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1. Introduction 
Most political goals are concerned with aggregate indicators of the economy. In order to achieve these 

political goals, economic policy instruments are used to change individual consumption. The 

effectiveness of these instruments depends on the aggregate response of all consumers. We know from 

the aggregation literature that unless consumers are homogeneous in their demand responses, we may 

experience aggregation problems. The main concerns in the existing aggregation literature have been: 

what restrictions on the micro functions are necessary for aggregate demand to exist as a function of 

aggregate income; when can aggregate demand be given a behavioural interpretation; and when does 

aggregate demand have welfare implications?1 The early work on aggregation is dominated by 

Gorman’s and Muellbauer’s theories of the representative agent (Gorman 1953, Blackorby and 

Shorrocks 1995, Deaton and Muellbauer 1980a, 1980b). Later, Lau developed the concept of exact 

aggregation (Lau 1981, Lau and Wu 1987, 1996). The main finding in this literature is that if 

consumers are heterogeneous in their responses to income change, we can give the macro function 

neither a behavioural nor a welfare interpretation, and it may not even be meaningful to assume the 

existence of aggregate demand as a function of aggregate income. If it is inappropriate to assume the 

existence of an aggregate demand function, the interpretation of price and income derivatives from an 

aggregate demand function estimated using macro data is problematic. 

 

Alternatively, we may estimate individual demand by using micro data, and then use estimated micro 

properties to predict aggregate demand responses. Analyses based on micro data can always be given a 

behavioural interpretation. However, it is not obvious that the properties of the micro functions 

transfer to aggregate demand (see, for example, Mas-Colell, Whinston and Green 1995 for a 

discussion). This creates differences between micro and macro elasticities.2 If consumers are 

heterogeneous, we may experience disaggregation bias when using estimated micro properties to 

predict aggregate demand responses (hereafter referred to as the reverse aggregation problem). The 

criteria for the existence of an aggregate demand function may differ from the criteria for reverse 

aggregation. This is because the existence of an aggregate demand function only requires homogeneity 

across consumers with respect to income changes, whereas reverse aggregation also requires 

homogeneity with respect to price changes (see the discussion in Section 2). 

                                                      
1 See, for example, Deaton and Muellbauer (1980), Mas-Colell, Whinston and Green (1995), and Forni and Brighi (1991) 

for discussion. 
2 See, for example, Deaton and Muellbauer (1980), Stoker (1986), Buse (1992) and Denton and Mountain (2001, 2004) for 

discussion of the differences between micro and macro elasticities. 
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Potential disaggregation bias from using estimated micro properties to predict aggregate demand 

responses, i.e., the reverse aggregation problem, is not often discussed in the literature. Blundell, 

Pashardes and Weber (1993) compare estimation results based on micro data with estimation results 

based on aggregated micro data (15 years of the British Family Expenditure Survey), for which they 

allow for heterogeneity in income derivatives. They find significant differences in the estimation 

results,3 and conclude in the abstract that “aggregate data alone are unlikely to produce reliable 

estimates of structural price and income coefficients”. In another interesting paper, Blundell, Meghir 

and Weber (1993) present an empirical methodology for testing whether aggregate data can be used to 

estimate micro parameters. However, in neither of the papers do the authors discuss potential 

disaggregation bias from using micro estimates to predict aggregate demand. Denton and Mountain 

(2001, 2004) discuss differences between aggregated and disaggregated elasticities. They calculate 

aggregated elasticities based on estimates of micro elasticities by using the results in Blundell, 

Pashardes and Weber (1993). Their aim is to explore the degree of disaggregation bias. They find that 

the disaggregation bias is relatively small. However, they do not discuss the effect on the results of 

heterogeneity in price derivatives and price variation across consumers.4 The criteria under which it is 

appropriate to assume reverse aggregation have not, to this author’s knowledge, previously been 

discussed in the literature. 

 

The aim of this study is to explore the conditions under which estimated micro properties can be used 

to predict aggregate demand responses without generating disaggregation bias. That is, we aim to find 

the criteria for reverse aggregation. We also discuss how the criteria for reverse aggregation relate to 

the existing literature on aggregation problems, and in particular to Gorman’s and Muellbauer’s work 

on linear and non-linear aggregation. We expand the theory of linear and non-linear aggregation to 

study how price variation across consumers affects the transfer of micro properties to the macro 

function, and discuss how these changes affect the potential for aggregation bias. We also expand the 

existing empirical literature on differences between micro and macro elasticities by discussing the 

effect on aggregation of price variations across consumers. In the literature, most tests for the 

existence of a representative consumer are based on macro data (see, for example, Russell, Breunig 

and Chiu 1998 for a discussion). In this study, we test all hypotheses about aggregation by using micro 

data. The case of Norwegian household electricity demand is used as an example. 

 

                                                      
3 Similar results are found by Halvorsen, Larsen and Nesbakken (2001). 
4 In most of the aggregation literature, it is assumed that all consumers face equal prices. One exemption is Lau and Wu’s 

discussion of exact aggregation (Lau and Wu 1996). 



5 

The outline of this paper is as follows. In Section 2, we give a brief summary of the aggregation 

problem. The main criteria for linear and non-linear aggregation are stated and expanded to the case in 

which prices may vary across consumers. Then, the criteria for reverse aggregation are discussed and 

compared to criteria for linear and non-linear aggregation. In Section 3, we analyse Norwegian 

residential electricity consumption. We describe our data and estimation results, and formulate and test 

hypotheses of linear and reverse aggregation. In Section 4, concluding remarks are made. A detailed 

discussion of the aggregation properties of the generalized linear functional form (non-linear 

aggregation) is given in the appendix. 

2. The aggregation problem 
Mas-Colell, Whinston and Green (1995) distinguish between three types of questions concerning 

aggregate demand. The first is whether aggregated demand exists as a function of prices and 

aggregated wealth or income. If consumers respond differently to income, a redistribution of wealth 

between consumers changes aggregate demand even though aggregate income is constant. The second 

question is whether aggregate demand can be given a behavioural interpretation (as a demand 

response). For some behavioural properties, aggregation is automatic; examples include continuity, 

homogeneity and Walras’ law. By contrast, the weak axiom (WA) of revealed preference does not 

transfer automatically to aggregate demand. The idea behind the WA is that if x is revealed to be at 

least as good as y, then y cannot be revealed preferred to x. This is a basic assumption of consistency 

in choice behaviour. Finally, Mas-Colell, Whinston and Green (1995) discuss the existence of a 

representative consumer. To assume a representative consumer, aggregate demand must be inferred 

from utility maximization by a representative consumer. This implies that aggregate demand must 

satisfy the strong axiom of revealed preference, which generates the symmetry of the Slutsky matrix 

(also referred to as integrability). If we can assume a representative consumer, aggregate demand has 

welfare implications. Another question (not discussed by Mas-Colell, Whinston and Green) is whether 

the properties of the micro functions can help to determine aggregate demand responses to a policy 

instrument when there are aggregation problems. 

 

The main aim of this section is to describe the criteria that ensure reverse aggregation and to discuss 

how these criteria relate to the criteria for linear and non-linear aggregation. We start by describing the 

criteria for linear aggregation (Gorman’s representative consumer) and non-linear aggregation 

(Muellbauer’s representative consumer). Then, we discuss the criteria for reverse aggregation and 

explain how these are related to the criteria for linear and non-linear aggregation. All aggregation 

criteria are discussed under the assumption that prices are constant and under the assumption that 
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prices vary across consumers. That is, the theories of linear and non-linear aggregation are extended to 

apply when prices vary across consumers. As discussed by Forni and Brighi (1991), the behavioural 

interpretation of aggregate demand is lost in Lau’s concept of exact aggregation. Since our aim is to 

predict aggregate demand responses, we need a behavioural interpretation. Thus, we do not discuss 

Lau’s theory of exact aggregation further in this paper. 

2.1. Linear aggregation 
In this section, we discuss the criteria for the existence of an aggregate demand function and Gorman’s 

representative consumer. This is known as the case of linear aggregation. In addition to assuming that 

prices are equal across agents, as Gorman did, we also assume that prices are allowed to vary. 

2.1.1. Equal prices 

Assume that individual h’s consumption of good i ( h
iq ) is a function of income ( hy ) and a vector of 

prices ( p ), which is assumed to be equal for all consumers. The demand function is given by 

( )hh
i

h
i ypfq ,= . Assume further that the income distribution is exogenous to the choice of whether to 

consume good i. Aggregate demand for good i ( iQ ) is defined as the sum of all individual 

consumption demands. Aggregate consumption is thus a function of the price vector and individual 

incomes: ( ) ( )H
i

H

h

hh
ii yypGypfQ .....,,,, 1

1

==∑
=

, where H denotes the number of individuals. 

 

To assume the existence of an aggregate demand function (Fi) as a function of prices (p) and aggregate 

income ( ∑
=

=
H

h

hyY
1

), the sum of all individual consumption demands must equal the aggregate 

demand function: 

 

(1) ( ) ( )YpFyypGQ i
H

ii ,.....,,, 1 == . 

 

This is the case if individual income is a fixed proportion of aggregate income for all consumers (that 

is, if Yry hh = ), or if the micro functions are given by: 

 

(2) ( ) ( ) hh
i

h
i ypbpaq += . 
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Gorman proved that the micro functions in (2) imply the existence of the aggregate demand function in 

(1). That is, for the macro function to exist, all consumers must have the same demand response to 

income changes. If prices do not vary across consumers, heterogeneity is allowed in the constant term, 
h
ia . Furthermore, the income derivative cannot be a function of income because income must appear 

linearly in the demand function. This is the same as assuming linear and parallel Engel curves for all 

individuals. In this case, the aggregate demand function is given by: 

 

(3) ( ) ( ) ( ) ( ) ( )∑
=

+=+==
H

h
i

h
iii YpbpaYpbpaYpFQ

1
, . 

 

In order to assume a representative consumer, we also need to impose integrability on the aggregate 

demand function. To transfer the adding-up condition to the macro function and to ensure the non-

negativity of demand quantities for all goods, the income–expansion paths must pass through the 

origin for all consumers ( ( ) 0=pah
i ) and utility-maximizing agents must have homothetic 

preferences.5 Thus, for Gorman’s representative agent to exist, the individual demand function must be 

given by ( ) hh
i ypbq = . This function implies the following aggregate demand function for the 

representative consumer: ( )YpbQi = . That is, all consumers must have the same income response but 

not the same price response, because the price response is a function of income. See, for example, 

Forni and Brighi (1991) for more information. 

2.1.2. Varying prices 

The theory of the existence of an aggregate demand function and of Gorman’s representative 

consumer is discussed in the context in which all consumers face the same prices (p). However, actual 

prices often vary across consumers. This is particularly true of Norwegian household electricity 

consumption, which we use as an example to test for aggregation problems. Thus, we must find the 

criteria for the existence of an aggregate demand function and of Gorman’s representative consumer 

when prices vary across consumers. The problem involves finding the criteria for the existence of 

mean (aggregate) consumption as an integrable function of mean prices and mean income, when 

prices, as well as income, vary across consumers. 

 

                                                      
5 To allow for quasi-homothetic preferences, we must assume that the income–expansion paths are only defined above a 

given indifference surface, for example, above a minimum consumption level. 
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In order for the aggregate demand function to exist as a function of aggregate income and prices, we 

must assume either that: (i) prices and income are proportional to aggregate (mean) prices and income 

for all consumers, that is, Yry hh =  and i
h

i
h
i prp = ; or (ii) the micro functions are linear in prices and 

income. The only heterogeneity is in the constant term. In case (ii), the micro demand function must 

be given by (4) for the aggregate demand function to exist as a function of aggregate prices and 

income: 

 

(4) ∑ ++=
k

h
i

h
kk

h
i

h
i ycpbaq . 

 

In this case, the consumption of the aggregate consumer (expressed in mean terms) is given by: 

 

(5) ∑ ++=
k

ikkii ycpbaq . 

 

For this macro consumer to be representative, that is, to transfer the adding-up condition to the macro 

function and to impose the non-negativity of demand quantities for all goods, the income–expansion 

paths must pass through the origin for all consumers ( 0=h
ia ). That is, when prices are allowed to 

vary across consumers, the micro demand functions are given by ∑ +=
k

h
i

h
kk

h
i ycpbq , and the 

demand function of a representative mean consumer is given by ∑ +=
k

ikki ycpbq . 

2.2. Non-linear aggregation 
Linear aggregation is relatively restrictive on individual consumption. Instead of assuming that the 

consumer is representative in terms of consumption, we may assume that the consumer is 

representative in terms of expenditure shares. This is the case of non-linear aggregation. This type of 

aggregation is less restrictive than linear aggregation because it allows the derivatives of the demand 

function with respect to expenditures to differ across consumers (see, for example, Deaton and 

Muellbauer 1980 and Forni and Brighi 1991; see also the appendix for a discussion). We discuss the 

criteria for the existence of an aggregate expenditure share function and of Muellbauer’s representative 

consumer. This case is discussed when prices are equal, and when prices are allowed to vary across 

agents. We also discuss what happens when we relax the assumption that the distribution of income is 

exogenous in the consumption decision. 
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2.2.1. Exogenous income distribution and equal prices 

First, suppose that prices are equal across consumers and that the distribution of income is exogenous 

in the consumption decision. Under what conditions on the micro expenditure share functions ( h
iw ) 

does an aggregate expenditure share function ( iW ) exist as a function of aggregate income (Y)? That 

is: 

 

(6) ( )( ) ∑===
h

h
i

h
H

ii
ii

i w
Y
yyypgpW

Y
pQW .....,,,, 1 , 

 

where ( )H
i yypg .....,,, 1  is a function that describes how the distribution of income affects aggregate 

consumption. Non-linear aggregation implies that the expenditure shares are linear functions of each 

other when aggregate wealth changes at given prices, even if the Engel curves are not linear. This 

property is known as generalized linearity (GL). Muellbauer has shown that the necessary and 

sufficient conditions for non-linear aggregation are that the micro and macro demand relations are 

given by: 

 

(7) ( ) ( ) ( ) ( )pygpcypbypfq hh
ii

h
i

h
i

h
i ,, +==  

 

and 

 

(8) ( )( ) ( ) ( )
( )

( ) ( ) ( )[ ]YyypgpcpbY
Y

ypg
pcpbYyygpXQ H

iii
h

hh
i

ii
H

iii ...,,,
,

...,,, 11 +=
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
+==

∑
,  

 

where ( ) ( ) Yypgyypg
h

hh
i

H
i ∑= ,...,,, 1 . Heterogeneity in micro behaviour is incorporated in the 

form of different functions, h
ig . However, the coefficients ib  and ic  must be identical across agents. 

 

Muellbauer has shown that, given this structure on the micro functions, the properties of the micro 

function transfer to the macro relationship. Hence, equation (8) can be interpreted as the demand of a 

representative consumer. The income of the representative consumer ( oY ) is implicitly defined by the 
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equation ( ) ( )∑=
h

hh
i

o
i ypgYYpg ,, . The function ig , and thus also oY , depends on prices and the 

distribution of income across consumers; that is, ( )Hoo yypYY .....,,, 1= . 

 

The existence of Muellbauer’s representative agent allows the quantity demanded by the 

representative agent to differ from aggregate demand. This is because, when the problem is defined in 

terms of expenditure shares, the income of the representative agent may differ from aggregate income 

(see Appendix A1 for more information). This has important implications for our purposes. As noted 

by Forni and Brighi (1991), this implies that even if the micro properties aggregate to the macro level 

in this case, the properties do not necessarily relate to market demand. This is because it is the demand 

of the representative agent, not the actual macro demand relationship, that is integrable. 

2.2.2. Endogenous income distribution and varying prices 

Deaton and Muellbauer (1980) do not discuss the criteria for non-linear aggregation when consumers 

face different prices. They do, however, relax the assumption of the exogenous distribution of 

expenditures. They find that if all consumers receive equal prices for labour (for example, equal 

hourly wages), non-linear aggregation is possible. However, when consumers have different hourly 

wages, non-linear aggregation is no longer possible unless there is separability in the consumption of 

goods and leisure. Deaton and Muellbauer (1980) note that this result implies that every good whose 

price varies between consumers must be separable from the consumption of other goods for non-linear 

aggregation to be allowed. 

 

In practice, prices on many goods vary across consumers. So, what are the criteria for non-linear 

aggregation when prices vary? Is Deaton and Muellbauer’s argument about separability in 

consumption sufficient to guarantee the existence of a representative consumer when prices vary 

across agents? To investigate this, we assume that the function h
ig  is independent of prices and only 

depends on income. In addition, we define the function h
km , which represents the heterogeneity in the 

price derivative with respect to the price of good k. In addition, we assume that all coefficients in the 

demand function are equal across consumers. This yields the following micro demand function: 

 

(9) ( ) ( ) ( )∑∑ +++==
k

h
k

h
ikik

hh
ii

h
i

k

h
kki

hh
i

h
i pmdygcybpayPfq , . 
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Equation (9) implies that price and income derivatives differ across consumers because the functions 

( )hh
i yg  and ( )h

k
h
ik pm  vary across consumers.6 However, is the micro function in (9) consistent with the 

existence of an aggregate expenditure share function as a function of the mean prices and aggregate 

income when prices, as well as income, vary across consumers? That is, can one guarantee the 

following? 

 

(10) ( ) ( ) ( )( ) ∑===
h

h
ih

i

i
h

H
i

H
K

H
i

ii
i w

p
p

Y
yyygppppppW

Y
pQW KK ...,,,...,,...,,...,, 111

1 11  

 

The micro expenditure share function associated with the demand function in (9) is given by: 

 

(11) ( )[ ] ( )
h

h
i

hh
iih

ii
k

h
k

h
ikik

h
kkih

h
ih

i y
pygcpbpmdpa

y
pw +++= ∑ . 

 

Inserting equation (11) into the criterion for the existence of an aggregate expenditure share function 

in equation (10) yields: 

 

(12) ( ) ( )H
kkk

I

k
ik

H
iiii

I

k

kiik
i ppmdyygcpb

Y
PpaW ...,,....,, 1

1

1

1
∑∑

==

+++= , 

 

where ( )
( )

Y

ygp
yyg

H

h

hh
ii

H
i

∑
== 11 ....,, , ( )

( )
Y

pmp
ppm

H

h

h
k

h
iki

H
kkik

∑
== 11 ...,,  and ∑

=

=
H

h

h
ii pP

1

. It can be 

shown that the expenditure share function in (11) is consistent with the existence of an aggregate 

expenditure share function (see Appendix A2). The aggregate expenditure share may either be written 

as a function of individual prices and income, or as a function of a representative price ( o
ip ) and a 

representative income ( oY ). The representative price and income is found implicitly by solving the 

functions ( )( )
( )

Y

ygp
yyYg

H

h

hh
ii

Ho
i

∑
== 11 ....,,  and ( )( )

( )
Y

pmp
pppm

H

h

h
k

h
iki

H
kk

o
kik

∑
== 11 ...,,  with respect 

to o
ip  and oY . 

                                                      
6 See Appendix A2 for more information. 
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2.3. Reverse aggregation 
The most commonly used method for predicting aggregate demand from micro estimates is to use the 

properties of the mean consumer (the consumer with mean properties).7 So, what are the main criteria 

for avoiding disaggregation bias when applying this method? To avoid disaggregation bias when using 

micro estimates to predict aggregate demand, the consumption of the mean consumer multiplied by 

the number of consumers must equal aggregate consumption. We may also want to use micro esti-

mates to predict the aggregate effect on consumption of price and income changes. That is, we want 

the predicted change in consumption for the mean consumer multiplied by the number of consumers to 

equal the aggregate demand response. For these criteria to be fulfilled, restrictions on the properties of 

the micro functions are required. These restrictions may depend on whether consumers pay equal or 

different prices for the same good. 

2.3.1. Equal prices 

Individual h’s consumption of good i ( h
iq ) is assumed to be a function of his or her income ( hy ) and a 

vector of prices { }Ippp .....,,1=  that is assumed to be equal across consumers; that is, 

( )hh
i

h
i ypfq ,= . The consumption of the mean consumer is given by ( )ypfi , , where y  is mean 

income. In order to use the consumption of the mean consumer to predict aggregate demand, the 

consumption of the mean consumer multiplied by the number of consumers should equal aggregate 

consumption ( iQ ): 

 

(13) ( ) ( ) i

H

h

hh
ii QypfHypf ==∑

=1
,, . 

 

That is, the consumption of the mean consumer must equal mean consumption. To use micro estimates 

to predict the aggregate demand response from price and income changes, the derivatives of the mean 

consumer’s consumption multiplied by the total number of consumers (H) must equal aggregate price 

and income responses: 

 

(14) ( ) ( )∑
= ∂

∂=
∂

∂ H

h i

hh
i

i

i

p
ypfH

p
ypf

1

,,  , 

 

                                                      
7 This is the method applied by, for example, Denton and Mountain (2001, 2004) to test for disaggregation bias. 
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(15) ( ) ( )∑
= ∂

∂=
∂

∂ H

h
h

hh
ii

y
ypfH

y
ypf

1

,,  . 

 

Equation (13) implies that the properties of the mean consumer can be used to predict the aggregate 

price response if the price response of the mean consumer is equal to the mean response of all 

consumers. Similarly, the properties of the mean consumer can be used to predict the aggregate 

income response if the mean consumer’s income response equals the mean response of all consumers. 

 

For equations (13) to (15) to be valid, micro demand functions must be linear in income and prices, as 

in equation (4). This is because heterogeneity in price and/or income derivatives may cause the 

derivative of the mean consumer to differ from the mean derivative of all consumers. 

2.3.2. Varying prices 

When prices vary across consumers, the mean consumer is characterized by both mean income and 

mean prices. In this case, the criteria for avoiding problems with reverse aggregation are given by: 

 

(16) ( ) ( ) i

H

h

hhh
ii QypfHypf ==∑

=1
,, , 

 

(17) ( ) ( )∑
= ∂

∂=
∂

∂ H

h
h
i

hhh
i

i

i

p
ypfH

p
ypf

1

,,  , 

 

(18) ( ) ( )∑
= ∂

∂=
∂

∂ H

h
h

hhh
ii

y
ypfH

y
ypf

1

,,  , 

 

where hp  is a vector of prices specific to consumer h and p is a vector of all mean prices over all 

consumers. 

 

The essential criterion for avoiding problems with reverse aggregation is that all partial derivatives 

must be equal across consumers irrespective of consumers’ initial incomes and prices. If this is not the 

case, disaggregation bias might arise when using estimates for the mean consumer from micro data to 

predict aggregate demand responses. A sufficient condition for this criterion to be fulfilled is that the 

micro demand functions are linear in both income and prices, as in equation (4). 
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The criterion for the existence of reverse aggregation is thus irrespective of whether prices are equal or 

vary across consumers. The reason is that we want to avoid disaggregation bias not only when using 

micro estimates to predict the aggregate consumption level, but also when using micro estimates to 

predict aggregate changes in consumption following price and income changes. If we only wanted to 

predict aggregate consumption (not changes in consumption), the criterion for reverse aggregation 

could be relaxed when prices are equal because prices need not enter the micro functions in a linear 

form. In this case, reverse aggregation is equivalent to the existence of an aggregate demand function 

(discussed in section 2.1.1) that incorporates heterogeneity in price derivatives. 

2.4. Reverse versus linear and non-linear aggregation 
From the above discussion, linear aggregation only ensures reverse aggregation when prices are allowed 

to vary across consumers. In this case, the criteria for the existence of an aggregate demand function are 

the same as the criteria for reverse aggregation. However, this is not the case when prices are the same for 

all consumers. This is because linear aggregation requires income derivatives, but not price derivatives, to 

be equal across consumers. If Gorman’s representative consumer is valid, we may still experience pro-

blems with reverse aggregation when prices are equal, even if the homogeneity and adding-up conditions 

remove some of the heterogeneity in the price derivatives through the constant terms in the micro 

functions. This is because the price derivatives are functions of income, and thus vary across consumers. 

 

Non-linear aggregation cannot ensure reverse aggregation whether or not prices vary across consumers. 

This is because the criteria for non-linear aggregation allow heterogeneity in price and income 

derivatives through the functions h
ig  and h

ikm  (when prices vary across consumers). Furthermore, since 

the income of the representative agent may differ from aggregate income, the consumption of a 

representative agent may differ from aggregate demand. Thus, the existence of Muellbauer’s representa-

tive agent does not ensure reverse aggregation. This means that if we have estimated an AIDS by using 

micro data, it may not be appropriate to use these estimates to predict the effects on aggregate demand of 

policy instruments, even if the AIDS model is consistent with Muellbauer’s representative agent. 

 

Whether the criteria for reverse aggregation, the existence of an aggregate demand function or an 

aggregate expenditure share function, and the existence of Gorman’s or Muellbauer’s representative agent 

are met is an empirical question, which needs to be tested in each individual case. In the next section, we 

formulate and test hypotheses about linear and reverse aggregation by using estimation results based on 

micro data on Norwegian household electricity consumption. We do not test hypotheses about non-linear 

aggregation because non-linear aggregation is not sufficient to avoid disaggregation bias. 
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3. Norwegian residential electricity demand 
Norwegian household electricity consumption is a useful example of a good for which aggregation 

problems are relevant. Norwegian households are likely to be heterogeneous in their electricity 

demand. This, among other reasons, is because the substitution possibilities vary considerably across 

households, as the stock and capacity of heating equipment vary (see Table 1). In this section, we 

estimate Norwegian household demand for electricity by using micro data, taken primarily from the 

Norwegian Survey of Consumer Expenditures (SCE), to test the assumptions behind reverse 

aggregation and the existence of an aggregate demand function. 

3.1. The data 
The data used in the analysis come from different sources and contain information on 3,511 individual 

households in 1993, 1994 and 1995. The main data source is the annual Norwegian SCE (see Statistics 

Norway 1996).8 Our data include information on annual electricity expenditure, electricity suppliers, the 

ownership of durables, heating technology and other household and dwelling characteristics. Information 

on electricity prices was collected from households’ individual electricity suppliers and the Norwegian 

Water Resources and Energy Directorate. If price information for a household is missing, the mean price 

of all power suppliers distributing to the household’s area of residence (municipality) is allocated to the 

household.9 Individual prices on paraffin, fuel oil and firewood were obtained from the SCE, and 

calculated as expenditure divided by quantity. These prices are averaged by county and applied to 

households in that county for which neither a positive expenditure on, nor an amount of, firewood, 

paraffin and/or fuel oil is recorded. The Norwegian Institute of Meteorology provides annual information 

on regional variations in temperature for all municipalities included in the SCE. 

 

Table 1 reports the mean, minimum and maximum values of key variables in the data set. First, note 

that there are considerable variations in energy prices and income. This is particularly true for prices 

on firewood. In addition, households are relatively heterogeneous in terms of household and residence 

characteristics. For example, the number of household members ranges from one to 12, and 

households range from 12 m2 rented net floor spaces to owner-occupied 550 m2 houses. This implies 

large differences in the need for electricity for room and water heating and thus probably creates 

heterogeneity in price and income derivatives. In addition, substitution possibilities between electricity 

and other energy sources vary considerably. For example, 80 per cent of the households in the sample 

                                                      
8 The Norwegian SCE is supplemented by additional information on energy use and the stock of heating equipment in the 

years under study in this analysis. 
9 In this period, most households used their local power distributor. 
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can use firewood and electricity for heating. The number of electric heaters, stoves and rooms with 

floor heating also varies considerably. This variation is also likely to create heterogeneity in the 

household responses to price and income changes.  

 

Heterogeneity across households may affect the demand function in several ways. Consider two 

groups of households: one may only use electricity for heating, whereas the other may use both 

electricity and fuel oil in a central heating system. The former will, on average, consume more 

electricity and their electricity consumption will be less sensitive to price and income changes, ceteris 

paribus, because they cannot substitute other energy goods for electricity when electricity prices rise. 

Furthermore, the variation in observed electricity consumption will be higher for the other group 

because some households will use electricity only whereas others will use only fuel oil or a 

combination of electricity and fuel oil for heating. 

Table 1. Descriptive statistics of key variables in the data set based on the sample from the 
Norwegian Consumer Expenditure Survey 1993–1995 

 Mean Minimum Maximum
Electricity consumption (kWh)a) 22 860 0 89 149
Paraffin consumption (kWh)b) 821 0 109 150
Fuel-oil consumption (kWh)b) 690 0 122 277
Firewood consumption (kWh)b) 3 113 0 227 500
 
Electricity price (øre/kWh) 44 25 59
Paraffin price (øre/kWh-utilized) 48 4.58 123
Fuel-oil price (øre/kWh-utilized) 39 0.35 76
Firewood price (øre/kWh-utilized) 51 0.96 154
 
Household annual gross income (NOK) 373 271 95 8 950 900
Number of household members 3.20 1 12
Net floor space (m2) 128 12 550
Heating degree days during winter season 3 012 2 239 4 291
 
Opportunity to use paraffin (0, 1) 0.24 0 1
Opportunity to use fuel oil (0, 1) 0.04 0 1
Opportunity to use firewood (0, 1) 0.80 0 1
 
Number of electric heaters 5.05

 
0 30

Number of rooms with electric floor heating 1.48 0 12
Number of firewood stoves 1.07 0 11
Number of paraffin stoves 0.13 0 3
a) The reason some households (2.5%) have a zero electricity consumption is that they are registered with zero expenditure in the SCE. The 
two main reasons are that the electricity bill is included in the rent (in the case of tenants) or is paid by the employer. 
b) Acquired quantities (not consumption) calculated in utilized kWh. 
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3.2. Econometric specification 
To illustrate the problem of aggregating demand over heterogeneous households, we estimate a linear 

demand function in which price and income derivatives and the standard deviation of the error term 

depend on household characteristics. We assume that the consumption of electricity in household h 

(qh) comprises a deterministic component ( hµ ) and a stochastic component ( hε ), and in which the 

deterministic component is approximated by a linear function.10 Electricity consumption in household 

h is given by: 

 

(19) ,hhhh
j

J

j

h
j

h
j

hhhh yOEpq εβγαεµ +++=+= ∑  

 

where hy  is annual real income in household h and pj
h is the price of energy good j for household h. 

To ensure that only the prices of the goods that the household can consume enter the individual 

demand function, we multiply the price variables by a dummy variable, OEj
h, which equals unity if the 

household can consume good j, and equals zero otherwise. We assume that the stochastic component 

is independently and normally distributed with a zero mean, ( ) 0=hE ε , and has a variance that depends 

on the characteristics of the household, 2
hσ . 

 

In order to test for heterogeneity in the demand response, we assume that the constant term ( hα ), the 

price derivative ( h
jγ ), the income derivative ( hβ ) and the stochastic component ( hσ ) are functions of 

observed household characteristics ( hθ ), given in equation (20). These characteristics include the 

stock and capacity of heating equipment and other characteristics of the household and residence, such 

as the number of household members, the type of residence (detached house, block of flats, 

farmhouse) and the stock of household appliances. A complete list of the variables that have 

significant effects is given in Table 2. 

                                                      
10 The linear demand function facilitates testing of the hypotheses of reverse aggregation and the existence of an aggregate 

demand function, but is sufficiently complex to illustrate the problems of aggregation. 
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We allow all parameters to differ across households, including the variance of the error term. We also 

allow the income derivative to vary with income. This is done to test the assumption that income 

enters linearly into the demand function (see hypothesis (ii) below). This heterogeneity in the 

estimated parameters ( hα , h
jγ , hβ  and hσ ) ensures that there is a unique demand function for each 

individual household. In the next section, we specify testable hypotheses for reverse aggregation, the 

existence of an aggregate demand function and Gorman’s representative consumer. 

3.3. Tests for reverse and linear aggregation 
To be able to assume the existence of an aggregate demand function, Gorman’s representative 

consumer and reverse aggregation under the assumption that prices vary across agents (as is the case 

for Norwegian household electricity consumption), the individual demand function must have three 

properties. First, income must enter linearly into the demand functions; that is, the income derivatives 

must be independent of income: 

 

(i) 
0:

0:

1

0

≠

=

y

y

H

H

β

β
. 

 

This follows from Gorman’s polar form, in which income enters linearly into the micro function. 

Second, we need to test if the partial derivatives with respect to income are equal across agents. If they 

are not, a redistribution of income between two households changes aggregate demand without 

changing aggregate income, and hence an aggregate demand function does not exist as a function of 

aggregate income. Thus, we need to test the hypothesis: 

(ii) 
0:

0:

1

0

≠

=

r

r

H

H

β
β

 for all r. 
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If these two criteria are met, we can assume the existence of an aggregate demand function when 

prices are the same for all households. In addition, to assume the existence of Gorman’s representative 

consumer, all constant terms must be zero: nn ∀== ,00 αα . 

 

When prices vary across households, the partial derivatives with respect to prices must be the same for 

all households if an aggregate demand function, reverse aggregation and/or Gorman’s representative 

agent are to exist. That is: 

 

(iii) 
0:

0:

1

0

≠

=
j
f

j
f

H

H

γ

γ
 for all combinations of j and f. 

 

We need to test whether these criteria are met for demand functions estimated using micro data when 

we allow heterogeneity across households with respect to price and income derivatives and when we 

allow the income derivative to be a function of income. If the criteria (i) to (iii) hold, we can assume 

reverse aggregation and can use microeconometric estimates for the mean household to predict the 

aggregate demand response. We can also estimate an aggregate demand function as a function of 

aggregate prices and income to determine the aggregate demand response. If the null hypotheses are 

rejected, we may experience disaggregation bias when predicting the aggregate demand response by 

using the properties of the mean household’s electricity demand. If hypotheses (i) and (ii) are rejected, 

the existence of an aggregate demand function (and of Gorman’s representative consumer) cannot be 

guaranteed even if the prices are equal across agents. To be able to assume Gorman’s representative 

agent, additional restrictions on the constant term must also be imposed; to be specific, the constants in 
hα  cannot be significantly different from zero. 

 

If none of these criteria are met, it may still be reasonable to assume the existence of Muellbauer’s 

representative consumer. Since we focus on when it is appropriate to use the estimated properties of 

the micro function to calculate the properties of the macro function (reverse aggregation), testing for 

non-linear aggregation is beyond the scope of our analysis. 

3.4. Estimation results and tests 
To test the hypotheses (i) to (iii), we estimate the demand functions in (19) and (20) by using the 

maximum likelihood estimation procedures in NLOGIT 3.0 and Limdep 8.0 (Greene 2002) on the data 

from the Norwegian SCE. The estimation results are presented in Table 2. In the first column, we list 
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the parameter being estimated; in the second column, we list the variables that have a significant effect 

on the parameters or those whose effect on the parameter we want to test for significance (such as 

income); in the third column, we report the estimated coefficients; in the fourth column, we report the 

t-statistics; and in the last column, we report the estimated p-values.  

Table 2. Results from ML estimation of the model for Norwegian household electricity de-
mand. 100 000 kWh 

Parameter Variable Coefficient t-value p-value

Constant term ( hα ) Constant 0.2719 17.58 0.0000
 Number of household members 0.0142 8.61 0.0000
 Block of flats (1, 0) –0.0249 –5.41 0.0000
 Cottage ownership (1, 0) 0.0202 7.30 0.0000
 Moved during the last 12 months (1, 0) –0.0257 –5.04 0.0000
 Tenant (1, 0) –0.0203 –5.75 0.0000
 Collective central heater ownership (1, 0) –0.0397 –3.36 0.0008
 Electricity as the main energy source (1, 0) 0.0218 7.16 0.0000
 Number of washing machines 0.0139 2.33 0.0199
 Number of dishwashers 0.0117 4.10 0.0000
 Number of tumble dryers 0.0079 2.96 0.0031
 

Electricity price ( h
1γ ) Constant –0.0045 –13.10 0.0000

(øre per kWh)  Number of electric heaters 0.0001 6.25 0.0000
 Number of rooms with electric floor heating 0.0001 6.39 0.0000
 Net floor space (m2) 0.0000 3.61 0.0003
 

Paraffin price ( h
2γ ) Constant –0.0008 –2.28 0.0227

(øre per kWh)  Number of heating degree days (1000 degree days) 0.0002 1.89 0.0588
 Capacity of electric heating equipment (0, 1, 2, 3, 4) 0.0001 2.61 0.0091
 

Fuel-oil price ( h
3γ ) Constant –0.0010 –5.03 0.0000

(øre per kWh)  Capacity of electric heating equipment (0, 1, 2, 3, 4) 0.0003 3.75 0.0002
 

Firewood price ( h
4γ ) Constant 0.0001 1.37 0.1702

(øre per kWh)  Number of firewood stoves 0.0001 2.69 0.0071
 Capacity of wood stoves (0, 1, 2, 3, 4) –0.0001 –2.34 0.0195
 

Household income ( hβ ) Constant 0.0001 0.15 0.8810
(10,000 NOK)  Net floor space (m2) 0.0000 2.66 0.0078
 Number of children –0.0002 –3.39 0.0007
 Detached house (1, 0) 0.0007 6.38 0.0000
 Household income (10,000 NOK) 0.0000 –1.38 0.1673

Standard deviation ( hσ )  
Constant –3.0981 –135.94 0.0000

 Net floor space (m2) 0.0028 15.82 0.0000
 Capacity, oil-based heating equipment (0, 1, 2, 3, 4) –0.0563 –5.28 0.0000
 Household income (10,000 NOK) 0.0053 9.20 0.0000
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The table indicates that the constant terms are significant. Thus, we cannot assume the existence of 

Gorman’s representative consumer. The price derivatives indicate significant heterogeneity across 

households for all energy prices. In particular, variation in the stock and capacity of heating equipment 

generates heterogeneity in the price derivatives across households. There is also significant 

heterogeneity in the income derivative. Hence, one cannot guarantee that there is a unique aggregate 

demand function for Norwegian household electricity consumption as a function of aggregate income. 

One may also experience problems with reverse aggregation. However, the income derivative does not 

depend significantly on income at a 10 per cent level. Thus, the assumption that income enters linearly 

into the demand function (as is assumed in Gorman’s polar form) is not rejected. 

 

Given these results, it is difficult to evaluate the effects of policy instruments on aggregate electricity 

consumption in Norwegian households. This is because it may be appropriate neither to estimate an 

aggregate demand function nor to use the properties of the estimated demand function for the mean 

household based on micro data to predict the aggregate demand response. To calculate the aggregate 

effect, we must sum up the predicted demand responses from each individual household whilst 

allowing for heterogeneity in the individual demand responses. To do this, we need to build a micro 

simulation model of Norwegian household electricity consumption. 

4. Concluding remarks 
In this paper, we focused on the similarities and differences between reverse aggregation and the 

existence of an aggregate demand function and a representative consumer. First, the perspective 

differs. The theory of the representative consumer is concerned with the existence of an aggregate 

demand function and whether it may be given behavioural and welfare implications. The problem of 

reverse aggregation relates to the potential disaggregation bias that arises when microeconometric 

estimates are used to predict aggregate demand responses and aggregation problems are not accounted 

for. We are concerned with reverse aggregation because, although it has been shown theoretically that 

elasticities from micro and macro relationships differ if consumers are heterogeneous,11 elasticities 

based on micro estimates are often used in macro models. Furthermore, when micro estimates for the 

mean household are multiplied by the population size to obtain an estimate of the aggregate demand 

response, there is no discussion of potential disaggregation bias. 

