
���������������	�
���


�
����
��	��������	

���������
����������

�������	��
�������� �!�"��#

87$+ *(2/2*,&$/ $1' 0,1(5$/ 6859(<

D GLYLVLRQ RI

87$+ '(3$570(17 2) 1$785$/ 5(6285&(6

%8//(7,1 ��� ����



���������	�
��
��

3DJH

,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$XWKRU ,QGH[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

*RYHUQPHQW�)XQGHG *HRWKHUPDO 3URMHFWV /LVW DQG *HRWKHUPDO 'HYHORSPHQWV LQ 8WDK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

1DWLRQDO 6WXGLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

6WDWHZLGH 6WXGLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

5HJLRQDO 6WXGLHV ZLWKLQ 8WDK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

/RFDO +RW 6SULQJ RU 7KHUPDO $UHD 6WXGLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&XUUHQW $FWLYLWLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&XUUHQWO\ 'HYHORSHG 7KHUPDO $UHDV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

*HRJUDSKLF ,QGH[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

8QLWHG 6WDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

5HJLRQDO�:HVWHUQ 8QLWHG 6WDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

%DVLQ DQG 5DQJH 3URYLQFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&RORUDGR 3ODWHDX � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

8WDK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

&RXQWLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

7KHUPDO $UHDV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

,//8675$7,21

)LJXUH �� 0DS RI 8WDK FRXQWLHV� WKHUPDO DUHDV� DQG SK\VLRJUDSKLF SURYLQFHV OLVWHG LQ WKH JHRJUDSKLF LQGH[ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

+LJK�WHPSHUDWXUH DUHDV KDYH JHRORJLFDO DQG JHRSK\VLFDO UHIHUHQFHV LQ ELEOLRJUDSK\�
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.DULQ (� %XGGLQJ DQG 0LULDP +� %XJGHQ� &RPSLOHUV

,1752'8&7,21

7KHJHRWKHUPDO ELEOLRJUDSK\RI8WDKZDV FRPSLOHG XQGHU'HSDUWPHQW

RI (QHUJ\ �'2(� *UDQW '()*�����,'������ 8WDK *HRORJLFDO DQG

0LQHUDO 6XUYH\ �8*06� VWDII DVVLVWLQJ LQ WKH FRPSLODWLRQ LQFOXGHG

.DWKOHHQ $� 0XUSK\� 3DWULFLD +� 6SHUDQ]D� DQG 6DQGUD 1� (OGUHGJH�

7KH IROORZLQJ VRXUFHV ZHUH XVHG LQ FRPSLOLQJ WKH ELEOLRJUDSK\� ��

8*06%LEOLRJUDSK\ RI8WDK*HRORJ\� ��*(25()� ��'2((QHUJ\'DWD

%DVH� ��$QQRWDWHG DQG ,QGH[HG%LEOLRJUDSK\ RI*HRWKHUPDO 3KHQRPHQD�

�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

SXEOLFDWLRQV� �� 8�6� *HRORJLFDO 6XUYH\ SXEOLFDWLRQV� �� 8*06

SXEOLFDWLRQV� �� JUDGXDWH WKHVHV� �� *HRWKHUPDO 5HVRXUFHV &RXQFLO

SXEOLFDWLRQV� ��� 8QLWHG 1DWLRQV V\PSRVLD� DQG , �� SULYDWH LQGXVWU\

SXEOLFDWLRQV� :H KDYH DWWHPSWHG WR LQFOXGH DOO RI WKH 8WDK JHRWKHUPDO

UHIHUHQFHV WKURXJK ����� 6RPH ���� FLWDWLRQV DUH OLVWHG� *HRORJLFDO�

JHRSK\VLFDO� DQG WHFWRQLF PDSV DQG UHSRUWV DUH LQFOXGHG LI WKH\ FRYHU D

KLJK�WHPSHUDWXUH WKHUPDO DUHD �� RQ ILJ� �� EHFDXVH WKLV LQIRUPDWLRQ LV

FULWLFDO WR WKH XQGHUVWDQGLQJ RI D JHRWKHUPDO UHVRXUFH�

7KRVH UHIHUHQFHV ZKLFK GLUHFWO\ SHUWDLQ WR D JHRWKHUPDO UHVRXUFH DUH

DQQRWDWHG� 7KH DQQRWDWLRQV DUH LQWHQGHG WR LQIRUP WKH UHDGHU RI WKH

LQIRUPDWLRQ FRQWDLQHG LQ WKH DUWLFOH� QRW WR VXPPDUL]H WKH UHVXOWV�

$FFRPSDQ\LQJ WKH ELEOLRJUDSK\ LV D OLVW DQGGHVFULSWLRQ RIJHRWKHUPDO

SURMHFWV DQG FRPPHUFLDO JHRWKHUPDO GHYHORSPHQWV LQ 8WDK IURP ���� WR

WKH SUHVHQW WKDW KDYH EHHQ ZKROO\ RU SDUWLDOO\ IXQGHG WKURXJK )HGHUDO RU

6WDWH SURJUDPV� 7KH UHIHUHQFHV OLVWHG LQ WKH SURMHFW GHVFULSWLRQV DUH NH\HG

WR WKH ELEOLRJUDSK\� 0RVW RI WKLV ZRUN LV E\ JRYHUQPHQW DJHQFLHV RU

XQLYHUVLWLHV� 3ULYDWH RU LQGXVWU\�IXQGHG JHRWKHUPDO GHYHORSPHQWV DUH QRW

OLVWHG�

7KH IROORZLQJ RUJDQL]DWLRQV SURYLGH LQIRUPDWLRQ DQG SXEOLFDWLRQV RQ

JHRWKHUPDO UHVRXUFHV LQ 8WDK� 6WDWH GLYLVLRQV LQ WKH 'HSDUWPHQW RI

1DWXUDO 5HVRXUFHV LQFOXGH WKH 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\�

'LYLVLRQ RI :DWHU 5LJKWV� DQG WKH 8WDK (QHUJ\ 2IILFH� )HGHUDO DJHQFLHV

LQ WKH 'HSDUWPHQW RI WKH ,QWHULRU LQFOXGH WKH 8�6� *HRORJLFDO 6XUYH\

3XEOLF ,QTXLUHV 2IILFH DQG WKH 'LYLVLRQ RI :DWHU 5HVRXUFHV� 7KH (DUWK

6FLHQFH /DERUDWRU\ RI WKH 8QLYHUVLW\ RI8WDK5HVHDUFK ,QVWLWXWH LV DQRWKHU

VRXUFH RI LQIRUPDWLRQ DQG SXEOLFDWLRQV�

7KH UHIHUHQFHV DUH LQGH[HG JHRJUDSKLFDOO\ HLWKHU XQGHU �� 8QLWHG

6WDWHV �QDWLRQDO VWXGLHV�� �� UHJLRQDO�ZHVWHUQ

8QLWHG 6WDWHV RU SK\VLRJUDSKLF SURYLQFH� �� 8WDK�VWDWHZLGH DQG UHJLRQDO�

RU �� FRXQW\� 5HSRUWV FRQFHUQLQJ D SDUWLFXODU KRW VSULQJ RU WKHUPDO DUHD

DUH OLVWHG XQGHU ERWK WKH WKHUPDO DUHD DQG WKH FRXQW\ QDPHV� 7KH WKHUPDO

DUHDV LQGH[HG DUH VKRZQ RQ ILJXUH � �RQ SDJH ����

$87+25 ,1'(;

$%28�6$<('� $� 6�� %XFKKROGW� /�0�� DQG -RQHV� $� +�� ����� 6WXGLHV

RI JHRWKHUPDO UHVHUYRLU VWLPXODWLRQ E\ K\GUDXOLF IUDFWXULQJ� GUDIW ILQDO

UHSRUW� 7HUUD 7HN 5HSRUW� QR� 75 ������� �� S�

$'+,'-$-$� -� ,�� ����� 6WXG\ RI PDMRU JHRORJLF VWUXFWXUHV LQGLFDWHG E\

JUDYLW\ GDWD LQ WKH 5LFKILHOG O[� GHJUHH TXDGUDQJOH� 8WDK� 6DOW /DNH

&LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

$'+,'-$-$� -� ,�� &RRN� .� /�� DQG 6HUSD� /� )�� ����� &RPSOHWH

%RXJXHU JUDYLW\ DQRPDO\ PDS RI -RUGDQ 9DOOH\� 8WDK� 8WDK

*HRORJLFDO DQG 0LQHUDO 6XUYH\ 2SHQ�)LOH 5HSRUW� QR� ��� VFDOH

���������

$(5,$/ 6859(<6� ����D� &RYH )RUW�6XOSKXUGDOH .*5$ UHVLGXDO

DHURPDJQHWLF PDS FRYHULQJ ��� VTXDUH PLOHV LQ 'RJ 9DOOH\� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�(6/��� VFDOH ���������
)OLJKW SDUDPHWHUV LQFOXGHG�

$(5,$/ 6859(<6� ����E� &RYH )RUW�6XOSKXUGDOH .*5$ UHVLGXDO

DHURPDJQHWLF PDS FRYHULQJ ��� VTXDUH PLOHV LQ 'RJ 9DOOH\� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�(6/��� VFDOH ��������� WZR VKHHWV�
)OLJKW SDUDPHWHUV LQFOXGHG�

$/(,1,.2))� -� 1�� 1LHOVRQ� '� /�� +HGJH� &� (�� DQG (YDQV� 6� +�� -U��

LQ SUHVV� *HRFKURQRORJ\ RI 3UHFDPEULDQ DQG 7HUWLDU\ URFNV IURP WKH

0LQHUDO 0RXQWDLQV� VRXWK�FHQWUDO 8WDK� LQ 6KRUWHU FRQWULEXWLRQV WR

LVRWRSH UHVHDUFK� 8�6� *HRORJLFDO 6XUYH\ %XOOHWLQ �����

$//(1� (� *�� 3HUD� (� 0�� 6PHGOH\� -� (�� DQG /XW]� *� $�� �����

/HDVDEOH PLQHUDO DQG ZDWHUSRZHU ODQG FODVVLILFDWLRQ PDS RI WKH

2JGHQ TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW

������� VFDOH ����������

$//(1� 7� 6�� ����� 5RRVHYHOW +RW 6SULQJV XQLW GHYHORSPHQW �DEV���

$PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP *HRORJLVWV %XOOHWLQ� Y� ��� QR� ��

S� �����
'DWH RI XQLWL]DWLRQ RI 5RRVHYHOW +RW 6SULQJV XQLW� FXUUHQW SURGXFWLRQ

SODQV� RXWOLQH RI GHYHORSPHQW SURFHGXUHV IURP ���� WR �����

$0(6� /� /�� -U�� DQG 6DQG� /� %�� ����� +DOOR\VLWH IRUPHG LQ D FDOFDUHRXV

KRW VSULQJV HQYLURQPHQW �8WDK�� LQ 6ZLQHIRUG� $�� HG�� &OD\V DQG FOD\

PLQHUDOV� ,QWHUQDWLRQDO (DUWK 6FLHQFH0RQRJUDSK 6HULHV� Y� �� S� ����

����

$1'(5621� 5� (�� ����� 4XDWHUQDU\ WHFWRQLFV DORQJ WKH LQWHUPRXQWDLQ

VHLVPLF EHOW VRXWK RI 3URYR� 8WDK� %ULJKDP <RXQJ 8QLYHUVLW\

*HRORJ\ 6WXGLHV� Y� ��� SW� �� S� �����

$112� *� +�� 'RUH� 0� $�� *ULMDORQ� 5� /�� /DQJ� *� '�� DQG 7KRPDV� )�

-�� ����� +\EULG JHRWKHUPDO�IRVVLO SRZHU SODQWV� D VLWH VSHFLILF

DQDO\VLV� $PHULFDQ 1XFOHDU 6RFLHW\� 7UDQVDFWLRQV� Y� ��� S� ������

$5067521*�5�/�� �����.�$U DJHV RI YROFDQLFV LQ VRXWKZHVWHUQ8WDK

DQG DGMDFHQW 1HYDGD� LQ +H\OPXQ� (� %�� HG�� *HRORJ\ RI



� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

VRXWKHDVWHUQ 8WDK� ,QWHUPRXQWDLQ $VVRFLDWLRQ RI 3HWUROHXP

*HRORJLVWV *XLGHERRN� ��WK $QQXDO )LHOG &RQIHUHQFH� S� ������

$5067521*� 5� /�� ����� *HRFKURQRORJ\ RI 7HUWLDU\ LJQHRXV

URFNV� HDVWHUQ %DVLQ DQG 5DQJH 3URYLQFH� ZHVWHUQ 8WDK� HDVWHUQ

1HYDGD� DQG YLFLQLW\�8�6�$��*HRFKLPLFD HW &RVPRFKLPLFD$FWD�

Y� ��� S� ��������

$6+� '� /�� 'RQGDQYLOOH� 5� )�� DQG *XODWL� 0� 6�� ����� *HRWKHUPDO

UHVHUYRLU DVVHVVPHQW� &RYH )RUW6XOSKXUGDOH XQLW� ILQDO UHSRUW IRU

WKH SHULRG 6HSWHPEHU� ���� � -XO\� ����� 'HSDUWPHQW RI (QHUJ\

5HSRUW� QR� '2(�(7��������� �� S�

3XUSRVH RI UHSRUW� PDS VKRZLQJ ORFDWLRQV RI &RYH )RUW�

6XOSKXUGDOH XQLW ZHOOV� GULOOLQJ VXPPDU\ RI IRXU ZHOOV� VXPPDU\

RI ORVW FLUFXODWLRQ LQ ZHOOV� GLVFXVVLRQ RI R[\JHQ FRUURVLRQ UDWHV

ZKLOH GULOOLQJ WZR ZHOOV� VXPPDU\ RI WKH JHRORJ\ RI IRXU

H[SORUDWRU\ JHRWKHUPDO ZHOOV� VWDWLF IOXLG OHYHOV DQG WHPSHUDWXUH

JUDGLHQWV IURP WKH IRXU ZHOOV� FKDUW VKRZLQJ JHRFKHPLVWU\ RI

IRUPDWLRQ ZDWHUV HQFRXQWHUHG LQ WKH &RYH )RUW�6XOSKXUGDOH XQLW

DUHD� JHQHUDOL]HG OLWKRORJLF ORJV RI WKUHH ZHOOV� WKUHH VXPPDULHV

RI GRZQKROH ORJJLQJ WDEOHV� UHVHUYRLU DQDO\VLV RI &RYH )RUW�

6XOSKXUGDOH XQLW EDVHG RQ WHVWV IURP WZR ZHOOV�

$67(1� 0� :�� ����� 'LVFXVVLRQ RQ �6HLVPLF DUUD\ QRLVH VWXGLHV DW

5RRVHYHOW +RW 6SULQJV� 8WDK JHRWKHUPDO DUHD�� E\ (� -� 'RX]H DQG

6� -� /DVWHU� *HRSK\VLFV� Y� ��� QR� ��� S� �����

'RX]H DQG /DVWHU
V HTXDWLRQ IRU WKH YHUWLFDO FRPSRQHQW RI

LVRWURSLF VLQJOH�PRGH 5D\OHLJK ZDYH QRLVH� UHEXWWDO WR VWDWHPHQW

WKDW DSSDUHQW SKDVH YHORFLWLHV FDQQRW EH REWDLQHG IURP H[LVWLQJ

GDWD�

$7.,1621� '� -�� ����� 7KH 5RRVHYHOW ILHOG� QHZ PRGHO DQG

JHRFKHPLFDO HYDOXDWLRQ� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� S� ��������

6WUXFWXUDO DQG JHRORJLF VHWWLQJ RI5RRVHYHOW+RW 6SULQJV� DLU SKRWR

LQWHUSUHWDWLRQ RI IRXU PDMRU IDXOW V\VWHPV� WKUHH GLPHQVLRQDO

JHRPHWU\ RI URFN PDVVHV DQG GLIILFXOWLHV LQ GHILQLQJ ILHOG

ERXQGDULHV� KHDW IORZ SDWWHUQV EDVHG RQ �� GULOO KROHV� DQDO\VHV RI

JURXQG ZDWHU LQ ZHOOV DQG VSULQJV� UHVHUYRLU ZDWHU FKDUDFWHULVWLFV

DQG IORZ SDWWHUQV� VRLO DQG VXUIDFH PLFUROD\HU VDPSOHV DQG WKHLU

JHRFKHPLFDO DQRPDOLHV XVHG LQ JHRWKHUPDO H[SORUDWLRQ�

$7.,1621� '� -�� DQG 0H\HU� :� 7�� ����� /RZ FRVW DLUERUQH

JHRFKHPLFDO GHWHFWLRQ DQG HYDOXDWLRQ RI �EOLQG� JHRWKHUPDO

UHVRXUFHV� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S�

��������

%$(5� -� /�� DQG 5LJE\� .� -�� ����� *HRORJ\ RI WKH &U\VWDO *H\VHU

DQG HQYLURQPHQWDO LPSOLFDWLRQV RI LWV HIIOXHQW� *UDQG &RXQW\�

8WDK� 8WDK *HRORJ\� Y� �� QR� �� S� ��������

%$.(5� &� +�� -U�� ����� 7KHUPDO VSULQJV QHDU 0LGZD\� 8WDK� LQ

*HRORJLFDO 6XUYH\ UHVHDUFK� 8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO

3DSHU ����'� S� '���'���

'HVFULEHV WKHUPDO VSULQJV DQG DVVRFLDWHG WXID PRXQGV� FKHPLFDO

DQDO\VHV RI ZDWHUV DQG WXID GHSRVLWV� LQIHUUHG RULJLQ RI VSULQJV�

%$.(5� &� +�� -U�� ����� +RW SRWV QHDU 0LGZD\� 8WDK �DEV���

*HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� SW� �� S�

��

/RFDWLRQ DQG JHQHUDO JHRORJ\ RI WKH 0LGZD\ KRW SRWV� ZDWHU

PLJUDWLRQ SDWKV DQG DFFXPXODWLRQ RI GLVVROYHG VROLGV� ZDWHU

WHPSHUDWXUHV�

%$//$17<1(� -�0�� ����� *HRFKHPLVWU\ RI VHULFLWH DQG FKORULWH LQ

ZHOO ����� 5RRVHYHOW +RW 6SULQJV JHRWKHUPDO V\VWHP DQG LQ

PLQHUDOL]HG K\GURWKHUPDO V\VWHPV� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� ��� S�

(YDOXDWHV WKH XVH RI DOWHUDWLRQ PLQHUDO FKHPLVWU\ LQ JHRWKHUPDO

H[SORUDWLRQ� FRPSDULVRQ RI VHULFLWH DQG FKORULWH IURP IRVVLO

K\GURWKHUPDO V\VWHPV ZLWK VHULFLWH DQG FKORULWH IURP D 5RRVHYHOW

ZHOO� DQDO\WLFDO WHFKQLTXHV DQG UHVXOWV� WKHUPRG\QDPLF

LQWHUSUHWDWLRQ� DSSHQGLFHV RI VHULFLWH DQG FKORULWH DQDO\VHV IURP

IRVVLO DQG SUHVHQW K\GURWKHUPDO V\VWHPV�

%$//$17<1(� -� 0�� DQG 3DUU\� :� 7�� ����� +\GURWKHUPDO

DOWHUDWLRQ DW WKH 5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� 8WDK�

SHWURJUDSKLF FKDUDFWHUL]DWLRQ RI WKH DOWHUDWLRQ WR WZR NLORPHWHUV

GHSWK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 5HSRUW� QR� '2(�(7��������� �� S�

%$//$17<1(� *� +�� ����� +\GURWKHUPDO DOWHUDWLRQ DW WKH

5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� 8WDK� &KDUDFWHUL]DWLRQ RI

URFN W\SHV DQG DOWHUDWLRQ LQ *HWW\ 2LO &RPSDQ\ ZHOO 8WDK 6WDWH

������ (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 5HSRUW� QR� '2(�(7���������� �� S�

3HWURJUDSK\� ; UD\ GLIIUDFWLRQ RI FOD\ PLQHUDOV� ZKROH URFN

DQDO\VHV� DQGPLFURSUREH DQDO\VHV RI GULOO FXWWLQJV IURP*HWW\ZHOO

������PLFURSUREH DQDO\VHV RI SODJLRFODVH� DONDOL IHOGVSDU� ELRWLWH�

DQG KRUQEOHQGH� LQWHQVLW\ DQG PLQHUDORJ\ RI K\GURWKHUPDO

DOWHUDWLRQ DVVHPEODJHV� URFN W\SHV HQFRXQWHUHG LQ GULOO KROH� WDEOH

RI ZKROH URFN FKHPLFDO DQDO\VHV� WDEOH RI SODJLRFODVH DOWHUDWLRQ

YHUVXV GULOO KROH GHSWK� WDEOH RI PLQHUDO DVVHPEODJHV YHUVXV GULOO

KROH GHSWK�

%$//$17<1(� -� 0�� ����� +\GURWKHUPDO DOWHUDWLRQ DW WKH

5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� 8WDK� PRGDO PLQHUDORJ\� DQG

JHRFKHPLVWU\ RI VHULFLWH� FKORULWH� DQG IHOGVSDU IURP DOWHUHG URFNV�

7KHUPDO 3RZHU &RPSDQ\ ZHOO 8WDK 6WDWH ����� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK �

'2(�(7���������� �� S�

0LFURSUREH FKHPLFDO DQDO\VHV RIPLQHUDO SKDVHV �VHULFLWH� FKORULWH�

DQG IHOGVSDU� REWDLQHG IURP ZHOO FXWWLQJ VDPSOHV� DQDO\WLFDO

WHFKQLTXHV�PRGDOPLQHUDORJ\� VWUXFWXUDO IRUPXODV� JUDSK VKRZLQJ

FKDQJHV LQ DOWHUDWLRQ DVVHPEODJHV ZLWK GHSWK�

3HWURJUDSKLF VWXG\ RI K\GURWKHUPDO DOWHUDWLRQ LQ FXWWLQJV IURP D

GULOO KROH WZRNLORPHWHUV LQ GHSWK� OLWKRORJLHV DQG DOWHUDWLRQ LQ GULOO

KROH FXWWLQJV� JUDSK VKRZLQJ FKDQJHV LQ DOWHUDWLRQ DVVHPEODJHV

ZLWK GHSWK�

%$//$17<1(� -� 0�� DQG 3DUU\� :� 7�� ����� *HRFKHPLVWU\ RI

K\GURWKHUPDO VHULFLWH DQG FKORULWH �DEV��� *HRORJLFDO 6RFLHW\ RI

$PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� ��� QR� �� S� ��������

%$0)25'� 5� :�� ����� *HRFKHPLVWU\ RI VROLG PDWHULDOV IURP WZR

8�6� JHRWKHUPDO V\VWHPV DQG LWV DSSOLFDWLRQ WR H[SORUDWLRQ�

8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO

5HSRUW� Y� ������ ��� S�

%$0)25'� 5� :�� DQG &KULVWHQVHQ� �� '�� ����� 0XOWLHOHPHQW

JHRFKHPLFDO H[SORUDWLRQ GDWD IRU WKH &RYH )RUW�6XOSKXUGDOH

.QRZQ*HRWKHUPDO 5HVRXUFH$UHD� %HDYHU DQG0LOODUG&RXQWLHV�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

5HSRUW� QR� '2(�(7���������� XQSDJLQDWHG�

$QDO\VHV RI ZKROH URFN VDPSOHV DQG RI D VDPSOH VOXUU\ RI GULOO

FXWWLQJV �VSHFLILF JUDYLW\ JUHDWHU WKDQ ���� WR GHWHUPLQH WKH DUHDO

GLVWULEXWLRQV RI $V� +J� 3E� DQG =Q� VDPSOH PHWKRGV DQG

SUHSDUDWLRQ� GHYHORSPHQW RI PRGHOV IRU WDUJHWLQJ JHRWKHUPDO

GULOOLQJ IURP JHRFKHPLFDO ]RQDWLRQ RI HOHPHQWV� SUHYLRXV

SDOHRK\GURWKHUPDO HYHQWV� JHQHUDOL]HG JHRORJ\� DOWHUDWLRQ� DQG

GULOO KROH ORFDWLRQPDS� ILJXUHV RI $V� +J� 3E� DQG =Q GLVWULEXWLRQ�

WHPSHUDWXUH JUDGLHQW PDS� FKHPLFDO GDWD DQG URFN W\SH RI GULOO

KROH VDPSOHV�

%$0)25'� 5� :�� &KULVWHQVHQ� �� '�� DQG &DSXDQR� 5� 0�� �����

0XOWLHOHPHQW JHRFKHPLVWU\ RI VROLG PDWHULDOV LQ JHRWKHUPDO

V\VWHPV DQG LWV DSSOLFDWLRQ� 3DUW �� 7KH KRW�ZDWHU V\VWHP DW WKH

5RRVHYHOW +RW 6SULQJV .*5$� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7��������� ��� S�

'HYHORSPHQW RIPXOWLHOHPHQW JHRFKHPLFDO WHFKQLTXHV EDVHG XSRQ

DQDO\VHV RI VROLG PDWHULDOV IURP WKH 5RRVHYHOW .*5$ JHRWKHUPDO

V\VWHP� WKUHH�GLPHQVLRQDO PRGHO RI FKHPLFDO ]RQDWLRQ ZLWKLQ

V\VWHP� JHRFKHPLFDO GDWD GHULYHG IURP FKHPLFDO DQG

PLQHUDORJLFDO DQDO\VHV RI VRLO IUDFWLRQV� ZKROH URFN VDPSOHV� ZHOO

IOXLGV� GULOO FKLSV� DQG VSHFLILF JUDYLW\ FRQFHQWUDWH VDPSOHV�

JHRORJLF FKDUDFWHULVWLFV RI JHRWKHUPDO V\VWHP� GHWDLOHG HOHPHQW

GLVWULEXWLRQV LQ JHRWKHUPDO ZHOOV DQG QHDU VXUIDFH� DSSOLFDWLRQ RI

VROLGV JHRFKHPLVWU\ WR JHRWKHUPDO H[SORUDWLRQ DQG DVVHVVPHQW�

FRVW HIIHFWLYHQHVV RI H[SORUDWLRQ WHFKQLTXHV�

%$526+� 3� -�� ����� %HDYHU /DNH 0RXQWDLQV� %HDYHU &RXQW\� 8WDK

� WKHLU JHRORJ\ DQG RUH GHSRVLWV� 8WDK *HRORJLFDO DQG 0LQHUDO

6XUYH\ %XOOHWLQ ��� �� S�� DOVR� *HRVFLHQFH $EVWUDFWV� Y� �� QR� ���

S� � ���������

%$77<� -� &�� *UHQQH\�:� -�� .DOLVHU� %�� 3DWH� $� -�� DQG 5LOH\� -� 3��

����� *HRWKHUPDO HQHUJ\ DQG ZDWHU UHVRXUFHV LQ 8WDK� LQ ,PSDFWV

RI HQHUJ\ GHYHORSPHQW RQ 8WDK ZDWHU UHVRXUFHV� 7KLUG $QQXDO

&RQIHUHQFH$PHULFDQ:DWHU5HVRXUFHV$VVRFLDWLRQ�8WDK6HFWLRQ�

3URFHHGLQJV� S� ��������

%$7=/(�0� /�� DQG 6LPPRQV� *�� ����� *HRWKHUPDO V\VWHPV� URFNV�

IOXLGV� IUDFWXUHV� LQ .HOOHU� *� 9� 2�� DQG RWKHUV� HGLWRUV� 7KH

(DUWK
V FUXVW� LWV QDWXUH DQG SK\VLFDO SURSHUWLHV� 7KH (DUWK
V FUXVW�

LWV QDWXUH DQG SK\VLFDO SURSHUWLHV� 9DLO� &RORUDGR� DOVR� �����

$PHULFDQ *HRSK\VLFDO 8QLRQ� *HRSK\VLFDO 0RQRJUDSK ��� S�

��������

%(//� -RKQ� ����� 7KH PLQHUDO DQG WKHUPDO VSULQJV RI WKH 8QLWHG

6WDWHV DQG &DQDGD� 3KLODGHOSKLD� 3DUU\ DQG 0F0LOODQ� S� �������

%(12,7� :� 5�� DQG %XWOHU� 5� :�� ����� $ UHYLHZ RI KLJK�

WHPSHUDWXUH JHRWKHUPDO GHYHORSPHQWV LQ WKH QRUWKHUQ %DVLQ DQG

5DQJH 3URYLQFH� LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI HQHUJ\

DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH 3URYLQFH�

*HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S� ������

%(5*(� &� :�� &URVE\� *� :�� DQG /HQ]HU� 5� &�� ����� *HRWKHUPDO

H[SORUDWLRQ RI 5RRVHYHOW .*5$� 8WDK �DEV��� LQ $PHULFDQ

$VVRFLDWLRQ RI 3HWUROHXP*HRORJLVWV DQG WKH 6RFLHW\ RI (FRQRPLF

3DOHRQWRORJLVWV 0HHWLQJ� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP

*HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� �����

&KDUDFWHULVWLFV RI WKH 5RRVHYHOW JHRWKHUPDO V\VWHP� ORFDWLRQ DQG

JHQHUDO JHRORJ\� VWUXFWXUH DQG SHWURORJ\ RI WKH DUHD� SUHYLRXV

JHRORJLFDO DQG JHRSK\VLFDO VWXGLHV RI DUHD� VL]H DQG SURGXFWLYLW\

RI WKHUPDO DQRPDO\� GHSWK WR UHVHUYRLU�

%(5*(� &� :�� &URVE\� *� :�� DQG /HQ]HU� 5� &�� ����� ([SORUDWLRQ

DQG HYDOXDWLRQ RI 5RRVHYHOW .*5$� 8WDK �DEV��� LQ $PHULFDQ

$VVRFLDWLRQ RI 3HWUROHXP*HRORJLVWV DQG WKH 6RFLHW\ RI (FRQRPLF

3DOHRQWRORJLVWV 0HHWLQJ� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP

*HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� ��������

*HQHUDO JHRORJ\ DQG VWUXFWXUH RI DUHD� JHRWKHUPDO LQYHVWLJDWLRQ

DQG HYDOXDWLRQ RI UHVHUYRLU�

%(5*(� &� :�� /XQG� -� :�� &RPEV� -�� DQG $QGHUVRQ� '� 1�� �����

*HRWKHUPDO UHVRXUFHV� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP

*HRORJLVWV %XOOHWLQ� Y� ��� QR� ��� S� ����������

0HWKRGV RI GLUHFW XVH GHYHORSPHQW IRU JHRWKHUPDO HQHUJ\ DFURVV

WKH 8QLWHG 6WDWHV LQFOXGLQJ EDWKLQJ XVHV� VSDFH KHDWLQJ�

JUHHQKRXVHV DQG DTXDFXOWXUH SURMHFWV� DQG LQGXVWULDO XVHV

LQFOXGLQJ D8WDK HWKDQRO SODQW� VHYHUDO HOHFWULFDO SODQWV WKURXJKRXW

WKH 8QLWHG 6WDWHV� JHRWKHUPDO ZHOO GULOOLQJ DFWLYLW\� VXFFHVVIXO

GHYHORSPHQWZHOOV IURP8WDK DQG1HZ0H[LFR�WZR DW&\UVWDO+RW

6SULQJV DQG WZR QHDU 6DQG\� 8WDK� JHRWKHUPDO PDS RI WKH 8QLWHG

6WDWHV� JUDSKV VKRZLQJ JHRWKHUPDO ZHOO FRPSOHWLRQV VLQFH ����



� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

DQG ZHOOV GULOOHG GXULQJ ����� OLVW RI SURSRVHG JHRWKHUPDO

HOHFWULFDO SODQWV� OLVW RI HVWLPDWHG UHVHUYRLU FDSDFLW\ DQG SURSRVHG

SRZHU SODQW RXWSXW IRU ��K\GURWKHUPDO DUHDV LQFOXGLQJ5RRVHYHOW�

8WDK�

%(55<� *� :�� *ULP� 3� -�� DQG ,NHOPDQ� -� $�� ����� 7KHUPDO

VSULQJV OLVW IRU WKH 8QLWHG 6WDWHV� 1DWLRQDO 2FHDQLF DQG

$WPRVSKHULF $GPLQLVWUDWLRQ NH\ WR JHRSK\VLFDO UHFRUGV

GRFXPHQWDWLRQ� QR� ��� 8�6� 'HSDUWPHQW RI &RPPHUFH 1DWLRQDO

2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ� &RGH '��� �� S�

%(67� 0� *�� DQG %ULPKDOO� :� +�� ����� /DWH &HQR]RLF DONDOLF

EDVDOWLF PDJPDV LQ WKH ZHVWHUQ &RORUDGR 3ODWHDXV DQG WKH %DVLQ

DQG 5DQJH WUDQVLWLRQ ]RQH� 8�6�$�� DQG WKHLU EHDULQJ RQ PDQWOH

G\QDPLFV� *HRORJLFDO 6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ��� QR� � ��

S� ����������

%(67� 0� *�� DQG *UDQW� 6� .�� LQ SUHVV� 6WUDWLJUDSK\ RI WKH YROFDQLF

2OLJRFHQH 1HHGOHV 5DQJH JURXS LQ VRXWKZHVWHUQ 8WDK� FKDS� $�

LQ %HVW� 0� *�� HG�� 2OLJRFHQH DQG 0LRFHQH YROFDQLF URFNV LQ WKH

FHQWUDO 3LRFKH�0DU\VYDOH LJQHRXV EHOW� ZHVWHUQ 8WDK DQG HDVWHUQ

1HYDGD� 8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU�

%(67� 0� *�� DQG .HLWK� -� '�� ����� 0LG�7HUWLDU\ KLVWRU\ RI WKH

FHQWUDO 3LRFKH�0DU\VYDOH LJQHRXV EHOW� VRXWKZHVWHUQ 8WDK� LQ

*HRORJLF H[FXUVLRQV LQ YROFDQRORJ\� HDVWHUQ 6QDNH 5LYHU 3ODLQ

�,GDKR� DQG VRXWKZHVWHUQ 8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO

6XUYH\ 6SHFLDO 6WXG\ ��� S� ������

%(67� 0� *�� 0F.HH� (� +�� DQG 'DPRQ� 3� (�� ����� 6SDFH�WLPH�

FRPSRVLWLRQ SDWWHUQV RI ODWH &HQR]RLF PDILF YROFDQLVP�

VRXWKZHVWHUQ 8WDK DQG DGMRLQLQJ DUHDV� $PHULFDQ -RXUQDO RI

6FLHQFH� Y� ���� S� ����������

%(67� 0� *�� 0HKQHUW� +� +�� .HLWK� -� '�� DQG 1DHVHU� &� :�� LQ

SUHVV�0LRFHQHPDJPDWLVPDQG WHFWRQLVP LQ DQG QHDU WKH VRXWKHUQ

:DK :DK 0RXQWDLQV� VRXWKZHVWHUQ 8WDK� FKDS� %� LQ� %HVW� 0�

*�� HG�� 2OLJRFHQH DQG 0LRFHQH YROFDQLF URFNV LQ WKH FHQWUDO

3LRFKH�0DU\VYDOH LJQHRXV EHOW� ZHVWHUQ8WDK DQG HDVWHUQ1HYDGD�

8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU�

%25'6(<(� +� 6�� ����� *HRWKHUPDO SRZHU UHVRXUFHV LQ WKH

6RXWKZHVW� LQ ([SORUDWLRQ IRU PLQHUDO UHVRXUFHV��WK DQQXDO LGHD

FRQIHUHQFH ����� 1HZ 0H[LFR %XUHDX RI 0LQHV DQG 0LQHUDO

5HVRXUFHV &LUFXODU ���� S� ������

%/$&.:(//� '� '�� ����� +HDW IORZ LQ WKH QRUWKHUQ %DVLQ DQG

5DQJH 3URYLQFH� LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI HQHUJ\

DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH 3URYLQFH�

*HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S� ������

%/$&.:(//� '� '�� DQG &KDSPDQ� '� 6�� ����� ,QWHUSUHWDWLRQ RI

JHRWKHUPDO JUDGLHQW DQG KHDW IORZ GDWD IRU %DVLQ DQG 5DQJH

JHRWKHUPDO V\VWHPV�*HRWKHUPDO5HVRXUFHV&RXQFLO� 7UDQVDFWLRQV�

Y� �� S� ������

%/$,5�.� &�� ����� *HRWKHUPDO GHYHORSPHQW RI WKH0RQURH.*5$�

8WDK� LQ 1LHOVRQ� '� /�� HG�� *HRWKHUPDO V\VWHPV LQ FHQWUDO 8WDK�

*HRWKHUPDO 5HVRXUFHV &RXQFLO $QQXDO 0HHWLQJ� 6DOW /DNH &LW\�

8WDK� *XLGHERRN WR )LHOG 7ULS� QR� �� S� �����

%ULHI UHYLHZ RI JHRORJ\� JUDYLW\� UHVLVWLYLW\ VXUYH\V� WKHUPDO

JUDGLHQW PHDVXUHPHQWV� VHLVPLFLW\� JHRFKHPLVWU\� DQG

JHRWKHUPRPHWU\ RI 0RQURH .*5$� GULOOLQJ RI SURGXFWLRQ WHVW

ZHOO DQG UHVXOWV RI IORZ WHVW�

%/$,5� .� &�� +DUULVRQ� 5�� 6DNDVKLWD� %�� DQG -RQHV� $� +�� �����

7KH 0RQURH .*5$� LQ &RPPHUFLDO XVHV RI JHRWKHUPDO KHDW�

*HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW �� S� ������

*HRORJLFDO� JHRSK\VLFDO� DQG JHRWKHUPDO GDWD FROOHFWHG GXULQJ

SUHYLRXV VWXGLHV RI 0RQURH .*5$� JHQHUDO JHRORJ\ RI DUHD�

SXUSRVH RI VWXG\� �� OLQH�NP RI ��� LQ GLSROH�GLSROH PDSSLQJ�

JUDSK VKRZLQJ WZR�GLPHQVLRQDO UHVLVWLYLW\ PRGHO DFURVV 0RQURH

PRXQG� GHOLQHDWLRQ RI WKH 6HYLHU IDXOW DQG H[WHQW RI WKH FRQYHFWLYH

K\GURWKHUPDO V\VWHP IURP UHVLVWLYLW\ VXUYH\� JUDSKV VKRZLQJ WHP�

SHUDWXUH SURILOHV DQG WKHUPDO JUDGLHQW SURILOHV DFURVV WKH 0RQURH

PRXQG EDVHG RQ WKHUPDO JUDGLHQW DQG WHVW KROHV� SURFHGXUHV DQG

SUREOHPV HQFRXQWHUHG ZKLOH GULOOLQJ D ��� LQ SURGXFWLRQ WHVW ZHOO�

JUDSK VKRZLQJ WHPSHUDWXUH SURILOHV LQ SURGXFWLRQ ZHOO 0&��

FKHPLFDO DQDO\VHV RI ZDWHUV LQ DUHD� H[SORUDWLRQ DQG WHVW SURJUDP�

FRQFOXVLRQV�

%/$,5� .� &�� DQG 2ZHQ� /� %�� ����� (YDOXDWLRQ RI WKH SURGXFWLRQ

SRWHQWLDO RI WKH &U\VWDO +RW 6SULQJ JHRWKHUPDO UHVRXUFH� QRUWK

FHQWUDO 8WDK� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� ��

S� ��������

/RFDWLRQ DQG RZQHUVKLS RI &U\VWDO +RW 6SULQJV� JHRORJ\ RI WKH

JHRWKHUPDO UHVHUYRLU� HVWLPDWHV RI PD[LPXP IORZ FDSDFLWLHV DQG

WUDQVPLVVLYLW\ RI RYHUO\LQJ VHGLPHQWV IRU WKHUPDO JUDGLHQW KROH

6)��� GULOOLQJ HTXLSPHQW XVHG WR GHHSHQ 6)��� GHOLQHDWLRQ RI

SRWHQWLDO SURGXFWLRQ ]RQHV EDVHG RQ D WHPSHUDWXUH ORJ� GULOOLQJ

SUREOHPV FDXVHG E\ FLUFXODWLRQ ORVV DQG VOXPSLQJ� HTXLSPHQW�

SURFHGXUHV� DQG GLIILFXOWLHV LQYROYHG LQ GULOOLQJ ���� IRRW

863�7+�� SURGXFWLYLW\ WHVW ZHOO� DUWHVLDQ IORZ WHVW UHVXOWV IURP

863�7+��� QRQFRQGHQVDEOH JDV FRQFHQWUDWLRQ UDQJHV DWZHOO KHDG�

ZHOO DQG UHVHUYRLU SDUDPHWHU YDOXHV� HIIHFWV RI SURGXFLQJZHOOV RQ

H[LVWLQJ VSULQJV� SUHGLFWLRQV IRU ORQJ WHUP UHVHUYRLU SHUIRUPDQFH�

%/$,5� .� &�� DQG 2ZHQ� /� %�� ����� 'LUHFW XWLOL]DWLRQ RI

JHRWKHUPDO UHVRXUFHV ILHOG H[SHULPHQWV DW 0RQURH� 8WDK� ILQDO

UHSRUW� -XO\ ��� ���� � -XO\ ��� ����� 1DWLRQDO 7HFKQLFDO

,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� '2(�(7��������� ��� S�� DOVR�

7HUUD 7HN 5HSRUW� QR� 75 ������ ��� S�

2EMHFWLYHV RI VWXG\� ORFDWLRQ� JHQHUDO JHRORJ\� DQG PLQLPXP

JHRWKHUPDO UHVHUYRLU WHPSHUDWXUHV RI WKH 0RQURH JHRWKHUPDO

V\VWHP� H[SORUDWLRQ DQG SURGXFWLRQ KLVWRU\� SURGXFWLRQ SODQV�

SDUWLFLSDQWV� DQG FRVW EUHDNGRZQ� GLSROH�GLSROH ILUVW VHSDUDWLRQ

DSSDUHQW UHVLVWLYLW\ FRQWRXU PDS RI WKH 0RQURH DUHD� JUDSK RI

WHPSHUDWXUH SURILOHV LQ WKHUPDO JUDGLHQW DQG WHVW KROHV� VKRUW DQG

ORQJ WHUP HQYLURQPHQWDO LPSDFWV� SULYDWH� FLW\�FRXQW\� DQG IHGHUDO



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK �

LVVXHV DQG SHUPLWWLQJ� SURGXFWLRQ GULOOLQJ DQG ORJJLQJ VXPPDU\�

WKHUPDO ORJJLQJ�PHWKRGV DQG HTXLSPHQW XVHG LQ K\GUDXOLF WHVWLQJ�

SUHGLFWHG UHVHUYRLU FDSDFLW\� DQDO\VLV RI WKH DSSOLFDWLRQ RI0RQURH

KHDW WR VHYHUDO SURSRVHG PHWKRGV VXFK DV� VSDFH KHDWLQJ�

PXVKURRP IDUPLQJ� PLON SDVWHXUL]DWLRQ� SUDZQ IDUPLQJ� DQG

HOHFWULFDO JHQHUDWLRQ� SURGXFWLRQ V\VWHP GHVLJQ� V\VWHP

HFRQRPLFV�

%/,66� -� '�� ����� 8WDK� EDVLF GDWD IRU WKHUPDO VSULQJV DQG ZHOOV DV

UHFRUGHG LQ *(27+(50� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH

5HSRUW ������� ��� S�

'DWD FROOHFWHG IURP *(27+(50 �D FRPSXWHUL]HG LQIRUPDWLRQ

V\VWHP WKDW PDLQWDLQHG GDWD ILOHV RQ WKH JHRORJ\� JHRFKHPLVWU\�

DQG K\GURORJ\ RI JHRWKHUPDO VLWHV XQWLO ���� DQG LV SUHVHQWO\ RII�

OLQH�� VDPSOH ILOH IRU 8WDK FRQWDLQV ��� UHFRUGV� DSSHQGLFHV RI

LQGLFHV IRU 8WDK VSULQJV DQG ZHOOV�

%2'(//� -� 0�� ����� +HDW IORZ LQ WKH QRUWK�FHQWUDO &RORUDGR

3ODWHDX� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG

0DVWHUV WKHVLV� ��� S�

%257=� /� &�� ����� +\GURFDUERQV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH�

1HYDGD DQG8WDK� LQ7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI HQHUJ\

DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH 3URYLQFH�

*HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S� ��������

%2:(1� 5� *�� ����� *HRWKHUPDO DFWLYLW\ LQ ����� 2UH %LQ� Y� ���

QR� �� S� �����

%2:(56� 'DOH� ����� 3RWDVVLXP�DUJRQ DJH GDWLQJ DQG SHWURORJ\ RI

WKH 0LQHUDO 0RXQWDLQV SOXWRQ� 8WDK� 6DOW /DNH &LW\� 8WDK�

8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

%2:0$1� -� 5�� ����� 6WDEOH LVRWRSH LQYHVWLJDWLRQ RI IOXLGV DQG

ZDWHU�URFN LQWHUDFWLRQ LQ WKH 5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD�

8WDK� 8QLYHUVLW\ RI8WDK� 'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV

7RSLFDO 5HSRUW� Y� ������ �� S�

6DPSOH VHOHFWLRQ DQG SUHSDUDWLRQ IURP GULOO FXWWLQJV� FROG ZDWHU

VSULQJV DQG VHHSV� DQG JHRWKHUPDO ZHOOV� DQDO\WLFDO WHFKQLTXHV

LQFOXGLQJ FDUERQDWH R[\JHQ DQG FDUERQ H[WUDFWLRQ� VLOLFDWHV

R[\JHQ H[WUDFWLRQ� ZDWHU R[\JHQ H[WUDFWLRQ� ZDWHU K\GURJHQ

H[WUDFWLRQ� DQGPDVV VSHFWURPHWU\� WDEOH VKRZLQJ LVRWRSLF DQDO\VHV

RI JHRWKHUPDO FDUERQDWHV� UHVXOWV RI ZDWHU DQG R[\JHQ LVRWRSH

DQDO\VHV RI UHJLRQDO VSULQJ ZDWHUV DQG UHVHUYRLU IOXLGV� DQDO\VLV RI

R[\JHQ LVRWRSH FRPSRVLWLRQ RI D ZKROH URFN VDPSOH� FRQVWLWXHQW

TXDUW] DQG SRWDVVLXP IHOGVSDU IURP ZHOO ����� HVWLPDWH RI

PLQLPXP ZDWHU�WR�URFN R[\JHQ UDWLR LQ WKH JHRWKHUPDO V\VWHP�

UHVHUYRLU SHUPHDELOLW\� FRQFOXVLRQV� VXJJHVWLRQV IRU IXWXUH ZRUN�

%2:0$1� -� 5�� (YDQV� 6� +�� -U�� +RKPDQQ� *� :�� 1DVK� :� 3��

5H\QROGV� *� 5�� 6LOO� :� 5�� :DUG� 6� +�� &KULVWHQVHQ� �� '��

)RUVEHUJ� :� /�� *OHQQ� :� (�� .LOOSDFN� 7� -�� 0RRUH� -� 1��

1LHOVRQ� '� /�� DQG :ULJKW� 3� 0�� ����� 0DQDJHPHQW DVVLVWDQFH

IRU WKH GHYHORSPHQW RI K\GURWKHUPDO HQHUJ\ LQ WKH 5RFN\

0RXQWDLQ�%DVLQ DQG 5DQJH UHJLRQ� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� �� S�

%2:0$1� -� 5�� (YDQV� 6� +�� -U�� DQG 1DVK� :� 3�� ����� 2[\JHQ

LVRWRSH JHRFKHPLVWU\ RI 4XDWHUQDU\ UK\ROLWH IURP WKH 0LQHUDO

0RXQWDLQV� 8WDK� 8�6�$�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'���������� �� S�

%2:0$1� -� 5�� DQG 5RKUV� '� 7�� ����� /LJKW VWDEOH LVRWRSH VWXGLHV

RI VSULQJ DQG WKHUPDO ZDWHUV IURP WKH 5RRVHYHOW +RW 6SULQJV DQG

&RYH )RUW�6XOSKXUGDOH WKHUPDO DUHDV DQG RI FOD\PLQHUDOV IURP WKH

5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'���������� �� S�

'LUHFW VDPSOLQJ RI ZDWHUV LQYROYHG LQ K\GURWKHUPDO DOWHUDWLRQ�

LVRWRSLF DQDO\VLV RI K\GURJHQ� FDUERQ� DQG R[\JHQ� DQG WKHUPDO

ZDWHU LQWHUDFWLRQ ZLWK WKH UHVHUYRLU URFN� JHQHUDO JHRORJ\ DQG

VWUXFWXUH RI DUHD� KRW VSULQJ GHSRVLWV DQG DOWHUDWLRQ SURGXFWV�

RULJLQ RI WKHUPDO ZDWHUV� H[WHQW RI LVRWRSLF H[FKDQJH� R[\JHQ DQG

FDUERQ LVRWRSLF FRPSRVLWLRQ RI FDOFLWH� WDEOHV RI LVRWRSLF DQDO\VHV

RI ZDWHUV IURP 5RRVHYHOW�

%522.� &� $�� 0DULQHU� 5� +�� 0DEH\� '� 5�� 6ZDQVRQ� -� 5��

*XIIDQWL� 0�� DQG 0XIIOHU� /� -� 3�� ����� +\GURWKHUPDO

FRQYHFWLRQ V\VWHPV ZLWK UHVHUYRLU WHPSHUDWXUHV JUHDWHU WKDQ RU

HTXDO WR �� GHJUHHV &� LQ 0XIIOHU� /� -� 3�� HG�� $VVHVVPHQW RI

JHRWKHUPDO UHVRXUFHV RI WKH 8QLWHG 6WDWHV� ����� 8�6� *HRORJLFDO

6XUYH\ &LUFXODU ���� S� ������

+\GURWKHUPDO FRQYHFWLRQ V\VWHPV LQ WKH 8QLWHG 6WDWHV ZLWK PHDQ

UHVHUYRLU WHPSHUDWXUHV JUHDWHU WKDQ RU HTXDO WR �� GHJUHHV &� DQG

GHSWKV OHVV WKDQ RU HTXDO WR � NP� PHWKRGRORJ\ IRU GHWHUPLQDWLRQ

RI DFFHVVLEOH UHVRXUFH EDVH� XVH RI JHRWKHUPRPHWHUV IRU

WHPSHUDWXUH HVWLPDWLRQV� W\SHV RI FRQYHFWLRQ V\VWHPV DQG WKHLU

JHRORJLF VHWWLQJV� HVWLPDWHV RI UHVHUYRLU YROXPHV� SUREDELOLW\

GLVWULEXWLRQV RI WRWDO WKHUPDO HQHUJ\ LQ LGHQWLILHG V\VWHPV�

FRPSDUHV PHWKRGRORJ\ XVHG ZLWK WKDW RI 8�6� *HRORJLFDO 6XUYH\

&LUFXODU ��� ������� XQGLVFRYHUHG DFFHVVLEOH UHVRXUFH EDVH�

GLVWULEXWLRQ RI XQGLVFRYHUHG WKHUPDO HQHUJ\ EHWZHHQ KLJK DQG

LQWHUPHGLDWH WHPSHUDWXUH FDWHJRULHV� WDEOHV RI KRW�ZDWHU

K\GURWKHUPDO FRQYHFWLRQ V\VWHPV JUHDWHU WKDQ RU HTXDO WR ���

GHJUHHV & �WZR DUHDV LQ 8WDK�� WDEOHV RI KRW�ZDWHU K\GURWKHUPDO

FRQYHFWLRQ V\VWHPV EHWZHHQ �� DQG ��� GHJUHHV & �ILYH DUHDV LQ

8WDK��

%52:1� '� 5�� ����D� *HRWKHUPDO HQHUJ\ GHYHORSPHQW LQ 8WDK�

OQWHUVRFLHW\ RI (QHUJ\ &RQYHUVLRQ (QJLQHHULQJ &RQIHUHQFH� Y� ��

S� ����������

%52:1� '� 5�� ����E� 0LOIRUG JHRWKHUPDO QR� �� 5RRVHYHOW +RW

6SULQJV .*5$� 6L[WK $QQXDO *HRWKHUPDO &RQIHUHQFH DQG



� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

:RUNVKRS� 3URFHHGLQJV� S� ����������

&XUUHQW UROH RI 8WDK 3RZHU DQG /LJKW &RPSDQ\ LQ WKH JHRWKHUPDO

GHYHORSPHQW RI 5RRVHYHOW +RW 6SULQJV� UHVHUYRLU GHVFULSWLRQ�

GHYHORSPHQWDO SURFHGXUHV RI ZHOO WDSSLQJ� FRQYHUVLRQ RI WKHUPDO

ZDWHUV LQWR PHFKDQLFDO HQHUJ\ DQG VXEVHTXHQW UHLQMHFWLRQ LQWR

UHVHUYRLU�

%52:1�'�5�� ����� *HRWKHUPDO GHYHORSPHQW DFWLYLWLHV� 5RRVHYHOW

+RW 6SULQJV� 8WDK� 6HYHQWK $QQXDO *HRWKHUPDO &RQIHUHQFH DQG

:RUNVKRS� 3URFHHGLQJV� S� ����������

%52:1� )� +�� ����� $WWHPSW DW SDOHRPDJQHWLF GDWLQJ RI RSDO�

5RRVHYHOW +RW 6SULQJV� .*5$� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW

RI *HRORJ\ DQG *HRSK\VLFV 5HSRUW� QR� ����� �� S�

%52:1� )� +�� DQG 1DVK� :� 3�� ����� *HRWKHUPDO SRWHQWLDO RI WKH

HDVWHUQ PDUJLQ RI WKH %DVLQ DQG 5DQJH 3URYLQFH LQ 8WDK �DEV���

8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU , ���� S� ��������

5HVXOWV RI SHWURORJLF DQG JHRFKURQRORJLF VWXGLHV RI 7HUWLDU\ DQG

4XDWHUQDU\ YROFDQLF URFNV LQ WKH HDVWHUQ %DVLQ DQG 5DQJH

3URYLQFH� EULHI GHVFULSWLRQ RI QRUPDO IDXOWV LQ DUHD� WHPSHUDWXUHV

RI WKHUPDO VSULQJV� KHDW VRXUFH VSHFXODWLRQV�

%52:1� *� /�� DQG 0DQVXUH� $� -�� ����� $ IRUHFDVW RI JHRWKHUPDO

GULOOLQJ DFWLYLW\� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y�

�� S� ��������

%52:1�5� 3�� ����� $ UHJLRQDO JUDYLW\ VXUYH\ RI WKH 6DQSHWH�6HYLHU

9DOOH\ DQG DGMDFHQW DUHDV LQ 8WDK� 6DOW /DNH &LW\� 8WDK�

8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

%52:1� 5� 3�� DQG &RRN� .� /�� ����� $ UHJLRQDO JUDYLW\ VXUYH\ RI

WKH 6DQSHWH�6HYLHU 9DOOH\V DQG DGMDFHQW DUHDV LQ8WDK� LQ1LHOVRQ�

'� /�� HG�� 2YHUWKUXVW EHOW RI 8WDK� ���� V\PSRVLXP DQG ILHOG

FRQIHUHQFH� 8WDK *HRORJLFDO $VVRFLDWLRQ 3XEOLFDWLRQ ��� S� ����

����

%580%$8*+� :� '�� ����� *UDYLW\ VXUYH\ RI WKH &RYH )RUW�

6XOSKXUGDOH.*5$DQG WKHQRUWK0LQHUDO0RXQWDLQV DUHD�0LOODUG

DQG %HDYHU &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

/RFDWLRQ DQG JHRJUDSK\ RI VXUYH\ DUHD� SULRU LQYHVWLJDWLRQV�

JHRORJ\� 7HUWLDU\ YROFDQLFV� DQG JHQHUDO JHRSK\VLFV �JUDYLW\�

PDJQHWLFV� DQG VHLVPLF�� ��� JUDYLW\ VWDWLRQV RYHU DUHD RI ����

VTXDUH NP� WZR RUWKRJRQDO JUDYLW\ SURILOHV WUDYHUVLQJ DUHD� WHUUDLQ

FRUUHFWHG %RXJXHU JUDYLW\ DQRPDO\ PDS ZLWK , PJDO LQWHUYDO�

LVRPHWULF WKUHH�GLPHQVLRQDO JUDYLW\ DQRPDO\ VXUIDFH� LQVWUXPHQ�

WDWLRQ� ILHOG SURFHGXUHV� DQG GDWD UHGXFWLRQ PHWKRGV� GDWD HUURU

DQDO\VLV� UHJLRQDO JUDYLW\ SDWWHUQV DQG REVHUYHG YDOXHV RQ WHUUDLQ�

FRUUHFWHG %RXJXHU JUDYLW\ DQRPDO\ PDS� &RYH )RUW�6XOSKXUGDOH

JUDYLW\ SDWWHUQV� DQRPDO\ VHSDUDWLRQ WHFKQLTXHV� JUDYLW\ SURILOH�

DQG JHRORJLF LQWHUSUHWDWLRQ WHFKQLTXHV� WDEOH VKRZLQJ ORFDWLRQ DQG

ZHW EXON GHQVLW\ RI URFN VDPSOHV IURP DUHD�

%580%$8*+�:� '�� DQG &RRN� .� /�� ����� *UDYLW\ VXUYH\ RI WKH

&RYH )RUW�6XOSKXUGDOH .*5$ DQG WKH QRUWK 0LQHUDO 0RXQWDLQV

DUHD� 0LOODUG DQG %HDYHU &RXQWLHV� 8WDK� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV 5HSRUW� QR� ����� ��� S�

%5<$1� .LUN� ����� &ODVVLILFDWLRQ RI VSULQJV� -RXUQDO RI *HRORJ\�

Y� ��� S� ��������

%5<$17� 1� /�� ����� +\GURWKHUPDO DOWHUDWLRQ DW 5RRVHYHOW +RW

6SULQJV .5*$ � ''+ ������� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\

RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S� 6HH %U\DQW DQG 3DUU\

�, �����

%5<$17� 1� /�� DQG 3DUU\� :� 7�� ����� +\GURWKHUPDO DOWHUDWLRQ DW

5RRVHYHOW +RW 6SULQJV .*5$ �''+������� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV 7HFKQLFDO5HSRUW� Y� �����

�� S�

8VH RI SHWURJUDSKLF� ;�UD\� DQG FKHPLFDO PHWKRGV WR FKDUDFWHUL]H

V\VWHPDWLF FKDQJHV LQ FKHPLVWU\ DQGPLQHUDORJ\ LQ D ��� IRRW GULOO

FRUH� DOWHUDWLRQ ]RQHV DQG FKHPLFDO DQDO\VHV RI ]RQHV� PRGHO

SURSRVHG WR DFFRXQW IRU ]RQHV� HVWLPDWLRQ RI KHDW IORZ

FRQWULEXWLRQV IURP K\GURWKHUPDO DOWHUDWLRQ� JHRORJ\ DQG VWUXFWXUH

RI 5RRVHYHOW +RW 6SULQJV� OLWKRORJLF FRUH�

%8&+(5�5� /�� �����&UXVWDO DQG XSSHUPDQWOH VWUXFWXUH EHQHDWK WKH

&RORUDGR 3ODWHDX DQG %DVLQ DQG 5DQJH 3URYLQFHV DV GHWHUPLQHG

IURP 5D\OHLJK�ZDYH GLVSHUVLRQ� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\

RI 8WDK� XQSXEOLVKHG 3K�'� WKHVLV� ��� S�

%85%$1. &LW\ 3XEOLF 6HUYLFH 'HSDUWPHQW� ����� 6LWH�VSHFLILF

DQDO\VLV RI K\EULG JHRWKHUPDO�IRVVLO SRZHU SODQWV� Y� �� 5RRVHYHOW

+RW 6SULQJV .*5$� 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH

5HSRUW� QR� 6$1������7���� S�

%87/(5� '� 5�� ����� *HRWKHUPDO HQHUJ\ RQ WKH 3DFLILF &RDVW� LQ

:HDYHU� '� :�� DQG RWKHUV� HGLWRUV� 3DOHRJHQH V\PSRVLXP DQG

VHOHFWHG WHFKQLFDO SDSHUV� FRQIHUHQFH RQ IXWXUH HQHUJ\ KRUL]RQV RI

WKH 3DFLILF &RDVW� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP *HRORJLVWV

3DFLILF 6HFWLRQ� S� �������

%87=� -� 5�� ����� $ FDVH VWXG\ RI WZR�SKDVH IORZ DW WKH 5RRVHYHOW

+RW 6SULQJV� 8WDK .*5$� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� S� ��������

&DVH VWXG\ RI WZR�SKDVH �VWHDP�ZDWHU� IORZ LQ ZHOO� 8WDK 6WDWH

���� WR REWDLQ SUHVVXUH DQG WHPSHUDWXUH ORJV DV D IXQFWLRQ RI

GHSWK� ILHOG WHVW SURFHGXUHV DQG HTXLSPHQW SHUIRUPDQFH SUREOHPV�

GDWD UHGXFWLRQ SURFHGXUHV� DQDO\VLV RI GDWD� FRPSDULVRQ RI WHVW

GDWD ZLWK D WZR�SKDVH IORZ SUHGLFWLYH FRPSXWHU PRGHO�

FRPSDULVRQ RI PD[LPXP VXVWDLQDEOH IORZ UDWH IURP D UHVHUYRLU DV

D IXQFWLRQ RI FDVLQJ GLDPHWHU� FDOFXODWLRQ RI D 3URGXFWLYLW\ ,QGH[

FDSDEOH RI SURGXFLQJ LQSXW IORZ UDWH XQGHU JLYHQ FRQGLWLRQV�

UHVXOWV DQG DQDO\VLV RI WHVWV DQG PRGHO GHYLDWLRQV

%87=� -� 5�� DQG 3ORRVWHU� 0�� ����� 6XEVXUIDFH LQYHVWLJDWLRQV DW WKH

5RRVHYHOW .*5$� 8WDK� ZHOO ����� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�5+6�'5,��� �� S�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK �

)LQDO UHSRUW RI '5, IORZ WHVW� SUHGLFWLRQV IRU ZHOO SURGXFWLRQ

FDSDFLWLHV� FRPSXWHU PRGHOLQJ RI GDWD IRU LQGLFDWLRQ RI PD[LPXP

IORZ UDWHV� WHPSHUDWXUH DQG SUHVVXUH ORJV�

&$'<� &� &�� ����� +\GURWKHUPDO DOWHUDWLRQ LQ WKH &RUUDO &DQ\RQ

VKHDU ]RQH� 0LQHUDO 0RXQWDLQV� 8WDK� ZLWK LQIHUHQFHV IRU

VKHDULQJ� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG

0DVWHUV WKHVLV� �� S�

&$/.,16� :� *�� ����� 0DJQHWLF DQG JUDYLW\ VWXG\ RI 'HVHUW

0RXQWDLQ� -XDE &RXQW\� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

&$//$*+$1� (XJHQH� DQG 7KRPDV� +� (�� ����� 0DQJDQHVH LQ D

WKHUPDO VSULQJ LQZHVW�FHQWUDO 8WDK� (FRQRPLF*HRORJ\� Y� ��� QR�

�� S� ��������

&RPPHUFLDOO\ H[SORLWHG PDQJDQHVH RUH IURP $EUDKDP +RW

6SULQJV� VXUIDFH IHDWXUHV RI $EUDKDP +RW 6SULQJV DUHD� JHQHUDO

JHRORJ\ RI WKH DUHD� WHPSHUDWXUH UDQJHV DQG GLVFKDUJH UDWHV RI

ZDWHUV LVVXLQJ IURP WKH KRW VSULQJV GRPH� WDEOH VKRZLQJ DQDO\VHV

RI ZDWHUV� GHSRVLWV DQG DOWHUDWLRQ IURP WKH VSULQJV� WDEOH VKRZLQJ

DQDO\VHV RI PDQJDQHVH RUH IURP $EUDKDP +RW 6SULQJV�

VSHFXODWLRQ RQ WKH RULJLQ RI PLQHUDOV LQ $EUDKDP +RW 6SULQJV

GHSRVLWV� VSHFXODWLRQ RQ RULJLQ RI KRW VSULQJ ZDWHUV� DYHUDJH

WHPSHUDWXUH JUDGLHQW IRU D GR]HQ ZHOOV LQ WKH UHJLRQ� FRPSDULVRQ

ZLWK RWKHU PDQJDQHVH GHSRVLWV� WRWDO \LHOG RI PDQJDQHVH IURP

$EUDKDP +RW 6SULQJV�

&$//(1'(5� -� )�� 6ZDQEHUJ� &� $�� 0RUJDQ� 3�� 6WR\HU� &� +�� DQG

:LWFKHU� -� &�� ����� $SSUDLVDO VWXG\ RI WKH JHRWKHUPDO UHVRXUFHV

RI $UL]RQD DQG DGMDFHQW DUHDV LQ 1HZ 0H[LFR DQG 8WDK DQG WKHLU

YDOXH IRU GHVDOLQDWLRQ DQG RWKHU XVHV� 1HZ 0H[LFR (QHUJ\

,QVWLWXWH 5HSRUW� QR� 10(,����� �� S�

&$03%(//� '� /�� &XQQLQJKDP� &� *�� 6WHYHQ� 7� $�� 5RZOH\� 3�

'��*ODVVJROG� /� %�� DQG$QGHUVRQ� -� -�� �����$HURPDJQHWLFPDS

RQ D JHRORJLF EDVH PDS RI WKH 7XVKDU 0RXQWDLQV DQG DGMRLQLQJ

DUHDV� 0DU\VYDOH YROFDQLF ILHOG� 8WDK� 8�6� *HRORJLFDO 6XUYH\

0LVFHOODQHRXV ,QYHVWLJDWLRQV 6HULHV 0DS ,� , ���'� VFDOH ��

�������

&$03%(//� '� /�� DQG )ODQLJDQ� 9� -�� ����� *HRSK\VLFDO

PHDVXUHPHQWV LQ WKH %HDYHU %DVLQ� ZHVW�FHQWUDO 8WDK� 3DUW ���

5HVLVWLYLW\� ,3� DQG VHLVPLF LQYHVWLJDWLRQV�8�6�*HRORJLFDO 6XUYH\

2SHQ�)LOH 5HSRUW ������� �� S�

&$38$12� 5� 0�� DQG %DPIRUG� 5� :�� ����� ,QLWLDO LQYHVWLJDWLRQ

RI VRLO PHUFXU\ JHRFKHPLVWU\ DV DQ DLG WR GULOO VLWH VHOHFWLRQ LQ

JHRWKHUPDO V\VWHPV� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI8WDK

5HVHDUFK ,QVWLWXWH 5HSRUW� QR� ,'2���������E����� �� S�

6RLO PHUFXU\ JHRFKHPLVWU\ IURP SDVW VWXGLHV DW 5RRVHYHOW�

REMHFWLYH RI VWXG\� JHRORJ\ RI VWXG\ DUHD� JHRORJLF VWUXFWXUHV

FRQWUROOLQJ 5RRVHYHOW JHRWKHUPDO V\VWHP� PDS VKRZLQJ PHUFXU\

WUDYHUVHV DQG ZHOO ORFDWLRQV DW 5RRVHYHOW� SURFHGXUHV IRU VRLO

VDPSOLQJ DQG DQDO\VLV� SUHFLVLRQ RI PHDVXUHPHQWV� JHRFKHPLFDO

EDFNJURXQG DQG WKUHVKROG FDOFXODWLRQV� UHVXOWV DQG LPSOLFDWLRQV RI

PHUFXU\ FRQFHQWUDWLRQV LQ VRLOV� SUR[LPLW\ RI PHUFXU\ DQRPDOLHV

WR NQRZQ JHRORJLF VWUXFWXUHV�

&$38$12� 5�0�� DQG &ROH� '� 5�� ����� )OXLG�PLQHUDO HTXLOLEULD LQ

D K\GURWKHUPDO V\VWHP� 5RRVHYHOW +RW 6SULQJV� 8WDK� *HRFKLPLFD

HW &RVPRFKLPLFD $FWD� Y� ��� QR� �� S� ���������� DOVR� ��� ��

�DEV�� *HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y�

��� QR� �� S� ����

([SORUHV UHODWLRQVKLS EHWZHHQ FKHPLFDO DQG SK\VLFDO SURFHVVHV

WKDW RFFXU GXULQJ K\GURWKHUPDO DOWHUDWLRQ LQ D JHRWKHUPDO V\VWHP�

GHILQHV DQ DOWHUDWLRQ SDWWHUQ FKDUDFWHULVWLF RI WKH UHVHUYRLU URFN�

HYDOXDWHV DQG FRPSDUHV PLQHUDO HTXLOLEUD LQ GHHS UHVHUYRLU IOXLG

ZLWK WKH DOWHUDWLRQ PLQHUDORJ\ RI WKH UHVHUYRLU URFN� FDOFXODWLRQ RI

GHHS UHVHUYRLU IOXLG FKHPLVWU\� GLVFXVVHV JHRORJ\ DQG K\�

GURWKHUPDO DOWHUDWLRQ�

&$5/6721� .� -�� ����� (OHFWULF ILHOG UDWLR WHOOXULF VXUYH\ RI WKH

5RRVHYHOW+RW 6SULQJV�8WDK� (DUWK 6FLHQFH/DERUDWRU\�8QLYHUVLW\

RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�(7���������� �� S��

DOVR� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG

0DVWHUV WKHVLV� ��� S�

3UHYLRXV JHRORJLF VWXGLHV DQG JHRORJLF VHWWLQJ RI 5RRVHYHOW +RW

6SULQJV UHJLRQ� ILHOG LQVWUXPHQWV DQGPHDVXUHPHQWV�PDS VKRZLQJ

ORFDWLRQV RI IRXU PHDVXUHG SURILOHV� TXDOLWDWLYH DQG TXDQWLWDWLYH

LQWHUSUHWDWLRQV RI GDWD� FRPSDULVRQV RI ILHOG GDWD SURILOHV ZLWK

FDOFXODWHG UHODWLYH HOHFWULF ILHOG FXUYHV DQG ZLWK WKH PRGHOV

GHULYHG IURP 6FKOXPEHUJHU UHVLVWLYLW\ GDWD� FRPSDULVRQ RI ILHOG

GDWD ZLWK FDOFXODWHG FXUYHV UHVXOWLQJ IURP PRGHOV GHULYHG IURP

&6$07GDWD� FRPSDULVRQ RI ILHOG GDWD ZLWK FXUYHV UHVXOWLQJ IURP

PRGHOV GHULYHG IURP GLSROH�GLSROH GDWD� FRQFOXVLRQV�

&$53(17(5� &� +�� DQG <RXQJ� 5� $�� ����� 5HFRUGV RI VHOHFWHG

ZHOOV DQG VSULQJV� FKHPLFDO DQDO\VHV RI JURXQG ZDWHU� ZDWHU OHYHO

PHDVXUHPHQWV RI VHOHFWHG ZHOOV� VHOHFWHG GULOOHUV
 ORJV RI ZHOOV�

DQG ORJV RI WHVW KROHV� FHQWUDO 6HYLHU 9DOOH\� 6DQSHWH� 6HYLHU� DQG

3LXWH &RXQWLHV� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW

������ �� S�

&$53(17(5� &� +�� DQG <RXQJ� 5� $�� ����� 5HFRUGV RI VHOHFWHG

ZHOOV DQG VSULQJV� FKHPLFDO DQDO\VHV RI JURXQG ZDWHU� ZDWHU OHYHO

PHDVXUHPHQWV RI VHOHFWHG ZHOOV� VHOHFWHG GULOOHUV
 ORJV RI ZHOOV�

DQG ORJV RI WHVW KROHV� FHQWUDO 6HYLHU 9DOOH\� 6DQSHWH� 6HYLHU� DQG

3LXWH &RXQWLHV� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW

������ �� S�

&$53(17(5� (YHUHWW� ����� *URXQG ZDWHU LQ %R[ (OGHU DQG 7RRHOH

&RXQWLHV� 8WDK� 8�6� *HRORJLFDO 6XUYH\:DWHU�6XSSO\ 3DSHU ����

�� S�

&$55,(5� '� /�� ����� *UDYLW\ DQG KHDW IORZ VWXGLHV DW 7ZLQ 3HDNV�

DQ DUHD RI ODWH 7HUWLDU\ VLOLFLF YROFDQLVP LQ 0LOODUG &RXQW\� 8WDK�

6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV

WKHVLV� ��� S�



� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

&$55,(5� '� /�� DQG &KDSPDQ� '� 6�� ����� *UDYLW\ DQG KHDW IORZ

VWXGLHV LQ WKH &RYH &UHHN 'RPH DUHD� 8WDK �DEV��� *HRORJLFDO

6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� ,,� QR� �� S� ����

*UDYLW\ DQG KHDW IORZ VWXGLHV LQ \RXQJ UK\ROLWHV DQG EDVDOWV� ���

QHZ JUDYLW\ VWDWLRQV DORQJ WKUHH SURILOHV� SURQRXQFHG �� PJDO

JUDYLW\ ORZ� UDQJH RI WHUUDLQ�FRUUHFWHG %RXJXHU JUDYLW\ YDOXHV�

DYHUDJH KHDW IORZ UHVXOWV� LQWHUSUHWDWLRQ RI D UHJLRQDO JUDYLW\

SDWWHUQ�

&$55,(5� '� /�� DQG &KDSPDQ� '� 6�� ����� *UDYLW\ DQG WKHUPDO

PRGHOV RI WKH 7ZLQ 3HDNV PDJPD V\VWHP� ZHVW�FHQWUDO 8WDK�

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ������

&$5621� &� &�� DQG /LYHVD\� %� -�� ����� :HOO GHVFULSWLRQV IRU

JHRWKHUPDO GULOOLQJ�*HRWKHUPDO5HVRXUFHV&RXQFLO� 7UDQVDFWLRQV�

Y� �� S� ��������

&$57(5� -� $�� ����� 5HJLRQDO JUDYLW\ DQG DHURPDJQHWLF VXUYH\V RI

WKH0LQHUDO0RXQWDLQV DQG YLFLQLW\�0LOODUG DQG%HDYHU &RXQWLHV�

8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG

0DVWHUV WKHVLV� ��� S�

&$57(5� -� $�� DQG &RRN� .� /�� ����� 5HJLRQDO JUDYLW\ DQG

DHURPDJQHWLF VXUYH\V RI WKH 0LQHUDO 0RXQWDLQV DQG YLFLQLW\�

0LOODUG DQG %HDYHU &RXQWLHV� 8WDK� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO 5HSRUW� Y� ������

��� S�

&$57(5� -� $�� &RRN� .� /�� %UXPEDXJK� :� '�� :DUG� 6� +�� &UHEV�

7� -�� DQG 7KDQJVXSKDQLFK� ,�� ����� 5HJLRQDO DHURPDJQHWLF DQG

JUDYLW\ VXUYH\V RI WKH 5RRVHYHOW +RW 6SULQJV DQG &RYH )RUW�

6XOSKXUGDOH .*5$6� 8WDK �DEV��� *HRSK\VLFV� Y� ��� QR� �� S�

�����

$HURPDJQHWLFPDSRI0LQHUDO0RXQWDLQV GLJLWL]HG DQG UHGXFHG WR

WKH SROH DQG GRZQZDUG FRQWLQXHG� GRZQZDUG FRQWLQXHG PDS DQG

D SVHXGRPDJQHWLF PDS XVHG DV EDVH PDSV IRU SRO\QRPLDO ILWWLQJ

DQG DSSOLFDWLRQ RI VHYHUDO OLQHDU ILOWHUV� DQRPDO\ DQDO\VLV

SURFHGXUHV DQG UHVXOWV� GHVFULSWLRQ RI 0LQHUDO 5DQJH

DHURPDJQHWLF PDS�

&$6(� 5�:�� ����� $ UHJLRQDO JUDYLW\ VXUYH\ RI WKH 6HYLHU /DNH DUHD�

0LOODUG DQG %HDYHU &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK�

8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

&$6.(<� &� )�� DQG 6KXH\� 5� 7�� ����� 0LG�7HUWLDU\ YROFDQLF

VWUDWLJUDSK\� 6HYLHU�&RYH )RUW DUHD� FHQWUDO 8WDK� 8WDK *HRORJ\�

Y� �� QR� �� S� ������

&$66(/� 7� $� 9�� (GHOVWHLQ� 5� +�� DQG %ODLU� 3� '�� �����

*HRWKHUPDO LQYHVWPHQW DQDO\VLV ZLWK VLWH�VSHFLILF DSSOLFDWLRQV WR

5RRVHYHOW+RW 6SULQJV DQG&RYH)RUW�6XOSKXUGDOH�8WDK�1DWLRQDO

7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� '2(�(7�������7,�

��� S�

6WXG\ WR DQDO\]H DQGPRGHO WKH LQYHVWPHQW EHKDYLRU RI FRPSDQLHV

LQYROYHG LQ WKH GHYHORSPHQW RI K\GURWKHUPDO HOHFWULF SRZHU

IDFLOLWLHV� LQYHVWPHQW PRGHO DV D PHDQV WR SUHGLFW FDSLWDO

LQYHVWPHQWV LQ WKH GHYHORSPHQW RI K\GURWKHUPDO ZHOO ILHOGV IRU

HOHFWULF SRZHU SURGXFWLRQ� LQYHVWPHQW FRQVLGHUDWLRQV IRU WKH

UHVRXUFH SURGXFLQJ FRPSDQ\� HOHFWULF XWLOLW\ FRPSDQ\� DQG

FRPPHUFLDO ILQDQFLQJ ILUPV� FDVK IORZ PRGHO WR SUREDELOLVWLFDOO\

HVWLPDWH WKH ILQDQFLDO DWWULEXWHV RI VLWH VSHFLILF YHQWXUHV�

VLPXODWLRQ PRGHO ZKLFK HVWLPDWHV SUREDELOLVWLF GLVWULEXWLRQ IRU

JDLQ� ORVV� RU SD\EDFN WLPH DW D JLYHQ UHVRXUFH WLPH� DSSOLFDWLRQ RI

LQYHVWPHQW PRGHO GHYHORSHG LQ WKLV UHSRUW WR 5RRVHYHOW DQG &RYH

)RUW .*5$6� WDEOHV RI UHVRXUFH FKDUDFWHULVWLFV� GHYHORSPHQWDO

GDWD� DQG FXPXODWLYH SUREDELOLW\ JUDSKV RI WKH QHW SUHVHQW YDOXH

HVWLPDWHG IRU D VSHFLILF OHYHO RI SRZHU GHYHORSPHQW�

&$66(/� 7� $� 9�� (GHOVWHLQ� 5� +�� %ODLU� 3� '�� DQG $PXQGVHQ� &�

%�� ����� *HRWKHUPDO LQYHVWPHQW DQG SROLF\ DQDO\VLV ZLWK

HYDOXDWLRQ RI &DOLIRUQLD DQG 8WDK UHVRXUFHV DUHD� 1DWLRQDO

7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� '2(�5$�������� ���

S�

&+$30$1� '� 6�� %ODFNZHOO� '� '�� 3DUU\� :� 7�� 6LOO� :� 5�� :DUG�

6� +�� DQG :KHODQ� -� $�� ����� 5HJLRQDO KHDW IORZ DQG

JHRFKHPLFDO VWXGLHV LQ VRXWKZHVW 8WDK� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO 5HSRUW� Y� ��

FRQWUDFW QR� ���������� �*����� ��� S�

&+$30$1� '� 6�� &OHPHQW� 0� '�� DQG0DVH� &� :�� ����� 7KHUPDO

UHJLPH RI WKH (VFDODQWH 'HVHUW� 8WDK� ZLWK DQ DQDO\VLV RI WKH

1HZFDVWOH JHRWKHUPDO V\VWHP� -RXUQDO RI *HRSK\VLFDO 5HVHDUFK�

Y� ��� QR� %��� S� ��������������

/RFDWLRQ� VWUDWLJUDSK\� DQG JHQHUDO JHRORJ\ RI WKH (VFDODQWH

'HVHUW� 8WDK� SURFHGXUHV DQG HTXLSPHQW XVHG WR PHDVXUH KHDW

IORZ� JUDSK RI WHPSHUDWXUH�GHSWK SURILOHV� JHRORJLF PDS RI WKH

(VFDODQWH 'HVHUW UHJLRQ� GULOOLQJ SUREOHPV DQG GRZQ�KROH

WHPSHUDWXUHV� GHWHUPLQDWLRQ RI WKHUPDO FRQGXFWLYLWLHV� WDEOH

VKRZLQJ EDVLF GDWD FROOHFWHG IRU (VFDODQWH 'HVHUW KHDW IORZ�

VXUIDFH FKDUDFWHULVWLFV DQG KHDW IORZ LQ WKH 1HZFDVWOH JHRWKHUPDO

V\VWHP� JUDSK RI WHPSHUDWXUH�GHSWK SURILOHV DQG KHDW IORZPDS IRU

WKH 1HZFDVWOH JHRWKHUPDO V\VWHP�

&+$30$1� '� 6�� DQG +DUULVRQ� 5�� ����� 0RQURH� 8WDK�

K\GURWKHUPDO V\VWHP� UHVXOWV IURP GULOOLQJ RI WHVW ZHOOV 0&, DQG

0&�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 5HSRUW� QR� ,'2��������������� �� S�

7HVW ZHOOV XVHG WR REWDLQ VWUXFWXUDO LQIRUPDWLRQ RQ GLS RI 6HYLHU

IDXOW DQG WHPSHUDWXUH LQIRUPDWLRQ EHORZ ��� IHHW� FDVHG ZHOOV WR

EH XVHG IRU PRQLWRULQJ� OLWKRORJLF ORJV� KHDW IORZ DQG WHPSHUDWXUH

FURVV�VHFWLRQV� JUDYLW\ DQG PDJQHWLF LQWHUSUHWDWLRQ� GLSROH�GLSROH

UHVLVWLYLW\ SVHXGRVHFWLRQ�

&+$30$1� '� 6�� DQG .HKR� 7�� ����� $ WKHUPDO UHVLVWDQFH PHWKRG

IRU FRPSXWLQJ VXUIDFH KHDW IORZ DQG VXEVXUIDFH WHPSHUDWXUHVZLWK

DSSOLFDWLRQ WR WKH 8QLWD %DVLQ RI QRUWKHDVWHUQ 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'�� �������� �� S�

&+$30$1� '� 6�� .LOW\� .� 7�� DQG 0DVH� &� :�� ����D�

&KDUDFWHULVWLFV RI D IDXOW FRQWUROOHGJHRWKHUPDO V\VWHP �DEV��� (26



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK �

7UDQVDFWLRQV� $PHULFDQ *HRSK\VLFDO 8QLRQ� Y� ��� QR� ��� S�

�����

6WXG\ RI 0RQURH� 8WDK JHRWKHUPDO V\VWHP �ORFDWHG DORQJ WKH

6HYLHU IDXOW� WR GHWHUPLQH VL]H� JHRPHWU\� KHDW ORVV� DQG IOXLG IORZ

SDWWHUQV IRU WKH K\GURWKHUPDO V\VWHP� XVH RI ��� P GLSROH�GLSROH

ILUVW VHSDUDWLRQ DSSDUHQW UHVLVWLYLW\ DQG WRWDO PDJQHWLF LQWHQVLW\

PDSV WR GHOLQHDWH IDXOW ]RQH DQG ]RQH RI ORZ UHVLVWLYLW\� WZR

SURILOHV RI WKHUPDO JUDGLHQWV LQ ,, GULOO KROHV� KHDW IORZ DQG WRWDO

KHDW ORVV RI JHRWKHUPDO V\VWHP� PRGHOLQJ RI VXEVXUIDFH

WHPSHUDWXUH ILHOG XVLQJ IRUFHG FRQYHFWLRQ XS D GLSSLQJ SHUPHDEOH

IUDFWXUH ]RQH�

&+$30$1� '� 6�� .LOW\� .� 7�� DQG 0DVH� &� :�� ����E�

7HPSHUDWXUHV DQG WKHLU GHSHQGHQFH RQ JURXQGZDWHU IORZ LQ

VKDOORZ JHRWKHUPDO V\VWHPV� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� S� ������

&+,/'6� )� :�� -RQHV� .� :�� 1HOVRQ� /� %�� 6WUDZQ� -� $�� DQG

7XFNHU� 0� .�� ����� 3URJUHVV LQ GLUHFW KHDW DSSOLFDWLRQV SURMHFWV�

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

&+5,67(16(1� �� '�� ����� 0XOWLHOHPHQW JHRFKHPLVWU\ RI WKUHH

JHRWKHUPDO ZHOOV� &RYH )RUW�6XOSKXUGDOH JHRWKHUPDO DUHD� 8WDK�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

5HSRUW� QR� '2(�,'������������ S�

,QWHUSUHWDWLRQ RI WKH UHODWLRQVKLS RI GULOO FXWWLQJ JHRFKHPLVWU\ WR

VHTXHQWLDO K\GURWKHUPDO HYHQWV� JHRORJLF VHWWLQJ� PHWKRGV RI

VDPSOH DQDO\VLV� HOHPHQWDO GLVWULEXWLRQ SRSXODWLRQV� ILJXUHV RI

HOHPHQWDO GLVWULEXWLRQ� VXOILGH GLVWULEXWLRQ� DQG OLWKRORJ\ IRU WKUHH

ZHOOV

&+5,67(16(1� �� '�� &DSXDQR� 5� $�� DQG 0RRUH� -� 1�� �����

7UDFH�HOHPHQW GLVWULEXWLRQ LQ DQ DFWLYH K\GURWKHUPDO V\VWHP�

5RRVHYHOW+RW 6SULQJV WKHUPDO DUHD�8WDK� -RXUQDO RI9ROFDQRORJ\

DQG *HRWKHUPDO 5HVHDUFK� Y� ��� QR� ò� S� �������

2FFXUUHQFH RI WUDFH DPRXQWV RI EDVH DQG SUHFLRXV PHWDOV LQ KRW

VSULQJ GHSRVLWV DQG K\GURWKHUPDOO\ DOWHUHG URFNV� VFRSH RI VWXG\�

JHQHUDO JHRORJ\ RI 5RRVHYHOW +RW 6SULQJV DUHD� WDEOH VKRZLQJ

FKHPLVWU\ RI WKHUPDO ZDWHUV� PLQHUDO FRQWHQW RI K\GURWKHUPDO

DOWHUDWLRQ DQG KRW VSULQJ GHSRVLWV DW 5RRVHYHOW� K\GURWKHUPDO

PLQHUDO DVVHPEODJHV DW GHSWK� VDPSOH FROOHFWLRQ SURFHGXUHV�

DQDO\WLFDO WHFKQLTXHV DQG UHVXOWV� JUDSKV VKRZLQJ FXPXODWLYH

IUHTXHQF\ GLVWULEXWLRQ RQ ORJ�SUREDELOLW\ FRRUGLQDWHV RI $V� +J�

DQG /L FRQWHQWV RI �� LQ LQWHUYDO GULOO KROH FXWWLQJ VDPSOHV� ILYH

VXLWHV RI WUDFH�HOHPHQW HQULFKPHQWV DW 5RRVHYHOW� WDEOH VKRZLQJ

FKHPLVWU\ RI VXUIDFH VDPSOHV� VRLO JHRFKHPLVWU\ UHVXOWV�

FRQFHQWUDWLRQV RI $V� /L� +J� DQG 6E LQ GULOO FXWWLQJV� GLVWULEXWLRQ

RI $V� 6E� /L� +J� )H� DQG 0Q� SURSRVHG JHRWKHUPDO V\VWHP

PRGHO� VLJQLILFDQFH RI WUDFH�HOHPHQW JHRFKHPLFDO GLVWULEXWLRQV LQ

JHRWKHUPDO H[SORUDWLRQ�

&+5,67(16(1� 2� '�� 0RRUH� -� 1�� DQG &DSXDQR� 5� 0�� �����

7UDFH HOHPHQW JHRFKHPLFDO ]RQLQJ LQ WKH 5RRVHYHOW +RW 6SULQJV

WKHUPDO DUHD� 8WDK� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV�

Y� �� S� ��������

/LWKRORJ\� VWUXFWXUH� DQG JHRORJLF VHWWLQJ RI 5RRVHYHOW +RW

6SULQJV� JHRFKHPLVWU\ RI JHRWKHUPDO IOXLGV� JHRFKHPLFDO VHFWLRQ

DFURVV WKH JHRWKHUPDO V\VWHP EDVHG RQ WHPSHUDWXUHV DQG

GLVWULEXWLRQ RI $V� +J� DQG /L LQ WZR SURGXFLQJ ZHOOV DQG RQH

QRQSURGXFLQJ GULOO KROH� FRPSDULVRQ RI WUDFH HOHPHQW GLVWULEXWLRQ

SDWWHUQV DQG DSSOLFDWLRQ RI SDWWHUQV WR WHPSHUDWXUH FRQILJXUDWLRQV

DQG IOXLG IORZ� WUDFH HOHPHQW FRQWHQW RI VRLOV DQG PLQHUDOV�

&+5,67,$16(1� 5� /�� DQG /LSPDQ� 3� :�� ����� &HQR]RLF

YROFDQLVP DQG SODWH WHFWRQLF HYROXWLRQ RI WKH ZHVWHUQ 8QLWHG

6WDWHV� ,,� /DWH &HQR]RLF� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH5R\DO

