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The third paper, “lmpact of Political Regime and  Economic Openness on
Inequality: A Tale of Low-lncome and OECD Countries”, analyzes the unpact of
regime and econamic openness on income inequality in @ cross-country framework
cocllicient, o measure of income incquality, is modeled using democracy inde
intensity, GDP per capita and FDI, span from lagged Gini coefficient. Comparing th
for both OECD and low-income countries, the paper notes that the more the
features o & regime, the more i is attwned to equity and this could lead 10 less
nequality over a longer period of time. Trade and GDP per copitn do seem W
inequality, albeit at higher Jevels, Interestingly, the Kuancts hypothesis does not seem
for low-income countries. Finally, the role of FDI was found 1o be weak across sped
This analysis wis found to be consistent scross different specifications and for Vary
pertods. These results were further corroborated using kemel (it (o nonparomctric a
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considered a5 a lower limit in estimating the real socinl costs of monopaly, highlights thn
the existing measures are crude indicators ot best. To conclude, it highlights three imponan
assumptions along with indications for & much-necded correction - estimation of economic

vilue of social costs of monopoly.

Vishwanathan Iyer
Conselting  Editor

Strategic Urban Development
Under Uncertainty

Flavia Cortelezzi®, Pierpaolo Giannoccolo™ and Giovammi Villapi®*

The aim of this paper is to anahze the equilibrivm strategies of hoo devely
i the real estate marker, when demands are asymmeiric, In parrticatar,
paper constders three key features of the veal estare markes. First, the eds
redeveloping o building ts, ar least partiolfy, irreversible. Second, the
fevels for differemt buildings vary stochastically over time. Third, dem
functions for space are imtereelated and may produce postiive or newa
externalities. Using the method of option pricing theory, the paper addre,
this issue at three levels. First, it models the invesiment decision of a firn
a preassigned feader as a dymamic stochastic game. Then, it solves for the o
cooperative case, and for the perfecily cooperative case, in which redevelopn
of an avea iy coordinaied benveen firms. Finalhy it amelvzes the efficie
ineficiemey of the equilibria of the game. I is found that i e firm ha
significantly large comparative advantage, the preemprive threar from the r
will he negligible. In this case, short burst and overbuilding phenomena,
predicted by Grenadier (1996), will accur only as a limiting case

Introduction

In recent years, it has become possible 1o observe new tendencies of tourish
Although in the past many major tourist destinations devoted a significant part of th
supply 10 the so-called mass tourism', which fundmmentally dnvolves a price comy
strategy, nowadays many mature fourist destinations  are considenng  specializing
tourismi. In fact, from mass lourism may emerge congestion problems that general
externalities 10 a specific area (i.c., the quality of the environment and tlie setting),
only lower the welfure level of residents, but slso affect negatively the 1ouris
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This is the case of the so-called second-gencration European mass tourism destinations, delinel
high tourist density, which have been develuping in the Mediterrunean region since the mid-
widcly accepied that these destintiony are in the stignation or pisl-abimenntion phase of Buller'y
20001) tosriarm product life eyele model, e, close s thelr maxinuin caryimg capacity level, und a
exhausiing their potential for wensts’ growth. Butles (1997) also links the concepl of carying cap
iden of sustwinoble developien



production function. In response to these problems orises the need 1o miplement o new
strategic planning which allows destinations 10 be rejuvenated or reoriented {Butler, 1980
il Agarwal, 1994). Proposals suggest aiming for higher quality services, for example, by
eliminating low-category hotels'residences and replacing them with higher category ones in
o i lower than one unit. In other words, urban planming becames one of the most critical
determinants of success of & warist destinstion, Transposing these 1wo aspects mio ihe real
estate market framework, we can summarize that the selection of the nowre of u tenant’s
business™ and the general mstes of tenants are the wo most impertant festures that characterize
anared, and consequently, the (reldevelopment decisions are influenced by the quality type
anil the general chamcienstics of the arca

Ihis paper 15 n contrsbution 1o the area of strategic urban planning and investment under
uncertamiy.  Real estate investments are ofien difficull 10 reverse, and  the tming  and
comsequences of investment in real estate market are key strtegic decisions both for
developers and residents. How should & competitive real estate developer decide berween
waiting in developing an aren and investing a1 once? How should he value the different
options? What are the impacts of the mix of building types on the developer’s investment
decistons and, consequently, on the urban planning?

