ARCHIVIO ISTITUZIONALE
ONIVERSITA DI BOLOGNA DELLA RICERCA

Alma Mater Studiorum Universita di Bologna
Archivio istituzionale della ricerca

Asset prices in segmented and integrated markets

This is the final peer-reviewed author’s accepted manuscript (postprint) of the following publication:

Published Version:

Guasoni P, Wong KC (2020). Asset prices in segmented and integrated markets. FINANCE AND
STOCHASTICS, 24(4 (October)), 939-980 [10.1007/s00780-020-00433-4].

Availability:
This version is available at: https://hdl.handle.net/11585/855944 since: 2022-02-11
Published:

DOI: http://doi.org/10.1007/s00780-020-00433-4

Terms of use:

Some rights reserved. The terms and conditions for the reuse of this version of the manuscript are
specified in the publishing policy. For all terms of use and more information see the publisher's website.

This item was downloaded from IRIS Universita di Bologna (https://cris.unibo.it/).
When citing, please refer to the published version.

(Article begins on next page)

16 August 2024


http://doi.org/10.1007/s00780-020-00433-4
https://hdl.handle.net/11585/855944

Asset Prices in Segmented and Integrated Markets

Paolo Guasoni - Kwok Chuen Wong

Received: date / Accepted: date
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1 Introduction

When investors gain access to a new asset class, diversification benefits loom
large. Past price observations, from an era when the new asset class was un-
available to the new investors, suggest both significant risk premia and modest
correlations with existing asset classes. Yet, as the new investors adjust their
portfolios, they find that correlations have increased, largely reducing the pu-
tative diversification gains. International equities [41, 27], emerging markets
[6], and commodity futures [46] offer recent examples of this phenomenon.

More broadly, the central problem is to understand how the integration of
two markets affects the welfare of their participants, how such benefits — if any
— are shared, and how integration changes the levels and dynamics of prices.
To answer these questions, it is necessary to understand markets’ equilibria
both in the regime of segmentation — when in one market assets are available
only to that market’s investors — and in integration, when any investor can
trade any asset.

This paper examines a general equilibrium model with two regions, each of
them endowed with its own asset, and finds explicitly the two assets’ dynamics
and their implied welfare in both the segmentation and integration regimes.
It also identifies the terms of sharing under which investors in both markets
would agree to integration. Similar to the familiar Lucas Jr [32] tree, both
regions have infinitely lived representative investors with the same isoelastic
preferences. Outputs in the two regions have uncorrelated short-term fluctu-
ations, but remain cointegrated, their shares oscillating around fractions that
represent the markets’ long-term relative sizes. The growth of total consump-
tion has constant mean and volatility.

Prima facie, the model has contrasting implications for prices and welfare:
integration increases welfare in both markets but, on average, it decreases as-
set prices — investors are happier, but poorer. Counterintuitive at first, this
phenomenon stems from the change in consumption dynamics from segmenta-
tion to integration. In segmentation, consumption shocks are undiversifiable,
and agents have no choice but to bid up the domestic asset in an effort to
secure future consumption. In integration, however, agents can spread their
wealth between domestic and foreign assets, thereby reducing consumption
shocks, and in turn reducing the pressure to buy each of them. Thus, the loss
of wealth from lower asset prices is more than compensated by the availability
of a smoother consumption stream.

In the international asset pricing literature, the market segmentation hy-
pothesis stipulates that integration increases the price of an asset by making
it available to a larger pool of investors, and decreases its subsequent expected
return by reducing its equilibrium risk premium.' In a similar vein, Merton’s

1 As Foerster and Karolyi [26] surmise, “International asset pricing models suggest that
when investors realize that barriers to investments are to be removed, expected returns
should decrease as prices are bid up on the expectation of the removal of these barriers.”
For partial equilibrium models of international asset pricing, see also Solnik [42, 43], Stulz
[44, 45], Adler and Dumas [2].
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[36] investor recognition hypothesis prescribes that an asset that is recognized
(i.e., held or traded) by more investors has a lower expected return than an-
other one, with the same exposures to risk factors, but recognized by fewer
investors.

Our results are consistent with these hypotheses when a small market be-
comes integrated in a much larger one, but the model also uncovers new in-
teractions that arise when the two markets have comparable size, potentially
reversing these conclusions. While market integration brings new buyers for
the domestic asset, i.e. capital inflows, it also leads domestic investors to buy
foreign assets — capital outflows — which make the effect of flows ambiguous.

In segmentation, price-dividend ratios increase with the dividend share
while decreasing in integration. In an integrated market, a smaller dividend
share means a lower correlation between dividends and consumption growth,
which implies a higher diversification value [16]. In segmentation, however, the
dividend is the consumption, and a higher share increases demand for assets
in the attempt to smooth consumption over time. As the supply of stock is
fixed, in equilibrium such higher demand is reflected in increased stock prices.

Correlation between asset returns has also subtle properties. Only with
logarithmic preferences it is true that uncorrelated dividend fluctuations imply
uncorrelated returns.? With higher risk aversion, returns correlation is negative
in segmentation and positive in integration. The latter effect has a natural
interpretation as price-pressure from rebalancing:® when one asset gains value,
its portfolio weight increases, spurring investors to sell it, to buy the other
asset. In equilibrium, rebalancing is impossible, and prices adjust by moving
together.

Negative correlation in segmentation arises from a more complex mecha-
nism: Price correlation is the sum of correlation between dividends and price-
dividend ratios and between the two price-dividend ratios (cf. (5.1) below). In
both segmentation and integration, as the price-consumption ratio increases
with that market’s share and the shares add to one, the two assets’ price-
consumption ratios must be negatively correlated. In segmentation, where
consumption and dividends coincide, this is the main determinant of return
correlation, while in integration it is compensated by rebalancing effects. Be-
cause our model documents a shift — and even reversal — in correlation from
the segmentation to the integration regime, it offers a rational explanation
of this phenomenon as the equilibrium response to the removal of investment
barriers.

Welfare implications are more forthright. Integration increases welfare for
investors in both markets, regardless of their share. At the same time, aggre-
gate wealth (i.e. the total value of both assets) also declines. The intuition is

2 It is trivial to obtain uncorrelated returns with power utility by considering two seg-
mented markets with independent Lucas trees. However, in such a model one market even-
tually overtakes the other, violating cointegration.

3 With logarithmic preferences, see the integrated market of Cochrane et al. [16] and
the partially integrated markets of Pavlova and Rigobon [38], Bhamra et al. [7]. For power
utility, see Martin [33].
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that, in segmentation, each asset has a domestic monopoly on consumption —
in apple country, owning apple trees is the only way to eat. But in a country
with apples and oranges (assumed to be perfect substitutes in this metaphor)
one can buy both fruits, neither of them is a perfect consumption hedge, and
consumption — a mixture of both — is overall less volatile over time.

Unanticipated, exogenous integration increases welfare for both markets,
but it also changes the share of wealth that original investors own in the inte-
grated market. Wealth shares implied by exogenous integration are weighted
averages of the current and the long-term dividend shares, as prices reflect the
reversion of future dividend shares to their means.

Endogenous integration, which would require the agreement of both in-
vestors while allowing for one-off transfers, needs to ensure that neither party
is worse off. We determine the range of post-integration shares of wealth that
are acceptable to both investors: In normal times (when consumption shares
are close to their long-term means) the integration range is a narrow interval
around the exogenous integration point. In times of stress, when one consump-
tion share is abnormally low (hence the other is abnormally high), the interval
widens for both investors, but especially for the one in distress, who is com-
pelled to accept integration even for a wealth-share well below its exogenous
level.

The rest of the article is organized as follows. Section 2 discusses in detail
the relation of the paper with the literature. Section 3 describes the model, its
main assumptions, and defines segmented and integrated equilibria. Section 4
states the main results: asset price dynamics, their correlation, and implied
welfare in both regimes. Section 5 discusses the implications of market inte-
gration for price levels, excess returns, interest rates, correlation, and welfare,
as well as the sharing ranges for endogenous integration. Section 6 discusses
the effect of heterogenous preferences. Concluding remarks are in section 7.
All proofs are in the Appendix.

2 Literature review

The results in this paper are related to several strands of literature. Our model
of an integrated market is closest to the one of Menzly et al. [35]: assuming
that consumption is a geometric Brownian motion and dividend shares fol-
low multivariate mean-reverting process, they find linear approximations for
asset prices in terms of dividend shares under logarithmic preferences with
external habit. Santos and Veronesi [39, 40] obtain exact linear prices with
power utility, at the cost of introducing predictability in consumption growth.
Employing a novel volatility specification in the class of polynomial diffusions
(Filipovié and Larsson [23], Filipovié et al. [25], Filipovi¢ and Larsson [24]), we
combine exact linear prices for power utility with geometric Brownian motion
for consumption.

Our results contribute to the literature on the financialization of commod-
ity prices. Tang and Xiong [46] link the increase in both commodity prices
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and their correlation with equities to the entry of institutional investors in the
market. Such effects, along with significant increase in volatility, alarmed regu-
lators and policy makers in several countries [34, 10]. Yet, as the financial crisis
has receded, so has some of this evidence [8], and the financialization debate
remains mired in controversy (see Carmona [12] for a recent survey), as em-
pirical observations attract competing interpretations — partly for the dearth
of theoretical models that examine the implications of such explanations.

In an iterative equilibrium, where investors use recent price behavior to
update their policies, Chan et al. [14] find that feedback effects on prices in-
crease correlations. Likewise, Cont and Wagalath [17] observe an increase in
correlations from price pressure in a model where institutional investors rebal-
ance their portfolios subject to price impact. Basak and Pavlova [5] present a
model in which the benchmarking incentives faced by institutional investors
generate both higher prices and higher correlation. Yet, as they note, “The
often-quoted intuition for this increase is that commodity futures markets were
largely segmented before the inflow of institutional investors in the mid-2000s,
and that institutions entering these markets have linked them together, as well
as with the stock market, through the cross-holdings in their portfolios.” This
paper brings this oft-quoted intuition to life in a general equilibrium model,
and examines its wider implications for asset dynamics and welfare. Consis-
tent with intuition, our model shows that market integration does reproduce
a substantial increase in correlation. Furthermore, it predicts that prices do
not necessarily increase with integration, and in fact they may fall, depending
on the circumstances of integration.

Our specification is related to the volatility-stabilized model of Banner
et al. [3], Fernholz and Karatzas [22], Pal [37], and Cuchiero [18], who study
models in which asset prices (without dividends) aggregate to a geometric
Brownian motion, and characterize their no-arbitrage properties. By contrast,
we posit similar diffusions as models of dividends, and exploit their aggregation
properties to derive equilibrium prices that are arbitrage-free by construction,
in view of the strictly positive stochastic discount factor implied by the equi-
librium.

More broadly, our integrated market can be interpreted as a Lucas’ orchard
[33] with two trees, as in Cochrane et al. [16], Bhamra et al. [7], Buraschi
et al. [11], and Chabakauri [13]. Hansen [29] solves numerically a model with
two agents and different beliefs, showing that a large number of trees helps
explaining empirical evidence on asset price dynamics. In contrast to these
studies, our trees are cointegrated, in that the ratio of their outputs remains
stationary. While Cochrane et al. [16] find that price-dividend ratios involve
hypergeometric functions in the integrated market, in our model such functions
arise in the segmentation regime, where consumption growth has a stationary
component (with the exception of logarithmic preferences, for which price-
dividend ratios remain constant).

In the international asset pricing literature, our model is closest to that of
Pavlova and Rigobon [38], who also specify two countries with respective goods
and representative investors. The main differences from their model are that,
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while we compare the segmentation and integration regimes, their agents trade
through some endogenous exchange rate. Also, while they focus on a linear
combination of logarithmic preferences across domestic and foreign goods, we
assume that goods are perfect substitutes, but allow for power utility.

The representative investor of Dumas [19] shares our investors’ preferences,
but has a perfectly elastic asset supply through a linear technology, while trad-
ing incurs proportional costs. Bhamra et al. [7] represent imperfect integration
as a tax on foreign dividends while keeping the logarithmic preferences and
dividend dynamics of Cochrane et al. [16]. As in these previous studies, our
integrated stock prices display “excess correlation” in the sense of Dumas et al.
[20], i.e., higher than output correlation. In addition, we show that such cor-
relation is a product of integration because we find that in the segmentation
regime it is negative. As this latter effect arises from correlation in the price-
dividend ratios, it is not visible in models with logarithmic preferences, which
imply constant price-dividend ratios.

3 Model
3.1 Market

Two similar trees grow in separate islands with similar people, and each tree
feeds its island. Their crops fluctuate independently, but have similar long-
term growth. Crops are perishable — must be consumed immediately — and
trees are the only property on the islands. With a bridge, people on both
islands could share property (trees) and consumption (crops). Should they
build such a bridge?

The island-tree metaphor has multiple interpretations: Certain countries
(islands) compel their citizens to own only local securities (trees). Regulation
prevents some industries (islands) from holding investments (trees) in other
sectors. In each of these situations, a central policy question is how integration
— enabling cross-ownership — affects asset prices and welfare.

Adopting a more conventional terminology, henceforth we refer to an island
as a “region”, to a tree as an “asset”, and to its crop as a “dividend stream”.
The model begins with the dynamics of the dividend streams (Dgl), Dt(z))tzo,
described by their sum D; = D{" + D!® and by the dividend share X, =

D,El) /Dy, the proportion of dividends produced in the first region:
dD; =uDydt + o DdBP (3.1)
dX; =k(wy — X;)dt + o/ X (1 — X;)dB* (3.2)

where p,0 > 0, wy; € (0,1), and BY, BX are independent Brownian motions
supported on the probability space ({2, F, P) endowed with the augmentation
(Ft)t>o0 of their natural filtration. Set wy =1 — wy.

Equation (3.1) means that aggregate dividends’ growth has constant mean
1 and volatility o. This specification stems from the observation that dividend
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growth, while fluctuating over time, has remained positive on average over the
past century, while the independence of increments reflects the unpredictability
of dividend growth [15]. Equation (3.2) stipulates that the first region’s share
of total dividends fluctuates around its long-term mean w;. The independence
of the Brownian motions (BP):>0, driving aggregate dividends, and (B;X);>0,
driving the dividend share in the first market, is equivalent to the independence
of dividend shocks, as shown by Proposition 3.2 below. This assumption, in
turn, is made to isolate the price dependence that arises endogenously from
agents’ strategic behavior from any exogenous dependence among dividend
shocks. Put differently, we can safely ascribe any price dependence to the
endogenous demand for risky assets rather than to some exogenous correlation
among dividend shocks, which is indeed absent.
Neither dividend ever vanishes under the following®

Assumption 3.1 The parameters x, o, and w; satisfy

o2 o?
o < w1 < 1 2/{
The above restriction is typically mild. For example, o = 1.5% and x = 6%,
used in the discussion below (cf. Figure 5.1), imply that wy € (4.5%, 95.5%),
whereby, on average, one region should not overwhelm the other by more than
twenty-two to one. (In particular, the above restriction implies that x near
zero is not a meaningful limit for the model.)
The specification in (3.1)-(3.2) implies the joint dynamics of separate div-
idend streams.

Proposition 3.2 The dividend D™, D®) follow the bivariate diffusion:

th(l) = ((N - nwg)Dt(l) + leD?)) dt + U\/Dt(l) (Dgl) + Dg))dBt(l)
(3.3)

th(2) = (nszt(l) + (1 — le)Dtm) dt + U\/Dt(z) (DS) + Dt(2)>dB’g2)

where the Brownian motions B, B?) are defined as

/D | D /D 2) DY
dB{Y = dBD D dBX,  dB® = dBD D dB)X,

and therefore are independent.

4 This assumption is also a reasonable approximation to the statistical properties of div-
idends across large economic areas. For example, in the period 1991-2018, the correlation
among dividend growth between large-capitalization stocks in the United States, Europe,
and Japan, were 0.25 (US-EU), -0.07 (US-JP), and -0.11 (EU-JP), as estimated from the
annual dividends paid by the index funds VFINX, VEUREX, and VPACX, which track
their respective markets.

5 Under Assumption 3.1, the process X exists globally and never reaches zero or one, i.e.,
P(X: € (0,1) Vt > 0) = 1. See, for example, Borodin and Salminen [9, No. 6, Chapter II.1]
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The independence of BM) and B® means that the dividend streams have
uncorrelated fluctuations, thereby offering a natural model of two regions af-
fected by unrelated risks. (Note that such independence is not an additional
assumption, but stems from — and is equivalent to — the independence of fluc-
tuations in their sum and share, posited in (3.1)-(3.2).) To see how dividend
growth depends on assets’ relative sizes, rewrite (3.3) as

dD{" D D&
= | p — kw2 + kw1 —=— , (3.4)
O P

1
;Y t

which shows that both growth rate and volatility are higher for the asset with
smaller dividends.

3.2 Preferences and equilibrium

In both regions, asset owners are infinitely-lived representative agents with
equal preferences. Each of them seeks to maximize time-additive utility from
consumption, with a time-preference rate 5 > 0 and a constant relative risk
aversion vy > 0.6

The asset pricing and welfare implications follow from the familiar premises
of optimality and market clearing for consumption and investment, which un-
derpin the definition of equilibrium, both in segmentation and in integration.

Definition 3.3 Equilibria in segmentation and integration are defined as:

(i) Segmentation
A segmented equilibrium for reglon 1 =1,21is a pair ( P( ))t>0 where

(7‘§ ))t>0 is adapted with fo Wit < oo as. for all T > 0, (P, (l))tzo is
a continuous semimartingale, and the optimal consumption-investment
problem (the set of admissible strategies A is defined in Appendix A.1)

[e'e} lefy
max E {/ e P8 s ds} , (3.5)
(e.o)ea Lo L—v

with safe rate r(*) and asset price P(*), hence with wealth (Y;);>o satis-
fying the budget equation

aY;, = iV, = 0Pt + g0 (4P + DPdt) — et Yo = PP, (3.6)

is well-posed and has solution ¢; = D,gi) and ¢; = 1 for all ¢ > 0 (the
market-clearing conditions for assets and consumption).

6 The case v = 1 corresponds to logarithmic utility, which leads to simpler but slightly
different calculations, for brevity not included here.
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(ii) Integration
An integrated equilibrium is a triplet of processes (ft,Pt(l),Pt(z) )05
where (f,gi))tzo is adapted with fOT rii)dt < ooa.s. forall T > 0, (I:’t(i))tzo
are continuous semimartingales, and the optimal consumption-investment
problem” (3.5) with safe rate ¥ and asset prices P PP hence with

wealth process (Y;):>o satisfying
av, =r, (i = oV P — 6 P dt+
o) (aPV + DVdt) + 6 (aP® + DPdt) — cat
Y, =B{" + P, (3.7)
is well-posed and solved by ¢; = Dt(l) +D£2), ,El) = 2(52) = 1forallt > 0.

In particular, the above definition treats the goods of both markets as
perfect substitutes in the integration regime, which implies a unit exchange
rate. By contrast, in the segmentation regime the exchange rate is nontrivial,
because a unit of the foreign good cannot be consumed domestically. In this
case, the exchange rate reflects precisely the shadow price of the constraint
that each market consume its own good. Accordingly, the foreign good becomes
expensive precisely when it would be most needed, as discussed in Section 5.5
below.

3.3 Lucas’ Tree

To set the stage for the main results, it is helpful to recall the continuous-time
version of the familiar asset pricing model of Lucas Jr [32], with a represen-
tative agent maximizing (3.5) and a dividend stream following the geometric
Brownian motion (3.1). The corresponding price-dividend ratio P,/D; and
interest rate ro are constant:

__ 1 (3.8)

Dy g —p+yo?

o2
ro = +yp— 50y + 1) (3.9)

By the second equation, the interest rate increases with time preference and
dividend growth, which reduces savings, and decreases with dividend volatility,
which encourages precautionary savings. The first equation adjusts for risk the
familiar dividend-discount model of Gordon and Shapiro [28].

The present model retains two attractive features of Lucas’ model: station-
ary price-dividend ratios and interest rates, and stationary dividend growth
rates. In fact, market integration leads to the same interest rate (3.9) as Lucas’,

7 Here the maximization takes place on ¢ € C and ¢ = (¢(1), ¢(2)) € P, as the integrated
market includes two assets. See Appendix A.l for details.
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and the price-dividend ratio of the aggregate asset with price P, = P\*) + P®,
paying the total dividend D; = D,El) + D,EQ) , coincides with the value in the
right-hands side of (3.8). The problem is to identify separately the two asset
prices Pt(l), Pt(2) in integration, and to compare them with their counterparts
Pt(l), Pt(2) in segmentation.

In addition, note that Lucas’ model is well posed if and only if the asset
price in (3.8) is finite, which corresponds to the following:

Assumption 3.4 The parameters p, 0,7y, 8 > 0 satisfy the condition:

2
g
91=T0—M+70223—(1—7)M+7(1—7)7>0-

This condition prescribes that preference and market parameters are such that,
as the horizon increases, the discounted value of dividends declines sufficiently
quickly, so that their accumulated value converges. It excludes combinations
of preference and market parameters that would make it optimal to postpone
consumption indefinitely, in the anticipation of ever higher future satisfaction.

4 Main results

This section summarizes the main results: first in segmentation and then in
integration, we find explicit formulae for (i) asset prices, their expected excess
returns, and safe rates, (ii) their corresponding welfares, and (iii) the instanta-
neous correlation of asset prices. Such quantities are most complex in segmen-
tation, as the corresponding consumption processes and hence the stochastic
discount factors have stochastic growth and volatility. In integration, instead,
asset prices are linear in dividends, while welfare is homogeneous.

4.1 Segmentation

When the domestic investor owns and consumes only domestic dividends, each
region has its own asset price, safe rate, and welfare. The next theorem ex-
presses all these quantities in terms of two scalar functions f), ) which are
found explicitly in Proposition A.3 in the appendix, in terms of (generalized)
hypergeometric functions.

Theorem 4.1 (Segmentation) Let dividends (D(i))¢:172 be as in Proposi-
tion 3.2 and let Assumptions 3.1 and 3.4 hold. Define

V() :=E /e_esX;_“’ds Xo=2x|, (4.1)

LO
[ co

@) :=E e 951 — X ) ds| Xo = 2|,

LO
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and assume that f (), f (z) < oo for all x € (0,1). (Assumption 4.2 below
clarifies when this condition is satisfied.) Then,

(i) segmentation equilibrium asset prices and safe rates (P, T("))i:m are

Pt(l) — Dgl)Xgilf(l)(Xt%

Pt(Q) _ Dt(2)(1 — X)) P (xy), (4.2)
i) = B+ y(n— k) + X% YRW — e +2 1)02) : (4.3)
r? =B =R+ 1 X, (vm@ - W) - (44
(i) segmentation welfares are
. o0 (Dﬁ“)li7 D}
u® =E, /t e Bls=t) T ds| = 1iﬁyf(1)(Xt), i=1,2

where B[] denotes the conditional expectation with respect to Fs.
(iti) segmentation correlation, defined as

d<P(1),P(2>>
t

SNCGNE A -

equals
oy = X (1—Xy)
VE(FOX)) + (hO(x) (1 - X))
X)X + M (X)) (X
VL= X)) (FO (X)) + () (X)) X,

W (@) = yf O (@) +af D' (@) and h®)(2) = =7 f P (2)+(1-2) O (2).
(iv) the assets’ expected excess returns are

, where

- X; @)’ X
gt =iV =u—7’+72021xt+“(w_Xt)(];(1))()((t))
o? (D) (X)) (D) (X)) L
+2“_X”G7ﬂwx)+xtﬂW&> X7 (X))
@)Y (X,
i =i ZM_T+72021_)Q+H(w_Xt)W

() (5 1) (%) !
+ 5 X (2’Yf(2)(Xt) +(1-Xy) F@(X,) + (1— X)) 1f@(x,)
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Finding the functions f(V), f() that identify the segmentation equilibria is
important both for computation and to understand when such functions are
finite, i.e. the problem is well posed. In fact, such a condition holds under a
parameter restriction that has no analogue in the Lucas’ model (and in the
integrated market).

Assumption 4.2 (Well-posedness) The values 2591 25W2 are not integers.

o2 ) o2
In addition,
vy<1l+ i—g min{wy, wy}. (4.6)

The exclusion of integer values for 2';3’1 and 2’;152 is merely technical: as it is
satisfied up to arbitrarily small perturbations of any parameter, it does not
have a distinct economic meaning. The inequality in (4.6) specifically requires
that risk aversion is not too high relative to growth, volatility, and market
size, and holds for typical risk aversions. For example, with the combination
w=1.5%, o0 = 6%, wy =2/3 in Figure 5.1, the restriction becomes v < 8.4.

To interpret this condition, note first that it is always satisfied for v < 1,
regardless of dividend dynamics and relative size, as for such investors the util-
ity U(xz) = 2177/(1 — 7) of future dividends is always finite, and Assumption
3.4 guarantees that also its discounted value is finite. By contrast, for v > 1
the marginal utility from states in which dividends are very low (X; near 0 for
region 1 or X; near 1 for region 2) can be so large that the resulting asset price
is infinite (an extra unit of consumption would lead to an unbounded increase
in expected utility) and the resulting expected utility is infinitely negative —
the specified dividend stream is unacceptable.

4.2 Integration

With market integration, each investor can own and consume both the domes-
tic and the foreign asset. As both investors have the same preferences, they
make the same choices in proportion to their respective wealth. How such
wealth is shared at the time of integration depends on whether the integration
occurs exogenously or endogenously. Exogenous integration takes place sud-
denly, and agents exchange their holdings according to their post-integration
prices to form the optimal portfolios in both assets. Thus, the share of post-
integration wealth of each agent equals the post-integration value of the do-
mestic asset relative to total market capitalization. Vice versa, endogenous
integration entails the consent of both participants, hence the negotiation of
respective shares of post-integration wealth within a range that is compati-
ble with a welfare gain for both parties. After relative shares are determined
at time of integration, both agents effectively represent different fractions of a
grand representative agent who consumes both dividend streams. Accordingly,
the unique stochastic discount factor depends on overall consumption, i.e., the
sum of dividends.
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Theorem 4.3 (Integration) Let dividends (D");—1 5 be as in Proposition
3.2 and let Assumptions 3.1 and 3.4 hold. Then,

(i) integration asset prices and their safe rate are

— 1 0 + rw1 1 RW1 2
pL - pw DB 4.7
t 9 9+ K t + 9+ K t ( )
_ 1/ kw 0 + rKwa (2
p? =2 (2D + =2 D) 4.8
t 9 (9+FC t + 9_’_,{_/ t ( )
2

- o
Ty =T 1:ﬂ+’ﬂl*7(7+1)?~

(i) denoting by k1, ke > 0 the initial shares of ownership of the (risky) asset
of the two agents (so that ki + ko = 1), integration welfares are

i o0 k; D D1
U =E, [/ e~pta—n (B:Da) 7 ds} =k =12
¢ 11—~ (1—=7)0

If integration is exogenous, the shares k;, 1 = 1,2 are

p(1)
P, 0 K 0
¢ Xt+ w1 and kz = m

k = p—
1 pt(l) + pt(Q) 0+ kK 0+ k

K
1-X —
( t>+0+nw2

d<13(1),13(2)>1
(iii) integration correlation, defined as py := CE— , equals

p(1) p(2)
\/d<Pdt >t\/d<Pdt >t
5 = biby + ag (b1 (1 — Xy) + b Xy)
t — )
\/b% + ag (ao + bl) Xt\/b% + ap (ao + bg) (1 — Xt)

where ag = 9_%&, b == 9(”;7%, fori=1,2.
(iv) the expected excess return of both assets is ﬁgi) — 7 =02
Note that in integration the safe rate is the same in both regions, as a
common stochastic discount factor governs both markets. In fact, the price of
the basket comprising both assets follows the usual risk-adjusted formula of
Gordon and Shapiro [28]

1 2 1 1 2 1 1 2
P+ P =2 (DY + D) = (D D), (1)

confirming that the total consumption claim is priced as in the usual Lucas’
model.

5 Implications

This section brings to life the theoretical results of the previous sections by
discussing their significance for asset prices, their dynamics, and welfare.
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Fig. 5.1 Left: Price to aggregate consumption ratios (vertical) of the larger (red) and
smaller (blue) asset, against dividend share of the larger asset X; (horizontal), in segmen-
tation (dashed) and integration (solid). (Ptu)/Dt (dashed red), Pt(z)/Dt (dashed blue),
Pt<1)/Dt (solid red), Ist@)/Dt (solid blue).) Right: total market capitalization, i.e., sum of as-
set prices (vertical) against dividend proportion X; (horizontal) in segmentation (Pt(l)JrPt(g),
dashed) and integration (Pt(l) +15t(2), solid). Vertical dotted lines delimit the 99% confidence

interval of X; for large t. Parameters are p = 1.5%, 0 = 6%, 8 = 1%, w1 = 2/3, v = 3,
x = 4%, whence Assumptions 3.1, 3.4, and 4.2 hold.

5.1 Price levels

The intuitive effect of integration on price levels is ambivalent: On one hand,
integration allows foreign investors to buy the domestic asset, increasing its
demand and hence its price. On the other hand, integration also allows do-
mestic investors to buy the foreign asset, thereby selling the domestic asset,
hence decreasing its price. The overall effect is unclear.

Figure 5.1 plots the prices of both assets (per unit of aggregate consump-
tion), as a function of the dividend share of the first asset, in segmentation and
integration. Note that, in integration, the sum of both prices is constant (prices
are symmetric with respect to the horizontal line through their intersection),
confirming the validity of Lucas’ formula for the aggregate asset.

Three features are apparent: First, price-consumption ratios increase with
an asset’s dividend share, reflecting the increased value of dividends from that
asset. Second, price sensitivity to the dividend share is higher in segmentation
and lower in integration for typical dividend shares (i.e., in the long-term
confidence interval). Third, for a given current dividend share, the region with
smaller long-term share has higher sensitivity. These three features share a
common theme: the price of an asset increases as its alternatives dwindle.

This theme is apparent also in the effect of integration on price levels:
As each solid curve is neither consistently below nor above the dashed curve
with the same color, integration may either increase or decrease asset prices.
An asset price increases only if integration takes place when its weight is
relatively low, and therefore additional foreign demand overwhelms diminished
domestic demand. Otherwise, integration typically decreases the prices of both
assets — an effect that cannot be explained by the zero-sum logic of flows. In
fact, the right panel in Figure 5.1 shows that integration reduces total market
capitalization, regardless of the dividend share.
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Fig. 5.2 Left: Price-dividend ratios (vertical) of the larger (red) and smaller (blue) asset,
against dividend share of the larger asset X; (horizontal), in segmentation (dashed) and
integration (solid). (Pt(l)/Dgl) (dashed red), Pt(Q)/D?) (dashed blue), Pt(l)/Dgl) (solid
red), ]5;2)/D§2) (solid blue).) Right: Average price-dividend ratios (vertical) against average
dividend share wy of the first asset. Parameters as in Figure 5.1.

Integration depresses prices because it breaks the link between domestic
dividends and future consumption growth, making each asset both less effective
and less important as a consumption hedge. To see this mechanism, note that,
in segmentation, consumption growth is mean-reverting, thus a high current
consumption share is likely to be followed by lower consumption, which in
turn generates demand for stocks in the attempt to smooth consumption over
time, leading to higher stock prices. In integration, on the other hand, shocks
to consumption growth are smaller and unforecastable, two characteristics that
reduce the demand for stocks from the consumption-smoothing motive.

5.1.1 Price-dividend ratios

While the ratio of prices to total consumption helps to compare assets’ prices,
the price-dividend ratio gauges an asset’s value relative to its own cash-flow.
The left panel in Figure 5.2 displays price-dividend ratios, conditional on the
dividend share of the first asset.

In segmentation, an asset becomes more expensive as its dividend share
increases: this is an intertemporal-hedging effect, as a high current share fore-
casts a lower future share (by mean-reversion), which in turn spurs hedging
against lower dividends through stock purchases, thereby increasing prices. In
integration, an asset becomes cheaper as its dividend share increases because
mean-reversion triggers a different response: as investors anticipate lower div-
idend growth, they shift their portfolios away from the asset, depressing its
price while raising the other asset’s prices.

