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DEVWUDFW

Wkh uhtxluhphqwv iru lqfuhdvhg vshhg dqg surgxfwly0
lw| iru wlowurwruv kdv vsdzqhg vhyhudo lqyhvwljdwlrqv dvvr0
fldwhg zlwk sursurwru dhurhodvwlf vwdelolw| dxjphqwdwlrq
dqg dhurg|qdplf shuirupdqfh hqkdqfhphqwv1 Lqfoxghg
dprqj wkhvh lqyhvwljdwlrqv lv d irfxv rq sdvvlyh dhurh0
odvwlf wdlorulqj frqfhswv zklfk h{sorlw wkh dqlvrwurslf fd0
sdelolwlhv ri �ehu frpsrvlwh pdwhuldov1 Uhvhdufkhuv dw
Odqjoh| Uhvhdufk Fhqwhu dqg Ehoo Kholfrswhu kdyh gh0
yrwhg frqvlghudeoh h�ruw wr dvvhvv wkh srwhqwldo iru xvlqj
wkhvh pdwhuldov wr rewdlq dhurhodvwlf uhvsrqvhv zklfk duh
ehqh�fldo wr wkh lpsruwdqw vwdelolw| dqg shuirupdqfh frq0
vlghudwlrqv ri wlowurwruv1 Erwk h{shulphqwdo dqg dqdo|w0
lfdo vwxglhv kdyh ehhq frpsohwhg wr h{dplqh dhurhodvwlf
wdlorulqj frqfhswv iru wkh wlowurwru/ dssolhg hlwkhu wr wkh
zlqj ru wr wkh urwru eodghv1 Wklv sdshu uhylhzv vrph ri
wkh uhvxowv rewdlqhg lq wkhvh dhurhodvwlf wdlorulqj lqyhvwl0
jdwlrqv dqg glvfxvvhv wkh uhodwlyh phulwv dvvrfldwhg zlwk
wkhvh dssurdfkhv1

LQWURGXFWLRQ

Wlowurwru dlufudiw kdyh dgydqwdjhv ryhu frqyhqwlrqdo kh0
olfrswhuv zlwk uhvshfw wr vshhg dqg udqjh1 Zkloh d khol0
frswhu lv olplwhg dw kljk vshhgv e| frpsuhvvlelolw| h�hfwv
rq wkh urwru dgydqflqj vlgh dqg vwdoo rq wkh urwru uhwuhdw0
lqj vlgh/ d wlowurwru frqyhuwv iurp d kholfrswhu prgh wr
dq dlusodqh prgh iru kljk vshhg  ljkw zklfk lv ohvv uh0
vwulfwlyh lq whupv ri dgyhuvh dhurg|qdplf h�hfwv1 Iru
wkhvh uhdvrqv d w|slfdo wlowurwru fdq wudyho qhduo| wzlfh dv
idvw dv d w|slfdo kholfrswhu1 Ixuwkhupruh/ zkloh vljql�0
fdqw lqfuhdvhv lq dluvshhgv duh xqolnho| wr eh surylghg iru

WSuhvhqwhg dw wkh Dphulfdq Kholfrswhu Vrflhw| 88wk Dqqxdo Ir0

uxp/ Prqwuhdo/ Txhehf/ Fdqdgd/ Pd| 5805:/ 4<<<1 Wklv sdshu

lv ghfoduhg d zrun ri wkh X1V1 Jryhuqphqw dqg lv qrw vxemhfw wr

frs|uljkw surwhfwlrq lq wkh Xqlwhg Vwdwhv1

kholfrswhuv ehfdxvh ri wkh olplwdwlrqv lpsrvhg e| dhur0
g|qdplf sk|vlfv/ wkhuh lv krsh wkdw wlowurwru wrs0hqg dqg
fuxlvh vshhgv pd| lqfuhdvh ixuwkhu zlwk lpsuryhg hqjl0
qhhulqj1 Fxuuhqw olplwdwlrqv rq vshhg iru wkh Y055 wlowur0
wru duh dvvrfldwhg zlwk frqwuro ordgv/ frqwuro pdujlqv/ dqg
srzhu/ zkloh wkh [Y048 wlowurwru lv srzhu olplwhg1 Wkh
dhurhodvwlf vwdelolw| ri wlowurwru v|vwhpv lv dovr dq lpsru0
wdqw frqfhuq/ dv wkh vwdelolw| pdujlqv dvvrfldwhg zlwk fxu0
uhqw wlowurwruv duh qrw idu eh|rqg wkh vshhg olplwdwlrqv vhw
e| ordgv dqg srzhu wrgd|1 Lw lv dqwlflsdwhg wkdw wkh xs0
shu yhorflw| olplw iru ixwxuh kljk0vshhg wlowurwruv pd| eh
vhw e| erwk ordgv dqg dhurhodvwlf vwdelolw| frqvlghudwlrqv1
Wr dfklhyh kljkhu vshhgv iru wlowurwruv/ vwuxfwxudo wdlorulqj
ri eodghv dqg zlqjv xvlqj dgydqfhg frpsrvlwh pdwhuldov
kdv ehhq frqvlghuhg lq vhyhudo sdvw lqyhvwljdwlrqv1

Uhvhdufkhuv dw Odqjoh| Uhvhdufk Fhqwhu dqg Ehoo Khol0
frswhu kdyh ghyrwhg frqvlghudeoh h�ruw wr dvvhvv wkh sr0
whqwldo iru xvlqj frpsrvlwh pdwhuldov wr rewdlq dhurhodvwlf
uhvsrqvhv zklfk duh ehqh�fldo wr wkh lpsruwdqw vwdelolw|
dqg shuirupdqfh frqvlghudwlrqv ri wlowurwruv1 Erwk h{0
shulphqwdo dqg dqdo|wlfdo vwxglhv kdyh ehhq frpsohwhg
zklfk h{dplqh dhurhodvwlf wdlorulqj frqfhswv iru wkh wlowur0
wru/ dssolhg hlwkhu wr wkh zlqj ru wr wkh urwru eodghv1
Wklv sdshu uhylhzv vrph ri wkh uhvxowv rewdlqhg lq wkhvh
dhurhodvwlf wdlorulqj lqyhvwljdwlrqv dqg glvfxvvhv wkh uho0
dwlyh phulwv dvvrfldwhg zlwk wkhvh dssurdfkhv1 Zkloh
wkh pdwhuldo suhvhqwhg lq wklv uhsruw irfxvhv rq dfwlyl0
wlhv dw QDVD Odqjoh| Uhvhdufk Fhqwhu +OdUF, dqg Ehoo
Kholfrswhu/ wkh uhvhdufk h�ruwv ri rwkhu rujdql}dwlrqv duh
lqfoxghg lq wkh glvfxvvlrqv zkhq dssursuldwh1 Wkh uhsruw
lv rujdql}hg lqwr irxu pdmru vhfwlrqv= wlowurwru dhurhodvwlf
ghvljq frqvlghudwlrqv/ zlqj dhurhodvwlf wdlorulqj vwxglhv/
urwru eodgh dhurhodvwlf wdlorulqj vwxglhv/ dqg d vxppdu|
zklfk lqfoxghv d glvfxvvlrq rq wkh uhodwlyh phulwv ri zlqj
yhuvxv eodgh wdlorulqj1



WLOWURWRU DHURHODVWLF
GHVLJQ FRQVLGHUDWLRQV

Wr khos h{sodlq wkh dhurhodvwlf wdlorulqj lqyhvwljdwlrqv
wr eh glvfxvvhg lq wklv sdshu dqg wkh uhdvrqv wkhvh vwxglhv
kdyh ehhq frqgxfwhg/ wklv vhfwlrq ri wkh sdshu dgguhvvhv
wkh dhurhodvwlf fkdoohqjhv zklfk kdyh gulyhq fxuuhqw gh0
vljqv dvvrfldwhg zlwk wlowurwru eodghv/ kxev/ dqg zlqjv1

Urwru V|vwhp Dhurhodvwlflw| Frqvlghudwlrqv

Urwru V|vwhp W|sh1 Wkh vljql�fdqw fkdqjhv lq frq0
�jxudwlrq/ dhurg|qdplfv/ dqg v|vwhp iuhtxhqflhv dvvr0
fldwhg zlwk wkh wlowurwru  ljkw hqyhorsh pdnh urwru v|v0
whp ghvljq dq hyhq pruh fkdoohqjlqj survshfw iru wlowur0
wruv wkdq iru frqyhqwlrqdo kholfrswhuv1 Wkh prvw fulwlfdo
dfklhyhphqw iru vxffhvvixo lpsohphqwdwlrq ri wkh wlowurwru
wr gdwh kdv ehhq wkh ghyhorsphqw ri wkh jlpedoohg urwru
v|vwhp/ xvhg lq frqmxqfwlrq zlwk wkh frqvwdqw yhorflw|
mrlqw1 Wklv frpelqdwlrq ri kxe dqg mrlqw vroyhv wkuhh
ixqgdphqwdo sureohpv zklfk duh dvvrfldwhg zlwk wlowur0
wru ghvljq= 4, wkh jlpedo mrlqw fdq dffrpprgdwh odujh
 dsslqj dv lv uhtxluhg wr surgxfh dghtxdwh frqwuro srzhu
iru pdqhxyhuv lq kholfrswhu prgh/ 5, wkh frqvwdqw yhorflw|
mrlqw holplqdwhv wkh 5S +S @ urwru urwdwlrqdo iuhtxhqf|,
gulyh v|vwhp wruvlrqdo ordglqj gxh wr wkh Krrnhv0mrlqw
h�hfw/ dqg 6, iru d jlpedoohg kxe wkh eodgh urwdwlrqdo
yhorflw| yhfwru wlowv zkhq  dsslqj rffxuv wr uhpdlq ds0
sur{lpdwho| shushqglfxodu wr wkh eodgh wls sdwk sodqh/
juhdwo| uhgxflqj wkh Frulrolv irufhv qrupdoo| hqfrxqwhuhg
zlwk eodgh  dsslqj1
Zkloh wkh xvh ri ehdulqjohvv/ klqjhohvv/ ru duwlfxodwhg

urwruv pd| hyhqwxdoo| suryh iuxlwixo iru dssolfdwlrq wr
wlowurwruv/ wkhuh duh vhyhudo fkdudfwhulvwlfv ri wkhvh v|v0
whpv zklfk kdyh pdgh wkhp dq xqghvludeoh rswlrq iru
wlowurwru dssolfdwlrq wr gdwh1 Wkh xvh ri klqjhohvv dqg
ehdulqjohvv urwru v|vwhpv lv qrw fxuuhqwo| ihdvleoh ehfdxvh
ri wkh odujh  dsslqj uhtxluhphqwv dvvrfldwhg zlwk wlowur0
wru frqwuro lq wkh kholfrswhu prgh1 Dghtxdwh frqwuro
srzhu uhtxluhv derxw ;� ghjuhhv ri  dsslqj rq fxuuhqw
v|vwhpv zkloh wkhvh w|shv ri kxev duh olplwhg wr derxw
7�1 D ehdulqjohvv v|vwhp zrxog kdyh wkh dgglwlrqdo sure0
ohpv dvvrfldwhg zlwk dgguhvvlqj wkh odujh slwfk fkdqjhv
uhtxluhg ri wkh wlowurwru frqwuro v|vwhp1 Wkh duwlfxodwhg
urwru kxev whqg wr eh odujhu dqg khdylhu wkdq rwkhu w|shv
ri kxev1 Zhljkw lv dq lvvxh wkdw lv gulylqj pdq| prghuq
kxev dzd| iurp duwlfxodwhg ghvljq hyhq iru frqyhqwlrqdo
urwrufudiw/ dqg wkh sur�oh gudj dvvrfldwhg zlwk wkhvh kxev
lv dq hyhq pruh vljql�fdqw sureohp iru wlowurwruv ehfdxvh
ri wkh kljk0vshhg dlusodqh prgh frq�jxudwlrq1 Ehdu0
lqjohvv/ klqjhohvv/ dqg duwlfxodwhg urwru v|vwhpv duh dovr
vxvfhswleoh wr vhyhudo ixqgdphqwdo ghvljq sureohpv dv0
vrfldwhg zlwk iuhtxhqf| sodfhphqw/ dlu uhvrqdqfh/ dqg
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Iljxuh 4= Ordg idfwru dvvrfldwhg zlwk lqsodqh qdwxudo
iuhtxhqf| ri urwru v|vwhpv1

Frulrolv0edvhg lqvwdelolwlhv dv lv dgguhvvhg lq uhihuhqfhv 4
dqg 51 Odvwo|/ dqg shukdsv prvw vljql�fdqwo|/ wkhvh wkuhh
urwru v|vwhpv duh jhqhudoo| vriw0lqsodqh +ixqgdphqwdo odj
iuhtxhqf| ehorz wkh ghvljq urwru vshhg 
, zkhuh wkh lv0
vxhv ri jurxqg dqg dlu uhvrqdqfh fdq fuhdwh vljql�fdqw
sureohpv zlwk wlowurwruv iru zklfk dq dffhswdeoh vroxwlrq
kdv qrw |hw ehhq ghwhuplqhg1
D vriw0lqsodqh urwru lv ghvludeoh iurp d ordgv shuvshf0

wlyh/ dv lv looxvwudwhg lq wkh gldjudp ri �jxuh 41 Wklv gld0
judp lqglfdwhv wkh dssur{lpdwh ordg dpsol�fdwlrq idfwru
dvvrfldwhg zlwk fxuuhqw vwl�0lqsodqh wlowurwru v|vwhpv dqg
vkrzv wkh ordgv dgydqwdjh dvvrfldwhg zlwk ghyhorslqj d
vriw0lqsodqh urwru/ zklfk ehfrphv vljql�fdqw zkhq wkh odj
iuhtxhqf| lv ehorz derxw 3=: shu uhy1 Wkhvh ordgv uhgxf0
wlrqv fdq dovr ohdg wr vljql�fdqw uhgxfwlrqv lq vwuxfwxudo
zhljkw ri wkh eodghv/ kxe/ dqg s|orq1 Wkh vkdghg uhjlrq
ri wkh gldjudp vkrzv wkh srwhqwldo iru jurxqg uhvrqdqfh
frqglwlrqv zklfk rffxu ehorz 4S/ dqg wkh gdunhu vkdghg
uhjlrq lqglfdwhv wkh dssur{lpdwh odj iuhtxhqf| udqjh lq
zklfk wkh hodvwlf zlqj prghv duh olnho| wr sduwlflsdwh lq
wkh jurxqg uhvrqdqfh1 Wkh srwhqwldo lqyroyhphqw ri hodv0
wlf zlqj prghv pdnhv ghvljq ri vriw0lqsodqh urwru v|vwhpv
d sduwlfxoduo| gl!fxow sureohp iru wlowurwruv1
Jurxqg uhvrqdqfh lv d phfkdqlfdo lqvwdelolw| lq zklfk

wkh lqhuwldo frxsolqj ehwzhhq wkh lqsodqh eodgh odj prgh
dqg d �{hg0v|vwhp prgh +zklfk frqwdlqv vljql�fdqw kxe
lqsodqh sduwlflsdwlrq, surgxfh dq lqfuhdvlqj uhvsrqvh dv
wkh iuhtxhqflhv ri wkhvh frxsohg prghv frdohvfh gxulqj
urwru zlqg0xs1 Wklv lqvwdelolw| fdq rqo| rffxu zkhq
wkh eodgh odj prgh iuhtxhqf| lv ehorz 4S +vriw0lqsodqh,
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Iljxuh 5= H�hfw ri  dsslqj qdwxudo iuhtxhqf| dqg �6 rq
wudqvlhqw  dsslqj uhvsrqvh1

dqg rffxuv zkhq wkh frxsohg �{hg0v|vwhp iuhtxhqf| ds0
surdfkhv wkh uhjuhvvlyh orz iuhtxhqf| odj prgh +
 0 $O,1
Wkh frqyhqwlrqdo vroxwlrq wr wklv lqvwdelolw| lv wr sur0
ylgh gdpslqj wr erwk wkh urwru odj prgh dqg wkh dv0
vrfldwhg �{hg v|vwhp prghv wkdw frqwdlq kxe lqsodqh
prwlrq1 Iru h{dpsoh/ kholfrswhuv zlwk duwlfxodwhg ur0
wru v|vwhpv jhqhudoo| kdyh gdpshuv lq wkh urwru kxe dw0
wdfkhg dfurvv wkh ohdg0odj klqjh dqg hlwkhu gdpshuv ru
kljko|0gdpshg vwuxfwxudo frpsrqhqwv lq wkh jurxqg vxs0
sruw vwuxfwxuh1 Iru d wlowurwru/ lq dgglwlrq wr wkh uljlg
erg| prghv/ wkh zlqj hodvwlf prghv fdq frxsoh zlwk wkh
urwru odj prwlrq wr fdxvh jurxqg uhvrqdqfh/ dqg ehfdxvh
wkhvh prghv duh hodvwlf wkh dgglwlrq ri gdpslqj lv d pruh
gl!fxow survshfw1 Ehfdxvh vriw0lqsodqh urwruv duh vxe0
mhfw wr jurxqg dqg dlu uhvrqdqfh/ dqg wr d ohvvhu h{whqw
ehfdxvh wkhvh v|vwhpv whqg wr kdyh orzhu zkluo xwwhu vwd0
elolw| pdujlqv/ wkh vwl�0lqsodqh urwru v|vwhp kdv ehhq wkh
suhihuuhg fkrlfh wr gdwh iru wlowurwruv1

Slwfk0Iods Frxsolqj1 Wkh qdwxudo  dsslqj prgh
ri d jlpedo urwru v|vwhp lq0ydfxxp lv dw wkh urwdwlrq iuh0
txhqf| +4S,/ dqg wkh dgglwlrq ri jlpedo kxe vsulqjv grhv
qrw vljql�fdqwo| fkdqjh wklv iuhtxhqf|1 Wklv uhvrqdqw
frqglwlrq fuhdwhv odujh  dsslqj dqg kljk eodgh ordgv lq
 ljkw/ dqg wkhuhiruh uhtxluhv wkh xvh ri slwfk0 ds frxsolqj
wr fuhdwh dq dhurg|qdplf vsulqj irufh wr pryh wkh urwru
v|vwhp  ds iuhtxhqf| dzd| iurp 4S/ dv pd| eh dssur{l0
pdwhg e| wkh ixqgdphqwdo  dsslqj htxdwlrq dv

$� @
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� wdq �6
; frv! 6

7

+4,

zkhuh � lv wkh Orfn qxpehu/ �6 lv wkh slwfk0 ds vnhz dq0
joh/ dqg ! 6

7

lv wkh lq rz dqjoh dw wkh eodgh :8( vwdwlrq1
Wkh odqgpdun sdshu ri uhihuhqfh 6 glvfxvvhv wkh dgydq0
wdjhv dqg glvdgydqwdjhv ri xvlqj hlwkhu srvlwlyh ru qhjd0
wlyh slwfk0 ds frxsolqj wr dffrpsolvk wkh wdvn ri prylqj
wkh ixqgdphqwdo  ds iuhtxhqf| dzd| iurp 4S iru d yd0
ulhw| ri urwru v|vwhpv1 Wklv vwxg| dovr vkrzv wkdw xvh
ri wkh pruh frqyhqwlrqdo srvlwlyh �6 + ds0xs surgxfhv
slwfk0grzq eodgh prwlrq, rq d vwl�0lqsodqh sursurwru uh0
vxowv lq d  ds0odj eodgh lqvwdelolw| iru kljk lq rz frq0
glwlrqv +dlusodqh prgh,1 Wklv lqvwdelolw| rffxuv ehfdxvh
srvlwlyh �6 fuhdwhv dq dhurg|qdplf0edvhg lqfuhdvh lq wkh
 dsslqj vwl�qhvv/ ohdglqj wr dq hyhqwxdo frdohvfhqfh ri
wkh  dsslqj dqg lqsodqh eodgh iuhtxhqflhv dv wkh froohf0
wlyh lv lqfuhdvhg zlwk dluvshhg1 D qhjdwlyh �6 + ds0xs
surgxfhv slwfk0xs eodgh prwlrq, holplqdwhv wkh  ds0odj
lqvwdelolw| e| vhsdudwlqj wkh  dsslqj dqg lqsodqh eodgh
iuhtxhqflhv h{shulhqfhg gxulqj wkhvh frqglwlrqv/ dqg lv
mxvw dv h�hfwlyh dv srvlwlyh �6 lq uhgxflqj wkh pd{lpxp
wudqvlhqw  dsslqj uhvsrqvh dvvrfldwhg zlwk pdvw prwlrq/
dv lv looxvwudwhg lq �jxuh 51
Urwru v|vwhp ghvljq pxvw dovr frqvlghu dq lpsruwdqw

vhulhv ri wudgh0r�v ehwzhhq vwdelolw| pdujlq dqg eodgh
ordgv +ohdglqj wr kljkhu vwuxfwxudo zhljkw, zklfk duh dv0
vrfldwhg zlwk wkh pdjqlwxgh ri slwfk0 ds frxsolqj/ urwru
suhfrqh/ dqg eodgh iuhtxhqf| sodfhphqwv1 Dv lqglfdwhg
lq wkh suhylrxv sdudjudsk/ wkhuh lv d plqlpxp pdjqlwxgh
ri slwfk0 ds frxsolqj zklfk lv dffhswdeoh wr frqwuro  ds0
slqj uhvsrqvh dqg dvvrfldwhg lqsodqh eodgh ordgv1 Krz0
hyhu/ wkh dgglwlrq ri slwfk0 ds frxsolqj lv ghvwdelol}lqj
iru zkluo xwwhu/ dqg d frpsurplvh lq wkh pdjqlwxgh ri �6
pxvw eh rewdlqhg1 Iru jlpedoohg urwru v|vwhpv/ wkh eodgh
vsdflqj sodfhv frqvwudlqwv rq wkh udqjh ri �6 zklfk fdq
lq sudfwlfh eh xvhg1 Wkh �6 xvhg rq erwk wkh [Y048 dqg
Y055 wlowurwruv lv 048�1
Slwfk0Odj Frxsolqj1 Urwru suhfrqh vhuyhv wr ohvvhq

wkh eodgh urrw ehqglqj prphqwv gxulqj kljk glvn ordglqj
rshudwlrqv vxfk dv kholfrswhu kryhu1 Iru dlusodqh fuxlvh
wkh glvn ordglqj lv dq rughu ri pdjqlwxgh orzhu/ dqg wklv
vhuyhv wr fuhdwh d odujh fhqwulixjdo0irufh lqgxfhg frxsolqj
ehwzhhq eodgh slwfk dqg odj prwlrqv/ dv lv looxvwudwhg lq
�jxuh 61 Lq wklv �jxuh �s lv wkh suhfrqh dqjoh/ gO lv
wkh orfdo dhurg|qdplf oliw glvwulexwlrq/ gp lv wkh orfdo
glvwulexwhg pdvv ri wkh eodgh/ u lv wkh vsdqzlvh srvlwlrq
dorqj wkh eodgh/ dqg � lv wkh odj dqjoh ghirupdwlrq1 Wkh
slwfk0odj frxsolqj gh�qhg e| wkhvh sdudphwhuv lv jhqhu0
doo| yhu| ghvwdelol}lqj iru zkluo xwwhu dv zloo eh vkrzq lq
odwhu vhfwlrqv ri wklv sdshu1 Wkh lqyhqwlrq ri wkh frqlqj0
klqjh dqg  h{xuhg jlpedo kxev e| Ehoo Kholfrswhu +lqlwldo
whvwv ri wklv kxe w|sh duh glvfxvvhg lq uhihuhqfh 7, kdyh
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pitch axis, inboard section
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outboard section

(a) Equilibrium of lift and centrifugal forces.

(b) Torsion about inboard sections due to lag motion.
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Iljxuh 6= H�hfw ri suhfrqh rq slwfk0odj frxsolqj1

ohvvhqhg wkh h�hfw ri suhfrqh0uhodwhg slwfk0odj frxsolqj e|
doorzlqj wkh urwru v|vwhp wr  dwwhq rxw +orzhu h�hfwlyh
suhfrqh, lq orz glvn ordglqj frqglwlrqv1 Wklv uhgxfhv wkh
slwfk0odj frxsolqj h�hfwv rq zkluo xwwhu vwdelolw|/ ohdglqj
wr kljkhu vwdelolw| erxqgdulhv1

Eodgh G|qdplfv1 Eodgh vwuxfwxudo ghvljq iru wlowur0
wruv suhvhqwv d yhu| vljql�fdqw hqjlqhhulqj fkdoohqjh1 Wkh
kljk qxpehu ri frqvwudlqwv sodfhg rq wkh ghvljq dqg
wkh lpsruwdqfh ri wkh iuhtxhqf| sodfhphqw ryhu d zlgh
udqjh ri g|qdplf rshudwlqj frqglwlrqv fuhdwhv d qxpehu
ri vwuxfwxudo wdlorulqj rssruwxqlwlhv1 Wkh dhurg|qdplf
ghvljq/ zklfk lv lwvhoi d frpsoh{ frpsurplvh dprqj gh0
vljq frqglwlrqv/ gh�qhv wkh vkhoo lqwr zklfk wkh vwuxfwxudo
pdwhuldo pxvw �w/ fuhdwlqj xsshu dqg orzhu olplwv rq dv0
sludwlrqv iru vwl�qhvv dqg pdvv wxqlqj1 Wkh ixqgdphqwdo
urwru  ds/ odj/ dqg wruvlrq iuhtxhqflhv pxvw kdyh dgh0
txdwh vhsdudwlrqv iurp kduprqlfv ri wkh wzr ghvljq urwru
vshhgv wr dyrlg kljk ordgv dqg yleudwlrq1 Dgglwlrqdoo|/
wkh pryhphqw ri wkh eodgh iuhtxhqflhv ehwzhhq wkh wzr
pdlq ghvljq frqglwlrqv pxvw eh frqvlghuhg vr wkdw vlj0
ql�fdqw uhvrqdqfhv dqg ghvwdelol}lqj iuhtxhqf| furvvlqjv
zloo qrw rffxu1

Eodgh Ordgv1 Dq lpsruwdqw gulyhu iru eodgh dqg
kxe ghvljq rq vwl�0lqsodqh urwru v|vwhpv lv wkh rvflood0
wru| fkrug ehqglqj prphqwv surgxfhg gxulqj pdqhxyhuv
wkdw duh dvvrfldwhg zlwk odujh dlufudiw slwfk udwhv/ vxfk
dv d v|pphwulf glyh dqg sxoo0xs1 Wkhvh ordgv kdyh ehhq
d frqfhuq iru erwk wkh [Y048 dqg wkh Y055 wlowurwruv dv
glvfxvvhg lq uhihuhqfhv 8 dqg 9/ uhvshfwlyho|1 Kljk urwru
slwfk udwhv fdq fuhdwh eodgh vwdoo zklfk lqwhqvli| wkh eodgh
dhurg|qdplf ordgv lq erwk wkh  dszlvh dqg fkrugzlvh gl0
uhfwlrqv +fkrug ordgv duh vljql�fdqw gxh wr wkh kljk eodgh

wzlvw dqg kljk slwfk dqjohv dvvrfldwhg zlwk sursurwruv,1
Zkloh wkhvh ordgv duh doohyldwhg lq wkh rxw0ri0sodqh gl0
uhfwlrq gxh wr suhvhqfh ri wkh jlpedo/ wkh lq0sodqh ordgv
duh qrw doohyldwhg dqg fdq vljql�fdqwo| lq xhqfh vwuxf0
wxudo ghvljq iru wkh urwru1 Dv wkh eodgh dqg kxe ghvljq
lv vwuhqjwkhqhg wr dffrxqw iru wkhvh lqsodqh ordgv/ wkhuh
lv jhqhudoo| dq dvvrfldwhg lqfuhdvh lq ryhudoo zhljkw1 Do0
whuqdwlyh dssurdfkhv wr vroylqj wkh urwru ordgv lvvxhv duh
wr 4, ghyhors d vriw0lqsodqh urwru v|vwhp zkhuhe| wkh lq0
sodqh ordgv duh doohyldwhg wkurxjk odj prwlrq derxw d
yluwxdo klqjh/ ru 5, olplw wkh lqsodqh ordgv e| frqwuroolqj
wkh slwfklqj ri wkh urwru v|vwhp1 Wkh lqsodqh ordgv dvvr0
fldwhg zlwk erwk wkh [Y048 dqg Y055 kdyh ehhq uhgxfhg
xvlqj wkh odwwhu1 Wkh vwxg| ri uhihuhqfh 9 glvfxvvhv wkh
ghyhorsphqw ri  ljkw frqwuro v|vwhpv iru wkh Y055 zklfk
uhgxfh wkh vwhdg| dqg rvfloodwru| fkrug ehqglqj prphqwv
rq wkh kxe |rnh zklfk zhuh irxqg wr h{fhhg olplw ordgv
iru wkh 81:j pd{lpxp dhurg|qdplf fdsdelolw| ri wkh dlu0
fudiw1 Vwuxfwxudo0ordg0olplwlqj kdv ehhq ghvljqhg lqwr
wkh Y055 gljlwdo  |0e|0zluh frqwuro v|vwhp wr uhgxfh wkh
pd{lpxp ordg idfwru ri wkh dlufudiw wr 7j gxulqj sxoo0xs
pdqhxyhuv dqg uhgxfh wkh urwru fkrugzlvh ordgv e| olp0
lwlqj wkh urwru glvn dqjoh ri dwwdfn wkurxjk frqwuro ri wkh
orqjlwxglqdo slwfk prwlrq ri wkh dlufudiw1

Zlqj Dhurhodvwlflw| Frqvlghudwlrqv

Wkhuh duh vhyhudo vljql�fdqw dhurhodvwlf ghvljq frqvlg0
hudwlrqv iru d wlowurwru zlqj zklfk pdnh lw pruh frpsol0
fdwhg wkdq d frqyhqwlrqdo �{hg0zlqj dlufudiw1 Rqh lp0
sruwdqw lq xhqfh rq zlqj ghvljq lv wkh vwdelolw| pdujlqv
lpsrvhg e| zkluo xwwhu1 Zkluo xwwhu lv jhqhudwhg e| wkh
odujh rvfloodwru| dhurg|qdplf dqg g|qdplf irufhv ri wkh
urwru v|vwhp zklfk frxsoh zlwk wkh zlqj prwlrq wr prg0
li| fodvvlfdo zlqj  xwwhu dhurhodvwlf ehkdylru1 Zkluo xw0
whu frqvlghudwlrqv ohdg wr pxfk vwl�hu dqg wklfnhu zlqj
ghvljqv wkdq wkrvh dvvrfldwhg zlwk frqyhqwlrqdo dlufudiw1
Zlqj G|qdplfv1 Zkluo xwwhu vwdelolw| pdujlqv duh

juhdwo| lq xhqfhg e| wkh g|qdplfv ri wkh zlqj dqg dvvr0
fldwhg frpsrqhqwv zklfk fdq d�hfw kxe prwlrq vxfk dv
vwl�qhvvhv ri wkh wudqvplvvlrq dgdswhu/ pdvw dqg s|orq/
grzqvwrs/ frqyhuvlrq vslqgoh/ dqg zlqj urrw1 Wkh grzq0
vwrs kdv d sduwlfxoduo| vljql�fdqw lq xhqfh rq dhurhodvwlf
vwdelolw| ehfdxvh wklv phfkdqlvp h�hfwlyho| orfnv wkh s|0
orq wr wkh zlqj lq dlusodqh prgh/ uhvxowlqj lq d vkdus
fkdqjh lq zlqj iuhtxhqflhv1 Zkhq wkh s|orq lv qrw hq0
jdjhg zlwk wkh grzqvwrs wkhq wkh vwl�qhvv ri wkh s|orq
dwwdfkphqw wr wkh zlqj lv jryhuqhg e| vwl�qhvv ri wkh
frqyhuvlrq dfwxdwru1 W|slfdoo|/ zlwk wkh grzqvwrs hq0
jdjhg/ wkh zlqj wruvlrq dqg ehdp iuhtxhqflhv kdyh pxfk
juhdwhu vhsdudwlrq dqg wkh dvvrfldwhg zkluo xwwhu vwdelo0
lw| erxqgdulhv duh vljql�fdqwo| kljkhu dv lv vkrzq lq �j0
xuh 71
Dv lq fodvvlfdo �{hg0zlqj ghvljq/ dqg dv vxjjhvwhg e|
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Iljxuh 7= Frpsdulvrq ri suhglfwhg gdpslqj iru wkh r�0
grzqvwrs dqg rq0grzqvwrs frq�jxudwlrqv ri wkh ZUDWV
wlowurwru prgho1

wkh glvfxvvlrq lq wkh suhylrxv sdudjudsk/ wkh vhsdudwlrq
ri wkh ixqgdphqwdo ehdp dqg wruvlrq iuhtxhqflhv sod|v
dq lpsruwdqw uroh lq wkh dhurhodvwlf vwdelolw| ri d wlowurwru
zlqj1 Wklv h�hfw kdv ehhq vwxglhg erwk dqdo|wlfdoo| dv
lq uhihuhqfh : dqg h{shulphqwdoo| xvlqj uhgxfhg vwl�qhvv
zlqjv dv glvfxvvhg lq uhihuhqfh ;1 Wkh sorw ri �jxuh 8
vkrzv krz fkdqjhv lq zlqj ehdp vwl�qhvv lqixhqfhv vwd0
elolw| erxqgdulhv dvvrfldwhg zlwk wkh ixqgdphqwdo zlqj
prghv1 Wkh grplqdqw h�hfw lv d gudvwlf orzhulqj ri wkh
zlqj ehdp prgh vwdelolw| erxqgdu| zlwk dq lqfuhdvh lq
wkh zlqj ehdp vwl�qhvv/ dqg wklv rffxuv ehfdxvh wkhuh
lv qr fruuhvsrqglqj lqfuhdvh lq wkh zlqj wruvlrq vwl�qhvv
vxfk wkdw wkh ehdp dqg wruvlrq zlqj iuhtxhqflhv pryh
forvhu wrjhwkhu1 Wkh sorw ri �jxuh 9 vkrzv wkdw dq lq0
fuhdvh lq wruvlrq vwl�qhvv lv pruh ehqh�fldo wkdq dq lq0
fuhdvh lq ehdp vwl�qhvv lq whupv ri lqfuhdvhg vwdelolw|
erxqgdulhv/ exw wkhuh duh rwkhu  xwwhu prghv wkdw fdq
ehfrph grplqdqw1 Lq wkh h{dpsoh ri �jxuh 9/ wkh vwd0
elolw| erxqgdu| dvvrfldwhg zlwk wkh zlqj fkrug prgh lv
rqo| voljkwo| kljkhu wkdq wkdw dvvrfldwhg zlwk wkh zlqj
ehdp prgh/ vxfk wkdw lpsuryhphqwv wr wkh ehdp0wruvlrq
dhurhodvwlflw| rqo| udlvhv wkh  xwwhu erxqgdulhv wr wkdw
dvvrfldwhg zlwk wkh zlqj fkrug prgh1 Wklv lv d w|slfdo
sureohp lq wlowurwru zlqj dhurhodvwlf ghvljq1 Wkh fkrug
prgh lqvwdelolw| lv jhqhudoo| lq wkh vdph ylflqlw| dv wkdw
dvvrfldwhg zlwk wkh ehdp prgh/ exw lw lv frpprq wkdw
lpsuryhphqwv wr rqh ri wkh vwdelolw| prghv/ hlwkhu ehdp
ru fkrug/ zloo kdyh d qhjoljleoh lq xhqfh rq wkh rwkhu/ uh0
vxowlqj lq d vpdoohu wrwdo lpsuryhphqw lq vwdelolw| pdujlq
wkdq pljkw rwkhuzlvh eh h{shfwhg1

Zlqj Wklfnqhvv1 Zkloh wkhuh kdyh ehhq qxphurxv
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Iljxuh 8= H�hfw ri fkdqjh lq zlqj ehdp ehqglqj vwl�qhvv
rq wlowurwru vwdelolw|1

dqdo|wlfdo vwxglhv dqg prgho whvwv wr h{sdqg dhurhodvwlf
vwdelolw| erxqgdulhv/ wkh fxuuhqw olplwv rq wlowurwru wrs0
hqg vshhgv duh dvvrfldwhg zlwk frqwuro ordgv dqg srzhu
dydlodeoh1 Pdq| h�ruwv wr lpsuryh wlowurwru wrs0hqg vshhg
kdyh irfxvhg rq uhgxfwlrq ri sur�oh gudj vr wkdw kljkhu
vshhgv pd| eh rewdlqhg xvlqj fxuuhqw srzhu dydlodeoh1
Zkloh d wklq zlqj lv ghvludeoh iru kljk0vshhg shuirupdqfh/
vwl�qhvv dqg ixho fdsdflw| frqvlghudwlrqv riwhq uhtxluh d
wklfn zlqj ghvljq1 Fxuuhqw zlqj wklfnqhvv iru wlowurwruv lv
derxw 56( w2f zkloh dq 4;( w2f udwlr lv ghvludeoh iru kljk0
vshhg dqg orqj0udqjh ghvljqv dv lv glvfxvvhg lq uhihuhqfh <1
Zlqj Vzhhs1 Wlowurwru zlqjv kdyh d vpdoo iruzdug

vzhhs wr lqfuhdvh  ds fohdudqfh ehwzhhq wkh urwru eodghv
dqg zlqj lq dlusodqh prgh1 Zkloh iruzdug vzhhs fuhdwhv
glyhujhqfh frqfhuqv iru frqyhqwlrqdo dlufudiw/ wklv frq0
fhuq lv qrw lq xhqwldo lq wlowurwru zlqj ghvljq gxh wr kljk
ehqglqj dqg wruvlrq vwl�qhvv uhtxluhphqwv iru dhurhodvwlf
vwdelolw|1 Glyhujhqfh vshhgv ri fxuuhqw wlowurwru dlufudiw
duh suhglfwhg wr eh zhoo deryh Pdfk 41 Wkh zlqj vzhhs
dovr fuhdwhv vhsdudwlrq ehwzhhq wkh eodgh dqg zlqj zklfk
khosv uhgxfh wkh QS kduprqlf ordgv fuhdwhg e| wkh sdv0
vdjh ri wkh eodghv qhdu wkh zlqj dv lv glvfxvvhg lq uhihu0
hqfh 431 Wkh  rz �hog qhdu wkh zlqj lv d�hfwhg e| oliw
surgxfhg e| wkh zlqj/ dqg eorfndjh ri wkh iuhhvwuhdp  rz
e| erwk wkh zlqj dqg ixvhodjh1 Dv hdfk eodgh lv vxemhfwhg
wr wklv  rz �hog iru rqo| d vkruw shulrg ri d}lpxwkdo vzhhs
wkhuh lv d orfdol}hg fkdqjh lq dqjoh ri dwwdfn uhvxowlqj lq
vljql�fdqw 4S dqg kljkhu kduprqlf ordgv rq hdfk eodgh1
Wkhvh eodgh ordgv vxp wr surgxfh vljql�fdqw QS �{hg0
v|vwhp ordgv zklfk fdq eh d frqfhuq iru zlqj ghvljq dv
wkhvh ordgv duh wudqvodwhg iurp wkh urwru lqwr wkh s|orq/
dorqj wkh zlqj/ dqg lqwr wkh dluiudph1 Ehfdxvh ri vwl�0
qhvv uhtxluhphqwv iru dhurhodvwlf vwdelolw|/ pxfk ri wkh
zlqj ghvljq lv qrw lq xhqfhg e| wkhvh kduprqlf ordgv/
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Iljxuh 9= H�hfw ri fkdqjh lq zlqj wruvlrqdo vwl�qhvv rq
wlowurwru vwdelolw|1

exw vrph zlqj frpsrqhqwv duh idwljxh fulwlfdo dqg duh
wkxv dgyhuvho| d�hfwhg e| wkh QS ordgv1 Vshfl�fdoo|/ wkh
6S ordglqj rq wkh wkuhh0eodghg [Y048 dqg Y055 wlowur0
wruv kdyh fuhdwhg vrph ghvljq fkdoohqjhv zlwk uhvshfw wr
hqjlqh ordgv dqg grzqvwrs ordgv1

DHURHODVWLF WDLORULQJ RI
WLOWURWRU ZLQJV

Wdloruhg Zlqj Ihdvlelolw| Vwxg|

Zkhq frqvlghulqj rqo| dluiudph frqwulexwlrqv/ wkh wzr
prvw lpsruwdqw idfwruv d�hfwlqj sursurwru vwdelolw| duh
wkh iuhtxhqflhv dqg prgh0vkdshv ri wkh zlqj ehqglqj dqg
wruvlrq prghv1 Wkh zlqj vwl�qhvvhv uhtxluhphqwv dvvrfl0
dwhg zlwk zkluo xwwhu duh w|slfdoo| dv ghpdqglqj dv wkh
zlqj vwuhqjwk uhtxluhphqwv/ dv lv glvfxvvhg lq d suhylrxv
vhfwlrq ri wklv sdshu1 Wkh zkluo xwwhu vwdelolw| lv vhqvl0
wlyh wr wkh slwfk2ehqglqj frxsolqj +uhihuulqj wr wkh urwru
kxe slwfk prwlrq uhodwlyh wr lwv yhuwlfdo wudqvodwlrq, dv0
vrfldwhg zlwk wkh zlqj prgh vkdshv/ dqg wklv frxsolqj
fdq eh frqwuroohg e| vhyhudo idfwruv lqfoxglqj= uhodwlyh
iuhtxhqf| sodfhphqw ri wkh zlqj prghv/ r�vhw ri wkh s|0
orq fhqwhu ri judylw| uhodwlyh wr wkh zlqj hodvwlf d{lv/ dqg
vwuxfwxudo ehqglqj2wruvlrq frxsolqj ri wkh zlqj wrutxh
er{1
Wr phhw vwdelolw| uhtxluhphqwv/ frqyhqwlrqdo wlowurwru

zlqj ghvljqv xvh wklfn zlqjv +56( w2f, wkdw h!flhqwo|
surylgh kljk wruvlrqdo vwl�qhvv dw plqlpxp zhljkw1 Wr
lpsuryh wlowurwru kljk0vshhg shuirupdqfh dqg surgxfwly0
lw|/ lw lv ghvludeoh wr uhgxfh wkh zlqj wklfnqhvv udwlr
+w2f, zlwkrxw lqfuhdvlqj wkh zhljkw1 Shuirupdqfh dqdo0
|vhv vkrz wkdw uhgxflqj wkh zlqj wklfnqhvv wr 4;( w2f
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Iljxuh := Ilqdo 4;( w2f wkuhh0vwulqjhu ghvljq1

ghfuhdvhv wkh dluiudph gudj e| 43( dqg surylghv d vxe0
vwdqwldo lpsuryhphqw lq dlufudiw surgxfwlylw|1 Iru d frq0
yhqwlrqdo wlowurwru zlqj ghvljq/ uhgxflqj wkh zlqj wklfn0
qhvv udwlr dovr ghfuhdvhv wkh vwdelolw| erxqgdu| gxh wr wkh
orvv lq vwl�qhvv1 Wkh vwdelolw| erxqgdu| fdq eh uhfryhuhg
e| dgglqj vwuxfwxuh wr lqfuhdvh wkh vwl�qhvv dqg uhvwruh
wkh prgh vkdshv dqg iuhtxhqf| sodfhphqw> krzhyhu/ wkh
dgglwlrqdo zhljkw uhgxfhv dlufudiw surgxfwlylw|1 Frp0
srvlwh wdlorulqj surylghv dq rssruwxqlw| wr lqfuhdvh wkh
vwdelolw| ri wlowurwruv zlwk wklq zlqjv/ zlwkrxw lqfxuulqj
d odujh zhljkw shqdow| e| idyrudeo| prgli|lqj wkh prgh
vkdshv dqg iuhtxhqf| sodfhphqw ri wkh ixqgdphqwdo zlqj
prghv1
Wkh vwxg| ri uhihuhqfh 44 frqvlghuhg wkh ihdvlelolw| ri

d frpsrvlwh wdloruhg zlqj iru d 730sdvvhqjhu flylo wlowur0
wru1 Wklv vwxg| zdv frqgxfwhg e| Ehoo Kholfrswhu xq0
ghu d 4<<6 QDVD OdUF frqwudfw/ dqg wkh remhfwlyh zdv
wr dsso| frpsrvlwh wdlorulqj wr wkh ghvljq ri d wlowurwru
zlqj wr dfklhyh wkh dhurhodvwlf vwdelolw| uhtxluhphqwv dw
uhgxfhg zlqj wklfnqhvv iru lpsuryhg shuirupdqfh dqg dlu0
fudiw surgxfwlylw|1 Wkh edvholqh frq�jxudwlrq xvhg lq wkh
vwxg| zdv wkh Y055 wlowurwru zlqj ehfdxvh wkh pdwk prg0
hov uhsuhvhqwdwlyh ri dq dfwxdo ghvljq lq zklfk wkh urwru/
ixvhodjh/ zlqj/ dqg s|orq vwuxfwxudo sdudphwhuv duh ixoo|
ghyhorshg dqg dffxudwho| nqrzq surylgh wkh prvw uhdolv0
wlf dvvhvvphqw ri wkh ehqh�wv ri frpsrvlwh wdlorulqj1 Gh0
vljq yduldeohv lqfoxghg zlqj vnlq dqg vsdu zhe odplqdwh
frpsrvlwlrq/ vwulqjhu dqg vsdu fds duhd glvwulexwlrq/ dqg
zlqj wklfnqhvv udwlr1 Sdudphwulf vwxglhv zhuh frqgxfwhg
ri hdfk ghvljq yduldeoh wr surylgh d edvlv iru wkh ghvljq
ri d frpsrvlwh wdloruhg 4;( w2f zlqj zklfk vdwlv�hg wkh
sursurwru vwdelolw| jrdov zlwk plqlpxp zhljkw1
Uhdolvwlf frqvwudlqwv rq wkh ghvljq zhuh surylghg e|

xvlqj wkh frghv xvhg lq wkh dfwxdo ghvljq surfhvv ri wkh
Y0551 Wkh vwuxfwxudo prgho zdv ghyhorshg xvlqj QDV0
WUDQ dorqj zlwk vshfldol}hg suh dqg srvw surfhvvruv iru
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Iljxuh ;= Wdloruhg zlqj vwdelolw| vxppdu|1

odplqdwh dqdo|vlv/ vwuxfwxudo ordgv dqdo|vlv/ vwuhvv dqdo0
|vlv/ dqg zhljkw fdofxodwlrqv1 Wkh qdwxudo iuhtxhqflhv
dqg prgh vkdshv dvvrfldwhg zlwk wkh QDVWUDQ prgho
surylghg lqsxw lqwr Ehoo*v sursulhwdu| dhurhodvwlf dqdo|vlv
frgh/ DVDS +Dhurhodvwlf Vwdelolw| Dqdo|vlv ri Sursur0
wruv,/ zklfk dovr lqfoxghg lqsxw sdudphwhuv gh�qhg e|
wkh urwru v|vwhp/ gulyh v|vwhp/ dqg  ljkw frqwuro v|vwhp1

Hodvwlf frxsolqjv zhuh ghyhorshg lq wkh sdudphwulf
vwxg| e| dgmxvwlqj wkh udwlr ri .78� solhv uhodwlyh wr wkh
qxpehu ri 078� solhv zkloh pdlqwdlqlqj wkh h{lvwlqj qxp0
ehu ri 3� dqg <3� solhv ri wkh edvholqh odplqdwhv1 D
eohqg udwlr zdv gh�qhg wr lqglfdwh wkh dprxqw ri frx0
solqj lq wkh odplqdwh= d 83283 eohqg ri .78� dqg 078�

zrxog eh edodqfhg zkloh d 43323 eohqg zrxog surylgh wkh
pd{lpxp hodvwlf frxsolqj iru wkh odplqdwh frqvwuxfwlrq
frqvlghuhg1 Uhvxowv ri dgmxvwlqj eohqg udwlrv xqlirupo|
iru doo wkh zlqj frpsrqhqwv vkrzhg wkdw vwdelolw| erxqg0
dulhv ri wkh zlqj ehdp ehqglqj prgh +VZE, uhdfkhg d
shdn ehwzhhq udwlrv ri :3263 dqg ;32531 Krzhyhu/ vwd0
elolw| erxqgdulhv ri wkh zlqj fkrug prgh zhuh ghfuhdvhg
dv wkh eohqg udwlr pryhg dzd| iurp 83283 ehfdxvh ri d
uhgxfwlrq lq h�hfwlyh fkrug ehqglqj vwl�qhvv dvvrfldwhg
zlwk wkh hodvwlf frxsolqj1 Wr frpshqvdwh iru wkh orvv
lq fkrugzlvh vwl�qhvv/ wkh sdudphwulf vwxglhv frqvlghuhg
prylqj xs wr 83( ri wkh vwulqjhu fds furvv0vhfwlrq duhd
lqwr wkh iruzdug dqg uhdu vsdu fdsv zkhuh wkh eohqg ud0
wlrv zhuh khog dw 83283 wr pdlqwdlq fkrugzlvh ehqglqj
vwl�qhvv1 Wkh eohqg udwlrv ri wkh xsshu dqg orzhu zlqj
vnlqv zhuh khog dw ;3253 iru wklv sduw ri wkh vwxg|/ dqg wkh
uhvxowv vkrzhg wkdw dghtxdwh vwdelolw| pdujlqv frxog eh
pdlqwdlqhg xvlqj wklv dssurdfk1 Vwuhqjwk dqdo|vhv ohg wr
lqfuhdvlqj wkh qxpehu ri vwulqjhuv lq wkh zlqj iurp 5 wr 6
vr dv wr suhyhqw exfnolqj ri wkh vnlq sdqhov/ dqg qhjdwlyh

pdujlqv ri vdihw| lq wkh vnlq sdqhov uhtxluhg dgglwlrq ri
wzr dgglwlrqdo vnlq solhv1
Wkh �qdo ghvljq frq�jxudwlrq ghyhorshg edvhg rq wkh

sdudphwulf vwxg| lv gh�qhg lq �jxuh :1 Lw xvhg d edodqfhg
odplqdwh lq wkh iruzdug dqg diw vsduv wr pdlqwdlq fkrug0
zlvh vwl�qhvv zkloh xvlqj d eohqg udwlr ri :3263 lq wkh xs0
shu dqg orzhu vnlqv wr dfklhyh wkh rswlpxp slwfk2ehqglqj
frxsolqj wr lpsuryh vwdelolw| ri wkh zlqj ehdp ehqglqj
prgh zlwk uhvshfw wr zkluo xwwhu1 Vwuhvv dqdo|vlv gh0
whuplqhg wkdw d wkuhh0vwulqjhu frq�jxudwlrq zlwk wzr dg0
glwlrqdo vnlq solhv zhuh uhtxluhg wr vdwlvi| vwuhqjwk frq0
vwudlqwv1 Wkh uhvxowlqj zhljkw lv qhduo| htxlydohqw wr wkdw
ri wkh 56( w2f edvholqh/ lqfuhdvlqj e| rqo| 415(1 Wkh
prvw vljql�fdqw uhvxowv ri wkh vwxg| duh looxvwudwhg lq �j0
xuh ; zklfk vkrz wkdw wkh vwdelolw| erxqgdulhv dvvrfldwhg
zlwk wkh kljk0shuirupdqfh 4;( w2f zlqjv fdq dfwxdoo| eh
lpsuryhg ryhu wkdw ri wkh 56( w2f edvholqh1

Wdloruhg Zlqj Zlqg0Wxqqho Vwxg|

Hqfrxudjhg e| wkh uhvxowv ri wkh ixoo0vfdoh frpsrvlwh
wdloruhg zlqj vwxg| ri uhihuhqfh 44 dv glvfxvvhg deryh/
d prgho0vfdoh whvw surjudp zdv lqlwldwhg wr ydolgdwh wkh
frpsrvlwh wdloruhg zlqj frqfhsw1 Wkh prgho whvw surjudp
zdv d mrlqw h�ruw ehwzhhq QDVD Odqjoh| Uhvhdufk Fhqwhu
+OdUF, dqg Ehoo wr hydoxdwh wkh vwdelolw| fkdudfwhulvwlfv
ri d wlowurwru zlwk d frpsrvlwh wdloruhg zlqj1 Gxulqj wkh
prgho surjudp/ wzr zlqg wxqqho whvwv zhuh frqgxfwhg dw
wkh QDVD OdUF Wudqvrqlf G|qdplfv Wxqqho +WGW, lq
Kdpswrq/ Ylujlqld1 Iru wkh zlqg wxqqho whvwv/ wkh Zlqj
dqg Urwru Dhurhodvwlf Whvw V|vwhp +ZUDWV, zdv xvhg
dv wkh whvw ehg1 Wklv prgho ruljlqdwhg iurp wkh 4280vl}h
Iurxgh0vfdohg dhurhodvwlf prgho ri wkh Y055/ zklfk zdv
ghvljqhg e| Ehoo gxulqj wkh ixoo0vfdoh ghyhorsphqw dqg
xvhg iru  xwwhu fohdudqfh whvwv ri wkh dlufudiw1 Wkh �uvw
whvw ri wkh ZUDWV prgho rffxuuhg gxulqj Dxjxvw 4<<8
dqg hvwdeolvkhg edvholqh dhurhodvwlf vwdelolw| erxqgdulhv
iru d wlowurwru zlwk d frqyhqwlrqdo xqwdloruhg zlqj ghvljq1
Wkh zlqg0wxqqho prgho uhsuhvhqwhg d wlowurwru zlwk d 56(
wklfn frqyhqwlrqdo zlqj/ s|orq/ dqg urwru v|vwhp dqg zdv
frq�jxuhg lq dlusodqh prgh vr wkdw kljk vshhg vwdelolw|
frxog eh hydoxdwhg1 Iljxuh < vkrzv wkh dhurhodvwlf prgho
prxqwhg wr wkh wxqqho vxssruw vwuxfwxuh1
Iru wkh vhfrqg WGW hqwu|/ d frpsrvlwh wdloruhg zlqj

zdv ghvljqhg dqg ideulfdwhg e| Ehoo wr g|qdplfdoo| uhsuh0
vhqw d ixoo0vfdoh frpsrvlwh wdloruhg zlqj zlwk d w2f udwlr
ri 4;(1 Wkh frpsrvlwh wdloruhg zlqj dqg wkh edvholqh
zlqj duh lqwhufkdqjhdeoh rq wkh prgho/ wkxv pdlqwdlqlqj
wkh vdph s|orq/ urwru/ frqwuro v|vwhp/ dqg gulyh v|vwhp
fkdudfwhulvwlfv lq hdfk whvw1 Wkh vhfrqg WGW hqwu| rf0
fxuuhg lq Ghfhpehu 4<<8 dqg phdvxuhg wkh dhurhodvwlf
vwdelolw| ri wkh frpsrvlwh wdloruhg zlqj1
Wkh 4280vl}h edvholqh vhpl0vsdq zlqj zdv ghvljqhg

durxqg d fhqwudo vsdu zklfk surylghg wkh vwl�qhvv uh0
txluhphqwv qhfhvvdu| wr g|qdplfdoo| uhsuhvhqw wkh vfdohg



Iljxuh <= ZUDWV 4

8
0vl}h dhurhodvwlf zlqg0wxqqho prgho

prxqwhg lq wkh QDVD OdUF WGW1

vwl�qhvv surshuwlhv ri wkh ixoo vfdoh Y055 zlwk d 56( w2f
udwlr1 Wkh ixoo0vfdoh ghvljq xvhg d �yh0vwulqjhu fduerq
hsr{| zlqj er{ zlwk edodqfhg odplqdwhv1 Iru wkh prgho/
fduerq hsr{| urylqj zdv zrxqg dw 	78 ghj wr irup d
judsklwh wruvlrq er{ zlwk frqvwdqw uhfwdqjxodu furvv vhf0
wlrq1 Dgglwlrqdo ehdpzlvh dqg fkrugzlvh vwl�qhvv zdv
rewdlqhg e| erqglqj xqlgluhfwlrqdo fduerq hsr{| vwl�hq0
huv wr wkh vlghv ri wkh wrutxh er{1 Doxplqxp W0vhfwlrq
 dqjhv surylghg vxssruw iru wkh qrqvwuxfwxudo zlqj sdq0
hov dqg lqfuhdvhg wkh fkrugzlvh vwl�qhvv wr wkh ghvluhg wdu0
jhw ydoxhv1 Wkh jhqhudo frqvwuxfwlrq ri wkh zlqj wrutxh
er{ furvv vhfwlrq lv vkrzq lq frpsdulvrq wr wkh edvh0
olqh ghvljq lq �jxuh 431 Wkh prgho zlqj dqg ixoo0vfdoh
zlqj surylgh qr vwuxfwxudo ehqglqj0wruvlrq frxsolqj dw0
wulexwdeoh wr wkh xvh ri edodqfhg odplqdwhv1 Juhdwhu
ghwdlov ri wkh frqvwuxfwlrq surfhvv/ wxqlqj ri wkh prgho/
dqg QDVWUDQ �qlwh hohphqw prgholqj ri wkh vwuxfwxuh
duh uhsruwhg lq uhihuhqfh <1
Dqdo|wlfdo Prgholqj dqg Vwdelolw| Suhglfwlrqv1

Wkh Ehoo Dhurhodvwlf Vwdelolw| Dqdo|vlv ri Sursurwruv
+DVDS, frgh zdv xvhg wr suhglfw wkh zlqj2s|orq2urwru
vwdelolw| vshhg iru wlowurwru dlufudiw lq dlusodqh prgh
 ljkw1 DVDS kdv vkrzq jrrg fruuhodwlrq zlwk zlqg wxq0
qho whvwv dv ghvfulehg lq uhihuhqfh 45 dqg ixoo0vfdoh Y055
 ljkw whvw gdwd dv ghvfulehg lq uhihuhqfh 461 DVDS shu0
irupv d olqhdu hljhqydoxh dqdo|vlv edvhg rq wkh g|qdplf
frxsolqj ri wkh urwru/ dluiudph/ gulyh v|vwhp/ dqg frqwuro
v|vwhp1 Wkh pdwk prgho uhsuhvhqwdwlrq iru hdfk hohphqw
xvhg lq wkh DVDS dqdo|vlv lv eulh | ghvfulehg lq wkh iro0
orzlqj sdudjudskv1
Wkh urwru lv prghohg lq DVDS e| xvlqj d oxpshg sd0

udphwhu uljlg0eodgh dqdo|vlv/ zlwk klqjhv dqg vsulqjv iru
uhsuhvhqwlqj wkh  ds/ odj/ dqg frqlqj ghjuhhv ri iuhh0
grp1 Urwru f|folf  dsslqj prwlrq lv prghohg dv d kxe
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Iljxuh 43= Frpsdulvrq ehwzhhq edvholqh dqg wdloruhg
zlqj furvv vhfwlrqv1

jlpedo ghjuhh ri iuhhgrp1 Glvfuhwh frqlqj dqg ohdg0odj
klqjhv prgho wkh hodvwlf ehqglqj ri wkh eodgh wr irup wkh
froohfwlyh frqlqj dqg f|folf lqsodqh prghv/ uhvshfwlyho|1
Eodgh ihdwkhulqj prwlrqv duh frpsxwhg wkurxjk nlqh0
pdwlf uhodwlrqvklsv zklfk lqfoxgh slwfk2 ds/ slwfk2frqh/
dqg slwfk2odj frxsolqj1 Wkhvh frxsolqj sdudphwhuv duh
fdofxodwhg h{whuqdo wr DVDS xvlqj ixoo| frxsohg hodvwlf
urwru eodgh dqdo|vhv wr hqkdqfh wkh vlpsoh eodgh prgho0
lqj dssurdfk xvhg lq DVDS1 Wkh urwru dhurg|qdplfv duh
fdofxodwhg xvlqj txdvl0vwhdg| vwuls wkhru| dhurg|qdplfv/
zlwk frqvwdqw fkrug dqg frqvwdqw dluirlo/ dqg dvvxphv
xqlirup d{ldo  rz vr wkdw wkh htxdwlrqv kdyh frqvwdqw
frh!flhqwv1

Wkh dluiudph g|qdplfv prgho frqvlvwv ri hodvwlf prghv
ghulyhg iurp d QDVWUDQ �qlwh0hohphqw0prgho +IHP,
ri wkh vwuxfwxuh1 Iru vwdelolw| dqdo|vlv/ prgh vkdshv dw
wkh urwru kxe dqg frqwuro sodqh duh uhtxluhg dqg lqsxw
wr DVDS1 Vwuxfwxudo dqg dhurg|qdplf gdpslqj ydoxhv ri
wkh dluiudph duh phdvxuhg iurp jurxqg yleudwlrq whvwv
dqg �urwruv0r�� zlqg wxqqho whvwv1 Wkh gulyh v|vwhp zdv
glvfrqqhfwhg gxulqj wkh zlqg wxqqho whvwv zklfk doorzhg
wkh urwru wr urwdwh iuhho| lq d zlqgploo vwdwh1 Suhylrxv
whvwv dv ghvfulehg lq uhihuhqfh 7 kdyh vkrzq wkdw dq xq0
srzhuhg prgho fdq eh xvhg wr dffxudwho| uhsuhvhqw wkh
srzhuhg  ljkw frqglwlrq zkhq phdvxulqj vwdelolw| erxqg0
dulhv lq dlusodqh prgh1

Wkh DVDS surjudp jhqhudwhv sorwv ri iuhtxhqf| dqg



gdpslqj yhuvhv dluvshhg zklfk duh xvhg dv suhwhvw suhglf0
wlrqv iru wkh zlqg wxqqho whvwv1 Vwdelolw| vshhg suhglfwlrqv
zhuh fdofxodwhg iru wkh edvholqh dqg wdloruhg zlqjv dw irxu
fulwlfdo ghvljq frqglwlrqv/ +4, s|orq rq wkh grzqvwrs dw
;7( USP/ +5, s|orq rq wkh grzqvwrs dw 433( USP/ +6,
s|orq r� wkh grzqvwrs dw ;7( USP/ dqg +7, s|orq r�
wkh grzqvwrs dw 433( USP> zkhuh ;7( USP uhsuhvhqwv
wkh dlusodqh fuxlvh urwru vshhg dqg 433( USP uhsuhvhqw
wkh qrupdo kholfrswhu prgh urwru vshhg1

Whvw Uhvxowv dqg Fruuhodwlrq zlwk Dqdo|vlv1
Gxulqj wkh zlqg wxqqho whvwv ri wkh edvholqh dqg wdloruhg
zlqjv/ iuhtxhqf| dqg gdpslqj gdwd zhuh uhfrughg iru wkh
ixqgdphqwdo zlqj ehqglqj prghv1 Wkh iuhtxhqf| zdv
ghwhuplqhg xvlqj dq rq0olqh vshfwudo dqdo|}hu1 Wkh zlqj
ehdp/ fkrug/ ru wruvlrq prgh zdv h{flwhg dw wkh qdwx0
udo iuhtxhqf| xvlqj d khdy|0jdv sxovh0mhw h{flwdwlrq v|v0
whp prxqwhg rq wkh wls ri wkh zlqj1 Wkh zlqj ehqglqj
jdjh rxwsxw zdv uhfrughg rq vwuls fkduw uhfrughuv dqg
wkh WGW gdwd v|vwhp1 Wkh �{hg v|vwhp gdpslqj zdv
ghwhuplqhg iurp wkh wlph klvwru| ghfd| ri wkh ehqglqj
jdjh rxwsxw iroorzlqj wkh h{flwdwlrq1 Wkh gdpslqj zdv
frpsxwhg xvlqj wzr gl�huhqw phwkrgv= kdqg fdofxodwlrqv
zhuh shuiruphg rq wkh vwuls fkduw ghfd| wudfhv xvlqj d
orj ghfuhphqw fdofxodwlrq/ dqg dqdo|vlv zdv shuiruphg rq
wkh gljlwl}hg wlph klvwru| xvlqj dq rq0olqh Prylqj Eorfn
dqdo|vlv +uhihuhqfh 47,1

W|slfdo fruuhodwlrq sorwv ehwzhhq phdvxuhg dqg suh0
glfwhg iuhtxhqflhv dqg gdpslqj duh vkrzq lq wkh sorwv ri
�jxuh 44 iru wkh WGW hqwu| ri wkh wdloruhg zlqj1 Wkhvh
sorwv uhsuhvhqw wkh fruuhodwlrq iru wkh wdloruhg zlqj lq
wkh r�0grzqvwrs frq�jxudwlrq zlwk d urwru vshhg ri ;7(
USP1 Iljxuh 44 vkrzv wkh gdpslqj yhuvhv dluvshhg iru
wkh ehdp dqg fkrug prghv/ uhvshfwlyho|1 Wkh gdps0
lqj suhglfwlrqv iru wkh ixqgdphqwdo zlqj ehdp prghv
wudfn zhoo zlwk lqfuhdvlqj dluvshhg1 Dq lqvwdelolw| zdv
uhfrughg lq wkh ehdp prgh dw 488 Nqrwv Htxlydohqw Dlu0
vshhg +NHDV, zklfk fruuhvsrqgv wr derxw 67: NHDV
ixoo0vfdoh1 Wkh DVDS dqdo|vlv djuhhv zhoo zlwk wkh phd0
vxuhg vxefulwlfdo gdpslqj ydoxhv dqg vwdelolw| erxqgdu|1

Wr txdqwli| wkh h�hfwv ri frpsrvlwh wdlorulqj rq vwdelo0
lw|/ wkh vwdelolw| erxqgdulhv iru wkh edvholqh dqg wdloruhg
zlqj zhuh phdvxuhg dw vhyhudo dluvshhg dqg urwru vshhg
frpelqdwlrqv1 Zlwk wkh zlqg wxqqho dqg prgho vwdelol}hg
dw d fhuwdlq dluvshhg/ wkh urwru vshhg zdv judgxdoo| lq0
fuhdvhg lq 8043 USP lqfuhphqwv xqwlo d qhxwudo gdpslqj
frqglwlrq zdv uhdfkhg1 Wklv surfhgxuh zdv uhshdwhg xq0
wlo wkh vwdelolw| erxqgdulhv zhuh gh�qhg wkurxjkrxw wkh
rshudwlqj udqjh ri wkh urwru dv vkrzq lq �jxuh 451 D gl0
uhfw frpsdulvrq ehwzhhq wkh edvholqh dqg wdloruhg zlqj
vwdelolw| erxqgdulhv vkrzv dq lqfuhdvh ri dssur{lpdwho|
63 NHDV +8; NHDV ixoo0vfdoh,1 Iru d ixoo0vfdoh ghvljq/
wkh 8;0nw lqfuhdvh lq vwdelolw| erxqgdu| uhsuhvhqwv d vlj0
ql�fdqw vwdelolw| lpsuryhphqw1
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Iljxuh 44= Frpsdulvrq ri dqdo|vlv dqg whvw uhvxowv iru wkh
r�0grzqvwrs frq�jxudwlrq1

Wdloruhg Zlqj 2 Vriw0Lqsodqh Urwru Vwxg|

Dq dqdo|wlfdo lqyhvwljdwlrq ri dhurhodvwlf wdlorulqj iru
vwdelolw| dxjphqwdwlrq ri vriw0lqsodqh wlowurwruv lv ehlqj
frqgxfwhg dw Shqq Vwdwh wkurxjk d QDVD OdUF Judg0
xdwh Vwxghqw Uhvhdufkhu Surjudp +JVUS, judqw1 Vrph
suholplqdu| uhvxowv ri wklv vwxg|/ dv uhsruwhg lq uhihu0
hqfh 48/ vkrz wkdw dhurhodvwlf wdlorulqj ri wkh wlowurwru
zlqj pd| eh xvhg wr vwdelol}h dq dlu uhvrqdqfh lqvwdelolw|
dvvrfldwhg zlwk wkh Erhlqj Prgho 555 vriw0lqsodqh klq0
jhohvv wlowurwru v|vwhp1 Wklv sduwlfxodu v|vwhp zdv iuhh
iurp dq| jurxqg uhvrqdqfh lqvwdelolw|/ dv glvfxvvhg lq uhi0
huhqfh 5/ ehfdxvh wkh orz iuhtxhqf| f|folf odj prgh glg
qrw frxsoh zlwk wkh zlqj fkrug prgh xqwlo d urwru vshhg
ri 4393 USP zdv uhdfkhg/ zklfk lv zhoo deryh wkh gh0
vljq urwru vshhg iru wklv prgho1 Wkh zlqg0wxqqho prgho
frxog/ krzhyhu/ h{shulhqfh dq dlu uhvrqdqfh lq orz0vshhg
dlusodqh prgh zkhq vxemhfwhg wr d urwru vshhg vzhhs1
Wkh uhvrqdqfh zrxog rffxu gxh wr frxsolqj ri wkh zlqj
ehdp ehqglqj prgh +wkh zlqj prgh ri lqwhuhvw lq dlu0
sodqh prgh vlqfh lw frxsohv zlwk wkh urwru lqsodqh pr0
wlrq, zlwk wkh orz0iuhtxhqf| odj prgh durxqg 833 USP1
Wkh Shqq Vwdwh lqyhvwljdwlrq vkrzhg wkdw wkh dgglwlrq
ri ehdpzlvh0ehqglqj0wzlvw frxsolqj lq wkh zlqj frxog eh
hlwkhu vwdelol}lqj ru ghvwdelol}lqj wr wkh uhvrqdqfh/ gh0
shqglqj rq wkh vljq ri wkh frxsolqj xvhg/ dv vkrzq lq
�jxuh 461 Wkh srvlwlyh ehqglqj0wzlvw0frxsolqj +ehqglqj
xs slwfkhv kxe xs, lq wkh dprxqw frqvlghuhg vkrzv wkdw
wkh dlu uhvrqdqfh pd| eh frpsohwho| vwdelol}hg1 Srvlwlyh
ehdp0ehqglqj0wzlvw frxsolqj lv/ krzhyhu/ ghvwdelol}lqj wr
zkluo xwwhu1 Ixuwkhu dqdo|vhv duh wr eh shuiruphg xqghu
wklv judqw wr ghwhuplqh li d vxlwdeoh frpsurplvh pd| eh
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Iljxuh 45= Frpsdulvrq ri phdvxuhg vwdelolw| erxqgdulhv
iru wkh edvholqh dqg wdloruhg zlqjv lq wkh r�0grzqvwrs
frq�jxudwlrq1

dfklhyhg ehwzhhq wkh vwdelol}lqj dqg ghvwdelol}lqj lq x0
hqfhv dvvrfldwhg zlwk zlqj dhurhodvwlf wdlorulqj1

DHURHODVWLF WDLORULQJ RI
WLOWURWRU EODGHV

Jhqhudo Dqlvrwurslf Urwru Eodgh Prgholqj

Wkhuh lv d srwhqwldo iru lpsurylqj wkh shuirupdqfh dqg
dhurhodvwlf vwdelolw| ri wlowurwru dlufudiw wkurxjk wkh xvh ri
hodvwlfdoo|0frxsohg frpsrvlwh urwru eodghv1 Dq lpsruwdqw
dvshfw ri dfklhylqj wkhvh srwhqwldo lpsuryhphqwv lv wkh
ghyhorsphqw ri dqdo|vhv zklfk surshuo| prgho wkh frp0
soh{ h�hfwv dvvrfldwhg zlwk hodvwlf frxsolqjv1 Fxuuhqwo|/
frpsuhkhqvlyh dhurhodvwlf urwrufudiw frghv/ ehfdxvh ri
wkhlu frpsoh{lw| dqg vl}h/ duh olplwhg wr prgholqj wkh
hodvwlf urwru eodgh xvlqj d rqh0glphqvlrqdo +ehdp, wkh0
ru|1 Wkxv/ wkhuh kdv ehhq dq hpskdvlv rq ghulylqj rqh0
glphqvlrqdo jhqhudoo| dqlvrwurslf ehdp wkhrulhv zklfk
fdq fdswxuh wkh lpsruwdqw fkdudfwhulvwlfv ri dqlvrwurslf
frpsrvlwh urwru eodghv/ vwuxfwxuhv wkdw duh pruh uhdglo|
gh�qhg xvlqj wzr dqg wkuhh0glphqvlrqdo wkhrulhv1 Zlwk
lpsuryhg furvv0vhfwlrq dqdo|vhv dqg ehdp wkhrulhv wkdw
lqfoxgh h�hfwv dvvrfldwhg zlwk zduslqj/ vkhdu ghirupd0
wlrq/ odujh suhwzlvw/ dqg dqlvrwurs| +vxfk dv wkrvh suh0
vhqwhg lq uhihuhqfhv 4904;, wkhuh duh ihz urwru eodgh vwuxf0
wxuhv/ lqfoxglqj wkh  h{ehdp/ wkdw fdqqrw eh dffxudwho|
prghohg xvlqj ehdp wkhru|/ dw ohdvw lq whupv ri suhglfwlqj
wkh joredo uhvsrqvh/ g|qdplf fkdudfwhulvwlfv/ dqg dhurh0
odvwlf vwdelolw| ri urwru v|vwhpv1
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Iljxuh 46= Lq xhqfh ri zlqj ehdpzlvh0ehqglqj0 wzlvw
frxsolqj rq wlowurwru dlu uhvrqdqfh1

Lq ghyhorslqj d urwru eodgh ghvljq zlwk hodvwlf frxsolqjv
lw lv ghvludeoh wr pdlqwdlq idyrudeoh hodvwlf dqg g|qdplf
fkdudfwhulvwlfv ri wkh eodghv/ hvshfldoo| li d edvholqh v|v0
whp lv xvhg dv d whpsodwh iru wkh hodvwlfdoo| wdloruhg gh0
vljq1 Wkh vwxg| ri uhihuhqfh 4< surylghv d ydoxdeoh uh0
vrxufh iru hvwlpdwlqj wkh olplwv wr zklfk hodvwlf frxsolqjv
pd| eh lqwurgxfhg lqwr d edvholqh urwru eodgh/ frqvlghu0
lqj vlpxowdqhrxvo| wkh lpsruwdqw frqvwudlqwv rq fkdqjhv
wr eodgh vwl�qhvv fkdudfwhulvwlfv1 D furvv0vhfwlrq dqdo|0
vlv vxfk dv wkdw ghvfulehg lq uhihuhqfh 4; fdq surylgh wkh
frxsohg vwl�qhvv pdwul{ ri d jhqhudo dqlvrwurslf ehdp dv5

997
n44 n45 n46 n47
n54 n55 n56 n57
n64 n65 n66 n67
n74 n75 n76 n77

6
::8
;AA?
AA=

h
n�
n�
�

<AA@
AA> @

;AA?
AA=

S
P�

P�

P}

<AA@
AA> +5,

zkhuh ^n` lv wkh v|pphwulf frxsohg vwl�qhvv pdwul{> h/ n�/
n� / dqg � duh wkh glvsodfhphqwv lq wkh h{whqvlrqdo/ fkrug0
ehqglqj/  ds0ehqglqj/ dqg wzlvw gluhfwlrqv/ uhvshfwlyho|>
dqg S / P�/ P� / dqg P} duh wkh irufhv lq wkh vdph uh0
vshfwlyh gluhfwlrqv1 Pdq| furvv0vhfwlrq dqdo|vhv zloo sur0
ylgh wzr dgglwlrqdo ghjuhhv ri iuhhgrp uhodwlqj wkh vkhdu
vwudlqv dqg vkhdu irufhv iru wkh ehdp/ exw wkhvh pd| eh
vwdwlfdoo| frqghqvhg wr wkh 7{7 uhsuhvhqwdwlrq deryh dv
lv ghvfulehg lq uhihuhqfh 531 Iru dq lvrwurslf/ xqwzlvwhg
ehdp wkh hodvwlf wzlvw lv lqghshqghqw ri h{whqvlrq dqg
ehqglqj +n47 @ n57 @ n67 @ 3,>dqg wkh gldjrqdo whupv
uhsuhvhqw wkh h{whqvlrq vwl�qhvv +n44 @ HD,>ehqglqj vwl�0
qhvvhv zlwk vkhdu ghirupdwlrq h�hfwv douhdg| lqfoxghg
+n55 @ HLi / n66 @ HLf,>dqg wruvlrq vwl�qhvv +n77 @ JM,1
Wkh uhpdlqlqj frxsohg vwl�qhvv whupv/ n45/ n46/ dqg n56
duh xvhg wr gh�qh wkh fhqwurlg dqg sulqflsoh d{hv ri wkh
furvv vhfwlrq dw zklfk srlqw wkh| ehfrph }hur1
E| frqvlghulqj wkh dssursuldwh vxevhwv ri htxdwlrq 5/

wkh vwxg| ri uhihuhqfh 4< gh�qhv wkuhh qrqglphqvlrqdo



frxsolqj sdudphwhuv wkdw pd| eh xvhg wr gh�qh wkh pdj0
qlwxgh dqg w|sh ri frxsolqj lq d jlyhq vwuxfwxuh dv=

�5

HW @
n547

HDJM
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FW @
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67

HLfJM
+8,

zkhuh wkh vxevfulswv HW / IW / dqg FW uhihu wr h{whqvlrq0
wzlvw/  dszlvh0ehqglqj0wzlvw/ dqg fkrugzlvh0ehqglqj0
wzlvw/ uhvshfwlyho|> dqg ehfdxvh ri wkh uhtxluhphqw wkdw
vwudlq hqhuj| eh srvlwlyh wkh wkuhh frxsolqj sdudphwhuv
duh erxqghg ehwzhhq 3 dqg 41 Wkhvh sdudphwhuv duh
xvhixo ehfdxvh wkh| fdq eh xvhg wr gh�qh uhdolvwlf frx0
sohg vwl�qhvv whupv iru frpsuhkhqvlyh dhurhodvwlf dqdo0
|vhv zlwkrxw shuiruplqj d ixoo dqlvrwurslf furvv vhfwlrq
dqdo|vlv1 Zkloh wkh frxsolqj sdudphwhuv duh sk|vlfdoo|
olplwhg wr ydoxhv ohvv wkdq 4/ wkh sdudphwulf vwxglhv ri
uhihuhqfh 4< vkrz wkdw lq sudfwlfh � zloo eh ehorz 3=8/
dqg wkh lq xhqfh ri wkh frxsolqj rq h�hfwlyh eodgh ehqg0
lqj vwl�qhvvhv lv jhqhudoo| vpdoo iru ydoxhv ri � ehorz 3=51
Wkh vwxg| dovr gh�qhg d vhw ri qrqglphqvlrqdo yduldeohv
uhodwhg wr odplqdwh wklfnqhvv/ so| dqjoh/ fkrug ohqjwk/
dqg vsdu zlgwk/ dqg ghyhorshg dq dvvrfldwhg vhw ri sorwv
zklfk pd| eh xvhg wr hvwlpdwh uhdolvwlf ydoxhv ri hodvwlf
frxsolqj sdudphwhuv iru dq| urwru eodgh ri w|slfdo frq0
vwuxfwlrq edvhg rqo| rq nqrzohgjh ri wkh xqfrxsohg fodv0
vlfdo vwl�qhvvhv1 Dq h{dpsoh ri wkh xvh ri wkhvh sorwv lv
ghyhorshg odwhu lq wkh ehqglqj0wzlvw0frxsohg vwxglhv vhf0
wlrq ri wklv sdshu1

H{whqvlrq0Wzlvw0Frxsohg Eodgh Vwxglhv

Sdvvlyh Wzlvw Frqwuro Vwxglhv1 Wkhuh kdyh ehhq d
qxpehu ri lqyhvwljdwlrqv zklfk kdyh irfxvhg rq lpsury0
lqj wlowurwru shuirupdqfh e| xvlqj hodvwlf wdlorulqj wr sdv0
vlyho| fkdqjh urwru eodgh wzlvw glvwulexwlrq ehwzhhq wkh
kholfrswhu dqg dlusodqh  ljkw prghv1 Wkh frqfhsw ri
fkdqjlqj eodgh wzlvw ehwzhhq  ljkw prghv fdq eh uhdo0
l}hg zlwk wkh xvh ri frpsrvlwh urwru eodghv/ ghvljqhg wr
h{klelw h{whqvlrq0wzlvw frxsolqj +HWF, wkurxjk dq du0
udqjhphqw ri r�0d{lv so| dqjohv dqg vwdfnlqj vhtxhqfhv1
Lq iruzdug  ljkw/ wkh urwru vshhg ri d wlowurwru lv w|slfdoo|
48( ohvv wkdq lw lv lq kryhu1 Wkxv/ wkhuh lv d qhw fkdqjh lq
fhqwulixjdo irufhv zklfk fdq eh xvhg wr sdvvlyho| lpsuryh
wkh wzlvw glvwulexwlrq iru hdfk  ljkw prgh1 Wkh dhurg|0
qdplf shuirupdqfh h!flhqf| dvvrfldwhg zlwk d udqjh ri
olqhdu eodgh wzlvw glvwulexwlrqv iru d wlowurwru lq kryhu dqg
iruzdug  ljkw prghv lv looxvwudwhg lq �jxuh 471 Wklv sorw
lv ghyhorshg xvlqj prphqwxp wkhru| dqg d qrqxqlirup
lq rz prgho/ exw grhv qrw frqvlghu zdnh uhflufxodwlrq
dqg rwkhu wkuhh glphqvlrqdo dhurg|qdplf h�hfwv zklfk
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Hover Cruise

Iljxuh 47= Srzhu uhtxluhg lq kryhu dqg iruzdug  ljkw dv
d ixqfwlrq ri eodgh olqhdu wzlvw1

pd| ohvvhq wkh lq xhqfh ri wzlvw rq shuirupdqfh1 Zkloh
wkh sorw vxjjhvwv wkdw derxw d 9( lpsuryhphqw wr erwk
wkh kryhu dqg fuxlvh h!flhqflhv lv srvvleoh dv frpsduhg
wr d frpsurplvhg wzlvw iru erwk  ljkw uhjlphv/ wkh h{whqw
ri wkh lpsuryhphqw lq dhurg|qdplf shuirupdqfh ghshqgv
rq krz forvho| wkh dfwxdo wzlvw ghyhorshg lq kryhu dqg iru0
zdug  ljkw dssurdfkhv wkh rswlpxp wzlvw lq hdfk ri wkh
wzr prghv1 Wklv/ lq wxuq/ ghshqgv rq wkh pdjqlwxgh ri
wzlvw ghirupdwlrq zklfk fdq eh surgxfhg zlwklq wkh pd0
whuldo vwuhqjwk olplw ri wkh eodgh vwuxfwxuh1 Dv wkh doorz0
deoh wzlvw ghirupdwlrq lqfuhdvhv/ vr grhv wkh delolw| wr re0
wdlq ghvludeoh wzlvw glvwulexwlrqv lq erwk prghv ri  ljkw1
Dowkrxjk wkh ghvluhg wzlvw fkdqjh rffxuv ehwzhhq kryhu
dqg fuxlvh  ljkw/ lw lv wkh wzlvw fkdqjh fdxvhg e| lqfuhdv0
lqj urwdwlrq yhorflw| iurp 3 wr lwv pd{lpxp +kryhu, ydoxh
zklfk surgxfhv wkh pd{lpxp eodgh vwuhvvhv1 Iru vwuxf0
wxudo vxevwdqwldwlrq ri d ghvljq/ wkh fhqwulixjdoo| jhq0
hudwhg vwuhvvhv pxvw eh frqvlghuhg vlpxowdqhrxvo| zlwk
ehqglqj vwuhvvhv uhvxowlqj iurp dlu dqg lqhuwld ordgv1
Lq uhihuhqfh 54/ sdvvlyh wzlvw frqwuro frqfhswv duh ds0

solhg wr wkh h{whqvlrq0wzlvw0frxsohg ghvljq ri d urwru
eodgh iru wkh [Y048 wlow urwru dvvxplqj d 48( fkdqjh lq
rshudwlrq urwru vshhg ehwzhhq kryhu dqg fuxlvh1 Wklv
sduwlfxodu ghvljq zdv uhvwulfwhg wr pdwfk wkh edvholqh
[Y048 eodgh surshuwlhv +pdvv glvwulexwlrq/ ehqglqj dqg
wruvlrq vwl�qhvvhv/ dqg f1j1 orfdwlrqv,/ dqg zlwk wkhvh uh0
txluhphqwv rqo| derxw 318� ri wzlvw fkdqjh zdv ghyhorshg1
D vhfrqg vwxg| zdv shuiruphg zklfk doorzhg ghyldwlrqv
iurp wkh edvholqh [Y048 eodgh zlwk uhvshfw wr ehqglqj
dqg wruvlrq vwl�qhvvhv/ exw uhwdlqhg wkh edvholqh pdvv glv0
wulexwlrq dqg f1j1 orfdwlrqv1 Wklv ghvljq uhvxowhg lq d 5�

wzlvw fkdqjh ryhu wkh vdph 48( urwru vshhg udqjh1
H{shulphqwdo Vwxglhv ri H{whqvlrq0Wzlvw0

Frxsohg Vwuxfwxuhv1 Wkh h{shulphqwdo vwxglhv ri
uhihuhqfh 55 vkrzhg wkdw frpsrvlwh wxehv frqvwuxfwhg wr
rswlpl}h wzlvw ghirupdwlrq dv d ixqfwlrq ri d{ldo irufh
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Iljxuh 48= Irxu furvv vhfwlrq vkdshv whvwhg wr ghwhuplqh
h�hfwv ri zduslqj rq HWF1

frxog surgxfh h{wuhpho| odujh wzlvw udwhv zlwklq wkh
pdwhuldo doorzdeoh vwuhvvhv dvvrfldwhg zlwk wkh d{ldo ordgv
dorqh1 Wzlvw udwhv ri qhduo| 318 ghj2lq zhuh surgxfhg
zklfk wudqvodwhv wr wzlvw ghirupdwlrqv rq wkh rughu ri
7;� ri wzlvw ryhu wkh wdlorudeoh vsdq ri dq [Y048 urwru
eodgh1

Wkhvh h{shulphqwdo vwxglhv zhuh h{whqghg lq uhihu0
hqfh 56 wr lqfoxgh furvv vhfwlrqv ri qrqflufxodu vkdsh/ dv
vkrzq lq �jxuh 48/ vxfk wkdw wkh h�hfwv dvvrfldwhg zlwk
zduslqj dqg vkhdu ghirupdwlrq rq wkh h{whqvlrq0wzlvw eh0
kdylru frxog eh h{dplqhg1 Wklv h{shulphqw/ zlwk vhwxs
looxvwudwhg lq �jxuh 49/ ghprqvwudwhg wkdw wkh qrqflufx0
odu vkdshv zhuh ohvv h�hfwlyh dw surgxflqj wzlvw ghiru0
pdwlrq iru d jlyhq dprxqw ri d{ldo ordg/ exw vljql�fdqw
wzlvw frxog vwloo eh surgxfhg zlwklq wkh pdwhuldo vwuhqjwk
frqvlghudwlrqv1 Lq sduwlfxodu/ wkh lpsruwdqw lq xhqfh
ri zduslqj uhvwudlqw qhdu d �{hg erxqgdu| zdv vkrzq wr
kdyh dq lpsruwdqw h�hfw rq wkh suhglfwlrq ri wkh wruvlrqdo
vwl�qhvv dqg wkxv dovr wkh wzlvw ghirupdwlrq surgxfhg xq0
ghu dq d{ldo ordg1

Zlwk wkh ghprqvwudwlrq ri odujh wzlvw ghirupdwlrqv
surgxfhg e| h{whqvlrq0wzlvw0frxsohg whvw vshflphqv/ wkh
dqdo|wlfdo vwxg| ri uhihuhqfh 57 zdv shuiruphg wr ghwhu0
plqh wkh ehqh�wv ri vxfk vwuxfwxuhv wr wlowurwru eodgh gh0
vljq1 Wklv vwxg| frqvlghuhg dq h{whqvlrq0wzlvw0frxsohg
eodgh ghvljq vxemhfw wr qr uhvwulfwlrqv rq wkh vwuxfwxudo
eodgh surshuwlhv rwkhu wkdq wr phhw pdwhuldo doorzdeoh
vwuhvv uhtxluhphqwv iru w|slfdo eodgh ordglqjv1 Xqolnh
wkh vwxg| ri uhihuhqfh 54/ wkh vwxg| ri uhihuhqfh 57 dovr
frqvlghuhg wkh pdvv glvwulexwlrq dv d ghvljq yduldeoh vr
wkdw wkh fhqwulixjdo irufhv uhtxluhg wr lpsduw wkh hodv0
wlf wzlvw fkdqjhv frxog eh pd{lpl}hg1 Wkuhh h{whqvlrq0
wzlvw0frxsohg urwru eodgh ghvljqv zhuh ghyhorshg zlwk wkh
prvw fkdudfwhul}lqj ihdwxuh ri hdfk ehlqj wkh dprxqw ri
wls zhljkw xvhg1 Ghvljq04 kdg 48 oev1 ri wls zhljkw zklfk
frxog eh dffrprgdwhg e| frqyhqwlrqdo kholfrswhu urwru

Iljxuh 49= H{shulphqwdo vhwxs iru HWF wxeh whvwv1

eodghv1 Ghvljq 5 kdg 93 oev1 ri wls zhljkw zklfk lv pxfk
pruh wkdq wkdw xvhg lq frqyhqwlrqdo ghvljqv1 Ghvljq0
6 zdv qrw olplwhg lq wls zhljkw zklfk uhvxowhg lq wkh
pd{lpxp wzlvw ghirupdwlrq srvvleoh xqghu wkh ghvljq
dvvxpswlrqv ri wkh vwxg|/ exw wkh zhljkw lqfuhdvh pdgh
wkh ghvljq lpsudfwlfdo1 Doo wkuhh ghvljqv zhuh rewdlqhg
e| rswlpl}lqj iru pd{lpxp wzlvw ghirupdwlrq vxemhfw wr
pdwhuldo vwuhqjwk frqvwudlqwv1 Wkh hodvwlf wzlvw fkdqjh
dydlodeoh iru hdfk ghvljq zdv xvhg wr ghwhuplqh lwv kryhu
wzlvw glvwulexwlrq edvhg rq xvlqj wkh rswlpxp olqhdu wzlvw
glvwulexwlrq iru fuxlvh1 Wkh sorw ri �jxuh 4: vkrzv wkh
uhvxowlqj wzlvw glvwulexwlrqv dvvrfldwhg zlwk wkh qrqurwdw0
lqj/ fuxlvh/ dqg kryhu frqglwlrqv ri Ghvljq041 Wkh shu0
irupdqfh lq fuxlvh prgh zdv rswlpxp iru doo wkh fdvhv
gxh wr xvh ri wklv wzlvw glvwulexwlrq dv d vwduwlqj srlqw
iru wkh ghvljqv1 Wkh kryhu shuirupdqfh dvvrfldwhg zlwk
hdfk ghvljq lv looxvwudwhg lq �jxuh 4;1 Wklv sorw vkrzv
wkdw li wkh rswlpxp olqhdu wzlvw iru fuxlvh zdv xvhg dovr
iru kryhu wkdw derxw ;( pruh srzhu zrxog eh uhtxluhg
lq wkh kryhu frqglwlrq1 Wkh wzlvw fkdqjh dvvrfldwhg zlwk
wkh h{whqvlrq0wzlvw0frxsohg ghvljq lv suhglfwhg wr lpsuryh
wkh srzhu uhtxluhphqwv lq kryhu e| 7( wr ;(1
D kryhu vwxg| ri sdvvlyh h{whqvlrq0wzlvw0frxsohg urwru

eodghv zdv shuiruphg dv ghvfulehg lq uhihuhqfh 58 wr gh0
whuplqh li wkh wzlvw ghirupdwlrqv ri HWF eodghv frxog
eh suhglfwhg dffxudwho| lq d urwdwlqj hqylurqphqw/ dqg
wr h{dplqh wkh lq xhqfh rq wzlvw ghirupdwlrq wkdw pd|
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Iljxuh 4:= Wzlvw glvwulexwlrqv iru wkh HWF eodghv lq qrq0
urwdwlqj xqghiruphg vwdwh1

rffxu gxh wr wkh surshoohu0prphqw dqg dhurg|qdplf pr0
phqw h�hfwv1 Iru wklv whvw/ d vhw ri frpsrvlwh prgho
urwru eodghv zdv pdqxidfwxuhg iurp h{lvwlqj eodgh progv
iru d orz0wzlvw kholfrswhu urwru eodgh/ exw wkh HWF gh0
vljq lqfrusrudwhg 53� r�0d{lv so|v lq wkh Ju2H vsdu wr
rewdlq wkh ghvluhg frxsolqj/ wkh furvv vhfwlrq ri zklfk
lv looxvwudwhg lq �jxuh 4<1 Wkh �jxuh vkrzv wkdw zhljkw
wxehv zhuh suhvhqw/ doorzlqj dgglwlrqdo pdvv wr eh dgghg
wr wkh eodgh1 Gdwd zhuh rewdlqhg iru erwk d edoodvwhg
+lqfuhdvh lq h�hfwlyh wls zhljkw, dqg xqedoodvwhg eodgh
frq�jxudwlrq lq vhd ohyho dwprvskhulf frqglwlrqv ryhu d
odujh udqjh lq froohfwlyh vhwwlqjv1 Wkh lq xhqfh ri fro0
ohfwlyh rq wkh wzlvw ghirupdwlrq vkrzhg wkh lq xhqfh ri
wkh surshoohu prphqw rq wkh wzlvw1 Wkh xqltxh fdsdelo0
lwlhv ri wkh QDVD OdUF WGW zhuh xvhg wr uhshdw vrph
ri wkh whvwv lq qhdu0ydfxxp frqglwlrqv dv d phdqv ri gh0
whuplqlqj wkh h�hfw ri dhurg|qdplf frqwulexwlrqv wr wkh
wzlvw1 Pd{lpxp wzlvwv ri 5187� dqg 8157� zhuh rewdlqhg
dw ;33 USP iru wkh edoodvwhg dqg xqedoodvwhg fdvhv/ uh0
vshfwlyho|1 Wkhvh uhvxowv frpsduhg zhoo zlwk suhglfwlrqv
iurp d QDVWUDQ �qlwh hohphqw prgho dv looxvwudwhg lq
�jxuh 531 Wkh lq xhqfh ri wkh surshoohu prphqw dqg
dhurg|qdplf prphqw zhuh irxqg wr eh plqlpdo/ zlwk
fkdqjhv lq wzlvw ohvv wkdq 315� frqwulexwhg iurp wkhvh
h�hfwv1

Dhurhodvwlf Vwdelolw| ri H{whqvlrq0Wzlvw0
Frxsohg Urwru Eodghv1 Ghvslwh wkh h{whqvlyh
dqdo|wlfdo dqg h{shulphqwdo vwxglhv ri HWF vwuxfwxuhv
dv ghvfulehg lq wkh suhylrxv sdudjudskv/ wkh fdsdelolw|
wr h{dplqh wkh g|qdplf h�hfwv ri HWF urwru eodghv
zhuh olplwhg gxulqj wkh wlph ri wkhvh vwxglhv ehfdxvh
wkh frpsuhkhqvlyh dhurhodvwlf dqdo|vhv dydlodeoh glg
qrw surylgh prgholqj iru vxfk jhqhudoo| dqlvrwurslf
hodvwlfdoo|0frxsohg urwru eodghv1 Prvw ri wkhvh dqdo|vhv
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Iljxuh 4;= Srzhu uhtxluhphqwv lq kryhu dv d ixqfwlrq ri
wzlvw ghirupdwlrq surgxfhg1

Iljxuh 4<= Furvv vhfwlrq frpsrvlwlrq ri wkh HWF eodgh
kryhu whvwhg lq wkh WGW1

dovr glg qrw frqwdlq dq d{ldo ghjuhh ri iuhhgrp zlwk
zklfk wkh dqdo|wlfdo prghov frxog eh prgl�hg iru HWF
frxsolqj1

Lq wkh vwxg| ri uhihuhqfh 59/ wkh shuirupdqfh/ uhvsrqvh/
dqg vwdelolw| ri d wlowurwru zlwk hodvwlfdoo|0frxsohg frp0
srvlwh urwru eodghv zdv h{dplqhg1 Wklv vwxg| lqfoxghg
d ghyhorsphqw ri wkh dqdo|wlfdo wrrov uhtxluhg wr shu0
irup wkhvh wdvnv e| dgglqj uhtxluhg fdsdelolwlhv dvvrfl0
dwhg zlwk wlowurwru frq�jxudwlrq prgholqj dqg jhqhudo
dqlvrwurslf ehdp prgholqj wr wkh Xqlyhuvlw| ri Pdu|odqg
Dgydqfhg Urwru Frgh +XPDUF,1 Wkh prgl�hg dqdo|vlv
surylghg wkh fdsdelolw| wr h{dplqh wkh lq xhqfh ri HWF
rq eodgh ordgv dqg dhurhodvwlf vwdelolw| lq dgglwlrq wr wkh
shuirupdqfh suhglfwlrqv dv suhylrxvo| glvfxvvhg1 Xvlqj d
vlplodu surfhgxuh dv wkdw ri uhihuhqfh 57/ wkh shuirupdqfh
ri d wlowurwru lq kryhu dqg fuxlvh zdv suhglfwhg xvlqj HWF
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Iljxuh 53= Wzlvw ghirupdwlrqv phdvxuhg dqg suhglfwhg
iru wkh edoodvwhg dqg xqedoodvwhg HWF urwru eodgh vhw1

urwru eodghv zlwk ydu|lqj dprxqwv ri wls0zhljkw dgghg wr
ghyhors wzlvw glvwulexwlrqv wkdw zhuh rswlpxp iru fuxlvh
dqg qhdu0rswlpxp iru kryhu1 Wkh kryhu uhvxowv dv looxv0
wudwhg lq �jxuh 55 vkrz wkdw wkh HWF ghvljqv zhuh suh0
glfwhg wr lpsuryh wkh kryhu shuirupdqfh ryhu wkh edvholqh
wzlvw glvwulexwlrq e| dv pxfk dv :(1 Wkh shuirupdqfh
iru wkh fuxlvh prgh zdv suhglfwhg wr lpsuryh e| derxw
5( zklfk lv ydolg iru doo fdvhv1
Wkh vwxg| ri uhihuhqfh 59 dovr h{dplqhg wkh h�hfw ri

wkh HWF urwru eodghv rq dhurhodvwlf vwdelolw|1 Wkh dg0
glwlrq ri wls0zhljkwv dv uhtxluhg wr rewdlq wkh wzlvw gh0
irupdwlrqv ghvluhg wr rswlpl}h shuirupdqfh zhuh irxqg
wr kdyh d kljko| ghvwdelol}lqj lq xhqfh rq zkluo xwwhu1
Wkh grplqdqw h�hfw lv dvvrfldwhg zlwk wkh slwfk0odj frx0
solqj lq wkh urwru v|vwhp wkdw lv fuhdwhg e| wkh wls0zhljkw
lq frpelqdwlrq zlwk suhfrqh dqg d uhgxfwlrq lq wkh ur0
wru wkuxvw ehwzhhq kryhu dqg fuxlvh1 Wklv h�hfw/ dv lv
looxvwudwhg lq �jxuh 6/ uhvxowv lq d odujh qhjdwlyh vsulqj
uhodwlqj wruvlrq prphqw derxw wkh slwfk d{lv wr eodgh
odj ghirupdwlrq1 Wkh gdpslqj lq dlusodqh prgh iru d
edvholqh [Y048 vhplvsdq zlqj dqg urwru eodgh prgho lv
frpsduhg zlwk HWF eodgh yhuvlrq ri wkh prgho lq �j0
xuh 561 Wkhvh uhvxowv vkrz wkdw wkh ghvwdelol}lqj lq x0
hqfh ri HWF eodgh ghvljqv fdq eh txlwh vljql�fdqw/ zlwk
 xwwhu yhorflwlhv suhglfwhg wr gurs e| dw ohdvw 83( iru wkh
ghvljqv frqvlghuhg1

Ehqglqj0Wzlvw0Frxsohg Eodgh Vwxglhv

Zkluo xwwhu Vwdelolw| Dxjphqwdwlrq1 Wkh vwxg|
ri uhihuhqfh 59 frqvlghuhg wkh xvh ri ehqglqj0wzlvw0
frxsolqj lq urwru eodghv iru dxjphqwlqj wlowurwru zkluo xw0
whu vwdelolw|1 Wklv frxsolqj pd| eh xvhg wr frxqwhudfw
wkh lqkhuhqw qhjdwlyh slwfk0odj frxsolqj zklfk lv vljql�0
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Iljxuh 54= Xqghiruphg +qrqurwdwlqj, wzlvw glvwulexwlrqv
ri wkh HWF eodgh ghvljqv1

fdqw lq wkh dlusodqh prgh ri wlowurwruv dqg lv ghvwdelol}0
lqj wr zkluo xwwhu/ dv lv glvfxvvhg lq suhylrxv vhfwlrqv ri
wklv sdshu1 D pruh wkrurxjk h{sodqdwlrq ri wkh idfwruv
lq xhqflqj urwru slwfk0odj frxsolqj lv suhvhqwhg lq uhihu0
hqfhv 59 dqg 5:/ dqg vrph ri wklv glvfxvvlrq lv r�huhg lq
wkh iroorzlqj sdudjudsk wr khos h{sodlq krz wkh hodvwlf
frxsolqj lv ehqh�fldo1

Frqvlghu wkh urwru v|vwhp lq kryhu1 Khuh wkh urwru
glvf ordglqj lv kljk/ vr wr r�vhw odujh eodgh ehqglqj pr0
phqwv/ urwru suhfrqh lv lqwurgxfhg1 Dv vkrzq lq �jxuh 9/
wkh suhfrqh jlyhv d frpsrqhqw ri fhqwulixjdo irufh zklfk
rssrvhv wkh oliw irufh1 Zlwk lghdo suhfrqh wkhvh irufhv
edodqfh/ dqg wkhuh lv qr qhw ehqglqj prphqw lpsrvhg
rq wkh urwru eodgh +dw ohdvw iru vrph ghvluhg vsdqzlvh
orfdwlrq rq wkh eodgh,1 Qrz/frqvlghu wkh urwru v|vwhp
lq dlusodqh fuxlvh1 Wkh glvf ordglqj ghfuhdvhv e| dq ru0
ghu ri pdjqlwxgh frpsduhg wr wkh kryhu ydoxh ehfdxvh
oliw lv jhqhudwhg e| wkh zlqj dqg wkh wkuxvw qrz rqo| lv
uhtxluhg wr ryhufrph gudj1 Wkh fhqwulixjdo irufh frpsr0
qhqw shushqglfxodu wr wkh eodgh dovr ghfuhdvhv ehfdxvh ri
wkh orzhuhg urwru vshhg/ exw qrw qhduo| dv pxfk dv wkh
uhgxfwlrq lq eodgh oliw irufhv1 Wkxv/ lq fuxlvh wkhuh lv d
vljql�fdqw lpedodqfh ri fhqwulixjdo irufh whqglqj wr ehqg
wkh urwru eodgh edfn + ds grzq,1 Wklv lpedodqfh fuhdwhv
d wruvlrq prphqw derxw wkh eodgh lqerdug vhfwlrqv sur0
sruwlrqdo wr wkh odj ehqglqj gh hfwlrq dv looxvwudwhg lq
�jxuh 91 Qrz frqvlghu d vlpsol�hg vwdwlf wruvlrq edodqfh
ri wkh urwru eodgh zkhuh rqo| wkh odj gh hfwlrq/ wruvlrq
gh hfwlrq dqg  dsslqj prphqw duh lqfoxghg1 Wkh qhw  ds
prphqw gxh wr dhurg|qdplf dqg fhqwulixjdo irufhv kdv d
wruvlrqdo frpsrqhqw sursruwlrqdo wr odj zklfk pxvw eh
edodqfhg e| wkh eodgh wruvlrqdo vwl�qhvv=
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Iljxuh 55= Kryhu shuirupdqfh iru HWF eodghv dv d ixqf0
wlrq ri wls0zhljkw1

P�� . L�$
5

�� @ 3 +9,

zkhuh P� lv wkh qhw ehqglqj prphqw/ � lv wkh odj gh0
 hfwlrq/ L� lv wkh wruvlrqdo lqhuwld/ $� lv wkh wruvlrqdo iuh0
txhqf|/ dqg � lv wkh orfdo wruvlrqdo gh hfwlrq1 Li wkh eodgh
lv frqvlghuhg wr eh vhpl0uljlg vxfk wkdw wkh odj dqg wru0
vlrqdo gh hfwlrqv rffxu dw wkh urrw ri wkh eodgh/ wkhq dq
h�hfwlyh nlqhpdwlf slwfk0odj frxsolqj whup fdq eh gh�qhg
dv

NS� @ ��

�
@

P�

L�$�
5

+:,

zkhuh NS� A 3 jlyhv odj0edfn2slwfk0grzq frxsolqj1 Wkh
 ds prphqw dw wkh eodgh urrw lv jlyhq e|

P� @ �

]
O

df
u gu � �s � �wulp +;,

zkhuh O lv wkh eodgh oliw dw d jlyhq vsdqzlvh srvlwlrq/
�s lv wkh suhfrqh dqjoh/ dqg �wulp lv wkh hodvwlf frqlqj
dqjoh1 Lq kryhu/ wkh suhfrqh lv vhohfwhg wr edodqfh wkh oliw
vr P� lv vpdoo dqg NS� lv vpdoo1 Lq fuxlvh/ wkh suhfrqh
whup grplqdwhv vr wkh nlqhpdwlf slwfk0odj frxsolqj fdq
eh hvwlpdwhg e|=

NS� @
�s

L�$�
5

+<,

Wkhuhiruh/ wkh suhfrqh dqg wruvlrqdo vwl�qhvv ghwhuplqh
wkh slwfk0odj frxsolqj/ dqg wklv frxsolqj kdsshqv wr kdyh
d vljql�fdqw h�hfw rq wlowurwru vwdelolw| lq kljk0vshhg
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Iljxuh 56= Ghvwdelol}lqj lq xhqfh ri h{whqvlrq0wzlvw0
frxsolqj rq wlowurwru vwdelolw|1

 ljkw1 Wkh h�hfwlyh nlqhpdwlf frxsolqj ri dq [Y048
prgho lv hvwlpdwhg lq uhihuhqfh 5: wr eh 0316 zklfk lv
frqvlghuhg d kljk ydoxh1

Iurp wkh glvfxvvlrq ri wkh suhylrxv vhfwlrq/ lw dsshduv
wkdw li srvlwlyh slwfk0odj frxsolqj zhuh lqwurgxfhg lqwr
wkh urwru v|vwhp wr r�vhw wkh qhjdwlyh slwfk0odj frxsolqj
lqwurgxfhg e| urwru suhfrqh/ wkhq wkh vwdelolw| fkdudf0
whulvwlfv vkrxog lpsuryh1 Wkhuh duh wzr phwkrgv zklfk
pd| uhdglo| eh xvhg wr lqwurgxfh srvlwlyh slwfk0odj frx0
solqj +odj0edfn2slwfk0grzq,= nlqhpdwlf frxsolqj lq wkh
frqwuro v|vwhp dqg hodvwlf ehqglqj0wzlvw frxsolqj lq wkh
urwru eodgh1 Wkhuh duh vhyhudo uhdvrqv zk| wkh xvh ri
nlqhpdwlf frxsolqj wr ghyhors srvlwlyh slwfk0odj frxsolqj
pd| suhvhqw gl!fxowlhv/ dv duh glvfxvvhg lq uhihuhqfh 591
Wkh fxuuhqw sdshu irfxvhv rq h{sodlqlqj wkh srwhqwldo iru
xvlqj hodvwlf wdlorulqj wr surgxfh wkh ghvluhg frxsolqj hi0
ihfwv1

D edvlf frqfhsw iru d ehqglqj0wzlvw0frxsohg urwru eodgh
xvhg lq wlowurwru fuxlvh prgh lv looxvwudwhg lq �jxuh 571
Dq xqwzlvwhg eodgh lv xvhg lq wkh gldjudp wr foduli| wkh
ghirupdwlrq gluhfwlrqv1 Wkh froohfwlyh lq wlowurwru fuxlvh
prgh lv rq wkh rughu ri 73� wr 83� dw wkh :8( vsdqzlvh
vwdwlrq1 Dv wlowurwru eodghv duh dovr kljko| wzlvwhg/ wkh
lqerdug sruwlrq ri wkh eodgh lv dw slwfk dqjohv rq wkh rughu
ri 93� wr :3�/zklfk sodfhv wkh  dszlvh0ehqglqj gluhfwlrq
ri wkh orfdo eodgh furvv vhfwlrq pruh lq olqh zlwk wkh lq0
sodqh gluhfwlrq +gh�qhg e| wkh sodqh ri urwdwlrq, wkdq
wkh fkrugzlvh0ehqglqj gluhfwlrq1 Iru d vwl�0lqsodqh v|v0
whp/ zkhuh wkh yluwxdo odj klqjh lv jrlqj wr eh rxwerdug ri
wkh eodgh slwfk d{lv/ wkh urwru v|vwhp slwfk0odj frxsolqj lv
lq xhqfhg prvw h�hfwlyho| e|  dszlvh0ehqglqj0wzlvw frx0
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Iljxuh 57= D Ehqglqj0Wzlvw0Frxsohg Eodgh lq Fuxlvh
Prgh1

solqj lq wkh urwru eodgh1
Xvlqj wkh hodvwlf frxsolqj sdudphwhuv gh�qlwlrqv gh0

�qhg lq uhihuhqfh 4</ wkh dhurhodvwlf dqdo|vlv ri uhihu0
hqfh 59 zdv xvhg wr ghwhuplqh wkh dhurhodvwlf vwdelolw|
ri d vhpl0vsdq wlowurwru prgho zlwk zlqj dqg urwru v|v0
whp fkdudfwhulvwlfv vlplodu wr wkdw ri wkh [Y048/ exw zlwk
lqfuhdvlqj dprxqwv ri  dszlvh0ehqglqj0wzlvw frxsolqj lq
wkh urwru eodghv1 Wkh lq xhqfh rq zkluo xwwhu vwdelolw|
dvvrfldwhg zlwk wkh dgglwlrq ri hodvwlf frxsolqj lv looxv0
wudwhg lq �jxuh 58 iru wkuhh ydoxhv ri wkh  dszlvh0ehqglqj0
wzlvw hodvwlf frxsolqj sdudphwhu/ �IW 1 Wkh edvholqh fdvh
+�IW @ 3, lv suhglfwhg wr ehfrph xqvwdeoh dw derxw 5;3
nqrwv1 Wkh yhorflw| dw zklfk wkh v|vwhp ehfrphv xqvwd0
eoh lv vkrzq wr lqfuhdvh zlwk wkh pdjqlwxgh ri  dszlvh0
ehqglqj0wzlvw frxsolqj/ �IW > wr qhdu 733 nqrwv zlwk wkh
pd{lpxp dprxqw ri �IW frqvlghuhg1 Xvlqj wkh fkduwv
ri uhihuhqfh 4</ h{dpsoh ri zklfk duh looxvwudwhg lq �j0
xuhv 59 dqg 5:/ wkh hodvwlf frxsolqj xvhg lq wklv vwxg| pd|
eh dfklhyhg e| urwdwlqj wkh sulqflsoh d{lv ri wkh odplqdwh
e| ohvv wkdq 8�/ dqg wkh fruuhvsrqglqj uhgxfwlrq ri wkh
h�hfwlyh  dszlvh0ehqglqj vwl�qhvv lv vkrzq lq �jxuh 5: wr
eh ohvv wkdq 5(1 Vlploduo|/ wkh sorwv lq uhihuhqfh 4< pd|
eh xvhg wr ghwhuplqh wkdw wkh wruvlrqdo vwl�qhvv zrxog
lqfuhdvh e| derxw 5( dqg wkh fkrugzlvh vwl�qhvv zrxog
ghfuhdvh e| derxw 8( iru �IW @ 3=41 Wkhvh uhvxowv lqgl0
fdwh wkdw wkh xvh ri  dszlvh0ehqglqj0wzlvw0frxsohg eodghv
pd| surylgh d yhu| idyrudeoh lq xhqfh rq vwdelolw| zlwk0
rxw fuhdwlqj dgyhuvh h�hfwv rq shuirupdqfh/ eodgh ordgv/
ru urwru v|vwhp g|qdplfv1

VXPPDU\

Wkh vwxglhv uhsruwhg lq wklv sdshu irfxv rq irxu xqltxh
dhurhodvwlf wdlorulqj frqfhswv= 4, ehqglqj0wzlvw +slwfk0
ehqglqj, frxsolqj lq wkh zlqj wr dxjphqw dhurhodvwlf
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Iljxuh 58= H�hfw ri  dszlvh0ehqglqj0wzlvw frxsolqj rq
zkluo xwwhu vwdelolw|1

vwdelolw| dvvrfldwhg zlwk zkluo xwwhu lq kljk0vshhg dlu0
sodqh prgh/ 5, ehqglqj0wzlvw frxsolqj lq wkh zlqj wr dxj0
phqw dhurphfkdqlfdo vwdelolw| ri vriw0lqsodqh urwru v|v0
whpv vxemhfw wr jurxqg dqg dlu uhvrqdqfh/ 6, ehqglqj0
wzlvw frxsolqj lq wkh urwru eodghv wr uhgxfh urwru slwfk0odj
frxsolqj dqg wkhuhe| dxjphqw dhurhodvwlf vwdelolw| dvvr0
fldwhg zlwk zkluo xwwhu lq kljk0vshhg dlusodqh prgh/ dqg
7, h{whqvlrq0wzlvw frxsolqj lq wkh urwru eodghv wr rswl0
pl}h eodgh wzlvw glvwulexwlrq ehwzhhq kryhu dqg fuxlvh
dqg wkhuhe| jdlq dq dhurg|qdplf shuirupdqfh lpsuryh0
phqw1 Wkh vwxglhv dvvrfldwhg zlwk dxjphqwlqj zkluo xw0
whu vwdelolw| vkrz wkdw erwk zlqj dqg eodgh wdlorulqj duh
h�hfwlyh/ zlwk lqfuhdvhv lq vwdelolw| erxqgdulhv ri dw ohdvw
83 nqrwv suhglfwhg edvhg rq h{lvwlqj v|vwhpv1 Wkh zlqj0
wdlorulqj vwxg| iru vriw0lqsodqh urwru v|vwhpv vkrzv wkdw
ehqglqj0wzlvw frxsolqj lq wkh zlqj fdq eh xvhg wr dyrlg
jurxqg dqg dlu uhvrqdqfh/ exw wkhvh uhvxowv duh suholp0
lqdu|/ dqg ixuwkhu dqdo|vlv pxvw eh frqgxfwhg wr ghwhu0
plqh ihdvlelolw| ri wkh ehqh�fldo frxsolqjv rq wlowurwru lq
rwkhu  ljkw prghv1 Ilqdoo|/ wkh vhyhudo vwxglhv ghyrwhg
wr h{whqvlrq0wzlvw frxsolqj lqglfdwh wkdw/ zkloh wkhuh lv
d shuirupdqfh sd|r� iru rswlpl}lqj eodgh wzlvw/ wkh uh0
txluhg vwl�qhvv dqg pdvv fkdqjhv duh vkrzq wr eh h{0
wuhpho| ghvwdelol}lqj wr wlowurwruv lq zkluo xwwhu/ lqglfdw0
lqj wkdw wkh sdvvlyh wzlvw frqwuro frqfhsw pd| qrw eh
ihdvleoh iru wkh fxuuhqw wlowurwruv v|vwhpv1

Uhodwlyh Phulwv ri Eodgh dqg Zlqj Wdlorulqj

Wkh dhurhodvwlf vwxglhv suhvhqwhg lq wklv sdshu vkrz
wkdw hlwkhu zlqj ru eodgh wdlorulqj pd| eh xvhg wr vlj0
ql�fdqwo| lqfuhdvh wkh dhurhodvwlf vwdelolw| erxqgdulhv iru
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Iljxuh 59= Iodszlvh0ehqglqj0wzlvw frxsolqj sdudphwhu dv
d ixqfwlrq ri so| dqjoh1

wlowurwruv lq kljk0vshhg  ljkw1 Frqvlghulqj wkh frpsoh{0
lwlhv dqg juhdwhu ulvnv dvvrfldwhg zlwk prgli|lqj vwuxf0
wxuhv ghvljqhg iru wkh urwdwlqj hqylurqphqw/ lw lv jhq0
hudoo| dffhswhg wkdw �{hg v|vwhp prgl�fdwlrqv duh suh0
ihuuhg1 Wklv idyruv zlqj wdlorulqj ryhu eodgh wdlorulqj
dqg h{sodlqv zk| wkh lqyhvwljdwlrqv dvvrfldwhg zlwk frp0
srvlwh wdloruhg zlqjv kdyh douhdg| ehhq whvwhg lq wkh zlqg
wxqqho dqg frqvlghuhg lq ixoo0vfdoh ghvljq vwxglhv1 Rqh
gudzedfn ri zlqj wdlorulqj/ krzhyhu/ lv wkdw wkh vwdelolw|
dxjphqwdwlrq ri wkh zlqj pd| eh olplwhg e| lqvwdelolwlhv
dvvrfldwhg zlwk wkh zlqj fkrug prgh zklfk lv qrw qhfhv0
vdulo| lpsuryhg e| wkh hodvwlf frxsolqjv xvhg wr dxjphqw
dhurhodvwlf vwdelolw| ri wkh zlqj ehdp prgh1 Wr re0
wdlq wkh vwdelolw| pdujlqv qhfhvvdu| iru hyhq juhdwhu fuxlvh
vshhgv/ vxfk dv wkh dqwlflsdwhg 7330nqrw fodvv ri wlowurwruv
suhglfwhg iru ixwxuh ghvljqv/ wkh eodgh dqg zlqj wdlorulqj
frqfhswv suhvhqwhg pd| qhhg wr eh frqvlghuhg wrjhwkhu1

UHIHUHQFHV

41 Doh{dqghu/ K1U1 dqg Ohrqh/ S1I1/ �YVWRO G|0
qdplfv dqg Dhurhodvwlf Urwru0Dluiudph Whfkqrorj|/�
Yroxph L/ DIIGO0WU0:5073/ Mdqxdu| 4<:611

51 Doh{dqghu/ K1U1/ Khqjhq/ O1K1/ dqg Zhlehuj/ M1D1/
�Dhurhodvwlf0Vwdelolw| Fkdudfwhulvwlfv ri d Y2VWRO
Wlow0Urwru Dlufudiw zlwk Klqjhohvv Eodghv= Fruuhod0
wlrq ri Dqdo|vlv dqg Whvw/� 63wk Dqqxdo Iruxp ri
wkh Dphulfdq Kholfrswhu Vrflhw|/ Pd| 4<:71

61 Jd�h|/ W1 P1/ �Wkh H�hfw ri Srvlwlyh Slwfk0 ds Frx0
solqj +Qhjdwlyh �6, rq Urwru Eodgh Prwlrq Vwdelo0
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Iljxuh 5:= Iodszlvh0ehqglqj vwl�qhvv udwlr dv d ixqfwlrq
ri wkh  dszlvh0ehqglqj0wzlvw frxsolqj sdudphwhu1

lw| dqg Iodsslqj/�/ M1 Dphulfdq Kholfrswhu Vrflhw|/
Dsulo 4<9<11

71 Vhwwoh/ W1E1 dqg Nlgg/ G1O1/ �Hyroxwlrq dqg Whvw
Klvwru| ri wkh Y055 3150Vfdoh Dhurhodvwlf Prgho/�
Dphulfdq Kholfrswhu Vrflhw| Qdwlrqdo Vshfldolvwv*
Phhwlqj rq Urwrufudiw G|qdplfv/ Duolqjwrq/ W[/
Qry 4<;<1

81 Vfklolqjv/ M1 M1/ Urehuwv/ E1 M1/ Zrrg/ W1 O1 dqg Zhu0
qlfnh/ N1 J1/ �Pdqxhyhu Shuirupdqfh ri Wlowurwru
Dlufudiw/� 76ug Dqqxdo Iruxp ri wkh Dphulfdq Khol0
frswhu Vrflhw|/ Vw1 Orxlv/ PR/ Pd| 4<;:1

91 Djqlkrwul/ D1/ Vfkxhvvohu/ Z1/ dqg Pduu/ U1/ �Y0
55 Dhurg|qdplf Ordgv Dqdo|vlv dqg Ghyhorsphqw
ri Ordgv Doohyldwlrq Ioljkw Frqwuro V|vwhp/� 78wk
Dqqxdo Iruxp ri wkh Dphulfdq Kholfrswhu Vrflhw|/
Ervwrq/ Pdvvdfkxvhwwv/ Pd| 4<;<1

:1 Ql{rq/ P1 Z1/ �Sdudphwulf Vwxglhv iru Wlowurwru
Dhurhodvwlf Vwdelolw| lq Kljkvshhg Ioljkw�/ M1 Dphu0
lfdq Kholfrswhu Vrflhw|/ Rfwrehu 4<<6

;1 Mrkqvrq/ Z1/ �G|qdplfv ri Wlowlqj Sursurwru Dlu0
fudiw lq Fuxlvh Ioljkw/� QDVD WQG0:9::/ Pd| 4<:71

<1 Fruvr/ O1 P1 dqg Ql{rq/ P1 Z1/ �Ghvljq/ Dqdo|0
vlv/ dqg Whvw ri d Frpsrvlwh Wdloruhg Zlqj/� Dphu0
lfdq Kholfrswhu vrflhw| 86ug Dqqxdo iruxp/ Ylujlqld
Ehdfk/ YD/ Dsulo 4<<:1

431 Vfkloolqjv/ M1 M1 dqg Uhlqhvfk/ U1/ �Wkh H�hfw ri Dlu0
iudph Dhurg|qdplfv rq Y055 Urwru Ordgv/� Dphul0
fdq Kholfrswhu Vrflhw| Qdwlrqdo Vshfldolvwv* Phhwlqj



rq Dhurg|qdplfv dqg Dhurdfrxvwlfv/ Duolqjwrq/ W{/
Iheuxdu| 4<;:1

441 Srshond/ G1/ Olqgvd|/ G1/ Sdukdp/ W1/ Ehuu|/ Y1/
dqg Ednhu/ G1/ �Uhvxowv ri dq Dhurhodvwlf Wdlorulqj
Vwxg| iru d Frpsrvlwh Wlowurwru Zlqj/� Dphulfdq
Kholfrswhu Vrflhw| 84vw Dqqxdo iruxp/ Iruw Zruwk/
Wh{dv/ Pd| 4<<81

451 Srshond/ G1/ Vkh"hu/ P1/ dqg Elojhu/ M1/ �Fruuhod0
wlrq ri Whvw dqg Dqdo|vlv iru wkh 428wk Vfdoh Y055
Dhurhodvwlf Prgho/ M1 Dphulfdq Kholfrswhu Vrflhw|/
Yro1 65/ +5,/ Dsulo 4<;:1

461 Lgro/ U1/ dqg Sdukdp/ W1/ �Y055 Dhurhodvwlf Vwdelolw|
Dqdo|vlv dqg Fruuhodwlrq zlwk Whvw Gdwd/� Dphulfdq
Kholfrswhu Vrflhw| 84vw Dqqxdo iruxp/ Iruw Zruwk/
Wh{dv/ Pd| 4<<81

471 Kdpprqg/ F1H1 dqg Grjjhww/ U1Y1/ �Ghwhu0
plqdwlrq ri Vxefulwlfdo Gdpslqj e| Prylqj
Eorfn2Udqgrpghf Dssolfdwlrqv/� QDVD V|psr0
vlxp rq Ioxwwhu Whvwlqj Whfkqltxhv/ QDVD VS0748/
Rfwrehu 4<:8/ ss1 8<0:91

481 Krzdug/ D1 N1W1/ �Dhurhodvwlf Wdlorulqj lq Vriw0
Lqsodqh Klqjhohvv Wlowurwruv/� Suhvhqwhg dw wkh DKV
Olfkwhq Frpshwlwlrq Qruwkhdvw Uhjlrq/ Sklodgho0
skld/ SD/ Mdq 4<<<1

491 Edxfkdx/ R1D1/ �D Ehdp Wkhru| iru Dqlvrwurslf
Pdwhuldov/� M1 Dssolhg Phfkdqlfv/ Yro1 85/ Mxqh
4<;8/ ss1 74907551

4:1 Krgjhv/ G1K1/ Dwlojdq/ D1U1/ Fhvqln/ F1H1V1/ dqg
Ixowrq/ P1Y1/ �Rq d Vlpsol�hg Vwudlq Hqhuj|
Ixqfwlrq iru Jhrphwulfdoo| Qrqolqhdu Ehkdylrxu ri
Dqlvrwurslf Ehdpv/� Frpsrvlwh Hqjlqhhulqj/ Yro1
5/ Qrv 80:/ ss1 8460859/ 4<<51

4;1 Nrvpdwnd/ M1 E1/ �Rq wkh Ehkdylru ri Suhwzlvwhg
Ehdpv Zlwk Luuhjxodu Furvv0Vhfwlrqv/� M1 Dssolhg
Phfkdqlfv/ yro1 447/ Pdufk 4<<5/ ss1 47904851

4<1 Sldwdn/ G1 M1/ Ql{rq/ P1 Z1/ dqg Nrvpdwnd/ M1 E1/
�Vwl�qhvv Fkdudfwhulvwlfv ri Frpsrvlwh Urwru Eodghv
Zlwk Hodvwlf Frxsolqjv/� QDVD WS 6974/ DUO WU
45:</ Dsulo 4<<:1

531 Ql{rq/ P1 Z1/ dqg Klqqdqw/ K1H1= G|qdplf Dqdo|vlv
ri Suhwzlvwhg Hodvwlfdoo|0Frxsohg Urwru Eodghv1 Suh0
vhqwhg dw wkh 4<<5 DVPH Zlqwhu Dqqxdo Phhwlqj/
Dqdkhlp/ FD/ Qryhpehu ;046/ 4<<5 +Dovr dydlodeoh
dv QDVD WP 43<3:3 Mdq 4<<7,1

541 Edxfkdx/ R1D1/ Orhz|/ U1J1/ dqg Eu|dq/ S1V1= Dq
Dssurdfk wr Lghdo Wzlvw Glvwulexwxlrq lq Wlow Urwru
YVWRO Eodgh Ghvljqv1 DKV 6<wk Dqqxdo Iruxp/
Pd| 4<;61

551 Ql{rq/ P1Z1/ �H{whqvlrq0Wzlvw Frxsolqj ri Flufx0
odu Wxehv zlwk Dssolfdwlrq wr Wlow urwru Eodgh Gh0
vljq/� DLDD Sdshu ;:03::5/ 5;wk Vwuxfwxuhv/ Vwuxf0
wxudo G|qdplfv dqg Pdwhuldov Frqihuhqfh/ Prqwhuh|/
FD/ Dsulo 4<;:1

561 Ql{rq/ P1Z1/ �Dqdo|wlfdo dqg H{shulphqwdo Lqyhv0
wljdwlrqv ri H{whqvlrq0Wzlvw0Frxsohg Vwuxfwxuhv/�
Pdvwhu*v Wkhvlv/ Wkh Jhrujh Zdvklqjwrq Xqlyhuvlw|/
QDVD Odqjoh| Uhvhdufk Fhqwhu/ Kdpswrq/ YD/ Pd|
4<;<1

571 Ql{rq/ P1Z1/ �Lpsuryhphqwv wr Wlow Urwru Shu0
irupdqfh Wkurxjk Sdvvlyh Eodgh Wzlvw Frqwuro/�
QDVD WP 4338;6/ DYVFRP ;;0E0343/ Dsulo 4<;;1

581 Odnh/ U1F1/ Ql{rq/ P1Z1/ Zloexu/ P1O1/ Vlqjohwrq/
M1G1/ Plulfn/ S1K1/ �Ghprqvwudwlrq ri dq Hodvwlfdoo|
Frxsohg Wzlvw Frqwuro Frqfhsw iru Wlow Urwru Eodgh
Dssolfdwlrq/� DLDD Mrxuqdo/ Yro1 65/ Qr1 :/ ss1
487<04884/ Mxo| 4<<71

591 Ql{rq/ P1Z1/ �Dhurhodvwlf Uhvsrqvh dqg Vwdelolw| ri
Wlowurwruv Zlwk Hodvwlfdoo|0Frxsohg Frpsrvlwh Ur0
wru Eodghv/� Sk1G1 Glvv1/ Xqlyhuvlw| ri Pdu|odqg/
4<<61

5:1 Mrkqvrq/ Z1/�Dqdo|wlfdo Prgholqj Uhtxluhphqwv iru
Wlowlqj Sursurwru Dlufudiw G|qdplfv/� QDVD WQ
G0;346/ Mxo| 4<:81