6RFLHW\ RI /RQGRQ� V� $���� S� �������

&+8� -� -�� ����� ,QGXFHG SRODUL]DWLRQ GDWD DW 5RRVHYHOW +RW 6SULQJV

JHRWKHUPDO DUHD� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

3XUSRVH RI VWXG\� VLPLODU VWXGLHV DQG UHVXOWV� ORFDWLRQ RI5RRVHYHOW

+RW 6SULQJV .*5$� VDPSOH SUHSDUDWLRQ DQG H[SHULPHQWDO

SURFHGXUHV IRU ODERUDWRU\ UHVHDUFK� ODERUDWRU\ GDWD FROOHFWHG DW ���

��� DQG �� GHJUHHV & RQ K\GURWKHUPDOO\ DOWHUHG URFNV�

LQWHUSUHWDWLRQV IURP WHQ ODERUDWRU\ VDPSOHV� WDEOH VKRZLQJ

SDUDPHWHU YDOXHV RI HIIHFWLYH SRURVLW\� FDWLRQ H[FKDQJH FDSDFLW\�

DQG FOD\ DQG S\ULWH FRQWHQW IRU VL[ FRUH VDPSOHV� UHVLVWLYLW\ DQG WKH

HIIHFWV RI WHPSHUDWXUH� WZR LQGXFHG SRODUL]DWLRQ ILHOG WUDYHUVHV

DFURVV VWXG\ DUHD� LQWHUSUHWDWLRQ RI ILHOG GDWD� DSSDUHQW UHVLVWLYLW\

SVHXGRVHFWLRQV IRU KLJK DQG ORZ IUHTXHQFLHV� SKDVH H[WUDSRODWLRQ�

UHPRYDO RI LQGXFWLYH FRXSOLQJ XVLQJ WKH GRXEOH &ROH�&ROH PRGHO�

FRQFOXVLRQV�

&+8� -� -�� 6LOO� :� 5�� DQG :DUG� 6� +�� ����� ,QGXFHG SRODUL]DWLRQ

PHDVXUHPHQWV DW 5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� 8WDK� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW�

QR� ,'2���������D������� �� S�� DOVR� ����� �DEV��� *HRSK\VLFV� Y�

��� QR� �� S� ����

6HH &KX �������

&,$1&$1(//,� (� 9�� ����� *HRORJ\ DQG JHRSK\VLFV RI WKH

5RRVHYHOW JHRWKHUPDO ILHOG�8WDK�2
%ULHQ�7KHUPDO 3RZHU�$0$;

DSSOLFDWLRQ IRU DQ (5'$ ORDQ JXDUDQWHH� �� S�

/RFDWLRQ DQG H[SORUDWLRQ KLVWRU\ RI 5RRVHYHOW +RW 6SULQJV

JHRWKHUPDO DUHD� UHJLRQDO DQG ORFDO JHRORJ\� 0LQHUDO 0RXQWDLQV

VWUDWLJUDSK\� 7HUWLDU\ YROFDQLF VHFWLRQ� SHWURORJ\� DQG DJH GDWHV�

UHJLRQDO DQG ORFDO VWUXFWXUH� GHVFULSWLRQ RI WKHUPDOPDQLIHVWDWLRQV

LQ WKH 5RRVHYHOW DUHD� WKHUPDO JUDGLHQW WUHQGV DQG SURGXFWLRQ

FDSDELOLWLHV IRU VHYHQ WKHUPDO ZHOOV� K\GURWKHUPDO DOWHUDWLRQ�

VSHFXODWLRQV RQ KHDW VRXUFH� VHYHUDO FKHPLFDOO\ GLVWLQFW ZDWHU

W\SHV IURP DUHD� WDEOH VKRZLQJ VHOHFWHG 5RRVHYHOW .*5$ ZDWHU

DQDO\VHV� WHPSHUDWXUH UDQJH IURP JHRWKHUPRPHWHU VWXGLHV�

%RXJXHU JUDYLW\ DQRPDO\ PDS DQG GLVFXVVLRQ RI JUDYLW\ SDWWHUQV�

DHURPDJQHWLF LQWHQVLW\ UHVLGXDO DQRPDO\ PDS DQG WUHQGV� SDVVLYH

VHLVPLF DQG HOHFWULFDO VXUYH\V� WHPSHUDWXUH JUDGLHQWV� JHRORJ\ RI

VHFWLRQ ��� GULOOLQJ� VDPSOLQJ� OLWKRORJ\� DOWHUDWLRQ� DQG UHVHUYRLU

SUHVVXUH HVWLPDWHV RI ZHOO ������

&,$1&$1(//,� (� 9�� DQG &RUPDQ� )� '�� ����� *HRORJ\ RI WKH



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

5RRVHYHOW JHRWKHUPDO ILHOG� %HDYHU &RXQW\� 8WDK� &DQDGLDQ

*HRWKHUPDO 5HVRXUFHV $VVRFLDWLRQ 1HZVOHWWHU� QR� �� S� ��

6HH &LDQFDQHOOL �������

&/$5.� $� /�� &DONLQV� -� $�� 7RQJLRUJL� (�� DQG 6WHIDQHOOL� (�� �����

$ UHSRUW RQ WKH LQWHUQDWLRQDO JHRWKHUPDO LQIRUPDWLRQ H[FKDQJH

SURJUDP� ���������� 8QLWHG 1DWLRQV V\PSRVLXP RQ WKH

GHYHORSPHQW DQG XVH RI JHRWKHUPDO UHVRXUFHV� �G� 6DQ )UDQFLVFR�

&DOLIRUQLD� ����� 3URFHHGLQJV� Y� �� S� �������

&/$5.� (� (�� ����� /DWH &HQR]RLF YROFDQLF DQG WHFWRQLF DFWLYLW\

DORQJ WKH HDVWHUQ PDUJLQ RI WKH *UHDW %DVLQ� LQ WKH SUR[LPLW\ RI

&RYH )RUW� 8WDK� %ULJKDP <RXQJ 8QLYHUVLW\ *HRORJ\ 6WXGLHV� Y�

��� SW� �� S� �������

&/$5.(� )� :�� ����� :DWHU DQDO\VHV IURP WKH ODERUDWRU\ RI WKH

8QLWHG 6WDWHV *HRORJLFDO 6XUYH\� 8�6� *HRORJLFDO 6XUYH\ :DWHU�

6XSSO\ 3DSHU ���� �� S�

&/($5<� 0� '�� ����� 'HVFULSWLRQ DQG LQWHUSUHWDWLRQ RI

JHRWKHUPRPHWU\ DV DSSOLHG WR 8WDK VSULQJ DQG ZHOO ZDWHUV� 6DOW

/DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV�

�� S�

&/(0(17�0�'�� ����� +HDW IORZ DQG JHRWKHUPDO DVVHVVPHQW RI WKH

(VFDODQWH 'HVHUW� SDUW RI WKH 2OLJRFHQH WR 0LRFHQH YROFDQLF EHOW

LQ VRXWKZHVWHUQ 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

6HH &OHPHQW DQG &KDSPDQ �������

&/(0(17� 0� '�� DQG &KDSPDQ� '� 6�� ����� +HDW IORZ DQG

JHRWKHUPDO DVVHVVPHQW RI WKH (VFDODQWH 'HVHUW� VRXWKZHVWHUQ

8WDK� ZLWK HPSKDVLV RQ WKH 1HZFDVWOH .*5$� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'���������� ��� S�

$VVHVVPHQW RI WKHUPDO UHJLPH RI (VFDODQWH 'HVHUW XVLQJ ��

UHFHQWO\ DFTXLUHG KHDW IORZ YDOXHV WR GHILQH WKH PDJQLWXGH RI

UHJLRQDO KHDW IORZ� JHRORJLF VHWWLQJ� KHDW IORZ PHDVXUHPHQWV

LQFOXGLQJ WHPSHUDWXUH�GHSWK SURILOHV� KHDW IORZ GHWHUPLQDWLRQV RI

1HZFDVWOH JHRWKHUPDO V\VWHP� DSSHQGLFHV RI SULQFLSDO IDFWV IRU

KHDW IORZ GDWD DQG (VFDODQWH 'HVHUW KDQG VDPSOH GDWD�

&2/(� '� 5�� ����� ,VRWRSLF DQG LRQ FKHPLVWU\ RI ZDWHUV LQ WKH HDVW

VKRUH DUHD� QRUWKHUQ 8WDK� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� S� ������

&2/(� '� 5�� ����� &KHPLFDO DQG VXOIXU LVRWRSH YDULDWLRQV LQ D

WKHUPDO VSULQJ V\VWHP VDPSOHG WKURXJK WLPH� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ������

7KHRU\ RI LVRWRSH YDULDWLRQV LQ WKHUPDO ZDWHUV� SXUSRVH RI VWXG\�

ORFDWLRQ DQG JHQHUDO JHRORJ\ RI WKH :DUP 6SULQJV IDXOW

JHRWKHUPDO V\VWHP� UHODWLRQ RI WKHUPDOZDWHUV WR ORFDO DQG UHJLRQDO

IDXOWV� WUHQGV RI FKHPLFDO YDULDWLRQV LQ VSULQJ ZDWHUV ZLWK WLPH�

FRUUHODWLRQ RI VXUIDFH WHPSHUDWXUHV ZLWK FKHPLFDO YDULDWLRQV�

RULJLQ RI VXOIDWH LQ WKHUPDO ZDWHUV� WKHRULHV RQ JHQHUDWLRQ RI +�6

LQ QDWXUDO VROXWLRQV� WDEOH VKRZLQJ FRPSDULVRQ RI VXOIXU LVRWRSLF

JHRWKHUPRPHWHU HVWLPDWHVZLWK FDWLRQ DQG TXDUW] JHRWKHUPRPHWHU

WHPSHUDWXUHV� FRQFOXVLRQV�

&2/(� '� 5�� ����� &KHPLFDO DQG LVRWRSLF LQYHVWLJDWLRQ RI ZDUP

VSULQJV DVVRFLDWHG ZLWK QRUPDO IDXOWV LQ 8WDK� -RXUQDO RI

9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK� Y� ��� QR� ò� S� ������

,QYHVWLJDWLRQ RI FKHPLFDO DQG LVRWRSLF PRGHOV IRU HIIHFWLYHO\

SUHGLFWLQJ VXEVXUIDFH FKHPLFDO DQG SK\VLFDO FRQGLWLRQV

FKDUDFWHULVWLF RI ORZ�WR PRGHUDWH�WHPSHUDWXUH WKHUPDO V\VWHPV�

VDPSOH SUHSDUDWLRQ DQGDQDO\VLV� FKDUW VKRZLQJ VXPPDU\ RI VSULQJ

ORFDWLRQV� ZDWHU DQG URFN W\SHV� DQG GLVFKDUJH UDWHV� GLDJUDPV

VKRZLQJ UHODWLYH DPRXQWV RI PDMRU DQLRQV DQG FDWLRQV LQ FROG DQG

WKHUPDO ZDWHU VDPSOHV� FKDUW VKRZLQJ FKHPLFDO DQG LVRWRSLF

FRPSRVLWLRQV IRU 8WDK ZDUP VSULQJV� WDEOH RI JHRWKHUPRPHWHU

WHPSHUDWXUH HVWLPDWHV IRU VSULQJ ZDWHUV� UDQJHV RI FDOFXODWHG

VXEVXUIDFH WHPSHUDWXUHV� UHVXOWV RI FDOFXODWLRQV WR GHWHUPLQH

UHDFWLRQ VWDWHV RI DTXHRXV VROXWLRQV ZLWK UHVSHFW WR VLOLFDWHV�

FDUERQDWHV� VXOIDWHV� DQGR[LGHV�PLQHUDO VDWXUDWLRQ WUHQGV IRU8WDK

WKHUPDO ZDWHUV� PLQHUDO VDWXUDWLRQ HVWLPDWHV IRU PL[LQJ PRGHOV�

LVRWRSLF FRPSRVLWLRQV RI8WDK WKHUPDO VSULQJV� DJH GHWHUPLQDWLRQV

IRU 7KHUPR DQG 5HG +LOO JURXQG ZDWHUV� FRQFOXVLRQV�

&20%6� -LP� %HUJH� &� :�� /XQG� -� :�� DQG $QGHUVRQ� '�1�� �����

'HYHORSPHQWV LQ JHRWKHUPDO UHVRXUFHV LQ ����� $PHULFDQ

$VVRFLDWLRQ RI 3HWUROHXP *HRORJLVWV %XOOHWLQ� Y� ��� QR� ,,� S�

����������

$ UHGXFWLRQ LQ WKH ������� EXGJHW IRU WKH 8QLWHG 6WDWHV

'HSDUWPHQW RI (QHUJ\ 'LYLVLRQ RI *HRWKHUPDO (QHUJ\ ZLOO

HQFRXUDJH SULYDWH LQGXVWU\ WR SDUWLFLSDWH LQ JHRWKHUPDO HQHUJ\

GHYHORSPHQW� ILYH PDMRU JHRWKHUPDO GLUHFW KHDWLQJ SURMHFWV XQGHU

FRQVWUXFWLRQ� VHYHUDO DJULEXVLQHVV UHODWHG SURMHFWV XVLQJ

JHRWKHUPDO HQHUJ\ XQGHUZD\� FRQVWUXFWLRQ FRQWLQXHG RQ VL[

HOHFWULFDO SRZHU JHQHUDWLRQ SODQWV WKDW DUH VFKHGXOHG IRU RSHUDWLRQ

EHWZHHQ ���� DQG ����� RQH HOHFWULFDO SRZHU IDFLOLW\ ���� 0:H�

DW 5RRVHYHOW +RW 6SULQJV� 8WDK EHFDPH RSHUDWLRQDO LQ �����

IDFLOLWLHV DQG IXWXUH SODQV IRU WKH 5RRVHYHOW XQLW� JHRWKHUPDO

GULOOLQJ DFWLYLW\ IRU H[SORUDWLRQ DQG GHYHORSPHQW ZHOOV�

&20%6� -LP� %HUJH� &� :�� /XQG� -� :�� $QGHUVRQ� '� 1�� DQG

3DUPHQWLHU� 3� 3�� ����� 'HYHORSPHQWV LQ JHRWKHUPDO UHVRXUFHV LQ

����� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� � �� S�

����� DOVR� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� � ��

S� �����

'ULOOLQJ VWDWLVWLFV RQ ���� JHRWKHUPDO ZHOOV� PDS VKRZLQJ

JHRWKHUPDO GULOOLQJ LQ WKH ZHVWHUQ 8QLWHG 6WDWHV LQ ����� FKDUW

VKRZLQJ ���� VXPPDU\ RI JHRWKHUPDO GULOOLQJ LQ WKH ZHVWHUQ

8QLWHG 6WDWHV E\ RSHUDWRU� VLJQLILFDQW WHFKQLFDO GHYHORSPHQWV



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

DFKLHYHG� GLUHFW XVH GHYHORSPHQW LQ VHYHUDO JHRWKHUPDO DUHDV�

3KLOOLSV 3HWUROHXP &RPSDQ\ ZHOOKHDG IORZ FDSDFLW\ WHVWV DW

5RRVHYHOW +RW 6SULQJV.*5$�5RRVHYHOW +RW 6SULQJV JHRWKHUPDO

SRZHU SODQW FRQVWUXFWHG E\ 8WDK 3RZHU DQG /LJKW� H[SORUDWRU\

GULOOLQJ SURMHFWV FRQGXFWHG E\ 3KLOOLSV 3HWUROHXP LQ 8WDK�

&21',(� .� &�� ����� 3HWURJHQHVLV RI WKH 0LQHUDO 5DQJH SOXWRQ�

VRXWKZHVW 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

&21',(� .� &�� DQG %DUVN\� &� .�� ����� 7KH RULJLQ RI 6U�GHSOHWHG

EDVDOWV �DEV��� (26 7UDQVDFWLRQV� $PHULFDQ *HRSK\VLFDO 8QLRQ�

Y� ��� QR� �� S� ����

&21',(� .� &�� DQG %DUVN\� &� .�� ����� 2ULJLQ RI 4XDWHUQDU\

EDVDOWV IURP WKH %ODFN 5RFN 'HVHUW UHJLRQ� 8WDK� *HRORJLFDO

6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ��� QR� �� S� ��������

&215$'� �� *�� ����� 7HUWLDU\ YROFDQLF URFNV RI 1HHGOHV 5DQJH�

ZHVWHUQ 8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 6SHFLDO

6WXGLHV ��� �� S�

&22.� (� )�� ����� *HRORJ\ RI WKH 3LQH 9DOOH\ 0RXQWDLQV� 8WDK

*HRORJLFDO DQG 0LQHUDO 6XUYH\ %XOOHWLQ ��� ��� S�

&22.� .� /�� $GKLGMDMD� -� ,�� DQG *DEEHUW� 6� &�� ����� &RPSOHWH

%RXJXHU JUDYLW\ DQRPDO\ DQG JHQHUDOL]HG JHRORJ\ PDS RI

5LFKILHOG O[� GHJUHH TXDGUDQJOH� 8WDK� 8WDK *HRORJLFDO DQG

0LQHUDO 6XUYH\ 0DS ��� VFDOH ����������

&22.� .� /�� DQG &DUWHU� -� $�� ����� 3UHFLVLRQ OHYHOLQJ DQG JUDYLW\

VWXGLHV DW 5RRVHYHOW +RW 6SULQJV .*5$� 8WDK� 8QLYHUVLW\ RI

8WDK� 'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV )LQDO 5HSRUW� Y� ���

�� �� S�

0DS VKRZLQJ ORFDWLRQ RI 5RRVHYHOW +RW 6SULQJV DQG OHYHOLQJ

OLQHV� REMHFWLYH RI SUHFLVLRQ OHYHOLQJ DQG JUDYLW\ VXUYH\V�

SURFHGXUHV XVHG LQ OHYHOLQJ VXUYH\V , DQG �� WDEOH VKRZLQJ

HOHYDWLRQV RI VXUYH\ PRQXPHQWV� LQVWUXPHQWV� SURFHGXUHV� DQG

SUREOHPV HQFRXQWHUHG LQ UXQQLQJ WZR SUHFLVLRQ�FRQWURO VXUYH\V LQ

DUHD� SHULRGLF JUDYLW\ UHDGLQJV WDNHQ ZLWK /D&RVWH DQG 5RPEHUJ

PRGHO �*� JUDYLW\ PHWHUV DW 3KLOOLSV 3HWUROHXP &RPSDQ\
V ZHOO

����� SURFHGXUHV DQG FRPSOLFDWLRQV HQFRXQWHUHG ZLWK UHDGLQJV�

IRXU UHJLRQDO SUHFLVLRQ JUDYLW\ VXUYH\V�LQVWUXPHQWV XVHG�

SURFHGXUHV� GDWD UHGXFWLRQ� DQG UHVXOWV� WDEOHV VKRZLQJ REVHUYHG

SUHFLVLRQ JUDYLW\ YDOXHV IRU VXUYH\V , WKURXJK �� GLVFXVVLRQ RI

UHVXOWV� VXPPDU\� FRQFOXVLRQV� DQG UHFRPPHQGDWLRQV�

&22.� .� /�� +DOOLGD\� 0� (�� &XQQLQJKDP� &� *�� 6WHYHQ� 7� $��

5RZOH\� 3� '�� *ODVVJROG� /� %�� $QGHUVRQ� -� -�� DQG &ROHV� /� /��

����� &RPSOHWH %RXJXHU JUDYLW\ DQRPDO\ PDS RQ D JHRORJLF EDVH

PDS RI WKH 7XVKDU0RXQWDLQV DQG DGMRLQLQJ DUHDV� 0DU\VYDOH YRO�

FDQLF ILHOG� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 0LVFHOODQHRXV

,QYHVWLJDWLRQV 6HULHV 0DS ������&� VFDOH ���������

&22.� .� /�� 0RQWJRPHU\� -� 5�� 6PLWK� -� 7�� DQG *UD\� (� )�� �����

6LPSOH %RXJXHU JUDYLW\ DQRPDO\ PDS RI 8WDK� 8WDK *HRORJLFDO

DQG 0LQHUDO 6XUYH\ 0DS ��� VFDOH ������������

&22.� .� /�� 6HUSD� /� )�� DQG 3H� :�� ����� 'HWDLOHG JUDYLW\ DQG

DHURPDJQHWLF VXUYH\ RI WKH &RYH )RUW�6XOSKXUGDOH .*5$ DQG

YLFLQLW\� 0LOODUG DQG %HDYHU FRXQWLHV� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� �� S�

0DSV VKRZLQJ ORFDWLRQ RI VXUYH\V DQG WRSRJUDSK\ RI VXUURXQGLQJ

DUHD� SULRU JHRORJLFDO DQG JHRSK\VLFDO VWXGLHV� SXUSRVH RI VWXG\�

VWUDWLJUDSK\� VWUXFWXUH� SHWURORJ\� DQG JHQHUDO JHRORJLF PDS RI

DUHD� JUDYLW\� PDJQHWLF� DQG VHLVPLF GHVFULSWLRQV RI DUHD� GDWD

FROOHFWLRQ� FRPSLODWLRQ� DQG UHGXFWLRQ IRU JUDYLW\ DQG

DHURPDJQHWLF VXUYH\V� WHUUDLQ�FRUUHFWHG %RXJXHU JUDYLW\ DQRPDO\

PDSRI&RYH )RUW�6XOSKXUGDOH UHJLRQ�PDS VKRZLQJ DHURPDJQHWLF

ILHOG LQWHQVLW\ UHVLGXDO PDS RI &RYH )RUW�6XOSKXUGDOH UHJLRQ�

JUDSK VKRZLQJ SORW RI WKH URRW�PHDQ VTXDUH YDOXHV RI WKH

GLIIHUHQFH EHWZHHQ WKH REVHUYHG DQG WKH OHDVW�VTXDUHV EHVW�ILW

SRO\QRPLDO PDJQHWLF YDOXHV YHUVXV SRO\QRPLDO RUGHU IRU GLJLWL]HG

GDWD� VHFRQG�RUGHU SRO\QRPLDO VXUIDFH RI DHURPDJQHWLF ILHOG

LQWHQVLW\ UHVLGXDO GDWD IRU WKH VWXG\ DUHD� EXON GHQVLW\ DQG

PDJQHWLF VXVFHSWLELOLW\ PHDVXUHPHQWV RQ URFN VDPSOHV�

LQWHUSUHWDWLRQ RI JUDYLW\ PDS� IRXU HDVW�ZHVW JUDYLW\ SURILOHV�

SURFHGXUHV IRU PRGHOLQJ� DQG LQWHUSUHWDWLRQV� LQWHUSUHWDWLRQ RI

DHURPDJQHWLF PDSV� ILYH PDJQHWLF SURILOHV� PRGHOLQJ SURFHGXUHV�

DQG LQWHUSUHWDWLRQV� FRQFOXVLRQV RI VWXG\� DSSHQGLFHV VKRZLQJZHW

EXON GHQVLWLHV RI URFN VDPSOHV�PDJQHWLF VXVFHSWLELOLWLHV� GULOO KROH

ORJV� DQG SULQFLSDO IDFWV DQG GHVLJQDWLRQV RI JUDYLW\ VWDWLRQV�

&22.� .� /�� 6HUSD� /� )�� 3H� :�� DQG %UXPEDXJK� :�� �����

'HWDLOHG JUDYLW\ VXUYH\ RI WKH &RYH )RUW�6XOSKXUGDOH .*5$ DQG

YLFLQLW\� 0LOODUG DQG %HDYHU &RXQWLHV� 8WDK �DEV��� *HRORJLFDO

6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� ��� QR� �� S� ����

'HWDLOHG JUDYLW\ VXUYH\ LQ WKH &RYH )RUW�6XOSKXUGDOH .*5$ZLWK

��� VWDWLRQV� JUDYLW\ FRQWRXU SDWWHUQV RQ WKH FRPSLOHG WHUUDLQ�

FRUUHFWHG %RXJXHU JUDYLW\ DQRPDO\ PDS� LQWHUSUHWDWLRQ RI GDWD�

UHVXOWV RI IRXU HDVW�ZHVW JUDYLW\ SURILOHV�

&25'29$� 5� 0�� DQG 0RZHU� 5� :�� ����� )UDFWXULQJ DQG

VXEVLGHQFH RI WKH ODQG VXUIDFH FDXVHG E\ WKHZLWKGUDZDO RI JURXQG

ZDWHU LQ WKH 0LOIRUG DUHD� 8WDK� 8�6� *HRORJLFDO 6XUYH\ -RXUQDO

RI 5HVHDUFK� Y� �� QR� �� S� �������� DOVR� ����� �DEV��� *HRORJLFDO

6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� �� QR� �� S� �����

&25:,1� 5� )�� DQG +RRYHU� '� %�� ����� 7KH VHOI SRWHQWLDO PHWKRG

LQ JHRWKHUPDO H[SORUDWLRQ� *HRSK\VLFV� Y� ��� QR� �� S� ��������

&267$,1� -� .�� ����� +HDW IORZ DW 6SRU 0RXQWDLQ� -RUGDQ 9DOOH\�

%LQJKDP� DQG /D 6DO� 8WDK� -RXUQDO RI *HRSK\VLFDO 5HVHDUFK� Y�

��� QR� ��� S� ����������

&267$,1� -� .�� DQG :ULJKW� 3� 0�� ����� +HDW IORZ DQG SUHFLVLRQ

WHPSHUDWXUH PHDVXUHPHQWV LQ ERUHKROHV� 6RFLHW\ RI 3URIHVVLRQDO

:HOO /RJ $QDO\VWV /RJJLQJ 6\PSRVLXP� ��WK $QQXDO� +RXVWRQ�

7H[DV� ����� 7UDQVDFWLRQV� ��� S�

&5(%6� 7� -�� ����� *UDYLW\ DQG JURXQG PDJQHWLF VXUYH\V RI WKH

FHQWUDO0LQHUDO0RXQWDLQV� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\

RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

&5(%6� 7� -�� DQG &RRN� .� /�� ����� *UDYLW\ DQG JURXQG PDJQHWLF

VXUYH\V RI WKH FHQWUDO 0LQHUDO 0RXQWDLQV� 8WDK� 8QLYHUVLW\ RI

8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO 5HSRUW� Y� ��

��� S�

&5(%6� 7� -�� &RRN� .� /�� 7KDQJVXSKDQLFK� ,�� %UXPEDXJK� :� '��

DQG :DUG� 6� +�� ����� *UDYLW\ DQG PDJQHWLF VXUYH\V RI WKH

0LQHUDO 0RXQWDLQV DUHD� 8WDK� LQFOXGLQJ WKH 5RRVHYHOW +RW

6SULQJV .*5$ �DEV��� *HRSK\VLFV� Y� ��� QR� �� S� ����

2YHU ����� JUDYLW\ VWDWLRQV DQG ��� JURXQG PDJQHWLF VWDWLRQV

HVWDEOLVKHG DFURVV WKH 0LQHUDO 0RXQWDLQV DUHD� JUDYLW\ IHDWXUHV

DQG UHVXOWV RI SURILOHV� SURFHGXUHV XVHG WR GLJLWL]H DQG ILOWHU

JUDYLW\ GDWD� GLVFXVVLRQ RI WUHQGV LQ WKH 0LQHUDO 5DQJH

DHURPDJQHWLF PDS�

&5(&5$)7� +� 5�� ����� 6LOLFLF YROFDQLVP DW 7ZLQ 3HDNV� ZHVW�

FHQWUDO 8WDK� JHRORJ\ DQG SHWURORJ\� FKHPLFDO DQG SK\VLFDO

HYROXWLRQ� R[\JHQ DQG K\GURJHQ LVRWRSH VWXGLHV� 6DOW /DNH &LW\�

8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 3K�'� WKHVLV� ��� S�

&5(&5$)7� +� 5�� 1DVK� :� 3�� DQG (YDQV� 6� +�� -U�� ����D�

&KHPLFDO DQG WKHUPDO HYROXWLRQ RI WKH7ZLQ3HDNVPDJPD V\VWHP�

ZHVW FHQWUDO 8WDK� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV�

Y� �� S� ,, � �����

&5(&5$)7� +� 5�� 1DVK� :� 3�� DQG (YDQV� 6� +�� -U�� ����E�

3HWURORJ\� JHRFKURQRORJ\� DQG FKHPLFDO HYROXWLRQ RI WKH 7ZLQ

3HDNV UK\ROLWH GRPHV� 8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\

RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'������������ S�

&5(&5$)7� +� 5�� 1DVK� :� 3�� DQG (YDQV� 6� +�� -U�� ����� /DWH

&HQR]RLF YROFDQLVP DW 7ZLQ 3HDNV� 8WDK� JHRORJ\ DQG SHWURORJ\�

-RXUQDO RI *HRSK\VLFDO 5HVHDUFK� Y� ��� QR� %, �� S� �������

�������

&5(0(5� *� 0�� FRPSLOHU� ����� +RW GU\ URFN JHRWKHUPDO HQHUJ\

GHYHORSPHQW SURJUDP� /RV $ODPRV 1DWLRQDO /DERUDWRU\ 5HSRUW�

QR� /$������+'5� ��� S�

&5,77(1'(1� 0� '�� -U�� ����� 0DQJDQHVH GHSRVLWV RI ZHVWHUQ

8WDK� 8�6� *HRORJLFDO 6XUYH\ %XOOHWLQ ����$� �� S�

&522.� -� .�� ����� 7KH PLQHUDO ZDWHUV RI WKH 8QLWHG 6WDWHV DQG

WKHLU WKHUDSHXWLF XVHV� 1HZ <RUN DQG 3KLODGHOSKLD� /HD %URWKHUV

DQG &RPSDQ\� ��� S�

&526%<� *� :�� ����� 5HJLRQDO VWUXFWXUH LQ VRXWKZHVWHUQ 8WDK� LQ

+LQW]H� /� )�� DQG :KHODQ� -� $�� HGLWRUV� *HRORJ\ RI WKH 0LOIRUG

DUHD� 8WDK *HRORJLFDO $VVRFLDWLRQ� 3XEOLFDWLRQ �� S� ������

&526621� 5� 6�� ����� 5HJLRQDO JUDYLW\ VXUYH\ RI SDUWV RI ZHVWHUQ

0LOODUG DQG -XDE &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\

RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

&52:/(<� &� -�� ����� 'HYHORSPHQWV LQ )RXU &RUQHUV

LQWHUPRXQWDLQ DUHD LQ ����� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP

*HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� ����������

*HRORJLF SURYLQFHV LQFOXGHG LQ WKH VWXG\� H[SORUDWLRQ GULOOLQJ DQG

VLJQLILFDQW GLVFRYHULHV LQFOXGLQJ D &LVFR 6SULQJV� 8WDK ILHOG

H[WHQVLRQ� LQILOO GULOOLQJ LQ WKH 8WDK $QHWK RLO ILHOG� DUHDV RI

JHRWKHUPDO SRWHQWLDO RXWOLQHG WKURXJK H[SORUDWRU\ GULOOLQJ� OHDVH

DQG GULOOLQJ DFWLYLW\ LQ 6XPPLW DQG 5LFK &RXQWLHV� 8WDK�

&52:/(<� &� -�� ����� 'HYHORSPHQWV LQ )RXU &RUQHUV

LQWHUPRXQWDLQ DUHD LQ ����� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP

*HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� ����������

5HSRUW DUHD DQG JHRORJLF SURYLQFHV� ZHOOV DGGHG IURP ���� WR

����� WKUHH VLJQLILFDQW 8WDK ZHOOV LQFOXGLQJ RQH SURGXFHU LQ 5LFK

&RXQW\ DQG WZR GLVFRYHULHV VRXWKZHVW RI 3LQHYLHZ ILHOG�

GHYHORSPHQW GULOOLQJ LQ WKH )RXU &RUQHUV DUHD� H[SHFWDWLRQV RI

LQFUHDVHG JHRWKHUPDO DFWLYLW\ LQ 8WDK DQG ZHVWHUQ 1HZ 0H[LFR�

SODQV IRU �� 0:H JHRWKHUPDO SRZHU SODQW DW 5RRVHYHOW +RW

6SULQJV� 8WDK� WDEOH VKRZLQJ ���� GULOOLQJ FRPSOHWLRQ VXPPDU\

IRU )RXU &RUQHUV LQWHUPRXQWDLQ DUHD� OLVW RI VLJQLILFDQW JHRWKHUPDO

GLVFRYHULHV LQ ���� LQ WKH VWXG\ DUHD�

&811,1*+$0� &� *�� DQG 6WHYHQ� 7� $�� ����D� *HRORJLF PDS RI

WKH 0RQURH 6: TXDGUDQJOH� ZHVW�FHQWUDO 8WDK� 8�6� *HRORJLFDO

6XUYH\ 0LVFHOODQHRXV )LHOG 6WXGLHV 0DS 0)� � ���� VFDOH ��

�������

&811,1*+$0� &� *�� DQG 6WHYHQ� 7� $�� ����E� 0RXQW %HONQDS

DQG 5HG +LOOV FDOGHUDV DQG DVVRFLDWHG URFNV� 0DU\VYDOH YROFDQLF

ILHOG�ZHVW�FHQWUDO8WDK�8�6�*HRORJLFDO 6XUYH\%XOOHWLQ ����� ��

S�

&811,1*+$0� &� *�� 6WHYHQ� 7� $�� &DPSEHOO� '� /�� 1DHVHU� &�

:�� 3LWNLQ� -� $�� DQG 'XYDO� -� 6�� ����� 0XOWLSOH HSLVRGHV RI

LJQHRXV DFWLYLW\� PLQHUDOL]DWLRQ� DQG DOWHUDWLRQ LQ WKH ZHVWHUQ

7XVKDU 0RXQWDLQV� 8WDK� LQ 6WHYHQ� 7� $�� HG�� ,JQHRXV DFWLYLW\

DQG UHODWHG RUH GHSRVLWV LQ WKH ZHVWHUQ DQG VRXWKHUQ 7XVKDU

0RXQWDLQV� 0DU\VYDOH YROFDQLF ILHOG� ZHVW�FHQWUDO 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU ����$� S� �����

&811,1*+$0� &� *�� 6WHYHQ� 7� $�� 5RZOH\� 3� '�� *ODVVJROG� /�

%�� DQG $QGHUVRQ� -� -�� ����� *HRORJLF PDS RI WKH 7XVKDU

0RXQWDLQV DQG DGMRLQLQJ DUHDV� 0DU\VYDOH YROFDQLF ILHOG� 8WDK�

8�6� *HRORJLFDO 6XUYH\ 0LVFHOODQHRXV ,QYHVWLJDWLRQV 6HULHV 0DS

������$� VFDOH ���������

'$5/,1*� 5LNL� DQG &KDSPDQ� '� 6�� ����� +HDW IORZ LQ ZHVWHUQ

8WDK �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK

3URJUDPV� Y� � �� QR� �� S� ����

'$5721� 1� +�� ����� *HRWKHUPDO GDWD RI WKH 8QLWHG 6WDWHV�

LQFOXGLQJ PDQ\ RULJLQDO GHWHUPLQDWLRQV RI XQGHUJURXQG

WHPSHUDWXUH� 8�6� *HRORJLFDO 6XUYH\ %XOOHWLQ ���� �� S�

'$9,6� $� (�� (QGHUOLQ� '� (�� %ODKQLN� '� (�� -DFREVRQ� -� -� DQG

:HDNOH\� 6� $�� ����� $VVHVVPHQW RI JHRWKHUPDO HQHUJ\ DV D

SRZHU VRXUFH IRU 8�6� DOXPLQXP UHGXFWLRQ SODQWV� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

'$9,6� '� $�� DQG &RRN� .� /�� ����� (YDOXDWLRQ RI ORZ�WHPSHUDWXUH

JHRWKHUPDO SRWHQWLDO LQ 8WDK DQG *RVKHQ 9DOOH\V DQG DGMDFHQW

DUHDV� 8WDK� 3DUW �� *UDYLW\ VXUYH\� 8WDK *HRORJLFDO DQG 0LQHUDO



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ� QR� ���� ��� S�

/RFDWLRQ DQG SXUSRVH RI VXUYH\� WRSRJUDSK\ DQG SK\VLRJUDSK\ RI

VWXG\ DUHD� JHQHUDO JHRORJ\ RI DUHD� VWUXFWXUDO IHDWXUHV� VXPPDU\

RI FKDUDFWHULVWLFV RI WKHUPDO VSULQJV LQ DUHD� JUDYLW\ GDWD IURP IRXU

VXUYH\V DQG ���� VWDWLRQV� HUURUV DVVRFLDWHG ZLWK JUDYLW\ GDWD

FRPSLODWLRQ� GHQVLW\ PHDVXUHPHQWV DQG VDPSOH FROOHFWLRQV� GULOO

KROH LQIRUPDWLRQ IURP �� ZDWHU ZHOOV� RQH ZLOGFDW RLO DQG JDV

ZHOO� DQG RQH GHHS RUH GULOO KROH� FRPSOHWH %RXJXHU JUDYLW\

DQRPDO\ PDS ZLWK WZR�PJDO FRQWRXU LQWHUYDO� JUDYLW\

FKDUDFWHULVWLFV RI IDXOW ]RQHV DQG ORFDO KRUVWV� JUDYLW\ SURILOHV DQG

LQWHUSUHWLYH JHRORJLF FURVV VHFWLRQV� LQWHUUHODWLRQVKLS RI IDXOW

EORFNV DV LQWHUSUHWHG IURP WKH JUDYLW\ GDWD� JHRWKHUPDO

VLJQLILFDQFH RI JUDYLW\ VXUYH\� VXPPDU\ DQG FRQFOXVLRQV�

DSSHQGLFHV VKRZLQJ SULQFLSDO IDFWV RI JUDYLW\ VWDWLRQV� GHQVLW\

PHDVXUHPHQWV RI URFNV� DQG ZHOO ORJV�

'$9,6� 0� &�� ����� (YDOXDWLRQ RI ORZ�WHPSHUDWXUH JHRWKHUPDO

SRWHQWLDO LQ QRUWK�FHQWUDO %R[ (OGHU &RXQW\� 8WDK� 8WDK *HR�

ORJLFDO DQG 0LQHUDO 6XUYH\ 2SHQ�)LOH 5HSRUW� QR� ��� ��� S�

6HH 'DYLV DQG .ROHVDU �, �����

'$9,6� 0� &�� DQG .ROHVDU� 3� 7�� ����� (YDOXDWLRQ RI ORZ�

WHPSHUDWXUH JHRWKHUPDO SRWHQWLDO LQ QRUWK�FHQWUDO %R[ (OGHU

&RXQW\� 8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 5HSRUW RI

,QYHVWLJDWLRQ� QR� ���� �� S�

*HRJUDSK\ RI VWXG\ DUHD� SUHYLRXV VWXGLHV RI WKH DUHD� JHRORJ\�

VWUXFWXUH� DQG 7HUWLDU\ YROFDQLF KLVWRU\� JHRSK\VLFDO

FKDUDFWHULVWLFV� FRPSOHWH %RXJXHU JUDYLW\ DQG IDXOW PDSV� VXUIDFH

ZDWHU GUDLQDJH SDWWHUQV� JURXQG ZDWHU VRXUFHV� DTXLIHUV� DQG IORZ

V\VWHPV� ILHOG VDPSOLQJ SURFHGXUHV� FKHPLFDO DQDO\VHV RI ZDWHU

IURP ZHOOV DQG VSULQJV� WRWDO GLVVROYHG VROLG FRQFHQWUDWLRQV� WUDFH

HOHPHQW FRQFHQWUDWLRQV� WHPSHUDWXUH VXUYH\V� WDEOH VKRZLQJ

FKHPLFDO JHRWKHUPRPHWHU DQG VXUIDFH WHPSHUDWXUHV IRU ZDWHU�

GLVFXVVLRQ DQG WDEOH VKRZLQJ JHRWKHUPDO JUDGLHQWV� SURSRVHG

JHRWKHUPDO PRGHO IRU DUHD� RWKHU WDUJHWV RI SRVVLEOH JHRWKHUPDO

LQWHUHVW� PDS VKRZLQJ JURXQG ZDWHU WHPSHUDWXUHV DQG WRWDO

GLVVROYHG VROLGV�

'( &,&&2� '� $�� 3HUD� (� 0�� $OOHQ� (� *�� DQG /XW]� *� $�� �����

/HDVDEOH PLQHUDO DQG ZDWHUSRZHU ODQG FODVVLILFDWLRQ PDS RI WKH

0RDETXDGUDQJOH�8WDK� &RORUDGR�8�6� *HRORJLFDO 6XUYH\2SHQ�

)LOH 5HSRUW ������� VFDOH ����������

'(1721� (� +�� ����� +HOLXP VQLIIHU WHVW� 1HZFDVWOH� 8WDK �����

0DUFK ����� 8�6� *HRORJLFDO 6XUYH\ 2SHQ)LOH 5HSRUW ������� �

S�

$SSUR[LPDWHO\ ��� VRLO�JDV VDPSOHV FROOHFWHG WZR IHHW EHORZ WKH

VXUIDFH QHDU D KRW ZDWHU LUULJDWLRQ ZHOO� LQWHUSUHWDWLRQ RI KHOLXP

FRQFHQWUDWLRQ GDWD� ORFDWLRQ RI DUHD VXUYH\HG DQG SRLQWV VDPSOHG�

FRQWRXU PDS RI KHOLXP FRQFHQWUDWLRQV LQ DLU�

'(1721� (� +�� ����� +HOLXP VQLIIHU ILHOG WHVW� 5RRVHYHOW +RW

6SULQJV� 8WDK� 2FWREHU ���� DQG 0DUFK ����� 8�6� *HRORJLFDO

6XUYH\ 2SHQ�)LOH 5HSRUW ������� � S�

([DPLQHV GDWD REWDLQHG ZLWK WKH KHOLXP VQLIIHU IURP WZR EULHI

YLVLWV WR 5RRVHYHOW +RW 6SULQJV� SURILOHV RI KHOLXP FRQFHQWUDWLRQV

LQ VXEVXUIDFH DLU PHDVXUHG RQ WKUHH GLIIHUHQW GD\V DORQJ WKH VDPH

VXUYH\ OLQH� KHOLXP DEXQGDQFH LQ VXEVXUIDFH VRLO DORQJ D VXUYH\

OLQH�

'(3$570(17 2) *(2/2*< $1' *(23+<6,&6 8QLYHUVLW\ RI

8WDK� ����� )LQDO UHSRUW� JHRWKHUPDO H[SORUDWLRQ LQ 8WDK�

'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV� 8QLYHUVLW\ RI 8WDK� 6DOW

/DNH &LW\� 8WDK� 5HSRUW� QR� '2(�,'������� �� S�

'(95,(6� -� /�� ����� *HRWKHUPDO DVVHVVPHQW RI &DFKH9DOOH\�8WDK

�DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDP� Y�

��� QR� �� S� ����

6HH GH 9ULHV �������

'( 95,(6� -� /�� ����� (YDOXDWLRQ RI ORZ�WHPSHUDWXUH JHRWKHUPDO

SRWHQWLDO RI &DFKH 9DOOH\� 8WDK �DEV��� $PHULFDQ $VVRFLDWLRQ RI

3HWUROHXP *HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� ����� DOVR� �����

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ� QR�

���� ��� S�

6WDWHPHQW RI SUREOHP DQG REMHFWLYHV DFFRPSOLVKHG GXULQJ WKH

VWXG\� ORFDWLRQ RI &DFKH 9DOOH\� SUHYLRXV K\GURORJLF DQG

JHRWKHUPDO VWXGLHV LQ WKH DUHD� UHJLRQDO DQG ORFDO VWUDWLJUDSK\�

VWUXFWXUH� DQG KLVWRULFDO JHRORJ\� GHVFULSWLRQ RI WZR SULQFLSDO

DTXLIHUV� UHFKDUJHRI SULQFLSDO JURXQGZDWHU UHVHUYRLUV� GHVFULSWLRQ

RI VHYHQ JURXQGZDWHU GLVWULFWV LQ &DFKH 9DOOH\� ILHOG VDPSOLQJ

SURFHGXUHV IRU DQDO\VHV RI ZDWHU S+� DONDOLQLW\� WHPSHUDWXUH�

FRQGXFWLYLW\� DQG(K� SURFHGXUHV IRUPHDVXULQJ WKHUPDO JUDGLHQWV�

ODERUDWRU\ DQDO\VHV DQG SURFHGXUHV� UHVXOWV RI PHDVXUHG

WHPSHUDWXUHV� JUDSKV VKRZLQJ PHDVXUHG WHPSHUDWXUH SURILOHV RI

ZHOOV ORFDWHG LQ &DFKH 9DOOH\� WDEOH VKRZLQJ WKHUPDO JUDGLHQW

GDWD� WDEOH VKRZLQJ JHQHUDO ZDWHU FKHPLVWU\ GDWD� XVH RI FKHPLFDO

JHRWKHUPRPHWHUV WR DVVLVW LQ JHRWKHUPDO H[SORUDWLRQ� VXUIDFH

WHPSHUDWXUHV� WKHUPDO JUDGLHQWV� FKHPLFDO DQDO\VHV� DQG

JHRWKHUPRPHWU\ RI 1RUWK /RJDQ� %HQVRQ� DQG 7UHQWRQ ZDUP

ZDWHU DUHDV� FRQFOXVLRQV RI ORZ�WHPSHUDWXUH JHRWKHUPDO SRWHQWLDO

LQ &DFKH 9DOOH\� VXJJHVWLRQV IRU IXUWKHU LQYHVWLJDWLRQV�

',&.621� )� :�� DQG 7XQHOO� *�� ����� 0HUFXU\ DQG DQWLPRQ\

GHSRVLWV DVVRFLDWHG ZLWK DFWLYH KRW VSULQJV LQ WKH ZHVWHUQ 8QLWHG

6WDWHV� LQ 5LGJH� -� '�� HG�� 2UH GHSRVLWV RI WKH 8QLWHG 6WDWHV�

���������� 1HZ <RUN� $PHULFDQ ,QVWLWXWH RI 0LQLQJ DQG

0HWDOOXUJLF (QJLQHHUV� Y� �� S� ����������

',0(17� :� +�� 8UEDQ� 7� &�� 6DVV� -� +�� 0DUVKDOO� %� 9�� 0XQURH�

5� -�� DQG /DFKHQEUXFK� $� +�� ����� 7HPSHUDWXUHV DQG KHDW

FRQWHQWV EDVHG RQ FRQGXFWLYH WUDQVSRUW RI KHDW� LQ :KLWH� '� (��

DQG:LOOLDPV� '� /�� HGLWRUV� $VVHVVPHQW RI JHRWKHUPDO UHVRXUFHV

RI WKH 8QLWHG 6WDWHV������ 8�6� *HRORJLFDO 6XUYH\ &LUFXODU ����

S� �������

'HVFULEHV KHDW IORZ SURYLQFHV RI WKH ZHVWHUQ 8QLWHG 6WDWHV�

WKHUPDO PRGHO IRU WHPSHUDWXUH FDOFXODWLRQV DW GHSWK� UDQJH RI

WHPSHUDWXUHV H[SHFWHG IRU SURYLQFHV� WDEOHV �LQ GHSWK LQWHUYDOV XS

WR WHQ NLORPHWHUV� RI KHDW VWRUHG EHQHDWK SURYLQFHV� 8WDK YDOXHV



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

IRU WKH %DVLQ DQG 5DQJH� &HQWUDO 5RFN\0RXQWDLQV� DQG &RORUDGR

3ODWHDX 3URYLQFHV� REVHUYHG KHDW IORZ PHDVXUHPHQWV LQ WKH

FRQWLQHQWDO 8QLWHG 6WDWHV�

',3,332� 5RQDOG� ����� *HRWKHUPDO SRZHU SODQWV RI WKH 8QLWHG

6WDWHV� D WHFKQLFDO VXUYH\ RI H[LVWLQJ DQG SODQQHG LQVWDOODWLRQV�

1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� &22������

������ S�

',3,332�5RQDOG� �����:RUOGZLGH JHRWKHUPDO SRZHU GHYHORSPHQW�

���� RYHUYLHZ DQG XSGDWH� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� ��� QR� �� S� �����

7DEOH VKRZLQJ QXPEHUV RI ZRUOGZLGH JHRWKHUPDO SRZHU SODQWV

SHU FRXQWU\� ZRUOGZLGH JHRWKHUPDO SRZHU SODQW FDSDFLW\ JURZWK

UDWHV IURP ���� WR ����� DQG IURP ���� WR ����� RSHUDWLRQDO

SRZHU SODQWV LQ WKH 8QLWHG 6WDWHV� 8WDK
V 0LOIRUG �UDWHG DW ��

0:H� DQG &RYH )RUW SRZHU JHQHUDWLRQ SODQV� GLVFXVVLRQ RI

RSHUDWLRQV RI RWKHU SURJUDPV WKURXJKRXW WKH ZRUOG�

',3,332� 5RQDOG� ����� *HRWKHUPDO HOHFWULF SRZHU� WKH VWDWH RI WKH

ZRUOG � ����� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR�

�� S� ����

6XPPDULHV RI DYDLODEOH WKHUPDO LQIRUPDWLRQ IURP VHYHUDO

FRXQWULHV DURXQG WKH ZRUOG� EUHDNGRZQ RI JHRWKHUPDO DFWLYLW\ E\

VWDWH� GHYHORSPHQW RI WZR VRXWKHUQ 8WDK JHRWKHUPDO UHVRXUFHV�

GHYHORSPHQW DQG SRZHU JHQHUDWLRQ SODQV IRU &RYH )RUW�

6XOSKXUGDOH DQG 5RRVHYHOW +RW 6SULQJV SURMHFWV�

'2(//,1*� +� +�� &DPSEHOO� -� $�� *Z\QQ� -� :�� DQG 3HUU\ -� ,��

����� *HRORJ\ DQGPLQHUDO UHVRXUFHV RI %R[ (OGHU &RXQW\� 8WDK�

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ %XOOHWLQ� QR� ���� ��� S�

'28=(� (� -�� DQG /DVWHU� 6� -�� ����� 6HLVPLF DUUD\ QRLVH VWXGLHV DW

5RRVHYHOW +RW 6SULQJV� 8WDK� JHRWKHUPDO DUHD� *HRSK\VLFV� Y� ���

QR� �� S� ����������

/RFDWLRQ DQG JHQHUDO JHRORJ\ RI WKH 5RRVHYHOW +RW 6SULQJV DUHD�

REMHFWLYH RI VWXG\� HIIHFWLYHQHVV RI JHRWKHUPDO JURXQG�QRLVH

PHWKRG LQ UHVHUYRLU H[SORUDWLRQ� WKUHH RI VL[ VHLVPRPHWHU DUUD\V

GLVFXVVHG� ORFDWLRQ RI VL[ VHLVPRPHWHU DUUD\V� FRPSXWDWLRQ RI

SRZHU VSHFWUD� VSHFWUDO HVWLPDWHV� DQG I�N VSHFWUD� JUDSK VKRZLQJ

PHDVXUHG YHORFLW\ YHUVXV IUHTXHQF\ GHULYHG IURP I�N VSHFWUD IURP

D QRLV\ SHULRG� JUDSK VKRZLQJ WKHRUHWLFDO DQG H[SHULPHQWDO

FRKHUHQFHV RI VLJQDOV IURP WZR VHLVPRPHWHUV VHSDUDWHG E\ ��

PHWHUV� LOOXVWUDWLRQV VKRZLQJ H[SHULPHQWDO DQG WKHRUHWLFDO

IUHTXHQF\�ZDYHOHQJWK �I�N� VSHFWUXP DW GLIIHUHQW FRQGLWLRQV�

SURFHGXUHV IRU HVWLPDWLQJ QRLVH YHORFLWLHV� FRQFOXVLRQV RI VWXG\�

'8)),(/'�:� $�� DQG *XIIDQWL� 0�� ����� 7KH JHRWKHUPDO UHVHDUFK

SURJUDP RI WKH 8�6� *HRORJLFDO 6XUYH\� 8�6� *HRORJLFDO 6XUYH\

2SHQ�)LOH 5HSRUW ������� ��� S�� DOVR� ����� 8�6� *HRORJLFDO

6XUYH\ &LUFXODU ���� �� S�

'85+$0� -RQ� ����� (QYLURQPHQWDO DQDO\VLV� SUHSDUHG IRU VL[ �����

��� LQ ������� ��� IW� GHHS� JHRWKHUPDO H[SORUDWRU\ WHVW ZHOOV LQ WKH

5RRVHYHOW+RW 6SULQJV XQLW� %HDYHU&RXQW\�8WDK�8�6�*HRORJLFDO

6XUYH\&RQVHUYDWLRQ'LYLVLRQ(QYLURQPHQWDO$VVHVVPHQW5HSRUW�

QR� ��� S� �������

'85+$0� -RQ� DQG +RRSV� 5�� ����� (QYLURQPHQWDO DQDO\VLV

SUHSDUHG IRU JHRWKHUPDO OHDVH 8������� 5HSXEOLF *HRWKHUPDO�

,QFRUSRUDWHG� 7KHUPR+RW 6SULQJV .*5$� 8WDK� 8�6� *HRORJLFDO

6XUYH\ &RQVHUYDWLRQ 'LYLVLRQ� 2IILFH RI WKH $UHD *HRWKHUPDO

6XSHUYLVRU� (QYLURQPHQWDO $VVHVVPHQW� Q� ��� �� S�

($57+ 6&,(1&( /$%25$725<�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH� ����� 4XDUWHUO\� \HDUO\� DQG FXPXODWLYH HSLFHQWHU PDSV

IRU HDUWKTXDNHV� ������ � ������ GHJUHHV QRUWK ODWLWXGH� ������� �

������� GHJUHHV ZHVW ORQJLWXGH �5RRVHYHOW WR &RYH )RUW�

6XOSKXUGDOH DUHD�� ��� HDUWKTXDNHV IRU -DQXDU\ �� ���� �

'HFHPEHU ��� ����� K\SRFHQWHU SDUDPHWHU OLVWLQJ� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�5+6�(6/��� XQSDJLQDWHG�

($57+ 6&,(1&( /$%25$725<�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH� ����� 5HIHUHQFH OLVW� 0RQURH +RW 6SULQJV DUHD DQG

YLFLQL W\ � 6HYLHU &RXQW\� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�0+6�(6/��� � S�

($67� -�� ����� +RW GU\ URFN JHRWKHUPDO SRWHQWLDO RI 5RRVHYHOW +RW

6SULQJV DUHD� UHYLHZ RI GDWD DQG UHFRPPHQGDWLRQV� 1DWLRQDO

7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� /$������+'5� �� S�

+RW GU\ URFN SRWHQWLDO RI WKH 5RRVHYHOW DUHD� ORFDO JHRORJ\ DQG

VWUXFWXUH� VWUDWLJUDSK\� KRW VSULQJ GHSRVLWV� JUDYLW\� PDJQHWLF� DQG

VHLVPLFGDWD� WKHUPDOPHDVXUHPHQWV� GULOOLQJ KLVWRU\� K\GURWKHUPDO

DOWHUDWLRQ DVVHPEODJHV� ZDWHU FKHPLVWU\� K\GURWKHUPDO UHVHUYRLU

FRQILJXUDWLRQ� WDUJHW IRU KRW GU\ URFN UHVHUYRLU URFN� HDVW�ZHVW

JHRORJLF FURVV VHFWLRQ� WHPSHUDWXUH�GHSWK SURILOH� LQWHUSUHWLYH WZR�

GLPHQVLRQDO PRGHO IRU JUDYLW\ SURILOH�

($721� *� 3�� ����� $ SODWH WHFWRQLF PRGHO IRU ODWH &HQR]RLF FUXVWDO

VSUHDGLQJ LQ WKH ZHVWHUQ 8QLWHG 6WDWHV� LQ 5LHFNHU� 5� (�� HG�� 5LR

*UDQGH 5LIW� 7HFWRQLFV DQG 0DJPDWLVP� $PHULFDQ *HRSK\VLFDO

8QLRQ� :DVKLQJWRQ� '� &�� S� �����

('0,6721� 5� &�� ����� 2UH GHSRVLWV DV H[SORUDWLRQ PRGHOV IRU

JHRWKHUPDO UHVHUYRLUV LQ FDUERQDWH URFNV LQ WKH HDVWHUQ *UHDW

%DVLQ� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ����

����

('0,6721� 5� &�� ����� $ UHYLHZ DQG DQDO\VLV RI JHRWKHUPDO

H[SORUDWRU\ GULOOLQJ UHVXOWV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH

JHRORJLF SURYLQFH RI WKH 86$ IURP ���� WKURXJK �����

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ������

('0,6721� 5� &�� DQG %HQRLW� :� 5�� ����� &KDUDFWHULVWLFV RI %DVLQ

DQG 5DQJH JHRWKHUPDO V\VWHPV ZLWK IOXLG WHPSHUDWXUHV RI ���� WR

���2&� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S�

�����

'LVFRYHU\ RI VL[%DVLQ DQG5DQJH JHRWKHUPDO UHVHUYRLUVZLWK IOXLG

WHPSHUDWXUHV DERYH ����& DQG WHQ V\VWHPV ZLWK WHPSHUDWXUHV RI



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

���� WR ���2&� WDEOH VKRZLQJ PHDVXUHG WHPSHUDWXUHV DQG

JHRFKHPLFDO EDVH WHPSHUDWXUHV RIPRGHUDWH� DQGKLJK�WHPSHUDWXUH

JHRWKHUPDO V\VWHPV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH� ORFDWLRQ RI

WKH &RYH )RUW JHRWKHUPDO UHVHUYRLU� JHQHUDO JHRORJ\ RI &RYH )RUW

DUHD DQG H[WHQW RI WKHUPDO DQRPDO\� EULHI H[SORUDWLRQ KLVWRU\ RI

&RYH )RUW DUHD DQG WHPSHUDWXUH UDQJHV HQFRXQWHUHG� VWDWLVWLFV IURP

RWKHU %DVLQ DQG 5DQJH JHRWKHUPDO DUHDV LQFOXGLQJ 7KHUPR� 8WDK�

VLJQLILFDQFH RI PD[LPXP IOXLG HQWU\ WHPSHUDWXUH PHDVXUHPHQWV�

WHPSHUDWXUH UHYHUVDOV� DQG WHPSHUDWXUHV DW GHSWK� SUREOHPV

LQYROYHG LQ GHWHUPLQLQJ WKH SRLQW DQ XQVXFFHVVIXO H[SORUDWRU\ZHOO

KDV VXIILFLHQWO\ WHVWHG D SURVSHFW� JUDSK GHSLFWLQJ PHDQ

WHPSHUDWXUHV DQG VWDQGDUG GHYLDWLRQV IRU �� ZHOOV IURP VHYHUDO

DUHDV LQFOXGLQJ 5RRVHYHOW� %DVLQ DQG 5DQJH WKHUPDO ZDWHU

YDULDWLRQV� JUDSKV VKRZLQJ VLOLFD DQG 1D�.�&D EDVH WHPSHUDWXUHV

YV� PD[LPXP ILHOG WHPSHUDWXUHV� FRQFOXVLRQV�

(0%5((� *� )�� ����� /DWHUDO DQG YHUWLFDO YDULDWLRQV LQ D 4XDWHUQDU\

EDVDOW IORZ�SHWURJUDSK\ DQG FKHPLVWU\ RI WKH *XQORFN IORZ�

VRXWKZHVWHUQ 8WDK� %ULJKDP <RXQJ 8QLYHUVLW\ *HRORJ\ 6WXGLHV�

Y� ��� SW� �� S� �������

(1(5*<6(59,&(6� ,1&25325$7(' �,GDKR)DOOV�� ����� )ORUDO�

JUHHQKRXVH JHRWKHUPDO�KHDWLQJ GHPRQVWUDWLRQ� ILQDO UHSRUW�

-DQXDU\ ��� ���� � 6HSWHPEHU ��� ����� 1DWLRQDO 7HFKQLFDO

,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� '2(�(7��������� ��� S�

(1*/$1'� $� :�� DQG -RKQVRQ� *� 5�� ����� 7KHUPDO PLFURZDYH

GHWHFWLRQ RI QHDU�VXUIDFH WKHUPDO DQRPDOLHV� 8QLWHG 1DWLRQV

V\PSRVLXP RQ WKH GHYHORSPHQW DQG XVH RI JHRWKHUPDO UHVRXUFHV�

�G� 6DQ )UDQFLVFR�&DOLIRUQLD� ����� 3URFHHGLQJV� Y� �� S� ��������

(5,&.621�0� 3�� ����� 9ROFDQLF URFNV RI WKH0LOIRUG DUHD� %HDYHU

&RXQW\� 8WDK� LQ *HRORJ\ RI WKH 0LOIRUG DUHD� 8WDK *HRORJLFDO

$VVRFLDWLRQ 3XEOLFDWLRQ �� S� ������

(5,&.621� 0� 3�� DQG 'DVFK� (� -�� ����� *HRORJ\ DQG

K\GURWKHUPDO DOWHUDWLRQ LQ QRUWKZHVWHUQ %ODFN 0RXQWDLQV DQG

VRXWKHUQ 6KDXQWLH +LOOV� %HDYHU DQG ,URQ &RXQWLHV� 8WDK� 8WDK

*HRORJLFDO DQG 0LQHUDO 6XUYH\ 6SHFLDO 6WXGLHV �� DOVR� �����

*HRVFLHQFH $EVWUDFWV� Y� �� QR� �� S� ����� ���������

(9$16� 6� +�� -U�� FRPSLOHU� ����� *HRORJLF PDS RI WKH FHQWUDO DQG

QRUWKHUQ 0LQHUDO 0RXQWDLQV� 8WDK� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV 5HSRUW� QR� ����� VFDOH

���������

(9$16� 6� +�� -U�� ����� 6WXGLHV LQ %DVLQ DQG 5DQJH YROFDQLVP� 6DOW

/DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 3K�'� WKHVLV�

��� S�

(9$16� 6� +�� -U�� ����� 8WDK JHRWKHUPDO XSGDWH� 7KLUG $QQXDO

6WDQIRUG *HRWKHUPDO &RQIHUHQFH DQG :RUNVKRS� 3URFHHGLQJV� S�

����������

(9$16� 6� +�� -U�� ����� 6XPPDU\ RI SRWDVVLXP�DUJRQ DJH GDWLQJ �

�����8QLYHUVLW\ RI8WDK�'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV

5HSRUW� QR� '2(�(7���������� �� S�

(9$16� 6� +�� -U�� ����� 6XPPDU\ RI SRWDVVLXP�DUJRQ GDWLQJ � �����

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

5HSRUW� QR� '2(�,'���������� � S�

(9$16� 6� +�� -U�� DQG %URZQ� )� +�� ����� 6XPPDU\ RI

SRWDVVLXP�DUJRQ DJH GDWLQJ � ����� (DUWK 6FLHQFH /DER�

UDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'���������� �� S�

(9$16� 6� +�� -U�� DQG %URZQ� )� +�� ����� 6XPPDU\ RI

SRWDVVLXP�DUJRQ GDWLQJ � ����� (DUWK 6FLHQFH /DERUD�

WRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'�,

�������� �� S�

(9$16� 6� +�� -U�� &UHFUDIW� +� 5�� DQG 1DVK�:� 3�� ����� .�$U GDWHV

RI VLOLFLF YROFDQLFV LQ 7ZLQ 3HDNV�&RYH &UHHN 'RPH DUHD�

VRXWKZHVWHUQ 8WDK� ,VRFKURQ�:HVW� QR� ��� S� ������

(9$16� 6� +�� -U�� DQG 1DVK� :� 3�� ����� /RZ�WHPSHUDWXUH UK\ROLWH

IURP WKH 5RRVHYHOW JHRWKHUPDO DUHD� 8WDK �DEV��� *HRORJLFDO

6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� �� QR� �� S� �����

'HVFULSWLRQ RI D VXLWH RI 4XDWHUQDU\ VLOLFLF YROFDQLF URFNV

DVVRFLDWHG ZLWK 5RRVHYHOW +RW 6SULQJV JHRWKHUPDO DUHD� FKHPLFDO

DQDO\VHV DQG PLQHUDORJ\ RI VL[ ORFDO REVLGLDQV� TXHQFK

WHPSHUDWXUHV REWDLQHG IURP )H�7L R[LGH DQG .XGR�:HLOO

SODJLRFODVH JHRWKHUPRPHWHUV� FDOFXODWHG ZDWHU IXJDFLWLHV�

FDOFXODWHG GHSWKV RI PDJPD VRXUFH UHJLRQ� UHJLRQDO

SDOHRJHRWKHUPDO JUDGLHQW� VSHFXODWLRQ RQ RULJLQ RI ODYDV�

(9$16� 6� +�� -U�� DQG 1DVK� :� 3�� ����� 4XDWHUQDU\ UK\ROLWH IURP

WKH 0LQHUDO 0RXQWDLQV� 8WDK� 8�6�$�� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV )LQDO 5HSRUW� Y� ������ ��

S�

(9$16� 6� +�� -U�� DQG 1LHOVRQ� '� /�� ����� 7KHUPDO DQG WHFWRQLF

KLVWRU\ RI WKH 0LQHUDO 0RXQWDLQV LQWUXVLYH FRPSOH[� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ������

(9$16� 6� +�� -U�� DQG 6WHYHQ� 7� $�� ����� 5K\ROLWHV LQ WKH *LOOLHV

+LOO�:RRGWLFN+LOO DUHD� %HDYHU&RXQW\�8WDK�*HRORJLFDO 6RFLHW\

RI $PHULFD %XOOHWLQ� Y� ��� QR� ��� S� ����������

)(/0/((� -� .�� DQG &DGLJDQ� 5� $�� ����� 'HWHUPLQDWLRQ RI

XUDQLXP LQ VRXUFH URFNV E\ XVLQJ UDGLXP LQ &U\VWDO 6SULQJV� *UHDW

6DOW /DNH DUHD� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW

������� �� S�� DOVR� ����� 8�6� *HRORJLFDO 6XUYH\ &LUFXODU ���� S�

������

)(/7,6� 5� '�� DQG *RRGH� +� '�� ����� 3URGXFWLRQ DQG XVH RI IUHVK

ZDWHU IURP WKH $VKOH\ 9DOOH\ RLO ILHOG� 8LQWDK &RXQW\� 8WDK� LQ

*HRORJLFDO 6XUYH\ 5HVHDUFK ����� 8�6� *HRORJLFDO 6XUYH\

3URIHVVLRQDO 3DSHU ����&� S� &���&���

)(7+� -� +�� DQG %DUQHV� ,�� ����� 6SULQJ�GHSRVLWHG WUDYHUWLQH LQ

HOHYHQ ZHVWHUQ 6WDWHV� 8�6� *HRORJLFDO 6XUYH\ :DWHU�5HVRXUFHV



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

,QYHVWLJDWLRQV 5HSRUW ������ � SODWH ZLWK WH[W�

),25(� -� 1�� ����� 2YHUYLHZ DQG VWDWXV RI WKH 8�6� 'HSDUWPHQW RI

(QHUJ\
V LQGXVWU\�FRXSOHG JHRWKHUPDO UHVHUYRLU DVVHVVPHQW

SURJUDP� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S�

��������

),6+0$1� +� 6�� ����� *HRORJLF VWUXFWXUH DQG UHJLRQDO JUDYLW\ RI D

SRUWLRQ RI WKH +LJK 3ODWHDXV RI 8WDK� 6DOW /DNH &LW\� 8WDK�

8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

),7&+� :� (�� ����� 0LQHUDO ZDWHUV RI WKH 8QLWHG 6WDWHV DQG

$PHULFDQ VSDV� 3KLODGHOSKLD DQG1HZ<RUN� /HD DQG )HELJHU� ���

S�

)/$1,*$1� 9� -�� DQG &DPSEHOO� '� /�� ����� *HRSK\VLFDO

PHDVXUHPHQWV LQ WKH %HDYHU %DVLQ� ZHVW�FHQWUDO 8WDK� 3DUW , �

6OLQJUDP� PDJQHWLF DQG VHOI�SRWHQWLDO SURILOHV� 8�6� *HRORJLFDO

6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

)/(&.� 5� -�� $QGHUVRQ� -� -�� DQG 5RZOH\� 3� '�� ����� &KURQRORJ\

RI PLG�7HUWLDU\ YROFDQLVP LQ +LJK 3ODWHDXV UHJLRQ RI 8WDK� LQ

&HQR]RLF JHRORJ\ RI VRXWKZHVWHUQ +LJK 3ODWHDXV RI 8WDK�

*HRORJLFDO 6RFLHW\ RI $PHULFD 6SHFLDO 3DSHU ���� S� ������

)2/(<� 'XQFDQ� ����� +\GURWKHUPDO V\VWHPV RI FHQWUDO 8WDK� D

UHJLRQDO SHUVSHFWLYH �DEV��� LQ 3URJUDP DQG DEVWUDFWV IRU WKH 8WDK

*HRORJLFDO$VVRFLDWLRQ� ���� V\PSRVLXPRQ WKH RYHUWKUXVW EHOW RI

8WDK� 8WDK *HRORJLFDO $VVRFLDWLRQ 3XEOLFDWLRQ , �� S� ���

)2/(<� 'XQFDQ� ����� 8�6� 'HSDUWPHQW RI (QHUJ\ VWDWH FRXSOHG

UHVRXUFH DVVHVVPHQW SURJUDP � ILQDO UHSRUW IRU )< ����� (DUWK

6FLHQFH /DERUDWRU\ 8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW�

QR� '2(�,'����������� �� S�

)2/(<� 'XQFDQ� %URSK\� *� 3�� 0LQN� /� /�� DQG %ODFNHWW� 5� (��

����� 7KH VWDWH FRXSOHG SURJUDP � D QHZ HPSKDVLV� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

)2/(<� 'XQFDQ� DQG 'RUVFKHU� 0�� ����� 7DEOHV RI FRORFDWHG

JHRWKHUPDO VLWHV DQG %/0 ZLOGHUQHVV VWXG\ DUHDV� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'���������� ��� S�

)2/(<� 'XQFDQ� :ULJKW� 3� 0�� 6WUXKVDFNHU� '� :�� 1LFKROV� &� 5��

0LQN� /� /�� %URSK\� *� 3�� *ULP� 3� -�� DQG %HUU\� *�� ����� 6WDWH

FRXSOHG UHVRXUFH DVVHVVPHQW SURJUDP � DQ XSGDWH� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

)251(6�$�2�� ��� ��'LUHFW�XVH JHRWKHUPDO GLVWULFW KHDWLQJSURMHFWV

LQ WKH 8�6� � D VXPPDU\� *HRKHDW &HQWHU 4XDUWHUO\ %XOOHWLQ� Y� ��

QR� �� S� ����

)255(67� 5� -�� ����� +LVWRULFDO V\QRSVLV RI WKH 5RRVHYHOW +RW

6SULQJV JHRWKHUPDO ILHOG� 8WDK� LQ 1LHOVRQ� '� /�� HG�� *HRWKHUPDO

V\VWHPV LQ FHQWUDO 8WDK� *HRWKHUPDO 5HVRXUFHV &RXQFLO $QQXDO

0HHWLQJ� 6DOW /DNH &LW\� 8WDK� *XLGHERRN WR )LHOG 7ULS� QR� �� S�

������

2XWOLQHV GLVFRYHU\ DQG GHYHORSPHQW RI 5RRVHYHOW +RW 6SULQJV E\

YDULRXV FRPSDQLHV� RUJDQL]DWLRQV� DQG LQVWLWXWLRQV� FKURQRORJLFDO

OLVWLQJ RI GHYHORSPHQWV E\ 3KLOOLSV 3HWUROHXP &RPSDQ\ DQG E\

RWKHU SDUWLHV� PDS RI ODQG VWDWXV DW 5RRVHYHOW +RW 6SULQJV�

)5$1*26� :� $�� DQG :DUG� 6� +�� ����� %LSROH�GLSROH VXUYH\ DW

5RRVHYHOW +RW 6SULQJV .*5$� %HDYHU &RXQW\� 8WDK� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW�

QR� '2(�,'���������� �� S�

%LSROH�GLSROH VXUYH\ WR HYDOXDWH WHFKQLTXH IRU JHRWKHUPDO

SURVSHFWLQJ� JHQHUDO JHRSK\VLFV RI VWXG\ DUHD� VXUYH\ SURFHGXUHV

DQG UHVXOWV� PDSV RI WRSRJUDSKLF EDVH ZLWK WUDQVPLWWHU ORFDWLRQV

DQG DSSDUHQW UHVLVWLYLWLHV RI LQGLYLGXDO WUDQVPLWWHUV�

)8&+6� 5� /�� DQG +XWWUHU� *� :�� ����� *HRWKHUPDO HQHUJ\� VORZ�

JURZLQJ LQGXVWU\ ILQDOO\ KHDWV XS� (QJLQHHULQJ DQG 0LQLQJ

-RXUQDO� Y� ���� QR� �� S� ������

*$%%(57� 6� &�� ����� *UDYLW\ VXUYH\ RI SDUWV RI 0LOODUG� %HDYHU�

DQG ,URQ &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S

*$/<$5'7� *� /�� DQG 5XVK� )� (�� ����� *HRORJLF PDS RI WKH

&UDWHU 6SULQJV NQRZQJHRWKHUPDO UHVRXUFHV DUHD DQGYLFLQLW\� -XDE

DQG 0LOODUG &RXQWLHV� 8WDK� 8�6� *HRORJLFDO 6XUYH\

0LVFHOODQHRXV ,QYHVWLJDWLRQV 6HULHV0DS ,� � ���� VFDOH �� �������

/LWKRORJ\� VWUXFWXUH� WRSRJUDSK\� URDG DQG MHHS WUDLOV� DQG FRXQW\

OLQH LQ .*5$� PDS OHJHQG GHVFULEHV DOOXYLDO DQG HROLDQ GHSRVLWV�

K\GURWKHUPDO UHODWHG GHSRVLWV� /DNH %RQQHYLOOH GHSRVLWV� SUH�ODNH

GHSRVLWV� YROFDQLF DQG SUH�YROFDQLF URFNV� LQGH[ PDS VKRZV

TXDGUDQJOH QDPHV DQG ERXQGDULHV LQ WKH DUHD RI WKH JHRORJLF PDS�

*$5'1(5� 6XVDQ� :LOOLDPV� -� 0�� DQG %URXJKDP� *� :�� �����

$XGLR�PDJQHWRWHOOXULF GDWD ORJ DQG VWDWLRQ ORFDWLRQ PDS IRU

0RQURH�-RVHSK .*5$� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH

5HSRUW ������� � S�

*$5'1(5� 6XVDQ�:LOOLDPV� -�0�� DQG+RRYHU� '� %�� ����� $XGLR�

PDJQHWRWHOOXULF GDWD ORJ DQG VWDWLRQ ORFDWLRQPDS IRU /XQG NQRZQ

JHRWKHUPDO UHVRXUFH DUHD�8WDK�8�6�*HRORJLFDO 6XUYH\2SHQ�)LOH

5HSRUW ������� �S�

*$5'1(5� 6XVDQ� :LOOLDPV� -� 0�� DQG /RQJ� &� /�� ����� $XGLR�

PDJQHWRWHOOXULF GDWD ORJ� DQG VWDWLRQ ORFDWLRQ PDS IRU 7KHUPR

NQRZQ JHRWKHUPDO UHVRXUFH DUHD� 8WDK� 8�6� *HRORJLFDO 6XUYH\

2SHQ�)LOH 5HSRUW ������� � S�

*(2120,&6� ,1&25325$7('� ����D� $ FRPSDULVRQ RI

K\GURWKHUPDO UHVHUYRLUV RI WKH ZHVWHUQ 8QLWHG 6WDWHV� (OHFWULF

3RZHU 5HVHDUFK ,QVWLWXWH 7RSLFDO 5HSRUW �� (35, (5����� ��� S�

*(2120,&6� ,1&25325$7('� ����E� *HWW\ 2LO &RPSDQ\

VXUIDFH JHRSK\VLFDO VXUYH\V� 5RRVHYHOW+RW 6SULQJV� (DUWK 6FLHQFH



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�5+6�*2&����� XQSDJLQDWHG�

)LIWHHQ PLOHV RI HOHFWULFDO UHVLVWLYLW\ VXUYH\ SURILOHV ZLWK UHSRUW�

WZR FRQWRXUHGPDSVZLWK 8QLYHUVLW\ RI 8WDK GDWD� PDSV RI GLSROH�

GLSROH HOHFWULFDO UHVLVWLYLW\ VXUYH\� LQWHUSUHWDWLRQV DQG JHRORJ\�

*(27+(50$/ 32:(5 &25325$7,21� ����D� 5RRVHYHOW +RW

6SULQJV WKHUPDO JUDGLHQW GDWD IRU KROH QXPEHU ��� WHPSHUDWXUH�

ZDWHU DQDO\VLV� DQG ZLUH OLQH VXUYH\� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�5+6�*3&��� XQSDJLQDWHG�

'DLO\ GULOOLQJ UHSRUWV DQG GULOOLQJ WLPH ORJ IRU *HRWKHUPDO 3RZHU

&RUSRUDWLRQ ZHOO ��� EULHI IRUPDWLRQ GHVFULSWLRQ� GULOOLQJ WLPHV

DQG GHSWKV� FKDUW DQG JUDSK RI ZHOO GHSWKV DQG FRUUHVSRQGLQJ

WHPSHUDWXUHV� 6XQ :HOO /RJJLQJ� ,QFRUSRUDWHG� OLWKRORJLF ORJ IRU

ZHOO ���

*(27+(50$/32:(5&25325$7,21� ����E�6KDOORZ WKHUPDO

JUDGLHQW KROH GDWD IRU �� KROHV QHDU 5RRVHYHOW +RW 6SULQJV� 8WDK�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

2SHQ�)LOH 5HSRUW� QR� 87�5+6�*3&��� XQSDJLQDWHG�

7HPSHUDWXUH� OLWKRORJ\� DQG KHDW IORZFDOFXODWLRQV� OLWKRORJLF ORJV�

WHPSHUDWXUH�GHSWK ORJV� PDSV RI WRSRJUDSK\ DQG OHDVH SRVLWLRQ RI

*HRWKHUPDO 3RZHU &RUSRUDWLRQ�

*(27+(50$/ 32:(5 &25325$7,21� ����� *HRWKHUPDO

UHVHUYRLU DVVHVVPHQW� 5RRVHYHOW+RW 6SULQJV� ILQDO UHSRUW�2FWREHU

�� ���� � -XQH ��� ����� 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH

5HSRUW� QR� '2(�(7��������� �� S�

5HJLRQDO JHRORJLF VHWWLQJ DQG KLVWRU\� VWUDWLJUDSK\� JUDYLW\�

DHURPDJQHWLFV� JHRHOHFWULFDO� DQG KHDW IORZ VXUYH\ LQWHUSUHWDWLRQV�

K\GURORJLF UHJLPH DQG JURXQG ZDWHU FKHPLVWU\� VRXUFH RI

JHRWKHUPDO KHDW DQG UHVHUYRLU FRQILJXUDWLRQ� H[SORUDWLRQ KLVWRU\

DQG VWUDWHJLHV� JUDYLW\ SURILOH ZLWK LQWHUSUHWLYH JHRORJLFDO FURVV

VHFWLRQ�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����D�8WDK

UHLQMHFWLRQ DJUHHPHQW VLJQHG� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� �� QR� �� S� ���

0HPRUDQGXP RI DJUHHPHQW VLJQHG WKDW SURYLGHV IRU UHYLHZ RI

SURSRVDOV WR LQMHFW JHRWKHUPDO DQG KHDW SXPSLQJ ZDWHU LQWR

QDWXUDO FKDQQHOV� UHJXODWRU\ DJHQFLHV QDPHG�

*(27+(50$/5(6285&(6&281&,/%8//(7,1�����E�8WDK

VWDWH OHDVH VDOH UHVXOWV� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y�

�� QR� �� S� ���

%LG UHFHLYHG IRU RQH RI �� JHRWKHUPDO VWHDP KRXVLQJ WUDFWV�

DPRXQW SDLG DQG ORFDWLRQ RI WUDFW� WHPSHUDWXUH UDQJHV RI H[LVWLQJ

VSULQJV LQ DUHD�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����F�8WDK

JHRWKHUPDO JUHHQKRXVHV SURGXFH ODUJH WRPDWR FURS� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� �� QR� ��� S� ���

7ZR WRQ WRPDWR FURS IURP D JHRWKHUPDO 8WDK IDUP� OD\RXW RI

JUHHQKRXVHV DQG WRPDWR SODQW DUUDQJHPHQWV� WHPSHUDWXUHV RIZHOOV

DQG WRWDO GLVVROYHG VROLGV FRQWHQW RI WKHUPDO ZDWHUV� FRVW VDYLQJV�

ORFDWLRQ RI DUHD� IXWXUH JHRWKHUPDO SRZHU GHYHORSPHQW SODQV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����G�

:HOOV FRPSOHWHG DW 8WDK SULVRQ VLWH� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� �� QR� , �� S� ���
6WDWH RI 8WDK FRPSOHWHG WZR H[SORUDWRU\ ZHOOV IRU D VSDFH�KHDWLQJ

SURMHFW DW &U\VWDO +RW 6SULQJV� SURMHFW IXQGLQJ DQG SXUSRVH� GHSWK

DQG WHPSHUDWXUHV RI ILUVW ZHOO�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����D�8WDK

/HJLVODWXUH WR FRQVLGHU JHRWKHUPDO ELOO� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

*HRWKHUPDO &RQVHUYDWLRQ $FW RI ���� HVWDEOLVKHG WR DVVLJQ

UHJXODWRU\ DXWKRULW\ RI JHRWKHUPDO HQHUJ\ WR WKH'LYLVLRQ RI:DWHU

5LJKWV� RWKHU FRQGLWLRQV VWDWHG LQ WKH DFW�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����E�

5RRVHYHOW+RW 6SULQJV JHRWKHUPDO SDFW JHWV DSSURYDO�*HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

8WDK 3XEOLF 6HUYLFH &RPPLVVLRQ DSSURYHG D FRQWUDFW EHWZHHQ

3KLOOLSV 3HWUROHXP&RPSDQ\ DQG8WDK 3RZHU DQG /LJKW &RPSDQ\

IRU SURGXFLQJ HOHFWULFLW\ZLWK JHRWKHUPDO VWHDP� 3KLOOLSV WR VXSSO\

WKH VWHDP IRU 8WDK 3RZHU DQG /LJKW �� 0:H SODQW�

*(27+(50$/5(6285&(6&281&,/%8//(7,1�����F� 6WDWH

PD\ UHFHLYH 0; VWXG\ PRQH\ IRU JHRWKHUPDO� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

$SSOLFDWLRQ IRU IXQGV WR VWXG\ WKH IHDVLELOLW\ RI XVLQJ JHRWKHUPDO

HQHUJ\ IRU SRZHULQJ WKH 0; V\VWHP� IHDVLELOLW\ VWXG\ WR EH

FRPSOHWHG 0DUFK ����� FRQVLGHUDWLRQ RI RWKHU HQHUJ\ VRXUFHV�

*(27+(50$/5(6285&(6&281&,/%8//(7,1�����G�8WDK

5RVHV KROGV JHRWKHUPDO RSHUDWLRQ RSHQ KRXVH� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

2SHQ KRXVH KHOG IRU 8WDK 5RVHV� ,QF� JHRWKHUPDO JUHHQKRXVHV�

ZDWHU WHPSHUDWXUHV DQG ZHOO GHSWK� HVWLPDWHG FRVW RI KHDWLQJ

RSHUDWLRQ� ORQJ UDQJH FRQVWUXFWLRQ SODQV� SHUPLWWLQJ GHOD\ IRU WKH

GLVFKDUJH RI JHRWKHUPDO SURGXFWLRQ IOXLG LQWR WKH -RUGDQ 5LYHU�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ���OH� 8WDK

JHRWKHUPDO ELOO SDVVHV� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ�

Y� ��� QR� �� S� ���

8WDK 6HQDWH DQG +RXVH SDVVHG D ELOO HVWDEOLVKLQJ JXLGHOLQHV IRU

GHYHORSPHQW RI 8WDK
V JHRWKHUPDO HQHUJ\� 'LYLVLRQ RI :DWHU

5LJKWV QDPHG DV WKH UHJXODWRU\ DJHQF\�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����I�8WDK

3ULVRQ H[SORUDWLRQZHOO FRPSOHWHG�*HRWKHUPDO5HVRXUFHV&RXQFLO

%XOOHWLQ� Y� ��� QR� �� S� ���

&RPSOHWLRQ RI D ���� IRRW H[SORUDWRU\ ZHOO� ORFDWLRQ DQG ZDWHU

WHPSHUDWXUHV RI ZHOO� VRXUFH RI IXQGV IRU WKH JHRWKHUPDO VSDFH�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

KHDWLQJ SULVRQ SURMHFW�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����J�

*HRWKHUPLVWV SDUWLFLSDWH LQ &$70(&6 PHHWLQJ� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

)RUW\ DWWHQGHHV WR WKH WHQWKPHHWLQJ RI WKH&HQWHUV IRU WKH$QDO\VLV

RI 7KHUPDO�0HFKDQLFDO (QHUJ\ &RQYHUVLRQ &RQFHSWV� WRSLFV

DGGUHVVHG� DYDLODELOLW\ RI PHHWLQJ UHSRUW�

*(27+(50$/5(6285&(6&281&,/%8//(7,1�����K�8WDK

38& JLYHV DSSURYDO WR SRZHU SODQW� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ������

8WDK 3XEOLF 6HUYLFH &RPPLVVLRQ DSSURYHV D FRQWUDFW EHWZHHQ

3KLOOLSV 3HWUROHXP&RPSDQ\ DQG 8WDK 3RZHU DQG /LJKW IRU XVH RI

JHRWKHUPDO VWHDP WR SURGXFH HOHFWULFLW\�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����L�

(QYLURQPHQWDO DVVHVVPHQW UHOHDVHG RQ ILUVW 8WDK JHRWKHUPDO

SRZHU SODQW� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� ��

S� ��

5HOHDVH RI WKH GUDIW HQYLURQPHQWDO DVVHVVPHQW RQ WKH SURSRVHG ��

0:H JHRWKHUPDO SRZHU SODQW DW 5RRVHYHOW +RW 6SULQJV�

FRQVWUXFWLRQ VFKHGXOH� HQYLURQPHQWDO FRQFHUQV� VL[ FRPPHUFLDO

ZHOOV GULOOHG DW 5RRVHYHOW�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����M�8WDK

JHRWKHUPDO XQLW DSSURYHG� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� ��� QR� �� S� � ��

8WDK 'LYLVLRQ RI 6WDWH /DQGV DSSURYDO RI WKH IRUPDWLRQ RI WKH

'UXP 0RXQWDLQV *HRWKHUPDO 8QLW� ORFDWLRQ DQG VL]H RI WKH XQLW�

XQLW DJUHHPHQW SURYLVLRQV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����N�

%LSKDVH XQLW LQVWDOOHG DW 5RRVHYHOW +RW 6SULQJV� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� , �� S� ������

(TXLSPHQW IRU %LSKDVH (QHUJ\ 6\VWHPV PRELOH JHQHUDWLQJ SODQW

SUHSDUHG IRU RSHUDWLRQ DW 5RRVHYHOW +RW 6SULQJV LQ 6HSWHPEHU RI

����� H[SHFWHG SURGXFWLRQ� 8WDK 3RZHU DQG /LJKW SODQV WR VWXG\

HFRQRPLF DQG WHFKQLFDO IHDVLELOLW\ RI D � 0:H DQG D �� 0:H

VWHDP WXUELQH V\VWHP� HQGXUDQFH WHVW VFKHGXOHG IRU VSULQJ ����

GHSHQGLQJ RQ VXFFHVV RI WHVWV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����D�

5RRVHYHOW +RW 6SULQJV SURGXFHV SRZHU� 8WDK 3RZHU DQG /LJKW

FXVWRPHUV JHW WKHLU ILUVW JHRWKHUPDOO\ SURGXFHG HOHFWULFLW\�

*HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ,,� QR� �� S� ����

'DWH ILUVW JHRWKHUPDO JHQHUDWLQJ XQLW DW 5RRVHYHOW +RW 6SULQJV

EHJDQ VXSSO\LQJ HOHFWULFLW\ WR 8WDK 3RZHU DQG /LJKW� FRRSHUDWLYH

SURMHFW RI 8WDK 3RZHU DQG /LJKW� 3KLOOLSV 3HWUROHXP &RPSDQ\�

%LSKDVH (QHUJ\ 6\VWHPV� DQG (OHFWULFDO 3RZHU 5HVHDUFK ,QVWLWXWH�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1 ����E�

:(67(& JHWV VWDUW�XS FRQWUDFW� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� � �� QR� �� S� ���

:(67(& 6HUYLFHV� ,QF� WR SURYLGH VWDUW�XS VHUYLFHV IRU 8WDK

3RZHU DQG/LJKW &RPSDQ\
V 5RWDU\ 6HSDUDWRU 7XUELQH JHRWKHUPDO

SURMHFW DW 5RRVHYHOW +RW 6SULQJV� WRWDO FRVW RI FRQWUDFW DQG

GXUDWLRQ RI SURMHFW�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����F�8WDK

OHDVH VDOH JHWV QR ELGV� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ�

Y� , �� QR� �� S� ���

1R ELGV VXEPLWWHG IRU JHRWKHUPDO OHDVH VDOH XQLWV LQ %R[ (OGHU

DQG 0LOODUG FRXQWLHV� 8WDK�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����G�

3KLOOLSV SODQV 8WDK H[SORUDWLRQ� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� , �� QR� �� S� ���

3KLOOLSV3HWUROHXP&RPSDQ\ SODQV H[SORUDWRU\ JHRWKHUPDO GULOOLQJ

LQ WKH 'UXP 0RXQWDLQV XQLW RI 8WDK� ORFDWLRQ RI DUHD� SUHYLRXVO\

UHSRUWHG JHRWKHUPDO JUDGLHQWV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����H�

&U\VWDO +RW 6SULQJV ZDWHU ULJKWV VWXGLHG� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� , �� QR� �� S� ���

+HDULQJ KHOG LQ ���� WR LQYHVWLJDWH WKH DGPLQLVWUDWLRQ RI ZDWHU

ULJKWV LQ &U\VWDO +RW 6SULQJV DUHD� VXFFHVVIXO GULOOLQJ DQG WHVW

UHVXOWV LQ WKH DUHD�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����I�

3KLOOLSV WR GULOO QHZ 5RRVHYHOW +RW 6SULQJV ZHOO� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� � �� QR� �� S� ���

3ODQV IRU 3KLOOLSV WR GULOO PRUH ZHOOV IRU WKH �� 0:H JHRWKHUPDO

SRZHU SODQW� ZHOO ORFDWLRQV DQG SURMHFWHG GHSWKV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����J�

8QLRQ LV VROH ELGGHU IRU 8WDK JHRWKHUPDO OHDVHV� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� , �� QR� �� S� ���

7RWDO ERQXV SDLG E\8QLRQ2LO&RPSDQ\ RI &DOLIRUQLD IRU �������

DFUHV RI ODQG IRU JHRWKHUPDO OHDVLQJ IURP WKH VWDWH RI 8WDK�

ORFDWLRQ RI ODQGV DFTXLUHG�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����K�+XQW

ELG WRSV 8WDK OHDVH VDOH� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ�

Y� � �� QR� �� S� ���

/RFDWLRQ RI WUDFW DQG DPRXQW RI :� +� +XQW
V ELG IRU OHDVLQJ XQLW

� LQ WKH &RYH )RUW�6XOSKXUGDOH .*5$� ELGV RQ IRXU RWKHU WUDFWV�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����L�8WDK

6WDWH 3ULVRQ ZHOO WR EH WHVWHG� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� , �� QR� �� S� ������

3ODQV IRU D �� GD\ SXPS WHVW RQ D ZHOO DW WKH 8WDK 6WDWH 3ULVRQ�

UHFRYHU\ PRQLWRULQJ WR ODVW VHYHQ WR WHQ GD\V� PDQDJHPHQW DQG

LQWHUSUHWDWLRQ SODQV IRU WKH WHVWV�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����M�+XQW



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

2LO SODQV IRXU 8WDK ZHOOV� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� , �� QR� �� S� ���

+XQW 2LO &RPSDQ\ SODQV WR GULOO XS WR IRXU ���� IW GHHS

JHRWKHUPDO ZHOOV LQ ,URQ &RXQW\� 8WDK� DYDLODELOLW\ RI D FRS\ RI

WKH SODQ RI RSHUDWLRQ�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����N�

'ULOOLQJ FRQILUPV 5RRVHYHOW +RW 6SULQJV JHRWKHUPDO SRWHQWLDO�

*HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ,,� QR� � �� S� ���

&RPELQHG IORZ FDSDFLW\ RI WZR 3KLOOLSV 3HWUROHXP &RPSDQ\

ZHOOV� OLVW RI SDUWLFLSDWLQJ UHVRXUFH FRPSDQLHV DW 5RRVHYHOW�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����D�

5RRVHYHOW +RW 6SULQJV SRZHU SODQW RQ WDUJHW� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

&RPSOHWLRQ RI WZR RI IRXU VWDJHV RI D 8WDK 3RZHU DQG /LJKW ��

0:H SRZHU SODQW DW 5RRVHYHOW +RW 6SULQJV� VFKHGXOH RI

FRPSOHWLRQ RI IRXUWK VWDJH� UHVXOWV RI 3KLOOLSV 3HWUROHXP
V UHFHQW

GULOOLQJ SURMHFWV� HOHFWULFDO SRZHU WHVWV FRQGXFWHG DW 5RRVHYHOW�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����E�

5RRVHYHOW +RW 6SULQJ DFWLYLW\ XSGDWH� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

7HVWLQJ RI D ��� 0:H 7UDQVDPHULFD 'HODYDO %LSKDVH 5RWDU\

6HSDUDWRU 7XUELQH DW 5RRVHYHOW +RW 6SULQJV� WRWDO HOHFWULFDO

SURGXFWLRQ GXULQJ WKH WHVW� FRQVWUXFWLRQ VFKHGXOH RI D �� 0:H

VLQJOH�IODVK SRZHU SODQW�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����F�

*HRWKHUPDO WR ZDUP SULVRQHUV� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� ��� QR� ��� S� ������

'HYHORSPHQW DQG FRQVWUXFWLRQ FRVWV IRU FRQYHUWLQJ WKH 8WDK 6WDWH

3ULVRQPLQLPXP VHFXULW\ EXLOGLQJ WR D JHRWKHUPDO KHDWLQJ V\VWHP�

EUHDNGRZQ RI '2( DQG 6WDWH
V FRVWV� IXWXUH SODQV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����D�

%LSKDVH WXUELQH WR RSHUDWH IRU 83	/� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� ����� Y� ��� QR� �� S� ��

$ ZHOOKHDG JHRWKHUPDO SRZHU XQLW WR EH LQVWDOOHG DW 5RRVHYHOW�

8WDK� H[SHFWHG SRZHU JHQHUDWLRQ� XQLTXH IHDWXUHV RI XQLW� 8WDK

3RZHU DQG /LJKW SURGXFWLRQ KLVWRU\ DW 5RRVHYHOW�

*(27+(50$/ 5(6285&(6&281&,/ %8//(7,1� ����E� 'U\

VWHDPGLVFRYHU\�EORZRXW�*HRWKHUPDO5HVRXUFHV&RXQFLO %XOOHWLQ�

Y� ��� QR� �� S� ������

'LVFRYHU\ RI D GU\ VWHDP ZHOO QHDU &RYH )RUW� 8WDK� HVWLPDWHG

IORZ RI GU\ VWHDP DQG ZHOO KHDG WHPSHUDWXUH� QHZ ZHOO GULOOHG LQ

DUHD�� QHZ GHYHORSPHQW DQG SODQV IRU VDOH RI SRZHU�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����F� 'U\

VWHDP GLVFRYHU\�EORZ RXW� *HRWKHUPDO 5HVRXUFHV &RXQFLO

%XOOHWLQ� Y� ��� QR� �� S� ������

/RFDWLRQ DQG ILHOG RSHUDWRU IRU 2OJD
V :HOO 1R� ����� LQLWLDO

GULOOLQJ SURJUDP IRU ����� WLPH DQG GDWH RI EORZRXW� HVWLPDWHG

IORZ RI �GU\ VWHDP� IURP WKH EORZRXW� HIIRUWV PDGH WR FRQWDLQ WKH

ZHOO� HTXLSPHQW XVHG� VXFFHVVIXO FRQWDLQPHQW� SRZHU VDOH FRQWUDFW

EHWZHHQ WKH RSHUDWRU DQG 3URYR &LW\� IXWXUH GHYHORSPHQW SODQV RI

WKH RSHUDWRU�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����G�

6HFRQG ZHOO FRPSOHWHG DW &RYH )RUW� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

&RPSOHWLRQ RI D GU\ VWHDP ZHOO DW &RYH )RUW� 8WDK� ORFDWLRQ DQG

GHSWK RI ZHOO� SODQV IRU IXUWKHU GULOOLQJ�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����H�

8QLG\QH WR DFTXLUH JHRWKHUPDO GLYLVLRQ RI $PD[� *HRWKHUPDO

5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

3UHOLPLQDU\ DJUHHPHQW EHWZHHQ$PD[ DQG8QLG\QH IRU 8QLG\QH
V

SXUFKDVH RI 6WHDP 5HVHUYH &RUSRUDWLRQ� WHUPV RI WKH DJUHHPHQW�

SURSHUWLHV LQYROYHG LQ WKH DJUHHPHQW�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����I�

5RRVHYHOW +RW 6SULQJV SODQW JRHV RQ OLQH� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� , �� S� ���

8WDK 3RZHU DQG /LJKW
V ��� PLOOLRQ� �� 0:H SRZHU SODQW VWDUW

XS� SODQW GHVLJQHUV DQG FRQVWUXFWLRQ FRPSDQ\�� IXUWKHU 8WDK

3RZHU DQG /LJKW SODQV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����J�

3URYR WR SXUFKDVH JHRWKHUPDO SRZHU� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� , �� S� ���

3ODQV XQGHUZD\ IRU 3URYR &LW\ WR SXUFKDVH JHRWKHUPDO SRZHU

IURP ZHOOV DW &RYH )RUW� 8WDK� GHYHORSHU RI WKH ZHOOV� HVWLPDWHG

SRZHU RXWSXW IURP WKH&RYH )RUW DUHD� DSSUR[LPDWH FRVW IRU 3URYR

FLWL]HQV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����D�

83	/ ZLQV DZDUG IRU HQHUJ\ LQQRYDWLRQ� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ������

8WDK 3RZHU DQG /LJKW &RPSDQ\ ZLQV DQ DZDUG IRU UHVHDUFK DQG

GHYHORSPHQW RI D KLJK�HIILFLHQF\ WXUELQH JHQHUDWRU IRU WKH

5RRVHYHOW +RW 6SULQJV DUHD� FKDUDFWHULVWLFV RI WKH SRZHU SODQW�

FRVW FRPSDULVRQV DQG SURMHFWHG VDYLQJV�

*(27+(50$/ 5(6285&(6 &281&,/ %8//(7,1� ����E�

83	/ VXEVLGLDU\ RUJDQL]HG WR H[SORUH HQHUJ\ UHVRXUFHV�

*HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ���

2UJDQL]DWLRQ RI (QHUJ\ 1DWLRQDO� ,QF�� SXUSRVH RI QHZ FRPSDQ\�

PD[LPXP HTXLW\ ILQDQFLQJ IRU (QHUJ\ 1DWLRQDO� ,QF�

*(27+(50$/5(6285&(6&281&,/%8//(7,1� ����F� )LUVW

SRZHU SODQW GHGLFDWHG DW &RYH )RUW� 8WDK� *HRWKHUPDO 5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� ��� S� ����

'DWH DQG ORFDWLRQ RI GHGLFDWLRQ FHUHPRQLHV� VSHDNHUV DW WKH



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

FHUHPRQLHV� FDSDFLW\ DQG GHVLJQ RI SRZHU SODQW� WHUPV RI

DJUHHPHQW IRU 3URYR &LW\
V SXUFKDVH RI SRZHU� JHRWKHUPDO

H[SORUDWLRQ KLVWRU\ RI WKH &RYH )RUW DQG 6XOSKXUGDOH DUHDV�

SURGXFWLRQ GULOOLQJ� OLIHWLPH H[SHFWDWLRQV RI WKH ILHOG�

*(27+(50(;� ,1&25325$7('� ����� *HRWKHUPDO SRWHQWLDO RI

WKH ODQGV OHDVHG E\ *HRWKHUPDO 3RZHU &RUSRUDWLRQ LQ WKH0LQHUDO

0RXQWDLQV� %HDYHU DQG 0LOODUG &RXQWLHV� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�5+6�*3&����� S�

6WUDWLJUDSK\ DQG VWUXFWXUH RI VWXG\ DUHD� JUDYLW\ DQG DHURPDJQHWLF

GDWD LQWHUSUHWDWLRQ� LQWHUSUHWDWLRQVEDVHG RQ JHRHOHFWULFDO� VHLVPLF�

DQG KHDW IORZ VXUYH\V� K\GURORJ\ RI VXUIDFH DQG JURXQG ZDWHUV�

JHRWKHUPDO UHJLPH� H[SORUDWLRQ KLVWRU\� PDSV RI JHRORJ\� JUDYLW\�

DHURPDJQHWLFV� DQG WHPSHUDWXUH JUDGLHQWV�

*(27521,&6� ,1&25325$7('� �����0DJQHWRWHOOXULF UHVLVWLYLW\

FURVV VHFWLRQV � 5RRVHYHOW +RW 6SULQJV� *HRWURQLFV &RUSRUDWLRQ�

VFDOH� ���������

0DJQHWRWHOOXULF UHVLVWLYLW\ FURVV VHFWLRQ IURP 5RRVHYHOW +RW

6SULQJV� PDJQHWRWHOOXULF VXUYH\ IHQFH GLDJUDP RI VXEVXUIDFH

UHVLVWLYLWLHV�PDJQHWRWHOOXULF VXUYH\ UHVLVWLYLWLHV DW ���� IHHW EHORZ

VHD OHYHO�

*(57621� 5� &�� DQG 6PLWK� 5� %�� ����� ,QWHUSUHWDWLRQ RI D VHLVPLF

UHIUDFWLRQ SURILOH DFURVV WKH 5RRVHYHOW +RW 6SULQJV� 8WDK DQG

YLFLQLW\� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 5HSRUW� QR� '2(�(7���������� S�

6HLVPLF VWXG\ GHILQHV IDXOW ORFDWLRQV DQG DVVHVVHV WKH VRXUFH RI

WKH WKHUPDO DQRPDO\ DW 5RRVHYHOW +RW 6SULQJV� JHRORJ\ DQG

JHRSK\VLFV RI VWXG\ DUHD� VHLVPLF GDWD FRPSXWDWLRQV�

LQWHUSUHWDWLRQV RI 3�ZDYH WUDYHO WLPHV DQGFRQVWUXFWLRQ RI YHORFLW\�

GHSWK PRGHOV WR WLW REVHUYHG GDWD� FRPSXWHU DQDO\VLV RI VHLVPLF

UHIUDFWLRQ GDWD� LQWHUSUHWDWLRQ RI DPSOLWXGH YDULDWLRQV RI VHLVPLF

GLIIUDFWLRQ GDWD� WZR�GLPHQVLRQDO JUDYLW\PRGHOLQJ IURPUHIUDFWLRQ

GDWD�

*(77< 2,/ &203$1<� ����D� *HWW\ ZHOO ������ 5RRVHYHOW +RW

6SULQJV � ZDWHU DQDO\VLV� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH 5HSRUW� QR� 87�5+6�*2&���

XQSDJLQDWHG�

:DWHU DQDO\VHV IRU ZHOO ����� DQG -HIIHUVRQ ZHOO� UHZRUN KLVWRU\�

FKDUWV DQG ZDWHU DQDO\VHV WDNHQ IURP GHSWK�

*(77< 2,/ &203$1<� ����E� *HWW\ ZHOO ������ 5RRVHYHOW +RW

6SULQJV �ZHOO UHSRUW� (DUWK 6FLHQFH/DERUDWRU\�8QLYHUVLW\ RI8WDK

5HVHDUFK ,QVWLWXWH 2SHQ�)LOH 5HSRUW� QR� 87�5+6�*2&���

XQSDJLQDWHG�

:HOO KLVWRU\� ELW UHFRUG� OLWKRORJLF ORJ� WHPSHUDWXUH DQG SUHVVXUH

ORJV� VXEVXUIDFH WHPSHUDWXUH VXUYH\�

*,/%(57� *� .�� ����� /DNH %RQQHYLOOH� 8�6� *HRORJLFDO 6XUYH\

0RQRJUDSK� Y� �� S� ��������

/RFDWLRQ DQG JHRPRUSKRORJ\ RI )XPDUROH %XWWH� WHPSHUDWXUH

UDQJHV RI VWHDP LVVXLQJ IURP ILVVXUHV� WHPSHUDWXUH UDQJHV RI D

JURXS RI ORFDO KRW VSULQJV� JHRORJLF KLVWRU\ RI DUHD� SHUVLVWHQFH RI

YROFDQLF KHDW LQ VWXG\ DUHD� RWKHU EDVDOW ORFDOLWLHV RI /DNH

%RQQHYLOOH�

*/(11� :� (�� &KDSPDQ� '� 6�� )ROH\� '�� &DSXDQR� 5� 0�� 6LEEHWW�

%� 6�� &ROH� '�� DQG:DUG� 6� +�� ����� *HRWKHUPDO H[SORUDWLRQ DW

+LOO $LU )RUFH %DVH� 2JGHQ� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� �� S�� DOVR� �DEV��� *HRORJLFDO 6RFLHW\ RI

$PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� ��� QR� �� S� ����

,GHQWLILHV DQG WHVWV IDYRUDEOH JHRORJLF VWUXFWXUHV IRU WKHUPDO

IOXLGV� VXUYH\ RI PHUFXU\ FRQFHQWUDWLRQ LQ VRLO SURILOHV DQG VRLO

WUDYHUVHV� IOXLG JHRFKHPLFDO DQDO\VHV RI WKHUPDOZDWHUV�ZHOOV� DQG

FROG VXUIDFH ZDWHUV� DSSOLFDWLRQ RI JHRWKHUPRPHWHUV WR ZDWHU

DQDO\VLV� JURXQG ZDWHU PRGHO RI IOXLG SDWK IURP VRXUFH UHJLRQV WR

VSULQJ DQG ZHOO ORFDWLRQV� JUDYLW\ DQG UHIOHFWLRQ VHLVPLF VXUYH\V

DQG LQWHUSUHWDWLRQV� WKHUPDO JUDGLHQW GULOOLQJ DQG ZHOO ORJ GDWD

LQWHUSUHWDWLRQ� VHLVPLF VHFWLRQV DQG JUDYLW\ SURILOHV� SODWHV

VKRZLQJ ZHOO ORJV ZLWK QDWXUDO JDPPD� UHVLVWLYLW\� WHPSHUDWXUH

JUDGLHQW� WHPSHUDWXUH� DQG FDOLSHU UHDGLQJV�

*/(11� :� (�� DQG +XOHQ� -� %�� ����D� $ VWXG\ RI ZHOO ORJV IURP

5RRVHYHOW +RW 6SULQJV .*5$� 8WDK �DEV��� 6RFLHW\ RI 3HWUROHXP

:HOO /RJ $QDO\VWV� 7UDQVFULSWV� Y� �� SDSHU QR� ==� S� ��

6HH *OHQQ DQG +XOHQ �����E��

*/(11� :� (�� DQG +XOHQ� -� %�� ����E� ,QWHUSUHWDWLRQ RI ZHOO ORJ

GDWD IURP IRXU GULOO KROHV DW 5RRVHYHOW +RW 6SULQJV .*5$� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW�

QR� '2(�(7���������� �� S�

'HWHUPLQDWLRQ RI JHRWKHUPDO UHVHUYRLU FKDUDFWHULVWLFV EDVHG RQ

ZHOO ORJ GDWD IURP IRXU GULOO KROHV� OLWKRORJLF� WHPSHUDWXUH� FDOLSHU�

SRURVLW\� GHQVLW\� UHVLVWLYLW\� QDWXUDO JDPPD� DQG VSRQWDQHRXV

SRWHQWLDO ORJV IRU HDFK GULOO KROH� HVWLPDWHV RI URFN SURSHUWLHV RI

DOOXYLDO PDWHULDO DQG LJQHRXV DQG PHWDPRUSKLF URFNV EDVHG RQ

JHRSK\VLFDO ORJV� KHDW IORZ DQG IOXLG HQWULHV� SODWHV RI JHRORJLF

ORJ FRPSRVLWHV DQG FRLQFLGLQJ JHRSK\VLFDO ORJV�

*/(11� :� (�� +XOHQ� -� %�� DQG 1LHOVRQ� '� /�� ����� $

FRPSUHKHQVLYH VWXG\ RI /$6/ZHOO&�7�� �3KLOOLSV ����5RRVHYHOW

+RW 6SULQJV .*5$� 8WDK� ZLWK DSSOLFDWLRQV WR JHRWKHUPDO ZHOO

ORJJLQJ� /RV $ODPRV 6FLHQWLILF /DERUDWRU\ 5HSRUW /$������06�

��� S�

*HQHUDO JHRORJ\ DQG VWUXFWXUH RI DUHD� SHWURJUDSKLF VWXG\ RI GULOO KROH

FXWWLQJV WR LGHQWLI\ URFN W\SHV DQG DOWHUDWLRQ SKDVHV RI OLWKRORJLF

XQLWV� FKHPLFDO DQDO\VHV RI FRPSRVLWH VDPSOHV IURP ZHOO &�7���

DQDO\VLV RI R[\JHQ DQG FDUERQ LVRWRSHV WR HVWLPDWH WHPSHUDWXUH RI

GHSRVLWLRQ RI K\GURWKHUPDO PLQHUDOV� PHDVXUHPHQW RI EXON

GHQVLW\� PDJQHWLF VXVFHSWLELOLW\� DQG WKHUPDO FRQGXFWLYLW\ RI

FXWWLQJV� JHRSK\VLFDO LQWHUSUHWDWLRQ EDVHG RQ GHVFULSWLRQ DQG GDWD

IURP WHPSHUDWXUH� FDOLSHU� DFRXVWLF� QHXWURQ� GHQVLW\� HOHFWULFDO

FRQGXFWLYLW\� 63� DQG JDPPD UD\ ORJV� XVH RI FURVV SORWV IURP ORJ



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

GDWD WR LGHQWLI\ GLVWLQFW OLWKRORJLHV DQG HVWLPDWH SRURVLW\ YDOXHV�

WDEOHV RI SHWURJUDSKLF VXPPDULHV RI FXWWLQJV� ZKROH URFN DQDO\VHV

YHUVXVZHOO GHSWK� QHXWURQ DFWLYDWLRQ DQDO\VHV� DQG R[\JHQ LVRWRSH

YDOXHV YHUVXVZHOO GHSWK� SODWHV RI JHRSK\VLFDO ORJV� DQG FKHPLFDO�

UDGLRPHWULF� DQG ;�UD\ IOXRUHVFHQFH GDWD�

*/(11� :� (�� DQG 5RVV� +� 3�� ����� $ VWXG\ RI ZHOO ORJV IURP

&RYH )RUW�6XOSKXUGDOH .*5$� 0LOODUG DQG %HDYHU &RXQWLHV�

8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 5HSRUW� QR� '2(�,'� � �������� �� S�

'HVFULSWLRQ RI ZHOO ORJV REWDLQHG IURP WKUHH ZHOOV LQ &RYH )RUW�

6XOSKXUGDOH DUHD� JHRORJLFDO DQG JHRSK\VLFDO VHWWLQJ� GULOO KROH

KLVWRU\ DQG GHVFULSWLRQV� ZHOO ORJV RI OLWKRORJ\�PXG� WHPSHUDWXUH�

DQG VHYHUDO RSHQ�KROH ORJV� ORJ LQWHUSUHWDWLRQV DQG VWUDWLJUDSKLF

FRUUHODWLRQ� SODWHV RI ORJ FRPSRVLWHV IRU WKUHHZHOOV� JHRORJLFPDS�

YDULRXV FURVV�SORWV� DQG GLUHFWLRQDO VXUYH\ UHVXOWV�

*/(11�:� (�� 5RVV� +� 3�� DQG$WZRRG� -�:�� ����� 5HYLHZ RI ZHOO

ORJJLQJ LQ WKH %DVLQ DQG5DQJH NQRZQ JHRWKHUPDO UHVRXUFH DUHDV�

-RXUQDO RI 3HWUROHXP 7HFKQRORJ\� Y� ��� QR� �� S� ����������

$ 8�6� 'HSDUWPHQW RI (QHUJ\ 'LYLVLRQ RI *HRWKHUPDO (QHUJ\

�LQGXVWU\ FRXSOHG SURJUDP� GHVLJQHG WR DFFHOHUDWH GHYHORSPHQW

RI KLJK�WHPSHUDWXUH JHRWKHUPDO UHVRXUFHV� FRPSDULVRQ RI

JHRWKHUPDO LQYHVWLJDWLRQ RI ZHOO ORJJLQJ DQG ZHOO ORJ DQDO\VLV WR

WKRVH RI WKH SHWUROHXP DQGPLQHUDO LQGXVWULHV� DSSOLFDWLRQV RIZHOO

ORJJLQJ WR JHRWKHUPDO LQYHVWLJDWLRQV� WDEOH VKRZLQJ W\SHV RI ZHOO

ORJV REWDLQHG LQ LQGXVWU\ FRXSOHG GULOO KROHV IURP &RYH )RUW�

6XOSKXUGDOH� W\SHV RI ZHOO ORJV DFTXLUHG IRU VWXG\� VHOHFWHG ORJV

IURP JHRWKHUPDO JUDGLHQW KROH *3&���� 5RRVHYHOW +RW 6SULQJV�

JHQHUDO JHRORJ\ RI WKH 5RRVHYHOW DUHD� GDWD IURP YDULRXV ORJV

WDNHQ DW WKH DUHD� JUDSK VKRZLQJ FRUUHODWLRQ RI ZHOO ORJ GDWD WR

YROXPH SHUFHQW PDILF PLQHUDOV LQ FKLS VDPSOHV IURP D 5RRVHYHOW

ZHOO� JHQHUDO JHRORJ\ RI &RYH )RUW�6XOSKXUGDOH� &RYH )RUW�

6XOSKXUGDOH ZHOO ORJ GDWD� GDWD IURP RWKHU %DVLQ DQG 5DQJH DUHDV�

FRQFOXVLRQV�

*2':,1� /� +�� +DLJLHU� /� %�� 5LRX[� 5� /�� :KLWH� '� (�� 0XIIOHU�

/� -� 3�� DQG :D\ODQG� 5� *�� ����� &ODVVLILFDWLRQ RI SXEOLF ODQG

YDOXDEOH IRU JHRWKHUPDO VWHDP DQG DVVRFLDWHG JHRWKHUPDO

UHVRXUFHV� 8�6� *HRORJLFDO 6XUYH\ &LUFXODU ���� �� S�

*2))� )� (�� DQG 'HFNHU� (� 5�� ����� &DQGLGDWH VLWHV IRU IXWXUH KRW

GU\ URFN GHYHORSPHQW LQ WKH 8QLWHG 6WDWHV� -RXUQDO RI

9ROFDQRORJ\ DQG*HRWKHUPDO5HVHDUFK� Y� ��� QR� ���� S� ��������

*2))� )� (�� /DXJKOLQ� $�� $OGULFK� -�� $QGHU� 0�� $UQH\� %�� 'HFNHU�

(�� *DUGQHU� -�� +HLNHQ� *�� .URQ� $�� /D'HOIH� &�� 3HWWLWW� 5�� DQG

6KDQQRQ� 6�� ����� +RW GU\ URFN JHRWKHUPDO SURVSHFWV� �����

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

*2))� )� (�� DQG :DWHUV� $� &�� ����� &RQWLQHQWDO VFLHQWLILF GULOOLQJ

SURJUDP WKHUPDO UHJLPHV� FRPSDUDWLYH VLWH DVVHVVPHQW JHRORJ\ RI

ILYH PDJPD�K\GURWKHUPDO V\VWHPV� /RV $ODPRV 1DWLRQDO

/DERUDWRU\ 5HSRUW� QR� /$������2%(6� ��� S�

*22'(� +� '�� ����� 7KHUPDO ZDWHUV RI 8WDK� 8WDK *HRORJLFDO DQG

0LQHUDO 6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ ���� ��� S�� DOVR�

'HSDUWPHQW RI (QHUJ\ 5HSRUW� QR� '2(�(7������������ S�

6XPPDU\ RI RFFXUUHQFH RI WKHUPDO ZDWHUV LQ 8WDK� RULJLQ RI

WKHUPDO ZDWHUV� KRW VSULQJV DORQJ WKH:DVDWFK IDXOW ]RQH� XVHV IRU

8WDK WKHUPDO ZDWHUV� FROOHFWLRQ RI DUWLFOHV GLVFXVVLQJ DUHDV ZLWK

ZDWHUV JUHDWHU WKDQ RU HTXDO WR �� GHJUHHV &� DUHDV ZLWK ZDWHUV

EHWZHHQ �� DQG ����GHJUHHV &� DQG DUHDV ZLWK ZDWHUV EHWZHHQ

���� DQG ���� GHJUHHV &� WDEOHV VKRZLQJ UHFRUGV RI WKHUPDO

VSULQJV DQG ZHOOV� DQG FKHPLFDO DQDO\VHV�

*22'(� +� '�� ����� +RW ZDWHUV RI ZHVWHUQ 8WDK� 5RFN\ 0RXQWDLQ

$VVRFLDWLRQ RI *HRORJLVWV %DVLQ DQG 5DQJH 6\PSRVLXP� S� ����

����

2ULJLQ RI WKHUPDO ZDWHUV LQ ZHVWHUQ 8WDK ZLWK WHPSHUDWXUHV

JUHDWHU WKDQ �� GHJUHHV &� SRVVLEOH GRPHVWLF DQG LQGXVWULDO XVHV

IRU WKHUPDO ZDWHUV� GHVFULSWLRQV RI �� DUHDV ZLWK KRW ZDWHU

RFFXUUHQFHV LQFOXGLQJ&UDWHU�5RRVHYHOW�0RQURH�5HG+LOO�-RVHSK�

%ODFN 5RFN 'HVHUW� DQG (VFDODQWH 'HVHUW DUHDV� WDEOH RI VHOHFWHG

FKHPLFDO DQDO\VHV RI ZDWHUV ZLWK WHPSHUDWXUHV JUHDWHU WKDQ ��

GHJUHHV &�

*22'(� +� '�� ����� +RW ZDWHU IURP WKH $VKOH\ 9DOOH\ RLO ILHOG� LQ

3LFDUG� 0� '� HG�� *HRORJ\ DQG HQHUJ\ UHVRXUFHV� 8LQWD %DVLQ RI

8WDK� 8WDK *HRORJLFDO $VVRFLDWLRQ� 3XEOLFDWLRQ ��� S� ��������

*251,7=� 9LYLHQ� ����� 'HWHFWLRQ RI K\GURWKHUPDO DOWHUDWLRQ ZLWK

���FKDQQHOPXOWLVSHFWUDO VFDQQHU GDWD DQG TXDQWLWDWLYH DQDO\VHV RI

OLQHDU IHDWXUHV� 0RQURH JHRWKHUPDO DUHD� 8WDK� ,QWHUQDWLRQDO

6\PSRVLXP RQ 5HPRWH 6HQVLQJ RI (QYLURQPHQW� ��WK�

3URFHHGLQJV� Y� �� S� ��������

3XUSRVH RI UHSRUW� JHQHUDO JHRORJLF VHWWLQJ RI 0RQURH DUHD�

HTXLSPHQW XVHG DQG SURFHGXUHV IRU WKHPDWLFPDSSLQJ� GHOLQHDWLRQ

RI K\GURWKHUPDOO\ DOWHUHG URFNV RQ WKH GLJLWDO FODVVLILFDWLRQ PDS�

UHFRJQLWLRQ RI OLQHDPHQWV DQG FRUUHODWLRQ RI LQWHQVH K\GURWKHUPDO

DOWHUDWLRQ ZLWK KHDY\ IUDFWXULQJ� SUHSDUDWLRQ RI D IUDFWXUH GHQVLW\

PDS� SURFHGXUHV IRU FKHFNLQJ VWDWLVWLFDO VLJQLILFDQFH RI GDWD�

OLQHDU IHDWXUHV GHWHFWHG RQ /DQGVDW LPDJHU\� PDS RI 0RQURH WHVW

VLWH DOWHUDWLRQ�

*5$17� 6� .�� DQG %HVW� 0� *�� ����� *HRORJLF PDS RI WKH /XQG

TXDGUDQJOH� ,URQ&RXQW\�8WDK� 8�6� *HRORJLFDO 6XUYH\2SHQ�)LOH

5HSRUW �������� VFDOH ���������

*5((1� 5� 7�� ����� *UDYLW\ VXUYH\ RI WKH VRXWKZHVWHUQ SDUW RI WKH

VRXWKHUQ8WDK JHRWKHUPDO EHOW� 6DOW /DNH&LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

6HH *UHHQ DQG &RRN �����D��

*5((1� 5� 7�� DQG &RRN� .� /�� ����D� $ JUDYLW\ VXUYH\ RI WKH

VRXWKZHVWHUQ SDUW RI WKH VRXWKHUQ 8WDK JHRWKHUPDO EHOW�

:DVKLQJWRQ &RXQW\� 8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\

RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'�, �������� ��� S�

3XUSRVH RI VXUYH\� JHRORJ\ DQG VWUXFWXUH RI DUHD� GDWD DFTXLVLWLRQ�

UHGXFWLRQ� DQG FRPSLODWLRQ� LQWHUSUHWLYH JHRORJLF FURVV VHFWLRQV



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

DORQJ JUDYLW\ SURILOHV� LQWHUSUHWDWLRQ RI UHJLRQDO DQG ORFDO JUDYLW\

IHDWXUHV� PDSV RI %RXJXHU JUDYLW\ DQG IRXUWK RUGHU UHVLGXDO

JUDYLW\� DSSHQGLFHV RI SULQFLSDO IDFWV RI JUDYLW\ GDWD� URFN VDPSOH

GDWD� GHQVLW\PHDVXUHPHQWV� DQG HUURU DQDO\VLV LQPRGHOLQJ JUDYLW\

SURILOHV�

*5((1� 5� 7�� DQG &RRN� .� /�� ����E� 3ULQFLSDO IDFWV IRU JUDYLW\

VWDWLRQV IRU WKH VRXWKZHVWHUQ SDUW RI WKH VRXWKHUQ8WDK JHRWKHUPDO

EHOW� :DVKLQJWRQ &RXQW\� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�8*%�**��� �� S�

*5((1� 6WDQOH\� ����� 'HYHORSLQJ JHRWKHUPDO OHJLVODWLRQ IRU 8WDK�

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

*5((1� 6WDQOH\� DQG :DJVWDII� /� :�� ����� 8WDK JHRWKHUPDO

FRPPHUFLDOL]DWLRQ SODQQLQJ� VHPL�DQQXDO SURJUHVV UHSRUW� -DQXDU\

�� �����-XQH ��� ����� 8WDK 'LYLVLRQ RI :DWHU 5LJKWV� ��� S�

*5(,'(5�%�� ����� *HRWKHUPDO HQHUJ\&RUGLOOHUDQ KLQJHOLQH �ZHVW�

LQ +LOO� -� *�� HG�� 6\PSRVLXP RQ JHRORJ\ RI WKH &RUGLOOHUDQ

KLQJHOLQH� 5RFN\0RXQWDLQ $VVRFLDWLRQ RI *HRORJLVWV� 'HQYHU� S�

��������

*5,0� 3� -�� 1LFKROV� &� 5�� :ULJKW� 3� 0�� %HUU\ *� :�� DQG

6ZDQVRQ� -�� ����� 6WDWH PDSV RI ORZ�WHPSHUDWXUH JHRWKHUPDO

UHVRXUFHV�*HRWKHUPDO5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� VHF�

�� S� ��������

3ODQ IRU D VHULHV RI JHRWKHUPDO HQHUJ\ UHVRXUFH PDSV IRU ��

ZHVWHUQ VWDWHV SUHSDUHG E\ WKH 1DWLRQDO *HRSK\VLFDO DQG 6RODU�

7HUUHVWULDO 'DWD &HQWHU� LQFOXGLQJ ORZ�WHPSHUDWXUH WKHUPDO

UHVRXUFHV� 8WDK PDS VFDOH ���������� VRXUFH RI GDWD IRU PDSV�

PHWKRG RI GLJLWL]LQJ GDWD� VFKHGXOH IRU PDS SURGXFWLRQ�

DSSOLFDWLRQV IRU WKH QRQVSHFLDOLVW� DYDLODELOLW\ RI PDSV�

*526(� /� 7�� ����� *HRWKHUPDO HQHUJ\� JHRORJ\� H[SORUDWLRQ� DQG

GHYHORSPHQWV� 3DUW ,�� LQ%HW]� )�� -U�� HG�� (QYLURQPHQWDO JHRORJ\�

0LQHUDO ,QGXVWULHV %XOOHWLQ� Y� ��� QR� �� S� �����

*8))$17,�0DULDQQH� DQG1DWKHQVRQ�0�� ����� 3UHOLPLQDU\PDSRI

WHPSHUDWXUH JUDGLHQWV LQ WKH FRQWHUPLQRXV 8QLWHG 6WDWHV�

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ������

*8))$17,�0DULDQQH� DQG1DWKHQVRQ�0�� ����� 7HPSHUDWXUH�GHSWK

GDWD IRU VHOHFWHG GHHS GULOO KROHV LQ WKH 8QLWHG 6WDWHV REWDLQHG

XVLQJPD[LPXP WKHUPRPHWHUV�8�6�*HRORJLFDO 6XUYH\2SHQ�)LOH

5HSRUW ������� ��� 3�

+$+/� '� &�� DQG 0XQGRUII� -� &�� ����� $Q DSSUDLVDO RI WKH TXDOLW\

RI VXUIDFH ZDWHU LQ WKH 6HYLHU /DNH EDVLQ� 8WDK� ����� 6WDWH RI

8WDK�'HSDUWPHQW RI1DWXUDO5HVRXUFHV7HFKQLFDO 3XEOLFDWLRQ� QR�

��� �� S�

+$//,'$<� 0� (�� ����� *UDYLW\ DQG JURXQG PDJQHWLF VXUYH\V LQ

WKH 0RQURH DQG -RVHSK NQRZQ JHRWKHUPDO DUHDV DQG VXUURXQGLQJ

UHJLRQ� VRXWK�FHQWUDO 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

0DS RI VXUYH\ DUHD VKRZLQJ PDMRU JHRJUDSKLF IHDWXUHV DQG

ORFDWLRQ RI 0RQURH DQG -RVHSK� SXUSRVH RI VWXG\� ORFDWLRQ RI

UHJLRQDO JUDYLW\ VXUYH\� SUHYLRXV LQYHVWLJDWLRQV� PDSV VKRZLQJ

WRWDO JURXQG PDJQHWLF LQWHQVLW\ DQRPDOLHV RI WKH 5HG +LOO +RW

6SULQJV DQG -RVHSK +RW 6SULQJV GHWDLOHG JULG� VWUDWLJUDSK\�

7HUWLDU\ YROFDQLF KLVWRU\� DQG VWUXFWXUH RI WKH VWXG\ DUHD� GHQVLW\

DQG PDJQHWLF VXVFHSWLELOLW\ PHDVXUHPHQWV IURP URFN VDPSOHV�

LQVWUXPHQWDWLRQ XVHG� UHJLRQDO DQG GHWDLOHG JUDYLW\ DQG JURXQG

PDJQHWLF GDWD� JUDYLW\ GDWD UHGXFWLRQ DQG WHUUDLQ FRUUHFWLRQV�

JURXQGPDJQHWLF GDWD UHGXFWLRQ� HUURU DQDO\VLV� FRPSOHWH %RXJXHU

JUDYLW\ DQRPDO\ PDS RI WKH VXUYH\ DUHD� SRO\QRPLDO VXUIDFH

ILOWHULQJ� PHWKRGV RI LQWHUSUHWDWLRQ� LQWHUSUHWDWLYH JHRORJLF FURVV

VHFWLRQV� JUDYLW\ DQGPDJQHWLF SURILOHV� VXPPDU\ DQG FRQFOXVLRQV�

+$//,'$<� 0� (�� DQG &RRN� .� /�� ����� *UDYLW\ DQG JURXQG

PDJQHWLF VXUYH\V LQ WKH 0RQURH DQG -RVHSK .*5$
V DQG

VXUURXQGLQJ UHJLRQ� VRXWK�FHQWUDO 8WDK� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV )LQDO5HSRUW� Y� ����� ���

S�

6HH +DOOLGD\ �������

+$//,'$<�0� (�� &RRN� .� /�� DQG 6RQWDJ� 5� -�� ����� *UDYLW\ DQG

PDJQHWLF VXUYH\V DV DQ DLG WR JHRWKHUPDO H[SORUDWLRQ LQ WKH

0RQURH�0DU\VYDOH DUHD DQG YLFLQLW\� 8WDK �DEV��� *HRORJLFDO

6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� ��� QR� �� S� ����

5HJLRQDO DQG GHWDLOHG JUDYLW\ DQG PDJQHWLF VXUYH\V XVHG IRU

JHRWKHUPDO H[SORUDWLRQ� UHODWLRQVKLS RI IDXOWV� UHJLRQDO WHFWRQLFV�

DQG NQRZQ JHRWKHUPDO V\VWHPV� JUDYLW\ XVHG WR GHWHUPLQH IDXOW

ORFDWLRQV DQG GLVSODFHPHQWV� PDJQHWLF VXUYH\V XVHG WR ORFDWH

IDXOWV DQG WXID PRXQGV� ����� QHZ JUDYLW\ VWDWLRQV HVWDEOLVKHG LQ

6HYLHU 9DOOH\� 6HYLHU 3ODWHDX� 7XVKDU 0RXQWDLQV� DQG 3DYDQW

5DQJH� JUDYLW\ SDWWHUQV DQG DQRPDO\�

+$//,1� -� 6�� ����� +HDW IORZ DQG UDGLRDFWLYLW\ VWXGLHV LQ &RORUDGR

DQG 8WDK� /DUDPLH� :\RPLQJ� 8QLYHUVLW\ RI :\RPLQJ�

XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

+$0%/,1� :� .�� ����� /DWH &HQR]RLF EDVDOWV RI WKH 6W� *HRUJH

%DVLQ� 8WDK� LQ +H\OPXQ� (� %�� HG�� *HRORJ\ RI VRXWKZHVWHUQ

8WDK� ,QWHUPRXQWDLQ $VVRFLDWLRQ RI 3HWUROHXP *HRORJLVWV

*XLGHERRN� ��WK $QQXDO )LHOG &RQIHUHQFH� S� ������

+$11<� -� $�� DQG /XQLV� %� &�� HGV�� ����� 8WDK K\GURWKHUPDO

FRPPHUFLDOL]DWLRQ EDVHOLQH� (*	*�,GDKR 2SHUDWLRQV 2IILFH� ��

S�

+$55,621� 5� )�� ����� 'LUHFW XWLOL]DWLRQ RI JHRWKHUPDO UHVRXUFHV

ILHOG H[SHULPHQWV DW 0RQURH� 8WDK� 7HUUD 7HN 5HSRUW� QR� 75 ���

��� 3UHOLPLQDU\ 'UDIW� ��� S�

3UHOLPLQDU\ UHSRUW RQ WKH GHYHORSPHQW RI D GLVWULFW KHDWLQJ V\VWHP

FHQWHUHG RQ 0RQURH�5HG +LOO .*5$ WR VHUYLFH WKH KLJK VFKRRO�

FLW\ KDOO� ILUH VWDWLRQ� DQG VHYHUDO VWRUHV LQ 0RQURH &LW\� UHVXOWV

IURP WKH FRPSOHWLRQ RI WKH ILUVW RI WKUHH SKDVHV ZKLFK LQFOXGH DQ

HQYLURQPHQWDO UHSRUW� UHVHUYRLU DVVHVVPHQW� GULOOLQJ DQG WHVWLQJ RI

D SURGXFWLRQ ZHOO� DQG HYDOXDWLRQ RI WKH UHVHUYRLU EDVHG RQ WHVW



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

UHVXOWV�

+$55,621� 5� )�� %ODLU� &� .�� DQG &KDSPDQ� '� 6�� �����

'HYHORSPHQW DQG WHVWLQJ RI D VPDOO� PRGHUDWH WHPSHUDWXUH

JHRWKHUPDO V\VWHP� LQ 5DPH\� +� -�� DQG .UXJHU� 3�� HGV��

3URFHHGLQJV� ILIWK ZRUNVKRS� JHRWKHUPDO UHVHUYRLU HQJLQHHULQJ�

6WDQIRUG8QLYHUVLW\� ,QWHUGLVFLSOLQDU\5HVHDUFK LQ(QJLQHHULQJ DQG

(DUWK 6FLHQFHV� *HRWKHUPDO 3URJUDP 5HSRUW� QR� 6*3�75���� S

��������

/RFDWLRQ DQG JHQHUDO JHRORJ\ RI WKH0RQURH�5HG +LOO JHRWKHUPDO

V\VWHP� VWUXFWXUDO FRQWUROV� WHPSHUDWXUH�GHSWK SURILOH SDWWHUQV DQG

KHDW ORVV� WZR FRUHV GULOOHG WR GHILQH OLWKRORJLHV DQG VWUXFWXUHV�

OLWKRORJ\ DQG ]RQHV RI DUWHVLDQ IORZ IURP D SURGXFWLRQ WHVW ZHOO�

UHVXOWV RI GUDZGRZQ WHVWLQJ IURP D �� KRXU SXPS WHVW�

+$55,621� 5� )�� %ODLU� .�� 6DNDVKLWD� %�� DQG -RQHV� $� +�� �����

0RQURH &LW\ .*5$� 7HUUD 7HN 5HSRUW� QR� 75 ������ �� S�

/RFDWLRQ RI 0RQURH &LW\� 8WDK� VXUIDFH FKDUDFWHULVWLFV RI WKH

0RQURH .*5$� GLVVROYHG VROLGV FRQFHQWUDWLRQ RI WKH 0RQURH

6SULQJV GLVFKDUJH� VWUXFWXUDO FRQWURO RI WKH JHRWKHUPDO V\VWHP� ��

OLQH�NP RI ��� P GLSROH�GLSROH UHVLVWLYLW\ VXUYH\� UHVLVWLYLW\

WUHQGV� HLJKW WKHUPDO JUDGLHQW DQG WHVW KROHV GULOOHG DQG WHVWHG�

JUDSKV RI WHPSHUDWXUH SURILOHV LQ WHVW KROHV� FKHPLFDO DQDO\VLV RI

ZDWHUV� GULOOLQJ SUREOHPV� SURFHGXUHV� DQG WHPSHUDWXUH ORJV IURP

D SURGXFWLRQ WHVW ZHOO� UHVXOWV RI D �� KRXU GUDZGRZQ WHVW�

VXPPDU\ DQG FRQFOXVLRQV�

+$8*+� *� 5�� ����D� $ SUHOLPLQDU\ JHRORJLF PDS RI WKH :LOGFDW

&UHHN DUHD� HDVWHUQ %HDYHU &RXQW\� 8WDK� 8WDK *HRORJ\� Y� �� QR�

�� S� ������

+$8*+� *� 5�� ����E� /DWH &HQR]RLF� FDXOGURQ�UHODWHG VLOLFLF

YROFDQLVP LQ WKH 7ZLQ 3HDNV DUHD� 8WDK� 3URYR� 8WDK� %ULJKDP

<RXQJ 8QLYHUVLW\� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

+$86(/� :� '�� DQG 1DVK� :� 3�� ����� 3HWURORJ\ RI 7HUWLDU\ DQG

4XDWHUQDU\ YROFDQLF URFNV� :DVKLQJWRQ &RXQW\� VRXWKZHVWHUQ

8WDK� *HRORJLFDO 6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ��� QR� ��� S�

����������

+(,.(1� *UDQW� *RII� )�� DQG &UHPHU� *�� ����� +RW GU\ URFN

JHRWKHUPDO UHVRXUFH ����� /RV $ODPRV 1DWLRQDO /DERUDWRU\

5HSRUW� QR� /$������+'5� ��� S�

+(/721 (1*,1((5,1* $1' *(2/2*,&$/ 6(59,&(6�

,1&25325$7('������*HRWKHUPDO 3RZHU&RUSRUDWLRQZHOO ���

VHFWLRQ ��� WRZQVKLS �� VRXWK� UDQJH �ZHVW� %HDYHU&RXQW\�8WDK�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

2SHQ�)LOH 5HSRUW� QR� 87�5+6�*3&��� XQSDJLQDWHG�

/LWKRORJLF ORJ� WHPSHUDWXUH VXUYH\� ZDWHU VDPSOHV DQG DQDO\VHV�

ZLUHOLQH VDPSOH� WHPSHUDWXUH JUDGLHQW ORJ�

+(1'5,&.621� 5� 5�� *UHHQ� 6� -�� -RQHV� $� +�� DQG :LQ]HQUHLG�

5� :�� ����� )XOO�VFDOH ODERUDWRU\ WHVWLQJ RI H[SHULPHQWDO

JHRWKHUPDO URFN ELWV� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� S� ��������

+(:,77� :� 3�� 6WRZH� &� +�� DQG 6WURPEHUJ� 5� 5�� ����� 8WDK
V

JHRWKHUPDO UHVRXUFHV�ORFDWLRQ� SRWHQWLDO� DQG DGPLQLVWUDWLYH

DJHQFLHV� LQ *HRWKHUPDO RYHUYLHZV RI WKH ZHVWHUQ 8QLWHG 6WDWHV�

*HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW �� S� ��������

/RFDWLRQ� JHQHUDO JHRORJ\� DQG JHRWKHUPDO FKDUDFWHULVWLFV RI

&UDWHU 6SULQJV DQG 5RRVHYHOW .*5$6� �� DGGLWLRQDO JHRWKHUPDO

UHVRXUFH SURYLQFHV� PDS VKRZLQJ 8WDK WKHUPDO ZDWHUV ZLWK

WHPSHUDWXUHV DQG VLOLFD FRQWHQW� PDSV VKRZLQJ UHODWLRQVKLSV RI

WKHUPDO ZDWHUV WR SULQFLSDO IDXOW ]RQHV DQG &HQR]RLF LJQHRXV

RXWFURSV� 7LQWLFPLQLQJGLVWULFWPLQHZDWHU WHPSHUDWXUHV DQGZDWHU

WDEOH GHSWKV� 8WDK 3RZHU DQG /LJKW FXVWRPHU DQG VDOHV JURZWK

SURMHFWLRQV DQG LQFUHDVHG FRQVWUXFWLRQ FRVWV�8WDK HQHUJ\ VRXUFHV�

UHVHUYH HVWLPDWHV� DQG IXWXUH RXWORRN� DJHQFLHV ZLWK UHJXODWRU\

DXWKRULW\� RWKHU VLJQLILFDQW JHRWKHUPDO DUWLFOHV�

+(</� $� 9�� ����� 8QXVXDO FRQFHQWUDWLRQV RI HOHPHQWV LQ 0RQURH�

8WDKKRW VSULQJV DSURQV�8WDK*HRORJLFDO$VVRFLDWLRQ� 3XEOLFDWLRQ

QR� �� S� ���

5HVXOWV RI HOHPHQWDO DQDO\VHV RI WUDYHUWLQH PRXQGV� PRGHO RI

FLUFXODWLRQ RI WKHUPDO ZDWHUV�

+(</081� (� %�� -U�� ����� *HRWKHUPDO SRZHU SRWHQWLDO LQ 8WDK�

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 6SHFLDO 6WXGLHV ��� �� S�

+,1./(� 0� (�� ����� 6XUYH\ RI KHOLXP LQ VRLOV DQG VRLO JDVHV DQG

PHUFXU\ LQ VRLOV DW 5RRVHYHOW +RW 6SULQJV NQRZQ JHRWKHUPDO

UHVRXUFH DUHD� 8WDK� 8�6� *HRORJLFDO 6XUYH\2SHQ�)LOH5HSRUW ���

���� �� S�

6XUYH\ H[DPLQLQJ UHODWLRQVKLSV RI KHOLXP DQG PHUFXU\ WR ORFDO

JHRORJLF IHDWXUHV� VDPSOH FROOHFWLRQ� SUHSDUDWLRQ� DQG PHWKRGV RI

DQDO\VLV� VXUYH\ UHVXOWV� WDEOH VKRZLQJ FRQFHQWUDWLRQV RI KHOLXP

DQG PHUFXU\ LQ VDPSOHV� PDSV RI KHOLXP DQG PHUFXU\ LQ VRLOV�

UHVLVWLYLW\ DQG WKHUPDO JUDGLHQWV�

+,1./(� 0� (�� ��� �� +HOLXP DQG PHUFXU\ FRQFHQWUDWLRQV LQ WKH

5RRVHYHOW +RW 6SULQJV DUHD� 8WDK �DEV��� LQ *HRORJLFDO 6XUYH\

5HVHDUFK ����� 8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU �����

S� ���

5HODWLRQVKLS RI KHOLXP DQG PHUFXU\ FRQFHQWUDWLRQV LQ VRLOV� DQG

KHOLXP LQ VRLO JDVHV WR WKH JHRWKHUPDO IHDWXUHV RI 5RRVHYHOW +RW

6SULQJV�

+,1./(� 0� (�� 'HQWRQ� (� +�� DQG %LJHORZ� 5� &�� ����� +HOLXP LQ

VRLO JDVHV RI WKH 5RRVHYHOW +RW 6SULQJV NQRZQ JHRWKHUPDO

UHVRXUFH DUHD� %HDYHU &RXQW\� 8WDK� 8�6� *HRORJLFDO 6XUYH\

-RXUQDO RI 5HVHDUFK� Y� �� QR� �� S� ��������

2EMHFWLYH RI VWXG\� ORFDWLRQ DQG JHQHUDO JHRORJ\ RI VWXG\ DUHD�

SURFHGXUHV IRU FROOHFWLQJ��� VRLO VDPSOHV� VDPSOH SUHSDUDWLRQ DQG

DQDO\VLV� FDOFXODWLRQV DQG UHVXOWV� JUDSK VKRZLQJ SURSRUWLRQDOLW\

FRQVWDQW SORWWHG DJDLQVW WHPSHUDWXUH� JUDSK VKRZLQJ KHOLXP

FRQFHQWUDWLRQ LQ VRLO PRLVWXUH DQG ZHW VRLO VDPSOHV DW 5RRVHYHOW�

JUDSK VKRZLQJ SHUFHQW PRLVWXUH LQ VRLO VDPSOHV IURP 5RRVHYHOW�

FRQFOXVLRQV RQ KHOLXP PLJUDWLRQ SDWWHUQV� KHOLXP FRQFHQWUDWLRQV



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

DW VHYHUDO GULOO KROH ORFDWLRQV� DYHUDJH KHOLXP FRQFHQWUDWLRQV IRU

WZR WUDYHUVHV DFURVV 5RRVHYHOW�

+,1./(� 0� (�� DQG +DUPV� 7� )�� ����� &6� DQG &26 LQ VRLO JDVHV

RI WKH 5RRVHYHOW +RW 6SULQJV NQRZQ JHRWKHUPDO UHVRXUFH DUHD�

%HDYHU &RXQW\� 8WDK� 8�6� *HRORJLFDO 6XUYH\ -RXUQDO RI

5HVHDUFK� Y� �� QR� �� S� ��������

3XUSRVH RI VWXG\� ORFDWLRQ DQG JHQHUDO JHRORJ\ RI WKH 5RRVHYHOW

+RW 6SULQJV� ��� VRLO JDV VDPSOHV FROOHFWHG DORQJ WZR WUDYHUVHV�

VDPSOH FROOHFWLRQ SURFHGXUHV� PHWKRGV DQG LQVWUXPHQWDWLRQ IRU

DQDO\]LQJ DEVRUEHG VRLO JDVHV� UHVXOWV RI VWXG\� PLJUDWLRQ SDWWHUQV

IRU FRPSRXQGV� FRQFOXVLRQV�

+2**� 1� &�� ����D� +LJK SRWDVVLXP FDOF�DONDOLQH YROFDQLF URFNV

IURP WKH HDVWHUQ *UHDW %DVLQ �DEV��� *HRORJLFDO 6RFLHW\ RI

$PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� �� QR� �� S� ����

+2**� 1� &�� ����E� 6KRVKRQLWLF ODYDV LQ ZHVW FHQWUDO 8WDK�

%ULJKDP <RXQJ 8QLYHUVLW\ *HRORJ\ 6WXGLHV� Y� ��� SW� �� S� ����

����

+2/0(6� 5� '�� ����� 7KHUPROXPLQHVFHQFH GDWLQJ RI 4XDWHUQDU\

EDVDOWV� FRQWLQHQWDO EDVDLWV IURP WKH HDVWHUQ PDUJLQ RI WKH %DVLQ

DQG 5DQJH 3URYLQFH� 8WDK DQG QRUWKHUQ $UL]RQD� %ULJKDP<RXQJ

8QLYHUVLW\ *HRORJ\ 6WXGLHV� Y� ��� SW� �� S� ������

+229(5� -� '�� ����� 3HULRGLF 4XDWHUQDU\ YROFDQLVP LQ WKH %ODFN

5RFN 'HVHUW� 8WDK� %ULJKDP <RXQJ 8QLYHUVLW\ *HRORJ\ 6WXGLHV�

Y� � �� SW� �� S� �����

+8(57$6� )HUQDQGR� ����� ,Q VLWX VWUHVVPHDVXUHPHQWV LQ WKH5RFN\

DQG 6WDU 5DQJHV� %HDYHU &RXQW\� 8WDK �DEV��� *HRORJLFDO 6RFLHW\

RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� , �� QR� �� S� �� � #

+8*+(6� (� (�� ����� *HRWKHUPDO URWDU\ VHSDUDWRU WXUELQH� ZHOOKHDG

SRZHU V\VWHP WHVWV DW 0LOIRUG� 8WDK� OQWHUVRFLHW\ (QHUJ\

&RQYHUVLRQ (QJLQHHULQJ &RQIHUHQFH� 3URFHHGLQJV� Y� �� S� ����

����

+8/(1� -� %�� ����� 6WUDWLJUDSK\ DQG DOWHUDWLRQ� �� VKDOORZ WKHUPDO

JUDGLHQW KROHV� 5RRVHYHOW+RW 6SULQJV.*5$DQGYLFLQLW\�0LOODUG

DQG %HDYHU &RXQWLHV� 8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\

RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� ,'2���������E������� ��

S�

*HRORJLF VHWWLQJ� VWUDWLJUDSK\� SHWURJUDSK\� DQG VWUXFWXUH RI WKH

5RRVHYHOW DUHD� KRW VSULQJ GHSRVLWV� VXUIDFH DQG VXEVXUIDFH

DOWHUDWLRQ� PHWKRGV DQG SURFHGXUHV IRU VDPSOH FROOHFWLRQ IURP ��

GULOO KROHV� ORFDO VWUDWLJUDSK\ DQG DOWHUDWLRQ DVVHPEODJHV REVHUYHG

LQ GULOO FXWWLQJV� DSSHQGLFHV LQFOXGH ORFDWLRQ DQG JHRORJLFPDSV RI

DUHD� DQG OLWKRORJLF� DOWHUDWLRQ� DQG PLQHUDOL]DWLRQ ORJV IURP GULOO

KROHV�

+8/(1� -� %�� DQG 6DQGEHUJ� 6� 0�� ����� ([SORUDWLRQ FDVH KLVWRU\

RI WKH 0RQURH .*5$� 6HYLHU &RXQW\� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'�, �������� �� S�

([DPLQHV H[SORUDWLRQ WHFKQLTXHV XVHG WR HYDOXDWH0RQURH.*5$

DQG WKHLU YDOXH LQ SUHGLFWLQJ UHVRXUFHV� VWUDWLJUDSK\ DQG VWUXFWXUH

RI DUHD� DOWHUDWLRQ DQG VSULQJ JHRFKHPLVWU\� LQWHUSUHWDWLRQ RI

JUDYLW\� PDJQHWLF� DQG UHVLVWLYLW\ VXUYH\V� WHPSHUDWXUH DQG

OLWKRORJLF ORJV IURP �� VKDOORZ KROHV� WHVW DQG SURGXFWLRQ ZHOO

GULOOLQJ� PDSV RI KHDW IORZ� JUDYLW\� PDJQHWLF� DQG UHVLVWLYLW\

VXUYH\V� JUDYLW\ DQG PDJQHWLF SURILOHV� UHVLVWLYLW\ PRGHOV� LVRWK�

HUP FURVV VHFWLRQV� OLWKRORJLF� WHPSHUDWXUH� DQG JDPPD UD\ ORJV

IRU WHVW ZHOOV� WDEOHV RI VSULQJ JHRFKHPLFDO GDWD�

+8/(1� -� %�� DQG 6LEEHWW� %� 6�� ����� ,QWHUSUHWDWLRQ RI GULOO FXWWLQJV

IURP JHRWKHUPDO ZHOOV� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'���������� �� S�

(VWLPDWHV FRQILJXUDWLRQ RI JHRWKHUPDO UHVHUYRLUV XVLQJ GULOO

FXWWLQJV� RXWOLQHV SURFHGXUHV DQG SUREOHPV DVVRFLDWHG ZLWK

LGHQWLILFDWLRQ RI OLWKRORJ\ DQG DOWHUDWLRQ SURGXFWV LQ GULOO FXWWLQJV�

DQG UHFRJQLWLRQ RI IDXOWV DQG IUDFWXUHV� SURFHGXUHV IRU FROOHFWLRQ�

SUHSDUDWLRQ� H[DPLQDWLRQ� DQG VWRUDJH RI VDPSOHV�

,6+(5:22'� :� )�� ����� 5HJLRQDO JUDYLW\ VXUYH\ RI SDUWV RI

0LOODUG� -XDE� DQG 6HYLHU &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK�

8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

,66(/+$5'7� &� )�� 0DWOLFN� -� 6�� DQG 6PLWK� -� /�� ����� 6XPPDU\

RI ���� JHRWKHUPDO GULOOLQJ � ZHVWHUQ 8QLWHG 6WDWHV� *HRWKHUPDO

(QHUJ\� Y� �� QR� �� S� �����

,9(6� 5� /�� ����� 7KH )LVK 6SULQJV DUHD� 8WDK� 5RFNV DQG 0LQHUDOV�

Y� ��� QR� �� S� ��������

,9(6� 5� /�� ����� )XPDUROH %XWWH� 8WDK� 5RFNV DQG 0LQHUDOV� Y� ���

QR� ��� S� ��������

/RFDWLRQ DQG JHRJUDSK\ RI )XPDUROH %XWWH DUHD� JHQHUDO JHRORJ\�

VWUDWLJUDSK\� DQG JHRPRUSKRORJ\ RI DUHD� ODWHUDO H[WHQW RI FRQH�

VSHFXODWLRQ RQ IRUPHU H[WHQW RI FRQH DQG LWV YROXPH� GHVFULSWLRQ

DQG WHPSHUDWXUH RI HVFDSLQJ JDVHV� GHVFULSWLRQ RI VHYHUDO VSULQJV

WKURXJKRXW DUHD� GDWHV RI YROFDQLF DFWLYLW\� ORFDO YROFDQLF

VWUXFWXUHV�

,<(5� +� 0�� ����� 0DJPD FKDPEHUV DQG JHRWKHUPDO HQHUJ\�

7HFKQLFDO 3URJUDP� $EVWUDFWV� DQG %LRJUDSKLHV� )LIWLHWK $QQXDO

,QWHUQDWLRQDO 0HHWLQJ DQG ([SRVLWLRQ� 6RFLHW\ RI ([SORUDWLRQ

*HRSK\VLFLVWV� S� � � ��

,<(5� 0DKDGHYD� 5RELQVRQ� 5�� DQG (YDQV� -� 5�� ����� 3�ZDYH



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

GHOD\V DW WZR JHRWKHUPDO DUHDV �DEV��� LQ *HRORJLFDO 6XUYH\

5HVHDUFK ����� 8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU ,, ���

S� ����

5HVXOWV RI DQDO\VLV RI 3�ZDYH UHVLGXDO GDWD IURP 5RRVHYHOW +RW

6SULQJV JHRWKHUPDO DUHD� VL]H RI ORZ�YHORFLW\ ERG\ XQGHU WKH

UHJLRQ� UHVXOWV RI D VHFRQG 3�ZDYH VWXG\ DFURVV WKH HDVWHUQ 6QDNH

5LYHU 3ODLQ� DJH RI ROGHVW YROFDQLVP LQ WKH 6QDNH 5LYHU 3ODLQ�

-$0,1� 0� (�� ����� 0RELOH ODERUDWRU\� FKHPLFDO DQDO\VLV DW

JHRWKHUPDO VLWHV �FRQWUDFW QR� 53������� 6L[WK $QQXDO 6WDQIRUG

*HRWKHUPDO&RQIHUHQFH DQG:RUNVKRS� 3URFHHGLQJV� S� ����������

-(16(1� 0� /�� DQG 4LGZDL� +�� ����"� 6XUIDFH HYLGHQFH RI

JHRWKHUPDO VLWHV E\ PHUFXU\ VRLO�JDV FROOHFWLQJ� 8WDK *HRORJLFDO

DQG 0LQHUDO 6XUYH\� 8*06 XQSXEOLVKHG UHSRUW� �� S�

$SSURDFKHV WR WKH LQYHVWLJDWLRQ RI JHRWKHUPDO VLWHV� PHWKRGV IRU�

DQG LPSRUWDQFH RI� GHWHUPLQLQJ VXEVXUIDFH JHRORJ\ RI JHRWKHUPDO

DUHDV� UHODWLRQVKLS RI PHUFXU\ WR JHRWKHUPDO V\VWHPV� PHUFXU\

RFFXUUHQFHV LQ JHRWKHUPDO DUHDV WKURXJKRXW WKH ZRUOG�

WKHUPRG\QDPLFV RIPHUFXU\� FROOHFWLQJ WHFKQLTXHV DQG HTXLSPHQW�

JUDSK VKRZLQJ WKH SURILOH RI PHUFXU\ PHDVXUHPHQWV DW 5RRVHYHOW

+RW 6SULQJV� UHVXOWV RI D VRLO�JDV VDPSOH FROOHFWLRQ DW 0LGZD\�

8WDK� EDFNJURXQG PHUFXU\ YDOXHV LQ QRQJHRWKHUPDO DQG QRQ�

PLQHUDOL]HG DUHDV� UHVXOWV RI PHUFXU\ VRLO�JDV VDPSOLQJ DW &U\VWDO

6SULQJV� VXPPDU\� UHFRPPHQGDWLRQV IRU IXWXUH VWXGLHV�

-2+1621� (� +�� ����� 5HVLVWLYLW\ DQG LQGXFHG SRODUL]DWLRQ VXUYH\

RI D EDVDOW IORZ LQ D JHRWKHUPDO HQYLURQPHQW� ZHVWHUQ 8WDK� 6DOW

/DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV�

�� S�

2YHUYLHZRI SRWHQWLDO XVH RI JHRWKHUPDO HQHUJ\ DV D SRZHU VRXUFH�

JHRWKHUPDO SRWHQWLDO RI 8WDK� WZR GLSROH�GLSROH FRQWLQXRXV

VRXQGLQJ SURILOLQJ UHVLVWLYLW\ ,3 OLQHV DFURVV )XPDUROH %XWWH� PDS

VKRZLQJ ORFDWLRQ RI )XPDUROH %XWWH� JHRORJ\� DQG K\GURORJ\�

SUHYLRXV ZRUN LQ DUHD� UHJLRQDO JHRORJ\� VWUDWLJUDSK\� YROFDQLF

KLVWRU\� JHRWKHUPDO JUDGLHQW� DQG K\GURORJ\� WDEOH VKRZLQJ

FKHPLFDO DQDO\VHV RI ODYDV IURP DUHD� WDEOH VKRZLQJ FKHPLFDO

DQDO\VHV RI ZDWHU IURP $EUDKDP +RW 6SULQJV� UHVLVWLYLW\ DUUD\V

XVHG� GDWD UHVXOWV� FRQFOXVLRQV�

.$&=<16.,� 9� :�� :HUW� 0� $�� DQG /D%DU� '� -�� �����

8WLOL]DWLRQ RI JHRWKHUPDO HIIOXHQWV WR FUHDWH ZDWHUIRZO ZHWODQGV�

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

.$/,6(5� %� 1�� DQG *UH\� '� &�� ����� 6XOIXU LVRWRSH

GHWHUPLQDWLRQV DV D JHRK\GURORJLF WRRO� (QJLQHHULQJ *HRORJ\ DQG

6RLOV (QJLQHHULQJ� (LJKWK $QQXDO 6\PSRVLXP� S� ������

.$5/6621� 7�� ����� *HRWKHUPDO KHDWLQJ V\VWHP IRU WKH &KLOGUHQ
V

0XVHXPRI8WDK� 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW�

QR� '2(�,'�������7�� �� S�

.$7=� /HZLV� ����� 6HLVPLF HPLVVLRQV VWXG\ 5RRVHYHOW +RW 6SULQJV�

0LOIRUG� 8WDK �IRU 8QLRQ 2LO &RPSDQ\�� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�5+6�6(,��� XQSDJLQDWHG�

$QDO\VLV RI GDWD DFTXLUHG LQ VWXG\� LQWHUSUHWDWLRQ RI DQRPDOLHV DQG

FRPSDULVRQ ZLWK RWKHU JHRSK\VLFDO LQIRUPDWLRQ� PDSV RI

5RRVHYHOW +RW 6SULQJV .*5$ UHVLVWLYLW\ DQG RI WRSV RI VHLVPLF

HPLVVLRQV DQRPDOLHV IRU ILYH VWDWLRQV�

.$7=(167(,1� $�� DQG -DFREVRQ� -� -�� ����� $ GLSROH�GLSROH

UHVLVWLYLW\ VXUYH\ RI WKH 5RRVHYHOW +RW 6SULQJV SURVSHFW� %HDYHU

&RXQW\� 8WDK� *HWW\ 2LO &RPSDQ\ 3URMHFW� QR� ������� �� S�

'LSROH�GLSROH UHVLVWLYLW\ VXUYH\ RI �� OLQH PLOHV FRQGXFWHG RYHU

5RRVHYHOW +RW 6SULQJV� PHWKRG RI GLSROH�GLSROH SUHVHQWDWLRQ�

JHQHUDO JHRORJ\ RI DUHD� VWUXFWXUDO IHDWXUHV DQG WUHQGV� WDEOH

VKRZLQJ FKHPLFDO DQDO\VHV RI 5RRVHYHOW +RW 6SULQJV
 ZDWHUV�

UHVXOWV RI GULOOLQJ LQ DUHD DQG RI D SULRU HOHFWULFDO VXUYH\� UHVLVWLYLW\

SVHXGR�VHFWLRQV IRU ILYH VXUYH\ OLQHV� GLSROH�GLSROH HOHFWULFDO

UHVLVWLYLW\ VXUYH\ ORFDWLRQ PDS� UHVLVWLYLW\ LQWHUSUHWDWLRQ PDS DQG

GLVFXVVLRQ� FRQFOXVLRQV DQG UHFRPPHQGDWLRQV�

.(//2**� :� &�� DQG &RRN� .� /�� ����� 'LVFXVVLRQ DQG UHSO\ WR

GLVFXVVLRQ RQ� $ VXPPDU\ RI WKH JHRORJ\� JHRFKHPLVWU\� DQG

JHRSK\VLFV RI WKH 5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� 8WDK�

*HRSK\VLFV� Y� ��� QR� ��� S� ����������

'LVFXVVLRQ RI DUWLFOH E\:DUG DQG RWKHUV ������� GRXEWV H[SUHVVHG

RYHU FRPSXWHU�RULHQWHG JHRSK\VLFLVWV DQG WKHLU PHWKRGV RI

LQWHUSUHWDWLRQ� DSSDUHQW GHILFLHQFLHV LQ DHURPDJQHWLF GDWD� FRQWRXU

PDS� DQG FRUUHVSRQGLQJ LQWHUSUHWLYH JHRORJ\ IURP :DUG DQG

RWKHUV ������� &RRN
V UHEXWWDO WR .HOORJJ
V FULWLFLVPV RI

DHURPDJQHWLF GDWD� PDS� DQG JHRORJ\� SUHVHQWDWLRQ RI DGGLWLRQDO

PDJQHWLF LQIRUPDWLRQ RYHU WKH %DLOH\ 5LGJH UK\ROLWH IORZ�

LQWHUSUHWDWLRQ RI D EURDG HDVW�ZHVW WUHQGLQJ PDJQHWLF ORZ�

.(<6�:�6�� �����*HRWKHUPDOZHOO ORJJHG DW 5RRVHYHOW+RW 6SULQJV

LQ 8WDK �DEV��� LQ *HRORJLFDO 6XUYH\ UHVHDUFK ����� ����� 8�6�

*HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU ����� S� ��������

8VH RI WHPSHUDWXUH� DFRXVWLF WHOHYLHZHU� DFRXVWLF FDOLSHU�

PHFKDQLFDO FDOLSHU� DQG JDPPD VSHFWUD ORJV REWDLQHG IURP D

JHRWKHUPDO SURGXFWLRQ ZHOO WR GHWHUPLQH WKH ORFDWLRQ DQG

RULHQWDWLRQ RI IUDFWXUHV ZLWKLQ WKH K\GURWKHUPDO V\VWHP�

.+$77$%� 0� 0�� ����� *UDYLW\ DQG PDJQHWLF VXUYH\V RI WKH

*URXVH &UHHN 0RXQWDLQV DQG WKH 5DIW 5LYHU 0RXQWDLQV DUHD DQG

YLFLQLW\� 8WDK DQG ,GDKR� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI8WDK�

XQSXEOLVKHG 3K�'� WKHVLV� ��� S�

.,/7<� .� 7�� ����� $VSHFWV RI IRUFHG FRQYHFWLYH KHDW WUDQVIHU LQ

JHRWKHUPDO V\VWHPV� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

.,/7<� .� 7�� ����� 'HIRUPDWLRQ RI WKH ZHVWHUQ 8QLWHG 6WDWHV DQG LWV

WKHUPDO FRQVHTXHQFHV �DEV��� (26 7UDQVDFWLRQV� $PHULFDQ

*HRSK\VLFDO 8QLRQ� Y� ��� QR� ��� S� �����

.,/7<� .� 7�� &KDSPDQ� '� 6�� DQG 0DVH� &� :�� ����� $VSHFWV RI

IRUFHG FRQYHFWLYH KHDW WUDQVIHU LQ JHRWKHUPDO V\VWHPV� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW�

QR� ,'2���������D������� �� S�

.,/7<� .� 7�� &KDSPDQ� '� 6�� DQG 0DVH� &� :�� ����� )RUFHG

FRQYHFWLYH KHDW WUDQVIHU LQ WKH 0RQURH +RW 6SULQJV JHRWKHUPDO

V\VWHP� -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK� Y� ��

QR� ���� S� ��������

'HILQLWLRQ RI SUREOHP DQG SXUSRVH RI VWXG\� PDWKHPDWLFDO DQG

FRQFHSWXDO PRGHOV RI KHDW WUDQVIHU� JHQHUDO QXPHULFDO VROXWLRQ RI

WKH HQHUJ\ HTXDWLRQ� RUJDQL]DWLRQ RI QXPHULFDO DOJRULWKP WR DFFHSW

JURXQG�ZDWHU IORZV� WKHUPDO FRQGXFWLYLWLHV� DQG ERXQGDU\

FRQGLWLRQV� DFFXUDF\ DQG UDWH RI FRQYHUJHQFH RI WKH DOJRULWKP�

SUREOHPV DVVRFLDWHG ZLWK HVWLPDWLQJ WKH ILOP FRHIILFLHQW IURP

ZLQG VSHHGV� GLPHQVLRQOHVV HQHUJ\ HTXDWLRQ� RULJLQDWLRQ DQG

PLJUDWLRQ RI WKHUPDO ZDWHUV LQ PRGHO RI D IDXOW�FRQWUROOHG

JHRWKHUPDO V\VWHP� DSSOLFDWLRQ RI FRQYHFWLYH KHDW WUDQVIHU WKHRU\

WR PRGHO� JUDSK VKRZLQJ UHODWLRQVKLS EHWZHHQ KHDW IORZ

HQKDQFHPHQW GLUHFWO\ RYHU D IUDFWXUH DQG WKH 3HFOHW QXPEHU RI WKH

PRGHO� JHRORJ\ DQG K\GURORJ\ RI VWXG\ DUHD� KRW VSULQJV

RFFXUUHQFHV� WHPSHUDWXUHV� DQG VDOLQLW\� JUDSK VKRZLQJ

WHPSHUDWXUH�GHSWK FXUYHV DW0RQURH+RW 6SULQJV DQG5HG+LOO+RW

6SULQJV� PL[LQJ RI KRW DQG FROG ZDWHUV DQG VSHFXODWLRQ RQPL[LQJ

ORFDWLRQ� IDXOW SHUPHDELOLW\ HVWLPDWHV� JUDSK RI QXPHULFDOO\

GHWHUPLQHG FXUYHV RI KHDW�IORZ HQKDQFHPHQW DV D IXQFWLRQ RI

GLVWDQFH IURP WKH KRW VSULQJV� LPSOLFDWLRQV IRU 0RQURH�5HG +LOO

VSULQJV�

./$8.� 5� +�� ����� *HRWKHUPDO HQHUJ\� DQRWKHU RI8WDK
V DEXQGDQW

UHVRXUFHV� 8WDK *HRORJLFDO DQG0LQHUDO 6XUYH\� 6XUYH\ 1RWHV� Y�

��� QR� �� S� ����

&ODVVLILFDWLRQ RI JHRWKHUPDO HQHUJ\ V\VWHPV DQG WKHLU KHDW

VRXUFHV� PHFKDQLFV RI FRQYHFWLYH DQG FRQGXFWLYH JHRWKHUPDO

V\VWHPV� JHRWKHUPDO UHVRXUFH PDS RI 8WDK VKRZLQJ ��� WKHUPDO

ZHOOV� VSULQJV� DQG QLQH .*5$6� ORFDWLRQ DQG FKDUDFWHULVWLFV RI

WKH 5RRVHYHOW .*5$� LQYROYHPHQW RI 3KLOOLSV 3HWUROHXP

&RPSDQ\ LQ WKH GHYHORSPHQW RI 5RRVHYHOW .*5$� ORFDWLRQ DQG

FKDUDFWHULVWLFV RI&RYH )RUW�6XOSKXUGDOH.*5$� H[SORUDWLRQ FRQ�

GXFWHG LQ WKH :KLUOZLQG 9DOOH\ DUHD� XVHV IRU ORZ�WHPSHUDWXUH

WKHUPDO ZDWHU� VXPPDULHV RI VWXGLHV FRQGXFWHG E\ WKH 8WDK

*HRORJLFDO DQG0LQHUDO 6XUYH\ LQ&DFKH9DOOH\�(VFDODQWH9DOOH\�

%R[ (OGHU &RXQW\� :HEHU DQG 'DYLV &RXQWLHV� 6DOW /DNH &RXQW\�

DQG WKH 8WDK 6WDWH 3ULVRQ VSDFH KHDWLQJ SURJUDP�

./$8.� 5� +�� ����� 6XPPDU\ RI ORZ�WHPSHUDWXUH JHRWKHUPDO

VWXGLHV FRQGXFWHG E\ WKH 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\

IURP -XO\ �� ���� WR 'HFHPEHU ��� ����� 8WDK *HRORJLFDO DQG

0LQHUDO 6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ� QR� ���� �� S�

6XPPDU\ DQG UHVXOWV RI VWDWH�ZLGH JHRWKHUPDO VWXGLHV� PDS

VKRZLQJ JHRWKHUPDO UHVRXUFHV RI 8WDK� VSHFLILF VWXGLHV RI NQRZQ

KRW VSULQJ DUHDV FRQGXFWHG E\ WKH 8WDK *HRORJLFDO DQG 0LQHUDO

6XUYH\�PHWKRGV XVHG DQG UHVXOWV� DUHD�ZLGH VWXGLHV FRQGXFWHG IRU

WKH SXUSRVH RI GHWHFWLQJXQNQRZQJHRWKHUPDO V\VWHPV� VXPPDULHV

RI WHVWV DQG UHVXOWV RI VWXGLHV LQ (VFDODQWH 9DOOH\� &DFKH 9DOOH\�

QRUWK�FHQWUDO %R[ (OGHU &RXQW\� %R[ (OGHU &RXQW\� :HEHU DQG

'DYLV &RXQWLHV� 6DOW /DNH DQG 8WDK &RXQWLHV� RWKHU 8*06

JHRWKHUPDO FRQWULEXWLRQV�

./$8.� 5� +�� DQG %XGGLQJ� .� (�� ����� *HRWKHUPDO DVVHVVPHQW RI

WKH ORZHU %HDU 5LYHU GUDLQDJH DQG QRUWKHUQ (DVW 6KRUH JURXQG�

ZDWHU DUHDV� %R[ (OGHU &RXQW\� 8WDK� 8WDK *HRORJLFDO DQG

0LQHUDO 6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ� QR� ���� �� S�

*HQHUDO JHRORJ\ DQG VWUXFWXUH RI VWXG\ DUHD� K\GURORJLF VHWWLQJ RI

ORZHU %HDU 5LYHU GUDLQDJH EDVLQ DQG (DVW 6KRUH DUHD� ORFDWLRQV

DQG GHVFULSWLRQV RI NQRZQ KRW VSULQJV LQ VWXG\ DUHD� WHPSHUDWXUH

VXUYH\ RI ��ZHOOV DQG RI VHYHUDO VSULQJ ORFDWLRQV� ZDWHU FKHPLVWU\

DQG DQDO\VHV RI FRPPRQ LRQ DQG WUDFH HOHPHQWV� XVH RI

JHRWKHUPRPHWU\ WR FDOFXODWH UHVHUYRLU WHPSHUDWXUHV� WHPSHUDWXUH

YHUVXV GHSWK PHDVXUHPHQWV DQG JHRWKHUPDO JUDGLHQWV� PDSV RI

JHRORJ\� NQRZQ WKHUPDO VSULQJV� DQG VDPSOH ORFDWLRQV� WDEOH RI

ZDWHU DQDO\VHV IURP ZHOOV LQ WKH VWXG\ DUHD�

./$8.� 5� +�� DQG 'DUOLQJ� 5�� ����� /RZ�WHPSHUDWXUH JHRWKHUPDO

DVVHVVPHQW RI WKH -RUGDQ 9DOOH\� 6DOW /DNH &RXQW\� 8WDK� 8WDK

*HRORJLFDO DQG 0LQHUDO 6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ� QR� ����

��� S�

'HVFULSWLRQ RI SURMHFW� SK\VLRJUDSKLF VHWWLQJ RI WKH -RUGDQ9DOOH\�

UHJLRQDO DQG ORFDO JHRORJ\ DQG JHRSK\VLFV� JURXQG ZDWHU� IRXU

GLIIHUHQW DTXLIHU W\SHV� ZDWHU UHFKDUJH DQG PRYHPHQW� :DUP

6SULQJV IDXOW� &U\VWDO +RW 6SULQJV� DQG 8WDK 5RVHV )ORUDO

*UHHQKRXVH JHRWKHUPDO V\VWHPV� WHPSHUDWXUH VXUYH\ RI ���

ORFDWLRQV� FKHPLFDO DQDO\VHV RI ��� ZDWHU VDPSOHV LQFOXGLQJ WRWDO

GLVVROYHG VROLGV� FRPPRQ LRQ DQDO\VLV� DQG WUDFH HOHPHQW GHWHUPL�

QDWLRQV� FKHPLFDO JHRWKHUPRPHWHUV FDOFXODWHG IRU DOO ZDWHU

VDPSOHV� WHPSHUDWXUH JUDGLHQWV GHULYHG IURP WHPSHUDWXUH�GHSWK

PHDVXUHPHQWV� VXPPDU\ DQG FRQFOXVLRQV�

./$8.� 5� +�� 'DUOLQJ� 5�� 'DYLV� '� $�� *Z\QQ� -�:�� DQG0XUSK\�

3� -�� ����� 3URJUHVV UHSRUW RQ WKH JHRWKHUPDO DVVHVVPHQW RI WKH

-RUGDQ 9DOOH\� 6DOW /DNH &RXQW\� 8WDK� LQ 5XVFHWWD� &� $�� DQG

)ROH\�'�� HGV��*HRWKHUPDO GLUHFW KHDW SURJUDP*OHQZRRG6SULQJV

WHFKQLFDO FRQIHUHQFH SURFHHGLQJV� 6WDWH &RXSOHG *HRWKHUPDO $V�

VHVVPHQW 3URJUDP� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK

5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'���������� Y� �� 3DSHUV

3UHVHQWHG� S� ��������

6HH .ODXN DQG 'DUOLQJ �������

./$8.� 5� +�� DQG 'DYLV� '� $�� ����� (YDOXDWLRQ RI ORZ�

WHPSHUDWXUH JHRWKHUPDO SRWHQWLDO LQ 8WDK DQG*RVKHQ9DOOH\V DQG

DGMDFHQW DUHDV� 8WDK &RXQW\� 8WDK� 3DUW ��� ZDWHU WHPSHUDWXUH DQG

FKHPLVWU\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 5HSRUW RI

,QYHVWLJDWLRQ� QR� ���� �� S�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

+LVWRU\ RI 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ JHRWKHUPDO

LQYHVWLJDWLRQV DORQJ :DVDWFK )URQW� GHVFULSWLRQ RI 3DUWV , DQG ,,

RI VWXG\� W\SHV RI JURXQG ZDWHU UHVHUYRLUV �FRQILQHG DQG

XQFRQILQHG DTXLIHUV�� PLJUDWLRQ SDWKV RI JURXQG ZDWHUV� ZDWHU

VDPSOLQJ WHVWV DQG SURFHGXUHV� SODWHV VKRZLQJ JURXQG ZDWHU

WHPSHUDWXUHV DQG VDPSOH ORFDWLRQV RI ��ZHOOV DQG VSULQJV LQ 8WDK

DQG *RVKHQ 9DOOH\V� UDQJHV RI ZDWHU VDPSOH WHPSHUDWXUHV� WDEOHV

VKRZLQJ UHVXOWV RI FKHPLFDO DQDO\VHV RI �� ZDWHU VDPSOHV�

FRPSDULVRQ RI FKHPLFDO DQDO\VHV DQG WUDFH HOHPHQW VWXGLHV RI

ZDWHUV LQ QRUWKHUQ 8WDK 9DOOH\ DQG *RVKHQ 9DOOH\� WDEOH VKRZLQJ

PHDVXUHG WHPSHUDWXUHV� &O�+&2� UDWLRV� /L� %� 6U� DQG &O

FRQFHQWUDWLRQV IRU ZHOOV DQG VSULQJV� ILYH DUHDV LGHQWLILHG IRU

IXUWKHU LQYHVWLJDWLRQV� PRGHO GHSLFWLQJ FRQYHFWLYH V\VWHP RI WKHU�

PDO ZDWHUV LQ VWXG\ DUHD�

./$8.� 5� +�� )RUHPDQ� 0� %�� DQG *RXUOH\� &�� ����� *HRWKHUPDO

UHFRQQDLVVDQFH RI D SRUWLRQ RI WKH (VFDODQWH 9DOOH\� 8WDK� LQ

5XVFHWWD� &� $�� HG�� *HRWKHUPDO GLUHFW KHDW SURJUDP URXQGXS

WHFKQLFDO FRQIHUHQFH SURFHHGLQJV� 6WDWH &RXSOHG 5HVRXUFH

$VVHVVPHQW 3URJUDP� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'���������� Y� ��

3DSHUV 3UHVHQWHG� S� ��������

6HH .ODXN DQG *RXUOH\ �����D��

./$8.� 5� +�� DQG *RXUOH\� &�� ����D� *HRWKHUPDO DVVHVVPHQW RI D

SRUWLRQ RI WKH (VFDODQWH 9DOOH\� 8WDK� 8WDK *HRORJLFDO DQG

0LQHUDO 6XUYH\ 6SHFLDO 6WXGLHV ��� �� S�

6WUDWLJUDSK\� LJQHRXV URFNV� DQG VWUXFWXUH RI WKH (VFDODQWH 9DOOH\

DQG YLFLQLW\� NQRZQJHRWKHUPDO DUHDV� JURXQGZDWHU WHPSHUDWXUHV�

ZDWHU FKHPLVWU\ LQFOXGLQJ DQDO\VHV RI WRWDO GLVVROYHG VROLGV�

FRPPRQ LRQV� DQG VLOLFD� FKHPLFDO JHRWKHUPRPHWHU FDOFXODWLRQV�

WHPSHUDWXUH YHUVXV GHSWKPHDVXUHPHQWV DQG JHRWKHUPDO JUDGLHQWV�

SURSRVHG PRGHOV IRU DQ DQRPDORXV JHRWKHUPDO DUHD QRUWKZHVW RI

=DQH�PDSV RI JUDYLW\� JURXQG�ZDWHU WHPSHUDWXUHV� SRWHQWLRPHWULF

VXUIDFH� K\GURORJLF XQLWV� JHRORJ\� WRWDO GLVVROYHG VROLGV� DQG

VDPSOLQJ VLWHV�

./$8.� 5� +�� DQG *RXUOH\� &�� ����E� *HRWKHUPDO DVVHVVPHQW RI D

SRUWLRQ RI WKH0;GHSOR\PHQW DUHD� (VFDODQWH9DOOH\� 8WDK �DEV���

*HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� ��� QR

�� S� ����

6HH .ODXN DQG *RXUOH\ �����D�

./$8.� 5� +�� DQG 3UDZO� &� $�� ����� *HRWKHUPDO DVVHVVPHQW RI

SDUW RI WKH (DVW 6KRUH DUHD� 'DYLV DQG:HEHU &RXQWLHV� 8WDK� 8WDK

*HRORJLFDO DQG 0LQHUDO 6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ� QR� ����

�� S�

3XUSRVH RI VWXG\� JHRORJ\� VWUXFWXUH� DQG JURXQGZDWHU FRQGLWLRQV

RI WKH VWXG\ DUHD� GHVFULEHV NQRZQ JHRWKHUPDO DUHDV� WHPSHUDWXUH

VXUYH\� ZDWHU FKHPLVWU\ DQG DQDO\VHV RI FRPPRQ LRQV� VWDEOH

LVRWRSHV� DQG WUDFH HOHPHQWV� FDOFXODWHG JHRWKHUPRPHWHU

WHPSHUDWXUHV� PDSV RI JHRORJ\� JURXQG ZDWHU WHPSHUDWXUHV� ZHOO

DQG VSULQJ VDPSOH ORFDWLRQV� WRWDO GLVVROYHG VROLGV� DQG FKORULGH

LRQ FRQFHQWUDWLRQV� WDEOH RI ZDWHU DQDO\VHV IURP ZHOOV LQ VWXG\

DUHD�

.1$8)� .� (�� ����� 1DWLRQDO HVWLPDWH IRU GLUHFW XVH� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

.2(1,*� -� %�� ����� *HRWKHUPDO H[SORUDWLRQ LQ WKH ZHVWHUQ 8QLWHG

6WDWHV LQ� 3URFHHGLQJV RI WKH 8QLWHG 1DWLRQV 6\PSRVLXP RQ WKH

GHYHORSPHQW DQG XWLOL]DWLRQ RI JHRWKHUPDO UHVRXUFHV�*HRWKHUPLFV

6SHFLDO ,VVXH �� ����� Y� �� SW� �� S� �����

.2(1,*� -� %�� $QGHUVRQ� '� 1�� DQG +XWWUHU� *� :�� �����

([SORUDWLRQ DQG GHYHORSPHQW RI JHRWKHUPDO UHVRXUFHV LQ WKH

8QLWHG 6WDWHV� ���������� 8QLWHG 1DWLRQV V\PSRVLXP RQ WKH

GHYHORSPHQW DQG XVH RI JHRWKHUPDO UHVRXUFHV� �G� 6DQ )UDQFLVFR�

&DOLIRUQLD� ����� 3URFHHGLQJV� Y� �� S� ��������

.2(1,*� -� %�� DQG0F1LWW� -� 5�� ����� &RQWUROV RQ WKH ORFDWLRQ DQG

LQWHQVLW\ RI PDJPDWLF DQG QRQ�PDJPDWLF JHRWKHUPDO V\VWHPV LQ

WKH %DVLQ DQG 5DQJH 3URYLQFH �DEV��� LQ 7KH UROH RI KHDW LQ WKH

GHYHORSPHQW RI HQHUJ\ DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ

%DVLQ DQG5DQJH3URYLQFH�*HRWKHUPDO5HVRXUFHV&RXQFLO 6SHFLDO

5HSRUW ��� S� ���

5HODWLRQVKLS RI JHRWKHUPDO V\VWHPV RI NQRZQ RU SUREDEOH

PDJPDWLF FRQWURO WR WKH%DVLQ DQG5DQJH 3URYLQFH� FKDUDFWHULVWLFV

RI PDJPDWLF JHRWKHUPDO V\VWHPV� UHODWLRQVKLS RI KLJK�

WHPSHUDWXUH� QRQ�PDJPDWLF V\VWHPV WR LPSRUWDQW QRUWKHDVW�

WUHQGLQJ ]RQHV RI WRSRJUDSKLF IOH[XUHV� KHDW VRXUFH IRU QRQ�

PDJPDWLF V\VWHPV�

.2(1,*� -� %�� DQG 3HWHUVHQ� &� $�� ����� 2SSRUWXQLWLHV IRU

GHYHORSPHQW RI JHRWKHUPDO SRZHU DW5RRVHYHOW+RW 6SULQJV�8WDK�

*HRWKHUP([ ,QFRUSRUDWHG� �� S�

/RFDWLRQ RI WKH 5RRVHYHOW JHRWKHUPDO ILHOG� UHJLRQDO DQG ORFDO

JHRORJ\� PDS VKRZLQJ JHRORJ\� WHPSHUDWXUH JUDGLHQWV� JUDYLW\

DQRPDOLHV� DQG JHRWKHUPDO ZHOOV� PDS VKRZLQJ IUDFWXUHV

LQWHUSUHWHG IURP UHVLVWLYLW\� SHWURJUDSKLF GHVFULSWLRQV DQG DJH

GDWHV RI ORFDO LQWUXVLYHV DQG YROFDQLFV� JUDYLW\� WHOOXULF�

DHURPDJQHWLF� UHVLVWLYLW\� PLFURHDUWKTXDNH� DQG WHPSHUDWXUH

JUDGLHQW GDWD� H[SORUDWLRQ KLVWRU\ DQG UHVXOWV� WDEOH RI JHRWKHUPDO

ZHOO ORFDWLRQV� GHSWKV� DQG GULOOLQJ UHVXOWV� ILHOG VL]H DQG FDSDFLW\�

KHDW VRXUFH� DQG UHVHUYRLU VWXGLHV� PDS RI JHRWKHUPDO OHDVLQJ

SDWWHUQV LQ WKH 5RRVHYHOW DUHD� HQYLURQPHQWDO FRQFHUQV�

SURGXFWLRQ DQG GHYHORSPHQW ULVNV� FRQFOXVLRQV�

.2+/(5� -� )�� �����*HRORJ\� FKDUDFWHULVWLFV� DQG UHVRXUFH SRWHQWLDO

RI WKH ORZ�WHPSHUDWXUH JHRWKHUPDO V\VWHP QHDU0LGZD\�:DVDWFK

&RXQW\� 8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 5HSRUW RI

,QYHVWLJDWLRQ� QR� ���� �� S�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

6HH .RKOHU DQG .ROHVDU �������

.2+/(5� -� )�� DQG .ROHVDU� 3� 7�� ����� (YDOXDWLRQ RI JHRWKHUPDO

SRWHQWLDO LQ WKH DUHD RI 0LGZD\� :DVDWFK &RXQW\� 8WDK�

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S���������

*HRORJLF VHWWLQJ RI 0LGZD\� 8WDK� FKHPLFDO DQDO\VLV DQG

JHRWKHUPRPHWU\ RI WKHUPDO ZDWHUV� WKHUPDO JUDGLHQW

GHWHUPLQDWLRQV EDVHG RQ IRXU GULOO KROHV DQG RQH PLQH VKDIW�

FHQWUDO JUDYLW\ ORZ DW 0LGZD\� WZR RSSRVLQJ KHDW VRXUFH PRGHOV�

.2/(6$5� 3� 7�� DQG 'HJUDII� -� 9�� ����� &RPSDULVRQ RI WKH VLOLFD

DQG 1D�.�&D JHRWKHUPRPHWHUV IRU WKHUPDO VSULQJV LQ 8WDK�

*HRWKHUPLFV� Y� �� QR� ���� S� ��������

.521� $QGUHD� DQG +HLNHQ� *�� ����� *HRWKHUPDO JUDGLHQW PDS RI

WKH 8QLWHG 6WDWHV� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV�

Y� �� S� ������

.521� $QGUHD� DQG 6WL[� -�� ����� *HRWKHUPDO JUDGLHQW PDS RI WKH

8QLWHG 6WDWHV H[FOXVLYH RI $ODVND DQG +DZDLL� 0DS SURGXFHG E\

WKH1DWLRQDO 2FHDQLF DQG$WPRVSKHULF$GPLQLVWUDWLRQ IRU WKH /RV

$ODPRV1DWLRQDO /DERUDWRU\� VFDOH ������������ DOVR�*HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ������

.58*(5� 3DXO� DQG 6HPSULQL� /�� ����� 5DGRQ VWDUWXS DQDO\VLV DW D

5RRVHYHOW +RW 6SULQJV� 8WDK JHRWKHUPDO ZHOO� 6HYHQWK $QQXDO

6WDQIRUG *HRWKHUPDO &RQIHUHQFH DQG :RUNVKRS� 3URFHHGLQJV� S�

����������

.81=(� -� )�� DQG *RXOG� 5� :�� ����� &DVH VWXGLHV RI GHYHORSLQJ

ORZ�WHPSHUDWXUH JHRWKHUPDO ZHOOV� *HRWKHUPDO 5HVRXUFHV

&RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

.81=(� -� )�� *RXOG� 5� :�� DQG *HUWVFK� :� '�� ����� 8WDK 5RVHV

IORUDO JUHHQKRXVH JHRWKHUPDO SURMHFW� VHPLDQQXDO WHFKQLFDO UHSRUW�

$XJXVW ���� � $SULO ����� 8�6� 'HSDUWPHQW RI (QHUJ\ 5HSRUW� QR�

'2(�(7��������� �� S�

.81=(� -� )�� DQG 6WRNHU� 5� &�� ����� )ORUDO JUHHQKRXVH KHDWLQJ�

VHPL�DQQXDO WHFKQLFDO UHSRUW� 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ

6HUYLFH 5HSRUW� QR� '2(��������� �� S�

/$&+(1%58&+� $� +�� ����� +HDW IORZ LQ WKH %DVLQ DQG 5DQJH

3URYLQFH DQG WKHUPDO HIIHFWV RI WHFWRQLF H[WHQVLRQ� LQ 5\EDFK� /��

DQG 6WHJHQD� /�� HGV�� *HRWKHUPLFV DQG JHRWKHUPDO HQHUJ\� 3XUH

DQG $SSOLHG *HRSK\VLFV� Y� ���� S� ������

/$&+(1%58&+� $� +�� ����� 5HJLRQDO WKHUPDO VWUXFWXUH LQ WKH

ZHVWHUQ 8�6� �DEV��� (26 7UDQVDFWLRQV� $PHULFDQ *HRSK\VLFDO

8QLRQ� Y� ��� QR� ��� S� �����

/$&+(1%58&+� $� +�� DQG 6DVV� -� +�� ����� +HDW IORZ LQ WKH

8QLWHG 6WDWHV DQG WKH WKHUPDO UHJLPH RI WKH FUXVW� LQ +HDFRFN� -�

*�� HG�� 7KH HDUWK
V FUXVW� *HRSK\VLFDO 0RQRJUDSK 6HULHV� Y� ���

$PHULFDQ *HRSK\VLFDO 8QLRQ� :DVKLQJWRQ� '� &�� S� ��������

/$&+(1%58&+� $� +�� DQG 6DVV� -� +�� ����� 0RGHOV RI DQ

H[WHQGLQJ OLWKRVSKHUH DQG KHDW IORZ LQ WKH %DVLQ DQG 5DQJH

3URYLQFH� LQ 6PLWK� 5� %�� DQG (DWRQ� *� 3�� HGV�� *HRORJLFDO

6RFLHW\ RI $PHULFD 0HPRLU ���� S� ��������

/$''� 7� $�� ����� ,QVWLWXWLRQDO SUREOHPV UHODWHG WR GHYHORSPHQW RI

JHRWKHUPDO UHVRXUFHV ORFDWHG ZLWKLQ GHSDUWPHQW RI GHIHQVH ODQG

KROGLQJV� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S�

��������

/$1*(� $� /�� ����� $SSOLFDWLRQ RI KHDWIOX[ WUDQVGXFHUV WR

JHRWKHUPDO H[SORUDWLRQ� 6\PSRVLXP RQ 5RFN 0HFKDQLFV� ���

3URFHHGLQJV� S� �%�����%����

/$67(5� 6� -�� DQG 'RX]H� (� -�� ����� *HRWKHUPDO JURXQG QRLVH

PHDVXUHPHQWV DW 5RRVHYHOW+RW 6SULQJV DQG&RYH )RUW� 8WDK�ILQDO

UHSRUW� 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR�

'2(�7,&�� ����� �� S�

8VH RI VL[ HOHPHQW DUUD\V WR GHWHUPLQH WKH VWUXFWXUH RI WKH QRLVH

ILHOG DQG W\SHV RI ZDYHV SUHVHQW LQ 5RRVHYHOW DQG &RYH )RUW

JHRWKHUPDO DUHDV� DUUD\ FRQILJXUDWLRQ� WKHRU\ RI DUUD\ SURFHVVLQJ�

DQDO\VLV RI H[SHULPHQWDO GDWD REWDLQHG IURP IUHTXHQF\�ZDYH

QXPEHU VSHFWUD� SRZHU VSHFWUD� DQG I�VWDWLVWLF DQDO\WLFDO

WHFKQLTXHV�

/((� :� 7�� ����� 6XOSKXU DQG S\ULWH�7KH &RYH &UHHN VXOSKXU EHGV�

8WDK� 8�6� *HRORJLFDO 6XUYH\ %XOOHWLQ ����4� S� 4����4����

/((0$1� :� 3�� DQG 5RJHUV� -� -� :�� ����� /DWH &HQR]RLF DONDOL�

ROLYLQH EDVDOWV RI WKH %DVLQ DQG 5DQJH 3URYLQFH� 8�6�$��

&RQWULEXWLRQV WR 0LQHUDORJ\ DQG 3HWURORJ\� Y� ��� S� �����

/(,71(5� 3KLOOLS� ����� 2YHUYLHZ RI HQYLURQPHQWDO LVVXHV�

5RRVHYHOW +RW 6SULQJV .*5$� 8WDK JHRWKHUPDO QRLVH HIIHFWV�

1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� 8&5/�

������ �� S�

*HRJUDSK\ RI UHJLRQ DURXQG5RRVHYHOW+RW6SULQJV� DPELHQW QRLVH

RI VWXG\ DUHD� PHDVXUHG VRXQG�SUHVVXUH OHYHOV IURP ZHOO�YHQWLQJ

RSHUDWLRQV DW WKH *H\VHUV�&DOLVWRJD .*5$� ORZ QRLVH HPLVVLRQV

DW 5RRVHYHOW DQG RWKHU OLTXLG�GRPLQDWHG JHRWKHUPDO ILHOGV�

VXPPDU\ RI QRLVH VRXUFHV H[SHFWHG WR DFFRPSDQ\ JHRWKHUPDO

UHVRXUFH GHYHORSPHQW LQ VRXWKZHVW8WDK� SURFHGXUHV IRU D SODQQHG

RQH \HDU DPELHQW QRLVH VXUYH\ DW 5RRVHYHOW� QRLVH UHFHSWRU VLWHV�

QRLVH SURSDJDWLRQ PRGHOV� FRPPXQLW\� GRPHVWLF OLYHVWRFN� DQG

ZLOGOLIH QRLVH FULWHULD� UHFRPPHQGDWLRQV WR DLG LQ DVVHVVLQJ WKH

SRWHQWLDO IRU HQYLURQPHQWDO QRLVH SUREOHPV IURP JHRWKHUPDO

UHVRXUFH GHYHORSPHQW LQ VRXWKZHVW 8WDK�

/(1=(5� 5� &�� &URVE\� *� :�� DQG %HUJH� &� :�� ����� *HRWKHUPDO

H[SORUDWLRQ RI 5RRVHYHOW .*5$� 8WDK� 8�6� 6\PSRVLXP RQ5RFN

0HFKDQLFV� QR� ��� 6LWH &KDUDFWHUL]DWLRQ� 8QLYHUVLW\ RI 8WDK



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

(QJLQHHULQJ ([SHULPHQWDO 6WDWLRQ� S� �%,���

/RFDWLRQ� VWUXFWXUDO JHRORJ\� DQG SHWURORJ\ RI WKH 5RRVHYHOW

JHRWKHUPDO ILHOG� UK\ROLWHV IURP VHYHQ RU PRUH HUXSWLYH FHQWHUV�

IDXOWV DV FRQWURO VWUXFWXUHV IRU K\GURORJLF V\VWHPV� PHWKRGV RI

LQYHVWLJDWLRQ� JHRPHWU\ DQG JHRORJLF LQWHUSUHWDWLRQ RI DUHD DURXQG

WKH WKHUPDO DQRPDO\� SHUPHDELOLW\ RI IUDFWXUHV� GULOO KROH VWUXFWXUH

DQG WHPSHUDWXUHV�

/,$:� $� /�� DQG 6X\HQDJD� :�� ����� 0LFURWUHPRU VWXGLHV LQ

5RRVHYHOW DQG %HRZDZH JHRWKHUPDO DUHDV �DEV��� LQ &LUFXP�

3DFLILF HQHUJ\ DQG PLQHUDO UHVRXUFHV FRQIHUHQFH� $PHULFDQ

$VVRFLDWLRQ RI 3HWUROHXP*HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� ����

8VH RI PLFURWUHPRUV DV LQGLFDWRUV RI JHRWKHUPDO UHVHUYRLUV�

GLVFXVVLRQ RI FRQWURYHUV\ RYHU PHWKRGV� WZR SDVVLYH VHLVPLF

VWXGLHV FRQGXFWHG LQ %DVLQ DQG 5DQJH� SURFHGXUHV DQG UHVXOWV RI

D PLFURWUHPRU VWXG\ DW %HRZDZH� 1HYDGD�

/,$:� $� /�� DQG 6X\HQDJD� :�� ����� 'HWHFWLRQ RI JHRWKHUPDO

PLFURWUHPRUV XVLQJ VHLVPLF DUUD\V �DEV��� *HRSK\VLFV� Y� ��� QR�

�� S� ����

/,(6(� +� &�� ����� *HRORJ\ RI WKH QRUWKHUQ 0LQHUDO 5DQJH� 0LOODUG

DQG %HDYHU &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

/,1� <� 7�� ����� 7KH LPSDFW RI ELW SHUIRUPDQFH RQ JHRWKHUPDO ZHOO

FRVW� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ����

����

/,30$1� 3� :�� ����� &HQR]RLF YROFDQLVP LQ WKH ZHVWHUQ 8QLWHG

6WDWHV� LPSOLFDWLRQV IRU FRQWLQHQWDO WHFWRQLFV� LQ &RQWLQHQWDO

7HFWRQLFV�JHRSK\VLFV VWXG\ FRPPLWWHH� JHRSK\VLFV UHVHDUFKERDUG�

DVVHPEO\ RI PDWKHPDWLFDO DQG SK\VLFDO VFLHQFHV� 1DWLRQDO

5HVHDUFK &RXQFLO� 1DWLRQDO $FDGHP\ RI 6FLHQFH� :DVKLQJWRQ '�

&�� ����� S� �����

/,30$1� 3� :�� 3URVWND� +� -�� DQG &KULVWLDQVHQ� 5� /�� �����

&HQR]RLF YROFDQLVP DQG SODWH�WHFWRQLF HYROXWLRQ RI WKH ZHVWHUQ

8QLWHG 6WDWHV� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI

/RQGRQ� V� $ ���� S� ��������

/,30$1� 3� :�� 5RZOH\� 3� '�� 0HKQHUW� +� +�� (YDQV� 6� +�� -U��

1DVK� :� 3�� DQG %URZQ )� +�� ����� 3OHLVWRFHQH UK\ROLWH RI WKH

0LQHUDO 0RXQWDLQV� 8WDK� JHRWKHUPDO DQG DUFKDHRORJLFDO

VLJQLILFDQFH�8�6�*HRORJLFDO 6XUYH\ -RXUQDO RI5HVHDUFK� Y� �� QR�

�� S� ��������

8VH RI VLOLFLF URFNV DV LQGLFDWRUV RI VXEVXUIDFH SUHVHQFH RI

VKDOORZ PDJPD FKDPEHUV ZLWK SRWHQWLDO JHRWKHUPDO UHVRXUFHV�

SXUSRVH RI VWXG\� JHQHUDO JHRORJLF VHWWLQJ RI 0LQHUDO 0RXQWDLQV�

.�$U GDWHV DQG D 5E�6U LVRFKURQ IURP 0LQHUDO 0RXQWDLQV

LQWUXVLYHV� WKHUPDOPHDVXUHPHQWV IURPQHLJKERULQJ5RRVHYHOW+RW

6SULQJV� VWUDWLJUDSK\� SHWURJUDSK\� DQG DJHV RI WKUHH GLVWLQFW

UK\ROLWLF VHTXHQFHV� WDEOH VKRZLQJ PRGDO FRPSRVLWLRQV RI UDGLR�

PHWULFDOO\ GDWHG YROFDQLFV� WDEOH VKRZLQJ FKHPLFDO DQDO\VHV DQG

&,3:QRUPV RI UK\ROLWHV RI WKH0LQHUDO0RXQWDLQV� WDEOH VKRZLQJ

.�$U DJH GHWHUPLQDWLRQV RQ XSSHU &HQR]RLF UK\ROLWHV RI DUHD�

WDEOH VKRZLQJ SUHOLPLQDU\ GDWD RQPDJQHWLF SRODULWLHV RI UK\ROLWHV�

WDEOH VKRZLQJ UDUH�HDUWK HOHPHQW DQDO\VHV RI UK\ROLWHV� GLVFXVVLRQ

RI SRVVLEOH UHODWLRQVKLSV EHWZHHQ0LQHUDO 0RXQWDLQ UK\ROLWHV DQG

SRWHQWLDO JHRWKHUPDO UHVRXUFHV� DUFKHRORJLFDO DUWLIDFW REVLGLDQ

IURP 0LQHUDO 0RXQWDLQV� ILVVLRQ WUDFN GDWLQJ RQ REVLGLDQV�

REVLGLDQ�K\GUDWLRQ GDWLQJ RQ IRXU UK\ROLWH IORZV�

/,30$1� 3� :�� 5RZOH\� 3� '�� DQG 3DOOLVWHU� -� 6�� ����� 3OHLVWRFHQH

UK\ROLWH RI WKH0LQHUDO 5DQJH� 8WDK JHRWKHUPDO DQG DUFKHRORJLFDO

VLJQLILFDQFH �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK

3URJUDPV� Y� �� QR� �� S� �����

6HH /LSPDQ DQG RWKHUV �������

/25,1*� $� .�� ����� 7HPSRUDO DQG VSDWLDO GLVWULEXWLRQ RI %DVLQ�

5DQJH IDXOWLQJ LQ 1HYDGD DQG 8WDK� /RV $QJHOHV� &DOLIRUQLD�

8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD� XQSXEOLVKHG 0DVWHUV WKHVLV�

��� S

/29(//� -� 6�� 0H\HU� :� 7�� DQG $WNLQVRQ� '� -�� QR GDWH� *HRORJ\

DQG VXUIDFH JHRFKHPLVWU\ RI WKH 5RRVHYHOW VSULQJV NQRZQ

JHRWKHUPDO UHVRXUFH DUHD� 8WDK� 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ

6HUYLFH 5HSRUW� QR '2(�,'�������7O� ��� S�

6\QWKHVLV RI DYDLODEOH GDWD RQ5RRVHYHOW +RW 6SULQJV WR GHWHUPLQH

WKH VSDWLDO DUUDQJHPHQW RI URFNV DQG WKH SDWWHUQ RI PDVV DQG

HQHUJ\ IORZ ZLWKLQ WKHP� WHPSHUDWXUH JUDGLHQW DQG KHDW IORZ

SDWWHUQV� GLVWULEXWLRQ RI OLWKRORJLHV REWDLQHG IURP GHHS GULOOLQJ�

VKDOORZ JURXQG ZDWHU FKHPLVWU\ DQG IORZ SDWWHUQV� UHJLRQDO

JHRORJLF VHWWLQJ� VWUDWLJUDSK\� GLVWULEXWLRQ RI IDXOW VWUXFWXUHV LQ

0LOIRUG 9DOOH\� UHVHUYRLU FRQILJXUDWLRQ DQG RULJLQ RI WKHUPDO

IOXLGV� WHPSHUDWXUH GLVWULEXWLRQ DQG FRQYHFWLYH FLUFXODWLRQ� JDV

DQG OLTXLG GLVFKDUJH FRPSRVLWLRQV�PXOWLHOHPHQWDO DQDO\VLV RI VRLO

VDPSOHV WR ��� IHHW� DQG RI UHVHUYRLU FDSURFN� JHRFKHPLFDO

SDWWHUQV IURP HDUOLHU VWDJHV RI JHRWKHUPDO HYROXWLRQ� GHWDLOHG

VXUIDFHPLFUROD\HU WUDYHUVHV IRU VHOHFWHG HOHPHQWDO GLVWULEXWLRQ DQG

VLQJOH HOHPHQW FRQWRXU PDSV� IDFWRU DQDO\VLV RI VLQJOH HOHPHQW

GLVWULEXWLRQ DQG UHVXOWLQJ FRQWRXU PDSV RI QLQH JHRFKHPLFDO

SDUDPHWHUV�

/29(5,1*� 7� 6�� ����� 6RPH SUREOHPV LQ JHRWKHUPDO H[SORUDWLRQ�

6RFLHW\ RI 0LQLQJ (QJLQHHUV� 7UDQVDFWLRQV� Y� ���� QR� �� S� ����

���� DOVR� �H[FHUSWV� 0LQLQJ (QJLQHHULQJ� Y� ��� QR� �� S� ������

/29(5,1*� 7� 6�� DQG *RRGH� +� '�� ����� 0HDVXULQJ JHRWKHUPDO

JUDGLHQWV LQ GULOO KROHV OHVV WKDQ �� IHHW GHHS� (DVW 7LQWLF GLVWULFW�

8WDK� 8�6� *HRORJLFDO 6XUYH\ %XOOHWLQ ����� �� S�

)DFWRUV WKDW GHWHUPLQH WHPSHUDWXUH IOXFWXDWLRQV DW DQG QHDU WKH

HDUWK
V VXUIDFH� PHWKRGV XVHG WR GHWHUPLQH JHRWKHUPDO JUDGLHQWV�

GULOO KROH WHPSHUDWXUHV LQ WKH 7LQWLF DUHD� HIIHFW RI VXQ RQ QHDU�

VXUIDFH WHPSHUDWXUHV� WDEOH VKRZLQJ WKHUPDO GLIIXVLYLWLHV RI URFNV

IURP VWXG\ DUHD� HIIHFW RI IOXFWXDWLRQ LQ WKH DPRXQW RI LQFRPLQJ

VRODU KHDW� WHPSHUDWXUH PHDVXUHPHQWV IURP �� GULOO KROHV LQ



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

YDULRXV OLWKRORJLHV� ILHOG SURFHGXUHV� DLU DQG JURXQG WHPSHUDWXUHV

IRU EDFNJURXQG GDWD� GLIIXVLYLW\ FDOFXODWLRQV IURP VXEVXUIDFH

WHPSHUDWXUH PHDVXUHPHQWV� VXPPDU\ DQG SURMHFW HYDOXDWLRQ�

/29(5,1*� 7� 6�� DQG 0RUULV� +� 7�� ����� 8QGHUJURXQG

WHPSHUDWXUHV DQG KHDW IORZ LQ WKH (DVW 7LQWLF GLVWULFW� 8WDK� 8�6�

*HRORJLF 6XUYH\ 3URIHVVLRQDO 3DSHU ����)� S� ),�)���

/RFDWLRQ DQG KLVWRU\ RI WKH (DVW 7LQWLF PLQLQJ GLVWULFW� IDFWRUV

DIIHFWLQJ VXUIDFH WHPSHUDWXUHV� SURFHGXUHV DQG LQVWUXPHQWV IRU

PHDVXULQJ WHPSHUDWXUH JUDGLHQWV LQ GULOO KROHV� HIIHFWV RI GULOOLQJ

RQ JUDGLHQW PHDVXUHPHQWV� GLIILFXOWLHV DVVRFLDWHG ZLWK DFFXUDWHO\

PHDVXULQJ WHPSHUDWXUHV LQ PLQHV� UHODWLRQVKLSV RI WKHUPDO

FRQGXFWLYLW\� WHPSHUDWXUH JUDGLHQW� DQG KHDW IORZ� KHDW IORZ DQG

WKHUPDO JUDGLHQWV LQ XQLIRUP URFNV� GLUHFW DQG LQGLUHFW

GHWHUPLQDWLRQ RI FRQGXFWLYLW\ RI URFNV� JHRORJLF IDFWRUV LQYROYHG

LQ WHPSHUDWXUH FDOFXODWLRQV� FDOFXODWLRQ RI WHPSHUDWXUHV DW WKH

ZDWHU WDEOH� WHPSHUDWXUH IOXFWXDWLRQV ZLWKLQ WKH 7LQWLF GLVWULFW�

VRXUFHV RI KHDW� WDEOH VKRZLQJ FKHPLFDO DQDO\VHV RI ZDWHU IURP

(XUHND FLW\ ZHOO� %HUJLQ 0LQH� 1RUWK /LO\ 0LQH� DQG VDOLQH KRW

VSULQJV RI 8WDK ZLWK WHPSHUDWXUHV DERYH ��� GHJUHHV )� KHDW IORZ

HVWLPDWHV RI VXEWHUUDQHDQ KRW VSULQJV� RULJLQ RI WKHUPDO ZDWHUV�

JHRORJ\� VWUXFWXUH� JHRWKHUPDO JUDGLHQW� DQG WKHUPDO FRQGXFWLYLWLHV

LQ WKH /DWLWH 5LGJH WKHUPDO DUHD�

/2:'(5� *� *�� ����� /DWH &HQR]RLF WUDQVLWLRQDO DONDOL ROLYLQH�

WKROHLLWLF EDVDOW DQG DQGHVLWH IURP WKH PDUJLQ RI WKH *UHDW %DVLQ�

VRXWKZHVW 8WDK� *HRORJLFDO 6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ���

QR� �� S� ����������

/8('.(� 5� *�� DQG 6PLWK� 5� /�� ����� 0DS VKRZLQJ GLVWULEXWLRQ�

FRPSRVLWLRQ� DQG DJH RI ODWH &HQR]RLF YROFDQLF FHQWHUV LQ

&RORUDGR� 8WDK� DQG VRXWKZHVWHUQ :\RPLQJ� 8�6� *HRORJLFDO

6XUYH\ 0LVFHOODQHRXV ,QYHVWLJDWLRQ 6HULHV 0DS ,� ���� �%� VFDOH

�� ����������

/81,6� %� &�� DQG 7RWK� :� -�� ����� 6WDWH JHRWKHUPDO

FRPPHUFLDOL]DWLRQ SURJUDPV LQ VHYHQ 5RFN\ 0RXQWDLQ VWDWHV�

VHPLDQQXDO SURJUHVV UHSRUW� -DQXDU\�-XO\ �����1DWLRQDO7HFKQLFDO

,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� '2(�,'�, ������� ��� S�

/87+� :� &�� DQG +DUGHH� +� &�� ����� &RPSDUDWLYH DVVHVVPHQW RI

ILYH SRWHQWLDO VLWHV IRU K\GURWKHUPDO�PDJPD V\VWHPV� VXPPDU\�

'HSDUWPHQW RI (QHUJ\ 5HSRUW� QR� '2(�7,&�� ����� �� S�

/<1&+� :� &�� DQG 1DVK� :� 3�� ����� &KHPLFDO WUHQGV LQ WKH ,FH

6SULQJV EDVDOW� %ODFN 5RFN 'HVHUW� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'���������� �� S�

0$%(<� '� 5�� 2OLYHU� +� :�� DQG +LOGHQEUDQG� 7� *�� �����

5HJLRQDO JUDYLW\ DQG PDJQHWLF DQRPDOLHV LQ WKH QRUWKHUQ %DVLQ

DQG 5DQJH 3URYLQFH� LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI

HQHUJ\ DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH

3URYLQFH� *HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S�

��������

0$%(<� '� 5�� DQG 9LUJLQ� 9�� ����� &RPSRVLWH DHURPDJQHWLF PDS

RI WKH 5LFKILHOG O[� GHJUHH TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO

6XUYH\ 2SHQ�)LOH 5HSRUW ������� VFDOH ����������

0$%(<� '� 5�� =LHW]� ,�� (DWRQ� *� 3�� DQG .OHLQNRSI� 0� '�� �����

5HJLRQDO PDJQHWLF SDWWHUQV LQ SDUW RI WKH &RUGLOOHUD LQ WKH ZHVWHUQ

8QLWHG 6WDWHV� LQ 6PLWK� 5� %� DQG (DWRQ� *� 3�� HGV�� &HQR]RLF

WHFWRQLFV DQG UHJLRQDO JHRSK\VLFV RI WKH ZHVWHUQ &RUGLOOHUD�

*HRORJLFDO 6RFLHW\ RI $PHULFD 0HPRLU ���� S� �������

0$&+(77(� 0� 1�� ����� *XLGHERRN WR WKH ODWH &HQR]RLF JHRORJ\

RI WKH %HDYHU EDVLQ� VRXWK�FHQWUDO 8WDK� 8�6� *HRORJLFDO 6XUYH\

2SHQ�)LOH 5HSRUW ������� �� S�

0$&+(77(� 0� 1�� 6WHYHQ� 7� $�� &XQQLQJKDP� &� *�� DQG

$QGHUVRQ� -� -�� ����� *HRORJLF PDS RI WKH %HDYHU TXDGUDQJOH�

%HDYHU DQG 3LXWH &RXQWLHV� 8WDK� 8�6� *HRORJLFDO 6XUYH\

0LVFHOODQHRXV ,QYHVWLJDWLRQV 6HULHV 0DS ,������ VFDOH ���������

0$&.,1� -� +�� ����D� (UXSWLYH WHFWRQLF K\SRWKHVLV IRU RULJLQ RI

%DVLQ�5DQJH VWUXFWXUH �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD

%XOOHWLQ� Y� ��� QR� ��� SW� �� S� �����

0$&.,1� -� +�� ����E� 6WUXFWXUDO VLJQLILFDQFH RI WKH 7HUWLDU\

YROFDQLF URFNV LQ VRXWKZHVWHUQ 8WDK� $PHULFDQ -RXUQDO RI

6FLHQFH� Y� ���� QR� �� S� �������

0$,1=(5� *� )�� ����� *UDYLW\ DQG DHURPDJQHWLF SDWWHUQV LQ WKH

%DVLQ DQG 5DQJH�&RORUDGR 3ODWHDX WUDQVLWLRQ LQ VRXWKZHVWHUQ

8WDK DQG QRUWKZHVWHUQ $UL]RQD� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\

RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

0$5,1(5� 5� +�� %URRN� &� $�� 5HHG� 0� -�� %OLVV� -� '�� 5DSSRUW� $�

/�� DQG /LHE� 5� -�� ����� /RZ�WHPSHUDWXUH JHRWKHUPDO UHVRXUFHV

LQ WKH ZHVWHUQ 8QLWHG 6WDWHV� LQ 5HHG� 0� -�� HG�� $VVHVVPHQW RI

ORZ�WHPSHUDWXUH JHRWKHUPDO UHVRXUFHV RI WKH 8QLWHG 6WDWHV������

8�6� *HRORJLFDO 6XUYH\ &LUFXODU ���� S� ������

$VVHVVPHQW RI ORZ�WHPSHUDWXUH JHRWKHUPDO V\VWHPV� GLVWULEXWLRQ�

JHRORJLF VHWWLQJ� DQG GLYLVLRQ LQWR JHRORJLF SURYLQFHV � LQFOXGLQJ

WKH %DVLQ DQG 5DQJH 3URYLQFH� GHWHUPLQDWLRQ RI DFFHVVLEOH

UHVRXUFH EDVH� UHVRXUFH� DQG EHQHILFLDO KHDW� HVWLPDWLRQ RI

WHPSHUDWXUH� DUHD� DQG YROXPH RI JHRWKHUPDO UHVHUYRLU� PDSV RI

ORZ�WHPSHUDWXUH JHRWKHUPDO V\VWHPV� WDEOHV RI VXPPDULHV RI WKH

LGHQWLILHG DQG XQGLVFRYHUHG DFFHVVLEOH UHVRXUFH EDVHV� DQG

HQHUJLHV RI ORZ�WHPSHUDWXUH JHRWKHUPDO V\VWHPV ��� DUH LQ 8WDK��

0$5,1(5� 5� +�� %URRN� &� $�� 6ZDQVRQ� -� 5�� DQG 0DEH\� '� 5��

����� 6HOHFWHG GDWD IRU K\GURWKHUPDO FRQYHFWLRQ V\VWHPV LQ WKH

8QLWHG 6WDWHV ZLWK HVWLPDWHG WHPSHUDWXUHV JUHDWHU WKDQ RU HTXDO WR

�� GHJUHHV &� EDFN�XS GDWD IRU 8�6� *HRORJLFDO 6XUYH\ &LUFXODU

���� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� ��� S�

([SODQDWLRQ RI GDWD VKHHWV FRQWDLQLQJ ILHOG QDPH� ORFDWLRQ� JHQHUDO

LQIRUPDWLRQ� FKHPLVWU\� JHRWKHUPRPHWHUV� KHDW DQG VWHDP ORVVHV�

WHPSHUDWXUHV� UHVHUYRLU SURSHUWLHV� DQG WKHUPDO HQHUJ\

FDOFXODWLRQV� 8WDK GDWD VKHHWV RQ $EUDKDP +RW 6SULQJV� 0RQURH�

5HG +LOO� -RVHSK +RW 6SULQJV� &RYH )RUW� 6XOSKXUGDOH� 5RRVHYHOW

+RW 6SULQJV� 7KHUPR +RW 6SULQJV� DQG 1HZFDVWOH�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

0$5,1(5� 5� +�� 3UHVVHU� 7� 6�� DQG (YDQV� :� &�� ����� &KHPLFDO�

LVRWRSLF� DQG JDV FRPSRVLWLRQV RI VHOHFWHG WKHUPDO VSULQJV LQ

$UL]RQD� 1HZ 0H[LFR� DQG 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�

)LOH 5HSRUW ������� �� S�

&KHPLFDO DQDO\VHV RI WKHUPDO ZDWHU VDPSOHV IURP &UDWHU 6SULQJV�

7KHUPR� 0RQURH�5HG +LOO� DQG -RVHSK .*5$6� PHWKRGV DQG

SURFHGXUHV RI VDPSOLQJ� FDOFXODWLRQV RI VROXWLRQ�PLQHUDO

HTXLOLEULXP� WDEOHV RIPDMRU HOHPHQW VSULQJ FKHPLVWU\� PLQRU� DQG

WUDFH�HOHPHQW FKHPLVWU\� JDV FRPSRVLWLRQ� LVRWRSLF FRPSRVLWLRQ�

DQG HVWLPDWHG WKHUPDO DTXLIHU WHPSHUDWXUH�

0$5,1(5� 5� +�� 3UHVVHU� 7� 6�� DQG (YDQV� :� &�� �����

*HRFKHPLVWU\ RI DFWLYH JHRWKHUPDO V\VWHPV LQ WKH QRUWKHUQ %DVLQ

DQG 5DQJH 3URYLQFH� LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI

HQHUJ\ DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH

3URYLQFH� *HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S�

�������

&KHPLFDO FRPSRVLWLRQ RI %DVLQ DQG 5DQJH WKHUPDO ZDWHUV� PDS

VKRZLQJ GLVWULEXWLRQ RI 1D�&O ZDWHUV LQ WKH QRUWKHUQ %DVLQ DQG

5DQJH� UHODWLRQVKLS RI 1D PL[HG DQLRQ ZDWHUV WR JHRORJLF VWUDWD�

FKHPLFDO FRPSRVLWLRQ DQG SRVVLEOH RULJLQ RI WKHUPDO VSULQJ JDVHV�

WDEOH VKRZLQJ JHRWKHUPRPHWHU WHPSHUDWXUHV EDVHG RQ WKH FKHPL�

FDO FRPSRVLWLRQ RI ZDWHUV IURP KRW VSULQJV DQG VKDOORZ ZHOOV� OLVW

RI H[SHFWHG DQG PHDVXUHG WHPSHUDWXUHV RI JHRWKHUPDO V\VWHPV LQ

WKH QRUWKHUQ %DVLQ DQG 5DQJH� FRQWRXU PDS RI WKH GHXWHULXP

FRPSRVLWLRQ RI QRUWKHUQ %DVLQ DQG 5DQJH WKHUPDO VSULQJV� WDEOH

VKRZLQJ LVRWRSLF GDWD IRU WKHUPDO VSULQJV� $EUDKDP DQG 7KHUPR

+RW 6SULQJV DQK\GULWH VDWXUDWLRQ WHPSHUDWXUHV DQG VXOIDWH�ZDWHU

LVRWRSH HTXLOLEULXP WHPSHUDWXUHV�

0$56(//� 5� (�� ����� *URXQGZDWHU FRQWDPLQDWLRQ E\ VDOLQH

WKHUPDO ZDWHUV �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD %XOOHWLQ� Y�

��� QR� ��� SW� �� S� ����������

0$6(� &� :�� ����� *HRSK\VLFDO VWXG\ RI WKH 0RQURH�5HG +LOO

JHRWKHUPDO V\VWHP� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

6HH 0DVH� &KDSPDQ� DQG :DUG �������

0$6(� &� :�� DQG &KDSPDQ� '� 6�� ����� *HRSK\VLFDO VWXG\ RI WKH

0RQURH� 8WDK JHRWKHUPDO V\VWHP �DEV��� *HRORJLFDO 6RFLHW\ RI

$PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� ��� QR� �� S� ����

6HH 0DVH� &KDSPDQ� DQG :DUG �������

0$6(� &� :�� &KDSPDQ� '� 6�� DQG :DUG� 6� +�� ����� *HRSK\VLFDO

VWXG\ RI WKH 0RQURH�5HG +LOO JHRWKHUPDO V\VWHP� 8QLYHUVLW\ RI

8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV 5HSRUW� QR� �����

�� S�

*HRORJ\ DQG VWUXFWXUH RI VWXG\ DUHD� JHRORJLF PRGHO IRU 0RQURH

V\VWHP� WRWDO PDJQHWLF PDS DQG LQWHUSUHWDWLRQ� JUDYLW\ SURILOH

DFURVV0RQURH V\VWHP DQG LQWHUSUHWDWLRQ� GLSROH�GLSROH UHVLVWLYLW\

PDS DQG LQWHUSUHWDWLRQ� JHRWKHUPDO JUDGLHQW GDWD LQFOXGLQJ

WHPSHUDWXUH�GHSWK FXUYHV DQG LVRWKHUPDO FURVV VHFWLRQ� DSSHQGLFHV

RI PDJQHWLF� JUDYLW\� JHRWKHUPDO JUDGLHQW� KHDW IORZ� DQG GLSROH�

GLSROH UHVLVWLYLW\ GDWD�

0$7+(:6� 0� $�� ����� /RJ UHVSRQVHV IURP WKH JHRWKHUPDO

FDOLEUDWLRQ WHVW ZHOO &�7�� 6RFLHW\ RI 3HWUROHXP :HOO�/RJ

$QDO\VWV� ��WK $QQXDO 6\PSRVLXP� 3DSHU QR� 66� , 3�

0$7+(:6� 0� $�� DQG /D'HOIH� &�� ����� /RJ FRPSDULVRQ DQG

TXDQWLILFDWLRQ� 7UDQVDFWLRQV RI WKH &:/6 )RUPDWLRQ (YDOXDWLRQ

6\PSRVLXP� �WK� S� ���

0$7/,&.� -� 6�� DQG 6KLUDNL� 0�� ����� (YDOXDWLRQ RI WKH PHUFXU\

VRLO PDSSLQJ JHRWKHUPDO H[SORUDWLRQ WHFKQLTXH� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ������

&RPSDULVRQ RI WKHUPDO JUDGLHQW DQRPDOLHV ZLWK PHUFXU\ VRLO

DQRPDOLHV DW QRUWKHUQ 'L[LH 9DOOH\� 1HYDGD� 5RRVHYHOW +RW

6SULQJV�8WDK� DQG1R\D� -DSDQ� ORFDWLRQ� JHQHUDO JHRORJ\� WKHUPDO

JUDGLHQW DQRPDOLHV� DQG PHUFXU\ VRLO FRQFHQWUDWLRQ GLVWULEXWLRQV

DQG UDQJHV DW 5RRVHYHOW� 'L[LH 9DOOH\� DQG 1R\D� PDS VKRZLQJ

WHPSHUDWXUH JUDGLHQWV DQG PHUFXU\ VRLO FRQFHQWUDWLRQV DW

5RRVHYHOW +RW 6SULQJV� GLVFXVVLRQV DQG FRQFOXVLRQV�

0$7/,&.� -� 6�� DQG 6PLWK� -� /�� ����� 6XPPDU\ RI ����

JHRWKHUPDO GULOOLQJ�ZHVWHUQ8QLWHG 6WDWHV� *HRWKHUPDO (QHUJ\� Y�

�� QR� �� S� ������

0&+8*+� -� %�� )LFNOLQ� :� +�� DQG 0LOOHU� :� 5�� ����� $QDO\WLFDO

UHVXOWV IRU �� ZDWHU VDPSOHV IURP %HDYHU 9DOOH\� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

0&+8*+� -� %�� )LFNOLQ� :� +�� DQG 0LOOHU� :� 5�� ����� $QDO\WLFDO

UHVXOWV IRU �� ZDWHU VDPSOHV IURP0LQHUDO 0RXQWDLQV� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������ � S�

0&+8*+� -� %�� )LFNOLQ� :� +�� 0LOOHU� :� 5�� DQG 3UHVWRQ� '� -��

����� $QDO\WLFDO DQG VWDWLVWLFDO UHVXOWV IRU ���ZDWHU VDPSOHV IURP

WKH 5LFKILHOG , [� GHJUHH TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO

6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

0&+8*+� -� %�� DQG 0LOOHU� :� 5�� ����� $QDO\WLFDO UHVXOWV IRU ��

ZDWHU VDPSOHV IURP0LOIRUG EDVLQ� 8WDK� 8�6� *HRORJLFDO 6XUYH\

2SHQ�)LOH 5HSRUW ������� �� S�

0&+8*+� -� %�� DQG 0LOOHU� :� 5�� ����� 5DGRQ VXUYH\ RI JURXQG

ZDWHUV IURP %HDYHU DQG 0LOIRUG EDVLQV� 8WDK� 8�6� *HRORJLFDO

6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

0&+8*+� -� %�� 0LOOHU� :� 5�� DQG )LFNOLQ� :� +�� ����� 0DS

VKRZLQJ GLVWULEXWLRQ RI S+� FRSSHU� ]LQF� IOXRULGH� XUDQLXP�

PRO\EGHQXP� DUVHQLF� DQG VXOIDWH LQ ZDWHU� 5LFKILHOG O[� GHJUHH

TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 0LVFHOODQHRXV )LHOG

6WXGLHV 0DS 0)������/� VFDOH ����������

0&+8*+� -� %��0RWRRND� -�0�� DQG 7XFNHU� 5� (�� ����� $QDO\WLFDO

UHVXOWV IRU ��� ZDWHU VDPSOHV IURP %HDYHU 9DOOH\� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

0&.,11(<� '� %�� ����� $QQRWDWHG ELEOLRJUDSK\ RI WKH JHRORJ\ RI

WKH 5RRVHYHOW +RW 6SULQJV NQRZQ JHRWKHUPDO DUHD DQG WKH

DGMDFHQW 0LQHUDO 0RXQWDLQV� 0DUFK ����� (DUWK 6FLHQFH



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� �� S�

0&1,77� -� 5�� ����� 5HYLHZ RI JHRWKHUPDO UHVRXUFHV �LQ WHUUHVWULDO

KHDW IORZ�� $PHULFDQ *HRSK\VLFDO 8QLRQ� *HRSK\VLFDO

0RQRJUDSK 6HULHV� QR� �� FK� �� S� ��������

0(+1(57� +� +�� 5RZOH\� 3� '�� DQG /LSPDQ� 3� :�� ����� .�$U

DJHV DQG JHRWKHUPDO LPSOLFDWLRQV RI \RXQJ UK\ROLWHV LQ ZHVW�

FHQWUDO 8WDK� ,VRFKURQ�:HVW� QR� ��� S� ����

)RXUWHHQ QHZ .�$U DJHV GHWHUPLQHG IRU DONDOLF UK\ROLWHV IURP

ZHVW�FHQWUDO 8WDK� WKUHH PDSSDEOH XQLWV RI 0LQHUDO 0RXQWDLQV

UK\ROLWH DQG WKHLU UHODWLYH DJHV� SHWURORJ\� YROFDQLF KLVWRU\� H[WHQW�

DQG DJHV RI %ODFN 5RFN 'HVHUW UK\ROLWHV� DJHV RI IRXU UK\ROLWHV

IRUPLQJ DQ HDVW�WUHQGLQJ VWUXFWXUDO OLQHDPHQW� NQRZQ DJHV RI

QHDUE\ DONDOLF EDVDOWV� VDPSOH ORFDWLRQV DQG DQDO\WLFDO GDWD� WDEOH

VKRZLQJ PRGHV RI \RXQJ UK\ROLWHV LQ ZHVW�FHQWUDO 8WDK�

0(,'$<� +� 7�� DQG 6DQ\DO� 6�� ����� &RPSDULVRQ RI K\GURWKHUPDO

UHVHUYRLUV RI WKH ZHVWHUQ 8QLWHG 6WDWHV� WRSLFDO UHSRUW �� 1DWLRQDO

7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW (35,�(5���� �������� ���

S�

0(,,-, 5HVRXUFH &RQVXOWDQWV� ����� *UDYLW\ EDVHG LQWHUSUHWLYH

EHGURFN JHRORJ\ RI WKH -RUGDQ 9DOOH\� 6DOW /DNH &RXQW\� 8WDK�

8WDK*HRORJLFDO DQG0LQHUDO 6XUYH\ 2SHQ�)LOH 5HSRUW� QR� ��� ��

S

0(,1=(5� �� (�� ����� 2ULJLQ RI WKH WKHUPDO VSULQJV RI 1HYDGD�

8WDK� DQG VRXWKHUQ ,GDKR� -RXUQDO RI *HRORJ\� Y� ��� QR� �� S� ����

����

0(<(5� 5� 7�� DQG %URQGHU� /� '�� ����� (YDOXDWLRQ RI VWDWH WD[HV

DQG WD[ LQFHQWLYHV DQG WKHLU LPSDFW RQ WKH GHYHORSPHQW RI

JHRWKHUPDO HQHUJ\ LQ ZHVWHUQ VWDWHV� *HRWKHUPDO 5HVRXUFHV

&RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

0(<(5� 5� 7�� :DWVRQ /� '�� 1DVU� /�� DQG *HUWVFK� :� '�� �����

6PDOO EXVLQHVV SDUWLFLSDWLRQ LQ JHRWKHUPDO HQHUJ\ GHYHORSPHQW�

UHFRPPHQGDWLRQV IRU WKH JHRWKHUPDO RPQLEXV ELOO� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

0,&52 *(23+<6,&6� ����� 5HIUDFWLRQ VKRRWLQJ QHDU 5RRVHYHOW

+RW 6SULQJV � GDWD� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\

DQG *HRSK\VLFV 5HSRUW� QR� ����� �� S�

'DWD IURP ODUJH�VFDOH UHIUDFWLRQ SURJUDPRYHU JHRWKHUPDO DQRPDO\

DW 5RRVHYHOW +RW 6SULQJV�

0,))/,1�0� '�� ����� 5HJLRQDO K\GURORJ\ LQ WKH QRUWKHUQ %DVLQ DQG

5DQJH 3URYLQFH �DEV��� LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI

HQHUJ\ DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH

3URYLQFH� *HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S� ��

0,//(5� %� 0�� ����� 7KH DSSOLFDWLRQ RI WUHQG VXUIDFH DQDO\VLV WR

JHRWKHUPDO DQG JHRSUHVVXUH GDWD LQ SHWUROHXP H[SORUDWLRQ �DEV���

$PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP *HRORJLVWV DQG 6RFLHW\ RI

(FRQRPLF 3DOHRQWRORJLVWV DQG 0LQHUDORJLVWV� $QQXDO 0HHWLQJ�

$EVWUDFWV� Y� �� S� ���

0,//(5� &� '�� ����� $OWHUDWLRQ DQG JHRFKHPLVWU\ RI WKH 0RQURH

NQRZQ JHRWKHUPDO UHVRXUFH DUHD� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\

RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

3XUSRVH RI VWXG\� JHRORJ\� JHRJUDSK\� DQG 7HUWLDU\ YROFDQLF

KLVWRU\ RI 0RQURH .*5$� WKUHH VTXDUH PLOHV PDSSHG RQ DHULDO

SKRWR EDVH ���������� PDSV VKRZLQJ JHRORJ\� K\GURWKHUPDO

DOWHUDWLRQ� DQG VDPSOH ORFDWLRQV� VWUDWLJUDSK\ RI DUHD� WHPSHUDWXUH

UDQJHV RI ORFDO VSULQJV� GHVFULSWLRQ RI VXUIDFH DOWHUDWLRQ� PHWKRGV

RI SHWURJUDSKLF DQDO\VLV� PDS VKRZLQJ GLVWULEXWLRQ RI VXOIDWH

PLQHUDOV� PRQWPRULOORQLWH� DQG ELRWLWH FRQWDLQLQJ VDJHQLWLF UXWLOH�

FRPPRQ SULPDU\ URFN WH[WXUHV� DOWHUDWLRQ DVVHPEODJHV�

PXOWLYDULDWH DQDO\VLV RI URFN DOWHUDWLRQ� PHWKRGV IRU DQDO\]LQJ

VSULQJ JHRFKHPLVWU\� FDOFXODWLRQ RI LRQ DFWLYLWLHV� WKHRU\ RQ RULJLQ

RI WKH 0RQURH VSULQJ ZDWHU� PRGHO IRU KHDW IORZ� DOWHUDWLRQ

JHRFKHPLVWU\ DQG WKHUPRG\QDPLFV� FRQFOXVLRQV�

0,//(5 )/25$/ &203$1<� ����� $ GHPRQVWUDWLRQ SURMHFW IRU

JHRWKHUPDO KHDWLQJ RI JUHHQKRXVHV� 8WDK� 8WDK 5RVHV

,QFRUSRUDWHG� �� S�

0,//,*$1� -� +�� ����� 0LQHUDOL]HG VSULQJV DQG WKHLU HIIHFW RQ

8WDK
V JURXQGZDWHU VXSSOLHV� LQ*URXQGZDWHU GHYHORSPHQW LQ DULG

EDVLQV � D V\PSRVLXP� 8WDK 6WDWH 8QLYHUVLW\� 3URFHHGLQJV� S� ���

���

0,//,*$1� -� +�� 0DUVHOO� 5� (�� DQG %DJOH\� -� 0�� �����

0LQHUDOL]HG VSULQJV LQ 8WDK DQG WKHLU HIIHFW RQ PDQDJHDEOH ZDWHU

VXSSOLHV� 8WDK 6WDWH 8QLYHUVLW\� 8WDK :DWHU 5HVHDUFK /DERUDWRU\

5HSRUW :*����� �� S�

02152( &,7<� 8WDK � 0XQLFLSDOLW\� ����� 3URSRVDO IRU GLUHFW

XWLOL]DWLRQ RI JHRWKHUPDO UHVRXUFHV ILHOG H[SHULPHQWV DW 0RQURH�

8WDK� 0RQURH &LW\� 3�2� %R[ $� 0RQURH� 8WDK ������ Y� ,

7HFKQLFDO 3URSRVDO DQG Y� � %XVLQHVV 3URSRVDO� ,, � S�

3URSRVDO WR WKH 8�6� 'HSDUWPHQW RI (QHUJ\ IURP 0RQURH &LW\ WR

GHYHORS D GLVWULFW KHDWLQJ SODQ XVLQJ WKH 0RQURH .*5$� RXWOLQH

RI GHYHORSPHQW RI WKH KHDWLQJ V\VWHP� VWDWXV RI JHRWKHUPDO ULJKWV�

ULJKWV RI ZD\� DQG RZQHUVKLS DW WKH 0RQURH .*5$� ORFDWLRQ DQG

JHQHUDO JHRORJ\ RI 0RQURH� SURMHFW REMHFWLYHV� SURSRVHG XWLOLW\

PDQDJHPHQW DQG NH\ SHUVRQQHO�0RQURH&LW\ ILQDQFLDO VWDWHPHQWV�

OHWWHUV IURPEDQNV� EXVLQHVVHV� HWF� HQFRXUDJLQJ JHRWKHUPDO SRZHU

GHYHORSPHQW� LGHQWLILFDWLRQ RI XVHU JURXSV� HQHUJ\ GHPDQGV�

V\VWHP GHVLJQ� PDJQHWLF� JUDYLW\� UHVLVWLYLW\� DQG VHLVPLF VXUYH\V�

WKHUPDO JUDGLHQW PHDVXUHPHQWV� SURGXFWLRQ SRWHQWLDO� HQYL�

URQPHQWDO� LQVWLWXWLRQDO� OHJDO� DQG VRFLDO FRQVLGHUDWLRQV� SURJUDP

EXGJHW� SURMHFWHG FDVK IORZ UHTXLUHPHQWV�

0217*20(5<� -� 5�� ����� 5HJLRQDO JUDYLW\ VWXG\ RI ZHVWHUQ

8WDK� 6DOW /DNH&LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 3K�'�

WKHVLV� ��� S�

0225(� -� 1�� ����D� $ VXPPDU\ RI WKH JHRFKHPLVWU\ RI WKH

5RRVHYHOW +RW 6SULQJV JHRWKHUPDO V\VWHP� LQ 1LHOVRQ� '� /�� HG��

*HRWKHUPDO V\VWHPV LQ FHQWUDO 8WDK� *HRWKHUPDO 5HVRXUFHV



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

&RXQFLO $QQXDO 0HHWLQJ� 6DOW /DNH &LW\� 8WDK� *XLGHERRN WR

)LHOG 7ULS� QR� �� S ������

/RFDWLRQ DQG 4XDWHUQDU\ YROFDQLVP RI 5RRVHYHOW +RW 6SULQJV�

JHRWKHUPDO IOXLG FKHPLVWU\� FKHPLFDO YDULDWLRQVZLWKLQ WKH V\VWHP�

WDEOH VKRZLQJ IOXLG FKHPLVWULHV DQG FDOFXODWHG WHPSHUDWXUHV RI

UHVHUYRLU IOXLGV� IORZ SDWWHUQV RI WKHUPDO IOXLGV� PLQHUDORJ\ DQG

DOWHUDWLRQ RI UHVHUYRLU URFNV� WZR GLVWLQFW K\GURWKHUPDO DOWHUDWLRQ

DVVHPEODJHV� PDSV VKRZLQJ GLVWULEXWLRQ RI PHUFXU\ DQG DUVHQLF

LQ VRLOV RYHU WKH WKHUPDO DUHD�

0225(� -�1�� ����E�*HRORJ\ RI WKH&RYH )RUW�6XOSKXUGDOH.*5$�

LQ 1LHOVRQ� '� /�� HG�� *HRWKHUPDO V\VWHPV LQ FHQWUDO 8WDK�

*HRWKHUPDO 5HVRXUFHV &RXQFLO $QQXDO 0HHWLQJ� 6DOW /DNH &LW\�

8WDK� *XLGHERRN WR )LHOG 7ULS� QR� �� S� ������

/RFDWLRQ� KLVWRULFDO JHRORJ\� DQG SHWURORJ\ RI WKH &RYH )RUW�

6XOSKXUGDOH DUHD� VWUXFWXUDO FRQWURO RI WKH JHRWKHUPDO V\VWHP�

SULQFLSDO VWUXFWXUHV DQG WUHQGV� GHSWKV DQG WKHUPDO JUDGLHQWV RI

IRXU GHHS ZHOOV� VWUXFWXUDO JHRORJ\ RI UHVHUYRLU URFNV LQ

JHRWKHUPDO V\VWHP� VXUIDFH DOWHUDWLRQ� UHOHDVH RI K\GURJHQ VXOILGH

DW &RYH )RUW� GLIIHUHQFHV EHWZHHQ VXUIDFH IHDWXUHV DW &RYH )RUW�

6XOSKXUGDOH DQG RWKHU JHRWKHUPDO DUHDV�PLQHUDO DVVHPEODJHV DQG

UHSODFHPHQW PLQHUDOV� VXEVXUIDFH PLQHUDO RFFXUUHQFHV LQ WKH

QRUWKHUQ SRUWLRQ RI WKH 7XVKDU 0RXQWDLQV� KHDW VRXUFH

VSHFXODWLRQV�

0225(� -� 1�� &DSXDQR� 5� 0�� DQG &KULVWHQVHQ� �� '�� �����

*HRFKHPLFDO LQGLFDWRUV RI D KLJK�WHPSHUDWXUH JHRWKHUPDO V\VWHP

�DEV��� -RXUQDO RI *HRFKHPLFDO ([SORUDWLRQ� Y� ��� S� ��������

0225(� -� 1�� 6DPEHUJ� 6� 0�� DQG 6LEEHWW� %� 6�� ����� *HRORJ\ RI

WKH &RYH )RUW�6XOSKXUGDOH .*5$� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� �� S�

*HRORJLF VHWWLQJ RI JHRWKHUPDO DUHD LQFOXGLQJ YROFDQLF

VWUDWLJUDSK\ DQG VWUXFWXUDO GHIRUPDWLRQ� 7HUWLDU\ PLQHUDOL]DWLRQ

DQG DOWHUDWLRQ RI DUHD� DOWHUDWLRQ SURGXFWV� DSSHQGLFHV RI OLWKRORJLF

ORJV IURP WKUHH GULOO KROHV� ELEOLRJUDSKLF DQQRWDWLRQV RI &RYH )RUW

.*5$ JHRORJ\� JHRORJLF PDS DQG FURVV VHFWLRQV� VXOILGH

GLVWULEXWLRQ LQ ZHOOV�

0255,6� +� 7�� ����� 3UHOLPLQDU\ JHRORJLF PDS RI 'HOWD WZR GHJUHH

TXDGUDQJOH� ZHVW�FHQWUDO 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH

5HSRUW ������� VFDOH ����������

0255,621�.18'621� ����� 8WDK VWDWH SULVRQ JHRWKHUPDO ZHOO

WHVW� 0RUULVRQ�.QXGVRQ &RPSDQ\� ,QF�� �� S�

6XUIDFH DQG VXEVXUIDFH JHRORJ\ RI WKH &U\VWDO +RW 6SULQJV DUHD�

VKDOORZDTXLIHU DQG GHHS DUWHVLDQ JHRWKHUPDO DTXLIHU GHVFULSWLRQV�

REMHFWLYH DQG SURFHGXUHV IRU ZHOO WHVWLQJ� GDWD IURP VWHS

GUDZGRZQ WHVWLQJ� ���*30 FRQVWDQW UDWH WHVW� ���*30FRQVWDQW

UDWH WHVW� DQG UHFRYHU\ PRQLWRULQJ� GDWD IURP ILYH REVHUYDWLRQ

ZHOOV DQG WZR VSULQJV� WHFKQLTXHV XVHG DQG UHVHUYRLU HYDOXDWLRQ

SDUDPHWHUV�ZHOO ORVV IURP VWHS GUDZGRZQ WHVWLQJ� FDOFXODWLRQV IRU

UHVHUYRLU IRUPDWLRQ SHUPHDELOLW\� SRURVLW\ DQG FRPSUHVVLELOLW\

FDOFXODWLRQV� UHVHUYRLU OLPLW� ZHOOERUH VWRUDJH� DQG VNLQ IDFWRU

FDOFXODWLRQV� FDOFXODWLRQV IRU WUDQVPLVVLELOLW\ DQG FRHIILFLHQW RI

VWRUDJH� JHRFKHPLFDO UHVHUYRLU DVVHVVPHQW� WDEOHV VKRZLQJ

FKHPLFDO DQDO\VHV RI 8WDK 6WDWH 3ULVRQZHOO ZDWHUV� WDEOH VKRZLQJ

UDQJHV LQ FRPSRVLWLRQ RI WKHUPDO DQG QRQWKHUPDO ZDWHUV�

FDOFXODWHG JHRWKHUPRPHWHU WHPSHUDWXUHV� FRQFOXVLRQV DQG

UHFRPPHQGDWLRQV�

02:(5� 5� :�� ����� +\GURORJ\ RI WKH %HDYHU 9DOOH\ DUHD� %HDYHU

&RXQW\� 8WDK� ZLWK HPSKDVLV RQ JURXQG ZDWHU� 8WDK 'HSDUWPHQW

RI 1DWXUDO 5HVRXUFHV 7HFKQLFDO 3XEOLFDWLRQ ��� �� S�

02:(5� 5� :�� DQG &RUGRYD� 5� 0�� ����� *URXQG ZDWHU LQ WKH

0LOIRUG DUHD� 8WDK� LQ *HRORJ\ RI WKH 0LOIRUG DUHD� 8WDK

*HRORJLFDO $VVRFLDWLRQ 3XEOLFDWLRQ �� S� ������

02:(5� 5� :�� DQG &RUGRYD� 5� 0�� ����� :DWHU UHVRXUFHV RI WKH

0LOIRUG DUHD� 8WDK� ZLWK HPSKDVLV RQ JURXQG ZDWHU� 8WDK

'HSDUWPHQW RI 1DWXUDO 5HVRXUFHV� 'LYLVLRQ RI :DWHU 5LJKWV�

7HFKQLFDO 3XEOLFDWLRQ ��� ��� S�

08'*(77� &� '�� ����� 5HJLRQDO JUDYLW\ VXUYH\ RI SDUWV RI %HDYHU

DQG 0LOODUG &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� 3�

08))/(5� /� -� 3�� ����� 7HFWRQLF DQG K\GURORJLF FRQWURO RI WKH

QDWXUH DQG GLVWULEXWLRQ RI JHRWKHUPDO UHVRXUFHV� 8QLWHG 1DWLRQV

V\PSRVLXP RQ WKH GHYHORSPHQW DQG XVH RI JHRWKHUPDO UHVRXUFHV�

�G� 6DQ )UDQFLVFR�&DOLIRUQLD� ����� 3URFHHGLQJV� Y� �� S� ��������

081'25))� -� &�� ����� 0DMRU WKHUPDO VSULQJV RI 8WDK� 8WDK

*HRORJLFDO DQG 0LQHUDO 6XUYH\ :DWHU 5HVRXUFHV %XOOHWLQ ��� ��

S�

0853+<�0DU\� DQG(QWLQJK�'� -�� �����*HRWKHUPDO HOHFWULF SRZHU

SODQW VWDWXV� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S�

��������

0853+<� 3� -�� ����� (QYLURQPHQWDO DVVHVVPHQW RI SURSRVHG

VKDOORZ WHPSHUDWXUH JUDGLHQW KROHV� QRUWKHUQ 8WDK VLWHV� �����

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 2SHQ�)LOH 5HSRUW ��� �� S�

0853+<� 3� -�� ����� 7KH JHRORJLF DQG K\GURJHRORJLF VHWWLQJ RI

&U\VWDO +RW 6SULQJV� D :DVDWFK )URQW JHRWKHUPDO V\VWHP�

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

/RFDWLRQ RI &U\VWDO +RW 6SULQJV� IORZ UDWHV� VSULQJ WHPSHUDWXUHV�

DQG PHDVXUHPHQWV RI GLVVROYHG VROLGV� UHJLRQDO JHRORJ\ RI WKH

:DVDWFK )URQW DQG ORFDO KRUVW�JUDEHQ OLQHDPHQWV� SHWURORJ\�

VWUXFWXUDO JHRORJ\� DQG 7HUWLDU\ YROFDQLF KLVWRU\ RI &U\VWDO +RW

6SULQJV DUHD� UHODWLRQ RI WKHUPDO VSULQJV WR UDQJH IURQW IDXOWV� WKUHH

GLPHQVLRQDO JHRPHWU\ RI &U\VWDO +RW 6SULQJV� PLJUDWLRQ SDWKV RI

PHWHRULF�WKHUPDO ZDWHUV� GHSWK RI PDMRU SURGXFWLRQ ]RQH LQ ZHOO



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

863�7+���

0853+<�3� -�� DQG*Z\QQ� -�:�� ����D�*HRWKHUPDO LQYHVWLJDWLRQV

DW &U\VWDO +RW 6SULQJV� 6DOW /DNH &RXQW\� 8WDK� 8WDK *HRORJLFDO

DQG 0LQHUDO 6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ� QR� ���� �� S�

5HJLRQDO JHRORJLF DQG VWUXFWXUDO VHWWLQJ RI &U\VWDO +RW 6SULQJV

DUHD� VWUXFWXUH DQG VWUDWLJUDSK\ RI 7UDYHUVH 0RXQWDLQV�

GHVFULSWLRQV RI WKH KRW VSULQJV� VKDOORZ JURXQG WHPSHUDWXUH

VXUYH\� ZDWHU FKHPLVWU\� OLQHDPHQWV LQ WKH (DVW 7UDYHUVH 5DQJH�

PDJQHWLF DQG JUDYLW\ VXUYH\� GULOO KROH GDWD IURP VL[ JHRWKHUPDO

JUDGLHQW KROHV� UHFKDUJH DQG KHDW VRXUFH RI JHRWKHUPDO V\VWHP�

DSSHQGLFHV RI GULOO KROH OLWKRORJLF ORJV DQG WHPSHUDWXUH JUDGLHQWV�

0853+<�3� -�� DQG*Z\QQ� -�:�� ����E�*HRWKHUPDO LQYHVWLJDWLRQV

DW VHOHFWHG WKHUPDO V\VWHPV RI WKH QRUWKHUQ:DVDWFK )URQW� :HEHU

DQG %R[ (OGHU &RXQWLHV� 8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO

6XUYH\ 5HSRUW RI ,QYHVWLJDWLRQ� QR� ���� �� S�

5HJLRQDO VWUXFWXUDO VHWWLQJ RI WKH :DVDWFK )URQW RI QRUWK�FHQWUDO

8WDK� 8WDK +RW 6SULQJV�GHVFULSWLRQ� ZDWHU FKHPLVWU\� JHRORJLF

VWUXFWXUH RI 3OHDVDQW 9LHZ VDOLHQW� DQG RQH WKHUPDO JUDGLHQW KROH�

&U\VWDO �0DGVHQ� +RW 6SULQJV�GHVFULSWLRQ� ZDWHU FKHPLVWU\�

JHRORJ\� VWUXFWXUH� RQH WKHUPDO JUDGLHQW KROH� DQG VWUXFWXUDO

FRQWUROV RI VRXUFH ZDWHU� %HOPRQW �8G\� +RW 6SULQJV�GHVFULSWLRQ�

ZDWHU FKHPLVWU\� JHRORJLF DQG VWUXFWXUDO VHWWLQJ RI :HVW +LOOV�

:DVDWFK 5DQJH� DQG 0DODG 5LYHU 9DOOH\ JUDEHQ� VKDOORZ JURXQG

WHPSHUDWXUH VXUYH\� WZR WKHUPDO JUDGLHQW KROHV� DQG QHDU�VXUIDFH

K\GURJHRORJLF V\VWHP� /LWWOH 0RXQWDLQ�VRXWK JHRWKHUPDO DUHD�

GHVFULSWLRQ� K\GURJHRORJ\� ZDWHU FKHPLVWU\� DQG RQH WKHUPDO

JUDGLHQW KROH� KHDW VRXUFH IRU QRUWKHUQ:DVDWFK )URQW JHRWKHUPDO

V\VWHPV�

0853+<� 3� -�� DQG *Z\QQ� -� :�� ����F� *HRWKHUPDO LQYHVWLJDWLRQ

RI WKH :DUP 6SULQJV IDXOW JHRWKHUPDO V\VWHP� 6DOW /DNH &RXQW\�

8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 5HSRUW RI

,QYHVWLJDWLRQ� QR� ���� �� S�

:DUP 6SULQJV IDXOW JHRWKHUPDO DUHD DQG DVVRFLDWHG VSULQJV

ORFDWHG DORQJ WKH IDXOW� JHRORJ\ DQG VWUXFWXUH RI WKH 6DOW /DNH

VDOLHQW� VKDOORZ JURXQG WHPSHUDWXUH VXUYH\� WHPSHUDWXUH JUDGLHQW

KROHVZLWK OLWKRORJLF ORJV� ZDWHU FKHPLVWU\ RI VSULQJV� SUHOLPLQDU\

UHVXOWV RI JUDYLW\ VXUYH\� KHDW VRXUFH RI JHRWKHUPDO V\VWHP�

1$6+� :� 3�� ����� 3HWURORJ\ RI 4XDWHUQDU\ YROFDQLFV RI WKH

5RRVHYHOW .*5$� DQG DGMRLQLQJ DUHD� 8WDK� 8QLYHUVLW\ RI 8WDK�

3XEOLFDWLRQV %RDUG 5HSRUW ��� ����267� �� S�

*HQHUDO JHRORJLF VHWWLQJ� WKUHH VHTXHQFHV RI ORFDO UK\ROLWLF URFNV

DQG WKHLU SHWURJUDSKLF GHVFULSWLRQV� VWUDWLJUDSK\ RI &HQR]RLF

YROFDQLF URFNV� JUDSK VKRZLQJ FKHPLFDO DQDO\VHV RI 0LQHUDO

5DQJH YROFDQLF URFNV DQG JODVVHV� JUDSKV VKRZLQJ DQDO\VHV RI

EXON URFN� JODVV� DQG IHOGVSDU LQ VDPSOHV RI ORFDO 4XDWHUQDU\

UK\ROLWHV� WDEOHV VKRZLQJ UHVXOWV RI PLFURSUREH DQDO\VHV RI JODVV

IURP WKH 0LQHUDO 0RXQWDLQV� WDEOHV VKRZLQJ DYHUDJH PLFURSUREH

DQDO\VHV RI ELRWLWH� DPSKLEROH� )H�7L R[LGHV� DOODQLWH� DQG VSKHQH�

PDJPDWLF WHPSHUDWXUH HVWLPDWHV� PDJPDWLF ZDWHU IXJDFLW\

FDOFXODWLRQV� PDJPDWLF GHQVLW\ DQG YLVFRVLW\ FDOFXODWLRQV�

DSSHQGL[ VKRZLQJ DOO FKHPLFDO GDWD IURPZHW URFN DQGPLFURSUREH

DQDO\VLV�

1$6+� :� 3�� ����� 7RSLFDO UHSRUW� JHRORJLF PDS RI WKH VRXWK 7ZLQ

3HDN�&RYH &UHHN DUHD� ZHVW�FHQWUDO 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'���������� � S�� VFDOH ���������

1$6+�:� 3�� DQG &UHFUDIW� +� 5�� ����� (YROXWLRQ RI WKH 4XDWHUQDU\

PDJPDWLF V\VWHP� 0LQHUDO 0RXQWDLQV� 8WDK� LQWHUSUHWDWLRQV IURP

FKHPLFDO DQG H[SHULPHQWDO PRGHOLQJ� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'���������� �� S�

1$6+�:� 3�� &UHFUDIW� +� 5�� DQG (YDQV� 6� +�� -U�� ����� 9ROFDQLVP

RI WKH %ODFN 5RFN 'HVHUW DQG 7ZLQ 3HDNV DUHDV� ZHVW�FHQWUDO

8WDK� LQ 1LHOVRQ� '� /�� HG�� *HRWKHUPDO V\VWHPV LQ FHQWUDO 8WDK�

*HRWKHUPDO 5HVRXUFHV &RXQFLO $QQXDO 0HHWLQJ� 6DOW /DNH &LW\�

8WDK� *XLGHERRN WR )LHOG 7ULS� QR� �� S� ������

%LPRGDO &HQR]RLF EDVDOW DQG UK\ROLWH RFFXUUHQFHV LQ WKH %DVLQ

DQG5DQJH� VWUXFWXUDO JHRORJ\ RI WKH%ODFN5RFN'HVHUW� SHWURORJ\

RI EDVDLWV DQG UK\ROLWHV� WDEOH VKRZLQJ DJHV RI %ODFN 5RFN 'HVHUW

YROFDQLF URFNV� YROFDQLF VWUDWLJUDSK\� VXUIDFH LQGLFDWLRQV RI

JHRWKHUPDO DFWLYLW\� WDEOH VKRZLQJ FKHPLFDO DQDO\VHV RI %ODFN

5RFN 'HVHUW ODYDV� JHRORJLF PDS RI 7ZLQ 3HDNV� YROFDQLF KLVWRU\

DQG SHWURJUDSK\ RI 7ZLQ 3HDNV� WDEOH VKRZLQJ .�$U DJHV RI 7ZLQ

3HDNV ODYDV� WDEOH VKRZLQJ FKHPLFDO DQDO\VHV DQG PRGHV RI

UHSUHVHQWDWLYH 7ZLQ 3HDNV UK\ROLWHV� VWUXFWXUH RI 7ZLQ 3HDNV DUHD�

UK\ROLWH SHWURJHQHVLV� KHDW IORZ PHDVXUHPHQWV�

1$6+� :� 3�� DQG (YDQV� 6� +�� -U�� ����� )OXLG G\QDPLF SURSHUWLHV

RI UK\ROLWLF PDJPDV� 0LQHUDO 0RXQWDLQV� 8WDK� 3DUW �� YRODWLOH

FRQWHQW DQG IORZ FKDUDFWHULVWLFV� 3DUW ��� SK\VLFDO SURSHUWLHV�

8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO

5HSRUW� Y� ������ �� S�

1$6+� :� 3�� DQG +DXVHO� :� '�� ����� 0LG� DQG ODWH &HQR]RLF

YROFDQLVP LQ VRXWKZHVWHUQ 8WDK �DEV��� *HRORJLFDO 6RFLHW\ RI

$PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� �� QR� �� S� �������� ��

1$6+� :� 3�� 7XUOH\� &�� 3HWHUVHQ� -�� DQG %URZQ� )� +�� �����

9ROFDQLVP DQG WKH UHJLRQDO DVVHVVPHQW RI JHRWKHUPDO SRWHQWLDO LQ

ZHVW�FHQWUDO 8WDK� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV�

Y� �� VHF� �� S� ��������

*HRORJLF VHWWLQJ RI ZHVW�FHQWUDO 8WDK� GHVFULSWLRQ RI LQGLJHQRXV

EDVDOWV DQG UK\ROLWHV� DJHV RI YROFDQLVP� JUDSK RI DJH RI UK\ROLWLF

FHQWHUV OHVV WKDQ HLJKW PLOOLRQ \HDUV ROG YHUVXV ODWLWXGH� WDEOH

VKRZLQJ FKHPLFDO DQDO\VHV RI VLOLFLF ODYDV� FULWHULD IRU H[SORUDWLRQ

RI JHRWKHUPDO UHVRXUFHV� 5RRVHYHOW +RW 6SULQJV DQG %ODFN 5RFN

'HVHUW DV H[DPSOHV RI DUHDV ZLWK JRRG H[SORUDWLRQ SRWHQWLDO�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

1$7+(1621� 0DQXHO� *XIIDQWL� 0�� 6DVV� -� +�� DQG0XQURH� 5� -��

����� 5HJLRQDO KHDW IORZ DQG WHPSHUDWXUH JUDGLHQWV� LQ 5HHG� 0�

-�� HG�� $VVHVVPHQW RI ORZ�WHPSHUDWXUH JHRWKHUPDO UHVRXUFHV RI

WKH 8QLWHG 6WDWHV������ 8� 6� *HRORJLFDO 6XUYH\ &LUFXODU ���� S�

�����

'LVWULEXWLRQ RI KHDW IORZ DQG WHPSHUDWXUH JUDGLHQWV LQ WKH 8QLWHG

6WDWHV� PHWKRG IRU HVWLPDWLQJ GHHS VXEVXUIDFH WHPSHUDWXUHV�

DVVHVVPHQW RI ORZ�WHPSHUDWXUH JHRWKHUPDO UHVRXUFHV � PHQWLRQV

%DVLQ DQG 5DQJH UHJLRQ� REVHUYDWLRQV RQ XQLIRUPLW\ RI WKHUPDO

FRQGXFWLYLW\ RQ UHJLRQDO VFDOH� PDSV RI KHDW IORZ DQG WHPSHUDWXUH

JUDGLHQW� WDEOHV RI UHSUHVHQWDWLYH YDOXHV RI WKHUPDO FRQGXFWLYLWLHV�

1$7+(1621� 0DQXHO� DQG 0XIIOHU� /� -� 3�� ����� *HRWKHUPDO

UHVRXUFHV LQ K\GURWKHUPDO FRQYHFWLRQ V\VWHPV DQG FRQGXFWLRQ�

GRPLQDWHG DUHDV� LQ :KLWH� '� (�� DQG :LOOLDPV� '� /�� HGV��

$VVHVVPHQW RI JHRWKHUPDO UHVRXUFHV RI WKH 8QLWHG 6WDWHV������

8�6� *HRORJLFDO 6XUYH\ &LUFXODU ���� S� ������ ��

5HVRXUFH DQG UHVHUYH HVWLPDWHV RI KHDW LQ K\GURWKHUPDO FRQYHFWLRQ

V\VWHPV DQG FRQGXFWLRQ�GRPLQDWHG DUHDV LQ WKH ZHVWHUQ 8QLWHG

6WDWHV� DQDO\VLV RI UHFRYHUDELOLW\� XWLOL]DWLRQ HIILFLHQF\� DQG

HFRQRPLF FRQVWUDLQWV� FDOFXODWLRQV RI UHFRYHUDEOH HOHFWULFDO HQHUJ\

DQG HIILFLHQF\ RI FRQYHUWLQJ WKHUPDO HQHUJ\ WR HOHFWULFDO HQHUJ\�

WZR PHWKRGV IRU H[WUDFWLRQ RI HQHUJ\ IURP OLTXLG�ILOOHG URFN�

LGHQWLILFDWLRQ RI FRQYHFWLRQ V\VWHPV DQG VWRUHG KHDW SRWHQWLDO�

WDEOH RI HVWLPDWHG HOHFWULFDO HQHUJ\ SRWHQWLDO RI KLJK�WHPSHUDWXUH

FRQYHFWLRQ V\VWHPV LQFOXGLQJ &RYH )RUW�6XOSKXUGDOH DQG

5RRVHYHOW +RW 6SULQJV� WDEOH RI VWRUHG KHDW LQ LQWHUPHGLDWH�

WHPSHUDWXUH K\GURWKHUPDO FRQYHFWLRQ V\VWHPV LQFOXGLQJ 0RQURH

+RW 6SULQJV�

1(+5,1*� 1� /�� DQG 0DULQHU� 5� +�� ����� 6XOIDWH�ZDWHU LVRWRSLF

HTXLOLEULXP WHPSHUDWXUHV IRU WKHUPDO VSULQJV DQG ZHOOV RI WKH

*UHDW %DVLQ� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� ��

S� ��������

1(+5,1*� 1� /�� 0DULQHU� 5� +�� :KLWH� /� '�� +HXEHQHU� 0� $��

5REHUWV� (� '�� +DUPRQ� .�� %RZHQ� 3� 6�� DQG 7DQQHU� /� 5��

����� 6XOIDWH JHRWKHUPRPHWU\ RI WKHUPDO ZDWHUV LQ WKH ZHVWHUQ

8QLWHG 6WDWHV�8�6�*HRORJLFDO 6XUYH\2SHQ�)LOH 5HSRUW ��������

�� S�

1(/621� 0� *�� DQG %URPILHOG� &� 6�� ����� $QQRWDWHG JHRORJLF

ELEOLRJUDSK\ IRU WKH 5LFKILHOG O[� GHJUHH TXDGUDQJOH� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW �������� ��� S�

1(:0$1� *� $�� ����� 'HWHFWLRQ RI FRQGXFWLYH ERGLHV LQ D OD\HUHG

HDUWK XVLQJ WKH PDJQHWRWHOOXULF PHWKRG� DSSOLFDWLRQ WR VLOLFLF

PDJPD ERGLHV� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

1(:0$1� *� $�� :DQQDPDNHU� 3� (�� DQG +RKPDQQ� *� :�� �����

'HWHFWLRQ RI FRQGXFWLYH ERGLHV LQ D OD\HUHG HDUWK XVLQJ WKH

PDJQHWRWHOOXULF PHWKRG� DSSOLFDWLRQ WR VLOLFLF PDJPD ERGLHV�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

5HSRUW� QR� '2(�,'�, �������� �� S�

1,&+2/6� :� '�� ����� 6LPXODWLRQ DQDO\VLV RI WKH XQFRQILQHG

DTXLIHU� 5DIW 5LYHU JHRWKHUPDO DUHD� ,GDKR�8WDK� 8�6� *HRORJLFDO

6XUYH\ :DWHU�6XSSO\ 3DSHU ����� �� S�

3XUSRVH DQG VFRSH RI VWXG\� ORFDWLRQ DQG JHRJUDSK\ RI VWXG\ DUHD�

SUHYLRXV LQYHVWLJDWLRQV� JHRPHWU\ DQG K\GUDXOLF SURSHUWLHV RI

VKDOORZ JURXQG�ZDWHU� WDEOH VKRZLQJ VXPPDU\ RI DTXLIHU

WUDQVPLVVLYLW\� K\GUDXOLF FRQGXFWLYLW\� DQG VSHFLILF \LHOG WHVWV�

JHRPHWU\ DQG ZDWHU OHYHO PHDVXUHPHQWV RI WKH ZDWHU WDEOH IURP

���� WR ����� WDEOH VKRZLQJZDWHU SXPSDJH� LQ DFUH IHHW� IRU ����

WKURXJK ���� DQG WDEOH VKRZLQJ HVWLPDWHG SXPSDJH� LQ DFUH IHHW�

IRU ���� WKURXJK ����� VLPXODWLRQ RI WKH VKDOORZ JURXQG�ZDWHU

V\VWHP� DVVXPSWLRQV PDGH LQ WKH PRGHO� WZR VWDJHV RI PRGHO

GHYHORSPHQW DQG FDOLEUDWLRQ� WDEOH VKRZLQJ VWHDG\ VWDWH ERXQGDU\

UHFKDUJH UDWHV FRPSXWHG E\ VLPXODWLRQ PRGHO� PDS VKRZLQJ

GLVWULEXWLRQ RI ORQJ�WHUP DYHUDJH VWHDG\�VWDWH UHFKDUJH DQG

GLVFKDUJH� LQ DFUH IHHW SHU \HDU� EDVHG RQ ���� ZDWHU OHYHOV� PDS

VKRZLQJ WUDQVPLVVLYLW\ RI WKH ���� XQFRQILQHG DTXLIHU� PDS

VKRZLQJ \LHOG RI WKH XQFRQILQHG DTXLIHU� WDEOH VKRZLQJ DYHUDJH

DQQXDO SXPSLQJ UDWHV IRU ���� WKURXJK ���� XVHG LQ WKH FDOLEUDWHG

VLPXODWLRQ PRGHO� SUHGLFWHG HIIHFWV RI LQFUHDVHG JURXQG�ZDWHU

SXPSLQJ� FRQFOXVLRQV�

1,(/621� '� /�� ����� 5DGRQ HPDQRPHWU\ DV D JHRWKHUPDO

H[SORUDWLRQ WHFKQLTXH� WKHRU\ DQG DQ H[DPSOH IURP5RRVHYHOW +RW

6SULQJV .*5$� 8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�(7���������� �� S�

8VH RI UDGRQ PHDVXUHPHQWV IRU ORFDWLQJ FRYHUHG IDXOWV WKDW

LQWHUVHFW WKH JHRWKHUPDO UHVHUYRLU� RULJLQ DQG EHKDYLRU RI UDGRQ LQ

JHRWKHUPDO V\VWHPV� UDGRQ VXUYH\ WHFKQLTXHV�

1,(/621� '� /�� ����� 3URJUDP UHYLHZ� JHRWKHUPDO H[SORUDWLRQ DQG

DVVHVVPHQW WHFKQRORJ\ SURJUDP �LQFOXGLQJ D UHSRUW RI WKH UHVHUYRLU

HQJLQHHULQJ JURXS�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK

5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�(7��������� ��� S�

1,(/621�'� /�� ����� 6XPPDU\ RI WKH JHRORJ\ RI WKH 5RRVHYHOW +RW

6SULQJV JHRWKHUPDO V\VWHP� 8WDK� LQ 1LHOVRQ� '� /�� HG��

*HRWKHUPDO V\VWHPV LQ FHQWUDO 8WDK� *HRWKHUPDO 5HVRXUFHV

&RXQFLO $QQXDO 0HHWLQJ� 6DOW /DNH &LW\� 8WDK� *XLGHERRN WR

)LHOG 7ULS� QR� �� S� ������

*HQHUDO JHRORJ\ DQG VWUXFWXUH RI DUHD� FKDUDFWHULVWLFV RI WKH

JHRWKHUPDO V\VWHP� JHQHUDOL]HG JHRORJLF PDS DQG FURVV VHFWLRQ�

1,(/621� '� /�� (YDQV� 6� +�� -U�� DQG 6LEEHWW� %� 6�� LQ SUHVV�

0DJPDWLF� VWUXFWXUDO� DQG K\GURWKHUPDO HYROXWLRQ RI WKH 0LQHUDO

0RXQWDLQV LQWUXVLYH FRPSOH[� 8WDK� *HRORJLFDO 6RFLHW\ RI

$PHULFD %XOOHWLQ�

1,(/621� '� /�� DQG 0RRUH� -� 1�� ����� 7KH H[SORUDWLRQ



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

VLJQLILFDQFH RI ORZ�DQJOH IDXOWV LQ WKH 5RRVHYHOW +RW 6SULQJV DQG

&RYH )RUW�6XOSKXUGDOH JHRWKHUPDO V\VWHPV� 8WDK� *HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

5HJLRQDO JHRORJ\� WHFWRQLF KLVWRU\� DQG 7HUWLDU\ YROFDQLVP RI

&RYH )RUW�6XOSKXUGDOH DQG 5RRVHYHOW +RW 6SULQJV� SHWURORJ\ DQG

VWUXFWXUH RI &RYH )RUW�6XOSKXUGDOH� JHRPHWU\ RI URFN PDVVHV DQG

UROH RI ORZ�DQJOH IDXOWV LQ FRQWUROOLQJ JHRWKHUPDO UHVHUYRLUV DQG

FRQYHFWLYH IORZ� UROH JHRORJLF VWUXFWXUHV SOD\ LQ PDVNLQJ

FRQYHFWLYH WKHUPDO UHJLPHV� VWUXFWXUH DQG JHRPHWU\ RI 5RRVHYHOW

+RW 6SULQJV� UROH RI IDXOWV DV IOXLG FRQGXLWV LQ 5RRVHYHOW

JHRWKHUPDO V\VWHP�

1,(/621� '� /�� 0RRUH� -� 1�� DQG )RUUHVW� 5� -�� ����� 5RDG ORJ WR

JHRWKHUPDO V\VWHPV LQ FHQWUDO 8WDK� LQ 1LHOVRQ� '� /�� HG��

*HRWKHUPDO V\VWHPV LQ FHQWUDO 8WDK� *HRWKHUPDO 5HVRXUFHV

&RXQFLO $QQXDO 0HHWLQJ� 6DOW /DNH &LW\� 8WDK� *XLGHERRN WR

)LHOG 7ULS� QR� �� S� ������

5RDG ORJ IRU ILHOG WULS WR0RQURH�-RVHSK� &RYH )RUW�6XOSKXUGDOH�

DQG 5RRVHYHOW +RW 6SULQJV JHRWKHUPDO DUHDV� VFKHGXOH� PLOHDJH�

DQG GLUHFWLRQV IRU WKH ILHOG WULS� LQGH[ PDS IRU URDG ORJ WR

JHRWKHUPDO V\VWHPV LQ FHQWUDO 8WDK� PDS VKRZLQJ ORFDWLRQ RI

FDOGHUDV LQ WKH &RYH )RUW�6XOSKXUGDOH DUHD� JHRORJLF PDS RI

5RRVHYHOW +RW 6SULQJV .*5$ VKRZLQJ ORFDWLRQ RI GULOO KROHV DQG

ILHOG WULS VWRSV�

1,(/621�'� /�� 6LEEHWW� %� 6�� DQG0F.LQQH\� '� %�� ����� *HRORJ\

DQG VWUXFWXUDO FRQWURO RI JHRWKHUPDO V\VWHP DW 5RRVHYHOW +RW

6SULQJV .*5$� %HDYHU &RXQW\� 8WDK �DEV��� $PHULFDQ

$VVRFLDWLRQ RI 3HWUROHXP*HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� ����

/RFDWLRQ RI WKH 5RRVHYHOW +RW 6SULQJV .*5$� UHJLRQDO JHRORJ\�

UHJLRQDO PHWDPRUSKLF DQG SOXWRQLF KLVWRULHV� VWUXFWXUH RI DUHD�

FKDUDFWHULVWLFV RI WKH JHRWKHUPDO V\VWHP LQFOXGLQJ KHDW VRXUFH DQG

UHVHUYRLU GHVFULSWLRQ

1,(/621� '� /�� 6LEEHWW� %� 6�� 0F.LQQH\� '� %�� +XOHQ� -� %��

0RRUH� -� 1�� DQG 6DPEHUJ� 6� 0�� ����� *HRORJ\ RI 5RRVHYHOW

+RW 6SULQJV .*5$� %HDYHU &RXQW\� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� ��� S�

5HJLRQDO JHRORJLF VHWWLQJ� OLWKRORJLHV DQG PRGDO DQDO\VHV RI

3UHFDPEULDQ URFNV DQG 7HUWLDU\ LQWUXVLYHV LQ WKH 0LQHUDO

0RXQWDLQV� VXEVXUIDFH LQIRUPDWLRQ REWDLQHG IURPZHOOV� VWUXFWXUH

RI WKH JHRWKHUPDO V\VWHP� DSSHQGLFHV RI ORJV VKRZLQJ OLWKRORJ\�

DOWHUDWLRQ� DQG PLQHUDOL]DWLRQ IURP VHYHUDO ZHOOV�

1,00216� -� 7�� .RW]� 6�� DQG 0HW]JHU� -�� ����� 6WDWH�E\�VWDWH

DQDO\VLV RI SXEOLF XWLOLW\ ODZV DIIHFWLQJ JHRWKHUPDO GLUHFW KHDW

DSSOLFDWLRQV� (QHUJ\ 6WXGLHV 3URMHFW� 7KH (DUO :DUUHQ /HJDO

,QVWLWXWH� 8QLYHUVLW\ RI &DOLIRUQLD� %HUNHOH\� &DOLIRUQLD� �� S�

12%/(� '� &�� DQG 0F.HH� (� +�� ����� 'HVFULSWLRQ DQG .�$U DJHV

RI YROFDQLF XQLWV RI WKH &DOLHQWH YROFDQLF ILHOG� /LQFROQ &RXQW\�

1HYDGD DQG :DVKLQJWRQ &RXQW\� 8WDK� ,VRFKURQ�:HVW� QR� �� S�

������

2
&211(//� 0� )�� DQG .DXIPDQQ� 5� )�� ����� 5DGLRDFWLYLW\

DVVRFLDWHG ZLWK JHRWKHUPDO ZDWHUV LQ WKH ZHVWHUQ 8QLWHG 6WDWHV�

8�6� (QYLURQPHQWDO 3URWHFWLRQ$JHQF\� 7HFKQLFDO1RWH253�/9�

����$� �� S�

2/621� 7� /�� ����� (DUWKTXDNH VXUYH\V RI WKH 5RRVHYHOW +RW

6SULQJV DQG WKH &RYH )RUW DUHDV� 8WDK� 6DOW /DNH &LW\� 8WDK�

8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

3XUSRVH RI VWXG\� KLVWRULFDO VNHWFK RI VLPLODU VWXGLHV� ORFDWLRQ RI

VXUYH\� JHRORJ\ DQG 7HUWLDU\ YROFDQLF KLVWRU\ RI WKH 0LOIRUG�

5RRVHYHOW DQG &RYH )RUW�6XOSKXUGDOH DUHDV� SUHYLRXV JUDYLW\

VXUYH\V� KLVWRULFDO VHLVPLFLW\� GDWD FROOHFWLRQ DQG UHGXFWLRQ� WDEOHV

VKRZLQJ YHORFLW\ PRGHOV� HSLFHQWHU PDS IRU 5RRVHYHOW +RW

6SULQJV DQG &RYH )RUW� HDUWKTXDNH RFFXUUHQFH DQG FOXVWHULQJ IRU

WKH ��������� VXUYH\V� PDJQLWXGHV DQG E�YDOXHV IRU GHWHFWHG

HDUWKTXDNHV� IDXOW SODQH VROXWLRQV� H[DPLQDWLRQ RI 3�ZDYH WUDYHO

WLPH UHVLGXDOV� VWRFKDVWLF PRGHOLQJ� FRQFOXVLRQV�

2/621� 7� /�� 6LOO� :� 5�� DQG 6PLWK� 5� %�� ����� ,QWHJUDWHG

JHRSK\VLFV� 5RRVHYHOW +RW 6SULQJV �DEV��� *HRSK\VLFV� Y� ��� QR�

�� S� ����

*HRSK\VLFDO VWXGLHV DQG PHWKRGV RI GDWD LQWHUSUHWDWLRQ IURP

5RRVHYHOW +RW 6SULQJV� VXJJHVWHG H[SORUDWLRQ VHTXHQFHV IRU

5RRVHYHOW�W\SH UHVRXUFHV�

2/621� 7� /�� DQG 6PLWK� 5� %�� ����� (DUWKTXDNH VXUYH\V RI WKH

5RRVHYHOW +RW 6SULQJV DQG WKH &RYH )RUW DUHDV� 8WDK� 8QLYHUVLW\

RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV 5HSRUW� Y� �� ��

S�

3XUSRVH RI VXUYH\� JHQHUDO JHRORJ\ DQG YHORFLW\ PRGHO�

FRPSDULVRQ RI HSLFHQWHUV DQG HDUWKTXDNH DFWLYLW\ DW &RYH )RUW DQG

5RRVHYHOW� IDXOW SODQH VROXWLRQV GHWHUPLQHG IRU HDUWKTXDNH

DFWLYLW\� H[DPLQHV 3�ZDYH WUDYHO WLPH UHVLGXDOV DQG 6�ZDYH

DWWHQXDWLRQ� VWRFKDVWLF PRGHOLQJ RI HDUWKTXDNH RFFXUUHQFH�

DSSHQGL[ RI ORFDWLRQ� WLPH� GHSWK� DQG PDJQLWXGH RI HDUWKTXDNH

DFWLYLW\ GXULQJ VXUYH\ SHULRG�

2/621� 7� /�� DQG 6PLWK� 5� %�� ����� 3OHLVWRFHQH YROFDQLF DVK

GHSRVLWV LQ 8WDK� 8WDK *HRORJ\� Y� �� QR� �� S� ������

26021'� -� &�� ����� 7HFWRQLF KLVWRU\ RI WKH %DVLQ DQG 5DQJH

3URYLQFH LQ 8WDK DQG 1HYDGD �DEV��� 0LQLQJ (QJLQHHULQJ� Y� ���

QR� ��� S� ���� DQG ����� DOVR� ����� 0LQLQJ (QJLQHHULQJ� Y� ���

QR� �� S� �������� DOVR� ����� *HRVFLHQFH $EVWUDFWV� Y� �� QR� �� S�

�� ���������

277(� &DUHO� ����� 2YHUYLHZ RI JHRWKHUPDO HQHUJ\ GHYHORSPHQWV

�DEV��� $PHULFDQ$VVRFLDWLRQ RI 3HWUROHXP*HRORJLVWV %XOOHWLQ� Y�

��� QR� �� S� ����



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

29(5721� +� /�� DQG +DQROG� 5� -�� ����� *HRWKHUPDO UHVHUYRLU

FDWHJRUL]DWLRQ DQG VWLPXODWLRQ VWXG\� 1DWLRQDO 7HFKQLFDO

,QIRUPDWLRQ 6HUYLFH 5HSRUW /$������06� �� S�

3$&.� )� -�� ����� 6WUXFWXUH RI WKHUPDO VSULQJV RQ WKH:DVDWFK IDXOW�

$PHULFDQ -RXUQDO RI 6FLHQFH� Y� ��� ��V� ���� S� �������� DOVR�

�DEV�� *HRORJLFDO 6RFLHW\ RI$PHULFD %XOOHWLQ� Y� ��� QR� �� S� ����

DOVR� �DEV��� 3DQ$PHULFDQ *HRORJ\ ��� S� ����

3$&.� )� -�� DQG &DUULQJWRQ� $� &�� ����� *HRORJLF DQG HFRQRPLF

UHVRXUFHV� :HEHU &RXQW\� 8WDK� 8WDK 8QLYHUVLW\ %XOOHWLQ� Y� , ��

QR� ��� �� S�

3$03$<$1� (� +�� ����� *HRORJLF PDS RI WKH �2[�2 PLQXWH

/\QQG\O TXDGUDQJOH� 7RRHOH� -XDE� 8WDK� DQG 0LOODUG &RXQWLHV�

8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ)LOH 5HSRUW ������� VFDOH ���

�������

3$55<� :� 7�� ����� +\GURWKHUPDO DOWHUDWLRQ DW WKH 5RRVHYHOW +RW

6SULQJV WKHUPDO DUHD� 8WDK� 3DUW ,� 0LQHUDORJ\ RI WKH FOD\ IUDFWLRQ

IURP FXWWLQJV� 7KHUPDO 3RZHU &R� ZHOO 8WDK 6WDWH ����� 3DUW ���

&KHPLFDO FRPSRVLWLRQ URFNV� 7KHUPDO 3RZHU &R� ZHOO 8WDK 6WDWH

����� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV

7HFKQLFDO 5HSRUW� QR� ,'2���������D������� XQSDJLQDWHG�

3DUW �� 8VH RI ;�UD\ GLIIUDFWLRQ WHFKQLTXHV WR GHWHUPLQH

PLQHUDORJ\ IURP GULOO FXWWLQJV� VDPSOH VHOHFWLRQ DQG SUHSDUDWLRQ�

FOD\PLQHUDORJ\� LQWHUSUHWDWLRQ RI K\GURWKHUPDO DOWHUDWLRQ� 3DUW ,,�

&KHPLFDO FRPSRVLWLRQ RI URFNV LQ ZHOO ����� XVH RI ;�UD\

IOXRUHVFHQFH WHFKQLTXHV WR GHWHUPLQH FKHPLFDO FRPSRVLWLRQ RI

URFNV� VDPSOH VHOHFWLRQ DQG SUHSDUDWLRQ� URFN FRPSRVLWLRQ� WDEOHV

RI FKHPLFDO DQDO\VHV RI URFNV�

3$55<� :� 7�� %DOODQW\QH� -� 0�� DQG� %U\DQW� 1� /�� �����

+\GURWKHUPDO DOWHUDWLRQ HQWKDOS\ DQG KHDW IORZ LQ WKH 5RRVHYHOW

+RW 6SULQJV WKHUPDO DUHD� 8WDK� -RXUQDO RI *HRSK\VLFDO 5HVHDUFK�

Y� ��� QR� %�� S� ����������

(YDOXDWHV DOWHUDWLRQ HQWKDOS\ IRU D YDULHW\ RI DOWHUDWLRQ UHDFWLRQV�

DQDO\VHV RI DOWHUDWLRQ PLQHUDOV� SUREDEOH FKHPLFDO UHDFWLRQV DQG

HQWKDOS\ SURGXFHG GXULQJ UHDFWLRQV� PHWKRGV IRU LGHQWLILFDWLRQ RI

DOWHUDWLRQ PLQHUDOV� FDOFXODWLRQ RI DOWHUDWLRQ HQWKDOS\� KHDW IORZ

HVWLPDWHV RI FKHPLFDO UHDFWLRQV� WHPSHUDWXUH�GHSWK SURILOH�

3$55<� :� 7�� %DOODQW\QH� -� 0�� %U\DQW� 1� /�� DQG 'HGROSK� 5� (��

����� *HRFKHPLVWU\ RI K\GURWKHUPDO DOWHUDWLRQ DW WKH 5RRVHYHOW

+RW 6SULQJV WKHUPDO DUHD� 8WDK� *HRFKLPLFD HW &RVPRFKLPLFD

DFWD� Y� ��� QR� �� S� �������

'HVFULEHV VSULQJ GHSRVLWV DQG VXUIDFH DOWHUDWLRQ� VXEVXUIDFH

DOWHUDWLRQ LQ WKUHH VKDOORZ GULOO KROHV� ZDWHU FKHPLVWU\� DOWHUDWLRQ

PLQHUDO DVVHPEODJHV� PRGHOLQJ RI PDVV WUDQVIHU IURP FKHPLFDO

UHDFWLRQV EHWZHHQ PLFURFOLQH DQG WKHUPDO ZDWHUV� WDEOH RI

FKHPLFDO DQDO\VHV DQGPRGDOPLQHUDORJLFDO FRPSRVLWLRQV RI URFNV

IURP5RRVHYHOW +RW 6SULQJV� WDEOH RI PDMRU FKHPLFDO FRQVWLWXHQWV

LQ VHOHFWHG WKHUPDO ZDWHU� DFWLYLW\ GLDJUDP IRU PLQHUDOV RFFXUULQJ

LQ DOWHUHG URFNV�

3$55<�:� 7�� %HQVRQ� 1� /�� DQG0LOOHU� &� '�� ����� *HRFKHPLVWU\

DQG K\GURWKHUPDO DOWHUDWLRQ DW VHOHFWHG 8WDK KRW VSULQJV�

8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO

5HSRUW� Y� �� 16) *UDQW *,������� ��� S�� DOVR� 1DWLRQDO

7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW ���������� ��� S�

6WUDWLJUDSK\ DQG VWUXFWXUDO KLVWRU\ RI8WDK�PDS VKRZLQJ1D�.�&D

WHPSHUDWXUHV RI 8WDK ZDUP VSULQJV� JUDSK VKRZLQJ YDULDWLRQ LQ

GLVVROYHG DQLRQV LQ ZHOO ZDWHU ZLWK GLVWDQFH DORQJ WKH ZDWHU IORZ

SDWK� PL[LQJ PRGHOV IRU $EUDKDP +RW 6SULQJV DQG 5HG +LOO +RW

6SULQJV� JHRORJ\� VXUILFLDO DOWHUDWLRQ� DQG VSULQJ GHSRVLWV LQ WKH

5RRVHYHOW DUHD� WDEOHV VKRZLQJ FKHPLFDO DQDO\VHV RI RXWFURS DQG

FRUH VDPSOHV IURP5RRVHYHOW +RW 6SULQJV� DOWHUDWLRQ DVVHPEODJHV

ZLWK GHSWK DW 5RRVHYHOW� DFWLYLW\ GLDJUDPV VKRZLQJ VWDELOLW\ RI

DOWHUDWLRQ PLQHUDOV LQ WKH SUHVHQFH RI TXDUW] DQG XQLW DFWLYLW\ RI

ZDWHU DW ��� DQG ��� GHJUHHV &� JUDSK RI PHUFXU\ FRQWHQW RI VRLOV

IURP 5RRVHYHOW� JDPPD UD\ VSHFWURPHWULF PHDVXUHPHQWV RI

YDULRXV URFN W\SHV IURP 0LOIRUG� ORFDWLRQ DQG JHQHUDO JHRORJ\ RI

WKH 0RQURH .*5$� DOWHUDWLRQ PDS RI WKH 0RQURH DUHD� 5 DQG 4

PRGH FOXVWHU DQDO\VLV IURP 0RQURH� 5HG +LOO DQG 0RQURH VSULQJ

ZDWHU JHRFKHPLVWU\�

3$55<� :� 7�� %U\DQW� 1� /�� 'HGROSK� 5� (�� %DOODQW\QH� -� 0��

%DOODQW\QH� *� +�� 5RKUV� '� 7�� DQG 0DVRQ -� /�� �����

+\GURWKHUPDO DOWHUDWLRQ DW WKH5RRVHYHOW+RW6SULQJV WKHUPDO DUHD�

8WDK� 8QLYHUVLW\ RI8WDK� 'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV

)LQDO 5HSRUW� QR� ,'2���������D����� �� S�

&KHPLFDO DQDO\VHV DQG PLQHUDORJ\ RI RXWFURSV� DQDO\VLV RI WKUHH

VKDOORZ FRUHV IRU VKDOORZ VXEVXUIDFH DOWHUDWLRQ DQG RI WKUHH GHHS

FRUHV IRU GHHS VXEVXUIDFH DOWHUDWLRQ� PRGHO RI KRW ZDWHU�URFN

LQWHUDFWLRQ�

3$55<�:�7�� DQG&OHDU\�0�� �����1D�.�&D DQG VLOLFD WHPSHUDWXUH

HVWLPDWHV IRU 8WDK VSULQJ DQG ZHOO ZDWHUV� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO 5HSRUW� Y� ����� ��

S�

8VH RI 1D�.�&D JHRWKHUPRPHWHUV WR HVWLPDWH VXEVXUIDFH

WHPSHUDWXUHV LQ JHRWKHUPDO DUHDV� DQRPDORXV KLJK WHPSHUDWXUHV RI

8WDK WKHUPDO VSULQJ ZDWHUV� REMHFWLYHV RI LQYHVWLJDWLRQ� GDWD

VHOHFWLRQ DQG FRPSLODWLRQ�PDS VKRZLQJ GLVWULEXWLRQ RI DQRPDORXV

1D�.�&D DQG VLOLFD WHPSHUDWXUHV LQ 8WDK� PDSV VKRZLQJ JHRORJ\

DQG 1D.�&D DQG VLOLFD WHPSHUDWXUHV RI VSULQJ DQG ZHOO ZDWHUV

IURP 'XJZD\ 9DOOH\� *RVKHQ 9DOOH\� 3DYDQW 9DOOH\� DQG 6NXOO

9DOOH\� WDEOHV VKRZLQJ PDMRU FRQVWLWXHQWV DQG FKHPLFDO

WHPSHUDWXUHV RI VSULQJ DQG ZHOO ZDWHU IURP 'XJZD\ 9DOOH\�

*RVKHQ 9DOOH\� 3DYDQW 9DOOH\� DQG 6NXOO 9DOOH\� PL[LQJ PRGHOV

IRU 3DYDQW 9DOOH\� &UDWHU +RW 6SULQJV� *RVKHQ 9DOOH\� 6NXOO

9DOOH\� DQG :DUP 6SULQJV� PHWKRGV RI ZDWHU FROOHFWLRQ DQG

DQDO\VLV� WDEOH RI :$7(4 PLQHUDO VDWXUDWLRQ YDOXHV� WDEOH RI



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

PLQHUDORJ\ DQG SRUH ZDWHU FKHPLVWU\ RI -RUGDQ 9DOOH\ DQG *UHDW

6DOW /DNH VHGLPHQW VDPSOHV� FRQFOXVLRQV�

3$55<� :� 7�� 1DVK� :� 3�� %RZPDQ� -� 5�� :DUG� 6� +�� :KHODQ� -�

$�� %U\DQW� 1� /�� 'HRGROSK� 5� (�� (YDQV� 6� +�� -U�� DQG %RZHUV�

'�� ����� 3DUW , � *HRORJ\ DQG JHRFKHPLVWU\ RI WKH 5RRVHYHOW +RW

6SULQJV � D VXPPDU\� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\

DQG *HRSK\VLFV 5HSRUW� QR� ����� �� S�

*HRORJ\ RI5RRVHYHOW+RW 6SULQJV� FRPSRVLWLRQ RI VSULQJ GHSRVLWV

DQG DOWHUDWLRQ SURGXFWV� FKHPLFDO DQDO\VHV RI VXUIDFH DQG GHHS

WKHUPDO ZDWHUV� WDEOHV RI ZDWHU DQG FKHPLFDO DQDO\VHV RI DOWHUHG

URFNV IURP 5RRVHYHOW +RW 6SULQJV� PDSV RI 7HUWLDU\ DQG

4XDWHUQDU\ YROFDQLFV�

3$55<� :� 7�� 1DVK� :� 3�� DQG :DUG� 6� +�� ����� 3DUW ,,, �

5RRVHYHOW +RW 6SULQJV DUHD ILHOG WULS� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI8WDK5HVHDUFK ,QVWLWXWH5HSRUW� QR� �����

�� S�

5RDG ORJ IRU WZR GD\ ILHOG WULS� VWRSV LQFOXGH 3DYDQW %XWWH� ,FH

6SULQJV ODYD IORZ�:KLWH0RXQWDLQ� 1RUWK DQG 6RXWK 7ZLQ 3HDNV�

2SDO 0RXQG� DQG 3KLOOLSV JHRWKHUPDO ZHOOV DW 5RRVHYHOW +RW

6SULQJV�

3(�:LQ� ����� *UDYLW\ VXUYH\ RI WKH (VFDODQWH 'HVHUW DQG YLFLQLW\� LQ

,URQ DQG :DVKLQJWRQ &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK�

8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

3(� :LQ� DQG &RRN� .� /�� ����D� *UDYLW\ VXUYH\ RI WKH (VFDODQWH

'HVHUW DQG YLFLQLW\� LQ ,URQ DQG:DVKLQJWRQ &RXQWLHV� 8WDK� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW�

QR� '2(�,'���������� ��� S�

3(� :LQ� DQG &RRN� .� /�� ����E� 3ULQFLSDO IDFWV IRU JUDYLW\ VWDWLRQV�

(VFDODQWH 'HVHUW DQG YLFLQLW\� ,URQ DQG :DVKLQJWRQ &RXQWLHV�

8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 2SHQ�)LOH 5HSRUW� QR� 87�('�**��� � S�

3($/(� $� &�� ����� 5HSRUW RQ PLQHUDOV� URFNV DQG WKHUPDO VSULQJV�

8�6� *HRORJLF DQG *HRJUDSKLF 6XUYH\ 7HUULWRU\ �+D\GHQ� �WK

$QQXDO 5HSRUW� S���������

3($/(� $� &�� ����� /LVW DQG DQDO\VHV RI WKH PLQHUDO VSULQJV RI WKH

8QLWHG 6WDWHV �D SUHOLPLQDU\ VWXG\�� 8�6� *HRORJLFDO 6XUYH\

%XOOHWLQ ��� S� ��������

3(17$� )UDQFHVFR� ����� 1DWXUDO YDSRUV ��HQGRJHQH IRUFHV��� VWDWH

RI UHVHDUFK DQG FRQVLGHUDWLRQV �GLVFXVVLRQ�� %XOOHWLQ RI

9ROFDQRORJ\� Y� ��� VHW� �� S� ��������

3(5$� (� 0�� ����D� /HDVDEOH PLQHUDO DQG ZDWHUSRZHU ODQG

FODVVLILFDWLRQ PDS RI WKH 5LFKILHOG ,;� GHJUHH TXDGUDQJOH� 8WDK�

8�6� *HRORJLFDO 6XUYH\ 0LVFHOODQHRXV ,QYHVWLJDWLRQ 6HULHV 0DS

��� ���� VFDOH ����������

3(5$� (� 0�� ����E� /HDVDEOH PLQHUDO DQG ZDWHUSRZHU ODQG

FODVVLILFDWLRQ PDS RI WKH 6DOW /DNH &LW\ ,;� GHJUHH TXDGUDQJOH�

8WDK DQG :\RPLQJ� 8�6� *HRORJLFDO 6XUYH\ 0LVFHOODQHRXV

,QYHVWLJDWLRQ 6HULHV 0DS ������� VFDOH ����������

3(5$� (� 0�� 6PHGOH\� -� (�� DQG &XUWLV� 1� /�� ����� /HDVDEOH

PLQHUDO DQG ZDWHUSRZHU ODQG FODVVLILFDWLRQ PDS RI WKH 7RRHOH

TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ���

���� VFDOH ����������

3(5$� (� 0�� 6PHGOH\� -� (�� DQG )ORW� 7� 5�� ����� /HDVDEOH PLQHUDO

DQG ZDWHUSRZHU ODQG FODVVLILFDWLRQ PDS RI WKH %ULJKDP &LW\

TXDGUDQJOH�8WDK� ,GDKR�8�6�*HRORJLFDO 6XUYH\2SHQ�ULOH5HSRUW

������� VFDOH ����������

3(5$� (� 0�� 6PHGOH\� -� (�� 6LPSVRQ� /� $�� DQG /XW]� *� $�� �����

/HDVDEOH PLQHUDO DQG ZDWHUSRZHU ODQG FODVVLILFDWLRQ PDS RI WKH

&HGDU &LW\ TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH

5HSRUW ������� VFDOH ����������

3(7(56(1�&�$�� �����5RRVHYHOW DQG7KHUPDO+RW 6SULQJV� %HDYHU

&RXQW\� 8WDK� LQ *HRORJ\ RI WKH 0LOIRUG DUHD� 8WDK *HRORJLFDO

$VVRFLDWLRQ 3XEOLFDWLRQ �� S� ������

*HQHUDO JHRORJ\ DQG WHPSHUDWXUH HVWLPDWHV IRU 5RRVHYHOW DQG

7KHUPR VSULQJV DUHDV�

3(7(56(1� &� $�� ����D� *HRORJ\ DQG JHRWKHUPDO SRWHQWLDO RI WKH

5RRVHYHOW +RW 6SULQJV DUHD� %HDYHU &RXQW\� 8WDK� 6DOW /DNH &LW\�

8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

3XUSRVH RI UHSRUW� ORFDWLRQ DQG DFFHVVLELOLW\ RI VWXG\ DUHD� ILHOG

DQG ODERUDWRU\ PHWKRGV� JHRJUDSK\ RI WKH 5RRVHYHOW +RW 6SULQJV

DUHD� SUHYLRXV LQYHVWLJDWLRQV� VWUDWLJUDSK\� OLWKRORJ\� LJQHRXV DQG

YROFDQLF KLVWRU\� DQG 4XDWHUQDU\ JHRORJ\ RI DUHD� VWUXFWXUDO

JHRORJ\� GHVFULSWLRQ RI KRW VSULQJV� KRW VSULQJ GHSRVLWV� DQGZHOOV�

WDEOHV VKRZLQJ PLQHUDO SHUFHQWDJHV LQ URFN VDPSOHV� H[LVWLQJ

VXUIDFH FKDUDFWHULVWLFV RI5RRVHYHOW+RW 6SULQJV UHVRUW DUHD�1HJUR

0DJ :DVK� DQG 2SDO DUHD� GULOO KROHV LQ DUHD� ZDWHU FKHPLVWU\ RI

5RRVHYHOW+RW 6SULQJV� JHRFKHPLFDO WKHUPRPHWHUV� VSHFXODWLRQ RI

SRVVLELOLW\ RI D FRPPHUFLDO JHRWKHUPDO V\VWHP LQ WKH 5RRVHYHOW

DUHD�

3(7(56(1� &� $�� ����E� *HRORJ\ RI WKH 5RRVHYHOW +RW 6SULQJV

DUHD� %HDYHU &RXQW\� 8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\

8WDK *HRORJ\� Y� �� QR� �� S� ��������

6HH 3HWHUVHQ �����D��

3(7(5621�'� /�� ����� &RPSOHWH %RXJXHU JUDYLW\ DQRPDO\ PDS RI

SDUWV RI %HDYHU� ,URQ� DQG 0LOODUG &RXQWLHV� VRXWKZHVWHUQ 8WDK�

8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� VFDOH

����������

3(7(5621� '� /�� ����� 3ULQFLSDO IDFWV IRU JUDYLW\ VWDWLRQV� LQ SDUWV

RI %HDYHU� ,URQ� DQG 0LOODUG &RXQWLHV� 8�6� *HRORJLFDO 6XUYH\

2SHQ�)LOH 5HSRUW ������� � S�

3(7(5621� -� %�� ����� 3HWURORJLF VWXG\ RI WKH )XPDUROH %XWWH

YROFDQLF FRPSOH[� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

/RFDWLRQ RI )XPDUROH %XWWH YROFDQLF FRPSOH[� SUHYLRXV VWXGLHV LQ



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

WKH DUHD� UHJLRQDO DQG ORFDO JHRORJ\� JHRSK\VLFDO LQYHVWLJDWLRQV

DQG UHVXOWV� WHPSHUDWXUH UDQJHV IRU ZDWHUV IURP DGMDFHQW &UDWHU

6SULQJV DUHD� JHRFKURQRORJLF GDWD� SHWURJUDSKLF GHVFULSWLRQV�

PLQHUDORJ\ DQG HOHFWURQ PLFURSUREH DQDO\VLV RI PLQHUDOV�

FKHPLFDO DQDO\VLV DQG &,3:QRUPV RI YROFDQLF URFNV DQG UHVLGXDO

JODVVHV� WUDFH HOHPHQW DQDO\VLV� JHRWKHUPRPHWU\ DQG JHREDURPHWU\

RI VDPSOHV� SHWURJHQHVLV RI DUHD� JHRWKHUPDO SRWHQWLDO�

3(7(5621� -� %�� 7XUOH\� &� +�� 1DVK� :� 3�� DQG %URZQ� )� +��

����� /DWH &HQR]RLF EDVDOW�UK\ROLWH YROFDQLVP LQ ZHVW�FHQWUDO

8WDK �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK

3URJUDPV� Y� ��� QR� �� S� ����

3(7(5621� -� %�� DQG 1DVK� :� 3�� ����� 6WXGLHV LQ ODWH &HQR]RLF

YROFDQLVP LQ ZHVW�FHQWUDO 8WDK� 3DUW �� *HRORJ\ DQG SHWURORJ\ RI

WKH )XPDUROH %XWWH YROFDQLF FRPSOH[� 8WDK� 8WDK *HRORJLFDO DQG

0LQHUDO 6XUYH\ 6SHFLDO 6WXGLHV ��� S� ������

6HH 3HWHUVRQ �������

3(75,&.� :� (�� ����� 7HVW HOHFWURPDJQHWLF VRXQGLQJV� 5RRVHYHOW

+RW 6SULQJV .*5$� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\

DQG*HRSK\VLFV 7HFKQLFDO5HSRUW� QR� 75������16)�5$��������

�� S�

/RFDWLRQ DQG JHRORJ\ RI 5RRVHYHOW +RW 6SULQJV� ORFDWLRQ RI D

YHUWLFDO PDJQHWLF GLSROH VXUYH\ DQG DUUDQJHPHQW RI WUDQVPLWWHUV

DQG UHFHLYHUV� FRQFOXVLRQV RI VXUYH\�

3+(/36� 3� /�� (UPDN� '� /�� $QVSDXJK� /� 5�� -DFNVRQ� &� '�� DQG

0LOOHU� /� $�� ����� 3UHOLPLQDU\ HQYLURQPHQWDO DVVHVVPHQWV RI

NQRZQJHRWKHUPDO UHVRXUFH DUHDV LQ WKH8QLWHG 6WDWHV�*HRWKHUPDO

5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

3+,//,36 3(752/(80 &203$1<� ����� &RYH�)RUW

PLFURHDUWKTXDNH VXUYH\ � 6HQWXULDQ WHOPR VXUYH\� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�676� XQSDJLQDWHG�

/RFDWLRQ DQG H[WHQW RI %ODFN 3RLQW DQRPDO\� IDXOWV PDSSHG YLD D

JURXQG PRWLRQ VXUYH\� HYHQWV GHWHFWHG E\ WKUHH &RYH &UHHN

PLFURHDUWKTXDNH DUUD\V� FOXVWHUV GHILQHG� VWUXFWXUDO LQWHUSUHWDWLRQ

RI D PDJQHWLF ORZ� PDS VKRZLQJ DUUD\ VWDWLRQV DQG HYHQW

HSLFHQWHUV� VLJQDWXUH UHFRUGV RI VHOHFW HYHQWV� JUDSKV VKRZLQJ

VHLVPLF HYHQWV YHUVXV FDOHQGDU GD\� JUDSKV VKRZLQJ VHLVPLF HYHQWV

YHUVXV D]LPXWK�

3+,//,36 3(752/(80 &203$1<� ����� 3ODQ RI RSHUDWLRQ IRU

5RRVHYHOW +RW 6SULQJV JHRWKHUPDO SURMHFW �� 0: �QHW� SRZHU

SODQW %HDYHU &RXQW\� 8WDK� 3KLOOLSV 3HWUROHXP &RPSDQ\

*HRWKHUPDO 2SHUDWLRQV� 3� �� %R[ ���� 6DOW /DNH &LW\� 8WDK

������ ��� S�

3URSRVDOV IRU GHYHORSPHQW RI WKH 5RRVHYHOW JHRWKHUPDO UHVRXUFH�

LQMHFWLRQ RSHUDWLRQ SURSRVDOV� SRZHU SODQW FRQVWUXFWLRQ SURSRVDO�

3+2(1,; *(23+<6,&6� ,1&25325$7('� ����� 5HSRUW RQ WKH

UHFRQQDLVVDQFH UHVLVWLYLW\ VXUYH\ RQ WKH &RYH )RUW 3URVSHFW�

%HDYHU DQG 0LOODUG &RXQWLHV� 8WDK� IRU 8QLRQ 2LO &RPSDQ\ RI

&DOLIRUQLD� (DUWK 6FLHQFH/DERUDWRU\�8QLYHUVLW\ RI8WDK5HVHDUFK

,QVWLWXWH 2SHQ�)LOH 5HSRUW� QR� 87�&)6�82&����� � S�

0DS RI VXUYH\ DUHD ZLWK ORFDWLRQV RI VXUYH\ OLQHV DQG

6FKOXPEHUJHU VRXQGLQJV� UHVLVWLYLW\ DQRPDOLHV�

32//$5'� '� '�� ����� 3UHVVXUL]HG IUDFWXUHV LQ KRW URFN� 8�6�

*HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU ����� ��� S�

3277(5� 5� :�� ��� 6KDZ� '� 5�� DQG +DDV� -� /�� -U�� �����

$QQRWDWHG ELEOLRJUDSK\ RI VWXGLHV RQ WKH GHQVLW\ DQG RWKHU

YROXPHWULF SURSHUWLHV IRU PDMRU FRPSRQHQWV LQ JHRWKHUPDO ZDWHUV

���������� 8�6� *HRORJLFDO 6XUYH\ %XOOHWLQ ����� �� 3�

35,&(� 'RQ� ����� 0DS VKRZLQJ JHQHUDO FKHPLFDO TXDOLW\ RI VXUIDFH

ZDWHU LQ WKH 5LFKILHOG TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO 6XUYH\

0LVFHOODQHRXV ,QYHVWLJDWLRQV6HULHV0DS������� VFDOH ����������

35,&(� 'RQ� ����� 0DS VKRZLQJ JHQHUDO FKHPLFDO TXDOLW\ RI JURXQG

ZDWHU LQ WKH 5LFKILHOG TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO 6XUYH\

0LVFHOODQHRXV ,QYHVWLJDWLRQV 6HULHV0DS������� VFDOH ����������

386+.$5� 3DXO� DQG &RQGLH� .� &�� ����� 2ULJLQ RI WKH 4XDWHUQDU\

EDVDOW IURP WKH %ODFN 5RFN 'HVHUW UHJLRQ� 8WDK � VWURQWLXP

LVRWRSLF HYLGHQFH� *HRORJLFDO 6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ���

QR� �� S� ����������

5$6%$1'� -� /�� ����� 6XPPDU\ RI8WDK 3RZHU DQG /LJKW &RPSDQ\

JHRWKHUPDO DFWLYLWLHV� )LIWK $QQXDO 6WDQIRUG *HRWKHUPDO

&RQIHUHQFH DQG :RUNVKRS� 3URFHHGLQJV� S� ��������

5$6%$1'� -�/�� �����:HOOKHDG JHRWKHUPDO GHYHORSPHQW DFWLYLWLHV�

5RRVHYHOW +RW 6SULQJV JHRWKHUPDO UHVHUYRLU� 6L[WK $QQXDO

6WDQIRUG *HRWKHUPDO &RQIHUHQFH DQG :RUNVKRS� 3URFHHGLQJV� S�

��������

5HVHDUFK FRQGXFWHG E\ 8WDK 3RZHU DQG /LJKW &RPSDQ\ WR

GHWHUPLQH WKH IHDVLELOLW\ RI GHYHORSPHQW RI ZHOOKHDG JHQHUDWLQJ

XQLW DW 5RRVHYHOW +RW 6SULQJV�

5$6%$1'� -� /�� ����� 5RRVHYHOW +RW 6SULQJV� 8WDK� JHRWKHUPDO

SRZHU GHYHORSPHQWV� 7UDQVDFWLRQV RI WKH $PHULFDQ 1XFOHDU

6RFLHW\� Y����S� ������

7HUPV RI DJUHHPHQW EHWZHHQ8WDK 3RZHU DQG /LJKW &RPSDQ\ DQG

3KLOOLSV 3HWUROHXP &RPSDQ\ IRU VDOH DQG SXUFKDVH RI 5RRVHYHOW

+RW 6SULQJV JHRWKHUPDO IOXLGV� VWHDP VDOHV DJUHHPHQW EHWZHHQ

8WDK 3RZHU DQG /LJKW DQG WKH $72 JURXS� GHVLJQ DQG

FRQVWUXFWLRQ SODQV IRU D ���0:JHRWKHUPDO JHQHUDWLQJ XQLW� SODQV

WR GHYHORS D ZHOOKHDG JHQHUDWLQJ V\VWHP WR KDQGOH ERWK VWHDP DQG

ZDWHU ZHOO IOXLGV� FXUUHQW VWDWXV RI HQJLQHHULQJ DQG FRQVWUXFWLRQ

RI 0LOIRUG 1R� , JHQHUDWLQJ XQLW�

5(('� 0� -�� ����� *HRFKHPLFDO FRPSDULVRQ RI GHHS JHRWKHUPDO

ZDWHUV LQ 1RUWK $PHULFD �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD

$EVWUDFWV ZLWK 3URJUDPV� Y� �� QR� �� S� �����

5(('� 0� -�� 0DULQHU� 5� +�� %URRN� &� $�� DQG 6RUH\� 0� /�� �����

6HOHFWHG GDWD IRU ORZ�WHPSHUDWXUH �OHVV WKDQ �� GHJUHHV &�

JHRWKHUPDO V\VWHPV LQ WKH 8QLWHG 6WDWHV� UHIHUHQFH GDWD IRU 8�6�

*HRORJLFDO 6XUYH\ &LUFXODU ���� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

)LOH 5HSRUW ������� ��� S�

&RPSLODWLRQ RI GDWD XVHG LQ ���� VWXG\ RI ORZ�WHPSHUDWXUH

JHRWKHUPDO UHVRXUFHV RI WKH8QLWHG 6WDWHV� PHWKRGV XVHG WR REWDLQ

GDWD� JHRWKHUPDO UHVHUYRLU FRQGLWLRQV DQG HQHUJLHV FDOFXODWHG IRU

HDFK V\VWHP� WDEOH RI ORFDWLRQ� WHPSHUDWXUH� IORZ UDWH� DQG

FKHPLFDO FRPSRVLWLRQ IRU ORZ�WHPSHUDWXUH VLWHV� RYHU ��� 8WDK

VLWHV� WDEOH VKRZLQJ WHPSHUDWXUH UDQJH� FDOFXODWHG HQHUJLHV� DQG

JHRORJLF SURYLQFHV IRU WKH8QLWHG 6WDWHV ORZ�WHPSHUDWXUH V\VWHPV�

��� 8WDK VLWHV� WDEOH VKRZLQJ UDQJH RI YDOXHV IRU UHVHUYRLU

SDUDPHWHUV DQG WKH PHDQ WUDQVPLVVLYLW\ IRU ORZ�WHPSHUDWXUH

JHRWKHUPDO V\VWHPV� �� 8WDK VLWHV�

5(('� 0� -�� DQG 6RUH\� 0� /�� ����� /RZ�WHPSHUDWXUH JHRWKHUPDO

UHVRXUFH DVVHVVPHQW RI WKH 8QLWHG 6WDWHV � D SURJUHVV UHSRUW�

*HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ������

5(,0(5� *� 0�� ����� 5HFRQQDLVVDQFH VXUYH\ RI KHOLXP LQ VRLO JDV

LQ WKH HDVWHUQ KDOI RI 5LFKILHOG ,;� GHJUHH TXDGUDQJOH� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW �������� � S�

5(,0(5� *� 0�� 5REHUWV� $� $�� DQG 'HQWRQ� (� +�� ����� 7KH XVH RI

KHOLXP GHWHFWLRQ WR ORFDWH HQHUJ\ UHVRXUFHV �DEV��� *HRORJLFDO

6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� �� QR� �� S� �����

�����

5(11(5� -� /�� DQG *DO\DUGW� *� /�� ����� +\GURWKHUPDO FRQYHFWLRQ

V\VWHPV LQ 8WDK� LQ 5HQQHU DQG RWKHUV� 6HOHFWHG JHRWKHUPDO

UHVRXUFHV GDWD� K\GURWKHUPDO FRQYHFWLRQ V\VWHPV LQ WKH VWDWHV RI

$ODVND� $UL]RQD� &DOLIRUQLD� &RORUDGR� +DZDLL� ,GDKR� 0RQWDQD�

1HYDGD� 1HZ0H[LFR� 2UHJRQ� 8WDK�:DVKLQJWRQ� DQG:\RPLQJ�

1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR� 3% ��������

S� ��������

5(11(5� -� /�� :KLWH� '� (�� DQG :LOOLDPV� '� /�� �����

+\GURWKHUPDO FRQYHFWLRQ V\VWHPV� LQ:KLWH� '� (�� DQG:LOOLDPV�

'� /�� HGV�� $VVHVVPHQW RI JHRWKHUPDO UHVRXUFHV RI WKH 8QLWHG

6WDWHV������ 8�6� *HRORJLFDO 6XUYH\ &LUFXODU ���� S� �����

'HILQLWLRQ RI FRQYHFWLYH V\VWHPV DQG VXEGLYLVLRQ LQWR YDSRU RU KRW

ZDWHU GRPLQDWHG V\VWHPV� RULJLQ DQG IXQGDPHQWDO FKDUDFWHULVWLFV

RI ERWK� HYROXWLRQDU\ PRGHO RI KRW ZDWHU V\VWHPV LQWR YDSRU

GRPLQDWHG V\VWHPV� LGHQWLILFDWLRQ DQG FODVVLILFDWLRQ RI VHYHUDO

NQRZQ JHRWKHUPDO V\VWHPV RI WKH WZR W\SHV� XVH RI VLOLFD DQG 1D�

.�&D UDWLRV DV FKHPLFDO JHRWKHUPRPHWHUV� WDEOHV RI KRW ZDWHU

FRQYHFWLRQ V\VWHPV LQ WKH ZHVWHUQ 8QLWHG 6WDWHV ZLWK LQGLFDWHG

VXEVXUIDFH WHPSHUDWXUHV DERYH ��� GHJUHHV & �RQH DUHD LQ 8WDK�

DQG ZLWK VXEVXUIDFH WHPSHUDWXUHV IURP �� GHJUHHV WR ��� GHJUHHV

& �VL[ DUHDV LQ 8WDK��

5,&+$5'621� *� %�� ����� 8QGHUJURXQG ZDWHU LQ WKH YDOOH\V RI

8WDK/DNH DQG -RUGDQ5LYHU� 8WDK�8�6�*HRORJLFDO 6XUYH\:DWHU�

6XSSO\ 3DSHU ���� �� S�

5,&+$5'621� *� %�� ����� 8QGHUJURXQG ZDWHU LQ 6DQSHWH DQG

FHQWUDO 6HYLHU 9DOOH\V� 8WDK� 8�6� *HRORJLFDO 6XUYH\ :DWHU�

6XSSO\ 3DSHU ���� �� S�

5,7=0$� +� 5�� ����� 6L[ 8WDK �KLQJHOLQH� ZHOOV� LQ %DHU� -� /�� DQG

&DOODJKDQ� (�� HGV�� 3ODWHDX�%DVLQ DQG 5DQJH WUDQVLWLRQ ]RQH�

FHQWUDO 8WDK� 8WDK *HRORJLFDO $VVRFLDWLRQ� 3XEOLFDWLRQ �� S� ���

���

52%,1621� 5�� DQG /\HU� +�0�� ����� (YLGHQFH IURP WHOHVHLVPLF 3�

ZDYH REVHUYDWLRQV IRU D ORZ YHORFLW\ ERG\ XQGHU WKH 5RRVHYHOW

+RW 6SULQJV *HRWKHUPDO $UHD� 8WDK� *HRWKHUPDO 5HVRXUFHV

&RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

9HORFLW\ VWUXFWXUH LQYHVWLJDWLRQV RI WKH FUXVW DQG XSSHU PDQWOH

QHDU 5RRVHYHOW +RW 6SULQJV XVLQJ �� VHLVPRJUDSKV RQ D �2[�2

NP DUUD\� WHOHVHLVPLF HYHQWV UHFRUGHG DQG WUDYHO�WLPH UHVLGXDO

FDOFXODWLRQV� SDWWHUQV RI UHVXOWLQJ WUDYHO�WLPH UHVLGXDOV DQG WKHLU

LQWHUSUHWDWLRQV� UHJLRQ RI ORZ YHORFLW\ XQGHU 0LQHUDO 0RXQWDLQV�

HYLGHQFH IRU DQRPDORXV UHJLRQ DW VKDOORZ GHSWKV XQGHU FHQWUDO

0LQHUDO 0RXQWDLQV�

52%,1621� 5�� DQG O\HU� +� 0�� ����� 'HOLQHDWLRQ RI D ORZ�YHORFLW\

ERG\ XQGHU WKH 5RRVHYHOW +RW 6SULQJV JHRWKHUPDO DUHD� 8WDK�

XVLQJ WHOHVHLVPLF 3�ZDYH GDWD� *HRSK\VLFV� Y� ��� QR� ��� S� �����

�����

([DPLQHV GHHS VWUXFWXUH RI 5RRVHYHOW DUHD XVLQJ WHOHVHLVPLF 3�

ZDYH WUDYHO�WLPH YDULDWLRQV� JHRORJLF VHWWLQJ� DQDO\VLV DQG

LQYHUVLRQ RI GDWD� UHVXOWLQJ PRGHO RI OD\HUV LQ FUXVW DQG GHHSHU

PDQWOH LQ 5RRVHYHOW YLFLQLW\� WDEOHV RI UHVLGXDO WLPHV DQG

WHOHVHLVPLF HYHQWV� FRQWRXU PDSV RI YHORFLW\ FKDQJHV ZLWKLQ

GLIIHUHQW OD\HUV RI PRGHO�

52'5,*8(=� (� /�� ����� (FRQRPLF JHRORJ\ RI WKH VXOIXU GHSRVLWV

DW 6XOSKXUGDOH� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK�

XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

*HQHUDO JHRORJ\� VWUDWLJUDSK\� DQG VWUXFWXUH RI 6XOSKXUGDOH DUHD�

RFFXUUHQFH DQG FODVVLILFDWLRQ RI VXOIXU GHSRVLWV� GHVFULSWLRQ DQG

SDUDJHQHVLV RI RUH DQG JDQJXH PLQHUDOV JHQHWLFDOO\ UHODWHG WR

VXOIXU GHSRVLWV� RUH UHVHUYH FDOFXODWLRQV� PLQLQJ PHWKRGV� FRVWV�

DQG PDUNHW SRWHQWLDO IRU 6XOSKXUGDOH PLQHV� PDS RI SULQFLSDO

VXOIXU GHSRVLWV�

52*(56� +� ,�� ����� )LQDQFLQJ DQG FRQVWUXFWLRQ RI D FRPPHUFLDO

JHRWKHUPDO SRZHU SODQW LQ 8WDK� LQ &RPPHUFLDOL]DWLRQ RI

*HRWKHUPDO 5HVRXUFHV� *HRWKHUPDO 5HVRXUFHV &RXQFLO

&RQIHUHQFH RQ &RPPHUFLDOL]DWLRQ RI *HRWKHUPDO 5HVRXUFHV� 6DQ

'LHJR� &DOLIRUQLD� S� ������

52+56� '� 7�� ����� $ OLJKW VWDEOH LVRWRSH VWXG\ RI WKH 5RRVHYHOW

+RW 6SULQJV WKHUPDO DUHD� VRXWKZHVWHUQ 8WDK� 6DOW /DNH &LW\�

8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

3UHYLRXV ZRUN� JHQHUDO JHRORJ\� VWUXFWXUH� DQG LQWUXVLYH DQG

H[WUXVLYH KLVWRU\ RI DUHD� PLQHUDO GHSRVLWV DQG DOWHUDWLRQ� WDEOH

VKRZLQJ PDMRU FKHPLFDO FRQVWLWXHQWV RI ZDWHUV IURP 5RRVHYHOW

+RW 6SULQJV� VDPSOH VHOHFWLRQ DQG SUHSDUDWLRQ� DQDO\WLFDO

SURFHGXUHV LQFOXGLQJ H[WUDFWLRQ WHFKQLTXHV DQG PDVV

VSHFWURPHWU\� WDEOH VKRZLQJ LVRWRSLF DQDO\VHV RI ZDWHUV� VLOLFDWHV�

DQG FDUERQDWHV IURP WKH 5RRVHYHOW DUHD� RULJLQ RI WKHUPDO ZDWHUV�

ZDWHU�URFN DWRPLF R[\JHQ UDWLR FDOFXODWLRQV� H[WHQW RI LVRWRSLF



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

FKDQJH� LVRWRSLF FRPSRVLWLRQ RI .�PLFD FOD\V DQG FDOFLWH� FDUERQ

LVRWRSLF FRPSRVLWLRQ RI FDOFLWH� FRQFOXVLRQV� VXJJHVWLRQV IRU

IXWXUH LVRWRSLF VWXGLHV�

52+56� '� 7�� DQG %RZPDQ� -� 5�� ����� $ OLJKW VWDEOH LVRWRSH VWXG\

RI WKH 5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� VRXWKZHVWHUQ 8WDK�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

5HSRUW� QR� '2(�(7���������� �� S�

6HH 5RKUV �������

52+56� '� 7�� DQG 3DUU\�:� 7�� ����� +\GURWKHUPDO DOWHUDWLRQ DW WKH

5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� 8WDK� 7KHUPDO 3RZHU &R�

ZHOO8WDK6WDWH ������8QLYHUVLW\ RI8WDK�'HSDUWPHQW RI*HRORJ\

DQG *HRSK\VLFV 7RSLFDO 5HSRUW� QR� ,'2� ��������D� �� ���� �� S�

6DPSOH FROOHFWLRQ� SUHSDUDWLRQ� DQG DQDO\WLFDO SURFHGXUHV�

OLWKRORJLF GHVFULSWLRQV RI VDPSOHV IURP GULOO KROH ������ DOOXYLXP

OLWKRORJ\� OLWKRORJLF GHVFULSWLRQV RI LJQHRXV VDPSOHV ZLWK

HVWLPDWHV RI PLQHUDO FRPSRVLWLRQ� FKDQJHV LQ K\GURWKHUPDO

DOWHUDWLRQ ZLWK GHSWK� TXDUW]� .�IHOGVSDU� SODJLRFODVH� VSKHQH�

DSDWLWH� KRUQEOHQGH� DQG ELRWLWH DOWHUDWLRQ� YHLQOHW ILOOLQJV DQG FOD\

PLQHUDORJ\�

5266� +� 3�� ����� 1XPHULFDO PRGHOLQJ DQG LQWHUSUHWDWLRQ RI GLSROH�

GLSROH UHVLVWLYLW\ DQG ,3 SURILOHV &RYH )RUW�6XOSKXUGDOH .*5$�

8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 5HSRUW� QR� '2(�(7���������� �� S�

0DS VKRZLQJ ORFDWLRQ RI &RYH )RUW�6XOSKXUGDOH .*5$� WKH

DGMDFHQW JHRWKHUPDO UHVRXUFH DUHDV� DQG WKH GLYLVLRQV RI WKH +LJK

3ODWHDXV� JHQHUDO JHRORJ\ DQG SDVW JHRSK\VLFDO VXUYH\V� WDEOH

VKRZLQJ VXPPDU\ RI &RYH )RUW�6XOSKXUGDOH UHVLVWLYLW\ GDWD�

PHWKRGV XVHG WR LQWHUSUHW UHVLVWLYLW\ GDWD DQG SUREOHPV

HQFRXQWHUHG� PDS VKRZLQJ LQWHUSUHWHG UHVLVWLYLW\ VHFWLRQ DQG

REVHUYHG DSSDUHQW UHVLVWLYLW\� FRPSDULVRQ RI UHVLVWLYLW\ GLVWULEXWLRQ

ZLWK JHRORJLF GDWD� PDS RI LQWHUSUHWHG HOHFWULFDO UHVLVWLYLW\ �GHSWK

LQWHUYDO ����� IHHW DQG ��������� IHHW�� WDEOH VKRZLQJ LQWHUSUHWHG

HOHFWULFDO UHVLVWLYLWLHV IRU JHRORJLF XQLWV DW &RYH )RUW�6XOSKXUGDOH�

FRQFOXVLRQV� DSSHQGL[ VKRZLQJ UHVLVWLYLW\ GDWD VXPPDU\ IRU &RYH

)RUW�6XOSKXUGDOH�

5266� +� 3�� DQG 0RRUH� -� 1�� ����� *HRSK\VLFDO LQYHVWLJDWLRQV RI

WKH &RYH )RUW�6XOSKXUGDOH JHRWKHUPDO V\VWHP� 8WDK� *HRSK\VLFV�

Y� ��� QR� , �� S� ����������

*HRORJLF VHWWLQJ RI WKH &RYH )RUW�6XOSKXUGDOH WKHUPDO DQRPDO\�

ORFDO JHRORJLF KLVWRU\� SHWURORJ\� VWUDWLJUDSK\� VWUXFWXUH� DQG

PLQHUDO DQG URFN DOWHUDWLRQ� GHWDLOHG JHRORJLF PDSV RI WKH VWXG\

DUHD� UHVXOWV RI &RYH )RUW�6XOSKXUGDOH DQG 5RRVHYHOW +RW 6SULQJV

VHLVPLF� JUDYLW\� PDJQHWLF� WKHUPDO� DQG HOHFWULFDO UHVLVWLYLW\

VXUYH\V� IRXU WHVW ZHOOV GULOOHG LQ VWXG\ DUHD� WDEOH VKRZLQJ EDVLF

GDWD IRU IRXU &RYH )RUW�6XOSKXUGDOH WHVW ZHOOV� JHRWKHUPDO PXG

ORJ ZLWK GULOOLQJ UDWH� URFN GHQVLW\� PXG WHPSHUDWXUHV� OLWKRORJ\�

+�6 DQG &��� D GXDO LQMHFWLRQ VSKHULFDOO\ IRFXVHG ORJ ZLWK OLQHDU

FRUUHODWLRQ ORJ� DQG D FRPSHQVDWHG QHXWURQ�IRUPDWLRQ GHQVLW\ ORJ

ZLWK FDOLSHU DQG JDPPD UD\ REWDLQHG IURP WKUHH ZHOOV� GLVFXVVLRQ

RI ZHOO ORJ LQWHUSUHWDWLRQV� FRQFOXVLRQV RI VWXG\�

5266� +� 3�� 0RRUH� -� 1�� DQG &KULVWHQVHQ� �� '�� ����� 7KH &RYH

)RUW�6XOSKXUGDOH .*5$� D JHRORJLF DQG JHRSK\VLFDO FDVH VWXG\�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

5HSRUW� QR� '2(�,'�, �������� �� S�

,QWHJUDWHG VXPPDU\ DQG FXUUHQW LQWHUSUHWDWLRQ RI JHRORJ\�

JHRSK\VLFV� DQG JHRFKHPLVWU\ RI VWXG\ DUHD� JHQHUDO JHRORJ\

LQFOXGHV UHJLRQDO VWUDWLJUDSK\� VWUXFWXUH� DQG K\GURORJ\�

GLVWULEXWLRQ DQG FKHPLFDO FKDUDFWHULVWLFV RI K\GURWKHUPDOO\ DOWHUHG

URFNV� JHRSK\VLFDO VWXGLHV XVLQJ VHLVPLFLW\� JUDYLW\� PDJQHWLFV�

WKHUPDO GDWD� HOHFWULFDO UHVLVWLYLW\� DQG JHRSK\VLFDO ORJ

LQWHUSUHWDWLRQV� PDSV RI JUDYLW\ DQRPDOLHV� PDJQHWLF LQWHQVLWLHV�

JHRORJ\� DQG HOHFWULFDO UHVLVWLYLW\ VXUYH\V� JHRORJLF FURVV VHFWLRQV�

WHPSHUDWXUH�GHSWK SURILOHV�

5266� +� 3�� 1LHOVRQ� '� /�� DQG *OHQQ� :� (�� ����� 5RRVHYHOW +RW

6SULQJV� 8WDK JHRWKHUPDO UHVRXUFH� LQWHJUDWHG FDVH VWXG\ �DEV���

$PHULFDQ$VVRFLDWLRQ RI 3HWUROHXP*HRORJLVWV%XOOHWLQ� Y� ��� QR�

�� S� ����

/RFDWLRQ DQG GHYHORSPHQW RI 5RRVHYHOW +RW 6SULQJV� UHVHUYRLU

SDUDPHWHUV LQFOXGLQJ VWUXFWXUDO FRQWUROV� KRVW URFNV� KHDW IORZ� DQG

HOHFWULFDO UHVLVWLYLW\� WUDFH HOHPHQW JHRFKHPLVWU\� H[SORUDWLRQ

VWUDWHJLHV�

5266� +� 3�� 1LHOVRQ� '� /�� DQG 0RRUH� -� 1�� ����� 5RRVHYHOW +RW

6SULQJV JHRWKHUPDO V\VWHP� 8WDK � FDVH VWXG\� $PHULFDQ

$VVRFLDWLRQ RI 3HWUROHXP*HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� ����

����

5HJLRQDO DQG ORFDO JHRORJ\� GHVFULSWLRQ RI K\GURWKHUPDO V\VWHP

LQFOXGLQJ IOXLG FKHPLVWU\� K\GURWKHUPDO DOWHUDWLRQ� DQG IORZ WHVWV�

XVH RI HOHFWULFDO� WKHUPDO� VHLVPLF� JUDYLW\� DQG PDJQHWLF GDWD IRU

H[SORUDWLRQ RI WKH JHRWKHUPDO V\VWHP� UHWURVSHFWLYH H[SORUDWLRQ

VWUDWHJ\�

52:$1� /� &�� 3RGZ\VRNL� 0� +�� DQG 2IILHOG� 7� :�� �����

$QDO\VLV RI OLQHDPHQWV LQ WKH *UHDW %DVLQ� UHODWLRQVKLS WR

JHRWKHUPDO UHVRXUFHV� LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI

HQHUJ\ DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH

3URYLQFH� *HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S�

��������

52:/(<� 3� '�� ����� *HRORJLF PDS RI WKH 7KHUPR ��PLQXWH

TXDGUDQJOH� %HDYHU DQG ,URQ &RXQWLHV� 8WDK� 8�6� *HRORJLFDO

6XUYH\� *HRORJLFDO 4XDGUDQJOH 0DS *4������ VFDOH ���������

52:/(<� 3� '�� $QGHUVRQ� -� -�� DQG :LOOLDPV� 3� /�� ����� $

VXPPDU\ RI 7HUWLDU\ YROFDQLF VWUDWLJUDSK\ RI WKH VRXWKZHVWHUQ

+LJK 3ODWHDXV DQG DGMDFHQW *UHDW %DVLQ� 8WDK� 8� 6� *HRORJLFDO

6XUYH\ %XOOHWLQ �����%� �� S�

52:/(<� 3� '�� &XQQLQJKDP� &� *�� DQG .DSODQ� $� 0�� �����

*HRORJLF PDS RI WKH 0RQURH 6( TXDGUDQJOH� 6HYLHU DQG 3LXWH

&RXQWLHV� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 0LVFHOODQHRXV )LHOG

6WXGLHV 0DS 0)������ VFDOH ���������

52:/(<� 3� '�� &XQQLQJKDP� &� *�� 6WHYHQ� U� $�� 0HKQHUW� +� +��

DQG 1DHVHU� &� :�� ����� *HRORJLF PDS RI WKH $QWHORSH 5DQJH



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

TXDGUDQJOH� 6HYLHU DQG 3LXWH &RXQWLHV� 8WDK�8WDK*HRORJLFDO DQG

0LQHUDO 6XUYH\ 2SHQ)LOH 5HSRUW� QR� ��� �� S�� VFDOH ���������

52:/(<� 3� '�� DQG /LSPDQ� 3� :�� ����� *HRORJLFDO VHWWLQJ RI WKH

7KHUPR .*5$ �NQRZQ JHRWKHUPDO UHVRXUFH DUHD�� %HDYHU

&RXQW\� 8WDK �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV

ZLWK 3URJUDPV� Y� �� QR� �� S� �����

*HQHUDO JHRORJLF VHWWLQJ LQFOXGLQJ VWUXFWXUH� UHFHQW YROFDQLF

KLVWRU\� DQG VXUIDFH DOWHUDWLRQ�

52:/(<� 3� '�� /LSPDQ� 3�:�� 0HKQHUW� +� +�� /LQGVH\� '� $�� DQG

$QGHUVRQ� -� -�� ����� %OXH 5LEERQ OLQHDPHQW� DQ HDVW�WUHQGLQJ

VWUXFWXUDO ]RQH ZLWKLQ WKH 3LRFKH PLQHUDO EHOW RI VRXWKZHVWHUQ

8WDK DQG HDVWHUQ 1HYDGD� 8�6� *HRORJLFDO 6XUYH\ -RXUQDO RI

5HVHDUFK� Y� �� QR� �� S� ��������

52:/(<� 3� '�� 6WHYHQ� 7� $�� $QGHUVRQ� -� -�� DQG &XQQLQJKDP� &�

*�� ����� &HQR]RLF VWUDWLJUDSKLF DQG VWUXFWXUDO IUDPHZRUN RI

VRXWKZHVWHUQ 8WDK� 8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU

����� �� S�

52:/(<� 3� '�� 6WHYHQ� 7� $�� DQG .DSODQ� $� 0�� ����� *HRORJLF

PDS RI WKH 0RQURH 1( TXDGUDQJOH� 6HYLHU &RXQW\� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 0LVFHOODQHRXV )LHOG 6WXGLHV 0DS 0)������

VFDOH ���������

52:/(<� 3� '�� 6WHYHQ� 7� $�� DQG 0HKQHUW� +� +�� ����� 3OLRFHQH

UK\ROLWH LQ WKH 6HYLHU 3ODWHDX� 8WDK �DEV��� LQ *HRORJLFDO 6XUYH\

UHVHDUFK ����� 8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU �����

S� ���

52:/(<� 3� '�� 6WHYHQ� 7� $�� DQG0HKQHUW� +� +�� ����� 2ULJLQ DQG

VWUXFWXUDO LPSOLFDWLRQV RI 3OLRFHQH DQG XSSHU 0LRFHQH UK\ROLWH LQ

.LQJVWRQ &DQ\RQ� 3LXWH &RXQW\� 8WDK� *HRORJLFDO 6RFLHW\ RI

$PHULFD %XOOHWLQ� Y� ��� QR� �� S� ��������

52;/2� .� 6�� ����� 8UDQLXP JHRFKHPLVWU\ RI WKH 5RRVHYHOW +RW

6SULQJV WKHUPDO DUHD� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

*HQHUDO JHRORJ\ RI VWXG\ DUHD� WDEOH VKRZLQJ WUHQGV RI PDJPDWLF

GLIIHUHQWLDWLRQ RI WKH0LQHUDO0RXQWDLQV SOXWRQ� VKDOORZGULOO KROH

OLWKRORJLF ORJV IURP WKUHH KROHV� K\GURWKHUPDO DOWHUDWLRQ

FKDUDFWHULVWLFV RI DUHD� PHWKRGV RI XUDQLXP DQDO\VLV� XUDQLXP

RFFXUUHQFH LQ URFNV� WDEOH VKRZLQJ IOXRULPHWULFDOO\ GHWHUPLQHG

XUDQLXP YDOXHV RI ZHOO OLWKRORJLHV DV D IXQFWLRQ RI GHSWK�

VWDWLVWLFDO FRUUHODWLRQV� ZDWHU FKHPLVWU\� WHPSHUDWXUH DQG SUHVVXUH

UHJLPHV� WDEOHV VKRZLQJXUDQLXPFRQFHQWUDWLRQ LQZDWHU� HVWLPDWHV

RI WKHUPRG\QDPLF SURSHUWLHV RI GLVVROYHG XUDQLXP VSHFLHV DQG

PLQHUDOV� WDEOH VKRZLQJ KHDW FDSDFLWLHV IRU XUDQLXP DQG RWKHU

VROXWLRQ VSHFLHV RYHU YDULRXV WHPSHUDWXUH UDQJHV� DFWLYLW\ RI XUDQL�

XP VROXWLRQ VSHFLHV DQG PLQHUDOV� FRIILQLWH DQG QDDXWXQLWH

VROXELOLW\ LQ WKH 5RRVHYHOW DUHD� ]HUR SRLQW RI FKDUJH DQG

DGVRUSWLRQ� FRQFOXVLRQV�

58',6,//� -� 0�� ����� &DVH KLVWRU\� WKH FRPSOHWLRQ RI D VKDOORZ�

RYHU�SUHVVXUHG JHRWKHUPDO ZHOO� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� VHF� �� S� ��������

586&(77$�&�$�� HG�� ����� *HRWKHUPDO GLUHFW KHDW SURJUDP� URXQG

XS WHFKQLFDO FRQIHUHQFH SURFHHGLQJV� YROXPH ��� %LEOLRJUDSK\ RI

SXEOLFDWLRQV� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK

5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'���������� S� ���

586+� )� (�� ����� 6XEVXUIDFH�WHPSHUDWXUH GDWD IRU VRPH ZHOOV LQ

ZHVWHUQ 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW �������

�� S�

586+� )� (�� ����� 5HFRQQDLVVDQFH RI WKH K\GURWKHUPDO UHVRXUFHV RI

8WDK� 8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU �����+� S� +,�

+���

3XUSRVH DQG VFRSH RI VWXG\� LQGH[ PDS RI 8WDK GHOLQHDWLQJ

SURVSHFWLYH JHRWKHUPDO ODQG� JHRORJLF VHWWLQJ RI 8WDK� UHJLRQDO

K\GURORJ\� KHDW IORZ� DQG UHODWLRQ RI WKHUPDO ZDWHUV WR

K\GURJHRORJLF IUDPHZRUN� HTXDWLRQ IRU FRPSXWLQJ FRQGXFWLYH

KHDW IORZ� GLVWULEXWLRQ RI WKHUPDO ZDWHUV� WDEOH RI HVWLPDWHG

UHVHUYRLU WHPSHUDWXUHV GHULYHG IURP JHRWKHUPRPHWHU IRUPXODV�

JHRORJ\ RI5RRVHYHOW DUHD DQG WKHUPDO VSULQJ FKDUDFWHULVWLFV� ORFD�

WLRQ DQG JHRORJ\ RI 7KHUPR +RW 6SULQJV DUHD� PDSV VKRZLQJ

DXGLRPDJQHWRWHOOXULF FRQILJXUDWLRQ� WHPSHUDWXUH DW GHSWK� DQG

YHJHWDWLRQ GLVWULEXWLRQ IRU 7KHUPR+RW 6SULQJV� ORFDWLRQ� JHRORJ\�

DQG HVWLPDWHG KHDW IORZ LQ WKH(VFDODQWH'HVHUW� FKHPLFDO DQDO\VHV

RI WKHUPDOZDWHUV QHDU1HZFDVWOH�0RQURH� -RVHSK� DQG&UDWHU+RW

6SULQJV .*5$6� JHRWKHUPDO SRWHQWLDO QHDU 6DOW /DNH &LW\�

586+� )� (�� +DUW� ,� 0�� :KLWILHOG� 0� 6�� *LOHV� 7� )�� DQG

'
(SDJQLHU� 7� (�� ����� 5HVXOWV RI K\GUDXOLF WHVWV LQ ZHOOV '2(�

�� �� �� 6DOW 9DOOH\� *UDQG &RXQW\� 8WDK� 8�6� *HRORJLFDO 6XUYH\

2SHQ�)LOH 5HSRUW ������� �� S�

6$0%(5*� 6� 0�� ����� *HRORJLF IUDPHZRUN RI WKH 0RQURH�5HG

+LOO JHRWKHUPDO V\VWHP� 8WDK� LQ 1LHOVRQ� '� /�� HG�� *HRWKHUPDO

V\VWHPV LQ FHQWUDO 8WDK� *HRWKHUPDO 5HVRXUFHV &RXQFLO $QQXDO

0HHWLQJ� 6DOW /DNH &LW\� 8WDK� *XLGHERRN WR )LHOG 7ULS� QR� �� S�

����

*HRORJLF PRGHO RI 0RQURH�5HG +LOO UHVRXUFH DUHD� YROFDQLF

JHRORJ\� VWUXFWXUDO VHWWLQJ� GHVFULSWLRQ RI VSULQJ GHSRVLWV�

WHPSHUDWXUH RI WKHUPDO ZDWHUV� WDEOH RI ZDWHU DQDO\VHV�

6$00(/� (� $�� ����� 2FFXUUHQFH RI ORZ�WHPSHUDWXUH JHRWKHUPDO

ZDWHUV LQ WKH 8QLWHG 6WDWHV� LQ 0XIIOHU� /� -� 3�� HG�� $VVHVVPHQW

RI JHRWKHUPDO UHVRXUFHV RI WKH 8QLWHG 6WDWHV������ 8�6�

*HRORJLFDO 6XUYH\ &LUFXODU ���� S� �������

,QIRUPDWLRQ RQ ORZ�WHPSHUDWXUH �OHVV WKDQ �� GHJUHHV &�

JHRWKHUPDO ZDWHUV DW GHSWKV OHVV WKDQ � NP� GLVFXVVHV RFFXUUHQFHV

LQ ZHVWHUQ� FHQWUDO� DQG HDVWHUQ 8QLWHG 6WDWHV� GHILQHV

WHPSHUDWXUHV RI WKHUPDO VSULQJV� WDEOH RI DUHDV RI ORZ�WHPSHUDWXUH

JHRWKHUPDO ZDWHU SRWHQWLDO �HLJKW DUHDV LQ 8WDK�� PDS RI WKH

8QLWHG 6WDWHV VKRZLQJ K\GURWKHUPDO FRQYHFWLRQ V\VWHPV� LJQHRXV

V\VWHPV� ORZ�WHPSHUDWXUH JHRWKHUPDO ZDWHUV� DQG UHJLRQDO KHDW

IORZ�

6$1'%(5*� 6� .�� ����� &RQWUROOHG�VRXUFH DXGLRPDJQHWRWHOOXULFV

LQ JHRWKHUPDO H[SORUDWLRQ� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

6$1'48,67� *� 0�� 5RJHUV� 9� &�� DQG %HWWV� -� )�� �����

3URVSHFWLYH QXFOHDU�VWLPXODWHG JHRWKHUPDO UHVRXUFHV LQ 8WDK�

$PHULFDQ 1XFOHDU 6RFLHW\� 7UDQVDFWLRQV� Y� ��� QR� �� S� ��������

6$5*(17� .� $�� DQG +DQVHQ� '� (�� ����� *HQHUDO JHRORJ\ DQG

PLQHUDO UHVRXUFHV RI WKH FRDO DUHD RI VRXWK�FHQWUDO 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� ��� S�

6$66� -� +�� %ODFNZHOO� '� '�� &KDSPDQ� '� 6�� &RVWDLQ� -� .��

'HFNHU� (� 5�� /DZYHU� /� $�� DQG 6ZDQEHUJ� &� $�� ����� +HDW

IORZ IURP WKH FUXVW RI WKH 8QLWHG 6WDWHV� FKDS� �� RI 7RXORXNLDQ�

<� 6�� -XGG� :� 5�� DQG 5R\� 5� )�� HGV�� 3K\VLFDO SURSHUWLHV RI

URFNV DQG PLQHUDOV� 1HZ <RUN� 0F*UDZ�+LOO� S� ��������

6$66� -� +�� 'LPHQW� :� +�� /DFKHQEUXFK� $� +�� 0DUVKDOO� %� 9��

0XQURH� 5� -�� 0RVHV� 7� +�� -U�� DQG 8UEDQ� 7� &�� ����� $ QHZ

KHDW�IORZ FRQWRXU PDS RI WKH FRQWHUPLQRXV 8QLWHG 6WDWHV� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S

6$66� -� +�� DQG /DFKHQEUXFK� $� +�� ����� +HDW IORZ DQG

FRQGXFWLRQ�GRPLQDWHG WKHUPDO UHJLPHV� LQ 0XIIOHU� /� -� 3�� HG��

$VVHVVPHQW RI JHRWKHUPDO UHVRXUFHV RI WKH 8QLWHG 6WDWHV������

8�6� *HRORJLFDO 6XUYH\ &LUFXODU ���� S� ��� ��

8SGDWHV8�6�*HRORJLFDO 6XUYH\&LUFXODU ��� ������� XSGDWHV KHDW

IORZ LQIRUPDWLRQ� KHDW IORZ PDSV RI WKH 8QLWHG 6WDWHV� SXEOLVKHG

VRXUFHV IRU KHDW IORZ PDSV�

6$66� -� +�� /DFKHQEUXFK� $� +�� 0XQURH� 5� -�� *UHHQH� *� :�� DQG

0RVHV� 7� +�� -U�� ����� +HDW IORZ LQ WKH ZHVWHUQ 8QLWHG 6WDWHV�

-RXUQDO RI *HRSK\VLFDO 5HVHDUFK� Y� ��� QR� ��� S� ����������

6$66� -� +�� /DFKHQEUXFK� $� +�� DQG 6PLWK� (� 3�� ����D�

7HPSHUDWXUH SURILOHV IURP6DOW 9DOOH\�8WDK� WKHUPDO FRQGXFWLYLW\

RI �� VDPSOHV IURP GULOO KROH '2( �� DQG SUHOLPLQDU\ HVWLPDWHV RI

KHDW IORZ� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� ��

S�

7HPSHUDWXUH SURILOHV IURP QLQH ZHOOV� WKHUPDO FRQGXFWLYLW\

PHDVXUHPHQWV IURP WHQ VDPSOHV UHSUHVHQWDWLYH RI IRUPDWLRQV LQ

DUHD� SUHOLPLQDU\ HVWLPDWHV RI KHDW IORZ REWDLQHG IURP RLO ZHOOV LQ

DUHD� WHPSHUDWXUH�GHSWK SURILOHV� WDEOH RI WKHUPDO FRQGXFWLYLW\ RI

VDPSOHV�

6$66� -� +�� /DFKHQEUXFK� $� +�� DQG 6PLWK� (� 3�� ����E� 7KHUPDO

GDWD IURP ZHOO *'��� *LEVRQ 'RPH� 3DUDGR[ 9DOOH\� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

7HPSHUDWXUH GDWD REWDLQHG IURP ZHOO *'�� WR D GHSWK RI ����

PHWHUV� WKHUPDO FRQGXFWLYLW\ RI VDPSOHV RI PDMRU IRUPDWLRQV LQ

VWXG\ DUHD� KHDW IORZ HVWLPDWHV IRU LQGLYLGXDO IRUPDWLRQV� WDEOHV RI

WKHUPDO FRQGXFWLYLWLHV RI VDPSOHV� WHPSHUDWXUH SURILOH� KHDW IORZ

FDOFXODWLRQV�

6$66� -� +�� DQG 0XQURH� 5� -�� ����� %DVLF KHDW�IORZ GDWD IURP WKH

8QLWHG 6WDWHV� 8�6� *HRORJLFDO 6XUYH\ 2SHQ)LOH 5HSRUW ����� ���

S�

6$9,12� -� 0�� 5RGL� :� /�� DQG 0DVVR� -� )�� ����� ,QYHUVLRQ

PRGHOLQJ RI PXOWLSOH JHRSK\VLFDO GDWD VHWV IRU JHRWKHUPDO

H[SORUDWLRQ� DSSOLFDWLRQ WR 5RRVHYHOW +RW 6SULQJV DUHD � ILQDO

UHSRUW� 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR�

'2(�,'� � �������� ��� S�

7KHRUHWLFDO EDVLV IRUPRGHOLQJ DUULYDO WLPHV RI HDUWKTXDNH3ZDYHV

DW VHLVPLF VWDWLRQV� GDWD VHWV RI ORFDO HDUWKTXDNH DUULYDO WLPHV�

JUDYLW\ GDWD� WKUHH�GLPHQVLRQDO LQYHUVLRQ PRGHO REWDLQHG IURP

MRLQW LQYHUVLRQ RI VHLVPLF DQG JUDYLW\ GDWD� ILJXUHV VKRZLQJ OD\HUV

LQ LQYHUVLRQ PRGHO� FRPSDULVRQ RI REVHUYHG DQG SUHGLFWHG JUDYLW\

IURP LQYHUVLRQ PRGHO�

6$:<(5� 5� )�� ����� *UDYLW\ DQG JURXQG PDJQHWLF VXUYH\V RI WKH

7KHUPR +RW 6SULQJV .*5$ 5HJLRQ� %HDYHU &RXQW\� 8WDK� 6DOW

/DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV�

��� S�

6HH 6DZ\HU DQG &RRN �������

6$:<(5�5� )�� DQG&RRN�.� /�� ����� *UDYLW\ DQG JURXQGPDJQHWLF

VXUYH\V RI WKH 7KHUPR+RW 6SULQJV .*5$ UHJLRQ %HDYHU &RXQW\�

8WDK� 8QLYHUVLW\ RI8WDK� 'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV

7HFKQLFDO 5HSRUW� Y� ����� �� S�

3XUSRVH RI JUDYLW\ DQG PDJQHWLF VXUYH\V� JHRORJ\ RI DUHD� JUDYLW\

DQGPDJQHWLF GDWD DFTXLVLWLRQ� UHGXFWLRQ� DQG LQWHUSUHWDWLRQ�PDSV

RI GHWDLOHG JUDYLW\ DQGPDJQHWLFV� WKUHH�GLPHQVLRQDO PRGHOV IURP

JUDYLW\ DQG PDJQHWLF GDWD� JUDYLW\ DQG PDJQHWLF SURILOHV�

6&+$))� 6� &�� ����� 6HLVPLF PRQLWRULQJ DQG SRWHQWLDO IRU LQGXFHG

VHLVPLFLW\ DW 5RRVHYHOW +RW 6SULQJV� 8WDK DQG 5DIW 5LYHU� ,GDKR

�DEV��� LQ 6HLVPRORJLFDO 6RFLHW\ RI $PHULFD� ��WK DQQXDO PHHWLQJ�

(DUWKTXDNH 1RWHV Y� ��� QR� �� S� ���

0RQLWRULQJ RI SURGXFWLRQ DFWLYLW\ DW 5RRVHYHOW DQG 5DIW 5LYHU

.*5$V �EHIRUH DQG DIWHU GHYHORSPHQW RI SRZHU SODQWV� WKURXJK

WKH XVH RI VHLVPRJUDSK DUUD\V� HYDOXDWHV HIIHFW RI UHLQMHFWLRQ RI

ZDVWH ZDWHU SURGXFHG DW SRZHU SODQWV RQ HDUWKTXDNH SRWHQWLDO�

6&+02.(5� -�:�� �����$QDO\VLV RI JUDYLW\ DQG DHURPDJQHWLF GDWD�

6DQ )UDQFLVFR 0RXQWDLQV DQG YLFLQLW\� VRXWKZHVWHUQ 8WDK� 8WDK

*HRORJLFDO DQG 0LQHUDO 6XUYH\ %XOOHWLQ ��� �� S�

6&+2/=�&�+�� %DUD]DQJL�0�� DQG 6EDU�0� /�� ����� /DWH &HQR]RLF

HYROXWLRQ RI WKH *UHDW %DVLQ� ZHVWHUQ 8QLWHG 6WDWHV� DV DQ HQVDLOLF

LQWHUDUF EDVLQ� *HRORJLFDO 6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ��� QR�

, �� S� ����������

6&+8%(57� *HUDOG� DQG $QGHUVRQ� �� /�� ����� 7KH HDUWK
V WKHUPDO

JUDGLHQW� 3K\VLFV 7RGD\� Y� ��� QR� �� S� ������

6&+8)/(� -� $�� ����� 0LQHUDOV DQG HQHUJ\ VRXUFHV LQ WKH DQG ZHVW�

WKH FKDOOHQJH RI DQG ODQGV LQ WKH 8QLWHG 6WDWHV� LQ +RGJH� &�� HG��

$ULGLW\ DQG PDQ� $PHULFDQ $VVRFLDWLRQ IRU WKH $GYDQFHPHQW RI

6FLHQFH 3XEOLFDWLRQ ��� S� ��������

6(,60,& (;3/25$7,21 ,1&25325$7('� ����� *HWW\ 2LO

&RPSDQ\ VXUIDFH JHRSK\VLFDO VXUYH\V� 5RRVHYHOW +RW 6SULQJV�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

2SHQ�)LOH 5HSRUW� QR� 87�5+6�*2&����� XQSDJLQDWHG�

)LIWHHQ DQG WKUHH TXDUWHU VTXDUH PLOHV JURXQG PRWLRQ VXUYH\�

FRPSXWHU DQDO\VLV RI WKH ILYH VWDWLRQV� VHLVPLF HPLVVLRQV VWXG\�

PDSV RI VHLVPLF HPLVVLRQ DQRPDOLHV DW VHLVPLF VWDWLRQV�

6(/.� '� &�� ����� &UXVWDO DQG XSSHU�PDQWOH VWUXFWXUHV LQ 8WDK DV

GHWHUPLQHG E\ JUDYLW\ SURILOHV� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHU WKHVLV� �� S�

6(17(5),7� 5� 0�� DQG %HGLQJHU� *� 0�� ����� $XGLR�

PDJQHWRWHOOXULF GDWD ORJ� VWDWLRQ ORFDWLRQ PDS DQG VNLQ GHSWK

SVHXGR�VHFWLRQV� &UDWHU +RW 6SULQJV NQRZQ JHRWKHUPDO UHVRXUFH

DUHD� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� � S�

6(53$� /� )�� ����� 'HWDLOHG JUDYLW\ DQG DHURPDJQHWLF VXUYH\V LQ WKH

%ODFN 5RFN 'HVHUW DUHD� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

6(53$� /� )�� DQG &RRN� .� /�� ����� 'HWDLOHG JUDYLW\ DQG

DHURPDJQHWLF VXUYH\V LQ WKH %ODFN 5RFN 'HVHUW DUHD� 8WDK �DEV���

6RFLHW\ RI ([SORUDWLRQ *HRSK\VLFLVWV� $QQXDO ,QWHUQDWLRQDO

0HHWLQJ� $EVWUDFWV ��� S� �������� DOVR� ����� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

,'2�'2(�(7���������� ��� S�

6+$1121� 6� 6�� -U�� *RII� )�� 5RZOH\� -� &�� 3HWWLWW� 5� $�� DQG

9XDWD]� )� '�� ����� 5RRVHYHOW +RW 6SULQJV�KRW GU\ URFN SURVSHFW

DQG HYDOXDWLRQ RI WKH $FRUG ���� ZHOO� *HRWKHUPDO 5HVRXUFHV

&RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

/RFDWLRQ RI 5RRVHYHOW +RW 6SULQJV .*5$� JHRORJ\ DQG 7HUWLDU\

YROFDQLF KLVWRU\� WHPSHUDWXUH DQG WKHUPDO JUDGLHQW UDQJHV�

FRQGXFWLYH KHDW DQG UHVHUYRLU YROXPH HVWLPDWHV� JHRSK\VLFDO DQG

JHRORJLF VLPLODULWLHV RI RWKHU %DVLQ DQG 5DQJH SURVSHFWV WR

5RRVHYHOW +RW 6SULQJV� GULOOLQJ KLVWRU\ RI $FRUG ���� ZHOO� ZHOO

ORJ LQIRUPDWLRQ� DYHUDJH WHPSHUDWXUH JUDGLHQWV DQG FDOFXODWHG KHDW

IORZ RI $FRUG ���� ZHOO� LQWHUSUHWDWLRQV RI EDVHPHQW VWUXFWXUHV

IURP WKUHH VHLVPLF OLQHV� VXJJHVWLRQV IRU UHORFDWLQJ KRW GU\ URFN

ZHOOV� FKHPLVWU\ RI VKDOORZ DTXLIHUV DQG GHHS K\GURWKHUPDO

V\VWHPV� SURGXFWLRQ FDSDFLWLHV RI DTXLIHUV�

6+$1121� 6� 6�� -U�� 3HWWLWW� 5�� 5RZOH\� -�� *RII� )�� 0DWKHZV� 0��

DQG -DFREVRQ� -� -�� ����� $FRUG , � �� KRW� GU\ ZHOO� 5RRVHYHOW

+RW 6SULQJV KRW GU\ URFN SURVSHFW� 8WDK� /RV $ODPRV 1DWLRQDO

/DERUDWRU\ 5HSRUW /$������+'5� �� S�

6HH 6KDQQRQ� *RII� DQG RWKHUV �������

6+$:(� '� 5�� ����� 5HFRQQDLVVDQFH JHRORJ\ DQG PLQHUDO SRWHQWLDO

RI 7KRPDV� .HJ� DQG 'HVHUW FDOGHUDV� FHQWUDO -XDE &RXQW\� 8WDK�

8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU ����%� S� %���%���

6+,5/(<� .DWK\� ����� 8WDK SULVRQ WXUQV WR JHRWKHUPDO� $PHULFDQ

$VVRFLDWLRQ RI 3HWUROHXP *HRORJLVWV ([SORUHU� Y� �� QR� ��� S� ���

���

6,%%(77� %� 6�� DQG 1LHOVRQ� '� /�� ����� *HRORJ\ RI WKH FHQWUDO

0LQHUDO 0RXQWDLQV� %HDYHU &RXQW\� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� �� S�

6,'/(� :� &�� ����� &DUERQ PRQR[LGH DV D JHRWKHUPDO LQGLFDWRU DW

0HDGRZ�+DWWRQ.*5$�ZHVW�FHQWUDO8WDK�*HRWKHUPDO5HVRXUFHV

&RXQFLO %XOOHWLQ� Y� ��� QR� �� S� ������

8VH RI VRLO�JDV PHDVXUHPHQWV IRU JHRWKHUPDO H[SORUDWLRQ� UHFHQW

YROFDQLVP LQ WKH VWXG\ DUHD� ORFDO JHRORJLF VWUXFWXUH DQG ZDUP

VSULQJ RFFXUUHQFHV� JHRORJLF PDS RI VDPSOH DUHD� PDS RI

SRWHQWLRPHWULF VXUIDFH LQFOXGLQJ IORZ SDWKV RI VHPL�FRQILQHG

DTXLIHU RI VDPSOH DUHD� JURXQG�ZDWHU SDWWHUQV DQG VXEPHUJHG

VWUXFWXUHV� RYHU ��� VRLO�JDV VDPSOHV FROOHFWHG DW DQ ��� PHWHU

VSDFLQJ QHDU )LOOPRUH� 8WDK� HTXLSPHQW DQG DQDO\WLFDO WHFKQLTXHV

XVHG� &2 DQG &�� DQRPDOLHV DQG WKHLU GLVWULEXWLRQV� GLIIHUHQFHV

EHWZHHQ WKH &2 DQG &�� DQRPDOLHV� UHODWLRQVKLS RI JHRFKHPLFDO

DQRPDOLHV WR JURXQG�ZDWHU SDWWHUQV� FRQFOXVLRQV�

6,))25'� $OH[� ����� /HJDO WUHDWPHQW RI JHRWKHUPDO UHVRXUFHV LQ

%3$ PDUNHWLQJ DUHD VWDWHV� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� S� ��������

6,//� :� 5�� ����� ([WHQGHG VHOI�SRWHQWLDO VXUYH\� 5RRVHYHOW +RW

6SULQJV .*5$� 8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH 5HSRUW� QR� 87�5+6�(6/��� �

S�

8SGDWHV DQG H[WHQGV VHOI�SRWHQWLDO VXUYH\ PDS RI 6LOO DQG -RKQJ

������� UHVLVWLYLW\ DQG JHRORJ\ RI 5RRVHYHOW +RW 6SULQJV� PDSV RI

VHOI�SRWHQWLDO DQG ORFDWLRQV RI VHOI SRWHQWLDO VXUYH\ OLQHV�

6,//�:�5�� ����� 'LIIXVLRQ FRXSOHG �HOHFWURFKHPLFDO� VHOI�SRWHQWLDO

HIIHFWV LQ JHRWKHUPDO DUHDV� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\

RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'���������� �� S�

3UHYLRXV VWXGLHV RI VHOI�SRWHQWLDO DQRPDOLHV DFURVV JHRWKHUPDO

V\VWHPV� VFRSH RI SDSHU� HIIHFWLYHPRELOLWLHV RI FDWLRQV DQG DQLRQV

LQ HOHFWURO\WLF VROXWLRQV� PDWKHPDWLFDO FDOFXODWLRQV GHVFULELQJ

HOHFWURFKHPLFDO FRQFHQWUDWLRQV� HTXDWLRQV XVHG WR GHVFULEH IOX[ RI

VROXWH LRQV DQG WRWDO HOHFWULF FXUUHQW� SXUH DPELSRODU GLIIXVLRQ

HTXDWLRQV DQG SRWHQWLDO JUDGLHQW HTXDWLRQ� HTXDWLRQV GHVFULELQJ

HOHFWULFDO HIIHFWV JHQHUDWHG E\ WKH GLIIXVLRQ RI LRQV DQG WKH GL�

YHUJHQFH FRQGLWLRQV� DSSOLFDWLRQ RI PDWKHPDWLFDO FDOFXODWLRQV WR

QRQ�OLQHDU JHRWKHUPDO SUREOHPV� UDQJHV RI GLIIXVLRQ SRWHQWLDO RI

�� URFN VDPSOHV� HTXDWLRQV UHODWLQJ SHUPHDELOLW\ DQG SRUH VL]H WR

VXUIDFH FRQGXFWLYLW\� HOHFWULFDO FRQGXFWLYLW\ PHDVXUHPHQWV DW

5RRVHYHOW +RW 6SULQJV� UHVXOWV RI PDWKHPDWLFDO PRGHOLQJ DW

5RRVHYHOW�

6,//� :� 5�� DQG %RGHOO� -�� ����� 7KHUPDO JUDGLHQWV DQG KHDW IORZ DW

5RRVHYHOW +RW 6SULQJV� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI

*HRORJ\ DQG *HRSK\VLFV 5HSRUW� QR� ����� �� S�

7HPSHUDWXUH SURILOHV DQG FRQWRXU PDSV RI WKHUPDO JUDGLHQWV�

6,//� :� 5�� %RVWLFN� )� ;�� +RKPDQQ� *� :�� 3HWULFN� :�� 3KLOOLSV�

5� -�� 6WRGW� -�� 6ZLIW� &� 0�� -U�� 7ULSS� $�� DQG :DUG� 6� +�� �����

5HVLVWLYLW\ VWUXFWXUH LQ VRXWKZHVWHUQ 8WDK EDVHG RQ



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

PDJQHWRWHOOXULF DQG GHHS UHVLVWLYLW\ PHDVXUHPHQWV �DEV���

*HRSK\VLFV� Y� ��� QR� �� S� �����

6,//� :� 5�� &KDSPDQ� '� 6�� :LOVRQ� :�� DQG %RGHOO� -�� �����

7KHUPDO JUDGLHQWV DQG KHDW IORZ DW 5RRVHYHOW+RW 6SULQJV.*5$�

*HRSK\VLFV� Y� ��� QR� �� S� �����

0HDVXUHPHQW RI WKHUPDO JUDGLHQWV IURP �� VKDOORZ GULOO KROHV�

UHVXOWLQJ FRQWRXU PDS� PHDVXUHPHQWV RI WKHUPDO FRQGXFWLYLW\

REWDLQHG IURP DOOXYLXP�

6,//�:� 5�� DQG -RKQJ� '� 6�� ����� 6HOI�SRWHQWLDO VXUYH\� 5RRVHYHOW

+RW 6SULQJV� 8WDK� 8QLYHUVLW\ RI8WDK'HSDUWPHQW RI*HRORJ\ DQG

*HRSK\VLFV 5HSRUW� QR� '2(�(7���������� �� S�

3RVVLEOH VRXUFH RI VHOI�SRWHQWLDO �63� DQRPDOLHV LQ JHRWKHUPDO

DUHDV� KLVWRU\ RI 63 VWXGLHV DW 5RRVHYHOW +RW 6SULQJV�

PHDVXUHPHQW SURFHGXUHV DQG UHVXOWV� JUDSK RI 63 SURILOH DQG

FRUUHODWLRQ WR WKH WKHUPDO V\VWHP� 63 FRQWRXU PDS RI 5RRVHYHOW

+RW 6SULQJV� EULHI DQDO\VLV RI WKH 63 SDWWHUQ DQG VSHFXODWLRQ RQ

VRXUFH�V� RI 63 DQRPDOLHV� DSSHQGL[ GLVFXVVLQJ HOHFWURNLQHWLF

FRXSOLQJ DQG WKHUPRHOHFWULF FRXSOLQJ�

6,//� :� 5�� DQG :DUG� 6� +�� ����� (OHFWULFDO HQHUJL]LQJ RI ZHOO

FDVLQJV� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG

*HRSK\VLFV )LQDO 5HSRUW� Y� ����� �� S�

6,//� :� 5�� :DUG� 6� +�� 3DUU\� :� 7�� 7ULSS� $�� DQG 6ZLIW� &� 0��

-U�� ����� (OHFWULFDO DQG JHRFKHPLFDO PRGHOV RI WKH QHDU�VXUIDFH

]RQH DW 5RRVHYHOW +RW 6SULQJV .*5$� 8WDK �DEV��� *HRSK\VLFV�

Y� ��� QR� �� S� ����

0RGHOLQJ RI GLSROH�GLSROH UHVLVWLYLW\ VXUYH\V DW 5RRVHYHOW +RW

6SULQJV� UHVXOWV RI PRGHO VWXGLHV� PHWKRGV XVHG WR GHWHUPLQH WKH

FRQWULEXWLRQ RI FOD\V WR HOHFWULFDO FRQGXFWLYLW\� UHODWLRQ RI

LQFUHDVHG UHVLVWLYLW\ WR D .�IHOGVSDU VWDEOH UHJLRQ�

6,//�:� 5��:LOVRQ� :� 5�� %RGHOO� -�� :DUG� 6� +�� DQG &KDSPDQ '�

6�� ����� +HDW IORZ PHDVXUHPHQWV LQ VRXWKHUQ 8WDK DQG WKH

QRUWKHUQ%DVLQ DQG5DQJH�&RORUDGR3ODWHDX WUDQVLWLRQ �DEV��� (26

7UDQVDFWLRQV� $PHULFDQ *HRSK\VLFDO 8QLRQ� Y� ��� QR� ��� S�

����������

6.$/.$� 0RUULV� ����� 7KH GLYLVLRQ RI JHRWKHUPDO HQHUJ\ �8�6�

'HSDUWPHQW RI (QHUJ\� GLUHFW KHDW DSSOLFDWLRQV SURJUDP�

*HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S� ��������

60('/(<� -� (�� 3HUD� (� 0�� DQG /XW]� *� $�� ����� /HDVDEOH

PLQHUDO DQG ZDWHUSRZHU ODQG FODVVLILFDWLRQ PDS RI WKH (VFDODQWH

TXDGUDQJOH� 8WDK�$UL]RQD� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH

5HSRUW ������� VFDOH ����������

60('/(<� -� (�� 3HUD� (� 0�� DQG /XW]� *� $�� ����� /HDVDEOH

PLQHUDO DQG ZDWHUSRZHU ODQG FODVVLILFDWLRQ PDS� 6DOLQD

TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ���

���� WZR VKHHWV� VFDOH ����������

60('/(<� -� (�� 3HUD� (� 0�� 6LPSVRQ� /� $�� DQG /XW]� *� $�� �����

/HDVDEOH PLQHUDO DQG ZDWHUSRZHU ODQG FODVVLILFDWLRQ PDS RI WKH

3ULFH TXDGUDQJOH� 8WDK� 8�6� *HRORJLFDO 6XUYH\2SHQ�)LOH 5HSRUW

������� VFDOH ����������

60,7+� &KULVWLDQ� ����� $HURPDJQHWLF PDSV RI &U\VWDO +RW 6SULQJV�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH�

VFDOH� ���������

0DS VKRZLQJ WKUHH�OD\HU SULVP PRGHO DHURPDJQHWLF GDWD IURP

&U\VWDO +RW 6SULQJV DUHD�PDS VKRZLQJ SULVPV DQG VXVFHSWLELOLWLHV

RI WZR ORZHVW OD\HUV� REVHUYHG DHURPDJQHWLF PDS RI &U\VWDO +RW

6SULQJV DUHD�

60,7+� *� (�� ����� 5RRVHYHOW +RW 6SULQJV JHRWKHUPDO ILQG�

*HRWKHUPDO (QHUJ\� Y� �� QR� �� S� ������

/RFDWLRQ RI WKH 5RRVHYHOW JHRWKHUPDO V\VWHP� VWHDP DQG ZDWHU

SURGXFWLRQ UDWH RI RQH ZHOO� RZQHUVKLS DQG GHYHORSPHQW RI DUHD�

KLVWRU\ DQG JHQHUDO JHRORJ\� ILHOG WULS SURJUDP VFKHGXOH� KLVWRU\

RI 3KLOOLSV 3HWUROHXP&RPSDQ\
V H[SORUDWLRQ HIIRUWV� VSHFXODWLRQV

RQ JHRWKHUPDO SRWHQWLDO RI VRXWKHUQ 8WDK�

60,7+� -� +�� ����� *HRWKHUPDO HQHUJ\� 8QLWHG 1DWLRQV 6\PSRVLXP

RQ 1HZ 6RXUFHV RI (QHUJ\� 5RPH� ,WDO\� ����� Y� �� S� ������

60,7+� -� /�� ,VVHWKDUGW� &� )�� DQG 0DWOLFN� -� 6�� ����� 6XPPDU\ RI

���� JHRWKHUPDO GULOOLQJ� ZHVWHUQ 8QLWHG 6WDWHV� *HRWKHUPDO

(QHUJ\� Y� �� QR� �� S� ������

60,7+� -� /�� ,VVHOKDUGW� &� )�� 0DWOLFN� -� 6�� DQG 'DUZLQ� .� /��

����� 6XPPDU\ RI ���� JHRWKHUPDO GULOOLQJ� ZHVWHUQ 8QLWHG

6WDWHV� LQ *HRWKHUPDO ZRUOG GLUHFWRU\� ������� HGLWLRQ�

*HRWKHUPDO :RUOG 3XEOLFDWLRQV� S� �������� DOVR� *HRWKHUPDO

(QHUJ\� Y� �� QR� �� S� �����

60,7+� -� /�� DQG 0DWOLFN� -� 6�� ����� 6XPPDU\ RI ���� JHRWKHUPDO

GULOOLQJ� ZHVWHUQ 8QLWHG 6WDWHV� *HRWKHUPDO (QHUJ\� Y� �� QR� �� S�

������

60,7+� -� /�� 0DWOLFN� -� 6�� DQG (KQL� :� -�� ����� 6XPPDU\ RI ����

JHRWKHUPDO GULOOLQJ� ZHVWHUQ8QLWHG 6WDWHV�*HRWKHUPDO (QHUJ\� Y�

�� QR� �� S� �����

60,7+� -� /�� 0DWOLFN� -� 6�� DQG ,VVHOKDUGW� &� )�� ����� 6XPPDU\ RI

WKH ���� JHRWKHUPDO GULOOLQJ� ZHVWHUQ 8QLWHG 6WDWHV� *HRWKHUPDO

(QHUJ\� Y� �� QR� �� S� ������

60,7+� /HVOLH� DQG &KDSPDQ� '� 6�� ����� 7KH HIIHFWV RI UHJLRQDO

JURXQGZDWHU IORZ RQ WKH WKHUPDO UHJLPH RI D EDVLQ� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

'2(�,'���������� �� S�

60,7+� /HVOLH� ����� 0RGHO VWXG\ RI WKH UHJLRQDO K\GURJHRORJLF

UHJLPH� 5RRVHYHOW +RW 6SULQJV� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�(7���������� �� S�

%DVLV RI PRGHO XVHG WR LQYHVWLJDWH SRWHQWLDO UHFKDUJH DUHDV RI

5RRVHYHOW WKHUPDO DUHD� UHJLRQDO JHRORJ\ VXPPDUL]HG LQ D

K\GURORJLF FRQWH[W� UHYLHZ RI PRGHOLQJ WHFKQLTXHV DQG PRGHO

OLPLWDWLRQV� UHVXOWV RI VHQVLWLYLW\ DQDO\VLV DQG LPSOLFDWLRQV IRU

LQWHUEDVLQ IORZ� WDEOH VKRZLQJ ILJXUHV RI K\GUDXOLF KHDG

GLVWULEXWLRQ DORQJ FURVV VHFWLRQ� EDVLF K\GURORJLF FRQILJXUDWLRQ�

60,7+ 0� &�� 1XQ]� *� -�� DQG 3RQGHU� *� 0�� ����� +RW GU\ URFN

JHRWKHUPDO HQHUJ\ SURJUDP� /RV $ODPRV 1DWLRQDO /DERUDWRU\

5HSRUW� QR� /$������+'5� ��� S�

60,7+� 0� &�� 1XQ]� *� -�� DQG:LOVRQ� 0� *�� FRPSLOHUV� ����� +RW

GU\ URFN JHRWKHUPDO HQHUJ\ GHYHORSPHQW SURJUDP DQQXDO UHSRUW

ILVFDO \HDU ����� /RV $ODPRV 1DWLRQDO /DERUDWRU\ 5HSRUW� QR�

/$�������+'5� �� S�

60,7+ 0� &�� DQG 3RQGHU� *� 0�� ����� +RW GU\ URFN JHRWKHUPDO

HQHUJ\ GHYHORSPHQW SURJUDP DQQXDO UHSRUW ILVFDO \HDU ����� /RV

$ODPRV 1DWLRQDO /DERUDWRU\ 5HSRUW� QR� /$������+'5� ��� S�

60,7+� 0� 5�� ����� 8WDK PLQHUDO LQGXVWU\ DFWLYLW\ UHYLHZ �����

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ &LUFXODU ��� S� ������

60,7+� 0� 5�� ����� 8WDK V\QIXHOV XSGDWH� 8WDK *HRORJLFDO DQG

0LQHUDO 6XUYH\� 6XUYH\ 1RWHV� Y� ��� QR� �� S� ���

60,7+� 5� %�� ����D� /RQJ�WHUP VHLVPLF PRQLWRULQJ RI WKH

5RRVHYHOW�&RYH )RUW .*5$6� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI

*HRORJ\ DQG *HRSK\VLFV 5HSRUW� QR ����� � S�

7KUHH 5) WHOHPHWHUHG� YHUWLFDO FRPSRQHQW VHLVPRJUDSK VWDWLRQV

XVHG WR PRQLWRU 5RRVHYHOW�&RYH )RUW HDUWKTXDNHV� UHFRUGLQJ

SURFHGXUHV� QXPEHU RI TXDNHV UHJLVWHUHG EHWZHHQ -DQXDU\ � DQG

-XQH ��� ���� LQ WKH &RYH )RUW DUHD DQG QHDU 5RRVHYHOW +RW

6SULQJV� VHLVPLF VLJQDOV JHQHUDWHG E\ VWHDP ZLWKGUDZDO IURP D

ZHOO DW 5RRVHYHOW� FRQFOXVLRQV�

60,7+� 5� %�� ����E� 6HLVPLFLW\ LQ JHRWKHUPDO DUHDV RI WKH

,QWHUPRXQWDLQ 6HLVPLF %HOW �DEV��� (26 7UDQVDFWLRQV� $PHULFDQ

*HRSK\VLFDO 8QLRQ� Y� ��� QR� ��� S� �����

60,7+� 5� %�� DQG 6EDU� 0�� ����� &RQWHPSRUDU\ WHFWRQLFV DQG

VHLVPLFLW\ RI WKH ZHVWHUQ VWDWHV ZLWK HPSKDVLV RQ WKH

LQWHUPRXQWDLQ VHLVPLF EHOW� *HRORJLFDO 6RFLHW\ RI $PHULFD

%XOOHWLQ� Y� ��� QR� �� S� ����������

60,7+� 5� /�� DQG /XHGNH� 5� *�� ����� 3RWHQWLDOO\ DFWLYH YROFDQLF

OLQHDPHQWV DQG ORFL LQ WKH ZHVWHUQ FRQWHUPLQRXV 8QLWHG 6WDWHV

�DEV��� (267UDQVDFWLRQV�$PHULFDQ*HRSK\VLFDO8QLRQ� Y� ��� QR�

��� S� �����

60,7+� 5� /�� DQG 6KDZ� +� 5�� ����� 9ROFDQLF URFNV DV JHRORJLF

JXLGHV WR JHRWKHUPDO H[SORUDWLRQ DQG HYDOXDWLRQ �DEV��� (26

7UDQVDFWLRQV� $PHULFDQ*HRSK\VLFDO 8QLRQ� Y� ��� QR� ,,� S� �����

60,7+� 5� /�� DQG 6KDZ� +� 5�� ����� ,JQHRXV�UHODWHG JHRWKHUPDO

V\VWHPV� LQ :KLWH� '� (�� DQG :LOOLDPV� '� /�� $VVHVVPHQW RI

JHRWKHUPDO UHVRXUFHV RI WKH 8QLWHG 6WDWHV������ 8�6� *HRORJLFDO

6XUYH\ &LUFXODU ���� S� ������

1XPHULFDO HVWLPDWHV RI WKH LJQHRXV�UHODWHG KHDW FRQWHQW RI WKHUPDO

DQRPDOLHV� VLOLFLF PDJPD FRQWULEXWLRQ WR WKH EXON RI VWRUHG KHDW LQ

XSSHU FUXVW� HYDOXDWHV JHRWKHUPDO SRWHQWLDO RI YROFDQLF DUHDV LQ WKH

ZHVWHUQ 8QLWHG 6WDWHV� WDEOHV RI PDJQLWXGH DQG KHDW FRQWHQWV RI

LGHQWLILHG YROFDQLF V\VWHPV� WKHUPDO FDOFXODWLRQ PRGHO� PHQWLRQV

VL[ DUHDV RI 8WDK ZLWK LGHQWLILHG YROFDQLF V\VWHPV�

60,7+� 5� / �� DQG 6KDZ� +� 5�� ����� ,JQHRXV�UHODWHG JHRWKHUPDO

V\VWHPV� LQ 0XIIOHU� /� -� 3�� HG�� $VVHVVPHQW RI JHRWKHUPDO

UHVRXUFHV RI WKH 8QLWHG 6WDWHV������ 8�6� *HRORJLFDO 6XUYH\

&LUFXODU ���� S� ������

8SGDWHV 8�6� *HRORJLFDO 6XUYH\&LUFXODU ��� ������� XSGDWHV DQG

UHILQHV GDWD EDVH RQ JHRWKHUPDO V\VWHPV DVVRFLDWHG ZLWK LJQHRXV

URFNV� HVWLPDWHV WKHUPDO HQHUJ\ UHPDLQLQJ LQ LJQHRXV UHODWHG

JHRWKHUPDO V\VWHPV � ERWK XQHYDOXDWHG DQG XQGLVFRYHUHG V\VWHPV�

HIIHFWV RI K\GURWKHUPDO FLUFXODWLRQ RQ FRROLQJPRGHO� ORQJHYLW\ RI

PDJPDWLF V\VWHP YHUVXV K\GURWKHUPDO FRROLQJ� PHQWLRQV0LQHUDO

0RXQWDLQV� &RYH &UHHN 'RPHV� DQG 7KRPDV 5DQJH LJQHRXV

V\VWHPV RI 8WDK�

60,7+� 5� /�� 6KDZ� +� 5�� /XHGNH� 5� *�� DQG 5XVVHOO� 6� /�� �����

&RPSUHKHQVLYH WDEOHV JLYLQJ SK\VLFDO GDWD DQG WKHUPDO HQHUJ\

HVWLPDWHV IRU \RXQJ LJQHRXV V\VWHPV RI WKH 8QLWHG 6WDWHV� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

60,7+� 7� %�� ����� *UDYLW\ VWXG\ RI WKH )XPDUROH %XWWH DUHD� -XDE

DQG 0LOODUG &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

/RFDWLRQ RI JUDYLW\ VXUYH\� SXUSRVH RI LQYHVWLJDWLRQ� SUHYLRXV

LQYHVWLJDWLRQV� UHJLRQDO DQG ORFDO JHRORJ\ RI VWXG\ DUHD� WKUHH

JUDYLW\ VXUYH\V ZLWK ��� VWDWLRQV� LQVWUXPHQWV XVHG DQG ILHOG

WHFKQLTXHV� GDWD UHGXFWLRQ WHFKQLTXHV� HUURU DQDO\VLV SURFHGXUHV�

WDEOH VKRZLQJ URFN GHQVLWLHV RI VXUIDFH VDPSOHV LQ VWXG\ DUHD�

FRUUHODWLRQ RI JUDYLW\ GDWD ZLWK OLWKRORJLF ORJV REWDLQHG IURP ORFDO

ZDWHU ZHOOV� ZHOO ORJV REWDLQHG IURP WKH *XOI 2LO &RUSRUDWLRQ

*URQQLQJ IIO :HOO� DHURPDJQHWLF PDS RI WKHVLV DUHD� JHRSK\VLFDO

WHFKQLTXHV� DQDO\VLV DQG LQWHUSUHWDWLRQ RI JUDYLW\ GDWD� SODWH

VKRZLQJ D VLPSOH %RXJXHU JUDYLW\ DQRPDO\ PDS� JUDYLW\ SURILOHV

DFURVV DUHD� VXPPDU\ DQG FRQFOXVLRQV�

60,7+� 7� %�� &RRN� .� /�� DQG 3HHSOHV� :� -�� ����� *UDYLW\ VWXG\

RI WKH )XPDUROH%XWWH DUHD� -XDE DQG0LOODUG&RXQWLHV� 8WDK� 8WDK

*HRORJ\� Y� �� QR� �� S� ������

6HH 6PLWK �������



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

60,7+� 7� &�� DQG 6KDUGD� %� '�� ����� *HRWKHUPDO HQYLURQPHQWDO

UHSRUW VRFLRHFRQRPLFV� 8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

(QYLURQPHQWDO 6WXGLHV /DERUDWRU\� 5HSRUW� QR8&5/������� Y� ��

��� S�

612:� -� +� ����� 6WXG\ RI VWUXFWXUDO DQG WHFWRQLF SDWWHUQV LQ VRXWK�

FHQWUDO 8WDK DV LQWHUSUHWHG IURP JUDYLW\ DQG DHURPDJQHWLF GDWD�

6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV

WKHVLV� ��� S�

612:� 1LFN� DQG 0DGVHQ� 5�� ����� 0RQURH� 8WDK RIILFLDOV XQYHLO

SODQ IRU JHRWKHUPDO KHDW� *HRWKHUPDO (QHUJ\ 0DJD]LQH� Y� �� QR�

�� S� ������

7ZR 1RYHPEHU ���� 'HVHUHW 1HZV DUWLFOHV WKDW DQQRXQFH SODQV

IRU LPSOHPHQWDWLRQ RI D ���� PLOOLRQ JHRWKHUPDO KHDWLQJ V\VWHP�

GHVLJQHG E\ 7HUUD 7HN� DW 0RQURH +RW 6SULQJV�

625(<� 0� /�� ����� 1XPHULFDO PRGHOLQJ RI OLTXLG JHRWKHUPDO

V\VWHPV� 8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU �����'� ��

S�

625(<� 0� /�� 5HHG� 0� -�� 0DULQHU� 5� +�� DQG 1DWKHQVRQ� 0��

����� $VVHVVPHQW RI ORZ�WHPSHUDWXUH JHRWKHUPDO UHVRXUFHV LQ WKH

8QLWHG 6WDWHV� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� ��

Q� ����G5
�

63,&(5� +� &�� ����� $ FRPSLODWLRQ RI GHHS HDUWK WHPSHUDWXUH GDWD�

86$ ���������� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ���

���� �� S�

63,&(5� +� &�� ����� *HRWKHUPDO JUDGLHQWV DQG KHDW IORZ LQ WKH 6DOW

9DOOH\ DQWLFOLQH� 8WDK �DEV��� *HRSK\VLFDO $EVWUDFWV� QR� ���� S�

����

67$1/(<� :� '�� %RHKO� -� (�� %RVWLFN� )� ;�� DQG 6PLWK� +� :��

����� *HRWKHUPDO VLJQLILFDQFH RIPDJQHWRWHOOXULF VRXQGLQJ LQ WKH

HDVWHUQ 6QDNH 5LYHU SODLQ�<HOORZVWRQH UHJLRQ� -RXUQDO RI

*HRSK\VLFDO 5HVHDUFK� Y� ��� QR� ��� S�����������

67($516� 1� '�� 6WHDUQV� +� 7�� DQG :DULQJ� *� $�� ����� 7KHUPDO

VSULQJV LQ WKH8QLWHG 6WDWHV�8�6�*HRORJLFDO 6XUYH\:DWHU�6XSSO\

3DSHU ����%� S� %���%����

67(9(1� 7� $�� ����� *HRORJLF PDS RI WKH 0RQURH 1: TXDGUDQJOH�

ZHVW�FHQWUDO 8WDK� 8�6� *HRORJLFDO 6XUYH\ 0LVFHOODQHRXV )LHOG

6WXGLHV 0DS 0)������ VFDOH ���������

67(9(1� 7� $�� &XQQLQJKDP� &� *�� DQG $QGHUVRQ� -� -�� �����

*HRORJLF KLVWRU\ DQG XUDQLXP SRWHQWLDO RI WKH %LJ -RKQ FDOGHUD�

VRXWKHUQ7XVKDU0RXQWDLQV� LQ� 6WHYHQ� 7� $�� HG�� ,JQHRXV DFWLYLW\

DQG UHODWHG RUH GHSRVLWV LQ WKH ZHVWHUQ DQG VRXWKHUQ 7XVKDU

0RXQWDLQV� 0DU\VYDOH YROFDQLF ILHOG� ZHVW�FHQWUDO 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU ����%� S� ������

67(9(1� 7� $�� &XQQLQJKDP� &� *�� 1DHVHU� &� :�� DQG0HKQHUW� +�

+�� ����� 5HYLVHG VWUDWLJUDSK\ DQG UDGLRPHWULF DJHV RI YROFDQLF

URFNV DQG PLQHUDO GHSRVLWV LQ WKH 0DU\VYDOH DUHD� ZHVW�FHQWUDO

8WDK� 8�6� *HRORJLFDO 6XUYH\ %XOOHWLQ ����� �� S�

67(9(1� 7� $�� DQG0RUULV� +� 7�� ����D� *HRORJLF PDS RI WKH &RYH

)RUW TXDGUDQJOH� ZHVW�FHQWUDO 8WDK� 8�6�

*HRORJLFDO 6XUYH\0LVFHOODQHRXV ,QYHVWLJDWLRQ 6HULHV0DS ,� � ��

�� VFDOH �� �������

67(9(1� 7� $�� DQG 0RUULV� +� 7�� ����E� *HRORJ\ RI WKH 5LFKILHOG

TXDGUDQJOH� ZHVW�FHQWUDO 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH

5HSRUW ������� VFDOH ����������

67(9(1� 7� $�� DQG 0RUULV� +� 7�� ����� 0LQHUDO UHVRXUFH SRWHQWLDO

RI WKH 5LFKILHOG O[� GHJUHH TXDGUDQJOH� ZHVW�FHQWUDO 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

67(9(1� 7� $�� 5RZOH\� 3� '�� DQG &XQQLQJKDP� &� *�� �����

*HRORJ\ RI WKH 0DU\VYDOH YROFDQLF ILHOG� ZHVW�FHQWUDO 8WDK�

%ULJKDP<RXQJ8QLYHUVLW\ *HRORJ\ 6WXGLHV� Y� ��� SW� �� S� ������

67(9(1� 7� $�� 5RZOH\� 3� '�� DQG &XQQLQJKDP� &� *�� �����

&DOGHUDV RI WKH 0DU\VYDOH YROFDQLF ILHOG ZHVW FHQWUDO 8WDK�

-RXUQDO RI *HRSK\VLFDO 5HVHDUFK� Y� ��� QR� %��� S� ����������

67(:$57� -�+�� ����� %DVLQ DQG5DQJH VWUXFWXUH� D V\VWHP RI KRUVWV

DQG JUDEHQV SURGXFHG E\ GHHS�VHDWHG H[WHQVLRQ� *HRORJLFDO

6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ��� QR� �� S� ����������

67(:$57� -� +�� ����� &HQR]RLF VWUXFWXUH DQG WHFWRQLFV RI WKH

QRUWKHUQ%DVLQ DQG5DQJH3URYLQFH�&DOLIRUQLD�1HYDGD� DQG8WDK�

LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI HQHUJ\ DQG PLQHUDO

UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH 3URYLQFH� *HRWKHUPDO

5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S� ������

67(:$57� -� +�� 0RRUH� :� -�� DQG =LHW]� ,�� ����� (DVW�ZHVW

SDWWHUQV RI &HQR]RLF LJQHRXV URFNV� DHURPDJQHWLF DQRPDOLHV� DQG

PLQHUDO GHSRVLWV� 1HYDGD DQG 8WDK� *HRORJLFDO 6RFLHW\ RI

$PHULFD %XOOHWLQ� Y� ��� QR� �� S� ������

672:(5 &� +�� ����� 8WDK PLQHUDO LQGXVWU\ DFWLYLW\ IRU ����� 8WDK

*HRORJLFDO DQG 0LQHUDO 6XUYH\� 6XUYH\ 1RWHV� Y� � �� QR� �� S� ��

���

675,1*)(//2:� -� 5�� HG�� ����� 7KH LQGXVWU\ FRXSOHG FDVH VWXG\

SURJUDP ILQDO UHSRUW� (DUWK 6FLHQFH/DERUDWRU\�8QLYHUVLW\ RI8WDK

5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'�� �������� ��� S�

3XUSRVH RI SURJUDP� UROH RI WKH (DUWK 6FLHQFH /DERUDWRU\ LQ VWXG\�

FROOHFWLRQ RI UHSRUWV DQG DEVWUDFWV IURP %DVLQ DQG 5DQJH NQRZQ

JHRWKHUPDO UHVRXUFH DUHDV GHVFULELQJ JHRORJ\� JHRSK\VLFDO

VXUYH\V� JHRFKHPLFDO H[SORUDWLRQ� ZHOO ORJV� DQG VWDEOH LVRWRSH

VWXGLHV �5RRVHYHOW� &RYH )RUW� 6XOSKXUGDOH� DQG 0RQURH� 8WDK��

FROOHFWLRQ RI UHSRUWV WKDW DUH DQ LQGLUHFW UHVXOW RI WKH LQGXVWU\

FRXSOHG SURJUDP� OLVW RI RSHQ�ILOH UHSRUWV� VDPSOH ORFDWLRQV� DQG

GHSWKV RI GULOO KROHV DW &RYH )RUW�6XOSKXUGDOH� 5RRVHYHOW� DQG

RWKHU %DVLQ DQG 5DQJH DUHDV�

681*� 5�� +RXVHU� *�� 6WUHKOHU� '�� DQG 6FKH\HU� .�� ����� 6DPSOLQJ

DQG DQDO\VLV RI SRWHQWLDO JHRWKHUPDO VLWHV� 75: (QYLURQPHQWDO



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

(QJLQHHULQJ 'LYLVLRQ 5HSRUW� &RQWUDFW QR� ����������� :RUN

'HWHFWLYH 7������ ��� S�

6:$1%(5*� &� $�� ����� $SSOLFDWLRQ RI WKH 1D�.�&D

JHRWKHUPRPHWHU WR WKHUPDO DUHDV RI 8WDK DQG WKH ,PSHULDO 9DOOH\�

&DOLIRUQLD� *HRWKHUPLFV� Y� �� QR� �� S� ������

6:$1%(5*� &� $�� 0RUJDQ� 3�� 6WR\HU� &� +�� DQG :LWFKHU� -� &��

����� $Q DSSUDLVDO VWXG\ RI WKH JHRWKHUPDO UHVRXUFHV RI $UL]RQD

DQG DGMDFHQW DUHDV LQ 1HZ 0H[LFR DQG 8WDK DQG WKHLU YDOXH IRU

GHVDOLQDWLRQ DQG RWKHU XVHV� 1HZ 0H[LFR (QHUJ\ ,QVWLWXWH�

5HVHDUFK 3URMHFW� 7HFKQLFDO 5HSRUW ���� S� �����

6:$1621� -� 5�� ����� *(27+(50 XVHU JXLGH� 8�6� *HRORJLFDO

6XUYH\ 2SHQ�)LOH 5HSRUW ������� �� S�

7$/0$*(� 6� %�� ����� 7KHUPDO VSULQJV QHDU WKH :DVDWFK IDXOW

�DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ��� QR� �� S� ��

��

6DPSOHV IURP �� VSULQJV DORQJ WKH :DVDWFK IDXOW� FKHPLFDO

FKDUDFWHULVWLFV RI VSULQJ ZDWHU� RULJLQ RI VSULQJV�

7(55$ 7(.� ����D� (QYLURQPHQWDO UHSRUW 8WDK VWDWH SULVRQ

JHRWKHUPDO SURMHFW� 7HUUD 7HN 5HSRUW� QR� 75 ������ �� S�

7(55$ 7(.� ����E� 0RQURH .*5$� 0RQURH� 8WDK�EDFNJURXQG

LQIRUPDWLRQ IRU WKH *HRWKHUPDO 5HVRXUFHV &RXQFLO ILHOG WULS

6HSWHPEHU ������ ����� 7HUUD 7HN 5HSRUW� QR� 75 ������ �� S�

6WUXFWXUDO FRQWURO RI WKH JHRWKHUPDO V\VWHP� JHQHUDO VWUDWLJUDSK\

DQG VWUXFWXUH RI DUHD� DOWHUDWLRQ PDS RI WKH 0RQURH .*5$�

JHQHUDOL]HG FURVV VHFWLRQ RI WKH 6HYLHU IDXOW� JUDYLW\ DQRPDO\ PDS

RI 0DU\VYDOH�0RQURH�-RVHSK DUHD� PDS RI UHVLVWLYLW\ FRQWRXUV�

WKHUPDO JUDGLHQW SURILOHV DFURVV WKH 0RQURH PRXQG DQG JUDSK RI

WHPSHUDWXUH SURILOHV LQ HLJKW WKHUPDO JUDGLHQW DQG WHVW KROHV�

FKHPLFDO DQDO\VLV RI SURGXFWLRQ ZHOO ZDWHU� JHRWKHUPRPHWU\

LQWHUSUHWDWLRQV� GULOOLQJ SUREOHPV� SURFHGXUHV� DQG UHVXOWV RI D

SURGXFWLRQ WHVW ZHOO� VXPPDU\ DQG FRQFOXVLRQV�

7(6+,1� 9� 1�� 6ZDQVRQ� -� 5�� DQG 2UULV� *� -�� ����� *(27+(50

� *(27+(50 UHVRXUFHV ILOH� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� S� ��������

7+$1*683+$1,&+� ,WWLFKDL� ����� 5HJLRQDO JUDYLW\ VXUYH\ RI WKH

VRXWKHUQ 0LQHUDO 0RXQWDLQV� %HDYHU &RXQW\� 8WDK� 6DOW /DNH

&LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

7+(%(5*(�$�(�� -U�� �����7KH VWDWH JHRWKHUPDOPDSSLQJ SURJUDP�

*HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� �� QR� , �� S� ����

'DWD WR EH SXEOLVKHG RQ JHRWKHUPDO PDSV IRU HDFK VWDWH� 12$$

OLVW RI ���� WKHUPDO VSULQJ ORFDWLRQV IRU WKH 8QLWHG 6WDWHV�

LQIRUPDWLRQ LQFOXGHG LQ DGGLWLRQ WR OLVWV� PDQDJHPHQW ORJLVWLFV IRU

WKH 6WDWH 5HVRXUFH$VVHVVPHQW 3URJUDP�12$$
V UHVSRQVLELOLWLHV

ZLWKLQ WKH PDSSLQJ SURJUDP� OLVW RI LQGLYLGXDO VWDWH LQYHVWLJDWRUV

ZKR FRPSLOH JHRWKHUPDO LQIRUPDWLRQ�

7+(50$/ 32:(5 &203$1<� ����� :HOO 8WDK 6WDWH ���� 0/�

����� 5RRVHYHOW ILHOG� %HDYHU &RXQW\� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�5+6�73&��� XQSDJLQDWHG�

*HQHUDO ZHOO VSHFLILFDWLRQV� ERUH KROH GDWD� SURGXFWLRQ DQG

UHVHUYRLU GDWD� FKHPLFDO DQDO\VHV RI ZHOO IOXLGV� ZHOO VXPPDU\�

7+(50$/ 32:(5&203$1<� ����D� :HOO 8WDK 6WDWH ���� 0/�

����� 5RRVHYHOW ILHOG� %HDYHU &RXQW\� 8WDK FKHPLFDO DQDO\VHV�

IORZ WHVW� JHRSK\VLFDO ORJV� 8�6� *HRORJLFDO 6XUYH\ :DWHU

5HVRXUFH 'LYLVLRQ $QDO\WLFDO 6WDWHPHQW� /DERUDWRU\ QR�

*7���$7��� XQSDJLQDWHG�

&KHPLFDO DQDO\VLV RI 8WDK 6WDWH ���� ZHOO IOXLGV� UHSRUW RI WHVWV

FRQGXFWHG RQ ZHOO ���� WR GHWHUPLQH WKH IORZ UHJLPH ZLWKLQ WKH

ZHOO� FKDUW VKRZLQJ JHQHUDOL]HG JHRORJ\ DQG VHOHFWHG JHRSK\VLFDO

ORJV� WULWLXP DQDO\VLV RI 8WDK 6WDWH ���� VDPSOHV� FKLS VDPSOH

SUHSDUDWLRQ FKDUWV� VXPPDU\ RI GDWD DFTXLVLWLRQ E\ WKH 'HQYHU

5HVHDUFK ,QVWLWXWH DW WKH ZHOO�

7+(50$/ 32:(5 &203$1<� ����E� :HOO 8WDK 6WDWH �����

0/����� 5RRVHYHOW ILHOG� %HDYHU &RXQW\� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�5+6�73&��� XQSDJLQDWHG�

*HQHUDO ZHOO VSHFLILFDWLRQV� ERUHKROH GDWD� SURGXFWLRQ DQG

UHVHUYRLU GDWD� ZDWHU DQDO\VLV�

7+20$,',6� 1� '�� ����� 'HYHORSPHQWV LQ )RXU &RUQHUV�

LQWHUPRXQWDLQ DUHD LQ ����� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP

*HRORJLVWV %XOOHWLQ� Y� ��� QR� �� S� ����������

7,6&+/(5� 0� 6�� 2HVWHUOLQJ� :� $�� DQG %RQKDP� +� )�� -U�� �����

0LQHUDOV IRU LQGXVWU\� VXPPDU\ RI JHRORJLFDO VXUYH\ RI �����

����� Y� , � QRUWKHUQ 1HYDGD DQG QRUWKZHVWHUQ 8WDK� 6RXWKHUQ

3DFLILF &RPSDQ\� 6DQ )UDQFLVFR� &DOLIRUQLD� ��� S�

75,33� $� &�� ����� (OHFWURPDJQHWLF DQG 6FKOXPEHUJHU VRXQGLQJ LQ

WKH 5RRVHYHOW +RW 6SULQJV .*5$� 8WDK� 6DOW /DNH &LW\� 8WDK�

8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�� DOVR�

*HRSK\VLFV� Y� ��� QR� �� S� ����������

8VH RI �� PDJQHWLF GLSROH DQG �� UHVLVWLYLW\ VRXQGLQJV WR REWDLQ

ILQHU UHVROXWLRQ RI WKH YHUWLFDO JHRHOHFWULF VHFWLRQ� HOHFWURPDJQHWLF

DQG 6FKOXPEHUJHU PHDVXUHPHQWV� SURFHGXUH IRU LQYHUVLRQ RI GDWD

WR RQH� DQG WZR�GLPHQVLRQDO FRQGXFWLYLW\ PRGHOV� PRGHOLQJ

UHVXOWV� SURFHGXUH IRU VLPXOWDQHRXV LQYHUVLRQ PRGHOV IURP

PDJQHWLF DQG UHVLVWLYLW\ VRXQGLQJV� JHRORJLF LQWHUSUHWDWLRQ RI

UHVHUYRLU FRQILJXUDWLRQ�

75,33� $� &�� :DUG� 6� +�� 6LOO� :� 5�� 6ZLIW� &� 0�� -U�� DQG 3HWULFN�

:� 5�� ����� (OHFWURPDJQHWLF DQG 6FKOXPEHUJHU UHVLVWLYLW\

VRXQGLQJ LQ WKH 5RRVHYHOW .*5$� 8WDK �DEV��� 6RFLHW\ RI

([SORUDWLRQ *HRSK\VLFLVWV $QQXDO ,QWHUQDWLRQDO 0HHWLQJ

$EVWUDFWV� QR� ��� S� ������

6HH 7ULSS �������



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

758(6'(//� $� +�� ����� (17+$/3� D FRPSXWHU SURJUDP IRU

FDOFXODWLRQ RI DTXLIHU FKHPLVWU\� 8�6� *HRORJLFDO 6XUYH\1DWLRQDO

7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW 3% �������� �� S�

758(6'(//�$�+�� �����*(27(50�DJHRWKHUPRPHWULF FRPSXWHU

SURJUDPIRU KRW�VSULQJ V\VWHPV�8QLWHG1DWLRQV V\PSRVLXPRQ WKH

GHYHORSPHQW DQG XVH RI JHRWKHUPDO UHVRXUFHV� �G� 6DQ )UDQFLVFR�

&DOLIRUQLD� ����� 3URFHHGLQJV� Y� �� S� ��������

75: 6<67(06 *5283� ����� $ VWXG\ RI JHRWKHUPDO SURVSHFWV LQ

WKH ZHVWHUQ 8QLWHG 6WDWHV� )LQDO 5HSRUW� 75: 6\VWHPV

&RUSRUDWLRQ� 5HGRQGR %HDFK� &DOLIRUQLD� ��� S�

75:6<67(06*5283� ����� 6WXG\ RI JHRWKHUPDO SURVSHFWV LQ WKH

ZHVWHUQ8QLWHG 6WDWHV�*HRWKHUPDO (QHUJ\5HSRUW� QR� 13�������

��� S�

78&.(5� 5� (�� 0LOOHU� :� 5�� DQG 0F+XJK� -� %�� �����

*HRFKHPLFDO UHVXOWV IURP D QDWXUDO ZDWHUV VWXG\ LQ WKH 0RXQW

%HONQDS FDOGHUD DQG YLFLQLW\�8WDK�8�6�*HRORJLFDO 6XUYH\2SHQ�

)LOH 5HSRUW �������� �� S�

785/(<� &� +�� DQG 1DVK� :� 3�� ����� 6WXGLHV LQ ODWH &HQR]RLF

YROFDQLVP LQ ZHVW�FHQWUDO 8WDK� 3DUW �� 3HWURORJ\ RI ODWH 7HUWLDU\

DQG 4XDWHUQDU\ YROFDQLVP LQ ZHVWHUQ -XDE DQG 0LOODUG &RXQWLHV�

8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 6SHFLDO 6WXGLHV ��� S�

�����

785/(<� &� +�� 1DVK� :� 3�� DQG %URZQ� )� +�� ����� 3HWURORJ\ DQG

JHRFKURQRORJ\ RI ODWH 7HUWLDU\ DQG 4XDWHUQDU\ YROFDQLF URFNV LQ

WKH HDVWHUQ PDUJLQ RI WKH %DVLQ DQG 5DQJH 3URYLQFH� 8WDK�

8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO

5HSRUW� Y� �� FRQWUDFW QR� �����������*����� �� S�

7877/(� -HUU\� &RH� %� $�� *HUWVFK� :� '�� DQG 0H\HU� 5� 7�� �����

6WDWH JHRWKHUPDO FRPPHUFLDOL]DWLRQ SURJUDPV LQ VHYHQ 5RFN\

0RXQWDLQ 6WDWHV� VHPL�DQQXDO SURJUHVV UHSRUW� -DQXDU\�-XQH �����

1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW� QR�

'2(�,'��������� ��� 3�

81,21 2,/ &203$1<� ����� 8QLRQ 2LO &RPSDQ\ JHQHUDO DUHD

VWXGLHV � &RYH )RUW UHJLRQDO JUDYLW\ LQWHUSUHWDWLRQV� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�82&����� XQSDJLQDWHG�

0DSV RI %RXJXHU JUDYLW\ VXUYH\� WDEOHV RI EDVLF JUDYLW\

FRUUHFWLRQV IRU ODWLWXGH� FXUYDWXUH� IUHH DLU� %RXJXHU� DQG WHUUDLQ�

81,21 2,/ &203$1<� ����� 8QLRQ 2LO &RPSDQ\� JHQHUDO DUHD

VWXGLHV � JHRFKHPLFDO VXUYH\� &RYH )RUW� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�82&������ S�

*HRFKHPLFDO VXUYH\V� PHUFXU\ WUDFH DQDO\VHV RI WHPSHUDWXUH

JUDGLHQW GULOO KROH VDPSOHV DQG RI VXUIDFH VDPSOHV�

81,21 2,/ &203$1<� ����D� 8QLRQ 2LO &RPSDQ\� JHQHUDO DUHD

VWXGLHV � VHLVPLF VXUYH\� &RYH )RUW� 8WDK� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�82&����� XQSDJLQDWHG�

6HLVPLF VXUYH\� LQWHUSUHWDWLRQ RI QLQH VHLVPLF OLQHV�

81,21 2,/ &203$1<� ����E� 8QLRQ 2LO &RPSDQ\� JHQHUDO DUHD

VWXGLHV � WHPSHUDWXUH JUDGLHQW VWXG\� &RYH )RUW� 8WDK� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�

)LOH 5HSRUW� QR� 87�&)6�82&����� XQSDJLQDWHG�

7HPSHUDWXUH JUDGLHQWV RI �� VKDOORZ KROHV DW WKH &RYH )RUW

SURVSHFW� WHPSHUDWXUH UHDGLQJV REWDLQHG DW YDULRXV GHSWKV DQG

GDWHV�

81,21 2,/ &203$1<� ����D� *HRORJLF UHSRUW RI WKH &RYH )RUW�

6XOSKXUGDOH JHRWKHUPDO XQLW DUHD� 0LOODUG DQG %HDYHU &RXQWLHV�

8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 2SHQ�)LOH 5HSRUW� QR� 87�&)6�82&������� S�

6WUDWLJUDSK\� VDPSOH ORJV RI ZDWHU ZHOOV� JHRWKHUPDO UHVHUYRLU

JHRORJ\ DQG VWUXFWXUH� WHPSHUDWXUH JUDGLHQW ZHOO GDWD�

JHRFKHPLFDO DQDO\VHV RI GULOO FXWWLQJV� PDSV RI JHRORJ\�

WRSRJUDSK\� DHURPDJQHWLFV� %RXJXHU JUDYLW\� WHPSHUDWXUH

JUDGLHQWV� JHRFKHPLFDO SDWWHUQV� DQG VXUIDFH JHRWKHUPDO

PDQLIHVWDWLRQV� JHRORJLF FURVV VHFWLRQV� WHPSHUDWXUH SURILOHV�

81,21 2,/ &203$1<� ����E� 8QLRQ 2LO &RPSDQ\ &RYH )RUW�

6XOSKXUGDOH ZHOO )RUPLQFR �� &RYH )RUW ILHOG� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�82&��� XQSDJLQDWHG�

7HFKQLFDO UHSRUW LQFOXGLQJ ZHOO VXPPDU\� ZHOO DQG PXG KLVWRULHV�

DQG JHRORJ\� IRUPDWLRQ OLWKRORJLHV� IOXLG JHRFKHPLVWU\�

FRPSDULVRQ RI K\GURWKHUPDO DOWHUDWLRQ DW &RYH )RUW ZLWK WKDW DW

WKH 7LQWLF GLVWULFW�

81,21 2,/ &203$1<� ����F� 8QLRQ 2LO &RPSDQ\ &RYH )RUW�

6XOSKXUGDOH ZHOO ����� � JHRWKHUPDO ORJ DQG GLUHFWLRQDO VXUYH\�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

2SHQ�)LOH 5HSRUW� QR� 87�&)6�82&����� S�

*HRWKHUPDO�JHRORJLF GDWD ORJ DQG VXPPDU\ RI 6FKOXPEHUJHU

GLUHFWLRQDO VXUYH\�

81,21 2,/ &203$1<� ����G� 8QLRQ 2LO &RPSDQ\ &RYH )RUW�

6XOSKXUGDOH ZHOO ����� � WHFKQLFDO UHSRUW� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�82&��� XQSDJLQDWHG�

7HFKQLFDO UHSRUW LQFOXGLQJ ZHOO VXPPDU\ DQG KLVWRU\� JHRORJ\�

DQG WHPSHUDWXUH�SUHVVXUH VXUYH\� IRUPDWLRQ OLWKRORJLHV� IOXLG

FKHPLVWULHV� WHPSHUDWXUH SURILOHV� ORJJLQJ GDWD�

81,21 2,/ &203$1<� ����H� 8QLRQ 2LO &RPSDQ\ &RYH )RUW�

6XOSKXUGDOH ZHOO ���� � FDOLSHU DQG GLUHFWLRQDO VXUYH\V� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�

)LOH 5HSRUW� QR 87�&)6�82&��� �� S�

'LDORJ FDOLSHU� 6FKOXPEHUJHU GLUHFWLRQDO VXUYH\V� WDEOH RI

GLUHFWLRQDO ORJ ZLWK FURVV VHFWLRQV WR ZHVW DQG QRUWK�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

81,21 2,/ &203$1<� ����I� 8QLRQ 2LO &RPSDQ\ &RYH )RUW�

6XOSKXUGDOH ZHOO ���� � IORZ WHVWV� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�82&����� � S�

,QLWLDO IORZ WHVW UHVXOWV� WHPSHUDWXUH� FKHPLFDO� SURGXFWLRQ�

LQMHFWLRQ� DQG SHUPHDELOLW\ GDWD RQ SURGXFWLRQ DQG LQMHFWLRQ WHVWV�

81,21 2,/ &203$1<� ����J� 8QLRQ 2LO &RPSDQ\ &RYH )RUW�

6XOSKXUGDOH ZHOO ���� � WHFKQLFDO UHSRUW� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�82&����� XQSDJLQDWHG�

:HOO VXPPDU\ DQG KLVWRU\� IOXLG KLVWRU\� ELW UHFRUG� IRUPDWLRQ

OLWKRORJLHV� IOXLG JHRFKHPLVWU\� HVWLPDWLRQ RI VXEVXUIDFH

WHPSHUDWXUHV IURP VLOLFD� SRWDVVLXP� FDOFLXP� DQG VRGLXP

JHRWKHUPRPHWHUV� JHRFKHPLFDO DQDO\VHV RI FRUH VDPSOHV�

81,21 2,/ &203$1<� ����D� 8QLRQ 2LO &RPSDQ\ &RYH )RUW�

6XOSKXUGDOH ZHOO ����� � 6FKOXPEHUJHU GLUHFWLRQDO VXUYH\� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�

)LOH 5HSRUW� QR� 87�&)6�82&��� � S�

6FKOXPEHUJHU GLUHFWLRQDO VXUYH\ VXPPDU\� IRUPDWLRQ OLWKRORJLHV�

IOXLG FKHPLVWULHV� WHPSHUDWXUH SURILOHV� ZHOO VXPPDU\� ORJJLQJ

GDWD� IOXLG DQDO\VLV�

81,21 2,/ &203$1<� ����E� 8QLRQ 2LO &RPSDQ\ &RYH )RUW�

6XOSKXUGDOH ZHOO ����� � WHFKQLFDO UHSRUW� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�)LOH

5HSRUW� QR� 87�&)6�82&��� XQSDJLQDWHG�

7HFKQLFDO UHSRUW ZLWK ZHOO VXPPDU\ DQG KLVWRU\� JHRORJLF UHSRUW�

WHPSHUDWXUH�SUHVVXUH VXUYH\� IRUPDWLRQ OLWKRORJLHV� IOXLG

JHRFKHPLVWU\� WHPSHUDWXUH SURILOHV�

81,9(56,7< 2) '(19(5� 'HQYHU 5HVHDUFK ,QVWLWXWH� �����

*HRWKHUPDO ZHOO 8WDK 6WDWH ����� 5RRVHYHOW .*5$� 8WDK� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 2SHQ�

)LOH 5HSRUW� QR� 87�5+6�'5,��� XQSDJLQDWHG�

3UHOLPLQDU\ UHVHUYRLU IORZ UHVXOWV� IORZ UDWH PHDVXUHPHQWV� IORZ

UDWH ZHOO ORJ�

8�6� *(2/2*,&$/6859(<� ����D�$HURPDJQHWLFPDSRI SDUWV RI

WKH 'HOWD DQG 5LFKILHOG O[� GHJUHH TXDGUDQJOHV� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� VFDOH ����������
8�6� *(2/2*,&$/ 6859(<� ����E� $HURPDJQHWLF PDS RI SDUWV

RI WKH 5LFKILHOG DQG &HGDU &LW\ O[� GHJUHH TXDGUDQJOHV� 8WDK�

8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������� VFDOH

����������

8�6� *(2/2*,&$/ 6859(<� ����� (QYLURQPHQWDO DQDO\VLV�

SUHSDUHG IRU �� GHHS WHVW ZHOOV LQ 5RRVHYHOW +RW 6SULQJV XQLW�

3KLOOLSV 3HWUROHXP &RPSDQ\� 8�6� *HRORJLFDO 6XUYH\

&RQVHUYDWLRQ'LYLVLRQ�2IILFH RI WKH$UHD*HRWKHUPDO 6XSHUYLVRU�

(QYLURQPHQWDO $VVHVVPHQW� QR� ��� ��� S�

8�6� *(2/2*,&$/ 6859(<� ����� (QYLURQPHQWDO DQDO\VLV

SUHSDUHG IRU JHRWKHUPDO OHDVHV 8������� 8������� 8������$�

3KLOOLSV 3HWUROHXP &RPSDQ\� DQG 8������ WKURXJK 8�������

8QLRQ 2LO &RPSDQ\� &RYH )RUW�6XOSKXUGDOH .*5$� 8WDK� 8�6�

*HRORJLFDO 6XUYH\ &RQVHUYDWLRQ 'LYLVLRQ� 2IILFH RI WKH $UHD

*HRWKHUPDO 6XSHUYLVRU� 0HQOR 3DUN� &DOLIRUQLD� ��� S�

8�6� *(2/2*,&$/ 6859(<� ����D� $HURPDJQHWLF PDS RI WKH

$GDPVYLOOH DQG 0LQHUVYLOOH DUHD� 8WDK� 8�6� *HRORJLFDO 6XUYH\

2SHQ�)LOH 5HSRUW �������� VFDOH ���������

8�6� *(2/2*,&$/ 6859(<� ����E� $HURPDJQHWLF PDS RI WKH

5LFKILHOG DUHD� 8WDK� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW

�������� VFDOH ���������

8�6� *(2/2*,&$/ 6859(<� ����F� 5DGLXP DQG XUDQLXP LQ

PLQHUDO VSULQJV �DEV��� LQ *HRORJLFDO 6XUYH\ UHVHDUFK ����� �����

8�6� *HRORJLFDO 6XUYH\ 3URIHVVLRQDO 3DSHU ����� S� ���

8�6� *(2/2*,&$/ 6859(<� ����D� *HRWKHUPDO UHVRXUFHV �

*(27+(50� LQ 6FLHQWLILF DQG WHFKQLFDO� VSDWLDO� DQG

ELEOLRJUDSKLF GDWD EDVHV DQG V\VWHPV RI WKH 8�6� *HRORJLFDO

6XUYH\� ����� 8�6� *HRORJLFDO 6XUYH\ &LUFXODU ���� S� ���� � ��

���

8�6� *(2/2*,&$/ 6859(<� ����E� 8QLWHG 6WDWHV WHUUHVWULDO KHDW

IORZ� LQ 6FLHQWLILF DQG WHFKQLFDO� VSDWLDO� DQG ELEOLRJUDSKLF GDWD

EDVHV DQG V\VWHPV RI WKH 8�6� *HRORJLFDO 6XUYH\� ����� 8�6�

*HRORJLFDO 6XUYH\ &LUFXODU ���� S� ����� � ������

87$+ '(3$570(17 2) 1$785$/ 5(6285&(6� ����� 8WDK

HQHUJ\ UHVRXUFH GDWD� 8WDK 'HSDUWPHQW RI 1DWXUDO 5HVRXUFHV� ��

S�

87$+(1(5*<2)),&(� ����� 5HVRXUFH DVVHVVPHQW UHSRUW &U\VWDO

+RW 6SULQJV JHRWKHUPDO DUHD� 8WDK (QHUJ\ 2IILFH 5HSRUW� QR�

'2(�(7 �������� ��� S�

$GDSWDELOLW\ RI 8WDK 6WDWH 3ULVRQ IDFLOLW\ WR JHRWKHUPDO KHDWLQJ�

VWUXFWXUH DQG JHRORJ\ RI &U\VWDO +RW 6SULQJV DUHD� PD[LPXP

WHPSHUDWXUH RI ZDWHUV� H[LVWLQJ KHDWLQJ GHVLJQ DQG SURSRVHG

GHVLJQ� HQYLURQPHQWDO LPSDFW VWXGLHV� DHURPDJQHWLF VXUYH\

UHVXOWV� VXEVXUIDFH LQWHUSUHWDWLRQV RI JUDYLW\ VXUYH\� EDVLV IRU

VHOHFWLRQ RI WHVW KROH VLWHV� SURFHGXUHV IRU GULOOLQJ KROHV 6)�, DQG

863�7+��� UHVXOWV DQG LQWHUSUHWDWLRQV RI ERWK KROHV� PRQLWRULQJ

RI &U\VWDO +RW 6SULQJV IRU GHWHUPLQDWLRQ RI EDVHOLQH WKHUPDO�

K\GUDXOLF� DQG FKHPLFDO FKDUDFWHULVWLFV� WDEOHV VKRZLQJ UHVXOWV RI

FKHPLFDO PRQLWRULQJ� SURJUDP WR DLG LQ VLWLQJ DQG GHVLJQ RI

SURSRVHGSURGXFWLRQZHOO� WDEOH VKRZLQJ QRQFRQGHQVDEOH JDV GDWD

IRU 8WDK 5RVHV 3URGXFWLRQ ZHOO� DUWHVLDQ IORZ WHVW SURFHGXUHV DQG

UHVXOWV� SURGXFWLRQ SRWHQWLDO� DOWHUQDWLYHV IRU GLVSRVDO RI VSHQW

IOXLGV�

87$+ *(2/2*,&$/ $1' 0,1(5$/ 6859(<� ����� &U\VWDO

+RW /DNHV SURYLGH JHRWKHUPDO HQHUJ\ DW 3RLQW RI�WKH�0RXQWDLQ�

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� 6XUYH\ 1RWHV� Y� ��� QR� ��

S� ��

(DUO\ KLVWRU\ RI &U\VWDO +RW /DNHV SULRU WR SUHVHQW WHVWLQJ IRU

JHRWKHUPDO UHVRXUFHV�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

87$+*(2/2*,&$/$1'0,1(5$/6859(<�FRPSLOHUV� �����

*HRWKHUPDO 5HVRXUFHV RI 8WDK� ����� 0DS SUHSDUHG E\ WKH

1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ IRU WKH 8�6�

'HSDUWPHQW RI (QHUJ\� VFDOH ����������

0DS VKRZLQJ ORZ�WHPSHUDWXUH JHRWKHUPDOZDWHUV RI8WDK� WKHUPDO

VSULQJV DQG ZHOOV� NQRZQ JHRWKHUPDO UHVRXUFH DUHDV� KHDW IORZ

PHDVXUHPHQWV� WHPSHUDWXUHV� WRWDO GLVVROYHG VROLG FRQFHQWUDWLRQV�

IORZ UDWHV DQG GHSWK RI ZHOOV� WRSRJUDSK\� PDMRU SK\VLRJUDSKLF

SURYLQFHV� ,QGLDQ DQG PLOLWDU\ UHVHUYDWLRQV� QDWLRQDO DQG VWDWH

IRUHVWV� QDWLRQDO SDUNV� PRQXPHQWV� ZLOGHUQHVV DUHDV� SRSXODWLRQ

FHQWHUV� DQG KLJKZD\ V\VWHPV� DWWDFKHG WDEOH RI WKHUPDO VSULQJV

DQG ZHOOV RUJDQL]HG E\ FRXQW\�

87$+ *(2/2*,&$/ $1' 0,1(5$/ 6859(<� ����� &HQWUDO

:DVDWFK JHRORJ\� ����� GDP VDIHW\� VHLVPRWHFWRQLFV� HQJLQHHULQJ

JHRORJ\� JHRWKHUPDO SURVSHFWV�PLQHGHYHORSPHQW� LOOXVWUDWHG URDG

ORJV ZLWK DEVWUDFWV �DEV��� 8WDK *HRORJLFDO $VVRFLDWLRQ

3XEOLFDWLRQ �� �� S�

87$+*(2/2*,&$/$1'0,1(5$/6859(<� FRPSLOHUV� �����

(QHUJ\ UHVRXUFHV PDS RI 8WDK� 8WDK *HRORJLFDO DQG 0LQHUDO

6XUYH\ 0DS ��� VFDOH ����������

87$+526(6� ,1&25325$7('� ����� )ORUDO JUHHQKRXVH LQGXVWU\

JHRWKHUPDO HQHUJ\ GHPRQVWUDWLRQ SURMHFW� 8WDK 5RVHV 7HFKQLFDO

3URSRVDO 5HSRUW� QR� 85�*���� Y� �� �� S�

:$*67$))� :DUG� ����� +HDW SXPS V\VWHP IRU WKH /'6 &KXUFK

2IILFH %XLOGLQJ� *HRWKHUPDO 5HVRXUFHV &RXQFLO %XOOHWLQ� Y� � ��

QR� ,,� S� ������

'HVFULSWLRQ RI VWUXFWXUH RI WKH �� VWRU\ &KXUFK RI -HVXV &KULVW RI

/DWWHU�'D\6DLQWV2IILFH%XLOGLQJ� JURXQGZDWHU KHDW�SXPSV\VWHP

LQ WKH EXLOGLQJ� SXPSV XVHG� IRXU ZHOOV LQWR DOOXYLXP EHORZ

EXLOGLQJ� SURGXFWLRQ UDWHV DQG WHPSHUDWXUH UDQJHV RI ZHOO�

PHWKRGV XVHG WR EDODQFH KHDWLQJ DQG FRROLQJ ORDGV IRU WKH

EXLOGLQJ� PHWKRGV RI RSHUDWLRQ RI WKH EXLOGLQJ
V WZR YHQWLODWLRQ

V\VWHPV� WKH SULPDU\ LQGXFWLRQ V\VWHP� DQG WKH KLJK YHORFLW\ GXDO�

GXFW V\VWHP� RSHUDWLRQ HIILFLHQFLHV DQG SUREOHPV� HVWLPDWHG

KHDWLQJ DQG FRROLQJ ORDG RI ���� PLOOLRQ %786� HOHFWULFDO FRVW

HVWLPDWHV�

:$/.(5� %� $�� DQG (QWLQJK� '� -�� ����� 6WDWXV RI 8�6� GLUHFW

XWLOL]DWLRQ RI JHRWKHUPDO HQHUJ\� *HRWKHUPDO 5HVRXUFHV &RXQFLO�

7UDQVDFWLRQV� Y� �� S� ��������

:$11$0$.(5� 3� (�� ����� 0DJQHWRWHOOXULF LQYHVWLJDWLRQV DW WKH

5RRVHYHOW +RW 6SULQJV .*5$ DQG 0LQHUDO 0RXQWDLQV� 8WDK�

8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV

7RSLFDO 5HSRUW� QR� ��������D����� �� S�

3XUSRVH RI VWXG\� LQWHUSUHWDWLRQ RI WKHPDJQHWRWHOOXULF VRXQGLQJV�

WZR�GLPHQVLRQDO PRGHO VWXGLHV DQG WKUHH�GLPHQVLRQDO

LPSOLFDWLRQV�

:$11$0$.(5� 3� (�� ����� 5HVLVWLYLW\ VWUXFWXUH RI WKH QRUWKHUQ

%DVLQ DQG 5DQJH� LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI HQHUJ\

DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH 3URYLQFH�

*HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S� ��������

:$11$0$.(5� 3� (�� DQG +RKPDQQ� *� :�� ����� 5HJLRQDO

UHVLVWLYLW\ VWUXFWXUH DW WKH 5RRVHYHOW +RW 6SULQJV� 8WDK� .*5$

IURP PDJQHWRWHOOXULFV� WKHRUHWLFDO ��' PRGHO VWXGLHV �DEV��� (26

7UDQVDFWLRQV� $PHULFDQ *HRSK\VLFDO 8QLRQ� Y� ��� QR� ��� S� ����

3XUSRVH RI VWXG\� VLPXODWHG HIIHFWV RI WUHQGV� UHJLRQDO GLVWRUWLRQ

RI HOHFWULF ILHOG DQG HIIHFW RQ WUDQVYHUVH HOHFWULF LQWHUSUHWDWLRQV�

:$11$0$.(5� 3� (�� +RKPDQQ� *� :�� 6LOO� :� 5�� DQG :DUG� 6�

+�� ����� 7ZR� DQG WKUHH�GLPHQVLRQDO PDJQHWRWHOOXULF PRGHOLQJ

ZLWK DSSOLFDWLRQV WR FUXVWDO VWUXFWXUH DQG UHVHUYRLU DVVHVVPHQW DW

WKH 5RRVHYHOW +RW 6SULQJV .*5$� 8WDK �DEV��� 6RFLHW\ RI

([SORUDWLRQ *HRSK\VLFV $EVWUDFW� QR� ��� S� ����

7UDYHO WLPH GHOD\V EHQHDWK JHRWKHUPDO DUHD� LQYHUVLRQ PRGHOLQJ

WR REWDLQ D WKUHH�GLPHQVLRQDO PRGHO�

:$11$0$.(5� 3� (�� 6LOO� :� 5�� :DUG� 6� +�� DQG &RPEV� -��

����� 0DJQHWRWHOOXULF REVHUYDWLRQV DW WKH 5RRVHYHOW +RW 6SULQJV

.*5$ DQG 0LQHUDO 0RXQWDLQV� 8WDK� *HRWKHUPDO 5HVRXUFHV

&RXQFLO� 7UDQVDFWLRQV� Y� �� VHF� �� S� ��������

6HH :DQQDPDNHU �������

:$11$0$.(5� 3� (�� :DUG� 6� +�� +RKPDQQ� *� :�� DQG 6LOO� :�

5�� ����� 0DJQHWRWHOOXULF PRGHOV RI WKH 5RRVHYHOW +RW 6SULQJV

WKHUPDO DUHD� 8WDK� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK

5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�(7��������� ��� S�

0DJQHWRWHOOXULF WKHRU\ IRU WKUHH�GLPHQVLRQDO ERGLHV LQ OD\HUHG

HDUWKV� XWLOLW\ RI RQH� DQG WZR�GLPHQVLRQDO DOJRULWKPV IRU

LQWHUSUHWLQJ WKUHH�GLPHQVLRQDO JHRORJ\� PDJQHWRWHOOXULF WKHRU\

LQFOXGHV HOHFWURPDJQHWLF ILHOG UHODWLRQV� WHQVRU PDJQHWRWHOOXULF

TXDQWLWLHV� DQG FRXSOHG ERG\ WKHRU\� WKUHH�GLPHQVLRQDO

PDJQHWRWHOOXULFPRGHO LQFOXGHV UHVSRQVHV RI VPDOO VFDOH VWUXFWXUHV

DQG VHGLPHQWDU\ EDVLQV� DSSHQGL[ RI QXPHULFDO WHVWV RI FRXSOHG

ERG\ DSSUR[LPDWLRQ�

:$11$0$.(5� 3� (�� :DUG� 6� +�� +RKPDQQ� *� :�� DQG 6LOO� :�

5�� ����� 'HHS UHVLVWLYLW\ VWUXFWXUH LQ VRXWKZHVWHUQ 8WDK DQG LWV

JHRWKHUPDO VLJQLILFDQFH� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'���������� �� S�

3XUSRVH RI VWXG\� WHFWRQLF VHWWLQJ RI HDVWHUQ *UHDW %DVLQ DQG

DGMDFHQW UHJLRQV� VHLVPLFLW\� YROFDQLVP� KHDW IORZ� JUDYLW\� DQG

PDJQHWLFV RI DUHD� XSSHU DQG PLGGOH FUXVWDO� GHHS FUXVWDO� DQG

XSSHU PDQWOH UHVLVWLYLW\ PHFKDQLVPV� SUHYLRXV UHVLVWLYLW\ VWXGLHV



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

LQ WKH HDVWHUQ*UHDW%DVLQ LQFOXGLQJ D ����PXOWLIUHTXHQF\ GLSROH�

GLSROH JDOYDQLF UHVLVWLYLW\ VXUYH\ DW 5RRVHYHOW +RW 6SULQJV� ��

WHQVRUPDJQHWRWHOOXULF VWDWLRQV UHFRUGHG QHDU5RRVHYHOW� SUREOHPV

RI XSSHU FUXVWDO ODWHUDO LQKRPRJHQHLWLHV RI DUHD� PDS RI

PDJQHWRWHOOXULF VLWH ORFDWLRQV� REVHUYHG DSSDUHQW UHVLVWLYLW\ DQG

LPSHGDQFH SKDVH SVHXGRVHFWLRQV RI DUHD� FDOFXODWHG

SVHXGRVHFWLRQV DQG PRGHO UHVLVWLYLW\ FURVV VHFWLRQV� JUDSK

VKRZLQJ EHVW�ILW UHJLRQDO UHVLVWLYLW\ SURILOH IRU WKH DUHD� GHHS

UHVLVWLYLW\ SURILOH EHQHDWK 5RRVHYHOW� FRQWUROV RQ JHRWKHUPDO

UHVRXUFHV LQ VRXWKZHVWHUQ 8WDK� FRQFOXVLRQV�

:$5'�5�:�� ����� 6HLVPRORJLVWV VHHNLQJ KHDW�*HRWLPHV� Y� ��� QR�

�� S� ������

:$5'� 6� +�� ����� 6HHNLQJ JHRWKHUPDO UHVRXUFHV� *HRWLPHV� Y� ���

QR� ,,� S� ������

:$5'� 6� +�� ����� *HRWKHUPDO H[SORUDWLRQ DUFKLWHFWXUH� (5'$

7HFKQLFDO 5HSRUW� Y� ����� �� S�

:$5'� 6� +�� ����� 3URJUDP UHYLHZ� UHVRXUFH HYDOXDWLRQ� UHVHUYRLU

FRQILUPDWLRQ� DQG H[SORUDWLRQ WHFKQRORJ\� 8QLYHUVLW\ RI 8WDK

'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV 7HFKQLFDO5HSRUW� QR� ���

�����E����� XQSDJLQDWHG�

:$5'� 6� +�� ����D� &RQWUROOHG VRXUFH HOHFWURPDJQHWLF PHWKRGV LQ

JHRWKHUPDO H[SORUDWLRQ� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'�, �������� �� S�

2EMHFWLYH RI VWXG\� SUHYLRXV VWXGLHV RI HOHFWURPDJQHWLF PHWKRGV

IRU JHRWKHUPDO H[SORUDWLRQ� DSSOLFDWLRQV RI FRQWUROOHG VRXUFH

HOHFWULFDO PHWKRGV� SUREOHPV ZLWK LQGXFWLYH &6(0 V\VWHPV

LQFOXGLQJ QDWXUDO ILHOG QRLVH� FXOWXUDO QRLVH� DQG JHRORJLFDO QRLVH

GXH WR RYHUEXUGHQ DQG UHVROXWLRQ� HIIHFWV RI JHRORJLFDO QRLVH�

WRSRJUDSK\� FXUUHQW FKDQQHOLQJ� GHSWK RI H[SORUDWLRQ� DQG ODFN RI

LQWHUSUHWDWLRQDO DLGV� JUDSK VKRZLQJ JHQHUDOL]HG VSHFWUXPRI QDWX�

UDO PDJQHWLF ILHOGV� EDVLV IRU VHOHFWLQJ LQGXFWLYH HOHFWURPDJQHWLF

V\VWHPV� PDS RI ILUVW VHSDUDWLRQ GLSROH�GLSROH UHVLVWLYLW\ RI WKH

5RRVHYHOW +RW 6SULQJV .*5$� &6$07 DSSDUHQW UHVLVWLYLW\ PDSV

RI 5RRVHYHOW +RW 6SULQJV .*5$ DW IUHTXHQFLHV RI �� DQG ���+]�

JUDSKV VKRZLQJ 70 PRGH &6$07 ILHOG DQG PRGHOHG GDWD IURP

5RRVHYHOW +RW 6SULQJV� JUDSK VKRZLQJ WZR�GLPHQVLRQDO PRGHO

IURP ZKLFK PRGHOHG GDWD ZHUH FDOFXODWHG� RWKHU &6(0 ILHOG

H[DPSOHV�

:$5'� 6� +�� ����E� *HRSK\VLFDO VWXGLHV RI DFWLYH JHRWKHUPDO

V\VWHPV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH� LQ7KH UROH RI KHDW LQ WKH

GHYHORSPHQW RI HQHUJ\ DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ

%DVLQ DQG5DQJH3URYLQFH�*HRWKHUPDO5HVRXUFHV&RXQFLO 6SHFLDO

5HSRUW ��� S� �������� DOVR� ����� (DUWK 6FLHQFH

/DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR�

'2(�,'����������� �� S�

2EMHFWLYHV RI VWXG\� GLVWULEXWLRQ RI NQRZQ KLJK�WHPSHUDWXUH

UHVRXUFHV LQ WKH %DVLQ DQG 5DQJH� PHWKRGV RI JHRSK\VLFDO

H[SORUDWLRQ� SUREOHPV ZLWK JHRSK\VLFDO PHWKRGV LQ JHRWKHUPDO

DSSOLFDWLRQV� WDEOH FRPSDULQJ YDOXHV RI 3RLVVRQ
V UDWLR IRU

5RRVHYHOW +RW 6SULQJV ZLWK RWKHU JHRWKHUPDO V\VWHPV� EULHI

UHSRUWV RQ JHRORJ\ DQG JHRSK\VLFV RI VHYHUDO NQRZQ JHRWKHUPDO

UHVRXUFH DUHDV� PDS VKRZLQJ JHRORJ\ RI 5RRVHYHOW +RW 6SULQJV

.*5$ DQG YLFLQLW\� DOWHUDWLRQ DQG PLQHUDO DVVHPEODJHV RI WKH

5RRVHYHOW V\VWHP� WKHUPDO VWXGLHVPDSRI5RRVHYHOW�PDS VKRZLQJ

ILUVW VHSDUDWLRQ UHVLVWLYLW\ IURP ��� P GLSROH�GLSROH VXUYH\� PDS

RI WKH &60$7 �� +] DSSDUHQW UHVLVWLYLW\� VHOI�SRWHQWLDO PDS DQG

PDS VKRZLQJPLFURHDUWKTXDNHV RFFXUULQJ GXULQJ -XO\ ���� VZDUP

DW 5RRVHYHOW�:DGDWL GLDJUDPGHULYHG IURP HDUWKTXDNHV RFFXUULQJ

GXULQJ -XO\ ���� VZDUP� HYDOXDWLRQ RI WKH FRQWULEXWLRQ PDGH E\

HDFK RI �� PHWKRGV XVHG WR XQGHUVWDQG UHVHUYRLUV DW HDFK RI ��

JHRWKHUPDO SURMHFWV LQ WKH %DVLQ DQG 5DQJH�

:$5'� 6� +�� %RGHOO� -� 0�� %UXPEDXJK� :� '�� &DUWHU� -� $�� &RRN�

.� /�� &UHEV� 7� -�� 2OVHQ� 7� /�� 3DUU\� :� 7�� 6LOO� :� 5�� 6PLWK�

5� %�� 7KDQJVXSKDQLFK� ,�� DQG 7ULSS� $� &�� ����� 3DUW �� �

*HRSK\VLFV RI WKH 5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� 8WDK�

(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH

5HSRUW� QR� ����� �� S�

0LFURHDUWKTXDNH PRQLWRULQJ WR VWXG\ FRUUHODWLRQ RI VHLVPLFLW\ WR

NQRZQ JHRWKHUPDO IHDWXUHV� JUDYLW\ DQRPDO\ PDS DQG

LQWHUSUHWDWLRQ� WRWDO PDJQHWLF LQWHQVLW\ DQRPDO\ PDS DQG

LQWHUSUHWDWLRQ� FURVV VHFWLRQV RI JUDYLW\ DQRPDOLHV DQG JHRORJLF

VWUXFWXUH� VKDOORZ JHRWKHUPDO JUDGLHQW PDS DQG LQWHUSUHWDWLRQ�

:$5'� 6� +�� %RZPDQ� -� 5�� &RRN� .� /�� 3DUU\�:� 7�� 1DVK�:� 3��

6PLWK� 5� %�� 6LOO� :� 5�� DQG :KHODQ� -� $�� ����� *HRORJ\�

JHRFKHPLVWU\� DQG JHRSK\VLFV RI WKH 5RRVHYHOW +RW 6SULQJV

WKHUPDO DUHD� 8WDK � D VXPPDU\� %ULJKDP <RXQJ 8QLYHUVLW\

*HRORJ\ 6WXGLHV� Y� ��� SW� �� �� S�

*HRORJ\� VHLVPLF DFWLYLW\� DQG VRXUFHV RI DQRPDORXV KHDW IORZ DW

5RRVHYHOW� VXUIDFH DOWHUDWLRQ GHSRVLWV IURP WKH WKHUPDO VSULQJV�

:$5'� 6� +�� &RRN� .� /�� 1DVK� :� 3�� 3DUU\� :� 7�� 3HHSOHV� :� -��

6LOO� :� 5�� 6PLWK� 5� %�� %URZQ� )� +�� DQG :KHODQ� -� $�� �����

6\VWHPV RI JHRWKHUPDO H[SORUDWLRQ ZLWK DSSOLFDWLRQV LQ 8WDK�

8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV

6XPPDU\ 3URJUHVV 5HSRUW *UDQW� QR� 16) *,������� � S�

2YHU �� NP RI WUDYHUVH OLQH VXUYH\HG RQ D GLSROH�GLSROH UHVLVWLYLW\

VXUYH\ DW 5RRVHYHOW +RW 6SULQJV� �� HOHFWURPDJQHWLF VRXQGLQJV

DQG �� 6FKOXPEHUJHU YHUWLFDO HOHFWULF VRXQGLQJV� VHYHQ ZHHNV RI

PLFURHDUWKTXDNH PRQLWRULQJ DW 5RRVHYHOW +RW 6SULQJV DQG &RYH

)RUW�6XOSKXUGDOH� UHJLRQDO JUDYLW\ VXUYH\V IURP 5RRVHYHOW +RW

6SULQJV DQG FHQWUDO 0LQHUDO 0RXQWDLQV� VRXWKHUQ 0LQHUDO

0RXQWDLQV� DQG &RYH )RUW DUHD DQG QRUWKHUQ 0LQHUDO 0RXQWDLQV�

UHGXFWLRQ RI JUDYLW\ GDWD� LQWHUSUHWDWLRQ RI JUDYLW\ GDWD�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

DHURPDJQHWLF VXUYH\ RYHU WKH 0LQHUDO 5DQJH DQG &RYH )RUW�

6XOSKXUGDOH� LJQHRXV SHWURORJ\ RI 0LQHUDO 5DQJH DQG YLFLQLW\�

SDOHRPDJQHWLF VWXGLHV DQG UHVXOWV� EULHI GLVFXVVLRQ RI

JHRFKHPLVWU\ RI8WDK JHRWKHUPDO V\VWHPV� OLVW RI FRQVXOWDQWV XVHG

LQ VWXG\�

:$5'� 6� +�� &RRN� .� /�� 3DUU\� :� 7�� 3HHSOHV� :� -�� 1DVK� :� 3��

6PLWK� 5� %�� DQG :KHODQ� -� $�� ����� ,QWHJUDWHG H[SORUDWLRQ LQ

JHRWKHUPDO DUHD �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV

ZLWK 3URJUDPV� Y� �� QR� �� S� ��������

:$5'� 6� +�� *OHQQ� :� (�� 6PLWK� %� '�� DQG 5LMR� /�� �����

(OHFWURPDJQHWLF VRXQGLQJV LQ WKH JHRWKHUPDO HQYLURQPHQW �DEV���

LQ 6RFLHW\ RI([SORUDWLRQ*HRSK\VLFLVWV� ��WK$QQXDO ,QWHUQDWLRQDO

0HHWLQJ� *HRSK\VLFV� Y� ��� QR� �� S� ����

:$5'� 6� +�� 1DVK� :� 3�� 3DUU\� :� 7�� 3HHSOHV� :� -�� 6LOO� :� 5��

6PLWK� 5� %�� DQG :KHODQ� -� $�� ����� 6\VWHPV RI JHRWKHUPDO

H[SORUDWLRQ ZLWK DSSOLFDWLRQV LQ 8WDK� 8QLYHUVLW\ RI 8WDK

'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV 3URMHFW'HILQLWLRQ5HSRUW

*UDQW� QR� 16) *,������� �� S�

:$5'� 6� +�� 3DUU\� :� 7�� 1DVK� :� 3�� 6LOO� :� 5�� &RRN� .� /��

6PLWK� 5� %�� &KDSPDQ� '�� %URZQ� )�� :KHODQ� -�� DQG %RZPDQ�

-�� �����$ VXPPDU\ RI WKH JHRORJ\� JHRFKHPLVWU\� DQG JHRSK\VLFV

RI 5RRVHYHOW +RW 6SULQJV WKHUPDO DUHD� 8WDK� *HRSK\VLFV� Y� ���

QR� �� S� ����������

*HRORJ\� VSULQJ GHSRVLWV DQG DVVRFLDWHG DOWHUDWLRQ� DQG ZDWHU

FKHPLVWU\ DW 5RRVHYHOW+RW 6SULQJV�PLFURHDUWKTXDNHPRQLWRULQJ�

JUDYLW\ DQG PDJQHWLF VXUYH\V� HOHFWULFDO DQG KHDW IORZ

PHDVXUHPHQWV� UHVHUYRLU FRQILJXUDWLRQ DQGKHDW VRXUFH� JXLGHOLQHV

IRU H[SORUDWLRQ SURFHGXUHV DW 5RRVHYHOW +RW 6SULQJV�

:$5'� 6� +�� 5LMR� /�� DQG 3HWULFN� :� (�� ����� (OHFWURPDJQHWLF

VRXQGLQJV LQ WKH JHRWKHUPDO HQYLURQPHQW �DEV��� 8QLWHG 1DWLRQV

6\PSRVLXP RQ WKH 'HYHORSPHQW DQG 8VH RI *HRWKHUPDO

5HVRXUFHV� $EVWUDFWV� QR� ��� XQSDJLQDWHG�

:$5'� 6� +�� 5RVV� +� 3�� DQG 1LHOVRQ� '� /�� ����� $ VWUDWHJ\ RI

H[SORUDWLRQ IRU KLJK�WHPSHUDWXUH K\GURWKHUPDO V\VWHPV LQ WKH

%DVLQ DQG 5DQJH 3URYLQFH� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\

RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�(7��������� �� S�

6HH :DUG DQG RWKHUV �, �� ���

:$5'� 6� +�� 5RVV� +� 3�� DQG 1LHOVRQ� '� /�� ����� 6WUDWHJ\ RI

H[SORUDWLRQ IRU KLJK�WHPSHUDWXUH K\GURWKHUPDO V\VWHPV LQ %DVLQ

DQG 5DQJH 3URYLQFH �DEV��� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP

*HRORJLVWV %XOOHWLQ� Y� ��� QR���S�����

6HH :DUG DQG RWKHUV �, �� ���

:$5'� 6� +�� 5RVV� +� 3�� DQG 1LHOVRQ� '� /�� ����� ([SORUDWLRQ

VWUDWHJ\ IRU KLJK�WHPSHUDWXUH K\GURWKHUPDO V\VWHPV LQ %DVLQ DQG

5DQJH 3URYLQFH� $PHULFDQ $VVRFLDWLRQ RI 3HWUROHXP *HRORJLVWV

%XOOHWLQ� Y� ��� QR� �� S� �������

*HQHUDOL]HGPRGHO RI D FRQYHFWLYH K\GURWKHUPDO V\VWHP� JHRORJLF

FURVV VHFWLRQV RI 5RRVHYHOW +RW 6SULQJV DQG &RYH )RUW�

6XOSKXUGDOH .*5$6� VXPPDU\ RI SUHYLRXV JHRWKHUPDO

H[SORUDWLRQ VWXGLHV LQ WKH %DVLQ DQG 5DQJH� HYDOXDWLRQ RI WKH

XVHIXOQHVV RI JHRORJLF PDSSLQJ� K\GURORJ\� JUDYLW\� JURXQG

PDJQHWLFV� DHURPDJQHWLFV� PDJQHWRWHOOXULFV� HOHFWULFDO UHVLVWLYLW\�

VHOI�SRWHQWLDO� SDVVLYH VHLVPLF� UHIOHFWLRQ VHLVPLF� DQG WKHUPDO

PHWKRGV IRU JHRWKHUPDO H[SORUDWLRQ� WDEOH VKRZLQJ UHJLRQDO DS�

SOLFDELOLW\ RI H[SORUDWLRQ�DVVHVVPHQW WHFKQLTXHV� SURSRVHG

H[SORUDWLRQ VWUDWHJLHV LQFOXGLQJ OLWHUDWXUH DQG GDWD VHDUFK�

FKHPLFDO DQG LVRWRSLF DQDO\VHV RI ZDWHU� PDSSLQJ� WKHUPDO

JUDGLHQW PHDVXUHPHQWV� FRQFHSWXDO PRGHOLQJ� K\GURORJ\� ZHOO

ORJJLQJ� YDULRXV JHRSK\VLFDO DQG JHRFKHPLFDO WHFKQLTXHV� DQG

UHVHUYRLU PRGHOLQJ�

:$5'� 6� +�� DQG 6LOO� :� 5�� ����D� 'LSROH�GLSROH UHVLVWLYLW\

GHOLQHDWLRQ RI WKH QHDU VXUIDFH DW WKH 5RRVHYHOW +RW 6SULQJV

.*5$� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG

*HRSK\VLFV 7HFKQLFDO 5HSRUW� Y� ����� �� S�� DOVR� 1DWLRQDO

7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW ���������� �� S�

3XUSRVH RI VXUYH\� LQWHUSUHWDWLRQV RI UHVLVWLYLWLHV SORWWHG LQ

SVHXGRVHFWLRQ� PDSV RI 5RRVHYHOW .*5$ ILUVW VHSDUDWLRQ

UHVLVWLYLW\ GLSROH�GLSROH DUUD\ DQG SVHXGRVHFWLRQV�

:$5'� 6� +�� DQG 6LOO� :� 5�� ����E� 'LSROH�GLSROH UHVLVWLYLW\

VXUYH\V� 5RRVHYHOW +RW 6SULQJV .*5$� 8QLYHUVLW\ RI 8WDK�

'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO 5HSRUW� Y� ��

1DWLRQDO 6FLHQFH )RXQGDWLRQ *UDQW *,������� �� S�

'LSROH VSDFLQJV XVHG LQ VXUYH\� REMHFWLYH RI VXUYH\� SUHVHQWDWLRQ

RI GDWD� �������� VFDOH IUDFWXUH PDS� DLU SKRWRV� DHURPDJQHWLF

PDS� DQG LQWHUSUHWLYH JHRORJ\� DOWHUDWLRQ DVVHPEODJHV WDNHQ IURP

GULOO KROH GDWD� K\GURORJ\ DQG UHVLVWLYLW\ GDWD� SRURVLW\ DQG HIIHFWV

RI FOD\ DOWHUDWLRQ RQ UHVLVWLYLW\� VSHFXODWLRQ RQ KHDW VRXUFH� WZR�

GLPHQVLRQDO WUDQVPLVVLRQ�VXUIDFH IRUZDUG DOJRULWKP XVHG WR

PRGHO REVHUYHG GDWD� UHVXOWV RI PRGHOLQJ� RQH�GLPHQVLRQDO

UHVLVWLYLW\� WHPSHUDWXUH� VDOLQLW\� DQG SRURVLW\ PRGHOLQJ�

FRPSDULVRQ RI ELSROH�GLSROH DQG GLSROH�GLSROH UHVLVWLYLW\

WHFKQLTXHV� FRQFOXVLRQV DQG UHFRPPHQGDWLRQV�

:$5'� 6� +�� DQG 6LOO�:� 5�� ����� 5HVLVWLYLW\� LQGXFHG SRODUL]DWLRQ

DQG VHOI�SRWHQWLDO PHWKRGV LQ JHRWKHUPDO H[SORUDWLRQ� (DUWK

6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW�

QR� '2(�,'���������� ��� 3�

:$5,1*� *� $�� ����� 6XPPDU\ RI OLWHUDWXUH RQ WKHUPDO VSULQJV�

,QWHUQDWLRQDO 8QLRQ *HRGHWLFV� *HRSK\VLFV� $VVRFLDWLRQ RI

,QWHUQDWLRQDO +\GURORJLVWV 6FLHQWLILF $VVHPEO\� *HQHUDO�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

%UX[HOOHV� ����� 3URFHHGLQJV� Y� �� S� ��������

:$5,1*� *� $�� ����� 6XPPDU\ RI OLWHUDWXUH RQ WKHUPDO VSULQJV�

,QWHUQDWLRQDO$VVRFLDWLRQ6FLHQFH+\GURORJLVWV$VVHPEO\*HQHUDO�

%UX[HOOHV� ����� 7� �� S� ��������

:$5,1*� *� $�� ����� 7KH RFFXUUHQFH DQG GLVWULEXWLRQ RI WKHUPDO

VSULQJV� 3DFLILF 6FLHQWLILF $VVRFLDWLRQ� �WK &RQJUHVV� 1HZ

=HDODQG� ����� 3URFHHGLQJV� Y� �� S� ��������

:$5,1*� *� $�� �UHYLVHG E\ 5� 5� %ODQNHQVKLS DQG 5� %HQWDOO��

����� 7KHUPDO VSULQJV RI WKH 8QLWHG 6WDWHV DQG RWKHU FRXQWULHV RI

WKHZRUOG � D VXPPDU\�8�6�*HRORJLFDO 6XUYH\3URIHVVLRQDO 3DSHU

���� ��� S�� DOVR� �DEV�� *HRVFLHQFH $EVWUDFWV� Y� �� QR� ��� S� ��

���������

:(&+6/(5� '� -�� DQG 6PLWK� 5� %�� ����� $Q HYDOXDWLRQ RI

K\SRFHQWHU ORFDWLRQ WHFKQLTXHVZLWK DSSOLFDWLRQV WR VRXWKHUQ8WDK�

UHJLRQDO HDUWKTXDNH GLVWULEXWLRQV DQG VHLVPLFLW\ RI JHRWKHUPDO

DUHDV�8QLYHUVLW\ RI8WDK�'HSDUWPHQW RI*HRORJ\ DQG*HRSK\VLFV

5HSRUW� QR� ���������D���� ��� S�

:(1'(5� /� (�� ����� &KHPLFDO DQG PLQHUDORJLFDO HYROXWLRQ RI WKH

&HQR]RLF YROFDQLFV RI WKH 0DU\VYDOH� 8WDK DUHD� 6DOW /DNH &LW\�

8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� S�

:(1'(5� /� (�� DQG 1DVK� :� 3�� ����� &KHPLVWU\ DQG PLQHUDORJ\

RI WKH &HQR]RLF YROFDQLF URFNV RI WKH0DU\VYDOH DUHD� 8WDK �DEV���

*HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWV ZLWK 3URJUDPV� Y� �� QR�

�� S� ,, �� ������

:(1'(5� /� (�� DQG 1DVK� :� 3�� ����� 3HWURORJ\ RI 2OLJRFHQH DQG

HDUO\0LRFHQH FDOF�DONDOLF YROFDQLVP LQ WKH0DU\VYDOH DUHD� 8WDK�

*HRORJLFDO 6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ��� QR� �� SW� ��� S� ���

���

:+(/$1� -� $�� ����� 5DGLRDFWLYH DQG LVRWRSLF DJH

GHWHUPLQDWLRQV RI 8WDK URFNV� 8WDK *HRORJLFDO DQG 0LQHUDO

6XUYH\ %XOOHWLQ ��� �� S�

:+(/$1� -� $�� ����� *HRWKHUPDO JUDGLHQW GDWD� &HGDU &LW\ ,;�

GHJUHH TXDGUDQJOH� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 0DS�

QR� ��� VFDOH ����������

:+(/$1� -� $�� ����� 7KHUPDO JUDGLHQW DQG KHDW IORZ GULOOLQJ�

8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV )LQDO

5HSRUW� Y� �� FRQWUDFW QR� *,������� �� S�

:+(/$1� -� $�� DQG 3HWHUVHQ� &� $�� ����� %RQQHYLOOH 6DOW )ODWV � D

SRVVLEOH JHRWKHUPDO DUHD"� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\�

8WDK *HRORJ\� Y� �� QR� �� S� ������ DOVR� ����� 8WDK *HRORJLFDO

DQG 0LQHUDO 6XUYH\ 2SHQ)LOH 5HSRUW� QR� ��� �� S�

8QXVXDOO\ KLJK JHRWKHUPDO JUDGLHQWV IURP %RQQHYLOOH 6DOW )ODWV

QRWHG LQ SULRU VWXGLHV� GHSWKV� ORFDWLRQV� VSHFLILF FDSDFLWLHV� DQG

WRWDO GLVVROYHG VROLGV IRU �� GHHS EULQH ZHOOV� �� EUDFNLVK ZDWHU

ZHOO GHSWKV DQG WZRZHOO WUDQVPLVVLYLWLHV� EUDFNLVK ZDWHU VRXUFHV�

WHPSHUDWXUHV IURP WZR IDXOW OLQH VSULQJV� VWUXFWXUDO JHRORJ\ DQG

VWUDWLJUDSK\ RI WKH 6DOW )ODWV� VWUDWLJUDSK\� VWUXFWXUH� SHWURJUDSK\�

DQG YROFDQLF KLVWRU\ RI WKH 6LOYHU ,VODQG 5DQJH� JHRWKHUPDO

UHVHUYRLU WHPSHUDWXUH HVWLPDWHV� ODQG DQG ZHOO RZQHUVKLS�

FRQFOXVLRQV DQG UHFRPPHQGDWLRQV�

:+,7(� '� (�� ����� )XPDUROHV� KRW VSULQJV� DQG K\GURWKHUPDO

DOWHUDWLRQ� $PHULFDQ *HRSK\VLFDO 8QLRQ� 7UDQVDFWLRQV� Y� ��� QR�

�� S� ������ ��

:+,7(� '� (�� ����� 7KHUPDO VSULQJV DQG HSLWKHUPDO RUH GHSRVLWV�

(FRQRPLF *HRORJ\� )LIWLHWK $QQLYHUVDU\ 9ROXPH� S� ��������

:+,7(� '� (�� ����� 6XPPDU\ RI VWXGLHV RI WKHUPDO ZDWHUV DQG

YROFDQLF HPDQDWLRQV RI WKH 3DFLILF UHJLRQ� ���������� LQ *HRORJ\

DQG VROLG HDUWK JHRSK\VLFV RI WKH 3DFLILF EDVLQ� 3DFLILF 6FLHQWLILF

$VVRFLDWLRQ� ��WK &RQJUHVV� +RQROXOX� ����� S� ��������

:+,7(� '� (�� DQG +HURSRXORV� &�� ����� $FWLYH DQG IRVVLO

K\GURWKHUPDO FRQYHFWLRQ V\VWHPV RI WKH *UHDW %DVLQ� LQ 7KH UROH

RI KHDW LQ WKH GHYHORSPHQW RI HQHUJ\ DQG PLQHUDO UHVRXUFHV LQ WKH

QRUWKHUQ %DVLQ DQG 5DQJH 3URYLQFH� *HRWKHUPDO 5HVRXUFHV

&RXQFLO 6SHFLDO 5HSRUW ��� S� ������

:+,7(� '� +�� 0DWKHZV� +� %�� :ROI� '�� DQG <RXQJ� 7� /�� �����

$GYDQFHPHQWV LQ WKH XWLOL]DWLRQ RI JHRWKHUPDO HQHUJ\ LQ ZHVWHUQ

86$� ,QVWLWXWLRQ RI &KHPLFDO (QJLQHHUV 6\PSRVLXP 6HULHV

�(QJODQG�� Y� ��� S� 7�����7�����

:+,7(� ,� /�� DQG RWKHUV� ����D� (QHUJ\ IURP WKH ZHVW� HQHUJ\

UHVRXUFH GHYHORSPHQW V\VWHPV UHSRUW� 9ROXPH ,� ,QWURGXFWLRQ DQG

JHQHUDO VRFLDO FRQWUROV� LQ 6HDPDOHUW� 1DWLRQDO 7HFKQLFDO

,QIRUPDWLRQ 6HUYLFH 3%���� �����*$� RU DV D VHW RI � UHSRUWV

17,6 ��������6(7� ��� S�

:+,7(� �� /�� DQG RWKHUV� ����E� (QHUJ\ IURP WKH ZHVW� HQHUJ\

UHVRXUFH GHYHORSPHQW V\VWHPV UHSRUW� 9ROXPH 9,� *HRWKHUPDO�

1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ 6HUYLFH 5HSRUW 3%���� �����67�

��� S�

:+,7(� �� /�� DQG RWKHUV� ����F� (QHUJ\ IURP WKH ZHVW� LPSDFW

DQDO\VLV UHSRUW� 9ROXPH ,� ,QWURGXFWLRQ DQG VXPPDU\� 8�6�

(QYLURQPHQWDO 3URWHFWLRQ $JHQF\ 5HSRUW� QR� (3$����������

���$� ��� S�

:+,7(� .� /�� ����� 3RWHQWLDO SROOXWDQWV RI JHRWKHUPDO HQHUJ\ DQG

JHRWKHUPDO GHYHORSPHQW LQ 8WDK� LQ 5RP� :� 1�� DQG $UFKHU� 9�

(�� +HDOWK LPSOLFDWLRQV RI QHZ HQHUJ\ WHFKQRORJLHV� +HDOWK

,PSOLFDWLRQV RI WKH 1HZ (QHUJ\ 7HFKQRORJLHV &RQIHUHQFH� $QQ

$UERU 6FLHQFH 3XEOLVKHUV� ,QFRUSRUDWHG� 0LFKLJDQ� S� ��������



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

:+,7(� .� /�� +LOO� $� &�� DQG 8UVHQEDFK� :� 2�� �����

(QYLURQPHQWDO RYHUYLHZ UHSRUW RQ 8WDK JHRWKHUPDO UHVRXUFH

DUHDV�5RRVHYHOW+RW 6SULQJV� &RYH )RUW�6XOSKXUGDOH� 7KHUPR+RW

6SULQJV�/XQG .*5$6� 8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH�(QYLURQPHQWDO 6WXGLHV /DERUDWRU\ 5HSRUW� QR� 8&5/�

������ Y� �� ���� S�

:,//,6� &� 3�� ����� 5DGLXP DQG XUDQLXP GHWHUPLQDWLRQ LQ VDPSOHV

RI 8WDK 5RVHV JHRWKHUPDO ZDWHU� 1DWLRQDO 7HFKQLFDO ,QIRUPDWLRQ

6HUYLFH 5HSRUW� QR� (**3+<6������ �� S�

$QDO\VLV RI 8WDK 5RVHV JHRWKHUPDO ZHOO ZDWHUV IRU XUDQLXP DQG

UDGLXP E\ GLUHFW DOSKD FRXQWLQJ RQ VHSDUDWHG HOHPHQWV� WDEOHV RI

XUDQLXP DQG UDGLXP IUDFWLRQV� DSSHQGL[ RI FKHPLFDO DQG

UDGLRFKHPLFDO SURFHGXUHV XVHG LQ VWXG\�

:,/621� :� 5�� ����� 7KHUPDO VWXGLHV LQ D JHRWKHUPDO DUHD� 6DOW

/DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG 3K�'� WKHVLV�

��� S�

3XUSRVH RI VWXG\� PDS RI ORFDWLRQ DQG JHQHUDO JHRORJ\ RI

5RRVHYHOW +RW 6SULQJV� PHWKRGV XVHG WR PHDVXUH WHPSHUDWXUHV LQ

�� GULOO KROHV LQ VWXG\ DUHD� JUDSKV RI WHPSHUDWXUH�GHSWK FXUYHV�

SURFHGXUHV IRU GHWHUPLQLQJ WKHUPDO FRQGXFWLYLW\ DQG KLVWRJUDPRI

UHVXOWV� WKHUPDO FRQGXFWLYLW\ YDOXHV IRU PDMRU JHRORJLF XQLWV� KHDW

WUDQVIHU FKDUDFWHULVWLFV� SORW VKRZLQJ PDJQLWXGH RI FRQGXFWLYH

ODWHUDO KHDW WUDQVIHU� PDS VKRZLQJ VXUIDFH FRQGXFWLYH KHDW IORZ

IRU DUHD� PDS RI GRZQZDUG FRQWLQXDWLRQ RI WKH VXUIDFH KHDW IORZ�

DSSHQGL[ VKRZLQJ GRZQZDUG FRQWLQXDWLRQ IRUPXODV� JUDSK RI

WZR�GLPHQVLRQDO SRZHU VSHFWUXP RI JULGGHG VXUIDFH KHDW IORZ�

DSSHQGL[ RI WHPSHUDWXUH�GHSWK FXUYHV IRU 5RRVHYHOW +RW 6SULQJV�

VKDOORZ KHDW IORZ VXUYH\V DFURVV QRUPDO IDXOW JHRWKHUPDO V\VWHPV

SURYLGLQJ IDXOW JHRPHWU\ DQG IOXLG IORZ LQIRUPDWLRQ� WHPSHUDWXUH�

GHSWK UHVXOWV IURP ILYH GULOO KROHV DW WKH 0RQURH .*5$�

LQYHVWLJDWLRQ RI KHDW IORZ GDWD IRU JHRPHWULF SURSHUWLHV RI WKH

0RQURH JHRWKHUPDO V\VWHP� GDWXP FRUUHFWLRQ IRU KHDW IORZ

PHDVXUHPHQWV PDGH RQ DQ DUELWUDU\ VXUIDFH�

:,/621� :� 5�� DQG &KDSPDQ� '� 6�� ����� ,QWHUSUHWDWLRQ RI KHDW

IORZ UHVXOWV DW 5RRVHYHOW +RW 6SULQJV� 8WDK �DEV��� (26

7UDQVDFWLRQV� $PHULFDQ*HRSK\VLFV8QLRQ� Y� ��� QR� ��� S� �����

8VH RI �� GULOO KROHV WR GHWHUPLQH WHPSHUDWXUH JUDGLHQWV DQG

WKHUPDO FRQGXFWLYLW\ RI OLWKRORJLF XQLWV� FRQILJXUDWLRQ RI QHDU

VXUIDFH K\GURWKHUPDO V\VWHP� GRZQZDUG FRQWLQXDWLRQ PRGHO�

:,/621� :� 5�� DQG &KDSPDQ� '� 6�� ����� +HDW IORZ PDSSLQJ DW

5RRVHYHOW +RW 6SULQJV� 8WDK DV D JHRWKHUPDO H[SORUDWLRQ PHWKRG

�DEV��� *HRSK\VLFV� Y� ��� QR� �� S� ����

8VH RI GULOO KROHV WR REWDLQ WKHUPDO FRQGXFWLYLW\ PHDVXUHPHQWV RI

OLWKRORJLF XQLWV� FRQGXFWLYH KHDW IORZ FDOFXODWHG IRU XSSHU ��

PHWHUV RI KROHV� KHDW IORZ SDWWHUQ� GRZQZDUG FRQWLQXDWLRQPRGHO�

:,/621�:� 5�� DQG &KDSPDQ� '� 6�� ����� 7KUHH WRSLFDO UHSRUWV� ��

7KHUPDO VWXGLHV DW 5RRVHYHOW +RW 6SULQJV� 8WDK� ,,� +HDW IORZ

DERYH DQ DUELWUDULO\ GLSSLQJ SODQH RI KHDW VRXUFHV� ���� $ GDWXP

FRUUHFWLRQ IRU KHDW IORZ PHDVXUHPHQWV PDGH RQ DQ DUELWUDU\

VXUIDFH� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH 5HSRUW� QR� '2(�,'������������� S�

3DUW �� 8VH RI WKHUPDO JUDGLHQW� WKHUPDO FRQGXFWLYLW\

PHDVXUHPHQWV� DQG KHDW IORZ GHWHUPLQDWLRQV IURP �� GULOO KROHV

IRU JHRPHWU\ DQG WHPSHUDWXUH RI WKH JHRWKHUPDO V\VWHP� KHDW

WUDQVIHU FKDUDFWHULVWLFV LQ WKH JHRWKHUPDO V\VWHP� DVVHVVPHQW RI

IDFWRUV WKDW FDXVH QRQ�OLQHDU WHPSHUDWXUH SURILOHV� DSSHQGLFHV RI

WHPSHUDWXUH�GHSWK FXUYHV DW 5RRVHYHOW DQG IRUPXODH IRU

GRZQZDUG FRQWLQXDWLRQ RI VXUIDFH KHDW IORZ PDS� 3DUW ,,� 8VH RI

VKDOORZ KHDW IORZ VXUYH\V DFURVV IDXOWV LQ JHRWKHUPDO V\VWHP WR

SURYLGH LQIRUPDWLRQ RQ IDXOW JHRPHWU\ DQG IOXLG IORZ� WZR�

GLPHQVLRQDO PRGHO RI IDXOW ]RQH DV D SODQH RI KHDW VRXUFH

HPEHGGHG LQ D FRQGXFWLYHPHGLXP�JHRPHWULF SDUDPHWHU HVWLPDWHV

XVLQJ LQYHUVLRQ WKHRU\� XVHV0RQURH JHRWKHUPDO V\VWHP IRU WHVWLQJ

PRGHO� 3DUW ���� $GMXVWV KHDW IORZ PHDVXUHPHQWV WR D FRQVWDQW

GDWXP OHYHO� SRWHQWLDO ILHOG WKHRU\ DQG QXPHULFDO WHFKQLTXHV� XVH

RI WKUHH WHVW PRGHOV WR GHWHUPLQH DFFXUDF\ RI QXPHULFDO

DSSUR[LPDWLRQ� FRUUHFWLRQ RI KHDW IORZ DQRPDO\ DW 5RRVHYHOW +RW

6SULQJV�

:22':$5'� /� $�� ����� 7HFWRQLF LPSOLFDWLRQV RI VWUXFWXUHV RI

%HDYHU DQG QRUWKHUQ 6DQ )UDQFLVFR 0RXQWDLQV� 8WDK� *HRORJLFDO

6RFLHW\ RI $PHULFD %XOOHWLQ� Y� ��� QR� �� S� ����������

:5,*+7� 3� 0�� ����� *HRWKHUPDO JUDGLHQW DQG UHJLRQDO KHDW IORZ

LQ 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI 8WDK� XQSXEOLVKHG

3K�'� WKHVLV� ��� S�

:5,*+7� 3� 0�� )ROH\� '�� 1LFKROV� &� 5�� DQG *ULP� 3� -�� �����

:HVWHUQ VWDWHV FRRSHUDWLYH GLUHFW KHDW JHRWKHUPDO SURJUDP RI

'2(� *HRWKHUPDO 5HVRXUFHV &RXQFLO� 7UDQVDFWLRQV� Y� �� S ����

����

<281*� &� <�� :DUG� 5� :�� DQG /LQ� 7� /�� ����� 6HLVPLF

DWWHQXDWLRQ REVHUYDWLRQV DFURVV 5RRVHYHOW +RW 6SULQJV� .*5$

�DEV��� (267UDQVDFWLRQV�$PHULFDQ*HRSK\VLFDO8QLRQ� Y� ��� QR�

��� S� ����

3URJUDP GHVLJQ IRU PDSSLQJ WUDYHO�WLPH GHOD\V EHQHDWK

JHRWKHUPDO DUHDV� SURFHGXUHV XVHG WR GLJLWL]H WKH VHLVPRJUDSKV RI

�� WHOHVHLVPV IRU TXDQWLWDWLYH DWWHQXDWLRQ DQDO\VLV� LQYHUVLRQ

WHFKQLTXH XVHG WR REWDLQ WKUHH�GLPHQVLRQDO4PRGH IRU WKH UHJLRQ�

<281*�5�$�� DQG&DUSHQWHU� &� +�� ����� *URXQG�ZDWHU FRQGLWLRQV

DQG VWRUDJH LQ WKH FHQWUDO 6HYLHU 9DOOH\� 8WDK� 8�6� *HRORJLFDO

6XUYH\ :DWHU�6XSSO\ 3DSHU� QR� ����� �� S�

<86$6� 0� 5�� ����D� 6WUHVV KLVWRU\ RI WKH 0LQHUDO 0RXQWDLQV

SOXWRQ� VRXWKZHVWHUQ 8WDK �DEV��� *HRORJLFDO 6RFLHW\ RI $PHULFD

$EVWUDFWV ZLWK 3URJUDPV� Y� , �� QR� �� S� ����

<86$6� 0� 5�� ����E� 6WUXFWXUDO HYROXWLRQ RI WKH 5RRVHYHOW +RW

6SULQJV JHRWKHUPDO UHVHUYRLU� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� ��� S�

3XUSRVH RI VWXG\� PDS VKRZLQJ JHQHUDO JHRORJ\ RI WKH 0LQHUDO

0RXQWDLQV DUHD� JHRORJ\ DQG WHFWRQLF VHWWLQJ RI WKH 0LQHUDO

0RXQWDLQV� SURFHGXUHV XVHG LQ PDSSLQJ VWUXFWXUH� DQDO\VLV RI



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

VWUXFWXUH DQG IUDFWXUH V\VWHPV� WDEOH VKRZLQJ WHQVLOH VWUHQJWKV RI

URFNV� GHYHORSPHQW RI IUDFWXUH SHUPHDELOLW\� SURFHGXUHV XVHG LQ

VWUDLQ UHOLHI PHDVXUHPHQWV� RULHQWDWLRQV DQG PDJQLWXGHV RI

SULQFLSDO VWUDLQV� WDEOH VKRZLQJ UHVXOWV RI VWUDLQ UHOLHI PHDVXUH�

PHQWV� GHSWK RI SURGXFLQJ JHRWKHUPDO UHVHUYRLUV� IRUPDWLRQ RI WKH

JHRWKHUPDO UHVHUYRLU� DSSHQGLFHV VKRZLQJ XQUHGXFHG VWUDLQ UHOLHI

WHVW UHVXOWV DQG UHVXOWV RI XQLD[LDO FRPSUHVVLRQ WHVWV�

<86$6� 0� 5�� DQG %UXKQ� 5� /�� ����� 6WUXFWXUDO IDEULF DQG LQ�VLWX

VWUHVV DQDO\VHV RI WKH5RRVHYHOW +RW 6SULQJV.*5$�8QLYHUVLW\ RI

8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV� 5HSRUW� QR�

'2(�(7���������� �� S�

*HRPHWU\ DQG RULJLQ RI IUDFWXUHV XVHG WR GHYHORS D VWUXFWXUDO

PRGHO RI WKH JHRWKHUPDO UHVHUYRLU DW WKH 5RRVHYHOW .*5$�

JHRORJLF DQG WHFWRQLF VHWWLQJ� ILHOGPDSSLQJ DQG VWUXFWXUDO DQDO\VLV

RI MRLQWV� GLNHV� DQG VKHDU ]RQHV� JHQHVLV DQG GHYHORSPHQW RI

IUDFWXUH SHUPHDELOLW\ LQ WKH JHRWKHUPDO UHVHUYRLU� PHDVXUHPHQW RI

VWUDLQ UHOLHI WR GHWHUPLQH DFWLYH DQG UHVLGXDO VWUHVVHV� SRVVLEOH

PHFKDQLVPV RI VWUDLQ UHOLHI�

=$1'7� *� 0�� 0F3KHUVRQ� /�� 6FKDII� 6�� DQG 2OVHQ� 6�� �����

6HLVPLF EDVHOLQH DQG LQGXFWLRQ VWXGLHV� 5RRVHYHOW +RW 6SULQJV�

8WDK DQG 5DIW 5LYHU� ,GDKR� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\

RI 8WDK 5HVHDUFK ,QVWLWXWH 5HSRUW� QR� '2(�,'�������7,� �� S�

$QDO\WLFDO SURFHGXUHV� JHRJUDSKLF RULHQWDWLRQ RI 5DIW 5LYHU DQG

5RRVHYHOW .*5$V LQ WKH ,QWHUPRXQWDLQ 6HLVPLF%HOW� EDFNJURXQG

VHLVPLFLW\� PLFURHDUWKTXDNH VZDUP GHWHFWHG LQ WKH 0LQHUDO

0RXQWDLQV� WHFKQLTXHV IRU ORFDWLQJ K\SRFHQWHUV� JHRORJLFDO

LQWHUSUHWDWLRQ RI GDWD� FRQFOXVLRQV RI PLFURHDUWKTXDNH

LQIRUPDWLRQ� HTXLSPHQW XVHG DQG ORJLVWLFV LQYROYHG LQ VWXG\ DW

5RRVHYHOW� DSSHQGL[ GHVFULELQJ PHWKRG XVHG IRU FDOLEUDWLRQ RI

LQGXFHG� VHLVPLFLW\ QHWZRUN DW 5RRVHYHOW�

=,(7=� ,VLGRUH� 6KXH\� 5�� DQG .LUE\� -� 5�� -U�� ����� $HURPDJQHWLF

PDS RI 8WDK� 8�6� *HRORJLFDO 6XUYH\ *HRSK\VLFDO ,QYHVWLJDWLRQV

0DS *3����� VFDOH ������������

=,00(50$1� -� 7�� ����� *HRORJ\ RI WKH &RYH &UHHN DUHD� 0LOODUG

DQG %HDYHU &RXQWLHV� 8WDK� 6DOW /DNH &LW\� 8WDK� 8QLYHUVLW\ RI

8WDK� XQSXEOLVKHG 0DVWHUV WKHVLV� �� 3�

=2%$&.� 0� /�� DQG $QGHUVRQ� 5� (�� ����� 6W\OH RI EDVLQ�UDQJH

IDXOWLQJ DV LQIHUUHG IURP VHLVPLF UHIOHFWLRQ GDWD LQ WKH *UHDW

%DVLQ� 1HYDGD DQG8WDK� LQ 7KH UROH RI KHDW LQ WKH GHYHORSPHQW RI

HQHUJ\ DQG PLQHUDO UHVRXUFHV LQ WKH QRUWKHUQ %DVLQ DQG 5DQJH

3URYLQFH� *HRWKHUPDO 5HVRXUFHV &RXQFLO 6SHFLDO 5HSRUW ��� S�

��������

=2+'<� $� $� 5�� DQG %LVGRUI� 5� -�� ����� 6FKOXPEHUJHU VRXQGLQJV

LQ WKH XSSHU 5DIW 5LYHU DQG 5DIW 5LYHU 9DOOH\V� ,GDKR DQG 8WDK�

8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ������ �� S�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

*29(510(17�)81'(' *(27+(50$/ 352-(&76

$1' *(27+(50$/ '(9(/230(176 ,1 87$+

1$7,21$/ 678',(6

,Q DGGLWLRQ WR 8WDK VSHFLILF SURMHFWV� VHYHUDO 8�6� *HRORJLFDO 6XUYH\ QDWLRQDO DQG UHJLRQDO JHRWKHUPDO SURMHFWV KDYH LQYROYHG VLJQLILFDQW

LQYHVWLJDWLRQV LQ 8WDK� $OWKRXJK WKHVH VWXGLHV ZHUH QRW 8WDK VSHFLILF� SDUWV RI WKH VWXGLHV LQYROYHG ILHOGZRUN LQ8WDK DQG WKH UHSRUWV KDYH

FRQWULEXWHG VLJQLILFDQWO\ WR XQGHUVWDQGLQJ WKH JHRWKHUPDO V\VWHPV LQ WKH VWDWH�

1DWLRQDO SURMHFWV LQFOXGH ZRUN XVHG WR GHYHORS WKH $VVHVVPHQW RI *HRWKHUPDO 5HVRXUFHV RI WKH 8QLWHG 6WDWHV � ����� :KLWH� '� (�� DQG

:LOOLDPV� '� /�� HGLWRUV� �VHH OLVWLQJV� 'LPHQW DQG RWKHUV� ����� 1DWKHQVRQ DQG0XIIOHU� ����� 5HQQHU DQG RWKHUV� ����� 6PLWK DQG 6KDZ�

������ $VVHVVPHQW RI *HRWKHUPDO 5HVRXUFHV RI WKH 8QLWHG 6WDWHV � ����� 0XIIOHU� /� -� 3�� HGLWRU� �VHH OLVWLQJV� %URRN DQG RWKHUV� �����

6DPPHO� ����� 6DVV DQG /DFKHQEUXFK� ����� 6PLWK DQG 6KDZ� ������ DQG $VVHVVPHQW RI /RZ�7HPSHUDWXUH *HRWKHUPDO 5HVRXUFHV RI WKH

8QLWHG 6WDWHV � ����� 5HHG� 0� -�� HGLWRU �VHH OLVWLQJV� 0DULQHU� %URRN� DQG RWKHUV� ����� 1DWKHQVRQ DQG RWKHUV� ������

6LJQLILFDQWZRUN ZDV DOVR GRQH DV SDUW RI WKH HYDOXDWLRQ RI .QRZQ*HRWKHUPDO 5HVRXUFH $UHDV �.*5$6� LQ 8WDK� 7KH UHVXOWV RI VRPH

RI WKLV ZRUN ZHUH SXEOLVKHG DQG DUH LQFOXGHG LQ WKH UHIHUHQFH OLVW� KRZHYHU� VRPH RI WKH ZRUN GLG QRW UHVXOW LQ SXEOLFDWLRQV�

67$7(:,'( 678',(6

$5($� 1RUWKHUQ DQG FHQWUDO :DVDWFK )URQW� *UHDW 6DOW /DNH DUHD� DQG VRXWK�FHQWUDO 8WDK
)81',1*� 'HSDUWPHQW RI (QHUJ\ DQG 1DWLRQDO 6FLHQFH )RXQGDWLRQ
'$7(� ���������
7,7/(� ,VRWRSLF DQG ,RQ &KHPLVWU\ RI 7KHUPDO :DWHUV
35,1&,3$/ ,19(67,*$725� &ROH� '� 5�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH
6800$5<� 7KH UHSRUWV DQDO\]H PDMRU FDWLRQV DQG DQLRQV� DQG R[\JHQ DQG K\GURJHQ LVRWRSHV IURP WKHUPDO

VSULQJV DVVRFLDWHG ZLWK QRUPDO IDXOWV� &ROH VWXGLHG JHRWKHUPRPHWHU WHPSHUDWXUHV� PLQHUDO

VDWXUDWLRQ WUHQGV IRU WKHUPDO ZDWHUV� PLQHUDO�IOXLG HTXLOLEULD� RULJLQ RI VSULQJV� DQG GHWHUPLQHG

DJHV RI 5HG +LOO DQG 7KHUPR ZDWHUV�
5()(5(1&(6� &ROH� ����� ����� ����

$5($� 8WDK

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� 8WDK *(27+(50 'DWD %DVH
35,1&,3$/ ,19(67,*$725 0XUSK\� 3� -�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� &KHPLFDO GDWD RQ 8WDK KRW VSULQJV ZHUH HQWHUHG LQ WKH 8�6� *HRORJLFDO 6XUYH\ FRPSXWHU ILOH

*(27+(50� DQ LQIRUPDWLRQ V\VWHP WKDW PDLQWDLQHG GDWD ILOHV RQ WKH JHRORJ\� JHRFKHPLVWU\�

DQG K\GURORJ\ RI 8�6� JHRWKHUPDO VLWHV XQWLO �����
5()(5(1&(6� %OLVV� ����� 6ZDQVRQ� ����� 7HVKLQ DQG RWKHUV� ����� 8�6� *HRORJLFDO 6XUYH\� ����E

$5($� 8WDK

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� 7KHUPDO :DWHUV RI 8WDK
35,1&,3$/ ,19(67,*$7256� *RRGH� +� '�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� 5HJLRQV \LHOGLQJ VOLJKWO\ ZDUP� ZDUP� RU KRW ZDWHU DUH GLVFXVVHG� 7KH UHSRUW LQFOXGHV UHFRUGV

RI ���� ZHOOV DQG VSULQJV ZLWK WHPSHUDWXUHV JUHDWHU WKDQ ���&�
5()(5(1&(� *RRGH� ����

$5($� 8WDK

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� *HRWKHUPDO 5HVRXUFHV RI 8WDK �PDS�
35,1&,3$/ ,19(67,*$725� 0XUSK\� 3� -�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� 7KH PDS LGHQWLILHV ��� WKHUPDO ZHOOV DQG VSULQJV� ZDWHU FKHPLVWU\ DQG WHPSHUDWXUH� KHDW IORZ

PHDVXUHPHQWV� DQG WKH ORFDWLRQV RI QLQH .*5$6�

5()(5(1&(� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� FRPSLOHUV� ����



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

$5($� 8WDK

)81',1*� 'HSDUWPHQW RI (QHUJ\

'$7(� ���������

7,7/(� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK

35,1&,3$/ ,19(67,*$725� %XGGLQJ� .� (�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\

6800$5<� 7KH ELEOLRJUDSK\ FRQWDLQV DSSUR[LPDWHO\ ��� UHIHUHQFHV UHODWLQJ WR JHRWKHUPDO UHVRXUFHV RI

8WDK� 7KRVH UHIHUHQFHV ZKLFK SHUWDLQ GLUHFWO\ WR D UHVRXUFH DUH DQQRWDWHG� $FFRPSDQ\LQJ WKH

ELEOLRJUDSK\ LV D OLVW DQG EULHI GHVFULSWLRQ RI JRYHUQPHQW IXQGHG JHRWKHUPDO SURMHFWV DQG

FRPPHUFLDO JHRWKHUPDO GHYHORSPHQWV�

5()(5(1&(� WKLV UHSRUW

$5($� 8WDK

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK 'LYLVLRQ RI :DWHU 5LJKWV

'$7(� ���������

7,7/(� &RPPHUFLDOL]DWLRQ 3ODQQLQJ 3URJUDP

35,1&,3$/ ,19(67,*$7256� *UHHQ� 6WDQOH\� :DWHU 5LJKWV� +DQQ\� -� $�� /XQLV� %� &�� (*	* ,GDKR� ,QFRUSRUDWHG
6800$5<� 7KH SURJUDP ZRUNHG WRZDUGV WKH GHYHORSPHQW RI JHRWKHUPDO UHVRXUFHV LQ 8WDK� 7KH UHSRUWV

FRYHU WKH K\GURWKHUPDO UHVRXUFHV DQG JHRORJ\� DFWLYLWLHV WKDW OHDG WR FRPPHUFLDOL]DWLRQ� SODQV

IRU GHYHORSPHQW� JRYHUQPHQW DVVLVWDQFH WR 8WDK SURMHFWV� HQHUJ\ XVH� DQG OHDVLQJ DQG

SHUPLWWLQJ SROLFLHV�
5()(5(1&(6� *UHHQ DQG :DJVWDII� ����� +DQQ\ DQG /XQLV� ����� /XQLV DQG 7RWK� ����

$5($� 8WDK

)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ���������
7,7/(� +HDW )ORZ
35,1&,3$/ ,19(67,*$725� &KDSPDQ� '� 6�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 6L[W\�WZR QHZ KHDW IORZ GHWHUPLQDWLRQV IRU 8WDK ZHUH DGGHG WR NQRZQ YDOXHV� 7KH JUHDWHVW

FRQFHQWUDWLRQ RI YDOXHV DUH LQ VRXWKZHVWHUQ 8WDK ZKHUH JHRWKHUPDO SRWHQWLDO LV WKH KLJKHVW�

7KH UHSRUWV RXWOLQH WZR EURDG DUHDV WKDW KDYH DQRPDORXV KHDW IOX[ DQG KLJK JHRWKHUPDO

SRWHQWLDO DQG GHILQH WKH WKHUPDO VLJQDWXUHV RI WKH %DVLQ DQG 5DQJH DQG &RORUDGR 3ODWHDX

SURYLQFHV�
5()(5(1&(6� %ODFNZHOO� ����� %ODFNZHOO DQG &KDSPDQ� ����� %RGHOO� ����� &KDSPDQ DQG RWKHUV� ����

$5($� 8WDK

)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ���������
7,7/(� 5HFRQQDLVVDQFH RI +\GURWKHUPDO 5HVRXUFHV RI 8WDK
35,1&,3$/ ,19(67,*$725� 5XVK� )� (�� 8�6� *HRORJLFDO 6XUYH\
6800$5<� 7KLV LV DQ LQYHVWLJDWLRQ RI VHYHUDO JHRWKHUPDO DUHDV LQ ZHVWHUQ 8WDK XVLQJ K\GURORJLF�

JHRORJLF� JHRFKHPLFDO DQG JHRSK\VLFDO WHFKQLTXHV�
5()(5(1&(6� 5XVK� ����� ����

$5($� 8WDK

)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� 1D�.�&D DQG 6LOLFD 7HPSHUDWXUH (VWLPDWHV IRU 8WDK 6SULQJ DQG :HOO :DWHUV
35,1&,3$/ ,19(67,*$725� 3DUU\� :� 7�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH VWXG\ FRQWDLQV 1D�.�&D DQG VLOLFD WHPSHUDWXUHV IRU VSULQJ DQG ZHOO ZDWHUV FDOFXODWHG IURP

FKHPLFDO DQDO\VHV LQ WKH 8�6� *HRORJLFDO 6XUYH\ FRPSXWHU ILOH� 'XJZD\ 9DOOH\� *RVKHQ

9DOOH\� 3DYDQW 9DOOH\� DQG 6NXOO 9DOOH\ ZHUH VWXGLHG LQ GHWDLO� (IIHFWV RI PL[LQJ DQG FOD\

H[FKDQJH RQ FKHPLFDO WKHUPRPHWHUV ZHUH HYDOXDWHG�
5()(5(1&(� 3DUU\ DQG &OHDU\� ����

$5($� 8WDK

)81',1*� 8�6� *HRORJLFDO 6XUYH\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ����
7,7/(� 0DMRU 7KHUPDO 6SULQJV RI 8WDK
35,1&,3$/ ,19(67,*$725� 0XQGRUII� -� &�� 8�6� *HRORJLFDO 6XUYH\
6800$5<� 7KLV UHSRUW GHWDLOV WKH ZRUN GRQH RQ WKH WKHUPDO� FKHPLFDO� DQG JHRORJLF FKDUDFWHULVWLFV RI WKH



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

PDMRU WKHUPDO VSULQJV RI 8WDK�

5()(5(1&(� 0XQGRUII� ����

$5($� 8WDK

)81',1*� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\

'$7(� ����

7,7/(� *HRWKHUPDO 3RZHU 3RWHQWLDO RI 8WDK

35,1&,3$/ ,19(67,*$725� +H\OXP� (� %�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\

6800$5<� 6L[ DUHDV RU EHOWV RI WKHUPDO VSULQJV LQ 8WDK DUH GHVFULEHG� 7KH UHSRUW OLVWV SULQFLSDO ZDUP DQG

KRW VSULQJV� GHVFULEHV JHRORJ\� WHPSHUDWXUH� DQG KHDW VRXUFH� DQG LQFOXGHV VRPH FKHPLFDO

DQDO\VHV�

5()(5(1&(� +H\OPXQ� ����

5(*,21$/ 678',(6 :,7+,1 87$+

$5($� &DFKH 9DOOH\
&2817<� &DFKH
7+(50$/ $5($� QRQH

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� /RZ�WHPSHUDWXUH *HRWKHUPDO 3RWHQWLDO
35,1&,3$/ ,19(67,*$725� GH 9ULHV� -� /�� 8WDK 6WDWH 8QLYHUVLW\ *HRORJ\ 'HSDUWPHQW
6800$5<� 7KH VWXG\ GHILQHV WKUHH DUHDV RI ORZ�WHPSHUDWXUH JHRWKHUPDO SRWHQWLDO XVLQJ SUHYLRXV

K\GURORJLF DQG JHRWKHUPDO VWXGLHV� ZDWHU FKHPLVWU\� FRQGXFWLYLW\� JHRWKHUPRPHWHUV� DQG

WKHUPDO JUDGLHQWV�
5()(5(1&(6� GH 9ULHV� ����� ����

$5($� &HGDU &LW\ DQG 5LFKILHOG �[� GHJUHH TXDGUDQJOHV
&2817,(6� ,URQ� :DVKLQJWRQ� *DUILHOG� .DQH� %HDYHU� 6HYLHU
7+(50$/ $5($6� /DYHUNLQ� 9H\R� 5RRVHYHOW

)81',1* 1DWLRQDO 6FLHQFH )RXQGDWLRQ
'$7(� ���������
7,7/(� *HRWKHUPDO *UDGLHQW 6WXG\
35,1&,3$/ ,19(67,*$725� :KHODQ� -� $�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� $YDLODEOH GDWD ZHUH XVHG� SULPDULO\ ZDWHU ZHOO GDWD� WR SURGXFH D UHJLRQDO JHRWKHUPDO JUDGLHQW

PDS RI WKH &HGDU &LW\ TXDGUDQJOH� 7KH PDS LQFOXGHV KRW VSULQJ ORFDWLRQV ZLWK FDOFXODWHG

PLQLPXP UHVHUYRLU WHPSHUDWXUHV DQG FROG VSULQJV ZLWK FDOFXODWHG HTXLOLEULXP WHPSHUDWXUHV�

(LJKW KROHV ZHUH GULOOHG LQ %HDYHU DQG 6HYLHU FRXQWLHV WR GHWHUPLQH KHDW IORZ� WKHUPDO

JUDGLHQW� JHRORJ\� DQG DOWHUDWLRQ�
5()(5(1&(6� :KHODQ� ���������

$5($� (DVW 6KRUH RI *UHDW 6DOW /DNH
&2817,(6� :HEHU� 'DYLV
7+(50$/ $5($6� 2JGHQ� +RRSHU

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� *HRWKHUPDO 3RWHQWLDO RI (DVW 6KRUH $UHD DQG +LOO $LU )RUFH %DVH
35,1&,3$/ ,19(67,*$7256� *OHQQ� :� (�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH� 0XUSK\� 3� -��

.ODXN� 5� +�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� $Q LQWHQVLYH VWXG\ ZDV GRQH LQ 'DYLV DQG :HEHU &RXQWLHV WR DGYDQFH WKH XVH RI JHRWKHUPDO

UHVRXUFHV� SDUWLFXODUO\ DW +LOO $)% LQ :HEHU &RXQW\� 7HFKQLTXHV XVHG LQFOXGH JHRORJLF

PDSSLQJ� PRGHOLQJ RI JURXQG ZDWHU� PHUFXU\ FRQFHQWUDWLRQV LQ VRLOV� JUDYLW\ DQG UHIOHFWLRQ

VHLVPLF VXUYH\V� WKHUPDO JUDGLHQW GULOOLQJ DQG ZHOO ORJ LQWHUSUHWDWLRQ� FKHPLFDO DQDO\VHV RI

FRPPRQ LRQV� VWDEOH LVRWRSHV� WUDFH HOHPHQWV� GLVVROYHG VROLGV� DQG FDOFXODWLRQ RI

JHRWKHUPRPHWHUV RI DUHD KRW VSULQJV�
5()(5(1&(6� *OHQQ� &KDSPDQ� DQG RWKHUV� ����� .ODXN DQG 3UDZO� ����

$5($� (VFDODQWH 'HVHUW DQG SDUW RI :DVKLQJWRQ &RXQW\
&2817,(6� ,URQ� :DVKLQJWRQ
7+(50$/ $5($6� 1HZFDVWOH� /XQG

)81',1*� 'HSDUWPHQW RI (QHUJ\



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

'$7(� ���������
7,7/(� *UDYLW\ 6XUYH\
35,1&,3$/ ,19(67,*$7256� 3H� :LQ� *UHHQ� 5� 7�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� )RXU KXQGUHG WKLUW\�VL[ QHZ JUDYLW\ VWDWLRQV LQ WKH VRXWKHUQ SDUW RI WKH (VFDODQWH 'HVHUW ZHUH

FRPELQHG ZLWK ��� H[LVWLQJ VWDWLRQV WR KHOS HYDOXDWH WKH JHRWKHUPDO UHVRXUFH SRWHQWLDO RI WKH

1HZFDVWOH DQG /XQG .*5$6� $ JUDYLW\ VXUYH\ GHOLQHDWHG IDXOWV SUREDEO\ VHUYLQJ DV KRW

ZDWHU FRQGXLWV LQ WKH JHRWKHUPDO V\VWHPV� $ VHSDUDWH JUDYLW\ VXUYH\ RI WKH VRXWKZHVWHUQ SDUW

RI :DVKLQJWRQ &RXQW\ ZDV GRQH DQG UHJLRQDO DQG ORFDO JUDYLW\ IHDWXUHV ZHUH LQWHUSUHWHG�
5()(5(1&(6� *UHHQ� ��� �� *UHHQ DQG &RRN� ����D� ����E� 3H� ����� 3H DQG &RRN� ����D� ����E

$5($� (VFDODQWH 9DOOH\
&2817,(6� %HDYHU� ,URQ
7+(50$/ $5($� 7KHUPR

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ����
7,7/(� *HRWKHUPDO $VVHVVPHQW
35,1&,3/( ,19(67,*$725� .ODXN� 5� +�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� 7KH UHSRUWV HYDOXWH WKH ORZ� WR PRGHUDWH�WHPSHUDWXUH JHRWKHUPDO UHVRXUFH SRWHQWLDO RI WKH DUHD

IRU D SRVVLEOH PLVVLOH H[SHULPHQWDO �0;� RSHUDWLRQV EDVH XVLQJ JHRORJ\� ZDWHU FKHPLVWU\�

WHPSHUDWXUH�GHSWK PHDVXUHPHQWV� JHRWKHUPDO JUDGLHQWV� DQG JUDYLW\ GDWD�
5()(5(1&(6� .ODXN DQG *RXUOH\� ����D� ����E

$5($� +DQVHO DQG &XUOHZ 9DOOH\V
&2817<� %R[ (OGHU
7+(50$/ $5($� &R\RWH 6SULQJ

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� /RZ�WHPSHUDWXUH *HRWKHUPDO 3RWHQWLDO
35,1&,3$/ ,19(67,*$725� 'DYLV� 0� &�� 8WDK 6WDWH 8QLYHUVLW\ *HRORJ\ 'HSDUWPHQW
6800$5<� 7ZR DUHDV VKRZ SRWHQWLDO IRU ORZ�WHPSHUDWXUH JHRWKHUPDO UHVRXUFH GHYHORSPHQW EDVHG RQ

SUHYLRXV ZRUN� JHRORJ\� JHRSK\VLFV� YROFDQLF KLVWRU\� ZDWHU VRXUFHV DQG DTXLIHUV� ZDWHU

FKHPLVWU\� DQG WHPSHUDWXUH VXUYH\V�
5()(5(1&(6� 'DYLV� ����� 'DYLV DQG .ROHVDU� ����

$5($� -RUGDQ 9DOOH\
&2817<� 6DOW /DNH
7+(50$/ $5($6� %HFN� :DVDWFK� +RER� &ODUN

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� *UDYLW\ 6WXG\
35,1&,3$/ ,19(67,*$7256� $GKLGMDMD� -� ,�� 8QLYHUVLW\ RI 8WDK� 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV� 0HLLML 5HVRXUFH

&RQVXOWDQWV
6800$5<� $ JUDYLW\ VXUYH\� FRQVLVWLQJ RI ��� JUDYLW\ VWDWLRQV� ZDV GRQH WR FRPSOLPHQW WZR SUHYLRXV

VXUYH\V DW WKH :DUP 6SULQJV IDXOW DQG &U\VWDO +RW 6SULQJV DUHDV� $ FRPSOH %RXJXHU JUDYLW\

PDS ZDV FRPSLOHG E\ $GKLGMDMD� *UDYLW\ EDVHG LQWHUSUHWLYH EHGURFN JHRORJ\ ZDV GRQH E\

0HLLML�
5()(5(1&(6� $GKLGMDMD DQG RWKHUV� ����� 0HLLML 5HVRXUFH &RQVXOWDQWV� ����

$5($� -RUGDQ 9DOOH\
&2817<� 6DOW /DNH
7+(50$/ $5($6� %HFN� :DVDWFK� +RER� &ODUN

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� /RZ�WHPSHUDWXUH *HRWKHUPDO $VVHVVPHQW
35,1&,3$/ ,19(67,*$725� .ODXN� 5� +�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

6800$5<� 7KH UHSRUWV LQFOXGH D JHRWKHUPDO DVVHVVPHQW RI WKH VWXG\ DUHD EDVHG RQ D WHPSHUDWXUH VXUYH\�

FKHPLFDO DQDO\VLV RI ZHOOV DQG VSULQJV� WHPSHUDWXUH GHSWK PHDVXUHPHQWV� DQG D JUDYLW\ VXUYH\

DQG VXEVHTXHQW PRGHOLQJ�
5()(5(1&(6� .ODXN DQG 'DUOLQJ� ����� .ODXN DQG RWKHUV� ����

$5($� 1RUWKHUQ :DVDWFK )URQW
&2817,(6� :HEHU� %R[ (OGHU
7+(50$/ $5($6� 8WDK� &U\VWDO �0DGVHQ�� %HOPRQW �8G\�� /LWWOH 0RXQWDLQ� 6WLQNLQJ� %RWKZHOO� &XWOHU

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� *HRWKHUPDO ,QYHVWLJDWLRQ
35,1&,3$/ ,19(67,*$7256� 0XUSK\� 3� ,�� .ODXN� 5� +�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� )RXU KRW VSULQJ DUHDV ZHUH LQYHVWLJDWHG E\ VWXG\LQJ WKH JHRORJLF VWUXFWXUH RI WKH 3OHDVDQW 9LHZ

VDOLHQW� JHQHUDO JHRORJ\� ZDWHU FKHPLVWU\ DQG WHPSHUDWXUH� $ YDOOH\�ZLGH VWXG\ LGHQWLILHG

WKUHH DUHDV RI ORZ�WHPSHUDWXUH JHRWKHUPDO SRWHQWLDO EDVHG RQ D WHPSHUDWXUH VXUYH\ RI �� ZHOOV

DQG VSULQJV� ZDWHU FKHPLVWU\� WHPSHUDWXUH YHUVXV GHSWK PHDVXUHPHQWV� JHRWKHUPDO JUDGLHQWV�

DQG JHRWKHUPRPHWU\ IRU UHVHUYRLU WHPSHUDWXUH FDOFXODWLRQV�
5()(5(1&(6� .ODXN DQG %XGGLQJ� ����� 0XUSK\ DQG *\ZQQ� ����E

$5($� 3DUW RI VRXWKZHVWHUQ DQG ZHVW�FHQWUDO 8WDK
&2817,(6� -XDE� 0LOODUG� 6DQSHWH� 6HYLHU� %HDYHU� 3LXWH� ,URQ
7+(50$/ $5($6� $EUDKDP� 0RQURH�5HG +LOO� -RVHSK� &RYH )RUW� 5RRVHYHOW� 7KHUPR� 1HZFDVWOH

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� +LJK�WHPSHUDWXUH *HRWKHUPDO 5HVRXUFHV
35,1&,3$/ ,19(67,*$725� 0DEH\� '� 5�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� $Q DVVHVVPHQW RI WKH KLJK�WHPSHUDWXUH UHVRXUFHV RI 8WDK ZLWK HPSKDVLV RQ WKH UHJLRQ RI WKH

VHYHQ KLJK�WHPSHUDWXUH JHRWKHUPDO V\VWHPV LQ VRXWKZHVWHUQ DQG ZHVW�FHQWUDO 8WDK� 7KH VWXG\

ZDV EDVHG RQ H[LVWLQJ JHRORJLFDO� JHRSK\VLFDO� DQG JHRFKHPLFDO GDWD ZLWK HPSKDVLV RQ WKH

UHODWLRQVKLSV RI JHRWKHUPDO UHVRXUFHV WR &HQR]RLF LJQHRXV V\VWHPV DQG WHFWRQLF HYHQWV�

3DUWLFXODU DWWHQWLRQ ZDV JLYHQ WR WKH &RYH )RUW DUHD� 7KH ILQDO UHSRUW LQFOXGHV UHVRXUFH

DVVHVVPHQWV DQG GLVFXVVHV H[SORUDWLRQ VWUDWHJLHV IRU SRVVLEOH XQGLVFRYHUHG V\VWHPV�
5()(5(1&(� 0DEH\� '� 5�� DQG %XGGLQJ� .� (�� LQ UHYLHZ� +LJK�WHPSHUDWXUH JHRWKHUPDO UHVRXUFHV RI 8WDK�

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\ 6SHFLDO 6WXGLHV�

$5($� 3DUW RI ZHVW�FHQWUDO 8WDK
&2817,(6� -XDE� 6HYLHU� 0LOODUG� %HDYHU
7+(50$/ $5($6� $EUDKDP� 0RQURH�5HG +LOO� &RYH )RUW� 5RRVHYHOW

)81',1*� 1DWLRQDO 6FLHQFH )RXQGDWLRQ
'$7(� ���������
7,7/(� *HRFKHPLVWU\ DQG +\GURWKHUPDO $OWHUDWLRQ DW VHOHFWHG 8WDK +RW 6SULQJV
35,1&,3$/ ,19(67,*$725� 3DUU\� :� 7�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH VWXG\ DQDO\]HV WKH WHPSHUDWXUH DQG JHRFKHPLVWU\ RI WKH VSULQJV� PL[LQJ PRGHOV� JHRORJ\�

DQG DOWHUDWLRQ RQ WKH VXUIDFH DQG DW GHSWK� 6HLVPLF� JUDYLW\� DQG DHURPDJQHWLF VXUYH\V ZHUH

GRQH LQ WKH 5RRVHYHOW +RW 6SULQJV DQG &RYH )RUW DUHD�
5()(5(1&(6� 3DUU\ DQG RWKHUV� ����� :DUG� &RRN� 1DVK� DQG RWKHUV� ����

$5($� 7ZLQ 3HDNV� %ODFN 5RFN 'HVHUW
&2817<� 0LOODUG
7+(50$/ $5($� &R\RWH 6SULQJ

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8�6� *HRORJLFDO 6XUYH\
'$7(� ���������
7,7/(� *HRORJ\ DQG *HRSK\VLFV
35,1&,3$/ ,19(67,*$7256� &UHFUDIW� +� 5�� &DUULHU� '� /�� 6HUSD /� )�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG

*HRSK\VLFV
6800$5<� 7KH VWXG\ GLVFXVVHV WKH SHWURORJ\� JHRFKURQRORJ\� DQG FKHPLFDO HYROXWLRQ RI WKH 7ZLQ 3HDNV

UK\ROLWH GRPHV� ,W LQFOXGHV D JHRORJLF PDS� R[\JHQ DQG K\GURJHQ LVRWRSH VWXGLHV� JUDYLW\ DQG

WKHUPDO VWXGLHV� DQG DHURPDJQHWLFV RI 7ZLQ 3HDNV DQG WKH %ODFN 5RFN 'HVHUW�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

5()(5(1&(6� &DUULHU� ����� &DUULHU DQG &KDSPDQ� ����� &UHFUDIW� ����� &UHFUDIW DQG RWKHUV� ����E� /\QFK

DQG 1DVK� ����� 1DVK� ����� 6HUSD� ����� 6HUSD DQG &RRN ����

$5($� 8WDK DQG *RVKHQ 9DOOH\V
&2817<� 8WDK
7+(50$/ $5($6� 6DUDWRJD� &UDWHU� *RVKHQ� /LQFROQ 3RLQW� *RRVH 3RLQW� %LUG ,VODQG

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� *UDYLW\ 6XUYH\
35,1&,3$/ ,19(67,*$725� 'DYLV� '� $�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH VWXG\ LQFOXGHV WKH SK\VLRJUDSK\ RI WKH DUHD� JHQHUDO JHRORJ\� DQG VWUXFWXUDO IHDWXUHV�

*UDYLW\ VWXGLHV ZHUH XQGHUWDNHQ WR SURYLGH WKH VWUXFWXUDO IUDPHZRUN QHHGHG WR GHILQH

JHRWKHUPDO WDUJHWV E\ GHOLQHDWLQJ IDXOWV� VWUXFWXUDO WUHQGV� LQWUXVLRQV� WKLFNQHVV RI YDOOH\ ILOO�

DQG DUHDV RI LQFUHDVHG KRVW URFN GHQVLW\� 7KH JUDYLW\ VXUYH\ ZDV FRQGXFWHG ZLWK ��� QHZ

VWDWLRQV DQG ��� VWDWLRQV IURP SUHYLRXV VXUYH\V� 7KHVH VWXGLHV VXEVWDQWLDWH IDXOW FRQWURO IRU

PRVW RI WKH VSULQJV LQ 8WDK &RXQW\�
5()(5(1&(6� 'DYLV DQG &RRN� ����� .ODXN DQG 'DYLV� ����

$5($� :DUP 6SULQJV )DXOW
&2817<� 6DOW /DNH
7+(50$/ $5($6� %HFN� :DVDWFK� +RER� &ODUN

)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUD
'$7(� ����
7,7/(� *HRWKHUPDO ,QYHVWLJDWLRQ
35,1&,3$/ ,19(67,*$725� 0XUSK\� 3� -�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� 7KH VWXG\ ORRNHG DW WKH JHRORJ\ DQG VWUXFWXUH RI WKH:DUP6SULQJV IDXOW JHRWKHUPDO V\VWHP�+RER

6SULQJV IDXOW� DQG WKH 6DOW /DNH VDOLHQW� ,W XWLOL]HG D VKDOORZ JURXQG WHPSHUDWXUH VXUYH\�

WHPSHUDWXUH JUDGLHQW KROHV� OLWKRORJLF ORJV� ZDWHU FKHPLVWU\� DQG D JUDYLW\ VXUYH\�
5()(5(1&(� 0XUSK\ DQG *Z\QQ� ����F

/2&$/ +27 635,1* 25 7+(50$/ $5($ 678',(6

$5($� $EUDKDP �&UDWHU�
)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� $XGLRPDJQHWRWHOOXULF 'DWD /RJ
35,1&,3$/ ,19(67,*$725� 6HQWHUILW� 5� 0�� 8�6� *HRORJLFDO 6XUYH\
6800$5<� 7KH UHSRUW LQFOXGHV D GDWD ORJ ZLWK D PDS RI VWDWLRQ ORFDWLRQV� DQG WZR VNLQ�GHSWK

SVHXGRVHFWLRQV ZLWK WHOOXULF OLQHV WKDW UXQ HDVW�ZHVW DQG QRUWK�VRXWK�
5()(5(1&(� 6HQWHUILW DQG %HGLQJHU� ����

$5($6� $EUDKDP �&UDWHU�� -RVHSK� 0RQURH�5HG +LOO� 7KHUPR
)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� &KHPLFDO� ,VRWRSLF� DQG *DV &RPSRVLWLRQV RI 6HOHFWHG 7KHUPDO 6SULQJV LQ $UL]RQD� 1HZ

0H[LFR� DQG 8WDK
35,1&,3$/ ,19(67,*$725� 0DULQHU� 5� +�� 8�6� *HRORJLFDO 6XUYH\
6800$5<� &KHPLFDO DQDO\VHV ZHUH GRQH RQ ZDWHU VDPSOHV IURP &UDWHU� 7KHUPR� 0RQURH�5HG +LOO� DQG

-RVHSK .*5$6� 7KHUPDO DTXLIHU WHPSHUDWXUHV ZHUH HVWLPDWHG� DQG WKH FRPSRVLWLRQ RI JDVHV

HVFDSLQJ IURP ZHOOV DQG VSULQJV ZDV WHVWHG�
5()(5(1&(� 0DULQHU DQG RWKHUV� ����

$5($� &RYH )RUW

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� 5HVLVWLYLW\ DQG ,3 6XUYH\V
35,1&,3$/ ,19(67,*$7256� 3KRHQL[ *HRSK\VLFV� 5RVV� +� 3�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

6800$5<� 7KH UHSRUWV LQFOXGH D GLSROH�GLSROH UHVLVWLYLW\ UHFRQQDLVVDQFH VXUYH\ DQG DQ LQWHUSUHWDWLRQ RI

WKH GDWD� 0HWKRGV XVHG WR LQWHUSUHW GDWD DQG WKH SUREOHPV HQFRXQWHUHG DUH RXWOLQHG� 0DSV

�VFDOH ��������� DUH LQFOXGHG WKDW VKRZ DSSDUHQW DQG LQWHUSUHWHG UHVLVWLYLW\ VHFWLRQV�

LQWHUSUHWHG HOHFWULFDO UHVLVWLYLW\ DW �����
 DQG ����
�����
� DQG D FRPSDULVRQ RI UHVLVWLYLW\

GLVWULEXWLRQ ZLWK WKH JHRORJLF GDWD�
5()(5(1&(6� 3KRHQL[ *HRSK\VLFV� ,QFRUSRUDWHG� ����� 5RVV� ����

$5($� &RYH )RUW

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� 0XOWLHOHPHQW *HRFKHPLVWU\ RI 7KUHH *HRWKHUPDO :HOOV
35,1&,3$/ ,19(67,*$725� &KULVWHQVHQ� �� '�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH
6800$5<� $QDO\VHV RI ZKROH URFN VDPSOHV DQG RI D VDPSOH VOXUU\ RI GULOO FXWWLQJV ZHUH XVHG WR GHWHUPLQH

DUHDO GLVWULEXWLRQ RI $V� +J� 3E� DQG =Q LQ UHODWLRQ WR VHTXHQWLDO K\GURWKHUPDO HYHQWV� 0RGHOV

ZHUH GHYHORSHG IRU WDUJHWLQJ JHRWKHUPDO GULOOLQJ IURP JHRFKHPLFDO ]RQDWLRQ RI HOHPHQWV�
5()(5(1&(6� %DPIRUG DQG &KULVWHQVHQ� ����� &KULVWHQVHQ� ����

$5($� &RYH )RUW

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� *HRORJLFDO DQG *HRSK\VLFDO &DVH 6WXG\
35,1&,3$/ ,19(67,*$7256� 0RRUH� -� 1�� 5RVV� +� 3�� :DUG� 6� +�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK

,QVWLWXWH
6800$5<� $ JHRORJLFDO VWXG\ LQFOXGHV WKH UHJLRQDO VWUDWLJUDSK\� OLWKRORJ\� VWUXFWXUH� PLQHUDORJ\�

DOWHUDWLRQ� DQG K\GURORJ\� *HRSK\VLFDO VWXGLHV LQFOXGH UHIOHFWLRQ DQG UHIUDFWLRQ VHLVPLFLW\�

PLFURHDUWKTXDNHV� HDUWK QRLVH� GHWDLOHG JUDYLW\� PDJQHWLFV� GLSROH�GLSROH UHVLVWLYLW\� HOHFWULFDO

PHWKRGV RI ,3� 63� DQG 07�$07� UDGLRPHWU\� DQG KHDW IORZ� :HOO ORJ LQWHUSUHWDWLRQV DUH

GLVFXVVHG�
5()(5(1&(6� &RRN� 6HUSD� DQG 3H� ����� *OHQQ DQG 5RVV� ����� 0RRUH DQG RWKHUV� ����� 5RVV� ����� 5RVV�

0RRUH� DQG &KULVWHQVHQ� ����� :DUG� ����E

$5($� &RYH )RUW

)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� (QYLURQPHQWDO $QDO\VLV
35,1&,3$/ ,19(67,*$725� 2IILFH RI WKH $UHD *HRWKHUPDO 6XSHUYLVRU
6800$5<� 7KH JHRORJ\� VRLOV� DLU TXDOLW\� QRLVH� FOLPDWH� K\GURORJ\� YHJHWDWLRQ� VRFLRHFRQRPLF

FKDUDFWHULVWLFV� ZLOGOLIH� DQG DUFKDHRORJLFDO VLWHV ZHUH VWXGLHG WR LGHQWLI\ SRWHQWLDO HQYL�

URQPHQWDO LPSDFWV� 0HDVXUHV ZHUH RXWOLQHG WR OHVVHQ RU HOLPLQDWH DGYHUVH LPSDFWV� 7KH UHSRUW

LQFOXGHV SODQV RI 3KLOOLSV 3HWUROHXP DQG 8QLRQ 2LO &RPSDQ\ WR GULOO �� ZHOOV�
5()(5(1&(� 8�6� *HRORJLFDO 6XUYH\� ����

$5($6� &RYH )RUW� /XQG� 5RRVHYHOW� 7KHUPR�
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/( (QYLURQPHQWDO 2YHUYLHZ 5HSRUW RQ 8WDK *HRWKHUPDO 5HVRXUFH $UHDV
35,1&,3$/ ,19(67,*$725� :KLWH� .� /�� 8QLYHUVLW\ RI 8WDK (QYLURQPHQWDO 6WXGLHV /DERUDWRU\
6800$5<� 7KH VWXG\ DVVHVVHV NH\ LVVXHV ZKLFK PD\ LQIOXHQFH WKH GHYHORSPHQW RI WKH .*5$V LQ

VRXWKZHVWHUQ 8WDK� VXFK DV KD]DUGRXV SROOXWLRQ HPLVVLRQV� YLVLELOLW\ UHGXFWLRQ GXH WR

HPLVVLRQV� RGRU HIIHFWV� QDWXUDO ZDWHU GHJUDGDWLRQ� UDUH DQG HQGDQJHUHG VSHFLHV� SUHVHUYDWLRQ

RI DUFKDHRORJLFDO VLWHV� QRLVH� LQGXFHG VHLVPLFLW\� DQG VORSH VWDELOLW\�
5()(5(1&(� :KLWH DQG RWKHUV� ����

$5($6� &RYH )RUW� 5RRVHYHOW
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� (DUWKTXDNH 6WXG\
35,1&,3$/ ,19(67,*$7256� 3KLOOLSV 3HWUROHXP &RPSDQ\� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

6800$5<� 5HSRUWV LQFOXGH HDUWKTXDNH DQG PLFURHDUWKTXDNH GDWD ZLWK OLVWLQJV RI VHLVPLF HYHQWV DFFRUGLQJ

WR \HDU� GDWH� WLPH� ORFDWLRQ� GHSWK DQG PDJQLWXGH� 0DSV VKRZLQJ HSLFHQWHUV DQG K\SRFHQWHUV

ZHUH FRPSLOHG IRU WKH VWXG\ DUHD�
5()(5(1&(6� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH� ����� 3KLOOLSV 3HWUROHXP

&RPSDQ\� ����

$5($6� &RYH )RUW� 5RRVHYHOW
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� ,QGXVWU\�FRXSOHG 3URJUDP
35,1&,3$/ ,19(67,*$725� 'HSDUWPHQW RI (QHUJ\
6800$5<� 7KH 'HSDUWPHQW RI (QHUJ\ SXUFKDVHG JHRORJLFDO� JHRSK\VLFDO� VHLVPLF� JHRFKHPLFDO� DQG

WHPSHUDWXUH JUDGLHQW GDWD� DORQJ ZLWK GULOOLQJ ORJV DQG IORZ WHVWV IURP FRPSDQLHV ZRUNLQJ DW

5RRVHYHOW DQG &RYH )RUW� 7KH 'HSDUWPHQW RI (QHUJ\ UHOHDVHG WKHVH GDWD WKURXJK 8QLYHUVLW\ RI

8WDK 5HVHDUFK ,QVWLWXWH RSHQ�ILOH UHSRUWV�
5()(5(1&(6� $HULDO 6XUYH\V� ����D� ����E� *HRQRPLFV ,QFRUSRUDWHG� ����E� *HRWKHUPDO 3RZHU

&RUSRUDWLRQ� ����D� ����E� ����� ����� *HRWKHUP([ ,QFRUSRUDWHG� ����� *HWW\ 2LO &RPSDQ\�

����D� ����E� +HOWRQ (QJLQHHULQJ DQG *HRORJLFDO 6HUYLFHV� ,QFRUSRUDWHG� ����� 7KHUPDO

3RZHU &RPSDQ\� ����� ����D� ����E� 8QLRQ 2LO &RPSDQ\ UHSRUWV ���������

$5($6� &RYH )RUW� 5RRVHYHOW
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� /RQJ�WHUP 6HLVPLF 0RQLWRULQJ
35,1&,3$/ ,19(67,*$725� 6PLWK� 5� %�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 6HLVPLF PRQLWRULQJ IURP -DQXDU\ , � -XQH ��� ���� RI VHLVPLF VLJQDOV JHQHUDWHG E\ ZLWKGUDZDO

RI VWUHDP IURP D ZHOO DW 5RRVHYHOW�
5()(5(1&(� 6PLWK� 5� %�� ����D

$5($6� &RYH )RUW� 5RRVHYHOW
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� 5HJLRQDO *UDYLW\ DQG $HURPDJQHWLF 6XUYH\
35,1&,3$/ ,19(67,*$7256� %UXPEDXJK� :� '�� &DUWHU� -� $�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 6L[ KXQGUHG VHYHQW\�RQH JUDYLW\ VWDWLRQV ZHUH VHW XS RYHU DQ DUHD RI ���� NP�� 5HVXOWV RI WZR

JUDYLW\ SURILOHV ZLWK LQWHUSUHWLYH JHRORJLF FURVV�VHFWLRQV� WHUUDLQ FRUUHFWHG %RXJXHU JUDYLW\

DQRPDO\ PDS� DQG DQ LVRPHWULF WKUHH GLPHQVLRQDO JUDYLW\ DQRPDO\ PRGHO DUH GLVFXVVHG� $

UHJLRQDO DHURPDJQHWLF VXUYH\ RI WKH 0LQHUDO 0RXQWDLQV DQG WKH WZR WKHUPDO DUHDV ZDV GRQH

DQG WKH DQRPDOLHV DUH GHVFULEHG�
5()(5(1&(6� %UXPEDXJK� ����� %UXPEDXJK DQG &RRN� ����� &DUWHU� ����� &DUWHU DQG &RRN� ����

$5($6� &RYH )RUW� 5RRVHYHOW
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� ,QYHVWPHQW $QDO\VLV
35,1&,3$/ ,19(67,*$725� &DVVHO� 7� $�� 8QLYHUVLW\ RI 3HQQV\OYDQLD (QHUJ\ &HQWHU
6800$5<� 7KH VWXG\ DQDO\]HV DQG PRGHOV WKH LQYHVWPHQW EHKDYLRU RI FRPSDQLHV LQYROYHG LQ WKH

GHYHORSPHQW RI K\GURWKHUPDO HOHFWULF SRZHU IDFLOLWLHV� ,W SURYLGHV D UHDOLVWLF DQG WKHRUHWLFDOO\

VRXQG PHDQV IRU SUHGLFWLQJ FDSLWDO LQYHVWPHQWV LQ WKH GHYHORSPHQW RI E\GURWKHUPDO ZHOO ILHOGV�

DQG RXWOLQHV LQYHVWPHQW FRQVLGHUDWLRQV DQG ILQDQFLDO DWWULEXWHV� $ PRGHO LV DSSOLHG WR

5RRVHYHOW +RW 6SULQJV DQG &RYH )RUW�6XOSKXUGDOH�
5()(5(1&(� &DVVHO DQG RWKHUV� ����

$5($6� &RYH )RUW� 5RRVHYHOW
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� *HRWKHUPDO *URXQG 1RLVH 0HDVXUHPHQWV
35,1&,3$/ ,19(67,*$725� /DVWHU� 6� -�� 8QLYHUVLW\ RI 7XOVD *HRSK\VLFV /DERUDWRU\
6800$5<� $ VXUYH\ RI DPELHQW VHLVPLF QRLVH�



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

5()(5(1&(6� /DVWHU DQG 'RX]H� ����� 'RX]H DQG /DVWHU� ����

$5($6� &RYH )RUW� 5RRVHYHOW
)81',1*� 1DWLRQDO 6FLHQFH )RXQGDWLRQ
'$7(� ����
7,7/(� 5HJLRQDO *HRSK\VLFDO 6WXG\
35,1&,3$/ ,19(67,*$725� :DUG� 6� +�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH UHSRUWV LQFOXGH UHVXOWV RI D GLSROH�GLSROH UHVLVWLYLW\ VXUYH\� HOHFWURPDJQHWLF VRXQGLQJV�

YHUWLFDO HOHFWULF VRXQGLQJV� PLFURHDUWKTXDNH PRQLWRULQJ� UHJLRQDO JUDYLW\ VXUYH\� DQG DQ

DHURPDJQHWLF VXUYH\ RYHU WKH 5RRVHYHOW +RW 6SULQJV� 0LQHUDO 0RXQWDLQV� DQG &RYH )RUW DUHDV�
5()(5(1&(6� :DUG� &RRN� 1DVK� DQG RWKHUV� ����� :DUG� 1DVK� DQG RWKHUV� ����

$5($6� &RYH )RUW� 5RRVHYHOW
)81',1*� 1DWLRQDO 6FLHQFH )RXQGDWLRQ
'$7(� ����
7,7/(� (DUWKTXDNH 6XUYH\V
35,1&,3$/ ,19(67,*$725� 2OVRQ� *� /�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH SURMHFW FRYHUV WZR UHFRUGLQJ VHVVLRQV IRU D �� GD\ SHULRG� 3�ZDYH GHOD\V� 6�ZDYH

DWWHQXDWLRQ� DQG FXPXODWLYH HQHUJ\ UHOHDVH ZHUH PRQLWRUHG WR SURYLGH LQIRUPDWLRQ RQ VWUHVV

RULHQWDWLRQ DQG ORFDWLRQ RI IDXOW ]RQHV�
5()(5(1&(6� 2OVRQ� ����� 2OVRQ DQG 6PLWK� ����

$5($� &U\VWDO +RW 6SULQJV
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� 8WDK 6WDWH 3ULVRQ *HRWKHUPDO 3URMHFW
35,1&,3$/ ,19(67,*$725� 8WDK (QHUJ\ 2IILFH
6800$5<� 7KH REMHFWLYH RI WKH SURMHFW ZDV WR GHPRQVWUDWH WKH XVH RI JHRWKHUPDO HQHUJ\ IRU GLUHFW

XWLOL]DWLRQ DW WKH 8WDK 6WDWH 3ULVRQ� &U\VWDO +RW 6SULQJV ZDWHUV ZHUH GHYHORSHG IRU VSDFH DQG

ZDWHU KHDWLQJ DW WKH SULVRQ
V PLQLPXP VHFXULW\ EORFN� 7KH SURMHFW ZDV GLYLGHG LQWR WKH

IROORZLQJ WKUHH SKDVHV� ��� UHVRXUFH DVVHVVPHQW� ��� UHVRXUFH GHYHORSPHQW� DQG ���

FRQVWUXFWLRQ DQG LQVSHFWLRQ RI GHPRQVWUDWLRQ�
5()(5(1&(6� %ODLU DQG 2ZHQ� ����� 0RUULVRQ�.QXGVRQ� ����� 7HUUD 7HN� ����D� 8WDK (QHUJ\ 2IILFH� ����

$5($� &U\VWDO +RW 6SULQJV
)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� *HRWKHUPDO ,QYHVWLJDWLRQ
35,1&,3$/ ,19(67,*$725� 0XUSK\� 3� -�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� 7KH LQYHVWLJDWLRQ LQFOXGHV D VWXG\ RI WKH JHRORJ\� VWUXFWXUH� DQG VWUDWLJUDSK\ RI WKH 7UDYHUVH

0RXQWDLQV KRUVW� VKDOORZ JURXQG WHPSHUDWXUH VXUYH\� ZDWHU FKHPLVWU\ RI VSULQJV DQG WHVW

ZHOOV� DQG D VWXG\ RI WKH UHVHUYRLU KHDW VRXUFH DQG UHFKDUJH V\VWHP�
5()(5(1&(6� 0XUSK\� ����� 0XUSK\ DQG *Z\QQ� ����D

$5($� )XPDUROH %XWWH

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� *UDYLW\ 6WXG\
35,1&,3$/ ,19(67,*$725� 6PLWK� 7� %�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH VWXG\ LQFOXGHV DQ RYHUYLHZ RI JHRORJ\� OLWKRORJLF GHVFULSWLRQV� DQG VWUXFWXUH� 7KUHH

JUDYLW\ VXUYH\V ZHUH GRQH DQG JHRORJLF FURVV VHFWLRQV ZHUH GUDZQ IURP LQWHUSUHWHG JUDYLW\

GDWD� 6LPSOH %RXJXHU JUDYLW\ PDS� DHURPDJQHWLF PDS� DQG JHRORJLF PDS ZHUH FRPSLOHG�
5()(5(1&(6� 6PLWK� ����� 6PLWK� &RRN� DQG 3HHSOHV� ����

$5($� )DPDUROH %XWWH

)81',1*� 8�6� *HRORJLFDO 6XUYH\ DQG 8QLYHUVLW\ RI 8WDK �0LQHUDO /HDVLQJ )XQG�
'$7(� ���������
7,7/(� *HRORJ\ DQG 3HWURORJ\
35,1&,3$/ ,19(67,*$725� 3HWHUVRQ� -� %�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

6800$5<� 7KH VWXG\ GLVFXVVHV WKH JHRORJ\� JHRSK\VLFV� ZDWHU WHPSHUDWXUHV� JHRFKURQRORJ\� PLQHUDO DQG

URFN FKHPLVWU\� JHRWKHUPRPHWU\� DQG JHRWKHUPDO SRWHQWLDO RI WKH DUHD�
5()(5(1&(6� 3HWHUVRQ� ����� 3HWHUVRQ DQG 1DVK� ����

$5($6� -RVHSK� 0RQURH
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� *UDYLW\ DQG *URXQG 0DJQHWLF 6XUYH\V
35,1&,3$/ ,19(67,*$725� +DOOLGD\� 0� (�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� $ UHJLRQDO JUDYLW\ VXUYH\ XVLQJ ��� VWDWLRQV ZDV PDGH WR SURGXFH D %RXJXHU DQRPDO\ PDS� $

PDJQHWLF VXUYH\ ZLWK D WRWDO RI ��� JURXQG VWDWLRQV DORQJ �� SURILOHV SURGXFHG D GLXUQDO�

FRUUHFWHG WRWDO PDJQHWLF LQWHQVLW\ DQRPDO\ PDS� 5HVXOWLQJ GDWD KDYH SURYLGHG YDOXDEOH

LQIRUPDWLRQ RQ ODUJH VFDOH IDXOWV� SDUWLFXODUO\ WKRVH FRQWUROOLQJ KRW VSULQJV�
5()(5(1&(6� +DOOLGD\� ����� +DOOLGD\ DQG &RRN� ����� +DOOLGD\ DQG RWKHUV� ����

$5($6� -RVHSK� 0RQURH
)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� $XGLRPDJQHWRWHOOXULF 6XUYH\
35,1&,3$/ ,19(67,*$725� *DUGQHU� 6XVDQ� 8�6� *HRORJLFDO 6XUYH\
6800$5<� 7KH SXEOLFDWLRQ LV D GDWD ORJ DQG VWDWLRQ ORFDWLRQ PDS IURP DQ , , VWDWLRQ $07 VXUYH\�
5()(5(1&(� *DUGQHU� :LOOLDPV� DQG %URXJKDP� ����

$5($� /XQG
)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� $XGLRPDJQHWRWHOOXULF 6XUYH\
35,1&,3$/ ,19(67,*$725� *DUGQHU� 6XVDQ� 8�6� *HRORJLFDO 6XUYH\
6800$5<� 7KH SXEOLFDWLRQ LV D GDWD ORJ DQG VWDWLRQ ORFDWLRQ PDS IURP D �� VWDWLRQ $07 VXUYH\�
5()(5(1&(� *DUGQHU� :LOOLDPV� DQG +RRYHU� ����

$5($� 0LGZD\
)81',1*� 'HSDUWPHQW RI (QHUJ\� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ����
7,7/(� *HRWKHUPDO 3RWHQWLDO
35,1&,3$/ ,19(67,*$725� .RKOHU� -� )�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� 7KH VWXG\ LQYROYHV WKH JHRORJ\ DQG VWUXFWXUH RI WKH DUHD� FKHPLFDO DQDO\VHV DQG JHRWK�

HUPRPHWU\ RI WKH WKHUPDO ZDWHUV� WKHUPDO JUDGLHQWV� JUDYLW\ DQRPDOLHV� DQG PRGHOLQJ RI KHDW

VRXUFH WKHRULHV�
5()(5(1&(6� .RKOHU� ����� .RKOHU DQG .ROHVDU� ����

$5($� 0RQURH
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� ([SORUDWLRQ &DVH +LVWRU\
35,1&,3$/ ,19(67,*$725� +XOHQ� -� %�� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH
6800$5<� 7KH SURMHFW H[DPLQHV WKH H[SORUDWLRQ WHFKQLTXHV XVHG WR HYDOXDWH WKH 0RQURH .*5$ DQG WKHLU

XVHIXOQHVV LQ SUHGLFWLQJ UHVRXUFHV� 7HFKQLTXHV XVHG LQFOXGH JHRORJ\� DOWHUDWLRQ DQG VSULQJ

JHRFKHPLVWU\� YDULRXV ORJV IURP WHVW KROHV� KHDW IORZ GDWD� DQG JHRSK\VLFDO VXUYH\V� $

UHIHUHQFH OLVW RI SXEOLFDWLRQV RQ WKH 0RQURH +RW 6SULQJV DQG YLFLQLW\ ZDV FRPSLOHG�
5()(5(1&(6� +XOHQ DQG 6DQGEHUJ� ������ (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH�

����

$5($6� 0RQURH� 5HG +LOO
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� *HRSK\VLFDO 6WXG\
35,1&,3$/ ,19(67,*$7256� 0DVH� &� :�� +DOOLGD\� 0� (�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

6800$5<� 7KH H[SORUDWLRQ RI 0RQURH DQG 5HG +LOO KRW VSULQJV LQFOXGHG H[WHQVLYH VWXGLHV RI WKH JHRORJ\�

OLWKRORJ\� VWUXFWXUH� ZHOO ORJ LQWHUSUHWDWLRQV� VSULQJ JHRFKHPLVWU\� DQG DOWHUDWLRQ� 7KH

JHRSK\VLFDO VWXGLHV LQFOXGHG D JUDYLW\ VXUYH\ ZLWK ���� VWDWLRQV� D PDJQHWLF VXUYH\ ZLWK ��

OLQHV DQG ��� VWDWLRQV� D UHVLVWLYLW\ VXUYH\� DQG LQWHUSUHWLYH JHRORJLF SURILOHV� 7HPSHUDWXUH

GHSWK SURILOHV� WKHUPDO JUDGLHQW YDOXHV� KHDW IORZ� DQG WKHUPDO FRQGXFWLYLW\ YDOXHV ZHUH DOVR

GHWHUPLQHG�
5()(5(1&(6� &KDSPDQ DQG +DUULVRQ� ����� +DOOLGD\� ����� +DOOLGD\ DQG &RRN� ����� +DOOLGD\ DQG RWKHUV�

����� .LOW\ DQG RWKHUV� ����� 0DVH� ����� 0DVH DQG RWKHUV� ����� 6DQGEHUJ� ����

$5($6� 0RQURH� 5HG +LOO
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� 8WLOL]DWLRQ RI 0RQURH *HRWKHUPDO 5HVRXUFH
35,1&,3$/ ,19(67,*$7256� %ODLU� .� &�� +DUULVRQ� 5� -�� 7HUUD 7HN
6800$5<� 7KH VWXG\ LQFOXGHV DQ RYHUYLHZ RI WKH JHRORJ\� JHRSK\VLFV� WHPSHUDWXUH�GHSWK SURILOHV� IORZ

UDWHV� UHVHUYRLU DVVHVVPHQW� SURGXFWLRQ V\VWHP GHVLJQ� FRVWV� DQG SUDFWLFDELOLW\ IRU GHYHORSPHQW

RI VSDFH KHDWLQJ DW 0RQURH�
5()(5(1&(6� %ODLU� ����� %ODLU DQG 2ZHQ� ����� %ODLU DQG RWKHUV� ����� +DUULVRQ� ����� +DUULVRQ DQG

RWKHUV� ����� 7HUUD 7HN� ����E

$5($6� 0RQURH� 5RRVHYHOW� 7KHUPR
)81',1*� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
'$7(� ���������
7,7/(� *HRORJ\� :DWHU 7HPSHUDWXUH� DQG 7KHUPDO *UDGLHQW 6WXG\
35,1&,3$/ ,19(67,*$725� 3HWHUVHQ� &� $�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\
6800$5<� 7KH JHRORJ\ DQG WHPSHUDWXUH HVWLPDWHV RI WKH 5RRVHYHOW DQG 7KHUPR KRW VSULQJ DUHDV ZHUH

VWXGLHG� 2WKHU LQIRUPDWLRQ SUHVHQWHG LQ WKH UHSRUWV LQFOXGHV ZDWHU FKHPLVWU\ IRU 5RRVHYHOW�

DQG WKHUPDO JUDGLHQW� KHDW IORZ� DQG DOWHUDWLRQ VWXGLHV LQ WKH 5RRVHYHOW DQG 0RQURH DUHDV�
5()(5(1&(6� 3HWHUVHQ� ����� ����D� ����E� :KHODQ DQG 3HWHUVHQ� ����

$5($� 1HZFDVWOH
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� +HDW )ORZ DQG *HRWKHUPDO $VVHVVPHQW RI WKH (VFDODQWH 'HVHUW ZLWK HPSKDVLV RQ WKH

1HZFDVWOH .*5$
35,1&,3$/ ,19(67,*$725� &OHPHQW� 0� '�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH SURMHFW DVVHVVHV WKH JHRWKHUPDO SRWHQWLDO RI (VFDODQWH 'HVHUW XVLQJ UHFHQWO\ DFTXLUHG KHDW

IORZ YDOXHV WR GHILQH UHJLRQDO KHDW IORZ PDJQLWXGH� 7KHUPDO JUDGLHQWV DQG KHDW IORZ

GHWHUPLQDWLRQV RI WKH 1HZFDVWOH JHRWKHUPDO V\VWHP ZHUH VWXGLHG�
5()(5(1&(6� &OHPHQW� ��� �� &OHPHQW DQG &KDSPDQ� ����

$5($� 1HZFDVWOH
)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� +HOLXP 6QLIIHU 7HVW
35,1&,3$/ ,19(67,*$725� 'HQWRQ� (� +�� 8�6� *HRORJLFDO 6XUYH\
6800$5<� 7ZR KXQGUHG VRLO�JDV VDPSOHV ZHUH FROOHFWHG WZR IHHW EHORZ WKH VXUIDFH DQG DQDO\]HG IRU

KHOLXP� $ FRQWRXU PDS RI KHOLXP FRQFHQWUDWLRQV ZDV SURGXFHG�
5()(5(1&(� 'HQWRQ� ����

$5($� 5RRVHYHOW
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� +\GURWKHUPDO $OWHUDWLRQ
35,1&,3$/ ,19(67,*$7256� %U\DQW� 1� /�� 3DUU\� :� 7�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 3HWURORJLF� ;�UD\� DQG FKHPLFDO PHWKRGV ZHUH XVHG WR FKDUDFWHUL]H V\VWHPDWLF FKDQJHV LQ

FKHPLVWU\ DQG PLQHUDORJ\ LQ FRUH IURP GULOO KROHV� $ PRGHO WKDW DFFRXQWV IRU WKH ]RQDWLRQ LV

LQFOXGHG LQ WKH UHSRUWV�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

5()(5(1&(6� %U\DQW� ����� %U\DQW DQG 3DUU\� ����� 3DUU\� ����� 3DUU\ DQG RWKHUV� ����

$5($� 5RRVHYHOW

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� *HRORJ\� *HRFKHPLVWU\� DQG *HRSK\VLFV
35,1&,3$/ ,19(67,*$725� (DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\ RI 8WDK 5HVHDUFK ,QVWLWXWH
6800$5<� 7KH 'HSDUWPHQW RI (QHUJ\ IXQGHG DQ LQWHQVLYH VWXG\ RI 5RRVHYHOW +RW 6SULQJV DUHD DQG PDQ\

DVSHFWV RI WKH VSULQJ KDYH EHHQ H[SORUHG� 7KHVH LQFOXGH JHRORJ\� OLWKRORJ\� VWUXFWXUH�

PLQHUDOL]DWLRQ� DQG DOWHUDWLRQ� 6HYHUDO ZHOOV KDYH EHHQ GULOOHG DQG WKH OLWKRORJLF� WHPSHUDWXUH�

FDOLSHU� SRURVLW\� GHQVLW\� DQG UHVLVWLYLW\ FKDUDFWHULVWLFV VWXGLHG� *UDYLW\� VHLVPLF� PDJQHWLF�

UHVLVWLYLW\� DQG HOHFWULFDO �,3� '&� 07� (0� 63� VXUYH\V KDYH EHHQ FRQGXFWHG DQG WKH UHVXOWLQJ

GDWD KDYH EHHQ LQWHUSUHWHG DQG DQRPDO\ PDSV DQG SURILOHV GUDZQ� *HRFKHPLFDO DQDO\VHV RI

ZDWHU� VRLO� JDV� URFN� DQG LVRWRSHV KDV EHHQ GRQH� DV ZHOO DV JHRWKHUPRPHWHU VWXGLHV� +HDW

IORZ UDWHV� WKHUPDO JUDGLHQWV� PHDVXUHG ZDWHU WHPSHUDWXUHV� DQG FDOFXODWHG UHVHUYRLU

WHPSHUDWXUHV KDYH EHHQ VWXGLHG� DQG WKH UHVHUYRLU VL]H KDV EHHQ HVWLPDWHG�

5()(5(1&(6� %DOODQW\QH� ����� %DOODQW\QH� *� +�� ����� %DOODQW\QH� -� 0�� ����� %DOODQW\QH DQG 3DUU\�

����� %DPIRUG DQG RWKHUV� ����� &DSXDQR DQG %DPIRUG� ����� )UDQJRV DQG :DUG� �����

*HUWVRQ DQG 6PLWK� ����� *OHQ DQG +XOHQ� ����E� +XOHQ� ����� 0F.LQQH\� ����� 1LHOVRQ�

����� 1LHOVRQ DQG RWKHUV� ����� 6LOO� ����� ����� 6LOO DQG -RKQJ� ����� 6PLWK� -� /�� �����

:DQQDPDNHU� ����� :DQQDPDNHU DQG RWKHUV� ����

$5($� 5RRVHYHOW

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� +HDW )ORZ
35,1&,3$/ ,19(67,*$725� &KDSPDQ� '� 6�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH LQYHVWLJDWLRQ XVHG WKHUPDO JUDGLHQW GDWD� WKHUPDO FRQGXFWLYLW\ PHDVXUHPHQWV� DQG KHDW

IORZ GHWHUPLQDWLRQV IURP GULOO KROHV WR GHWHUPLQH WKH JHRPHWU\ DQG WHPSHUDWXUH RI WKH

5RRVHYHOW JHRWKHUPDO V\VWHP� 6KDOORZ KHDW IORZ VXUYH\V DFURVV IDXOWV ZHUH DOVR XVHG WR VWXG\

WKH IDXOW JHRPHWU\ DQG IOXLG IORZ RI WKH K\GURWKHUPDO UHVHUYRLU�
5()(5(1&(6� :LOVRQ DQG &KDSPDQ� ����� ����� ����

$5($� 5RRVHYHOW

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� 6WUXFWXUDO (YROXWLRQ RI WKH *HRWKHUPDO 5HVHUYRLU
35,1&,3$/ ,19(67,*$725� <XVDV� 0� 5�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH VWUXFWXUH DQG IUDFWXUH V\VWHPV RI WKH JHRWKHUPDO UHVHUYRLU ZHUH DQDO\]HG� 6WUDLQ UHOLHI ZDV

PHDVXUHG WR GHWHUPLQH DFWLYH DQG UHVLGXDO VWUHVVHV� $ VWUXFWXUDO PRGHO ZDV GHYHORSHG IRU WKH

UHVHUYRLU�
5()(5(1&(6� <XVDV� ����E� <XVDV DQG %UXKQ� ����

$5($� 5RRVHYHOW

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� ,VRWRSH 6WXG\
35,1&,3$/ ,19(67,*$725� %RZPDQ� -� 5�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH UHSRUWV GLVFXVV LVRWRSLF DQDO\VHV RI VLOLFDWHV� FDUERQDWHV� UHJLRQDO VSULQJ ZDWHUV� DQG WKH

LQWHUDFWLRQ RI WKHUPDO ZDWHUV ZLWK WKH UHVHUYRLU URFN DW 5RRVHYHOW� +RW VSULQJ DOWHUDWLRQ

SURGXFWV� RULJLQ RI WKHUPDO ZDWHUV� DQG WKH H[WHQW RI LVRWRSLF H[FKDQJH ZHUH VWXGLHG�
5()(5(1&(6� %RZPDQ� ����� %RZPDQ DQG 5RKUV� ����� %RZPDQ DQG RWKHUV� ����� 5RKUV� ����� 5RKUV

DQG %RZPDQ� ����

$5($� 5RRVHYHOW

)81',1*� 'HSDUWPHQW RI (QHUJ\� 1DWLRQDO 6FLHQFH )RXQGDWLRQ
'$7(� ���������
7,7/(� *HRORJ\� *HRFKHPLVWU\� DQG *HRSK\VLFV
35,1&,3$/ ,19(67,*$7256� 3DUU\� :� 7�� :DUG� 6� +�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

6800$5<� 7KH ���� UHSRUWV VXPPDUL]H WKH UHVHDUFK DQG H[SORUDWLRQ HIIRUWV WKDW WRRN SODFH EHWZHHQ ����

DQG ���� DW WKH 5RRVHYHOW WKHUPDO DUHD� 7KH UHSRUWV GLVFXVV ZRUN GRQH RQ WKH JHRORJ\� VSULQJ

GHSRVLWV� DOWHUDWLRQ� DQG ZDWHU FKHPLVWU\� 0LFURHDUWKTXDNHV� JUDYLW\� DQG PDJQHWLFV ZHUH XVHG

WR GHILQH WKH UHJLRQDO VHWWLQJ� UHVLVWLYLW\ DQG KHDW IORZ ZHUH XVHG WR ORFDOL]H WKH FRQYHFWLYH

K\GURWKHUPDO V\VWHP� DQG PDJQHWRWHOOXULFV� JUDYLW\� DQG PDJQHWLFV ZHUH XVHG LQ DWWHPSWV WR

ORFDWH WKH KHDW VRXUFH�
5()(5(1&(6� 3DUU\� 1DVK� %RZPDQ� DQG RWKHUV� ����� 3DUU\� 1DVK� DQG :DUG� ������ :DUG DQG RWKHUV� ����

$5($� 5RRVHYHOW

)81',1*� 1DWLRQDO 6FLHQFH )RXQGDWLRQ
'$7(� ����
7,7/(� 0DJQHWLF 6XUYH\
35,1&,3$/ ,19(67,*$725� 3HWULFN� :� (�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH VWXG\ LQYROYHV D YHUWLFDO PDJQHWLF GLSROH VXUYH\ DW 5RRVHYHOW +RW 6SULQJV�
5()(5(1&(� 3HWULFN� ����

$5($� 5RRVHYHOW
)81',1*� 1DWLRQDO 6FLHQFH )RXQGDWLRQ
'$7(� ����
7,7/(� 5HVLVWLYLW\ 6XUYH\
35,1&,3$/ ,19(67,*$725� :DUG� 6� +�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� 7KH SURMHFW LQYROYHV WKUHH VXUYH\V XVLQJ GLIIHUHQW GLSROH VSDFLQJ� 7KH GDWD ZHUH LQWHUSUHWHG

DQG PRGHOHG� 7KH VWXG\ LQFOXGHG FROOHFWLRQ DQG LQWHUSUHWDWLRQ RI GULOO KROH LQIRUPDWLRQ�

SRURVLW\ DQG HIIHFWV RI FOD\ DOWHUDWLRQ RQ UHVLVWLYLW\� DQG KHDW VRXUFH VSHFXODWLRQ�
5()(5(1&(6� :DUG DQG 6LOO� ����D� ����E

$5($� 5RRVHYHOW
)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ���������
7,7/(� (QYLURQPHQWDO $QDO\VLV
35,1&,3$/ ,19(67,*$725� 'XUKDP� -RQ� 8�6� *HRORJLFDO 6XUYH\
6800$5<� *HRORJ\� VRLOV� DLU TXDOLW\� QRLVH� FOLPDWH� K\GURORJ\� YHJHWDWLRQ� ZLOGOLIH� DQG DUFKHRORJLFDO

VLWHV ZHUH H[SORUHG LQ DQ HIIRUW WR LGHQWLI\ SRWHQWLDO HQYLURQPHQWDO LPSDFWV RI GHHS JHRWKHUPDO

H[SORUDWRU\ WHVW ZHOOV GULOOHG E\ 3KLOOLSV 3HWUROHXP &RPSDQ\� 0HDVXUHV ZHUH RXWOLQHG WR

OHVVHQ RU HOLPLQDWH DGYHUVH LPSDFWV RQ WKH HQYLURQPHQW�
5()(5(1&(6� 'XUKDP� ����� 8�6� *HRORJLFDO 6XUYH\� ����

$5($� 5RRVHYHOW
)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ���������
7,7/( +HOLXP DQG 0HUFXU\ 6WXG\
35,1&,3$/ ,19(67,*$7256� +LQNOH� 0� (�� 'HQWRQ� (� +�� 8�6� *HRORJLFDO 6XUYH\
6800$5<� 7KH VWXG\ RXWOLQHV WKH UHODWLRQVKLS RI KHOLXP DQG PHUFXU\ FRQFHQWUDWLRQV LQ VRLOV DQG JDVHV WR

JHRWKHUPDO DQG JHRORJLF IHDWXUHV�
5()(5(1&(6� 'HQWRQ� ����� +LQNOH ����� ��� �� +LQNOH DQG +DUPV� ����� +LQNOH DQG RWKHUV� ����

$5($� 5RRVHYHOW� 0LQHUDO 0RXQWDLQV
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������
7,7/(� 4XDWHUQDU\ 0DJPDWLF 6\VWHP
35,1&,3$/ ,19(67,*$725� 1DVK� :� 3�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5< 4XDWHUQDU\ VLOLFLF YROFDQLF URFNV DVVRFLDWHG ZLWK WKH 5RRVHYHOW +RW 6SULQJV JHRWKHUPDO DUHD

ZHUH LQYHVWLJDWHG E\ VWXG\LQJ WKH JHRORJ\� JHRFKHPLVWU\� PLQHUDORJ\� DQG JHRWKHUPRPHWHUV�

7KH VRXUFH UHJLRQ ZDV GLVFXVVHG�
5()(5(1&(6� (YDQV DQG 1DVK� ����� 1DVK� ����� 1DVK DQG &UHFUDIW� ����� 1DVK DQG (YDQV� ����

$5($� 6DQG\
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ���������



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

7,7/(� )ORUDO *UHHQKRXVH *HRWKHUPDO 3URMHFW
35,1&,3$/ ,19(67,*$725� 8WDK 5RVHV� ,QFRUSRUDWHG
6800$5<� 7KH REMHFWLYH RI WKH SURMHFW ZDV WR FRQYHUW DQ H[LVWLQJ VL[ DFUH JUHHQKRXVH IURP JDV DQG RLO

ERLOHUV WR JHRWKHUPDO KHDW SURYLGHG E\ &U\VWDO +RW 6SULQJV JHRWKHUPDO UHVRXUFH� 7KH WHVW ZHOO

������ LQ� GLG QRW SURGXFH ZDWHU DV ZDUP DV H[SHFWHG� RQO\ ���& ZLWK D VOLJKW IORZ� KRZHYHU�

LW GRHV SURYLGH EDVH ORDG KHDWLQJ�
5()(5(1&(6� (QHUJ\ 6HUYLFHV� ,QFRUSRUDWHG� ����� .XQ]H DQG 6WRNHU� ����� .XQ]H DQG RWKHUV� ����� 0LOOHU

)ORUDO &RPSDQ\� ����� 8WDK 5RVHV� ,QFRUSRUDWHG� ����� :LOOLV� ����

$5($� 7KHUPR

)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� *UDYLW\ DQG *URXQG 0DJQHWLF 6XUYH\
35,1&,3$/ ,19(67,*$725� 6DZ\HU� 5� )�� 8QLYHUVLW\ RI 8WDK 'HSDUWPHQW RI *HRORJ\ DQG *HRSK\VLFV
6800$5<� $ UHJLRQDO VXUYH\ FRPSULVHG RI ��� QHZ JUDYLW\ DQG PDJQHWLF VWDWLRQV DQG LQFRUSRUDWLQJ ���

SUHYLRXV JUDYLW\ VWDWLRQV ZDV GRQH� 7KH GDWD FROOHFWHG KHOSHG GLVFHUQ VWUXFWXUDO IHDWXUHV�

GHOLQHDWH EHWZHHQ OLWKRORJLHV� DQG LGHQWLI\ DUHDV RI K\GURWKHUPDO DOWHUDWLRQ� 0RGHOV DQG

SURILOH LQWHUSUHWDWLRQV ZHUH PDGH�
5()(5(1&(6� 6DZ\HU� ����� 6DZ\HU DQG &RRN� ����

$5($� 7KHUPR

)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� $XGLRPDJQHWRWHOOXULF 6XUYH\
35,1&,3$/ ,19(67,*$725� *DUGQHU� 6XVDQ� 8�6� *HRORJLFDO 6XUYH\
6800$5<� 7KH SXEOLFDWLRQ LV D GDWD ORJ DQG VWDWLRQ ORFDWLRQ PDS IURP D �� VWDWLRQ $07 VXUYH\�
5()(5(1&(� *DUGQHU� :LOOLDPV� DQG /RQJ� ����

$5($� 7KHUPR

)81',1*� 8�6� *HRORJLFDO 6XUYH\
'$7(� ����
7,7/(� (QYLURQPHQWDO $QDO\VLV
35,1&,3$/ ,19(67,*$725� 'XUKDP� -RQ� 8�6� *HRORJLFDO 6XUYH\
6800$5<� *HRORJ\� VRLOV� DLU TXDOLW\� QRLVH� FOLPDWH� K\GURORJ\� YHJHWDWLRQ� ZLOGOLIH� DQG DUFKHRORJLFDO

VLWHV ZHUH H[SORUHG LQ DQ HIIRUW WR LGHQWLI\ SRWHQWLDO HQYLURQPHQWDO LPSDFWV RI D JHRWKHUPDO

H[SORUDWRU\ WHVW ZHOO GULOOHG E\ 5HSXEOLF *HRWKHUPDO� ,QFRUSRUDWHG� 0HDVXUHV ZHUH RXWOLQHG WR

OHVVHQ RU HOLPLQDWH DGYHUVH LPSDFWV RQ WKH HQYLURQPHQW�
5()(5(1&(� 'XUKDP DQG +RRSV� ����

$5($� :DVDWFK +RW 6SULQJV
)81',1*� 'HSDUWPHQW RI (QHUJ\
'$7(� ����
7,7/(� *HRWKHUPDO +HDWLQJ IRU WKH &KLOGUHQ
V 0XVHXP
35,1&,3$/ ,19(67,*$725� .DULVVRQ� 7KRUEMRUQ� 2UHJRQ ,QVWLWXWH RI 7HFKQRORJ\
6800$5<� 7KH UHSRUW HYDOXDWHV WKH SRVVLELOLW\ RI XVLQJ :DVDWFK +RW 6SULQJV �DORQJ ZLWK D QDWXUDO JDV

EDFNXS V\VWHP� WR KHDW WKH &KLOGUHQ
V 0XVHXP� ,W UHFRPPHQGHG GULOOLQJ DQ H[SORUDWRU\ ZHOO WR

HVWDEOLVK WKH XQGHUJURXQG IORZ SDWK RI WKH WKHUPDO V\VWHP� D QHFHVVDU\ VWHS EHIRUH EHLQJ DEOH

WR GHWHUPLQH WKH KHDWLQJ SRWHQWLDO RI WKH VSULQJ�
5()(5(1&(� .DUOVVRQ� ����



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

&855(17 $&7,9,7,(6

$5($� 8WDK

)81',1*� 8WDK 'LYLVLRQ RI :DWHU 5LJKWV
'$7(� ����
7,7/(� 5HJXODWRU\ $XWKRULW\ RYHU *HRWKHUPDO 5HVRXUFHV
35,1&,3$/ ,19(67,*$725� 0DQQ� -RKQ� :DWHU 5LJKWV
6800$5<� 8QGHU WKH *HRWKHUPDO 5HVRXUFH &RQVHUYDWLRQ $FW RI ����� :DWHU 5LJKWV PDLQWDLQV UHJXODWRU\

FRQWURO RYHU JHRWKHUPDO H[SORUDWLRQ DQG GHYHORSPHQW LQ 8WDK E\ DXWKRUL]LQJ GULOOLQJ SHUPLWV

IRU DOO H[SORUDWRU\ ZHOOV� FROOHFWLQJ WKH ZHOO ORJV DQG GULOOLQJ UHSRUWV� DQG RYHUVHHLQJ WKH

XQLWL]DWLRQ RI JHRWKHUPDO DUHDV�

$5($� 8WDK

)81',1*� 8WDK (QHUJ\ 2IILFH

'$7(� ����
7,7/(� *HRWKHUPDO 3HUPLWWLQJ 0DQXDO
35,1&,3$/ ,19(67,*$725� %XUNV� -HII� 8WDK (QHUJ\ 2IILFH
6800$5<� 7KH 8WDK (QHUJ\ 2IILFH LV ZULWLQJ D JHRWKHUPDO SHUPLWWLQJ PDQXDO ZKLFK GHWDLOV WKH VWDWH DQG

IHGHUDO SHUPLWV QHFHVVDU\ WR GHYHORS D JHRWKHUPDO UHVRXUFH LQ 8WDK�



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

&855(17/< '(9(/23(' 7+(50$/ $5($6

6,7( �'HYHORSHU� $33/,&$7,21

%HOPRQW �8G\� +RW 6SULQJV VZLPPLQJ SRRO DQG PLQHUDO EDWK
&RYH )RUW �0RWKHU (DUWK ,QGXVWULHV� HOHFWULFDO �ELQDU\� �SRZHU VROG WR 3URYR &LW\

WKURXJK 83	/ OLQHV� ��� PHJDZDWW SRZHU

SODQW ZLWK SODQV WR LQFUHDVH SURGXFWLRQ

&U\VWDO +RW 6SULQJV �8WDK 5RVHV� JUHHQKRXVHV
&U\VWDO +RW 6SULQJV �8WDK 6WDWH 3ULVRQ� VSDFH KHDWLQJ
&U\VWDO �0DGVHQV� +RW 6SULQJV VZLPPLQJ SRRO� PLQHUDO EDWK� DQG VSDFH

KHDWLQJ

/DYHUNLQ PLQHUDO EDWK
0LGZD\ VSDFH KHDWLQJ DQG VZLPPLQJ SRRO
0RQURH +RW 6SULQJV VZLPPLQJ SRRO DQG PLQHUDO EDWK
1HZFDVWOH �&KULVWHQVHQ %URWKHUV� 'LFN +LOGHEUDQG� JUHHQKRXVHV
5RRVHYHOW +RW 6SULQJV �8WDK 3RZHU DQG

/LJKW DQG 3KLOOLSV 3HWUROHXP &RPSDQ\ QRZ ,QWHUPRXQWDLQ *HRWKHUPDO� HOHFWULFDO �GLUHFW IODVK� � �� PHJDZDWW SRZHU

SODQW
6DUDWRJD +RW 6SULQJV VSDFH KHDWLQJ
8WDK +RW 6SULQJV JUHHQKRXVHV
9H\R VZLPPLQJ SRRO



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

*(2*5$3+,& ,1'(;

81,7(' 67$7(6

%HOO� ����
%HUJH DQG RWKHUV� ����
%HUU\ DQG RWKHUV� ����
%URRN DQG RWKHUV� ����
%U\DQ� ����
%URZQ DQG 0DQVXUH� ����
&ODUN DQG RWKHUV� ����
&ODUNH� ����
&RPEV DQG RWKHUV� ����
&URRN�����
'DUWRQ� ����
'DYLV DQG RWKHUV� ����
'L3LSSR� ����� ����
'LPHQW DQG RWKHUV� ����
'XIILHOG DQG *XIIDQWL� ����
)LWFK� ����
)ROH\� ����
)ROH\ DQG RWKHUV� ����
)ROH\ DQG RWKHUV� ����
)RUQHV�����
*RII DQG 'HFNHU� ����
*RII DQG RWKHUV� ����
*URVH� ����
*XIIDQWL DQG 1DWKHQVRQ� ����� ����
+HLNHQ DQG RWKHUV� ����
+XOHQ DQG 6LEEHWW� ����
.RHQLJ DQG RWKHUV� ����
.URQ DQG +HLNHQ� ����
.URQ DQG 6WL[� ����
/DFKHQEUXFK DQG 6DVV� ����
/DGG�����
/LQ� ����
0DULQHU DQG RWKHUV� ����
0LOOHU� ����
0XIIOHU� ����
0XUSK\ DQG (QWLQJK� ����
1DWKHQVRQ DQG RWKHUV� ����
1LPPRQV DQG RWKHUV� ����
3HDOH� ����� ����
3HQWD� ����
3KHOSV DQG RWKHUV� ����
3RWWHU DQG RWKHUV� ����
5HHG�����
5HHG DQG 6RUH\� ����
5HHG DQG RWKHUV� ����
5HLPHU DQG RWKHUV� ����
5HQQHU DQG RWKHUV� ����
6DPPHO� ����
7KHEHUJH� ����
6DVV DQG /DFKHQEUXFK� ����
6DVV DQG 0XQURH� ����
6DVV DQG RWKHUV� ����
6DVV DQG RWKHUV� ����
6NDOND� ����

6PLWK DQG 3RQGHU� ����
6PLWK DQG 6KDZ� ����� ����� ����
6PLWK� 5� /�� DQG RWKHUV� ����
6RUH\�����
6RUH\ DQG RWKHUV� ����
6SLFHU� ����
6WHDUQV DQG RWKHUV� ����
6ZDQVRQ� ����
7HVKLQ DQG RWKHUV� ����
7UXHVGHOO� ����
8�6� *HRORJLFDO 6XUYH\� ����F�
����D�����E

:DONHU DQG (QWLQJK� ����
:DUG� ����
:DULQJ� ����� ����� ����� ����
:KLWH� ���������

5(*,21$/

:HVWHUQ 8QLWHG 6WDWHV

%LUGVH\H� ����
%RZPDQ DQG RWKHUV� ����
%XWOHU� ����
&DOOHQGHU DQG RWKHUV� ����
&DVVHO DQG RWKHUV� ����
&KULVWLDQVHQ DQG /LSPDQ� ����
&RPEV DQG RWKHUV� ����
&ULWWHQGHQ� ����
&URZOH\� ����� ����
'DUOLQJ DQG &KDSPDQ� ����
'LFNVRQ DQG 7XQHOO� ����
(DWRQ� ����
)HWK DQG %DUQHV� ����
)ROH\ DQG 'RUVFKHU� ����
)XFKV DQG +XWWUHU� ����
*HRQRPLFV� ,QFRUSRUDWHG� ����D
*RGZLQ DQG RWKHUV� ����
*RII DQG :DWHUV� ����
*ULP DQG RWKHUV� ����
+DOOLQ� ����
,VVHOKDUGW DQG RWKHUV� ����
.DF]\QVNL DQG RWKHUV� ����
.LOW\� ����
.QDXI� ����
.RHQLJ� ����
/DFKHQEUXFK� ����
/LSPDQ� ����
/LSPDQ DQG RWKHUV� ����
/XHGNH DQG 6PLWK� ����
/XQLV DQG 7RWK� ����
0DEH\ DQG RWKHUV� ����
0DULQHU� %URRN� DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
0DWOLFN DQG 6PLWK� ����
0HLGDY DQG 6DQ\DO� ����

0H\HU DQG %URQGHU� ����
1DWKHQVRQ DQG 0XIIOHU� ����
1HKULQJ DQG RWKHUV� ����
1LFKROV� ����
2
&RQQHOO DQG .DXIPDQQ� ����
2WWH� ����
3ROODUG� ����
5XVFHWWD� ����
6DVV DQG RWKHUV� ����
6FKXIOH�����
6LIIRUG� ����
6PLWK DQG /XHGNH� ����
6PLWK DQG 0DWOLFN� ����
6PLWK� -� /�� DQG RWKHUV� ����
6PLWK� -� /�� DQG RWKHUV� ����
6PLWK� -� /�� DQG RWKHUV� ����
6PLWK� -� /�� DQG RWKHUV� ����
6PLWK� 0� &�� DQG RWKHUV� ����
6PLWK� 0� &�� DQG RWKHUV� ����
6WDQOH\ DQG RWKHUV� ����
6XQJ DQG RWKHUV� ����
75: 6\VWHPV *URXS� ����� ����
7KRPDLGLV� ����
7XWWOH DQG RWKHUV� ����
:DUG� ����� ����
:DUG� ����
:KLWH� ����
:KLWH DQG RWKHUV� ����
:KLWH DQG RWKHUV� ����D� ����E�
����F

:ULJKW DQG RWKHUV� ����

5(*,21$/

%DVLQ DQG 5DQJH 3URYLQFH
�LQFOXGHV +LJK 3ODWHDXV
VXESURYLQFH�

$UPVWURQJ� ����� ����
%HQRLW DQG %XWOHU� ����
%HVW DQG %ULPKDOO� ����
%ODFNZHOO� ����
%ODFNZHOO DQG &KDSPDQ� ����
%RUW]� ����
%URZQ DQG 1DVK� ����
%XFKHU� ����
&RUZLQ DQG +RRYHU� ����
&RVWDLQ� ����
&URZOH\� ����� ����
(GPLVWRQ� ���������
(GPLVWRQ DQG %HQRLW� ����
(YDQV�����
)LRUH� ����
)LVKPDQ� ����
)OHFN DQG RWKHUV� ����
*OHQQ DQG RWKHUV� ����



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

*UHLGHU� ����
+RJJ�����D
+ROPHV� ����
.RHQLJ DQG 0F1LWW� ����
/DFKHQEUXFK DQG 6DVV� ����
/HHPDQ DQG 5RJHUV� ����
/LDZ DQG 6X\HQDJD� ����
/RULQJ� ����
0DEH\ DQG RWKHUV� ����
0DFNLQ� ����D
0DLQ]HU� ����
0DULQHU� 3UHVVHU� DQG (YDQV� ����
0HLQ]HU� ����
0H\HU DQG RWKHUV� ����
0LIIOLQ� ����
1HKULQJ DQG 0DULQHU� ����
1LHOVRQ� ����
2VPRQG� ����
2YHUWRQ DQG +DQROG� ����
5LW]PD� ����
5RZDQ DQG RWKHUV� ����
5RZOH\ DQG RWKHUV� ����
6FKRO] DQG RWKHUV� ����
6PLWK� 5� %�� ����E
6PLWK DQG 6EDU� ����
6WHZDUW� ����� ����
6WHZDUW DQG RWKHUV� ����
6WULQJIHOORZ� ����
7LVFKOHU DQG RWKHUV� ����
:DQQDPDNHU� ����
:DUG� ����E
:DUG DQG RWKHUV� ����� ����� ����
:KLWH DQG +HURSRXORV� ����
=REDFN DQG $QGHUVRQ� ����

5(*,21$/

&RORUDGR 3ODWHDX

%RGHOO�����

87$+

$PHV DQG 6DQG� ����
$QQR DQG RWKHUV� ����
%DWW\ DQG RWKHUV� ����
%OLVV� ����
%RZHQ� ����
%URZQ� ����D
&OHDU\� ����
&ROH� ����
&RRN DQG RWKHUV� ����
&RVWDLQ DQG :ULJKW� ����
'HSDUWPHQW RI *HRORJ\ DQG *HR�
SK\VLFV� 8QLYHUVLW\ RI 8WDK� ����

(QJODQG DQG -RKQVRQ� ����
(YDQV�����
*HRWKHUPDO 5HVRXUFHV &RXQFLO�
����D�����E�����D����OH�
����J�����E

*RRGH� ����
*UHHQ�����

*UHHQ DQG :DJVWDII� ����
+DQQ\ DQG /XQLV� ����
+HZLWW DQG RWKHUV� ����
+H\OPXQ� ����
.DOLVHU DQG *UH\� ����
.ODXN� ���������
.ROHVDU DQG 'HJUDII� ����
0F1LWW� ����
0LOOLJDQ� ����
0LOOLJDQ DQG RWKHUV� ����
0XQGRUII� ����
2OVRQ DQG 6PLWK� ����
3DUU\ DQG &OHDU\� ����
5HQQHU DQG *DO\DUGW� ����
5RJHUV� ����
5RZOH\ DQG RWKHUV� ����
5XVK� ����
6DQGTXLVW DQG RWKHUV� ����
6HON� ����
6PLWK� 0� 5�� ���������
6PLWK DQG 6KDUGD� ����
6WRZH� ����
6ZDQEHUJ� ����
8WDK 'HSDUWPHQW RI 1DWXUDO
5HVRXUFHV� ����

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\�
����� ����

:DUG� &RRN� 1DVK� DQG RWKHUV� ����
:DUG� &RRN� 3DUU\ DQG RWKHUV� ����
:DUG� 1DVK� DQG RWKHUV� ����
:KHODQ� ����
:KLWH� ����
:ULJKW� ����
=HLW] DQG RWKHUV� ����

87$+

&HQWUDO

6QRZ�����

87$+

1RUWKHUQ

*LOEHUW� ����
.KDWWDE� ����

87$+

6RXWKHUQ

:HFKVOHU DQG 6PLWK� ����

87$+

6RXWKZHVWHUQ

%HVW DQG RWKHUV� ����
&URVE\�����
0DFNLQ� ����E
5RZOH\ DQG RWKHUV� ����
6LOO DQG RWKHUV� ����
:DQQDPDNHU DQG RWKHUV� ����

87$+

:DVDWFK )URQW

$QGHUVRQ� ����
&ROH� ����� ����� ����
3DFN�����
7DOPDJH� ����

87$+

:HVWHUQ

(YDQV����������
(YDQV DQG %URZQ� ����� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����F

*RRGH� ����
0HKQHUW DQG RWKHUV� ����
0RQWJRPHU\� ����
1DVK DQG RWKHUV� ����
5XVK�����
7XUOH\ DQG RWKHUV� ����

&2817,(6

%HDYHU

$ERX�6D\HG DQG RWKHUV� ����
$GKLGMDMD� ����
$HULDO 6XUYH\V� ����D� ����E
$OHLQNRII DQG RWKHUV� LQ SUHVV
$OOHQ� ����
$VK DQG RWKHUV� ����
$VWHQ� ����
$WNLQVRQ� ����
$WNLQVRQ DQG 0H\HU� ����
%DOODQW\QH� *�+�� ����
%DOODQW\QH� -�0�� ����� ����
%DOODQW\QH DQG 3DUU\� ����� ����
%DPIRUG� ����
%DPIRUG DQG &KULVWHQVHQ� ����
%DPIRUG DQG RWKHUV� ����
%DURVK� ����
%DW]OH DQG 6LPPRQV� ����
%HUJH DQG RWKHUV� ����� ����
%HUJH DQG RWKHUV� ����
%HVW DQG *UDQW� LQ SUHVV
%HVW DQG .HLWK� ����
%HVW DQG RWKHUV� LQ SUHVV
%RZHUV� ����
%RZPDQ� ����
%RZPDQ DQG RWKHUV� ����
%RZPDQ DQG 5RKUV� ����
%URZQ� ����
%URZQ� ����E� ����
%URZQ DQG 0DQVXUH� ����
%UXPEDXJK� ����
%UXPEDXJK DQG &RRN� ����
%U\DQW�����
%U\DQW DQG 3DUU\� ����



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

%XUEDQN &LW\ 3XEOLF 6HUYLFH
'HSDUWPHQW� ����

%XW]� ����
%XW] DQG 3ORRVWHU� ����
&DG\�����
&DPSEHOO DQG RWKHUV� ����
&DPSEHOO DQG )ODQLJDQ� ����
&DSXDQR DQG %DPIRUG� ����
&DSXDQR DQG &ROH� ����
&DUOVWRQ� ����
&DUVRQ DQG /LYHVD\� ����
&DUWHU� ����
&DUWHU DQG &RRN� ����
&DUWHU DQG RWKHUV� ����
&DVH� ����
&DVNH\ DQG 6KXH\� ����
&DVVHO DQG RWKHUV� ����
&KULVWHQVHQ� ����
&KULVWHQVHQ DQG RWKHUV� ����
&KULVWHQVHQ DQG RWKHUV� ����
&KX� ����
&KX DQG RWKHUV� ����
&LDQFDQHOOL� ����
&LDQFDQHOOL DQG &RUPDQ� ����
&ODUN� ����
&ROH� ����
&RPEV DQG RWKHUV� ����
&RPEV DQG RWKHUV� ����
&RQGLH� ����
&RQGLH DQG %DUVN\� ����
&RQUDG� ����
&RRN DQG &DUWHU� ����
&RRN� 6HUSD� DQG 3H� ����
&RRN� 6HUSD� 3H� DQG %UXPEDXJK�
����

&RRN DQG RWKHUV� ����
&RRN DQG RWKHUV� ����
&RUGRYD DQG 0RZHU� ����
&UHEV�����
&UHEV DQG &RRN� ����
&UHEV DQG RWKHUV� ����
&UHPHU� ����
&URZOH\� ���������
&XQQLQJKDP DQG 6WHYHQ� ����E
&XQQLQJKDP DQG RWKHUV� ����
&XQQLQJKDP DQG RWKHUV� ����
'HQWRQ� ����
'L3LSSR� ����
'RX]H DQG /DVWHU� ����
'XUKDP� ����
'XUKDP DQG +RRSV� ����
(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\
RI 8WDK 5HVHDUFK ,QVWLWXWH� ����

(DVW� ����
(GPLVWRQ DQG %HQRLW� ����
(ULFNVRQ� ����
(ULFNVRQ DQG 'DVFK� ����

(YDQV�����
(YDQV DQG 1DVK� ���� ����
(YDQV DQG 1LHOVRQ� ����
(YDQV DQG 6WHYHQ� ����
)ODQLJDQ DQG &DPSEHOO� ����
)ROH\� ����
)RUUHVW� ����
)UDQJRV DQG :DUG� ����
*DEEHUW� ����
*DUGQHU� :LOOLDPV� DQG /RQJ� ����
*HRQRPLFV� ,QFRUSRUDWHG� ����E
*HRWKHUPDO 3RZHU &RUSRUDWLRQ�
����D�����E�����

*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����E� ����K� ����L�
����N� ����D� ����E� ����I�
����J� ����K� ����N� ����D�
����E� ����D� ����E� ����F�
����G� ����H� ����I� ����J�
����D�����F

*HRWKHUP([� ,QFRUSRUDWHG� ����
*HRWURQLFV ,QFRUSRUDWHG� ����
*HUWVRQ DQG 6PLWK� ����
*HWW\ 2LO &RPSDQ\� ����D� ����E
*OHQQ DQG +XOHQ� ����D� ����E
*OHQQ� +XOHQ� DQG 1LHOVRQ� ����
*OHQQ DQG 5RVV� ����
*OHQQ DQG RWKHUV� ����
+DKO DQG 0XQGRUII� ����
+DXJK�����D
+HOWRQ (QJLQHHULQJ DQG *HRORJLFDO
6HUYLFHV� ,QFRUSRUDWHG� ����

+HZLWW DQG RWKHUV� ����
+LQNOH� ���������
+LQNOH DQG +DUPV� ����
+LQNOH DQG RWKHUV� ����
+RRYHU� ����
+XHUWDV� ����
+XJKHV� ����
+XOHQ� ����
,\HU�����
O\HU DQG RWKHUV� ����
-DPLQ� ����
-HQVHQ DQG 4LGZDL� ����"
.DW]� ����
.DW]HQVWHLQ DQG -DFREVRQ� ����
.HOORJJ DQG &RRN� ����
.H\V�����
.RHQLJ DQG RWKHUV� ����
.RHQLJ DQG 3HWHUVHQ� ����
.UXJHU DQG 6HPSULQL� ����
/DVWHU DQG 'RX]H� ����
/HH�����
/HLWQHU� ����
/HQ]HU DQG RWKHUV� ����
/LDZ DQG 6X\HQDJD� ����� ����
/LHVH� ����

/LQ� ����
/LSPDQ DQG RWKHUV� ����
/LSPDQ DQG RWKHUV� ����
/RYHOO DQG RWKHUV� QR GDWH
/XWK DQG +DUGHH� ����
/\QFK DQG 1DVK� ����
0DEH\ DQG 9LUJLQ� ����
0DFKHWWH� ����
0DFKHWWH DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
0DULQHU� 3UHVVHU� DQG (YDQV� ����
0DWKHZV� ����
0DWKHZV DQG /D'HOIH� ����
0DWOLFN DQG 6KLUDNL� ����
0F+XJK� )LFNOLQ� DQG 0LOOHU� �����
����

0F+XJK� )LFNOLQ� 0LOOHU� DQG 3UHVWRQ�
����

0F+XJK DQG 0LOOHU� ����� ����
0F+XJK� 0LOOHU� DQG )LFNOLQ� ����
0F+XJK� 0RWRRND� DQG 7XFNHU� ����
0F.LQQH\� ����
0LFUR *HRSK\VLFV� ����
0RRUH� ����D� ����E
0RRRUH DQG RWKHUV� ����
0RRUH DQG RWKHUV� ����
0RZHU� ����
0RZHU DQG &RUGRYD� ����� ����
0XGJHWW� ����
0XUSK\ DQG (QWLQJK� ����
1DVK����������
1DVK DQG &UHFUDIW� ����
1DVK DQG (YDQV� ����
1DVK DQG RWKHUV� ����
1DVK DQG RWKHUV� ����
1DWKHQVRQ DQG 0XIIOHU� ����
1HOVRQ DQG %URPILHOG� ����
1LHOVRQ� ����� ����
1LHOVRQ DQG 0RRUH� ����
1LHOVRQ DQG RWKHUV� ����
1LHOVRQ DQG RWKHUV� ����
1LHOVRQ DQG RWKHUV� ����
1LHOVRQ DQG RWKHUV� LQ SUHVV
2OVRQ� ����
2OVRQ DQG 6PLWK� ����
2OVRQ DQG RWKHUV� ����
3DUU\� ����
3DUU\� %DOODQW\QH� DQG %U\DQW� ����
3DUU\� %DOODQW\QH� %U\DQW� DQG
'HGROSK� ����
3DUU\� 1DVK� DQG :DUG� ����
3DUU\� 1DVK� %RZPDQ� DQG RWKHUV�
����

3DUU\ DQG RWKHUV� ����
3DUU\ DQG RWKHUV� ����
3HUD� ����D
3HWHUVHQ� ����� ����D� ����E



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

3HWHUVRQ� ����� ����
3HWULFN� ����
3KLOOLSV 3HWUROHXP &RPSDQ\� �����
����

3KRHQL[ *HRSK\VLFV� ,QFRUSRUDWHG�
����

3XVKNDU DQG &RQGLH� ����
5DVEDQG���������������
5HLPHU� ����
5RELQVRQ DQG ,\HU� ����� ����
5RGULJXH]� ����
5RKUV� ����
5RKUV DQG %RZPDQ� ����
5RKUV DQG 3DUU\� ����
5RVV� ����
5RVV DQG 0RRUH� ����
5RVV� 0RRUH� DQG &KULVWHQVHQ� ����
5RVV� 1LHOVRQ� DQG 0RRUH� ����
5RVV DQG RWKHUV� ����
5RZOH\� ����
5RZOH\ DQG /LSPDQ� ����
5R[OR� ����
5XGLVLOO� ����
6DQGEHUJ� ����
6DYLQR DQG RWKHUV� ����
6DZ\HU� ����
6DZ\HU DQG &RRN� ����
6FKDII�����
6FKPRNHU� ����
6HLVPLF ([SORUDWLRQ ,QFRUSRUDWHG�
����

6HUSD� ����
6HUSD DQG &RRN� ����
6KDQQRQ� *RII� DQG RWKHUV� ����
6KDQQRQ� 3HWWLWW� DQG RWKHUV� ����
6LEEHWW DQG 1LHOVRQ� ����
6LOO� ����� ����
6LOO DQG %RGHOO� ����
6LOO� &KDSPDQ� DQG RWKHUV� ����
6LOO DQG -RKQJ� ����
6LOO DQG :DUG� ����
6LOO� :DUG� DQG RWKHUV� ����
6PLWK� *� (�� ����
6PLWK� 5� %�� ����D
6PLWK� -� /�� ����
6WHYHQ� &XQQLQJKDP� DQG $QGHUVRQ�
����

6WHYHQ DQG 0RUULV� ����D� ����
6WHYHQ� 5RZOH\� DQG &XQQLQJKDP�
���������

6WHYHQ DQG RWKHUV� ����
6WULQJIHOORZ� ����
7KDQJVXSKDQLFK� ����
7KHUPDO 3RZHU &RPSDQ\� �����
����D�����E

7ULSS� ����
7ULSS DQG RWKHUV� ����
7XFNHU DQG RWKHUV� ����
8�6� *HRORJLFDO 6XUYH\� ����E� �����
����D

8QLRQ 2LO &RPSDQ\� ����� �����
����D�����E����������D�
����E�����F�����G�����H�
����I� ����J� ����D� ����E
8QLYHUVLW\ RI 'HQYHU� 'HQYHU
5HVHDUFK ,QVWLWXWH� ����

:DQQDPDNHU� ����
:DQQDPDNHU DQG +RKPDQQ� ����
:DQQDPDNHU DQG RWKHUV� ����
:DQQDPDNHU DQG RWKHUV� ����
:DQQDPDNHU DQG RWKHUV� ����� ����
:DUG� ����D� ����E
:DUG� %RZPDQ� DQG RWKHUV� ����
:DUG� &RRN� 1DVK� DQG RWKHUV� ����
:DUG� *OHQQ� DQG RWKHUV� ����
:DUG� 3DUU\� DQG RWKHUV� ����
:DUG� 5LMR� DQG 3HWULFN� ����
:DUG DQG 6LOO� ����D� ����E� ����
:DUG DQG RWKHUV� ����
:DUG DQG RWKHUV� ����
:KHODQ� ����
:KLWH DQG RWKHUV� ����
:LOVRQ� ����
:LOVRQ DQG &KDSPDP� ����� �����
����

<RXQJ DQG RWKHUV� ����
<XVDV� ����D� ����E
<XVDV DQG %UXKQ� ����
=DQGW DQG RWKHUV� ����
=LPPHUPDQ� ����

%R[ (OGHU

%HUJH DQG RWKHUV� ����
&DUSHQWHU� ����
&URZOH\� ����
'DYLV� ����
'DYLV DQG .ROHVDU� ����
'RHOOLQJ DQG RWKHUV� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����F
.ODXN DQG %XGGLQJ� ����
0XUSK\� ����
0XUSK\ DQG *Z\QQ� ����E
3HUD DQG RWKHUV� ����
=RKG\ DQG %LVGRUI� ����

&DFKH

GH 9ULHV� ����� ����

&DUERQ

6PHGOH\ DQG RWKHUV� ����

'DYLV

&ROH� ����
.ODXN DQG 3UDZO� ����
3HUD� ����E

'XVFKHQH

&URZOH\� ����
3HUD� ����E

(PHU\

%URZQ� ����
%URZQ DQG &RRN� ����

*DUILHOG

+DKO DQG 0XQGRUII� ����
/RZGHU� ����
5RZOH\� 6WHYHQ� DQG 0HKQHUW� ����
6DUJHQW DQG +DQVHQ� ����
6PHGOH\ DQG RWKHUV� ����
:KHODQ� ����

*UDQG

%DHU DQG 5LJE\� ����
&URZOH\� ����
'H &LFFR DQG RWKHUV� ����
5XVK DQG RWKHUV� ����
6DVV DQG RWKHUV� ����D
6SLFHU� ����

,URQ

$GKLGMDMD� ����
%HVW DQG %ULPKDOO� ����
%HVW DQG .HLWK� ����
&KDSPDQ DQG RWKHUV� ����
&OHPHQW� ����
&OHPHQW DQG &KDSPDQ� ����
&RRN� ����
&RRN DQG RWKHUV� ����
&URZOH\� ����
(GPLVWRQ DQG %HQRLW� ����
(ULFNVRQ DQG 'DVFK� ����
*DEEHUW� ����
*DUGQHU� :LOOLDPV� DQG +RRYHU� ����
*DUGQHU� :LOOLDPV� DQG /RQJ� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����F� ����J� ����M

*UDQW DQG %HVW� ����
+DKO DQG 0XQGRUII� ����
.ODXN DQG *RXUOH\� ����D� ����E
.ODXN DQG RWKHUV� ����
.XQ]H DQG *RXOG� ����
/RZGHU� ����
0DEH\ DQG 9LUJLQ� ����
0DULQHU� 3UHVVHU� DQG (YDQV� ����
0DULQHU DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
0F+XJK� )LFNOLQ� 0LOOHU� DQG
3UHVWRQ� ����
0F+XJK DQG RWKHUV� ����
1HOVRQ DQG %URPILHOG� ����



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

3H� ����
3H DQG &RRN� ����D� ����E
3HUD� ����D
3HUD DQG RWKHUV� ����
3HWHUVRQ� ����� ����
5HLPHU� ����
5RZOH\� ����
6DUJHQW DQG +DQVHQ� ����
6WHYHQ DQG 0RUULV� ����
8�6� *HRORJLFDO 6XUYH\� ����E� ����D
:KHODQ� ����
:KLWH DQG RWKHUV� ����

-XDE

%URZQ� ����
%URZQ DQG &RRN� ����
&DONLQV� ����
&DOODJKDQ DQG 7KRPDV� ����
&RPEV DQG RWKHUV� ����
&URVVRQ� ����
*DO\DUGW DQG 5XVK� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����M� ����J� ����K

*LOEHUW� ����
+DKO DQG 0XQGRUII� ����
+HZLWW DQG RWKHUV� ����
+RJJ�����E
,VKHUZRRG� ����
,YHV� ����� ����
-RKQVRQ�����
/RYHULQJ� ����
/RYHULQJ DQG *RRGH� ����
/RYHULQJ DQG 0RUULV� ����
0DULQHU� 3UHVVHU� DQG (YDQV� ����
0DULQHU DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
0RUULV� ����
3DPSD\DQ� ����
3DUU\ DQG RWKHUV� ����
3HWHUVRQ� ����
3HWHUVRQ DQG 1DVK� ����
3HWHUVRQ DQG RWKHUV� ����
5HLPHU DQG RWKHUV� ����
6HQWHUILW DQG %HGLQJHU� ����
6KDZH�����
6PLWK� 7� %�� ����
6PLWK� 7� %�� DQG RWKHUV� ����
7XUOH\ DQG 1DVK� ����

.DQH

/RZGHU� ����
6DUJHQW DQG +DQVHQ� ����
6PHGOH\ DQG RWKHUV� ����
:KHODQ� ����

0LOODUG

$GKLGMDMD� ����
$HULDO 6XUYH\V� ����D� ����E
$VK DQG RWKHUV� ����
%DPIRUG DQG &KULVWHQVHQ� ����
%RZPDQ DQG 5RKUV� ����
%URZQ� ����
%URZQ DQG &RRN� ����
%UXPEDXJK� ����
%UXPEDXJK DQG &RRN� ����
&DOODJKDQ DQG 7KRPDV� ����
&DPSEHOO DQG RWKHUV� ����
&DUULHU� ����
&DUULHU DQG &KDSPDQ� ����� ����
&DUWHU� ����
&DUWHU DQG &RRN� ����
&DUWHU DQG RWKHUV� ����
&DVH� ����
&DVNH\ DQG 6KXH\� ����
&DVVHO DQG RWKHUV� ����
&KULVWHQVHQ� ����
&ODUN� ����
&RPEV DQG RWKHUV� ����
&RQGLH DQG %DUVN\� ����
&RQUDG� ����
&RRN� 6HUSD� DQG 3H� ����
&RRN� 6HUSD� 3H� DQG %UXPEDXJK�
����

&RRN DQG RWKHUV� ����
&RRN DQG RWKHUV� ����
&UHFUDIW� ����
&UHFUDIW DQG RWKHUV� ����D� ����E�
����

&URVVRQ� ����
&URZOH\� ����
&XQQLQJKDP DQG 6WHYHQ� ����E
&XQQLQJKDP DQG RWKHUV� ����
'L3LSSR� ����
(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\
RI 8WDK 5HVHDUFK ,QVWLWXWH� ����

(PLVWRQ DQG %HQRLW� ����
(YDQV DQG RWKHUV� ����
)ROH\� ����
*DEEHUW� ����
*DO\DUGW DQG 5XVK� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����M� ����F� ����G�
����J�����K�����E�����F�
����G�����J�����F

*HRWKHUP([� ,QFRUSRUDWHG� ����
*LOEHUW� ����
*OHQQ DQG 5RVV� ����
*OHQQ DQG RWKHUV� ����
+DKO DQG 0XQGRUII� ����
+DXJK�����E
+HZLWW DQG RWKHUV� ����
+RRYHU� ����
+XOHQ� ����
,VKHUZRRG� ����

,YHV�����
-RKQVRQ�����
/DVWHU DQG 'RX]H� ����
/HH� ����
/LHVH� ����
/LSPDQ DQG RWKHUV� ����
/LSPDQ DQG RWKHUV� ����
/\QFK DQG 1DVK� ����
0DEH\ DQG 9LUJLQ� ����
0DULQHU� 3UHVVHU� DQG (YDQV� ����
0DULQHU DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
0F+XJK� )LFNOLQ� 0LOOHU� DQG
3UHVWRQ� ����

0F+XJK DQG RWKHUV� ����
0RRUH� ����E
0RRUH DQG RWKHUV� ����
0RUULV� ����
0XGJHWW� ����
1DVK� ����
1DVK DQG &UHFUDIW� ����
1DVK DQG (YDQV� ����
1DVK DQG RWKHUV� ����
1DWKHQVRQ DQG 0XIIOHU� ����
1HOVRQ DQG %URPILHOG� ����
1LHOVRQ DQG 0RRUH� ����
1LHOVRQ DQG RWKHUV� ����
1LHOVRQ DQG RWKHUV� LQ SUHVV
2OVRQ DQG 6PLWK� ����
3DPSD\DQ� ����
3DUU\ DQG RWKHUV� ����
3HUD� ����D
3HWHUVRQ� ����� ����
3HWHUVRQ� ����
3HWHUVRQ DQG 1DVK� ����
3HWHUVRQ DQG RWKHUV� ����
3KLOOLSV 3HWUROHXP &RPSDQ\� ����
3KRHQL[ *HRSK\VLFV� ,QFRUSRUDWHG�
����

3ULFH� ����� ����
3XVKNDU DQG &RQGLH� ����
5HLPHU� ����
5RGULJXH]� ����
5RVV� ����
5RVV DQG 0RRUH� ����
5RVV� 0RRUH� DQG &KULVWHQVHQ� ����
6HQWHUILW DQG %HGLQJHU� ����
6HUSD�����
6HUSD DQG &RRN� ����
6LGOH� ����
6PLWK� 7� %�� ����
6PLWK� 5� %�� ����D
6PLWK� 7� %�� DQG RWKHUV� ����
6WHYHQ DQG 0RUULV� ����D� ����E�
����

6WHYHQ� 5RZOH\� DQG &XQQLQJKDP�
���������

6WHYHQ DQG RWKHUV� ����
6WULQJIHOORZ� ����
7XUOH\ DQG 1DVK� ����



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

8�6� *HRORJLFDO 6XUYH\� ����D� �����
����E

8QLRQ 2LO &RPSDQ\� ����� �����
����D�����E�����D�����E�
����F�����G�����H�����I�
����J�����D�����E

:KLWH DQG RWKHUV� ����
:RRGZDUG� ����
<XVDV� ����D
=LPPHUPDQ� ����

0RUJDQ

3HUD� ����E

3LXWH

$GKLGMDMD� ����
&DPSEHOO DQG RWKHUV� ����
&DUSHQWHU DQG <RXQJ� ����� ����
&RRN DQG RWKHUV� ����
&RRN DQG RWKHUV� ����
&XQQLQJKDP DQG 6WHYHQ� ����E
&XQQLQJKDP DQG RWKHUV� ����
&XQQLQJKDP DQG RWKHUV� ����
+DKO DQG 0XQGRUII� ����
+DOOLGD\ DQG RWKHUV� ����
0DEH\ DQG 9LUJLQ� ����
0DFKHWWH DQG RWKHUV� ����
0F+XJK� )LFNOLQ� 0LOOHU� DQG
3UHVWRQ� ����
0F+XJK DQG RWKHUV� ����
1HOVRQ DQG %URPILHOG� ����
3HUD� ����D
5HLPHU� ����
5LFKDUGVRQ� ����
5RZOH\ DQG RWKHUV� ����
5RZOH\� &XQQLQJKDP� DQG .DSODQ�
����

5RZOH\� 6WHYHQ� DQG 0HKQHUW� ����
6WHYHQ� &XQQLQJKDP� DQG $QGHUVRQ�
����

6WHYHQ DQG 0RUULV� ����
6WHYHQ� 5RZOH\� DQG &XQQLQJKDP�
����� ����

7XFNHU DQG RWKHUV� ����
:HQGHU� ����
:HQGHU DQG 1DVK� ����� ����

5LFK

&URZOH\� ����� ����

6DOW /DNH

$GKLGMDMD DQG RWKHUV� ����
%HUJH DQG RWKHUV� ����
%ODLU DQG 2ZHQ� ����
&KLOGV DQG RWKHUV� ����
&ROH� ����

(QHUJ\ 6HUYLFHV� ,QFRUSRUDWHG �,GDKR
)DOOV�� ����

)HOPOHH DQG &DGLJDQ� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����G� ����G� ����I�
����H� ����L� ����F

-HQVHQ DQG 4LGZDL� ����"
.DUOVVRQ� ����
.ODXN DQG 'DUOLQJ� ����
.ODXN DQG RWKHUV� ����
.XQ]H DQG *RXOG� ����
.XQ]H DQG 6WRNHU� ����
.XQ]H DQG RWKHUV� ����
0DUVHOO� ����
0HLLML 5HVRXUFH &RQVXOWDQWV� ����
0LOOHU )ORUDO &RPSDQ\� ����
0RUULVRQ�.QXGVRQ� ����
0XUSK\� ���������
0XUSK\ DQG *Z\QQ� ����D� ����F
3HUD� ����E
5LFKDUGVRQ� ����
6KLUOH\� ����
6NDOND� ����
6PLWK� &KULVWLDQ� ����
7HUUD 7HN� ����D
8WDK (QHUJ\ 2IILFH� ����
8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\�
����� ����

8WDK 5RVHV� ,QFRUSRUDWHG� ����
:DJVWDII� ����
:LOOLV� ����

6DQ -XDQ

&URZOH\� ����
6DVV DQG RWKHUV� ����E
6PHGOH\ DQG RWKHUV� ����

6DQSHWH

%URZQ� ����
%URZQ DQG &RRN� ����
+DKO DQG 0XQGRUII� ����
5LFKDUGVRQ� ����

6HYLHU

$GKLGMDMD� ����
$HULDO 6XUYH\V� ����D� ����E
%ODLU� ����
%ODLU DQG 2ZHQ� ����
%ODLU DQG RWKHUV� ����
%URZQ� ����
%URZQ DQG &RRN� ����
&DPSEHOO DQG RWKHUV� ����
&DUSHQWHU DQG <RXQJ� ����� ����
&DVNH\ DQG 6KXH\� ����
&KDSPDQ DQG +DUULVRQ� ����
&KDSPDQ DQG RWKHUV� ����D� ����E

&KLOGV DQG RWKHUV� ����
&ROH� ����
&RRN DQG RWKHUV� ����
&RRN DQG RWKHUV� ����
&XQQLQJKDP DQG 6WHYHQ� ����D�
����E
&XQQLQJKDP DQG RWKHUV� ����
(*	*� ,QFRUSRUDWHG� ����
(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\
RI 8WDK 5HVHDUFK ,QVWLWXWH� ����

)ROH\� ����
*DUGQHU� :LOOLDPV� DQG %URXJKDP�
����

*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����K

*RUQLW]� ����
+DKL DQG 0XQGRUII� ����
+DOOLGD\� ����
+DOOLGD\ DQG &RRN� ����
+DOOLGD\ DQG RWKHUV� ����
+DUULVRQ� ����
+DUULVRQ DQG RWKHUV� ����
+DUULVRQ DQG RWKHUV� ����
+H\O� ����
+XOHQ DQG 6DQGEHUJ� ����
,VKHUZRRG� ����
.LOW\� ����
.LOW\ DQG RWKHUV� ����� ����
0DEH\ DQG 9LUJLQ� ����
0DULQHU DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
0DVH� ����
0DVH DQG &KDSPDQ� ����
0DVH DQG RWKHUV� ����
0F+XJK� )LFNOLQ� 0LOOHU� DQG
3UHVWRQ� ����
0F+XJK DQG RWKHUV� ����
0LOOHU� ����
0RQURH &LW\� 8WDK � 0XQLFLSDOLW\�
����

1DVK� ����
1DWKHQVRQ DQG 0XIIOHU� ����
1HOVRQ DQG %URPILHOG� ����
1LHOVRQ DQG RWKHUV� ����
3DUU\ DQG RWKHUV� ����
3HUD� ����D
3ULFH� ����� ����
5HLPHU� ����
5LFKDUGVRQ� ����
5RZOH\� &XQQLQJKDP� DQG .DSODQ�
����

5RZOH\ DQG RWKHUV� ����
6DQGEHUJ� ����
6NDOND� ����
6PHGOH\ DQG RWKHUV� ����
6QRZ DQG 0DGVHQ� ����
6WHYHQ� ����
6WHYHQ DQG 0RUULV� ����E� ����
6WHYHQ� 5RZOH\� DQG &XQQLQJKDP�
����� ����



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

6WHYHQ DQG RWKHUV� ����
6WULQJIHOORZ� ����
7HUUD 7HN� ����E
7XFNHU DQG RWKHUV� ����
8�6� *HRORJLFDO 6XUYH\� ����E
:DUG DQG 6LOO� ����
:KHODQ� ����
:LOVRQ� ����
<RXQJ DQG &DUSHQWHU� ����

6XPPLW

&URZOH\� ����� ����
3HUD� ����E
8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\�
����

7RRHOH

&DUSHQWHU� ����
+RJJ�����E
,YHV�����
0RUULV� ����
3DPSD\DQ� ����
3HUD DQG RWKHUV� ����
:KHODQ DQG 3HWHUVHQ� ����

8LQWDK

&URZOH\� ����
)HOWLV DQG *RRGH� ����
*RRGH� ����

8WDK

'DYLV DQG &RRN� ����
.ODXN DQG 'DYLV� ����
/RYHULQJ� ����
/RYHULQJ DQG *RRGH� ����
/RYHULQJ DQG 0RUULV� ����
3HUD� ����E
5HLPHU DQG RWKHUV� ����
5LFKDUGVRQ� ����
8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\�
����

:DVDWFK

%DNHU� ����� ����
-HQVHQ DQG 4LGZDL� ����"
.RKOHU� ����
.RKOHU DQG .ROHVDU� ����
8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\�
����

:DVKLQJWRQ

&RRN�����
(PEUHH� ����
*UHHQ�����
*UHHQ DQG &RRN� ����D� ����E
+DPEOLQ� ����
+DXVHO DQG 1DVK� ����

/RZGHU� ����
1DVK DQG +DXVHO� ����
1REOH DQG 0F.HH� ����
3H� ����
3H DQG &RRN� ����D� ����E
8�6� *HRORJLFDO 6XUYH\� ����E
:KHODQ� ����

:HEHU

$OOHQ DQG RWKHUV� ����
&ROH� ����
*OHQQ� &KDSPDQ� DQG RWKHUV� ����
.ODXN DQG 3UDZO� ����
0XUSK\� ����
0XUSK\ DQG *Z\QQ� ����E
3DFN DQG &DUULQJWRQ� ����

7+(50$/ $5($6

$EUDKDP +RW 6SULQJV

&DOODJKDQ DQG 7KRPDV� ����
*DO\DUGW DQG 5XVK� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����K

*LOEHUW� ����
+HZLWW DQG RWKHUV� ����
,YHV�����
-RKQVRQ� ����
0DULQHU� 3UHVVHU� DQG (YDQV� ����
0DULQHU DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
3DUU\ DQG RWKHUV� ����
3HWHUVRQ� ����
6HQWHUILW DQG %HGLQJHU� ����
6PLWK� 7� %�� ����
6PLWK� 7� %�� DQG RWKHUV� ����

%HFNV +RW 6SULQJV

&ROH� ����
0XUSK\� ����
0XUSK\ DQG *Z\QQ� ����F

%HOPRQW �8G\� +RW 6SULQJV
0XUSK\� ����
0XUSK\ DQG *Z\QQ� ����E

&RYH )RUW

$HULDO 6XUYH\V� ����D� ����E
$VK DQG RWKHUV� ����
%DPIRUG DQG &KULVWHQVHQ� ����
%RZPDQ DQG 5RKUV� ����
%UXPEDXJK� ����
%UXPEDXJK DQG &RRN� ����
&DUWHU DQG RWKHUV� ����
&DVVHO DQG RWKHUV� ����
&KULVWHQVHQ� ����

&RRN� 6HUSD� DQG 3H� ����
&RRN� 6HUSD� 3H� DQG %UXPEDXJK�
����

&URZOH\� ����
'L3LSSR� ���������
(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\
RI 8WDK 5HVHDUFK ,QVWLWXWH� ����

(GPLVWRQ DQG %HQRLW� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����K� ����E� ����F�
����G�����J�����F

*OHQQ DQG 5RVV� ����
*OHQQ DQG RWKHUV� ����
/DVWHU DQG 'RX]H� ����
0DULQHU DQG RWKHUV� ����
0RRUH� ����E
0RRUH DQG RWKHUV� ����
1DWKHQVRQ DQG 0XIIOHU� ����
1LHOVRQ DQG 0RRUH� ����
1LHOVRQ DQG RWKHUV� ����
2OVRQ� ����
2OVRQ DQG 6PLWK� ����
5RGULJXH]� ����
5RVV� ����
5RVV DQG 0RRUH� ����
5RVV� 0RRUH� DQG &KULVWHQVHQ� ����
6PLWK� 5� %�� ����D
6WULQJIHOORZ� ����
8QLRQ 2LO &RPSDQ\� ����� �����
����D�����E�����D�����E�
����F�����G� ����H� ����I�
����J� ����D� ����E

8�6� *HRORJLFDO 6XUYH\� ����
:DUG DQG RWKHUV� ����
:KHODQ� ����
:KLWH DQG RWKHUV� ����

&U\VWDO +RW 6SULQJV

%HUJH DQG RWKHUV� ����
%ODLU DQG 2ZHQ� ����
(QHUJ\ 6HUYLFHV� ,QFRUSRUDWHG �,GDKR
)DOOV�� ����

)HOPOHH DQG &DGLJDQ� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����G� ����I� ����H�
����L� ����F

-HQVHQ DQG 4LGZDL� ����"
.ODXN DQG 'DUOLQJ� ����
.ODXN DQG RWKHUV� ����
.XQ]H DQG *RXOG� ����
.XQ]H DQG 6WRNHU� ����
.XQ]H DQG RWKHUV� ����
0LOOHU )ORUDO &RPSDQ\� ����
0RUULVRQ�.QXGVRQ� ����
0XUSK\� ����� ����
0XUSK\ DQG *Z\QQ� ����D
6KLUOH\� ����
6NDOND� ����
6PLWK� &KULVWLDQ� ����
7HUUD 7HN� ����D
8WDK (QHUJ\ 2IILFH� ����



%XGGLQJ DQG %XJGHQ� $QQRWDWHG *HRWKHUPDO %LEOLRJUDSK\ RI 8WDK ��

8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\�
����

8WDK 5RVHV� ,QFRUSRUDWHG� ����
:LOOLV� ����

-RVHSK +RW 6SULQJV

*DUGQHU� :LOOLDPV� DQG %URXJKDP�
����

*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����K

+DOOLGD\� ����
+DOOLGD\ DQG &RRN� ����
0DULQHU DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
1LHOVRQ DQG RWKHUV� ����
7HUUD 7HN� ����E

/XQG

*DUGQHU� :LOOLDPV� DQG +RRYHU� ����
:KLWH DQG RWKHUV� ����

0HDGRZ�+DWWRQ

6LGOH� ����

0LGZD\ +RW 6SULQJV

%DNHU� ����� ����
-HQVHQ DQG 4LGZDL� ����"
.RKOHU� ����
.RKOHU DQG .ROHVDU� ����

0RQURH�5HG +LOO +RW 6SULQJV

%ODLU� ����
%ODLU DQG 2ZHQ� ����
%ODLU DQG RWKHUV� ����
&KDSPDQ DQG +DUULVRQ� ����
&KDSPDQ DQG RWKHUV� ����D� ����E
&KLOGV DQG RWKHUV� ����
&ROH� ����
(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\
RI 8WDK 5HVHDUFK ,QVWLWXWH� ����
(*	*� ,QFRUSRUDWHG� ����
*DUGQHU� :LOOLDPV� DQG %URXJKDP�
����

*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����K

*RUQLW]� ����
+DOOLGD\� ����

+DOOLGD\ DQG &RRN� ����
+DOOLGD\ DQG RWKHUV� ����
+DUULVRQ� ����
+DUULVRQ DQG RWKHUV� ����
+DUULVRQ DQG RWKHUV� ����
+H\O� ����
+XWHQ DQG 6DQGEHUJ� ����
.LOW\� ����
.LOW\ DQG RWKHUV� ����� ����
0DULQHU DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
0DVH� ����
0DVH DQG &KDSPDQ� ����
0DVH DQG RWKHUV� ����
0LOOHU� ����
0RQURH &LW\� 8WDK � 0XQLFLSDOLW\�
����

1DWKHQVRQ DQG 0XIQHU� ����
1LHOVRQ DQG RWKHUV� ����
3DUU\ DQG RWKHUV� ����
6DPEHUJ� ����
6NDOND� ����
6QRZ DQG 0DGVHQ� ����
6WULQJIHOORZ� ����
7HUUD 7HN� ����E
:DUG DQG 6LOO� ����
:KHODQ� ����
:LOVRQ� ����

1HZFDVWOH

&KDSPDQ DQG RWKHUV� ����
&OHPHQW� ����
&OHPHQW DQG &KDSPDQ� ����
'HQWRQ� ����
*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����F

.XQ]H DQG *RXOG� ����
0DULQHU DQG RWKHUV� ����

5RRVHYHOW +RW 6SULQJV

$ERX�6D\HG DQG RWKHUV� ����
$OOHQ� ����
$VWHQ� ����
$WNLQVRQ� ����
$WNLQVRQ DQG 0H\HU� ����
%DOODQW\QH� *� +�� ����
%DOODQW\QH� -� 0�� ����� ����
%DOODQW\QH DQG 3DUU\� ����� ����
%DPIRUG� ����
%DPIRUG DQG RWKHUV� ����
%DW]OH DQG 6LPPRQV� ����
%HUJH DQG RWKHUV� ����� ����
%HUJH DQG RWKHUV� ����
%RZPDQ� ����
%RZPDQ DQG 5RKUV� ����
%URZQ� ����E� ����

%URZQ� ����
%URZQ DQG 0DQVXUH� ����
%UXPEDXJK DQG &RRN� ����
%U\DQW�����
%U\DQW DQG 3DUU\� ����
%XUEDQN &LW\ 3XEOLF 6HUYLFH
'HSDUWPHQW� ����

%XW]� ����
%XW] DQG 3ORRVWHU� ����
&DSXDQR DQG %DPIRUG� ����
&DSXDQR DQG &ROH� ����
&DULVWRQ� ����
&DUVRQ DQG /LYHVD\� ����
&DUWHU DQG RWKHUV� ����
&DVVHO DQG RWKHUV� ����
&KULVWHQVHQ DQG RWKHUV� ����
&KULVWHQVHQ DQG RWKHUV� ����
&KX� ����
&KX DQG RWKHUV� ����
&LDQFDQHOOL� ����
&LDQFDQHOOL DQG &RUPDQ� ����
&RPEV DQG RWKHUV� ����
&RPEV DQG RWKHUV� ����
&RRN DQG &DUWHU� ����
&UHEV�����
&UHEV DQG &RRN� ����
&UHEV DQG RWKHUV� ����
&UHPHU� ����
&URZOH\� ����
'HQWRQ� ����
'L3LSSR� ����� ����
'RX]H DQG /DVWHU� ����
'XUKDP� ����
(DUWK 6FLHQFH /DERUDWRU\�8QLYHUVLW\
RI 8WDK 5HVHDUFK ,QVWLWXWH� ����

(DVW� ����
(GPLVWRQ DQG %HQRLW� ���� (YDQV DQG
1DVK� ����

)RUUHVW� ����
)UDQJRV DQG :DUG� ���� *HRQRPLFV�
,QFRUSRUDWHG� ����E

*HRWKHUPDO 3RZHU &RUSRUDWLRQ�
����D�����E�����

*HRWKHUPDO 5HVRXUFHV &RXQFLO
%XOOHWLQ� ����E� ����K� ����L�
����N�����D�����E�����I�
����K�����N�����D�����E�
����D� ����H� ����I� ����D

*HRWKHUP([� ,QFRUSRUDWHG� ����
*HRWURQLFV ,QFRUSRUDWHG� ����
*HUWVRQ DQG 6PLWK� ����
*HWW\ 2LO &RPSDQ\� ����D� ����E
*OHQQ DQG +XOHQ� ����D� ����E
*OHQQ� +XOHQ� DQG 1LHOVRQ� ����
*OHQQ DQG RWKHUV� ����
+HOWRQ (QJLQHHULQJ DQG *HRORJLFDO
6HUYLFHV� ,QFRUSRUDWHG� ����
+HZLWW DQG RWKHUV� ����
+LQNOH� ����� ����
+LQNOH DQG +DUPV� ����
+LQNOH DQG RWKHUV� ����
+XOHQ� ����



�� 8WDK *HRORJLFDO DQG 0LQHUDO 6XUYH\� %XOOHWLQ ���

O\HU�����
O\HU DQG RWKHUV� ����
-DPLQ� ����
-HQVHQ DQG 4LGZDL� ����"
.DW]� ����
.DW]HQVWHLQ DQG -DFREVRQ� ����
.HOORJ DQG &RRN� ����
.H\V� ����
.RHQLJ DQG RWKHUV� ����
.RHQLJ DQG 3HWHUVRQ� ����
.UXJHU DQG 6HPSULQL� ����
/DVWHU DQG 'RX]H� ����
/HLWQHU� ����
/HQ]HU DQG RWKHUV� ����
/LDZ DQG 6X\HQDJD� ����� ����
/LQ� ����
/RYHOO DQG RWKHUV� QR GDWH
/XWK DQG +DUGHH� ����
0DULQHU DQG RWKHUV� ����
0DWKHZV� ����
0DWKHZV DQG /D'HOIH� ����
0DWOLFN DQG 6KLUDNL� ����
0F.LQQH\� ����
0LFUR *HRSK\VLFV� ����
0RRUH� ����D
0RRUH DQG RWKHUV� ����
0XUSK\ DQG (QWLQJK� ����
1DVK�����
1DVK DQG RWKHUV� ����
1DWKHQVRQ DQG 0XIIOHU� ����
1LHOVRQ� ����� ����
1LHOVRQ DQG 0RRUH� ����
1LHOVRQ DQG RWKHUV� ����
1LHOVRQ DQG RWKHUV� ����
1LHOVRQ DQG RWKHUV� ����
2OVRQ� ����
2OVRQ DQG 6PLWK� ����
2OVRQ DQG RWKHUV� ����
3DUU\� ����
3DUU\� %DOODQW\QH� DQG %U\DQW� ����
3DUU\� %DOODQW\QH� %U\DQW� DQG
'HGROSK� ����
3DUU\� 1DVK� %RZPDQ� DQG RWKHUV�
����

3DUU\� 1DVK� DQG :DUG� ����
3DUU\ DQG RWKHUV� ����

3DUU\ DQG RWKHUV� ����
3HWHUVHQ� ����� ����D� ����E
3HWULFN� ����
3KLOOLSV 3HWUROHXP &RPSDQ\� ����
5DVEDQG���������������
5RELQVRQ DQG O\HU� ����� ����
5RKUV� ����
5RKUV DQG %RZPDQ� ����
5RKUV DQG 3DUU\� ����
5RVV� 1LHOVRQ� DQG 0RRUH� ����
5RVV DQG RWKHUV� ����
5R[OR� ����
5XGLVLOO� ����
6DQGEHUJ� ����
6DYLQR DQG RWKHUV� ����
6FKDII� ����
6HLVPLF ([SORUDWLRQ ,QFRUSRUDWHG�
����

6KDQQRQ� *RII� DQG RWKHUV� ����
6KDQQRQ� 3HWWLWW� DQG RWKHUV� ����
6LOO� ����� ����
6LOO DQG %RGHOO� ����
6LOO� &KDSPDQ� DQG RWKHUV� ����
6LOO DQG -RKQJ� ����
6LOO DQG :DUG� ����
6LOO� :DUG� DQG RWKHUV� ����
6PLWK� *� (�� ����
6PLWK� 5� %�� ����D
6PLWK� -� /�� ����
6WULQJIHOORZ� ����
7KHUPDO 3RZHU &RPSDQ\� �����
����D�����E

7ULSS� ����
7ULSS DQG RWKHUV� ����
8�6� *HRORJLFDO 6XUYH\� ����
8QLYHUVLW\ RI 'HQYHU� 'HQYHU
5HVHDUFK ,QVWLWXWH� ����

:DQQDPDNHU� ����
:DQQDPDNHU DQG +RKPDQQ� ����
:DQQDPDNHU DQG RWKHUV� ����
:DQQDPDNHU DQG RWKHUV� ����
:DQQDPDNHU DQG RWKHUV� ����� ����
:DUG� ����D� ����E
:DUG� %RZPDQ� DQG RWKHUV� ����
:DUG� &RRN� DQG RWKHUV� ����
:DUG� *OHQ� DQG RWKHUV� ����

:DUG� 3DUU\� DQG RWKHUV� ����
:DUG� 5LMR� DQG 3HWULFN� ����
:DUG DQG 6LOO� ����D� ����E� ����
:DUG DQG RWKHUV� ����
:DUG DQG RWKHUV� ����
:KLWH DQG RWKHUV� ����
:LOVRQ� ����
:LOVRQ DQG &KDSPDQ� ����� �����
����

<RXQJ DQG RWKHUV� ����
<XVDV� ����E
<XVDV DQG %UXKQ� ����
=DQGW DQG RWKHUV� ����

7KHUPR +RW 6SULQJV

&ROH� ����
&URZOH\� ����
'XUKDP DQG +RRSV� ����
(GPLVWRQ DQG %HQRLW� ����
*DUGQHU� :LOOLDPV� DQG /RQJ� ����
.ODXN DQG *RXUOH\� ����
0DULQHU DQG RWKHUV� ����
0DULQHU DQG RWKHUV� ����
0DULQHU� 3UHVVHU� DQG (YDQV� ����
3HWHUVHQ� ����
5RZOH\ DQG /LSPDQ� ����
6DZ\HU� ����
6DZ\HU DQG &RRN� ����
:KLWH DQG RWKHUV� ����

8WDK +RW 6SULQJV

0XUSK\� ����
0XUSK\ DQG *Z\QQ� ����E

:DVDWFK +RW 6SULQJV

&ROH� ����
.DUOVVRQ� ����
0XUSK\� ����
0XUSK\ DQG *Z\QQ� ����F


