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Engel’s law in the commodity 
composition of exports
Sung-Gook Choi & Deok-Sun Lee*

Different shares of distinct commodity sectors in production, trade, and consumption illustrate how 
resources and capital are allocated and invested. Economic progress has been claimed to change the 

share distribution in a universal manner as exemplified by the Engel’s law for the household expenditure 
and the shift from primary to manufacturing and service sector in the three sector model. Searching 

for large-scale quantitative evidence of such correlation, we analyze the gross-domestic product (GDP) 
and international trade data based on the standard international trade classification (SITC) in the 
period 1962 to 2000. Three categories, among ten in the SITC, are found to have their export shares 
significantly correlated with the GDP over countries and time; The machinery category has positive and 
food and crude materials have negative correlations. The export shares of commodity categories of a 

country are related to its GDP by a power-law with the exponents characterizing the GDP-elasticity of 
their export shares. The distance between two countries in terms of their export portfolios is measured 

to identify several clusters of countries sharing similar portfolios in 1962 and 2000. We show that the 
countries whose GDP is increased significantly in the period are likely to transit to the clusters displaying 
large share of the machinery category.

From the consumers behaviors to the sectoral composition of production, the economic structure of a system 
appears to be correlated with the development level1,2. Engel’s law3 states that the expenditure on food falls as the 
household income increases4,5. On a larger scale, working populations move from primary (agricultural) through 
secondary (manufacturing) to tertiary (service) sector as economic progress is made6. �e share of the manufac-
turing sector in product increases with increasing gross domestic product (GDP) per capita across country and 
time, which has been recognized as a major component of the development pattern1,7. �ese �ndings commonly 
suggest the presence of a economic growth law, similarly to that in the cellular network of living organisms; the 
mass abundances of distinct protein sectors change with the growth rate of a cell in di�erent manners depending 
on the growth-limiting factors of the environment8–10.

Here we study the structure of international trade of individual countries searching for its development pat-
tern in the trade data over about 40 years. International trade is important for the structural transformation of a 
country’s and the global economy11, and a�ected by the relationship between countries in political, social, cul-
tural, and geographical contexts as well as their economic power12. �e global organization of the international 
trade relationship between countries has been extensively investigated, revealing its far-from-random topological 
features and correlation with the GDP of countries13–18. �e trade data also disclose the sectoral composition of 
the export of individual countries, which may hint at how economic growth and development are made at the 
level of individual countries by tuning resource allocation and export over di�erent sectors19–22 and a growth law 
in international trade.

How much values of individual commodities are exported by a country, which we call its export commodity 
portfolio, is constrained by geography and production factor endowment23–25. In this globalization era, however, 
such constraints are increasingly weakened and goods tend to be manufactured by combining labor, capital, and 
technology across countries26. �us a country is allowed to control freely its resource allocation and investment 
to achieve maximum economic growth, which increases the possibility of identifying the development patterns in 
the commodity composition of trade27–30. Hajzler has investigated the trade data in the period 1970–1992 to �nd 
the decrease of the share of primary-sector commodities with time and also with the GDP per capita31, a model 
of which was also proposed in32.

Previous studies of the spatial and temporal variation of the structure of production and trade are, however, 
based on a highly coarse-grained classi�cation, the three-sector model6; primary, manufacturing, and services. 
Much re�ned classi�cation schemes are currently available, such as the Harmonized Commodity Description 
and Coding System (HS)33 or the standard international trade classi�cation(SITC)34, which should show the 
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development pattern at a re�ned level of commodity classi�cation. Here we analyze the trade data35 based on the 
SITC to investigate the shares of the re�ned commodity categories in the exports of about hundred countries in 
the period 1962 to 2000. Depending on the number of digits we keep in the SITC code, the number of commodity 
categories varies from ten to hundreds.

We �nd that among 10 categories at the �rst-digit level, only one category, Machinery and transport equipment, 
belonging to the manufacturing sector, has its share in export increasing signi�cantly and persistently with the 
GDP of countries characterized by a positive scaling exponent every year. Two categories, Food and live animals 
and Crude materials, belonging to the primary sector, display negative correlations signi�cantly with the GDP. 
�e remaining categories show little correlation. �e temporal variation of the export share of the three categories 
also show correlations with the temporal variation of the GDP. �e evolution of the whole export portfolio of 
countries also reveal similar correlation with the variation of the GDP. Given the wide variation of the portfolio 
of individual countries due to the in�uences of di�erent environment and production factors, we extract several 
clusters of countries sharing similar export portfolios in 1962 and 2000 and show that the countries whose GDP 
increase with time are likely to have transited to a cluster displaying large share of the Machinery category in the 
export portfolio. �ese results can be useful for understanding and designing the commodity composition of 
export of individual countries in the global economy.

Results
Preliminary: Commodity composition of world trade. From the NBER-UN data-set35 and the GDP 
data compiled by Gleditsch36 based on the Penn World Table 6.137, we obtain the export value F c t( , )p  of a com-
modity category p for a country c, and the GDP W c t( , ) in US dollars for year t with t1962 2000≤ ≤ . See 
Methods for more details of compiling data-sets. 112 to 157 countries are considered from year to year; Only 
considered are the countries having both the GDP and the export value available in the data-sets. �e commodity 
classi�cation is based on the SITC4 Rev. 2 in which a 4 or 5-digit number is assigned to each category at the �nest 
level34. We use the �rst one or two digits to obtain a total of 10 or 93 categories, respectively, each denoted by p. In 
Table 1, 10 commodity categories based on the �rst digit of the SITC are shown. �e SITC does not include ser-
vices. �e categories with =p 0, 1, 2, 3, 4 cover commodities related to raw materials or their elementary pro-
cessing, belonging to the primary sector, and those with =p 5, 6, 7, 8, 9 contain manufactured goods and more 
complex commodities than raw materials belonging to the manufacturing sector.

�e share of a category p in the world trade is obtained by summing its export values over all countries and 
normalizing the sum as

φ ≡
∑

∑ ′ ′

t
F c t

F c t
( )

( , )

( , )
,

(1)
p

c p

c p p,

which satis�es the relation φ∑ =t( ) 1p p  for given year t. �e global export shares of the ten commodity categories 

vary with time di�erently as shown in Fig. 1. �e category of Food and live animals ( =p 0) and that of Crude 
materials (p 2= ) occupy 32% in 1962, decreasing gradually with time to t t( ) ( ) 9%0 2φ φ+ =  for =t 2000. On 
the contrary, the category of Machinery and transport equipment (p 7= ) and of Miscellaneous manufactured 
articles ( =p 8) find their shares doubled, increasing from φ =t( ) 22%7  and φ =t( ) 6%8  for t 1962=  to 

φ =t( ) 41%7  and t( ) 12%8φ =  for =t 2000. Other categories do not show strong variation. �e share of the pri-
mary sector t t( ) ( )p pprimary 0

4φ φ= ∑ =  decreases with time and that of the manufacturing sector 

φ φ= ∑ =t t( ) ( )p pmanufacturing 5
9  increases with time.

Given that the gross world product g t g c t( ) ( , )c= ∑  increases exponentially with time, the rise of the share of 
the manufacturing sector and the fall of the primary one in the considered period suggest the growth law of world 
trade: �e global export share of manufacturing (primary) sector increases (decreases) with the gross world prod-
uct31,32, recalling the law established for domestic production1,7, and Engel’s law for the household expenditure. 
�en it is natural to ask whether there is a similar law governing the export shares of commodities of individual 
countries. To answer this, we �rst present the commodity categories correlated with the GDP in Sec. �e whole 
export portfolio of countries and its relation to the economic growth are studied in Sec.

p Commodity category
GDP-elasticity of export 
share αp

0 Food and live animals −0.12 ± 0.06

1 Beverages and tobacco 0.36 ± 0.18

2 Crude materials −0.09 ± 0.04

3 Mineral fuels −0.01 ± 0.23

4 Animal and vegetable oils, fats and waxes 0.11 ± 0.09

5 Chemicals 0.41 ± 0.14

6 Manufactured goods classi�ed by materials 0.31 ± 0.07

7 Machinery and transport equipment 0.67 ± 0.10

8 Miscellaneous manufactured articles 0.38 ± 0.15

9 etc 0.25 ± 0.08

Table 1. Ten commodity categories based on the �rst digit of the SITC, indexed by p, and their GDP-elasticity αp.
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GDP-correlated commodities. In this section we study how the share of each commodity category 
in the export of a country, called here local export share, varies with the GDP of the country. �e equal-time 
cross-country correlation of the two quantities is investigated for each year and then temporal correlation is 
explored.

To exclude the in�uence of the exponential growth of the export value and the GDP with time and concentrate 
on their endogenous variations, we consider the share of each commodity category in the export and the normal-
ized GDP of a country de�ned as

φ ≡
∑ ′ ′

c t
F c t

F c t
( , )

( , )

( , )
,

(2)
p

p

p p

and

g c t
W c t

W c t
( , )

( , )

( , )
,

(3)c

≡
∑ ′′

respectively, where c is the index of a country. Note that φ∑ =c t( , ) 1p p  for given c and t and ∑ =g c t( , ) 1c  for 
given t.

Equal-time cross-country correlation between local export share and GDP. To see how the local export shares of 
individual commodities relate to the GDP, we �x time t and measure the correlation between the export share 
pro�le φΦ ≡ | = …t c t c( ) { ( , ) 1, 2, }p p  of a category p and the normalized GDP pro�le G t g c t c( ) { ( , ) 1, 2, }≡ | = …

ρ
φ φ
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where 〈 〉 is the average over countries having both g c t( , ) and φ C t( , )p  available in the studied data-sets and σ is 
the standard deviation. �e correlation ρ turns out to be quite di�erent among 10 commodity categories as shown 
in Fig. 2(a). While fluctuating with time, ρ remains negative for =p 0, 1, 2, 3, and 4 and positive for 

=p 5, 6, 7, 8. �e correlation for =p 9 is positive until around 1980 and becomes negative a�erwards. �ese 
results are in agreement with known results - the fall of primary and the rise of manufacturing sector with the 
progress of a country’s economy.

