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Abstract 

 

From its inception, the Penn World Tables (PWT), building on the International 

Comparisons Program (ICP) of the United Nations, has sought to compare the standard of living 

of individuals in different countries. That is, the term “real GDP per capita” as reported in the 

PWT is intended to represent the ability to purchase goods and services by a representative agent 

in the economy. The same is true of benchmark comparisons as published by the United Nations, 

Eurostat or OECD. But this expenditure side interpretation of real GDP is quite different from 

the uses to which benchmark ICP and PWT data are frequently applied, such as in growth 

regressions where “real GDP” is intended to reflect the production side of the economy. 

 

In this paper we propose a new approach to international comparisons of real GDP 

measured from the output side. We modify the traditional Gary-Khamis system, which measures 

real GDP from the expenditure side using real domestic expenditure, to include differences in the 

terms of trade between countries. The analysis shows that this system has a strictly positive 

solution under mild assumptions. On the basis of a set of domestic final output, import, and 

export prices and values for 151 countries in 1996, differences between real GDP measured from 

the expenditure and output side can be substantial, especially for small open economies. 

 



1. Introduction 

From its inception, the Penn World Tables (PWT), building on the International 

Comparisons Program (ICP) of the United Nations, has sought to compare the standard of living 

of individuals in different countries. That is, the term “real GDP per capita” as reported in the 

PWT is intended to represent the ability to purchase goods and services by a representative agent 

in the economy. The same is true of benchmark comparisons as published by the United Nations, 

Eurostat or OECD. But this expenditure-side interpretation of real GDP is quite different from 

the uses to which benchmark ICP and PWT data are frequently applied, such as in the “millions” 

of growth regressions (Sala-i-Martin, 1997) where “real GDP” is intended to reflect the 

production side of the economy.1  

The goal of this paper is to carefully distinguish the production or output-side measure of 

real GDP, denoted real GDPo, from the expenditure-side measure, denoted real GDPe. Real 

GDPo reflects the production possibilities of an economy, whereas real GDPe measures real 

expenditures which includes an adjustment for the trade balance. The reason these concepts were 

not distinguished in the ICP and PWT is that these projects treat the net foreign balance in an 

unsatisfactory way. While there may have been some data justifications for that treatment in 

benchmark studies of the 1970s, this is no longer the case. The treatment of exports and imports 

proposed in this paper will not only remove the ambiguity presently surrounding real GDPe and 

real GDPo in the ICP and PWT, but provides a rich new international measure, namely the 

difference between them. Essentially, these two concepts differ by the terms of trade in the 

economy, i.e. the prices at which goods are exported and imported.  

In section 2, the distinction between real GDP on the output-side and expenditure-side is 

set out conceptually, followed by a discussion of how they can be separately measured in time 

series data. In order to incorporate these concepts into the PWT, however, we need to have a 

cross-country measure of their difference. To achieve this, we propose a measure of the  

purchasing power parity for outputs (PPPo) rather than expenditures (PPPe). Currently the 

cornerstone of the ICP and PWT is the PPP for final expenditures (PPPe), used to deflate 

nominal national income to obtain real GDPe. If instead we want to deflate nominal GDP to 

                                                 
1  There are many other applications where expenditure-side real GDP is used when output-side real GDP is really 
needed. Recent examples are Bernard and Jones (1996), Jones and Hall (1999) and Acemoglu and Ventura (2002).  
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obtain real GDPo, then we need to use PPPo, which incorporates prices for exports and imports 

including both final goods and intermediate inputs.  

In section 3 we show how PPPo can be computed using the Geary (1958)-Khamis 

(1970,1972) (GK) system, and further broken down into separate PPP’s for final expenditures, 

exports and imports. It should be emphasized that by working at the level of entire economies, 

rather than sectors, some of the difficulties with measuring output-based PPP’s are avoided. In 

particular, we find that while the international prices of intermediate inputs are used, the 

corresponding domestic prices of intermediates are not needed at all. In this sense, our use of 

trade data provides a short cut to obtain output-based deflators for the entire economy.2 

In section 4, we provide an empirical application of our techniques. The data used for this 

illustration are from the 1996 ICP-PWT benchmark comparison, using 4-digit SITC export and 

import unit-values for 151 countries. With the normalization that world real GDPe equals world 

real GDPo,  we find that one-third of the countries have real GDPe exceeding real GDPo, which 

means that they are less productive than indicated by the PWT and instead benefit from high 

terms of trade. Included in this group are Australia, New Zealand, Japan, North America and 

most countries in Europe, but also a set of developing countries that happen to benefit from high 

unit-values on selected export products. The remaining two-thirds of countries have real GDPe 

below real GDPo, which means that they are more productive than indicated by the PWT but 

have low terms of trade. That group has lower GDP per capita on average than the former group, 

but still includes some wealthy countries such as Australia, Hong Kong and Norway. 

When we split our sample between oil and non-oil exporters, we find that the relationship 

between GDP and the terms of trade differs for the two sets of countries. Generally, there is a 

positive relationship for non-oil exporters: countries with higher per-capita GDP also have higher 

terms of trade. This terms-of-trade effect is driven mainly by an increase in export price levels, 

as import price levels are relatively stable. In contrast, we find no significant relationship 

between GDP per capita and the terms of trade for our set of 25 oil exporters. This appears to be  

                                                 
2  The International Comparisons of Output and Productivity (ICOP) project at the University of Groningen 
constructs real GDP by sector from the output side using the industry-of-origin approach. This requires comparison 
of sectoral output prices across countries (see van Ark and Timmer, 2001, for example). Sectoral real output can be 
aggregated to obtain real output GDP , but his has only been done for a limited number of countries so far. The 
short-cut proposed here, which uses international rather than domestic prices of intermediates, is much easier to 
implement for a larger set of countries. 
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due to the fact that export prices in these countries are driven by movements in the global oil 

market that are common to all. Conclusions and directions for further research are discussed in 

section 5. The most important task for future work is to correct trade unit-values for quality, after 

which the calculation of real GDPe and real GDPo can be done over multiple years and 

incorporated into the PWT. 

 

2. Concepts of Real GDP 

The distinction between real GDP on the output and expenditure-side can be illustrated 

by a simple diagram in a two-good economy, shown in Figure 1. We suppose that the production 

possibilities frontier shifts out due to technological change. At unchanged prices, production 

would increase from point A to point B. Suppose, however, that the relative price of good 1 falls 

due to its increased supply, so that the new prices are shown by the slope of the line P3P3.  

Production now occurs at B' rather than B. We have drawn the case where the budget lines P1P1 

and P3P3 are both tangent to an indifference curve U, at points C and D, indicating that the utility 

of the representative consumer is unchanged. 

In the case we have illustrated, the production points A and B' lie on the same ray from 

the origin so that the relative outputs of the two goods are unchanged. This means that any index 

of real output would be identical, and would simply equal 0B'/0A > 1, which is the proportional 

increase in both outputs. This is the increase in real GDPo as measured on the output-side. 

 Now suppose we pose a different question, and ask what has happened to the welfare of 

the representative consumer, with indifference curve shown by U in Figure 1. An exact measure 

of consumer welfare, or real GDPe measured on the expenditure-side, would be unchanged since 

the consumer has the same utility at the two prices. This occurs because there has been a fall in 

the price of the exportable good 1. The change in real GDPe could be measured by the change in 

nominal expenditure deflated by an exact consumer price index, constructed with the same prices 

as real GDPo but using consumption quantities rather than production quantities in the index. 

The difference between these is exports and imports, of course, but for production quantities we 

also need to include the imports and exports of all intermediate inputs, as well as their prices. 

These data are not currently used by the ICP, which restricts its attention to final goods. 
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This distinction between real GDP on the expenditure and output-side is recognized by 

the United Nations 1993 System of National Accounts (SNA). The former is called real Gross  

Domestic Income (GDI), while the latter is real GDP. One definition3 of real GDI is:  
 

  Real GDI = (Nominal GDP)/(Domestic absorption price index),  (1) 

as compared to, 

  Real GDP = (Nominal GDP)/(GDP price index).    (2) 

 

Nominal GDP, of course, is domestic absorption (C+I+G) adjusted for the trade balance (X–M). 

The “domestic absorption price index” in (1) is constructed over the components of (C+I+G). By 

excluding export and import prices from this price index, changes in the terms of trade (which 

affect nominal GDP) are then reflected in real GDI, as demonstrated by Diewert and Morrison 

(1986). An improvement in the terms of trade, for example, would cause real GDI to grow faster 

than real GDP. Kohli (2004) has shown that this pattern holds for Switzerland, due to its terms of 

trade improvement. We shall avoid the term “real GDI,” because it is suggestive of the income-

approach to measuring GDP (through adding up the earnings of factors) which we do not use. 

Instead, we use real GDPe to reflect the expenditure-side concept like (1). This is essentially the 

same as “real expenditure”, except that by using nominal GDP rather than nominal expenditures 

in the numerator of (1) we are adjusting for the net foreign balance. 

 Now we come to the key question motivating this paper: which concept does the PWT 

use as “real GDP” – the output-side measure real GDPo, or the expenditure-side measure real 

GDPe?  It turns out that the answer is unclear: the ICP constructs real GDPe in benchmark years, 

but then to interpolate between these years, the PWT must reconcile these changes in real GDPe 

with the national accounts data reports on countries real GDP growth. Since national accounts 

real GDP growth is closer to real GDPo, which is being compared to benchmark estimates of real 

GDPe, the distinction between these becomes lost in the reconciliation.4 In other words, the  

                                                 
3  See http://unstats.un.org/unsd/sna1993/introduction.asp , paragraph 16.154.  The other definitions of real GDI 
depend on the deflator used for (X-M).  Other than the domestic absorption price index, we might use the import 
price index, export price index, or an average of these, as recommended by Geary; see Neary (1997). 
4  The process of reconciling the initial PWT estimates (in benchmark years) and the national accounts data for each 
country is described in Summers and Heston (1991, pp. 339-341).  
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differences between real GDPe (using ICP data) and real GDPo (using national accounts data) is 

eliminated, and the year-to-year growth of real GDP from the national accounts is used to impute 

real GDP in the PWT for all years in-between the benchmark years.  The fact that the distinction 

between real GDPe and GDPo is not clearly made is a limitation of previous versions of the PWT 

that future revisions intend to improve upon. 5  

 

3. Measurement of Real GDP 

 Suppose there are i =1,…,M final goods, such as the categories of goods currently 

collected by the ICP, of which the first M0 are non-traded. These final goods may also be used as 

intermediate inputs, and there are another i =M+1,…,M+N goods that are exclusively 

intermediate inputs; for convenience we treat these all as traded internationally. To treat 

domestic demand, trade and production in a consistent framework, an input-output analysis must 

be used. In this framework the fundamental equality is between total demand and total supply of 

each good. For each country j = 1,…,C, denote final demand by qij, intermediate demand by zij, 

output by yij, exports by xij and imports by mij, for i = 1,…,M+N. We assume that all of these 

quantities are nonnegative, but many can be zero: in particular, the intermediate inputs i = 

M+1,…,M+N have qij = 0, and the non-traded goods = 1,…,M0 have xij = mij = 0. Total demand 

in country j is given by qij + xij + zij, and total supply by yij + mij. Hence the equality between 

demand and supply is: 

qij + xij + zij  = yij + mij , i = 1,…,M+N.   (3) 

Re-arranging terms, we obtain: 

     ijijijijij zymxq −=−+ , i = 1,…,M+N.   (4) 

where we refer to yij – zij as “net output” of each good, i.e. gross output minus intermediate 

demand. 

 Multiplying by prices and summing over goods i = 1,…,M+N, nominal GDP can be 

measured either from the expenditure side (left-hand side of (4)) or from the production side 

                                                 
5  For example the title of the Phase III report of the ICP was World Product and Income (Kravis, Heston and 
Summers, 1982). This clearly implied a treatment of GDP converted at PPPs of countries as interchangeable with 
what is termed output and expenditure in this paper. Further the provision of output per worker figures in PWT, 
though provided because users were taking per capita real GDP as a labor productivity measure, clearly implies that 
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(right-hand side), where the units are the national currency. We presume that for a particular 

product, the prices of exports and imports can differ from domestic output and consumption. 

Such price differences always occur in practice, which is why we incorporate them here, without 

considering why the price differences arise. We distinguish the prices pij > 0 for domestic output 

and consumption, used to multiply qij, i = 1,…,M+N, from those for exports and imports, 0px
ij >  

and 0pm
ij >  respectively.6 Consistent with the System of National Accounts (SNA), the export 

prices are measured net of tariffs and freight, including any subsidy to the buyer but not to the 

seller, i.e. as the f.o.b. (free on board) price in the exporting country.7 Likewise, the import prices 

are measured net of tariffs.8  

  With these conventions for m
ijp  and x

ijp , let ∑ +
+== NM

1Mi ij
x
ijj 0
xpX  and ∑ +

+== NM
1Mi ij

m
ijj 0

mpM   

denote the value of exports and imports at tariff-free prices, so that nominal GDP measured on  

the expenditure side is: 

   Nominal e
jGDP  ≡ ∑

=

M

1i
ijijqp + (Xj – Mj) .    (5) 

Using (4), we can re-write (5) as: 

 

 ∑
=

M

1i
ijijqp + (Xj – Mj) = )]mx()zy[(p ijij

NM

1i
ijijij −−−∑

+

=
 + )mpxp( ij

m
ij

NM

1Mi
ij

x
ij

0

−∑
+

+=
 

        = ∑
+

=
−

NM

1i
ijijij )zy(p  + ]x)pp(m)pp[(

NM

1Mi
ij

x
ijijij

m
ijij

0

∑
+

+=
−−−  , (6) 

where the first line is obtained by using qij = (yij – zij) – (xij – mij) for the final goods i=1,…,M,  

whereas the intermediates have qij = 0, so that [(yij – zij) – (xij – mij)] = 0 for i=M+1,…,M+N.  

Then the second line follows because xij = mij = 0 for the non-traded goods i=1,…,M0. We can 

interpret )pp( m
ijij −  as import tariffs (subsidies if negative), and )pp( x

ijij −  as exports subsidies 

(taxes if negative). So the final summation on the second line is interpreted as import revenue 

                                                                                                                                                             
the real GDP number is an output measure.  
6  In principle we should also distinguish producer from consumer prices, which can differ due to taxes and retail 
margins, but do not incorporate that distinction here. 
7  See http://unstats.un.org/unsd/sna1993/introduction.asp, paragraphs 6.235, 6.237 and 15.35. 
8  The SNA recommends that transport costs also be removed from import prices, but that is not possible using the 
unit-values from UN data, where imports are measured c.i.f. (cost, insurance, freight). 
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less export subsidies. Adding this to the value of net output ∑ +
= −NM
1i ijijij )zy(p  as in (6) gives us 

nominal GDP measured on the production or output side:  

  Nominal o
jGDP  = ∑

+

=
−

NM

1i
ijijij )zy(p  + ]x)pp(m)pp[(

NM

1Mi
ij

x
ijijij

m
ijij

0

∑
+

+=
−−− , (7) 

 

which clearly equals nominal GDP measured on the expenditure side, from (6). 

 

The real counterpart to GDP measured on the expenditure-side in the PWT is obtained by 

using data for many countries, and computing average “reference price” for goods according to 

the Geary-Khamis (GK) system. The reference prices e
iπ  for final goods and the purchasing  

power parities e
jPPP  for each country are obtained from the simultaneous equations:  

  ∑∑
==

=π
C

1j
ij

C

1j
ij

e
jij

e
i qq)PPP/p(  ,  i =1,…,M,   (8) 

and, 

   ij

M

1i

e
iij

M

1i
ij

e
j q/qpPPP ∑∑

==
π=   ,  j =1,…,C.   (9) 

 

In (8), the nominal prices pij of final goods are deflated by the PPP’s, and then averaged across 

countries. The PPP’s are obtained from (9), as the ratio of nominal to real final expenditure, 

where real expenditure is evaluated using the reference prices. The fact that 0qij ≥  in (8)-(9), 

along with ∑ = >N
1j ij 0q , ensures a positive solution for e

iπ  and e
jPPP  (Prasada Rao, 1971, 

Diewert, 1999). Then a normalization can be used to obtain a unique solution. 

Subtracting from real expenditure the trade balance deflated by the PPP exchange rate, 

we obtain what is called real GDP in the PWT, and what we shall call real e
jGDP : 

Real e
jGDP  ≡ ∑

=
π

M

1i
ij

e
i q + (Xj – Mj)/ e

jPPP .   (10) 
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Notice that the trade balance  (Xj – Mj) is deflated by the PPP for domestic final goods, to 

evaluate real e
jGDP  on the expenditure side. In contrast to (10), suppose that we have reference 

prices for final goods, e
iπ , i=1,…,M as well as for the traded exports and imports, x

iπ  and m
iπ , 

for i=M0+1,…,M+N.  The consider the following definition of real o
jGDP  on the output side: 

   Real o
jGDP  = ∑

+

=
−π

NM

1i
ijij

o
i )zy(  + ]x)(m)[(

NM

1Mi
ij

x
i

o
iij

m
i

o
i

0

∑
+

+=
π−π−π−π    

   = ∑∑
+

+==
π−π+π

NM

1Mi
ij

m
iij

x
i

M

1i
ij

o
i

0

)mx(q  ,     (11) 

 

where the second line follows from (4) using (yij – zij) = qij for non-traded final goods i=1,…,M0, 

while the intermediate inputs have qij = 0 so that (yij – zij) = (xij – mij), i=M+1,…,M+N.   

 The first line of (11) is similar to nominal GDP measured on the production side in (6), 

but using reference prices in (11) rather than nominal prices.  In principle, the first line of (11) 

relies on domestic reference prices for intermediate inputs (that is, o
iπ  for i=M0+1,…,M+N).  But 

the second line of (11), where we re-write real o
jGDP  using the trade balance evaluated with 

reference prices, shows that the domestic reference prices for intermediate inputs are not need 

after all! Essentially, the use of the international reference prices x
iπ  and m

iπ  gives us a short-cut 

method for evaluating real o
jGDP  on the output side.  

 To evaluate the reference prices used in (11), consider the augmented-GK system: 

  ∑∑
==

=π
C

1j
ij

C

1j
ij

o
jij

o
i qq)PPP/p( ,   i =1,…,M,    (12) 

  ∑∑
==

=π
C

1j
ij

C

1j
ij

o
j

x
ij

x
i xx)PPP/p(  ,   i =M0+1,…,M+N,   (13) 

  ∑∑
==

=π
C

1j
ij

C

1j
ij

o
j

m
ij

m
i mm)PPP/p(  ,   i =M0+1,…,M+N,   (14) 

and, 

  
∑ ∑=

+
+= π−π+π

= M
1i ij

m
i

NM
1Mi ij

x
iij

o
i

o
jo

j
)mx(q

GDP Nominal
PPP

0

,  j =1,…,C.    (15) 
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 In  (12) we construct domestic reference prices for the final goods, and in  (13) and  (14) we 

construct reference prices for exports and imports. These are used to construct purchasing-power-

parity o
jPPP  in (15), which is the ratio of nominal GDP and real o

jGDP . In order for these 

definitions to make sense, we assume: 

Assumption 1 

Quantities are non-negative, 0m,x,q ijijij ≥ , with ∑∑∑ +
+=

+
+== >>> NM

1Mi ij
NM

1Mi ij
M

1i ij 00
.0m,0x,0q  

 

Summing up, we have shown that the augmented-GK system  (12)- (15) can be used to 

obtain a cross-country measure of the GDP price deflator on the output-side, which is o
jPPP . We 

have therefore achieved our goal of demonstrating that final goods data, in conjunction with 

export or import data, can be used to construct real o
jGDP  on the output side. However, it 

remains to be shown that this system has a solution. This task is complicated by the fact that real 
o
jGDP , appearing in (11) and the denominator of  (15), is not guaranteed to be positive for all 

possible reference prices. This can be ruled out by some additional assumptions, as follows. 

First, define the budget shares for each final, export and import goods as: 

jij
v
ij

v
ij GDPNominal/vp≡θ  ≥  0, v = q, x, m,    (16) 

 

where i=1,…,M for v = q; i= M0+1,…,M+N for v = x, m; and j=1,…,C. Notice that these budget 

shares are measured relative to nominal GDP. In addition, define the market shares for  

each good as: 

∑
=

≡μ
C

1k
ikij

v
ij v/v ≥  0,  v = q, x, m,    (17) 

 

where i=1,…,M for v = q; and i=M0+1,…,M+N for v = x, m. The market shares are measured 

relative to the world quantity of final demand, exports or imports for each good. Denote the 

column vectors of budget and market shares by v
jθ  and v

jμ  for v = q, x, m and country j. Then 

our second assumption is: 
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Assumption 2 

For all countries j, k = 1,…,C, we have: .0'''w m
k

m
j

x
k

x
j

q
k

q
jjk >μθ−μθ+μθ≡  

Clearly, this assumption limits the size of the import shares m
ijθ  and m

ijμ . It is appropriate  

to think of wjk as “weights” because it is readily shown that ∑ = =C
1k jk 1w . While is it easy to 

construct examples where Assumption 2 is violated for some countries j and k, it is also true that 

for many values of the import budget and market shares, Assumption 2 will hold. Then we have: 

 

Theorem 

Under Assumptions 1 and 2, the system  (12)- (15) has a strictly positive solution for 
m
i

x
i

o
i ,, πππ , real o

jGDP  and o
jPPP . 

 

It is worth emphasizing that Assumption 2 is a sufficient condition to obtain this result, 

but is not necessary. In particular, we show in the Appendix that the vector of real o
jGDP  across 

countries is a row eigenvector of the matrix W = [wij], corresponding to an eigenvalue of unity. 

