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Abstract

This paper evaluates the consequences of the integration of international asset mar-
kets when goods markets are characterized by price rigidities. Using an open economy
general equilibrium model with volatility in the money markets, we show that such an
integration is not universally beneficial. The country with the more volatile shocks will
benefit whereas the country where the volatility of shocks is moderate will suffer. The
welfare effects reflect changes in the terms of trade that occur because forward-looking
price setters adjust to the changes in exchange rate volatility brought about by the

integration of international asset markets.
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1 Introduction

A prominent feature of the world economy in recent years is the increased integration
of financial markets worldwide. The number of countries that accept Article VIII of the
IMF nearly tripled from 55 in 1980 to 145 in 1998 (IMF (1999)). The implications of the
globalization of asset markets are many and varied. On the benefit side, it allows countries
to finance investment projects by giving them access to foreign funds. It also provides
agents with a broader menu of assets, allowing them to better diversify idiosyncratic risk.
Several studies have assessed the gains from international risk sharing. Some found them
to be limited (Cole and Obstfeld (1991), Obstfeld and Rogoff (1996 ch. 5), Tesar (1995)),
whereas others found larger gains (Davis, Nalewaik and Willen (2000), van Wincoop (1999)).
Lewis (2000) contrasts the different approaches. These benefits however come along with
significant costs. Several contributions have stressed the risks associated with panics and
mania in financial markets (Bhagwati (1998), Calvo (2000), Calvo and Mendoza (2000)).
Whether such problems are large enough to offset the benefits from integration remains
debated (Obstfeld (1998), Rogoff (1999)).

This paper analyzes how the integration of international asset markets interacts with
imperfections in good markets. Such imperfections play a central role in the analysis of
optimal policies in open economies. In particular, several recent studies discuss optimal
monetary policy using micro-founded models encompassing these imperfections. A non-
exhaustive list includes Benigno and Benigno (2000), Devereux and Engel (2000, 1998),
Engel (2000), Gali and Monacelli (1999), Ghironi (2000), Obstfeld and Rogoff (2000).!

Most of the studies of international monetary interactions however do not consider how
different international asset markets structures affect the results.? This paper undertakes

such an analysis using a standard micro-founded general equilibrium open economy model

'For a more complete list see the webpage on monetary policy rules in open economies,

http://socrates.berkeley.edu/~gbenigno/mpoe.htm.
2 An exception is Engel (2000).



based on Obstfeld and Rogoff (1998). Despite the extensive use of variants of this model, it
has not yet be used to address the question of international asset markets integration. It is
well suited for the exercise as it provides us with a well grounded welfare criterion, namely
the utility of the representative agent, and includes market imperfections in the form of
monopolistic competition and price rigidities. The general equilibrium nature of the model
also allows us to take the various channels through which the integration of asset markets
affect the economy into account. This is especially important as indirect effects through the
forward looking setting of prices can drastically affect the results of the analysis, as stressed
by Devereux and Engel (1998).

We use a version of the model allowing for real exchange rate fluctuations by considering
deviations from the law of one price, a feature supported by empirical studies (Engel and
Rogers (2000), Engel (1999)). Unlike earlier contributions (Chari, Kehoe and McGrattan
(2000), Devereux and Engel (2000, 1998), Devereux, Engel and Tille (1999)) we do not
restrict the analysis to a setup with complete international asset markets. Instead, we also
derive a variant where international asset markets are simply non-existent. The integration
of international asset markets can then be analyzed as a move from the second to the first
setup.

We consider a model with two countries that are both affected by monetary shocks. The
volatility of these shocks is however different across countries. We distinguish between a
low volatility country, which can be interpreted as an industrialized country, and a high
volatility country, which can represent an emerging market. The major finding is that the
integration of international asset markets does not benefit all countries. Instead, the high
volatility country benefits whereas the low volatility country looses. The main impact comes
through the terms of trade. By increasing the volatility of the exchange rate, the integration
of international asset markets induces exporting firms to lower their prices because their
revenue is convex in the exchange rate. This is the dominant effects for firms located in the
low volatility country. In the high volatility country however, this effect is dominated by
the fact that exchange rate fluctuations reduces the exporters’ revenue precisely when their

marginal utility of income is high, which leads them to increase their prices. These price



changes boost the competitiveness of goods produced in the low volatility country. However
this comes at the cost of a worsening of the terms of trade which reduces the purchasing
power of households in the low volatility country, ultimately making them worse off.

The possibility of adverse effects from asset markets integration has been recognized in
carlier studies, such as Bhagwati (1998), Gertler and Rogoff (1990), Osler (1991). These
contributions point that integration can be detrimental to the emerging market. By contrast
this paper stresses that the industrialized country can be adversely affected. It also shows
that under reasonable parameters the magnitudes of the welfare effect is sizeable, as it
amounts to between 0.6 and 3.5 percent of consumption.

The paper is organized as follows. Section 2 presents the structure of the model. Section
3 analyzes the positive impact of volatility. The discussion focuses on the main results and
their intuitive interpretation, with the detailed steps being presented in the Appendix. The
normative implications are discussed in section 4. The results are illustrated by a numerical
example in section 5. Section 6 analyzes two extensions and shows that the results remain

valid. Section 7 concludes.

2 The model

2.1 Households optimization

The world is made of two countries, denoted by 1 and 2. A mass n of households are
residents of country 1 and a mass 1 — n are residents of country 2. Households consume a
continuum of goods of different brands. Brands are indexed by v, with n brands produced
in country 1 (v € [0,n)) and 1 — n brands produced in country 2 (v € [n, 1]). The objective
of household x in country 1 is to maximize:

1-p
Ui (z) = B, Zﬁ ClHS p)] + x11n (M]i%iix)) — NLagys (x)] (1)
The first term captures the utility from consuming a basket of goods, Ci (z). p is the
coefficient of risk aversion and we adopt the usual assumption that p > 1. The second term

captures the liquidity services from the real currency holdings, where M; (z) is the amount



of country 1 currency held by household z, and P; is the aggregate price level in country 1.
The last term captures the disutility of hours worked, L; ().
The consumption basket C; (z) is composed of goods produced in country 1 and 2:

[Cuye (2)]" [Cray (2)]' "

n(1—n)"

Clt (l’) =

where Cy; (x) is the consumption by household z living in country 1 of goods produced in
country j. Ci; (z) and Cjp (z) are in turn baskets of the various brands produced in each

country:
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where Cy; (z,v) is the consumption by household z living in country 1 of brand v produced in
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country j. The intra-temporal allocation of consumption across the available brands reflects
the brands prices. The demands from household x living in country 1 for a country 1 brand

and a country 2 brand are given by:

where Py, (v) is the price, in country 1 currency, of a brand v produced in country j and
sold in country 1. P;; is the price index, in country 1 currency, of goods produced in country
7 and sold in country 1. P; is the price index, in country 1 currency, of all goods sold in
country 1. The price indexes represent the minimum expenditure required to purchase one
unit of the corresponding basket. The consumption allocation for an household living in
country 2 takes a similar form.

In addition of domestic money households can hold a complete range of contingent secu-
rities. We separate the set of available securities in two subsets distinguished by the currency
denomination of the payoff. Securities in the first (second) subset pay 1 unit of country 1 (2)

currency, conditional on the realization of the associated state of the world. Households can



always hold securities that pay off in their domestic currency, but may be prohibited from
holding securities paying off in the other country currency. This possible prohibition is the

distinguishing feature between the two variants we consider:

e If households can hold securities paying off in the other country currency, they can
trade assets with foreign households. Assets markets are therefore complete across and

within countries. We refer to this case as the comp model,

e If households can not hold securities paying off in the other country currency, they
cannot trade assets with foreign households. There is therefore no possibility of in-
ternational risk sharing: assets markets are complete within countries but not across
countries. The impossibility of holding claims across countries implies that trade flows
in goods are balanced in each state of the world, and we refer to this model as the bal

model.

In both models, the budget constraint of household z living in country 1 is given by:

PltClt ((L’) + Mlt (.’E) + BP1t+1 (.’E)

= BRy; (z) + Myy—1 () + Ty () + Wi Ly () — Ty () (4)

where BPy:y1 () denotes the purchases by household z living in country 1 of contingent
securities that pay off in period ¢ + 1. BRy; () is the payoff in period ¢ on similar securities
purchased in period ¢t — 1. IIj; (z) denotes the lump sum dividend revenue from the firms
owned by household z and T3; (x) is a lump sum tax. The budget constraint for a household
living in country 2 is similar.

We now discuss the specification of the BP and BR terms. In the comp model, all
households can trade in all securities, so the BP; and BR; terms cover securities denominated
in country 1 currency, as well as securities denominated in country 2 currency, for ¢ = 1, 2.
In the bal model by contrast, households can trade only in the securities paying off in the
currency of their country of residence. The BP; and BR; terms then cover only securities

denominated in country i currency, for ¢« = 1,2. The key feature of the bal model is that



households cannot trade securities with their counterparts abroad, not that households are

restricted in terms of the currency denomination of the securities they can trade.
Household z living in country 1 maximizes (1) subject to (4), with her counterpart in

country 2 solving a similar problem. The Appendix shows that in both the comp and bal

models we obtain:

Wiy

— = nC¥ 5
P, nlie (5)
M, o o X1

Plt - Cltl . dl (6)

where we dropped the z index as all households within a country are identical. (5) is the
labor supply relation equating the marginal utility of consumption adjusted by the real wage
to the marginal cost of effort. (6) is the money market equilibrium where the marginal
utility of monetary balances adjusted for the discount factor is equal to the marginal utility

of consumption.® Similar relations hold for country 2:

Woy

T2 e 7
PQt T’ 2t ( )
Moy - o X2

P2t - CQt 1 — d2 (8)

(5)-(8) are independent of the structure of asset markets and hold in both the comp and
the bal models. We consider that in both models governments simply repay the seignorage

revenue in the form of lump sum transfers: M;; — M1 = —Ty, for i = 1, 2.

2.2 Firms optimization

Firms produce goods using a constant returns to scale technology with labor as the
only input. Our model is characterized by price rigidities as firms chose their prices before
shocks are realized. Following a shock, output is demand determined and firms accommodate
changes in demand at the preset prices. Following Devereux and Engel (2000) we assume

that firms choose two prices: one in their own currency for domestic sales and one in foreign

3The Appendix shows that the discount factor dyz 41 = 3 [P CYy] [P1t+1 Cr, +1] ~1is constant at d;. This

result reflects our assumption of a logarithmic utility for real balances.



currency for export sales. As prices are preset in the consumers’ currency the law of one
price does not necessarily hold. The price charged by a firm for sales in country 1 can differ
from the price it charges in country 2 adjusted for the exchange rate. We do not assume
that the law of one price holds for two reasons. First, the law of one price is not supported
by empirical evidence (Engel (1999), Engel and Rogers (2000)). Second, deviations from
purchasing power parity, stemming from the failure of the law of one price, are a crucial
element of our analysis. As shown by Obstfeld and Rogoff (2000, 1998) households never
choose to hold any claims on the other country when purchasing power parity holds, and
the results are the same whether international asset markets are non-existent, incomplete,
or complete.

The optimization problem of each firm is to maximize its expected profits one period
ahead. Firms located in a country being owned by the households residing in that country,
the profits are discounted by the marginal utility of income. A firm in country 1 chooses a
price Piq; in country 1 currency charged to domestic customers, and a price Py in country

2 currency charged to customers abroad. The optimal prices are given by:

A E,_ Wy,CL "

P, =
11t 1 Et_lcllt,p 9)
A Et,lVVltCl—tp Co

AN—1 E,15,0;Cy

where S is the nominal exchange rate is defined in terms of units of country 1 currency per

P21t

(10)

unit of country 2 currency, so that an increase in S corresponds to a depreciation of the
country 1 currency. To highlight the intuition, we focus on the second equation and rewrite

it as:
A
A—1

The left hand side represents the expected marginal revenue in country 1 currency, Poy: Fy 1S;,

PQItEt—lstcl_tpCQt = Et—lwltcl_tpCQt

and the right hand-side represents the expected marginal cost, E;_;Wi;. The terms on both
sides are weighted by C7,”Cy, which captures the marginal utility of revenue for the firm
owner, C,”, and the strength of demand in the market, Cy;.

Intuitively the firm owner has to choose a price knowing that ex-post shocks will occur

which will make her wish to set a different price if she could. If she equally cares about all



possible future states, she will be equally likely to wish to increase or decrease her price ex-
post. She then chooses the price so that the expected marginal revenue exceeds the expected
marginal cost by a markup reflecting her monopoly power: Py E_1S; = A (A — 1)_1 E, Wy
The firm owner however does not weight all states equally. Instead she cares more about
states where her marginal utility of income is high (C},” is large) and / or demand is strong
(Cy is large). If in such states she is equally likely to want to lower her price or increase it,
she will still set the expected revenue at a markup over the expected marginal cost.

The firm owner however chooses a price such that the expected marginal revenue exceeds
the expected marginal cost if her margin is lower in the states that she cares more about.
This occurs if the exchange rate S; is negatively correlated with C,”Cy. An appreciation
of country 1 currency (a low value of S;) reduces the revenue for each unit sold, expressed
in country 1 currency. This occurs precisely in the states about which the firm owner cares
more, so she chooses a higher price ex ante. She also chooses a higher price if the marginal
cost Wi, is positively correlated with C,”Co;, that is if the cost is higher, hence the profit
margin lower, in the states she cares more about.

Similarly, a firm in country 2 chooses a price Pjo; in country 1 currency charged to

customers abroad, and a price Psy; in country 2 currency charged to domestic customers:

A B WyuCCLr

Py = = _QI = Q_tp (11)

A— 1Et—1St Clt 2t
A B WGy

(12)

Note that the optimal price setting equations are independent of the structure of asset

markets. The output of the representative country 1 and country 2 firms are given by:

P2t CQt
P22t

+(1—n)

(13)

2.3 The relation between consumption and the real exchange rate

The results so far hold whether international asset markets are complete or non existent.
We now turn to the dimension of the model that is affected by the structure of international

asset markets, namely the relation between the real exchange rate and relative consumption.



In the comp model, optimal risk sharing implies that the real exchange rate is always
equal to the ratio of marginal utilities of consumption, as shown in Chari, Kehoe and Mc-
Grattan (2000) and Devereux and Engel (2000):

SiPy _ Cf,
P 1t Cgt

(14)

Intuitively (14) shows that the benefit from an additional unit of income in either currency
is the same regardless whether it is paid to households in country 1 or country 2.

(14) does not hold in the bal model as households cannot trade securities across borders.
As there are no cross-country asset holdings, trade in goods must be balances each period.

Using the import demand in country 1 (3) and its equivalent in country 2, we write:

P, C: P.C
StPgltn (1 — TL) ;ﬁ 2t = Plgtn (1 — n) ; 1
21t 12t
StPQt Clt
== 15
Plt CZt ( )

(15) provides a relation between the real exchange rate and relative consumptions in the
bal model,! which is the counterpart of the optimal risk sharing relation (14) in the comp
model.

(14) and (15) show that the integration of international asset markets, i.e. a move from
the bal model to the comp model, impacts households by changing the sensitivity of relative
consumption to the real exchange rate. This clearly shows the central role played by the real
exchange rate: in any setup where the purchasing power parity holds, that is S; Po; = Py, the
integration of international asset markets is irrelevant as consumption is the same in both
countries: C1; = Cy. An example is a setup with nominal rigidities and complete exchange
rate pass-through, as shown by Obstfeld and Rogoff (2000, 1998). Another example is a
flexible price setup. Indeed, in the absence of price rigidities the structure of the model
implies that the integration of international asset markets is neutral. This holds even if

we consider non-monetary sources of volatility such as government spending or productivity

shocks.

4The proportionnality between the real exchange rate and relative consumption reflects our assumption

of a unit elasticity of substitution between goods produced in different countries.
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As we consider that p > 1, (14) and (15) show that the integration of international asset
markets reduces the sensitivity of relative consumption to the real exchange rate. Conversely,
the real exchange rate is more volatile for a given volatility of relative consumption when

international asset markets are complete.

3 The impact of monetary volatility

Having presented the mechanisms of the model, we now turn to the analysis of volatil-
ity. Following earlier contributions (Devereux and Engel (2000), Devereux, Engel and Tille
(1999)) we focus on shocks in the money market equilibrium (6) and (8). More specifically

we assume that nominal balances follow a log normal distribution:

my = E_imy+er , Mmooy = Ei_imo + e
€ 0 a2 0
YN |0 (16)
E9t 0 0 O'%

where lower cases denote logarithms. Without loss of generality we assume that monetary
shocks are uncorrelated across countries. The shocks to the money market equilibrium
can be interpreted as shocks to either the money supply or the money demand. They bring
uncertainty in the amount of real balances required to finance a given degree of consumption.
A high volatility can then be interpreted as a situation where financial intermediaries are
not stable and it is possible that a large amount of real balances be required to finance a
given consumption.

Without loss of generality, we assume that the money market is less volatile in country
2 than in country 1: o2 > o3. Country 1 can be interpreted as an emerging market with
volatile financial institutions, whereas country 2 represents an industrialized country where
financial markets are more stable.

Both the comp and the bal models are characterized by the absence of any linkage
between periods through cross-country wealth effects. In the bal model cross-country assets

are non-existent and households cannot save any fraction of their income in the form of

claims on households in other countries. The situation is similar in the comp model where

11



any unexpected increase in income is immediately transferred to the other country through
the insurance market. As the entire impact of a shock occurs in one period in both models,
we can focus our analysis entirely on one period t. We consider how shocks in period ¢ affect
the ex-post realization of the variables in period ¢, along with the impact on the expectations

from the point of view of period ¢ — 1 when firms choose their prices.

3.1 Volatility of consumption and the exchange rate

The volatility of consumption can be computed from the money market equilibrium

relations (6) and (8) which can be expressed in logarithms as:

my — pir = In (1 fldl) +pciy , Mo —py=In <1 §2d2> + pcai

As all prices are preset in the consumer’s currency, p;; and po; are not affected by the shocks,

and the variance of the logarithms of consumption follows from (16):
o® (en) = p~70t > 0% (cu) = p~"03

where 02 (c;;) is the variance of the logarithm of consumption in country i. The volatility of
consumption directly reflects the volatility of the domestic money market and is higher in
the emerging market (country 1). The degree of integration of international asset markets
does not affect the money market equilibrium (6) and (8). The variance of consumption is
therefore the same in the comp and the bal models.

The volatility of the exchange rate can easily be computed from (14) and (15) as follows:

0 (8t)pe = Var(cy—cu)=p (o7 +03)
o’ (St)comp = Var(p(ciy —ca)) = (a% + 0—3)
= 02 (‘St)comp > 02 (St>ba1 (17)

where o2 (s;) is the variance of the logarithm of the exchange rate. As p > 1 the exchange
rate is more volatile in the comp model. This occurs because the volatility of consumption
is the same whether international asset markets are complete or non existent. The exchange

rate is then more volatile in the comp because it is more sensitive to relative consumption,

12



as shown by (14)-(15). The amplitude of the co-movements between the exchange rate and

consumption is also larger:

(5t C1t)eomp = P (07 (c11) = 0 (cry c21)) = po (51, C10)pa (18)

0 (51, Cot)omp = P (0 (cryca) — 0% (car)) = po (s, Cat)par

3.2 Ex-ante prices and expected levels

As stressed in Devereux and Engel (1998), the impact of volatility is not limited to the
second moments of the variables. It also affects the ex-ante price setting, which in turns has
an impact on the expected levels of consumption and effort. The detailed analysis of the
impact through prices and expected levels is presented in the Appendix, and we focus on

the main results and the underlying intuition for simplicity.

3.2.1 Optimal prices

In the comp model, all prices charged in a given country are identical:

)\77 Etflcltcomp
—1 Etflcllt;gmp

)\77 Etfl Cbtcomp

_ 1—p
1 Etfl C’thomp

Plltcomp - P12tcomp = Pltcomp \

P21tcomp - P22tcomp = P2tcomp \

In the bal model, the price of domestically produced goods and imports is however different,

and we write:

A Ep1Cimal B A Ei1Chtpal

- , Poubal = Pobal i
-1 Ei 1Cl A—1 Ei 1 Clpa
A B 1Clpal AN B 1Comal
A—1E,_,CL? A=1E, 1Couly

Piipal = Pubal)\

Piowar = Pimal s Pospal = Pobal

The form of the prices for domestic goods, P;1; and Py, is the same in both models. The
expressions for the prices of imported goods, P9 and Py, are however different. This shows
that the direct impact of the degree of asset markets integration is on the price of imported
goods. Intuitively, this reflects the changes in the co-movements of the exchange rate and

consumptions.

13



To illustrate the intuition behind this mechanism in a simple way, we focus on the case
where there is no volatility in country 2: o3 = 0. Prices are set to equate the marginal
revenue (unit revenue x demand x discount) and a markup over the marginal cost (unit cost
x demand x discount). From (11), the price of imports from country 2 into country 1 is
written as:

1

_ A
Pt By [g AGTE Cgtp} =N
. _

The price is set so that the expected marginal revenue, captured by Pyo,E,_15;", is a markup

By y [Way - Cyp - Co)f]

over the expected marginal cost, F; 1W5;. Both the expected revenue and the expected cost
are adjusted by the strength of demand in the market, captured by C};, and the marginal
utility of income for the firm owner, captured by C,,”.

The optimal price expression can be rewritten in logarithms, so the analysis is not sen-
sitive to terms reflecting Jensen’s inequality.” We use the property of the log-normal distri-

bution,’ and recall that there is no volatility in country 2, to write:

1
P12t X —502 (St) + o (st, C1t)

where o< denotes a relation of proportionality.

The integration of international asset markets, that is a move from the bal model to the
comp model, has two opposite direct effects on pyo;. First, the increase in the exchange rate
volatility (17) tends to reduce the price. Intuitively this reflects the convexity of the marginal
expected revenue, Po, Fy_1S; ", with respect to the logarithm exchange rate. Because of this
convexity the higher volatility of the exchange rate increases the expected revenue, leading

the firm to lower its price to keep the marginal revenue in line with the marginal cost.

SFor instance the analysis is not affected by the definition of the exchange rate. Defining Z; = S, 1 we

can see that:

2 = —Sg=>E 124 =—Fp 18
1 1
E, 1Zy = Eiq|—
—12¢ ¢ 1[515}75&_1515

An analysis in logarithms is the same whether we consider z; or s;, but an analysis in levels would be affected.

SNamely: if e =InX ~ N (u, 02) then EX® = exp [a,u + %a202].

14



Second, the higher covariance between the exchange rate and the strength of demand
o (st,c1) tends to reduce the price. As shown by (18) this covariance is positive. An
appreciation of country 1 currency (a low value of S; ') reduces the revenue on each unit
sold in country 1, expressed in terms of country 2 currency. As o (sg,¢1¢) > 0 this occurs
precisely when demand is strong (C}; is high). As states of strong demand are precisely the
states that the firm owner cares more about, she sets a higher ex ante price to partially offset
the reduced revenue in such states. By increasing the magnitudes of the covariance between
the exchange rate and the strength of demand, the integration of international asset markets
reinforces this channel.

We can show that the impact through the exchange rate volatility is stronger than the
effect on the covariance between the exchange rate and demand, so that the direct impact

of the integration of international asset markets is to lower the price:

1
_5 [02 (St)comp - 02 (St)bal} + |:O- (St7 Clt)comp -0 (St7 Clt)bal]
—1)?
_%02 (c10) <0

We can undertake a similar analysis for the price of imports from country 1 to country

2. From (10) we write:

A
A1

Pa1y By [Sp - Car - O] Ey_1 (Wi Coy - C]

Py E;_1S; reflects the marginal revenue, and F;_; Wi, is the marginal cost. Both are adjusted
by the strength of demand in the market, captured by C5;, and the marginal utility of income

for the firm’s owner, captured by C,,”. We can express this relation in logarithms as:

1
P21t X —502 (st) + po (8¢, c1r)

The integration of asset markets again has two opposite direct impacts on poys. First,
the increase in the exchange rate volatility tends to reduce the price. As before this reflects
the convexity of the marginal expected revenue, Py1; F; 1.5, with respect to the logarithm of
the exchange rate. The higher volatility of the exchange rate increases the expected revenue,

leading the firm to lower its price.

15



Second, the higher covariance between the exchange rate and consumption in country
1, o (s, c1p) tends to reduce the price. This impact now reflects the co-movements of the
exchange rate and the marginal utility of income for the firm owner, C},”. A depreciation of
country 1 currency (a low value of S;) reduces the revenue from each unit sold in country 2,
expressed in country 1 currency. As o (s, c1) > 0, this happens precisely when the marginal
utility of income for the firm owner is high (C},” is high). As the firm owner cares more
about states where her marginal utility is high, she sets a higher price ex ante to offset the
reduction of revenue in these states. By increasing the magnitude of o (s, ¢1¢), the integration
of international asset markets magnifies this channel.

We can show that the impact through the exchange rate volatility is the weakest of the

two effects and the direct impact of the integration of asset markets is to increase the price:

1

_5 o’ (St)comp — o’ (St)bal:| +p |:O- (St7 Clt)comp —a (Stv Clt)bal

(p— 1)2 2
TG’ (Clt) >0

The direct impact of the integration of international asset markets on prices is therefore
a reduction of import prices in the country with high volatility (country 1), and an increase
in import prices in the country with low volatility (country 2). Goods produced in country
2 are more competitive in both markets, leading all consumers to switch their consumption
towards these goods. This increases the expected output of firms in country 2. The change
in import prices however also leads to a higher consumer price index in country 2, thereby
lowering the purchasing power of country 2 households.

Our analysis so far has only focused on the direct impact through the exchange rate
volatility and the co-movements between the exchange rate and consumptions. We now
build on this first step by deriving the solution of the model for the expected values of

consumption and output.

3.2.2 Expected consumptions

From the expressions for the optimal prices, we can derive the solution for expected

consumption. The Appendix presents the detailed steps, and we focus on the final results.
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Table 1 presents the expected consumption in both countries and both models. Expected
consumption is higher in the high volatility country (country 1) than in the low volatility
country in the comp model. In the bal model, expected consumption is the same in both

countries:

Et—lcltcomp > Et—loltbal - Et—102tbal > Et—ICthomp (19)

The integration of asset markets rises increases consumption in the high volatility country
and lowers it in the other country. As pointed in Devereux-Engel-Tille (1999) consumption
is an index of consumption of goods from both countries. An increase in the expected con-
sumption index can then reflect an increase in the expected consumption of each good, or a
decrease in the variance of relative consumption between goods produced in different coun-
tries (reflecting changes in relative prices). As all consumer prices are preset, exchange rate
fluctuations do no affect the relative price of goods and consumption changes are evenly
shared across goods produced in different countries. The changes in the expected con-
sumption index hence do not reflect changes in the volatility of consumption of goods from
country 1 relative to the consumption of goods from country 2, but changes in expected
consumptions. In other words, the changes in the expected consumption index has the intu-
itive interpretation of a change in expected consumption, instead of reflecting the particular
features of the index.

We can also derive the expected consumption of domestic and imported goods in each
model. As shown in the Appendix, we first derive the expected power consumption, defined

as B, C';_p , leading to the results in table 2 and the following ranking:
Er1Clphy > B 1Chicbmp > Er1Coebmp > B 1Conly (20)

We then derive the expected consumption of domestic and imported goods in country 1,
presented in table 3. From the ranking (20) we see that in country 1 the expected consump-
tion of domestic goods is reduced by the integration of assets markets, whereas the expected
consumption of imports increases. We can derive the corresponding results for country 2, as
shown in table 4. Households in country 2 increase their expected consumption of domestic

goods and reduce their consumption of imports. Note that the increase in the expected
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consumption of goods produced in country 2 is stronger for the households living in country

1:

1—p 1—p
Et—1012tcomp Et—loltcomp Et—lCthomp Et—1022tcomp
Er1Crommt L7 Lo T B o
t—1C121bal E, 1Couly E, 1Coul t—1C221bal

Similarly, the reduction in the expected consumption of goods produced in country 1 is

stronger for the households of country 2:

1-p 1-p
Et71021tcomp Et—lCthomp Et—lcltcomp Etflclltcomp
= s < T, = <1
E; 1Co1pal E, 1Cipha E, 1Cluha E; 1Cripal

3.2.3 Expected effort

The expected output, and effort, for each household is computed from (13) and the
optimal prices, as shown in the Appendix. The results are given in table 5. Using the ranking
(20) we show that the integration of international asset markets generates a reduction in the
output of country 1. This occurs because all households shift their consumption towards the
goods produced in country 2 as they are now cheaper. Similarly, the output of country 2

increases to meet the additional demand from all households.

Etfli/ltbal > Etflx/ltcomp = Etflyétcomp > EthYthal (21)

The integration of international asset markets generates an output boom in the low volatility
country and a contraction in the high volatility country. In both countries the change in

output is led by exports.

3.2.4 Expected profits

Having computed the expected output, it is interesting to compute the expected profits
for each firm. As firms use a linear technology we separate each firm between a domestic
firm, producing for domestic sales, and an export firm for clarity. We measure the expected
value of profits for the firm owner, that is the expectation of sales net of wages, adjusted for
the marginal utility of revenue. For comparability profits are scaled by the size of the market
in which the firm sells its goods. E;_;II;; denotes the expected profit for a firm producing

in country ¢ for sales in country j. For instance, the expected profits of a domestic firm in
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country 1 are:

1 L, 1 PiC
By Iliye = ﬁnEPlCupP_lt (Pr1e — Why) ;ntlt

Similarly, the expected profits of an export firm in country 1 are:

1 1
E, Iy = —— (1 —n)E,_1C., — (S;Poys — W,
t—11121¢ 1—n( n) t—1C ¢ Pu,( t4721¢ lt)

PQtCQt
P21t

The results for firms located in country 1 are given in table 6, and we can show that:

Ey 1ILiwar = Eio1lloimal > Er1llittcomp > Ei-11121tcomp (22)

The integration of international markets reduces expected profits in the high volatility coun-
try, especially for export firms. We can undertake similar steps for firms producing in country

2. The results are given in table 7 and are ranked as follows:

Ey 11otcomp > Er-11lstcomp > Ei—11lootbal = Ei11112tbal (23)

The integration of international asset markets boosts the profits of firms operating in country

2, especially for export firms.

3.3 Summary of the positive findings

Before proceeding to the welfare analysis, we review the positive implications of the
model. The integration of international asset markets, i.e. a switch from the bal to the
comp model, increases the volatility of the exchange rate as well as the magnitude of the
co-movements between the exchange rate and consumptions. This impact on the second
moments is taken into account by exporting firms in their price setting decisions. The higher
volatility of the exchange rate leads firms to lower their prices as their revenue is convex
with respect to the exchange rate. This is the dominant force for firms in country 2 which
reduce the price they charge for sales in country 1. For country 1 firms however, the higher
exchange rate volatility is more than offset by the fact that revenues are low precisely in the
states firms owners care more about. This leads them to increase the prices they charge in

country 2.
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The integration of international asset markets therefore increases the price of exports
from country 1, while reducing the price of exports from country 2. Goods produced in
country 2 are then more competitive and all consumers worldwide switch towards them.
This consumption switching boosts output and expected profits in country 2, especially for
the export firms. The opposite occurs in country 1.

The export led growth in country 2 is however offset by a deterioration of its terms of
trade, as shown in the Appendix. The price of imported goods is higher in country 2, while
the price of domestic goods remains unchanged. The purchasing power of consumers in
country 2 is reduced, leading to a lowering of expected consumption. The opposite occurs
in country 1 where expected consumption is higher thanks to the improvement of the terms

of trade.

4 Welfare results

How does the integration of world markets affect the welfare in each country? We are
interested in the welfare effect ex-ante, instead of the consequences of a particular shock.
The welfare metric we choose is the expectation of the representative household’s utility (1).
As the impact of shocks is limited to one period, we evaluate the following measure of welfare

for each country i:
B Gy’

Bl = =72

- 77Et—1Yz’t

where we used L; = Yj;;. Following earlier contributions in the literature (Devereux and
Engel (2000), Obstfeld and Rogoff (2000)), we focus on the impact through consumption
and effort and abstract from the impact through real balances by considering that x; is a
small number.”

The welfare impact of integrating international asset markets can easily be established

TOur results are reinforced if we take the welfare impact of real balances into account. The only impact
of asset markets integration on x,;F:_1In (]With;l) occurs through consumer prices. As prices are reduced
in the high volatility country, the direct impact of real balances is beneficial. The opposite occurs in the low

volatility country.

20



from our rankings of consumption (20) and effort (21). Recalling that p > 1, we derive:

Et—l Ultbal < Et—lUltcomp < Et—l Uthomp < Et—l Uthal (24)

The integration of international asset markets unambiguously benefits the high volatility
country (country 1), at the expense of the low volatility country (country 2). It increases
the purchasing power of households in the high volatility country through a reduction of
import prices. By contrast households in the low volatility country experience a reduction
of their purchasing power. The impact through consumption is reinforced by changes in
expected efforts. As worldwide demands shifts towards goods produced in the low volatility
country, households there have to work more. By contrast, households in the high volatility
country enjoy more leisure. (24) also shows that the low volatility country is always better off
than the high volatility country. The integration of asset markets reduces this gap without

bringing it to zero.

5 A numerical example

Our results can be illustrated by a simple numerical example. We set the elasticity of
substitution across brands, A, to 6, implying a steady state markup of 20% over marginal
cost. To abstract from country size effect we set n to 0.5. The weight of effort, n, is set to
1. We consider three possible values for p: 2, 3 and 4. We assume that there is no volatility

in country 2, and set the standard deviation of consumption volatility in country 1 to 10%:®
o () = (012, o2(ey) =0

We consider the impact from a complete integration of international asset markets, i.e. a
move from the bal model to the comp model. The first step is to evaluate the impact on the
volatility of the exchange rate, and its co-movements with consumption. Table 8 indicates the

standard error of the exchange rate (1/Var (s;)), and the square root of its covariance with

8For clarity, we choose to hold the volatility of consumptions (02 (¢1¢), 02 (cg;)) fixed, instead of holding

the volatility of monetary shocks (0%, 03) fixed.
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consumption in the high volatility country (1/Covar (s, c1¢)), both expressed as percentages.
Both measures are significantly increased by the integration of international asset markets.

The changes in volatility brought in turn affect the price setting by firms. The percentage
changes of consumer prices are shown in table 9. The change in volatility has no impact for
the price of domestically produced goods, but leads to a significant reduction in the price
of import in country 1, and an increase in import prices in country 2. Goods produced
in country 2 are more competitive in both markets leading to a consumption switching
away from goods produced in country 1. Households in country 1 benefit from lower prices,
whereas their counterparts in country 2 experience a reduction in their purchasing power.

The change in consumer prices affect expected consumption in both countries as shown
by table 10. The high volatility country experiences an overall consumption boom, as the
increase in imports consumption is stronger than the contraction in consumption of domestic
goods. The opposite is true in the low volatility country where the higher consumption of
domestic goods is not strong enough to offset the contraction in imports, leading to an overall
reduction in consumption.

Table 11 presents the impact on expected outputs and profits. The increase of the relative
price of goods produced in country 1 leads to a contraction of output in country 1 and an
expansion in country 2. The pattern of profits is similar: they are reduced for firms in the
high volatility country and increased for their counterparts in the low volatility country. The
changes in profits are stronger for export firms.

We now turn to the welfare effects. To give a straightforward intuitive interpretation
to our results we express them in terms of equivalent consumption changes. These changes
are defined as the percentage change in expected consumption from the bal model, holding
consumption volatility and expected effort at their values in the bal model, that leads to
the welfare level reached in the comp model. Specifically, the equivalent change in country

i is the change between E; 1Cimal and Ei_1Citequiv Where E;_1Ciequiv 1S the solution of:

1 _ —1
Et—lUitcomp = Tp [Et—lCitequiv]l peXp ppTVCLT (Citbal) — 77Et—1Y;tbal

Table 12 presents the equivalent percentage changes in expected consumption. The in-
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tegration of international asset has sharply different impact on the two countries. The high
volatility country experiences a gain equivalent to a 0.6—3.5 percent increase in expected con-
sumption, with the low volatility country suffering from a loss of a slightly lower magnitude.
These magnitudes are sizable, especially compared to the small gains from international as-
set markets integration found in some studies (Cole and Obstfeld (1991), Tesar (1995)) As
the gain for country 1 slightly exceeds the loss for country 2, the integration of international
asset markets is moderately beneficial on average.

Interestingly monopolistic competition is not the driving force behind the results. All the
positive effects illustrated in tables 1 to 11 do not depend on the exact value of A\. Only the
welfare effects in table 12 are affected. The impact is however small. In addition, a lower

degree of monopolistic competition (a higher \) actually magnifies the welfare results.

6 Extensions

6.1 Reduced volatility through integration

Our analysis so far has focused on the impact of international asset markets integration,
holding the volatility of shocks constant. We could however argue that the volatility is not
invariant with respect to the structure of asset markets. For instance, the integration of
international asset markets can allow for the diffusion of more efficient banking and financial
practices, thereby strengthening the financial sector in the countries where it was initially
weak.

To assess the impact of reduced volatility, we consider that the integration of international
asset markets does not affect the volatility in country 2 but brings the volatility in country

1 all the way down to the level prevailing in country 2:

0*(Cicomprv) = 02(cat) < 0 (Cirbal)

where compRYV denotes the model with complete international asset markets and reduced
volatility in country 1, whereas comp denotes the model with complete international asset

markets and unchanged volatility.
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The Appendix shows that the impact on expected consumption in country 2 is the same
whether volatility is reduced or not. By contrast, the integration of international asset
markets reduces expected consumption in country 1 when it is accompanied by reduced

volatility:
Et—lcltcompRV < Et—lcltbal ; Et—ICthompRV = Et—ICthomp

The reduction of expected effort in country 1 brought by the integration of international
asset markets is especially strong when volatility is reduced. By contrast expected effort

increases in country 2, although by less than when volatility remains constant:

EtflyvltcompRV < Etflyvltcomp <Et71Yv1tbal

Etflythbal < EtflvatcompRV <Et71Yv2tcomp

Turning the welfare effect, the consumption component is affected by two opposite influ-
ences in country 1. The reduced volatility of consumption is beneficial, whereas the reduction
in expected consumption is harmful. We can show that the first channel is stronger and the
consumption component of welfare in country 1 is higher:

1
1—p

_ 1 _ 1 _
B 1Chybmpry > TpEtflclltcgmp > TpEtflclltbgl

Country 1 therefore benefits from the integration of international asset markets by even more

when it is accompanied by a reduction of volatility:
Et—l UltcompRV > Et—l Ultcomp > Et—lUltbal

Country 2 is still adversely affected as expected consumption decreases and expected effort
increases. The magnitude of the effect is however smaller than in the case with constant
volatility:

Ei 1Ustcomp < Ei-1Ustcomprv < Et—1Usbal

Intuitively, the reduction of volatility dampens the worsening of country 2’s terms of
trade, but does not removes it entirely. Our conclusions remain valid even if o3 = 0, in

which case there is no uncertainty in the compRV model. If country 2 has a perfectly stable
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financial sector it is still adversely affected by the integration of international asset markets,
even when this integration entirely removes the volatility in foreign financial markets.

The magnitude of the welfare effect under reduced volatility is illustrated in table 13.
It presents the increase in expected consumption that would be required in the bal model,
holding effort and consumption volatility constant, to reach the welfare level attained in the
model with complete international asset markets and reduced volatility. Compared with table
12, the benefit from integration in country 1 is made significantly larger by the reduction of

volatility. By contrast, the adverse impact in country 2 is only moderately reduced.

6.2 Asymmetric exchange rate pass-through

Our analysis assumes that all export prices are set in the consumer currency. This
assumption can seem too extreme if we think of country 1 as an emerging market. Instead,
a setup with asymmetric pass-through may be more appropriate. In such a setup firms in
country 1 still set their export prices in country 2 currency. By contrast, firms in country 2
set their export prices in their own currency and pass exchange rate fluctuations through to
consumer prices in country 1. Engel (2000) argues that such a setup can be more relevant
than a symmetric framework with zero pass-through. We can undertake our analysis under an
asymmetric pass-through setup. The steps are more complex and are given in the Appendix.
The main finding is that our results remain valid.

Setting 03 = 0 for simplicity we find that the integration of international asset mar-
kets still increases the exchange rate volatility. However it now reduces the volatility of

consumption in country 1:

o (St)comp > o’ (St)bal ) o (Clt)comp <o’ (Clt)bal

Intuitively the exchange rate dampens the impact of monetary shocks on consumption.
An unexpected increase in Mj; leads to a depreciation of the country 1 currency. This
depreciation in turn increases the price of imports and partially offsets the impact of the
monetary shock on real balances. As consumption is proportional to real balances, the

fluctuations in import prices dampen the impact of monetary shocks. By increasing the
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volatility of the exchange rate, the integration of international asset markets reinforces this
dampening effect.

We can show that expected consumption in country 2 is still lower in the comp model
than in the bal model. The impact on expected consumption in country 1 is ambiguous in
general. However, we can show that if both countries are equally large (n = 0.5) expected
consumption is reduced in the comp model.

To illustrate the effect of integrating of international asset markets under asymmetric
pass-through, we compute a numerical example using the same parameter values as for
the baseline model. The only difference is the volatility of monetary shocks in country
1. In our baseline model, we considered a 1 percent variance of consumption in country
1 (062 (ci¢) = 0.01). This translate into the following variance of monetary shocks (o7 =
p*o? (cyy)): 0.04 for p = 2, 0.09 for p = 3 and 0.16 for p = 4. Using these values for the
underlying shocks we find that our baseline results remain valid. The integration of asset
markets increases the volatility of the exchange rate. It also reduces expected consumption in
both countries. This is however offset by a reduction of consumption volatility in country 1.
Expected effort is reduced in country 1 and increased in country 2. In terms of welfare, table
14 indicates the equivalent changes in expected consumption. Country 1 benefits whereas
country 2 looses. The magnitudes are smaller than under symmetric pass-through (table
12) but remain substantial. Interestingly the gain for country 1 is now smaller that the
loss for country 2, implying that the average effect of asset market integration is actually

detrimental.

7 Conclusion

This paper shows that the impact of the integration of international asset markets in the
presence of monetary shocks is sensitive to imperfections in the goods markets. Whereas
such an integration is neutral if segmented asset markets are the only distortion, it can be
harmful in the presence of other distortions such as nominal rigidities. We assess the effect

of international asset markets integration in a general equilibrium 2-country model where
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the two countries differ by the degree of volatility in their money market.

We show that in such a setup the integration of international asset markets affects the
terms of trade between the two countries as firms set their prices in a forward looking
manner. The welfare impacts significantly differ between the two countries. The benefits
accrue entirely to the high volatility country whereas the low volatility country is made
worse off, despite a gain in competitiveness leading to an export led boom and an increase in
profits. Intuitively the worsening of the terms of trade of the low volatility country reduces
the purchasing power of households.

We extend the setup in two directions. We allow for the integration of international asset
markets to reduce the volatility of underlying shocks. We also consider a more realistic,
albeit more complex, structure of exchange rate pass-through. Our results remain valid
under these extensions.

The analysis shows that the impact of international asset markets integration cannot be
evaluated abstracting from the structure of the rest of the economy. The model presented
remains simple and extensions are a avenue for future research. Of particular interest are
a richer modelization of the financial sector, as well as the inclusion of different sources of

volatility.
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Table 1: Expected consumption

Q7 exp 25102 (cu)]

Model Country 1 Country 2

bal E,_1Cipal = E;_1Comal = Ei—1Cispal
Q 7 exp [4525]

comp Et—lcltcomp - Et—ICthomp =

0 b exp [0 (cn)

Q= OA-1""

where: ¥ = no? (cyr) + (1 — n) o? (ca)

Table 2: Expected power consumption

Model

Country 1

Country 2

bal

1—
Et—lCltbgl =
O exp (2202 (c1t)]

X exp [(1 —n) @A]

1—
Et—ICthil =
07 exp (2202 (car)]

X exp [—n@A}

comp

E, ,CL*

ltcomp =

Q5 exp [%102(0175)}

E, ,CL 7

2tcomp =

0 exp [%102(0%)}

where: A = o2 (c1t) — o? (cat)

Q= A-1)"
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Table 3: Composition of consumption, country 1

Model

Goods produced in country 1

Goods produced in country 2

bal Et—lclltbal = Ei_1Ciapal =

Et 1Cltba1 (1- n) Et 102tba1
comp Et—lclltcomp - Et—ICIthomp -

Et 101tcomp (1 - n) Et lc’ltcomp

Table 4: Composition of consumption, country 2

Model | Goods produced in country 1 | Goods produced in country 2
bal Et—ICQItbal = Ei1Copal =

Et 1Cltba1 (1- n) Et 102tba1
comp Et—ICQItcomp - Et—ICQthomp -

A—1
’I’L)\—nEt 102

tcomp

(1 —’I’L) Et 102

tcomp
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Table 5: Expected effort

Model

Country 1

bal

_ 01 1-p
Ei_1Yipa = Q E1Clp)m

comp

Q—l

Etflyrltcomp =

1—p
nki_1 C’ltcomp

+(1—n)E_Cy

2tcomp

where: Q =Xy (A—1)"

Table 6: Expected profits, firms located in country 1

Model

Goods sold in country 1

Goods sold in country 2

bal Ei 11L1mpal = By 11lo1hal =
—1 1— -1 1-p
A Et—lCltbal A Et—lcltbal
comp Etfll—-[lltcomp = EthHQItcomp -

B ClP

licomp

\NUE,_ O

2tcomp
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Country 2

_ 01 1-p
Ei 1Youpar = Q  E_1Cop)m

Etf 1 }/thomp = Etf 1 }/ltcomp




Table 7: Expected profits, firms located in country 2

Model | Goods sold in country 1 | Goods sold in country 2

bal Ei 1 1iohal = Ei 1 aomar =
AilEtflcgt?;l )‘71Et710217;f;1

comp Et—1H12tcomp - Et—1H22tcomp =
A_lEt—lolltzgmp >‘_1Et—1021t_cﬁmp

Table 8: Impact of asset markets integration:

Standard deviation of the exchange rate (%)

p=2|p=3|p=4

Var (s;)

Bal model 10 10 10
Comp model 20 30 40
Covar (s, c1t)

Bal model 10 10 10
Comp model 14 17 20
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Table 9: Impact of asset markets integration:
Percentage change in consumer prices

p=2|p=3|p=4

Country 1: Py —0.50 | —1.49 | —2.96

Py 0 0 0

Pyoy —1.00 | —2.96 | —5.82

Country 2: Py 0.50 1.51 3.05

Py 1.01 3.06 | 6.18

Paoy 0 0 0

Table 10: Impact of asset markets integration:

Percentage change in expected consumption

p=2|p=3|p=4

Country 1: E;_1Cy, 025 0.50| 0.75
E, 1Ciy —0.25 | —1.00 | —2.23

E, 1Ciy 075 2.02| 3.82

Country 2: E; 1Cy —0.25 | —0.50 | —0.75
E, 1Cyy —0.75 | —1.98 | —3.68

E; 1Coy 0.25 1.01 2.28

Table 11: Impact of asset markets integration:

Percentage change in expected output and profits

p=2|p=3|p=4

Country 1: E; 1Yy —0.50 | —1.49 | —2.95
E; 1114, —0.25 | —1.00 | —2.23

E; 1oy, —0.75 | —1.98 | —3.68

Country 2: E; 1Yo 0.50 1.51 3.05
E; 11119 075 2.02| 3.82

E; 11loo 0.25 1.01 2.28
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Table 12: Impact of asset markets integration: Welfare effect

Equivalent percentage change in expected consumption

p=2|p=3|p=4

Country 1: E;_1Clitequiv 0.67 1.78 3.42
Country 2: E;_1Coequiv —0.66 | —1.72 | —3.10

Table 13: Impact of asset markets integration
and reduced volatility: Welfare effect

Equivalent percentage change in expected consumption

p=2|p=3|p=4

Country 1: E;_1Clitequiv 1.39 2.75 4.70
Country 2: E;_1Coequiv —0.46 | —1.31 | —2.52

Table 14: Impact of asset markets integration
under assymetric pass-through: Welfare effect

Equivalent percentage change in expected consumption

p=2|p=3|p=4

Country 1: E; 1Cltequiv 0.39 1.10 2.16
Country 2: E;_1Ctequiv —0.46 | —1.40 | —2.76
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8 Appendix

8.1 Appendix 1: Household optimization

We start by focusing on the dimensions of the solution that are the same in the comp
and the bal model. Household x living in country 1 chooses a sequence of state contingent
consumption C (z, h), money holding M; (x, h), contingent assets holdings and hours worked

Ly (z,h) to maximize:

A S (TG

1—p

Rtts

M s (% ht+s)
P1t+s (ht+s)

- Z ﬁs Z Altts (‘,I:J ht+s) {P1t+s (ht+s) Clt+s (% h’t+s)

s=0 ht+s

+M1t+s (l', ht+s) - M1t+s—1 (x7 ht+s—1)

o ) -t e o

+BP1ttst1 (f, ht+s) — BRi4st (x, ht+s)
—ITy44s (xu ht+s) — Witss (ht+s) Liys (xu ht+s) —Titrs (% ht+s)}
where Pr (h;, ) is the probability that state h, s occurs and Ajzys (x, heys) is the Lagrange

multiplier on the associated budget constraint. We focus on period t and t + 1 for simplicity

and write the first order conditions with respect to consumption, money holdings and hours

worked as:
oL [Cu ()] *
= 0=—"=)
oon@ T R W
oL N [Croqr (2, hoyr)] ™ _ A (z, hiy1)
0C1441 (% ht+1) Piiq (ht+1) Pr (ht+1)
oL 1
— = 0= xyy——— = A\t — A h 26
My (x) XN (@)~ g hz; 1641 (2, hert) (26)
oL n
= 0= —=A
0Ly (7) TR
As all households within a country are identical, we drop the index x and rewrite the con-
ditions as:
Wlt Mlt X1
MR LS ’ —C°
P, P, "1 Edign
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where dy; ;11 is the discount factor between the two periods:

Pltcft

dlt,t+1 = ﬁ—p
P11 Cyy

(27)

following Obstfeld and Rogoff (1998), we can show that the discount factor is a constant if

M, follows a random walk with drift:

M]\}—t;l = (1+p) e

with € is and i.i.d. shock with mean 1. From (26) we can write the first order condition with

respect to money balances as:

_ x1P1:CY
My,

Pltclpt

1 _ e
P
Py 1Oy

+ BE;

Conjecturing that the ratio between Mi; and Py;CY, is constant across states, we show that

dyt441 1S a constant and write:

M
—L_cr X1
Py 1 —d;
Similar steps can be undertaken for an household living in country 2, and we obtain:
Wau My, X2
R CP , et CP _ A2
PQt o P2t 2t 1— dQ

We now turn our focus on the role of contingent securities. B;ji1 (x, hi+1) denotes the
holding by household z living in country ¢ of securities paying 1 unit of country j currency
in period t + 1 if the state of the world is h;41. ¢ji (hi11) is the price in country j currency
and period t of a security paying 1 unit of country j currency in period ¢ + 1 if the state of
the world is h;y1. For simplicity we focus on the optimal holdings of securities purchased in
period t and paying off in period ¢ 4+ 1. In the comp model, all households can trade in all

securities:

BP1t+1 (ﬁ) = Z qit (ht+1) Bllt-H (ﬂﬁ, ht+1) + Z Stq2t (ht+1) B12t+1 (ﬂﬁ, ht+1)

ht+1 ht+1

BRy: () = But(z, he) + SiBiat (z, hy)

BP2+1 (33) = Z S;IQH (ht+1) Baig 1 (% ht+1) + Z qat (ht+1) Bt iq (% ht+1)

hiy1 hty1

BRy () = St_lBglt (x, ht) + Baot (x, ht)
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where S is the nominal exchange rate (units of country 1 currency per unit of country 2

currency). The Lagrangian (25) for a household living in country 1 is then written as:

L = 00—\ (35) Z q1t (ht+1) By (z, ht+1) + Z Stqot (htv1) Biotsr (@, hyq)

hit1 hiy1

=B At (2, heir) [=Bue (2 hin) = Spir (heg) Bravi (2, hes)]

ht+s
where © is a term unaffected by the holdings of securities. The optimal conditions are given

by:

oL Aieg1 (2, hein)
= 0= h = f—
OB11141 (% ht+1) e ( Hl) & At (33)
oL A1 (2, hus) Sin (Bugn)
= 0= h =
OBioi41 (%, hygr) @2t (heia) = 3 it () S,

Undertaking similar steps for a household living in country 2 leads to:

Aoty (2, hiet) St
h pu—
a1t ( t+1) s Aoy (Jj) Sit1 (ht—H)

ﬁ)\2t+1 (x, his1)
)\Qt (I’)

@t (hiy1) =

Recall that:

Cof _ Colir (hesr) _ Aavin (hes)
Py ' ’ Pty (ht+1) Pr (ht+1)

Combining the conditions for households living in different countries, we show that:

)\2t+1—<ht+1)5t = )\1t+1—(ht+1>5t+1 (hes1)
Aot A1t

C;tp StPQt St+1 (ht+1) P2t+1 (ht—H) Cl;,il (h’t+1)

C, Pu Piii1 (hey) Coft 1 (hiy1)

The real exchange rate is proportional to the ratio of consumption in any state of the world:

SiPo Fc—ft Stp1Paryr Pcft-H
Py 0/9 ’ Piiyq Chii1

Vhiit

where I' is a constant that reflects the initial conditions as shown by Chari, Kehoe and
McGrattan (2000). For simplicity, we consider that the no country holds claims on the other
initially, so that I' = 1.
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In the bal model, households can trade only in the securities paying off in the currency

of their country of residence:

BPy1 (z) = Z qut (hes1) Brieer (, heya)

hit1

Bth(x) = Bllt(x;ht)

BP2t+1 (ﬁ) = Z gt (ht+1) 322t+1 (ﬂﬁ, ht+1)

hiy1

BRgt (I‘) = BQQt (I’, ht)
The Lagrangian (25) for a household living in country 1 is now written as:

L=06— >\1t Z qit ht+1) Bllt+1 x, ht+1 Z >\1t+1 x ht+1 [ B4 (f, ht+1)]

ht+1 ht+s

Using (27), the optimality condition is:

ﬁ)\lt+1 (2, hit1)
)\M (.’L’)

Following similar steps for a household living in country 2, we write:

qit (hey1) = = @it (hig1) = Pr(hes1) da

ﬁ)\2t+1 (2, hit1)
)\Qt (.’L’)

The optimality conditions for securities holdings do not generate a relation between relative

qot (he1) = = qo (hi1) = Pr(hey) do

consumption and the real exchange rate. Instead, the prices of securities simply adjust so
that the holdings are exactly zero, as households can only trade with other households that

are identical to them.

8.2 Appendix 2: Firms optimization

We denote the quantity sold by a firm producing brand v in country j by Yj (v). Aggre-
gating the demand from a country 1 household (2)-(3) and their counterparts for a country

2 household, we write:

Py (U) - PCyy Poyy (U) - P, Coy
Y, = 1 —
1(v) = n [ P | P T TR | P
Py, (U)] - PCyy [PQQt (U)] - P, Coy
Yo () = n +(1—-n
2t (v) l Pro; Pro; ( ) Py Py
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The optimization problem of the firm is to maximize its expected profits one period ahead.
Firms located in a country being owned by the households residing in that country, the
profits are discounted by the marginal utility of income. A firm in country 1 sets its prices

to maximize:

CL’ Py (U) e P Cyy
FE_ Y 1Py (0) — Wiln [
' 1{ Py, P (0) = Wam [ =50 Piy;

+FEi 1 {E (St P (v) — W] (1 —n) [

Poyy (U)] e Py, Coy
Py

Poy Poyy

All prices being preset, the only stochastic terms are the consumptions, the wage and the
exchange rate. Taking the fist order conditions with respect to Pjy; (v) and Py (v), and
recalling that all firms are identical in equilibrium, leads to (9)-(10).

Similarly, a firm in country 2 maximizes:

C,’ P, > p,C
Et—l {i |:St_1P12t (’U) . WQt] n |: 12t ('U):| 1t lt}

Py Py Proy
Cy’ Py () ™ Py Cy
+FE, 2 Pyoy (v) — Woyl (1 — 1 [
. { B, (P () = War (1 =) | =5 Poy

The first order conditions with respect to Pig; (v) and Pag (v) lead to (11)-(12).

8.3 Appendix 3: Optimal prices and expected consumption
8.3.1 The comp model

In the comp model, we derive the optimal prices by combining the labor supplies (5)
and (7), the optimal risk sharing relation (14) and the optimal pricing equations (9)-(12).

After some algebra, we write:

>\77 E,_Cy
Py = P12t=P1t>\_1Et71011t,p
>\77 E,_1Cy

P21t = P22t:P2t)\_1Et_1021t—p

All consumer prices charged in a given country are identical. Using the definition of the
consumer price index we establish that:

An B Oy
A=1E, ,Cy,”

An

Py = P{thpllz_tnzplt N_ 1

= Et_lCllt_p = Ei 1Cy
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An B 1Oy
A=1E,_,Cy "
As variables are log normal, we use the property that if x = In X ~» N (u,0?) then EX® =

An

= Etilc;t—p — )\_1

Py = PlLPLS" =Py E; 1Cy

exp [a,u + %aﬁaﬂ to write:

_ _ -1
Etflcllt g [Etflclt]l peXp [%02<Clt):|

Using our results so far, we compute the expected consumption levels as:

An 5 p—1
E; 1Citcomp = (ﬁ) expl 5 02(617:)}

An 5 p—1
Et—lcthomp = (m) exp l 5 0'2(621‘,):|

Furthermore, we can establish that:

_ A , -1
Etflclltcgmp = ()\__771> exp [,0 0'2<Clt)}
'&1
_ A o -1
Et—lczltcgmp = (%) exp [p 5 02(6215)}

Turning to the allocation of consumption between domestic of foreign goods, we use the

consumption demands (2)-(3) and their counterparts in country 2 to write:

P P
Ciy = n?iclt ) Crat = (1 - TL) ?1;0115
P: P
Coy = R%Cm ) Coar = (1 - TL) %CQT,
Using our results for the optimal prices, we obtain:
A—1 _ A—1 _
Et—lolltcomp = n )\77 Et—lclltcgmp 5 Et—1012tcomp - (1 - n) Et—lclltcgmp

A—1 A—1
reh Et71022tcomp = (1 - n) n Etflclip

2tcomp

EtflcQItcomp = n 2tcomp 9

8.3.2 The bal model

When international asset markets are not integrated, we proceed as for the comp model,

using (15) instead of (14). After some algebra we write:

)\77 Et—lclt )\7’] Et—102t
Py = Py = P.
11t 1t)\ 1 Et_1011t_p ) 21t 2t)\ 1 Et_1011t_p
An o B An B
Py = P BoCu o _p, M BC
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From the price index we write:

o n 1-n __
Py = P11tP12t = Py

)\77 { E,_1Cy }n { E,_Cy ]1n

A=11E L Cy "] LE Gy
_ A7 Ei 1Cy }n { Ei 1Oy ]1_n
Py = Py Py =P
2t 21t 22¢ Qt)\ 1 [Et—1011t_p Et—1021t_p
Combining these two equations leads to:
—pmn _pl—n A
[EeaC )" [Ba O, 7] B O
—_pm _p1l—n A
[Et—1011t ] [Et—1021t ] 2 _771Et_102t

As the left-hand side is the same in both relations, the expected consumption is equal across
countries:
Ei_1Cipal = Ei—1Copal

We can now re-write any of the two relations as:

s exp [ e exp [ 11 220 )] = 2

N
ARG p—1, 5 B 2
= F;_1Cipal = o1 eXp | (no? (c1) + (1 —n) o (ca))

The expected consumption in the bal model is between the values for the two countries in

the comp model. We can also write:

1—p A1) 0 p—1 ,
ErCipa = |\ y—7) &P |—50 ()

_ A 2 —1
Etflcétbgl - <)\—_171) exp {pTUQ (@t)}

exp [—n@ (02 (c1t) — o’ (C2t))]

As in the comp model, we can derive the allocation of expected consumption across

domestic and foreign goods by using the optimal prices:
A—1
A7)

B 1Ciamal = Bt 1Coha = (1 — )

1—p
Etflcltbal

A—1
An

E, 1Cibar = Ei1Corpal =1

1—p
Et—lCthal
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8.4 Appendix 4: Expected output

We compute the expected effort from (13):

1B 1Ch 5t Flr 10
By, - pfufeiCu o PubieiCu
t—1Y1¢ n — +(1-n) —
PyEy (C PyE, 1C
Ep 1Yy p I () 2R
Pioy Pyo;

We combine these relations with the optimal prices (9)-(12) to derive the solution for expected
output. In the comp model, we write:

A—”
An

nEt_lc'll_p + (1 - n) Et—lol_p :| - Et—l}/thomp

Et—lyitcomp = tcomp 2tcomp

Similarly, we show that in the bal model:

A—1 _ _
Ei 1Yipa = v [nEt—1011tb’;1 +(1—n) Et_lCllthJ =
A—1

A7

A—1 _
Et—lclltbgl

A—1

1—p
Etflythbal Etflcgtbal

(B 1Copfy + (1 —n) By 1Coply] =

8.5 Appendix 5: Expected profits

We now turn to the expected profits. Starting with country 1, we use the demand (2) to

write the expected profits for a domestic firm as:

1 _, 1 P Chy
E,_ Iy = —nE,_,C.’ P — W
t—11111¢ nn t—1 0 P ( 11t 1t) Piy

1t

! is the scaling parameters as the firm sells goods to n customers, C;,”P}," is the

where n™
marginal utility of revenue, P;1; — Wy, is the unit margin and PltPﬁ% C}; is the demand from

each consumer. Using the labor supply (5) we write:

PltEt—lclt

B 1Ly = Etflc%;p -7 P
11t

We can similarly write the expected profits of an export firm in country 1 as follows:

! —p_1 PyC
Beillne = 1—n (1—mn) thcltpp—lt (St Pore — Why) ]2;21t2t
SiPor - PyFE; 1Cy
= E _ P It e A
t—1 Plt Clt CQt 77 P21t
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Using our results for the optimal prices and the relations between the real exchange rate and

relative consumptions, (14) and (15), we write:

1 1
Etflnlltcomp = XEt 101tcomp ) Et71H21tcomp = XEt ICthomp
1 1
Ei Iliimar = )\Et Toims v B aIlimar = XEt 1C1ma

We can derive similar expressions for the expected profits of export and domestic firms

in country 2:

1 1 P. P,,.C
By Iy = nEt 1 < 21 WQt) o

2t P2t St C P12t
P, PyE;
= E, 1St113tt02t Cyy — %ﬂl“
Ey (Il = ﬁ(l n) B ICQt . (P22t Way) P;ijt
— B, ,CLv PQt%ICZt
22t
Using the optimal prices, we can write:
By Mieomp = 3B 1Clin+ B 1Totcomp = 35 1Chichnp
Ei 1Iligmar = ;\Et 1Comb o Erallomar = %Et 1Comm

8.6 Appendix 6: Expected terms of trade

The terms of trade are defined as the unit revenue from export divided by the unit cost

of imports:
SiPoyy 1

Py TOTy

To avoid any spurious conclusion reflecting Jensen inequality,” we start by analyzing the

TOTR -

logs of the terms of trade:

tot1y = s¢ + Py — P12e = —totay

9As B, 1TOTy £ (B, TOTy) "
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We start with the comp model. From the optimal prices and the optimal risk sharing

condition (14), we write the expected terms of trade as:

E; qtoty, = pEi 1c1t — pFy 1co +InEy Co — In B, 1Cy, *

+InE; 4 111«,_'0 —InE,_,Cy
Using the properties of the log normal distribution and some algebra we obtain:

-2
By 1toticomp = % [02 (C1t) — o? (Czt)]

Turning to the bal model, we use the optimal prices and the balanced trade condition to

write:

E, jtotyy = Eiic1t— Eiqcoe +InEy 1Cy —1In Etflcll,;p

+InE, 1Cy, " —InE, 1Cyy

Recall that E;_1Cival = Ei—1Copal = Ei_1c14 + %02 (c11) = Ey_1co + %02 (cor). After some

algebra, we establish:

plp—1)+1

5 [0'2 (Clt) — O'2 (Cgt)}

B, qtotipar = —

We can then establish that country 1 terms of trade are more favorable in the comp

model:

20 =1)(p—1)
2

E;_1totitcomp — Fi—1totimal = [02 (c1t) — o (CQt)} >0

8.7 Appendix 7: Domestic prices

Our analysis shows that the integration of asset markets reduces the price of import from
country 2 in country 1, and increase the price for import from country 1 in country 2. This
Appendix computes the equilibrium impact on the prices of domestic goods, Pij; and Pso;.

From the optimal price (9) we know that the form of Pjq; is the same in both the comp

and the bal models:

An o B Cy — P, A1)

P =P
11t 1N 1Et71011;p P
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where we used E, ,C}; " = [Et,lClt]lf’) exp [@02 (clt)}. From the money demand (6)

we can write:

P,CY = —Myu(1—dy)
X1
1-d
= PltEtflcft = 1Et71M1t
1
1—-4d _ 1
= P = X L [Et—1C1t] exp {—p o (Clt):| Ey_1 My
1
Therefore:
1—dy A
Py = L A E; 1My exp [—P (p—1)0° (Clt)}
X1 A—1

All the terms on the right-hand side are the same in both the comp and the bal model.
We can undertake similar steps for the price of domestic goods in country 2. We know

that in both the comp and the bal model:

)\7’] Et—102t _ P )\77
N—1E_cl7 "*a-1

P22t:P2t

From the money demand (8) we write:

1—dy

X2

Py =

[Et—102t]_p exXp {—Pp —

Therefore:
. 1— dg )\77
Xo A—1

The integration of asset markets has no impact on the price of domestic goods, P;1; and Py,

E;_1 My exp [—P (p—1) o’ (C2t)}

in both countries.
Our results also lead to simple expressions for the impact of asset market integration on

consumer prices. We can show that:

Pltcomp Plltcomp P12tcomp

2 < 1 | 2 =1 P <1
1tbal 11tbal 12tbal
P2tcomp 1 P21tcomp 1 P22tcomp 1
P T Pama 7 Poma
2tbal 21tbal 22tbal
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8.8 Appendix 8: Reduced volatility through integration

We solve a variant of the model where the integration of international asset markets
affects the volatility of shocks. We assume that the integration does not affect the volatility
in country 2 (the low volatility country) but brings the volatility in country 1 down to the
level of country 2. The solution for the bal model is as before, whereas the solution for the

comp model becomes:

UQ(CltcompRV) - UQ(CQt)

My \ ~1
Et—lcltcompRV = Et—ICthomp = <)\—_771) exp |:p 2 UQ(CQt):|

p-1
E, lcltcompRV = Lk 102tcomp <%) ' exp {%102@29]

Where compRYV denotes the model with complete markets and reduced volatility, and comp

denotes the model with complete markets and unchanged volatility. Expected consumption

in country 2 is not affected by the reduced volatility in country 1, whereas it is reduced in

country 1. Turning to expected output we write:

A —

EtflyrltcompRV - EthYthcompRV - )\T] Et ICthomp

Using our results for the case where volatility remains constant, we infer:

Et—lyitcompRV < Et—lyitcomp <Et—1Y1tba1

Etflythbal < EtflvatcompRV <Et71Yv2tcomp

The welfare of both countries in the comp model is unambiguously higher when the
volatility in country 1 is reduced, compared to the case with constant volatility. Recall that

welfare is given by:

Et 1 C’ltcomp A—1

Ei Ultcomp = 1_ P - \ [nEt 101tcomp (1 - n) Ey 102tcomp]
E 1Coln A—1 - -
EtflUthomp = - 1 _Qtp P — \ [nEtflclltcgmp + (1 - n) EtflcQItcgmp]

Comparing the outcomes with and without the reduction in volatility, we know that Et,lcg;gmp

is not affected and E;_ 101tcompRV < E;_ 101tcomp Therefore, the reduction of volatility ben-
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efits both countries through a reduction in expected effort compared to the case with constant
volatility, and also country 1 through the consumption term.

The integration of international asset markets is therefore especially beneficial to country
1 when it is accompanied by a reduction of its volatility. Country 2 is still adversely affected,

although the reduction in volatility reduces the magnitude of the loss.

8.9 Appendix 9: Asymmetric pass-through

We consider a case where exchange rate pass-through is asymmetric. Firms in country
1 set their export price for sales to country 2 in country 2 currency. By contrast firms in
country 2 set their price for sales to country 1 in country 2 currency. For simplicity, we focus

on the case where there is no volatility in country 2 (o3 = 0)

8.9.1 Optimal price setting

A firm in country 1 chooses a price in country 1 currency for domestic sales, Py (v),

and a price in country 2 currency for export sales, Py; (v), in order to maximize:

. {Cﬂp [Pu () ~ Wil [P (U)} - Pucu}

Py Py Py
Cy’ Py (v) 2 PyuCyy
B, P. — 1—
+ Ly 1{ Pr, [St 21t (U) Wlt]( TL) Pors Pors

Using the labor supply (5) and the fact that firms are identical in equilibrium, the optimal

prices are:
An By PyChy

A—1 Et—lollt_p

A firm in country 2 chooses a price in country 2 currency for domestic sales, Pao; (v), and a

>\77 E;,_ 1 PyCy

A—1 St Pot —p
Et—l Pry CQt 1t

Pllt: ) P21t:

price in country 2 currency for export sales (f’lgt (v)). Both prices are in the same currency,

but are not necessarily equal. The firm maximizes:

~ A
P P, P,
Bird [y () - iy m | B2 | D
P2t P12t StP12t
c,’ Paoy (v) - Py Cy
+E,_ 2 [Py (v) — Wo] (1 — 1 [
! 1{ By T2 (0) = War] (1 =m) | =5 Poo
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The optimal prices are given by:

p o )\77 Et,lsflpltclt . )\77 Etfl‘PQtCQt
12t = - ; 22t = -
A— 1Et71%01t o A—1 Et_lCQIt ’

8.9.2 Volatility

The volatility of consumptions and the exchange rate is driven by the money market

equilibria (6) and (8). Omitting constant terms we write them in logarithms as:
my — P X Py, Mo — Par X PC

p2¢ 18 not stochastic as all consumer prices are preset in country 2. p;; fluctuates as exchange

rate fluctuations are passed through to import prices: p;; o< (1 —n)s;. We therefore write:

1 1 1
cip o =myy — = (1 —=m)s; ,  cop < =My
P p
As we focus on the case where 02 = 0 consumption is non-stochastic in country 2.
Starting with the bal model, we write the balanced trade condition (15) in logarithms
as:

1
St + Pat — P1t = Cig — Cop = St X ECU

Substituting in the money market equilibria we obtain

n 1

X ——————myy , S X —————————
"Tin(p-1) " T l4n(p-1)

mait

These relations imply the following variance / covariance structure:

o* (C1)pm = (L+n(p—1) " n’ol

0* (sthpa = (L+n(p—1)) " 0f

o (styci)pm = (L+n(p—1)) " noi

Turning to the comp model, we write the optimal risk sharing condition (14) in loga-

rithms as:

P
St + D2t — P1t = PCit — PCat = St X EC“

50



Substituting in the money market equilibria we obtain:
n
Cit X ;mlt y St XMy

Which implies the following variance / covariance structure:

02 (Clt)comp = p72n20€
02 (St>comp = O-%
g (Stv Clt)comp = p_lno-%

Comparing the bal and comp model, we see that:

02 (Clt)comp < 0-2 (Clt)bal

02 (St)comp > 02 (St)bal

1—n\>
g (Stv Clt)comp > 0 (Stv Clt)bal < p > n

8.9.3 Prices and expected consumption

The bal model We start with the prices in country 2 where no prices react to the
exchange rate. Recalling the definition of the consumer price index, Py = PJ, Pj,", we

combine the optimal prices to write:

)\77 1 n 1 1-n
1= C
A—l”(achJ (@m)

Using the properties of the log normal distribution, some algebra leads to:

A —1)?

0 = In (_ﬁ) +n(p—1)E; 1c11 — n<p—02 (c1t)

A—1 2
1+ A =n)(p—1)]ca

Turning to the prices in country 1, we combine the definition of the consumer price index,

~ 1—n
Py = Py, (StP12t> , with the optimal prices to write:

1=

)\7’] <Et_1Stln01t)n <Et—1StnCIt) o
A=1\ E_Cf" Cor *
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After some algebra, we can rewrite this expression as:

0 = In (AA_771> + ”(12_ ™) 2 ()

1—n(p—1)°

+ L4 n(p—1)] Brren +
FA-n)(p—1ex

Combining our results, we derive the expected logarithm consumptions as:

1 A1 1+(1-n)(p—=1) ,
e = ——n (2 _ -
E. jcy; p n <)\_ 1) n(l—n) % o” (s¢)
1
——O’2 (Clt) + TLO'2 (Clt)
1 A n(p—1 —1
= —ln (A—Yl)”“‘m%ag“t”pg ne (cu)

This allows us to derive the expected consumption levels as follows:

A\ 7 1+(1-n)(p—1 _1
E 1Cipar = ()\__771> €xp l—n (1-n) ( 2p> (v )02 (St)bal + anUQ (Clt)baI]

A

5 nip—1
Cotbal = ()\__771> exp ln (1—-n) %02 <8t)ba1 + an‘72 (Clt)baI]

In addition, we derive the expected power consumptions as:

et [ L+(1=n)(p=1) 2
B A I3 —1)n(l—n) ———=-—0"(5t)pa
By 1Cipy = < n) S (o

_1)\2
Al +pp%1‘72 (C1t)par — (e 21) no* (c1t)pal

L=l n(p=1) 2
N A\ —(p=1)n(l—n)=5=0"(5t)pa
021th1 = <—) exXp 2

_1)\2
A—1 _ 21) no? (Clt>ba1

The comp model We now turn to the comp model. Combining the consumer price

index in country 2, Py = Py, Pyy;", with the optimal prices, we obtain the expected con-

A\ v
C’thomp = <)\—_771)

Turning to country 1, we combine the optimal prices with the expression for the consumer

sumption:

- 1-n
price index, P, = PJ}, (StP12t> , to write:

M (B 187"Cw)" (BiaS7"C) "

1=
A1 EaCy,”
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After some algebra, we obtain:

(1 _P)Q 2

A
n % (c1)

0 = In (m) + pEt7101t -

+5 (1 =n)%0® (s) + 0* () +

(1-n)
2

(n®0® (s¢) + 0 (cur))

Which leads us to the expected consumption:

1
A G -1 n(l—n
Etflcltcomp = <>\__771> €xp {pTUQ (Clt)comp - %02 (St)comp:|
We can also compute the expected power consumptions as:
p—1
- An 7 p—1 n(l—n)(p—1)
1
Etflcltcgmp = (m) €xp l 9 02 (Clt)comp + 2p 0-2 (‘St)comp
1—p )‘77 %1
C’2tcomp = m
Comparing the bal and comp model, we can show that:
Cthomp [ P — 1 n2 2:|
———— = exp|— o1l <1
Cthal 2p 1+n (p — 1) !
Cl;ﬁm 2 - 1 2
Qtlfp P — exp n(p ) a% > 1
Cotbal 2(1+n(p—-1))

The impact on expected consumption in country 1 is ambiguous in general. Note however
that if we consider two countries of identical size (n = 0.5) we can write:

—1)2p3
Cuicomp _ o, | o= 005 1) ol
2p* (L +n(p—1))

Cltb al

8.9.4 Expected effort

In both models, the expected efforts are given by:

A—1 _ S, P. .
Ei 1Y = [nEt—1011t 4 (1- Tl) Ei 1 S CQtCMp:|
i Py
A—1 Plt — 1—
E, 1Yy = E, 1 ——CuCy + (1 —n) E;_1Cy °
t—1 12t Y ln t-1gp C1tCu + (1 —n) E_10y;
In the bal model, we use our previous results to write:
A—1 _ A—1 _
ErrYima = = EiCipti » BietYoma = ——Ei1Coply
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Whereas in the comp model, we obtain:

A—1
A7)

Etflyvltcomp = EthYthcomp = [nEtflcllt;gmp + (1 - n) EthCQItzgmp]
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