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.DUVW� SKHQRPHQD� DUH� FRPPRQ� XQGHU� WKH� VHD� OHYHO� LQ� WKH� VXEPDULQH� ]RQH� RI� ,VWULDQ� 3HQLQVXOD�� D� W\SLFDO� SKH�
QRPHQRQ�RI�NDUVW�K\GURJUDSK\�LV�WKH�SUHVHQFH�RI�VXEPDULQH�IUHVK�ZDWHU�VSULQJV�ORFDOO\�NQRZQ�DV��YUXOLMH���6XEPD�
ULQH�FDYHV�DUH�FRQVLGHUHG�LGHDO�KDELWDWV��ZKHUH�VHOHFWLRQ�RI�VSHFLHV�LV�UHPDUNDEOH�GXH�WR�WKH�UHGXFHG�OLJKW��VORZ�ZD�
WHU�FLUFXODWLRQ�DQG�ORZ�QXWULHQW�OHYHO��)URP�WKH�HQWUDQFH�WR�WKH�LQZDUG�HQG�RI�WKH�FDYH�WKHUH�LV�D�SURJUHVVLYH�UHGXF�
WLRQ� LQ� WKH�QXPEHU�RI� WD[D�DQG� WRWDO�ELRPDVV��7KLV� VWXG\�H[DPLQHV� WKH�PDFURIDXQD� LQKDELWLQJ� WKH� VRIW� ERWWRP�� LQ�
FOXGLQJ�D�WKDQDWRFRHQRVLV�DQDO\VLV��DQG�WKH�VHVVLOH�IDXQD�OLYLQJ�RQ�WKH�KDUG�VXEVWUDWH�RI�WKH�ZDOO�DQG�WKH�FHLOLQJ�LQ�D
VPDOO�VXEPDULQH�FDYH� LQ�WKH�$GULDWLF�6HD��7KH�FDYH�SUHVHQWV��RQ�KDUG� VXEVWUDWD�� WKH�FLUFDOLWWRUDO�FRPPXQLW\�RI� WKH
VHPL�GDUN�FDYH�DQG�WKHUH�LV�D�KRUL]RQWDO�]RQDWLRQ�RI�WKH�FRPPXQLWLHV�LQKDELWLQJ�WKH�ZDOO��7KH�PDFURIDXQD�LQKDELWLQJ
WKH�VRIW�ERWWRP�GLG�QRW�VKRZ�DQ\�FOHDU�]RQDWLRQ�LQ�WHUPV�RI�VSHFLHV�ULFKQHVV�RU�DEXQGDQFH�

.H\�ZRUGV��PDFUREHQWKRV��VXEPDULQH�FDYH��1RUWKHUQ�$GULDWLF��&URDWLD
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/XQJR�OD�FRVWD�,VWULDQD�VRQR�IUHTXHQWL�L�IHQRPHQL�GHOO¢LGURJUDILD�FDUVLFD�FKH�GDQQR�RULJLQH�D�JURWWH�HG�D�ULVRUJLYH
VXEDFTXHH� ORFDOPHQWH� FRQRVFLXWH� FRQ� LO� QRPH� GL� �YUXOLMH��� 1HOOH� JURWWH� VXEDFTXHH� SDUDPHWUL� FRPH� OD� ULGX]LRQH
GHOO¢LQWHQVLWi� OXPLQRVD�� OD�GLPLQX]LRQH�GHL�QXWULHQWL�H�GHOOD�FLUFROD]LRQH�GHOOH�PDVVH�G¢DFTXD�SURYRFDQR�XQD�SUR�
JUHVVLYD�ULGX]LRQH�GHO�QXPHUR�GL�WD[D�H�GHOOD�ELRPDVVD�WRWDOH�SURFHGHQGR�GDOO¢LQJUHVVR�YHUVR�LO�IRQGR�GHOOD�JURWWD��,O
SUHVHQWH� ODYRUR�HVDPLQD� OH� FRPXQLWi�PDFUREHQWRQLFKH�GHO� VXEVWUDWR�PROOH�� O¢DQDOLVL� GHOOH� WDQDWRFHQRVL� H� OD� IDXQD
VHVVLOH�LQVHGLDWD�VXO�VXEVWUDWR�URFFLRVR�GHOOH�SDUHWL�H�GHO�VRIILWWR�GL�XQD�SLFFROD�JURWWD�VXEDFTXHD�GHO�0DUH�$GULDWLFR�
/D�JURWWD�SUHVHQWD��VXO�VXEVWUDWR�URFFLRVR��FRPXQLWi�FLUFDOLWRUDOL�FDUDWWHULVWLFKH�GHOOH�JURWWH�VHPLRVFXUH�HG�LQGLFD�XQD
]RQD]LRQH�RUL]]RQWDOH�GHOOH�FRPXQLWi�LQVHGLDWH�OXQJR�OH�SDUHWL��/D�PDFURIDXQD�SUHVHQWH�QHO�VXEVWUDWR�PROOH�QRQ�LQ�
GLFD�XQD�FKLDUD�]RQD]LRQH�LQ�WHUPLQL�ULFFKH]]D�H�GL�DEERQGDQ]D�

3DUROH�FKLDYH��PDFUREHQWKRV��JURWWD�VRWWRPDULQD��$OWR�$GULDWLFR��&URD]LD



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

/LVD�)$5(6,�HW�DO���%(17+,&�0$&52)$81$�2)�$�68%0$5,1(�&$9(�21�7+(�,675,$1�3(1,168/$��&52$7,$�������

��

,1752'8&7,21

7KH� &URDWLDQ� FRDVWDO� DQG� FKDQQHO� DUHD� LV� PRVWO\� D
VXEPHUJHG� NDUVW� UHOLHI�� 9DULRXV� NDUVW� SKHQRPHQD� �VLQN�
KROHV�DQG�FDYHV��DUH�FRPPRQ�XQGHU�WKH�VHD�OHYHO�LQ�WKH
VXEPDULQH� ]RQH� RI� WKH� $GULDWLF� 6HD�� LQFOXGLQJ� WKH� LV�
ODQGV� LQ� WKH� .YDUQHU� UHJLRQ� �%RÌLáHYLß�� ������ $UNR�
3LMHYDF�HW�DO����������$�W\SLFDO�SKHQRPHQRQ�RI�NDUVW�K\�
GURJUDSK\� LV� WKH� SUHVHQFH� RI� VXEPDULQH� IUHVKZDWHU
VSULQJV� �ORFDOO\� NQRZQ� DV� �YUXOMH��� FRQQHFWHG� WR� WKH
$GULDWLF� 6HD� E\� FRDVWDO� XQGHUJURXQG� ZDWHU� FLUFXODWLRQ
V\VWHPV�� ZKLFK� IORZ� PRVWO\� WKURXJK� PDULQH� FDYHV� �$O�
ILUHYLß���������7KHLU�QXPEHU� LQ� WKH�$GULDWLF�6HD� LV� UHOD�
WLYHO\� ODUJH� DORQJ� WKH� HDVWHUQ� VKRUH�� 7KH\� DUH� SUHVHQW
IURP�WKH�ZHVW�FRDVW�RI�,VWULD�WR�WKH�$OEDQLDQ�ZDWHUV��DQG
LQ�WKH�$GULDWLF�DUFKLSHODJR��$OILUHYLß��������

6XEPDULQH� FDYHV� DUH� FRQVLGHUHG� LGHDO� KDELWDWV� WR
VWXG\� WKH� LQIOXHQFH� RI�PDQ\� HQYLURQPHQWDO� SDUDPHWHUV
RQ�WKH�VHWWOHG�EHQWKLF�FRPPXQLWLHV��5LHGO��������GXH�WR
WKH�SUHVHQFH�RI� VWURQJ�HQYLURQPHQWDO� JUDGLHQWV� RQ� VSD�
WLDO�VFDOHV�RI�D�IHZ�PHWHUV��2WW�	�6YRERGD��������&LQHOOL
HW�DO����������,Q�WKH�LQWHULRU�RI�D�FDYH��FKDQJHV�LQ�WKH�LQ�
WHQVLW\�RI�OLJKW�DQG�LQ�WKH�K\GURG\QDPLF�UHJLPH�DUH�HDV�
LO\�SHUFHLYHG��%HQHGHWWL�&HFFKL�HW�DO���������

'XH�WR�WKH�UHGXFHG�OLJKW��VORZ�ZDWHU�FLUFXODWLRQ�DQG
ORZ�QXWULHQW�OHYHO��VXEPDULQH�FDYHV�DUH�FRQVLGHUHG�WR�EH
D�KDELWDW�ZKHUH�VHOHFWLRQ�RI�VSHFLHV�LV�UHPDUNDEOH��5LHGO�
������+DUPHOLQ�HW�DO���������=DEDOD�HW�DO���������%LDQ�
FKL�	�0RUUL�� �������'DUN� FDYHV� VKRZ� VRPH� VLPLODULWLHV
ZLWK� WKH� EDWK\DO� ]RQH� �$UNR�3LMHYDF� HW� DO��� ������ ZLWK
UHJDUG� WR� K\GURG\QDPLFV�� QXWULHQW� OHYHO� �)LFKH]�� �����
����D�� E�� DQG� IDXQD� FRPSRVLWLRQ� LQFOXGLQJ� VSRQJHV�
DQWKR]RDQV�� VHUSXOLGV� DQG� EU\R]RDQV� �+DUPHOLQ�� �����
+DUPHOLQ�HW�DO���������

$OO� VWXGLHV�RQ�0HGLWHUUDQHDQ�FDYHV�KDYH� UHYHDOHG�D
UHPDUNDEOH�KRUL]RQWDO�]RQDWLRQ�RI�WKH�DQLPDO�FRPPXQL�
WLHV� LQKDELWLQJ� WKH�ZDOOV� �/DERUHO� 	� 9DFHOHW�� ������ /D�
ERUHO�� ������ 3pUqV� 	� 3LFDUG�� ������ *LOL� HW� DO��� �����
%LELORQL�HW�DO����������7KH�QXPEHU�RI� WD[D� IURP� WKH�HQ�
WUDQFH�WR�WKH�LQZDUG�HQG�RI�WKH�FDYHV�LV�SURJUHVVLYHO\�UH�
GXFHG��VSRQJHV��VFOHUDFWLQLDQV�DQG�SRO\FKDHWHV�EHFRPH
GRPLQDQW�DW�WKH�H[SHQVH�RI�RWKHU�WD[D��DQG�WRWDO�ELRPDVV
GHFUHDVHV��7UXH��������*LOL�HW�DO���������

7KLV� VWXG\� H[DPLQHV� WKH�PDFURIDXQD� LQKDELWLQJ� WKH
VRIW� ERWWRP�� LQFOXGLQJ� D� WKDQDWRFRHQRVLV� DQDO\VLV�� DQG
WKH�VHVVLOH�IDXQD�OLYLQJ�RQ�WKH�KDUG�VXEVWUDWH�RI�WKH�ZDOO
DQG�WKH�FHLOLQJ�LQ�D�VPDOO�VXEPDULQH�FDYH�LQ�WKH�$GULDWLF
6HD� �&ROXPEHUD�FDYH��FKDUDFWHUL]HG� LQVLGH�E\� WKH�SUHV�
HQFH�RI�IUHVKZDWHU�VSULQJV�

0$7(5,$/�$1'�0(7+2'6

&ROXPEHUD�FDYH� ������¤���1�������¤���(�� LV� ORFDWHG
QHDU�%UVHá��RQ�WKH�HDVWHUQ�FRDVW�RI� WKH�,VWULDQ�3HQLQVXOD
�)LJ������7KH�FDYH�HQWUDQFH�LV�DERXW���P�KLJK�DW�D�GHSWK
RI���WR���P�DW�WKH�ERWWRP�RI�D�FOLII��7KH�FDYH�KDV�D�OLQHDU

VKDSH�DQG�LV�DSSUR[LPDWHO\����P�ORQJ��7KH�OHQJWK�ZLGWK
UDWLR� LV� DERXW� ���� DQG� WKLV� UDWLR� LV� FKDUDFWHULVWLF� RI� D
�6DFNK{KOH��FDYH��DV�GHVFULEHG�E\�5LHGO� ������� �)LJ�����
0XGG\�VDQG� DQG� URXJK� RUJDQLF� GHWULWXV�� PRVWO\� VKHOOV
IUDJPHQWV��FRYHU� WKH�FDYH� IORRU��7ZR� IUHVKZDWHU� VSULQJV
DUH� ORFDWHG� LQ� WKH� FDYH� DW� ����� DQG� ��P� IURP� WKH� HQ�
WUDQFH�� WKH� IRUPHU� LQ�PXGG\� VHGLPHQW�� WKH� ODWWHU� LQ�GH�
WULWLF�VDQG�

)LJ�����/RFDWLRQ�RI�&ROXPEHUD�FDYH�
6O�����/RNDFLMD�MDPH�&ROXPEHUH�

'LUHFW� VDPSOLQJ�ZDV�SHUIRUPHG� LQ�$SULO� �����XVLQJ
VFXED� GLYH�� 7KH� VHVVLOH� PDFURIDXQD� RQ� WKH� ZDOO� DQG
FHLOLQJ� RI� WKH� FDYH� ZDV� DQDO\]HG� E\� YLVXDO�FHQVXV� LQ
HDFK�PHWHU�IURP�WKH�HQWUDQFH�WR�WKH�ERWWRP�RI�WKH�FDYH
���WR���PHWHUV��DQG�RUJDQLVPV�ZHUH�SKRWRJUDSKHG�ZLWK�D
1LNRQ�)��� LQ�DQ�XQGHUZDWHU�KRXVLQJ��VSHFLHV�RI�XQFHU�
WDLQ� GHWHUPLQDWLRQ� ZHUH� FROOHFWHG� IRU� LGHQWLILFDWLRQ� LQ
WKH� ODERUDWRU\�� +LHUDUFKLFDO� FODVVLILFDWLRQ� DQG� 0'6
EDVHG� RQ� WKH� %UD\�&XUWLV� VLPLODULW\� FRHIILFLHQW� ZDV� FDO�
FXODWHG��XVLQJ�FRPSOHWH�OLQNLQJ��35,0(5�VRIWZDUH�SDFN�
DJH�GHYHORSHG�DW�WKH�3O\PRXWK�0DULQH�/DERUDWRU\��

7KUHH� VLWHV� ZHUH� FKRVHQ� WR� VWXG\� VRIW� ERWWRP� FRP�
PXQLWLHV��VLWH�$�ORFDWHG�LQ�WKH�LQQHU�DUHD�RI�WKH�FDYH��VLWH
%� VLWXDWHG� DPRQJ� WKH� VSULQJV�� VLWH�&� FORVH� WR� WKH� RXWHU
VSULQJ��$�VHW�RI�IRXU�VTXDUHV������P��Õ������P��ZHUH�SR�
VLWLRQHG��QH[W� WR�HDFK�RWKHU��RQ� VLWH�$�DQG�%� WR� FROOHFW
WKH� VHGLPHQW� XVLQJ� D� VPDOO� VKRYHO� �'L� *HURQLPR� 	



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

/LVD�)$5(6,�HW�DO���%(17+,&�0$&52)$81$�2)�$�68%0$5,1(�&$9(�21�7+(�,675,$1�3(1,168/$��&52$7,$�������

��

5REED�� ������� ,Q� VLWH� &� LW�ZDV� LPSRVVLEOH� WR� SODFH� WKH
VTXDUH� LQWR� WKH� VHGLPHQW�DQG� WKXV�RQO\��� O�RI� VHGLPHQW
ZHUH� FROOHFWHG� GLUHFWO\� XVLQJ� D� VKRYHO�� 6DPSOHV� ZHUH
VLHYHG�RQ���PP�PHVK�DQG�SUHVHUYHG�LQ����IRUPDOLQ��,Q
WKH� ODERUDWRU\�� OLYLQJ� RUJDQLVPV�ZHUH� VRUWHG� DQG� GHWHU�
PLQHG� DW� WKH� ORZHVW� SRVVLEOH� WD[RQRPLF� OHYHO�� 7KH
WKDQDWRFRHQRVHV�ZHUH� DQDO\]HG� E\� VRUWLQJ� LQWDFW� VKHOOV
DQG� VNHOHWDO� VWUXFWXUHV�� HDFK� HPSW\� ELYDOYH� VKHOO� ZDV
FRXQWHG�DV�D�VHSDUDWH�LQGLYLGXDO��3HKDUGD�HW�DO���������

)LJ�����&DYH�ORQJLWXGLQDO�SODQH�DQG�FURVV�VHFWLRQ�
6O�����3RGROËQD�SORVNHY�LQ�SUHUH]�MDPH�

5(68/76

$� WRWDO�RI���� VHVVLOH� VSHFLHV� OLYLQJ�RQ� WKH�KDUG� VXE�
VWUDWH� ZHUH� UHFRJQL]HG�� 7KH� PRUH� UHSUHVHQWDWLYH� WD[D
ZHUH�3RULIHUD�����VSHFLHV���&QLGDULD����VSHFLHV���%ULR]RD
���VSHFLHV��DQG�7XQLFDWD����VSHFLHV��

+LHUDUFKLFDO� FODVVLILFDWLRQ� DQG� 0'6� SHUIRUPHG� RQ
VHVVLOH�VSHFLHV�\LHOGHG�WKUHH�JURXSV��JURXS�,�LQFOXGHG���
VSHFLHV� IURP� WKH� HQWUDQFH� WR� �� PHWHUV� ������� JURXS� ,,
ZLWK� ��� VSHFLHV� UHSUHVHQWHG� WKH� PLGGOH� SRUWLRQ� WR� �
PHWHUV�������DQG�JURXS�,,,�ZLWK���VSHFLHV�FRPSULVHG�WKH
LQQHU�DUHD�WR���PHWHUV� ������ �)LJ������7DEOH���VKRZV� WKH
VSHFLHV�SUHVHQW�LQ�WKH�FOXVWHU�JURXSV��VHYHQ�VSHFLHV�ZHUH
IRXQG� LQ� HDFK� JURXS� ,�,,�,,,�� IURP� WKH� HQWUDQFH� WR� WKH
ERWWRP� RI� WKH� FDYH�� QLQH� VSHFLHV� ZHUH� IRXQG� RQO\� LQ
JURXSV�,�DQG�,,��WR���PHWHUV��DQG���VSHFLHV�LQ�WKH�JURXSV
,,�DQG� ,,,��7ZR�VSHFLHV�ZHUH� IRXQG�RQO\� LQ�JURXS� ,��RQH
VSHFLHV�LQ�JURXS�,,��DQG�RQH�VSHFLHV�LQ�JURXS�,,,�

$�WRWDO�RI�����OLYLQJ�RUJDQLVPV�EHORQJLQJ�WR����WD[D
ZHUH� FROOHFWHG� LQ� WKH� VRIW� ERWWRP�� 7KH� ULFKHVW� VLWH� LQ
WHUPV� RI� DEXQGDQFH� DQG� WD[D� ZDV� VLWH� $� ���� WD[D� DQG

����VSHFLPHQV���ZKHUHDV�VLWH�&�ZDV�WKH�SRRUHVW� ���WD[D
DQG����VSHFLPHQV���SUREDEO\�GXH�WR�WKH�VPDOO�DPRXQW�RI
VHGLPHQW� FROOHFWHG�� 7KH� PDLQ� WD[RQRPLF� JURXSV� ZHUH
�7DE������PROOXVFV� ������SRO\FKDHWHV� ������� VLSXQFXOLGV
������� FUXVWDFHDQV� ����� DQG� HFKLQRGHUPV� ������� 7KH
PRVW� UHSUHVHQWDWLYH� JURXSV� LQ� WHUPV� RI� WD[D� DQG� DEXQ�
GDQFH� ZHUH� SRO\FKDHWHV� DQG� PROOXVFV�� UHVSHFWLYHO\�
ZKHUHDV�WKH�PRVW�DEXQGDQW�VSHFLHV�ZHUH�WKH�VLSXQFXOLG
$VSLGRVLSKRQ� PXHOOHUL� DQG� WKH� HFKLQRGHUP� $PSKLXUD
FKLDMHL��7KHVH� WZR�VSHFLHV�ZHUH�SUHVHQW�DW�DOO� VDPSOLQJ
VLWHV�

7DE�����+DUG�ERWWRP�FRPPXQLW\��VHVVLOH�IDXQD��
7DE�����=GXËED�WUGHJD�GQD��SULUDVOL�RUJDQL]PL��

JURXS�, JURXS�,, JURXS�,,,

6SHFLHV ����P ����P ����P

7XQLFDWD 'LSORVRPD�OLVWHULDQXP 
7XQLFDWD +DORF\QWKLD�SDSLOORVD 
3RULIHUD $QFKLQRH�WHQDFLRU  
3RULIHUD $SO\VLQD�DHURSKRED  
3RULIHUD &DFRVSRQJLD�VFDODULV  
3RULIHUD &KRQGURVLD�UHQLIRUPLV  
3RULIHUD &ODWKULQD�FODWKUXV  
3RULIHUD '\VLGHD�DYDUD  
3RULIHUD +HP\PLFDOH�FROXPHOOD  
3RULIHUD ,UFLQLD�YDULDELOLV  
%U\R]RD 0\ULDSRUD�WUXQFDWD  
%U\R]RD +RUQHUD�IURQGLFXODWD 
3RULIHUD $JHODV�RURLGHV   
3RULIHUD $[LQHOOD�YHUUXFRVD   
3RULIHUD &UDPEH�FUDPEH   
3RULIHUD 2VFDUHOOD�OREXODULV   
&QLGDULD 3DUD]RDQWKXV�D[LQHOODH   
3RULIHUD 3HWURVLD�ILFLIRUPLV   
3RULIHUD 6SLUDVWUHOOD�FXQFWDWUL[   
3RULIHUD $SO\VLQD�FDYHUQLFROD  
&QLGDULD /HSWRSVDPPLD�SUXYRWL 

5HJDUGLQJ� WKH� WKDQDWRFRHQRVLV�� D� WRWDO� RI� ����
VSHFLPHQV�EHORQJLQJ�WR����VSHFLHV�ZHUH�FROOHFWHG�LQ�WKH
GHWULWXV�� 7KH� ULFKHVW� VWDWLRQ� LQ� WHUP� RI� DEXQGDQFH� DQG
WD[D� ZDV� VLWH� %�� ZKHUHDV� VLWH� &� ZDV� WKH� SRRUHVW�� 7KH
PDLQ� WD[RQRPLF� JURXSV�ZHUH��PROOXVFV� ������� HFKLQR�
GHUPV������DQG�EUDFKLRSRGV�������RI�WKH�PROOXVFV�����
ZHUH�JDVWURSRGV��������ELYDOYHV�DQG������VFDSKRSRGV
�7DE������2I�WKH����VSHFLHV��RQO\���VSHFLHV�ZHUH�GHWHFWHG
DV� OLYLQJ� RUJDQLVPV�� DFFRXQWLQJ� IRU� ���� RI� WKH� WRWDO
VSHFLPHQV� FROOHFWHG� DV� WKH� WKDQDWRFRHQRVLV�� 7ZHOYH
VSHFLHV� ZHUH� IRXQG� DW� DOO� VDPSOLQJ� VWDWLRQV� DQG� UHSUH�
VHQWHG�����RI�WRWDO�DEXQGDQFH��7DE�����

',6&866,21�$1'�&21&/86,216

6XEPDULQH�FDYHV�DUH�PRVWO\�IRXQG�DURXQG�WKH�LVODQGV
DQG�LVOHWV�LQ�WKH�DUHD�RI�WKH�RSHQ�$GULDWLF�DQG�DORQJ�WKH
HDVWHUQ� URFN\� VKRUH�� WKH\� DUH� IDLUO\� VFDUFH� LQ� WKH� RWKHU
SDUWV�RI�WKH�$GULDWLF�6HD��7KH�KDUG�VXEVWUDWH�FRPPXQLW\
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LQVLGH�FDYHV�LV�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI� WKH�FLU�
FDOLWWRUDO� ELRFRHQRVLV� RI� VHPL�GDUN� FDYHV� �*DPXOLQ�
%ULGD�� ������ RU�*62� �*URWWHV� 6HPL�2EVFXUHV�� �3pUqV�	
3LFDUG���������7KLV�ELRFRHQRVLV�FRPSULVHV�RQO\�DQLPDOV�
DQG� VSRQJHV� UHSUHVHQW� WKH� GRPLQDQW� IDXQD� �3pUqV� 	
3LFDUG���������,Q�WKH�&ROXPEHUD�FDYH��PRUH�WKDQ�����RI
VHVVLOH�IDXQD�ZHUH�VSRQJHV��7KH�IROORZLQJ�VSHFLHV�FKDU�
DFWHUL]HG� WKH� *62� ELRFRHQRVLV�� $SO\VLQD� FDYHUQLFROD�
3HWURVLD� ILFLIRUPLV� �)LJ�� ���� 2VFDUHOOD� OREXODULV�� $JHODV
RURLGHV� �3RULIHUD��� DQG� 3DUD]RDQWKXV� D[LQHOODH� �)LJ�� ��
DQG�/HSWSRVDPPLD�SUXYRWL� �3pUqV�	�3LFDUG�������� �&QL�
GDULD���7KH�VSRQJH�$SO\VLQD�DHURSKRED��FKDUDFWHULVWLF�RI
WKH� LQIUDOLWWRUDO� ELRFHQRVLV� RI� SKRWRSKLOLF� DOJDH�� ZDV
IRXQG�QHDUE\�WKH�HQWUDQFH�DQG�LQ�WKH�PLGGOH�]RQH�RI�WKH
FDYH�� 6RPH� VSHFLHV� FRPPRQ� LQ� WKH� VFLDSKLOLF� QLFKH� RI
WKLV�ELRFHQRVLV�RU�SUHVHQW� LQ� WKH�FLUFDOLWWRUDO�ELRFHQRVLV
RI� URFNV� LQ� WKH� RSHQ� VHD� DUH� DOVR� SUHVHQW� LQ� WKH� *62
ELRFRHQRVLV��$[LQHOOD�YHUUXFRVD� �)LJ����� �3RULIHUD���(FKL�
QDVWHU� VHSRVLWXV� �(FKLQRGHUPDWD���%RQHOOLD� YLULGLV� �(FKL�
XULGD���'LSORVRPD�OLVWHULDQXP�DQG�+DORF\QWKLD�SDSLOORVD
�7XQLFDWD��� +RUQHUD� IURQGLFXODWD� �%U\R]RD��� DV� ZHOO� DV
0\ULDSRUD�WUXQFDWD��%U\R]RD���D�VSHFLHV�FKDUDFWHULVWLF�LQ
WKH� FLUFDOLWWRUDO� ELRFHQRVLV� RI� FRUDOOLJHQRXV� �3pUqV� 	
3LFDUG��������*DPXOLQ�%ULGD��������������

)LJ�� ��� �7RS�� +LHUDUFKLFDO� FODVVLILFDWLRQ� DQG� �ERWWRP�
PXOWLGLPHQVLRQDO� VFDOLQJ� �0'6�� RI� WKH� KDUG� ERWWRP
FRPPXQLW\�
6O������=JRUDM��+LHUDUKLàQD�NODVLILNDFLMD� LQ��VSRGDM��YHà�
GLPHQ]LRQDOQR� VNDOLUDQMH� �0'6�� ]GUXËEH�� ËLYHàH� QD
WUGHP�GQX�

&OXVWHU� DQDO\VLV� DQG�0'6� FOHDUO\� VKRZHG� D� VHSDUD�
WLRQ�DPRQJ�WKH�LQQHU�DUHD�RI�WKH�FDYH�DQG�WKH�HQWUDQFH
XS�WR�WKH�PLGGOH�SRUWLRQ��*URXS�,,,�VKRZHG�D�UHGXFWLRQ

LQ�WKH�QXPEHU�RI�VSHFLHV��7UXH��������*LOL�HW�DO���������
DQG� WKH� SRSXODWLRQV� FRQVWLWXWHG� RI� VSHFLHV� FDSDEOH� RI
OLYLQJ� LQ� WKH� LQQHU� DUHD� RI� VHPL�GDUN� FDYHV� �%LDQFKL� 	
0RUUL���������������LQ�SDUWLFXODU��/��SUXYRWL�ZDV�SUHVHQW
RQO\� DW� WKLV� VLWH�� DQG� VPDOO� VHUSXOLGV�� FKDUDFWHULVWLFV� RI
GDUN�FDYHV���%LDQFKL�	�0RUUL��������ZHUH�QRWHG�

$W� WKH�HQWUDQFH��DOO� VSHFLHV�SUHVHQW�DW� WKH�RWKHU� VWD�
WLRQV�LQVLGH�WKH�FDYH�ZHUH�IRXQG��ZLWK� WKH�H[FHSWLRQ�RI
+��IURQGLFXODWD��$��FDYHUQLFROD�DQG�/��SUXYRWL��'��OLVWHUL�
DQXP�DQG�+��SDSLOORVD�GLVDSSHDUHG� LQ� WKH�PLGGOH� SRU�
WLRQ��ZKHUH�+��IURQGLFXODWD�ZDV�UHFRUGHG�DQG�$��FDYHU�
QLFROD�DSSHDUHG��$PRQJ�WKH�PRWLOH�IDXQD�ZH�REVHUYHG�
DW� WKH� HQWUDQFH�� WKH� RSLVWREUDQFK� )ODEHOOLQD� DIILQLV� DQG
&UDWHQD�SHUHJULQD�� WKH� HFKLXULG�%�� YLULGLV� DQG� WKH�HFKL�
QRGHUP�(�� VHSRVLWXV��ZKHUHDV� DQ� LQGLYLGXDO� RI� WKH� FQL�
GDULDQ�&HULDQWKXV�PHPEUDQDFHXV�ZDV� IRXQG� LQ� WKH� VRIW
ERWWRP�RI� WKH�PLGGOH�DUHD��)LQDOO\��PDQ\� LQGLYLGXDOV�RI
WKH� RSLVWKREUDQFK�'LVFRGRULV� DWURPDFXODWD� IHHGLQJ� RQ
WKH� VSRQJH� 3�� ILFLIRUPLV� �&DWWDQHR�9LHWWL� HW� DO��� �����
-DNOLQ�� ������ 7XUN�� ������ZHUH� IRXQG� EHWZHHQ� WKH� HQ�
WUDQFH�DQG�WKH�ERWWRP�

7DE�����6RIW�ERWWRP�FRPPXQLW\�
7DE�����=GUXËED�PHKNHJD�GQD�

6WDWLRQ $ % &
0ROOXVFD
&HULWKLXP�YXOJDWXP �
%LWWLXP�ODWUHLOOLL � �
3ROLQLFHV�QLWLGD �
0DUVKDOORUD�DGYHUVD �
0XULFRSVLV�FULVWDWD � �
1DVVDULXV�LQFUDVVDWXV � �
0\UWHD�VSLQLIHUD �
3ODJLRFDUGLXP�SDSLOORVXP � �
3RO\FKDHWD
3DUDRQLGDH�QRQ�LGHQW� � �
3VHXGROHLRFDSLWHOOD�IDXYHOL � �
&DSLWHOOLGDH�QRQ�LGHQW� �
*O\FHUD�URX[LL �
*O\FHUD�XQLFRUQLV � �
1HUHLGDH�QRQ�LGHQW� �
1HSKW\V�KRPEHUJL � �
6WKHQHODLV�VS� �
$SRQXSKLV�ELOLQHDWD �� ��
(XQLFH�YLWWDWD �
0DUSK\VD�EHOOLL � �
6DEHOOLGDH�QRQ�LGHQW� �� �
6LSXQFXOLGD
$VSLGRVLSKRQ�PXOOHUL� �� � �
&UXVWDFHD
$WKDQDV�QLWHVFHQV �
$QLVRSRGD �
$PSKLSRGD �
(FKLQRGHUPDWD
$PSKLXUD�FKLDMHL� �� �� �
6FKL]DVWHU�FDQDOLIHUXV �
7RWDO�DEXQGDQFH ��� �� ��
7RWDO�1R��RI�VSHFLHV �� �� �

��0LA?EAO�LNAOAJP�EJ�A=?D�O=ILHEJC�OP=PEKJ�
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,Q�WKH�LQQHU�DUHD�RI�WKH�FDYH�������P��QR�RUJDQLVPV
ZHUH� IRXQG� DQG� WKH� YLVLELOLW\�ZDV� OLPLWHG� RZLQJ� WR� WKH
LQIORZLQJ�VSULQJ�IUHVKZDWHU��7KH�FHLOLQJ�RI�WKLV�DUHD�DQG
RI� DQRWKHU� SRUWLRQ� RI� WKH� FDYH�� GLUHFWO\� LQIOXHQFHG� E\
WZR�IUHVKZDWHU�VSULQJV��ZDV�FRPSOHWHO\�GHIDXQDWHG�ZLWK
HYLGHQW�HURVLRQ�SKHQRPHQD�

7KH�PDFURIDXQD� LQKDELWLQJ� WKH� VRIW� ERWWRP� GLG� QRW
VKRZ�DQ\�FOHDU�]RQDWLRQ��HLWKHU�LQ�WHUPV�RI�VSHFLHV�ULFK�
QHVV�RU�DEXQGDQFH�� IURP� WKH�HQWUDQFH� WR� WKH�ERWWRP�RI
WKH�FDYH��DV�RSSRVHG�WR�WKH�FDVH�IRU�VROLG�VXEVWUDWD��$P�
SKLXUD� FKLDMHL� �(FKLQRGHUPDWD�� DQG�$VSLGRVLSKRQ� PXO�
OHUL� �6LSXQFXOLGD�� ZHUH� WKH�PRVW� DEXQGDQW� VSHFLHV�� WKH
IRUPHU�EHLQJ� FRPPRQ� LQ�FRDVWDO� GHWULWLF� ERWWRPV�PRUH
RU�OHVV�PL[HG�ZLWK�PXG��*DPXOLQ�%ULGD���������WKH�ODWWHU
LQKDELWLQJ� 7XUULWHOOD� FRPPXQLV� VKHOOV�� WKH� ODWWHU� EHLQJ
FKDUDFWHULVWLF� IRU� WKH� FLUFDOLWWRUDO� ELRFHQRVLV� RI� WKH
FRDVWDO�WHUULJHQRXV�PXGV��*DPXOLQ�%ULGD��������RU�97&
�9DVHV� 7HUULJqQHV� &RWLHUHV�� �3pUqV� 	� 3LFDUG�� �����
*DPXOLQ�%ULGD�� ������� 0RVW� RI� SRO\FKDHWHV� IRXQG� DUH
FRPPRQ�LQ�WKH�VRIW�ERWWRPV�RI�WKH�QRUWKHUQ�$GULDWLF�6HD
�$OHIIL� HW� DO��� ������ DQG� WKH� VSHFLHV� UHFRUGHG� DUH� QRW
VSHFLILF� WR� SDUWLFXODU� ELRFRHQRVHV� RU� VHGLPHQW� WH[WXUH�
7KH�VDPH�FRQVLGHUDWLRQV�DUH�YDOLG�IRU�RWKHU�WD[D��H[FHSW
IRU�3ODJLRFDUGLXP�SDSLOORVXP�DQG�6FKL]DVWHU�FDQDOLIHUXV�
ZKLFK�DUH�FRQVLGHUHG�WR�SUHIHU�WKH�FLUFDOLWWRUDO�ELRFHQR�
VLV�RI�VDQG�GHWULWXV�PRUH�RU�OHVV�PL[HG�ZLWK�PXG��'&�(�
�*DPXOLQ�%ULGD�� ������� *DVWURSRGV� VKHOOV� FRQVWLWXWHG
DERXW�����RI�VKHOO�GHWULWXV�DQG�PRVW�RI� WKHP�DUH�FRP�
PRQ� RQ� WKH� VROLG� VXEVWUDWD� LQ� WKH� LQIUDOLWWRUDO� DQG�PH�
GLROLWWRUDO�]RQHV��9LR�	�'H�0LQ���������VXFK�DV�%LWWLXP
UHWLFXODWD�DQG�'LRGRUD�VS��6RPH�VSHFLHV�DUH�UHVWULFWHG�WR
RU�SUHIHU�WKH�LQIUDOLWWRUDO�ELRFHQRVLV�RI�SKRWRSKLOLF�DOJDH�
VXFK�DV��&ROXPEHOOD�UXVWLFD��3DWHOOD�FDHUXOHD��&HULWKLXP
YXOJDWXP� DQG� 5LVVRD� YDULDELOLV� �*DPXOLQ�%ULGD�� �����

������� 0DQ\� RI� ELYDOYH� VKHOOV� SUHVHQW� DUH� FRPPRQO\
IRXQG� LQ�GHWULWLF�ERWWRPV�DQG� VRPH� VSHFLHV� DUH�FRQVLG�
HUHG� FKDUDFWHULVWLFV� RU� SUHIHUHQWLDO� RI� WKH� FLUFDOLWWRUDO
ELRFHQRVLV� RI� FRDVWDO� GHWULWLF� ERWWRPV� OLNH�� 3LWDU� UXGLV�
9HQXV� FDVLQD�� 7HOOLQD� EDODXVWLQD�� 3�� SDSLOORVXP�� /LPD
KLDQV�� &KODP\V� YDULD� DQG� &�� IOH[XRVD� �*DPXOLQ�%ULGD�
�������������$PRQJ�HQGROLWLF�ELYDOYH�EXUURZHUV��/LWKR�
SKDJD� OLWKRSKDJD� OLYHV� DOVR� DEXQGDQWO\� LQ� WKH� ERULQJ
KROHV�RQ�WKH�URFN�URXQG�5LMHND�%D\�IURP�WKH�ORZHU�PH�
GLROLWWRUDO�]RQH�GRZQ�WR����P�GHSWK��+UV�%UHQNR�HW�DO��
������

7KH� IDXQDO� FRPSRVLWLRQ� DQG� ]RQDWLRQ� RQ� VROLG� VXE�
VWUDWD�LQ�&ROXPEHUD�FDYH�ZHUH�VLPLODU�WR�WKRVH�GHVFULEHG
LQ� D� VXEPDULQH� FDYH� QHDU� 9UEQLN� RQ� WKH� ,VODQG� RI� .UN
�$UNR�3LMHYDF� HW� DO��� ������� EXW� WKH� QXPEHU� RI� WD[D� LQ
&ROXPEHUD� FDYH� �3RULIHUD� ���� &QLGDULD� �� DQG� (FKLQR�
GHUPDWD� ��� ZDV� DOZD\V� ORZHU� WKDQ� LQ� WKH� ODWWHU� FDYH
�3RULIHUD�����&QLGDULD���DQG�(FKLQRGHUPDWD����

$OWKRXJK� WKH� OHQJWK�RI� WKH�FDYH�DQG� LWV�HQWUDQFH� OR�
FDWLRQ�DUH�QRW�DV�GHHS�DV�DW�9UEQLN�FDYH�� WKLV�VWXG\� UH�
YHDOHG�D�PDUNHG�KRUL]RQWDO�]RQDWLRQ�ZLWKLQ� WKH�DQLPDO
FRPPXQLWLHV� LQKDELWLQJ� WKH� ZDOOV� �/DERUHO� 	� 9DFHOHW�
������ /DERUHO�� ������ 3pUqV�	�3LFDUG�� ������*LOL�HW� DO��
������%LELORQL�HW�DO����������HYHQ�LI�QRW�FRQVLGHULQJ� WKH
DEXQGDQFH�DQG� WKH�FRYHU�RI� VHVVLOH� IDXQD�� 6SHFLHV� WKDW
DUH�FKDUDFWHULVWLF�RU�FRPPRQ�LQ�WKH�ELRFHQRVLV�RI�URFNV
LQ� WKH� RSHQ� VHD�ZHUH� IRXQG�� 7KLV� ELRFHQRVLV� RFFXUV� DW
WKH�ERXQGDU\�EHWZHHQ�WKH�FLUFDOLWWRUDO�DQG�EDWK\DO�]RQH�
QHDU� WKH� EUHDN� LQ� WKH� VORSH� RI� WKH� FRQWLQHQWDO� SODWHDX
�*DPXOLQ�%ULGD�� ������� 5HGXFHG� OLJKW� SHQHWUDWLRQ� DQG
VORZ�ZDWHU� FLUFXODWLRQ� DUH� SUREDEO\� WKH�PDLQ� HQYLURQ�
PHQWDO�SDUDPHWHUV�WR�SHUPLW�WKH�VHWWOHPHQW�RI�WKHVH�VSH�
FLHV�LQ�IHZ�PHWHUV�GHSWK��WKXV�VKRZLQJ�VRPH�VLPLODULWLHV
ZLWK�WKH�EDWK\DO�]RQH��$UNR�3LMHYDF�HW�DO����������%HORZ

)LJ�����'LVFRGRULV�DWURPDFXODWD��)RWR��%��)XUODQ��
6O�����'LVFRGRULV�DWURPDFXODWD��)RWR��%��)XUODQ��
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���RI�VXSHUILFLDO�OLJKW�LQWHQVLW\��EHQWKLF�SRSXODWLRQV�DUH
PDUNHGO\� VFLDSK\OLF� �%LDQFKL� 	� 0RUUL�� ������� DQG
VFLDSK\OLF� RUJDQLVPV�� PRVWO\� VSRQJHV� DQG� FQLGDULDQV�
ZHUH�REVHUYHG�MXVW�VHYHUDO�PHWHUV�XQGHU�WKH�VHD�VXUIDFH
LQ�WKH�FUHYLFHV�RI�EUHDNZDWHU�GDPV�LQ�WKH�*XOI�RI�7ULHVWH
�%HWWRVR�HW�DO����������,Q�WKLV�DUHD��2UHO�	�6SHFFKL�������
DOUHDG\�SRLQWHG�RXW�WKH�UROH�RI�OLJKW�FRQGLWLRQV�DQG�VXE�
VWUDWXP� PRUSKRORJ\� DV� WKH� PDLQ� IHDWXUHV� GHWHUPLQLQJ
WKH�]RQDWLRQ�RI�EHQWKLF�RUJDQLVPV�LQ�D�FDYLW\�RI�WKH�WLGDO
]RQH�� :DWHU� FLUFXODWLRQ� GHWHUPLQHV� WKH� VWUXFWXUH� RI
EHQWKLF� SRSXODWLRQV� LQ� FDYHV� �%LDQFKL� 	�0RUUL�� ������
*LOL�HW�DO�� �������IRXQG�QR�JUDGLHQW�IRU� WHPSHUDWXUH��VD�
OLQLW\�� R[\JHQ�� FKORURSK\OO� D� RU� VXVSHQGHG� SDUWLFOHV�
VXJJHVWLQJ�D�FRQVWDQW�FLUFXODWLRQ�ZLWKLQ�WKH�FDYHV�ZKLFK
JXDUDQWHHV� ZDWHU�H[FKDQJH�� ,Q� &ROXPEHUD� FDYH�� WKH

7DE�����7KDQDWRFRHQRVLV�
7DE�����7DQDWRFHQR]D�

6WDWLRQ $ % &

*DVWURSRGD

$OYDQLD�DVSHUD � �
$OYDQLD�FDQFHOODWD �� ��
$OYDQLD�FLPH[ ��� ���
$OYDQLD�JHU\RQLD �� ��
%LWWLXP�UHWLFXODWD ��� ���
%ROPD�UXJRVD � �
&DOOLRVWRPD�ODXJLHUL � ��
&HULWKLRSVLV�PLQLPD � �
&HULWKLRSVLV�WXEHUFRODULV � �
&ODQFXOXV�FRUDOOLQXV � ��
&ODQFXOXV�FUXFLDWXV � �
'LRGRUD�JUDHFD ��
'LRGRUD�LWDOLFD� �� �� �
(PDUJLQXOD�RFWDYLDQD �� ��
(PDUJLQXOD�VLFXOD � ��
(SLWRQLXP�DFXOHDWXP �� �
(SLWRQLXP�FRPPXQH �� ��
(XOLPLD�ELOLQHDWD � �
)XVLQXV�URVWUDWXV �� ��
+DOLRWLV�ODPHOORVD� �� �� �
+RPDORSRPD�VDQJXLQHXP �
-XMXELQXV�H[DVSHUDWXV �� ��
/HLRVWUDFD�JODEUD � �
0DQJHOLD�PXOWLOLQHRODWD � �
0DQJHOLD�VWRVVLFLDQD �� ��
0DQJHOLD�XQLIDVFLDWD �� ��
0DUVKDOORUD�DGYHUVD ��� ���
0LWUD�QLJUD � �
0XULFRSVLV�FULVWDWD ��� ���
1DVVDULXV�LQFUDVVDWXV ��� ���
3DWHOOD�FDHUXOHD �
3DWHOOD�XO\VVLSRQHQVLV� � � ��
3KLOLEHUWKLD�ERILOOLDQD �
3ROLQLFHV�QLWLGD �� ��
5DSKLWRPD�OLQHDULV �� ��

6WDWLRQ $ % &

5LVVRD�JXHUULQLL �� ��
5LVVRD�VSOHQGLGD �� �
5LVVRD�YDULDELOLV �� ��
5LVVRLQD�EUXJXLHUL �� �
7ULFROLD�SXOOXV �
7XUULWHOOD�FRPPXQLV �� ��
9H[LOOXP�WULFRORU � �
%LYDOYLD

1XFXOD�QLWLGRVD � ��
$EUD�WHQXLV �� �
$FDQWKRFDUGLD�HFKLQHDWD �� ��
$QRGRQWKLD�IUDJLOLV �� ��
$QRPLD�HSKLSSLXP � �
$UFD�QRDH� � �� �
$UFD�WHWUDJRQD � ��
$]RULQXV�FKDPDVROHQ � �
%DUEDWLD�EDUEDWD� ��� ��� ��
&KODP\V�IOH[XRVD �
&KODP\V�PXOWLVWULDWD �� ��
&KODP\V�YDULD� ��� ��� ��
&RUDOOLRSKDJD�OLWRSKDJHOOD � �
&RUEXOD�JLEED � �
&WHQD�GHFXVVDWD �
&XVSLGDULD�FXVSLGDWD �
*RXOGLD�PLQLPD �� �
+LDWHOOD�DUFWLFD �� ���
,UXV�LUXV � �
/LPD�KLDQV� � �� �
/LWKRSKDJD�OLWKRSKDJD� � � �
0\WLODVWHU�PLQLPXV� � � ��
1XFXODQD�SHOOD � �
3DOOLROXP�LQFRPSDUDELOH �
3DUYLFDUGLXP�H[LJXXP �� ��
3LWDU�UXGLV �� �
3ODJLRFDUGLXP�SDSLOORVXP� ��� ��� ��
3VHXGRFKDPD�JU\SKLQD� �� �� ��
6FURELFXODULD�FRWWDUGL �� ��
6SRQG\OXV�JDHGHURSXV � �
7HOOLQD�EDODXVWLQD �� ��
7K\DVLUD�IOH[XRVD �
7LPRFOHD�RYDWD � �
9HQXV�FDVLQD� � �� �
9HQXV�YHUUXFRVD � �
6FDSKRSRGD

'HQWDOLXP�YXOJDUH �
'HQWDOLXP�LQDHTXLFRVWDWXP �� �
)XVWLDULD�UXEHVFHQV �
%UDFKLRSRGD

$UJ\URWHFD�FRUGDWD �
$UJ\URWHFD�FXQHDWD �� ��
(FKLQRGHUPDWD

(FKLQRF\DPXV�SXVLOOXV ��� ���
7RWDO�DEXQGDQFH ���� ���� ���
7RWDO�1R��RI�VSHFLHV �� �� ��

��6SHFLHV�SUHVHQW�LQ�HDFK�VDPSOLQJ�VWDWLRQ�
�6SHFLHV�GHWHFWHG�DV�OLYLQJ�RUJDQLVPV�
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RXWSXW�RI�IUHVKZDWHU�IORZLQJ�DORQJ�WKH�FHLOLQJ�GUDZV�WKH
H[WHUQDO�VHD�ZDWHU� LQVLGH� WKH�FDYH��7KLV� IDFW�PLJKW�SUR�
PRWH�WKH�ZDWHU�H[FKDQJH��DOWKRXJK�GHIDXQDWLRQ�ZDV�RE�
VHUYHG�DW�VLWHV�GLUHFWO\�LQIOXHQFHG�E\�VSULQJ�DFWLYLW\��7KH
ODFN�RI�]RQDWLRQ�RI�WKH�VRIW�ERWWRP�FRPPXQLW\�FRXOG�EH
UHODWHG� WR� VSULQJ� DFWLYLW\�� ZKLFK� GLVWXUEV� VHGLPHQWDU\

SDWWHUQV�DQG�FRQVHTXHQWO\�FRPPXQLW\�VWUXFWXUH��7KXV�QR
LQGLFDWLYH�VRIW�ERWWRP�EHQWKLF�FRPPXQLW\�ZDV�SUHVHQW�LQ
WKH�FDYH��7KH�FDYH�SUREDEO\�FRQVWLWXWHV�D�GHSRVLW�]RQH
IRU� VKHOO� GHWULWXV� FRPLQJ� IURP� RXWHU� DUHD� EHFDXVH� WKH
HQWUDQFH�LV�RSHQ�WR�VRXWKHUQ�DQG�QRUWKHUQ�ZLQGV��PDLQO\
WKH�ZLQG�NQRZQ�DV��ERUD���

%(172É.$�0$.52)$91$�32'0256.(�-$0(�9�,675,��+59$É.$�

/LVD�)$5(6,��1LFROD�%(77262�	�,GD�)ORULDQD�$/()),
,OOANR=PKNEK��HPK��@NE=PE?K��/-��#3$�&�������1NEAOPA�3E=����-E??=N@����&P=HU

"�I=EH!�HEO=�B=NAOE$H>IPNEAOPA�EP

*LXOLDQR�25(/
!EL=NPEIAJPK�@E��EKHKCE=�2JERANOEP¸�@ACHE�0PQ@E�@E�1NEAOPA�&�������1NEAOPA�3E=�"��4AEOO���&P=HU
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3RGPRUVNH� MDPH�QDMGHPR�SUHGYVHP�RE�RWRNLK� Y� RGSUWHP�GHOX� -DGUDQVNHJD�PRUMD� LQ� Y]GROÊ� QMHJRYH�Y]KRGQH
VNDOQDWH�REDOH��9�LVWUVNL�MDPL��LPHQRYDQL�&ROXPEHUD��REVWDMDWD�GYD�L]YLUD�VODGNH�YRGH��NDU�MH�]QDßLOHQ�SRMDY�NUDÈNH
KLGURJUDILMH��3RGPRUVNH�MDPH�VR�KDELWDWL�SRVHEQH�YUVWH��SDUDPHWUL��NRW�VR�VYHWORED��YVHEQRVW�KUDQLO�LQ�NURÊHQMH�YRGH�
VH�REßXWQR�]PDQMÈDMR�ÊH�SR�QHNDM�PHWULK�LQ�WDNR�YSOLYDMR�QD�L]MHPHQ�L]ERU�YUVW��7UGD�SRGODJD�Y�MDPL�MH�GRP�FLUNDOL�
WRUDOQH�]GUXÊEH�VODER�SUHVYHWOMHQLK�YRGQLK�RNROLM��PHGWHP�NR�PHG�]GUXÊEDPL��ÊLYHßLPL�QD�VWHQL�MDPH��REVWDMD�RßLWQD
KRUL]RQWDOQD�FRQDFLMD��9�PDNURIDYQL��NL�SRVHOMXMH�PHKNR�GQR��QL�ELOR�]DVOHGLWL�MDVQH�FRQDFLMH��NDU�]DGHYD�JRVWRWR�LQ
ÈWHYLOßQRVW�YUVW��9UVWH��ÊLYHßH�QD�PHKNHP�GQX��VR�]QDßLOQH�]D�REDOQR�GHWULWLßQR�GQR��EROM�DOL�PDQM�SRPHÈDQR�]�JOH�
QRP�� 'HMVWYR�� GD� WX� QL� FRQDFLMH�� EL� ODKNR� SULSLVDOL� VODGNRYRGQLPD� L]YLURPD�� NL� PRWHßH� GHOXMHWD� QD� VHGLPHQWQH
Y]RUFH�LQ�]DWRUHM�WXGL�QD�VWUXNWXUR�WDP�ÊLYHßH�]GUXÊEH�
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$OHIIL�� )��� 1�� %HWWRVR� 	� 9�� 6ROLV�:HLVV� �������� 6SDWLDO
GLVWULEXWLRQ� RI� VRIW�ERWWRP� SRO\FKDHWHV� DORQJ� ZHVWHUQ
FRDVW� RI� WKH� QRUWKHUQ� $GULDWLF� 6HD� �,WDO\��� $QQDOHV�� 6HU�
+LVW��1DW������������������
$OILUHYLÜ��6�� ��������/H�VRXUFHV�VRXV�PDULQHV�GH� OD�EDLH
GH� .DVWHOD�� 0RUSKRORJLTXH�� VWUXFWXUH� K\GURORJLTXH�
FRQGLWLRQV�K\GURJHRORJLTXH��UHODWLRQV�JHRWHFQLTXH��$FWD
$GULDW����������������
$OILUHYLÜ�� 6�� �������� $GULDWLF� VXEPDULQH� VSULQJV� LQ� WKH
ZDWHU�V\VWHP�RI�WKH�'LQDULF�.DUVW�OLWWRUDO�DQG�WKHLU�SURE�
OHPV��.UÊ�-XJRVODYLMH������������
$UNR�3LMHYDF��0���&�� %HQDF��0�� .RYDÞLÜ�	�0�� .LULQÞLÜ
�������� $� VXEPDULQH� FDYH� DW� WKH� ,VODQG� RI� .UN� �1RUWK
$GULDWLF�6HD���1DW��&URDW������������������
%HQHGHWWL�&HFFKL��/���/��$LUROGL��0��$EELDWL�	�)��&LQHOOL
��������([SORULQJ�WKH�FDXVHV�RI�VSDWLDO�YDULDWLRQ�LQ�DQ�DV�
VHPEODJH� RI� EHQWKLF� LQYHUWHEUDWHV� IURP� D� VXEPDULQH
FDYH�ZLWK�VXOSKXU�VSULQJV�� -��([S��0DU��%LRO��(FRO�������
��������

%HWWRVR��1���*��$��0RUR�	�3��&DVVHWWL���������/D� IDXQD
PDULQD�GHO�SRUWLFFLROR�GL�6��&URFH��*ROIR�GL�7ULHVWH���+\�
GURUHV�����������
%LDQFKL�� &�� 1�� 	� &�� 0RUUL� �������� 6WXGLR� ELRQRPLFR
FRPSDUDWLYR� GL� DOFXQH� JURWWH� PDULQH� VRPPHUVH�� GH�
ILQL]LRQH� GL� XQD� VFDOD� GL� FRQILQDPHQWR�� ,Q�� *URWWH�PD�
ULQH�G¤,WDOLD��0HP��,VW��,W��6SHOHRELRO�����,,�����������
%LDQFKL��&��1��	�&��0RUUL���������%LRORJLD�HG�HFRORJLD
GHOOH�JURWWH� VRWWRPDULQH�� ,Q��%DUELHUL�� )�� �HG���� 6SHOHROR�
JLD�PDULQD��(GLWULFH�*ULEDXGR��7RULQR�
%LELORQL��0�� $��� -�� 0�� *LOL� 	� -�� 5RV� �������� /HV� FRYHV
VXEPDULQHV�D�OHV�LOOHV�0HGHV��$U[��6HFF��&LqQF��,QVW��(V�
WXG��&DWDODQV��������������
%RÉLÞHYLÜ�� 6�� �������� +LJK� IUHTXHQF\� RI� VXEWHUUDQHDQ
NDUVW�SKHQRPHQD�DV�DQ�LQGLFDWRU�RI�NDUVWLILFDWLRQ�SURFHVV
RQ�WKH�$GULDWLF�LVODQGV��3URFHHGLQJV�RI�WKH�LQWHUQDWLRQDO
V\PSRVLXP� �*HRPRUSKRORJ\� DQG� 6HD��� 0DOL� /RÊLQM�
&URDWLD��6HSWHPEHU�������S����������
&DWWDQHR�9LHWWL��5���5��&KHPHOOR�	�5��*LDQQX]]L�6DYHOOL
��������$WODV�RI�0HGLWHUUDQHDQ�QXGLEUDQFKV��(GLWULFH�/D
&RQFKLJOLD��5RPD������SS�
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&LQHOOL��)���(��)UHVL��/��*D]]HOOD��0��3DQVLQL��5��3URQ]DWR
	�$��6YRERGD���������'LVWULEXWLRQ�RI�EHQWKLF�SK\WR��DQG
]RRFHQRVHV�DORQJ�D�OLJKW�JUDGLHQW�LQ�D�VXSHUILFLDO�PDULQH
FDYH�� ,Q��.HHJDQ��%�� )�� �HG���� %LRORJ\� RI� EHQWKLF� RUJDQ�
LVP��3HUJDPRQ�3UHVV��2[IRUG��S����������
'L�*HURQLPR��,��	�(��5REED���������0HWRGRORJLH�TXDOL�
WDWLYH�H�TXDQWLWDWLYH�SHU�OR�VWXGLR�GHOOH�ELRFHQRVL�H�SDOH�
RFRPXQLWj� PDULQH� EHQWRQLFKH�� ,O� SDOHREHQWKRV� LQ� XQD
SURVSHWWLYD�SDOHRHFRORJLFD��5DSS��/DY�����������
)LFKH]�� 5�� �������� 'HFUHDVH� LQ� DOORFKWKRQRXV� RUJDQLF
LQSXWV�LQ�GDUN�VXEPDULQH�FDYHV��FRQQHFWLRQ�ZLWK�ORZHU�
LQJ�LQ�EHQWKLF�FRPPXQLW\�ULFKQHVV��+\GURELRORJLD������
������
)LFKH]��5�� �����D��� 6XVSHQGHG�SDUWLFXODWH�RUJDQLF�PDW�
WHU�LQ�D�0HGLWHUUDQHDQ�VXEPDULQH�FDYH��0DU��%LRO�������
��������
)LFKH]��5�� �����E���%HQWKLF�R[\JHQ�XSWDNH�DQG�FDUERQ
F\FOLQJ� XQGHU� DSKRWLF� DQG� UHVRXUFH�OLPLWLQJ� FRQGLWLRQV
LQ�D�VXEPDULQH�FDYH��0DU��%LRO����������������
*DPXOLQ�%ULGD�� +�� �������� 7KH� EHQWKLF� IDXQD� RI� WKH
$GULDWLF�6HD��2FHDQRJU��0DU��%LRO��$QQX��5HY����������
����
*DPXOLQ�%ULGD�� +�� �������� %LRFRHQRVHV� EHQWKLTXHV� GH
OD�0HU�$GULDWLTXH��$FWD�$GULDW����������������
*LOL�� -�� 0��� ,�� 2OLYHOOD�� 0�� =DEDOD� 	� -�� 5RV� �������
3ULPHUD� FRQWULEXFLyQ� DO� FRQRFLPLHQWR� GHO� SREODPLHQWR
EHQWyQLFR�GH�ODV�FXHYDV�VXE�PDULQDV�GHO� OLWRUDO�FDWDOjQ�
$FWD�6LPS��,EpU��(VWXGLRV�%HQWRV�0DU��������������
*LOL�� -��0��� 7��5LHUD�	�0�� =DEDOD� �������� 3K\VLFDO� DQG
ELRORJLFDO�JUDGLHQWV�LQ�D�VXEPDULQH�FDYH�RQ�WKH�ZHVWHUQ
0HGLWHUUDQHDQ� FRDVW� �QRUWKHDVW� 6SDLQ��� 0DU�� %LRO��� ���
��������
+DUPHOLQ�� -�� *�� �������� %U\R]RDQ� GRPLQDWHG� DVVHP�
EODJHV�LQ�0HGLWHUUDQHDQ�FU\SWLF�HQYLURQPHQWV�� ,Q��1LHO�
VHQ��&��	�*��3��/DUZRRG��HGV����%U\R]RDQ��2UGRYLFLDQ�WR
UHFHQW��2OVHQ�	�2OVHQ��)UHGHQVERUJ��S����������
+DUPHOLQ�� -�� *��� -�� 9DFHOHW� 	� 3�� 9DVVHXU� �������� /HV
JURWWHV� VRXVPDULQHV� REVFXUHV�� XQ�PLOLHX� H[WUHPH� HW� XQ
UHPDUTXDEOH�ELRWRSH�UHIXJH��7pWK\V��������������
+UV�%UHQNR�� 0��� 0�� /HJDF� 	� 0�� $UNR�3LMHYDF� �������
&RQWULEXWLRQV� RI� WKH� PDULQH� IDXQD� RI� WKH� 5LMHND� %D\
�$GULDWLF�6HD������%LYDOYLD�� ,Q��$UNR�3LMHYDF��0���0��.R�
YDáLß�	�'��&UQNRYLß��HGV����1DWXUDO�KLVWRU\�UHVHDUFKHV�RI
WKH�5LMHND�UHJLRQ��1DWXUDO�KLVWRU\�OLEUDU\��5LMHND�

-DNOLQ��$����������3ULOR]L�PRUVNRM�IDXQL�5LMHáNRJ�]DOMHYD�
��� 3XÌHYL�� ,Q�� $UNR�3LMHYDF�� 0��� 0�� .RYDáLß� 	� '�
&UQNRYLß��HGV����1DWXUDO�KLVWRU\�UHVHDUFKHV�RI� WKH�5LMHND
UHJLRQ��1DWXUDO�KLVWRU\�OLEUDU\��5LMHND�
/DERUHO�� -��	� -��9DFHOHW� �������� (WXGH�GHV�SHXSOHPHQWV
G¤XQH� JURWWH� VRXV�PDULQH� GX� JROIH� GH� 0DUVHLOOH�� %XOO�
,QVW��2FpDQRJU��0RQDFR�����������
/DERUHO�� -�� �������� &RQWULEXWLyQ� j� O
pWXGH� GHV� SHXSOH�
PHQWV� EHQWKLTXHV� VFLDSKLOHV� VXU� VXEVWUDW� URFKHX[� HQ
0pGLWHUUDQpH�� 5HF�� 7UDY�� 6WQ��0DU�� (QGRXPH�� ���� ����
����
2UHO��*��	�0��6SHFFKL���������$OFXQH�RVVHUYD]LRQL� VXL
SRSRODPHQWL�GL�XQD�FDYLWj�VHPLVRPPHUVD�GHOOD�VFRJOLHUD
GL� 'XLQR� �*ROIR� GL� 7ULHVWH��� %ROO�� 6RF�� $GULDW�� 6FL��� ���
������
2WW�� -�� $�� 	� $�� 6YRERGD� �������� 6HD� FDYHV� DV� PRGHO
V\VWHP� IRU� HQHUJ\� IORZ� VWXGLHV� LQ� SULPDU\� KDUG� ERWWRP
FRPPXQLWLHV��3�6�=�1��,��0DU��(FRO���������������
3HKDUGD��0���0�� +UV�%UHQNR�� '�� %RJQHU�� '�� /XÞLÜ�� 9�
2QRUL�	�$��%HQRYLÜ� �������� 6SDWLDO� GLVWULEXWLRQ� RI� OLYH
DQG�GHDG�ELYDOYHV� LQ� VDOWZDWHU� ODNH�0DOR� -H]HUR� �0OMHW
1DWLRQDO�3DUN���3HULRG��%LRO�������������������
3mUnV��-��0��	�-��3LFDUG���������1RXYHDX�PDQXHO�GH�EL�
RQRPLH� EHQWKLTXH� GH� OD� 0HU� 0pGLWHUUDQpH�� 5HF�� 7UDY�
6WQ��0DU��(QGRXPH������������
5LHGO��5����������%LRORJLH�GHU�0HHUHVK{KOHQ��3DXO�3DUH\�
+DPEXUJ��%HUOLQ������SS�
5LHGO�� 5�� �������� 7KH� UROH� RI� VHD� FDYH� LQYHVWLJDWLRQ� LQ
PDULQH�VFLHQFHV��3�6�=�1��,��0DU��(FRO���������������
7UXH��0��$�� �������� (WXGH� TXDQWLWDWLYH� GH� TXDWWUH� SHX�
SOHPHQWV� VFLDSKLOHV� VXU� VXEVWUDW� URFKHX[�GDQV� OD� UHJLRQ
PDUVHLOODLVH��%XOO��,QVW��2FpDQRJU��0RQDFR�����������
7XUN�� 7�� �������� 7KH� RSLVWREUDQFK�PROOXVFV� �&HSKDODV�
SLGHD�� 6DFFRJORVVD�� 1RWDVSLGHD�� $QDVSLGHD� DQG� 1XGL�
EUDQFKLD�� RI� WKH� $GULDWLF� 6HD� ZLWK� VSHFLDO� UHIHUHQFH� WR
WKH�6ORYHQLDQ�FRDVW��$QQDOHV��6HU��+LVW��1DW��������������
����
9LR�� (�� 	� 5�� 'H� 0LQ� �������� ,� PROOXVFKL� GHO� OLWRUDOH
PDULQR� GL� &HUYHUD� �3DUHQ]R�� ,VWULD��� $QQDOHV�� 6HU�� +LVW�
1DW�����������������
=DEDOD��0���7��5LHUD��-��0��*LOL��0��%DUDQJH��$��/RER�	
-�� 3HQXHODV� �������� :DWHU� IORZ�� WURSKLF� GHSOHWLRQ� DQG
EHQWKLF� PDFURIDXQD� LPSRYHULVKPHQW� LQ� D� VXEPDULQH
FDYH�IURP�ZHVWHUQ�0HGLWHUUDQHDQ��3�6�=�1��,��0DU��(FRO��
������������


