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Abstract: Over the past decades, cross-border financial flows have increased in importance and
have in many occasions exceeded the underlying current account positions. This phenomenon has
been accompanied by an increase in the volume of international equity transactions that
accentuate the role of international risk sharing as a factor for the macroeconomic response to
shocks. We use a stylised two-bloc, two-period model of the global economy, with a simple
stochastic productivity shock affecting only one country. Efficient global risk-sharing imply that
expected productivity gains in one country will attract equity inflows in excess of those needed to
finance the current account. Upward-biased expectations about prospects for the productivity
gains can further increase the risk exposure of foreign shareholders. The model is calibrated to
show how ex post market losses – whether due to “normal” stock market downturn or ex ante
over-optimism – are distributed and how they affect global consumption and current account
positions. The results suggest that international spill over effects of stock market bubbles can
contribute to business cycle synchronisation across economic areas.

JEL Classification: F41, F32, G15
Key words: Capital flows, consumption smoothing, risk aversion, international risk-sharing,
international business cycle synchronisation.
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Non-technical Summary

In a speech delivered in October 2002, Alan Greenspan, the Chairman of the Federal Reserve,

highlighted the ways financial assets can smooth consumption across different states of nature,

and not just over time. To illustrate the importance of such risk sharing, he cited the steadiness of

the US economy in face of “the draining impact of a loss of USD 8 trillion of stock market

wealth” and other adverse shocks throughout 2001-02. The fact that the US productivity boom in

the 1990s was to a large extent financed by equity implies that the subsequent decline in asset

valuations was largely absorbed by the shareholders and distributed broadly, thereby avoiding –

unlike in the case of bond or credit financing that imply fixed payments from debtors – a

concentration of risks in the corporate sector. However, our analysis focuses on the increasingly

important international dimension of risk sharing, as motivated by the sharp rise in international

flows of FDI and equity investment throughout the past decade. Indeed, international capital

flows in the 1990s far exceeded the amounts associated with the underlying current account

considerations – causing large imbalances in global basic balance positions – and allowed

financial shocks to be transmitted internationally. These financial links could, in turn, have

contributed to increased synchronisation of business cycles across economic areas.

Following Obstfeld and Rogoff (1996), the dynamic theory of balance of payments tends to focus

on the role of financial markets in smoothing consumption over time in open economies. In the

world of uncertainty, however, there are additional motives for financial flows due to risk

sharing. Since there is no need to choose between consumption-smoothing and risk-sharing

motives for capital movements, we build a model that takes into account the international risk

sharing associated with a productivity boom in one part of the world. We adopt a simple two-

country, two- period framework where the efficient portfolio choice between risk-free debt and

risky equity is endogenised. The most convenient way of determining efficient asset allocation

under uncertainty is by positing the existence of the so-called Arrow securities, each of which

pays one unit of the consumption good in a specific state. For example, a risky equity share,

which only pays out in the good state, can be interpreted as one Arrow security; in a world of two

possible states only, fully collateralised, index-linked debt promising one unit in both states

would amount to the sum of two Arrow securities. One then proceeds to find the Arrow-Debreu
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prices which clear the markets for such securities. These prices can then be used to evaluate more

conventional securities, interpreted as combinations of the basic Arrow securities.

We note first that in the presence of stochastic expectations of higher future economic growth,

efficient risk allocation implies substantial ex ante financial transactions over and above those

needed to finance the current account. In particular, we illustrate how investors expecting rapid

future growth in the home economy are able to hedge part of their risk by selling equity shares

and buying foreign bonds. We also show that the size of the international risk sharing flows are

dependent on assumptions regarding investors’ ex ante optimism vis-à-vis future economic

growth prospects, in line with the “irrational exuberance” argument as was suggested by Shiller

(2000). Finally, we note that equity finance can generate significant ex post wealth transfers

across the world very different from those associated with debt finance. A central implication of

our work is that an anticipated supply side shock that fails to materialise ex post has asymmetric

implications on global wealth positions depending on the assets involved in the ex ante capital

transfers.

Taking as an example the US “New Economy” boom in the 1990s, had the US financed its

widening current account deficit with fixed coupon debt US consumers alone would have had to

absorb the full force of the market fall after part of the perceived productivity gains of the 1990’s

evaporated since late 2000. But because the US external deficit was to a large extent financed

through foreign purchases of US equity shares, part of the losses generated from stock market

correction in the US were distributed abroad. Our model calibration results suggest that the model

is capable of producing wealth losses of the magnitude experienced by the US after the burst of

the “New Economy” bubble within a reasonable range of parameter values that are also

consistent with previous research. It also turns out that a significant share of these ex post wealth

losses is transmitted abroad with implications on consumption and economic growth globally.
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“If risk is properly dispersed, shocks to the overall economic system will be better absorbed and

less likely to create cascading failures that could threaten financial stability.”  Alan Greenspan,

Lancaster House, London, October 2002.

1. Introduction

With an emphasis on the risk-sharing role of the financial system in his address on “World

Finance and Risk Management” in October 2002, Alan Greenspan, the Chairman of the Federal

Reserve, highlighted the ways financial assets can smooth consumption across different states of

nature, and not just over time. To illustrate the importance of such risk sharing, he cited the

steadiness of the US economy in face of “the draining impact of a loss of USD 8 trillion of stock

market wealth” and other adverse shocks throughout 2001-02. From the perspective of risk

sharing, the debt/equity ratio is a key feature: the fact that the US productivity boom in the 1990s

was to a large extent financed by equity implies that the subsequent decline in asset valuations

was largely absorbed by the shareholders and distributed broadly, thereby avoiding – unlike in

the case of bond or credit financing that imply fixed payments from debtors – a concentration of

these risks in the corporate sector, with possible implications for macroeconomic reactions to the

shock.

The international dimension of risk sharing and the associated international capital flows were

not stressed by the Fed Chairman. But they are central to our analysis, motivated by evidence of a

surge in the second half of the 1990s in international financial flows with substantial implications

for the global financial markets. The economic region in the centre of attention in this respect was

the United States which, spurred by the productivity boom driven by the “New Economy”

considerations, has been running a significant current account deficit for a protracted period of

time (see Table 1).2

                                                          
2 In particular, during the period 2000-2002 the US current account deficit-GDP ratio averaged 4.3%, which is the
highest level in the last 20 years.
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Table 1: The financing of the US current account

USD bn 1996 1997 1998 1999 2000 2001 2002
Current account -118 -128 -204 -293 -410 -393 -503
Net flows in US
securities*

221 171 45 158 281 337 414

Net direct
investment

-5 1 36 101 130 3 -93

*Including foreign official investment in US Government Securities

The financing side of the US BoP reveals that in the late 1990s net inflows to the US in combined

foreign direct and total portfolio investment in several years exceeded the underlying current

account positions, thus generating a surplus in the US basic balance.3 Moreover, the breakdown

of the portfolio flows reveals that equity inflows to the United States increased strongly up to

2000, at the time when the “New Economy” arguments were forcefully being put forward in the

financial press.4 In 2001-02, amid the global economic slowdown and the general decline in

global financial flows, the composition of the US portfolio inflows changed with the share of

equity flows falling sharply relative to flows in bonds. This development was mostly a reflection

of the burst of the bubble in the equity markets on one hand, and the large capital gains on bond

holders that were caused by the decline in US nominal interest rates on the other hand.

Following Obstfeld and Rogoff (1996), the dynamic theory of the balance of payments tends to

focus on the role of financial markets in smoothing consumption over time in open economies.

Bailey, Millard and Wells (henceforth BMW, 2001) have analysed the recent US productivity

boom from this perspective. They argue that higher future income in the US, due to an

                                                          
3 The basic balance is here defined as the sum of the current account, direct and portfolio investment. A basic balance
surplus means that a country is exporting financial assets in excess of its current account deficit, or, despite running a
current account surplus. On the other hand, a basic balance deficit is financed mainly through net external liabilities
of the home country’s MFIs. For instance, sellers of US securities keep their proceeds as a deposit with a US affiliate
of a purchaser country MFI. In economic terms, the purchase of foreign assets is then financed by credit.
4 The main driving force behind the optimistic US growth expectations and the associated surge in equity prices in
the late 1990s was the fact that US productivity growth accelerated sharply since 1995, growing at an average rate of
4.8% per year in 1995-99 as compared to 2.7% per year in 1980-94. At the same time, changes in global savings
behaviour and pension funds regulations, investment flows from emerging markets after the 1997-98 crises, as well
as the international diversification effects due to the formation of the EMU and the associated increase in correlation
across euro area stock and bond markets, could all have acted as a “push factor” for equity flows to the US. See also
IMF (2001).
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anticipated productivity shock, leads a deficit on current account as US consumption rises in

anticipation of future income gains.5 In the world of uncertainty, however, shocks are stochastic

rather than deterministic. In such circumstances, there are additional motives for financial flows

due to risk sharing. Since there is no need to choose between consumption-smoothing and risk-

sharing motives for capital movements, we extend the BMW approach by taking into account the

international risk sharing associated with a productivity boom in one part of the world.6

For consistency with BMW, and for clarity of exposition, we continue with the two-country, two-

period framework.7 We note first that in the presence of stochastic expectations of higher future

economic growth, efficient risk allocation implies substantial ex ante financial transactions over

and above those needed to finance the current account. Second, efficient risk sharing implies that

the consumers in the fast growing region sell risky equity shares to buy risk-free fixed income

assets that provide guaranteed consumption in all states of the world. Third, we note that equity

finance can generate significant ex post wealth transfers across the world very different from

those associated with debt finance. This might also have implications for the international

transmission of shocks, and could be a factor behind the recent increase in international business

cycle synchronisation. Furthermore, in the simulations that accompany our analysis, we seek to

incorporate aspects of market psychology such as the “irrational exuberance” decried by Mr

Greenspan in 1996 and brilliantly dissected by Shiller (2000) in his best-selling book of that

name.

This paper proceeds as follows. In section 2 we discuss, in non-technical fashion, first, the

intertemporal implications of an anticipated supply side shock on the current account, and

second, the implications for capital flows of incentives to spread the risks of investment in risky

equity assets internationally. In section 3 we introduce a simple stochastic dynamic equilibrium

                                                          
5 In a recursive exercise, BMW noted that to the extent that productivity gains were concentrated on the tradable
goods sector, the widening gap in relative income and consumption in favour of US consumers would also have lead
to a real appreciation of the US dollar via the Balassa-Samuelson effect. In this context, the actual driving force
behind exchange rate movements are the expectations regarding future relative economic growth and capital flows
serve as the counterpart of the international consumption smoothing exercise. See Tille (2001) and Meredith (2001).
6 In their classic study of general equilibrium, Arrow and Debreu included a complete set of contracts running
through time and across all states.
7 See De Fiore and Liu (2002) for a more general framework where risk sharing is modelled in the context of
differentiated traded goods and a more general consumer utility function.
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model for consumption and investment, with optimal portfolio allocation between equity and

debt. In section 4 the model is numerically calibrated to fit the stylised facts of the US growth

rates and equity valuations over the 1990s and the early 2000s. Section 5 concludes.

2. Growth Expectations and International Asset Allocation

Our aim is to try to address the following two questions. First, what are the economic

determinants that may generate capital flows between the home and foreign economies that

correspond to the particular composition and magnitude recorded between the US and the rest of

the world in the late 1990s? Second, in the presence of a large-scale foreign participation in the

home country equity market boom, what are the real economy implications to the home and the

foreign economies of the burst of a stock market driven bubble in the home country? The model

we use is designed to analyse the implications for current and planned consumption in the home

and foreign country, following an anticipated productivity shock in the home country that does

not, ultimately, materialise as forecast. In a two-region model where the home country trades

with a foreign country, a productivity shock at home is shown to have important repercussions on

foreign consumption patterns via the current and capital accounts. The full analytical derivation,

including details of the stochastic productivity shocks, is to be found in the next section.

However, since the intuition behind the combined time and state dimensions of the shocks in the

model might not be easily grasped from the equations, in this section we use graphical analysis to

illustrate the key elements.

A reader’s guide to our approach is given as follows. We first consider the impact of shocks of

uncertain size in a two-period framework where the current account deficits caused by

international consumption-smoothing are financed either with debt or equity. Then, we discuss

the risk-sharing rationale for capital flows, which involves the home country residents swapping

equity for foreign debt. This leads to the specification of a simple two-country, two-period

stochastic model encompassing both consumption smoothing and risk sharing motives.
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2.1. Pure debt financing

To start with, the logic of the two-country, two-period, single traded good deterministic

framework of the BMW (2001) consumption smoothing approach can be illustrated in a simple

“Fisher diagram”. Chart 1 plots the first-period income endowments for both countries

horizontally and the second period outcomes vertically. In the absence of a shock the two

countries have the same endowments in both periods, as shown by the point E. Assuming

identical preferences, there will be no trade so each country will choose to consume at point E.8

Imagine now that the home economy is subject to a productivity shock that increases the second

period income and consumption possibilities. This shock moves the home endowment point

vertically up to point A, while the foreign residents’ endowment remains at point E. Trade and

capital flows are now induced by the different endowments. The home country consumers can

shift some consumption to period 1 by running an initial current account deficit and repaying it

later, as shown by the consumption point A*. To induce the foreign consumers to reduce period 1

consumption and finance the home country’s current account deficit requires a rise in world

interest rate. This is indicated by the increased steepness of the budget lines linking A and A* and

E and E*, where E* represents trade-induced consumption in the foreign country. World

consumption, shown by the point X midway between A* and E*, matches average endowment as

X lies midway between A and E.9

                                                          
8 For clarity of exposition, point E is plotted on the 45 degree line and the budget constraint has a slope of minus 1.
That is, we ignore underlying growth and pure time preference in the figure.
9 Strictly speaking, the presence of uncertainty in the model does that with risk-averse consumers, the extent of
international consumption smoothing will be slightly smaller and the increase in the international rate of interest
lower than illustrated in the simple diagram.
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Chart 1: Intertemporal consumption smoothing with pure debt financing

In their model, BMW (2001) assume perfect foresight so that the consumption plan will be

realised. But what happens if the productivity increase in fact turns out to be much smaller than

forecast? The answer depends importantly on how the deficits are financed. If the home current

account deficit was financed by foreign residents buying fixed income bonds issued by the home

country, then an anticipated boom that does not materialise will reduce the second period

consumption in the home country, leaving the foreign consumption unscathed. Graphically, in the

extreme case where there turns out to be no shock at all, this involves shifting the point X

vertically down to E, leaving foreign consumption unchanged at E* but cutting consumption in

the home country to A’. The foreign consumers are left with increased utility from the capital

transfer re-paid with interest – but home consumers are worse off as a result of a costly exercise

in “unsmoothing” consumption.
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2.2. Pure equity financing

On the basis of the developments in the international capital flows over the past decade, as

discussed in the introduction, it could be argued that pure bond financing is not the appropriate

way to model international financial transactions, at least among developed economies. This is

because risk-free debt would not offer the foreign investors a share in the benefits of the

economic boom in the home country that is fuelled by significant productivity improvements. To

achieve this, foreign residents would need to require risky equity shares rather than risk-free

bonds as a payment for their financing of the home country current account deficit. However, any

failure of the expected home country productivity shock to materialise ex post would in such a

case lead to a cut in second period consumption also in the foreign country, while the home

consumers would be spared some of the loss.

The outcomes in the case of pure equity financing are illustrated in Chart 2, where the

endowments E, A and consumption points E*, A* are as in Chart 1. If there is a failure of

expectations, in the extreme case where there turns out to be no productivity shock at all, second

period consumption both in the home and in the foreign country falls (the latter to point D). At

point D, foreign consumers are worse off than in their initial endowment at E as they abstain

from consumption in period 1 in exchange of receiving near worthless assets in period 2. Home

country investors will lose all their second period excess income, but they will nevertheless be

better off due to increased consumption in the first period.
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Chart 2: Intertemporal consumption smoothing with pure equity financing

While this logic illustrates how the foreign consumers might be exposed to the developments in

the home real economy through the equity market channel, the exposure is, by assumption,

limited by the size of the current account surplus to be invested. Consequently, the extent to

which the foreign consumers buy into the home market is drastically limited in comparison to the

exposure of the home county consumers themselves. But when there is uncertainty regarding

future payoffs, international risk sharing allows for efficient distribution of risky assets by capital

flows that may exceed the underlying current account deficits.
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2.3. Optimal portfolio asset allocation and international risk sharing

In the face of uncertainty, investors are unlikely to place all their funds in one asset. It is well

known that efficient risk allocation generally calls for as many different securities as there are

states of nature. In the current context, for efficient portfolio choice both risk-free debt and risky

equity are required.

Technically, the simplest way of determining efficient asset allocation under uncertainty is by

positing the existence of the so-called Arrow securities, each of which pays one unit of the

consumption good in a specific state. For example, a risky equity share, which only pays out in

the good state, can be interpreted as one Arrow security; in a world of two possible states only,

fully collateralised, index-linked debt promising one unit in both states would amount to the sum

of two Arrow securities. One then proceeds to find the Arrow-Debreu prices which clear the

markets for such securities. These prices can then be used to evaluate more conventional

securities, interpreted as combinations of the basic Arrow securities.

This method is used to derive the results reported in the next section, but we first illustrate the

intuition by means of a one-period “state preference” diagram. Chart 3 leaves aside the

intertemporal considerations covered in detail in Charts 1 and 2. Endowments and consumption

in the “low growth” state are now plotted horizontally while the “high growth” state outcomes are

plotted vertically. Assume again that, in the absence of the home country productivity shock, the

home and the foreign consumers have the same endowments in both states (point E). Given

identical preferences, both economic areas will choose to consume at point E, the point of

tangency between the budget constraint and the indifference curve. Note that in the state-

preference diagram, the slope of the indifference curve on the 45-degree line is given by (1-π)/π

where π is the probability of the good state occurring as perceived by investors.10

                                                          
10 For simplicity the budget constraint has a slope of minus 1 in the figure, i.e. π = ½. Since the consumers in both
countries have the same preferences, any exchange in assets will be solely motivated by the need to smooth
consumption across the two different states.
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Chart 3: International risk sharing

Look now what happens if the home country is expected to experience a productivity shock. If

the benefits of the shock accrue only in the “high” state, then the home endowment point moves

vertically up to A, where the distance between E and A indicates the expected size of the home

country productivity boom. Even in this a-temporal framework with uncertain state realisations,

trade in assets may now be induced by different endowments as the home consumers/investors

diversify risk by selling equities to the foreign investors in exchange for risk-free debt. From the

home country’s point of view, this outcome leads to consumption at point A*. Point E*, in turn,

represents planned consumption in the foreign country after the exchange in assets.11 Foreign

consumers are willing to reduce consumption if the scenario of low growth in the home country

materialises, in order to benefit from substantial expected economic expansion if the home

country growth turns out to be high. The steep slope of the budget lines linking A and A* and E

                                                          
11 As in the intertemporal case, average consumption, shown by the point X midway between A* and E*, matches
average endowment as X lies midway between A and E.
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and E* indicates that a unit of consumption in the high state (where output is high) is less

valuable than a unit of consumption in the low state (where there is no boom in home country).

This shift in relative prices is sufficient to induce the foreign investors to buy high-tech shares

and reduce consumption in the low state.

Consumers in both countries expect to be better off. The home consumers will benefit from a

majority stake in an anticipated consumption boom plus the pay-off on the risk-free assets they

purchase to reduce risk; foreign consumers look forward to profits from their stake in the home

country boom, net of the leverage required to buy it. Note that leaving aside the intertemporal

aspects means ignoring the role of the current account considerations in the trade of assets

discussed above. Thus, the financial flows out of the foreign country in connection with risk

sharing can occur independently of any possible foreign country current account surplus and need

not in principle involve a change in interest rates.12

Note that Arrow-Debreu solutions considered in Chart 3 are essentially ex ante in that trade in

assets takes place based on the expected size and probability of the boom driven by productivity

shocks. How things turn out depends, of course, on how realistic were the expectations. If they

were realistic, so that the expected growth rate (i.e., average of the distribution) corresponds to

the solution under perfect foresight (where there is no uncertainty), then the state contingent

prices solved ex ante will correspond to the ex post prices where markets open for trade and the

allocations chosen ex ante are good ex post.13 If the expected growth rate differs significantly

from the perfect foresight solution due to optimistic expectations, the ex post prices can differ and

agents may wish to re-contract. This is consistent with the “irrational exuberance” story by

Shiller (2000), where over-optimism led to investment strategies that, given the underlying

fundamentals, were highly unrealistic. The model described in the next section combines the

inter-temporal and cross-state incentives for consumption smoothing in an integrated equilibrium

and it is solved both for the rational expectations equilibrium and irrational exuberance cases.

                                                          
12 It is clear that the home country will sell equity for debt in the special case shown in the diagram, where the
productivity driven boom is entirely absent in the bad state. This ‘insurance motive’ diminishes the more the boom is
expected to deliver on the downside as well. More specifically, if the low-state consumption level is measured as L,
it can easily be verified that the insurance motive is relevant only when L < πH, where H is the size of the
consumption boom in the good state and π is the probability of that occurring.
13 See Mas-Collel et al (1995, Ch. 19) for a detailed discussion about state-contingent asset returns.
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3. The Model

Based on the simple framework by BMW (2001), we derive a dynamic stochastic equilibrium

model in which consumers maximise intertemporal utility and share risk internationally. The

novelty in our approach is that due to the uncertain nature of the shocks, investment in the

anticipated productivity boom takes the form of risky equity investment.

The model has two economies, home and foreign. In the first period, consumers in the home

country expect that in the second period, they will enjoy growth rates above the trend due to an

exogenous productivity improvement. The productivity shock is, however, stochastic and will

only materialise with a probability less than one.

To capture the risky nature of consumption in an economy where future growth rates depend on

uncertain productivity developments, one must allow for multiple payoffs and ex ante

uncertainty. Here we take a simplistic approach by considering only two possible states of the

world, high growth and low growth, occurring with probabilities that are fixed and known. Given

the convexity of the preferences, consumers are risk averse. This implies that on one hand, the

borrowers are faced with the prospect of large cuts in consumption if they must pay off their

loans in the bad state where the positive productivity shock does not generate high incomes. On

the other hand, the lenders also face a risk of a loss if the repayment of the loan is in shares of the

expected economic boom. To make intertemporal transactions attractive in such an environment,

the prices of the assets that provide consumption in different states of world much adjust

endogenously.

Let there be two representative consumers, domestic and foreign. The two consumers face the

following identical logarithmic utility functions (where asterisks denote foreign variables).

(3.1) a) ]ln)1(ln[ln 221
LH cccV ππβ −++=

b) *]ln)1(*ln[*ln* 221
LH cccV ππβ −++=
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In (3.1), c1 is period 1 consumption (out of the exogenously given endowment), c2 is the

consumption on period 2 and β is the consumers’ (common) discount factor. In the second

period, the home country is assumed to be subject to a stochastic positive productivity shock on

the tradable goods sector. Due to international risk sharing, the second period consumption in

both countries is therefore stochastic and can take two values, cL (low consumption) and cH (high

consumption), with probability π assigned on the high consumption state.

In order to analyse the investor portfolio choice between risk-free and risky assets in the dynamic

consumption environment, we extend the analysis to allow for Arrow-Debreu (A-D) securities.

By providing state-contingent payoffs in period 2, A-D securities make the choice of

consumption in different states analogous to the choice of consumption in different dates. If it is

assumed that A-D securities exist for every possible state, risk free assets can also be

incorporated in the analysis without explicit treatment of bond market in the model (as this would

not affect the economy’s equilibrium). Using this simple framework we can derive an outcome

where the investors in two countries exchange risk so as to obtain higher cross-state utility. The

relative prices of the two assets with different risk characteristics (units of consumption in the

two states) must then adjust so as to facilitate trade and induce the trend-growing foreign country

to take on some risk. The home consumers maximise (3.1b) subject to an intertemporal budget

constraint that reads as follows.

(3.2)  

)()( 221

221

yypyypyy

cpcpc

LLHH

LLHH

−+−++=

++

α

r
pp LH

+
=+≡

1

1α

In (3.2), y1 and y2 denote the fist and second period output, respectively (with second period

output taking two possible values), whiley shows the trend output growth, assumed to be

identical in the two countries. The equivalence between α, the sum of the prices of assets with

different risk characteristics pH and pL, and the inverse of the risk free rate of return captures the

idea that in a two-state framework, investment in the bond market (that is equivalent to the sum
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of the A-D prices in the two states) delivers a payoff that is consistent with the output growing

along the trend.

The foreign consumers’ budget constraint is slightly different than that of the home consumers,

reflecting the idea that the home consumers are directly exposed to the expected benefits from the

productivity driven growth boom.

(3.3) yycpcpc LLHH α+=++ **** 1221

In anticipation of a positive productivity shock in period 2, in the first period the domestic

consumers prefer to consume in excess of their income endowment y1, thus borrowing from the

foreign country to cover the corresponding current account deficit. In the second period, the

domestic consumers enjoy the second period income minus the consumption loan to be repaid to

the foreign consumers. The domestic consumers choose first-period consumption to maximise

their utility (3.1) with respect to the budget constraint (3.2). The problem can thus be formulated

as the following Langrangean condition (symmetric formulation holds for the foreign

consumers).

(3.4) )(]ln)1(ln[ln 221 ⋅+−++= λππβ LH cccL

The term multiplied by λ incorporates the budget constraint (3.2) ((3.3) for the foreign country).

Although the budget constraints are different for the two countries the first order conditions are,

nevertheless, the same. Hence we can solve for the home consumers’ Keynes-Ramsey rules for

the high and the low states of tradable goods consumption in the second period as follows (the

outcomes for the foreign consumers follow by symmetry):
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From (3.5), we see that in the stochastic case, the Keynes-Ramsey rule gives two separate values

for the expected growth of domestic consumption from period 1 to period 2, depending on the

probability of the high output state realising in period 2. Since the Keynes-Ramsey rules for both

countries are identical, the global equilibrium in our two-country framework can be defined by

combining (3.5) with the expected growth of consumption in the foreign country. When the two

countries are symmetric and of equal size, the A-D prices adjust so that the boom in the home

country, driven by expected productivity growth, rises the world output in period 2 by half that

amount. Since in our set-up the growth rate of world output equals the growth rate of world

consumption, world consumption will also increase by half the amount of the domestic output

growth. Due to this symmetry, the second-period consumption growth will thus be the same in

both economic areas although no boom is anticipated in the foreign country. From the Euler

equations that determine the global equilibrium conditions under the two states, it is then

straightforward to solve for the A-D asset prices in the high and low consumption states.
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The right hand sides of the Euler equations (3.6) consist of the growth rate g originally expected

in both countries, as well as the additional growth y2
H or y2

L above the trend levely that is

generated by the second-period boom in the home country.
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A few words are warranted about the role played by the A-D prices in driving the equilibrium

asset allocation decision. Assuming that the two states occur with the same prior probability, the

price of the low-state asset (a unit of consumption in the case where a smaller shock will

materialise) is higher than the price of the high-state asset, indicating that a unit of consumption

in the low state is relatively more valuable. Hence, the owner of the low-state asset has to receive

more than one unit of the high-state assets in exchange of abstaining from one unit of

consumption in case the low state occurs. More generally, the ratio between the contingent price

and the probability of the corresponding state is smaller for the state in which the resource is less

scarce.14

Having solved for the consumer’s intertemporal problem, it is now possible to solve for the level

of consumption in the two different periods in the two countries. We can use the properties of the

Cobb-Douglas type utility function (3.1) where, by construction, exponents equal the expenditure

shares across the two periods. Starting from the foreign country, and recalling that income equals

consumption in our model, we obtain the following expression for the first-period tradable goods

consumption.

*)*(
1

1
* 211 yyc α

β
+

+
=

Remember that for the foreign country, E(y2*) =y andy/y1* = 1+g. The above expression can

then be re-written as

(3.7) )]1(1[
1

1

*

*

1

1 g
y

c
++

+
= α

β

The extent to which consumers in the foreign country will cut their first-period consumption and

run a current account surplus in the first period is the larger the lower is α. This is in turn

inversely related to the price of the asset providing one unit of consumption in the low-growth

                                                          
14 See for example Malinvaud (1983) for derivation of the Arrow-Debreu prices in a theoretical context.
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state. Therefore, in the foreign country, first period consumption is defined by the endogenous A-

D prices stipulated by the right-hand sides of equation (3.7). Using the expenditure shares for the

two possible states in the second period, we get:

(3.8) 
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For the home country, the consumption allocations in period 1 and in the two possible states in

period 2 are given by the following conditions:
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As in the foreign country, consumption in the home country is directly dependent on the expected

growth in the second period. In addition, the first period consumption level is decreasing in β, the

value attached by domestic consumers on the utility from future consumption expenditure.
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4. Numerical Calibration of the Model

We now turn to analyse the outcomes of the model on income, consumption and international

asset allocation, taking as a refernce point the US “New Economy” boom in the late 1990s and

the early 2000s. In the baseline scenario, we draw from the outcome presented by the BMW

(2001) and show how their results can be obtained as a special case of our stochastic framework.

We then proceed to simulations under various assumptions regarding investors’ expectations

about the “New Economy”, and show how the outcomes in the US and in the rest of the world

will play out if the expectations do not materialise ex post. Finally, we capitalise the flows in

various scenarios to assess what these might imply in terms of losses as percentage of US GDP.

4.1.  Baseline case

Following BMW (2001), we assume that the expected “New Economy” boom in the US is a

once-and-for-all 5.0% increase in the level of the US GDP, leaving trend growth unchanged at

2.4%. Given the stochastic nature of our model, we take this expected payoff to be the mean

(average) of two equi-probable outcomes, a low pay-off of 3%, and a high pay-off of 7%. Thus, if

it is the low payoff that is observed ex post, then the market would fall by almost a half, although

the “New Economy” will still allow the US economy to grow 3% above the trend. Given rational

expectations this downside risk would, however, have been perfectly foreseen and balanced by

the upside prospect of the market rising by almost a half. Consequently, the expected (average)

5% increase coincides with the perfect foresight solution.
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Table 2: Baseline with Rational Expectations

(A): Payoffs, state contingent prices, the stock market and the interest rate

π=1/2 sH sL pH pL X R

Probability of sH High payoff Low Payoff Stock

market

Interest

rate

0.5 7.0% 3.0% 0.465 0.474 4.7% 6.5%

(B): Consumption, borrowing, shares and the real exchange rate.

C1 C2
H C2

L Debt issued

(% GNP)

Shares held

(% GNP)

Foreign country -1.2% 4.6% 2.7% 1.1 2.3

US 1.2% 7.2% 5.1% -1.1 2.4

The key to the symbols used in the table is as follows. π is the probability that the high growth state occurs. SH and SL

are the growth rates above the 2.4% trend growth in the high and the low states, respectively. PH and PL are the
Arrow-Debreu prices that drive the investment decisions across asset categories, with PH measuring the price of the
asset that provides consumption in the high growth state. X denotes the increase in the value of the US stock market
as a result of the expected higher economic growth. R is the world interest rate that adjusts so as to induce the
investors to trade and smooth their consumption across periods. C1 shows consumption in period 1, with a negative
number indicating a current account surplus. Finally, C2

H and C2
L denote the state-dependent consumption outcomes

in the second period, including the trend growth rate.

The resulting interest rate of 6.5% is shown in the last column of Table 2A. Together with the

implied current account positions of 1.2% (surplus for the foreign country, deficit for the US,

shown in the first column of Table 2B), these outcomes closely match the results in BMW. What

these simulations also provide (in the remaining columns of Table 2B) are the consumption plans

made to cope with uncertainty, and the optimal asset positions taken to implement them. In

particular, given the 2.4% trend growth rate per period, the US gives up 2.2% of the potential

second-period consumption in the good state (from 2.4% + 7.0% = 9.4% to 7.2%) so as to ensure

that in the low state consumption is 2.7% above the 2.4% trend growth rate (2.4%+2.7%=5.1%).

This consumption level is, however, 0.3% lower than the ex ante low state payoff

(2.4%+3.0%=5.4%); despite some risk sharing, in the low state the US consumers suffer from

overinvestment and failed consumption smoothing as the asset returns do not provide a full

insurance against economic downturn. For the foreign country, in the low state, at 2.7%
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consumption slightly exceeds trend GDP growth and reaches almost twice the trend growth in the

high state (i.e., 2.4%+2.2%=4.6% above base period GDP).

How are the relative changes in consumption and asset allocation achieved? In the first place

there is the inter-temporal consumption-smoothing emphasised by BMW (2001), where the US

runs a current account deficit of 1.2% of GDP in the first period, which, if it takes the form of

equity sales, involves selling approximately a quarter of the expected “New Economy” boom

(that in total amounts to 5% of GDP). But in addition there is the insurance motive where the US

trades some of its risky payoffs in exchange of a more certain flow of income and consumption.

In the calibrations to follow, these motives are further stimulated by optimistic expectations, but

even the rational expectations solution in the baseline scenario strikingly illustrates the incentive

for risk-sharing. Indeed, at 2.3% of GDP (see column “shares held”) the amount of US shares

purchased by foreigners is nearly twice as high than is required to finance the US current account

deficit. In other words, in addition to investing the current account surplus of 1.2% of GDP in

risky US assets, the US’s partner in trade borrows another 1.1% of the GDP (see column “debt

issued”) to acquire altogether almost half of the value of shares in the US “New Economy”. In

sum, in the benchmark scenario the US consumers suffer some loss from the failed intertemporal

consumption smoothing if the economic growth in the second period turns out to be lower than

expected. Foreign consumers, on the other hand, will be better off independent of the realisation

of the state of nature.

4.2.  Irrational exuberance

In his book titled “Irrational Exuberance”, Shiller (2000) argued that for a variety of reasons –

including the “New Era Economic Thinking” and “Herd Behaviour” – the US stock market

became seriously overvalued in the late 1990s. To characterise the implications of such overly

optimistic market expectations, we increase the perceived high state pay-off to 9.0%, leaving the

low state payoff unchanged. This raises the expected, or average, US boom from BMW’s 5% to a

6.0% increase over the trend growth rate. In this case, if the low state payoff materialises, the

market should fall by about two thirds.15

                                                          
15 However, it could be argued that an “irrational expectations” scenario becomes “irrational” only ex post if the
expectations are vastly disappointed. If the things turned out as planned, the ex ante consumption decisions and asset
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Table 3: Irrational Exuberance

(A): Payoffs, state contingent prices, the stock market and the interest rate

π=1/2 sH sL PH PL X R

Probability of

sH

High payoff Low Payoff Stock

market

Interest

rate

0.5 9.0% 3.0% 0.460 0.474 5.6% 7.1%

(B): Consumption (plans in brackets), borrowing, shares and the real exchange rate.

C1 C2
H C2

L Debt issued

(% GNP)

Shares held

(% GNP)

Foreign country -1.4% (5.5%) (2.4%) 2.4% 1.3% 2.7%

US 1.4% (8.5%) (5.4%) 5.4% -1.3% 2.9%

The key to the symbols used in the table is as follows. π is the probability that the high growth state occurs. SH and SL

are the growth rates above the 2.4% trend growth in the high and the low states, respectively. PH and PL are the
Arrow-Debreu prices that drive the investment decisions across asset categories, with PH measuring the price of the
asset that provides consumption in the high growth state. X denotes the increase in the value of the US stock market
as a result of the expected higher economic growth. R is the world interest rate that adjusts so as to induce the
investors to trade and smooth their consumption across periods. C1 shows consumption in period 1, with a negative
number indicating a current account surplus. Finally, C2

H and C2
L denote the state-dependent consumption outcomes

in the second period, including the trend growth rate.

Compared with the baseline scenario, interest rates rise by just over half a percentage point as

foreign investors provide additional funds for US consumption in exchange of shares in the "New

Economy”. In addition, the current account surplus in the foreign country and the leveraged

position taken by the foreign investors increase to 1.4% and 1.3% of GDP respectively (see first

and fourth columns of Table 3B).

What happens when the “New Economy” fails to materialise as expected and the low payoff is

observed, is shown in the second and third columns of Table 3B where the ex ante consumption

                                                                                                                                                                                           
allocations to finance them would turn out perfectly rational. Nevertheless, since the phrase originates from the
famous speech by Greenspan in 1996 the scenario we adopt is, while purely illustrative, supported by the fact that at
least in some circles the valuations were perceived excessive already prior to the stock market reached its peak in
2000.
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plans are given in parentheses.16 Specifically, US consumption is now about one third of a

percentage point higher than it was in the baseline, while the foreign consumption is

correspondingly lower. Strikingly, therefore, despite having saved in period one, foreign residents

suffer a fall in second period income and consumption to the simple trend growth rate when

leveraged bets go bad. However, from the point of view of foreign investors the outcome was

planned for in advance (i.e. the risk was deliberately taken) as can be seen by the coincidence

between the figures shown outside and inside the parentheses in Table 3B. This is simply because

the ex ante probability of the irrationally high growth outcome was considered equally high than

the probability of the low growth outcome. Again, it is important to recall that had the things

materialised as planned, both US and foreign consumers would have gained a substantial boost in

their second period incomes.

4.3.  Irrational exuberance plus “meta moral hazard”

There is some evidence that – at least until late-2000 – investors could have believed that they

were in some way insured against substantial losses in the US stock market (see SIPC, 2001).

These mistaken beliefs could be referred to as “meta moral hazard”, in part connected with the

past actions of the US monetary authority.17 To capture such optimism that extends to the

downside, we let investors believe that they can do no worse than a 3.5% GDP growth payoff,

even when the true low state payoff remains unchanged at 3.0% above the trend growth. With

upside prospects boosted by “irrational exuberance” as in the previous example and downside

payoffs artificially lifted by “meta moral hazard”, the market could be set for a rude awakening if

the payoff turns out to be only 3.0% above the trend growth rate.

                                                          
16 Note that in this scenario it is assumed that the ex ante consumption plans are the same than the realised outcomes
in both the high and low growth states, and the outcomes inside and outside the parenthesis therefore always match.
In the next scenario this assumption is relaxed and we consider the case where the true low state outcome may differ
from the perceived one.
17 More specifically, in the case of the US stock market in the late 1990s, this phenomenon was encapsulated in the
idea of a “Greenspan put” – the notion that the US Federal Reserve, by limiting the market crash of 1987 and the
liquidity crunch of 1998, may have made people feel they would automatically be provided the sort of downside
protection normally achieved by buying a put option (see Miller and Weller, 2001).
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Table 4: Irrational exuberance and “meta moral hazard”

(A) Payoffs, state contingent prices, the stock market and the interest rate

π=1/2 sH SL PH PL X R

Probability of

sH

High payoff Low Payoff Stock

market

Interest

rate

0.5 9.0% 3.5% 0.460 0.473 5.8% 7.2%

(B) Consumption (plans in brackets), borrowing, shares and the real exchange rate

C1 C2
H C2

L Debt issued

(% GNP)

Shares held

(% GNP)

Foreign country -1.5% (5.4%) (2.6%) 1.6% 1.4 2.9

US 1.5% (8.5%) (5.7%) 5.4% -1.4 2.9

The key to the symbols used in the table is as follows. π is the probability that the high growth state occurs. SH and SL

are the growth rates above the 2.4% trend growth in the high and the low states, respectively. PH and PL are the
Arrow-Debreu prices that drive the investment decisions across asset categories, with PH measuring the price of the
asset that provides consumption in the high growth state. X denotes the increase in the value of the US stock market
as a result of the expected higher economic growth. R is the world interest rate that adjusts so as to induce the
investors to trade and smooth their consumption across periods. C1 shows consumption in period 1, with a negative
number indicating a current account surplus. Finally, C2

H and C2
L denote the state-dependent consumption outcomes

in the second period, including the trend growth rate.

The first period US current account deficit now rises slightly to 1.5% of the GDP. Compared to

the “irrational exuberance” scenario, foreign leverage rises further and interest rates rise by

another tenth of a percentage point. What happens when the bubble bursts and there turns out to

be no “safety net” provided by monetary policy? While the investors wrongly believe that they

are insured, outcomes in the low state will now involve revising ex ante plans downward, as is

shown in Table 4B where the ex ante consumption plans are again given in parenthesis.

Specifically, instead of rising above trend GDP as planned, foreign consumption in the second

period falls even further – despite the increased savings made in period one. In the US, while

plans for consumption also suffer a setback in the low state, at 5.4% the actual consumption

would still be 3% above the trend growth rate.18

                                                          
18 Note that our simplified model assumes that the US and the world interest rates are always the same. This implies,
of course, that the model formulation neglects the explicit aspects of domestic monetary policy. If the US monetary
authority would prevent the rise of real interest rates by accommodating the productivity increase and cutting
nominal interest rates, the incentives for international asset transaction could be reduced.
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4.4.  Losses in the US stock markets and their international spillovers

It has been estimated that by late 2002, the losses on the US equity market from its peak two

years earlier amounted to US dollar 8 trillion.19 In this section we capitalise the flows discussed

in the previous sections to see what they might imply about the size of the market fall and the

relative contribution of three factors: normal market downturn (bad luck; in the baseline case),

irrational exuberance, and meta moral hazard.

Bad luck plays a key role in the Baseline scenario when the outturn lies below the (true) mean

value incorporated in market expectations. We use the Arrow-Debreu prices to value the market

ex ante as they take account of both the distribution of possible out-turns and of the delay before

they occur; but these are applied to the flows after they have been capitalised. The first column of

Table 5 shows the flow values in period two – a high of 7% or a low of 3 % – and the

capitalisation factor used, namely the sum of the pure rate of time preference and a risk premium

of 4.3% estimated for the US market by Cechetti et al (2000). The market valuation of 81% of

GDP shown in the third row comes from summing these discounted capital values. Since US

GDP in 2002 was approximately US dollar 10 trillion, this implies a perceived ex ante nominal

valuation of the US New Economy at US dollar 8.1 trillion.

                                                          
19 See Greenspan (2002).
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Table 5: Stock Market Values and Estimated Losses
 (Mean expected New Economy effect = 5.0% of US GDP)

Flows,
Second
Period

Stocks,*
second
period

Arrow/
Debreu
Prices

Valuation
in first
period

Dollar
Values
$trillion

Non -
US
Losses

A BASELINE

1 High payoff 7.0 121 0.465 56
2 Low payoff 3.0 52 0.474 25
3 Expected payoff 5.0 81 8.1
4 Actual Payoff 3.0 52 0.948** 49 4.9
5 = 3-4 Losses 32 3.2 1.6
B IRRATIONAL

EXUBERANCE
3B Expected payoff 6.0 96 9.6
5B = 3B-4 Losses 47 4.7 2.4
C META MORAL

HAZARD
3C Expected payoff 6.25 100 10.0
5C=3C-4 Losses 51 5.1 2.6
Memo
items

Loss estimates 8.0
5.0***

0.5***

Notes:
* The discount rate used for capitalisation, in percentage points, is 5.8 = 1.5 + 4.3, where 1.5% is the rate of pure
time preference – as for BMW – and 4.3% is the risk premium in US stock market estimated by  Cechetti et al (2000).
**The discount factor used in valuing the actual payoff is 0.948 = 1/(1.015)(1.024)(1.015) where
• 1.5% is the rate  pure time preference – matched with BMW;
• 2.4% is the trend  growth rate – matched with BMW;
• 1.5% is the low outturn for the New Economy expressed as a fraction of World GDP.
***Estimated losses from New Economy, in the case of non-US losses euro area only.
All numbers as % of US GDP, unless otherwise specified. US nominal GDP in 2000 was approx. US dollar 10
trillion.

If US dollar 8 trillion were the correct ex ante valuation of the supply side shock, how much

would the market fall if nature selects the lower of the two possible out-turns (3% above the trend

GDP growth)? Discounting the value of this low payoff by the interest rates that would have

prevailed with this supply side shock (i.e. pure time preference plus trend growth plus 1.5%, the

boost to world GDP from a 3% rise in US GDP) gives a comparable “bad luck” figure of just

under half of the US GDP. Subtracting this from the ex ante valuation gives a market fall of US

dollar 3.2 trillion, about a third of the US GDP.
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The fall will be larger if it follows a bout of “irrational exuberance”. If exuberance raises the

expected value of the “New Economy” shock by a fifth, from 5% to 6% of GDP, ex ante

valuations rise close to 100% of GDP, and the corresponding fall becomes US dollar 4.7 trillion,

somewhat less than half of the US GDP (see the middle panel of Table 5). Ex ante market values

rise yet further if there is a perceived downside assurance “guaranteeing” that bad luck can only

take the supply side down by half the standard deviation. With a perceived floor of 3.5%, for

example, market values rise to US dollar 10 trillion, i.e. the value of one year’s US national

output. If the supply side nevertheless comes in at 3%, lower than the putative floor, the market

fall reaches about US dollar 5 trillion. This loss is less than the figure given by Greenspan for the

whole market, but it closely matches the fall in the market capitalisation of the Nasdaq, i.e. the

losses from the “New Economy” boom.20

To sum up, over 60% of the market fall shown in the table is due to losses suffered from

investment under rational expectations (bad luck), about 30% due to irrational exuberance

(defined as expectations of the US growth rate in the good state exceeding 7%) and less than 10%

to meta moral hazard. These fractions largely reflect the parameters chosen to characterise the

various scenarios, and can be changed accordingly. There may be interactions between meta

moral hazard and the amount of irrational exuberance, for example, as the distinction between

these two cases is purely arbitrary in the model calibrations. With the value of hindsight one

might wish to include the impact of false accounting by auditors subject to severe conflicts of

interest. If audited figures were deliberately biased in an optimistic direction, one might want to

reclassify some of what we call bad luck as irrational exuberance due over-optimism both by

investors and their accountants.

Finally, in a model of two symmetric blocs half of the total loss, some US dollar 2.7 trillion,

would be taken by foreign shareholders outside the US. This figure is, of course, purely

indicative but it serves to illustrate the potential for international business cycle spillovers via the

wealth channel. Moreover, while the rest of the world most likely suffered substantial losses from

                                                          
20 Of course, a “disappointing” low state growth realisation of 3% above trend GDP growth, that follows from our
+/-2% distribution around the 5% expected growth rate in excess of trend growth that was used by BMW, may sound
optimistic in the case of the downside risks that in fact materialised following the period of significant over-
investment during the 1990s boom. Therefore, part of the fact that our calibrations provide results that seem slightly
less pronounced than the realised outcomes (while still of right order of magnitude) could be due to this “optimistic”
view on the downside risk. All in all the results are, of course, only indicative of the true losses.



���������	
���
����������������������� ��

investments in the US markets the stock market downturn was not limited to the US.21 Finally, it

should not be ignored that despite the losses on global consumption in the bad state, over time the

negative welfare effects from international risk-sharing as illustrated in the above calibrations

could also have positive implications for the global economy. Having been able to export part of

its losses from past over-investment, the US could be in a better position to contribute to global

economic recovery in the future.

5. Conclusions

Within economies, financial assets, notably equity and derivatives, spread the effects of asset

price losses. With the increase in cross-border financial flows, particularly in equity, such shocks

are also being transmitted internationally. This paper offers a framework for analysing the

international allocation of risk. We illustrate how international financial flows can become

independent of the underlying current account considerations, and how investors expecting rapid

future growth in the home economy are able to hedge part of their risk by selling equity shares

and buying foreign bonds. We also show that the size of the international risk sharing flows are

dependent on assumptions regarding investors’ ex ante optimism vis-à-vis future economic

growth prospects, in line with the “irrational exuberance” argument as was suggested by Shiller

(2000) in the context of the US “New Economy” bubble of the 1990s. As the bubble deflates, the

calibrations allow us to study the global distribution of the ex post losses arising under different

scenarios regarding investors’ expectations. In particular, we can distinguish between losses that

are caused by a poor draw, irrational exuberance and false insurance caused by ill-founded

expectations of a safety net provided by activist monetary policy.

A central implication of our work is that an anticipated supply side shock that fails to materialise

ex post has quite different implications on global wealth positions depending on the assets

involved in the ex ante capital transfers. Taking as an example the US “New Economy” boom,

had the US financed its widening current account deficit with fixed coupon debt US consumers

alone would have had to absorb the full force of the market fall after part of the perceived

                                                          
21 However, it has been argued that due to the larger market capitalisation of the US stock market the developments
there tend to dominate the rest of the world (see Meredith, 2001).
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productivity gains of the 1990s started to evaporate in 2000. But because the US external deficit

was to a large extent financed through sales of US equity shares, part of the losses generated from

stock market correction in the US were distributed abroad. The calibration results suggest that our

model is capable of producing wealth losses of the magnitude experienced by the US after the

burst of the “New Economy” bubble within a reasonable range of parameter values that are also

consistent with previous research. Moreover, and also along the lines with the calibration results,

it is possible that the US stock market downturn could have had effects on income and

consumption in the rest of the world if disappointed expectations generated imported negative

wealth effects.

Our simple model serves to illustrate the dynamic aspects of international financial flows under

uncertainty. A more comprehensive study of the implications of international risk sharing, that

should also encompass exchange rate considerations, would require an extended framework. As

an example, a model that incorporates differentiated traded goods and terms of trade effects, such

as de Fiore and Liu (2002), could allow a starting point for a joint treatment of links between the

current account and the exchange rate. In addition, the maintained assumption of efficient

financial markets could be relaxed. In this context, recent work by Hau and Rey (2001) shows

that once the assumption of perfect hedging of financial flows is dropped, risk sharing flows can

account for large fluctuations in exchange rates. Incorporating such considerations are obvious

candidates for future research.
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