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$�UHSRUW�LV�VXEPLWWHG�KHUHLQ�RQ�WKH�RFFXUUHQFH�RI�D�KXPSEDFN�ZKDOH�LQ�6ORYHQLDQ�WHUULWRULDO�ZDWHUV��*XOI�RI�7UL�
HVWH��1RUWK�$GULDWLF�6HD��GXULQJ�)HEUXDU\��0DUFK�DQG�$SULO�������7KLV�LV�WKH�ILUVW�FRQILUPHG�DQG�GRFXPHQWHG�UHFRUG
RI�WKLV�VSHFLHV�IRU�6ORYHQLD�DQG�WKH�*XOI�RI�7ULHVWH��WKH�VHFRQG�IRU�WKH�$GULDWLF�6HD�DQG�WKH���WK�IRU�WKH�0HGLWHUUDQHDQ
6HD��7KH�ZKDOH�ZDV�REVHUYHG�IURP�WKH�FRDVW�DQG�IURP�D�VPDOO�LQIODWDEOH�ERDW��,WV�GRUVDO�ILQ��WDLO�IOXNH�DQG�RWKHU�ERG\
SDUWV�ZHUH�SKRWRJUDSKHG�IRU�WKH�SXUSRVHV�RI�SKRWR�LGHQWLILFDWLRQ�DQG�GLYH�WLPHV�ZHUH�UHFRUGHG��7KH�DQLPDO�ZDV�HV�
WLPDWHG�WR�EH�D�VXE�DGXOW�RU�D�\RXQJ�DGXOW��DERXW�������P�ORQJ��DSSDUHQWO\�LQ�JRRG�ERG\�FRQGLWLRQ�� ,W� LV�SRVVLEOH
WKDW�WKH�ZKDOH�KDG�FRPH�LQWR�WKH�DUHD�E\�IROORZLQJ�IRRG�VRXUFHV�

.H\�ZRUGV��KXPSEDFN�ZKDOH��0HJDSWHUD�QRYDHDQJOLDH��$GULDWLF�6HD��*XOI�RI�7ULHVWH��6ORYHQLD
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/¢DUWLFROR� WUDWWD� O¢DYYLVWDPHQWR�GL�XQD�PHJDWWHUD� LQ�DFTXH� WHUULWRULDOL� VORYHQH� �*ROIR�GL�7ULHVWH��$GULDWLFR� VHWWHQ�
WULRQDOH��QHL�PHVL�GL�IHEEUDLR��PDU]R�HG�DSULOH�GHO�������6L�WUDWWD�GHOOD�SULPD�VHJQDOD]LRQH�FRQIHUPDWD�H�GRFXPHQWDWD
GHOOD�VSHFLH�SHU�OD�6ORYHQLD�H�SHU�LO�*ROIR�GL�7ULHVWH��OD�VHFRQGD�SHU�O¢$GULDWLFR�H�OD�TXDWWRUGLFHVLPD�SHU�LO�0HGLWHUUD�
QHR��/D�PHJDWWHUD�o�VWDWD�DYYLVWDWD�VLD�GDOOD�FRVWD�FKH�FRQ�O¢DXVLOLR�GL�XQD�SLFFROD�LPEDUFD]LRQH�JRQILDELOH��/D�SLQQD
GRUVDOH��OD�FRGD�H�OH�DOWUH�SDUWL�GHO�FRUSR�VRQR�VWDWH�IRWRJUDIDWH�SHU�OD�IRWR�LGHQWLILFD]LRQH�GHOO¢DQLPDOH��²�VWDWD�LQROWUH
UHJLVWUDWD�OD�GXUDWD�GHOOH�LPPHUVLRQL�GHOOD�PHJDWWHUD��²�VWDWR�YDOXWDWR�FKH�VL�WUDWWL�GL�XQ�HVHPSODUH�TXDVL�DGXOWR��GHOOD
OXQJKH]]D�GL�������P��DSSHUDQWHPHQWH�LQ�EXRQH�FRQGL]LRQL��*OL�DXWRUL�VXSSRQJRQR�FKH�OD�PHJDWWHUD�VLD�DUULYDWD�QHO
*ROIR�GL�7ULHVWH�VHJXHQGR�ULVRUVH�DOLPHQWDUL�

3DUROH�FKLDYH��PHJDWWHUD��0HJDSWHUD�QRYDHDQJOLDH��PDUH�$GULDWLFR��*ROIR�GL�7ULHVWH��6ORYHQLD
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7KH�KXPSEDFN�ZKDOH� �0HJDSWHUD�QRYDHDQJOLDH�� LV�D
FRVPRSROLWDQ� VSHFLHV�� IRXQG� LQ� DOO� RFHDQV� RI� WKH�ZRUOG
�&ODSKDP��������&ODSKDP�	�0HDG���������7KH�OLIH�F\FOH
RI� WKH� VSHFLHV�FRQVLVWV�RI� WZR�PDLQ�SDUWV��GXULQJ� VSULQJ�
VXPPHU� DQG� DXWXPQ�� WKH� ZKDOHV� DUH� IRXQG� LQ� KLJK�
ODWLWXGH�DUHDV��ZKHUH�PRVW�RI� WKH� IHHGLQJ� WDNHV�SODFH�� LQ
ZLQWHU��ZKDOHV�VSHQG� WLPH� LQ� WKH� WURSLFV�DQG�VXEWURSLFV�
ZKHUH�PDWLQJ�DQG�FDOYLQJ� WDNHV�SODFH� �&ODSKDP��������
+RZHYHU��QRW� DOO�ZKDOHV� XQGHUWDNH� WKH� VHDVRQDO�PLJUD�
WLRQ�WR�WKH�EUHHGLQJ�DUHDV��%URZQ�HW�DO���������

,Q�WKH�1RUWK�$WODQWLF��KXPSEDFN�ZKDOHV�FDQ�EH�IRXQG
IURP� WURSLFDO�ZDWHUV� WR� WKH�DUFWLF�SDFN� LFH� �6PLWK�HW�DO��
�������:KDOHV�IURP�YLUWXDOO\�DOO�DUHDV�RI�WKH�1RUWK�$WODQ�
WLF�EUHHG� LQ� WKH�:HVW� ,QGLHV� LQ�ZLQWHU�DQG�SUREDEO\�EH�
ORQJ�WR�RQH�SDQPLFWLF�SRSXODWLRQ��.DWRQD�	�%HDUG�������
&ODSKDP�HW�DO���������0DWWLOD�HW�DO���������/DUVHQ�HW�DO��
������&ODSKDP�	�0HDG���������DOWKRXJK�VRPH�GDWD�VXJ�
JHVW� WKDW� DQ� HDVWHUQ� WURSLFDO� 1RUWK� $WODQWLF� EUHHGLQJ
JURXQG�� SRVVLEO\� LQ� WKH� KLVWRULF� PDWLQJ� DQG� FDOYLQJ
JURXQG�RII�&DSH�9HUGH�,VODQGV��PLJKW�DOVR�H[LVW��/DUVHQ�HW
DO��������-DQQ�HW�DO���������6PLWK�	�5HHYHV��������

7KH�KXPSEDFN�ZKDOH� LV�QRW� UHJXODUO\�SUHVHQW� LQ� WKH
0HGLWHUUDQHDQ�6HD��ZKHUH�LW�LV�FRQVLGHUHG�DQ�RFFDVLRQDO
RU�YLVLWRU�VSHFLHV��)UDQW]LV�HW�DO���������5HHYHV�	�1RWDU�
EDUWROR�GL�6FLDUD���������7KH�NQRZQ�RFFXUUHQFHV�RI� WKH
KXPSEDFN� ZKDOH� LQ� WKH� 0HGLWHUUDQHDQ� 6HD� DUH� SUH�
VHQWHG�LQ�7DEOH����,Q�������D�VLQJOH��DQG�YHU\�HPDFLDWHG�
KXPSEDFN� ZKDOH� ZDV� REVHUYHG� RII� 6HQLJDOOLD�� ,WDO\�
ZKLFK�LV�WKH�RQO\�UHFRUG�RI�WKLV�VSHFLHV�LQ�WKH�$GULDWLF�WR
GDWH��$IIURQWH�HW�DO���������

7KH�RQO\�VSHFLHV�RI�ODUJH�ZKDOHV�UHFRUGHG�LQ�WKH�*XOI
RI�7ULHVWH� �1RUWK�$GULDWLF�6HD�� WR�GDWH�DUH� WKH� ILQ�ZKDOH
�%DODHQRSWHUD�SK\VDOXV�� DQG� WKH� VSHUP�ZKDOH� �3K\VHWHU
PDFURFHSKDOXV���WKH�IRUPHU�EHLQJ�RFFDVLRQDO�LQ�WKH�DUHD
DQG� WKH� ODWWHU�EHLQJ�YHU\� UDUH� �.U\ÊWXIHN�	�/LSHM�� �����
/LSHM�HW�DO���������

+HUHLQ�� ZH� UHSRUW� RQ� WKH� RFFXUUHQFH� RI� D� VLQJOH
KXPSEDFN�ZKDOH�LQ�6ORYHQLDQ�WHUULWRULDO�ZDWHUV��*XOI�RI
7ULHVWH��1RUWK�$GULDWLF�6HD��GXULQJ�)HEUXDU\��0DUFK�DQG
$SULO�������7KLV� LV� WKH� ILUVW�FRQILUPHG�DQG�GRFXPHQWHG
UHFRUG� RI� WKLV� VSHFLHV� IRU� 6ORYHQLD� DQG� WKH�*XOI� RI� 7UL�
HVWH��WKH�VHFRQG�IRU�WKH�$GULDWLF�6HD��DQG�WKH���WK�IRU�WKH
0HGLWHUUDQHDQ�6HD�

7DE�� ���.QRZQ� UHFRUGV� RI� WKH� KXPSEDFN�ZKDOH� �0HJDSWHUD� QRYDHDQJOLDH�� RFFXUUHQFH� LQ� WKH�0HGLWHUUDQHDQ� 6HD
�DGDSWHG�IURP�5HHYHV�	�1RWDUEDUWROR�GL�6FLDUD��������
7DE�����'RVOHM�]QDQD�SRMDYOMDQMD�NLWD�JUEDYFD��0HJDSWHUD�QRYDHDQJOLDH��Y�6UHGR]HPOMX��SULUHMHQR�SR�5HHYHV�	�1R�
WDUEDUWROR�GL�6FLDUD��������

'DWH /RFDWLRQ 6H[ 6L]H 1RWHV 5HIHUHQFH

1RY����� 7RXORQ��)UDQFH ����P E\�FDXJKW $JXLODU������
���0DU����� 0DMRUFD��%DOHDUHV��6SDLQ VLJKWLQJ�RI�WZR

LQGLYLGXDOV��SRVVLEO\�D
IHPDOH�ZLWK�FDOI

$JXLODU������

0DU����� %D\�RI�$LJXDEODYD�
&DWDORQLD��6SDLQ

VLJKWLQJ�RI�RQH�SRVVLEOH
DGXOW

SHUVRQDO�FRPP��IURP�$�
$JXLODU�WR�)UDQW]LV�HW
DO�������

��2FW����� *XOI�RI�*DEpV��7XQLVLD ��P E\�FDXJKW &KDNURXQ������
���0D\����� &DYDODLUH��)UDQFH ) ��P E\�FDXJKW %RPSDU������
$XJ����� 7RXORQ��)UDQFH VLJKWLQJ�RI�WZR

LQGLYLGXDOV
SHUVRQDO�FRPP��IURP�5�
6HDUV�WR�)UDQW]LV�HW�DO��
����

���-DQ����� *XOI�RI�2ULVWDQR��:�
6DUGLQLD��,WDO\

����P VLJKWLQJ )UDQW]LV�HW�DO�������

���$SU����� %D\�RI�7ROR��0\UWRRQ
6HD��*UHHFH

�����P VLJKWLQJ )UDQW]LV�HW�DO�������

���-XO����� /HINDGD�,VODQG��*UHHFH VLJKWLQJ )UDQW]LV�HW�DO�������
��$XJ����� 6HQLJDOOLD��,WDO\ VLJKWLQJ $IIURQWH�HW�DO�������
��$SU����� 7DUWRXV��6\ULD 0 ����FP VWUDQGHG�GHDG 6DDG������
���)HE����� &RUIX�,VODQG��*UHHFH ) ����P E\�FDXJKW )UDQW]LV�HW�DO�������
��$SU����� 6LUDFXVD��6LFLO\��,WDO\ DERXW

���P
E\�FDXJKW�DOLYH�DQG
UHOHDVHG

&HQWUR�6WXGL�&HWDFHL�
����

)HE�$SU����� 6ORYHQLDQ�ZDWHUV��*XOI
RI�7ULHVWH

�����
P

UHSHDWHG�VLJKWLQJV WKLV�SDSHU
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:H� UHFHLYHG� LQLWLDO� UHSRUWV� RQ�ZKDOH� VLJKWLQJV� IURP
6ORYHQLDQ� KDUERXU� PDVWHUV� DQG� ORFDO� ILVKHUPHQ�� :H
ZHUH�DEOH�WR�UHVSRQG�WR�RQH�RI�WKHVH�UHSRUWV��PDGH�E\�D
SKRQH� FDOO��� ORFDWHG� WKH� DQLPDO� DQG� LGHQWLILHG� WKH� VSH�
FLHV��7KH�ZKDOH�ZDV�REVHUYHG�IURP�WKH�FRDVW��IURP�KLJK
YDQWDJH�SRLQWV��DQG�IURP�D�VPDOO� LQIODWDEOH�ERDW��3KRWR�
JUDSKV� RI� ULJKW� DQG� OHIW� VLGHV� RI� WKH� GRUVDO� ILQ� DQG� WKH
YHQWUDO�VLGH�RI� WKH� WDLO� IOXNH�ZHUH� WDNHQ� IRU� WKH�SXUSRVH
RI� SKRWR�LGHQWLILFDWLRQ�� $GGLWLRQDOO\�� SKRWRV� DQG� YLGHR
IRRWDJH� RI� WKH� URVWUXP�� EORZKROH�� SHFWRUDO� ILQV�� WKRUD[�
WDLO�VWRFN�DQG�GRUVDO�VLGH�RI�WKH�WDLO�IOXNH�ZHUH�WDNHQ��LQ
RUGHU�WR�DVVHVV�WKH�DQLPDO
V�FRQGLWLRQ��:KHQ�WKH�ZKDOH
ZDV�REVHUYHG�IURP�D�ERDW�� WLPH�DQG�*36�SRVLWLRQ�ZHUH
UHFRUGHG� WKURXJKRXW� HDFK� VLJKWLQJ�� DQG� WKH� ZKDOH
V
GLYHV�ZHUH� WLPHG�ZLWK� D� VWRSZDWFK� DQG� UHFRUGHG� RQWR
WKH�GDWD�VKHHWV��H[FHSW�GXULQJ�WKH�ILUVW�VLJKWLQJ��LQ�ZKLFK
SKRWR�LGHQWLILFDWLRQ�DQG�DVVHVVPHQW�RI�WKH�DQLPDO
V�FRQ�
GLWLRQ� ZDV� WKH� SULPDU\� REMHFWLYH��� $� ELRSV\� ZDV� SHU�
IRUPHG�ZLWK�D�FURVVERZ�DQG�D�ELRSV\�GDUW��DQG�D�VDPSOH
WDNHQ� IRU� JHQHWLF�� WR[LFRORJLFDO� DQG� RWKHU� DQDO\VHV�� DV
ZHOO�DV�VH[�GHWHUPLQDWLRQ�

5(68/76

7KH�LQLWLDO�UHSRUW�RI�D�ZKDOH�ZDV�UHFHLYHG�RQ����)HE�
UXDU\�������$W�WKH�WLPH��WKH�VSHFLHV�ZDV�XQNQRZQ��7KH
ZKDOH�ZDV� VSRWWHG� E\� ILVKHUPHQ� DQG� ORFDO� SHRSOH� VHY�
HUDO�WLPHV�LQ�WKH�QH[W�IHZ�GD\V��EXW�WKH�VSHFLHV�ZDV�QRW

LGHQWLILHG�� DOWKRXJK� VRPH� GHVFULSWLRQV� �L�H��� YHU\� ORQJ
SHFWRUDO� ILQV�� LQGLFDWHG� WKDW� LW� PLJKW� EH� D� KXPSEDFN
ZKDOH�� 2Q� )HEUXDU\� ��WK�� WKH� DXWKRUV� UHVSRQGHG� WR� D
SKRQH� FDOO� DERXW� D� ZKDOH� VLJKWLQJ��PDQDJHG� WR� ORFDWH
WKH�ZKDOH�DQG� WR� LGHQWLI\� WKH� VSHFLHV�DV� WKH�KXPSEDFN
ZKDOH��7KH�DQLPDO�ZDV�HVWLPDWHG�WR�EH�DERXW�������P
ORQJ�� FRPSDUHG� WR� WKH� UHVHDUFK� YHVVHO� ����� P��� ,W� DS�
SHDUHG�WR�EH�LQ�JRRG�ERG\�FRQGLWLRQ��)LJ������7KH�DQLPDO
ZDV�SRRUO\�WR�PRGHUDWHO\�VFDUUHG�

7KH�ZKDOH�ZDV�PRVWO\� REVHUYHG� SHUIRUPLQJ� UHJXODU
VXUIDFLQJV�� ZLWK� RFFDVLRQDO� IOXNH�XSV�� ,W� ZRXOG� RIWHQ
FKDQJH� GLUHFWLRQ� ZKLOH� VZLPPLQJ�� EXW� VRPHWLPHV� IRO�
ORZHG� WKH� VDPH� FRXUVH� IRU� SHULRGV� RI� XS� WR� RQH� KRXU�
%UHDFKLQJ��ZKHUH� WKH�ZKROH� ERG\� H[FHSW� WKH� WDLO� IOXNH
OHIW�WKH�ZDWHU��ZDV�DOVR�REVHUYHG��2Q�VHYHUDO�RFFDVLRQV�
WKH� DQLPDO� ZDV� VHHQ� VZLPPLQJ� RQ� WKH� VLGH�� ZLWK� RQH
OREH�RI�WKH�WDLO�IOXNH�RXW�RI�WKH�ZDWHU��RU�VORZO\�VSLQQLQJ
DURXQG�WKH�ERG\�D[LV�� MXVW�EHORZ�WKH�ZDWHU�VXUIDFH��'L�
UHFW� IHHGLQJ��SURGXFWLRQ�RI�EXEEOHV�RU�RSHQ�PRXWK�ZDV
QRW�REVHUYHG�

/DUJH� QXPEHUV� RI� JLOW� VDUGLQHV� �6DUGLQHOOD� DXULWD�
ZHUH� UHSRUWHG� LQ� WKH�DUHD� LQ� WKDW�SHULRG�DQG�QXPHURXV
VSHFLPHQV�ZHUH�VHHQ�O\LQJ�PRWLRQOHVV�RQ�WKH�ZDWHU�VXU�
IDFH�RU� VZLPPLQJ� IHHEO\�EHOO\�XS� LQ� WKH�YLFLQLW\�RI� WKH
ZKDOH�� 0RUHRYHU�� ODUJH� DJJUHJDWLRQV� RI� VHDJXOOV� ZHUH
VHHQ�IHHGLQJ�LQ�WKH�VDPH�DUHD�

7KH�GXUDWLRQV�RI�D�WRWDO�RI�����GLYHV�ZHUH�UHFRUGHG�
'LYH� WLPH� GXUDWLRQ� UDQJHG� EHWZHHQ� �� VHFRQGV� DQG� �
PLQXWHV����VHFRQGV��DOWKRXJK�RQ� WKH� ILUVW�GD\�RI�REVHU�
YDWLRQ� �ZKHQ� GLYH� WLPHV� ZHUH� QRW� V\VWHPDWLFDOO\� UH�

)LJ�����+XPSEDFN�ZKDOH��0HJDSWHUD�QRYDHDQJOLDH��LQ�6ORYHQLDQ�ZDWHUV�
DSSDUHQWO\�LQ�JRRG�FRQGLWLRQ���3KRWR��7��*HQRY�

6O�����2àLWQR�]GUDY�NLW�JUEDYHF��0HJDSWHUD�QRYDHDQJOLDH��Y�VORYHQVNLK�YRGDK���)RWR��7��*HQRY�
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FRUGHG���WKH�ZKDOH�DOVR�SHUIRUPHG�GLYHV�ODVWLQJ�XS�WR���
PLQXWHV��)RU�PRVW�RI�WKH�WLPH��WKH�ZKDOH�SHUIRUPHG�D�VH�
ULHV�RI�����VKRUW�GLYHV��XVXDOO\�ODVWLQJ�EHWZHHQ������VHF�
RQGV�� IROORZHG� E\� D� VLQJOH� ORQJ� GLYH�� XVXDOO\� ODVWLQJ
EHWZHHQ� �� DQG� �� PLQXWHV�� 7KH� PHDQ� GXUDWLRQ� RI� WKH
GLYHV�ZDV���� VHFRQGV��$PRQJ�DOO� GLYHV� UHFRUGHG�����
�Q� ������RI�DOO�GLYHV�ODVWHG�����VHFRQGV�������Q� �����
EHWZHHQ� ��� DQG� ��� VHFRQGV�� DQG� ���� �Q�  � ����� !��
VHFRQGV��7KH�PHDQ�GXUDWLRQ�RI�GLYHV�ODVWLQJ�PRUH�WKDQ��
PLQXWH�ZDV���PLQXWHV���VHFRQGV�

7KH� ZKDOH� ZDV� REVHUYHG� PRVWO\� LQ� ZDWHUV� RII� WKH
WRZQ� RI� 3LUDQ�� LQ� DQ� DUHD� FRYHULQJ� DSSUR[LPDWHO\� ��
NP��� ,W� UHPDLQHG� UHODWLYHO\� FORVH� WR� WKH� FRDVW��ZLWK� WKH
VKRUWHVW� GLVWDQFH� RI� ���� P� DQG� WKH� ORQJHVW� RI� ���� NP
IURP�VKRUH��'HSWKV�LQ�WKH�DUHD�ZKHUH�WKH�ZKDOH�ZDV�RE�
VHUYHG� UDQJHG� EHWZHHQ� ��� DQG� ��� P�� 7KH� DQLPDO� UH�
PDLQHG� LQ� WKH�DUHD� XQWLO� WKH�PLGGOH� RI�0DUFK��ZKHQ� LW
PRYHG� WR� WKH� ,WDOLDQ� VLGH� RI� WKH�*XOI� RI� 7ULHVWH�� WR� WKH
VKDOORZ� ZDWHUV� �URXJKO\� EHWZHHQ� �� DQG� ��� PHWHUV� RI
GHSWK��RII� WKH�WRZQ�RI�*UDGR�� ,W� WKHQ�UHWXUQHG� WR�6ORYH�
QLDQ�ZDWHUV�ZLWKLQ�D�IHZ�GD\V��6RRQ�DIWHU��WKH�ZKDOH�DS�
SDUHQWO\� GLVDSSHDUHG� LQ� WKH� VHFRQG� KDOI� RI� 0DUFK�� EXW
WKHQ�EULHIO\�UH�DSSHDUHG�LQ�WKH�VHFRQG�KDOI�RI�$SULO�

',6&866,21

7KH�PHDQ� OHQJWK� RI� SK\VLFDOO\�PDWXUH�PDOH� DQG� IH�
PDOH�KXPSEDFN�ZKDOHV� LV������P�DQG������P�� UHVSHF�
WLYHO\� �GDWD� IURP� &KLWWOHERURXJK�� ������ LQ� &ODSKDP� 	
0HDG��������� )URP� WKH� VDPH�GDWD��PHDQ� OHQJWKV� DW� LQ�
GHSHQGHQFH��RQH�\HDU�RI�DJH��ZHUH�����P�IRU�PDOHV�DQG
���� IRU� IHPDOHV��0HDQ� OHQJWKV� DW� WKH�DYHUDJH�DJH�DW�DW�
WDLQLQJ� VH[XDO� PDWXULW\� �ILYH� \HDUV�� ZHUH� ����� P� IRU
PDOHV�DQG������P� IRU� IHPDOHV�� %DVHG�RQ� WKH�HVWLPDWHG
VL]H� RI� WKH� ZKDOH� DQG� WKH� GDWD� DERYH�� DQG� RQ� WKH
DPRXQW�RI�VFDUULQJ�RQ�WKH�ERG\��&KX�	�1LHXNLUN��������
ZH� DVVXPH� WKH� DQLPDO� WR� EH� D� VXE�DGXOW� RU� D� \RXQJ
DGXOW�� ,W� LV� OLNHO\� WKDW� WKH� DQLPDO� LV� RQ� WKH� EULQN� RI� DW�
WDLQLQJ�VH[XDO�PDWXULW\��EXW�KDV�QRW�\HW�DWWDLQHG�SK\VLFDO
PDWXULW\�RU�PD[LPXP�VL]H��7KH�ZKDOH�DSSHDUHG�WR�EH�LQ
JRRG� ERG\� FRQGLWLRQ�� 7KH� SK\VLFDO� DSSHDUDQFH� RI� WKH
ZKDOH�GLG�QRW�GLIIHU�IURP�W\SLFDO�KXPSEDFN�ZKDOHV��EH�
OLHYHG� WR� EH� LQ� JRRG� KHDOWK�� LQ� WKH� $WODQWLF� �5�� 6HWRQ�
SHUV�� FRPP��� 7�� *HQRY�� SHUV�� REVHUY���� 7KH� DQLPDO
VKRZHG�QR�DEQRUPDO�EHKDYLRXU�RU�DQ\�VLJQV�RI�LOOQHVV�RU
GLVWUHVV�

+XPSEDFN�ZKDOH� JURXSV� DUH� VPDOO� DQG� XQVWDEOH� LQ
PDMRULW\� RI� FDVHV�� ZLWK� LQGLYLGXDOV� IUHTXHQWO\� FKDQJLQJ
DVVRFLDWHV�� DOWKRXJK� VRPH� ORQJ�WHUP� DVVRFLDWLRQV� KDYH
EHHQ� UHFRUGHG� �&ODSKDP�� ������� 6LQJOH� DQLPDOV� DUH
FRPPRQO\�REVHUYHG� �&ODSKDP���������7KHUHIRUH��D� VLQ�
JOH�KXPSEDFN�ZKDOH�LV�QR�H[FHSWLRQDO�HYHQW��+RZHYHU�
GDWD� IURP� WKH�1RUWK�$WODQWLF� IHHGLQJ�JURXQG� �&ODSKDP�
������ VXJJHVW� WKDW�PRVW� VLQJOH� DQLPDOV� DUH� MXYHQLOHV� RI
HLWKHU�VH[��7KLV�ZRXOG�VXSSRUW�WKH�SRVVLELOLW\�RI�WKH�DQL�
PDO�UHSRUWHG�KHUH�EHLQJ�D�VXE�DGXOW�

'LYH�WLPHV�ZHUH�VLPLODU�WR�WKRVH�UHSRUWHG�IRU�IHHGLQJ
KXPSEDFN� ZKDOHV� LQ� $ODVND� �'ROSKLQ�� ������� ,Q� WKDW
VWXG\�� WKH�PDMRULW\�RI�GLYHV�ZHUH� VKRUWHU� WKDQ�����PLQ�
ZKLFK� ZDV� WKH� RYHUDOO� DYHUDJH� IRU� DOO� GLYHV� �LQFOXGLQJ
WKRVH�RYHU�GHSWKV�RI�XS�WR�����P���7KH�DYHUDJH�YDOXH�RI
GLYHV� IRU� ZKDOHV� IHHGLQJ� RYHU� GHSWKV� RI� XS� WR� ��� P
�VLPLODU� WR� GHSWKV� LQ� WKH� SUHVHQW� SDSHU�� ZDV� ����� PLQ
�'ROSKLQ���������EXW�VLQJLQJ�KXPSEDFN�ZKDOHV�FDQ�DOVR
GLYH�IRU�PRUH�WKDQ����PLQXWHV��&KX��������

,W�LV�LPSRVVLEOH�WR�GHWHUPLQH�ZKHWKHU�WKH�ZKDOH�ZDV
IHHGLQJ� LQ� WKH� DUHD� RU� QRW�� +RZHYHU�� WKH� ODWHUDO� VZLP�
PLQJ� E\� WKH� DQLPDO�� WKH� SUHVHQFH� RI� JLOW� VDUGLQHV� DQG
VHDJXOOV� IHHGLQJ� RQ� WKH�ZDWHU� VXUIDFH� LQ� WKH� YLFLQLW\� RI
WKH� ZKDOH� VXJJHVW� IHHGLQJ� DFWLYLW\�� +XPSEDFN� ZKDOHV
DUH� NQRZQ� WR� IHHG�� DPRQJ� RWKHU� SUH\� VSHFLHV�� RQ� 6DU�
GLQD� VS�� DQG� 6DUGLQHOOD� VS�� �&ODSKDP� 	� 0HDG�� ������
)XUWKHUPRUH��WKH�GLYH�SDWWHUQ��PRVWO\�FKDUDFWHULVHG�E\�D
IHZ� VKRUW� GLYHV�� IROORZHG� E\� D� ORQJ� RQH�� LV� FRQVLVWHQW
ZLWK�SRVVLEOH�IHHGLQJ�

3KRWR�,'�FRPSDULVRQ�ZLWK�WKH�1RUWK�$WODQWLF�+XPS�
EDFN� :KDOH� &DWDORJXH� �1$+:&��� ZKLFK� FXUUHQWO\
FRQWDLQV�RYHU�������LQGLYLGXDO�KXPSEDFN�ZKDOHV�DQG�LV
FXUDWHG� DW� WKH� &ROOHJH� RI� $WODQWLF� �6HWRQ� HW� DO��� ������
GLG� QRW� SURGXFH� DQ\�PDWFKHV� �5�� 6HWRQ��SHUV�� FRPP���
7KH�ZKDOH�ZLOO�EH�JLYHQ�D�QHZ�+:&��FRGH�DQG�DGGHG
WR�WKH�1$+:&�FDWDORJXH��$QDO\VHV�RI�VNLQ�VDPSOHV�DUH
SHQGLQJ�

7KH�KXPSEDFN�ZKDOH�XVHG� WR�EH�FRQVLGHUHG� UDUH� LQ
WKH� 0HGLWHUUDQHDQ� �$JXLODU�� ������� EXW� WKH� QXPEHU� RI
UHFRUGV�LQ�WKH�ODVW����\HDUV�KDV�LQFUHDVHG��)UDQW]LV�HW�DO��
�������7KLV�LQFUHDVH�LQ�KXPSEDFN�ZKDOH�VLJKWLQJV�FRXOG
EH�WKH�UHVXOW�RI�SUHYLRXV�VLJKWLQJV�JRLQJ�XQUHSRUWHG�RU�RI
DQ�DFWXDO�LQFUHDVH�LQ�WKH�RFFXUUHQFH�RI�WKH�VSHFLHV�LQ�WKH
UHJLRQ��)UDQW]LV�HW�DO����������7KH�UHDVRQ�ZK\�WKLV�DQLPDO
ZDV� IRXQG� LQ� WKH�1RUWK� $GULDWLF�� RQH� RI� WKH� QDUURZHVW
DQG� UHPRWHVW� SDUWV� RI� WKH� 0HGLWHUUDQHDQ�� UHPDLQV� XQ�
NQRZQ��7KH�DSSDUHQWO\�JRRG�KHDOWK�VWDWXV�RI� WKH�ZKDOH
DQG� WKH� SUHVHQFH� RI� ODUJH� QXPEHUV� RI� JLOW� VDUGLQHV
�ZKLFK� DUH� QRW� YHU\� FRPPRQ� LQ� WKH� DUHD��� VXJJHVW� WKDW
WKH�ZKDOH� IROORZHG� IRRG� VRXUFHV� UDWKHU� WKDQ�EHFRPLQJ
GLVRULHQWDWHG�RU�ORVW�

$&.12:/('*(0(176

7RQL�3RURSDW� UHSRUWHG� WKH�ZKDOH� VLJKWLQJ� WR�XV��*R�
UD]G�/D]DU�DQG�9DOWHU�ËLÌD�KHOSHG�XV� WR� ORFDWH� WKH�DQL�
PDO�DQG�NHSW�LQIRUPLQJ�XV�RI�QHZ�VLJKWLQJV��0DULQR�%D�
MHF�DQG�VWXGHQWV�RI� WKH�)DFXOW\�RI�0DULWLPH�6WXGLHV�DQG
7UDQVSRUW� SURYLGHG� ERDW� VXSSRUW�� %RULV� ÉXOLJRM� NHSW� LQ�
IRUPLQJ�XV�RI�DOO�WKH�LQIRUPDWLRQ�UHFHLYHG�E\�KLP�DERXW
WKH� ZKDOH�� 5RVHPDU\� 6HWRQ�� 3HU� 3DOVErOO�� $OH[DQGURV
)UDQW]LV��.HHV�&DPSKX\VHQ��1LFRODV�(QWUXS��6LPRQ�%HU�
URZ�� 3HWHU� (YDQV�� &DWHULQD� )RUWXQD�� )UHGHULFN� :HQ]HO�
$QGUHZ�:ULJKW�DQG�PDQ\�RWKHU�SHRSOH�SURYLGHG�XVHIXO
FRPPHQWV� DQG�RU� UHOHYDQW� OLWHUDWXUH�� 'DYLG� -DQLJHU
SURPSWO\� SURYLGHG� DOO� WKH� UHTXHVWHG� OLWHUDWXUH�� 0DUFR
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$IIURQWH� DQG�$OH[DQGURV� )UDQW]LV� SURYLGHG�SKRWRJUDSKV
RI� VRPH�RI� WKH�KXPSEDFN�ZKDOHV� SUHYLRXVO\� VLJKWHG� LQ
WKH� 0HGLWHUUDQHDQ�� $QD� +DFH�� -DQ� /HVMDN�� .DWDULQD
0ODGHQRYLá�� 3HWHU� ÉDQRYLß�� 1LQD� ÉWUXV�� $ODQ� ÉáXULF�
ÉSHOD�*XÊWLQ�DQG�7LQD�&HQWULK�KHOSHG�LQ�GDWD�FROOHFWLRQ�
*UHJRU�.HUYLQD��3HWUD�0LNODYF��0HWND�/RWULá��6HUJHM�0L�
MDWRYLá��5REHUW�1RYDN�� /HDQ�)RQGD��%RUXW�0DYULá�� ËLJD

'REUDMF�� ,JRU�/DNRWD�DQG�9LROHWD�3RWRáQLN�SURYLGHG� LQ�
IRUPDWLRQ�DQG�VXSSRUW��'UDÊNR�+ROFHU�SURYLGHG�VXSSRUW
LQ� ELRSV\� VDPSOLQJ�� %RUXW�0DYULá� SURYLGHG� XQGHUZDWHU
IRRWDJH� RI� WKH� ZKDOH�� 5RVHPDU\� 6HWRQ� SURYLGHG� FRP�
PHQWV�RQ� WKH�HDUO\�PDQXVFULSW�� ,I�ZH�KDYH�XQLQWHQWLRQ�
DOO\� RPLWWHG� DQ\RQH�� ZH� DUH� GHHSO\� VRUU\��2XU� VLQFHUH
WKDQNV�WR�DOO�

1292�23$Ë$1-(�.,7$�*5%$9&$��0(*$37(5$�129$($1*/,$(�
9�-$'5$16.(0�025-8

7LOHQ�*(129�	�3RORQD�.271-(.
0RULJHQRV���GUXÊWYR�]D�UD]LVNRYDQMH�LQ�]DÊáLWR�PRUVNLK�VHVDOFHY��6,������/MXEOMDQD��-DUÊND�FHVWD����D��6ORYHQLMD

(�PDLO��WLOHQ�JHQRY#JPDLO�FRP

/RYUHQF�/,3(-
0RUVND�ELRORÊND�SRVWDMD��1DFLRQDOQL�LQÊWLWXW�]D�E LRORJLMR��6,������3LUDQ��)RUQDáH�����6ORYHQLMD

329=(7(.

