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8SGDWHV�RQ�$TXLIHU�$WWULEXWHV�RI�WKH�%HQLQ�)RUPDWLRQ�ZLWKLQ�(DVWHUQ�1LJHU�'HOWD��
1LJHULD�XVLQJ�3XPSLQJ�7HVW DQG�+\GUDXOLF�3DUDPHWHUV

�$PDGL��$��1����2]RML��7��0�� �$ZHGD��$��.����&KLQZXNR��$��,����6KDLEX��,����2YZDVD��0��2��
DQG �,EUDKLP��+��$��

�'HSDUWPHQW�RI�*HRORJ\��)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD��1LJHU�6WDWH
�'HSDUWPHQW�RI�*HRORJ\�DQG�0LQLQJ��,EUDKLP�%DGDPDVL�%DEDQJLGD�8QLYHUVLW\��/DSDL
�1QDPGL�$]LNLZH�8QLYHUVLW\��$ZND��$QDPEUD�6WDWH
�'HSDUWPHQW�RI�*HRORJLFDO�6FLHQFH��)HGHUDO�8QLYHUVLW\�*XVDX��=DPIDUD�6WDWH
�'HSDUWPHQW�RI�*HRORJ\��8VPDQX�'DQIRGL\R�8QLYHUVLW\��6RNRWR
&RUUHVSRQGLQJ�$XWKRU��DQ�DPDGL#IXWPLQQD�HGX�QJ

$EVWUDFW

(YDOXDWLRQ� RI� DTXLIHU� K\GUDXOLF� SURSHUWLHV� LV� D� SUHUHTXLVLWH� LQ� WKH� FKDUDFWHUL]DWLRQ� DQG�
PDQDJHPHQW� RI� WKH� JURXQGZDWHU� UHVRXUFHV�� ,W� DOVR� SURYLGHV� YLWDO� LQIRUPDWLRQ� QHFHVVDU\� IRU
HVWDEOLVKLQJ� DQG� FDWHJRUL]LQJ� JURXQGZDWHU� SRWHQWLDOV� RI� WKH� DUHD�� +\GURJHRORJLFDO�
LQYHVWLJDWLRQV�VKRZV�WKDW�WKH�DTXLIHU�LQ�WKH�DUHD�LV ODUJHO\�XQFRQILQHG�VDQGV�ZLWK�LQWHUFDODWLRQV�
RI� JUDYHO� DQG� FOD\� 5HVXOWV� RI� ERUHKROHV� ORJV� DQG� VLHYH� DQDO\VLV� FRQILUP� WKH� GRPLQDQFH� RI�
VDQG\�JUDYHOO\ KRUL]RQV�LQ�WKH�DUHD��3XPSLQJ�WHVW�UHVXOWV�VKRZ�WKDW�WKH�WUDQVPLVVLYLW\�UDQJHG�
EHWZHHQ� ������ P��GD\� DQG� ������� P��GD\� ZLWK� DQ� DYHUDJH� YDOXH� RI� ������� P��GD\� ZKLOH�
VWRUDWLYLW\�UDQJHG�EHWZHHQ����[��±� WR����[��±� ZLWK�D�PHDQ�YDOXH�RI����[��±���7KH�VSHFLILF�
FDSDFLW\� YDULHG� EHWZHHQ� ������ P��GD\� DQG� �������� P��GD\� ZLWK� D� PHDQ� YDOXH� RI� �������
P��GD\��:HOO�GLVFKDUJH� UDQJHG�EHWZHHQ��������P��GD\�DQG��������P��GD\�ZLWK�DQ�DYHUDJH�
YDOXH� RI� �������P��GD\�ZKLOH� K\GUDXOLF� FRQGXFWLYLW\� YDULHG� EHWZHHQ� ����P�GD\� DQG� ������
P�GD\�ZLWK�D�PHDQ�YDOXH�RI������P�GD\��7KHVH UHVXOWV�REWDLQHG�ZHUH�IXUWKHU�LQWHUSUHWHG�E\�
FRPSDULQJ�WKHP�ZLWK�WKH�ZRUNV�RI�+D]HQ��*KHRUJH��.UDVQ\��%RXZHU��&RRSHU�DQG�-DFRE�FDUULHG�
RXW�RQ�VLPLODU�JHRORJLFDO�IRUPDWLRQ��7KHVH�ILQGLQJV�FOHDUO\�HVWDEOLVKHG�WKDW�WKH�DTXLIHU�LQ�WKH�
DUHD�KDV�DGHTXDWH�JURXQGZDWHU�SRWHQWLDOV�WR�PHHW�WKH�HYHU�JURZLQJ�ZDWHU GHPDQGV�IRU�WKH�DUHD��
+RZHYHU��LQ�WHUPV�RI�SROOXWLRQ��WKH�DTXLIHU�V\VWHP�LQ�WKH�DUHD�LV�KLJKO\�YXOQHUDEOH�DQG�VKRXOG�
EH�SURWHFWHG�DV�PXFK�DV�SRVVLEOH��

.H\ZRUGV� $TXLIHU�6\VWHP��+\GUDXOLF�3URSHUWLHV��(DVWHUQ�1LJHU�'HOWD��1LJHULD

�� ,QWURGXFWLRQ

7KH LQFUHDVH�LQ�JURXQGZDWHU�GHPDQG�IRU�YDULRXV�KXPDQ�DFWLYLWLHV�KDV�SODFHG�JUHDW�LPSRUWDQFH�
RQ�ZDWHU� VFLHQFH� DQG�PDQDJHPHQW� SUDFWLFH�ZRUOG�ZLGH� 7R�PHHW� WKH� HYHU�LQFUHDVLQJ�ZDWHU�
GHPDQG�LQ�WKH�(DVWHUQ�1LJHU�'HOWD�UHJLRQ��JURXQGZDWHU�LV�EHLQJ�H[WHQVLYHO\�XVHG�WR�VXSSOHPHQW�
WKH� VXUIDFH� ZDWHU� WKHUHE\� VXEMHFWLQJ� LW� WR� RYHU�H[SORLWDWLRQ� IRU� GRPHVWLF�� DJULFXOWXUDO DQG�
LQGXVWULDO�XVHV �$PDGL�HW�DO�� �������(DVWHUQ�1LJHU�'HOWD�LV�WKH�RSHUDWLRQDO�EDVH�RI�PDMRU�RLO�
SURGXFLQJ�DQG�VHUYLFLQJ�FRPSDQLHV LQ�1LJHULD��7KH�SUHVHQFH�RI� WKHVH�FRPSDQLHV�KDV� OHG� WR�



8SGDWHV�RQ�$TXLIHU�$WWULEXWHV�RI�WKH�%HQLQ�)RUPDWLRQ�ZLWKLQ�(DVWHUQ�1LJHU�'HOWD��1LJHULD�XVLQJ�3XPSLQJ�7HVW�
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ϯϴ

