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ABSTRACT

Option Pricing and Foreign Investment under Political Risk*

The Paper analyses foreign investment and asset prices in a context of
uncertainty over future government policy. The model endogenizes the
process of learning by foreign investors facing a potentially opportunistic
government, which chooses strategically the timing of a policy reversal in
order to attract more capital. We characterize the evolution of confidence,
investment and asset prices over time, as well as perceived policy risk. Quite
generally, perceived risk abates as current policy is maintained, leading to a
gradual appreciation of asset prices and a gradual decrease in their
conditional variance. The approach thus provides a measure of the evolution
over time of perceived political risk from market prices. We next compute
option prices under the process generated by the model’s hazard rate of
policy reversal plus an additional market risk component. We show that both
the time series and the term structure of conditional volatility in general is
downward sloping and its overall level falls steadily over time, although it may
exhibit initially a hump shape in the case of very low initial reputation. Another
testable implication is that in price series without a policy reversal, implied
volatility from option prices will exceed actual volatility. Over time and in the
absence of a reversal, this wedge progressively disappears. This may be
viewed as the volatility analogue of the ‘peso premium’ for assets subject to
large, infrequent price drops.
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NON-TECHNICAL SUMMARY

International capital flows have vastly expanded until the recent crisis; foreign
direct investment volumes and emerging market prices have risen,
incorporating the effect of international diversification as a result of financial
integration. The rise has taken place at first tentatively and has progressively
accelerated until the recent crisis.

The time path of foreign direct investment is quite comparable across
countries. The initial flows were small, accelerating over time, reflecting high
ex post profitability of early experiences and leading into a dramatic climb at a
late stage.

This gradual build-up, mirrored in the time pattern of returns on the local
capital markets, is consistent with various explanations. A simple argument
has to do with logistics: it takes time to train and build capacity. However this
simple explanation cannot account for the parallel progressive acceleration in
portfolio flows. Alternatively, investment delays may arise because there is
value in waiting to invest when some fundamental uncertainty is resolved only
over time. This explanation raises the question of what is the source of
uncertainty and how this ‘learning hypothesis’ may be tested against models
without a gradual resolution of uncertainty.

Modelling political uncertainty is a novel challenge for financial economists.
The recent crisis has shown that integration introduced a new type of risk for
investors. Evolving legal, political and economic circumstances have created
both opportunities and novel risks for which traditional pricing and risk
management models have proven inadequate. This has advanced the notion
that policy uncertainty is priced.

In this Paper we investigate the characteristics of political risk in a
fundamental fashion, both empirically and theoretically.

Previous work has focused on modelling political risk as a non-systematic
jump process with exogenous stochastic characteristics. There are at least
two serious objections to this approach. First, the recent experience of
emerging market crises happening simultaneously raises the question as to
whether emerging market pricing reflect a systematic risk premium. Second,
this approach ignores significant advances in the analysis of the political
economy of the reform process, which should allow researchers to model
more closely the underlying process of uncertainty in order to test its
implications to the data.



In this Paper we study the impact of government policy uncertainty on foreign
investment and financial asset prices. We analyse the time series of foreign
investment and asset prices in a context of uncertainty over future government
policy. The model endogenizes the process of learning by foreign investors
facing a potentially opportunistic government, which chooses strategically the
timing of a policy reversal in order to attract more capital.

The model thus generates endogenous hazard rates of policy reversal. We
use the time profile of endogenous political risk to characterize the evolution of
confidence, investment and asset prices over time, as well as perceived policy
risk, as a mixed diffusion-jump process. Quite generally, perceived political
risk abates as the announced reform policy is maintained. This results in asset
price appreciation and in a gradual decrease in the conditional variance of the
price series.

Since the model has implications for the conditional expectations of future
volatility, its implications for political risk can be naturally assessed by
examining the implied volatility of options written on financial assets exposed
to such political risk. The model thus offers a chance to estimate both time
series and term structure of volatility on assets exposed to political risk using a
structural model. In contrast, existing models with exogenous parameters fix
these values by assumption.

In order to test the model’s implications on expected volatility we compute
option prices under the generated hazard rates for policy reversal and general
market risk. We show via simulations that both the time series and the term
structure of implied volatilities in general is downward sloping and its overall
level falls steadily over time, although it may initially exhibit a hump shape for
certain parameter values (essentially, extremely low initial credibility).

An additional implication of the approach is that in time series without a policy
reversal, implied volatility from option prices will exceed actual volatility. Over
time and in the absence of a reversal, this wedge progressively disappears
with improved perceptions about government credibility. This may be viewed
as the volatility analogue of the ‘peso premium’.

The method thus provides a measure of the evolution over time of perceived
political risk from market prices.



D suxghqw uxohu rxjkw qrw wr nhhs idlwk zkhq e| vr grlqj lw zrxog
eh djdlqvw klv lqwhuhvw/ dqg zkhq wkh uhdvrqv zklfk pdgh klp
elqg klpvhoi qr orqjhu h{lvw1

Qlffror* Pdfkldyhool/ �Wkh Sulqfh%

4 Lqwurgxfwlrq

Lq uhfhqw |hduv/ wkh hpskdvlv rq wkh �qdqflqj ri ghyhorsphqw kdv vkliwhg iurp
ghew wr htxlw| dqg iurp jryhuqphqwv wr wkh sulydwh vhfwru1 D uhpdundeoh ulvh
lq iruhljq gluhfw lqyhvwphqw kdv wdnhq sodfh lq uhiruplqj hfrqrplhv/ dw �uvw
whqwdwlyho| dqg wkhq surjuhvvlyho| dffhohudwlqj/ xqwlo wkh uhfhqw fulvlv1

Wkh wlph sdwk ri iruhljq gluhfw lqyhvwphqw lv txlwh frpsdudeoh dfurvv
frxqwulhv1 Wkh lqlwldo  rzv zhuh vpdoo/ dffhohudwlqj ryhu wlph/ uh hfwlqj kljk
h{ srvw sur�wdelolw| ri hduo| h{shulhqfhv/ dqg ohdglqj lqwr d gudpdwlf folpe
dw d odwh vwdjh1 Iljxuh 4 ghvfulehv wkh wlph vhulhv ri iruhljq gluhfw lqyhvwphqw
fdslwdo frpplwwhg wr wkh Shrsoh*v Uhsxeolf ri Fklqd ehwzhhq 4<;6 dqg 4<<;1

Wklv judgxdo exlogxs/ pluuruhg lq wkh wlph sdwwhuq ri uhwxuqv rq wkh
orfdo fdslwdo pdunhwv/ lv frqvlvwhqw zlwk ydulrxv h{sodqdwlrqv1 D vlpsoh du0
jxphqw kdv wr gr zlwk orjlvwlfv= lw wdnhv wlph wr wudlq dqg exlog fdsdflw|1
Krzhyhu wklv vlpsoh h{sodqdwlrq fdqqrw dffrxqw iru wkh sdudooho surjuhvvlyh
dffhohudwlrq lq sruwirolr  rzv1 Lqyhvwphqw ghod|v pd| dulvh ehfdxvh wkhuh
lv ydoxh lq zdlwlqj wr lqyhvw zkhq vrph ixqgdphqwdo xqfhuwdlqw| lv uhvroyhg
rqo| ryhu wlph +vhh PfGrqdog dqg Vlhjho 4<;9,1 Dqrwkhu h{sodqdwlrq lv wkdw
ohduqlqj derxw orfdo surgxfwlylw| wdnhv sodfh vhtxhqwldoo| +h1j1/ Fkdpoh| dqg
Jdoh 4<<7> Wklpdqq dqg Wkxp 4<<;,1 Wkh odwwhu wzr h{sodqdwlrqv udlvh
wkh txhvwlrq ri zkdw lv wkh vrxufh ri xqfhuwdlqw|/ dqg krz wklv �ohduqlqj
k|srwkhvlv� pd| eh whvwhg djdlqvw prghov zlwkrxw d judgxdo uhvroxwlrq ri
xqfhuwdlqw|14

Wkh idvwhvw ulvlqj ghvwlqdwlrq ri iruhljq lqyhvwphqw kdv ehhq hfrqrplhv
zkrvh jryhuqphqwv kdg dqqrxqfhg pdunhw0rulhqwhg uhirupv1 Lq rxu rslqlrq/
wklv wuhqg uh hfwv gl�xvhg h{shfwdwlrqv wkdw wkhvh frxqwulhv duh surjuhvvlyho|
prylqj wrzdugv d pdunhw hfrqrp|/ dqg d pruh uholdeoh ohjdo dqg wd{dwlrq
v|vwhp1 Krzhyhu/ vlqfh vryhuhljq jryhuqphqwv pd| uhyhuvh hfrqrplf uh0
irupv/ srolf| dqg srolwlfdo ulvn frqvlghudwlrqv uhpdlq sdudprxqw iru iruhljq

4Dq h{dpsoh lv wkh dssurdfk wdnhq e| Wkrpdv dqg Zruudoo ^4<<7`/ zkr dujxh wkdw
judgxdo lqyhvwphqw lv wkh uhvxow ri vwudwhjlf lqwhudfwlrq lq wkh idfh ri h{sursuldwlrq ulvn/
dvvxplqj frpsohwh fhuwdlqw| dqg frruglqdwlrq dprqj lqyhvwruv1
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lqyhvwruv lq ghyhorslqj hfrqrplhv/ dv wkh uhfhqw fulvlv lq Odwlq Dphulfd dqg
�qdqfldo lqvwdelolw| lq Vrxwk0Hdvw Dvld frq�uphg1 Zh eholhyh wkdw wkh sur0
juhvvlyh ghfolqh lq shufhlyhg srolwlfdo ulvn kdv sod|hg dq lpsruwdqw uroh lq
h{sodlqlqj wklv sdwwhuq15

Wkhuh lv dq h{sdqglqj hpslulfdo olwhudwxuh rq wkh h�hfw ri srolwlfdo ulvn
rq �qdqfldo sulfhv1 Edloh| dqg Fkxqj +4<<8, grfxphqw v|vwhpdwlf srolwlfdo
ulvn idfwruv ehlqj sulfhg wkurxjk ulvn suhplxpv lq furvv0vhfwlrqv ri htxlw|
uhwxuqv rq wkh Ph{lfdq Erovd1 Lq ydulrxv sdshuv dqdo|}lqj frxqwu| ulvn/ Hue/
Kduyh|/ dqg Ylvndqwd +HKY, +4<<9d/ 4<<9e, �qg hylghqfh ri srolwlfdo ulvn
ehlqj sulfhg lq h{shfwhg htxlw| uhwxuqv ri ghyhorslqj hfrqrplhv1 HKY +4<<9,
�qg wkdw Lqvwlwxwlrqdo Lqyhvwru*v frxqwu| fuhglw udwlqjv/ d sur{| iru srolwlfdo
+dqg rwkhu, ulvnv/ fdq h{sodlq furvv0vhfwlrqdo yduldwlrq lq htxlw| uhwxuqv dqg
yrodwlolw|1 Nlp dqg Phl +4<<7, vkrz wkdw Fklqd0uhodwhg srolwlfdo idfwruv kdyh
d vljql�fdqw h�hfw rq Krqj Nrqj vwrfn sulfh pryhphqwv1 Lq d uhfhqw sdshu
vwxg|lqj wkh lpsdfw ri fdslwdo pdunhw olehudol}dwlrqv rq ydulrxv hphujlqj
pdunhwv/ Ehndhuw dqg Kduyh| +4<<;, �qg d uhgxfwlrq lq wkh frvw ri fdslwdo
diwhu olehudol}dwlrq/ zkloh yrodwlolw| lv kdugo| lpsdfwhg1

Srolwlfdo ulvn zdv klvwrulfdoo| uhodwhg wr wkh ulvn ri dvvhw vhl}xuhv/ dowkrxjk
ydoxh pd| eh dovr fdswxuhg yld rwkhu phdqv vxfk dv uhjxodwru| srolf|1 Wkh
hduo| wkhruhwlfdo olwhudwxuh rq h{sursuldwlrq vlqfh Hdwrq dqg Jhuvrylw} +4<;7,
kdv irfxvhg rq wkh ulvn ri ghew uhsxgldwlrq1 Rq wkh uhdo lqyhvwphqw vlgh wkhuh
kdyh ehhq uhfhqw frqwulexwlrqv e| Urguln +4<<4, dqg Odedq +4<<4, rq wkh
lpsdfw ri xqfhuwdlqw| ryhu srolf| uhirup1 Lq prvw ri wklv olqh ri zrun/ wkh
wlplqj ri d srwhqwldo srolf| vkliw lv h{rjhqrxv1

Wklv sdshu wdfnohv h{solflwo| wkh prghoolqj ri srolwlfdo ulvn/ gudzlqj lqvsl0
udwlrq iurp wkh pdfurhfrqrplf olwhudwxuh rq wlph0lqfrqvlvwhqf| ri prqhwdu|
dqg �vfdo srolf| +h1j1/ Eduur dqg Jrugrq 4<;6/ Eduur 4<;9/ dqg Ilvfkhu 4<;9,1
Lq wklv olwhudwxuh udwlrqdo lqyhvwruv uhfrjql}h wkdw/ dv d vryhuhljq hqwlw|/ wkh
jryhuqphqw fdqqrw frpplw qrw wr fkdqjh lwv srolf|1 Wr gdwh wkhuh kdv ehhq
olwwoh uhvhdufk rq lwv lpsolfdwlrqv iru lqyhvwphqw dqg dvvhw sulflqj1

Zh prgho h{solflwo| wkh g|qdplfv ri srolf| xqfhuwdlqw| dqg lwv h�hfw
rq iruhljq lqyhvwphqw dqg dvvhw sulfhv1 Rxu dssurdfk lv forvho| uhodwhg wr
prghov ri xqfhuwdlqw| ryhu jryhuqphqw lqwhqwlrq +vhh Edfnxv dqg Gul!oo
4<;8> Fxnlhupdq dqg Phow}hu 4<;9,1 Wkh forvhvw uhihuhqfh lv Eduur +4<;9,/

5Wkh vrxufhv ri srolwlfdo ulvn lqfoxgh wlph lqfrqvlvwhqw wd{dwlrq dqg ohjdo v|vwhpv/
fdslwdo h{sursuldwlrq dqg qdwlrqdol}dwlrq srolflhv/ wkh lpsrvlwlrq ri iruhljq h{fkdqjh dqg
fdslwdo frqwurov/ dqg wkh lqvwlwxwlrq ri wdul�v dqg eduulhuv1
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zkr vwxglhv wkh wlplqj ri d vxusulvh vwudwhj| e| dq rssruwxqlvwlf jryhuqphqw
lq fkdujh ri prqhwdu| srolf|1 Zh irfxv khuh rq wkh fdvh zkhuh d jryhuqphqw
pd| hqfrxudjh fdslwdo lqyhvwphqw e| surplvlqj d idyrudeoh wd{ iudphzrun/
exw rqfh fdslwdo dffxpxodwlrq kdv wdnhq sodfh/ lw pd| suhihu wr h{sursuldwh
lw16

Rxu prgho vkrzv wkdw d uhirup srolf| pdlqwdlqhg iru vrph wlph pd| lq
idfw frqfhdo dq rssruwxqlvwlf srolf|pdnhu �elglqj lwv wlph� sulru wr fkdqjlqj
wkh uxohv ri wkh jdph17 Dv d uhvxow/ lqyhvwruv zloo eh uhdvvxuhg rqo| judgx0
doo| derxw wkh vwdelolw| ri dq| pdunhw uhirup1 E| fkdudfwhul}lqj wkh rswlpdo
lqwhuwhpsrudo vwudwhj| ri dq xqfrpplwwhg jryhuqphqw/ wkh prgho hqgrjh0
ql}hv wkh hqwluh wlph sdwk ri kd}dug udwhv1 Wkh uhvxowv duh lqwxlwlyh= dv wlph
hodsvhv zlwkrxw d srolf| vkliw/ jryhuqphqw fuhglelolw| jurzv/ dqg vr grhv iru0
hljq lqyhvwphqw1 Xvlqj wkh htxloleulxp g|qdplfv ri frq�ghqfh exloglqj/ zh
dovr ghulyh whvwdeoh lpsolfdwlrqv rq wkh wlph sdwk ri sulfhv/ lqyhvwphqw/ dqg
srwhqwldo ulvn iru vkduhv uhsuhvhqwlqj htxlw| fodlpv rq iruhljq lqyhvwphqw1

Lq rxu prgho/ odfn ri qhzv lv jrrg qhzv/ dqg dvvhw sulfhv lqfuhdvh li
qrwklqj kdsshqv1 Wkxv zh rewdlq d vr fdoohg �shvr suhplxp�= wkh wlph
vhulhv ri sulfhv fdq h{klelw h{fhvv uhwxuqv dqg srvlwlyh vhuldo fruuhodwlrq lq
wkh devhqfh ri srolf| fkdqjhv1 Vlqfh lw lv gl!fxow wr gudz suhflvh lqihuhqfhv
iurp uhdol}hg uhwxuqv/ zh irfxv rq wkh hpslulfdo lpsolfdwlrqv lq whupv ri
h{shfwhg ixwxuh yrodwlolw|1

Zkloh wklv phdvxuh fdqqrw eh h{wudfwhg iurp d wlph vhulhv rq sk|vlfdo
lqyhvwphqw ru dvvhw sulfhv/ lw fdq eh rewdlqhg iurp wkh lpsolhg yrodwlolw|
hpehgghg lq rswlrq sulfhv rq dvvhwv h{srvhg wr srolwlfdo ulvn1 Zh wkxv ghyhors
dq rswlrq sulflqj prgho edvhg rq wkh hqgrjhqrxv xqghuo|lqj sulfh surfhvv/
lqfoxvlyh ri srolwlfdo ulvn1 Lq rughu wr gr wkdw/ d vhw ri vlpxodwlrqv ri wkh
sulfh sdwk ri �qdqfldo dvvhwv h{srvhg wr srolwlfdo ulvn lv jhqhudwhg xvlqj wkh
fxuuhqw prgho/ diwhu dgglqj dq lqghshqghqw pdunhw xqfhuwdlqw| frpsrqhqw18

Wkh rswlrq sulflqj dssurdfk doorzv xv wr frpsduh wkh lpsdfw ri srolw0
lfdo ulvn rq erwk wkh lpsolhg vwrfn sulfh yrodwlolw| dqg uhdol}hg yrodwlolw|1
E| sulflqj d udqjh ri rswlrqv dqg vlpxodwlqj wkhlu sulfh hyroxwlrq ryhu wlph

6Wklv fdq uh hfw hlwkhu sxuh rssruwxqlvp +srolwlfdo ulvn, ru h{ srvw rssruwxqlvp +srolf|
ulvn,1

7D wkhruhwlfdo wuhdwphqw ri vwudwhjlf wudqvplvvlrq ri lqirupdwlrq lv lq Vreho ^4<;8`/
zkhuh dq lqiruphg djhqw pd| lqfxu vkruw whup frvwv wr jdlq fuhglelolw| dqg lqfuhdvh lwv
sd|r� iurp d vxusulvh pryh1

8Dgglqj d pdunhw ulvn idfwru lv qhfhvvdu| wr dsso| wkh prgho wr sulfh gdwd/ vlqfh kljk
iuhtxhqf| hyhqwv duh dv vljql�fdqw iru gdlo| dvvhw sulflqj dv odujh hyhqwv1
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zh h{wudfw wkh whup vwuxfwxuh ri Eodfn0Vfkrohv lpsolhg yrodwlolwlhv iru wkhvh
rswlrqv1 Zh vkrz wkdw erwk wkh wlph vhulhv dqg wkh whup vwuxfwxuh ri frqgl0
wlrqdo yrodwlolw| lq wkh devhqfh ri srolf| fkdqjhv duh grzqzdug vorslqj dqg
wkhlu ryhudoo ohyho idoov vwhdglo| ryhu wlph> rqo| lq wkh fdvh ri d yhu| orz lqlwldo
uhsxwdwlrq zloo wkh wlph vhulhv ri lpsolhg yrodwlolw| srwhqwldoo| kdyh dq lqlwldo
kxps vkdsh/ zlwk shufhlyhg sulfh ulvn vrrq vwduwlqj wr judgxdoo| ghfolqh ryhu
wlph1

Zh dovr vkrz wkdw wkh wlph vhulhv ri lpsolhg yrodwlolwlhv h{wudfwhg ryhu
d shulrg zlwkrxw srolf| vkliwv zloo h{fhhg dfwxdo sulfh yrodwlolw|/ uh hfwlqj
wkh shuvlvwhqfh ri d srvvleoh srolf| uhyhuvdo1 Lq wkh devhqfh ri d uhyhuvdo/
wklv zhgjh surjuhvvlyho| glvdsshduv1 Wklv fdq eh lqwhusuhwhg dv surylglqj
dq htxlydohqw phdvxuh ri wkh fodvvlf �shvr suhplxp� lq whupv ri wkh vhfrqg
prphqw ri wkh sulfh glvwulexwlrq1 Wklv dssurdfk fdq eh xvhg wr h{wudfw
lqirupdwlrq iurp rswlrq sulfhv rq wkh shufhlyhg g|qdplfv ri srolwlfdo ulvn1

Wkh qh{w vhfwlrq suhvhqwv d prgho ri fdslwdo lqyhvwphqw zklfk hqgrjhql}hv
wkh suredelolvwlf wlplqj ri d srvvleoh srolf| vkliw/ dqg ghulyhv wkh wlph sur�oh
ri iruhljq lqyhvwphqw/ lwv ydoxdwlrq dqg lwv ulvn1 Lq wkh wklug vhfwlrq zh
frpsxwh rswlrq sulfhv edvhg rq d odwwlfh ri srwhqwldo dvvhw sulfhv jhqhudwhg
e| wkh wkhruhwlfdo srolwlfdo ulvn prgho dxjphqwhg e| d jhqhulf pdunhw ulvn
idfwru19 Zh wkhq ghvfuleh wkh hpslulfdo lpsolfdwlrqv ri wkh prgho lq whupv ri
lpsolhg yrodwlolw|1 Wkh �qdo vhfwlrq frqfoxghv dqg r�huv wkrxjkwv iru ixuwkhu
uhvhdufk1

5 Fdslwdo Lqyhvwphqw xqghu Srolf| Xqfhuwdlqw|

Dw wlph f/ wkh jryhuqphqw dqqrxqfhv d �vfdo srolf| idyrudeoh wr iruhljq
lqyhvwruv1: Wkh jryhuqphqw pd| eh hlwkhu frqwudu| ru idyrudeoh wr d ixwxuh
wd{ rq iruhljq fdslwdo> zh uhihu wr wkh iruphu dv frpplwwhg/ ghqrwhg e|
F/ dqg wr wkh odwwhu dv rssruwxqlvwlf/ ru xqfrpplwwhg/ ghqrwhg e| X1 D
frpplwwhg jryhuqphqw lv dyhuvh wr wd{dwlrq/ zkloh wkh rwkhu pd{lpl}hv wkh
h{shfwhg vwuhdp ri wd{ uhyhqxhv/ glvfrxqwhg dw d udwh B shu shulrg1 Lqyhvwruv
duh xqfhuwdlq derxw jryhuqphqw suhihuhqfhv dqg prwlyhv/ dqg dvvljq sulru
eholhiv Rf dqg �� Rf wr jryhuqphqw w|sh/ uhvshfwlyho|1 Zh zloo uhihu wr R| dv

9Zkloh lw zrxog eh hdv| wr lqwurgxfh pdunhw ulvn h{solflwo| lq wkh prgho ri Vhfwlrq
5/ wklv zrxog kdyh qr lpsdfw rq wkh htxloleulxp vwudwhj| dv lw lv fdslwdo dqg qrw sur�wv
zklfk lv vhl}hg e| wkh jryhuqphqw1

:Wkh qrwlrq ri �vfdo exughq vkrxog eh wdnhq eurdgo| wr lqfoxgh uhjxodwru| frvwv1
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wkh jryhuqphqw fuhglelolw|/ ru uhsxwdwlrq iru frpplwphqw/ dw wlph |1 Erwk
wkh jryhuqphqw dqg iruhljq lqyhvwruv duh ulvn qhxwudo> dowhuqdwlyho|/ lqyhvwruv
fdq ixoo| glyhuvli| wkh srolwlfdo ulvn ri d vlqjoh frxqwu| lq wkhlu lqwhuqdwlrqdo
sruwirolrv1

Wkh jryhuqphqw lv xqdeoh wr fuhgleo| uhyhdo lwv w|sh> zh uxoh rxw dq| h{
dqwh uhyhdolqj vljqdo vxfk dv xsiurqw vxevlglhv wr iruhljq lqyhvwruv1 Wkxv lq0
yhvwruv fdq dvfhuwdlq lwv srolf| lqwhqwlrqv rqo| e| revhuylqj lwv dfwxdo fkrlfhv1
Wkh jdph lv sod|hg ryhu dq lq�qlwh krul}rq/ | ' fc �c ���c4� +Wklv lv qrw fux0
fldo wr rxu uhvxowv,1 Lq hdfk shulrg/ wkh jryhuqphqw vwudwhj| vsdfh lv ifc �j/
l1h1/ lw pd| fkrrvh hlwkhu wr lpsrvh d wd{ udwh rq lqyhvwhg fdslwdo/ ru qrw dw
doo1;

Fdslwdo lqyhvwphqw lv ixoo| uhyhuvleoh dqg fdq eh frvwohvvo| vfdohg grzq
zlwklq rqh shulrg> dowhuqdwlyho|/ wkh fdslwdo vwrfn ixoo| ghsuhfldwhv lq rqh
shulrg1 Wkh suhwd{ frvw ri fdslwdo/ ghqrwhg e| o/ lv frqvwdqw dqg htxdov
wkh ulvn0iuhh udwh1 Wkh whfkqrorj| lv uhsuhvhqwhg e| d wzlfh gl�huhqwldeoh
surgxfwlrq ixqfwlrq -Eg�/ zlwk -�E�� : fc -��E�� 	 fc dqg -�Ef� ' 41 Wkh
rqo| vrxufh ri xqfhuwdlqw| lv wkh wd{ srolf| ri wkh jryhuqphqw1 Lq rwkhu zrugv/
lqyhvwruv kdyh d fkrlfh ehwzhhq d olqhdu/ qrqwd{deoh whfkqrorj| +ohqglqj,/
dqg d frqfdyh whfkqrorj| vxemhfw wr wd{dwlrq ulvn +fdslwdo lqyhvwphqw,1 Lq
hdfk shulrg/ �uvw lqyhvwruv ghflgh krz pxfk wr lqyhvw/ wkhq wkh jryhuqphqw
ghflghv lwv wd{ srolf|/ dqg �qdoo| rxwsxw lv uhdol}hg1

Zh vroyh iru wkh Shuihfw Ed|hvldq Htxloleulxp +SEH,/ ghvfulehg iru hdfk
| : f e|=

41 wkh jryhuqphqw uhsxwdwlrq R|/ qdpho| wkh srvwhulru eholhiv ri lqyhvwruv
derxw wkh olnholkrrg ri jryhuqphqw frpplwphqw1 Dv lqyhvwruv duh ud0
wlrqdo/ wklv lv frpsxwhg iurp wkhlu sulruv/ R|3�/ dffruglqj wr Ed|hv* uxoh
xvlqj wkh htxloleulxp vwudwhj| ri wkh wzr w|shv>

51 wkh rswlpdo vwudwhj| iru erwk w|shv ri jryhuqphqw1 Xqghu wkh jhqhudo
fdvh ri pl{hg vwudwhjlhv/ wklv zloo eh ghvfulehg e| d vhtxhqfh ri udq0
grpl}lqj suredelolwlhv ryhu ifc �j1 Wkh fkrlfh ri vwudwhj| iru hdfk w|sh
lv wkh suredelolw| zlwk zklfk lw fkrrvhv wr wd{ dw wlph |/ zklfk lv gh0
qrwhg e| >| iru dq rssruwxqlvwlf jryhuqphqw dqg e| b| iru d frpplwwhg

;D fdslwdo ohy| pd| dovr eh fkrvhq zkhq wkhuh lv dq lpphgldwh qhhg iru odujh uhyhqxhv/
zkhq sur�wv duh qrqyhul�deoh ru vlpso| zkhq lqyhvwhg fdslwdo lv wkh rqo| dvvhw zklfk fdq
eh vhl}hg1
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w|sh/ zkhuh

| ' �c 2c ��c4(

f � >| � � dqg f � b| � ��

61 dq lqyhvwphqw uxoh g| iru wkh lqyhvwruv/ zklfk lv d ixqfwlrq ri wkh
klvwru| ri wkh jdph dv zhoo dv wkhlu rzq eholhiv derxw wkh ixwxuh srolf|
ri wkh jryhuqphqw1

514 Wkh Rswlpdo Fdslwdo Lqyhvwphqw Vwudwhj|

Lqyhvwruv fkrrvh wkhlu lqyhvwphqw jlyhq wkh ulvn ri dq rssruwxqlvwlf fkdqjh
lq srolf|1< E| dvvxpswlrq/ wkh frpplwwhg jryhuqphqw lv vwurqjo| dyhuvh wr
fdslwdo wd{dwlrq/ vr lwv rswlpdo vwudwhj| lv wulyldoo| d sxuh vwudwhj|= b| htxdov
}hur iru doo | � f1 Krzhyhu/ djhqwv uhfrjql}h wkdw li wkh jryhuqphqw lv qrw
frpplwwhg/ lw zloo wd{ wkhlu lqyhvwphqw zlwk suredelolw| >|1 Ohw X| ghqrwh
wkh vxemhfwlyh suredelolw| dw wlph | ri wkh jryhuqphqw dqqrxqflqj d fdslwdo
ohy| lq wkh fxuuhqw shulrg1 Lwv ydoxh htxdov=

X| � �odwd{ dw |o ' �odwd{ dw | m L o�odL o n �odwd{ dw | m �o�od�o

' >|E�� R|� n b|R| ' >|E�� R|�

zkhuh F dqg X ghqrwh d frpplwwhg dqg xqfrpplwwhg jryhuqphqw/ uhvshf0
wlyho|1

Vlqfh fdslwdo ixoo| ghsuhfldwhv lq hdfk shulrg/ lqyhvwruv fkrrvh wkh fdslwdo
vwrfn rq wkh edvlv ri lwv h{shfwhg rqh shulrg diwhu0wd{ uhwxuq/ htxdwlqj pdu0
jlqdo surgxfwlylw| ri fdslwdo wr lwv h{shfwhg diwhuwd{ frvw1 Wkxv dq lqyhvwlqj
�up fkrrvhv lq hdfk shulrg lwv rswlpdo lqyhvwphqw surjudp g| vr dv wr=

4@ 
tg|�

iH|d-Eg|�� Eo n �U|�g|oj +4,

zkhuh U| lv dq lqglfdwru ixqfwlrq wkdw wdnhv wkh ydoxh 4 li wd{dwlrq lv lpsrvhg
dw | dqg 3 rwkhuzlvh/ vr wkdw H|dU|o ' X|1 43 Wkh �uvw rughu frqglwlrq lv=

-�Eg|� ' o n �>|E�� R|� ' o n �X|� +5,

<Djhqwv khuh duh dvvxphg wr eh dwrplvwlf/ dqg xqdeoh wr frruglqdwh wkhlu dfwlrqv1 Li
wkh| frxog frooxgh/ wkh ohyho ri lqyhvwphqw pd| eh fkrvhq vwudwhjlfdoo| wr plqlpl}h fdslwdo
ohylhv e| lqgxflqj hduo| vhsdudwlrq1

43Qrwh wkdw U+Nw, lv d jurvv udwh ri uhwxuq1
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Vlqfh -Eg� lv frqfdyh dqg prqrwrqlf/ wkh rswlpdo fdslwdo lqyhvwphqw lv
xqltxh=

g| ' gEX|� ' -�3�Eo n �X|�� +6,

Lq sduwlfxodu/ xqghu fhuwdlqw| wkh fdslwdo vwrfn htxdov

gE�� � @h} t�T
tg|�

H|d-Eg|�� Eo n ��g|o ' -�3�Eo n � �

zkhq wd{dwlrq lv fhuwdlq/ dqg

gEf� � @h} t�T
tg|�

H|d-Eg|�� og|o ' -�3�Eo�

zkhq wkh jryhuqphqw lv nqrzq wr eh frpplwwhg1 g| zloo olh ehwzhhq wkhvh
wzr h{wuhph ydoxhv/ ghshqglqj rq wkh eholhiv rq wkh fxuuhqw kd}dug udwh X|1

Lq hdfk shulrg djhqwv revhuyh jryhuqphqw srolf| dqg xsgdwh wkhlu eholhiv1
Jlyhq wkhlu sulru R|/ dqg lq wkh devhqfh ri wd{dwlrq dw wlph |/ jryhuqphqw
uhsxwdwlrq dw |n � zloo eh jlyhq e|=44

R|n� ' �odfrpplwwhg jryhuqphqw m qr wd{ dw |o
'

�odqr wd{ dw wlph | m jryhuqphqw lv frpplwwhgo�odfrpplwwhgo
�odqr wd{ dw wlph |o

'
R|

R| n E�� R|�E�� >|�
'

R|
��X|

+7,

Wkxv dv orqj dv qr wd{hv duh ohylhg dqg X| : f/ jryhuqphqw fuhglelolw|
lqfuhdvhv ryhu wlph1 Qh{w lw fdq eh vkrzq wkdw=

Sursrvlwlrq 4 Diwhu wkh �uvw gdwh dw zklfk lw lpsrvhv d wd{ rq fdslwdo/ dq
rssruwxqlvwlf jryhuqphqw vzlwfkhv wr d sxuh vwudwhj| ri wd{dwlrq/ vhwwlqj >|@4
lq hdfk iroorzlqj shulrg1

Surri= Vhh Dsshqgl{1 �

Wklv lv txlwh lqwxlwlyh= rqfh wkh jryhuqphqw lv irxqg rxw wr eh rssru0
wxqlvwlf/ lw kdv qr uhdvrq wr suhwhqg wr eh rwkhuzlvh1

44Vlqfh e| dvvxpswlrq wd{dwlrq lv d grplqdwhg vwudwhj| iru wkh frpplwwhg srolf|pdnhu/
zkhq lqyhvwruv/ r� wkh htxloleulxp sdwk/ revhuyh wkh lpsrvlwlrq ri d wd{ zklfk lv vxevh0
txhqwo| uhshdohg/ wkh jryhuqphqw uhsxwdwlrq uhpdlqv qlo1

:



Sursrvlwlrq 5 Dq xqfrpplwwhg jryhuqphqw wd{hv zlwk suredelolw| rqh dv
vrrq dv lwv uhsxwdwlrq R| vdwlv�hv

R| � RW � �?uiR| 5 dfc �o m gE�� R|� � BEgEf��gE���j� +8,

Surri= Vhh Dsshqgl{1
Zh qrz vkrz wkh frqglwlrqv xqghu zklfk lpphgldwh wd{dwlrq lv qrw rs0

wlpdo iru dq rssruwxqlvwlf jryhuqphqw1
Dvvxpswlrq 4
gE�� Rf� ngE��*E�� B� � BgEf� n BgE��*E�� B��
Dvvxpswlrq 4 zloo eh vdwlv�hg zkhq wkh jryhuqphqw*v lqlwldo uhsxwdwlrq

lv ehorz d fhuwdlq wkuhvkrog1

Sursrvlwlrq 6 Xqghu Dvvxpswlrq 4/ d sxuh vwudwhj| ri lpphgldwh wd{dwlrq
lv qrw rswlpdo/ dqg wkh rswlpdo vwudwhj| iru dq rssruwxqlvwlf jryhuqphqw lv wr
udqgrpl}h ehwzhhq wd{lqj qrz dqg zdlwlqj iru dw ohdvw rqh shulrg1

Surri= Vhh Dsshqgl{1 �

Dv zh duh lqwhuhvwhg lq wkh lqwhuwhpsrudo g|qdplfv xqghu srolf| ulvn/ zh
irfxv rq wkh fdvh zkhq wkh rssruwxqlvwlf jryhuqphqw fkrrvhv wr pdvn lwv
lqwhqwlrqv iru dw ohdvw vrph wlph1

Iurp Sursrvlwlrqv 5 dqg 6 lw lv fohdu wkdw iru lpphgldwh wd{dwlrq wr eh
rswlpdo/ wkh lqlwldo uhsxwdwlrq Rf pxvw eh vx!flhqwo| odujh wr pdnh zdlwlqj
iru hyhq d frpsohwh fuhglelolw| jdlq wrr frvwo|1 Xqghu Dvvxpswlrq 4/ fkrrv0
lqj wr wd{ zlwk suredelolw| htxdo wr rqh ru }hur duh grplqdwhg e| d pl{hg
vwudwhj|1

Lqwxlwlyho|/ zkhq wkh lqlwldo uhsxwdwlrq lv yhu| orz lw pdnhv vhqvh iru dq
rssruwxqlvwlf jryhuqphqw wr suhwhqg zlwk vrph suredelolw| wr eh frpplwwhg
dqg srvwsrqh wkh wd{ iru dw ohdvw rqh shulrg1 Lq wkh devhqfh ri wd{dwlrq
lwv fuhglelolw| lqfuhdvhv dqg wkh fdslwdo vwrfn wrpruurz zloo eh kljkhu1 Wkh
wudgh0r� lv wkdw lqvwhdg ri wd{lqj lpphgldwho| wkh h{lvwlqj fdslwdo/ lw fdq
zdlw rqh shulrg/ lqfuhdvlqj lwv fuhglelolw| dqg wkxv jdlqlqj d odujhu wd{ edvh
wrpruurz1

Qh{w zh vroyh iru wkh ohqjwk ri wkh wlph lqwhuydo ryhu zklfk wkhuh lv srolf|
xqfhuwdlqw|1

Zh nqrz iurp Sursrvlwlrq 5 wkdw dq rssruwxqlvwlf srolf|pdnhu vzlwfkhv
wr d sxuh wd{dwlrq vwudwhj| +l1h1 vhwv >A ' �, rqfh lw dfklhyhv wkh fulwlfdo
ohyho ri uhsxwdwlrq RW1 Wklv phdqv wkdw zh pxvw hvwdeolvk wkh gdwh A dw

;



zklfk RA h{dfwo| htxdov RW> wkh shulrg dfc A o lv wkhq wkh htxloleulxp udqgrp0
l}dwlrq shulrg1 Wkh rswlpdo vwudwhj| iru wkh xqfrpplwwhg jryhuqphqw xqghu
Dvvxpswlrq 4 lv wkxv d udqgrpl}hg vwudwhj| >| zkhuh f 	 >| 	 � iru | 	 A /
dqg d sxuh vwudwhj| ri wd{dwlrq >| ' � iru | � A 1

