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Abstract
The EZ Way to Global Imbalances

By Carlos Ballesteros-Ruiz

I report that unanticipated and anticipated shocks to the productivity growth process in the
United States (US) relative to that in the Rest of Developed Market (RDM) economies have eco-
nomically and statistically significant effects on capital flows from and towards Emerging Markets
(EM), introducing what I call indirect trade effects. Extending the Colacito, Croce, Ho and Howard
(2018) two country model to a three country framework generates global capital flows dynamics
that are consistent with the empirical findings.
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Chapter 1

The EZ Way to Global Imbalances

1.1 Introduction

What is the source and destination of capital flows? In open, 2-economy environments
capital goes to countries who experience the highest unanticipated productivity shock,
as in Backus, Kehoe, and Kydland (1992)| - BKK onwards. More recently, Colacito,
Croce, et al| (2018)| - CCHH onwards - showed that in a 2-country environment with
Epstein-Zin preferences (Epstein and Zin, [1989), capital goes away from countries with the
highest anticipated productivity shock towards countries with the highest consumption
marginal utility. Assuming unanticipated and anticipated relative productivity shocks
among 2 countries, in this paper I consider an extension of the CCHH theory to a 3-
country environment and ask whether the third economy, who has not received any relative

productivity shock, can indeed expect capital inflows or outflows.

In a 2-country model where agents can borrow and lend internationally, relative pro-
ductivity shocks, i. e. one country being more productive than the other, generates capital
flows between the 2 countries, something that I call direct effects from international trade.

Moreover, in the analogous 3-country model I argue that capital flows neither coming from



nor going to the third economy is only a particular case out of infinitely many possible
cases. I show that this will be the case as long as the third country’s consumption marginal
utility equals that of the country that receives the positive relative productivity shock. In
general, I show that there can be capital flows coming from or going to the third economy
as long as the mentioned consumption marginal utilities differ, something that I refer to

as indirect effects from international trade.

According to the BKK’s productivity channel, in 2-country environments with unan-
ticipated productivity shocks, it is known that capital will flow towards the country that
experiences a suddenly higher productivity. In principle, one may guess that in a 3-country
environment capital will flow from the third country towards the most productive one,
so the former’s consumption marginal utility gets higher than the latter’s as a result.
However, I show that as the most productive country’s produced good is increasingly
preferred by the third country in comparison to the least productive one, there will be i)
less capital going from the least productive towards the most productive economy, i. e.
the BKK’s productivity channel is weakened; and ii) more capital going from the most
productive country towards the third one. This is because the suddenly, most productive
economy will share more risk with the third country and share less risk with the suddenly,

least productive one.

Similarly and according to the CCHH’s risk-sharing channel, in 2-country models with
anticipated productivity shocks and Epstein-Zin (EZ) preferences, it is known that cap-
ital will go to the country that anticipates being less productive in the future since its
consumption marginal utility gets higher. It could seem obvious that in a 3-country envi-
ronment capital will flow from the anticipated more productive country towards the third
economy. Nevertheles, I show that as the anticipated most productive country’s produced

good is increasingly preferred by the third country in comparison to the anticipated least



productive one, there will be i) less capital going from the most productive towards the
least productive economy, i. e. the CCHH’s risk-sharing channel is weakened; and ii)
more capital going from the third country towards the anticipated most productive one.
This is because the anticipated most productive economy will share more risk with the

third one and share less risk with the anticipated least productive one.

In order to test empirically for such theoretical predictions, I use the CCHH’s emprical
strategy and extend their G7 countries sample to include the emerging market economies
(EM). Specifically, following Colacito and Croce (2013), Bansal, Kiku, and Yaron (2016)
and CCHH, I identify unanticipated and anticipated productivity growth innovations by
regressing Solow residuals on lagged country-specific price-dividend ratios. In a second
step, I take the EMEl as the home country and consider its net-exports as a function of
unanticipated and anticipated productivity growth differentials i) between the US and
EM economies and ii) among developed countries, i. e. between the US and the rest of
the G7 economies] (RDM). The effects of US-EM (both unanticipated and anticipated)
productivity growth differentials on the EM trade balance refer to the direct trade effects
between the US and EM. On the other hand, the effects of US-RDM productivity growth
differentials on the EM trade balance refer to the indirect trade effects between developed

and EM economies.

Four main findings can be drawn from the empirical analysis. First, I show that the
EM and RDM shares in US exports have increased and decreased, respectively, during the
1973-2006 time period. This can be seen as the US produced good becoming increasingly
preferred by EM and decreasingly preferred by RDM, respectively, over time. This trend

leads us to empirically explore the implied weakening of the CCHH’s direct trade effects

! Argentina, Brazil, Chile, China, Colombia, Indonesia, Malaysia, Mexico, Philippines, Thailand,
Turkey, South Africa and South Korea.
2Canada, France, Italy, Germany, Japan and United Kingdom.



between US and RDM and the emergence of the indirect trade effects between developed
and EM economies suggested by my theory. Indeed, the second empirical finding shows
that this is the case in the data once the CCHH estimation sample is broken down into
two consecutive time frames (1973-1991 and 1992-2006), where the breaking point date
coincides to the start of the steady increase (decrease) of the EM (RDM) share of US
exports around its time trend. From the estimates it can be inferred that the quantitative
importance of the CCHH’s productivity and risk-sharing motives of capital flows between

US and RDM is significantly reduced in the period 1992-2006 relative to 1973-1991.

As a third empirical finding, I report the existence of direct trade effects between US
and EM, and indirect trade effects between developed and EM economies in the 1992-2006
period. Even though the US-EM direct effects found in the data can be thought of as a
contribution to the rich-to-poor countries capital flows debateﬂ it still can be explained by
the CCHH theoretical model. Nevertheless, the empirical findings on the indirect effects
between developed and EM countries is not only a novelty from the empirical evidence
point of view, but also support my theoretical predictions. In particular, higher unan-
ticipated productivity growth of the US with respect to RDM deteriorates the EM’s net
exports, which means that resources are directed to EMs. By contrast, higher anticipated
productivity growth of the US with respect to RDM improves the EM’s net exports, so
resources go away from EMs. This empirical result contributes to the global imbalances
literature, particularly shedding light on the importance of the anticipated shocks to the
productivity growth differentials among developed economies on the EM’s capital ﬂowsﬂ
Closely enough, the fourth empirical finding consists in reporting the strengthening of the
indirect trade effects between developed and EM countries during 1992-2006 relative to

1973-1991. This is consistent with the theoretical predictions as the strengthening of the

3See Lucas (1990); C. Reinhart, V. Reinhart, and Trebesch (2016); Ahmed and Zlatd (2014); C.
Reinhart, Rogoff, and Savastand (2003); among others.
4See Caballero, Farhi, and Gourinchas (2008); Mendoza, Quadrini, and Rios-Rul] (2009).



developed-EM indirect effects coincides with the increasing path of the EM’s preference

for US’s produced good relative to RDM’s observed in the data.

Although the domestic moments generated by the three-country model are similar to
those obtained using the two-country one, there are important differences. In particular,
the volatility of investment relative to output is greater in the three-country economy in
comparison to the two-country one. This is due to the possibility for an individual to be
able to invest her savings in more-than-one location abroad. By contrast, the volatility of
consumption relative to output is lower than that observed in the data because individuals
can now share consumption risk with more than one counterpart abroad. This feature of
the three-country model becomes particularly important when calibrated to EM as the
consumption volatility relative to that of output is less than 1 in the model, even with

highly persistent exogenous productivity processes, while it is greater than 1 in the data.

On the other hand, the three-country model overcomes the two-country one in sev-
eral key international dimensions. Although the two kinds of models generate similar
cross-country correlations in terms of consumption, investment and output, it is worth to
highlight that the countercyclicality of the trade-balance-to-output ratio generated by the
three-country model is even closer to the data than the one generated by the two-country
setting. Moreover, another important difference is that in the three-country model it is
possible to compare the volatilities of the trade-balance-to-output ratio across US, RDM
and EM countries, something that is useful in order to characterize the global capital
imbalances. Specifically, the three-country model stochastic simulations produce trade-
balance-to-output ratio cross-country relative volatilities that are reasonably close to the

data.

Using stochastic simulations I show that the three-country model generates regression

coefficients that are reasonably close to the actual empirical estimates. In turn, such



coefficients change as the most productive country’s produced good becomes increasingly
preferred by the third economy in comparison to the least productive one. Such a change
in the theoretical model’s coefficients induced by the inclusion of a third country resembles
the change in the empirical estimates between the 1973-1991 and 1992-2006 time frames.
Finally, I argue that this result is key in order to understand the behavior of the global

capital imbalances during the 1992-2006 period of time.

The next subsection presents the related literature. Section 1.2 presents a two-period,
three country model with recursive preferences and productivity news shocks that shapes
the theoretical predictions. Section 1.3 empirically explores the extent to which such
theoretical predictions hold in the data. Section 1.4 describes the infinite-horizon version
of the theoretical model that aims to reproduce the empirical facts found in section 1.3, at
the time that presents the calibration and solution method. Section 1.5 shows the infinite-
horizon model quantitative performance and simulation results in order to explain the

behavior of the global capital imbalances during 1992-2006. Finally, section 1.6 concludes.

Related Literature.—This paper can be related to the existing literature in several
ways. From the empirical point of view, the direct and indirect effects can be thought of a
way to estimate the determinants of capital flows between developed and EM economies
(Lucas, [1990; Ahmed and Zlate, 2014 C. Reinhart, Rogoff, and Savastano, 2003; C.
Reinhart, V. Reinhart, and Trebesch, [2016)).

On the other hand, the indirect effects contribute to the global imbalances literature.
In particular, Caballero, Farhi, and Gourinchag (2008) emphasize on both unanticipated
productivity growth differential shocks among developed economies and financial struc-
ture differential shocks between developed and emerging economies to generate capital
outflows from EMs. Mendoza, Quadrini, and Rios-Rull (2009)| highlight the importance

of uncertainty in heterogeneous financial markets to generate global imbalances. By con-



trast, my approach doesn’t rely on different financial system structures across countries.
Instead, I highlight the importance of the presence of both unanticipated and anticipated
productivity growth differentials among developed economies in order to produce global

capital imbalances, including capital flows from and towards EM.

From a theoretical perspective, my model is the first one to analyze capital flows in a
frictionless 3 country dynamic stochastic general equilibrium model with Epstein-Zin pref-
erences and anticipated productivity growth shocks. Other different three country mod-
els that analyze capital flows can be found in Zimmermann (1997), Kose and Yi (2006),

among others.

Finally, this paper is the first one to connect anticipated productivity growth shocks
(long-run risk) (Bansal, Kiku, and Yaron, 2016; Colacito and Croce, |2013} Colacito, Croce,
et al., |2018) to global imbalances (Mendoza, Quadrini, and Rios-Rull, |2009; Caballero,
Farhi, and Gourinchas, 2008).

1.2 Three Countries with Recursive Preferences and

Risk-sharing Motives

This is the first paper to analyze international capital flows in a complete markets economy
with Epstein-Zin preferences, news shocks and three-countries. Hence, I introduce the
agents’ preferences and then present a two-period CCHH model that includes a third
country in order to highlight the intuition behind the resulting direct and indirect trade

effects that come from the productivity and risk-sharing motives.

Let C, C~’t* and ég‘* be the three countries’ corresponding consumption bundles, thus

the utility function for country 1 has the following EZ form:



~1_ P St V42
Uy = (1 - 5) ’ Ctl e + B [UtlJrl,q o

Utility functions for countries 2 and 3 can be written in an analogous way with the
same parameter values and can be denoted by U; and U™, respectively. Parameters 7y
and ¢ measure the agent’s Relative Risk Aversion (RRA) and Intertemporal Elasticity
of Substitution (/ES), respectively. In order to have an intuition about how the EZ

preferences work, consider the following monotonic transformation of the utility function:

Ut1—1/¢

=1

and make a second-order Taylor expansion around the conditional mean of logV;.; to
get
¢ (v = 1/%)

: + BE; Vi) — 5

1T—1/0 Bvar, [Vii1] (1.1)

Vir (1-0)

Note that if v = 1 /1 then equation implies that the utility function reduces to the
conventional CRRA case. However, as long as v > 1/1 (early resolution for uncertainty),
then the EZ preferences introduce not only risk aversion for future consumption but also
for future utility. The trade-off is that the consumer is willing to accept higher uncertainty

about the future only if she is compensated by higher expected future utility.

The Stochastic Discount Factor (SDF) can be written as

(1.2)

According to the second term in the Right Hand Side (RHS) of equation (|1.2)), the



trade-off between future expected utility and risk of future utility is also present in the
SDF as long as early resolution of uncertainty is present, i. e. v > 1/1. Such a term,
usually denominated as the continuation utility, is sensitive to the anticipated shock to
productivity growth, thus it is key to generate the Colacito, Croce, et al| (2018)'s risk-

sharing channel of capital flows.

1.2.1 Recursive Risk-Sharing of News in a Three-Country World:

Intuition

In this section, I show a two-period CCHH model, i. e. a BKK model with recursive pref-
erences, with three countries instead of two. As in CCHH, I don’t consider unanticipatedﬂ
shocks since in such an environment it is simpler to get an intuition of the capital flows
due to the interaction between the recursive (EZ) preferences and anticipatedﬂ shocks.
Moreover, I will show that under certain parameter values of the EZ preferences, the
international capital flows behavior due to anticipated shocks become qualitatively the

same as those that come from unanticipated shocks.

There are three dates in the economy: ¢ = {0,1,2}. At time ¢t = 1 agents receive
news (0,1) about the productivity that capital will have at time ¢t = 2. Specifically, 6
represents capital productivity news in country 1 relative to countries 2 and 3, while ¢
denotes capital productivity news in country 2 relative to country 3. Since I assume that
no other shocks take place in periods t = {1, 2} then there will be no uncertainty at time

t=2.

Let {X3, Y, Wi}, { X[, Y7, Wit and { X[, Y™, W;*} be the consumption of goods X,

Y and W in countries 1, 2 and 3, respectively. The consumption aggregates for the three

51 call unanticipated productivity shocks what CCHH call short-run productivity shocks.
ST call anticipated productivity shocks what CCHH call long-run or news productivity shocks.
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countries can be written as:

C,= XM Y. M(I_AI_AQ), Cr = X2y Wt*(l—h—/b)’ (1.3)

C«:* _ X:*)\z . }/;**(1*)\1*)\2) . Wt**/\l-

I assume that country 1 produces X, country 2 produces Y and country 3 produces
W, so Ay € (0,1) can be viewed as the consumption home bias parameter. Moreover,
Az € (0,1) can be interpreted as country 1’s preference for country 2 good (Y;) relative to

country 3’s (Y,*).

I assume that individuals have unit IES, @ = 1, in order to get closed form solutions,

so preferences are as follows:

to = (1= B)log Cj + 12— log B [exp {u}(1 =)} (1.4

where uy and u; are period 0 and 1 log-utilities, respectively. When v =1 = i then
the recursive preferences collapse to the additive CRRA preferences. As there are no
uncertainty beyond time t = 1, then In F; [exp(1 — v)us| = (1 — 8)(1 — ) In Cs, so time-1

utility can be written as:

u; = (1 = B)log C1 + B(1 — B) log Cs.

The preferences specification of countries 2 and 3 are symmetric, so their variables are
indexed by * and *x, respectively. For simplicity, at time-1 total production is fixed and

equal to 1 in every country, so it is allocated into time-1 consumption and investment:
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1= Xy + X7+ X5 4 Loy + Ly + Lo
=Y +Y '+ Y+ L+ 1, + 1, (1.5)

L=Wy+ W+ Wi+ I+ 1+ L

w,1”

From the perspective of country 1 (2 and 3), (1,1 I, [;;";) denotes home investment

goods while {I, 1, L,1} ({131, 15,} . {L;%. 1;5}) denote home investments abroad. I as-
sume international complete markets in the sense that agents can frictionless trade both

consumption and investment goods internationally in every state of nature.

When t = 2 take place, home and foreign investment goods are combined in order to

get total investment:

G (190717 ;71, ;7*1) = (de)lﬂ (];h)(l—mfuz) (];3)1/2
G (B Ty Iy3) = ()™ (1) (15,07 (1.6)

G** (Iw71’ ;271’ Z;Tl) _ (ijl)lfulfuz (1;1)1/2 (I;Z’l)yl

where v, € (0,1) can be viewed as the investment home bias parameter. Time-2

output is then allocated to time-2 consumption:

"G (Lo, I3 ITh) = Xo+ X5 + X5
e—9+¢G* ([y717 I* I**) =Yy + sz* + Yv;* (17)

y, 1’ 7y,

eIV G (L1, .15 ;Z*l) =Wy + W5 + W5~

For the sake of symmetry, I assume that the same (6, ¢)) impact home and foreign pro-
ductivity with opposite signs, so the cross-country capital reallocation will be determined

by relative cross-country productivities.

At t = 0 current consumption is symmetrically predetermined at Cy = C§ = C§* at
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the time that agents exchange a complete set of securities that are contingent to (6, ) in

order to maximize their time-0 utility:

max o+ ot (1—pun — g )ug”

* *k * VKK * *ok | 2 * * * sk PRk TRk
{{Xtht 7Xt thth th thth th }t:I’IzyhlyJ71“%17]1,17Iy,171w,1711,17Iy,1’Iw,1}

(1.8)
subject to constraints (|1.3)-(|L.7)). Moreover, at time-0 each country has the same share

of the allocation of global resources, so the relative time-0 Pseudo-Pareto weights are:

1 — 1y —
Sé,Q _ M 1, 53,2 _ H1— H2 1
K2 )

We are interested in the effects of relative productivity shocks (6, 1) on each country’s

net exports. The First Order Conditions with respect to X7,Y; and W; are:

OlnC OlnCY OlnC}*
51,2 9’1/} 1 — 1 :S3,2 97w 1
dlnCy;  0InCY oln C}*

3.2
OlnC;  90InCy dln C}*

1 1

where S12(0,1)) is the time-1 ratio of Pseudo-Pareto weights of country 1 relative
to country 2, while S*2(6,1)) is the time-1 ratio of Pseudo-Pareto weights of country 3
relative to country 2. By symmetry among the three countries we have
E, [6“1(1—7)} = E, [euf(l—’Y)] = E, [euf*(l—’Y)}

which implies that time-1 Pseudo-Pareto weights can be written as

§h2 = F1 o=y (wm-vi) (1.10)
M2
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532 = L = i) oo i) (1.11)
K2
Since uncertainty is fully resolved in ¢ = 1, then the time-1 and time-2 Pseudo-Pareto
weights are equal. So, for given values of {Si’z(ﬁ,w)} and {Sf’z} (0,1) we can solve for

time-2 consumption allocations:

X A X M S?
SRR — _1% (1.12)
X; 1—>\1 —>\2 XS* )\2 Sl’
Yo A Y; A Sp?
2 =225 2= 2 - (1.13)
X5 M Yo 1= — XSy
Wi _ 1—>\1—)\251172’ W2 =M S}Z (1.14)
and solve for time-1 consumption allocations:
Xi A1 2 X M8
Xik 1—/\1—/\2 Xik* )\2 Sl’
i\ Y, A Sp?
Xf )\1 }/1** 1—)\1 —)\2 Sl’
Wi 1-X\ —Agsllz? Wi 1—XA—X S (1.17)

Wi Wi A S
Optimality conditions (1.15)-(1.17) say that the higher S} is then the greater the
global resources going towards country 1 at ¢ = 1, with similar implications of Sf 2 for

country 3. Using the equilibrium conditions it can be shown that the time-1 trade-balance-

to-output ratio of each country is a function of the Pseudo-Pareto weights:

NX¢ 1—X\— A 1 Ao i
= — 1—— | —=(1- =L 1.1
X A1 ( 511’2) A1 ( Sf’Q (1.18)
o 1 — ’ [ — 1 — ’ .
V- N (1—57%) " (1—577) (1.19)
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NX;*e 1= — X SIPN A 1
- — 2 ) 21— =5 1.20
Yy A ( Si”2 Al S?’z ( )

which means that the time-1 endogenous dynamics of capital flows, i. e. trade-balance-
to-output ratios, depend exclusively on the adjustment of the Pseudo-Pareto weights
{511’2(9, V), S22, )} to the exogenous productivity news shocks (6,¢). Let s1» = In S1?
and s35 = InSP” be the time-1 Pseudo-Pareto weights expressed in terms of natural
logarithms. By using first order approximation it can be shown that the solution to the

world planner’s problem can be written as:

s12 = A L0+ A0, (1.21)
s32 = Ay 0+ A0, (1.22)

where,

2(1 —7)(1 = B)B(2M — 1)

X, = TN (D) , (1.23)
N, = (=) [N =g (1.24)
X, =0, (1.25)

AL, = =201 =AY (1.26)

The term )\?, i = {uy, uj,ui*}, is the effect of ¥ on country i-th utility. I can now intro-
duce Lemma 1, Theorem 1 and Lemma 2 that will give more insights about how interna-
tional consumption preference parameters (A1, Ay) affect coefficients (A7, ,, )\Tfl’ s A§37 oA ALL)
in equations ([1.23))-(1.26)), which in turn determine the adjustment of S'? and S*? due

to productivity news shocks (6,1). In other words, let’s introduce the direct and indirect

trade effects from relative productivity news shocks.
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Lemma 1 (direct effects). If \y > 1 and v > 1 then )\gm < 0.

Proof. If Ay > % and v > 1 then the numerator of equation ([1.23)) is negative. Since u; is
increasing in C}, then the effect of s;5 on u; is positive, thus Ai;* > 0. This implies that

the denominator of 1} is positive, hence \? < 0. O]

81,2

Lemma 1 reproduces the CCHH main result: with consumption home bias (A; > 1)
and agents with preference for early resolution of uncertainty (y > 1), news of future
productivity improvements in country 1 relative to countries 2 and 3 (1 ) lower resources
towards country 1 ()\gm < 0), i. e. resources flying from country 1 to country 2. This
happens because the risk-aversion is high enough to make the consumption risk-sharing
motive to dominate over the productivity motive due to the continuation value that
comes from the EZ preferences. It is worth mentioning that when v < 1 then the BKK
productivity channel dominates over the CCHH risk-sharing channel, so more resources,
instead, fly to country 1 ()@172 > 0) and the Pseudo-Pareto weights and trade-balance-to-
output ratios behave qualitatively as if the news productivity shock was an unanticipated

shock that took place in ¢ = 1. This is what I call direct trade effects from relative

productivity shocks, so the indirect trade effects are characterized as follows.

Theorem 1 (indirect effects). Let A, Ay € (0,1) and Ay + X o < 1. Then A and )\ﬁ,{ are

increasing and decreasing functions of Ao, respectively.

Proof. If A\;, Ay € (0,1) and A\ + Ay < 1, by consumption optimality conditions ({1.12)-
higher Ao implies higher C5 and lower C3 for any given value of ¥. Since u; is
an increasing function of Cy and uj is an increasing function of C for any given value
of 1, then it follows that )\fl and )\ff are increasing and decreasing functions of s,

respectively. O]

In order to gain intuition of Theorem 1, suppose that at ¢ = 1 there are news of country

2 becoming more productive than country 3 at t = 2 (1 ¢). Then it is anticipated that
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country 2’s consumption will increase (1 C5) while country 3’s will decrease (| C3*) at
t = 2. Since country 2 will be more productive at t = 2, more of its own good will be
produced and consumed (1 Y5"), while a smaller part of it will be consumed by 3 (] Y5™).
Suppose now that there is an increase in Ao, i. e. country 1 preference for country
2’s produced good (Y3) is stronger. Optimal consumption risk-sharing implies more of
the extra country 2’s produced good shipped towards country 1 (1 Ya,] Y5"), leading to
an increase in time-2 country 1 consumption (1 Cy) with a lower increase in country 2
consumption ({ C3). As the new productivity is realized in period 2, the continuation
utility term in equation due to the recursive preferences makes period 1 utility
functions to be mainly driven by period 2’s new allocations. Therefore, as time-2 country
1 consumption increases and the upwards response of time-2 country 2 consumption is
leveled off, then time-1 country 1’s recursive consumption marginal utility gets lower

(1 A% ) while country 2’s becomes smaller ({. /\:fik).

Lemma 2 (indirect effects). Let A\j, Ao € (0,1), Ay +Xo < 1 and v > 1. Then \Y _ and

81,2

)\;”3’2 are both decreasing functions of Aa.

Proof. Tf Ay, Ay € (0,1) and A\; + Ay < 1, then, by Theorem 1, /\;fl and )\fI are increasing

and decreasing functions of Ay, respectively. By equations ([1.24)) and ([1.26)), if v > 1 then

AL and AY | are both decreasing functions of . O

81,2

Even though )\fT is decreasing in Ay (by theorem 1), it is always positive. Therefore,
by equation (|1.26]) as long as v > 1, )\ffw will be positive and decreasing in Ay. In other
words, even though greater ¢ will always ship resources from country 3 to country 2 due
to a strong enough risk-sharing channel regardless of A\g, such a flow of resources gets
diminished as A\, increases, i. e. CCHH’s risk-sharing motive between countries 2 and 3 is

softened (| )\ffs ,)- Moreover, since by theorem 1 the absolute value of )\fs , 1s decreasing

in A\ then if v < 1 the BKK’s productivity channel is also softened as Ay becomes higher.
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On the other hand, from equation ([1.24]) resources from 2 towards 1 depend on how

differently 1) affects time-1, country 1’s utility (x\fl) relative to time-1, country 2’s utility

()\fo). From ([1.24]) there will be no indirect trade effects from 1 towards or from country

1 as long as )\f* =\

. 1> Which is a particular case out of infinitely many possible cases.

Hence, in general it should be expected to have resource flows going to or coming from
country 1 when news of country 2 becoming more productive in the future than country 3
take place. In particular, if the risk-sharing (productivity) motive is strong enough, i. e.

v > (<)1, and )\fI > A% then resources move from (to) 2 to (from) 1, XY > (<)0. When

S1,2

Ao increases resources will bounce back from 1 (2) towards 2(1), ] (T)Xfm, as AU gets

greater and \Y, gets smaller. As a result, when v > (<)1 time-1 country 1’s trade-balance

NX
X1

) is increasing (decreasing) in A\, and that of country 2’s (NXT> is

to output ratio ( v
1

decreasing (increasing) in As. To see this, Figures and show the adjustment of the
Pseudo-Pareto weights and the trade-balance-to-output ratios to changes in both ¢ and

2.

What is the required adjustment in time-1 allocations in order for them to be consistent

NXi and N0

% v to changes in ¢ and A7 First, suppose that Ay is

with the response of
relatively low. With v > (<)1 an increase in ¢ will deliver the CCHH’s risk-sharing
(BKK’s productivity) direct trade effects: country 2 consumption decreases (increases)
while country 3 consumption increases (decreases), leading to a country 2 trade surplus
(deficit) and country 3 trade deficit (surplus). Now, what does happen to country 1
consumption, €7 Nothing should happen to C} if we were in a two-country setting in
which there are no indirect trade effects. However, as we have shown in Theorem 1 and
Lemma 2, in general in a three-country setting we should expect indirect trade effects from
an increase in 1, which in turn will affect C'y. In particular, by theorem 1 suppose that Ay

is low enough so that )\Zf; is relatively small and )\f; is relatively high, such that )\ﬁi < )\Zi

Thus, from Lemma 2, if v > (<)1 then we will have a trade deficit (surplus) in country
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Figure 1.1: Lemma 2 with v > 1: strong risk-sharing motive.
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1 that corresponds to an increase (decrease) in Cy. In other words, with a relatively low
value of Ay we have the CCHH’s risk-sharing (BKK’s productivity) principle that makes
C7* to increase (decrease) happening to Cj. Accordingly, when 1) increases there will
be resources going not only from (to) country 2 to (from) country 3, but also from (to)

country 2 to (from) country 1.

By contrast, suppose now that Ay is relatively high. By Theorem 1 )\ﬁ% decreases,
regardless of 1. As a result, when v increases and CCHH’s risk-sharing motive dominates
(v > 1), we will have resources still going from country 2 to country 3 (S35 > 0), but in
lesser magnitude. Analogously, when BKK’s productivity motive dominates (y < 1), we
will get resources still going from country 3 to country 2 (S35 < 0) but in lesser magnitude.
Therefore, with higher Ay the direct trade effects from ¢ are weaker. Moreover, Theorem
1 implies an increase in AY , for any given realization of ¢. Without loss of generality,
suppose that Ay is high enough such that )\fl > Af{- So, when CCHH’s risk-sharing motive
dominates (y > 1) then we will have resources going back from country 1 to country 2
(S12 < 0) implying a decrease in C} and increase in C7, so country 1’s trade balance goes
up while country 2’s goes down. In addition, when BKK’s productivity motive dominates
(v < 1) we will get resources going back from country 2 to country 1 (S; > 0), implying
an increase in C} and decrease in C7, so country 1 runs a trade deficit while country 2 runs
a trade surplus. Therefore, with higher Ay the indirect trade effects from ¢ are stronger.
To see this, Figures|l.3]and show the adjustment of each country time-1 consumption

to changes in both ¥ and A,.

In summary, Table shows the main theoretical predictions of the two-period, three
country model with recursive preferences and risk-sharing motives due to productivity
news shocks in country 2 relative to country 3, v, and changes in country 1’s taste for

country 2’s produced good, As.
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Consumption Trade balance to output
N - NX NX; NX;*
C ¢ Xt : :
Low A2
direct effects 7>1 T T !
71 T 1 T
indirect effects 7> 1 } 1
7<1 il )
High A,
direct effects (softer) 7>1 1 T T l
<1 T 1
indirect effects (stronger) >1 | ¢ T 1
y<1 1 1 1

Table 1.1: Model theoretical predictions
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1.3 Empirical Exploration

I empirically explore the main theoretical predictions of the model presented in the
last section. Specifically, suppose that country 1 represents the Emerging Market (EM)
economies, country 2 the United States (US) and country 3 the Rest of Developed Market
(RDM) economies. Let 1 be news of future productivity in US relative to RDM, and let

0 be news of future productivity in EM relative to US and RDM:

Y = nUS _ 77RDM

where 7' denotes news of future productivity in region i € {US, RDM,EM}. Ta-
ble shows the theoretical predictions presented in Table already updated with
the country regions of interest and with a new column in the middle that considers the
adjustment of private investment to relative productivity news shocks (6,1). The inclu-
sion of investment in the empirical exercise allows for the possibility to test if the direct
and indirect trade effects from (6,1)) are transmitted through investment as they may do

through consumption.

Specifically, I closely follow Colacito, Croce, et al| (2018) with the aim to identify
unanticipated and anticipatedﬂ shocks to productivity growth in the developed market
economies (G7) and emerging market economies (EM). Then, I use the identified shocks
to assess their effects on the EM and US consumption, investment and trade-balance-to-

output ratios.

"The term anticipated productivity shock will interchangeably be used with productivity news shock.



22

Consumption Investment Trade balance to output
~EM  (US  ~RDM LM fUS RDM NXfM NX{IS NXRDM
L-] L] 5 L‘] ) I] f‘] 5 l'] ) G Ufi]r M G ;-”'];1[_“ {””;IRUM
Low A3
direct effects 7>1 l T | 1 t 1
v<1 t } 1 } } )
indirect effects 71 1 l + | l t
ry<1 | t ! T T }
High A
direct effects (softer) 7>1 l T ] 1 1 l
y<1 t Tt ! 1
indirect effects (stronger) 7 >1 1 } 1 1 ]
y<1 1 } T ! ! T

Table 1.2: Model theoretical predictions

1.3.1 Identification of Productivity Growth Shocks

As in Colacito, Croce, et al, (2018), in order to identify the unanticipated and anticipated
shocks to productivity growth, I use the Solow residual growth rate as a proxy of the

growth rate of productivity, and regress it against the lagged price-dividend ratio:

Adi = 0'pdi_| + & (1.27)

foralli = US, RDM, EM, where £ is the unanticipated component of the productivity
growth. According to Baudry and Portie, asset prices contain information about
future productivity, therefore they can be considered as news shocks. Let zi = 0'pd. be
the anticipated component of productivity growth in region i. As in Colacito, Croce, et
al., assume that this anticipated component, 2, follows a first-order autoregressive

process of the form:
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=05+, (1.28)

where 7! is the anticipated shock to region i’s productivity growth. In a second stage,
both the estimated unanticipated, £/, and anticipated, 7}, shocks will be useful to estimate

the EM and US trade-balance-to-output ratio regressions.

1.3.2 Data

The aggregates for regions RDM and EM are constructed as weighted averages accord-
ing to the GDP weight of each country. The information for Net-Exports, real GDPs
and Solow residuals were taken from the Penn World Tables (Feenstra, Inklaar, and Tim-
mer, 2015). The price-to-dividend ratios for the G7 countries were taken from Colacito,
Croce, et alf (2018). In turn, price-dividend ratios for the EM countries were constructed
using Morgan Stanley Capital International (MSCI) variables, like the MSCI index for
earnings and asset prices, and then I used the Campbell (2003)[s formulas to calculate the
EM price-dividend ratios. The estimation period goes from 1973 to 2006 and its frequency
is annual. The time period ends in 2006 in order to exclude the Great recession episode

and to compare some empirical results to those found by Colacito, Croce, et al. (2018).

1.3.3 EM Trade-Balance Regressions

Once the unanticipated, &, and anticipated, 5!, shocks to productivity growth have been

identified, then they will be used to estimate the following set of regressions:
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Y, = 655,EM ( 1EJS . fJM) i BgS,EM (7]1{]5 o 77tEM)

/

~
direct effects

n ﬁgS,RDM ( Us _ tRDM) + B;]S,RDM (ngs _ ntRDM) X, 46 (1.29)

J/

~
indirect effects

where,

NXJEM NXUS
Yo={2 (g ) > (Goprs
AlnCYS — AlnCEPY AlnCYS — Aln CFM

Al — Aln I[P AlnI/® — Aln 1M}

The first set of explanatory variables in , (&5 — &°M) and (nf® — nf™), are,
respectively, the unanticipated and anticipated productivity growth differentials between
the US and the emerging market economies (EM). The effects of these two variables can be
viewed as the direct effects of productivity growth differentials on the EM and US trade-
balance-to-output ratios. The next set of regressors, (&5 —&°*) and (n/* —n*™), are,
respectively, the unanticipated and anticipated productivity growth differentials among
the G7 countries, i. e. between the US and RDM. In turn, the impact of these two variables
can be thought of as the indirect effects of productivity growth differentials among the
developed world on the EM’s resource flows. Finally, X, include control variables, like

the international oil price (WTI) and the US monetary policy interest rateﬂ

In order to correct for the potential generated regressors problem, regression equation

(1.29) is jointly estimated with equations (1.27]) and ([1.28]) through Generalized Method of

8 According to Calvo and Mendoza (1996) and Ahmed and Zlate (2014), such kind of variables are
strong determinants of capital flows in emerging market economies.
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Moments (GMM). Also, I perform heteroskedasticity and autocorrelation robust (Newey-

West) estimation approach. The associated moment conditions are specified in appendix

A.

1.3.4 Empirical Findings

Four main findings can be drawn from the empirical analysis. First, Figure [1.5[shows the
evolution over time of the US exports to EM as a proportion of US total exports towards
EM and RDM. This can be interpreted as a measure of \y since it captures the taste that
EM has for the US produced goods, relative to the RDM’s taste. It looks like the EM and
RDM shares in US exports have increased and decreased, respectively, during the 1973-
2006 period of time. This can be seen as the US produced good becoming increasingly
preferred by EM and decreasingly preferred by RDM, respectively, over time. Such a
trend leads us to empirically test the implied weakening of the CCHH’s direct trade
effects between US and RDM and the emergence of the indirect trade effects between

developed and EM economies suggested by my theory.

In order to carry out such an empirical exploration, I start out by replicating the
estimation results of CCHH, not only for their entire sample period 1973-2006, but also
for the subperiods 1973-1991 and 1992-2006. The estimation period was divided in order
to check if the CCHH’s risk-sharing and BKK’s productivity motives remain constant
across time. The breaking point date was chosen for it to coincide to the changing time
trend of my measure of Ay in Figure[I.5] Table[I.3|shows that the CCHH estimates during
the whole period of time are a combination of the subperiods 1973-1991 and 1992-2006
estimates. Consistently with the two-period, three country model theoretical predictions
of the previous section, all of the estimated coefficients corresponding the period 1973-1991

are greater in absolute value than the 1992-2006 estimates. This is the case not only when
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Figure 1.5: Empirical finding 1. s has increased over time.

A (%) is the dependent variable, but also when US consumption and investment
relative to RDM are the dependent variables. Indeed, my second empirical finding is that
both the BKK (productivity motive) and CCHH (risk-sharing motive) estimated direct
trade effects among developed markets have weakened over time, meaning that direct

consumption risk-sharing and productivity motives become softer during the second half

of the period.

As a third empirical finding, estimation results in Table report the existence of
direct trade effects between US and EM, and indirect trade effects between developed and
EM economies in the 1992-2006 period of time. Even though the US-EM direct effects
found in the data is a contribution to the rich-to-poor countries capital flows debate, it
is not something new from a theoretical perspective since it can be explained by the two-
country CCHH theoretical model. Nevertheless, the empirical findings on the indirect
effects between developed and EM countries is not only a novelty from the empirical

evidence point of view, but also supports my theoretical predictions. In particular, higher
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Dependent variable 1973-2006 1973-1991 1992-2006
|{£ S, RDM .5:; S.RDM 1'\\- S,RDM 'Irj?ff' S RDM ..l:- S,RDM J);? S.RDM
A (%‘:,——) —0.229"% 2357 —0.211  3.027° —0.193"**  0.360
(0.045) (1.055) (0.081) (1.566) (0.066) (1.038)
AlnC{* — AlnCFP™ 0.930%* —1.303%* 0.890%* —2.0007% 0.608% 0.903***
(0.040) (0.504) (0.050) (0.444) (0.022) (0.201)
AlnI/s — Aln IFPM 5.159%** —24.788*** 5575 —37.714% 4.361%* -1.365
(0.171) (4.344) (0.130) (7.156) (0.130) (0.958)

Table 1.3: Empirical finding 2. CCHH direct effects among developed markets have
weakened over time.

unanticipated productivity growth of the US with respect to RDM deteriorates the EM’s
net exports, which means that global resources are directed to EM. By contrast, higher
anticipated productivity growth of the US with respect to RDM improves the EM’s net
exports, so resources go away from EM. This result sheds light on the role that anticipated
productivity growth gaps may have as a determinant of the global capital imbalances.
since, according to the existing literature, a great part of the capital flows going from
EM towards the US during the 1990s and 2000s have been attributed to i) unanticipated
growth differentials between the US, RDM and EM and ii) differences in the development
of the financial systems among such countries (Caballero, Farhi, and Gourinchas, ;
Mendoza, Quadrini, and Rios-Rull, [2009).

Furthermore, Table[l.5|reports the fourth empirical finding which reports the strength-
ening of the indirect trade effects between developed and EM countries during 1992-2006
relative to 1973-1991. The change in the signs and statistical significance are consistent
with the theoretical predictions as the strengthening of the developed-EM indirect effects

coincides with the increasing path of the EM’s preference for US’s produced good, relative



Dependent variable
EM
Nx/!
2 ((;fu.i;"’ o )

A NX s
GDrrs

AlnCys — AlnCF™

Alnlf¥ —AlnIf™

US-EM
-JI.J S, M Aus.Em
n
0.327*** —0.507***
(0.038) (0.143)

—0.049***  0.066**

US-RDM

SRDM (U DM
.' 7

—0.017***  0.683"*
(0.005) (0.058)

—0.020%**  0.646***

(0.010) (0.029) (0.004) (0.042)
0.781%**  —0.780*** —0.591***  —3.916***
(0.025) (0.080) (0.043) (0.334)
1296 7.961*** —2.276"**  1.832"
(0.095) (1.121) (0.300) (0.925)

Adj. 172

0.460

0.422

0.561

0.330
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Table 1.4: Empirical finding 3. Indirect trade effects from and to EM due to . Direct
trade effects between US and EM due to 6.

Indirect effects

1973-1991

1992-2006

A ( N X[

GDPJF

)

fI'_‘-G.I.‘.'-’:\J‘

[AUS RDM
.*ju

0.191%**
(0.046)

.Jlé.-- RDM I‘Iri:{:_‘-i,h‘!).\f
0.024 2.427**
(0.061) (1.016)

Table 1.5: Empirical finding 4. Indirect effects strenghthened over time.

to RDM.

In general, from all these findings it can be said that the empirical exploration supports

the model theoretical predictions. So, the next step will involve the infinite horizon version

of the two-period, three-country theoretical model of section 1.2 in order to rationalize

the empirical evidence and characterize the global capital imbalances during 1992-2006.



29

1.4 Infinite-Horizon Model

With the aim of rationalizing the empirical findings of section 1.3, this section presents
the infinite horizon version of the two-period model of section 1.2, which is an extension
of the two-country CCHH model that includes a third economy. In particular, the envi-
ronment consists of an infinite horizon, three country, three good, complete markets and
frictionless economy a la Backus, Kehoe, and Kydland (1994) (BKK) with Epstein-Zin
(EZ) preferences and unanticipated and anticipated productivity growth shocks for each
country. The next subsections will describe the preferences, consumption bundles, pro-
ductivity processes, aggregate resource constraints, optimality conditions and net-exports

definitions.

1.4.1 Preferences and Consumption Bundles

Let {X;, Y, Wi, { X[, Y, Wit and { X%, Y™, W/} be the consumption of goods X, Y
and W in countries 1, 2 and 3, respectively. The consumption aggregates for the three

countries can be written as:

Cr= XM Y2 Wi o= ey ), (1.30)

sk (1—A1— A
Cp = X yrimimde) e

I assume that country 1 produces X, country 2 produces Y and country 3 produces
W, so A; € (0,1) can be viewed as the consumption home bias parameter. As in Colacito,
Croce, et al; (2018)|, I use Greenwood, Hercowitz, and Huffman (1988)| preferences (GHH)
to capture the intratemporal trade-off between consumption and leisure. This is to deal
with the Raffo (2008)s insight that most of the net-exports movements should come from

the imports quantities rather than from terms-of-trade adjustments for a BKK model to
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be consistent with the data. The GHH utility indices have functional forms:

~ 1+5 % * *1+ 3 kx o ol 7
Ci,=Ci—¢N, 7, C;=C;—¢N, ', Cr=0C"-¢pN, 7,
where NV, Nj and N;* denote hours worked in countries 1, 2 and 3, respectively, and
f > 0 is the labor-consumption elasticity parameter. Let C,, C’t* and CN’t* be the three
countries’ corresponding consumption bundles, hence the utility function for country 1

has the following EZ form:

1
1-1/y | 1-1/%

U = |(1-5)- (jtl—l/w + BE, [UtlJr—lv] -

Utility functions of countries 2 and 3 can be written in an analogous way with the same
parameter values and are denoted by U and U;™, respectively. The Stochastic Discount

Factor (SDF) can written as

(1.31)

1.4.2 Productivity Growth

Exogenous productivity growth processes for the three countries resemble much of their
empirical counterparts. They contain both the corresponding unanticipated and antici-
pated shocks components. Moreover, as it was found by Ballesteros-Ruiz, Rubio-Ramirez,
and Pesavento (2022)| in the data, I also assume that countries 1, 2 and 3’s productiv-
ity levels, A;, A} and A;*, are cointegrated. Hence, the Vector Error Correction (VEC)

system specification for the world productivity processes can be written as:
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*
t—1

A

Aa; = pt+ 21 + 72 - log +&, 2= pzmoa

* *
t—1 t—1
— 11 - log
t—1

Hk
AT

Aa; = p* + 2 | — T - log +&, 2 =p

A

Adpt =y o G T A=
where &, & and &* denote countries 1, 2 and 3 unanticipated productivity growth
shocks, respectively, and 7, n; and n/* represent countries 1, 2 and 3 anticipated pro-
ductivity shocks, respectively. Shocks are iid processes, where each one of them has zero
mean and constant variance. Finally, parameters 7y and 75 determine the degree of coin-
tegration between the productivity level processes. I assume that countries 1 and 3’s

productivity levels follow country 2’s.

1.4.3 Aggregate Resource Constraints

Country 1’s investment aggregate is the result of combining home and foreign investment

goods:

* *k\ __ U1 xvg  pr¥(l—vi—v2)
G( by Lot m,t) - I:L‘,t ’ I:):,t ' Ix,t )

where I, is the country 1’s own investment good and I3, and I} are the foreign
investment goods coming (imported) from countries 2 and 3, respectively, intended to
produce the new country 1’s capital stock that will be used to produce good X. Pa-
rameters vy, 5 € (0,1) are the shares of countries 1 and 2’s investment goods in country
1’s investment aggregate. Similarly, investment aggregates in countries 2 and 3 are a
combination of domestic and foreign investment goods:

Gy Iy I33) = Iy I 1530707

bty Lyt Yt )
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*k * *k _ T2 *(1—V1—V2) *k11
G (Iw ) - Iw,t ’ ]w,t : Iw,t :

it tw ity fwgt

Note that, similar to A\;, parameter v; represents the degree of home investment good
bias. Using the corresponding investment aggregates, each country builds up its own

capital stock according to the following capital stock law of motions:

Kt+1 = (]_ — (S) Kt + eLUtJrth(]x,ta ;’ﬁ ;(:;) (132)
f = (L= 0) K} + e Gyl Iy 4 1Y) (1.33)
i = (1= 0) K™ + e Gy (Lo, Iy 1) (1.34)

where K;, K; and K;* denote countries 1, 2 and 3’s capital stocks, respectively. I

assume that each country has a common depreciation parameter, 6 € (0,1). Moreover:

kk

_ * _ * * kk _ kk
W1 = Dagr — p, - wiyy = Aayy —p, Awly = agy — p

denote countries 1, 2 and 3’s investment-specific productivity growth shocks, respec-
tively. Assuming constant resturns to scale on each country production technology, the

three countries aggregate budget constraints are given by

X = KO (AN " =X+ X+ X+ Loy 4 Ly + Ly (1.35)
Y = K (AN =Y+ Y + Y+ L+ I+ 1, (1.36)

WtT — K:*a (A:*Nt**)l_a _ Wt + Wt* + Wt** + ];:kt + ];; + I

w,tr

(1.37)

where X[, Y;' and W represent countries 1, 2 and 3’s real GDPs, respectively.

Parameter « denotes the capital share on income, assumed to be the same across the
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three countries. Note that consumption and investment goods can be exchanged with no

frictions in all contingent states.

1.4.4 Optimality Conditions

Let p1 and ps be, respectively, the countries 1 and 2’s utility Pareto weights in the world
planner’s welfare function. In this frictionless, complete markets world economy, the social

planner chooses

{Xt7 Xt*7 Xt**7 }/;57 }/;‘/*7 }/;,**7 Wt7 Wt*7 Wt**7 Nt7 Nt*a Nt**v Kt7 Kt*7

kk * * * *kok kok kok
Kt ) Ia:,ta Iy,tv [w,t> x,ty Tyt Iw7t7 [:c,t? Iy,t? Iw,t}

in order to maximize

pUo + p2Ug + (1 — pn — po)Ug™ (1.38)

subject to sequences of constraint equations (1.32))-({1.37)). Thus, the Lagrangean func-

tion can be written as
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L = Uy + p2Us + (1 = — p2)Ug™

+ ...
+ M (F (ALK, Ny) — (X + X7+ X+ L+ Ly + Luy))

+ g (F (AL KT NS = (Y4 Y+ Y+ I+ I, + 1)

+ s (F (A7 K N — (W + W+ W+ I+ I+ 1))
+ Az (1= 0)Kyq + € G(mth[xtlﬂ xtl) K:)

+)\4t( 6K} 1+€th (yt 1s yt 1 yt 1) K*)

+ Ao (1= K + €0 G (Lugr Iy 1, Iy 1) — K)

+ ...

Let Py = :\\%Z, Py, = % and P} = % be, respectively, the countries 1, 2 and 3’s
cummulative-prices of capital in local unitﬂ Furthermore, let Qi = E; [Mt +1Pl€,t+1}7
Qi = Ei [MZJHPI;HJ and Qi = [Mt”“ilP,j*;H} denote, respectively, the countries
1, 2 and 3’s ex-dividend prices of capital in local units. Hence, the social planner’s
maximization First Order Necessary Conditions (FONC) with respect to capital can be

expressed as

Ki: Pop=Fi+(1—0)Qks
K PI:,t = Fpy + (1— 5)QZ¢

K™ By = By + (1-0)Q5,

where Fj 4, Fj-, and Fj-+; represent each country’s marginal productivity of capital

in period ¢t. Each country’s domestic investment choice is given by

9These variables are measured in local units of the corresponding country, i. e. they are in X, Y and
W units for countries 1, 2 and 3, respectively.
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(1.39)

(1.40)

(1.41)

where the terms M}, M}, and M}, represent the Stochastic Discount Factors (SDF)

in each country’s local units which in turn can be expressed as

* *

Vii Ol e Aot

t+1 — )
Aoy

MX = X Ciya AL Yy
t+1 = v~ 1 = ’ t+1 =
X1 G ALt YA, Cf

sk Yk

MV = Wi Gty _ Asen

t+1 — ok (Ol t+1 — A :
t+1 G 5.t

The Left Hand Side in optimality conditions (1.39)-(1.41)) accounts for the marginal
cost of each country domestic investment at time . On the other hand, the corresponding
Right Hand side in such equations is associated to the expected present value of future
profits of invested capital by each country in producing their own good.

Note that P, = :\\%i measures the terms of trade between countries 2 and 1, i. e.

the number of country 1’s goods (X) needed to get one unit of country 2’s good (V).

o . A .
Similarly, Py = $** measures the terms of trade between countries 1 and 3, and P/ =
A . .
ﬁ measures the terms of trade between countries 2 and 3. Moreover, rearranging the

Lagrange multipliers associated to the terms of trade measures gives the following country

1’s terms-of-trade expression:

*k
Pt+1

% )
Pt—H

Pt+l — (142)
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which says that country 1’s terms of trade are a non-linear function of countries 2 and
3’s terms of trade. Using equation ([1.42)), foreign investment goods imported by country
1 from countries 2 and 3, intended to produce country 1’s new capital which in turn

produces good X, are determined by the following optimality conditions:

X
. 1L, . MY, (othi (1-90) Qk,t+1> s (1.43)
z,t VQ Gt - t Pt+1 e .
1 - Xr Prr
. ——— 2 g MY o (16 L e 1.44
! (1—vi—1) Gy e (a Ky T ) @rens Pr ‘ (L44)

Analogously, foreign investment goods imported by country 2 from countries 1 and 3

in order to produce good Y, are given by expressions:

C Mg Tyx (o e (1= 6)Qf | Prpreien (1.45)
yit - vy G ¢ t+1 K7, kg1 | Lt+1 .
sk 1 [*:; YTl * * wk
L gy e = B M (O‘K_; + (1= 0) Qhrpr | P Py | (1.46)

Finally, foreign investment goods imported by country 3 from countries 1 and 2 in

order to produce good W, are determined by:

1 th |: X ( Wtq_;_l ) Pt+1 *k :|
lL,.: ——-=E|M e +(1-9)Q;" v+ 1.47
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WtT Kk
r 1 I, M (O‘K;E +(1-9) Qk,t+1> - (1.48)
it - = - evrit .
7t (1_V1_V2)Gt t Pt+1Pt+1

Note that the terms of trade enter into the no-arbitrage conditions that determine the
amounts of foreign investment towards each country. This means that the international
allocation of investment, i. e. international capital flows, is in part governed by the

exchange-rate risk of the three countries at the same time.

The FONC with respect to the consumption goods give the optimality conditions for

international consumption risk-sharing:

)\1,t = ,lLlUMALt = MQUMAx*7t = (1 — U1 — MQ)UMAx**7t
)\27t = /.LlUMAyyt = /J/QUMAy*7t = (1 — U1 — ILLQ)UMAy**’t

)\5,t = /hUMAw,t = MQUMAw*,t = (1 - M1 ,UQ)UMAw**,t;

where UM A, ; represents the consumption good X; marginal utility. Note that con-
sumption risk-sharing takes place with respect to consumption of the same good across

different countries, rather than with respect to the entire consumption bundle.

Moreover, labor supply optimality conditions can be written as:

Cnt = —Fn:Cx

* _ * *

Nep = —ENe Oy y
~>|<* _ *k *k

N**,t h— FN**,t W**’t’

where 5N7t is the partial derivative of country 1’s GHH utility index with respect to
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labor, NV;, Fy,. is the labor marginal productivity and Cx, is the partial derivative of

country 1’s consumption aggregate with respect to X;.

1.4.5 Net-Exports

Each country’s total net exports is the sum of consumption and investment goods net

exports. Specifically, country 1’s net exports is defined by the following set of equations:

1 -
t J
* ]' **-

NXIy=1I,4+ Ly — {Pt[m + (F) I (1.50)
t J

NX, NXC;+NXI,
X Xt

(1.51)

where NXC}, NXI, and JX()% denote the country 1’s consumption good net exports,
t

investment good net exports and total trade-balance-to-output ratio, respectively. Simi-

larly, country 2’s net exports equations are given by:

* kk ]‘ * 1 *-
e (EAT AR 1

* * * 1 1 **-
NX]t — _[%t + Iw,t - Ft _[yﬂg + W Iy,t (153)

NX; NXCf+ NXIy
= 1.54
}/;T }/;T ( )
NXF

where NXCy, NXI; and

v denote the country 2’s consumption good net exports,
t
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Productivity Avge. growth (p) Long-run shock corr. (p)  Short-run shock corr. (pg,)
0.018 0 0

Technology Capital share («) Home inv. bias (21) Foreign inv. share (v2)
0.3 0.7 0.15

Preferences IES (v) sub. dise. factor () home bias (A = 1)
1.2 0.97 0.7

Table 1.6: Parameter values

investment good net exports and total trade-balance-to-output ratio, respectively. Finally,

country 3’s net exports definitions can be written as follows:

NXC =W, + W) — |PF X" + Pt**Yt**} (1.55)

NXI7 =10+ 1 — | Pl + Rf*[;t} (1.56)

NX;* NXC;*+NXI*
wr Wil

(1.57)

WT* denote the country 3’s consumption good net exports,

where NXCp* NXI* and 2t

investment good net exports and total trade-balance-to-output ratio, respectively.

Even though contemporaneous utility indices are GHH in order to deal with Raffd (2008)[s
insight, it is worth noting that foreign investment optimality conditions — take
the terms of trade into account in order to determine the international capital flows,
which makes the terms of trade adjustment very important in order to determine the

trade balance quantities.
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1.4.6 Calibration and Solution Method

For the sake of comparison, the benchmark model calibration closely follows Colacito,
Croce, et al] (2018)l Table shows the parameter values used for the benchmark
economy. The same steady state annual productivity growth rate is assumed for the
three countries (u = p* = p™ = 1.8%), which is the average annual output per-capita
growth rate for the US in the period 1929-2006, according to the (US) BEA data. For
simplicity, I set the correlations between the unanticipated and anticipated productivity
growth shocks across countries equal to zero (p; = ps- = 0). On the other hand, capital
contribution to output and annual capital depreciation are set to a = 0.3 consistent with
BKK. Moreover, home bias parameters are set to be equal between consumption and

investment.

Benchmark preferences structural parameters are taken from Colacito, Croce, et al; (2018).
Specifically, the labor elasticity with respect to consumption is set to f = 1.5, which is
standard in the literature. Finally, due to comparison purposes I take the Intertemporal
Elasticity of Substitution (/ES) and subjective discount factor parameter values from

Colacito, Croce, et al| (2018), i. e. [ES; =[ESy; =1FES3 =1.2 and = 0.97.

The model is solved using perturbation methods. In particular, third order approx-
imation to the policy functions is performed using Dynare. This is done for the SDFs
utility continuation values to take into account the high persistence of the anticipated
productivity shocks and to capture the time-varying future utility variance that is present

in the recursive preferences.
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1.5 Infinite-Horizon Model Results

This section aims to provide shocks to the model in order to realize whether it is able to
rationalize the empirical findings drawn from section 1.3 and to what extend it is able to
produce reasonable moments of key variables with respect to the data. Then, I discuss
how the simulation results of the infinite-horizon model can help explain the evolution of

the global capital imbalances over the period 1992-2006.

1.5.1 Model performance and simulation results

I start by describing the estimation process of the remaining parameters of the infinite-
horizon model. The goal is to use GMM techniques in order to estimate the model
structural parameters, {’yUS (: fyRDM) AEM 1 70,6, p, 0 (= 0™, )\2}, in order to match

some key, targeted empirical moments:

BUS,EM BUS,EM US,RDM ﬁUS,RDM std (ACy) std(Aly) std (ACY) std (ACY”)
3 ) Mn ) I7E ) Mn ) AXtT 9 AX,;F 9 A}/tT ) AWtT

Table shows the GMM estimates of the remaining model structural parameters.
Regarding the production technology parameters, the US-RDM implied cointegration
adjustment parameter, 7, = 0.005, is close to the 0.007 estimated by Rabanal, Rubio-
Ramirez, and Tuesta (2011). Moreover, the US-EM implied cointegration adjustment
parameter (7o = 0.0172) turned out to be close to the 0.0167 estimated by Ballesteros-
Ruiz, Rubio-Ramirez, and Pesavento (2022). The estimated value of § is 0.031, while the

persistence parameter of the anticipated productivity growth process is p = 0.99 for EM
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Parameters % M 5] T & P p* A2

Values 22.22 6.54 0.005 0.0172  0.031 0.99 0.70 0.29

Table 1.7: Estimated parameter values.

and p* = p™* = 0.70 for the US and RDM@ Such a high estimated value of p is in line
with Aguiar and Gopinathl (2007) as it is a known fact that the permanent component
of productivity is more persistent in EM than in developed markets. Additionally, the

estimated value of p* = p** is close to the estimated one by CCHH.

With respect to the preference parameters, the GMM estimates show that the risk
aversion parameter turns to be greater in developed markets than in EM, which is consis-
tent with recent estimates in the literature (I’'Haridon and Vieider, 2019). Additionally,
the estimated value of A9, the EM preference for US produced good relative to RDM’s,

turned out to be 0.29, which is close to its upper limit 0.30.

The estimated value of Ay being close to its upper limit is important because it confirms
that it is needed a relatively high value of Ay in order to generate theoretical model
estimates of equation that are the closest to the ones obtained in the data. Such
a comparison of empirical estimates are presented in Table [[.8, where the dependent
variables are A <%> and A (CJ;VDX—}%SS» i. e. my measures of EM and US capital
flows, respectively. From Table[L.§)it can be observed that the quantitative model generate
regression estimates that are reasonably close to the data estimates. In addition to that,
Figure [1.6] shows how such coefficients change when A, is lower than 0.29. In particular,

it can be seen that the higher is Ay the weaker the direct trade effects between US and

RDM (charts at the bottom) and the stronger the indirect trade effects between the

107 follow Colacito, Croce, et al) (2018)|in assuming p* = p**.
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Dependent variable

N

A (DX .

Data,

Model

Data

Model

US-EM

EM

AU HEEM
'l;’.f

0.327***

(0.038)

0.114***
(0.001)

0.049***
(0.010)

—0.082***
(0.001)

—0.507***

(0.143)

0.953***
(0.022)

0.066**
(0.029)

0.512**
(0.019)

US-RDM

U E DM
[y
&

UE RDM
B

—0.017***
(0.005)

0.042°***
(0.002)

0.020***
(0.004)

—0.024***
(0.001)

0.683**
(0.058)

0.446***
(0.004)

0.646***
(0.042)

0.177***

(0.004)

Adj. R?

0.460

(.850

0.422

0.733

Table 1.8: Theoretical vs econometric GMM estimated parameters.
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developed markets and EM (charts at the top) due to an increase in . This means that
the quantitative model is able to rationalize the empirical findings in section 1.3, in which
the analysis of the data showed that the US-RDM direct effects and developed markets-
EM indirect effects from changes in relative productivity news in the US relative to RDM,
1, got weaker and stronger, respectively, as my measure of Ay in the data increased over

time.

Regarding the model’s quantitative performance, Table shows the domestic mo-
ments generated by the quantitative theoretical model. While doing an good job in gen-
erating correlations and consumption, investment and labor relative volatilities to output
in each country, it is worth noting that the model does pretty well in replicating the
countercyclicality of the trade-balance-to-output ratios. In particular, the three-country
model does better than CCHH as the former is able to generate an even closer correlation

between the trade-balance-to-output ratio and output for the US.

In the international front, while my model does an acceptable job in replicating the
consumption, investment and output international cross-country correlations, just like
CCHH does, the three-country model does great in generating trade-balance-to-output
ratio cross-country relative volatilities. In particular, Table shows that the volatility
of the EM’s trade-balance-to-output ratio relative to the US’s generated by the quantita-
tive model is 1.52 while in the data it is 1.53. Analogously, the volatility of the RDM’s
trade-balance-to-output ratio relative to the US’s generated by the quantitative model is
0.77 while in the data it is 0.80. This is important since it means that the quantitative
model is able to capture the second moments of the international capital flows among

EM, RDM and US, i. e. the global capital imbalances.
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Domestic moments

EM

Data
Colacito, et al. (2018)

S-country model

us

Data
Colacito, et al. (2018)

J-country model

RDM

Data
Colacito, et al. (2018)

3-country model

Vol. relative to GDP

Corr(A., A)

AN, AC, Al (O 1) (Cy, N,) (ix’é.t X’g')
0.18 1.01 4.15 0.11 -0.06 -0.26

0.30 0.80 7.16 -0.43 -0.42 -0.27

AN; AC; Al (€ 1) (Cr,ND) (% Y,jf')
0.714 0.80 3.18 0.61 0.65 -0.39

0.49 0.61 2.53 0.83 0.84 -0.24

0.39 0.86 3.84 0.15 0.01 -0.36

AN ACT Al (Cy*. 1) (CP*.N™) (%:, Wf')
0.44 0.80 2.36 0.45 0.28 -0.43

0.57 0.55 1.38 0.56 0.65 -0.49

Table 1.9: Model domestic moments.



International moments

USs, EM

Data
Colacito, et al. (2018)

3-country model

US, RDM

Data
Colacito, et al. (2018)

J-country model

Corr.(A., A.)

Relative volatilities

std a(%;&)

(XT¥YT)(C,C7) (1, 1}) T
sld ﬁ(#)

0.19 0.09 1.53

0.02 -0.78 1.52

wryh—(cr.ch (1. 1)

0.04 0.21 0.77

-0.20 0.27 -

-0.54 0.26 0.80

Table 1.10: Model international moments.
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Figure 1.7: Global capital imbalances during 1992-2006.

1.5.2 Discussion

The results of the infinite-horizon model and empirical evidence help explain the dynamics
of the global capital imbalances during the 1992-2006 time period. In particular, Figure
shows the evolution of the trade-balance-to-output ratio of EM, US and RDM over
time. At least three patterns of capital flows can be observed: i) stagnation of the RDM
trade surplus; ii) increasing trade deficit in the US; and iii) increasing trade surplus in

EM.

What the current theories of capital flows and global imbalances can say about facts
i), ii) and iii)? Since we have observed a higher Total Factor Productivity (TFP) growth
in US relative to RDM during 1992-2006, then there should have been a BKK-like strong
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productivity motive that generated an increasing surplus in RDM and a deficit in US.
However, such a story doesn’t meet the reality since the RDM trade surplus has stagnated

during such a period of time.

What does CCHH have to say about the patterns observed in the global capital flows
dynamics? Persistently higher TFP growth in US relative to RDM can be viewed as an
anticipated relative productivity growth shock in favor of the US. In such a case, there
should have been a huge, dominating risk-sharing motive over the productivity motive,
so we should have observed a trade surplus in the US with a deficit in RDM. Nevertheles,
since we observe the opposite behavior in Figure then I hypothesize that there may

be something else behind the observed pattern of global capital flows.

Moreover, one of the most accepted theories so far about the behavior of global imbal-
ances during 1992-2006 is Caballero, Farhi, and Gourinchas (2008)[s. They argue that the
even higher TFP growth rate in EM relative to US observed during 1992-2006 plus the
fact that EM has had lower financial development than the US, altogether encouraged EM
individuals to invest their excess of savings in the US, generating an even further trade
deficit in the US accompanied by an increasing surplus in EM. That is true according to
facts ii) and iii). Nevertheless, their theory doesn’t explain fact i) which is the stagnation
over time of the RDM trade surplus. Hence, again, there should be something else behind

the whole story of the global capital imbalances.

Capital flows patterns shown in Figure may comprehensively be explained through
the theoretical and empirical results found in the last sections, approach that I will call
the EZ way onwards. One advantage of the EZ way is that it doesn’t rely on the presence
of financial frictions in order to generate the outcomes seen in Figure [I.7] First, the fact
that the RDM trade surplus has stagnated can be understood as the result of a weaker

BKK productivity motive between US and RDM because of the sustained increase in
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Ao observed during 1992-2006. Second, the increase over time in Ay strengthened the
indirect trade effects between EM and developed economies, such that the persistent
higher TFP growth in US relative to RDM should have translated into capital flowing
from EM towards US, as reflected in the growing trade surplus in EM and deficit in US.
Third, the observed persistently higher TFP growth in EM relative to US can be thought
of an anticipated productivity growth shock in favor of EM, or a fall in #. From section
1.3 we have seen that the EM-US direct trade effects from productivity news shocks 6
should have taken resources from EM towards US due to a strong CCHH’s risk-sharing

motive, thereby widening the trade surplus in EM and deficit in US.

In sum, contrary to previous approaches like BKK, CCHH and Caballero, Farhi, and
Gourinchag (2008), the EZ way offers a more comprehensive explanation to the evolu-
tion of the global capital imbalances during 1992-2006. According to the EZ way, such
a behavior is the the result of the adjustment of global capital flows to unanticipated
and anticipated relative productivity growth shocks among EM, US and RDM, (6,v),
charaterized by changes in direct and indirect trade effects due to the secular increase of

A9 Over time.

1.6 Conclusions

I perform a theoretical and empirical exploration of the possibility of direct and indirect
trade effects from unanticipated and anticipated relative productivity growth shocks in
a three-country framework, in order to understand the behavior of the global capital

imbalances during 1992-2006.

From a theoretical point of view, I analyze international capital flows in a three-

country, complete markets economy with Epstein-Zin (EZ) preferences and productivity
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news shocks. This is done with the aim to highlight the intuition behind the resulting
direct and wndirect trade effects that come from relative productivity news shocks that
take place among the three countries. The main theoretical contribution consists in
showing the existence of indirect trade effects from relative productivity shocks, i. e.
capital flows going to or coming from Emerging Market (EM) economies as an optimal
adjustment to productivity improvement news in the United States (US) relative to the

Rest of Developed (RDM) market economies.

In the empirical front, I report four main findings that support the theoretical testable
predictions implied by the model. First, I show that the EM and RDM shares in US
exports have increased and decreased, respectively, during the 1973-2006 period of time.
This can be seen as the US produced good becoming increasingly preferred by EM and
decreasingly preferred by RDM, respectively, over time. Second, I consider such a trend
as an exogenous event and then show that, once the CCHH estimation sample is broken
down into two consecutive time frames (1973-1991 and 1992-2006), it coincides with the
weakening of the CCHH’s direct trade effects between US and RDM and the emergence of
the indirect trade effects between developed and EM economies suggested by my theory.
Third, I report the existence of direct trade effects between US and EM, and indirect
trade effects between developed and EM economies in the 1992-2006 period of time. In
particular, the indirect trade effects consist on higher unanticipated productivity growth
of the US with respect to RDM deteriorating the EM’s net exports, which means that
resources are directed to EMs. By contrast, higher anticipated productivity growth of
the US with respect to RDM improves the EM’s net exports, so resources go away from
EMs. Fourth, I report the strengthening of the indirect trade effects between developed
and EM countries during 1992-2006 relative to 1973-1991.

The theoretical predictions and empirical evidence help explain the dynamics of the
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global capital imbalances during the 1992-2006 period of time. This event has been
characterized by i) stagnation of the RDM trade surplus; ii) increasing trade deficit in
the US; and iii) increasing trade surplus in EM. Specifically, such capital flow patterns
may comprehensively be explained through what I call the the EZ way approach. One
advantage of this approach is that it doesn’t rely on the presence of financial frictions in
order to understand the targeted capital flows behavior. First, the fact that the RDM
trade surplus has stagnated can be understood as the result of a weaker BKK productivity
motive between US and RDM because of the sustained increase in the EM preference for
the US’s produced goods relative to RDM’s (\y) observed during 1992-2006. Second,
the increase over time in Ay strengthened the indirect trade effects between EM and
developed economies, such that the observed persistent higher TFP growth in US relative
to RDM should have translated into capital flowing from EM towards US, as reflected
in the growing trade surplus in the former and deficit in the latter countries. Third, the
observed persistently higher TFP growth in EM relative to US could have been translated
into an anticipated productivity growth shock in favor of EM, or a fall in #. From the
empirical findings, we see that the EM-US direct trade effects from productivity news
shocks 6 should have taken resources from EM towards US due to a strong CCHH’s

risk-sharing motive, thereby widening the trade surplus in EM and deficit in US.

In sum, the overall results suggest that the behavior decribed by 1), ii) and iii) is an
adjustment of global capital flows to unanticipated and anticipated relative productivity
growth shocks among EM, US and RDM, charaterized by changes in direct and indirect

trade effects due to the secular increase in A9 over time.

Related future research should be focused on different directions. One potential way
is the incorporation of capital controls and terms-of-trade taxes to study their effects

on international capital flows and welfare. On the other hand, since there are both
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direct and indirect trade effects of unanticipated and anticipated shocks to productivity
growth differentials on EM capital flows, the implications on EM sovereign default risk
would also be an important task to assess. Another potential research way, would be the
incorporation of financial frictions into the three country model in order to study global

capital imbalances in the times during and after the 2008 global financial crisis.
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Appendix A

Additional GMM Estimation Details

In this section I present details about the Generalized Method of Moments (GMM) esti-
mation, like the moment conditions and additional results with respect to the productivity

growth dynamics.

Specifically, the parameters

US ngRDM pEM ,US _RDM _EM QUS,EM QUS,EM QUS,RDM QUS,RDM
{9 79 70 PP P 7ﬁ§ ’5n 76.5 76n 77}

are estimated using the following orthogonality conditions
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As in Colacito, Croce, Ho and Howard (2018), I assume 0Y% = §"°" = §Y and
pvs = piPM = pUS. Table shows the results of the productivity growth estimated

parameters for different control specifications.
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