The present paper atempts 0 provide an answer 1o the above questions. We begin our
onalysis observing that m o real estate market. comparntive advantages of fioms i real estate
vestment  are  differentiated by their  pricing  rother than cost  containment striepies,
Therefore, by using different inverse demand functions for firms in the model, comparative
advintages of firms and their effects on optimal tiing - equilibrium can be explicitly
exmmined. We develop a continuons time stochastic oligopoly model 10 anmalyze the sequence
of events which originates o new urban arcs and use @t 1o investigaie e imteraction of the
various forces which may delay or anticipate markets creation. We find the conditions that
may lead the ones or the others previil. Moreover, we molyze the perfectly cooperative
case, in which (rehdevelopment sctivity Is coordinated between firms, and use it 1o anilyee
the efficiency/inetficiency of the loplemented  sirtegles.,

ln our model, we consider the investment decision of 4 landlond intending 10 (rejdevelop
bis fraction of building i an srea. The investment will create o new wrban area (g 0 new
lourist destination), which can be interpreted as a new warket, and the developer will be
the marker pioneer, We assume, for simplicity, that the investment is in o single new project
and the investment expenditure is known ond fixed, bt once made it is ireversible. The
demand for space of each tenunt type considered has 1w essential Features, First, the rent
levels vary stochastivally over time, rellecting market conditions. Second, the demmnds for
space dre intermelied, The use of space by one tenunt may give nise o either positive or
negative extermalities for other tenants. A positive nteraction between tenant types  would
merease the landlord's denund for o “diversified mix” of tenants (e, o shopping cenier or

Hy the wom e ype, we refer noanly w e abvivds distinetion between the usual ¢lasses of tenants (1e..

live, retul, industreal, sesidentiall, but also w the more sibile features which distinguish ane space wer from
ani e

different tourist packages). Conversely, a negative extemality effect would vccur when
of space by one type of tenant impinges upon the efficiem use of space by anothe
of heavy industrial use with residential or commercial use would be such an exinmip
the developer must take ino account both the rent levels ond the interaction o
choosing s optimal  investmen policy.

We focus on two different economic settings. We first consider the case of a lindl
18 able w promote the development of a new srea. The developer, as the pionee
resulting market, may choose the timing of the investment withou hothenng  abc
potentinl entrants (or, o olher words, may act as @ pre-designated  leader) and
furthermore an extreme first-mover advantage which forces any subsequent entrant 1
the role of follower in the dynamic game'. The mtionale behind such modeling s
15 that there are many coonomic instances in which long-run  frst-mover  advaniog
naturally. The second cconomic selting we investigate s a siuation where two develog
both potentially invest and thus begin the development of o new area. MNeither firm
be absolutely sure to be the firsi to enter the markel, and strategic considerations
presumably play o significant role. This second modeling strategy s intended 10
competitive  siwation  characterized by inferior markel pioneering  advaniages.

The general methodology adopted in the paper is that of stochastic stopping i
(Dutts and Rustiching, 1991), whlst our bosic assumptions can be contrasted  will
Sweeney (1974, Smes (1991), Williams (1991), Dixit and Pindyck (1994}, Girenmdie
Offaberty (1996), Glaeser and Gyourko (2001), Irwin ond Bockstael (2004), and P
(2008},

Concerning the arca of uban planning, the role of the quality type of the neigh
been fimst stadied by the Allening housing morket models, which deal with the den
process that modifies the house quality through time, These models define o ho
commaodity, having distnet physical charactenstics and  subject to urban amenitic
choracterisuics - distinguish cach property  from the other According 10 these mo
decision o mainlain o house i is ongingl quality depends on the companson of
construction costs and maintenance cosis. The deterjoration process can be stoppe
house is properly maimtined. IF @t s not, it fillers down through the price-quality
(see Sweeney, 1974 and Ofaherty, 1996), Moreover, the properties’ price’ iz also w
by the quality of the arca sround the building, s location and the dilferent arban
that can be sccessed such s beaches, parks, shopping molls, milways, undergroom
and employment centers. As propertics are normally fixed in spuce, their physical char

Advernarrvely, wean be argaed thot under uncenasisty larger linns have relative advantoge m makng co
credibly and are inclinad 1o move first, whiale smaller fioms prefer to move second (see. ¢, Ha
1998 With firms of different size, il seems therefore reasonable 1o model the outcome of olig
Stackelberg equilibriwm,

Raowen (1974) descnbes the housing market as o hodome morkel. Becuise each hiuse price comes
thed package of cleracienstics, the singulin price of cacl chomeenistic s no observable. In die o
hedomie regression links the propenty price o its sttibutes. The estimated attnibutes coellicients un
their hedonic prices.



and location atnbutes are inscparable. Glaeser and Gyourko (2000) trnslate the  spatiol
parter for the decision o rebuld as g spatial pattern Tor the decision nol o maintsmn g house,

once it has reached the nunimam quality accepted by the markel. That would add u locations
component o the Glienng models, bringmg together the logie of bwh wban econvmy  and
hoosing market models (see also Polo e ol 2008) Using parcel dma on residential land
comversion, Irwin and Bockstael (2004) mvestigate how land use extemalitics influence the
rate uf development and modily policies designed o monage urban growth and presdrve open

ij'li! ce.

Furthermore, conceming  the  investment under  oneertmnty  lemmre,  Willlams  (1991)
focuses on the distinguishing features of o real estte marker and develops a model of
strtegic interactions between developers. These features are summarized i the  following:
(11 Esch real asset prmduces goods or services  that consumers demand with a finite
elasticity; (20 The rate at which assets can be developed s limited by developers capacity;
(3 The supply of undeveloped assets s lmted, and (4) The ownership of undeveloped
asseis can be  monopoliste, oligopolistic o competitive.  The  significance of  these
properties results in the oplimal exercise policy and in the morket values of real csiate
versus [nancial assets gnd derives on equilibrivm. set ol exercise strilegies for real estate
developers, where equilibrium development is symmetric amd simulaneous. He makes o new
methodological poimt in the real option [nemture applied w0 the real estate market, In
contrast 1o the standard Ineraee, Willmms adennifies a regon of opiimal exercise, replacing
the single point of optumal exercise in all previous models of real options. Grenadier (1996}
wses o duopolistic game theoretie approach 1o options exervise o explun how  irtional
overbuldimg was induced by apd development cascades moa volatile markel, Developers
are chamctenzed by two symmetne demands and they are adifTerenmt as 10 who will ke
the mole of a leader andior a follower; fearmy the preemplion by competitors, proceed into
o morkel equilibrivm in which ol development occurs during o market  downturm. He
identifies the causes of periods of irrational overbuilding i the wiemction between the Tear
of  preemption  and  the tome w0 build. Compoared w0 Wilhams, in Grenadier’s model,
equilibrium development may  arise  endogenously as  either simultancous  or  sequential.
Although us Inemiure has made o great step towards o better understunding of  mvesument
decisions, the comtrbution of the real oplion literature w0 the understanding of the  neal
catute market is sl limired.

The paper is onzamizd s follows: It bs devoted W the setup of the model, and the
specification will serve for the subsequent analysis, The amalysis s perfonved with relerence
1w o duopolistie market im0 which ihe leader 18 preassigned, Le, it enjoys an extreme first-mover
advaniage (which allows 1he ploneer w0 dominate the market) 5 considered. Afler denving the
value of pursuimg both the leader amdl the [ollower swategy, s’ investiment behavior is
derived. The paper presents the case of competition withoul preemption, je., a more limited
effect wm favor of the first entromt (with pioneer and follower competing under the  saine
conditions) s analyzed, and subsequently provides the analysis of o cooperative solution that

u_v.lll b used 1o identify ihe efficiency/inefficiency of the variows markel structures
Finally, the conclusion is offered,

Real Estate Market Development

I this section, we present and analyze in some detail the senip

: : ol & simple con
model of ireeversible invesiment 1o beier

. understand the implications of the real o
described above. Let us consider two real estule developers, denoted by + = 1, ¢
I.'cspumn':ly a froction woand 1 — w of buildings in a town® thus the total numb::r

15 nommalized w 1. Both owners have the apportunity o redevelop their propertic
superior buildings or change their final destination. In s case, they can cam
;.grcmur reniels, Thus, esch owner holds an opien o develop, We n.'&sl.l.trllu Lo be
P, the one who first exercises his development option, and F 10 be the lli.';”l:lwﬂ‘
o develop has an exercise price equal 1o £ the cost of construchion assumed (o h
b.-uth firms, Maorcover, 1o keep maners ag simple a3 possible,
tme and (rejdevelopment has no operating cost”. nitinlly,

r=Rw

we assume that /s o
building rents, § . are

=

Er r‘-ﬁ{l—w}

e, the medimm rem weighted by the market shiare of each developer. The exe
development option will resull in
building owner. The leader, L, Pays an inital construction cost and loses current

the existing buildings. New buildings vield potemially higher rental rate, necon
tverse demand funciion, a5 Follows:

fepercussion on the oplion exerciser as well

R= 8- o
whose corresponding profit function is therelore:
k1 =[ﬂ, —mr] W
It represents the leader’s profits for new/redeveloped buildings, where & = 0

own quantity effects. We assume that the demand parameter
motion,

repl
# follows the peometric

dil =8 pedt+8 o dew

where it < ¢ s the instantaneous expected growth rte of the market®
varianee and o is an imerement of & Wiener process. Thus, o

& = 0 5 the ins
is distnbuted aceo

N

In what follows, 1o simphify the analysis, we assume =

B |

Lintike Fawling and Kot {2008), there are no

s o usymmeInes between the two developers 1o keey

This formulation s charmcienzed b
redevelopiment activity occurs,

The restriction ensures that there is a sl

¥ evalving uncertwinty that comes from the demand sid

e appurunity cost b holding the option fa redevelig




porma) distribution with zero mean and varionce ot It follows that the marker demand curve
is subject 1o sgeregate shocks so that the developer knows current demand conditions bul
canmd predict future changes. This option exercise also affects the forunes of the follower.
The competitor’s construction of an improved building can either improve or Jessen  the
demand for the existing building and his - profit becomes:

mr=Re+pwil=w)

where 4 represents the one-way cffeet of the leader’s investiment on the follower’s profit®, It
can be the effect of shops, where a ditfferent mix of shops i 4 borough permits comvenient
shopping for customers and also mereases the rents of houses,

Let us now consider the wpact of ihe follower's exercise of the development option on
both ewners, The follower pays the cost of consiruction, loses current renl, and  beging
receiving rents on the mew (or improved) buildings. The leader s also affected by the
follower's mvestment because he can now profit from the interrelatons of enant ypes. Afler
the follower has invesied. the. profit functions will be:

Ry =[H - l_'ll'mu Jhe w(l= w)

Ay = [Ea' ~ull- 'll']] (1= w ey ()il =w)

where & and & imdicate the interrelaions among developers, Negative & (F = 1, 2) denotes,
for example, the case of renont types which interact unfavorably, c.g., a mix of heavy industrial
use with residential or commercinl use. In this contest, the two developers are assumed 1o serve
the same geographical market. They can, for example, develop residential projects on two land
prrcel within o local markel. This will make strategic competiton between the two developers
more  meaningful and  relevam™

Value Funetions

The value of the mvestment options: for the leader, L, and follower, F, 15 denved i this section,
tking o consideration their profit funcions, As usunl in dynomic games, the game 15 solved
bockwards in o dynomic progrommng  {ashion,

The Follower's Problem: Let us first value the payvoll of beng o follower, denoted by FT8h.
It has three different components holding over differemnt mnges of & The fiest, F (8, describes
the value of investment before (e leader hos fnvested; the existing space yiclds a profit R,

S . i R
per unit of tme and s present discounted value 15 =~ . Morcover, the follower holds the
.

opion 1o redevelop the existing space for the new one, conditional to the leader having

Positive o denoles enant types which moeracy (avorably, i con also be negauive. In this case, 1 denotes tenming
type which imeracts unfivorbly. In both cases, g must be lorge enough 1o ensure positive .

Witlirind wpinsingg hese local market and spanial consulerutions, for exmnple, i o case where developers ang
mvislvel in develuping an industry and an office i owo differemt eities, the strtegic interacthme berween e
wn devebopens could be remote, if decisions of any one of the developers will ever affeat the enty or exit of
s campetitir,

already twvested. The option to invest should be valued accordingly. Let us then as
the lesder has already redeveloped his propenty, and the follower has now o c
redevelopment strategy 1o maximize his options value, This is the second region, |
value of the follower can be charscterized as a portfolio containing the existing

= L
yielding o profit B, +y H—}}l] per unil of time and o present disconnted value of -
plus an option 1o exchange the existing properties with the sew one. Fmally, in
region, Fi6), paying un irreversible adoption cost f, the ollower can redevelop hi

and obiin an instantanecous profil Ilb'—u H:I][_%:Ir £y H—i], with a present discounted

afl) &y — @
[ﬁ {Ja']"__' ., Let us first denve the second and the third region. In order 1o

follower’s optimml investment rule, notice that at each point in tume the follower
invest, and take the terminstion payoflf, or can wuil for sn nfinitesimal tme oF ond
the decision, The payofl of the second strategy consists of the profit flow during 1
dr plus the expected discounted capial gain. Denoting by F, (6 the option value
the Bellman equation of the problem is:

i
Fy (8)= Max E’—”L{L}. L E[r 0+ do0)]
r I+ wufe

where £ denotes the expectation operator
Prior o investment the firm holds the opportamity 1o mvest. 1t receives a p
Roenlt) ) o i : o
— 40, bt o omay experience o capilal gain or loss on the value of this opt
¥

Henee, i the cominuation region, e, the RUS of Equation (2), the Bellman equatis

villue of the investment opportunity, F (8, is given by:

Fi
rby it = E (dF )

Exponding oF, , using lo’s lemma, we can write:
dFy, = F7,(6) :m% Frla)dof

Substtuing from Equinion (1), we can wrte:

E (4F,,)=n0F, [HLIH% o057, (0)di

Adter some simple substiutions, the Bellman equation emails the following se
differential  equistion:



%ul.'}F;',l_Hh al by @) =rf, =0 A6}

From Equation (11, it can be seen that if # ever goes 1o zero it stuys there forever. Therefore,
the option to vest has no value when & = 1k F_ (8 must satisly the following boundary
condition:

Fylo)=0 i)
The general solution for the differentiol Equation (6) s,
Fel0)= 8,07+ 8.6" A8)

where = | oand 4 < 0 are respectively the positive snd the negative root of the Tundamental

charscteristic equation’! Olz)=4tc z(z 1)+ gz=r, and B, and B, are unknown constants to

be  determined.
Imposing the boundary condition (71 the value of the option o mvest 15

K \0)=8,¢" A9)

R, vl < ?
o the option value of waiting 15 F'I:HF—HUJ: B 07 The first pant of F(th is the
r

expected value of the firm iF the frm wonld never fnvest and the second part is the option
value to invest derived above. The value in the frst region is derived i the same way. The
value of the option ta invest is F,, = 860" and the expected value of the firm i it would never

R y R . .
pwest 15 —— . Summing up these two components gives )= ""-; + B, 0" that is the option
v
valug of waiting in the first regon,

We next consider the value of the firm in the stopping region, m which the value of ¢
is such that it is optimal to iwest at once. This 15 the thind region, F (8 . Since investment
i5 irmeversible, the value of the agent in the stopping region is given by the expected value
alone with no option value terms. The value of the follower adopting the new lechnology s
given by the following expression:

w0-e] ([o-a (&) (4)-o(3))e -1 3)

that is,

FJIN_M;[ ] ;[ ] (1)

)

Sev Dixnet and Prodyek (194 pp. 142-143, Tor detads

The boundary between the continuation region and the slopping region is @i

ngger point @ of the stochastic process such thal cominued deluy s optimal for &

immediale investment is optimal for 8 = . The optimal stopping time 15 then defi

first time that the stochastic process @ hits the interval (&, =) from below. Puwr
the three regions gives the follower's value function, Fi#):

Flf)={——=

Following Dixit and Pindyek (19941, the value matching and smooll pasting
are used 1o determine the critical value describing the boundary between the contin
stopping regions, along with the unknown coefficient 8. This condition require
componenis of the follower’s value function 10 meet smoothly ai #, with
dervatives, which together with the value matching condition implics:

Solving the above system, we con compute the value of the unknown 8 ond 1
trigger point 8

aﬁl%]r—l.u-é- &

o B ool o)

Iods imporant to pote that the opimal tngger poit 8 s nol influens
complementanty of developmens (& and ),

Propuesition  1: Conditional on the leader hoving  vedeveloped  hix  properti
optimal follower strategy i5 fo dovesi dhe fiese moment thar 8 egualy or evee
wiggrer value 8. ax defined i Egwarton (141 Thar s, the aptimal emtey time

follower, T, can be written ax:



f
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5.
2 e, |

Ty =inf l120:02 Ar=p ‘ 15)

The value of the unknown constan & ds found by considering the mpact of the leader's
investment oin the payoll 1o the follower. When @ s st reached. the leader invests and
the follower’s payoll is allered cither positively or negatively, Since the value (unetions ane
forward-looking, F(#) anticipates the effect of the leaders vetion and must therefore meet
Fith a8, Hence. o value matchimg condiion bolds ul this point; however there is no
oplimality on the pari of the follower, and s0 no corresponding smooth pasting condition.
This mplics that:

n I
g Rr'”f{
% ¢ b',,ul"=——‘_—-'l—"+ﬂ,fi,"

qO

ll UL g
LY LI Y.
7 i 18]

Note thal @ s independent of the poimt at which the leader nvests: given that the firm
invests second, the precise location af the leader's trigeer point is imelevant. However, it is
inversely related to the magnitude of the spillover caused by the leader mvestment. The effiect

ap

of uncertainty 5 standard from the real option theory. Since E—:-u o preater uncertamty
o

induces an higher trgger value. By simple substittion, the value of being the follower is thus
given by the followmg expression:

= R
5 (e g e
N

Flo)= [R ’[r_‘, ]h: +[%]r_|ﬂé ;}.[;’] velo o)
5 o

The Leader's Prablem: The value of the leader, denoted by Lith, can be expressed as

o

"(2)

1 I
Lld)= [; :-[I}Em“ﬁ"-l%]f velo,. o,

+ By, 07 o<,

l @ _l_]ﬂ_ 1) a l 2y
[Z r'--,ufld-_ r [-l_." ["]‘I 020

where & and 8 are the cocflicients of the option value 1o nwvest, St
Equation (18} one can observe that when B ds ficst reached, the follower inves
leader's expected flow payofl is alered, Since value functions are forward-lool
anticipates the effect of the follower's sction and must therefore meel Lath a6
value matching condition holds at this point; however there is o optimality on
the leader, and so no comesponding smooth pasting condition, This implics:

Bz ne - D)2

that  gives

e o
(5] 2o

The usual value matching and  smootl pasting conditions w the  optimally-
determine the other unknown  variables:

1\ R s (1) & [(Na g (1
[E]-J'-'.*H“IH _{E]r—y_[z]r+ﬂ“ﬂ _["’.:.]JI

o i
PBa0" =[5

]Lhﬁvﬂ”ﬂﬂ-l
r=p

Solving the sysiem, we can compute the value of the unknown &, ond the opti
point &

Similar 1o the optimal trigger point &, ¢ is nol influenced by the complenn
developments (&, und ).



Froposition 2: Cemdittonal on moles evogenoesly assigeed, the optimal leader strategy
is to redevelap his properties the fiese ottt 8 equls or evevedy B Irigger
value 8, ay difimed in Eguatian (200, That is, the apiiml entry time of the leader, T,
corr be written as;

e I
Tp=imf 20y = %T{hlila n-!} A22)

Putting 1ogether the three regions denved above by simple substitution we are able
write the leader’s valee function:

Il

guwll-w] [,I.-“][E] <0,

(&)
]E_L[f.r-[ﬂ.r 0<lo,.0.

w(23)
ﬂ_[l].‘.‘._[l]; 020,
r 4] \2

l
()= []?J.H_p [
e

In short, Propostiions | oand 2 deline respectively the optimal entry time of the leader and
the follower. It s wonh noncing that the optimal enry timing of the follower 15 positively
affected by the interaction effect g ond negatively alfected by &, Furthermore, in order 1o have
o= 6 i s be dhat

[

i.e., the interaction efifect of g has 1o be higher than that of £, In this case, & unigue sequential
equilibrinm exists. Oiherwise, an nvestment caseade might ocour.

Equilibrinm with Preemption

Let us mow assume that the role of the leader and that of the follower are determined
endogenously. As before, let us sssume that one fiom (the preempior) imvests stricily before
the other. The follower's value funétion and his trigger point are the same as for the model
without preemption (see Equation 14). The leader’s value funetion is as described i the
previous section. However, without the ability w0 precommit to g defined invesiment strategy
at the beginming of the game, the leader’s investment tnigger comot be derived as the solution
to o single-agent optimization problem. This means the leader can no longer choose ns
mvestiment point optimally, as il the roles were preassigned. Instead, the first fiom 0 invest
dises 50 at the point at which it prefers to lead ruther than fallow, Hence, the imvestment point,
denoted i what follows 7, s defined by the indifference between leading and following as
follows:

V(o) 1= Feli)

Praposition 3: 1f & =8 = 0 then o wmigue endogenons equilibeinn antcomne
thowith the following  propersies:

Vi tth—1f< Fith lor & < 8,

Volth—1=F(th lor =0

Foith-1=Fith for B, < t< g

VoA - = F(®  for 0= 8,

Proof: Let ws define the function M = Ligh — Fifh, describing the gain of
where Lith 15 conditional on the “preempior’ baving invested, and F (4 is the

af the I'utluu:r By using Equations (18] and (9), we gel

First, we establish the existence of a ool for M@ in the fnterval i, &) E

] M . Similarly, evaluating

# = 0 yields A{0)= [

vields Ale, ]=[%] !ﬂlﬁi‘ e,
’ P

ME =00 g -5, )=0

Therefore, A(f) must have at least one root in the interval (0, @) Fi

algebraic  manipulation  yields ﬂ{“}[ }‘—-“'ﬂ and  limg,, A0) -
= !

[[ ]ﬁh—‘[ ]‘—H}]{t’ 2o &, 20 To prove uniquencss, one mer

demonsirate stnet coneavity (convexity) over the mmterval, Differentiating A{fh 1w

tiralg-itfge L __1 A
alg)=1p ”[ﬁb. 7 H-‘—H}f";][;:] 200 # Z 4" Thus, the ot is

S o wrder to singilify nodstion, kel us deline 4..{% i _‘ c;



Proposition £: ff & - & < Wand & > O then V) - 1 < Fifh for aff 8 < o An
anleeeninty uqr:.lf.‘hifm!.r oo dfoes e exist o the iervad O, i),

Proposithon 52 0f & — & < 0 amd & < 0, then,
a A M < 0 then an endogenony equilibrinm does e exis;:

b 0f MO*) = 0 dhen a unigie endogenons equifibeivm 8% & (0, 8) exists with the
folfawing  propieriics:

VA — 1< F ) for 6<%
Fith — 1= Fid) for &= g
Vith -4 = F i for @2 1< ¢
VA - 1= F () for &= ¢,

o HCAME* ) S0 Hien two equilibrli O and @& (0 B evist with the folfowing
R

iy~ 1 < Fig) for < 08,

Fid) - = F (i lor o= 8%
Fid)y - > Fqa) for 8% < @< 08,
FAt == Fam for 8= 43,

Vig - 1 < Fith for 88, < §< d
i - 1= F i for & = o

Prool: Let us define the function AL = Lty - Fid), describing the gain of preemption,
where £ (61 15 conditional on the *preemplor’ having invested, and Fidy is the opion value
of the follower. By wsing Equations (18) and (9), we gl

o422

D53 d) e

E’Mﬂ“l ) U[;_;-* 26)

F= E ¢ i,

First, we establish the existence of o rool for A e the interval (0, ) By

<. Similarly, evaluating

= (Y]f
= 0 yields .-illu]-——[&_l:—_'-[%]’-{n ;[: ]][2]‘“
vields Ald, ]:[Hh‘—rﬂ i.c.,

M) <ir{e, —g)<0

Finully,

—

. : | p I
some  algebraic  manipulation  yields .Hul-_{ i ] :
2 F-—p

1

limyg g, .‘}.{HF:[—} i— '[[%]'ﬁf'%_[%]:{;ﬂ*']'“ﬂ':'l 20 & =)

unigueness, one merely needs 10 demonstrate Sirict coneavity (convexity) over 1l

- -2
I I [

i  ANE)=Lp -1 — e —'
Differentiating A(6) twice yields: A'(6) =2 }[I L W4 ;J[M !
casy o prove tha:

s Mg > 0 then lim, o A@) >0 and ir < A then A"(#)= 0

this fmiplics 1l
cquilibrium  does ot exist;

i
IM & = 0 then lim, ay, ME) =0 and ir B = A then AYet)<0: ahis implies ol
equilibrium does not exist

« U & < 0 then lim,_,, Alt) <0 and Ma)covelng ). det
8% = arg max M#) we gel that 1 MER) < 0 then on endugenons equiliboum
not exist; i A@*) = O then a unigue  endo

genous cquibbnium 02 = (0
exists; and finally it A(@*) > 0 then there exist two endogenous equilibna @2
€l &) QED,

Propositions 3, 4 and 5 show the effect of an merrelated deniind for space. The
real aption effect is that the first investor's Irigger point 8 i greater han the strntegi
. due 0 uncenainty and irreversibility (sce Propositions 3 and by We can find 1
tesull in Grenadier (1996), He concludes that in this case i would be optimal for 1y
lo take a preemplive move o reap higher payolT. as o consequence a shor b
overbuilding phenomena might oceur, However, introducing asymmetric domands it
Grenadier {1996) will aecur unly a5 a limiting case. In fact Propositions 4, i and S¢
coses ot considered i Grenadiers model tha reduces his findings 1w a2 panjcul
Specifically, in Propositions 4 and 5a conditions for nonexistence of equilibria are

This means tht there is o stromg incentive 1o follow mither than

i lead. Moreover, P
Jo exploiis the mome of asememeies aalies 2 b



cquilibria oF o nonesistence of equilibrin. 1 s worth noticing that i ¢ = & 0 is always beller
W juvest,

Cooperative Solution

This section analyzes the eooperative solution, i which the agems” investiment Ligyer purinits
are chosen o maximize the sum of their two value fumetions. The obgective 15 o provide o
benchmark 0 adentify  inelficiencies.

Let us examine the case i which investment is sequential. Two wigger points, &, and &,
are chosen 1w maxmuize the sum of the leader’s and follower's value funetions, denoted by
© (L Using the same sieps as befores iois given by

E- v i, 0" 4 B i<,
Cp L elt)= ! l ]] I ‘ l ]_ l ] _[%l’ + 8,0" HE{H:A.-“:H .
r—_u l-l 1 r'_rrlz][t‘%ﬂ L -

whisre B, = 0, 1. 2. 3 are constonts. The cooperative trigger points are determined by the
vilue matiching and smooth pasting conditions st both points. Solving the system, we gel the
leader pger and the follower wrigger ponts, o, and ¢, respectively, given byl

e

=r’j,ti_l%]'?7_l_%]_-! [ ][‘ ”-1

+ (8, 8 )0" :

||'l I . e
-.:Jrn;i . r=p

thy = -ﬁff:—]"“[ l ]f.-

—la+rd- l ]l.ri+h]~ A2

. H””.li Fl H|“ﬂ 3

.

! +1l .L_Hl]i,al.-u'f_lllhﬁm“
g

’=g

y.,_-[ "1[ ]1::[ ]m']

Equations (29) and (30) identify the wigger values of the leader and the follower,
are affected by the imernction effect and extermmalities, Lei us now analyre melficienc
may anse m o ithe non-cooperative  equilibna by companng  Equations (29} amd
Equations (20) and (14). Two main results arise:

1. By maximizing the sum of the two volue functions, the cooperative leader 18
into account the role of the imeraction effect (). In particular, in presence o
pasitive (negative) imteraction effect, the non-coopertive leader starts 1o diw
oo late {early) with respect o the optimum e, < (= A

e

By maximizing the sum ol the two value funclions, the cooperative Fallower
only is positively affected by the interaction effect § and negatively affecied
£, but is also negatively affecied by the effect that the leader suffers when t
develop, In particular, i the presence of negative (positive) extemalities, the n
cooperitive follower stants 10 develop too early (late) with respect 10 the opim
(#, = (=) &)

Summarizing, the presence of nteraction effects and externalities’ infMuences e tin
irepdevelopment doving the individual choices 10 no optimal - equilibnin, In particul
absence of cooperation implies that the agents anticipate or delay the optimal cntry 1
these cases, un important role for the contral authority arises and it is possible 1o |
oplimal decisions that move the macket into a Parcto-optimum level, The first best
for the centrul awthoniy is 1o coordinate the ndividual decisions and ceach the ptinu
time for all developers {¢.g. by coordinating and programming a vist redevelmpm
exindustrial area, or by changing o mass tourist orea into s specialized oneh. In this
i possible 1o wke imo account the rale of the internction effects and intemalize the p
extemalities thal arise when developers operate in the sume area. When a direct control
developers” decisions is not possible, it is possible to identify some secomd best pulici
help the agents w come close to the optimal level, In gencral, these policics that o
implemented  may  have direct and indireet effects. Direet policy effects influem
developers’ decisions by directly influencing either the costs or relums 1o developmen
by constrning  land  wse choices and improving  the level of public service

infrastructures in the anca). These policies, referring 1w the model, act directly on the |
af the develapers.

Funthermore, there are the indirect poliey effects which influgnce the extermalitic
neighbors and so, indirectly, the development value of the Ll These policies, refer
the model. aet on g £ ond, indirectly, on the payoils of the developers.

Mote that the aptimum s relafive o the coaperative beachmark, In this analyse we di sol cons
comsinmer wiel e ssmeirts ol the mnahlom



Conclusion

Although the real options lierare hus made a great step towards @ better understanding of
iivestmient decisions, the comebution of the real option literature 1o the understunding of the
reul estate market is sl limited. Williams (1991) and Grenadier (19%0) were among few
rescarchers who introduced this methodology in real este applications. However, i these
models, firms are assumed to be identical and products are homogeneons. This symmetne

assumption restricts the application of such models only to selected cases,

In this paper, we relax the symmemie hypothesis and analyze the equilibmem  strategies ol
wo developers in the real estate market, when demmds are asymmetric. We herefore exiend
the stndard “real option’ analysis 10 @ setting where there are general strategic  mleractions
between agents. I particolar, we assumie demand  Tunclions for space are interrelated and may
produce either positive or negative extemaliies. In symmetne demand  mdels, - equilibrivm
stralegies cither sequentinl or simultaneous, ure driven lorgely by the action of 4 comparitvely
strong leader. This resull becomes & special case when we analyze an asymmetric densnd. We
have shown that if the follower's comparative disadvantage s much weaker than its competilor,
then the follower will prefer 10 wait. Moreover, when one finm his o sigmficontly lange
comparmtive advamage, the preempiive threal from the rival will be nephgible.

Furthermore, we idemified the regons of porameter values m which an overbuilding
sctivity  with  cascading investment or @ shuggish activity might oecur and - showed  that
overbuilding phenomena as predicted by Grenadier (1996) will occur only as o limiting cose
gl waiting strotegies are optimal when the compartive sirengths between firms are siall;
firmis will prefer 1o wan for its competitor o take the first move when the marken is volatile.

Finally, we omlyee the cooperative solution in which the agents’ investiment irigger pomies
are chosen o masimize the sum of their two value functions, Comparing the ngger values of
both firms in ease of cooperation, we can amlyee the inelliciencies that arise i the
non-cooperative equilibrium. We find that, without cooperation, the leader does ol take it
accomnt the presence of the internction effect () and amiciputes (delays) the optumal eniry time
when i > 0 (g < 0} ond the follower does not ke into aceount the presence of complementarity
wothe leader’s value function when both develop (£) and anticipates (delays) the decision 1o
ineidevelop when & = 0 (& = 00 D this case the presence of o central authority that coordinates
the development decisions of the agents can avosd an imutional  athan planning  either
imemalizing the externalities or considening the role of the merction effects, Even il o direct
comtrol of the developers decisions s not possible, it is possible o idennily some second best
policies that help the agents 1w come close 1o the optmwl level by nfluencing the payofls
dircetly or. by implementing indirect policy effects: which milsence noand & indirectly.

Several extensions in improving  (he  theoretical  framework can be explored m future
research. First, we can analyee o microfoundation of the model and analyze its empincal
implementation. Second the duopoly  game theoretie Tramework can be extended 1w include
wwlti-plver dymumic game. Fually, ssynumetric equilibriom stsitegies cun be analyzed inoan
meomplete  information framework tking il considenstion the asymmetnies ol firms, %
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