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ABSTRACT

Falling exchange rates cause a decline in the value of the U. S. dollar, increasing import
prices and reducing export prices. These relative price changes create income and substitution
effects. This study uses an econometric model of the U.S. economy, developed using 1960-2000
data, to assess the relationship of recent changes in the exchange rate to changes in demand for
imports and exports. The study finds the positive effects of export growth and substitution
toward domestic goods, more than offset the negative effects on real income of higher import
prices resulting from the 2000-2008 decline in U.S. exchange rate. The paper estimates the
declining exchange rate (16.4%) stimulated exports and domestic consumer demand sufficiently
to add 3.7% to total GDP growth over the period, and significantly decreased the trade deficit
($187.2 billion) from what it otherwise would have been. This decline in the trade deficit and
the increase in domestic savings from higher incomes increased U.S. owned assets by an
estimated $114 billion compared to what they would otherwise have been. JEL E00, F40, F43.
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1. Introduction

A decline in the U.S. exchange rate (XR) decreases the amount of foreign currency a
dollar can buy, which can increase import prices. Such a decline occurred during the 2000 —
2008 period, making foreign goods Americans purchase more expensive, thereby reducing
American real incomes. This “income effect” may reduce U. S. demand for both domestic and
imported goods. It may also cause a “substitution effect” by making imports more expensive:
demand may to shift toward cheaper American goods. Also, the cheaper U.S. dollar may make
U.S. goods cheaper, increasing American exports.

While all of these effects may occur to some extent or another, the real question is
whether exchange rate changes bring about major differences in the demand for domestic goods
and imports? Or perhaps even major changes in America’s exchange rate only bring about
marginal, relatively insignificant, total effects. This may be because some individual effects
offset others, or are only of a small magnitude relative to the GDP.

These are empirical questions. This study attempts to answer them using estimates of
exchange rate changes impact on U.S. demand for both domestic and imported goods during that
period 1960-2000, using an econometric model of the U.S. economy patterned, in abbreviated
fashion, after the larger demand — driven econometric models of Ray Fair (2004). Fair’s model
develops estimates of the GDP based on estimates of consumer and investment demand, and
import demand.

These model’s findings’ as to the marginal effects of different variables are then used to
simulate the effects of exchange rate changes during the 2000-2008 period. Econometric
estimates of the marginal impact of the exchange rate on U.S. demand for imports and domestic
goods, controlling for important variables that affect consumer and investment demand,
developed by Heim (2008c) are used. These estimates, in turn, were developed from
econometric analysis by Heim (2008 a, b) to determine which other variables (and which lagged
values of those variables) were significant determinants of demand. The model is used as a basis
for simulating the initial impact of a change in exchange rates on the GDP. This done using the
exchange rate variable’s regression coefficients in the consumption, investment and export
equations of the model. The initial impact is then augmented by estimates of
multiplier/accelerator effects derived from the same econometric model. Three separate methods
for calculating these effects are presented. Each reaches the same conclusions about the effects
of the 2000 - 2008 exchange rate changes on the U.S. economy, when the U.S. Federal Reserve’s
Nominal Broad trade weighted exchange rate index declined 16.4%, from 119.45 to 99.83.

Finally, the paper also estimates the extent to which exchange rate - reduces the trade
deficit and reduces transfers of U.S. capital to other nations or their citizens, to pay for trade
deficits.

2. Methodology

This study examines how declining exchange rates 2000 — 2008 have affected U.S.
demand for domestic and imported goods. It uses a seven behavioral equation model of the U.S.
economy (three consumer demand equations, three investment demand equations and an export
demand equation) to estimate the GDP and its components The three consumption equations are
for total, domestically produced and imported consumer goods, the three investment equations
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are for total, domestically produced and imported investment goods. The seventh equation
estimated export demand.

The econometric approach, is patterned, after the more detailed (30 behavioral equations)
demand — driven econometric models of Ray Fair (2004). Fair, for example, has four separate
behavioral equations for household demand; whereas the model used in this study has two
consumption equations: one for domestically produced consumer goods and one for imports.
Fair’s model, as does this model, estimates the GDP additively, from behavioral equation
estimates of consumer, investment, export and import demand. In both models, government
spending on goods & services is treated as exogenous. Finally, like Fair’s model, the model
here is Keynesian i.e., demand driven in orientation.

There are some differences between the models aside from size. All imports in Fair’s
model are estimated as one variable and imports are modeled as simple functions of GDP growth
alone. In the model used here, consumer and investment imports are modeled separately and as
functions of the same large number of specific determinants of consumer and investment demand
found to be important determinants of demand for domestically produced consumer and
investment goods, such as wealth, profits, interest rates, depreciation, credit crowd out, etc. In
Fair’s model exports are exogenous, but in the model used here exports are endogenous. They
are determined by the exchange rate and a proxy for our trading partners’ economic growth rate.
Another difference is that Fair commonly uses lagged values of an equation’s dependent variable
on the right hand side of an equation to explain the movement in the dependent variable; the
model used here does not. Its main objective is to explain the past influence of specific
variables, especially the exchange rate, on consumption, investment and the GDP. Lagged
values of dependent variables may improve the accuracy of predictions, which is a core objective
of Fair’s model, but tend to hide from us the underlying variables that drive them (as well as the
current dependent variable). Hence, they provide an inadequate explanation of underlying
structural relationships. That said, in quarterly data models, lags may be needed simply to
capture lagged adjustment effects. The annual data used in this model reduces that need
appreciably.

Also because of Fair’s findings, equations in this model do not include variables to
account for rational expectations —driven behavior, since Fair, like others before him, found little
support for these issues in extensive tests in his own models, (Fernandez-Villaverde, 2008). Fair
also found his own model (a Cowles — Commission type model, like the model used here)
performed better than a VAR model against which he tested it, and generally better in tests
against an autoregressive components (AC) model. (Fernandez-Villaverde, 2008).

A significant difference between this study and Fair’s models is the way in which
autocorrelation is treated. Generally, here it is dealt with by first differencing data. In Fair, it is
dealt with by leaving the data in levels and using standard autocorrelation control AR(i)
variables. Generally, though not always, the first differencing used here was successful in
bringing Durban Watson statistics up to acceptable levels. This approach also provided two
critically important additional benefits:

1. First differencing significantly reduced multicollinearity between the variables thought to
be determinants of consumption or investment. This provided for much more stable
regression coefficients on variables in the model when changes to the model were made,
and therefore, more stable estimates of marginal impact.

2. First differencing eliminates the irrational tendency for the regression coefficients on a
particular variable (e.g., the exchange rate) in imports and domestic goods demand
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equations not to add up to same variable’s coefficient in total demand equation when
using standard AR(i) controls. The two parts together (demand for imports and demand
for domestically produced goods) definitionally equal total consumption or investment.
Adding the estimated effects of a particular variable on import demand and domestic
demand should tell us precisely how total demand is affected. Statistical results should
yield the same result, assuming regression does not provide illogical results. Statistical
results do equal the arithmetic sum of these two parts, unless AR(i) controls are used with
any of the equations.

For example, equations 9 -11 below provide statistical estimates of the impact of
the exchange rate (and other variables) on demand for domestically produced, imported
and total investment goods. Equation eleven’s relatively low Durbin Watson statistic
indicates possible autocorrelation. Using a standard AR(1) control raises the Durbin —
Watson statistic to more acceptable levels, but at the price of changing all of other
regression coefficients in that equation so that the coefficients on a variable in the
domestic and imports demand equations no longer add to the total effect, as they did —
exactly - before the autocorrelation control was added!. The situation is not improved by
adding autocorrelation controls to the other equations.

To avoid this problem, first differencing is used here as the method of
autocorrelation control. Where first differencing is not successful in raising the Durbin
Watson statistic to non-autocorrelation levels, the evidence suggests the coefficient is not
adversely affected, hence we ignore it. For example, subtracting the (non-
)autocorrelation plagued imports coefficient (eq. 10), from the (non-)autocorrelation
plagued total investment coefficient for the same variable (eq. 9) yields exactly the value
of a variable we find in the autocorrelation plagued domestic demand equation (eq. 11).

Arithmetic methods for estimating the effect of exchange rate changes on the GDP,
consumption, investment, the trade deficit, and U.S. ownership of assets are developed and
presented in sections 9-12 of this study. They depend heavily on the marginal effects of changes
in exchange rates given by regression coefficients in our econometric models. The reliability of
such estimates is greatly enhanced if the models have made serious efforts to control for all other
major variables that effect consumption and investment. This provides better assurance that the
estimated effects of the exchange rate are good estimates, and not estimates which mislead
because they are also proxying for the effects of other consumption or investment determinants
not controlled for in the testing process. Extensive efforts were made in Heim (2008a, b &c) to
determine what theoretically — postulated variables belonged in these equations, and which
lagged value of the variables was the most appropriate to use. The consumption and investment
models used here utilize the findings from those studies coupled with the Federal Reserve’s
(Nominal) Broad exchange rate. They are described further below.

All data used in those studies was taken from the Council of Economic Advisors’
statistical appendix to the Economic Report of the President, 2002. Data Tables B2, B3, B7,
B26, B54, B60, B73, B82, B90, B95, B104, B106 and B110. However, additional multilateral
trade weighted value of the dollar, i.e., the foreign exchange rate data, is taken from Table B110
of the Economic Report of the President, 2001 and Table B108 of the 1997 Economic Report of
the President, 1997. Exchange rate values 1960 - 1970 were assumed constant at 1970 levels,
per the Bretton Woods protocols. All data are expressed in real 1996 dollars, or converted to
same using the GDP deflator in Table B3.
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Each regression below shows the estimated marginal effect (regression coefficient) for
the explanatory variables, the t statistic associated with it, the percent of variance explained and
the Durbin Watson autocorrelation statistic. Depending on the particular regression test and the
number of lags used, our sample size was 36-38 observations from the 1960-2000 period. With
this number of observations, throughout the remainder of the paper, marginal effects with a t-
statistic of 1.8 are significant at the 8% level, 2.0 are significant at the 5% level and t-statistics of
2.7 are significant at the 1% level

Because of the simultaneity between the total consumption variable (C) in the GDP
accounts, or its component part, domestic consumer goods (Cp), and income (Y) inherent in
these equations, two stage least squares estimates of disposable income A(Y-T¢g)o were used.

The remaining right hand side variables were used as first stage regressors. Newey-West
heteroskedasticity corrections were also made, generally improving t - statistics. Two Stage least
Squares was also used with the investment equations because of simultaneity between
investment and the economy’s growth rate (the accelerator variable).

There is some difficulty separating consumer imports out of total imports in the
Economic Report of the President. This is because, as the Bureau of Economic Analysis (BEA)
has confirmed, it does not categorize import and export data into same “C” and “I” and “G”
categories used elsewhere in the national GDP accounts. Absent official determinations by
BEA, economists must make their own evaluations of how to divide the data. It is not clear from
Table 104 in the Economic Report of the President, for example, how much of the value of
motor vehicle imports or petroleum imports are for business (inventory investment) vs. consumer
use. Data on imported services (Table B-106) does not distinguish between imports of services
by businesses and consumers, though one might suspect the former dominate. Nor do the
services data extend back beyond 1974, so no deduction from total imports for business services
imports could be made in calculating consumer imports.

Following Heim (2007), we then take as our definition of consumer goods and services
imports all imports except for imports of capital goods and industrial supplies and materials. The
theory behind this choice was that the best definition of “consumer” imports was the one whose
variation was best explained (highest R?) by the variables theoretically thought to drive demand
for consumer imports. Other definitions of consumer imports, did not explain consumer
behavior as well and were rejected.

Hence, for consumer imports, the definition used is

(Mpxsm) = Total Imports (M) — (Capital Goods Imports + Imported Industrial
Supplies and Materials(Mkgm))

These definitions appear to be reasonable, if not exact, given the data available. Separate
regressions were then run on total consumer demand, and separately for imported consumer
goods alone. Results for the imports equation were subtracted from the results for the total
consumption (C) equation, to estimate demand for domestically produced consumer goods. As
noted earlier when discussing autocorrelation, the coefficients obtained in this manner
(arithmetically) for each variable are exactly the same as those obtained statistically by
regressing these same determinants on domestically produced consumer goods (C-Mp, ksm)-

Investment imports were defined using the same process as imports of capital goods plus
imports of industrial supplies and materials (Mkgny), 1.€., total imports minus consumer imports.
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Preliminary testing suggested that exchange rates have some lagged effects that go back
as far as three years ago, so the average exchange rate for those years (XRayo123) was used.
Individual variables for each year’s exchange rate were not used. High levels of
multicollinearity between the individual years’ exchange rates made coefficient values for any
one year change dramatically when another year’s exchange rate variable was added or deleted.
However, the coefficients on the average exchange rate variables tended to precisely or
approximately add up to the sum of the coefficients when separate exchange rate variables were
used for each year. In addition, adding an additional year’s lag to the average increased
explained variance, up through the three year lag. This suggests that the full effects of exchange
rate changes take that long to achieve. For example, peoples’ demand may be conditioned on
what they recall price has been in the recent past as well as what it is today. It may also be that
there are long lead times required for delivery of some items, e.g., machinery. If so, this year’s
actual purchases may have been the result of a prior year’s decision to purchase, based on a prior
year’s price determined in part by that year’s exchange rate.

In sections 9 below the results to the economic system attributable to a shock to exchange
rates are used to estimate the resulting effects on the GDP, consumption and investment demand
(both domestic and imports). Three separate methods for calculating these results are used.
They yielded identical results:

1. The first of the three methods simply sums the three regression coefficient estimates of
the effect of an exchange rate change on (1) domestically produced consumer goods and
(2) investment goods, and (3) exports and uses the estimated multiplier/accelerator effect
developed in Section 8 from the same econometric model to calculate the total effect on
income and consumption.

2. A second method, commonly used in large scale econometric models such as Fair’s to
calculate the effects of a shock was also used as a check on the first. This method
involves estimating the consumption, investment and import equations from their
determinants and combining them with exogenous information on export demand and
government demand to (additively) calculate the GDP.

3. A Keynesian “IS” curve model calculated directly from our econometric results. This IS
model is used to predict changes, modified by the model’s estimated multiplier effect, in
the GDP likely to occur when the exchange rate shock occurs.

Finally we note that Heim (2008c) uses these same econometric models for investment
and consumption demand as used in this study. However, it utilizes a less satisfactory, more
ambiguous method for separating the income effects of exchange rate changes from substitution
effects, and overstates both income and substitution effects as a result. Since then, a more
rigorous method for isolating the separate income and substitution effects has been developed
(see sections 8 and 9 below), which markedly changes the estimates of the GDP, trade deficit,
etc. obtained in Heim 2008c). There are other differences as well: this study expands estimates
of effects to cover to cover the 2008 period, and uses substantially changed regression estimates
in the export model.

3. The Consumer Demand Model:

To study the effect of exchange rate changes on consumption we need a theory of
consumer demand, so that in testing, we can control for changes in consumption causes by things

Do Declining Exchange, Page 6



Journal of Finance and Accountancy

other than the exchange rate itself. This paper postulates a modified Keynesian theory of
demand for consumer goods. It assumes that in general, the determinants of the demand for both
domestic and imported consumer goods are the same as those mentioned in Keynes (1936), with
the addition of two other variables. First, a “crowd out” variable is added, similar to the one
used in investment studies to control for periods of limited credit availability which may occur in
response to government deficits. Second, we also add an exchange rate variable.

Keynes argues in chapter 8 of the General Theory of Employment, Interest and Money
(1936) that income, wealth, fiscal policy (taxes) and possibly the rate of interest might influence
consumption. However, he felt

... Income...is, as a rule, the principal variable upon which the consumption-
constituent of the aggregate demand function will depend...windfall changes in capital-
values will be capable of changing the propensity to consume, and substantial changes in
the rate of interest and in fiscal policy may make some difference (pp.95-96)...

where “fiscal policy” is a reference to tax levels. In chapter 9 he also notes other factors
that might affect the level of consumption spending: precautionary saving (for unknown, but
potential, future needs), saving for known future needs (like retirement), and saving to finance
improvements in future standards of living.

Heim (2008b) found that regression results on a modified Keynesian function of the
following type explained about 90% of the variance in consumer spending in the 1960 - 2000
period:

C =1+ B2 (Y-Te)+ B3(T - G) - Ba (PR). + Bs (DI)2+ B (XR)avo123 (1
where
(Y-Tg) = Total income minus taxes, defined as the GDP minus the portion of total

government receipts used to finance government purchases of goods and
services, i.e., total government receipts minus the portion used to finance
government spending on transfer payments not included in the GDP
definition of government spending.

(Tc-G) = The government deficit, interpreted as a restrictor of consumer as well as
investment credit. Usually we will disaggregate this into two separate
variables in regressions: B3a Ty and Bspg G. because it has been found the
effects of each on consumer spending differs, with the tax variable the
more important. (Heim 2008a)

PR = An interest rate measure, the Prime rate, for the current period. This rateis
a base rate for much consumer credit. It is deflated to get the “real” rate

using the average of the past two year’s CPI inflation rate.

DJ, = A stock market wealth measure, the Dow Jones Composite Average,
lagged two years
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XR avoi2z = The trade - weighted exchange rate (XR), averaged over four years. In our
regressions, an average of the XR value for the current and past three years
is used, denoted XRavoi23. This is done to capture what preliminary studies
showed was slow, multiyear process of adjustment to exchange rate
changes

First difference versions, shown below, of this consumption function (1) were used to
reduce the distorting effects of multicollinearity and non-stationarity inherent in most time series
econometric models:

ACo= B2 A(Y-Tg)o + B3 A(Tg - G)o - Bs A(PR)o. + Bs A(DJ)o+ Bs A(XR)avo123 (2)
or
ACo= B2 A(Y-Tg)o + B3a A(T)c) - B3 A(G)o - B4+ A(PR)o + Bs A(DJ).o+ B A(XR)avoi2z (3)

These last two equations are the same except that in (3) we have divided the crowd out
variable into two variables. We will test these hypotheses, particularly (3), further below, and use
the results to calculate the effects of exchange rate change on consumer demand.

Using the nominal broad exchange rate, , the government deficit variables, and the
Keynesian variables, our regression findings for consumer demand model are as follows:

Total Consumer Demand
AC)y  =.63A(Y-Tg)y +47ATg0 + 06AG) — 6.22 APR. +.60 ADJ;, +2.69 AXRaves R*=91%  (4)
() (18.2) 4.3) 0.5)  (-3.4) 4.0) (1.5) DW.=17

Demand for Imported Consumer Goods
AMpgem)o =06A(Y-Tg)o +27ATg ) -.18 AGy —3.94 APR,. + .26 ADJ, +4.33 AXRavois R’=83% (5)
0) (2.8) (4.6) -1.9) (2.6 (1.8) (2.9) DW.=15

Demand for Domestically Produced Consumer Goods
A(C- Mm-ksm)() :.57A(Y-T6)0 +.20ATC,(0)+.24 AG() B 228 APR() + 34ADJ_2 - 164 AXRAV()123 R2:74% (6)
(1) (16.0) (1.6) (1.3) (-0.7) 2.8) (-1.0) DW.=1.8

Though not presented here, the same models without the exchange rate variable had R? of
91, 77 and 74% respectively. The exchange rate appears to have a major influence on import
demand, adding 6%-points to explanatory power, but seems to have a minimal effect on
domestic demand for consumer goods, leaving the explanatory power of this domestic demand
equation unchanged. As we will show further below, this is because the substantial negative
income effect is more than offset by a positive substitution effect, leaving the net of the two
effects, shown by the regression coefficient, less significant. The regression coefficients on the
exchange rate variable clearly suggest an immediate drop in demand for imports of $4.33 billion
when the exchange rate drops one point, and an increase in domestic demand of $1.64 billion.
However, our confidence in our estimate of this marginal effect remains high, since it is the same
as that obtained by subtracting the import regression coefficient from the total consumption
coefficient, and both of these are significant. These coefficients will be used below in estimating
the total impact on the economy of declines in the exchange rate, including subsequent multiplier
effects.
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4. The Investment Demand Model

Demand for Investment goods may also decline when exchange rate declines raise import
prices, lowering real business income and saving. How much of the decreased demand will be
for domestic versus imported investment goods will depend on the marginal propensities to
invest (MPIp or MPIy) in response to a change in the economy’s real growth rate (i.e., the
“accelerator effect”) caused by a declining exchange rate. A secondary decrease in Investment
should also occur due to multiplier effects of the original income, reducing savings even further,
causing increased crowd out effects.

If investment goods are a “normal” good, the effect on U.S.-produced investment goods
should include a positive substitution effect resulting from reduced import demand. The
exchange rate coefficient should show the net of this positive effect and also a negative effect on
investment of the decrease in real income generated by the exchange rate’s decline. The
substitution effect on domestic demand should be positive if investment goods are a “normal”
good. The effect should be negative if we find that demand for domestic investment goods
declines in favor of imports when real income falls due to a declining exchange rate, even though
it means imports are becoming more expensive. Whether the substitution effect is positive or
negative and whether the income effect or substitution effect dominate are empirical questions
addressed below.

The investment model tested includes key variables traditionally thought to influence
investment. See, for example, Jorgenson (1971). Imported investment goods are defined as
imported capital goods plus imported industrial supplies and materials. The current period is
denoted without a subscript; prior years are subscripted with a -1 or -2. Since the variables in
each are the same, the tested equations for domestic (Ip ) and imported investment (Iy;) goods all
take the general form

AID = (AI—AMksm) = BDI AACC + BDZ ADEP + BD3 ACAP_l + BD4 ATG - BD5 AG
- Pos Atz + Bp7 ADJ> + BDig APROF., + Bpg AXRavo123 (7)

Aly = (AMian) = Bait AACC + By ADEP + Byis ACAP., + By ATG - Puis AG
- Bme Ar + PMy ADJ; + Bms APROF.;  + Buvio AXRavoi23 (8)

The variables included in these equations are
AACC = An accelerator variable A(Y;- Y1)

ADEP = Depreciation, a measure of investment needed this year just to replace worn
out plant and equipment
ACAP_;. = A measure of last year’s capacity utilization

APROF_; = A measure of business profitability two years ago

The other variables have the same meanings they had in the consumption equations, with
lags as noted.

Our purpose here is not to analyze definitively the components of the investment
function, but just to provide estimates of the effect of the exchange rate on investment that have
been obtained while controlling for as least some of the other variables that might affect
investment, and whose influences might otherwise be picked up by the exchange rate variable
due to intercorrelation.

The parameters in this investment demand model were estimated to be:
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Total Investment Demand

Al =28AACC + 95ADEP + 1.48ACAP.,+.52 AT -.63AG - 6.40Ar,-20ADJ, +.16 APROF, + 6.92 AXRavois R=.89  (9)
t= (7.9) (3.2) (1.0) 5.6) (29 (3.8) (-0.8) 0.9) (3.8) DW =19

Demand For Imported Investment Goods
A(Mism) =.04AACC + .38ADEP + 1.52ACAP., +.07 AT -22AG + 1.54Ar,+.19ADJ,- .10 APROE, + 2.52 AXRavoi2s R%=.70  (10)
t= (1.8) @.1) 2.2) 25 (21 (13) (26 LD @1 DW =2.4

Demand For Domestically Produced Investment Goods
A(I-Mygnm) =.24AACC + .57ADEP - .04ACAP_, +.44 AT -.41AG - 8.00Ar, -.38 ADJ, +.26 APROF,, + 4.39 AXRavo123 R?=385 (1 1)
t= 8.7) (1.9) (-0.0) 5.4) (-2.0) (49) (-1.5) (1.5) (1.8) DW =1.6

The results for the MPIp and MPI,, indicate that the accelerator effect of a decline in
current year real income on investment is principally on domestically produced investment
goods, with demand decreasing $ 0.24 billion for every billion decrease in the size of the change
in current year GDP. Demand for imported goods on the other hand only decreases .04 billion.
There appears to be an initial $4.39 billion decrease in demand for domestically produced
investment goods for every single - point (~ 0.8%) decline in the trade weighted nominal Broad
exchange rate from 2000 levels, as well as a $2.52 billion drop in demand for imported
investment goods. Analysis below in Section 8 shows that this results from the sizable
dominance of income over substitution effects, causing a decline in demand for both domestic
and imported investment goods.

5. The Exports Demand Model (Using The Nominal Broad XR Index)

There is also an increase in income that occurs because of the increase in exports
associated with the decline of the exchange rate. A rough estimate of this effect can be obtained
by regressing exports on the 4-year average exchange rate above and the growth in the American
GDP over the 1960-2000 period. The income variable serves as a proxy for the growth in our
major trading partners’ incomes over this period. Our trading partners’ incomes should have a
major effect on the demand for our exports. The results of this regression, using first differences
in the data to reduce multicollinearity and stationarity problems, as well as 2SLS, autocorrelation
and heteroskedasticity controls are as follows:

AXo=.08 A(Yavi2) - 5.70 AXRavoi23 + 42 AR(1) +.61 AR3) R’=53% (12)
(t) (3.2) (-2.1) (2.8) (7.8) DW.=2.1

6. The Tax Growth Model

Part of tax growth is exogenous, i.e., varies with legislative changes in tax rates.
However, part is endogenous, i.e., dependent on income growth from year to year. Below we
estimate the effect of a change in total income (GDP) on part of tax revenues - the part raised to
finance purchases of goods and services. The results of this regression, using first differences in
the data to reduce multicollinearity and stationarity problems, as well as 2SLS and
heteroskedasticity controls are as follows:

ATg =.26 A(Y) R*=47% (13)
(t) (7.7) DW=14
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Both the consumption and investment equations above show a positive effect on demand
of an increase in tax revenues, presumably by reducing crowd out caused by government deficits.
Therefore, in calculating the full effects of a rise in real income due to exchange rate changes, it
is important to also measure the secondary boost to income resulting from additional taxes
collected as income grows. We might also define tax changes that are government - enacted, i.e.,
exogenous, as approximately ATgx , where

ATgx = ATg - .26 AY (or) ATg=.26 A(Y) + ATgx (14)
We say “approximately, because Tgx also contains the regression error term.

7. A Model For Calculating Multiplier, Accelerator And Crowd Out Effects Of Exchange
Rate Changes

Some readers may be unfamiliar with notation commonly used by economists to denote
different parts of the economy, or with commonly used economic terms like “multiplier” or
“accelerator”. To illustrate how these terms are used, the following definitions and derivations of
the multiplier and accelerator are presented, using simplified versions of our above consumption
and investment equations for ease of exposition:

The GDP (Y) is comprised of consumer goods (C), investment goods (I), goods and
services produced for the government (G) and net exports (X-M):

Y=C+I+G+(X-M) (15)

In a simple model of the economy, demand for consumer goods might be defined as
follows

C=(co+mg)+(ci+me)(Y-Tg)+(c2+me2) T+ (c3+me3) G (16)

where (Y- Tg) is total income generated producing the GDP minus total taxes; c; + m¢; are the
marginal propensities to consume domestic and imported goods, Tg and G represent the
variables measuring the extent to which consumer credit is crowded out by the government
deficit. The disaggregated form of the deficit is used (T ,G separately) instead of just (T - G)
because testing above indicates that the effects of the two variables on crowd out are different.
Demand for investment goods in a simple model of the economy might be described as

I=Io+Ti+mp) AY - (o +mp)r+ (I +mp) Te+ 4+ my ) G (17)

where AY is an “accelerator” variable, indicating I grows (accelerates) in response to the general
growth in the economy, r is the real interest rate, (I; + my;) are the marginal propensities to
purchase domestically produced or imported investment goods in response to a change in the
GDP,. (I, + myp) are the marginal propensities to invest in these goods when interest rates
change. Tg + G represent the investment credit crowd out variables, again disaggregated.
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Import demand is expressed as
M= MC +M1: mg + Mg (Y—T) + myy AY - mpr+ (mcz + 1'I113) TG + (mC3 + mpy ) G (18)
i.e., the demand for imported consumer or investment goods is driven by the same variables as is
domestic demand.
Substituting (2), (3) and (4) into equation (1) gives
Y = (C() + I() -mg ) +Cy (Y— T(;) + I] AY - Iz r+G+X+ (C2+13 ) TG + (03+I4 ) G (19)

i.e., the domestic GDP is a function of the demand for domestic C,I,G and X goods, as modified
by crowd out problems

Collecting only the Y terms, we get

Y = | 1 _|[(C()+I()—m())—ClTG+11AY—121'+G+X+(CQ+I3)TG+(C3+I4)G](20)
l_ (1-cy) _|
where . 1 .is the standard textbook consumption multiplier and equals . 1 . =2.33
(1-cy) (1-.57)

using the marginal propensity to consume domestically produced goods from the domestic
consumption regression (Eq. 6) in section 3 above.

However, if we separate I; AY into its separate components, I; Y and - I; Y, , and
recollect our current year Y terms, we get a modified multiplier (or multiplier/accelerator)
coefficient that combines traditional multiplier and accelerator effects:

Y=|._ 1 . |[(C()+I()—mo)—ClTG—IlY_1—Izl‘+G+X+(Cz+I3)Tg+(C3+I4)G](21)
|_(1—C1 - 11)_ |
where the numerical value the accelerator/multiplier coefficient is . 1 . = 5.26
(1-.57-.24)

using domestic investment regression results above (eq. 11) for the accelerator coefficient. We
can further augment this function by noting that the tax component (T ) of the “crowd out”
variables in both the consumption and investment equation grows as income grows, as shown in
our tax growth model above. Also, our consumption and investment regressions above suggest
that a rise in taxes depresses consumption spending by decreasing disposable income -$.57B for
each billion increase in Tg, but that the same rise in taxes stimulates consumer spending by
+$.20B and investment spending by +$.44B by reducing the government deficit crowd out
effect, more than offsetting the negative impact of taxes on disposable income, for a net effect of
+$.09B. Hence,

(-cir+c+I3)Tg = (—57 +.20 +.44) Tg
(07 Tg = (07) (26 Y + Tgx)
02Y +.07 Tex (using eq. 14 above)
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Using this formulation and recombining the Y terms gives a further modified multiplier
we will call the “Multiplier/Accelerator/Crowd Out” multiplier (or “M/A/C”):

Y:|_. 1 ._|[(C()+I()—m())—ClTEx—IlY_1—IQI'+G+X
I_(1-ci-I;-[-c1+cr+15][.26]) _| + (co+l3 ) Tex +(c3+Ls ) G] (22)

Expressed in first differences this becomes

AY =l 1 _ 1 [-c ATex - T, AY, - L Ar + AG + AX
I_(1-ci-Ii-[-ci1+co+15][.26])  _| + (co+I3 ) ATgx +(c3+1s ) AG] (23)
where the numerical value of M/A/C multiplier becomes . 1 . = 588
(1-.57-.24-.02)

This is the multiplier we will use below to calculate the total effect of a change in the exchange
rate on U.S. real income.

8. Of Income And Substitution Effects Of A Declining Exchange Rate: Effects On Demand

Does the demand for imports decline when the nominal exchange rate drops one index
point? For ‘normal” goods, economic theory suggests both the income and the substitution
effects should be negative for imports, each causing a decrease in demand. For normal
domestically produced goods, theory suggests the income and substitution effects should work in
opposite directions: substitution effects increasing domestic demand, income effects decreasing
it, as higher import prices cause people to shift from imports to domestic goods.

Our statistical results for consumption demand are consistent with this theory. Heim
(2009) suggests a method for separating the income and substitution effects of changes in
nominal exchange rates on consumption. The method involved shows that the “pure” income
effect must be the same for both domestically produced and imported consumer goods. It also
shows the same is true for substitution effects, except for sign. Once this is done, it is relatively
simple, using regression coefficients as estimates of the total effect of exchange rate changes, to
calculate the separate income and substitution effects. Application of this method to
consumption yields the results given in Table 1 below, where regression coefficients on the
exchange rate variable equal total effects, and clearly indicating consumer imports are normal
goods, and where substitution effects clearly dominate.

Table 1: Consumer Goods Income and Substitution Effects

Domestic Goods Imports
Income Effect - $ 1.345 Billion - $ 1.345 Billion
Substitution Effect  + $ 2.985 Billion - $ 2.985 Billion
Total Effect + $ 1.640 Billion - $ 4.330 Billion.
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However, application of this method to investment indicates investment imports may be
“inferior “goods, i.e., goods the U. S. substitutes out of as real income increases, and into as real
income decreases. Applying the method yields the results indicated in Table 2 below, where
regression coefficients on the exchange rate variable equal total effects, the signs on the
substitution effects clearly suggests investment imports are inferior goods, and where income
effects clearly dominate.

These results show the initial effects on demand for consumer and investment goods of a
decline in the exchange rate, ceteris paribus. However, since every change in consumption or
investment changes the GDP, which in turn again changes consumption and investment, etc.,
there will also be multiplier effects. The initial effect on domestically produced consumer goods
(+$1.64B), plus the initial effect on domestically produced investment goods (-$4.39B), plus the
initial effect on U.S. exports (+ $5.70B) will be subject to multiplier effects. This multiplier
used (5.88) will be the M/A/C multiplier developed in Section 7 (eq. 23) above.

Table 2: Investment Goods Income and Substitution Effects

Domestic Goods Imports
Income Effect - $ 3.455 Billion - $ 3.455 Billion
Substitution Effect - $ 0.935 Billion + $ 0.935 Billion
Total Effect - $ 4.390 Billion - $2.520 Billion.

The results above hang on the accuracy of our regression coefficient estimates of the
effects on consumption and investment of a change in the exchange rate.

The regression coefficient on the exchange rate variable in the consumer imports
equations is statistically significant, and this coefficient is important in our analysis below. The
coefficients on the variables in the domestic consumption and total consumption equations are
not statistically significant. However, they are the same as that obtained by subtraction of the
statistically significant estimate for imports from either the total consumption or domestic
consumption coefficients. Hence, these coefficients may be reasonable for use in estimating how
exchange rate changes affect the demand for consumer goods. For the three investment
equations, two of the three exchange rate coefficients are significant at the 5% level or better:
total investment and imports investment. In addition, the exchange rate coefficient for domestic
investment goods is statistically significant at the 10% level, and its value is exactly the same as
is obtained by subtraction of the two significant estimates. Hence, we feel reasonably confident
in the internal consistency of all three of our point estimates.

We do not know with any certainty how much prices change when the exchange rate
changes. A one point decrease the exchange rate (which would represent an eight tenths of one
percent decrease from the rate’s 119.45 level in the year 2000) could increase import prices by
0.8% percent, if the exchange rate change was passed entirely through to the consumer.
However, recent evaluation by Federal Reserve staff of the “pass through” of exchange rate
changes to import prices 1985 -2005 suggests that import prices only change about half as much
as the exchange rate changes, and not less than that as some others have recently claimed
(Hellerstein, Daly & Marsh, 2006). This study finds a change in combined consumer and
investment demand, $9.6 billion, equal to about 3 of dollar value of full 100% pass through. In

Do Declining Exchange, Page 14



Journal of Finance and Accountancy

the year 2000, U.S. total real imports (1996 dollars) were $1,532 billion. A 0.8% decrease in the
exchange rate, if fully passed through, would be expected to increase import costs by 0.8%, or
$12.26 billion, decreasing real incomes in the U.S. by the same amount. Real disposable income
also decreases the same amount, since there is no tax effect: nominal income (on which taxes are
based) remains the same. But again, these conclusions would be based on our full pass through
assumption.

Our approach is different. We make no explicit attempt to calculate the exact change in
import prices resulting from changes in the exchange rate. Rather, we carefully measure how
much consumption and investment vary when the exchange rate changes, controlling for other
factors likely to cause changes in these two variables. We say, in essence, However much a one
point decline in exchange rates changes in import prices, the change causes a +1.64 billion
change in demand for domestic consumer goods, a $4.39 billion decline in demand domestic
investment goods, and a $5.70 change in demand for exports.

9. Three Methods For Calculating The Impact On The Gdp Of A Change In The
Exchange Rate

Three separate methods, all yielding the same results, are used to compute the effect of a
change in the exchange rate on the GDP (Y):

Method 1: Use marginal effects estimates from the above domestic
investment, consumption and export regressions to estimate the initial change in
domestic consumption, investment and the GDP resulting from a one index point
drop in the trade weighted exchange rate. Apply the M/A/C multiplier (5.88) to the
result

Method 2: Use the method favored in many large scale econometric models
of the economy (Fair 2003, Pindyck & Rubinfeld 1991). This involves separately
estimating ACp, Alp, AG and AX (using the equations above), and simply summing
the results to get AY

Method 3: Formally Construct a Keynesian IS curve, and predict AY from its
determinants and the multiplier implied by the function. It is a slightly more formal
presentation of Method 1.

Each of the methods can serve as a check on the estimates obtained from the others.

9.1 Method 1
$ + 1.64B (Billion) - Total Estimated Effect (Positive Substitution Minus Negative Income

Effect) Of A One Point Exchange Rate Decline On Demand For
Domestically Produced Consumer Goods (Cp)

$ - 439B - Total Effect (Negative Substitution plus Negative Income Effect) Of
Demand Decline For Domestically Produced Investment Goods (Ip)

$+ 5.70B - Increase In Exports (X)

$ +2.95B - Initial Net Decline in Real U.S. Income from Impact of Declining
Exchange Rate:

x_ 5.88 - Multiplier/Accel/Crowd Out (M/A/C)Effect

$+17.35B - Decline in Real Income (Y) after (MAC) Multiplier Effects
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- 4.51B - A Income - Related Taxes Calculated At Historic .26 Rate (.26*17.35 =
4.51B)
$+12.84B - A(Y-Tg) = Decline In Disposable Income Associated With A One Point

Decline In The Exchange Rate
To see the impact of decreased credit availability (crowd out) due to decreased tax collections:

+ 0.90B = ACp Due to Reduced Crowd Out From Increased Taxes = (.20)($ +4.51B)
+ 1.22B = ACy; Due to Reduced Crowd Out From Increased Taxes = (.27)($ +4.51B)

With this information we can summarize the changes in consumption and saving resulting from
the increase in disposable income of $ 12.48B as follows:

$+12.84B A(Y-Tg) $+12.84B A(Y-Tg) $+12.84B A(Y-Tg)

X .57 MPCp X .06 MPCy X 37 MPS

$+ 7.32B ACp $+ 0.77B ACym $+ 4.75B A Savings (Increase in
$ +1.64B Initial AXRg23 $ - 4.33B Initial AXRg;23 Domestic Assets)
$ +0.90B Crowd Out $ +1.22B Crowd Out Effect

$ +9.86B Total ACp $ - 2.34B Total ACy

9.2 Method 2:

We repeat the above investment and consumption regression equations for easy reference
as we calculate Method 2:

ACp = A(C- Mygam)o =.57A(Y-To)o+.20ATg) +.24 AGy — 2.28 APRy. + 34ADJ, - 1.64 AXRavoin
ACym = AMpismdo  =06A(Y-Ta)o +.27ATqq) -.18 AGy — 3.94 APRy. + .26 ADI, + 4.33 AXRavoins

Alp = A(I-ngm) =24AACC +.57ADEP -04ACAP,1 +.44 ATg -41AG - 8.00AI',2 -.38 ADJ,2+ 26 APROF,Q‘F 4.39AXRA\/(]123
Al = A(Mism) =.04AACC + .38ADEP +1.52ACAP.; +.07 ATg -.22AG + 1.54Ar,+.19ADJ; - .10 APROF., + 2.52 AXRavoi23

From these equations, we see three variables through which investment is affected by
changes in the exchange rate:
1. the decrease in the accelerator income variable in the investment equation, or
the disposable income variable in the consumption equation, due to the decrease
in gross real income caused by the one point decline in XRvo123

2. the decline in tax collections because of the decline in real income caused by the
increase in import prices, and
3. through the one point change in the exchange rate variable

In this case then, the estimated decline in domestic investment will be

Alp = A(I-Migm) = .24 AACC +.44 ATg + 4.39 AXRavoi123
=(24)($ +17.35B) + (.44)(§ +4.51) + (4.39B)(-1)
=+4.16 + 1.98 - 4.39

=$+1.75B
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where the change in taxes ATg is the difference between the change in gross income
(AY)and the change in disposable income A(Y-ATg) given above.

We can also estimate the decrease in demand for imported investment goods as

Aly = A(Mksm) = .04 AACC +.07 ATg + 2.52 AXRavo123
=(.04) )($ +17.35B) + (.07)($ +4.51B) + (2.52)(-1)
=$=0.69B + $0.32B - 252
=$-151B

By similar reasoning, we see that the changes in the demand for domestic and imported
consumer goods are as follows

ACp = A(C-Mpxsm) = .57 A(Y-Tg) + .20 ATg - (1.64) AXRAvo123
=(57)$ +12.84)  +(.20)($ +4.51 ) -(1.64) (-1)
= +7.32B + 0.90B +1.64
=$ + 9.86B (same result as method 1)

and

ACy = A(Mm—ksm) =.06 A(Y—T(;) +.27 ATg + 4.33 AXRavo123
=(.06)($ +12.84) + (.27)($ +4.51B) + 4.33(-1)
= +0.77B + 1.22B - 433

=$ -2.34B (same result as method 1)
So, by Method 2 we have

AY = ACp+ Alp + AG + AX
=$+9.86 +1.75+ 0 +5.70
=$+17.31B (Same result as Method 1, except for rounding)

9.3 Method 3:

Using the formal Keynesian “IS” curve method for calculating the GDP shown in Section
7 above:

AY = ACp + Al +AG + AX
= (5TA(Y-Tg) +.20ATG — 1.64AXRavoins)  +(.24 AACC +.44 AT + 4.39AXRavors) + 0 + -5.70 AXRayoins

=(5.88) (+1.64 —4.39 + 5.70) + (5.88)(.07)(ATEx)
=(5.88) (+2.95B) + 0
=$ + 17.35 B (Same result as by Methods 1 and 2)

10. Exchange Rate Effects On The Trade Deficit And U.S. Assets

The estimated decline in the U.S. trade deficit resulting from a one point decline in the
exchange rate is the sum of the resulting decrease in imports and the increase in exports

$ 2.34B - Decline in Cy
1.51B - Decline in Iy
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. 5.70B - Increase in X $ +4.75B - A Savings = (.37 yps)(+12.84 = AY-Tg)
$ 9.55B - Decrease in the Trade Deficit $ +4.75B Increase In Domestically Owned Wealth
Associated with a 1 Point (Savings) Resulting From Exchange Rate -
Drop in the Exchange Rate Induced Decline in Real Income

(= Decreased Need To Transfer

Ownership of U.S. Assets To
Foreigners Or Borrow From
Them To Finance Trade Deficit)

The annual increase in savings of $4.75B is the estimate the growth in domestic assets
due to the exchange rate decline, which causes an increase in real income and saving. This
growth in assets can be coupled with the annual decrease in U.S. assets required to fund the trade
deficit ($9.55B). The two together mean U.S ownership of (U.S.) assets increases an estimated
$14.30 billion annually when the exchange rate declines one point.

Our reasoning is as follows: every trade deficit is financed by a transfer of ownership of
domestically owned assets (including money), or claims to them, to other countries or their
citizens. This is how the money is raised that allows one country to buy more goods from
another than the other wants to buy from the first. A decline in the trade deficit reduces the
amount of domestically — owned assets that have to be sold or borrowed against each year to
finance the deficit. There is also an increase in domestic savings (i.e., a growth in U.S. — owned
assets) that occurs because the exchange rate drops. This increase in savings results from income
increase caused by rising demand for domestic consumer, investment and export goods as a
result of the exchange rate decline. Putting both factors together, the study’s estimate that a one
point reduction in the exchange rate would prevent a ($9.55B 4.75B = $14.30B) decrease in U.S.
ownership of U.S. capital assets each year that otherwise would occur.

Conversely, a rise in the U.S. exchange rate of one point would give the same results as
above, but with the opposite sign. Income would decrease $17.35B, disposable income by
$12.84B, the trade deficit s would rise by $9.55B and savings would fall $4.75B, etc. This would
reduce the annual net growth of U.S. assets by $14.30 billion.

11. Conclusions

The analysis above indicates that when the nominal trade - weighted exchange rate index
falls by one point, the results are as follows:

1. From Method #2 above we have

a. a decrease in demand for imported consumer and investment goods and
services estimated at $3.85B (2.34B Cy, + 1.51B Iy ).

b. aincrease in demand for domestically produced consumer and investment
goods and services of $17.31B = (+9.86B Cp, + 1.75B Ip + $5.70B X). Our
study is too macroeconomic in nature to be able to say which specific
industries are affected

2. The trade deficit would likely decrease an estimated $9.55 billion, due to the $3.85B
reduction in imported consumer and investment goods, and $5.70B increase in exports.

3. Because a one point drop in the exchange rate is small, the trade deficit as a percent of GDP
would only decline one tenth of a percent from 4.3% to 4.2%, if we measure the decline
using 2000 as the base year:
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4. This suggests that even a fairly large, say 10%, drop in the exchange rate would only
decrease the trade deficit as a percent of GDP moderately, by 1.1 percent, from 4.3 to 3.2%,
or $95.5B, using the year 2000 GDP and trade deficit as the base year against which to
measure the change, as shown in Table 3 below. This decrease in the trade deficit would be
accompanied by a small 1.9% increase in the GDP ($173.5B) in year 2000 dollars. Using the
numbers from Method 2, multiplied by 10, we have:

AY = ACp + Alp + AG + AX
$-173.1B ~= +$98.60B +$17.50B + 0 + $57.0B

Table 3: Exchange Rate Impact on GDP and Trade Balance

. Trade Deficit
| Real GDP Imports Exports Dollars (% of GDP)
Actual 2000 Data 1$9224.00 $1532.00 $1132.00 $400.00 (4.3%)
Effect of 1Pt. Drop XRI 9241.35 1528.15 1137.70 $390.45 (4.2%)
Effect of 10Pt DropXRI 9397.50 1493.50 1189.00 $304.50 (3.3%)
Effect of 19.6Pt Dr.XR| 9564.06 1456.54 1243.72 $212.82 (2.3%) .

However, in the period 2000 — 2008, The U.S. exchange rate dropped even more
significantly. The Nominal Broad Index dropped 19.6 points (16.4%), from 119.45 to 99.83

Using the 19.6 point drop in the Nominal Broad Index during the 2000-08 period, suggests
that this would have been associated with a decrease in the trade deficit as a percent of GDP
by 2.1 percentage points, from 4.3% to 2.2%, or $187.2B, had other factors affecting the
deficit, like U.S. income and wealth growth for all other reasons remained constant at 2000
levels. This decrease in the trade deficit would have been accompanied by a 3.7% increase in
the GDP or $340.0B in year 2000 dollars over the eight years (other things equal). Using the
numbers from Method 2, multiplied by 19.6, we have:

AY = ACpb + Alp + AG + AX
$+340.0 ~= +$193.26 + $3430B + 0 + $111.72B

The $340B increase in GDP associated with the estimated 19.6 point (or 16.4%) 2000-08
decline in exchange rates, would have resulted in a 3.7% increase in 2000 - level real GDP,
ceteris paribus. However, Bureau of Economic Analysis data indicated the real GDP grew
18.7% during this period. Presumably, had the exchange rate decline not occurred, it would
have grown 3.7% less, decreasing the average growth rate during the period from 2.3% to
1.9% - nearly 1/2 of a percent per year.. This suggests the actual annual growth rate was
actually higher than it might have been, had the decline in the exchange rate not occurred.
Thus, the evidence indicates that the cheaper dollar of the 2000-2008 period did stimulate the
U.S. economy.

5. The $9.55 decline in the U.S. Trade deficit associated with a one point drop in the nominal
Broad exchange rate index reduces the need for annual transfers of U.S. financial or real

assets (including dollars) to foreign ownership. Of course, other transfers are still needed to
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pay for the remaining annual trade deficit. This means a decline in the amount of U.S.
owned assets that have to be transferred to the rest of the world to pay for our current demand
for more goods and services from other countries than they want to buy from us. Coupled
with the increase in U.S. savings associated with the decline of the exchange rate, we
estimate each point decline increases U.S. ownership of assets $14.30 billion.
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