�e correlation ρ is not signi�cant for all categories, however; It is only for p 7=  that P value is less than 5% 
for all t. For p 0=  and =p 2, P values are around 5% for the considered period. �e export share of the Food and 
live animals category and of the Machinery and transport equipment category are shown as functions of the nor-
malized GDP g c t( , ) for selected years in Fig. 2(b,c), respectively. We �nd that c t( , )pφ  for p 0, 2=  or p 7=  
decays or grows algebraically with g c t( , ) over a wide range of g c t( , ) for every year t as

φ ∼ αc t g c t( , ) ( , ) (5)p
t( )p

with the scaling exponent α − . ± .0 12 0 060 , α − . ± .0 09 0 042  , and 0 67 0 107α . ± . . The error arises 
from the �uctuation over time [Fig. 2(d)]. Such scaling behaviors are related to the elasticity in the economics 
context38, in which the elasticity of a quantity A with respect to B indicates the ratio of their relative variations 
A A

B B

1

1

∆

∆

−

−
. �erefore the elasticity of the export share of a category p with respect to the GDP is approximated by the 

scaling exponent αp in Eq. (5)

Figure 1. �e time-evolution of the global export share t( )pφ  of 10 commodity categories in world trade.
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We will call αp in Eq. (5) the GDP-elasticity of the local export share of commodity category p. A category p 
with positive (negative) αp has its share in the export of a country increasing (decreasing) with the economic 
power - GDP of the country. �erefore the categories having negative αp are similar to “food” the expenditure of 

Figure 2. Correlation between local export share and GDP. Ten commodity categories based on the �rst digit of 
the SITC code are considered. (a) �e Pearson correlation coe�cient in Eq. (4) between the local export share 
pro�le of a commodity and the GDP pro�le as a function of time t. �e range of ρ with P > 0.05 is shaded. (b) 
Plots of the local export share φ c t( , )0  of the Food and live animals category versus the normalized GDP g c t( , ) of 
countries for selected years. �e dashed line has slope −0.12. (c) �e same plot as (a) for the Machinery and 
transport equipment category ( =p 7). �e dashed line has slope 0.67. (d) GDP-elasticity α t( )p  in Eq. (5).
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which falls as the household income increases as stated by the Engel’s law. The Machinery category =p( 7) 
requires more complex and high-end technology, which are likely to be available and demanded in developed and 
rich countries, presumably underlying the positive elasticity seen in Fig. 2(c). �e GDP-elasticities of all catego-
ries are shown in Table 1.

When we use 93 commodity categories based on the �rst two digits of the SITC codes, we �nd consistently 
signi�cant correlations between export share and GDP for 6 categories. �ey are Arti�cial resins and plastic mate-
rials, and cellulose esters etc ( =p 58), Power-generating machinery and equipment ( =p 71), General industrial 
machinery and equipment (p 74= ), O�ce machines and automatic data processing equipment ( =p 75), Road 
vehicles ( =p 78), and Professional, scienti�c, controlling instruments, apparatus ( =p 87). See Supplementary 
Information (SI) and Fig. S1. All are positive correlations. Four belong to the Machinery and transport equipment 
(p 7= ) one-digit category. We �nd no signi�cant negative correlations at the two-digit level, which suggests that 
the driving force of economic development is acted to increase the export share of selected commodity categories 
and the decrease of the share of the remaining categories is its passive outcome subject to randomness resulting 
in weak negative correlations with the GDP.

Multiplicative time variation of local export share of commodities. Given the global trend pushing towards a 
larger share of the manufacturing sector both in product and trade, as shown in Fig. 1, and the signi�cant corre-
lations between the GDP and the export shares of selected categories, we are led to wonder how individual coun-
tries modify their export commodity portfolio c t c t c t( , ) { ( , ), ( , ), }p p

1 2
φ φΦ ≡ …  between =t 1962 and 2000. 

Will a country achieve economic growth if it increases the export share of the Machinery category and decrease 
the share of Food and Crude materials with time? 61 countries had 0φ  and φ2 decreased and φ7 increased in the 
period 1962 to 2000. Over 50% of the countries increased the share of category p 3, 5, 6, 7, 8, 9=  and decreased 
the share of p 0, 1, 2, 4=  in 2000 with respect to 1962 [Fig. 3(a)].

We �nd that a change of the export share of the GDP-correlated commodities leads to the growth of the GDP 
only when the change follows the global trend; �e countries have their GDP increased if 0φ  decreases and 7φ  
increases [Fig. 3(b,c)]. We consider the multiplicative time variation in the period 1962 to 2000 of the export share 
and the GDP de�ned as

c
c

c
c

g c

g c
( )

( , 2000)

( , 1962)
, ( )

( , 2000)

( , 1962) (7)
p

p

p

λ
φ

φ
γ= = .

Among 10 commodity categories, a signi�cant correlation between the multiplicative variations of export 
share c c{ ( ) 1, 2, }pλ | = …  and that of GDP c c{ ( ) 1, 2, }γ | = …  is identi�ed only for p 0, 2= , and 7 with P value 
 0.008, 0.004 and 0.05, respectively, as shown in Fig. 3(d). �is suggests that the economic growth of individual 
countries in the studied period may be attributed to the increase of the share of the Machinery category (p 7= ) 
and the decrease of the share of the Food and live animals (p 0= ) and Crude materials ( =p 2) in their exports. 
In Fig. 3(b,c) are marked some of the countries having φ0 decreased, φ7 increased, and the GDP increased as 
examples.

Identifying the three categories p 0, 2,=  and 7 whose export shares are relevant to the GDP and its variation 
is one of the main results of the present study. �is can be considered as Engel’s law for the structure of export of 
individual countries. We can say that countries having large share of the Machinery category in export are likely 
to be richer than those having small share. Similarly, countries decreasing the share of the Crude material category 
in export are likely to achieve economic growth and �nd their GDP increased in 2000 with respect to 1962. 
�erefore the increase or decrease of these three categories p 0, 2,=  and 7 is an important ingredient of the 
development patterns of export.

Classification and transition of export commodity portfolios. �e distributions of export share 
over categories which we call the export commodity portfolios look disordered and random20, defying seem-
ingly a simple law or pattern. Such complexity can be understood, for the commodity composition of export 
is determined by not only the e�orts towards economic development but also the constraints and in�uences 
imposed by geography, factor endowment, culture, politics, and international relationships. Nevertheless, given 
the GDP-correlated categories in addition to the weakening of the constraints due to globalization, we expect that 
the whole export portfolios of countries and their time evolution may be analyzed in terms of their interplay with 
economic growth via the GDP-correlated categories, which can o�er a useful framework for the development 
pattern of international trade.

Classi�cation of export commodity portfolios in 1962 and 2000. We begin with classifying the export commodity 
portfolios of individual countries, which reduces the vast space of all possible export portfolios. Our idea is to 
group the countries having similar export portfolios into clusters and investigate the average portfolio of each 
obtained cluster, the evolution of which is of interest to us particularly in connection with the variation of the 
GDP of the countries belonging to the cluster.

�e dissimilarity of the export portfolio between two countries is here quanti�ed by the Euclidean distance 

φ φ≡ ∑ −d c c t c t c t( , , ) ( ( , ) ( , ))p p p1 2 1 2
2  with p the two-digit SITC code. Linking iteratively countries and their 

clusters in the increasing order of the distance, we obtain two dendrograms given in Fig. 4(a) for =t 1962 and 
=t 2000. �e distance between clusters grows gradually with the iteration until d 0 45.  and fast a�erwards for 
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both years, and therefore we remove the links connecting clusters farther from one another than threshold 

d 0 45c = . . �is leads to �ve clusters in 1962 and seven clusters in 2000 [Fig. 4(a)]. For each cluster of countries 

= …C c c{ , , }1 2 , we obtain the export share C t( , )pφ  of category p and the normalized GDP evaluated as

∑φ =
∑

∑ ∑
= .

∈

∈ ′ ′ ∈

C t
F c t

F c t
g C t g c t( , )

( , )

( , )
, ( , ) ( , )

(8)
p

c C p

c C p p c C

�e export portfolio C t C t C t( , ) { ( , ), ( , ), , }p p
1 2
φ φΦ = …  of each cluster C is represented as a pie chart in 

Fig. 4(a).

Figure 3. Relation between the multiplicative time variation of the local export share of commodities and that 
of the GDP from 1962 to 2000. (a) �e fraction of countries having the share of category p increased, c( ) 1pλ >  
(red) and decreased c( ) 1pλ <  (blue). (b) �e multiplicative time variation c( )0λ  of the export share of the Food 
and live animals category p( 0)=  as a function of the multiplicative time variation of the GDP γ c( ) of countries. 
Red or blue color represents whether λ c( )p  is larger or smaller than one. �e lines represent the geometric 
average and the errorbar is the standard deviation. (c) �e same plot as (b) for the Machinery category (p 7= ). 
(d) �e Pearson correlation coe�cients between the multiplicative variation pro�le of the export share of each 
commodity category p and of the GDP ρ Λ Γ[ , ]p  with λΛ = | = …c c{ ( ) 1, 2, }p p  and c c{ ( ) 1, 2, }γΓ = | = …  are 
shown. �e range of ρ with > .P 0 05 is shaded.
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�e portfolios of the obtained clusters are characterized commonly by one or a few dominant commodity 
categories. See SI and Table S1. We name each cluster by the most dominant categories the summed share of 
which just exceeds 50%; We have �ve clusters named 0, 20, 2, 3, and 76 in 1962 and seven clusters named 026, 20, 
3, 36, 76, 87, and 8 in 2000. �e portfolios of these clusters are quite di�erent. For instance, the cluster 026 of 18 
countries in year 2000 has 0 28, 0 19, 0 160 2 6φ φ φ= . = . = .  while the 3 cluster displays 0 933φ = .  and φ = .0 883  
respectively in 1962 and 2000. In 1962, most of these dominant categories belong to the primary sector.

One can use the Euclidean distance of the portfolios between the clusters of 1962 and 2000 to pair clusters of 
2000 and of 1962. We �nd that the clusters 3, 20, 76, 20, and 026 in 2000 are closest to the clusters 3, 20, 76, 2, and 
0 in 1962, respectively. �e cluster 20 of 2000 is found to be almost equally close to both 20 and 2 of 1962. See SI 
and Table S2. for the distance of every pair of clusters of 1962 and 2000.

�e countries in some clusters tend to be clustered geographically as seen in Fig. 4(b,c), demonstrating the 
importance of the geographic environment and factor endowment. For instance, Oman, Saudi Arabia, Kuwait, 
Iraq, and Iran are close to one another located in the Middle East and belong to the cluster 3 in both years display-
ing 93% and 88% of their export in the Mineral fuels category p( 3)= . In 1962, many countries of the cluster 0 are 
in South America and the cluster 2 and 20 are in Africa. On the other hand, the cluster 76 of 1962 are dispersed 
across North America, Western Europe, and East Asia. �e countries in the clusters 76 and 87 in 2000 are distrib-
uted world wide.

�e clusters also show big di�erence in the economic power. We present the number of belonging countries 
and the sum of their normalized GDPs, given in Eq. (7), of each cluster in Fig. 4(d,e) for 1962 and 2000, respec-
tively. �e GDP is especially high for the cluster 76 in 1962 and 76 and 87 in 2000 even if their large numbers 
of countries are counted. In contrast, the GDP of the cluster 20 in 2000 is quite low. Such di�erent GDPs of the 
clusters can be attributed to their di�erent shares of the GDP-correlated categories.

Figure 4. Clusters of countries sharing similar export portfolios. (a) Dendrogram of countries based on the 
Euclidean distance d of their export portfolios in 1962 (le�) and in 2000 (right). Clusters of countries are 
obtained by removing links of d d 0 45c> = .  in the dendrogram and their portfolios are represented in pie 
charts. Each arrow from a cluster in 1962 to one in 2000 represents the transition of countries between the 
clusters and the arrow width increases with the number of countries. No arrow is drawn for the transition of just 
one or two countries. (b) Geographic distribution of countries belonging to each cluster in 1962. Countries are 
colored according to their clusters. (c) �e same as (b) for year 2000. (d) �e number of countries and the 
normalized GDP of each cluster in 1962. (e) �e same as (d) for year 2000.
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Transition of the export commodity portfolio. With the obtained portfolio-based clusters of countries, one can 
take a coarse-grained view of how countries modify the export portfolios and how it relates to economic growth. 
Some countries maintain their portfolios and remain in the qualitatively same cluster. Eight out of nine countries 
in the cluster 3 of 1962 are found again in the cluster 3 of 2000 except for Lebanon. 17 out of 23 countries, mostly 
developed ones, stay in cluster 76 while the share of category =p 7 in the cluster is much increased in 2000 com-
pared with 1962.

Many countries transit between di�erent clusters implying signi�cant modi�cations of their export portfolios. 
�e countries belonging to the clusters 0, 2 and 20 of 1962 are found to be relatively evenly dispersed over multi-
ple clusters in 2000 as shown in Fig. 4(a) and Table 2. Most interestingly, economic growth is di�erentiated by the 
transition between clusters. For example, Malaysia (Pakistan) transits from 2 to 76 (87) and finds its GDP 
increased from = . .g 0 002(0 003) to = . .g 0 005(0 007), which is a fast growth with respect to the multiplicative 

time variation of all 17 countries, γ = .(2 ) 0 96(1962) , belonging to 2 of 1962. Both South Korea and �ailand transit 
from 20 to 76 and their GDP increases 4.27 and 3.0 times, respectively. Indonesia transits from 20 to 87 and its 
GDP is doubled. Taiwan moves from 0 to 76 with GDP increased 4.7 times.

�ese examples reveal a common feature: Transition to a cluster 76 or 87 in 2000, consistent with the global 
trend, is likely to be necessary for economic growth. Note that those clusters are characterized by large shares of 
category p 7=  and 6 or 8. To check this systematically, we compute the multiplicative time variation of the nor-

malized GDP of the countries transiting from a cluster C (1962) of 1962 to the one C (2000) of 2000

C C
g C C

g C C
( )

( , 2000)

( , 1962)
,

(9)

(1962) (2000)
(1962) (2000)

(1962) (2000)
γ → =

→

→

where → ′ = ∑ ∈ → ′g C C t g c t( , ) ( , )c C C  is the sum of the GDPs of the countries transiting from C to C′, and pres-
ent the result in Table 2. Among the transitions taken by more than one countries, the transition from 0 to 36 or 
76, from 20 to 76 or 87, from 2 to 76, and from 76 to 87 are associated with the increase of their GDP.

�e time-evolution of the GDP over the whole period for each transition groups of more than three coun-
tries are presented in Fig. 5, which shows the persistent increases of GDP for the countries transiting to 76 and 
decrease for those to 3, 20 or 026. �ese results imply that the modi�cation of the export portfolio plays an impor-
tant role in economic growth. Yet there are exceptions like oil-producing countries staying in the cluster 3, the 
normalized GDP of which neither decreases or increases signi�cantly; �eir GDP highly depends on the world 
market situation of petroleum. �e time-evolution of the GDP for all cases of transitions is shown in Fig. S2.

Among a total of 18 countries whose GDP has been increased 1.5 times or more in the period 1962 to 2000, 
seven countries are oil producers belonging to clusters 3 or 36 in 2000, and nine countries are in clusters 76 or 87 
in 2000, including the newly industrialized countries(NICs)39,40 such as Republic of Korea, �ailand and China. 
�ese results commonly point to that the export commodity portfolio underlies di�erent time-evolutions of the 
economic power of individual countries.

Discussion
We have investigated development patterns in the export commodity portfolios of countries by analyzing their 
correlation with the GDP. Focussing �rst on the individual commodity categories, we have shown that the share 
of Machinery and transport equipment category exhibits positive cross-country and temporal correlations with 
the GDP and that two categories - Food and live animals and Crude materials show negative correlations. �ese 
three categories, among 10 in the SITC, can be considered as relevant to economic power and development of 
countries at least in the studied period 1962 to 2000; Countries with larger share of the Machinery category are 
likely to have higher GDP than those with smaller share for given year, and countries increasing its share are likely 
to increase its GDP with time.

�en we have shown that the whole export portfolio of countries are related to to their economic growth via 
these GDP-correlated categories in relating. With several clusters displaying distinct representative portfolios, we 
have shown that the transition to a cluster with its representative export portfolios dominated by the Machinery 
category is necessary for the GDP growth. �e increase of the global share of the Machinery category and the 
decrease of the share of the Food and Crude materials with time are identi�ed in the world trade, which is the 
global environment speci�c for the studied period 1962 to 2000. Our results can be interpreted as that following 

C(2000)

026 20 3 36 76 87 8C(1962)

0 0.53 (8) 0.71 (2) 0.46 (1) 1.1 (3) 1.1 (6) 0.35 (2) 0.97 (6)

20 0.82 (6) 0.80 (3) 0.70 (2) 0.42 (2) 1.8 (5) 1.2 (8)

2 0.55 (3) 0.55 (4) 0.55 (4) 2.3 (3) 2.0 (1) 1.0 (1)

3 0.89 (8) 0.49 (1)

76 1.2 (1) 0.88 (1) 0.17 (1) 0.88 (17) 1.9 (3)

Table 2. �e multiplicative time variation γ → =
→

→
C C( )

g C C

g C C

(1962) (2000) ( , 2000)

( , 1962)

(1962) (2000)

(1962) (2000)
 of the normalized GDP 

of the countries transiting from a cluster of 1962 to the one of 2000. Rows and columns correspond to the cluster 
of 1962 and that of 2000. �e number of countries for each transition is shown in parenthesis and empty space 
means no country for the corresponding transition.
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such global trend in the export portfolio is necessary for the economic growth of individual countries, exempli-
�ed by Asian newly industrialized countries, while there are exceptions such as oil-producing countries.

Our study reveals a typical pattern in the change of the export portfolios with the development level of coun-
tries. Deviations can be found for individual countries, the quantitative aspect of which is worthy of study. Not 
only the GDP, but also multiple factors including globalization and regional integration5,41 as well as the popu-
lation, tari� level, distance to other countries, and factor endowment42 may altogether in�uence the commodity 
composition of domestic production and international trade, which is not analyzed in the present study. �e 
empirical analysis and mathematical modeling of such combinatorial in�uences can greatly deepen our under-
standing of the structure of international trade. Abrupt changes in the global environment such as economic 
crises, not considered in this work, should a�ect signi�cantly the structure of international trade and its study is 
highly desirable.

Methods
Compiling data-sets. We use the export value data F c t( , )p  in nominal thousands of US dollars with the 
commodity classi�cation following the SITC Rev. 2 available in the NBER-UN data-set35 and the GDP data 
W c t( , ) in constant US dollars (base 1996) from the data compiled by Gleditsch36 based on the Penn World Table 
6.137. Actually the units of F c t( , )p  and W c t( , ) are irrelevant to our study for the normalized quantities in Eqs (1), 
(2) and (3). We compare the full name of each country between the two data-sets to identify each country.

In the NBER-UN data-set, Russia and USSR appear together in year 1989, 1990, and 1991, and we take the 
sum of their export values as the export value of Russia in that period. Similarly, Gemany and German Federal 
Republic (GFR) appear together in 1989 and 1990, the export values of which are summed and taken as the export 
of GFR in that period.

Data availability
�e datasets generated during the current study are available in the GitHub repository43.

Received: 30 July 2019; Accepted: 15 October 2019;

Published: xx xx xxxx

References
 1. Kuznets, S. Economic Growth of Nations: Total Output and Production Structure (Belknap Press of Harvard University Press, 1971).
 2. Pasinetti, L. L. Structural Change and Economic Growth: A �eoretical Essay on the Dynamics of the Wealth of Nations (Cambridge 

University Press, 1983).
 3. Engel, E. Die productions- und consumtionsverhältnisse des königreichs sachsen. Zeitschri� des statistischen Bureaus des Königlich 

Sächsischen Ministerium des Inneren 8–9, 1 (1857).
 4. Houthakker, H. An international comparison of household expenditure patterns, commemorating the centenary of engel’s law. 

Econometrica 25, 532 (1957).
 5. Matsuyama, K. Engel’s Law in the Global Economy: Demand-induced Patterns of Structural Change, Innovation, and Trade. CEPR 

Discussion Papers 12387, C.E.P.R. Discussion Papers (2017).
 6. Clark, C. �e Conditions Of Economic Progress. (Macmillan And Co. Limited, London, 1940).
 7. Chenery, H. B. & Taylor, L. Development patterns: Among countries and over time. Rev. Econ. Stat. 50, 391–416 (1968).
 8. Monod, J. �e growth of bacterial cultures. Annu. Rev. Microbiol. 3, 371–394 (1949).
 9. Scott, M., Gunderson, C. W., Mateescu, E. M., Zhang, Z. & Hwa, T. Interdependence of cell growth and gene expression: Origins and 

consequences. Science 330, 1099–1102 (2010).
 10. Hui, S. et al. Quantitative proteomic analysis reveals a simple strategy of global resource allocation in bacteria. Mol. Syst. Biol. 11 

(2015).
 11. Chenery, H. B., Robinson, S. & Syrquin, M. Industrialization and growth: a comparative study. (�e Worldbank, Washington DC, 

1986).
 12. Isard, W. Location theory and trade theory: Short-run analysis. Q. J. Econ. 68, 305–320 (1954).
 13. Fagiolo, G., Reyes, J. & Schiavo, S. World-trade web: Topological properties, dynamics, and evolution. Phys. Rev. E 79, 036115 (2009).

Figure 5. �e normalized GDP →g C C t( , )(1962) (2000)  of the countries transiting from a cluster C (1962) of 1962 
to the one C (2000) of 2000 as a function of time t. �e transitions of no more than 3 countries are excluded. �e 
shape of data points varies with the cluster of 1962 and the color varies with the cluster of 2000.

https://doi.org/10.1038/s41598-019-52281-8


1 0SCIENTIFIC REPORTS |         (2019) 9:15871  | https://doi.org/10.1038/s41598-019-52281-8

www.nature.com/scientificreportswww.nature.com/scientificreports/

 14. Serrano, M. A. & Boguñá, M. Topology of the world trade web. Phys. Rev. E 68, 015101 (2003).
 15. Garlaschelli, D. & Lo�redo, M. I. Fitness-dependent topological properties of the world trade web. Phys. Rev. Lett. 93, 188701 (2004).
 16. Cha, M.-Y., Lee, J. W. & Lee, D.-S. Patterns of international trade and a nation’s wealth. J. Korean Phys. Soc. 56, 998–1002 (2010).
 17. Almog, A., Squartini, T. & Garlaschelli, D. A gdp-driven model for the binary and weighted structure of the international trade 

network. New J. Phys. 17, 013009 (2015).
 18. Oh, C.-Y. & Lee, D.-S. Entropy of international trades. Phys. Rev. E 95, 052319 (2017).
 19. Hidalgo, C. A., Klinger, B., Barabási, A.-L. & Hausmann, R. �e product space conditions the development of nations. Science 317, 

482–487 (2007).
 20. Hausmann, R. et al. �e atlas of economic complexity: mapping paths to prosperity. (�e MIT Press, Cambridge, 2013).
 21. Khosla, S. �is map shows which export makes your country the most money. GlobalPost (2014).
 22. Barbier, M. & Lee, D.-S. Urn model for products’ shares in international trade. J. Stat. Mech. 123403 (2017).
 23. Gallup, J. L., Sachs, J. D. & Mellinger, A. D. Geography and economic development. Int. Reg. Sci. Rev. 22, 179–232 (1999).
 24. Venables, A. J. But why does geography matter, and which geography matters? Int. Reg. Sci. Rev. 22, 238–241 (1999).
 25. Dauth, W. & Suedekum, J. Globalization and local profiles of economic growth and industrial change. J. Econ. Geogr. 16, 

1007–1034 (2016).
 26. Hummels, D., Ishii, J. & Yi, K.-M. �e nature and growth of vertical specialization in world trade. J. Int. Econ. 54, 75–96 (2001).
 27. Linder, S. B. An Essay on Trade And Transformation. (Almqvist and Wiksell, Stockholm, 1961).
 28. Konya, L. Exports and growth: Granger causality analysis on OECD countries with a panel data approach. Econ. Model. 23, 978–992 

(2006).
 29. Frankel, J. A. & Romer, D. H. Does trade cause growth? Am. Econ. Rev. 89, 379–399 (1999).
 30. Tacchella, A., Mazzilli, D. & Pietronero, L. A dynamical systems approach to gross domestic product forecasting. Nat. Phys. 14, 

861–865 (2018).
 31. Hajzler, C. M. �e sectoral composition of global trade. Master’s thesis, University of Saskatchewan (2003).
 32. Echevarria, C. International trade and the sectoral composition of production. Rev. Econ. Dyn. 11, 192–206 (2008).
 33. http://www.wcoomd.org.
 34. Standard International Trade Classi�cation Revision 4 (United Nation Publication, 2006).
 35. Feenstra, R. C., Lipsey, R. E., Deng, H., Ma, A. C. & Mo, H. World trade �ows: 1962–2000. Working Paper 11040, National Bureau 

of Economic Research (2005).
 36. Gleditsch, K. S. Expanded trade and gdp data. J. Con�. Resolut. 46, 712–724 (2002).
 37. Heston, A., Summers, R. & Aten, B. Penn world table version 6.1. Tech. Rep., Center for International Comparisons at the University 

of Pennsylvania (2002).
 38. Varian, H. R. Intermediate Microeconomics: A Modern Approach (W. W. Norton, 2009).
 39. Sengupta, J. K. & España, J. R. Exports and economic growth in asian nics: an econometric analysis for korea. Appl. Econ. 26, 41–51, 

https://doi.org/10.1080/00036849400000060 (1994).
 40. Haggard, S. et al. �e newly industrializing countries in the international system. World Politics 38, 343–370 (1986).
 41. Fujita, M., Kumagai, S. & Nishikimi, K. Economic integration in East Asia: perspectives from spatial and neoclassical economics 

(Edward Elgar, 2008).
 42. Leamer, E. E. �e commodity composition of international trade in manufactures: An empirical analysis. Oxford Economic Papers 

26, 350–374 (1974).
 43. https://github.com/SunggookCHOI/Engel-s-law-in-the-commodity-composition-of-exports-.

Acknowledgements
�is work was supported by the National Research Foundation of Korea (NRF) grants funded by the Korean 
Government (No. 2019R1A2C1003486) and Inha University Research Grant (No. 59212).

Author contributions
S.-G.C. and D.-S.L. designed and performed the research and wrote the manuscript.

Competing interests
�e authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-52281-8.

Correspondence and requests for materials should be addressed to D.-S.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional a�liations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. �e images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© �e Author(s) 2019

https://doi.org/10.1038/s41598-019-52281-8
http://www.wcoomd.org
https://doi.org/10.1080/00036849400000060
https://github.com/SunggookCHOI/Engel-s-law-in-the-commodity-composition-of-exports-
https://doi.org/10.1038/s41598-019-52281-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Engel’s law in the commodity composition of exports
	Results
	Preliminary: Commodity composition of world trade. 
	GDP-correlated commodities. 
	Equal-time cross-country correlation between local export share and GDP. 
	Multiplicative time variation of local export share of commodities. 

	Classification and transition of export commodity portfolios. 
	Classification of export commodity portfolios in 1962 and 2000. 
	Transition of the export commodity portfolio. 


	Discussion
	Methods
	Compiling data-sets. 

	Acknowledgements
	Figure 1 The time-evolution of the global export share of 10 commodity categories in world trade.
	Figure 2 Correlation between local export share and GDP.
	Figure 3 Relation between the multiplicative time variation of the local export share of commodities and that of the GDP from 1962 to 2000.
	Figure 4 Clusters of countries sharing similar export portfolios.
	Figure 5 The normalized GDP of the countries transiting from a cluster of 1962 to the one of 2000 as a function of time t.
	Table 1 Ten commodity categories based on the first digit of the SITC, indexed by p, and their GDP-elasticity αp.
	Table 2 The multiplicative time variation of the normalized GDP of the countries transiting from a cluster of 1962 to the one of 2000.


