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NON-TECHNICAL SUMMARY

In the years following the influential article of Poole (1970), many central
banks reoriented their operating procedures to focus more on interest rates
and less on monetary aggregates. The fast pace of innovation in financial
markets was widely perceived to have reduced the stability of money demand
equations. Poole’s insight suggested that a central bank would have better
control of output and prices if it targeted the nominal interest rate instead of a
monetary aggregate. With a few exceptions (such as the German and the
Swiss central banks), monetary aggregates have been playing a minor role in
the design of monetary policy.

The optimal selection of an operating procedure is nowadays drawing
renewed attention as a result of several developments. First, a new central
bank – the European Central Bank – has been formed and endowed with a
targeting procedure. There existed significant differences of opinion among
the participating countries as to which procedure ought to be adopted.
Second, McCallum’s proposals on nominal income targeting have attracted a
great deal of attention. McCallum has demonstrated that, not only does
nominal income targeting have nice properties, but it is also feasible from an
operational point of view. And, third, direct inflation targeting has been
suggested – and implemented by several central banks (England, Sweden) –
as a superior alternative to standard intermediate targeting procedures.

The original analysis of Poole was conducted within the standard textbook,
static, fixed price IS-LM framework. It also evaluated alternative procedures
exclusively on the basis of output volatility. It is natural to ask whether Poole’s
insights survive the use of more up-to-date models where prices are not
perfectly, permanently rigid. And also whether his rankings are affected by the
adoption of more general welfare criteria.

In this Paper we undertake a faithful, general equilibrium rendition of Poole.
We modify the standard, stochastic growth model to incorporate labour market
frictions (nominal wage rigidity) and to include three types of shocks: supply,
government expenditure and velocity (money demand). The model is then
calibrated and used in simulations aiming at drawing its implications for a
large number of macroeconomic variables of interest. Our simulations rely on
the historical properties (volatility and auto-correlation) of these three shocks
in the post-World War II US economy. Three results stand out.

First, interest rate pegging produces significantly lower volatility in almost all
quantities and prices considered (real balances are the only exception) when
all three shocks operate. Remarkably, the same holds true for individual
shocks, whether demand or supply (with the exception of inflation). Unlike
Poole, interest rate targeting leads to greater macroeconomic stability even
when fiscal shocks are the only source of variation in the economy. Unlike



previous, related work by Canzoneri and Dellas, this ranking is independent of
the degree of intertemporal substitution. This result also contrasts with other
findings in the literature.

Second, the volatility rankings induce analogous welfare rankings (that is, the
covariance terms between leisure and consumption that are present under a
non-separable utility function do not undermine this pattern). Nominal interest
rate targeting fares always better and naturally, its advantage is increasing in
the degree of risk aversion. The superiority comes mainly from reacting to
velocity shocks as the other two sources of macroeconomic volatility do not
create pronounced differences.

And third, the main source of macroeconomic variability differs significantly
across regimes. Most of the volatility in output, inflation and interest rates
comes not from supply shocks under nominal interest rate targeting, but from
money demand shocks under monetary targeting. This suggests that the
relative contribution of supply shocks typically claimed in the literature as valid
only if monetary policy was mostly aimed – and has been successful – at
nominal interest rate smoothing.



LQWURGXFWLRQ

Wkh rswlpdo vhohfwlrq ri fhqwudo edqn rshudwlqj surfhgxuhv kdv ehhq ghedwhg h{whq0

vlyho| lq prqhwdu| wkhru|1 Lw lv qrzgd|v gudzlqj uhqhzhg dwwhqwlrq dv d uhvxow ri vhyhudo

ghyhorsphqwv1 Iluvw/ pdq| fodlpv kdy ehhq dgydqfhg wkdw Wd|oru w|sh ri uxohv ghvfuleh

zhoo dfwxdo fhqwudo edqn sudfwlfhv1 Vhfrqg/ PfFdooxp*v sursrvdov rq qrplqdo lqfrph

wdujhwlqj +PfFdooxp 4<;;, kdyh dwwudfwhg d juhdw ghdo ri dwwhqwlrq1 Dqg/ wklug/ gluhfw

lq dwlrq wdujhwlqj kdv ehhq vxjjhvwhg � dqg lpsohphqwhg e| vhyhudo fhqwudo edqnv � dv

d vxshulru dowhuqdwlyh wr vwdqgdug lqwhuphgldwh wdujhwlqj surfhgxuhv1

Lq wkh wkuhh ghfdghv vlqfh lwv sxeolfdwlrq/ wkh vhplqdo zrun ri Srroh 4<:3 kdv gh�qhg wkh

iudphzrun ri wkh wkhruhwlfdo ghedwh lq wkh duhd ri fhqwudo edqn wdujhwlqj surfhgxuhv1 Lw kdv

dovr h{huwhg d vljql�fdqw lq xhqfh rq dfwxdo prqhwdu| srolf| sudfwlfhv1 Zkloh wkhuh h{lvwv

vljql�fdqw furvv frxqwu| dqg wlph vhulhv yduldwlrq lq wkh rshudwlqj surfhgxuhv dgrswhg e|

fhqwudo edqnv lq wkh lqgxvwuldo zruog/ wkh sduwlfxodu fkrlfhv duh xvxdoo| mxvwl�hg e| uhihuulqj

wr wkh edvlf lqvljkwv ri Srroh1 Iru lqvwdqfh/ dv lpsolhg e| Srroh*v dqdo|vlv/ wkh sdfh ri

�qdqfldo lqqrydwlrq dqg wkh uhvxowlqj lqvwdelolw| lq yhorflw| gxulqj wkh :3v dqg ;3v fuhdwhg

d suhvxpswlrq lq idyru ri lqwhuhvw udwh wdujhwlqj dv d phdqv ri vprrwklqj  xfwxdwlrqv lq

djjuhjdwh hfrqrplf dfwlylw| dqg lq dwlrq1 Vlploduo|/ wkh Exqghvedqn riwhq ghihqghg lwv

ghflvlrq wr wdujhw prqhwdu| djjuhjdwhv e| srlqwlqj rxw wkdw yhorflw| lq Jhupdq| kdg ehhq

uhpdundeo| vwdeoh1

Wkh ruljlqdo dqdo|vlv ri Srroh xvhg rxwsxw yrodwlolw| dv wkh vroh hydoxdwlrq fulwhulrq dqg

zdv frqgxfwhg zlwklq wkh vwdqgdug wh{werrn LV�OP iudphzrun1 Wkh vkruwfrplqjv ri wklv

prgho duh zhoo nqrzq1 Fdq}rqhul hw do1 4<;6 �uhglg� Srroh zlwklq wkh lpshuihfw lqirupd0

wlrq/ udwlrqdo h{shfwdwlrqv prgho1 Wkh| irxqg wkdw Srroh*v edvlf lqvljkwv uhpdlq ydolg1 Lw

zdv dovr irxqg wkdw zlwklq wklv fodvv ri prghov wkh rswlpdo fkrlfh ri wdujhwlqj surfhgxuh

whqgv wr eh dpeljxrxv zkhq vxsso| vkrfnv duh wkh grplqdqw vrxufh ri pdfurhfrqrplf

yrodwlolw| +wkh udqnlqj ghshqgv rq wkh vorsh ri wkh LV fxuyh> vhh Eodqfkdug dqg Ilvkhu/

4<;9,1

D qdwxudo txhvwlrq lv zkhwkhu vlplodu uhvxowv zrxog rewdlq li rqh uhshdwhg Srroh*v dqdo|0
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vlv zlwklq wkh prghuq/ vwdqgdug prqhwdu| jhqhudo htxloleulxp prghov1 Dqg dovr zkhwkhu

wkh udqnlqjv zrxog fkdqjh li d pruh jhqhudo zhoiduh fulwhulrq zhuh dgrswhg1 Vrph uh0

fhqw zrun kdv wrxfkhg rq wkhvh lvvxhv exw zlwkrxw surylglqj d frqfuhwh dqvzhu wr wklv

txhvwlrq1 Iru lqvwdqfh/ Fdq}rqhul dqg Ghoodv/ 4<<9/ 4<<;/ vwxg| wkh lpsolfdwlrqv ri dowhu0

qdwlyh wdujhwlqj surfhgxuhv exw iru wkh ohyho ri orqj whup uhdo lqwhuhvw udwhv udwkhu wkdq

iru pdfurhfrqrplf yrodwlolw| dqg zhoiduh1 Fduovwurp dqg Ixhuvw/ 4<<9/ dujxh wkdw lqwhuhvw

udwh shjjlqj surgxfhv vxshulru rxwfrphv frpsduhg wr prqh| wdujhwlqj exw wkhlu dqdo|vlv

lv qrw uhodwhg wr Srroh*v zrun dw doo41

Wkh sdshuv phqwlrqhg deryh srvvhvv vhyhudo dwwudfwlyh ihdwxuhv iru vwxg|lqj wkh lvvxhv

udlvhg e| Srroh1 Iru lqvwdqfh wkh| uho| rq g|qdplf/ jhqhudo htxloleulxp prghov dqg

dovr srvlw xwlolw| pd{lpl}dwlrq rq wkh sduw ri doo hfrqrplf djhqwv1 Wklv shuplwv wkh

h{hfxwlrq ri frqvlvwhqw dqg phdqlqjixo zhoiduh frpsdulvrqv1 Qhyhuwkhohvv/ wkh Fdq}rqhul

dqg Ghoodv sdshuv duh qrw shuihfwo| vxlwhg wr �uhgr� Srroh1 Iluvw/ wkh| hpsor| d fdvk

lq dgydqfh frqvwudlqw vshfl�fdwlrq zklfk uhvxowv lq }hur lqwhuhvw hodvwlflw| ri ghpdqg iru

prqh|/ dq hohphqw wkdw sod|v dq lpsruwdqw uroh lq Srroh*v dqdo|vlv +wkh �vorsh� ri wkh

