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Abstract 

The impact of changes in real interest rates on saving and growth is 
a central issue in development economics. According to one familiar view, 
a financial liberalization program which increases real interest rates 
should encourage saving, thereby boosting investment and growth. While 
such liberalizations have indeed typically succeeded in raising real 
interest rates, their impact on private saving has been mixed. This 
paper uses macroeconomic data for a sample of countries with diverse 
income levels t o  estimate a model in which the intsrtemparal elasticity 
of substitution varies with the level of wealth. The estimated parameters 
are then used ta calculate, in the context of a simple endogenous growth 
model, the responsiveness of saving to real interest xate  changes for 
countries at differing stages of development. 
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The responsiveness of- saving to changes in seal interest rates is a key 

parameter in the evaluation of the effects of a number of exogenous and 
policy-induced shocks in developing countries. Financial sector reforms 

have typically resulted in increases in real interest xates in developing 
countries, but the response of saving--and the effects on investment and 

growth--have been much less clear-cut. In addition, the effects on the 

external current account balance of fiscal policy changes that alter 
domestic interest rates depend on the responsiveness of private saving to 
movements in rea l  rates of return. Finally, temporary tenas of trade shocks 
or trade liberalizatians that are not credible contribute to movements in 
ccmsumption rates of interest (which measure the true cost of consuming 

today relative to consuming tomorrow) in developing countries , the effects 

of which on the current account depend critically on the elasticity of 

saving w i t h  respect: to the real interest rate. 

Empirical evidence suggests that the intertemporal elasticEty of 
substitution in consumption (on which the interest rate elasticity of saving 

depends) varies considerably across developing countries. This paper argues 

that a main reason for t h i s  variation may be a country's level of 
development. Specifically, because of the role of subsistence consumption 
in household expenditure, low-income developing countries w i l l  typically 

exhibit  a negligible response of saving to movements in real interest rates. 

As the per cap i ta  income level rises, the fraction of the budget left after 

subsistence needs have been met increases. As only this fraction of the 

budget is sensitive to movements in raal interest rates, the model implies a 
nonlinear relationship between the Intertemporal elasticity of substitution 
and the level of development. The interest rate elast ic i ty  of saving should 

therefore be much higher in middle-income than in low-income countries 
(where it will be close to zero), but it w i l l  be only slightly higher in 

high-income than in middle-income countries, where subsistence plays little 
role in the expenditure patterns of most households. 

These notions f ind support in the data. Using macroeconomic data from 

a sample of countries w i t h  diverse income levels, the paper concludes that a 

model in trhich the intertemporal e last ic i ty  of substitution is an increasing 
function of the gap between permanent income and the subsistence consumptton 
level cannot be rejected. The model implies very different responses of 
private savfng to (exogenous and policy-induced) raal interest rate shocks, 
depending on the level of development. 





I. Introduction 

The impact of changes in real i n t e r e s t  rates on saving, investment, 
and economic growth, is a central issue in development economics. 
According ro one familiar view (see, for example, McKimon (1973) and 

Shaw (1973)), an increase in real interest rates in developing countries 

should encourage saving and expand the supply of credit available to 
domestic investors, thereby enabling the economy to grow more quickly. 
Indeed, a number of liberalization p'rograms supported by the international 
financial institutions over the years have had as their explicit objective 

to increase interest  rates from levels that in many cases were substantially 
negative in weal terms. While increases in real interest rates have often 
been the outcome of such liberalization episodes  (see, for example, 
Calbis (1993)), their impact on domestic saving and investment has been 
unclear. L/ 

There is l i t t l e  consensus in the  empirical literature on the 
interaction between saving and the real rate of interest ( s e e ,  for 
instance, Savastano (1994) and Schmidt-Hebbel, e t  al. (1992) for a review 
a£ this literature). Some researchers have been unable to d e t e c t  much of 

an effect of changes in real interest rates on domestic saving in 

developing counrries . For example, Giovannini ( 1 9 8 5 )  finds that in only 
five of the eighteen developing countries in h i s  sample are consumption 
and saving sensitive to changes in the real interest rate. He cancludes 
tha t  f o r  the majority of cases, "the response of consumption growth to the  

real rate of interest is insignificantly different from zeroh' [page 215) 
and that  one should therefore expect "negligible responses of aggregate 
saving to the real rate of interest [in developing countries]" (page 197). 
Rossi (1988) also  finds tha t  "increases in the real ra te  of return are n o t  

likely to e l i c i t  substantial increases in savtngs, especially in low-income 
developing countries" (page 104). In a model with a single consumption 
good, O s t r y  and Reinhart ( 1 9 9 2 )  confirm these findings; but when a 
disaggregated commodity struc'turc that allows for traded and nontraded 

goods is assumed, these authors find higher and statistically significant 

estimates of t he  intertemporal elasticity of substitution. However, 

regional differences emerge, with Asian countries showing a greater 

responsiveness to real interest rate changes. 2J 

The finding of a zero or near-zero interest rase sensitivity of saving 

in a number of developing countries has led researchers to consider a number 
of alternative hypotheses that could help to explain th is  result. One such 

hypothesis is that consumption in developing eauntries may be more related 
to subsistence consideratians--particularly in the case of low-income 

4/ For a v i e w  running contrary t o  the McKinnon-Shaw hypothesis, see 

Buffie (1982) and van Wijnbergen (1983). For an analysis of the Uruguayan 
experience with financial liberalization, see de Melo and Tybout (1986). 

2/ Ostry and Reinhart 11992) attributed these differences to the  presence 

of more binding liquidity constraints in Africa and Latin America than in 
A s i a .  Using a reduced form approach, similar regional differences in the 

interest-rate sensitivity of saving were found by Gupta (1987). 



countries--than to intertemporal consumption smoothing. IJ If households 
must: first achieve a subsistence consumption level, letting intertemporal 

considerations guide  their decisions only f o r  that port ion of their budget 
left after subsistence has been satisfied, then the intertemporal elasticity 
of substitution and the interest-rate sensitivity of private saving w i l l  be 

close to zero for countries at or near subsistence consumption Levels, and 
rising thereafter. 

A second reason why the intertemporal elasticity of substitution may 
be smaller for low-income countries concerns the relative share of 
necess i t i es  in the budgets of relatively poor households. If necessities 
(for example, food) are less substitutable through time than other goods, 
then the intertemporal e last ic i ty  of substitution will be lower for 
households with a larger proportion of necessities in their budgets than 
for households where such goods are less important. The implication would 
be that for relatively poor countries where budget shares of food are 
relatively high, the interest-rate elast icity of saving would be relatively 
low. 2J 

It is indeed noteworthy that food consumption accounts for a markedly 
lower share of total expenditure in high incoma than in low income 
countries. As shown in Table 1, food consumption accounts f o r  less than 
twenty percent of t o t a l  expenditure in most industrial countries and for 
only 8 percent of t o t a l  consumption in the United States .  For middle-income 
countries such as Mexico and Thailand, the share is often 30-40 percent, 
while for the  poorer countries the share of food approaches 60-70 percent 
(see Mitchell and lngco (1993)). 

Empirical support for these hypotheses is found in Atkeson and 
Ogaki (1993). Specifically, using a panel of data on Indian households, 
they find that  the intertemporal e last ic t ty  of substitution of the richest 
six households in their data s e t  is approximately 1.6 times that of the 
poorest six households. Thus, from their results, the effects of the level 

of wealth on the intertemporal elasticity of substitution would indeed 
appear to be economically significant. 

h/ For models t h a t  stress the role played by subsistence considerations 
in eonsumption/saving decisians, see Rebelo (1992) and Easterly (1994). 

On the bas is  of a similar argument, Rebelo (3992) argues that 
financial liberalization in low-income developing countries is unlikely to 
produce large effects on saving and economic growth. For a discussion of 

the effects of financial market deregulation i n  developing countries, see 

Galbis (1993). For an analysis that highlights stylized facts concerning 

the differences in saving behavior between low-  and middle-income developing 
countries, see two recent World Bank volumes (World Bank (1993, 1 9 9 4 ) ) ,  
dealing respectively w i t h  the performance of the economies of East Asia and 
A f  sica. 



Table 1. Food as a Percent of Total Personal 

Expenditure for Selected Countries 

Country Percent 

Law-Income Countntnes 
Honduras 
India 
Sierra Leone 
Sri Lanka 
Sudan 
Average for Qrmp 

Lower Middle-Inmmc Caunr'es 
Colombia 
Ecuador 
Fiji 

Jamaim 
Jordan 
Philippints 

Thailand 
Average for Group 

Up- Middle- I n m e  Coun 
Greece 
Malaysia 
Mexico 
South Amca 
Venezuela 
Average for aroup 

High -Income Caunmtnes 
Australia 

Canada 
Belgium 
Sweden 

United Kingdom 
United State 
Average for Orwp 

Note: For chsifiation of cconomfm by Income I& see World Bank (1 W b )  

Suurm: Jones Putnam and AUshouse (1993) and Mitchdl and Ingco (1993). 



There are,  however, additional reasons why saving may be l e ss  

responsive to changes in real interest rates in low-income than in middle- 
incame countries. Rossi (19881, for example, argued that low-income 

developing countries are characterized by pervasive liquidity constraints 
which imply that consumption growth in such countries is more likely to 

f o l l o w  income growth than changes in expected rates of return. lJ The 
empirical evidence appears to point to the presence of liquidity 

constraints in many developing countries; however, Haque and Montiel (1989) 
highlight that the severity of these constraints varies considerably across 

countries. More recently, Vaidyanathan (1993) showed that the incidence of 
liquidity constraints among households i s  inversely related to  the degree of 
economic development which would imply--following Rossi (1988)--that saving 
in poorer countries should be less responsive to interest rate changes. 2J 

Lastly, it could be argued that failure t o  detect  a systematic 
relationship bemeen saving and real interest rates across countries 
and across time may also  be due to considerable variation in the economic 
signzficance and information content of the real rates nf return themselves. 
Lack of sophistication and depth in domestic financial markets or direct 

regulation may result in nominal interest rates that do not adequately 
reflect expectations about the underlying economic fundamentals. This 
problem may  be particularly severe for some o f  the poorer countries. In 
addition, lack of information on inflation expectations is a problem that, 
as the literature on the peso problem has shown, may be especially relevant 
for high-inflation countries and/or episodes, 

While a number of hypotheses have been put forward to suggest that  
saving behavior in developing countries is affected by the Level of 

development, there has so far been little systematic empirical investigation 
of this issue at the macroeconomic level in  the l i t erature .  Yet from a 
policy perspective, the issue is of central importance, since for example, 
the effects  on--inter alia investment and growth--of a number of poltcy  

actions frequently undertaken by developing countries--including financial 

liberalizarion, reducing capital controls, and the transmission of fiscal 

and commercial policy changes to the current account--will all be governed 

lJ Deaton (1989)  has a l s o  emphasized the importance of liquidity 
constraints in explaining consumption/saving behavior in developing 
countries. 

2J Vaidyanathan (1993) also found that financial liberalization in 
developing countries reduced the severity of borrowing constraints. 
Although no direct t es ts  were undertaken, the implication would be that 
financial liberalization, by reducing the fraction of households f o r  which 
liquidity constraints are binding, should increase the interest-rate 
sensitivity of private saving. For a direct test of t h i s  hypothesis, see 

Bayoumi (1993) for the case of the United Kingdom, and Ostry and Levy (1994) 

for the case of France. 



to some degree by the responsiveness of saving to i n t e r e s t  rate 

changes. lJ 

With this in mind, the purpose of this paper is to quant i fy  empirically 

the  response of cons~pt ion /sav ing  t o  changes in the real rate of i n t e r e s t .  
We proceed in two  s t e p s .  First, we use macraecanomic data f o r  a sample of 

countries with diverse income levels to estimate a model t h a t  allows the 

intertemporal elasticity of substitution to vary with the level of wealth. 

We then use the estimated parametexs to calculate, in the context of a 
simple endogenous growth model, t h e  elasticity of saving with respect to 

changes in the real rate of interest. 

The remainder of the paper is organized as follows. Section I1 
presents some stylized facts on saving behavior and income levels and 

focuses on the differences between low- and middle-income developing 
countries. Section 111 describes the analytical framework, while 
Section IV discusses the empirical methodology and summarizes the 
estimation results. The response of saving to changes in real interest 
rates is examined in the context of a simphe endogenous growth model in 

Section V. The implications for policy and future research are taken up 

in the final section. 

11. Stylized Facts 

A model, such as the one developed in this paper, that emphasizes 

the role of subsistence consumption, has two main predictions about saving 

behavior, First, saving rates should increase with the level of wealth at 

the initial stages of development, with the largest increases in the saving 

I;/ In addition to policy-induced shocks, the transmission of a temporary 
terms of trade disturbance, through its effect on the consumption r a t e  of 

interest ,  depends crucially on the sensitivity of saving to intertemporal 
relative prices (see, for example, Svensson and Razin (1983) and 
Ostry (1988)). In the area of commercial policies, noncredible 

liberalizarions will also generate changes in consumption rates of 

interest as households may view the reduction in import prices (associated 
w i t h  tariff reductions) as a temporary phenomenon (see, for axample, Razin 
and Svensson (19831, Calvo (1987, 1988, 1989)' Edwards and O s t r y  ( 1 9 9 0 )  and 
O s t r y  (1991a,b)). The extent to which such noncredible liberalizations will 
induce a consumptian boom (and a current account deterioration) therefore 

depends on the  intertemporal elast icity of substitution in consumption. The 
finding that: this parameter is Low in a number of countries may help to 
rationalize the empirical findings of Ostry and Rose (1992) that tariffs 
have little systematic effects an saving and current account behavior. 
Finally, the transmission of fiscal policy changes (which engender movements 

in domestic interest rates) to the current account will be governed in part 
by the responsiveness of private saving to real Interest rates (see,  for 

example, Erenkel and Razin (1992) and Ostry ( 1 9 9 4 ) ) ,  



rate occurring as a country moves f r o m  low- to middle-income levels. lJ 
Second, saving should become more responsive to changes in real interest 
rates as countries become richer.  The first prediction follows direct ly  

from tlfie role of subsistence consumption in the low-income developing 

countries, and the fact that the share of subsistence in t o t a l  

consumption declines with income. 2/ The second prediction may a l s o  

be related to subsistence considerations, since intertemporal incentives 

should only affect that portion a£ the budget left over after subsistence 

has been achieved, that i s ,  discretionary income. 

With regard to saving rates, a model t h a t  stresses the role of 

liquidity constraints offers a different predict ion;  if poor consumers 

camor borrow but face an uncertain income stream, the demand fo r  

precautionary saving rises (see,  f o r  instance, Deaton (1989)). 
Hence, it may be the poorest lfquidity-constrained consumers that save 

more. However, as w i t h  the subsistence model, the responsiveness of 
saving to changes in interest rates rises with the level of wealth as 

liquidity constraints become less binding. 

Among countries in various income groups, the patterns of saving 
rates that emerge are broadly consistent w i t h  the predictions of the 
subsistence model. As Table 2 highlights for selected countries, 
private saving is, on average, considerably lower for the poorest 

developing countries, where the saving rate is about one half that  of 
the high-income group. 4J Xn fact, such differences also appear within 
regions. According to the World Bank {1994a), median gross domestic 
saving as a percentage of GDP (1987-91 average) was 5.6 percent for 
the low income African countries and 19.0 percent f o r  the middle-income 

African countries (the average was 7.7 percent). 

As predicted, the relationship between the level of income and the 

saving ra te  appears to be nonlinear for the countries in our sample (see 

Rebelo (1992)); the largest increases in the saving rates occur in the 

transition from low- to lower middle-income, where the average personal 

saving rate rises by 5.5 percent (Table 2).  The average f o r  the upper 
middle-income countries is stil l  2 .8  percent above that of the lower 

middle-income group, but there appears to be relatively little 
difference (0.5 percent) between the average saving rates in the hfgh- 
income and upper middle-income countries in our sample. 

- -. 

1/ In fact, in such models ( s e e  Rebelo (1992) and Sarel (1994)), the 

savLng rate need not  increase in the transition from middle to high income 
levels. 

2J See, f o r  example Barro (1990) and Rebelo (1992). 
This precautionary motive, without explicitly modelling l i q u i d i t y  

constraints, is empirically investigated in Ghosh and O s t r y  (1994). 
4J We adopt the World Bank (1994b) classification of econom9es. See a l s o  

Aghevli et al. (1990). 



Table 2. Personal Saving Rates for Selected Countries 
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Still, there appear to be sharp differences in savings rates t ha t  

cannot be accounted for by the subsistence model. For example, saving 
rates in Lat in  America are well below those observed in many Asian 

countries, despite similar income levels. lJ As pointed out in Warld 

Bank (19931, gross domestic saving as a percentage of GDP was nearly 

40 percent f o x  the high-performing (middle-income) Asian economies in 
1990; it is argued that these relatively high saving rates were an engine 

of growth in many of these countries, since they  financed higher rates of 

investment as well. 

The role of real interest rates in saving behavior is more difficult 
t o  gauge. One problem--which is particularly important in Africa, is 
that financial markets remain thin and governments s e t  interest sates, 

frequently at non-market levels. As pointed o u t  in a recent World Bank 
study on Africa (World Bank ( 1 9 9 4 a ) ) ,  "most countries [in Africa] have 
few banks, and ... there is l i t t l e  scope for 'true' market-determination 

of interest rates" (page 114). This feature of credit markets in low- 
income countries may i t s e l f  make saving less responsive to interest rates 

Nevertheless, there is some evidence that  financial savings increased 

as a resulr of the increase in real interest rates associated with 
l ibera l izat ion  of financial markets, both in Africa and elsewhere among 

developing countries. For example, among the Asian countries, the increase 
in real interest rates in Taiwan Province of China in 1949 contributed to 
a sharp increase in savings. Similar results were achieved by Indonesia 
and Korea, and more recently, by Argentina, Chile, Mexico, and Pakistan 
(see Uorld Bank (1993) and the references therein). There is also some 
evidence that  reform programs in Africa have succeeded in raising domestic 
savings, For example, as documented in World Bank (1994a), median gross 
domestic saving climbed 3 . 3  percentage points for the six African countries 
w i t h  a large improvement in macroeconomic po l i c i e s  (whlch consisted of f ive  

m a i n  indicators, one of which was interest rate policy), compared to a 

decline of 3 . 3  percentage points for countries w i t h  policy deterioration. 
In general, moving real fnterest rates from sharply negative to mildly 
positive levels seems to be a posicive factor in mobilizing domestic 
savings, although there is no particular evidence that the effectiveness 
of such policies rises with the level of development, as the subsistence 
model would suggest. An investigation of this issue is undertaken in the 
following three sections. 

U Income distribution within a country is often argued to exert an 
independent influence an saving behavior, but w e  are unaware of any 
systematic empirical investigation of this  hypothesis. 



111. Analvtical Framework 

We begin by describing the maximization problem faced by a 

representative household in a given country. Since our ultimate purpose 
is to examine cross-country differences in saving behavior, we do n o t  
assume that representative hauseholds in different countries have 
identical preferences. As in Ostry and Reinhaxt (19921, we adopt a two-good 

framework that distinguishes between traded and nontraded goods. As argued 
in that paper, it is important to estimate the intertemporal elasticity of 

subsritution with a two-good model in order to avoid bias when the relative 

pr i ce  of traded and nontraded goods (the real exchange rate) varies 
considerably through t i m e ,  as we will discuss later. We allow for cross- 
country variation in both the intratemporal e las t i c i ty  of substitution 
between traded and nontraded goods and the intertemporal elasticity of 

substitution. The assumption is that the latter varies systematically with 

the level of wealth, We begin by describing, in equations (1)-(7) below, 

the optimization problem at the national level. 

Consider then an economy with an infinitely-lived representative 
household whose objective is to choose a c o n s ~ t i o n  stream tha t  maximizes: 

subject t a  the series of budget constraints: 

and the transversality condition: 

where Q is the expectations operacor conditional on information available 

at time 0 ;  Bt denotes the real level of debt carried from period t to period 

t+l w i t h  Bdl given; ( 1 ) -  = r is the real interest rate (in terms 
of the numeraire) on the debt so R; is the associated world real discount 
factor; m (n) denotes consumption of importables (nontradables) and p (q) 
denoted the relative pr ice  of m (n) in terms of the numeraire; p is the 

U For a fuller discussion of the underlying model at the national level, 
see Ostry and Reinhart (1992). 



subjective discount factor; and E (PI denotes the intratemporal 

(intertemporal) elasticity of substitution. IJ An intratemporal 
elasticity oaf subsritution greater (less) than one implies gross 
substitutability (complementariq) between traded and nontraded goods; 

a value of unity corresponds to the logarithmic utility case. The 
intertemporal elasticity of substitution reflects the sensitivity of 
consumption (and therefore saving) to changes in intertemporal prices 

( i . e .  the consumption rates of interest), with higher values indicating 

greater sensitivity. 

The problem of the representative consumer in a given country is to 
choose an optimal sequence I % ,  r+, Btl that maximizes (1) subject to ( 2 )  
and ( 3 ) .  The first order necessary conditions for an optimum are: 

Equation (4) is the intertemporal Euler equation associated with importables 
consumption in two consecutive per iods;  it states that the marginal utility 
cost of givfng up one unit of at s h e  t should be equated to the expected 
ut i l i ty  gain from consuming one more unit of m at t+l. Equation ( 5 )  is the 

analogous condition relating the marginal rate of substitution between 
consumption of good n at t and t+l to rhe relevant intertemporal relative 
price.  Finally, equation ( 6 )  is the nonstochastic fLrst order condition 

equating the intratemporal marginal rate of substitution between 
importables and nontradables to the corresponding relative price ratio. 

It can be verified that equations (4)-(6) are net kdependent. 

Specifically, combining equation ( 6 )  with either of the t w o  remaining 
equations yields the third. Therefore, given that the nonstochastic 
first order condition holds, equations ( 4 )  and (5) do not provide 
independent restrictions on the evolution a£ consumption through time. 

lJ Following the discussion in Section 11, we allow fo r  cross-country 

differe~lces in the elasticities of substitution in the estimation. 



The main difference between the model described above and standard 

Euler-equation models tha t  have been applied previously to developing 
countries (far example, Giovannini (1985) and Rossi (1988)) relates to 

the goods structure. In the above model, we allow for consumption of 

tradables and nontradables since the latter appear to account for a large 
fraction of the consumption basket in many developing countries. Moreover, 
imposing a one good structure can seriously bias the resulting estimates 
of preference parameters, If the real exchange rate (the relative pr ice  

of traded and nontraded goods) varies over time, as is the case in mosc 

developed and developing countries, aggregate consumption will respond to 
those price changes. This is because a change in the real exchange rate 

alters the consumption rate of interest. As such channels are ignored in 
a one-good structure, the empirical results from such models may be 
biased. lJ For example, the finding that intertemposal elasticities of 
substitution are insignificantly different from zero in t h e  majority of 
developing countries was found by O s t r y  and Reinhart (1992) not to be 

robust to a relaxation of the one-good assumption. 

Given time series data on importables and nontradables consumption, 
and on interest rates, and import, expast, and nontradables prices,  it is 
possible to estimate the system consisting of ( 4 ) - ( 6 )  and recover the main 

parameters of interest. Since (6) must hold identically (in the absence 
of measurement error),  and since (&) and ( 5 )  are not independent given 

that (6) holds, we can eliminate ( 6 )  or (5) from the estimation. The 

restrictions on the jo in t  behavior of consumption of importables and 

nontradables, the terms of trade, and the relevant rate of return, implied 

by the maximization of the expected utility function given by (1) subject  
to the constraints given in (2 )  and ( 3 1 ,  are summarized in equation (4). 
In addition, given the assumption of rational expectations, we can use 

equation (&) to define the disturbance : 

where q must be uncorrelated with any variable that is in the information 
set of agents at time t. 

With the  optimization problem of a representative household in a given 
country fully described, it remains to be s p e c i f i e d  how intertemporal 
parameters governing saving behavior vary systematically across countries. 

In what follows, we rake a particularly simple approach motivated by a 

Stone-Geary preference specification (as described, f o r  example, by 
Rebelo (1992)). We adopt a specification in which the intertemposal 

lJ For a discussion of the bias issue, see Ostry and Reinhart (1992) and 
Ogaki and Beinhart (1994). 



e l a s t i c i t y  of substitution i s  an increasing function of the gap between 
permanent income and the subsistence level of consumption, viz: 

where pi denotes the intertemporal elasticity of substitution in country i; 
y' is a measure of permanent income in country i; and -y is a constant which 
P 

reflects subsistence consumption. Clearly, equation ( 8 )  is similar to the 

Stone-Geary preference spec i f i cat ion  but w i t h  permanent income replacing 
consumption. Conceptually, we focus on income rather than consumption in 
order to make transparent the connection between the intertemporal 
e las t i c i ty  of substitution and the level of development (i.e., income per 
capi ta ) .  Equation (8) shows that  the interest-rate sens i t i v iq  of aggregate 
consumption (as well as the level of saving i tself)  w i l l  be lower as the 
ratio, 7/y;1, approaches unity and wealth is only sufficient to support a 
subsistence level of consumption. 

fV. Estimation Strateev and Emirical Results 

1. Data issues 

The parameters of the representative household's utility function 
outlined in the previous section are estimated using annual time-series 
data f o r  thirteen countries. The law-income countries in the sample are: 
Egypt, Ghana, India, Pakistan, and S r i  Lanka; the low-middle income 
countries consist of Colombia, Costa Rica, Cbte drIvoire, Morocco, and the 

Philippines; three upper-middle-income countries are also included in the 
analysis: Brazil, Korea, and Mexico. Data coverage for each country 
begins in 1968 and ends anywhere between 1983 and 1992. 

As equations (7)  and ( 8 )  highlight, estimation of the intertemporal 

and intratemporal elasticities of substitution requires data on household 

consumption of traded and nontraded goods, the terms of trade, and 
permanent income or wealth. While time series on the terms o f  trade are 

readily available, consumption data are generally not disaggregated into 
traded and nontraded goods and estimates of wealth are scarce. With 
regard to the disaggregation of consumption, the methodology applied is 
described in detail in Ostry and Reinhart (1992). Basically,  we assume 

that the nontraded goods sector of the economy consists of public and 

private services while traded goods production emanates f r o m  the 

agriculture, mining and industrial sec tors .  Consumption of importables 

can then be constructed using the supply-side data and data en e x p o r t s  
and imposts of consumer goods. Consumption of nontraded goods are 

calculated residually as total private consumption less consumption of 
importables. The relevant price deflators fo r  the consumption of traded 
and nontraded goods are price indices for ipor t s  and services, 

respectively. Deposit rates of interest were used when available and, in 



the absence of these, a money market rate was employed. Finally, as a 

proxy for permanent income, an average of real income per equivalent adult 
for the period 1980-87 w a s  used. U 

2 .  Em~irical methodolow and estimation results 

In this subsection, we apply Cooley and Ogaki's (1991) two-step 
procedure to obtain estimates for the intratemporal e l a s t i c i t y  of 
substitution between traded and nontxaded goods and f o r  the intertemporal 

elasticity of substitution. A similar procedure, which was applied 

independently by Ostry and Reinhart (19921, uses a cointegration approach 
to obtain first-stage estimates of the intratemporal parameter and Hansen 
and Singleton's ( 1 9 8 2 )  Generalized Method of Moments (GMM) approach to 
obtain (second-step) estimates of the intertemporal parameters. 

a. The first step: estimating the intratemporal 

elasticirv of substitution 

Many economic time series can be modelled as being difference 
stationary with d r i f t  . Under such conditions, the notions of stochastic 
and deterministic cointegration are useful in examining the interaction 
between t w o  or more variables of interest. 2J Suppose that the 

components of a vector series X ( t 3  are 1(1) processes w i t h  d r i f t ;  if a 
linear combination of X ( t ) ,  say X X l t ) ,  is trend stationary, the components 
of X(t) axe said to be (stochastically) cointegrated with a cointegrating 
vector A .  Consider an additional restriction that the cointegrating vector 

eliminptes the deterministic trends as well as the stochastic trends, so 
that h X ( t )  is stationarv. This restriction is called the deterministic 
cointegration restriction. 

Standard unit root t e s t s  suggest that it is reasonable ta model the 
relative price of traded and nontraded goods and the consumption ratio 
(of nontraded to traded goods) as I(1) processes. 3J We now focus on 
the relationship among these two variables. The intratemporal first order 
condition (equation 6 )  implies that the  log of the relative price and the 

log of the consumption ratio are cointegrated with the deterministic 

I+/ A11 series are available upon request. 
Stochastic cointegration and the deterministic cointegration 

restrictions were defined by Ogaki and Park (1989) and Campbell and 

Perron (1991). Efficiency gains f rom estimating the cointegrating vectors 

by imposing the detrerministic e~integration restriction were discussed by 
West (1989) f o r  the one-regressor case and by Hansen (1992) and Park (1992) 
for the multiple-regressor case. 

The results of the Dickey-Fuller (DF) and augmented Dickey-Fuller 
(ADF) unit root tests for a l l  the series of interest are not reported but 
are available upon request. 



cointegration restriction. 1/ If cointegration obtains,  we can recover a 
consistent estimate of the intratemporal e las t i c i ty  of substitution, E .  2J 

To test for cointegration, we employ Park's (1992) Canonical Cointegrating 
Regression (CCR) procedure. 3J 

There are several advantages associated with CCR. First, the estimated 
parameters, a and E in t h i s  case, are not only consistent {as is OLS), but 
also asymptotically efficient and median unbiased. Second, unlike OLS, 

the asymptotic distributions of CCR estimators are nuisance-parameter free 

and normal conditioned on the regressors. This Latter feature a l lows  for 

the usual interpretation of the standard errors and therefore far 
hypothesis testing. Third, as Monte Carlo experiments show (see Park and 

Ogaki (1991)), CCR estimators have better small sample properties than 
Johansen's estimators. This latter feature makes CCR particularly 
attractive for the present application, where the data are annual and the 
sample size is limited. 

R~arranging terms, taking logs. and introducing a disturbance term (to 

allow, for example, f o r  measurement errar) equation (63  becomes: 

Equation (9) is likely to suffer from simultaneity bfas, since relative 
prices are determined endogenously, and the error term may be ser ia l ly  
correlated. 4/ To correct for the potential presence of such nuisance 
parameters, long-run cavariances are estimated and used to transform the 
data, As shown in Park (19921, the transformed data w i l l  be cointegrated 

with the same parameter vector as fhe original data. 

Under the null of cointegration, an important property of the CCR 
procedure is that linear restrictions can be t es ted  by X2 tests. ZJ These 
x2 tests are used in a regression with spurious deterministic trends added 
to test for deterministic and stochastic cointegration. For this  purpose, 
the CCR procedure is applied to a regression 

As shown by H a l l  (1978), consumption is a random walk when the real 
interest rate is assumed to be constant. Since we allow the real interest 
rate to vary over time, the first difference of the log of consumption can 

be serially correlated. 

This will also y i e l d  a point estimate for the parameter a, which is 
related to the consumption share. 

See Ogaki (1993a) for a more detai led explanation of CCR-based 
es tbat ion  and testing. 

Note that the OLS estimator is consistent but not  efficient because of 

long-run simultaneity bias. 
5J Thts is in contrast to other cointegration t e s t s ,  which have a null of 

n e c o i n i 0 t - I .  



L e t  H(p ,q )  denote the standard Wald statistic to test the hypothesis 
tj +~=qp+2=...~ =0, where the variance of I+ has been replaced with elements 

q 
of the long run covariance matrix (see Park (1990)). Under the null of 

a 

cointegration H(p, q )  converges to a x L  In particular, the H(0,l) 
4 - P '  

s t a t i s t i c  t e s t s  the deterministic cointegrating restriction, which is 
suggested by the intratemporal first order condition, On the other hand, 

the H[l,q) t e s t s  for stochastic cointegsation. 

Table 3 reports the CCR resulss. IJ As shown in column (13, w i t h  

the exception of Korea, the intratemporal elasticity of substitution, r ,  
is estimated to be positive, consistent w i t h  our theoretical priors. Tn 

the case of Korea, where t he  estimate of E is significantly negative, the 
H(0,l) test statistic presented in column ( 2 )  a l s o  rejects the 
specification, implied by the model at the 0.1 percent level. It is 
possible that the assumption of homothetic preferences implied by the CES 
utility function is causing problems in this case. 2J For the remaining 
countries, the point estimates f o r  E range from a l o w  of 0 . 3 8  to a high of 
2.16; for eight of the 13 countries the intratemporal elast icity of 

substitution exceeds unity, implying gross substitutability between traded 
and nontraded goods. For the Philippines, the point  estimate of E is 
positive but is n o t  significantly so ,  and the H(0,l) test is significant at 
the 1 percent level, implying that the null of deterministic cointegration 
is rejected; however, the null of stochastic cointegration cannot be 

rejected (columns (3) and ( 4 ) )  at standard significance levels. For the 

other countries, none of the H ( 0 , l )  test statistics are significant ac the 
1 percent level and only a f e w  of chem are significant at the 5 percent 

level, indicating that the null hypothesis of deterministic cointegration 
cannot be rejected. 

.- -. - - - - - - - 

We used Ogaki's (1993b) GAUSS CCR Package for the CCR estimations. 
The CCR procedure requires an est imate of the long-run covariance of the 
disturbances i n  the system. We used Park and Ogaki's (1991) method w i t h  
Andrews and Monahan's (1992) prewhitened HAC estimator with the QS kernel. 
A first-order VAR was used for prewhitening. We followed Andrews and 
Monahan (1992) with the maximum absolute value of the elements of A (their 

notation) was set to 0.99. h d r e w s ' s  (1991) automatic bandwidth estimator, 
ST, was c~nstructed from fitting an AR(1) to each disturbance. 

21 See, f o r  example, Atkeson and Ogaki (1993), for an attempt to model - 
nonhamothetic preferences w i t h  an extended addilog utility function. These 

authors assume time separability of preferences over t w o  goods, in order to 
use an aggregation result over households. Finally, the  failure to obtain 
cointegratian could also arise from measurement error. 



Table 3 .  Canonical Cointegrating Regression Results 

Country 

Brazil 

Colombia 0.678 5.363 0.687 0.836 
(0.214) (0.021) (0.407) ( 0 . 6 5 8 )  

C o s t a  Rica 1.132 0.474 1.087 1.934 
(0.179) (0.491) (0 .297)  (0.371) 

Mexico 

Sri Lanka 1.587 0.669 0 . 6 7 4  1 .737  
(0.157) (0.414) (0 -419) ( 0 . 4 1 4 )  

India 

Korea 

Pakistan 2.075 0.558 2.256 3.942 
(0.267) (0.455) (0.133) (0.139) 

Philippines 0.382 7 . 9 8 9  0 . 6 9 5  2.040 

( 0 . 3 3 3 )  (0.005 > (0.404) (0.361) 

Ghana 

Morocco 

U.S.A. 

Note: Park and Ogaki's (1991) method w i t h  Andrew's (1991) automatic 
bandwidth parameter estimator was used to estimate long-run correlation. 



To summarize, we find evidence tha t  the CES specification of 

preferences is not rejected by the data for a l l  the sample countries except 

Korea, and, possibly, the Philippines. O n  t h i s  bas is ,  we proceed with  t h i s  
specification when estimating the  inrertemporal elasticLty of substitution. 

b. The second step: estimating the in te r te rn~ora l  parameters 

In the first s t e p ,  consistent estimates of the intratemporal  parameters 
were obtained via a cointcgration regression. In the second step, we impose 

the country-specific estimated values of r and a and apply  GMM t o  the Euler 
equation defined by ( 7 )  in order t o  obtain estimates of the intertemporal 

parameters. This two-step procedure does noc alter the asymptotic 
distribution of the GMM estimators or test statistics because our 

cointegrating regression estimator is super-consistent and converges at a 

rate Easter than TI". 

As discussed previously, we assume t ha t  the intertemporal elasticity 

of subst i tut ion of country i satisfies the Stone-Geary condition given in 
equation ( 8 1 ,  reproduced below, 

where yy is a measure of permanent income of country i, and -y is a constant 

tha t  reflects the  subsistence level. In the GMM estimation, w e  f i x  y and 
estimate u. Since it is difficult to assess the real dollar value of the 

subsistence basket ( i , e . ,  y ) ,  we allow 7 to vary across a fairly broad 
range of values. Its minimum level a£ 100 is slightly below t h e  value of 

USS123 (1985 prices)  found for India by Atkeson and Ogaki (1992) and its 
upper level of 400 was determined by the income level of the poorest 
countries since, for (9)  to make sense, it m u s t  be that (l-T/yT,') 2 0. In 
any case, the sensitivity of the results with respect to the choice of 7 

is reported. 

We apply GMM to the EuPer equation defined by ( 7 )  in a panel data set 

of countries, imposing (11) as a cross-country restriction. U For each 

country, a and E are set at the values obtained in the fixst step 

cointegrating regression for that country. We restrict the discount factor, 
6 ,  to be the same across countries in order to obtain more precise estimates 
of a, which is the main parameter governing the responsiveness of saving to 

changes in the real ra te  of interest. Hence, in the second s tep ,  we 

estimate two parameters, a and 8 .  Because the sample size is not t h e  same 

f o r  a l l  countries, we use the panel data estimation method described in 
Ogaki (1993d). Since there are many moment restrictions from many 
countries, w e  only use  constants as instruments and avoid the use o f  lagged 

Hansen/Heaton/Ogakirs GAUSS GMM package (see Ogaki(1993c)) is used f o r  

the GMM estimations i n  th is  paper. 



variables as instruments. Eecause lagged instrumental variables are nor 
used,  our method is robust to the time aggregation problem. 

Table 4 preseats the second-step GMM results. We report  results far 

twelve of the developing countries in our sample (all except Korea) f o r  

different values of 7 .  The panel excludes Korea because the CES 

specification is rejected by the data in this case. Our po in t  estimates 

a£ u are positive and significant while the point estimates of p are larger 
than one. Hansen's J t e s t  statistics do not  reject the overidenrifying 

restrictions implied by the model at conventional levels. An attractive 
feature of the results is tha t  they are not  very sensitive to the choice 
of 7 for the broad range used. 

We recover the country-specific value of the intertemporal e las t i c i ty  
of substitution, oi, by employing the Stone-Ceav specification given in 
equation (11). Chart 1 p l o t s ,  for the sample countries, the intertemporal 

elasticity of substitution against the  ratio of the country's permanent 
incame to U.S. income, for the case of 7-400 . It can be seen that the 
intertemporal elasticity of substitution rises markedly with the level of 

income when low- to middle-income countries are compared; the change from 

middle- to high-income levels makes less of a difference. The 
nonlinearities that were evident in the relationship beween the saving 
rate and income are also present hare. 

To examine the  implications of our results for  a broader s e t  of 

countries, we employ the estimated value of u and measure permanent income 

as for the "within-sample" countries. In the fourth column of Table  5, we 

provide the estimate of each country's cr; f o r  the case where 7-400. In 
addition, we report (in columns ( 3 )  and (5)) the range of values that result 
from addfng and subtracting one standard error from the point estimate. As 

Table 5 makes clear,  the range of variation of cxi is w i d e ,  from a low value 
of about 0.05 f o r  Uganda and Ethiopia, the poorest countries in our sample, 
to a high of about 0.64 f o r  the United States and several of the other high- 
income countries. These estimates are in line w i t h  several earlier studies: 
Atkeson and Ogaki (19921, who examine Indian panel data; Ostry and 
Reinhart (1992) who focus on regional patterns; and Reinhart and 

Vegh (19941, who apply a monetary model to several chronic inflation 
countries. The implications for saving behavior of these cross-country 
differences are taken up in the next sect ion.  

V. Saving and the Rate of Interest 

Having estimated the key parameters that  characterize household 

consumption and saving behavior, w e  now turn to the implications of our 
estimates f o r  the interaction between saving and the real ra te  of return. 

As noted earlier, the attempt to encourage saving by raising real interest 
rates is at the heart of adjustment programs in a number of low- and middle- 

income developing countries. Higher saving, it is argued, can finance 
higher investment and lead to faster growth. In addition, the external 



Chart 1. The Intertemporal Elasticity of Substitution 
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Table 4 .  The Intertemporal Parameters: 
Generalized Method of Moments R e s u l t s  

Panel 

Size 

12 countries 100 0.596 
(0 .208)  

12 countries 250 0.606 
(0.201) 

12 countries 300 0.615 
(0.201) 

1 2  countries 350 0.628 
( 0 . 2 0 2 )  

12 countries 400 0 . 6 4 6  
(0.204) 

Notes: In columns 2 and 3 ,  the standard errors are in parentheses. 

Column 4 reports Hansen's J test and the corresponding asymptotic P-values 
are given in parentheses. The l as t  column gives the degrees of freedom for 
Hansen's J statistic. 
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Table 5 (cont.). The Intertemporal Elasticity of Substitution: 
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current account effects of fiscal policy changes which a l t e r  domestic 
interest rates will be sensitive t o  the elasticity of private saving with 
respect to changes in the rate af return. To examine the interactions 

between interest rates, saving, investment and growth, it is necessary to 
have some model in which these variables are determined endogenously. 

Rebelo's (1991) endogenous growth model is particularly well-suited to the 

issue at hand because it allows us to calculate the effects of different 
values of the intertemporal elasticity of substitution on saving rates very 
easily. 

1. A simple model of endo~enous growth 

Since the a i m  is illustrative, we make a series of simplifying 

assumptions and focus on a linearized, continuous-time version of 

Rebelo's (1991) model also used by Barro (1990). The reader is referred 
to these papers f o r  further details. 

The household problem is outlined in equations (1)-(71, except that 
now we focus on a continuous t i m e  vexsion of the model and assume that the 
technology is such that the traded good can be transformed into the 
nantraded good at a constant rate, so that the equilibrium relative p r i c e  

of these goods is constant. 1J Hence, t o t a l  consumption is given by, 

Production takes place under a linear technology and ernploys a single t ype  
of capital  good which is a composite of physical and human capi ta l ,  

where A represents the technology level and yt (zt) is output ( c a p i t a l ) .  The 
linear technology, which is a common feature of a class of endogenous growth 
models ( s e e  Romer (1989)), ensures that the rate of return to capital does 
not decline as the capital stock increases. Finally, output is either 

consumed or used f o r  capital accumulation, viz.: 

Production efficiency equates the marginal product of capi ta l  to the 

rate of return: 

/ For estimation purposes this simplifying assumption turns out to be 

t o o  restrictive and rejected by the data {see Ostry and Reinhart (1992)). 
However, the a i m  here is to describe the interaction between saving and real 

rates under the simplest of settings. 



where r is the real rate of interest. 

The standard equations of motion for consumption and che accumulation 
of capital  that  arise from the optimization problem are given by: 

where 6 > 0 represents the constant rate of time preference and 5 is, as 

before, the intextemporal elasticity of subst iat ion for country i. L/ 
Hence, in this economy all real variables grow at the same constant rate. 

Saving is defined as: 

and the  saving rate, st, is given by: 

To determine the xesponse of the saving rate to changes in the real rate of 

interest, we differentiate (19) with respect to r and obtain:  

Equation ( 2 0 )  high l igh t s  the key role tha t  the intertemporal elasticity of 

substitution plays in determining haw saving rates react to changes in real 
interest rates. 2J Specifically, as cr; approaches zero, saving declines, 

growth declines, and saving ceases to respond to real interest races 
altogether. In the remainder of this section, the estimated parameters are 

used to calculate, under the assumption that these economies share a common 

Note that B - I/(1 + 6). 
2J In our context, these reactions should be thought of as steady-state 

effects .  



technology and thus face a common interest rate, the response of saving to 

real interest rate changes for a broad spectrum of countries w i t h  very 

diffexent income levels. 

2. Results 

Using equation (20), the point estimates of cri reported in Table 5, 

and a variety of plausible values fof the real rate of interest and the 
subjective discount f a c t o r ,  we can calculate the i m p l i e d  response o f  saving 

to changes in the real rate of interest under various scenarios. 

There are several features of the results presented in Table 6 that are 
worth noting. F i r s t ,  as implied by t h i s  simple analytical framework, the 

intertemporal elasticity of substitution plays a central role in determining 
how much (or how little) saving rates respond to changes in the real rate of 
interest .  Indeed, the saving elasticities presented in Table 6 closely 
resemble the ui reported earlier (Table 5). Second, it follows from the 

previous observation that the cross-country variation is wide. For the 

poorest countries, a one percentage point rise in the real rate of interest 
should e l i c i t  a rise in the saving rate of only about one-tenth of one 
percentage point ;  IJ f o r  the wealthiest countries, the rise in the saving 
rate in response to a s i m i l a r  change in the real interest rate is about two 
thirds of a percentage point. 2J Third, as columns (2)  and ( 3 )  of Table 6 
highlight, the saving elasticity is not very sensitive to the l eve l  of the 

real rate of interest assumed nor to the subjective discount factor 

(columns (43 and (511.  

As noted earlier, this simple framework also suggests that for the 
poorer countries (where o; is lower), the saving rate w i l l  be lower 
(equation (19)) and, since output grows at the same rate as the capital  

stock (equation (17)), growth w i l l  also be lower for the poorer countries 
in the sample. 

JJ These results are camistent with the finding that regressions of t he  
saving rate against the real incerest rate in low-income developing 
countries fail to find evidence of a significant coefficient on the rate of 
return variable: See, for example, Savastano (1994). 

Although the  model used here ignores a number of important 
determinants of household behavior, it is interesting to note that in the 
context of a more complicated model that included, inter al ia ,  the effects 

of financial deregulation on household saving behavior (see O s t r y  and 
Levy ( 1 9 9 4 ) ) ,  the magnitude of the impl ied  elasticities for the case of 

France is broadly similar t o  what is reported here. 



Table 6. The Interest Sensitivity of Saving: 
Low- and Lowtr Middle-lamme Countries 

r = -03 r = -44 r = .05 r = .03 r 8 1 3  
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Sri h& 
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0.499 
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0319 
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0.m 
0.534 
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0353 
0.553 

0556 

0.5% 
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0559 
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0.563 
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Table 6 (cont.). The Interest Sensitivity of Saving: 
Upper Middle- and High-1a-e Counttier 
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VI . Conclus ions 

This paper has sought to investigate the effect  exerted by the level aE 
development on saving behavior in developing countries. The main issue w i t h  
which we were concerned re la ted  to the responsiveness of saving to inrerest 

sate changes, and whether there were any economically significant behavioral 
differences within a sample of countries at different stages of development. 

This issue was argued to be of relevance to policymakers because the 

invesrment and growth e f f e c t s  of, f o r  example, financial liberalization, 
will depend on haw responsive consmption/saving is to changes in real rates 

of return. Other policy questions-for example, the relationship between 
government deficits and the current account-will also depend on the 
responsiveness of private saving co real interest rates to the extent t h a t  

changes in public (dislsaving alter domestic rates of return. 

The main conclusion that emerged from our analysis was that much of 

the considerable cross-country variation in both the level of saving and 

the responsiveness of saving t o  the real rate of interest could be 

systematically explained by the country's income level. Specifically, the 
hypothesis t h a t  the saving rate and its sensitivity to interest rate changes 
were a rising function of income found strong empirical support. These is, 
of course, an often wide variation in saving behavior across countries w i t h  
similar income levels t h a t  remains unaccounted for by the simple framework 

presented here. With these limitations in mind, however, our results may 

help explain why the rising real interest rates that typ ica l ly  accompany 
financial liberalization have often fa i led  to elicit an appreciable rise 
in private saving. They may also shed some l ight  on the w i d e  cross-country 

variation in the response of the current account to f i scal  policy changes 

which alter domestic interest sates. 

The results presented here suggest that higher saving rates may not  

be forthcoming, even with relatively large increases in real interest rates, 
if the country in question is at the lower end of the income spectrum. 
In addition, the simple endogenous growth model presented in Section V 
suggested t h a t  the growth effects of higher interest rates would also tend 

to be relatively small f o r  relatively poor countries. 

Financial liberalization may also be associated with costs ,  

particularly if xegulatlon and supervision of the f inancial  sector are weak 
or nonexistent. Distortions such as implicit deposit  insurance and moral 

hazard could give rise to serious difficulties ox even crises in the banking 
sector. Typically, these problems also have large fiscal implications. 
Hence, a more general message from the analysis in this paper would be that 

the tsadeoff between costs  and benefits may vary consfderably across 

countries and would appear to be steeper f o r  countries with lower income. 
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