Under Assumption 2, this is the Frobenius root of W and its corresponding eigenvector is strictly 

positive, so that real o
jGDP  is strictly positive along with o

jPPP  and all the references prices, as 

stated in the Theorem. However, it is quite possible to obtain a strictly positive eigenvector and 

therefore a positive solution for real o
jGDP  even without having all the elements of W positive.9 

 By rewriting real o
jGDP , it is possible to give a clear interpretation about the difference 

between it and real e
jGDP .  Notice that real o

jGDP  in  (11) can be decomposed as: 

     Real o
jGDP  =  jNM

1Mi ij
m
ij

NM
1Mi ij

m
i

jNM
1Mi ij

x
ij

NM
1Mi ij

x
iM

1i
ijijM

1i ijij

M
1i ij

o
i M

mp

m
X

xp

x
qp

qp

q

0

0

0

0

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛ π
+

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛ π
+⎟

⎟

⎠

⎞

⎜
⎜

⎝

⎛ π

∑
∑

∑
∑

∑
∑
∑

+
+=

+
+=

+
+=

+
+=

==

= .  (18) 

 

W can define the three ratios appearing in  (18) as the inverse of the PPP’s for final expenditure, 

exports and imports: 

                                                 
9  Assumption 2 did not hold over our entire sample of 152 countries, because initially we obtained some negative 
prices. As a result we dropped Nigeria, resulting in positive prices for all other 151 countries. 
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 q
jPPP  

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

π
≡
∑
∑

=

=
M

1i ij
o
i

M
1i ijij

q

qp
, x

jPPP  
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

π
≡
∑
∑

+
+=

+
+=

NM
1Mi ij

x
i

NM
1Mi ij

x
ij

0

0

x

xp
, m

jPPP  
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

π
≡
∑
∑

+=

+=
M

1Mi ij
m
i

M
1Mi ij

m
ij

0

0

m

mp
.  (19) 

 

Comparing (10) and  (18), it is immediate that the difference between real e
jGDP  and real 

o
jGDP  is due to the deflation of final expenditure, exports and imports: 
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We will find in practice that e
jPPP  and q

jPPP  are very similar, since they are both computed 

from final expenditures, but with different reference prices. If these two deflators for final 

expenditure are equal, then either x
jPPP  > e

jPPP  or m
jPPP  < e

jPPP  is needed to have real e
jGDP  

exceed real o
jGDP , and both inequalities holding is sufficient for this. To interpret these 

conditions, it is useful to first convert export and import prices to U.S. dollars using the nominal 

exchange rate. Then having export prices above their reference level and import prices below 

their reference level will contribute towards real e
jGDP  exceeding real o

jGDP . For example, 

proximity to markets that allow for higher export prices would work in this direction, but being 

distant from markets leading to high import prices would work in the opposite direction, raising 
m
jPPP  and tending to make real e

jGDP  less than real o
jGDP .  

 We conclude this section with two warnings. First, the difference between our cross- 

country measure of real e
jGDP  and real o

jGDP  does not measure the gains from trade as 

compared to autarky. Instead, the difference between real e
jGDP  and real o

jGDP  is a measure of 

the gains from trade from having export or import prices that differ from their reference prices 
x
iπ  and m

iπ . Since x
iπ  and m

iπ  are themselves averages of countries’ actual export and import 

prices, it is impossible for all countries to be gaining (or losing) relative to these averages. What 

we can expect to find is that some countries – with high export prices or low import prices – will 
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gain in the sense that real e
jGDP  exceeds real o

jGDP , whereas other countries – with low export 

prices or high import prices – will have real e
jGDP  less than real o

jGDP . 

 Second, in order for export prices to influence the measurement of real o
jGDP , countries 

need to produce some goods in common. To see this, consider the opposite case where all 

countries are fully specialized in their own goods. Then the summations used in (13) to obtain 

reference prices for the export goods would actually be over a single country, i.e. the unique 

country exporting that good. For convenience, suppose that each country exports just one good, 

and re-order goods so that xij = 0 for i≠j and  xjj > 0, so (13) becomes o
j

x
jj

x
j PPP/p=π . It follows 

from (19) that x
jPPP  = o

jPPP , so with complete specialization, the PPP for exports is identical to 

the overall output PPP.  This means that export prices will not contribute to any differences 

between real e
jGDP  and real o

jGDP ; only import prices matter. Countries with high import  

prices will still have real e
jGDP  less than real o

jGDP , due to their poor terms of trade.10 

 

4. Application to UN Trade Data and Penn World Tables  

In this section we apply our formulas to a dataset for expenditure and trade in 1996 for a 

set of 151 countries. The source for the trade data in the NBER-UN dataset described in Feenstra 

et al (2005), and we use only data for those countries that also appear in the PWT.11 This 

database contains specific product data classified at the 4-digit SITC level, from which we obtain 

unit-values for exports and imports. The number of unit-values on the export side ranges from 10 

for Chad to 1,020 in the United States, and on the import side from 29 in Israel to 776 in Egypt.  

It is well-known that trade unit-values are measured with error, and so we applied a 

regression-based procedure to omit outliers. The procedure was to predict import and export unit 

values based on tariff rates, distance to trading partners and exporter wages.12 Unit values which 

were greater than five or less than one-fifth times the predicted unit value were identified and 

                                                 
10 However, in a two-good, two-country Ricardian model, a unique country imports each good. Say country j export 
good j and import good i≠j. Then (14) becomes o

j
m
ij

m
j PPP/p=π , for i =1,2, so that m

jPPP = o
jPPP from (19). Since 

x
jPPP = o

jPPP also, it follows by comparing (8)-(10) with (12)-(15) that e
jPPP = o

jPPP  and so real e
jGDP  = real o

jGDP . 
Thus,  the two concepts of real GDP do not differ in this case. We thank a referee for alerting us to explore it. 
11 The only country excluded is Nigeria, because it resulted in some negative reference prices. 
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omitted. By this method, 11% of the 50,115 observations for export unit values were excluded 

and 8% of the import unit values. The resulting cleaned data set had on average about 294 export 

and 432 import price observations per country.13  

 For measuring the expenditure price level, we used the PPP’s for three categories of final 

goods (private consumption, government consumption and investment) provided by the latest 

version of the PWT, so M = 3.14  Denoting these aggregate prices from PWT by PPPij, we 

compute the “expenditure price levels” for each country, defined as: 

   ij

3

1i

e
iij

3

1i
jijj

e
j

e
j q/q)E/PPP(E/PPPPL ∑∑

==
π=≡  ,     (21) 

where Ej denotes the local currency price of US$ in each country j. Unlike the PPP’s, the price 

levels are unit free, and indicate how the US$ prices in each country compare to the reference 

prices, also in dollars. In column (1) of Tables 1 and 2, we report the expenditure price levels. 

We next combine the three categories of final goods with i = 4,…,N+3 categories of 

export and import unit-values, and compute the extended-GK system in (12)-(15).  In column (2) 

we report the relative output price level o
jPL , computed as j

o
j E/PPP . The normalization used in 

column (2) is identical to that in column (1), i.e. the value of real e
jGDP  or real o

jGDP summed 

over all 151 countries equals the summed nominal value of GDP in US$.  The difference 

between the output price levels o
jPPP  and expenditure price levels e

jPPP , and hence between 

real GDP measured either from the output or the expenditure side, varies highly across countries, 

as shown in column (9). In Table 1 we report the 51 countries with real e
jGDP > real o

jGDP , and 

in Table 2 the 100 countries with real e
jGDP < real o

jGDP ; the sample is also divided this way for 

the summary statistics reported in Table 3. 

                                                                                                                                                             
12  These regression results are available on request. 
13 We also experimented with a looser criteria, omitting only unit values greater than 10 or less than one-tenth. In 
this case, the percentages omitted unit values drops to 5.4% for exports and 3.2% for imports, but the overall results 
are similar to those reported here. 
14  An alternative to using just three categories of final goods (private consumption, government consumption and 
investment) is to use the benchmark ICP data for 1996, which gives 30 categories of final goods. However, that 
benchmark data is only available for about 50 countries (for which we also have trade data). By collapsing the 30 
final goods into three aggregates, and using those PPP’s from PWT, we instead obtain data on 151 countries. 
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Output price levels are decomposed into price levels for final goods, exports and imports: 

ij

3

1i

o
iij

3

1i
jijj

q
j

q
j q/q)E/PPP(E/PPPPL ∑∑

==
π=≡  ,     (22) 

ij
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ij

3N

4i

m
iij

3N

4i
j

m
ijj

m
j

m
j m/m)E/p(E/PPPPL ∑∑

+

=

+

=
π=≡  .     (24) 

These price levels are reported in columns (3), (5) and (6) in Table 1. The ratio of x
jPL / m

jPL  is  

reported as the terms of trade for each country in column (4): 

    m
j

x
jj PL/PLTOT ≡ ,   j = 1,…,C.     (25) 

 

A number of observations can be made. First, the output price levels for final goods in 

column (3) are very close to the expenditure price levels in column (1), which is encouraging. It 

indicates that the use of a different set of reference prices for final goods does not influence the 

estimation of a PPP for final goods: q
jPPP  is almost equal to e

jPPP . The choice for output prices 

for final goods q
iπ  or expenditure prices e

iπ , where the former is influenced by exports and 

imports via the simultaneous system (12)- (15), but the latter is not, is inconsequential. 

Second, export price levels differ greatly across countries (see column 5). The highest 

export price levels are found for Switzerland, Ireland, Sweden and Bermuda, while low levels 

are found for countries such as Bangladesh, Cambodia, Guinea Bissau, Lao and Nepal. Several 

factors play an important role in explaining differences in export prices. It is well known that 

under imperfect competition, exporters can and do charge different prices in various destination 

markets. Such market segmentation can arise in response to changes in nominal exchange rates, 

or trade policies of the importer. In addition, it is becoming recognized that countries differ 

systematically in their qualities and bundles of export goods (Lipsey, 1994; Schott, 2004). This  

would also create differences in the relative unit-value of their exports.  

To give one specific example, Bermuda has the highest terms of trade, which is explained 

by a high price level for exports as compared to imports. Ships and boats (SITC 7932) is by far 

the most important export product, with exports of $145 million in 1996, and a export unit-value 
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of $2,680 per metric ton.  This is higher than its reference price of $1,910 per ton. So Bermuda’s 

exports of ships and boats are priced higher than the world average, and this product is primarily 

responsible for Bermuda’s high price level for exports. To the extent that the boats exported from 

Bermuda are of higher quality than other countries (which seems quite plausible to us), then the 

high price level of exports and high terms of trade is being driven by quality rather than a pure 

price difference with other countries. As we discuss in the conclusions, correcting the unit-values 

for quality is the most important direction for further research. 

The third observation is that import price levels of countries, shown in column (6) of 

Table 1, are much closer together than export prices – the standard deviation of import price 

levels are less than two-thirds for exports, and less than half that for final goods, as shown in 

Table 3. This might be related to the fact that import baskets are much more similar across 

countries than export baskets. High import prices are found for countries like Japan, Korea, 

Switzerland and Scandinavian countries, whereas Benin, Gambia, Mexico, Niger and Sierra 

Leone are prominent examples of countries in which import price levels are low.  

Dividing the export and import price level, we obtain the terms of trade for each country. 

These are especially low for countries like Cambodia, Guinea Bissau, India, Lao, Mongolia and 

Nepal. In these countries terms-of trade were lower than 60, indicating that their export PPPs are 

much lower than their import PPPs. In contrast, countries like Bermuda, Democratic Republic of 

Congo, Equatorial Guinea, Ireland, Malta, Niger and Switzerland benefit from high terms of 

trade (140 or higher). Those countries with high terms of trade also tend to have real e
jGDP > real 

o
jGDP , but that is not guaranteed because the value of exports and imports also enter (20). 

 Overall, we find that one-third of the countries (51) have real e
jGDP  exceeding real 

o
jGDP , which means that they are less productive than indicated by the PWT and instead benefit 

from high terms of trade. Included in this group are Australia, New Zealand, Japan, North 

America and most countries in Europe, but also a set of developing countries that happen to 

benefit from high unit-values on selected export products. The most extreme case in this group is 

Bermuda, which has real e
jGDP  twice as high as real o

jGDP , which is explained by its high 

export unit-value for sailboats. The remaining two-thirds of countries (100) have real e
jGDP  
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below real o
jGDP , which means that they are more productive than indicated by the PWT and 

have low terms of trade. That group has lower GDP per capita on average than the former group, 

but still includes some wealthy countries such as Hong Kong, for which real e
jGDP  is two-thirds 

that of real o
jGDP , due to low export prices from Hong Kong.15 

          An alternative way to split our sample is by oil and non-oil exporters, since we expect the 

relationships for the two sets of countries may be different.16 In Figure 2 we plot the terms-of-

trade and GDP per capita levels for the set of 126 non-oil exporting countries, together with the 

regression line. Generally, there is a positive relationship: countries with higher per-capita GDP 

also have higher terms of trade. The slope coefficient on GDP per capita is significantly positive 

(at the 5% level). This terms-of-trade increase is driven mainly by an increase in export price 

levels, as import price levels are relatively stable (see Table 3). However, GDP per capita 

explains only 5% of the variation in the term of trade. In contrast, we find no significant 

relationship for our set of 25 oil exporters (see Figure 3). This appears to be due to the fact that 

export prices in these countries are driven by movements in the global oil market that are 

common to all.  

The pattern shown in Figure 2, whereby countries with higher per-capita GDP have 

higher terms of trade, carries over to the comparison of real GDPe and real GDPo. In Figure 4, a 

comparison of the two is given for the full set of countries, together with the 45 degree line. In 

column (9) of Table 1 the difference between the two is given as a percentage over real o
jGDP . 

The magnitude of this difference depends on the openness of a country and its terms-of-trade. 

For example, although India had a particularly low terms-of-trade in 1996, the difference 

between real e
jGDP  and real o

jGDP  is only 4%, due to its low share of exports and imports in 

GDP. Alternatively, big differences can be found for small open economies such as Bermuda, 

Ireland, Israel, Malta and Singapore in which real e
jGDP  was at least 30% than real o

jGDP  due 

to advantageous terms-of-trade. Countries such as the Bahamas, Hong Kong, Moldova, Macao, 

                                                 
15   An number of electronic products exported from Hong Kong have lower unit-values than those exports from 
other countries. An example is electronic microcircuits (SITC 7764), which sell for $1.09 from Hong Kong, but 
$1.43 from Japan and $1.74 from the U.S. 
16 Oil-exporters are defined as those having export shares of mineral fuels of at least 25%. Data on mineral fuel 
exports is taken from the World Bank, World Development Indicators.  
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Mongolia and Norway are prominent examples of the opposite, with real GDPe at least 19% 

lower than real GDPo due to disadvantageous terms-of-trade. 

 

5. Conclusions  

  In this paper, it has been shown that there is a fundamental difference between real GDP 

measured from the output side or from the expenditure side in international comparisons. The 

difference between the two concepts is in the treatment of the terms of trade. Real GDP from the 

expenditure side represents the ability to purchase goods and services while real GDP from the 

output side measures the production possibilities of the economy. It is the latter concept of real 

GDP which is of interest to many studies of growth and convergence in the world economy. 

However, available data from the Penn World Tables are based on a mix of cross-country 

expenditure-side measures of real GDP for benchmark years, with national growth rates of real 

GDP based on output-side measures.  

In this paper a clear-cut distinction between the two measures is made. It is shown that 

real GDPe can overstate real GDPo by as much as 100% (for Bermuda) and understate it by as 

much as 33% (for Hong Kong). In these two extremes and other cases, we would want to closely 

examine the export unit-values before treating the estimates of real o
jGDP  as reliable. For 

Bermuda, its exported sailboats may well be of higher quality than the world average, which 

indicates that we are overstating its high terms of trade. Conversely, the low export unit-values 

for Hong Kong may reflect it status as an entrepôt economy, processing and shipping goods from 

China and elsewhere in Asia.  It is impossible to avoid using these trade unit-values as measures 

of prices, however, since no dataset exists for comparing actual trade prices across countries. So 

it is essential that we should attempt to correct the unit-values for differences in quality across 

countries. Recent papers along these lines include: Choi, Hummels and Xiang (2006), Feenstra 

and Romalis (2006), Hallak (2006), Hallak and Schott (2006), Hummels and Klenow (2005), and 

Timmer and Richter (2006); and we can hope that enough progress will being made on these 

methods to allow implementation over a wide set of countries, products and years.  In our view, 

that is the key theoretical and empirical issue that must be resolved before applying the 

techniques described herein to obtain separate measures of real GDP on the output side, and the 

expenditure side, in the Penn World Tables.
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Appendix:  Proof of Theorem 

Denoting nominal GDPj by Gj and real o
jGDP  by o

jR , j = 1,…,C, we can substitute o
jPPP = 

j
o
j G/R  in  (12)- (14) to obtain the reference prices, 
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where we are making use of the definitions of budget shares in  (16). Also using the market shares 

in  (17), real o
jGDP  can be computed from  (11) as,  
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Define wjk as the last term in parentheses in (A3), W = [wjk] as the corresponding CxC matrix, 

and Ro as the row vector )R,...,R( o
C

o
1 . Then (A3) can be re-written as RoW = Ro, so that the Ro is 

a row eigenvector of the matrix W.   

 It is readily checked that each row of W sums to unity. Since W is strictly positive by 

Assumption 2, from the Frobenius theorem it has a positive eigenvalue that lies in-between the 

minimum and maximum of its row sums, and the associated row or column eigenvector is 

strictly positive. Since the row sums are all unity, then the Frobenius eigenvalue also equals one, 

and Ro is the strictly positive row eigenvector corresponding to that eigenvalue. Using this in 

(12)-(18) we obtain strictly positive solutions for o
jPPP  and the reference prices. QED 

 

 

 

Table 1: Price Levels and Real GDP, 1996 (Countries with GDPe greater than GDPo) 
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Country
Output 

price level
Final 

goods
Terms of 

Trade Exports Imports
Real 

GDPe
Real 

GDPo Diff (%)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Austria 163.4   182.0      163.3  122.4     143.4  117.1     17,576 15,776 11.4
Barbados 64.6     76.3        64.7    137.0     120.6  88.1       11,667 9,885 18.0
Belgium 157.2   175.3      157.2  113.0     118.6  104.9     16,903 15,165 11.5
Belize 59.1     61.6        59.1    110.5     73.6    66.6       4,799 4,603 4.3
Bermuda 178.1   370.3      178.2  196.8     157.1  79.9       15,033 7,229 108.0
Bolivia 46.6     47.1        46.7    114.4     73.4    64.2       2,091 2,070 1.0
Brazil 88.1     88.5        88.1    101.0     79.3    78.5       5,448 5,421 0.5
Canada 109.5   117.6      109.4  120.1     115.3  96.0       18,656 17,361 7.5
Congo, Dem.Rp. 30.2     33.0        30.2    151.2     76.4    50.5       245 224 9.3
Cyprus 95.6     97.5        95.6    100.9     79.9    79.2       12,535 12,283 2.0
Denmark 176.8   185.6      176.8  115.1     131.6  114.3     19,682 18,757 4.9
Djibouti 49.1     50.2        49.2    116.7     69.8    59.8       1,613 1,580 2.1
Eq.Guinea 57.0     69.9        57.0    142.5     85.0    59.7       1,105 902 22.5
Finland 156.4   160.4      156.4  110.6     132.4  119.6     15,915 15,511 2.6
France 158.2   167.0      158.2  121.4     133.6  110.0     16,500 15,630 5.6
Gabon 72.5     73.8        72.5    95.7       82.4    86.1       7,092 6,966 1.8
Gambia 41.2     41.6        41.2    102.6     43.4    42.3       830 823 0.9
Germany 168.1   177.3      168.1  118.3     142.4  120.3     17,310 16,411 5.5
Greece 114.3   117.8      114.3  97.8       78.1    79.9       10,388 10,075 3.1
Guyana 37.2     42.0        37.2    129.4     78.5    60.6       2,241 1,989 12.7
Hungary 63.1     64.1        63.1    106.1     88.6    83.5       7,025 6,915 1.6
Ireland 133.0   175.4      133.0  140.0     157.9  112.8     15,166 11,501 31.9
Israel 127.8   182.1      127.7  170.4     134.7  79.1       13,152 9,229 42.5
Italy 128.2   129.8      128.2  107.1     114.9  107.2     16,760 16,550 1.3
Jamaica 71.8     82.8        71.8    123.8     81.4    65.7       3,009 2,609 15.3
Japan 187.2   188.4      187.1  105.7     135.0  127.6     19,931 19,806 0.6
Malaysia 64.2     76.4        64.2    120.1     73.1    60.9       7,456 6,271 18.9
Malta 85.7     113.8      85.7    148.0     138.5  93.6       10,431 7,849 32.9
Mauritius 40.0     40.8        40.0    106.9     79.8    74.6       9,482 9,287 2.1
Mexico 60.1     73.7        60.2    173.8     74.9    43.1       5,978 4,879 22.5
Netherlands 152.0   163.1      152.0  112.4     118.6  105.5     17,445 16,261 7.3
New Zealand 123.8   130.7      123.8  115.6     102.9  89.0       14,481 13,719 5.6
Niger 33.5     34.6        33.6    153.9     69.1    44.9       626 607 3.1
Philippines 46.2     46.9        46.2    117.4     79.4    67.6       2,495 2,457 1.5
Portugal 102.9   104.4      102.9  104.2     105.3  101.1     11,010 10,849 1.5
Singapore 119.3   155.5      119.1  114.1     103.1  90.3       20,960 16,077 30.4
South Africa 62.0     62.5        62.0    101.9     73.4    72.0       5,780 5,733 0.8
Spain 122.1   125.9      122.1  111.5     110.7  99.2       12,718 12,329 3.2
St. Lucia 78.0     84.1        78.0    113.3     91.9    81.2       4,956 4,595 7.8
St.Kitts and Nevis 68.4     69.1        68.4    113.3     91.9    81.2       8,786 8,701 1.0
Sweden 174.0   194.7      174.0  131.2     156.7  119.4     17,024 15,215 11.9
Switzerland 209.5   247.3      209.5  151.1     229.4  151.9     19,974 16,922 18.0
Syria 129.9   139.7      130.0  99.1       60.4    60.9       3,097 2,881 7.5
Tajikistan 20.2     20.4        20.2    104.8     51.9    49.6       776 770 0.8
Togo 50.2     50.6        50.2    99.7       46.0    46.2       695 690 0.8
Trinidad & Tbg 59.3     62.0        59.3    103.4     81.4    78.6       7,534 7,203 4.6
Turkmenistan 13.6     13.9        13.6    65.6       44.7    68.1       3,762 3,687 2.0
UK 123.8   129.5      123.8  114.5     125.8  109.8     16,331 15,611 4.6
USA 123.3   124.1      123.3  101.4     101.2  99.8       23,673 23,530 0.6
Venezuela 57.2     57.7        57.3    95.5       63.1    66.0       5,511 5,468 0.8
Zambia 53.6     54.3        53.6    108.0     69.8    64.7       667 658 1.3
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Table 2: Price Levels and Real GDP, 1996  (Countries with GDPe less than GDPo) 

Country
Output 

price level
Final 

goods
Terms of 

Trade Exports Imports
Real 

GDPe
Real 

GDPo Diff (%)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Albania 34.0     30.1        34.0    76.8       43.7    56.9       2,423 2,742 -11.6
Algeria 44.4     44.2        44.4    86.7       60.4    69.6       3,685 3,702 -0.5
Angola 58.4     57.1        58.4    96.7       69.4    71.8       1,001 1,022 -2.1
Argentina 90.9     88.7        90.9    80.2       71.3    88.8       8,520 8,727 -2.4
Armenia 22.6     19.3        22.7    105.8     53.1    50.2       1,869 2,188 -14.6
Australia 121.0   119.0      121.0  94.0       84.7    90.0       18,713 19,022 -1.6
Azerbaijan 25.5     21.4        25.5    90.8       56.1    61.8       1,606 1,911 -16.0
Bahamas 94.0     76.1        94.1    64.2       46.2    72.0       13,094 16,175 -19.0
Bahrain 94.6     85.8        94.6    92.9       83.7    90.1       10,254 11,306 -9.3
Bangladesh 26.8     25.2        26.8    66.2       37.4    56.5       1,209 1,288 -6.1
Belarus 26.2     23.7        26.2    66.8       49.4    74.0       4,410 4,887 -9.8
Benin 44.4     44.1        44.4    98.9       47.6    48.1       884 890 -0.7
Bulgaria 25.7     24.1        25.8    71.9       51.3    71.4       4,560 4,871 -6.4
Burkina Faso 35.8     33.0        35.9    84.0       53.1    63.2       693 753 -7.9
Burundi 28.8     27.3        28.8    76.8       47.5    61.9       496 524 -5.3
Cambodia 30.2     25.6        30.2    57.0       33.6    58.9       958 1,132 -15.4
Cameroon 43.6     43.1        43.6    86.6       63.5    73.3       1,514 1,529 -1.0
Cent.Afr.Rep 44.5     42.8        44.6    78.9       52.0    65.8       716 745 -3.9
Chad 34.0     30.9        34.0    72.0       44.4    61.7       694 763 -9.2
Chile 66.3     63.2        66.3    81.2       78.5    96.6       7,230 7,591 -4.8
China 30.7     30.1        30.7    78.9       41.0    52.0       2,355 2,405 -2.1
Colombia 57.7     56.4        57.7    89.5       68.9    77.0       4,382 4,483 -2.2
Congo 71.5     71.1        71.6    98.9       70.4    71.2       1,349 1,356 -0.6
Costa Rica 66.2     60.3        66.2    81.2       57.1    70.4       4,063 4,460 -8.9
Cote D'Ivoire 49.4     45.7        49.5    75.6       52.5    69.4       1,556 1,685 -7.6
Croatia 76.8     72.5        76.8    87.8       79.3    90.4       5,757 6,102 -5.7
Cuba 51.0     50.8        51.1    97.2       64.8    66.7       4,050 4,071 -0.5
Czech Rep 51.0     46.5        51.0    80.9       69.9    86.4       10,963 12,038 -8.9
Dominican Rp 53.8     50.3        53.8    79.6       56.0    70.3       3,109 3,324 -6.5
Ecuador 53.4     52.4        53.4    87.4       58.4    66.8       3,052 3,110 -1.9
Egypt 38.6     37.5        38.6    93.0       60.6    65.2       2,959 3,048 -2.9
El Salvador 53.1     49.0        53.1    74.5       53.0    71.1       3,363 3,643 -7.7
Estonia 51.2     43.1        51.2    74.3       58.4    78.5       5,792 6,886 -15.9
Ethiopia 23.7     22.2        23.7    117.8     59.5    50.5       433 461 -6.1
Fiji 66.4     65.6        66.4    97.4       73.0    74.9       4,118 4,166 -1.1
Georgia 24.3     23.2        24.4    86.7       46.6    53.8       3,436 3,600 -4.5
Ghana 39.5     38.1        39.5    97.3       58.7    60.3       1,002 1,037 -3.4
Guatemala 50.4     48.4        50.5    80.4       52.2    64.9       3,054 3,182 -4.0
Guinea 26.8     26.1        26.8    95.5       52.8    55.2       2,191 2,246 -2.4
GuineaBissau 38.4     33.7        38.4    54.4       36.7    67.4       636 725 -12.2
Haiti 29.8     27.3        29.9    80.9       45.7    56.5       1,381 1,509 -8.5
Honduras 41.3     37.2        41.3    76.6       48.0    62.7       1,697 1,884 -9.9
Hong Kong 113.4   71.8        113.3  79.1       57.1    72.2       21,471 33,913 -36.7
Iceland 154.6   129.3      154.6  72.9       79.0    108.4     17,511 20,925 -16.3
India 25.6     24.5        25.6    59.8       50.2    83.9       1,642 1,714 -4.2
Indonesia 37.0     35.7        37.0    79.3       59.9    75.5       3,117 3,225 -3.3
Iran 51.7     51.4        51.7    86.2       61.7    71.6       4,245 4,271 -0.6
Jordan 53.9     52.4        53.9    104.9     70.2    66.9       2,858 2,941 -2.8
Kazakhstan 28.9     28.2        28.9    92.1       45.6    49.5       4,580 4,697 -2.5
Kenya 32.9     31.1        32.9  80.5     51.1  63.6     1,002 1,062 -5.6
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Table 2: (continued) 

Country
Output 

price level
Final 

goods
Terms of 

Trade Exports Imports
Real 

GDPe
Real 

GDPo Diff (%)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Korea, Rep. of 95.5     84.4        95.4    65.4       79.2    121.0     11,962 13,529 -11.6
Kuwait 99.4     97.1        99.5    100.1     82.9    82.9       18,170 18,606 -2.3
Kyrgyzstan 20.2     17.3        20.2    86.6       43.9    50.7       1,973 2,311 -14.7
Laos 37.2     31.8        37.2    58.3       39.9    68.5       1,068 1,249 -14.5
Latvia 43.3     39.1        43.3    79.9       57.3    71.8       4,768 5,278 -9.7
Lebanon 81.6     81.1        81.6    75.6       58.0    76.7       3,908 3,928 -0.5
Lithuania 42.0     39.2        42.1    89.4       58.4    65.3       5,062 5,434 -6.8
Macao 88.3     71.5        88.3    92.3       57.8    62.7       18,578 22,952 -19.1
Macedonia 62.0     56.8        62.0    75.9       60.5    79.7       3,591 3,917 -8.3
Madagascar 45.9     45.8        45.9    106.0     63.9    60.3       635 635 -0.1
Malawi 39.5     35.2        39.5    63.1       47.1    74.6       573 643 -10.9
Mali 41.7     38.4        41.7    79.8       52.1    65.3       640 695 -7.8
Mauritania 46.1     41.9        46.1    83.1       53.0    63.8       994 1,093 -9.0
Moldova 22.5     18.0        22.5    61.3       34.6    56.5       1,739 2,171 -19.9
Mongolia 42.7     34.2        42.7    54.5       35.4    65.0       1,003 1,254 -20.0
Morocco 45.0     43.4        45.0    92.3       67.9    73.6       3,029 3,138 -3.5
Mozambique 26.1     23.0        26.1    77.9       50.1    64.3       673 764 -11.9
Nepal 20.0     16.9        20.0    42.9       27.5    64.1       1,008 1,192 -15.5
Nicaragua 31.3     26.3        31.3    75.0       55.0    73.4       1,387 1,648 -15.8
Norway 175.2   138.1      175.2  72.7       85.3    117.4     20,529 26,057 -21.2
Oman 65.3     64.4        65.4    94.6       66.7    70.5       10,564 10,711 -1.4
Pakistan 31.5     29.1        31.6    63.9       37.0    57.9       1,536 1,663 -7.6
Panama 66.7     66.1        66.6    97.6       71.6    73.3       4,574 4,615 -0.9
Papua N.Guin 43.5     42.5        43.5    88.0       67.7    77.0       2,739 2,803 -2.3
Paraguay 46.1     44.9        46.1    96.6       69.0    71.4       4,220 4,333 -2.6
Peru 70.9     70.8        70.9    99.5       75.2    75.6       3,585 3,591 -0.2
Poland 59.2     56.5        59.2    79.4       65.7    82.8       6,292 6,592 -4.6
Qatar 87.2     76.3        87.3    69.9       67.8    96.9       15,530 17,746 -12.5
Romania 39.0     35.3        39.0    67.4       57.3    84.9       3,987 4,409 -9.6
Russian Fed 50.2     49.9        50.2    89.8       63.9    71.2       5,639 5,671 -0.6
Rwanda 32.6     29.6        32.7    77.1       47.9    62.1       641 705 -9.1
Saudi Arabia 77.1     70.5        77.2    82.1       64.8    79.0       9,422 10,301 -8.5
Senegal 46.3     45.1        46.3    94.9       60.8    64.1       1,172 1,203 -2.6
Seychelles 90.2     89.7        90.1    96.9       76.2    78.6       7,356 7,394 -0.5
Sierra Leone 27.6     26.5        27.6    124.8     60.0    48.0       737 766 -3.9
Slovakia 45.4     42.5        45.4    93.4       70.0    75.0       8,105 8,654 -6.3
Slovenia 90.4     89.5        90.4    98.0       96.4    98.4       10,449 10,555 -1.0
Sri Lanka 30.2     27.6        30.2    77.1       51.4    66.7       2,521 2,756 -8.5
St. Vincent & Grn. 52.3     52.3        52.3    113.3     91.9    81.2       4,766 4,767 0.0
Sudan 33.4     31.3        33.4    74.4       44.4    59.6       912 970 -6.1
Tanzania 51.5     47.2        51.6    71.7       43.4    60.5       372 406 -8.4
Thailand 51.8     47.7        51.8    78.9       64.9    82.2       5,846 6,352 -8.0
Tunisia 46.0     44.0        46.0    85.1       71.4    83.9       4,690 4,901 -4.3
Turkey 55.9     52.1        55.9    72.6       62.8    86.5       5,180 5,558 -6.8
Uganda 44.7     42.1        44.8    70.9       43.7    61.6       663 706 -6.0
Ukraine 25.9     24.8        26.0    85.3       54.6    64.1       3,361 3,512 -4.3
Uruguay 80.6     79.2        80.6    91.7       72.6    79.2       7,346 7,472 -1.7
Uzbekistan 27.6     25.3        27.6    68.2       45.8    67.2       2,128 2,321 -8.3
Viet Nam 24.0     21.6        24.1    85.0       51.7    60.8       1,312 1,459 -10.1
Zimbabwe 33.2     32.4        33.2    86.8       62.5    72.0       2,273 2,324 -2.2
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Notes to Tables 1 and 2: 
All price levels are multiplied by 100. 

Columns (1) and (2) are normalized so that the real value of GDP across all countries equals the nominal value of 

GDP in US$. 

Columns (3) and (4) decompose the output price level taken from column (2). 

Column (4) equals (5)/(6). 

Columns (7) and (8) are computed according to equations (12) and (14), respectively.  

Column (9) equals [(7)-(8)]/(8). 

 

 

 

Table 3: Summary Statistics for Price Levels and Real GDP, 1996 

Country 
set

Output 
price level

Final 
goods

Terms of 
Trade Exports Imports

Real 
GDPe

Real 
GDPo Diff (%)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

all available countries (151)
mean 66.7        68.3        66.7        94.9        72.3        75.4        6,326      6,352      -1.3
stdev 42.5        52.1        42.5        24.3        30.5        19.1        6,130      6,329      
min 13.6        13.9        13.6        42.9        27.5        42.3        245         224         -36.7
max 209.5      370.3      209.5      196.8      229.4      151.9      23,673    33,913    108.0

Countries with GDPe > GDPo (51)
mean 96.2        108.5      96.2        118.7      99.4        83.8        9,889      8,971      10.2
stdev 50.7        67.2        50.7        22.8        36.1        25.0        6,853      6,296      
min 13.6        13.9        13.6        65.6        43.4        42.3        245         224         0.5
max 209.5      370.3      209.5      196.8      229.4      151.9      23,673    23,530    108.0

Countries with GDPe < GDPo (100)
mean 51.7        47.7        51.7        82.8        58.5        71.1        4,509      5,017      -7.4
stdev 27.6        24.0        27.5        14.0        13.5        13.6        4,830      5,945      
min 20.0        16.9        20.0        42.9        27.5        48.0        372         406         -36.7
max 175.2      138.1      175.2      124.8      96.4        121.0      21,471    33,913    0.0

Oil sample (25)
mean 60.8        57.9        60.8        86.2        63.1        73.4        5,855      6,267      -4.0
stdev 35.0        31.3        35.0        12.3        13.0        13.4        5,341      6,233      
min 13.6        13.9        13.6        54.4        36.7        49.5        636         725         -21.2
max 175.2      139.7      175.2      103.4      85.3        117.4      20,529    26,057    7.5

Non-oil sample (126)
mean 67.8        70.2        67.8        96.7        74.2        75.7        6,382      6,329      -0.8
stdev 43.9        55.3        43.9        25.8        32.7        20.1        6,296      6,374      
min 20.0        16.9        20.0        42.9        27.5        42.3        245         224         -36.7
max 209.5      370.3      209.5      196.8    229.4    151.9    23,673  33,913    108.0
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Figure 1: Measures of Real GDP 
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Figure 2: Terms of Trade and Real GDP per capita (1996, non-oil sample) 
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Figure 3: Terms of Trade and Real GDP per capita (1996, oil sample) 
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Figure 4: Real GDP per capita: expenditure versus output side estimates 
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