQV�� EXW� LWV� XQLWV� DUH� SK\WRVR�
FLRORJLFDOO\� JURXQGHG�� 3+<6,6�'DWD� %DVH� �'HYLOOLHUV� 	
'HYLOOLHUV�7HUVFKXUHQ��������ZDV�DGDSWHG�DQG�LPSURYHG
LQ�RUGHU�WR�ILW�ORFDO�FRQGLWLRQV��-RJDQ�HW�DO���������

7KHUHIRUH��ZH�HYDOXDWHG�WKH�FXUUHQW�VLWXDWLRQ�E\�ILHOG
REVHUYDWLRQV�FRPELQHG�ZLWK�DHULDO�SKRWRJUDSKV� �GLJLWDO�
L]HG�RUWKR�SKRWRJUDSKV��SURYLGHG�E\�*856��5HSXEOLF�RI
6ORYHQLD���)RU�HODERUDWLRQ�LQ�*,6��WKH�FRPSXWHU�SDFNDJH
$UF9LHZ������(65,��ZDV�XVHG��)LHOG�GDWD�LQFOXGHG�KDELWDW
W\SHV�FODVVLILHG�DFFRUGLQJ�WR�3DODHDUFWLF�KDELWDW�W\SRORJ\
IURP� 3+<6,6� 'DWD� %DVH�� DGMXVWHG� WR� 6ORYHQLDQ� KDELWDW
FKDUDFWHULVWLFV�

7R�REWDLQ�PRUH�SUHFLVH�GHVFULSWLRQ�RI�KDELWDWV�RFFXU�
ULQJ�LQ�WKH�ILHOG��ZH�XVHG�LQWHUPHGLDWHV��PDUNHG�ZLWK��[��
EHWZHHQ�WZR�KDELWDW�W\SHV�LQ�FDVH�RI�WUDQVLWLRQ�EHWZHHQ
WZR�KDELWDW�W\SHV��)RU�WKH�VDPH�SXUSRVH�ZH�XVHG�D�FRP�
ELQDWLRQ�RI�WZR�KDELWDW�W\SHV�PDUNHG�ZLWK������ZKHQ�WU\�
LQJ�WR�H[SODLQ�RQH�W\SH�ZLWK�WKH�KHOS�RI�DQRWKHU��IRU�LQ�
VWDQFH�IRUHVW�IUDJPHQW�H[SODLQHG�ZLWK�WKH�W\SH�RI�WKH�IRU�
HVW��

)RU� WKH� LGHQWLILFDWLRQ� RI� KDELWDW� XQLWV� ZLWK� JUHDWHU
QDWXUH�FRQVHUYDQF\� YDOXH� �$SS�� ���� ZH� XVHG� WKH� OLVW� RI
SULRULW\� KDELWDWV� ��))+�� FRGH� WKDW� FRUUHVSRQGV� WR� WKH
1$785$������FRGH��IURP�WKH�$QQH[�,�RI� WKH��+DELWDWV
'LUHFWLYH���'LUHFWLYH�������((&�������

7R�UHGXFH�WKH�OHYHO�RI�GHWDLOV�WKDW�FDQQRW�EH�VKRZ�RQ
����������PDSV��ZH�DJJUHJDWHG�UHODWHG�KDELWDW�W\SHV�LQWR
���FDWHJRULHV��$SS�����DQG�QDPHG�WKHP�DGHTXDWHO\��7DE�
���

(DFK� PDS� SURGXFHG� ZDV� SURFHVVHG� YLD� GHWDLOHG
TXDOLW\� FRQWURO� FKHFN�ZLWK�&/8�4XDOLW\�&RQWURO� H[WHQ�
VLRQ� LQ�$UF9LHZ�� WR� FOHDU� WKH�PXOWLSDUW� SRO\JRQV�� RYHU�
ODSSLQJ� SRO\JRQV�� VOLYHU� SRO\JRQV�� YRLG� SRO\JRQV� DQG
DGMDFHQF\��2EWDLQHG�VSDWLDO�GDWD�LV�JHRORFDWHG�DQG�FDQ
QRZ�EH�VWRUHG�DQG�YLVXDOL]HG�XVLQJ�JHRJUDSKLF�LQIRUPD�
WLRQ�V\VWHPV��*,6��
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7DE�����&RGHV�DQG�QDPHV�IRU�GLIIHUHQW�DJJUHJDWH�W\SHV�GHULYHG�IURP�3+<6,6�W\SRORJ\�
7DE�����.RGH�LQ�LPHQD�]ELUQLK�KDELWDWQLK�WLSRY�QD�SRGODJL�WLSRORJLMH�3+<6,6�

$JJUHJDWH�FRGH
XVHG�LQ�)LJ���

1DPH�RI�WKH�DJJUHJDWH

� 0DULQH�FRPPXQLWLHV
2SHQ�ZDWHU�DQG�ERWWRP�FRPPXQLWLHV�DQG�YDVFXODU�YHJHWDWLRQ�EHGV��PDULQH�FRPPXQLWLHV�RI�WKH
OLWWRUDO�]RQH�DQG�FRDVWDO�ODJRRQV�

� 5LYHU�PRXWKV��HVWXDULHV�DQG�PXGIODWV
5LYHU�PRXWKV��HVWXDULHV��VDQG�RU�PXG�VHD�EDQNV�XQGHU�LQIOXHQFH�RI�WLGH�

� *ODVVZRUW�VZDUGV
$QQXDO�VDOW�SLRQHHU�VZDUGV��LQ�SDUWLFXODU�6DOLFRUQLD�KHUEDFHD��FRORQL]LQJ�SHULRGLFDOO\�LQXQGDWHG
PXG�RI�WKH�0HGLWHUUDQHDQ�FRDVWDO�VDOWPDUVKHV�

� 7DOO�UXVK�VDOWPDUVKHV
%HGV�RI�-XQFXV�PDULWLPXV�RU�-�DFXWXV�RI�SHULRGLFDOO\�LQXQGDWHG�GHSUHVVLRQV�RI�WKH�0HGLWHUUDQHDQ�
,Q�6ORYHQLD��RQO\�-��PDULWLPXV�RFFXUV�

� 6DOWPDUVK�VFUXEV�DQG�URFN\�VKRUH�FRPPXQLWLHV
/RZ�VKUXEE\�H[SDQVHV�RI�ZRRG\�KDORSK\WHV��FKDUDFWHULVWLF�RI�LQXQGDWHG�VDOWPDUVKHV�DQG�URFN\
VKRUHV�ZLWK�VHYHUDO�DQQXDO�SODQWV�

� &RDVWDO�ODJRRQV
6DOLQH�RU�K\SHUVDOLQH�ZDWHUV�FXW�RII�IURP�WKH�VHD�FRPSOHWHO\�RU�VWLOO�FRQQHFWHG�WR�WKH�VHD�E\�QDU�
URZ�SDVVDJHV��7KH�SUHVHQFH�RI�PDULQH�LQYHUWHEUDWH�FRPPXQLWLHV�RU�YHJHWDWLRQ�FDQ�EH�LQGLFDWHG
E\�DGGLWLRQ�RI�RWKHU�KDELWDW�FRGHV�

� /LJQHRXV�IRUPDWLRQV
/LJQHRXV� IRUPDWLRQV�RI�QDWXUDO� WKHUPRSKLORXV� VKUXE�FRPPXQLWLHV�RU�FXOWLYDWHG� WUHH� IRUPDWLRQV
FRPSRVHG�RI�QDWLYH��H[RWLF�RU�QDWLYH�VSHFLHV�RXW�RI�WKHLU�QDWXUDO�UDQJH�DQG�KDELWDW�

� 5HHG�EHGV
&RPPXQLWLHV�RI�WKH�PDUJLQV�RI�ODNHV��VHD�LQOHWV��ULYHUV�DQG�EURRNV��HXWURSKLF�PDUVKHV��VZDPSV�
GLWFKHV�GRPLQDWHG�E\�WDOO�3RDFHDH�OLNH�3KUDJPLWHV�

� 5XGHUDO�FRPPXQLWLHV
&RPPXQLWLHV�RI�SLRQHHULQJ��LQWURGXFHG�RU�QLWURSKLORXV�SODQWV�FRORQLVLQJ�ZDVWH�SODFHV��GLVWXUEHG
QDWXUDO�RU�VHPLQDWXUDO�DUHDV��URDGVLGHV�DQG�RWKHU�LQWHUVWLWLDO�VSDFHV�RU�GLVWXUEHG�JURXQG�

�� +LJK�VWHP�RUFKDUGV
7UHH�FURSV�RI�VWDQGDUGV��FXOWLYDWHG�IRU�IUXLW�SURGXFWLRQ�

�� 8UEDQ�JUHHQ�VSDFHV
8VXDOO\�YDULHG�IRUPDWLRQV��FUHDWHG�IRU�UHFUHDWLRQDO�XVH��7KH�YHJHWDWLRQ�XVXDOO\�FRPSRVHG�PDLQO\
RI�LQWURGXFHG�VSHFLHV�RU�FXOWLYDUV�

�� 7RZQV��YLOODJHV��LQGXVWULDO�VLWHV
$UHDV�XVHG�IRU�KXPDQ�RFFXSDWLRQ�DQG�LQGXVWULDO�DFWLYLWLHV�

�� 6DOW�SDQV
$FWLYH� RU� UHFHQWO\� DEDQGRQHG� VDOW�H[WUDFWLRQ� EDVLQV��:KHQ� YHJHWDWLRQ� LV� HVWDEOLVKHG�� GHWDLOHG
KDELWDWV�FDQ�EH�VSHFLILHG�E\�PHDQV�RI�WKH�VXEGLYLVLRQV�RI����

�� 'LWFKHV�DQG�VPDOO�FDQDOV
1DUURZ�OLQHDU�DUWLILFLDO�IUHVKZDWHU�ERGLHV��PRVWO\�XVHG�IRU�LUULJDWLRQ�RU�SDUWLWLRQ��LQ�WKLV�FDVH�IRU
WKH�SXUSRVH�RI�VDOW�H[WUDFWLRQ�EDVLQV�

�� 5RDGV

5(68/76�$1'�',6&866,21

6ORYHQLD� KDV� D� YHU\� VKRUW� FRDVWOLQH� RI� ��� NP� �.RV�
�������ZKRVH�JUHDWHU�SDUW� LV�FRPSRVHG�RI�D� IDLUO\� VWHHS
FRDVW� �LQFOXGLQJ� DQ� ���P� KLJK� FOLII� IRUPDWLRQ���'HVSLWH
LWV�DUWLILFLDO�RULJLQ�� WKH�6WMXÌD� ODJRRQ�GHYHORSHG� LQWR�GL�
YHUVLW\�ULFK�KDELWDWV�RI�JUHDW�HFRORJLFDO�LPSRUWDQFH�

$�GUDIW�KLVWRULFDO�UHFRQVWUXFWLRQ

7KHUH� ZHUH� QR�PDSV�� WUDQVIHUDEOH� WR� *,6�� DYDLODEOH
EHIRUH�WKH�EHJLQQLQJ�RI�WKH��WK�FHQWXU\��7KHUHIRUH��WKHUH
DUH� QR� FDUWRJUDSKLF� UHFRUGV� RI� WKH� HDUOLHU� PHQWLRQHG
RSHQ�ED\��2Q�WKH�$XVWUR�+XQJDULDQ�PLOLWDU\�PDS��KRZ�
HYHU�� WKH� HPEDQNPHQW� VHHPV� WR� EH� RI� UHODWLYHO\� UHFHQW
RULJLQ�LI�ZH�ORRN�DW�WKH�VKDSH�RI�WKH�G\NH�DQG�WKH�JUHHQ
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FRORUDWLRQ� RQ� WKH� RULJLQDO� PDS�� 7KH� KDORSK\WH� DQG
EUDFNLVK�VZDPS�YHJHWDWLRQ�EHJDQ� WR�GHYHORS�ZKHQ� WKH
ODJRRQ� ZDV� FORVHG�� DQG� GXH� WR� K\GURORJLF� G\QDPLFV�
VHGLPHQW� GHSRVLWLRQ� DQG� DQWKURSRJHQLF� LPSDFW�� WKH
YHJHWDWLRQ�FRYHU�FRQWLQXRXVO\�IROORZHG�WKHVH�G\QDPLFV�
7KH�FDUWRJUDSKLF�DVSHFW�RI� WKH�YHJHWDWLRQ�FRYHU��VLPSOL�
ILHG�LQ�RUGHU�WR�EH�FRPSDUDEOH��LV�VKRZQ�LQ�WKUHH�WHPSR�
UDO�ZLQGRZV� LQ� ILJXUH����$� UHYLHZ�RI� WKH�KLVWRULFDO�GDWD
VKRZV�WKDW�WKH�DUHD�RI�EUDFNLVK�ULYHUV��HVWXDULHV�DQG�VDOW
PDUVKHV� EHFDPH� VKUDQN� GXULQJ� WKH� FHQWXULHV�� ZKHUHDV
WKH�VDOW�SDQV�H[SDQGHG�WRZDUGV�WKH�VHD��1RZDGD\V�� WKH
LQFUHDVLQJO\� RFFXUULQJ� VDOWPDUVKHV� IDYRXUV� VDOW�SDQV
DEDQGRQPHQW�� $OVR�� WKH� VL]H� DQG� VKDSH� RI� WKH� ODJRRQ
KDV�YDULHG�WKURXJK�KLVWRU\��,Q�������WKH�ODJRRQ�ZDV�WKH
ODUJHVW�� DOPRVW� WZLFH� WKH� SUHVHQW� VL]H�ZLWK� LWV� WRWDO� VXU�
IDFH�DUHD�RI�������KD�� ,Q�JHQHUDO�� LW� LV�ZHOO�NQRZQ� WKDW
VSHFLHV� GLYHUVLW\� FRUUHODWHV� ZLWK� KDELWDW� VL]H�� EXW� LQ

KDELWDWV�WKDW�LQFOXGH�VKRUHOLQH��WKH�VKDSH�LV�VLJQLILFDQW�DV
ZHOO��7R�GHVFULEH�WKH�FKDQJHV�RFFXUULQJ�LQ�WKH�VKDSH�RI
WKH�ODJRRQ��ZH�FDOFXODWHG�DQ�LQGH[�DFFRUGLQJ�WR�)RUPDQ
	�*RGURQ� �������� ,W� LV� WKH� UDWLR� EHWZHHQ� VKRUH� OHQJWK
DQG�WKH�FLUFXPIHUHQFH�RI�D�FLUFOH�ZLWK�VDPH�VXUIDFH�DUHD
DV�WKH�ZDWHU�ERG\�WKDW�FDQ�GHVFULEH�WKH�GHJUHH�RI�GHYHO�
RSPHQW�RI� WKH�VKRUHOLQH� �'��� ,Q������� WKH� VKRUHOLQH�GH�
YHORSPHQW�YDOXHV�ZHUH�KLJKHU��'� ���������WKH�G\NH�DQG
WKH�ODJRRQ�KDG�D�PRUH�QDWXUDO�DSSHDUDQFH��7KH�VPDOOHVW
YDOXHV�ZHUH� FDOFXODWHG� IRU� WKH� \HDU� ����� �'�  � �������
GHVSLWH�WKH�ODUJH�VXUIDFH�DUHD��7KLV�OHDGV�EDFN� WR�DQ� LQ�
WHQVH� ILVK� IDUPLQJ� DFWLYLW\� DW� WKH� WLPH�� 1RZDGD\V�� WKH
GHJUHH� RI� WKH� ODJRRQ� VKRUHOLQH� GHYHORSPHQW� LQFUHDVHG
�'� ��������GXH�WR�DEDQGRQPHQW�RI�ILVK�IDUPLQJ�DQG�DV�
VHPEODJH� RI�PDUJLQDO� YHJHWDWLRQ� �VDOWPDUVK� VFUXE�� UHHG
EHGV�DQG�UXGHUDO�FRPPXQLWLHV��

)LJ��������DJJUHJDWHG�KDELWDW�W\SHV��VHH�7DEOH����RI�WKH�6WMXËD�ODJRRQ�DQG�DGMRLQLQJ�DUHDV�
6O��������]ELUQLK�KDELWDWQLK�WLSRY��JOHM�7DEHOR����ODJXQH�6WMXËD�LQ�VRVHGQMLK�REPRàLM�
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)LJ�����+DELWDW�W\SHV�RI�JUHDWHU�QDWXUH�FRQVHUYDQF\�YDOXH���1DWXUD������KDELWDWV���RI�WKH�6WMXËD�ODJRRQ�DQG�DGMRLQ�
LQJ�DUHDV��)RU�QDPHV�RI�WKH�KDELWDWV�VHH�$SS����
6O�����1DUDYRYDUVWYHQR�SRPHPEQHMÉL�KDELWDWQL�WLSL���KDELWDWL�1DWXUD��������ODJXQH�6WMXËD�LQ�VRVHGQMLK�REPRàLM��=D
LPHQD�KDELWDWQLK�WLSRY�JOHM�$SS����

+DELWDW�PDSSLQJ

:H�LGHQWLILHG�DQG�GHVFULEHG�D�WRWDO�RI����KDELWDW�XQLWV
DFFRUGLQJ�WR�3+<6,6�W\SRORJ\�RFFXUULQJ�LQ�����SRO\JRQV
WKDW�FRYHU�DQ�DUHD�RI������KD��7KH�FXUUHQW�VLWXDWLRQ�RI�DJ�
JUHJDWHG�KDELWDW�W\SHV�LV�VKRZQ�LQ�ILJXUH����,W�LV�D�UHPDUN�
DEOH�FRPSOH[�RI�FRDVWDO�DQG�KDORSK\WLF�KDELWDWV�SUHVHQW
LQ�D�VPDOO�DUHD��DOWKRXJK�VRPH�SRO\JRQV�VKRZ�FRQVLGHU�

DEOH�VL]H��0RVW�RI�WKH�DUHD�LV�RFFXSLHG�E\�VHDJUDVV�PHDG�
RZV�ZLWK�&\PRGRFHD�DQG�=RVWHUD�������KD���DOWKRXJK�ZH
IRXQG�5XSSLD�F\UUKRVD�LQ�D�VLQJOH�VPDOO�SRO\JRQ������KD�
DV�ZHOO��$UHDV�ZLWK�H[WHQVLYH�VDOW�H[WUDFWLRQ�DFWLYLWLHV�RF�
FXS\����KD��7KH�FRYHU�DUHD� LV� IROORZHG�E\� UXGHUDO�FRP�
PXQLWLHV������KD��DQG�JODVVZRUW�VZDUGV�ZLWK�DQQXDO�6DOL�
FRUQLD��6XDHGD�RU�6DOVROD�RQ������KD�

:H� LQWURGXFHG�D�QHZ�KDELWDW� W\SH�FDWHJRU\� IRU� 6OR�
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YHQH�3+<6,6�FODVVLILFDWLRQ���7DPDULVN�VWDQGV��GXH�WR�WKH
VXEVSRQWDQHRXV�DEXQGDQW� IRUPDWLRQV� LQ� DUHDV� WKDW� FDQ�
QRW�EH�DYRLGHG�DW� WKLV�PDSSLQJ� VFDOH��/DUJH�SDUW�RI� WKH
PDSSHG� KDELWDW� LV� FRYHUHG� E\� UXGHUDO� FRPPXQLWLHV� RU
WKHLU� LQWHUPHGLDWHV�� 7KLV� LV� D� VLJQ� RI� XQVWDEOH� DQG� GLV�
WXUEHG� KDELWDWV�� WKRXJK� YHU\� IORULVWLFDOO\� ULFK� GXH� WR
ZDUP�FOLPDWLF�FRQGLWLRQV�DW�6WUXQMDQ�

+DELWDWV�ZLWK�JUHDWHU�QDWXUH�YDOXH��)LJ�����FRYHU�����
KD� RI� WKH� WRWDO� UHVHDUFK� DUHD�� FRQVWLWXWLQJ� ����� RI� WKH
SRO\JRQV�GHVFULEHG��$OPRVW�DOO�KDORSK\WLF�KDELWDW� W\SHV
NQRZQ�IRU�6ORYHQLD�DQG�FODVVLILHG�DV�SULRULW\�KDELWDWV�E\
WKH� +DELWDWV� GLUHFWLYH� DUH� SUHVHQW� WKHUH�� $PRQJ� WKHVH
KDELWDW� W\SHV�� ������� DUH� UHSUHVHQWHG� E\� KDELWDWV� VXLW�
DEOH� IRU� KDORSKLORXV� VFUXEV� �� 6DUFRFRUQHWHD� IUXWLFRVL
�))+�FRGH�QXPEHU��������RFFXUULQJ�PDLQO\�LQ�WKH�DEDQ�
GRQHG� VDOW�SDQ� EDVLQV�� DQG� ������� KDELWDWV� E\� DQQXDO
VDOW� SLRQHHU� VZDUGV� FRPPXQLWLHV�� LQ� SDUWLFXODU� ZLWK
GRPLQDWLQJ�6DOLFRUQLD�HXURSDH��RIWHQ�WKH�RQO\�VSHFLHV�LQ

WKH�FRPPXQLW\�� FRORQLVLQJ� SHULRGLFDOO\� LQXQGDWHG� VDQG
DQG� VLOW� EDQNV� �FRGH� ������� 7KLV� FRPPXQLWLHV� UHTXLUH
VRLO�ZLWK�KLJK� LRQ�FRQFHQWUDWLRQ�DQG� ORZ�R[\JHQ�DYDLO�
DELOLW\�� DV� ZHOO� DV� JHQWO\� VORSLQJ� VHD� EDQNV� SURWHFWHG
IURP�GLUHFW�LPSDFW�RI�WKH�VHD�IRU�WKHLU�HVWDEOLVKPHQW��.D�
OLJDULá�������� WKDW�FDQ�EH� IRXQG� LQ� WKH�DEDQGRQHG�VDOW�
SDQV�DQG�DW�WKH�HGJHV�RI�VRPH�VWLOO�DFWLYH�VDOW�H[WUDFWLRQ
EDVLQV��0HGLWHUUDQHDQ� VDOW�PHDGRZV� �-XQFLRQ�PDULWLPL�
DUH�SUHVHQW�WR�D�PLQRU�H[WHQW�� OLNHZLVH�WKH�DQQXDO�KDOR�
SK\WHV�FRORQLVLQJ�WKH�URFN\�VKRUHV�

,W�FRXOG�EH�FRQFOXGHG�WKDW�WKLV�LV�WKH�RQO\�ODJRRQ�RQ
WKH� 6ORYHQLDQ� IO\VFK� DQG� IO\VFK�GHULYDWHG� VHGLPHQWDU\
FRDVW�� GHVSLWH� EHLQJ� DUWLILFLDO� GHYHORSHG� LQ� KDELWDW�
GLYHUVH�DQG�KDORSK\WH�FRPPXQLWLHV�ULFK�FRDVWDO�ZHWODQG
DUHD��+LVWRULFDO� UHFRQVWUXFWLRQ�RI� WKH�SDVW�����\HDUV� LQ�
GLFDWHV� WKDW� WKH� DVVHPEODJH� RI� YDOXDEOH� KDELWDWV� LQ�
FUHDVHG�� SUREDEO\� GXH� WR� SDUWLDO� DEDQGRQPHQW� RI� VDOW�
SDQV�DQG�ILVK�IDUPLQJ�DFWLYLWLHV�

9(*(7$&,-$�2%$/1(�/$*81(�67-8Ë$�9�.5$-,16.(0�3$5.8�67581-$1��6/29(1,-$��
=*2'29,16.,�25,6��.$57,5$1-(�,1�1$5$929$5679(12�295('127(1-(

1LQD�Ç$-1$
8QLYHU]D�Y�0DULERUX��3HGDJRÊND�IDNXOWHWD��2GGHOHN�]D�ELRORJLMR��6,������0DULERU��.RURÊND����

(�PDLO��QLQD�VDMQD#XQL�PE�VL

0LWMD�.$/,*$5,Þ
8QLYHU]D�Y�0DULERUX��3HGDJRÊND�IDNXOWHWD��2GGHOHN�]D�ELRORJLMR��6,������0DULERU��.RURÊND����

8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��,QÊWLWXW�]D�ELRGLYHU]LWHWQH�ÊWXGLMH��6,������.RSHU��*DULEDOGLMHYD��

329=(7(.

$YWRUMD�VWD�QD�RVQRYL�VWDULK�]HPOMHYLGRY�������LQ�������QDSUDYLOD�UHNRQVWUXNFLMR�ODJXQH�6WMXÊD�Y�6WUXQMDQX�LQ�MR
RE�SRPRßL�*,6� �JHRJUDIVNHJD� LQIRUPDFLMVNHJD� VLVWHPD�� SULPHUMDOD� ]� GDQDÈQMR�� =� QDPHQRP�� GD� EL� GRELOD� V� VWDULPL
]HPOMHYLGL� SULPHUOMLYH� NDWHJRULMH� �NUDMLQVNH� HQRWH��� VWD� SRHQRVWDYLOD� GDQDÈQMH� SRGDWNH� LQ� GRORßLOD� QDVOHGQMH� SR�
JODYLWQH�NUDMLQVNH�HQRWH��ODJXQR��VODQLÈßD��NRSQR��EUDNLßQH�UHNH�LQ�XVWMD��MDUNH�LQ�NDQDOH��VROLQH��QDVLS��YDVL�LQ�FHVWH�
1D�GDQDÈQMHP�]HPOMHYLGX�VWD� LGHQWLILFLUDOD� LQ�RSLVDOD� VNXSDM����KDELWDWQLK� WLSRY�JOHGH�QD� WLSRORJLMR�3+<6,6��NL� VH
SRMDYOMDMR�QD�����SROLJRQLK�QD�SRYUÈLQL������KD��1DUDYRYDUVWYHQR�SRPHPEQHMÈL�KDELWDWL�VH�UD]WH]DMR�QD������KD�FH�
ORWQH�UD]LVNDQH�SRYUÈLQH�LQ�VHVWDYOMDMR������RSLVDQLK�SROLJRQRY���������RG�WHK�SULSDGDMR�VODQROMXEHPX�JUPLÈßX��
6DUFRFRUQHWHD�IUXWLFRVL� � �$UWKURFQHPHWHD�IUXWLFRVL�����������SD�HQROHWQLP�VODQLP�SLRQLUVNLP�]GUXÊEDP��Y�NDWHULK
SUHYODGXMH� QDYDGQL� RVRßQLN� 6DOLFRUQLD� HXURSDHD�� =QDßLOQLK� VUHGR]HPVNLK� VODQLK�PRßYLULM� �-XQFLRQ�PDULWLPL�� MH� WX
PDOR��$YWRUMD�]DNOMXßXMHWD��GD�VH�MH�ODJXQD�6WMXÊD�SR�GHOQL�RSXVWLWYL�UDEH�UD]YLOD�Y�SHVWUH�KDELWDWH�REPRUVNLK�PRN�
ULÈß�

.OMXÞQH�EHVHGH��REDOQD�ODJXQD��YHJHWDFLMD��KDELWDWQL�WLSL��3+<6,6��NDUWLUDQMH��*,6
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5()(5(1&(6

$YÞLQ��$���,��.HUÉDQ��/��.XELN��1��0HLWK�$YÞLQ��-��ÆWLUQ�
3��7XÇQLN��7��9DOHQWLQÞLÞ��%��9ULÇHU�	�$��9XNRYLÞ��������
$NYDWLáQL� HNRVLVWHPL� Y� 6WUXQMDQVNHP� ]DOLYX�� ,�� 3UHOLPL�
QDUQR�SRURáLOR��9��3ULVSHYNL�N� ]QDQRVWL� R�PRUMX�������
ÊW�� ��� ,QÊWLWXW� ]D� ELRORJLMR� XQLYHU]H� Y� /MXEOMDQL��0RUVND
ELRORÊND�SRVWDMD��3LUDQ��VWU����������
%RWHYD�� '��� *�� *ULIILWKV� 	� 3�� 'LPRSRXORV� �������
(YDOXDWLRQ�DQG�PDSSLQJ�RI�WKH�FRQVHUYDWLRQ�VLJQLILFDQFH
RI�KDELWDWV�XVLQJ�*,6��DQ�H[DPSOH�IURP�&UHWH��*UHHFH��-�
1DW��&RQVHUY���������������
&RUHJJL��*����������5HJROD]LRQH�GHOO
LPSRVWD� IRQGLDULD�
�PVFU��
ÝDUQL��$���0��-DUQMDN�	�.��2ÇWLU�6HGHM� ��������3DVW�DQG
SUHVHQW� IRUHVW� YHJHWDWLRQ� LQ� 1(� 6ORYHQLD� GHULYHG� IURP
ROG�PDSV��$SSO��9HJHWDWLRQ�6FL��������������
'DURYHF��'����������3UHJOHG�]JRGRYLQH�,VWUH��=JRGRYLQ�
VNR�GUXÊWYR�]D�MXÌQR�3ULPRUVNR��.RSHU�����VWU�
'HYLOOHUV��3��	�-��'HYLOOHUV�7HUVFKXUHQ���������$�FODVVL�
ILFDWLRQ�RI�3DOHDUFWLF�KDELWDWV��1DWXUH�DQG�(QYLURQPHQW�
&RXQFLO�RI�(XURSH�3XEOLVKLQJ������SS�
'LHUHFWLYH� ������((&� �������� &RXQFLO� 'LUHFWLYH� RI� ��
0D\������RQ�WKH�FRQVHUYDWLRQ�RI�QDWXUDO�KDELWDWV�DQG�RI
ZLOG�IDXQD�DQG�IORUD�
)LUEDV��3�� ��������6WMXÌD��9��3RJDáQLN��$�� �XU����9VD� VOR�
YHQVND� MH]HUD��/HNVLNRQ� VORYHQVNLK� VWRMHáLK� YRGD��'=6�
/MXEOMDQD��VWU����������
)RUPDQ��5��7��7��	�0��*RGURQ���������/DQGVFDSH�HFRO�
RJ\��7RURQWR��:LOH\������SS�
*UHHQ��'��5��	�6��+DUWOH\���������,QWHJUDWLQJ�3KRWRLQWHU�
SUHWDWLRQ�DQG�*,6� IRU�9HJHWDWLRQ�0DSSLQJ�� 6RPH� ,VVXHV
DQG� (UURU�� ,Q�� $OH[DQGHU�� 5�� 	� $�� &��0LOOLQJWRQ� �HGV���
9HJHWDWLRQ�0DSSLQJ��&KLFKHVWHU��:LOH\��S����������
-RJDQ��1���0��.DOLJDULÞ��,��/HVNRYDU�ÆWDPFDU��$��6HOLÇNDU
	� -�� 'REUDYHF� �������� +DELWDWQL� WLSL� 6ORYHQLMH�� 7LSR�
ORJLMD��023�$562��/MXEOMDQD�����VWU�
.DOLJDULÞ��0����������%RWDQLáQL�VSUHKRG�SR�6HáRYHOMVNLK
VROLQDK��3URWHXV�����������������
.DOLJDULÞ�� 0�� �������� 7KUHDW� 6WDWXV� RI� +DORSK\WH� )ORUD
DQG� 9HJHWDWLRQ�� �2JURÌHQRVW� KDORILWQH� IORUH� LQ� YHJHWD�
FLMH���9��*UHJRUL��-���$��0DUWLQáLá��.��7DUPDQ��2��8UEDQF�
%HUáLá��'��7RPH�	�0��=XSDQáLá��XU����1DUDYD�6ORYHQLMH�
VWDQMH�LQ�SHUVSHNWLYH��'UXÊWYR�HNRORJRY�6ORYHQLMH��/MXE�
OMDQD��VWU����������
.DOLJDULÞ�� 0�� �����D��� 'LYHU]LWHWD� IORUH� LQ� YHJHWDFLMH
VODQLÊá� RE� VORYHQVNL� REDOL�� 9�� )RUWH�� -�� 	� /�� /LSHM� �XU���
%LRGLYHU]LWHWD�LQ�YDUVWYR�VORYHQVNHJD�PRUMD�QD�SUDJX����

VWROHWMD�� 1DFLRQDOQL� LQÊWLWXW� ]D� ELRORJLMR�� 0RUVND� EL�
RORÊND�SRVWDMD��3LUDQ��VWU��������
.DOLJDULÞ��0�� �����E��� 1RYRVWL� Y� SR]QDYDQMX� KDORILWQH
YHJHWDFLMH�QD�VORYHQVNL�REDOL��9��-RJDQ��1���XU����=ERUQLN
L]YOHáNRY� UHIHUDWRY� VLPSR]LMD� )ORUD� LQ� YHJHWDFLMD� 6OR�
YHQLMH�������%RWDQLáQR�GUXÊWYR�6ORYHQLMH��/MXEOMDQD��VWU�
���
.DWL��9���3��'HYLOOHUV��0��'XIUHQH��$��/HJDNLV��'��9RNRX
	�3��/HEUXQ���������+RWVSRWV��FRPSOHPHQWDU\�RI�UHSUH�
VHQWDWLYHQHVV"�'HVLJQLQJ�RSWLPDO�VPDOO�VFDOH�UHVHUYHV�IRU
ELRGLYHUVLW\�FRQVHUYDWLRQ��%LRO��&RQVHUY����������������
.RV�� 9�� �������� $WODV� 6ORYHQLMH�� 0ODGLQVND� NQMLJD�
/MXEOMDQD������VWU�
0DUFKHVHWWL�� &�� ����������� )ORUD� GL� 7ULHVWH� H� GH¤VXRL
GLQWRUQL��$WWL�0XV��&LY��6WRU��1DW��7ULHVWH�
3LHQNRZVNL��0��:���(��0��%LJQDLO��&��$��*DOEUDLWK��'��,�
0F&UDFNHQ�� 5�� $�� 6WLOOPDQ�� 0�� *�� %RRE\HU� 	� '�� -�
&XUWLV� �������� $� VLPSOLILHG� FODVVLILFDWLRQ� RI� ODQG�W\SH
]RQHV� WR�DVVLVW� WKH� LQWHJUDWLRQ�RI�ELRGLYHUVLW\�REMHFWLYHV
LQ�ODQG�XVH�SROLFLHV��%LRO��&RQVHUY�������������
3ROGLQL��/���0��9LGDOL�	�0��/��)DELDQL���������/D�YHJHWD�
]LRQH�GHO�OLWRUDOH�VHGLPHQWDULR�GHO�)ULXOL�9HQH]LD�*LXOLD
�1(� ,WDOLD�� FRQ� ULIHULPHQWL� DOOD� UHJLRQH� $OWR�$GULDWLFD�
6WXG��*HRERW������������
3RVSLFKDO��(�� ������������� )ORUD�GHV�2HVWHUUHLFKLVFKHQ
.XVWHQODQGHV��/HLS]LJ�X��:LHQ�������
5DGLQMD��'����������0ODGLQVNL�UD]LVNRYDOQL�WDERUL������
������5HSXEOLÊNL�NRRUGLQDFLMVNL�RGERU�JLEDQMD��=QDQRVW
PODGLQL���/MXEOMDQD��VWU��������
5DMÇS�� 9�� 	� 0�� )LFNR� �������� 6ORYHQLMD� QD� YRMDÊNHP
]HPOMHYLGX� �-RVHSKLQLVFKH� /DQGHVDXIQDKPH� ���������
IXHU� GDV� *HELHW� GHU� 5HSXEOLN� 6ORZHQLHQ��� =5&� 6$=8
DQG�$UKLY�5HSXEOLNH�6ORYHQLMH�
6DOPDQ��$��+��3��0����������(&21(7�DQG�FRDVWDO�DUHDV
DQG�ZHWODQGV�� WKH�JROGHQ� IULQJH�RI� (XURSH�� ,Q��%HQQHWW�
*���HG����&RQVHUYLQJ�(XURSH
V�1DWXUDO�+HULWDJH��7RZDUGV
D�(XURSHDQ�(FRORJLFDO�1HWZRUN��3URFHHG�� ,QW��&RQI�����
��� 1RYHPEHU� ������ 0DDVWULFKW�� 1HWKHUODQGV�� .OXZHU�
/RQGRQ��S����������
6PLWK�� 3�� *�� 5�� 	� -�� %�� 7KHEHUJH� �������� $� UHYLHZ� RI
FULWHULD� IRU� HYDOXDWLQJ� QDWXUDO� DUHDV�� (QYLURQ�� 0DQDJH��
������������
6WRPV��'��0���0��-��%XHQR��)��:��'DYLV��.��0��&DVVLG\�
.��/��'ULHVH�	� -�� 6��.DJDQ� ��������0DS�JXLGHG�FODVVLIL�
FDWLRQ� RI� UHJLRQDO� ODQG� FRYHU� ZLWK� PXOWL�WHPSRUDO
$9+55�GDWD��3KRWRJUDPP��(QJ��5HP��6���������������
:UDEHU�� 7�� �������� *UDGLYR� ]D� IORUR� 6WUXQMDQD�� 0HG�
QDURGQL�PODGLQVNL�WDERUL������������VWU����������
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$SS�����&RPSOHWH�OLVW�RI�KDELWDW�W\SHV��LQFOXGLQJ�QDPHV��3+<6,6�DQG�))+�FRGHV�DQG�V\QWD[RQRPLF�XQLWV��ZKHUH�DS�
SURSULDWH��
$SS�����3RSROQ�VH]QDP�KDELWDWQLK�WLSRY��NL�YNOMXàXMH�QMLKRYD�LPHQD��NRGH�3+<6,6�LQ�))+�WHU�VLQWDNVRQRPVNH�HQRWH�
NMHU�REVWDMDMR�

3+<6,6�+DELWDW�FRGH 1DPH�RI�WKH�KDELWDW
6\QWD[RQRPLF�XQLW $JJUHJDWH

FRGH�XVHG�LQ
)LJ���

))+
&RGH

����� 0HGLWHUUDQHR���3RQWLF�&\PRGRFHD�DQG
=RVWHUD�EHGV
0HGLWHUUDQHDQ�EHGV�RI�&\PRGRFHD�QR�
GRVD��=RVWHUD�QROWLL�DQG�=RVWHUD�PDULQD�

&\PRGRFHLRQ�QRGR�
VDH�'HQ�+DUWRJ������
=RVWHULRQ�&KULVWLDQVHQ
����

�

�����[�� ,QWHUPHGLDWH�W\SH �
������ %UDFNLVK�ZDWHUERGLHV�ZLWK�5XSSLD�FLU�

UKRVD
6WDQGV�RI�5XSSLD�FLUUKRVD��FRORQLVLQJ
EUDFNLVK�ZDWHUERGLHV��VKRDOV��DEDQGRQHG
VDOW�SDQV�DQG�ULYHU�PRXWKV�

5XSSLRQ�PDULWLPDH
%U��%O������

�

����� %UDFNLVK�ULYHUV
%UDFNLVK�ORZHU�VWUHDP�RI�ULYHUV�FDXVHG�E\
WLGH�

�

���� 5LYHU�PRXWKV��HVWXDULHV
8VXDOO\�EURDG�ULYHU�PRXWKV��GHOWDV�LQWR
WKH�VHD��'HWDLOHG�KDELWDWV�FDQ�EH�VSHFL�
ILHG�E\�PHDQV�RI�WKH�VXEGLYLVLRQV�RI����

� ����

�� 6DQG�RU�PXG�EDQNV�ZLWKRXW�YDVFXODU
YHJHWDWLRQ�EHGV
6DQG�RU�PXG�VHD�EDQNV��XVXDOO\�ZLWKRXW
YDVFXODU�SODQWV��FDQ�EH�RYHUJURZQ�E\�DO�
JDH�RU�F\DQREDFWHULD��6LPLODU�SHUPD�
QHQWO\�IORRGHG�KDELWDWV�EHORQJ�WR�VXEGLYL�
VLRQV�RI����

� ����

��[������ ,QWHUPHGLDWH�W\SH � ����[
����

������ 0HGLWHUUDQHDQ�JODVVZRUW�VZDUGV
$QQXDO�VDOW�SLRQHHU�VZDUGV��LQ�SDUWLFXODU
6DOLFRUQLD�KHUEDFHD��FRORQLVLQJ�SHULRGL�
FDOO\�LQXQGDWHG�PXGV�RI�0HGLWHUUDQHDQ
FRDVWDO�VDOWPDUVKHV�

6DOLFRUQLRQ�SDWXODH
*HKX�HW�*HKX�)UDQFN
����

� ����

������[����� ,QWHUPHGLDWH�W\SH � ����[
����

������[���� ,QWHUPHGLDWH�W\SH � ����
������[���� ,QWHUPHGLDWH�W\SH � ����
�����[7DPDULVN�VWDQGV ,QWHUPHGLDWH�W\SH � ����
����� 0HGLWHUUDQHDQ�WDOO�UXVK�VDOWPDUVKHV��

-XQFLRQ�PDULWLPL
%HGV�RI�-XQFXV�PDULWLPXV�RU�-��DFXWXV�RI
SHULRGLFDOO\�LQXQGDWHG�GHSUHVVLRQV�RI�WKH
0HGLWHUUDQHDQ��,Q�6ORYHQLD��RQO\�-��PDUL�
WLPXV�LV�NQRZQ�WR�RFFXU�

-XQFLRQ�PDULWLPL�%U��
%O��������-XQFHWXP
PDULWLPH�DFXWL�+RUYD�
WLß������

� ����

�����[���� ,QWHUPHGLDWH�W\SH � ����
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����� 0HGLWHUUDQHDQ�VDOWPDUVK�VFUXEV
/RZ�VKUXEE\�H[SDQVHV�RI�ZRRG\�JODVV�
ZRUWV��VHDEOLWHV��VHD�SXUVODQHV�RU�+D�
ORFQHPXP��FKDUDFWHULVWLF�RI�LQXQGDWHG
VDOWPDUVKHV�RI�WKH�0HGLWHUUDQHDQ�FRDVWV�
&KDUDFWHULVHG�E\�GRPLQDQW�VSHFLHV�EH�
ORQJLQJ�WR�$UWKURFQHPXP��+DOLPLRQH
DQG�/LPRQLXP�JHQXV�

$UWKURFQHPLRQ�IUXWL�
FRVL�%U��%O������FRUU�
2��%RORV�����

� ����

�����[���� ,QWHUPHGLDWH�W\SH � ����
�����[���� ,QWHUPHGLDWH�W\SH � ����
���� 5RFN\�VKRUH�FRPPXQLWLHV�RI�DQQXDOV

5RFN\�VKRUHV�ZLWK�VHYHUDO�SODQWV�OLNH
$WULSOH[�VSS���6DOVROD�VRGD��&DNLOH�PDUL�
WLPH����

&DNLOHWHD�PDULWLPDH
7�[HQ�HW�3UHLVLQJ�
7�[HQ�����

� ����

�� &RDVWDO�ODJRRQV
6DOLQH�RU�K\SHUVDOLQH�ZDWHUV�FXW�RII�IURP
WKH�VHD�FRPSOHWHO\�RU�VWLOO�FRQQHFWHG�WR
WKH�VHD�E\�QDUURZ�SDVVDJHV��7KH�SUHVHQFH
RI�PDULQH�LQYHUWHEUDWH�FRPPXQLWLHV�RU
YHJHWDWLRQ�FDQ�EH�LQGLFDWHG�E\�DGGLWLRQ
RI�RWKHU�KDELWDW�FRGHV�

� ����

������� 6XE�0HGLWHUUDQHDQ�EODFNWKRUQ�SULYHW
VFUXE
7KHUPRSKLORXV�VKUXE�FRPPXQLWLHV�RI�WKH
6XE�0HGLWHUUDQHDQ�SDUW�RI�6ORYHQLD��RF�
FXS\LQJ�D�ODUJH�UDQJH�RI�WKH�PHQWLRQHG
DUHD��2FFXUULQJ�LQ�KHGJHV�GLYLGLQJ�NDUVW
JUDVVODQGV��,VWULD��IO\VFK�DUHD���IRUHVW
HGJHV��ZRRGODQG�UHFRORQLVDWLRQ�FRPPX�
QLWLHV�RU�RQ�VLWHV�H[SRVHG�WR�VXQ��2Q
VWHHS�URFN\�HGJHV�LW�FDQ�RFFXU�DV�D�SLR�
QHHU�IRUHVW��)RUPHG�E\�3UXQXV�PDKDOHE�
)UDQJXOD�UXSHVWULV��&RWLQXV�FRJJ\JULD�
)UD[LQXV�RUQXV��5XEXV�XOPLIROLXV��/LJXV�
WUXP�YXOJDUH��&DUSLQXV�RULHQWDOLV��&RUQXV
PDV��%HUEHULV�YXOJDULV�

/LJXVWUR�3UXQHWXP�7[�
����

�

�������[���� ,QWHUPHGLDWH�W\SH �
�������[���� ,QWHUPHGLDWH�W\SH �
���� 5HHG�EHGV

&RPPXQLWLHV�RI�WKH�PDUJLQV�RI�ODNHV��VHD
LQOHWV��ULYHUV�DQG�EURRNV��HXWURSKLF
PDUVKHV��VZDPSV��GLWFKHV�GRPLQDWHG�E\
WDOO�3RDFHDH��OLNH�3KUDJPLWHV�

3KUDJPLWHWXP�FRP�
PXQLV�.RFK�����
VXEDVV��KDORSK\OXP
3LJQDWWL�����

�

����� *LDQW�UHHG�VWDQGV
6HFRQGDU\�IRUPDWLRQV�RI�$UXQGR�GRQD[�

��

�����[7DPDULVN�VWDQGV ,QWHUPHGLDWH�W\SH �
����[����� ,QWHUPHGLDWH�W\SH �
����[���� ,QWHUPHGLDWH�W\SH �
����� 2OLYH�JURYHV

0HGLWHUUDQHDQ�LQWHQVLYHO\�IDUPHG�DQG
WUDGLWLRQDO�SODQWDWLRQV�RI�2OHD�HXURSDHD�

��
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������ ([WHQVLYHO\�IDUPHG�KLJK�VWHP�IUXLW�RU�
FKDUGV
+LJK�VWHP�RUFKDUG�RI�DSSOH��SHDU��FKHUU\�
RIWHQ�H[WHQVLYHO\�IDUPHG��/RZ�GHQVLW\�RI
WUHHV�DOORZV�PRZLQJ�RI�KHUE�XQGHU�
JURZWK�

��

������ ,QWHQVLYHO\�IDUPHG�KLJK�VWHP�IUXLW�RU�
FKDUGV
+LJK�VWHP�RUFKDUG�LQ�6XE�0HGLWHUUDQHDQ�
RIWHQ�LQWHQVLYHO\�IDUPHG��+LJK�GHQVLW\�RI
WUHHV�SODQWHG�LQ�URZV�

��

������[����� ,QWHUPHGLDWH�W\SH ��
���� 3ODQWDWLRQV

&XOWLYDWHG�OLJQHRXV�IRUPDWLRQV�SODQWHG
PRVW�RIWHQ�IRU�WKH�SURGXFWLRQ�RI�ZRRG�
FRPSRVHG�RI�H[RWLF�VSHFLHV�RU�QDWLYH
VSHFLHV�RXW�RI�WKHLU�QDWXUDO�UDQJH�DQG
KDELWDW�

�

����[���� ,QWHUPHGLDWH�W\SH �
������ /RFXVW�WUHH�SODQWDWLRQ

3ODQWDWLRQV�DQG�VSRQWDQHRXV�IRUPDWLRQV
RI�5RELQLD�SVHXGDFDFLD�

�

������[7DPDULVN
VWDQGV

,QWHUPHGLDWH�W\SH �

���� +HGJHURZV
6PDOO�WUHH�DQG�VKUXE�IRUPDWLRQV�DUUDQJHG
LQ�D�OLQHDU�RU�UHWLFXODWHG�PDQQHU��FORVHO\
ZLWK�JUDVV\�RU�FXOWLYDWHG�KDELWDWV��XVXDOO\
VHUYLQJ�DV�SDUWLWLRQV�DQG�VKHOWHU�

�

����� 3DUN�ZRRGORWV
&RSVHV��JURYHV�RI�ZRRGV�RI�QDWLYH�RU�LQ�
WURGXFHG�WUHHV��ZLWK�RU�ZLWKRXW�DFFRP�
SDQ\LQJ�VKUXEEHU\�DQG�KHUEDFHRXV�XQ�
GHUJURZWK��FRQVWLWXWLQJ�HOHPHQWV�RI�XUEDQ
SDUNV�

�

����� 3DUN�ODZQV
)UHTXHQWO\�PRZQ�JUDVVODQG��PRUH�WKDQ��
WLPHV�SHU�\HDU���FRPSRVHG�RI�QDWLYH�RU
VRPHWLPHV�H[RWLF�JUDVVHV��FRQVWLWXWLQJ
HOHPHQWV�RI�XUEDQ�SDUNV�

��

�����[���� ,QWHUPHGLDWH�W\SH ��
����� 2UQDPHQWDO�JDUGHQV

$UHDV�RI�ODQG�DGMRLQLQJ�D�KRXVH��SODQWHG
ZLWK�RUQDPHQWDO�JUDVV��VKUXEV��WUHHV�
IORZHU�EHGV�

��

���� 9LOODJHV
6PDOO�JURXSV�RI�KRXVHV�LQ�UXUDO�DUHDV�
VXVFHSWLEOH�WR�VWURQJ�LQWHUFRQQHFWLRQ
EHWZHHQ�XVDJHV�E\�WKH�IDXQD�RI�WKH�EXLOW�
XS�DQG�FRXQWU\VLGH�KDELWDWV��,QFOXGHV
ERUGHULQJ�DUHDV�RI�WRZQ�VXEXUEV�DQG
LVRODWHG�EXLOGLQJV�

��
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���� 5XGHUDO�FRPPXQLWLHV
&RPPXQLWLHV�RI�SLRQHHULQJ��LQWURGXFHG
RU�QLWURSKLORXV�SODQWV�FRORQLVLQJ�ZDVWH
SODFHV��GLVWXUEHG�QDWXUDO�RU�VHPLQDWXUDO
DUHDV��URDGVLGHV�DQG�RWKHU�LQWHUVWLWLDO
VSDFHV�RU�GLVWXUEHG�JURXQG�

6\VLPEULRQ�RIILFLQDOLV
7[��HW�DO���7[�������
'DXFR�0HOLORWLRQ
*RHUV�������$UWHP�
LVLR�(JURS\ULRQ�LQWHU�
PHGLL�0XHOOHU�HW�*R�
HUV������

�

����[7DPDULVN�VWDQGV ,QWHUPHGLDWH�W\SH �
����� 6HD�KDUERXUV

6HDVLGH�FRPSOH[HV�RI�DUWLILFLDO�EDVLQV�DQG
LQOHWV�FRQVWUXFWHG�IRU�WKH�SXUSRVHV�RI
QDYLJDWLRQ�

��

����� 6DOW�SDQV
$FWLYH�RU�UHFHQWO\�DEDQGRQHG�VDOW�
H[WUDFWLRQ�EDVLQV��:KHQ�YHJHWDWLRQ�LV
HVWDEOLVKHG��GHWDLOHG�KDELWDWV�FDQ�EH
VSHFLILHG�E\�PHDQV�RI�WKH�VXEGLYLVLRQV�RI
���

��

����� 'LWFKHV�DQG�VPDOO�FDQDOV
1DUURZ�OLQHDU�DUWLILFLDO�IUHVKZDWHU�ERGLHV�
PRVWO\�XVHG�IRU�LUULJDWLRQ�RU�DV�SDUWLWLRQV�
LQ�WKLV�FDVH�IRU�WKH�SXUSRVH�RI�VDOW�
H[WUDFWLRQ�EDVLQV�

��

� 7DPDULVN�VWDQGV �
� $VSKDOWHG�URDG ��
� 0DFDGDPLVHG�URDG ��
� 3DWK ��


