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7KH�JHQHUDO�GHYHORSPHQW�RI�WKH�.YDUQHU�,VODQGV�KDV�EHHQ�FORVHO\�FRQQHFWHG�WR�ZDWHU�UHVRXUFHV��8QOLNH�PRVW�RI
WKH� &URDWLDQ� DUFKLSHODJR�� WKH� .YDUQHU� ,VODQGV� SRVVHV� D� UHODWLYHO\� ZHOO� GHYHORSHG� VXUIDFH� K\GURORJ\� GXH� WR� WKHLU
XQLTXH� FOLPDWLF� DQG� JHRORJLFDO� IHDWXUHV�� 7KH� DEXQGDQFH� RI� ZDWHU� DVVXUHG� WKH� HDUO\� GHYHORSPHQW� RI� D� YHUVDWLOH
HFRQRP\��8S�WR�WKH�HQG�RI�WKH�6HFRQG�:RUOG�:DU��WKH�HFRQRP\�ZDV�GRPLQDWHG�E\�DJULFXOWXUH��ZKLOH�DIWHU�WKH�ZDU
WRXULVP�WRRN�RYHU�WKH�OHDGLQJ�UROH��7KH�RQVHW�RI�PDVV�WRXULVP�LQ�WKH�����¢V�DQG�����¢V�FRXOG�QRW�KDYH�EHHQ�SRVVLEOH
ZLWKRXW�DQ�DSSURSULDWH�ZDWHU�VXSSO\�V\VWHP�ZKLFK�ZDV�GHYHORSHG�VLPXOWDQHRXVO\�ZLWK�WKH�HFRQRPLF�JURZWK��7RGD\�
WKH� .YDUQHU� ,VODQGV� DUH� RQH� RI� WKH� EHVW� NQRZQ� WRXULVW� UHJLRQV� LQ� &URDWLD�� HVSHFLDOO\� SRSXODU� DPRQJ� *HUPDQ�
6ORYHQLDQ�DQG� ,WDOLDQ� WRXULVWV�� ,W�VKRXOG�EH�SRLQWHG�RXW� WKDW� WKHUH� LV�D�KXJH�GLVFUHSDQF\�LQ� WKH�GHYHORSPHQW�RI� WKH
ODUJH�DQG�VPDOO�LQKDELWHG�.YDUQHU�,VODQGV��6XFK�D�GLVFUHSDQF\�LV�FDXVHG�VROHO\�E\�WKH�ODFN�RI�ZDWHU�UHVRXUFHV�RQ�WKH
VPDOO�LVODQGV��ZKLFK�LQ�WXUQ�KDV�D�GHHS�HFRQRPLF�DV�ZHOO�DV�GHPRJUDSKLF�LPSDFW�RQ�WKRVH�LVODQGV�

.H\�ZRUGV��LVODQGV��ZDWHU��HFRQRP\��WRXULVP��.YDUQHU��&URDWLD
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6,17(6,

/R� VYLOXSSR�JHQHUDOH�GHOOH� LVROH�GHO�4XDUQDUR�o� VWDWR� VHPSUH� VWUHWWDPHQWH�FROOHJDWR�DOOH� ULVRUVH� LGULFKH��$�GLIIH�
UHQ]D�GHOOD�JUDQ�SDUWH�GHOO¢DUFLSHODJR�FURDWR��OH�LVROH�GHO�4XDUQDUR�SRVVLHGRQR�XQ¢LGURJUDILD�GL�VXSHUILFLH�DEEDVWDQ]D
VYLOXSSDWD�JUD]LH�DOOH� ORUR�FDUDWWHULVWLFKH�FOLPDWLFKH�H�FRQILJXUD]LRQL�JHRORJLFKH�VLQJRODUL��/¢DEERQGDQ]D�GHOO¢DFTXD
KD�DVVLFXUDWR�XQ�SURJUHVVR�YHORFH�DG�XQ¢HFRQRPLD�YHUVDWLOH��ILQR�DOOD�ILQH�GHOOD�VHFRQGD�JXHUUD�PRQGLDOH�GRPLQDWD�GDO
VHWWRUH�DJULFROR��SRL�GDO� WXULVPR��/¢LQL]LR�GHO� WXULVPR�GL�PDVVD�QHJOL�DQQL�6HVVDQWD�H�6HWWDQWD�GHO� VHFROR� VFRUVR�QRQ
VDUHEEH� VWDWR� SRVVLELOH� VHQ]D� XQ� VLVWHPD� GL� ULIRUQLPHQWR� G¢DFTXD� DGHJXDWR� FKH� VL� DQGw� VYLOXSSDQGR� FRQWHP�
SRUDQHDPHQWH�FRQ�OD�FUHVFLWD�HFRQRPLFD��2JJL��OH�LVROH�GHO�4XDUQDUR�VRQR�XQD�GHOOH�UHJLRQL�WXULVWLFKH�SL|�FRQRVFLXWH
LQ�&URD]LD��SDUWLFRODUPHQWH�JUDGLWH�DL� WXULVWL� WHGHVFKL�� VORYHQL�H� LWDOLDQL��9D� VRWWROLQHDWR�FKH�GDO�SXQWR�GL�YLVWD�GHOOR
VYLOXSSR�HVLVWH�XQD�GLIIHUHQ]D�VRVWDQ]LDOH�WUD�OH�LVROH�GHO�4XDUQDUR�PDJJLRUPHQWH�HVWHVH��H�TXLQGL�FRQ�XQ�QXPHUR�GL
DELWDQWL�SL|�HOHYDWR��H�TXHOOH�SL|�SLFFROH�� ,O�GLYDULR�o�GRYXWR�HVFOXVLYDPHQWH�DOOD�PDQFDQ]D�GL� ULVRUVH� LGULFKH�QHOOH
LVROH�SLFFROH��DVSHWWR�FKH�D�VXD�YROWD�HVHUFLWD�XQ�SURIRQGR�LPSDWWR�HFRQRPLFR�QRQFKn�GHPRJUDILFR�VXOOH�VWHVVH�

3DUROH�FKLDYH��LVROH��DFTXD��HFRQRPLD��WXULVPR��4XDUQDUR��&URD]LD
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7KH� &URDWLDQ� DUFKLSHODJR� FRQVLVWV� RI� ������ LVODQGV�
LVOHWV� DQG� URFNV� ZLWK� D� WRWDO� DUHD� RI� ��������� NP�

�'XSODQáLß� /HGHU� HW� DO��� ������� DQG� D� SRSXODWLRQ� RI
��������DFFRUGLQJ� WR� WKH������FHQVXV��6WDWLVWLFDO�<HDU�
ERRN��������� ,W� LV�DQ�DUHD�RI�XQLTXH�KLVWRULF��HFRQRPLF�
DQG� FXOWXUDO� GHYHORSPHQW� GHULYLQJ� IURP� WKH� VSHFLILF
JHRJUDSKLFDO�SRVLWLRQ�DQG�YDULRXV�QDWXUDO�FKDUDFWHULVWLFV
VXFK�DV�LWV�JHRORJ\��JHRPRUSKRORJ\��FOLPDWH��K\GURORJ\�
YHJHWDWLRQ�� HWF�� 7KRVH� HOHPHQWV� HQDEOHG� DQ� HDUO\� VHW�
WOHPHQW��SDUWLFXODUO\�RI�WKH�ODUJHU�LVODQGV���DQG�WKH�HVWDE�
OLVKPHQW� RI� D� GLVWLQFWLYH� LVODQG� VRFLHW\� DQG� HFRQRP\
VRPHZKDW� GLIIHUHQW� IURP� WKDW� RI� WKH� PDLQODQG�� 6L]H�
SRVLWLRQ��DQG�QDWXUDO�UHVRXUFHV�GLFWDWHG�WKH�LQWHQVLW\�DQG
SDFH�RI�WKH�LVODQGV
�HFRQRPLF�SURJUHVV��*HQHUDOO\��ODUJHU
LVODQGV��HVSHFLDOO\�WKRVH�FORVHU� WR� WKH�PDLQODQG��H[SHUL�
HQFHG� D� IDVWHU� HFRQRPLF� GHYHORSPHQW�� ZKLOH� VPDOOHU
DQG�PRUH�GLVWDQW�LVODQGV�OLQJHUHG�EHKLQG�

7KH�.YDUQHU� ,VODQGV�DUH� ORFDWHG� LQ� WKH�QRUWKHUQPRVW
&URDWLDQ� DUFKLSHODJR� ZLWK� WKH� H[FHSWLRQ� RI� WKH� VPDOO
XQLQKDELWHG� LVODQGV� RII� WKH�ZHVW� FRDVW� RI� ,VWULD� �)LJ�� ���
'XH� WR� VXFK� D� SRVLWLRQ�� WKH� .YDUQHU� ,VODQGV� KDYH� D
VSHFLILF�FOLPDWH�DQG�K\GURORJ\�LQ�FRPSDULVRQ�WR�WKH�UHVW
RI� WKH� &URDWLDQ� LVODQGV�� $OVR�� D� JHRJUDSKLFDO� SRVLWLRQ
FORVH� WR�&HQWUDO�(XURSH�GHWHUPLQHG� WKHLU� VSHFLILF� VRFLDO
DQG� HFRQRPLF� GHYHORSPHQW� FKDUDFWHUL]HG� E\� WKH� HDUO\
DSSHDUDQFH� RI� WRXULVP� DV� D� VLJQLILFDQW� IDFWRU� LQ� WKH
LVODQGV
�HFRQRP\�

'HPRJUDSKLF� SURFHVVHV� RQ� WKH� .YDUQHU� ,VODQGV
WKURXJK�D�KLVWRULFDO�SHUVSHFWLYH�ZHUH�GLVFXVVHG�E\�/DMLß
��������ZKLOH�3RGJRUHOHF� �������H[SORUHG� WKH� LQIOXHQFH
RI�PLJUDWLRQ�RQ�GHPRJUDSKLF�SURFHVVHV�RQ� WKH�.YDUQHU
,VODQGV�� %RQDFFL� ������� �������2ÌDQLß�� 5XELQLß� ������
DQG�5XELQLß��2ÌDQLß��������GHDOW�ZLWK�SDUWLFXODU�K\GUR�
ORJLFDO�SUREOHPV�RQ�&UHV�DQG�.UN��DQG�WKH�PRVW�FRPSUH�
KHQVLYH� VWXG\� RQ� K\GURORJ\� DQG� K\GURJHRORJ\� RI� WKH
&URDWLDQ�LVODQGV��LQFOXGLQJ�.YDUQHU�,VODQG��ZDV�GRQH�E\
7HU]Lß���������0HVLß��������DQDO\]HG�WKH�DQWKURSRJHQLF
LQIOXHQFH�RQ�WKH�JHRFKHPLFDO�SURSHUWLHV�RI� WKH�9UDQVNR
-H]HUR� /DNH�� WKH� PRVW� LPSRUWDQW� ZDWHU� VRXUFH� RQ� WKH
.YDUQHU�,VODQGV��/RQáDULß��������V\VWHPDWLFDOO\�DQDO\VHV
WKH� GHYHORSPHQW� RI� DQ� LQVXODU� VRFLHW\� LQ� WKH� IUDPH� RI
ZDWHU� DYDLODELOLW\� WKURXJKRXW� KLVWRU\�� WKH� ODWHVW� GHPR�
JUDSKLF�DQG�HFRQRPLF�FKDQJHV�FDXVHG�E\�JURZLQJ�WRX�
ULVP� DQG� WKH� SRVVLEOH� UHVSRQVHV� RI� WKH� ZDWHU� VXSSO\
V\VWHPV�WR�WKRVH�FKDQJHV�

7KLV� VWXG\� ZDV� PDLQO\� EDVHG� RQ� WKH� DQDO\VLV� RI
GHPRJUDSKLF� DQG� HFRQRPLF� GDWD� IURP� WKH� &URDWLDQ
%XUHDX�RI�6WDWLVWLFV�DQG�IURP�YDULRXV�SXEOLVKHG�DQG�QRQ�

SXEOLVKHG� GDWD� RI� WKH� ORFDO� PXQLFLSDO� VHUYLFHV� RI� WKH
.YDUQHU� ,VODQGV�� 7KH� PRVW� XVHIXO� LQIRUPDWLRQ� ZDV� RE�
WDLQHG� WKURXJK� SHUVRQDO� FRPPXQLFDWLRQ� ZLWK� ORFDO
DXWKRULWLHV�DQG�WKURXJK�ILHOG�ZRUN�

*(2*5$3+,&$/�6(77,1*6

7KH�.YDUQHU�DUFKLSHODJR�FRQVLVWV�RI���� LVODQGV�� LVOHWV
DQG� URFNV�ZLWK� D� WRWDO� DUHD� RI� ��������� NP�� DQG� D� SR�
SXODWLRQ�RI��������DFFRUGLQJ� WR� WKH������FHQVXV� �6WDWL�
VWLFDO�<HDUERRN���������&RPSDUHG� WR�VRPH�RWKHU�JURXSV
RI� LVODQGV� �H�J�� WKH� 1RUWK� 'DOPDWLDQ� DUFKLSHODJR� ZLWK
RYHU�����LVODQGV��LVOHW�DQG�URFNV��WKH�.YDUQHU�$UFKLSHODJR
LV�PRUH�KRPRJHQRXV��FRQWDLQLQJ�WKH�WZR�ODUJHVW�&URDWLDQ
LVODQGV��'HWDLOV�DERXW�WKH�DUHD�DQG� WKH�SRSXODWLRQ�RI� WKH
LQKDELWHG�.YDUQHU�,VODQGV�DUH�JLYHQ�LQ�7DEOH���

)LJ�� ��� *HRJUDSKLFDO� SRVLWLRQ� RI� .YDUQHU� ,VODQGV� DQG
WKHLU�ZDWHU�VXSSO\�V\VWHP�
6O�� ��� *HRJUDIVNL� SRORËDM� NYDUQHUVNLK� RWRNRY� LQ� QMLKR�
YHJD�VLVWHPD�]D�RVNUER�]�YRGR�

� �??KN@EJC�PK��AHHAN� (EJC�����"�/KUHA�����
�OI=HH�EOH=J@O�D=RA�=J�=NA=�OI=HHAN�PD=J�������GI��=J@�=�LKLQH=PEKJ�QJ@AN��������
�QP�EJ�PANIO�KB�OQ?D�@ABEJEPEKJ�ARAJ�PDA�PSK�H=NCAOP� NK=PE=J�EOH=J@O� NAO�=J@�(NG�SKQH@�>A�SAHH�QJ@AN�PDA�OEVA�KB�=� H=NCA�EOH=J@�
1DANABKNA�(EJC� ����
�MQAOPEKJO�OQ?D�=�@ABEJEPEKJ�NAC=N@EJC�EP�EJ=LLNKLNE=PA�BKN�PDA�OI=HHAN�*A@EPANN=JA=J�=N?DELAH=CKO���??KN@EJC�PK
*=C=
� ����"�����
�OI=HH� NK=PE=J�EOH=J@O�=NA�PDKOA�SEPD�PDNAA�OAPPHAIAJPO�KN�HAOO�
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7DEOH����$UHD�DQG�SRSXODWLRQ�RI�WKH� LQKDELWHG�.YDUQHU
,VODQGV�
7DEHOD� ��� 3RYUÉLQD� LQ� SUHELYDOVWYR� QDVHOMHQLK� NYDUQHU�
VNLK�RWRNRY�

,VODQG
$UHD
�NP��

3RSXODWLRQ

&UHV ������ �����
.UN ������ ������
5DE ����� �����/$

5
*
(

/RÊLQM ����� �����
8QLMH ����� ��
,ORYLN ���� ���
6XVDN ���� ���

9HOH�6UDNDQH ���� �60
$
//

0DOH�6UDNDQH ���� �

�DFFRUGLQJ�WR�'XSODQáLß�/HGHU�HW�DO���������
������FHQVXV��6WDWLVWLFDO�<HDUERRN��������

*HRORJLFDOO\�� WKH� .YDUQHU� ,VODQGV� DUH� FKDUDFWHUL]HG
E\�WKH�SUHYDOHQFH�RI�FDUERQDWH�URFNV��IURP�/RZHU�&UHWD�
FHRXV�OLPHVWRQH�DQG�GRORPLWH�WR�WKH�IRUDPLQLIHUDO�OLPH�
VWRQH� RI� WKH� (RFHQH� �0DPXÌLß� HW� DO��� ������ ÉXÊQMDU� HW
DO���������+HßLPRYLß��������0DULQáLß��������9ODKRYLß�
9HOLß�� �������2Q� WKH� LVODQGV� RI� .UN� DQG�5DE�� WKHUH� DUH
VLJQLILFDQW� DUHDV� RI� (RFHQH� IO\VFK�� ZKLOH� TXDWHUQDU\
VHGLPHQWV� VXFK�DV� WHUUD� URVVD� FDQ�EH� IRXQG�RQ�PRVW� RI
WKH�.YDUQHU� ,VODQGV�� /RHVV� VHGLPHQWV� FRYHU�PRVW� RI� WKH
6XVDN�,VODQG�DQG�SDUWV�RI�8QLMH��9HOH�6UDNDQH�DQG�0DOH
6UDNDQH� ,VODQGV�� )O\VFK�� WHUUD� URVVD� DQG� ORHVV� KDYH� DQ
LPSRUWDQW� UROH� LQ� WKH� LVODQGV
� HFRQRP\�EHLQJ� WKH�DUHDV
PRVW�VXLWDEOH�IRU�LQWHQVLYH�DJULFXOWXUH�

7KH�.YDUQHU�,VODQGV�DUH�LQ�WKH�ERUGHU�]RQH�EHWZHHQ
D�PHGLWHUUDQHDQ� �&VD� W\SH�� DFFRUGLQJ� WR� .RSSHQ��� DQG
VXEPHGLWHUDQHDQ� FOLPDWH� �&ID�� �ÉHJRWD�� )LOLSáLß�� ������
7KH�&ID�W\SH�LV�SUHYDOHQW�ZKLOH�WKH�&VD�W\SH�LV�UHVWULFWHG
WR�WKH�VRXWKHUQPRVW�SDUWV�RI�/RÊLQM�,VODQG��ZHVWHUQ�SDUWV
RI�5DE�,VODQG��VRPH�VPDOOHU�UHJLRQV�RQ�.UN�DQG�&UHV�,V�
ODQGV�DQG�WR�6XVDN��8QLMH��,ORYLN��9HOH�6UDNDQH�DQG�0DOH
6UDNDQH� LVODQGV�� 7KH� NH\� GLIIHUHQFH� EHWZHHQ� WKH� WZR
FOLPDWH� W\SHV� LV� WKH� DPRXQW� RI� UDLQIDOO� LQ� WKH� GULHVW
PRQWK��-XO\���ZKLFK�LV�A���PP�IRU�WKH�&VD�W\SH��ÉHJRWD�
)LOLSáLß�� ������� *HQHUDOO\�� WKH� .YDUQHU� ,VODQGV� KDYH
ODUJHU� DQQXDO� DPRXQWV� RI� UDLQIDOO� WKDQ� WKH� UHVW� RI� WKH
&URDWLDQ�LVODQGV��UDQJLQJ�IURP�����PP��/RÊLQM�,VODQG��WR
DOPRVW� ������PP� �WKH� KLJKHVW� SDUWV� RI� WKH� .UN� ,VODQG��
0HDQ�DQQXDO�WHPSHUDWXUHV�DUH�DURXQG����&��-DQXDU\�DQG
)HEUXDU\�DUH�WKH�FROGHVW��DQG�-XO\�DQG�$XJXVW�WKH�ZDUP�
HVW�PRQWKV��ZLWK� WHPSHUDWXUHV�RI���&�DQG����&�� UHVSHF�
WLYHO\��6WUDÌLáLß��������ÉHJRWD��)LOLSáLß���������3UHGRPL�
QDQW�ZLQGV�DUH� WKH�ERUD���D�PDLQO\�QRUWK�HDVWHUO\�ZLQG
ZLWK� WKH� KLJKHVW� RFFXUUHQFH� LQ� WKH�ZLQWHU�PRQWKV�� DQG
WKH�VLURFFR���D�VRXWK�HDVWHUO\�ZLQG�ZKLFK�RFFXUV�PRVWO\
GXULQJ�DXWXPQ�DQG�VSULQJ��7KH�ERUD�XVXDOO\�EULQJV�FROG

DQG� GU\� ZHDWKHU�� ZKLOH� WKH� VLURFFR� EULQJV� FORXGV� DQG
KHDY\�UDLQV��%RWK�RI�WKH�ZLQGV�UHJXODUO\�UHDFK�JDOH�IRUFH
�3HQ]DU�HW�DO����������'XULQJ�WKH�ZDUP�SDUW�RI� WKH�\HDU�
VHD�ODQG�EUHH]HV�EORZ�GDLO\��HDVLQJ�WKH�KHDW��6XFK�D�ID�
YRXUDEOH� FOLPDWH� ZDV� RQH� RI� WKH� LPSRUWDQW� IDFWRUV� IRU
WRXULVP� GHYHORSPHQW� ZKLFK� FRQVHTXHQWO\� DIIHFWHG� WKH
RYHUDOO�GHYHORSPHQW�RI�WKH�LVODQGV�

+<'52/2*,&$/�&+$5$&7(5,67,&6
2)�7+(�.9$51(5�,6/$1'6

'XH�WR�KLJK�SUHFLSLWDWLRQ�FRPELQHG�ZLWK� WKH�RFFXU�
UHQFH�RI� UHODWLYHO\� LPSHUPHDEOH� VHGLPHQWV�� WKH�.YDUQHU
,VODQGV�KDYH�D�UHODWLYHO\�ZHOO�GHYHORSHG�VXUIDFH�K\GURO�
RJ\��6XUIDFH�ZDWHU�DSSHDUV�LQ�WKH�IRUP�RI�ODNHV��SHUPD�
QHQW� DQG� SHULRGLFDO� ZDWHU� FRXUVHV�� VSULQJV� DQG� SRROV�
9UDQVNR� -H]HUR�/DNH�RQ� WKH� ,VODQG�RI�&UHV� LV� WKH� ODUJHVW
SHUPDQHQW�ODNH�RQ�WKH�&URDWLDQ�LVODQGV��,W�KDV�DQ�DUHD�RI
����NP���ZLWK�WKH�YROXPH�RI�����PLOOLRQ�P��DW�WKH�PHDQ
OHYHO��ZKLFK�PDNHV�LW�WKH�ODUJHVW�UHVHUYRLU�RI�IUHVK�ZDWHU
RQ�WKH�&URDWLDQ�LVODQGV��7KH�ODNH�LV�D�W\SLFDO�FU\SWR�GH�
SUHVVLRQ�� WKH�PHDQ� OHYHO� RI� WKH� ODNH� LV� ������P� DERYH
PHDQ�VHD�OHYHO��P�V�O���ZKLOH�WKH�ERWWRP�RI�WKH�ODNH�OLHV
�����P�EHORZ�VHD�OHYHO��WKH�PD[LPXP�GHSWK�RI�WKH�ODNH
LV� ����� P� �%LRQGLß� HW� DO�� ������� :DWHU� WHPSHUDWXUHV
UDQJH� IURP� �� �&� GXULQJ� WKH�ZLQWHU� WR� ��� �&� GXULQJ� WKH
VXPPHU�� 7KH� DYHUDJH� DQQXDO� DPSOLWXGH� RI� WKH� ZDWHU
OHYHO� LQ� WKH� ODNH� LV� ��� FP�� 7KH�KLJKHVW� UHFRUGHG�ZDWHU
OHYHO�ZDV�����FP�DERYH�PHDQ�OHYHO� LQ�������ZKLOH�WKH
ORZHVW�OHYHO�RI�����FP�EHORZ�PHDQ�OHYHO�ZDV�UHFRUGHG
LQ�������2ÌDQLß��5XELQLß���������7KH�ODNH�KDV�EHHQ�LQ�
WHQVLYHO\� XVHG� LQ� WKH� ZDWHU� VXSSO\� V\VWHP� RI� &UHV� DQG
/RÊLQM�,VODQGV�VLQFH�WKH�ODWH�����
V��DQG�WKH�DPRXQWV�RI
ZDWHU� SXPSHG� IURP� WKH� ODNH� KDYH� EHHQ� FRQVWDQWO\� LQ�
FUHDVLQJ�GXH�WR�WKH�JURZLQJ�GHPDQGV�RI�KRXVHKROGV�DQG
HFRQRP\� �WRXULVP��� 7KH�XVDJH� RI� ODNH�ZDWHU� KDV� KDG� D
VXEVWDQWLDO�HIIHFW�RQ�WKH�ODNH
V�ZDWHU�OHYHO��EXW�WKH�H[DFW
HIIHFWV� DUH� D� PDWWHU� RI� GHEDWH� DPRQJ� VFLHQWLVWV�� ,Q� WKH
EHJLQQLQJ� RI� WKH� ����V�� H[WHQVLYH� UHVHDUFK� ZDV� FRQ�
GXFWHG� RQ� WKH� ODNH� WR� XQGHUVWDQG� LWV� K\GURJUDSKLF
PHFKDQLVP�DQG�WKH�UDWH�RI�ZDWHU�H[FKDQJH��7KRVH�VWXG�
LHV�ZHUH�SDUWLDOO\�VSDUNHG�E\�WKH�DEUXSW�GURS�RI�WKH�ZD�
WHU�OHYHO�RI�WKH�ODNH�IURP�WKH������WR�������'XULQJ�WKDW
SHULRG��ZDWHU�OHYHO�GHFUHDVHG�DW�DQ�DQQXDO�UDWH�RI����FP
�LQ�FRQWUDVW�WR�����FP�DYHUDJH�DQQXDO�GHFUHDVH�UHFRUGHG
LQ�WKH�SHULRG�IURP������WR��������7KH�FDXVHV�IRU�VXFK�D
GHFUHDVH� ZHUH� VHYHUDO� XQXVXDOO\� GU\� \HDUV� FRPELQHG
ZLWK� WKH� UDLVHG� FRQVXPSWLRQ� RI� ZDWHU� GXH� WR� LQWHQVH
WRXULVP� GHYHORSPHQW� �%RQDFFL�� ������� 5HVHDUFK� DOVR
SURYHG�WKDW� WKH�K\GURORJLFDO�EDODQFH�RI� WKH�ODNH�LV�YHU\
IUDJLOH�DQG�WKDW�WKH�DPRXQWV�RI�SXPSHG�ZDWHU�FDQQRW�EH
VLJQLILFDQWO\� LQFUHDVHG�ZLWKRXW�GLVWXUELQJ� WKH� ODNH
V� K\�
GURORJLFDO�EDODQFH�

.UN� ,VODQG� LV� WKH� VHFRQG� ODUJHVW� .YDUQHU� ,VODQG�ZLWK
WKH�PRVW� H[WHQVLYH� VXUIDFH� K\GURORJ\�� 7KH� LVODQG� KRVWV
WZR�ODNHV�DQG�9HOD�5LND�&UHHN��WKH�RQO\�SHUPDQHQW�ZD�
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WHUFRXUVH�RQ�WKH�&URDWLDQ�LVODQGV��3RQLNYH�/DNH�LV�DQ�DU�
WLILFLDO� ODNH� VLWXDWHG� LQ� WKH� FHQWUDO� SDUW� RI� WKH� LVODQG�� ,W
ZDV�IRUPHG�LQ�D�NDUVW�GHSUHVVLRQ�����NP�ORQJ�DQG����WR
����P�ZLGH�EXLOW� LQ� FDUERQDWH� URFNV�RI� WKH�8SSHU� DQG
/RZHU� &UHWDFHRXV�� PRVWO\� OLPHVWRQHV�� OLPHVWRQH� EUHF�
FLDV�DQG�GRORPLWHV��7KH�GHSUHVVLRQ�LV�FRYHUHG�ZLWK�XS�WR
D����P�WKLFN�OD\HU�RI�4XDWHUQDU\�VHGLPHQWV��'XULQJ�WKH
SHULRG�RI�LQWHQVLYH�UDLQV��D�VHDVRQDO�ODNH�DSSHDUV�ZLWKLQ
WKH� 3RQLNYH� GHSUHVVLRQ�� DQG� GLVDSSHDUV� GXULQJ� WKH� KRW
DQG�GU\�VXPPHU�PRQWKV��$YHUDJH�DQQXDO�SUHFLSLWDWLRQ�LV
������ PP� ZKLOH� DYHUDJH� DQQXDO� HYDSRUDWLRQ� LV� �����
PP�DQG�GHSUHVVLRQ
V�FDWFKPHQW�DUHD�FRYHUV�DURXQG���
NP���5XELQLß��2ÌDQLß���������:DWHU�IURP�VSULQJV�LQ�WKH
3RQLNYH�GHSUHVVLRQ�KDV�EHHQ�XVHG�LQ�IRU�VXSSO\LQJ�ZDWHU
VLQFH� ������ +RZHYHU�� WKH� JURZLQJ� SRSXODWLRQ� DQG
HFRQRP\�UHTXLUHG� ODUJHU�DPRXQWV�RI� IUHVK�ZDWHU�DQG� LQ
����� D� ���� P� ORQJ� GDP� ZDV� EXLOW� LQ� WKH� GHSUHVVLRQ
ZKLFK�VHSDUDWHG�WKH�VSULQJ�IURP�SRQRUV��VZDOORZ�KROHV�
SUHYHQWLQJ�WKH�GUDLQDJH�RI�VXUIDFH�ZDWHU�DQG�FUHDWLQJ�DQ
DUWLILFLDO� ODNH�� ,Q� ������ D� QHZ� ORQJHU� GDP� ZDV� FRQ�
VWUXFWHG�HQODUJLQJ�WKH�YROXPH�RI� WKH�ODNH� IURP��������
P��WR������PLOOLRQ�P���,Q�������D�QHZ�SXPS�VWDWLRQ�EH�
JDQ� WR� RSHUDWH�ZLWK� D� WKHRUHWLFDO� FDSDFLW\� RI� ������ O�V�
7RGD\��DERXW�����RI�WKH�ZDWHU�LQ�WKH�ZDWHU�VXSSO\�V\VWHP
RQ� .UN� ,VODQG� FRPHV� IURP� 3RQLNYH� /DNH� �/RQáDULß�
�������+RZHYHU��LQFUHDVHG�SXPSLQJ�GXULQJ�WKH�VXPPHU
PRQWKV� FDXVHV� D� UDSLG� GURS� RI� WKH� ZDWHU� OHYHO� LQ� WKH
ODNH��DV�ZHOO�DV�SUREOHPV�ZLWK�ZDWHU�TXDOLW\�

$� ODNH�QHDU� WKH� WRZQ�RI�1MLYLFH� LV� D� FU\SWR� GHSUHV�
VLRQ� ZLWK� ORZHVW� SRLQW� DW� �� P� EHORZ� P�V�O�� ZKLOH� WKH
PHDQ�ZDWHU� OHYHO� LV�����P�DERYH�P�V�O�� 7KH� ODNH� KDV� D
VXUIDFH�RI������NP��ZLWK�YROXPH�RI�����PLOOLRQ�P��DQG�D
PHDQ�GHSWK�RI������P��7KH�ODNH�LV�VXUURXQGHG�E\�D�ZLGH
SHDW� ]RQH� FRYHUHG� ZLWK� WKLFN� YHJHWDWLRQ� �5XELQLß�
2ÌDQLß���������%HFDXVH�RI� WKH� LQWHQVLYH�HXWURSKLFDWLRQ
SURFHVVHV�� WKH�TXDOLW\�RI� WKH�ZDWHU� LV�YHU\� ORZ�DQG� LW� LV
SULPDULO\�XVHG�DV�LQGXVWULDO�ZDWHU�IRU�D�QHDUE\�FKHPLFDO
SODQW�LQ�WKH�WRZQ�RI�2PLÊDOM�

9HOD�5LND�&UHHN�IORZV�WKURXJK�WKH�VRXWK�HDVWHUQ�SDUW
RI� WKH�.UN� ,VODQG�� ,WV� IXOO� OHQJWK�LV����NP��EXW� WKH�ZDWHU
IORZV� WKURXJKRXW� WKH�\HDU�RQO\� LQ� WKH�XSSHU�SDUW�RI� WKH
FUHHN� �1RYRVHO� �� ËLF�� ������� 7KH� FDWFKPHQW� DUHD� HQ�
FRPSDVVHV� VXUURXQGLQJ� OLPHVWRQH� KLOOV� XS� WR� ���� P
DERYH�P�V�O��'XULQJ�WKH�KHDY\�UDLQV��WKH�FUHHN�WXUQV�LQWR
D� WRUUHQW� ZLWK� D� PD[LPXP� UHFRUGHG� IORZ� RI� ���� O�V�
:KHQ�VXFK�HYHQWV�WDNH�SODFH�WKH�FUHHN�UHJXODUO\� IORRGV
WKH�FRDVWDO�WRZQ�RI�%DÊND��/RQáDULß��������

2Q�RWKHU�.YDUQHU� ,VODQGV� WKH� VXUIDFH�ZDWHU� DSSHDUV
RQO\� LQ� WKH� IRUP�RI�VSULQJV��SRROV��ZDWHUKROHV�DQG�SHUL�
RGLFDO� WRUUHQWV�� 1XPHURXV� DUWLILFLDO� DQG� QDWXUDO� SRROV
KDYH� EHHQ� XVHG� LQ� DJULFXOWXUH� IRU� ZDWHULQJ� FURSV� DQG
FDWWOH�EXW�PDQ\�RI� WKHP�KDYH�QRW�EHHQ�XVHG� IRU�D� ORQJ
WLPH�DQG�DUH�QRZ�PRVWO\�RYHUJURZQ�ZLWK�GHQVH�YHJHWD�
WLRQ��3RROV�DUH�RIWHQ�WKH�RQO\�VRXUFH�RI�VXUIDFH�ZDWHU�RQ
WKH�VPDOO�.YDUQHU�,VODQGV��)LJ�����

)LJ�����$UWLILFLDO�SRRO�RQ�WKH�,VODQG�RI�5DE��SKRWR��5��/RQàDULÞ��
6O�����8PHWQL�ED]HQ�QD�RWRNX�5DE��IRWR��5��/RQàDULÞ��
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'XH�WR�SHUPHDEOH�FDUERQDWH�URFNV�ZKLFK�DUH�SUHYD�
OHQW� LQ� WKH� JHRORJLFDO� VWUXFWXUHV� RI� WKH� .YDUQHU� ,VODQGV�
PRVW�RI�WKH�UDLQ�ZDWHU�UDSLGO\�LQILOWUDWHV�WKH�XQGHUJURXQG
ZKHUH�LW�LV�FRQILQHG�ZLWKLQ�DTXLIHUV��7KRVH�DTXLIHUV�SUH�
VHQW� VXEVWDQWLDO� IUHVK�ZDWHU� UHVHUYRLUV�RQ�PDQ\�.YDUQHU
,VODQGV��DQG�SOD\�D�YLWDO� UROH� LQ� WKH�ZDWHU� VXSSO\��HVSH�
FLDOO\�RQ�VPDOOHU� LQKDELWHG�LVODQGV��6XVDN��8QLMH�� ,ORYLN�
9HOH�6UDNDQH�DQG�0DOH�6UDNDQH���+RZHYHU��WKH�TXDQWLW\
RI� WKH�ZDWHU� LQ� VXFK� DTXLIHUV� LV� YHU\� OLPLWHG� DQG� VLQFH
WKH� DTXLIHUV� RQ� WKH� VPDOO� LVODQGV� OD\� FORVH� WR� WKH� VHD�
WKHUH� LV� DOZD\V� D� ULVN� RI� VHD�ZDWHU� LQWUXVLRQ� LQ� FDVH� RI
H[FHVVLYH�ZDWHU�SXPSLQJ�

:$7(5�6833/<�21�7+(�.9$51(5�,6/$1'6��
35(6(17�67$7(

2QH� RI� WKH� EDVLF� SUHFRQGLWLRQV� IRU� WKH� .YDUQHU
,VODQGV
� HFRQRPLF� GHYHORSPHQW� ZDV� WKH� HVWDEOLVKPHQW
RI�WKH�ORFDO�ZDWHUZRUNV�V\VWHPV��,Q�WKH�SDVW��ZDWHU�FRQ�
VXPSWLRQ�ZDV�H[WUHPHO\�UDWLRQHG�VLQFH�WKH�PDLQ�VRXUFH
RI�IUHVK�ZDWHU�ZDV�WKH�UDLQ��0RVW�RI�WKH�ZDWHU�ZDV�XVHG
IRU� DJULFXOWXUH�� ZKLFK� PHDQW� WKDW� RQO\� VPDOO� DPRXQWV
ZHUH� OHIW� IRU� SHUVRQDO� XVH�� ,Q� WKH� ODVW� IHZ�GHFDGHV�� WKH
GHPDQG� IRU� ZDWHU� KDV� EHHQ� UDSLGO\� LQFUHDVLQJ� ZLWK
WRXULVP�DQG�LQGXVWU\�EHFRPLQJ�WKH�OHDGLQJ�FRQVXPHUV�RI
WKH� IUHVK�ZDWHU��6LQFH� WRXULVP�LV�PRVWO\� OLPLWHG� WR�VXP�
PHU�PRQWKV��WKH�FRQVXPSWLRQ�RI�ZDWHU�GXULQJ�WKH�WRXULVW
VHDVRQ� LQFUHDVHV� RQ� VRPH� LVODQGV� E\� VL[� IROG� �)LJ�� ��
�/RQáDULß�� ������� 6XFK� DQ� LQFUHDVH� FUHDWHV� HQRUPRXV
SUHVVXUH� RQ� WKH� LVODQGV
� DTXLIHUV� DQG� LQ� H[WUHPH� FDVHV
FDQ�FDXVH�ZDWHU�VKRUWDJHV��$V�D� UHVXOW�� ORFDO�DXWKRULWLHV
ZHUH� IRUFHG� WR� LQYHVW�DGGLWLRQDO� IXQGV� LQ�XSJUDGLQJ� WKH
ZDWHUZRUNV� LQ�RUGHU� WR� VHFXUH� UHJXODU�ZDWHU� VXSSO\�� ,Q�
FRPH�IURP�WRXULVP�HQDEOHV� WKH� LVODQGV¤�FRPPXQLWLHV� WR

LQYHVW�PRQH\� LQ�EXLOGLQJ�DQG�PDLQWDLQLQJ� ODUJHU�ZDWHU�
ZRUNV�

7KH�ZDWHU�VXSSO\�RQ�WKH�.YDUQHU�,VODQGV�LV�VRPHZKDW
GLIIHUHQW� WKDQ� RQ� PRVW� RI� WKH� RWKHU� &URDWLDQ� LVODQGV�
/DUJH� ERGLHV� RI� ZDWHU� RQ� VRPH� RI� WKH� .YDUQHU� ,VODQGV
KDYH�HQDEOHG�WKH�GHYHORSPHQW�RI�ZDWHUZRUNV�ZKLFK�DUH
QRW�GHSHQGDQW�RQ�ZDWHU�IURP�WKH�PDLQODQG��)LJ������7KH
,VODQGV� RI� &UHV� DQG� /RÊLQM� UHO\� DOPRVW� FRPSOHWHO\� RQ
ZDWHU�IURP�WKH�9UDQVNR�-H]HUR�/DNH��DQG�WKH�ZDWHU�VXS�
SO\� RQ�.UN� LV� DOVR� EDVHG�RQ� ORFDO�ZDWHU� VRXUFHV�� $GGL�
WLRQDOO\��.UN�LV�FRQQHFWHG�WR�WKH�PDLQODQG
V�ZDWHUZRUNV
DV�ZHOO��EXW� WKDW�ZDWHU� LV�XVHG�RQO\� LI� WKH� ORFDO�VRXUFHV
IDLO�WR�GHOLYHU�HQRXJK�ZDWHU��5DE�UHOLHV�PRVWO\�RQ�ZDWHU
IURP� WKH�PDLQODQG�� EXW� LW� DOVR� KDV� ORFDO� ZDWHU� VRXUFHV
ZKLFK� DSSHDU� WR� EH�YHU\� XVHIXO� GXULQJ� WKH� SHDN� RI� WKH
WRXULVW�VHDVRQ�

,Q� FRQWUDVW� WR� WKH� ODUJH� LVODQGV�� WKH� VPDOO� LQKDELWHG
.YDUQHU� LVODQGV� VXIIHU� FRQVWDQWO\� IURP� ZDWHU� VKRUWDJHV�
$V�SUHYLRXVO\�PHQWLRQHG��WKRVH�LVODQGV�KDYH�YHU\�OLPLWHG
ORFDO�ZDWHU�VRXUFHV�DQG�DUH�QRW�FRQQHFWHG�WR�WKH�ZDWHU�
ZRUNV� RI� ODUJH� LVODQGV�� $Q\� IXUWKHU� HFRQRPLF� GHYHORS�
PHQW�RI� WKHVH�LVODQGV�LV�GHSHQGHQW�RQ�KRZ�TXLFNO\�DQG
KRZ�HIILFLHQWO\�WKH�SUREOHP�RI�WKH�ZDWHU�VXSSO\�ZLOO�EH
VROYHG�

7+(�,03$&7�2)�:$7(5�$9$,/$%,/,7<
21�'(02*5$3+,&6�$1'�(&2120<

'HPRJUDSKLF�SURFHVVHV�DQG�ZDWHU�DYDLODELOLW\

'HPRJUDSKLF� WUHQGV� RQ� WKH� .YDUQHU� ,VODQGV� KDYH
EHHQ�FORVHO\�FRQQHFWHG�WR�LWV�HFRQRP\��'XULQJ�WLPHV�RI
HFRQRPLF� ULVH�� WKH� SRSXODWLRQ� JUHZ� VLJQLILFDQWO\�� DQG
GXULQJ�WLPHV�RI�FULVLV��WKH�LVODQGV
�SRSXODWLRQ�UDSLGO\�GH�

)LJ�����'LVFUHSDQF\�LQ�WKH�ZDWHU�FRQVXPSWLRQ�EHWZHHQ�VXPPHU�DQG�ZLQWHU�PRQWKV��
H[DPSOH�IURP�WKH�,VODQG�RI�5DE�LQ�SHULRG������������5DE��������
6O�����5D]OLND�Y�SRUDEL�YRGH�PHG�SROHWQLPL�LQ�]LPVNLPL�PHVHFL��
SULPHU�RWRND�5DE�Y�REGREMX�PHG������LQ�������5DE��������
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FOLQHG�� (PLJUDWLRQ� SURFHVVHV� ZHUH�PRUH� LQWHQVLYH� WKDQ
RQ�WKH�PDLQODQG�EHFDXVH�RI�D�YHU\�IUDJLOH�DQG�LQIOH[LEOH
HFRQRP\�ZKLFK�RIWHQ�GHSHQGHG�RQ�D�VLQJOH�IRUP�RI�WKH
DJULFXOWXUDO�SURGXFWLRQ��H�J��YLQH\DUGV��

'HPRJUDSKLF� WUHQGV� RQ� WKH� ODUJH� .YDUQHU� ,VODQGV
VKRZHG�UHODWLYH�SRSXODWLRQ�VWDELOLW\�IURP�WKH�ILUVW�FHQVXV
LQ������XQWLO�WKH�6HFRQG�:RUOG�:DU��)LJ������'XULQJ�WKDW
SHULRG�� RQO\� WKH� SRSXODWLRQ� RI� .UN� ,VODQG� FKDQJHG� VLJ�
QLILFDQWO\��7KH�SRSXODWLRQ�RI�.UN�,VODQG�UDSLGO\�JUHZ�XS
WR� ����� DQG� WKHQ� VWDUWHG� WR� GHFUHDVH� VKRUWO\� DIWHU� WKH
)LUVW� :RUOG� :DU�� 7KDW� SURFHVV� FRQWLQXHG� XS� WR� WKH
����
V�ZKHQ�WKH�QXPEHU�RI�WKH�LQKDELWDQWV�EHJDQ�WR�ULVH
DJDLQ�� 7KH� ULVH� ZDV� FDXVHG� E\� WKH� H[SDQVLRQ� RI� PDVV
WRXULVP�DQG�LQGXVWU\�ZKLFK�SURYLGHG�MREV�IRU�WKH�LVODQG�
HUV�DQG�WKXV�VWRSSHG�HPLJUDWLRQ�DQG�HYHQ�DWWUDFWHG�QHZ
LQKDELWDQWV� IURP� WKH�PDLQODQG�� 6XFK� DQ� HFRQRPLF� ULVH
ZDV�SRVVLEOH�EHFDXVH�.UN�KDG�DGHTXDWH� ORFDO�ZDWHU� UH�
VRXUFHV� ZKLFK� FRXOG� EDFN� XS� WKH� JURZLQJ� HFRQRP\
�/RQáDULß��������

7KH�PRGHUQ� GHPRJUDSKLF� SURFHVVHV� RQ� RWKHU� ODUJH
.YDUQHU�,VODQGV�ZHUH�VRPHZKDW�GLIIHUHQW��7KH�LVODQGV�RI
&UHV� DQG� /RÊLQM� VWDUWHG� WR� H[SHULHQFH� D� GHFUHDVH� LQ
SRSXODWLRQ� EHWZHHQ� WKH� ZRUOG� ZDUV� EHFDXVH� RI� WKH
FKDQJHG� JHRSROLWLFDO� VLWXDWLRQ�� 1DPHO\�� WKRVH� LVODQGV
ZHUH� DQQH[HG� E\� ,WDO\� LQ� ����� DIWHU� WKH� VLJQLQJ� RI� WKH
5DSDOOD�$JUHHPHQW�ZKLFK�FDXVHG�PDQ\�&URDWV� WR� OHDYH
WKH�LVODQGV��7KH�RSSRVLWH�SURFHVV�RFFXUUHG�DIWHU�WKH�6HF�
RQG� :RUOG� :DU� ZKHQ� WKRVH� LVODQGV� MRLQHG� WKH� QHZO\
IRUPHG� <XJRVODY� VWDWH� DQG� ZKHQ� PDQ\� ,WDOLDQ� FLWL]HQV
ZHUH�H[LOHG�IURP�WKH�LVODQGV��%HFDXVH�RI� WKH�HPLJUDWLRQ
RI�ERWK�&URDWV� DQG� ,WDOLDQV�� WKH�SRSXODWLRQ� RI�&UHV� DQG
/RÊLQM� LVODQGV� GHFUHDVHG� DIWHU� WKH� HQG� RI� WKH� 6HFRQG
:RUOG� :DU� �/DMLß�� ������� /RÊLQM� ,VODQG� H[SHULHQFHG� D
TXLFNHU�UHFRYHU\�ZKLFK�ZDV�HYLGHQW�IURP�WKH������FHQ�
VXV�RQZDUGV��ZKLOH�&UHV�,VODQG�FRQWLQXHG�WR�H[SHULHQFH

SRSXODWLRQ�ORVV�XS�WR�������DQG�XQWLO�WKH������FHQVXV�LWV
SRSXODWLRQ�GLG�QRW�ULVH�EXW�UDWKHU�UHPDLQHG�PRUH�RU�OHVV
VWDEOH�� 7KH�SRSXODWLRQ� RI� 5DE� H[KLELWV� D� VWHDG\� JURZWK
WKURXJKRXW� WKH� VKRZQ� SHULRG�� 8QOLNH� &UHV� DQG� /RÊLQM�
5DE�KDG�D�PRUH�FRQVWDQW�HFRQRPLF�DQG�SROLWLFDO�GHYHO�
RSPHQW�� VR� WKH� HPLJUDWLRQ� SURFHVVHV� ZHUH� OHVV� SUR�
QRXQFHG�
'HPRJUDSKLF� WUHQGV�RQ� WKH� VPDOO�.YDUQHU� LVODQGV�ZHUH
LQ�PDQ\�ZD\V�GLIIHUHQW� WKDQ�RQ� WKH� ODUJH� LVODQGV�� )URP
WKH�ILUVW�FHQVXV�LQ������XQWLO�������WKH�SRSXODWLRQ�RI�WKH
VPDOO� LVODQGV� VORZO\�EXW� VWHDGLO\� LQFUHDVHG� �)LJ�� ���� %XW
WKH�QDWXUDO� UHVRXUFHV�RI� WKH� VPDOO�.YDUQHU� LVODQGV�ZHUH
OLPLWHG� DQG� FRXOG� QRW� VXVWDLQ� WKH� SRSXODWLRQ� JURZWK�
$OVR�� YLQH\DUGV�� ZKLFK� ZHUH� WKH� EDVH� RI� WKH� LVODQGV

HFRQRP\��ZHUH�KHDYLO\� DIIHFWHG� E\�D� VHULHV� RI� GLVHDVHV
�SK\OOR[HUD�� GRZQ\� PLOGHZ�� SRZGHU\� PLOGHZ�� LQ� WKH
ODWH� ��WK� FHQWXU\� �3RGJRUHOHF�� ������ /DMLß�� ������� 7KH
SRSXODWLRQ� RI� WKH� VPDOO� .YDUQHU� ,VODQGV� VWDUWHG� WR
GHFUHDVH� VKRUWO\� DIWHU� WKH� HQG� RI� WKH� )LUVW� :RUOG� :DU
PDLQO\� LQ� UHVSRQVH� WR� WKH� HPLJUDWLRQ� RI� WKH� LVODQGHUV
RYHUVHDV��7KH�UHDO�H[RGXV�RQ�WKH�VPDOO�LVODQGV��KRZHYHU�
KDSSHQHG�DIWHU�WKH�6HFRQG�:RUOG�:DU��)RU�H[DPSOH��WKH
SRSXODWLRQ� RI� 6XVDN� ZDV� PRVW� DIIHFWHG� E\� HPLJUDWLRQ
VLQFH� WKH� LVODQG� ORVW� DERXW� ���� RI� LWV� SRSXODWLRQ� LQ� WKH
SHULRG� EHWZHHQ� WKH� ����� DQG� ����� FHQVXVHV�� 7KH
SRSXODWLRQ�RI� ,ORYLN�DQG�8QLMH�DOVR�UDSLGO\�GHFOLQHG��DV
ZHOO�DV�WKH�SRSXODWLRQ�RI�WKH�VPDOOHVW�LQKDELWHG�.YDUQHU
,VODQGV�� 9HOH� DQG� 0DOH� 6UDNDQH�� ZKLFK� ZHUH� DOPRVW
FRPSOHWHO\� GHSRSXODWHG� E\� WKH� ����� FHQVXV�� 7KH� UH�
PDLQLQJ�SRSXODWLRQ�RQ�WKH�VPDOO�.YDUQHU�LVODQGV�LV�YHU\
ROG�RQ�DYHUDJH��DQG�WKHUHIRUH�SRVVHVVHV�QR�SRVVLELOLW\�IRU
QDWXUDO� UHFRYHU\� �3RGJRUHOHF�� ������� 7KH� RQO\� ZD\� WR
UHYLYH� WKH� LVODQGV� LV� WR� VWLPXODWH� UHSRSXODWLRQ�ZKLFK� LV
LPSRVVLEOH�ZLWKRXW� WKH�GHYHORSPHQW�RI�D�PRGHUQ� LQIUD�
VWUXFWXUH�ZLWK�DQ�HPSKDVLV�RQ�WKH�ZDWHU�VXSSO\�V\VWHPV�

)LJ�����3RSXODWLRQ�RI�WKH�ODUJH�.YDUQHU�,VODQGV�IURP������WR������FHQVXV��/DMLÞ��������
6O�����3UHELYDOVWYR�YHOLNLK�NYDUQHUVNLK�RWRNRY������������/DMLÞ��������
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)LJ�����3RSXODWLRQ�RI�WKH�VPDOO�.YDUQHU�LVODQGV�IURP������WR������FHQVXV��/DMLÞ��������
6O�����3UHELYDOVWYR�PDOLK�NYDUQHUVNLK�RWRNRY������������/DMLÞ��������

,QIOXHQFH�RI�ZDWHU�RQ�WKH�LVODQGV¡�HFRQRP\

7KH� WUDGLWLRQDO� HFRQRP\�RI� WKH�.YDUQHU� ,VODQGV�ZDV
EDVHG� RQ� DJULFXOWXUH�� PRVWO\� RQ� YLQH\DUGV� DQG� ROLYH
JURZLQJ�� DV� ZHOO� DV� OLYHVWRFN� IDUPLQJ�� 1DWXUDOO\�� ZDWHU
VRXUFHV�SOD\HG�D� YLWDO� UROH� LQ� WKH� GHYHORSPHQW� RI� VXFK
DQ�HFRQRP\�� ,QWHQVLYH�DJULFXOWXUH�ZDV�RQO\�SRVVLEOH� LQ
WKH�DUHDV�ZLWK�VXEVWDQWLDO�DPRXQWV�RI�ZDWHU�DQG�ZLWK�ID�
YRXUDEOH�SHGRORJLFDO�FRQGLWLRQV��EXW�RQ�WKH�PRVW�RI�WKH
.YDUQHU� ,VODQGV�� LQWHQVLYH� DJULFXOWXUH� H[LVWHG� RQO\� LQ
VPDOO�DUHDV��5RFN\�NDUVW�WHUUDLQ�ZLWK�DOPRVW�QR�VRLO�FRY�
HUV�PXFK�RI�WKH�LVODQGV�DQG�WKH�RQO\�IRUP�RI�DJULFXOWXUH
WKDW�FRXOG�KDYH�H[LVWHG�LQ�VXFK�WHUUDLQ�LV�H[WHQVLYH�OLYH�
VWRFN� IDUPLQJ��PRVWO\� JRDWV� DQG� VKHHS�� 7KH� H[FHSWLRQV
DUH�WKH�LVODQGV�RI�.UN�DQG�5DE�ZLWK�UHODWLYHO\� ODUJH�YDO�
OH\V�FRYHUHG�ZLWK�IHUWLOH�VHGLPHQWV��,Q�FRPELQDWLRQ�ZLWK
WKH� DEXQGDQFH� RI� ZDWHU� VRXUFHV�� WKRVH� DUHDV� SURYLGHG
JRRG�FRQGLWLRQV�IRU�VRPHZKDW�LQWHQVLYH�DJULFXOWXUH�SUR�
GXFWLRQ��)ORXULVKLQJ�DJULFXOWXUDO�FRQGLWLRQV�ZHUH�DEOH�WR
VHFXUH�HQRXJK� IRRG� IRU� WKH� ORFDO�SRSXODWLRQ�ZKLOH� VXU�
SOXVHV�RI�DJULFXOWXUDO�SURGXFWV�OHG�WR�WKH�GHYHORSPHQW�RI
WUDGH��7KH�ERRPLQJ�HFRQRP\�DOVR�SRVLWLYHO\�DIIHFWHG�WKH
GHPRJUDSKLF�WUHQGV�DQG�WKH�LVODQGV�RI�.UN�DQG�5DE�EH�
FDPH�WKH�PRVW�SRSXODWHG�DPRQJ�WKH�.YDUQHU�,VODQGV�

,Q�WKH�VHFRQG�KDOI�RI� WKH���WK�FHQWXU\��WKH�RQFH�VHOI�
VXIILFLHQW� HFRQRP\� RI� WKH� .YDUQHU� ,VODQGV� ZDV� VORZO\
WXUQLQJ�LQWR�D�PDUNHW�HFRQRP\��7KH�LVODQGHUV�FRXOG�H[�
SRUW� WKHLU� SURGXFWV� DEURDG� DQG� PDNH� PRUH� PRQH\�� LW
DOVR�PHDQW�WKDW�WKH\�EHFDPH�GHSHQGDQW�RQ�WKH�SULFHV�RI
WKHLU�JRRGV�RQ� WKH� LQWHUQDWLRQDO�PDUNHW�� ,Q� WKH�HYHQW�RI
DQ� HFRQRPLF� FULVLV�� VXFK� HFRQRP\� FRXOG� QRW� KDYH
WUDQVIRUPHG� TXLFN� HQRXJK� WR� VHFXUH� UHJXODU� LQFRPHV�
OHDYLQJ�WKH�LVODQGHUV�ZLWK�QR�RSWLRQ�EXW�WR�OHDYH�WKH�LV�
ODQGV�DQG�PLJUDWH� WR� WKH�PDLQODQG�RU��PRUH� IUHTXHQWO\�
RYHUVHDV��/DMLß��������

9HU\� OLPLWHG� QDWXUDO� UHVRXUFHV� UHSUHVHQWHG� D� PDMRU
VHWEDFN�IRU�WKH�HFRQRP\�RI�WKH�LVODQGV��:DWHU�VKRUWDJHV
ZHUH� LQ� IDFW��RQH�RI� WKH� OHDGLQJ�SXVK�IDFWRUV�RI�HPLJUD�
WLRQ� RYHU� WKH� ODVW� FHQWXU\� �0DJDÊ�� ������� 7KH� LVODQGV

JURZLQJ�SRSXODWLRQ�LQ�WKH�HDUO\�����
V�IDFHG�WKH� LVVXHV
RI�D�ODFN�RI�ERWK�DUDEOH�ODQG�DQG�IUHVK�ZDWHU��7KH�ODUJH
LVODQGV�KDG�PRUH�DEXQGDQW�QDWXUDO� UHVRXUFHV��PRVW� LP�
SRUWDQWO\�ZDWHU��ZKLFK�SURYLGHG�D�PRUH� VWDEOH�EDVH� IRU
HFRQRPLF� GHYHORSPHQW�� 7KH� HFRQRP\� RQ� WKH� ODUJH� LV�
ODQGV� ZDV� QRW� VR� KHDYLO\� GHSHQGDQW� RQ� DJULFXOWXUH�
7RXULVP�DSSHDUHG�RQ�WKH�.YDUQHU�,VODQGV�LQ�WKH�ODWH���WK

FHQWXU\�� DQG� DORQJ� ZLWK� WUDQVSRUWDWLRQ� DQG� LQGXVWU\�� LW
FUHDWHG� D� QHZ� HFRQRPLF� EDVH� IRU� WKH� ODUJH� LVODQGV�
PDNLQJ�WKHP�PRUH�UHVLVWDQW�WR�FULVLV�

7KH�PRGHUQ�HFRQRP\�RI�WKH�.YDUQHU�,VODQGV�GHSHQGV
DOPRVW�H[FOXVLYHO\�RQ�WRXULVP��(FRQRPLF�WUDQVIRUPDWLRQ
RI� WKH� .YDUQHU� ,VODQGV� VWDUWHG� D� ORW� HDUOLHU� WKDQ� RQ� WKH
UHVW�RI� WKH�&URDWLDQ�LVODQGV�� ,Q�WKH� ODWH���WK�FHQWXU\�� WKH
LVODQG�RI� /RÊLQM�ZDV�DOUHDG\�ZHOO� NQRZQ�DPRQJ� WUDYHO�
OHUV�LQ�WKH�$XVWUR�+XQJDULDQ�(PSLUH�DQG�IHZ�KRWHOV�DQG
UHVWDXUDQWV�ZHUH� EXLOW� LQ� WKH� WRZQ�RI�0DOL� /RÊLQM� �SUHV�
HQWO\� WKH� ODUJHVW� VHWWOHPHQW� RQ� DOO� WKH� &URDWLDQ� LVODQGV
ZLWK�D�SRSXODWLRQ�RI��������� ,W�ZDV�QRW� ORQJ�EHIRUH� WKH
UHVW�RI�WKH�.YDUQHU�LVODQGV�ZHUH�DOVR�GLVFRYHUHG�E\�WRXU�
LVWV�DQG�E\�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\�.YDUQHU�EH�
FDPH�WKH�WRXULVW�FHQWUH�RI�&URDWLD��3UHVHQWO\��WKH�.YDUQHU
,VODQGV� DUH� YHU\� SRSXODU� DPRQJ� IRUHLJQ� WRXULVWV�� HVSH�
FLDOO\� *HUPDQV�� 6ORYHQLDQV� DQG� ,WDOLDQV� �.HUPD� HW� DO��
������

,QWHQVLYH� WRXULVP�� VLPLODU� WR� DJULFXOWXUH�� FRXOG� GH�
YHORS�RQO\�RQ�WKH�LVODQGV�ZLWK�VXIILFLHQW�ZDWHU�UHVRXUFHV�
WKXV�WKH�LVVXH�RI�ZDWHU�DYDLODELOLW\�EHJDQ�WR�SOD\�DQ�HYHQ
ODUJHU�UROH�ZLWK�WKH�GHYHORSPHQW�RI�PDVV�WRXULVP�LQ�WKH
����
V�DQG�����
V��'XULQJ�WKDW�SHULRG��QXPHURXV�KRWHOV�
FDPSV� DQG� WRXULVW� VHWWOHPHQWV� ZHUH� EXLOW� RQ� WKH� ODUJH
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)LJ�����1XPEHUV�RI�WRXULVW�DUULYDOV�RQ�WKH�ODUJH�.YDUQHU�LVODQGV�IURP������WR�������&%6�������������
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)LJ�����1XPEHUV�RI�WRXULVW�DUULYDOV�RQ�WKH�VPDOO�.YDUQHU�LVODQGV�IURP������WR�������&%6�������������
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.YDUQHU�LVODQGV��UHVXOWLQJ�LQ�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH
QXPEHU� RI� WRXULVW� DUULYDOV�� 6XFK� DQ� LQFUHDVH� FRQWLQXHG
XQWLO� WKH� HDUO\� ����¤V� XQWLO� WKH� RXWEUHDN� RI� WKH�+RPH�
ODQG� :DU� LQ� &URDWLD�� ZKLFK� EURXJKW� WRXULVP� RQ� WKH
.YDUQHU�,VODQGV�DOPRVW�WR�D�VWDQGVWLOO��$IWHU�WKH�HQG�RI�WKH
ZDU� LQ� ������ WKH� QXPEHUV� EHJDQ� WR� LQFUHDVH� DW� D� VORZ
EXW� VWHDG\� UDWH�� HVSHFLDOO\� DIWHU� ����� ZKHQ� WKH� ZKROH
UHJLRQ�ZDV�SROLWLFDOO\�VWDELOL]HG��)LJ�����

7RXULVP� RQ� WKH� VPDOO� .YDUQHU� LVODQGV� LV� VWLOO� LQ� WKH
LQLWLDO� SKDVH�� 7KH� LVODQGV¤� WRXULVW� LQIUDVWUXFWXUH� LV� YHU\
PXFK� ODFNLQJ� EHFDXVH� WKHUH� DUH� QR� KRWHOV�� FDPSV� RU
DSDUWPHQW� FRPSOH[HV�� 7KHVH� LVODQGV� DOVR� KDYH� D� YHU\
VPDOO�DQG�RQ�DYHUDJH�D�YHU\�ROG�SRSXODWLRQ�ZKLFK�OLPLWV
HFRQRPLF� JURZWK� GXH� WR� WKH� ODERXU� VKRUWDJH�� 1DWXUDO
ZDWHU� VRXUFHV� RQ� WKH� LVODQGV� DUH� YHU\� OLPLWHG�� VR� WKH\

RIWHQ� GHSHQG� RQ� WKH� WUDQVSRUWDWLRQ� RI� ZDWHU� IURP� WKH
ODUJH� QHLJKERXULQJ� LVODQGV� �L�H�� WKH� ,VODQG� RI� /RÊLQM��� ,Q
VXFK�FRQGLWLRQV�� WKH�VPDOO�.YDUQHU� LVODQGV�FDQ�RQO\� UH�
FHLYH� D� YHU\� VPDOO� DQG� OLPLWHG� QXPEHU� RI� WRXULVWV�� DO�
WKRXJK� WKH� ILJXUHV� DUH� VKRZLQJ� JURZWK� LQ� UHFHQW� \HDUV
�)LJ�����

3UHVHQWO\��ZDWHU�VXSSO\�FDSDELOLWLHV�RI�WKH�ODUJH�.YDU�
QHU�LVODQGV�DUH�DEOH�WR�SURYLGH�VXIILFLHQW�DPRXQWV�IRU�WKH
ORFDO�HFRQRPLHV�ZKLOH�WKH�IXWXUH�GHPDQGV�IRU�WKH�ZDWHU
ZLOO�GHSHQG�HQWLUHO\�RQ�WKH�UDWH�RI�WRXULVP�JURZWK��1HY�
HUWKHOHVV�� DFFRUGLQJ� WR� WKH� ORFDO� ZDWHU� GLVWULEXWRUV�� WKH
ZDWHU� VRXUFHV� RI� WKH� ODUJH� .YDUQHU� LVODQGV� FDQ� HDVLO\
NHHS�XS�ZLWK�D�FXUUHQW�VWHDG\�JURZWK�RI� WRXULVP��FD���
���D�\HDU���WKXV�WKHUH�LV�QR�LPPHGLDWH�GDQJHU�RI�D�ZDWHU
VKRUWDJH�RQ�WKRVH�LVODQGV�
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7KH�DOWHUQDWLYH�VRXUFHV�RI�IUHVK�ZDWHU
RQ�WKH�.YDUQHU�,VODQGV

$OWKRXJK�ZDWHU� UHVRXUFHV�RI� WKH�.YDUQHU� ,VODQGV�DUH
UDWKHU�DEXQGDQW�� WKH\�DUH�H[SRVHG� WR�QXPHURXV� WKUHDWV�
ERWK� QDWXUDO� DQG�PDQ�PDGH�� 6LQFH� VRPH� ODUJH� .YDUQHU
,VODQGV�GHSHQG�RQ�D�VLQJOH�ZDWHU�VRXUFH��DQG�VPDOO�RQHV
ZHUH� QRW� FRQQHFWHG� WR� WKH� ZDWHUZRUNV� RI� WKH� QHLJK�
ERXULQJ�ODUJH�LVODQGV�RU�WKH�PDLQODQG��PRVWO\�GXH�WR�WKH
KLJK� H[SHQVH��� QRQ�FRQYHQWLRQDO� �DOWHUQDWLYH�� PHWKRGV
VKRXOG� EH� LQWURGXFHG�� LQ� RUGHU� WR� SURYLGH� VXIILFLHQW
TXDQWLW\� RI� ZDWHU� LQ� WKH� FDVH� RI� LQFUHDVHG� GHPDQGV� RU
DQ\�XQH[SHFWHG�HYHQW��$OWHUQDWLYH�ZDWHU�VXSSO\�V\VWHPV
UDQJH� IURP� UHODWLYHO\� VLPSOH� XVDJH� RI� UDLQZDWHU� WR� WKH
FRPSOH[� DQG� H[SHQVLYH� SURFHVVHV� RI� GHVDOLQDWLRQ� DQG
ZDVWH�ZDWHU�WUHDWPHQW�

2QH�SRWHQWLDO�QRQ�FRQYHQWLRQDO�PHWKRG�IRU�REWDLQLQJ
IUHVK�ZDWHU�LV�UHF\FOLQJ�ZDVWH�ZDWHU��7KLV�PHWKRG�LV�XVHG
H[WHQVLYHO\� LQ�DULG�DQG�VHPL�DULG�DUHDV� LQ� WKH�GHYHORSHG
FRXQWULHV��H�J��*XOI�FRXQWULHV��DQG�WKH�VRXWK�ZHVWHUQ�VWD�
WHV� LQ� WKH� 86$��� 7KURXJK� D� VHULHV� RI� PHFKDQLFDO� DQG
FKHPLFDO� SURFHVVHV��ZDVWH�ZDWHU� FDQ� EH� SXULILHG� WR� WKH
OHYHO�ZKHUH� LW� LV� VXLWDEOH� IRU� LUULJDWLRQ�DQG� IRU�XVH� LQ� LQ�
GXVWU\��7HGHVFKL��������� ,Q�H[WUHPH�FDVHV��HYHQ�GULQNLQJ
ZDWHU�FDQ�EH�REWDLQHG�WKURXJK�WKH�SURFHVV�RI�ZDVWH�ZDWHU
UHF\FOLQJ��EXW� VXFK�D�SURFHVV� LV�YHU\�H[SHQVLYH�DQG� LW� LV
RQO\� XVHG� LQ� UHJLRQV�ZLWK� QR� DOWHUQDWLYH�ZDWHU� VRXUFHV�
:DVWH�ZDWHU�UHF\FOLQJ�FRXOG�EH�XVHG�RQ� WKH�VPDOO�.YDU�
QHU�LVODQGV��EXW�WKH�FRVWV�E\�IDU�H[FHHG�WKH�EHQHILWV�GXH�WR
WKH� IDFW� WKDW� WKH� FRQVWUXFWLRQ� FRVW� RI� HIILFLHQW� WUHDWPHQW
V\VWHP�LV�YHU\�KLJK��HVSHFLDOO\�IRU�VPDOO�DQG�PHGLXP�VL]H
FRPPXQLWLHV��H�J��LQ�&\SUXV��7XUNH\��-RUGDQ�DQG�0RURF�
FR��)DWWD�HW�DO��������+DUXY\���������0RUHRYHU��WKH�VPDOO
.YDUQHU� LVODQGV� KDYH� QR� SXEOLF� VHZDJH� V\VWHP� ZKLFK
FRXOG� FROOHFW� ZDVWH� ZDWHU�� 7KDW� ZDWHU� LV� UHJXODUO\� GLV�
SRVHG�RI� LQ�SULYDWH� VHSWLF� WDQNV��6XFK� WDQNV�� LI�EXLOW� LP�
SURSHUO\��EHFRPH�D�WKUHDW�IRU�WKH�LVODQGV
�DTXLIHUV�

'HVDOLQDWLRQ�RI� WKH�EUDFNLVK�ZDWHU�RU� VHD�ZDWHU� KDV
EHHQ�RIWHQ�FRQVLGHUHG� RQH�RI� WKH� SRVVLEOH�PHWKRGV� IRU
WKH� SURGXFWLRQ� RI� IUHVK� ZDWHU� RQ� WKH� .YDUQHU� LVODQGV�
%XW��DV�LQ�WKH�FDVH�RI�ZDVWH�ZDWHU�UHF\FOLQJ��GHVDOLQDWLRQ
LV� VWLOO� D� YHU\� H[SHQVLYH� SURFHVV� �%XOMDQ� HW� DO��� �����
ZKLFK� LV� QRW� OLNHO\� WR� EH� XVHG� LQ� WKH� QHDU� IXWXUH�� 7KH
RQO\�&URDWLDQ�LVODQG�ZLWK�D�IXQFWLRQDO�IDFLOLW\�IRU�GHVDOL�
QDWLRQ�LV�/DVWRYR�,VODQG�LQ�VRXWKHUQ�&URDWLD��7KH�FRVW�RI
SURGXFWLRQ� LV� UHODWLYHO\� VPDOO� �������� SHU�P�� RI�ZDWHU��
EXW� WKH�FRVW�RI�FRQVWUXFWLRQ�RI�VXFK� IDFLOLW\�VLJQLILFDQWO\
UDLVHV� WKH� FRPPHUFLDO� SULFH� RI� ZDWHU� �6HNXOLß�� �����
%XMDQ�HW�DO����������'HVDOLQDWLRQ�VKRXOG�QRW�EH� WKH�SUL�
PDU\�ZDWHU�VRXUFH�RQ�WKH�LVODQGV��EXW�LW�FDQ�EH�XVHG�DV�D
EDFN�XS�V\VWHP�LQ�FDVH�RI�HPHUJHQF\��)DONODQG��������

$QRWKHU� QRQ�FRQYHQWLRQDO� PHWKRG� RI� ZDWHU� VXSSO\
LQFOXGHV� H[WHQVLYH� XVDJH� RI� UDLQZDWHU� ZKLFK� KDV� EHHQ
WUDGLWLRQDOO\�XVHG� DV� D� VRXUFH� RI� IUHVK�ZDWHU� RQ� LVODQGV
ZRUOGZLGH�� +RZHYHU�� XSRQ� GHYHORSPHQW� RI� PRGHUQ
ZDWHUZRUNV��EHLQJ�IDU�PRUH�UHOLDEOH�VRXUFH�RI�ZDWHU�WKDQ

WKH� ORFDO� UHVHUYRLUV�� UDLQZDWHU� ORVW� LWV� LPSRUWDQFH� �)DON�
ODQG�� ������ 0DUJHWD�� ������� :LWK� DQ� DYHUDJH� DQQXDO
SUHFLSLWDWLRQ�IURP�����WR�������PP��WKH�.YDUQHU�,VODQGV
KDYH�H[FHOOHQW�SUHFRQGLWLRQV� IRU� WKH�XVDJH�RI� UDLQZDWHU
LQ� KRXVHKROGV�� )XUWKHUPRUH�� PDQ\� KRXVHKROGV� RQ� WKH
LVODQGV�� HVSHFLDOO\� WKH� ROGHU� KRXVHV�� DOUHDG\� KDYH� WKHLU
RZQ�UHVHUYRLUV� IRU�UDLQZDWHU�VWRUDJH��%HVLGHV��WKHUH�ZDV
RIWHQ�DW� OHDVW�RQH�ODUJH�SXEOLF� UHVHUYRLU� LQ� WKH�FHQWUH�RI
HDFK�VHWWOHPHQW�IURP�ZKLFK�WKH�ZDWHU�ZDV�GLVWULEXWHG�WR
KRXVHKROGV�� +HQFH�� WKHUH� LV� QR� QHHG� IRU� ODUJH� LQYHVW�
PHQWV�LQ�LQIUDVWUXFWXUH��5DLQZDWHU�LV�FRQVLGHUHG�WR�EH�RI
KLJK�TXDOLW\��HVSHFLDOO\�LI�FROOHFWHG�IURP�FOHDQ�VXUIDFHV�
DQ\� PHFKDQLFDO� SROOXWLRQ� WKDW� PD\� RFFXU� GXULQJ� WKH
FROOHFWLRQ� RI� WKH� UDLQZDWHU� FDQ� HDVLO\� EH� UHPRYHG� E\
VLPSOH�DQG�FKHDS� ILOWHUV��6XFK�ZDWHU� LV� UHDG\� IRU�XVH� LQ
KRXVHKROGV�HYHQ�DV�D�GULQNLQJ�ZDWHU�

$FFRUGLQJO\�� WKH� XVH� RI� UDLQZDWHU� LV� WKH� RQO\� QRQ�
FRQYHQWLRQDO�PHWKRG�RI�ZDWHU�VXSSO\LQJ�WKDW�KDV�GHYHO�
RSPHQW� SRWHQWLDO� RQ� WKH� VPDOO� .YDUQHU� LVODQGV�� ,Q� IDFW�
HYHQ� ODUJH� LVODQGV� VKRXOG� QRW� QHJOHFW� WKH� GHYHORSPHQW
RI� QRQ�FRQYHQWLRQDO� ZDWHU� VXSSO\LQJ�PHWKRGV� EHFDXVH
SUHVHQW�ZDWHU�UHVRXUFHV�DUH�QRW�XQOLPLWHG��$OVR��WKH�ULVN
RI� SROOXWLRQ� RI� WKH� DTXLIHUV� LV� FRQVWDQWO\� SUHVHQW�� SDU�
WLFXODUO\�LQ�WKH�SHDN�RI�WKH�WRXULVW�VHDVRQ��,Q�WKH�FDVH�RI
SROOXWLRQ�� LVODQGV� ZRXOG� EH� OHIW� ZLWK� QR� DOWHUQDWLYH
VRXUFHV�RI�IUHVK�ZDWHU��6XFK�DQ�HYHQW�LV�YHU\�SRVVLEOH�RQ
WKH�LVODQGV�RI�&UHV�DQG�/RÊLQM�ZKHUH�WKH�9UDQVNR�-H]HUR
/DNH�LV�WKH�RQO\�VRXUFH�RI�IUHVK�ZDWHU��7KH�LVODQGV�RI�.UN
DQG�5DE�DUH�QRW�VR�WKUHDWHQHG�EHFDXVH�RI�WKHLU�FRQQHF�
WLRQ� WR� WKH�PDLQODQG
V�ZDWHUZRUNV��5DLQZDWHU� FROOHFWHG
GXULQJ�WKH�ZHW�VHDVRQ�FRXOG�EH�XVHG�GXULQJ�WKH�VXPPHU
VHDVRQ�SULPDULO\� LQ�DJULFXOWXUH�DQG� LQGXVWU\� WKXV� UHOLHY�
LQJ� WKH� SUHVVXUH� RQ� WKH� FRQYHQWLRQDO� ZDWHU� VRXUFHV
ZKLFK��LQ�WXUQ��FDQ�EH�XVHG�RQO\�IRU�SXEOLF�SXUSRVHV�

3RWHQWLDO�WKUHDWV�WR�WKH�ZDWHU�VRXUFHV
RQ�WKH�.YDUQHU�,VODQGV

*HQHUDOO\�� NDUVW� DTXLIHUV� DUH� YHU\� FRPSOLFDWHG� DQG
VHQVLWLYH�K\GURJHRORJLFDO�V\VWHPV�ZKLFK�TXLFNO\�UHDFW�WR
FKDQJHV�ZLWKLQ�LWV�VXUURXQGLQJV��'XH�WR�WKH�JURXQGZDWHU
FLUFXODWLRQ� WKURXJK� WKH� FRPSOH[� V\VWHPV� RI� ILVVXUHV�
FDWFKPHQW� DUHDV� RI� VRPH� NDUVW� DTXLIHUV� FDQ� EH� YHU\
ODUJH�� WKXV� PDNLQJ� WKHP� H[SRVHG� WR� YDULRXV� WKUHDWV
�)RUG��:LOOLDPV���������7KRVH� WKUHDWV�DUH�PRVWO\�RI� KX�
PDQ�RULJLQ��EXW�FHUWDLQ�QDWXUDO�SURFHVVHV�FDQ�DOVR�KDYH�D
QHJDWLYH�LPSDFW�RQ�WKH�TXDQWLW\�DQG�TXDOLW\�RI�ZDWHU� LQ
NDUVW�DTXLIHUV��%RQDFFL��������

7KH� ELJJHVW� QDWXUDO� ULVN� IRU� WKH� LVODQGV¤� DTXLIHUV
FRPHV� IURP� D� SRWHQWLDO� ULVH� LQ� VHD�OHYHO� ZKLFK� ZRXOG
FDXVH� IORRGLQJ�RI� WKH�FRDVWDO� ]RQHV�� LQWHQVLILHG� HURVLRQ
RI�WKH�FRDVWV��DQG�PRVW�LPSRUWDQWO\��WKH�LQWUXVLRQ�RI�VHD
ZDWHU� LQ� WKH� FRDVWDO� DTXLIHUV� �%DULß� HW� DO��� ������� $O�
WKRXJK�D�VORZ�ORQJ�WHUP�UHJLRQDO�WHFWRQLF�XSOLIW�ZDV�UH�
FRUGHG� LQ� WKH�.UN� ,VODQG� UHJLRQ� �6XULß�HW�DO���������� WKH
VXP�RI� UHFHQW�JOREDO�DQG� ORFDO�SURFHVVHV�KDYH� UHVXOWHG
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LQ�D� UHODWLYH�ULVH� LQ� VHD�OHYHO�ZLWKLQ� WKH�.YDUQHU� UHJLRQ�
$OVR�� WKHUH� DUH� VHYHUDO� VKRUW�WHUPHG� SURFHVVHV� ZLWK� D
VLJQLILFDQW�LPSDFW�RQ�VHD�OHYHO��7KRVH�SURFHVVHV�DUH�FD�
SDEOH� RI� LQIOLFWLQJ� PDVVLYH� GDPDJH� WR� FRDVWDO� UHJLRQV�
LQFOXGLQJ� DTXLIHUV�� LQ� D� YHU\� VKRUW� SHULRG� RI� WLPH�� 7KH
PRVW� SURQRXQFHG� VKRUW�WHUP� SURFHVVHV� LQFOXGH� VWRUP
VXUJHV�DQG�H[WUHPH�ZDYHV��3DVDULß��2UOLß��������

$OWKRXJK� QDWXUDO� ULVNV� FDQQRW� EH� QHJOHFWHG�� KXPDQ
LPSDFW�LV�E\�IDU�PRUH�GDQJHURXV�IRU�WKH�LVODQGV¤�DTXLIHUV�
7KH� PDMRU� WKUHDWV� DUH� XUEDQ�� WRXULVWLF�� DQG� LQGXVWULDO
]RQHV��DV�ZHOO�DV�LQWHQVLYH�DJULFXOWXUH�DQG�WUDIILF��$OVR��D
FRQVLGHUDEOH� DPRXQW� RI� SROOXWLRQ� FRPHV� GLUHFWO\� IURP
KRXVHKROGV��,VODQGV��HVSHFLDOO\�WKH�VPDOO�RQHV��RIWHQ�KDYH
YHU\� LQHIIHFWLYH�VHZDJH� V\VWHPV��DQG� WKH�JURXQGZDWHU� LV
XVXDOO\� FRQWDPLQDWHG� E\� ZDVWHZDWHUV� IURP� WKH� SRRUO\
FRQVWUXFWHG� VHSWLF� WDQNV�� )XUWKHUPRUH�� LQDGHTXDWH� GLV�
SRVDO� RI� KRXVHKROG� JDUEDJH� LQ� VLQNKROHV� SLWV� RU� DEDQ�
GRQHG� TXDUULHV� FDQ� HDVLO\� SROOXWH� VXUIDFH� DQG� JURXQG�
ZDWHU� �)DONODQG�� ������� 'XH� WR� D� UHODWLYHO\� KLJK� FRQ�
FHQWUDWLRQ�RI�SRSXODWLRQ�DQG�YDULRXV�HFRQRPLF�DFWLYLWLHV�
WKH� .YDUQHU� LVODQGV� DUH� FRQVLGHUHG� D� KLJK�ULVN� ]RQH� RI
ZDWHU�SROOXWLRQ��HVSHFLDOO\� WKH�FRDVWDO�]RQHV�GXH� WR� WRX�
ULVP�

3RWHQWLDO�ULVNV�GR�QRW�LQFOXGH�RQO\�FKHPLFDO��ELRORJL�
FDO� RU� PHFKDQLFDO� SROOXWLRQ�� EXW� DOVR� DQ� H[FHVVLYH
SXPSLQJ�RI�ZDWHU�ZKLFK�FDQ�FDXVH�D�VHULRXV�GHFOLQH�LQ
WKH�TXDOLW\�RI�ZDWHU�RU��LQ�H[WUHPH�FDVHV��WKH�GHVWUXFWLRQ
RI�WKH�DTXLIHU��3URWHFWLRQ�RI�WKH�ZDWHU�VRXUFHV�VKRXOG�EH
WRS� SULRULW\� IRU� ORFDO� FRPPXQLWLHV� RQ� WKH� .YDUQHU� ,V�
ODQGV�� $Q\� GLVWXUEDQFH� LQ� WKH� ZDWHU� VXSSO\�� HVSHFLDOO\
GXULQJ�WKH�WRXULVW�VHDVRQ��ZRXOG�FDXVH�D�VHULRXV�PRQH\
ORVV� DQG� D� JHQHUDO� VORZLQJ� GRZQ� RI� WKH� LVODQGV¤� HFR�
QRPLF�GHYHORSPHQW�

$OO� ZDWHU� UHVRXUFHV� RQ� .YDUQHU� ,VODQGV�� LQFOXGLQJ
WKHLU�FDWFKPHQWV�DV�ZHOO�DV� WKH�JURXQGZDWHU� UHWHQWLRQV�
DUH� SURWHFWHG� LQ� IRUPV� RI�ZDWHU� VXSSO\� UHVHUYHV��0RQL�
WRULQJ�RI� WKH�JURXQGZDWHU�TXDOLW\� LV� FRQGXFWHG� �� WR� ��
WLPHV�HYHU\�\HDU��DQG�PHDVXUHPHQWV� VKRZ� WKDW�PRVW�RI
WKH� WLPH� JURXQGZDWHU� LV� RI� H[FHSWLRQDO� TXDOLW\�� $� GH�
FUHDVH�LQ�ZDWHU�TXDOLW\�DSSHDUV�RQO\�DIWHU�ORQJ�SHULRGV�RI
GURXJKW�IROORZHG�E\�KHDY\�UDLQV�� ,Q� WKH�FDVH�RI�VXGGHQ
SROOXWLRQ�� WKH� ORFDO�JRYHUQPHQW�DSSOLHV�D�6WDWH�3ODQ� IRU
:DWHU�3URWHFWLRQ�ZKLFK�SURYLGHV�D�VHULHV�RI�PHDVXUHV�IRU
TXLFN�UHVSRQVH�WR�SROOXWLRQ�

)XUWKHU� SURWHFWLRQ� RI� WKH�ZDWHU� UHVRXUFHV� LV� VHFXUHG
WKURXJK�WKH�VWDWH�OHJLVODWLYH�RQ�SURWHFWHG�DUHDV��,Q�WKH�5H�
SXEOLF�RI�&URDWLD��WKHUH�DUH���FDWHJRULHV�RI�SURWHFWHG�DUH�
DV��7KHLU�PDLQ�DLP�� UHJDUGOHVV�RI� WKH� OHYHO�RI�SURWHFWLRQ
ZKLFK� WKH\� JUDQW�� LV� WR� SUHVHUYH� WKH� QDWXUH� LQ� LWV� LQLWLDO
VWDWH��7KH�KLJKHVW�OHYHO�RI�OHJDO�SURWHFWLRQ�LV�SURYLGHG�IRU
9UDQVNR�-H]HUR�/DNH��9UDQVNR�/DNH�QHDU�WKH�WRZQ�RI�1ML�
YLFH�� DQG� 3RQLNYH� /DNH�ZKLFK� DUH� DOO� VSHFLDO� UHVHUYHV�
6RPH� ZDWHU� UHVRXUFHV� DUH� SURWHFWHG� DV� QDWXUDO� PRQX�
PHQWV� �H�J��3LGRND�6SULQJ�DQG�0OLQLFD�6SULQJ�RQ� WKH� ,V�
ODQG� RI�5DE���ZKLOH� VRPH� DUH� ORFDWHG�ZLWKLQ� DUHDV� SUR�
WHFWHG�DV�D�VLJQLILFDQW� ODQGVFDSHV� �H�J��9HOD�5LND�6WUHDP

LQ�WKH�%DÊßDQVND�'UDJD�9DOOH\���,Q�DOO�WKH�DIRUHPHQWLRQHG
SURWHFWHG� DUHDV�� DQ\� KXPDQ� DFWLYLW\� ZKLFK� FRXOG� HQ�
GDQJHU�WKH�SUHVHQW�VWDWH�RI�QDWXUH�LV�VWULFWO\�IRUELGGHQ�

&21&/86,21

$� ODFN�RI�ZDWHU�KDV�RIWHQ�SURYHG� WR�EH� WKH� IDFWRU�RI
OLPLWDWLRQ�RI�HFRQRPLF�GHYHORSPHQW�RQ� WKH�&URDWLDQ� LV�
ODQGV��+RZHYHU�� LQ�FRQWUDVW� WR� WKH�PRVW�RI� WKH�&URDWLDQ
DUFKLSHODJR��WKH�.YDUQHU�,VODQGV�FRQWDLQ�VLJQLILFDQW�ZDWHU
VRXUFHV�ZKLFK�VLPSOLILHV�ZDWHU�VXSSO\�RI�WKH�LVODQGV�WKXV
FUHDWLQJ� IDYRXUDEOH�FRQGLWLRQV� IRU�HFRQRPLF�JURZWK�ED�
VHG�RQ�PDVV�WRXULVP��2Q�WKH�RWKHU�KDQG�� WKH�VHDVRQDOLW\
RI� WRXULVP� KDV� SXW� KXJH� SUHVVXUH� RQ� WKH� ZDWHU� VXSSO\
LQIUDVWUXFWXUH�EHFDXVH�ZDWHU�FRQVXPSWLRQ�RQ� WKH� LVODQGV
LV�VHYHUDO�WLPHV�KLJKHU�GXULQJ�WKH�VXPPHU�PRQWKV�WKDQ�LQ
WKH�ZLQWHU��%XW��JLYHQ� WKH�FXUUHQW� WUHQGV� LQ�GHPRJUDSKLF
DQG�HFRQRPLF�SURJUHVV�RQ� WKH�.YDUQHU� LVODQGV�� WKH�SUH�
VHQW�ZDWHU�VXSSO\�V\VWHPV�FDQ�VHFXUH�PRUH� WKDQ�HQRXJK
ZDWHU� IRU� WKH� ORFDO�FRPPXQLWLHV� LQ� WKH�QHDU� IXWXUH��7KH
VLWXDWLRQ�RQ� WKH�VPDOO� LQKDELWHG�.YDUQHU� LVODQGV� LV�FRP�
SOHWHO\� WKH� RSSRVLWH�� 6LQFH� WKRVH� LVODQGV� DUH� QRW� FRQ�
QHFWHG� WR� WKH� ZDWHUZRUNV� RI� WKH� QHLJKERXULQJ� ODUJH
LVODQGV�� ZDWHU� LV� SURYLGHG� IURP� WKH� VFDUFH� ORFDO� ZDWHU
VRXUFHV� DV� ZHOO� DV� IURP� VXSSO\� VKLSV�� 6XFK� FRQGLWLRQV
XQGHUPLQH�DQ\�VHULRXV�HFRQRPLF�DFWLYLW\��HVSHFLDOO\� WKH
GHYHORSPHQW� RI� WRXULVP�� ZKLFK� LQ� WXUQ� KDV� D� QHJDWLYH
LPSDFW� RQ� WKH� GHPRJUDSKLF� WUHQGV� VLQFH� WKRVH� LVODQGV
VXIIHU� IURP�KHDY\�GHSRSXODWLRQ��$Q\� IXWXUH�DWWHPSWV� IRU
WKH� LVODQGV¤� HFRQRPLF� DQG� GHPRJUDSKLF� UHYLYDO� VKRXOG
VWDUW�IURP�VROYLQJ�SUREOHP�RI�WKH�ZDWHU�VXSSO\�

0RVWO\�GXH�WR�WKHLU�UHODWLYHO\�VPDOO�VL]H�� WKH�.YDUQHU
,VODQGV� DUH� YHU\� IUDJLOH� HFRV\VWHPV�� ZLWK� WKH� ZDWHU
VRXUFHV� EHLQJ� HVSHFLDOO\� YXOQHUDEOH�� .DUVWLF� WHUUDLQ�
ZKLFK�SUHYDLOV�RQ� WKH�.YDUQHU� ,VODQGV�� LV�KLJKO\�SHUPH�
DEOH�VR�DQ\�SROOXWLRQ�WKDW�RFFXUV�RQ�WKH�VXUIDFH�FDQ�YHU\
TXLFNO\�LQILOWUDWH�DQG�UHDFK�WKH�JURXQGZDWHU��7KH�ULVN�RI
ZDWHU� SROOXWLRQ� LV� JURZLQJ� ZLWK� WKH� GHYHORSPHQW� RI
WRXULVP� DQG�� LQ� VRPH� FDVHV� �L�H�� WKH� ,VODQG� RI� .UN��� LQ�
GXVWU\�� 0RVW� RI� WKH� .YDUQHU� ,VODQGV� GHSHQG� RQ� RQH� RU
WZR�ZDWHU�VRXUFHV��ZKLFK�PHDQV�WKDW�SROOXWLRQ�RI�HYHQ�D
VLQJOH� ZDWHU� VRXUFH� FRXOG� VHULRXVO\� HQGDQJHU� RU� HYHQ
KDOW� WKH�ZDWHU� VXSSO\�RQ�DQ� LVODQG�� ,Q� WKH�FDVH�RI� VXFK
HYHQWV�� WKH� LVODQGV¤� FRPPXQLWLHV� VKRXOG� EH� DEOH� WR� XVH
DOWHUQDWLYH�ZDWHU�VRXUFHV��VXFK�DV�UDLQZDWHU�RU�SURFHVVHG
ZDVWH�ZDWHU� WR�FRPSHQVDWH� WKH� ORVVHV��%XW�� WKH�DOWHUQD�
WLYH�ZDWHU� VRXUFHV�DUH� UDUHO\�XVHG��GHVSLWH�EHLQJ� VRPH�
WLPHV� FKHDSHU� DQG� HDVLHU� WR� XVH� �L�H�� FROOHFWLQJ� UDLQ�
ZDWHU��LQ�FRPSDULVRQ�WR�WKH�FRQYHQWLRQDO�ZDWHU�VRXUFHV�

$YDLODELOLW\�RI�ZDWHU�KDV�EHHQ�D�NH\� IDFWRU�RI� WKH�GH�
PRJUDSKLF� DQG� HFRQRPLF� GHYHORSPHQW� RI� WKH� .YDUQHU
,VODQGV�WKURXJKRXW�KLVWRU\��,Q�WKH�FRQGLWLRQV�RI�D�PRGHUQ
WRXULVP�EDVHG�HFRQRP\��RQO\� WKRVH� LVODQGV�ZLWK� VLJQLIL�
FDQW�ZDWHU� UHVRXUFHV�FDQ�H[SHFW� IXWXUH�SURJUHVV��SURYLG�
LQJ�WKDW�WKH�SULQFLSOHV�RI�VXVWDLQDEOH�GHYHORSPHQW�DUH�DS�
SOLHG�
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5REHUW�/21Þ$5,Ü
8QLYHU]D�Y�=DGUX��2GGHOHN�]D�JHRJUDILMR��+5�������=DGDU��8OLFD�GU��)UDQMH�7XâPDQD���

H�PDLO��UORQFDU#XQL]G�KU

'DPLU�0$*$Ç
8QLYHU]D�Y�=DGUX��2GGHOHN�]D�JHRJUDILMR��+5�������=DGDU��8OLFD�GU��)UDQMH�7XâPDQD���

H�PDLO��GPDJDV#XQL]G�KU

0DÈD�685,Ü
8QLYHU]D�Y�=DGUX��2GGHOHN�]D�JHRJUDILMR��+5�������=DGDU��8OLFD�GU��)UDQMH�7XâPDQD���

H�PDLO��PVXULF#XQL]G�KU

329=(7(.

5D]SRORÊOMLYRVW� YRGQLK� YLURY� MH� YHGQR� SUHGVWDYOMDOD� WHPHOM� JRVSRGDUVNHJD� LQ� VRFLDOQHJD� QDSUHGND� NYDUQHUVNLK
RWRNRY��.RQHF����� LQ�Y�]DßHWNX����� VWROHWMD� MH�ELOR� WUDGLFLRQDOQR�JRVSRGDUVWYR�SRGYUÊHQR�SURFHVX�SUHREOLNRYDQMD�
9ORJD�YRGLOQH�JRVSRGDUVNH�PRßL�MH�V�NPHWLMVWYD�SRßDVL�SUHKDMDOD�QD�WXUL]HP��ODGMHGHOQLÈWYR�LQ�WUJRYVNR�SUHYR]QLÈWYR�
6�SUHVHOMHYDQMHP�SUHELYDOVWYD�L]�YDVL�LQ�QRWUDQMRVWL�RWRNRY�SURWL�REDOL�SD�MH�QRYR�JRVSRGDUVWYR�VSURÊLOR�WXGL�GHPR�
JUDIVNH�VSUHPHPEH�

3R�GUXJL�VYHWRYQL�YRMQL�MH�YORJR�JRQLOQH�VLOH�RWRÈNHJD�JRVSRGDUVWYD�SUHY]HO�PDVRYQL�WXUL]HP��*RVSRGDUVNL�QDSUH�
GHN�MH�ELO�PRJRß�OH�QD�YHOLNLK�RWRNLK��VDM�PDQMÈL�RWRNL�]DUDGL�RPHMHQLK�QDUDYQLK�YLURY��]ODVWL�YRGH��QLVR�PRJOL�L]SRO�
QLWL�]DKWHY�UDVWRßHJD�JRVSRGDUVWYD��9�GUXJL�SRORYLFL�����VWROHWMD�VH�MH�SUHELYDOVWYR�PDQMÈLK�RWRNRY�.YDUQHUMD�]DßHOR
PQRÊLßQR�L]VHOMHYDWL��WDNR�QD�FHOLQR�NRW�WXGL�Y�WXMLQR�

0QRÊLßQL� WXUL]HP� MH� VSRGEXGLO�QDORÊEH� Y� LQIUDVWUXNWXUR� RWRNRY��9� ÈHVWGHVHWLK� LQ� VHGHPGHVHWLK� OHWLK� SUHMÈQMHJD
VWROHWMD� MH�ELOD�QD�YHOLNLK�RWRNLK�]JUDMHQD�YRGRYRGQD�PUHÊD��PHGWHP�NR�VR�PDQMÈL�RWRNL�PRUDOL� ÈH�QDSUHM�VKDMDWL� V
VYRMLPL�ORNDOQLPL�YRGQLPL�YLUL�LQ�VR�SRJRVWR�WUSHOL�SRPDQMNDQMH�YRGH��6HGDQML�VLVWHP�RVNUEH�]�YRGR�QD�NYDUQHUVNLK
RWRNLK� ORNDOQHPX� SUHELYDOVWYX� LQ� JRVSRGDUVWYX� ]DJRWDYOMD� ]DGRVWQH� NROLßLQH� YRGH�� 3UDY� WDNR� VH� QD� RWRNLK� ]DUDGL
L]UHGQR�SRßDVQH�UDVWL�SUHELYDOVWYD�LQ�JRVSRGDUVWYD�Y�EOLÊQML�SULKRGQRVWL�QH�SULßDNXMH��]QDWQHJD�SRYHßDQMD�SRWUHE�SR
SLWQL�YRGL��0DQMÈL�NYDUQHUVNL�RWRNL�ODKNR�GHPRJUDIVNR�LQ�JRVSRGDUVNR�RÊLYLWHY�SULßDNXMHMR�ÈHOH��NR�LQ�ßH�ER�SUREOHP
RVNUEH�V�SLWQR�YRGR�XVWUH]QR�UHÈHQ�

2WRNL�.YDUQHUMD�SUHGVWDYOMDMR�REPRßMH�YLVRNHJD�WYHJDQMD�]D�RQHVQDÊHQMH�YRGH��ÞHSUDY�JODYQR�JURÊQMR�SUHGVWDY�
OMD�WXUL]HP��SD�QH�VPHPR�]DQHPDULWL�YSOLYD�JRVSRGLQMVWYD��2WRÈNL�YRGRQRVQLNL�VR�]HOR�NUKNL�LQ�YVDNUÈQR�GROJRURßQR
RQHVQDÊHYDQMH�EL�]D�JRVSRGDUVWYR�SRPHQLOR�YHOLN�NRUDN�QD]DM��3UHGQRVWQD�QDORJD�ORNDOQLK�VNXSQRVWL�MH�]DWR�]PDQ�
MÈDQMH�PRÊQLK�WYHJDQM�LQ�]DJRWDYOMDQMH�UH]HUYQLK�YRGQLK�YLURY�]D�QXMQH�SULPHUH�

.OMXÞQH�EHVHGH��RWRNL��YRGD��JRVSRGDUVWYR��WXUL]HP��.YDUQHU��+UYDÊND

6285&(6�$1'�%,%/,2*5$3+<

&%6� ������������� 7RXULVW� DUULYDOV� LQ� WKH� FRDVWDO� FLWLHV
DQG�PXQLFLSDOLWLHV��&URDWLDQ�%XUHDX�RI�6WDWLVWLFV��=DJUHE�
5HSXEOLF�RI�&URDWLD��&%6�
5DE���������'DWD�IURP�WKH�PXQLFLSDO�6HUYLFH�RI�WKH�&LW\
RI�5DE�

%DULÜ��$���*UEHF��%���%RJQHU��'����������3RWHQWLDO�LPSOL�
FDWLRQV� RI� VHD�OHYHO� ULVH� IRU� &URDWLD�� -RXUQDO� RI� &RDVWDO
5HVHDUFK���������)RUW�/DXGHUGDOH����������

%LRQGLÜ�� %��� ,YLÞLÜ�� '��� .DSHOM�� 6��� 0HVLÜ�� 6�� �������
+LGURORJLMD�9UDQVNRJ�MH]HUD�QD�RWRNX�&UHVX��3UYL�KUYDW�
VNL�JHRORÊNL�NRQJUHV��=ERUQLN�UDGRYD��2SDWLMD��+UYDWVNR
JHRORÊNR�GUXÊWYR��������
%RQDFFL��2����������.DUVW�+\GURORJ\��ZLWK�VSHFLDO� UHIH�
UHQFH�WR�WKH�'LQDULF�.DUVW��%HUOLQ���+HLGHOEHUJ��6SULQJHU
��9HUODJ�
%RQDFFL��2����������7KH�9UDQD�/DNH�K\GURORJ\��,VODQG�RI
&UHV���&URDWLD���:DWHU�5HVRXUFHV�%XOOHWLQ���������8UEDQD�
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