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Abstract

Using maximum likelihood Kalman filtering techniques and non-parametric variance
ratio statistics, we gauge the relative importance of permanent and temporary components
of capital flows to Latin American and Asian developing countries over the period
1988-1997, for the broad categories of flows in the capital account: equity flows (EP),
bond flows (BF), officid flows (OF), commercial bank credit (BC), and foreign direct
investment (FDI). We find relatively low permanent components in EF, BF and OF, while
commercial BC flows appear to contain quite large permanent components and FDI flows
are amost entirely permanent. These results have a natural interpretation and clear policy
implications. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

This paper examines the permanence of capital flows to Latin American and
Asian developing countries over the period 1988-1997. The 1990s saw a very
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sharp expansion of net and gross capital flows to developing countries from the
developed world (World Bank, 1997). 1 Once it is accepted that a surge in capital
inflows to a developing country may require compensatory policies to offset any
adverse effects on the recipient economy (see, e.g., World Bank, 1997, Chap. 4),
then gauging the degree of permanence of any particular capital flow becomes
crucia for appropriate policy design. 2 This is particularly important since it is
now increasingly recognised that accounting labels such as ‘ short-term’ or ‘long-
term’ may be an unreliable guide as to the degree of ‘ hotness' (temporariness) or
‘coolness (permanence) of a capital flow (Claessens et al., 1995). 3

Another important feature of the recent trend in capital flows to developing
countries is that private capital flows are increasingly a crucia source of
financing of large current account imbalances, significantly dwarfing official
flows (OF) in terms of relative importance. Bruno (1993), for example, estimates
that, in the early 1990s, close to half of all aggregate external financing of
developing economies came from private sources and went to private destinations,
and the (World Bank, 1997, p. 9) estimates that private capital flows are now five
times the size of OF. The 1990s aso saw a considerable broadening in the
composition of private capital flows to developing countries relative to the 1980s.
Foreign direct investment (FDI) now represents the most important component of
private capital flows, followed by portfolio (equity and bond) flows, which were
virtually negligible until the late 1980s. On the other hand, commercial bank credit
(BO) flows, which accounted for over 65% of all private flows in the late 1970s
and early 1980s, declined very significantly in terms of relative importance during
the 1990s (World Bank, 1997). These trends in the pattern of capita flows raise
important issues concerning the factors which determine them, how these flows
affect and are expected to affect the economic performance of developing coun-
tries, and how permanent or temporary they are expected to be.

The present paper contributes to the literature on this topical and important
research in that we measure the relative size and statistical significance of the
permanent and temporary components of various categories of capital flows to a

YFora comprehensive review of some recent prospects and developments concerning capital flows
to developing countries, see Private Capital Flows to Developing Countries: The Road to Financial
Integration (World Bank, 1997), World Investment Report: Transnational, Market Sructure and
Competition Policy (United Nations, 1997), Trends in Developing Economies (World Bank, 1995),
International Capital Markets: Developments, Prospects, and Policy Issues (IMF, 1994, pp. 83—-91),
Private Market Financing for Developing Countries (IMF, 1995). Important, slightly earlier studies
include Goldstein et al. (1991) and Montiel (1993).

2 5ee, eg., Corbo and Hernandez (1993, 1996), Kiguel and Caprio (1993), Agenor and Montiel
(1996), Fernandez-Arias and Montiel (1996), World Bank (1997), and Razin et al. (1998).

% The importance of determining the degree of permanence of capital inflows in determining
appropriate policy responses is also stressed by Gooptu (1993), Nunnenkamp (1993), Reisen (1993),
Corbo and Hernandez (1993, 1996), Claessens et a. (1995), Hernandez and Rudolph (1995), and
Dooley et al. (1996).
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large group of Latin American and Asian developing countries during the sample
period 1988-1997, distinguishing between the broad categories of flows in the
capital account—equity flows (EF), bond flows (BF), OF, commercia BC, and
FDI (see Section 2). 4

The remainder of the paper is set out as follows. In Section 2, we provide a
brief overview of some of the issues raised by the recent increase in international
capital flows to developing countries, discuss the relevance of their degree of
permanence from the policy-making point of view, and establish our priors as to
the expected time series properties of the various capital account items. In Section
3, we discuss the data set used and, in Section 4, we describe the estimation
techniques employed in order to model capital flows to developing countries and
measure their permanence. In Section 5, we report and discuss the empirical
results. Section 6 concludes.

2. International capital flows, ‘hot money’ and macroeconomic policy

A standard treatment of the desirability of capital flows to developing countries
might stress the comparative advantage aspect of such transactions, with the gains
from capital flows mirroring the gains from trade in goods and services: recipient
countries receive funds for investment which would not normally be available
from domestic sources, while investing countries receive a higher return (adjusted
for risk) than would be available in the developed world. ° Equivalently, capital
flows represent intertemporal trade in goods and services, since developing
country capital account surpluses now are the obverse of current account deficits
which represent an excess of domestic investment over domestic saving and which
should be reversed in the future. Arguments for the free flow of capital may then
be seen as underpinned by arguments for the gains from intertemporal trade.

A number of authors—including those of the recent World Bank report (World
Bank, 1997)—have, however, stressed the point that capital inflows to developing
countries may also have deleterious side effects on the recipient economies which
may require offsetting action by the recipient economy authorities. Given this, the

* The focus of our analysis is thus less on isolating the underlying determinants of capital flows—an
issue addressed in papers such as Chuhan et al. (1993, 1998), Fernandez-Arias (1996), Taylor and
Sarno (1997) and Agenor (1998)—and more on measuring the characteristics of the flows themselves,
in particular, the relative size of their temporary and permanent components (see, e.g., Claessens et al.,
1995).

® The rates of return available on various categories of capital rose significantly in many developing
countries during the late 1980s relative to those available in maor industrialized economies (Calvo et
al., 1993, 1996; Chuhan et al., 1993, 1998; Frankel and Okongwu, 1996). Credit ratings and secondary
market prices of sovereign debt, reflecting the opportunities and risks of investing in the country, are
also likely to be important factors in determining capital flows (e.g., Bekaert, 1995; Tesar and Werner,
1995); those indicators aso experienced a rising trend in the late 1980s (e.g., Mathieson and
Rojas-Suarez, 1992; Chuhan et al., 1993, 1998; Reisen and Fischer, 1993).
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importance of gauging the degree of permanence of any particular category of
capital flow becomes clear. On the one hand, the authorities may wish to weigh
the costs of designing and implementing a particular macroeconomic policy in
order to offset the harmful side-effects of a particular capital inflow, against the
perceived permanence of that flow. On the other hand, the authorities may wish to
insulate the economy against the possible sudden reversal of capital flows which
are deemed to have large temporary, reversible components. The recent World
Bank report (World Bank, 1997) echoes the concerns of many writers on this
subject when it calls for the appropriate design of macroeconomic policies in
response to capital inflows. ©

Corbo and Hernandez (1993, 1996) and Kiguel and Caprio (1993), for example,
describe a number of cases of policy responses adopted by developing countriesin
response to the increase of ‘hot money’ inflows. These include exchange rate
policies, fiscal policy, sterilization policies or changes in reserve regquirements.
Fernandez-Arias and Montiel (1996) summarize a number of arguments to justify
why large temporary portfolio flows may not be desirable and may potentialy
perversely affect developing countries unless proper policies designed to neutralize
them are adopted. The World Bank (1997), among others, have argued, for
example, that strong surges in portfolio inflows to developing countries may
generate asset market bubbles—an observation which seems to have been borne
out by the recent East Asian crisis (see, e.g., Krugman, 1998).

On this argument, then, gauging the degree of permanence of capital flows to
developing countries is extremely important, since their reversibility can poten-
tially generate high adjustment costs arising from resource reallocation, sunk costs
and other hysteresis effects, or other market imperfections, and the country
concerned should, moreover, try to avoid a long and difficult adjustment process
on the basis of capital flows which may be reversed later. ’

In an influential paper (Claessens et al., 1995), using balance of payments
capital account data for a range of developing countries, show that the accounting
labels ‘ short-term’ and ‘long-term’ as traditionally applied to capital flows do not
provide any reliable indication as to the degree of persistence or ‘coolness' of the

® See also Kaminsky and Reinhart (1998a) for an empirical investigation of the extent to which past
financial crises share common characteristics in Latin America, Asia, Europe and the Middle East, as
well as an examination of the recent crises in Asia and Latin Americain order to determine the extent
to which the considerable regiona differences of the past have eroded over time. Kaminsky and
Reinhart (1998b) also analyze the link between banking and currency crises for a number of countries,
providing evidence that problems in the banking sector typically precede a currency crisis; the currency
crisis deepens the banking crisis, activating a vicious spiral; financial liberaization often precedes a
banking crisis; and these episodes may be explained by common macroeconomic causes, typically
when a country enters a recession following a prolonged boom in economic activity that is usually
fueled by credit, large capital inflows and domestic currency overvaluation.

” As noted by Corbo and Hernandez (1993): ‘‘ Reversing an initial adjustment could be quite costly
if there are irreversible costs involved... Thisis particularly relevant in the case of hot money.”
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flows. They argue, moreover, that relying on the accounting label rather than the
actual time series properties of capital flows for policy purposes may generate
potentially disastrous results. ® Thus, the importance of investigating the time
series properties of capital flows to developing countries—the focus of the
research reported in this paper—becomes clear.

Capital flows to developing countries may be classified into four broad
categories: private portfolio flows—which may be further sub-divided into BF and
EF (i.e., developing country company share purchase) flows;, commercia bank
lending from developed to developing countries; FDI, whereby a firm largely
owned by residents in a developed country acquires or expands a factory or
subsidiary firm located in a developing country; and OF, representing loans from
international agencies such as the World Bank and the International Monetary
Fund, as well from developed country governments. Before analysing the time
series properties of these various categories of flows and, in particular, their
degree of persistence, it is useful to set out one’s prior expectations concerning the
degree of permanence or persistence on might expect for each of them.

In forming a prior for the degree of permanence of flows of FDI, one must
distinguish between the degree of reversibility of the flows and of the actual
physical investment itself. There is an important literature on the sunk costs nature
of much physical investment (see, e.g., Dixit and Pindyck, 1994). Granting that
physical investment in a developing country may be largely irreversible, however,
does not imply that the flows of funds for such investment are themselves
irreversible. To give a simple example, once a firm has invested in plant and
machinery in a country, then it is very hard or indeed impossible to reverse that
investment. On the other hand, if the investment is one-off, then the resulting time
series for FDI investment flows will appear to be temporary—only occurring over
a short period while the plant and machinery are being built and installed and then
ceasing. One might argue, however, that where a firm has made a direct
investment in a country, then it will almost certainly have thoroughly examined
the underlying economic fundamentals and is less likely to be influenced by
financial market inefficiencies such as herding effects, so that FDI flows might be
expected to be more permanent than portfolio flows. Also, although the irre-
versible nature of much physical investment is not the same as the irreversibility
or otherwise of the FDI flows themselves, there may be some link between the two
in that once a firm has made a commitment to a particular country through FDI,
then the less likely it is to decide suddenly to start investing in aternative
locations elsewhere. Moreover, there are likely to be important signalling effects

8 Dooley (1995), for example, argues that the 1982 debt crisis was in part generated by the
imprudence of private investors induced by capital flows to developing countries in the 1970s which,
although labeled as private, should really have been considered as officia in that a general governmen-
tal guarantee underlay them.
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in FDI in the sense that once a firm makes a largely irreversible investment in a
particular country, this commitment signals to other firms a belief that that country
is safe to invest in (in terms of market access and/or its governance and
ingtitutions), thus, encouraging further FDI. Of the various categories of inflows,
therefore, FDI may perhaps be expected to have a large permanent component.

Portfolio flows (i.e., EF and BF), on the other hand, might be expected to be
significantly more volatile then FDI flows and—with increasing deregulation and
decreasing transactions costs—more sensitive to movements in short-term differ-
entials in rates of return. Also, given that emerging markets are still underweighted
in foreign investors' portfolios (World Bank, 1997) and that foreign investors are
still relatively unfamiliar with emerging markets, these markets may be quite
susceptible to cyclical conditions in major industrialized countries and more prone
to investor herding behavior than industrial countries financial markets (World
Bank, 1997). °

A priori, then, we might expect portfolio—bond and equity—flows and FDI
flows to define the most volatile or temporary and least volatile or permanent
capital-account items respectively. The remaining category of private capital
flows, commercial BC—the least important fraction of private capital flows to
developing countries in the 1990s in terms of relative size—one might expect to
have an important persistent component. In particular, because of the illiquidity of
commercia loans to developing countries once they are made, one might expect
commercia banks to look more closely at the underlying economic fundamentals
before committing funds and therefore to be less prone to sudden changes of heart.
Moreover, once funds are committed in this way, it may seriously jeopardise a
bank’s chances of recovering its investment if lending is suddenly withdrawn.
Hence, the permanent component in commercial BC time series may reasonably
be expected to be relatively large and perhaps to dominate the transitory compo-
nent, albeit to a lesser extent than for FDI flows.

It is perhaps a little harder to form strong priors concerning the degree of
permanence of OF to developing countries. Although OF have been considerably
dwarfed by private capital flows to developing countries in the 1990s (World
Bank, 1997, p. 9), they still remain of some importance for various low-income
developing countries. More generally, OF continue to play a valuable complemen-
tary role to private capital flows for a number of reasons, such as sustaining
improvements in the policy and ingtitutional framework, and acting as a catalyst

® Indeed, portfolio EF to developing countries may be expected to be sensitive to the degree of
openness of the country considered, and in particular to the rules concerning the repatriation of capital
and income (Goldstein et al., 1991; Papaioannu and Duke, 1993; Williamson, 1993). The International
Finance differentiates between countries which give foreign investors free and unrestricted repatriation
of capital and income from equity investment, and countries, defined ‘relatively open’, which apply
some restrictions on the repatriation of capital and income, and still other countries, defined ‘ relatively
closed’, which apply very strict restrictions to the way in which capital may be repatriated.
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for private flows in countries with increasingly sound macroeconomic policies
(World Bank, 1997, pp. 66—71). Given that OF are largely under the control of
international agencies and national governments, one might perhaps expect them
to be more persistent than private portfolio flows. On the other hand, a developing
country may have recourse to OF in order to compensate for reversals in other
categories of the capital account, and to that extent OF may be largely picking up
the residual effects of those other flows. Overall, therefore, general priors for the
permanence of OF are hard to determine.

We now turn to a discussion of the data employed in our empirical analysis of
how far these priors are satisfied.

3. Data

We employ a data base on the various categories of US capital flows to nine
Asian and nine Latin American countries from the beginning of 1988 through to
the end of 1997. The nine Asian countries considered are China, India, Indonesia,
Korea, Malaysia, Pakistan, Philippines, Taiwan and Thailand. The nine Latin
American countries considered are Argentina, Brazil, Chile, Colombia, Ecuador,
Jamaica, Mexico, Uruguay and Venezuela. 1° For US portfolio (equity and bond)
flows and OF to these countries, the frequency of our data base is monthly. These
time series were constructed using the International Capital Reports of the US
Treasury Department. * Following a number of studies, we use net EF and gross
BF to developing countries, which cover a substantial share of portfolio flows to
those countries, ¥ since even if in principle we are concerned with modelling net
capital flows, it seems preferable to use gross measures for BF in order to abstract
from the effect of sterilization policy actions and other types of reserve operations

1% These are the same countries considered by Chuhan et al. (1993, 1998) and Taylor and Sarno
(1997).

™ Quarterly data are published in the US Treasury Bulletin, while monthly data are now available
from the website of the US Treasury Department. Most of these data are collected by the Treasury from
financial intermediaries in the US through the International Capital Form S reports. Hence, the data do
not include direct dealings of US investors with foreign intermediaries as these transactions bypass the
system. Note also that the data on bonds cover transactions of foreign securities in the US from and to
developing countries; transactions in bonds not issued by the developing country concerned nor by US
parties are expected to be quite insignificant (see Chuhan et al., 1993, 1998, pp. 446—451; Tesar and
Werner, 1994; Taylor and Sarno, 1997).

12 Net capital flows arise when savings and investment are unbalanced across countries, and therefore
a transfer of real resources is generated through a trade or current account imbalance. Gross capital
flows, on the other hand, need not involve any transfer of real resources, since they may be offsetting
across countries. Nevertheless, they alow individuals and firms to adjust the composition of their
financial portfolios and are therefore important in improving the liquidity and diversification of
portfolios.
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by the monetary authorities (see, e.g., Chuhan et al., 1993; Taylor and Sarno,
1997).

Quarterly data on US commercial BC flows to the same developing countries
were taken from the US Treasury Bulletin (Capital Movements Section, Table
CM-11-2) which presents claims on foreigners reported by US banks and other
depository institutions, brokers, and dealers. ** Also, quarterly data for FDI to
those developing countries were taken from the diskette US Direct Investment
Abroad of the US Department of Commerce. 4

The sample period runs from 1988M1 to 1997M12 for EF, BF and OF, and
from 1988Q1 to 1997Q4 for the series on BC and FDI, therefore, providing us
with a 10-year observation period during which both inflows and outflows have
occurred before and after the Mexican crisis, and spanning until a few years after
the ending of the downturn in US interest rates.

4. Estimation techniques
4.1. Unobserved components

The persistence of capital flows can be examined by employing the unobserved
components model suggested by Harvey (1981, 1989). The essential idea is to
break the time series down into unobserved permanent and temporary components
using maximum likelihood estimation. Consider a panel data set of N countries
with capital flows of a certain category for the ith country at time t generically
denoted f,,. The unobserved components model may be written. *°

fiy = i + vy + €4 i=1,...,N; t=1,....T (1)

where f;, may be any of the capital-account items discussed in Sections 2 and 3,
Wi is atrend component, the irregular component ¢;, is approximately normally
independently distributed with zero mean and constant variance and v;, represents
a first-order autoregressive, AR(1) component:

Vit= Py Vir-1 T &it (2
where &, is approximately normally independently distributed with zero mean and

3 n fact, data on bank claims held for their own account are collected monthly. However,
information on claims held for their domestic customers as well as foreign currency claimsis collected
only on a quarterly basis and, therefore, relatively reliable and comprehensive data on BC are only
available on a quarterly basis.

¥ These data are also published in the Survey of Current Business of the US Department of
Commerce.

BA possible extension of the model would be to consider one or more cyclical components. We
neglect this possibility because, in our empirical analysis, the inclusion of a cycle in the model was not
found to improve the goodness of fit on the basis of the prediction error variance and the AIC.
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constant variance, and the autoregressive coefficient is constrained to be less than
unity in absolute value in order to ensure stationarity of the component.
The stochastic trend component is modelled as:

Mit = Mit—1 + Bim1 T My 3

and
Bit= pg, Bit—1 1 &it (4

where B;, represents the slope or gradient of the trend component w; and pg
represents the damping factor, while each of the disturbances n;, and ¢, is
approximately normally independently distributed with zero mean and constant
variance.

The irregular component ¢;,, the level disturbance 7;, and the slope disturbance
¢;; are mutually uncorrelated. The slope component may be treated as fixed rather
than stochastic and also excluded from the trend specification when this is
appropriate.

Intuitively, Eqg. (1) expresses the capital flow as the sum of a permanent
component (), a purely temporary, zero persistence component (&;,) and a
more slowly decaying temporary component (v,,). In addition, the drift in the
random walk component (3,,) may itself vary over time. Thus, the model
separates out the persistent and temporary components of the data in a very
general, comprehensive fashion. *’

The statistical treatment of the unobserved components model outlined above is
conveniently handled by writing it in state space form (SSF) involving a measure-
ment equation relating the unobserved components (the state vector) to an
observed series, together with a transition equation governing the evolution of the

% The need to impose stationarity on the AR(1) process arises because of the risk of it being
confounded with the random-walk component in the trend specification, in which case the model
effectively be unidentified.

¥ Note that the structural time series model outlined above also nests an 1(2) process for fii. In
particular, ignoring the AR(1) component and dropping the country subscript i for ease of exposition,
the first difference of f,, Af,, may be written as:

Afi=B1+m+e—g

Since Bi_1=pgBi—2t -1, if Gz =00r p; =0, then Af, is the sum of an MA(2) process and a
white noise process, so that f, ~1(1): f, ~ ARIMA(0,1,1) (Granger and Morris, 1976). If o, #0,
however: (a) if pg =1 then A%f, is the sum of a white noise process, an MA(1) and an MA(2) so
fi~1(2): f,~ ARIMA(0,2,2) (ibid.); (b) if | psl <1, then Af, is the sum of a stationary AR(1), an
MA(1) and white noise so f, ~ I1(1): f, ~ ARIMA(L,1,2) (ibid.). Nevertheless, the finding—discussed
in Section 5—that the stochastic slope is not found to be statistically significantly different from zero
at conventional nominal levels of significance clearly implies that al the series modelled in this paper
are first-difference stationary, which also accords with the evidence, reported below, from executing
unit root tests. This taxonomy also illustrates how the structural time series model may be viewed as a
means of interpreting low-order ARIMA processes in terms of permanent and temporary components.
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state vector. The SSF corresponding to the model outlined in Egs. (1)—(4) may be
written as:

Mit
fiy=(101)| B | + & (%)
Vit
mel [l Ol (mi-a]l (1 0 o\
Bit| = 0 Pe 0 Bi-1| +|0 1 0|4 (6)
v 0 0 pllwe.) lo o 1/lg,

where Eq. (5) represents the measurement equation, which shows how an observed
series is related to the state vector, whereas Eq. (6) is the transition equation,
describing the dynamic evolution of the state vector. The SSF given by Egs. (5)
and (6) may itself be written—dropping the country subscript for clarity—in a
more compact form, using obvious notation, as:

fi=2Zx;+e, t=1,...,T (7

X, =Mx_;+Rxk, t=1,....T (8)
where:

€ ~IN(0,0?) (9

Kk, ~ IN(0,02Q) (10)

Z isaknown (3 X 1) vector, M and R are fixed matrices of order (3 X 3), and Q
is also a fixed (3 3) matrix. The (3 1) vector x, is the unobservable state
vector.

Given knowledge of the parameters of the SSF, the Kalman filter provides us
with optimal estimates of x,, using either information up to time t— 1 (the
prediction equations), information up to time t (the updating equations), or the full
sample information (the smoothing equations) (Kalman, 1960a,b). 8

Suppose we have an optimal estimator of x,_, using all information up to time
t — 1, and denote this X;_,. Then, the prediction equation providing us with the
optimal predictor of X, using information up to time t — 1, denoted X,_, is.

Xt|t—1 =MX_, (11)
and the covariance matrix of X,_, can be shown to be given by:
Pyt-1=MP._;M"+ RQR’ (12)

where P,_, is the covariance matrix of X,,_,. Egs. (11) and (12) describe the
prediction equations of the Kalman filter.

18 See Harvey (1989) or Cuthbertson et al. (1992) (Chap. 7) for an accessible introduction to the
Kalman filter.
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The updating equations, which update these predictions on the basis of informa-
tion at time t, are given by Egs. (13) and (14):

X =Xy—1 + Pt\t—lz( ft_Z'Xt|tfl)/gt (13)
Po=Py—1 = Py-12Z Py - 1/0 (14)

where g, = 7P, ,z+1. %

Given a finite sequence of observations f,, the only state vector estimator
which uses all the available information is X;. The smoothing equations, given by
Egs. (15) and (16), describe optimal, full-sample information estimators:

X1|T=Xt+ Pt*(XH—l\T_ M Xt) (15)
Pt|T P P (Pt+l|T - Pt+1|t)P'I>F/ (16)

where P = PM /P, 1, Xqp=X; and Py =Pr. Egs. (11)—(16) describe the
Kalman filter recursions (Kalman, 1960a,b)

The state space parameters can in practice be estimated by maximum likelihood
methods (Harvey, 1989; Cuthbertson et al., 1992). A natura by-product of the
Kaman filter recursions is a sequence of one-step-ahead prediction errors, u,
defined by:

u, = f, — Z'Xt|t—1 (17)

Using a result due to Schweppe (1965), the likelihood function for the sample,
£(-), can be derived and expressed in terms of the innovations u, and their
variances, g,:

T T o2 T u?
£= ——In2mr— —Ing2— = Zlngt—— — (18)
2 2 2 t= 1gt

The likelihood function obtained can then be maximized with respect to the
parameters 2 using numerical optimisation procedures (e.g., Cuthbertson et al.,
1992, Chap. 2). In our empirical work, we employ the Broyden—Fletcher—Gold-

' The term (f, — ZX,:-1) in Eq. (13) is the prediction error. This innovation contains all the new
information in f, and is used to update x; via the Kaman gain, which is the (3x1) vector
(Pyy_12)/ 9, which essentially decides what weight to assign to the innovation.

® The scale factor o2 may always be concentrated out of Eq. (18) by substituting:
10w

T 219
t=1 9t
so that the maximization of the likelihood function becomes equivalent to minimizing the function:
T
F=TInG2+ ) Ing,

t=1
2

6,2

Concentrating o < out of the likelihood function reduces the dimension of the search involved in the
numerical optimisation procedure.
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farb—Shanno quasi-Newton algorithm (Harvey, 1981), based on three convergence
criteria—changes in the likelihood kernel, the gradient and the parameters.

The estimated variance parameters indicate the relative contribution of each
component in the state vector to explaining the total variation in the time series
under consideration. In some sense, therefore, the estimated variances allow
us—by providing information on the size of the nonstationary and the stationary
components in the series—to quantify the degree of persistence of the series in
question. If alarge and statistically significant proportion of the variation in flows
is attributed to the stochastic level, for example, then one may expect that a large
part of the capital flows will remain in the country concerned for an indeterminate
period of time. By contrast, if alarge portion of the variation in the time series is
explained by movements in the temporary components, then the capital flows
under consideration may be regarded as characterized by low persistence, indicat-
ing a higher degree of potential reversibility. 2

When the maximum likelihood estimate of the variance of an element of the
state vector (i.e., o2 or one of the diagonal elements of Q) is zero, the model can
be re-estimated making the corresponding component deterministic. Also, standard
tests of the significance of the component itself can be carried out: if the
component concerned is not found to be statistically significantly different from
zero, the model may be simplified by eliminating the component from the SSF
atogether.

In choosing the most appropriate model for each country and label flow, we
relied not only on standard measures such as the coefficient of determination: the
fit of alternative models was also compared on the basis of the Akaike information
criterion (AIC), equal to log(PEV) + 2(m/T), where PEV is the steady-state
prediction error variance (Harvey, 1989, pp. 263—270), m represents the number
of parameters to be estimated plus the number of nonstationary components, and T
is the number of observations. %

4.2. Variance ratio tests

The other measure of persistence we employ in this paper is a smple
non-parametric test, due originally to Cochrane (1988), generally referred to as the
variance ratio test, z(k):

1 Var(fi,—fii_y)

- k Var( fit_fit—l) (19)

(k)

2 While the irregular component is totally temporary, the AR(1) component displays some degree of
positive persistence determined by the size of the damping factor, albeit still mean reverting.

2 Although the PEV is, in general, the basic measure of goodness of fit, when a choice has to be
made among aternative models with different numbers of hyperparameters, it is more appropriate to
compare them on the basis of the AIC or dternative information criteria (Harvey, 1989).
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where k is a positive integer and Var stands for variance. At one extreme, if
movements in the series in question are entirely permanent, then the ratio in Eq.
(19) should be equal to unity. If capital flows exhibit mean reversion, however,
then the ratio z(k) should be in the range between zero and unity, with a value
close to zero indicating a high temporary component.

Cochrane (1988) shows that the Bartlett estimator provides appropriate standard
errors for z(k). 2 In small samples, however, both the variance ratios and the
Bartlett standard errors may be biased upwards and the asymptotic standard errors
may not be a satisfactory approximation of the actual standard errors. Thus, in our
empirical work, we adopt the two corrections for small-sample bias suggested by
(Cochrane, 1988, pp. 907-910). First, we use the sample mean of the first
differences to estimate the drift term at all k rather than estimate a different drift
term at each k from the mean of the k-differences. Second, we adopt a degrees of
freedom correction, T/(T — k — 1), where T is the number of observations.

5. Empirical results 2
5.1. Unit root tests

As a preliminary exercise, we computed simple augmented Dickey—Fuller unit
root tests statistics for each of the five US capital flows examined to Latin
America and Asia, both in levels and first differences (not reported but available
on request). In every case, we could not reject, at standard significance levels, the
null hypothesis that there is a unit root in each of the time series when expressed
in levels, while we were always able to reject the hypothesis of nonstationarity of
the series in first differences. This therefore provides prima facie evidence of a
permanent component in each of the capital flow series. We next employed
Kaman filtering techniques to evaluate the relative size of the permanent and
temporary components.

5.2. Kalman filter results

In Table 1, we classify the various model specifications which were selected for
capital flows to developing countries on the basis of the goodness of fit criteria
discussed in Section 4.1. In Tables 2—6, we report the results of estimating the
most appropriate structural time series model in SSF by the Kaman filter

2 Thus, the standard error is consistently estimated as (4k /3T)%5Var( f,,_,).

2 Throughout our discussion of the empirical results, we employ a nominal significance level of 5%
unless explicitly stated otherwise, so that expressions such as ‘statistically significant’, for example,
should be read as ‘ statistically significantly different from zero at the 5% nominal level of significance'.
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Table 1
Structural time series models adopted in modelling capital flows

Model 1: Stochastic level (no slope) + AR(1)

fi=n+n

M= Bp-g

n=pvaté& lpl<l

Model 2: Stochastic level (no slope) + irregular component
fi=m+ e

M= Hp—g

Model 3: Stochastic level (no slope) + AR(1) + irregular component
fi=u + v + €

M=oty

n=pva1té& lpl<l

Model 4: Stochastic level (fixed slope) + AR(1) + irregular component
fi=uw+n+e

My =gt B

n=pvia1té& lpl<l

Model 5: Stochastic level (fixed slope) + irregular component
fi=m+ &

M=ot Bty

Model 6: Stochastic level (fixed slope) + AR(1)

fi=n+n

M=oyt By

n=pvaté& lpl<l

The country subscript, i, is dropped for clarity; notation is the same as in Section 4.1.

maximum likelihood method for both Asian and Latin American capital inflows. %
In the second and third columns of these tables, we report details of the
unobserved components included in the estimated structural time series model. In
the fourth column, we report the estimated standard deviations (SD) of the
disturbances of the stochastic components included in the state and in parentheses
we report the Q-ratios—i.e., the ratios of each estimated SD to the largest SD
across components, for each model, which indicates the relative statistical impor-
tance of the components. % In the fifth column, we report the estimated coeffi-
cients of the final state vector (containing information on the values taken by the
various components at the end of the sample) and the corresponding estimated root

% Note that the convergence achieved by the BFGS numerical optimisation method is aways very
strong in the sense that the three convergence criteria mentioned in Section 4 are always satisfied using
the same tolerance level of 1.0E—7 for the likelihood kernel, the gradient and the parameters.

% |n terms of the SSF Egs. (7)—(10) above, the SDs are the square roots of the estimated diagonal
elements of Q; the largest variance (SD) is concentrated out of the likelihood function and, therefore,
the Q-ratios are the ratios of each variance (SD) to this variance (SD).
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mean sguare errors (RMSE); in the last three columns, we report the estimated
AR(1) coefficient (the damping factor p,), which provides evidence on the degree
of persistence of the stationary AR(1) component of the model, the coefficient of
determination (which can be regarded as quite high for all of the estimated
models), and the p-value from Ljung—Box test statistics of the hypothesis of
no-seria correlation in the residuals (which always indicates absence of serial
correlation).

5.2.1. Bond and equity flows

As Tables 2 and 3 display, for both sets of countries and for both private equity
and private bond inflows, the largest variance of the disturbances is always one of
the stationary components in the state vector, either the irregular or the AR(1)
component. Also, in nine out of 36 cases, the largest estimated parameter is the
variance of the disturbance of the irregular component, which has no persistence at
all. In the other 27 cases, the AR(1) parameter has the largest variance, which
implies some dlight degree of persistence. Note, however, that this persistence is
also very small, as suggested by the fact that the estimated damping factors in the
AR(1) components are always relatively low. Indeed, the half life of shocks
affecting private portfolio flows implied by the estimated AR(1) coefficients
ranges from 0.172 (hence, less than 1 week) for EF to Colombiato 0.529 (about 2
weeks) for BF to China. 2’ Moreover, while the stochastic slope is never found to
be satigtically significant, the Q-ratios for the stochastic level are very low,
suggesting that the contribution of the nonstationary, more persistent component in
explaining the variance of EF and BF is extremely low, whereas the temporary
component is, by contrast, very large. Nevertheless, the stochastic level is aways
found to be statistically significantly different from zero at conventional nominal
levels of significance, as implied by the estimated coefficients of the final state
vector and the corresponding RMSE for the nonstationary stochastic component
included in the estimated model. Hence, the results from estimating the unob-
served components model for private EF and BF to developing countries suggest
that a statisticaly significant nonstationary component is present in the data, but
that this is generally very small in size, contributing very little to explaining
variation in the series. That is to say, private portfolio flows to Asian and Latin
American countries over the sample period may be regarded as largely temporary
and reversible in nature. Also, while their transitory components appear to be on

2 The half life is the number of periods it would take a shock to the autoregressive component of the
capital flow series to be reversed by 50%, and can be estimated as [(In 0.5)/(In p,)]. Since p, is
estimated by the method of maximum likelihood which is invariant to transformation, this will in fact
be the maximum likelihood estimator of the half life.
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average dlightly larger in relative size, BF display very much the same statistical
properties as EF.

5.2.2. Official flows

Panels A and B of Table 4 show the results from estimating the most
appropriate structural time series model for OF to developing countries. On the
basis of the estimated Q-ratios, the results suggest that OF to both sets of countries
contain a dominant temporary component, abeit quite different in size across
countries. The stationary AR(1) component is, however, aways found to be
statistically significantly different from zero, indicating some non-zero persistence
—ranging from a half life of 0.286 (slightly more than 1 week) for shocks to OF
to Argentina to a maximum half life of 2.775 (about 12 weeks) for OF to Jamaica
While the permanent component is always dominated by the temporary component
for each estimated model, the different degree of persistence of OF across
countries suggests that in some cases the flows may have been motivated by
portfolio adjustment, but for relatively higher-persistence models OF may have
responded more strongly to long-term structural factors. As noted above, more-
over, in so far as OF may be compensating for reversals in other categories of the
capital account, they will be picking up the residual effects of those other flows.
Overdl, however, our results imply that OF to developing countries—which
represent a rather small fraction of total capital flows to emerging markets in the
1990s—were largely temporary in nature over the sample period. %

5.2.3. Commercial bank credit

In Panels A and B of Table 5, we report the results from the Kaman filter
maximum likelihood estimation of structural time series models for commercial
BC flows to the developing countries examined. Consistent with our priors as
defined in Section 2, the estimated Q-ratios indicate that for both sets of countries
the largest variance of the innovations is now aways the one relating to the
permanent component in the model. Also, the overall relative size of the tempo-
rary component of BC flows—i.e, the sum of the Q-ratio of the irregular
component plus the Q-ratio of the AR(1) component—Ilies between about 15% for
BC flows to Uruguay and about 46% for BC flows to Jamaica, displaying
significant variation within this range across countries. In addition, for 13 out of
18 cases, the AR(1) parameter is statistically significant and therefore the tempo-
rary component has a non-zero degree of persistence, implying a half life varying
between 0.358 (about 1 week and a half) for Jamaica and 3.055 (about 13 weeks)
for Venezuela.

% gee World Bank (1997) (pp. 66—71) for further discussion of the nature of OF to developing
countries during the 1990s.



358 L. Sarno, M.P. Taylor / Journal of Development Economics 59 (1999) 337-364

Thus, BC flows to developing countries display a permanent component which
largely dominates the transitory component in all cases, presumably because they
tend to respond significantly to long-term structural forces, such as—for example
—a country’s creditworthiness ratings, political risk, growth and export perfor-
mance, macroeconomic stability, and level of indebtedness.

5.2.4. Foreign direct investment

As one might expect, our empirical analysis suggests that the capital-account
item with the largest relative permanent component is FDI, as shown by the results
in Panels A and B of Table 6. In particular, for both sets of countries not only is
the largest variance of the disturbances always the one relating to the permanent
component, but the variances of both the irregular component and the AR(1)
component—the latter found statistically significant only in one case—are consid-
erably small and, in relative size, lie within the range between 2% for Argentina
and about 14% for Pakistan. This clearly is consistent with our prior that FDI
flows are largely permanent in nature.

5.3. Variance ratio statistics

Our final exercise was to compute variance ratio statistics corrected for
small-sample bias, as suggested by (Cochrane, 1988, pp. 907—910). The results
were broadly similar across all countries concerned and so, in order to conserve
space, we report in Table 7 results only for one representative Latin American
country (Argentina) and one representative Asian country (China). °

For BF and EF, the variance ratios reported in Table 7 indicate a fast decline
towards zero for both EF and BF, indicating a low degree of persistence. For OF,
a dlightly dower decline is evident athough the overall degree of persistence
appears low. Much higher degrees of persistence are indicated for commercial BC,
for which the variance ratios are above unity for up to 2 years, and FDI, which has
variance ratios above unity for about 3 years.

Thus, the results from the variance ratio tests strongly corroborate the Kalman
filter results in that we find the highest indication of permanence for FDI and
commercial BC, and the lowest degrees of persistence for EF and BF and OF.

5.4. Summing up the empirical results
Overall, the results reported and discussed in this section suggest that private
portfolio flows to developing countries, despite their resilience after the increase in

global interest rates in the second half of the 1990s and in the wake of the 1994
Mexican crisis, remain characterized by a statistically significant but very small

2 Full details of the variance ratio statistics are available from the authors on request.
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permanent component, therefore, being potentially susceptible to large reversals.
OF aso display a relatively large temporary component, albeit smaller than for
private portfolio flows and ranging in size across countries. Nevertheless, as one
would expect, commercial BC and, to a greater extent, FDI flows contain a
relatively very large permanent component. *°

6. Concluding remarks

The sustained rise in capital flows to developing countries remains one of the
salient features of developments in world capital markets during the 1990s. To the
extent that this reflects differences in the structura requirements of developed and
developing economies, arguments for the potential gains from international capital
flows should in principle be little different from the traditional comparative
advantage arguments for the potential gains from international trade in goods and
services, and indeed may be viewed as representing intertemporal trade. On the
other hand, it is now well recognised that capital flows may also have a number of
undesirable side effects on recipient economies, requiring the design of appropriate
offsetting macroeconomic policy by the authorities of the recipient economies.
Gauging the degree of permanence of capital flows then becomes important in the
appropriate design of any such policy.

In this paper, we have used maximum likelihood Kalman filtering techniques
and non-parametric variance ratio statistics in order to gauge the persistence of the
various categories of US capital flows—bond and equity private portfolio flows,
commerciad bank lending, FDI and OF—to a large group of Asian and Latin
American countries over the sample period 1988—1997.

Our empirical results provide strong evidence that there is a datistically
significant permanent component in EF and BF to developing countries over the
sample period, but that this is very small in size compared to the temporary
component. From the policy maker's point of view, this suggests firstly that
developing countries should be wary of implementing painful adjustment pro-
cesses in response to a surge in private portfolio flows that may be reversed in the
future and, secondly, that they should guard against any such reversal.

OF to developing countries also appear to contain a relatively large temporary
component, albeit to a lesser extent and displaying greater cross-country variation
than for private portfolio flows. While OF still remain of some importance

% While net private capital flows to East Asiawere at record levels in 1996—totalling about US$115
billion—a fall in those flows is expected at some point in 1998, as a conseguence of the increased
perceived riskiness of lending to the developing countries affected by the recent financial and banking
crises. This issue and its implications for the world economy are discussed, for example, in Bank of
England (1998).
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Table 7
Variance ratio tests

Panel A: Capital flowsto Latin America: the case of Argentina

k EF BF OF
1 1.000 (0.107) 1.000 (0.107) 1.000 (0.107)
2 1.227 (0.185) 1.289 (0.195) 1.377(0.208)
3 0.794 (0.147) 0.832(0.154) 1.005 (0.186)
6 0.405 (0.106) 0.601 (0.157) 0.596 (0.156)
9 0.298 (0.095) 0.375(0.120) 0.378 (0.121)
12 0.249 (0.092) 0.291 (0.108) 0.314 (0.116)
18 0.114 (0.052) 0.163 (0.074) 0.243 (0.110)
24 0.081 (0.042) 0.119 (0.062) 0.205 (0.107)
30 0.073 (0.042) 0.092 (0.054) 0.127 (0.074)
36 0.070 (0.045) 0.072 (0.046) 0.080 (0.051)
k BC FDI
1 1.000 (0.189) 1.000 (0.189)
2 1.603 (0.430) 1.590 (0.427)
3 1.684 (0.554) 1.681 (0.552)
4 1.530 (0.581) 1.829 (0.694)
6 1.162 (0.540) 1.366 (0.635)
8 1.043 (0.560) 1.096 (0.624)
10 0.951 (0.571) 1.051 (0.631)
12 0.918 (0.604) 1.012 (0.665)

Panel B: Capital flowsto Asia: the case of China

k EF BF OF
1 1.000 (0.107) 1.000 (0.107) 1.000 (0.107)
2 1.157 (0.175) 1.179(0.178) 1.379 (0.208)
3 0.892 (0.165) 0.790 (0.146) 1.145(0.212)
6 0.494 (0.129) 0.357 (0.093) 0.695 (0.182)
9 0.183 (0.058) 0.236 (0.076) 0.557 (0.178)

12 0.138 (0.051) 0.137 (0.051) 0.432 (0.160)

18 0.069 (0.031) 0.132 (0.060) 0.323 (0.146)

24 0.063 (0.033) 0.098 (0.051) 0.247 (0.129)

30 0.040 (0.023) 0.090 (0.052) 0.179 (0.104)

36 0.038 (0.023) 0.066 (0.042) 0.145 (0.093)

k BC FDI
1 1.000 (0.189) 1.000 (0.189)

2 1.522 (0.408) 1.882 (0.505)
3 1577 (0.518) 1.925 (0.633)
4 1.611 (0.611) 1.758 (0.667)
6 1.202 (0.559) 1.402 (0.634)
8 1.016 (0.545) 1.149 (0.601)
10 0.921 (0.553) 1.021 (0.597)

12 0.680 (0.435) 0.986 (0.631)
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especialy for low-income developing countries, their general diminution in impor-
tance during the 1990s, both in absolute and relative size, implies that this is
perhaps a minor concern for policy makers relative to the significant hotness of
private portfolio inflows.

Flows of commercia BC and—to a greater extent—FDI display, however, a
very large estimated permanent component, suggesting that both of these types of
flows are relatively more sensitive to the long-term structural forces relating to a
country’s economic performance. Also, while commercial BC only played a minor
role among capital flows to emerging markets in the 1990s relative to the 1980s,
FDI is the capital-account item which has responded most vigorously to the new
international environment characterized by increasing liberalization, continuing
technological progress and financial innovation (World Bank, 1997). FDI has also
a dlightly different nature relative to the past: while in the 1970s and 1980s
resource extraction and import substitution were the primary motives for FDI
flows to developing countries, a large proportion of today’s FDI flows is ‘ef-
ficiency-seeking’, associated with competition and rising costs in developed
markets, along with falling international transport and communication costs (World
Bank, 1997). Today FDI plays a crucial role in increasing the total volume of
investment in developing countries, may be more productive than the capital it
replaces (even if it substitutes more than augments domestic investment), and is
likely to generate knowledge spillover effects that may raise the productivity of
existing domestic capital (World Bank, 1997). For all these reasons, the surge in
FDI flows to developing countries represents perhaps the most beneficial recent
development in the global capital markets.
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