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Wklv sdshu txdqwlwdwlyho| dvvhvvhv wkh uhodwlrq ehwzhhq  xfwxdwlrqv lq wkh lqwhuhvw udwh +frxq0
wu| ulvn, idfhg e| dq hphujlqj hfrqrp| dqg wkh exvlqhvv f|foh1 Zh ghyhors d prgho lq zklfk
wkh eruurzlqj udwh d�hfwv krxvhkrogv* ghflvlrqv rq frqvxpswlrq dqg dvvhw dffxpxodwlrq dqg
�upv* ghpdqg iru oderu dqg fdslwdo1 D nh| dvvxpswlrq lv wkdw �upv kdyh wr sd| iru idfwruv ri
surgxfwlrq ehiruh uhfhlylqj wkh surfhhgv ri wkhlu vdohv1 Zh fdoleudwh wkh prgho wr Dujhqwlqd
iru wkh shulrg 4<;604<<; dqg �qg wkdw frxqwu| ulvn dorqh h{sodlqv d vljql�fdqw iudfwlrq +88(,
ri rxwsxw  xfwxdwlrqv1



Wkh txdqwlwdwlyh olwhudwxuh rq exvlqhvv f|fohv lq vpdoo rshq hfrqrplhv kdv vwuhvvhg

wkh uroh ri whfkqrorj|/ whupv ri wudgh/ dqg lqwhuhvw udwh vkrfnv lq jhqhudwlqj  xfwxdwlrqv lq

hfrqrplf dfwlylw| +vhh Phqgr}d 4<<4/ dqg 4<<8/ Fruuhld hw1 do 4<<8 ,1 Rqh lpsruwdqw �qglqj

+Phqgr}d 4<<4, lv wkdw lq d vwdqgdug qhrfodvvlfdo prgho/ fdoleudwhg wr wkh Fdqdgldq hfrqrp|/

lqwhuhvw udwh glvwxuedqfhv gr qrw dsshdu wr sod| d vljql�fdqw uroh lq gulylqj exvlqhvv f|fohv1

Lq uhfhqw |hduv/ krzhyhu/ hphujlqj hfrqrplhv kdyh h{shulhqfhg odujh glvwxuedqfhv lq

wkh lqwhuhvw udwh wkh| idfh lq joredo �qdqfldo pdunhwv1Wkh dlp ri wklv sdshu lv wr h{soruh krz

pxfk ri wkh rxsxw  xfwxdwlrqv lq wkhvh hfrqrplhv fdq eh h{sodlqhg e| frxqwu| ulvn1 Iljxuhv

4/ 5 dqg wkuhh ehorz vkrz wkdw lq Dujhqwlqd/ Eud}lo dqg Ph{lfr wkhuh lv d vwurqj qhjdwlyh

fruuhodwlrq ehwzhhq lqwhuhvw udwh +rq groodu ghqrplqdwhg erqgv, dqg rxwsxw1

-0.15

-0.10

-0.05

0.00

0.05

0.10
-0.1

0.0

0.1

0.2

0.3

84 86 88 90 92 94 96 98

GDP

Interest Rate

Iljxuh 4= Lqwhuhvw Udwhv dqg Exvlqhvv F|fohv lq Dujhqwlqd +Txduwhuo|,1

Wkhuh lv d ghedwh ^Fdoyr 4<<</ Fruvhwwl Shvhqwl dqg Urxelql 4<<; dprqj rwkhuv` rq
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wkh h{whqw wr zklfk  xfwxdwlrqv lq hphujlqj pdunhw erqg sulfhv duh h{rjhqrxv wr lqglylgxdo

frxqwulhv +sxuh frqwdjlrq,/ ru ghwhuplqhg e| orfdo ixqgdphqwdov1 Wklv sdshu dvvxphv wkdw

doo  xfwxdwlrqv lq lqwhuhvw udwhv idfhg e| hphujlqj frxqwulhv duh h{rjhqrxvo| jlyhq/ dqg

irfxvhv rq wkh h�hfwv ri vxfk  xfwxdwlrqv1 Qrwlfh wkdw hyhq li lqwhuhvw udwhv duh hqgrjhqrxv

dqg ghshqg rq orfdo idfwruv +olnh jryhuqphqw srolf| ru whfkqrorj| vkrfnv, wkh htxloleulxp

uhodwlrq ehwzhhq lqwhuhvw udwhv dqg rxwsxw  xwxdwlrqv dqdo|}hg lq wklv sdshu zloo vwloo krog1

Li jryhuqphqw srolflhv gr lqghhg lq xhqfh frxqwu| ulvn/ wkh hfrqrplf uhodwlrqv hpskd0

vl}hg lq wklv lqyhvwljdwlrq kdyh lpsruwdqw lpsolfdwlrqv iru wkh olwhudwxuh rq wkh uhdo h�hfwv

ri vwdelol}dwlrq sodqv lq Odwlq Dphulfd1 Uhehor dqg Yhjk +4<<8, kdyh vkrzq wkdw fxuuhqw

wkhrulhv fdqqrw dffrxqw iru wkh pdjqlwxgh ri wkh  xfwxdwlrqv lq hfrqrplf dfwlylw| revhuyhg

gxulqj h{fkdqjh udwh edvhg vwdelol}dwlrq sodqv1 Wkh txdqwlwdwlyh h{huflvh fduulhg rxw lq wklv

sdshu lpsolhv wkdw  xfwxdwlrqv lq frxqwu| ulvn pljkw surylgh wkh dpsol�fdwlrq phfkdqlvp

qhhghg wr uhfrqfloh gdwd dqg wkhru|1

Lq wkh vwdqgdug qhrfodvvlfdo prgho ri d vpdoo rshq hfrqrp|  xfwxdwlrqv lq lqwhuhvw

udwhv d�hfw hfrqrplf dfwlylw| wkurxjk wzr fkdqqhov= fkdqjhv lq wkh ohyho ri lqyhvwphqw dqg

fkdqjhv lq wkh oderu vxsso|1 Dq lqfuhdvh lq lqwhuqdwlrqdo lqwhuhvw udwhv lqgxfhv djhqwv wr

vxevwlwxwh dzd| iurp orfdo fdslwdo/ orzhulqj lqyhvwphqw dqg/ khqfh/ ixwxuh rxwsxw1 Dw wkh

vdph wlph/ lqwhuhvw udwhv d�hfw wkh vxsso| ri oderu wkurxjk lqfrph dqg vxevwlwxwlrq h�hfwv1

Iru ghewru frxqwulhv/ erwk h�hfwv whqg wr udlvh wkh oderu vxsso| zkhq lqwhuhvw udwhv ulvh1

Erwk ri wkhvh h�hfwv duh txdqwlwdwlyho| vpdoo hyhq zkhq pryhphqwv lq wkh lqwhuhvw udwh duh

dv odujh dv wkrvh idfhg e| hphujlqj hfrqrplhv1 Lq d fdoleudwhg prgho wkh| dffrxqw iru ohvv

wkdq HI ri  xfwxdwlrqv lq Dujhqwlqh rxwsxw1 Ixuwkhupruh/ wklv prgho |lhogv d fruuhodwlrq

ehwzhhq lqwhuhvw udwhv dqg rxwsxw ri �b./ zkloh lq wkh Dujhqwlqh gdwd wkh fruuhodwlrq lv �f�.1
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Wklv vxjjhvw wkdw wkh vwdqgdug prgho pljkw eh plvvlqj srwhqwldoo| lpsruwdqw fkdqqhov

wkurxjk zklfk lqwhuhvw udwhv d�hfw hfrqrplf dfwlylw|1 Dv Mdphv Wrelq vxjjhvwv/ �H{shulhqfh

dqg frpprq vhqvh whoo xv wkdw 111 rughulqj pdwhuldov dqg klulqj zrunhuv 111 zloo orrn olnh d

ehwwhu ghdo li wkh sulph udwh lv 9( lqvwhdg ri ;(1�� Lq rughu wr fdswxuh wklv uhodwlrq ehwzhhq

lqwhuhvw udwhv dqg wkh ghpdqg iru oderu zh lqwurgxfh d iulfwlrq fdxvhg e| wkh idfw wkdw wkh

sd|phqwv dqg uhflswv ri �upv duh qrw shuihfwo| v|qfurql}hg1 Pruh vshfl�fdoo|/ zh dvvxph

wkdw �upv pxvw sd| iru wkh idfwruv ri surgxfwlrq d shulrg ehiruh uhfhlylqj wkh surfhhgv ri

wkhlu vdohv1 Lq d uhodwhg sdshu Djhqru +4<<:, dujxhv wkdw d prgho zlwk d vlplodu iulfwlrq lv

frqvlvwhqw zlwk wkh txdolwdwlyh surshuwlhv ri wkh Dujhqwlqh exvlqhvv f|foh lq wkh diwhupdwk ri

wkh Whtxlod fulvlv1 Khuh zh zdqw wr dvvvhv wkh txdqwlwdwlyh lpsruwdqfh ri wklv iulfwlrq dqg

zh �qg wkdw iru wkh shulrg 4<;604<<; wkh shufhqwdjh ri wkh yrodwlolw| ri rxwsxw h{sodlqhg

vroho| e| frxqwu| ulvn lv DDI dqg dovr wkdw wkh fruuhodwlrq ehwzhhq lqwhuhvw udwhv dqg rxwsxw

suhglfwhg e| wkh prgho lv qrz lq olqh zlwk gdwd�

41 Lqwhuhvw Udwhv dqg Exvlqhvv F|fohv lq Dujhqwlqd

Lq wklv vhfwlrq zh suhvhqw hpslulfdo hylghqfh derxw wkh qdwxuh ri wkh exvlqhvv f|fohv

lq Dujhqwlqd dqg derxw wkh uhodwlrq ehwzhhq hfrqrplf dfwlylw| dqg wkh uhdo lqwhuhvw udwh rq

groodu ghqrplqdwhg erqgv lvvxhg e| wkh dujhqwlqldq jryhuqphqw +khuhdiwhu -, wkdw lv rxu

phdvxuh ri wkh lqwhuwhpsrudo sulfh Dujhqwlqd idfhv lq joredo fdslwdo pdunhwv1

Iljxuh 7 vkrzv wkh dujhqwlqh udwh +U,/ OLERU dqg frxqwu| ulvn +U0OLERU,1 Wkh judsk

vkrzv wkdw OLERU pryhv ohvv wkdq wkh dujhqwlqh udwh dqg wkdw d odujh sduw ri pryhphqwv

lq U lv dwwulexwdeoh wr frxqwu| ulvn1 Pruh suhflvho|/ wkh vwdqgdug ghyldwlrq iru wkh dujhqwlqh

udwh lv .�D/ wkh rqh iru wkh vsuhdg lv S�f dqg wkh rqh iru OLERU lv 2��1 Dovr/ wkh fruuhodwlrq ri
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Iljxuh 7= Dujhqwlqh Udwh/ OLERU dqg Frxqwu| Ulvn1

U zlwk wkh vsuhdg lv f�b. dqg wkh rqh zlwk OLERU lv f�.H 1Zh wkxv frqfoxgh wkdw frxqwu| ulvn

lv dq lpsruwdqw/ dowkrxjk qrw wkh rqo|/ ghwhuplqdqw ri wkh lqwhuvw udwh idfhg e| Dujhqwlqd rq

wkh zruog pdunhwv1

Lq wdeoh 6 zh uhsruw wkh shufhqwdjh vwdqgdug ghyldwlrqv ri wkh ghyldwlrqv iurp wuhqg2

ri wkh txduwhuo| wvhulhv iru wkh pdlq pdfurhfrqrplf yduldeohv lq Dujhqwlqd iru wkh shulrg

4<;51604<<<141 Wr hqdeoh frpsdulvrq zh uhsruw dovr wkh vdph vwdwlvwlfv iru wkh XV hfrqrp|

lq wkh vdph vdpsoh shulrg dqg ryhu d orqjhu vdpsoh1 Wkh lqwhuhvw udwh zh xvh iru wkh Xqlwhg

Vwdwhv lv wkh uhdo udwh rq 8 |hduv XV jryhuqphqw W0Eloov1 Lq wdeoh 8 zh uhsruw wkh fruuhodwlrq

ri wkh vdph yduldeohv zlwk JGS dqg U1
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Wdeoh 4= Shufhqwdjh Vwdqgdug Ghyldwlrqv

( Vwdqgdug Ghy1 (Vwdqgdug Ghy
(Vwdqgdug Ghy1ri JGS

JGS Q{ U Frq Lqy Hps Hps +kuv,
Dujhqwlqd=;6150<<14 7159 5153 7198 414< 51<< 3196 +1;01<,
XV=;6150<<14 4133 3169 31<6 31;6 8169 31<9 414:
XV=93140<<14 4194 3167 414< 31:< 7195 31;8 4143

Iurp wkh deryh wdeoh zh �uvw qrwlfh wkh kljk yrodwlolw| ri rxwsxw wkdw fkdudfwhul}h

wkh Dujhqwlqh f|foh +ryhu wzlfh wkh XV ohyho,1 Wkh uhodwlyh yrodwlolw| ri hpsor|phqw� dqg

lqyhvwphqw duh vrphzkdw orzhu wkdq wkrvh revhuyhg lq wk XV zkloh frqvxpswlrq lv pruh

yrodwlohe1 Xqiruwxqdwho| zh zhuh qrw deoh wr �qg gdwd rq wrwdo krxuv zrunhg lq Dujhqwlqd1 Wkh

udqjh uhsruwhg lv ghulyhg dvvxplqj wkdw udwlr ri yrodwlow| ri krxuv wr yrodwlolw| ri hpsor|phqw

lv wkh vdph lq XV dqg Dujhqwlqd1 Vlqfh lq XV wkh udwlr udqjhv iurp 416 +Hvwdeolvkphqw

Vxuyh|, wr 417 +Krxvhkrog Vxuyh|, zh rewdlq d udqjh ehwzhhq 1; dqg 1< iru yrowdlolw| ri krxuv

lq Dujhqwlqd1 Ilqdoo|/ wkh yrodwlolw| ri qhw h{sruwv lq Dujhqwlqd lv pxfk kljkhu wkdq wkh rqh

lq XV1

Wdeoh 5= Fruuhodwlrqv
Fruuhodwlrq zlwk JGS

JGS Q[ U Frq Lqy Hps Hps +kuv,
Dujhqwlqd 4133 01;; 017< 1<: 1<7 164
XV=;6150<<14 4133 0166 14< 1;7 1;8 1;; 1<4
XV=93140<<14 4133 0176 013< 1;; 1<3 1;6 1;<

Fruuhodwlrq zlwk U
JGS Q[ U Frq Lqy Hps Hps +kuv,

Dujhqwlqd 017< 194 4133 018: 017; 0167
XV=;6150<<14 14< 134 4133 0139 168 0155 0137
XV=93140<<14 013< 146 4133 013< 0136 0165 015;
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51 Wkh Prgho

