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1 Introduction

The economic performance of Switzerland over the long run is paradoxical. In
most international comparisons, Switzerland is found to have a growth rate that
is significantly lower than that of other industrialized nations. And yet, in terms
of average living standards, Switzerland always ranks among the top nations. How
can Switzerland go slower than everybody else, and nonetheless stay ahead?

For the period 1980-1996, for instance, Switzerland, with an average real GDP
growth rate of 1.3%, occupies the last position in a sample of 26 OECD countries.
One could of course argue that this is a sign of convergence. If Switzerland has
a relatively high living standard initially, it is perfectly possible that it grow less
rapidly than its neighbors, and nevertheless that it maintain its lead position for
a while yet. Sooner or later, though, it will be caught up. It turns out, however,
that the Swiss growth paradox is not new. According to Dewald’s (2002) data
that span the period 1880-1995, Switzerland occupies the second-last position in
a sample of 12 countries in terms of per-capita real growth. Knowing that 19th-
century Switzerland was a poor country in European comparison, how can one
explain that it is today one of the countries where real income is highest?

The answer to this puzzle has to do, at least partially, with the improvements
in the terms of trade that Switzerland has enjoyed over time. From 1980 to 1996,
for instance, Switzerland’s terms of trade have improved by a stunning 34%. In
many ways, an improvement in the terms of trade is similar to a technological
progress. It means that, for a given trade-balance position, the country can either
import more for what it exports, or export less for what it imports. Put simply,
it makes it possible to get more for less. An improvement in the terms of trade
unambiguously increases real income and welfare. Yet, unlike a technological
progress, the beneficial effect of an improvement in the terms of trade is not

captured by real GDP, which focuses on production per se. In fact, if real GDP is



measured by a Laspeyres quantity index, as it is still the case in most countries,
an improvement in the terms of trade will actually lead to a fall in real GDP.
Real GDP is often used as a proxy of a country’s real income, even though offi-
cial statisticians warn against such a practice.! Thus, Prescott (2002), who singles
out Switzerland for its poor economic performance over the past three decades,
focuses exclusively on real GDP. We argue in this paper that real GDP can be a
very misleading indicator of a country’s welfare in the face of changing terms of
trade. It is therefore important to distinguish between real GDP, on one hand,
and real domestic income, on the other. Real GDP focuses on production possi-
bilities, whereas real income stresses consumption (or more generally absorption)
possibilities and, ultimately, welfare.? We show that real GDP systematically
underestimates growth in real income when the terms of trade improve. The
distinction between real GDP and real income implies differences between the
corresponding price indexes. The implicit GDP price deflator, which is obtained
by dividing nominal GDP by real GDP, will point at higher inflation than the
income price deflator when the terms of trade improve. In fact, it turns out that a
drop in the price of imports, holding all other prices constant, leads to an increase

in the GDP price deflator.

2 Preliminary Analysis

The difference between real GDP and real domestic income can be illustrated in
the familiar two-endproduct model of international trade theory. Let the quan-
tities produced at time ¢ be denoted by ¥;;, the quantities consumed by ¢;; and

their prices by pi¢, ¢ € {1,2}. Nominal GDP (m;) can be thought of as the value

1See United Nations (2002), Section 16.K, for instance.
2Real income and welfare are clearly very different concepts, but the fact remains that an
increase in real income will, other things equal, allow for an increase in welfare.



of domestic production. It can be expressed as:

T = P11, + P22 (1)

Ignoring indirect taxes and subsidies, nominal GDP can also be thought of
as nominal domestic income.® If, moreover, trade is balanced, domestic income

equals domestic expenditures, and we have:

T = P1q1,t + P2,t92,t- (2)

Real GDP is conventionally measured by a direct, base-weighted Laspeyres
quantity index (Y;%)) relative to the base period (period 0).* Assuming that base-

period prices are set to unity (p;o = 1), we get:

Y1t + Y2,
Y === (3)
Y1,0 + Y2,0

Let 11, o be the index of nominal GDP:

T _ Pty + D2.tYo ¢ (@)
o Y1,0 + Y20

The GDP implicit price index (P/)) can then be obtained by deflation:

p 1o Diayie + P2y 1
Pt,O L = —1 ) (5)
Yo Y1t + Yo S1tP1,: T S2tPa

3For simplicity, we ignore the foreign ownership of domestic factors of production and national
factors held abroad; that is, we do not distinguish between GNP and GDP, or between domestic
and national income. We also ignore depreciation; we thus do not make a distinction between
GDP and NDP, or between gross domestic income (GDI) and net domestic income. In what
follows, we will use the terms “income” and “domestic income” interchangeably.

4The United States has recently switched to a chained Fisher measure of real GDP. Although
the Fisher index is far superior to the Laspeyres index, and chained indexes are to be preferred
to runs of direct indexes, this switch has no bearing on the point made in this paper; also see
footnote 7.



where s;; = p;1yi+/m is the share of good ¢ in production. Expression (5) shows
that the traditional GDP implicit price deflator, being a current-weighted har-
monic mean, has the Paasche form.

In the same vein, one can define a direct Laspeyres index of real domestic

income or expenditures (Q7,) as:®

Dt Qo

Qr :
Lo q1,0 + q20

Il
—~

D
~—

with the corresponding implicit cost-of-living index (C/}):

II 1
P t0 _ Preduie + D22t (1)

£,0 2 = ) -1
Qo Gt + Q2 W1,tP1; T W2tPat

where w; ; = p; ¢/ is the expenditure share of good i.

We show in Figure 1 the production possibilities frontier drawn for given do-
mestic factor endowments and a given technology. Let the international price
ratio be given by (minus) the slope of line Yy Qp.% Production takes place at point
Yo. Under balanced trade consumption takes place at point Qy. The country is
an importer of good 1 and an exporter of good 2.

Assume next a technological improvement that shifts the production possi-
bilities frontier outwards. If all prices remain unchanged, production now takes
place at ) and consumption at Q;. Real GDP and real domestic income clearly
increase. Both the Laspeyres index of real GDP and the Laspeyres index of real
domestic income are equal to the ratio O.A;/O.Ay. Nominal GDP increases by the
same factor. The GDP implicit price deflator and the implicit cost-of-living index

are both equal to one, which makes perfect sense since both disaggregate prices

SWe assume balanced trade for expository purposes only. This assumption will be relaxed
later on.

6This line is drawn with a unit slope since we have assumed that all prices are normalized to
one in the base period as it is typically the case.



have remained unchanged by assumption. The increase in welfare made possible
by the technological change is adequately reflected by the increase in production
and in income.

Consider now Figure 2 that shows the effect of an improvement in the terms
of trade. Let us assume that it comes about as the result of a fall in the price of
importables; we thus can use the second good as the numeraire. The international
price line moves from )yQy to V1 Q;. Production shifts towards the north-west
to V1 and consumption increases to Q;, which lies on a higher indifference curve.
Welfare clearly goes up. The Laspeyres index of real domestic income is equal
to OA;/OA,, which is greater than one. This demonstrates the increase in real
income that takes place. The Laspeyres index of real GDP, on the other hand,
is equal to OA'1/OAy, which is less than one (A’y is the intercept of a line with
unit slope drawn through );). That is, real GDP falls, even though welfare
unambiguously increases as the result of the improvement in the terms of trade.”
Given that the price of the second good does not change, we can express the index
of nominal GDP as OB;/O.A,, which is less than one. That is, nominal GDP
decreases as the result of the drop in the price of good 1. The GDP implicit price
deflator is equal to OB;/OA’y, whereas the implicit cost-of-living index is equal
to OB;/OA;. Both are less than unity, thus underscoring the drop in the price
level, but the cost-of-living index clearly registers a much larger fall than the GDP
price deflator. This is due to the fact that the drop in the price of importables is

more heavily weighted in consumption than in production (w; > s1).

"The drop in real GDP is due to the fact that the Laspeyres index only provides a linear
approximation to what is depicted here as a nonlinear production possibilities frontier. In
particular, it is not due to the absence of chaining, since there are only two states in this
example. If one used a quantity index that is exact for the production possibilities frontier (e.g.
the Fisher index assuming that the production possibilities frontier is square-rooted quadratic),
real GDP would be found to be unchanged. It would still fail to capture the increase in welfare,
though.



3 Trade in Middle Products

The analysis of the previous section assumes that all trade is in endproducts. In
reality, most international trade is in middle products, to use the terminology of
Sanyal and Jones (1982). The bulk of trade consists of raw materials and in-
termediate goods, and even so-called finished imports are typically not ready to
meet final demand. They must still go through a number of changes in the im-
porting country, such as unloading, transporting, financing, insuring, repackaging,
wholesaling, and retailing. During this process, they are combined with domestic
factor services, so that a significant proportion of their final price tag is generally
accounted for by domestic activities. This militates in favor of treating imports as
an input to the technology. Similarly, exports are not ready to meet final demand
either. They must still enter the foreign production sector once they have reached
their destination. As such, exports are conceptually different from final outputs
intended for domestic use. The treatment of traded goods as middle products
is also consistent with the national accounts, which distinguish between goods
produced for domestic use and actual imports and exports, rather than between
importables and exportables.

The uneven effect of an improvement in the terms of trade on real GDP and
real domestic income can also be analyzed in the context of a model that allows
for trade in middle products, or intermediate goods. Treating imports as an input
to the technology blurs the distinction between technological progress and an im-
provement in the terms of trade, however. This is because a change in the terms
of trade exerts its impact during the production process. Production involves the
transformation of inputs into outputs. In a narrow sense, this transformation is
physical, but even in a closed economy it also takes place through trade. Domestic
production typically involves specialization, but specialization is only feasible in

conjunction with trade. International trade further increases the scope for spe-



cialization. An improvement in the terms of trade may enable a country to exploit
its comparative advantages even more and it is little different from a technologi-
cal progress that would incite the country to specialize further. In many cases, it
might be impossible to tell apart the two phenomena. If the cost-insurance-freight
(CIF) price of landed imports drops, is it because transportation costs have fallen
as the result of a technological progress, or is it because the foreign free-on-board
(FOB) price has decreased, thus signifying an improvement in the terms of trade?
A change in relative prices might require a technological improvement before it
can be taken advantage of, just like a technological innovation may only be ex-
ploitable after an improvement in the terms of trade has taken place. Yet, while
the two phenomena are similar and intertwined, they are treated very differently
by the national accounts, with technological progress being viewed as a real event
and a change in the terms of trade as a price phenomenon.

For the remainder of this paper imports are treated as inputs to the production
process. Imports are combined with domestic factors (e.g. labor and capital) to
produce one or more outputs, which can be absorbed at home or exported to
the rest of the world. For simplicity, let us assume for the time being that all
outputs, on one hand, and all domestic inputs, on the other, can be aggregated.
The country’s technology can be described by the following aggregate production

function:

yr = f(ynrzs 1), (8)

where y; is the quantity of aggregate output at time ¢, yu; is the quantity of
imports, and x; is the quantity of the domestic composite factor. The production
function is assumed to be increasing, linearly homogeneous, and quasi-concave.
Let p; and pys; be the prices of output and imports, respectively. The terms of
trade are given by the ratio p;/py¢. Like in the previous section, factor endow-

ments, the technology, and the terms of trade are taken as given. Optimization



and perfect competition are assumed throughout.

The production function is shown is Figure 3, with gross output as a function
of the quantity of imports, for a given endowment of the domestic composite
factor.® The slope of the production function is the marginal product of imports.
Let the relative price of imports — the inverse of the terms of trade — be given
by the slope of line Ay),. This slope is unity since all prices are again normalized
to unity for the base period. Profit maximization by producers will lead to an
equilibrium at point )y where the marginal product of imports is equal to their
marginal cost. The volume of imports is the distance OM, and total output is
equal to OCy. If trade is balanced, exports are equal to AyCy, so that OA, is
consumption of the final good.

Assume next that the terms of trade improve, as the result, for instance, of
a drop in import prices. The terms of trade are now given by the slope of B1),
and equilibrium moves from point ), to point );. The country imports more.
The marginal product of imports is lower, but their real price has fallen. Gross
output is now equal to OC;, and, with exports of B;C; under balanced trade,
consumption of the final good is OB;.

In the context of this model that essentially treats imports as a negative output,
expression (1) for nominal GDP (or nominal domestic income) must be adapted

accordingly. Replacing vy, by y; and y2; by —yar, we get:

Ty = PtYt — PM,tYmit- (9)

Nominal GDP clearly increases as the result of the drop in import prices: the index
of nominal GDP is equal to OB;/O.A,, which is greater than one. Since there is

only one final good here, it is natural to identify its price (p) with the cost of living.

8See Kohli (1983) for additional details.



Given that it remains unchanged by assumption, we can also interpret OB;/O.A
as the index of real income. The increase in real income clearly demonstrates the
rise in welfare that takes place. The Laspeyres index of real GDP, on the other

hand, is as follows:

yL = Y- Ymr (10)
’ Yo — YM,0

In Figure 3, this index is equal to O.A;/OAy, which is less than one. That is,
real GDP registers a drop, even though real income and welfare have unambigu-
ously increased. This clearly shows the ambiguity of real GDP as a measure of a
country’s real income.”

The cost-of-living index is unity by assumption. The GDP implicit price de-

flator, on the other hand, is given by:

I _ 1
pP Lo _ Pty — PmglYmp (11)

pu— 3

t,0 L -1 —1
Yo Yt — Yme (1+ SM,t)pt — SMtPt

where s,; is the share of imports in GDP.!® One finds that the GDP implicit
price deflator is equal to OB;/O.A;, which is greater than unity. That is, the
conventional GDP deflator indicates a price increase, even though no disaggregate
price has gone up, and one has actually fallen. This bizarre outcome is due to
the fact that, as shown by (11), the price of imports enters the calculation of the

GDP price deflator with a negative weight.!!

9The fall in real GDP is due to the fact that the Laspeyres quantity index tends to underes-
timate the aggregate quantity in the context of production theory, except in the extreme cases
of linear or Leontief transformation functions. If one used an index number that is exact for
the true production function, real GDP would not change, but it would still fail to pick up the
increase in real income. Note also that, in a multi-period framework, a steady improvement in
the terms of trade would cause a fall in real GDP even if one used a chained — rather than a
direct — Laspeyres quantity index; that is, even if one renormalized prices every period.

10The GDP share of gross output therefore is 1 + sy;.

'This argument is not as academic as it might seem. A similar situation actually occurred
in the United States between the second and the third quarters of 2001 (see the National
Income and Products Accounts, Table 1, revision of July 31, 2002). The deflators of the all five



Just like in the model of the previous section, the difference between the in-
dexes of real GDP and real income is mirrored by the differences in the weights
that are being used in the corresponding price deflators. The cost of living is p, the
price of the lone output. The price of imports carries no weight since imports are
middle products and therefore have no direct impact on the prices faced by final
users. The GDP deflator, on the other hand, attributes a weight that is greater
than one to p, and a negative weight to p);. A drop in the price of imports, other
things equal, necessarily increases the GDP deflator.'> Since the GDP deflator
overstates the change in the price level that results from an improvement in the
terms of trade,'® it immediately follows that real GDP necessarily underestimate
the resulting increase in real income. Another way of looking at the problem is
as follows. When import prices fall, the country can afford to import more. Yet,
real GDP is obtained by subtracting imports valued at their base period prices.
By failing to take into account the lower price of imports, one ends up subtracting

too much.

GDP components fell (consumption, from 109.64 to 109.62; investment, from 100.86 to 100.78;
government expenditures, from 113.46 to 113.37; exports, from 96.44 to 95.97; imports, from
94.17 to 89.87), and yet the GDP implicit price index increased (from 109.32 to 109.92). This
point is also made by Diewert (2002).

12 PP increases, even though neither p nor py; have gone up. The only price that does increase
in this example is the nominal (and the real) return to the domestic composite factor. One might
be tempted to conclude from this that the GDP price deflator is an index of domestic factor
rental prices, rather than of output prices. Unfortunately, this interpretation must be abandoned
as soon as one considers a technological progress that, for given output prices, increases domestic
factor returns (and real GDP), but, as shown in Section 2, leaves the GDP deflator unchanged.

13The negative weight assigned to import prices also implies that the GDP price deflator need
not lie within the bounds set by its components. From 1980 to 1996, for instance, the Swiss
GDP deflator increased by 65.5%, whereas the price of domestic expenditures went up by 50.2%,
the price of exports by 40.1%, and the price of imports by 4.7%.

10



4 Generalization

The model of the previous section was rather restrictive. Fortunately, it can easily
be generalized to incorporate technological change and to allow for many inputs
and many outputs. In what follows, we assume two outputs — domestic expen-
ditures (or sales) and exports, labeled D and X, respectively — and two primary
inputs — labor (L) and capital (K). Domestic factor quantities are denotes by
x; and the corresponding rental prices by w; (j € {L,K}). It is convenient to

describe the country’s technology by the GDP function that is defined as follows:'*

W(pD,tv pX,t; p]\[,b :L‘L,tv xK,t; t) =

{ max ppyp + PxYx — Pamgysr : (YD, Yx, Yar, TLe, Ticp, t) € Tt} , (12)

YD Yx,Ym

where T} is the production possibilities set at time ¢; it is assumed to be a con-
vex cone. The GDP function is linearly homogeneous and convex in prices, and
linearly homogeneous and concave in input quantities.

It is well known that the profit-maximizing output supply and import demand

functions can be obtained by differentiation:!®

O ()
Ip;

== :i:yi(pD,th,t?pM,t’xL,t’xK,bt)’ Z € {D7X7 M}7 (13)

where the minus sign applies to imports. Moreover, assuming that the domestic
factors are mobile between firms, the partial derivatives with respect to the fixed
input quantities yield the competitive domestic factor rental prices:

On(-)
81}]'

= wj(pD,t;pX,an,t;$L,t;$K,t7t); VES {K7L}~ (14)

14See Kohli (1978, 1991), and Woodland (1982).
15 Again, see Kohli (1978, 1991), and Woodland (1982).
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It is convenient to define g as the inverse terms of trade and h as the relative

prices of exports, where domestic expenditures are used as the numeraire:

Put

= —= 15
gt Pxs ( )
h, = PXt (16)

PD,t

GDP function (12) can then be rewritten as follows:

7(-) =7(Ppas M Po 4y Pt Gt DD Tty Ticty ) = Y (PDts bty Gy T, Ty 1), (17)

It follows from the properties of 7(-) that GDP function #(-) is linearly homoge-

neous in pp. Moreover, one can see from (13)—(14) and (17) that:

a(;i;) = Yo+ heyxe — he g yars (18)
&g—](l') = pou(Yxi — geYnme) (19)
agﬂfjj) — w je{L K} (21)
% _ s

As shown by Diewert and Morrison (1986), the GDP function is a convenient
analytical tool to identify the GDP effect of technological progress. The following
index indicates the GDP impact of the passage of time between periods ¢t — 1 and

t, holding all output prices and domestic factor endowments constant:*°

Y(Ppa—1, =1, Gt—1, TL -1, T p—1, 1)
Y(Ppi—1, i1, ge—1, T -1, Trcp—1,t — 1)

L
Rt,t—l =

(23)

16 All the effects discussed in this and the next section are defined for consecutive periods.
Chained indexes valid for longer time intervals can be obtained by compounding.
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Note that in defining (23) all output prices and domestic input quantities are
held constant at their values of period ¢ — 1. RtLvtf1 thus has the Laspeyres form,
so to speak. Alternatively, one could have frozen output prices and fixed input
quantities at their period-t values to obtain the following Paasche-like index of

the GDP effect of technological progress:

w(pD,t, hi, g, Trt, LK, t)
w(pD,tv ht7 9t, xL,tv xK,b t— 1) .

R, = (24)

Diewert and Morrison (1986) recommend taking the geometric average of the two
indexes just defined. This yields the following Fisher-like index of the GDP effect

of technological progress:

Similarly for the GDP impact of changes in domestic factor endowments:

Xy = V(ppi—1, hi—1, 9-1, T, Tro—1,t — 1) Y(ppos, Pe, g6, TLe, Ticp, 1)
" Y(Ppe1, M 1,961,001, T 1,6 — 1) Y(PDg, Pty 96 e 1, Trops )
(26)
Xppy i = V(ppi—1, him1, 91—1, T -1, Trest — 1) V(ppyt, Pey 9o, Toe, Ticp, t) .
" V(PD,t—1, Pe—1, Go—1, T -1, Trp—1,t — 1) Y(Poots Pt Go, Tre, T o1, t)

(27)
Next, we can define the following GDP terms-of-trade effect:

G . w(pD,tflb ht717gt7xL,tfl7xK,t717t - 1) w(pD,bhhghxL,ter,t?t)

A ;

’ Y(Ppa—1, M1, 9t-1,CLi-1, Trci—1,t — 1) (DDt Pty Gi—1, TLts Trcps T)
(28)
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and the GDP trade-balance effect:

w(pD,tfh h‘t717 gt717 :L'L7t,1, xK,tfb t— 1) w(pD,b htfb gt7 xL,t7 xK,h t) .
(29)

H _ \J @/J(pD,t—hht;gt—th,t—l»xK,t—l;t - 1) ¢(pD,t7ht;gtny,tny,tvt)
ti—1 =

Some explanations regarding H;, ;, the GDP trade-balance effect, are in order.
While an improvement in the terms of trade unambiguously increases real income
and welfare, a change in the price of traded goods relative to the price of domestic
expenditures can trigger real effects as well. Consider a small equiproportionate
increase in the prices of imports and exports thus leaving the terms of trade
unchanged. If trade is balanced, the additional export revenues exactly offset the
extra cost of the imports. In case of a trade deficit, however, the higher traded-
good prices will make the country worse off, while the reverse is true in the case of
a surplus. This sort of leverage effect is typically buried in the GDP price deflator,
but, even though it will generally be small, it is a real effect that deserves to be
identified separately.

All five effects just defined are real, and thus they contribute to explaining
changes in the country’s real domestic income. To square things off, we finally

define the GDP domestic-expenditure price effect:

P _ w(pD,t; ht—hgt—h$L,t—1;$K,t—17t - 1) ¢(pD,t7 ht7gt7xL,t7xK,t7t)
Diti—1 = )
Y(Pp1-1, -1, i1, Tri—1, Tra—1,t — 1) V(Dpa—1, Pty G, Trty Tic s )
(30)

5 Measurement

Assume that the GDP function has the following translog form:'”

1"The translog function gives a second-order approximation in logarithms to an arbitrary GDP
function; see Christensen, Jorgenson and Lau (1973), and Diewert (1974).

14



1
Inm, = ao+zailﬂpi,t+25g‘1ﬂiﬂj,t+§ZZ%‘hlnpi,tlﬂph,t+
% 7 i h
1
§Zz¢jkln%’,tlnzk,t+Zz5ijlnpi,tlnﬁj,t+
Jj k i

1
> O Inpi gt + Y ¢ Inayt + Bt + §¢TTt27 (31)
{ J

i,he{D, X, M}; jke{L K},

where Y c; =1, 32 8; = 1, Yin = Vhi> Gk = Prjr 22%in = 0, X @i = 0, 35,05 = 0,
S8, =0, X6 =0, and - ¢y = 0.

We show in the Appendix that if GDP function 7 () is translog, then GDP
function v(-) defined by (17) is translog as well. That is, ¥(-) provides a flexible
representation of the country’s technology.

If estimates of the translog GDP function were available, it would be a simple
matter to calculate the various effects defined in the previous section.'® However,
it turns out that as long as the true GDP function is translog, all these effects can
be calculated from the data alone; that is, without needing to know the values of

the parameters of the GDP function. Thus, we show in the Appendix that:

] P

Rt t—1 —
’ Pip1-Xipe1

(32)

where I, , ; is once again the growth factor of nominal GDP, P, ; is a Tornqvist
price index of the GDP output components (including imports), and X;,; ; is a

Tornqvist quantity index of domestic factor endowments:

w(pD,tv ht7 9t, TLt, TK t, t)

I =
’ Y(Ppa—1, -1, 91, TL -1, Trcp—1,t — 1)

18See Kohli (1990, 1991) for such an econometric approach.
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PptYDt + PxtYx,t — PMLYM,t

= (33)
PD4-1YDt—1 T Pxt-1Yx;t—1 — PMt—1YM,t—1
1 i )
Pt = exp Z iﬁ(si’t + Sit-1)In pp L g€ {D, X, M} (34)
i it—1
1 Tjt .
Xy 1=exp |, E(Sj’t + sj¢-1)In - , je{L,K}, (35)
j J,t—1

where the sign in (34) is negative for imports and positive otherwise. Similarly,

one can show that:
1 Tjt .
Xj,t,t—l = exp 5(8]'7,5 + Sj,t—l) In , J € {L,K} (36)
| Tjt—1
1
Gt,tfl = €xp 5(—81\4,:: - S]w,tfl)ln i] (37)
i Ggt-1
1 h
Hyy 1 = exp|s(spt+spe1)n ! (38)
2 hy—q
PD,t,t—l = ﬂ; (39)
PDt—1

where sg = sx — su.

Finally, we show in the Appendix that the six effects that we just obtained

19See the Appendix. Our measure of the terms-of-trade effect — see (37) below — is different
from the one proposed by Diewert and Morrison (1986), and which we have used in previous
work; see Kohli (1990, 1991), for instance:

1 i .
At,t—l = exp Z ig(SiJ + Si,t—l) In pp—7t , 2 (S {X, M}
- i, t—1

This measure raises some difficulties, however. Thus, if the prices of imports and exports increase
in the same proportions (following a devaluation of the national currency, for instance), A; ;1
registers a change unless trade happens to be balanced on average over the two periods, even
though the terms of trade clearly do not change in such a case. Put differently, A;,_;,which
is meant to measure a real effect, is generally not homogeneous of degree zero in prices. This
implies that the element that is supposed to measure the contribution of prices in the GDP
growth decomposition will generally not be linearly homogeneous in prices.
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together give a complete decomposition of the growth in nominal GDP:
Wip 1=Pprea-Hep1 - Gra1- Xpge1 X1 Bega (40)

It is noteworthy that the product of the first three terms on the right-hand
side of (40) yields the Térnqvist price index defined by (34):

Pt 1=Pprs1-Hip1-Grp. (41)

In other words, the remaining three terms together make up a measure of what is

an implicit Térnqvist index of real GDP (V;;_;):%

~ IL, ,_
Yiio = Pt’t L — Xri—1 - Xi—1 - Reg1. (42)

tt—1

)

Such an implicit Tornqvist index of real GDP would be much preferable to the
Laspeyres index commonly used, in that it is a superlative index.?! Nevertheless,
it excludes the terms-of-trade and the trade-balance effects that we have defined
earlier and that we have repeatedly characterized as real — rather than price —
effects. These considerations lead us to define the following index of real domestic

income (Q;; 1) obtained by combining all five real effects contained in (40):

Qt,tfl = Ht,tfl : Gt,tfl : XL,t,tfl : XK,t,tfl : Rt,tfl

)

S (43)

20See Kohli (1999).

21The implicit Térnqvist index of real GDP is numerically very close to the Fisher index
recently adopted by the United States and a few other countries. Note, however, that the Fisher
index is not exact for any known GDP function, except under rather restrictive conditions such
as global separability between outputs (including imports) and domestic inputs.

17



It is rather remarkable that Qt,t,l, which captures the combined effect of five
real forces, can be measured simply by deflating the change in nominal GDP by
the index measuring the change in the price of domestic expenditures; that is,

without needing any price and quantity data for labor and capital.

6 Command-Basis GDP

Since 1981 the U.S. Bureau of Economic Analysis publishes series of what has
become known as “Command-Basis” GNP. Command-Basis GNP (GDP) is a
measure of real GNP (GDP) that tries to take into account the effects of changes
in the terms of trade on the purchasing power of a nation.?? Thus, instead of
deflating nominal imports by the price of imports and nominal exports by the
price of exports, the entire trade balance (i.e. net exports) is deflated by the
same price index. Choosing the import price deflator for this purpose amounts
to replacing constant dollar exports by the import equivalent of exports when
adding up the various components that make up real GDP. The idea behind this
procedure is that what matters is not the quantity of goods and services that is
being exported, but rather the quantity of imports that are made possible through

these exports. Formally, Command-Basis GDP (Bf) can be calculated as:*

Ypt + Yxt(Dxe/Part) — Ynre
Yp,o +Yx,0 — Ymo

By (44)

One obvious question that arises when it comes to Command-Basis GDP con-
cerns the choice of the price index used to deflate the trade account. Why use the

import price deflator? Why not use the export price deflator? Or an average of

22 Although the concept was originally introduced in the context of GNP, today it is often
used for GDP as well; see Dewald (1995), for instance.
23See Denison (1981).
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the two? Or the GDP deflator? To the extent that the trade balance is close to
zero, or if the terms of trade remain little changed, this choice does not matter
much. Nevertheless, our approach suggests an answer to this question, an answer
that rests on a solid theoretical foundation. Thus, expression (43) indicates that
the same price index should be used to deflate the trade account and the value
of domestic outputs, that it should be based on the domestic price components

alone, and that a superlative index formula should be preferred.?*

7 Trading Gains and Losses

As mentioned earlier, official statisticians are well aware of the distinction between
real GDP and real domestic income as a consequence of changing terms of trade.
Using pp as a deflator, a simple estimate of the difference between the two concepts

is given by the following standard measure of the trading gains or losses (v}):*°

T Dx, Pu,
%L =— - (Yp,t + Yx,e — Ynse) = Yxos <—Xt - ) — Ym ( L — ) : (45)
PbD,t Ppt Ppt

One difficulty with this measure is that it depends on the normalization of the
data, i.e. on the choice of the base period. A second difficulty is that, being
expressed in absolute terms, it is difficult to interpret its size. On these grounds,
one might prefer the following trading-gains index, defined with reference to a

well-defined base period (period 0), and relative to real GDP:

o/ Ppio  Yps + YxiPx./PDt — YaaPase/Poyt

FtLO =
’ YtLo Yot T Yxt — Ymp

(46)

24 Alternatively, one could use a Fisher price index. This would be more in line with current
U.S. practices. Although the Fisher index is not be exact for the translog GDP function, it
would yield results that numerically would be very close.

258ee United Nations (2002), paragraphs 16.151-152; a positive value of v/ denotes a gain
and a negative one a loss.
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Both (45) and (46) are defined with reference to the direct Laspeyres index of real
GDP (Y/y). A superlative measure of the trading gains (or losses) can be obtained
by using instead the chained implicit Térnqvist index of real GDP defined by (42).

We thus get the following Térnqvist-based trading-gains index:

Ft,tfl == = Gt,tfl : Ht,tfly (47)

where we have made use of (43). We find that the trading gains consist of two
parts, the terms-of-trade effect and the trade-balance effect. Moreover, these two
effects, as defined by (28) and (29), give a complete decomposition of the Térnqvist
trading-gains index. Making use of (41) and (47), finally, one gets:

Iy =

. 48
Ppii1 (48)

That is, the Tornqvist trading-gains index can be obtained directly as the ratio

of the Tornqvist GDP price index to the domestic-expenditure price index.

8 International Comparisons

How important is the distinction between real GDP (conventional measure) and
the implicit T6rnqvist measure of real domestic income given by (43)? The answer
to this empirical question will depend to a large extent on the terms-of-trade
changes (and especially the improvements) that a country experiences over time,
and on the size of its foreign sector. We report in Table 1 growth estimates

for a number of industrialized nations.?® The first column of the table reports

26 A1l data are drawn from the OECD National Accounts, Main Aggregates, except the ones
for the United States which come directly from the Bureau of Economic Analysis. The price
of domestic expenditures (pp) is computed as Tdérnqvist index of the prices of consumption,
investment and government expenditures.
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cumulated growth for the period 1980-1996 based on the direct Laspeyres index of
real GDP (10). The second column does the same using the index of Command-
Basis GDP (44) instead. The estimates in the third column are based on the
implicit Térnqvist index of real GDP (47), whereas the estimates in the fourth
column are based on our implicit Térnqvist index of real domestic income (43).%7

Comparing first the figures for the direct Laspeyres indexes of real GDP (col-
umn 1) with those of the chained implicit Térnqvist indexes (column 3), we find
that the differences are generally quite small, except for countries having experi-
enced high growth, such as South Korea, Ireland, and Turkey. Nonetheless, one
would expect the implicit Tornqvist indexes to be more accurate, given that they
are superlative indexes in the sense of Diewert (1976), and thus they take full
account of the transformation possibilities inherent to the aggregate technology.
One would also expect these indexes to be numerically very close to the Fisher
indexes of real GDP that have recently been adopted by a number of countries,
including the United States.

Next, we can compare the estimates of the implicit Tornqvist indexes of real
GDP (column 3) with those of real domestic income (column 4). The differences
there are directly imputable to the changes in the prices of traded goods, captured
by the terms-of-trade effect (37) and the trade-balance effect (38). We find that
real GDP severely underestimates growth in real domestic income in the case
of New Zealand, Greece, Italy, Portugal, and Switzerland, countries that have
enjoyed significant improvements in their terms of trade over the past two decades.
As far as Switzerland is concerned, real GDP underestimates the growth in real
domestic income by about 0.6% annually. Over our sample period, this adds up to

more than 10% of GDP. Real GDP, on the other hand, significantly overestimates

2"The estimates for Germany are obtained by splicing the West-German growth rates for the
period 1980-1991 with those for the entire country for the remaining years.
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real-income growth in the case of Mexico, Luxembourg, and Norway since it does
not take into account the deterioration in their terms of trade. The differences are
much smaller for the other countries that have not experienced a secular movement
in their terms of trade, or whose foreign sectors are relatively small.

Comparing next the estimates in columns 2 and 4, we find that Command-
Basis GDP underestimates real domestic income in countries having experienced
high growth, such as South Korea, Ireland, and Turkey. For most of the other
countries, the growth rates based on the implicit Térnqvist index of real domestic
income are relatively close to the ones obtained with the index of Command-
Basis GDP, in spite of the shortcomings of the latter measure as noted above.
This is because Command-Basis GDP does attempt to incorporate the effects of
terms-of-trade changes, even if does so in a rather crude and ad hoc manner.

As shown by (47), the discrepancy between the growth estimates reported in
columns 3 and 4 is solely imputable to the trading-gains effect, itself made-up by
the terms-of-trade and the trade-balance effects. We show in Table 2 estimates
of the cumulated trading gains over the period 1980-1996, based on (47) and
expressed in percentages. We also show for each country the minimum and max-
imum annual values of the trading gains. This makes it possible to better assess
the difference between the growth picture based on real GDP and the one that
relies on real income. Even though, as noted earlier, the cumulated estimates for
the entire sample period are quite close to one another for most countries, this
hides large yearly discrepancies. Thus, real GDP has underestimated the annual
growth in real domestic income by as much as 4.3% in Portugal, 3.8% in Switzer-
land, and 3.2% in Luxembourg. It has overestimated annual real-income growth
by as much as 7.5% in Norway, 4.0% in Mexico, and 3.2% in Ireland. In the case of
Luxembourg, the gap between the two growth rates has been very wide, extend-

ing from —2.9% to 3.2%. These are not trivial magnitudes, and they can severely

22



distort one’s assessment of a country’s short-term economic performance. Even
for the remaining countries we find that the discrepancies are not insignificant. In
fact, the difference has been greater than 1% in absolute value at least once in 24

out of the 26 countries in our sample.

9 Concluding Comments

The GDP deflator is often described as the broadest measure of a country’s price
level. When the national-accounts data are published, changes in the GDP defla-
tor are closely scrutinized. Increases are generally viewed with concern since they
are interpreted as revealing inflationary pressures. This is clearly inappropriate
if the increase in the GDP deflator results from a decrease in import prices. A
fall in import prices, other things equal, is fundamentally a positive outcome. It
has no inflationary effects, quite the contrary. If an increase in the GDP deflator
is incorrectly interpreted as signaling inflationary pressures, it could lead to the
wrong policy reaction. Yet it is precisely the GDP deflator that Taylor (1993) used
as a measure of inflation when proposing his famous rule for monetary policy.®
For many countries, including the United States, the difference between real
GDP and the implicit Tornqvist index of real domestic income appears to be rather
small on average. Nevertheless, a difference of one or two percentage points of
real growth is not trivial: for the United States, using 1980 as a starting point,
the difference by 1996 amounted to about 1.3% of GDP, i.e. over one hundred
billion dollars at 1996 prices. Such figures are of the same order of magnitude
as the gap between real GDP and Command-Basis GDP. This discrepancy was
deemed large enough by the U.S. Bureau of Economic Analysis to warrant pub-

lication of Command-Basis GNP series. Moreover, long-run averages can mask

Z8The use of the GDP deflator as an inflation target is rejected by Diewert (2002) also.
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significant annual deviations. Thus, the annual growth discrepancy has exceeded
one percentage point at least once for most countries in our sample. Since an-
nual changes in economic performance are closely watched and may trigger policy
responses, it is important that they be measured as accurately as possible. This
is particularly easy to do here since the data necessary to compute the implicit
Tornqvist real-income index are exactly the same as the ones needed to construct
real GDP.

Real GDP was found to underestimate the growth in real domestic income in
a majority of the countries in our sample. This is due to the improvements in the
terms of trade that these countries have experienced over the past two decades.
Since our sample was made up mostly by industrialized nations, it suggests that
many less developed countries must have suffered a worsening in their own terms
of trade. Consequently, real GDP will tend to overstate the increase in real income
in those countries. Any evidence on income convergence between poor and rich
countries, which typically rests on real GDP comparisons, may thus have to be
reassessed.

One could object that even if it is true that real income increase as a result of
an improvement in the terms of trade, this is of limited interest since it might not
create a single job. The reason why many economists are interested in GDP figures
is because an increase in real GDP is usually associated with a rise in employment.
Even if it were true that an improvement in the terms of trade does not create any
jobs,? this criticism would be besides the point for several reasons. For a start, as
we showed above, an improvement in the terms of trade may lead to a reduction

in real GDP, a reduction that is meaningless. Second, a technological change,

29Note that in the context of the GDP-function model, employment is exogenous; it is the
return to labor that is endogenous. Models that treat employment as endogenous can be found
in Kohli (1991) who finds that, for the United States, a drop in the price of imports increases
the demand for labor.
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which is integrated in the calculation of real GDP, leads to an increase in real
GDP without necessarily creating any jobs either. Technological progress, just
like an improvement in the terms of trade, may be pro- or anti-labor biased. Both
phenomena are similar, and there is no reason therefore to treat them differently.
In truth, if one were really interested in the demand for labor, it would be much
more sensible to derive it from a GDP function such as (12), instead of relying on
a very crude indicator such as real GDP.?? Finally, one ought to remember that
it is real income — and ultimately consumption — that generates utility, rather
than work effort.

One could also counter that real GDP attempts to measure a country’s pro-
duction effort — production requires hard work — and that there is little merit
in experiencing an “effortless” improvement in the terms of trade. Such an ob-
jection would reveal an exceedingly narrow view of the nature of production ac-
tivities. While an improvement in the terms of trade may indeed be a purely
exogenous event, foreign trade is an activity that requires much effort. Importers
and exporters must constantly scout world markets in search of better opportuni-
ties, domestic producers must position themselves to exploit existing comparative
advantages, and always be on the lookout for new ones. These efforts require
resources, and they are an intimate part of the production process. Similar con-
siderations apply to technological change. Technological progress too may be the
outcome of chance, or it may even be imported from abroad. It is certainly not
true that every invention or innovation is the outcome of a systematic and tire-
some research effort. There is therefore no reason to discriminate between these
two types of efforts on a a priori basis. This is all the more true that, as we

argued earlier, it may be impossible to distinguish one from the other.

30The inverse demand for labor (14) derived from the GDP function model is much more
sophisticated than most specifications commonly used in the literature, and it shows that both
changes in the terms of trade and technological progress are likely to affect wages.
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Appendix

We begin by showing that if 7(-) is translog, then (-) is translog too. GDP
function (31) can be rewritten as follows (the time subscript is omitted for clarity):

Int = ap+aplnpp+axlnpy +aylnpy +
1 1 1
§’YDD(1npD)2 + §7XX(lan)2 + §7MM(lan)2 +
Ypx InppInpx + yparInpp Inpar + yxar Inpx Inpar +
ZaDj hlpD lIliL'j + Zde lan hl.]]j + Z(SMJ hlp]whlflfj +

5DThlpD t+ 6XT1an t+ 5MT1an t+

1 1
Zﬁjhl!fj + §Zz¢jklnm]~1nxk —|—Z¢jT1nZEj t—i-BTt—i- §¢TTt2
= oo+ (apt+ax+ay)npp+ (ax +ay)(npx —Inpp) +

1
ay(lnpy —Inpy) + §(WDD + vxx + Y + 27px + 290 + 27xar) (In pD)2 +

1 2, 1 2
E(WXX + Yo + 2yxa)(Inpx —Inpp)” + E’YMM(lan —Inpx)” +

(Yxx + Yarm + Yox + Your + 2yxm) Inpp(lnpx —Inpp) +

(Yarnr + vpar + vxar) Inpp(Inpar — Inpx) +

(Ymnr + vxar)(Inpx —Inpp)(Inpy — Inpx) +

[(0pr + 0xz + 0pr) Inap + (Opx + Oxx + dvk) Inwg]Inpp +

[(0xz +0nr) Inay + (Oxk + dux) nag](Inpx —Inpp) +

OmrInz, +opxInag)(Inpy —Inpx) + (0pr + 0xr + Onr) Inpp t +
(0x7 + 0pr)(Inpx —Inpp) t + dpr(Inpyr —Inpx) t +

1 1
Zﬂjlnxj + §ZZ¢jklnlenxk+Z¢jTlnxj t—i—ﬁTt—i- §¢TTt2
J J

= ap+aplpp+aylnh+aglng+

1 1 1
ECDD(hlpD)Q —+ §CHH(1I1 h)2 —+ §ng(ln 9)2 +

cpglnppInh +cpglnpplng + cygagInhlng +
ZdDjlnlenxj —i—Zdelnhlnxj —i—Zdelnglnxj +
dDTlIlpD t+dHTlnht+dGTlngt+

1 1
Zﬁj hl:Ej + 5 Zngﬂk hll'j Inx, + ZgbjT hl!Ej t+ Ort + §¢TTt2; (49)
where ap = ap + ax +ay = 1,ag = ax + oy, aq = oy, cpp = Ypp + Yxx +

Yvm +29px + 2vpm +2vxm = 0, ¢ = Yxx +Yvm + 2Yx 0, Caa = YmM, CDH =
Yxx + Yvmm + Ypx + Yom + 2vxm = 0,¢pe = Yum + Yom + Yxm = 0, ¢cag =
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’Y]WM"_’YXM; dDj = (SD]' +6Xj +6Mj = O, de = (SXj—F(SMj, de = (SMj,j € {L, K, T}
This shows that () is a translog function in pp, h, g, 1, vk and t. Moreover, as
expected, it is linearly homogeneous in pp.

The logarithmic derivatives of ¢ (-) with respect to its arguments are as follows:

dlnp()
dlnpp

Jlnp()
Olnh

Ony()
dlng

dn ()

Olnz;

Olnp()
ot

ap+cpplnpp +cpgpInh+cpelng+dprInzy +dpxInzy + dprt
1 (50)
ag +cpglnpp +cggInh +cgglng+dyrInzy, +dyg Inxcg + dyrt
5B (51)
ag + cpcInpp + cggInh 4+ caaIng+dgrInxp +dog Inzg + dart

—Sm (52)
Bj +dpijlnpp +dgjInh +dgijlng+ ¢jrInzr + ¢jxInwx + ¢jrt

s Je{L K} (53)
Br+dprlnpp +dgrinh +derIng+ ¢rrlnxy + pgrIneg + orrt
ST (54)

Next, it is useful to consider the change in the value of the GDP function
between consecutive periods:

InIl;; 4

= Iney(z;) —Ine(z )
Olnip(z) | Olni(zi)
i dlnpp Olnpp
Ol (a) Omy(e )
| Olnh Jdlnh
Ol (z) Omy(e )
| Jdlnyg Olng
() | Ol )
| dlnxg Olnxzp |
[ 0ln+)(z:) +aln¢(zt,1)—
| Olnzg Olnrg |
[01n¢)(z) +aln@/z(zt_1)_
ot ot

(hlpD,t - 1I1PD,t—1) +

(Inhy —Inh_q) +

(Ing: —Ing;1) +

(Inzp; —Inwpiq) +

(nzxg;—Inzgs 1)+

NI = N= NI NI= N N
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1
= (Inpps—Inpps 1) + §(SB,t +spi1)(Inh, —Inh,q) +

1
5(—3M,t — sae-1)(Ings —Ingy_q) +
1
§(SL,t +sp1)(Inap, —Inzr, )+
1

5(31(,15 +ski—1)(Inwry —Inwk1) +

1
5(87’,75 +s74-1), (55)

where z; = [ppy, he, G, Ty, Ty, 1], and where we have made use of the Quadratic
Approximation Lemma — see Diewert (1976) — and of (50)—(54).

Next, we can provide the details of the derivation of (37). Starting with
expression (28) we get:

1
InGion = E[hl Y(Ppi—1,hi1, 9t, Tr -1, Trcp—1,t — 1) + Inep(z,) —

In w(zt—l) —1In ¢(pD,t; hi, gi-1, Trt, UKt t)]
1 10Iny(z)  Olny(ze )

- - | —Ing,_
2| Olng * Jlng (In.g: —Inge-)
1

= 5(_5M,t - S]w,tfl)(ln gt — In gH), (56)

where we have applied the translog quadratic identity — see Caves, Christensen,
and Diewert (1982) — as well as (52). This demonstrates the validity of (37). The
proofs for expressions (36) and (38)—(39) proceeds along exactly the same lines,
but they are omitted here for lack of space. For technological change, finally, we
get:

1
In Rt,tfl = §[lnw(pp,t71, hi—1, gi—1, TLt—1, xK,tflyt) +1n w(zt) -

Inv(ze1) —Iny(ppy, he, 9t, g, Trep, t — 1))
1 0 In(z) + O1nt(z-1)
2 ot ot

= E(ST,t + ST,t—l)

In Ht,tfl —In PD,t,tfl —In Ht,tfl —In Gt,tfl —In XL,t,tfl —In XK,t,tfl
In Ht,t—l —1In Pt,t—l —In X1, (57)

where we have made use of (54)—(55) and (34)—(39). Note that the second-last
line of (57) also provides the proof of (40).

28



References

Caves, D.W., Christensen, L.R., Diewert, W.E., 1982. The Economic Theory
of Index Numbers and the Measurement of Input, Output, and Productivity.
Econometrica 50, 1393-1414.

Christensen, L.R., Jorgenson, D.W., Lau, L.J., 1973. Transcendental Logarithmic
Production Frontiers. Review of Economics and Statistics 55, 28-45.

Denison, E.F., 1981. International Transactions in Measures of the Nation’s Pro-
duction. Survey of Current Business 61, 17-28.

Dewald, W.G., 1995. What is the Real Value of Exports? International Economic
Trends, November, 1.

Dewald, W.G., 2002. Money, Prices, and Interest Rates in Industrial Countries,
1880-1995: Lessons for Today. Ohio State University. Unpublished.

Diewert, W.E., 1974. Applications of Duality Theory, in Intriligator, M.D.,
Kendrick, D.A. (Eds.), Frontiers of Quantitative Economics, Vol. 2. North-
Holland, Amsterdam, pp. 106-171.

Diewert, W.E., 1976. Exact and Superlative Index Numbers. Journal of Econo-
metrics 4, 115-145.

Diewert, W.E., 2002. Harmonized Indexes of Consumer Prices: Their Conceptual
Foundations. Swiss Journal of Economics and Statistics 138, 547-637.

Diewert, W.E., Morrison, C.J., 1986. Adjusting Output and Productivity Indexes
for Changes in the Terms of Trade. Economic Journal 96, 659-679.

Kohli, U.; 1978. A Gross National Product Function and the Derived Demand
for Imports and Supply of Exports. Canadian Journal of Economics 11, 167-182.

Kohli, U.; 1983. Technology and the Demand for Imports. Southern Economic
Journal 50, 137-150.

Kohli, U., 1990. Growth Accounting in the Open Economy: Parametric and
Nonparametric Estimates. Journal of Economic and Social Measurement 16, 125—
136.

Kohli, U.; 1991. Technology, Duality, and Foreign Trade: The GNP Function
Approach to Modeling Imports and Exports. University of Michigan Press, Ann
Arbor, MIL.

Kohli, U., 1999. An Implicit Térnqvist Index of Real GDP. University of Geneva.
Unpublished.

Organisation for Economic Co-operation and Development. National Accounts:
Main Aggregates. OECD, Paris, various issues.

29



Prescott, E.C., 2002. Prosperity and Depression. American Economic Review,
Papers and Proceedings 92, 1-15.

Sanyal, K.K., Jones, R.W., 1982. The Theory of Trade in Middle Products.
American Economic Review 72, 16-31.

Taylor, J.B., 1993. Discretion versus Policy in Practice. Carnegie-Rochester Con-
ference Series on Public Policy 39, 195-214.

United Nations, Statistics Division, 2002. System of National Accounts 1993.
http://unstats.un.org/unsd/snal993.

United States Department of Commerce, Bureau of Economic Analysis, 2002. Na-
tional Income and Product Accounts. http://www.bea.doc.gov/bea/dn/nipaweb.

Woodland, A.D., 1982. International Trade and Resource Allocation. North-
Holland, Amsterdam.

30



Y2, 42

Ay

Ay
Wi

Mo

Qi

Qo

O Y, 1

Figure 1: Endproducts Model — A technological improvement increases real GDP
and real income (from OA to OA;)
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Figure 2: Endproducts Model — An improvement in the terms of trade increases
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Table 1: Cumulated Growth, International Comparisons, 1980-1996

United States
Canada
Mexico
Japan

South Korea
Australia
New Zealand
Austria
Belgium
Denmark
Finland
France
Germany
Greece
Iceland
Ireland

Italy
Luxembourg
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
Turkey
United Kingdom

Laspeyres

60.1%
45.4%
35.7%
65.2%
265.5%
61.0%
40.6%
40.8%
29.7%
38.4%
36.6%
32.5%
39.8%
30.2%
42.5%
106.1%
32.8%
107.7%
42.2%
59.5%
47.3%
46.5%
26.5%
22.0%
108.3%
41.6%

Command-

Real GDP Basis GDP

2

1

61.0%
46.9%
25.5%
68.7%
63.8%
61.8%
47.3%
39.9%
34.1%
38.5%
40.9%
36.6%
46.6%
32.5%
39.2%
99.2%
37.1%
98.3%
42.7%
42.7%
52.4%
49.9%
26.5%
35.0%
05.6%
41.8%

Implicit
Tornqgvist
Real GDP

59.4%
45.0%
35.5%
68.2%
272.2%
61.1%
41.5%
40.9%
29.4%
39.0%
37.0%
32.0%
40.5%
27.5%
41.6%
111.1%
31.9%
107.6%
43.0%
59.2%
48.7%
45.7%
26.4%
22.1%
117.4%
40.9%

Implicit
Tornqvist
Real Income

61.5%
46.0%
25.6%
68.9%
277.8%
62.0%
49.4%
39.8%
32.8%
38.1%
42.4%
36.2%
43.9%
36.8%
39.0%
105.0%
37.9%
96.5%
41.6%
39.7%
60.0%
50.8%
26.6%
34.5%
111.3%
41.3%
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Table 2: Tornqvist Trading Gains, International Comparisons, 1980-1996

Cumulated Minimum Maximum
Trading Yearly Yearly

Gain Value Value
United States 1.30% -0.31% 0.43%
Canada 0.69% -0.81% 0.86%
Mexico -7.29% -4.00% 1.68%
Japan 0.46%  -0.62% 1.75%
South Korea 1.49% -2.52% 2.03%
Australia 0.59% -1.69% 2.28%
New Zealand 5.61% -1.27% 2.21%
Austria -0.84% -1.45% 0.54%
Belgium 2.61% -2.38% 2.68%
Denmark -0.64% -1.51% 1.45%
Finland 3.97% -0.83% 1.61%
France 3.20% -0.60% 2.19%
Germany 2.42% -1.50% 2.86%
Greece 7.32% -1.08% 2.20%
Iceland -1.81% -1.63% 1.95%
Ireland -2.86% -3.18% 2.08%
Italy 4.54% -0.84% 2.64%
Luxembourg -5.36% -2.88% 3.21%
Netherlands -1.02% -1.18% 1.08%
Norway -12.26% -7.54% 1.88%
Portugal 7.66% -2.03% 4.33%
Spain 3.50%  -1.81% 2.50%
Sweden 0.14% -1.09% 1.74%
Switzerland 10.14% -0.89% 3.77%
Turkey -2.80% -1.45% 1.68%
United Kingdom 0.29% -1.11% 0.45%

35