OP fxuyh,1 Vhfrqg/ wkh| devwudfw iurp jryhuqhpqw h{shqglwxuh vkrfnv1 Frqvhtxhqwo|/

erwk wkh uhvxowv dqg wkh udqnlqjv rewdlqhg duh frqglwlrqdo qrw rqo| rq wkh prgho xvhg exw

dovr rq wkh devhqfh ri sduwlfxodu vkrfnv dqg pd| qrw fduu| ryhu wr wkh jhqhudo fdvh1 Dqg

wklug/ wkh prgho hfrqrplhv frqvlghuhg duh qrw frqvwuxfwhg zlwk wkh lqwhqwlrq wr pdwfk

sduwlfxodu dfwxdo hfrqrplhv1 Dv d uhvxow/ lw lv gl!fxow wr dvvhvv wkh hpslulfdo sodxvlelolw|

ri wkhlu �qglqjv1

Wkh remhfwlyh ri wklv sdshu lv wr h{dplqh5 wkh surshuwlhv ri dowhuqdwlyh wdujhwlqj sur0

fhgxuhv lq dq hfrqrp| lq zklfk qrw rqo| duh doo wkuhh vkrfnv suhvhqw exw wkh| dovr doo

pdwwhu iru hfrqrplf dfwlylw| dqg sulfhv1 Lq d vhqvh/ wklv sdshu uhsuhvhqwv d idlwkixo/ jhqhudo

htxloleulxp uhqglwlrq ri Srroh1 Wkh prgho lv wkh vwdqgdug wzr idfwru/ vwrfkdvwlf jurzwk

prgho/ dxjphqwhg zlwk d fdvk lq dgydqfh vshfl�fdwlrq wkdw doorzv iru lqwhuhvw udwh h�hfwv

4Wkh| xvh d olplwhg sduwlflsdwlrq prgho zlwk shuihfwo|  h{leoh sulfhv dqg zdjhv dqg yhorflw| vkrfnv

+zklfk sod| d fulwlfdo uroh lq Srroh, duh devhqfh1 Pruhryhu/ wkhlu dqdo|vlv pl{hv �uvw dqg vhfrqg prphqw

h�hfwv1 Lqwhuhvw udwh wdujhwlqj iduhv ehwwhu lq wkhlu prgho ehfdxvh lw jhqhudwhv 0qhhghg0 juhdwhu rxwsxw

+frqvxpswlrq, yrodwlolw|1
5Iroorzlqj wkh olwhudwxuh lw lv dovr dvvxphg wkdw doo rshudwlqj surfhgxuhv duh htxdoo| ihdvleoh iurp d

whfkqlfdo srlqw ri ylhz1
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lq wkh ghpdqg iru prqh| +wklv vshfl�fdwlrq kdv ehhq ghyhorshg e| Fdq}rqhul hw do1/ 4<<9/

dqg uhpryhv d nh| zhdnqhvv ri wklv fodvv ri prghov,1 Frqvhtxhqwo|/ wkh prgho fdq eh fdo0

leudwhg dqg hydoxdwhg dffruglqj wr vwdqgdug sudfwlfhv dqg lw dovr surgxfhv lpsolfdwlrqv

iru d odujh qxpehu ri yduldeohv1

Rxu vlpxodwlrqv uho| rq wkh klvwrulfdo surshuwlhv +yrodwlolw| dqg dxwrfruuhodwlrq, ri wkhvh

wkuhh vkrfnv lq wkh srvw zruog zdu LL XV hfrqrp|1 Wkuhh uhvxowv vwdqg rxw1

Iluvw/ lqwhuhvw udwh shjjlqj surgxfhv vljql�fdqwo| orzhu yrodwlolw| lq doprvw doo txdqwlwlhv

dqg sulfhv frqvlghuhg +uhdo edodqfhv duh wkh rqo| h{fhswlrq, zkhq doo wkuhh vkrfnv rshudwh1

Uhpdundeo|/ wkh vdph krogv wuxh iru lqglylgxdo vkrfnv/ zkhwkhu ghpdqg ru vxsso| +zlwk

wkh h{fhswlrq ri lq dwlrq,1 Xqolnh Srroh/ 4<:3/ lqwhuhvw udwh wdujhwlqj ohdgv wr juhdwhu

pdfurhfrqrplf vwdelolw| hyhq zkhq �vfdo vkrfnv duh wkh rqo| vrxufh ri yduldwlrq lq wkh

hfrqrp|1 Xqolnh Fdq}rqhul dqg Ghoodv/ 4<<;/ wklv udqnlqj lv lqghshqghqw ri wkh ghjuhh ri

lqwhuwhpsrudo vxevwlwxwlrq1 Wklv dovr frqwudvwv zlwk Fduovwurp dqg Ixhuvw zkr �qg wkdw

wkdw lqwhuhvw udwh wdujhwlqj jlyhv ulvh wr juhdwhu ryhudoo rxwsxw yrodwlolw|1 Pruhryhu/ xqolnh

Fduovwurp dqg Ixhuvw/ zh �qg wkdw wkh gl�huhqfhv lq yrodwlolw| dfurvv uhjlphv duh txlwh

vxevwdqwldo1

Vhfrqg/ wkh yrodwlolw| udqnlqjv lqgxfh dqdorjrxv zhoiduh udqnlqjv +wkdw lv/ wkh frydul0

dqfh whupv ehwzhhq ohlvxuh dqg frqvxpswlrq wkdw duh suhvhqw xqghu d qrq�vhsdudeoh xwlolw|

ixqfwlrq gr qrw xqghuplqh wklv sdwwhuq,1 Qrplqdo lqwhuhvw udwh wdujhwlqj iduhv dozd|v ehw0

whu dqg qdwxudoo|/ lwv dgydqwdjh lv lqfuhdvlqj lq wkh ghjuhh ri ulvn dyhuvlrq1 Wkh vxshulrulw|

frphv pdlqo| iurp uhdfwlqj wr yhorflw| vkrfnv dv wkh rwkhu wzr vrxufhv ri pdfurhfrqrplf

yrodwlolw| gr qrw fuhdwh surqrxqfhg gl�huhqfhv1

Dqg wklug/ wkh pdlq vrxufh ri pdfurhfrqrplf yduldelolw| gl�huv vljql�fdqwo| dfurvv

uhjlphv1 Prvw ri wkh yrodwlolw| lq rxwsxw/ lq dwlrq dqg lqwhuhvw udwhv frphv iurp vxsso|

vkrfnv xqghu qrplqdo lqwhuhvw udwh wdujhwlqj exw iurp prqh| ghpdqg vkrfnv xqghu prq0

hwdu| wdujhwlqj1 Wklv vxjjhvwv wkdw wkh uhodwlyh frqwulexwlrq ri vxsso| vkrfnv w|slfdoo|

fodlphg lq wkh olwhudwxuh lv ydolg rqo| li prqhwdu| srolf| kdv prvwo| dlphg � dqg ehhq

vxffhvvixo 0 dw qrplqdo lqwhuhvw udwh vprrwklqj1
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WKH PRGHO

Wklv vhfwlrq ghvfulehv wkh duudqjhphqw ri wkh pdunhwv dv zhoo dv wkh ehkdylru ri wkh

krxvhkrogv/ wkh �upv/ wkh jryhuqphqw dqg wkh prqhwdu| dxwkrulwlhv1

Wkh Uhsuhvhqwdwlyh Krxvhkrog

Wkh hfrqrp| lv srsxodwhg e| pdq| lghqwlfdo/ lq�qlwho| olyhg djhqwv1 Wkhuh duh wzr

pdunhwv/ wkh dvvhw pdunhw dqg wkh jrrgv pdunhw1 Wkh dvvhw pdunhw lv ylvlwhg �uvw1 Rqfh

dq djhqw kdv frpsohwhg klv �qdqfldo wudqvdfwlrqv dqg ghsduwhg iru wkh jrrgv pdunhw kh

fdqqrw uhwxuq wr lw iru dw ohdvw rqh shulrg1 Wkh ydoxhv ri doo wkh udqgrp vkrfnv wr wkh

hfrqrp| ehfrph nqrzq gxulqj wkh ylvlw wr wkh dvvhw pdunhw1

Lq wkh jrrgv pdunhw/ doo sxufkdvhv uhtxluh wkh xvh ri prqh|1 Wkhuh duh wkuhh zd|v ri

dftxlulqj fdvk= e| dffxpxodwlqj lw lq wkh dvvhw pdunhw ehiruh ohdylqj iru wkh jrrgv pdunhw>

e| uhfhlylqj lw dw krph dw wkh hqg ri shulrg � dqg diwhu wkh jrrgv pdunhw kdv forvhg �

dv uhpxqhudwlrq iru oderu dqg fdslwdo vhuylfhv vxssolhg gxulqj wkdw shulrg> dqg e| ylvlwlqj

wkh �up zkloh wkh jrrgv pdunhw lv rshq dqg fodlplqj sduw ri wkh fxuuhqw surfhhgv lq wkh

irup ri d }hur lqwhuhvw ordq1 Wkh �uvw wzr zd|v gr qrw fduu| dq| gluhfw frvw/ zkloh wkh odvw

rqh uhtxluhv uhvrxufhv1 Qhyhuwkhohvv/ wkh djhqw pd| kdyh dq lqfhqwlyh wr pdnh frvwo| wulsv

wr wkh �up iru fdvk zlwkgudzdo sxusrvhv lq rughu wr uhgxfh klv h{srvxuh wr wkh lq dwlrq

wd{1 Wkdw lv/ lq rughu wr plqlpl}h wkh dprxqw ri fdvk uhfhlyhg dw krph iurp wkh �up dw

wkh hqg ri wkh shulrg/ dv wkdw fdvk fdqqrw eh xvhg frqwhpsrudqhrxvo| dqg lwv ydoxh pd|

eh hurghg e| lq dwlrq1 Zh zloo dvvxph wkdw wkh frvw ri hdfk wuls lv �{hg dqg lqghshqghqw

ri wkh dprxqw zlwkgudzq1 Wkhuh lv d pd{lpxp dprxqw wkdw fdq eh fodlphg lq rqh wuls/

wkrxjk1 Wkh iuhtxhqf| ri wkh ylvlwv lv fkrvhq rswlpdoo| e| wkh krxvhkrog lq d pdqqhu

uhplqlvfhqw ri wkh Edxpro�Wrelq wkhru| ri wkh ghpdqg iru prqh|1

Zkloh lq wkh dvvhw pdunhw/ wkh djhqw uhfhlyhv klv oderu dqg fdslwdo lqfrph dffuxhg

gxulqj wkh suhylrxv shulrg plqxv wkh lqwhuhvw iuhh ordqv kh uhfhlyhg e| ylvlwlqj wkh �upv

gxulqj wkdw shulrg1 Kh vhoov dqg ex|v erqgv/ uhfhlyhv wudqvihuv iurp wkh jryhuqphqw dqg

sd|v wd{hv/ dqg �qdoo| vhwv dvlgh fdvk wkdw pd| eh xvhg wr sxufkdvh jrrgv zkhq kh ylvlwv

wkh jrrgv pdunhw1 Dw wkh vdph wlph/ wkh djhqw ghflghv rq wkh qxpehu ri wulsv wr wkh �up1
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Lq wkh jrrgv pdunhw/ wkh krxvhkrog sxufkdvhv jrrgv iru frqvxpswlrq dqg lqyhvwphqw

sxusrvhv1 Wkh exgjhw frqvwudlqw idfhg lq wkh dvvhw dqg jrrgv pdunhw lq shulrg w lv jlyhq

uhvshfwlyho| e|

Z|3�k|3� . ]|3�N|3� � +Q|3� � 4,�|3�P|3� .�| . +4 . l|3�,E|3� � P| .E| . W| +4,

dqg

P|^4 . �|+Q| � 4,` � S|+F| .[|, +5,

zkhuh Z lv wkh qrplqdo zdjh dqg ] wkh qrplqdo uhqwdo udwh rq fdslwdo> k dqg N duh

krxuv zrunhg dqg xqlwv ri fdslwdo uhqwhg rxw wr wkh �up uhvshfwlyho|> P| lv wkh dprxqw ri

fdvk dftxluhg lq wklv shulrg wr eh xvhg gxulqj wkh ylvlw wr wkh jrrgv pdunhw> P|3� lv wkh

dprxqw ri prqh| zlwkgudzq iurp wkh �up lq hdfk wuls wr wkh jrrgv pdunhw gxulqj wkh

suhylrxv shulrg6 dqg Q � 4 lv wkh qxpehu ri zlwkgudzdov iurp wkh �up1 � lv d prqhwdu|

wudqvihu iurp wkh jryhuqphqw/ E lv wkh txdqwlw| ri qrplqdo erqgv sxufkdvhg/ dqg l lv wkh

fruuhvsrqglqj lqwhuhvw udwh> W lv oxps vxp wd{hv sdlg wr wkh jryhuqphqw dqg F dqg [

duh jrrgv sxufkdvhg iru frqvxpswlrq dqg lqyhvwphqw sxusrvhv uhvshfwlyho|1 Ilqdoo|/ �| lv

d yhorflw| vkrfn7 zklfk lv dvvxphg wr iroorz wkh iroorzlqj vwrfkdvwlf surfhvv

orj+�|, @ �l orj+�|3�, . +4� �l, orj+�, . %lc| +6,

zlwk �4 ? �l ? 4/ dqg H+%lc|, @ 3 dqg H+%2lc|, @ �2l 1 orj+�, ghqrwhv wkh xqfrqglwlrqdo

phdq ri wkh surfhvv1

Qrwh/ wkdw zkhq wkh djhqwv �uvw ylvlw wkh jrrgv pdunhw/ wkh| fdq xvh wkh fdvk dftxluhg

gxulqj dvvhw pdunhw wudqvdfwlrqv/ P|1 Rqfh wkhvh edodqfhv kdyh ehhq h{kdxvwhg wkh djhqw

6Qrwh wkdw wkh zd| wkh exgjhw frqvwudlqw lv zulwwhq lpsolhv wkdw wkh prqh| zlwkgudzq iurp wkh �up lv

wr eh lqwhusuhwhg dv d ordq wkdw wkh �up pdnhv wr wkh djhqwv zklfk lv wr eh uhsdlg zlwklq wkh vdph shulrg

dw }hur lqwhuhvw udwh1
7Zh lqwhusuhw wkh yhorflw| vkrfn dv d udqgrp  xfwxdwlrq lq wkh xsshu olplw ri wkh dprxqw zlwkgudzq

iurp wkh �up gxulqj dq lqglylgxdo wuls +wkdw lv/ wkh iudfwlrq ri wkh vdohv wkdw fdq eh kdqghg rxw wr wkh

djhqw,1 Wkhuh lv qr wkhruhwlfdo uhtxluhphqw iru wkdw iudfwlrq wr eh vwulfwo| erxqghg ehwzhhq }hur dqg rqh1

Wkh �up pd| eh deoh wr sd| dq dprxqw h{fhhglqj wkh ydoxh ri lwv vdohv e| lvvxlqj wkh dssursuldwh dvvhw1

9



qhhgv wr wdnh d wuls wr wkh �up1 Lq hdfk wuls/ d txdqwlw| ri �|P| lv zlwkgudzq1 Khqfh/

diwhu wkh odvw wuls/ wkh �up lv ohiw zlwk dq dprxqw ri prqh| htxdo wr S|3�\|3� � +Q|3� �
4,�|3�P|3� @ Z|3�k|3� . ]|3�N|3� � +Q|3� � 4,�|3�P|3� zklfk lv vhqw wr wkh krph ri

wkh zrunhuv2fdslwdolvwv dqg lv dydlodeoh iru vshqglqj gxulqj wkh qh{w shulrg8 +\| lv uhdo

rxwsxw,1

Zh dvvxph wkdw doo fdslwdo lv rzqhg e| wkh krxvhkrogv dqg lv uhqwhg rxw wr wkh �upv1

Wkh fdslwdo vwrfn hyroyhv dffruglqj wr wkh iroorzlqj htxdwlrq

N|n� @ [| . +4� �,N| +7,

zkhuh 3 ? � ? 4 lv wkh udwh ri fdslwdo ghsuhfldwlrq1

Ilqdoo|/ wkh krxvhkrog lv dvvxphg wr eh hqgrzhg zlwk rqh xqlw ri wlph zklfk lv doorfdwhg

ehwzhhq ohlvxuh/ c|> zrun/ k|> dqg wkh wlph vshqw zlwkgudzlqj prqh| iurp wkh �up/ � +Q|�
4,=

c| . k| . � +Q| � 4, @ 4 +8,

zkhuh � lv wkh frvw ri hdfk wuls wr wkh �up lq whupv ri wlph1

Wkh djhqwv kdyh suhihuhqfhv ryhu frqvxpswlrq dqg ohlvxuh uhsuhvhqwhg e| wkh iroorzlqj

xwlolw| ixqfwlrq=

X @ Hf

+
"[
|'f

�W|X+F|> c|,

,
+9,

zkhuh Hf ghqrwhv wkh frqglwlrqdo h{shfwdwlrq rshudwru dw wlph 31 � lv wkh glvfrxqw idfwru

dqg F| dqg c| ghqrwh uhvshfwlyho| frqvxpswlrq dqg ohlvxuh lq shulrg w1 X+=> =, lv wkh

lqvwdqwdqhrxv xwlolw| ixqfwlrq dqg vdwlv�hv wkh vwdqgdug Lqdgd frqglwlrqv1

Wkh krxvhkrog pd{lpl}hv +9, vxemhfw wr +4,/ +5,/ +7, dqg +8,91 Soxjjlqj +8, dqg +7,

lqwr wkh xwlolw| ixqfwlrq dqg fdvk lq dgydqfh frqvwudlqw uhvshfwlyho| dqg fduu|lqj rxw wkh

rswlpl}dwlrq uhvxowv lq wkh iroorzlqj vhw ri �uvw�rughu frqglwlrqv: +��| dqg �2| duh wkh

8Zlwkrxw dq| orvv ri jhqhudolw| zh zloo dvvxph d frqvwdqw uhwxuqv wr vfdoh surgxfwlrq ixqfwlrq1
9Zh uhsodfh 8 dqg 7 lq wkh xwlolw| ixqfwlrq dqg fdvk lq dgydqfh frqvwudlqw uhvshfwlyho|1
:Wkh vhfrqg htxdwlrq ehorz fruuhvsrqgv wr wkh vxsso| ri oderu1 Lw lv ydolg rqo| xqghu  h{leoh zdjhv1

Xqghu �{hg zdjhv/ lw gursv rxw dqg lv uhsodfhg e| wkh uhtxluhphqw wkdw jlyhq wkh �{hg zdjh/ psor|phqw

lv ghpdqg ghwhuplqhg1

:



Odjudqjh pxowlsolhuv dvvrfldwhg zlwk +4,/ +5,,=

X�+w, @ �2| +:,

X�+w, @ �WH|
��|n�
S|n�

Z| +;,

�X�+w, . �WH|
��|n�
S|n�

�|P| @ �|P|
�2|
S|

+<,

��|
S|

� �2|
^4 . +Q| � 4,�|`

S|
. �WH|

�
��|n�
S|n�

�|+Q| � 4,

�
@ 3 +43,

��|
S|

@ �WH|

�
��|n�
S|n�

+4 . l|,

�
+44,

�2| @ �WH|

�
��|n�
4 . l|n�

]|n�

S|n�
. +4� �,�2|n�

�
+45,

Htxdwlrqv +:, dqg +;, ghvfuleh wkh rswlpdo fkrlfh ri frqvxpswlrq dqg ohlvxuh1 Htxd0

wlrq < uhsruwv wkh frvwv dqg ehqh�wv ri dq lqfuhdvh lq wkh iuhtxhqf| ri zlwkgudzdov1 Dq

dgglwlrqdo wuls wr wkh �up wr rewdlq fdvk edodqfhv +�|P|, kdv d frvw lq whupv ri ohlvxuh

+�|X�+w,,1 Lw dovr uhgxfhv wkh dprxqw ri fdvk wkdw zloo eh uhfhlyhg iurp wkh �up dw wkh hqg

ri wkh shulrg dqg zklfk frxog eh xvhg lq qh{w shulrg*v wudqvdfwlrqv +zklfk lv ydoxhg dw

�WH|
\�|n�
�|n�

�|P|,1 Wkh ehqh�w ri wkh wuls lv wkdw lw uhod{hv wkh fdvk0lq0dgydqfh frqvwudlqw

+�|P|
\2|
�|
,= +43, jlyhv wkh rswlpdo fkrlfh ri prqh| kroglqjv1 Dq dgglwlrqdo xqlw ri prqh|

gxulqj wklv shulrg phdqv erwk ihzhu erqg kroglqjv +\�|
�|
, dqg ohvv fdvk uhfhlyhg dw wkh hqg

ri wkh shulrg +�WH|
\�|n�
�|n�

�|+Q|� 4,,1 Wkh ehqh�w frphv iurp wkh dgglwlrqdo frqvxpswlrq

lw d�rugv1

Htxdwlrq +44, lv wkh vwdqgdug qrplqdo erqg sulflqj htxdwlrq dqg �qdoo| htxdwlrq +45,

ghvfulehv wkh rswlpdo lqyhvwphqw fkrlfh1 Qrwh wkdw wkh rssruwxqlw| frvw ri ixqgv wdnhq

dzd| iurp fxuuhqw frqvxpswlrq iru lqyhvwphqw sxusrvhv lv uhodwhg wr frqvxpswlrq wzr

shulrgv odwhu ehfdxvh ri wkh fdvk lq dgydqfh frqvwudlqw rq lqyhvwphqw sxufkdvhv1

;



Wkh Uhsuhvhqwdwlyh Ilup

Wkhuh lv d vlqjoh/ krprjhqhrxv jrrg zklfk lv surgxfhg dffruglqj wr wkh iroorzlqj

surgxfwlrq ixqfwlrq=

\| @ I +N|> k|>D|> �|, +46,

zkhuhN|/ k| ghqrwh fdslwdo dqg krxuv xvhg lq wkh surgxfwlrq surfhvv1 �| ghqrwhv h{rjhqrxv

Kduurg qhxwudo/ whfkqlfdo surjuhvv dqg hyroyhv dffruglqj wr =

�|n� @ ��|> � A 4

I +=, lv lqfuhdvlqj/ frqfdyh zlwk uhvshfw wr hdfk dujxphqw dqg vdwlv�hv wkh Lqdgd frqgl0

wlrqv1 Ilqdoo|/ D| lv dq h{rjhqrxv/ whfkqrorjlfdo vkrfn wkdw d�hfwv wrwdo idfwru surgxfwlylw|1

orj+D|, lv dvvxphg wr iroorz d �uvw rughu dxwruhjuhvvlyh vwdwlrqdu| surfhvv=

orj+D|, @ �@ orj+D|3�, . +4� �@, orj+D, . %@c| +47,

zlwk �4 ? �@ ? 4/ dqg H+%@c|, @ 3 dqg H+%2@c|, @ �2@1 orj+D, ghqrwhv wkh xqfrqglwlrqdo

phdq ri wkh surfhvv1

Wkh �up idfhv d shuihfwo| vwdwlf rswlpl}dwlrq sureohp1 Qdpho|/ krz wr vhohfw wkh oderu

dqg fdslwdo lqsxwv wkdw pd{lpl}h lqvwdqwdqhrxv sur�wv/ �| @ S|\| �Z|k| � ]|N|1 Wkh

�uvw rughu frqglwlrqv duh

I�+w, @
Z|

S|
+48,

I&+w, @
]|

S|
+49,

Frqglwlrqv +48�49, jlyh wkh ghpdqg iru oderu dqg fdslwdo uhvshfwlyho|1

Wkh jryhuqphqw

Zh dvvxph wkdw wkh jryhuqphqw froohfwv d oxps�vxp wd{/ W|> zklfk lv xvhg wr �qdqfh

sxeolf frqvxpswlrq1 Wkh dprxqw frqvxphg lv vwrfkdvwlf dqg iroorzv d �uvw�rughu vwdwlrq0

du| surfhvv=

<



orj+J|, @ �C orj+J|3�, . +4� �C, orj+ �J, . %Cc| +4:,

zlwk �4 ? �C ? 4/ dqg H+%Cc|, @ 3 dqg H+%2Cc|, @ �2C1 orj+ �J, ghqrwhv wkh xqfrqglwlrqdo

phdq ri wkh surfhvv1

Wkh jryhuqphqw dovr frqgxfwv prqhwdu| rshudwlrqv1 Zh zloo vwxg| wzr prqhwdu|

uhjlphv1 D prqh| vxsso| wdujhwlqj surfhgxuh dqg d qrplqdo lqwhuhvw udwh shjjlqj uxoh1

Xqghu wkh iruphu/ wkh dxwkrulwlhv �{ wkh jurzwk udwh ri wkh prqh| vxsso| wr vrph frqvwdqw

ydoxh1 Xqghu wkh odwwhu/ wkh| pdqlsxodwh wkh jurzwk udwh ri prqh| lq rughu wr pdlqwdlq

d �{hg qrplqdo lqwhuhvw udwh1 Lq hlwkhu uhjlph/ wkh prqh| fuhdwhg � ru zlwkgudzq � lq

shulrg w lv glvwulexwhg wr wkh krxvhkrogv=

P| �P|3� @ +$|3� � 4,P| @ �| +4;,

zkhuh $| uhsuhvhqwv � jurvv � prqh| jurzwk ehwzhhq shulrgv w dqg w. 4=

Wkh oderu pdunhw

Lq rughu wr pdnh rxu dqdo|vlv dv frpsdudeoh wr Srroh*v dv srvvleoh/ zh zloo dvvxph wkdw

wkh oderu pdunhw lv fkdudfwhul}hg e| oderu frqwudfwv;1 Zh dgrsw � zlwkrxw wu|lqj wr

r�hu d mxvwl�fdwlrq � wkh vshfl�fdwlrq vxjjhvwhg e| Jud|/ 4<:91 Qdpho|/ zh dvvxph wkdw

qrplqdo zdjhv duh �{hg rqh shulrg lq dgydqfh dw d ohyho wkdw lv htxdo wr wkh h{shfwhg

oderu pdunhw fohdulqj zdjh1 Wkdw lv/ wkh frqwudfwhg zdjh iru shulrg w/ Z S
| lv vlpso|=

Z S
| @ H|3�^Z|` +4<,

Jlyhq wkh zdjh frqwudfw/ wkh ohyho ri hpsor|phqw lv vhohfwhg e| wkh �upv1

Htxloleulxp

Wkh uhvrxufh frqvwudlqw lv
;Zh kdyh dovr vwxglhg wkh surshuwlhv ri dowhuqdwlyh wdujhwlqj surfhgxuhv lq dq hfrqrp| zlwk shuihfwo|

 h{leoh zdjhv1 Wkh uhvxowv duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1 Lw vkrxog eh qrwhg wkdw hyhq lq

vxfk dq hfrqrp|/ wkh fkrlfh ri prqhwdu| surfhgxuh pdnhv d gl�huhqfh ehfdxvh prqh| pdwwhuv iru erwk

oderu dqg lqyhvwphqw ghflvlrqv1
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\| @ F| .[| .J|

Vlqfh wkh hfrqrp| jurzv dw dq h{rjhqrxv udwh �/ zh glylgh hdfk jurzlqj yduldeoh e|

�|= Qrplqdo yduldeohv duh gh dwhg e| S| h{fhsw iru Z| zklfk lv gh dwhg e| S|3�+uhfdoo

wkdw wkh zdjh lv uhfhlyhg h�hfwlyho| zlwk d rqh shulrg odj, dqg xvh orzhufdvh ohwwhuv wr

ghqrwh wkh qhz yduldeohv<1 Ilqdoo| zh gh�qh �| @ ��|�
)
| / �| @ �2|�

)
| dqg � @ qW

�)
zkhuh

* @ 4� �+4� �,=

Ohw xv dvvxph wkdw wkh xwlolw| ixqfwlrq wdnhv wkh irup=

X+F|> c|, @

�
FD
| c
�3D
|

��3j � 4

4� �

dqg wkdw wkh surgxfwlrq ixqfwlrq lv Free0Grxjodv=

\| @ D|N
k
| +�|k|,

�3k

Dq htxloleulxp ri wklv hfrqrp| lv d vhtxhqfh ri sulfhv43 iz|> �|> l|j"|'f dqg d vhtxhqfh

ri txdqwlwlhv if|> {|> c|> k|>Q|> n|>p|> e|j"|'f vxfk wkdw=

+l, jlyhq d vhtxhqfh ri sulfhv/ izS
| > �|> l|j"|'f/ if|> {|> c|>Q|> n|>p|> e|j"|'f lv d vroxwlrq wr

wkh uhsuhvhqwdwlyh krxvhkrog*v sureohp>

+ll, jlyhq d vhtxhqfh ri sulfhv/ izS
| > �|> l|j"|'f/ ik|> n|j"|'f lv d vroxwlrq wr wkh uhsuhvhqwd0

wlyh �up*v sureohp>

+lll, jlyhq d vhtxhqfh ri txdqwlwlhv if|> {|> c|> k|>Q|> n|>p|> e|j"|'f/ i�|> l|j"|'f fohdu wkh

erqg dqg wkh jrrg pdunhwv1

+ly, jlyhq d vhtxhqfh ri txdqwlwlhv if|> {|> c|> k|>Q|> n|>p|> e|j"|'f/ iz|j"|'f lv vhw e| frq0

wudfw1

Vlqfh wkh zdjhv duh suhghwhuplqhg hpsor|phqw lv dvvxphg wr eh ghpdqg ghwhu0

plqhg1
<Ohw (| eh d qrplqdo/ jurzlqj yduldeoh1 Wkhq zh gh�qh _| ' (|*E1|�|�1 Iru d uhdo/ jurzlqj yduldeoh

'|/ zh kdyh ^| ' '|*1|�
43zkhuh �S

| ' ` S
| *E1|�|3��/ 6| ' �|*E1|�|�/ Z| ' �|*�|3� dqg %| ' f|*1|/ % M tSc %c +c ?c &c K�1
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Dprqj wkh htxloleulxp frqglwlrqv zh kdyh=

�|p| @ �
4� �

�

f|
c|

�
4 . l| . �|+Q| � 4,

l|

�
+53,

zkhuh p| @P|@S| dqg �| @ S|@S|3�=

Rqh fdq ylhz +53, dv d uhsuhvhqwlqj wkh ghpdqg iru prqh|1 Lw uhodwhv uhdo edodqfhv wr

wkh ohyho ri hfrqrplf dfwlylw| +f, dv zhoo dv wr wkh h{rjhqrxv dqg hqgrjhqrxv frpsrqhqwv

ri yhorflw| +� dqg Q, dqg wkh qrplqdo lqwhuhvw udwh1 Qrwh/ krzhyhu/ wkdw lv gl!fxow lq

jhqhudo htxloleulxp wr lqwhusuhw wkh vljq ri wkh ghulydwlyhv ri wkh �ghpdqg iru prqh|� +iru

lqvwdqfh gp@gl, ehfdxvh f> c> l dqg Q duh vlpxowdqhrxvo| ghwhuplqhg dv d ixqfwlrq ri wkh

h{rjhqrxv vkrfnv ri wkh hfrqrp|1

Vroxwlrq dqg Fdoleudwlrq

Zh �uvw orj�olqhdul}h wkh v|vwhp ri htxdwlrqv gh�qlqj wkh htxloleulxp ri wklv hfrqrp|

durxqg wkh ghwhuplqlvwlf vwhdg| vwdwh � zklfk lv wkh vdph iru erwk surfhgxuhv � dqg

wkhq vroyh wkh uhvxowlqj v|vwhp ri olqhdu htxdwlrqv1 Zh wkxv rewdlq d vhw ri olqhdu ghflvlrqv

uxohv iru hdfk rshudwlqj surfhgxuh1

Wkh sdudphwhuv duh vhohfwhg lq rughu wr pdwfk wkh vdpsoh dyhudjhv ri wkh XV hfrqrp|

iru wkh shulrg 4<97=4�4<<9=71 Wkh gdwd xvhg duh txduwhuo| dqg zhuh wdnhq iurp wkh LIV/

h{fhsw iru krxuv zklfk zhuh wdnhq iurp wkh EOV1

Wkh h{rjhqrxv jurzwk udwh � lv vhw htxdo wr 319<( shu txduwhu1 Wkh vkduh ri fdslwdo/ �

lv 3171 Wkh iudfwlrq ri wlph ghyrwhg wr zrun/ kW lv vhw htxdo wr 3165 zkloh wkh vwhdg| vwdwh

qxpehu ri wulsv wr wkh �up +wkh edqn,/ QW> lv jlyhq e| QW @ S +F.[,@P @ 7=;= Zh fdq

wkhq ghulyh � iurp wkh wlph exgjhw frqvwudlqw 4 � kW � �+QW � 4, � cW @ 3> zklfk jlyhv

d ydoxh ri � @31333671 Wkdw lv/ wkh wrwdo wlph ghyrwhg wr fdvk zlwkgudzdov lv 313346 shu

txduwhu1 Xvlqj kW @ 3=65 zh jhw d ydoxh iru �> qdpho| � @ 3=6357=

Wkh jurzwk udwh ri qrplqdo edodqfhv lv vhw wr 31;4( shu txduwhu1 Iurp Frroh| dqg

Suhvfrww/ 4<<8/ zh eruurz wkh idfw wkdw {@n @ 3=3:9 lq dqqxdo gdwd1 Wklv lpsolhv d

txduwhuo| udwh ri fdslwdo ghsuhfldwlrq � @ 3=345 +� @ {@n.4��,= Xvlqj wkh Hxohu htxdwlrqv

iru fdslwdo dqg erqg wkhq jlyhv � @ 3=<;38 dqg wkh qrplqdo lqwhuhvw udwh lW @ 3=354=

Zh vhw wkh dyhudjh ydoxhv ri wkh whfkqrorj| dqg yhorflw| vkrfnv/ DWdqg �W> htxdo wr
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xqlw|1 Wkh dyhudjh ydoxh ri wkh jryhuqphqw h{shqglwxuh vkrfn/ JW> zdv vhw lq dffrugdqfh

wr wkh vwhdg| vwdwh ydoxh J@\ @ 314;76 +wkh vdpsoh phdq,1 DU+4, zhuh hvwlpdwhg iru

D|>J| dqg �| 1 Wkh �| vhulhv zdv uhfryhuhg iurp wkh htxloleulxp frqglwlrq lq wkh pdunhw

iru prqh|1

Wdeoh 41 vkrfnv

�@ �@ �} �} �l �l

31<88 3133:8 31<:;: 313434 31<7;5 31389:

SROLF\

Wkh uxohv

D Frqvwdqw Prqh| Vxsso| Jurzwk Uxoh1�

Lq wklv fdvh wkh prqhwdu| dxwkrulwlhv vlpso| �{ wkh prqh| jurzwk udwh $ lqghshqghqw

ri wkh vwdwh ri wkh hfrqrp|1

$| @ $ +54,

Lqwhuhvw Udwh Shjjlqj1�

Wkh jurvv/ qrplqdo lqwhuhvw udwh l| lv jlyhq e|=

4 . l| @

�
H|

�
�
�|n�

�|

S|
S|n�

��3�
+55,

Wkh prqhwdu| dxwkrulwlhv pxvw uhdfw wr wkh ydulrxv frqwhpsrudqhrxv vkrfnv lq vxfk d

zd| wkdw wkh qrplqdo lqwhuhvw udwh uhpdlqv �{hg ryhu wlph1 Wkhuh duh vhyhudo zd|v ri

lpsohphqwlqj wklv wdujhwlqj surfhgxuh1 Wkh vlpsohvw rqh kdv wkh fxuuhqw prqh| vxsso|

uhvsrqg v|vwhpdwlfdoo| wr fxuuhqw vkrfnv lq vxfk d zd| dv wr jhqhudwh h{shfwdwlrqv ri

ixwxuh srolf| dfwlrqv zklfk/ e| lq xhqflqj h{shfwhg lq dwlrq/ vwdelol}h wkh fxuuhqw udwh1

Rshudwlrqdoo|/ wklv fdq eh dfklhyhg e| kdylqj d srolf| uxoh wkdw wxuqv wkh txdqwlw| lqvlgh

wkh h{shfwdwlrqv rshudwru lq +55, lqwr d frqvwdqw 1 Lw pd| wdnh wkh irup

�|n� @ �
�|n�

�|
zkhuh � lv dq duelwudu| frqvwdqw +56,
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Lq rughu wr lpsohphqw wklv uxoh zh pxvw �uvw ghulyh wkh olqhdu ghflvlrq uxohv iru �| dqg

�| zkhq $| lv doorzhg wr ydu| iuhho|= Vroylqj wkh prgho/ zh jhw ghflvlrq uxohv iru �| dqg �|=

�| @ *Z+p|3�> n|3�> id|3� > j|3�> �|3�> m @ 3> 4j> $|, dqg�| @ *b+p|3�> n|3�> id|3�> j|3�> �|3� > m @
3> 4j> $|,1 Zh wkhq xvh wkhvh ixqfwlrqv lq +55, dqg vroyh iru d ixqfwlrq1

$| @ */+p|3�> n|3�> id|3� > j|3�> �|3�> m @ 3> 4j, wkdw zloo vdwlvi| +56,= Zh zloo dvvxph

wkdw wkh qrplqdo lqwhuhvw udwh lv wdujhwhg dw lwv vwhdg| vwdwh44 ydoxh/ lW1

Srolf| Hydoxdwlrq

Lq rughu wr hydoxdwh wkh lpsolfdwlrqv dqg �rswlpdolw|�ri dowhuqdwlyh rshudwlqj surfh0

gxuhv zh xvh vhyhudo fulwhuld

� Yrodwlolw| ri txdqwlwlhv 0dv lq Srroh0 dqg sulfhv1

� Ohyho ri wrwdo zhoiduh

Z @ H
"[
�'f

�W|

�
FD
| c
�3D
|

��3j � 4

4� �

� Wudqvihu udwh dv lq Oxfdv/ 4<;:1 Lw lv srvvleoh wr h{suhvv wkh frvw ri xwlolw| yrodwlolw|

lq whupv ri frqvxpswlrq1 Wkdw lv/ rqh pd| dvn � iroorzlqj Oxfdv � krz pxfk

frqvxpswlrq rqh zrxog eh zloolqj wr vdful�fh lq rughu wr shuihfwo| dyrlg h{shulhqflqj

dq| xwlolw|  xfwxdwlrqv1 Wkh uhtxluhg vdful�fh lv frpsxwhg dv iroorzv

H
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wkxv � fdq eh xvhg wr dwwdfk d frqvxpswlrq ydoxh wr wkh zhoiduh ohyho dvvrfldwhg

zlwk wkh wzr rshudwlqj surfhgxuhv1

WKH UHVXOWV

Wdeohv +5, dqg +6, uhsruw wkh prphqwv ri wkh prgho0jhqhudwhg vhulhv xqghu prqh|

dqg qrplqdo lqwhuhvw udwh wdujhwlqj uhvshfwlyho| +doo gdwd kdyh ehhq ghwuhqghg xvlqj wkh

Krgulfn�Suhvfrww �owhu,1 Wdeohv +7, dqg +8, uhsruw wkh vroxwlrqv +lq wkh irup ri hodvwlflwlhv,

44Wkh zhoo nqrzq sulfh lqghwhuplqdqf| sureohp xqghu qrplqdo lqwhuhvw udwh wdujhwlqj lv uhpryhg e|

srvwxodwlqj d sdwk iru wkh prqh| vxsso| +vhh Fdq}rqhul hw do/ 4<;6 ru Eodqfkdug dqg Ilvfkhu/ 4<;9,1
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iru wkh yduldeohv ri lqwhuhvw dv d ixqfwlrq ri wkh vwdwh yduldeohv +iurp wkh orj�olqhdul}hg

v|vwhp,1 Wkh qxpehuv lq wkh Wdeohv duh edvhg rq � @ 5181

Wkh dfwxdo srolf| uhjlph lq wkh XV kdv lqyroyhg d frpelqdwlrq ri wkhvh wzr surfhgxuhv1

