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Edqn Frpshwlwlrq lq Dujhqwlqd= 4<<:04<<<14
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Pdufhor Fdwhqd
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pfdwhqdCfhuhv0x|1ruj

Odxud G*Dpdwr
EFUD

ogdpdwrCefud1jry1du

Pd|/ 5334
Suholplqdu| Gudiw

4Wdpdud Exuglvvr dqg Odxud G*Dpdwr zrun dw wkh Uhvhdufk Ghsduwphqw ri

wkh cEdqfr Fhqwudo gh od Uhsýeolfd Dujhqwlqd*1 Pdufhor Fdwhqd zrunv dw FHUHV/

Xuxjxd|1 Zh duh wkdqnixo wr Jhrujh PfFdqgohvv dqg sduwlflsdqwv dw dq XghVD

vhplqdu iru khosixo frpphqwv1 Wklv sdshu h{suhvvhv wkh rslqlrqv ri wkh dxwkruv

dqg grhv qrw qhfhvvdulo| uhsuhvhqw wkrvh ri wkh EFUD ru wkh FHUHV1



Devwudfw

Ryhu wkh odvw ghfdgh wkh Dujhqwlqh edqnlqj lqgxvwu| kdv ehhq vxemhfw wr
lpsruwdqw uhjxodwru| fkdqjhv/ lqfuhdvhg lqwhuqdwlrqdol}dwlrq dqg uhvwuxfwxu0
lqj1 Wkh zd| lq zklfk wklv surfhvv kdv d�hfwhg wkh ghjuhh ri frpshwlwlrq lv
vxemhfw wr glvfxvvlrq lq Dujhqwlqd/ dqg lw kdv ehhq dujxhg/ dorqj wkh olqhv ri
wkh vwuxfwxuh0frqgxfw0shuirupdqfh sdudgljp +VFS,/ wkdw lqfuhdvhg frqfhq0
wudwlrq frxog kdyh xqghuplqhg frpshwlwlrq lq edqnlqj pdunhwv1 Exw/ zkloh
dffruglqj wr wkh iruphu dssurdfk frqfhqwudwlrq lv qhfhvvdulo| uhodwhg wr srru
frpshwlwlrq/ wkh qhz lqgxvwuldo rujdql}dwlrq +QLR, dssurdfk/ wkdw uholhv rq
�upv sur�w pd{lpl}dwlrq ehkdylru/ kdv hpskdvl}hg wkh zhdnqhvvhv ri uho|lqj
rq frqfhqwudwlrq phdvxuhv wr gudz frqfoxvlrqv derxw pdunhw vwuxfwxuh1

Wklv sdshu hydoxdwhv wkh frpshwlwlyhqhvv ri Dujhqwlqh edqnlqj pdunhwv
e| h{whqglqj wkh Frqmhfwxudo Yduldwlrqv +FY, dssurdfk wr wkh fdvh ri pxowl0
surgxfw �upv1 Zh prgho Dujhqwlqh edqnv dv pxowl0rxwsxw �upv/ rshudwlqj lq
wzr pdunhwv= uhwdlo dqg frusrudwh/ dq dghtxdwh fodvvl�fdwlrq wr ghvfuleh wkh
fkdudfwhulvwlfv ri wkh dujhqwlqh edqnlqj v|vwhp/ zkhuh vrph edqnv duh pruh
uhwdlo rulhqwhg dqg kdyh d eurdg qhwzrun ri eudqfkhv/ pdlqo| r�hulqj oltxlglw|
vhuylfhv zkloh rwkhuv kdyh yhu| ihz eudqfkhv dqg duh pruh vshfldol}hg lq
jlylqj fuhglw wr �upv1 Zh phdvxuh wkh ghjuhh ri pdunhw srzhu e| hvwlpdwlqj
d FY prgho iru d sdqho ri edqnv iurp 4<<: wr 4<<<1 Udwkhu wkdq hydoxdwlqj
d vshfl�f pdunhw vwuxfwxuh/ d vwudwhj| wkdw fdq ohdg wr xqghwhuplqhg uhvxowv
lq wkh fdvh ri pxowl0rxwsxw �upv/ zh frqvwuxfw d pdunhw srzhu lqgh{ wkdw
ydulhv lq d frqwlqxxp lqwhuydo1 Wklv phdvxuh shuplwv wr ghwhuplqh wkh h{whqw
wr zklfk sulfhv ghyldwh iurp pdujlqdo frvwv/ zklfk lv wkh uhohydqw txhvwlrq
iurp wkh zhoiduh srlqw ri ylhz1 Zh �qg wkdw iru erwk pdunhwv/ uhwdlo dqg
frusrudwh/ duh yhu| forvh wr wkh frpshwlwlyh vroxwlrq1 Ilqdoo|/ wkhvh uhvxowv
duh frqiurqwhg zlwk wkh suhglfwlrqv wkdw frxog eh gudzq iurp frqfhqwudwlrq
phdvxuhv/ dffruglqj wr wkh VFS dssurdfk1

MHO Fodvvl�fdwlrq frghv= O4/ J54/ F63
Nh| zrugv= frqmhfwxudo yduldwlrqv/ pxowl0rxwsxwv �upv/ pdunhw srzhu

lqgh{1



4 Lqwurgxfwlrq

Ryhu wkh odvw ghfdgh wkh Dujhqwlqh edqnlqj lqgxvwu| kdv ehhq vxemhfw wr
lpsruwdqw uhjxodwru| fkdqjhv/ lqfuhdvhg lqwhuqdwlrqdol}dwlrq dqg uhvwuxfwxu0
lqj1 Wkh zd| lq zklfk wklv surfhvv kdv d�hfwhg wkh ghjuhh ri frpshwlwlrq lv
vxemhfw wr glvfxvvlrq lq Dujhqwlqd/ dqg lw kdv ehhq dujxhg/ dorqj wkh olqhv ri
wkh Vwuxfwxuh�Frqgxfw�Shuirupdqfh sdudgljp +7�� ,/ wkdw lqfuhdvhg frq0
fhqwudwlrq frxog kdyh xqghuplqhg frpshwlwlrq lq edqnlqj pdunhwv1 Exw/
zkloh dffruglqj wr wkh 7�� dssurdfk frqfhqwudwlrq lv qhfhvvdulo| uhodwhg
wr srru frpshwlwlrq/ wkh Qhz Lqgxvwuldo Rujdql}dwlrq +�U�, dssurdfk wkdw
uholhv rq �upv sur�w pd{lpl}dwlrq ehkdylru/ kdv hpskdvl}hg wkh vkruwfrp0
lqjv ri uho|lqj rq frqfhqwudwlrq phdvxuhv wr gudz frqfoxvlrqv derxw pdunhw
vwuxfwxuh1

Pruh vshfl�fdoo|/ wkh �U� olwhudwxuh kdv xvxdoo| uholhg rq wkh frqfhsw
ri Frqmhfwxudo Yduldwlrqv +�T � wr prgho dqg phdvxuh pdunhw srzhu1 Wkh
edvlf lghd/ ghyhorshg e| Erzoh| +4<57,/ lv wkdw �upv dfwlqj lq roljrsrolvwlf
pdunhwv fkrrvh wkhlu rxwsxw dv wr pd{lpl}h sur�wv dffruglqj wr wkhlu h{shf0
wdwlrqv derxw rwkhu �upv* uhdfwlrq1 Dv vwuhvvhg e| Wluroh +4<<:, dqg Vkdslur
+4<;<,/ wkh �T lv dv dq dwwhpsw wr lqwurgxfh g|qdplfv lqwr d vwdwlf frq0
wh{w +Frxuqrw*v prgho, wkdw vx�huv ri wkhruhwlfdo zhdnqhvvhv/ vlqfh uhdfwlrq
wr rwkhuv vwudwhjlhv duh lqwurgxfhg lq d prgho lq zklfk �upv fdqqrw uhdfw/
ehfdxvh ri wkh wlplqj ri wkh jdph1 Krzhyhu/ Fdeuäo +4<<8, kdv vkrzq wkdw
iru d olqhdu roljrsro|/ wkh �T vroxwlrq kdv dq h{dfw fruuhvsrqghqfh zlwk d
txdqwlw| 0vhwwlqj g|qdplf jdph zlwk plqlpd{ sxqlvkphqwv1

Rq wkh rwkhu kdqg/ Wluroh +4<<:, hpskdvl}hv wkdw �T duh d xvhixo wrro
wr whvw pdunhw srzhu gxh wr wkh odfn ri dowhuqdwlyh wrrov wr hpslulfdoo| whvw
g|qdplf prghov1 Euhvqdkdq +4<;<, hpskdvl}hv wzr pdlq dgydqwdjhv ri wkh
�T 1 Wkh �uvw rqh lv wkdw hpslulfdo hvwlpdwlrqv duh edvhg rq d wkhruhwlfdo
prgho/ frqwudu| wr wkh pruh wudglwlrqdo hpslulfdo phwkrgrorj|/ edvhg rq
wkh vwuxfwxuh0frqgxfw0shuirupdqfh sdudgljp wkdw frqvlvwhg lq jhqhudo rq
wkh hvwlpdwlrq ri wkh uhgxfhg irup ri d sur�w htxdwlrq1 Wkh vhfrqg rqh
lv wkdw wkh hvwlpdwhg sdudphwhuv/ zklfk ghvfuleh wkh h{shfwhg uhdfwlrq ri
frpshwlwruv fdq ydu| lq d frqwlqxxp ehwzhhq frpshwlwlrq dqg prqrsro|/
wkxv qrw uhvwulfwlqj wkh gdwd wr �w wr d sduwlfxodu prgho1

Zlwk uhjdugv wr wkh hpslulfdo edqnlqj olwhudwxuh/ dowkrxjk vwxglhv zklfk
ghdo zlwk wkh whfkqrorjlfdo dqg h!flhqf| dvshfwv ri wkh edqnlqj lqgxvwu|
xvxdoo| lqfrusrudwh wkh pxowl�rxwsxw fkdudfwhu ri edqnv/ prvw vwxglhv rq
pdunhw vwuxfwxuh dqg frpshwlwlrq qhjohfw wklv lpsruwdqw fkdudfwhulvwlf ri

4



edqnv1 Wkh h{lvwhqfh ri pruh wkdq rqh surgxfw lq wkh surgxfwlrq ixqfwlrq ri
edqnv frpsolfdwhv wkh dqdo|vlv ri pdunhw vwuxfwxuh1 Wkh uhdvrq lv wkdw hyhq li
rqh dvvxphv lqghshqghqfh rq wkh ghpdqg vlgh +phdqlqj wkdw fxvwrphuv duh
qrw deoh wr vxevwlwxwh dprqj gl�huhqw edqn surgxfwv, wkhuh lv vwloo urrp iru
furvv�pdunhw h�hfwv/ vlqfh �upv fdq pryh uhvrxufhv iurp rqh pdunhw wr wkh
rwkhu1 Qrwdeoh h{fhswlrqv duh Jhoidqg dqg Vsloohu +4<;:, dqg pruh uhfhqwo|
Ehuj dqg Nlp +4<<;,/ zkr kdyh vwxglhg wkh Qruzhjldq edqnlqj lqgxvwu|
frqvlghulqj wkhp dv pxowl0rxwsxw roljrsrolvwlf �upv r�hulqj wzr vhuylfhv ru
surgxfwv= uhwdlo dqg frusrudwh ordqv1

Wklv sdshu hydoxdwhv wkh frpshwlwlyhqhvv ri Dujhqwlqh edqnlqj pdunhwv
e| h{whqglqj wkh �T dssurdfk wr wkh fdvh ri pxowl�surgxfw �upv1 Pruh
vshfl�fdoo|/ zh iroorz Ehuj dqg Nlp +4<<;, dqg prgho Dujhqwlqh edqnv dv
pxowl�rxwsxw �upv/ rshudwlqj lq wzr glvwlqfw pdunhwv= uhwdlo dqg frusrudwh1
Zh eholhyh wklv lv d qdwxudo fodvvl�fdwlrq ehfdxvh lw dghtxdwho| ghvfulehv wkh
fkdudfwhulvwlfv ri wkh Dujhqwlqh edqnlqj v|vwhp/ zkhuh vrph edqnv duh pruh
uhwdlo rulhqwhg dqg kdyh d eurdg qhwzrun ri eudqfkhv/ pdlqo| r�hulqj oltxlg0
lw| vhuylfhv zkloh rwkhuv kdyh yhu| ihz eudqfkhv dqg duh pruh vshfldol}hg lq
jlylqj fuhglw wr �upv1 Zh phdvxuh wkh ghjuhh ri pdunhw srzhu e| hvwlpdwlqj
d FY prgho iru d sdqho ri edqnv iurp 4<<: wr 4<<<1 Udwkhu wkdq hydox0
dwlqj d vshfl�f pdunhw vwuxfwxuh/ d vwudwhj| wkdw fdq ohdg wr xqghwhuplqhg
uhvxowv lq wkh fdvh ri pxowl0rxwsxw �upv/ zh frqvwuxfw d pdunhw srzhu lqgh{
wkdw ydulhv lq d frqwlqxxp lqwhuydo1 Wklv phdvxuh shuplwv wr ghwhuplqh wkh
h{whqw wr zklfk sulfhv ghyldwh iurp pdujlqdo frvwv/ zklfk lv wkh uhohydqw txhv0
wlrq iurp wkh zhoiduh srlqw ri ylhz1 Zh �qg wkdw erwk pdunhwv/ uhwdlo dqg
frusrudwh/ duh yhu| forvh wr wkh frpshwlwlyh vroxwlrq1 Ilqdoo|/ wkhvh uhvxowv
duh frqiurqwhg zlwk wkh suhglfwlrqv wkdw frxog eh gudzq iurp frqfhqwudwlrq
phdvxuhv/ dffruglqj wr wkh VFS dssurdfk1

5 Frqmhfwxudo Yduldwlrqv lq d pxowl�rxwsxw

vhwwlqj

Wkh lqgxvwu| lv frpsrvhg ri U �upv lqgh{hg e| �� Zh zloo dvvxph wkdw zh
fdq djjuhjdwh wkh gl�huhqw w|shv ri edqnlqj vhuylfhv r�huhg e| hdfk �up
� lqwr wzr surgxfwv= uhwdlo dqg frusrudwh ordqv/ uhihuuhg dv t �

� dqg t �
2 uh0
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vshfwlyho|41Wkh hpslulfdo gh�qlwlrq ri wkhvh pdunhwv lv suhvhqwhg lq Vhfwlrq
61

514 Ghpdqg

Iroorzlqj rxu glvfxvvlrq lq wkh lqwurgxfwlrq/ zh zloo dvvxph wkdw wkh uhwdlo
dqg frusrudwh pdunhwv duh vhsdudwh lq wkh vhqvh wkdw wkh furvv hodvwlflwlhv ri
ghpdqg duh qlo1 Rq wkh rwkhu kdqg/ zh zloo dvvxph wkdw lq hdfk pdunhw wkh
+uhsuhvhqwdwlyh, frqvxphu ylhzv �upv dv shuihfw vxevwlwxwhv1 Frqvhtxhqwo|/
zh fdq zulwh wkh lqyhuvh ghpdqg ixqfwlrq lq hdfk pdunhw dv=

�& ' � Et&� & ' �c 2 +4,

zkhuh=

t& �

U[
�'�

t �
& +5,

lv djjuhjdwh vxsso| ri edqnlqj vhuylfhv lq pdunhw &�

515 Surgxfwlrq Whfkqrorj|

Wkh whfkqrorj| ri wkh lqgxvwu| fdq eh ghvfulehg e| d frvw ixqfwlrq ri wkh
irup

�� ' �Et �c` ��

zkhuh t � ' Et �
� c t

�
2 �

�
lv wkh rxwsxw yhfwru/ ` � ' E` �

�c`
�
2c ���c`

�
��

�
lv wkh

yhfwru ri idfwru sulfhv1 Lq rughu iru wkh sureohp wr eh zhoo gh�qhg wkh frvw
ixqfwlrq � E�� pxvw eh krprjhqhrxv ri ghjuhh rqh dqg frqfdyh lq idfwru
sulfhv15

516 Sur�w pd{lpl}dwlrq

Wkh pdlq remhfwlyh ri wkh suhvhqw sdshu lv wr xqghuvwdqg wkh ghjuhh ri vwudwh0
jlf lqwhudfwlrq dprqj �upv1 Zh fdswxuh wklv lqwhudfwlrq e| lqwurgxflqj frq0
mhfwxudo yduldwlrq sdudphwhuv1 Vshfl�fdoo|/ zh zloo dvvxph wkdw doo edqnv idfh

4Zh zloo xvh vxevfulswv wr ghqrwh pdunhwv dqg vxshuvfulswv wr ghqrwh lqglylgxdov
+edqnv,1

5Iru d glvfxvvlrq ri wkh surshuwlhv ri wkh pxowl�surgxfw frvw dqg sur�w ixqfwlrqv vhh/
iru h{dpsoh/ Odx +4<:5,/ Kdoo +4<:6,/ dqg Eurzq/ Fdyh dqg Fkulvwhqvhq +4<:<,1
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wkh vdph h{shfwdwlrqv derxw wkhlu frpshwlwruv uhdfwlrq wr fkdqjhv lq wkhlu
rzq rxwsxw dqg wkdw wkhvh h{shfwdwlrqv fdq eh fdswxuhg e| wkh frqmhfwxudo
yduldwlrqv sdudphwhu w&,=

w&, �
Y *L}

S
� �'� t

�
&

Y *L} Et �
, �

;&c , 5 i�c 2j +6,

zklfk lv wkh uhodwlyh djjuhjdwh uhvsrqvh ri wkh uhvw ri wkh sduwlflsdqwv lq
pdunhw & wr d xqlw shufhqw lqfuhdvh lq wkh surgxfwlrq ri jrrg , e| surgxfhu
��

Frqvhtxhqwo|/ wkh sur�w pd{lpl}dwlrq sureohp idfhg e| �up � fdq eh
h{suhvvhg dv=

4@ 
+�
�
c+�
2

Z� ' �� � t
�
� n �2 � t

�
2 � �

�
t �c` �

�
+7,

vxemhfw wr +4, dqg +6,1
Sur�w pd{lpl}dwlrq |lhogv wkh idploldu uhodwlrqvkls ehwzhhq pdujlqdo uhy0

hqxh dqg pdujlqdo frvw=

�-�
&

�
t �c` �

�
' ���

&

�
t �c` �

�
+8,

zkhuh=

�-�
&

�
t �c` �

�
� �&

�
��

�

#&

�
t �
&

t&
n

�
��

t �
&

t&

�
w&&

��
+9,

��,

�

#,

t �
,

t �
&

E��
t �
,

t,
�w,&

���
&

�
t �c` �

�
�

Y�� Et �c` ��

Yt �
+:,

&c , 5 i�c 2j c & 9' ,c � ' �c ���U

duh pdujlqdo uhyhqxh dqg pdujlqdo frvw ri �up � lq pdunhw & uhvshfwlyho|/
dqg #& � �Y *L}�&E+&�

Y *L}t&
lv wkh hodvwlflw| ri ghpdqg lq pdunhw &1

517 Phdvxulqj pdunhw srzhu lq d pxowl0rxwsxw vhwwlqj

Lq wkh vlqjoh rxwsxw fdvh/ wkh ydoxh ri wkh frqmhfwxudo yduldwlrqv sdudphwhu/
dvvxplqj htxdo uhvsrqvhv iru doo lqglylgxdo �upv=

w '
Y *L}

S
� �'� t

�

Y *L} Et ��
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fdq eh xvhg dv d vx!flhqw vwdwlvwlf iru wkh ghjuhh ri frpshwlwlrq1 Vshfl�fdoo|/
w ' 3M

�3M
6 uhsuhvhqwv Ehuwudqg frqmhfwxuhv +l1h1 shuihfw frpshwlwlrq,/ w ' f

duh Frxuqrw frqmhfwxuhv dqg w ' � uhsuhvhqwv shuihfw frooxvlrq17

Lq wkh fdvh ri pxowl�surgxfw �upv/ wkh h{lvwhqfh ri wkh w&,*v/ +l1h1 wkh
furvv frqmhfwxudo yduldwlrq sdudphwhuv, pdnhv lw kdughu wr dvvhv wkh ghjuhh
ri frpshwlwlrq1 Vxssrvh/ iru h{dpsoh/ wkdw zh revhuyh w�� '

3M
�3M

� Grhv wklv
lpso| wkdw wkhuh h{lvwv shuihfw frpshwlwlrq lq pdunhw �B Wkh dqvzhu lv qrw
qhfhvvdulo|1 Iru h{dpsoh/ li zh vlpxowdqhrxvo| revhuyh w2� : f/ lqvshfwlrq ri
htxdwlrq +9, zrxog lqglfdwh wkdw �� : ���

� E�� iru dq| � zklfk zrxog lpso|
wkdw pdunhw � lv qrw shuihfwo| frpshwlwlyh1

Lq rughu wr prwlydwh rxu pdunhw srzhu phdvxuh/ qrwlfh wkdw lq wkh fdvh
lq zklfk d vlqjoh �up frpshwhv lq hdfk pdunhw/ pdujlqdo uhyhqxh zrxog eh

jlyhq e| �&

k
�� �

#
&

l
zklfk lpsolhv wkdw #&

�
�� �-&Eu�

�&

�
' �� Lq wkh fdvh lq

zklfk wkh uhsuhvhqwdwlyh �up wdnhv surgxfw sulfhv dv jlyhq/ zh kdyh �& '

�-& Etc` � vr wkdw #&

�
�� �-&Eu�

�&

�
' f� Wkh fdvh lq zklfk 6& ' �*M

fruuhvsrqgv wr Frxuqrw frqmhfwxuhv1 Ilqdoo|/ qrwlfh wkdw iurp d zhoiduh srlqw
ri ylhz zkdw lv lpsruwdqw lv krz pxfk gr sulfhv ghyldwh iurp pdujlqdo frvw
dqg qrw wkh zd| sulfhv duh ghwhuplqhg1

Frqvhtxhqwo|/ zh vxjjhvw xvlqj=

6& � #&

�
��

�-& E��

�&

�
+;,

dv d vx!flhqw vwdwlvwlf iru wkh ghjuhh ri pdunhw srzhu lq pdunhw &/zlwk 6&

o|lqj lq wkh Efc �� frqwlqxrxv lqwhuydo1

6 Hpslulfdo Uhvxowv

614 Vshfl�fdwlrq

Iru hvwlpdwlrq sxusrvhv zh dgrsw d wudqvorj vshfl�fdwlrq iru wkh frvw ixqf0
wlrq=

6Zkhuh K lv wkh Khu�qgdko lqgh{1 Wklv uhvxow krogv zkhq wkh l �upv duh htxdo lq
vl}h1 Lq wklv fdvh pdunhw vkduhv duh wkh vdph dprqj �upv dqg wkh Khu�qgdko lqgh{ lv wkh
lqyhuvh ri wkh qxpehu ri �upv lq wkh lqgxvwu|1Zh fkrrvh khuh wr dgrsw wklv vlpsoli|lqj
dvvxpswlrq lq rughu wr ghdo zlwk wkh lvvxh ri pxwlsoh surgxfwlrq1

7Vhh Lzdwd +4<:7, iru d ghwdlohg lqwhusuhwdwlrq ri wkh � sdudphwhu lq wkh fdvh ri vlqjoh
rxwsxw �upv1
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*L}
�
�
�
+�c ��

��
' S

�
+�c ��

�
' kf n

2[
&'�

k&+
�

&
n

�[
6'�

q
6
��

6
n

�

2

2[
&'�

2[
,'�

B&,+
�

,
+�
&

n
�

2

�[
6'�

�[
?'�

�6?�
�

6
��

?
n

2[
&'�

�[
6'�

4&6+
�

&
��

6
� +<,

zkhuh zh orzhu fdvh yduldeohv ghqrwh qdwxudo orjv ri wkh fruuhvsrqglqj xsshu�
fdvh yduldeohv +h1j1 +�

&
' *L}Et �

&
�,1 Qrwh wkdw wkh h{lvwhqfh ri furvv rughu

whupv lq rxwsxwv +l1h1 wkh B*v, doorzv iru mrlqwqhvv lq surgxfwlrq1
Lq dgglwlrq/ zh lpsrvh krprjhqhlw| ri ghjuhh rqh lq idfwru sulfhv dv zhoo

dv v|pphwu| rq wkh frvw ixqfwlrq/

�[
6'�

q
6

' �c

�[
?'�

�6? ' fc 6 ' �c 2c ����c

�[
6'�

4
&6

' fc & ' �c 2

B&, ' B,& c ; &c ,c

�6? ' �?6c ;6c?�

Jlyhq wkh qdwxuh ri wkh pd{lpl}dwlrq sureohp idfhg e| edqnv lw lv frqyh0
qlhqw wr hvwlpdwh wklv prgho xvlqj d v|vwhp ri vlpxowdqhrxv htxdwlrqv1 Wkh
v|vwhp lqfoxghv=

Edqnv*v �uvw rughu frqglwlrq iru sur�w pd{lpl}dwlrq lq hdfk pdunhw +8,
zklfk/ xvlqj htxdwlrq +<,/ fdq eh uh�h{suhvvhg dv=
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Wkh frvw ixqfwlrq +<,/ dqg/
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��� vkduh htxdwlrqv/ zklfk duh wkh ghulydwlyhv ri wkh frvw ixqfwlrq zlwk
uhvshfw wr lqsxw sulfhv/

76 ' q6n

�[
?'�

�6?�
�

?
n

2[
&'�

4&6+
�

&
6 ' �c ���c� � � c � ' �c ��c U� +44,

Zh hvwlpdwh � � � vkduh htxdwlrqv wr dyrlg olqhdu ghshqghqf|1 Pruh
vshfl�fdoo|/ vlqfh zh frqvlghu wkuhh lqsxwv= oderu/ fdslwdo dqg ghsrvlwv/ zh
gurs wkh vkduh htxdwlrq iru fdslwdo1

Wr vxp xs/ wkh v|vwhp frqvlvwv ri �yh htxdwlrqv= wzr �uvw rughu frqgl0
wlrqv/ wkh frvw ixqfwlrq dqg wzr vkduh htxdwlrqv1

Lq wklv fdvh/ wkh vlpxowdqhrxv hvwlpdwlrq ri wkh sur�w pd{lpl}lqj �uvw
rughu frqglwlrq iru edqnv wrjhwkhu zlwk wkh frvw ixqfwlrq lv dq lqwhuhvwlqj
h{huflvh/ vlqfh lw surylghv lqirupdwlrq derxw erwk/ wkh surgxfwlrq dqg wkh
uhyhqxh vlgh ri wkh �up1

615 Wkh Gdwd

Wkh v|vwhp ghvfulehg deryh zdv hvwlpdwhg iru d sdqho ri dqqxdo gdwd wkdw
fryhuv wkh shulrg 4<<:04<<<1 Lw zdv d shulrg ri uhvwuxfwxulqj iru wkh Du0
jhqwlqh edqnlqj vhfwru1 Diwhu wkh edqnlqj fulvlv wkdw iroorzhg wkh Ph{lfdq
ghydoxdwlrq ri Ghfhpehu 4<<7/ pdq| ri wkh �qdqfldo lqvwlwxwlrqv wkdw zhuh
lq wurxeoh gxulqj wklv hslvrgh phujhg ru zhuh dftxluhg e| rwkhu �qdqfldo
lqvwlwxwlrqv1 Odwhu rq/ d frqvlghudeoh qxpehu ri iruhljq edqnv hqwhuhg wkh
v|vwhp1 Wkh qxpehu ri �qdqfldo lqvwlwxwlrqv ghfuhdvhg gxulqj wkhvh |hduv/
iurp 47: lq 4<<9 wr 44: lq 4<<</ zkloh wkhlu dyhudjh vl}h +phdvxuhg e| dvvhwv,
lqfuhdvhg vljql�fdqwo|/ iurp ':6: ploolrq lq 4<<9 wr '463; ploolrq lq 4<<<1

Wkh gdwd vhw frqvlvwv rq d vdpsoh :3 �qdqfldo lqvwlwxwlrqv1 Lw zdv uh0
vwulfwhg wr wkrvh edqnv wkdw rshudwh lq erwk pdunhwv/ frusrudwh dqg uhwdlo1
Iru uhdvrqv ri frpsdudelolw| zh frqvlghuhg wkh vdph edqnv iru wkh wkuhh |hduv
ri dqdo|vlv1 Uhwdlo ordqv lqfoxgh �qdqflqj wr krxvhkrogv dqg vpdoo hqwhu0
sulvhv= pruwjdjhv/ shuvrqdo ordqv dqg sohgjhv1 Frusrudwh frqvlvwv edvlfdoo|
rq �qdqflqj wr odujh hqwhusulvhv= ryhugudiwv/ lqwhuedqn ordqv dqg surplvvru|
qrwhv1 Rxwsxw sulfhv/ l1h1lqwhuhvw udwhv rq uhwdlo dqg frusrudwh ordqv/ zhuh
fdofxodwhg dv d zhljkwhg dyhudjh ri lqglylgxdo edqnv lqwhuhvw udwhv1

Zlwk uhjdugv wr lqsxwv/ zh dvvxphg wkdw edqnv xvh wkuhh lqsxwv wr sur0
gxfh wkh wzr rxwsxwv= oderu/ fdslwdo dqg ghsrvlwv1 Oderu sulfhv zhuh fdofx0
odwhg dv wkh udwlr ri oderu h{shqvhv wr wrwdo hpsor|hhv1 Wkh sulfh ri fdslwdo

:



lv wkh udwlr ri fdslwdo h{shqvhv wr qhw zruwk dqg wkh sulfh ri ixqgv lv wkh
lpsolflw lqwhuhvw udwh rq ghsrvlwv fdofxodwhg dv wkh udwlr ri lqwhuhvw sd|phqwv
rq uhpxqhudwhg ghsrvlwv1

616 Hvwlpdwlrq Phwkrgrorj|

Wkh v|vwhp ri htxdwlrqv ghyhorshg lq Vhfwlrq 614 lv d v|vwhp ri Vhhplqjo|
Xquhodwhg Uhjuhvvlrq Htxdwlrqv +7L-.,1 Lw zdv hvwlpdwhg xvlqj wkh Ixoo Lq0
irupdwlrq Pd{lpxp Olnholkrrg Phwkrg +8U�u,1 Wklv hvwlpdwlrq phwkrg0
rorj| vhhpv wr eh dghtxdwh iru wkh sureohp zh duh vroylqj khuh iru wzr
pdlq uhdvrqv1 Iluvw/ wkh huuru whupv ri wkh htxdwlrq frpsrvlqj wkh v|vwhp
ghvfulehg deryh fdqqrw eh dvvxphg wr eh qrq0fruuhodwhg1 Zkloh olplwhg lq0
irupdwlrq phwkrgv/ frqvlvwlqj lq wkh hvwlpdwlrq ri rqh htxdwlrq e| wlph/
qhjohfw wklv sureohp/ ixoo lqirupdwlrq phwkrgv/ wkdw frqvlvw rq wkh vlpxowd0
qhrxv hvwlpdwlrq ri doo wkh htxdwlrqv lq wkh vwuxfwxudo prgho/ doorz iru wkh
huuru whupv ri wkh gl�huhqw htxdwlrqv lq wkh v|vwhp wr eh fruuhodwhg/ |lhog0
lqj pruh h!flhqw hvwlpdwruv1 Vhfrqg/ zlwklq wkh ixoo lqirupdwlrq phwkrgv/
pd{lpxp olnholkrrg phwkrgv duh lqyduldqw wr gl�huhqw uhsdudphwul}dwlrqv1
Wkh v|vwhp zh duh hvwlpdwlqj khuh lv vxemhfw wr wklv sureohp/ vlqfh gl�huhqw
sdudphwul}dwlrqv ri wkh prgho fdq eh rewdlqhg ghshqglqj rq wkh hohfwlrq ri
d sduwlfxodu vkduh htxdwlrq wr gurs ru dq lqsxw sulfh wr eh xvhg dv qxphudluh1

Jlyhq wkdw rxu v|vwhp lv qrqolqhdu/ wkh prvw h�hfwlyh zd| wr vroyh wkh
pd{lpl}dwlrq sureohp lv wr xvh dq lwhudwlyh dojrulwkp1 Wkh prvw frpprqo|
xvhg dojrulwkpv duh judglhqw phwkrgv1 Zh xvhg khuh wkh Ehuqgw/ Kdoo/ Kdoo
dqg Kdxvpdq +�MMM, dqg wkh Qhzwrq dojrulwkpv1 Dowkrxjk erwk phwk0
rgv zrunhg/ wkh Qhzwrq dojrulwkp frqyhujhg pruh udslgo|18

617 Uhvxowv

Ehiruh zh glvfxvv wkh uhvxowv ri rxu pdlq hvwlpdwlrq h{huflvh lw vkrxog eh
qrwhg wkdw wkh pdunhw ghpdqg hodvwlflwlhv iru wkh wzr surgxfwv/ uhwdlo dqg
frusrudwh +8,/ fdqqrw eh hvwlpdwhg mrlqwo| zlwk wkh frqmhfwxudo yduldwlrq sd0
udphwhuv1 Zh rewdlqhg wkh hodvwlflwlhv e| hvwlpdwlqj d vxsso| dqg ghpdqg
vlpxowdqhrxv v|vwhp xvlqj wlph vhulhv ri djjuhjdwh prqwko| gdwd rq lqwhuhvw

8Wkh xvh ri qxphulfdo phwkrgv iru pd{lpl}lqj d v|vwhp ri htxdwlrqv lv vxemhfw wr pdq|
sudfwlfdo sureohpv vxfk dv pxowlsoh orfdo pd{lpd/ odujh glphqvlrq dqg rwkhuv1 Wkhvh nlqg
ri sureohpv fdq d�hfw wkh uholdelolw| ri uhvxowv1

;



Wdeoh 4

Pd{lpxp Olnholkrrg Sdudphwhu Hvwlpdwhv

Sdudphwhu 4<<: 4<<; 4<<<

Frqvwdqw :1868WWW :145<WWW :196:WWW

k� +uhwdlo rxwsxw, 0313;:W 0313;4W 03149;WWW

k2 +frusrudwh rxwsxw, 031555WWW 0313:6W 0314<3WWW

q� +Lpsolflw frvw ri ixqgv, 3187;WWW 3199;WWW 3173:WWW

q2 +zdjhv, 31659WWW 315;9WW 317:6WWW

w�� 3139< 031434 031344

w�2 31338 31335 031363WWW

w2� 031394 0313;7WWW 03144;WWW

w22 031479 3155: 31686WW

Iru wkh vdnh ri euhylw| zh rplw vhfrqg rughu whupv1 9

w&, lv wkh shufhqwdjh uhvsrqvh lq pdunhw & wr d rqh shufhqw lqfuhdvh

lq surgxfwlrq lq pdunhw ,�
Wkh vxshuvfulswv WcWW dqg WWW ghqrwh uhmhfwlrq ri vljql�fdqfh dw

43/ 8 ru 4( uhvshfwlyho|1

udwhv fkdujhg rq uhwdlo dqg frusrudwh ordqv dv zhoo dv txdqwlwlhv iru wkh sh0
ulrg 4<<904<<<1 Wkh hvwlpdwhg ghpdqg hodvwlflw| duh 417<36 zlwk d S�ydoxh
ri 31333 iru wkh uhwdlo pdunhw dqg 41;735 +S�ydoxh ri 31387:, iru wkh frusr0
udwh pdunhw1 Ghwdlov derxw wkh hvwlpdwlrq ri wkhvh sdudphwhuv duh jlyhq lq
Dsshqgl{ D141

Wkh uhvxowv ri wkh hvwlpdwlrq ri wkh v|vwhp ghvfulehg lq Vhfwlrq 614 duh
suhvhqwhg lq Wdeoh �1

61714 Vfdoh Hfrqrplhv dqg Mrlqwqhvv lq Surgxfwlrq

Wkh frvw ixqfwlrq surylghv lqirupdwlrq edqnv* whfkqrorj|1 Lq sduwlfxodu/ vfdoh
hfrqrplhv fdq eh hydoxdwhg iurp wkh hvwlpdwhg sdudphwhuv1: Wkh hpslulfdo
uhvxowv suhvhqwhg lq Wdeoh 2 lqglfdwh wkdw wkhuh duh hfrqrplhv ri vfdoh lq wkh
lqgxvwu|/ d uhvxow frqvlvwhqw zlwk suhylrxv hvwlpdwlrq +vhh/ iru h{dpsoh Vwuhe
dqg G*dpdwr +4<<8,/ Glfn +4<<9,/ Exuglvvr +4<<:, dqg Exuglvvr/ G*Dpdwr

:Lq wkh fdvh ri pxowlsurgxfw �upv/ vfdoh hfrqrplhv phdvxuh wkh shufhqwdjh lqfuhdvh lq
wrwdo frvw gxh wr d vlpxowdqhrxv dqg htxdo suhfhqwdjh lqfuhdvh lq hdfk rxwsxw1 Iru pruh
ghwdlov vhh Fodun +4<;;,1

<



Wdeoh 5

Surshuwlhv ri wkh Frvw Ixqfwlrq

Sdudphwhu \hdu Hvwlpdwh Mf S0ydoxh

Vfdoh Hodvwlflw| 4<<: 31:35 4 31333

4<<; 319<9 4 31333

4<<< 3:34 4 31333

Mrlqwqhvv lq Surgxfwlrq 4<<: 31454 3 31333

4<<; 313<; 3 31333

4<<< 31454 3 31333

Vwdqgdug Huuruv lq sduhqwkhvlv zhuh fdofxodwhg xvlqj ghowd phwkrg1

dqg Prolqdul +4<<;,,/ xvlqj gl�huhqw rxwsxw gh�qlwlrqv dqg hvwlpdwlrq phwk0
rgv1 Dv fdq eh vhhq iurp Wdeoh 2/ uhwxuqv wr vfdoh duh yhu| vwdeoh dorqj wkh
wkuhh |hduv1

Wkh suhvhqfh ri mrlqw surgxfwlrq ehwzhhq wkh wzr rxwsxwv/ frxog d�hfw
edqnv* vwudwhjlf ehkdylru/ vlqfh lq wklv fdvh frvwv zloo eh lqwhuuhodwhg dfurvv
pdunhwv1; Wkxv/ vkrfnv lq rqh ri wkh pdunhwv/ fkdqjlqj sur�w pd{lpl}lqj
txdqwlwlhv/ frxog lqgxfh uhdoorfdwlrq ri uhvrxufhv iurp rqh pdunhw wr wkh rwkhu
dv vkrzq lq +8,/ dowkrxjk mrlqwqhvv lq surgxfwlrq lv qrw wkh rqo| srvvleoh
vrxufh ri lqwhudfwlrq ehwzhhq pdunhwv1 Exorz/ Jhdqdnrsorv dqg Nohpshuhu
+4<;8, vkrz wkdw lqwhudfwlrqv ehwzhhq pdunhwv fdq dovr dsshdu li frpshwlwruv
uhjdug surgxfwv dv vwudwhjlf frpsohphqwv ru vxevwlwxwhv1

Mrlqwqhvv lq surgxfwlrq fdq eh hydoxdwhg iurp wkh frvw ixqfwlrq sdudph0
whuv1 D whvw ri mrlqwqhvv lq surgxfwlrq lv d whvw ri

a� '
Y2��

Yt&t,
'

��

t&t,
Ek&k, n B&,� 	 f�

Vlqfh ��c t& dqg t, duh srvlwlyh/ wkh whvw frqvlvwv rq hydoxdwlqj <

k&k, n B&, � f�

;Mrlqwqhvv lq surgxfwlrq h{lvwv ehwzhhq wzr rxwsxwv zkhq wkh pdujlqdo frvw ri surgxf0
lqj rqh ri wkhp lv ghfuhdvlqj lq wkh rwkhu rxwsxw1

<Vlqfh wklv uhvwulfwlrq lv qrq�olqhdu lq wkh sdudphwhuv/ zh xvhg wkh Ghowd Phwkrg zklfk
doorzv vxfk qrq�olqdulwlhv1 Iru pruh ghwdlov derxw wkh Ghowd Phwkrg/ vhh Juhhqh +4<<6,1
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Wkh uhvxowv/ suhvhqwhg lq Wdeoh 5 lqglfdwh qr hylghqfh ri mrlqwqhvv lq
surgxfwlrq1 Wkh ydoxh ri wkh sdudphwhu iru 4<<< lv 31454 dqg zh fdqqrw
uhmhfw wkh k|srwkhvlv wkdw wkh sdudphwhu lv srvlwlyh1

61715 Pdunhw Srzhu

Zh xvhg wzr vwudwhjlhv wr hydoxdwh pdunhw srzhu1 Wkh �uvw zdv wkh frq0
yhqwlrqdo rqh ri whvwlqj uhvwulfwlrq rq wkh w&, sdudphwhuv1 Wkh qxoo lv w&& '
w&, ' f iru wkh Frxuqrw vroxwlrq/ w&& ' � M

�3M
dqg w&, ' f iru wkh frpshw0

lwlyh vroxwlrq/ dqg w&& ' � dqg w&, ' f iru wkh prqrsro| vroxwlrq1 Lq wklv
fdvh zh frqgxfwhg Zdog whvwv/ zklfk duh suhvhqwhg lq Wdeohv �� dqg ��1

Wkh uhvxowv duh pl{hg iru wkh uhwdlo pdunhw1 Zh �qg wkdw h{fhsw iru 4<<:/
zkhuh shuihfw frpshwlwlrq dqg wkh Frxuqrw vroxwlrq fdqqrw eh uhmhfwhg/ zh
duh qrw deoh wr duulyh wr dq| frqfoxvlrq derxw pdunhw vwuxfwxuh/ vlqfh iru
4<<; dqg 4<<< wkh wkuhh k|srwkhvhv duh uhmhfwhg1 Lq wkh fdvh ri wkh frusrudwh
pdunhw/ shuihfw frpshwlwlrq dqg wkh Frxuqrw vroxwlrq fdqqrw eh uhmhfwhg iru
4<<: dqg 4<<;/ zkloh iru 4<<< zh duh qrw deoh wr duulyh wr dq| frqfoxvlrq
derxw pdunhw vwuxfwxuh/ vlqfh wkh wkuhh k|srwkhvhv duh uhmhfwhg1

Zh eholhyh wkdw wklv zd| ri hydoxdwlqj pdunhw vwuxfwxuh lv qrw vdwlvidfwru|
iru wkh iroorzlqj uhdvrqv1 Wkh hpslulfdo �T dssurdfk olwhudwxuh h{solflwo|
whvwv iru pdunhw srzhu udwkhu wkdq pdunhw vwuxfwxuh1 Lq wkh fdvh ri lqghshq0
ghqw pdunhwv/ whvwlqj iru pdunhw srzhu dqg iru pdunhw vwuxfwxuh duh htxlyd0
ohqw vlqfh wkhuh lv d rqh wr rqh fruuhvsrqghqfh ehwzhhq wkhvh wzr frqfhswv1
Lq wkh fdvh ri pxowlsoh pdunhwv krzhyhu/ dv h{sodlqhg lq Vhfwlrq 517 wkhuh
duh pdq| frpelqdwlrqv ri w*v zklfk duh frqvlvwhqw zlwk/ vd|/ shuihfw frp0
shwlwlrq +l1h1 pdujlqdo frvw sulflqj, lq dgglwlrq wr Ew&&c w&,� '

�
� M

�3M
c f
�
�

Vlqfh lw zrxog eh lpsrvvleoh wr whvw iru doo vxfk pdunhw vwuxfwxuhv/ wkh vhfrqg
vwudwhj| lv wr hpsor| wkh pdunhw srzhu lqgh{ ghyhorshg lq vhfwlrq 5171 Lq
dgglwlrq wklv odwwhu vwudwhj| lv frqvlvwhqw zlwk wkh hpslulfdo �T dssurdfk
wkdw doorzv pdunhw srzhu wr olh lq d frqwlqxrxv lqwhuydo 1

Wkh uhvxowv iurp wklv vwudwhj| duh vkrzq lq Wdeohv e� dqg e�1 Wkh
pdunhw srzhu lqglfhv +e6o lq wkh fdvh ri wkh uhwdlo pdunhw dqg e6S lq wkh fdvh
ri wkh frusrudwh pdunhw, duh fdofxodwhg iroorzlqj +;,/ zkhuh wkh pdujlqdo
uhyhqxh iru hdfk pdunhw lv d zhljkwhg dyhudjh ri lqglylgxdo edqnv pdujlqdo
uhyhqxhv1

Zlwk uhjdugv wr wkh uhwdlo pdunhw/ shuihfw frooxvlrq fdq eh uhmhfwhg iru
wkh wkuhh |hduv1 Jlyhq wkh odujh qxpehu ri edqnv lq wkh lqgxvwu| wklv lv d
txlwh vwurqj uhvxow lq idyru ri frpshwlwlrq/ vlqfh wkh Frxuqrw vroxwlrq lv yhu|
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Whvwlqj iru Dowhuqdwlyh Pdunhw Vwuxfwxuh

Wdeoh 6D

Uhwdlo Pdunhw
Pdunhw Vwuxfwxuh \hdu K|srwkhvlv �2 � � �@,�e

Shuihfw Frpshwlwlrq 4<<: w��@
3M

�3M
dqg w2�@3 513:3 31688

Frxuqrw w��@3 dqg w2�@3 41:78 3174;

Shuihfw Frooxvlrq w��@4 dqg w2�@3 5471;:: 31333

Shuihfw Frpshwlwlrq 4<<; w��@
3M

�3M
dqg w2�@3 4719<9 31334

Frxuqrw w��@3 dqg w2�@3 471<7; 31334

Shuihfw Frooxvlrq w��@4 dqg w2�@3 4441979 31333

Shuihfw Frpshwlwlrq 4<<< w��@
3M

�3M
dqg w2�@3 561;39 31333

Frxuqrw w��@3 dqg w2�@3 561:4: 31333

Shuihfw Frooxvlrq w��@4 dqg w2�@3 851765 31333

Wdeoh 6E

Frusrudwh Pdunhw
Pdunhw Vwuxfwxuh K|srwkhvlv �2 � � �@,�e

Shuihfw Frpshwlwlrq 4<<: w22@
3M

�3M
dqg w�2@3 3169< 31;65

Frxuqrw w22@3 dqg w�2@3 31786 31:<:

Shuihfw Frooxvlrq w22@4 dqg w�2@3 6<1;<; 31333

Shuihfw Frpshwlwlrq 4<<; w22@
3M

�3M
dqg w�2@3 5198< 3155;

Frxuqrw w22@3 dqg w�2@3 51:6: 31588

Shuihfw Frooxvlrq w22@4 dqg w�2@3 491845 31333

Shuihfw Frpshwlwlrq 4<<< w22@
3M

�3M
dqg w�2@3 6517<6 31333

Frxuqrw w22@3 dqg w�2@3 6516;7 31333

Shuihfw Frooxvlrq w22@4 dqg w�2@3 931;:8 31333

Wkh vwdqgdug huuruv qhfhvvdu| iru fdofxodwlrq ri �2vwdwlvwlf

zhuh fdofxodwhg xvlqj wkh Ghowd Phwkrg1
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Wdeoh 7D

Pdunhw Srzhu Lqglfhv

Uhwdlo Pdunhw
Qxoo K|srwkhvlv +s0ydoxhv,

Vwuxfwxuh e6o 6f }�udwlr e6o � 6f e6o � 6f e6o 9' 6f

4<<:

Shuihfw Frpshwlwlrq f�f�2 3 f�e.b f���S f�SHe f�S�2
Frxuqrw KKL@313: �f�DH� f�.2f f�2Hf f�DSf
Shuihfw Frooxvlrq 4 ��e�SeS ��fff f�fff f�fff

4<<;

Shuihfw Frpshwlwlrq �f��D� 3 ����2H f�bfH f�fb2 f��He
Frxuqrw KKL@313: ���b2b f�b.� f�f2. f�fDe
Shuihfw Frooxvlrq 4 ��f��ee ��fff f�fff f�fff

4<<<

Shuihfw Frpshwlwlrq �f�f.� 3 �f�e22 f�SSe f���S f�S.�
Frxuqrw KKL@313: �f�H2H f�.bS f�2fe f�efH
Shuihfw Frooxvlrq 4 �S��H2 ��fff f�fff f�fff

Wkh vwdqgdug huuruv qhfhvvdu| iru fdofxodwlrq ri wkh }0vwdwlvwlf zhuh fdofxodwhg xvlqj

wkh Ghowd Phwkrg1
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Wdeoh 7E

Pdunhw Srzhu Lqglfhv

Frusrudwh Pdunhw
Qxoo K|srwkhvlv +s0ydoxhv,

Vwuxfwxuh e6S 6f }�udwlr e6S � 6f e6S � 6f e6S 9' 6f

4<<:

Shuihfw Frpshwlwlrq �f���b 3 �f�S.2 f�.eb f�2D� f�Df2
Frxuqrw KKL@313: �f�bbf f�H�b f��S� f��22
Shuihfw Frooxvlrq 4 �D�D2� ��fff f�fff f�fff

4<<;

Shuihfw Frpshwlwlrq f�2�� 3 ��2�S f���2 f�HHH f�22e
Frxuqrw KKL@313: f�bfe f��H� f�H�. f��SS
Shuihfw Frooxvlrq 4 �e�fDH ��fff f�fff f�fff

4<<<

Shuihfw Frpshwlwlrq f��fe 3 ��.S. f�f�b f�bS� f�f..
Frxuqrw KKL@313: ��ef2 f�fH� f�b�b f��S�
Shuihfw Frooxvlrq 4 �e�fDS ��fff f�fff f�fff

Wkh vwdqgdug huuruv qhfhvvdu| iru fdofxodwlrq ri wkh }0vwdwlvwlf zhuh fdofxodwhg xvlqj

wkh Ghowd Phwkrg1
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Wdeoh 8

Pdunhw Frqfhqwudwlrq Udwlrv

Pdunhw \hdu Khu�qgdko Lqgh{

Uhwdlo 4<<: :35

4<<; 9;5

4<<< :37

Frusrudwh 4<<: 989

4<<; 8<5

4<<< 95;

forvh wr frpshwlwlrq1 Dv fdq eh vhhq lq Wdeoh e�/ zh duh qrw deoh wr uhmhfw
shuihfw frpshwlwlrq iru qrqh ri wkh wkuhh |hduv1

Wkh uhvxowv iru wkh frusrudwh pdunhw duh txlwh vlplodu/ dv fdq eh vhhq iurp
Wdeoh e�1 Shuihfw frooxvlrq fdq eh uhmhfwhg iru doo |hduv/ dowkrxjk wkh pdunhw
srzhu lqgh{ lv d elw forvhu wr wkh Frxuqrw vroxwlrq1 Wkxv/ vxpplqj xs/
erwk pdunhwv/ uhwdlo dqg frusrudwh vhhp wr eh yhu| forvh wr wkh frpshwlwlyh
vroxwlrq1

Wkh uhvxowv dovr jlyh hylghqfh wkdw rxu pdunhw srzhu phdvxuh lv d srz0
huixo rqh/ vlqfh lw doorzhg xv wr ghwhuplqh wkh ghjuhh ri pdunhw srzhu ri
erwk pdunhwv/ frqwudu| wr wkh frqyhqwlrqdo vwudwhj| ri whvwlqj vshfl�f pdu0
nhw vwuxfwxuh/ zklfk fdq |lhog dq xqghwhuplqdwhg uhvxow/ dv kdv ehhq vkrzq
khuh1

Zh fdq dovr frpsduh wkh rewdlqhg uhvxowv zlwk wkrvh ri wkh VFS dssurdfk1
Wdeoh 8 vkrzv wkh Khu�qgdko lqgh{ iru wkh uhwdlo dqg frusrudwh pdunhwv1 Iru
erwk pdunhwv wkh lqglfhv duh yhu| orz dqg dovr yhu| vwdeoh dorqj wkh shulrg/
jlylqj hylghqfh ri qrq0frqfhqwudwhg pdunhwv1 Wkxv wkh frqfoxvlrq wkdw fdq
eh gudzq iurp wkh �T dssurdfk duh qrw gl�huhqw wr wkrvh gudzq iurp wkh
Khu�qgkdo lqgh{1
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7 Frqfoxvlrq

Zh hydoxdwh khuh wkh frpshwlwlyhqhvv ri wkh edqnlqj lqgxvwu| lq Dujhqwlqd
lq d pxowl�rxwsxw vhwwlqj1 Zh prgho edqnv dv �upv zklfk rshudwh lq wzr
pdunhwv/ uhwdlo dqg frusrudwh1 Wkhvh �upv fkrrvh rxwsxw lq hdfk pdunhw dv
wr pd{lpl}h wrwdo sur�wv/ vxemhfw wr wkhlu h{shfwdwlrqv derxw rwkhu �upv*
uhvsrqvhv1 Frqwudu| wr wkh vwdqgdug sudfwlfh lq wkh olwhudwxuh/ zh hvwlpdwh
wkh �upv* �uvw rughu frqglwlrqv dorqj zlwk wkhlu frvw vwuxfwxuhv1

Lq rughu wr dvvhv wkh ghjuhh ri frpshwlwlrq zh hpsor| wzr nlqg ri whvwv1
Rqh lv wr hydoxdwh iru vshfl�f irupv ri pdunhw vwuxfwxuh= frpshwlwlrq/ Frxuqrw
dqg shuihfw frooxvlrq1 Wklv dyhqxh grhv qrw |lhog frqfoxvlyh uhvxowv ehfdxvh
lw lv d whvw ri d sduwlfxodu pdunhw vwuxfwxuh udwkhu wkdq d phdvxuh ri frpshw0
lwlyhqhvv dqg kdv dq dpeljxrxv lqwhusuhwdwlrq lq d pxowl�rxwsxw vhwwlqj1 Iru
wklv uhdvrq zh ghyhors dq lqgh{ ri pdunhw srzhu zklfk udqjhv frqwlqxrxvo|
iurp d ydoxh ri f +shuihfw frpshwlwlrq, wr � +shuihfw frooxvlrq,1

Zh �qg hylghqfh wkdw erwk pdunhwv/ uhwdlo dqg frusrudwh duh forvh wr wkh
frpshwlwlyh vroxwlrq dorqj wkh shulrg ri dqdo|vlv1 Wkhvh uhvxowv duh frqvlvwhqw
zlwk wkh suhglfwlrqv gudzq iurp frqfhqwudwlrq phdvxuhv/ xvhg lq wkh 7��
olwhudwxuh1
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Uhihuhqfhv

Ehuj/ V1 D1 dqg Nlp/ P1 +4<<;,1 �Edqnv dv Pxowlrxwsxw Roljrsrolhv= Dq
Hpslulfdo Hydoxdwlrq ri wkh Uhwdlo dqg Frusrudwh Edqnlqj Pdunhwv�/
Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 63+5,= 468�4861

Erzoh|/ D1 +4<57,1 Pdwkhpdwlfdo Irxqgdwlrqv ri Hfrqrplfv/ R{irug Xql0
yhuvlw| Suhvv/ Qhz \run1

Euhvqdkdq/ Wlprwk| I1 +4<;<,1 Hpslulfdo Vwxglhv ri Lqgxvwulhv zlwk Pdu0
nhw Srzhu/ lq U1 Vfkpdohqvhh dqg U1 Zloolj +hgv,/ Kdqgerrn ri Lqgxv0

wuldo Rujdql}dwlrq/ Yroxph LL/ Yro1 LL/ Hovhylhu Vflhqfh Sxeolvkhuv E1Y1/
fkdswhu 4:/ ss1 4345�434:1

Eurzq/ Udqgdoo V1/ Fdyh/ Grxjodv Z1 dqg Fkulvwhqvhq/ Odxulwv U1
+4<:<,1 �Prghoolqj wkh Frvw Vwuxfwxuh dqg Surgxfwlrq ri Pxowlsurgxfw
Ilupv�/ Vrxwkhuq Hfrqrplf Mrxuqdo/ +79,= 589�5:61

Exorz/ Mhuhp| L1/ Jhdqdnrsorv/ Mrkq G1 dqg Nohpshuhu/ Sdxo G1
+4<;8,1 �Pxowlpdunhw Roljrsor|= Vwudwhjlf Vxevwlwxwhv dqg Frpsoh0
phqwv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <6+6,= 7;<�8441

Exuglvvr/ Wdpdud +4<<:,1 �Hvwlpdwlrq ri d Frvw Ixqfwlrq iru Sulydwh
Uhwdlo Edqnv Xvlqj Sdqho Gdwd�/ E1F1U1D1 Zrunlqj Sdshu Qr1 61

Exuglvvr/ Wdpdud/ G*Dpdwr/ Odxud dqg Prolqdul/ Dqguhd +4<<;,1
�Wkh Edqn Sulydwl}dwlrq Surfhvv lq Dujhqwlqd= Wrzdugv d pruh h!flhqw
edqnlqj v|vwhpB�/ E1F1U1D1 Zrunlqj Sdshu Qr1 7/ +7,1

Fdeuäo/ Oxðv P1E1 +4<<8,1 �Frqmhwxudo Yduldwlrqv dv Uhgxfhg Irup�/
Hfrqrplf Ohwwhuv/ 7<= 6<:�7351

Fodun/ Mh�uh| +4<;;,1 �Hfrqrplhv ri Vfdoh dqg Vfrsh Dw Ghsrvlwru| Il0
qdqfldo Lqvwlwxwlrqv= D Uhylhz ri wkh Olwhudwxuh�/ Hfrqrplf Uhylhz1

Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw|1/ Vhswhpehu2Rfwrehu= 49�661

Glfn/ Dvwulg +4<<9,1 �Lqh�flhqfld [ Hq od Edqfd Sulydgd Dujhqwlqd= Vx
Lpsruwdqfld Uhvshfwr gh Odv Hfrqrpðdv gh Hvfdod \ Odv Hfrqrpðdv gh
Surgxfflöq Frqmxqwd�1
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Jhoidqg/ P1 G1 dqg Vsloohu/ S1 W1 +4<;:,1 �Hqwu| Eduulhuv dqg Px0
wlsurgxfw Roljrsrolhv�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}d0

wlrq/ 46= 434�4461

Juhhqh/ Zlooldp +4<<6,1 Hfrqrphwulf Dqdo|vlv/ Suhqwlfh Kdoo/ Qhz Mhu0
vh|/QM1

Kdoo/ Urehuw H1 +4<:6,1 �Wkh Vshfl�fdwlrq ri Whfkqrorjlhv zlwk Vhyhudo
Nlqgv ri Rxwsxwv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;4+7,= ;:;�;<51

Lzdwd/ J|rlfkl +4<:7,1 �Phdvxuhphqw ri Frqmhwxudo Yduldwlrqv lq
Roljrsro|�/ Hfrqrphwulfd/ 75+8,= <7:�<991

Odx/ Odzuhqfh M1 +4<:5,1 �Sur�w Ixqfwlrq ri Whfkqrorjlhv zlwk Pxowlsoh
Lqsxw dqg Rxwsxwv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 87= 5;4�5;<1

Vkdslur/ Fduo +4<;<,1 Wkhrulhv ri Roljrsro| Ehkdylru/ lq U1 Vfkpdohqvhh
dqg U1Zloolj +hgv,/ Kdqgerrn ri Lqgxvwuldo Rujdql}dwlrq/ Yro1 L/ Hovhylhu
Vflhqfh Sxeolvkhuv E1Y1/ fkdswhu 9/ ss1 65<�7471

Vwuhe/ Mrujh dqg G*dpdwr/ Odxud +4<<8,1 �Hfrqrplhv ri Vfdoh dqg
ghjuhh ri fdsdflw| xwlol}dwlrq1 Hylghqfh iurp uhwdlo edqnv lq Dujhqwlqd�/
FHPD1 Grfxphqwr gh Wudedmr Qr1 43;1/ +43;,1

Wluroh/ Mhdq +4<<:,1 Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq/ Pdvvdfkxvvhwwv
Lqvwlwxwh ri Whfkqrorj|/ Fdpeulgjh/ PV1
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D Dsshqgl{

D14 Hvwlpdwlrq ri Ghpdqg hodvwlflwlhv

Lq rughu wr hvwlpdwh wkh ghpdqg hodvwlflwlhv zh hvwlpdwhg iru hdfk pdunhw
wkh iroorzlqj v|vwhp ri ghpdqg dqg vxsso| htxdwlrqv=

+| ' jo| nfr

|
q n 0r

|
+Vxsso|,

+| ' �#o| nf_

|
kn 0_

|
+Ghpdqg,

zkhuh +| lv +wkh orj ri, vhdvrqdoo| dgmxvwhg pdunhw�zlgh surgxfwlrq lq hdfk
vhfwru / o| lv lqwhuhvw udwh fkdujhg lq hdfk vhfwru/ j dqg # duh vxsso| dqg gh0
pdqg hodvwlflwlhv/fr

|
dqgf_

|
duh/ uhvshfwlyho| d yhfwru ri h{rjhqrxv yduldeohv

lq wkh vxsso| dqg ghpdqg htxdwlrqv dqg 0r
|
dqg 0_

|
duh wkh fruuhvsrqglqj huuru

whupv1 Zh xvhg d prqwko| vdpsoh gdwhg iurp �bbS G f� wr �bbb G �2�
Pruh vshfl�fdoo|/ lq wkh uhwdlo pdunhw fr

|
lqfoxghg d frqvwdqw/ wkh ghsrvlw

udwh/ wkh +orj ri, dprxqw ri ghsrvlwv lq wkh edqnlqj v|vwhp +xvhg wr frqwuro
iru fuhglw frqvwudlqwv,/ wkh udwh ri uhwxuq rq wkh 8-�/ vhdvrqdoo| dgmxvwhg
pdunhw zlgh surgxfwlrq odjjhg rqh shulrg dqg wzr gxpplhv wr frqwuro iru
rxwolhuv1 Wkh f_

|
yhfwru lqfoxghg wkh vdph yduldeohv h{fhsw iru wkh +orj ri,

dprxqw ri ghsrvlwv lq wkh edqnlqj v|vwhp dqg wkh udwh ri uhwxuq rq wkh
8-�1 Iru wkh frusrudwh pdunhw zh hpsor|hg wkh vdph yduldeohv lq wkh
ghpdqg htxdwlrqv h{fhsw iru wkh gxpplhv1 Lq dgglwlrq/ vlqfh zh hvwlpdwhg
wkh v|vwhp xvlqj wkuhh vwdjh ohdvw vtxduhv/ zh lqfoxghg +lq dgglwlrq wr wkh
h{rjhqrxv yduldeohv suhylrxvo| phqwlrqhg, wkh vhdvrqdoo| dgmxvwhg prqwko|
hvwlpdwru ri lqgxvwuldo surgxfwlrq wudfnhg e| wkh LQGHF +.�U,1

Wkh uhvxowv ri wkh hvwlpdwlrq duh wkh ghpdqg htxdwlrqv duh vkrzq lq
Wdeoh ��� dqg ��2�43

Lw vkrxog eh phqwlrqhg wkdw fruuhorjudpv vkrz wkh devhqfh ri uhvlgxdo
vhuldo fruuhodwlrq1

43Zh gr qrw lqfoxgh wkh vxsso| htxdwlrq ehfdxvh lwv sdudphwhuv duh xqghu�lghqwl�hg1
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Wdeoh D14

Hvwlpdwlrq ri ghpdqg hodvwlflw| lq wkh Uhwdlo Pdunhw

Ghshqghqw yduldeoh lv vhdvrqdoo| dgmxvwhg uhwdlo surgxfwlrq

Yduldeoh Frh!flhqw S�Ydoxh
Frqvwdqw 31956 31333

Uhwdlo Pdunhw Lqwhuhvw Udwh 417<3 31333

Vhdvrqdoo| dgmxvwhg uhwdlo surgxfwlrq
3� 31<9: 31333

Dgmxvwhg -2 ' �bb

Wdeoh D15

Hvwlpdwlrq ri ghpdqg hodvwlflw| lq wkh Frusrudwh Pdunhw

Ghshqghqw yduldeoh lv vhdvrqdoo| dgmxvwhg frusrudwh surgxfwlrq

Yduldeoh Frh!flhqw S�Ydoxh
Frqvwdqw 51;84 133:

Frusrudwh Pdunhw Lqwhuhvw Udwh 41;73 1388

Vhdvrqdoo| dgmxvwhg frusrudwh surgxfwlrq
3� 31:85 1333

Dgmxvwhg -2 ' �bb
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