REA

B

| OF BOONGMIC ANALYSIS

Terms of Trade Effects: Theory and Methods of Measurement

Marshall B. Reinsdorf*
Marshall.Reinsdorf@BEA.gov

WP2009-01
January 2009

Changes in export and import prices that increase the opportunity for trading gains raise real income,
and changes in these prices that reduce trading gains reduce real income. Even though trade is less
important for the US economy than it is for many other economies, trading gains have a median
absolute effect on US real GDI of 0.2 percentage points in annual data. The petroleum price shocks
that occurred in late 1973 and in 1980 subtracted more than a full percentage point from the annual
growth of real GDI, and in the first half of 2008 price increases in petroleum and other imported
commodities subtracted 2 percentage points from the annual rate of growth of real GDI, making it
negative despite the steady growth of real GDP. On the other hand, when petroleum prices are
excluded, we find that US terms of trade have improved steadily since 1996. Combined with the
contribution from a falling relative price of tradables excluding petroleum, these terms of trade
improvements have increased the growth rate of US real GDI by an average of 0.15 percentage
points. On a cumulative basis over the past 11 years, therefore, these effects have increased real GDI

by over 1.7 percent.

* T am grateful to Ulrich Kohli for helpful discussions and to Erwin Diewert for helpful comments on
an earlier draft of this paper. The views expressed in this paper are solely those of the author and
should not be attributed to the Bureau of Economic Analysis, nor the Department of Commerce.



1. Introduction

Over the past half century the openness of the world’s economies has grown rapidly as lower
tariffs and advances in communication and transportation have lowered trading costs and advances in
logistics have made complex, trans-national supply chains more manageable. As a result, export and
import prices have an increased importance in determining the real consumption possibilities, or real
income, of many nations. Information on these effects is therefore an important part of the picture of
macroeconomic performance covered by national accounts.

A nation’s real consumption possibilities depend not only on the volume of goods and services
that it produces, but also on its gains from trading its own output for the output of other nations.
Rising export prices or falling import prices increase the gains from trade, while falling export price
or rising import prices reduce the gains from trade. Consequently, the change in the terms of trade—
defined as the ratio of the exports price index to the imports price index—indicates the direction of
the influence of trade prices on real gross domestic income (GDI).! Nations that export or import
large amounts of volatile crude commodities regularly experience terms of trade shocks large enough
to cause significant swings in real GDI over the short run. In first half of 2008, for example, a terms
of trade shock made the growth rate of US real GDI negative even though US real GDP rose at a rate
of 1.8 percent per year. Yet even over the longer run, substantial effects on real GDI are not unusual:
a quarter of the countries in table 1 of Kohli (2004) register effects of 0.4 percent per year or more on
the average growth rate of real GDI over a 16 year interval ending in 1996.

This paper first introduces the concept of real GDI in a Laspeyres framework, finding that the

definition that deflates a part of income by the import price index lacks a sound justification even

! This paper uses the term “real GDI” as it is used in the System of National Accounts (SNA.) In the US National
Income and Product Accounts (NIPAs), “real GDI” and “real GNI” refer to income-side estimates of production
concepts, so “command-basis GNP” is used for the income concept that the SNA calls “real GNI.” This paper also
uses the SNA term “volume index” for what the NIPAs call a “quantity index,” but it follows the terminology of the
NIPAs and the academic literature in using the term “real GDP.”



though it is widely used and is accepted by the international guidelines found in the SNA (United
Nations, 1993 and 2008.) The paper next uses the economic approach to index numbers to develop
theoretical economic measures of the terms of trade, trading gains and real GDI. Laspeyres and
Paasche indexes are shown to provide upper or lower bounds for these economic concepts, and the
averages of these bounds provided by Fisher indexes provide point estimates that accurately account
for substitution effects. To analyze the sources of change in real GDI the paper develops formulas for
the contributions of changes in the terms of trade and in the relative price of tradables. An application
of these measurement techniques to US data reveals that, with petroleum imports excluded,
improving terms of trade and falling prices of tradables made substantial contributions to US real

GDI growth over the period from 1996 to 2007.

2. Real GDI as a Measure of the Purchasing Power of Gross Income
2.1 Difference between Real GDI and Real GDP

In nominal terms, production as measured by GDP is conceptually identical to the gross income
arising from production as measured by GDI. One might therefore suppose that real GDP can serve
as a measure of real GDI. Yet consideration of a special case where the correct measure of real GDI
is clearly different from real GDP shows that it is a distinct concept.

The Laspeyres volume index is a common way of measuring real GDP that can be used to
illustrate this point. Let Pp;Qpy, Py Ox and Py Qv be inner products of the price and quantity
vectors for gross domestic final expenditures (GDFE), exports and imports, respectively, and let
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To keep the exposition simple, the foreign income receipts and payments that are included in
gross national income (GNI) but not in GDI are assumed to be zero.” Then balanced trade implies
that there is no net foreign borrowing and that all income is used for current consumption, where for
purposes of analyzing terms of trade effects GDFE is an appropriate measure of consumption.’

Suppose that trade is indeed balanced in period t and period t+1, but that the deflators for
exports and imports have different values. In this case, real GDP does not equal real GDFE even
though GDP does equal GDFE in nominal terms. Yet with no borrowing and income entirely used
for current consumption, the purchasing power of income is measured by real current consumption,
so our measure of real GDI must be real GDFE.

The requirement that real GDI equal real GDFE when trade is balanced implies that a common
deflator is needed for exports and imports. Therefore, in a Laspeyres framework, the index for real

GDI must have the form:
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The difference between the numerators of equations (2) and (1) is a measure of trading gains,
and the ratio of real GDI to real GDP is the trading gains index. Multiplying real GDP by the trading

gains index yields real GDI.

? Extending the results on real GDI to real GNI is a trivial matter: the same deflator may be used for GNI as the one
that is used below to deflate GDI (Macdonald, 2007, p. 20.)

3 We ignore the distinction between the investment and current consumption goods included in GDFE because the
problem of how to treat purchases of fixed investment goods in converting nominal income to real income is
tangential to our problem of how to account for terms of trade effects. A rationale for treating investment goods like
consumption goods in a measure of real income is offered by Weitzman (1976).



2.2 Use of the Imports Price Index to Deflate Trade

GDI differs from GDFE when the trade balance is in surplus and income used for foreign
lending, or when the trade balance is in deficit and consumption is financed by foreign borrowing.
How to measure real GDI in these cases has long been a matter of controversy, with different authors
advocating different definitions for P* in equation (2) (or for its counterpart in expressions for GDI
based on Paasche or Tornqvist indexes.) Just two of these proposed definitions for P* are regularly
used, however. An import price index was selected by Denison (1981) to measure real GNI in the US
national accounts, and an import index is also used by Kehoe and Ruhl (2008) to be consistent with
the method used in the US national accounts. The GDFE price index is used by Fox and Kohli
(1998), Kohli (2004, 2006, and 2008) and Macdonald (2007, 2008). Both the imports index and the
GDFE index are identified as acceptable definitions for P* in the 2008 System of National Accounts.

An approach that views the aim of trade as obtaining imports implies that Py is the right
definition for P*. Assume that a trade deficit would be closed by curtailing imports, and a trade
surplus would be used to purchase additional imports, as in Nicholson (1960). Real income is
measured by the real consumption that is afforded by nominal income. In the case of net lending, the
weights for determining this level of real consumption depend on how the income used for lending
would have been spent had it been used for consumption. In the case of net borrowing, these weights
depend on how the composition of consumption would adjust if expenditures were reduced to match
income.

If all imports are final goods, then Pp. - Upi; = Pors (Aopie; T Amesy )» Where dpp is the vector
of final goods that are produced domestically, and goods simultaneously supplied by domestic and
foreign sources have a single price given by the appropriate element of pp. If net borrowing is used

to purchase extra imports and net lending is funded by foregoing imports, the value of the imports



that would be purchased with current income just equals the value of exports. This implies an import

vector of (Pyq.;*Oxer 1/ Pmies 1 Omes 1) O, and a domestic final consumption vector of:
Opts1 = oo + (Pxert Oxes 1/ Puaes1 Ot 1) vt - 3)

Valuing qp,., at the period t prices used by the Laspeyres volume index, we obtain a measure of real

GDI that specifies P* as Py aasche,
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A drawback of using equation (4) to measure real GDI is its asymmetric treatment of exports
and imports. Taking the numerator of Vopr ™ from equation (4), we find that Voot = Vgpp ™ =

(Sxe/Px M) (ToTP*5™ — 1), where Sy, , is the share of exports in GDP and ToT " =
Pysche/py Paasche - Therefore, the growth rate of the trading gains index equals the price-adjusted
exports share times the growth rate of the terms of trade index. Even the changes in terms of trade
that arise from import prices are weighted by exports to measure real GDI.

The assumption used to derive equation (4) is also questionable. Assuming that marginal
income is spent entirely on imports ignores the substitution possibilities between domestic
consumption and exports. The adjustments made to close a trade deficit, for example, may involve an
increase in exports and a contraction in domestic absorption that is broader in scope than just
imported final products. What is more, economic theory does not predict the kind of links between
sources and uses of income that would justify using weights that reflect the sources of income in a

deflator for measuring the real uses (or purchasing power) of income. Indeed, having one deflator

for income originating from domestic final sales and another for income originating from net exports

* Deflating different sources of income with different deflators is appropriate for some other purposes, such as the
estimation of real labor and capital inputs in a calculation of productivity growth.



makes the measure of real GDI depend, paradoxically, on the national saving rate. For example,
many newly industrialized countries that have enjoyed strong productivity gains have had strong
export growth and high national saving rates, so a relatively large share of their income will be
adjusted by the import price index if this index is used to measure their real income from net exports.
Conversely, the effect of import prices on real income will be understated in countries with negative
national saving. For example, the effect on US real GDI of the improvement in terms of trade in the
recession year of 2001 is found to be 0.2 percentage points when net exports are deflated by the

imports index, compared to an estimate of 0.4 percentage points if the GDFE index is used instead.

2.3 Deflating Trade by the Index for GDFE

In the absence of direct evidence on the specific uses of marginal real income arising from
trading gains, a reasonable assumption is that marginal income is spent in the same way as average
income. This assumption—which is analogous to homotheticity in microeconomic models—is
particularly appropriate in national accounts given the general range of purposes for which they are
used. It means that GDFE adjusts to eliminate a trade imbalance. The appropriate specification for

P* in equation (2) is then Pp, and the Laspeyres volume index for GDI should be:

Vs Lasp _ (th+1-th+1 + pXtH'QXtﬂ _ th+1'th+1)/PDpaaSChe (5)
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A uniform proportional increase (decrease) in all components of domestic absorption that
changes the value of GDFE by an amount equal to the trade surplus (deficit) results in adjustments to
imports and exports that eliminate the trade imbalance under the assumptions that output prices are
proportional to marginal costs of production and that input prices are equal to marginal revenue

products. In the case of a trade deficit, for example, a uniform decrease in consumption will cause a



fall in imports of final and intermediate goods and a shift in production from domestic consumption
to exports. The resulting rise in net exports will be equal in value to the fall of GDFE.

With real GDI defined as the level of real GDFE that could be purchased with current income,
the definition of the trading gains index as the ratio of the Laspeyres volume indexes for GDI and
GDP implies that it equals the ratio of Paasche price indexes of GDP and GDFE. Pgpp ™ can be
expressed as a harmonic mean with weights equal to the shares Sp,_ , Sx;.,» and Su,,, so this ratio

can be simplified as shown in equation (6):
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The change in the bracketed term above can be expressed as the sum of a contribution from the
change in the terms of trade and a contribution from the change in the relative price of tradables. The

latt er i S measure d as RPTPa,asche _ h( PXPaaSChe, PMPaasche) /PDPaasche

, where h(:,-) denotes a harmonic
mean. (RPT, which is also known as “the real exchange rate”, is not a strict comparison of tradables
and non-tradables because prices of final goods that are traded and also consumed domestically are

included in both its numerator and its denominator.) Rearranging equation (6), we have:
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A first-order Taylor series for equation (7) implies a lower bound approximation to the change
in the trading gains as the sum of the change in terms of trade times the average share of trade in GDP

and the change in the relative price of tradables times the trade balance’s share of GDP:

TGIPPI 1=~ 0~5(Sxt+1 + Sy t+1)(PDPaaSChe/ PXPaasche)(TOTPaasche . 1)
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For example, if the improvement in the terms of trade is 10 percent and the average share of trade in
GDP is 10 percent, the change in the trading gains index would be about +1 percent. An increase of 1
percent would also occur in real GDI, assuming that real GDP is constant. Suppose further that the
trade deficit equals 5 percent of GDP and the relative price of tradables falls by 2 percent. Then real
GDI would rise by 0.1 percent.’

The expression for the change in trading gains in a Laspeyres price index framework is similar

but simpler. It compares Paasche volume indexes for GDI and GDP, where the index for GDI is:
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After canceling out the identical numerators in the ratio of the Paasche volume indexes for GDI

and GDP, we obtain a trading gains index that compares Laspeyres price indexes of GDP and GDFE:
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> A parallel expression using Térnqvist indexes is derived by Kohli (2006 and 2008), though he uses the term “real
exchange rate” for RPT.



SDt + SXt(PXLasp /PDLasp) _ SMt(PMLaSP /PDLasp)
=1+ SXt(PXLasp /PDLasp _ 1) _ SMt(PMLasp /PDLasP _ 1)_ (10)

Subtracting 1 from both sides of equation (10) provides the formula for contributions to change
in the trading gains index of export prices and import prices. This formula can also be rearranged to
decompose the change in trading gains into a contribution from the change in terms of trade and a
contribution from the change in the relative price of tradables. If ToT"*P = Py /P\**P and RPT"*P

is the ratio of a simple average of Px™" and P("*" to P, equation (10) implies that:

LPI

TGI ~1=05 (Sxt + SMt)(PXLaSp /PDLasp . PMLasp /PDLaSp) + (Sxt — Sy t) [(PXLasp + PMLasp) /ZPDLasp _ 1]

= 0.5(Sx, + Su)(Pr- P /PpP)(ToTP — 1) + (S, — SM)(RPT"*P — 1). (11)

As in equation (8), the change in the terms of trade is weighted by the average share of trade in GDP,

and the change in the relative price of tradables is weighted by the trade balance’s share of GDP.

3. Laspeyres and Paasche Bounds for the Theoretical Index of Trading Gains

3.1 Laspeyres and Paasche Bounds in the Theories of Consumption and Output Indexes

A well-defined conceptual goal of estimation is needed to guide the design of an estimator and
to elucidate its properties and limitations. For the indexes of the terms of trade and trading gains, the
economic approach to index number theory may be used to derive the underlying measurement
objective and to clarify the economic meaning of their Laspeyres and Paasche index versions. In
particular, Laspeyres and Paasche indexes bound underlying economic concepts of terms of trade
indexes, trading gains indexes and real GDI from opposite sides. Fisher index averages of these
bounds therefore provide better measures of the relevant economic concepts than either Laspeyres or

Paasche indexes on their own.
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The economic approach to index numbers assumes that consumption and production decisions
are solutions to constrained optimization problems. In the production case, the observed mix of
outputs maximizes revenue (or value added) over a convex set of outputs (and intermediate inputs in
the value added case) that is attainable given the inputs at the disposal of the producer. In the
consumption case, the observed consumption vector maximizes utility subject to a budget constraint,
so it represents the cost-minimizing point in the convex set of consumption vectors that yield a utility
greater than or equal to the utility level that was actually attained.