Pruhryhu/ lw lv frpprqo| eholhyhg wkdw zlwk wkh srvvleoh h{fhswlrq ri wkh 4<:<0;5 shulrg/

lqwhuhvw udwh vprrwklqj kdv ehhq jlyhq sulrulw| ryhu wkh vwulfw frqwuro ri wkh vxsso| ri

prqh|1 Lw vkrxog eh nhsw lq plqg/ wkrxjk/ wkdw lq sudfwlfh lqwhuhvw udwh wdujhwlqj kdv

doorzhg iru vrph yduldwlrq lq wkh qrplqdo lqwhuhvw udwh +zklfk phdqv wkdw vrph ri wkh

vkrfnv kdyh qrw ehhq ixoo| dffrpprgdwhg, dqg prqhwdu| wdujhwlqj iru d udqjh ri prqh|

vxsso| jurzwk udwhv +udwkhu wkdq d shuihfwo| frqvwdqw udwh,1 Frqvhtxhqwo|/ wkh dssursuldwh

zd| ri hydoxdwlqj wkh prgho vkrxog lqyroyh d frpsdulvrq ri d zhljkwhg dyhudjh ri wkh

wzr vhwv ri wkhruhwlfdo prphqwv +zlwk shukdsv juhdwhu zhljkw jlyhq wr wkrvh dvvrfldwhg

zlwk lqwhuhvw udwh wdujhwlqj, wr wkh dfwxdo prphqwv1 Rxu prgho zrxog uxq lqwr wurxeoh

lq pdwfklqj wkh ehkdylru ri d sduwlfxodu yduldeoh li erwk vhwv ri prphqwv huuhg rq wkh

vdph vlgh ri wkh dfwxdo rqhv +dqg dovr li gl�huhqw vhwv ri zhljkv zhuh qhhghg iru gl�huhqw

yduldeohv,1

Dv fdq eh vhhq iurp Wdeohv +5, dqg +6, wkh prgho shuirupv vdwlvidfwrulo|451 Prqh|

wdujhwlqj jhqhudwhv surf|folfdo qrplqdo lqwhuhvw udwhv dqg lq dwlrq +dqg khqfh d srvlwlyh

fruuhodwlrq ehwzhhq qrplqdo lqwhuhvw udwhv dqg lq dwlrq,1 Wkh odwwhu yduldeoh*v ehkdylru

lv djdlq dffrxqwhg iru e| wkh suhvhqfh ri vljql�fdqw yhorflw| vkrfnv1 Li wkrvh vkrfnv zhuh

hlwkhu vpdoo ru qrq0rshudwlyh +dv lw lv wkh fdvh zkhq wkh| duh r�vhw e| prqhwdu| srolf|,

wkhq wkh pryhphqwv lq wkh lq dwlrq udwh zrxog eh grplqdwhg e| vxsso| vkrfnv dqg zrxog

h{klelw d frxqwhuf|folfdo sdwwhuq1 Wklv �qglqj srlqwv wr wkh lpsruwdqfh ri lqfoxglqj

yhorflw| lq jhqhudo htxloleulxp/ prqhwdu| prghov lq rughu wr lpsuryh wkhlu delolw| wr

pdwfk vw|ol}hg idfwv rq qrplqdo yduldeohv1

Wkh hqgrjhqrxv frpsrqhqw ri yhorflw|/ Q> dqg wrwdo yhorflw| duh surf|folfdo1 Wkh ghjuhh

45 Lw pxvw eh nhsw lq plqg wkdw wkh vxffhvv ri wkh h{lvwlqj prqhwdu| prghov lq pdwfklqj wkh vw|ol}hg

idfwv shuwdlqlqj wr qrplqdo yduldeohv lv pxfk orzhu wkdq wkdw ri wkh vxffhvv ri uhdo prgho lq pdwfklqj uhdo

yduldeohv1 Pruhryhu/ wkh jrrgqhvv ri �w iru dowhuqdwlyh prghov whqgv wr eh yduldeoh vshfl�f/ vr wkhuh lv qr

fohdu zlqqhu dprqj frpshwlqj prghov1

Lw lv dovr zruwk phqwlrqlqj wkdw ehfdxvh ri wkh odfn ri vwdjjhuhg frqwudfwv/ wkh prgho*v shuvlvwhqfh

surshuwlhv duh qrw dv jrrg1 Qhyhuwkhohvv wkh frpsdulvrq ri dowhuqdwlyh surfhgxuhv lv qrw d�hfwhg e| wklv

ihdwxuh

48



ri surf|folfdolw| lv kljkhu xqghu prqh| wdujhwlqj46 dv wklv surfhgxuh doorzv yhorflw| wr

frydu| zlwk wkh surf|folfdo qrplqdo lqwhuhvw udwhv1 Pruhryhu/ wkhuh lv d kljk/ srvlwlyh

fruuhodwlrq ehwzhhq yhorflw| dqg wkh qrplqdo lqwhuhvw udwh1 Dq xqvdwlvidfwru| dvshfw ri

wkh prgho lv wkdw lw fdqqrw fdswxuh wkh qhjdwlyh fruuhodwlrq ehwzhhq lqwhuhvw udwhv dqg

uhdo edodqfhv revhuyhg lq wkh gdwd1

Ohw xv qrz wxuq wr wkh frpsdulvrq ri wkh wzr surfhgxuhv1 D frxsoh ri ihdwxuhv vwdqg

rxw1

Iluvw/yrodwlolw| lv vljql�fdqwo| orzhu xqghu qrplqdo lqwhuhvw udwh wdujhwlqj iru doo uhdo

yduldeohv iru doo w|shv ri vkrfnv +wkh rqo| h{fhswlrq ehlqj uhdo edodqfhv 47 dqg frqvxpswlrq

xqghu �vfdo vkrfnv,1 Wkh yrodwlolwlhv jhqhudwhg e| vxsso| dqg �vfdo vkrfnv dovr whqg wr

eh xqlirupo| orzhu xqghu lqwhuhvw udwh wdujhwlqj/ exw iru wkrvh vkrfnv wkh gl�huhqfhv

dfurvv uhjlphv duh qrw dv surqrxqfhg dv wkrvh iru yhorflw| vkrfnv1 Frqvhtxhqwo|/ wkh odujh

gl�huhqfhv lq yrodwlolw| dulvh prvwo| iurp wkh h�hfwv ri yhorflw| vkrfnv/ zklfk duh r�vhw

xqghu lqwhuhvw exw qrw xqghu prqh| wdujhwlqj1

Wkdw odujh dqg srwhqw yhorflw| vkrfnv fdq pdnh wkh rshudwlqj surfhgxuh pdwwhu lv

zhoo nqrzq iurp Srroh*v dqdo|vlv1 Dv fdq eh vhhq iurp wkh odvw froxpq ri Wdeoh +5,/

yhorflw| vkrfnv sod| dq lpsruwdqw uroh lq wklv prgho/ khqfh d srolf| wkdw plqlpl}hv wkhlu

uroh � wkdw lv/ lqwhuhvw udwh wdujhwlqj0 lv erxqg wr lq xhqfh vljql�fdqwo| pdfurhfrqrplf

shuirupdqfh1 Wklv srlqw lv dovr frq�uphg e| orrnlqj dw Wdeohv +9, dqg +:, zklfk uhsruw

wkh yduldqfh ghfrpsrvlwlrq ri vrph nh| pdfurhfrqrplf yduldeohv dw ydulrxv wlph krul}rqv1

Wkhvh wdeohv vkrz wkdw prvw ri wkh vkruw dqg phglxp whup yduldelolw| ri rxwsxw/ lq dwlrq

dqg lqwhuhvw udwhv fdq eh dffrxqwhg iru e| prqh| ghpdqg vkrfnv1

Vhfrqg/ dv zdv phqwlrqhg deryh/ lqwhuhvw udwh wdujhwlqj surylghv juhdwhu vwdelolw| hyhq

zkhq �vfdo vkrfnv duh wkh rqo| vrxufh ri yrodwlolw|1 Wklv pljkw vhhp sx}}olqj lq wkh frqwh{w

ri dq LV�OP prgho exw lw kdv d vlpsoh h{sodqdwlrq1 Lq Srroh/ d srvlwlyh �vfdo vkrfn sxwv

xszdug suhvvxuh rq wkh qrplqdo lqwhuhvw udwh dqg uhtxluhv h{sdqvlrqdu| prqhwdu| srolf|

46Qrwh dovr wkdw dq h{rjhqrxv yhorflw| vkrfn ghfuhdvhv � xqghu lqwhuhvw udwh wdujhwlqj exw ohdgv wr d

kljkhu iuhtxhqf| ri edqn wulsv xqghu prqhwdu| wdujhwlqj1 Wklv gl�huhqfh lv gxh wr wkh vwurqj qrplqdo

lqwhuhvw udwhv h�hfw wkdw lv suhvhqw xqghu wkh odwwhu surfhgxuh1
47Xqghu lqwhuhvw udwh wdujhwlqj wkh prqh| vxsso| uhdfwv surf|folfdoo| wr vxsso| dqg frxqwhuf|folfdoo|

wr ghpdqg vkrfnv lq rughu wr vwdelol}h lq dwlrq1 Vxfk d uhdfwlrq fuhdwhv juhdwhu  xfwxdwlrq lq qrplqdo

edodqfhv1
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Wdeoh 51 Prphqwv= Prqh| wdujhwlqj

X1V1 Wrwdo D rqo| J rqo| l rqo|

jS 415886 4186<5 31:77: 31456: 416747

j� 317558 61;76: 31:57< 316647 61:934

j+ 41899: 51<::5 4174;< 315668 51939<

j% 718;74 441598; 816:99 31865< <1;;8:

jZ 314993 415858 318347 314389 41475;

j� 4<1;584 81;<3: 41873< 317447 819:3:

j� � 61948: 413<<3 314;76 6176<:

j/ 5198:3 313333 313333 313333 313333

j6 61658< 419<3; 319<89 31475: 418678

SJooESc +� 31<859 31<;9< 31<;93 0316478 31<<;3

SJooE�c +� 3197:9 31<773 31<33; 31<<<; 31<<<9

SJooE%c +� 31<578 31<<:5 31<<98 319;96 31<<<8

SJooEZc +� 31445< 319;;: 0319335 31;94: 31<<;5

SJooE�c +� 315488 31;984 31<7<: 31<887 31;:<:

SJooE�c +� � 318:4< 31<;34 31;:98 318453

SJooE/c +� 0313895 313333 313333 313333 313333

SJooE6c +� 317537 03148:< 31<7<8 031:;<; 0317597

SJooE6c �� 0315:;8 314648 31;394 0318:83 313884

SJooE6c Z� 031386: 0316:37 0316937 0316:36 0316:57

SJooE�c Z� 31764: 31:4:6 031;388 31<:5< 31<394

SJooE�c ?� � 31;9;< 31<<46 31<:<8 31;8;<

SJooEZc ?� � 317374 031:53; 31<<<6 318949

4:



Wdeoh 61 Prphqwv= Qrplqdo lqwhuhvw udwh shjjlqj

Dfwxdo Wrwdo D rqo| J rqo| l rqo|

jS 415886 319;69 3199<8 3146;4 313376

j� 317558 31793: 317576 314:;; 3134::

j+ 41899: 415:96 415:34 314585 313457

j% 718;74 71;484 71;455 314897 31388:

jZ 314993 31956: 319556 313746 313378

j� 4<1;584 313333 313333 313333 313333

j� � 41;336 316864 313775 41:97;

j/ 5198:3 515<97 315;96 31364< 515:;6

j6 61658< 6159<8 415387 313<:; 6136::

SJooESc +� 31<859 31<6;9 31<;66 031<<;; 31<66;

SJooE�c +� 3197:9 31<6:4 31<;3: 31<<<: 31<<8;

SJooE%c +� 31<578 31<;:6 31<<8; 031<<<5 31<<83

SJooEZc +� 31445< 03178<4 0317978 316553 314833

SJooE�c +� 315488 313333 313333 313333 313333

SJooE�c +� � 314;4< 31<<64 0413333 031<<;<

SJooE/c +� 0313895 31354; 3153;8 0317:57 03168;8

SJooE6c +� 317537 31687: 31<<<7 031<<<4 031<<;;

SJooE6c �� 0315:;8 313333 313333 313333 313333

SJooE6cZ� 031386: 03149:; 0317847 0316389 03149:9

SJooE�c Z� 31764: 313333 313333 313333 313333

SJooE�c ?� � 313333 313333 313333 313333

SJooEZc ?� � 0314339 0318384 031657: 03149:7

4;



Wdeoh 71 Hodvwlflwlhv= Prqh| wdujhwlqj

&| 6|3� @|3� }|3� l|3� @| }| l|

&|n� 31<9: 31333 03135; 031344 031373 31454 3133< 31374

6| 317<< 31333 031349 031339 031356 319<: 03143; 031583

S| 3178; 31333 031539 0313;4 0315<8 31;;9 031356 31639

�| 031536 31333 031893 03154< 031;35 4133< 31693 31;67

+| 3148; 31333 0316<5 031486 031894 41:39 31585 318;7

%| 031:98 31333 04179: 0318:8 051435 91764 3179; 514;;

Z| 0317<< 41333 31349 31339 31356 0319<: 3143; 31583

�| 031778 31333 031<53 031694 04164; 51396 3177; 31<48

�| 313<: 31333 31598 31437 316;3 0317;3 0314:3 0316<7

�| 031639 31333 031796 0314;5 031997 416<5 314<5 314:6

`|*�| 31694 31333 3149; 31399 31574 319<: 03143; 031583

/| 31333 31333 31333 31333 31333 31333 31333 31333

Wdeoh 81 Hodvwlflwlhv= Qrplqdo lqwhuhvw udwh shjjlqj

&| 6|3� @|3� }|3� l|3� @| }| l|

&|n� 31<9: 31333 31333 31333 31333 313<5 031335 31333

6| 315:: 31333 31333 31333 31333 41564 0313:7 0317<<

S| 3178; 31333 31333 31333 31333 319:4 031438 31334

�| 031538 31333 31333 31333 31333 3175: 31469 31336

+| 3148: 31333 31333 31333 31333 415<< 313<8 31335

%| 031:9< 31333 31333 31333 31333 71<3; 03144< 3133<

Z| 0315<: 41463 03189; 31374 31896 031;:5 31374 31334

�| 31333 31333 31333 31333 31333 31333 31333 31333

�| 313<: 31333 31333 31333 31333 031535 031397 031334

�| 0313;8 31333 31333 31333 31333 3168< 031367 0315<3

`|*�| 31398 31333 31333 31333 31333 31;:5 031374 031334

/| 031353 31463 03189; 31374 31896 3168< 031367 0317<;

4<



Wdeoh 91 Yduldqfh ghfrpsrvlwlrq= Prqh| wdujhwlqj

Rxwsxw Lq dwlrq udwh Lqwhuhvw udwh

Krul}rq D J l D J l D J l

4 4:1<9 31:4 ;4166 49193 31:5 ;519; 44184 31<; ;:184

7 6817: 31:; 961:8 4918; 31:5 ;51:3 431<9 3197 ;;173

; 7:153 31;6 841<: 49187 31:5 ;51:7 <1:; 3183 ;<1:5

53 8<1<6 31<7 6<146 49178 31:5 ;51;6 :167 3173 <5159

Wdeoh :1 Yduldqfh ghfrpsrvlwlrq= Qrplqdo lqwhuhvw udwh shjjlqj

Rxwsxw Lq dwlrq udwh Lqwhuhvw udwh

Krul}rq D J l D J l D J l

4 <<136 31<9 3134 <<193 3173 3133 � � �

7 <<133 31<< 3134 <<193 3173 3133 � � �

; <;1<: 4135 3134 <<18< 3174 3133 � � �

53 <;1;; 4144 3134 <<18: 3175 3134 � � �

lq rughu wr vwdelol}h lqwhuhvw udwhv1 Wklv dpsol�hv rxwsxw  xfwxdwlrqv lq wkh suhvhqfh ri

vwlfn| zdjhv1 Lq rxu fdvh/ d srvlwlyh �vfdo vkrfn dovr udlvhv wkh qrplqdo lqwhuhvw udwh exw

wuljjhuv frqwudfwlrqdu| prqhwdu| srolf| +vhh wkh srolf| uhdfwlrq frh!flhqw iru d j| vkrfn lq

wkh $| urz lq Wdeoh +8, wr frxqwhu wkh �vfdo vkrfn*v srvlwlyh h�hfw rq wkh fxuuhqw lq dwlrq

udwh1 Wkh frqwudfwlrq ri prqh| wkhq olplwv rxwsxw h{sdqvlrq/ vwdelol}lqj hfrqrplf dfwlylw|1

Wkh dqwl0lq dwlrq srolf| lv uhtxluhg lq wklv fdvh lq rughu wr jhqhudwh dq h{shfwdwlrq wkdw

ixwxuh lq dwlrq zloo eh frqwdlqhg e| iroorzlqj wklv sduwlfxodu uxoh1 Lq jhqhudo/ d qrplqdo

lqwhuhvw udwh uxoh glfwdwhv wkdw djjuhjdwh ghpdqg vkrfnv eh phw e| frxqwhuf|folfdo dqg

djjuhjdwh vxsso| e| surf|folfdo prqhwdu| srolf|1

Dqg wklug/ wkh wlph sdwk ri wkh yduldeohv xqghu frqvlghudwlrq dv d uhvxow ri d fxuuhqw

shuwxuedwlrq lv frpsdudeoh dfurvv surfhgxuhv1 Wklv lv gxh wr wkh idfw wkdw lw lv wkh ohqjwk

ri wkh oderu frqwudfwv wkdw ghwhuplqhv pdfurhfrqrplf g|qdplfv1 Iljxuhv +4,�+5, ghslfw

wkh g|qdplfv ri rxwsxw dqg lq dwlrq iru hdfk rqh ri wkh h{rjhqrxv vkrfnv1

Ilqdoo|/ lw pxvw eh qrwhg wkdw wkh uhvxowv uhsruwhg deryh duh urexvw zlwk uhjdug wr

yduldwlrqv lq wkh ghjuhh ri lqwhuwhpsrudo vxevwlwxwlrq1 Dv h{shfwhg/ frqvxpswlrq ehfrph
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ohvv yrodwloh dqg lqyhvwphqw pruh yrodwloh dw d kljkhu ghjuhh ri vxevwlwxwlrq dqg wklv lv

wuxh luuhvshfwlyh ri wkh rshudwlqj surfhgxuh lq sodfh1

Zhoiduh frpsdulvrqv

Zh qrz wxuq wr wkh hydoxdwlrq ri wkh zhoiduh lpsolfdwlrqv ri dowhuqdwlyh rshudwlqj sur0

fhgxuhv1 Wkh Zhoiduh urz lq Wdeohv +;,�+<, uhsruwv wkh ohyho ri xwlolw| ri wkh uhsuhvhqwdwlyh

djhqw iru ydulrxv ydoxhv ri lqwhuwhpsrudo vxevwlwxwlrq dqg iru gl�huhqw vkrfnv1 Wkh �(

urz jlyhv wkh shufhqwdjh ri dyhudjh frqvxpswlrq wkdw wkh lqglylgxdo uhtxluhv lq rughu wr

eh lqgl�huhqw ehwzhhq d yrodwloh dqg d shuihfwo| vwdeoh xwlolw| sdwk1 Wkh iruphu sdwk lv

rewdlqhg xqghu hdfk rqh ri wkh wdujhwlqj surfhgxuhv zkloh wkh odwwhu lv dvvrfldwhg zlwk

wkh ghwhuplqlvwlf vwhdg| vwdwh ri wkh prgho1 Wkh gl�huhqfhv lq wkh fruuhvsrqglqj hqwulhv

ri wkhvh wzr wdeohv jlyh wkh jdlq � lq whupv ri frqvxpswlrq � iurp vzlwfklqj iurp rqh

surfhgxuh wr dqrwkhu1

Wzr ihdwxuhv vwdqg rxw1 Iluvw/ zhoiduh lv dozd|v kljkhu xqghu qrplqdo lqwhuhvw udwh

wdujhwlqj lqghshqghqw ri wkh vrxufh ri pdfurhfrqrplf yrodwlolw| dqg wkh ghjuhh ri ulvn

dyhuvlrq1 Wkh gl�huhqwldo lv lqfuhdvlqj lq ulvn dyhuvlrq dqg ehfrph vxevwdqwldo iru kljk

ohyhov ri ulvn dyhuvlrq1 Iru lqvwdqfh/ iru � @ 8/ lw lv htxdo wr d txduwhu ri rqh shufhqw0

djh srlqw ri jurzwk$1 Dqg vhfrqg/ doprvw doo ri wkh vxshulrulw| ri qrplqdo lqwhuhvw udwh

wdujhwlqj frphv iurp lwv kdqgolqj ri wkh yhorflw| vkrfnv1

FRQFOXVLRQV

Prqh| ghpdqg vkrfnv dsshdu wr eh dq lpsruwdqw vrxufh ri pdfurhfrqrplf yrodwlolw|

xqghu qrplqdo zdjh uljlglwlhv1 Frqvhtxhqwo| fhqwudo edqn rshudwlqj surfhgxuhv wkdw gli0

ihu lq whupv ri wkhlu uhdfwlrq wr yhorflw| vkrfnv zloo dovr gl�hu lq whupv ri wkhlu rxwsxw

vwdelol}dwlrq surshuwlhv1 Zkloh wkhuh h{lvwv qr wkhruhwlfdo suhvxpswlrq wkdw d uxoh wkdw

vwdelol}hv rqh qrplqdo txdqwlw| +wkh qrplqdo lqwhuhvw udwh, udwkhu wkdq vrph rwkhu +wkh

qrplqdo vwrfn ri prqh|, rxjkw wr kdyh ehwwhu surshuwlhv hlwkhu lq whupv ri pdfurhfr0

qrplf vwdelolw| ru zhoiduh rxu uhvxowv lqglfdwh wkdw qrplqdo lqwhuhvw udwh wdujhwlqj grhv

iduh ehwwhu1

Wkhuh duh vhyhudo lpsruwdqw lvvxhv wkdw rxu dqdo|vlv kdv devwudfwhg iurp dqg zklfk
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Wdeoh ;1 Zhoiduh= Prqh| wdujhwlqj