Wr frpsxwh wklv htxloleulxppl{hg vwudwhj|/ zh vwduw iurp wkh revhuydwlrq
wkdw dv orqj dv wkh rswlpdo vwudwhj| fdoov iru wd{dwlrq zlwk srvlwlyh suredelolw|
erwk wrgd| dqg wrpruurz/ dorqj wkh htxloleulxp sdwk wkh jryhuqphqw pxvw
eh lqgl�huhqw ehwzhhq wd{lqj wrgd| dqg wd{lqj wrpruurz> rwkhuzlvh lw zrxog
kdyh dq lqfhqwlyh wr ghyldwh1

Gh�qh T| dv wkh ydoxh ixqfwlrq iru wkh rssruwxqlvwlf jryhuqphqw zkhq d
wd{ lv lpsrvhg dw |1 Iru wkh vwudwhj| i>|j wr eh rswlpdo/ lw pxvw eh wkdw=

T| � �gE>|E�� R|�� n �gE��B*E�� B� ' BT|n��

zkhuh

BT|n� � Bd�gE>|n�E�� R|n��� n �gE��B*E�� B�o�

Diwhu vrph vlpsol�fdwlrq/ wkh vroxwlrq uhtxluhv i>|j wr vdwlvi|=

gE>|E�� R|�� n BgE�� ' BgE>|n�E�� R|n���c

, gEX|� n BgE�� ' BgEX|n��� +9,

Wkh ohiw0kdqg vlgh ri Frqglwlrq +9, uhsuhvhqwv wkh vwrfn ri fdslwdo/ wkdw lv
wkh wd{ edvh/ li wkh jryhuqphqw fkrrvhv wr wd{ erwk dw | dqg |n�1 Wkh uljkw0
kdqg vlgh uhsuhvhqwv wkh lqfuhdvhg vwrfn ri fdslwdo lq wkh hyhqw wkdw wd{dwlrq
lv ghihuuhg xqwlo w.41 Wkh pl{lqj suredelolwlhv duh fkrvhq vr dv wr pdnh wkh
rssruwxqlvwlf jryhuqphqw h{dfwo| lqgl�huhqw ehwzhhq wkh wzr srolf| rswlrqv1
Htxdwlrq +9, qrz lpsolflwo| gh�qhv wkh htxloleulxp vhtxhqfh ri uhsxwdwlrq
ohyhov R|c | ' �c 2c ��c A 1

Lw lv qrz srvvleoh wr yhuli| dq hduolhu fodlp1

Sursrvlwlrq 7 Fdslwdo dffxpxodwlrq zloo lqfuhdvh zkloh wkh kd}dug udwh zloo
ghfuhdvh ryhu wlph dv orqj dv qr wd{dwlrq lv revhuyhg1

Surri= Vhh Dsshqgl{1 �

Lqwxlwlyho|/ lw qhyhu sd|v iru dq rssruwxqlvwlf jryhuqphqw wr srvwsrqh
wd{dwlrq zlwk suredelolw| rqh/ dv lw iruvdnhv wd{ uhyhqxhv zlwk qr lqfuhdvh lq
ixwxuh wd{ edvh1
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Wkxv wkh fdslwdo vwrfn lq wkh devhqfh ri wd{dwlrq prqrwrqlfdoo| lqfuhdvhv/
dv shufhlyhg ulvn +wkh h{shfwhg kd}dug udwh ri lqwhuihuhqfh, ghfuhdvhv ryhu
wlph1 Lq rughu iru wkh X jryhuqphqw wr eh lqgl�huhqw derxw wkh wlplqj ri
h{sursuldwlrq/ wkh fdslwdo vwrfn pxvw lqfuhdvh dorqj wkh htxloleulxp sdwk/
zklfk uhtxluhv wkh shufhlyhg kd}dug udwh wr idoo frqwlqxrxvo| dqg wkh uhsx0
wdwlrq wr ulvh dw d ghfuhdvlqj udwh lq wkh devhqfh ri h{sursuldwlrq +vhh Iljxuh
5,1 Lw fdq dovr eh vhhq iurp +9, wkdw lwv dffxpxodwlrq ryhu wlph lv fkdudf0
whul}hg e| lqfuhdvlqjo| odujh qhw dgglwlrqv> vlqfh dv fdslwdo dffxpxodwhv/ d
juhdwhu ixwxuh lqfuhdvh lv qhfhvvdu| iru srvwsrqhphqw145 Krzhyhu/ eh|rqg
vrph srlqw qhz lqyhvwphqw whqgv wr idoo dv d sursruwlrq ri wkh fdslwdo vwrfn1

Lq frqfoxvlrq/ wr ghulyh wkh rswlpdo udqgrpl}hg vwudwhj| i>| m | : fj lw
lv qhfhvvdu| wr hvwdeolvk �uvw wkh gdwh A zkhq wkh X jryhuqphqw vzlwfkhv wr
wd{dwlrq zlwk suredelolw| rqh1 Dw wkdw gdwh/ lwv uhsxwdwlrq klwv RA � RW/ wkh
fulwlfdo ohyho ri uhsxwdwlrq1

Li wkh lqlwldo uhsxwdwlrq Rf : RW/ wkhq lpphgldwh wd{dwlrq lv rswlpdo1 Wkh
jryhuqphqw dqqrxqfhv d srolf| fkdqjh/ jdlqlqj vrph lqlwldo fuhglelolw| Rf1
Diwhu uhfhlylqj vrph iruhljq lqyhvwphqw gE�� Rf�/ lw lpphgldwho| wd{hv lw146

Li Rf 	 RW/ wkh lqlwldo vwudwhj| lv d udqgrpl}hg pryh1 Wkh jryhuqphqw �uvw
hvwdeolvkhv lwv rswlpdo krul}rq ri glvvlpxodwlrq/ zklfk lv d vwulfwo| ghfuhdvlqj
ixqfwlrq ri lwv uhsxwdwlrq1

Wkh lqlwldo udqgrpl}hg fkrlfh >� lv fkrvhq vr dv wr dfklhyh lq wkh qh{w
shulrg d uhsxwdwlrq R� dorqj wkh htxloleulxp sdwk ri uhsxwdwlrq R�c ���c RA3�
gh�qhg e| Htxdwlrq +9,1

Dorqj wkh htxloleulxp sdwk/ wkh suhvhqw ydoxh ri h{shfwhg wd{ uhyhqxhv lv
wkh vdph iru doo wd{dwlrq gdwhv | � A 1 Zkdwhyhu wkh wlplqj ri wd{dwlrq/ dq
X jryhuqphqw froohfwv

�gEX�� n �gE��B*E�� B� � �gE>�E�� R��� n �gE��B*E�� B�c

zklfk h{fhhgv wkh sd|r� iurp lpphgldwh wd{dwlrq �gE��Rf�n�gE��B*E��B�
dv orqj dv >� lv vwulfwo| ohvv wkdq rqh1 Lqwxlwlyho|/ wkh orjlf ri d udqgrpl}hg
vwudwhj| lv wkdw wkh xqfrpplwwhg jryhuqphqw wd{hv zlwk suredelolw| ohvv wkdq
rqh/ wkxv lqgxflqj d kljkhu lqlwldo fdslwdo vwrfn1

Dorqj wkh htxloleulxp sdwk/ wkh kd}dug udwh ri wd{dwlrq X| dv shufhlyhg
e| lqyhvwruv idoov prqrwrqlfdoo|1 Lq frqwudvw/ wkh frqglwlrqdo suredelolw| ri

45Doo �jxuhv lq wkh sdshu duh rewdlqhg e| vroylqj wkh rswlpdo wd{dwlrq vwudwhj| xqghu
wkh surgxfwlrq ixqfwlrq U @ 5

s
N1

46Lw fdq eh hdvlo| vkrzq wkdw zkhq s3 A s�/ Dvvxpswlrq 4 lv ylrodwhg1
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wd{dwlrq >| xqghu d X jryhuqphqw lv qrw d prqrwrqlf ixqfwlrq ri wlph/ exw
ghshqgv fuxfldoo| rq wkh fxuydwxuh ri wkh surgxfwlrq ixqfwlrq> lw ulvhv vkduso|
rqo| dw wkh hqg ri wkh udqgrpl}dwlrq shulrg +vhh Iljxuh 5,1 Xqwlo wklv �qdo
gdwh wkhuh zloo eh d ghfuhdvlqj uhvlgxdo dprxqw ri srolf| xqfhuwdlqw|1

Wkh rwkhu jhqhudo lpsolfdwlrq lv wkdw d frpplwwhg jryhuqphqw/ zklfk
qhyhu wd{hv/ fdq dfklhyh frpsohwh fuhglelolw| rqo| judgxdoo|1

515 Wkh Hyroxwlrq ri Ilqdqfldo Sulfhv dqg wkhlu Frq0
glwlrqdo Yrodwlolw|

Zh fdq qrz fkdudfwhul}h wkh lpsdfw ri srolf| ulvn rq �qdqfldo sulfhv1 Wkh
uhdol}hg htxlw| ydoxh ri iruhljq lqyhvwphqw lv wkh fdslwdol}hg ydoxh ri d vwuhdp
ri lwv h{shfwhg diwhu wd{ sur�wv1 Ohw ZEg|c U|� � -Eg|�� Eo n �U|�g| ghqrwh
wkh h{ srvw uhdol}hg sur�w zkhq lqyhvwhg fdslwdo lv g|/ zkhuh U| wdnhv ydoxh 4
li wd{dwlrq lv lpsrvhg dqg 3 rwkhuzlvh1 Ohw ^|E�� ghqrwh wkh suredelolw| wkdw
dq xqfrpplwwhg jryhuqphqw grhv qrw wd{ xqwlo |n �=

^|E�� �
�\

�'�

E��X|n���

Wkh h{shfwhg sur�w dw wlph | n � zloo wkhq eh=
.|dZ|n�o � X|n�^|E�� ��ZEg|n�c �� n E��X|n��^|E�� ��ZEg|n�c f�

nE�� ^|E�� ���ZEgE��c ���
Wkh ydoxh ri dq htxlw| fodlp dw w htxdov wkh glvfrxqwhg vxp ri wkh shu0

shwxdo vwuhdp/ .|dZ|n�o/ iru l @ 4/ 1114�
Wkh lqwhuwhpsrudo g|qdplfv ri sulfh yrodwlolw| lv gulyhq e| wkh hyroxwlrq

ri eholhiv1 Dv lw lv lqwxlwlyh/ lq wkh devhqfh ri wd{dwlrq wkh ydoxh ri wkh
dvvhw ulvhv ryhu wlph/ dv srolf| fuhglelolw| lqfuhdvhv +Sursrvlwlrq 5,1 Wkh
sulfh pd| ulvh yhu| txlfno| dw �uvw/ uh hfwlqj d kljk udwh ri uhvroxwlrq ri
xqfhuwdlqw|1 Ryhu wlph/ shufhqwdjh lqfuhdvhv lq wkh devhqfh ri d srolf| vkliw
whqgv wr ghfuhdvh/ uh hfwlqj wkh idfw wkdw wkh xqfrqglwlrqdo kd}dug udwh X| lv
ghfuhdvlqj dw d ghfuhdvlqj udwh +Sursrvlwlrq 7,1 Lq rwkhu zrugv/ wkh udwh dw
zklfk eholhiv duh xsgdwhg whqgv wr vorz grzq dv wlph surjuhvvhv/ uh hfwlqj
wkh dffxpxodwlrq ri lqirupdwlrq dv eholhiv frqyhujh wr frpsohwh frq�ghqfh
dw A 1 Xowlpdwho|/ wklv surgxfhv d frqfdyh wlph sdwk iru wkh vwrfn sulfh lq
wkh devhqfh ri srolf| fkdqjhv1

Lqwxlwlyho|/ wkh ohduqlqj surfhvv surjuhvvlyho| uhgxfhv wkh xqfhuwdlqw| ryhu
h{shfwhg sur�wv1 Lq jhqhudo/ sulfh yrodwlolw| zloo idoo prqrwrqlfdoo| ryhu wlph
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lq wkh devhqfh ri d vkliw lq srolf|1 Rqh txdol�fdwlrq lv lq rughu khuh1 Xqghu
h{wuhph sdudphwhu ydoxhv/ vshfl�fdoo| d yhu| orz lqlwldo uhsxwdwlrq dqg dw
wkh yhu| ehjlqqlqj/ wkh lqfuhdvh lq sulfh pd| eh txlwh udslg/ zklfk pd|
phdq wkdw lqlwldoo| wkh sulfh ulvn pd| srvvleo| lqfuhdvh1 Wkh lqwxlwlrq lv wkdw
lq wklv fdvh wkh kd}dug udwh X| lv uhodwlyho| kljk dqg wkh suh0wd{ pdujlqdo
sur�wdelolw| yhu| kljk1 Dv d uhvxow/ wkh srwhqwldo shufhqwdjh sulfh gurs lq
fdvh ri wd{dwlrq pd| lqfuhdvh dw d udwh wkdw ryhuzkhopv wkh pruh judgxdo
ghfuhdvh lq wkh kd}dug udwh1 +Wkh rswlpdo vwudwhj| ri wkh rssruwxqlvwlf
jryhuqphqw grhv qrw uhvxow lq d vprrwk sdwk ehfdxvh wkh jryhuqphqw zrxog
vhl}h wkh fdslwdo/ qrw wkh �qdqfldo dvvhw1, Exw hyhq lq wklv fdvh/ txlwh vrrq
sulfh ulvhv ghfhohudwh/ dqg wkh sulfh sdwk ehfrphv vwulfwo| frqfdyh1 Wkxv/
iru dq| lqlwldo frqglwlrq/ wkh ghfolqh lq X| xowlpdwho| uhgxfhv wkh h{shfwhg
yrodwlolw| ri vwrfn sulfhv gxh wr srolwlfdo ulvn147

Lq hvwlpdwlqj wkh h{shfwhg sulfh yrodwlolw|/ udwlrqdo lqyhvwruv zloo qrw rqo|
idfwru lq wkh srwhqwldo grzqvlgh gxh wr vxgghq srolf| vkliwv/ exw dovr wkh
uhodwhg sulfh ulvh gxh wr lqfuhdvlqj srolf| fuhglelolw| li qr vkliwv rffxu148

Pruh vshfl�fdoo|/ lq wkh prgho/ wkh frqglwlrqdo yrodwlolw| ri dvvhw ydoxhv lv
gulyhq e| wkh udwh ri lqirupdwlrq uhohdvh X|1 Wr vhh wklv/ zh fdofxodwh wkh
yduldqfh ri srvwhulru eholhiv j| +iru R|3� : f, frqglwlrqdo rq qr h{sursuldwlrq=

j2| ' E��X|�ER| � R|3��
2 nX|ER|3� � f�2

' E��X|�ER|3��
2dX|*E��X|�o

2 nX|ER|3��
2

' ER|3��
2X|*E��X|�� +:,

Zkhq lqlwldo uhsxwdwlrq Rf lv orz/ wkhuh pd| eh lqlwldoo| d shulrg ri ghfuhdvlqj
fuhglelolw| R|c exw wkh �uvw whup ER|3��

2 hyhqwxdoo| ulvhv zlwk | dv fuhglelolw|
vorzo| frqyhujhv wr rqh1 Wkh vhfrqg whup lv idoolqj zlwk | dv iurp Sursrvlwlrq
7=

*�4
X|<f

X|*E��X|� ' f�

Wkh frqglwlrqdo yrodwlolw| ri htxlw| sulfhv zloo forvho| sdudooho wklv sdwwhuq1
Lq frqfoxvlrq/ wkh g|qdplfv ri srolwlfdo ulvn pd| kdyh dq lqlwldo skdvh

lq zklfk wkh shufhlyhg ulvn pd| eh ulvlqj lq devroxwh whupv1 Wklv
zloo kdsshq zkhq wkh lqlwldo uhsxwdwlrq lv orz vr wkdw lwv udwh ri lqfuhdvh lv

47Iru w A W jryhuqphqw suhihuhqfhv duh nqrzq zlwk fhuwdlqw| dqg wkh yduldqfh lv }hur1
48Qrwh wkdw fdslwdo lq rzv pd| frqwlqxh wr dffhohudwh> hyhq dv wkh suredelolw| ri wd{dwlrq

idoov/ ghfuhdvlqj uhwxuqv wr vfdoh uhtxluh odujhu dgglwlrqdo lqfuhdvhv lq wkh fdslwdo vwrfn1
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udslg1 Urxjko|/ zkhq wkh ydoxh ri iruhljq fdslwdo lqfuhdvhv udslgo| iurp d orz
edvlv/ wkh srwhqwldo devroxwh sulfh idoo pd| lqlwldoo| ulvh/ dv d pxfk juhdwhu
dprxqw ri fdslwdo lv h{srvhg wr d vwloo yhu| kljk srolwlfdo ulvn1 Wklv lqlwldo
kxps lv lpphgldwho| iroorzhg e| d surjuhvvlyh judgxdo idoo lq shufhlyhg ulvn1

Wkh frpsdudwlyh vwdwlfv duh txlwh lqwxlwlyh1 Zkhq lqlwldo uhsxwdwlrq Rf
lv kljkhu/ wkh qxpehu ri shulrgv ryhu zklfk d udqgrpl}hg srolf| lv sod|hg
lv orzhu dv wkh fulwlfdo wkuhvkrog RA lv uhdfkhg pruh txlfno|1 Wkh kljkhu
lv wkh h{sursuldwlrq udwh � +uhodwlyh wr wkh uhdo lqwhuhvw udwh,/ wkh odujhu lv
wkh lpsdfw ri dq lpsuryhg lqlwldo fuhglelolw| ryhu wkh fdslwdo vwrfn1 Wkh
rswlpdo glvvhpeolqj vwudwhj| wkhq kdv d orqjhu wlph krul}rq1 Wkhq xsgdwlqj
ri uhsxwdwlrq lv vorzhu> wkh vorzhu lqfuhdvhv lq sulfhv duh frxqwhuedodqfhg e|
vorzo| idoolqj uhvlgxdo ulvn ri d srolf| vkliw1 Krzhyhu/ zkhq wkh wd{ udwh lv
orz/ wr pdnh srvwsrqhphqw zruwkzkloh/ d odujh lqfuhdvh lq wkh ixwxuh fdslwdo
vwrfn lv qhfhvvdu|> wkxv/ hduo| kd}dug udwhv duh txlwh odujh/ xsgdwlqj lv pruh
udslg/ dqg wkh wlph lqwhuydo gxulqj zklfk d udqgrpl}hg srolf| lv sod|hg lv
vkruwhu1 Khqfh/ lq frxqwulhv zkhuh xqfhuwdlqw| frqfhuqv vpdoo wd{ lqfuhdvhv/
wkh uhvroxwlrq ri xqfhuwdlqw| lv olnho| wr eh pruh udslg1

Wkh L jryhuqphqw*v glvfrxqw udwh rq wd{ uhyhqxhv B kdv wkh rssrvlwh
h�hfw rq wkh glvvhpeolqj vwudwhj| dv � 1 Zkhq B lv odujh/ wkhuh lv d vwurqj
whpswdwlrq iru hduo| wd{dwlrq1 Wkhuhiruh wkh frqglwlrqdo suredelolw| ri uhy0
hodwlrq X/ lv odujh lq wkh hduo| shulrgv/ dqg idoov idvw wr lqgxfh wkh udslg
fdslwdo jurzwk qhhghg wr frpshqvdwh iru wkh khdy| glvfrxqwlqj ri ixwxuh wd{
uhyhqxhv1 Lq frxqwulhv zkhuh srolf|pdnhuv kdyh vkruw whup krul}rqv/ wkh udwh
ri ohduqlqj zloo eh kljkhu/ uh hfwlqj d idvwhu uhvroxwlrq ri xqfhuwdlqw|1

Kdylqj vroyhg iru wkh rswlpdo glvvhpeolqj vwudwhj|/ zh fdq judsk wkh
g|qdplfv ri h{shfwhg sulfh yrodwlolw|1 Iljxuh 6 looxvwudwhv wkh ehkdylru ryhu
wlph ri wkh frqglwlrqdo rqh0shulrg yrodwlolw| ri uhsxwdwlrq j| dv d ixqfwlrq ri
lqlwldo uhsxwdwlrq Rf lq wkh fdvh ri dq lqlwldo kxps0vkdshg wlph sdwk1 Wkh
judsk lv frqfdyh/ gxh wr wkh idfw wkdw jryhuqphqw uhsxwdwlrq lv lqfuhdvlqj dw
d ghfuhdvlqj udwh1 Uhvroxwlrq ri xqfhuwdlqw| lv lqlwldoo| udslg dv wkh kd}dug
udwh X gursv txlfno|1 Dv ohduqlqj dssurdfkhv lwv vdwxudwlrq srlqw/ eholhiv duh
xsgdwhg dw d pxfk vorzhu udwh xqwlo ixoo frq�ghqfh lq jryhuqphqw frpplw0
phqw lv hvwdeolvkhg1 Wkh orzhu wkh lqlwldo uhsxwdwlrq/ wkh orqjhu lv wkh shulrg
gxulqj zklfk wkh uhvroxwlrq ri xqfhuwdlqw| wdnhv sodfh1

Wkh yrodwlolw| ri fuhglelolw| lv forvho| fruuhodwhg zlwk wkh yrodwlolw| ri
sur�wv1 Vlqfh wkh vwrfn sulfh lv wkh fdslwdol}dwlrq ri h{shfwhg sur�wv/ wkh
lpsolhg yrodwlolw| ri wkh vwrfn sulfh lv d frpsrxqghg dyhudjh ri wkh vhtxhqfh
ri rqh0shulrg yrodwlolwlhv +wkh wlph vhulhv ri lpsolhg vwrfn sulfh yrodwlolw| lv
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wkhuhiruh pxfk vprrwkhu,1 Zh vkrz odwhu wkdw wkh whup vwuxfwxuh ri frqgl0
wlrqdo yrodwlolw| ri wkh sulfh �| lv xvxdoo| grzqzdug vorslqj dqg lwv ryhudoo
ohyho idoov vwhdglo| ryhu wlph1

Wkh qh{w vhfwlrq xvhv wkh fxuuhqw prgho wr jhqhudwh vlpxodwlrqv ri wkh
sulfh sdwk ri dvvhwv h{srvhg wr srolwlfdo ulvn1 Zh jhqhudol}h wkh prgho e| dovr
lqwurgxflqj pdunhw ulvn/ ruwkrjrqdo wr srolwlfdo ulvn/ lq rughu wr surgxfh d
jhqhudo rswlrq sulflqj prgho1 Zh wkhq vroyh iru rswlrq sulfhv ryhu wkh hqwluh
odwwlfh1 Zh irfxv rxu dwwhqwlrq rq vwrfn sulfh vhulhv lq zklfk qr h{sursuld0
wlrq kdv wdnhq sodfh +zh uhihu wr lw dv d frqglwlrqdo sulfh vhulhv,1 Zh frpsduh
wkh lpsolhg dqg frqglwlrqdo yrodwlolw| sdwkv wr ghvfuleh krz wkh judgxdo uhv0
roxwlrq ri srolwlfdo ulvn lpsdfwv wkh sulflqj ri rswlrqv/ dqg frqyhuvho|/ krz
rswlrq sulfhv pd| eh xvhg wr h{wudfw lqirupdwlrq rq lqyhvwru frq�ghqfh1

6 Rswlrq Sulflqj xqghu Srolwlfdo Ulvn

Wklv vhfwlrq frqvwuxfwv dq rswlrq sulflqj prgho zklfk lqfrusrudwhv wkh lp0
sdfw ri srolf| ulvn rq wkh xqghuo|lqj dvvhw sulfh1

Wkh surfhvv jhqhudwhg e| wkh prgho*v srolwlfdo kd}dug udwh soxv dq dggl0
wlrqdo pdunhw ulvn lv prghoohg dv d glvfuhwh wlph surfhvv149 Zh pdlqwdlq wkh
dvvxpswlrq wkdw lqyhvwruv duh ulvn qhxwudo/ vr wkdw wkh| ydoxh fodlpv dw wkhlu
h{shfwhg ydoxh glvfrxqwhg dw wkh ulvn0iuhh udwh1 Wklv dvvxpswlrq lv qhfhvvdu|
dv lw lv qrw srvvleoh wr xvh dq duelwudjh sulflqj prgho= wkh sulfh surfhvv lv
qrw elqrpldo exw wulqrpldo/ vr h{lvwlqj dvvhwv fdqqrw vsdq lwv uhwxuq1 Wkxv
zh frpsxwh/ zrunlqj edfnzdugv/ wkh h{shfwhg sd|r� wr wkh rswlrq dw hdfk
srlqw lq wkh odwwlfh/ dqg sulfh lw edfn e| glvfrxqwlqj lw dw wkh ulvn0iuhh udwh1
Ulvn qhxwudolw| lv qhfhvvdu| wr frpsxwh rswlrq sulfhv rq rxu frpsoh{ sulfh
surfhvv vlqfh d pxowlidfwru prgho grhv qrw doorz sulflqj e| duelwudjh14: Lq
wklv fdvh/ wkh h{shfwhg uhwxuq lv wkh ulvn0iuhh udwh1 Krzhyhu/ dorqj dq duel0
wudu| frqglwlrqdo vdpsoh sulfh sdwk/ vwrfn uhwxuqv zloo h{fhhg wkh h{shfwhg
uhwxuq dv d uhvxow ri wkh Ed|hvldq xsgdwlqj1 Lq rwkhu zrugv/ dv orqj dv qr
h{sursuldwlrq rffxuv wkhuh zloo eh h{fhvv uhwxuqv1 Wklv h{fhvv uhwxuq uh hfwv
qrw d ulvn suhplxp exw wkh fdslwdo jdlqv gxh wr wkh lqfuhdvlqj frq�ghqfh e|

49Qrwh wkdw wkh pdunhw ulvn kdv frqvwdqw yrodwlolw|/ exw wkh sulfh surfhvv lqfoxghv wkh
srolwlfdo ulvn surfhvv zklfk h{klelwv wkh vwrfkdvwlf yrodwlolw| ghulyhg lq wkh prgho1

4:Whfkqlfdoo|/ vlqfh wkhuh lv qr wudghg vhfxulw| zkrvh sd|r� lv frqwlqjhqw rq wkh srolf|
uhyhuvdo/ wkh vhw ri vhfxulwlhv grhv qrw vsdq doo wkh srvvleoh vwdwhv> lq wklv fdvh lw lv qrw
srvvleoh wr frqvwuxfw d ulvnohvv khgjh dqg zh pxvw hpsor| dq htxloleulxp sulflqj prgho1
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lqyhvwruv ryhu wkh ulvn ri h{sursuldwlrq1 Zh glvfxvv odwhu wkh lpsolfdwlrqv ri
lqwurgxflqj ulvn dyhuvlrq1

Pruh irupdoo|/ frqvlghu wkh vwrfn ri d �up h{srvhg wr h{sursuldwlrq ulvn
dv ghvfulehg lq wkh suhylrxv vhfwlrq1 Dvvxph wkdw lwv ydoxh ghshqgv rq wkh wd{
srolf| ri wkh jryhuqphqw dv zhoo dv dq dgglwlrqdo jhqhulf vkrfn/ xqfruuhodwhg
wr wkh wd{ srolf|1 Zh uhihu wr wkh odwwhu dv wkh pdunhw xqfhuwdlqw| frpsrqhqw
ri wkh vwrfn sulfh surfhvv1 Wklv dvvxphg pdunhw xqfhuwdlqw| lv vwdqgdug lq
wkh rswlrq sulflqj olwhudwxuh1

Iurp wkh shuvshfwlyh ri dq lqyhvwru/ lq hdfk shulrg | 	 Ac h{sursuldwlrq
rffxuv zlwk suredelolw| X|� Li h{sursuldwlrq rffxuv/ wkh sulfh gursv wr wkh
h{sursuldwhg vwrfn sulfh 7Wc jlyhq e|=

7W '
ZEg|E��c ��

o
'

t
g|E��

o
'

�

oEo n ��
�

7W lv prghoohg dv dq devruelqj vwdwh/ phdqlqj wkdw wkh vwrfn sulfh iroorz0
lqj h{sursuldwlrq uhpdlqv dw 7W zlwk suredelolw| rqh14; Li qr h{sursuld0
wlrq rffxuv dw wlph |/ wkh ixqgdphqwdo ydoxh ri wkh dvvhw pryhv iurp 7| wr
7|n�c | 	 A dffruglqj wr wkh srolwlfdo ulvn prgho1 Wklv fdslwdo jdlq uh hfwv
wkh Ed|hvldq xsgdwlqj ghvfulehg lq Vhfwlrq 5151

Dv phqwlrqhg/ lq dgglwlrq wr h{sursuldwlrq ulvn/ zh dovr prgho jhqhulf
sulfh xqfhuwdlqw| dv d glvfuhwh wlph jhrphwulf Eurzqldq prwlrq1 Wkdw lv/ dv0
vxph wkdw lq hdfk shulrg wkh ixqgdphqwdo ydoxh pd| pryh e| dq htxlsuredeoh
�xs� pryh � : � n o dqg �grzq� pryh _/ xqfruuhodwhg wr srolwlfdo ulvn1
Wkxv/ wkh jhqhulf vkrfn idfwru kdv dq lpsdfw rq vwrfn uhwxuqv zklfk yduldqfh
lv frqvwdqw ryhu wlph1

Lq vxppdu|/ wkh vwrfn sulfh lq hdfk shulrg fdq wdnh rqh ri wkuhh qhz
ydoxhv=

7E| n �( r|n�� '

;A?
A=

7E| n �( r|�� ��R� �
2
E��X|�

7E| n �( r|� _ ��R� �
2
E��X|�

7W ��R�X|

zkhuh r| fdswxuhv wkh klvwru| ri wkh vhtxhqfh ri wkh �*v dqg _*v xs wr wlph |
dqg wkh vwrfn sulfh dw wlph |1 Vlqfh wkh surfhvv lv jhrphwulf/ wkh wuhh lv uh0
frpelqlqj +l1h1/ dq �xs� pryhphqw iroorzhg e| d �grzq� pryhphqw ohdgv wr
wkh vdph ydoxh dv d �grzq� pryhphqw iroorzhg e| dq �xs� pryhphqw,1 Wkh

4;Wklv lv qrw fuxfldo wr wkh dqdo|vlv dqg lv pdgh sxuho| iru frpsxwdwlrqdo hdvh1
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sulfh 7| lv gh�qhg dv wkh vwrfn sulfh jhqhudwhg e| wkh prgho lq Vhfwlrq 5151
Irupdoo|=

7| '
�

E� n o�

�
�

2
E��X|�7E|n �( r|� �n

�

2
E��X|�7E|n �( r|� _nX|7

W
�
�

Wklv dovr ghprqvwudwhv wkdw wkh h{shfwhg vwrfn sulfh uhwxuq lv wkh ulvn iuhh
udwh1 D wuhh gldjudp ghslfwlqj wkh hyroxwlrq ri wkh vwrfn sulfh surfhvv lv
jlyhq lq Iljxuh 71

Zh frqvlghu d udqjh ri sdudphwhu ydoxhv iru zklfk zh frpsxwh wkh rs0
wlpdo udqgrpl}dwlrq shulrg A 1 Zh wkhq vlpxodwh wkh vwrfn sulfh sdwwhuq lq
wkh wlph lqwhuydo dfc A o1 Zh rewdlq iru doo gdwhv |/ E| n 2� srvvleoh vwdwhv/
jhqhudwlqj d frpsohwh wuhh +ru odwwlfh, ri doo wkh srvvleoh sulfh sdwkv ri wkh
vwrfn sulfh surfhvv lq glvfuhwh wlph1

Jlyhq wklv vwrfn sulfh wulqrpldo odwwlfh/ rswlrqv fdq eh hdvlo| sulfhg xvlqj
wkh ulvn0qhxwudo ydoxdwlrq dvvxpswlrq1 Wklv lv vlplodu lq vslulw wr wkh iudph0
zrun ri Fr{/ Urvv/ dqg Uxelqvwhlq +4<:<,/ zklfk vd|v wkdw wkh fdoo rswlrq*v
sulfh SE|cK�/ zkhuh K 	 A lv wkh pdwxulw| gdwh ri wkh rswlrq/ lv dozd|v htxdo
wr wkh glvfrxqwhg ydoxh ri lwv h{shfwhg sd|r�1 Pruh irupdoo|/

SE|cK� '
�

E� n o�

�
�

2
E��X|�SE|n �cK� n

�

2
E��X|�SE|n �cK� n X|S

W
�
c

zkhuh wkh fdoo rswlrq*v sulfh lv rewdlqhg e| edfnzdug vxevwlwxwlrq/ vwduwlqj
zlwk wkh whuplqdo fdoo rswlrq frqglwlrq= SEKcK� ' 4@ d7K � gc3` zkhuh g
lv wkh vwulnh sulfh1 Zh rqo| sulfh dw0wkh0prqh| rswlrqv14< Dw0wkh0prqh|
rswlrqv duh gh�qhg dv rqhv zklfk vwulnh sulfh g lv fkrvhq vxfk wkdw iru �{hg
|=

g ' 7|E� n o�K3| +;,

zkhuh 7| lv wkh fxuuhqw vwrfn sulfh/ o lv wkh ulvn0iuhh udwh/ dqg EK� |� ghqrwhv
wkh qxpehu ri shulrgv ohiw wr pdwxulw| iru wkh K0pdwxulw| rswlrq/ zkhuh
K 	 A 1

4<Zh uhvwulfw rxu dwwhqwlrq wr dw0wkh0prqh| rswlrqv lq rughu wr uhpryh eldvhv fdxvhg e|
Mhqvhq*v lqhtxdolw|1 Ihlqvwhlq ^4<<8` dqg rwkhuv kdyh vkrzq wkdw ydulrxv dw0wkh0prqh| rs0
wlrq sulflqj irupxodv duh dssur{lpdwho| olqhdu lq frqglwlrqdo ixwxuh yrodwlolw|/ wkxv |lhoglqj
d jrrg phdvxuh ri lqyhvwruv* shufhlyhg ixwxuh yrodwlolw|1
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Xsrq rewdlqlqj dq lqlwldo vhw ri dw0wkh0prqh| rswlrq sulfhv dw wlph | iru
ydulrxv pdwxulw| gdwhv K/ zh h{wudfw wkh whup vwuxfwxuh ri lpsolhg yrodwlol0
wlhv xvlqj wkh Eodfn dqg Vfkrohv irupxod153 E| wkh whup vwuxfwxuh ri lpsolhg
yrodwlolwlhv zh phdq wkh lpsolhg yrodwlolwlhv iru wkh gl�huhqw rswlrq pdwxul0
wlhv K fdofxodwhg dw d �{hg gdwh |1 Khqfh/ e| ydu|lqj K zh fdq frqvwuxfw d
whup vwuxfwxuh ri dw0wkh0prqh| rswlrq sulfhv dqg wkhlu fruuhvsrqglqj lpsolhg
yrodwlolwlhv dv ghvluhg1 Wkh odwwhu jlyhv wkh pdunhw*v dqwlflsdwhg +l1h1/ lpsolhg,
yrodwlolw| ryhu gl�huhqw wlph krul}rqv dw d jlyhq srlqw lq wlph1 Wkh lpsolhg
dqg frqglwlrqdo yrodwlolw| vhulhv duh qrz frpsduhg xqghu wkh judgxdo uhvr0
oxwlrq ri srolwlfdo xqfhuwdlqw|1 Lq idfw/ wkh zkroh whup vwuxfwxuh ri lpsolhg
yrodwlolwlhv lv frpsduhg djdlqvw wkh wlph vhulhv ri uhdol}hg yrodwlolw|1 Dv idu
dv zh nqrz/ wklv lv wkh �uvw sdshu wr xwlol}h wkh lpsolhg yrodwlolw| whfkqltxh
wr ghwhuplqh wkh pdunhw*v dvvhvvphqw ri ixwxuh yrodwlolw| xqghu frqglwlrqv ri
srolwlfdo ulvn1

Lq rughu wr gr wkh deryh/ wkh vdpsoh sulfh vhulhv dorqj wkh frqglwlrqdo
vwrfn sulfh odwwlfh +l1h1/ zlwk qr h{sursuldwlrq, lv �uvw vlpxodwhg1 Iru hdfk ri
wkhvh sulfh vhulhv wkh uhdol}hg yrodwlolw| ri sulfh uhwxuqv lv fdofxodwhg1 Wkhq/
dq dyhudjh uhdol}hg yrodwlolw| phdvxuh iru gdwh | lv frqvwuxfwhg e| dyhudjlqj
wkh uhvxowlqj ydoxhv dfurvv wkh vdpsoh sdwkv1 Wklv surfhvv lv uhshdwhg iru doo
gdwhv zlwk frqglwlrq +;, ehlqj vdwlv�hg dw hdfk srlqw lq wlph/ wkxv jhqhudwlqj
d wlph vhulhv ri wkh whup vwuxfwxuh ri dw0wkh0prqh| lpsolhg yrodwlolwlhv dqg
wkh fruuhvsrqglqj wlph vhulhv ri wkh dyhudjh uhdol}hg yrodwlolw| jlyhq qr srolf|
uhyhuvdo1 Iru frpsxwdwlrqdo frqyhqlhqfh/ zh uhvwulfw rxu sdudphwhu vhw vr
wkdw wkh ixuwkhvw h{sludwlrq gdwh grhv qrw h{fhhg 83 shulrgv1 Wklv jlyhv d
pdqdjhdeoh vwrfn sulfh wulqrpldo odwwlfh zlwk d pd{lpxp ri D2 qrghv dw
h{sludwlrq1

Rxu uhvxowv/ iru d jlyhq sdudphwhu vhw/ duh surylghg lq Iljxuh 8/ zklfk
looxvwudwhv wkh hyroxwlrq ri wkh whup vwuxfwxuh ri fdoo rswlrq sulfhv ryhu wlph
frqglwlrqdo rq qr h{sursuldwlrq1 Dv fdoo rswlrqv judqw wkh rzqhu wkh uljkw wr
dftxluh wkh vwrfn dw d ixwxuh gdwh dw d jlyhq sulfh/ d ulvlqj fdoo sulfh lqglfdwhv
lqfuhdvlqj lqyhvwru frq�ghqfh lq wkh srolwlfdo frpplwphqw ri wkh jryhuqphqw1
Dw wkh vdph wlph/ wkh h{shfwhg yrodwlolw| lv idoolqj/ zklfk uhgxfhv wkh udwh ri
lqfuhdvh lq wkh ydoxh ri wkh rswlrq1 Wkh revhuyhg sdwwhuq ri fdoo rswlrq sulfhv

53Qrwh wkdw wkh fruuhfw rswlrq sulflqj prgho lv qrw Eodfn dqg Vfkrohv/ vlqfh wkh sulfh
surfhvv lv qrw wkh vwdqgdug jhrphwulf Eurzqldq prwlrq exw d mxps0gl�xvlrq w|sh surfhvv/
doehlw lq d glvfuhwh0wlph iudphzrun1 Zh xvh wkh Eodfn dqg Vfkrohv prgho khuh rqo| wr
frpsxwh dq lpsolhg yrodwlolw| phwulf frqvlvwhqw zlwk wkh vwdqgdug xvhg e| doo pdunhw
sduwlflsdqwv1
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lqfuhdvlqj dw d ghfuhdvlqj udwh lv frqvlvwhqw dfurvv dw0wkh0prqh| rswlrqv +vhh
Iljxuh 8,1

Wkh qh{w vhw ri �jxuhv ghvfulehv wkh hyroxwlrq ri lpsolhg yrodwlolw| h{0
wudfwhg iurp wkh fdoo rswlrq sulfhv xvlqj wkh vwdqgdug Eodfn dqg Vfkrohv
phdvxuh1 Lq rughu wr lqwhusuhw wkhvh judskv lw lv lpsruwdqw wr uhfdoo wkdw
xqghu wkh vwdqgdug ehqfkpdun Eodfn dqg Vfkrohv dvvxpswlrq/ zkhuh rqo|
jhqhulf ulvn lv wdnhq lqwr frqvlghudwlrq/ wkh whup vwuxfwxuh ri yrodwlolw| lv
 dw154 Lq frqwudvw/ lq rxu vlpxodwlrq wkh ghulyhg yrodwlolw| whup vwuxfwxuh
looxvwudwhv krz rswlrq sulfhv uh hfw wkh hyroxwlrq ri ohduqlqj ryhu wlph ri
srolwlfdo ulvn1 Wklv fdq eh lqwhusuhwhg dv surylglqj dq htxlydohqw phdvxuh
ri wkh fodvvlf �shvr suhplxp� lq whupv ri wkh vhfrqg prphqw ri wkh sulfh
glvwulexwlrq1

Wkh uhvxowv frq�up rxu frpsdudwlyh vwdwlfv uhvxowv1 Iru prvw sdudphwhu
ydoxhv/ wkh ghfuhdvh lq lpsolhg yrodwlolw| lv prqrwrqlf lq wlph1 Iljxuh 9 +d,
vkrzv krz wkh whup vwuxfwxuh ri dw0wkh0prqh| lpsolhg yrodwlolwlhv gursv zlwk
wkh sdvvdjh ri wlph/ dv d uhvxow ri wkh surjuhvvlyh uhgxfwlrq lq wkh shufhlyhg
h{sursuldwlrq ulvn idfhg e| lqyhvwruv1 Iljxuh 9 +e, grfxphqwv wkdw wkh zhgjh
ehwzhhq wkh Eodfn dqg Vfkrohv lpsolhg yrodwlolwlhv ri fdoo rswlrqv zlwk wlphv
wr pdwxulw| �{hg dw 60shulrgv/ 80shulrgv/ dqg :0shulrgv wr pdwxulw|/ dqg
wkh dyhudjh uhdol}hg yrodwlolw| lv frqyh{ dqg ghfuhdvlqj ryhu wlph1 Lw fdq eh
vhhq wkdw wkh ryhudoo ohyho ri wkh whup vwuxfwxuh idoov ryhu wlph/ l1h1/ dv wlph
hyroyhv dqg xqfhuwdlqw| lv uhvroyhg/ wkh :0shulrg lpsolhg yrodwlolw| zhgjh lv
ohvv wkdq wkh 80shulrg rqh zklfk lv lq wxuq ohvv wkdq wkh 60shulrg lpsolhg
yrodwlolw| zhgjh1 Wklv lv gxh wr wkh idfw wkdw jlyhq wlph | lqirupdwlrq/ wkh :0
shulrg lpsolhg yrodwlolw| lv wlph0dyhudjlqj ixwxuh yrodwlolw| zklfk lv h{shfwhg
wr glplqlvk pruh wkdq wkh 80shulrg rqh/ dqg vr rq/ djdlq gxh wr wkh lpsuryhg
shufhswlrq derxw jryhuqphqw frpplwphqw rq wkh frqglwlrqdo sulfh sdwk1

Lq wkh fdvh ri dq hfrqrp| zlwk h{wuhpho| vwurqj lqlwldo srolwlfdo ulvn/
qdpho| iru orz ydoxhv ri wkh sdudphwhu Rf/ wkh whup vwuxfwxuh ri yrodwlolwlhv
pd| eulh | ulvh ryhu wkh lqlwldo pdwxulw| udqjh +vhh Iljxuh :,1 Wklv lv gxh wr
wkh lqlwldo sulfh dssuhfldwlrq +dqg wkxv wkh vl}h ri wkh srwhqwldo sulfh gurs lq
fdvh ri uhyhuvdo, ryhuzkhoplqj wkh uhgxfwlrq lq wkh kd}dug udwh1 Krzhyhu/ wkh
lpsolhg yrodwlolw| whup vwuxfwxuh doprvw lpphgldwho| vkliwv wr d grzqzdug
sur�oh dv qr uhyhuvdo lv revhuyhg1

54Lq pruh vrsklvwlfdwhg rswlrq sulflqj prghov zkhuh yrodwlolw| iroorzv d JDUFK surfhvv/
wkh whup vwuxfwxuh whqgv wr eh X0vkdshg1 Lq d Frqvwdqw Hodvwlflw| ri Yduldqfh prgho
+FHY,/ wkh whup vwuxfwxuh pd| eh srwhqwldoo| xszdug ru grzqzdug vorslqj +vhh Fr{ dqg
Urvv ^4<:9`, exw grhv qrw jhqhudwh d kxps1
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Lq frqfoxvlrq/ wkh vlpxodwlrq uhvxowv frq�up wkdw zh fdq lqwhusuhw wkh
gl�huhqfh ehwzhhq uhdol}hg yrodwlolw| dqg lpsolhg yrodwlolw| dv d phdvxuh ri
wkh fkdqjlqj shufhswlrq ri srolwlfdo ulvn ryhu wlph1

7 Frqfoxvlrq

Wkh sdshu hqgrjhql}hv wkh judgxdo exlogxs ri srolf| fuhglelolw| lq dq hfrq0
rp| prylqj wrzdugv pdunhw uhirupv exw idflqj uhvlgxdo srolf| ulvn1 Zh
ghulyh wkh lqwhuwhpsrudo sulfh surfhvv xqghu vxfk srolwlfdo ulvn dqg r�hu dq
lqwxlwlyh lqwhusuhwdwlrq iru wkh judgxdo h{sdqvlrq ri iruhljq lqyhvwphqw dqg
lwv dffhohudwlrq ryhu wlph1 Lw lv ghvfulswlyh ri dq hduo| vwdjh lq iruhljq gluhfw
lqyhvwphqw lq hphujlqj hfrqrplhv/ zkhq uhirupv duh vwloo qrw ixoo| hvwdeolvkhg
dqg iruhljq lqyhvwruv dfw dv whqwdwlyh/ fdxwlrxv slrqhhuv1

Ilqdqfldo hfrqrplvwv xvxdoo| dvvxph wkdw htxloleulxp sulfhv iroorz gl�x0
vlrq surfhvvhv/ zklfk lpsolhv wkdw qhz lqirupdwlrq lv uhohdvhg frqwlqxrxvo|
dv d  rz ri d odujh qxpehu ri vpdoo/ xqfruuhodwhg hyhqwv1 Wklv lv lqdssursul0
dwh lq fhuwdlq frqwh{wv vxfk dv lq hphujlqj pdunhwv/ zkhq srolf| vkliwv kdyh
d yhu| odujh v|vwhpdwlf h�hfw rq dvvhw ydoxhv1 Ehfdxvh lqyhvwruv* h{shfwd0
wlrqv d�hfw wkhlu lqyhvwphqw ghflvlrqv/ wkh wlplqj ri srolf| ghflvlrqv qhhgv
wr eh wuhdwhg dv d vwudwhjlf yduldeoh1 Wkh uhvxowlqj lqirupdwlrq surfhvv lv
dv|pphwulf= devhqfh ri qhzv lv jrrg qhzv1 Wklv fdq surgxfh srvlwlyh vhu0
ldo fruuhodwlrq lq sulfhv lq wkh devhqfh ri srolf| fkdqjhv1 Lq jhqhudo/ sulfh
vhulhv rxwvlgh vxgghq fulvhv zloo h{klelw pruh vxvwdlqhg wuhqgv dqg odujhu h{0
fhvv uhwxuqv wkdq xqghu d frqwlqxrxv dqg v|pphwulf surfhvv ri lqirupdwlrq
uhohdvh +vxfk dv d Eurzqldq prwlrq,1 Rxu rswlrq sulflqj dssurdfk r�huv vhy0
hudo rwkhu hpslulfdo lpsolfdwlrqv= lq sduwlfxodu/ wkh phglxp whup hyroxwlrq
ri lpsolhg yrodwlolw| lv vkrzq/ diwhu srvvleo| dq lqlwldo kxps0vkdsh/ wr eh
prqrwrqlfdoo| ghfuhdvlqj1 Pruhryhu/ wkh zhgjh ehwzhhq uhdol}hg dqg lpsolhg
yrodwlolw| vkrxog dovr idoo judgxdoo| ryhu wlph1

Fohduo|/ wkh dvvxpswlrq ri ulvn qhxwudolw| lv qrw sduwlfxoduo| dsshdolqj1
Wkh rqo| dowhuqdwlyh zrxog eh wr surylgh d sulflqj prgho edvhg rq lqyhvwru
suhihuhqfhv1 Rq wkh rwkhu kdqg/ wkh lpsolfdwlrqv ri lqwurgxflqj ulvn dyhuvlrq
fdq eh ghgxfhg udwkhu lqwxlwlyho|1 Ulvn dyhuvlrq zrxog lqwurgxfh d ulvn suh0
plxp lq wkh glvfrxqwlqj ri sd|r�v dv d ixqfwlrq ri shufhlyhg yrodwlolw|1 Lq rxu
frqwh{w/ wkh ulvn suhplxp zrxog judgxdoo| idoo dv wkh ulvn ri h{sursuldwlrq
idoov> wklv zrxog ohdg wr orzhu lqlwldo sulfhv dqg d vwhhshu sulfh dssuhfld0
wlrq ryhu wlph1 Wkxv rxu wlph vhulhv uhvxowv rq lpsolhg yrodwlolw| zrxog eh
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vwuhqjwkhqhg= sulfh yrodwlolw| zrxog eh kljkhu dw �uvw +zkhq wkh frqglwlrqdo
sulfh vhulhv zrxog kdyh kljkhu fdslwdo jdlqv wr uh hfw wkh uhtxluhg ulvn suh0
plxp, dqg zrxog ghfolqh qrz hyhq idvwhu +vlqfh qrw rqo| wkh ulvn ri wkh
srwhqwldo idoo/ exw dovr wkh dvvrfldwhg ulvn suhplxp/ zrxog judgxdoo| idoo,1
Wkxv vxfk dq h{whqvlrq zrxog eh frqvlvwhqw zlwk rxu uhvxowv dqg lq idfw
zrxog uhlqirufh lwv hpslulfdo lpsolfdwlrqv1

Dq lqwhuhvwlqj revhuydwlrq lv wkdw xqghu srolwlfdo ulvn wkh wlph vhulhv ri
sulfhv pd| uhvhpeoh wkh sur�oh ri d vshfxodwlyh exeeoh/ hyhq wkrxjk wkh wuxh
fdxvh ri wkh udslg exlogxs lv vlpso| udwlrqdo xsgdwlqj ri srolf| fuhglelolw|1
Wkh phwkrgrorj| zh kdyh sursrvhg vxjjhvwv wkdw ryhu wlph lw lv srvvleoh wr
glvfulplqdwh ehwzhhq udwlrqdo sulfh xsgdwlqj dqg d ghyldwlqj exeeoh= qdpho|/
zkloh lq wkh fdvh ri udwlrqdo xsgdwlqj lpsolhg yrodwlolw| vkrxog xowlpdwho| idoo/
lq wkh fdvh ri d vwrfkdvwlf exeeoh lw vkrxog lqfuhdvh ryhu wlph1

Wkhvh frqfoxvlrqv kdyh lpsolfdwlrqv iru wkh sulflqj ri ghulydwlyh surgxfwv
rq hphujlqj pdunhwv vxemhfw wr vljql�fdqw srolf| ulvn1 Vxfk ghulydwlyh surg0
xfwv duh hvvhqwldo wrrov ri ulvn pdqdjhphqw iru lqwhuqdwlrqdo lqyhvwruv dqg
frusrudwlrqv1 Lq sulqflsoh/ wkh lqirupdwlrq h{wudfwhg iurp rswlrq sulfhv pd|
dovr jxlgh srolf|pdnhuv dvvhvv wkh shufhswlrq ri srolwlfdo ulvn dprqj pdunhw
lqyhvwruv1

Lq ixwxuh uhvhdufk zh sodq wr lqyhvwljdwh hpslulfdoo| wkh rswlrq sulflqj
prgho dqg wr uh�qh srvvleoh lqvwuxphqwv iru srolf| dqdo|vlv1 Whvwlqj wklv
prgho zrxog uhtxluh d wlph vhulhv ri lpsolhg yrodwlolwlhv iurp d vdpsoh ri
rswlrq sulfhv dfurvv vhyhudo frxqwulhv idflqj srolwlfdo ulvn1 Wkh pdlq lpsol0
fdwlrqv wr eh dvvhvvhg duh wkdw=
41 lpsolhg yrodwlolw| zrxog h{fhhg klvwrulfdo yrodwlolw|>
51 wkh zhgjh ehwzhhq wkh wzr phdvxuhv vkrxog ghfolqh ryhu wlph>
61 wkh zhgjh zrxog eh fruuhodwhg zlwk wkh ghjuhh ri srolwlfdo ulvn dv sur{lhg
e| pdunhw vxuyh|v ru rwkhu phdvxuhv frpphufldoo| dydlodeoh>
71 wkh whup vwuxfwxuh ri lpsolhg yrodwlolw| dqg wkh uhdol}hg sulfh yrodwlolw|
sdwk zrxog eh grzqzdug0vorslqj>
81 wkh vshhg ri wkh ghfolqh pd| eh fruuhodwhg zlwk phdvxuhg lpsuryhphqwv
lq shufhlyhg srolwlfdo ulvn1

Zkloh vrph whvwv fdq eh fduulhg rxw xvlqj uhdol}hg yrodwlolw|/ prvw whvwv
lqyroyh lpsolhg yrodwlolw| gdwd/ zklfk lv qrw |hw dydlodeoh dv vxfk rswlrq
pdunhwv duh qrw |hw ixoo| ghyhorshg1 Krzhyhu/ wkh udslg hyroxwlrq lq wkhvh
pdunhwv dqg wkh lqfuhdvlqj qhhg iru dfwlyh ulvn pdqdjhphqw vxjjhvw wkdw
vxfk whvwv zloo ehfrph ihdvleoh lq wkh qhdu ixwxuh1
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Dsshqgl{

Surri ri Sursrvlwlrq 4
E| gh�qlwlrq/ d frpplwwhg jryhuqphqw qhyhu wd{hv fdslwdo1 Rqfh wd{d0

wlrq lv lpsrvhg lq shulrg |/ lqyhvwruv frqfoxgh wkdw wkh jryhuqphqw fdqqrw
eh frpplwwhg= wkhq wkh uhsxwdwlrq lv orvw/ dqg R|n� zloo eh }hur iru doo � : f1
Wkhuhiruh/ li wkh glvfuhglwhg jryhuqphqw zhuh wr zlwkgudz wkh wd{/ lw zrxog
iruhjr uhyhqxhv zlwkrxw lqgxflqj dgglwlrqdo lqyhvwphqw1 Dv d uhvxow/ diwhu
wd{dwlrq wkh fdslwdo vwrfn idoov wr lwv plqlpxp ydoxh gE��/ zkhuh lw uhpdlqv1
�

Surri ri Sursrvlwlrq 5
E| frqwudglfwlrq1 Vxssrvh wkdw wkh rssruwxqlvwlf jryhuqphqw fkrrvh wr

wd{ lq wkh �uvw shulrg zlwk suredelolw| rqh/ l1h1/ lw vhwv >� ' �1 Sursrvlwlrq
4 vwdwhv wkdw lwv vxevhtxhqw rswlpdo vwudwhj| lv wr wd{ hyhu| shulrg/ vr lwv
sd|r� lv=

� dgE�� Rf� ngE��B*E�� B�o�

Xqghu Dvvxpswlrq 4/ wklv lv qrw dq htxloleulxp1 Wkh rssruwxqlvwlf jry0
huqphqw frxog ghyldwh iurp wkh vwudwhj|/ qrw wd{lqj dw 4> wkhq lqyhvwruv
zrxog lqihu wkdw lw lv fhuwdlqo| frpplwwhg/ dqg zrxog lqyhvw gEf� lq wkh qh{w
shulrg1 Vxusulvh wd{dwlrq dw | ' 2 wkhq jlyhv lw d ehwwhu sd|r�1

Vxssrvh qrz wkdw wkh rssruwxqlvwlf jryhuqphqw fkrrvhv qrw wr wd{ zlwk
suredelolw| rqh/ l1h1/ >| ' f dw 4> wkhq qhlwkhu jryhuqphqw lv h{shfwhg wr wd{
dw doo/ dqg wkhuh lv qr xsgdwh lq uhsxwdwlrq/ vr R|n� ' R|1 Vlqfh qr wd{hv duh
h{shfwhg/ wkh lqyhvwphqw ghflvlrq e| wkh djhqwv vroyhv=

-�Eg|� ' o

zklfk jlyhv wkh pd{lpxp fdslwdo lqyhvwphqw g| ' gEf�1 Lw lv hdv| wr vhh
wkdw wklv lv qrw dq htxloleulxp1 E| ghyldwlqj dqg udlvlqj wd{ uhyhqxhv wrgd|/
wkh rssruwxqlvwlf jryhuqphqw fdq dfklhyh d sd|r� ri

� dgEf� n BgE�� n B2gE�� n ���o ' �gEf� n
"[
|'�

B|�gE��

' �gEf� n �gE��B*E�� B�

zkhuh zh pdgh xvh ri Sursrvlwlrq 41 Li lqvwhdg lw grhv qrw wd{ dw |/ lwv
pd{lpxp sd|r� lv=

4@ 
q
� dBgEf� n BgE��*E�� B�oc dB2gEf� n B2gE��*E�� B�oc ���

r

' �BgEf� n �BgE��*E�� B�
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zklfk lv ohvv wkdq wkh suhylrxv sd|r�/ erwk ehfdxvh wkhuh lv rqh ohvv shulrg rq
zklfk wd{hv duh froohfwhg dqg ehfdxvh B 5 Efc ��1 Wkhuhiruh/ lq htxloleulxp dq
rssruwxqlvwlf jryhuqphqw lv ehwwhu r� wd{lqj zlwk vwulfwo| srvlwlyh suredelolw|
lq hdfk shulrg1 �

Surri ri Sursrvlwlrq 6
Dvvxph wkdw qr wd{dwlrq rffxuv dw A > wkhq lqyhvwruv zloo lqihu wkdw wkh

srolf|pdnhu lv lqghhg frpplwwhg/ dqg zloo lqyhvw wkh pd{lpxp dprxqwgEf�
dw wlph A n �1 Wkhuhiruh/ iru >A ' � wr eh rswlpdo/ lw pxvw eh wkh fdvh wkdw
wkh surwd{ jryhuqphqw grhv qrw ghyldwh e| qrw wd{lqj dw A dqg zdlwlqj xqwlo
A n �1

Dw wlph A / lqyhvwruv zloo fkrrvh gA dffruglqj wr=

-�EgA � ' o n �E�� RA �

, gA ' -�3�Eo n � d�� RA o� � gE�� RA �

Diwhu wkh dqqrxqfhphqw ri wkh wd{ wkh fdslwdo vwrfn idoov wr gE��/ dqg uh0
pdlqv dw wkdw ohyho/ vlqfh iurp Sursrvlwlrq 4/ XAn� ' � iru doo � : f1 Wr
hqvxuh wkdw qr ghyldwlrq rffxuv/ wkh jdlq iurp lpphgldwh wd{dwlrq pxvw rxw0
zhljk wkh fdswxuh ri wkh gl�huhqfh ehwzhhq gEf� dqg gE�� wrpruurz1 Wklv
zloo rffxu suhflvho| li=

�gE�� RA � n �gE��*E�� B� � �BgEf� n �BgE��*E�� B��

Lw lv hdvlo| vhhq wkdw wklv lqhtxdolw| lv vdwlv�hg suhflvho| zkhq R| lv dw ohdvw
dv odujh dv RW1 �

Surri ri Sursrvlwlrq 7
Dvvxph qr wd{dwlrq lv lpsrvhg dw |1 Lq htxloleulxp/ Htxdwlrq +9, pxvw

krog> wklv lpsolhv wkdw ryhu wlph wkh fdslwdo vwrfn hyroyhv dffruglqj wr=

gEX|� n BgE�� ' BgEX|n�� +<,

Ehfdxvh wkh vhfrqg whup rq wkh ohiw0kdqg vlgh lv srvlwlyh/ wkh uljkw0kdqg vlgh
pxvw eh odujhu wkdw wkh �uvw whup rq wkh ohiw=

gEX|� 	 BgEX|n�� , gEX|�*B 	 gEX|n��

VlqfhgEX|� vroyhv-�Eg|� ' on�X|/ zkhuh-� : f dqg-�� 	 f/g|n� : g| iru
doo | rqo| dv orqj dv X|n� 	 X|1 Pruhryhu/ B 5 Efc ��1 Wkhuhiruh/ htxloleulxp
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FIGURE 1 : Foreign Direct Investment in China from all Sources (1983-1998)
In U.S. $billions: 1983 - $0.9b; 1984 - $1.4b; 1985 - $2.0b; 1986 - $2.2b;
1987 - $2.6b; 1988 - $3.7b; 1989 - $3.8b; 1990 - $3.8b; 1991 - $4.7b; 1992 - $11.3b;
1993 - $25.8b; 1994 - $33.8b; 1995 - $38.0b; 1996 - $42.4b; 1997 - $45.3b;
1998 - $45.6b. Source: China in the World Economy, Nicholas R. Lardy, 1994,
Institute for International Economics and UNCTAD, Division of Transnational
Corporations and Investments (Wall Street Journal, June 5, 1996, page A2), and
China Ministry of Foreign Trade & Economic Cooperation.
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FIGURE 2 : Hazard Rates and Reputation over time under a production function of the type R = 2 √K

This figure plots the resulting time path of government reputation (or commitment) pt, the expected hazard rate Θt, and the actual
hazard rate µt, under a production function of the type R=2 √K, where r (cost of capital ) = 0.01; τ (tax rate)  = 0.4;  δ (discount rate
for tax revenues) = 0.9; p0 (initial reputation ) = 0.02. The optimal expropriation date T, given an opportunistic government, happens
in 42 periods.

10

20

30

40

time 0.04

0.08

0.12

0.16

p0

0

0.05

0.1

0.15

sigma

10

20

30

40

time

FIGURE 3 : Plot of Conditional Volatility of Reputation pt
with respect to Initial Reputation p0 and Time

The conditional volatility σ of government reputation pt for various levels of initial government commitment p0, ranging from 0.02
to 0.18, under a production function of the type R=2√K, where r (cost of capital) = 0.01; τ (tax rate)  = 0.4;  δ (discount rate for tax
revenues) = 0.9.  The opportunistic government will expropriate optimally at various times T for different values of p0.
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FIGURE 5 : Term Structure of At-the-money Call Option Prices over Time

Figure 5 illustrates the evolution of the term structure of call option prices over time conditional on no
expropriation, based on the stock price model under political risk.
The strike price K is chosen such that K = St(1+r)(Γ-t), where St is the current stock price, r is the risk-free
rate, and (Γ-t) denotes the number of periods left to maturity for the Γ-maturity option.
The model parameters are given by r (cost of capital ) = 0.04; ô (tax rate)  = 0.4;  ä (discount rate for tax
revenues) = 0.9; p0 (initial reputation ) = 0.02.
NB: Under these parameters, the initial reputation is very low, so expected volatility initially rises. Under
most parameter values, expected volatility falls from the beginning.



5

10

15

20

time to maturity HT-tL

5

10

15

20

calendar time HtL

0

0.2

0.4

0.6

implied volatility

5

10

15

20

time to maturity HT-tL

FIGURE 6 (a) : Plot of the Term Structure of At-the-money Implied Volatilities over Time

Figure 6 (a) illustrates the evolution of the term structure of Black-Scholes implied volatilities over time
conditional on no expropriation and given the endogenous stock price model with political risk. The strike
price K is chosen such that K = St(1+r)(Γ-t), where St is the current stock price, r is the risk-free rate, and (Γ-
t) denotes the number of periods left to maturity for the Γ-maturity option. The model parameters are given
by r (cost of capital ) = 0.04; τ (tax rate)  = 0.4;  δ (discount rate for tax revenues) = 0.9; p0 (initial
reputation ) = 0.02.
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FIGURE 6 (b) : Plot of the 3-, 5-, and 7-period (Implied Volatility - Realized Volatility) over Time

Figure 6 (b) documents the time evolution of the wedge between the Black and Scholes implied volatilities
of call options with times to maturity fixed at 3-periods, 5-periods, and 7-periods to maturity and average
realized volatility. The strike price K is chosen such that K = St(1+r)(Γ-t), where St is the current stock price,
r is the risk-free rate, and (Γ-t) denotes the number of periods left to maturity for the Γ-maturity option. .
The model parameters are given by r (cost of capital ) = 0.01; τ (tax rate)  = 0.2;  δ (discount rate for tax
revenues) = 0.7; p0 (initial reputation ) = 0.02.

Key:
• 3-period [Implied-Realized] Volatility
• 5-period [Implied-Realized] Volatility

• 7-period [Implied-Realized] Volatility
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FIGURE 7 : Plot of the Initial Term Structure for Low Initial Reputation

Figure 7 plots the initial Black and Scholes implied volatilities of call options with different times to
maturity. The strike price K is chosen such that K = S0(1+r)Γ, where S0 is the initial stock price, r is the risk-
free rate, and Γ denotes the number of periods left to maturity for the Γ-maturity option. The model
parameters are given by r (cost of capital ) = 0.01; τ (tax rate)  = 0.2;  δ (discount rate for tax revenues) =
0.7; p0 (initial reputation ) = 0.02.


