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Editorial 
 
 

 

AARG logo 

Following years of pressure and ignoring such 

pressure, we (namely Toby) have designed a 

logo that hopefully offends no one by its 

simplicity.  No aeroplanes, no crop marks, no 

maps, just plain old letters – the ones we are 

known by world-wide (but see below…).  I 

think it’s rather nice. 

 

 
 

AARG homepage 

After a certain amount of pressure from 

people, Michael Doneus has changed the 

address of the AARG homepage to something 

more memorable: http://aarg.univie.ac.at/. 

 

A multitude of cropmarks 

I get the feeling that the Essex lads (including 

the current vice-chairman currently exiled to 

Scotland) are having a go at me.  A recent note 

on the Stour Valley Project (see AARGnews 20 

and 23) in Past (number 42, November 2002) 

uses the word ‘cropmark/s’ 24 times (captions 

excepted) in slightly less than a page and a half 

of A4.  Not only that great abundance, but the 

authors manage to use it twice in at least two 

sentences.  In my usual manner I was prepared 

to treat the note as a sign of great ignorance, 

but there were parts of it that made me think 

again.  No, I’m not learning your language, but 

observed there are crucial differences in the 

text where ‘cropmarks’ is used and where they 

become ‘enclosures’ without the prefix 

‘cropmark’ [note that I too can use it twice in 

one sentence].  That difference comes about 

when there has been ground investigation 

which, in the Essex cases, yielded artefacts. 

 

This change I do find worrying as it comes at a 

time when others and I (the others including 

Chris Musson and Lidka Zuk) have been 

discussing how AP evidence in Britain seems 

unquestioningly to have been accepted as 

archaeological – or natural or recent, etc.  

However, in countries such as Italy and Poland 

(and probably the Czech Republic and 

Slovakia) crop-marked evidence is doubted 

and there has been a need to ‘verify’ 

photographed features before they attain 

archaeological credibility.  Does this mean that 

the widespread use of ‘cropmarks’ in Britain 

equates to that uncertainty – and fieldwork is 

needed before some people dare to imagine 

what caused them?  If so, I suggest that the 

blame lies mainly with the SMRs (from 

whence the Essex lads originate – I think) 

where it is used as a category of site, but also 

with those of you who persist in using it to 

avoid interpreting what has been 

photographed. 

 

Enough of this – although I would be 

interested in any responses about what levels 

of acceptance there are for photographed 

features.  If there really is doubt that the 

majority of levelled features are archaeological 

then we really have failed to get any message 

across to the archaeological world. 

 

RAF Brampton 

A recent enquiry for vertical photographs from 

RAF Brampton shows that they have 

effectively put themselves out of business.  

There is now a delay of ‘…at least 4-5 months 

for providing finished products to customers.’ 

And prices have gone through the roof with a 

cover search fee of about £70 or a handling fee 

(if you supply sortie and frame numbers) of 

£27.  Prints start at £90 (plus VAT) for a 9x9-

inch although costs do come down if you buy 

multiple copies or several prints from one 

sortie (£3 plus VAT).  Is it perhaps time to ask 

when NMRAP and the Commissions will be 

given the historic negs..? 

 

Naplib 

Chris Going, wearing his hat (or chair?) as 

recently appointed boss of Naplib (National 

Association of Air Photo Libraries), called in 

for a chat recently.  Under his management 

things have already changed with the latest 

issue of The Naplib Flyer as an eight-side full 
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FRORXU�QHZVOHWWHU�±�D�IDLU�LPSURYHPHQW�RQ�WKH�ROG�
$$5*QHZV��W\SH� [HUR[�� 7KH� )O\HU�� LV� WR� EH� D�
TXDUWHUO\�LVVXH�DQG�WKH�QH[W�WZR�LVVXHV�DUH�YLUWXDOO\�
ILQLVKHG�LQ�KLV�FRPSXWHU��
,� MRLQHG�1DSOLE� VRPH�\HDUV� DJR� IRU� WZR� UHDVRQV��
WKDW� ,� KDYH� D� VPDOO� FROOHFWLRQ� RI� DLU� SKRWRV� DQG�
EHFDXVH� ,� DP� LQWHUHVWHG� LQ� WKH� KLVWRU\� DQG�
GHYHORSPHQW� RI� DLU� SKRWRJUDSK\� DQG� SKRWR�
LQWHUSUHWDWLRQ�RI�ZKLFK�WKH�DUFKDHRORJLFDO�VLGHOLQH�
LV�D�VPDOO�SDUW���1DSOLE�KDV�DOVR�NHSW�PH�LQ�WRXFK�
ZLWK�QHZO\�µGLVFRYHUHG¶�PDWHULDO��VRPH�RI�ZKLFK�
PD\�EH�XVHIXO�WR�P\�RZQ�ZRUN���&KULV�DQG�,�DJUHHG�
WKDW� WKHUH� LV� QR� FRQIOLFW� RI� LQWHUHVW� EHWZHHQ�
$$5*QHZV� DQG� 7KH�)O\HU��DQG��LQGHHG��WKDW�LW�ZDV�
VXUSULVLQJ� WKDW� WKHUH� ZHUH� IHZ� PHPEHUV� RI� ERWK�
JURXSV���$PRQJ�&KULV¶V�KRSHV�IRU� 1DSOLE��LV�WR�WU\�
DQG� PDNH� LW� µ�,�QDSOLE�¶� ±� ZKHUH� WKH� ,�� VWDQGV� IRU�
,QWHUQDWLRQDO���7KLV��SHUKDSV��LV�ZKHUH�VRPH�RI�WKH�
QHZ�PHPEHUVKLS�PD\�EH�JDWKHUHG�±�IURP�DPRQJ�
WKRVH� RI� \RX� LQ� (XURSH� �DQG� $UPHQLD� DQG� WKH�
$QWLSRGHV�� ZKR� KDYH�� RU� DUH� DERXW� WR� KDYH��
FROOHFWLRQV� RI� WKHLU� RZQ� DQG� PD\� OLNH� WR� PHHW�
NLQGUHG�VSLULWV�WR�GLVFXVV�SUREOHPV�RI�FDUH��VWRUDJH��
LQGH[LQJ� DQG� DFFHVV� ±� DV� ZHOO� DV� DQ\� PRYHV� WR�
GLJLWDO�FROOHFWLRQV��

&RVW�RI�PHPEHUVKLS�LV�VLPLODU��,�WKLQN��WR�$$5*�
DOWKRXJK� WKH\� GRQ¶W� KDYH� D� UHGXFHG� SULFH� IRU� (�
(XURSH�DQG�VWXGHQWV�±�EXW�SOHDVH�DVN���(QTXLUHV�IRU�
PHPEHUVKLS� WR� GDPRQ�VSLHUV#HQJOLVK�KHULWDJH��
RUJ�XN�� RU� IRU� JHQHUDO� LQIR� FRQWDFW�
FKULVJ#FUZRUOG�FR�XN�� RU� WKHLU� 6HFUHWDU\�� .HYLQ�
0F/DUHQ�DW� NHYLQP#UFDKPV�JRY�XN�

7KLV�LVVXH�
3ULQWLQJ� DQG� SRVWLQJ� UHFHQW� LVVXHV� RI� $$5*QHZV�
KDYH�WHQGHG�WR�FRVW�VOLJKWO\�PRUH�WKDQ�WKH�DQQXDO�
LQFRPH�IURP�PHPEHUVKLS�IHHV�VR�,¶OO�EH�WU\LQJ�WR�
NHHS� IXWXUH� LVVXHV� VOLP� ±� XQOHVV�� RU� XQWLO��
PHPEHUVKLS� QXPEHUV� LQFUHDVH�� � )LUVW� WKLQJ� WR� EH�
FXW�IURP�WKLV�LVVXH�ZDV�P\�IDLUO\�DEXVLYH�UHVSRQVH�
WR�WKH� ,QWHUQHW�DFFHVV�WR�DLU�SKRWRV�DFURVV�(XURSH�
SHQQHG�E\�&KULV�0XVVRQ�DQG�2WWR�%UDDVFK�IRU�WKH�
ODVW�LVVXH���,Q�VXPPDU\��,�WKLQN�WKH�LGHD�LV�GDIW�DQG�
ZLOO�GR�QRWKLQJ�IRU�SURPRWLQJ�DUFKDHRORJLFDO�XVHV�
RI�DLU�SKRWRV�EXW�PD\�PDNH�D�QLFH�GLVSOD\�RI�2WWR¶V�
DUWLVWLF� SKRWRV�� � :HOO�� WKDW¶V� VDYHG� WZR� RU� WKUHH�
SDJHV«�DQ\RQH�ZKR�ZDQWV�WKHP��MXVW�DVN�QLFHO\��

2WKHUZLVH�WKLV�VHHPV�WR�EH�D�PDSS\�DQG�VDWHOOLWH\�
LVVXH� WKDW� LQFOXGHV� 0DUWLQ� )RZOHU¶V� XVHIXO�
DSSUDLVDO� RI� WKH� ODWHVW� 86� GHFODVVLILHG� PDWHULDO��

7KH� PDS� DVSHFW� LV� FRYHUHG� E\� WZR�
FRQWULEXWLRQV�ZKLFK�SUHVHQW� WKH� WKHRU\�DQG�
SUDFWLFH� RI� DSSO\LQJ� ORFDO� VWUHWFKLQJ� WR� ILW�
ROG� PDSV� �RU� RWKHU� LPDJHV�� WR� QHZ� PDSV��
7KLV� LV� D� QHZ� DGGLWLRQ� WR� ,UZLQ� 6FROODU¶V�
$LU3KRWR� SURJUDP� ±� SUHVHQWO\� LQ� LWV� EHWD��
WHVWLQJ�SKDVH�±�ZKLFK�,�IRUHVHH�DV�EHLQJ�RI�
FRQVLGHUDEOH� XVH� WR� PDQ\� RI� XV�� � 7HVWLQJ�
GXULQJ�GHYHORSPHQW�KDV�EHHQ�GRQH�E\�'DYLG�
0RWNLQ�ZKR�LV�LQ�WKH�SURFHVV�RI�ILWWLQJ�DQ�ROG�
,VOH� RI�:LJKW� WR� WKH�SUHVHQW� RQH�±� DQG� WKH�
FRDVWDO�HURVLRQ�VKRZV�YHU\�FOHDUO\���:H�KDG�
KRSHG� WR� LQFOXGH� VRPH� PDS�WR�PDS�
H[DPSOHV�EXW� WKH�2UGQDQFH�6XUYH\�ZDQWHG�
WR�FKDUJH�D�YDVW�IHH�IRU�RXU�VPDOO�SULQW�UXQ�
WKDW�LW�ZDV�GHFLGHG�WR�DEDQGRQ�WKDW�IRUP�RI�
LOOXVWUDWLRQ�� � 7KDW� UDLVHV� WKH� LQWHUHVWLQJ�
TXHVWLRQ� RI� DVNLQJ� WKH� SXEOLF� WR� SD\� WZLFH�
IRU�WKH�VDPH�WKLQJ�ZKHQ�JRYHUQPHQW�IXQGHG�
ERGLHV� DUH� FRQFHUQHG�� � 0D\EH� WKH�
UHSURGXFWLRQ�FKDUJHV�OHYLHG�E\�(+�DQG�WKH�
SURYLQFLDO�&RPPLVVLRQV�DUH�DQRWKHU�VLPLODU�
FDVH"��-XVW�VWLUULQJ«�

,¶YH� LQFOXGHG�QRWHV�RQ�P\�ODWHVW�$UPHQLDQ�
YLVLW�LI�RQO\�WR�JHW�P\�RZQ�EDFN�RQ�VR�PDQ\�
RI� \RX� ZKR� KDYH� ERUHG�PH� LQ� OHFWXUHV� E\�
VKRZLQJ� VOLGHV� RI� µPH� DQG� P\� DLUFUDIW¶��
:HOO��QRZ�LW¶V�P\� WXUQ��DOWKRXJK�,�VXJJHVW�
WKDW�RXU�SDUDPRWRU�LV�D�ELW�PRUH�IXQ�WKDQ�D�
&HVVQD��

$$5*�PHDQV«�
0LFKDHO� 'RQHXV� VHQW� WKH� IROORZLQJ� DIWHU�
FKDQJLQJ� WKH�$$5*�ZHE� SDJH� DGGUHVV� WR��
KWWS���DDUJ�XQLYLH�DF�DW��

³,�WULHG�WKH�WHUP�$$5*�ZLWK�*RRJOH�WR�ILQG�
RXW��LI�LW�KDV�DOUHDG\�WKH�QHZ�DGGUHVV��*XHVV��
ZKDW�HOVH�VWDQGV�IRU�$$5*��

$$5*�5ROHSOD\LQJ�*URXS�
$XVWLQ�$UHD�5RFNHWU\�*URXS�
$WODQWD�$GYHQWXUH�5DFLQJ�*URXS�
$XVWUDOLDQ�$PDWHXU�5HEUHDWKHU�*URXS�

$GDSWLYH�$JHQWV�5HVHDUFK�*URXS�
$$5*���$Q�$QFLHQW�5RPDQ�*DPH�
$SSOLHG�$FDGHPLFV�5HVHDUFK�*URXS�
$GYDQFHG�$OLHQ�5HVRXUFH�*XLGH����

MXVW�WR�PHQWLRQ�D�IHZ���6R��ZH�DUH�QRW�DORQH��� �́
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$IWHU� VWDQGLQJ� GRZQ� IURP� WKH� $$5*�
FRPPLWWHH�DV�+RQRUDU\�6HFUHWDU\�LQ�������LQ�D�
SOHD�WR�IUHH�XS�PRUH�WLPH�IRU�WKH�WKHQ�LPPLQHQW�
DUULYDO� RI�P\� ILUVW� FKLOG� �DQG� WKH� RWKHU� GXWLHV�
GHPDQGHG� LQ� QXUWXULQJ� D� 3K'� LQ� SURJUHVV��� ,�
ZDV� YHU\� SOHDVHG� WR� EH� DVNHG� WR� UHWXUQ� DV�
FKDLUPDQ�� 2XU� RXWJRLQJ� FKDLUPDQ� 'DY\�
6WUDFKDQ� OHIW�PH�SOHQW\�RI� IRRWVWHSV� WR� IROORZ�
LQ��+H�FRQFOXGHG�KLV�ILQDO�FKDLUPDQ¶V�SLHFH�E\�
VD\LQJ��

� µ«� WKH� UHPLW� RI� WKH� JURXS� PXVW�
FRQWLQXH� WR� GHYHORS�� GULYHQ� QRW� RQO\� E\�
UHOHQWOHVV�GHYHORSPHQWV� LQ� WHFKQRORJ\�DQG�WKH�
LQFUHDVHG� JHRJUDSK\� RI� RXU� PHPEHUVKLS�� EXW�
DOVR�E\�QHZ�LGHDV�DQG�DSSURDFKHV��FRQWLQXDOO\�
TXHVWLRQLQJ�DQG«UHILQLQJ�FXUUHQW�SUDFWLFH¶�

,W�LV�P\�KRSH�WKDW�RYHU�WKH�QH[W�WKUHH�\HDUV��DQG�
EH\RQG��$$5*�ZLOO� LQGHHG� FRQWLQXH� WR� JURZ�
DQG�H[WHQG�LWV�PHPEHUVKLS��QXUWXULQJ��DVVLVWLQJ�
DQG� VXSSRUWLQJ� SURMHFWV� LQ� FRXQWULHV� ZKHUH�
DHULDO�DUFKDHRORJ\�LV�GHYHORSLQJ��RU�KDV�\HW�WR�
VWDUW�� $OVR�� WKDW� WKH� DQQXDO� FRQIHUHQFHV� DQG�
$$5*QHZV�� FRQWLQXH� WR� SURYLGH� LQIRUPDO�
IRUXPV� IRU� DOO� PHPEHUV� WR� H[FKDQJH� LGHDV��
ZKHWKHU� ZULWWHQ� RU� YHUEDO�� 7KLV� JURXS� FDQQRW�
H[LVW� ZLWKRXW� FRQWULEXWLRQV� IURP� LWV� PDQ\�
PHPEHUV��

6LQFH� EHFRPLQJ� FKDLUPDQ� DW� WKH� �����
&DQWHUEXU\�FRQIHUHQFH��WKH�DXWXPQ�DQG�ZLQWHU�
KDYH�EHHQ�EXV\��,W�ZDV�ZLWK�VRPH�VDGQHVV�WKDW��
ODVW�6HSWHPEHU��,�UHFHLYHG�WKH�UHVLJQDWLRQ�RI�RXU�
ORQJ�VWDQGLQJ�&RQWLQHQWDO�&RUUHVSRQGHQW�2WWR�
%UDDVFK� IURP� WKH�$$5*�FRPPLWWHH��2WWR�KDV�
GRQH�PRUH�WKDQ�DQ\RQH�WR�SURPRWH�DQG�GHYHORS�
DHULDO�DUFKDHRORJ\�LQ�(XURSH�DQG�KDV�ORQJ�EHHQ�
D� VWDOZDUW� PHPEHU� RI� $$5*�� 7KDW� VDLG��
0LFKDHO� 'RQHXV�� RQH� RI� WKH� IRUHPRVW� UHPRWH�
VHQVLQJ� SUDFWLWLRQHUV� LQ� (XURSH� DQG� FXUUHQWO\�
$$5*�ZHEPDVWHU�� KDV� DJUHHG� WR� ILOO� WKH� SRVW�
DQG�ZH�ZHOFRPH�KLP�RQERDUG��

$VVHPEO\��KDG�VXSSRUWHG�D�QHZ�UHVROXWLRQ������
���� HQWLWOHG� µ)UHHLQJ� WKH� 6NLHV� IRU� $HULDO�
3KRWRJUDSK\¶��$V�DQ�RUJDQLVDWLRQ��,$23$�QRZ�
UHVROYHV� WR� µ«XUJH�6WDWHV� WR� DEROLVK� RXWGDWHG�
UHJXODWLRQV�ZKLFK�VWDQG�LQ�WKH�ZD\�RI�IUHH�DHULDO�
VXUYH\�DQG�DLU�SKRWRJUDSK\�RXWVLGH�RI�UHVWULFWHG�
DUHDV�IRU�UHVHDUFK�DQG�OHLVXUH�SXUSRVHV«¶���VHH��
KWWS���ZZZ�LDRSD�RUJ�LQIR�DVVHPEO\����
UHVROXWLRQV�KWPO���DQG�HOVHZKHUH�LQ�WKLV�LVVXH��

/RRNLQJ�DKHDG��DHULDO�VXUYH\�SURMHFWV�FRQWLQXH�
WR� IORXULVK�� RSHQLQJ�QHZ� VNLHV� IRU� VXUYH\� DQG�
UHVHDUFK� DQG� HVWDEOLVKLQJ� QHZ� FRQWDFWV�� 7KH�
FRQWLQXLQJ�SURMHFW��µ:LQJV�2YHU�$UPHQLD¶�QRZ�
KDV� LWV� RZQ� ZHEVLWH�� DQG� LQ� ODWH� ����� 5RJ�
3DOPHU� DQG� &KULV� 0XVVRQ� HQGHDYRXUHG�
�EUDYHO\�� WR� JHW� DLUERUQH� LQ� D� SDUDPRWRU��
%HWZHHQ� ���WK�� 0D\���QG�� -XQH� ������ D� IXUWKHU�
,WDOLDQ� $HULDO� $UFKDHRORJ\� :RUNVKRS� DQG�
6FKRRO�LV�SODQQHG�IRU�)RJJLD�LQ�VRXWKHUQ�,WDO\��
LQ� DVVRFLDWLRQ� ZLWK� WKH� 8QLYHUVLW\� RI� )RJJLD��
ZLWK� IROORZ�XS� UHFRQQDLVVDQFH� EDFN� LQ�
7XVFDQ\�� 7KLV� LV� JHQHURXVO\� VXSSRUWHG� E\��
DPRQJ� RWKHUV�� WKH� $VVRFLDWLRQ� IRU� &XOWXUDO�
([FKDQJH�DQG� WKH�$XUHOLXV�7UXVW��$OO� WKLV�KRW�
RQ� WKH� KHHOV� RI� WKH� H[SHFWHG� ,WDOLDQ� $HULDO�
$UFKDHRORJ\� %RRN� WR� EH� SXEOLVKHG� LQ� ������
ZKLFK� ZLOO� JLYH� DVSLULQJ� ,WDOLDQ� DHULDO�
DUFKDHRORJLVWV� DQ� HQYLDEOH�PRGHUQ� WH[W� ERRN��
&DQ�ZH�KDYH�RQH�LQ�(QJOLVK�WRR�SOHDVH"�

,� KRSH� DV� PDQ\�PHPEHUV� DV� SRVVLEOH� ZLOO� EH�
DEOH�WR�FRPH�WR� $$5*������ LQ�:LQFKHVWHU�LQ�
VRXWKHUQ�(QJODQG�LQ�6HSWHPEHU�WKLV�\HDU�IRU�WKH�
DQQXDO� FRQIHUHQFH�� ,W� VKRXOG� EH� DQ� H[FHOOHQW�
SURJUDPPH�� ZLWK� VOLJKWO\� ORQJHU� KDOI�KRXU�
SDSHUV�DQG�VRPH�LQWHUHVWLQJ�VHVVLRQV��VHH�QRWLFH�
HOVHZKHUH� LQ� WKLV� $$5*QHZV����7KH�FRPPLWWHH�
KDV�DOVR�DUUDQJHG�D�ZDONLQJ�WRXU�RI�SDUWV�RI�WKH�
FLW\�� WRJHWKHU�ZLWK� D� FRQIHUHQFH� GLQQHU� LQ� WKH�
5HIHFWRU\� DORQJVLGH� WKH� FDWKHGUDO�� TXLWH� DSDUW�
IURP�WKH�XVXDO�DOO�GD\� ILHOG� WULS� WR�VRPH�ILUVW��
FODVV�:HVVH[�VLWHV��

7KLV�ZLQWHU�VHHV�DQ�LPSRUWDQW�PHHWLQJ�LQ�*KHQW�
8QLYHUVLW\� LQ� %HOJLXP� ����WK�����WK�� 'HFHPEHU�
������� $HULDO� 3KRWRJUDSK\� DQG� $UFKDHRORJ\�
������$�&HQWXU\�RI�,QIRUPDWLRQ��ZKLFK�,�H[SHFW�

&KDLUPDQ¶V�3LHFH�

7RE\�'ULYHU�

7KHUH�KDV�EHHQ�PXFK�JRRG�QHZV��,Q�'HFHPEHU��
2WWR� FLUFXODWHG� WKH� DQQRXQFHPHQW� WKDW� WKH�
,QWHUQDWLRQDO� &RXQFLO� RI� $LUFUDIW� 2ZQHU� DQG�
3LORW�$VVRFLDWLRQV� �,$23$��� DW� LWV� ���VW��:RUOG�
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PDQ\�$$5*�PHPEHUV�ZLOO�EH�WUDYHOOLQJ�WR�RU�
VSHDNLQJ�DW��

/RRNLQJ�DKHDG�WR�������$$5*�LV�SODQQLQJ�LWV�
RZQ� PDMRU� (XURSHDQ� PHHWLQJ� LQ� 0XQLFK� IRU�
6HSWHPEHU� LQ� FORVH� DVVRFLDWLRQ� ZLWK� WKH�
%D\HULVFKHV� /DQGHVDPW� IXHU� 'HQNPDOSIOHJH��
7KLV� PHHWLQJ�� SURYLVLRQDOO\� HQWLWOHG� $HULDO�
$UFKDHRORJ\�±�(XURSHDQ�$GYDQFHV��ZLOO�EH�D�
GHFDGH� RQ� IURP� WKH� KLVWRULF� .OHLQPDFKQRZ�
FRQIHUHQFH� RI� ������ 7KH� FRQIHUHQFH� ZLOO�
LQFRUSRUDWH�D�VSHFLDOLVW�GD\VFKRRO�RQ�1HROLWKLF�
(XURSH�� WR� LQYHVWLJDWH� WKH� FRQVLGHUDEOH�
DGYDQFHV�LQ�RXU�NQRZOHGJH�PDGH�WKURXJK�DHULDO�
GLVFRYHULHV� DQG� UHPRWH� VHQVLQJ�� DQG� WR� EULQJ�
DFDGHPLFV� DQG� DHULDO� DUFKDHRORJLVWV� WRJHWKHU��
0XQLFK�LV�FHQWUDO�WR�PXFK�RI�(XURSH��DQG�FDQ�
EH� UHDFKHG� YLD� FKHDS� IOLJKWV� IURP� 6WDQVWHDG��
8.�� )XUWKHU� GHWDLOV� ZLOO� EH� DYDLODEOH� LQ� WKH�
DXWXPQ��

SKRWRJUDSK\� FDQ� PDNH� GLVFRYHULHV� RU� UHYHDO�
LQIRUPDWLRQ� DERXW� DUFKDHRORJLFDO� VLWHV� DQG�
ODQGVFDSHV�� 7KH� RSHQLQJ� VHTXHQFH� IHDWXUHG�
KHDY\� URFN�PXVLF��RULJLQDOO\�XVHG� IRU� D�/HYLV�
-HDQV� DGYHUW�� DQG� G\QDPLF� VKRWV� RI� D� EODFN�
KHOLFRSWHU�� 7KLV� ZDV� GHILQLWHO\� DHULDO�
DUFKDHRORJ\� DW� LWV� VH[LHVW�� :DV� WKH� VKRZ� D�
VXFFHVV"� ,� WKLQN� JHQHUDOO\� µ\HV¶�� ,W� ZDVQ¶W�
SUHVHQWHG� DV� D� GHILQLWLYH� $$� GRFXPHQWDU\��
UDWKHU�� DQ� H[FLWLQJ� KLVWRU\� SURJUDPPH�
FKDOOHQJLQJ� HDUO\� HYHQLQJ� VRDS� RSHUDV� DQG�
JDUGHQLQJ� VKRZV�� :KLOVW� VRPH� HSLVRGHV� PD\�
KDYH� PLVVHG� WKH� PDUN�� RWKHUV� �VXFK� DV� RQH�
H[SORULQJ� WKH� <RUNVKLUH� :ROGV� FURSPDUNV��
ZHUH�H[WUHPHO\�JRRG��3XEOLFLW\�DQG�VSUHDGLQJ�
WKH�ZRUG�WR�QHZ�DXGLHQFHV�FDQ�QHYHU�EH�D�EDG�
WKLQJ��EXW�WKHUH�VWLOO�VHHPV�WR�EH�VFRSH�IRU�D�IDU�
PRUH�VHULRXV�GRFXPHQWDU\��RU�VHULHV��H[SORULQJ�
WKH� LPPHQVH� SRZHU� RI� DHULDO� DUFKDHRORJ\� IRU�
UHYHDOLQJ�(XURSH¶V�SDVW��ERWK�LQ�WKH�DLU� DQG� RQ�
WKH� GHVN�� 5RJ�� ±� VHULHV� FRPPLVVLRQHUV� WDNH�
QRWH��7LPH�)O\HUV�KDV�LWV�RZQ�ZHEVLWH�DXWKRUHG�
E\� 'DYH�� KWWS���ZZZ�EEF�FR�XN�KLVWRU\��
DUFKDHRORJ\�WLPHBIO\HUVB���VKWPO�

)LQDOO\�� WKHUH� LV� MXVW� URRP� WR� FRQJUDWXODWH� WKH�
%%&�RQ�LWV�H[FHOOHQW�VWDE�DW�DHULDO�DUFKDHRORJ\��
µ7LPH�)O\HUV¶��IHDWXULQJ�'DYH�0DF/HRG�DV�WKH�
UHVLGHQW�VSHFLDOLVW��)RU�WKRVH�ZKR�GLGQ¶W�VHH�LW��
WKLV�ZDV�D�SULPH�WLPH����PLQXWH�VKRZ�RQ�%%&�
��IRU�D�JHQHUDO�DXGLHQFH��ORRNLQJ�DW�KRZ�DHULDO�

&KDLUPDQ¶V�SKRWR��XSSHU��RSSRVLWH��

/O\Q�\�)DQ�)DFK�LQ�WKH�%ODFN�0RXQWDLQ��0\Q\GG�'X��VRXWK�:DOHV��RQ�D�EULOOLDQW�ZLQWHU¶V�GD\�LQ�-DQXDU\�������0DQ\�
RI�WKH�FUHVWV�RI�WKH�PRXQWDLQV�EHDU�%URQ]H�$JH�FDLUQV��&URZQ�&RS\ULJKW�5&$+0:�����������������

&KDLUPDQ¶V�SKRWR��ORZHU��RSSRVLWH��

$�SUHYLRXVO\�XQUHFRUGHG�ODWHU�SUHKLVWRULF�GHIHQGHG�HQFORVXUH�GLVFRYHUHG�LQ�'HFHPEHU�������LQ�WKH�&DPDUWKHQVKLUH�
KLOOV�MXVW�RYHU��NP�QRUWK�RI�WKH�IDPRXV�'RODXFRWKL�5RPDQ�JROG�PLQHV�LQ�:DOHV��7KH�HQFORVXUH�LV�RI�5RPDQR�%ULWLVK�
W\SH�� VLPLODU� WR�5RPDQLVHG� IDUPVWHDGV� IRXQG� LQ� WKH� ORZODQGV�RI�ZHVW�:DOHV��$V� VXFK�� LW� SURYLGHV� WKH� ILUVW� ILUP�
HYLGHQFH�IRU� ODWHU�SUHKLVWRULF�VHWWOHPHQW� LQ� WKH�YLFLQLW\�RI� WKH�PLQHV��DQG�UDLVHV� LQWHUHVWLQJ�TXHVWLRQV�DERXW� WKHLU�
SUH�5RPDQ�H[SORLWDWLRQ���&URZQ�&RS\ULJKW�5&$+0:�����������������
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,UZLQ�6FROODU�±�QHZ�$$5*�+RQRUDU\�0HPEHU�

$W�WKH�&DQWHUEXU\�$*0�,UZLQ�6FROODU�ZDV�XQDQLPRXVO\�HOHFWHG�DQ�+RQRUDU\�0HPEHU�RI�
$$5*���7KRVH�RI�XV�ZKR�ZHUH�DW�WKH�9LHQQD�PHHWLQJ�LQ������KDG�WKH�FKDQFH�WR�PHHW�KLP��WR�
RWKHUV�KH�PD\�EH�NQRZQ�WKURXJK�FRQWULEXWLRQV�WR� $$5*QHZV��DQG�HOVHZKHUH���+LV�FDUHHU�LV�
RXWOLQHG�LQ�D�FY�WR�EH�IRXQG�RQ�KLV�KRPHSDJH���ZZZ�XQL�NRHOQ�GH�aDO�����WKHQ�FOLFN�RQ�µ,UZLQ�
6FROODU¶� DW� WKH� ERWWRP� RI� WKH� SDJH�� DQG� VKRZV� KRZ�ZLGH� KDV� EHHQ� KLV� LQYROYHPHQW� LQ�
DGYDQFLQJ� DUFKDHRORJLFDO� WHFKQLTXHV�� � 2Q� WKH� DHULDO� VLGH� WKLV� KDV� LQFOXGHG� IO\LQJ� DQG�
SKRWRJUDSK\��������DQG�WKH�GHYHORSPHQW�RI�FRPSXWHU�PHWKRGV�IRU�LPDJH�SURFHVVLQJ�DQG�
WUDQVIRUPDWLRQ� ������� ������ ������ WKH� µEODFN� ERRN¶� 6FROODU�� HW� DO�� ������ DQG� UHFHQW�
FRQWULEXWLRQV�WR� $$5*QHZV�����6LQFH�KLV�UHWLUHPHQW�IURP�5KHLQLVFKHV�/DQGHVPXVHXP�LQ�%RQQ��
,UZLQ�KDV�SRUWHG�KLV�LPDJH�SURFHVVLQJ�DQG�WUDQVIRUPDWLRQ�VRIWZDUH�WR�3&��$LU3KRWR��ZKLFK�
QRZ�KDV����UHJLVWHUHG�XVHUV��

6FROODU��,���������� $UFKlRORJLH�DXH�GHU�/XIW���$UELWVHUJHEQLVVH�GHU�)OXJMDKUH������XQ������
� LP�5KHLQODQG����5KHLQODQG�9HUODJ��'�VVHOGRUI��
6FROODU��,����������7UDQVIRUPDWLRQ�RI�H[WUHPH�REOLTXH�DHULDO�SKRWRJUDSKV�WR�PDSV�RU�SODQV�E\�
� FRQYHQWLRQDO�PHDQV�RU�E\�FRPSXWHU���,Q�'�5��:LOVRQ��HG�� $HULDO�5HFRQQDLVVDQFH�IRU�
� $UFKDHRORJ\���&RXQF�%ULW�$UFKDHRO�5HV�5HS� ������������
6FROODU��,����������&RPSXWHU�LPDJH�SURFHVVLQJ�IRU�DUFKDHRORJLFDO�DLU�SKRWRJUDSKV�� :RUOG�
� $UFKDHRO� ������������
6FROODU��,����������0DNLQJ�WKLQJV�ORRN�YHUWLFDO��LQ�%HZOH\��5�+��DQG�5ąF]NRZVNL��:����HG���

$HULDO�DUFKDHRORJ\��GHYHORSLQJ�IXWXUH�SUDFWLFH����1$72�6FLHQFH�6HULHV��9RO� �����������
� �����

6FROODU��,���7DEEDJK��$���+HVVH��$��DQG�+HU]RJ��,��������� $UFKDHRORJLFDO�3URVSHFWLQJ�DQG�
� 5HPRWH�6HQVLQJ���&DPEULGJH��

'HDU�7RE\��

:KDW�D�ORYHO\�VXUSULVH��,�DP�GHHSO\�WRXFKHG�DQG�KRQRXUHG��:KHQ�LQ�PLG�-XO\�������,�ILUVW�
WUDYHOOHG�WR�2�*�6��&UDZIRUG¶V�KRPH�LQ�1XUVOLQJ�WR�PHHW�KLP�LQ�SHUVRQ�DIWHU�H[FKDQJLQJ�
PDQ\�OHWWHUV�GXULQJ�WKH�SUHFHGLQJ�\HDUV��QHLWKHU�KH�QRU�,�FRXOG�KDYH�LPDJLQHG�ZKDW�ZRXOG�EH�
DFKLHYHG�GXULQJ�WKH�IROORZLQJ�QHDU�KDOI�FHQWXU\��

7KHVH�GHYHORSPHQWV�KDYH�PRUH�WKDQ�IXOILOOHG�WKH�DLPV�WR�ZKLFK�KH�LQVSLUHG�PH�GXULQJ�WKH�DOO�
WRR�IHZ�\HDUV�GXULQJ�ZKLFK�,�ZDV�SULYLOHJHG�WR�NQRZ�KLP��,�KDYH�EHHQ�YHU\�OXFN\�WR�KDYH�
EHHQ�DEOH�WR�OLYH�DQG�ZRUN�LQ�VXFK�D�IDVFLQDWLQJ�HSRFK�DQG�WR�KDYH�KDG�VXFK�JRRG�DGYLFH�DQG�
KHOS�IURP�DOO�WKRVH�IDU�WRR�QXPHURXV�WR�PHQWLRQ��

7KDQN�\RX�DOO��
,UZLQ�
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+RQRUDU\�6HFUHWDU\¶V�UHSRUW�

.HQQHWK�%URSK\�

$�IHZ�LPSURYHPHQWV�DQG�DGGLWLRQV�WR�RXU�VXEVFULSWLRQ�VHUYLFH�KDYH�EHHQ�PDGH�VLQFH�WKH�ODVW�
$$5*QHZV��7KHVH�DUH�OLVWHG�EHORZ��

6WDQGLQJ�2UGHUV��8.�PHPEHUV�DQG�EDQN�DFFRXQW�KROGHUV�RQO\��
7KH�HVWDEOLVKPHQW�RI�VWDQGLQJ�RUGHUV�IRU�PHPEHUVKLS�VXEVFULSWLRQ�SD\PHQWV�KDV�VR�IDU�EHHQ�D�
VXFFHVV�����PHPEHUV�KDYH�FKRVHQ� WR� WDNH�XS� WKLV�RSWLRQ��ZKLFK� VDYHV�ERWK� WLPH� IRU� WKH�
WUHDVXUHU�DQG�PRQH\�IRU�$$5*��7KDQNV�WR�WKRVH�����,�ZRXOG�HQFRXUDJH�DQ\ERG\�HOVH�ZKR�
ZRXOG� OLNH� WR�KHOS� LQ� WKLV�ZD\� WR� FRQWDFW� WKH� WUHDVXUHU�� �GHWDLOV�EHORZ�� IRU� D�FRS\�RI� WKH�
PDQGDWH�VR�WKDW�\RX�FDQ�VHW�XS�D�VWDQGLQJ�RUGHU�IRU������RQZDUGV��7KH�IRUP�WDNHV�D�PLQXWH�WR�
ILOO�LQ��DQG�FRXOG�SURYLGH�D�OLIHWLPH¶V�SOHDVXUH�RI�UHDGLQJ�$$5*QHZV��

(XUR�DFFRXQW�
7KH�$$5*�(XUR�$FFRXQW�LV�QRZ�XS�DQG�UXQQLQJ��7KLV�ZLOO�DOORZ�PHPEHUV�LQ�(XURODQG�
FRXQWULHV��\RX�NQRZ�ZKR�\RX�DUH��WR�SD\�IDU�PRUH�FRQYHQLHQWO\��,Q�IXWXUH��HLWKHU�VHQG�PH�D�
FKHTXH�SD\DEOH�IRU�WKH�HXUR�VXEVFULSWLRQ�DPRXQW��VHH�EHORZ���RU�LI�\RX�ZRXOG�UDWKHU��WUDQVIHU�
WKH�PRQH\�GLUHFWO\� LQWR�RXU�DFFRXQW�� ,I�\RX�ZRXOG� OLNH�RXU�(XUR�$FFRXQW�GHWDLOV��SOHDVH�
FRQWDFW�WKH�WUHDVXUHU���3D\PHQW�LQ�FDVK��(XURV��FDQ�DOVR�EH�PDGH�DW�WKH�&RQIHUHQFH��DOWKRXJK�,�
ZRXOG�SUHIHU�LI�\RX�OHW�PH�NQRZ�\RX�ZDQW�WR�GR�WKLV�LQ�DGYDQFH��

86�GROODU�VXEVFULSWLRQ�UDWHV�
,Q�UHVSRQVH�WR�D�QXPEHU�RI�PHPEHUVKLS�HQTXLULHV�IURP�1�$PHULFD��ZH�KDYH�GHFLGHG�WR�VHW�D�
VXEV�UDWH�IRU�86�GROODUV��7KLV�WDNHV�LQWR�DFFRXQW�EDQN�FKDUJHV�DQG�FRQYHUVLRQ�UDWHV�LQ�WKH�8.��
VR�DUH�VHW�VOLJKWO\�KLJKHU�WKDQ�(XUR�DQG�6WHUOLQJ�UDWHV��:H�FDQ�DFFHSW�FKHTXHV��RU�VKRXOG�,�VD\�
µFKHFNV¶��PDGH�RXW�LQ�GROODUV�IRU�WKH�DPRXQWV�JLYHQ�EHORZ��86�GROODUV�DUH�RI�FRXUVH�DFFHSWHG�
IURP�PHPEHUV�LQ�FRXQWULHV�RXWZLWK�WKH�8.�HJ�HDVWHUQ�(XURSH�DQG�FRXQWULHV�RI�WKH�IRUPHU�
6RYLHW�8QLRQ��

6XEVFULSWLRQ�UDWHV�UHPLQGHU�

$QQXDO�VXEVFULSWLRQ� ������ ������ ���������

,QVWLWXWLRQ�VXEVFULSWLRQ� ������ ������ ���������������������

6WXGHQW�VXEVFULSWLRQ� ����� ����� ���������

6SHFLDO�UDWH�VXEVFULSWLRQ
� ����� ����� ����������

3RODQG��+XQJDU\��&]HFK�5HSXEOLF��6ORYHQLD��&URDWLD��6ORYDNLD��6HUELD��0RQWHQHJUR��FRXQWULHV�RI�WKH�
IRUPHU�6RYLHW�8QLRQ��%XOJDULD��5RPDQLD�DQG�$OEDQLD�

0HPEHUVKLS�OLVW�
,W�LV�RXU�LQWHQWLRQ�WR�SXEOLVK�D�IXOO�OLVW�RI�$$5*�PHPEHUV�LQ�WKH�6HSWHPEHU�HGLWLRQ��VRPHWKLQJ�
ZH�KDYH�QRW�GRQH�IRU�D�IHZ�\HDUV��7KLV�LV�DQ�LQYDOXDEOH�VRXUFH�RI�FRQWDFW�GHWDLOV�HVSHFLDOO\�
HPDLO�DGGUHVVHV��,I�\RX�GR�QRW�ZDQW�\RXU�DGGUHVV�RU�FRQWDFW�GHWDLOV�SULQWHG�LQ�$$5*QHZV��
\RX�PXVW�PH�E\�$XJXVW�������
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,�XUJH�DOO�PHPEHUV�WR�VHQG�XV�XS�WR�GDWH�LQIRUPDWLRQ�DERXW�\RXU�HPDLO�DGGUHVV�IRU�WKLV�OLVW�DQG�
DOVR�RXU�PHPEHU�GDWDEDVH��+RSHIXOO\��WKLV�ZLOO�DOORZ�XV�WR�LQ�IXWXUH�VHQG�RXW�UHPLQGHUV�DQG�
LQIRUPDWLRQ�YLD�HPDLO�±�SRVWDO�PDLOVKRWV�DUH�RI�OLPLWHG�XVH�EHFDXVH�RI�WKH�FRVW��,I�\RX�KDYH�QRW�
JLYHQ�XV�DQ�HPDLO�DGGUHVV��RU�WKLQN�LW�PLJKW�KDYH�FKDQJHG�VLQFH�WKH�ODVW�WLPH�\RX�JDYH�LW�WR�XV��
SOHDVH�HPDLO�WKH�+RQRUDU\�VHFUHWDU\��

N�%URSK\#DUFKDHRORJ\�JOD�DF�XNF�R�
'HSDUWPHQW�RI�$UFKDHRORJ\�
8QLYHUVLW\�RI�*ODVJRZ�
*ODVJRZ�*����44�
6FRWODQG��8.�
��������������

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa�

$QQXDO�&RQIHUHQFH������

.LQJ�$OIUHG¶V�&ROOHJH��:LQFKHVWHU��8.�
��QG����WK��6HSWHPEHU������

3URYLVLRQDO�VHVVLRQ�WLWOHV��

���5HFHQW�SRVWJUDGXDWH�UHVHDUFK�
���,QWHJUDWHG�ODQGVFDSH�SURMHFWV�LQ�VRXWKHUQ�(QJODQG�
���5HFHQW�DHULDO�DUFKDHRORJ\�ZRUN�LQ�%ULWDLQ�DQG�(XURSH�
���7HFKQLFDO�DQG�SUDFWLFDO�VHVVLRQV�
���$HULDO�UHFRQQDLVVDQFH�±�QHZ�UHJLRQV�DQG�GLIIHUHQW�DSSURDFKHV�

)RU� FRQIHUHQFH� DQG� ERRNLQJ� LQIRUPDWLRQ� FRQWDFW� 'DYH� 0DF/HRG�� 0HHWLQJV� 6HFUHWDU\���
'DYH�0DF/HRG#HQJOLVK�KHULWDJH�RUJ�XN��� �(QJOLVK�+HULWDJH�����7DQQHU�5RZ��<RUN�<2��
�:3��8.��
7HOHSKRQH�����������������

2IIHUV�RI�SDSHUV�DUH�ZHOFRPHG��3OHDVH�FRQWDFW�7RE\�'ULYHU�� WRE\�GULYHU#UFDKPZ�RUJ�XN�
7HOHSKRQH������������������
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,QWURGXFWLRQ�

7KH�GHFODVVLILFDWLRQ� LQ������RI�DQ�DUFKLYH�RI�RYHU��������� LPDJHV�DFTXLUHG�E\� WKH� ILUVW�
JHQHUDWLRQ�RI�86�SKRWR�UHFRQQDLVVDQFH�VDWHOOLWHV�IORZQ�EHWZHHQ������DQG������UHSUHVHQWV�DQ�
LPSRUWDQW�KLVWRULFDO�UHVRXUFH��0F'RQDOG���������7KH�DUFKDHRORJLFDO�SRWHQWLDO�RI�WKLV�DUFKLYH�
ZDV�VRRQ�UHFRJQLVHG��QRW�WKH�OHDVW�EHFDXVH�RI�LWV�ORZ�FRVW�DQG�H[WHQVLYH�FRYHUDJH�RI�DUHDV�RI�
WKH�(DUWK�WKDW�DUH�FXUUHQWO\�
GHQLHG�WHUULWRULHV
�WR�WKH�FRQYHQWLRQDO�DHULDO�DUFKDHRORJLVW��H�J��
)RZOHU���������$V�D�UHVXOW��&2521$�.+��%�LPDJHU\�KDV�EHHQ�XVHG�VXFFHVVIXOO\�LQ�WKH�
SURVSHFWLRQ�IRU�DUFKDHRORJLFDO�IHDWXUHV�LQ�D�QXPEHU�RI�SODFHV�LQFOXGLQJ�7XUNH\��.HQQHG\�
�������6\ULD��3KLOLS� HW�DO���������DQG�$UPHQLD��3DOPHU��������

,Q�2FWREHU�������D� IXUWKHU�������� LPDJHV�DFTXLUHG�E\� WKH�.+���6XUYHLOODQFH�DQG�.+���
0DSSLQJ�6\VWHPV�ZHUH�DSSURYHG�IRU�GHFODVVLILFDWLRQ�DQG�ZHUH�VXEVHTXHQWO\�KDQGHG�RYHU�WR�
WKH�86�1DWLRQDO�$UFKLYHV�VRPH�WZR�\HDUV�ODWHU��1,0$���������&RSLHV�RI�WKHVH�LPDJHV�FDQ�
QRZ�DFFHVVHG�WKURXJK�WKH�86�*HRORJLFDO�6XUYH\
V��86*6��(526�'DWD�&HQWHU�DQG�FDQ�EH�
EURZVHG�DQG�RUGHUHG�RQOLQH�WKURXJK�WKH�(DUWK([SORUHU�ZHE�VLWH�����

7KLV�SDSHU�UHYLHZV�EULHIO\�WKH�QDWXUH�RI�WKH�QHZO\�GHFODVVLILHG�SURGXFWV�DQG�FRQVLGHUV�WKHLU�
DUFKDHRORJLFDO�SRWHQWLDO�EDVHG�RQ�D�VPDOO�VDPSOH�RI�LPDJHV�WKDW�KDYH�EHHQ�SXUFKDVHG�UHFHQWO\�
IURP�WKH�86*6��

.+���6XUYHLOODQFH�6\VWHP�

7KH�.+���V\VWHP�ZDV�WKH�86�,QWHOOLJHQFH�&RPPXQLW\
V�ILUVW�KLJK�UHVROXWLRQ�LPDJLQJ�VDWHOOLWH�
DQG�FRPSOHPHQWHG� WKH� DUHD� VHDUFK�FRYHUDJH�RI� WKH�.+��� V\VWHP�ZLWK� LPDJHU\� WKDW�KDG�
LQLWLDOO\�D�EHVW�UHVROXWLRQ�RI����P�WKDW�VXEVHTXHQWO\�LPSURYHG�WR�DSSUR[LPDWHO\����P��1,0$�
�������2SHUDWLRQDO�IURP�-XO\������WR�-XQH�������WKH�.+���ZDV�D�FDPHUD�FDSDEOH�RI�LPDJLQJ�
DUHDV����NP�ZLGH�UDQJLQJ�IURP���NP�WR�����NP�ORQJ�DQG�UHWXUQHG�DSSUR[LPDWHO\��������
IUDPHV�RI�YDU\LQJ�OHQJWK��

7R�LOOXVWUDWH�WKH�TXDOLW\�DQG�DUFKDHRORJLFDO�SRWHQWLDO�RI�WKH�.+���SURGXFW��DQ�LPDJH�WKDW�KDG�
EHHQ�DFTXLUHG�RQ����$SULO������FRYHULQJ�WKH�VLWH�RI�WKH�IRUPHU�5RPDQ�FLW\�RI�6DORQD��WR�WKH�
QRUWK�RI�WKH�SUHVHQW�GD\�&URDWLDQ�FLW\�RI�6SOLW�RQ�WKH�'DOPDWLDQ�FRDVW��ZDV�SXUFKDVHG�IURP�WKH�
86*6�DW�D�FRVW�RI�������7KH�LPDJH�ZDV�SURYLGHG�LQ�WKH�IRUP�RI�D����FP�ZLGH�E\����FP�ORQJ�
EODFN�DQG�ZKLWH�ILOP�SRVLWLYH� DW�D�VFDOH�RI�DSSUR[LPDWHO\�������������$Q�H[WUDFW�RI�WKH�LPDJH�
FRYHULQJ�6DORQD�ZDV�VFDQQHG�DW������SSL�������ȝP��XVLQJ�WKH�WUDQVSDUHQF\�DGDSWRU�RI�D�
+HZOHWW�3DFNDUG�6FDQMHW�����F�GHVNWRS�VFDQQHU�DQG�ZDV�VWRUHG�DV�DQ�XQFRPSUHVVHG�7,))�
LPDJH� LQ�RUGHU� WR�HQVXUH�QR� ORVV�RI�TXDOLW\�RI� WKH� LPDJH� IURP� WKH�XVH�RI�D�FRPSUHVVLRQ�
DOJRULWKP��

7KH�DUFKDHRORJLFDO�SRWHQWLDO�RI�GHFODVVLILHG�.+���DQG�.+���LQWHOOLJHQFH�
VDWHOOLWH�SKRWRJUDSKV�

0DUWLQ�-�)�)RZOHU�

�� KWWS���HDUWKH[SORUHU�XVJV�JRY�
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)LJXUH���� .+���VDWHOOLWH�SKRWRJUDSK�RI�WKH�VLWH�RI�WKH�IRUPHU�5RPDQ�FLW\�RI�6DORQD�DFTXLUHG�RQ����
$SULO�������

7KH�VFDQQHG�LPDJH��VHH�WKH�H[WUDFW�LQ�)LJXUH����LV�DVVHVVHG�DV�EHLQJ�FRPSDUDEOH�WR�����P�
UHVROXWLRQ�5XVVLDQ�.95������LPDJHU\�ZKLFK�KDV�EHHQ�VKRZQ�WR�EH�FDSDEOH�RI�VKRZLQJ�ERWK�
VWDQGLQJ� DQG� SORXJK�OHYHOOHG� DUFKDHRORJLFDO� IHDWXUHV�� XQGHU� DSSURSULDWH� FRQGLWLRQV�� LQ�
6RXWKHUQ�%ULWDLQ��H�J��)RZOHU���������,Q�DGGLWLRQ�WR�WKH�QXPHURXV�UHFHQW�PDQ�PDGH�IHDWXUHV�
WKDW�FDQ�EH�UHDGLO\�LGHQWLILHG��WKH�UHPDLQV�RI�WKH���QG��FHQWXU\�5RPDQ�DPSKLWKHDWUH�WKDW�ZDV�
GHVWUR\HG�LQ�WKH����WK��FHQWXU\�E\�WKH�9HQHWLDQV�FDQ�EH�GLVFHUQHG�ZLWK�WKH�LQWHUQDO�GHWDLO�RI�LWV�
FRQVWUXFWLRQ�EHLQJ�UHDGLO\�DSSDUHQW���/HDGLQJ�DZD\�IURP�WKH�DPSKLWKHDWUH�WR�WKH�ERWWRP�ULJKW��
KDQG�FRUQHU�RI�WKH�LPDJH��WKH�FRXUVH�RI�WKH�ZDOO�WKDW�VXUURXQGHG�WKH�FLW\�FDQ�EH�VHHQ�DV�D�
KLJKOLJKW�DOWKRXJK��ZKLOVW�D�VKDGRZ�FDQ�EH�LGHQWLILHG�LQ�VRPH�SODFHV��LW�LV�XQFHUWDLQ�ZKHWKHU�
WKH�IHDWXUH�UHIOHFWV�WKH�UXLQV�RI�WKH�ZDOO�RU�D�WUDFN�WKDW�PD\�UXQ�FORVH�WR�LW���1R�IXUWKHU�UHPDLQV�
RI� WKH� 5RPDQ� FLW\� FDQ� EH� LGHQWLILHG� RQ� WKH� LPDJH� H[WUDFW� EHFDXVH� RI� WKH� FRQVLGHUDEOH�
GHVWUXFWLRQ�WKDW�KDV�RFFXUUHG�LQ�WKH�SDVW��

.+���0DSSLQJ�6\VWHP�

7KH�.+���PDSSLQJ�V\VWHP�ZDV�D�IUDPH�FDPHUD�WKDW�UHWXUQHG�LPDJHU\�IURP����PLVVLRQV�
FRQGXFWHG�EHWZHHQ�0DUFK������ DQG�2FWREHU� ����� DQG�SURYLGHG�EHWWHU� WKDQ� D� IRXU�IROG�
LPSURYHPHQW�LQ�DFFXUDF\�DQG�PRUH�WKDQ�D�WHQ�IROG�LPSURYHPHQW�LQ�UHVROXWLRQ�FRPSDUHG�ZLWK�
WKH�HDUOLHU�����P�UHVROXWLRQ�.+����$5*21��PDSSLQJ�FDPHUD��1,0$���������2YHU��������
IUDPHV�RI�LPDJHU\�ZHUH�REWDLQHG��HDFK�FRYHULQJ�D�JURXQG�
IRRWSULQW
�RI�VRPH�����NP�E\�����
NP�DW�D�VFDOH�RI������������ZLWK�VWHUHR�FRYHUDJH�EHLQJ�DFTXLUHG�IRU�PRVW�DUHDV��
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)LJXUH���� .+���VDWHOOLWH�SKRWRJUDSKV�RI�WKH�IRUPHU�DLUEDVH�DW�*UHHQKDP�&RPPRQ��%HUNVKLUH��7KH�
LPDJHV�ZHUH�DFTXLUHG�RQ����'HFHPEHU���������-XQH������DQG����$XJXVW�������

7KUHH����FP�E\����FP�SRVLWLYH�ILOP�.+���LPDJHV�FRYHULQJ�+DPSVKLUH�DQG�:LOWVKLUH�WKDW�KDG�
EHHQ�DFTXLUHG�LQ������������DQG������ZHUH�SXUFKDVHG�DW�D�FRVW�RI�����SHU�LPDJH��$V�IRU�WKH�
.+���SURGXFW�� H[WUDFWV� IURP� WKHVH� LPDJHV�ZHUH� VFDQQHG� DW� D� UHVROXWLRQ�RI� �����SSL� IRU�
HYDOXDWLRQ��

)LJXUH���VKRZV�WKH�DSSHDUDQFH�RI�WKH�IRUPHU�DLUEDVH�DW�*UHHQKDP�&RPPRQ��%HUNVKLUH��RQ�WKH�
WKUHH�LPDJHV���1RWZLWKVWDQGLQJ�WKH�VPDOO�VFDOH�RI�WKH�RULJLQDO�LPDJHV��FRQVLGHUDEOH�GHWDLO�RI�
WKH�DLUEDVH�FDQ�EH�GLVFHUQHG�RQ�WKH�LPDJHV�DFTXLUHG�LQ������DQG������ZLWK�VRPH�SDUWLFXODUO\�
KLJK�FRQWUDVW�UHODWLYHO\�VPDOO�VL]HG�IHDWXUHV��VXFK�DV�VRPH�RI�WKH�UXQZD\�PDUNLQJV��EHLQJ�
DSSDUHQW���%\�ZD\�RI�FRQWUDVW��WKH�LPDJH�DFTXLUHG�LQ������LV�RI�D�FRQVLGHUDEO\�SRRUHU�TXDOLW\��
SRVVLEO\� DV� D� UHVXOW� RI� D� WKLQ� OD\HU�RI�KLJK�FORXG�FRYHULQJ� WKH�8.�DW� WKH� WLPH�RI� LPDJH�
DFTXLVLWLRQ��DQG�LV�DOVR�SDUWLFXODUO\�µJUDLQ\¶��

$�FRPSDULVRQ�RI�WKH�.+���LPDJH�DFTXLUHG�LQ�$XJXVW������ZLWK�RWKHU�LPDJHU\�RI�WKH�HQYLURQV�
RI�WKH�%XU\�+LOO�KLOOIRUW�QHDU�$QGRYHU��)LJXUH����LQGLFDWHV�WKDW��ZKHQ�VFDQQHG�DW�D�UHVROXWLRQ�
RI�������SSL��WKH�TXDOLW\�RI�WKH�.+���LV�FRPSDUDEOH�ZLWK�6327�3DQFKURPDWLF�LPDJHU\����P�
UHVROXWLRQ��EXW�QRW�DV�JRRG�DV�.+��%�LPDJHU\����P�UHVROXWLRQ�ZKHQ�VFDQQHG�DW�������SSL���
:KLOVW�SDUWO\�REVFXUHG�E\�FORXG��SDUW�RI�WKH�UDPSDUWV�RI�WKH�FLUFXODU�KLOOIRUW�FDQ�EH�GLVFHUQHG�
RQ�WKH�.+���LPDJH��DOWKRXJK�QRQH�RI�WKH�DGGLWLRQDO�IHDWXUHV�PDSSHG�E\�5RJ�3DOPHU��������
FDQ�EH�GLVFHUQHG�LQ�WKH�VXUURXQGLQJ�ILHOGV�DQG�ZKLFK�DUH�KLQWHG�DW�RQ�WKH�.+��%�LPDJH��
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)LJXUH������&RPSDULVRQ�RI�6327�3DQFKURPDWLF��.+���DQG�.+��%�LPDJHU\�RI�WKH�KLOOIRUW�DW�%XU\�+LOO��
QHDU�$QGRYHU��+DPSVKLUH���'DWHV�RI�LPDJH�DFTXLVLWLRQ��6327�3DQFKURPDWLF�±���0D\�������.+���±����
$XJXVW�������.+��%�±����$XJXVW������� 6327�3DQFKURPDWLF�LPDJH�VXSSOLHG�E\�,QIRWHUUD��‹�&1(6�
�������
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)LJXUH���� .+���VDWHOOLWH�LPDJH�RI�DQ�DLUFUDIW�LQ�IOLJKW�WR�WKH�QRUWK�RI�3RUWVPRXWK��

:KLOVW�RI�QR�DUFKDHRORJLFDO�VLJQLILFDQFH��LW�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�.+���LPDJHU\�LV�QRW�
OLPLWHG�WR�WKH�GHWHFWLRQ�RI�PDQ�PDGH�IHDWXUHV�RQ�WKH�(DUWK¶V�VXUIDFH���$�EULHI�VHDUFK�RYHU�WKH�
����� LPDJH� LGHQWLILHG� WKH� FRQWUDLOV� DQG� RXWOLQH� RI� DQ� DLUFUDIW� LQ� IOLJKW� WR� WKH� QRUWK� RI�
3RUWVPRXWK��+DPSVKLUH��WKDW�ZDV�FDSWXUHG�E\�WKH�VDWHOOLWH�DV�LW�SDVVHG�RYHUKHDG��)LJXUH�����

$UFKDHRORJLFDO�XWLOLW\�

:KHQ�VFDQQHG�DW�������SSL��LPDJHU\�IURP�WKH�.+���DUFKLYH�LV�EURDGO\�FRPSDUDEOH�ZLWK�WKH�
5XVVLDQ�.95������SURGXFW�DQG�KDV�WKH�SRWHQWLDO�WR�EH�RI�FRQVLGHUDEOH�XWLOLW\�WR�WKH�DHULDO�
DUFKDHRORJLVW���,Q�SDUWLFXODU��LW�FDQ�EH�H[SHFWHG�WR�EH�RI�XVH�LQ�VXSSRUWLQJ�DUFKDHRORJLFDO�
SURVSHFWLRQ� LQ�DUHDV�RI�(DVWHUQ�(XURSH�� WKH�0LGGOH�(DVW�DQG�$VLD�� �$OWKRXJK� WKH� LPDJH�
DUFKLYH�LV�ELDVHG�WRZDUGV�DUHDV�RI�LQWHUHVW�WR�WKH�86�,QWHOOLJHQFH�&RPPXQLW\�GXULQJ�WKH�&ROG�
:DU��OLNH�WKH�&2521$�DUFKLYH�LW�UHSUHVHQWV�DQ�LPSRUWDQW�KLVWRULFDO�UHVRXUFH�WKDW�LQFOXGHV�
FRYHUDJH�RI�PDQ\� DUHDV� RI� WKH�JOREH� WKDW� DUH� VWLOO� GHQLHG� WR� FRQYHQWLRQDO� FLYLOLDQ� DHULDO�
SKRWRJUDSK\���,Q�DGGLWLRQ��LW�PD\�DOVR�FRYHU�DUFKDHRORJLFDO�IHDWXUHV�WKDW�KDYH�EHHQ�GHVWUR\HG�
LQ�WKH�SDVW����\HDUV�RU�VR�VLQFH�WKH�LPDJHU\�ZDV�DFTXLUHG��

'HVSLWH�KDYLQJ�DQ�LQIHULRU�VSDWLDO�UHVROXWLRQ�WR�WKH�.+���DQG�.+���SURGXFWV��WKH�.+���LPDJH�
DUFKLYH�DOVR�FDQ�EH�H[SHFWHG�WR�KDYH�DUFKDHRORJLFDO�XWLOLW\�LQ�SURYLGLQJ�EURDGO\�FRQWHPSRUDU\�
LPDJHU\�WKDW�FDQ�EH�XVHG�DV�EDFNJURXQG�PDSSLQJ�IRU�DUHDV�ZKHUH�UHDGLO\�DYDLODEOH�PDSSLQJ�
LV�OLPLWHG�WR�VPDOO�VFDOH�PDSV�VXFK�DV�WKH�����������VFDOH�7DFWLFDO�3LORWDJH�&KDUW�VHULHV���,Q�
WKLV�UHVSHFW��LW�FRXOG�EH�XVHG�DV�D�EDVH�PDS�IRU�WKH�UHFWLILFDWLRQ�RI�RWKHU�LPDJHU\��LQFOXGLQJ�
&2521$�� .+��� DQG� FRQYHQWLRQDO� DHULDO� SKRWRJUDSKV�� PXFK� DV� 2OWHDQ� ������� XVHG�
&2521$�.+��$�LPDJHU\�RI�5RPDQLD�IRU�WKH�UHFWLILFDWLRQ�RI�REOLTXH�DHULDO�SKRWRJUDSKV��
7KH�DGYDQWDJH�RI�XVLQJ�WKH�.+���SURGXFW�RYHU�&2521$�LPDJHU\�IRU�WKLV�SXUSRVH��KRZHYHU��
LV�WKH�ODUJHU�DUHD�WKDW�LV�FRYHUHG�E\�D�VLQJOH�.+���LPDJH�DQG�WKH�REVHUYDWLRQ�WKDW�LW�GRHV�QRW�
DSSHDU�WR�VXIIHU�IURP�WKH�VLJQLILFDQW�GLVWRUWLRQ�WKDW�LV�LQKHUHQW�LQ�WKH�SDQRUDPLF�FDPHUD�XVHG�
E\�&2521$��

7KLV�DVVHVVPHQW�RI�WKH�XWLOLW\�RI�WKH�.+���DQG�.+���SURGXFWV�KDV�EHHQ�EDVHG�RQ�SKRWRJUDSKLF�
LPDJHV�WKDW�KDYH�EHHQ�GLJLWDOO\�VFDQQHG�DW�D�UHVROXWLRQ�RI�������SSL�������ȝP����%\�VFDQQLQJ�
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WKH�LPDJHV�DW�D�KLJKHU�UHVROXWLRQ��/HDFKWHQDXHU� HW�DO���������UHFRPPHQG�D�UHVROXWLRQ�RI��ȝP�
LV�UHTXLUHG�IRU�ORVV�OHVV�UHSURGXFWLRQ�RI�.+��%�LPDJHU\��RU�WKURXJK�WKH�XVH�RI�D�SKRWRJUDSKLF�
LQWHUPHGLDWH��H�J��3DOPHU��������LW�LV�H[SHFWHG�WKDW�KLJKHU�TXDOLW\�GLJLWDO�SURGXFWV�FRXOG�EH�
DFKLHYHG�WKHUHE\�SHUPLWWLQJ�ILQHU�GHWDLO�WR�EH�VHHQ��

2YHUDOO��WKH�UHFHQWO\�GHFODVVLILHG�.+���DQG�.+���SURGXFWV�DUH�FRQVLGHUHG�WR�EH�DQ�LPSRUWDQW�
DGGLWLRQ� WR� WKH� DUFKLYH� RI�86� GHFODVVLILHG� LQWHOOLJHQFH� VDWHOOLWH� SKRWRJUDSKV�� � 3URYLGLQJ�
FRYHUDJH�RI�WKH�(DUWK¶V�VXUIDFH�DW�FRVWV�RI�WKH�RUGHU�RI���SHQQ\�SHU�VTXDUH�NP�DQG�OHVV��WKH\�
UHSUHVHQW�D�FRVW�HIIHFWLYH�RYHUKHDG�UHVRXUFH�IRU�XVH�E\�WKH�DHULDO�DUFKDHRORJLVW��

5HIHUHQFHV�

)RZOHU�0�-�)����������'HFODVVLILHG�LQWHOOLJHQFH�VDWHOOLWH�SKRWRJUDSKV�� $$5*QHZV��� �����������
)RZOHU�0�-�)��������� �6DWHOOLWH� UHPRWH� VHQVLQJ�DQG�DUFKDHRORJ\��D�FRPSDUDWLYH� VWXG\�RI�

VDWHOOLWH� LPDJHU\� RI� WKH� HQYLURQV� RI� )LJVEXU\� 5LQJ�� :LOWVKLUH�� $UFKDHRORJLFDO�
3URVSHFWLRQ��� �����������

.HQQHG\�'����������'HFODVVLILHG�VDWHOOLWH�SKRWRJUDSKV�DQG�DUFKDHRORJ\�LQ�WKH�0LGGOH�(DVW��
FDVH�VWXGLHV�IURP�7XUNH\�� $QWLTXLW\��� ��������������

/HDFKWHQDXHU�-�&���'DQLHO�.��DQG�9RJO�7�3����������'LJLWL]LQJ�&2521$�LPDJHU\��4XDOLW\�YV��
FRVW���,Q�0F'RQDOG� 5�$���HG�� &2521$��%HWZHHQ�WKH�6XQ�DQG�WKH�(DUWK��WKH�ILUVW�152�
UHFRQQDLVVDQFH�H\H� LQ� VSDFH������������%HWKHVGD�0'��7KH�$PHULFDQ�6RFLHW\� IRU�
3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ��

0F'RQDOG� 5�$�� ������ � 3RWHQWLDO� QHZ� DSSOLFDWLRQV� IRU� GHFODVVLILHG� HDUO\� VDWHOOLWH�
UHFRQQDLVVDQFH�LPDJHU\���,Q�0F'RQDOG� 5�$���HG�� &2521$��%HWZHHQ�WKH�6XQ�DQG�WKH�
(DUWK�� WKH� ILUVW� 152� UHFRQQDLVVDQFH� H\H� LQ� VSDFH��� ��������� %HWKHVGD�0'�� 7KH�
$PHULFDQ�6RFLHW\�IRU�3KRWRJUDPPHWU\�DQG�5HPRWH�6HQVLQJ��

1,0$��������+LVWRULFDO�,PDJH�'HFODVVLILFDWLRQ��1DWLRQDO�,PDJHU\�DQG�0DSSLQJ�$JHQF\�ZHE�
VLWH��KWWS���ZZZ�QLPD�PLO�SD�QHZVURRP�KLVWRU\��DQG�UHODWHG�OLQNV���:HE�SDJH�YLVLWHG�
RQ����'HF�����

2OWHDQ� ,��� ������ � 7KH� XVH� RI� VDWHOOLWH� LPDJHU\� IRU� WKH� WUDQVFULSWLRQ� RI� REOLTXH� DHULDO�
SKRWRJUDSKV�� LQ� %HZOH\�� 5�+�� DQG� 5ąF]NRZVNL�� :��� �HG��� $HULDO� DUFKDHRORJ\��
GHYHORSLQJ�IXWXUH�SUDFWLFH����1$72�6FLHQFH�6HULHV��9RO� ���������������

3DOPHU��5��������� 'DQHEXU\��DQ�DHULDO�SKRWRJUDSKLF�LQWHUSUHWDWLRQ�RI�LWV�HQYLURQV���5&+0�
6XS�6HULHV� ����

3DOPHU�5��� ������ �$� SRRU�PDQ¶V� XVH� RI�&2521$� LPDJHV� IRU� DUFKDHRORJLFDO� VXUYH\� LQ�
$UPHQLD�� � ,Q� 3URFHHGLQJV� RI� WKH� FRQIHUHQFH� µ6SDFH� DSSOLFDWLRQV� IRU� KHULWDJH�
RQVHUYDWLRQ¶������1RYHPEHU�������6WUDVERXUJ��)UDQFH���(XURSHDQ�6SDFH�$JHQF\�63��
�����

3KLOLS�*���'RQRJKXH�'���%HFN�$��DQG�*DOLDWVDWRV�1����������&2521$�VDWHOOLWH�SKRWRJUDSK\��
DQ�DUFKDHRORJLFDO�DSSOLFDWLRQ�IURP�WKH�0LGGOH�(DVW�� $QWLTXLW\��� ��������������



$$5*QHZV����0DUFK�������

���

$$5*�$QQXDO�&RQIHUHQFH������

.LQJ�$OIUHG¶V�&ROOHJH��:LQFKHVWHU��8.�
��QG� ����WK��6HSWHPEHU������

3URYLVLRQDO�VHVVLRQ�WLWOHV��
���5HFHQW�SRVWJUDGXDWH�UHVHDUFK�
���,QWHJUDWHG�ODQGVFDSH�SURMHFWV�LQ�VRXWKHUQ�(QJODQG�
���5HFHQW�DHULDO�DUFKDHRORJ\�ZRUN�LQ�%ULWDLQ�DQG�(XURSH�
���7HFKQLFDO�DQG�SUDFWLFDO�VHVVLRQV�
���$HULDO�UHFRQQDLVVDQFH�±�QHZ�UHJLRQV�DQG�GLIIHUHQW�DSSURDFKHV�

:LQFKHVWHU�&DWKHGUDO�DQG�WKH�IDPRXV�0HGLHYDO�5RXQG�7DEOH��‹�&LW\�RI�:LQFKHVWHU��

7KH�VHWWLQJ�RI�WKLV�\HDU¶V�FRQIHUHQFH�ZLOO�EH�WKH�KLVWRULF�FLW\�RI�:LQFKHVWHU�LQ�WKH�KHDUW�RI�
:HVVH[��VHH��ZZZ�FLW\RIZLQFKHVWHU�FR�XN�LQGH[�KWPO����7KH�YHQXH�DQG�DFFRPPRGDWLRQ�ZLOO�
EH�LQ�WKH�UHFHQWO\�UHIXUELVKHG�:HVW�'RZQV�&HQWUH���2Q�WKH�VHFRQG�GD\�RI�WKH�FRQIHUHQFH��WKH�
PHHWLQJ�ZLOO�EUHDN�LQ�WKH�DIWHUQRRQ�IRU�D�ZDONLQJ�WRXU�RI�WKH�FLW\��ZLWK�LWV�KLVWRULF�JDWHV�DQG�
IRXQGDWLRQV�RI�DQ�$QJOR�6D[RQ�&DWKHGUDO��7KH�FRQIHUHQFH�GLQQHU�ZLOO�EH�KHOG�LQ�WKH�&DWKHGUDO�
5HIHFWRU\�DORQJVLGH�:LQFKHVWHU�&DWKHGUDO��7KH�ILHOG� WULS�RQ� WKH�ILQDO�GD\�ZLOO�EH� OHG�E\�
:LQFKHVWHU¶V�3ULQFLSDO�$UFKDHRORJLVW��DQG�ZLOO�LQFOXGH�D�SXE�OXQFK�DQG�YLVLWV�WR�VHYHUDO�VLWHV�
LQFOXGLQJ�WKH�IDPRXV�HDUWKZRUN�EDQMR�HQFORVXUH�DW�0LFKHOGHYHU�:RRG��

)RU� FRQIHUHQFH� DQG� ERRNLQJ� LQIRUPDWLRQ� FRQWDFW� 'DYH� 0DF/HRG�� 0HHWLQJV� 6HFUHWDU\��
'DYH�0DF/HRG#HQJOLVK�KHULWDJH�RUJ�XN��� �(QJOLVK�+HULWDJH�����7DQQHU�5RZ��<RUN�<2��
�:3��
7HOHSKRQH��������������

2IIHUV�RI�SDSHUV�DUH�ZHOFRPHG��3OHDVH�FRQWDFW�7RE\�'ULYHU�� WRE\�GULYHU#UFDKPZ�RUJ�XN���RU�
WHOHSKRQH�����������±���������
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$�ORFDO�VWUHWFKLQJ�PHWKRG�IRU�ILWWLQJ�ROG�PDSV�RU�QRQ�RSWLFDO�LPDJHV�WR�
QHZ�PDSV�

,UZLQ�6FROODU�

8QOLNH�DHULDO�LPDJHU\�PDGH�ZLWK�D�OHQV��ROG�PDSV�DQG�RWKHU�SLFWRULDO�VRXUFHV�VXFK�DV�VDWHOOLWH�
VFDQQHU�GDWD�GR�QRW�REH\�RSWLFDO� ODZV�ZKLFK�FDQ�EH�GHVFULEHG�E\�D�JOREDO�PDWKHPDWLFDO�
WUDQVIRUPDWLRQ�DSSOLHG�WR�WKH�HQWLUH�LPDJH��)RU�ZHOO�RYHU�D�TXDUWHU�RI�D�FHQWXU\��VDWHOOLWH�
LPDJHU\� PDGH� ZLWK� OLQH� �µSXVK�EURRP¶�� VFDQQHUV� KDV� EHHQ� WUHDWHG� XVLQJ� EL�YDULDWH�
SRO\QRPLDOV��%HUQVWHLQ��������XVXDOO\�RI�RUGHU����7KLV�PHWKRG�LV�IUHTXHQWO\�LQFRUSRUDWHG�LQ�
WKH�µUXEEHU�VWUHWFK¶�SOXJLYQV�DYDLODEOH�IRU�*,6�SURJUDPPHV��,W�LV�DGHTXDWH�IRU�WKH�DSSOLFDWLRQ�
IRU�ZKLFK� LW�ZDV� GHVLJQHG�� EXW� LW�PD\� SURGXFH� YHU\� ODUJH� HUURUV�ZKHQ� WKH� REMHFW� WR� EH�
WUDQVIRUPHG�LV�DQ�DQFLHQW�PDS�ZLWK�LUUHJXODU�GLVWRUWLRQ�WR�D�PRGHUQ�ODUJH�VFDOH�GLJLWDO�PDS��
3URJUDPPHV�OLNH�(50DSSHU�RIIHU�ORFDO�WULDQJXODWLRQ�UHFWLILFDWLRQ�RI�VDWHOOLWH�LPDJHU\�VLPLODU�
WR�WKDW�WR�EH�GHVFULEHG��DV�GR�VRPH�*,6�SOXJLQV��EXW�WKHVH�DUH�HLWKHU�YHU\�H[SHQVLYH�RU�XVHIXO�
RQO\�IRU�QHDU�YHUWLFDO�LPDJHU\��

2OG�PDSV�PD\�FRQWDLQ�YDOXDEOH� LQIRUPDWLRQ�DERXW�DUFKDHRORJLFDO�VLWHV�ZKLFK�KDYH�EHHQ�
GHVWUR\HG� E\� PRGHUQ� DJULFXOWXUH� RU� FRQVWUXFWLRQ�� 7KH� SUREOHP� RI� ILWWLQJ� ROG� SURSHUW\�
ERXQGDU\� PDSV� WR� PRGHUQ� RQHV� LV� ZHOO� NQRZQ� WR� FDUWRJUDSKHUV� ZKR� FDOO� WKH� SURFHVV�
µFRQIODWLRQ¶��EXW�PDQ\�VROXWLRQV�DUH�FRQVLGHUHG�WR�EH�XQVDWLVIDFWRU\��

7UDQVIRUPDWLRQ�RI�VXFK�GDWD�UHTXLUHV�D�ORFDOLVHG�DSSURDFK�ZKLFK�UHVWULFWV�RSHUDWLRQV�WR�VPDOO�
UHJLRQV�DURXQG�FRUUHVSRQGLQJ�SRLQWV��,W�LV�GHVLUDEOH�WKDW�HUURUV�DW�WKHVH�SRLQWV�EH�PLQLPDO�RU�
]HUR��DQG�WKDW�WKH�GLVWULEXWLRQ�RI�HUURUV�LQ�WKH�LQWHUYHQLQJ�DUHDV�EH�D�OLQHDU�IXQFWLRQ�RI�WKH�
GLVWDQFH� EHWZHHQ� WKH� QHDUHVW� SRLQWV�� ,W� LV� DOVR� GHVLUDEOH� WKDW� VWUDLJKW� OLQHV� FURVVLQJ� WKH�
ERXQGDULHV� RI� ORFDO� UHJLRQV� QRW� EH� EURNHQ�� ,W� ZDV� VKRZQ� WKDW� WUDQVIRUPLQJ� VPDOO�
FRUUHVSRQGLQJ�WULDQJOHV�GUDZQ�IURP�WKH�FRQWURO�SRLQWV�ZLWK�D�OLQHDU��DIILQH��WUDQVIRUPDWLRQ�
ZRXOG�PHHW�WKHVH�FRQGLWLRQV��*RVKWDVE\���������+RZHYHU��SUDFWLFDO�LPSOHPHQWDWLRQ�RI�WKLV�
PHWKRG� IRU� UHDO�ZRUOG� LPDJHU\� LV� UDWKHU� PRUH� FRPSOH[�� 7KH� SURFHVV� RI� GUDZLQJ� QRQ��
LQWHUVHFWLQJ�OLQHV�EHWZHHQ�D�VHW�RI�SRLQWV�LV�FDOOHG�WULDQJXODWLRQ��$Q�RSWLPDO�WULDQJXODWLRQ�ZDV�
GHVFULEHG�E\�WKH�5XVVLDQ�PDWKHPDWLFLDQ�'HODXQD\�DQG�FDUULHV�KLV�QDPH��'HODXQD\���������
7KH�'HODXQD\�WULDQJXODWLRQ�KDV�WKH�GHVLUDEOH�SURSHUW\�WKDW�LW�PD[LPL]HV�WKH�VPDOOHVW�DQJOH�DW�
DQ\� YHUWH[� RYHU� DOO� WULDQJOHV�� � 1R� YHUWH[� LQ� WKH� YHUWH[� VHW� IDOOV� LQ� WKH� LQWHULRU� RI� WKH�
FLUFXPFLUFOH��FLUFOH�WKDW�SDVVHV�WKURXJK�DOO�WKUHH�YHUWLFHV��RI�DQ\�WULDQJOH�LQ�WKH�WULDQJXODWLRQ��

$�UHODWHG�SUREOHP�LV� WKH�FRQVWUXFWLRQ�RI�D�SRO\JRQ�DURXQG�HDFK�SRLQW�ZKLFK�GHOLPLWV� LWV�
VXUURXQGLQJ�DUHD�UHODWLYH�WR�DOO�QHDU�QHLJKERXU�SRLQWV��7KLV�SUREOHP�ZDV�GLVFXVVHG�HDUOLHU�E\�
DQRWKHU�5XVVLDQ�PDWKHPDWLFLDQ��9RURQRL��9RURQRL����������7KH�SDUWLWLRQLQJ�RI�D�SODQH�ZLWK� Q�
SRLQWV�LQWR� Q��FRQYH[�SRO\JRQV�VXFK�WKDW�HDFK�SRO\JRQ�FRQWDLQV�H[DFWO\�RQH�SRLQW�DQG�HYHU\�
SRLQW�LQ�D�JLYHQ�SRO\JRQ�LV�FORVHU�WR�LWV�FHQWUDO�SRLQW�WKDQ�WR�DQ\�RWKHU�LV�D�9RURQRL�GLDJUDP��,W�
LV�VRPHWLPHV�DOVR�NQRZQ�DV�D�'LULFKOHW�RU�7KHLVVHQ�WHVVHOODWLRQ��$�'HODXQD\�WULDQJXODWLRQ�LV�
VDLG�WR�EH�WKH�GXDO�RI�D�9RURQRL�WHVVHODWLRQ��EHFDXVH�WKH�OLQHV�RI�WKH�WULDQJXODWLRQ�LQWHUVHFW�
WKRVH�RI�WKH�WHVVHODWLRQ�DW�ULJKW�DQJOHV�DQG�RQH�GLDJUDP�FDQ�HDVLO\�EH�FRQVWUXFWHG�IURP�WKH�
RWKHU��*HRPHWULF�FRQVWUXFWLRQ�RI�VXFK�ILJXUHV�IRU�ODUJH�QXPEHUV�RI�SRLQWV�ZDV�JUHDWO\�VSHHGHG�
XS�E\�WKH�GHYHORSPHQW�RI�µVZHHS�OLQH¶�RU�µGLYLGH�DQG�FRQTXHU¶�DOJRULWKPV�ZKLFK�UHGXFH�WKH�
QXPEHU�RI�RSHUDWLRQV�WR�D�OLQHDU�PXOWLSOH�RI�WKH�QXPEHU�RI�SRLQWV�WLPHV�WKH�ORJDULWKP�RI�WKDW�
QXPEHU��)RUWXQH���������7KLV�LPSURYHG�RQ�HDUOLHU�OHVV�HIILFLHQW�PHWKRGV��6LEVRQ���������



$$5*QHZV����0DUFK�������

���

2QFH�WKH�WULDQJXODWLRQ�KDV�EHHQ�FDUULHG�RXW��WUDQVIRUPDWLRQ�RI�WKH�FRUUHVSRQGLQJ�WULDQJOHV�
PD\�SURFHHG�RQH�SDLU�DW�D�WLPH�DORQJ�ZLWK�VXLWDEOH�LQWHUSRODWLRQ�IURP�WKH�PRGHUQ�PDS�WR�WKH�
ROG�PDS��SL[HO�E\�SL[HO��*RVKWDVE\�UHFRJQLVHG�WKDW�D�SUREOHP�DULVHV�DERXW�ZKDW�WR�GR�ZLWK�WKH�
DUHD�RXWVLGH�WKH�OLQHV�FRQQHFWLQJ�WKH�RXWHUPRVW�SRLQWV��7KLV�SRO\JRQ�LV�FDOOHG�WKH�FRQYH[�KXOO�
RI� WKH� FRQWURO� SRLQWV��+H� VXJJHVWHG� D� WHFKQLTXH� IRU� GLYLGLQJ�XS� WKH� UHPDLQLQJ� DUHD� LQWR�
WULDQJOHV�RXWVLGH�WKH�KXOO�ZKLFK�PLJKW�EH�DPELJXRXV�IRU�WZR�LPDJHV��$�9RURQRL�WHVVHODWLRQ�RI�
WKH�ZKROH�VSDFH�ZKLFK�LV�FRQVLVWHQW�ULJKW�RXW�WR�WKH�FRUQHUV�PLJKW�EH�XVHG�IROORZHG�E\�DIILQH�
WUDQVIRUPDWLRQ�RQ�WKH�WULDQJOHV�FRQWDLQHG�ZLWKLQ�WKH�9RURQRL�SRO\JRQV��EXW�WKHUH�LV�DQ�HDVLHU�
ZD\��

8QOLNH� WKH� DUWLILFLDO� H[DPSOHV� JLYHQ� LQ� *RVKWDVE\
V� SXEOLFDWLRQ�� LW� LV� OLNHO\� WKDW� WKH�
FRUUHVSRQGLQJ�FRQWURO�SRLQW�VHW�RI�DQ�ROG�PDS�RU�QRQ�RSWLFDO�LPDJH�LV�UDQGRPO\�RULHQWHG�ZLWK�
UHVSHFW�WR�WKRVH�RQ�WKH�PRGHUQ�PDS��$�SUHOLPLQDU\�SURMHFWLYH�WUDQVIRUPDWLRQ�WR�EULQJ�WKHVH�
LQWR�DSSUR[LPDWH�FRUUHVSRQGHQFH�LV�QHHGHG�RU�LW�ZRQ
W�EH�SRVVLEOH�WR�EH�VXUH�ZKLFK�SDLUV�RI�
WULDQJOHV�FRUUHVSRQG��,I�WKDW�LV�GRQH�ILUVW��WKHQ�RQH�PLJKW�DV�ZHOO�XVH�WKH�FRUQHUV�RI�WKH�ZKROH�
LPDJH�RI�WKH�ROG�PDS�DV�DUWLILFLDO�FRQWURO�SRLQWV�ZLWK�D�WUDQVIRUPDWLRQ�WR�SURMHFW�WKHP�RQ�WR�
WKH�QHZ�PDS�ZKLFK�ZRXOG�WKHQ�XVH�WKHVH�H[WHULRU�SRLQWV�DV�WKH�RXWHU�ERXQGDU\��7KDW�SXWV�DOO�
UHDO�FRQWURO�SRLQWV�LQVLGH�WKH�FRQYH[�KXOOV�RI�WKH�IRXU�DUWLILFLDO�SRLQWV�LQ�LPDJH�DQG�PDS���7KH�
UHVXOWLQJ�DUWLILFLDO�WULDQJOHV�RQ�WKH�RXWHU�ERXQGDULHV�VKRXOG�QRW�EH�QRW�WRR�QDUURZ��KHQFH�D�
FRQVWDQW�VKRXOG�EH�DGGHG�RU�VXEWUDFWHG�IURP�WKH�FRRUGLQDWHV�RI�WKH�FRUQHU�SRLQWV�DOO�DURXQG�
WKH�RULJLQDO�LPDJH��

/RFDO�HUURU�LQ�WKH�SURMHFWLYH�WUDQVIRUPDWLRQ�GXH�WR�KLOO\�WHUUDLQ�PD\�EH�SDUWLDOO\�FRPSHQVDWHG�
ZLWK�WKH�VHFRQGDU\�EL�YDULDWH�SRO\QRPLDO�FRUUHFWLRQ�DOUHDG\�DYDLODEOH�LQ�WKH�$LU3KRWR�0XOWL��
3RLQW�PHWKRG�GXH�WR�:HLGQHU��6FROODU�HW�DO���������7KH�GHJUHH�RI�WKH�SRO\QRPLDO�PD\�EH�
FKRVHQ� DXWRPDWLFDOO\� DV� D� IXQFWLRQ� RI� WKH� DYDLODEOH� QXPEHU� RI� FRQWURO� SRLQWV�� 6LQFH�
WUDQVIRUPDWLRQ�ZLWK�D�SRO\QRPLDO�JUHDWHU�WKDQ�GHJUHH�ILYH�IDLOV�GXH�WR�URXQGLQJ�HUURUV�FDXVHG�
E\�KDUGZDUH�OLPLWDWLRQV��WKDW�LV�WKH�PRVW�WKDW�LV�QHHGHG�UHJDUGOHVV�RI�KRZ�PDQ\�DGGLWLRQDO�
FRQWURO�SRLQWV�PD\�EH�DYDLODEOH��

,Q�DGGLWLRQ��WKHUH�LV�D�SUREOHP�RI�VWDELOLW\�RI�WKH�LQGHSHQGHQW�WULDQJXODWLRQV�LQ�ROG�DQG�QHZ�
LPDJHV��ZLWK�WKH�SRVVLELOLW\�RI�GHJHQHUDF\��7ULDQJOHV�EHFRPH�GHJHQHUDWH�LI�WKUHH�DGMDFHQW�
SRLQWV�OLH�RQ�D�VWUDLJKW�OLQH�RU�ZKHQ�IRXU�SRLQWV�OLH�H[DFWO\�RQ�D�FLUFOH��VLQFH�WKHUH�DUH�WZR�
ZD\V�RI�GUDZLQJ�WKH�SDLU�RI�WULDQJOHV�GHSHQGLQJ�RQ�WKH�RULHQWDWLRQ�RI�WKH�GLDJRQDO��7KHVH�PD\�
KDYH�RSSRVLWH�RULHQWDWLRQV�LQ�ROG�DQG�QHZ�LPDJHV��'HJHQHUDF\�FDQ�EH�SUHYHQWHG�E\�XVLQJ�D�
VPDOO�UDQGRP�OLQHDU�WUDQVIRUPDWLRQ�RQ�HDFK�FRQWURO�SRLQW�EHIRUH�WULDQJXODWLRQ�DV�VXJJHVWHG�E\�
�%HLFKO���������EXW�WULDQJOHV�ZKLFK�DUH�LQFRQVLVWHQW�EHWZHHQ�ROG�DQG�QHZ�LPDJHV�PD\�VWLOO�
UHVXOW��2FFDVLRQDOO\��D�WULDQJOH�PD\�EH�FUHDWHG�LQ�RQH�LPDJH�ZKLFK�GRHV�QRW�H[LVW�LQ�WKH�RWKHU��
$�VFDQ�WKURXJK�WKH�WULDQJOH�OLVWV�SULRU�WR�WUDQVIRUPDWLRQ�PXVW�WKHUHIRUH�UHRUGHU�DOO�HQWULHV�IRU�
FRUUHVSRQGHQFH�ZKHUH�QHHGHG��VLQFH�WKH�'HODXQD\�DOJRULWKP�PD\�QRW�FUHDWH�WULDQJOHV�LQ�WKH�
VDPH�VHTXHQFH�IRU�ERWK�VHWV�RI�SRLQWV��)XUWKHUPRUH��WKH�YHUWH[�FRRUGLQDWHV�RI�FRUUHVSRQGLQJ�
WULDQJOHV�PD\�FRPH�LQ�DQ\�RUGHU��%\�FRPSDULQJ�WKH�UDWLRV�RI�WKH�DUHDV�WR�WKH�SHULPHWHUV�RI�
HDFK�SDLU�RI� WULDQJOHV�� UHPDLQLQJ� LQFRQVLVWHQF\�PD\�EH�GHWHFWHG��2IIHULQJ�D�XVHU�FKRVHQ�
WKUHVKROG�WR�VHOHFW�WKRVH�ZKLFK�GLIIHU�E\�PRUH�WKDQ�D�FKRVHQ�SHUFHQWDJH�IRU�VHSDUDWH�WUHDWPHQW�
LV�WKHQ�DSSURSULDWH��$�GXDO�SDVV�DSSURDFK��IODJJLQJ�WKH�FRQVLVWHQW�WULDQJOHV�LQ�WKH�ILUVW�SDVV�DV�
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GRQ
W�WRXFK
��WKHQ�XVLQJ�RQO\�WKH�RULHQWDWLRQ�RI�WKH�QHZ�PDS�WULDQJOHV�IRU�WKH�VHFRQG�SDVV�LV�D�
VLPSOH�VROXWLRQ��

,Q�$LU3KRWR����FRQWURO�SRLQWV�DUH�ILUVW�FKHFNHG�IRU�FRQVLVWHQF\��7KHQ�D�0XOWL�3RLQW�:HLGQHU�
WUDQVIRUPDWLRQ�LV�XVHG�WR�SURGXFH�DSSUR[LPDWH�FRUUHVSRQGHQFH�EHWZHHQ�VRXUFH�DQG�WDUJHW�
XVLQJ�FRQVWDQWV�GHWHUPLQHG�E\�6LQJXODU�9DOXH�'HFRPSRVLWLRQ��3UHVV�HW��DO��������ZLWK�DOO�
FRQWURO�SRLQWV��,I�WKHUH�DUH�EHWZHHQ���DQG���SRLQWV��D�SXUH�SURMHFWLYH�WUDQVIRUPDWLRQ��.UDXV��
������ LV� FRPSXWHG�� ,I� WKHUH� DUH� PRUH�� WKH� DGGLWLRQDO� EL�YDULDWH� SRO\QRPLDO� FRUUHFWLRQ�
GHVFULEHG� DERYH� LV� LQWURGXFHG�� WKH�RUGHU� RI� WKH� FRUUHFWLRQ�SRO\QRPLDO� GHSHQGLQJ�RQ� WKH�
DYDLODEOH�QXPEHU�RI�SRLQWV��6FROODU�HW�DO���������:LWK���WR���SRLQWV��RUGHU���LV�XVHG�����WR�����
RUGHU�������WR����RUGHU�������RU�PRUH��RUGHU����7KLV�FRPSOHWHV�WKH�ILUVW�FRUUHFWLRQ�SKDVH��

$V�VKRZQ�KHUH��WKH�PHWKRG�PD\�DOVR�EH�XVHG�RQ�REOLTXH�DHULDO� LPDJHV�LI�WKHUH�DUH�D�IDLUO\�ODUJH�
QXPEHU�����RU�PRUH��RI�YLVLEOH�FRQWURO�SRLQWV��7KLV�PD\�EH�XVHG�WR�LPSURYH�WKH�DFFXUDF\�RI�VLQJOH�
LPDJH�UHFWLILFDWLRQ�LI�GHVLUHG��
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7KH�VDPH�LPDJH�VDYHG�WR�D�EODQN�EDFNJURXQG�ZLWKRXW�WKH�PDS�RYHUODLQ��

7KH�VHW�RI�SRLQWV�LQ�WKH�SUHOLPLQDU\�LPDJH�QRZ�EHFRPH�D�QHZ�VRXUFH�DQG�WKRVH�RI�WKH�PRGHUQ�
PDS�DUH�XVHG�WR�FRPSXWH�'HODXQD\�WULDQJXODWLRQV�IRU�HDFK��7KHQ�IRU�FRUUHVSRQGLQJ�WULDQJOHV��
DQ�DIILQH�WUDQVIRUPDWLRQ�LV�FRPSXWHG�DQG�DSSOLHG�WR�WUDQVIHU�WKH�GDWD�IURP�WKH�SUHYLRXVO\�
UHFWLILHG�VRXUFH�LPDJH�WR�WKH�RULJLQDO�PRGHUQ�PDS��7KLV�SURGXFHV�WKH�GHVLUHG�DGGLWLRQDO�VPDOO�
ORFDO�VWUHWFK�DURXQG�HDFK�RI�WKH�FRQWURO�SRLQWV��$Q\�HUURUV�LQ�WKH�RWKHU�LPDJH�SLFWXUH�HOHPHQW�
SRVLWLRQV�DUH�FRQILQHG�ORFDOO\�WR�WKH�LPPHGLDWH�DUHD�DURXQG�WKH�SRLQW��

6HYHUDO�GLIIHUHQW�RSWLRQV�IRU�GLVSOD\LQJ�WKH�UHVXOW�DUH�RIIHUHG��LQFOXGLQJ�PHUJLQJ�RI�WKH�OLQHV�
RI�WKH�ROG�ZLWK�WKH�QHZ�PDS�ZKHUH�WKH�QHZ�KDV�SULRULW\�RYHU�WKH�ROG��RYHUZULWLQJ�WKH�QHZ�PDS�
ZLWK�WKH�ROG�RQH�OHDYLQJ�RWKHU�DUHDV�XQFKDQJHG��FUHDWLQJ�DQ�XQGLVWRUWHG�YHUVLRQ�RI�WKH�ROG�PDS�
RU�PL[LQJ�WKH�OLQHV�ERWK�LQ�XVHU�VHOHFWDEOH�SURSRUWLRQV��$�GLDJQRVWLF�RSWLRQ�LV�DOVR�LQFOXGHG�WR�
DLG�ZLWK�SODFHPHQW�RI�FRQWURO�SRLQWV��,W�VKRZV�HLWKHU�DOO�WKH�WULDQJOHV�LQ�ERWK�LPDJHV�RU�RQO\�
WKRVH�ZKLFK�DUH�LQFRQVLVWHQW��
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5HIHUHQFHV��

%HLFKO�� ,��� ������ � 'HDOLQJ� ZLWK� GHJHQHUDF\� LQ� WULDQJXODWLRQ�� &RPSXWLQJ� LQ� 6FLHQFH� 	�
(QJLQHHULQJ� �����������
%HUQVWHLQ��5����������'LJLWDO�LPDJH�SURFHVVLQJ�RI�HDUWK�REVHUYDWLRQ�GDWD�� ,%0�-RXUQDO�RI�
5HVHDUFK�DQG�'HYHORSPHQW� ������������
'HODXQD\��%����������6XU�OD�VSKHUH�YLGH��$�OD�PpPRLUH�GH�*HRUJHV�9RURQRL��,]Y�� %XOO��$FDG��
6FL��8665��&ODVV��6FL��0DWK��1DW��� �������������
)RUWXQH��6����������$�VZHHS�OLQH�DOJRULWKP�IRU�9RURQRL�GLDJUDPV�� $OJRULWKPLFD� �������������
*RVKWDVE\��$����������3LHFHZLVH�OLQHDU�PDSSLQJ�IXQFWLRQV�IRU�LPDJH�UHJLVWUDWLRQ�� 3DWWHUQ�
5HFRJQLWLRQ� ��������������
.UDXV��.�������������� 3KRWJUDPPHWULH���)��'XHPPOHU�9HUODJ��%RQQ��
3UHVV��:�+��)ODQQHU\��%�3��7HXNROVN\��6�$��9HWWHUOLQJ��:�7��������� 1XPHULFDO�5HFLSHV���
&DPEULGJH�8QLYHUVLW\�3UHVV��

6FROODU��,���7DEEDJK��$��+HVVH��$��+HU]RJ��,��������� $UFKDHRORJLFDO�3URVSHFWLQJ�DQG�5HPRWH�
6HQVLQJ���&KDSWHU����&DPEULGJH�8QLYHUVLW\�3UHVV��
6LEVRQ�� 5��� ������ � $� EULHI� GHVFULSWLRQ� RI� QDWXUDO� QHLJKERXU� LQWHUSRODWLRQ�� ,QWHUSUHWLQJ�
0XOWLYDULDWH�'DWD���S��������HG��9��%DUQHW��:LOH\��&KLFKHVWHU��

9RURQRL�*�)���������1RXYHOOHV�DSSOLFDWLRQV�GHV�SDUDPþWUHV�FRQWLQXV�Ě �OD�WKpRULH�GHV�IRUPHV�
TXDGUDWLTXHV��'HX[LþPH�0pPRLUH��5HFKHUFKH�VXU�OHV�SDUDOOpORþGUHV�SULPLWLIV�� -RXUQDO�5HLQH�
X��$QJHZDQGWH�0DWKHPDWLN� ���������������

$FNQRZOHGJHPHQWV��

$UGHVKLU�*RVKWDVE\���'D\WRQ��2KLR��86$�DQG�WKH�DXWKRU�KDG�DQ�H[WHQVLYH�H�PDLO�GLVFXVVLRQ�
LQ� ����� FRQFHUQLQJ� LPSURYHPHQWV� WR� EH� PDGH� WR� KLV� ����� DOJRULWKP� IRU� ORFDO� LPDJH�
VWUHWFKLQJ��

'XULQJ�GHYHORSPHQW��'DYLG�0RWNLQ��,VOH�RI�:LJKW��8.��SDWLHQWO\�WHVWHG�WKH�SURJUDPPH�RQ�KLV�
GDWD��+LV�KHOSIXO�FRPPHQWV�OHG�WR�WKH�UHFRJQLWLRQ�RI�PDQ\�RI�WKH�FRPSOLFDWLRQV�GHVFULEHG�
DERYH�DQG�DLGHG�LQ�WKHLU�VROXWLRQ��

%HUQG� :HLGQHU�� ,QWHUDFWLYH� ,QVWUXPHQWV� *PE+�� %RQQ�� *HUPDQ\�� ZKHQ� DW� WKH� DXWKRU
V�
ODERUDWRU\�LQ�WKH�HDUO\�����
V��LQYHQWHG�WKH�SRO\QRPLDOO\�PRGLILHG�SURMHFWLYH�WUDQVIRUPDWLRQ�
XVHG�LQ�WKH�ILUVW�SKDVH�DV�GHVFULEHG�DERYH���+H�RIIHUHG�YDOXDEOH�DGYLFH�DQG�HIILFLHQW�VDPSOH�
FRGH�IRU�WKH�DIILQH�WUDQVIRUPDWLRQ�XVHG�LQ�WKH�ORFDO�VWUHWFKLQJ�DOJRULWKP��DQG�KH�VXJJHVWHG�
XVLQJ�WKH�DUHD�SHULPHWHU�UDWLR�DV�D�PHDVXUH�RI�WULDQJOH�VLPLODULW\��
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7KH�,VOH�RI�:LJKW�LV�DQ�LVODQG�RI�VRPH�����VTXDUH�NLORPHWUHV�O\LQJ�LQ�WKH�(QJOLVK�&KDQQHO�
YHU\�FORVH�WR�WKH�VRXWK�FRDVW�RI�(QJODQG��ILJXUH������:LWK�YDULHG�JHRORJ\�WKH�ODQGVFDSH�KDV�LQ�
WKH� SDVW� EHHQ� ODUJHO\� UXUDO� LQ� FKDUDFWHU� ZLWK� QXPHURXV� VPDOO� IDUPV� DQG� DJULFXOWXUDO�
VHWWOHPHQWV���7KH�LQWHQVLILFDWLRQ�RI�DJULFXOWXUH�VLQFH�WKH�VHFRQG�ZRUOG�ZDU�KDV�OHG�WR�WKH�ORVV�
RI�PDQ\�RI�WKH�DQFLHQW�KHGJHURZV�DV�ILHOGV�KDYH�EHHQ�HQODUJHG�DQG�UH�DOLJQHG���7KH�QHHG�WR�
DFFRPPRGDWH�D�IRUW\�SHUFHQW�LQFUHDVH�LQ�SRSXODWLRQ��IURP��������LQ������WR�QHDUO\���������
LQ�������RYHU�WKH�SDVW�ILIW\�\HDUV�KDV�SXW�IXUWKHU�VWUHVV�RQ�WKH�LVODQG¶V�ODQGVFDSH����.QRZOHGJH�
RI�KRZ�WKLQJV�ZHUH�EHIRUH�WKH�UHFHQW�FKDQJHV�LV�WKXV�RI�SDUWLFXODU�YDOXH�ZKHQ�VWXG\LQJ�WKH�
KLVWRULF�ODQGVFDSH��HQYLURQPHQW�DQG�HFRORJ\�RI�WKH�LVODQG��

'XH�WR�LWV�LQVXODU�QDWXUH�DQG�LWV�VRIW�FOD\V��WKH�,VOH�RI�:LJKW�LV�YXOQHUDEOH�WR�FRDVWDO�HURVLRQ��
SDUWLFXODUO\�DORQJ� LWV�VRXWKHUQ�FRDVWOLQH��ZKLFK� LV� IUHTXHQWO\�H[SRVHG� WR�$WODQWLF�VWRUPV��
4XDQWLILFDWLRQ�RI�SDVW�HURVLRQ�ORVV�LV�RI�LQWHUHVW�LQ�
WKH�VFLHQFH�RI�FRDVWOLQH�PDQDJHPHQW�EXW�VSHFLILF�
PHDVXUHPHQWV�GR�QRW�DOZD\V�H[LVW���,W�LV�XVXDOO\�
QHFHVVDU\�WR�ORRN�WR�HDUO\�FDUWRJUDSK\�IRU�WKHVH��

)URP� WKH� HOHYHQWK� WR� WKH� QLQHWHHQWK� FHQWXU\�
VRXWKHUQ�(QJODQG�ZDV�LQ�WKH�IURQW�OLQH�IRU�UHDO�RU�
LPDJLQHG� DWWDFN� E\� WKH� FRXQWU\¶V� WUDGLWLRQDO�
HQHP\��)UDQFH���7KH�,VOH�RI�:LJKW��FRQWUROOLQJ�
DFFHVV�WR�WKH�PDMRU�(QJOLVK�SRUWV�RI�3RUWVPRXWK�
DQG�6RXWKDPSWRQ�DQG�WKHLU�DQFKRUDJHV��ZDV�RI�
SDUWLFXODU�VWUDWHJLF�LPSRUWDQFH�DQG�GLG��LQ�IDFW��
VXIIHU�VHYHUDO�DWWDFNV�DQG�LQYDVLRQV�E\�PDUDXGLQJ�
)UHQFK��

7KH������VXUYH\�
,Q�WKH�ODWH�HLJKWHHQWK�FHQWXU\�WKHUH�ZHUH�IHDUV�WKDW�WKH�)UHQFK�5HYROXWLRQ�PLJKW�VZHHS�DFURVV�
WKH�(QJOLVK�&KDQQHO���6HQVLQJ�WKH�GDQJHU��LQ������WKH�JRYHUQPHQW�VHW�XS�WKH�7ULJRQRPHWULFDO�
6XUYH\�RI��WKH�%RDUG�RI�2UGQDQFH��ODWHU�WR�EHFRPH�NQRZQ�DV�WKH�2UGQDQFH�6XUYH\��WR�FDUU\�
RXW�D�VXUYH\�RI�(QJODQG¶V�YXOQHUDEOH�VRXWKHUQ�FRDVWV��26�����D���7KH�SULPDU\�WULDQJXODWLRQ�
RI�WKH�,VOH�RI�:LJKW�WRRN�SODFH�HDUO\�LQ������XQGHU�WKH�GLUHFWLRQ�RI�&DSWDLQ�:LOOLDP�0XGJH�
DQG� ,VDDF�'DOE\� �+DUOH\�������� �$�SULPDU\� VWDWLRQ�� OLQNHG�E\�REVHUYDWLRQ� WR�D�JHRGHWLF�
QHWZRUN�RI�VWDWLRQV�RQ�WKH�PDLQODQG��ZDV�VHW�XS�DW�'XQQRVH�RQ�6KDQNOLQ�'RZQ�DQG�IURP�WKLV�
RWKHU�ORFDO�WULDQJXODWLRQ�VWDWLRQV�ZHUH�VHW�XS�XVLQJ�D�5DPVGHQ�WKHRGROLWH��)URP�WKLV�QHWZRUN�D�
UDSLG�� WKRXJK� GHWDLOHG�� VXUYH\� RI� WKH� LVODQG�ZDV�PDGH� WR� D� VFDOH� RI� �� LQFKHV� WR� ��PLOH�
������������'HODQR�6PLWK�	�.DLQ��������7HQ�PDQXVFULSW�PDSV��FRYHULQJ�DOPRVW�WKH�HQWLUH�
LVODQG��VXUYLYH�IURP�WKLV�VXUYH\�DQG�DUH�SUHVHUYHG�LQ�WKH�3XEOLF�5HFRUG�2IILFH��.HZ��8.�
�0XGJH��������2QH�RI�WKHVH�PDSV�EHDUV�WKH�VLJQDWXUH�*�:��0XOFDVWHU��SHUKDSV�D�GUDIWVPDQ��

8VLQJ�WKH�ORFDO�VWUHWFKLQJ�IXQFWLRQ�RI�$LU3KRWR���WR�FRUUHFW�D�ODWH�HLJKWHHQWK�
FHQWXU\�PDS�RI�WKH�,VOH�RI�:LJKW��8.��

'DYLG�0RWNLQ�

)LJXUH����6RXWK�HDVWHUQ�(QJODQG��VKRZLQJ�WKH�
� ������ORFDWLRQ�RI�WKH�,VOH�RI�:LJKW�
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DQG�WKH�GDWH����QG��-XQH��������,W�KDV�VRPHWLPHV�EHHQ�DVVXPHG�WKDW�WKLV�HQWLUH�VXUYH\�ZDV�
FRPSOHWHG�LQ�������WKRXJK�WKLV�PLJKW�VHHP�WR�EH�DQ�XQUHDVRQDEOH�DVVXPSWLRQ�DQG�WKH�ZRUN�
PD\�KDYH�WDNHQ�PRUH�WKDQ�RQH�\HDU��

)LJXUH����'HWDLO�IURP�WKH������PDS��QRPLQDO�VFDOH���LQFK�WR���PLOH�DV�GUDZQ���7KLV�FRS\�DW������

7KH�PDSV�� ZKLFK� ZHUH� GUDZQ� E\� VHYHUDO� GLIIHUHQW� KDQGV�� DUH� LQFUHGLEO\� GHWDLOHG�� HYHQ�
VRPHWLPHV� VKRZLQJ� JDWHZD\V� LQWR� ILHOGV� �ILJXUH� ���� 1RW� HYHU\� SRLQW� RQ� WKH� PDSV� ZDV�
HVWDEOLVKHG�E\�WKHRGROLWH�VXUYH\��$IWHU�WKH�PDLQ�QHWZRUN�KDG�EHHQ�HVWDEOLVKHG�PXFK�RI�WKH�
UHVW�RI�WKH�ZRUN�ZDV�SUREDEO\�FDUULHG�RXW�XVLQJ�FKDLQV�DQG�D�PDJQHWLF�FRPSDVV��1HWZRUNV�RI�
VPDOO� ILHOGV� ZHUH� SUREDEO\�PHDVXUHG� E\� SDFLQJ� DQG� VRPH� DUHDV�PD\� KDYH� EHHQ� GUDZQ�
IUHHKDQG��

3KRWRJUDSKLF�FRSLHV�RI�WKH������PDSV�DUH�KHOG�LQ�WKH�,VOH�RI�:LJKW�&RXQW\�5HFRUG�2IILFH�DQG�
WDWWHUHG�SKRWRFRSLHV�RI�WKHVH�DUH�KHOG�E\�WKH�&RXQW\�$UFKDHRORJ\�DQG�+LVWRULF�(QYLURQPHQW�
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6HUYLFH���:KLOVW�,�ZDV�HPSOR\HG�WKHUH�P\�FROOHDJXHV�DQG�,�XVHG�WKHP�UHJXODUO\�DQG�ZH�RIWHQ�
GUHDPHG�RI�WKH�GD\�ZKHQ�WKH�ROG�PDSV�FRXOG�EH�VWRUHG�RQ�FRPSXWHU�DQG�XVHG�DV�D�OD\HU�ZLWKLQ�
WKH�RIILFH�*,6���7KLV�ZRXOG�UHTXLUH�WKDW�WKH\�ZHUH�IXOO\�JHRUHIHUHQFHG�DQG�WKDW�HUURUV�DQG�
GLVWRUWLRQV�ZHUH�UHPRYHG�DV�IDU�DV�SRVVLEOH���$IWHU�UHWLUHPHQW�,�FRQVLGHUHG�WKLV�IXUWKHU�DQG�
GHFLGHG�WR�DVVLVW�WKH�6HUYLFH�LQ�D�YROXQWDU\�FDSDFLW\�LQ�RUGHU�WR�UHDOLVH�WKH�GUHDP��

7KH�SURMHFW�
,�EHJDQ� WKH�SURMHFW� LQ������ZKLOVW� ,�ZDV�DVVLVWLQJ� ,UZLQ�6FROODU�ZLWK� WKH�EHWD� WHVWLQJ�RI�
$LU3KRWR� ��� � 7KH� ILUVW� VWDJH� ZDV� WR� MRLQ� WRJHWKHU�� XVLQJ� $GREH� 3KRWR6KRS�� ��� FOHDQ�
SKRWRFRSLHV�RI�WKH������PDSV��WRJHWKHU�FRYHULQJ�DERXW�D�TXDUWHU�RI�WKH�ODQG�DUHD�RI�WKH�LVODQG��
7KLV�ZRXOG�SURYLGH�D�VDPSOH�RI�WKH�GDWD�ZLWK�ZKLFK�WR�EHJLQ�ZRUN��8QIRUWXQDWHO\�WKH�MRLQLQJ�
ZDV�QRW�DV�HDV\�DV�H[SHFWHG�EHFDXVH�WKH�SKRWRFRSLHV�DOO�KDG�VOLJKWO\�GLIIHUHQW�RULHQWDWLRQV�DQG�
H[KLELWHG�VOLJKW�GLVWRUWLRQ�GXH�WR�WKH�SKRWRFRSLHUV��PRUH�WKDQ�RQH�RI�ZKLFK�KDG�EHHQ�XVHG��
7KH\�DOVR�VSDQQHG� WKH�DUHDV�RI�PRUH� WKDQ�RQH�RI� WKH�RULJLQDO�PDS�VKHHWV�� �7KHVH�PDSV��
EHVLGHV�EHLQJ�WKH�ZRUN�RI�GLIIHUHQW�GUDIWVPHQ��KDG�DOVR�VXIIHUHG�GLIIHUHQW�GHJUHHV�RI�SDSHU�
VWUHWFK���1HYHUWKHOHVV��ZLWK�RQO\�D�OLWWOH�³DGMXVWPHQW´��DQ�DSSDUHQWO\�FRQWLQXRXV�VFDQQHG�PDS�
ZDV�HYHQWXDOO\�SURGXFHG��

7KH�QH[W�VWDJH�ZDV�WR�WU\�D�SRO\QRPLDO�WUDQVIRUP�DJDLQVW�D�PRGHUQ�2UGQDQFH�6XUYH\�PDS��
7KH�&RXQFLO¶V��������/DQGOLQH�GLJLWDO�PDS�EDVH�ZDV�XVHG�DV�WKH�WDUJHW�IRU�WKLV�H[SHULPHQW�
DQG�WKH�WUDQVIRUP�ZDV�FDUULHG�RXW�LQ�$LU3KRWR�XVLQJ����FRQWURO�SRLQWV���7KH�UHVXOWLQJ�ILW�ZDV�
SRRU��ZLWK�ORFDO�HUURUV�RI�XS�WR�����PHWUHV���,W�ZDV�DSSDUHQW�WKDW�LQ�DGGLWLRQ�WR�GLVWRUWLRQV�DQG�
VPDOO�UDQGRP�HUURUV�LQ�WKH������PDS��WKHUH�ZHUH�DOVR�VPDOO�DUHDV�ZKLFK�DUH�RIIVHW��SHUKDSV�
GXH�WR�FRPSDVV�HUURU�GXULQJ�WKH�VXUYH\���&RQYHQWLRQDO�WUDQVIRUP�FDQ�UHPRYH�PRVW�RI�WKRVH�
GLVWRUWLRQV�ZKLFK� FDQ�EH�GHVFULEHG�PDWKHPDWLFDOO\�� EXW� LW� FDQQRW� FRUUHFW� UDQGRP�HUURUV��
7KHVH�PXVW�EH�FRUUHFWHG�LQGLYLGXDOO\�� �7KH�EHVW� WRRO�IRU� WKLV�ZRXOG�EH�D�UXEEHU�VKHHW�RU�
PRUSKLQJ�SURJUDPPH��

'LVFXVVLRQ�ZLWK�,UZLQ�6FROODU�UHYHDOHG�WKDW�KH�ZDV�DOUHDG\�FRQVLGHULQJ�WKH�LQFOXVLRQ�RI�D�
VLPLODU�IHDWXUH��QRZ�NQRZQ�DV�³ORFDO�VWUHWFK�´�LQ�D�IXWXUH�YHUVLRQ�RI�$LU3KRWR��6FROODU��WKLV�
YROXPH����$LU3KRWR���KDV�QRZ�EHHQ�LQ�GHYHORSPHQW�IRU�VHYHUDO�PRQWKV��DQG�WKH�DOJRULWKP�
GHVFULEHG�KHUH�E\�6FROODU�KDV�EHHQ�SURYHG�E\�H[WHQVLYH�WHVWLQJ�DJDLQVW�WKH������PDS�GDWD��

7R�DYRLG�IUHTXHQW�DQG�SURORQJHG�YLVLWV�WR�WKH�RIILFHV�RI�WKH�$UFKDHRORJ\�6HUYLFH�WR�XVH�WKH�
GLJLWDO�PDSV�RQ�WKHLU�PDS�VHUYHU��LW�ZDV�GHFLGHG�WKDW�WKH�LQLWLDO�WHVWLQJ�VKRXOG�EH�FDUULHG�RXW�
XVLQJ�RWKHU�PRUH�HDVLO\�DYDLODEOH�UHIHUHQFH�VRXUFHV�DV�WDUJHWV���7ZR�VXFK�WDUJHWV�KDYH�EHHQ�
XVHG� LQ� WKH�GHYHORSPHQW�� �7KH�ILUVW�RI� WKHVH� WDUJHWV� LV�D�KLJK� OHYHO�DHULDO� UHFRQQDLVVDQFH�
SKRWRJUDSK��/XIWZDIIH��������RQH�RI�PDQ\�WDNHQ�RYHU�WKH�,VOH�RI�:LJKW�E\�WKH�*HUPDQ�DLU�
IRUFH�GXULQJ�WKH�VHFRQG�ZRUOG�ZDU��7KLV�VKRZV�WKH�ODQGVFDSH�DV�LW�KDG�HYROYHG�RYHU�WKH�����
\HDUV�VLQFH�������7KHVH�SKRWRJUDSKV�DUH�SDUW�RI�D�KXJH�FROOHFWLRQ�RI�DHULDO�SKRWRJUDSKV�ZKLFK�
IHOO�LQWR�86�KDQGV�DQG�WUDYHOOHG�YLD�WKH�8.�WR�WKH�86$�LQ�³2SHUDWLRQ�'LFN�7UDF\´��������
PLOOLRQ�RI� WKHVH� ���[� ��� LQFK�SULQWV� DUH� QRZ� VWRUHG� DV� ³*;�3ULQWV´� LQ� WKH�86�1DWLRQDO�
$UFKLYHV��0DU\ODQG���,Q������WKH�,VOH�RI�:LJKW�$UFKDHRORJ\�6HUYLFH�SXUFKDVHG�����FRS\�
QHJDWLYHV�WDNHQ�IURP�SULQWV�LQ�WKLV�FROOHFWLRQ��

7KH�VHFRQG�WDUJHW�XVHG�LQ�WKH�WHVWLQJ�KDV�EHHQ�D�VFDQQHG�VHFWLRQ�RI�D����������2UGQDQFH�
6XUYH\�SDSHU�PDS�SXEOLVKHG�LQ�������26�������ZKLFK�LV�XQGHUVWRRG�WR�EH�EDVHG�ODUJHO\�RQ�
������������������ VXUYH\� FDUULHG� RXW� EHWZHHQ������ DQG������ �PRVW� SUREDEO\� ������� ,Q�
DGGLWLRQ�WR�ILHOG�ERXQGDULHV��WKLV�SULQWHG�PDS�VKRZHG�FRQWRXU�OLQHV��WRXULVW�LQIRUPDWLRQ�DQG�
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RWKHU� IHDWXUHV� LQ� FRORXU� DQG� WKH� VFDQ� UHTXLUHG� SURFHVVLQJ� LQ� $GREH� 3KRWR6KRS� VR� WKDW�
GLVWUDFWLQJ�LQIRUPDWLRQ�FRXOG�EH�UHPRYHG��

)LJXUH����3RUWLRQ�RI�WKH������PDS�VWUHWFKHG�RQWR�D������*HUPDQ�DLU�SKRWRJUDSK�RI�WKH�,VOH�RI�:LJKW��
6FDOH���������

6WUHWFKLQJ�WKH�PDS�
7KH�SURFHGXUH�IRU�ILWWLQJ�DQ�ROG�PDS�LV�VLPLODU�UHJDUGOHVV�RI�WKH�W\SH�RI�WDUJHW�XVHG���%RWK�WKH�
ROG�PDS�DQG� WKH� WDUJHW�DUH� LQSXW� WR�$LU3KRWR���DQG� WKH�ROG�PDS� LV� VHW� WR�EH� WKH� VRXUFH��
&DOLEUDWLRQ�SRLQWV�VKRXOG�QRUPDOO\�EH�VHW�IRU�WKH�WDUJHW�VR�WKDW�WKH�UHVXOWV�ZLOO�FRQIRUP�WR�WKH�
QDWLRQDO�GDWXP��)RXU�RU�ILYH�ZHOO�VSDFHG�SRLQWV�ZKLFK�DUH�NQRZQ�WR�FRUUHVSRQG�LQ�ERWK�WDUJHW�
DQG�VRXUFH�DUH�ILUVW�VHW�DV�FRQWURO�SRLQWV���$�WUDQVIRUP�LV�WKHQ�FDUULHG�RXW�LQ�VWUHWFK�PRGH��ZLWK�
WKH�LQFRQVLVWHQW�WULDQJOH�WKUHVKROG�VHW�LQLWLDOO\�WR������DQG�WKH�UHVXOW�LV�LQVSHFWHG���$�OLWWOH�
H[SHULPHQW�DW�WKLV�WLPH�ZLOO�VKRZ�ZKLFK�RXWSXW�RSWLRQ�JLYHV�WKH�EHVW�GLVFULPLQDWLRQ�EHWZHHQ�
VRXUFH�DQG�WDUJHW�LQ�WKH�UHVXOW���,QVSHFWLRQ�RI�WKH�UHVXOW�ZLOO�HQDEOH�IXUWKHU�FRQWURO�SRLQWV�WR�EH�
DGGHG���7KHVH�DUH�EHVW�DGGHG�RQH�DW�D�WLPH���,I�LQFRQVLVWHQW�WULDQJOHV�DUH�JHQHUDWHG�WKLV�RIWHQ�
PHDQV�WKDW�LQVXIILFLHQW�FRQWURO�KDV�EHHQ�SURYLGHG�LQ�D�SDUWLFXODU�DUHD���$LU3KRWR���SURYLGHV�DQ�
DGMXVWDEOH� WKUHVKROG�IRU�UHVSRQGLQJ�WR�VXFK�WULDQJOHV�DQG�DOVR�D�PHDQV�RI�YLHZLQJ�HLWKHU�



$$5*QHZV����0DUFK�������

���

LQFRQVLVWHQW�WULDQJOHV�RU�DOO�WULDQJOHV���$OO�WKHVH�IDFLOLWLHV�ZLOO�SUREDEO\�EH�XVHG�DV�IXUWKHU�
FRQWURO�SRLQWV�DUH�DGGHG���:KHQ�D�YLVXDOO\�VDWLVIDFWRU\�VWUHWFK�KDV�EHHQ�DFKLHYHG��DQG�WKLV�
PD\�UHTXLUH�ODUJH�QXPEHUV�RI�FRQWURO�SRLQWV��WKH�ILQDO�UHVXOW�VKRXOG�EH�JHQHUDWHG�XVLQJ�DQ�
DSSURSULDWH�RXWSXW�RSWLRQ�DQG�PD\�WKHQ�EH�VDYHG�LQ�RQH�RI�D�ODUJH�QXPEHU�RI�IRUPDWV��

7KH�HDUO\�UHVXOWV�VKRZQ�KHUH�SURYLGH�DQ�LGHD�RI�ZKDW�PLJKW�EH�DFKLHYHG���$OO�VWUHWFKHV�ZHUH�
FDUULHG�RXW�XVLQJ�WKH�IXOO�UHVROXWLRQ�RI�WKH�RULJLQDO�PDS��EXW�WKH�VFDOH�KDV�EHHQ�UHGXFHG�LQ�WKH�
LOOXVWUDWLRQV�VR�WKDW�D�VXIILFLHQWO\�ZLGH�DUHD�FDQ�EH�VKRZQ�LQ�WKH�OLPLWHG�VSDFH�DYDLODEOH�KHUH��
)LJXUH���VKRZV�D�SRUWLRQ�RI�WKH������PDS�VWUHWFKHG�RQWR�WKH������*HUPDQ�DLU�SKRWRJUDSK��
)LIW\�ILYH�FRQWURO�SRLQWV�ZHUH�XVHG�WR�JHQHUDWH�WKH�GHJUHH�RI�PDWFK�VKRZQ��ZKLFK�FRXOG�EH�
LPSURYHG�LI�PRUH�FRQWURO�ZDV�DGGHG���,Q�WKH�DUHD�VKRZQ�WKH�ORVV�RI�KHGJHURZV�DQG�WKH�UH��
DUUDQJHPHQW�RI�ILHOGV�RYHU�WKH�SHULRG�RI�����\HDUV�KDG�QRW�EHHQ�SDUWLFXODUO\�VHYHUH���,Q�WKH�
LPPHGLDWH�SRVW�ZDU�\HDUV�PXFK�RI�WKH�RSHQ�GRZQODQG�ZDV�SODQWHG�ZLWK�WUHHV�RU�ZDV�EURXJKW�
LQWR�FXOWLYDWLRQ���'XULQJ�WKH�����V�DQG�����V�WKH�VSUHDG�RI�LQGXVWULDOLVHG�IDUPLQJ�UHVXOWHG�LQ�
WKH�ORVV�RI�PDQ\�RI�WKH�VPDOOHU�ILHOGV�DQG�WKHLU�DQFLHQW�ERXQGDULHV���:KHQ�WKH������PDSV�DUH�
SODFHG�RYHU�PRGHUQ�GLJLWDO�PDSV�WKLV�ORVV�RI�KHULWDJH�ZLOO�EHFRPH�PXFK�PRUH�DSSDUHQW��

)LJXUH���VKRZV�SDUW�RI�D�VWUHWFK�RQWR�WKH�2UGQDQFH�6XUYH\�SDSHU�PDS��PDGH�XVLQJ����FRQWURO�
SRLQWV���:H�KDG�LQWHQGHG�WR�LQFOXGH�D�PXFK�ODUJHU�LOOXVWUDWLRQ�KHUH�EXW�WKLV�ZDV�QRW�SRVVLEOH�
EHFDXVH�WKH�2UGQDQFH�6XUYH\�GHPDQGHG�DQ�XQDFFHSWDEO\�KLJK�OLFHQFH�IHH�IRU�SHUPLVVLRQ�WR�
SXEOLVK�DQ�LOOXVWUDWLRQ�FRQWDLQLQJ�LQIRUPDWLRQ�GUDZQ�IURP�RQH�RI�WKHLU�PDSV�DW�D�VL]H�ODUJHU�
WKDQ�$���$OWKRXJK�VWLOO�D�JRYHUQPHQW�DJHQF\��WKH�2UGQDQFH�6XUYH\�LV�UHTXLUHG�WR�FRYHU�LWV�
RSHUDWLQJ�FRVWV�WKURXJK�VDOHV�RI�SURGXFWV��VHUYLFHV�DQG�FRS\ULJKW�OLFHQVHV���26�����E����,W�
VHHPV�VRPHZKDW�GLVJUDFHIXO�WKDW�WKH�XVH�RI�IDFWXDO�GDWD�LV�UHVWULFWHG�LQ�WKLV�ZD\��HVSHFLDOO\�DV�
WKH�FROOHFWLRQ�RI�WKDW�����V�GDWD�ZDV�IXQGHG�
IURP�RXU�RZQ�WD[HV��:KDW�KDV�KDSSHQHG�WR�WKH�
FRQFHSW�RI�IUHHGRP�RI�LQIRUPDWLRQ"�

7KH�GHYHORSPHQW�RI�RWKHU�QHZ�IXQFWLRQV�IRU�
$LU3KRWR���LV�VWLOO�SURJUHVVLQJ���:KHQ�WKH�ILQDO�
YHUVLRQ�LV�UHOHDVHG�ODWHU�WKLV�\HDU�WKH�ILWWLQJ�RI�
WKH�HQWLUH������PDS�WR�PRGHUQ�GLJLWDO�GDWD�
ZLOO�EHJLQ��

)LJXUH� ��� 6PDOO� SDUW� RI� VWUHWFKHG� ����� PDS�
RYHUODLG�RQ�JKRVWHG�RXWOLQHV�WDNHQ�IURP�D���������
2UGQDQFH�6XUYH\�PDS���6FDOH�UHGXFHG�WR����������
‹�&URZQ�FRS\ULJKW��1&�$�´�
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5HIHUHQFHV�
'HODQR�6PLWK��&��	�.DLQ��5�-�3�������� (QJOLVK�0DSV��D�KLVWRU\���7KH�%ULWLVK�/LEUDU\��/RQGRQ��
+DUOH\��-�%��������)RRWQRWHV�WR� 0DS�6KHHW����,VOH�RI�:LJKW���'DYLG�	�&KDUOHV��1HZWRQ�$EERW��

/XIWZDIIH�������*HUPDQ�IORZQ�DHULDO�SKRWRJUDSK�RI�SDUW�RI�WKH�,VOH�RI�:LJKW��8.��GDWHG����
0D\�������*;�������6*��IUDPH������KHOG�LQ�5HFRUG�*URXS������86�1DWLRQDO�$UFKLYHV��
&ROOHJH�3DUN��0DU\ODQG��
0XGJH��������5RXJK�GUDZLQJV�RI��VXUYH\�RI�WKH�,VOH�RI�:LJKW��+HOG�E\�8.�3XEOLF�5HFRUG�
2IILFH��.HZ��XQGHU�UHIHUHQFH�:2����������RUGHU�DV�05���������

26������� 2UGQDQFH�6XUYH\�2XWGRRU�/HLVXUH�����������HGQ��2UGQDQFH�6XUYH\��6RXWKDPSWRQ��
26�����D�� 5HYROXWLRQ�� KWWS���ZZZ�RUGVY\�JRY�XN�DERXWBXV�ZKR�ZH�DUH�UHYROXWLRQ�KWP�
26�����E�� :KR�ZH�DUH�� KWWS���ZZZ�RUGVY\�JRY�XN�DERXWBXV�ZKR�ZH�DUH�ZKRZHDUH�KWPO�

$FNQRZOHGJHPHQWV�
0\�ILUVW�WKDQNV�PXVW�JR�WR�P\�IULHQG�,UZLQ�6FROODU��WKH�GHVLJQHU�RI�$LU3KRWR��IRU�JLYLQJ�PH�
WKH�RSSRUWXQLW\�WR�SDUWLFLSDWH�LQ�WKH�WHVW�SURJUDPPH���+LV�PDWKHPDWLFDO�DQG�SURJUDPPLQJ�
VNLOOV�DUH�RXWVWDQGLQJ�DQG�KLV�GHYRWLRQ�WR�WKH�ZRUN�LV�PRVW�LPSUHVVLYH���7KURXJKRXW�WKH�WHVWLQJ�
SKDVH�ZH�KDYH�NHSW�LQ�FRQVWDQW�WRXFK�E\�H�PDLO�DQG�KH�KDV�DOZD\V�UHVSRQGHG�ZLWKLQ�D�IHZ�
KRXUV�WR�P\�PDQ\�TXHVWLRQV�DQG�P\�IHZ�VXJJHVWLRQV��VRPHWLPHV�HYHQ�SURYLGLQJ�LPSURYHG�
YHUVLRQV�RI�WKH�VRIWZDUH�ZLWKLQ�WKDW�VKRUW�SHULRG��

,�PXVW�DOVR�WKDQN�WKH�$UFKDHRORJ\�DQG�+LVWRULF�(QYLURQPHQW�6HUYLFH�RI�WKH�,VOH�RI�:LJKW�
&RXQFLO�IRU�SURYLGLQJ�PH�ZLWK�DFFHVV�WR�WKHLU�UHVRXUFHV��DQG�HVSHFLDOO\�P\�H[�FROOHDJXHV�
)UDQN�%DVIRUG�DQG�5HEHFFD�/RDGHU�IRU�WKHLU�DVVLVWDQFH�DQG�HQFRXUDJHPHQW�WKURXJKRXW�WKH�
SURMHFW��

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa�

$$5*�$QQXDO�&RQIHUHQFH������

.LQJ�$OIUHG¶V�&ROOHJH��:LQFKHVWHU��8.�
��QG����WK��6HSWHPEHU������

2IIHUV�RI�SDSHUV�DUH�ZHOFRPHG��3OHDVH�FRQWDFW�7RE\�'ULYHU�� WRE\�GULYHU#UFDKPZ�RUJ�XN�
7HOHSKRQH�����������±��������

)RU� FRQIHUHQFH� DQG� ERRNLQJ� LQIRUPDWLRQ� FRQWDFW� 'DYH� 0DF/HRG�� 0HHWLQJV� 6HFUHWDU\��
'DYH�0DF/HRG#HQJOLVK�KHULWDJH�RUJ�XN��� �(QJOLVK�+HULWDJH�����7DQQHU�5RZ��<RUN�<2��
�:3��8.�� � 7HOHSKRQH��������������
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&URSPDUNV�
�GHIQ��VQLSSHWV�RI�LQIRUPDWLRQ�WKDW�UHTXLUH�UHDGLQJ�DQG�XQGHUVWDQGLQJ�WR�PDNH�VHQVH��

352�LPDJHV�RQOLQH� �VRXUFH��%-3�'LJLWDO�1HZV������$XJXVW�������
7KH�3XEOLF�5HFRUG�2IILFH��352��LV�WKH�ODWHVW�%ULWLVK�LQVWLWXWLRQ�WR�MRLQ�WKH�+HULWDJH�,PDJH�
3DUWQHUVKLS�DQG�EHJLQ�VHOOLQJ�LPDJHV�IURP�LWV�FROOHFWLRQ�RQOLQH��7KH�352�FROOHFWLRQ�IHDWXUHV�
LPDJHV� DQG� GRFXPHQWDWLRQ� IURP� WKH� 'RPHVGD\� %RRN� WR� WKH� SUHVHQW�� � 7KH� VL]HDEOH�
SKRWRJUDSKLF�FROOHFWLRQ�IHDWXUHV�PDQ\�LPDJHV�RI�ZDU��WRJHWKHU�ZLWK�VSRUWLQJ�DFKLHYHPHQWV��
ZRUOG�ZLGH�HYHQWV�DQG�FULPLQDO�UHFRUGV��2WKHU�JHPV�LQFOXGH�WKH�0DJQD�&DUWD��WKH�7LWDQLF
V�
GLVWUHVV�WHOHJUDP�DQG�:RUOG�:DU�,,�SURSDJDQGD�SRVWHUV���7KURXJK�OLFHQVLQJ�WKH�LPDJHV��WKH�
3DUWQHUVKLS�JHQHUDWHV�QHZ�UHYHQXHV�IRU�WKH�SDUWLFLSDQWV��DOORZLQJ�SXEOLFDWLRQV�DQG�DJHQFLHV�WR�
GRZQORDG�ILOHV�RI�XS�WR���0%�LQ�VL]H���)XUWKHU�LQIRUPDWLRQ�� ZZZ�KHULWDJH�LPDJHV�FRP�

,QWHUHVWLQJO\�� WKH� VLWH� DOVR� LQFOXGHV� VWXII� IURP�(+¶V�1DWLRQDO�0RQXPHQWV�5HFRUG�� �6R� ,�
VHDUFKHG�IRU�µDHULDO�SKRWR¶�±�DQG�JRW�KDOI�D�GR]HQ�SDLQWHG�YLHZV�RI�/RQGRQ�GDWHV�DERXW�������
7KHQ� µ6WRQHKHQJH¶� ±� DQG� JRW� D� KDQGIXO� RI� JURXQG� SKRWRV�� %XW�PD\EH� ,¶P� EHLQJ� RYHU��
RSWLPLVWLF�DV�WKHLU�VHDUFK�FDWHJRULHV�GR�QRW�LQFOXGH�µDUFKDHRORJ\¶�DOWKRXJK�,�ZDV�SOHDVHG�WR�
VHH�µVWHUHRFDUG¶�DPRQJ�WKHLU�µSLFWXUH�W\SHV¶���%XW�SHUKDSV�*HRII�+DOO�FRXOG�HGXFDWH�WKHP��DQG�
(+"��E\�VHQGLQJ�LQ�VRPH�RI�WKH�$3V�WKDW�KDYH�EHHQ�FROOHFWHG�E\�105�GXULQJ�WKH�SDVW�DOPRVW�
���\HDUV"�

5&$+06����.HQQ\�%URSK\�VHQW�WKH�IROORZLQJ��
$FFRUGLQJ�WR�WKH�QHZV�VHFWLRQ�RQ�WKHLU�ZHE�SDJH���ZZZ�UFDKPV�JRY�XN���5&$+06�QRZ�KDYH�
DQ�RQ�OLQH�$HULDO�6XUYH\�6HDUFK�IDFLOLW\��7KH\�KDYH�QRZ�DOVR�JRW�PDSV�VKRZLQJ�DOO�IOLJKW�
URXWHV�IRU�WKH�ODVW�IRXU�\HDUV�DV�ZHOO���7KLV�ZDV�H[SDQGHG�LQ�D�FLUFXODU�IURP�0DULO\Q�%URZQ�
QRWLQJ�WKDW�WKH�DQQXDO�$3�FDWDORJXHV�IRU������DQG������DUH�DFFHVVLEOH�YLD�WKH�VDPH�SDJH��
6HDUFKHV�FDQ�EH�PDGH�RQ�DUFKDHRORJ\�DQG�RU�DUFKLWHFWXUH��ORFDO�DXWKRULW\�DUHDV��SODFHQDPH��
26�FRRUGLQDWHV��DQG�VLWH�W\SHV���/LQNV�FDQ�SURYLGH�GHWDLOV�RI�LQGLYLGXDO�VLWHV�DQG�UHIHUHQFHV�
DQG�WKH�VLWH�FDQ�EH�VKRZQ�DJDLQVW�DQ�26�PDS���*UHDW�±�DQG�LW�ZRUNV�WRR���6RXWKHUQHUV��QR�
QDPHV«��FDQ�SHUKDSV�WDNH�QRWH��

$5&R�� ±� WKH�$HULDO�5HFRQQDLVVDQFH�&R�±�KDV�PRYHG� WR� ���&ROOHJH�5RDG��7KH�+LVWRULF�
'RFN\DUG��&KDWKDP��.HQW��0(���-6��8.���7KLV�LV�WKH�FRPSDQ\�RZQHG�E\�%U\DQ�*XOOLYHU��WKH�
EORNH�ZKR�VKRZHG�XV�KLV�µIO\LQJ�GRRU¶�DW�WKH�(GLQEXUJK�$$5*�WKDW�KH�XVHV�WR�WDNH�VPDOO��
IRUPDW�YHUWLFDO�SKRWRJUDSKV���7KRVH�RI�\RX�ZRUNLQJ�LQ�VRXWKHUQ�(QJODQG��RU�(XURSH��PD\�OLNH�
WR�XVH�KLV�VHUYLFHV���LQIR#WKHDUFR�FR�XN�DQG� ZZZ�WKHDUFR�FR�XN�

$LU�SKRWRV�RI�6SDLQ�� ,W�VHHPV�WKDW�JHWPDSSLQJ�FRP�KDYH�REWDLQHG�SHUPLVVLRQ�WR�IO\�DQG�
SKRWRJUDSK�LQ�D�FRXQWU\�ZKHUH�VXFK�WKLQJV�DUH�FODLPHG�WR�EH�EDQQHG���,Q�6HSWHPEHU�������
WKHLU�ZHE�VLWH�LQFOXGHG�WKH�IROORZLQJ��

%\�DFTXLULQJ�DFFHVV�WR�H[LVWLQJ�SKRWRJUDSKLF�GDWD��*HWPDSSLQJ�HV�KDV�HVWDEOLVKHG�D�OLEUDU\�RI�
GDWD�ZKLFK�FRQVWLWXWHV�DSSUR[LPDWHO\�����RI�6SDLQ�DW�WKH�KLJKHVW�UHVROXWLRQ�DQG�LQ�FRORXU��DQG�
XS�WR�����RI�WKH�FRXQWU\�DW�D�ORZHU�UHVROXWLRQ�DQG�LQ�EODFN�DQG�ZKLWH��2YHU�WKH�FRPLQJ�\HDUV�DOO�
RI�WKH�PDMRU�DUHDV�RI�WKH�FRXQWU\�ZLOO�EH�IORZQ�DQG�SURFHVVHG�DW�KLJK�UHVROXWLRQ�DQG�LQ�FRORXU��
7KHVH�PDMRU�DUHDV�DQG�FLWLHV�ZLOO�DOVR�EH�UH�IORZQ�RQ�D�UHJXODU�EDVLV�HQVXULQJ�WKDW�WKH�PDS�LV�DV�
XS�WR�GDWH�DV�SRVVLEOH��
/DUJH� DUHDV� RI� WKH� FRXQWU\� DUH� DYDLODEOH� DW� VFDOHV� RI� ��������� ��������� �������� DQG� ���
������&LWLHV�DQG�DUHDV�RI�JUHDWHU�LQWHUHVW�DUH�DYDLODEOH�DW�VFDOHV�RI������������������������DQG�
���������
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,I� WKLV�PDWHULDO� LV�DYDLODEOH�DV�SULQWV� IRU�VWHUHR�H[DPLQDWLRQ��RU�FDQ�EH�H[DPLQHG�DW�KLJK�
UHVROXWLRQ�RQ�VFUHHQ��LW�PD\�SURYLGH�DUFKDHRORJLVWV�ZLWK�D�ILUVW�DHULDO�ORRN�DW�SDUWV�RI�6SDLQ�
ZLWKRXW�UHFRXUVH�WR�WDNLQJ�D�VFDWWHU�RI�ORZHU�OHYHO�REOLTXHV��

3KRWRJUDSK\�IURP�PRGHO�DLUFUDIW����0LFKDHO�6FK|QKHUU��VHH� $$5*QHZV� �����ZURWH��
+HUH� DUH� VRPH�QHZ�DLU�SKRWRV�� HVSHFLDOO\� DW� WKH� HQG�RI� WKH�SDJH�� ZZZ�QHW�DUW�GH�PHFK��
/XIWELOGHU��3OHDVH�GRQ¶W�XVH�WKH�(QJOLVK�YHUVLRQ�EHFDXVH�WKH�EHVW�SKRWRV�DUH�QRW�\HW�WKHUH��

:HE�ERRNVKRS��� �)URP�7RE\��,�KDYH�RQO\�ORRNHG�DW�WKLV�EULHIO\��7KLV�FRPSDQ\�+HULWDJH�
0DUNHWLQJ�DQG�3XEOLFDWLRQV�VHHP�WR�VHOO�UHGXFHG�ERRNV�DQG�SHULRGLFDOV��$�VHDUFK�RQ�DHULDO�
SKRWRJUDSK\�WKURZV�XS�D�ODUJH�DPRXQW�RI�ERWK��VRPH�GDWLQJ�EDFN�WR�WKH�HDUO\�GHFDGHV�RI�WKH�
WZHQWLHWK�FHQWXU\�� ZZZ�KHULWDJHPS�FRP�TXHU\EXLOG�DVS"SHULRG $HULDO�3KRWRJUDSK\�

7KH�$OO�3DUW\�3DUOLDPHQWDU\�$UFKDHRORJ\�*URXS���$33$*��LVVXHG�LWV�UHSRUW� 7KH�&XUUHQW�
6WDWH�RI�$UFKDHRORJ\�LQ�WKH�8QLWHG�.LQJGRP� RQ����-DQXDU\��������2WWR�%UDDVFK�VHQW�WKH�
IROORZLQJ��HFKRHG�LQ�E\�D�OHWWHU�IURP�-LP�3LFNHULQJ�WR�WKH�:RUNLQJ�3DUW\�DQG�RWKHU�ZRUWKLHV���

:KLOH�$33$*�LWVHOI�WR�PH�DSSHDUV�DV�D�UHPDUNDEOH�SDUOLDPHQWDULDQ�LQLWLDWLYH�IRU�DUFKDHRORJ\��
WKH�UHSRUW�PD\�KROG�IDFWV�DQG�DUJXPHQWV�IRU�$$5*�PHPEHUV�RXWVLGH�8.�WR�FRQVLGHU�DQG�XVH�
ZKLOH�ILJKWLQJ�IRU�EHWWHU�PRQXPHQW�SURWHFWLRQ�DQG�UHVHDUFK��

$OWKRXJK�LW�GRHV�QRW�RQFH�PHQWLRQ�µDHULDO¶��µDLU¶�QRU�µSKRWRJUDSK\¶�RQ�LW¶V����SDJHV��PD\�,�
VXJJHVW�WKDW�$$5*QHZV�DQG�WKH�$$5*�ZHEVLWH�SRLQW�WR�WKH�UHSRUW�DQG�HVWDEOLVK�D�OLQN�WR�WKH�
GRZQORDG�VRXUFH� ZZZ�VDO�RUJ�XN�DSSDJ�UHSRUW�UHSRUW�KWP��"�

8QLYHUVLW\�RI�,OOLQRLV��KDYH�GLJLWLVHG�D�VHOHFWLRQ�RI�WKHLU�FROOHFWLRQ�RI�YHUWLFDO�$3V�RI�,OOLQRLV�
IORZQ�EHWZHHQ������DQG��������7KLV�ZDV�GRQH�E\�ZD\�RI�D�UHVFXH�RSHUDWLRQ�RQ�ROG�DQG�
GHWHULRUDWLQJ�SULQWV���6HDUFKLQJ�FDQ�EH�GRQH�E\�FRXQW\�RU�E\�D�VPDOO�UDQJH�RI�IHDWXUH�W\SHV��

$�UDSLG�VFDQ�RI�µJUDYHO�SLW¶�DQG�µIORRG�SODLQ¶�SKRWRV�VKRZHG�WKHUH�WR�EH�PDVVHV�RI�FURS��
PDUNHG�LQIRUPDWLRQ�±�PRVWO\�ROG�ZDWHU�FRXUVHV�EXW�LQFOXGLQJ�VRPH�JHRORJ\���,W�VXJJHVWV�WKDW�
D�KLJKHU�OHYHO�VHDUFK�PD\�EHJLQ�WR�LQGLFDWH�DUFKDHRORJLFDO�IHDWXUHV�LI�DQ\�HDUO\�$PHULFDQV�
ZHUH�RI�WKH�QHFHVVDU\�KROH�GLJJLQJ�FXOWXUH�VXFK�DV�ZH�KDYH�LQ�LVODQG��DQG�PDLQODQG�(XURSH��
KWWS���LPDJHV�OLEUDU\�XLXF�HGX�SURMHFWV�DHULDOBSKRWRV�LQIRUPDWLRQ�FRYHUDJH�DVS�

&XUVXV�DV�D�/H\"���0DUW\Q�%DUEHU�VHQW�WKH�IROORZLQJ��
5H�� WKH� FKDLUPDQ¶V� SLHFH� LQ� WKH� ODVW� $$5*QHZV��� SDUWLFXODUO\� WKH� ODVW� SDUDJUDSK� DERXW�
GHYHORSLQJ�WKH�UHPLW�RI�WKH�JURXS�µE\�QHZ�LGHDV�DQG�DSSURDFKHV¶���SUHVXPDEO\�KH�LV�XQDZDUH�
RI�&KULV�)OHWFKHU¶V� 7KH�$VWRQ�&XUVXV�DV�D�/H\���SXEOLVKHG�DW� KWWS���ZZZ�OH\KXQWHU�FRP�DUFK��
DUFK���KWP��ZKLFK�FRQFOXGHV�ZLWK�WKH�IROORZLQJ��

³)RU�EULQJLQJ�WKH�>$VWRQ�&XUVXV@�WR�WKH�DUFKDHRORJLVWV¶�DWWHQWLRQ�ZH�KDYH�WR�WKDQN�DHULDO�
DUFKDHRORJLFDO�SKRWRJUDSK\�ZKLFK�KDV�XQFRYHUHG�D�ULFK�KHULWDJH�RI�µULWXDO�IRFXV¶�VLWHV�ZKLFK�
DOVR� SURYLGHV� WKH� (DUWK� 0\VWHULHV� UHVHDUFKHU� ZLWK� D� NH\� WR� RSHQ� WKH� GRRU� RI� KLGGHQ�
JHRPDQF\� �́
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)UHHLQJ�WKH�6NLHV�IRU�$LU�3KRWRJUDSK\�

2WWR�%UDDVFK��&KULV�0XVVRQ�DQG�%RE�%HZOH\�

)RU�PDQ\�\HDUV�WKH�$HULDO�$UFKDHRORJ\�5HVHDUFK�*URXS�KDV�EHHQ�WKH�GULYLQJ�IRUFH�LQ�WKH�
FDPSDLJQ�WR�UHPRYH�DOO�UHVWULFWLRQV�RQ�DUFKDHRORJLFDO�DLU�VXUYH\���7KLV�LQFOXGHV�WKH�UHPRYDO�
RI�RYHU�EXUHDXFUDWLF�UXOHV�DQG�UHJXODWLRQV�IRU�DFFHVV�WR�µDLUVSDFH¶�IRU�JHQHUDO�DYLDWLRQ��DV�ZHOO�
DV�UHVWULFWLRQV�RQ�DFFHVV�WR�KLVWRULF�DUFKLYHV�RI�DHULDO�SKRWRJUDSKV�DQG�PDSV��

)RU�WKH�SDVW�ILIW\�\HDUV�WKHUH�KDV�EHHQ�D�FRQVLGHUDEOH�LPEDODQFH�LQ�(XURSH�±�ZLWK�JHQHUDOO\�
IUHHU� DFFHVV� LQ� WKH� ZHVW� WKDQ� HDVW�� WKRXJK� QRW� H[FOXVLYHO\� VR� �6SDLQ�� *UHHFH�� %XOJDULD��
3RUWXJDO��&URDWLD�DQG��LQ�SDUW��5RPDQLD�DUH�VWLOO�LQ�WKH�GDUN�DJHV�ZKHQ�LW�FRPHV�WR�DHULDO�
VXUYH\���

7KHUHIRUH� RXU� XQGHUVWDQGLQJ� DQG� RXU� DELOLW\� WR� H[SORUH�� FRQVHUYH� DQG� HQMR\� D� FRPPRQ�
(XURSHDQ�DUFKDHRORJLFDO�KHULWDJH� LV�VHYHUHO\�RXW�RI�EDODQFH�� �$V� ORQJ�DJR�DV������-RKQ�
%UDGIRUG��VDZ�WKH�SRWHQWLDO�RI�DHULDO�VXUYH\�LQ�VR�PDQ\�DUHDV��LQ�SDUWLFXODU�WKH�'DOPDWLDQ�
FRDVW��EXW�WKH�IXOO�SRWHQWLDO�KDV�\HW�WR�EH�UHDOLVHG���(YHQ�LQ�ZHVWHUQ�(XURSH��PLOLWDU\�DQG�
DYLDWLRQ�EXUHDXFUDF\�VWLOO�KLQGHUV�VXUYH\�LQ�+ROODQG��%HOJLXP��)UDQFH��DQG�,WDO\���5HFHQW�
FKDQJHV�WR�WKH�LQWHUSUHWDWLRQ�RI�WKH�OHJLVODWLRQ�LQ�WKH�8QLWHG�.LQJGRP��E\�LWV�&LYLO�$YLDWLRQ�
$XWKRULW\��KDYH�UHVXOWHG�LQ�D��KRSHIXOO\��WHPSRUDU\��KDOWLQJ�LQ�DHULDO�VXUYH\�LQ�6FRWODQG��

)ROORZLQJ� ($$¶V� LQLWLDWLYH� WKH� ,QWHUQDWLRQDO� &RXQFLO� RI� $LUFUDIW� 2ZQHU� DQG� 3LORW�
$VVRFLDWLRQV��,$23$��DW�LWV�DQQXDO�ZRUOG�PHHWLQJ�DW�6DR�3DXOR�XQDQLPRXVO\�DSSURYHG�LWV�
RZQ�UHVROXWLRQ�RQ� )UHHLQJ�WKH�6NLHV�IRU�$LU�3KRWRJUDSK\����,$23$¶V�5HVROXWLRQ�&RPPLWWHH�LQ�
WKH�86�LV�QRZ�ZRUNLQJ�RQ�WKH�ILQDO�ZRUGLQJ�RI�D�VWDWHPHQW�RQ�WKLV�LVVXH��IRU�FLUFXODWLRQ�WR�LWV�
QDWLRQDO�FRQVWLWXHQWV�DQG�WKRXJK�WKHP�WR�WKHLU�JRYHUQPHQWV��VHH�EHORZ���7KH�&KLHI�([HFXWLYH�
RI�*HUPDQ\¶V�$23$��ZKR�DFWHG�DV�(XURSH¶V�,$23$��UHSUHVHQWDWLYH�DW�6DR�3DXOR��KDV�DJUHHG�
WR�SDUWLFLSDWH�MRLQWO\�ZLWK�DUFKDHRORJLFDO�LQVWLWXWLRQV�LQ�D�OREE\LQJ�HIIRUW�LQ�%UXVVHOV�DQG�
6WUDVERXUJ�WR�DOORZ�IUHHGRP�LQ�WKH�DLU�IRU�SKRWRJUDSK\��

7KH� (XURSDH�$UFKDHRORJLDH�&RQVLOLXP� �($&��ZLOO� VHQG� WKH� WH[W�RI� WKH� UHVROXWLRQ� WR� LWV�
PHPEHUV�WRJHWKHU�ZLWK�D�FRYHULQJ�OHWWHU�IURP�LWV�3UHVLGHQW��ZKLFK�ZLOO�DVN�WKHP�WR�IRUZDUG�
WKH�UHVROXWLRQ�WR�WKHLU�FXOWXUDO�PLQLVWULHV�DQG�UHOHYDQW�DYLDWLRQ�DXWKRULWLHV����7KH� ($&��LV�D�
GHPRFUDWLF�QHWZRUN�RI�RUJDQLVDWLRQV�ZKLFK�DUH�OHJDOO\�UHVSRQVLEOH�IRU�KHULWDJH�PDQDJHPHQW�
LQ�(XURSH�DQG�LWV�FRXQFLO�PHPEHUVKLS�LV�RSHQ�WR�DOO�GLUHFWRUV�RI�QDWLRQDO�ERGLHV�FKDUJHG�ZLWK�
WKH�PDQDJHPHQW�RI�WKH�DUFKDHRORJLFDO�KHULWDJH�LQ�WKHLU�UHVSHFWLYH�FRXQWULHV��LQFOXGLQJ�ZKHUH�
DSSURSULDWH� DJHQFLHV� LQ� D� IHGHUDO� FRQWH[W� �VXFK� DV� WKH� *HUPDQ� /lQGHU�� DQG� WKH� 6ZLVV�
&DQWRQV���

7KH� UHVROXWLRQ�ZDV� XQDQLPRXVO\� SDVVHG� DW� WKH�%XVLQHVV�0HHWLQJ� DW� ($$¶V� �WK�$QQXDO�
0HHWLQJ�LQ�7KHVVDORQLNL��*UHHFH���,W�LV�QRZ�XS�WR�WKH�($$�FRPPLWWHH�DQG�RIILFHUV�LQ�FRQFHUW�
ZLWK�,$23$�DQG� ($&� WR�DSSO\�WKH�QHFHVVDU\�SUHVVXUH�RQ�WKH�(&�DQG�PHPEHU�VDWHV�WR�SXW�WKH�
UHVROXWLRQ�LQ�HIIHFW��

7KH�,$23$�UHVROXWLRQ�IROORZV�VR�WKDW��WR�TXRWH�2WWR���³$Q\�PHPEHU�LQ�QHHG�ZRXOG�KDYH�LW�
RQ�KDQG�WKHQ�WR�ILJKW�DLU�EXUHDXFUDF\�LQ�WKHLU�FRXQWU\� �́
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)5((,1*�7+(�6.,(6�)25�$,5�3+272*5$3+<�

:KHUHDV�� RXWGDWHG� UHJXODWLRQV� DQG� OHJDO� UHVWULFWLRQV� LQ� YDULRXV� 6WDWHV� VWLOO� SUHYHQW�
DUFKDHRORJLVWV�IURP�XVLQJ�DHULDO�VXUYH\�DQG�DLU�SKRWRJUDSK\�WR�GLVFRYHU��UHFRUG��DQG�SURWHFW�
WKH�DUFKDHRORJLFDO�KHULWDJH�LQ�YDULRXV�SDUWV�RI�WKH�ZRUOG��DQG�

:KHUHDV��UHVWULFWLYH�UHJXODWLRQV�VWLOO�LQ�IRUFH�LQ�VRPH�6WDWHV��ZKLOH�RWKHUV�KDYH�DGRSWHG�WKH�
SUDFWLFH�RI�µ2SHQ�6NLHV¶��DUH�QRZ�SRLQWOHVV�EHFDXVH�RI�WKH�DYDLODELOLW\�RQ�WKH�FRPPHUFLDO�
PDUNHW�RI�KLJK�UHVROXWLRQ�VDWHOOLWH�LPDJHU\�IRU�DQ\�SDUW�RI�WKH�ZRUOG��DQG�

:KHUHDV��VXFK�UHJXODWLRQV�HQGDQJHU�DLU�FUHZ�DQG�SDVVHQJHUV�LQ�JHQHUDO�DYLDWLRQ�LI�WKH\�WDNH�
DLU�SKRWRJUDSKV�IRU�UHVHDUFK�RU�OHLVXUH�SXUSRVHV�ZLWKRXW�EHLQJ�DZDUH�RI�UHJXODWLRQV�RU�ODZV�
ZKLFK�SODFH�WKHP�DW�ULVN�RI�SURVHFXWLRQ�IRU�GRLQJ�VR�ZLWKRXW�SULRU�SHUPLVVLRQ��WKHUHIRUH�

,$23$��DW�LWV���VW�:RUOG�$VVHPEO\��UHVROYHV��

WKDW�,$23$�XUJH�6WDWHV�WR�DEROLVK�RXWGDWHG�UHJXODWLRQV�ZKLFK�VWDQG�LQ�WKH�ZD\�RI�IUHH�DHULDO�
VXUYH\�DQG�DLU�SKRWRJUDSK\�RXWVLGH�RI�UHVWULFWHG�DUHDV�IRU�UHVHDUFK�DQG�OHLVXUH�SXUSRVHV��DQG�
WR�XUJH�6WDWHV�WR�IROORZ�WKH�H[DPSOH�RI�SURJUHVVLYH�6WDWHV�OLNH�WKH�8QLWHG�.LQJGRP��ZKLFK�
QHYHU�KDG�VXFK�UHVWULFWLRQV��RU�OLNH�,WDO\�ZKLFK��XQGHU�SUHVVXUH�IURP�$23$�,WDO\��KDV�UHFHQWO\�
DEDQGRQHG�WKHP��

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa�

$$5*�6XEVFULSWLRQV�

%H�OD]\�±�GR�LW�E\�6WDQGLQJ�2UGHU�

'HWDLOV�DQG�IRUPV�IURP�+RQ�6HF��.HQQ\�%URSK\��

� � � ���N�%URSK\#DUFKDHRORJ\�JOD�DF�XN�
� � � ���F�R�'HSDUWPHQW�RI�$UFKDHRORJ\�
� � � ���8QLYHUVLW\�RI�*ODVJRZ�
� � � ���*ODVJRZ�*����44�
� � � ���6FRWODQG��8.�
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&DQWHUEXU\�7DOHV�

-HVVLFD�0LOOV�

7KH� UDLQ�EHOWHG�GRZQ�� WKH� WUDLQ�GRRUV�JRW� ULSSHG�RII��EXW�FRPH�KHOO�RU�KLJK�ZDWHU� ,�ZDV�
GHWHUPLQHG�WR�DWWHQG�WKH�$$5*�DQQXDO�FRQIHUHQFH�LQ�&DQWHUEXU\���:LWK�KHOSIXO�LQVLJKWV�LQWR�
WKH� UHJXODU�$$5*HUV� IURP�5RJ� 3DOPHU�� ,� ORRNHG� IRUZDUG� WR� WKH� FRQIHUHQFH�ZLWK� JUHDW�
HQWKXVLDVP���$WWHQGLQJ�DV�D�VWXGHQW�EXUVDU\�KROGHU��WKLV�ZDV�P\�RSSRUWXQLW\�WR�KHDU�SDSHUV�
IURP�WKH�µH[SHUWV¶��GLVFXVV�LGHDV��GULQN�EHHU��DQG�JLYH�DQ�LQIRUPDO�SUHVHQWDWLRQ�UHJDUGLQJ�P\�
0$�ZRUN��

7KH�ODE\ULQWKLQH�FDPSXV�RI�WKH�8QLYHUVLW\�RI�.HQW�DW�&DQWHUEXU\�ZDV�RXU�KRPH�IRU�WKH�WKUHH�
GD\V��$�YDULHG��ZHOO�SDFNHG�SURJUDPPH�RI�SDSHUV�ZDV�WKH�RUGHU��ZLWK�SUHVHQWDWLRQV�UDQJLQJ�
IURP� WKH�1DWLRQDO�0DSSLQJ� 3URJUDPPH�� DHULDO� DUFKDHRORJ\� DQG� HGXFDWLRQ�� SUREOHPV� RI�
FRQWURO�SRLQWV��*,6�DQG�DHULDO�SKRWRJUDSK\��GLJLWDO�YLGHR��)OHPLVK��$XVWULDQ��0LGGOH�(DVWHUQ��
DQG�,WDOLDQ�DHULDO�SKRWRJUDSK\��DPRQJVW�PDQ\�RWKHUV���'HILQLWHO\�VRPHWKLQJ�IRU�HYHU\RQH��
$WWHQGLQJ�WKHVH�SDSHUV�JDYH�PH�WKH�FKDQFH�WR�VHH�PDQ\�RI�WKH�µIDPRXV�QDPHV¶�LQ�DFWLRQ��

0XFK�IXQ�ZDV�KDG�RSHQLQJ�WKH�ERWWOHV�RI�µIL]]\¶�ZDWHU�GXULQJ�WKH�SURFHHGLQJV���2EVHUYLQJ�WKH�
MRYLDO�LQWHUDFWLRQV�EHWZHHQ�WKH�HVWDEOLVKHG�PHPEHUV�RI�$$5*�ZDV�DOZD\V�DPXVLQJ��DQG�ZLWK�
HYHU\ERG\�EHLQJ�VR�DSSURDFKDEOH��LW�ZDV�KHDUWHQLQJ�WR�GLVFXVV�P\�LGHDV�DQG�JHW�SRVLWLYH�
IHHGEDFN�IURP�VR�PDQ\���7KLV�LV�RQH�RI�WKH�DGPLUDEOH�DVSHFWV�RI�$$5*�PHPEHUV�±�WKH\�
JHQXLQHO\�OLVWHQ��KHQFH�$$5*�PHHWLQJV�DUH�QRW�OLNH�WKH�WUDGLWLRQDO��VWLII�DFDGHPLF�DIIDLUV�WKDW�
DUH�WKH�QRUP�IRU�PDQ\�DUFKDHRORJLFDO�FRQIHUHQFHV���7KH�&DQWHUEXU\�FDPSXV��EHLQJ�D�FHQWUH�
IRU� KRVSLWDOLW\�� SURYLGHG� QLFH� IRRG� DQG� ORGJLQJV� �LI� \RX� FRXOG� ILQG� WKHP��� � 7KH� IRUPDO�
FRQIHUHQFH�GLQQHU�E\�FDQGOHOLJKW�ZDV�YHU\�JUDQG��DQG�GXULQJ�WKLV�WKH�WZR�\RXQJHVW�$$5*�
PHPEHUV��&ULVWLQD�5XL]�DQG�6DOO\�5DGIRUG�IURP�%UDGIRUG�8QLYHUVLW\��ZHUH�NLQGO\�SUHVHQWHG�
ZLWK� VLJQHG� FRSLHV� RI� 2WWR¶V� PDJQLILFHQW� ERRN� 'DV� 8QWHULUGLVFKH� %DGHQ�:XUWWHPEHUJ��
��������-DKUH�*HVFKLFKWH�XQG�$UFKDHRORJLH�LP�/XIWELOG��

7KH�UDQJH�DQG�PL[�RI�SDSHUV�ZDV�HVSHFLDOO\�JRRG���,�IRXQG�/RUQD�6KDUSH¶V�SUHVHQWDWLRQ�RQ�WKH�
JHRFKHPLFDO� IDFWRUV� HIIHFWLQJ� WKH� IRUPDWLRQ�RI� FURSPDUNV�SDUWLFXODUO\� LQWHUHVWLQJ� DV� VKH�
GLVFXVVHG� WKH� LPSRUWDQFH� RI� LURQ� FRQWHQW� LQ� VRLOV�� 7KLV� HIIHFWV� FURSPDUN� IRUPDWLRQ� DQG�
JHRSK\VLFDO�VXUYH\��DQG�LQ�WKH�FDVH�RI�FOD\V��P\�UHVHDUFK�DUHD���ZDWHUORJJHG�FRQGLWLRQV�OHDG�
WR�WKH�OHDFKLQJ�RXW�RI�LURQ�GHSRVLWV��DQG�WKLV�KDV�SRWHQWLDO�LPSOLFDWLRQV�IRU�WKH�LGHQWLILFDWLRQ�RI�
FURSPDUNV�RQ�FOD\V��)XUWKHUPRUH��'DPLDQ�*UDG\¶V�µLW¶OO�EH�DOULJKW�RQ�WKH�QLJKW¶�SUHVHQWDWLRQ�
RI�ZKDW� QRW� WR� GR�ZLWK� D� GLJLWDO� YLGHR� UHFRUGHU� LQ� D� SODQH��ZDV� KLODULRXV� �EXW� DOVR� YHU\�
HGXFDWLRQDO����7KH�JXW�ZUHQFKLQJ�VSLQQLQJ�5LFKERURXJK�DQG�WKH�ILJKWHU�MHW�IO\LQJ�LQWR�WKH�
FDPHUD�VKRW�RYHU�6DOLVEXU\�3ODLQ�ZHUH�SDUWLFXODUO\�HQWHUWDLQLQJ���2Q�D�VHULRXV�QRWH��WKH�XVH�RI�
GLJLWDO� YLGHR� PHGLD� ZLWKLQ� DUFKDHRORJ\� �DQG� LQGHHG� DHULDO� DUFKDHRORJ\�� LV� H[SDQGLQJ��
HQDEOLQJ�YLHZHUV�WR�JDLQ�D�PRUH�UHDO�H[SHULHQFH�RI�DUFKDHRORJ\�ZKLFK�LV�TXLWH�RIWHQ�HDVLHU�WR�
XQGHUVWDQG�WKDQ�WKH�WZR�GLPHQVLRQDO�ZRUOG�RI�SKRWRJUDSKV��

7KH�ILHOGWULSV�WR�5LFKERURXJK�DQG�'RYHU�&DVWOH�ILQLVKHG�RII�WKH�FRQIHUHQFH�LQ�JUHDW�VW\OH��
5LFKERURXJK�5RPDQ�IRUW�� SRUWD�SULQFLSDOLV���ZDV�WKHQ�DQG�VWLOO�LV�QRZ��ORFDWHG�LQ�D�SURPLQHQW�
SRVLWLRQ�±�LQ�$'����IRU�WKH�LQYDVLRQ�RI�%ULWDLQ��DQG�$'������FORVH�WR�(XURSH¶V�OHDGLQJ�
9LDJUD�IDFWRU\��FXH�PDQ\�9LDJUD�MRNHV����7RQ\�:LOPRW¶V�WRXU�RI�5LFKERURXJK�ZDV�PRVW�
LQIRUPDWLYH��DQG�ZH�JRW�WKH�RSSRUWXQLW\�WR�VHH�WKH�JUHDW�TXDGULIRQV�DUFK���0RYLQJ�RQ�WR�'RYHU�
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&DVWOH�LQ�WKH�DIWHUQRRQ��D�QLFH�OXQFK�ZDV�KHOG�FRXUWHV\�RI�(QJOLVK�+HULWDJH��ZLWKLQ�WKH�&DVWOH��
)ROORZLQJ�WKLV��D�WRXU�RI�WKH�1DSROHRQLF�WXQQHOV�ZLWKLQ�WKH�FOLIIV��DQG�WKH�FKDQFH�WR�URDP�WKH�
FDVWOH�JURXQGV��FKXUFK�DQG�5RPDQ� SKDURV��ZDV�ZHOFRPHG�E\�DOO��

,Q� FRQFOXVLRQ��$$5*������ZDV� WUHPHQGRXV� IXQ�� DQG� YHU\� UHZDUGLQJ� DFDGHPLFDOO\� DQG�
SHUVRQDOO\���$WWHQGDQFH�DW�WKLV�H[SHULHQFH�ZDV�RQO\�SRVVLEOH�GXH�WR�WKH�DZDUG�RI�D�VWXGHQW�
EXUVDU\���,�ZRXOG�WKHUHIRUH�OLNH�WR�JLYH�PDQ\�WKDQNV�WR�%RE�%HZOH\�DQG�$$5*�IRU�HQDEOLQJ�
PH�WR�DWWHQG�WKH�FRQIHUHQFH�DQG�SUHVHQW�DQ�LQIRUPDO�SDSHU��

$$5*�DW�5LFKERURXJK��

2WWR�DQG�:ORGHN�FRQWHPSODWLQJ�XVHV�RI�VLJQV��

µ'HDU�1LYHV��,�DP�DEDQGRQHG�LQ�D�5RPDQ�IRUW��
ZLVK�\RX�ZHUH�KHUH���
�

&URSPDUNV"�

'DYH�SUDFWLVLQJ�KLV�LQWHUYLHZLQJ�WHFKQLTXH�ZLWK�
%HOJLF�YLVLWRU��,OVH��
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7KLV�FRQIHUHQFH�±�VNLOIXOO\�DYRLGHG�E\�DOPRVW�
DOO� $$5*�PHPEHUV� ±� SUHVHQWHG� VRPH� UHFHQW�
ZRUN� UHODWLQJ� WR� WKH� LGHQWLILFDWLRQ� DQG�
FRQVHUYDWLRQ�RI�RXU�QDWXUDO�DQG�FXOWXUDO�KHULWDJH�
XVLQJ� VSDFH� VHQVRUV�� � 7KH� PDLQ� WKUXVW� RI� WKH�
FRQIHUHQFH�KDG�EHHQ�WXUQHG�IURP�WKH�RULJLQDOO\�
SURSRVHG� µJHQHUDO� VSDFH� DSSOLFDWLRQV� LQ�
DUFKDHRORJ\¶� WR� FRQWULEXWLRQV� ZLWK� JUHDWHU�
UHOHYDQFH�WR�:RUOG�+HULWDJH�6LWHV���+RZHYHU��D�
QXPEHU�RI�SDSHUV�GHDOW�ZLWK�WKH�GLVFRYHU\�DQG�
LQWHUSUHWDWLRQ�SKDVHV�ZKLFK�KDYH�WR�SURFHHG�DQ\�
DSSOLFDWLRQ�IRU�:+6�VWDWXV��

7KLV� VXPPDU\�ZLOO�QRWH�PDLQO\� WKH�KLJKOLJKWV�
IURP� WKH�DUFKDHRORJLFDO�FXOWXUDO�SUHVHQWDWLRQV��
6RPH� RI� \RX�� KRZHYHU�� PD\� EH� LQWHUHVWHG� LQ�
81(6&2¶V� UHVROXWLRQ� WR� KHOS� GHYHORSLQJ�
FRXQWULHV�XWLOLVH�VSDFH�WRROV�DQG�WKH�SRVVLELOLWLHV�
RI� µIUHH¶� DYDLODELOLW\� RI� GDWD� IURP� 1$6$� ±�
DOWKRXJK� ,¶P� VXUH� WKDW� WKLQJV� ZRQ¶W� EH� WKDW�
VWUDLJKWIRUZDUG«���2QH�RWKHU�SRWHQWLDOO\�XVHIXO�
IHDWXUH�IRU�WKRVH�RI�XV�ZKR�GR�PDSSLQJ�LV�WKDW�
PRGHUQ� VSDFH�GDWD� FRPHV�ZLWK�SUHFLVLRQ�JHR��
ORFDWLRQ�� �:LWK� WKH� UHVROXWLRQV� DYDLODEOH� WKHUH�
PD\� VRRQ� EH� QR� QHHG� IRU� PDSV�� DQG� VHYHUDO�
FRQWULEXWLRQV�XVHG�VSDFH�GDWD�WR�SURYLGH�D�EDVH��
DOWKRXJK�WKH�XVXDO�ZRUNLQJ�VFDOH�VHHPHG�WR�EH�
���������� UDWKHU� WKDQ� DQ\WKLQJ� VXLWDEOH� IRU�
PDSSLQJ��

$PRQJ�WKH�PDQ\�FRQWULEXWLRQV«��7RP�6HYHU�
�1$6$��GHVFULEHG�XVHV�RI�VDWHOOLWH�DQG�DLUERUQH�
VHQVRUV� WR� LQYHVWLJDWH� 0D\D� XVH� RI� VHDVRQDO�
ZHWODQGV�DQG�SURSRVHG�WKDW�WKH�GHFOLQH�LQ�0D\D�
FLYLOLVDWLRQ�ZDV�GXH�WR�FOLPDWLF�FKDQJH�FDXVHG�
E\�GHIRUHVWDWLRQ���6LPLODU�FKDQJHV�DUH�FXUUHQWO\�
EHLQJ� PRQLWRUHG� LQ� DUHDV� RI� SUHVHQW�GD\�
FOHDUDQFH�� � 7KLV� SDSHU� LQWURGXFHG� WKH� XVH� RI�
/DQGVDW� 70� GDWD� DV� D� PHDQV� RI� FDWHJRULVLQJ�
ODQGXVH�±�VRPHWKLQJ�RI�YDOXH�WR�DUFKDHRORJLFDO�
ODQGVFDSH� SURMHFWV� WKDW� QHHG� WR� LGHQWLI\� DQG�
H[SODLQ�µEODQN¶�DUHDV��

7KH�HDVH�ZLWK�ZKLFK�VSDFH�VHQVRUV�FDQ�UHFRUG�
ODUJH� DUHDV� ZDV� GHPRQVWUDWHG� LQ� D� SDSHU� E\�
-HVVLFD� 7UHORJDQ� �8QL� RI� 7H[DV�� ZKR� ZDV�
VWXG\LQJ�FHQWXULDWLRQ�LQ�&ULPHD�>DGMDFHQW�WR�WKH�

VLWH� WKDW� $OHVVDQGUR� 5L]]R� ZURWH� DERXW� LQ�
$$5*QHZV�� ��@�� � 7KLV� ZDV� RQH� RI� VHYHUDO�
FRQWULEXWLRQV�WKDW�ZHUH�XVLQJ�WKH�����\HDUV�RI�
GDWD�FROOHFWLQJ�WR�VKRZ�WKH�G\QDPLFV�RI�UHFHQW�
FKDQJH�� � ,Q� WKLV� FDVH�XVH�RI� ����V�$3V�� �����
&RURQD�� ����� ,56� DQG� ����� ,NRQRV� GDWD�
DOORZHG� FRPSLODWLRQ� RI� D� VHULHV� RI� PDSV� WKDW�
VKRZHG� WKH� FHQWXULDWLRQ� EHLQJ� JREEOHG� XS� E\�
H[SDQGLQJ� 6HYDVWRSRO�� � 2I� DUFKDHRORJLFDO�
LQWHUHVW�ZDV� D� VHULHV� RI� VWDJJHUHG� MXQFWLRQV� LQ�
WKH�FHQWXULDWLRQ�WKDW�VKRZHG�HLWKHU�WZR�SKDVHV�
RU�VRPH�DPDWHXU�VXUYH\LQJ�ZKHQ�WKH�GLYLVLRQV�
ZHUH�ODLG�RXW��

'RPLQLF�3RZOHVODQG�JDYH�WZR�HQWHUWDLQLQJ�EXW�
LPSRUWDQW�FRQWULEXWLRQV���7KH�ILUVW�GHVFULEHG�XVH�
RI� UHPRWH� VHQVLQJ� IRU� PRQLWRULQJ� &KDFR�
&DQ\RQ�:+6� DQG� QRWHG� WKH� IDFW� WKDW� RIILFLDO�
µSURWHFWLRQ¶� RI� D� VLWH� GRHV� QRW� DXWRPDWLFDOO\�
HQVXUH� LWV� UHDO�SURWHFWLRQ�� �:H�VKRXOG�SHUKDSV�
DVN�ZKHWKHU�LW�LV�LUUHVSRQVLEOH�RI�ERGLHV�VXFK�DV�
81(6&2� WR� µSURWHFW¶� D� VLWH� ZLWKRXW�
HVWDEOLVKLQJ� WKH� PHDQV� DQG� ILQDQFH� IRU� LWV�
PRQLWRULQJ�� � ,Q� WKLV� WKH� 8.� V\VWHP�� ZLWK�
PRQXPHQW�ZDUGHQV�DQG�DHULDO�UHFRUGLQJ��VHHPV�
DKHDG� RI� RWKHUV�� � 3RZOHVODQG¶V� VHFRQG�
FRQWULEXWLRQ� GHDOW� ZLWK� DVSHFWV� RI� KLV� :HVW�
+HVOHUWRQ� ZRUN� DQG� WKH� WHVWLQJ� RI� MXVW� DERXW�
HYHU\�PHWKRG�RI�VHQVLQJ�±�UHPRWH�DQG�FORVH�±�
RQ� WKDW� ODQGVFDSH�� � (QJOLVK� +HULWDJH� �DV�
SD\PDVWHU��LV�OXFN\�WR�KDYH�VXFK�DQ�HQWKXVLDVWLF�
DQG�DGYHQWXURXV�UHVHDUFK�ODERUDWRU\��

$� WHDP� RI� WKUHH� IURP� WKH� &HQWUR� ,1$+�
<XFDWDQ��0H[LFR�WDONHG�DERXW�WKH�EHJLQQLQJV�RI�
WKHLU� *,6� FDWDORJXH� IRU� VRPH� ����� VLWHV� LQ�
<XFDWDQ� DQG� WKH� SUREOHPV� RI� SKRWR�LPDJH�
LQWHUSUHWDWLRQ�LQ�D�GHQVHO\�IRUHVWHG�ODQG���,Q�RQH�
RI�WKH�EUHDNV�,�ZDV�WROG�RI�WKH�FRQYHQLHQFH�RI�D�
UHFHQW� KXUULFDQH� WKDW� KDG� IODWWHQHG� WUHHV�
FRYHULQJ� D� ODUJH� DUHD� ZKHUH� SUHYLRXVO\� WKH\�
ZHUH� KDYLQJ� WURXEOH� VHHLQJ� IURP� DERYH�� � $V�
DFFHSWHG�6SDFH�$JHQF\�SURFHGXUH�LV�WR�DFTXLUH�
VSDFH� LPDJHV� RI� DQ\� QDWXUDO� GLVDVWHU�� WKH�
0H[LFDQ�DUFKDHRORJLVWV�KDG�QR�WURXEOH�JHWWLQJ�
VXLWDEOH�LPDJHV��

6WUDVERXUJ������1RYHPEHU������

5RJ�3DOPHU�
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$PRQJ�WKH�VDWXUDWLRQ�RI�LPDJH�SURFHVVLQJ�DQG�
JDPHV� ZLWK� *,6� ZHUH� PRUH� ILQLVKHG�
FRQWULEXWLRQV�� � 7KHVH� ZHUH� WKH� ZRUN� RI� WKH�
µ'XUKDP�&URZG¶��DV�UHFHQWO\�SXEOLVKHG� LQ� WKH�
1$72�ERRN�DQG� $QWLTXLW\���DQG�D�WHDP�ZRUNLQJ�
DW�$QJNRU�LQ�&DPEURGLD���$QWKRQ\�%HFN�IURP�
'XUKDP�WDONHG�RI�XVH�RI�JHR�UHIHUHQFHG�,NRQRV�
GDWD��ZKLFK�ZDV�RQH�TXDUWHU�WKH�FRVW�RI�RUWKR��
UHFWLILHG��WKDW�KH�KDG�FRUUHFWHG�WR�ZLWKLQ�DERXW�
�P�E\�XVH�RI�*36�DQG�WKHQ�FRXOG�EH�FRUUHODWHG�
ZLWK�ILHOG�GDWD����*UDKDP�3KLOLS�ZHQW�RQ�WR�WDON�
DERXW�LQWHUSUHWDWLRQ�RI�&RURQD�SKRWRJUDSKV�DQG�
GLVFXVVHG�SUREOHPV�DQG�VXFFHVVHV�RQ�WKH�EDVDOW�
DQG� PDUO� ODQGVFDSHV� LQ� WKHLU� UHVHDUFK� DUHD��
&RURQD��ZKLFK�VKRZV�WKH�DUFKDHRORJLFDO�VWXII��
ZDV�UHIHUHQFHG�WR�,NRQRV��ZKLFK�GRHV�QRW��DQG�
SURGXFHG�DQ�H[SHQVLYH��EXW�FRVW�HIIHFWLYH��GDWD��
VHW� WKDW� DOORZHG� SURMHFWV� WR� EH� GHVLJQHG� WKDW�
ZRXOG�RWKHUZLVH�QRW�EH�SRVVLEOH���7KH�&RURQD��
WR�,NRQRV�FRPSDULVRQ�LV�ZRUWK�H[SDQGLQJ�DV�WKH�
���\HDU� GLIIHUHQFH� LQ� WLPH� EHWZHHQ� WKH� FRYHU�
KDV� VHHQ� FRQVLGHUDEOH� GHVWUXFWLRQ� RI�
DUFKDHRORJLFDO� VLWHV�� � 7DNH� QRWH� ±� LW� LV� QRW�
DOZD\V� WKH� KLJKHVW� UHVROXWLRQ� WKDW� SURYLGHV�
UHVXOWV�� � $OVR� IURP� 'XUKDP�� 1LNRODRV�
*DOLDWVDWRV� KDG� WKH� RQO\� SUHVHQWDWLRQ� DW� WKH�
PHHWLQJ� WR� PHQWLRQ� XVH� RI� VWHUHRVFRS\�� � +LV�
SRVWHU�DERXW�&RURQD�SKRWRJUDSK\�LQFOXGHG�WZR�
GLJLWDO�DQDORJXH�PRGHOV� IRU�YLHZLQJ�ZLWK� UHG��
EOXH�JODVVHV�DQG�KH�KDG�VRPH�SULQWV�IRU�YLHZLQJ�
ZLWK�D�SRFNHW�VWHUHRVFRSH��

&KULVRSKH� 3RWWLHU� DQG� 5RODQG� )OHWFKHU�
SUHVHQWHG� SDSHUV� GHDOLQJ� ZLWK� WKH� YDVW�
ODQGVFDSH��VRPH������VT�NP��DW�$QJNRU���7KH�
IDPRXV� WHPSOH� FRPSOH[� LV� D� VPDOO�� EXW� IRFDO��
SDUW� RI� WKH� V\VWHP� WKDW� QRZ� LV� VKRZQ� WR� EH�
VXUURXQGHG�E\�PRUH�WKDQ������QHZ�IHDWXUHV�DQG�
OLQHDUV�� � )OHWFKHU� LQWHUSUHWHG� WKLV� DV� D� KXJH�
ZDWHU� GLVWULEXWLRQ� FRPSOH[�� FROOHFWLQJ� ZDWHU�
IURP�QRUWK�RI�WKH�WHPSOHV�DQG�GLVWULEXWLQJ�LW�WR�
ULFH� ILHOGV� WR� WKH� VRXWK�� � 7KHVH� SUHVHQWDWLRQV�
ZHUH� WKH�RQO\�RQHV�DW� WKH�FRQIHUHQFH� WKDW�KDG�
PRYHG� IURP� SKRWRJUDSKV�LPDJHV� WR� DQ�
LQWHUSUHWDWLYH�SODQ�RI�WKH�DUHD���6SHFWDFXODU�VWXII�
ZKLFK� WKRVH� RI� \RX� DW� :$&��� ZLOO� KDYH� D�
FKDQFH�RI�VHHLQJ��

7KH�FRQIHUHQFH�PDGH�PH�UHDOLVH�ZK\�WKHUH�DUH�
VR� IHZ� UHVHDUFK� VWXGHQWV� XVLQJ� DHULDO�
SKRWRJUDSKV�LQ�WKH�ZD\V�WKDW�$$5*�PHPEHUV�
SURPRWH���:H�KDYH�QRQH�RI�WKH�VH[\�KLJK�WHFK�
WKLQJV� WR� SOD\� ZLWK� DQG� RXU� GLUHFWLRQV� VWLOO�
UHYROYH�PRUH�DURXQG�GLVFRYHU\�DQG�UHFRUG�WKDQ�
DSSOLFDWLRQ�� �6SDFH�DSSOLFDWLRQV�RIIHU�DOO� WKHVH�
DQG�PRUH�"��HYHQ�LI�WKHUH�GLG�VRPHWLPHV�VHHP�
WR�EH�FDVHV�RI�EDWWHULQJ�GDWD�ZLWK�HYHU\�SRVVLEOH�
WHFKQLTXH� µEHFDXVH� ZH� FDQ¶� UDWKHU� WKDQ� IRU�
UHDVRQV� DSSURSULDWH� WR� WKH� TXHVWLRQV� DVNHG��
'HVSLWH�WKLV��WKHUH�LV�D�FRQVLGHUDEOH�DPRXQW�RI�
DUFKDHRORJLFDO�ZRUN� LQ�SURJUHVV� WKDW�KDV�JRQH�
GLUHFWO\�WR�VSDFH�GDWD�DV�LWV�SULPDU\�VRXUFH���,Q�
SODFHV� WKLV� KDV� EHHQ� EHFDXVH� WKHUH� DUH� QR�
FRQYHQWLRQDO� DLU� SKRWRV� EXW� DW� RWKHU� WLPHV� LW�
VHHPV� WKDW� WKH� XVH� RI� DLU� SKRWRV� ZDV� QRW�
FRQVLGHUHG� DW� DOO� DQG� VSDFH� GDWD�ZDV� VHOHFWHG�
EHFDXVH� RI� LWV� HDVLHU� PDQLSXODWLRQ�� � 7KH� IHZ�
SUHVHQWDWLRQV� WKDW� LQFOXGHG� DLU� SKRWRJUDSKV�
VHHPHG� WR� GR� QRWKLQJ� PRUH� WKDQ� JHR�ORFDWH�
WKHP�DQG�VWXII�WKHP�LQWR�D�*,6���7KHUH�LV��D�IHZ�
RI�XV�DJUHHG��D�GDQJHU�RI�ORVLQJ�WKH�DGYDQWDJHV�
WKDW� FRQYHQWLRQDO� SKRWR� LQWHUSUHWDWLRQ� FDQ�
SURYLGH� YLD� VWHUHRVFRSLF� H[DPLQDWLRQ� RI�
DQDORJXH� SULQWV�� � 7R� LQFOXGH� WKLV� LQ� VSDFH��
RULJLQDWHG� SURMHFWV� ZRXOG� SUREDEO\� QHHG� FR��
RSWLRQ�RI�D�SKRWR�LQWHUSUHWHU�LQWR�WKH�SURMHFW�DW�
LWV�RXWVHW���%XW�WKH�FRPELQDWLRQ�RI�WHFKQRORJLHV�
PD\�QRW�HDVLO\�EH�PHUJHG�DV�WKH�UHPRWH�VHQVRU��
LPDJH� SURFHVVRUV� WHQG� WR� VWRS� VKRUW� RI�
SURGXFLQJ�LQWHUSUHWDWLYH�GUDZLQJV��SUHIHUULQJ�WR�
OHW�WKH�PDQLSXODWHG�GDWD�EH�DQ�HQG�LQ�LWVHOI��

7KH� RUJDQLVHUV� SURGXFHG� D� &'�520� RI� WKH�
FRQIHUHQFH� SURFHHGLQJV� WKDW� LV� DYDLODEOH� IURP�
(6$������'R�QRW�H[SHFW�WRR�PDQ\�YLVXDO�WUHDWV�DV�
PRVW�SDSHUV�GR�QRW�KDYH�LOOXVWUDWLRQV��DQG�WKRVH�
WKDW�DUH�LQFOXGHG�DUH�YLUWXDOO\�ZRUWKOHVV�EHFDXVH�
RI� WKH� FRDUVH� UHSURGXFWLRQ� WKDW� KDV� UHVXOWHG�
IURP�HGLWRULDO�UHGXFWLRQ�RI�ILOH�VL]HV�E\��LQ�P\�
RZQ� FDVH�� D� IDFWRU� RI� DERXW� ��� � 7KLV� VHHPV�
WRWDOO\�VHQVHOHVV�LQ�YLHZ�RI�WKH�IDFW�WKDW�DOO�WKH�
SDSHUV�WRJHWKHU�GR�QRW�H[FHHG���0%�RQ�D�&'�
WKDW� FRXOG�� SUHVXPDEO\�� WDNH� WHQ� WLPHV� WKDW�
DPRXQW�RI�LQIRUPDWLRQ���%ORRG\�HGLWRUV��

��� (6$� 3XEOLFDWLRQV� GLYLVLRQ�� (67(&�� 32� %R[�
����������$*�1RRUGZLMN��7KH�QHWKHUODQGV�� 63��
����2FWREHU��������,6%1����������������3ULFH�¼�
����
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$W� ODVW�ZH� VHHPHG� WR� JHW� VRPHZKHUH� WRZDUGV�
DQVZHULQJ�+D\N�+DNRE\DQ¶V�RULJLQDO�UHTXHVW�WR�
KHOS�HVWDEOLVK�DHULDO� VXUYH\� LQ�$UPHQLD�� �7KLV�
ZDV� PDGH� SRVVLEOH� E\� WKH� JHQHURVLW\� RI� WKH�
%ULWLVK�&RXQFLO�ZKR��WKURXJK�5RJHU�%XGG�WKHLU�
QHZ� 'LUHFWRU� LQ� $UPHQLD�� ERXJKW� XV� D�
SDUDPRWRU���7KH�LGHD�RI�XVLQJ�D�SDUDPRWRU�IRU�
$UPHQLDQ�ZRUN�LV�QRW�QHZ�EXW�ZDV�PHQWLRQHG�
WR�PH�E\�9DUGDQ�+RYKDQQLV\DQ�GXULQJ�P\�ILUVW�
YLVLW� LQ� ������ � 2WKHU� IXQGLQJ� ±� WKLV� WLPH�
JHQXLQHO\� DFDGHPLF� ±� FDPH� IURP� WKH�
$VVRFLDWLRQ� IRU� &XOWXUDO� ([FKDQJH� DQG� WKH�
%ULWLVK�$FDGHP\�ZKLOH�XVHIXO� LQSXW�DQG� LGHDV�
FDPH�IURP�&KULV�0XVVRQ�ZKR�ZDV�EURXJKW�LQWR�
WKH� SURMHFW� IRU� KLV� DLUERUQH� DQG� XSODQG�
H[SHULHQFH��

VHOHFWHG� WR� EH� WKH� SURMHFW¶V�PDLQ� SLORW�� �&KULV�
0XVVRQ�DUULYHG�DW�DERXW��DP�RQ�2FWREHU���DQG�
WKH� ILUVW� WHVW� IOLJKWV� ZHUH� VFKHGXOHG� IRU� WKDW�
DIWHUQRRQ��

)RU�WKRVH�RI�\RX�QRW�IDPLOLDU�ZLWK�WKLV�W\SH�RI�
IO\LQJ�PDFKLQH�� WKH� DLUIUDPH�ZLWK� VHDW� �OLNH� D�
SOD\JURXQG�VZLQJ�� LV� VWUDSSHG� WKH�SLORW�� �7KLV�
SODFHV�WKH�SRZHUSODQW��D���KS�WZR�VWURNH�ZLWK�
D�QLFH�ZRRGHQ�SURS��LQ�WKH�µUXFNVDFN¶�SRVLWLRQ�
RQ�KLV�EDFN���7KH�ULJJLQJ�OLQHV�RI�WKH�ZLQJ�DUH�
DWWDFKHG� WR� WKH� DLUIUDPH� ZLWK� WZR� NDUDELQHUV��
ZKLOH�WKH�IUHH�PRYLQJ�VWHHULQJ�OLQHV�HQG�DW�WZR�
'�KDQGOHV�ZKLFK� WKH�SLORW� JULSV�� �7KH� WKXPE��
JULS� WKURWWOH� LV� VWUDSSHG� WR� RQH� ZULVW� DQG� WKH�
WKLQJ� LV� UHDG\� WR� IO\�� �7KH�SKRWRJUDSKHU�KDV�D�
VHDW� WKDW� LV� KRRNHG� RQ� IRUZDUGV�� DQG� LQ� IOLJKW�
GRZQZDUGV�� RI� WKH� SLORW�� � 7KH� WHDP�RI� WZR� LV�
VWUDSSHG�LQWR�WKH�VHDWV��EXW�OHIW�ORRVH�HQRXJK�WR�
GR� WKH� WDNHRII� UXQQLQJ�� � 7KH� ZLQJ� LV� WXJJHG�
XSULJKW�� DQG� WULHV� WKHQ� WR� SXOO� ERWK� SHRSOH�
EDFNZDUGV��

$UPHQLD��6HSW�2FWREHU������±�WKH�ELUWK�RI�

5RJ�3DOPHU�

7KH�SDUDPRWRU��DUULYHG�LQ�$UPHQLD�DERXW�IRXU�
KRXUV�EHIRUH�,�GLG���%\�WKH�PRUQLQJ�RI�P\�ILUVW�
GD\��WKH�DLUIUDPH�DQG�HQJLQH�ZDV�DVVHPEOHG�DQG�
DQ� H[SHULHQFHG� VROR� SDUDPRWRULVW�� 5XEHQ�
�VXUQDPH�XQNQRZQ���KDG�DUULYHG�WR�UXQ�WKH�ILUVW�
HQJLQH� WHVWV� DQG� WUDLQ� .DUHQ� 0DUWLURV\DQ�� D�
PLOLWDU\� EORNH� ZKR� KDG� YROXQWHHUHG� RU� EHHQ�
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7KH�SLORW�WKHQ�VKRXWV�³5XQ´�DV�WKH�SDLU�VWDJJHU�
LQWR�WKH�ZLQG��WKH�SLORW�ZLWK�WKH�H[WUD���NJ�RI�
SRZHUSODQW�RQ�KLV�EDFN����7KH�SLORW�OLIWV�RII�ILUVW�
DQG�DFFHOHUDWHV��PDNLQJ� LW�SRVVLEOH� IRU�KLP� WR�
NQRFN� RYHU� WKH� VHFRQG�� OHDGLQJ�� SHUVRQ��
$YRLGLQJ� WKLV� UHTXLUHV� D� EXUVW� RI� VSHHG� IURP�
QXPEHU�WZR��E\�WKDW�WLPH�EUHDWKLQJ�KHDYLO\�DQG�
ZDQWLQJ� D� SLQW�� DQG� LW� LV� QHFHVVDU\� WR� NHHS�
UXQQLQJ�LQ�WKH�DLU�LQ�FDVH�WKH�WKLQJ�GHFLGHV�WR�IO\�
WRZDUGV�WKH�JURXQG�DJDLQ���:KHQ�HYHQWXDOO\�WKH�
SDUDPRWRU� LV� DLUERUQH� �DIWHU� ����P�GHSHQGLQJ�
RQ� ZLQG� VWUHQJWK��� WKH� QXPEHU� WZR� KDV� WR�
ZULJJOH�LQWR�KLV�VHDW��DGMXVW�VWUDSV�DQG�WKHQ�JUDE�
WKH� SLORW¶V� OHJV� VR� WKDW� KH� WRR� FDQ� JHW�
FRPIRUWDEOH���$IWHU�WKDW�HYHU\WKLQJ�LV�HDV\�DQG�
WKH� SDLU� RI� SLORWV� ZDV� DEOH� WR� PDNH� VWDQGLQJ�
ODQGLQJV�E\�JHQWO\�VWDOOLQJ�LQ�IURP�D�PHWUH�RU�VR�
DERYH�WKH�JURXQG���2XU�EHVW�IO\LQJ�WHDP�ZDV�WKH�
WZR�SLORWV�DV�WKH�DUFKDHRORJLVWV�ZHUH�HLWKHU�WRR�
IDW� DQG� KHDY\� �HJ� PH�� IRU� WKH� HQJLQH�ZLQJ�
FRPELQDWLRQ�RU�WRR�IHHEOH��EHDXWLIXO�0DULDP��WR�
UXQ�DW�WKH�UHTXLUHG�SDFH��

,� KDG� WR� WU\� LW� IRU�P\VHOI� DQG�ZDV� GUHVVHG� LQ�
ERRWV�� ZDUP� FORWKHV� DQG� D� FUDVK� KHOPHW� DQG�
LQVWUXFWHG� WR� UXQ�� � $IWHU� WZR� IODW�RQ�WKH�IDFH�
FUDVKHV�ZH� WRRN� RII� EXW� XQIRUWXQDWHO\� QR� RQH�
WROG�PH�KRZ�WR�JHW�LQWR�WKH�VHDW�DQG�DOO�WKH�RWKHU�
QHFHVVDU\� DFWLRQV� WKDW� VKRXOG� WDNH� SODFH� DIWHU�
WDNHRII� ZKLFK� OHIW� WKH� WZR� RI� XV� KDQJLQJ�
SDLQIXOO\� E\� WKH� GHOLFDWH� ELWV�� � :H� PDGH� D�
KXUULHG�����GHJUHH�WXUQ�DQG�ODQGHG�LQ�D�KHDS�LQ�
D�FRQYHQLHQW� ILHOG�� �7KH�QH[W�GD\� WKH\� WUDLQHG�
PH��EXW�WKHUH�ZDVQ¶W�DQRWKHU�RSSRUWXQLW\�IRU�D�
IOLJKW�DV�&KULV�DQG�,�WKRXJKW�LW�PRUH�LPSRUWDQW�
WR�PDNH�ILHOG�YLVLWV�WR�VLWHV�UDWKHU�WKDQ�VLW�LGO\�
DQG�ZDWFK�IXUWKHU�IO\LQJ���:LWK�WZR�SHRSOH�RQ�
WKH� SDUDPRWRU� LW� PDNHV� D� ILQH� SODWIRUP� IRU�
SKRWRJUDSK\�� �%HIRUH�ZH� OHIW�$UPHQLD�5XEHQ�
DQG� .DUHQ� KDG� PDGH� WKUHH� RU� IRXU� IOLJKWV� WR�
VSHFLILHG� DUHDV� DQG� WDNHQ� YLGHR� ILOP� RI� WKH�
JURXQG�� � 7KLV� DOORZHG� XV� WR� VXJJHVW�
LPSURYHPHQWV��WKH�XVXDO�IO\�KLJKHU�RU�XVH�ZLGHU�
DQJOH��DQG�WHOO�WKHP�ZKDW�KDG�EHHQ�UHFRUGHG��

VXUYH\� KDV� WR� DGDSW� WR� ORFDO� FRQGLWLRQV�� � 7KH�
SDUDPRWRU�ILWV�LQ�WKH�EDFN�RI�D�WUXFN��GRQDWHG�E\�
$PHULFDQ� (PEDVV\� SHUVRQQHO�� DQG� UHTXLUHV�
RQO\� RQH� RU� WZR� SHRSOH� DV� JURXQG� FUHZ��
5HDVRQDEO\� IODW� VWRQH�IUHH� ILHOGV� DUH� QRW� WRR�
GLIILFXOW�WR�ILQG���'XUDWLRQ�LV�DERXW����PLQXWHV�
ZLWK�WKH�SUHVHQW�IXHO�WDQN�DQG�WKH�SDUDPRWRU�LV�
H[WUHPHO\� VWHDG\� DQG� YLEUDWLRQ�IUHH� LQ� IOLJKW��
7KLV� ZLOO� DOORZ� XVH� RI� VKXWWHU� VSHHGV� VORZHU�
WKDQ�WKH�DFFHSWHG������V�PLQLPXP���7KH�VORZ�
IO\LQJ� VSHHG� KHOSV� REVHUYDWLRQ� DQG� VKRXOG�
HQDEOH�JRRG�SRVLWLRQLQJ�IRU�SKRWRJUDSK\���2XU�
WHVW� IOLJKWV� ZHUH� PDGH� IURP� D� ILHOG� DW� DERXW�
����P�DVO� DQG� WKH�SDUDPRWRU� FRXOG� HDVLO\� IO\�
���P�DERYH�JURXQG��

7KH�SDUDPRWRU�KDV�D�ORZHU�WROHUDQFH�RI�ZLQG\�
FRQGLWLRQV� WKDQ� WKH� OLJKW� DLUFUDIW� XVXDOO\� XVHG�
IRU� DHULDO� VXUYH\� EXW� LW� VHHPV� DQ� LGHDO� IO\LQJ�
PDFKLQH� IRU� $UPHQLD¶V� URXJK� DQG� URFN\�
ODQGVFDSH�� � &KULV� DQG� ,� UDSLGO\� UHDOLVHG� WKDW�
PDQ\�RI�WKH�ZHVWHUQ�GLFWXPV�µWKRX�PXVW�GR�WKLV�
RU�WKDW¶�DUH�UHGXQGDQW�LQ�$UPHQLD�ZKHUH�DHULDO�

)LHOG� YLVLWV�� ZHUH� PDGH� WR� D� QXPEHU� RI� VLWHV�
LGHQWLILHG�RQ�WKH� &2521$��LPDJHV�DQG�LQFOXGHG�
D� KLOOIRUW�FLWDGHO� RI� ���WK����WK�� FHQWXU\� %&� GDWH��
QDWXUDO�µVLWHV¶��UHFHQW�VKHSKHUG�VWUXFWXUHV�DQG�D�
UDQJH� RI� W\SHV� RI� WHUUDFHV� GDWLQJ� IURP� DQ�
XQNQRZQ� SDVW� WR� 6RYLHW� ����V� DQG� ����V�
FRQVWUXFWLRQV���&KULV��+D\N�DQG�,�DOVR�VSHQW�WZR�
GD\V� RQ� WKH� VORSHV� RI� $UD�� D� VPDOO� YROFDQLF�
PRXQWDLQ� ZLWK� UHODWLYHO\� JHQWO\� VORSHV�� WKDW�
VDWHOOLWH� SKRWRV� VKRZ� WR� EH� FRYHUHG� ZLWK�
WHUUDFHV�EHORZ�ZKLFK� LV�D�YLOODJH�VDLG� WR�KDYH�
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been abandoned in the 1930s.  Among the 

fields we visited were some very ‘soft’ looking 

terraces or lynchets, possibly of early date, and 

some walled fields that looked very similar to 

the coaxial systems of (eg) Dartmoor.  The 

village gave us a test site for comparing 

photographs taken from satellite, paramotor, 

high on Ara, and at street level.  Pottery found 

there ranged from ‘recent’ to 12
th

 century AD. 

 

Database and record.  Lilit Vanyan, a 

computer technician at the Institute of 

Archaeology and a student at the training 

school run in 2001, has begun to create an 

ArcView database to record and retrieve 

information that the project is collecting.  In 

the BAP (before aerial photography) period 

this includes sites identified on the satellite 

images, checked via field visits, and 

information from the Armenian National 

Record.  It remains to be decided whether the 

‘official’ photographic record will be wholly 

or partially digital – something that may be 

resolved if the project can acquire a suitable 

digital camera. 

 

Web site.  Chris and I spent a fair amount of 

time with Mariam Fainberg, a designer 

working at Bars Media, who was creating a 

web site for us.  Chris (I think) came up with 

the name ‘Wings over Armenia’ for the site 

and the project.  The web site includes many 

pictures of the paramotor in action as well as 

some (ground) archaeological tourist stuff.  Its 

temporary home is 

http://www.barsmedia.am/archaeology/ 

 

Success.  We had an informal party on our last 

night and invited Roger Budd and Yulia Boyle 

from the British Council.  By then we had 

‘British Council’ written on our wing and they 

were delighted by the films we were able to 

show them and said that our results so far 

more-than-justified their investment.  

Apparently we come under their ‘science’ 

category and the ability to produce flying shots 

as well as results makes much better publicity 

material for them than from more usual science 

subsidies. 

Future.  Sufficient money was saved (thanks 

to the military not providing the promised 

helicopter and possible microlight flights) to 

allow one visit before the end of June 2003 

(the spending date for the British Academy 

grant).  This will be used to assess any aerial 

photographs taken between now and then and 

to plan locations for aerial survey in summer 

2003.  One of the great unknowns is whether 

there is any likelihood of crop-marked features 

being visible on the Araxes plain.  These may 

be unlikely for at least two linked reasons: that 

all known Armenian features are stone-built, 

and that stones are rigorously cleared from 

fields immediately after cultivation.  Despite 

this, we have suggested that flights be made 

over this area and others to identify times 

when crop marks may be visible.  Systematic 

survey can begin once we have that 

knowledge. 

 

Thanks.  As usual, Hayk Hakobyan and 

Tigran Hovhannisyan were our main local 

administrators.  Hayk – in the final days of 

moving house – gave willingly of his time and 

archaeological expertise on many field visits 

and indoor discussions while Tigran showed us 

that driving in Armenia should be fast, 

flexible, frantic, and preferably not done by 

females in posh cars.  Chris Musson was an 

excellent bloke to share the project with.  Not 

only for his knowledge and advice, but also for 

his impressions as a new visitor to Armenia 

and his linguistic skills in rapidly learning to 

say “Chors Kilikia” (four bottles of beer – cost 

about £1.25).  The fact that we have a 

paramotor is entirely due to the film making 

skills of Vardan Hovhannisyan and his team at 

Bars Media.  In June 2002 they covered the 

visit of the British Council-sponsored 

‘Random Dance’ company and the film so 

impressed the BC people that they asked if he 

had any other projects they could collaborate 

on.  The answer, I’m told, was “aerial 

archaeology” which led to the BC buying us 

the paramotor without which there would be 

no Wings over Armenia. 
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7KLQJV�WR�GR�LQ�\RXU�VSDUH�WLPH��

(XURSHDQ� *HRSK\VLFDO� 6RFLHW\�� (*6�$*8�(8*� -RLQW� $VVHPEO\�� �0*�� $UFKHR��
3URVSHFWLQJ����WK�����WK�$SULO�������1LFH��)UDQFH�� ZZZ�DUFKVFL�EUDG�DF�XN�(*6�

&$$������	�:RUNVKRS���$UFKDHRORJ\�DQG�&RPSXWHU���(QWHU�WKH�3DVW���9LHQQD��$XVWULD���WK�
����WK�$SULO������� ZZZ�HQWHU�WKH�SDVW�RUJ�

%LVNXSLQ������EXW�ZKDW�QH[W"��$HULDO�SKRWRJUDSKV�LQ�3ROLVK�DUFKDHRORJ\��/HV]QR��3RODQG��0D\�
������������� KWWS���DUFKHR�DPX�HGX�SO�ELVNXSLQ��

1DSOLE�������$*0�DQG�FRQIHUHQFH�� �,QFOXGLQJ�SUHVHQWDWLRQV�DERXW� 7KH�(DUO\�+LVWRU\�RI�
$HULDO� 6XUYH\� DW� WKH� 26� DQG� $HULDO� 6XUYH\� DQG� &UDZIRUG��� � +HOG� DW� 2UGQDQFH� 6XUYH\��
6RXWKDPSWRQ��8.�±�RI�ZKLFK�WKHUH�ZLOO�EH�D�µYLUWXDO�WRXU¶���-XQH������������
(QTXLULHV�WR� MRKQ�KHQU\#DUXS�FRP��RU���������������

:$&����WKH�)LIWK�:RUOG�$UFKDHRORJLFDO�&RQJUHVV���:DVKLQJWRQ��'&��������-XQH��������7KLV�
LQFOXGHV�D�VHVVLRQ�RQ� 5HPRWH�6HQVLQJ�IRU�$UFKDHRORJ\��� KWWS���ZZZ�DPHULFDQ�HGX�ZDF���

$$5*��������.LQJ�$OIUHG
V�&ROOHJH��:LQFKHVWHU��8.���VW� ���WK�6HSWHPEHU������� KWWS����
DDUJ�XQLYLH�DF�DW��

��WK�/LPHVFRQJUHVV��3HFV��+XQJDU\���VW����WK�6HSWHPEHU������� KWWS���OLPHV;,;�EWN�SWH�KX��

$UFKDHRORJLFDO�3URVSHFWLRQ��&UDFRZ��3RODQG���������6HSWHPEHU��������,QFOXGHV�VHVVLRQV�RQ�
SURVSHFWLRQ�LQ�WKH�1HDU�(DVW�� KWWS���DUFKHRORJ�LDHSDQ�HGX�SO�HQJ�SURVSHFWLRQ��

�WK� ($$� $QQXDO� 0HHWLQJ�� 6W�� 3HWHUVEXUJ�� 5XVVLD�� ��WK� �� ��WK� 6HSWHPEHU� ������
ZZZ�HDD����DP�VSE�UX�GHDGOLQHV�KWPO�

&,3$�������1HZ�3HUVSHFWLYHV�WR�6DYH�&XOWXUDO�+HULWDJH���$QWDO\D��7XUNH\����WK�6HSWHPEHU���
�WK�2FWREHU������� ZZZ�FLSD�����DQWDO\D�RUJ��

&RQJUHVV�$HULDO�3KRWRJUDSK\�DQG�$UFKDHRORJ\��������$�&HQWXU\�RI�,QIRUPDWLRQ���*KHQW�
8QLYHUVLW\��%HOJLXP����WK�����WK�'HFHPEHU�������PDUF�PHJDQFN#UXJ�DF�EH�

�ZLWK�WKDQNV�WR�2WWR�IRU�PXFK�RI�WKH�DERYH��
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:áRG]LPLHU]� 5ąF]NRZVNL�� $UFKHRORJLD�
/RWQLF]D� ±� 0HWRGD� ZREHF� WHRULL�� >�$HULDO�
$UFKDHRORJ\� ±�0HWKRG� LQ� WKH� IDFH� RI� WKHRU\�@�
3R]QDQ��������:\GDZQLFWZR�1DXNRZH�8$0���
SS�� ����� �� WDEOHV�� ��� SKRWRV�� ��� ILJV�� ,6%1�
��������������� 3ROLVK� WH[W� ZLWK� ���� SDJH�
VXPPDU\�LQ�(QJOLVK��,QGLFHV��

7KH�DXWKRU�KDV�VHW�RXW�WR�VWXG\�WKH�LQIOXHQFH�RI�
GLIIHUHQW�UHVHDUFK�SDUDGLJPV�RQ�WKH�ZD\�DHULDO�
REVHUYDWLRQ� DQG� SKRWRJUDSK\� KDV� EHHQ�
LQFRUSRUDWHG� LQWR� ZLGHU� UHVHDUFK� SDWWHUQV� LQ�
DUFKDHRORJ\�� 7KH� FKDQJLQJ� PDQQHU� LQ� ZKLFK�
DHULDO� SKRWRJUDSKV� KDYH� EHHQ� XVHG� LQ�
DUFKDHRORJ\�LQ�%ULWDLQ�DQG�WR�D�OHVVHU�H[WHQW�WKH�
86�DUH�XVHG� WR�H[SORUH� WKHLU� UHODWLRQVKLS�ZLWK�
FKDQJHV�LQ�WKH�GLVFLSOLQH�LWVHOI��DQG�LQ�SDUWLFXODU�
WKH�DSSOLFDWLRQ�RI�SDUWLFXODU�WKHRUHWLFDO�PRGHOV��
7KH�ERRN¶V�ILUVW�FKDSWHU��SS���������VWDWHV� WKH�
FDVH� IRU� VXFK� D� VWXG\�� +H� GLVDJUHHV� ZLWK� WKH�
RSLQLRQ� WKDW� VRPH�DUFKDHRORJLFDO�PHWKRGV�DUH�
XQFRQQHFWHG�ZLWK�WKHRUHWLFDO�WKRXJKW�DV�LI�WKH\�
ZHUH�³WKHRUHWLFDOO\�QHXWUDO´��DQG�PDLQWDLQV�WKDW�
D� VWXG\� RI� WKH� GHYHORSPHQW� RI� DUFKDHRORJLFDO�
DHULDO� SKRWRJUDSK\� ZLOO� LOOXPLQDWH� DQRWKHU�
DVSHFW�RI�WKH�UHODWLRQVKLS�EHWZHHQ�PHWKRG�DQG�
WKHRU\��

DQG� GLIIXVLRQLVW� DSSURDFKHV��� 7KH� SUHYDLOLQJ�
SRVLWLYLVW� DWWLWXGHV� HQFRXUDJHG� UHJDUGLQJ�
DUFKDHRORJLFDO�HYLGHQFH��DUFKDHRORJLFDO�UHFRUG��
GDWD��DV�REMHFWLYH�HQWLWLHV�DQG�SK\VLFDO�REMHFWV�
LQ�ZKLFK�SDVW�ZRUOG�ZDV�SUHVHUYHG��LQGHSHQGHQW�
RI� WKH� UHVHDUFKHU� XVLQJ� LW� WR� UHFRQVWUXFW� SDVW�
HYHQWV� DQG� FXOWXUHV�� 7KH� JUHDWHU� QXPEHU� RI�
VRXUFHV� �UHFRUGV�� GDWD��� WKH� EHWWHU� DQG� PRUH�
FRPSOHWH�RXU�NQRZOHGJH�DERXW�WKH�SDVW�ZRXOG�
EH��7R� VRPH�GHJUHH� WKHVH� DSSURDFKHV�ZHUH� WR�
UHPDLQ� ZLWK� DHULDO� DUFKDHRORJ\� IRU� WKH�
VXEVHTXHQW� GHFDGHV� RI� LWV� GHYHORSPHQW�� 7KH�
SRVLWLYLVW� DSSURDFK� LQ� DUFKDHRORJ\� KRZHYHU�
OLPLWHG� WKH� VFRSH� RI� TXHVWLRQV� WKDW� FRXOG� EH�
DVNHG� RQ� WKH� EDVLV� RI� DHULDO� SKRWRJUDSKV��
DOWKRXJK� DHULDO� DUFKDHRORJ\� LQWURGXFHG� IUHVK�
TXHVWLRQV�DQG�QHZ�LQWHUSUHWDWLRQV�RI�WUDGLWLRQDO�
VFLHQWLILF�SUREOHPV��

,Q� WKH� WKLUG� FKDSWHU� �SS�� �������� 5ąF]NRZVNL�
FRQVLGHUV�WKH�QHZ�WKHRUHWLFDO�WHQGHQFLHV�DQG�WKH�
FUHDWLRQ� RI� VWDQGDUGV� LQ� WKH� ����V� WR� ����V�
ZKHQ�DHULDO�DUFKDHRORJ\�PDWXUHG�DV�D�WHFKQLTXH�
LQ�LWV�RZQ�ULJKW��+H�FRQVLGHUV�WKH�LQIOXHQFH�RI�
QHZ� DFDGHPLF� PRGHOV� GHULYLQJ� IURP�
IXQFWLRQDOLVP��QHR�HYROXWLRQLVP�DQG�0DU[LVP��
7KHVH�KDG�VRPH�LPSDFW�RQ�DHULDO�DUFKDHRORJ\��
DQG� DWWHQWLRQ� ZDV� WXUQHG� WRZDUGV� WKH�
WHFKQRORJLFDO� DQG� HFRQRPLF� LQWHUSUHWDWLRQ� RI�
IDFWV�UHJLVWHUHG�RQ�SKRWRJUDSKV��ZKLFK� LQ� WXUQ�
VKLIWHG�WKH�IRFXV�IURP�GHVFULSWLRQ��RU�WKHLU�XVH�
PHUHO\� IRU� LOOXVWUDWLRQ�� WR� LQWHUSUHWDWLRQ� DQG�
DQDO\VLV�� $QRWKHU� IDFWRU� ZDV� WKH� LQFUHDVLQJ�
VLJQLILFDQFH� RI� DUFKDHRORJLFDO� DHULDO�
SKRWRJUDSK\� LQ� WKLV� SHULRG� DV� DQ� ³REMHFWLYH �́
WRRO� IRU� WKH� FUHDWLRQ� RI� GDWDEDVHV� IRU�
FRQVHUYDWLRQ� SXUSRVHV�� ZKLFK� JDYH� LW� D� QHZ�
SXUSRVH� DQG� WDVN� �SS�� �������� +H� FODLPV� WKDW�
WKLV�KRZHYHU�FRQWULEXWHG�±�GHVSLWH�VRPH�PDMRU�
ZRUN� ±� WR� DHULDO� DUFKDHRORJ\� EHFRPLQJ�
UHJDUGHG� DV� LQ� VRPH� ZD\� LVRODWHG� IURP�
PDLQVWUHDP�DFDGHPLF�DUFKDHRORJ\��

%RRNV�RI�LQWHUHVW"�

7KH� ERRN� FRQWLQXHV� ZLWK� D� GLVFXVVLRQ� RI� WKH�
SLRQHHUV�RI�DHULDO�DUFKDHRORJ\� �&KDSWHU����SS��
��������$IWHU�D�EULHI�GLVFXVVLRQ�RI�VRPH�RI�WKH�
HDUOLHU�SLRQHHUV��WKH�DXWKRU�WUHDWV�WKH�UHDGHU�WR�D�
UHODWLYHO\�IXOO�GLVFXVVLRQ�RI� WKH�UROH�RI�2�*�6��
&UDZIRUG� �SS�� ������� LQ� IRUPXODWLQJ� WKH�
SULQFLSOHV�RI�DHULDO�SKRWRJUDSK\�DQG�PDNLQJ�LW�
NQRZQ� WR� DQ� LQFUHDVLQJ� QXPEHU� RI� KLV�
FRQWHPSRUDULHV��$FDGHPLF�DUFKDHRORJLVWV�VRRQ�
DFFHSWHG� DHULDO� SKRWRJUDSKV� DV� D� WRRO� IRU�
GLVFRYHULQJ� DQG� UHJLVWHULQJ� DUFKDHRORJLFDO�
VLWHV��DQG�LW�TXLFNO\�EHFDPH�RQH�RI�WKH�SULQFLSDO�
VXUYH\� PHWKRGV� XVHG� LQ� ILHOG� DUFKDHRORJ\��
EHLQJ� LQVWUXPHQWDO� LQ� WKH� GHYHORSPHQW� RI�
ODQGVFDSH� DUFKDHRORJ\� �5ąF]NRZVNL� SUHVHQWV�
WKH�DFFXPXODWLRQ�RI�DHULDO�SKRWRJUDSKV���RU�QHZ�
GLVFRYHULHV� �� E\� IOLHUV� DV� D� VRUW� RI� FROOHFWLRQ�
DFWLYLW\��� 7KH� HDUO\� GHYHORSPHQW� RI� DHULDO�
DUFKDHRORJ\� LV� UHODWHG� WR� WKH� LQWHOOHFWXDO�
EDFNJURXQG�RI�DUFKDHRORJ\�LQ�WKH�ILUVW�\HDUV�RI�
WKH���WK�FHQWXU\��LQ�SDUWLFXODU� WKH�HYROXWLRQLVW�

&KDSWHU� �� �SS�� ��������� FRQVLGHUV� WKH�
UHYROXWLRQ�EURXJKW�DERXW�LQ�DUFKDHRORJ\�E\�WKH�
LQWURGXFWLRQV� RI� WKH� LGHDV� RI� WKH� 3URFHVVXDO�
DUFKDHRORJ\� LQ� WKH�����V� DQG�����V� �EXW� DOVR�
WKH�EHJLQQLQJ�RI�WKH�WHFKQRORJLFDO�UHYROXWLRQ�RI�
FRPSXWHUV�� *,6�� VDWHOOLWH� LPDJHV� HWF��� VWLOO�
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ZLGHO\� EHLQJ� GLVFXVVHG� DPRQJ� DHULDO�
DUFKDHRORJLVWV��� 3URFHVVXDO� DUFKDHRORJ\�
LQWURGXFHG�QHZ�FRQFHSWV�RI�WKH�IRUPXODWLRQ�RI�
VFLHQWLILF�SUREOHPV�DQG�WKLV�ZDV�WR�LQIOXHQFH�WKH�
ZD\� DHULDO� SKRWRJUDSKV� ZHUH� XVHG�� $OWKRXJK�
DHULDO� DUFKDHRORJ\�ZDV� QRW� DW� WKH� IRUHIURQW� RI�
WKH� PHWKRGRORJLFDO� UHYROXWLRQ� RI� WKH� SHULRG��
QHLWKHU�ZHUH�LWV�DGYRFDWHV�WRWDOO\�LVRODWHG�IURP�
WKH�QHZ�WUHQGV�ZKLFK�KDG�D�VLJQLILFDQW�HIIHFW�RQ�
WKH�ZRUN� WKH\�ZHUH�GRLQJ��1HZ�PRUH�H[SOLFLW�
DSSURDFKHV� WR� FODVVLILFDWLRQ� RI� REVHUYHG�
SKHQRPHQD� ZHUH� DGRSWHG�� DQG� LQ� OLQH� ZLWK�
GHYHORSPHQWV� LQ� RWKHU� DUHDV� RI� ILHOG�
DUFKDHRORJ\�� DHULDO� DUFKDHRORJLVWV� EHJDQ� WR�
VWXG\�PRUH�FORVHO\�LVVXHV�VXFK�DV�VLWH�IRUPDWLRQ�
SURFHVV� DQG� VDPSOLQJ� VWUDWHJLHV�� ,Q� SDUWLFXODU�
DHULDO�SKRWRJUDSKV�ZHUH�LQYROYHG�LQ�WKH�WUHQGV�
WRZDUGV� SUHGLFWLYH� PRGHOOLQJ� DQG� FUHDWLRQ� RI�
VWUDWHJLHV�IRU�VLWH�VDPSOLQJ��7KH\�DOVR�KHOSHG�WR�
GHWHUPLQH�UHODWLRQVKLSV�EHWZHHQ�GLIIHUHQW�VLWHV�
DQG� WKHLU� SRUWLRQV� LQ� WKH� ODQGVFDSH� DOORZLQJ�
WKHP� WR�EH� VHHQ�DV�SDUW�RI� VHWWOHPHQW� V\VWHPV�
UDWKHU� WKDQ� LVRODWHG� SKHQRPHQD�� 7KH� DXWKRU�
FRQFOXGHV�WKDW�WKH�SLFWXUH�RI�WKH�SODFH�RI�DHULDO�
DUFKDHRORJ\�LQ�%ULWLVK�DUFKDHRORJ\�LQ�WKH�����V�
WR� ����V� ZDV� QRW� XQLIRUP�� 3URFHVVXDO� LGHDV�
SHQHWUDWHG�DHULDO�SKRWRJUDSK\�XQHYHQO\��ZKLFK�
PHDQW� WKDW� QHZ� LGHDV�� PHWKRGV� DQG� VROXWLRQV�
GHYHORSHG� LQGHSHQGHQWO\� RI� WKH� WKHRUHWLFDO�
IRXQGDWLRQV��,Q�SXEOLFDWLRQV�GHDOLQJ�ZLWK�DHULDO�
DUFKDHRORJ\��GHVSLWH�WKH�DSSOLFDWLRQ�RI�PHWKRGV�
ERUURZHG� IURP� SURFHVVXDO� DUFKDHRORJ\�� ZH�
RIWHQ� ILQG� WKH� ILQDO� FRQFOXVLRQV� ZHUH� VWLOO�
IRUPXODWHG� LQ� WKH� VSLULW� RI� WUDGLWLRQDO�
DUFKDHRORJ\��

7KH� ILIWK� FKDSWHU� �SS�� ��������� GLVFXVVHV� WKH�
QHZ� SHUVSHFWLYHV� LQWURGXFHG� E\� WKH� SRVW��
SURFHVVXDO�WUHQGV�LQWR�%ULWLVK�DUFKDHRORJ\�DQG�
WKH� DUFKDHRORJLFDO� XVH� RI� DHULDO� SKRWRJUDSKV��
'HVSLWH� WKH� UHODWLYH� QHJOHFW� RI� DHULDO�
SKRWRJUDSK\� E\� SRVW�SURFHVVXDOLVP��
5ąF]NRZVNL� DUJXHV� IRUFHIXOO\� WKDW� LW� KDV�
SRWHQWLDO� WR� WDNH� D� JUHDWHU� SDUW� LQ� FXUUHQW�
GLVFXVVLRQ� RQ� WKH� QDWXUH� RI� DUFKDHRORJ\� DV� D�
GLVFLSOLQH�� $HULDO� DUFKDHRORJLVWV� FRQWULEXWHV�
LGHDV� RQ� D� QXPEHU� RI� LVVXHV� UDLVHG� E\� SRVW��
SURFHVVXDOLVP�VXFK�DV�WKH�UHODWLRQVKLS�EHWZHHQ�
REVHUYHU� DQG� WKH�REMHFW�RI� VWXG\��SUREOHPV�RI�
SRZHU��WKH�FRQFHSW�RI�ODQGVFDSH��RU�ZKHWKHU�D�
SLFWXUH�LV�³D�WH[W´��DQG�FRQFHUQLQJ�WKH�ODQJXDJH�
RI�DHULDO�DUFKDHRORJ\��7KH�DXWKRU�DOVR�GLVFXVVHV�

WKH�FXUUHQW�DQG�IXWXUH�UROH�RI�DHULDO�SKRWRJUDSK\�
LQ� WKH� UHVHDUFK� SURFHVV� DV� ZHOO� DV� LQ�
FRPPXQLFDWLRQ�ZLWK�WKH�JHQHUDO�SXEOLF��

$V� D� UHVXOW� RI� KLV� VWXG\�� WKH� DXWKRU� LV� OHG� WR�
FRQFOXGH� �SS�� ������� WKDW�� HYHQ� WKRXJK� DHULDO�
SKRWRJUDSKV�IRU�VRPH�DSSHDU�WR�EH�WKHRUHWLFDOO\�
QHXWUDO��HYHQ�KHUH�WKHRU\�DQG�PHWKRG�DUH�LQGHHG�
PRUH�FORVHO\�UHODWHG�WKDQ�JHQHUDOO\�WKRXJKW�DQG�
WKH� XVH� SXW� WR� SDUWLFXODU� UHVHDUFK� PHWKRGV� LQ�
DUFKDHRORJ\�GHSHQGV�RQ�DQ�DFFHSWHG�VFKRRO�RI�
WKRXJKW�� 7KH� UHODWLRQVKLS� EHWZHHQ� WKHP� LV�
PRUHRYHU�DV\PPHWULFDO��UHVHDUFK�SUREOHPV�DUH�
IRUPHG�ZLWKLQ�DQ�LQWHOOHFWXDO�IUDPHZRUN�ZKLFK�
DIIHFWV� WKH� DSSOLFDWLRQ� RI� WKH� PHWKRGV� RI�
UHVHDUFK�WR�WKRVH�UHVHDUFK�TXHVWLRQV��7KH�ERRN�
LV� DFFRPSDQLHG� E\� DQ� H[WHQVLYH� ELEOLRJUDSK\�
IRUPLQJ�D�UHFRUG�QRW�RQO\�RI�WKH�DFKLHYHPHQWV�
RI�$QJOR�$PHULFDQ�DHULDO�DUFKDHRORJ\�RYHU�WKH�
SDVW� IHZ� GHFDGHV�� EXW� DOVR� WKH� DXWKRU¶V� RZQ�
ZLGH� UHDGLQJ� LQ� WKH� ILHOG�� 7KH� ERRN� LV� ZHOO��
SURGXFHG� ZLWK� D� QLFH� VHOHFWLRQ� RI� FRORXU� DQG�
EODFN� DQG� ZKLWH� SKRWRJUDSKV� IURP� VHYHUDO�
%ULWLVK�FROOHFWLRQV��

5ąF]NRZVNL¶V� ERRN� LV� RI� LQWHUHVW� IRU� VHYHUDO�
UHDVRQV�� QRW� OHDVW� EHFDXVH� WKH� UHDGHU� LV�
SUHVHQWHG�ZLWK�DQ�LQWHUHVWLQJ�DFFRXQW�RI�FHUWDLQ�
DVSHFWV� RI� WKH� GHYHORSPHQW� RI� %ULWLVK�
DUFKDHRORJ\��DQG�QRW� MXVW�DHULDO��VHHQ� WKURXJK�
WKH�H\HV�RI�D�ZHOO�LQIRUPHG�RXWVLGHU�DQG�ZULWWHQ�
IRU� D� IRUHLJQ� DXGLHQFH�� 6XFK� DFFRXQWV� KDYH� D�
WHQGHQF\� WR� UHYHDO� DVSHFWV� QRW� VR� HDVLO\�
SHUFHLYHG� IURP� WKH� µLQVLGH¶� DQG� FDQ� OHDG� WR�
IUXLWIXO� GLVFXVVLRQ�� WKLV� ERRN� LV� QR� H[FHSWLRQ�
DQG� VHYHUDO� RI� WKH� SRLQWV� PDGH� DUH� YHU\�
SHUFHSWLYH�� WKRXJK� RWKHUV� PLJKW� VHHP� PRUH�
GHEDWDEOH��6XFK�DQ�H[FKDQJH�LV�KLQGHUHG�E\�WKH�
IDFW�WKDW�WKH�ERRN�LV�ZULWWHQ�LQ�D�ODQJXDJH�ZKLFK�
LQHYLWDEO\�PHDQV�WKDW�LW�FDQ�EH�UHDG�E\�YHU\�IHZ�
%ULWLVK�DUFKDHRORJLVWV��EXW�WKHUH�LV�D�VXEVWDQWLDO�
(QJOLVK�VXPPDU\��ZKLFK�LV�DYDLODEOH�DW� KWWS����
DUFKHR�DPX�HGX�SO�VXPPDU\ZORGHN�KWP����

3DXO�%DUIRUG�
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.HYLQ� -RQHV� DQG� 9DQHVVD� 7DQQHU��
$UFKDHRORJLFDO�VXUYH\�RI�WKH�VRXWKHUQ�+DZNH¶V�
%D\� FRDVW� IURP� WKH� DLU�� � 6FLHQFH� IRU�
&RQVHUYDWLRQ� ������ � 1HZ� =HDODQG� 'HSW� RI�
&RQVHUYDWLRQ���������3ULFH��1=����� ""���4XLG�
SOXV�SRVWDJH����,661��������������,6%1���������
���������

7KLV� ���SDJH� SXEOLFDWLRQ� QRWHV� WKH� PHWKRGV�
XVHG�DQG�UHVXOWV�DFKLHYHG�IURP�DHULDO�VXUYH\�RI�
D� FRDVWDO� VWULS� VRPH� ��NP� ORQJ� WKDW� H[WHQGV�
EHWZHHQ� �� DQG� ��NP� LQODQG�� � 3XUSRVH�IORZQ�
VPDOO�IRUPDW� YHUWLFDO� SKRWRJUDSKV� ZHUH� WDNHQ�
RI�VHOHFWHG�DUHDV�DW�D�FRQWDFW�VFDOH�RI����������
7KHVH� ZHUH� XVHG� IRU� SKRWRJUDPPHWULF�
LQWHUSUHWDWLRQ� WR� PDNH� SODQV� RI� VLWHV� XVLQJ��
RIWHQ��*36�GHILQHG�FRQWURO�SRLQWV���,QLWLDO�WULDOV�
RI� WKLV� PHWKRG� ZHUH� SXEOLVKHG� E\� .HYLQ� LQ�
$$5*QHZV� ����DQG�LW�LV�JRRG�WR�VHH�WKHP�SXW�WR�
H[WHQGHG�XVH�LQ�WKH�+DZNH¶V�%D\�VXUYH\���7KH�
UHVXOWV�ZHUH�WR�UHFRUG�����QHZ�VLWHV�DQG�VXJJHVW�
�� DUHDV� ZRUWK\� RI� IXUWKHU� LQYHVWLJDWLRQ� DV�
SRVVLEOH� KLVWRULF� DUHDV�� � 0RVW� VLWHV� DUH�
XSVWDQGLQJ�EXW�D�IHZ�RGGV�DQG�VRGV�ZHUH�FURS�
PDUNHG��

$UFKDHRORJLFDO� DLPV� RI� WKH� VXUYH\� ZHUH� WR�
UHFRUG� VLWHV� DQG� SURYLGH� LQIRUPDWLRQ� IRU� WKH�
GLVWULFW� SODQ� SURFHVV� �LH� PDQDJHPHQW� DQG�
FRQVHUYDWLRQ��� � 7KLV� ZDV� KHOSHG� E\� PDSSLQJ�
VLWHV�DQG�ODQGVFDSH�DUHDV�DW�VFDOHV�RI��������RU�
��������XQXVXDO��EXW�WKH�SURGXFW�RI�HQODUJLQJ�D�
�[��RULJLQDO�DW�F�����������WR�D���[���FP�SULQW��
DQG� D� VHOHFWLRQ� RI� WKHVH� LV� SXEOLVKHG� DV�
GHVFULSWLRQ��PDS�DQG�DHULDO�SKRWRJUDSK��

7KH� VXUYH\� ZDV� VSHFLILFDOO\� DQ� H[HUFLVH� LQ�
WDNLQJ� DQG� XVLQJ� VPDOO�IRUPDW� YHUWLFDO�
SKRWRJUDSKV�DOWKRXJK�RQH�RU� WZR�REOLTXHV�DUH�
XVHG�IRU�LOOXVWUDWLRQ���3UREOHPV�RI�SKRWRJUDSKLF�
WHFKQLTXH� DUH� GLVFXVVHG� EXW� RQH� JHQHUDO�
FRQFOXVLRQ� LV� WKDW�� µ3URYLGLQJ� WKH� ORFDWLRQ� RI�
VLWHV�DUH�NQRZQ��D�ODUJH�QXPEHU�FDQ�EH�FRYHUHG�
E\� YHUWLFDO� DHULDO� SKRWRJUDSKV� PRUH� TXLFNO\�
WKDQ�E\�KLJK�DQJOH�REOLTXH�SKRWRJUDSKV�¶��S�����
'HVSLWH� WKLV�� VRPH� RI� WKH� XVXDO� FRQGLWLRQV� RI�
OLJKW�DQG�FKRLFH�RI�OHQV�IRU�VWHUHR�SHUFHSWLRQ�RI�
KHLJKW� DUH� FRPPRQ� WR� ERWK� PHWKRGV� RI�
SKRWRJUDSK\��

DQG�WLPH�WDNHQ��EXW�SRVVLEO\�WKH�PRVW�H[SHQVLYH�
SDUW� RI� WKH� SURFHVV�ZDV�PDNLQJ� ILHOG� YLVLWV� WR�
LGHQWLI\� DQG� *36�ORFDWH� FRQWURO� SRLQWV�� � 7KLV�
DVSHFW�RI�WKH�VXUYH\�PD\�EH�RI�LQWHUHVW�WR�WKRVH�
RI�XV�ZKR�ZRUN�LQ�PDSOHVV�FRXQWULHV��

5RJ�3DOPHU�

%UDQNR� .HUPDQ�� 1H]QDQR� 3UHNPXUMH�� ]DSLVL�
SUHWHNORVWL� NUDMLQH� L]� ]UDND� �7KH� 8QNQRZQ�
3UHNPXUMH�� UHFRUGV� IURP� WKH� DLU� RI� WKH� SDVW�
KLVWRU\�RI�WKH�UHJLRQ���� �%RRNOHW�DFFRPSDQ\LQJ�
DQ�H[KLELWLRQ���0XVUND�6RERWD��/MXEOMDQD��������
,6%1�����������������3ULFH�XQNQRZQ��

7KLV� ERRNOHW� �DQG� WKH� H[KLELWLRQ�� VKRZV� D�
VDPSOH� RI� DLU� SKRWRJUDSKV� WDNHQ� VLQFH� �����
DORQJ�ZLWK�D�VHOHFWLRQ�RI�LQWHUSUHWDWLYH�SODQV�RI�
VLWH� DQG� GLVWULEXWLRQ� PDSV� ±� WKLV� ODWWHU� LQ� D�
FKDSWHU� ZRQGHUIXOO\� WLWOHG� $WWHPSW� DW�
LQWHUSUHWDWLRQ� RI� VHWWOHPHQW� RI� WKH� UHJLRQ� RI�
3UHNPXUMH� EDVHG� XSRQ� DUFKDHRORJLFDO�
FODVVLILFDWLRQ�RI�FURS�VLJQV����,I�RQO\�ZH�FRXOG�DOO�
EH�VR�KRQHVW�� �7KH�SXEOLFDWLRQ�VKRZV�ZHOO�WKH�
ZRUN�WKDW�KDV�EHHQ�GRQH�DQG�WKDW�WKLV�µ«VKRZV�
DQ� HQWLUHO\� GLIIHUHQW� DUFKDHRORJLFDO� SLFWXUH� RI�
WKH� UHJLRQ�¶� �S����� � +RZHYHU�� WKH� WH[W� VWDWHV�
FOHDUO\�WKDW�PXFK�UHPDLQV�WR�EH�GRQH��LQFOXGLQJ�
ILHOG�HYDOXDWLRQ���,�VHQVH�WKHUH�PD\�EH�SUHVVXUH�
IURP� RWKHU� DUFKDHRORJLVWV� ZKR� GLVEHOLHYH� WKH�
DHULDO� HYLGHQFH� �DV� ,� NQRZ� LV� DOVR� WKH� FDVH� LQ�
3RODQG��� �%UDQNR�KLQWV�DW� WKLV� LQ�� µ«IRU�VRPH�
SHRSOH�WKH�DLU�SKRWRV�RI�FURS�VLJQV�ZLOO�QRW�EH�
SURRI� HQRXJK� VR� WKH\� ZLOO� ILQG� WKH�
DUFKDHRORJLFDO� LQWHUSUHWDWLRQ� KDUG� WR� DFFHSW�¶�
�S������7KLV��,�WKLQN��LV�D�JUHDWHU�SUREOHP�WKDQ�
PDQ\�RI�XV�DFFHSW� DQG�RQH�ZKLFK�ZH�QHHG� WR�
WDFNOH�LI�DLU�SKRWRV�DUH�JRLQJ�WR�EH�UHFRJQLVHG�
DV�YDOXDEOH�DUFKDHRORJLFDO�GDWD�UDWKHU�WKDQ�MXVW�
SUHWW\�SLFWXUHV��

,W�LV�H[FHOOHQW�WKDW�RQH�DUFKDHRORJLVW�LV�GRLQJ�WKH�
SKRWRJUDSK\� DQG� SKRWR� LQWHUSUHWDWLRQ� DQG� LV�
ZRUNLQJ�WR�PDNH�VHQVH�RI�KLV�GLVFRYHULHV���:H�
QHHG�PRUH�SHRSOH�OLNH�%UDQNR��

5RJ�3DOPHU�
7KH�UHVXOWV�RI�WKH�VXUYH\�PRUH�WKDQ�MXVWLI\�WKH�
PHWKRG�� � ,W� ZRXOG� EH� LQWHUHVWLQJ� �IURP� DQ�
$$5*�SRLQW�RI�YLHZ�� WR�KDYH�DQ� LGHD�RI�FRVW�
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2WKHU� VWXII� ±� QR� WLPH� WR� ZULWH� µSURSHU¶�
FRPPHQWV���5HDG�WKHP�\RXUVHOI��

5ąF]NRZVNL�� :��� ������ � 3RVW�SURFHVVXDO�
ODQGVFDSH��WKH�ORVW�ZRUOG�RI�DHULDO�DUFKDHRORJ\"�
LQ�7��'DUYLOO�DQG�0�*RMGD��HG�� 2QH�ODQG��PDQ\�
ODQGVFDSHV��SDSHUV� IURP�D�VHVVLRQ�KHOG�DW� WKH�
(XURSHDQ� $VVRFLDWLRQ� RI� $UFKDHRORJLVWV� )LIWK�
$QQXDO�0HHWLQJ� LQ� %RXUQHPRXWK� ������ � %$5�
,QWHUQDWLRQDO�6HULHV� �����������

5ąF]NRZVNL�� :��� ������ � 6FLHQFH� DQG�RU� DUW��
DHULDO�SKRWRJUDSKV�LQ�DUFKDHRORJLFDO�GLVFRXUVH��
$UFKDHRORJLD�3RORQD� ��������������

7ZR�PRUH�RIIHULQJ�IURP�:áRGHN�� WKLV� WLPH� LQ�
(QJOLVK��ZKLFK�ZLOO�EH�IDPLOLDU�LVK��WR�WKRVH�RI�
\RX� DWWHQGLQJ� UHFHQW� $$5*V� RU� PHHWLQJV� LQ�
(XURSH�� � 7KH� XVXDO�� WKRXJKWIXO�� ORRN� DW� RXU�
VXEMHFW�� � ,W�PXVW�EH�LQWHUHVWLQJ�WR�EH�D�VWXGHQW�
QRZ�DQG�KDYH� WLPH� WR� DEVRUE�DQG�DUJXH� WKHVH�
QHZ�GLUHFWLRQV��

&RZOH\��'����������$�FDVH�VWXG\�LQ�WKH�DQDO\VLV�
RI�SDWWHUQV�RI�DHULDO�UHFRQQDLVVDQFH�LQ�D�ORZODQG�
DUHD� RI� 6RXWKZHVW� 6FRWODQG�� $UFKDHRORJLFDO�
3URVSHFWLRQ� �������������

$Q�DQDO\VLV�RI�ZKDW�RXU�DLUERUQH�SKRWRJUDSKHUV�
VHH�DQG�GRQ¶W�VHH�ZKLFK�PDNHV�D�VWHS�WRZDUGV�
UHFRJQLVLQJ� DQG� XQGHUVWDQGLQJ� VRPH� RI� WKH�
ELDVHV�LQ�RXU�GDWD���*UHDW�WR�KDYH�WKLV�LQ�SULQW��

9DUQGHOO�� *�� DQG� 7RSSLQJ�� 3�� �HG��� ������
(QFORVXUHV�LQ�1HROLWKLF�(XURSH����2[ERZ��

3DSHUV� IURP� WKH� PHHWLQJ� KHOG� LQ� /RQGRQ� LQ�
������QRWHG�LQ� $$5*QHZV� VRPHZKHUH��SOXV�D�
IHZ� RWKHUV�� � 1HROLWKLF� HQFORVXUHV� IURP�
6FDQGLQDYLD�� )UDQFH�� ,WDO\�� &HQWUDO� (XURSH��
%ULWDLQ�DQG�,UHODQG���1RWDEOH��WR�PH��IRU�D�SODQ�
DPRQJ� 2WWR¶V� DLU� SKRWRV� ZLWK� D� FDSWLRQ�
VXJJHVWLQJ�WKDW�ZH�QHHG�WR�PDS�(XURSH���:LWK�
QR� FRQWURO� SRLQWV� WKDW� ZLOO� EH� HDV\� DV� WKHUH¶V�
QRWKLQJ�WR�PDS��

*R�6XJLPRWR���������H;WHQVLEOH�$UFKDHRORJ\��
DQ� ;0/� DSSOLFDWLRQ� IRU� DQ� $UFKDHRORJLFDO�
$HULDO� 3KRWRJUDSK� 'DWDEDVH�� $UFKDHRORJLFDO�
&RPSXWLQJ�1HZVOHWWHU� �����������

$�QRWH�DERXW�WKH�DXWKRU¶V�0DVWHUV�GLVVHUWDWLRQ�
LQ�ZKLFK�KH�GHYHORSHG�DQ�;0/�GDWDEDVH�XVLQJ�
D�VDPSOH�RI�DLU�SKRWRV� LQ�+HUHIRUGVKLUH�605��
7KH�FRQFOXVLRQ�ZDV�WKDW�;0/�PD\�EH�VXLWDEOH�
IRU� ODUJH� RUJDQLVDWLRQV� �(+�VL]H�� EXW� RWKHUV�
PD\�EHVW�ZDLW�D�IHZ�\HDUV�IRU�;0/�WR�JURZ�RXW�
RI� LWV� µWHFKQRORJLFDO� LQIDQF\¶�� � 0D\EH� RI�
LQWHUHVW� WR� WKRVH� SURPRWLQJ� WKH� SRWHQWLDO�(XUR�
ZHE�VLWH�SURSRVHG�LQ�WKH�ODVW� $$5*QHZV�"�

7KH� ����� %ULWLVK� $FDGHP\� UHSRUW�� $HULDO�
6XUYH\� IRU� $UFKDHRORJ\�� 5HSRUW� RI� D� %ULWLVK�
$FDGHP\�:RUNLQJ�3DUW\�������LV�QRZ�DYDLODEOH�
RQOLQH� DW�� ZZZ�EULWDF�DF�XN�QHZV�UHSRUWV��
DUFKDHRORJ\�DVID�KWPO�
>WKDQNV�7RE\@�

5RJ�3DOPHU�
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$$5*�$QQXDO�&RQIHUHQFH������

.LQJ�$OIUHG¶V�&ROOHJH��:LQFKHVWHU��8.�
��QG����WK��6HSWHPEHU������
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3DXO�%DUIRUG�

SEDUIRUG#SUR�RQHW�SO�

2WWR�%UDDVFK�
0DWWKLDV�+RHVO�6WU���
'�������/DQGVKXW�
*HUPDQ\�

RWWR�EUDDVFK#ODQGVKXW�RUJ�

.HQQHWK�%URSK\�
'HSDUWPHQW�RI�$UFKDHRORJ\�
*UHJRU\�%XLOGLQJ�
8QLYHUVLW\�RI�*ODVJRZ�
*ODVJRZ��*����44�
8.�

N�EURSK\#DUFKDHRORJ\�JOD�DF�XN�

7RE\�'ULYHU�
5&$+0:�
&URZQ�%XLOGLQJV�
3ODV�&UXJ�
$EHU\VWZ\WK�
&HUHGLJLRQ��6<����1-�
8.�

WRE\�GULYHU#UFDKPZ�RUJ�XN�

ZZZ�UFDKPZ�RUJ�XN�

0DUWLQ�)RZOHU�
/HV�5RFTXHWWHV�
2UFKDUG�5RDG�
6RXWK�:RQVWRQ�
:LQFKHVWHU��62���(;�
8.�

PMII#FRPSXVHUYH�FRP�

-HVVLFD�0LOOV�
6FKRRO�RI�+LVWRU\�DQG�$UFKDHRORJ\�
&DUGLII�8QLYHUVLW\�
32�%R[�����
&DUGLII��&)����8;�
8.�

PLOOVMO�#FI�DF�XN�

'DYLG�0RWNLQ�
,VOH�RI�:LJKW�
8.�

PRWNLQ#RQHWHO�QHW�XN�

,UZLQ�6FROODU�
7KH�8QNHOEDFK�9DOOH\�6RIWZDUH�:RUNV�
5HPDJHQ�
*HUPDQ\�

DO���#PDLO��UU]�8QL�.RHOQ�'(�

/LVW�RI�FRQWULEXWRUV�
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*URZQ�XSV¶�SDJH�

6LQFH�ZH�KDYH�WR�SD\�IRU�SDJHV�ZKHWKHU�WKH\�DUH�EODQN�RU�LQNHG«��

7KLV�µZUDSV�XS¶�D�FRPPHQW�TXHVWLRQ�IURP�WKH�ODVW�(GLWRULDO��

7KDQNV�WR�0DUW\Q�%DUEHU��


