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Introduction: 
 
 Engel’s Law: the expenditure share of food declines as household income rises. 
 Generalized Engel’s Law: the aggregate expenditure shares of many consumption 

goods change systematically with per capita income, both in times series and in cross-
section, suggesting differential income elasticity across goods  

 With profound implications on structural change and international trade, for example, 
 The decline of agriculture, rise & fall of manufacturing, rise of service sectors 
 US, EU, and Japan are the three biggest markets for SUV; China, India, and 

Indonesia are the three biggest markets for motorbikes 
 Most formal models of structural change and international trade assume 

homothetic preferences, which implies 
 Every good has the identical income elasticity that is equal to one. 
 The rich & the poor consume goods in the same proportions. 

 In this talk, I will 
 Discuss why existing attempts to incorporate nonhomothetic preferences in formal 

models are too restrictive and too inflexible to capture rich implications of the 
generalized Engel’s law. 

 Propose a new form of nonhomothetic preferences and demonstrate its power with 
some applications to structural change and international trade. 
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Empirical Regularities 
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Goods vs. Services (from Boppart 2014) 
 
The share of “Goods” in total personal consumption expenditure declines. 
 
Log of expenditure share of goods in post-war US 
 
According to Bureau of Economic 
Analysis (BEA),  
 
“a good” is “a tangible commodity 
that can be stored and inventoried,”  
 
“a service” is “a commodity that 
cannot be stored or inventoried and 
that is usually consumed at the place 
and time of purchase” 
 
 
 
The main categories of “goods” are “Motor vehicles and parts,” “furnishings and durable household equipment,” 
“recreational goods and vehicles,” “food and beverages purchased for off-premises consumption,” “clothing and 
footwear” “gasoline and other energy goods,” “other durable/nondurable goods.”  



©Kiminori Matsuyama, Generalized Engel’s Law 

 Page 5 of 36

The price of Goods relative to Services 
declines.  
 
Log of relative price of goods to services 
 
 
This could cause the share of goods to decline, 
if goods and services are not very substitutable. 
 
If the change in the shares is driven solely by 
the relative price change, the real quantity of 
services relative to goods should go down 
through the substitution effect.   
 
However, it is non-monotonic, increasing 
until early 1990s, suggesting the differential 
income effects. 
 
Next, some micro-evidence. 
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Poorer households spend a larger fraction of their budget on goods than richer 
households 
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Agriculture, Manufacturing, Service (from Herrendorf-Rogerson-Valentinyi 2014)  
 
Evidence from Long Time Series 
for the Currently Rich Countries 
(Belgium, Finland, France, Japan, 
Korea, Netherlands, Spain, 
Sweden, United Kingdom, and 
United States) 1800-2000 
 
 
Measured by the shares in 
 Employment 
 Nominal Value-Added 
 
 Decline of Agriculture 
 Rise of Services 
 Hump shape of Manufacturing 
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Evidence from Recent Panels 
(Australia, Canada, 15 EU-
countries, Japan, Korea, and 
United States) 1970-2007 
 
The same patterns, when 
measured by the shares in 
 Hours worked 
 Nominal Value-Added 
 
But, manufacturing has been 
decreasing since 1970 for all 
countries except Korea.  
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The same evidence for 15 EU-
countries separately 
 
Substantial heterogeneity 
across countries with similar 
per capita income, suggesting 
that openness (and 
specialization) matters 
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Evidence from Recent Panels 
(Australia, Canada, 15 EU-
countries, Japan, Korea, and 
United States) 1970-2007 
 
Real and Nominal Value-
Added have similar patterns 
(except Korea), which is 
inconsistent with homothetic 
CES, suggesting differential 
income effects. 
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Evidence for Both 
Currently Rich and 
Poor Countries 
 
 
Left:  
Employment Share 
(World 
Development 
Indicators),  
1980, 1990, 2000 
 
 
Right:  
Nominal Value-
Added (UN national 
accounts),  
1975-2005 
with fitted curves 
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Nominal 
Consumption 
 
 Food 
 Manufactured 

Consumption 
(incl retail) 

 Services 
 
Left: UK and 
US, 1900-2008 
 
Middle & Right 
Australia, Canada, 
7 EU (Austria, 
Denmark, Finland, 
France, Italy, 
Netherlands, UK), 
Japan, Korea, US, 
1970-2007 
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Nominal Consumption for More Countries 
(from PWT), 1980, 1985, 1996 
 
 Food,  
 Manufactured Consumption (incl retail),  
 Services 
 
 
Decline in Food Consumption 
Rise in Service Consumption 
 
Manufacturing is less clear. 
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Differential income elasticities across consumption categories  
(Aguiar-Bils 2015) 
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Differential income elasticities 
across consumption categories  
(Caron-Fally-Markusen 2014) 
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Income elasticity differences are stable across a wide range of per capita income 
levels (Comin-Lashkari-Mestieri 2015) 
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The Rise of Service Sector is driven by the 
growth of skill-intensive services. 
 
The Rise of Skill-Premium is demand 
driven.  
(Buera-Kaboski 2012) 
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The same is true more broadly  
(Buera-Kaboski-Rogerson 2015) 
 
12 rich countries (Austria, Denmark, France, 
Germany, Holland, Italy, Japan, Korea, 
Spain, UK, US) 1970-2005 
 
Skill-intensity: share of labor income to high 
skilled (college graduate and above) 
 
 
Sector shares of value-added: 
Top:  Within Manufactures  
Bottom:  Within Services  
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Right:  Both Manufactures and Services  
 
 
 
 
 
Rise of Skill-Intensive Sectors  
Fall of Skill-Unintensive Sectors 
 
in spite of the higher relative price of skill 
intensive sectors, 
 
 
suggesting that skill-intensive sectors are 
more income-elastic. 
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Income elasticities are positively correlated with skill-intensities 
(from Caron-Fally-Markusen 2014) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Also, rich countries are net-exporters of high-income elastic and skill-intensive goods 
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A Simple Model of Structural Change 
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J-consumption goods sectors. 
 
Representative Household:   )(xU ,   where ),...,,( 21 Jxxxx  ,  
 
Technologies: CRS with )(tLAx jjj   where Aj is the productivity of sector-j. 
 

Resource Constraint: )()(
1

tLtL
J

j
j 



, where )(tL  is the supply of the unique factor, 

increasing over time, &  )(lim tLt .  
 
Notes: 
 Alternatively, )(tL  can also be interpreted as Hicks-neutral technical change.  
 Relative prices are determined solely by Aj’s. 
 No means for intertemporal resource allocation, so that the equilibrium is a sequence of 

the static equilibrium at each t, which changes as )(tL  changes. 
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Example 1A:   CES   
 









J

j

j
j

x
xU

1

/11

/11
)(

)(





 for σ > 0, ≠ 1;   or  



J

j
jj xxU

1
)log()(  ,  

 
where 0j  for all j. 
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With homothetic preferences and constant relative prices, sectoral compositions 
remain constant as the economy grows. 
 
What if the prices change?  
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Example 1B:  CES with different productivity growth: Baumol (1969), Ngai-Pissaridis 
(2007).    Let )exp()( tgtA jj  .  Then,  
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Consider J = 3, with 321 ggg   and 1 :  

 
)(
)(1

tL
tL  is monotone decreasing and 0

)(
)(lim 1 

 tL
tL

t
; 

 
)(
)(3

tL
tL  is monotone increasing and 1

)(
)(lim 3 

 tL
tL

t
; 

 0
)(
)(lim 2 

 tL
tL

t
.  

)(
)(2

tL
tL  is hump-shaped (inverted U), if     )()( 323211 gggg    . 

 
 This captures the fall in agriculture, the rise of services, and the rise of fall of industry. 
 But, with 1 , the real and nominal expenditure shares move in the opposite 

direction, contrary to the empirical evidence.  
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Explicit Additivity, Homotheticity, and CES 
 
Under explicit additive separability, preferences are homothetic iff CES. 
 
Bergson’s Law:  Suppose that the utility function, RRU J : , is quasi-concave, 

increasing, and explicitly additively separable, 



J

j
jj xuxU

1
)()( .  Then, it is homothetic 

if & only if  

j
j

jj

x
xu 












1
)(

)(
1

 for θ > 0, ≠ 1; or jjjj xxu   )log()( , where 0j  for all j. 

 
Notes:  Explicit Additivity is essential.  First, easy to construct homothetic preferences 
that are not explicitly additively separable.  To see this, let   RRf J

k :   (k = 1, 2, …, K) 
is linear homogeneous and RRg K :  is homothetic.  Then, RRU J :  defined by: 

 )(),...,(),()( 21 xfxfxfgxU K , 
is also homothetic.  But, it is not generally explicitly additively separable. 
 
Ex.1:      1

1
21)( BxxxAxU   ;    Ex.2:    221 loglog)( xxxxU   , 

and so on. 
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Second, a utility function )(xU  is said to be implicitly additively separable when it can 

be defined implicitly by 1);(
1




J

j
jj Uxf .  Within this class, it is easy to see that 

 1)/(
1




J

j
jj Uxf     is homothetic but generally not CES. 

 1))((
1

1 



J

j
jj xU   is CES but generally not homothetic. 

 
(Additional conditions are required for this function to be increasing and quasi-concave.) 
 
Third, explicit additivity has the following (undesirable) implications. 
 
Pigou’s Law:  Income Elasticity of Good s = constant 
      Price Elasticity of Good s 
(Bergson’s Law is a special case.) 
 
In spite of all these, most existing models of nonhomothetic preferences use explicitly 
additively separable ones, particularly Stone-Geary preferences. 



©Kiminori Matsuyama, Generalized Engel’s Law 

 Page 27 of 36

Stone-Geary Preferences: 
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 for σ > 0, ≠ 1;   or   



J

j
jjj xxU

1
)log()(  ,  

where 0j  for all j. 
 

The household demand, under the budget constraint, h
J

j

h
jj Ixp 

1
, takes form of: 

h
jj

h
jj IpBpxp )()(   for each j. 

Notes: 
 For j  > 0, it is interpreted as the subsistent level of consumption.   For j  < 0, ‒ j  > 0 

is interpreted as the endowment of good j. 
 With 0)(  pj , the average propensity to consume, hh

jj Ixp / , monotonically 
decreasing (a necessity) or, monotonically increasing (a luxury) in hI . (i.e., non-
homothetic). 

 But, the marginal propensity to consume, )(/ pBIxp j
hh

jj  , is independent of hI , 
which allow for aggregation across households.  Thus, we can talk about the 
representative household or the Household Sector, even if they may differ in their 
income and expenditure. 
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When applied to our simple model of structural change,  
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Example 2A:  J = 2; 01   & 02  . 
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tL  , increasing over time with 2

2
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 tL
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t
. 

Interpretation:  Sector-1 is the food sector; and Sector-2 is everything else; or Sector-2 is 
service and Sector-1 is everything else. 
  
 
Example 2B:  J = 3; 01  , 02  , & 03  .  Then,  

 0
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Interpretation:  Sector-1, agriculture; Sector-2 manufacturing; Sector-3 services. 
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Notes: 
 Kongsamut, Rebelo, Xie (2001) embedded this type of preferences into a standard 

growth model to reconcile the Fisher-Clark-Kuznets thesis with the Kaldor’s balance 
growth view.  However, Example 2B suggests that this was a futile attempt.   
 We can never have the rise and fall of manufacturing (the inverted U-patterns), 

because its share has to be rising, declining, or constant. 
 The share of every sector will eventually converge to a constant. 

 One could obviously try to combine differential productivity growth with Stone-Geary. 
 
However, Stone-Geary have several fundamental flaws. 
 Asymptotically homothetic, suggesting that non-homotheticity is important only for 

poor households and poor countries.  This feature  
contradicts with stable slopes of Engel’s curves (e.g., Comin-Lashkari-Mestieri 2015)  
makes it difficult to fit the long-run data (e.g.,Buera-Kaboski 2009) 

 Due to its explicit additivity, it is subject to Pigou’s Law. 
 The key parameters, j , are given by a quantity of good j, hence not unit-free.  Indeed, 

one could choose a unit of each good such that j  = 1, 0, or ‒1, w.l.o.g.  In other 
words, it cannot meaningfully distinguish more than three sectors in terms of their 
income elasticities. 
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Some Alternative Nonhomothetic Preferences: 
 
ConstantRatio of IncomeElasticity (CRIE): Fieler(2011),Caron-Fally-Markusen(2014) 
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 Allow for nonhomothecity that are independent of income levels. 
 Can accommodate any number of sectors. 
 But, due to its explicit additivity, it is subject to Pigou’s law; kjkj  //  . 
 
Price Independent Generalized Linearity (PIGL) Preferences: Boppart (2014).   
Its indirect utility function is given by:  
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 Allow for nonhomotheticty that do not disappear asymptotically. 
 But, it can accommodate only two sectors 
 Though not subject to Pigou’s law, it still imposes functional relations between the 

income elasticity and price elasticity. 
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Hierarchical Preferences:  Matsuyama (2000, 2002), Foellmi-Zweimueller (2008), 
Buera and Kaboski (2012) 
 

 





1

,min)(
j

jjj xxxU   ,   for the case of a finite number of goods 

or   





0

,min)(
j

jjj djxxxU  ,  for the case of a continuum of goods 

where jx  is the saturation level of good j.   
 
If j declines sufficiently rapidly so that jj p/  is monotone decreasing,   

 The households buy only ],0[ Jj  up to their saturation levels, where Edjxp
J

j
jj 

0

. 

 As E rises, they expand the range of goods purchased. 
 Each good is a luxury for poor households, and a necessity for rich households. 
 If the goods are classified into the three sectors such that the density of agriculture 

goods, manufacturing goods, and services, are monotone decreasing, single-peak, and 
monotone increasing, this generates the observed patterns of structural change.   
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Implicitly Additive Nonhomothetic CES: Hanoch (1975) 
 

1))((
1

/11 



J

j
jj xU   ,  

where )(Uj , a function of U, is a weight on sector j 
 
Isoelastic Case: Comin, Lashkari, and Mestieri (2015); Matsuyama (2015) 
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where global monotonicity and quasi-concavity requires )1/()(  j  > 0.    
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where U is given implicitly by    
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Applying this to our simple model of structural change with constant productivity,  
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 )(tU  is monotone increasing in )(tL  under the global monotonicity condition, 

)1/()(  j >0.  
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 For the three sectors with 321    , 
)(
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1

tL
tL  & 
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3
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tL
tL  are decreasing.  Furthermore, 

)(
)(1

tL
tL  decreasing; 

)(
)(2

tL
tL  hump-shaped; and 

)(
)(3

tL
tL  increasing. 

 One could also accommodate differential productivity growth.  See Comin-Lashkari-
Mestieri (2015). 
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An Application to International Trade: 
Matsuyama (2015); “The Home Market Effect and Patterns of 

Trade Between Rich and Poor Countries” 
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