LQGXVWULDOL]DWLRQ�DQG�XUEDQL]DWLRQ�LQ� WKH�DUHD��ZLWK�D�FRUUHVSRQGLQJ�LQFUHDVH�LQ�JURXQGZDWHU�
DEVWUDFWLRQ��

7KH�1LJHU�'HOWD�DUHD FRYHUV�DERXW������� NPð�ZLWKLQ�ZHWODQGV RI������� NPð�IRUPHG�SULPDULO\�
E\� VHGLPHQW GHSRVLWLRQ� DQG� WKH� IORRGSODLQ PDNH XS� ����� RI� 1LJHULD
V� WRWDO� ODQG� PDVV�
�1ZDQNZRDOD���������,W�LV�KRPH�WR�RYHU����PLOOLRQ�SHRSOH�DQG����GLIIHUHQW�HWKQLF�JURXSV��WKLV�
,W�LV�WKH�ODUJHVW�ZHWODQG�DQG�PDLQWDLQV�WKH�WKLUG�ODUJHVW�GUDLQDJH�EDVLQ LQ�$IULFD �$NSRNRGMH��
�������7KH�1LJHU�'HOWD�LV�DPRQJ�WKH�ZRUOG¶V�ODUJHVW�SHWUROHXP�SURYLQFHV�DQG�LWV�LPSRUWDQFH�
OLHV�RQ�LWV�K\GURFDUERQ�UHVRXUFHV��,W�LV�WKH��WK ODUJHVW�RLO�SURGXFHU�DQG���WK JLDQW�K\GURFDUERQ�
SURYLQFH�LQ�WKH�ZRUOG��1ZDQNZRDOD�HW�DO���������1ZDNLIH�HW�DO���������,JERPRU�DQG�$PDGL��
������

3XPSLQJ�WHVW LV�D�ILHOG�H[SHULPHQW�LQ�ZKLFK�D�ZHOO�LV�SXPSHG�DW�D�FRQWUROOHG�UDWH�DQG�ZDWHU�
OHYHO� UHVSRQVH� �GUDZGRZQ�� LV�PHDVXUHG� LQ� RQH� RU�PRUH� VXUURXQGLQJ� REVHUYDWLRQ�ZHOOV� DQG�
RSWLRQDOO\�LQ�WKH�SXPSHG�ZHOO��FRQWURO�ZHOO���7KH GDWD�REWDLQHG�IURP�SXPSLQJ�WHVWV�DUH�XVHG�
WR�HVWLPDWH�WKH�K\GUDXOLF�SURSHUWLHV�RI�DTXLIHUV��HYDOXDWH�ZHOO�SHUIRUPDQFH�DQG�LGHQWLI\�DTXLIHU�
ERXQGDULHV��$TXLIHU�WHVW DQG�DTXLIHU�SHUIRUPDQFH�WHVW �$37��DUH�DOWHUQDWH�GHVLJQDWLRQV�IRU�D�
SXPSLQJ�WHVW�

7KH�REMHFWLYHV RI�D�SXPSLQJ�WHVW��DV�LQ�DQ\�DTXLIHU�WHVW��LV�WR�HVWLPDWH�K\GUDXOLF�SURSHUWLHV RI�
DQ� DTXLIHU� V\VWHP LQ� DQ� DUHD�� 7KH SXPSHG� DTXLIHU� ZDV� XVHG� WR GHWHUPLQH� WUDQVPLVVLYLW\��
K\GUDXOLF�FRQGXFWLYLW\ �KRUL]RQWDO�DQG�YHUWLFDO��DQG�VWRUDWLYLW\ �VWRUDJH�FRHIILFLHQW���,Q�OD\HUHG�
V\VWHPV� SXPSLQJ� WHVWV� DUH� DOVR� HPSOR\HG� WR� HVWLPDWH� WKH� SURSHUWLHV� RI DTXLWDUGV �YHUWLFDO�
K\GUDXOLF�FRQGXFWLYLW\ DQG�VSHFLILF�VWRUDJH���3XPSLQJ�WHVWV�FDQ�LGHQWLI\�DQG�ORFDWH�UHFKDUJH�
DQG�QR�IORZ�ERXQGDULHV WKDW�PD\� OLPLW� WKH� ODWHUDO� H[WHQW�RI�DTXLIHUV �$PDGL��������$PDGL��
������

+\GUDXOLF�FRQGXFWLYLW\ LV�D�PHDVXUH�RI�D�PDWHULDO
V�FDSDFLW\�WR�WUDQVPLW�ZDWHU��,W�LV�GHILQHG�DV�
D�FRQVWDQW�RI�SURSRUWLRQDOLW\�UHODWLQJ�WKH�VSHFLILF�GLVFKDUJH�RI�D�SRURXV�PHGLXP�XQGHU�D�XQLW�
K\GUDXOLF�JUDGLHQW��7KH�KLJKHU�WKH�K\GUDXOLF�FRQGXFWLYLW\ DQG�WKH�ODUJHU�WKH�K\GUDXOLF JUDGLHQW��
WKH�JUHDWHU�WKH�UDWH�RI�JURXQGZDWHU�IORZ�WKURXJK�DQ�DTXLIHU��+\GUDXOLF�FRQGXFWLYLW\ UHIOHFWV�WKH�
FKDUDFWHULVWLFV RI� ERWK� WKH� ZDWHU� DQG� WKH� JHRORJ\�� 7KH K\GUDXOLF� FRQGXFWLYLW\�� ZKLFK� LV� D�
IXQFWLRQ�RI�ZDWHU�YLVFRVLW\�DQG�GHQVLW\��LV�DOVR D IXQFWLRQ�RI�ZDWHU�WHPSHUDWXUH��+RZHYHU��GXH�
WR WKH�VPDOO�UDQJH�RI�WHPSHUDWXUH�YDULDWLRQ�REVHUYHG�LQ JURXQGZDWHU�V\VWHPV��WKH�WHPSHUDWXUH�
GHSHQGHQFH�RI�K\GUDXOLF� FRQGXFWLYLW\� LV� RIWHQ�QHJOHFWHG� 7UDQVPLVVLYLW\ LV� WKH� UDWH�RI� IORZ�
XQGHU�D�XQLW�K\GUDXOLF�JUDGLHQW�WKURXJK�D�XQLW�ZLGWK�RI�DTXLIHU�RI�JLYHQ�VDWXUDWHG�WKLFNQHVV��
7KH�WUDQVPLVVLYLW\�RI�DQ�DTXLIHU�LV�UHODWHG�WR�LWV�K\GUDXOLF�FRQGXFWLYLW\�DV�IROORZV�
7  .E «««����������(TXDWLRQ����
ZKHUH�7 LV�WUDQVPLVVLYLW\��.�LV�WKH�K\GUDXOLF�FRQGXFWLYLW\�DQG�E LV�DTXLIHU�WKLFNQHVV�
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ϯϵ

�� 6WXG\�$UHD�'HVFULSWLRQ�

7KH�VWXG\�DUHD�OLHV�ZLWKLQ�WKH�HDVWHUQ�1LJHU�'HOWD�UHJLRQ�RI�1LJHULD�EHWZHHQ�ODWLWXGH��q��,1�WR�
����,1�DQG�ORQJLWXGH�����,(�WR�����,(��)LJXUH�����,W�FRYHUV�SDUWV�RI�3RUW�+DUFRXUW��$ED�DQG�
2ZHUUL��7KH�SUHYDOHQW�FOLPDWLF�FRQGLWLRQ�LQ�WKH�DUHD�FRPSULVHV�RI�WKH�UDLQ\��0DUFK�WR�2FWREHU��
DQG�GU\��1RYHPEHU�WR�)HEUXDU\��VHDVRQV�FKDUDFWHUL]HG�E\�KLJK�WHPSHUDWXUHV��ORZ�SUHVVXUH�DQG�
KLJK� UHODWLYH KXPLGLW\� WKURXJKRXW� WKH� \HDU�� 7KH� UHJLRQ� VXVWDLQV� D� ZLGH� YDULHW\� RI� FURSV��
HFRQRPLF�WUHHV�DQG�D�YDULHW\�RI�IUHVKZDWHU�ILVK�WKDQ�DQ\�HFRV\VWHP�LQ�:HVW�$IULFD�

)LJXUH����1LJHU�'HOWD�PDS�VKRZLQJ�WKH�VWXG\�DUHD��$PDGL�������

�� *HRORJ\�RI�WKH�(DVWHUQ�1LJHU�'HOWD

7KH�VWXG\�DUHD��3RUW�+DUFRXUW��$ED��2ZHUUL�DQG�HQYLURQV��LV�XQGHUODLQ�E\�3OLRFHQH�3OHLVWRFHQH�
%HQLQ�)RUPDWLRQ��)LJXUH�����7KH�W\SH�ORFDOLW\�RI�WKH�IRUPDWLRQ�LV�LQ�3RUW�+DUFRXUW��$ED�DQG�
2ZHUUL�ZKHUH�WKH�IRUPDWLRQ�RYHUOLHV�WKH�ROGHU�2JZDVKL�$VDED�)RUPDWLRQ��(]HLJER�DQG�$QHNH��
������� 7KH� IRUPDWLRQ� PDGH� XS� RI� ORRVH�� SRRUO\� VRUWHG� H[WHQVLYH� VDQGV� XQGHUO\LQJ� UHFHQW�
4XDWHUQDU\�VHGLPHQWDU\�GHSRVLWV�RI�VRXWKHUQ�1LJHULD��,W�FRQVLVWV�PDLQO\�RI�VDQGV��VDQGVWRQH�
DQG� JUDYHO� ZLWK� FOD\V� RFFXUULQJ� LQ� OHQVHV� DV� HYLGHQW LQ� EXUURZHG� SLWV�� ULYHU� FKDQQHOV� DQG�
ERUHKROHV�LQ�WKH�DUHD��2Q\HDJRFKD���������7KH�%HQLQ�)RUPDWLRQ�LV�FRPSRVHG�PRVWO\�RI�KLJK�
UHVLVWDQW� IUHVK ZDWHU� EHDULQJ� FRQWLQHQWDO� VDQG� DQG� JUDYHO� ZLWK� FOD\ LQWHUFDODWLRQV� �$PDGL��
������� DQG� WKH� HQYLURQPHQW� RI� GHSRVLWLRQ� LV� SDUWO\� ODJRRQDO� DQG� IOXYLR±ODFXVWULQH�GHOWDLF�
�2IRHJEX���������7KH�IRUPDWLRQ�FRPHV�LQ�FRQWDFW�ZLWK�WKH�2JZDKL±$VDED�)RUPDWLRQ�LQ�WKH�
QRUWKHUQ�SDUW�DQG�ZLWK�$OOXYLXP�LQ�WKH�VRXWKHUQ�SDUW�DQG�WKLFNHQV�VRXWKZDUGV�LQWR�WKH�$WODQWLF�
2FHDQ��)LJXUH����
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ϰϬ

)LJXUH����*HRORJLFDO�0DS�RI�SDUWV�RI (DVWHUQ�1LJHU�'HOWD�VKRZLQJ�WKH�6WXG\�$UHD��$PDGL��
�����

�� 0DWHULDOV�DQG�0HWKRGV

�����+\GUDXOLF�&RQGXFWLYLW\
7KH�K\GUDXOLF�FRQGXFWLYLW\�RI�WKH�DTXLIHU�ZDV�FDOFXODWHG�IURP�WKH�JUDLQ�VL]H�GLVWULEXWLRQ�FXUYH�
XVLQJ� WKH�+D]HQ¶V�PHWKRG� ��������7KH�PHWKRG� LV�DSSOLHG� WR� VDQG\� IRUPDWLRQ DW�H[DFWO\� WKH�
HIIHFWLYH�JUDLQ�VL]H��G�����ZKLFK� LV� WKH�VL]H�FRUUHVSRQGLQJ� WR� WKH���� OLQH�RQ� WKH�JUDLQ�VL]H�
GLVWULEXWLRQ�FXUYH��7KH�+D]HQ¶V�IRUPXOD�LV�JLYHQ�DV�

.� �F>G��@�«««««��(TXDWLRQ���
:KHUH��

.� �K\GUDXOLF�FRQGXFWLYLW\��FP�VHF�
G��� �WKH�HIIHFWLYH�JUDLQ�VL]H��FP�
&� �D�FRHIILFLHQW�RI�ILQH�WR�FRDUVH�JUDLQHG�VDQG�DQG�SRRUO\�

VRUWHG� ���

7UDQVPLVVLYLW\

7KH�PHWKRG�XVHG�WR�GHWHUPLQH�WKH�WUDQVPLVVLYLW\�RI�WKH�DTXLIHU�ZDV�WKH�&RRSHU�DQG�-DFRE¶V�
PHWKRG���������7KH�&RRSHU�DQG�-DFRE¶V�PHWKRG�ZDV�XVHG�EHFDXVH�

� 7KH�DTXLIHU�LV�XQFRQILQHG��
� 7KH�DTXLIHU�KDV�D�YHU\�ODUJH�DUHD�H[WHQW�
� 7KH�DTXLIHU�LV�KRPRJHQRXV�DQG�RI��DSSUR[LPDWHO\�XQLIRUP�WKLFNQHVV�
� 3ULRU� WR� SXPSLQJ�� WKH� ZDWHU� WDEOH� ZDV� KRUL]RQWDO� RYHU� WKH� DUHD LQIOXHQFHG� E\� WKH�

SXPSLQJ�WHVW
� 7KH�DTXLIHU�LV�SXPSHG�DW�D�FRQVWDQW�UDWH�
� 7KH�ERUHKROH�SHQHWUDWHV�WKH�DTXLIHU�DQG�WKXV�UHFHLYHV�ZDWHU�IURP�WKH�VDWXUDWHG�]RQH�

7KH�&RRSHU�DQG�-DFRE¶V�PHWKRG��������LV�D�PRGLILFDWLRQ�RI�7KHVLV�PHWKRG��������DQG�JLYHQ�
DV��

� � � � .LORPHWHUV
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ϰϭ

7� � ���4 ««««««««��(TXDWLRQ���
�ʌ¨6

:KHUH�
7� �WUDQVPLVVLYLW\��P��GD\�
4� �3XPSLQJ�UDWH��P��GD\�
¨V� �6ORSH�

7KH�YDOXHV�RI�4�ZDV GHWHUPLQHG�LQ�WKH�ILHOG�DV�SXPSLQJ�ZDV�LQ�SURJUHVV�ZKLOH�WKH�YDOXHV�RI�
¨V�ZDV�GHWHUPLQHG�IURP�WKH�VORSH�DORQJ�GUDZGRZQ�JUDSK�LQ�WKH�VHPL�ORJ�JUDSK�

����6WRUDWLYLW\

0RGLILHG�&RRSHU�-DFRE¶V�PHWKRG��������ZDV�XVHG�WR�GHWHUPLQH�WKH�DTXLIHU VWRUDWLYLW\�LQ�WKH�
DUHD��7KH�HTXDWLRQ�LV�JLYHQ�DV�DQG�WKH�UHVXOWV�REWDLQHG�DUH�GLVFXVVHG�LQ�FKDSWHU�IRXU�

6� �����.7WR ««««««««««��(TXDWLRQ �
U�

ZKHUH����U� �UDGLXV�RI�WKH�ZHOO��PP�
W� �WLPH��6HF�
.'� �K\GUDXOLF FRQGXFWLYLW\�;�DTXLIHU�WKLFNQHVV�

7� �7UDQVPLVVLYLW\��P��GD\�
6  �6WRUDWLYLW\��GLPHQVLRQOHVV�

�� 5HVXOWV�DQG�'LVFXVVLRQ

����*HRORJLFDO�0DSSLQJ�
7KH�JHRORJLFDO�PDSSLQJ�FDUULHG�RXW�OHDG�WR�WKH�FRQVWUXFWLRQ�RI�WKH�JHRORJLFDO PDS RI�SDUWV�RI�
(DVWHUQ�1LJHU�'HOWD��)LJXUH�����7KH�PDSSLQJ�H[HUFLVH�UHYHDOHG�WKDW�WKH�DUHD�LV�XQGHUODLQ�E\�
WKLFN� VDQG\� KRUL]RQV� EHORQJLQJ� WR� WKH� %HQLQ� )RUPDWLRQ� RI� 0LRFHQH� WR� 5HFHQW� DJH�� 7KH�
IRUPDWLRQ�LV�FRPSRVHG�RI�IULDEOH�VDQGV�ZLWK�LQWHUFDODWLRQV�RI�FOD\�RI�YDU\LQJ�GHSWKV�DQG�WKLV�
ZDV�DVFHUWDLQHG�WKURXJK�GULOOLQJ�ERUHKROH�LQ�WKH�DUHD��5HFKDUJH�LQWR�WKH�XQFRQILQHG�DTXLIHU�LV�
WKURXJK�GLUHFW�LQILOWUDWLRQ�RI�SUHFLSLWDWLRQ �2IIRGLOH��������2ODVHKLQGH�DQG�$PDGL��������

����%RUHKROH�ORJV
%RUHKROH�GULOOLQJ�LQ�WKH�VWXG\�DUHD�LV�QRW�GLIILFXOW�EXW�FDUH�PXVW�EH�WDNHQ�WR�PDNH�WKH�GULOOLQJ�
PXG�WKLFN�LQ�RUGHU�WR�FHPHQW�WKH�ERUHKROHV�ZDOOV�DQG�SUHYHQW�FROODSVH�RI�WKH�ZDOOV��EHFDXVH�RI�
WKH� ORRVH� DQG� IULDEOH� QDWXUH� RI� WKH� VDQG\� IRUPDWLRQ�� FDUYLQJ� LV� FRPPRQ� H[SHULHQFH�� 7KH�
ERUHKROHV�ZHUH�ORJJHG�DW�DQ�LQWHUYDO�RI���P�DQG�LW�OHG�WR�WKH�SURGXFWLRQ�RI�OLWKRJV���%RUHKROH�DW�
2ZHUUL��QRUWKHUQ�SDUW�RI�WKH�VWXG\�DUHD��LV�WHUPLQDWHG�DW����P��)LJXUH����ZKLOH�WKH�3RUW�+DUFRXUW�
ERUHKROH��VRXWKHUQ�SDUW�RI�WKH�VWXG\ DUHD���ZKLFK�VKRZV�ERWK� WKH�FDVLQJ�WDOO\�DQG�VWUDWD�ORJ�
VWRSSHG�DW����P��)LJXUH�����7KH�ERUHKROH�ORJV�VKRZ�FOHDU�DQG�FRQFLVH�OLWKRVWUDWLJUDSK\�RI�WKH
VXEVXUIDFH�JHRORJ\�LV�PDGH�XS�RI�ILQH�WR�FRDUVH�JUDLQHG�VDQG�ZLWK�FOD\�LQWHUFDODWLRQV�RI�YDULDEOH�
WKLFNQHVV��
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)LJXUH����%RUHKROH�/RJ�IURP�2ZHUUL�$UHD��$PDGL�������
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ϰϯ

)LJXUH����3RUW�+DUFRXUW�%RUHKROH�ORJ�DQG�WKH�&DVLQJ�7DOO\��$PDGL�������

����6LHYH�$QDO\VLV�
,Q�RUGHU�WR�GHWHUPLQH�WKH�WH[WXUDO�FKDUDFWHULVWLFV�RI�WKH�XQGHUO\LQJ�IRUPDWLRQV� ZKLFK�LQYDULDEO\�
LQIOXHQFH WKH�UDWH�RI�LQILOWUDWLRQ RI UDLQIDOO� ERUHKROH�VDPSOHV�ZHUH�FROOHFWHG�DQG�VXEMHFWHG�WR�
VLHYH�DQDO\VLV��7KH�SDUWLFOH�VL]H�GLVWULEXWLRQ�FXUYH��)LJXUH����REWDLQHG�IURP�WKH�VLHYH�DQDO\VLV�
VKRZV� WKDW� WKH� VXEVXUIDFH� OLWKRORJLHV� DUH� PDLQO\� VDQG�� IROORZHG� E\� ILQH� JUDYHO�� 7KLV� LV�
FRQIRUPLW\� ZLWK� WKH� UHVXOWV� RI� WKH� JHRORJLFDO PDSSLQJ� DQG� ERUHKROHV� ORJJLQJ�� 7KH� VLHYH�
DQDO\VLV�RI�WKH�ERUHKROH�FXWWLQJV�OHG�WR�WKH�FKRLFH�RI�VFUHHQ�VORW�XVHG�LQ�RUGHU�WR�DYRLG�VLOWDWLRQ�
ZKLFK�FRXOG�GDPDJH�WKH�ERUHKROH��$�W\SLFDO�ERUHKROH�FRPSOHWLRQ�VHW�XS�LV�VKRZQ�LQ�ILJXUH���
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)LJXUH��� 3DUWLFOH�6L]H�'LVWULEXWLRQ�&XUYHV�IRU�WKH�6WXG\�$UHD �$PDGL�������

)LJXUH��� $�W\SLFDO�%RUHKROH�&RPSOHWLRQ�6HW�XS IRU�WKH�6WXG\�$UHD �$PDGL�������
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ϰϱ

����3HUPHDELOLW\�7HVW
7KH�UHVXOWV�RI�WKH�FRHIILFLHQW�RI�SHUPHDELOLW\�GHWHUPLQHG�IURP�&RQVWDQW�+HDG�3HUPHDPHWHU�WHVW�
YDOXHV�UDQJHG�IURP������[����� FPV�� WR�����[�����FPV���ZLWK�D�PHDQ�YDOXH�RI�����[����� FPV��

�7DEOH� ���� 7KLV� E\� LPSOLFDWLRQ�PHDQV� WKDW� VRLO� KRUL]RQ� WKURXJK�ZKLFK� ZDWHU� LQILOWUDWH� WKH�
XQGHUO\LQJ�DTXLIHU�LV�RI�UHODWLYHO\�KLJK�SHUPHDELOLW\� 'XH�WR�WKH�KLJK�SHUPHDELOLW\�RI�WKH�VRLOV�
DQG� URFNV�� FRXSOHG� ZLWK� WKH� VKDOORZ� ZDWHU� WDEOH�� 8PD�� ������� JDYH� WKH� DYHUDJH� OLQHDU�
JURXQGZDWHU�IORZ�LQ�WKH�DUHD�DW�DERXW�����P�\U��D�FRQILUPDWLRQ�RI�WKH SRURXV�DQG�SHUPHDEOH
QDWXUH�RI�WKH�VDQG\�IRUPDWLRQ�LQ� WKH�VWXG\�DUHD��7KLV�ILQGLQJV�LV�DOVR�LQ�DJUHHPHQW�ZLWK�WKH�
RXWFRPH�RI�VLHYH�DQDO\VLV��ERUHKROH�ORJV�DQG�JHRORJLFDO�PDSSLQJ�RI�WKH�DUHD�

7DEOH����6XPPDU\�RI�&RHIILFLHQW�RI�3HUPHDELOLW\�'HWHUPLQHG�XVLQJ�&RQVWDQW�
+HDG�3HUPHDPHWHU

3DUDPHWHUV 0LQLPXP 0D[LPXP 0HDQ
&RHIILFLHQW�RI�3HUPHDELOLW\�.��&PV�� ��� [ ���� ���� [ ���� ��� [ ����

(OHYDWLRQ��P� ���� ���� ����
'HSWK��P� ��� ��� ���

�����3XPSLQJ�7HVW
7KH�VWDWLVWLFDO�VXPPDU\�RI�WKH�SXPSLQJ�WHVW�GDWD�LV�FRQWDLQHG�LQ 7DEOH����7KH SXPSLQJ�WHVW�
UHVXOWV ZHUH� XVHG� WR� GHWHUPLQH� WKH� DTXLIHU� GLVFKDUJH� �4��� VWDWLF� ZDWHU� OHYHO� �6:/���
WUDQVPLVVLYLW\� �7��� K\GUDXOLF� FRQGXFWLYLW\� �.��� 6WRUDWLYLW\� �6�� DQG� VSHFLILF� FDSDFLW\� �6&��
FRQWDLQHG�LQ�7DEOH���� 7KH�YDOXHV�RI�4�ZHUH�GHWHUPLQHG LQ�WKH�ILHOG�DV�SXPSLQJ�ZDV�LQ�SURJUHVV�
ZKLOH�WKH�YDOXHV�RI�̈ V�ZHUH�GHWHUPLQHG�IURP�WKH�VORSH�RI�WKH�GUDZGRZQ�DQG�UHFRYHU\�LQ�D�VHPL�
ORJ� JUDSK�� 7KH� DTXLIHU� WUDQVPLVVLYLW\� DQG� VWRUDWLYLW\�ZHUH� FDOFXODWHG� XVLQJ�&RRSHU�-DFRE¶V�
HTXDWLRQ�

7DEOH����6WDWLVWLFDO 6XPPDU\�RI�3XPSLQJ�7HVW�'DWD�IURP (DVWHUQ�1LJHU�'HOWD
3DUDPHWHUV 0LQLPXP 0D[LPXP 0HDQ
%RUHKROH�GHSWK��P� ���� ����� �����

'LVFKDUJH��P��GD\� ������ ������ ������

6WDWLF�ZDWHU�OHYHO��P�� ��� ���� ����

7UDQVPLVVLYLW\��P��GD\� ����� ������ ������

+\GUDXOLF�FRQGXFWLYLW\��P�GD\� ��� ����� ����

6WRUDWLYLW\��GLPHQVLRQOHVV� ���[���� ���[���� ���[����

6SHFLILF�FDSDFLW\��P��GD\�P� ����� ������� ������

����+\GUDXOLF�&RQGXFWLYLW\
7KH� K\GUDXOLF� FRQGXFWLYLW\� RI� WKH� DTXLIHU� ZDV� FDOFXODWHG� XVLQJ� WKH�+D]HQ¶V� HTXDWLRQ�� 7KH�
PHWKRG�LV�DSSOLHG�WR�VDQG\�IRUPDWLRQ DW�H[DFWO\�WKH�HIIHFWLYH�JUDLQ�VL]H��G�����ZKLFK�LV�WKH�VL]H�
FRUUHVSRQGLQJ� WR� WKH� ���� OLQH� RQ� WKH� JUDLQ� VL]H� GLVWULEXWLRQ� FXUYH�� )URP� WKH� JUDLQ� VL]H�
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ϰϲ

GLVWULEXWLRQ�FXUYHV��RYHU�����IDOO�ZLWKLQ�WKH�ILQH�WR�FRDUVH�VDQG�DQG�SRRUO\�VRUWHG��7KH�UHVXOWV�
RI�K\GUDXOLF�FRQGXFWLYLW\�YDOXHV�UDQJHG�EHWZHHQ�����P�GD\�WR�������P�GD\�DQG�D�PHDQ�YDOXH�
RI������P�GD\ �7DEOH�����7KH�UHVXOW�RI�K\GUDXOLF�FRQGXFWLYLW\�LQGLFDWHV�KLJK�SHUPHDELOLW\�UDWHV��
7KLV�LV�RQH�JRRG�FKDUDFWHULVWLFV�RI�XQFRQVROLGDWHG��XQFRQILQHG�VDQG\�DTXLIHU�DQG�LW�LV�LQ�OLQH
ZLWK WKH�ILQGLQJV�REWDLQHG�IURP�WKH�ERUHKROH�ORJJLQJ��

����$TXLIHU�7UDQVPLVVLYLW\�DQG�6WRUDWLYLW\�
7KH�WUDQVPLVVLYLW\�RI�WKH�DTXLIHU�ZHUH�FRPSXWHG�XVLQJ�&RRSHU�DQG�-DFRE¶V HTXDWLRQ�ZKLOH�WKH�
DTXLIHU�VWRUDWLYLW\�LQ�WKH�DUHD�ZHUH�GHWHUPLQHG�XVLQJ�WKH�PRGLILHG�&RRSHU�DQG�-DFRE¶V HTXDWLRQ��
7KH�YDOXHV�RI�WKH�WUDQVPLVVLYLW\�UDQJHG�IURP�������P��GD\�WR��������P��GD\�ZLWK�DQ�DYHUDJH�
WUDQVPLVVLYLW\�YDOXH�RI��������P��GD\�ZKLOH�WKH�VWRUDWLYLW\�UDQJHG�EHWZHHQ����[��±� WR����[��±
� ZLWK�D�PHDQ�YDOXH�RI����[��±���7DEOH����

7KH�WUDQVPLVVLYLW\�YDOXHV��������P��GD\�WR��������P��GD\��LQ�7DEOH����IURP�WKH�VWXG\�DUHD�IDOOV�
ZLWKLQ� WKH�PRGHUDWH� WR�KLJK� WUDQVPLWWLQJ�SRWHQWLDO�DFFRUGLQJ� WR� �*HRUJH� ������� VWDQGDUG� LQ�
7DEOH���DV�ZHOO�DV�KLJK�WR�YHU\�KLJK�WUDQVPLVVLYLW\�PDJQLWXGH�LQ�OLQH�ZLWK�.UDVQ\�FODVVLILFDWLRQ�
VFKHPH�LQ�7DEOH�����6PLODUO\��WKH K\GUDXOLF�FRQGXFWLYLW\�YDOXHV������P�GD\�WR�������P�GD\��LQ�
7DEOH���DOVR�IDLO�XQGHU�FRDUVH�JUDLQHG�VDQG�JUDYHO�PDWHULDOV�E\�%RXZHU�VWDQGDUG�LQ�7DEOH����
7KLV� LPSOLHV� WKDW� WKH�UHVXOWV�RI�VLHYH�DQDO\VLV�VKRZLQJ�DQ�DTXLIHULRXV�V\VWHP�FRPSULVLQJ�RI�
VDQG�DQG�JUDYHO��)LJXUH����ZDV�LQ�RUGHU��7KH�ERUHKROH�ORJV��)LJXUH����LQGLFDWLQJ�VDQG�DQG�JUDYHO�
UHJLRQ� IXUWKHU� HOXFLGDWHV� WKH� IDFWV� WKDW� WKH VWXG\� DUHD� LV� SUROLILF� K\GURJHRORJLFDOO\�� ,W� DOVR�
LPSOLHV� WKDW�FRQWDPLQDQWV� �FDQ�HDVLO\�LQILOWUDWH�LQWR�WKH�JURXQGZDWHU�V\VWHP�DQG�WUDQVSRUWHG�
IURP�RQH�SODFH�WR�DQRWKHU��WKHUHE\�PDNLQJ�LW�YXOQHUDEOH�WR�SROOXWLRQ��$PDGL�HW�DO���������$PHK�
HW�DO���������

7KH� KLJK� YDOXHV� RI� SHUPHDELOLW\�� K\GUDXOLF� FRQGXFWLYLW\�� GLVFKDUJH�� VSHFLILF� FDSDFLW\��
WUDQVPLVVLYLW\�DQG�VWRUDWLYLW\ �7DEOH���� ZKHQ�FRPSDUHG�ZLWK�NQRZQ VWDQGDUGV�VXFK�DV�%RXZHU��
�7DEOH� ����*KHRUJH� �7DEOH� ��� DQG�.UDVQ\� �7DEOH� ��� LQGLFDWH� D� KLJK� JURXQGZDWHU SRWHQWLDO�
W\SLFDO� RI� DQ� XQFRQVROLGDWHG�� XQFRQILQHG�� SRURXV� DQG� SHUPHDEOH� VDQG\� IRUPDWLRQ�� 7KH�
FRQVLVWHQF\�LQ�WKHVH�UHVXOWV�IXUWKHU�FROODERUDWH�WR�WKH�IDFW�WKDW�WKH�VWXG\�DUHD�GRPLQDWHG�E\�ILQH
WR�FRDUVH�JUDLQHG�XQFRQILQHG�DQG�XQFRQVROLGDWHG�VDQG\�DTXLIHUV��7KH�UHVXOWV�RI�WKH�SXPSLQJ�
WHVW�GDWD�ZHUH�DOVR�XVHG�WR�SORW�WKH�JUDSKV�RI�GUDZGRZQ�YHUVXV UHFRYHU\��)LJXUH�����VSHFLILF�
\LHOG�YHUVXV�\LHOG��)LJXUH�����VSHFLILF�\LHOG�YHUVXV�GLVFKDUJH �)LJXUH�����VSHFLILF�\LHOG�YHUVXV�
GUDZGRZQ �����DQG VSHFLILF�\LHOG�YHUVXV�WLPH ������

7DEOH����*KHRUJH�6WDQGDUGV�IRU�7UDQVPLVVLYLW\��7�
7UDQVPLVVLYLW\�5DQJH 7UDQVPLWWLQJ�3RWHQWLDOV
7�!�����P��GD\ +LJK�SRWHQWLDO
7�EHWZHHQ����± ����P��GD\ 0RGHUDWH�SRWHQWLDO
7�EHWZHHQ���± ���P��GD\ /RZ�SRWHQWLDO
7�EHWZHHQ�����± ��P��GD\ 9HU\ ORZ�SRWHQWLDO
7�������P��GD\ 1HJOLJLEOH�SRWHQWLDO
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ϰϳ

7DEOH����.UDVQ\¶V�7UDQVPLVVLYLW\�6WDQGDUGV

7�
�P��GD\�

'HVLJQDWLRQ�RI�7UDQVPLVVLYLW\�
0DJQLWXGH

*URXQGZDWHU�VXSSO\�SRWHQWLDO

���� 9HU\�KLJK 5HJLRQDO�FRQVXPSWLRQ

��� +LJK /RFDO�FRQVXPSWLRQ

�� ,QWHUPHGLDWH &RPPXQLW\�FRQVXPSWLRQ

� /RZ 3ULYDWH�FRQVXPSWLRQ

��� 9HU\�ORZ /LPLWHG�FRQVXPSWLRQ

����� ,PSHUFHSWLEOH 1HJOLJLEOH�FRQVXPSWLRQ

7DEOH����%RXZHU�6WDQGDUG�IRU�+\GUDXOLF�&RQGXFWLYLW\��.�

.�UDQJHV 0DWHULDOV
���� ± ���� P�GD\ 'HHS�FOD\�EHGV

������± ����P�GD\ &OD\��VDQG�DQG�JUDYHO�PL[HV��WLOO�

�����± ����P�GD\ &OD\�VRLOV��VXUIDFH�

����± ��P�GD\ /RDP\�VRLOV��VXUIDFH�

��± ��P�GD\� )LQH�JUDLQHG�VDQG

��± ���P�GD\ 0HGLXP�JUDLQHG�VDQG

��± ����P�GD\ 6DQG�DQG�JUDYHO�PL[HV

���± ����P�GD\ &RDUVH�JUDLQHG�VDQG

����± �����P�GD\ *UDYHO

)LJXUH����$�5HSUHVHQWDWLYH�'UDZGRZQ�	�5HFRYHU\�*UDSK�IURP�WKH�VWXG\�DUHD
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ϰϴ

)LJXUH����*UDSK�RI�6SHFLILF�\LHOG�YHUVXV�\LHOG

)LJXUH����*UDSK�RI�6SHFLILF�\LHOG�YHUVXV�GLVFKDUJH

)LJXUH�����*UDSK�RI�6SHFLILF�\LHOG�YHUVXV�GUDZGRZQ
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ϰϵ

)LJXUH�����*UDSK RI�6SHFLILF�\LHOG�YHUVXV�WLPH

�� &RQFOXVLRQ
*HRORJLFDOO\��LW�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�VWXG\�DUHD�LV�XQGHUODLQ�E\�WKH�FRDVWDO�SODLQ�VDQG�
EHORQJLQJ� WR� WKH� %HQLQ� )RUPDWLRQ� RI� WKH� 1LJHU� 'HOWD�� 1LJHULD�� 7KH� %HQLQ� )RUPDWLRQ� LV�
FKDUDFWHUL]HG E\�KLJK�SRURVLW\�DQG�SHUPHDELOLW\��+\GURJHRORJLFDOO\��WKH�VWXG\�DUHD�KDV�KLJK�
JURXQGZDWHU� SRWHQWLDO� WR� VXVWDLQ� DQ\� IRUP� RI� FRPPHUFLDO� DFWLYLWLHV� GRPLFLOHG� LQ� WKH� DUHD��
5HVXOWV� RI� WKH� SXPSLQJ� WHVW�� SHUPHDELOLW\� WHVW�� K\GUDXOLF� FRQGXFWLYLW\�� GLVFKDUJH�� VWRUDJH�
FDSDFLW\��WUDQVPLVVLYLW\�DQG�VWRUDWLYLW\�SRLQWV�WR�WKH�IDFW�WKDW�WKH�VWXG\�DUHD�LV�KLJKO\�SUROLILF�
ZLWK�JRRG�JURXQGZDWHU�SRWHQWLDOV��7KH�ZLGH�UDQJH�RI�YDOXHV�RI�WKH�K\GUDXOLF�SURSHUWLHV�DQG�
DTXLIHUV� DWWULEXWHV� �SHUPHDELOLW\�� K\GUDXOLF� FRQGXFWLYLW\�� WUDQVPLVVLYLW\�� VWRUDWLYLW\�� VSHFLILF�
FDSDFLW\�DQG�ZHOO�GLVFKDUJH��FRQILUP�WKH�IDFW�WKDW�WKH�DTXLIHU�V\VWHP�LQ�WKH�VWXG\�DUHD�KDYH�
YHU\� JRRG� WUDQVPLWWLQJ� DELOLWLHV� DQG� \LHOG� SRWHQWLDOV�� 7KLV� LPSOLHV� WKDW� WKH� JURXQGZDWHU�
GHYHORSPHQW�SRWHQWLDO�RI�WKH�DUHD�DUH�YHU\�KLJK�TXDQWLWDWLYHO\�EXW�PD\�EH�SRRU�TXDOLWDWLYHO\�
GXH�WR�LWV�YXOQHUDELOLW\�WHQGHQFLHV�LQ�WHUPV�RI�KLJK�SRURVLW\�DQG�SHUPHDELOLW\��

$FNQRZOHGJHPHQW

7KH� DXWKRUV� DUH� JUDWHIXO� WR� PDQDJHPHQW� DQG� VWDII� RI� '$00(6� $662&,$7(
1,*�� /7'�� HVSHFLDOO\� WKH� &(2�� 0U� $QWKRQ\� (GHP� IRU� KLV� HIIRUWV� DQG
VXSSRUW� LQ� WKH� SURYLVLRQ� RI� WKH� ORJLVWLFV� XVHG� LQ� WKH� ILHOG� IRU
FDUU\LQJ� RXW� WKH� SXPSLQJ� WHVW�� 7KH� DXWKRUV� DOVR� DSSUHFLDWH� WKH
DVVLVWDQFH�UHFHLYHG�IURP�,02�:$7(5�%2$5'��2:(55,��,02�67$7(��1,*(5,$�

5HIHUHQFH
$NSRNRGMH��)��&�� ��������(IIHFWV�RI�PLQHUDORJ\�DQG�IDEULF�RQ�VKDOH�GULOOLQJ�SUREOHP�LQ�WKH�

1LJHU���'HOWD��1LJHULDQ�$VVRFLDWLRQ�3HWUROHXP�([SORUDWLRQ�%XOOHWLQ� �����������
$PDGL��$��1�����������$TXLIHU�&KDUDFWHUL]DWLRQ�DQG�*URXQGZDWHU�9XOQHUDELOLW\�DURXQG�

2ZHUUL��6RXWKHDVWHUQ�1LJHULD��8QSXEOLVKHG�07HFK�7KHVLV��)HGHUDO�8QLYHUVLW\�RI�
7HFKQRORJ\��0LQQD
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ϱϬ

$PDGL��$��1�����������(QYLURQPHQWDO�+\GURJHRFKHPLVWU\�RI�WKH�%HQLQ�)RUPDWLRQ�RI�WKH�3RUW�
+DUFRXUW��$ED� DQG�2ZHUUL� D[LV� LQ� WKH�1LJHU�'HOWD��1LJHULD��8QSXEOLVKHG�3K'�7KHVLV��
)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD��1LJHULD�����S�

$PDGL�$��1�� 2ODVHKLQGH��3��,��DQG�1ZDQNZRDOD��+��2�����������+\GURJHRFKHPLVWU\�DQG�
VWDWLVWLFDO�DQDO\VLV�RI�%HQLQ�)RUPDWLRQ�LQ�(DVWHUQ�1LJHU�'HOWD��1LJHULD��,QWHUQDWLRQDO�
5HVHDUFK�-RXUQDO RI�3XUH�DQG�$SSOLHG�&KHPLVWU\� ����������± �����

$PDGL��$��1���2ODVHKLQGH��3��,���$JZXQFKD��6��&���1ZDQNZRDOD��+��2���6KDLEX�,��DQG�2NR\H��
1��2����������,QYHVWLJDWLQJ�WKH�4XDOLW\�6WDWXV�RI�*URXQGZDWHU�LQ�SDUWV�RI�(DVWHUQ�1LJHU�
'HOWD� IRU� ,UULJDWLRQ� 3XUSRVHV�� 'HYHORSPHQW� -RXUQDO� RI� 6FLHQFH� DQG� 7HFKQRORJ\�
5HVHDUFK������� ���± ���

$PHK��,��0���$PDGL��$��1�� 8QXHYKR��&��,��DQG�(MHSX��-��6�����������+\GUDXOLF�+HDG�$QDO\VLV�
DQG�*URXQGZDWHU�)ORZ�6\VWHP�LQ�SDUW�RI�2WXNSR��1RUWK�FHQWUDO�1LJHULD��0LQQD�-RXUQDO�
RI *HRVFLHQFH� ����	���� ���± ���

%RXZHU��+�����������*URXQGZDWHU�+\GURORJ\��0F*UDZ±+LOO�%RRN�&RPSDQ\�����S�
&RRSHU�� +�� +�� 	� -DFRE�� &�� (��� �������� $� JHQHUDOL]HG� JUDSKLFDO� PHWKRG� IRU� HYDOXDWLQJ�����

IRUPDWLRQ�FRQVWDQW�DQG�VXPPDUL]LQJ�ZHOO�ILHOG�KLVWRU\��$PHULFQ�*HRORJLFDO�8QLRQ������
���±�����

(]HLJER��+��,��DQG�$QHNH��%��&�����������:DWHU�5HVRXUFHV�'HYHORSPHQW�SODQ IRU�%HQLQ�&LW\�
DQG�HQYLURQV��-RXUQDO�0LQLQJ�*HRORJ\������������±�����

*KHRUJKH�� $��� �������� 3URFHVVLQJ� DQG� V\QWKHVLV� RI� +\GURORJLFDO� 'DWD�� � $EDFXV� 3UHVV��
7XPEULGJH�:HOOV��.HQW�������± ����

+D]HQ��$�����������'LVFXVVLRQ��'DPV�RQ�VDQG�IRXQGDWLRQV��7UDQVDFWLRQV��$PHULFDQ�6RFLHW\�RI�
&LYLO�(QJLQHHUV� �������

,JERPRU��%��$��DQG�$PDGL��$��1�����������,QYHVWLJDWLRQ�RI�*URXQGZDWHU�4XDOLW\�LQ�SDUWV�RI�
2QLWVKD��6RXWKHDVWHUQ�1LJHULD��7KH�3DFLILF�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\���������
����± ����

.UDVQ\��-�����������&ODVVLILFDWLRQ�RI�7UDQVPLVVLYLW\�0DJQLWXGH�DQG�9DULDWLRQ��*URXQGZDWHU��
-RXUQDO�RI�$VVRFLDWLRQ�RI�*URXQGZDWHU�6FLHQWLVWV�DQG�(QJLQHHUV�����������

1ZDNLIH��&��1���1GDPLWVR��0��0���$MDL��$��,���$PDGL��$��1���8QLTXH��1��.��DPG�$NRPD��$��
2�� ������� 'HWHUPLQDWLRQ�RI�WKH�3K\VLFR�&KHPLFDO�3URSHUWLHV�DQG�6HOHFWHG�+HDY\�
0HWDO &RQFHQWUDWLRQ� LQ� 6RLO� DURXQG� $NROR� &UHHN� 2LO�:HOO� +HDG� LQ� %D\HOVD� 6WDWH��
1LJHULD��/DSDL -RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\������������± ����

1ZDQNZRDOD��+��2�����������(VWLPDWLQJ�DTXLIHU�SDUDPHWHUV�LQ�SDUWV�RI�WKH�3RUW�+DUFRXUW�DQG�
HQYLURQV�XVLQJ�SXPSLQJ�WHVW�GDWD��8QSXEOLVKHG�0�3KLO�WKHVLV��5LYHUV�VWDWH�8QLYHUVLW\ RI�
VFLHQFH�DQG�WHFKQRORJ\��3RUW�+DUFRXUW��1LJHULD��������

1ZDQNZRDOD��+��2���$QJD\D��<��%���$PDGL��$��1��DQG�$PHK��,��0�����������&RQWDPLQDWLRQ�
5LVN� $VVHVVPHQW� RI� 3K\VLFR�FKHPLFDO� DQG� +HDY\� 0HWDO� 'LVWULEXWLRQ� LQ� :DWHU� DQG�
6HGLPHQWV�RI WKH�&KRED�6HFWLRQ�RI�WKH�1HZ�&DODEDU�5LYHU��1LJHULD��1LJHULD�-RXUQDO�RI�
(QJLQHHULQJ�DQG�$SSOLHG�6FLHQFHV�����������± ���

2IIRGLOH��0��(�����������*URXQGZDWHU�VWXG\�DQG�GHYHORSPHQW�LQ�1LJHULD��0HFRQ�*HRORJ\�DQG�
HQJLQHHULQJ�VHUYLFH�OLPLWHG��-RV��1LJHULD����QG (G�����������
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2IRHJEX�� &�� 2��� �������� *URXQGZDWHU� DQG� PLQHUDO� UHVRXUFHV� RI� 1LJHULD�� (DUWK� (YROXWLRQ�
6FLHQFH��9LHZLQJ��*HUPDQ\��������

2ODVHKLQGH��3��,��	�$PDGL��$��1����������$VVHVVPHQW�RI�JURXQGZDWHU�YXOQHUDELOLW\�LQ�2ZHUUL�
DQG�WWV�HQYLURQV��6RXWKHDVWHUQ�1LJHULD��1LJHULDQ -RXUQDO�RI�7HFKQRORJLFDO�5HVHDUFK� ������
������

2Q\HDJRFKD��$��&�����������3HWURJUDSK\�DQG�GHSRVLWLRQDO�HQYLURQPHQW�RI�WKH�%HQLQ�)RUPDWLRQ��
1LJHULD��-RXUQDO�RI�0LQLQJ�DQG�*HRORJ\� ������������

8PD��.��2��� ��������:DWHU� UHVRXUFHV� SRWHQWLDO� RI�2ZHUUL� DUHD� DQG� LWV� HQYLURQV�� ,PR� VWDWH��
1LJHULD��-RXUQDO�RI�0LQLQJ�DQG�*HRORJ\������������������


