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$OODKDU� -�$��� .ULHJHU� .� +RUL]RQWDO� 3URGXFWLRQ�

/RJJLQJ� 8VLQJ� 7UDFWRU� 7HFKQRORJ\� � D� )LUVW� IRU�
7ULQLGDG� ��� 63,� ������� &DULEEHDQ� 3HWUROHXP� (QJL�
QHHULQJ� &RQIHUHQFH�� 3RUW�RI� 6SDLQ�� 7ULQLGDG�� :HVW�
,QGLHV��������$SULO�������

.HUVH\�$��'���*\VOLQJ�'��/���%RVWLFN�)��;� )LEHU�
2SWLF� 6\VWHPV� IRU� 5HVHUYRLU� 0RQLWRULQJ� ��� :RUOG�
2LO��������2FWREHU��3���� ± ���

7DQJ� ;�0��� &KHQJ� $� 4XDQWLWDWLYH� %RUHKROH�
$FRXVWLF�0HWKRGV� �� 3HUJDPRQ�� ����� 9RO� ���� �VW�
(GLWLRQ�

7HFKORJ�:HOOERUH�6RIWZDUH�3ODWIRUP����6FKOXP�
EHUJHU�� ������85/�� KWWSV���ZZZ�VRIWZDUH�� VOE�FRP�
SURGXFWV�WHFKORJ � � ������������

:LSSLFK� 0��� 'HVVDX� .�� /� 7XQDEOH� /DVHUV� DQG�
)LEHU�%UDJJ�*UDWLQJ� 6HQVRUV� �� ,QGXVWULDO� 3K\VLFLVW��
����� -XQH�-XO\� 3���� ± ���

*HRSK\VLFDO�6WXGLHV�RI�WKH�7HFKQLFDO�&RQGLWLRQ�RI�:HOOV

$�9� 6KXPLORY�
3HUP�6WDWH�8QLYHUVLW\
� EHGJ����*HQNHO\D�6WU�� 3HUP ��������5XVVLD
(�PDLO��VKXP����#JPDLO�FRP

2XU�SDSHU�FRQVLGHUV�WKH�SUREOHPV�DULVLQJ GXULQJ�WKH�PRQLWRULQJ�RI�WKH�WHFKQLFDO�FRQGLWLRQ�RI�ZHOOV� GHWHUPLQLQJ�
WKH�TXDOLW\�RI�FHPHQWLQJ��LGHQWLILFDWLRQ�RI�FROXPQ�GHIHFWV�DQG�RYHUIORZV��FRUURVLRQ�DUHDV� HYDOXDWLQJ�WKH�HFFHQ�
WULFLW\�RI�WKH�FROXPQV��7KH�PDLQ�UHVHDUFK�DUHDV�DQG�VRIWZDUH�V\VWHPV�LQ�WKH�ILHOG�RI�JHRSK\VLFDO�FRQWURO�RI�WKH�
WHFKQLFDO�FRQGLWLRQ�RI�ZHOOV� WHFKQLFDO�PHDQV�RI�GHOLYHU\�RI�JHRSK\VLFDO�LQVWUXPHQWV�DQG�DSSDUDWXV�WR�WKH�ERW�
WRP�RI�KRUL]RQWDO�ZHOOV� VRPH�PRGHUQ�WRROV�IRU�PRQLWRULQJ�ZHOO�RSHUDWLRQ DUH�FKDUDFWHUL]HG�
.H\�ZRUGV��JHRSK\VLFDO�PHWKRGV�IRU�ZHOO�UHVHDUFK��KRUL]RQWDO�ZHOO��VRIWZDUH��FHPHQWLQJ�TXDOLW\�DVVHVVPHQW�

WHFKQRORJLFDO�FRPSOH[�

5HIHUHQFHV

$GL\HY�<$�5���9DOLXOOLQ�5�$���.RURYLQ�9�0���6KL�
ORY� $�$� ������ 6LVWHPQ\\� NRQWURO WHNKQLFKHVNRJR�
VRVWR\DQL\D� VNYD]KLQ� >6\VWHP� FRQWURO� RI� WKH� WHFK�
QLFDO� FRQGLWLRQ� RI� ZHOOV@�� 179� .DURWD]KQLN�� $,6�
7YHU��������������������LQ 5XVVLDQ�

$IDQDV\HY� 9�6��� $IDQDV\HY� 6�9� ������ 6LVWHPD�
DYWRPDWL]LURYDQQR\� YL]XDOQR\� LQWHUSUHWDWVLL� UH]XOWD�
WRY� JHRIL]LFKHVNLNK� LVVOHGRYDQL\� VNYD]KLQ� *LQ�
WHO������2SLVDQL\H�L�UXNRYRGVWYR�SRO]RYDWHO\D��>7KH�
V\VWHP�RI� DXWRPDWHG�YLVXDO� LQWHUSUHWDWLRQ�RI� WKH� UH�
VXOWV�RI�JHRSK\VLFDO�H[SORUDWLRQ�RI�ZHOOV�*LQWHO������
'HVFULSWLRQ� DQG� XVHU� PDQXDO@� 222� *HRLQIRU�
PDWVLRQQ\\H� WHNKQRORJLL� L� VLVWHP\� S������ �LQ 5XV�
VLDQ�

$NKPHWVDILQ� 5�'��� %XOJDNRY� $�$� 6]KDWLH�
GDQQ\NK� SUL� DNXVWLFKHVNRP� NDURWD]KH� >'DWD� FRP�

SUHVVLRQ� GXULQJ� DFRXVWLF� ORJJLQJ@� .DURWD]KQLN��
��������� �LQ 5XVVLDQ�

%HORY� 6�9��� =KXODQRY� ,�1��� 7DVKNLQRY� ,�9��� 6KX�
PLORY�$�9� ������3URJUDPPD�©*,6�$.76ª�� HIIHN�
WLYQR\H� VUHGVWYR� NRQWURO\D� NDFKHVWYD� WVHPHQWLUR�
YDQL\D� REVDGQ\NK� NRORQQ� >7KH�*,6�$&: SURJUDP�
LV�DQ�HIIHFWLYH�WRRO�IRU�FRQWUROOLQJ�WKH�TXDOLW\�RI�FDV�
LQJ�FHPHQWLRQ@� .DURWD]KQLN����������� �LQ 5XVVLDQ�

*XOLQ� <X�$� ������*DPPD�JDPPD�PHWRG� LVVOH�
GRYDQL\D� QHIW\DQ\NK� VNYD]KLQ >*DPPD�JDPPD�
PHWKRG�IRU�RLO�ZHOOV VWXG\@��1HGUD� 0RVNYD��S������
�LQ 5XVVLDQ�

*XWRURY <X�$� ������ )RUPLURYDQL\H� RSWLPDO�
QRJR� JHRIL]LFKHVNRJR� NRPSOHNVD� GO\D� RWVHQNL�
WHNKQLFKHVNRJR�VRVWR\DQL\D�REVD]KHQQ\NK�VNYD]KLQ�
>)RUPDWLRQ� RI� DQ� RSWLPDO� JHRSK\VLFDO� FRPSOH[� IRU�
DVVHVVLQJ� WKH� WHFKQLFDO� FRQGLWLRQ� RI� FDVHG� ZHOOV@�
.DURWD]KQLN����������� �LQ 5XVVLDQ�



���

'REU\QLQ� 9�0��� &KHUQRJOD]RY� 9�1��� *RURGQRY�
$�9� ������ 1RY\H� YR]PR]KQRVWL� NRQWURO\D� ]D� UD]�
UDERWNR\� PHVWRUR]KGHQL\� >1HZ� 2SSRUWXQLWLHV� IRU�
0RQLWRULQJ� RI� WKH� )LHOG�'HYHORSPHQW@� 1HIW\DQR\H�
NKR]\D\VWYR���������� �LQ 5XVVLDQ�

=KXODQRY� ,�1��� 6HPHQWVRY� $�$���0DW\DVKRY� 6�9�
������ 2S\W� SULPHQHQL\D� WVLIURYR\� UHJLVWUDWVLL� L�
REUDERWNL� YROQRYRJR� VLJQDOD� $.� Y� 2$2� ©3HUP�
QHIWHJHRIL]LNDª�>7KH�H[SHULHQFH�RI�XVLQJ�WKH�GLJLWDO�
UHFRUGLQJ� DQG� SURFHVVLQJ� RI� WKH�$/ ZDYH� VLJQDO� DW�
2-6&� 3HUPQHIWHJHRIL]LND@� .DURWD]KQLN�� �������
���� �LQ 5XVVLDQ�

=DLFKNLQ�<H�9���6KXPLORY�$�9���%HORY�6�9���7DVK�
NLQRY� ,�9� 6YLGHWHOVWYR RE� RILWVLDOQR\� UHJLVWUDWVLL�
SURJUDPP\� GO\D� (90� ©6]KDWL\H� SROQRJR�
YROQRYRJR�SDNHWD�DNXVWLFKHVNRJR�NDURWD]KDª��6]KD�
WL\H� 96�� >6HUWLILFDWH� RI� RIILFLDO� UHJLVWUDWLRQ� RI� WKH�
FRPSXWHU� SURJUDP� ³&RPSUHVVLRQ� RI� WKH� IXOO� ZDYH�
SDFNHW� RI� DFRXVWLF� ORJJLQJ´� �&RPSUHVVLRQ� RI�:6�@

0RVNYD�� 5263$�
7(17� �LQ 5XVVLDQ�

,YDNLQ�%�1���.DUXV�<H�9���.X]QHWVRY�2�/� ������
$NXVWLFKHVNL\� PHWRG� LVVOHGRYDQL\D� VNYD]KLQ
>$FRXVWLF�PHWKRG� IRU�ZHOOV UHVHDUFK@�� 1HGUD��0RV�
NYD��S��������LQ 5XVVLDQ�

.LOH\NR� <H�6��� .R]\U\DWVNL\� 1�*��� .RU]KH�
QHYVNL\�$�*���1DSROVNL\�9�$���6DYLFK�$�'���6KXPLORY�
$�9� ������ 5XNRYRG\DVKFKL\� GRNXPHQW� 5'� ����
������� ©,QVWUXNWVL\D� SR� Y\ERUX� NRPSOHNVD� JHRIL]L�
FKHVNLNK�LVVOHGRYDQL\�L�VUHGVWY�GRVWDYNL�SULERURY�QD�
]DER\� Y� SURWVHVVH� EXUHQL\D� L� HNVSOXDWDWVLL� JRUL]RQ�
WDO
Q\NK�VNYD]KLQª�>*XLGLQJ�GRFXPHQW�5'���������
��� ³,QVWUXFWLRQV� IRU� WKH� VHOHFWLRQ� RI� D� FRPSOH[� RI�
JHRSK\VLFDO�VXUYH\V�DQG�PHDQV�IRU�GHOLYHULQJ�GHYLF�
HV� WR� WKH� IDFH�GXULQJ�GULOOLQJ�DQG�RSHUDWLRQ�RI�KRUL�
]RQWDO�ZHOOV´@��7.����� 7YHU� SS������� �LQ 5XVVLDQ�

.R]KHYQLNRY�'�$� ������ 3UREOHP\� LQWHUSUHWDWVLL�
GDQQ\NK� *,6� >3UREOHPV� RI� LQWHUSUHWDWLRQ� RI� ZHOO�
ORJJLQJ�GDWD@� .DURWD]KQLN���������� �LQ 5XVVLDQ�

.RURYLQ� 9�0��� $GL\HY� 5�<$��� %XOD\HY� 9�,���
%DU\VKHY� 9�,��� /HVQLNRY� 9�9� ������ 3HUHGDFKD�
GDQQ\NK� DNXVWLFKHVNRJR� NDURWD]KD� SR� WVLIURY\P�
NDQDODP� VY\D]L� >7UDQVPLVVLRQ� RI� DFRXVWLF� ORJJLQJ�
GDWD� WKURXJK� GLJLWDO� FRPPXQLFDWLRQ� FKDQQHOV@� .D�
URWD]KQLN����������������S� �LQ 5XVVLDQ�

/DSWHY� 9�9��� 6XOH\PDQRY�0�$��� 6HPRQRY� <H�9���
,YDQRY� 9�<$��� .KDPLWRY� 5�$� ������ 3URJUDPPQR�
XSUDYO\D\HP\\� DSSDUDWXUQR�PHWRGLFKHVNL\� NRP�
SOHNV� $0.������ GO\D� NRQWURO\D� WHNKQLFKHVNRJR�
VRVWR\DQL\D� L� NDFKHVWYD� WVHPHQWLURYDQL\D� VNYD]KLQ
>6RIWZDUH�FRQWUROOHG� KDUGZDUH�PHWKRGLFDO� FRPSOH[�
$0.������ IRU� PRQLWRULQJ� WKH� WHFKQLFDO� FRQGLWLRQ�
DQG� TXDOLW\� RI� ZHOO� FHPHQWDWLRQ@� .DURWD]KQLN��
��������� �LQ 5XVVLDQ�

3RSRY� 6�9��� 6DYLFK� $�'��� 6KXPLORY� $�9� ������
7HNKQRORJL\D� SUHGYDULWHOQRJR� VSXVND� JHRIL]L�

FKHVNLNK� SULERURY� SRG� JOXELQQ\\� QDVRV� ± RVQRYD�
PRQLWRULQJD� UD]UDERWNL� QHIWHJD]RY\NK� PHVWRUR]K�
GHQL\� >7KH� WHFKQRORJ\� RI� SUHOLPLQDU\� GHVFHQW� RI�
JHRSK\VLFDO� LQVWUXPHQWV� XQGHU� D� GHHS� SXPS� LV� WKH�
EDVLV�IRU�PRQLWRULQJ�WKH�GHYHORSPHQW�RI�RLO�DQG�JDV�
ILHOGV@� ,Q� *HRORJL\D� L�SROH]Q\\H�LVNRSD\HP\H�=D�
SDGQRJR� 8UDODª�� 3*1,8�� 3HUP� SS�� �������� �LQ
5XVVLDQ�

3RWDSRY� $�3��� .QHOOHU� /�<H� ������0DWHPDWLFK�
HVNR\H� PRGHOLURYDQL\H� L� LQWHUSUHWDWVL\D� PDWHULDORY�
VNYD]KLQQR\� LPSXOVQR\� HOHNWURPDJQLWQR\� WRO�
VKFKLQRPHWULL�>0DWKHPDWLFDO�PRGHOLQJ�DQG�LQWHUSUH�
WDWLRQ� RI� ERUHKROH� SXOVHG� HOHFWURPDJQHWLF� WKLFNQHVV�
PHDVXUHPHQW� PDWHULDOV@� *HRIL]LND�� �������� �LQ
5XVVLDQ�

3URJUDPPQR\H REHVSHFKHQL\H� >6RIWZDUH@� ���
222� ©1HIWHJD]JHRIL]LNDª�� ������ 85/��
KWWS���ZZZ�NDURWD]K�UX�UX�� SURJUDPV� �DFFHVVHG� RQ�
������������

3U\DPRY�3�$���%HUQVKWH\Q�'�$� ������5XNRYRG�
VWYR�SR�SULPHQHQL\X� DNXVWLFKHVNLNK� L� UDGLRPHWULFK�
HVNLNK� PHWRGRY� NRQWURO\D� NDFKHVWYD� WVHPHQWLUR�
YDQL\D�QHIW\D\NK�L�JD]RY\NK�VNYD]KLQ >*XLGDQFH�RQ�
WKH� XVH� RI� DFRXVWLF� DQG� UDGLRPHWULF� PHWKRGV� IRU�
PRQLWRULQJ� WKH� TXDOLW\� RI� FHPHQWLQJ� RI� RLO�DQG�JDV�
ZHOOV@�� 91,,1()7(�3520*HRIL]LND�� 8ID� S�� ����
�LQ 5XVVLDQ�

5DPD]DQRY� $�6K��� 5HPH\HY� ,�6��� *XPHURY� ,�5���
<XVLP� <X�0��� %XOJDNRY� 5�%� ������ $YWRPDWL]LUR�
YDQQD\D� VLVWHPD�REUDERWNL� GDQQ\NK�JLGURGLQDPLFK�
HVNRJR� ]RQGLURYDQL\D� SODVWRY� ©*,'52=21'ª
>$XWRPDWHG� GDWD� SURFHVVLQJ� V\VWHP� IRU� K\GURG\�
QDPLF� VRXQGLQJ� RI� OD\HUV� �+<'52=21'�@� .D�
URWD]KQLN����������� �LQ 5XVVLDQ�

6DYLFK�$�'��� 6KXPLORY�$�9���&KHUQ\NK� ,�$��� /D�
JR\GD�'�9� ������7HNKQRORJL\D�QHSRVUHGVWYHQQRJR�
]DPHUD� WHUPRGLQDPLFKHVNLNK� SDUDPHWURY� UDERW\�
VNYD]KLQ\� >7HFKQRORJ\� IRU� GLUHFW� PHDVXUHPHQW� RI�
WKHUPRG\QDPLF� SDUDPHWHUV� RI� D� ZHOO@� 1HIW\DQR\H�
NKR]\D\VWYR� �������� �LQ 5XVVLDQ�

6LGRURY� 9�$� ������ 0DJQLWRLPSXOVQD\D�
GHIHNWRVNRSL\D� L� WROVKFKLQRPHWUL\D�NRORQQ� >0DJQH�
WR�SXOVH� GHIHFWRVFRS\� DQG� WKLFNQHVV� JDXJH� RI� FRO�
XPQV@� 1HIW\DQR\H�NKR]\D\VWYR� ��������� �LQ 5XV�
VLDQ�

.KDPDWGLQRY� 5�7� ������ .RPS\XWRUQ\H
WHNKQRORJLL� *,6� >:HOO� ORJJLQJ� FRPSXWHU� WHFKQROR�
J\@� .DURWD]KQLN����������� �LQ 5XVVLDQ�

&KWR WDNR\H�©*HRSRLVNª"� >:KDW� LV�*HRSRLVN"@�
*HRSRLVN�� ������ 85/�� KWWS���ZZZ�JHRSRLVN�
FRP�SUDFWLFH�KWP��DFFHVVHG�RQ��������������LQ 5XV�
VLDQ�

6KXPLORY� $�9� ������ ,VVOHGRYDQL\H� SULWRND�
]KLGNRVWL� Y� VNYD]KLQDNK� V� JRUL]RQWDOQ\P� RNRQ�
FKDQL\HP� VWYROD� YHUR\DWQRVWQR�VWDWLVWLFKHVNLPL�
PHWRGDPL�>7KH�VWXG\�RI�IOXLG�IORZ�LQ�ZHOOV�ZLWK�KRU�



« ���

L]RQWDO� HQG� RI� WKH� WUXQN� E\� SUREDELOLVWLF�VWDWLVWLFDO�
PHWKRGV@� 1HIW\DQR\H�NKR]\D\VWYR� �������������LQ
5XVVLDQ�

6KXPLORY� $�9� ������ 3URJUDPPQ\\� NRPSOHNV�
©6RQDWDª� � QRY\\� XURYHQ� UD]YLWL\D� VRYUHPHQQRJR�
JHRIL]LFKHVNRJR�SUHGSUL\DWL\D�>7KH�6RQDWD�VRIWZDUH�
SDFNDJH�LV�D�QHZ�OHYHO�RI�GHYHORSPHQW�RI� WKH�PRG�
HUQ�JHRSK\VLFDO�HQWHUSULVH@� .DURWD]KQLN������������
��� �LQ 5XVVLDQ�

6KXPLORY� $�9��� %HORY� 6�9� ������ 1RY\\� SUR�
JUDPPQ\\�NRPSOHNV�©6]KDWLH�*,6ª� >1HZ�VRIWZDUH�
FRPSOH[� �&RPSUHVVLRQ� RI� ZHOO� ORJJLQJ�@�� .DURWD�
]KQLN���������������� �LQ�5XVVLDQ�

$OODKDU� -�$��� .ULHJHU� .� ������ +RUL]RQWDO� 3UR�
GXFWLRQ�/RJJLQJ�8VLQJ�7UDFWRU�7HFKQRORJ\�� D�)LUVW�

IRU�7ULQLGDG��63,��������&DULEEHDQ�3HWUROHXP�(QJL�
QHHULQJ� &RQIHUHQFH�� 3RUW�RI� 6SDLQ�� 7ULQLGDG�� :HVW�
,QGLHV��������$SULO�������

.HUVH\�$��'���*\VOLQJ�'��/���%RVWLFN�)��;� ������
)LEHU�2SWLF� 6\VWHPV� IRU� 5HVHUYRLU� 0RQLWRULQJ�
:RUOG�2LO��2FWREHU��SS��������

7DQJ� ;�0��� &KHQJ� $� ������ 4XDQWLWDWLYH� %RUH�
KROH� $FRXVWLF� 0HWKRGV� 9ROXPH� ���� �VW� (GLWLRQ��
3HUJDPRQ�

7HFKORJ :HOOERUH� 6RIWZDUH� 3ODWIRUP� 6FKOXP�
EHUJHU��������85/��KWWSV���ZZZ�VRIWZDUH�VOE� FRP�
SURGXFWV�WHFKORJ �DFFHVVHG�RQ ������������

:LSSLFK�0���'HVVDX�.��/� ������7XQDEOH�/DVHUV�
DQG� )LEHU�%UDJJ�*UDWLQJ� 6HQVRUV� ,QGXVWULDO� 3K\VL�
FLVW��-XQH�-XO\��SS��������


