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ABSTRACT 

This paper analyzes aggregate household saving under the capital 
marke~ imperfection, which is characterized by the wedge betwee~'the 

borrowing rate and the lending rate. Under these circumstances the 
assumption of a representative household is unlikely to hold and 
consumers are distributed into savers, liquidity-constrained consumers 
and borrowers depending on the exogenous future labour income. An 
interest rate wedge is shown to affect saving positively; as for tax 
rate, while there are some conflicting tendencies, it will likely 
affect saving negatively mainly via affecting the post-tax interest 
rate wedge. Moreover, though. the withi n regime .behavi oural functions 
were linear in terms of incomes, the aggregate marginal propensity ta 
save out of 'current income is increasing ·so that e.g. a fall in the 
income inequality will tend to decrease saving. In the second part of 
the paper a large international data sample from 26 countries in the 
1980s is used to test for the role of tax and interest rate wedge 
factors in addition to the .usual life cycle variables. Ori'thewhole 9 

results, while quite preliminary, are encouraging; coefficient 
estimates are rather precise and of 'correct l signe The growth effect 
is significant, but - in sharp contrast to earlier findings .:. 
negative. Finally, tax and wedge variables help to improve the 
performance af househol d savi ng rati 0 equati on i ndi.cati ng that both a 
rise in the tax rates and better access to credit market -.measured by 
the ratio fo currency to GOP and to M2 respectively - will tend to 
decrease ~ousehold saving, ceteris paribus. The income distribution 
variable is also of 'correct' sign, but not ver,y precisely estimated. 
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1 INTRODUCTION 

After Modigliani and Brumberg had provided, in early 1950s, semin~l 

formul,a ti ons of what has come to be' known as the 1 i fe cyc 1 e hypothes i s 
of saving (LCH), it has been pursued by a number of authors, both at 
the theoretical level and for the analysis of empirical data (see 
Modigliani (1986) fqr a recent review of the approach). Early 
applications dealt with aggregate time series data, and later on it 
was argued that LCH is equally fruitful 'for an understanding of huge 
observed inter-country differences in the average household (and 
private) saving ratios. The studies by Houthakker (1960) ~nd 

Modigliani (1970) was extended by Feldstein (1977') to account fO.r 
social security and endogenous retirement age. According to the 
Houthakker-Modigliani-Feldstein hypothe~is, the aggregate household 
(and private) saving ra~io depends on the growth rate of income, 
various demographic variables, social security benefit variable and 
the labour force participation rate of the aged. 

The early tests of LCH to account for inter-country differences in the 
average private saving - the sum of household' saving and corporate 
savi ng - rati os were successful. Modi gl i an'i (1970) concl uded hi s study 
wi th a samp 1 e of 36 countri es from the 1950s by sayi ng that II.. a 11 

the evidence supports both qualitatively and quantitatively the role 
of the two ~rincipal variables suggested by the life cycle model, 

. productivity growth of income, and the age structure of the adult 
population" (Modigliani (1970), .p. 219). According to LCHwith 
endogenous retirement social security will have an a priori ambiguous 
effect on private savi,ng due to offsetting 'asset substitution' and 
'induced retirement' effects. Using a sample of 15 countries from the 
1950s Feldstein (1977) introduced sociäl security benefit and labour 
force participation ra te of the aged - vari,ables into the 
inter-country private savings ratio specification proposed by 
Modigliani. Feldstein's results provided support to this extended LCHo 

<, 
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Attempts te understand inter-co.untry differences in saving ratio.s by 
using mo.re recent data have been less successful. Using a sample o.f 12 
co.untries fro.m early 1970s Feldstein (1980) kept sticking te the 
'so.cial security depresses private saving' hypo.thesis by saying that 
II. 0 the new estimates suppo.rt .0 the co.ncl usi o.ns .0 that i ndi ca te : 0 the 
negative impact o.f so.cial security benefits en private savingIl 
(Feldstein (1980)~ po 238)0 This claim, ho.wever 9 turned o.ut ta be very 
fragile te the specification details of the private saving ratio. 
equatio.n as indicated in Ko.skela and Viren {1983}. Hence, the so.cial 
security benefit var·iable's ro.le in understanding internatio.nal 
differences o.f the private saving ratio.s in the 1970s remains mo.o.t~ 

Recently, Graham (1987) has lo.o.ked at the abil i ty o.f LCH' te expl ai n 
the o.bserved variatio.ns in the ho.useho.ld saving ratio.s o.f 17 OECD 
natio.ns during the 1970s. Acco.rding te Graham's regressio.ns the 
standard version of LCH i s totally unable te acco.unt for i nterco.untry 
differences in the ho.useho.ld saving ratio.s. The results can be 
co.nsiderably impro.ved, ho.wever, by weighti'ng o.bservatio.ns .by 
po.pulatio.n and by intro.~ucing the labo.ur fo.rce participatio.n rate of 
the wo.rking age female po.pulatio.n as an additional explanato.ry 
variable into. the ho.useho.ld saving ratio. equatio.n. But Graham's 
1I •• rather stro.ng evidence that higher female participatio.n is 
asso.ciated with lo.wer ho.useho.ld saving rates ll (Graham (1987), p. 1523) 
is ro.bust neither te data sample no.r te ~ime peried (see Ko.skela and 
Viren (1989) fo.r details)Q Moreo.ver, Graham's additio.nal variable can 
be critisized en theo.retical gro.undso 

Co.ncludingly, LCH appears te be en a rather shaky empirical gro.und in 
acco.unting fo.r inter-co.untry differences in ho.useho.ld saving ratio.s 
with more recent data. 1) A no.table feature o.f the fo.rmulatio.ns .o.f ·LCH 
referred abo.ve is negle~t o.f the capital market 'imperfectio.ns'. and 
the tax rates; the saving ratio. equatio.ns do. no.t inco.rpo.rate variables 
reflecting either capital market limperfectio.ns' erland tax rates, 
tho.ugh they v.ary wi dely across countri es and may affect i ncenti ves te 
borro.w and save. In fact ll there 15 so.me theoretical and empirical 
evidence fo.r the impo.rtance o.f capital market iimperfections' and its 
relatio.n te ho.useho.ld 'saving behavio.~r. 

In the co.ntext o.f less-develo.ped co.untries McKinno.n {1973} has argued 

that in the lack o.f extensive and well-develo.ped financial 
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intermediation money serves as a conduit through which accumulation 
takes place so t~at the demand for money ris~s pari passu with the 
productivity of physical capital. The relation of saving to financial 
intermediation is not necessarily unambiguous; thin financial markets 
can stimulate saving via the 'forced saving ' effect,2) but saving can 
also be discouraged due to the lack of suitable saving instruments~3) 

In the case of developed industrial countries one might be tempted to 
argue against the importance of capital market 'imperfections'o But 
the existence of well-developed financial markets with flexible 
interest"rates does not necessarily imply perfect capital markets, 
where agents can borrow and lend at the same interest rate whatever 
amount they want. In fact, it has been recently shown rigorously, how 
vårious kinds of capital market 'imperfections ' can arise as"a 

"market's response to asymmetric or·;mperfect information. These 
capital market 'imperfections ' incl~de non-linear interest rate 
schedule as a function of the amount of borrowing (see e.g. Keeton 
(1979)), endogenously determined wedge between borrowing and lending 
rate (see King (1986)) and credit rationing in the form of 

-
quantitative limits on th~ amount of borrowing at the equilibrium 
interest rate (see e.g. Stiglitz and Weiss (1981) and for an empirical 
evaluation, see Kugler (1987)). On the other hand, Jappelli and Pagano 
(1988) have produced some empirical evidence suggesting that imperfect 
capital markets have an important effect on consumption and saving 
behaviour of households. 4) 

As mentioned above~ inter-country saving ratio equations have not 
incorporated the mar~inal tax rates into the s,pecifications. It is 
well-known that they vary widely across countries and may affect 
saving via post-tax income, post-tax income profile, post-tax return 
on saving and'post-tax cost of borrowing.5) 

The purpose of this paper is to derive the aggregate saving function 
under the capital market imperfection, which is characterized by the 
wedge between the borrowing rate and the lending rate. Under these 
circ~mstances the assumption of a representative consumer is unlikely 

" to hold and, ~onsumers are distributed into savers, liquidity
constrained consumers and borrowers depending on their future 
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(exogenous) labour income. After developing some qualitative 
properties of this three-class economy, particularly with respect to 
interest rate wedge and the tax rate on labour income as well in terms 
of the behaviour of the marginal propensity to save out of current 
income, we turn to consider estimation results based on a cross 
section of 26 countries. The data was chosen so that the maximum 
number of countries could be included and the variables usually 
represent five-year averages over the period 1981 ~ 1985. The data are 
also the most recent one, which are available for international 
comparisons. 

Theoretical considerations are presented in section 2, while section 3 
is devoted to the presentation of empirical results. Finally; there is 
a brief conclusion. 

2 AGGREGATE HOUSEHOLD SAVING: THEORETICAL CONSIDERATIONS 

In this section we first show how consumers of one generation are 
di vi ded into savers, 1 i qui·di ty-constrai ned ones and borrowers 
respectively i~ the presence of interest rate wedge on the capital 
market. Then we develop the comparative statics of the aggregate 
saving in this three clas~ economY with respect to the interest rate 
wedge, the tax rate and in terms of how the marginal proponsity to 
save out of current income behaves. The latter part of section is 
devoted to consider implications on saving of across generational 
factors as well as int~oducing some other potentially .important 
expl anatory variables. 

2.1 Aggregate Saving, Interest Rate Wedge and Taxes: Cohort Effects 

Consumers are assumed to have a preference ordering over the present 
and future consumption cl and c2, which is represented by an 
intertemporally additive, twice differentiable utility function 



11 

where 8-1 = (l+p) refers to the rate of time preferenee faetor. In 
what follows the partial derivatives are denoted by primes for 
funetions with one argument and by subseripts for funetions with many 
arguments. For eonvenienee, u is assumed to be an increasing and 
strietly eoneave, quadratie funetion of eonsumption ci 

(2) u(e.) = ae. + (b/2)e~ , , " i = 1, 2 

For u to be inereasing in ei' a + be i > 0 and for striet eoncavity 
b < 0" Ea rni ngs i n the two peri ods are assumed to beexogenous, and 
are denoted by Y1 and Y2 (Y1 also ineludes possible first-period 
wealth). In the model with no uneertainty there is no need for more 
eomplieated notation for Y2e The (p,ermanent) tax rate is denoted by 
"t so that the post-tax i neomes are Yle and Y2e ,where e = 1-"t. Henee, 
we do not distinguish between the eurrent and future tax rates "tI and 
"t 2 respeetively. 

We begin by analyzing the optimal eonsumption and saving plan of a 

eonsumer faeing the (pre-tax) borrowing and lending rates, rz and r, 
respeetively, where z > 1 50 that there is a wedge between the 
borrowing and lending rate on the eapital market. 6} The budget 
eonstraint faeing eonsumers is now non-linear and ean be expressed in 
terms of future eonsumption as follows 

(3) 

where R = "1 + rand R* = 1 + rz. With thi s budget eonstra i nt there are 
three regimes in whieh a eonsumer MaY be loeated. These are: (a) an 
interior solution at whieh e~ < Yle; the eonsumer saves. (b) a eorner 
solution at whieh er = Yle; the eonsumer neither saves n6r borrows and 
(e) an interior solution at whieh et > Yl e; the eonsumer borrows. 7) 

In this eontest one might wonder whether there exists ,a possibility 
for tax arbitrage; a good example of sueh a proeedure would be 
borrowing to purchase tax exempt bonds and deduct interest payment in 



12 

taxation. Denoting borrowing by B, and tax exempt bonds by 5 (= 

saving) gives the following flow-of-funds equations with a possibility 
of tax arbitrage c1 = Yle + B - 5 and c2 = (Y2 - rzB)e + 5(1 + r) - Bo 
Combining the flow-of-funds equations gives the intertemporal budget 
constraint c2 = (Y2 - rzB)e - Br + R(Yle - c1) and differentiating 
this with respect to tax arbitrage borrowing yields ac2/aB = 
-r(ze + 1) ~ 0 as T ~ 1 - z-l o Thus, with linear taxation there is no 
unique solution and we can distinguish between three cases: (1) if 
T > l_z-1, then the consumers can increase their consumption without 
bound by borrowing at the interest rate rz, investing it at the 
lending rate rand deducting borrowing expenses rzB from taxable 
income. (2) if T = 1 -z-l, then consumers are indifferent as for the 

tax arbitrage. In this case the intertemporal budget constraint 
becomes after substitution c2 = Y2 e + R(Yle - CI) ~o that the 
i ntertemporal budget constrai nt i s 1 i near eve'n i n the presence of the 
pre-tax interest rate w~dge. (3) finally, if T < l-z-l, then there is 
no arbitrage and the non-linear budget constraint (3) remains valid. 
1 n what foll ows we proceed by 'assumi ng that T < l-z-1 hol ds .. 

Maximizing the intertemporally additive, quadratic utility function 
subject to the non-linear budget constraint (3) gives the fol1owing 
condition at an i~terior soltition 

~ . 
where R = R for savers and R = R* fo'r borrowers. In appendix 1 it is 

shown that consumers will be 10cated among the regimes according the 
their second-period earnings in the following way: 

(i) Y2 ~ A1 ~ R-1[YlS-1 - (be)-la(R - a-1)] for savers 

(5) (ii) Y2 > A2 = R*-I[y1a-1 - (be}-la(R* ~ 6-1)] for borrowers 

(iii) A1 < Y2 < AZ for "liquidity-constrained ll consumerso 

It is easy to show that the saving functions of the respective groups 
can be written as 
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where SS > 0 and R = R as x = sand sb < 0 and R = R* as x = b. The 
former holds as Y2 ( Å1 , while the latter holds as Y2 ) Å2• In the 
case of "liquidity-~onstrained" consumers we have sn = 0, which holds 

the domain Å1 < Y2 < A2-

The allocation of consumers to various regimes of the capital market 
depends upon their earnings in the second period; as the earnings 
increase consumers move through the regimes ss, sn, sb. Notice that 

a long the i nterva 1 A 1 < Y2 < A2 consumers behave as -if they. were 
liquidity-constrained; they would like to borrow at the lending rate r 
and ~o lend at the borrowing rate rz so "that their saving is zero. For 
a gi ven i nteres"t rate wedge - whi ch may be affected by the tax 
system - the number of consumers in each regimes is determined by the 
distribution of second-period earnings in the populatio~o In what 
follows we denote this distribution by a continuos frequency function 
with support [A, B], f{A}, when A = Y2. The aggregate saving by 
consumers of a generation can now be written as 

A1 B 
(7) S = J sS{Q)f(A}dA + J sb(o}f(A)dA 

A A2 

where sS{.), sb(.), A1 and Å2 have been defined in equations (6) and 

(5) respectively. 

Let us next ~urn to develop some comparative statics of the aggregate 
saving function (7). Here we have to notice that exogenous variables 
may affect total saving both within regimes and by changing the 
boundaries of regimes. A change in the pre-tax interest rate wedge z 
on the aggregate saving can be decomposed as 

(8) 
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where s~ = asb/az~ A2z = aA 2/aZ and Sb(A2) < O. It can be shown, 
uti 1 i zi ng -the expressi ons (6) and (5i i ), that 

( 9) and 

( i i ) 

. 
due to the first-order conditions for utility maximization a- + bel> 0 
and a + bC2 > 0 and ctue to the fact that c~ > Yle. Notice that s~ = 
Al z = 0 (see Novshek and Sonn~nschein (1979) for a similar analysis in 
a different context). 

According to the expression (8) the pre-tax -interest rate wedge z will 
have a positive affect on aggregate saving. On the one hand, a rise in 
the wedge wil1 deerease the consumption of borrowing consumers, when 
the substitution and income effects reinforce each other (the term 
B 
.{ s~ f(A)dA). On the other hand, arise. in the wedge will shift some 

2 
consumers from the borrowing status to the liquidity~constrained 
situation, which also tends to deerease consumption (the term 

b -A2zS (A2)f(A2))" 

As for the comparative statics of the tax rate, consider first the 

case where the tax rate L changes permanently both in the current and 
future period and affects aggregate saving solely via current and 
future earnings. The comparative statics in the absence of profitable 
tax arbitrage can be decomposed as 

(10) 

where SS(A1) > 0 and Sb(A2) < 0 .. Utilizing the ~arginal propensity to 
save out of current income-expressions s~1 = (1 +- SR2)-l e > 0 and 
sb1 = (1 + SR*2}-le > 0 the saving responses to the permanent tax rate 
y -

within the regimes can be written as 
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> ... 
as Y1 < 8RY2 for x = s~ b 

partial derivatives, e.g. SX = asX/aT etco 
... T· 

X = sand R = R*' for x = bo 

" .,res·p~~'~e.åf the regime boundari es A1 and A2 for x = s ~ b to the 

'.,::~p'ermanent tax rate can be written as follows 

(i) ( 2) -1 ( -1) > Å1 = ,-a be R R - 8 - 0 
.T < 

> as r (' p 

(,.,.) (b 2R*)-1 (R* -1) > 0 > A2T' = -a e . - 8' <"' as rz (" p 

of ·a pennanent,change in the tax ra te within 
." .. \ 

'::':'''''4:ln''m,:~c:' ~ema;1'!a priori ambi guous;',on the one hand" a ri se i n the tax 
. . . 

, •.. c.,."._, __ .dec~easessaving vta the current income 'effect, but on the other 

··:"i.,'~"f'l:l\oI"'ft )s:aJ:i~g~':is i'ncreased vi ~the fut~re i ncome effect. What happens to 
',' '. 

, ':",~:the 're,gi me "bounda ri es as·a response to a change i n the tax rate 

;'·~· .. ä~pen~s "on the "rel ati onship between' the 1 endi ng rate and the rate of 

;:>:.'.'~::time 'preference ·on the one hand and between the borrowing rate and the 
';~. ,;"'. " . " "" , 

, >'.:rate ofti~e 'preference' on the other hand. It ; s instructi ve to look 

·~~'·.,a't'some :special cases. First, if the lending rate i,s equal to the rate 

c',\of.time ',preference '( r = p )and the income profi 1 e i s not decreas i ng 

:', >~,iy~';(Y2')" 'then Ss) 0, Al = 0, sb > 0 and A2 > o. U'nder these 
,:c;,,,.>,, ••.• ' .• :" ' .•. ~. , T TT, T 

,.<tircumstance~e.g. a permanent rise in the tax ra te will have.a positive 

~:;";:';~ffectonaggre,gate savi ng; the savi ng 'wi thi n the savi ng regime wil1 

.:' .. ~'_/!:~'~ither· remai'n' constant (Y1 = Y2) or ,increase (Yi < Y2) and the 

'~':::' "consumpti on withi n the borrowi ng regi me wil1 deerease. Fi na lly, some 

, (5.~'Jcon~umers 'wiTlshift from the borrowi ng status to the 1 i qui di ty

,",:'::;'Cönst~ai~ed··'sit.ua~ion (the term ,-A2~sb(A2)f(A2) > 0). Se~ond, if the 

,·:~·l ending 'rate is .equa1 tothe rate of time preference (r = p), and the 

:":~"!ncom~ p~ofi1e "is decreasing (Yl > Y2)' then s~ < 0, Å1T = 0, s~ = ? 

,~:.':,' >and ~2; ): O. Under these ci rcumstan~es t~e tax rate wi 11 have an a 

, ,c).~,'.~;:;>pr;ori: ambiguous, but' quite 1ike1y negative effect on aggregate 

':'~<,'sa~ing;' the .saving within 'the saving regime wi11 go down, and some of 

;-the borrowers' shift from the borrowing status to the liquidity -
fI:~~~~'t'~,l ,L· ... ~ .• ,,".: .::'con~trained situation. B~t the borrowing response within the borrowing 
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regime will remain a priori ambiguous and depends on the relationship 
between the pre-tax interest rate wedge and the shape of the income 
profileo .' 

Earlier we abstracted from the interest rate wedge effect of the tax 
rate. What happens to the post-tax interest rate wedge, when the tax 
rate wil1 change, depends naturally on the details of the tax codeo If 
the interest income from saving are tax free, while borrowing expenses 
are deductible in income taxation, then the only change in the 
non-linear budget constraint (3), which is needed, is to redefine the 
post.tax wedge as zO = ze. Now in the absence of profitable tax 
ar~itrage ·the wedge effect of the tax rate can be expressed SO = 

. T 
-(z/e)Sz < O. A rise in the tax rate wil1 deerease the post-tax wedge, 
which tends to deerease aggregate saving, ceteris paribus.8) Hence~ 
the total effect of a permanent change in the tax rate on aggregate 
saving can be decomposed into the a priori ambiguous income effect S 
and the negative tax wedge effect -(z/e)Sz' so that.we have S~ = T 

ST - (z/e )Sz" 

2.2 Aggregate Saving, Income Distribution and Progressive Income 

Taxes 

As the equation {6} indicates, the saving functions within the regimes 
are linear in terms of incomes under the assumption of homothetie 

preferences (here quadratic utility) 50 that 5~lYl = S~lYl = S~2Y2 = O. 

This·does not imply, however, that the aggregate marginal propensity 
. to consume out of current income is constant. It is shown in appendix 
2that under a mi 1 d addi ti onal assumpti on . the resporise of the 
aggregate marginal propensi'ty to save to a change in current income 
can be written as 

(13) 

+ 
~ 

+ 
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Hence, despite the linear saving functions within the regimes, the 
aggregate marginal propensity to save out of ·current income is 
;ncreas;ng. This ;s due to the regime shift effects in the presence of 
the non-linear intertemporal budget constraint; as current income 
increases, consumers move from the liquidity-constrained situation to 
savers on the one hand and from the borrowing status to the 
liquidity-constrained situation on the other hand.· In the former case 
the marginal propensity to save increases (SyS > sn = 0) and in the 

1 Y1 
latter case v;ce versa happens (Syb > sn = 0) in such a way that the 

1 Yl 
former effect dominates. This means that even with homothetie 
preferences the income distribution matters for the aggregate saving; 
the more unequal is the income distribution, the higher is the 
aggregate saving and vice versa. 

Thus far we have assumed the constant marginal tax rate. By accounting 
for the changing marginal tax rate·will modify some of the resultso 
Introduce an income tax such that a gross taxable income y yields a 
net disposable income ~(y), where the marginal tax rate are assumed to 
be less than 100 per cent, iae. ~I (y) > 0 and increasing i "e~ ~iI(y) < 

O. With quadrat;c utility the saving functiöns of vari'ous consumer 
categories can now be written as 

where SS > 0 and R = R as x = sand sb < 0 and R = R* as x = bo The 
within regime saving functions are still linear in terms of net 
disposable incomes ~(Yl) and W(Y2)' but not in terms of gross taxable 
i ncomes Y1 and Y2' 1n parti cul ar. s~lY1 = [1 + sii.2r1

", .. (Y 1) < 0 

under increasing marginal tax rate, which runs counter to the 
hypothesis that the aggregate marginal propensity to save out of 
current pre-tax i ncome i s posi ti ve. Thi s suggests that the more 
steeply the marginal tax ra te rises.- i.e. the 10wer is ~1I{y} - the 
lower is saving ceteris paribus. Thus, with rising marginal tax rates 
savi ng ten.ds to deerease both by equal i zi ng the current post-tax 
distribution of income and by making the within regime saving 
functiQns decreasing in terms of gross taxable incomeo With constant 
marginal·tax rates these two effects d9 not exist. 9) 
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Later on·in empirical part we use not the household saving, but the 
ratio of household saving to aggregate disposable income as the 
dependent variable. Hence, it is important to look at the implications 
of exogenous variables to s/eY, where eY refers to the aggregate 
disposable income. A change in the interest rate wedge z will increase 
the saving ratio because (s/eY)z > O. The response of the saving ratio 
to a change in the tax rate can in turn be expressed as (5/eY)T = 
y-1(ST + e-1S) which is a priori ambiguous; the tax rate will affect 
aggregate saving on the one hand (the term y-1ST) and it will also 
affect the saving ratio via the denominator of the saving ratio (the 
term (Ye) -15) • 

Finally, how is the result that in the presence of interest rate wedge 
the aggregate marginal propensity to save out of current income is 
increasing should appear in the household saving ratio equation? A way 
to account for nonlinearity is to postulate the aggregate saving 
function, which is nonlinear in terms of post-tax income so that 5 = 

aYe + (l/2)S(Ye)2, where S > O. The response of the saving ratio to the 
pre-tax income is (s/eY)y = (l/2)se > 0 because 5Ye > (S/Ye)~ The 
response of the margi.nal propensity to save out of current (pre~tax) 
income can in turn be expressed as Syy = se2 > O. Hence, a rising 
marginal propensity to save and a rising saving ratio in terms of 
current (pre-tax) income are closely related. 

2.3 On Saving Effects of Aggregation Across Cohort~ 

After considering the aggregate saving behaviour within a single 
cohort, we turn to discuss briefly the implications of aggregation 
across cohorts for saving behaviour. The steady state implications of 
aggregati on across cohorts were fi rst ana lyzed· i n Modi gli ani and 
Brumberg in early 1950s (pub1ished in (1986)). Assuming that saving is 
done by yourger cohorts, Modi gl i ani. and Brumberg estab 1 i shed that 
income growth would lead to a positive sav·ing ratio; in steady state 
the saving ratio would be constant and an, increasing function of the 
rate of growth, whether due to popu1ation or produotivity growth. The 
savi ng of the younger .cohorts wou1 d exceed the rate of di ssavi ng ef 
cohorts current1y reti red. 
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But the basic premise of the standard LCH, according to which saving 
is done by' younger cohorts, is sensitive both to the expectations 
formation concerning future income and the shape of income profi1e. If 
earnings are sufficient1y skewed towards older ages and consumers do 
not fai1 to foresee the increase in future earnings, then in quite 
contrast to the usua1 textbook picture of hump saving, younger cohorts 
borrow and saving is done primari1y by older cohorts. Under these 
circumstances there might be a negative re1ationship between saving 
ratio and income growth, as was noticed by Farre11 (1970). If a 
fraction of younger cohorts save and a fraction borrows, then there 
might be no re1ationshipbetween the househo1d saving ratio and the 
income growth. Fina11y quantitative constraints on borrowing might 
prevent the negative re1ation between saving ratio and income growth 
(see Russell (1977) for a pre1iminary analysis). Hence, there is no a 
priori unbiquous re1ationship between the saving ratio and the income 
growth (for a further ana1ysis, see a1so Seoka and Hoshikawa (1989))0 

If ·the popu1ation is not under ba1anced growth the demographic 
structure matters for saving behaviour. In particular, it can be 
argued that the saving shou1d depend negative1y on the ratio of 
retired persons to tota1 popu1ation as we11 as on the ratio of portion 
of popu1ation which has not yet reached wo~king age to ,popu1ation (see 
Modi gl i ani (1970))., Fi na 11y, a 10nger expected 1 i fetime. shou1 d 

increase saving. 

2.4 Towards an Empirical Specification 

According to the considerations presented in equations (6) and (7) the 
aggregate household saving ratio is assumed to depend on various 

exp1anatory variables as fo1lows 

where HSR denotes the household savings ratio, G the growth rate of 
households' rea1 disposable income (i.e. Y2/Yl - 1), 0 the (set of) 
demographic variab1e(s), Z the post-tax interest rate wedge variable 9 
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TAX the marginal income tax rate and V nonlinearities and income .. ~ 
distribution variableso 

While HSR, G and 0 can be measured with the accuracy provided by SNA 
and Demographic statistics,10) the measurement of Z and TAX create 
real problems with our cross-section da~a. First, there is the 
question of how taxes affect the interest rate wedge. Second, it is 
not possible with our data to calculate the precise average marginal 
tax rates, but the,average direct tax rate can be obtained and ;t ;s 
used as one basic alternative. We also experiment with the squared 
average tax rate to better account for the marginal income tax rate. 
Finally, we apply the approach suggested by Blinder' (1981) to develop 
a proxy for the margina'l income tax rate. The aggregate marginal tax 
rate is created from the average tax rate by first postul~ting a 
frequency distribution of pre-tax income and a functional form for the 
tax function and then perturbing the pre-tax frequency distribut;on of 
i ncome so as to produce the aggregate margi na 1 tax rate, MRT, and the 
aggregate average tax rate, ART. In order to obtain closed form 
expressions for MRT and ART we followed Blinder (1981) and adopted the 
followi'ng functional forms for the tax function, T(Y), and the pre~tax 
frequency distribution of income, f(Y): T(Y) = ayb and f(Y) = ge~gY, 

where a > 0, b > 1 and 9 > O. Under these assumptions the ratio of the 
aggregate marginal tax rate to the aggregate average tax rate is 
MRT/ART = (b+l}/2. The tax parameter b was estimated from the 
time-series data for each individual country covering the period 
1970 - 1985, and the aggregate marginal income tax rate was then 
computed from the aggregate åverage tax rate. 

Turning to the measurement of Z, unfortunately very little reliable 
data on (post-tax) interest rate wedges exists. In some cases the 
official IFS-data suggested implausibly that rz < r. 11 ) Thus we 
decided not to try to measure Z d;rectly, but developed two 

,alternative proxy variables to ito Thus, we assume that Z can be 
simply exp,ressed as Z = elO + ellCUR, where CUR stands as a proxy for 
the interest rate wedge. In what follows we measure CUR ('degree of 
development ' of credit market facilities) by the fraction of currency 
(notes and coin) to GDP and M2 respectively. 
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After these considerations we specify the household saving ratio 
equation to be estimated 

(16) HSR = bO + b1G + b2YPC + b3RET + b4DEP + bSMLE + b6TAX 
+ b7CUR + b8D1S + u, 

where YPC = GDP per capita in U.S. dollars and DIS = a measure of 
income distribution describing the fraction of household pre-tax 
income obtained by the highest decile. RET = population aged 6S and 
over in relation to total population, DEP = population aged 0 - 14 in 
relation to total population, MLE = expectation of life at birth, 
TAX = the income tax rate variable and u = the error term. The 
variables YPC and DIS are included to control for the possible 
non-linearity and income distribution in the household saving ratio 
(see the expression (13)'). One may assume that bS, b7, b8 > ~ and b3!1 
b4, b6 ~ 0, while the signs of b1 and'b2 are ambiquouso 12 ) 

3 ESTlMATION RESULTS 

Before turning to estimation results, some further comments about 
data. The data consist of a cross-section of 26 countries so that!l as 
a rule, the variables represent five-year averages for 1981 - 1985. 
The definition of data and data sources, as well as a printout of the 
data are presented in the data appendices. The data sample was chosen 
so that a maximumnumber of countries ~ould be included. Only in the 
case of Botswana this principle was not followed because we found the 
data too dubious. Only the household savings ratio is used here 
because the measurement of the after-tax interest rate wedge for the 
whole private sector is far too difficult (moreover, the existing 
evidence suggests that household and corporate savings are not perfect 
subsitutes, cf. e.g. Koskela and Viren (1986)). 

OLS estimates are reported in Table 1, OLS estimates with weighted 
data ;n Table 2 and various robust regression estimates in Table 3 
respectively. Initial es~imations of equation (16) brought out a 
couple of clear outliers in the data, namel~ Malta and Italy.13) With 
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Malta, the explanation lies in the CUR-variable being the outlier (see 
the printo~t of data), while in the case of Italy the household saving 
ratio behaves for some reason in the way which cannot simply be 
accounted for by the explanatory variables specified in equation (16). 
Hence we introduced two dummy variables to account for these countries 
and were not able to detect any clear outliers after this procedureG 
Nevertheless, we tested for the presence of outliers by estimating all 
equations with two alternative ro.bust estimation methods, Le. using 
the least absolute deviations estimator (LAD) and Huber's M-estimator 
(ROB) (see Snyder (1978) and Huber (1981) for details). 

The OLS estimation results of Table 1 with unweighted data can be 
briefly summarized as follows: First, the estimating equation(s) fit 
the data reasonably well and the individual coefficients are rather 
precisely estimated. The only marginal exception seems to be the 
income level variable YPC, which is sensitive to which' proxy variable 
for CUR is used. Second, the demopraphic vari ables - RET, DEP as well 
as MLE - are of Icorrectl sign from the point of view of LCH. The 
significance of demographic variables lies in contradiction with the 
intergenerational altruism view by Barro according to which 
demographic factors should not matter. Third, the growth effect seems 
to be significantly negative. This lies in sharp contrast with the 
strong positive growth effect detected from inter-country data of the 
1950s as well as with somewhat weaker growth effect detected from 
inter-country data of the 1970s. Hence, the growth effect on saving 

I 

ratio seems to have moved during the decades from positive to negative. 
Without further examination it is not possible to say precisely what 
has been the major' force behind this apparently changed relationship 
between the growth rate and the saving ratio. On the basis of 
discussion in section 2.3 one may conjecture, however, that the 
improved access to capital market and/or more skewed earnings profile 
towards older cohorts (due ta a rise in the level of educatian) among 
others may be underlying reasons. Finally, and perhaps most 
importantly, the TAX- and CUR-variables - serving as proxies for 
post-tax interest rate wedge components - are of ·correct sign ' and of 
reasonable magnitude from the point of view of our hypothesiso 
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Table 1. OLS Estimation Results of Equation (15) without the DIS 
vari abl e 

G YPC RET DEP MLE TAX CUR SEE/F R2 

(1) -.907 .030 -1.539 "-.871 .259 -~202 1~044 2.78 G788 
(1.99) (0.12) (3.69) (4.20) (2.23) (l.18) (2.97) (5.74) 
[3.37] [0.13] [5.71] [4.36] [3.20] [1.76] [4.76] 

(2) -.878 .029 -1.543 -.821 .257 -.493 1.049 2.67 .803 
(2.11) (0.12) (4.01) (4.43) (2.30) (1.67) (3.12) (6.84) 
[3.50] [0.13] [6.12] [5.01] [3.37] [2.17] [5.23] 

(3) -1.034 .007 -1.587 -.950 .260 -.202 1.001 2.54 .822 
( 2 .52) ( 0 .03) ( 4 .47 ) ( 4 .95) ( 2 .45) ( 2.19 ) ( 3 .11) ( 8 • 40 ) 
[4.14] [0.04] [5.93] [4.78] [3.03] [3.64] [5.00] 

(4) -1.034 -1.583 -.951 .261 -.201 .994 2.47 .822 
(2.59) (4.76) (5.25) (2.64) (2.26) (4.22)(15.60) 
[ 4.13J [5.69] [5.05J [3.09] [3,,71J [5.73] 

(5) -.946 -.397 -1.273 -1.168 .280 -.249 " .288 3.14 .728 
(1.88) "(1.70) (2.79) (5,,13) (2.12) (l:30) (l.85) (2.74) 
[2.87] [1.85] [3.48] [5.78] [2.82] [1.64] [2.76] 

(6) -.907 -.389 -1.272 -1.121 .283 -.629 ,,321"~2098 .756 
(1.95) (1.83) (3.06) (5.49) (2.25) (1.92) (2.17) (3.95) 
[3.01] [1.99] [3.60] [6.87]" [3.07] [2.32] [3.56] 

(7) -1.066 -.420 -1.360 -1.223 .280 -.218 .263 2.94 .762 
(2.24) (2 .. 05) (3.42) (5.72) (2.26) (2.05) (1.79) (4.27) 
[3.61] [2.33] [3.70] [6.29] [2.75] [2.19] [2.61] 

(8) -1.165 
(2.25) 
[3.41] 

-1.469 -1.225 .186 -.274 .302 3,,21 .699 
(3.41Y (5.25) (1.48) (2.44) -(1.91) (5 .. 77) 
[3.81] [6.39] [1.40] [2.73] [2.69] 

t-ratios are in parentheses, below them are White's heteroskedasti"city 
adjusted t-ratios. SEE is the standard error of the estimate g F 
denotes a F(2,16) test statistic for the parameter restriction b6 = 
b7 = O. The dependent variable is HSR. All equations also include a 
constant term and two dummy variables for Italy and Malta. With 
equations (1) - (4) CUR = (currency/GDP) and with equations (5) '- (8) 
CUR = "(currency/M2). The average income tax rate is used for"TAX in 
equat"ions (1) and (5), the corresponding squared term (divided by 100) 
in equations (2) and (6) and, finally, the aggregate marginal income 
tax ra te in remaining equations. The number of observations is 26. 
Thus, the critical value of,the t-statistic at the 5 per cent level of 
significance is 2.12. The corresponding critical value for F is 3.63 
(however, for equations (4) and (8) it is 3.59).-
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Moreover, their significance i5 reasonally ·good. This is particularly 
true in the case of aggregate marginal income tax rate (which is the 
the best TAX variable on a priori grounds) and currency/GDP ratio. 
Only, if the average income tax rate (which may not be a good proxy 
for the TAX variable) and currency/M2 ratio are used one cannot reject 
the joint hypothesis that the coefficients of these variables are 
equal to zero. This combination of variables is, however, the only one 
which produces this negative finding. Hence, there are reasonable 
grounds to conclude that both a rise in tax rates and better access to 
credit markets - measured by the ratio of currency to GDP and to M2 
respectively - will tend to decrease household saving ratio, ceteris 
paribus. 

In order to evaluate the robustness of results a bit further, we 
carried out a number of further experiments. First, even though we had 
serious doubts about the quality of th~ interest rate wedge data 
collected from the IMF International Financial Statistics (see 
footnote 10), we estimated the equation (16) without the DIS-variable 
so that CUR,was replaced by z (= the interest rate differential 
between the borrowing and the deposit rate). The following OLS 

I 

coefficient estimates - which correspond to the equation (1) of 
Table 1 - were obtained: .286(.85)"without country dummies and 
.240(.70} with country dummies for Colombia, Sri Lanka and Paraquay.' 
Hence the coefficient of interest rate differential - though imprecise 
- were of 'correct sign ' .14) Second, estimation was also carried out 
so that the observations were weighted by population or, 
alternatively, bythe square root of population. In these cases, the 
following results, presented in Table 2, emerged. 15 ) 

First, the effect of weighting observations by population seems to be 
a deterioration in the significance of the growth rate and the life 
expectancy variables 9 while an improvement in the significance of the 
income level variable .. Second, the TAX-and CUR=variables are still of 
'correct l sign, while their significance is now slightly less than in 
the case of the unweighted OLS estimation. Third, the income 
distribution variable DIS is also of Icorrectl sign in terms of our 
hypothesis, but its coefficient estimate is not very precise and it 
seems to be plagued by lack of robustness, particularly in terms of 
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Table 2. Weighted OLS Estimation Results of Equation (15) 
with and without the DIS-variable 

G YPC RET DEP MLE TAX CUR DIS 

(1) .815 -.344 -.907 -.776 .081 -.064 .852 
(1.45) (2~15) (2.32) (3.11) (0.97) (0.55) (1.78) 

(2) -.197 -.296 -1.278 -1.005 .173 -.148 .516 
(0.34) (1.77) (2.99) (4.10) (1 .• 50) (1.31) (1.60) 

(3) -.246 -.316 -1.273 -.968 .196 -.512 .456 
(0.42) (1.96) (2.99) (4.23) (1.66) (1.34) (1.44) 

(4) .043 -.340 -1.186 -.901 .164 -.099 .440 
(0.07) (1.96) (2.66) (3.46)· (1.35) (0.48) (1.33) 

R2 w 

.99 N 

093 v'N 

.93 v'N 

.92 v'N 

(5) -1.054 .013 :"1.763 -1.139 .325 -.236 1.051 .108 .75 UW 
(2.15) (0.04) (3.52) (3.57) (2.34) (1.29) (2.68) (0.64) 

(6) -1.206 -.006 -1.861 -1.253 .333 -.227 1.011 0118 .80 UW 
(2.76) (0.06) (4.44) (4.43) (2.71) (2.40) (2.93) (0.80) 

(7) -.312 -.112 -1.661 -1.389 .136 -.246 1.124 .147 .93 v'N 
(0.54) (0.54) (3.36) (3.80) (1,,13) (2.03) (2.49) (0.98) 

(8) .354 -.125 -1.607 -1.662 ~o201 -.307 1.419 .291 099 N 
(0.61) (0.65) (3.40) (4.19) (0,,24) (2.17) (2.83) (2,,37) 

t-ratios are in parentheses. The dependent variable is HSR and 
currency /GDP is used for CUR. N (v'N) i ndi ca tes that the data are 
weighted by population (square root of population), UW indicates that 
unwei9hted data are used. The average tax rate is used for TAX in 
equations (4) and (5), the average marginal tax rate ;n (1), (2) and 
(6) - (8) and the squared average tax rate in equation (3). Equations 
(l) - (4) also ;nclude a constant term and a dummy variable forltaly 
(the dummY for Malta was completely insignificant and thus it was 
dropped). Equations (5) - {8} only include a constantterm because 
neither Italy nor Malta is included in the data sample (n = 22). 
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weighting by population. Thus, the role of income distribution remains 

somewhat moot. 

Finally, we used robust estimation techniques to try to account for 
possibly remaining outliers in the data •. The ~sults are presented in 
Table 30 They are perfectly. in line with those presented in Table 1 in 
terms of signs of explanatory variables and almost perfectly in line 
in terms of the significance of explanatory' variableso There does seem 
to remain some ambiquity, however, in terms of accuracy of· estimated 
coefficients; the standard deviatiQns computed in OLS estimation, 
White's heteroscedasticity correction, LAD- and ROB-estimations, all 
differ from each other, though they clearly follow the same overall 
pattern. 16 ) Obviously, we should have more data points to nail down 
standard errors more preciselYo 17) 

4 CONCLUDING REMARKS 

In' this paper we have derived aggregate household saving under capital 
market imperfection, which is characterized by the wedge between the 
borrowing and lending rate. Under these circumstances the assumption 
of a representative consumer is unlikely to hold, and consumers are 
di~tributed into savers, 1iquidity-constrained consumers and borrowers 
depending on their exogenous future labour incomeo An interest rate 
wedge is shown to affect saving positively; as for the tax rate, while 
there are some conflicting tendencies, fi ~ill quite likely aff~ct 
saving negatively mainly via affecting the post-tax interest rate 
wedge. 

In the second part of the paper we use a l~rge international data 
sample from 26 countries in the 1980s to test for the role of tax and 
interest rate wedge factors in addition to the usual life cycle 
variables to see whether they are useful in understanding 
inter-country differences in household saving ratios during the 1980so 
On the whole, results are encouraging; the estimating equåtions fit 

the data reasonably well and coefficient estim~tes are rather 

precisely estimatedo Demographic variables are 'of 'correct' sign and 
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Table 3. Robust.Estimation Results of Equation (15) without the 
DIS-variable 

G· YPC RET DEP MLE TAX CUR R2/DC me-thod 

(1) -1.270 .058 -1.788 . -.941 .314 ~0187 10038 .776 LAD 
(2.36) (0.18) (3.53) (3.75) (2.23) (0.90) (2.44) (0847) 

(2) -1.291 .034 -1.738 -.970 .366 -.184 1.075 0806 ·LAD 
(4.10) (0.19) (6.39) (6.59) (4.49) (2.59) (4036) (.860) 

(3) -1.527 -.545 ~1.537 -1.4~6 .380 -.305 .194 .745 LAD 
(3.70) (3.07) (4.45) (7.69) (2.54) (3.31) (1.52) (0833) 

(4) -.919 .049 -1.464 -.775 .281 -.171 10132 .783 ROB 
(1.95)' (0.18) (3.31) (3.53) (2.29) (0.95) (3.06) (.834) 

(5) -1.042 .022 -1.609 -.914· .291 -.186 le065 .820 ROB· 
(2.66) (0.10) (4.76) (5.00) (2.87) (2.12) (3.48) (.848) 

(6) -1,,232 -.461 -1.437 -1.327. .315 -.267 .255 .759 ROB 
(2.19) (1.91) (3.06) (5.25) (2.16) (2.13) (1.48) (.821) 

Asymptotic t-ratios are in parentheses, DC is the Least Absolute 
Deviations analogon of R2 in the OLS regression. The de'pendent 
variable is HSR. All equations also include a constant term and two 
dummy variables for Italy and Malta. With equations (1), (2), (4) and 
(5) CUR = (currency/GDP) and with equations (3) and (6) CUR = 
(currency/M2). The average income tax rate is used for TAX in 
equations (1) and (4), otherwise the margin~l tax rate is used" LAD 
corresponds to the Least Absolute Deviations estimator and ROB Huber's 

. robust M-estimator. The LAD estimates are computed using the algorithm 
of Snyder (1978), Huber's (1981) M-estimator uses the tuning constant 
1.345 (for further details see Sonnberger et al (1986)). 
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significant. Also the growth effect is significant, but in sharp 
contrast to earlierfindings it i5 negative. Improved access to credit 
markets and/or more skewed earning towards older cohorts and/or 
changes in expectations may be underlying reasons for this. Finally~ 
our evidence suggests that tax and wedge variables help to imp~ove the 
performance of the household savings ratio equation, are of 'correct l 

sign from the point of view of our hypothesis and thei'r significance 
is reasonably goode According to estimation results, both a rise in 
°tax rates and better access to credit market - measured by the ratio 
of currency to GDP and M2 respectively - will tend to decrease 
household saving, ceteris paribus~ 

We regard current estimates quite preliminary. More research is needed 
to provide more accurate data for tax.rates and interest rate wedge to 
get more refi ned model sand more preci se estimates. We are reasonably 
confident that these sort of variables can eventually explain the 
i ntercountry di fferences i n the househol d (and pri vate) savi ng rati os G 
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FOOTNOTES 

1) This is also a conclusion by Hayashi (1987) in his attempt 
to explain, why the saving ratio in Japan is so much higher 
than the one in the U.S. 

2) This effect is emphasized in Hayashi and lto and Slemrod 
(1988) in the (mainly simulation) analysis of the 
interaction between household saving and housing purchase 
decisions. Households on the imprefect capital markets are 
induced to save more early' in the life cycle in order te 
meet the higher down-payment requirement. 

3) Fer a large collection of data on the 'degree of 
development' of financial markets, see Goldsmith (1969}o 
For an attempt to measure the private savings response to 
the .1 de,gree of devel opment r of fi nanci al markets 1I see 
Koskela and Viren (1983). 

4) Jappelli and Pagano (1988) estimated the so-called Euler 
equations for consumption by using annual time series data 
from 7 OECD nations. They found that the degree ef excess 
sensitivity of consumption to current disposable income 
varied across countries and was larger in the countries 
with mo.re imperfect capitaT markets. 

5) Usually, examining the effects of taxes on saving with 
perfect capital markets has necessitated to address the 
following issues: (i) what is the effective- marginal tax 
rate on income from saving? and (ii) what is the (post-tax) 
interest rate elasticity of saving? ln the presence of 
capital market 1 imperfecti ons I the effects of taxes on the 
interest rate wedge and Iliquidityl become importanto 

6} Here wedge is exogenous. King -(1986) has presented a model 
with asymmetric information between borrowers and bankers lI 

where the equilibrium on the capital market is 
characterized by the endogenous interest rate wedgeo 

7) By allowing for future income uncertainty it is possible 
for consumers to default. This complicates the analysis 
slightly, see King (1986) for details in the quadratic 
uti 1 i ty case. 

8} ln the case where capital income from saving is not 
exempted from taxation, the analysis is a bit more 
complicated. Even then, however, the negative tax wedge 

. effect tends to hol d. 

9) Al10wing for a possibility of tax arbitrage in non-linear 
taxation yields the fol10wing intertemp'oral budget 
constraint 
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(1) c2 = ljJ(Y2 - rzB) + B,r + R(ljJ(Yl) - cl) 

where ljJ(.) describes the net disposable lncome function 
with ljJl(.) > 0 and ljJ"(e) < O. The most profitable tax 
arbitrage borrowing is now characterized by 

(2) 1 - zljJ I (Y2 ~ rzB) = 0 

at the interior solution. Thus there is no arbitrage 
borrowing if Y2 ~ Y2* = ljJ'~I(z-I), while if Y2 > Y2* the 
arbitrage borrowing is positive and it is defined by 

(3) B = (rz)-I[Y2 - ljJ'-l(z-I)] 

If there are no limitations to tax arbitrage, .then it can 
be shown that accounting for tax arbitrage under non-linear 
taxation will make the effective tax system linear with 
positiv.e intercept term. This suggests that while the tax 
arbitrage may eliminate non-lin~arities from the tax 
system, it will not completely eliminate the redistributive 
aspects of taxation. 

10) This· is not to say that the St-JA-data is completely free 
from various conceptual and measurement issues. See Boskin 
(1988) for a recent and comprehensive discussion of the 
issues involved. 

11) The standard measures of lending and borrowing rates, 
published for instance in the IMF International Financial 
Statistics, and OECD Financial Statistics Monthly are very 
defi ei ent i n the sense that the matu,ri ti es cannot be 
matched, various restriction in terms of deposits (mjnimum 
amounts, ,withdrawal conditions etc.) cannot be compared and 
so on. Some idea of data can be obtained srutinizing the 
following interest differentials between the borrowing and 
deposit rates from the International Financial Statistics~ 
Australia 3.64, Austria 2.96, Belgium 8.05, Canada 2.12~ 
Colombia -10.60, Ecuador 3.00, Finland 1.06, France 11p37, 
Germany 5.09, Greece 5.78, Italy 6.46, Japan 3.26, Korea 
2.20, Malta 3.00, Netherlands 5.57, Norway 8.73, Paraquay 
•• , Philippines 5.68, South Africa 4.72, Spain 3.47, Sri 
Lanka -2084, Sweden 5.02, Switzerland 0.87, Thailand 5.78, 
United Kingdom 3.13 and U.S.A. 2.14. See also King (1986) 
for analysis of the U.K. and U.S. interest rate wedge, and 
Jappelli and Pagano (1988) for the problems of finding the 
interest rate wedge data with matched maturities. 

12) In the light of the equation (13) the pre-tax distribution 
of income should matter for saving behaviour, which is why 
we decided to check whether this distribution effect can be 
captured by introducing a separate additional income 
distribution proxy into the saving ratio specification. It 
is, however, far from clear how to account for potential 
income distribution variable (see e$g. Kakwani {1980} for a 
discussion of some of the issues involved). Partly because 
of the data problems we used the highest pre-tax income 
decile as the proxy for income distribution. 
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13) The role of outliers were scrutinized using the procedure 
proposed by Cook and Eisberg (1982) which is included· in 
the IAS-System 3.6 software package Jsee Sonnberger et. ale 
(1986)). 

14) In addition, equation (15) v/as estimated by representing 
the demographic variables with one principal component and 
by using the ridge regression technique. No qualitative 
change in results (in terms of the TAX- and CUR-variables) 
coul d be detected, however.· 

15). Weighting country observations effectively increases the 
weight of population of rich countries. E.g. in our data 
sample the r&tio of Japan and U.S~ population to total 
population is .38. 

16) The equation (16) was also estimated by defining Y as 
households' total current receipts in the tax schedule T = 
ayb, where T denotes direct transfers.and other current 
transfers from households to general government. Naturally 
this alternative procedure tended to give smaller values to 
the average marginal tax rates, but the estimation results 
turned out to be very similar to those presented in Tables 
1 - 3. Hence, they are not reported. A complete set of 
results is available from the authors upon requeste 

17) In thi s context we al so tested Sl emrod I s (1988). hypothes i s 
that the fear of nuclear war affects household (or private) 
saving negatively. Thus, we included the Gallup Poll 
variable WAR (which measures the perceived likelihood. of 
nuclear Wold War) into the final estimating equation (15) 
without the DIS-variable. Due to lack of datathe sample 
now consists of 22 countries. The following OLS results 
emerged (the estimated constant term is not displayed) 

WAR G RET DEP MLE MTAX CURl R2 

-.094 .04 
(0.90) 

.062 -1.818 -2.014 -1.293 <>365 -.241 1~017 <>78 
(Oo71) (2.32) (4.61) (4.15) (2,,65) (2,,17) (3.08) 
- .. 151 ' ,,68 

(2.28) 
-.004 -1.024 -1.716 -1.115 .358 -.260 1.487 088 

(O.OS) (0.86) (2.46) (2.28) (2 .. 13) (1.S9) (2c>92) 

where unweighted data ;s used in two first equation-s and 
wei ghteddata (wei ghted by the square root of popul ati on) 
in the two remaining equations: for other details, see the 
footnote of Table 1. Clearly, Slemrod's hypothes'is does 
not seem to lie in conformity with ·data. In con:trast to 
what he himself argues the WAR-variable seems to be very 
sensitive both in terms of data sample, estimating 
equation and weighting the datao 
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APPENDIX 1 

It is shown how eonsumers will be loeated among regimes depending on 
their seeond-period earnings. Substituting the savers' budget 
eonstraint for c2 in the first-order eondition for utility 
maximization yields the following eondition for regime (a): 

which ean be written as 

Regime (a) holds only where el ' Yle. Henee in this regime 

(2) 

Similar'y~ the eondition for the regime (e) to hold ean be written 

where R* = ~ + r(z - 1), z = the interest rate wedge. Regime (e) holds 
only where' eI > Yle, whieh implies 

( 5) 

Finally, regime (b) holds, and eonsumers are liquidity-eonstrained, 
when the seeond period ineome lies between the boundaries defined by 
the equations (2) and (5), ioeo when Al < Y2 < A20 
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APPENDIX 2 

This appendix shows how the .linear saving functions within the.regimes 
- see the equation (6) in the text - and the non~linear budget 
constraint (3) imply that the aggregate marginal propensity to save 
out,of current income is increasing. Differentiating the equation (7) 
with respect to YI implies 

'A 
1 

(1) Sy = f s~ f ( A ) dA + A
1Y1 

eSS {A1)f(A1) + 
1 A 1 

B b f sb f(A)dA - A2Yles (A2)f(A2) 
A Yl 
2 

where A
1Y1 

= (SRl-1 > 0, A
2Y1 

= (SR*l-l > 0, S~l·> 0, S~l > 0, sS(A1l > 0 

and Sb(A2) < 00 Differentiating (2) with respect to Y1 gives 

(2) 

where SyS Y = Syb Y = 0. Now assuming that f(A1) = f(A2) = f(AO) 
1 1 1 1 

and rearranging the terms we end up with the expression (13) of the 

text, where 

(3) 

with positive interest rate wedge (z > 1). 
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DATA APPENDIX 

Definition of data and data sources 
" 

HSR Household savings ratio, %. Households' net saving in 
relation to households' disposable income, %. A five-year 
average for 1981 - 19850 From: United Nations National 
Accounts Statistics~ Main Aggregates and Detailed Tables, 
1985, United Nations, New York 1987. Table 1.6. 

G Growth rate of households' real disposable income. 
Households' disposable income has been deflated by the 
implicit price deflator of private consumption 
expenditure, %. A five-year average for 1981 - 1985. From 
United Nations National Accounts Statistics, Tables 1.1 and 
1.6 .. 

YPC Gross Domestic Product per capita in UoSo dollarso A 
five-year average for 1981 - 1985. From National Accounts 
Statistics: Analysis of Main Aggregates, 1985, United 
Nations, New York, 1987. Table 1. 

TAX Households' average income tax rate. Direct transfers and 
.other current transfers from.households to general 
government i n rel ati'on to househol ds' total current 
receipts, %. A five-year average for 1981 - 19850 From 
United National National Accounts Statistics, Table 1060 

MTAX Household's marginal income tax rate, %. Equals TAX(1+b)/2~ 
where b corresponds the slope parameter in the tax schedule 
T = ayb; T denotes direct transfers and other current 
transfers from households to general government and Y 
households' total current receipts minus current transfers. 
The tax schedule was estimated from time series data 
covering (with some exceptions) the period 1970 - 1985. 
Both T and Y were deflated by the consumer pri.ce index CP L 
From United Nat;'ons National Accounts Statistics, Table 1.6 
(for T and Y) and International Financial Statistics, 
Internati onal t40netary Fund, Washi ngton D.C 0, 1 i ne. 64 (for 
CPI) .. 

DEP Population aged 0 - 14 in relation to total population, %a 
For 1977 - 1986. From United Nations Demographic Yearbook 
38, United Nations, New York, 1988, Table 7. 

RET Population aged 65 and over in relation to total 
population, %. For 1977 - 1986. From United Nations 
Demographic Yearbook 38. Table 7. 

MLE Expectation of life at birth, yearso Unweighted average- of 
male and female population. For 1980 - 19850 From United 
Nations Demographic Yearbook 38. Table 4. 
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CUR1 Currency outside deposit money banks in relation to GDP, %. 
From IMF International Financial Statistics, International 
Monetary Fund, Washington D.C., 1 i ne~ 14 a and 99 b. 

CUR2 Currency outsi de deposit money" banks in rel ati on to money 
plus quasi-money, %. From IMF International Financial 
Statistics. Lines 14 a~ 34 and 35. 

DIS Measure of income distribution describing the fraction of 
all household pre-tax income obtained by the 10 p'er cent of 
households with highest income, %." From United Nations 
National Accounts.Statistics: Compendium of Income 
Distribution Statistics, United Nations, New York 1985. The 
data for Columbia, Ecuador and Greece are, however, partly 
derived from Kakwani (1980). 

POP Estimate of mid-year population at 1985 (in millions). From 
United Nations Demographic Yearbook38, Table 4. 

WAR Fraction of Gallup Poll respondents 'saying in 1986 that the 
change of world war within ten years is 50 per cent or 
greater, %. From Slemrod (1988). 
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PRINTOUTOF DATA 

Country HSR G YPC TPV< MfAX REf IIP tvlE OJR1 OJR2 DIS PCP WJlR 

AUS 4.7 3.1711.3317.0 22.2 10.0 24.4 75.4 3.8 9.1 23.2 15.4 38.0 
AUT 9.3 1.57 7.05 27.6 33.6 14.5 17.9 73.9 6.7 8.2 ~.7 7.6 aJ.O 
BEL 15.3 0.10 9.31 ~.2 32.7 13.8 19.4 73.4 9.5 20.8 23.2 9.9 24.0 
CftN 15.1 2.39 12.88 19.5 20.4 10.6 21.3 75.4 3.0 6.5 25.0 25.6 34.0 
COL 10.6 2.24 1.37 4.8 4.5 3.9 36.1 63.7 5.3 25.2 44.9 27.8 42.0 
EOJ 9.7 -0.00 1.49 4.4 3.7 3.7 42.1 74.3 4.5 21.3 42.6 9.1 45.0 
FIN 4.8 2.57 10.43 31.0 l3.9 12.5 19.4 73.0 2.0 4.5 23.4 4.9 17.0 
FRA 11.0 1.29 9.65 25.9 23.9 11.3 21.1 74.6 4.7 9.8 34.5 55.3 24.0 
(l:R 8.7 -0.00 11.14 29.6 39.7 14.8 15.1 74.3 5.6 10.2 24.0 61.0 18.0 
ffiE 18.4 0.02 3.60 15.2 15.7 13.3 21.6 74.4 11.6 18.7 24.1 9.8 18.0 
ITA 19.8 0.52 6.32 23.5 27.7 12.8 19.9 77.7 6.3 9.1 - 57 .0 22.0 
JPN 16.7 2.27 1.00 16.6 20.5 10.3 21.5 65.9 7.3 7.9 22.7 121.0 15.0 
KCR 12.2 3.25 1.82 4.6 5.0 4.3 29.8 73.4 4.7 13.2 24.5 41.6 19.0 
MPl 11.9 3.02 2.87 15.2 18.5 9.7 24.2 76.3 58.3 45.8 0.3 
NET 14.2 0.24 9.22 31.1 37.0 12.1 19.5 76.2 6.7 9.0 23.9 14.5 14.0 
NCR 3.6 2.43 13.69 29.4 25.7 15.6 20.2 76.2 5.5 9.9 23.7 4.1 21.0 
PAA 6.0 2.92 1.68 2.3 2.0 4.3 40.8 61.2 4.5 ID.8 3.0 
PHI 4.3 0.00 0.69 2.8 3.2 3.1 39.0 53.5 4.1 18.7 40.9 53.2 27.0 
SPf 3.7 0.18 2.37 10.0 11.2 8.1 37.7 75.6 3.1 8.4 - 25.0 41.0 
':PA 8.3 -0.00 4.7119.3 a3.0 12.2 22.9 69.7 7.7 10.0 24.5 l3.8 22.0 
SRL 8.8 6.69 0.33 3.2 4.0 4.3 35.3 76.7 5.8 18.9 35.2 15.8 
SVE 1.4 -0.00 11.99 36.4 47.7 18.1 17.4 76.8 5.9 10.7 24.6 8.4 15.0 
SWI 12.4 1.73 14.69 23.8 ~.O 14.6 16.9 60.6 12.8 10.7 Zl.O 6.5 18.0 
THA 13.2 2.66 0.78 2.1 2.3 3.3 20.4 74.3 6.3 13.4 42.8 51.3 
UK 7.9 1.09 8.24 20.2 16.6 15.3 19.0 74.7 3.9 9.8 24.8 56.6 20.0 
USA 8.3 2.74 14.53 19.7 22.9 12.1 21.6 74.7 4.3 7.3 28.2 241.1 49.0 
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