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‘This thesis analyzes the impact of the interaction between demographic differences and
capital market imperfections in explaining patterns in international capital movements. More
specifically, this thesis derives theoretical implications from the interaction between asym-
metric fertility shocks and two different types of exogenous capital market imperfections.
Two simple open-economy overlapping generations models are developed. The theoretical
implications of those models are then tested empirically.

Diffcrent regions of the world are at different stages of a global aging phenomenon named
demographic transition. More advanced countries in the demographic transition face a high
old-age dependency ratio and the prospect of a labor force shortage. Less advanced coun-
trics are experiencing a relatively lower old age dependency ratio and an increasing labor
force population. According to the United Nations [13], demographic differences are likely
to remain important in the future. In a two-country framework, under standard necoclas-
sical assumptions, a partial equilibrium implication of the life-cycle hypothesis is that the
bulk of the saving supply triggered by the rapidly aging country should flow to the slower
aging country where capital is relatively scarce and where labor is relatively abundant. This
prediction matches the past decades surge in capital inflows to younger/poorer countries
following their capital markets liberalization. However, Lucas [10] claimed that those in-
ternational capital {lows appear to be limited compared to what neoclassical theory would
predict. Indeed, several capital market imperfections are likely to impede aging diflerences to
foster international capital flows. In addition, those capital inflows are unevenly distributed
across younger/poorer countrics as documented in Prasad et al. [L1]. The younger/poorer
economies receiving the least capital inflows arc often plagued by poor rule of law and
underdeveloped domestic credit markets.! These stylized facts suggest a role for the interac-
tion between demographic differences and various capital market imperfections in explaining
those important patterns of international capital movements.

The theoretical literature has been relatively scarce on the relevance of such interaction
but abundant on the closed-economy consequences of aging. This literature i1s often related
to the analysis of pay-as-you-go system unsustainability. Indeed Auerbach and Kotlikoll {3]
have initiated a wide strand of literature on the consequences of social security reform in
aging economies. Both theoretical and empirical results, based on the life-cycle hypothesis,
suggest that aging, through its impact on the labor market, increases capital labor intensity.

A recent literature has been addressing the economic consequences of aging differences in

ICapital market imperfections are treated as exogenous phenomena. Indeed. in this dissertation, I do not
intend to explain how those phenomenons arise. I also do not intend to explain fertility choices. However,
[ will further discuss the existing literature on the consequences of capital market imperlections and public
pension coverage on fertility choices and on household saving.
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an open-economy perspective using large scale simulation models. Among others, Attanasio
and Violante [2] and Brooks [5] simulation results point to a significant role being played
by demographic differences in explaining capital flow from fast aging OECD countries to
slower aging emerging markets. Brooks [3] also predict a future reversal in the direction of
international capital flows. Indeed, Brooks [3] suggest that capital will flow from currently
younger countries to currently older countries as the former enter into the fast aging stage of
the demographic transition. There is, however, an important caveat to this recent litcrature.
These studies assume the absence of capital market imperfections.

In the present thesis, I claim that the interaction between demographic differences and
capital market imperfection can help explain both the timing, the magnitude and the dis-
tribution of international capital flows across receiving countries. I focus on two different
types of capital market imperfections. Distinguishing between external and internal capi-
tal imperfections is relevant, as the channel through which those imperfections interact with
demography is different. First, external capital imperfection is likely to impede capital
flows triggered by demographic differences through the investment channel. Indeed, Lucas
[10] emphasizes the role of external capital imperfections/political risk in explaining the lack
of capital flow from capital abundant to capital scarce countrics. More recently, Shleifer and
Wolfenzon [12] model how agency costs stemming from incficient corporate governance and
law enforcement mechanisms impede foreign capital from flowing to capital-scarce countries.
Their results suggest that poorer/younger countries receive substantially less forcign invest-
ment. Second, internal capital market imperfection/credit market imperfections arc likely
to impede international capital flows triggered by demographic differences through the saving
channel. Japelli and Pagano [8] provide theoretical and empirical evidence that exogenous
liquidity constraints, in a closed economy, (through redistribution from young/borrower indi-
vidnals to middle age/saver individuals) tend to raise national saving and thus capital labor
ratio. In contrast, De Gregorio [6] provides evidence that liquidity constraints impede invest-
ment in human capital thus reducing capital accumulation. However, to the extent of my
knowledge, no-one has investigated the interaction between demographic differences and the
receiving country’s degree of liquidity constraints in explaining intcrnational capital flows.
In the present thesis, I show that the latter intcraction can help determine international

capital flows through its impact on national saving.

There are few empirical studies focusing on the relevance of the interaction between de-
mographic differences and capital imperfections to explain international capital movements.
Among the few of them, Higgins [7] estimates a reduced form model to quantify the impact

of age structure differences on international capital flows. Drawing from data for up to 100
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countries over the period 1950 to 1989, Higgins' results point to the significant impact that
changes in population age structure have on saving. Results also point to a differentiated
impact of age structure on saving and investment, opening the scope for international bor-
rowing and lending. Bosworth and Keys [4], replicating Higgins study, use a larger sample
period covering the period 1950 to 2000 and seem to confirm Higgins results. However,
Bosworth and Keys [4] argue that their results are not robust and driven by South East
Asian countries. The latter findings scem to suggest that the role of demographic differences
in driving international capital flows needs to be considered together with its interaction with
capital market imperfections. Indeed, Alfaro et al. [1], using cross country data, show em-
pirically the importance of institutional factors in determining international capital inflows
to cmerging countries.” To the extent of my knowledge, there are no empirical studies that
test the relevance of the interaction between age structure differences and capital market

imperfections in explaining international capital flows.

The main points of this thesis arc the following. First, if the degree of external capital
imperfection 1s not too high, capital flows from older to younger countries. Second, less
stringent borrowing constraints in the younger country magnifies the impact of countries
demographic diflerences on saving/investment imbalances. To make those claims precise,
two open economy overlapping generations models are developped with asymmetric fertility
shocks in presence of either external or internal capital market imperfections. Third, I
provide emnpirical evidence that good institutions and higher credit availability magnify the

impact of age structure diflerences in affecting current account positions.

In chapter 1, a simple small open economy Diamond-type overlapping-generations model
with an external capital market imperfection is developped. The capital market imperfection
is modeclled through a symmetric wedge between foreign investor and domestic investor
return on capital likely to arise when property rights are not enforced. The consequences
of an asymmetric fertility shock on capital formation, saving/investment imbalance, and
wclfare are investigated. The shock is transmitted to the small open economy depending
on whether the wedge is below a given threshold. If the wedge is not too high, capital
first flows into the small open economy in order to exploit the difference in returns on
capital. After the shock has occurred, capital is repatriated in order to {inance old-aged
consumption of the rest of the world investors. If capital flows internationally, lifetime
utility in the small open economy decreases unambiguously for individuals born one period

before the shock occured. Provided that the small open economy is initially helow its golden

“The finance literature has provided empirical (sec for instance La Porta et al. [9]) and theoretical
evidence on the importance of a country's legal svstem in determining their level of financial development.
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rule, individuals born after the time the shock occurred experience an increase in their
lifetime utility. The model can explain the observed timing and magnitude of capital flows
from older/richer to younger/poorer countries. Furthermore the model can explain the
distribution of capital inflows to younger/poorer countries through the foreign investment
channel. Several extensions are discussed. For example, within this framework, introducing
a pay-as-you-go system can deliver interesting insights on the consequences of fast aging
OECD countries pension reforms on capital movements to younger/poorer countries and

wellare.

In Chapter 2, a simple small open economy three period lived overlapping-generations
model with internal capital market imperfection is developped. The internal capital market
is modelled through an exogenous (binding) borrowing constraints on young age individuals’
consumption. The consequences of an asymmetric fertility shock on saving, international
capital flows and welfare are investigated. The consequences of a rest of the world negative
fertility shock on the small open economy national saving and capital flows are distributed in
an hump shaped fashion over time. Capital first flows into the small open economy to exploit
the difference in returns on capital and to finance the small open cconomy young-aged indi-
viduals increased borrowing. After the shock has occurred, capital is repatriated to finance
the rest of the world old age consumption investors. Looser liquidity constraints magnify
the consequence of such an asymmetric fertility shock on the small open economy national
saving and current account position. In the small open economy, lifetime utility decreases
unambiguously for individuals born one period before the shock occurred. Provided that the
small open economy is below its golden rule (without imperfection), individuals born after the
shock has occurred experience an increase in their lifetime utility is independent. of the small
open economy degree of liquidity constraint. The model can explain the observed timing and
magnitude of capital flows from older/richer to younger/poorer countries. [urthermore the
model can explain the distribution of capital inflows to younger/poorer countries through
the saving channel. Several extensions are discussed. For example, within the context of
a two country model, investigating the interaction of an asymmetric fertility shock and the
degree of liquidity constraints can deliver interesting results on the consequences of fast aging
OECD countries credit market reforms on capital movements to younger/poorer countries
and welfare. Indeed, in this framework, different degrees of liquidity constraints will aflect

both saving and capital formation.

In Chapter 3, I use a reduced form model cstimation to test empirically the validity of
the latter chapters’ theoretical implications. At first, I present some stylized {acts on age

structure differences and cross-correlations between saving, investment and population age
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structure. Then I discuss the empirical specification. I estimate a variety of individual re-
gressions for saving, investment and current account position, drawing from data for up to
115 countrics over the period 1970 to 2000. Results indicate the existence of a differentiated
effect in the relationship between age structure and international capital flows. Good insti-
tutions allow for a diflerentiated impact of age structure on saving and investment opening
the scope for an impact of demographic differences in driving international capital flows.
In contrast, bad institutions shut down the effect of age structure on international capital
flows. Despite increased credit availability contributing to reduced aggregate saving, this
will nevertheless magnify the role of the population age structure in driving international
capital flows. Over the past three decades, I estimate that age structure changes have con-
tributed to improving the current account balance position by five per cent of GDP in more
advanced aging countries. I also presents out of sample projections of the consequences of
age structure diflerences on international capital flows. Around the year 2020, age structure
changes are projected to deteriorate the current account position in the latter countries,
which will experience a drop in saving. In other regions, the faster the current aging process,
the sharper the projected improvement in the current account position. This improvement
is projected to reverse itsell, at a later stage in time in regions with a slower aging process.
Different scenarios of both internal and external capital market imperfections reveal that the
scope for international capital flows is reduced when imperfections are high though through

diffcrent channels.

TRTENT
Cosmaian -

e

habe . ot s ansee
P s

¢ hdeditet et el it il AL R e re - e e

i lissees l?“_;iﬁ It

A Tttt o o8 0 o e e T
S RIS

.



BIBLIOGRAPHY

[1] Alfaro, Laura, Sebnem Kalemli-Ozcan, and Vadym Volosovych, "Why Doesn’t Capital
Flow from Rich to Poor Countries? An Empirical Investigation," Working Papers 2003-
01, Department of Economics, University of Houston, 2003.

[2] Attanasio, Orazio, and Violante G., "The Demographic Transition in Closed and Open
Economies: A Tale of Two Regions," Inter-American Development Bank, Research
Department, Working Paper No. 412, 2000.

[3] Auerbach, A. J., and L. J. Kotlikoff , Dynamic Fiscal Policy, (Cambridge: Cambridge
University Press, 1987).

[4] Bosworth, B., and Keys B., "Increased Life Expectancy: A Global Perspective," in
Coping With Methuselah, Henry Aaron and William Schwartz, ed. (Washington D.C.:
Brookings, 2003).

[5] Brooks, Robin, "Population Aging and Global Capital Flows in a Parallel Universe,"
IMFE Working Paper 00/151, 2002.

[6] De Gregorio, J., "Borrowing Constraints, Human Capital Accumulation and Growth,"
Journal of Monetary Economics, Vol. 37, No. 1 (1996), pp. 149-71.
Yy

[7] Higgins, Matthew, "Demography, National Savings, and International Capital Flows,"
International Economic Review, Vol. 39, No. 2 (1998), pp. 313-69.

[8] Japclli, T., and Pagano M., "Saving, Growth, and Liquidity Constraints," Quarterly
Journal of Fconomics, Vol. 109, (1993), pp. 83-109.

xil




BIBLIOGRAPHY xiii

[9] La Porta, Rafacl, Lopez-de-Silanes Florencio, Shleifer Andrei, and Vishny Robert, "Le-
gal Determinants of External Finance," Journal of Finance, Vol. 53, No 1 (1997), pp.
1131-1150.

[10] Lucas, Robert E., "Why Doesn’t Capital Flow from Rich to Poor Countries?," American
Feconomic Review, Vol. 80, (1990), pp. 92-96.

[11] Prasad E., Rogoff K., Wei S-J and Kose A, "Effects of Financial Globalization on
Developing Countries: Some Empirical Evidence," Global Financial Stability Report,
International Monetary Fund, March 17, 2003.

[12] Shlcifer, Andrei, and Wolfenzon, Daniel., "Investor Protection and Equity Markets,"
Journal of Financial Economics, Vol. 66, No. 1 (2002), pp. 3-27.

[13] United Nations, World Population Prospects: The 2002 Revision, Population Division,
Department of Economic and Social Affairs, (New York: United Nations, 2001).

Lakitadittir s
Civsrega

BerIeee]

Tt SR
Rttt

SRR

WREE N
ssveaiity
9%

-

it L

iR T T TP rTr Ty e st o

SRt

il

b R L E At kL E R S s et v
pertsctitidciiba it S NN




o



S R n iy b fpoge g
P BRP R RGeS IR L B

Part 11
Chapters



EN———L. L. &
-



CHAPTER 1

AGING AND EXTERNAL CAPITAL MARKET
IMPERFECTIONS IN A GLOBALIZING WORLD: A SIMPLE
MODEL

There exist important differences in the timing and the size of the aging phenomenon across
regions of the world. These differences are likely to remain important in the future (see
United Nations [24]). In a two country framework, under standard neoclassical assumptions,
a partial equilibrium implication of the life cycle hypothesis is that the bulk of the saving
supply triggered by the rapid aging country should flow to the slower aging country, where
capital is relatively scarce and labor relatively abundant. This prediction matches with the
past decades surge in capital flows to younger/poorer countries following their capital market
liberalization. However, those international capital flows appear to be limited compared
to what the neoclassical theory would predict, as claimed in Lucas [21]. Indeed, several
capital market imperfections are likely to impede demographic differences from fostering
international capital flows. In addition, those capital inflows have been unevenly distributed
across younger/poorer countrics. These stylized facts on capital movements, documented in
Prasad and al. [23], suggest a role for the interaction between aging differences and capital
market imperfections in explaining both the timing, the magnitude and the distribution of
international capital flows across receiving countries. In the present framework, through
introducing exogenous differences in fertility rates, I generate differences in capital returns
between "source" (OECD) countries and "recipient" (small open emerging) countries that
in turn explain the magnitude and the timing of the flows. Through introducing an external
capital market imperfection, I provide an explanation for the uneven distribution of those
flows across "recipient" countries.!

The literature has been relatively scarce on the relevance of such an interaction in ex-
plaining international capital movements but abundant on the closed economy consequences
of aging.® This literature is often related to the analysis of pay-as-you-go systems sustain-

ability. Indeed, Auerbach and Kotlikoff [3] have initiated a wide literature dealing with the

IMy argument takes further the main insight of the "push and pull" literature initiated by Calvo et al.
[8].
“Bosworth and al.[4] provide a useful survey on the financial and macrocconomic consequences of aging.

e R N T T T R TP R s

-

X AR

LT

Py

Cedr bl Y

~¥etv by Sampny b v S war s




consequences of social security reforms in a context of aging economies. Both theoretical and
empirical results, bascd on the life cycle hypothesis, suggest that aging increases capital in-
tensity. The introduction of a pay-as-you-go system is shown to be associated with a decrease
in capital intensity (see for instance Kotlikoff [19]). A recent literature has been addressing
the economic consequences of aging differences in an open economy perspective using large
scale simulation models.®* Among others, Attanasio Violante [2] and Brooks (3] simulations
results point to a significant role of population age structure differences in explaining capital
flow from fast aging OECD countries to slower aging emerging markets. Brooks [3] also pre-
dict a future reversal in the direction of those international capital flows. Indecd, Brooks [5)]
suggest that capital will flow from currently younger countries to currently older ones as the
former will enter into the fast aging stage of the demographic transition. There is however
an important caveat to the literature that is being addressed in the present paper. To the
extent of my knowledge, there is no study that analyzes the open economy adjustment to
an asymmetric demographic shock in presence of capital market imperfections.* Chapter
3, building on Higgins [17], provides empirical evidence of the relevance of the interaction
between population age structure diflerences and institutional quality in explaining current
account position, using a panel of up to 115 countrics over the period 1970 to 2000.

In this Chapter, I analyze the consequences of an asymmetric negative fertility shock on
capital formation, saving/investment imbalance, and welfare. The framework of analysis is
a Diamond-type overlapping-generations small open economy with external capital market
imperfections. The rest of the chapter is organized as follows. Section 1.1 presents the model.
Section 1.2 analyzes the consequence of a rest of the world negative fertility shock on capital
formation, saving/investment imbalances and welfare. In section 1.2.1, 1 find that the rest of
the world shock is transmitted to the small open economy, depending on whether the wedge
between the domestic investor return and foreign investor return on capital is below a given
threshold. In section 1.2.2, I find that if the wedge is not too high, capital first flows in the
small open economy in order to exploit the differences in rcturns on capital. After the shock
has occurred, capital is repatriated in order to finance old-aged consumption of rest of the
world investors. In section 1.2.3, T find that if capital flows internationally, lifetime utility
in the small open economy decreases unambiguously for individuals born one period before
the shock occurred. Provided that the small open economy is initially below its golden rule

of capital accumulation, individuals born after the shock has occured experience an increase

3Geide-Stevenson [15] and Groezen and Leers [16] focus on the open economy consequence of aging using
Diamond type overlapping generations models in presence of various pension arrangements .

‘Kenc and al. (18] developed a simulation model to analyze the consequence of aging in the Furopean
Union for Turkey. introducing imperfect capital mobility.



1.1. THE MODEL 3

in their lifetime utility. Section 1.3 concludes.

1.1 The Model

The model consists of a small open economy and the rest of the world identical in every
respect except in demographic patterns. Each country is represented by competitive output
and factor markets, two overlapping generations (OLG), and an identical well-behaved con-
stant returns to scale production function f, a model due to Diamond [12]. Labor is not
mobile. Capital is perfectly mobile. The model is entirely standard except that I assume
a symmetric wedge between domestic investor and foreign investor return on capital. The
wedge is the result of iceberg costs on capital return repatriation, so that for each unit of

capital invested abroad a lump sum amount 7 of the return is lost in transit.

All variables associated with the small open economy with respect to the rest of the world
are distinguished by the upper script SOE and by the upper script RW respectively on the
relevant variables. The variables associated with the rest of the world are also distinguished

by an upper bar that indicates their exogenous nature.

1.1.1 Notation

¢, = consumption while young by an individual living at time ¢ in country i ; i €
{SOE,RW};
¢ 141 = consumption while old by an individual at time ¢ 4 1 living in country ; i €

{SOE,RW};

sy = aggregate asset owned while young by an individual at time ¢ living in country
i; fori € {SOE,RW};

w{ = real wage at time ¢ in country i; for i € {SOE, RW};

ri = interest rate on country ¢ individual assets carried from period ¢ — 1 into period
t in country i; for ¢ € {SOFE, R\WW};

ki = capital labor ratio in country 7 at time ¢; i € {SOE, RW};

ni = rate of growth of population in country i from period t — 1 into ¢; for 7 €
{SOE,RW};

P = pure rate of time preference; p > 0,

T = wedge between foreign investor and domestic investor return on capital.
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1.1. THE MODEL 4

1.1.2 Individuals

Individuals in both regions live two periods: they work in the first period of their lives,
and retire in the second. During the first period of their life each individual supplies inelas-
tically one unit of labor. The optimization problem for an individual living in country 7 is
given by equations (1.1), (1.2) and (1.3). The utility of lifetime consumption is maximized
subject to an intertemporal budget constraint given by (1.2). The properties on U* ensure
that the intertemporal budget constraint will hold with equality and that an interior solution
will be obtained for ¢},,¢c;;,, for i € {SOE,RW}.

1 .
maz U'(d,,c = u(cy,) + —u(d 1.1
15 U ha) = () + U en) (1.1)
c +_i§~.‘.i‘_<w" (1.2)
4y, T
o G 20 (1.3)

For simplicity, I assume that the utility function is time separable and that the subutility
function, u, is logarithmic.® Thus the optimal saving of a young individual born at time ¢

in country i is given by the following expression:
i
Wy

S =
1.t 2+p
Optimal portfolio return namely r* is the result of investors behavior analyzed in the

(1.4)

following.

1.1.3 Firms

Firms located in region i maximize profits taking as given domestic factor prices. Equa-
tions (1.5) and (1.6) state that the capital rental market and labor market in region i are
competitive.® I assume that capital fully depreciates over a period of time. Thus gross

investment equals net investment.

ri=f'(k) -1 (1.5)

wh = f(K) — k(K] (1.6)

*The main results of the paper hold when assuming that the expected rlltl]l(\ function is twice differ-
entiable, strictly quasi-concave, and increasing in ¢.c and 2 (0 2) = ' (Cl 0) = +o0, 'f:: (00,c2) =
mr

fio:(c1,00) = 0.

“bFor i € {SOE, RV},
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1.1. THE MODEL

1.1.4 Investors

Given the presence of iceberg costs, the effective return associated with foreign invest-
ment equals domestic investor return minus a wedge, 7. Investors optimize the return on
their portfolio taking as given returns in both locations. Optimization decision for a given

investor i at period ¢ is formally given by the following expression:’

Ty = max(rf, rf -7) (1.7)

1.1.5 Assect Allocation Equilibria

As a result of investors portfolio return optimization, the world economy can be at three

different asset allocation equilibria:

1. At equilibrium of type 1, individuals located in both regions invest all their assets do-
mestically. At this equilibrium, the rate of return on aggregate assets for an individual

living in a given region equals her domestic return.

2. At equilibrium of type 2, small open economy individuals invest all their assets domes-

tically and rest of the world individuals invest their assets in both locations. At this

SOE 45 a return on

OF

equilibrium, individuals living in the small open economy receive r
their aggregate assets. Individuals living in the rest of the world reccive r°YF —7 as a

return on their aggregate assets.

3. At equilibrium of type 3, small open economy individuals invest their assets in both
locations and rest of the world individuals invest all their assets domestically. At this

equilibrium, the small open economy individuals receive T®" —7 as a return on their

{43

aggregate assets. Individuals living in the rest of the world receive " as a return on

their aggregate assets.

For the purpose of realism, I am only interested in equilibria where in both regions
individuals invest in the small open economy that corresponds to type 1 and 2 equilibria. At
these two equilibria, an individual of a given region 7 born at time ¢ receives her domestic

return r’ as a return on her aggregate asset.®

"For i and j € {SOE, RW} with i # j.
®For 1 € {SOE RW}.
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1.1. THE MODEL 6

1.1.6 Equilibrium

Let us now collect the equations characterizing the equilibrium in both regions. In the
following subsection, I also present the way I model the occurrence of an asymmetric negative

fertility shock, whose consequences are analyzed in the following section.

1.1.6.1 Rest of the World

Whether the world economy is at type 1 or type 2 equilibrium does not alfect the rest of
the world cconomy. Indeed, given the small open economy assumption, the rest of the world
economy is unaffected by changes affecting the small open economy. The dynamic equilib-
rium of the rest of the world economy, described in details in appendix 1.A, corresponds to
the equiltbrium of a standard closed economy OLG model.

Further assuming that the production function [ is twice differentiable and follows the
Inada conditions, I obtain a first order diflerence cquation in k™" that describes the evolution

of the model from arbitrary initial conditions given by the following expression:®

} . j‘ kRW — RW pr kﬂﬁ"
k[0 anf) - LIS L)) (18)

I assume that the rest of the world is subject to a fertility shock. v®" denotes the size

of the shock and 2" denotes the time pattern of the shock.!® The fertility rate of the rest

of the world economy at time ¢, nf*" is assumed to be equal to the sum of its steady state

value nf"" (being further normalized to zero) and its deviation from the steady state given
RW J RW
by v Iy

state are distinguished by a lower index ss. \

as described in expression (1.9). The variables evaluated at the economy steady
R < BRI B (1.9)

I characterize the steady state of the rest of the world economy through formally giving
the expression of its domestic returns at the steady state:

T T (1.10)

o1 TRV . . . . . ‘
with k,, corresponding to the fix point solution of the difference equation (1.8).

9The Inada formally rewrites f(0) = 0; f'>=0; f1(0) = 400 and f'(0) =0.
19Tn the case of a one period shock. h;m" takestheform:{0at#=0,...0ati =ty —1. —latt =145 0ati:
with to denoting the time at which the shock oceurs.
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1.1.6.2 Small Open Economy

As stated before, I am only interested in equilibria where individuals living in both
regions invest in the small open economy. I therefore describe the dynamic equilibrium of
the small open economy for type 1 and type 2 equilibria where the small open economy

SOE 45 a return on their aggregate assets invested. I assume that the

individuals receive r
small open economy is not subject to any fertility shock. Thus its fertility rate at any period
t, nSOF is at its steady state value (being further normalized to zero).

At the equilibrium of type 1, the small open economy is as if it were in autarky. The
dynamic equilibrium of the small open economy from initial conditions guaranteeing equi-
librium of type 1, corresponds to the equilibrium of a standard closed economy OLG model.

At the equilibrium of type 2, rest of the world individuals invest in the small open
economy. The small open economy dynamic equilibrium is affected by changes in the rest
of the world economy. At this equilibrium the no arbitrage condition between rest of world
investors return on domestic investment and their effective return on investment in the small
open economy is now binding. Thus the domestic return in the small open economy is
pinned down by the rest of the world domestic return. The dynamic equilibrium of capital
labor ratio at equilibrium of type 2 in the small open economy is formally determined by the

following expression:

kSOF = ;Y 14 7) (1.11)

At the steady state, the small open economy is identical to rest of the world economy in

per capita terms.

1.2 Consequences of a Rest of the World Fertility Shock

In this section, I analyze the consequences of a rest of the world negative fertility shock
on capital formation, saving/investment imbalances and welfare for both regions. I assume
that the initial conditions in both regions are such that the world is at type 1 equilibrium.
Decpending on whether the wedge is below a given threshold, the occurrence of a shock is

likely to drive the world economy to an equilibrium of type 2.

1.2.1 Capital Formation

The consequences of an asymmetric fertility shock on capital formation are analyzed first
in the rest of the world economy. Then I explore the transmission of the consequences of

such an asymmetric shock to the small open economy.
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1.2.1.1 Rest of the World

I assume that the rest of the world is subject to a transitory negative fertility shock.!! 12

To study the consequences of such a shock on the rest of the world economy, I differentiate

(1.8) with respect to nf'™ around the economy steady state. I obtain the following expression:

R roalt ’ —R
dk , -k RW L RU L i }
y fl;l;:(l + n;’iﬂ) - I: 8-'?2-£_ f:) 88 ] Z’Yfmy _ kgﬂ hf}]‘l (112)
v
—RW

To ensure local stability of the system described by equation (1.12), I assume that ;{;'-7&%- <
¢

;kﬂ“"f"(km"z
(Hp)(Hni‘)")] L
At time ¢, a decline in the fertility rate mechanically increases the capital labor ratio

1 that is equivalent to [

through a reduction in the capital required to endow new workers. Formally, the short term
impact of a negative fertility shock occurring at time t on fertility is given by (1—1%:7:&'5 >
0. After period ¢y, a higher capital labor ratio leads to a higher real wage and saving
rate. Indeed, the competitive labor market condition (1.6) implies that a lower employment
level translates into a wage increase, thus increasing individual lifetime resources. Given
that consumption at both ages are not inferior goods, consumptions in both periods are an
increcasing function of labor income. Consumption of the working age individuals increases
but by less than their real wages, so that their saving increases, thus increasing the capital
labor ratio (and so on and so forth).

Given the transitory nature of the shock and the stability condition imposed on the
system, the effect of the shock vanishes over time. A transitory fertility shock has therefore
no persistent impact on the rest of the world capital labor ratio. Only a permanent fertility
shock has a long run impact on the rest of the world capital labor ratio. Formally, the
long run effect of a permanent fertility shock, :—j{-ﬁ—:;, 1s given by the fixed point solution to
equation (1.12):!3

dkmt’ _kgn'hl?ﬂ'
RW = ‘ AW o/ o B\ >0 (1'13)
d'}' (1 + nf;") + kol J (i)

24p
The stability condition suflices to ensure that the long run effect of a permanent fertility

shock is positive.

'] only consider a one period shock for expositional purpose. My main results are qualitatively similar in
the case of a multi-period shock.

2Given the specific form of the utility function, whether the shock is anticipated or not does not affect
individuals behavior.

BThe time pattern of a permanent negative shock occurring at time to. RV, takes the form:
{0att=0....0att=¢—-1, —latt=to. —latt=¢o+1,..}.
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The impact of an asymmetric transitory shock on the rest of the world interest rate is

given by the following expression:

d—RW RW dk
vy =" (k s 50 (1.14)

I now establish a proposition on the consequences of an asymmetric demographic shock

on capital formation in the small open economy.

1.2.1.2 Small Open Economy

Proposition 1.1 A rest of the world negative fertility shock translates into an increase in
the small open economy capital labor ratio if the wedge between domestic and forcign investor
return on capital is lower than the ezogenous short run impact of a negative fertility shock
on the rest of the world interest rate.

Proof. When one starts from steady state in both regions, if 7 is higher than the
short run difference between the two regions before any potential transmission that formally
implies T > 1:%;], the world economy is at the equilibrium of type 1 at time f,. Given the
stability condition imposed on (1.12), the world economy remains at the equilibrium of type
1 for all t > {,. Thus there is no effect on capltal formation in the small open economy that
formally implies —‘mr =0foraltifr>

When one starts from steady state in bot.h regions, if 7 is smaller than the short run

difference between the two regions before any potential transmission that formally implies
d_R“
T<

—ﬁw

for which 7 <

the world economy jumps at the equilibrium of type 2 at time to. For all 1 > #

condition on (1.12), for all £ > ¢t*, with #* such that 7 > '%ﬁ” the world economy is at
equilibrium of type 1. Thus there is a positive impact of the rest of the world asymmetric
shock on capital formation in the small open economy that formally implies %f;?; > 0 for
all t suchthatfa >t >¢t*. =

The impact of a rest of the world negative fertility shock on the small open economy

capital formation is formally given by the following expression:!* »

-RM

Hgubstituting —;Pw in (1.14), I obtain

~RW

e

!" ( JRW ) LRW
(d=n")

d—R“
k| =

15¢4 is such that 7 < and ¢* is such that 7 > :_
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dkaOE 1 di.-ffm"
dymr T [f"(kg”' J (d,ymr + 7') >0fort" >t 21 (1.15)
= 0 otherwise (1.16)

Appendix 1.B formally describes the detail of the derivation that leads to the above
€Xpression.

The transmission mechanism is interpreted as follows. If the wedge level is below a
certain threshold, a rest of the world negative fertility shock leads to a decrease in the
return on capital in that region. Capital flows to the small open economy in order to exploit
the difference in returns. The world economy reaches the equilibrium of type 2. Thus the
small open economy capital labor ratio increases. As the shock vanishes in the rest of the
world, small open economy capital inflows vanish over time too. Capital flows stop when the
difference between domestie returns in both regions is lower than the wedge, so that there
is no incentive to invest abroad. The world economy returns to the equilibrium of type 1.
Thus there is no long term effect of a rest of the world transitory fertility shock on the small

open economy capital formation.

o

-

r
-

— = -medium wedge
................................. lovrwedge -
—+~—high wedge

o

-

N
—

o
—

008f---seererrosaoemaenneman b e -
Y R e e e P
008 f---mmm e mmmm e e h e e

002f-=-¢--e=ccemmeccccce e on- ARt bbbt b A L LT

Capital labor ratio (in deviation from steady stde)

(=)
)

10-1 10 10+1
Tim= periods

Figure 1.1: Evolution of Small Open Economy Capital Formation over Time
From (1.15), it is straightforward to show that given the assumption on diminishing

returns, a marginally higher wedge limits the transmission of a rest of the world shock in

terms of higher capital labor ratio. Indeed the equilibrium is recached through capital flowing
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to the small open economy, up to the point where there is no arbitrage between returns in
the different locations. Thus a marginally higher wedge reduces the level of capital flows
to the small open economy necessary to fulfill the no arbitrage condition between returns.
Figure 1.1 displays the evolution over time of the small open economy capital formation for
different degrees of external capital market imperfections.'®

In the following subsection, I establish two propositions on the consequences of a rest of

the world negative fertility shock on international capital movements.

1.2.2 Saving/Investment Imbalance

In the following, I analyze the consequences of an asymmetric shock both on the small

SOE
, B

open economy balance-ol-trade surplus (deficit) and on the current account surplus

(deficit), GSOF,

The small open economy balance-of-trade surplus at time ¢ is the excess of net domestic
product at time ¢, Y;5°F, over domestic absorption. Domestic absorption is the sum of ag-
gregate consumption at time t, C°F, and domestic capital formation used in the production
at time t + 1, KpF:

BtSOE — YﬁSOE _ CiS‘OE _ KﬁolE (1,17)
with
YSOF = F(KSOF) — r,(KSOF — §59F) (1.18)

with 7; given by (1.37). In per capita terms the net production can be rewritten:

SOE SOE SOE s9F
v = SkTT) = m(kE — 13 niOF (1.19)
Indeed, in presence of iceberg costs the relevant measure of domestic production is do-
mestic production net of transit losses.
Formally, the per capita balance-of-trade surplus of the small open economy is given by

the following expression:

OF
e (ED
nyov)

1$The figures are based on the following Cobb-Douglas technology, f(k) = k%33, Further more p = 0.5
and the low, medium and high wedge levels correspond respectively to the following values of 7: 7o =

dFRW 47 R AW
1 ¢ 1 t —_ t.
30 (371&“ » Tmedium = 5 —dq,ﬁ'l!‘ y Thigh = #ﬂ'-
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Under the assumption that the technology is constant returns to scale, after some re-
arrangements, I obtain:

sPOF . :
b = (14 17%F = 7y) [’\‘EQOE T TF 0505 +tnls()}3) + 579F — kPOF (1 + w7 3F) (1.21)
L

The current account surplus is the excess of net national product over domestic ab-
sorption. Net national product equals net domestic product at time t, ;5 plus net foreign
investment income at time t that is formally given by r7OZ(S59F — K5°F) 17 The small open

cconomy current account surplus at time t is given by:

GSOF = y,SOE 4 pSOL(GSOE _ [(SOEY _ (xSOE _ KSor (1.22)

In per capita terms, the current account surplus reduces to the following expression:

|

$SOF X =
gPOF = (1=m,) |kFOF - m] + 5598 — kSOE(1 + nfF) (1.23)
: .

At the steady state, the small open economy balance-of-trade and the current account
equal zero, as the two regions become identical in every respect (in per capita terms). How- i
ever, if the wedge is strictly below a certain threshold given by f——%ﬁi , the occurrence of a !
rest of the world fertility shock is likely to impact upon the small open economy balance- !
of-trade and current account. To analyze the effcct of an asymmetric demographic shock |
on saving/investment imbalance, I differentiate expressions (1.21) and (1.23) with respect to
nf". Appendix 1.C presents the details of the linearization of those expressions.

I can now establish the following proposition on the consequences of a rest of the world

negative fertility shock on saving/investment imbalance in the small open economy.

Proposition 1.2 At the end of time to — 1, capital flows into the small open economy, pro-
vided that the wedge between domestic and foreign investor return is lower than the ezogenous
short run impact of a negative fertility shock on the rcst of the world inlercst rate. If the
latter condition holds, at the end of time {o capital is repatriatcd in order to finance the

old-aged consumption of rest of the world imvestors.

I"Net foreign investment income equals interest rate payments on the difference between the small open
economy aggregate assets at time ¢ minus domestic capital stock installed in the small open economy at time
t. The economy being either at equilibrium of type 1 or 2, the interest rate received on small open economy
individuals assets, 759, equals the interest rate served on foreign investment in the small open economy
(before transit losses occur).
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Proof. sce appendix 1.D. =
At the end of time fo — 1, capital flows to the small open economy in order to exploit
differences in returns, provided that the wedge is below a given threshold. The deviation
from steady state of the current account position of the small open economy at time £y — 1
is given by the following expression:
d SOF dkSOE
;fj;’ = - dvt?f“' <0 (1.24)

At time o, capital flows out of the small open economy. Indeed, capital is repatriated

to the rest of the world in order to finance old-aged investors’ consumption. Formally, this

is described by the following expression:

90F _ [, —hSORS (KO)) dROP  dRiOE 1.25
& 24 | BT R e

I establish another proposition as regards the capital movements resulting from a rest of

the world asymmetric shock.

Proposition 1.8 Provided that the wedge is below a certain threshold, a marginally higher
wedge limits the magnitude of the small open economy capital inflows and ouflows resulting

from of a rest of the world asymmetric fertility shock.

Proof. Fort = tg—1, 1 combine (1.15) together with (1.24), and I then differentiate this

combination with respect to 7. Using the fact that the rest of the world intcrest is exogenous,
dy
_ 1 . . . . .
= = — [W] > 0. A marginally higher wedge improves the small open
cconomy current account position at time {y — 1.

For t = 1g, I combine (1.25) and (1.15), and then I differentiate this combination. It is

SOE
af Lo
d

Y -
then straightforward to show that = < 0. A marginally higher wedge deteriorates

I obtain

the current account position at time fo. ®

At the equilibrium, a marginally higher wedge requires that for a given rest of the world
interest rate, the return in the small open economy will be higher. The diminishing returns
assumption implies that the small open economy capital labor ratio should be lower for a
given rest of the world interest rate. Thus less capital should flow to the small open economy
to adjust for a rest of the world negative fertility shock. Figure 1.2 displays the evolution
over time of the small open cconomy current account position for different degrees of external

capital market imperfections.
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Figure 1.2: Evolution of Small Open Economy Current Account Position over Time

In the following subsection, I establish two propositions on the consequences of such an

asymmetric shock on lifetime utility of individuals living in both regions.

1.2.3 Welfare Analysis

In order to evaluate the impact of a fertility shock on lifetime utility, I diflerentiate the
lifetime utility function of individuals born at time ¢ and living in region i with respect to
nfV 1¥ The details of the linearization are shown in appendix 1.E.

In the following subscction, I establish a proposition on the impact of a rest of the world

negative fertility shock on the lifetime utility of rest of the world individuals.

1.2.3.1 Rest of the World

Proposition 1.4 Rest of the world individuals’ lifctime utility decreases unambiguously for
individuals born one period before the shock occurs. Under the assumption that the economy
is initially below the golden rulc, individuals born after the shock has occurred experience an

increase in their lifetime utility.

Proof. sce the following. m
Generations born before period fg — 1 do not experience any change in their lifetime

utility. The generation horn at time fo — 1 experiences an unambiguous decrease in its
0

¥For i € {SOE. RV}




1.2. CONSEQUENCES OF A REST OF THE WORLD FERTILITY SHOCK 15

lifetime utility. Indeed, a negative fertility shock decreases this generation old-aged utility
flow through lower interest rate payments. Formally, the deviation from steady state of the
lifetime utility of rest of the world individuals born at time g — 1 is given by the following

expression:
dUgY, 1 1 def (1.26)
dvBY T BV 11, dy .
with
ey wRW | dFRW
K 2 [2+P] dyew <0 (1.27)

Using (1.14), it is straightforward to show that the impact on lifetime utility of generation
born at time fp — 1 in the rest of the world is negative.

Generations born after {5~ 1 experience an increase in their lifetime utility provided that
the economy is below the golden rule. For individuals born after the shock has occurred,
a negative fertility shock increases unambiguously their young-aged utility flow through an
increase in their real wage. However, the effect of such a shock on old-aged utility flows is
ambiguous. Indeed, there are two opposite effects resulting from a fertility rate shock on
old-aged utility flows. First, a negative fertility shock tends to increase the amount of saving
available at retirement age through a real wage increase. Second, a negative fertility shock
tends to decrcase old-aged wealth through a decrease in interest payments for a given real
wage. The overall effect of a negative fertility shock on lifetime utility is positive if the rest
of the world economy is initially below the golden rule of capital accumulation. Formally,
the condition can be rewritten n"" < rBW_ The details of the proof is provided in appendix
1.F. Indecd, if the rest of the world economy is initially below the golden rule, the economy
is dynamically efficient. A negative fertility shock raising capital labor ratio further increases
the economy cfliciency.

I can now establish a proposition on the consequence of such an asymmetric shock on

lifetime utility of an individual living in the small open economy.

1.2.3.2 Small Open Economy

Proposition 1.5 If capital flows internationally, lifetime utility decreases unambiquously
Jor small open economy individuals born one period before the shock occurs. Provided thal
the small open economy is inttially below its golden rule, small open economy individuals

born after the time the shock has occurred experience an increase in their lifctiime welfare.
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Proof. I need to distinguish between two cases depending on whether or not capital
dFEW

flows internationally following a rest of the world negative fertility shock. If 7 > |Z§59“'
[{v]
capital does not flow internationally following an asymmetric fertility shock. The world

4

economy remains at capital equilibrium of type 1. Small open economy lifetime utility is not
affected for all generations. If 7 <

j—;gg:-‘, capital does flow internationally and the welfare
of some generations living in the small open economy is affected. For small open economy
individuals born before period fp — 1, there is no impact of an asymmetric shock on their
lifetime utility. For individuals born at period t5— 1, lifetime utility decreases unambiguously
for this generation. Provided that the economy is initially below the golden rule, a rest of
the world negative fertility shock increases lifetime utility in the small open economy for the
generation born after to— 1. Formally, for individuals born after period tp—1, lifetime utility

SOE < r30F The details of the proof is provided in appendix 1.F. m

increases if n

These results are interpreted as follows. A small open economy aging slower than the rest
of the world will experience change in welfare for some of its individuals provided that capital
flows internationally. If the latter condition holds, the small open economy generation born
one period before the shock occurs will unambiguously face a decrease in its lifetime utility.
Generations born after the shock has occurred will experience an increase in welfare, provided
that the small open economy is initially below the golden rule of capital accumulation. Figure
1.3 displays the evolution of small open economy individuals’ lifetime utility over their birth

periods for two different degrees of external capital market imperfections.
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1.3 Conclusion

Our objective in this paper has been to analyze the consequences of an asymmetric fertil-
ity shock on capital formation, saving/investment imbalance, and welfare. The framework of
analysis is a Diamond-type overlapping-generations small open economy with external cap-
ital market imperfections. The external capital market imperfections is modelled through
a symmetric wedge between foreign investor and domestic investor return on capital. A
number of results are obtained. A rest of the world negative fertility shock is transmitted
to the small open economy, depending on whether the wedge is below a given threshold.
If the wedge is not too high, capital first flows into the small open economy to exploit the
difference in returns on capital. After the shock has occurred, capital is repatriated in order
to finance the old-aged consumption of rest of the world investors. If capital flows interna-
tionally, lifetime utility in the small open economy decreases unambiguously for individuals
born one period before the shock occurs. Provided that the small open economy is below its
golden rule, individuals born after the time the shock has occurred experience an increase in
their lifetime utility.

The model can be extended in a number of directions. Within the context of our small
open economy Diamond type model with external capital market imperfections, introducing
a pay-as-you-go system can deliver interesting results on the consequence of fast aging OECD
countries pension reforms on capital movements to younger emerging markets and welfare.
The pension arrangements between the two regions can differ with respect to their generosity
but can also differ in their nature (pay-as-you-go versus fully funded system). Another
extension within this framework will analyze the adjustment of an asymmetric shock through
labor mobility in the presence of transaction costs.!® A welfare comparison on the adjust ment
to an asymmetric demographic shock through capital movement and labor movement can also
be conducted. The scope for further development appears to be relevant and considerable.

So far, I have assumed that age structure was exogenous. There is, however, another
theoretical and empirical literature where the age structure is endogenous. This other lit-
erature shows how a country’s fertility rate is affected (along with the houschold saving
rate) by capital market imperfections and more specifically by public pension system.*® For
instance, Cigno and Rosati [10] derive theoretical predictions from a model of endogenous
fertility without altruism. The authors found that increasing public pension coverage both

¥Galor [14] analyzes the welfare implications of international labor movement in a two-country overlapping
generations framework, in presence of time preference rate differences.

*0Cigno and Rosati [9], Cigno and Rosati [10}, Cigno, Casolaro and Rosati [11], Ehrlich.and Zhong {13
and, Zhang and Zhang [25] provide both theoretical and empirical investigations of the consequences of the
expansion of social security coverage on the joint determination of household saving and fertility choice.
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discourages fertility and increases household saving compared to a framework with exogenous
fertility. This result is in contrast with life cycle or altruistic framework but is validated by
Cigno and Rosati [10] empirical tests. Embedding Cigno and Rosati [10] theoretical frame-
work in the context of a two regions model would tend to magnify the volume of international
capital movements induced by differences in public pension coverage compared to models
with exogenous fertility. Indeed, in the country with a lower social security coverage, fertility
will be higher than in the other region. In addition, in the country with a lower social se-
curity coverage, household saving will be lower.”! Overall, differences in capital labor ratios
and returns on capital between the two regions will be magnified in the context of an endoge-
nous fertility model compared to a framework where fertility is assumed to be exogenous.
However, it should be noted that different assumptions on individual’s degree of altruism

(such as forward or backward altruism) will lead to different conclusions.

210n the one hand, a lower social security coverage will encourage saving by existing savers. On the other
hand, a lower social security will decrease the number of savers. The latter effect dominates the former.




Appendices

1.A Rest of the World Dynamic Equilibrium

Individuals optimization problem

RW _RW RW ’
cf%ﬁi: Ulere scap41) = ulery ) + I+_p (Cfgh) (1.28)
i _
ey + < w (1.29)
1+1
efy’ iy 2 0 (1.30)
Firms optimization problem
" = (k) - 1 (1.31)
} WRW = f(KRWY - R (R (1.32)
Capital market equilibrium condition
ste = ki (1+ng)) (1.33)
k' 20 (1.34)

The first order difference equation in k¥ that describes the evolution of the model from

arbitrary initial conditions is given by the following expression:

kRH') _ kt.'m'fi(k{{ﬂ')
24p

ki [(1+ndh)] = =0 (1.35)
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1.B. CAPITAL FORMATION 2

1.B Capital Formation |

For t such that ¢ < ty, that is before the shock occurs, a rest of the world negative
fertility shock has no impact on the small open economy capital formation.

For t such that ¢ > ¢y, I formally derive the consequences of a rest of the world negative
fertility shock on the small open economy interest rate through differentiating the following
expression with respect to n/?"around the world economy steady state.

riOF 1 =7RW (1.36)
with 7, such that
d—RW - :
7¢ = 7 for all £ such that 7 < E’;%‘T’ (1.37) .
= 0 otherwise (1.38)

w .
Note first that for all ¢ for which j-j—:ﬁw > 7, the rest of the world investor no arbitrage

condition, that is formally given by Tf“’ = ”rfOE — T, is binding and the world economy 1s
at equilibrium of type 2.

After differentiating (1.37), the following expression then holds:

drt RW

d;y RW

= 7 for all t such that 7 < ’

t
dyRW
= ( otherwise (1.39)

After differentiating expression (1.36), I formally have that:**

dr$OF dFRW AR
Ty = P + 7 for all ¢ such that 7 < v (1.40)
= 0 otherwise (1.41)

To determine the eflect of a fertility shock on the small open economy capital formation,
I differentiate the following expression with respect to nf*" around the small open economy
steady state.

v ] e 0 R“( . I3 . - » K3
**Note that if the condltlonl%hrl 2 7 holds, it is as if the wedge variable, 7,, is subject to a shock of
intensity 7, simultaneous to the fertility shock and that lasts until the above condition holds.
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kSOE (—Rﬂ '+'Tt + 1) (1.42)

That reduces to the following expression:

dkaE _ [ 1 ] ( d—RW

R
t
dﬁyRH’ f”(kRHr d RW l

+ ‘r) > 0 Vi such that 7 <

d'y)"'"'

= ( otherwise (1.43)

1.C Current Account Expression Linearization

To determine the effect of a rest of the world shock on the small open economy balance-
of-trade, I differentiate the balance-of-trade expression namely equation (1.21) with respect

R around the small open economy steady state. Formally, I obtain the following
23

to n,

expression:

SOFE
db; (1.44)

E
5 _ (14 psom) [dhEOF _dsIOF) | dsPO iR
d.-yRH 8s d.-rRW' d‘)’R“ d.TRH d,a),RH

After some substitutions, I obtain the deviation from steady state equilibrium of the

small open cconomy balance-of-trade.

| dbsozz e\ KSOE £ (KSOF) ] dk9F 5
o [(1 + ri0k) 2 2+ p ] Y (L.45)
. jsopy , ZhSPEL(k59F)] digOF _ dkF3E

g 1+ )+ 2+ p dy A T dyav (1.46)

In order to determine the effect of such an asymmetric shock on the small open economy
current account, I differentiate (1.23) with respect to nf" around the small economy steady
state. Formally, I obtain the following expression:

. i R

QOE

1,t—-1
dgpo® _dsff" M) | 08 dWEREQEniR0)
dvy dy dy dy & |

23Note that at the steady state equilibrium, the world economy is at capital ownership of type 1. Thus

RW"
>l

account position equal zero.at steady state.

. so that 71 = 74, = 0, for all £ such that the small open economy balance of trade and current




1.D. SAVING/INVESTMENT IMBALANCE 2

After some substitutions, I obtain the small open economy current account deviation
from steady state:

dgs°F dk;CF  dsi9F]  dsf9F  dkSOE
dyRW = dyRW T R (1.48)

dyRW - dy BV
After some manipulations, I finally get:

s 2+ 1
& 55, T + [1+ o + (1.49)

ngOE kSOEf (kSOE dktS_OE __kSOE "'(k.SOE dkaE dk.S’OE‘
[ ] ] dyRV T gy RW
1.D Saving/Investment Imbalance

In the following section, I investigate the sign of a rest of the world negative fertility
shock on both the balance-of-trade and the current account position, using the differential
expressions presented in appendix 1.C.

I need to distinguish between two cases, depending on whether or not the transmission
of the shock og)erates

Ifr> ‘——ﬁwl for all time periods the world economy remains at equilibrium of type 1.
A rest of the world negative fertility shock has no impact either on the small open economy
balance-of-trade and the current account position.

Ifr < l%%;l, a rest of the world negative fertility shock affects the small open economy
balance-of-trade and the current account position. Assuming the world economy is initially

at its steady state, before the end of 5 — 1, the balance-of-trade and the current account '

are not affected by a rest of the world shock. At the time period the shock occurs, that is
between tp — 1 and #, the small open economy experiences capital inflows. Saving from the
rest of the world is flowing into the small open economy in order to finance capital which
will be used in the production at time £. Using (1.45) and (1.49), the small open economy
deviation from steady state of the trade balance and the current account position at the end

of time #g — 1 is given by the following expression:

dth;O_E dgtf:’)?E dkg)OE
= o= g <0 (1.50)

Indeed, in presence of diminishing returns, capital flows from the rest of the world to the
small open economy to exploit the difference in returns resulting from the rest of the world
fertility shock.

At the end of time {y, the capital flows out of the small open economy as capital is
repatriated to the rest of the world in order to finance old-aged investor consumption that
formally rewrites @%JE > 0 for t = to. Indeed, I have formally that:
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dy

to+1 =
2+ 0 (1.51)

dgi?,OE s —ki,OEf"(kioE) dktSOOE _ dkSOl:'J
d’)’R“, d’]’R"

Note that from (1.15) and (1.14) I have 20~ g if -

| ¢ RS RPR)) Al 1.52)
2+p dyBV T gaRw < (L5

so that 1t reduces to:

_kSOE' " kSOE‘ LR
[1+ 88 f ( 39 )jl dkt[yl-l 53)

P T (1
ngOE . )

From (1.12), I have that —2— > 0. At period ¢ capital flows out of the small open
economy in order to finance the rest of the world individuals old-aged consumption. It is
also straightforward to show that at time ¢y, a rest of the world shock has a positive impact
on the small open economy balance-of-trade.

For t > tp + 1, given the transitory nature of the shock it can be shown that there are
no capital flows from the rest of the world to the small open economy.

Substituting (1.15) into (1.49) gives g%‘f—s- = (. Indeed, the details of substitution are as

follows:

KSOEF (SO drIZY AR [ SKOEFGSOR) dr
2+ p dy RV T gy RV T 2+ p BT Ri%))
Using (1.14) I obtain the following expression:
i — RV — R} " - —RI"
k:esaOE (kstE) d‘kt-l dkt+1 — 14 —ki?E (k;‘;‘OE) dkt (1 55
24 p dyRW dyRW T T 2+p dy v 53)
Dividing (1.55) by z—:‘;“;, I obtain the following expression:
[ 00) dbly _ dFyy 14 2L (150)
2+p dkfV T R T 24p N
Recall that from (1.12), I have for t > ¢o:
dEf::. nkiOEfﬂ(ksS;OE) (1 r7)
- = 5
dky 2+p

so that I obtain the following valid identity:
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-1~

_1.SOE ¢ kSOE _kS'OE " kS‘OE
]\sn ( 58 ) — [_1___ s3 ( 58 ):l (1-58)

24p 24p

Similarly, it is also straightforward to show that for t > 1o, there is no effect of a rest of
the world shock on the small open economy balance-of-trade.

As perfect capital mobility is assumed, the adjustment occurs instantancously at the end

of period g — 1 (when capital flows into the small open economy) and at the end of time

(when capital is repatriated in order to finance old-aged consumption of individuals living
in the rest of the world).

1.E Lifetime Utility Function Lincarization

Let U} describe the lifetime utility of individuals born at time ¢ living in region i for
i = {SOE; RW}. Formally, U{ is given by the following expression:

Ul = u(c,) _”_(_"_12_&_1_).

| = 1t 1+, (1.59)
with ¢}, and ¢k, given by:
i i (1+p
e = w (——-—2 n p) (1.60)
i TU’j i . v
Copp1 = (2 —4—1;0) (1+7p,,) (L61)

Differentiating (1.59) with respect to nf"" around the economy steady state gives the
following expression:

dU} dej, iy 1 dihyy,

-———d,?Rn, = (¢ 1ss)d——,;,—{ + u’(é&,s.q)'l‘_}_—p-m (1.62)

with the corresponding consumption profile at steady state:

i w 1+p
Clss = [2 +p] (163)
; w
;l = _ 88 1 -1 .
(2,ss [2 +P:| ( + Tsa (1 64)

Factors prices deviation from steady state are given by the following expressions:
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dw} dk!

—_ i i -

mrv = ksl "(ka..)m (1.65)
dry , dk!

d.),Rtw T (kss) d,yR‘;‘L’ (1.66)

Young and old-aged consumption deviations from steady state are given by:

dcil,t _ dwi 14+p (1.67)
d'yR"V d,yRiV 2 +p *
dch i1 dwf 1 wt, ] dri

\ — 1+ 7 88 | ZTt4l 1.68
T = e+ ] (168

Given the logarithmic utility assumption, the deviation from the steady state of the
lifetime utility of an individual born at time ¢ in region i reduces to the following expression:

avf 1 del + 11 dchey
d‘yR“" B czi,ss d‘TR“’ c%,sa 1 +p d‘yR“’

(1.60)

1.F Lifetime Utility
In the following, I prove that a negative fertility shock affects positively the lifetime
welfare of an individual living in country 7 (for i = {SOE; RV }) provided that the economy

i is below its golden rule of capital accumulation.
Combining (1.67) and (1.68) with (1.69), I obtain the following expression:

du} _ duw} [ 1 (1+p) +(1+r§s) 1 1 ]+ dri,, [ 1 1 (wi_., )]
dyHW dyRY e \2+P Ches 1+p2+p] dY®W |, 1+p\2+p
(1.70)

The impact of lifetime utility of an individual born after {5 —1 is positive if the following

condition holds:

W(l +75) [ dny

using the above expression combined with (1.12), (1.65) and (1.66), I obtain the following

\i
Wy

condition:

(1 + r.is) > dk:+l
(1+ni) dkf

(1.72)
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Given the local stability condition, a sufficient condition for a negative fertility shock to !
affect positively the lifetime welfare of an individual living in country 7 is given by

Tos > Mo . (1.73)

If the economy is above the golden rule that formally rewrites, i, < n{,, two cases need
to be distinguished. First, if the following inequalities hold, then a negative fertility shock
affects positively the lifetime welfare of an individual living in country ¢ born after period #o.

dki,,  (14ri)
dk} (1 +ni;)

Yoo (1.74)

Second, if the following inequalities hold, then a negative fertility shock affects negatively
the lifetime welfare of an individual living in country ¢ born after period tq.

(1+ Tis) dk§+1 e
(1 4+ ni,) dk}

Thus the economy being above the golden rule is a necessary but not sufficient condition
for a negative fertility shock affect negatively the lifetime welfare of an individnal living in
country 7 born after period tp.




BIBLIOGRAPHY

[1] Alfaro, Laura, Sebnem Kalemli-Ozcan, and Vadym Volosovych, "Why Doesn’t Capital
Flow from Rich to Poor Countries? An Empirical Investigation," Working Paper 2003-01,
Department of Economics, University of Houston, 2003.

[2] Attanasio, Orazio, and Violante G., "The Demographic Transition in Closed and Open
Economies: A Tale of Two Regions," Inter-American Development Bank, Research De-
partment, Working Paper No. 412, 2000.

[3] Auerbach, A. J.,, and L. J. Kotlikoff , Dynemic Fiscal Policy, (Cambridge: Cambridge
University Press, 1987).

[4] Bosworth, Barry P., Ralph C. Bryant, and Gary Burtless, "The Impact of Aging on
Financial Markets and the Economy: a Survey," Brookings Institution, July 2004.

[5] Brooks, Robin, "Population Aging and Global Capital Flows in a Parallel Universe,"
IMF Working Paper 00/151, 2002.

[6] Brumberg, R., and F. Modigliani, "Utility Analysis and Aggregate Consumption Func-
tions: An Attempt at Integration," in Collected Papers of Franco Modigliani, A. Abel ed.,
(Cambridge: MIT Press, Vol. 2, 1979).

[7] Buiter W. H., "Time Preference and International Lending and Borrowing in an
Overlapping-Generations Model," Journal of Political Economy, 890 (August 1981), 769-
797.

[8] Calvo, Guillermo A, Leiderman Leonardo, and Reinhart Carmen M., "Capital Inflows

27




BIBLIOGRAPHY 28

and Real Exchange Rate Appreciation in Latin America: The Role of External Factors,"
IMF Working Papers 92/62, 1992.

[9) Cigno, A., and Rosati F. C. , "The effects of financial markets and social security on
saving and fertility behaviour in Italy", Journal of Population Economics 5, (1992), 319-
341

[10] Cigno, A., and Rosati F. C. , "Jointly determined saving and fertility behaviour: the-
ory, and estimates from Germany, Italy, UK, and USA", European Economic Review 40,
(1996), 1561-1589.

[11] Cigno, A., Casolaro L. , and Rosati F. C. , "The impact of social security on saving and
fertility in Germany", FinanzArchiv 59, (2003), 189-211.

[12] Diamond, Peter, "National Debt in a Neoclassical Growth Model," American Economic
Review, 55 (5) (December 1965), 1126-1150.

[13] Ehrlich, J. , and Zhong, J. G., "Social security and the real economy: an inquiry into
some neglected issues", American Economic Review 88, (1998), 151-157.

[14] Galor, Oded, "Time Preference and International Labor Migration," Journal of Eco-
nomic Theory, 38 (February 1986), 1-20.

[15] Geide-Stevenson, Doris, "Social Security Policy and International Labor and Capital
Mobility," Review of International Economics,.Volume 6 (3) (1998), 407-16.

[16] Groezen, B. van Leers, T., "The Effects of Asymmetric Demographic Shocks with Per-
fect Capital Mobility," Tilburg University, Center for Economic Research. Discussion Pa-
per, number 88, 2000.

[17] Higgins, Matthew, "Demography, National Savings, and International Capital Flows,"
International Economic Review, Vol. 39, No. 2 (1998), pp. 343-69.



BIBLIOGRAPHY 29

[18] Kenc, T., and Sayan S., "Transmission of Demographic Shocks Effects from Large to
Small Countries: an Overlapping Generations CGE analysis," Bilkent University Depart-
ment of Economics Discussion Papers, Ankara, 1997.

[19] Kotlikoff, Laurence J., "Social Security and Equilibrium Capital Intensity," The Quar-
terly Journal of Economics, MIT Press, vol. 93(2) (1979), pages 233-53.

[20] La Porta, Rafael, Lopez-de-Silanes Florencio, Shleifer Andrei, and Vishny Robert, "Le-
gal Determinants of External Finance," Journal of Finance, 53(1) (July 1997), pp. 1131-
1150.

[21] Lucas, Robert E., "Why Doesn’t Capital Flow from Rich to Poor Countries?," American
Economic Review 80 (1990), 92-96.

[22] Modigliani, F., and Brumberg R., "Utility Analysis and Consumption Function: an
Interpretation of the Cross-Section Data," in Post-Keynesian Economics, K. Kuriharea
ed., (New Brunswick: Rutgers University Press, 1954).

[23] Prasad E., Rogoff K., Wei S-J and Kose A, "Effects of Financial Globalization on
Developing Countries: Some Empirical Evidence," Global Financial Stability Report, In-
ternational Monetary Fund, March 17, 2003.

[24] United Nations, World Population Prospects: The 2002 Revision, Population Division,
Department of Economic and Social Affairs, (New York: United Nations, 2004).

[25] Zhang, J. , and Zhang J. , “How does social security affect economic growth? Evidence
from cross-country data”, Journal of Population Economics 17, (2004) , 473-500.




CHAPTER 2

AGING AND INTERNAL CAPITAL MARKET
IMPERFECTIONS IN A GLOBALIZING WORLD: A SIMPLE
MODEL ”

2.1 Introduction

There exist important differences in the timing and the size of the aging phenomenon
across regions of the world. These differences are likely to remain important in the future
(sec United Nations [21]). In a two country framework, a partial equilibrium implication of
the life cycle hypothesis is that the bulk of the saving supply triggered by the rapid aging
country should {low to the slower aging country, where capital is relatively scarce and labor
relatively abundant. This prediction matches with the past decades surge’ in capital flows
to younger/poorer countries following their capital market liberalization as shown in Prasad
et al. [19].

However, those international capital flows appear to be limited compared to what the
neoclassical theory would predict, as claimed in Lucas [17]. External capital market imper-
fections/political risk resulting from poor institutional arrangements has been put forward
as an explanation of what is now called the Lucas’ paradox.! Chapter 1 has analyzed the
role of the interaction between demographic differences and external capital market imper-
fections in explaining the distribution of capital flows to younger/poorer countries through
the foreign investment channel.

In the present chapter, I {focus on the interaction between demographic differences and
internal capital market imperfections/credit market imperfections in explaining distribution
of capital flows to younger/poorer countries through the national saving channel. Japelli and
Pagano [12] provide theoretical evidence that exogenous liquidity constraints, in a closed
economy, (through redistributing from young/borrower individuals to middle age/saver in-
dividuals) tends to raise national saving and thus capital labor ratio. These authors provide

empirical evidence that the loosening of liquidity constraints on households had a negative

YAlfaro et al. (1} have provided empirical evidence in that direction. Shleifer and Wolfenzon {20] model
how agency costs stemming from inefficient corporate governance and law enforcement mechanisms impede
foreign capital from flowing 1o capital-scarce countries.

30
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impact on the national saving rate in OECD countries during the 1980s. In contrast, De Gre-
gorio [7], introducing human capital to the latter theoretical framework, provides evidence
that liquidity constraints (through impeding investment in human capital) reduce capital
accumulation. In the present framework, through considering a small open economy frame-
work with an asymmetric fertility shock, I shut down the channel through which liquidity
constraints affect capital accumulation. However, in the latter framework, an asymmetric
fertility shock interacts with the degree of liquidity constraints to determine national saving,
and thus international capital movements.

The literature has been relatively scarce of the relevance on such an interaction in ex-
plaining international capital movements but abundant on the closed economy consequences
of aging.® This literature is often related to the analysis of pay-as-you-go systems sustain-
ability. Indeed, Auerbach and Kotlikoff [3] have initiated a wide strand of the literature on
the consequence of social security reform in a context of aging economies. Both theoretical
and empirical results, based on the life cycle hypothesis, suggest that aging increases cap-
ital intensity. The introduction of pay-as-you-go system is shown to be associated with a
decrease in capital intensity (see for instance Kotlikoff [16]). A recent literature addresses
the economic consequences of aging differences in an open economy framework using a large
scale simulation models.®> The simulations results of Attanasio and Violante [2] and Brooks
[5], among others, point to a significant role of population age structure differences in ex-
plaining capital flows from fast aging OECD countries to slower aging emerging markets.
Brooks [5] also predict a future reversal in the direction of international capital flows. In-
deed, Brooks predictions suggest that capital will flow from currently younger countries to
currently older ones as the former will enter into the fast aging stage of the demographic
transition. There is however an important caveat to the literature which is addressed in the
present chapter. To the extent of my knowledge, there is no study that analyzes the open
economy adjustment to an asymmetric demographic shock in presence of internal capital
market imperfections. Chapter 3, building on Higgins [11], using panel data covering the
period 1970 to 2000 for up to 115 countries, examines the role of age structure differences
and their interaction with various capital imperfections in driving international capital flows
in an empirical framework. In that chapter, I find that despite increased credit availabil-
ity contributing to reduced aggregate saving, this will nevertheless magnify the role of the

population age structure differences in driving international capital flows. These empirical

?Bosworth and al.[4] provide a useful survey on the financial and macroeconomic consequences of aging.

3Geide-Stevenson [9] and Groezen and Leers [10] focus on the open economy consequence of aging in
presence of various pension arrangements.

*Kenc and al. [15] developed a simulation model to analyze the consequence of aging in the European
Union for Turkey, introducing imperfect capital mobility.
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results are consistent with the present chapter’s theoretical findings.

This chapter examines the consequences of an asymmetric negative fertility shock on na-
tional saving rate, international capital flows and welfare. The framework is an overlapping-
generations small open economy with internal capital market imperfections. The internal
capital market imperfection is modelled through exogenous borrowing constraints on young-
aged individuals’ consumption. The rest of the chapter is organized as follows. Section 2.2
presents the model. Section 2.3 analyzes the consequence of a rest of the world asymmetric
negative fertility shock on the small open economy in the presence of liquidity constraints.
In section 2.3.2.2, I find that the consequences of a rest of the world negative fertility rate
shock on small open economy’s national saving are distributed in an hump-shaped fash-
ion over time. I also find that looser liquidity constraints magnify the consequence of such
asymmetric shock on the small open economy national saving. In section 2.3.2.3, I find that
capital first flows into the small open economy to exploit the difference in returns on capital
and to finance the small open economy young-aged individuals’ increased borrowing. After
the shock has occurred, I find that capital is repatriated to finance the old-aged consumption
of the rest of the world investors. I also find that looser liquidity constraints magnify the
consequence of such an asymmetric shock on the small open economy current account posi-
tion. In section 2.3.2.4, I find that small open economy individuals’ lifetime utility decreases
unambiguously for individuals born one period before the shock has occurred. Provided that
the small open economy is below its golden rule (without imperfections), individuals born
after the shock has occurred experience an increase in their lifetime utility. I also find that
the consequences of an asymmetric shock on the small open economy individuals’ lifetime
utility is independent of the small open economy’s degree of liquidity constraints. Section

2.4 concludes and suggests an agenda for future research.

2.2 A Simple Model

The model consists of a small open economy and the rest of the world which are identical
in every respect except in demographic patterns and in degrees of liquidity constraints. Each
country is represented by competitive output and factor markets, overlapping generations,
and an identical well-behaved constant returns to scale production f. Labor is not mobile.
Capital is perfectly mobile. The model is standard except that I assume the presence of
liquidity constraints in an open economy framework.

Individuals in both regions live for three periods. I assume that they earn labor income
only in the second period of their Iife. This provides an incentive for intergenerational
borrowing. Young-aged individuals are constrained in their borrowing caused by the presence
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of exogenous internal capital market imperfections/credit market imperfections. In order to
capture the idea that credit markets are imperfect and that labor income (through common
knowledge) is partly inalienable, I assume an exogenous borrowing limit of the form that
young individuals can only borrow at most a fraction ¢ of the present value of their lifetime
income. This modelling strategy follows Japelli and Pagano [12].% ©

Preferences of an individual born at time ¢ are given by

Ui(ci,m Chpa1s c:it,z+2) = In(c},) + BIn(cheyy) + 8 In(ch,,,) (2.1)

where § is the discount factor and the first lower subscript indicates the life period,

while the second lower subscript refers to the period at which consumption occurs. The

upperscript ¢ indicates individuals country of residence. With indices RIV, SOF referring
respectively to the rest of the world and the small open economy.

Households maximize utility subject to

i chl c:in+2 wf“
et o S T (2.2)
1 R Rt+lR;+2\Rt+l
i
i We
Ci,ts.éRtf—“ (2.3)
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where uf, ; is real labor earnings at time t+1, and Rj,, is the real interest factor between
time t and t+1 in region ¢ . Equation (2.2) is the intertemporal budget constraint. Equation
(2.3) is a liquidity constraint. Two cases need to be distinguished depending on whether the
liquidity constraint is binding or not.” First, if the liquidity constraint is not binding, the

consumption of the young is

i Wi
G = 717{5_1‘ (2.4)
where n = 1/(1 + 8 + 8%). Second, if ¢' < 7, instead, the borrowing constraint is
binding, and first-period consumption is equal to the limit (the righ hand side of (2.3)).
Optimal consumption levels of middle-aged and old-aged individuals born at time ¢ in region

i are formally given by the following expression:

*De Gregorio [7], Buiter and Kletzer [6], and De Gregorio and Kim [8] have also made such an assumption
to study the effect of borrowing limits in models where households have to finance their education.

50bviously, the assumption of exogenous borrowing constraints is not fully satisfactory. Kehoe and Levine
[14] developed a more realistic framework in which endogenous borrowing limits arises as the outcome of
individual rationality constraints which prevent individuals from defaulting at equilibrium. For the purpose
of tractability, I assume exogenous borrowing constraints in the present chapter,

“Throughout. the chapter the expressions "credit constraints” and "liquidity constraints" are used equiv-

alently.

RSN
el £y 20
D M - .

e

EESRO0RT

e itier
0 i

ieee
Q)

':2.:

.o
L]
aeTe !

P T 1

e e e e e

PR R I

e e '-‘.-—m— W
N B4 Ad
oy

e

5

',

jax "‘;;:!

e
SxpR R

vie’e

ORI

s

- +
e e rh prare

LS

LR s

NI A

..
.
23




2.2. A SIMPLE MODEL H

1-¢

Ches1 = 1 +_ﬁ{wt+1 (2.5)
; B'(1-¢Y i |
G2 = 1+ 5 R§+2wz+1 (2.6)

In the following, I assume that the liquidity constraints are binding in both regions.
Aggregate net wealth is given by the sum of middle-aged individuals wealth and the young-
aged individuals debt:

A: = ('w,’: - Cg,z - Ci,t—lRﬁ) 'i,t-l - Cg,tLil,t (2.7)

The above expression rewrites:

) qpk
—_—L M o 2.8
1 +ﬂ5 1,t-1 ¢ ;+1 1, ( )

Technology is identical across regions. f is assumed to be twice differentiable and to fol-
low the Inada conditions.® It is summarized by the following aggregate production function:

Yy = (K}, Ly,) (2.9)

where Y’ is aggregate output, K} is the aggregate capital stock, and L}, is the labor
force which will vary in presence of fertility shocks assumed hereafter. Each middled-aged
individual supplies inelastically one unit of labor. Capital is assumed to fully depreciate
within one period. Firms located in region i maximize profits taking as given domestic

factor prices. Equations (2.10) and (2.11) state that the capital rental market and labor
market in region ¢ are competitive.

Ri = f'(k]) o (210)

wp = f(k}) = Kif (kD) (2.11)
where k{ is the capital labor ratio as given by
Ki

k= —t (2.12)

i
2.t

$Formally, the Inada conditions rewrite: 7(0) = 0; > 0; £(0) = +00 and f'(0) = 0.
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2.2.1 Equilibrium

In this subsection, I characterize the equilibrium in both regions.

2.2.1.1 Rest of the World

The small open economy assumption implies that the rest of the world equilibrium is
identical to the closed economy one. The capital market equilibrium condition in the rest
of the world economy states that total wealth at time ¢ is equal to capital stock at time
t+ 1, that formally rewrites A = KRW. Substituting the expression for wealth (2.8) into
the capital market equilibrium, one obtains a first order difference equation in capital labor
ratio, kfw, that describes the evolution of the model from arbitrary initial conditions given

by the following expression:

, 1— RW RW :
A +n) = w{“"ﬁ =¢7)_ THLGRW (1 4 ) (2.13)
I assume that the rest of the world is subject to a negative fertility shock. v*" denotes
the size of the shock and A®" denotes the time pattern of the shock.® The rest of the world
economy fertility rate at time ¢, nf*W, is assumed to be equal to the sum of its steady state

value, nf"", and its deviation from the steady state, YV ARY | as described by the following

expression:

n:ﬂi’ RW + 7mvhgﬂv (2 14)

=N

The variables evaluated at the steady state of economy are distinguished by a lower
index ss. The steady state value of the capital labor ratio, k%", corresponds to the fix point
solution to the difference equation (2.13). Formally, the rest of the world capital labor ratio

equals!'®

_\B(1-e"") -a
U~ "5 (2.15)

(1 + nfsw') (1 + (l;n)¢RIV)

RW __
kss -

°In the case of a one  period  shock, hEW takes  the form:
{0att=0,.,0att=¢—1, —latt=1%, Oatt=¢to+1,..} with ¢, denoting the time at which

the shock occurs.
1014 is straightforward to show that the rest of the world steady capital labor ratio is higher in an economy

with more stringent (lower ¢''"') borrowing constraints.
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23. CONSEQUENCES OF AN ASYMMETRIC FERTILITY SHOCK 3%

2.2.1.2 Small Open Economy

The two regions are linked together in an international commodity and capital market. I
make the assumption of perfect international mobility of financial capital. This means that

the small open economy interest rate is equalized to the exogenous interest rate of the rest |
of the world:

R = RJ9F v ¢ ' (2.16)

With international capital mobility, location and ownership of physical capital no longer
coincide. Irom interest equalization, free trade in capital goods, and identical production
functions, it follows that small open economy capital labor ratio and wage are pinned down
by the rest of the world economy as formally given by the following expressions:

kY = kSOF (2.17)

‘th‘V — waE (218)

2.3 Consequences of an Asymmetric Fertility Shock

In this section, I analyze the consequences of a rest of the world negative fertility shock
on small open economy national saving, current account position and welfare. To do so, I
first identify the exogenous variation of the rest of the world capital labor ratio resulting
from an asymmetric fertility shock.

2.3.1 Rest of the World

Indeed, in the present framework, the consequence of a rest of the world fertility shock
on the small open economy capital labor ratio is pinned down by the exogenous variation in
the rest of the world capital labor ratio. In contrast, chapter 1 shows that in a small open
economy Diamond type Overlapping Generations framework with an exogenous external
capital market imperfections, the transmission of an asymmetric fertility shock to the small

open economy depends on the degree of external capital imperfections.
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2.3.1.1 Capital Formation

I assume that the rest of the world is subject to a transitory negative fertility shock.!!
To study the consequences of such a shock on the rest of the world economy, I differentiate
(2.13) with respect to nf" around the rest of the world economy steady state. I obtain the

following expression:!?

dRTY o [1 _ g (kg“'f”(kﬁ“') whW £ (KR )J (2.19)

dyRW ss REW RRH 2
P , v
= kR (RRW )ﬂ (1- ) dk — RV émt Yl
o 1+ ﬁ dy R““ *
To ensure local stability of the system described by equation (2.19), I assume that dﬁk'ﬁiﬁ <
—kRW " (xRW B(a-o""
1 that is equivalent to ° = H <1B

@ng)|1-om (ETLEEN | oRT ) )]

Before the shock has occurred, that is formally for ¢ < tp, the fertility shock has no
consequence on the capital labor ratio. Indeed, up to period #o (included), factor prices are
predetermined variables. Given the logarithmic form of sub-utility function, whether the
shock is anticipated or not, has no impact on the behavior of individuals born before the
shock occurs.

A decline in the fertility rate occurring between period between fy — 1 and tp, has a
positive impact on the capital labor ratio at period o1, as illustrated in Figure 2.1.14 Two
effects are at play. First, the decrease in the labor force {occurring at the period following
the shock) requires less capital to endow new workers, thus capital labor ratio tends to rise.
Second, the number of young-aged individuals decreases, so that the amount of borrowing is
decreasing everything, else being equal. These two effects tend to raise capital labor ratio at
the period following the shock. This increase in capital labor ratio at the next period tends
to rise young-aged individuals borrowing at period fo, anticipating a higher lifctime income.
The latter feedback effect tends to reduce the increase in the capital labor ratio. Overall

LT only consider a one period shock for expositional purpose. My main results are qualitatively similar in
the case of a multi-period shock.
12Note that the rest of the world degree of borrowing constraints affect the steady state world capital labor

ratio.
RW

131n the Cobb-Douglas case, the local stability condition reduces to :—:mr =a<l.
14The figure is based on the following Cobb-Douglas technology, (k) k933 Further more 3 = 0.9,
pral 7.
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Figure 2.1: Evolution of the World Capital Formation over Time

capital labor ratio increases at the period following the shock, as formally given by

to+1

RW . . ERW " RW RW . ,
DU g [1 - R (RELGET) 1 B P ()

0 (2.20)
] >

After period to+1, a negative fertility rate shock has a positive impact on the capital labor
ratio. The increase in middle-aged individuals’ income translates into an increase in their
saving (as their consumption increases but by less than their income given the homothetic
utility function assumption) thus tending to raise total wealth and the capital labor ratio,
everything else being equal. The feedback effect of the increase in the capital labor ratio
resulting in increased borrowing by the currently young-aged individuals (anticipating that
their lifetime income will increase) tends to decrease total wealth. Overall, the capital labor
ratio increases. And so on and so forth, for the following periods. Given the local stability
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condition, the effect of the negative fertility shock vanishes over time.

. B 1_¢RW
dkRY —k&V f (kf,“’)—L——lw dkRY
= > 0V tsuch that ¢t > to+1

d’YRW (1 + ngw) [1 _ ¢RW (kﬁwé:?xw! + };,_,Rw f” (k,’f,‘z"))] d,ymi.

(2.21)
Hereafter, I assume for simplicity that the production is Cobb-Douglas. The linearization
of the expression characterizing the law of motion of the rest of the world capital labor ratio

reduces to

dkRW RW RW .
H-]’ = adk! _ h’t _ kRH (2.22)
d,-),RH d7 (1 + ngﬁ ) 38

Let’s us investigate the consequences of such an asymmetric fertility rate shock on small

open economy national saving, current account position and welfare.

2.3.2 Small Open Economy
2.3.2.1 Capital Labor Ratio

Recall that, in the present framework, the impact of a rest of the world fertility shock

translates instantaneously into an increase in the small open economy capital labor ratio.

k™ dk§OF

d’YRw - d,wa (2-23)

Different degrees of liquidity constraints, in the small open economy, do not impact the
small open economy capital labor ratio as the latter is pinned down by the rest of the world

capital labor ratio.

2.3.2.2 Saving Rate

In the following, I analyze the consequences of the interaction between a rest of the world
negative fertility shock and the small open economy degree of liquidity constraints on the
small open economy national saving rate. I obtain two results. First, the consequences of a
rest of the world negative fertility rate shock on the small open economy national saving are
distributed in an hump-shaped fashion over time. Second, under a given parameters values
condition, looser liquidity constraints magnify the consequences of such an asymmetric shock
on the small open economy national saving. The results stated below are illustrated in Figure
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2218
In an open economy national saving rate at time ¢ is equal to the variation in net assets
between time t and ¢ — 1 divided by aggregate production at time ¢ as formally given by

SOE SOE SOE
SISOE = 4 = i (2.24)
y;_ Yt.SOE

In order to investigate the consequences of an asymmetric shock on the small open
economy national saving, I linearize the above expression with respect to nf"". Appendix
2.A and 2.B provide the details of the linearization and the proof of the results stated below.
In order to investigate the interaction between an asymmetric fertility shock and the small
open economy degree of liquidity constraints, I resort to comparative static with respect to

the small open economy degree of liquidity constraint as shown in Appendix 2.B.

¢ Before the asymmetric shock has occurred, that is before time tg, small open economy
national saving rate is not affected.

¢ At the time the shock has occurred, that is at time to, an asymmetric fertility shock
decreases the small open economy national saving rate. Indeed, small open economy
national saving rate at time ¢ is only affected by the asymmetric fertility shock through
the change in the behavior of small open economy young-aged individuals born at time
to. Young-aged individuals born at time #g in the small open economy increase their
borrowing, anticipating a higher lifetime income. This tends to decrease total wealth at
time o thus decreasing national saving, given that total wealth at time {; — 1 remains
non affected.

— Less stringent liquidity constraints appear to magnify the impact of an asym-
metric shock on the small open economy national saving rate at time ¢;. In-
deed, less stringent liquidity constraints allow young-aged individuals to borrow a
higher share of their increased lifetime income. This tends to strengthen the small

open economy hational saving rate decrease triggered by an asymmetric fertility
shock.'®

15The figures are based on the following Cobb-Douglas technology, f(k) = k%%. Further more 8 = 0.9,

o™ = %n and the low and high constraints correspond respectively to the following values of o5CF
SOE _ 3 SOFE 1
¢lmn =z, ¢high =357

161 assumed that the rest of the world degree of borrowing constraint is constant and different from the
small open economy one. Thus there is no feedback effect of a different small open economy borrowing
constraint on world capital labor ratio unlike in Japelli and Pagano [12] framework.
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" - - — : |low constraint

0.1

005

SOE National Saving Rate {in deviation from steady state)

i 1 1
10-1 10 t0+1 1042
Time Period

Figure 2.2: Evolution of Small Open Economy National Saving Rate over Time

.
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¢ One period after the shock has occurred, that is at time o 41, an asymmetric fertility
shock has a positive impact on the small open economy saving rate. Indeed, three
effects are at play. First, a higher world capital labor ratio (through an increased
borrowing of small open economy young-aged individuals born at time ¢y) decreases
small open economy total wealth at time fp. This tends to raise national saving at time
to + 1. Second, the labor income increase triggered by an asymmetric fertility shock
raises middle-aged individuals’ saving at time ¢p + 1. Thus total wealth at time tg + 1
tends to increase. Third, a higher labor income increases the borrowing of young-aged
individuals born at time tg+ 1. This tends to decrease small open economy total wealth

at time #g + 1, and thus to decrease national saving at time at time %o + 1. Given the

local stability condition, the increased borrowing of young-aged individuals born at i
time £g is higher than the increased borrowing of young-aged individuals born at time
to+ 1. Thus the first effect dominates the third effect. Overall, an asymmetric fertility

shock occurring at time ¢y increases small open economy national saving at time fg+ 1.

— Less stringent liquidity constraints have an ambiguous effect on the impact of an
asymmetric fertility shock on small open economy national saving rate at time
to + 1. Three effects are at play. First, less stringent liquidity constraints tend
to increase borrowing of young-aged individuals born at time ¢y triggered by an
asymmetric shock. This tends to boost the consequences of an asymmetric shock
on national saving at time #9 4+ 1. Second, less stringent liquidity constraints
dampen middle-aged individuals’ increased saving who are living at time {p + 1.
This tends to reduce the consequences of an asymmetric fertility shock on national .
saving at time t5. Third, less stringent liquidity constraints encourage increased
young-aged individuals borrowing who are born at time £y + 1. This reduces the
consequences of an asymmetric fertility shock on national saving at time ¢y + 1.
Overall, which of the effect dominates depends on the rest of the world (constant)
degree of liquidity constraints. If the rest of the world liquidity constraints are
above a given threshold (see appendix 2.B), less stringent small open economy
liquidity constraints magnify the impact of an asymmetric fertility shock on small
open economy national saving after the period the shock has occurred.

o After period ¢ + 1, an asymmetric fertility shock has a negative impact on the small
open economy national saving rate. Two opposing effects are at play on total wealth
at time ¢t + 1 and £ (for t > to). First, a higher lifetime income increases middle-aged
individuals saving thus raising national wealth. Second, a higher capital labor ratio
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increases young-aged individuals lifetime income thus reducing total wealth. Overall,
small open economy national wealth increases following an asymmetric fertility shock
two periods after the shock has occurred and onwards!’. However, under the local sta-
bility condition, total wealth increases but by less every period thus reducing national

saving for ¢t > to + 1.

— Less stringent borrowing constraints dampen the decrease in the small open econ-
omy national saving rate. Indeed, less stringent borrowing constraints through
reducing middle-aged saving and increasing young age individual borrowing re-
duce total wealth. However, given local stability condition, this reduction of an
asymmetric fertility shock impact on national wealth induced by higher liquidity
constraints is decreasing over time, thus raising national saving rate. Overall, a
higher degree of liquidity constraints reduces the impact of an asymmetric fertility
shock after period #g + 1.

e Eventually, given the local stability condition, the effect of an asymmetric fertility
shock on the small open economy vanishes over time.

2.3.2.3 International Capital Flows

In the following, I analyze the consequences of an asymmetric shock both on the small

BSOE

open economy balance-of-trade surplus (deficit), , and on the current account surplus
P y P p

(deficit), GSOF.

The small open economy balance-of-trade surplus at time ¢ is the excess of domestic
product at time ¢, Y;5°F, over domestic absorption. Domestic absorption is the sum of ag-
gregate consumption at time ¢, CS°F, and domestic capital formation used in the production
at time t + 1, K79F:

BSOF = YO8 — C5OF — K3SE (2.25)

Formally, the per capita balance-of-trade surplus of the small open economy, under the
assumption that the technology is constants returns to scale, is given by

cIOE
b7 = WP + (RFPF = 1kPOF = S395(1 +1OF) + 59 + e — KEE(1 4+ n7F)
i1
(2.26)

17This result holds under the assumption that the degree of borrowing constraints is lower in rest of the
world than in the small open economy, that is oW > o%0F,
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The current account is the excess of national product over domestic absorption. Net
national product equals domestic product at time f, ¥;5°F, plus net foreign investment
income at time ¢ that is formally given by (RJF — 1)(AF°F — K7°F). The small open
economy current account surplus at time ¢ is given by:

CAB;9F = Y °F 4 (RJOF — 1)(AJ9F — K7°F) - CJ°F — KOF (2.27)

with
SOE _ ,SOEySOE , .SOEr SOE SOE 1 SOE
G =Cy Ll,t +Cyf Ll,t-—1+c3.t Lye5 (2.28)

Under the assumption that the technology is constant returns to scale, after some re-
arrangements, the small open economy current account surplus, in per (active population)

capita terms is given by

cab{®® = R7F [wi%F — 30F — (1 + nj°F)] ' (2.29a)
(SOE '
(RO )25 R 1508 - g o
(14 n-1)

The occurrence of a rest of the world fertility shock is likely to impact the small open
economy balance-of-trade and current account. To analyze the eflect of an asymmetric
fertility shock on saving/investment imbalance, I differentiate expressions (2.26) and (2.29a)
with respect to nf". Appendix 2.C and 2.D present the details of the linearization of those
expressions and the proof of the results stated below, Some results in this subsection are
established through numerical simulations illustrated in Figure 2.3. Robustness checks over

a wide range of parameters confirm the validity of the results stated below.!®

e Before the period #p, the small open economy current account position is not affected

by a fertility shock occurring at period {p.

e At the end of period {9, capital flows into the small open economy in order to exploit
the differences in returns, and to finance small open economy young-aged individuals’
increased borrowing, as illustrated in Figure 2.3. The deviation from steady state of
the small open economy current account position at time ¢y is given by expression
(2.30). Two eflects are at play. First, in presence of diminishing returns, capital
flows from the rest of the world to the small open economy to exploit differences in
returns resulting from a rest of the world fertility shock. This effect corresponds to

Y¥Robutness checks are available upon request.
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the first term on the right-hand side of expression (2.30). Second, small open economy
young-aged individuals born at the time the shock occurs, anticipate that their lifetime
income is increasing and thus increase their borrowing from the rest of the world. This
effect corresponds to the second term on the right-hand side of expression (2.30). Both
effects deteriorate unambiguously the small open economy balance-of-trade and the

current account position.

~ Less stringent borrowing constraints(in the case of a Cobb-Douglas), unambigu-
ously magnify the impact on the volume of capital inflows induced by an asymmet-
ric fertility shock occurring at time #. Indeed, less stringent borrowing constraints
only affect the amount of increased borrowing triggered by the asymmetric fertil-
ity shock but do not impact the increased investment. Formally, the differential of

SOFE

the above expression with respect to ¢ is unambiguously negative as demon-

strated in appendix 2.D. ;

deabp® dke, 41 dciOF
d,yz;w == df; 1+ n30F) + RDOF ——j;;—°—(1+nf,0’3 <0 (2.30)

e At the end of time fo + 1, capital flows out of the small open economy in order to
finance rest of the world old-aged investors’ consumption. Indeed, at time #9+ 1, there
is a higher proportion of working age population (compared to the rest of the world)
that tends to increase small open economy national saving (as shown in the above
subsection) and which exceeds the increased investment. I resort to simulations to
establish the present result. Indeed, numerical simulations, as illustrated in Figure 2.3,
show that an asymmetric fertility shock lead to a small open economy current account

surplus at period #g + 1. _

— Less stringent liquidity constraints magnify the current account surplus triggered
by an asymmetric fertility shock as shown in Figure 2.3. Indeed, as shown in the
above subsection, given that the rest of the world degree of liquidity constraints is
below a given threshold, less stringent liquidity constraints strengthen the impact
of an asymmetric fertility shock on national saving at the period after the shock
has occurred. Given that the small open economy degree of liquidity constraints
is not affecting the increased investment triggered by the shock, less stringent
liquidity constraints magnify the impact of such an asymmetric shock on the
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small open economy current account surplus at period s + 1. I also resort to
numerical simulations, as illustrated in Figure 2.3, to establish this result.

o After period to + 1, the small open economy experiences net capital inflows as estab-
lished by numerical simulations. Indeed, old-aged individuals are in a higher proportion
in the small open economy compared to the rest of the world. Thus the lack of saving in
the small open economy translates into a current account deficit (in per capita terms)
of that region. As shown in the above subsection, an asymmetric fertility shock has a

negative impact on the small open economy national saving at period #o + 2.

— Less stringent borrowing constraints reduce small open economy capital inflows
triggered by such asymmetric fertility shock as established by numerical simula-
tions. Indeed, less stringent liquidity constraints reduce the effect of an asymmet-
ric fertility shock on small open economy national saving as shown in the above
subsection. Given the small open economy assumption, increased investment trig-
gered by an asymmetric fertility shock is independent of the small open economy
degree of liquidity. Thus less stringent liquidity constraints reduce the current
account deficit triggered by such an asymmetric fertility shock.

e Eventually, the impact of an asymmetric fertility shock on the small open economy
current account position vanishes over time. Indeed, given the local stability condition,
the impact of an asymmetric fertility shock on the world capital labor ratio decreases
over time. Thus the impact on the small open economy national saving and investment

also decreases over time.

How doecs an asymmetric fertility shock affect the welfare of individuals living in the
small open economy? In this context, are individuals better off in presence of looser degrecs

of liquidity constraints?

2.3.2.4 Welfare

In order to evaluate the impact of a fertility rate decline on the small open economy
individuals’ lifetime utility in presence of liquidity constraints, I differentiate the lifetime
utility of small open economy individuals born at time ¢ with respect to nf". The details

of the linearization is shown in Appendix 2.E.
In the following, I establish a number of results on the consequence of the interaction

between an asymmetric fertility shock and the small open economy degree of liquidity con-

straints, on the small open economy individuals’ lifetime utility.
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2.3. CONSEQUENCES OF AN AS YMMETRIC FERTILITY SHOCK 4

o Generations born before the period tg—1, do not experience any change in their lifetime
utility.

o The generation born at time ¢y — 1, experiences an unambiguous decrease in its lifetime
utility as illustrated in Figure 2.4. Indeed, a negative fertility shock reduces this old-
aged generation utility flow through lowering interest rate payments. Formally, the
deviation from the steady state of the lifetime utility of rest of the world individuals
born at time #; — 1 is given by expression (2.31). From the latter expression, it is
straightforward to show that diminishing returns on capital ensure that a fertility rate
shock has a negative impact on lifetime utility of individuals born one period before
the shock has occurred. Indeed, the rate of returns on the saving {accumulated in
period tp) received at period fp — 1 decreases. Thus the latter old-aged individuals’

consumption decreases for a given (constant) real wage.

SOF
deo-x — ﬂ?d zg‘%’ wstE < {) (2 31)
dy = Py e R

— Different degrees of liquidity constraints, in the case of a Cobb-Douglas case, do
not modify the way a fertility rate decline aflects the welfare of individuals born
one period before the shock. There are two reasons for this. First, given the small
open economy assumption, the small open economy degree of liquidity constraints
does not affect the consequence of an asymmetric fertility shock on capital labor
ratio and income levels. Second, there is no welfare loss resulting from the inability
of old-aged individuals to smooth optimally the consequences of an asymmetric
fertility shock on their consumption. Formally, Appendix 2.F shows that the
above expression is independent of ¢3° (in the case of a Cobb-Douglas).

e Generations born at the time the shock has occurred and onwards experience an in-
creasce in their lifetime utility provided that the economy is below the golden rule
(without internal capital market imperfections) of capital accumulation. For individu-
als born after the shock has occurred, a negative fertility shock increases unambiguously
their young-aged and middle-aged utility flows through an increase in lifetime income.
However, the effect of such a shock on old-aged individuals utility flows is ambiguous.
Indeed, there are two opposite effects resulting from a fertility rate shock on old-aged
utility flows. First, a negative fertility shock tends to increase the amount of saving
available at retirement age through a real wage increase. Second, a negative fertility

shock tends to decrease old-aged wealth through a decrease in interest rate payments
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for a given real wage. The overall effect of a negative fertility shock on lifetime util-
ity of individuals born at time fy and afterwards, is positive if the rest of the world
economy is initially below the golden rule of capital accumulation (without internal
capital market imperfections) as illustrated in Figure 2.4. The details of the proof are
provided in Appendix 2.G. Indeed, if the rest of he world economy is initially below
the golden rule, the economy is dynamically efficient. A negative fertility shock raising
capital labor ratio further increases the economy’s efficiency.

— Different degrees of borrowing constraints do not influence the impact of a fertility
rate decline on the lifetime utility of individuals born after the shock has occurred
as illustrated in Figure 2.4. Indeed, as shown in Appendix 2.G, the impact of a
fertility rate on lifetime utility of individuals born after the shock is independent
of the degree of liquidity constraints.” The independence of the impact of a
fertility rate decline on welfare with respect to the small open economy degree
of liquidity constraints should be distinguished from the Japelli and Pagano [13]
results. The authors investigate specifically the consequence on welfare of a dif-
ferent degree of liquidity constraints in steady state and during the transition
in presence of {exogenous and endogenous) economic growth. The authors find
among other results, that if the economy is dynamically inefficient, the removal
of liquidity constraints can enhance welfare through reducing the intertemporal
distortion and by bringing the economy closer to the path that maximizes stecady
state consumption. In the present model, the world capital labor ratio is indepen-
dent of the degree of liquidity constraint in the small open economy. In addition,
different degree of liquidity constraints do not cause any welfare loss linked to the
inability of small open economy individuals to smooth optimally the consequence
of an asymmetric fertility shock on consumption. Indeed, in the present chap-
ter, differences in degrees of liquidity constraints are relevant only through their
interaction with an asymmetric fertility rate shock.

197 Tws the consequences of a rest of the world fertility shock on individuals’ lifetime utility born at a given
time £ are identical across regions.
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2.4 Conclusion

Our objective in this chapter has been to analyze the consequences of an asymmetric
fertility shock on saving, international capital flows and welfare in presence of internal cap-
ital market imperfections. The framework of analysis is an overlapping-generations small
open economy with internal capital market imperfections. The internal capital market im-
perfection is modelled through exogenous liquidity constraints on young-aged consumption.
I obtained a number of results. The consequences of a rest of the world negative fertility
rate shock on the small open economy national saving and current account position are
distributed in an hump-shaped fashion over time. Capital first flows into the small open
economy to exploit the differences in returns on capital and to finance the small open econ-
omy young-aged individuals’ increased borrowing. After the shock has occurred, capital is
repatriated to finance the old-aged consumption of the rest of the world investors. Looser
liquidity constraints magnify the consequences of such an asymmetric shock on the small
open economy national saving and current account position. Small open economy individu-
als’ lifetime utility decreases unambiguously for individuals born one period before the shock
has occurred. Provided that the small open economy is below its golden rule (without im-
perfections), individuals born after the shock has occurred experience an increase in their
lifetime utility. The consequence of an asymmetric shock on the small open economy lifetime
utility is independent of the small open economy degree of liquidity constraints.

The model can be extended in a number of directions. Within the same framework, the
consequence of an asymmetric life span lengthening shock on saving, international capital
flows and welfare could be investigated with different scenarios of retirement age reforms.
Another extension within the context of a two country model, investigating the interaction
of an asymmetric fertility shock and the degree of liquidity constraints can deliver interesting
insights on the consequences of fast aging OECD countries’ credit market reforms on capital
movements to younger emerging markets and welfare. Indeed, in this framework different

degrees of liquidity constraints will affect both saving and capital formation.
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Appendices

2.A National Saving Expression Linearization

National saving is defined as follows

SSOE — ASOE _ pSOE | ‘ | (2.32)

After some substitutions, the above expression reduces to .

GSOE  _ wsosﬁ (1-¢°%)  sok — g0t wiq® LS9F |
¢ t 1+ 3 1,-1 Rf’ﬂE z
505:/8 (1- ¢’SOE) LSOE 4 gsoEt wy© LSOE ‘ (2.33)

Wy 1+ﬁ 1t2 Rsog 1,t-1

Dividing the above expression by total output, recalling that the small open economy is
at its steady state of population growth rate for all £, national saving rate is given by

SPoF - w8 B (1 - ¢°°F) _ ¢SOF_Lerl wi® Wl (1 4 nSOF
}ftSOE nyE 1 +:B Rf_'_OlEytSOE
wf—OE ﬁ (1 - ¢SOE) ¢SOE wisOE l (2‘34)

In the Cobb-Douglas case, the above expression reduces to !

SOF SOE 1 — a)kSOE
-};.;5—03 = (1 —a)ﬁ( 1 +¢ﬁ ) _ (bsoz«:( (ka)jf,f;ﬂ: (14 nSOF .
(1 - Q) k.S‘_OE' ﬁ 1 SOE (1 _ a) (A‘fOE)I_a
- (kf'o(E3°1 L (1 +(ﬂ)(1 + nSOE +¢7% a (2.35)

b

Linearizing the above expression with respect to n*" gives

52
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SQE
a(or) (1- )8 (1-¢%F) a | dk$%E
“dy®W T |71+ nOFE)(1 + B) kSOE | dyRW

(1-a)f(1-¢°F)a  ¢*F(1 - a)((1 +n{DF) + 22| k7ol
[(1 ¥ nEPE)(L + AR (39F)" )

(2.37)

sor(l — @) (1+ n32E)] dk?0F
+|-¢ a (kSOEYE | dRW

2.B National Saving Rate

e At period t < ?p, the consequences of an asymmetric fertility shock on small open
economy national saving are formally given by

SSOE

d(?:sar)

dy R =0

e At period ¢t = {9, the consequences of an asymmetric fertility shock on small open
economy national saving are formally given by

SfOE
A(57)  on(l-a) (1 +n5oF) dkSoE

d’}’Rlv - o (ksssoE)(l d‘ynw < 0 (2.38)
~ At period ¢ = t, differentiating the above expression with respect to ¢°°F gives
sfoE
a{ 7§
d|—g
1— a) (14 nS9F) dk3OE
SOE - ) SOE)G ) t;;:’ <0 (2.39)
d¢p a  (kPF)" dy

e At period fg + 1, the consequences of an asymmetric fertility shock on small open
economy national saving are formally given by

SSOE
d ,?+] 3
(]‘0+1 — [¢SOE (1 — 0)2 (1 bt 0).6(1 - ¢SOE)Q ] d";si;cif' > 0 (240)

R a(RPPY® T T+ BT + mo ke |

— At period {g + 1, differentiating the above expression with respect to g’)SOE gives
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&SOE
d( Y‘O+l
d—nw)d;"" (1-a)? (1-0a)Ba dk30%

dp%oF [a(kstE T+ 80 —}—nsSsOE)kstE] T (2.41)

GSOE

d ‘:4—!

)802 = d [Y‘OH J
kSOE' > [ P .
* A1~ a)i+ns0E)| = ~ggsor >0 (2.42)
with

kolF = kY (2.43)

A necessary and sufficient condition to ensure that less stringent liquidity constraint

magnifies the impact of an asymmetric fertility shock on small open economy saving

$SOE
d(—gm;},‘“*‘. )
. 1-2a | A—w

In contrast, a sufficient condition to insure that less stringent liquidity constraints reduce

the impact of an asymmetric fertility shock on the small open economy national saving, as

formally given by
!5333’5 )
dd Y‘o+!
dryft

= <0 B (2.45)

1
2

e At period t > fp + 2 and onwards, the consequences of an asymmetric fertility shock
on the small open economy national saving are formally given by

SOF
d (f’f’m) _dk9E ) (1-o)B (1-¢°F)a(l-a) N #3E(1 — a)? <0 (2.46)
B = A | T ORI 1 KT o DA
_1 SSDE
por ¢ | A= |77 dlir) (5f) <0 (2.47)
s 0= quOE(l + TLEEE)(I + 5) d,),ltw == :

That is equivalent to
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(1 ¢RW) SOE  RW d (SSOE)
[(z Eer M R = 2
'i RW
[((;-—_;ﬁ)SOE)) ¢SOE'_ (ﬁR!V} 0 — ¢$OE ¢RIV (2.49)

Thus ¢%°F < ¢ ensures that an asymmetric fertility shock boosts the small open
economy national saving at period t 2 g + 2 and onwards.
—~At period t > tg+ 2 and onwards, differentiating expression (2.46) with respect to

¢SOE glVCS

d(5t)
d—-&::- — dkig-—olE (1 — a)ﬁa(l — Ct) (1 - a)? >0 (2 50)
d ¢SOE - d,),RW (1 + nESOE (1 + 5) kaOE k‘;sSOE '

At period ¢ > to + 2 and onwards, less stringent liquidity constraints unambiguously
dampen the impact of an asymmetric fertility shock on small open economy saving

2.C Curent Account Expression Linearization

To determine the effect of a rest of the world shock on the small open economy balance-of-
trade, I differentiate the balance-of-trade expression namely expression (2.26) with respect

to nf™ around the small open economy steady state. Formally, I obtain the following
expression:
, OF
dbeE _ d’waE dRS’ kSOE (RSOE 1) kSOE dcf ¢ (1 + 0S¢ SOE
Ay dy RV T gy R ss dyRW T Gy RW

(2.51)

I R
dySOE ~ gySOE (] 4 nSOE) ~ gSOE

In order to determine the effect of such an asymmetric shock on the small open economy
current account position, I differentiate (2.29a) with respect to nf*around the small open

economy steady state. Formally, I obtain the following expression:

[ R R I I R L IR I PRI
B DR T R

-.nn-‘oo-a-.'.. Tt v e m .., -
Sy I S Sl o STS L UL s N S T T
e S I S et AT S )

ph
Yo'

e e e

Tt

oo Ta et TT,T,
Twiele eteletete’

"Oll.ol.‘o.-
e YKy

iy

> Ais

R
.oy sty
)

o
o'
s

R
BRI

)

OGRS
e e e Ty
LS &yl S
P ity

e aein ey e
o el T T seele
LT TS TR e e e e s

s s e ew s

B A R A e
N AP s P

S AR RE AT o

ielrLoee

ee e s e
..

e e e e e e e
e A ala e e




o

2.D. SAVING/INVESTMENT IMBALANCE

dcab$OF dR;9F . sor  soE cS0F SOE
W = —_d_:)’—[w” —Cygs T s (1+ng ]
4 RSOE deOE dcg.tOE _ dclS.?E(l +n SOE)
58 d,Y d,), d;y
d RSOE dw‘sOE
_ df’y ¢sos SOE . ( RssoE _ 1)¢SOE_c—;‘—y—
dkSOF  de§PF [ 1 AR ) 4 psor (2.52)
T T Tdy \T+aRE| Ty o

In the case of a Cobb-Douglas the expression reduces to

dcabSOF  dkSOF  dkSOF dkys1
i = 2.53
d.,,RW d’y A + dA{ B + dﬁr C ( v )

with soF
—B(1 = ¢°°5)a(1 - a)kzﬂ]

A= s__ <0 2.54
[ T+ B)(1+ n30F (2:54)
B = 1+k5 991 -a) [(1 - o)1 +n50F) — o] (2.55)

2.5
SOFE
+k2e-? { (1-a)’8(1 - ¢°°F) [‘_’(1__;_71‘5553‘] +o*(1 - a) [ﬂ -lk-l-fﬂ + 46505] }

C=-(1+n2") [1+6°°P(1- )k} <0 (2.56)

2.D Saving/Investment Imbalance

In the following, I investigate the sign of a rest of the world negative fertility shock on the
small open economy balance-of-trade and the current account position, using the expressions

derived in Appendix 2.C.