The bounding properties for the Laspeyres and Paasche indexes implied by these assumptions
have been the topic of a large literature in the context of the consumption measurement problem, so
we will consider this problem first, then turn to the production measurement problem. Economic
price and volume indexes of consumption track the change in the expenditure function e(p,u), which
gives the minimum cost of achieving utility or welfare level U at the vector of prices p. (The
properties of the utility function linking u to the vector of quantities q allow U to play the role of a
summary statistic for q in these indexes.) The Laspeyres-perspective volume index holds prices and
preferences constant at their initial value, so it may be written as ey(P;, Ut+1)/€t(P;, Ut), where €;(+)
denotes the expenditure function reflecting the structure of preferences in period t. The minimum
cost of achieving the utility of period t at the prices of period t equals p-;, but the minimum cost of
achieving the utility level of period t+1 at those prices might be less than p;-g;,; ;. Consequently,
et(PeUt+1)/€(Pp,Ut) < Pr-Qisy/ Pr-Ci» Which shows that the Laspeyres-perspective economic index is
bounded from above by the ordinary Laspeyres index. Similarly, the possibility that its denominator
might be too high makes the Paasche index a lower bound on a Paasche-perspective economic index
of consumption. In the volume index case, some other consumption bundle besides g; might achieve

Ut at lower cost at the prices of the final period, s0 Pi.i-Giri/ Pes1-Oi < €t1(PraqsUts1)/ €t1(Pesp,Ur).
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Under the usual assumption of stable preferences, prices are needed to value a change in
welfare, but not to know its sign. Consequently, given constant preferences, a Laspeyres or Paasche
volume index that equals 1 has a bounding property that is independent of whether the Laspeyres or
Paasche perspective is selected. According to the Weak Axiom of Revealed Preference (WARP),
O+ cannot be strictly preferred to a consumption bundle that was chosen when Q. ; would have cost
the same or less. In other words, an opportunity set that contains a consumption bundle that was
actually chosen cannot be inferior to the opportunity set that existed when that bundle was chosen.

If the Laspeyres volume index is less than or equal to 1, then q,, was in the opportunity set
when g, was chosen, so WARP tells us that the opportunity set of period t represents at least as high a
level of welfare as that of period t+1. Conversely, a Paasche volume index greater than 1 implies
that the change in welfare is non-negative, as (; remains in the opportunity set in period t+1.

The output measurement problem is analogous to the consumption measurement problem,
except the positions of the Laspeyres and Paasche indexes are reversed (see the parallel expositions of
consumption and production index theory in Varian, 1982 and 1984.) This reversal occurs because
the objective function used to gauge the position of the production possibility frontier tracks
maximized revenue, not minimized costs. The Laspeyres volume index is a lower bound on the
Laspeyres-perspective economic index of output volume because at prices p; some other point
besides g, ; on the production possibility frontier passing through @, ; might give the producer more
revenue than p;-Q;,;. Similarly, the Paasche volume index is an upper bound on the Paasche-
perspective economic output volume index because at prices p;,; some other point on production

possibility frontier passing through ¢, might yield higher revenue than py;-.°

% In practical applications of this theory, the Laspeyres index is often found to be above the Paasche index. This
pattern is not consistent with constant technology, so it suggests the presence of supply shocks that cause the Paasche-
perspective production index to reflect a different technology from the Laspeyres-perspective index.
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Similar logic can be applied to an objective function of maximizing value added rather than
revenue as long as the Laspeyres and Paasche indexes of value added remain positive. GDP equals
the consolidated value added of all the producers in the economy, so indexes of GDP are examples of
value added indexes. This is made clear by Diewert and Morrison’s (1986) economic volume index
for GDP, which treats imports as intermediate inputs.

Figure 1 illustrates GDP and GDFE for a simple economy that exports one final good and uses
the proceeds to pay for imports of another final good. The balanced trade constraint implies a budget
line for this economy whose slope equals minus the ratio of the export good price to the import good
price. The production possibility frontie—whose position is measured by real GDP—reflects the
inputs and technology at the disposal of the economy’s producers. In a competitive equilibrium,
production is at point A, which is the point on the production possibility frontier that maximizes
revenue given the slope of the budget line. GDFE is given by point B, which is on the highest
indifference curve attainable by trade. Gains from trade make this indifference curve superior to any
indifference curve that intersects the production possibility frontier.

The effect of a deterioration in terms of trade is shown in figure 2. Production shifts along the
production possibility frontier to point A’, and consumption falls to the lower indifference that passes
through point B'. The Laspeyres volume index for GDP uses the original slope of the budget line to
evaluate the change in production to point A’, so it implies that output has fallen even though the true
change in output is zero. In contrast to the downward bias of the Laspeyres volume index of GDP,
the Laspeyres volume index of GDFE will understate the fall in consumption (that is, have an upward
bias) because the budget line with the original slope will have a point of tangency on the indifference
curve passing through point B’ that is below point B’. The biases of the Paasche indexes are in the
opposite direction. For example, the Paasche volume index for GDP uses the final slope of the

budget line so it incorrectly implies that point A’ represents a higher level of output.
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3.2 Economic Concepts of Trading Gains and Real GDI

3.2.1. Assumptions

We make a number of assumptions to simplify our investigation of the effects of export and
import price changes. First, we assume a budget constraint that requires balanced trade. A budget
constraint with a lower limit on the trade surplus or an upper limit on the deficit, though more
realistic, would imply similar upper and lower bound characteristics for the Laspeyres and Paasche
indexes to those derived below. Only the results showing when the direction of change in the
economic measure of real GDI can be inferred from the direction of change in the terms of trade
would change in a significant way, as they would have to include an extra condition concerning the
change in the relative price of tradables.

Second, as discussed in footnote 3, in applying the definition of real GDI as the level of
consumption that can be purchased with nominal GDI, we take consumption to mean GDFE despite
the presence of an investment component in GDFE that provides for future consumption. Also, our
theoretical exposition focuses on gross income, even though the amount of investment that is needed
to offset consumption of fixed capital is not part of the concept of income as sustainable consumption
recommended by Diewert (2008.) Real net domestic income calculated as net domestic product
deflated by the index for net DFE is included in our empirical results, however.

We also make three assumptions concerning prices. Price changes are not so extreme that a
numerator or denominator of any Laspeyres or Paasche index ceases to be positive, prices of traded
goods are exogenous world prices (which means that the country does not attempt to exercise
monopoly or monopsony power in its production or purchase decisions), and purchasers’ prices and
producers’ prices are the same because tariffs or other taxes on products are absent. Tariffs cause
GDP to exceed gross value added at basic prices because GDP measures imports at tariff-free prices.

The effect of extending our model to include the tariffs and other taxes on products would be to make
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the volume index of gross value added at basic prices the measure of output growth arising from
growth in inputs and productivity change. The difference between this index and the volume index of
GDP would then measure the change in the deadweight losses due to tax-induced misallocations.”

In the older literature on terms of trade effects, trade is generally assumed to involve final
goods, while in the recent literature imports are treated as intermediate inputs in recognition of the
fact that most trade is in products that require further processing, or at least wholesale and retail
distribution services.® Nevertheless significant amounts of imports do not even require distribution
services, such as finished investment goods and services for final consumption. Therefore, we
assume that Py, Qv = Pome ome + Puvme A, Where dpy 1s the quantity vector of final commodity
imports and Qy, 1s the quantity vector of imported intermediate inputs. The presence of imports of
final goods as a component of domestic final expenditures implies that domestic final expenditures in
period t are Pp-Op; = Ppy(Cpp; T Aomy)» SO the expression for GDP as Py Up; + Px- Ox¢ — P Ot
can be simplified to: GDP; = Pp,Qpp; + Pxe-Ax; — Prvmte Avivae-

We also assume a full-employment equilibrium where producers are price-taking profit
maximizers, and consumers utility maximizers, so that price ratios are equal to marginal rates of
transformation for producers and marginal rates of substitution for consumers. As shown by Diewert
and Morrison (1986), this allows us to define the GDP function as a maximum of value added given
the endowment of primary inputs and technology and configuration of world prices for traded goods.
Let Sy(L) be the set of feasible combinations of final domestic absorption product outputs (pp, export

product outputs Qy, and imported intermediate inputs qy given the technology of time t and the

7 Feenstra, Reinsdorf and Slaughter (2009) show that in a neo-classical model, an elimination of tariffs increases GDP
by inducing an expansion in trade. Aulin-Ahmavaara and Pakarinen (2007) investigate how taxes on products used as
intermediate inputs affect productivity measurement.

¥ Krueger and Sonnenschein (1967) derive some key results on terms of trade effects using the older approach. Their
Proposition 2, which implies that real GDI rises whenever the Laspeyres terms of trade index rises and real GDP is
constant, resembles Corollary 1.2 below. Some papers that treat imports as intermediate goods are: Diewert and
Morrison (1986), Diewert (2005, 2008), Diewert and Lawrence (2006) and Kohli (2004, 2005, 2006, 2008.)
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endowment of primary inputs L. The production technology is such that Sy(Ly) is strictly convex.

Then, the GDP function G¢(Pp,, Px;» Pmmy> Lt) for the technology of time t is defined by:

GDP; = Gt(th’ pXt7 pMMt’ Lt)

- maximum Pordop + PxOx — PmmeOmm-  (12)

(0bp>Yx>Gum) € St(Lt)

Last, we assume stable preferences. Then the Laspeyres-perspective and Paasche-perspective

economic volume indexes for GDFE have the form of Allen indexes:

Qo = e(Pp,U(dpr.1)) / (P, U(0py) (13)

and
QDPaaSChe — e(th+1 R U(q Dt+1)) / e(th+1 ’ U(q Dt))' ( ! 4)

3.2.2 Inferring the Direction of Change in Real GDI from the Change in Terms of Trade

Under certain conditions, WARP can be used to show that a rise in the Laspeyres terms of trade
index implies a rise in real GDI and that a fall in the Paasche terms of trade index implies a fall in real
GDI. However, a fall in the Laspeyres terms of trade index or a rise in the Paasche terms of trade
index is not indicative of the direction of change in real GDI.

Consider first the Laspeyres terms of trade index. Under an assumption of balanced trade,

equation (11) can be simplified to:

TGI™™ —1 = 8, [ToT™ - 1], (15)

where Sy,., = SMt(PMLaSp/ Pp"*P), the predicted share of imports in GDP given Leontief behavior and

unchanged terms of trade. Balanced trade also implies that the Paasche volume index of GDFE

LPI

equals the Paasche volume index of GDP times TGI~". Therefore, given constant real GDP, if the
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change in ToT"*P is positive, so is the change in the Paasche volume index GDFE. By WARP, a
positive change in the Paasche volume index of GDFE implies a positive change in welfare, or real

GDI. This is stated formally in the following proposition:

PrRoPOSITION 1: Given balanced trade and a Paasche volume index of GDP > /, a rise in the
Laspeyres terms of trade index implies a rise in real GDI.

Proposition 1 is surprising in one respect. Non-negativity of the Paasche index for GDP is a
weaker condition than non-negativity of the economic index of GDP because substitution effects can
make the Paasche volume index of GDP exceed the Paasche-perspective economic index of GDP.
Thus, a small improvement in trade prices can be accompanied by a negative productivity shock, yet
we can be sure that real GDI has risen! The explanation for this paradox is that the downward
substitution bias of TGI""' documented in Proposition 4 below offsets the effects of upward
substitution bias of the Paasche index of GDP.

To derive an analogous result to Proposition 1 using Paasche price indexes, let Sx, =
Sxes (P 5" /Px"*5™), the share of exports in GDP in period t that would be predicted from the
observed share in period t+1 given unchanged terms of trade. Then, under the assumption of
balanced trade, we can simplify the final expression in equation (7) and subtract 1 from both sides of

the equation to obtain:

TGI™ —1 = [1 -8 (ToT™™ — )] — 1
= §Xt(TOTPaaSChe _ 1) + [§Xt(TOTPaasche _ 1)]2 + [§xt(TOTPaaSChe _ 1)]3 + (16)

TPaasche TPaasche

Because | Sx,(To — 1)| < 1 by assumption, the sign of $x,(To — 1) determines the
sign of the sum on the right side of equation (16). Also, with balanced trade, the Laspeyres volume

index of GDFE equals the Paasche volume index of GDP times TGI*™. Thus if ToT™*" falls with
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GDP held constant, then so does the Laspeyres volume index of GDFE. But by WARP, if the change
in the Laspeyres volume index of GDFE is negative, then so is the change in real GDI. We therefore
have Proposition 2:

PROPOSITION 2. Given balanced trade and a Laspeyres volume index of GDP < 1, a decline in the

Paasche terms of trade index implies a fall in real GDI.

3.2.3 Upper and Lower Bounds for Economic Indexes of Terms of Trade and Trading Gains

Bounding properties for the Laspeyres and Paasche trading gains indexes can be derived from

the properties of the volume indexes for GDFE and GDP. The following proposition shows that the

Laspeyres volume index of GDP in the denominator of TGI™""

is a lower bound on the Laspeyres-
perspective economic index of GDP, while the Paasche volume index of GDP in the denominator of
TGI*" is an upper bound on the Paasche-perspective economic index of GDP.

PROPOSITION 3: The Paasche volume index of GDP is an upper bound for the Paasche-perspective
economic index of GDP, and the Laspeyres volume index of GDP is a lower bound for the Laspeyres-

perspective economic index of GDP.
PROOF: The Paasche volume index for GDP is:

paasche _ PDotr1’Apbers T Pxisr Oxerr — PMMisr AMmies
Veprp = n . (17)
Pot+1"Uopt T Pxi+1 Ax¢ — Pmmt+1 Amme

The Paasche-perspective economic index of GDP uses the prices of period t+1 to compare the level
of output that is possible with the technology and primary inputs of period t+1 to the level of output
that is possible with the technology and primary inputs of period t. It does this by comparing optimal

points in the production possibility sets St+1(Lt1) and Sy(Ly):
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Gt 1(Pote; » Pxe1 > Py » Ler1)
Gt(Pogs1 » Pt Pumesr - L)

Paasche __
Qapr =

(18)

The numerator of the Paasche-perspective economic index of GDP equals the numerator of the

Paasche index, but its denominator is the maximum over the set Si(L). The quantities in the

Paasche Paasche

denominator of the Paasche volume index are also a point in S¢(L), so Qgpp < Vgpop

The proof of the lower bound property of the Laspeyres volume index of GDP is analogous. ®

The Laspeyres volume index of GDFE in the numerator of TGI""" is an upper bound on the
Laspeyres-perspective economic index, while the Paasche volume index of GDFE in the numerator
of TGI*" is a lower bound on the Paasche-perspective economic index. (The proof of the bounds for
the economic volume indexes of consumption, or Allen indexes, is analogous to the proof of
Proposition 3, but with the roles of the Laspeyres and Paasche indexes reversed.) The bounds for the

trading gains indexes thus resemble the bounds for the volume indexes of GDFE in their numerator:

PROPOSITION 4: Let the Laspeyres-perspective economic index of trading gains be defined as the
ratio of the Laspeyres-perspective volume index of GDI to the Laspeyres-perspective volume index of
GDP, with the Paasche-perspective economic index of trading gains defined analogously. The
trading gains index calculated from Paasche price indexes, TGI'™, is an upper bound for a
Laspeyres-perspective economic index of trading gains. The trading gains index calculated from
Laspeyres price indexes, TGI""", is a lower bound for a Paasche-perspective economic index of

trading gains.

4. Contributions to Change in Trading Gains in a Fisher Index Framework
The bounding results derived in section 3 arise because price changes generate substitution
effects that make Laspeyres and Paasche indexes diverge from their economic index counterparts in

opposite directions. Fisher price and volume indexes for GDFE account for these effects because the
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substitution biases that give the Laspeyres and Paasche indexes their character as upper and lower
bounds offset one another when they are averaged. Similarly, Fisher indexes of GDP properly
account for substitution in production between outputs and between types of intermediate inputs.”
Furthermore, although other superlative indexes are able to account for substitution effects in a
satisfactory way under many circumstances, the Fisher index is the only superlative index that is
always within the Laspeyres-Paasche bounds (Hill, 2006.) An index formula that can be outside the
Laspeyres-Paasche bounds is likely to get the sign of the welfare change wrong under some
circumstances, since it will violate WARP if it is too far below a slowly rising Paasche volume index,
or too far above a slowly falling Laspeyres volume index.

Another advantage of Fisher indexes for national accounts purposes is that deflating by a Fisher
price index yields a Fisher volume index (a property known as “factor reversal” in the literature on
the axiomatic approach to indexes.) The Fisher trading gains index defined as [GDPy; / Pp "] /
[GDPy / PGDpFiSher] can therefore be calculated from Fisher price indexes as TGI ™ =
Papp " /Pp " Expressions for Fisher price indexes are precisely analogous to expressions for
Fisher volume indexes, with prices and quantities exchanging roles.

The disadvantage of Fisher indexes in national accounts is that they are not additive. The
solution to this problem is express the top-level Fisher index as a weighted average of lower level
aggregates that are not themselves Fisher indexes except in special cases. A formula for these
additive contributions based on a decomposition due to Dikhanov (1997) and van lJzeren (1951) is an
excellent approximation to the contributions to change in an economic objective function (Reinsdorf,

Diewert and Ehemann, 2002.)

? Fisher indexes also permit reliable measurement of both price change and volume change at the same time. With a
Laspeyres volume index based in period, the change in the implied Paasche price index between year t+1 and year t+2
will fail to hold the weights constant, making it an unreliable measure of price change. This problem can be avoided
by chaining, but then the Laspeyres and Paasche indexes will be more susceptible to chain drift than Fisher indexes.
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The additive form of the Fisher volume index holds prices fixed at a weighted average of their

initial value and their deflated final value. Let the price for any detailed item i be measured by p;* =

Fisher :

Fishery /5 Then the contribution of item i to the change in Vgpp is i = S*[(0i 1/

(Pit  Pi+1/Pspp
— 1], where 5% = su[1+ (Pyg/p)(1/Pop™ ")/ j sy[1+ (Bjess /0y (1/Ppe™)].

The contribution to change in Vgpp >

of any mid-level aggregate, such as GDFE, exports and
imports, equals the sum of the contributions for the detailed items inside the aggregate. For example,
the total of the §* within exports, denoted Sx*, is proportional to Sx,(1 + Px™%/ Pgpp' **). The

. . . * o .
corresponding volume index is Vx = [Vx"*P + (Px™%/ Popp" )Wy /[ 1 + Px"*/ Pgpp "] =

Fish Fish Fish
VX isher isher _ PX is| er.

, where the approximation is exact if Pgpp

The additive representation for the Fisher price index has the same form, with the roles of the
price and volume indexes reversed. Define Px  analogously to Vx , with the roles of the volume and
price indexes interchanged. Fisher price indexes provide a close approximation to Py and its

counterparts for GDFE and imports, so the Fisher price index for GDP can be expressed as:

3k

SD'[ ( 1 +VDLaSp /VGDPFiSher) PD** n Sxt ( 1 +VXLasp /VGDPFisher) PX** B SMt ( 1 +VMLasp /VGDPFiSher) Py

P Fisher _ [ . .
GDP SDt (1 +VDLaSp /VGDPFlsher) + SXt(l +VXLasp /VGDPFlsher) - SMt(l +VMLasp /VGDPFlsher)

SDt ( 1 +VDLasp /VGDPFisher) PDFisher + SXt ( 1 +VXLasp /VGDPFisher) PXFisher . SMt ( 1 +VMLasp /VGDPFisher) PMFisher
~ SDt ( 1 +VDLasp /VGDPF 1sher) + SXt ( 1 +VXLasp /VGDPF 1sher) . SMt ( 1 +VMLasp /VGDPF 1sher)

SDt(l +VDFisher /VGDPFisher) PDFisher + SXt(l +VXFisher /VGDPFisher)PXFisher_ SMt(l +VMFisher /VGDPFisher)PMFisher
I~ SDt (1 +VDF isher /VGDPF 1sher) + SXt (1 +VXF isher /VGDPFlsher) . SMt ( 1 +VMFlsher /VGDPFlsher)

— §Dt PDFisher + §Xt PXFisher . §Mt PMFisher ) (19)

The additive contributions to the change in the Fisher price index are therefore: §Dt(PDF isher _ 1)

3

Sx(Px"™™" = 1) and —$y(Py" ™" — 1). Writing equation (19) as Pgpp " = 1+ Sy, (Px"™"" — Pp""")

— Su(Pp " — Pp"™™") and dividing by Pp"*"" yields the Fisher index version of equation (10):
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TGIFisher =1+ §Xt (PXFisher /PDFisher . 1) _ §Mt(PMFisher /PDFisher _ 1) (20)

Equation (20) can be rearranged to obtain an expression parallel to equation (11). It gives the
contributions of the change in the terms of trade and the change in the relative price of tradables to the

change in the Fisher trading gains index:

T GIFisher 1 =~0. 5(§Xt + §Mt) (PMFisher / PDFisher) (T OTFisher _ 1) + (§Xt _ §Mt)(RPTFisher _ 1) (21)

5. Estimates of Terms of Trade and Real GDI for the US

5.1 GDP Volume Index, Trading Gains and Real GDI

Although Fisher volume measures are not additive, their Laspeyres and Paasche constituents
are. Table 1 therefore shows the derivation of the index of real GDI by removing the exports and
imports components of constant-price GDP, then adding back their purchasing power equivalents,
where purchasing power is calculated by deflating by Pp™™". It then compares US real GDI and US
real GDP via an index of trading gains. The price spike for petroleum imports of 1973-74 is reflected
in a drop of 1.3 percentage points in the trading gains index, the petroleum price spike of 1979-80 is
associated with a two-year drop of 1.7 percentage points in the trading gains index, and a series of
price increases for petroleum from 2003 to mid-2008 coincided with a cumulative decline of 1.8
percentage points in the terms of trade. On the other hand, after recessions begin, declines in import
prices caused by falling demand often raise the trading gains index, helping to stabilize US real GDI.
Rises in trading gains in the range of 0.2 to 0.4 percent occur in the recession years of 1982, 1991 and
2001, and the 1998 recession in countries affected by the Asian currency crisis brought a rise of 0.5
percent. Rising trading gains also added to US real GDI improvements in the years following the
1982 recession because of a rising dollar, a process that ended abruptly in late 1985 after a

multilateral agreement calling for a devaluation of the dollar (the Plaza Accord.)
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Since net domestic income is a measure of sustainable consumption that takes into account the
need to replace obsolete and worn out capital stock, table 1 also shows real net domestic product and
real net domestic income. The deflator real net domestic income is the price index for net domestic
final expenditures; use of the index for GDFE would effectively result in double adjustment for price
changes of the investment needed to offset CFC. On average, real net income rises more slightly
slowly than real gross income. Expenses for consumption of fixed capital (CFC) have grown faster

than GDP because of growth in stocks of fast-depreciating equipment like computers.

5.2 Contributions of Exports and Imports to Changes in Real GDI

Contributions of trading gains to the change in real GDI from equation (23) provide a gauge of
the importance of export and import price movements for the US economy. In 1974, for example, the
fall in real GDI of 1.6 percent reflected a contribution of —1.1 percentage points from the change in
trading gains, which consisted of a contribution of rising petroleum prices of —1.2 percentage points
that was partially offset by a positive net contribution of export and nonpetroleum import prices. The
contribution of changing trading gains to real GDI was —1.25 percentage points at the time of the
petroleum price spike of 1980, but in this case non-petroleum imports amplified a contribution of
petroleum prices of —1 percent. Petroleum prices again played a key role in a string of negative
contributions of trading gains to real GDI from 2003 to the first half of 2008 that were cumulatively
quite large. On the other hand, non-petroleum imports had declines in prices that increased trading
gains in the strong dollar years of 1982-85 and again in 1996-2002, and that offset much of the
negative impact of rising oil prices in 2003-2006. Indeed, if petroleum products are excluded, trading
gains for goods have a remarkable string of positive contributions to real GDI starting in 1996, which
average about 0.17 percent per year.

The contribution to real GDP of net exports volume is a benchmark for gauging the size of the

trading gain contribution to real GDI (bottom panel of table 2.) Yet despite the similarity of this
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volume change contribution to the trading gains (price change) contribution in an accounting sense,
its economic interpretation is quite different. The contribution of net exports volume change to real
GDI is zero in an economic sense (at least to the first order), because the contribution of GGDFE
volume change to real GDP partly reflects domestic consumption that is supplied by imports or items
that could have been exported. In an economic sense, the contribution of net imports that is implicitly
included in the GGDFE contribution cancels out the explicit contribution of net exports to real
GDP.'" Instead, net exports result in net national lending, which is a component of national saving.
Thus in an economic sense, the large negative contributions of volume of net exports seen in 1996 to
2005 represent negative effects on the rate of saving of GDI, not real GDI itself.

Not surprisingly, net export volumes tend to be inversely related to trading gains. Years with
large positive contributions from trading gains, like 1983-84 and 1998, generally have large negative
contributions from trade volume changes, while in 2007 and early 2008, negative trading gain
contributions coincide with positive trade volume contributions. The net export volume changes
generally play the dominant role in the evolution of the trade balance: their median absolute value is

0.6 percentage points, compared with 0.2 percentage points for trading gains.

5.3 The Terms of Trade and in the Relative Price of Tradables

The overall pattern of US export and import prices is summarized by the terms of trade index
and by the relative price of tradables, as shown in table 3. The long run trend for US terms of trade is
down, because occasional sharp drops caused by jumps in oil prices are never fully reversed.
Excluding petroleum changes the picture, however. The nonpetroleum terms of trade deteriorate

sharply in the last half of the 1980s, but after 1995 import prices consistently fall relative to export

1% But if frictions prevent the assumption of full employment from holding, changes in net exports may lead to short
run changes in domestic output until a full employment equilibrium is re-established. For example, in the first half of
2008 the growth in US real GDP of 1.8 percent per year came entirely from the contribution of net exports volume
change. Although a fall in GDFE growth could possibly have reduced imports sufficiently to account for the entire
jump in net exports, it is also plausible that the growth in net exports helped to stabilize the fall in US employment.
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prices. Furthermore, following the rise in the relative price of tradables brought about by the Plaza
Accord devaluation, the relative price of non-petroleum tradables begins a steady decline that results
in significant trading gains in the years when the US has a substantial trade deficit. Indeed, in 1998-
2002, the average contribution to the annual growth rate of US real GDI from the falling relative price
of nonpetroleum tradables of 0.08 percentage points exceeds the 0.07 percentage point average
contribution of the nonpetroleum terms of trade.

The nonpetroleum trading gains that began in the mid-1990s reflect the emergence of China
and other newly industrialized countries as major trading partners of the US. In effect, some of the
benefits of rising productivity in these countries have been enjoyed by the US, as prices for its
manufactured imports fell and new markets opened up for its exports. These gains leave the
nonpetroleum terms of trade index just slightly lower in 2007 than in 1973. Their contributions to US
real GDI over the years since 1995 are substantial: excluding petroleum, the cumulative effect of the
contributions of changes in terms of trade and changes in the relative price of tradables is to raise real
GDI almost two percentage points over the period from 1995 to 2007 (figure 4.) (On the other hand,
rising demand for petroleum from newly industrialized countries contributed to rises in petroleum
prices gains that pushed overall US terms of trade down after 2003.)

With petroleum included, the contributions of trading gains to the change in real GDI from
1974 to 2007 (table 4) imply a subtraction of at least 0.21 percentage points from real GDI a quarter
of the time, and an addition at least 0.18 percentage points a quarter of the time Trade price effects
of 0.2 percent or more on real gross income occur about half the time in annual data. These effects
come mainly from terms of trade movements rather than changes in the relative price of tradables.
The contributions to the change in real GDI also show that the terms of trade shocks of 1974 and

1980 were quite large, as they each subtracted over a percentage point from income growth. The
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terms of trade shock from the spike in prices of petroleum and other imported crude commodities in

the first half of 2008 was almost as large, but it proved to be shorter lived.

6. Conclusion

The effect of prices of exports and imports on an economic measure of real GDI can be
analyzed using Fisher indexes of the terms of trade, the relative price of tradables and trading gains
and the formula for the contributions of terms of trade and the relative price of tradables to the change
in the trading gains index. Applying these methods to data from the US national accounts from 1974
to 2007, we find that significant terms of trade effects are common even in annual frequency data and
even though the US has a relatively closed economy compared with many other countries. Trading
gains subtract at least 0.21 percentage points from real GDI a quarter of the time, and that they add at
least 0.18 percentage points a quarter of the time. Occasionally, however, the shocks are much larger.
The petroleum price shocks that occurred at the end of 1973, in 1980 subtracted more than a full
percentage point from real GDI, and the one in the first half of 2008 in combination with rising prices
of other imports subtracted almost 2 percentage points from the annualized growth rate of real GDI.

On the other hand, when petroleum prices are excluded, large effects of falling prices for
imports from newly industrialized countries such as China are revealed. Excluding petroleum, US
terms of trade improved steadily from 1996 to 2007. Combined with the contribution from a falling
relative price of tradables, this terms of trade improvement added an average of 0.15 percentage

points to the annual growth rate of real GDI, or 1.7 percent on a cumulative basis over 11 years.
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Figure 1: Gains from Trade in Final Goods

Production and
Conswunption of
Imported Good

Production and consumption of exported good



30

Figure 2: Fall in GDA after a Deterioration in Terms of Trade
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Figure 3: Contributions to Trading Gains of Terms

of Trade and Relative Price of Tradables
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Table 1: Relation of Real Gross Domestic Income to Real GDP and Real GGDFE
(Percentage Changes in Volume from Preceding Year; 2008 H1 at annual rate)

1973 1974 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Gross domestic product 58 -05 32 -02 25 -1.9 4.5 7.2 41 35 34 41 35 19 -0.2 3.3
Less: Exports of goods and services 18.9 7.9 99 10.8 1.2 -76 -26 8.2 3.0 77 108 16.0 115 9.0 6.6 6.9
Plus: Imports of goods and services 46 -2.3 1.7 -6.6 2.6 -1.3 126 243 6.5 8.6 5.9 3.9 4.4 36 -0.6 7.0
Equals: Gross dom. final expenditures 49 -13 25 -19 2.7 -1.3 5.8 8.7 4.4 3.7 3.1 3.2 3.0 1.4 -08 3.3
PLUS: Exports, real GDI basis® 272 206 132 105 -04 -122 55 55 -2.9 3.8 102 18.0 9.2 55 4.6 4.0
LESS: Imports, real GDI basis 16.2 26.8 9.4 52 -0.9 -9.7 47 191 0.1 6.2 9.0 5.3 2.8 24 41 4.6
EQUALS: Real gross domestic income 55 -16 27 -15 2.7 -15 5.0 7.4 4.3 3.4 3.0 41 35 1.7 0.0 3.3
Trading gains® -0.2 -11 -04 -13 0.2 0.4 0.4 0.2 0.2 00 -03 0.0 00 -0.2 0.2 0.0
Net domestic product 59 -1.1 29 -08 2.4 -2.8 4.7 7.4 3.9 3.6 3.2 4.2 3.3 16 -08 3.3
Real net domestic income® 56 -23 24 2.2 2.7 -2.3 5.2 7.7 4.1 35 2.8 4.2 3.3 14 -06 3.2

H1

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Gross domestic product 2.7 4.0 25 3.7 45 4.2 4.5 3.7 0.8 1.6 25 3.6 29 2.8 2.0 1.8
Less: Exports of goods and services 3.2 8.7 101 8.4 11.9 2.4 4.3 87 -54 -23 1.3 9.7 7.0 9.1 8.4 8.6
Plus: Imports of goods and services 8.8 119 8.0 8.7 136 116 115 131 -27 3.4 41 113 5.9 6.0 22 41
Equals: Gross dom. final expenditures 3.2 4.4 2.4 3.8 4.8 5.3 5.3 4.4 0.9 2.2 2.8 4.1 3.0 2.6 1.4 0.0
PLUS: Exports, real GDI basis 1.0 7.7 104 5.1 85 -0.6 2.1 79 -76 4.1 11 102 7.0 9.2 9.3 15.0
LESS: Imports, real GDI basis 55 107 8.7 4.9 8.1 49 104 150 -7.0 0.6 53 132 8.6 6.9 3.1 113
EQUALS: Real gross domestic income 2.8 4.1 25 3.8 4.8 4.7 4.3 3.3 1.2 1.8 2.3 3.4 25 2.6 20 -01
Trading gains® 0.1 0.0 0.0 0.1 0.3 05 -01 -03 0.4 02 -02 -02 -04 -01 -01 -19
Net domestic product 2.8 3.8 2.3 3.6 4.3 3.9 4.1 33 -02 1.7 25 35 2.2 3.7 1.8 11
Real net domestic income 2.9 3.8 2.3 3.7 4.6 4.4 4.0 29 0.3 1.9 2.3 3.2 1.8 3.5 1.7 -05

a. Real GDI basis exports and imports are deflated by the price index for gross domestic final expenditures.

b. Trading gains index calculated as the ratio of real GDI to real GDP.

c. Defined as net domestic product deflated by the price index for net domestic final expenditures.
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Table 2: Contributions to Change in Real Gross Domestic Income
(Percentage Changes from the Preceding Year; 2008 H1 at annual rate)

1973 1974 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Trading gains® -0.24 -110 -046 -125 021 040 045 024 019 -005 -035 0.00 -0.02 -019 0.20 -0.05
Exports of goods and services 045 084 026 -003 -0.16 -046 -0.26 -0.21 -046 -0.28 -0.04 0.14 -019 -032 -0.19 -0.28
Goods 046 082 028 -006 -0.16 -047 -0.27 -0.16 -046 -030 -0.03 0.18 -0.17 -0.34 -0.23 -0.29
Services -0.02 002 -002 003 -001 001 001 -005 000 0.02 -002 -0.03 -0.03 0.03 0.05 0.00
Imports of goods and services -069 -194 -0v3 -122 037 08 071 046 065 023 -031 -015 0.17 013 0.38 0.24
Goods -0.56 -183 -067 -114 030 077 062 036 059 039 -034 -012 0.09 020 039 024
Nonpetroleum goods -0.46 -065 -0.12 -0.13 038 047 037 030 047 -027 -021 -031 021 035 0.23 0.19
Petroleum and petroleum products -0.10 -118 -055 -101 -008 030 026 006 012 065 -013 0.19 -0.12 -0.15 0.16 0.05
Services -0.13 -0.11 -0.06 -0.08 0.07 009 009 009 005 -016 0.03 -0.03 0.09 -0.07 -0.01 -0.01
PLUS: Gross domestic product 5,76 -050 3.16 -023 252 -194 452 719 413 347 338 413 354 188 -0.17 3.33
Gross dom. final expenditures 494 -126 250 -191 267 -133 587 877 455 377 321 332 302 145 -085 336
Net exports of goods and services 082 075 066 168 -0.15 -0.60 -135 -158 -042 -030 0.17 082 052 043 0.69 -0.04
Exports of goods and services 112 058 082 097 012 -0.73 -0.22 063 023 054 077 124 099 081 062 0.68
Goods 101 046 077 086 -0.09 -067 -019 046 020 026 056 1.04 0.75 055 046 0.52
Services 0.11 012 006 011 021 -006 -003 017 002 028 021 020 024 026 0.16 0.16
Imports of goods and services -0.30 0.17 -0.16 0.71 -0.27 012 -113 -221 -0.65 -0.84 -0.61 -043 -047 -039 0.06 -0.72
Goods -0.34 0.17 -0.14 067 -018 021 -100 -183 -052 -0.82 -039 -036 -0.38 -0.26 0.01 -0.77
Nonpetroleum goods -0.17 0.13 -0.11 011 -054 -012 -102 -1.74 -060 -0.60 -0.36 -0.27 -0.31 -0.24 -0.04 -0.74
Petroleum and petroleum products -0.18 0.05 -002 057 036 033 002 -009 009 -022 -004 -009 -0.07 -0.00 0.05 -0.03
Services 0.05 0.00 -002 0.04 -009 -008 -0.13 -0.39 -0.13 -0.02 -0.22 -0.07 -0.10 -0.13 0.05 0.05

EQUALS: Real gross domestic income 552 -1.60 270 -148 273 -154 496 743 432 342 3.02 413 352 169 0.03 3.28

See note at end of table.
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Table 2, Continued
(Percentage Changes from the Preceding Year; 2008 H1 at annual rate)

H1

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Trading gains® 0.12 0.03 -005 0.10 029 048 -0.12 -033 040 019 -0.17 -0.22 -042 -0.14 -0.06 -1.97
Exports of goods and services -0.22 -0.10 0.02 -036 -0.37 -035 -0.24 -0.09 -025 -0.19 -0.01 0.04 -001 001 0.09 121
Goods -0.20 -0.07 0.02 -036 -0.35 -0.32 -0.23 -0.11 -0.20 -0.16 -0.02 0.04 -0.04 0.00 0.06 0.9
Services -0.02 -0.02 000 000 -0.01 -0.02 -0.01 0.02 -005 -0.04 001 000 004 002 0.03 0.27
Imports of goods and services 0.33 0.13 -007 045 065 083 0.13 -024 066 038 -0.16 -0.26 -041 -0.15 -0.15 -3.17
Goods 030 0.12 -0.06 046 062 076 0.16 -027 061 039 -0.07 -023 -0.36 -0.12 -0.13 -2.84
Nonpetroleum goods 020 006 001 060 055 045 035 022 038 040 012 0.07 014 026 0.07 -1.13
Petroleum and petroleum products 0.10 0.07 -0.07 -0.15 o0.07 031 -018 -049 023 -0.010 -0.19 -0.30 -050 -0.38 -0.20 -1.71
Services 0.03 0.01 -001 -001 0.04 0.06 -004 0.03 004 000 -009 -003 -005 -0.04 -0.03 -0.33
PLUS: Gross domestic product 267 402 250 370 450 417 445 366 075 160 251 364 294 278 203 184
Gross dom. final expenditures 326 445 240 384 483 533 544 452 095 229 295 432 315 279 145 -0.01
Net exports of goods and services -059 -043 011 -0.14 -033 -1.16 -0.99 -0.86 -0.20 -0.69 -0.44 -0.68 -0.21 -0.02 058 184
Exports of goods and services 032 08 1.03 091 130 027 047 093 -060 -023 012 093 071 096 095 112
Goods 023 067 08 068 111 0.18 029 084 -048 -028 0.12 060 054 073 059 0.92
Services 009 018 019 022 019 0.09 0.18 0.09 -0.12 0.06 000 033 017 023 036 0.20
Imports of goods and services -091 -129 -093 -1.04 -163 -143 -146 -1.79 040 -046 -056 -161 -093 -098 -0.37 0.72
Goods -085 -1.18 -086 -093 -145 -1.20 -1.31 -155 039 -041 -056 -134 -0.89 -0.82 -0.25 0.68
Nonpetroleum goods -0.77 -1.13 -0.88 -087 -140 -1.15 -131 -149 043 -044 -049 -125 -085 -0.86 -0.30 0.16
Petroleum and petroleum products  -0.08 -0.05 0.01 -0.07 -0.04 -0.05 0.00 -0.06 -0.04 0.03 -0.07 -0.09 -0.04 004 005 052
Services -0.06 -0.11 -0.06 -0.11 -0.19 -0.23 -0.15 -0.25 0.01 -0.05 0.00 -0.27 -0.04 -0.16 -0.12 0.04

EQUALS: Real gross domesticincome 278 405 246 380 479 465 433 333 115 179 234 342 252 264 197 -0.12

a. Calculated from equation (22).
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Table 3: Prices of Exports and Imports
(Percentage Change from Preceding Year; 2008 H1 at Annual Rate)

1973 1974 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Exports of goods and services 13.1 232 120 101 7.4 0.5 0.4 09 -31 -15 25 5.2 1.7 0.7 1.3 -04
Goods 16.1 26.6 13.2 9.6 71 -11  -07 09 -50 -33 2.6 6.4 13 -10 -01 -16
Services 47 116 7.8 123 8.7 6.1 3.9 1.1 2.7 3.4 2.2 2.0 2.7 5.2 5.0 25
Imports of goods and services 174 431 171 246 54 -34 -37 -09 -33 0.1 6.1 4.8 2.2 29 -04 0.1
Goods 17.9 496 179 26.2 5.6 -4.0 -4.2 -0.7 -3.9 -2.2 7.1 4.8 2.8 1.8 -14 -0.5
Nonpetroleum goods 169 261 109 13.0 2.6 25 24 -08 -3.6 6.0 5.8 7.3 1.2 -0.4 02 -01
Petroleum and petroleum products 27.4 2284 404 629 125 -8.1 -10.1 -0.2 57 -460 199 -16.6 191 208 -126 -3.8
Services 15.7 189 129 16.1 4.3 0.1 -1.6 -1.7 -0.1  11.2 1.4 5.0 -0.6 7.6 3.7 2.7
Terms of Trade, Goods and Services® -3.6 -13.9 -4.3 -11.6 1.9 4.0 4.3 1.8 02 -15 -3.4 04 -05 2.1 1.7 -05
Terms of Trade, Goods -1.5 -154 40 -13.1 14 3.0 3.6 1.6 1.1 11 -4.2 16 -15 -2.7 1.3 -11
Terms of Trade, Nonpetroleum goods -0.7 0.4 2.1 -3.0 4.3 1.4 1.7 1.7 -15 -87 -3.1 -0.8 0.1 -0.6 -0.3  -15
Relative price of tradablesb 8.9 20.5 53 6.0 -2.5 -6.8 -5.0 -3.4 -5.9 -2.9 11 1.5 -1.8 -2.2 -2.7 -2.4
Relative price of tradables, Goods 105 249 6.2 6.4 -2.6 -7.8 -5.8 -3.3 7.1 4.9 1.7 21 -17 -3.5 -39 -33
Relative price of tradables, Nonpetroleum 10.1 14.6 3.0 0.7 -4.0 7.1 4.9 -34 -70 -1.0 1.1 33 -24 -46 3.2  -31
Trading gains® -0.2 -1 -04  -13 0.2 0.4 0.4 0.2 0.2 00 -03 0.0 00 -0.2 0.2 0.0
Gross domestic product price index 5.6 9.0 8.3 9.1 9.4 6.1 3.9 3.8 3.0 2.2 2.7 3.4 3.8 3.9 35 2.3
Gross dom. final expenditures prices 5.8 10.2 8.8 105 9.1 5.7 3.5 3.5 2.9 2.3 3.1 3.4 3.8 4.1 3.3 2.3

See footnotes at end of table.
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Table 3, Continued
(Percentage Change from Preceding Year; 2008 H1 at Annual Rate)

H1
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Exports of goods and services 0.0 11 2.3 -1.3 -1.7 -2.3 -0.6 1.7 -0.4 -04 2.2 3.5 3.6 35 3.5 9.9
Goods -0.6 1.1 24 26 27 3.2 -14 1.1 -07 -07 2.0 3.7 3.1 3.3 35 11.2
Services 14 1.3 2.1 1.9 1.0 -01 1.3 3.1 0.4 0.4 2.6 3.2 4.9 3.8 35 7.2
Imports of goods and services -0.9 0.9 2.7 -1.8 -3.6 -5.4 0.6 4.2 -25 -1.2 35 4.9 6.3 4.3 3.7 205
Goods -1.2 0.8 27 25 42 -6.0 0.1 48 -30 -1.8 2.9 4.9 6.5 4.2 36 222
Nonpetroleum goods -0.3 14 20 -43 -40 37 -1.7 06 -15 -22 1.2 2.4 2.5 1.2 2.1 9.6
Petroleum and petroleum products -9.6 -6.2 112 203 5.7 -33.7 331 675 -169 25 208 273 365 225 117 826
Services 0.7 1.7 2.8 21  -04 22 3.2 1.4 0.1 17 6.3 4.4 5.7 4.8 3.7 122
Terms of Trade, Goods and Services® 0.9 0.2 -0.4 0.4 1.9 3.3 -1.2 24 2.2 0.8 -1.3 -1.3 -2.5 -0.8 -0.1 -8.8
Terms of Trade, Goods 0.6 0.3 -0.3 -0.1 15 3.1 -1.5 -3.5 2.4 11 -0.9 -1.2 -3.2 -0.8 -0.1 -9.0
Terms of Trade, Nonpetroleum goods -0.3 -0.3 0.4 1.8 1.3 0.5 0.3 0.6 0.8 15 0.8 1.2 0.6 2.1 1.4 15
Relative price of tradables”: -2.6 -1.0 0.4 -3.3 -4.0 -4.5 -15 0.4 -3.4 -2.3 0.5 11 1.2 0.5 0.8 108
Relative price of tradables, Goods -3.0 -11 0.4 -4.3 -4.8 -5.2 2.1 0.4 -3.8 2.7 0.2 1.2 1.0 0.4 08 122
Relative price of tradables, Nonpetroleum -26 -0.8 01 52 47 40 30 -16 -30 -29 -07 00 -09 -11 0.1 6.3
Trading gains® 0.1 0.0 0.0 0.1 0.3 05 -01 -03 0.4 02 -02 -02 -04 -01 -01 -1.9
Gross domestic product price index 2.3 2.1 2.0 1.9 1.7 1.1 1.4 2.2 2.4 1.7 2.1 29 3.3 3.2 2.7 1.9

Gross dom. final expenditures price index 2.2 2.1 2.1 1.8 1.4 0.6 1.6 2.5 2.0 1.6 2.3 3.1 3.7 34 2.8 3.9

a. Ratio of the price index for exports to the price index for imports.
b. Ratio of the average of the price index for exports and the price index for imports to the price index for gross domestic final expenditures.

c. Ratio of the gross domestic product price index to the gross domestic final expenditures price index. .
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Table 4: Contributions of the Terms of Trade and the Relative Price of Tradables to the Change in Trading Gains®
(percentage points; 2008 H1 expressed at annual rate)

1973 1974 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Terms of trade, goods and services -0.24 -1.24 -041 -124 019 036 036 015 0.02 -0.13 -0.31 0.03 -005 -0.21 0.17 -0.05
o.w. Goods -0.08 -112 -031 -117 0.12 0.22 024 011 -0.07 -0.07 -0.30 0.12 -0.11 -0.21 0.10 -0.09
0.w. Nonpetroleum goods -0.03 0.02 013 -0212 0.29 0.09 0.0 0.10 -0.09 -056 -0.20 -0.06 0.00 -0.04 -0.02 -0.11

PLUS: Relative price of tradables 0.01 0.13 -0.04 -0.01 001 005 0.06 007 016 008 -003 -0.04 003 0.03 0.03 o0.01
o.w. Traded goods -0.01 0.11 -0.07 -0.03 002 0.09 010 008 021 0.15 -005 -0.06 0.04 0.07 0.07 0.05
0.w. Traded nonpetroleum goods 0.03 0.15 0.02 0.01 -0.07 -0.08 -0.01 0.03 0.0 0.02 -0.03 -0.07 0.04 0.05 0.02 0.02

EQUALS: Trading Gains -0.23 -1.11 -045 -125 020 041 043 023 0.18 -0.05 -0.34 0.00 -0.02 -0.18 0.20 -0.04

PLUS: Gross dom. final exp. prices 581 10.11 873 1035 9.17 570 352 353 286 226 306 342 380 406 328 235

EQUALS: Gross domestic product prices 5568 9.00 828 910 937 6.11 395 376 3.04 222 272 342 378 388 348 230

2008

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 H1

Terms of trade, goods and services 009 002 -004 005 022 038 -015 -031 0.27 0.10 -0.15 -0.16 -0.34 -0.11 -0.02 -1.45
o.w. Goods 0.05 002 -0.02 -001 013 0.28 -014 -035 023 0.0 -0.08 -0.12 -033 -0.09 -0.01 -1.17
o.w. Nonpetroleum goods -0.02 -003 003 015 011 005 003 005 0.07 013 0.07 011 0.06 020 0.14 0.15
PLUS: Relative price of tradables 0.02 001 0.00 004 005 008 003 -001 013 0.09 -002 -0.05 -0.07 -0.03 -0.04 -0.50
o.w. Traded goods 0.05 0.03 -001 0210 0.2 0.15 0.07 -0.02 0.18 0.13 -0.01 -0.06 -0.06 -0.03 -0.05 -0.68
0.w. Traded nonpetroleum goods 003 001 000 009 008 008 008 005 010 0.11 003 000 0.04 005 0.00 -0.21
EQUALS: Trading Gains 0.11 003 -0.05 009 028 046 -011 -032 040 019 -0.17 -021 -0.40 -0.14 -0.06 -1.94
PLUS: Gross dom. final exp. prices 219 209 210 180 138 065 156 250 200 156 230 3.08 367 335 276 3.80

EQUALS: Gross domestic product prices 230 212 205 189 166 111 144 218 240 175 213 287 327 322 2.69 1.86

a. Calculated from equation (21).



