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$�6WXG\�RQ�3DN�3KOL�'LVWULFW��7KDLODQG�
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$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��3DWKXPWKDQL��7KDLODQG�
(PDLO��ORSDBJXOVKDQ#\DKRR�FRP�

5HFHLYHG����-DQXDU\������ $FFHSWHG����)HEUXDU\�������

$EVWUDFW� 6LQFH� GLVWULFW� KDV� DQ� LQWHUPHGLDWH� SRVLWLRQ� WR� PXOWLOHYHO� SODQQLQJ� V\VWHP� LQ�
DOPRVW�DOO�GHYHORSLQJ�FRXQWULHV��WKHUH�LV�D�QHHG�WR�GHYHORS�DQG�SUHSDUH�SODQ�DW�GLVWULFW�OHYHO�
LQFRUSRUDWLQJ� WKH�QHHGV�RI� WKH�SHRSOH�� SUREOHPV�� SRWHQWLDOV� DQG�GHYHORSPHQWDO� LVVXHV� RI�
WKH�VXE�GLVWULFWV�WR�HQVXUH�VXVWDLQDEOH�UXUDO�GHYHORSPHQW��:LWK�WKLV�YLHZ��WKH�5HJLRQDO�DQG�
5XUDO�'HYHORSPHQW�3ODQQLQJ�3URJUDPPH�RI�WKH�$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��$,7��KDV�
LQWHQVLILHG�WKH�SODQQLQJ�ZRUNVKRS�FRXUVH�WR�SUHSDUH�VHFWRUDO�SODQV�ZLWKLQ�WKH�GLVWULFW�SODQV�
IRU� VWUHQJWKHQLQJ� GHFHQWUDOL]HG� SODQQLQJ� H[HUFLVH�� 7KLV� SDSHU� IRFXVHV� VHFWRUDO� SODQV� RQ�
QDWXUDO� UHVRXUFHV�DQG�HQYLURQPHQW��3DN�3KOL�GLVWULFW��1DNKRQ�1D\RN�3URYLQFH��7KDLODQG��
7KH� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� FOHDUO\� IRFXV� RQ� QHHG� DVVHVVPHQW�� SROLF\� DQDO\VLV��
SUREOHPV� DQG� SRWHQWLDOV� DQDO\VLV� DQG� ILQDOO\�� LGHQWLILFDWLRQ� RI� GHYHORSPHQW� SURJUDPPHV�
DQG� SURMHFWV� WR� IXOILOO� VHFWRUDO�� VSDWLDO� DQG� FOLHQWHOH� UHTXLUHPHQWV�� 7KH� PHWKRGRORJ\� LV�
GHYHORSHG�RQ�SDUWLFLSDWRU\�SODQQLQJ�DSSURDFK��FRQFHSW�RI� OHDUQLQJ�ZKLOH�ZRUNLQJ��JURXS�
GLVFXVVLRQ�LQWHUYLHZV�� GLVFXVVLRQ� ZLWK� JRYHUQPHQWDO� RIILFLDOV� WKURXJK� PHHWLQJV�� EUDLQ�
VWRUPLQJ��JURXS�H[HUFLVH�DQG�SUHVHQWDWLRQ��+RZHYHU��VWXG\�VKRZV�WKDW�DOWKRXJK�3DN�3KOL�LV�
EOHVVHG�ZLWK� WKH�DWWUDFWLRQ�RI�QDWXUDO� UHVRXUFHV�DQG�UHQRZQHG�ZLWK�DEXQGDQW�DJULFXOWXUDO�
SURGXFWV�� RUFKDUG� JDUGHQV�� EHDXWLIXO� ZDWHU� UHVHUYRLUV� DQG� ZDWHUIDOOV� EXW� VRLO� EDFNZDUG�
VLWXDWLRQ� �JUDYHO� VRLO�� KDUG� VRLO�� VDOW\� VRLO� RU� DFLGLF� VRLO��� VHYHUH� VRLO� HURVLRQ�� KLJK� VRLO�
GHJUDGDWLRQ�DQG�LPSURSHU�ZDVWH�PDQDJHPHQW�DUH�WKH�PRVW�VLJQLILFDQW�SUREOHPV�ZKLOH�ODFN�
RI�ODQG�WLWOH��ORZ�VRLO�IHUWLOLW\��IORRGLQJ��QRQ�IXQFWLRQLQJ�RI�FRPPXQLW\�IRUHVWU\�SURMHFW�DQG�
ZDWHU� SROOXWLRQ� DUH� SULRULWL]HG� DV� SUREOHPV� LQ� WKLV� GLVWULFW�� ,Q� DFFRUGDQFH� ZLWK� VHYHUDO�
UHFRPPHQGDWLRQV�� WKLV� VWXG\�SURSRVHV� WKUHH�SURMHFWV� IRU� GHYHORSLQJ�RI� QDWXUDO� UHVRXUFHV�
DQG� HQYLURQPHQW� VHFWRU�� ���� $FLG� VRLO� PDQDJHPHQW� E\� DSSO\LQJ� OLPLQJ� DQG� RUJDQLF�
IDUPLQJ� SUDFWLFHV�� ���� 6WUHQJWKHQLQJ� FRPPXQLW\� IRUHVWU\� SURMHFW� E\� HQKDQFLQJ� FDSDFLW\�
EXLOGLQJ�RI�H[LVWLQJ�FRPPXQLW\�IRUHVWU\�JURXSV��DQG�����,PSURYLQJ�PXQLFLSDO�VROLG�ZDVWH�
PDQDJHPHQW� V\VWHP� E\� LQYROYLQJ� SULYDWH� VHFWRU� DQG� FRPPXQLW\� SHRSOH� WR� FDUU\� RXW�
FRPPXQLW\�VROLG�ZDVWH�PDQDJHPHQW��
.H\ZRUGV�VHFWRUDO�SODQ��GHYHORSPHQW�SURJUDPPH��SDUWLFLSDWRU\�SODQQLQJ��RUJDQLF�

�IDUPLQJ��FRPPXQLW\�IRUHVWU\��VROLG�ZDVWH�PDQDJHPHQW�

,1752'8&7,21�

3DN� 3KOL� GLVWULFW�� D� GLVWULFW� LQ� WKH� HDVWHUQ� SDUW� RI� 1DNKRQ� 1D\RN� 3URYLQFH�� HDVWHUQ� 7KDLODQG� LV�
EOHVVHG�ZLWK�WKH�DWWUDFWLRQ�RI�QDWXUDO�UHVRXUFHV�DQG�DOVR��FDOOHG�DV�SURYLQFLDO�KHULWDJH�VLWH�VLQFH�LW�LV�
UHQRZQHG� ZLWK� DEXQGDQW� DJULFXOWXUDO� SURGXFWV�� RUFKDUG� JDUGHQV�� EHDXWLIXO� WRXULVW� VSRWV� DQG�
ZDWHUIDOOV�� DQG� JUDFHIXO� ZLWK� JUHHQ� QDWXUH� DQG� ORFDO� FXOWXUH�� +RZHYHU�� VWXG\� VKRZV� DOWKRXJK�
QDWXUDO�UHVRXUFHV�DUH�DYDLODEOH�EXW�VRLO�EDFNZDUG�VLWXDWLRQ��JUDYHO�VRLO��KDUG�VRLO��VDOW\�VRLO�RU�DFLGLF�
VRLO��� VHYHUH� VRLO� HURVLRQ�� KLJK� VRLO� GHJUDGDWLRQ� DQG� LPSURSHU� ZDVWH� PDQDJHPHQW� DUH� WKH� PRVW�
VLJQLILFDQW� SUREOHPV� ZKLOH� ODFN� RI� ODQG� WLWOH�� ORZ� VRLO� IHUWLOLW\�� IORRGLQJ�� QRQ�IXQFWLRQLQJ� RI�
FRPPXQLW\�IRUHVWU\�SURMHFW�DQG�ZDWHU�SROOXWLRQ�DUH�SULRULWL]HG�DV�SUREOHPV�LQ�WKLV�DUHD��

6LQFH� GLVWULFW� KDV� DQ� LQWHUPHGLDWH� SRVLWLRQ� LQWR� PXOWLOHYHO� SODQQLQJ� V\VWHP� IRU� HQVXULQJ�
VXVWDLQDEOH� UXUDO� GHYHORSPHQW� LQFRUSRUDWLQJ� WKH� QHHGV� RI� WKH� VXE�GLVWULFWV�� WKLV� SDSHU� PDNHV� DQ�
DWWHQWLRQ� WR�GHYHORS�3DN�3KOL� GLVWULFW� SODQ� IRFXVLQJ� LWV�QDWXUDO� UHVRXUFHV� DQG�HQYLURQPHQW� VHFWRU��
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7KLV�VWXG\�GRHV�FOHDUO\�DQDO\VLV�WKH�QHHG��H[LVWLQJ�QDWLRQDO�SROLFLHV�DQG�VWUDWHJLF�SODQV��SUREOHPV�
DQG� SRWHQWLDOV� DQG� ILQDOO\�� LGHQWLILHV� GHYHORSPHQW� SURJUDPPHV� DQG� SURMHFWV� WR� IXOILOO� VSDWLDO� DQG�
FOLHQWHOH�UHTXLUHPHQWV�RI�QDWXUDO�UHVRXUFHV�DQG�HQYLURQPHQW�VHFWRU�DW�ORFDO�OHYHO��

0(7+2'2/2*<�

7KH�VWXG\�LV�FRQGXFWHG�E\�D�ZRUNVKRS�FRXUVH�RIIHUHG�IRU�ILYH�PRQWKV�LQ�HYHU\�$XJXVW�VHVVLRQ�E\�
WKH�'HSDUWPHQW�RI�5HJLRQDO�DQG�5XUDO�'HYHORSPHQW�3ODQQLQJ��$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��$,7���
7KDLODQG���$�SUHOLPLQDU\�UHFRQQDLVVDQFH�VXUYH\�LV�FRQGXFWHG�E\�ZRUNVKRS�FRRUGLQDWRU�LQ�RUGHU�WR�
VHOHFW� WKH� VWXG\� DUHD�� 7KH� FRPSXWHUL]HG� YLOODJH� OHYHO� GDWD� EDVH�� IRU� H[DPSOH�� 1DWLRQDO� 5XUDO�
'HYHORSPHQW�GDWD�EDVH��15'��&��������DQG�%DVLF�0LQLPXP�1HHG��%01��������PDLQWDLQHG�E\�D�
FHQWUDO�DJHQF\�LQ�7KDLODQG��7KDPPDVDW�8QLYHUVLW\�'DWD�3URFHVVLQJ�&HQWUH��%DQJNRN��DUH�XVHG�WR�
NQRZ� WKH� GHYHORSPHQW� VWDWXV� RI� VWXG\� DUHD�� $SDUW� IURP� WKHVH� VRXUFHV� RI� VHFRQGDU\� GDWD� DQG�
LQIRUPDWLRQ�� D� SULPDU\� VDPSOH� VXUYH\� LV� XVXDOO\� FRQGXFWHG� E\� WKH� IDFXOWLHV�� VWDIIV� DQG� VWXGHQWV�
WKURXJK�D�VWUXFWXUHG�TXHVWLRQQDLUH�WR�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�RQ�SDUWLFXODU�VHFWRUDO�DQDO\VLV��
+RZHYHU��HTXDO�HPSKDVLV�LV�DOVR�JLYHQ�WR�FROOHFW�ILUVW�KDQG�LQIRUPDWLRQ�E\�XVLQJ�SDUWLFLSDWRU\�UDSLG�
UXUDO�DSSUDLVDO�DQG�ILHOG�UHVHDUFK�PHWKRGV��UDSLG�GLVWULFW�DSSUDLVDO���7KLV�JLYHV�WKH�VFRSH�WR�LQWHUDFW�
GLUHFWO\�ZLWK�SHRSOH��GLIIHUHQW�JURXSV��ORFDO�OHDGHUV��JRYHUQPHQW�RIILFLDOV�DW�SURYLQFLDO��GLVWULFW�DQG�
VXE�GLVWULFW�OHYHO�DQG�WKXV�IDFLOLWDWHV�SDUWLFLSDWRU\�SODQQLQJ�SURFHGXUHV��5RXWUD\���������

4XDOLWDWLYH�UHVHDUFK�DSSURDFK�LV�DSSOLHG�IRU�WKLV�VWXG\�EHFDXVH�TXDOLWDWLYH�LQTXLU\�LV�LQGXFWLYH�
IRFXVLQJ� RQ� SUDFWLFH�� SHUFHSWLRQ� DQG� LQWHUSUHWDWLRQ� UDWKHU� WKDQ� GHGXFWLYH� DQG� H[SHULPHQWDO�� )RU�
GRLQJ� WKLV�� WKLV� VWXG\� IUHTXHQWO\�XVHV� VRPH� VHOHFWHG� WHFKQLTXHV�VXFK�DV�� VHFRQGDU\�GDWD� DQDO\VLV��
FRQWHQW� DQDO\VLV�� 6:27�DQDO\VLV�� SUREOHP� DQG� SURSRVDO�PDWUL[� DQDO\VLV� DQG� LQ�GHSWK� FDVH� VWXG\�
DQDO\VLV��

5(68/76�$1'�',6&866,21�

6HFWRUDO�DQDO\VLV�RQ�QDWXUDO�UHVRXUFHV�DQG�HQYLURQPHQW��3DN�3KOL�GLVWULFW�

3K\VLFDO�VHWWLQJ��ODQG�IRUP�DQG�WRSRJUDSK\�

3DN�3KOL�GLVWULFW�LV�VXEGLYLGHG�LQWR�RQH�����PXQLFLSDOLW\��.KR�:DL�PXQLFLSDOLW\��DQG�VHYHQ�����VXE�
GLVWULFWV��.R�:DL��.R�3KR��3DN�3KOL��.KRN�.UXDW��7KH�5XHD��1RQJ�6HDQJ�DQG�1D�+LQ�/DG��LQ�)LJ�����
IXUWKHU�VXEGLYLGHG�LQWR�ILIW\�RQH������YLOODJHV��7KH�WRWDO�DUHD�RI�WKLV�GLVWULFW�LV�������VT�NP�RU�����RI�
SURYLQFLDO�DUHD��7KH�ODQG�IRUP�RI�.R�:DL��NR�3KR��3DN�3KOL��DQG�7KD�5XHD�LV�IORRG�SODLQ�ZKHUHDV�
WKH�ODQG�IRUP�RI�.KRN�.UXDW�DQG�1RQJ�6HDQJ�LV�IRRW�KLOO��7KH�ODQG�IRUP�RI�1D�+LO�1DW�LV�PRXQWDLQ�
W\SH� DQG�KHLJKW�RI� WKH� ODQG� LV� IRXQG�ZLWKLQ� WKH� UDQJH�RI� ����P�±�����P��ZKHUHDV� WKH�KHLJKW�RI�
RWKHU�VXE�GLVWULFWV¶�KLJK�ODQG�LV�EHORZ����P��
�
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)LJ����%DVH�PDS�RI�3DN�3KOL�'LVWULFW�
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�/�D�Q�G�����V�R�L�O���V�L�W�X�D�W�L�R�Q�����Z�D�W�H�U���U�H�V�R�X�U�F�H���D�Q�G���I�R�U�H�V�W��

�3�D�N�� �3�K�O�L�� �G�L�V�W�U�L�F�W�� �L�V�� �P�D�L�Q�O�\�� �I�R�U�H�V�W�� �D�U�H�D�� ������������ �D�Q�G�� �D�J�U�L�F�X�O�W�X�U�H�� ������������ �L�V�� �W�K�H�� �P�D�M�R�U�� �O�L�Y�H�O�L�K�R�R�G��
�R�F�F�X�S�D�W�L�R�Q�� �F�R�P�S�D�U�L�Q�J�� �R�W�K�H�U�V�� �R�F�F�X�S�D�W�L�R�Q�V�� �O�L�N�H�� �D�Q�L�P�D�O�� �K�X�V�E�D�Q�G�U�\�� ���������� �D�Q�G�� �I�U�X�L�W�� �R�U�F�K�D�U�G�� �S�U�D�F�W�L�F�H��
���������� �Z�L�W�K�L�Q�� �W�K�H�� �G�L�V�W�U�L�F�W���� �:�D�W�H�U�� �U�H�V�R�X�U�F�H�V�� �K�D�Y�H�� �O�R�Z�H�V�W�� �V�K�D�U�H�� �R�I�� �W�R�W�D�O�� �D�U�H�D���� �R�Q�O�\�� ������ ���/�D�Q�G��
�G�H�Y�H�O�R�S�P�H�Q�W���G�H�S�D�U�W�P�H�Q�W��������������������

�%�0�1���������������V�K�R�Z�V���W�K�H���H�[�L�V�W�H�Q�F�H���R�I���O�D�F�N���R�I���O�D�Q�G���W�L�W�O�H���I�R�U���P�D�Q�\���S�H�R�S�O�H���D�Q�G���O�D�Q�G�O�H�V�V���L�Q���W�K�L�V���D�U�H�D����
�1�D���+�L�Q���/�D�G���K�D�V���W�K�H���K�L�J�K�H�V�W���S�H�U�F�H�Q�W�D�J�H���������������R�I���K�R�X�V�H�K�R�O�G���W�K�D�W���K�D�V���R�Z�Q���O�D�Q�G���Z�K�H�U�H�D�V���.�R���3�K�R���K�D�V��
�W�K�H���O�R�Z�H�V�W���S�H�U�F�H�Q�W�D�J�H���������������R�I���K�R�X�V�H�K�R�O�G�����,�W���D�O�V�R���V�K�R�Z�V���W�K�D�W���P�R�V�W���R�I���W�K�H���O�D�Q�G���L�V���U�H�Q�W�H�G���E�\���I�D�U�P�H�U�V��
�I�R�U�� �S�D�G�G�\�� �G�X�H�� �W�R�� �W�K�H�� �Q�H�H�G�� �I�R�U�� �W�K�H�� �H�F�R�Q�R�P�\�� �R�I�� �V�F�D�O�H���� �,�W�� �L�V�� �I�R�X�Q�G�� �W�K�D�W�� �7�K�D�� �5�X�H�D�� �K�D�V�� �W�K�H�� �K�L�J�K�H�V�W��
�S�H�U�F�H�Q�W�D�J�H�� �R�I�� �K�R�X�V�H�K�R�O�G�� �Z�L�W�K�� �O�D�Q�G�� �J�U�H�D�W�H�U�� �W�K�D�Q�� ������ �U�D�L���� �2�W�K�H�U�� �V�X�E���G�L�V�W�U�L�F�W�V�� �F�R�P�S�R�V�H�G�� �R�I�� �������� �R�I��
�K�R�X�V�H�K�R�O�G�� �Z�L�W�K�� ������������ �U�D�L�� �R�I�� �O�D�Q�G�� �.�K�R�N�� �.�U�X�D�W�� �K�D�V�� �W�K�H�� �K�L�J�K�H�V�W�� �S�H�U�F�H�Q�W�D�J�H�� �R�I�� �K�R�X�V�H�K�R�O�G�� �Z�L�W�K�� �O�H�V�V��
�W�K�D�Q�������U�D�L�����������������������+�R�Z�H�Y�H�U�����.�R���:�D�L���D�Q�G���.�R���3�K�R���K�D�Y�H���O�H�V�V���W�K�D�Q�����������K�R�X�V�H�K�R�O�G���Z�L�W�K���U�H�Q�W���O�D�Q�G����

�3�D�N���3�K�O�L���'�L�V�W�U�L�F�W���K�D�V���I�R�U�H�V�W���R�I�����������L�Q���L�W�V���Z�K�R�O�H���D�U�H�D���Z�K�L�O�H���D�Q�R�W�K�H�U�����������L�V���F�R�Y�H�U�H�G���E�\���V�H�Y�H�U�D�O��
�V�R�L�O���V�H�U�L�H�V���V�L�W�X�D�W�L�R�Q�V�����'�H�S�H�Q�G�L�Q�J���R�Q���V�R�L�O���V�H�U�L�H�V�����W�K�H���G�R�P�L�Q�D�Q�W���V�R�L�O���W�\�S�H�V���R�I���3�D�N���3�K�O�L���'�L�V�W�U�L�F�W���D�U�H���&�O�D�\��
�V�R�L�O���� �6�D�Q�G�\�� �V�R�L�O���D�Q�G���/�R�D�P�\�� �V�R�L�O���� �&�O�D�\�� �V�R�L�O���F�R�Y�H�U�V�� �������������� �5�D�L�� �Z�K�H�U�H�D�V�� �6�D�Q�G�\�� �V�R�L�O���D�Q�G���/�R�D�P�\�� �V�R�L�O��
�F�R�Y�H�U���������������� �5�D�L�� �R�I���W�R�W�D�O���D�U�H�D���� �/�H�V�V�� �W�K�D�Q�������� �R�I�� �D�U�H�D������������ �5�D�L���� �L�Q���1�D�� �+�L�O���1�D�G���L�V�� �V�W�H�H�S�� �P�R�X�Q�W�D�L�Q�V��
���/�D�Q�G���'�H�Y�H�O�R�S�P�H�Q�W���'�H�S�D�U�W�P�H�Q�W�������������������7�D�E�O�H����������

�7�D�E�O�H�������6�R�L�O���V�H�U�L�H�V���V�L�W�X�D�W�L�R�Q���L�Q���3�D�N���3�K�O�L���'�L�V�W�U�L�F�W��

��
�1�5�'�����&���������������D�Q�G���I�L�H�O�G���V�X�U�Y�H�\���������������V�K�R�Z�V���W�K�D�W���W�K�H���V�R�L�O���V�L�W�X�D�W�L�R�Q���R�I���W�K�H���Y�L�O�O�D�J�H�V���R�I���.�R���:�D�L����

�N�K�R�N�� �N�U�X�D�W���� �1�D�� �+�L�O�� �1�D�G���D�Q�G�� �1�R�Q�J�� �6�H�D�Q�J�� �D�U�H�� �I�H�U�W�L�O�H���D�Q�G�� �I�D�U�P�H�U�V�� �D�U�H�� �X�V�L�Q�J�� �O�H�V�V�� �D�P�R�X�Q�W�� �&�K�H�P�L�F�D�O��
�I�H�U�W�L�O�L�]�H�U�� �������������� �H�[�F�H�V�V�� �D�P�R�X�Q�W�� �R�I�� �R�U�J�D�Q�L�F�� �I�H�U�W�L�O�L�]�H�U�� ���F�K�L�F�N�H�Q�� ���I�L�V�K���� ������������ �D�Q�G�� �R�U�J�D�Q�L�F�� �S�H�V�W�L�F�L�G�H����
�$�J�U�L�F�X�O�W�X�U�H���O�H�D�U�Q�L�Q�J���F�H�Q�W�H�U�V���D�Q�G���D�Z�D�U�H�Q�H�V�V���J�U�R�Z�L�Q�J���F�D�P�S�D�L�J�Q���E�\���W�K�H�P���R�Q���X�V�L�Q�J���R�U�J�D�Q�L�F���I�H�U�W�L�O�L�]�H�U�V����
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �S�U�R�W�H�F�W�L�R�Q���� �V�R�O�L�G�� �Z�D�V�W�H�� �P�D�Q�D�J�H�P�H�Q�W���� �U�R�D�G�� �P�D�L�Q�W�H�Q�D�Q�F�H�� �D�Q�G�� �D�I�I�R�U�H�V�W�D�W�L�R�Q�� �D�U�H��
�D�Y�D�L�O�D�E�O�H���� �+�R�Z�H�Y�H�U���� �3�D�N�� �3�K�O�L���� �7�K�H�� �5�X�H�D�� �D�Q�G�� �.�K�R�� �3�K�R�� �I�D�F�H�� �K�L�J�K�� �V�R�L�O�� �G�H�J�U�D�G�D�W�L�R�Q�� �G�X�H�� �W�R�� �X�V�L�Q�J��
�H�[�F�H�V�V�� �D�P�R�X�Q�W�� �R�I�� �F�K�H�P�L�F�D�O�� �I�H�U�W�L�O�L�]�H�U�� ������������ �D�Q�G�� �S�H�V�W�L�F�L�G�H���� �6�H�Y�H�U�H�� �V�R�L�O�� �H�U�R�V�L�R�Q�� �L�V�� �I�R�X�Q�G�� �L�Q�� �1�R�Q�J��
�6�H�D�Q�J���E�H�F�D�X�V�H���R�I���L�W���S�K�\�V�L�F�D�O���V�R�L�O���S�U�R�I�L�O�H���R�I���V�O�R�S���D�Q�G���Y�D�O�O�H�\���F�R�P�S�O�H�[������

�%�0�1���������������V�K�R�Z�V���W�K�D�W���W�K�H�U�H���D�U�H���������&�D�Q�H�O�V���U�L�Y�H�U�V�����������S�R�Q�G�V���V�Z�D�P�S�V���D�Q�G�������G�D�P�V���D�U�H���I�R�X�Q�G���D�V��
�Q�D�W�X�U�D�O���Z�D�W�H�U���U�H�V�R�X�U�F�H�V���W�K�U�R�X�J�K�R�X�W���D�O�O���V�X�E���G�L�V�W�U�L�F�W�V���L�Q���3�D�N���3�K�O�L���G�L�V�W�U�L�F�W�����)�R�U���H�Q�V�X�U�L�Q�J���G�U�L�Q�N�L�Q�J���Z�D�W�H�U��
�V�R�X�U�F�H�V�� �D�Q�G�� �U�H�V�H�U�Y�L�Q�J�� �Z�D�W�H�U�� �I�R�U�� �G�U�\�� �V�H�D�V�R�Q���� �.�K�R�N�� �.�U�X�D�W�� �K�D�V�� �W�K�H�� �K�L�J�K�H�V�W�� �Q�R���� �R�I�� �S�R�Q�G�V�� ������������ �D�Q�G��
�E�R�Z�H�O�V�� ������������ �1�D�� �+�L�O�� �1�D�G�� �D�Q�G�� �.�R�� �:�D�L�� �K�D�Y�H�� ���� �D�Q�G�� ���� �P�D�Q�P�D�G�H�� �U�H�V�H�U�Y�R�L�U�� �D�F�F�R�U�G�L�Q�J�O�\���� �,�Q�� �F�D�V�H�� �R�I��
�Z�D�W�H�U���I�R�U���D�J�U�L�F�X�O�W�X�U�H���� �1�'�5�����&���� ���������� �V�K�R�Z�V�� �W�K�D�W���R�X�W���R�I�� �G�D�W�D���D�Y�D�L�O�D�E�L�O�L�W�\�� �R�I�� ������ �Y�L�O�O�D�J�H�V���� ���� �Y�L�O�O�D�J�H�V��
���������� �D�U�H���E�D�F�N�Z�D�U�G���K�D�Y�L�Q�J���Q�R���Z�D�W�H�U���V�X�I�I�L�F�L�H�Q�W�O�\���I�R�U���D�J�U�L�F�X�O�W�X�U�D�O���F�X�O�W�L�Y�D�W�L�R�Q���������� �Y�L�O�O�D�J�H�V���������������D�U�H��

�6�R�L�O���6�H�U�L�H�V�������������/�R�F�D�W�L�R�Q���������������������������������$�U�H�D�����������������������������������������7�H�[�W�X�U�H���������������)�L�O�W�U�D�W�L�R�Q���������������S�+�������������1�X�W�U�L�H�Q�W�������������8�V�D�J�H��
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�3�D�N���3�K�O�L�����7�K�D���5�X�H�D��
�������������� ������������ �&�O�D�\�� �/�R�Z��
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�$�O��
�3�D�G�G�\����

�Y�H�J�H�W�D�E�O�H�V��

������
�1�D���+�L�Q���/�D�W�����1�R�Q�J��

�6�D�H�Q�J�����.�R���:�D�L�����.�R��
�3�K�R�����3�D�N���3�K�O�L��
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�0�H�G�L�X�P����������
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�Q���D���8�S�O�D�Q�G���F�U�R�S�V��
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�&�O�D�\��
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��������
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�Q���D���8�S�O�D�Q�G���F�U�R�S�V��

������ �1�D���+�L�Q���/�D�W�� �������� ���������� �5�R�F�N�V�� �Q���D�� �Q���D�� �Q���D��
�1�R�W���V�X�L�W�D�E�O�H��

�I�R�U���F�X�O�W�L�Y�D�W�L�R�Q��
�)�R�U�H�V�W�� �1�D���+�L�O���1�D�W������������������ ������������ �Q���D�� �Q���D�� �Q���D�� �Q���D���)�R�U�H�V�W�U�\���W�U�H�V�V��
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PRGHUDWH�KDYLQJ�ZDWHU�VXIILFLHQWO\�GXULQJ�UDLQ\�VHDVRQ��DQG����YLOODJHV�������DUH�SURJUHVV�KDYLQJ�
ZDWHU�VXIILFLHQWO\�IRU�FXOWLYDWLRQ�GXULQJ�DOO�\HDU��

7KH� WRWDO� IRUHVW� DUHD� RI� 3DN� 3KOL� GLVWULFW� LV� �������� UDL�� � �������� UDL� RI� WRWDO� IRUHVW� DUHD� LV�
UHVHUYHG�DQG�SURWHFWHG�ZLWK�WKH�IRUHVW�ODZV�UHJXODWHG�E\�WKH�5R\DO�)RUHVW�'HSDUWPHQW�ORFDWHG�DW�1D�
+LO� /DG� VXE�GLVWULFW�� WDEOH� ��� 3UHVHQWO\�� JRYHUQPHQW� SURPRWHV� HFR�DJUR� WRXULVP� DFWLYLWLHV� LQ� WKLV�
DUHD��

7DEOH���$UHD�RI�IRUHVW�DQG�SODQWDWLRQ��UDL��

�
)LHOG� 6XUYH\�� ����� VKRZV� WKH� ODNH� RI� FRPSUHKHQVLYH� PDQDJHPHQW� SODQ� LQ� LPSOHPHQWLQJ�

&RPPXQLW\�IRUHVWU\�DFWLYLWLHV��3HRSOH�XVXDOO\�SHUFHLYH�WKHLU�UROH�DV�UHFLSLHQWV�RI�WRS�WRZQ�GHFLVLRQ�
PDNLQJ�DQG� WKHUHIRUH�RQO\�SXW� DVVLJQPHQWV�SURMHFWV� LQWR�SUDFWLFH��&RQVHTXHQWO\�� RQH� FRPPXQLW\�
IRUHVW�LQ�.KRN�.UXDW�VXE�GLVWULFW�LV�DERXW�WR�FKDQJH�LQWR�SOD\�JURXQG��$OVR��ORFDO�JRYHUQPHQWV�KDYH�
SODQQHG�WR�FXW�GRZQ�WKH�IRUHVW�DQG�FRQYHUW�LW�LQWR�WKH�VSRUW�ILHOG�IROORZLQJ�WKH�SXEOLF�GHPDQG��

(QYLURQPHQWDO�PDQDJHPHQW��SROLF\�DQG�SURJUDP�DQDO\VLV�

15'��&� VKRZV� WKDW� .KRN� .UXDW� DQG� 1D� +LO� 1DG� KDYH� SURJUHVVLYH� OHYHO� RI� HQYLURQPHQWDO�
PDQDJHPHQW� IDFLQJ� QR� VROLG� ZDVWH� PDQDJHPHQW� �6:0�� SUREOHP�� &DVH� VWXG\� RI� .KR� :DL�
PXQLFLSDOLW\� VKRZV� WKDW� LW� LV� UHVSRQVLEOH� WR� FROOHFW�ZDVWH� IURP� KRXVHKROG� RI� HYHU\� VXE� GLVWULFWV�
XVLQJ�WZR�YHKLFOHV��FDE�YDQ���VWRUDJH�FDSDFLW\����/E�P��SHU�GD\��7KHVH�YHKLFOHV�JR�WR�FROOHFW�ZDVWH�
RQH�WLPH�SHU�GD\��(YHU\�GD\�WKH�WRWDO�RI�������OLWHUV�IXHO�LV�XVHG�IRU�JDUEDJH�FROOHFWLRQ��7R�JHW�WKLV�
IDFLOLW\��HYHU\�KRXVHKROG�SD\V�����EDWKV�SHU�PRQWK��.KR�:DL�KDV�RZQ�ODQGILOO�WR�GLVSRVDO�WKH�ZDVWH�
FROOHFWHG�IURP�HYHU\�KRXVHKROG��(YHU\�GD\�����WRQV�ZDVWH�LV�GLVSRVDEOH�LQ�WKLV�ODQGILOO��/RSD�HW�DO��
��������
�
�
�
�
�
�
�
�
�
�
�

)LJ���3UREOHP�WUHH�DQDO\VLV�RI�6:0�
�

+RZHYHU��WKH�ZDVWH�FROOHFWHG�IURP�3DN�3KOL�GLVWULFW�LV�DOVR�VWRUHG�LQ�.KR�:DL�ODQGILOO��(YHU\�
GD\�����NJ�ZDVWH�IURP�3DN�3KOL�LV�GLVSRVDEOH�LQWR�.KR�:DL�ODQGILOO��+RZHYHU��ILHOG�6XUYH\¶������
VKRZV�PXQLFLSDOLW\�GRHV�QRW�FROOHFW�ZDVWH�IURP�DOO�VXE�GLVWULFWV��,W�FROOHFWV�ZDVWH�EXW�LUUHJXODU�IURP�

6U����������&DWHJRU\������1DXQJ�6HQJ��.R�3KR�����3DN�3KOL����.R�:DL������.KRN�.UXDW��7KD�5HDX����1D�+LQ�/DW����������7RWDO�
�� 'HQVH�

(YHUJUHHQ�
)RUHVW�

�� �� �� �� �� �� �������� ��������

�� 'LVWXUEHG�
(YHUJUHHQ�
)RUHVW�

�� �� �� �� �� �� ��� ���

� 6XE�WRWDO� � � � � � � � ��������
�� 3ODQWDWLRQ� ���� ���� ��� ��� ��� ���� ���� ������
�� &RPPXQLW\�

IRUHVWU\�
���� ���� �� �� ���� �� �� ����

� 7RWDO� � � � � � � � ��������

&RQWDPLQDWHV�FURS��FRQVXPHUV�DQG�IDUP�ZRUNHUV�
/HVV�FURS�SURGXFWLRQ�

/RZ�VRLO�IHUWLOLW\�

,QFUHDVHV�DFLG�VRLO�VWDWXV�

,PSURSHU�VROLG�ZDVWH�PDQDJHPHQW�

3ROOXWHV�ZDWHU�

0XQLFLSDO�UHOXFWDQFH� /DFN�RI�HQYLURQPHQWDO�NQRZOHGJH�DQG�DZDUHQHVV�RI�ORFDO�SHRSOH�
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WKRVH�DUHDV�ZKLFK�DUH�QHDU�DERXW�WR�PXQLFLSDOLW\��7KLV�FRQGLWLRQ�LV�FRQVLGHUHG�D�VHULRXV�DQG�YLVLEOH�
HQYLURQPHQWDO�SUREOHP�DQG�SXEOLF�KHDOWK�ULVN��)LJ�����/RSD����������

7KHUH� LV� VWLOO� ODFN� RI� DGHTXDWH�SURJUDPPHV� LQ� OLQH�ZLWK� WKH�QDWLRQDO� SROLFLHV� DQG� VWUDWHJLHV��
)DUP� EXUQLQJ� DV� LOOHJDO� LQ� QDWLRQDO� SROLFLHV� EXW� LW� LV� ZLGHO\� SUHYDOHQW� LQ� DOO� VXE�GLVWULFWV�� ,W� KDV�
DGHTXDWHO\� DGGUHVVHG� WKH� DZDUHQHVV� RQ� HQYLURQPHQWDO� SROOXWLRQ� DQG� VROLG� ZDVWH� PDQDJHPHQW�
V\VWHP� EXW� SURJUDPV� WR� DGGUHVV� WKH� LVVXHV� DUH� QRW� FRQGXFWHG� LQ� WKH� ORFDO� DUHD�� )RUHVW� QDWLRQDO�
SROLFLHV�KDYH�DGGUHVVHG�ZHOO�EXW�VLQFH�WKH�IRUHVW�HQFURDFKPHQW�DQG�FOHDUDQFH�DUH�KLJK��FDPSDLJQV�
IRU� DZDUHQHVV� UDLVLQJ�� DQG� WUDLQLQJV� IRU� FDSDFLW\� EXLOGLQJ�� IRUHVW� UHIRUHVWDWLRQ� SURJUDPPHV� DUH�
QHHGHG�WR�EH�LQWHQVLILHG�DV�WKH�VFRSH�RI�WKHVH�DFWLYLWLHV�DUH�IRXQG�WR�EH�YHU\�OLPLWHG��

3UREOHPV�DQG�SURVSHFW�DQDO\VLV�

7DEOH���3UREOHP�PDWUL[�

�
7DEOH���3URSRVDO�PDWUL[�

3URYLQFLDO�DQG�GLVWULFW�OHYHO�VWUDWHJLHV�KDYH�DGHTXDWHO\�DGGUHVVHG�WKH�GULQNLQJ�ZDWHU�LVVXH�EXW�
QRW�IRU�WKH�DJULFXOWXUDO�SXUSRVHV��+RZHYHU��SUHVHQWO\��WKH\�KDYH�SODQQHG�WR�LQWURGXFH�D�ODUJH�VFDOH�

3UREOHPV� �� �� �� �� �� �� �� �� �� 6FRUH�� 5DQN��
/RZ�VRLO�IHUWLOLW\�� � � � � � � � � � �� ��
$FLGLF�VRLO�VWDWXV�� [� � � � � � � � � �� ��
6HYHUH�VRLO�HURVLRQ� [� � � � � � � � � �� ��
+LJK�VRLO�GHJUDGDWLRQ� [� [� � � � � � � [� �� ��
/DFN�RI�ODQG�WLWOH� � � � � � � � � � �� ��
)ORRGLQJ�GXULQJ�UDLQ\�VHDVRQ� � � � � � � � � � �� ��
,PSURSHU�ZDVWH�PDQDJHPHQW� [� [� � [� � � � � � �� ��
1RQ�IXQFWLRQLQJ�RI��FRPPXQLW\�IRUHVWU\� � � � � � � � � � �� ��
6HYHUH�ZDWHU�SROOXWLRQ� � � � � � � � � � �� ��

,GHQWLILHG�3UREOHPV� 'HYHORSPHQW�3RWHQWLDO� 3ROLF\�6LWXDWLRQ� 3URMHFW�3URSRVDOV�
��� /RZ�6RLO�IHUWLOLW\�LQ�.R�:DL��

.R�3KR��3DN�3KOL��7KH�5XHD�
DQG�1D�+LO�1DG�

��� $FLGLF�VRLO�VWDWXV�LQ�.R�:DL��
.R�3KR��3DN�3KOL��7KH�5XHD�

��� 6HYHUH�VRLO�HURVLRQ�LQ�1RQJ�
6HDQJ��

��� /DFN�RI�ODQG�WLWOH�
��� +LJK�6RLO�'HJUDGDWLRQ�LQ�

3DN�3KOL��7KH�5XHD�DQG�.KR�
3KR�

��� )ORRGLQJ�GXULQJ�UDLQ\�VHDVRQ�
LQ�.KR�3KR��.KR�:DL��3DN�
3KOL��7KH�5XHD��.KRN�.UXDW�
DQG�1RQJ�6HDQJ�

��� ,UUHJXODU�0XQLFLSDO�:DVWH�
0DQDJHPHQW�LQ�.KR�:DL��
1RQD�6DHQJ�DQG�3DN�3KOL�
DQG�LOOHJDO�ZDVWH�GXPSLQJ�
SUDFWLFH�E\�KRXVHKROG�LQ�
RWKHU�VXE�GLVWULFWV�

��� 1RQ�IXQFWLRQLQJ�RI�
FRPPXQLW\�IRUHVWU\�LQ�QRQJ�
6HDQJ��.KR�3KR�DQG�.KRN�
.UXDW�

��� 6HYHUH�ZDWHU�SROOXWLRQ�LQ�
3DN�3KOL�DQG�.KR�3KR�

���$YDLODELOLW\�RI�ZDWHU�
UHVRXUFHV�DQG�
LUULJDWLRQ�	�ZDWHU�
DFFHVVLELOLW\�SURMHFW�
LQ�WKH�GLVWULFW�

���$YDLODELOLW\�RI�IRUHVW�
UHVRXUFHV������RI�
WRWDO�DUHD��

���$YDLODELOLW\�RI�
RUJDQL]HG�ODQG�
VXLWDELOLW\�DQG�ODQG�
FODVVLILFDWLRQ�GDWD��

���'XH�FRQVLGHUDWLRQ�
IRU�1DWXUDO�5HVRXUFH�
DQG�(QYLURQPHQW�
,VVXHV�E\�/DQG�
'HYHORSPHQW�
'HSDUWPHQW�

���3URVSHFW�IRU�HFR�
DJUR�WRXULVP�
GHYHORSPHQW�

���3URPRWLRQ�ORFDO�
SDUWLFLSDWLRQ�RQ�
HQYLURQPHQW�
PDQDJHPHQW�
���1DWXUDO�UHVRXUFHV�
DQG�HQYLURQPHQWDO�
UHKDELOLWDWLRQ�VXFK�DV�
FRPPXQLW\�IRUHVWU\�
SURJUDP�SURPRWLRQ�
���3ROLWLFDO�DQG�
DGPLQLVWUDWLYH�
GHYHORSPHQW�VXFK�DV�
SHRSOH¶V�
SDUWLFLSDWLRQ��SROLWLF�
DQG�DGPLQLVWUDWLRQ�
SURPRWLRQ�

�

���$FLG�VRLO�
PDQDJHPHQW�E\�
DSSO\LQJ�OLPLQJ�
DQG�RUJDQLF�
IDUPLQJ�
SUDFWLFHV��

���6WUHQJWKHQLQJ�
FRPPXQLW\�
IRUHVWU\�SURMHFW�
E\�HQKDQFLQJ�
FDSDFLW\�
EXLOGLQJ�RI�
H[LVWLQJ�
FRPPXQLW\�
IRUHVWU\�JURXSV��

���,PSURYLQJ�
PXQLFLSDO�VROLG�
ZDVWH�
PDQDJHPHQW�
V\VWHP�E\�
LQYROYLQJ�
SULYDWH�VHFWRU�
DQG�FRPPXQLW\�
SHRSOH�WR�FDUU\�
RXW�FRPPXQLW\�
VROLG�ZDVWH�
PDQDJHPHQW��
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ZDWHU�VXSSO\�DQG�LUULJDWLRQ�SURMHFW�LQ�ZKLFK�.KR�ZDL��.KRN�.UXDW�3DN�3KOL�DQG�1D�+LO�1DG�VXE�
GLVWULFWV�FRYHU��������UDL�IRU�LUULJDWLRQ�SURMHFW�DQG�7KD�5XHD��3DN�3KOL�	�.KR�3KR�FRYHU���������
UDL�IRU�HQVXULQJ�ZDWHU�DFFHVVLELOLW\�GXULQJ�WKH�GU\�VHDVRQ��1DWLRQDO�DQG�GLVWULFW�OHYHO�VWUDWHJLHV�KDYH�
DGHTXDWHO\�DGGUHVVHG�WKH�LVVXH�RI�ODQG�UHIRUP�RQJRLQJ�RQO\�LQ�WKUHH�VXE�GLVWULFWV�EXW�WKH�SUREOHP�LV�
ODFN�RI�ODQG�WLWOH�LQ�WKHVH�DUHDV�QHHG�WR�DGGUHVV��

)URP�WKH�SUREOHP�PDWUL[�DQDO\VLV��7DEOH����LW�LV�IRXQG�WKDW�KLJK�VRLO�GHJUDGDWLRQ�DQG�LPSURSHU�
VROLG�ZDVWH�PDQDJHPHQW�DUH�WKH�PRVW�LPSRUWDQW�SUREOHPV�RI�WKLV�DUHD�ZKHUHDV�DFLG�VRLO�VWDWXV�DQG�
ORZ�VRLO�HURVLRQ�DUH�HTXDOO\�LPSRUWDQW�ZKLOH�QRQ�IXQFWLRQLQJ�FRPPXQLW\�IRUHVWU\��ODFN�RI�ODQG�WLWOH��
IORRGLQJ�� ORZ� VRLO� IHUWLOLW\� DQG� VHYHUH�ZDWHU� SROOXWLRQ� DUH� OHDVW� LPSRUWDQW� DPRQJ� WKHVH� QLQH� FRUH�
SUREOHPV��$SDUW�IURP�WKHVH�SUREOHPV��SURVSHFWV�IRU�ZDWHU�DQG�LUULJDWLRQ�SURMHFWV��DYDLODEOH�IRUHVW�
UHVRXUFHV� DQG� SURVSHFW� IRU� HFR�DJUR� WRXULVP�SURMHFWV�� GXH� FRQVLGHUDWLRQ� IRU� QDWXUDO� UHVRXUFH� DQG�
HQYLURQPHQWDO�PDQDJHPHQW�DUH�PDLQ�SRWHQWLDOV�REVHUYHG��7DEOH�����

&21&/86,21�

5DSLG�SRSXODWLRQ�JURZWK�DQG�LQFUHDVLQJ�DJULFXOWXUDO�LQWHQVLW\�KDYH�GULYHQ�LQWHUUHODWLRQVKLS�EHWZHHQ�
ORFDO�SHRSOH�DQG�HQYLURQPHQW�ZKLFK�EHFRPH�FRPSOH[�SXWWLQJ�KLJK�SUHVVXUH�RQ�QDWXUDO� UHVRXUFHV�
UDQJLQJ�IURP�SRRU�VRLO�TXDOLW\��VRLO�DFLG��VRLO�HURVLRQ�� IRUHVW�HQFURDFKPHQW�� ODFN�RI� ODQG� WLWOH�DQG�
ODQGOHVVQHVV�� /LNHZLVH� LQFUHDVLQJ� DJULFXOWXUDO� DQG� KRXVHKROG� DFWLYLWLHV� KDYH� EURXJKW� DERXW�
HQYLURQPHQWDO� SROOXWLRQ�� OLNH� DLU� SROOXWLRQ� IURP� EXUQLQJ� KDUYHVWLQJ�� VROLG�ZDVWH�� DQG� LPSDFWV� RI�
H[WHQVLYH� FKHPLFDO� XVHV� WR� KXPDQ� DQG� HQYLURQPHQW�� $SDUW� IURP� WKHVH� SUREOHPV�� DYDLODELOLW\� RI�
FRPPXQLW\�IRUHVWU\�DQG�VXFFHVVIXO�LPSOHPHQWDWLRQ�DQG�SUREDELOLW\�RI�LWV�SURPRWLRQ�LQ�RWKHU�VXE�
GLVWULFWV��WRSRJUDSKLFDO�DGYDQWDJHV�ZKLFK�FDQ�OHDG�WR�VWRUDJH�RI�KLJK�ZDWHU�DQG�VROYH�WKH�SUREOHP�
RI� ZDWHU� VKRUWDJH� DQG� SURPRWH� DJULFXOWXUDO� SURGXFWLYLW\� DQG� H[LVWHQFH� RI� IDYRUDEOH� QDWLRQDO��
SURYLQFLDO�DQG�GLVWULFW�OHYHO�SROLFLHV�DUH�VRPH�RI�WKH�SRWHQWLDOV�RI�WKH�VHFWRU��%XW�WKHVH�SRWHQWLDOV�DUH�
QRW�IXOO\�KDUQHVVHG���

7KHUH�H[LVW�IDYRUDEOH�SROLFLHV�DQG�SODQV�DW�QDWLRQDO��SURYLQFLDO��GLVWULFW�DQG�VXE�GLVWULFW�OHYHOV�
WR�DGGUHVV�WKH�ORFDO�SUREOHPV�EXW�WKHUH�LV�JDS�LQ�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�SURJUDPPHV�DV�SHU�
WKH�QHHG�RI�ORFDO�SUREOHPV��3URJUDPV�XWLOL]LQJ�WKH�SRWHQWLDOV�DQG�VROYLQJ�WKH�SUREOHPV�RI�WKH�DUHD�
VKRXOG� EH� GHVLJQHG� DQG� LPSOHPHQWHG� ZKLFK� QHHG� HIIHFWLYH� FRRUGLQDWLRQ� DPRQJ� WKH� SURYLQFLDO��
GLVWULFW�DQG�ORFDO�OHYHO�JRYHUQPHQWV�RI�WKH�DUHD���

$&.12:/('*(0(176�

7KH�DXWKRU�LV�WKDQNIXO�WR�WKH�IDFXOWLHV�RI�ZRUNVKRS�FRXUVH��'U��-D\DQW��.��5RXWUD\�DQG�'U��6RSDUWK�
3RQJTXDQ�� FRXUVH� FRRUGLQDWRU�� 0U�� 9LWRRQ� 1LO�8ERO� DQG� D� VSHFLDO� WKDQN� LV� JLYHQ� WR� JURXS�
PHPEHUV��6XPLYD��%HVKLU��+RQJ�DQG�7XQ�7XQ�IRU�ZRUNLQJ�KDUG�WR�SUHSDUH�WKH�UHSRUW�RI�³6HFWRUDO�
DQDO\VLV� RQ� 1DWXUDO� 5HVRXUFHV� DQG� (QYLURQPHQWDO� 0DQDJHPHQW�� $� 6WXG\� RQ� 3DN� 3KOL� 'LVWULFW��
1DNKRQ�1D\RN�3URYLQFH��7KDLODQG�´�

5()(5(1&(6�

/RSD�� )�*�5��� 9LHQJNHR�� 6��� 1DLQJ�� 7�7�� DQG� 6DLGH�� %�� ������� 6HFWRUDO� DQDO\VLV� RQ� QDWXUDO� UHVRXUFH� DQG�
HQYLURQPHQWDO� PDQDJHPHQW�� $� VWXG\� RQ� 3DN� 3KOL� 'LVWULFW�� 1DNKRQ� 1D\RN� 3URYLQFH�� 7KDLODQG��
:RUNVKRS� UHSRUW�� 'HSDUWPHQW� RI� 5HJLRQDO� DQG� 5XUDO� 'HYHORSPHQW� 3ODQQLQJ�� $VLDQ� ,QVWLWXWH� RI�
7HFKQRORJ\��7KDLODQG��

/RSD��)�*�5���������:DVWH�PDQDJHPHQW�DW�ORFDO�OHYHO��$�VWXG\�RQ�3DN�3KOL�GLVWULFW��7KDLODQG��,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�(QYLURQPHQWDO�$VSHFW�RI�%DQJODGHVK��-DSDQ������������

/RSD�� )�*�5�� HW� DO� �������:DVWH� FRQFHUQ�� $Q�1*2� IRU� WKH� VROLG� ZDVWH�PDQDJHPHQW� DW� FRPPXQLW\� OHYHO��
7HUP�SDSHU��'HSDUWPHQW�RI�8UEDQ�DQG�5HJLRQDO�3ODQQLQJ��-DKDQJLUQDJDU�8QLYHUVLW\��%DQJODGHVK��

/DQG�'HYHORSPHQW�'HSDUWPHQW� �������/DQG�XVH�DQG�VRLO� VHULHV� VLWXDWLRQ�RI�3DN�3KOL�'LVWULFW� WKURXJK�*,6�
$SSOLFDWLRQ��1DNKRQ�1D\RN�3URYLQFH��7KDLODQG��

5RXWUD\�� -�.�� DQG�0RKDSDWUD�� $�&�� ������� 3UDFWLFH�RULHQWHG� SDUWLFLSDWRU\� PHWKRGRORJ\� DQG� WHFKQLTXHV� LQ�
UHJLRQDO�GHYHORSPHQW�DQG�SODQQLQJ��5DZDW�SXEOLFDWLRQV��-DLSXU�DQG�1HZ�'HOKL�����������


