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L introduction

Assumptions about the degree of capital mobility between national economies are crucial in the
analysis of many problems in international trade and finance. Under the assumption of perfectly
integrated financial markets, the world's savings are allocated efficiently as capital flows freely across
national borders seeking the highest rate of return. This movement of investment funds brings about an
equalization of domestic interest rates as the world's demand for investment and the supply of savings
determine the global rate of retum to capital. Conversely, i financial markets are not well integrated, rates

of return to capital will differ across countries and the rate of domestic investment will be restricted by the
amount of national savings.

Empirical evidence on the question of capital mobility is mixed. Cross-country comparisons of
domestic rates of retum to capital do not generally support the hypothesis of interest rate parity, though
problems with defining the risk premium associated with foreign assets and the large standard errors ot
the econometric tests suggest that the question is still open. The observed high correlation between
domestic savings and investment rates has been interpreted as additional evidence that capital is not
mobile between national economies.

The purpose of this paper is to examine this correlation between national savings and domestic
investment and its implications for capital mobility. Section 1l provides a brief survey of the literature
relating 1o the savings-investment approach to capital mobility. Basic statistics relating to savings and
investment rates in the OECD countries and replications of some conventional savings-investment
regressions are presented. The positive correlation between savings and investment rates across
countries is found to exist in a sample of 24 OECD countries and is evident in the short- as well as
long-run. Thus, the correlation is not an artifact of a particular sample of countries or a particular time
period but is a persistent characteristic of savings and investment behavior of the OECD countries.

In Sections lil and IV, two small open-economy models are developed which generate
co-movements in savings and investment rates in response to certain types of exogenous disturbances.
The models demonstrate that such co-movements are consistent with integrated financial markets. In
the overlapping generations model with restricted labor mobility (Section 1l1), unanticipated future
productivity shocks lead to correlated movements in savings and investment rates. The model of
Section IV imposes an additional restriction on trade in investment goods. In this framework, future
productivity shocks as well as demand shocks produce co-movements in savings and investment rates
when the degree of substitutability between traded and nontraded goods is low. While imperfectly
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integrated capital markets remains a possible explanation for the savings-investment correlation, these
results suggest that there are a variety of alternative explanations. The models also demonstrate that the
savings-investment correlation is a natural outcome in a world with some restrictions on international
markets. What remains to be tested is whether the relevant barriers apply to trade in goods, factors or
financial assets.

The positive correlation between savings and investment rates was first emphasized in a study by
Martin Feldstein and Charles Horioka (1980). Their interpretation of the correlation as proof that financial
markets are not well integrated prompted a wide debate over the validity of their econometric evidence
and its implications for international capital mobility. Subsequent research has verified that the
savings-investment correlation is a persistent phenomenon in the OECD countries that cannot be
dismissed as an artifact of a particular choice of countries or sample period. The relevance of this
correlation for international financial markets, however, is unclear. Recent work with general equilibrium
models has shown that, independently of the degree of capital mobility, co-movements in savings and
investment may be explained by exogenous distubances to productivity or population growth.

The Feldstein-Horioka Model:

Feldstein and Horioka (1980) assert that with perfect capital mobility, "there should be no relation
between domestic savings and domestic investment; saving in each country responds to the worldwide
opportunity for investment while investment in that country is financed by the worldwide pool of capital”
(p.317).1 Totest for the relationship between savings and investment, the authors run the foliowing
regression on a cross-section of 16 industrialized countries: 2

(VGDP); = a + B(S/GDP);

where for each country i:
| = gross domestic investment
S = gross national savings
GDP = gross domestic product.

The ratios of savings and investment to GDP are averaged over the entire sample period of fourteen
years (1960-1974) so that each observation represents one country. The sample period is then split
into the intervals 1960-64, 1965-69 and 1970-74 and the regression is repeated for the subsamples. In
each of the tests the coefficient on savings is found to be in the range of 0.85 to 0.95, insignificantly
different from unity. They conclude that 85% to 95% of national savings is invested in the country of
origin and reject the hypothesis of perfect capital mobility.



To test the robustness of the result, Fekistein and Horioka examine the possibility that the
correlation between savings and investment varies with the degree of openness of the economy,
measured as the share of trade in GDP, or with the size of the economy, using the logarithm of GDP as a
proxy for size. The linkage between national savings and domestic investment persists in each of these
tests. An instrumental variable for savings is then estimated as a function of the growth of private income,
the number of retirees and dependents as a share of the total population, the benefit-earings ratio of
the social security program, and the labor force participation rate. Incorporation of this estimate of
national savings does not significantly change the results. Overall, Feldstein and Horioka find little
support for the hypothesis that savings and investment rates are independent . Even more surprising,
Feldstein (1983) finds no evidence that the correlation between savings and investment has weakened
over time.

The difference between savings and investment, interpreted by Feldstein and Horioka as an
indicator of capital mobility, is the current account in the balance of payments. In two papers, Sachs
(1981, 1983) examines fluctuations in the current account balances of LDC and OECD economies since
1960. Sachs approaches the savings-investment relationship from a different perspective: he
regresses the balance on the current account on national savings and domestic investment and finds
that investment is more closely correlated with shifts in the current account. He conciudes that
“variations in investment demand have dominated the medium-ren behavior of current accounts and
exchange rates in the 1970s" (Sachs 1981, p.203). Though the causal links between savings,
investment and the balance on the current account are ambiguous, the regressions do establish that
there is a significant correlation between investment and the balance on current account.3

The implications of the Feldstein-Horioka study and the investment-current account linkage
reported by Sachs encouraged a humber of other researchers to try to pin down the relationships
between national savings, domestic investment and the current accourt. Penati and Dooley (1984)
confirm the Feldstein-Horioka results but find the regressions reported by Sachs to be heavily
dependent on one or two outlying observations and the coefficients to be sensitive to the choice of time
period. Based on their own regression analyses, Penati and Dooley reaffirm that "the data clearly lead
one to reject the hypothesis that changes in net foreign assets have become more sensitive to yield
differentials” (p.9).

Rather than averaging the data over long periods, Caprio and Howard (1984) focus on the
medium run which they define as the period from one business cycle to the next. Observations of
savings, investment and the balance on the current account for 23 OECD countries are averaged from
trough to trough of the four business cycles in the 1961-81 period (1963-66, 1967-70, 1971-74 and

1975-81). To avoid the problem of endogenous right hand side variables, the original Feldstein and
Horioka equation is rewritten as:



A(CA/Y) _ L+e

A(SYY)
where p is the average of [A (CAYY) / A (S/Y)] over the relevant business cycle and Y is the level of GDP.
The coefficient p for the sample of all countries is estimated at 0.450 with a standard error of 0.115.
Caprio and Howard conclude that “only about half of any change in domestic savings was matched by
changes in domestic investment in the medium run....[Clontrary to the conclusions of Feldstein and
Horioka and others, there is a large degree of net medium-term capital mobility in the world economy”
(p.15). The authors repeat the regressions using the ratio of changes in the current account to changes
in investment. In contrast to Sachs' results, they report that “fluctuations in savings were more
systematically associated with current account developments than were variations in domestic interest
rates” (p.15). Caprio and Howard are careful to point out that their conclusions differ from the Feldstein
and Horioka study due to the use of changes in saving and investment over time. When the regressions
are repeated with levels of saving and investment, the coefficients are nearly identical to those in the
original paper.

Using the monetary approach to the balance of payments, Turner (1986) estimates excess
savings rates (savings less investment) as a function of income, the real interest rate and the real
exchange rate for the seven largest industrialized countries. The current account is then regressed on
the "itted" excess savings equations for each of the countries. The estimated equations are relatively
poor predictors of changes in the current account, though it is unclear whether this is a weakness of the

savings-investment approach or a peculiarity of Turner's mode! and its assumptions about savings and
investment behavior.

Tests of the Savings-Investment Correlati

To clarify the discussion of the co-movements in savings and investment rates and the current
account, this paper presents some basic statistics describing these aggregates and reproduces the
savings-investment regressions for a sample of 24 OECD countries. The data used are the annual series
in the Main Aggregates volume of the National Accounts of OECD Countries, published by the OECD.
Domestic investment and national savings are reported as net rather than gross figures as the net figures
are more manageable and the inclusion of depreciation does not change the relative magnitudes of
savings and investment as shares of GDP. Twelve of the OECD countries report nonzero values for the
statistical discrepancy in their balance of payments,

S -1+ STATDISC = BCA

where BCA equals the balance on current account. In these cases, the statistical discrepancy is split

between net savings and investment so that the identity containing only the three aggregate variables,
S, 1and BCA , holds exactly across all countries.4



The figures in Table 1 and Plot 1 confirm the results generally reported in the literature; countries
with high savings rates tend to have high investment rates. Throughout the 1960-84 period Japan
occupied the high saving-high iﬁvestment end of the spectrum. The United States and the United
Kingdom tended to be relatively low savers and investors. The balance on current account is a smaller
share of GDP than either national savings or domestic investment for all countries except Luxembourg.
Contrasting the 1960-74 period with the 1975-84 period, the balance on current account is larger in
absolute magnitude for 18 of the 24 countries in the latter period, implying that the relationship between
savings and investment may have weakened over time.

(Table 1)

Plot 1 graphs the share of net investment in GDP against the share of net savings in GDP.
Observations along a 45-degree line (not drawn) indicate that the country's current account is balanced.
Observations above the line reflect a deficit in the country’s current account; that is, the country's
domestic investment exceeds its supply of national savings and the country is a net borrower in the
international capital market. Greece and Ireland are examples of countries that have typically had
negative current account balances, while Luxembourg appears to have had an excess of national
savings over domestic investment.

(Plot 1)

It is clear by visual inspection of Plot 1 that there is a positive correlation between savings and
investment rates and that a regression line through these points would yield a regression coefficient
somewhere close to unity. Replication of the savings-investment regression for the sixteen countries
included in the Feldstein-Horioka study, with the cross-section observations measured over the same
interval used in their study (1960-74), yields a coefficient on S/GDP of 0.93 with a t-statistic of 9.13 (see
Table 2). The estimate of the constant is 1.67, larger than that reported by Feldstein and Horioka. The
cross-country correlation between VGDP and S/GDP appears to be much weaker for the sample of 24
countries over the period 1960-84. This turns out to be an artifact of the inclusion of Luxembourg in the
sample. (That Luxembourg is an extreme outlier can be seen from Plot 1.) When Luxembourg is
dropped from the sample, the coefficient on S/GDP is once again insignificantly different from unity,
regardiess of the time interval used to calculate the averages.

(Table 2)

The cross-country correlation between savings and investment persists even as the period over
which the averages are caiculated is shortened. Table 3 shows regression results for five-year and
three-year averages and single-year estimates. The coefficient on savings is insignificantly ditferent from
unity at the 0.025 level of significance throughout the sample except for a period in the late 1960s- early
1970s. This suggests that the savings-investment correlation is a short- as well as long-run
phenomenon in cross-section samples and is not merely an artifact of averaging over long intervals.

(Table 3)



Table 1: Savings. Invesiment and the Current Account as a percentage of GDP:

1960-1984
Courty SGDP  JGDP BCAGDP
Canada 8.9 111 1.2
France 13.1 133 0.3
Gemany 144 137 0.6
Raly 135 133 05
Japan 21.2 20.6 0.6
United Kingdom 88 8.9 0.1
United States 76 75 0.1
Australia 15.6 18.0 2.4
Austria 15.2 15.7 05
Belgium 118 119 0.2
Denmark 128 15.3 2.6
Finland 124 14.0 1.7
Greece 16.1 18.8 2.7
lceland 12.6 15.6 3.1
Ireland 10.6 156 5.0
Luxembourg 26.9 129 139
Netherlands 15.8 14.7 1.1
New Zealand 14.9 17.6 2.7
Norway 13.0 15.3 - 23
Portugal 194 225 3.1
Spain 12.8 134 0.6
Sweden 115 121 0.7
Switzerland 18.6 17.0 1.6
Turkey 11.2 134 2.2

1960-1974 1975-1884
Courtry SCDP JGDP BCACGDP SCDP KCDP  BCACGDP
Canada 104 115 -1.1 105 8.2 -14
France 15.4 153 0.1 105 8.5 -1.0
Germany 174 16.6 0.9 85 9.8 0.3
Raly 15.6 145 1.0 10.8 10.4 0.4
Japan 229 224 05 178 186 0.8
United Kingdom 10.2 10.7 0.4 6.2 6.5 0.3
United States 8.1 8.7 04 56 57 0.3
Australia 16.7 18.5 18 17.2 139 12
Austria 16.7 16.8 0.4 14.0 129 12
Belgium 139 13.0 1.0 104 85 -19
Denmark 16.2 18.2 2.0 11.0 7.6 34
Finland 141 15.7 1.6 114 0.7 1.7
Greece 16.7 18.6 29 175 15.2 23
iceland 142 16.8 2.7 139 103 3.6
kreland 118 146 2.8 171 8.9 8.2
Luxembourg 21.3 13.1 83 127 35.2 224
Netheriands 18.4 17.6 0.8 105 119 15
New Zealand 145 16.0 15 20.0 154 4.5
Norway 13.9 16.0 2.1 14.3 118 25
Portugal 20.7 21.0 0.3 249 175 74
Spain 143 144 oo 119 105 14
Sweden 14.6 145 0.1 8.6 68 -1.8
Switzerland 18.7 19.7 . 129 169 39

Turkey 10.6 1.6 1.4 16.0 12.0 4.0
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Table 2 : .

(figures in parenthesis are standard errors)

/

VGDP = a + b (S/GDP)
24 country sample:
Period intercept a estimate of b
1960-84 7.80 0.49
(2.03) (0.14)
1960-74 4.29 0.741
(1.89) (0.12)
1975-84 9.02 0.36
(1.89) (0.14)
16-country sample
1960-84 1.91 0.93
(1.78) (0.13)
1960-742 1.67 0.93
(1.58) (0.10)
1975-84 1.89 0.98
(1.93) (0.17)
23-country sampie (excludes Luxembourg)
1960-84 2.11 0.93
(1.51) (0.11)
1960-74 2.03 0.91
(1.22) (0.08)
1975-84 1.81 1.00
(1.91) (0.16)

0.36

0.62

0.17

0.77

0.84

0.68

0.77

0.86

0.63

a. ldentical to the sample of countries and time period of the Feldstein-Horioka study.



Table 3: Evidence from -Section Regressions of the Short-Run
between Savings and Iinvestment (figures in parentheses are standard errors)
Sample includes 23 OECD countries — Luxembourg excluded from the sample.

Period intercept a estimate of b adiR?
A. Five-year intervals
1960-64 1.55 0.95 0.85
(1.22) (0.08)
1965-69 3.73 0.79* 0.73
(1.55) (0.10)
1970-74 2.78 0.87 0.80
(1.54) (0.10)
1975-79 3.02 0.91 0.51
(2.40) (0.19)
1980-84 2.60 0.93 : 0.60
(1.76) (0.16)
B. Three-year intervals
1960-62 2.07 0.90 0.80
(1.41) (0.10)
1963-65 1.66 0.95 0.85
(1.29) (0.09)
1966-68 4.18 0.76° 0.66
(1.73) (0.11)
1969-71 294 0.83* 0.80
(1.42) (0.09)
1972-74 291 0.87 - 0.76
(1.76) (0.10)
1975-77 460 0.82 0.34
(3.000 (0.23)
1978-80 2.30 0.95 0.69
, (1.71) (0.13)
1981-83 247 0.95 0.56
(1.88) (0.18)
1984-85 1.69 0.75 0.50

(0.85) (0.16)



Table 3: (continued)

Period intercept gstimate of b adi B2
C. Point-in-time estimates

1960 298 0.84 0.74
(1.54) (0.10)

1962 1.70 0.92 0.78
(1.53) (0.11)

1964 1.17 0.99 0.83
(1.49) : (0.10)

1966 3.62 0.81* 0.73
(1.60) (0.10)

1968 5.14 0.67* 0.54
(1.93) (0.13)

1970 2.07 0.90 0.80
(1.57) (0.09)

1972 3.07 0.77 0.85
(1.18) (0.07)

1974 7.01 0.74 0.33
(3.35) (0.22)

1976 5.47 0.75 0.33
(2.92) (0.22)

1978 1.14 0.97 0.63
(2.03) (0.16)

1980 3.79 0.89 0.68
(1.63) (0.13)

1982 284 0.96 0.50
(2.05) (0.20)

1984 3.37 0.75 0.50
(1.70) (0.16)

* coefficient is significantly ditferent from 1.0 at the 0.025 level of significance.



: ting for the Correlation ¢ Savi { Investment

The evidence clearly suggests that there is an important link between national savings and
domestic investment. The implications of this relationship for intemational capital mobility, however, are
not obvious. Several problems with this approach suggest that the high correlation between savings and
investment is not inconsistent with integrated financial markets.

Sample Bias

An important criticism of the Feldstein-Horioka study is that the inclusion of only large
industrialized countries in the sample may cause an upward bias in the estimated correlation between
savings and investment. Harberger (1980) compares the investment and savings to income ratios of a
country with that of a city block; the level of investment on a given block will typically exceed the saving's
capacity of the block’s residents. However, as the leve! of aggregation rises to the city, state and national
levels, the divergence between "local” investment and “local” savings will decrease. A regression of
savings on investment for a large state would probably reveal that most savings remained within state
borders ~ though this hardly proves that financial markets within the United States are not well integrated.
Thus, Harberger conjectures that small and poor countries will experience larger capital flows in and out
of their borders than will larger industrialized countries. Sachs (1983) confirms that the absolute
magnitude and the variability of the ratio of the current account to GNP is negatively related to size.
Further, the inclusion of small countries (in terms of GDP) in the sample tends to weaken the
savings-investment correlation (Murphy,1984). When the sample is split, the correlation between
savings and investment is significantly weaker for developing countries than for industrialized countries
(Dooley, Frankel, and Mathieson, 1987). In the sample of 24 OECD countries studied in this paper, the
standard deviation of the current account relative to GDP is lower (on average) for the largest seven
countries, although there appears to be less variability in savings and investment rates for these
countries as well (see Table 4).

(Table 4)

The issue of country size is compounded by the small open economy assumption implicit in the
analyses. A country with a large share of world output is also likely to have a relatively large share of the
world's total savings and investment. Small countries take the world interest rate as given, while changes
in the investment and savings behavior of large countries will have an impact on the world interest rate.
Feldstein and Horioka admit that even with perfect capital mobility, the correlation coefficient between
S/GDP and I/GDP will not approach zero, though they dismiss this bias as negligible. When the original
sample of 16 OECD countries is split into two groups by size, Murphy is able to reject the hypothesis that
the groups exhibit the same relationship between savings and investment. 5



Table 4: ifit i t
shares of GDP (standard deviations for the period 1960-1984)

SCP 0P BCcAGDP

Canada 1.84 2.18 1.12
France 3.33 281 1.08
Germany 4.06 4.01 1.05
Raly 3.1 285 2.05
Japan 2.80 3.13 1.16
United Kingdom 2.32 2.67 146
United States 2.39 2.10 0.76

Group Avg. (2.84) (2.82) (1.24)
Australia 219 1.70 1.80
Austria 240 2.39 1.22
Belgium 3.74 250 1.96
Denmark 470 4.13 : 1.23
Finland 259 3.45 184
Greece 4.27 395 1.41
Iceland 3.69 4.06 3.96
freland 3.05 3.06 4.16
Luxembourg 8.85 3.75 9.32
Netherlands 343 3.88 1.73
New Zealand 2.31 3.96 3.40
Norway 237 3.35 4.43
Portugal 537 4.21 5.29
Spain 272 3.15 1.97
Sweden 4.38 3.62 1.46
Switzerland 1.60 3.79 2.70
Turkey 2.34 298 2.03

Group Avg. (3.53) (3.41) (2.83)



Correction for the bias due to country size, however, still leaves a significant correlation between
savings and investment (Fieleke, 1982). As discussed above, repeated regressions using the full set of
OECD countries averaged over different sample periods indicates that the savings-investment
correlation persists and cannot be dismissed merely as an artifact of country-size bias. Within the set of
OECD countries, small as well as large countries exhibit a significant correlation between savings and
investment rates over time.

To establish a "benchmark” for measuring capital mobility, Murphy estimates the relationship
between savings and investment for the 143 largest corporations in the United States and finds that
even within a highly integrated capital market, firms' savings and investment rates are highly correlated.
There also appears to be a firm-size effect on savings and investment behavior: the coefficient on
savings is significantly higher for large corporations than for small fims. This evidence is cited as
additional support for the existence of bias due to country-size, though the direct applicability of results
based on firms' behavior to cross-country analysis is questionable. The correlation between savings and
investment for firms implies that firms use unexpected profits to finance their own investment projects
rather than distribute these profits as dividends to shareholders. For a variety of reasons studied in the
theory of corporate finance (seée the survey by Litzenberger and Ramaswami, 1982), it may be optimal for
managers to retain to retain unexpected profits for investment instead of utilizing the capital market.
These reasons would seem to be quite different from those factors determining savings and investment
rates for the country as a whole.

The correlation between S/GDP and I/GDP is apparent within national economies over time, as
well as across the sample. Plots 2 through 4 show the time series plots of net savings and investment
and the balance on current account as shares of GDP for the United States, Germany and Japan. In all
three countries, there was considerable range in the levels of savings and investment over time
(approximately 10 percentage points) but less variation in the ditference between the two series. Plots 5
through 7 show scatter diagrams of S/GDP plotted against VGDP for the same three countries. The
observations in the scatter plots roughly trace out the 45-degree line, indicating relatively small changes
in the balance on current account despite the large changes in savings and investment over time. Thus,
the evidence suggests that savings and investment rates are closely linked not only gon average across
countries, but also within some countries on a year-by-year basis.6

(Plots 2-7)
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Capital Control G { Policy:

Waestphal (1983), Summers (1985) and others have suggested that the observed high correlation
between savings and investment rates is evidence of a successful balance-of-payments policy on the
part of national governments. They argue that governments impose constraints on cross-border capital
flows whenever the deficit (or surplus) in the current account exceeds a predetermined level. Capital
controls are undoubtedly an important policy instrument in balance-of-payments management,
particularly under a system of fixed exchange-rates. However, the strength of the correlation between
savings and investment rates has not diminished despite the widespread consensus that capital markets
have become less restricted over time. The regression results shown in Table 2 do not support the
hypothesis that the savings-investment correlation is linked to the exchange rate regime, although more
careful testing of this hypothesis is required to draw any firm conclusions.

Govemments can also affect the current account by adjusting the savings and investment rates of
the public sector. There is some cross-country evidence that changes in government savings are
matched by oftsetting changes in private savings and investment such that the balance on current
account is relatively constant (Soderstrom, 1985). One explanation is that govemment policy responds
to shifts in private behavior to maintain a target leve! in the current account. An alternative interpretation
incorporates the Ricardian view of private and government saving: forward-looking agents will internalize
the government's budget constraint and adjust their own behavior to offset changes in government

policy. Tests of variance decomposition and Granger causality may help to distinguish between these
two hypotheses.

Restricti Capital Fi Goods Markets?
Savings, investment and the balance on the current account are part of an identity linking the
domestic economy to the rest of the world through the balance of payments. Ex post, it is necessarily
true (abstracting from statistical discrepancies) that the difference between national savings and
domestic investment (or equivalently, the ditference between imports and exports) must equal the
balance on the current account:
CA=Y-(C+IP4+Q)

= (SP+s9 - (P46

= M-X
where Y equals disposable income plus taxes and the variables with superscripts P and G denote savings
and investment of the private sector and government. This identity stems from the definitions used in
national income accounting; it is pot a behavioral relationship linking the national aggregates. On the
surface, the correlation between savings and investment implies that the balance on the current account
must be fairly stable over time. But the accounting aggregates in the identity reflect all the flows of
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goods, services and factors of production between the domestic economy and the rest of the world.

The strong correlation between savings and investment could be the result of any of a number of forces
at work in the national or international economy. Without an explicit model undertying the above identity,
it is difficult to draw any conclusions from the regression analyses.

Frankel (1985) argues that markets are segmented due to imperfect integration of the goods
market; that is, the goods market, not the capital market, is the binding constraint linking savings and
investment rates. if some goods are nontraded, or “immobile”, some of the channels connecting
national economies are closed off and the economy behaves more like a “closed™ economy. Cole and
Obstfeld (1988) show that under certain conditions, trade in goods in the absence of trade in financial
markets can achieve the same degree of risk-pooling as if there had been exchange of financial assets.
When all commodities, including goods that can be used for consumption or investment by the foreign
country, are exchanged, trade in goods may be sufficient for complete risk-pooling. In this model,
changes in the terms-of-trade are sufficient to balance trade in every period making trade in financial
claims unhecessary for intertemporal smoothing. _

As nontraded goods and immobile factors are introduced into these models, the level of domestic
investment becomes increasingly limited by the supply of national savings. Engel and Kietzer (1987)
demonstrate this point using a mode! with a nontraded labor-intensive consumption good. In this model,
an exogenous increase in the savings rate lowers consumption of the nontraded good. As more labor
than capital is released into the economy, the marginal product of capital in the traded good industry rises
and investment increases. Thus, a change in the savings rate leads to a roughly contemporaneous
change in the investment rate. The models presented in Section IV of this paper consider productivity
and demand shocks in a similar mode! with a nontraded goods sector. A general feature of these models
is that virtually any shock to the nontraded goods sector leads to co-movements in savings and
investment rates. To the extent labor is mobile within the domestic economy, these shifts in savings and
investment are accompanied by inter-industry movements of labor between the sectors producing the
traded and nontraded goods.

Alternative Hypotheses

Recently, attention in the literature has shifted from attempts to explain the savings-investment
correlation as a result of imperfect markets to developing modeis which produce the correlation in
response to exogenous disturbances. Obstfeld (1985) was the first to break ground in this direction.
Using a framework with an infinitely-lived representative agent, Obstfeld demonstrates that underlying
shocks to productivity may generate co-movements in savings and investment. A (positive) temporary
shock causes the current wage to rise above the permanent wage, increasing the savings rate. If the
shock is sufficiently persistent, investment will rise to take advantage of the higher (future) level of
productivity. The model is limited by the high degree of consumption smoothing and intertemporal



substitution implicit in the infinite-horizon set-up; the shock must be temporary enough to induce an
increase in savings, and sufficiently persistent to stimulate an increase in investment.

The adoption of overlapping generations introduces a finite planning horizon into the model in an
analytically tractable way. Consumers are usually assumed to work in the first period of their lives and
save out of their wages for consumption in the second period. In these models, the degree to which the
shocks are anticipated matters for the co-movements in savings and investment, rather than the duration
of the shock. Persson and Svensson (1985) derive the responses of savings and investment to a
terms-of-trade shock in a one-good mode! with nontraded capital goods. The current account adjusts
cyclically to the price change; the change in the terms of trade alters the real rate of retum to domestic
capital, which leads to a change in the investment rate. The savings rate then responds, with a lag, to the
change in the capital stock. The magnitude and direction of these swings in the current account depend
critically on the degree to which the shock is anticipated and the assumption about the length of time
required for investment.

Obstfeld (1985) uses an overlapping generations model to emphasize the importance of
population growth. An increase in the number of workers in the economy increases the level of
aggregate savings and stimulates invesiment to maintain the steady-state capital-labor ratio. To test this
hypothesis, Table 5 shows the relationship between the share of the population between the ages of 15
and 64 (roughly the working age population) and the savings and investment rates for the OECD
countries included in the Feldstein-Horioka sample and seven non-OECD countries. Countries with a
higher percentage of the population of working age tend to have higher savings and investment rates.
Regression results for the set of 23 OECD countries are shown in Table 6. it appears that the size of the
working age population is more closely correlated with the savings rate than with the investment rate.
Explanations based on changes in population growth, however, are restricted to the very long-run
co-movements between savings and investment and do not shed much light on the observed short-run
links between savings and investment. '

(Tables 5 and 6)

The overlapping generations models discussed above measure the reponse of savings and
investment rates to a permanent exogenous disturbance. Finn (1987) adds uncertainty to this type of
model and produces time series for savings and investment rates under different assumptions about the
degree of autocorrelation in shocks to technology . Positively autocorrelated shocks generate patterns
of savings and investment which replicate the high correlation between savings and investment
observed in the data. The real business cycle literature (see, for example, Prescott, 1986) suggests that
for the United States, the underlying shocks to technology, or the Solow residuals, are in fact strongly
positively correlated.

The models developed in Sections Il and IV of this paper pursue this vein of research by
explaining co-movements in savings and investment as a response to exogenous disturbances,

10



Table 5: Ratios of Savings and Investment to GDP and Population of Working Age

(1968-84 period) Ave )
% of Pop.
ages15-64 S/IGDP YGDP
Japan, Sweden, Finland, Haly,
Gemmany 65.7 26.9 28.1
Group 2:
Greece, Denmark, United Kingdom,
Belgium, Austria, Australia 63.7 24.1 24.0
Netheriands, United States, Canada,
New Zealand, Ireland 60.5 22.0 23.0
Non-QECD:
Taiwan, Brazil, Hong Kong, India,
Kenya, Singapore, Thailand 546 17.0 20.1

Source: World Tables, World Bank, 1984.

Table 6: i / /GDP { i
(23 OECD countries, 1968-84 period)

VGDP = 2.18 + 0.93 S/GDP Adj. R2=0.72
(167 (0.12)
S/GDP = -8.69 +0.34 POPW Adj. R2 = 0.03

(16.67) (0.26)

VGDP =17.97 -0.05 POPW Adj. R2 = -0.05
(1890 (0.30)

Figures in parentheses are standard errors.



independently of the degree of capital mobility. It will be shown that co-movements in savings and
investment are a more general result than the papers discussed above might imply. In each of the
models, individuals have access to intemational financial markets; that is, savers can hold foreign assets
in their portfolios and investors can borrow from foreign lenders. The first model adopts an overlapping
generations framework and highlights the distinction between anticipated and unanticipated

distubances to productivity. A nontraded capital good is introduced into the second model. In this
framework, demand as well as supply shocks can produce a correlation between savings and investment.

11



. Savings and Investment in an Overlapping Generations Model

In this section, | will de'velop a small open economy that produces a single good for consumption
and trade. To focus on intertemporal substitution in consumption and production, | assume that there is
only one good in the world economy. Individuals in the economy have two-period lives: savings out of
their first-period eamings allows individuals 1o smooth their consumption over time.

Obstfeld (1985) uses this framework to analyze the response of savings and investment rates to
permanent changes in population growth. The mode! is extended here to consider temporary and
permanent shocks to technology. It will be shown that unanticipated disturbances to productivity lead to
contemporaneous changes in savings and investment rates. As wages rise, the young generation
increases its savings to smooth the “windfall” gain in income over its lifetime. Investment increases as
the domestic return to capital temporarily exceeds the world interest rate. When the shock is
anticipated, the rate of investment increases prior to the productivity shock. However, if some of the
required installation of capital is not fully completed by the time of the increase in productivity, there will
still be a correlation between savings and investment rates, though of a smaller magnitude.

Firms in the home country produce the consumption good using Cobb-Douglas technology,

a 1-a

() =1k, ) =0k n
where k = capital stock at the beginning of period t
ny = labor force, inelastically supplied, at t
a = capital share
oy = value of a productivity parameter at t.
The population grows at rate g, so that at time t the size of the labor force is nb(1 +0) t where ng is
normalized to one. Individuals are assumed to live for two periods. In the first period, individuals

exchange their labor endowment for wages, w;, and save out of this income for consumption when old.
Individuals are assumed to have access to the intemnational capital market, so that the retum to their
savings, whether held in the form of claims on domestic capital or as lmemational}y traded bonds, must
equal the exogenously determined world interest rate, p.

In equilibrium, the marginal products of capital and labor must equal the world interest rate and
the domestic wage rate, respectively:

(k. 1)
T

(@) =p
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t
d n,

(3

Capital requires one period for installation and it is assumed that there is no depreciation of the capital
stock. The size of the labor force and the world interest rate determine the capital stock:
I O
a-1
@ k=[-2-]1%"n,
a,a

0 ok dk
—5->0.——-t-<0. ! >0.
a(!t ap an‘

Any change in the technology or the world interest rate alters the capital-labor ratio. Given the immobility
of the labor force, all the adjustment to these disturbances must work through the capfital stock.

From equations (1) through (4), it is possible to solve for the equilibrium levels of domestic wages
and output as functions of the world interest rate, the labor supply and the productivity parameter.

5)  w o=o(1-a)f :‘tL;] =

i)wt ow
— > 0, —— < 0
aat dp
—
[ ]a-1
t t ata t
ay( ay‘ ayt
ol ) e € 0, >0
da, 9p an,

Wages and output both rise in response to an increase in productivity and fall as the world interest rate
rises. The equilibrium wage rate is independent of ny. For a given world interest rate, an increase in the
number of workers is matched by an increase in the capital stock to maintain the optimal capital-labor
ratio, leaving the wage rate unchanged. If the increase in the number of workers is unanticipated, there
will be an intermediate stage where the capital-labor ratio is below its new steady-state optimum, and
output and wages will rise until the new capital is fully instalied.

investment is defined as the change in the capital stock :

13
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a-1 a-1
M =Kk = [a—,f??] nm-[-;:;] n,
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-eg)  {[——] T (ee - [=]1 7'}
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Investment is a function of the world interest rate, current and future levels of productivity and the size of
the labor force (or the rate of population growth).

To consider the steady-state level of investment, let a {=0,1=0C. investment then depends

only on the world interest rate, the rate of population growth and the productivity parameter.
1

1
@ i-g(1eg)t [2]"
aa

Dividing by the steady-state level of output, the rate of investment is given by :

9 J1.2ag
(9) Yy e

801y) Lo ,ﬂ.i_/y_),o ,M <0.
ag da ap
An increase in the rate of population growth leads to an increase in the rate of investment as a direct
result of the assumption of no labor mobility. As the labor force grows, the capital stock must continually
increase to maintain a constant capital-labor ratio. Similarly, a higher level of steady-state productivity
corresponds to a higher rate of investment.

C i | Savi
The consumer's problem is to maximize lifetime utility by choosing consumption for the two

periods of his life subject to his wealth constraint. The problem for an individual who is “young" at t and
“old"att+1is:

max u(q) + Bu(dyy)

d
st ¢ + 1t _w
t t
1+p
where G = consumption when young

di,1 = consumption when old

w; = wages eamed when young.
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The first order condition for utility maximization shows the intertemporal trade-off between consumption
in the two periods of the individual's life.
1 Ju Ju

=B
(1+p) 9c, 9d, 4

WhenB = (1/14+p), individuals will choose a level of saving in the first period so as to smooth
consumption: ¢; = ¢y , 1=¢. The equilibrium level of consumption is a function of the wage rate and the
world interest rate. -
1) e=[122]w
2+p
In the steady-state (again assuming the interest rate and productivity level are each constant), the

aggregrate level of savings in the economy, SA, is defined as the positive savings of the young less the
dissavings of the old:

(120 = (1+g) (w-c) + (1+9) " (pw - €) - €)

‘g (149"
(2+p)

The aggregate savings rate depends positively on the rate of population growth and negatively on the

share of capital in national income and the world interest rate.

sh 1
(13) S ._9(1-a)
Y (1+g)(2+p)

A A
ashy) Lo AUSTY) o AUSTIY) .
g doa Ip

w,

. Comparing equations (9) and (13), it is clear that permanent changes in the rate of population growth or
the world rate of interest will lead to co-movements in savings and investment rates.

To evaluate short-run or out-of-steady-state changes in savings, consider the savings of the
young generation at t:

(14) s =w(q.P)-q(B,P,w(q,.P)

The amount of savings of the young unambiguously rise in response to an increase in productivity. The
net effect of a rise in the interest rate, however, depends on the relative magnitude of the income and
substitution effects as shown in (16).
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(15)

t
16 - (1- )-
GS) ap dp oW, 3p
Assuming zero population growth, an altemative definition of aggregate savings is the change in
the savings of the young generation at t and the young generation att - 1,

A A

A
(17) St =8 -8, 4,

where’Sy= wy - ¢y andSy. 4= p(Wy.q-Cy.q) - dy.¢. Equations (9) and (13) determine the long-run
or steady-state savings and investment levels, while equations (7), (14) and (17) reveal short-run or
out-of-steady-state responses to exogenous disturbances. Flnally, using equations (7) and (12), it is

possible to define the current account as the difference between aggregate savings and domestic
investment.

A
(18) CAt'St"t

Productivity shocks:

The overlapping generations framework is easily solved for the period-by-period adjustments
following an exogenous disturbance. In particular, it is possible to evaluate the responses to temporary
and permanent, anticipated and unanticipated, disturbances. It will be shown that, under the
assumptions of this particular model, unanticipated shifts in productivity lead to contemporaneous
adjustments in savings and investment. ‘

i) Consider a permanent, anticipated increase in a at datet. As shown in Figure 1, output and
wages rise in period t; the increase in wages causes the level of savings of the young generation to

increase by (ow / 9a ) times the marginal propensity to save. There is a one period inérease in aggregate
savings; consumption, or dissaving, of the old generation at t is determined by the level of wages at time
t- 1, and is thus unchanged, while savings of the young at t rises commensurately with the increase in
wages. The savings rate returns to the steady-state rate at t + 1 as both the young and old generations
increase their levels of consumption in accordance with the higher level of output. Investment rises at
t - 1 in anticipation of the increase in productivity so that the new capital stock will be installed and ready
for production at the time of the increase in a. Thus, the rise in investment precedes the increase in
savings by one period resulting in a “cyclical” pattern in the current account.

(Figure 1)
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Figure 1: Permanent, Anticipated increase In Productivity att

investment, Savings and the Current Account as shares of GDP
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i) Suppose the permmanent increase in o is unanticipated at all dates prior tp t. Inthis case,
pictured in Figure 2, output and wages increase in two stages. First, output and wages rise in reponse
to the higher level of productivity at time t. Investment increases at the time of the shock so that the
newly installed capital is ready for production at time t + 1. Output and wages then rise again att + 1 due
to the higher level of productivity and because there is more capital in production. Saving of the young
exceeds the dissaving of the old att and t + 1 s0 that aggregate savings is positive in both periods.
(Whether SA increases or decreases betweentand t + 1 depends on the relative magnitudes of the
elasticities of wages with respect to the increase in productivity and the increase in capital. Figure 2 is

drawn under the assumption that the changes in a and the capital stock have the same effect on wages
so that SA is at the same level attand t + 1.) Thus, investment and savings both rise at the time of the
productivity shock, with some persistence in the response of savings. The balance on current account
may be positive or negative at t, depending on whether the increase in productivity has a stronger initial
impact on savings or investment. Att + 1, the balance on current account is unambiguously positive as
savings rises again with the additional increase in wages.
{Figure 2)

ii) Now suppose there is an anticipated productivity shock which lasts only for periods t, t+1 and
t + 2 (see Figure 3). Output énd wages are higher during the period of high productivity and return to
the steady-state int + 3. Consumption and saving of the young generation rises in this interval;
aggregate savings is positive in t, and returns to zero during t + 1 and t + 2 as consumption of the old
rises to the same level as consumption of the young. Int + 3, the dissavings of the old, which were
based on the wage rate in the previous period, exceed the savings of the young, resulting in a negative
aggregate savings rate. The beginning and the end of the productivity shock are anticipated, so the

capital shock moves with the change in a. Investment rises prior to the shock and falls during the last
period of the shock when k; returns o its steady-state level. As in the case of a permanent anticipated

productivity shock, changes in the investment rate precede changes in the aggregate savings rate and a
cyclical pattern appears in the current account both at the beginning and end of the period of high
productivity. Since the end of the shock is assumed by convention to be fully anticipated, the "ends" of
the shocks will have the characteristics of anticipated disturbances.

(Figure 3)

iv) Finally, consider a femporary. unanticipated increase in productivity (Figure 4). Analogously to
case ii), output and wages increase in two stages as a result of the lag in adjustment of the capital stock.
Aggregate savings thus rises contemporaneously with investment. Investors foresee the end of the
productivity shock so, as in i), the fall in investment precedes the fall in savings at t + 2.

(Figure 4)
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Figure 2: Permanent, Unanticipated Increase In Productivity at t

investment, Savings and the Current Account as shares of GDP
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Figure 3: Temporary, Anticipated Increase In Productivity att. 11, and t+2

investment, Savings and the Current Account as shares of GDP
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Figure 4: Jemporary, Unanticipated increase In Productivity att. t+1. and t+2

Investment, Savings and the Current Account as shares of GDP
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These examples of changes in productivity highlight the interaction between changes in the
capital stock and savings behavior. In this type of model, the timing of the shock is crucial: given the
one-period installation requirement for capital and the individual's uneven pattern of earnings over his
lifetime, exogenous disturbances lead to large swings in savings and investment rates. Inthe case of an
anticipated shock, investment adjusts prior to the increase in productivity so that wages, output,
consumption and savings all increase at the time of the disturbance. If the shock is unanticipated, the
increase in the capital stock occurs with a lag and the changes in output, wages and consumption will be
less sharp. In this case, the lag in investment leads to the correlation between savings and investment
rates.

A shortcoming of the overlapping generations framework is that the planning horizon of savers
(presumably, a generation lasts about thirty years) does not match up well with the decision problem
tacing investors. Despite this obvious problem, the model yields some interesting, and | believe,
plausible predictions. As long as some component of the disturbances to productivity is unexpected,
changes in investment will occur simultaneously with the changes in wages and income. Any change in
wages will then lead to a reallocation between savings and consumption. The time frame of the
investment problem and the consumptior/savings choice can be made more realistic along the lines
suggested by Blanchard (1985). However, even in this basic setup, the model suggests that
co-movements in savings and investment rates are a predictable response to changes in productivity.

Despite the fact that all individuals in this economy have access to international financial markets
for borrowing and lending, it should be noted that these markets are not completely unrestricted in the
sense that workers are not permitted to trade contingent claims on their labor income. If the exogenous
shocks to productivity are less than perfectly correlated across countries, workers will have an incentive
to insure themselves against adverse changes in their wages. This restriction on capital markets is
probably not unrealistic but it is important as trade in such claims would break the link between savings
and investment.

Thus far, only supply-side shocks (productivity and population growth) have been shown to
produce a positive correlation between savings and investment rates. The model can be used to
analyze demand shocks, but only the savings rate will be affected as long as the rate of investment is
linked to the world interest rate. In the iollowfng model, the inclusion of a nontraded capital good
introduces a domestic rate of return to capital ditferent from the world rate that is sensitive to demand as
well as supply shocks.
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IV. Savi (| yment with a Nontraded Capital Good

in the previous model, the correlation between savings and investment depended on the timing
of the shock to productivity and the life-cycle pattern of consumption and savings. Now, by relaxing the
assumptions about consumption and savings and by adding a nontraded good, the correlation between
savings and investment arises not merely as an artifact of timing but due to restrictions on trade in the
goods market. While this assumption about the exchange of the nontraded good effectively restricts
capital flows, an interesting resutt of this model is that perfect co-movements between savings and
investment are not guaranteed. it will be shown that the magnitude of the correlation between savings
and investment depends critically on the representative individual's preferences for the two goods. The
effects of demand and supply shocks are first analyzed in a two-period framework. The model is then
extended to the infinite-horizon and the effects of uncertainty are considered.

Jwo-period Model

In this economy, there are two goods available for consumption: the traded good, y;, which
amives at the beginning of the period as an endowment, and x;, which is produced using the nontraded
capital good. Output of x is given by

(1) x, =a,t(k,)

where a { is a productivity parameter and by assumption,f' (k) > 0,and " (k) <0.
Current output of the nontraded good can be invested for use in future production of x or for
current consumption, x td. The resource constraint in each period is then

@) a,f(k)-% - i 20,

I will assume that the intial capital stock , k4, is given and capital depreciates completely between

periods. The resource constraints for periods one and two are

d
(3a) a,t(k,y)-x, -k220
f d
(3b) a, (kz)-xz 20

and the terminal condition, k3 = i»> = 0, is imposed on the last period's capital stock.
Consumers trade the endowment good, yt. with the rest of the world to smooth consumption

over time. The intertemporal balance of payments condition requires that the present value of lifetime
consumption of y be less than the present value of the endowment stream of Y,

RIS DN N 1
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where p is again the exogenously given world interest rate and ytd denotes consumption of the traded
good in period 1. ) "
The representative consumer's problem is to maximize lifetime utility over consumption of x and y

subject to the resource constraints on the nontraded good, (3a) and (3b), and the balance of payments
constraint (4),

d d d d
max U(x11y1) + BU(XZ'Yz)

where U 4 ( - ) denotes the derivative with respect to the first argument and the standard assumptions

are made about the concavity of the utility tunction: U 4> 0,U 2> 0,U 44 <0, Ugz < 0. Solving for the
first-order conditions in the two goods yiekis:

(5) ﬁU,(xg.yg)azf'(kz)-u1(xf.y‘,’)

1
(6) au2<x;.yg>=[;—p]u2<x$.y$).

Equation (5) states that the marginal cost of reducing consumption in period one must equal the
marginal benefit of having more capital in production next period, and therefore more consumption.
Equation (6) implies that the intertemporal marginal rate of substitution of the traded good must equal
the the world interest rate.

Individuals in this economy can save for future consumption either by investing in the production
of the nontraded good or by lending to the foreign country by trading contingent claims in the
international capital market. The definition of national savings is the difference between output and
consumption of both the traded and nontraded goods:

(7) =P (X, x4y -y

d d
Uy(x3.y9)

d d '
Uz(x1» y1)

wherep , =

the relative price of the nontraded good. From the resource constraints on the nontraded good it is

clear that the amount of national savings is directly linked to the amount of domestic investment in the
nontraded sector:

d
(7a) §,=Pky +(y -yy)

The larger the share of nontraded goods in total output, the more closely savings and investment rates
will be correlated.

20



Using the first-order condition for capital and ( 7a ) it is possible to determine the effects of a
change in second-period prodﬁctivity on savings and investment. Totally differentiating equation (5 )
reveals that investment increases (decreases) when the coefficient of relative risk aversion (), or the
intertemporal elasticity of marginal utility of the nontraded good, is less than (greater than) one:

d d
dk Uy (Xy,Ys)
(8) 2 o m -M"272° 9 1.
daa. < d d 2 ’
2 U (x,.y5)

An increase in productivity has two effects on the capital stock. First, the marginal product of capital rises
in the second period, increasing demand for investment and reducing consumption of the nontraded
good in period one. Second, for a given level of k 5 , the higher level of productivity increases total

income which leads to greater demand for consumption in both periods. When v < 1, there is sufficient
intertemporal elasticity of substitution in the nontraded good for the substitution effect on investment to
dominate the income effect.

The response of savings to a future productivity shock is complicated by the change in the
relative price of the nontraded good. From the definition of national savings:
Uy ) Uy )

(U, (x iy

(9) —-{«
2

d d d d
. U11(x1-Y1)] U1(x1:Y1) akz
d d d d

The effect of increased second-period productivity on national savings can be broken down into two
parts. The term inside the square brackets reflects the change in the relative price of the nontraded
good as a result of the increased demand for that good in investment. The remaining term reflects the
direct investment response to higher second period productivity at unchanged prices.

The magnitude of the savings response depends critically on the change in the relative price as
investment of the nontraded good changes. This in turn depends on the elasticity of substitution in
consumption between the traded and nontraded goods. Consider again the case wheny < 1.
intuitively, as productivity in the second period rises, demand for investment in the nontraded goods
sector rises and the relative price of the nontraded good increases. Consumption of the nontraded
good then falls and savings rises, thus bringing about the correlation between savings and investment.
If the demand for the nontraded good is inelastic, the price of the nontraded good must rise by a large
amount to induce consumers to sacrifice consumption of the nontraded good for investment.
Conversely, if consumers readily substitute toward the traded good, a small change in the relative price
is sufficient to reduce consumption of the nontraded good and the overall effect on savings will be
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small. 7 it can be shown that with a constant elasticity of substitution specification for preferences, the

magnitude of the savings response 1o a given shift in investment is decreasing in the elasticity of
substitution between the two goods. 8

Demand shocks:

In this model, it is possible 1o consider the effects of exogenous changes in demand as well as
supply. The utility function can be rewritten to include multiplicative demand shocks on consumption of
the traded and nontraded goods. The representative consumer now maximizes

d d “d d
U(e,x4.vyyq) + BU(e,x,,v,Y5)

subject to (3a), (3b) and (4), where {ey , v } represent exogenous shifts in the demand for the nontraded

and traded goods, respectively. Analogously to equations (5) and (6), the first-order conditions for the
two goods are:

(10) e a,1'(k,)BU,(2) = e U, (1)
1

11 U 2) = | c—— U b |

(1) v,U,(2) [1+p]"‘ o (1),

The notation is abbreviated so that U 1 (t) is the derivative with respect to x in period t. The "demand

shocks” on the two goods affect both the marginal rates of substitution between goods and over time.
Again by totally differentiating equation (10 ), it is clear that the investment response to a first-period
demand shock again depends on the coefficient of relative risk aversion.

dk U, (1) d

2 o e—— = 1.
Similarly, the magnitude of the savings response depends on the change in relative prices:
2os U,, (1)
(13) _lg{-e1k2__“_._
de 1 U 2(1)

U, (1) Uy (1) UL (1) 4 3K,

fu e Va2l T 2ey

RIRLMUR U,mumm} o
1 °2°
[U,(1))2

The intuition for these results is the same as in the case of a productivity shock. The greater the
responsiveness of demand to a change in prices the smaller the savings response to a given change in
investment. Conversely, the more inelastic the demand response, the larger the correlation between
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savings and investment rates resulting from both demand and productivity shocks. Loosely speaking,
when consumers are less willing to substitute the traded good for the nontraded good as relative prices
change, the levelof savings becomes more tightly linked to the level of investment. Repeating the

analysis for a second-period demand shock reveals that both first-period savings and investment rise
when the coefficient of relative risk aversion is less than one.

\nfinite-hori Model

The two-period problem is quite easily extended to the infinite-horizon with uncertainty. Again,
the economy produces a nontraded good for consumption which requires a nontraded capital good in
production. Output of the nontraded good depends on the level of the domestic capital stock and the

productivity parameter, o y, an exogenous random variable:
(14) x, = a,f(k,) = X (a,, k)

The capital good used in production must be taken out of the previous period's production of the

nontraded good. Assuming complete depreciation of the capital stock between periods, the resource
constraint '

d
(15) af(k) -k, 4 -x 20

must be satisfied for any period t.

The home country receives the consumption good y as an endowment at the beginning of each
period which can be traded in the international goods market. The representative individual has rational

expectations over 8,, the random exogenous process which determines the sequence of endowments

of the tradable consumption good, and over o y. Based on these expectations, the individual trades in a

contingent claims market to smooth oonsumption over time given the lifetime budget constraint:
(16) +2[_.__] y‘Zyo.,.z .—_‘-;] y(
+

where the interest rate is assumed to be constant. Given rational expectations and a time-zero
contingent claims market, the exchange of one-period bonds is sufficient for consumption-smoothing.
The budget constraint for each period t is:

d
(17) yt+bt(1+p) 2y, +b'+1

where b 4 is the price of a one-period bond which matures at time 1. Note that without any turther

restrictions on preferences, these bonds may be contingent on the output of the nontraded good as
well as the traded good.
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The representative consumer maximizes the present-value of expected lifetime utility

o -t d
mx E B UMy
T T
T=t
subject 1o the resource constraints on the nontraded good and the trade budget constraints. In
addition, the following initial and solvency conditions are imposed on capital and debt:

(18a) k2 kg

(18b) b2b,

(19a) im [-]'«k, =0
t-> = 14p

(19b) im [1]"b, = 0.
t->=  14p

The solution to the optimization problem defines the value function
vi(k,b;s) = max U(x d.y d) + 5Jv (k',b*; s*) dF (s,S').

The nonprimed variables refer to period t, the primed variables to period t + 1. The state vector s is

definedass=(a,6)andF (s,s') is the distribution function of a first-order Markov process over both of
the state variables.

The necessary conditions for utility maximization are listed in equations (20a) - (20d) where u is
the Lagrange multiplier on the resource constraint for the nontraded good and A is the multiplier on the
trade budget constraint.

(20a) n=u(x%y?

(20b) A= Uy(x %y 9)

(20c) = Bju'a'f'(k')dF(s.s’)
(20d) a = BJar(14p) OF (5.8

Combining these equations yields the first-order conditions determining the optimal levels of
investment and borrowing in the bond market.

2 Uy = Bl u Sy et e s)

8l u,x%y %) (5.9

d d
Uz(x ny )

@ I

24



Eaullbri
An equilibrium in this economy is the set of functions A , i, x 9, y 4, b, and k' which are functions

of the state variables (k , s). These functions satisfy the constraints (15) , (17) , the necessary conditions
for utility maximization and the following market-clearing conditions.

d d*
(233) yt + yt = yt + yt
(23b) b, + b, =0

The starred variables are output, consumption and bondholdings of the rest of the world.  Equation
(23a) requires that world consumption equals world output and (23b) that the supply of bonds equals
the demand for bonds.

Investment and Savings

The level of investment in this economy is the function K' (k, s) implicitly determined by equation
(21). Savings is again defined as the difference between output of the traded and nontraded goods
less the level of consumption of both goods.

’ d
(24) sk,s) = pk,s) Kk,s) + yk,s)-y (k,s)
The response of savings and investment to future productivity shocks and demand shocks is analogous

to the two-period model. An increase in future productivity, a °, leads to an increase in both savings and
investment as long as
] u,, <%y %) @' (k) oF s.8)
(25) Y= - r r < 1
Juyofy ) eriss)

Again, the magnitude of the savings response depends on the elasticity of substitution between the
traded and nontraded goods. Similarly, exogenous changes in current and future demand can lead to
co-movements in savings and investment.

The incorporation of a nontraded capital good under uncertainty thus generates a positive
correlation between savings and investment in response to both supply and demand shocks. Expected
future increases in demand for the nontraded good raises the expected marginal product of capital in
the nontraded sector, causing investment to rise. The supply of nontraded goods available for
consumption shrinks and consumers are forced to save or to substitute toward the traded good.
Similarly, expected increases in productivity in the nontraded sector raises the return to investment and
crowds out consumption. if these underlying shocks to demand or productivity are serially correlated
the correlation between savings and investment will persist over time.
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in contrast with the overlapping generations framework, this model produces the correlation in

response 1o virtually 'any shock 1o the nontraded sector, independently of the timing or the duration of
the shock. This result may seem trivial since it was achieved by simply shutting down trade, effectively
*closing” the economy off from the rest of the world. However, it should be emphasized that trade in the
goods market is restricted, but again, no constraints are placed on asset trade. When utility is separable
in the traded and nontraded goods there will in fact be no trade in claims to the nontraded good;
individuals are unwilling to substitute the traded good for the nontraded good so only the consumption
of the traded good is smoothed. As the elasticity of substitution between the traded and nontraded
goods increases, consumers begin to trade in assets which pay dividends in the traded good
contingent on the realization of output of the pontraded good. To the extent individuals are willing to
accept the traded good when the nontraded good is in short supply, the link between savings and
investment is weakened.®

The addition of labor to the model would reduce the magnitude of the correlation between
savings and investment. In the.absence of labor in production, firms are able to adjust to exogenous
distubances only by adjusting the capital stock, which directly affects consumption and savings. When
labor is used as a factor of production, firms have another channel for substitution in production. A
testable implication of these models is that labor will bear a larger burden of the adjustment in countries
where the nontraded goods sector is a significant share of total output than in those countries that can
rely on intemational capital flows to help respond to exogenous shocks. |f labor is relatively mobile
within the domestic economy, these adjustments will be reflected in movements of the labor force
between the sectors. I labor is not mobile between sectors, countries with large nontraded goods
sectors will be characterized by greater wage differentials across sectors.

The restriction on trade of investment goods appears to be a rather special type of assumption.
The label "nontraded capital good™ could be applied to any good that is required in production and is not
readily substitutable for some other good exchanged in interational markets. To list just a few, goods
that are specific to domestic firms or industries, management and banking services, and employees with
high levels of firm-specific human i:apital are examples of “investment goods" that are developed by
firms for domestic production. Whether these types of nontraded goods are sufficiently important to
restrict aggregate measures of savings and investment remains to be tested. Consumer durables and
firm expenditures on production facilities and large-scale (non-transportable) machinery are two possible
measures of the importance of nontraded investment goods.
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Y. Conclusion

The objective of this paper is to review the existing evidence on the correlation between savings
and investment rates in the OECD countries and to evaluate its relevance to the question of
international capital mobility. The statistics presented in this paper suggest that the comrelation between
savings and investment is both a short- and very long-run phenomenon and is not restricted to a
particular sample of countries. This empirical evidence poses a difficult chalienge for theoretical models;
explanations based on exogenous changes in the rate of population growth in a model with imperfect
labor mobility may explain some of the long-run co-movements between savings and investment but
cannot address the short-run movements. On the other hand, models incorporating temporary demand
and productivity shocks produce short-run co-movements but have the disadvantage that the shocks
must occur with sufficient frequency to produce long-run correlations within countries over time as well
as across countries.

in a world with compiete intemnational financial markets, free trade, and unrestricted factor mobility,
the level of domestic investment is independent of the supply of national savings. The strategy
adopted in this paper is to explain the observed linkage between savings and investment rates by
building frictions into the economy without severely restricting international financial markets. An
important feature of both of the models developed in this paper is the assumption that labor is immobile
and is inelastically supplied. Introducing a problem of labor choice between work and leisure, between
industries, or by allowing the migration of labor across national borders, reduces the magnitude of the
investment response to exogenous disturbances. In effect, labor mobility opens another channel for
substitution in production; as productivity changes, workers migrate 1o the country (or industry) with the
highest wages, reducing the need for firms to adjust their capital stock. Thus, the restriction on labor
mobility is sufficient to produce a weak correlation between savings and investment, independent of
the assumptions made about the international capital market.

in conjunction with the assumption about labor mobility, international financial markets are also
restricted in the sense that workers in different countries are not allowed to trade contingent claims on
their labor income. While | do not believe that this is an unrealistic assumption, it should be noted that
trade in such claims would significantly reduce the savings response to exogenous disturbances.

The life-cycle pattern of consumption and savings behavior described by the overiapping
generations model restricts the economy’s ability to smooth shocks to productivity and wealth. Since
individuals only work for one period, any change in wages, temporary or permanent, will lead to a
realiocation between savings and consumption. On the investment side, the imposition of an
installation requirement on capital reduces the ability of investors to respond quickly to changes in
productivity. The assumptions of the second model impose even tighter constraints on savings and
investment behavior by restricting the exchange of a good used for consumption and investment.
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Virtually any disturbance to the sector isolated from intemational markets leads to co-movements in the
domestic investment and national savings rates.

It seems clear that constraints on labor mobility, consumption-smoothing and the exchange of
goods provide explanations for the savings and investment correlation independently of the role of
financial markets. The remaining task for future research is to evaluate whether any of these restrictions,
or some combination of restrictions, is sufficiently important empirically to explain the observed savings
and investment behavior of the OECD countries.
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Eootnotes
1. The appropriate variables are national savings and domestic investment.

2. The sample studied by Feldstein and Horioka includes Australia, Austria, Belgium, Canada, Denmark,
Finland, France, Germany, Greece, Ireland, Htaly, Japan, Netherands, New Zealand, Sweden, the United
Kingdom and the United States. France, Luxembourg, Norway, Spain and Switzerland were dropped
from the sample as the authors assert that these countries significantly changed their methods of national
income accounting during the period of study.

3. Sachs’ conclusion that I/GDP is a better explanatory variable for movements in the current account is
based on the following regression for “all countries” (15 OECD countries, Brazil, Colombia, Korea,
Mexico, and Thailand):
ACAGNP) = -61 AIVGNP) RZ2=.72 tstat=-62
ACAGNP) = -34 A(S/GNP) R2=.00 tstat=-1.0
These figures are reported in Table 14, p.250, Sachs (1981). The change measures the difference in
averages over the intervals 1968-73 and 1974-79. Similarly in Sachs (1983) , Table 2:
A(CAGNP) =-01-.65A (\GNP) R2=.65 t-stat=4.2 (excluding Japan)
A(CA/GNP) =-01 - .15A (VGNP) R2 = .01 t-stat=1.1 (excluding France)
This sample includes the 14 OECD countries listed in Table 1. The data are averaged over the periods
1961-70 and 1971-79.

4. The countries reporting non-zero values for the statistical discrepancy include Australia, Canada,

Finland, United Kingdom, Iceland, Japan, New Zealand, Netherlands, Portugal, Sweden and the United
States.

5. The rate of growth in GDP is another possible spurious variable in the savings-investment correlation;
countries with rising incomes are likely to exhibit both higher rates of saving and investment over time. Fry
(1986) attributes the savings-investment correlation in a cross-section of Asian counries to differing rates
of growth. While this is probably a contributing factor to co-movements in savings and investment in the
OECD countries, it has not been shown to fully account for the correlation.

6. The strong linkage between savings and investment rates over time is not a characteristic of all OECD

countries. Norway, for example, ran a persistent current account deficit during its investment boom in the
1970s.
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7. When y> 1, the explanation is reversed. The price of the nontraded good falis as investment
decreases to induce people to consume more of the nontraded good. The more inelastic the demand
response, the more the price must fall leading to a larger savings response.

8. Note that when U2 ( ) is large and negative, the price will fall as investment increases and savings may

decrease. | conjecture that this case is ruled out by the second-order conditions on utility maximization
and stability but | have been unable to prove this for a general specification of preferences and
production. When utility is separable, when the traded and nontraded goods are perfect substitutes and

for all CES utlity functions, the price effect is never large enough to cause savings and investment to be
negatively correlated.

9. This result is not directly apparent from the mode! but can be seen indirectly by considering equation
(6). Individuals equate the marginal utility of the traded good over time to the world rate of interest where
the marginal utility depends on the consumption of both the traded and nontraded goods. Thus, the
consumption pattern of the traded good must not only smooth the consumption of that good, but also
must take into account the stochastic variations in the nontraded good to smooth overall utility. To see
this more clearly, one can totally differentiate (6) to evaluate the response of consumption to exogenous
shocks. The presence of cross-derivatives indicates that the elasticity of substitution between the two

goods will play a role in determining the consumption pattern of the traded good that will smooth overall
utility.
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