$YWRUML�ßODQND�SRURßDMR�R�SRMDYOMDQMX�NLWD�JUEDYFD�Y�VORYHQVNLK�WHULWRULDOQLK�YRGDK��7UÊDÈNL�]DOLY��VHYHUQL�-DGUDQ�
IHEUXDUMD��PDUFD�LQ�DSULOD�������7R�MH�SUYL�SRWUMHQL�LQ�GRNXPHQWLUDQL�]DSLV�WH�YUVWH�Y�7UÊDÈNHP�]DOLYX��GUXJL�Y�-DGUDQ�
VNHP�LQ�ÈWLULQDMVWL�Y�6UHGR]HPVNHP�PRUMX��.LW�MH�ELO�RSD]RYDQ�]�REUHÊMD�LQ�L]�PDQMÈHJD�QDSLKOMLYHJD�ßROQD��+UEWQD�LQ
UHSQD�SODYXW�NRW�WXGL�GUXJL�WHOHVQL�GHOL�VR�ELOL�IRWRJUDILUDQL�]�QDPHQRP�NLWRYH�IRWRLGHQWLILNDFLMH��0HUMHQH�VR�ELOH�WXGL
GROÊLQH�QMHJRYLK�SRWRSRY��2FHQMHQR�MH�ELOR��GD�JUH�]D�VNRUDM�RGUDVHO�RVHEHN��GROÊLQH�������P�LQ�Y�GREUHP�WHOHVQHP
VWDQMX��3UDY�PRJRßH�MH��GD�Y�WR�REPRßMH�SULSODYDO�PHG�VOHGHQMHP�LQ�LVNDQMHP�KUDQH�

.OMXÞQH�EHVHGH��NLW�JUEDYHF��0HJDSWHUD�QRYDHDQJOLDH��-DGUDQVNR�PRUMH��7UÌDÊNL�]DOLY��6ORYHQLMD

5()(5(1&(6

$IIURQWH��0���/��$��6WDQ]DQL�	�*��6WDQ]DQL���������)LUVW
UHFRUG� RI� D� KXPSEDFN�ZKDOH��0HJDSWHUD� QRYDHDQJOLDH
�%RURZVNL��������LQ�WKH�$GULDWLF�6HD��$QQDOHV��6HU��+LVW�
1DW����������������
$JXLODU��$�� ��������$� UHFRUG�RI� WZR�KXPSEDFN�ZKDOHV�
0HJDSWHUD� QRYDHDQJOLDH�� LQ� WKH�ZHVWHUQ�0HGLWHUUDQHDQ
6HD��0DU��0DPP��6FL�����������������
%RPSDU�� -��0�� �������� /HV� FpWDFpV� GH� 0pGLWHUUDQpH�
(GLVXG��/D�&DODGH��$L[�HQ�3URYHQFH������S�
%URZQ��0��5���3��-��&RUNHURQ��3��7��+DOH��.��:��6FKXOW]
	�0��0��%U\GHQ� �������� (YLGHQFH� IRU� D� VH[�VHJUHJDWHG
PLJUDWLRQ�LQ�WKH�KXPSEDFN�ZKDOH��0HJDSWHUD�QRYDHDQ�
JOLDH���3URF��5��6RF��/RQG��%���������������
&HQWUR�6WXGL�&HWDFHL���������&HWDFHL�VSLDJJLDWL�OXQJR�OH
FRVWH� LWDOLDQH��;,;��5HQGLFRQWR�������$WWL�6RF�� ,WDO��6FL�
1DW���$WWL�0XV��&LY��6WRU��1DW��0LODQR������������������
&KDNURXQ��)����������6WDWXV�RI�FHWDFHDQV�LQ�7XQLVLDQ�PD�
ULQH�ZDWHUV��(XU��5HV��&HWDFHDQV�����SS������

&KLWWOHERURXJK��5��*����������'\QDPLFV�RI�WZR�SRSXOD�
WLRQV� RI� WKH� KXPSEDFN�ZKDOH��0HJDSWHUD� QRYDHDQJOLDH
�%RURZVNL���$XVW��-��0DU��)UHVKZ��5HV��������������
&KX�� .�� �������� 'LYH� WLPHV� DQG� YHQWLODWLRQ� SDWWHUQV� RI
VLQJLQJ� KXPSEDFN� ZKDOHV� �0HJDSWHUD� QRYDHDQJOLDH��
&DQ��-��=RR�����������������
&KX��.��	� 6��1LHXNLUN� ��������'RUVDO� ILQ� VFDUV� DV� LQGL�
FDWRUV�RI�VH[��DJH�DQG�VRFLDO�VWDWXV�LQ�KXPSEDFN�ZKDOHV
�0HJDSWHUD�QRYDHDQJOLDH���&DQ��-��=RR���������������
&ODSKDP��3��-����������7KH�VRFLDO�DQG�UHSURGXFWLYH�ELRO�
RJ\� RI� KXPSEDFN� ZKDOHV�� DQ� HFRORJLFDO� SHUVSHFWLYH�
0DPP��5HY�������������
&ODSKDP�� 3�� -�� 	� -�� *�� 0HDG� �������� 0HJDSWHUD� QR�
YDHDQJOLDH��0DPP��6SHFLHV�����������
&ODSKDP�� 3�� -���'�� .��0DWWLOD� 	� 3�� -�� 3DOVEæOO� �������
+LJK�ODWLWXGH�DUHD� FRPSRVLWLRQ� RI� KXPSEDFN� ZKDOH
JURXSV�LQ�6DPDQD�%D\��IXUWKHU�HYLGHQFH�IRU�SDQPL[LV� LQ
WKH�1RUWK�$WODQWLF�SRSXODWLRQ��&DQ�� -��=RRO������������
�����
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'ROSKLQ��:��)����������'LYH�EHKDYLRU�DQG�HVWLPDWHG�HQ�
HUJHWLF� H[SHQGLWXUH� RI� IRUDJLQJ� KXPSEDFN� ZKDOHV� LQ
VRXWKHDVW�$ODVND��&DQ��-��=RR���������������
)UDQW]LV�� $��� 2�� 1LNRODRX�� -��0�� %RPSDU� 	� $�� &DP�
PHGGD� ��������+XPSEDFN�ZKDOH� �0HJDSWHUD� QRYDHDQ�
JOLDH��RFFXUUHQFH�LQ�WKH�0HGLWHUUDQHDQ�6HD�� -��&HWDFHDQ
5HV��0DQDJH���������������
-DQQ��%���-��$OOHQ��0��&DUULOOR��6��+DQTXHW��6��.��.DWRQD�
$��5��0DUWLQ��5��5��5HHYHV��5��6HWRQ��3��7��6WHYLFN�	�)�
:�� :HQ]HO� �������� 0LJUDWLRQ� RI� D� KXPSEDFN� ZKDOH
�0HJDSWHUD� QRYDHDQJOLDH�� EHWZHHQ� WKH� &DSH� 9HUGH� ,V�
ODQGV�DQG�,FHODQG��-��&HWDFHDQ�5HV��0DQDJH�������������
���
.DWRQD��6��.��	�-��&��%HDUG���������3RSXODWLRQ�VL]H��PL�
JUDWLRQV� DQG� IHHGLQJ� DJJUHJDWLRQV� RI� WKH� KXPSEDFN
ZKDOH� �0HJDSWHUD� QRYDHDQJOLDH�� LQ� WKH� ZHVWHUQ� 1RUWK
$WODQWLF� 2FHDQ�� 5HSRUWV� RI� WKH� ,QWHUQDWLRQDO� :KDOLQJ
&RPPLVVLRQ��6SHF��,VVXH�������������
.U\ÇWXIHN��%��	�/��/LSHM���������:KDOHV��&HWDFHD��LQ�WKH
QRUWKHUQ�$GULDWLF��$QQDOV� IRU� ,VWULDQ�DQG�0HGLWHUUDQHDQ
6WXGLHV������������,Q�6ORYHQH�
/DUVHQ��$��+��� -��6LJXUMuQVVRQ��1��âLHQ��*��9LNLQJVVRQ�
	�3�� -��3DOVEæOO� �������� 3RSXODWLRQ� JHQHWLF� DQDO\VLV� RI
QXFOHDU�DQG�PLWRFKRQGULDO�ORFL�LQ�VNLQ�ELRSVLHV�FROOHFWHG
IURP�&HQWUDO�DQG�QRUWKHDVWHUQ�1RUWK�$WODQWLF�KXPSEDFN
ZKDOHV� �0HJDSWHUD� QRYDHDQJOLDH��� SRSXODWLRQ� LGHQWLW\
DQG�PLJUDWRU\�GHVWLQDWLRQV��3URF��5��6RF��/RQG��%������
����������

/LSHM��/���-��'XOÞLÜ�	�%��.U\ÇWXIHN���������2Q�WKH�RFFXU�
UHQFH� RI� WKH� ILQ� ZKDOH� �%DODHQRSWHUD� SK\VDOXV�� LQ� WKH
QRUWKHUQ�$GULDWLF��-��0DU��%LRO��$VV��8�.���������������
0DWWLOD��'��.���3��-��&ODSKDP��2��9DVTXH]�	�5��%RZPDQ
��������2FFXUUHQFH�� SRSXODWLRQ� FRPSRVLWLRQ� DQG�KDEL�
WDW�XVH�RI�KXPSEDFN�ZKDOHV�LQ�6DPDQD�%D\��'RPLQLFDQ
5HSXEOLF��&DQ��-��=RR�����������������
5HHYHV��5��5��	�*��1RWDUEDUWROR�GL� 6FLDUD� ��������7KH
VWDWXV�DQG�GLVWULEXWLRQ�RI�FHWDFHDQV�LQ�WKH�%ODFN�6HD�DQG
0HGLWHUUDQHDQ�6HD��,8&1�&HQWUH�IRU�0HGLWHUUDQHDQ�&R�
RSHUDWLRQ��0DODJD��6SDLQ������S�
6DDG�� $�� �������� )LUVW� UHFRUG� RI� D� KXPSEDFN� ZKDOH
VWUDQGLQJ�RQ� WKH�FRDVW�RI�6\ULD� �(DVWHUQ�0HGLWHUUDQHDQ��
),16��������SS�����
6HWRQ��5��(���-��0��$OOHQ�	�6��.��7RGG���������&XUDWLRQ�RI
WKH�1RUWK�$WODQWLF�+XPSEDFN�:KDOH�&DWDORJXH�DQG�$V�
VRFLDWHG� 'DWDEDVHV�� 3URJUHVV� 5HSRUW� WR� 1RUWKHDVW� )LVK�
HULHV�6FLHQFH�&HQWHU��1()6&���1DWLRQDO�0DULQH�)LVKHULHV
6HUYLFH��&ROOHJH�RI� WKH�$WODQWLF�� %DU�%DUERU��0DLQH�� ��
S�
6PLWK��7��'��	�5��5��5HHYHV���������(VWLPDWLQJ�$PHULFDQ
��WK�&HQWXU\�&DWFKHV�RI�+XPSEDFN�:KDOHV�LQ�WKH�:HVW
,QGLHV� DQG� &DSH� 9HUGH� ,VODQGV�� &DULEE�� -�� 6FL��� ������
��������
6PLWK��7��'���-��$OOHQ��3��-��&ODSKDP��3��-��+DPPRQG��6�
.DWRQD��)��/DUVHQ�� -��/LHQ��'��0DWWLOD��3�� -��3DOVEæOO�� -�
6LJXUMuQVVRQ��3��7��6WHYLFN�	�1��lLHQ���������$Q�RFHDQ�
EDVLQ�ZLGH� PDUN�UHFDSWXUH� VWXG\� RI� WKH� 1RUWK� $WODQWLF
KXPSEDFN� ZKDOH� �0HJDSWHUD� QRYDHDQJOLDH��� 0DU�
0DPP��6FL���������������


