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ABSTRACT

One of the most well-known puzzles in international economics is the Lucas paradox: Why
doesn’t capital flow from rich to poor countries? Given the low capital-output ratios in develop-
ing countries, the difference in unconditional expected returns from investing there rather than
in developed markets is too high to compensate for risk alone. Hence, the Lucas paradox shares
key features with well-known asset-pricing puzzles. In this paper, we study whether pricing
kernels, as in Bansal and Yaron (2004), that can rationalize the equity-premium puzzle can also
account for the Lucas paradox. Bansal and Yaron (2004) show that time-varying uncertainty as-
sociated with long-run trend growth shapes asset valuations. In addition, Aguiar and Gopinath
(2007) find that shocks to trend growth are the primary source of fluctuations in emerging mar-
kets. Finally, Borri and Verdelhan (2012) argue that there exists a strong positive correlation
between the macroeconomic conditions in developing and developed countries. The last two
facts suggest that time-varying risk premia are potentially a key ingredient necessary to account
for the lack of capital flows to developing countries.
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1. Introduction

One of the most well-known puzzles in international economics is the Lucas (1990) paradox:
Why doesn’t capital flow from developed to developing countries? The basic idea behind this
question is as follows: It is a well-documented fact that capital-to-output ratios are substan-
tially higher in developed than in developing countries. If production technologies are identi-
cal across countries, then measured marginal product of capital is lower in richer than in poorer

countries, and hence capital should flow from the former to the latter.

Since the turn of the century, capital has been flowing “upstream” from developing countries
to the United States and other developed countries as Prasad, Rajan, and Subramanian (2007)
document — an observation that has sparked a renewed interest in resolving the paradox. In
addition, Jeanne and Gourinchas (2011) document that there is at best zero (if not a negative)
correlation between countries” growth rates and the capital inflows that they received during
the 1980-2000 period. These two findings suggest that the Lucas paradox persists in an era in
which developing countries have dismantled capital controls and have liberalized their finan-

cial markets.

An overlooked fact in the literature is that the Lucas paradox shares important features with
well-known asset-pricing puzzles. In particular, an equivalent formulation of the Lucas para-
dox is that the difference between the average returns on invested capital in developing over
developed countries appears to be too high to serve as compensation for traditionally-measured
risk. This is analogous to the equity premium puzzle, which states that the difference in aver-
age returns on equites over bonds appears to be too high to compensate for risk or to the term

premium puzzle, which refers to the excess returns on long- over short-term bonds.

In this paper, we explore whether the stochastic discount factors that have been successful in
accounting for a range of asset market phenomena can reconcile the Lucas paradox. Particu-
larly, we focus on the framework in Bansal and Yaron (2004), who demonstrated the importance
of long-run risks — persistent shocks to growth rates and uncertainty associated with long-run
growth rates — in accounting for the high equity premium, high volatility of stock returns, low
and stable risk-free rate and predictability of stock returns. Subsequent work has used these
shocks to account for the term structure and uncovered interest rate parity, the return premium
on value stocks and small stocks, the term structure of equity returns, and the volatility of real

exchange rates.!

We identify two key ingredients that are necessary to quantitatively account for the high risk

Important  papers  include  Bansal and Shaliastovich ~ (2010), Bansal, Dittmar, and Lundblad
(2005), Hansen, Heaton, and Li (2008), Bonomo, Garcia, Meddahi, and Tdongap (2011),
Malloy, Moskowitz, and Vissing-Jergensen (2009), Croce, Lettau, and Ludvigson (2007), and Colacito and Croce
(2011). See Bansal, Kiku, and Yaron (2009) for a comprehensive review of the literature.



premium associated with capital flows to developing countries. First, investment risk in poor
countries must be highly time varying. Second, the time variation in the price of the invest-
ment risk in developing markets must be positively correlated with the price of risk in devel-
oped economies. These two facts have been recently documented. Aguiar and Gopinath (2007)
find that shocks to trend growth—rather than transitory fluctuations around a stable trend—
are the primary source of fluctuations in emerging markets. In addition, Borri and Verdelhan
(2012) rely on financial data to argue that there exists a strong positive correlation between the
macroeconomic conditions in developing and developed countries. The last two facts suggest
that time-varying risk premia are potentially key to account for the lack of capital flows to

developing countries.

We quantify the importance of time-varying risk premia in reconciling the Lucas paradox
within a framework that features recursive preferences and shocks to trend growth rates. The

model economy builds on the Bansal and Yaron (2004) one-country endowment economy. Con-

sumer preferences have the recursive structure described by Kreps and Porteus (1978), Epstein and Zin
(1989), and Weil (1989). We extend the basic framework along three dimensions: First, as

in Colacito and Croce (2011), we consider a two-country model with one “mature” and one
“emerging” market calibrated to the growth-dynamics characteristics of developed and devel-

oping countries, respectively. Second, as in Kaltenbrunner and Lochstoer (2010) and Schmid and Kung
(2011), we study production economies and we allow for capital accumulation and endogenous
cross-country capital flows. Third, we draw on Aguiar and Gopinath (2007) and Nakamura, Sergeyev, and
(2012) to quantity long-run risks in developed and developing countries.

Overall, we contribute to a large literature that attempts to justify the small flows of capital
from rich to poor countries — the Lucas paradox. Caselli and Feyrer (2007) argue that higher
prices of investment and lower efficiency levels in poor countries reduce marginal products
of capital there to levels that are comparable to those of developed countries. In contrast,
Gertler and Rogoff (1990), Boyd and Smith (1997), Matsuyama (2005), Castro, Clementi, and MacDonald
(2004), Caballero, Farhi, and Gourinchas (2008), Mendoza, Quadrini, and Rios-Rull (2009), and
Buera and Shin (2009) offer explanations that build on frictions in international (and especially
in developing countries’) financial markets. To our knowledge, our paper is the first to consider

an explanation of the Lucas puzzle that relies on time-varying risk premia.

2. Sketch of model economy

There are two countries: mature, m, and emerging, e. In each country an intermediate good is
produced which is traded internationally, and a final good is produced using the two interme-
diate goods as inputs. For convenience we will occasionally refer to the final good produced

in country ¢ € {m, e} as “final good i”, and the intermediate good produced in country i as



“intermediate good i”. International financial asset markets are complete.

2.1. Uncertainty

Time is discrete. Each period there is a realization of a random event z;, which denotes shocks to
productivity growth in the two countries. In general, allocations in period ¢ are functions of the
history of these shocks up to and including time ¢, the initial values for capital stocks K, and

the asset holdings A; o fori € {e, m}. For convenience welet z* = (K} 0, K10, Ano, Af0s 20, 215 - - -+ 2t)

denote the vector of initial values and the history of events up to and including time ¢.

2.2. Environment

Preferences have the now-familiar recursive structure described by Kreps and Porteus (1978),
Epstein and Zin (1989), and Weil (1989). If U, is “utility from date ¢ on,” preferences follow from
the time aggregator V,

U = Ve, mu(Uppr)] = (1= B)ef + 5/~%(Ut+1)p]1/pa 1)

and (expected utility) certainty equivalent function 4,

m(Ui) = [EU)]"". 2

The conventional interpretation is that p < 1 captures aversion against short-term consumption
fluctuations and o < 1 captures aversion towards uncertainty associated with long-run welfare.

Additive utility is a special case with oo = p.

Both the time aggregator and the certainty equivalent function are homogeneous of degree one,
which allows us to scale everything by current consumption and convert our problem to one in

growth rates. If we define scaled utility v, = U;/c;, equation (1) can be expressed as

u = [(1-75)+ 5Mt(9t+1ut+1)p]l/p> 3)

where g,.1 = ¢t+1/¢; is the growth rate of the endowment/consumption.

With these preferences, the pricing kernel is

M1 = 5(Ct+1/0t)p_1 [Ut+1/lut<Ut+1)]a_p
= 5954:11 (g1t / e (Grartes)] 7 (4)

The pricing kernel is the heart of any asset pricing model, so (4) is central to the properties of
asset prices and returns. The last term is the contribution of recursive preferences. If a = p,
it drops out, but in general the difference between o and p affects how predictable changes in
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consumption growth and its volatility are priced.

The budget constraint of the representative decision maker in country m is given by
Cm,t(zt) + xm,m,t(zt) + xm,e,t(zt) = wm,t(zt) + rh,t(zt)wm,me,t(zt_l) + Th,t(zt)wm,eKe,t(zt_l)

Here ¢,,,;(2") > 0 is units of consumption of the final good in country m, z,,;, are the invest-
ments the representative decision maker from country m makes in country i, K;,(z'"!) is the
capital stock in country i at the beginning of period ¢t measured in terms of country i consump-
tion units, and w,, ; is the fraction that the representative decision maker in country m owns of

the capital stock in country i.

The budget constraint for country e is similar, but written in terms of the final good in that

country.

The capital evolution equation in country ¢ — with adjustment costs —is
Kipp1(2) = (1= 0) K 1(2"71) 4 wiia(2") + 254(2") — P(Kiy, i, L)

where § is the rate of depreciation, which is the same across countries, and @ is the adjustment
cost.

2.3. Firms

In each country there are producers of intermediate and final goods. In this section we describe
these firms’ problems and the process for productivity in the two countries.

2.3.A. Final goods production

A representative firm in the final goods sector produces using a CES production function where
the inputs are the intermediate goods produced in both countries. In each country there is a bias
in the final goods production towards the intermediate good produced in that country. The
demand for intermediate good 7 in country j is denoted by I;;, for i, j € {m, e}. The production
functions for the final goods in the two countries are given by

o—1 U*1i| o—1

Gh (Imm,t(zt)a ]me,t(zt)) - [n(Imm,t(zt))? + (1 - n)(Ime,t(Zt))?
Gy (Tema#), Leea(2)) = [(1 = M) L) 7"+ n(Leea(2) 7|
The parameter o is the elasticity of substitution between the two intermediate goods, and home

bias in final goods production is given by each country putting weight > .5 on the intermedi-
ate good produced in that country



2.3.B. Intermediate goods production

In each country, a representative firm in the intermediate goods sector produces using capital
and labor with a standard constant returns to scale production function. These firms take prices

of goods and factor inputs as given.

2.4. Productivity

As a starting point, we follow Rabanal, Rubio-Ramirez, and Tuesta (2011) and we let log Z,,, ,
and log Z, ; be cointegrated of order C(1,1). The law of motion for the log-first differences of
productivity in the home and the foreign country is specified by the following VECM:

Alog Z,, " m m
08 Lmyt | _ o + [log Zyp4—1 — klog Z. 1] o1 + Emit
A log Ze,t ¢Oe ¢1€ €et

2.5. Equilibrium

We are in the process of solving for the equilibrium of the model and computing the implied
cross-country capital flows.

References

AGUIAR, M., AND G. GOPINATH (2007): “Emerging Market Business Cycles: The Cycle Is the
Trend,” Journal of Political Economy, 115, 69-102.

BANSAL, R., R. F. DITTMAR, AND C. T. LUNDBLAD (2005): “Consumption, Dividends, and the
Cross Section of Equity Returns,” Journal of Finance, 60(4), 1639-1672.

BANSAL, R., D. KIKU, AND A. YARON (2009): “An Empirical Evaluation of the Long-Run Risks
Model for Asset Prices,” NBER Working Papers 15504, National Bureau of Economic Re-
search, Inc.

BANSAL, R., AND I. SHALIASTOVICH (2010): “Confidence Risk and Asset Prices,” American
Economic Review, 100(2), 537-41.

BANSAL, R., AND A. YARON (2004): “Risks for the Long Run: A Potential Resolution of Asset
Pricing Puzzles,” Journal of Finance, 59(4), 1481-1509.

BoNOMO, M., R. GARCIA, N. MEDDAHI, AND R. TDONGAP (2011): “Generalized Disappoint-

ment Aversion, Long-run Volatility Risk, and Asset Prices,” Review of Financial Studies, 24(1),
82-122.

BORRI, N., AND A. VERDELHAN (2012): “Sovereign Risk Premia,” Discussion paper.

5



BoyD, J. H., anD B. D. SMITH (1997): “Capital Market Imperfections, International Credit
Markets, and Nonconvergence,” Journal of Economic Theory, 73(2), 335-364.