¢ Before period tg, the balance-of-trade and the current account position are not affected
by a fertility rate shock occurring at period #y.

e At period ?¢, at the period the shock has occurred the balance-of-trade and the current

account. position are deteriorating.
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Using expressions (2.51) and (2.52), the deviations from steady state of the small open
economy balance-of-trade and the current account position at the end of time fo—1 are given
by the following expressions

dbfflOE Cigtﬂ SOE to+ 1 50 E -
d~SOF = d,ysos(l'*'"u ) - & —sop(l+ ) <0 (2.57)
deab;OF dkSOE
>k Rf’OE[ & A SOE] - Tar+nPH <0 (259)

An asymmetric fertility shock deteriorates the current account position of the small open
economy at time tg.
Formally, the latter expression reduces to

dcabSOE —JSOE gn kf.OE OFE ] dkSOE
o — [_ ((;/)SOE 95 Rsog L ) (‘.b.S'OE'I?2 SOEf”(kstE ) R;‘;OE' _ 1] d‘;;g‘l (1+ SOE')

dy v
(2.59)
~Let us now demonstrate that the differential of the impact of a rest of the world

fertility rate on the current account position at time to with respect to #™ is negative. In
the context of a Cobb-Douglas, the differential of the above expression is given by

SOF
d (df::t ) SOE o
_C-lngT = —ks, (1 - a) <0 (2.6‘0)

Iess stringent liquidity has an unambiguous negative impact on the consequence of an
asymmetric fertility shock on the small open economy current account.

e At period #9 + 1, the impact of an asymmetric fertility shock on the current account

position is given by the following expression:

deabSOE  dkSOF

D% to
d,yi;utl = d,.,R::* [B +Ca] (2.61)

In the case of a Cobb-Douglas, numerical simulations, as illustrated in Figure 2.3, show

for specific parameters values that the following expression holds
[B+Ca]l>0 (2.62)

—Formally, the impact of the interaction between an asymmetric fertility shock and
the small open economy degree of liquidity constraints on the small open economy current

account position at time fp + 1 is given by
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deab? Ok SOE
d‘i,}-ﬁ%— dkto+1 d [B + CQ] ’
dg5OF = dy  do°OF -

I resorted to numerical simulations , as illustrated in Figure 2.3, to establish the sign of

(2.63)

the above expression.

o After period tg+ 2, the impact of an asymmetric fertility shock on the current account

balance position is given by the following expression:

deabf®F  dkfOE
dyRW T dy

In the case of a Coblb-Douglas, numerical simulations, as illustrated in Figure 2.3, show

[A+ Ba+ Ca?) (2.64)

for specific parameters values that the following expression holds

[A+Ba+Ca®] 20 | (2.65)

Yy -

—Formally, the interaction between an asymmetric fertility shock and the degree of
liquidity constraints on the small open economy current account position after time tg+ 1 is
given by

qoeabi ’f SOE 1,2
i dkjPF d[A + Ba + Ca?)
4 OF = dy d¢"OF

I resorted to numerical simulations to establish the sign of the above expression.

(2.66)

2.E Lifetime Utility Function Linearization | y

Let UPF describes the lifetime utility of individuals born at time ¢ living in the small
open economy. Formally, USOF is given by the following expression:
SOE OF 2 E " o pm
UFOF = In(c;PF) + ﬁln(Cng) +8%In(e375 E (2.67)
SOE  s0p .
with ¢/, ¢§9F and o2k, are given by

WSOE

C.IS'?E — ¢SOE Rf;'olL (2.68)
t+1
SOE 1 - q6550.1_7'

Cpip1 = lefﬁE (2.69)

i
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1 ¢SOE _
2= 202 dpsoruzor (2:70)

Differentiating (2.67) with respect to nf"" around the small open economy steady state
gives

dUSCE 1 deP® AR W e

d’ymV - cf?f d...,,RW +8 chE dy RW +8 c;” d.fRW

Factors prices deviation from steady state are given by

(2.71)

deOE d kSOE

1 M £1.80 141
dyt;w = =k P (k) dyRW 20 (2.72)

dRSCE diSOE
v =1 k) v <0 (2.73)

Young-aged, middle-aged and old-aged consumptions deviations from steady state are

given by
dCi?E SOE__ - 1 dwfﬁg ¢SOE wSOE thS+O1E (2 74)
d,yRW = Rsos da),Rﬂ ( RSOE)z d,ynw ’

dcSOE 1 — ¢SOF quSOE

£+ t4+1 .
dyRW 1+8 dyRW (2.75)

dcst+2 )6 - d’SOE (RSOEdwEﬂE de—f(‘)ZE SOE) (2 76)
dyRwW 1+8 V% dyRW  dyRW '

Substituting factor prices and consumptions deviations in expression 2.71 gives

dUISOE _ dki‘s-SE _k.ssalOE 7 (ksSeJOE)l n(kSOE dkaO?E t1] kSOE 2 77
dyRW T gy RW wSOF N Rﬂssosf d RW Rsosf ( (2.77)

2.F Lifetime Utility

In the Cobb-Douglas case, the deviation from steady state of the lifetime utility of
individual born one period before the shock occurs reduces to

dUSOE 1

8%y ) ——
Fla =D aTser)

s <0 (2.78)
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The above expression is independent of ¢°°F. Thus different degrees of small open
economy liquidity constraints do not affect the impact of an asymmetric fertility shock on
lifetime utility of old age individuals born one period before the shock occurs.

2.G Lifetime Utility

In the following, I prove that a negative asymmetric fertility shock aflects positively the
lifetime utility of individuals born after the shock has occurred and living in the small open
economy provided that the economy is initially below its golden rule of capital accumulation
(without internal capital market imperfections).

Using expression (2.77), after some substitution, I obtain
RW , RYW
dUSCE dk,% 1 kRWREW

~>0 & Lz +——
HA 70 G S 5 ey

using the local stability condition

a2y
—= < 1lfort >t
& ;

and using the expression implicitly characterizing the steady state capital labor ratio,
that is

RW .
Rwﬁ(l -9 /) wﬁ“ RW)

. v RW
kﬁ“ (1 + n.:? = Weg 1+ ﬁ - RR“'¢ (l + L
85

(2.79)

It is straigthtforward to show that a sufficient condition for a negative fertility rate to

have a positive impact on lifetime utility is given by

Ro(l=¢™)  (=¢™) | _ dU7°F
T+A0 + B~ B ™

A necessary condition being for the consequences of a fertility rate shock to have a

for t > t, >0 (2.80)

negative impact on the lifetime utility is formally given by

dUPoF oo Re(1-¢™")  (n—¢™)
T 1+ B)(1 + nus)Bn Bn

Let’s R be the rest of the world steady return factor in the case without capital market

<1

imperfections (or non binding liquidity constraints). It is straightforward to show that
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. dUSOE
ifn = ™ fort> 1 d—;ﬁ‘r >0= R, > (14 n,) (2.81)
. dUSOE R.s(1 — ¢F%) (n—¢™")
fn < ¢™ fort>ty ————>0= 2 . >1 (2.82
o ¢ fort>1o dyfw (1+B8)(1+ nss)Bn B*n (2.82)

In the Cobb-Douglas case, it can be shown that the two above conditions are equivalent.

Formally this reduces to

R: > (l+ng)ea>(1-a)[f’-1]

R., 1._ RW _ 4RW
T > 1ee>u-anlf -]

In conclusion, in the presence of borrowing constraints an asymmetric fertility shock
has a positive on the small open economy, if the economy is initially below its golden rule
of capital accumulation without internal capital imperfections. The latter condition being
independent of the degree of liquidity constraints, the impact of fertility rate on small open
economy individuals lifetime utility is independent as well.
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CHAPTER 3

DEMOGRAPHY, CREDIT AND INSTITUTIONS IN A
GLOBALIZING WORLD: AN EMPIRICAL PERSPECTIVE

3.1 Introduction

Different regions of the world are at different stages of a global aging phenomenon entitled
"demographic transition". More advanced countries in this process face a high old-aged
dependency ratio and the prospect of a labor force shortage. Less advanced countries are
currently experiencing a relatively lower old-aged dependency ratio and an increasing labor
force population. According to the United Nations [44] demographic differences are likely to
remain important in the future.

Let us assume an overlapping-generations two country model where the two countries
are identical in every respect except in fertility rates. Under the assumption of diminishing
returns, an implication of the life-cycle hypothesis is that the bulk of saving supply triggered
by the rapidly aging country should flow to the slower aging country where capital is relatively
scarce and where labor is relatively abundant.

This prediction matches with the past decades’ surge in capital inflows to younger/poorer
countries following their capital markets’ liberalization. However, those international capital
flows appear to be limited compared to what neoclassical theory would predict as claimed
in Lucas [29]. Indeed, capital market imperfections are likely to impede aging differences
to foster international capital flows. Lucas [20] emphasizes the role of external capital mar-
ket. imperfections/political risk in explaining the lack of capital flow from capital-abundant
to capital-scarce countries. More recently, Shleifer and Wolfenzon [42] model how agency
costs stemming from ineflicient corporate governance and law enforcement mechanisms im-
pede foreign capital from flowing to capital-scarce countries. Alfaro et al. [3], using cross
country data, show empirically the importance of institutional factors in determining interna-
tional capital inflows to emerging countries.! In addition, capital inflows have been unevenly
distributed across younger/poorer countries. These stylized facts on capital movements,
documented in Prasad et al. [37], suggest a role for interaction between aging differences

'The finance literature has provided empirical (see for instance La Porta et al. [25]) and theoretical
evidence on the importance of a country's legal system in determining their level of financial development.
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3.1. INTRODUCTION 66

and external capital market imperfections in explaining the timing, the magnitude and the

distribution of international capital flows across receiving countries.

The theoretical literature has been relatively scarce on the relevance of such interaction
in explaining international capital movements, but abundant on the closed economy conse-
quences of aging. This literature is often related to the analysis of pay-as-you-go system
sustainability. Indeed Auerbach and Kotlikoff [8] have initiated a wide strand of literature
on the consequences of social security reforms in a context of aging economies. Both theo-
retical and empirical results, based on the life-cycle hypothesis, suggest that aging (through

its impact on the labor market) increases capital labor intensity.

A recent literature has been addressing the economic consequences of aging differences
In an open economy perspective using large scale simulation models. Simulation results of
Attanasio and Violante [7], and Brooks [14], among others, point to a significant role being
played by demographic differences in explaining capital flows from fast aging OECD coun-
tries to slower aging emerging markets. Brooks [14] simulation results also predict a future
reversal in the direction of those international capital flows. Indeed, Brooks [14] predictions
suggest that capital will flow from currently younger countries to currently older regions
as the former will enter into the fast aging stage of the demographic transition. There is,
however, an important caveat to this recent literature. These studies assume the absence
of capital market imperfections, that are likely to explain the uneven distribution of capital
inflows across younger/poorer countries. To remedy this caveat, Chapter 1 has analyzed the
consequences of an asymmetric negative fertility shock on saving/investment imbalance in
a Diamond-type overlapping-generations small open economy with external capital market
imperfections. The external capital market imperfection is modelled through a symmetric
wedge between foreign investor and domestic investor return on capital likely to arise when
property rights are not enforced. The shock is transmitted to the small open economy, de-
pending on whether the wedge is below a given threshold. If the wedge is not too high,
capital first flows into the small open economy in order to exploit the difference in returns
on capital. After the shock has occurred, capital is repatriated in order to finance old-aged
consumption of the rest of the world investors. In addition, Chapter 2 has examined the
consequences of an asymmetric fertility shock on saving and international capital flows in a
three period lived overlapping-generations small open economy model with internal capital
market imperfection. The internal capital market imperfection is modelled through exoge-
nous (binding) borrowing constraints on young age individuals’ consumption likely to occur
in a context of low credit availability. The consequences of a rest of the world negative fer-

tility rate shock on the small open economy national saving and capital flows are distributed
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in an hump-shaped fashion over time. Looser liquidity constraints magnify the consequences
of such an asymmetric shock on national saving and current account position. Whether the
capital market imperfection is external or internal influences the channel through which the
capital market imperfection interacts with demographic shocks to determine international
capital flows. Indeed, in the case of external capital imperfections, an asymmetric fertility
shock affects international capital flows through the foreign investment channel. In the case
of internal capital imperfections, an asymmetric fertility shock affects international capital
flows through the saving channel. In the present chapter, I estimate a reduced form model
to test empirically the validity of those theoretical results.

Empirically, Higgins [22] estimates a reduced form model to quantify the impact of
age structure differences in explaining international capital flows. Drawing from data for
up to 100 countries over the period 1950 to 1989, Higgins’ results point to the significant
impact that changes in population age structure have on saving. Results also point to
a differentiated impact of age structure on saving and investment, opening the scope for
international borrowing and lending. Bosworth and Keys [13], replicating Higgins study,
use a larger sample period, covering the period 1950 to 2000, and seem to confirm Higgins
results. However, Bosworth and Keys [13] claim that their results are not robust and are
driven by South East Asian countries. The latter findings seem to suggest that the role of
demographic differences in driving international capital flows needs to be considered together
with their interaction with capital market imperfections, as suggested by chapter 1 and 2.
To the extent of my knowledge, there are no empirical studies that test the relevance of the
interaction between age structure differences and capital market imperfections in explaining

international capital flows.

My objective in this chapter is to investigate the role of age structure and its interaction
with both external and internal capital market imperfections in determining international
capital flows, in a systematic empirical framework. To do so, I estimate a variety of reduced
models for saving, investment and current account position, drawing from data for up to
115 countries over the period 1970 to 2000. Results indicate the existence of a diflerentiated
effect of age structure on international capital flows. Good institutions allow for a differen-
tiated impact of age structure on saving and investment, opening the scope for an impact of
demographic differences in driving international capital flows. In contrast, bad institutions
shut down the effect of age structure on international capital flows. Despite increased credit
availability contributing to reduced aggregate saving, this will nevertheless magnify the role
of the population age structure in driving international capital flows. Over the past three
decades, I estimate that age structure changes have contributed to improving the current
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account balance position by five per cent of GDP in more advanced aging countries. How-
ever, around the year 2020, age structure changes are projected to deteriorate the current
account position in the latter countries, which will experience a drop in saving. In other
regions, the faster the current aging process, the sharper the projected improvement in the
current account position. This improvement is projected to reverse itself, at a later stage in
time in regions with a slower aging process. Different scenarios of both internal and external
capital market imperfections reveal that the scope for international capital flows is reduced
when imperfections are high though through different channels.

The rest of the paper is organized as follows. Section 3.2 presents some stylized facts on
age structure differences and cross-correlations between saving, investment and population
age structure. Section 3.3 presents the empirical analysis and results. Section 3.4 presents
out of sample projections of the consequences of age structure diflerences on international

capital flows. Section 3.5 concludes.

3.2 Stylized Facts

This section establishes some stylized facts on the world demographic transition. I also
present cross-correlations between population age structure and saving, investment and the

current account position over the period 1970 to 2000.

3.2.1 The Demographic Transition

The world as a whole is aging. This phenomenon has been formalized by demographers
into a demographic transition model. Demographic transition is operating through fertility
rate decline and life span lengthening. However, the timing of the decline in fertility rate is
not synchronized with the timing of the decrease in death rates over the transition. Indeed,
life span first increases, and is then followed by a decline in the fertility rate. As a result,
one can distinguish four different stages in the demographic transition model, intrinsically
linked to development stages, as described in Figure 3.1. The first stage corresponds to a pre-
development phase and is characterized by high fertility and high death rates. The second
stage is characterized by a rapid fall in the death rate due to improved living conditions,
while the fertility rate remains high leading to high population growth. The third stage is
characterized by a fall in the fertility rate, while the death rate remains stable, leading to a
slowdown in population growth. The fourth stage is characterized by stabilized fertility and
death rates, leading to a stationary population level.
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Figure 3.1: Demographic Transition Model

3.2.2 The Demographic Transition Around The World

Different regions of the world are at different stages of the demographié transition, re-
sulting in important differences in population age structure across countries. Broadly speak-
ing, these demographic differences are shaped along income level. Indeed, more developed
countries are<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>