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Abstract 

The grand landscapes and river systems of Mount Rainier National Park (MORA) are 
influenced by its glaciovolcanic geology and the temperate climate of the Pacific Northwest. 
Mapping geomorphic changes is a crucial step to understanding, interacting with, and preserving 
the pristine environments of the Park. Geologic hazards and large-scale hydrologic events are 
common within park boundaries, putting infrastructure and cultural and historical sites at risk of 
permanent damage. In this study, I present a protocol for mapping geomorphic features remotely 
and in the field, and I test the protocol along an at-risk road segment along the Nisqually River. 
With ArcGIS Pro, I defined site boundaries with a watershed delineation, designated key 
geomorphic features custom to the unique environment of the Park, and assigned key attribute 
domains to further describe each mapped feature. Then, I mapped landform features using 
LiDAR and aerial imagery in Pro and used ArcGIS Online and Field Maps for in-field mapping 
with a mobile tablet and a backpack-mounted GNSS receiver. After extensive testing, the 
protocol is in its preliminary phase and ready to be applied to other park field sites for further 
testing and repeat mapping projects. The resulting inventory suggests that the protocol is suitable 
for the remote and rugged characteristics of the Park when paired with recent LiDAR data and 
favorable GNSS conditions. The standardized methods and taxonomy proposed in the protocol 
allow for recording landform changes and initial site characterization that can be used to identify 
locations for hazard mitigation. The protocol is repeatable, providing a standardized format 
useful for comparison between different locations and timescales. While the protocol is designed 
for the features found near Mount Rainier, it can be readily modified for other fluvial and 
hillslope environments. In its final form, this geomorphic mapping protocol will equip MORA 
geologists and resource managers with a standard approach to documenting MORA's most 
geologically dynamic and at-risk infrastructure and resources. 
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IQWURGXFWLRQ

EYHU\ \HDU, JHRORJLF KD]DUGV RFFXU ZLWKLQ WKH ERXQGDULHV RI 0RXQW 5DLQLHU 1DWLRQDO 3DUN
WKDW GLVUXSW DFFHVVLELOLW\ DQG HYHU\GD\ RSHUDWLRQV. 7KH PRVW FRPPRQ KD]DUGV, VXFK DV GHEULV
IORZV, IORRGV, DQG ODQGVOLGHV, DUH W\SLFDOO\ K\GURORJLFDOO\ GULYHQ DQG RFFXU ZLWKLQ RU DGMDFHQW WR
GUDLQDJHV VXUURXQGLQJ WKH JODFLDWHG PRXQWDLQ. 6LQFH 1926, WKHUH KDYH EHHQ PRUH WKDQ 60
UHFRUGHG GHEULV IORZV ZLWKLQ WKH 3DUN (BHDVRQ HW DO., 2021). 0LWLJDWLQJ WKH LPSDFWV RI KD]DUGV
OLNH WKHVH RQ LQIUDVWUXFWXUH DQG ZLOGHUQHVV KDELWDWV UHTXLUHV H[WHQVLYH DVVHVVPHQW HIIRUWV WR
LGHQWLI\ ODQGIRUPV WKDW FDQ FRQWULEXWH WR VXFK HYHQWV.

7KH KHDGZDWHUV RI WKH 1LVTXDOO\ 5LYHU LQLWLDWH RQ WKH VRXWKHUQ IODQN RI 0RXQW 5DLQLHU,
OHVV WKDQ D PLOH ZHVW RI 3DUDGLVH, :DVKLQJWRQ. FURP WKHUH, WKH ULYHU IORRGSODLQ UXQV FORVHO\
DGMDFHQW WR 1LVTXDOO\-3DUDGLVH 5RDG IRU PLOHV. DXH WR WKH ULYHU¶V SUR[LPLW\ DQG UHFHQW LQFUHDVHV
LQ IUHTXHQF\ DQG PDJQLWXGH RI KD]DUGRXV HYHQWV (/DQFDVWHU HW DO., 2012), WKH URDG LV FRQWLQXDOO\
DW ULVN RI EHLQJ GDPDJHG, GHJUDGHG, DQG HYHQ GHVWUR\HG. 7KH URDG LV WKH RQO\ URXWH WKDW SURYLGHV
\HDU-URXQG DFFHVV WR 3DUDGLVH, WKH PRVW SRSXODU GHVWLQDWLRQ LQ WKH 3DUN DQG ODXQFKLQJ SRLQW IRU
WKH EXVLHVW KLNHV, FOLPEV, DQG RWKHU DFWLYLWLHV. 7R NHHS 3DUDGLVH DFFHVVLEOH, WKH IPPLQHQW 7KUHDWV
DLYLVLRQ ZLWKLQ WKH 025A GHRORJ\ GURXS FRQVLGHUV SURWHFWLQJ WKLV URDG WR EH D PDMRU SULRULW\.
7KH JURXS RIWHQ WDNHV WKH OHDG RQ GHYHORSLQJ JHRKD]DUG PLWLJDWLRQ VWUDWHJLHV, SURMHFWV WKDW
UHTXLUH H[WHQVLYH ILHOG PDSSLQJ DQG VLWH LQYHVWLJDWLRQ. :KLOH WKH\ DUH ZHOO HTXLSSHG WR
DFFRPSOLVK VXFK WDVNV, WKH\ KDYH QRW \HW RUJDQL]HG D IXOO DVVHVVPHQW SURWRFRO WR VWDQGDUGL]H WKHLU
PHWKRGRORJ\.

7R DVVLVW LQ WKH HIIRUWV RI WKH 025A GHRORJ\ GURXS, I GHVLJQHG D IXQFWLRQDO SURWRFRO IRU
PDSSLQJ JHRPRUSKLF ODQGIRUPV WKDW LQIOXHQFH WKUHDWV WR SDUN LQIUDVWUXFWXUH DQG DVVHWV. :LWK WKLV
SURWRFRO, KHUHDIWHU FDOOHG WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO, JHRVFLHQWLVWV RI YDU\LQJ VNLOO OHYHOV
ZLOO EH DEOH WR SURGXFH UHSHDWDEOH JHRPRUSKLF ODQGIRUP LQYHQWRULHV DW ORFDWLRQV RI LQWHUHVW
ZLWKLQ WKH 3DUN. 7KHVH VWDQGDUGL]HG PHWKRGV DUH GHVLJQHG VR WKDW ILQDO PDS SURGXFWV DUH
FRQVLVWHQW UHJDUGOHVV RI ZKR FRQGXFWV WKH PDSSLQJ. 7KH GHRPRUSKLF 0DSSLQJ 3URWRFRO ZLOO
DOORZ WKH GHRORJ\ GURXS WR SURYLGH VWDNHKROGHUV VXFK DV UHVRXUFH PDQDJHUV, PDLQWHQDQFH
FUHZV, DQG WKH JHQHUDO SXEOLF ZLWK YDOXDEOH LQIRUPDWLRQ UHJDUGLQJ WKH RQJRLQJ HYROXWLRQ RI WKH
ODQGVFDSHV WKH\ RYHUVHH. I WHVWHG WKH QHZ SURWRFRO DORQJ D SRUWLRQ RI 1LVTXDOO\-3DUDGLVH 5RDG,
FRPSLOLQJ DQ LQYHQWRU\ DORQJ WKH URDG VHJPHQW WKDW WKH GHRORJ\ GURXS FRQVLGHUV WR EH PRVW DW
ULVN. HD]DUGV IURP ERWK KLOOVORSH DQG IOXYLDO SURFHVVHV WKUHDWHQ WKH URDG EHWZHHQ 0LOHSRVW 5 DQG
0LOHSRVW 6. 7KLV VWXG\, ZLWKLQ WKH SURFHVV ERXQGDULHV RI SUR[LPDO JHRPRUSKLF IHDWXUHV RI WKDW
URDG VHJPHQW, LV LQWHQGHG WR SURYLGH LQVLJKW IRU GHYHORSLQJ PLWLJDWLRQ VWUDWHJLHV.

BaFNJURXQG

PURblem DeVcUiSWiRQ
6LWXDWHG EHWZHHQ WKH 1LVTXDOO\ 5LYHU DQG SURPLQHQW IRUHVWHG KLOOVORSHV, WKH

1LVTXDOO\-3DUDGLVH 5RDG LV DW ULVN RI GDPDJH E\ JHRORJLF KD]DUGV IURP ERWK VLGHV. 7KH URDG
VHJPHQW EHWZHHQ PLOHSRVWV 5 DQG 6 PD\ EH WKH PRVW YXOQHUDEOH (FLJXUH 1). EDVWERXQG, WKH
PLOH-ORQJ VHJPHQW EHJLQV ILYH PLOHV IURP WKH 1LVTXDOO\ EQWUDQFH RI 025A DQG HQGV KDOI D PLOH
IURP /RQJPLUH, :DVKLQJWRQ. IW JHWV DV FORVH DV 25 IHHW WR WKH ULJKW EDQN RI WKH ULYHU DQG VWD\V
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ZLWKLQ 150 IHHW IRU WKH HQWLUH VHJPHQW. 2Q ERWK VLGHV RI WKH URDG, WKH KLOOVORSHV DUH DV VWHHS DV
40� LQ PDQ\ SODFHV, LQFOXGLQJ MXVW EHWZHHQ WKH URDG DQG ULYHUEDQN QHDU PLOHSRVW 5. AW WKH FORVHVW
SRLQWV, WKH URDG OLHV OHVV WKDQ 35 IHHW DERYH WKH ULYHU, ZKLFK KDV EHHQ ZLGHQLQJ DQG DJJUDGLQJ
RYHU WLPH (BXOORFN HW DO., 2007).

FLJXUH 1: (A) /RFDWLRQ PDS RI WKH 1LVTXDOO\ 5LYHU YDOOH\ DW /RQJPLUH, :A VKRZLQJ SUR[LPLW\ RI WKH ULYHU WR
1LVTXDOO\-3DUDGLVH 5RDG IURP PLOHSRVWV 5 WR 6. (B) IQGH[ PDS RI VWXG\ DUHD UHODWLYH WR 7DFRPD, :A DQG RWKHU
PDMRU JHRJUDSKLF ORFDWLRQV.

7KURXJKRXW WKH 3DUN, URXWHV QHDU WKH PDMRU GUDLQDJHV RI 0RXQW 5DLQLHU, OLNH WKH
1LVTXDOO\-3DUDGLVH 5RDG, IDFH GHVWUXFWLRQ IURP JODFLDOO\ VRXUFHG PDVV PRYHPHQWV VXFK DV
GHEULV IORZV DQG RXWEXUVW IORRGV. IQ 1926, WKH ILUVW UHFRUGHG GHEULV IORZ LQ WKH 3DUN RFFXUUHG LQ
WKH 1LVTXDOO\ 5LYHU ZDWHUVKHG (BHDVRQ HW DO., 2021). 7KHVH ODUJH-VFDOH GHEULV IORZV DQG IORRGLQJ
HYHQWV DUH W\SLFDOO\ WULJJHUHG E\ KLJK-LQWHQVLW\ UDLQIDOO DW KLJK HOHYDWLRQV, HVSHFLDOO\ LQ VWHHS,
SURJODFLDO JXOOLHV (/DQFDVWHU HW DO., 2012). IQ 1RYHPEHU 2006, DW OHDVW VL[ NQRZQ GHEULV IORZV
LQLWLDWHG GXULQJ D SDUWLFXODUO\ ZHW VWRUP HYHQW NQRZQ DV DQ ³DWPRVSKHULF ULYHU´ (1HLPDQ HW DO.,
2008), UHVXOWLQJ LQ SHUPDQHQW DOWHUDWLRQV WR WKH ODQGVFDSH DQG GHVWUXFWLRQ RI SDUN LQIUDVWUXFWXUH.
2YHU WKH FRXUVH RI 36 KRXUV, WKH DUHD H[SHULHQFHG 18 LQFKHV RI SUHFLSLWDWLRQ WKDW XOWLPDWHO\
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FDXVHG HDFK ZDWHUVKHG WR RYHUIORZ (BXOORFN HW DO., 2007). AORQJ WKH 1LVTXDOO\ 5LYHU, WKH
UHVXOWLQJ IORRGV ZDVKHG DZD\ 200 \DUGV RI WKH 1LVTXDOO\-3DUDGLVH 5RDG DW 6XQVKLQH 3RLQW DQG
FDXVHG VLJQLILFDQW XQGHUFXWWLQJ DW PLOHSRVWV 5, 6, DQG 9 RI WKH URDG. FROORZLQJ WKLV VWRUP, PDQ\
VWXGLHV H[DPLQHG GHEULV IORZ VXVFHSWLELOLW\, IUHTXHQF\, IRUHFDVWLQJ, DQG GHWHFWLRQ LQ WKH 3DUN
(BHDVRQ HW DO., 2021; /DQFDVWHU, HW DO., 2012; /LQGVH\, 2015), JUHDWO\ FRQWULEXWLQJ WR RXU
XQGHUVWDQGLQJ RI KRZ DQG ZKHQ WKHVH HYHQWV RFFXU. HHUH, I GHVFULEH SUDFWLFHV WKDW PD\ KHOS
PLWLJDWH WKHVH KD]DUGV WKURXJK VLWH FKDUDFWHUL]DWLRQ WR EHWWHU SUHSDUH IRU WKH QH[W HYHQW DQG
SURWHFW SDUN DVVHWV OLNH 1LVTXDOO\-3DUDGLVH 5RDG. IQ WKLV UHSRUW, I SUHVHQW D QHZ DVVHVVPHQW
SURWRFRO WR LGHQWLI\ JHRORJLF KD]DUGV WKDW WKUHDWHQ LPSRUWDQW SDUN LQIUDVWUXFWXUH. I WKHQ DSSO\ WKLV
QHZ SURWRFRO WR DVVHVV WKH ULVN RI ODQGVOLGH, IORRG, DQG UHODWHG KD]DUGV WR 03 5-WR-6 RI WKH
1LVTXDOO\-3DUDGLVH 5RDG.

RegiRQal SeWWiQg
0RXQW 5DLQLHU, DOVR NQRZQ DV 7DKRPD, LV DQ DFWLYH VWUDWRYROFDQR LQ WKH CDVFDGH 5DQJH

RI WKH ZHVWHUQ 8QLWHG 6WDWHV LQ WKH VWDWH RI :DVKLQJWRQ, DERXW 60 PLOHV VRXWKHDVW RI 6HDWWOH DQG
40 PLOHV VRXWKHDVW RI 7DFRPD (FLJXUH 1). AFWLYH YROFDQLVP LQ WKH CDVFDGHV LV GULYHQ E\ WKH
VXEGXFWLRQ RI WKH JXDQ GH FXFD RFHDQLF SODWH XQGHU WKH 1RUWK APHULFDQ FRQWLQHQWDO SODWH. 0RXQW
5DLQLHU LV WKH ODUJHVW YROFDQR LQ WKH CDVFDGH YROFDQLF DUF. AW 14,410 IHHW DERYH VHD-OHYHO, 0RXQW
5DLQLHU KDV 29 QDPHG JODFLHUV (BHDVRQ HW DO., 2021) DQG LV WKH PRVW JODFLDWHG PRXQWDLQ LQ WKH
FRQWLJXRXV 8QLWHG 6WDWHV. 7KH FXUUHQW HGLILFH RI 0RXQW 5DLQLHU EHJDQ HUXSWLQJ KDOI D PLOOLRQ
\HDUV DJR, EXLOGLQJ XSZDUGV ZLWK FRQWLQXRXV OD\HUV RI ODYD IORZV (6LVVRQ, 1995). HLVWRULFDOO\, WKH
SULPDU\ KLVWRULF ODYD IORZ GHSRVLWLRQ KDV FRQVLVWHG RI EDVDOWLF DQGHVLWH, EXW GHSRVLWLRQ RI
PXGIORZV, EUHFFLD, DQG DVK KDV DOVR EHHQ FRPPRQ (FLVNH HW DO., 1963). IQ DGGLWLRQ WR YROFDQLF
GHSRVLWV, RWKHU URFNV H[SRVHG LQ WKH 3DUN LQFOXGH WXII-EUHFFLDV, JUD\ZDFNH, DQG YROFDQLF
VLOWVWRQHV. 7KH ROGHVW IRUPDWLRQ ZLWKLQ SDUN ERXQGDULHV LV WKH 2KDQDSHFRVK XQLW IURP WKH ODWH
ERFHQH HSRFK, PHDVXULQJ RYHU 10,000 IHHW LQ WKLFNQHVV (FLVNH HW DO., 1963).

SiWe GeRlRg\
6FKDVVH¶V (1987) 1:100,000 VFDOH PDS RI WKH 0RXQW 5DLQLHU TXDGUDQJOH LGHQWLILHV WHQ

GLIIHUHQW JHRORJLF XQLWV ZLWKLQ SUR[LPLW\ WR WKH VWXG\ DUHD (FLJXUH 2), VL[ RI ZKLFK FDQ GLUHFWO\
LPSDFW WKH VWXG\ URDG VHJPHQW. 7KH 1LVTXDOO\-3DUDGLVH 5RDG PDLQO\ RYHUOLHV HRORFHQH-DJHG
ODKDU GHSRVLWV ZLWK IUDJPHQWDO YROFDQLF URFN (4YO), D XQLW WKDW H[WHQGV LQWR WKH ULYHU-YDOOH\ IORRU.
4XDWHUQDU\-DJHG DOOXYLXP (4D) DOVR VLWV RQ WKH YDOOH\ IORRU QHDU WKH ULJKW EDQN, DGMDFHQW WR WKH
VRXWKHUQ KDOI RI WKH VWXG\ URDG VHJPHQW. 7KH ULYHU¶V OHIW EDQN FRQVLVWV RI 3OHLVWRFHQH-DJHG EYDQV
CUHHN DOSLQH JODFLDO GULIW (4DG(H)). 7KH QRUWKHDVWHUQ TXDUWHU RI WKH URDG VHJPHQW OLHV RQ D FRQWDFW
EHWZHHQ WKH HRORFHQH-DJHG ODKDU XQLW DQG D EOHQGHG XQLW RI 7HUWLDU\-DJHG IUDJPHQWDO YROFDQLF
URFNV DQG ODKDU GHSRVLWV EHORQJLQJ WR WKH 2KDQDSHFRVK FRUPDWLRQ (2YF(RK)). 7KDW XQLW FRQWLQXHV
DGMDFHQW WR WKH URDG XQWLO LW PHHWV D 7HUWLDU\-DJHG DQGHVLWH DOVR RI WKH 2KDQDSHFRVK FRUPDWLRQ
(2YD(RK)). /DVWO\, D 4XDWHUQDU\-DJHG DQGHVLWH XQLW (4YD(PU)) OLHV XSVORSH IURP WKH 2KDQDSHFRVK
XQLWV DQG WKH URDG.
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FLJXUH 2: GHRORJLF PDS RI WKH VWXG\ DUHD (6FKDVVH, 1987). 7KH JHRORJLF XQLWV DUH GHILQHG DV: (4D) HRORFHQH-DJHG
DOOXYLXP, 4DG(H) 3OHLVWRFHQH-DJHG DOSLQH JODFLDO GULIW, 4YD(PU) 3OHLVWRFHQH-DJHG DQGHVLWH, 4YO HRORFHQH-DJHG ODKDU
GHSRVLWV, 02LE 0LRFHQH-2OLJRFHQH-DJHG LQWUXVLYH URFNV, 0LD(WU) 0LRFHQH-DJHG DFLGLF LQWUXVLYH URFNV, 0YD(1)
0LRFHQH-DJHG DQGHVLWH, 0YW 0LRFHQH-DJHG WXIIV DQG WXII EUHFFLDV, 2YD(RK) 2OLJRFHQH-DJHG DQGHVLWH, DQG 2YF(RK)
2OLJRFHQH-DJHG YROFDQLFODVWLF GHSRVLWV RU URFNV.

PUeYiRXV SWXdieV RQ LaQdfRUm IdeQWificaWiRQ
3ULRU WR WKLV VWXG\, WKH 025A GHRORJ\ GURXS FRQGXFWHG D PHWKRGV UHYLHZ RQ

JHRPRUSKLF ODQGIRUP LGHQWLILFDWLRQ DQG PDSSLQJ, VHOHFWLQJ D VWXG\ IURP :KHDWRQ HW DO. (2015)
WR XVH WR FRQGXFW JHRPRUSKLF VLWH LQYHVWLJDWLRQV ZLWKLQ 025A. 7KH ILUVW SURMHFW WKH\ RYHUVDZ
ZLWK WKH :KHDWRQ HW DO. (2015) PHWKRGV ZDV D 2019 ULVN DVVHVVPHQW DORQJ WKH 1LVTXDOO\ 5LYHU.
7KLV VWXG\ DQG WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO DUH D IROORZ-XS RQ WKDW LQLWLDO PHWKRGV UHYLHZ
DQG ULVN DVVHVVPHQW.

IQ 2015, :KHDWRQ HW DO. GHILQHG IOXYLDO JHRPRUSKLF PDSSLQJ WD[RQRP\ WR FODULI\ DQG
VWDQGDUGL]H JHRPRUSKLF QDPLQJ FRQYHQWLRQV IRU XVHUV UHSUHVHQWLQJ HYHU\ UHOHYDQW GLVFLSOLQH,
LQFOXGLQJ ODQG PDQDJHUV, HQJLQHHUV, ELRORJLVWV, HFRORJLVWV, DQG JHRPRUSKRORJLVWV. 7KH\ FUHDWHG D
WLHUHG IUDPHZRUN IRU LGHQWLI\LQJ ODQGIRUPV LQ ULYHUVFDSH VHWWLQJV EDVHG RQ VHYHUDO NH\ IHDWXUHV
VSOLW LQWR FDWHJRULHV OLNH JHRPRUSKLF XQLWV, PDUJLQV, DQG VWUXFWXUDO HOHPHQWV. 7KH VWXG\ OLVWV
QXPHURXV RSWLRQV ZLWKLQ WKHVH FDWHJRULHV, GLVSOD\LQJ JHRPRUSKLF XQLWV DV IORRGSODLQV, WHUUDFHV,
RU FKDQQHOV WKDW DUH VHSDUDWHG E\ PDUJLQV RI HLWKHU DQWKURSRJHQLF RU QDWXUDO RULJLQV VXFK DV
EDQNV, OHYHHV, DQG URDGV. 7KH VWXG\ LGHQWLILHV VWUXFWXUDO HOHPHQWV, VXFK DV ZRRG\ GHEULV,
ERXOGHUV, DQG FXOYHUWV, WKDW FRXOG K\GUDXOLFDOO\ LQIOXHQFH FKDQQHO IORZ DQG ULYHU PRUSKRORJ\.
7KH ORFDWLRQV RI WKHVH IHDWXUHV FDQ EH XVHG E\ SDUN VWDII WR WUDFN DQG IRUHFDVW FKDQQHO EHKDYLRUV

4



DW GLIIHUHQW IORZ DQG IORRG VWDJHV DQG EHWWHU XQGHUVWDQG RQJRLQJ JHRPRUSKLF HYROXWLRQ DW D JLYHQ
VLWH.

IQ 2017, WKH :DVKLQJWRQ GHRORJLFDO 6XUYH\ (:G6) SURGXFHG D FRPSUHKHQVLYH WRRO IRU
KLOOVORSH ODQGIRUP PDSSLQJ LQ FRRUGLQDWLRQ ZLWK WKH 2UHJRQ DHSDUWPHQW RI GHRORJ\ DQG
0LQHUDO IQGXVWULHV (D2GA0I) (6ODXJKWHU HW DO. 2017). 7KLV SURWRFRO SURYLGHV PHWKRGRORJ\ IRU
GLJLWDOO\ PDSSLQJ VLJQLILFDQW VORSH IDLOXUH IHDWXUHV, VXFK DV ODQGVOLGH GHSRVLWV, URFNIDOO GHSRVLWV,
DQG DOOXYLDO IDQV, ZLWK /LDA5 GDWD, DHULDO LPDJHU\, DQG GI6 VRIWZDUH. IW DOVR RXWOLQHV
VWDQGDUGL]HG PHWKRGV RI ILHOG YHULI\LQJ WKHVH IHDWXUHV. 7KH :G6 GHYHORSHG WKLV PDSSLQJ
SURWRFRO ZLWK WKH LQWHQWLRQ RI FRPSLOLQJ D FRPSUHKHQVLYH VWDWHZLGH ODQGVOLGH LQYHQWRU\. FURP
WKHUH, WKH\ FDQ LGHQWLI\ DUHDV RI SRWHQWLDO ODQGVOLGH KD]DUG DQG UDLVH DZDUHQHVV RI WKH GDQJHUV DQG
HFRQRPLF LPSDFW RI ODQGVOLGHV DFURVV WKH VWDWH RI :DVKLQJWRQ. 7KLV SURWRFRO FDQ EH GLUHFWO\
DSSOLHG WR JHRPRUSKLF PDSSLQJ PHWKRGV ZLWKLQ WKH 3DUN WR EHWWHU DVVHVV KLOOVORSH KD]DUGV WKDW
SRVH D ULVN WR LQIUDVWUXFWXUH DQG UHVRXUFHV.

PUeYiRXV SiWe SWXd\
IQ 2019, GHRVFLHQWLVWV-LQ-WKH-3DUNV IQWHUQV DW 025A FRQGXFWHG D ULVN DVVHVVPHQW DORQJ

WKH 1LVTXDOO\ 5LYHU (CXWWHU HW DO., 2019). 7KHLU DVVHVVPHQW EHJDQ ZLWK D WKUHH-WLHUHG PDSSLQJ
HIIRUW EDVHG RQ WKH :KHDWRQ HW DO. (2015) VWXG\. 7KHQ, WKH\ FRPSDUHG DHULDO LPDJHU\ WR PHDVXUH
EDQN HURVLRQ DQG FKDQQHO ZLGHQLQJ. FLQDOO\, WKH\ XVHG FURVV-VHFWLRQDO SURILOHV DORQJ WZR
VWUHWFKHV RI ULYHU YDOOH\ WR FDOFXODWH DYHUDJH FURVV-YDOOH\ VORSHV. :LWK WKH LQIRUPDWLRQ IURP WKHLU
PDSSLQJ DQG ULYHU YDOOH\ VXUYH\V, WKH\ LGHQWLILHG VHYHQ DUHDV ZLWK PRGHUDWH WR KLJK OHYHOV RI ULVN
WR SDUN LQIUDVWUXFWXUH DQG YLVLWRUV DORQJ WKH 1LVTXDOO\ 5LYHU, LQFOXGLQJ D VWUHWFK RI WKH ULYHU IURP
WKH /RQJPLUH BULGJH WR 0LOHSRVW 5 RI WKH 1LVTXDOO\-3DUDGLVH 5RDG. 7KH\ UHFRPPHQGHG D
FRQWLQXRXV PRQLWRULQJ SODQ IRU WKLV DUHD, GHVFULELQJ D KLJK SRVVLELOLW\ RI GDPDJH WR WKH URDG DQG
XQSUHGLFWDEOH HURVLRQ UDWHV QHDU LQIUDVWUXFWXUH ZLWKLQ WKH QH[W GHFDGH. 7KHLU DVVHVVPHQW VHUYHV DV
D SULPHU IRU IXWXUH PLWLJDWLRQ HIIRUWV DQG D SURRI-RI-FRQFHSW IRU DSSO\LQJ :KHDWRQ HW DO. (2015).
WR 025A. I XVH WKLV ZRUN WR SURGXFH DQ XSGDWHG SURWRFRO FXVWRPL]HG WR 0RXQW 5DLQLHU¶V
LQWULFDWH ODQGVFDSH.

MORA GeRlRg\ GURXS & The ImmiQeQW ThUeaWV DiYiViRQ
7KH IPPLQHQW 7KUHDWV DLYLVLRQ LV D GHYHORSLQJ SURJUDP ZLWKLQ 025A¶V GHRORJ\ JURXS

GHGLFDWHG WR PRQLWRULQJ WKH RQJRLQJ LQWHUDFWLRQV EHWZHHQ SDUN RSHUDWLRQV DQG QDWXUDO SURFHVVHV.
IQ 2016, SDUN JHRPRUSKRORJLVW 0U. 3DXO .HQQDUG VWDUWHG D SUHFXUVRU\ JURXS PDLQO\ IRFXVHG RQ
IORRG UHVSRQVH HIIRUWV VWDIIHG E\ VWXGHQW YROXQWHHUV DQG LQWHUQV. 7KLV JURXS VHUYHG DV D
FRQQHFWLRQ EHWZHHQ WKH 1DWXUDO 5HVRXUFHV DQG 0DLQWHQDQFH GLYLVLRQV RI WKH 3DUN, EHFRPLQJ WKH
ILUVW WR SURYLGH VFLHQWLILF VWXGLHV IRU QDWXUDO KD]DUG UHVSRQVH HIIRUWV. IQ 2018, 0U. .HQQDUG
UHWLUHG, DQG WKH JURXS PRYHG XQGHU WKH VXSHUYLVLRQ RI SDUN JHRORJLVW 0U. 6FRWW BHDVRQ. :LWK WKLV
PRYH, WKH VFRSH RI SURMHFWV H[SDQGHG WR FRYHU DOO JHRORJLF DQG K\GURORJLF KD]DUG HYHQWV WKDW
RFFXU LQ WKH 3DUN. 1RW RQO\ GRHV WKH JURXS SURYLGH KD]DUG UHVSRQVH VHUYLFHV, EXW WKH\ DUH DOVR
UHVSRQVLEOH IRU SURMHFWV DQG VWXGLHV WKDW FRQWULEXWH WR WKH SURWHFWLRQ RI SHRSOH DQG SDUN
LQIUDVWUXFWXUH IURP WKHVH HYHQWV. AW SUHVHQW, WKH IPPLQHQW 7KUHDWV DLYLVLRQ LV VWDIIHG E\ WZR
JHRORJLVWV, 0U. 7D\ORU .HQ\RQ DQG 0U. 5REE\ JRVW, ZLWK VHDVRQDO DSSRLQWPHQWV, DVVLVWHG E\
LQWHUQV DQG VWXGHQW YROXQWHHUV.
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MHWKRGV

7KH PDLQ WDVN DFFRPSOLVKHG GXULQJ WKLV VWXG\ ZDV FRPSLOLQJ IOXYLDO DQG KLOOVORSH
IHDWXUHV HDFK DVVLJQHG ZLWK WKHLU RZQ VHW RI GHVFULSWLYH DWWULEXWH RSWLRQV LQWR RQH RYHUDUFKLQJ
GI6 WHPSODWH. I GHYHORSHG D SURWRFRO ZLWK VHYHUDO IDFHWV, VHOHFWHG D WHVW VLWH WR DSSO\ WKH SURWRFRO,
FROOHFWHG JHRPRUSKLF GDWD, FRPSLOHG LW, WKHQ DQDO\]HG WKH UHVXOWV.

CRmSiliQg aQd DefiQiQg FeaWXUeV fRU Whe GeRmRUShic MaSSiQg PURWRcRl
AW LWV FRUH, WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO LV PRVWO\ VRXUFHG IURP :KHDWRQ HW DO.

(2015) DQG WKH :G6 /DQGVOLGH IQYHQWRU\ 3URWRFRO (6ODXJKWHU HW DO., 2017). :RUNLQJ DORQJVLGH
WKH 025A GHRORJ\ GURXS, ZH VHOHFWHG VSHFLILF JHRPRUSKLF IHDWXUHV IURP :KHDWRQ HW DO.
(2015) WKDW ZHUH PRVW UHOHYDQW WR WKH ORZODQG, JODFLDOO\ VRXUFHG ZDWHUVKHGV RI 025A. IQ WKLV
GHRPRUSKLF 0DSSLQJ 3URWRFRO, µFOXYLDO¶ IHDWXUHV ZHUH GHILQHG XQGHU WZR FDWHJRULHV, PDUJLQV RU
VWUXFWXUDO HOHPHQWV (7DEOH 1), GHSHQGLQJ RQ ZKHUH WKH\ ZHUH ORFDWHG LQ :KHDWRQ¶V WLHUHG
IUDPHZRUN. :LWKLQ WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO, I GHILQH D PDUJLQ DV D ERXQGDU\ WKDW
VLJQDOV WKH WUDQVLWLRQ RI D JHRPRUSKLF XQLW LQ FRQWH[W WR WKH ULYHU YDOOH\. 7KH IHDWXUH OD\HU BaQkV
LV XVHG WR LGHQWLI\ DQG GLIIHUHQWLDWH EHWZHHQ WKH PDUJLQV WKDW DUH HQFRXQWHUHG LQ WKH 3DUN,
ZKHUHDV GeRmRUShic_UQiW VLJQDOV WKH WUDQVLWLRQ EHWZHHQ KLOOVORSHV, WHUUDFHV, DFWLYH IORRGSODLQV,
DQG LQ-FKDQQHO DUHDV (FLJXUH 3). 7KH GeRmRUShic_UQiW IHDWXUH LV FDWHJRUL]HG DV D µFOXYLDO¶
IHDWXUH, EXW KDV D VXEFDWHJRU\ WR PDS SRUWLRQV RXWVLGH RI WKH ULYHU YDOOH\ DV D µHLOOVORSH¶. 7KLV
IHDWXUH VHUYHV WR JHQHUDOL]H WKH HQWLUH JURXQG VXUIDFH RI WKH VWXG\ DUHD LQWR JHRPRUSKLF ]RQHV
EDVHG RQ IORRG VWDJH KHLJKWV DQG JHRPRUSKLF SURFHVVHV.

IQ :KHDWRQ HW DO. (2015), VWUXFWXUDO HOHPHQWV ZHUH GHILQHG ³DV GLVFUHWH REMHFWV WKDW
GLUHFWO\ LQIOXHQFH K\GUDXOLFV.´ FRU WKH VWUXFWXUDO HOHPHQWV LQ WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO,
IQdiYidXal_LWD_SieceV DUH GHILQHG DV DQ\ ZRRG\ GHEULV SLHFH HVWLPDWHG WR EH D PLQLPXP RI 30
IHHW ORQJ DQG 1 IRRW LQ GLDPHWHU, LaUge_BRXldeUV DUH HVWLPDWHG WR EH DW OHDVW 3 IHHW RQ WKH VKRUWHVW
D[LV, DQG LRg_JamV DUH DFFXPXODWLRQV RI ZRRG\ GHEULV FDSDEOH RI EORFNLQJ RU VWURQJO\
LQIOXHQFLQJ FKDQQHO IORZSDWK DQG PRUSKRORJ\ (FLJXUH 3). 7KHVH IHDWXUHV DUH FODVVLILHG IXUWKHU
XVLQJ WKH :KHDWRQ HW DO. (2015) IUDPHZRUN ZLWK GHILQHG NH\ DWWULEXWHV. IQ WKH GHRPRUSKLF
0DSSLQJ 3URWRFRO, D IHDWXUH OD\HU LV VRXUFHG IURP WKH ³7\SH´ VHFWLRQ RI WKH :KHDWRQ HW DO.
(2015) IUDPHZRUN, WKH ILHOGV RI WKH IHDWXUH OD\HU DUH VRXUFHG IURP WKH ³.H\ AWWULEXWHV´ VHFWLRQ,
DQG WKH GHVFULSWLYH FDWHJRULHV RI ³.H\ AWWULEXWHV´ PDNH XS WKH GRPDLQV RI WKH SURWRFRO. 1RW DOO
RI WKHVH IHDWXUHV DQG DWWULEXWHV DUH H[DFWO\ WKH VDPH DV WKH :KHDWRQ IUDPHZRUN, EXW WKH IHDWXUHV
KDYH EHHQ GLVWLOOHG WR EHWWHU PDWFK WKH QHHGV RI WKH VWDNHKROGHUV ZLWKLQ 025A.

6LQFH WKH :KHDWRQ HW DO. (2015) VWXG\ RQO\ FRYHUV IOXYLDO JHRPRUSKLF IHDWXUHV, WKH
GHRORJ\ GURXS UHTXHVWHG WKDW µHLOOVORSH¶ IHDWXUH OD\HUV EH DGGHG WR FRQWLQXH PDSSLQJ RXWVLGH RI
WKH ULYHU IORRGSODLQ. :H LQFOXGHG WKH :G6 /DQGVOLGH IQYHQWRU\ 3URWRFRO (6ODXJKWHU HW DO., 2017)
WR SURYLGH FRPSUHKHQVLYH FRYHUDJH RI KLOOVORSH IHDWXUHV. :H DOVR DGGHG D QXPEHU RI DGGLWLRQDO
IHDWXUHV WKDW LPSDFW WKH URDGZD\ EXW DUH QRW SDUW RI WKH IOXYLDO RU KLOOVORSH SURWRFROV ZH DGRSWHG.
7KHVH IHDWXUHV LQFOXGH AQWhURSRgeQic_SXUfaceV, GHILQHG DV DQ\ SHUPDQHQW VXUIDFHV RI
DQWKURSRJHQLF RULJLQ, SeeSV, LQGLFDWLQJ WKH SUHVHQFH RI VXUIDFLQJ JURXQGZDWHU,
DUaiQage_PaWhZa\V_SWUeamV, XVHG IRU LQGLFDWLQJ VWUHDPEHGV DQG RWKHU PLQRU ZDWHU GUDLQDJHV
SUHVHQW RQ D KLOOVORSH, DQG CXlYeUWV/CXlYeUW_PRiQWV, LGHQWLI\LQJ LQIUDVWUXFWXUH XVHG WR UHGLUHFW
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ZDWHU XQGHU URDGZD\V. AV I WHVWHG WKH ZKROH SURWRFRO LQ WKH ILHOG, I PRGLILHG PDQ\ RI WKH
IHDWXUHV DQG WKHLU ILHOGV DQG GRPDLQV WR DFNQRZOHGJH QHZIRXQG QXDQFHV, DOWKRXJK I NHSW WKH
:G6 SURWRFRO LQWDFW.

2QFH WKH GHRORJ\ GURXS DQG I LGHQWLILHG DQG GHILQHG WKH IHDWXUHV IRU RXU IUDPHZRUN, I
PDQXDOO\ RUJDQL]HG WKHP LQWR AUFGI6 3UR DQG GUDIWHG DOO GHSHQGHQW YDOXHV WR HDFK. 7R EHJLQ, I
FUHDWHG IOXYLDO DQG KLOOVORSH IHDWXUH GDWDVHWV WR DGG WR WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO
JHRGDWDEDVH. I GUDIWHG WKH VHOHFWHG IHDWXUHV ZLWKLQ WKHLU FRUUHVSRQGLQJ GDWDVHWV DV HLWKHU SRLQW,
OLQH, RU SRO\JRQ IHDWXUHV GHSHQGLQJ RQ WKH ODQGIRUPV UHSUHVHQWHG. IQ WRWDO, WKHUH DUH ILYH µFOXYLDO¶
DQG IRXUWHHQ µHLOOVORSH¶ IHDWXUHV LQ WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO (7DEOH 1). 1H[W, I GUDIWHG
GDWD ILHOGV ZLWKLQ HDFK IHDWXUH DWWULEXWH WDEOH, DQG DVVLJQHG GRPDLQV WR HDFK ILHOG. 7KHVH GRPDLQV
VHUYH DV GHVFULSWLYH FRGHV WKDW DSSO\ NH\ DWWULEXWHV WR WKH PDSSHG IHDWXUHV DQG DSSHDU DV D
GURS-GRZQ PHQX RI RSWLRQV IRU WKH PDSSHU WR FKRRVH IURP. 7R EHWWHU WUDFN GDWD FROOHFWLRQ DQG
HGLWLQJ, I DGGHG WKH ReceiYeU_T\Se DWWULEXWH ILHOG DQG HGLWRU WUDFNLQJ.

FLJXUH 3: AQQRWDWHG VLWH SKRWR RI LQ-ILHOG H[DPSOHV RI VRPH µFOXYLDO¶ GDWDVHW IHDWXUHV LQFOXGLQJ BaQkV,
IQdiYidXal_LWD_SieceV, LaUge_BRXldeUV, DQG LRg_JamV. 7KLV SKRWR LV D VRXWKHDVW IDFLQJ YLHZ RI WKH 1LVTXDOO\
5LYHU IURP WKH :RQGHUODQG 7UDLO QHDU CRXJDU 5RFN CDPSJURXQG RQ JXQH 24WK, 2021.

SiWe SelecWiRQ aQd WaWeUVhed DeliQeaWiRQ
7KH 025A GHRORJ\ GURXS LGHQWLILHG 0LOHSRVWV 5-WR-6 RQ WKH 1LVTXDOO\-3DUDGLVH 5RDG

DV DQ DUHD RI LQWHUHVW WR WHVW WKH QHZ SURWRFRO. I SHUIRUPHG D ZDWHUVKHG GHOLQHDWLRQ LQ AUFGI6 3UR
WR VSHFLI\ WKH SURFHVV ERXQGDULHV LQ ZKLFK WKH UHOHYDQW ODQGIRUPV FRXOG EH LQIOXHQFHG E\ ERWK
JHRORJLF DQG K\GURORJLFDO SURFHVVHV. 7R ORFDWH WKH ERXQGDULHV RI WKH VLWH DQG LWV ZDWHUVKHG, I
XVHG WKH H\GURORJ\ WRROV LQ WKH 6SDWLDO AQDO\VW WRROER[ RI AUFGI6 3UR. 8VLQJ WKH /HZLV CRXQW\
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2009 DLJLWDO 6XUIDFH 0RGHO (D60) VRXUFHG IURP WKH :DVKLQJWRQ 6WDWH D15 /LDA5 SRUWDO
(0DQQ HW DO., 2010), I XVHG WKH FLOO, FORZ DLUHFWLRQ, DQG FORZ AFFXPXODWLRQ WRROV WR FUHDWH
UDVWHUV IURP HDFK SUHYLRXV RXWSXW. 1H[W, I UHFODVVLILHG WKH IORZ DFFXPXODWLRQ UDVWHU IRXU GLIIHUHQW
WLPHV WR ILOWHU WKH RXWSXW UDVWHU DW YDU\LQJ OHYHOV RI GHWDLO, GLIIHUHQWLDWLQJ ODUJH ULYHUV IURP VPDOO
VWUHDPV. I XVHG WKLV IORZ DFFXPXODWLRQ UDVWHU WR LGHQWLI\ WKH PDLQ VWHP RI WKH FDWFKPHQW WKDW
IORZV WKURXJK WKH URDG VHJPHQW RI LQWHUHVW, WKHQ DGGHG D ³SRXU SRLQW´ WR WKH RXWOHW RI WKLV VWHP WR
VLQJOH RXW DOO EUDQFKHV RI WKH ZDWHUVKHG XSVWUHDP RI WKH SRLQW. FLQDOO\, I XVHG WKH SRXU SRLQW OD\HU
DQG WKH IORZ GLUHFWLRQ UDVWHU LQ WKH :DWHUVKHG WRRO WR FUHDWH D ILQDO UDVWHU RI WKH ZDWHUVKHG WR
GHILQH WKH H[WHQW RI WKH VWXG\ DUHD. 7KLV GHOLQHDWLRQ UHVXOWHG LQ WKH FUHDWLRQ RI D ZDWHUVKHG
ERXQGDU\ WKDW HQFRPSDVVHV WKH URDG VHJPHQW RI LQWHUHVW DORQJ ZLWK DGMDFHQW KLOOVORSHV DQG ULYHU
IORRGSODLQV (FLJXUH 4).

FLJXUH 4: 0DS RI ZDWHUVKHG LGHQWLI\LQJ WKH JHRPRUSKLF SURFHVV ERXQGDULHV RI WKH VWXG\ DUHD (VKRZQ E\ DE0).
3DUN URDGV DUH VKRZQ LQ ZKLWH.

DaWa CRllecWiRQ
DDWD FROOHFWLRQ FRQVLVWHG RI WZR SULPDU\ PRGHV: UHPRWH (FRPSXWHU EDVHG) DQG ILHOG

EDVHG. I XVHG WKH FRRUGLQDWH UHIHUHQFH V\VWHP 1AD 1983 870 =RQH 101 IRU DOO GI6 ZRUN LQ
WKLV VWXG\. 2QFH I KDG D ZRUNLQJ GUDIW RI WKH SURWRFRO DQG WKH VWXG\ DUHD GHOLQHDWHG, I EHJDQ GDWD
FROOHFWLRQ WR EXLOG RXW WKH JHRPRUSKLF ODQGIRUP LQYHQWRU\ RI WKH VWXG\ VLWH XVLQJ WKH ³FUHDWH
IHDWXUH´ WRRO LQ AUFGI6 3UR¶V HGLWRU PHQX. I PDSSHG IOXYLDO DQG KLOOVORSH IHDWXUHV DW D PD[LPXP
VFDOH RI 1:500 DQG D PLQLPXP VFDOH RI 1:24,000. :KHQ PDSSLQJ IHDWXUHV IROORZLQJ WKH :G6
SURWRFRO, I PDSSHG DW D ILQHU VFDOH WKDQ WKH LQWHQGHG ILQDO PDS VFDOH DV VXJJHVWHG (6ODXJKWHU HW
DO., 2017). 7KH EDVHPDSV DQG LPDJHU\ I XVHG ZKLOH UHPRWH PDSSLQJ LQFOXGH D VORSH UDVWHU FUHDWHG
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ZLWK 1-PHWHU UHVROXWLRQ /LDA5 GDWD XVLQJ WKH µ6ORSH¶ 6SDWLDO AQDO\VW JHRSURFHVVLQJ WRRO, 0.5
PHWHU 0D[DU RUWKRLPDJHU\, D URDGV ZLWK PLOH PDUNHUV OD\HU, DQG D FRQWRXU OLQHV OD\HU, ZKHQ
DYDLODEOH. 7KH VORSH OD\HU VKRXOG EH V\PEROL]HG XVLQJ µ6WUHWFK¶, D EODFN-WR-ZKLWH FRQWLQXRXV
FRORU VFKHPH, DQG VHOHFWLQJ WKH LQYHUW ER[. CROOHFWLQJ WKLV LQYHQWRU\ DOORZHG PH WR WHVW WKH
SURWRFRO¶V IXQFWLRQDOLW\ DQG PDNH UHDO WLPH HGLWV DV I ZHQW DORQJ. I EHJDQ PDSSLQJ LQ AUFGI6 3UR
XVLQJ WKH IHDWXUHV REVHUYDEOH LQ DE0-FUHDWHG VORSH DQG KLOOVKDGH OD\HUV. 0DQ\ RI WKH IHDWXUHV
REVHUYDEOH LQ WKH /LDA5 LQFOXGHG IOXYLDO PDUJLQV, DQWKURSRJHQLF VXUIDFHV, DQG ODQGVOLGH
GHSRVLWV.

IQ RUGHU WR FROOHFW GDWD LQ WKH ILHOG, I SXEOLVKHG WKH IHDWXUH OD\HUV LQ AUFGI6 3UR WR
AUFGI6 RQOLQH, FRQILJXULQJ WKHLU VHWWLQJV IRU RIIOLQH XVH LQ E65I¶V PRELOH GHYLFH DSSOLFDWLRQ,
AUFGI6 FLHOG 0DSV. IQ AUFGI6 2QOLQH, I VHW HDFK IHDWXUH OD\HU WR IXOO VKDULQJ, HGLWLQJ, DQG
H[SRUWLQJ DELOLWLHV, DQG DGGHG WKHP WR D SURMHFW ZHEPDS. IQ WKH ZHEPDS VHWWLQJV, I GHILQHG D PDS
DUHD WKDW ZRXOG EH DYDLODEOH LQ FLHOG 0DSV. 2QFH LQ FLHOG 0DSV RQ D GHVLJQDWHG WDEOHW SURYLGHG
E\ 025A¶V GHRORJ\ JURXS, I GRZQORDGHG WKH PDS DUHD RQ WKH WDEOHW, FRQILJXULQJ LW IRU ILHOG GDWD
FROOHFWLRQ. IQ WKH LQLWLDO ILHOG PDSSLQJ SKDVH, I XVHG WKH VWDQGDUG RQERDUG FRQVXPHU-JUDGH G166
UHFHLYHU WR FROOHFW GDWD DW D PD[LPXP VFDOH RI 1:1000. 7R FROOHFW WKH IHDWXUH ORFDWLRQ, I ZRXOG
KROG WKH WDEOHW DV FORVH WR WKH IHDWXUH DV VDIHO\ SRVVLEOH WR FROOHFW LWV ORFDWLRQ. 2YHU WLPH, LW
EHFDPH FOHDU WKDW WKH WDEOHW'V G166 V\VWHP FRXOG QRW UHDGLO\ SURYLGH DFFXUDF\ EHORZ DERXW 12
IHHW, DQG I KDG WR VZLWFK WR XVLQJ D KLJKHU DFFXUDF\ UHFHLYHU. HHUH, WKH GHRORJ\ JURXS SURYLGHG
PH ZLWK DQ EPOLG 562 5HFHLYHU WKDW I FRXOG PRXQW WR D EDFNSDFN (QRWLQJ WKH GHYLFH KHLJKW), DQG
FROOHFW SRLQWV, OLQHV, DQG SRO\JRQV ZLWK VXE-PHWHU SUHFLVLRQ IRU HDFK IHDWXUH. :H FRQQHFWHG WKH
UHFHLYHU WR FLHOG 0DSV WKURXJK WKH EPOLG 5HDFK9LHZ 3 WDEOHW DSSOLFDWLRQ. DXH WR WKH
WULDO-DQG-HUURU QDWXUH RI WKLV VWXG\, WKHVH PLG-SURMHFW FKDQJHV LQ P\ PHWKRGV DQG SURWRFRO
LQWURGXFHG VRPH LQFRQVLVWHQFLHV WR WKH UHVXOWLQJ LQYHQWRU\.

FRU IXWXUH GDWD FROOHFWLRQ ZLWK WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO, I UHFRPPHQG XVLQJ D
FRPSXWHU ZLWK WKH SURFHVVLQJ SRZHU QHFHVVDU\ WR UXQ AUFGI6 3UR, D G166 UHFHLYHU ZLWK
VXUYH\-JUDGH DFFXUDF\ DQG SUHFLVLRQ, DQG D PRELOH :LFL HQDEOHG WDEOHW RU VPDUWSKRQH ZLWK DQ
RSHUDWLQJ V\VWHP WKDW VXSSRUWV ERWK E65I AUFGI6 DSSOLFDWLRQV DQG FRQQHFWLELOLW\ ZLWK WKH
FKRVHQ G166 5HFHLYHU.

AQal\ViV MeWhRdV
7KH GDWD FROOHFWHG IRU WKH LQYHQWRU\ LQ WKLV VWXG\ ZDV FRPSLOHG LQ D VWUDLJKW-IRUZDUG

WDEXODU IRUPDW, WKHUHIRUH, I GLG QRW QHHG WR GR DQ\ SRVW-SURFHVVLQJ. HRZHYHU, IRU HDFK FKDQJH
PDGH WR WKH SURWRFRO, I KDG WR XSGDWH WKH SUHYLRXVO\ FROOHFWHG GDWD WR PDWFK WKH QHZ IRUPDW. FRU
H[DPSOH, LI QHZ ILHOGV ZHUH DGGHG WR D IHDWXUH OD\HU WKDW DOUHDG\ KDG GDWD FROOHFWHG, I QHHGHG WR
XSGDWH WKDW GDWD WR DFFRXQW IRU WKH QHZ ILHOG. AOVR, DV PHQWLRQHG LQ :KHDWRQ HW DO. (2015), VRPH
DWWULEXWHV ZHUHQ¶W DSSOLFDEOH WR DQ\ JLYHQ LQVWDQFH RI WKHVH IHDWXUHV LQ WKH ILHOG VLWH, VR I DGGHG D
³1RW ASSOLFDEOH´ RSWLRQ WR GLIIHUHQWLDWH EODQN HPSW\ ILHOGV IURP ³1XOO´ GDWD. I GHWHUPLQHG WKDW
WKH LQYHQWRU\ ZRXOG EH DYDLODEOH IRU DQDO\VLV E\ SDUN VWDNHKROGHUV RQO\ ZKHQ WKH GDWD ILHOGV IRU
HDFK IHDWXUH DUH DOO SURSHUO\ ILOOHG DQG YHULILHG.

7KH LQYHQWRU\ FROOHFWHG IURP WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO WHVWLQJ SKDVH LV D
FRPSLODWLRQ RI VSDWLDO IHDWXUHV ZLWK VSHFLILF DWWULEXWHV DVVLJQHG WR WKHP. I DVVLJQHG VSHFLILF
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V\PERORJ\ WR HDFK IHDWXUH WR SUHVHQW WKH LQYHQWRU\ LQ D PDS IRUPDW. 7KHUH DUH PDQ\ GLIIHUHQW
DWWULEXWHV WKDW GHVFULEH WKH IHDWXUHV. 7R FRPSDUH IHDWXUHV EDVHG RQ WKHVH DWWULEXWHV, I UHFODVVLILHG
WKH IHDWXUH WR GLVSOD\ GLIIHUHQW V\PERORJ\ EDVHG RQ WKHLU DWWULEXWHV. FRU H[DPSOH, I FRPSDUHG
IHDWXUHV YLVXDOO\ E\ FODVVLI\LQJ IHDWXUHV ZLWKLQ WKH ReceiYeU_T\Se ILHOG LQ RUGHU WR REVHUYH ZKHUH
HDFK IHDWXUH ZDV PDSSHG ZLWK UHPRWH WHFKQLTXHV, ZLWK DQ EPOLG G166 UHFHLYHU, RU ZLWK D
FRQVXPHU-JUDGH WDEOHW G166 UHFHLYHU. :LWK WKLV LQIRUPDWLRQ, I FRXOG LGHQWLI\ LQFRQVLVWHQFLHV LQ
WKH GDWD FROOHFWHG DQG GRXEOH-FKHFN WKHP VSDWLDOO\ ZLWK WKH YDU\LQJ FROOHFWLRQ PHWKRGV.

7KH :G6 ODQGVOLGH LQYHQWRU\ LV ODUJHO\ GI6 EDVHG, WKHUHIRUH I IRXQG VRPH JHRVSDWLDO
DQDO\VLV WR EH QHFHVVDU\ WR PDS D ODQGVOLGH GHSRVLW ZLWKLQ WKH VWXG\ DUHD. 7KLV LQYROYHG FUHDWLQJ
D VORSH JUDGLHQW OD\HU IURP WKH /LDA5 WR KHOS PDS ODQGVOLGH VFDUSV DQG IODQNV DV ZHOO DV
DGMDFHQW KLOOVORSHV. FXUWKHUPRUH, I XVHG WKH DE0 WR FROOHFW WKH DGMDFHQW VORSH DQJOH, VFDUS
KHLJKW, IDLOXUH GHSWK, PRYHPHQW GLUHFWLRQ, DQG GHSRVLW YROXPH WR SURYLGH D GHWDLOHG GHVFULSWLRQ
RI WKH ODQGVOLGH GHSRVLW DV SDUW RI P\ LQYHQWRU\. 6HH 6ODXJKWHU HW DO. (2017) IRU GHWDLOHG
LQIRUPDWLRQ UHJDUGLQJ WKH ODQGVOLGH LQYHQWRU\ SURWRFRO PHWKRGV.

RHVXOWV

The GeRmRUShic MaSSiQg PURWRcRl
7KH ILQDO UHQGLWLRQ RI WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO LV DQ DPDOJDPDWLRQ RI IHDWXUHV

LGHQWLILHG LQ WKH :KHDWRQ HW DO. (2015) VWXG\, WKH :G6 ODQGVOLGH PDSSLQJ SURWRFRO, DQG
WKURXJKRXW WKH ILHOG WHVWLQJ SKDVH. FLJXUH 5 VKRZV D GHFLVLRQ WUHH LGHQWLI\LQJ LQVWDQFHV ZKHQ WKH
GHRPRUSKLF 0DSSLQJ 3URWRFRO UHIHUV WR WKH :G6 SURWRFRO DQG :KHDWRQ HW DO. (2015) VWXG\ IRU
PDSSLQJ WKHVH VHOHFW IHDWXUHV. 0\ SURWRFRO WHPSODWH JHRGDWDEDVH (ASSHQGL[ A) FDQ EH RSHQHG LQ
DQ\ GI6 SURJUDP WR YLHZ WKH RUJDQL]DWLRQDO IUDPHZRUN RI WKH SURWRFRO IHDWXUHV, ILHOGV, DQG
GRPDLQV. 7DEOHV 1, 2, DQG 3 GLVSOD\ D VLPSOLILHG KLHUDUFK\ RI WKLV IUDPHZRUN. 7DEOH 1 VKRZV WKH
PDS DWWULEXWHV WKDW DUH YLVLEOH LQ WKH ILQDO PDS SURGXFW. 7KH IHDWXUH FODVVHV DUH EURNHQ LQWR WZR
IHDWXUH GDWDVHWV, µFOXYLDO¶ DQG µHLOOVORSH¶.

7KHUH DUH ILYH IHDWXUH FODVVHV XQGHU WKH µFOXYLDO¶ IHDWXUH GDWDVHW, IRXU RI ZKLFK DUH
VLPSOLILHG IOXYLDO PDUJLQV DQG VWUXFWXUDO HOHPHQWV VRXUFHG IURP :KHDWRQ HW DO. (2015). 7KH
BaQkV DQG GeRmRUShic_UQiW IHDWXUH FODVVHV DUH XVHG IRU GHILQLQJ PDUJLQV DQG ODQGIRUP
ERXQGDULHV ZLWKLQ WKH VWXG\ DUHD. 7KH IQdiYidXal_LWD_SieceV, LaUge_BRXldeUV, DQG LRg_JamV
IHDWXUH FODVVHV DUH XVHG DV LGHQWLILHUV RI PDMRU IOXYLDO VWUXFWXUDO HOHPHQWV FRPPRQO\ IRXQG LQ WKH
ZDWHUZD\V RI 025A.

7KH µHLOOVORSH¶ IHDWXUH GDWDVHW FRQVLVWV RI IRXUWHHQ IHDWXUH FODVVHV, LQFOXGLQJ RQH
PRGLILHG IURP :KHDWRQ HW DO., 2015, IRXU DVVLJQHG E\ WKH 025A GHRORJ\ GURXS, DQG WKH UHVW
DUH GLUHFWO\ WDNHQ IURP WKH :G6 ODQGVOLGH PDSSLQJ SURWRFRO. 7KH :G6 SURWRFRO FRYHUV D PDMRU
SRUWLRQ RI KLOOVORSH PDSSLQJ UHOHYDQW WR KD]DUG VXVFHSWLELOLW\, ZKLFK OHIW PH WR RQO\ GHYHORS
VWDQGDUGV WKDW IDOO RXWVLGH RI WKHLU VFRSH RI IRFXV. I OHIW WKH :G6 IHDWXUHV XQPRGLILHG DV
UHFRPPHQGHG E\ WKH SURWRFRO GRFXPHQWDWLRQ. FURP :KHDWRQ HW DO. (2015), CXlYeUW_PRiQWV DQG
CXlYeUWV DUH FRQVLGHUHG VWUXFWXUDO HOHPHQW IHDWXUH FODVVHV ZKHUH WKH SRO\OLQHV IHDWXUH LV XVHG IRU
FDVHV ZKHUH ERWK WKH LQOHW DQG RXWOHW IRU D FXOYHUW FDQ EH ORFDWHG DQG WKH SRLQWV IHDWXUH LV XVHG LI
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RQO\ RQH RI WKH WZR FDQ EH ORFDWHG. 7KH UHPDLQLQJ QRQ-:G6 VRXUFHG IHDWXUH FODVVHV GR QRW FDOO
IRU IXUWKHU DWWULEXWH FROOHFWLRQ.

FLJXUH 5: 0DSSLQJ IORZ FKDUW DQG GHFLVLRQ WUHH RXWOLQLQJ FDVHV LQ WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO WKDW FDOO WR WKH
:G6 /DQGVOLGH SURWRFRO (6ODXJKWHU HW DO., 2017) DQG :KHDWRQ HW DO. (2015) VWXG\. 5HIHUHQFHG :KHDWRQ HW DO. (2015)
ILJXUHV DUH UHSURGXFHG LQ ASSHQGL[ B.

7DEOH 2 SURYLGHV D ORRN DW WKH QH[W VWHS GHHSHU LQWR WKH SURWRFRO I KDYH DVVHPEOHG. HHUH, I
SUHVHQW WKH ILHOG QDPHV RI HDFK IHDWXUH FODVV WR VKRZ WKH W\SHV RI DWWULEXWHV FROOHFWHG IRU HDFK
PDSSHG IHDWXUH. 7KH GHVFULSWLRQV IRU HDFK ILHOG QDPH DUH LQ 7DEOH 3. EDFK IHDWXUH FODVV KDV
VWDQGDUG DWWULEXWHV UHODWHG WR LWV VSDWLDO UHIHUHQFH, JHRPHWU\ W\SH, DQG FROOHFWLRQ GDWD, VXFK DV
µ2BJEC7ID¶, µ6KDSH¶, µ6KDSHB/HQJWK¶, µ6KDSHBAUHD¶, µFUHDWHGBGDWH¶, DQG µODVWBHGLWHGBGDWH¶.
0DQ\ RI WKH ILHOG QDPHV XVHG LQ WKLV SURWRFRO DUH VRXUFHG GLUHFWO\ IURP FLJXUHV 1 DQG 4 RI WKH
:KHDWRQ HW DO. (2015) VWXG\ WR IROORZ WKHLU SURSRVHG WD[RQRP\ IUDPHZRUN IRU LGHQWLI\LQJ IOXYLDO
PDUJLQV DQG VWUXFWXUDO HOHPHQWV. 7KHVH ILHOGV FDQ EH IRXQG LQ WKH BaQkV,
IQdiYidXal_LWD_SieceV, LaUge_BRXldeUV, LRg_JamV, CXlYeUW_PRiQWV, DQG CXlYeUWV IHDWXUH
FODVVHV. 0DQ\ ILHOG QDPHV ZHUH LQLWLDOO\ SUHVFULEHG E\ WKH 025A GHRORJ\ GURXS, DQG DV I
WHVWHG WKH SURWRFRO, VRPH ILHOG QDPHV ZHUH DGGHG RYHU WLPH DV QHHGHG. 7KHVH ILHOG QDPHV LQFOXGH
WKH µEURVLRQ¶ DQG µ0RLVWXUH¶ ILHOGV LQ WKH BaQkV IHDWXUH FODVV, WKH µIPEHGGHG¶ ILHOG LQ VWUXFWXUDO
HOHPHQWV IHDWXUH FODVVHV, DQG WKH µIQOHWBRUB2XWOHW¶ DQG µIPSDLUPHQW¶ ILHOGV LQ WKH CXlYeUW_PRiQWV
DQG CXlYeUWV IHDWXUH FODVVHV UHVSHFWLYHO\. 2YHUDOO, D WRWDO RI 23 GLIIHUHQW DWWULEXWH ILHOGV FDQ EH
IRXQG LQ WKH SURWRFRO WR GHILQH WKH JHRPRUSKLF IHDWXUH FODVVHV RI IRFXV.

7R FROOHFW PHWDGDWD IRU HDFK IHDWXUH, I HQDEOHG µHGLWRU WUDFNLQJ¶ LQ AUFGI6 3UR WR QRWH
ZKR PDSSHG WKH IHDWXUH, ZKHQ WKH\ PDSSHG LW, ZKR ODVW HGLWHG LW, DQG ZKHQ WKH\ ODVW HGLWHG LW.
AGGLWLRQDOO\, I DGGHG WKH ReceiYeU_T\Se ILHOG WR WKH GHRPRUSKLF 0DSSLQJ 3URWRFRO IRU DOO
IHDWXUHV WR GHVLJQDWH ZKDW WRRO ZDV XVHG WR FROOHFW WKH VSDWLDO GDWD IRU WKDW SDUWLFXODU IHDWXUH. IQ
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WKH FDVH RI WKLV SURMHFW, I FROOHFWHG IHDWXUH ORFDWLRQV LQ AUFGI6 3UR ZLWK LPDJHU\, XVLQJ D
FRQVXPHU JUDGH G166 V\VWHP RQERDUG D WDEOHW RU VPDUWSKRQH, RU XVLQJ DQ EPOLG 5HDFK 562
G166 UHFHLYHU WHWKHUHG WR WKH WDEOHW. EDFK WRRO KDV D GLIIHUHQW UHVROXWLRQ, DQG WKXV WKH ORFDWLRQ RI
IHDWXUHV PDSSHG ZLWK GLIIHUHQW WRROV KDV GLIIHUHQW XQFHUWDLQW\. 7KH LQIRUPDWLRQ SODFHG LQ WKH
ReceiYeU_T\Se ILHOG FDQ EH XVHG WR WUDFN WKH YDU\LQJ OHYHOV RI XQFHUWDLQW\ DVVRFLDWHG ZLWK WKH
PDSSHG GDWD DQG WKH DVVRFLDWHG LQYHQWRU\ FDQ EH JUDGHG GHSHQGLQJ RQ WKLV LQIRUPDWLRQ LQ LWV
HQWLUHW\.

EDFK LQGLYLGXDO ILHOG LQ D IHDWXUH FODVV DWWULEXWH WDEOH FDQ EH SRSXODWHG ZLWK D YDULHW\ RI
GHVFULSWLYH YDOXHV GHSHQGLQJ RQ WKH GDWD EHLQJ FROOHFWHG. 0DQ\ RI WKHVH DUH QXPHULFDO YDOXHV
PHDVXUHG GXULQJ FROOHFWLRQ RU WH[W ILHOGV ZLWK SUHGHWHUPLQHG RSWLRQV GHILQHG LQ WKH GRPDLQV RI
WKH IHDWXUH FODVVHV, JURXSHG XQGHU HDFK LQGLYLGXDO ILHOG QDPH. 7KHVH GRPDLQV DUH GHVFULEHG LQ
7DEOH 3, DQG WKH\ DUH OLPLWHG WR VSHFLILF IHDWXUHV GHSHQGLQJ RQ WKH ILHOGV WKDW DUH GHILQHG WR WKRVH
IHDWXUHV.

The IQYeQWRU\
AOPRVW HYHU\ IHDWXUH FODVV IURP WKLV SURWRFRO ZDV LGHQWLILHG ZLWKLQ WKH SURFHVV

ERXQGDULHV RI WKH ILHOG VLWH, DQG WKHUHIRUH UHSUHVHQWHG LQ WKH 1LVTXDOO\-3DUDGLVH 0LOHSRVW 5-WR-6
LQYHQWRU\. 7KH RQO\ IHDWXUHV QRW LGHQWLILHG ZLWKLQ WKLV VWXG\ ZHUH faQV, URckfall deSRViWV, DQG
VhallRZ laQdVlideV, ZKLFK DUH DOO GHVFULEHG LQ WKH :G6 SURWRFRO. AQ E65I JHRGDWDEDVH RI P\
LQYHQWRU\ LV LQ ASSHQGL[ C, SURYLGLQJ DFFHVV WR WKH FRPSOHWH GDWDVHW RI IHDWXUHV PDSSHG ZLWKLQ
WKH VWXG\ VLWH RI LQWHUHVW. A YLVXDO UHSUHVHQWDWLRQ RI WKH PDSSHG IHDWXUHV FDQ EH YLHZHG LQ FLJXUHV
6, 7, DQG 8. FLJXUH 6 VKRZV WKH YDULRXV JHRPRUSKLF XQLWV, ERXQGDULHV, DQG PDUJLQV WKDW GHILQH WKH
ULYHU YDOOH\ DQG UHSUHVHQW WKH JHQHUDO FKDQQHO EHKDYLRUV REVHUYDEOH DW WKH VLWH RI LQWHUHVW. 7KH
OHJHQG LQ FLJXUH 6 VKRZV WKH BaQkV IHDWXUH VSOLW LQWR IRXU GLIIHUHQW PDUJLQV. µCKDQQHO 0DUJLQ¶,
µ/HYHH¶, DQG µ9DOOH\ BRWWRP 0DUJLQ¶ DUH VRXUFHG IURP WKH IHDWXUH ILHOG µ0DUJLQ 7\SH¶, ZKHUHDV
µCRQILQLQJ 0DUJLQ¶ LV VRXUFHG IURP WKH IHDWXUH ILHOG µCRQILQHPHQW¶. 7KH BaQkV IHDWXUH KDV ERWK
µ0DUJLQ 7\SH¶ DQG µCRQILQHPHQW¶ DVVLJQHG WR LW, WKHUHIRUH D EDQN FDQ EH ODEHOHG DV ERWK D
µCKDQQHO 0DUJLQ¶ DQG D µCRQILQLQJ 0DUJLQ¶, IRU H[DPSOH.

FLJXUH 7 VKRZV WKH VSUHDG RI VWUXFWXUDO HOHPHQWV DQG RWKHU PLVFHOODQHRXV IHDWXUHV
PDSSHG ZLWKLQ WKH VLWH. 2YHU WKH FRXUVH RI WKH PDSSLQJ SURFHVV, D WRWDO RI 28 FXOYHUWV, 44
LQGLYLGXDO ODUJH ZRRG SLHFHV, 24 ODUJH ERXOGHUV, 28 ORJ MDPV, DQG 1 VHHS ZHUH LQGLYLGXDOO\
PDSSHG. AGGLWLRQDOO\, VL[ GLIIHUHQW DQWKURSRJHQLF VXUIDFHV DQG 24 GUDLQDJH SDWKZD\ VWUHDP
VHJPHQWV ZHUH DOVR PDSSHG, IRXQG LQ ERWK WKH IORRGSODLQ DV ZHOO DV DGMDFHQW KLOOVORSHV.

7KH ILQDO SDUW RI WKLV LQYHQWRU\ WHVWV WKH :G6 SURWRFRO RQ WKH VWXG\ VLWH (FLJXUH 8). 2I WKH
IRXU ODQGVOLGH W\SHV FRYHUHG LQ WKH :G6 SURWRFRO, µODQGVOLGH GHSRVLWV¶ ZDV WKH RQO\ RQH
LGHQWLILHG LQ WKH DUHD. FLJXUH 8 SUHVHQWV WKH ORFDWLRQ RI D UHODWLYHO\ ROG ODQGVOLGH GHSRVLW ORFDWHG
RQ WKH VRXWKZHVW HQG RI WKH VWXG\ URDG VHJPHQW, LQFOXGLQJ LWV JHQHUDO ERXQGDULHV, VFDUSV, DQG
IODQNV PDSSHG IROORZLQJ WKH :G6 SURWRFRO. AOVR, WKHUH LV RQH Field_Check_LRcaWiRQ ORFDWHG
ZLWKLQ WKH LaQdVlide_DeSRViWV SRO\JRQ. 7KLV LV DQ LQGLFDWLRQ WKDW I ILHOG YHULILHG WKH
GLJLWDOO\-PDSSHG ODQGVOLGH, QRWLQJ FKDUDFWHULVWLFV DQG NH\ DWWULEXWHV WKDW FDQ EH YLHZHG LQ WKH IXOO
LQYHQWRU\ (ASSHQGL[ C).
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FLJXUH 6: IQYHQWRU\ PDS RI GeRmRUShic_UQiW DQG BaQkV IHDWXUHV FODVVLILHG E\ VWDJH KHLJKWV DQG W\SHV. 7KH
UHIHUHQFH PDS LV VFDOHG DW 1:25,000. 6HFWLRQV (A), (B), DQG (C) DUH VFDOHG DW 1:10,000.
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FLJXUH 7: IQYHQWRU\ PDS RI VWUXFWXUDO HOHPHQWV DQG PLVFHOODQHRXV IHDWXUH FODVVHV LGHQWLILHG ZLWKLQ WKH SURFHVV
ERXQGDULHV RI WKH VWXG\ VLWH ZLWK WRWDO IHDWXUH FRXQWV LQ WKH SDUHQWKHWLFDOV. 7KH UHIHUHQFH PDS LV VFDOHG DW 1:25,000.
(A) 7KH QRUWKHDVW FRUQHU RI WKH VWXG\ VLWH LV VFDOHG DW 1:7,500. (B) DQG (C) CHQWUDOL]HG DQG QRUWKHDVW VHJPHQW YLHZ
RI WKH VLWH VFDOHG DW 1:10,000.

14



FLJXUH 8: IQYHQWRU\ PDS VKRZLQJ WKH LaQdVlide_DeSRViWV IHDWXUH OD\HUV PDSSHG ZLWKLQ WKH VWXG\ VLWH XVLQJ WKH
:G6 SURWRFRO.

DLVFXVVLRQ

IQWeUSUeWaWiRQ Rf ObVeUYaWiRQV aQd AQal\VeV
A EHQHILW RI GHYHORSLQJ WKLV SURWRFRO LQ FROODERUDWLRQ ZLWK WKH SURIHVVLRQDO JHRVFLHQWLVWV

LQ WKH 025A GHRORJ\ GURXS LV YHWWLQJ ZLWK FRQWLQXRXV FRQVXOWDWLRQ IURP WKH YHU\ SHRSOH ZKR
ZLOO EH XVLQJ LW LQ WKH SODFH LW LV GHVLJQHG IRU. 2YHUDOO, WKH SURWRFRO LV D PHOGLQJ RI WKH :KHDWRQ
HW DO. (2015) VWXG\ RQ IOXYLDO ODQGIRUP WD[RQRP\ DQG WKH :G6 SURWRFRO IRU PDSSLQJ ODQGVOLGHV
ZLWK /LDA5 (6ODXJKWHU HW DO., 2017). IW FRPELQHV FRQFHSWV DQG PHWKRGRORJ\ IURP WKHVH WZR
SHHU-UHYLHZHG JHRPRUSKLF PDSSLQJ SXEOLFDWLRQV WR SURYLGH D FRPSUHKHQVLYH UHPRWH DQG ILHOG
PDSSLQJ IUDPHZRUN. ASSO\LQJ WKHVH FRQFHSWV, ZH DGGHG DQG PRGLILHG UHOHYDQW IHDWXUHV DQG NH\
DWWULEXWHV, VXFK DV SeeSV, AQWhURSRgeQic_SXUfaceV, CXlYeUW_PRiQWV, CXlYeUWV, DQG
DUaiQage_PaWhZa\V_SWUeamV WR IXUWKHU UHILQH UHVXOWLQJ LQYHQWRULHV. AV WKH GHRORJ\ GURXS
DSSOLHV WKLV SURWRFRO WR GLIIHUHQW VLWHV LQ WKH 3DUN, WKH\ PD\ ILQG LQ WKH IXWXUH WKDW PRUH DVSHFWV
VKRXOG EH DGGHG IURP WKH IRXQGDWLRQDO UHIHUHQFHV DQG EH\RQG, RU VRPH SURSRVHG IHDWXUHV DUH OHVV
XVHIXO WKDQ RULJLQDOO\ WKRXJKW. AV LW VWDQGV, WKH SURWRFRO LV LQ LWV µBHWD¶ SKDVH, \HW LW LV FRPSOHWH
HQRXJK WR SURGXFH LQYHQWRULHV XVHIXO WR WKH 025A JHRORJLVWV.

7KH LQYHQWRU\ I FRPSLOHG GXULQJ WKH SURWRFRO WHVWLQJ HIIRUWV LV HVVHQWLDOO\ D VQDSVKRW RI
WKH VWXG\ VLWH GXULQJ WKH 2021 VXPPHU VHDVRQ ZLWK YDU\LQJ OHYHOV RI DFFXUDF\ DQG FRPSOHWLRQ.
AQ\ LQYHQWRU\ GDWD PDSSHG XVLQJ /LDA5-SURGXFHG KLOOVKDGHV DQG VORSH OD\HUV LV E\ LWV QDWXUH,
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SRWHQWLDOO\ RXWGDWHG DQG PD\ QRW UHSUHVHQW ODQGVFDSH FKDQJHV WKDW RFFXUHG EHWZHHQ /LDA5 GDWD
FROOHFWLRQ DQG WLPH WKH PDSSLQJ RFFXUUHG. 7KH /HZLV CRXQW\ 2009 /LDA5 GDWD (0DQQ HW DO.,
2010) ZDV XVHG EHFDXVH LW ZDV WKH PRVW UHFHQW GDWDVHW DYDLODEOH WKDW FRYHUHG WKH VWXG\ DUHD, EXW
LW GRHV QRW FRYHU WKH ZKROH SDUN. IQ RUGHU WR DSSO\ WKLV SURWRFRO HYHU\ZKHUH LQ WKH 3DUN, WKH
GHRORJ\ GURXS ZLOO XVH D SDUNZLGH GDWDVHW IURP 2008 IRU LWV RSHUDWLRQDO YHUVLRQ RI WKH SURWRFRO
XQWLO D QHZHU GDWDVHW LV DYDLODEOH. FRU WKH PRVW SDUW, WKH 2009 /LDA5 GDWD ZRUNHG IRU WKH
LQYHQWRU\ FROOHFWLRQ KHUH, EXW WKH VLWH VHOHFWLRQ ZDWHUVKHG GHOLQHDWLRQ ZDV WUXQFDWHG RQ WKH QRUWK
HQG GXH WR WKH ODFN RI FRYHUDJH. IQ DQ LGHDO VFHQDULR, D PRUH UHFHQW DQG UHSUHVHQWDWLYH /LDA5
GDWDVHW ZRXOG EH XVHG ZKLOH PDSSLQJ XVLQJ WKLV SURWRFRO.

7KH ReceiYeU_T\Se DWWULEXWH ILHOG LQ WKH LQYHQWRU\ GHVLJQDWHV ZKDW WRRO ZDV XVHG WR PDS
WKH GDWD, GLIIHUHQWLDWLQJ EHWZHHQ GLJLWDO LPDJHU\//LDA5 PDSSLQJ RU LQ-ILHOG PDSSLQJ ZLWK
YDULRXV G166 PHWKRGRORJ\. 7KH YDULDWLRQ LQ WKHVH PHWKRGV RI FROOHFWLRQ FUHDWHV XQFHUWDLQW\ LQ
WKH LQYHQWRU\ DV D ZKROH, EXW WKH GLIIHUHQW GHVLJQDWLRQV FDQ EH XVHG IRU D YDULHW\ RI IXWXUH
DQDO\VHV DQG GHFLVLRQ-PDNLQJ. FRU H[DPSOH, YDU\LQJ OHYHOV RI WKH EDQNV DQG FKDQQHO PDUJLQV
ZHUH PDSSHG XVLQJ ERWK /LDA5 DQG WKH EPOLG 5HDFK 562 UHFHLYHU. 7KH UHVXOWLQJ GDWD FDQ EH
XVHG WR FRPSDUH EDQN SRVLWLRQV EHWZHHQ 2009 DQG 2021, SURYLGLQJ D FRDUVH HVWLPDWH RI HURVLRQ
UDWHV ZLWKLQ WKH VWXG\ VLWH. 7KLV LQYHQWRU\ GRHV QRW SURYLGH VXUYH\-JUDGH DFFXUDF\ DQG SUHFLVLRQ,
EXW WKH DWWULEXWHG GDWD PD\ LGHQWLI\ DUHDV ZLWKLQ WKH VWXG\ VLWH WKDW FDQ EH WDUJHWHG IRU ILQHU
UHVROXWLRQ VXUYH\V LQ WKH IXWXUH.

CROOHFWLQJ WKH GDWD ZLWK YDU\LQJ JUDGHV RI G166 UHFHLYHUV ZDV D XVHIXO H[HUFLVH DOORZLQJ
IRU YLVXDO FRPSDULVRQ LQ WKH UHVXOWLQJ GDWD (FLJXUH 9). HHUH I FRPSDUH WKH RXWSXW RI PDSSLQJ
SRO\OLQH IHDWXUHV ZLWK WKH FRQVXPHU JUDGH G166 UHFHLYHU ZLWKLQ PRELOH SKRQHV/WDEOHWV YHUVXV
WKH EPOLG 5HDFK 562 UHFHLYHU. IQVHW A LQ WKLV ILJXUH VKRZV WKH UHVXOWV RI FRQWLQXRXV SRO\OLQH
PDSSLQJ ZLWK ORZ DFFXUDF\ UHFHLYHUV. 7KHVH UHVXOWLQJ OLQHV DUH MDJJHG DQG RYHUODSSLQJ,
SURYLGLQJ D SRRU UHSUHVHQWDWLRQ RI FKDQQHO EDQNV DQG RWKHU OLQHDU JHRPRUSKLF IHDWXUHV IRXQG LQ
QDWXUDO HQYLURQPHQWV. IQVHW B VKRZV WKH MDJJHG OLQHV PDSSHG ZLWK WKH WDEOHW DORQJVLGH VPRRWKHU
OLQHV PDSSHG XVLQJ WKH KLJKHU-JUDGH EPOLG UHFHLYHU. 7KH UHG DQG EOXH OLQHV LQ IQVHW B UHSUHVHQW
WZR GLIIHUHQW EDQN IHDWXUHV, EXW VKRZ D VLGH E\ VLGH FRPSDULVRQ RI WKH RXWSXWV WKH GLIIHUHQW
UHFHLYHUV SURYLGHG. AQRWKHU H[DPSOH RI FRQIOLFWLQJ GDWD LV YLVLEOH LQ LQVHW A RI FLJXUH 6. 7KLV
PDS VKRZV D FRQILQLQJ FKDQQHO PDUJLQ PDSSHG ZLWK WKH WDEOHW FURVVLQJ RYHU D YDOOH\ ERWWRP
PDUJLQ LQWR WKH WHUUDFH JHRPRUSKLF XQLW SRO\JRQ PDSSHG XVLQJ WKH /LDA5. 8VLQJ WKH PHDVXUH
WRRO LQ AUFGI6 3UR, I IRXQG WKDW WKHVH IHDWXUHV RYHUODSSHG URXJKO\ 5 WR 8 PHWHUV. 7KLV RYHUODS LV
OLNHO\ DWWULEXWHG WR ERWK WKH LQDFFXUDF\ RI WKH WDEOHW DQG WKH DJH RI WKH /LDA5 GDWD. 7KH /LDA5
LV RYHU 12 \HDUV ROG, DQG WKH WHUUDFH XQLW KDV LQFLVHG VLQFH WKHQ. 2QFH I PDGH WKHVH REVHUYDWLRQV
GXULQJ WKH ILHOG VHDVRQ, LW ZDV FOHDU WKDW FRQVXPHU JUDGH G166 UHFHLYHUV ZRXOG QRW SURYLGH
VXIILFLHQW UHVXOWV LQ UHPRWH VWXG\ ORFDWLRQV ZLWKLQ WKH 3DUN. IQ ORFDWLRQV ZKHUH WKH G166
FRQGLWLRQV DUH QRW LGHDO, WKH PDSSHU VKRXOG SODQ WR FROOHFW ILHOG GDWD ZKHQ WKH VLWH VKRXOG KDYH
RSWLPDO VDWHOOLWH YLVLELOLW\ DQG JHRPHWU\, DQG FRXOG VHW XS D G166 EDVH VWDWLRQ WR FRQGXFW D
5HDO-7LPH .LQHPDWLF (57.) VXUYH\ IRU KLJKHU DFFXUDF\ PDSSLQJ UHVXOWV.

:KHQ WHVWLQJ WKLV SURWRFRO, P\ SULPDU\ IRFXV ZDV GHYHORSLQJ WKH ILHOG PHWKRGRORJ\ DQG
XVHU H[SHULHQFH. CRQVHTXHQWO\, WKH VWURQJHVW DVSHFWV RI WKH SURWRFRO DUH DWWULEXWHG WR PDSSLQJ WKH
VPDOOHU SRO\JRQ DQG SRLQW IHDWXUHV VXFK DV VWUXFWXUDO HOHPHQWV. 7KH ILHOG VLWH SURYLGHG PDQ\
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RSSRUWXQLWLHV WR PDS WKHVH QRQ-FRQWLQXRXV DQG ODUJHO\ DFFHVVLEOH IHDWXUHV ZKHUH I FRXOG IRFXV RQ
ILQHU GHWDLOV DQG SK\VLFDO REVHUYDWLRQV ZLWK DPSOH WLPH. IQYHUVHO\, I KDG OHVV RSSRUWXQLW\ WR
GHYHORS H[FOXVLYHO\ GLJLWDO IHDWXUHV. FRU H[DPSOH, WKH GeRmRUShic_UQiW IHDWXUH FRXOG EH
PDSSHG WR D KLJKHU VFDOH LQ WKH IXWXUH, XVLQJ FXUYDWXUH WRROV DQG SURILOH OLQHV WR LQWHUSUHW
GLIIHUHQW ODQGIRUP IHDWXUHV. :LWK WKDW LQ PLQG, WKHVH IHDWXUHV DUH VLWH GHSHQGHQW, DQG KLJKHU
UHVROXWLRQ PLJKW EH PRUH DSSURSULDWH IRU VPDOOHU VWXG\ VLWHV ZLWK JUHDWHU WRSRJUDSKLF YDULDWLRQ.

FLJXUH 9: 0DS VKRZLQJ WKH VPRRWKHU OLQHDU IHDWXUHV PDSSHG ZLWK WKH EPOLG 5HDFK 562 (EOXH) FRPSDUHG WR WKH
HUUDWLF RXWSXW SURGXFHG ZLWK D WDEOHW (UHG). (A) 1:2000 VFDOH VQDSVKRW RI RYHUODSSLQJ DQG MDJJHG OLQHDU IHDWXUHV
PDSSHG ZLWK D WDEOHW. (B) 1:2000 VFDOH VQDSVKRW RI WKH MDJJHG WDEOHW-PDSSHG EDQN IHDWXUHV (UHG) FRPSDUHG WR
GLIIHUHQW EDQN IHDWXUHV PDSSHG XVLQJ WKH EPOLG (EOXH) ZLWK VPRRWKHU DQG KLJKHU DFFXUDF\ UHVXOWV.