BUERA, F. J., AND Y. SHIN (2009): “Productivity Growth and Capital Flows: The Dynamics of
Reforms,” Working Paper 15268, National Bureau of Economic Research.

CABALLERO, R. J., E. FARHI, AND P.-O. GOURINCHAS (2008): “An Equilibrium Model of
‘Global Imbalances” and Low Interest Rates,” American Economic Review, 98(1), 358-93.

CASELLL F., AND J. D. FEYRER (2007): “The Marginal Product of Capital,” The Quarterly Journal
of Economics, 122(2), 535-568.

CAsTRO, R., G. L. CLEMENTI, AND G. MACDONALD (2004): “Investor Protection, Optimal
Incentives, and Economic Growth,” The Quarterly Journal of Economics, 119(3), 1131-1175.

CoLACITO, R., AND M. M. CROCE (2011): “Risks for the Long Run and the Real Exchange
Rate,” Journal of Political Economy, 119(1), 153 — 181.

CROCE, M. M., M. LETTAU, AND S. C. LUDVIGSON (2007): “Investor Information, Long-Run
Risk, and the Duration of Risky Cash-Flows,” NBER Working Papers 12912, National Bureau

of Economic Research, Inc.

EPSTEIN, L. G., AND S. E. ZIN (1989): “Substitution, Risk Aversion, and the Temporal Behavior
of Consumption and Asset Returns: A Theoretical Framework,” Econometrica, 57(4), 937-69.

GERTLER, M., AND K. ROGOFF (1990): “North-South lending and endogenous domestic capital
market inefficiencies,” Journal of Monetary Economics, 26(2), 245-266.

HANSEN, L. P, J. C. HEATON, AND N. LI (2008): “Consumption Strikes Back? Measuring
Long-Run Risk,” Journal of Political Economy, 116(2), 260-302.

JEANNE, O., AND P.-O. GOURINCHAS (2011): “Capital Flows to Developing Countries: The

Allocation Puzzle,” Discussion paper.

KALTENBRUNNER, G., AND L. A. LOCHSTOER (2010): “Long-Run Risk through Consumption
Smoothing,” Review of Financial Studies, 23(8), 3190-3224.

KREePS, D. M., AND E. L. PORTEUS (1978): “Temporal resolution of uncertainty and dynamic
choice theory,” Econometrica, 46, 185-200.

Lucas, Jr., R. (1990): “Why Doesn’t Capital Flow from Rich to Poor Countries?,” American
Economic Review, 80(2), 92-96.

MALLOY, C.]., T.J. MOSKOWITZ, AND A. VISSING-JORGENSEN (2009): “Long-Run Stockholder
Consumption Risk and Asset Returns,” Journal of Finance, 64(6), 2427-2479.

6



MATSUYAMA, K. (2005): “Credit Market Imperfections and Patterns of International Trade and
Capital Flows,” Journal of the European Economic Association, 3(2-3), 714-723.

MENDOZA, E. G., V. QUADRINI, AND J.-V. R1I0S-RULL (2009): “Financial Integration, Financial
Deepness and Global Imbalances,” Journal of Political Economy, 117, 371-416.

NAKAMURA, E., D. SERGEYEV, AND ]. STEINSSON (2012): “Growth-Rate and Uncertainty
Shocks in Consumption: Cross-Country Evidence,” NBER Working Papers 18128, National
Bureau of Economic Research, Inc.

PrASAD, E. S., R. G. RAJAN, AND A. SUBRAMANIAN (2007): “Foreign Capital and Economic
Growth,” Brookings Papers on Economic Activity, 38(1), 153-230.

RABANAL, P, J. F. RUBIO-RAMIREZ, AND V. TUESTA (2011): “Cointegrated TFP processes and
international business cycles,” Journal of Monetary Economics, 58(2), 156 — 171.

ScHMID, L., aND H. KUNG (2011): “Innovation, Growth, and Asset Pricing,” mimeo, Duke
University.

WEIL, P. (1989): “The equity premium puzzle and the risk-free rate puzzle,” Journal of Monetary
Economics, 24(3), 401-421.