Zh frqvlghu d prgho ri d vpdoo rshq hfrqrp| lq zklfk lqwhuhvw udwh -Er|� lv vwrfkdvwlf

dqg h{rjhqrxvo| jlyhq1 Wkh rqo| gl�huhqfh zlwk d vwdqgdug prgho lv wkh suhvhqfh ri zrunlqj

fdslwdo/ wkdw lv wkh dvvxpswlrq wkdw �upv kdyh wr sd| lqsxwv ehiruh wkh| uhfhlyh wkh surfhhgv

irup wkhlu vdohv1

Suhihuhqfhv duh jlyhq e|

P"|'Jq
|ZEr|��E�SEr|�c �� ,Er|��

zkhuh r| lv wkh klvwru| ri hyhqwv xs wr shulrg | dqg ZEr|� lv wkh wlph f suredelolw| ri d jlyhq

klvwru|/ �SEr|� lv frqvxpswlrq dqg �,Er|� lv oderu dqg � lv d zhoo ehkdyhg xwlolw| ixqfwlrq1

Wkh exgjhw frqvwudlqw ri wkh frqvxphuv fdq wkhuhiruh eh zulwwhq dv

�SEr|� n �%Er|� n ^Er|��KEr|�

' oEr|��&Er|3�� n ��Er|�,
�
r|
�
n�KEr|3�� iru | ' fc �c � � �

zlwk QSJ frqglwlrq

*�4
|<"

|\
r'f

^ Err�
�
�K
�
r|
�
n �&

�
r|
�� � fc

zkhuh �%Er|� lv lqyhvwphqw/ �KEr|� lv d rqh shulrg ulvn0iuhh erqg erxjkw dw r|/ oEr|� lv uhqwdo udwh

rq fdslwdo dqg ��Er|� lv wkh zdjh udwh dqg �&Er|� lv wkh fdslwdo vwrfn +rzqhg e| frqvxphuv,1

Wkhuh duh �upv wkdw surgxfh d vlqjoh jrrg xvlqj fdslwdo dqg oderu xvlqj d frqvwdqw

:



uhwxuqv wr vfdoh E8 � whfkqrorj|1 Sur�wv ri wkh �up duh jlyhq e|

�Er|�8 E�&Er|3��c e�|,Er|���-Er|�
k
��Er|�,Er|�� oEr|��&Er|3��

l

zkhuh �Er|� lv dq h{rjhqrxv surfhvv iru surgxfwlylw| wkdw hyroyhv dffruglqj wr

*L}�Er|� ' 4f n 4� *L}�Er
|3�� n 0�Er|�

0�Er|�� �Efc j2��

dqg e�| lv wkh surfhvv iru oderxu dxjphqwlqj whfkqrorjlfdo fkdqjh1 Qrwlfh wkdw lqsxw frvwv

duh pxowlsolhg e| wkh jurvv lqwhuhvw udwh dqg wklv uh hfwv rxu dvvxpswlrq wkdw �upv kdyh wr

sd| idfwruv rqh shulrg ehiruh wkh| uhfhlyh surfhhgv iurp wkh vdoh ri wkhlu rxwsxw1

Lqwhuqdwlrqdo fuhglw pdunhwv duh lqfrpsohwh +wkhuh lv d vlqjoh xqfrqwlqjhqw erqg, dqg

wkh sulfh ri wkh erqg lv dq h{rjhqrxv vwrfkdvwlf yduldeoh wkdw hyroyhv dffruglqj wr wkh iro0

orzlqj odz ri prwlrq

*L} ^Er|� ' wf n w�^Er
|3�� n 0^Er|�+4,

0^Er|�� �Efc j2^��

Wkh fdslwdo dffxpxodwlrq whfkqrorj| lv=

�&
�
r|
�
' E�� B� �&

�
r|3�

�
n �%Er|�
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Ghwuhqglqj doo wkh yduldeohv zlwk dq ryhuvfulsw �/ dffruglqj wr

1 ' �1 e3�|

wkh prgho lv wudqiruphg dv iroorzv=

Krxvhkrogv vroyh

4@ P"|'Jq
|ZEr|��Ee�|SEr|�c �� ,Er|��+5,

vxemhfw wr

SEr|� n e�&
�
r|
�
n ^Er|�KEr|� +6,

'
�
� n oEr|�� B

�
&
�
r|3�

�
n �Er|�,

�
r|
�
n KEr|3�� iru | ' fc �c � � �

zlwk QSJ frqglwlrq

*�4
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Wkh fdslwdo dffxpxodwlrq htxdwlrq
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Wkh Ilup*v sureohp lv

4@ 
�
�Er|�8 E&Er|3��c ,Er|��� �

�Er|�,Er|�� oEr|�&Er|3��
�
-Er|�

�
e�|�+7,

Wkh uhvxowlqj �uvw rughu frqglwlrqv ri wkh �up zloo eh

�Er|�8&E&Er
|3��c ,Er|�� ' oEr|�-Er|�

�Er|�8,E&Er
|3��c ,Er|�� ' �Er|�-Er|�

Wkh krxvhkrog*v fkrrvhv iK Er|� c & Er|� c S Er|� c , Er|�j wr pd{lpl}h +5, vxemhfw wr wkh

vhtxhqfh ri exgjhw frqvwudlqwv +6,

Wkh �uvw rughu frqglwlrqv duh jlyhq e|

K
�
r|
�
G ^Er|��SEe

�|SEr|�c ,Er|�� ' qe�.E�SEe
�E|n��SEr|n��c ,Er|n���

&
�
r|
�
G �S

�
e�|SEr|�c ,Er|�

�
'

q.
�
�SEe

�E|n��SEr|n��c ,Er|n���
�
8&E&Er

|�c ,Er|n��� n �� B
��

,Er|� G �SEe
�|SEr|�c ,Er|���Er|�

' �uEe
�|SEr|�c �� ,Er|��

Dvvvxph qrz �ESEr|�c ,Er|�� '
ES>E�3,��3>�

�3j

�3j
dqg 8 E&c ,� ' �&k,�3k�
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Dovr gh�qh ohlvxuh wr eh u| ' �� ,|

Wkh olqhdul}hg �uvw rughu frqglwlrq duh wkhq
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Lq wkh fdoleudwhg yhuvlrqv ri wkh prgho zh zloo lqwurgxfh frvw ri dgmxvwlqj wkh fdslwdo vwrfn +lq

rughu wr uhgxfh wkh yrodwlolw| ri lqyhvwphqw lq uhvsrqvh wr vkrfnv1 Wkh fdslwdo dffxpxodwlrq

htxdwlrq ri wkh vwdwlrqdu| prgho wkhq wdnhv wkh iroorzlqj irup

e�&
�
r|
�
n �

�
% Er|�

& Er|3��

�
&
�
r|3�

�
' E�� B� &

�
r|3�

�
n %Er|�

zkhuh � lv dq lqfuhdvlqj dqg frqyh{ ixqfwlrq1
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61 Fdoleudwlrq

Zh slfn wkh iroorzlqj xwlolw| ixqfwlrq

LESc ,� '
dS>,�3>o

�3j

�3j

wkdw lv frqvlvwhqw zlwk wkh orqj whup jurzwk ri rxwsxw dqg zdjhv dqg vwdwlrqdu| oderu lqsxwv1

Zh dvvxph wkdw whfkqlfdo surjuhvv lv oderu dxjphqwlqj dqg wdnh wkh surgxfwlrq ixqfwlrq wr

eh Free Grxjodv lq fdslwdo dqg h�hfwlyh oderu zlwk wkh vkduh ri fdslwdo ghqrwhg e| wkh

sdudphwhu k� Zh slfn sdudphwhuv vr wr pdwfk orqj whup dyhudjhv1 Zh vhw wkh jurzwk udwh

sdudphwhu � ' 2�SI wr pdwfk wkh dyhudjh jurzwk ri uhdo rxwsxw lq wkh shulrg 4<9304<<;

+Gdwd duh iurp wkh Zruog Ghyhorsphqw Uhsruw,1 Zh vhw k ' �e wr pdwfk d oderu vkduh ri �S

wkdw lv ghulyhg iurp wkh qxpehuv uhsruwhg lq Xuleh +4<<:,1 Qrz qrwlfh wkdw iurp wkh exgjhw

frqvwudlqw zh kdyh
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wklv lpso| wkdw / jlyhq revhuydwlrqv iru wkh dyhudjh uhdo erqg sulfhv 7̂ dqg iru wkh orqj

uxq jurzwk udwh wkh prgho fdqqrw frqwhpsrudqhrxvo| uhsurgxfh wkh revhuyhg frqvxpswlrq/

lqyhvwphqw dqg ghew wr rxwsxw udwlr1 Lq wkh ehqfk pdun fdvh zh lpsrvh wkh vwhdg| vwdwh

ydoxh ri %*+ wr eh �2� wr pdwfk wkh revhuyhg jurvv grphvwlf lqyhvwphqw wr rxwsxw udwlr iru wkh

shulrg 4<93 04<<; dqg wkh vwhdg| vwdwh ydoxh ri K*+ wr eh �eD wr pdwfk wkh dyhudjh revhuyhg

h{whuqdo ghew wr rxwsxw udwlr lq wkh vdph shulrg1 Wklv lpsolhv d frqvxpswlrq wr rxwsxw udwlr

ri �.. wkdw lv voljkwo| gl�huhqw iurp wkh dyhudjh udwlr ehwzhhq wrwdo frqvxpswlrq dqg rxwsxw

lq wkh shulrg 4<9304<<; wkdw lv htxdo wr �.b� Zh dovr h{shulphqw zlwk d yhuvlrq ri wkh prgho

wkdw uhsurgxfhv wkh lqyhvwphqw dqg frqvxpswlrq wr rxwsxw udwlr revhuyhg lq wkh gdwd exw

idlov wr uhsurgxfh wkh phdvxuhg ghew wr rxwsxw udwlr1

Zh vhw wkh ulvn dyhuvlrq sdudphwhu j htxdo wr D iroorzlqj Uhlqkduw dqg Yhjk +4<<8,1

Wkh sdudphwhu > lv wkhq ghulyhg iurp wkh �uvw rughu frqglwlrqv iru ohlvxuh wkdw lpso|

>

�� >
'

S

+

,

�� ,

�

�� k

Wkh ydoxh ri S
+
/ wkh idfw wkdw ,

�3,
' �

e
+ 53( ri rqh shulrg lv vshqw zrunlqj,/ wrjhwkhu zlwk d

ydoxh ri k ' �ec lpso| d ydoxh ri > ' �2D�

Wkh sdudphwhu q lv fdoleudwhg iurp wkh �uvw rughu frqglwlrq iru erqgv

*L} q ' *L} 7̂n �E�� >E�� j��

zkhuh 7̂ ' �
���e

lv wkh dyhudjh uhdo erqg sulfh lq wkh shulrg �bH2� �bbH wkdw lpsolhv q ' �b.H

+rq d txduwhuo| edvh,1
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Lq rughu wr fdoleudwh wkh ghsuhfldwlrq udwh ri fdslwdo zh xvh wkh �uvw rughu frqglwlrq

iru fdslwdo/ wkdw wrjhwkhu zlwk wkh odz ri prwlrq iru fdslwdo lpsolhv

� ' qE� n � d>E�� j�� �o�E
kE� n B�

%
+

n �� B�

Wkh ydoxhv ri qc � dqg > wrjhwkhu zlwk dq dyhudjh lpso| B ' �f2D rq d txduwhuo| edvlv1

Ilqdoo| wkh dgmxvwphqw frvw ixqfwlrq �E%
&
� lv vhw wr �E%

&
�2 dqg wkh sdudphwhu �c lv

dozd|v vhw wr wkdw wkh prgho jhqhudwhv d yrodwlolw| ri lqyhvwphqw uhodwlyh wr wkh yrodwlolw| ri

JGS vlplodu wr wkh rqh revhuyhg iru Dujhqwlqd1

Wkh surfhvv iru erqg sulfhv + ^| , lv hvwlpdwhg xvlqj gdwd rq uhdo lqwhuhvw udwhv o|

+qrplqdo udwhv plqxv wkh uhdol}hg XV lq dwlrq frpsxwhg xvlqj JGS gh dwruv, iru groodu

ghqrplqdwhg Dujhqwlqh jryhuqphqw erqg +Vhh wkh gdwd dsshqgl{ iru ghwdlov, dqg wkh uhodwlrq

^| '
�

�no|
1 Vlqfh zh wuhdw ^| dv dq h{rjhqrxv yduldeoh zh hvwlpdwh wkh iroorzlqj surfhvv rq

txduwhuo| revhuydwlrqv iru ^|

^| ' Sn 4^|3� n 0|

dqg zh �qg 4 ' �H. dqg wkh yduldqfh ri 0 wr eh ��.I� Lq rxu ehqfk pdun fdvh zh zloo xvh rq|

lqwhuhvw vkrfnv dqg wkxv qr surfhvv iru surgxfwlylw| lv xvhg1 Lq wkh fdvh lq zklfk zh kdyh

erwk vkrfnv zh xvh wkh dxwruhjuhvvlyh surfhvv iru surgxfwlylw| wkdw lv frpprqo| xvhg iru

XV exvlqhvv f|foh vwxglhv1 Zh vhw wkh shuvlvwhqwfh sdudphwhu wr �bD dqg zh vhw wkh vwdqgdug

ghyldwlrq ri wkh lqqrydwlrq wr 2�2D ( vr wkdw wkh prgho uhsurgxfhv wkh vdph yrodwlolw| ri

rxwsxw revhuyhg lq wkh gdwd1
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Iljxuh 8=

71 Uhvxowv

Lq slfwxuh 8 zh vkrz wkh suhglfwhg sdwk iru rxwsxw iurp wkh prgho zlwk zrunlqj fdslwdo

dqg rqo| lqwhuhvw udwh vkrfnv1 Wkh lqqrydwlrqv wr wkh lqwhuhvw vkrfnv duh wkrvh frpsxwhg iurp

wkh wkh gdwd1 Lw lv lqwhuhvwlqj wr qrwlfh krz wkh pdlq errpv dqg uhfhvvlrq duh fdswxuhg e|

wkh prgho hyhq wkrxjk wkh suhglfwhg pdjqlwxgh lv vpdoohu wkdq lq wkh gdwd1

Lq wkh iroorzlqj wdeohv zh uhsruw wkh pdlq exvlqhvv f|foh vwdwlvwlfv iru d fodvv ri prghov1

Lq dgglwlrq wr wkh prgho zlwk lqwhuhvw vkrfnv zh frqvlghu d prgho zlwk surgxfwlylw| dqg

lqwhuhvw udwh vkrfnv1 Zh dovr uhsruw vwdwlvwlfv iru d yhuvlrq ri wkh prgho zlwkrxw zrunlqj

fdslwdo wr hqdeoh frpsdulvrq zlwk suhylrxv olwhudwxuh1 Wkh vwdwlvwlfv uhsruwhg duh wkh dyhudjhv

ri 83 vlpxodwlrqv ri 433 shulrgv hdfk1 Wkh lqqrydwlrq ri wkh lqwhuhvw udwh vkrfnv zh frqvlghu

duh dozd|v wkrvh phdvxuhg irup wkh gdwd zkloh lqqrydwlrq wr surgxfwlylw| vkrfnv duh udqgrpo|
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gudzq +Zh gr qrw xvh phdvxuhg lqqrydwlrq wr surgxfwlylw| ehfdxvh zh gr qrw kdyh jrrg

phdvxuhv ri idfwruv ri surgxfwlrq,1

Zh zdqw wr vwuhvv wkdw wkh prgho zlwk zrunlqj fdslwdo lv deoh wr h{sodlq d vljql�fdqw

iudfwlrq ri wkh yrodwlolw| ri wkh Dujhqwlqldq Exvlqhvv F|foh dqg wkdw pdq| ri wkh exvlqhvv

f|fohv vwdwlvwlfv duh lq olqh zlwk gdwd1 Dovr e| frpsdulqj wkh prgho zlwk dqg zlwkrxw zrunlqj

fdslwdo lw lv dssduhqw wkdw wkh suhvhqfh ri zrunlqj fdslwdo pdnhv d odujh gl�huhqfh zkhq wkh

lpsdfw ri lqwhuhvw udwh vkrfnv lv hydoxdwhg1

Ilqdoo| zh fdq vhh wkdw d prgho zlwk zrunlqj fdslwdo dqg surgxfwlylw| vkrfnv lv deoh

wr fdswxuh yhu| zhoo doprvw hyhu| ihdwxuh ri wkh Dujhqwlqldq exvlqhvv f|foh> wklv wr xv phdqv

wkdw lqwhuhvw vkrfnv duh qrw wkh rqo| vkrfnv d�hfwlqj wkh hfrqrp| exw wkh| duh dq lpsruwdqw

idfwru zkhq wu|lqj wr xqghuvwdqg exvlqhvv f|fohv lq hphujlqj hfrqrplhv1
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Wdeoh 6= Shuf1 Vwdqgdug Ghyldwlrqv

( Vwdqgdug Ghy1 (Vwdqgdug Ghy
(Vwdqgdug Ghy1ri JGS

JGS Q{ U Frq Lqy Hps
Dujhqwlqd 7159 5153 7198 414< 51<< +1;/1<,
Prghov

Zlwk Zrunlqj Fdslwdo
Lqw1 Udwh Vkrfnv 515< 1;< 7198 1<8 6133 4199
Lqw1Udwh dqg Surg1 Vkrfnv 7159 5145 7198 198 6133 1<7

Zlwkrxw Zrunlqj Fdslwdo
Lqw1 Udwh Vkrfnv 3163 1:7 7198 4135 6133 4194
Lqw1Udwh dqg Surg1 Vkrfnv 619< 41;8 7198 183 6133 175
Surg1 Vkrfnv 6197 18: 313 184 6133 16<

Wdeoh 7= Fruuhodwlrqv zlwk JGS
Fruuhodwlrq zlwk JGS

JGS Q[ U Frq Lqy Hps
Dujhqwlqd 4133 01;; 017< 1<: 1<7 164
Prgho

Zlwk Zrunlqj fdslwdo
Lqw1 Udwh Vkrfnv 4133 01<4 01<< 1<< 1<; 1<<
Lqw1 Udwh dqg Surg1 Vkrfnv 4133 0137 017< 1<7 1;5 1:8

Zlwkrxw Zrunlqj Fdslwdo
Lqw1 Udwh Vkrfnv 4133 31<< 31<: 031<; 031<7 31<<
Lqw1 Udwh dqg Surg1 Vkrfnv 4133 155 144 1<9 1:; 1<9
Surg1 Vkrfnv 4133 013: 0 1<< 1<9 1<<

4;



Wdeoh 8= Fruuhodwlrqv zlwk Lqwhuhvw Udwh
Fruuhodwlrq zlwk U

JGS Q[ U Frq Lqy Hps
Dujhqwlqd 017< 194 4133 018: 017; 0167
Prgho

Zlwk Zrunlqj fdslwdo
Lqw1 Udwh Vkrfnv 01<< 1<9 4133 01<< 0413 01<<
Lqw1 Udwh dqg Surg1 Vkrfnv 017< 1;9 4133 01:6 01;: 01<6

Zlwkrxw Zrunlqj Fdslwdo
Lqw1 Udwh Vkrfnv 31<: 31<< 4133 031<< 031<< 31<;
Lqw1 Udwh dqg Surg1 Vkrfnv 0144 1<7 4133 0144 017: 165

Surg1 Vkrfnv 0 0 0 0 0 0

81 Frqfoxvlrqv

Zh kdyh ghyhorshg d prgho lq zklfk h{rjhqrxv  xfwxdwlrqv ri wkh uhdo lqwhuhvw udwh

rq groodu ghqrplqdwhg dvvhwv duh dq lpsruwdqw ghwhuplqdqw iru wkh exvlqhvv f|fohv ri dq

hphujlqj hfrqrp|1 Txdqwlwdwlyho| wkh suhglfwlrqv ri wkh prgho duh frqvlvwhqw zlwk hylghqfh

iurp wkuhh Odwlq Dphulfdq frxqwulhv lq zklfk pryhphqwv lq wkh lqwhuhvw udwh duh vwurqjo|

qhjdwlyho| fruuhodwhg zlwk f|folfdo  xfwxdwlrqv ri rxwsxw1 Zh ylhz wklv dv d �qglqj wkdw fdq

khos xv xqghuwdqg wkh uhdo h�hfw ri wkh uhfhqw �qdqfldo fulvhv1 Dovr wklv ohdg xv wr wklqn

wkdw ixuwkhu dwwhqwlrq vkrxog eh ghyrwhg wr wkh ghwhuplqdqwv ri wkh lqwhuhvw udwh hphujlqj

hfrqrplhv idfh1 Lq sduwlfxodu wr ixoo| fdswxuh wkh h�hfwv ri �vfdo dqg prqhwdu| srolf| lq

hphujlqj frxqwulhv rqh vkrxog fduhixoo| vwxg| krz vxfk srolflhv d�hfw wkh lqwhuhvw udwhv1
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Uhihuhqfhv

^4` Djhqru S1U1 +4<<:, �Eruurzlqj Ulvn dqg Whtxlod H�hfw�/ Lqwhuqdwlrqdo Prqhwdu| Ixqg

Zrunlqj Sdshu <:0;9/

^5` Äylod M1 +4<<;,/ �Ulhvjr Dujhqwlqr | Flfor Hfrqöplfr�/ Xqlyhuvlgdg gho FHPD/ Grfx0

phqwr gh Wudedmr QJ4661

^6` Fdoyr J1+4<<<, �Frqwdjlrq Lq Hphujlqj Pdunhwv= zkhqZdoo Vwuhhw lv d fduulhu�/ plphr/

Xqlyhuvlw| ri Pdu|odqg

^7` Fruuhld/ L1 / M1 Qhyhv/ dqg V1 Uhehor +4<<8,/ �Exvlqhvv F|fohv lq d Vpdoo Rshq Hfrqrp|�/

1Hxurshdq Hfrqrplf Uhylhz 6<+9,/ 43;<04446

^8` Fruvhwwl/ J1 S1 Shvhqwl dqg Q1 Urxelql +4<<;,/ �Sdshu WljhuvB D Prgho ri wkh Dvldq

Fulvlv�/ QEHU Zrunlqj Sdshu Qr1 9:;6

^9` Fkulvwldqr/ O1 dqg P1 Hlfkhqedxp +4<<5,/ �Oltxlglw| H�hfwv dqg wkh Prqhwdu| Wudqv0

plvvlrq Phfkdqlvp/� Dphulfdq Hfrqrplf Uhylhz/ Pd|/ ;5+5,/ 67906861

^:` N|godqg/ I1 dqg F1H1 ]dud}djd +4<<:,/ �Lv wkh Exvlqhvv F|foh ri Dujhqwlqd �Gl�huhqw�B/�

Ihghudo Uhvhuyh Edqn ri Gdoodv Hfrqrplf Uhylhz/ Irxuwk Txduwhu / 540691

^;` Phqgr}d H1 +4<<4,/ �Uhdo Exvlqhvv F|foh lq d Vpdoo Rshq Hfrqrp|/� Dphulfdq Hfr0

qrplf Uhylhz/ Vhswhpehu/ ;4+7,/ :<:0;4;1

^<` Phqgr}d H1 +4<<8,/ �Wkh Whupv ri Wudgh/ wkh Uhdo H{fkdqjh Udwh/ dqg Hfrqrplf

Ioxfwxdwlrqv/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ Iheuxdu|/ 69+4,/ 43406:1
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^43` V1 Uhehor dqg F1 Yhjk +4<<8,/ �Uhdo h�hfwv ri H{fkdqjh Udwh0Edvhg Vwdelol}dwlrqv=

Dq Dqdo|vlv ri Frpshwlqj Wkhrulhv/� / lq E1V1 Ehuqdqnh dqg M1 Urwhpehuj/ QEHU

Pdfurhfrqrplfv Dqqxdo 4<<8/ PLW Suhvv1

^44` Uhlqkduw/ F1 dqg F1 Yhjk +4<<8,/ �Qrplqdo Lqwhuhvw Udwhv/ Frqvxpswlrq Errpv/ dqg

Odfn ri Fuhglelolw|= D Txdqwlwdwlyh H{dplqdwlrq�/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv>

79+5, 68:0:;1

^45` Xuleh P1+4<<:, �H{fkdqjh0Udwh0Edvhg Lq dwlrq Vwdelol}dwlrq= Wkh Lqlwldo Uhdo H�hfwv

ri Fuhgleoh Sodqv� Mrxuqdo ri Prqhwdu| Hfrqrplfv> 6<+5,/ 4<:05541
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