2QH ILQDO QRWH DERXW WKH LQYHQWRU\ LV WKDW I DGGHG HGLWRU WUDFNLQJ ILHOGV DIWHU I FRPSOHWHG
PDSSLQJ, VR WKHVH ILHOGV GR QRW H[LVW LQ WKH LQYHQWRU\ DQG DUH RQO\ LQ WKH SURWRFRO WHPSODWH.
FLOOLQJ RXW WKHVH ILHOGV VHUYHV PRUH RI DQ RSHUDWLRQDO SXUSRVH DQG DOVR DOORZV WKH YLHZHU WR
IROORZ D FKURQRORJ\ RI PDSSLQJ DQG DGGLWLRQDO PHWDGDWD WKDW FDQ EH XVHG IRU IXWXUH DQDO\VLV.

17



BeQefiWV Rf Whe GeRmRUShic MaSSiQg PURWRcRl
AV LW VWDQGV, WKLV SURWRFRO FDQ EH XVHG DV D VWDQGDUGL]HG IRUPDW WR FUHDWH GLJLWDO

JHRPRUSKLF ODQGIRUP LQYHQWRULHV ZLWK D KLJK GHJUHH RI IOH[LELOLW\. 7KH LQYHQWRU\ FDQ DOVR EH
XVHG DV DQ LQLWLDO OD\RXW WR PRQLWRU WKH RYHUDOO HYROXWLRQ RI WKH VLWH DV PDMRU HYHQWV RFFXU. 7KH
QDWXUH RI WKH ILHOG-HQDEOHG PDSSLQJ ZLWK PRELOH GHYLFHV SURYLGHV DQ HIILFLHQW GDWD PDQDJHPHQW
SURFHVV WKURXJK FORXG-EDVHG AUFGI6 2QOLQH. DHSHQGLQJ RQ WKH RQOLQH VHWWLQJV, WKH LQYHQWRU\ FDQ
EH DFFHVVHG, DGGHG WR, DQG HGLWHG E\ DQ\RQH ZLWKLQ WKH 3DUN, DJHQF\, RU SXEOLF. :LWK WKH FRUUHFW
FRQILJXUDWLRQV, WKH LQYHQWRULHV FDQ EH UHDGLO\ WUDQVIHUUHG, DQG DQ\RQH ZLWK D JHQHUDO JHRVFLHQWLILF
EDFNJURXQG FDQ UHDGLO\ PDNH FRQWULEXWLRQV. AGGLWLRQDOO\, WKH SURWRFRO FRYHUV PDSSLQJ DW D ZLGH
UDQJH RI VFDOHV, PDNLQJ LW DSSOLFDEOH WR D EURDG YDULHW\ RI VLWHV ZLWK OLWWOH YDULDWLRQ WR
PHWKRGRORJ\. AOO RI WKLV FDQ EH DFFRPSOLVKHG E\ RQH PDSSHU ZLWK PLQLPDO DQG UHODWLYHO\
LQH[SHQVLYH HTXLSPHQW.

CRPSOHPHQWDU\ WR WKH HDVH RI DFFHVVLELOLW\ DQG XVDELOLW\, WKLV SURWRFRO KDV WKH SRWHQWLDO WR
LPSURYH QDWXUDO DQG KLVWRULFDO UHVRXUFHV PDQDJHPHQW ZLWKLQ WKH 3DUN DQG EH\RQG. :LWK
FRQVLVWHQW DQG UDSLG UHSHDW PDSSLQJ RI VLWHV SURQH WR JHRKD]DUGV DQG K\GURORJLFDO HYHQWV,
VWDNHKROGHUV FDQ REVHUYH DQG PRQLWRU JHRPRUSKLF FRQGLWLRQV DQG ODQGIRUP HYROXWLRQ RQ D UDQJH
RI WLPHVFDOHV. 7KLV GDWD HQDEOHV PDQDJHPHQW WR SURDFWLYHO\ PDNH LQIRUPHG DQG DFWLRQDEOH
GHFLVLRQV WKDW FDQ DVVLVW LQ WKH SUHVHUYDWLRQ RI SXEOLF-ODQG UHVRXUFHV. 7KHVH LPSURYHPHQWV H[WHQG
EH\RQG 0RXQW 5DLQLHU 1DWLRQDO 3DUN DQG FDQ EHQHILW UHVHDUFK HIIRUWV RQ LQWHUGLVFLSOLQDU\ DQG
LQWHUDJHQF\ OHYHOV. 7KH SURWRFRO LV FXVWRPL]HG IRU 025A, EXW FDQ EH PRGLILHG WR DSSO\ WR DQ\
ODQGVFDSH.

LimiWaWiRQV Rf ReVXlWV
7KLV SURWRFRO ZDV GHVLJQHG IRU PDSSLQJ DQG GHVFULELQJ LQIRUPDWLRQ DERXW WKH

JHRPRUSKRORJ\ RI D ILHOG VLWH RI LQWHUHVW ZLWKLQ WKH 3DUN. :KLOH LW FDQ EH XVHG HOVHZKHUH, WKH
SURWRFRO ZRXOG QHHG WR EH PRGLILHG DQG WHVWHG WR LQFOXGH FKDUDFWHULVWLFV VSHFLILF WR WKH QHZ VLWH'V
JHRORJLF VHWWLQJ. 7KH SURWRFRO LV ORJLFDO DQG UHSHDWDEOH EXW VKRXOG EH WHVWHG LQ GLIIHUHQW ORFDWLRQV
ZLWKLQ WKH 3DUN IURP VWDUW WR ILQLVK WR IXOO\ YHULI\ LWV YLDELOLW\. 7KLV FRQFHSW RI WHVWLQJ WKH
SURWRFRO DW UHSUHVHQWDWLYH ORFDWLRQV LV NH\ IRU SURGXFLQJ LQYHQWRULHV WKDW SURYLGH D FRPSOHWH
SLFWXUH RI WKH VLWHV (DQG KD]DUGV) RI LQWHUHVW.

7KH PDLQ JRDO RI PDSSLQJ DQ LQYHQWRU\ DW WKLV VWXG\ VLWH ZDV WR WHVW WKH SURWRFRO LQ
UHDO-WLPH DQG ZDV QRW PHDQW WR EH D FRPSOHWH UHSUHVHQWDWLRQ RI WKH VLWH. DXH WR FKDQJHV LQ
PHWKRGRORJ\, WKH LQYHQWRU\ LV QRW RQO\ LQFRPSOHWH, EXW DOVR SUHVHQWV LQFRQVLVWHQW DQG LQDFFXUDWH
GDWD. 7KH ORZ SUHFLVLRQ RI WKH G166 UHFHLYHUV ZLWKLQ WKH WDEOHWV DQG PRELOH SKRQHV SURGXFHG
ORFDWLRQV RI IHDWXUHV D PLQLPXP RI 12 IHHW. 7KLV SUHFLVLRQ ZDV ZRUVH LQ SRUWLRQV RI WKH ILHOG VLWH
ZLWK OLPLWHG VDWHOOLWH YLVLELOLW\ DQG PXOWLSDWK UHIOHFWHG VLJQDOV GXH WR WUHHV DQG RWKHU UHIOHFWLYH
VXUIDFHV. AQRWKHU UHOLF RI WKH PHWKRG FKDQJHV LQ WKH PDSSLQJ LV WKH YDU\LQJ PDSSLQJ VFDOHV
XVHG. IQLWLDOO\, I FRXOG QRW XVH GHILQHG VFDOHV V\VWHPDWLFDOO\ XQWLO WKH PHWKRGV ZHUH WHVWHG, DGGLQJ
HYHQ PRUH LQFRQVLVWHQFLHV WR WKH LQYHQWRU\ GDWD.

:KHQ KLJK TXDOLW\ /LDA5 DQG DHULDO LPDJHU\ LV DYDLODEOH, D PDMRULW\ RI WKH PDSSLQJ
GHVFULEHG LQ WKLV SURWRFRO FDQ EH FRQGXFWHG UHPRWHO\. HRZHYHU, WKLV UHIHUHQFH GDWD LV QRW
SURGXFHG IUHTXHQWO\ HQRXJK WR UHO\ RQ WKHVH PHWKRGV DORQH. AOVR, PRUH DFFHVVLEOH DQG ORZ FRVW

18



DOWHUQDWLYHV, VXFK DV 8A9 VXUYH\V, DUH QRW SHUPLVVLEOH ZLWKLQ QDWLRQDO SDUN ERXQGDULHV. AV D
UHVXOW, WKH SURWRFRO PHWKRGV UHO\ RQ UHODWLYHO\ LQHIILFLHQW DQG WLPH FRQVXPLQJ ILHOG VXUYH\V. 7KLV
VWXG\¶V ILHOG VLWH IHDWXUHG UXJJHG DQG XQHYHQ WHUUDLQ ZLWK LPSDVVDEOH ULYHU FKDQQHOV DQG GHQVHO\
YHJHWDWHG KLOOVORSHV. 7KH DPRXQW RI PDSSLQJ WKDW I FRXOG DFFRPSOLVK LQ RQH GD\ ZDV TXLWH
OLPLWHG DQG UHTXLUHG PXOWLSOH RXWLQJV.

DXH WR WKH KLJKO\ G\QDPLF QDWXUH RI WKH 1LVTXDOO\ 5LYHU YDOOH\, WKH VLWH XQGHUZHQW PDQ\
FKDQJHV EHWZHHQ PDSSLQJ RXWLQJV. 7KH VLWH ZRXOG SUHVHQW GLIIHUHQW IHDWXUHV GHSHQGLQJ RQ WKH
WLPH RI GD\ DQG UHFHQW ZHDWKHU. 7KH GDLO\ KLJK IORZ RI WKH ULYHU RFFXUV GXULQJ WKH ZDUPHVW SDUW
RI WKH GD\ DV PHOWZDWHU LV SURYLGHG IURP WKH JODFLDO VRXUFH DW D KLJKHU UDWH. 7KH ULYHU LV DOVR
SURQH WR VLJQLILFDQW EHKDYLRU FKDQJHV GXH WR VHDVRQDO FKDUDFWHULVWLFV. IQ ODWH 2FWREHU DQG HDUO\
1RYHPEHU RI WKLV \HDU, D ODUJH IORRG RFFXUUHG RQ WKH 1LVTXDOO\ 5LYHU. 7KLV IORRG UHZRUNHG WKH
SUHYLRXVO\ PDSSHG IHDWXUHV DQG GHSRVLWHG D OD\HU RI QHZ VHGLPHQW RQWR WKH IORRGSODLQ.
0RQLWRULQJ VXFK DQ HYHU-FKDQJLQJ HQYLURQPHQW UHTXLUHV IUHTXHQW UHSHDW PDSSLQJ HIIRUWV, ZKLFK
PD\ QRW DOZD\V EH DFKLHYDEOH LQ PDQ\ RI WKH 3DUN¶V UHPRWH DQG UXJJHG ORFDWLRQV.

RecRmmeQdaWiRQV fRU FXWXUe WRUk
7KH PDMRU WKHPHV IRU IXUWKHU GHYHORSLQJ WKLV SURSRVHG SURWRFRO LQYROYH UHSHWLWLRQ. :LWK

WKLV FRPSOHWH SURWRFRO, D PDSSLQJ HIIRUW VKRXOG EH FRQGXFWHG ZLWKLQ WKH VDPH ERXQGDULHV HDUO\
LQ WKH VXPPHU RI 2022. 7KLV VKRXOG DOORZ IRU D FRPSDUDWLYH YLVXDOL]DWLRQ RI IHDWXUHV PDSSHG
ZLWK RQO\ RQH ZLQWHU RI FKDQJHV. AGGLWLRQDOO\, LW ZRXOG EH XVHIXO WR WHVW WKLV SURWRFRO DW RWKHU
VLWHV LQ WKH 3DUN, DGGUHVVLQJ DQ\ QHZ LVVXHV HQFRXQWHUHG. 5HWHVWLQJ WKH SURWRFRO LQ GLIIHUHQW
ORFDWLRQV DQG LQFRUSRUDWLQJ UHTXLUHG FKDQJHV ZLOO PDNH LW PRUH UHSUHVHQWDWLYH RI WKH HQWLUH SDUN
DQG KHOS YHULI\ WKH SURSRVHG PHWKRGV KHUH. AV WKHVH VLWHV DUH LGHQWLILHG DQG WHVWHG, WKH LQGLYLGXDO
LQYHQWRULHV ZLOO EHJLQ WR FRQWULEXWH WR D FRPSUHKHQVLYH SDUNZLGH LQYHQWRU\.

AV WKH SDUNZLGH LQYHQWRU\ JURZV, GDWD PDQDJHPHQW ZLOO EHFRPH PRUH FRPSOLFDWHG. 7KH
AUFGI6 2QOLQH SODWIRUP KRXVHV GDWD LQ WKH µFORXG¶, YLHZDEOH LQ D ZHE PDS IRUPDW DQG DFFHVVLEOH
LQ AUFGI6 3UR WKURXJK WKH µ3RUWDO¶ IHDWXUH. IQ GLVFXVVLRQV ZLWK WKH GHRORJ\ GURXS, ZH
GHWHUPLQHG LW ZRXOG EH XVHIXO WR DXWRPDWH WZR-ZD\ GDWD PLJUDWLRQ IURP AUFGI6 2QOLQH WR D
VHUYHU KRVWHG GDWDEDVH. EDFK YHUVLRQ RI WKH LQYHQWRU\ VKRXOG EH VDYHG VHSDUDWHO\ IRU DQDO\VLV DQG
HYHQWXDO DUFKLYLQJ.

AV WKH SURWRFRO LV IXUWKHU WHVWHG, LW PD\ EH DSSURSULDWH WR UHYLVLW WKH LQLWLDO IRXQGDWLRQDO
OLWHUDWXUH WR FRQVLGHU RWKHU SDUDPHWHUV RULJLQDOO\ OHIW RXW DQG IXUWKHU EOHQG WKH WZR PHWKRGV
WRJHWKHU. 7KH IHDWXUHV VHOHFWHG IURP WKH :KHDWRQ HW DO. (2015) VWXG\ ZHUH FKRVHQ WR ILW WKH
VSHFLILF QHHGV RI WKH 025A GHRORJ\ GURXS, EXW GLIIHUHQW IHDWXUHV PD\ EH UHTXLUHG LQ RWKHU
VHWWLQJV. 2Q WKH RWKHU KDQG, WKHUH DUH IHDWXUHV WR WKH :G6 SURWRFRO, VXFK DV UHODWLRQVKLS FODVVHV,
WKDW FDQ OLNHO\ PDNH WKLV SURWRFRO PRUH HIILFLHQW DV ZHOO. 8VLQJ UHODWLRQVKLS FODVVHV FDQ UHGXFH
UHGXQGDQFLHV DQG VWUHDPOLQH WKH SURWRFRO LQ D PRUH ORJLFDO PDQQHU.

7KHUH DUH PDQ\ WRROV LQ AUFGI6 3UR WKDW FDQ DXWRPDWH DQDO\VHV DVVRFLDWHG ZLWK WKHVH
IHDWXUH FODVVHV. 7KH GHRORJ\ GURXS DQG I HQYLVLRQ D PRUH PDWXUH DQG GHYHORSHG SURWRFRO KDYLQJ
WKH DELOLW\ WR UDSLGO\ FDOFXODWH PRUSKRPHWULF SDUDPHWHUV EH\RQG WKH VWDQGDUG FDOFXODWHG
JHRPHWU\ RI WKH FXUUHQW SURWRFRO, VXFK DV OHQJWKV, DUHDV, RU YROXPHV RI HDFK IHDWXUH. 7KHVH
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SDUDPHWHUV FRXOG LQFOXGH FDOFXODWLQJ FRQILQHPHQW, ORQJLWXGLQDO DQG FURVV YDOOH\ JUDGLHQWV IURP
SRO\OLQH IHDWXUH FODVVHV, DQG IXUWKHU UHOHYDQW JHRVWDWLVWLFDO SDWWHUQV WKDW FDQ EH XVHG IRU KD]DUG
IRUHFDVWLQJ.

CRQFOXVLRQ

7KH GHRPRUSKLF 0DSSLQJ 3URWRFRO SURSRVHG LQ WKLV VWXG\ SURYLGHV WKH 025A GHRORJ\
GURXS DQG SDUN PDQDJHPHQW ZLWK D VWHS-E\-VWHS ZRUNIORZ IRU PRQLWRULQJ JHRPRUSKLF
FRQGLWLRQV DQG ODQGIRUP HYROXWLRQ ZLWKLQ WKH 3DUN. 6WDNHKROGHUV FDQ DSSO\ WKLV PHWKRGRORJ\ WR D
VLWH RI LQWHUHVW DQG LGHQWLI\ ODQGIRUP DQG IHDWXUH TXDQWLWLHV, SUHYDOHQFH, JHRPHWU\, DQG SUR[LPLW\.
AUPHG ZLWK WKLV LQIRUPDWLRQ, WKH\ FDQ SHUIRUP JHRVWDWLVWLFDO DQG JHRVSDWLDO DQDO\VHV WR EHWWHU
SUHSDUH IRU DQG PLWLJDWH GDPDJHV IURP JHRKD]DUGV DQG PDMRU K\GURORJLFDO HYHQWV. I GHVLJQHG WKH
SURWRFRO EDVHG RQ SHHU-UHYLHZHG SXEOLFDWLRQV WKDW LGHQWLI\ DQG XWLOL]H SURFHVV-EDVHG QDPLQJ
FRQYHQWLRQV WR VWDQGDUGL]H LQWHUSUHWDWLRQV. FXUWKHUPRUH, I GHVLJQHG LW LQ FROODERUDWLRQ ZLWK WKH
025A GHRORJ\ GURXS WR HQVXUH YLDELOLW\ DQG FRPSDWLELOLW\ ZLWK WKH 3DUN¶V JUHDWHVW QHHGV.

:LWK WKLV GRFXPHQWDWLRQ, WKH SURWRFRO LV SUHVHQWHG DV D IXQFWLRQDO PRGHO ZLWK D WHPSODWH
JHRGDWDEDVH VXSSOLHG LQ ASSHQGL[ A. CXUUHQWO\, WKH SURWRFRO LV DOUHDG\ LPSOHPHQWHG ZLWKLQ WKH
025A GHRORJ\ GURXS ZKHUH LW ZLOO FRQWLQXH WR GHYHORS. 7HVWLQJ WKLV PRGHO ZLWKLQ WKH
1LVTXDOO\ 5LYHU VWXG\ DUHD UHYHDOHG D QXPEHU RI FKDOOHQJHV DQG LQFRQVLVWHQFLHV WR PRGLI\ DQG
DGMXVW. 7KURXJK WKH PDQ\ PDSSLQJ HIIRUWV RYHU WKH ILHOG VHDVRQ, WKH GHRORJ\ GURXS DQG I
LGHQWLILHG PLQLPXP VWDQGDUGV IRU PDSSLQJ VFDOHV, G166 FROOHFWLRQ DFFXUDF\, DQG DHULDO LPDJHU\
TXDOLW\. 7KH ILQDO LQYHQWRU\ SURGXFW LV LQFRPSOHWH EXW FRQWDLQV FRPSDUDWLYH GDWD XVHIXO IRU
MXVWLI\LQJ WKH GHFLVLRQ-PDNLQJ WKDW ZHQW LQWR EXLOGLQJ WKLV SURWRFRO. 0RYLQJ IRUZDUG, WKLV
SURWRFRO LV UHDG\ IRU FRQWLQXRXV WHVWLQJ DW WKH RULJLQDO VLWH DGMDFHQW WR WKH 1LVTXDOO\-3DUDGLVH
5RDG DV ZHOO DV QXPHURXV RWKHU ORFDWLRQV LQ WKH 3DUN ZLWK VLPLODU KD]DUGV. :KLOH WKLV WHVWLQJ
FRQWLQXHV, WKH 025A GHRORJ\ GURXS ZLOO EH DEOH WR EXLOG D SDUNZLGH LQYHQWRU\ RI JHRPRUSKLF
IHDWXUHV DQG ODQGIRUPV WR DFWLYHO\ PRQLWRU DQG PDQDJH WKH UHVWOHVV ODQGVFDSHV RI 0RXQW 5DLQLHU
1DWLRQDO 3DUN.
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TaEOHV
TaEOH 1: 3URWRFRO IHDWXUH FODVVHV, DQG WKHLU FRUUHVSRQGLQJ JHRPHWU\ W\SHV VSOLW E\ IHDWXUH GDWDVHWV µFOXYLDO¶ DQG
µHLOOVORSH¶.

FOXYLaO

FHaWXUH GHRPHWU\ T\SH

BaQkV SRO\OLQH

GeRmRUShic_UQiW SRO\JRQ

IQdiYidXal_LWD_SieceV SRLQW

LaUge_BRXldeUV SRLQW

LRg_JamV SRO\JRQ

HLOOVORSH *:G6 SURWRFRO IHDWXUH

FHaWXUH GHRPHWU\ T\SH

AQWhURSRgeQic SXUfaceV SRO\OLQH

CXlYeUW_PRiQWV SRLQW

CXlYeUWV SRO\OLQH

DUaiQage_PaWhZa\V_SWUeamV SRO\OLQH

faQ* SRO\JRQ

field_check_VimSle* SRLQW

laQdVlide_deSRViW* SRO\JRQ

UeceQW_laQdVlide_SRiQW* SRLQW

URck_fall_deSRViW* SRO\JRQ

URck_fall_VcaUS* SRO\OLQH

VcaUS* SRO\OLQH

VcaUS_aQd_flaQk* SRO\OLQH

SeeSV SRLQW

SLIP_laQdVlide* SRO\JRQ

22



23



TaEOH 3: FHDWXUH FODVV ILHOG QDPHV DQG WKHLU FRUUHVSRQGLQJ GDWD W\SHV, GRPDLQV, DQG GRPDLQ RSWLRQV.

FLHOG DHVFULSWLRQ DaWa T\SH DRPaLQ DRPaLQ OSWLRQV

2BJEC7ID FHDWXUH UHIHUHQFH ID. 2EMHFW ID - -

CRQILQHPHQW 1RWHV LI WKH PDUJLQ LV DFWLYHO\
FRQILQLQJ WKH FKDQQHO.

7H[W CRQILQHPHQW <HV
1R
1RW ASSOLFDEOH

FUHDWHGBGDWH DDWH HDFK IHDWXUH ZDV LQLWLDOO\
PDSSHG.

DDWH - -

FUHDWHGBXVHU 8VHU ZKR LQLWLDOO\ PDSSHG HDFK
IHDWXUH.

7H[W - -

EURVLRQ 1RWHV LI WKH PDUJLQ LV HURGHG RU
QRQ-HURGHG.

7H[W BDQN EURVLRQ EURGHG
1RQ-EURGHG
1RW ASSOLFDEOH

G8BFRUP 1RWHV LI WKH JHRPRUSKLF XQLW
IRUP LV FRQFDYH, FRQYH[, RU
SODQDU.

7H[W G8 FRUP CRQFDYH
CRQYH[
3ODQDU

IPEHGGHG 1RWHV LI WKH IHDWXUH LV UHVWLQJ RQ
WKH JURXQG DQG FRPSOHWHO\
REVHUYDEOH RU LPEHGGHG LQ WKH
JURXQG DQG RQO\ SDUWLDOO\
REVHUYDEOH?

7H[W IPEHGGHG IPEHGGHG
5HVWLQJ

IPSDLUPHQW 1RWHV WKH H[WHQW LQ ZKLFK WKH
FXOYHUW LV LPSDLUHG, LI DW DOO.

7H[W IPSDLUPHQW COHDU
3DUWLDOO\ IPSDLUHG
FXOO\ IPSDLUHG

IQOHWBRUB2XWOHW 1RWHV LI WKH ORFDWHG FXOYHUW
HQGSRLQW LV DQ LQOHW RU DQ RXWOHW.

7H[W IQOHW RU 2XWOHW IQOHW
2XWOHW

ODVWBHGLWHGBGDWH DDWH RI WKH ODVW HGLW PDGH WR WKH
IHDWXUH.

DDWH - -

ODVWBHGLWHGBXVHU 8VHU ZKR ODVW XVHG HGLWHG WKH
IHDWXUH.

7H[W - -

0DUJLQB7\SH 1RWHV LI WKH PDUJLQ LV D FKDQQHO
PDUJLQ, EHGURFN YDOOH\ PDUJLQ,
YDOOH\ ERWWRP PDUJLQ, RU OHYHH.

7H[W 0DUJLQ 7\SH CKDQQHO 0DUJLQ
BHGURFN 9DOOH\

0DUJLQ
9DOOH\ BRWWRP

0DUJLQ
/HYHH
1RW ASSOLFDEOH

0RLVWXUH 1RWHV LI WKH FKDQQHO PDUJLQ LV
DFWLYHO\ ZHW RU GU\ IURP UHFHQW
IORZ DFWLYLW\.

7H[W BDQN 0RLVWXUH :HW
DU\
1RW ASSOLFDEOH
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2EVWUXFWLRQB7\SH 1RWHV KRZ WKH VWUXFWXUDO
HOHPHQW REVWUXFWV WKH FKDQQHO.

7H[W 2EVWUXFWLRQ
7\SH

CRPSOHWH BDUULHU
3RURXV BDUULHU
DHIRUPDEOH BDUULHU
6LHYH
FXQQHO
5RXJKQHVV
1RW ASSOLFDEOH

2ULHQWDWLRQ 1RWHV ZKDW RULHQWDWLRQ WKH
VWUXFWXUDO HOHPHQW LV SRVLWLRQHG.

7H[W 2ULHQWDWLRQ 7UDQVYHUVH
6WUHDPZLVH
DLDJRQDO
6WDQGLQJ
1RW ASSOLFDEOH

2ULJLQ 1RWHV LI WKH IHDWXUH LV RI QDWXUDO
RU DQWKURSRJHQLF RULJLQ.

7H[W 2ULJLQ 1DWXUDO
AQWKURSRJHQLF
1RW ASSOLFDEOH

3RVLWLRQ 1RWHV ZKHUH WKH VWUXFWXUDO
HOHPHQW LV ORFDWHG LQ UHODWLRQ WR
WKH FKDQQHO?

7H[W 3RVLWLRQ BDQN-AWWDFKHG
CKDQQHO 6SDQQLQJ
0LG-CKDQQHO
6LGH-CKDQQHO
FORRGSODLQ
1RW ASSOLFDEOH

5HFHLYHUB7\SH DHYLFH XVHG WR ORFDWH IHDWXUHV. 7H[W - -

6KDSH FHDWXUH JHRPHWU\. GHRPHWU\ - -

6KDSHBAUHD FHDWXUH DUHD. DRXEOH - -

6KDSHB/HQJWK FHDWXUH OHQJWK. DRXEOH - -

6KHDUB=RQHB7\SH 1RWHV KRZ WKH VWUXFWXUDO
HOHPHQW LQIOXHQFHV WKH FKDQQHO
IORZ.

7H[W 6KHDU =RQH
7\SH

:DNH
EGG\
H\GUDXOLF JXPS
1RW ASSOLFDEOH

6WDJHBHHLJKW 1RWHV ZKDW IORRG VWDJH WKH
JHRPRUSKLF XQLW OLHV ZLWKLQ.

7H[W 6WDJH HHLJKW HLOOVORSH
7HUUDFH
AFWLYH FORRGSODLQ
IQ-FKDQQHO

6WDJHVBIQIOXHQFHG 1RWHV ZKDW IORRG VWDJH WKH
VWUXFWXUDO HOHPHQW OLHV ZLWKLQ.

7H[W 6WDJHV
IQIOXHQFHG

BDVHIORZ
BDQNIXOO FORZ
7\SLFDO FORRG
5DUH FORRG
1RW ASSOLFDEOH

7\SH 1RWHV LI WKH IHDWXUH LV QDWXUDO
RUJDQLF, QDWXUDO LQRUJDQLF, RU
DQWKURSRJHQLF.

7H[W 7\SH 1DWXUDO 2UJDQLF
1DWXUDO IQRUJDQLF
AQWKURSRJHQLF
1RW ASSOLFDEOH
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ASSHQGLFHV

ASSHQGL[ A: GHRPRUSKLF MaSSLQJ PURWRFRO THPSOaWH

DLJLWDO ASSHQGL[: GHRPRUSK0DSSLQJ3URWRFRO7HPSODWH.JGE

ASSHQGL[ B: WKHaWRQ HW aO. (2015) FLJXUHV UHIHUUHG WR LQ FLJXUH 5
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ASSHQGL[ C: MLOHSRVW 5-WR-6 GHRPRUSKLF IQYHQWRU\

DLJLWDO ASSHQGL[: 025ABGHRPRUSKLFBIQYHQWRU\B035WR6.JGE
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