Wrwdo � rqo| C rqo| l rqo|

j ' f�D

Zhoiduh 06516633 06516594 06516493 065164<9

�( 313:83 313874 31333< 3134<<

j ' f�H

Zhoiduh 06718;57 06718:84 06718956 067189<3

�( 313<75 313936 313347 313657

j ' ��D

Zhoiduh 0731:54< 0731:353 07319;35 07319<;:

�( 314754 313:85 313359 313975

j ' 2�D

Zhoiduh 085154:< 0851494; 085144:< 085149<<

�( 315488 313<:4 313376 314473

j ' e

Zhoiduh 0:;167<; 0:;148<5 0:;13758 0:;154<7

�( 316656 31463: 3133:5 314<77

j ' D

Zhoiduh 04371;796 0437178:5 043715744 043719355

�( 317464 314868 3133<6 315836

j ' �f

Zhoiduh 08861;;:; 087817547 087419684 087<17743

�( 31;679 315:76 313554 318743
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Wdeoh <1 Zhoiduh= Qrplqdo lqwhuhvw udwh shjjlqj

Wrwdo � rqo| C rqo| l rqo|

j ' f�D

Zhoiduh 06516594 06516593 06516493 0651648<

�( 313877 313867 31333< 313333

j ' f�H

Zhoiduh 06718:83 06718:7: 06718956 06718953

�( 313934 3138;: 313347 313333

j ' ��D

Zhoiduh 0731:349 0731:33; 07319;35 07319:<8

�( 313:73 313:48 313358 313333

j ' 2�D

Zhoiduh 08514939 085148;; 085144:: 0851448;

�( 313<78 313<39 313373 313333

j ' e

Zhoiduh 0:;14888 0:;147<: 0:;13748 0:;1368:

�( 31459; 314539 313395 313333

j ' D

Zhoiduh 043717839 0437176<4 0437156;9 0437155:4

�( 3147<4 314748 3133:: 313333

j ' �f

Zhoiduh 087816:59 087814664 087418773 087416387

�( 315:44 315885 313493 313333
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rxjkw wr eh wkh irfxv ri ixwxuh uhvhdufk lq rughu wr surgxfh d pruh frpsohwh udqnlqj ri

surfhgxuhv1

Iluvw/ doo surfhgxuhv vwxglhg khuh duh htxdoo| ihdvleoh iurp d whfkqlfdo srlqw ri ylhz1 Lq

sudfwlfh/ frqwuroolqj d vkruw whup qrplqdo lqwhuhvw udwh vhhpv idu hdvlhu wkdq frqwuroolqj d

eurdg prqhwdu| djjuhjdwh +dw ohdvw lq wkh vkruw uxq,1 Wkh lpsolfdwlrqv ri vxfk gl�huhqfhv

vkrxog eh h{solflwo| vwxglhg1

Vhfrqg/ hfrqrplf dfwlylw| grhv qrw uhodwh rqo| wr d vlqjoh whup lqwhuhvw udwh exw udwkhu

wr wkh hqwluh whup vwuxfwxuh1 Zklfk pdwxulwlhv pdwwhu dqg iru zklfk yduldeohv lv dq

lqwhuhvwlqj txhvwlrq zkrvh dqvzhu pd| pdwwhu iru wkh surshuwlhv ri vkruw whup lqwhuhvw

udwh shjjlqj1

Dqg wklug/ wkh sdshu kdv xvhg d vroxwlrq vwudwhj| +olqhdul}dwlrq durxqg wkh ghwhuplqlvwlf

vwhdg| vwdwh, zklfk irufhv wkh wzr rshudwlqj surfhgxuhv wr rshudwh rxw ri wkh vdph vwhdg|

vwdwh1 Fdq}rqhul dqg Ghoodv/ 4<<;/ kdyh ghprqvwudwhg wkdw wkhvh wzr rshudwlqj surfhgxuhv

pd| dovr lqgxfh gl�huhqfhv lq �uvw prphqwv1 D xvhixo h{whqvlrq ri wklv prgho pd| eh

wr doorz iru vxfk d srvvlelolw| lq rughu wr fdofxodwh srwhqwldo wudgh r�v dqg wr pdnh wkh

zhoiduh frpsdulvrqv frpsohwh1
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UHIHUHQFHV

Eodqfkdug/ Rolylhu M1 dqg Vwdqoh| Ilvfkhu/ 4<;9/ Ohfwxuhv rq Pdfurhfrqrplfv/ PLW

Suhvv1

Fdq}rqhul/ Pdwwkhz dqg Kduulv Ghoodv/ 4<<;/ Uhdo lqwhuhvw udwhv dqg fhqwudo edqn rs0

hudwlqj surfhgxuhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 75+6,=7:407<71

Fdq}rqhul/ Pdwwkhz dqg Kduulv Ghoodv/ 4<<9/ Prqhwdu| lqwhjudwlrq lq Hxursh= Lpsol0

fdwlrqv iru uhdo lqwhuhvw udwhv dqg vwrfn pdunhwv/ Wkh Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/

<;+7,=874088:1

Fdq}rqhul/ Pdwwkhz/ Ehk}dg Gled/ dqg Doehuwr Jlrydqqlql/4<<9/Fxuuhqf| vxevwlwxwlrq=

Iurp srolf| txhvwlrqv wr wkh wkhru| dqg edfn/ Lq I1 Wruuhv dqg I1 Jldyd}}l/ hglwruv/

Dgmxvwphqw dqg Jurzwk lq wkh Hxurshdq Prqhwdu| Xqlrq/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Fdq}rqhul/ Pdwwkhz/ Gdoh Khqghuvrq/ dqg Nhqqhwk Urjr�/ 4<;6/Wkh lqirupdwlrq frq0

whqw ri wkh lqwhuhvw udwh dqg wkh rswlpdo prqhwdu| srolf|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/

<;=878�8991

Fduovwurp/ Fkduohv dqg Wlprwk| Ixhuvw/ 4<<8/ Lqwhuhvw udwh uxohv yv1 prqh| jurzwk

uxohv= D zhoiduh frpsdulvrq lq d fdvk lq dgydqfh hfrqrp|/� Mrxuqdo ri Prqhwdu| Hfr0

qrplfv/ 69 +5,/ 57:059;1

Frroh|/ Wkrpdv I1 dqg Hgzdug F1 Suhvfrww/ 4<<8/ Hfrqrplf jurzwk dqg wkh exvlqhvv

f|foh/ Lq W1 Frroh|/ hglwru/Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Sulqfhwrq Xqlyhuvlw|

Suhvv1

Jrrgiulhqg/ Pduylq dqg Gdylg Vpdoo/ 4<<6/ Rshudwlqj surfhgxuhv dqg wkh frqgxfw

ri prqhwdu| srolf|= Frqihuhqfh surfhhglqjv/ Ilqdqfh dqg hfrqrplfv glvfxvvlrq vhulhv/

Ihghudo Uhvhuyh Erdug1

Jud|/ Mr0Dqqd/4<:9/ Zdjh lq dwlrq= D pdfurhfrqrplf dssurdfk/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 5=55405681

Oxfdv/ Urehuw/ 4<;:/ Prghov ri Exvlqhvv f|fohv/ Eodfnzhoo1

PfFdooxp/ Ehqqhww/ 4<;;/ Urexvwqhvv surshuwlhv ri d uxoh iru prqhwdu| srolf|1 Lq Nduo

Euxqqhu dqg Ehqqhww PfFdooxp/ hglwruv/ Prqh|/ F|fohv/dqg H{fkdqjh Udwhv= Hvvd|v lq

Krqru ri Doodq K1 Phow}hu/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 5</

Qruwk0Kroodqg1
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Srroh/ Zlooldp /4<:3/ Rswlpdo fkrlfh ri prqhwdu| srolf| lqvwuxphqwv lq d vlpsoh vwrfkdv0

wlf pdfur0prgho/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ ;7=4<:05491
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Ilj1 41 Lpsxovh uhvsrqvh ixqfwlrqv= Prqh| wdujhwlqj

+d, Whfkqrorj| vkrfn

319

31;

4

415

417

419

41;

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Rxwsxw

031:

0319

0318

0317

0316

0315

0314

3

314

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Lq�dwlrq udwh

+e, Jryhuqphqw h{shqglwxuhv vkrfn

3137
3139
313;
314

3145
3147
3149
314;
315

3155
3157
3159

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Rxwsxw

03135

3

3135

3137

3139

313;

314

3145

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Lq�dwlrq udwh

+f, Yhorflw| vkrfn

3

314

315

316

317

318

319

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Rxwsxw

03138

3

3138

314

3148

315

3158

316

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Lq�dwlrq udwh
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Ilj1 51 Lpsxovh uhvsrqvh ixqfwlrqv= Qrplqdo lqwhuhvw udwh shjjlqj

+d, Whfkqrorj| vkrfn

319

31:

31;

31<

4

414

415

416

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Rxwsxw

031<
031;
031:
0319
0318
0317
0316
0315
0314

3
314

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Lq�dwlrq udwh

+e, Jryhuqphqw h{shqglwxuhv vkrfn

31388
3139

31398
313:

313:8
313;

313;8
313<

313<8
314

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Rxwsxw

031338
3

31338
3134

31348
3135

31358
3136

31368
3137

31378

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Lq�dwlrq udwh

+f, Yhorflw| vkrfn

313346

313347

313348

313349

31334:

31334;

31334<

31335

313354

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Rxwsxw

0313335

3

313335

313337

313339

31333;

31334

3 5 7 9 ; 43 45 47 49 4; 53
Txduwhuv

Lq�dwlrq udwh
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