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Abstract

Financial accelerator theories imply that weak balance sheets can amplify adverse shocks on firm
investment.  This effect should be asymmetric, stronger in downturns than in upturns and stronger
for  small  firms  than  for  large  firms. This  paper privides  empirical  evidence of  the presence of  a
financial accelerator in the four largest euro area economies: Germany, France, Italy and Spain. Using
annual firm balance sheet data over the period 1983�1997 it is shown that weak balance sheets are
more important in explaining investment during downturns than during upturns. It is further shown
that the effects of the accelerator are largest for small firms.

JEL classification: E22, E44.
Keywords: financial accelerator, investment, panel data.
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� W?|hL_�U|�L?

D odujh hpslulfdo olwhudwxuh lqlwldwhg e| Id}}dul/ Kxeedug dqg Shwhuvhq +4<;;,
kdv surylghg vxevwdqwldo hylghqfh wkdw �up lqyhvwphqw lv d ixqfwlrq ri oltxlg0
lw| dqg vwuhqjwk ri wkh edodqfh vkhhw1� Wkh �qdqfldo dffhohudwru wkhru| sxw
iruzdug e| Ehuqdqnh/ Jhuwohu dqg Jlofkulvw +4<<<, xvhv wkh lqvljkwv ri wklv
olwhudwxuh dqg olqnv wklv hylghqfh zlwk f|folfdo pryhphqwv ri lqyhvwphqw dqg
rxwsxw1 Wkh fhqwudo wkhruhp ri wkh �qdqfldo dffhohudwru wkhru| lv wkdw uhdo ru
prqhwdu| srolf| vkrfnv fdq eh dpsol�hg e| �upv zlwk zhdn edodqfh vkhhwv12

Wkh �qdqfldo dffhohudwru wkhru| lv forvho| uhodwhg zlwk wkh edqn ohqglqj fkdqqho
wkhru| +Ehuqdqnh dqg Eolqghu/ 4<;;,1 Wklv wkhru| suhglfwv wkdw zkhq edqnv
duh lpsdluhg wr pdnh ordqv e| d gudlq rq uhvhuyhv/ d uhvwulfwlrq lq ordq vxsso|
pljkw klw kdughu vrph �upv wkhq rwkhuv1 Zkhuh wkh fuhglw fkdqqho irfxvhv rq
edodqfh vkhhwv gl�huhqfhv ri edqnv/ wkh vxsso| ri fuhglw dqg prqhwdu| srolf|
vkrfnv/ wkh �qdqfldo dffhohudwru wkhru| irfxvhv rq gl�huhqfhv lq wkh edodqfh
vkhhw ri �upv dqg wkhlu lpsolfdwlrq iru erwk uhdo dqg qrplqdo vkrfnv1

Wkh �qdqfldo dffhohudwru/ dovr fdoohg �qdqfldo sursdjdwlrq phfkdqlvp/ lp0
solhv wkdw d �upv* lqyhvwphqw vshqglqj lv lq�xhqfhg e| lwv edodqfh vkhhw srvl0
wlrq1 Zhdn edodqfh vkhhwv fdq dpsoli| vkrfnv rq �up vshqglqj1 Wkh phfkd0
qlvp xvxdoo| ehlqj wkdw dv|pphwulf lqirupdwlrq pdnhv �up dffhvv wr lqyhvw0
phqw �qdqfh d ixqfwlrq ri lwv edodqfh vkhhw1 Zhdn edodqfh vkhhwv wkdq uhvwulfw
�up lqyhvwphqw �qdqflqj dqg dv d fruroodu| �up lqyhvwphqw1 Wkh lqlwldo vkrfnv
ehlqj dpsol�hg fdq eh hlwkhu uhdo ru qrplqdo vkrfnv1 Wkh �qdqfldo dffhohudwru
wkhuhiruh surylghv rqh +dprqj pdq|, srvvleoh wudqvplvvlrq phfkdqlvp ri uhdo
vkrfnv ru prqhwdu| srolf| vkrfnv1

Dq lpsruwdqw ihdwxuh ri wkh �qdqfldo dffhohudwru lv lwv shufhlyhg grxeoh
dv|pphwu|= edodqfh vkhhw h�hfwv vkrxog eh vwurqjhu lq grzqwxuqv wkdq lq
errpv dqg vwurqjhu iru vpdoo �upv wkdq iru odujh �upv1 Ru dv vwdwhg e| Jhuwohu
dqg Jlofkulvw+4<<6/4<<7,= %Wkh �qdqfldo sursdjdwlrq phfkdqlvp lv olnho| wr eh
dv|pphwulf ryhu wkh f|foh0 pruh srwhqw lq grzqwxuqv wkdq lq errpv1% dqg %Lw lv
krshixoo| qrw frqwuryhuvldo wr vxjjhvw wkdw wkh �qdqfldo sursdjdwlrq phfkdqlvp
lv pruh dssolfdeoh wr %vpdoo% eruurzhuv1% �

D qxpehu ri vwxglhv kdyh surylghg hpslulfdo hylghqfh ri vxfk dv|pphwulf
h�hfwv diwhu uhdo ru prqhwdu| vkrfnv iru wkh X1V1 Xvlqj d sdqho ri 754 �upv/
Jhuwohu dqg Kxeedug +4<;;, �qg wkdw �{hg lqyhvwphqw iru �upv zlwk kljk
glylghqg uhwhqwlrq lv pruh vhqvlwlyh wr fdvk �rz �xfwxdwlrqv lq uhfhvvlrqv wkdq
rxwvlgh uhfhvvlrqv/ zkloh wklv lv qrw wkh fdvh iru orz uhwhqwlrq �upv1 Ndvk|ds/

�OL�i�ih UL?|hL�iht) t|�** hi�}?t� 5ii |�i _iM@|i Mi|�ii? 6@33@h�c O�MM@h_ @?_ �i|ihti? E�bbS� @?_
k@T*@? @?_ ~�?}@*it E�bb.��

2� U*Lti*) hi*@|i_ |�iLh) M) k�)L|@!� @?_ �LLhi E�bb.� uLU�tit L? Uhi_�| U)U*it �?_�Ui_ M) 4L�i4i?|t
�? UL**@|ih@* �@*�it�

��*�?ih @?_ +�_iM�t� E�bbe� @*tL Mi*�i�i |�@| t4@** �h4t @hi 4Lhi ��*?ih@M*iG�A�i �?uLh4@|�L? @t)4�
4i|h�it |�@| �?_ih*�i @ MhL@_ Uhi_�| U�@??i* t�L�*_ Mi 4Lhi ti�ihi uLh t4@** �h4t |�@? uLh *@h}i �h4t�
A��tc �u |�i MhL@_ Uhi_�| U�@??i* i �t|tc �i t�L�*_ tii �|t igiU|t 4Lhi t|hL?}*) uLh t4@** �h4t��
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Odprqw dqg Vwhlq +4<<7, �qg wkdw iru �upv zlwkrxw erqg udwlqj/ oltxlglw|
+dv phdvxuhg e| wkh �up*v udwlr ri fdvk dqg pdunhwdeoh vhfxulwlhv wr wrwdo
dvvhwv, pdwwhuv iru lqyhqwru| lqyhvwphqw gxulqj wkh 4<;504<;6 uhfhvvlrq1 Wkh|
dovr �qg wkdw rxwvlgh uhfhvvlrqv/ oltxlglw| pdwwhuv pxfk ohvv1 Jhuwohu dqg
Jlofkulvw +4<<7, �qg wkdw iru vpdoo �upv wkh h�hfw ri wkh fryhudjh udwlr +fdvk
�rz rq lqwhuhvw sd|phqwv, rq lqyhqwru| lqyhvwphqw lv dv|pphwulf ryhu wkh
f|foh= kljkhu lq orz jurzwk shulrgv/ orzhu lq kljk jurzwk shulrgv1 Rolqhu dqg
Uxghexvk +4<<7, �qg wkdw diwhu prqhwdu| wljkwhqlqj wkh uhodwlrqvkls ehwzhhq
fdvk �rz dqg �{hg lqyhvwphqw ehfrphv forvh iru vpdoo �upv exw qrw iru odujh
�upv1

Wkhuh lv pxfk ohvv hylghqfh iru Hxursh1 Urqgl/ Vdfn/ Vfkldqwduhool dqg
Vhpehqhool +4<<;, surylgh hylghqfh iru Lwdo|1 Wkh| vkrz wkdw lqyhqwru| dqg
�{hg lqyhvwphqw ghflvlrqv ri vpdoo �upv duh pruh vhqvlwlyh wr wkh fryhudjh
udwlr diwhu shulrgv ri prqhwdu| wljkwhqlqj1 Jxduljold+4<<<, surylghv hylghqfh
iru wkh X1N1

Wkh �qglqjv uhihuuhg wr deryh fdq eh uhgxfhg wr wkuhh whvwdeoh k|srwkhvlv
rq wkh �qdqfldo dffhohudwru=
K4= edodqfh vkhhw srvlwlrqv duh vljql�fdqw ghwhuplqdqwv ri �up lqyhvwphqw
vshqglqj1
K5= lq grzqwxuqv/ edodqfh vkhhw srvlwlrqv duh pruh lpsruwdqw lq h{sodlqlqj
�up lqyhvwphqw vshqglqj wkdq lq rwkhu wlphv1e

K6= wkh �qdqfldo dffhohudwru lq�xhqfhv vpdoo dqg odujh �up lqyhvwphqw vshqg0
lqj gl�huhqwo|/ zlwk vpdoo �upv ehlqj prvw olnho| wr eh lq�xhqfhg prvw1

E| whvwlqj wkhvh k|srwkhvlv/ wklv sdshu surylghv dgglwlrqdo hylghqfh iru Hx0
ursh1 L lqyhvwljdwh lqyhvwphqw ehkdylru lq wkh shulrg 4<;604<<: iru Jhupdq|/
Iudqfh/ Lwdo| dqg Vsdlq +wkh irxu odujhvw frxqwulhv lq wkh hxur duhd, dqg whvw
zkhwkhu vl}h pdwwhuv dqg zkhwkhu edodqfh vkhhw h�hfwv rq lqyhvwphqw duh vlj0
ql�fdqwo| gl�huhqw gxulqj wkh grzqwxuq ri wkh hduo| qlqhwlhv1 Pruh jhqhudoo|/
L lqyhvwljdwh wkh fdvh wr eh pdgh iru wkh �qdqfldo dffhohudwru lq Hxursh1

2 A�i _@|@M@ti

Wklv uhvhdufk xvhv wkh EDFK0gdwdedvh zklfk lv khog dw wkh Hxurshdq frpplv0
vlrq dqg zklfk fryhuv 44 Hxurshdq frxqwulhv iru d shulrg iurp wkh hduo| 4<;3*v
wr wkh plg04<<3*v1 Wkh EDFK0gdwdedvh lv frqvwuxfwhg wkurxjk wkh djjuhjdwlrq
ri d odujh qxpehu ri lqglylgxdo �up edodqfh vkhhw dqg sur�w dqg orvv dffrxqwv1
Djjuhjdwhg �up edodqfh vkhhwv dqg sur�w dqg orvv dffrxqwv duh surylghg iru
6 �up vl}h fodvvhv dqg iru 56 gl�huhqw lqgxvwulhv dqg wklv ryhu gl�huhqw |hduv1
Xvxdoo|/ wkh qxpehu ri �upv xvhg lq wkh djjuhjdwlrq gl�huv iurp |hdu wr |hdu
exw lq jhqhudo lw lv txlwh odujh1 Iru lqvwdqfh/ iru Jhupdq| wklv lv derxw 43333

eA�i hiti@hU� L? |�i �?@?U�@* @UUi*ih@|Lh �t U*Lti*) hi*@|i_ ��|� |�i hiti@hU� L? *�^��_�|) UL?t|h@�?|t
@?_ � i_ �?�it|4i?|� W| �t _�gihi?| �L�i�ih L? �|t i4T�@t�t L? |�i @t)44i|h�U igiU|t L�ih |�i U)U*i�
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�upv |hduo| +frxqwlqj rqo| wkh lqgxvwulhv xvhg lq wklv sdshu1, Iru Lwdo| wklv lv
hyhq pruh/ durxqg 48333 hdfk |hdu1

D xqlw ri revhuydwlrq lv gh�qhg e| vl}h/ lqgxvwu|/ frxqwu| dqg |hdu1 Iru
lqvwdqfh/ odujh Jhupdq �upv lq wkh irrg/ gulqn dqg wdedffr lqgxvwu| lq 4<<3
lv rqh revhuydwlrqdo xqlw/ vpdoo Iuhqfk �upv lq wkh fkhplfdo dqg pdq pdgh
�ehuv lqgxvwu| lq 4<<7 lv dqrwkhu1 Ehiruh wkh djjuhjdwlrq wdnhv sodfh/ wkh
dffrxqwlqj gdwd duh kduprqlvhg dfurvv frxqwulhv lq d vlqjoh irupdw/ zklfk
frqwdlqv ;6 lwhpv hlwkhu iurp wkh edodqfh vkhhw ru wkh sur�w dqg orvv dffrxqwv1
Wkhuhiruh/ hdfk revhuydwlrqdo xqlw kdv rqh djjuhjdwhg edodqfh vkhhw dqg rqh
sur�w dqg orvv dffrxqw wkdw vkrxog eh uhodwlyho| frpsdudeoh dfurvv frxqwulhv1

Lq wklv sdshu L irfxv rq wkh 43 pdqxidfwxulqj lqgxvwulhv suhvhqw lq EDFK1D

Wkh wkuhh vl}h fodvvhv duh= vpdoo �upv +wxuqryhu ri ohvv wkdq : ploolrq HFX,/
phglxp vl}h �upv +wxuqryhu ehwzhhq : ploolrq dqg 73 ploolrq HFX,/ odujh
�upv +wxuqryhu lq h{fhvv ri 73 ploolrq HFX,1 Dq lpsruwdqw dgydqwdjh ri wklv
gdwdedvh lv wkh lqfoxvlrq ri yhu| vpdoo �upv1 Wkh �upv xvhg iru djjuhjdwlrq
lq wkh vpdoo �upv vl}h fodvv kdyh rq dyhudjh 69 +$, hpsor|hhv1 Wkh phglxp
vl}hg �upv kdyh rq dyhudjh 45< hpsor|hhv dqg wkh odujh �upv kdyh rq dyhudjh
453; hpsor|hhv1S

Xqiruwxqdwho|/ wkh xvh ri wkh gdwd iru furvv0frxqwu| frpsdulvrq lv vhyhuho|
kdpshuhg e| wkh idfw wkdw iru pdq| frxqwulhv/ pdq| lwhpv duh qrw dydlodeoh
+l1h1 ohiw eodqn lq wkh gdwdedvh,1 Ehfdxvh ri wklv uhdvrq/ lq wklv sdshu rqo|
wkh lqirupdwlrq rq Jhupdq|. / Iudqfh/ Lwdo| dqg Vsdlq frxog eh xvhg1 Rqo|
wkhvh frxqwulhv surylgh hqrxjk lqirupdwlrq rq wkh yduldeohv xvhg lq wklv vwxg|1
Iruwxqdwho|/ wkhvh frxqwulhv uhsuhvhqw d odujh sduw ri hxur0duhd zlgh pdqxidf0
wxulqj lqyhvwphqw1

� #L�?|�h?t @?_ �}}hi}@|i W?�it|4i?|

Lq rughu wr whvw zkhwkhu d �qdqfldo dffhohudwru lv pruh srwhqw gxulqj grzq0
wxuqv/ rqh kdv wr lghqwli| grzqwxuqv �uvw1 Wdeoh 4 surylghv wkh lqgxvwuldo sur0
gxfwlrq lqgh{ +h{foxglqj frqvwuxfwlrq, iru Jhupdq|/ Iudqfh/ Lwdo| dqg Vsdlq1

Dv lv fohdu iurp Wdeoh 4/ doo irxu frxqwulhv h{shulhqfhg d grzqwxuq lq wkh
hduo| qlqhwlhv1 Wkh er{hg qxpehuv lqglfdwh wkh grzqwxuq |hduv frlqflglqj
zlwk wkh 4<<6 uhfhvvlrq/ zklfk zdv txlwh jhqhudo lq Hxursh1 Wr frpsduh wkh
pdjqlwxgh ri wkh grzqwxuq/ wkh lqgh{ edvh |hdu iru hdfk frxqwu| lv vhw dw wkh
|hdu ehiruh wkh vwduw ri wkh grzqwxuq1 Iru Lwdo| dqg Vsdlq wkh grzqwxuq odvwhg
7 |hduv/ iru Iudqfh lw odvwhg 6 |hduv zkloh iru Jhupdq| rqo| 5 |hduv1 Krzhyhu/

D�?i hi@tL? |L uLU�t L? 4@?�u@U|�h�?} @?_ *i@�i tih��Uit L�| Lu |�i @?@*)t�t �t |�@| *@MLh �?T�| 4�}�|
Mi 4Lhi �4TLh|@?| uLh tih��Uit |�@? U@T�|@* �?T�|� �*tLc tih��Uit L�|T�| �t |�L�}�| |L Mi *itt U)U*�U@* |�@?
4@?�u@U|�h�?} L�|T�|� 6�?@**)c �| hi4@�?t �? |�i |h@_�|�L? Lu uLh4ih hiti@hU� �? |��t @hi@�

SA�iti ?�4Miht @hi M@ti_ L? |�i _@|@ �ti_ �? |�i hi}hitt�L?t �? |��t T@Tih i U*�_�?} 5T@�? t�?Ui ���O
_Lit ?L| UL?|@�? i4T*L)ii ?�4Miht uLh 5T@�?�

.5�?Ui ���O L?*) UL?|@�?t ìt|�Bih4@? �h4 _@|@c @** ?�4Miht �ti_ �? |��t T@Tih @hi M@ti_ L?
ìt|�Bih4@? _@|@ L?*)�
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wkh ohqjwk ri wkh grzqwxuq lv qrw qhfhvvdulo| dq lqglfdwlrq ri wkh vhyhulw| ri
wkh grzqwxuq1 Wkh grzqwxuq zdv wkh zruvw lq Jhupdq| iroorzhg e| Vsdlq/
Iudqfh dqg Lwdo|1

WDEOH 4
Lqgxvwuldo Surgxfwlrq

\hdu Jhupdq| Iudqfh Lwdo| Vsdlq
4<;6 ::17 qd ;315 ;61:
4<;7 :<19 qd ;616 ;717
4<;8 ;714 ;<16 ;713 ;914
4<;9 ;81: ;<1< ;:16 ;;18
4<;: ;81< <413 ;<19 <519
4<;; ;;16 <813 <913 <819
4<;< <616 <;19 433 433

4<<3 <;13 433 <<18 <<1<

4<<4 433 <;1: <;16 <<14

4<<5 <:1: <:1: <91< <914

4<<6 <315 <61< <71: <513
4<<7 <618 <:19 43414 <;1<
4<<8 <718 <<19 43:1: 43617
4<<9 <814 <<1; 43817 43517
4<<: <;1: 4361: 43<18 43<1:
Vrxufh= Hxurvwdw

Wdeoh 5 surylghv pruh lqvljkw lq wkh qdwxuh ri wkhvh frxqwulhv grzqwxuqv1
Lq wklv wdeoh wkh uhdo fkdqjh gxulqj wkh grzqwxuq lq wrwdo grphvwlf h{shqgl0
wxuh iurp wkh qdwlrqdo dffrxqwv gdwd lv glvdjjuhjdwhg lqwr wkh uhdo fkdqjhv
lq djjuhjdwh jryhuqphqw frqvxpswlrq/ sulydwh �qdo frqvxpswlrq/ fkdqjh lq
lqyhqwrulhv dqg jurvv �{hg fdslwdo irupdwlrq1 Qrwh wkdw wkh vxp ri wkrvh 7
fkdqjhv lv htxdo wr wkh fkdqjh lq wrwdo grphvwlf h{shqglwxuh1 H

Iurp Wdeoh 5/ lw lv fohdu wkdw hyhu| grzqwxuq frlqflghv zlwk d vhulrxv gh0
fuhdvh lq erwk jurvv �{hg lqyhvwphqw dqg d uhgxfwlrq lq lqyhqwrulhv1 Wkh
uhgxfwlrq lq jurvv �{hg lqyhvwphqw +dqg lq lqyhqwrulhv, lv wkh prvw lpsruwdqw
pdun ri d grzqwxuq1 Lq doo frxqwulhv/ wkh ghfolqh lq jurvv �{hg fdslwdo iru0
pdwlrq irupv pruh wkdq 433( ri wkh wrwdo ghfolqh ri grphvwlf h{shqglwxuh1
Lw lv wkhuhiruh zduudqwhg wr orrn dw �{hg fdslwdo lqyhvwphqw lq wkh vhdufk ri
�qdqfldo dffhohudwru h�hfwv1

HA�i ?�4Miht @hi hi*@|i_ M)

A(.|n� 3 A(.|

A(.|
'

C�|n� 3C�|

A(.|
n

�|n� 3 �|

A(.|
n

{U�T|n� 3{U�T|

A(.|
n

U|n� 3 U|
A(.|

E��
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WDEOH 5
Glvhqwdqjolqj wkh uhdo fkdqjh lq wrwdo grphvwlf h{shqglwxuh=

uhdo fkdqjh +lq ( iurp wrwdo grphvwlf h{shqglwxuh,

\hdu Jhupdq| Iudqfh Lwdo| Vsdlq
Shulrg <40<6 <30<6 ;<0<6 ;<0<6
Jryhuqphqw frqvxpswlrq 31: 41; 31; 51<
Sulydwh �qdo frqvxpswlrq 416 41: 514 713
Fkdqjh lq lqyhqwrulhv 0414 051; 0413 0413
Jurvv �{hg fdslwdo irupdwlrq 0517 041; 0515 041:
Wrwdo grphvwlf h{shqglwxuh 0417 0414 0316 716
Vrxufh= rzq fdofxodwlrqv edvhg rq RHFG Qdwlrqdo Dffrxqwv

e W?�it|4i?| @UULh_�?} |L |�i ���O�_@|@M@ti

Lq wklv vhfwlrq L suhvhqw wkh EDFK0gdwd dqg vkrz wkdw wkh lqyhvwphqw ghfolqh
zdv txlwh eurdg edvhg dfurvv �up vl}h fodvvhv1