An alternative explanation is based on the stochastic discount factor. In
segmentation, each market has its separate discount factor, which determines
prices through the ratio of future to present marginal utility. When the current
dividend share is high, its marginal utility is low, hence future dividends are
discounted at a low rate, leading to high prices. Crucially, for the typical val-
ues of risk aversion above one (which generate positive intertemporal hedging
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demand), this effect is so strong that not only prices, but even price-dividend
ratios increase.

In integration, the discount factor depends on total dividends, which follow
a geometric Brownian motion and lead to a constant aggregate price-dividend
ratio (i.e., the sum of both asset prices divided by the sum of both dividends) as
in the Lucas’ model. Thus, the price-dividend ratio depends on the dividend
share only through expected future dividends, which themselves reflect the
mean-reversion in the dividend share, thereby leading, in integration, to a
price-dividend ratio that decreases as the dividend share increases.

Consider now the average price-dividend ratios, defined as

pl) pl)
lim E | —L- and lim E | —L- i=1,2
T— o0 Dgf) T—o0 Dgf)

as functions of the average dividend share wi. To compute such long-term
averages, by the ergodicity of the divided share X; it suffices to compute the
average of the conditional price-dividend ratio with respect to the long-term
(stationary) distribution of Xy, described by the Beta density

1

c1—1 1— a+b—cy
a+b—ci+1,c1) (I - ) ’

m(x) = B

where a,b and ¢; are as in Proposition A.3 below and B is the beta function.
The explicit formulae for conditional asset prices in Theorem 4.3 yield the
average price-dividend ratios:

Proposition 5.1 Let the dividends (D(i))izl,g be as in Proposition 3.2 and
let Assumptions 8.1, 8.4, and 4.2 hold. In segmentation, the average price-
dividend ratios are:

- 2 RONE MO
t—00 Dt(i) a%.;(i)B(a—l—b—ci—i—l,ci) ci+1l—vyei+v—-1
1 (@) (9)
: (i Gi (z) Gy (x)
(0 / e ) 1 3 d
o ogc 3 (@) Ci+1*’Y+Ci+’Y*1 ‘)
where

Fél)(x) = F(1-0,1—a;2—¢;2),
G () =3 Faes — ay ¢ — b1+ ¢ — ;a5 + 2 — 75.2),
G:(ai)(x) =3F5(c; —a,c; — b, =1+ ¢ + 756,60+ 73 ),
while the generalized hypergeometric functions o Fy and 3F> and constants a,

b, ¢;, w®, and Fj(i) are as in Proposition A.3.

In integration, the average price-dividend ratios are
pt(i) _ 1 14 KWw; 20% -1 '
D,Ei) 0+ k 6 \2%5 -1

lim E

t—o0
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These quantities are plotted in the right panel of Figure 5.2: consistent with
Figure 5.1, the plot shows how integration on average decreases asset prices,
especially in the smaller market. In addition, the plot shows that in integration
average price-dividend ratios are rather insensitive to relative market size,
while such sensitivity is significant in segmentation.

By comparison, with logarithmic investors (v = 1), who are myopic and
hence do not hedge investment opportunities, Equations (4.9) and (4.1)—(4.2)
imply that price-dividend ratios are 1/3 (hence independent of w;) in both
integration and segmentation, confirming that the sensitivity to w; stems from
the motive of non-myopic investors to hedge against intertemporal changes in
consumption growth.

5.2 Correlation

Although dividend streams in the two regions are uncorrelated by assumption,
the resulting price correlation in segmentation and integration is far from
granted, because the stochastic discount factor also depends on such dividends.
To understand price correlations, note first that they are the same as return
correlations:

(P, p®) d(p® P®), d(RM,R®)
e PO PP at —

SN R N RN F DN R GO N C G W LT
dt dt (Pt(l))th (Pt(l)P15(2))2dt dt dt
where the total-return processes Rgi) are defined by dREi) = (Dt(i)dt—&—dPt(i))/Pt(i)

and Réi) =0.
Next, note that

pWdt +dp" DY 0 ap{? a(P® /Dy a(D®, Pt /D),
Pt(z) Pt(z) Dt(l) Pt(l)/Dt(l) Dgl)(Pt(l)/Dt(l))

Now, as each price equals the dividend times the price-dividend ratio, and div-

idends are uncorrelated, price covariation in the model stems from covariation

between (i) dividends and price-dividend ratios, and (ii) the two price-dividend
ratios:

dR{" =

d(RV, R®), =
d(P(l)/D(l),D(2)>t d(P(Q)/D(z),D(1)>t d<P(1)/D(1),P(2)/D(2)>t
1 1 2 2 2 1 1 2 2
(5.1)
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Fig. 5.3 Left: Price correlation in segmentation (p:, dashed) and integration (pz, solid)
against dividend share X:. The thin upper line shows correlation in integration for loga-
rithmic utility (v = 1) while correlation is identically zero in segmentation for logarithmic
utility. Right: decomposition of correlation in segmentation (dashed) and integration (solid),
against dividend share X, as in Equation (5.1). The curves represent correlations between
growths in one region and price-dividend ratio in the other (red and green), and between
the two price-dividend ratios The vertical dotted lines delimit the 99% confidence interval
of X; for large t. Parameters as in Figure 5.1.

The left panel of Figure 5.3 displays price correlation in segmentation and
integration, and the right-panel decomposes such correlation into its three
components. The last term (blue in the right panel) represents correlation
between price-dividend ratios, which is negative in segmentation, and even
more so in integration, consistently with the observation that, in Figure 5.2,
price-dividend ratios of the two assets move in opposite directions.

By contrast, the first two terms — the covariation between an asset’s div-
idend and the other asset’s price-dividend ratio — have a sharply different
behavior in the two regimes. In segmentation, these terms are also negative,
as an asset’s dividend growth shrinks the other asset’s price-dividend ratio (as
in Figure 5.2).

Integration turns the tables completely, leading to a dramatic increase
in correlation, driven by the positive covariation between dividends in one
region and price-dividend ratio in another. Such a positive dependence is clear
from the pricing formulae (4.7)-(4.8), but has also a clear interpretation: in
an integrated market, as an asset’s dividend increases, also its price increases,
and hence its proportion in the portfolio. The investor responds by increasing
the demand for the other asset, attempting to rebalance the portfolio. But in
equilibrium rebalancing cannot take place, and instead the price of the other
asset rises.

5.3 Interest rates and excess returns

To understand the properties of interest rates and excess returns in the model,
note first that in integration the safe rate is constant because aggregate con-
sumption is a geometric Brownian motion, and therefore the stochastic dis-
count factor has the same dynamics as in the Lucas’ model.
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Fig. 5.4 Safe rate (left, vertical), and expected excess return (right, vertical) of the first
(red) and second (blue) market, against dividend share X; (horizontal), in segmentation
(dashed) and integration (solid). Vertical dotted lines delimit the 99% confidence interval

of Xy for large t. Parameters as in Figure 5.1. (Left: rt(1> (dashed red), rt(Q) (dashed blue),
7t (solid purple); Right: ,u,(fl) — rgl) (dashed red), ,u§2> - ril) (dashed blue), ﬂil) — 7¢ (solid
red), il? — 7 (solid blue).)

The left panel of Figure 5.4 compares the common safe rate in integration
with the two safe rates in segmentation. In each segmented market, the safe
rate decreases as the market’s dividend share increases. This effect is consistent
with the increase in asset prices noted earlier, because a decrease in the interest
rate is equivalent to an increase in bond prices.

Yet, the interest rate formulae in Theorem 4.1 show that this directional
effect in general depends on the parameter values, and results from the tradeoff
between two countervailing forces: on one hand, a higher dividend share implies
lower future growth, thereby lowering the interest rate through the intertem-
poral substitution channel (Equations (4.3) and (4.4)). On the other hand, a
higher dividend share also implies a lower consumption volatility (Equation
(3.4)), which increases the interest rate by reducing the precautionary motive
for saving. In the example considered, intertemporal substitution is stronger
than precautionary savings, hence the interest rate declines.

Expected excess returns (right panel in Figure 5.4) have a qualitatively
similar behavior, as they are constant (and equal to each other) in integration
and decreasing with the dividend share in segmentation. It is noteworthy that
in integration both assets have the same expected excess return — a fact that
can be seen analytically from the explicit formulae for prices. As in Santos
and Veronesi [39, Equation 24], an asset has an expected return above the
market only if its dividend share covaries with the total consumption, while
here it is uncorrelated. Note, however, that equal expected excess returns do
not correspond to equal asset volatilities, which are higher when the dividend
share is lower by Equation (3.4), therefore the Sharpe ratios are stochastic and
different from each other.

The inverse relation between the dividend share and expected excess re-
turns in segmentation can also be seen from the stochastic discount factor
viewpoint. A low dividend share increases current marginal utility, thereby
depressing prices. As the dividend share rises, the price increases for two rea-
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Fig. 5.5 Left: Fraction of wealth that each agent would forego in segmentation in exchange
for integration (vertical), for the first (red) and second (blue) agent, against dividend share
X¢ (horizontal) in segmentation (dashed) and integration (solid). As integration always
increases welfare, both curves are always positive. Right: Range of wealth shares k1 (vertical)
against the dividend share X; (horizontal) compatible with voluntary integration. The solid
line represents the wealth share corresponding to exogenous integration. The horizontal
dotted line represents the long-term dividend share w;. Vertical dotted lines delimit the

99% confidence interval of X; for large t. Parameters as in Figure 5.1 and D; = 1. L{t(l)
(dashed red), 4? (dashed blue), Z{") (solid red), Z? (solid blue).

sons: first, the dividend has increased; second marginal utility has decreased,
boosting prices further.

5.4 Welfare and endogenous integration

The left panel in Figure 5.5 displays welfare in segmentation and integration
in terms of the fraction of wealth that each agent would forego in segmentation
in exchange for exogenous integration. As such fraction is always positive for
both agents, integration always increases welfare. The agent with a smaller
dividend share has more to gain from integration through diversification with
a larger, more stable consumption stream, therefore is also more willing to
integrate (the fraction of wealth foregone is higher, cf. Section 4.1).

Importantly, integration increases welfare even when it reduces wealth for
one, or even both, investors. The intuition is that the integrated market offers a
smoother consumption stream or, equivalently, superior diversification, which
more than offset any decrease in welfare resulting from lower wealth. Note
also that the welfare increase is more significant for the smaller (blue) mar-
ket, which benefits more than the larger market from increased diversification
opportunities.

Although this analysis finds that market integration is beneficial for both
investors, it assumes that it happens exogenously, with the investors surprised
by a sudden change in wealth, after which they reallocate their holdings by
exchanging them according to the new prices. By contrast, if each region can
independently choose to remain segmented, integration requires mutual con-
sent, which in turn may lead to a negotiation over the respective shares of
post-integration wealth.
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The right panel in Figure 5.5 shows the range of post-integration wealth
shares that are Pareto improving, and hence compatible with both regions
agreeing to integrate. The straight line, denoting the wealth shares implied by
exogenous integration, lies inside the integration region, as exogenous integra-
tion increases the welfare of both investors.

In normal times, when dividend shares are close to their long-term aver-
ages, the integration region is actually a rather narrow interval around the
exogenous integration share, wider for the smaller market than for the larger
one. The intuition is that, because the smaller market has the most to gain
from integration, it is also the one that is more willing to pay a higher price
to see that integration takes place.

In times of distress, when dividend shares are away from their means, the
integration range widens — in both directions. In other words, the range of
shares under which both markets are better off integrated is larger both for
the market that is abnormally small, and for the one that is abnormally large.
Deviations from the mean make both markets more willing to integrate for
different reasons: the abnormally small market faces the double whammy of
low and volatile consumption — both mitigated by integration. The abnormally
large market, on the other hand, has the incentive to integrate because its
future consumption is likely to worsen (by mean-reversion), potentially leading
to a similar predicament as the one in which the other market is now.

In summary, while in reality the exact shares of post-integration wealth
may depend on the bargaining power of the two regions, on the irreversibility
of integration, and on other aspects that are not in the present model, the
Pareto optimality discussed here suggests that integration may be easier to
achieve in times of dislocation from the long-term averages.

5.5 Exchange rates

While in the integration regime each unit of dividend can be consumed inter-
changeably by both agents, the segmentation regime can be described, equiv-
alently, either by a ban on transfers between regions, or by an equilibrium real
exchange rate [19, 21] that represents the shadow price of such transfers (and
hence prevents them from occurring).

The next proposition calculates the equilibrium exchange rate (p;)¢>o, de-
fined as the price of one unit of region-two dividend in terms of region-one
dividends.

Proposition 5.2 In segmentation, the equilibrium real exchange rate (pt)e>o

8
_ 1-X:\"
Pt = X, .

(In integration, the equilibrium real exchange rate is py :=1.)

Thus, the equilibrium exchange rate in segmentation is a power of the ratio
of the two dividends, and decreases in the dividend share X; (Figure 5.6). As
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Fig. 5.6 Equilibrium real exchange rate (vertical axis), in segmentation, against dividend
share (horizontal) under risk aversion v = 1 (dotted), v = 3 (solid), and v = 5 (dashed).

the dividend share declines, the agent in the first region would be increasingly
keen to buy foreign dividends, which are both uncorrelated and less volatile
than domestic ones. Of course, the variation in the equilibrium exchange rate
perfectly offsets such a shift, deterring agents from buying or selling.

6 Heterogeneous preferences

The previous analysis assumes that preferences in both regions are the same.
Such an assumption allows to study the dependence or prices and welfare on
market factors, such as relative size, but it also raises the question of whether
it is possible to construct, in the integration regime, an equilibrium in which
regions with different preferences coexist in the long run (in segmentation, the
regions do not interact, therefore can certainly coexist with arbitrary prefer-
ences). The result in this section indicates that different preferences typically
lead one region to overtake the other one in the integration regime, thereby
suggesting that long-term coexistence would have to require additional self-
regulating mechanisms to the ones described in the model.

Let the representative agent in the i-th market have time-preference rate
Bi; > 0 and relative risk aversion ~; > 0. In segmentation, the main results of
the paper remain valid without change, as the equilibrium is obtained sepa-
rately for each market.

In integration, the market-clearing conditions are

D; =DV + D = ¢V 4 P
)/t(l) _|_l/t(2) — Pt(l) 4 Pt(2)
Wy (D | 4Gy _ pO) gy ;1 9,

where ¢, Y® 49) are the consumption, wealth, and the number of shares
held in the the j-th asset by the i-th agent.
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With similar arguments as in Proposition A.2, the optimal consumptions
of both agents are respectively

cgnz(y(l)eﬁl%)‘ﬁ and Cg2>:(y<2>eﬁztm)_? (6.2)

where M > 0 is the stochastic discount factor and y@ > 0 is the Lagrange
multiplier that fulfills the budget constraint E[ [, My dt] = Y fori=1,2;

YO(Z) > 0 is the initial wealth of agent i.

The next result shows that, in the tractable case of risk aversion in one
market being twice the risk aversion in the other, one market overtakes the
entire economy.

Proposition 6.1 Let vy, =y > 1, vo = 27, and let Assumption 3.4 hold for
Bi and v, i = 1,2. Assuming further that

61<1217>+§§><7;> <(;+7)022u) (6.3)

it follows that:

lim

Yt(2)_ 0 M_%2+ﬂ2;ﬂ1>0
t—oo Yt(l) o

B2—8
400 u—%+%<0

Note that condition (6.3) ensures well-posedness by requiring that agents’
overall time-preference is large enough to prevent indefinite deferral of con-
sumption to achieve arbitrarily high utility.

To interpret this result, consider first the case where the time-preference
parameters are the same (1 = f2). Then, the above proposition implies that,
in the typical case of u — 0?/2 (which corresponds to a dividend stream that
increases indefinitely), the second market (which has higher risk aversion)
asymptotically disappears, eventually leaving the first market, which has lower
risk aversion, to take over all of the wealth in the economy. Note that, in the
present setting of time-additive preferences, lower risk aversion is equivalent
to higher elasticity of intertemporal substitution, therefore it is not possible
to determine which of these is more important for long-term dominance.

Lower risk aversion is not enough to guarantee dominance when time-
preference is heterogeneous: indeed, if low risk aversion is combined with a
sufficiently high time-preference, so that p— %2 + @ < 0, then it is possible
for the high risk aversion market to overtake the economy, as the other market’s
proclivity for consumption depletes its share of wealth over time.

In both cases, the result suggests that a substantial difference in preferences
between the two markets is poised to lead one market to dominate the overall
economy in the long run. The dominating market may have lower risk aversion,
lower time-preference, or both.
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7 Conclusion

This paper examines the asset pricing implications of a two-region model in
which shocks to dividend growth are independent across regions, and shocks
to aggregate dividends are independent over time — a cointegrated, two-way
split of the usual Lucas’ tree.

In segmentation, when each region owns and consumes its dividends, cor-
relation among asset prices is null with logarithmic preferences and negative
with higher risk aversion, reflecting intertemporal hedging demand. Correla-
tion increases significantly as markets integrate, even as the shocks to assets’
cash flows remain independent.

Integration has an ambiguous effect on price levels, but on average it de-
creases prices, even as welfare always increases for both regions. Price-dividend
ratios increase with the dividend share in segmentation, while in integration
they decline. Expected excess returns decline with a region’s dividend share
in segmentation, while they are equalized by integration.

If integration requires the consent of both regions, they agree to integrate
only for wealth shares within a narrow range around the values implied by ex-
ogenous integration. Such a range widens in unusual times, when the dividend
share significantly departs from its long-term mean.
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A Proofs
A.1 Preliminaries

The next proof relies on the definition of consumption and investment policies
C and P respectively, which combine into admissible strategies.

Definition A.1 In all markets (segmented or integrated), the set of consump-
tion policies C denotes all adapted processes (¢;);>0 such that E[ fOT crdt] < 400
for all T > 0.

In each segmented market, the set of investment strategies (Pi)izl,g con-
sists of all adapted processes (¢¢)¢>0 such that IEUOT P3d <P(i)>t] < 400, where

P is the respective asset price. In the integrated market the set of invest-
ment policies P consist of R%-valued, adapted processes (¢;)i>0 such that
E[(f, ¢ - dP)7] < +oc.

The set of admissible strategies A is consists of all pairs (¢, ¢), such that
c e C, ¢ € P for each segmented market and ¢ € P for the integrated market,
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and the corresponding wealth in Equations (3.6) or (3.7) satisfies Y; > 0 a.s.
for all t > 0.

The equilibrium Definition 3.3 leads to the familiar representation of prices
as discounted cash flows and the safe rate as opposite of the growth rate of the
stochastic discount factor. Although the result is often taken for granted and
can be informally derived from a perturbation argument, it is not guaranteed
to hold in general, and the literature does offer counterexamples (See Remark
4 and Corollary 3 in Basak and Cuoco [4] and the discussion in Karatzas et al.
[31]). Thus, we offer a proof that applies to the model considered here.

Proposition A.2 In the segmented markets, equilibrium asset prices are:

PO _E,

M i i
/ —5 Dgl)ds where Mt( ) = e_’@t(Dg ))_77
t M,

while equilibrium safe rates rt(i) are identified by the local-martingale condition

for (Mt(i)efot 7'§i)ds)t20. Likewise, in the integrated market the equilibrium asset
prices are

i N, . _
t t

Proof. Note that, if Yy = Po(i), = Dt(i) and ¢; = 1, then (3.6) implies that
Y; = P forall t > 0. Fix i = 1,2, t > 0, ¥ > 0 and K > 1. Define the
stopping time

i 1 _u i i
70 := (to + 9) A inf {t >ty P < ?Pt(o)ng) > KD§O>}.

For any 0 € (—9,9), consider a F,-measurable event A on which we adopt
an alternative strategy, whereby from time ty to 79 the consumption changes
from Dt(i) toc) = (1— %)Dt(i)7 with the difference in consumption invested in
the risky asset, so that the number of shares changes from 1 to ¢? := 1 + %At
for some process (A;)¢>0. Thus, the corresponding wealth becomes

Yy = <1 + gAt> pPY,

To satisfy the budget constraints (3.6), A; satisfies

a(142a )P =20 (1422 PO — (1424, ) PO) at
D 0 D
) @ p® 9\ p®
+(1+19At) (dPt + D dt)— 1-2) DiVdr
5

; 5 ‘ 56 .
SPdA + 5d <A,P(’)>t = (19 + ﬂAt> DWat
(i
D
dA, = (1+ ) —tdt.
pC
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Hence,
A= | e PP fi) ds <9K?e i 'E?) for all t € [to, T0)-
to P Py

After 79, the investor holds ¢¢ = 1 + %ATO unit of risky asset and consumes

cf =(1+ %ATO)Dt(i) for t > 79. To ensure that consumption remains positive,
assume also that
p» .
1 —19K2ﬁ Pt(ol)
to

K Dt(o)

The change in expected utility from (¢, ¢¢)i>0 to (¢, ¢?)t20 is thus

dt

D\
AT =E |1 /meﬂt((l_g)Dt()>
= A
to 1—7v

AN\ 1= N\ 1=

+oo e Pt ((1 + %ATU) D,El)) +oo Bt (Dé”)

+/ dt —/ ———dt
To 1- Y to 1- Y

1-v . _ 1—v 1—~
Because ﬁj is concave, y~ 7 (y — z) < %77 — .ﬁfw for any x,y > 0, whence

p 5 (™ g ) N\ o\
A7 2R~ [ e D ((1-5) D dt
0

) +oo i § i -y
+547, Dbt ((1 + ﬂATO> D >) dtﬂ .
70

As (c¢t, ¢1)e>0 is optimal, it follows that lims)o % < 0 and limgyo %s‘] >0,

whence
1 To . (5 i -
lim ~E |14 [ — =Btp® ((1-2) pW
550 0 A( /to ¢ t 9) ! dt

+oo . ) . -
+ATO/ Dbt ((1+19AT0) D§”> at|| =0

and therefore

E [1,4 <— J° e PtD (Dﬁ")) T+ A, [T DM e ( Dt(i)) - dt)]
9
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Because (A.1) holds for all ¥ # 0,

E {1A < i es D (Dt(”) Tt A, [ DPeot ( Dﬁ)) - dtﬂ

b 9
=0. (A.2)
Note that
TO 7 N\ Y
e (00w
lim = ¢ Pto (D(z))
910 9 to ’
+
1191?01 DD bt (D“) g — / DDe —ﬁt ()) T
O
and ¢ ) (%) (1)
To 70 Du w Dy g DY
*hmﬁ/ I (7) 0 ds = 1(?)
910 910 P! P

Thus, an application of the dominated convergence theorem to (A.2) yields

L (wm (0) 7+ jjfg)Eto [ pen (o) dtm_o.

As A is an arbitrary F;, event, it follows that

) +o0 . D(Z) -
Pt(oz) _ ]Etg / Dgi)efﬁ(t*to) <t(z)> dt| . (A3)
to Dt(]

E

To identify the safe rate r(, fix i = 1,2, t; > to > 0, 9 € (0,t1 — tp), and
K > 1, and define stopping times

t ()] gy i 1 i
e inf{t> to : el |t > g PO < KPEO)}
70 := (to +9) AngA

inf{t>to: D > KDY —_ [ el laup®gs > =4
P(l) 2

t = to
1
> =.
-2

Consider a F;,-measurable event A on which to adopt an alternative strat-
i)

For any 0 < |4] < £, further define another stopping time

0 1 / Jt (z)duD(z)d

T1 ::tl/\nK/\inf{t>7'0 : ﬁp(l)

egy in which, as before, from ¢y to 7y the consumption changes from Dt( to

& =(1- %)Dgi), while the difference now is invested in the safe asset. Thus,
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the corresponding wealth is Y’ = Pt(i) + %At where A, = j;to elirildup(gs.
From time 7y to 7y, the strategy remains (c, $?) = (Dt(i)7 1), thus wealth be-
comes Y‘S P(l %At where A; = ftTOO elt ’“v(f)d”Dgl)ds. After 71, the lump-

sum fAn is used to buy | S ?(?) units of stock, so that the number of shares

and the consumption rate ¢} = (1 + g?[ 1))D( ) for

Tl

becomes ¢ =1+ 0

t> T1-
Then the change in expected utility from (c;, ¢¢)i>0 to (¢, ¢9)i>0 is

st (1 8y p@\' 7
AJ=F |14 /Oe ((1 ”)Dt) dt
to 11—~

1—y
; N 1
too € <(1+ ﬁpu)) Dt(z)> oo Bt (D,g”) v
+f - [

1 17 to 1*’}/

Again, concavity implies that y~7(y—z) < yll:ﬂ: — 111_7, for any z,y > 0, thus

5 To _pt () 5 (i) -
1A —5 " € Dt 1-— 5 Dt dt
5 A 5 A -
T1 —Bt (%) T1 i)
+19P(1 / e P'Dy ((1-#191371 )Dt > dt

As (¢q, ¢¢)i>0 is optimal, it is necessary that limg ¢0 J <0 and limgsyo =5
0, and thus

AT >E

1
li E
51—I>n19

Then, considering that lims_om = 72 := min{t;,nk} almost surely and

®
4n <(m —tg)K 82 (l) , the dominated convergence theorem yields

P
E {114 <— f;zo e~ Bt (Dt(i)) at + P() f+oo —pt (D(Z)) o dt)]
lim

910 W =0

(A4)
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Recalling that A, = j:;o )2 i du D0 ds it follows that

f;z i )duD(z)

910 19
Applying the dominated convergence theorem to (A.4), (A.3) implies that

N1—y el ridu py(0) too N
o o) 7 {/ ol (o1) o

T2

i ; T (i S\ Y
i O e L IR

As A is any arbitrary F;, event,

=0 (p0) 7 = [l e () YT,

min{ti,mK}

E

which implies that (efot(T'ﬁi)_ﬂ)d“(Dy))*V)Qo is a local martingale.

A.2 Proof of Theorem 4.1

The proof focuses on region 1, as the argument for region 2 is analogous.

(i) Recalling that efg(rgl))dth(l) = efJ(Tgl)_ﬁ)ds(ct)V = efot(rgl)_ﬂ)ds(Dgl))V
and applying It6’s lemma, it follows that

J (ef;ugv—mds ( Dgw)”) _ (w9 = B) el =os (D) 7 gy

. —~v—1

= el =0 (D) T (= 0D 4w D ) d
1 —y—1

+w IHGREOL (Dﬁ”) " Dudt + Ly

_ eJa D —pyds (Dgw)‘” x

D,  ~y(y+1)e? D
<7“§1) - 5 - ’Y(;u' - H) — YRW1 D(i) ( 2 ) D(i) dt + Lt
t

for some local martingale L (a stochastic integral with respect to Brow-
nian motion, whose expression is inconsequential). Thus, the equilibrium
safe rate is

v(y+1o? Dy
2 Dt(l) ’

D
rit) = B4 (i — k) + v D(i) -
t
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Write the price of asset 1 in terms of X; and Dy, as

) -

S P

P _E, / o Bs—1) s
)

[ roo D, 1—y X1
=, / e*B(S*t)% S_’Y ds
¢ (D)7 X,

0 1=y y1—
[T g, [T X
t T X

o0 1_ —
:/ e PB=OE, (Ds) E; |:X51 ’Y] ds
t (D)™

X,
o D 1—y
:Dtxg/ e PR, <D) E, [X.77]ds, (A.5)
t

t

where the fourth equality follows by the independence of (BP);>o and
(Bi)i>0. As (Dy)i>0 is a geometric Brownian motion, it satisfies

E [6(1—7) (u—f)(s—t>+(1—w)a(B£—Bf’)]
_ = (n=28) 5=t
Then, (A.5) becomes
P = DtX,?/ e VCVE, (X177 ds = D X E, V e—O(s—wXSl—wds}
t t

= D,X,E [ / e 0 X1
t

xt} = D X7 FD (X)),

where the third equality follows by the Markov property of (X;);>0, and

D) :=E /e‘e(s_t)XSl_'yds Xi=z| =E /e_esXsl_'yds Xo==
t 0

(Note that the second equality holds true because of Markov property.)
(ii) For the welfare, recall that

@\
(1) = e’ > (DS )
u =g, {/ eﬁ(st)sds] =F, / P C NIV
t t 11—~
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Comparing this expression to the formula in Pt(l) in (A.5), note that

@ _ 1 O\ py 1 OV =1 (1)
Z/{t - 1 _ ,y (Dt ) Pt - 1 _ ,y (Dt ) Xt f (Xt)
1 _
B ﬁ(Dt)l T FW(X)

(iii) As P\Y = D, X7 I (X,) where f is as in (4.1), Tto’s formula yields

dPV = oD, X7 ¥V (X,) dBP

oD X) ! <'yf(1)(Xt) + th(l)/(Xt)) VX (1= X)dBX + Aldt

= oD X fV (X,)dBP + oD, X7 0 (X)) VX, (1 — X,)dB;¥

+ Ajdt

dP® = oDy(1 — X,)"f® (X,)dBP + A%dt + oDy(1 — X,)" 'x
(=@ (x0) + (1= X5 (X0)) VKL = Xo)dBY

=oDy(1-X,)f® (X,)dBP+

oD(1 — X)) 'h® (X)) /X (1 — X, )dBX + AZdt.

for some adapted processes A!, A2. Hence,

sz;% = o?D2x; 7Y ((thu)(xt))z + (hm(xt))Q Xi(1 - Xt)>

d(P®),
dt

D1 - %020 ( (- 0@ x) + (12000) X - x0)

d <p(1)7 p(2)>f
dt -
o*DEX] (1= X,)7 (SO (X0) + b (X)R® (X))

and the claim follows by (4.5).
(iv) Again, the proof focuses on region 1, as the argument for region 2 is
analogous. As Pt(l) = DX} fV(X;) where f() are defined in (4.1), Tto’s
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formula yields

aP = X7 fO(X,)dD, + D, X] " <7f(1)(Xt) T X, (f(”)/ (Xt)) X,
#x77 ( 000+ 2 (1) (60 D, )
#5302 (3 = 07O + 20 (1) (3

+x2 (1) (0 ) ax),

= DX < nXef O (X0) + r(w - Xy) (vf“)(xt) +x, (s0) (X»)
02
2

+ (1Xt)< (v —1)f© Xt)+2yxf( (1)>I(Xt)

+X2 f<1 )dt+ath (X,)dBP

(
+am(f“><xt> X, (1) (x0) asi)

and therefore,

dPt(l) D =X (f(l))l(Xt) X
W*O’dBt — g 'Y+XtW dBf =

wy — X, (fO) (x4
(W X (”quxtf)*

021 - X, (FO) (x4 (GO x)\\
5 X, (7(71)+27th(1)(Xt) +X’f2 f(l)(Xt) o
(1)
o Dy
/~Lt1 - Pt(l) dt

which proves the claim.

Next, under Assumption 4.2, closed-form expressions of f(* in terms of hyper-
geometric functions follow (cf. the formulas derived by Hurd and Kuznetsov
[30] for related functionals of the Jacobi process).



Asset Prices in Segmented and Integrated Markets 33

Proposition A.3 Let Assumptions 3.4 and 4.2 hold. Then

1) 1)
2 I T.
(1) 1 O at) 2 2=y g (g
fH(x) = 220 (1 p—— ()G (1) + 1 c1—'y$ 5 (2)Gy 7 ()

(1)
I oo (1) — n2=7 WD
t B (600) -6 )

o2w® \ 14¢c —

(2)
JO p—— ( h Ff”(lfmc:&”(l)

(2) _ 2—vy
I, (1 :C) F(2)(1 )ng)(l _ :E)

14+co—7
Jac)
22 p@() g ((;52)(1)—(1—x)2‘7G§2)(1—x)) ;
where
Fl(z)($) = 2F1(a7b; CZ,Z')7
Ggi)(x) =3F5(ci —a,c — b, 14 ¢ — 756,24 ¢ — 73 @),
F(x) = 2Fi(b+1 - coa+1—c;2— ),
Gy (2) = aFo(1 = b1 = a,2 = 32— ;.3 = yi2),
U R e S U R Ut
= 5 0= 2 ’
2Kw;
C; 0_2 )
i atbtl—c)I(1—c; 0 . Ilatbtl—ci)l(c;i—1 J
I = e [ = PeRoeiel and the Wronskian

constant w® is
. , N\ A\ ; 2e(1—w;) 26w,
o= (90 (F) @)= () WFO)) (1= )™y

with o (x) = 9 Fy(a,b;a+b+1—c;;1 —x) and hypergeometric functions o Fy
and 3F2

i bicia) = - L
n=0 n '
e o S @a ) 7"
3F2(a’7b7p’ 7q7 )‘ nE:O (C)n(q) n,?

where (p)p:=p-(p+1)---(p+n—-2)-(p+n-—1).
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Proof. The proof focuses on region 1, as the formulae for region 2 follow by
replacing  with 1 —z and w; with ws. First, characterize the function f M) in
terms of the density function and speed measure of the process X:

o) o) 1
E [/ e P X1 ds| Xo = x} =/ e 0 (/ yl”p(s;ﬂs,y)m(y)dy) ds
0 0 0
1 oo
=/ y </ eesp(s;x,y)d8> m(y)dy
0 0

(A.6)

where p(s;z,y) is the density function with respect to the speed measure
m(dy) = m(y)dy. The representation of the Green function for scalar diffusions
(e.g. Borodin and Salminen [9, I1.10-11]) yields m(z) = Za“ (1 — z)otb—o
and

/ e P p(s;z,y)ds =

{J”Ffl)(x)cp“)(y), z <y,
0

w(ll)Fl(l) (y)<)0(1) (‘T)a x Z Y,

where F 1(1) and (1) are the fundamental solutions of the ordinary differential
equation

(v~ 2%) g"(x) + 2w~ 2)g'(x) = Zg9(),

with the respective boundary conditions
™) )’

F0+) >0, (F) (04)-s(0+) =0,

e (0+) = +oo, ((p(l)> (0+) - s(0+) > —o0
!/

#M(1-) >0, (¢M) (1) s(1-) =0,

FV(1-) = 400, (FV) (12) - s(1-) > —o0

where s(z) = Zaz“ (1 — x)*"*" = z(1 — 2)m(z). Thus, (A.6) further
simplifies to

[ee]
E [ / e X1 ds
0

(zFl(a, bra+b+l—cyil—a) / 2P (a b 13 ) (1 — ) H0=erya =7y
0

2
%:4:ﬁwﬁ

1

+2F1(a,b;01;$)/

x

oF1(a,b;a4+b+1—c51—y)(1— y)““’clyclwdy) .

Note that Assumption 4.2 ensures that the first integral in the right-hand side
converges. Applying the identities for hypergeometric functions in Abramowitz
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and Stegun [1, Chapter 15.3], the expression for f(1) simplifies as follows

oo
E [ / e X1 ds
0

2 ’ —C Cc1—
= 2,0 <F1(1) “2F1(a,b; 01335)/ 2 Fi(a,bye1;9) (1 — y) "0~y dy
g w 0

+ 1YL Rb 1~ eat Lo o) X

/ 2 Fy(a,b;er;9)(1 — y)a—&-b—clycl_,ycly
0

X():.’L‘:|

1
+F1(1) o F1(a, b Cl;fﬂ)/ 2F1(a,b;cr;y)(1 *y)HbiclyclﬂdyJFFél)x

T
1

2F1(a,b;01§$)/

x

oFi(b+1—crya+1—c132—cp;y)(1— y)“”‘“lyl"*dy)

9 1
" o2® (Ffl) o Fi(a, b 61;96)/ 2 F1(c1 —a,c1 — by C1;y)ycl_vdy+1ﬁ2(1)x
0

o2w@)

o TP (b+1—cpa+ 1 *61;2*01;35)/ 2F1(c1 —a,c1 — by ey y)y© Vdy
0

1
+F2(1) <o Fy(a,b; cl;x)/

x

2F1(1-b,1-a;2— cl;y)yl‘”dy>

3fh(c1 —a,c1 —b,14+c1 —y;c1,24+¢1 — ;1)

_ 2 (YsR(abew)
02w 1+c —7v

m =7
+F2 72F1(b+1_clva+1_01;2—01;x)
1+617’Y
X3F2(Cl_a’7cl_ba1+cl_’7501,2+01—’y;m)
1
+ 1) ——sFi(a, b o) (sFa( - b1 - a,2 = 132 = 1,3 = 35 1)
-7

—x2_73F2(1 —b1—a,2 —7;2—01,3—7;30)))

which yields the claim for f(1).
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A .3 Proof of Theorem 4.3

(i) Note that

_ o0 DN\ D
P _E / —B(s—t)  Ds Pt pyg
t t ] € Dt Ds s
o] 1—y
) —B(s—t) [ I8 X.ds| D
t /t € D, S t

oo (oo}
= Dt/ e 0GR, [X,]ds = Dt/ e PCIE [X,| X, ds
t t
= D¢ f(X¢).

where the last equality follows by the Markov property of (X;):>o, and f is
defined as

f(z) = /too e VIR [X,|X, = 2]ds = /000 e PR [X | Xo = 2]ds. (A7)

where the second equality again uses the Markov property. Integrating (3.2)
and taking the expectation yields E[X;|Xq = z] = e "z + w(1 — e™*t).
Therefore, (A.7) further simplifies to

flx) = /OOO e 0 (67”‘% + wq (1 — e*"is) )ds _ 1 K

R Y

wy,

whence the price of asset 1 is

PV = f(X)D,

1 K 1 1) Kwy (1) 2
= — X;Dy+ ————w Dy = ——D 7(17 D )
b N e T o R T e a U T
1 (0+rw (1), Kwi (2
= (2 =pW4 L p
9( Gn g a

and the price of asset ? follows analogously.
As eJo T4 N, = eJo(=H)45(D,)77 is a local martingale and

d (efot(ﬁfﬁ)ds (Dt)—7>
= (7 = ) eli D0 (D)™ dt

t = _ —~ =1 2
—yelo Te=B)ds ()= (,U—f' (y—bo” 5 Jo )dt-i-Lt

t _ 1)o?
= Jo (Ts—B)ds (Dy) v (”_3_7 (M_ (74_2)0>) dt + Ly,
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for some local martingale L, it follows that 73 = 8 + yu — "’(7;71)02

(ii) For the welfare, note that
_ o 1—x Joe) D 1—~
U, =E, {/ eﬁ(st)csds] =E, / e*ﬁ(S*t)idS

t . 1—~
Ao )
1 - ’y t Dt

I—v
1—v 0o 1—v 1—v 00
_ D / B0, <Ds> gs = Pt / o 0(s—1) g
1—7vJ D, L=vJi

D1
1—~6
(iii) In the integrated market, recalling that ag and b; are defined in Theo-

rem 4.3, Pt(l) = agDy Xy + b1 D; and Pt(z) = agDi(1 — X}) + b2 D;. Ito’s formula
yields

1—y
D,

dPM = (u(ao X, + b1)Dy + agk(wy — X;)Dy) dt

+ o(ap Xt + b1)DydBP + cagDin/ X (1 — X;)dB;* (A.8)
dP® = (u(ao(1 — X;) + b)) Dy — agk(wy — X3)Dy) dt

+o(ap(1 — X;) + bo)DydBP — oagDi/ X (1 — X;)dB;*  (A.9)

whence
d (P
<dt>t = 2D ((a0 X, +b1)” + af X, (1 - X))
d(P®
M = O'2D2 (ao(l — Xt) + b2)2 + CLQXt(l — Xt)
dt t 0
d{(PW, p@
u = 02D?( (aoX; + b1) (a0(1 — X3) + bo) — a2 X, (1 — X;)).
dt t 0
and the claim follows by (4.5).
(iv) Equations (A.8)-(A.9) yield
dpt(l) _ M+a0/§(w1—Xt) dt—f—o’dBD—FO'aO\/Xt(l_Xt)dBX
pY aX; + by t aX;+b

dpt(2) _ <M _ a/oli(wl — Xt) ) dt +0'dBD _ UGO\/Xt(l — Xt)dBX
Pt(2) ao(l — Xt) + bQ ¢ (10(1 — Xt) + b2 ¢

whence the expected returns are

(1) aok(wy — Xy) Xt
He ™ = aoXt + b1 aoXt + b1 o

(lolﬁ(’wl — Xt) 1-— Xt
ao(1 = X;) + b2 ao(l — Xy) +bo

w0

_(2
i = - =p+0
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A.4 Proof of Proposition 5.1

The proof focuses on region 1, as region 2 is analogous.

In the segmented market the pricing formula in Proposition A.3 yields

(1)

_t

DV

B /1 2xc1+’y—2(1 _ m)a+b—(:1
o c2wMBla+b—c1+1,¢1)

lim E

t—o0

1
— lim E {X]’lf(l)(Xt)} :/ 27O (2)m(x)da

t—o0 0

1
(Fl(l) -9 Fi(a, b 01;96)/ 2F1(c1 —a,c1 —byeysy)y™ Ty + Fz(l)fﬂl_cl X
0

2F1(b+1—017a+1—01;2—61;3?)/ 2F1(c1 —a,c1 = byersy)y™ dy
0
. 1
+F2( ) -2F1(a,b;cl;x)/
2w B(a+b—c1 +1,¢1)

oF (1 —b,1—a;2— cl;y)yl_vdy> dx

1
(Fl(l) / 2Fi(c1 — a,c1 — byep; )z 2drx
0
1
/ 2F1(c1 —a,c1 —byesy)y™ dy
0
1
+ Fz(l)/ x7*12F1(1 —b,1—a;2—cy;2)X
0
</ 2F1(c1 —a,c1 — by Cl;y)yquy) dx
0
1
+ Fz(l) / 2P (1 =b,1—a;2—ci;y)y' 7
0

y
(/ x T2, F (a, b cl;:r:)dx> dy)
0

1 1
_ 2 RORCGRONNEUC
c2wWB(a+b—c1+1,¢1) ci+l—7ve+y-—1

1 (1) (1)
(1) e (1) Gi (%) G; (2)
I. LF. .
+1% /Ox 3 (x)<61+1_v+61+7_1 dx
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Vice versa, in the integrated market, Theorem 4.3 implies that

1 rwy 1 1 KWy B
B I Tt S ) 12 ) 2
{94—&( Ty Xt)} 0—}—5( L xm(x)dx)
1 c1—2 _ a+b—cy
_ 1 14w 1741 —x) de) — 1 1+@a+b
0+ k 0 Jo Blatb—rc1+1,¢) 0+ k 0 ¢ —1
1 krwy [ 25 —1
1029 [ o2 -
(5 ().

el _g)eth—a
where m(z) := “Blath—er T

A.5 Proof of Proposition 5.2

The real exchange rate is the ratios between the stochastic discount factors
1

in the two countries, i.e., p, = % Under segmentation, Proposition A.2

6*Bt(D§1))*"r '

e (D)=

DY = D, X, and DI? = D,(1 - X,).

yields that p; = and Proposition 5.2 follows by recalling that

A.6 Proof of Proposition 6.1

Because of the market clearing condition (6.1) and the obtained optimal con-
sumption (6.2), the stochastic discount factor M; solves
1

Dt = C,El) + C§2) = (y(l)eﬁltMt)_; + (@/(2)6ﬁ2t]\74t)_E .

Solving the above quadratic equation gives

Il
()
Y
2
|
(Ve
Q‘N
N
=
I
[
_|_
—_
_|_

With the stochastic discount factor M;, the wealth process Y () of agent i is

1y —E, [ / Mucg)du} |
t
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40
Thus, the ratio of wealth becomes

Y;(z) E {ftoo Mucg)du} (y(Z))_% Iy {ft M, e = du:|
(1) - 0 a7 1 = _1 g1 1
el (o [ ]
- 1-29
E; f:o <1 + \/1 + KDueB2wB1“) e(ﬂvl(l_m)_ﬁf(l—“f))udu]
=2
2—2v s
ﬁzﬁlu) e(‘i}(l%)‘?(17))udu‘|
(A.10)
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where K is a positive constant dependent on y* and v only.
To establish an upper bound (respectively, lower bound) for the expectation

in the numerator (respectively, denominator), consider first the case of u —

§U2 + 52;761 > 0. On one hand,
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= KlDtl_}y/ 6_52Ue((1—27)u—'y(1—2'y)¢72)(u_t)du
t

1D, [ B0 B g,
i
1-29
Dt (A.11)

= Kie ®' D} ¢ Kyl 0-20-22)tp

where K; and K5 are some positive constants independent of ¢, while the
#)5 for all

first inequality follows from (v1+z —1)7% = (7”4:”1)6 < (
x > 0,0 > 0 and the second inequality from the version Jensen’s inequality
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(x +y)° <2071 (2% +¢?) for all z,y > 0,5 > 1. On the other hand,

o0 Ba—8 22y B
/ ( 1+ \/1 + KD,e s ) 6(71(1 27)— 22 (1- “/))udu]
t

t

E¢

= K'"7E, U e_ﬁluDi_'Ydu} = Kze™PtD7, (A.12)
t

where K3 is a positive constant independent of ¢ and the first inequality follows
from —1+ 1+ 2 < y/z. With (A.11) and (A.12), (A.10) becomes

1—2v

v _ K™D 4 Ky e(F0-2m-2)tp =
Kse—itD! ™7

= KieP =Pt DT 4 e D

— 1 —
= K Dy e (=30t 255 tmnoWe | g, pod om g (nm g0t B - h oW

which tends to zero as t — oo because u — l02 + ﬁ"’;ﬁl > 0.

Now, consider the case of u — 102 + B2=hB 51 < 0. On one hand,

r 55 2v—2
/ 2—61,,
<E, /Oo R o(B-2=20-m)ug,
t

i o Ba—B1,, 2-2y B2—B1,, 11—y
<E, K, (Due 7 ) K, (Due 7 ) x
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[ (Z20-—y)-2)upy2-2 - 1—
:Et/ (Kle v D7 + Kse B”‘D 7)du
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= Kle(%(liv)i%)tl)f_?y + ngiﬁltDtl_ﬁy,

where K7 and K5 are positive constants independent of . On the other hand,

1—2v
/oo <—1 + \/1 + KDueﬁQwﬁlu) o(Bra-2y)-22 <17))udu]
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where K3 is a positive constant independent of ¢ and the first inequality holds
dueto —1++1+2z = ﬁ < z. Then, (A.10) becomes

Y*t(z) 0 ngfﬁgtDtl*Q’Y
Yt(l) B Kle(%(l_W)_%)thfw + Kye=f1tD} ™7
_ 1
= B2—8
Kie 7 'Dy + KyelB2=t D)

1
IﬁDoe(“*%‘72Jr BB ) t+o W, + K2D367(“*%”2+ﬁ2;ﬁ1 YW

which tends to +00 as t — oo because p — %02 + @ < 0.

References

1.

10.

11.

Milton Abramowitz and Irene A Stegun. Handbook of mathematical func-
tions with formulas, graphs, and mathematical table, volume 2172. Dover
New York, 1965.

Michael Adler and Bernard Dumas. International portfolio choice and
corporation finance: A synthesis. The Journal of Finance, 38(3):925-984,
1983.

Adrian D Banner, Robert Fernholz, and Ioannis Karatzas. Atlas models
of equity markets. The Annals of Applied Probability, 15(4):2296-2330,
2005.

Suleyman Basak and Domenico Cuoco. An equilibrium model with re-
stricted stock market participation. The Review of Financial Studies, 11
(2):309-341, 1998.

Suleyman Basak and Anna Pavlova. A model of financialization of com-
modities. The Journal of Finance, 71(4):1511-1556, 2016.

Geert Bekaert and Campbell R Harvey. Emerging equity market volatility.
Journal of Financial economics, 43(1):29-77, 1997.

Harjoat S Bhamra, Nicolas Coeurdacier, and Stéphane Guibaud. A dy-
namic equilibrium model of imperfectly integrated financial markets. Jour-
nal of Economic Theory, 154:490-542, 2014.

Geetesh Bhardwaj, Gary Gorton, and Geert Rouwenhorst. Facts and fan-
tasies about commodity futures ten years later. Technical report, National
Bureau of Economic Research, 2015.

Andrei N Borodin and Paavo Salminen. Handbook of Brownian motion-
facts and formulae. Birkhéuser, 2012.

Gordon Brown and Nicolas Sarkozy. Oil prices need gov-
ernment  supervision. The Wall Street Journal. URL
https://www.wsj.com/articles/SB124701217125708963.

Andrea Buraschi, Fabio Trojani, and Andrea Vedolin. When uncertainty
blows in the orchard: Comovement and equilibrium volatility risk premia.
The Journal of Finance, 69(1):101-137, 2014.



Asset Prices in Segmented and Integrated Markets 43

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

René Carmona. Financialization of the commodities markets: A non-
technical introduction. In Commodities, Energy and Environmental Fi-
nance, pages 3-37. Springer, 2015.

Georgy Chabakauri. Dynamic equilibrium with two stocks, heterogeneous
investors, and portfolio constraints. The review of financial studies, 26
(12):3104-3141, 2013.

Patrick Chan, Ronnie Sircar, and Michael V. Stein. A feedback model for
the financialization of commodity markets. SIAM Journal on Financial
Mathematics, 6(1):870-899, jan 2015. doi: 10.1137/140995349.

John H Cochrane. The dog that did not bark: A defense of return pre-
dictability. The Review of Financial Studies, 21(4):1533-1575, 2008.
John H Cochrane, Francis A Longstaff, and Pedro Santa-Clara. Two trees.
The Review of Financial Studies, 21(1):347-385, 2007.

Rama Cont and Lakshithe Wagalath. Institutional investors and the de-
pendence structure of asset returns. Int. J. Theor. Appl. Finance, 19(2):
1650010, 37, 2016. ISSN 0219-0249.

Christa Cuchiero. Polynomial processes in stochastic portfolio theory.
Stochastic processes and their applications, 129(5):1829-1872, 2019.
Bernard Dumas. Dynamic equilibrium and the real exchange rate in a
spatially separated world. The Review of Financial Studies, 5(2):153-180,
1992.

Bernard Dumas, Campbell R Harvey, and Pierre Ruiz. Are correlations of
stock returns justified by subsequent changes in national outputs? Journal
of International Money and Finance, 22(6):777-811, 2003.

Emmanuel Farhi and Xavier Gabaix. Rare disasters and exchange rates.
The Quarterly Journal of Economics, 131(1):1-52, 2015.

Robert Fernholz and Ioannis Karatzas. Relative arbitrage in volatility-
stabilized markets. Annals of Finance, 1(2):149-177, 2005.

Damir Filipovi¢ and Martin Larsson. Polynomial diffusions and applica-
tions in finance. Finance and Stochastics, 20(4):931-972, 2016.

Damir Filipovi¢ and Martin Larsson. Polynomial jump-diffusion models.
Stochastic Systems, 10(1):71-97, 2020.

Damir Filipovié, Martin Larsson, and Anders B Trolle. Linear-rational
term structure models. The Journal of Finance, 72(2):655-704, 2017.
Stephen R Foerster and G Andrew Karolyi. The effects of market seg-
mentation and investor recognition on asset prices: Evidence from foreign
stocks listing in the united states. The Journal of Finance, 54(3):981-1013,
1999.

William N Goetzmann, Lingfeng Li, and K Geert Rouwenhorst. Long-term
global market correlations. The Journal of Business, 78(1):1-38, 2005.
Myron J Gordon and Eli Shapiro. Capital equipment analysis: the required
rate of profit. Management science, 3(1):102-110, 1956.

Simon Lysbjerg Hansen. Cross-sectional asset pricing with heterogeneous
preferences and beliefs. J. Econom. Dynam. Control, 58:125-151, 2015.
ISSN 0165-1889.



44

Paolo Guasoni, Kwok Chuen Wong

30

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

T. R. Hurd and A. Kuznetsov. Explicit formulas for Laplace transforms of
stochastic integrals. Markov Process. Related Fields, 14(2):277-290, 2008.
ISSN 1024-2953.

Ioannis Karatzas, John P Lehoczky, Steven E Shreve, and Gan-Lin Xu.
Martingale and duality methods for utility maximization in an incomplete
market. SIAM Journal on Control and optimization, 29(3):702-730, 1991.
Robert E Lucas Jr. Asset prices in an exchange economy. Econometrica:
Journal of the Econometric Society, pages 1429-1445, 1978.

Ian Martin. The lucas orchard. Econometrica, 81(1):55-111, 2013.
Michael W Masters. Testimony before the committee on homeland security
and governmental affairs. US Senate, Washington, May, 20, 2008.

Lior Menzly, Tano Santos, and Pietro Veronesi. Understanding predictabil-
ity. Journal of Political Economy, 112(1):1-47, 2004.

Robert C Merton. A simple model of capital market equilibrium with
incomplete information. The journal of finance, 42(3):483-510, 1987.
Soumik Pal. Analysis of market weights under volatility-stabilized market
models. The Annals of Applied Probability, 21(3):1180-1213, 2011.

Anna Pavlova and Roberto Rigobon. Asset prices and exchange rates.
The Review of Financial Studies, 20(4):1139-1180, 2007.

Tano Santos and Pietro Veronesi. Labor income and predictable stock
returns. Review of Financial Studies, 19(1):1-44, 2006.

Tano Santos and Pietro Veronesi. Habit formation, the cross section of
stock returns and the cash-flow risk puzzle. Journal of Financial Eco-
nomics, 98(2):385-413, 2010.

Bruno Solnik, Cyril Boucrelle, and Yann Le Fur. International market
correlation and volatility. Financial analysts journal, 52(5):17-34, 1996.
Bruno H Solnik. An equilibrium model of the international capital market.
Journal of economic theory, 8(4):500-524, 1974.

Bruno H Solnik. The international pricing of risk: An empirical investi-
gation of the world capital market structure. The Journal of Finance, 29
(2):365-378, 1974.

René M Stulz. On the effects of barriers to international investment. The
Journal of Finance, 36(4):923-934, 1981.

René M Stulz. A model of international asset pricing. Journal of Financial
Economics, 9(4):383-406, 1981.

Ke Tang and Wei Xiong. Index investment and the financialization of
commodities. Financial Analysts Journal, 68(5):54-74, 2012.