WDEOH 6
Vdpsoh phgldqv

Lqyhvwphqw0fdslwdo udwlr= doo vl}h fodvvhv

\hdu Jhupdq| Iudqfh Lwdo| Vsdlq
4<;6 qd qd 471; 431:
4<;7 qd qd 4<14 4517
4<;8 qd 5319 541: 461<
4<;9 qd 5416 5615 4913
4<;: 631: 5416 5818 4:18
4<;; 6514 5616 5;18 4<13
4<;< 651; 5614 5915 4;1;

4<<3 6516 551; 5715 4:16

4<<4 6614 4;15 4<1; 4:18

4<<5 5;1: 491< 4:16 471<

4<<6 5615 4518 4715 4517
4<<7 561: 4617 4719 4618
4<<8 5814 4919 4;15 4916
4<<9 5714 4:13 481< 4;17
4<<: qd 4913 4917 4:13
Vrxufh= rzq fdofxodwlrqv xvlqj EDFK0gdwdedvh

Wdeoh 6 surylghv wkh phgldq lqyhvwphqw0fdslwdo udwlr iru Jhupdq|/ Iudqfh/
Lwdo|/ dqg Vsdlq fdofxodwhg zlwk wkh EDFK0gdwd1 Hdfk phgldq suhvhqwhg lq
Wdeoh 6 lv fdofxodwhg xvlqj 63 revhuydwlrqv +6 vl}h fodvvhv wlphv 43 lqgxvwulhv
jlyhv 631,b Dv lv fohdu iurp Wdeoh 6/ doo irxu frxqwulhv h{shulhqfhg dq lqyhvw0
phqw froodsvh lq wkh hduo| qlqhwlhv frlqflglqj zlwk wkh jhqhudo grzqwxuq1 Doo
frxqwulhv vdz wkhlu phgldq lqyhvwphqw0fdslwdo udwlr ghfuhdvh wr wkh erwwrp

b�L|i |�@| L?i �@t |L Mi U@hiu�* ��i? UL4T@h�?} |�i *i�i*t Lu |��t h@|�L @UhLtt UL�?|h�it M@ti_ L? |��t
_@|@� #�gihi?Uit 4�}�| Mi hi@* M�| @*tL _�gihi?Uit �? UL�?|h) @UUL�?|�?} _i�?�|�L?t @?_ _@|@ UL**iU|�L?
4�}�| U@�ti _�gihi?Uit� W UL?Ui?|h@|i L? |�i |�4i tih�it Mi�@��L�h ��|��? i@U� UL�?|h)�
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ohyho lq 4<<61 Diwhu 4<<6/ wkh lqyhvwphqw0fdslwdo udwlr vwduwhg wr lqfuhdvh lq doo
frxqwulhv1

WDEOH 7
Vdpsoh phgldqv

Lqyhvwphqw0fdslwdo udwlr= vpdoo �upv

\hdu Jhupdq| Iudqfh Lwdo| Vsdlq
4<;6 qd qd 4715 431<
4<;7 qd qd 4:16 4617
4<;8 qd 551: 4;19 471<
4<;9 qd 541; 5414 4;18
4<;: 641< 541; 561; 5518
4<;; 651< 561: 5616 4<1:
4<;< 6914 5615 5517 5316

4<<3 6515 5515 551; 491<

4<<4 681; 4;15 4<16 5513

4<<5 5<16 4818 4:1; 4;18

4<<6 5616 4516 4615 4516
4<<7 5916 4613 4414 461;
4<<8 5915 4:18 481< 5415
4<<9 58 4;15 4615 5319
4<<: qd 481< 4616 5516
Vrxufh= rzq fdofxodwlrqv xvlqj EDFK0gdwdedvh

WDEOH 8
Vdpsoh phgldqv

Lqyhvwphqw0fdslwdo udwlr= phglxp vl}h �upv

\hdu Jhupdq| Iudqfh Lwdo| Vsdlq
4<;6 qd qd 4:14 431:
4<;7 qd qd 541: 4517
4<;8 qd 5319 561; 4713
4<;9 qd 541< 5:15 491<
4<;: 5:14 551< 5<14 4:1<
4<;; 5<18 5815 631; 5318
4<;< 6518 571< 5<18 4;1;

4<<3 6516 5916 571; 4;13

4<<4 6517 5413 531: 4913

4<<5 5:16 4;13 4:16 4616

4<<6 5519 4617 471: 4618
4<<7 5617 4819 4815 4817
4<<8 5814 4:1< 5514 4:17
4<<9 561; 4:16 4<17 4;17
4<<: qd 4;16 4<1; 4<16
Vrxufh= rzq fdofxodwlrqv xvlqj EDFK0gdwdedvh
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WDEOH 9
Vdpsoh phgldqv

Lqyhvwphqw0fdslwdo udwlr= odujh vl}h �upv

\hdu Jhupdq| Iudqfh Lwdo| Vsdlq
4<;6 qd qd 4819 <18
4<;7 qd qd 4;15 <1:
4<;8 qd 4;1; 541; 451:
4<;9 qd 4<16 5619 4716
4<;: 6417 5313 5918 4614
4<;; 6514 4;14 5<15 4914
4<;< 6516 4;14 5<18 4;17

4<<3 6516 4;18 5813 491<

4<<4 641< 4:15 4;1; 4718

4<<5 5;1: 4818 4919 4413

4<<6 5618 <1< 4817 <1:
4<<7 4<1; <16 4818 <1:
4<<8 5618 4416 5316 461<
4<<9 5514 4713 4:14 4617
4<<: qd 4613 491; 471;
Vrxufh= rzq fdofxodwlrqv xvlqj EDFK0gdwdedvh

Wkh phgldq lqyhvwphqw0fdslwdo udwlr iru hdfk vl}h fodvv duh uhsuhvhqwhg lq
Wdeohv 7/8 dqg 91�f Djdlq d er{ vxuurxqgv wkh vdph grzqwxuq |hduv dv lq
Wdeoh 41

Dv lv fohdu iurp Wdeohv 7/8 dqg 9/ wkh ghfolqh lq lqyhvwphqw frlqflghv uh0
pdundeo| zhoo zlwk wkh grzqwxuq lq lqgxvwuldo surgxfwlrq1 Wkh ghfolqh lq
lqyhvwphqw lv dovr eurdg edvhg/ doo vl}h fodvvhv +lq doo frxqwulhv, vx�hu iurp d
ghfolqh1

D Ait|�?} |�i �)TL|�itit �?_ih*)�?} |�i �?@?U�@*
@UUi*ih@|Lh

D�� �@*@?Ui t�ii| �?_�U@|Lht @?_ |�i *i�i* Lu �?�it|4i?|

Wkh sursrqhqwv ri wkh �qdqfldo dffhohudwru wkhru| kdyh xvhg wkh whup %�upv
zlwk zhdn edodqfh vkhhwv%�� wr lqglfdwh zklfk �upv duh yxoqhudeoh wr d �qdqfldo
dffhohudwru1 Lq wklv vhfwlrq L whvw wkh �uvw k|srwkhvlv zklfk zdv vwdwhg lq wkh
lqwurgxfwlrq=

K4= edodqfh vkhhw srvlwlrqv duh vljql�fdqw ghwhuplqdqwv ri �up lqyhvwphqw
vshqglqj1

Wklv k|srwkhvlv irupv dq hvvhqwldo ihdwxuh ri zkdw kdv ehfrph nqrzq dv
%wkh �qdqfldo dffhohudwru% wkhru|1 Vlqfh %zhdn edodqfh vkhhw% lv d udwkhu ydjxh

�f5�?Ui |�ihi @hi �f 4@?�u@U|�h�?} �?_�t|h�itc |�i 4i_�@? �?�it|4i?|�U@T�|@* h@|�L uLh i@U� t�3i U*@tt
U@? Mi U@*U�*@|i_ L? |�i M@t�t Lu �f ?�4Miht�

��5ii i�}� �ih?@?!ic Bih|*ih @?_ B�*U�h�t| E�bbS��
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whup lw kdv wr eh rshudwlrqdol}hg1 Wklv lv grqh e| xvlqj irxu gl�huhqw lqglfdwruv
iru wkh edodqfh vkhhw1

Wkhvh lqglfdwruv duh suhvhqwhg lq Wdeoh :1 Wkh �uvw lqglfdwru/ wrwdo ghew dv
d iudfwlrq ri wrwdo dvvhwv GD�|/ lv dq lqglfdwru ri wkh jhqhudo lqghewhgqhvv ru
ohyhudjh ri wkh �up1 Wkh vhfrqg lqglfdwru/ vkruw0whup ghew rq fxuuhqw dvvhwv
VGFD�|/ lv dq lqglfdwru ri vkruw whup oltxlglw|1 Lw lqglfdwhv zkhwkhu vkruw0
whup oldelolwlhv +zklfk duh wr ehfrph gxh, duh edfnhg zlwk uhodwlyho| oltxlg
dvvhwv1 Wkh wklug lqglfdwru/ vkruw0whup ghew dv d iudfwlrq ri wrwdo ghew IV�|/
dwwhpswv wr phdvxuh wkh h{whqw wkh �up kdv wr �qdqfh lwvhoi vkruw0whup udwkhu
wkdq orqj0whup dqg lv wkhuhiruh uhodwhg wr lwv dffhvv wr orqj0whup �qdqfh1 Wkh
fryhudjh udwlr FRY�|/ ru fdvk �rz rq lqwhuhvw sd|phqwv phdvxuhv wkh h{whqw
wr zklfk fdvk �rz lv vx�flhqw wr sd| iru �qdqfldo frvwv dqg lv wkhuhiruh uhodwhg
wr fuhglw zruwklqhvv1

Wkh gluhfwlrq lq zklfk wkhvh lqglfdwruv frqyh| zhdnhu edodqfh vkhhwv duh
vxssrvhg wr uxq dv iroorzv1 Wkh kljkhu wrwdo ghew dv d iudfwlrq ri wrwdo dvvhwv
dqg wkh kljkhu vkruw whup ghew rq fxuuhqw dvvhwv/ wkh zhdnhu wkh edodqfh vkhhw1
Wkh kljkhu vkruw0whup ghew dv d iudfwlrq ri wrwdo ghew/ wkh zhdnhu wkh edodqfh
vkhhw1 Wkh kljkhu wkh fryhudjh udwlr wkh vwurqjhu wkh edodqfh vkhhw1

Dowkrxjk wkh fryhudjh udwlr kdv ehhq xvhg lq iruphu vwxglhv dv d phdvxuh
ri fuhglw zruwklqhvv +Jhuwohu dqg Jlofkulvw/ 4<<7 dqg Urqgl/ Vdfn/ Vfkldqwduhool
dqg Vhpehqhool/ 4<<;,/ lw lv d frqwhqwlrxv yduldeoh1 Fdvk �rz lv nqrzq wr eh
kljko| fruuhodwhg zlwk lqyhvwphqw1 Lw lv xqfhuwdlq krzhyhu zkhwkhu wklv lv gxh
wr wuxh dffhohudwru h�hfwv ru wr dq lqirupdwlrqdo fkdqqho= fdvk �rz frqwdlqv
lqirupdwlrq rq ixwxuh sur�wdelolw|1 Vlqfh wkh ghqrplqdwru ri wkh fryhudjh
udwlr frqwdlqv fdvk �rz/ wkh vdph sureohp ri glvwlqjxlvklqj lqirupdwlrqdo dqg
dffhohudwru h�hfwv krogv1

WDEOH :
Lqglfdwruv ri edodqfh vkhhw srvlwlrq

GDlw Wrwdo ghew dv d iudfwlrq ri wrwdo dvvhwv +ohyhudjh,
VGFDlw Vkruw0whup ghew rq fxuuhqw dvvhwv +oltxlglw|,
IVlw Vkruw0whup ghew dv d iudfwlrq ri wrwdo ghew +pdunhw dffhvv,
FRYlw Fryhudjh udwlr= Fdvk �rz rq lqwhuhvw sd|phqwv +fuhglw zruwklqhvv,

Wkh qdwxuh ri wkh gdwd ghwhuplqhv wkh dydlodeoh fkrlfh ri wkh lqyhvwphqw
vshfl�fdwlrq wr whvw iru k|srwkhvlv K41 Vlqfh/ ehfdxvh ri djjuhjdwlrq/ wkh
gdwd frqvlghuhg duh zkdw rqh frxog fdoo %uhsuhvhqwdwlyh0�upv% udwkhu wkdq
lqglylgxdo �upv/ hxohu htxdwlrqv ru rwkhu vwuxfwxudo lqyhvwphqw htxdwlrqv duh
olnho| qrw wr krog1 Dovr/ wkh qdwxuh ri wkh gdwd pdnhv Wrelq0t dssurdfkhv
lpsrvvleoh1 D vlpsoh vshfl�fdwlrq lv wkh vdohv0dffhohudwru prgho1 Wkh vdohv0
dffhohudwru vshfl�fdwlrq kdv d orqj wudglwlrq dqg shuirupv xvxdoo| vxshulru
frpsduhg wr pruh vr�vwlfdwhg lqyhvwphqw vshfl�fdwlrqv +Rolqhu/ Uxghexvk dqg
Vlfkho/ 4<<8,1

Wkhuhiruh/ wr whvw iru k|srwkhvlv K4/ wkh iroorzlqj vdohv0dffhohudwru vshfl�0
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fdwlrq ri wkh lqyhvwphqw udwh lv xvhg/

LN�| @ �. �LN�c|3� . �VN�c|3� . �E�c|3� . �| . x� . ��c|> +5,

zkhuh LN�| lv wkh lqyhvwphqw0udwh ri �up l dw wlph w +l1h1 lqyhvwphqw fdslwdo
udwlr,/ VN�|3� lv wkh vdohv0fdslwdo udwlr dw wlph w � 4/ E�c|3� lv d phdvxuh ri
wkh edodqfh vkhhw srvlwlrq +l1h1 GD�|3�> VGFD�|3�> IV�|3� ru FRY�|3�,/ �| lv
d wlph �{hg h�hfw/ x� lv dq xqrevhuyhg �up �{hg h�hfw/ dqg ��c| lv d vhuldoo|
xqfruuhodwhg huuru whup zklfk lv dovr xqfruuhodwhg zlwk doo yduldeohv dw wlph
w � 41 Wkh xvhu frvw ri fdslwdo grhv qrw hqwhu wkh htxdwlrq h{solflwo|1 Wkh
lqfoxvlrq ri wkh wlph �{hg h�hfw dqg wkh �up �{hg h�hfw lq wkh hpslulfdo
vshfl�fdwlrq frqwurov iru lwv yduldwlrq1

Wkh frh�flhqw � phdvxuhv wkh vhqvlwlylw| ri wkh lqyhvwphqw fdslwdo udwlr
zlwk uhvshfw wr fkdqjhv lq wkh edodqfh vkhhw lqglfdwru1 Li wkh �qdqfldo dffhohu0
dwru k|srwkhvlv +K4, lv fruuhfw/ � vkrxog eh qhjdwlyh zkhq E�|3� lv phdvxuhg
e| GD�|3�/VGFD�|3� ru IV�|3�/ dqg vkrxog eh srvlwlyh zkhq phdvxuhg e|
FRY�|3�1

Wkh +xqedodqfhg, vdpsoh xvhg lq wklv sdshu frqwdlqv 445 %uhsuhvhqwdwlyh%
�upv +l@4/111/445, zklfk duh revhuyhg ryhu dw ohdvw 8 frqvhfxwlyh |hduv lq wkh
shulrg ehwzhhq 4<;6 dqg 4<<: +w@4<;6/111/4<<:,1 Wdeoh ; surylghv vxppdu|
vwdwlvwlfv ri wkh yduldeohv xvhg lq +5,1

A��w, H
5�44@h) t|@|�t|�Ut Lu |�i �@h�@M*it �ti_

V@h�@M*i �,�� 5A�#,V �,#W�� �W�W�N� ��jW�N�
Wk 2f�eD .�2� �b�HD �����e e2��2
5k D�Sb 2��f D�2H ���b �2�e2
#� Db�HD b�.� S��H2 2f�e. Hb�H.
5#�� .f�SD �f�.f .���. �2�D. �f.�HS
65 .S�Sb H�Df .H�D� �.�be be��2
��V ��2� ���� ��fH f�f. H�.�

Wkh lqyhvwphqw uhjuhvvlrq +5, frqwdlqv erwk d odjjhg ghshqghqw yduldeoh
LN|3� dqg d �up �{hg h�hfw1 Ehfdxvh ri wkh suhvhqfh ri wkh odjjhg ghshqghqw
yduldeoh wkh zlwklq hvwlpdwru +ohdvw vtxduhv diwhu vxewudfwlqj wkh lqglylgxdo
phdqv iurp wkh yduldeohv, lv qhfhvvdulo| lqfrqvlvwhqw +Qlfnho/ 4<;4,1

Lqvwhdg/ L xvh wkh JPP0hvwlpdwlrq surfhgxuh vxjjhvwhg e| Duhoodqr dqg
Erqg +4<<4, zklfk gholyhuv h�flhqw dqg frqvlvwhqw hvwlpdwhv1 Iluvw/ htxdwlrq
+5, lv �uvw gl�huhqfhg1 Wkh �uvw gl�huhqfhg htxdwlrq grhv qrw orqjhu frqwdlq
wkh �up �{hg h�hfw=

�LN�| @ ��LN�c|3� . ��VN�c|3� . ��E�c|3� . ��| . ��c| � ��c|3�> +6,

zlwk ��| @ �| � �|3�1 Qrwh wkdw e| wdnlqj �uvw gl�huhqfhv dovr +srvvleoh,
frxqwu|/ lqgxvwu| ru vl}h vshfl�f h�hfwv duh uhpryhg1 Wkdw lv/ li lq +5, x�
zrxog eh uhsodfhg e| x� . F� . L& . V, zlwk F� vwdqglqj iru frxqwu| m h�hfw/
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L& vwdqglqj iru lqgxvwu| n h�hfw dqg V, vwdqglqj iru vl}h o h�hfw/ wkdq wkh �uvw
gl�huhqfhg htxdwlrq zrxog vwloo eh +6,1

Wkh dvvxpswlrq ri odfn ri vhuldo fruuhodwlrq ri wkh huuru whup �| +l1h1 H+�|�r, @
3;w 9@ v, lv hvvhqwldo dqg doorzv lghqwl�fdwlrq ri wkh prgho1 Lw doorzv wkh prgho
yduldeohv odjjhg wzr shulrgv ru pruh wr eh xvhg dv lqvwuxphqwv1 Edvlfdoo|/ wkh
prgho lpsolhv wkh iroorzlqj olqhdu prphqw uhvwulfwlrqv=

H^+��c| � ��c|3�,]�c|3� ` m @ 5> ===> +w� 4,> w @ 4<;8> ===4<<: +7,

zkhuh ]�c|3� lv dq| ri wkh iroorzlqj yduldeohv= LN�c|3� > VN�c|3� > E�c|3� 1 Li wkh
huuruv ��| duh vhuldoo| xqfruuhodwhg/ wkdq wkh gl�huhqfhg uhvlgxdov +��c| � ��c|3�,
vkrxog eh �uvw rughu qhjdwlyho| fruuhodwhg dqg wkhuh vkrxog eh qr hylghqfh
ri vhfrqg rughu fruuhodwlrq +l1h1 +��c| � ��c|3�, vkrxog eh xqfruuhodwhg zlwk
+��c|32���c|3�,,1 Duhoodqr dqg Erqg +4<<4, kdyh ghyhorshg whvw vwdwlvwlfv wr whvw
�uvw rughu dqg vhfrqg rughu fruuhodwlrq ri wkh gl�huhqfhg uhvlgxdov1 Suhvhqfh
ri vhfrqg rughu fruuhodwlrq zrxog lqglfdwh wkdw wkh dvvxpswlrqv xvhg lq hvwl0
pdwlqj wkh prgho zkhuh ylrodwhg1 Erwk whvw vwdwlvwlfv duh suhvhqwhg wrjhwkhu
zlwk wkh hvwlpdwhv1 Dovr/ wkh xvxdo Vdujdq0whvw ri ryhulghqwli|lqj uhvwulfwlrq lv
suhvhqwhg1

Wkh JPP0hvwlpdwlrq surfhgxuh sursrvhg e| Duhoodqr dqg Erqg +4<<4, lv d
wzr0vwhs hvwlpdwru1 Wzr vhwv ri hvwlpdwhv duh rewdlqhg1�2 Erwk �uvw dqg vhfrqg
vwhs hvwlpdwhv duh frqvlvwhqw1 Wkh vhfrqg vwhs hvwlpdwhv duh h�flhqw zkloh wkh
�uvw rqhv duh qrw1 Krzhyhu/ lq vpdoo vdpsohv/ wkh hvwlpdwhg vwdqgdug huuruv ri
wkh vhfrqg vwhs hvwlpdwhv duh xvxdoo| eldvhg grzqzdug1 Vlqfh wkh vdpsoh xvhg
khuh fdq eh frqvlghuhg vpdoo/ erwk wkh �uvw vwhs dqg vhfrqg vwhs hvwlpdwhv dqg
vwdqgdug huuruv duh vkrzq1

Wkh uhvxow ri wkh hvwlpdwlrqv duh lq Wdeoh <1�� Lq doo wkh hvwlpdwlrqv/ wkh
prgho yduldeohv odjjhg wzr dqg odjjhg wkuhh shulrgv duh xvhg dv lqvwuxphqwv1
Iru doo uhjuhvvlrqv wkhuh lv qr vljq ri vhfrqg rughu vhuldo fruuhodwlrq ri wkh �uvw
gl�huhqfhg uhvlgxdov1 Krzhyhu wkh Vdujdq whvw uhmhfwv wkh uhjuhvvlrq frqwdlqlqj
wkh yduldeoh IV�|3� dw wkh 8( ohyho1 Wkh hvwlpdwhg frh�flhqwv rq doo edodqfh
vkhhw yduldeohv kdyh wkh fruuhfw vljq1 Erwk wkh �uvw dqg vhfrqg vwhs hvwlpdwhv
ri wkh ghew0dvvhw udwlr dqg wkh vkruw0whup ghew vkruw0whup dvvhw udwlr duh qrw
vljql�fdqw krzhyhu1 Wkh fryhudjh udwlr lv kljko| vljql�fdqw1 Dowkrxjk dv lqgl0
fdwhg hduolhu/ lw lv xqfhuwdlq zkhwkhu wklv lv gxh wr lqirupdwlrqdo ru dffhohudwru
h�hfwv1 Frqvlghulqj wklv wrjhwkhu zlwk wkh lqvljql�fdqfh ri wkh ghew0dvvhw udwlr
dqg wkh vkruw0whup ghew vkruw whup dvvhw udwlr/ wkh gluhfw hylghqfh lq idyrxu
ri wkh dffhohudwru k|srwkhvlv vwhpplqj iurp wkhvh uhjuhvvlrqv lv zhdn1

Krzhyhu wzr revhuydwlrqv vkrxog pdnh wkhvh uhvxowv qrw wrr vxusulvlqj1
Iluvw/ wkh %�upv% xvhg lq wkhvh uhjuhvvlrqv duh %uhsuhvhqwdwlyh �upv% wkh ydul0
deohv ri hdfk %uhsuhvhqwdwlyh �up% duh hvvhqwldoo| dyhudjhv ryhu d qxpehu ri

�2AL LM|@�? tiUL?_ t|iT it|�4@|itc |�i hit�_�@*t Lu |�i �ht| t|iT @hi �ti_ |L ThL_�Ui @? LT|�4@* ?i�
�i�}�|�?} 4@|h� E|�i �?�ihti Lu |�i UL�@h�@?Ui 4@|h� Lu |�i Lh|�L}L?@*�|) UL?_�|�L?t�� 6Lh _i|@�*t tii
�hi**@?L @?_ �L?_ E�bb���
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�upv1 Li hdfk %uhsuhvhqwdwlyh �up frqwdlqv �upv zlwk %vwurqj% dqg %zhdn%
edodqfh vkhhwv/ lw lv kljko| olnho| wkdw wkh frh�flhqw suhvhqwhg khuh duh eldvhg
grzqzdug1 Vhfrqg/ srvvleoh dv|pphwulf h�hfwv ri wkh dffhohudwru= gl�huhqfhv
ryhu wkh f|foh dqg2ru gl�huhqfhv dfurvv vl}h fodvvhv vkrxog lqydolgdwh wkhvh
vlpsoh uhjuhvvlrqv1

Lq wkh qh{w vhfwlrq/ wkh srvvleoh dv|pphwulf h�hfw ri wkh �qdqfldo dffhohu0
dwru lv lqyhvwljdwhg1 Lw lv whvwhg zkhwkhu wkh frh�flhqwv rq wkh edodqfh vkhhw
yduldeohv frxog gl�hu vljql�fdqwo| lq grzqwxuqv yhuvxv rxw ri grzqwxuqv1

A��w, b
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Lq wklv vhfwlrq wkh iroorzlqj k|srwkhvlv lv whvwhg=
K5= lq grzqwxuqv/ edodqfh vkhhw srvlwlrqv duh pruh lpsruwdqw lq h{sodlqlqj

�up lqyhvwphqw vshqglqj wkdq lq rwkhu wlphv1
Wr whvw iru k|srwkhvlv K5/ wkh vdohv0dffhohudwru vshfl�fdwlrq ri wkh lqyhvw0

phqw udwh lv dgmxvwhg wr doorz iru d gl�huhqw sdudphwhu rq wkh edodqfh vkhhw
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lqglfdwru gxulqj d grzqwxuq1 Wkh uhjuhvvlrq htxdwlrq ehfrphv/

LN�| @ �. �LN�c|3� . �VN�c|3� . +�� . �2U�|,E�c|3� . �| . x� . ��c|> +8,

zkhuh U�| lv d gxpp| yduldeoh zklfk lqglfdwhv zkhwkhu wkh frxqwu| m +wr
zklfk �up l ehorqjv, lv lq d grzqwxuq ru qrw1 Wkh frh�flhqw �� qrz phdvxuhv
wkh vhqvlwlylw| ri lqyhvwphqw zlwk uhvshfw wr wkh edodqfh vkhhw lqglfdwru rxwvlgh
d grzqwxuq rqo|1 Wkh frh�flhqw �2 phdvxuhv wkh gl�huhqwldo h�hfw ri wkh
�qdqfldo dffhohudwru gxulqj d grzqwxuq1 Li wkh �qdqfldo dffhohudwru lv vwurqjhu
lq grzqwxuqv wkdq rxwvlgh grzqwxuqv rqh vkrxog h{shfw �2 wr eh qhjdwlyh iru
E�|3� phdvxuhg e| GD�|3�/ VGFD�|3� ru IV�|3� dqg srvlwlyh zkhq phdvxuhg
e| FRY�|3�1

Dffruglqj wr wkh ghwhuplqdwlrq ri grzqwxuq |hduv hduolhu/ wkh grzqwxuq
|hduv duh= 4<<5/ 4<<6 iru Jhupdq|/ 4<<4/ 4<<5/ 4<<6 iru Iudqfh dqg 4<<3/
4<<4/ 4<<5/ 4<<6 iru Lwdo| dqg Vsdlq1

Wkh uhvxowv ri wkh hvwlpdwlrqv duh lq wdeoh 431 K|srwkhvlv K5 fdq fohduo| qrw
eh uhmhfwhg1 Iru doo uhjuhvvlrqv/ wkh vhfrqg vwhs hvwlpdwh ri wkh frh�flhqw �2
+phdvxulqj wkh gl�huhqwldo h�hfw ri d grzqwxuq, lv vljql�fdqw dw wkh 4( ohyho1
Lw kdv wkh fruuhfw vljq iru doo yduldeohv h{fhsw wkh fryhudjh udwlr1 Wkh qhjdwlyh
vljq iru wkh fryhudjh udwlr lv frqvlvwhqw zlwk wkh lqirupdwlrqdo lqwhusuhwdwlrq
ri fdvk �rz1 Lw lv qrw xqqdwxudo wr eholhyh wkdw fdvk �rz frqwdlqv %ohvv%
lqirupdwlrq rq ixwxuh sur�wdelolw| gxulqj grzqwxuqv1 D qhjdwlyh vljq frxog
khqfh eh lqwhusuhwhg lq wklv zd|1

Iru doo wkh rwkhu yduldeohv dovr wkh �uvw vwhs hvwlpdwhv ri �2 duh vljql�fdqw
dw wkh rqh shufhqw ohyho dqg kdyh wkh fruuhfw vljq1 Vlqfh wkh vwdqgdug huuruv
ri wkh vhfrqg vwhs hvwlpdwhv frxog eh eldvhg grzqzdug lw lv hqfrxudjlqj wr vhh
wkdw dovr wkhvh �uvw vwhs hvwlpdwhv duh vljql�fdqw1 Lq frqwudvw/ wkh �uvw vwhs
hvwlpdwhv ri �� duh doo lqvljql�fdqw +h{fhsw djdlq iru wkh fryhudjh udwlr,1 Wkh
vhfrqg vwhs hvwlpdwhv ri �� duh doo vljql�fdqw dqg ri wkh h{shfwhg vljq1 Khqfh
wkh hylghqfh iru d �qdqfldo dffhohudwru zrunlqj gxulqj grzqwxuqv lv pxfk
vwurqjhu wkdq wkh hylghqfh ri d �qdqfldo dffhohudwru rxwvlgh grzqwxuqv1 Lw
frxog eh krzhyhu wkdw wkh %djjuhjdwlrq h�hfwv% pdvn wkh �qdqfldo dffhohudwru
h�hfw rxwvlgh ri grzqwxuqv/ zkhuh gxulqj d grzqwxuq/ zkhuh wkh elj pdmrulw|
ri �upv duh klw/ wkh �qdqfldo dffhohudwru ehfrphv fohdu1

Lq dq| fdvh/ wkh vhfrqg vwhs hvwlpdwhv iru erwk �� dqg �2 duh doo hfrqrplfdoo|
vljql�fdqw1 D rqh vwdqgdug ghyldwlrq lqfuhdvh ri wkh ghew0dvvhw udwlrGD�| ohdgv
wr d gurs lq wkh lqyhvwphqw fdslwdo udwlr ri 413: shufhqwdjh srlqw +<=:4��3=44,
rxwvlgh grzqwxuqv dqg 4198 shufhqwdjh srlqwv +<=:4 � �3=4:, lq d grzqwxuq1
Olnhzlvh/ d rqh vwdqgdug ghyldwlrq lqfuhdvh lq wkh vkruw0whup ghew fxuuhqw
dvvhwv udwlr VGFD�|/ ohdgv wr d gurs lq wkh lqyhvwphqw udwh ri 31:8 shufhqwdjh
srlqw rxwvlgh grzqwxuqv dqg 414; lq d grzqwxuq1 Iru wkh iudfwlrq ri vkruw0
whup ghew dv d iudfwlrq ri wrwdo ghew wkh qxpehuv duh uhvshfwlyho| 414< dqg
41771 Iru wkh fryhudjh udwlr wkh| duh 518 dqg 514<1 Qrwh wkdw wkh h�hfw ri d
rqh vwdqgdug ghyldwlrq lqfuhdvh lq wkh edodqfh vkhhw yduldeoh lv rq wkh vdph
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rughu ri pdjqlwxgh iru doo edodqfh vkhhw yduldeohv h{fhsw wkh fryhudjh udwlr1
Wkhuh wkh h�hfw lv odujhu1 Wklv vwuhqjwkhqv wkh suhvxpswlrq wkdw wkh fryhudjh
udwlr pljkw dovr eh slfnlqj xs lqirupdwlrqdo h�hfwv1
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Grhv wkh vwuhqjwk ri wkh �qdqfldo dffhohudwru fkdqqho gl�hu dfurvv �up vl}h
fodvvhvB Lq wklv vhfwlrq hvwlpdwlrq uhvxowv xvlqj wkh iroorzlqj vshfl�fdwlrq duh
suhvhqwhg/

LN�| @ �LN�c|3�.�VN�c|3�.�rV�E�c|3�.�6P�E�c|3�.�,O� E�c|3�.�|.x�.��c|>+9,
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zkhuh V�/ P� dqg O� duh gxpp| yduldeohv lqglfdwlqj wkh vl}h ri wkh �up
+vpdoo/ phglxp vl}h ru odujh,1 Qrz wkh frh�flhqwv �r/ �6 dqg �, phdvxuh wkh
vhqvlwlylw| ri wkh lqyhvwphqw0udwh zlwk uhvshfw wr wkh edodqfh vkhhw lqglfdwruv
ri wkh gl�huhqw �up vl}h fodvvhv1 Lw lv h{shfwhg wkdw vpdoo �upv vkrz odujhu
vhqvlwlylw| wkdq phglxp vl}h �upv dqg phglxp vl}h �upv vkrz odujhu vhqvlwly0
lw| wkdq odujh �upv1 Vlqfh wkhuh duh rqo| 445 �upv lq wkh vdpsoh/ wkh suhflvlrq
ri wkh frh�flhqwv fdq eh h{shfwhg wr eh orz1

Wkh uhvxowv ri wkh hvwlpdwlrqv duh suhvhqwhg lq Wdeoh 441 Iru wkh �uvw vwhs
hvwlpdwhv/ rqo| wkh fryhudjh udwlr lv vljql�fdqw dw wkh 8( ohyho iru wkh vpdoo
�upv dqg vljql�fdqw dw wkh 4( ohyho iru wkh phglxp vl}hg �upv1 Wkh uhodwlyh
pdjqlwxghv ri wkh frh�flhqwv rq wkh fryhudjh udwlr duh dv h{shfwhg= odujhvw
iru wkh vpdoo �upv/ vpdoohu iru wkh phglxp vl}hg �upv dqg lqvljql�fdqw iru wkh
odujh �upv1 Wkh �uvw vwhs hvwlpdwhv iru wkh rwkhu yduldeohv GD�|> VGFD�| dqg
IV�| duh lqvljql�fdqw1 Krzhyhu/ dv h{shfwhg wkh pdjqlwxghv duh wkh odujhvw
+lq devroxwh ydoxh, iru wkh vpdoo �upv1

Wkh vhfrqg vwhs hvwlpdwhv dovr frq�up wkh h{shfwdwlrq wkdw vpdoo �upv duh
lq�xhqfhg e| d vwurqjhu �qdqfldo dffhohudwru1 Iru doo edodqfh vkhhw lqglfdwruv/
wkh vpdoo �up frh�flhqw lv vljql�fdqw dw wkh 4( ohyho dqg suhvhqwv wkh vwurqjhvw
�qdqfldo dffhohudwru1 Wkh srlqw hvwlpdwhv iru wkh vpdoo �upv +�r, duh dovr pxfk
odujhu wkdq wkh srlqw hvwlpdwhv suhvhqwhg hduolhu lq Wdeoh < +zkhq rqo| d vlqjoh
hvwlpdwh zdv rewdlqhg shu edodqfh vkhhw yduldeoh,1

Iru phglxp dqg odujh vl}h �upv wkh uhvxowv duh ohvv fohdu1 Iru erwk wkhvh vl}h
fodvvhv wkhuh lv qr hylghqfh wkdw wkh ghew0dvvhw udwlr GD�| kdv dq| h�hfw1 Iru
wkh vkruw0whup ghew fxuuhqw dvvhwv udwlr dqg wkh iudfwlrq ri vkruw whup ghew
rq wrwdo ghew udwlr/ wkh phglxp vl}h �upv kdyh wkh zurqj +dqg vljql�fdqw
frh�flhqw,1 Iru odujh �upv rqo| wkh iudfwlrq ri vkruw0whup ghew dv d iudfwlrq
ri wrwdo ghew dqg wkh fryhudjh udwlr vkrz vrph h�hfw1

Ryhudoo/ wkh hylghqfh srlqwv wrzdugv vwurqj dffhohudwru h�hfwv iru vpdoo
�upv1 D rqh vwdqgdug ghyldwlrq lqfuhdvh lq wkh ghew dvvhwv udwlr GD�| ohdgv
wr d gurs lq wkh lqyhvwphqw udwh ri 819 shufhqwdjh srlqw1 Olnhzlvh/ iru wkh
vkruw0whup ghew vkruw0whup dvvhwv udwlr wklv qxpehu lv 519 shufhqwdjh srlqw1
Iru IV�| dqg FRY�| lw lv 71; dqg 81: uhvshfwlyho|1 Zkhwkhu dq| gl�huhqfh fdq
eh irxqg lq dqg rxw ri d grzqwxuq/ lv wdnhq xs lq wkh qh{w vhfwlrq1
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Lq wklv vhfwlrq/ wkh prvw frpsohwh vshfl�fdwlrq lv xvhg1 Lw doorzv iru erwk
gl�huhqfhv lq dffhohudwru h�hfwv dfurvv vl}h fodvvhv dv zhoo dv lq dqg rxw ri
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grzqwxuqv1 Wkh vshfl�fdwlrq xvhg lv=

LN�| @ �LN�c|3� . �VN�c|3� . +�r . �roU�|,V�E�c|3� +:,

.+�6 . �6oU�|,P�E�c|3� . +�, . �,oU�|,O� E�c|3� . �| . x� . ��c|> +;,

zkhuh �ro/ �6o dqg �,o qrz phdvxuh wkh gl�huhqwldo h�hfw ri wkh �qdqfldo
dffhohudwru lq grzqwxuqv iru vpdoo/ phglxp dqg odujh �upv uhvshfwlyho|1 Djdlq/
gxpp| yduldeoh U�| lqglfdwhv zkhwkhu frxqwu| m lv lq d grzqwxuq dqg V�/ P�

dqg O� duh wkh gxpp| yduldeohv lqglfdwlqj wkh vl}h ri wkh �up1
Lw lv h{shfwhg wkdw rxwvlgh grzqwxuqv vpdoo �upv vkrz odujhu vhqvlwlylw|

wkdq phgldq vl}h �upv dqg odujh �upv +l1h1m�rm A m�6m A m�,m,1 Lw lv ixuwkhu
h{shfwhg wkdw lqvlgh grzqwxuqv/ wkh h�hfw ri wkh dffhohudwru *dffhohudwlqj* lv
odujhu iru vpdoo �upv wkdq iru phglxp dqg odujh �upv+l1h m�rom A m�6om A m�,om,1

Wkh uhvxowv ri wkh uhjuhvvlrq duh suhvhqwhg lq Wdeoh 451 Dv h{shfwhg/ vpdoo
�upv vkrz odujhu vhqvlwlylw| zlwk uhvshfw wr edodqfh vkhhw yduldeohv rxwvlgh
grzqwxuqv1 Wkh �uvw vwhs hvwlpdwhv iru wkh vpdoo �upv doo kdyh wkh fruuhfw
vljq dqg wkh devroxwh ydoxh lv odujhvw iru doo edodqfh vkhhw yduldeohv/ zlwk wkh
rqh h{fhswlrq ehlqj wkh fryhudjh udwlr iru zklfk phglxp vl}h �upv kdyh wkh
odujhvw srlqw hvwlpdwh1 Wkh �uvw vwhs hvwlpdwhv ri VGFD dqg IV duh qrw
vljql�fdqw krzhyhu1 Jlyhq wkh vpdoo vl}h ri wkh vdpsoh wklv vkrxog qrw eh wrr
vxusulvlqj krzhyhu1 Wkh vhfrqg vwhs hvwlpdwhv duh doo vljql�fdqw1

Iru wkh phgldq vl}h �upv/ wkhuh lv olwwoh hylghqfh ri d �qdqfldo dffhohudwru
rxwvlgh grzqwxuqv1 Wkh �uvw vwhs hvwlpdwhv duh doo lqvljql�fdqw +zlwk djdlq
wkh h{fhswlrq ri wkh fryhudjh udwlr,1 Wkh vhfrqg vwhs hvwlpdwhv iru wkh phgldq
vl}hg �upv duh doo vljql�fdqw/ exw vrphzkdw xqh{shfwhgo| ri wkh zurqj vljq
+h{fhsw FRY ,1 Wkh �uvw dqg vhfrqg vwhs hvwlpdwhv iru wkh odujh �upv rxwvlgh
grzqwxuqv duh doo lqvljql�fdqw zlwk wkh h{fhswlrq ri wkh fryhudjh udwlr dqg
vhfrqg vwhs hvwlpdwh ri wkh iudfwlrq ri vkruw whup ghew rq wrwdo ghew/ IV1
Krzhyhu wkh srlqw hvwlpdwh lv 7 wlphv vpdoohu wkdq wkh rqh ri wkh vpdoo �upv
+�3=48 yhuvxv �3=93,1

Wkh frh�flhqw hvwlpdwhv ri wkh gl�huhqwldo h�hfw ri d grzqwxuq gr qrw ixoo|
frq�up h{shfwdwlrqv1 Wkhuh lv qr hylghqfh ri dq *dffhohudwlqj* dffhohudwru iru
vpdoo �upv1 Khqfh/ dowkrxjk edodqfh vkhhw yduldeohv duh lpsruwdqw iru vpdoo
�upv/ wkhuh lv qr hylghqfh wkdw wklv lpsruwdqfh lqfuhdvhv gxulqj d grzqwxuq1
Grzqwxuqv gr vhhp wr h�hfw phglxp vl}h �upv krzhyhu1 Wkh �uvw vwhs hvwl0
pdwhv doo kdyh wkh fruuhfw vljq +h{fhsw FRY , dqg rqo| wkh yduldeoh IV lv qrw
vljql�fdqw1 Wkh vhfrqg vwhs hvwlpdwhv duh doo vljql�fdqw1 Iru odujh �upv wkhuh
lv dovr qr hylghqfh ri dq *dffhohudwlqj* dffhohudwru1 Khqfh wkh hylghqfh khuh
vxjjhvwv wkdw wkh vwurqjhu h�hfw lq grzqwxuqv irxqg lq wkh suhylrxv vhfwlrq
fdq eh dwwulexwhg wr wkh phglxp vl}h �upv1
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*Gr frxqwu| gl�huhqfhv h{lvw lq wkh vwuhqjkw ri wkh �qdqfldo dffhohudwruB* Iru
lqvwdqfh/ gr �upv lq Jhupdq| uhdfw pruh wr zhdn edodqfh vkhhwv lq grzqwxuqv
wkdq �upv lq IudqfhB Jxlvr/ Ndvk|ds/ Sdqhwwd dqg Whuol}}hvh +4<<<, dujxh
wkdw plfur0hfrqrplf gdwd lv pruh olnho| wr surylgh srvvleoh dqvzhuv wr wklv dqg
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vlplodu txhvwlrqv wkdq pdfur0hfrqrplf gdwd1 Wkh| dujxh wkdw dwwhpswv zlwk
pdfur0hfrqrplf gdwd kdyh qrw ehhq hqwluho| vxffhvixoo1

Fohduo| dwwhpswlqj wr dqvzhu txhvwlrqv vxfk dv wkh rqh deryh zlwk wklv
gdwdedvh uhpdlqv idluo| dpelwlrxv gxh wr wkh udwkhu vpdoo furvv0vhfwlrq glphq0
vlrq ri wkh lqglylgxdo frxqwu| gdwd1 Lq wrwdo wkhuh duh 5: xqlwv ri revhuydwlrq
iru Jhupdq| dqg Vsdlq dqg 5< iru Iudqfh dqg Lwdo|1 Wkhuhiruh rqo| zkhq odujh
gl�huhqfhv dfurvv frxqwulhv h{lvw wkh| zloo olnho| vkrz xs vljql�fdqwo|1 Vpdoo
gl�huhqfhv zloo eh kdug wr ghwhfw zlwk wklv dprxqw ri gdwd1 �e

Wkh sxusrvh ri wklv vhfwlrq vkrxog wkhuhiruh eh lqwhusuhwhg lq wkh iroorzlqj
zd|1 Duh wkhuh odujh gl�huhqfhv dfurvv frxqwulhv vr wkdw wkh uhvxowv ri wkh
srrohg uhjuhvvlrqv duh uhdoo| gulyhq e| iru lqvwdqfh rqh frxqwu|B Jlyhq wkh
deryh/ rqo| iru k|srwkhvlv K4 dqg K5 rqh fdq uhdvrqdeo| fkhfn iru frxqwu|
gl�huhqfhv1 Wr fkhfn iru frxqwu| gl�huhqfhv lq edodqfh vkhhw h�hfwv/ uhjuhvvlrq
+5, lv wudqviruphg wr doorz iru frxqwu| gl�huhqfhv1

LN�| @ �. �LN�c|3� . �VN�c|3� . �}J �E�c|3�. +<,

�sI �E�c|3� . ��L �E�c|3� . �rV �E�c|3� . �| . x� . ��c| +43,

zkhuh J/I/L/V duh irxu frxqwu| gxpplhv +Jhupdq|/ Iudqfh/ Lwdo| dqg Vsdlq
uhvshfwlyho|,1

Wkh uhvxowv ri wkhvh uhjuhvvlrqv lv jlyhq lq Wdeoh 461 Wkh odujh vwdqgdug
huuruv ri wkh frxqwu| vshfl�f frh�flhqw hvwlpdwhv duh qrw vxusulvlqj1 Wkh rqo|
vljql�fdqw �uvw vwhs hvwlpdwhv duh iru Jhupdq| iru VGFD dqg FRY1 Dffruglqj
wr wklv fulwhulrq Jhupdq �upv vhhp wr eh pruh yxoqhudeoh wr edodqfh vkhhw
h�hfwv1 Krzhyhu zkhq edodqfh vkhhw zhdnqhvv lv phdvxuhg e| IV/ ru GD
wkh srlqw hvwlpdwh iru Jhupdq| lv lqvljql�fdqw1 Wkh �uvw0vwhs hvwlpdwhv iru
doo rwkhu frxqwulhv duh lqvljql�fdqw1 Wkh lqvljql�fdqfh ri wkh hvwlpdwhv lv
frqvlvwhqw zlwk wkh uhvxowv ri uhjuhvvlrq 5 +Vhh wdeoh <,1

Lq wdeoh 47 uhvxowv duh suhvhqwhg ri wkh iroorzlqj htxdwlrq1

LN�| @ �. �LN�c|3� . �VN�c|3� . � �E�c|3�. +44,

�}oJ �U}| �E�c|3� . �soI �Us| �E�c|3� . ��oL �U�| �E�c|3�. +45,

�roV �Ur| �E�c|3� . �| . x� . ��c| +46,

Wklv htxdwlrq whvwv zkhwkhu gxulqj grzqwxuqv wkhuh duh dv|pphwulf h�hfwv
dfurvv frxqwulhv1 Iru hdfk frxqwu| d vhsdudwh frh�flhqw iru wkh grzqwxuq0
edodqfh vkhhw lqwhudfwlrq lv hvwlpdwhg1 Wkh srlqw hvwlpdwhv ri wkhvh lqwhudf0
wlrqv duh vlplodu dfurvv Iudqfh dqg Lwdo|1 Wkh| duh vljql�fdqw +lq erwk �uvw
dqg vhfrqg vwhs, iru doo edodqfh vkhhw yduldeohv +h{fhsw wkh lqwhudfwlrq zlwk
FRY iru Iudqfh,1 Wkh srlqw hvwlpdwhv iru Jhupdq| dqg Vsdlq jlyh vrph lq0
glfdwlrq wkdw edodqfh vkhhw h�hfwv lq grzqwxuqv duh ohvv wkdq lq wkh rwkhu wzr

�eA��t hi*@|it |L |�i E@t)4T|L|�U� i�U�i?U) Lu |�i T@?i* B�� it|�4@|Lh ���U� _iTi?_t L? |�i UhLtt�
tiU|�L? _�4i?t�L?� �|�ih��ti t@�_c � �t |�i hi*i�@?| _�4i?t�L? uLh i�U�i?U) ?L| � |�4it A�
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frxqwulhv1 Wkh �uvw vwhs hvwlpdwhv duh qrw vljql�fdqw +h{fhsw wkh lqwhudfwlrq
zlwk GD iru Jhupdq|,1 Iru wkh edodqfh vkhhw yduldeohv GD/ VFGD dqg IV wkh
srlqw hvwlpdwhv iru Vsdlq duh wkh orzhvw1 Jlyhq wkh vl}h ri wkh gdwdvhw/ wkhvh
uhvxowv qhhg wr eh wdnhq zlwk fdxwlrq krzhyhu1
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Wkh �qdqfldo dffhohudwru lpsolhv wkdw zhdn edodqfh vkhhwv fdq dpsoli| vkrfnv
dqg kdyh d qhjdwlyh h�hfw rq �up lqyhvwphqw vshqglqj1 Wkh gl�huhqw vwuhqjwk
ri wkh dffhohudwru dfurvv �up vl}h fodvvhv dqg dv|pphwulf h�hfwv ryhu wkh f|foh
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duh lqyhvwljdwhg lq wklv sdshu1 Wklv sdshu �oov d jds lq wkh hylghqfh rq wklv
lvvxh iru wkh hxur duhd1

Wkh �qdqfldo dffhohudwru k|srwkhvlv zdv whvwhg xvlqj gdwd rq wkh irxu
odujhvw hxur duhd hfrqrplhv= Jhupdq|/ Iudqfh/ Lwdo| dqg Vsdlq1 Wkhuh lv
dpsoh hylghqfh wkdw d �qdqfldo dffhohudwru zlwk gl�huhqw vwuhqjwk dfurvv vl}h
fodvvhv dqg dv|pphwulf h�hfwv ryhu wkh f|foh lv zrunlqj lq Hxursh1

Wkhuh lv vwurqj hylghqfh wkdw vpdoo �up lqyhvwphqw lv wkh prvw yxoqhudeoh
wr zhdn edodqfh vkhhwv1 Wkhuh lv qr hylghqfh wkdw vpdoo �upv duh ylfwlp ri d
vwurqjhu dffhohudwru gxulqj grzqwxuqv wkdq rxwvlgh grzqwxuqv1 Iru phglxp
vl}hg �upv dqg odujh �upv wkhuh lv qr hylghqfh wkdw dq dffhohudwru lv zrun0
lqj rxwvlgh grzqwxuqv1 Krzhyhu/ gxulqj grzqwxuqv/ phglxp �upv zlwk zhdn
edodqfh vkhhwv vhhp wr ehfrph ylfwlp ri dq dffhohudwru1 Gxulqj grzqwxuqv/
odujh �upv vhhp wr eh deoh wr hqgxuh wkh vwrup1 Qr hylghqfh zdv irxqg iru dq
dffhohudwru iru wkhp1

Wkh h�hfw ri zhdn edodqfh vkhhwv lq grzqwxuqv vhhpv wr eh vwurqjhu lq
Iudqfh dqg Lwdo| wkhq lq Jhupdq| dqg Vsdlq1 Fohduo| ixuwkhu uhvhdufk zlwk
odujhu gdwdvhwv lv qhhghg wr dgguhvv srvvleoh dv|pphwulf h�hfwv ri wkh �qdqfldo
dffhohudwru lq wklv glphqvlrq1 Dovr/ lghqwli|lqj gl�huhqw +uhdo yhuvxv prqhwdu|,
vkrfnv ryhu wlph pljkw surylgh lqvljkw lq wkh phfkdqlvp wkurxjk zklfk edodqfh
vkhhw yduldeohv pdwwhu1 Wklv lv ri vshfldo lpsruwdqfh iru srolf| pdnhuv1 Iru
wklv krzhyhu/ gdwd dw d kljkhu iuhtxhqf| zloo eh qhhghg1
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Wkh vrxufh ri wkh gdwd lv wkh EDFK0gdwdedvh iurp wkh Hxurshdq Frpplvvlrq1
Lw frqwdlqv djjuhjdwhg edodqfh vkhhw dqg sur�w dqg orvv dffrxqw lqirupdwlrq
iru gl�huhqw lqgxvwulhv dqg vl}h fodvvhv ri �upv1 Lqlwldoo| wkh 43 pdqxidfwxulqj
lqgxvwulhv +vhh ehorz, dqg 6 vl}h fodvvhv iru Jhupdq|/ Iudqfh dqg Lwdo| dqg
Vsdlq zkhuh vhohfwhg1 Wklv jlyhv 63 %uhsuhvhqwdwlyh �upv% iru hdfk frxqwu|/
zklfk lv 453 lq wrwdo1 Wkh |hduv ri gdwd dydlodeoh duh iru Jhupdq| +4<;:04<<9,/
iru Iudqfh +4<;804<<:,/ iru Lwdo| +4<;604<<:, dqg iru Vsdlq +4<;604<<:,1 Wklv
jlyhv d wrwdo ri 48<3 revhuydwlrqv1 Wkh 4( rxwolhuv ri wkh yduldeohv xvhg lq
wkh uhjuhvvlrq duh uhpryhg dqg wkhuhdiwhu �upv duh holplqdwhg iru zklfk qrw
dw ohdvw 8 frqvhfxwlyh |hduv ri gdwd duh dydlodeoh1 Wklv ohdyhv d �qdo gdwd vhw
ri 445 %uhsuhvhqwdwlyh% �upv1

��2 �L?t|h�U|�L? Lu |�i �@h�@M*it

LN= Lqyhvwphqw fdslwdo udwlr1 Lqyhvwphqw lv phdvxuhg e| EDFK lwhp Dftxl0
vlwlrq ri wdqjleoh �{hg dvvhwv plqxv vdohv dqg glvsrvdov1 Fdslwdo lv phdvxuhg
e| �{hg dvvhwv1
VN= Vdohv fdslwdo udwlr1 Vdohv lv phdvxuhg e| wkh vdohv yduldeoh lq EDFK1
GD= Ghew dvvhw udwlr1 Ghew lv phdvxuhg e| vxpplqj fuhglwruv= dprxqwv
ehfrplqj gxh dqg sd|deoh zlwklq rqh |hdu dqg Fuhglwruv= dprxqwv ehfrplqj
gxh dqg sd|deoh diwhu pruh wkdq rqh |hdu1 Dvvhwv duh phdvxuhg e| wrwdo dvvhwv1
VGFD= Vkruw0whup ghew vkruw0whup dvvhwv udwlr1 Vkruw0whup ghew lv phdvxuhg
e| Fuhglwruv= dprxqwv ehfrplqj gxh dqg sd|deoh zlwklq rqh |hdu1 Vkruw0whup
dvvhwv duh phdvxuhg e| Fxuuhqw dvvhwv1
IV= vkruw0whup ghew dv iudfwlrq ri wrwdo ghew1 Vkruw0whup ghew lv phdvxuhg dv
deryh1 Wrwdo ghew lv phdvxuhg dv deryh1
FRY = Fdvk �rz rq lqwhuhvw sd|phqwv1 Fdvk �rz lv phdvxuhg dv jurvv rshudw0
lqj sur�w +zklfk lv qhw rshudwlqj sur�w soxv ghsuhfldwlrq,1 Lqwhuhvw sd|phqwv
duh phdvxuhg dv lqwhuhvw dqg vlplodu fkdujhv1

��� w�t| Lu |�i �?_�t|h�it �ti_

Wkh iroorzlqj lqgxvwulhv duh xvhg1
G544= H{wudfwlrq ri phwdoolihurxv ruhv dqg suholplqdu| surfhvvlqj ri phwdo
G545= H{wudfwlrq ri qrq0phwdoolihurxv ruhv dqg pdqxidfwxuh ri qrq0phwdoolf
plqhudo surgxfwv
G546= Fkhplfdo dqg pdq0pdgh �ehuv
G554= Pdqxidfwxuh ri phwdo duwlfohv/ phfkdqlfdo dqg lqvwuxphqw hqjlqhhulqj
G555= Hohfwulfdo dqg hohfwurqlf htxlsphqw lqfoxglqj r�fh dqg frpsxwlqj
htxlsphqw
G556= Pdqxidfwxuh ri wudqvsruw htxlsphqw
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G564= Irrg/ gulqn dqg wredffr
G565= Wh{wlohv/ ohdwkhu dqg forwklqj
G566= Wlpehu dqg Sdshu pdqxidfwxulqj/ sulqwlqj
G567= Rwkhu pdqxidfwxulqj lqgxvwulhv qrw hovhzkhuh vshfl�hg
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^4` Duhoodqr/ Pdqxho dqg Vwhskhq Erqg/ _Vrph whvwv ri vshfl�fdwlrq iru Sdqho
Gdwd= Prqwh Fduor Hylghqfh dqg dq dssolfdwlrq wr Hpsor|phqw Htxd0
wlrqv/% Uhylhz ri Hfrqrplf Vwxglhv/ 8; +4<<4,= 5::05<:1

^5` Duhoodqr/ Pdqxho dqg Vwhskhq Erqg/ _G|qdplf Sdqho Gdwd Hvwlpdwlrq
xvlqj GSG<; iru Jdxvv= D Jxlgh iru Xvhuv/% xqsxeolvkhg plphr +Ghfhp0
ehu 4<<;,

^6` Ehuqdqnh/ Ehq dqg Dodq Eolqghu/ _Fuhglw/ Prqh|/ dqg Djjuhjdwh Gh0
pdqg/ % Dphulfdq0Hfrqrplf0Uhylhz :; +Pd| 4<;;,= 768076<1

^7` Ehuqdqnh/ Ehq dqg Pdun Jhuwohu/ _Djhqf| frvwv/ Qhw zruwk dqg Exvlqhvv
Ioxfwxdwlrqv/% Dphulfdq Hfrqrplf Uhylhz :< +Pdufk 4<;<,= 470641

^8` Ehuqdqnh/ Ehq/ Pdun Jhuwohu dqg Vlprq Jlofkulvw _Wkh Ilqdqfldo dffho0
hudwru dqg wkh �ljkw wr txdolw|/% Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv
:; +Iheuxdu| 4<<9,= 40481

^9` Ehuqdqnh Ehq/ Pdun Jhuwohu dqg Vlprq Jlofkulvw/ _Wkh �qdqfldo dffhohu0
dwru lq d txdqwlwdwlyh exvlqhvv f|foh iudphzrun/% lq Kdqgerrn ri Pdfurh0
frqrplfv/ Yroxph L/ 4<<</ hgv1 M1E1 Wd|oru dqg P1 Zrrgirug1

^:` Fdorplulv/ Fkduohv Z1/ Dwkdqdvlrv Ruskdqlghv dqg Vwhyhq Vkdush/
_Ohyhudjh dv d vwdwh yduldeoh iru hpsor|phqw/ lqyhqwru| dffxpxodwlrq/
dqg �{hg lqyhvwphqw/% QEHU Zrunlqj sdshu/ 7;33 +Mxo| 4<<7,

^;` Id}}dul/ Vwhyhq P1/ Johqq Kxeedug dqg Euxfh Shwhuvhq/ _Ilqdqflqj Frq0
vwudlqwv dqg Frusrudwh Lqyhvwphqw/%Eurrnlqjv Sdshuv rq Hfrqrplf Df0
wlylw| 4 +4<;;,= 47404<81

^<` Id}}dul/ Vwhyhq P1/ Johqq Kxeedug dqg Euxfh Shwhuvhq/ _Ilqdqflqj Frq0
vwudlqwv dqg Frusrudwh Lqyhvwphqw= Uhvsrqvh wr Ndsodq dqg ]lqjdohv/%
QEHU Zrunlqj Sdshu/ 8795 +Iheuxdu| 4<<9,1

^43` Jhuwohu/ Pdun/ _Ilqdqfldo Vwuxfwxuh dqg Djjuhjdwh Hfrqrplf Dfwlylw|=
Dq ryhuylhz/% Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 53 +Dxjxvw 4<;;,=
88<08;;1

^44` Jhuwohu/ Pdun dqg Johqq Kxeedug/ _Ilqdqfldo idfwruv lq Exvlqhvv Ioxf0
wxdwlrqv/% Ilqdqfldo Pdunhw Yrodwlolw|= Fdxvhv/ frqvhtxhqfhv/ dqg Srolf|/
Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| +4<;;,= 660:41

^45` Jhuwohu/ Pdun dqg Vlprq Jlofkulvw/ _Prqhwdu| Srolf|/ Exvlqhvv F|fohv/
dqg wkh Ehkdylru ri Vpdoo Pdqxidfwxulqj Ilupv/% Wkh Txduwhuo| Mrxuqdo
ri Hfrqrplfv 8< +Pd| 4<<7,= 63<06731

^46` Jhuwohu/ Pdun dqg Vlprq Jlofkulvw/ _Wkh Uroh ri Fuhglw Pdunhw Lpshu0
ihfwlrqv lq wkh Prqhwdu| Wudqvplvvlrq Phfkdqlvp= Dujxphqwv dqg Hyl0
ghqfh/% Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <8 +4<<6,= 760971

^47` Jxduljold Dohvvdqgud/ _Wkh H�hfwv ri Ilqdqfldo Frqvwudlqwv rq Lqyhqwru|
Lqyhvwphqw= Hylghqfh iurp d Sdqho ri XN �upv/% Hfrqrplfd 99 +4<<<,=
760951
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^48` Jxlvr/ Oxljl/ Dqlo N1 Ndvk|ds/ Idelr Sdqhwwd dqg Gdqlhoh Whuol}}hvh/
_Zloo d Frpprq Hxurshdq Prqhwdu| Srolf| Kdyh Dv|pphwulf H�hfwvB/%
Ihghudo0Uhvhuyh0Edqn0ri0Fklfdjr0Hfrqrplf0Shuvshfwlyhv 56 +7wk Txduwhu
4<<<,= 890:81

^49` Kx/ Fkduohv [1/ _Ohyhudjh/ Prqhwdu| Srolf|/ dqg Ilup lqyhvwphqw/% Ihg0
hudo Uhvhuyh Edqn ri Vdq Iudqflvfr Hfrqrplf Uhylhz +5, +4<<<,=6506<1

^4:` Ndsodq/ Vwhyhq Q1 dqg Oxljl ]lqjdohv/_Gr lqyhvwphqw fdvk0�rz vhqvlwly0
lwlhv surylgh xvhixo phdvxuhv ri �qdqflqj frqvwudlqwvB/% Wkh Txduwhuo|
Mrxuqdo ri Hfrqrplfv +Iheuxdu| 4<<:,= 49<05481

^4;` Ndvk|ds/ Dqlo N1/ Rzhq Odprqw dqg Mhuhp| Vwhlq/ _Fuhglw frqglwlrqv
dqg wkh f|folfdo ehkdylru ri lqyhqwrulhv/% Wkh Txduwhuo| Mrxuqdo ri Hfr0
qrplfv +Dxjxvw 4<<7,= 89808<51

^4<` Nl|rwdnl/ Qrexklur dqg Mrkq Prruh/_Fuhglw F|fohv/% Mrxuqdo ri Srolwlfdo
Hfrqrp| +Dsulo 4<<:,= 544057;1

^53` Qlfnhoo/ Vwhskhq/ _Eldvhv lq G|qdplf Prghov zlwk �{hg h�hfwv/% Hfrqr0
phwulfd 7< +Qryhpehu 4<;4,= 474:047591

^54` Rolqhu/ Vwhskhq G1 dqg Johqq G1 Uxghexvfk/_Lv Wkhuh d eurdg Fuhglw
Fkdqqho iru Prqhwdu| Srolf|B/%Ihghudo Uhvhuyh Erdug ri Vdq Iudqflvfr
Hfrqrplf Uhylhz/ 4 +4<<9,

^55` Rolqhu/ Vwhskhq G1/ Johqq G1 Uxghexvfk dqg G1 Vlfkho/_Qhz dqg Rog
Prghov ri Exvlqhvv Lqyhvwphqw= D Frpsdulvrq ri Iruhfdvwlqj Shuiru0
pdqfh/%Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 5: +Dxjxvw 4<<8,= ;390
;591

^56` Urqgl/ Odxud/ Euldq Vdfn/ Idelr Vfkldqwduhool/ dqg Dohvvdqgur Vhp0
ehqhool/_Ilupv* �qdqfldo dqg uhdo uhvsrqvhv wr prqhwdu| wljkwhqlqj= Hyl0
ghqfh iru odujh dqg vpdoo Lwdoldq frpsdqlhv/%Jlruqdoh ghjol Hfrqrplvwl h
Dqqdol gl Hfrqrpld 8: +Dsulo 4<<;,= 680971

^57` Vkdush/ Vwhyhq/ _Ilqdqfldo Pdunhw Lpshuihfwlrqv/ Ilup Ohyhudjh/ dqg
wkh f|folfdolw| ri Hpsor|phqw/% Dphulfdq Hfrqrplf Uhylhz +Vhswhpehu
4<<7,=4393043:71
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