 

                                                      
11 See, for example, Deaton and Muellbauer (1980), Stoker (1986), Buse (1992) and Denton and Mountain (2001, 2004). 
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Strong restrictions must be imposed on the properties of the micro function to be able to use micro 

estimates for the mean consumer to predict the aggregate demand response in a theoretically consistent 

way.12 These restrictions are stronger than those needed to ensure the existence of an aggregate 

demand function and Gorman’s and Muellbauer’s representative consumers when prices are equal 

across agents. When prices vary across agents, the criteria for reverse aggregation are the same as 

those for an aggregate demand function. The criteria for an aggregate expenditure share function allow 

for more heterogeneity in the micro functions. Thus, using micro estimates to predict aggregate 

demand and aggregate demand responses may cause disaggregation bias unless the micro functions 

are linear in income and prices. Heterogeneity across agents is only allowed in the constant term. If 

there is heterogeneity in the price and income derivatives, the assumption behind reverse aggregation 

may not be appropriate. With respect to linear aggregation, heterogeneity in price derivatives is 

allowed when prices are equal. In the case of non-linear aggregation, heterogeneity is allowed in both 

the income and price derivatives through the functions describing the distribution of prices and income 

( h
ikm  and h

ig ), even if prices vary across consumers. 

 

Why use micro rather than macro data to estimate aggregate demand if stronger assumptions must be 

made when using micro data? The answer relates to the existence of the representative consumer, 

which is necessary if price and income derivatives estimated from macro data are to be interpreted as 

behavioural response to policy instruments. If agents are too heterogeneous, assuming the existence of 

a representative consumer is not appropriate. It may not even be meaningful to estimate an aggregate 

demand function if agents differ in their income responses, since a redistribution of wealth changes 

aggregate demand. In this case, the macro function does not necessarily exist, and the only relevant 

option is to use micro data. Thus, we must test whether reverse aggregation is possible and whether 

the assumption of a representative consumer is appropriate. If neither test is met, which is the case for 

Norwegian household electricity consumption, micro data must be used to estimate price and income 

responses. Heterogeneity across consumers must be allowed for. Then, individual responses are 

summed to obtain the aggregated response. 

 

In general, all forms of non-linearity in the demand function create problems with reverse aggregation. 

The reason is that non-linearity creates heterogeneity in price and income derivatives across agents. 

We may also experience problems with reverse aggregation when many consumers record zero 

consumption, as in the case of several energy goods, for example firewood. The effect that 

                                                      
12 Whether these restrictions are satisfied in practice is an empirical question. 



23 

observations of zero have on aggregating micro properties to the macro level is beyond the scope of 

this paper. In future work, we aim to build a micro simulation model based on estimating Norwegian 

household electricity consumption by using data from the Norwegian Survey of Consumer 

Expenditures to illustrate and quantify the disaggregation bias. 
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Appendix 

Aggregation and generalized linearity 
In this appendix, we explain why a consistent aggregation of budget shares is possible in the case of 

generalized linearity (GL) when prices are equal across households, and discuss whether non-linear 

aggregation is possible when prices differ across consumers. 

A.1 Equal prices across consumers 
Consider the case in which prices are equal across consumers and the distribution of income is 

exogenous in the consumption decision. Under what conditions on the micro expenditure share 

functions ( h
iw ) does an aggregate expenditure share function ( iW ) exist as a function of aggregate 

income (Y)? That is: 
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Non-linear aggregation implies that the expenditure shares are linear functions of each other when 

aggregate wealth changes at given prices, even if the Engel curves are not linear. This property is 

known as GL. Muellbauer has shown that necessary and sufficient conditions for the 

( )( )H
ii yygPW .....,,, 1  function to exist are that the micro relations are given by: 
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where either (i) ( ) 0=∑
h

h
i pa , or (ii) ( ) 0=pci . The second case is equal to linear aggregation, 

whereas the first is the case of non-linear aggregation. Heterogeneity in micro behaviour is allowed in 

the form of different constant terms, ( h
ia ), and different functions, h

ig . However, the coefficients ib  

and ic  must be identical across agents. In order for a macro function based on the micro function in 

(A2) to be integrable, which implies the existence of a representative agent, we also need to assume 

that ( )∑ =
i

i
h
i ppa 0 , ( )∑ =

i
ii ppb 1 and ( )∑ =

i
ii ppc 0 . The corresponding macro demand function 

is: 
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Hh
i yypg . A special case of the GL function in (A3) is the price-

independent generalized linear (PIGL) function, where h
ig  is a function of income only. 

 

The micro and macro expenditure shares are given by equations (A4) and (A5), respectively, in the 

case of non-linear aggregation (that is, in case (i)): 
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To see that the GL structure ensures the existence of an aggregate expenditure share function as a 

function of aggregate income, we insert the micro expenditure shares in equation (A4) into (A1), 

which yields the aggregate expenditure share function in equation (A5). 

 

Muellbauer has shown that, given the GL structure on the micro functions, the properties of the micro 

function transfer to the macro relationship, in which case, equation (A3) can be interpreted as the 

demand of a representative consumer. The aggregated functions in (A3) and (A5) can be written either 

as a function of all individual incomes or as a function of the income of a representative consumer 

( oY ): ( )o
ii YpWW ,≡ . The income of a representative consumer is implicitly defined by the equation 

( ) ( )∑=
h

hh
i

o
i ypgYYpg ,, . That is, the income of the representative consumer is the aggregate 

income that makes the properties of the micro function transfer to the macro relationship. 
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The representative income may differ from observed aggregate income; that is, YY o ≠ .13 Thus, the 

existence of Muellbauer’s representative agent allows the quantities demanded by the representative 

agent to differ from aggregate demand. This is because, when the problem is defined in terms of 

expenditure shares, aggregate consumption is given by iii pYWQ = , whereas the consumption of the 

representative agent is i
oo

i
o
i pYWQ = , which is different when YY o ≠ . 

A.2 Is non-linear aggregation possible when prices vary across agents? 
Does an aggregate expenditure share function exist when prices vary across consumers and can we 

interpret the aggregate expenditure share as the share of a representative consumer? That is, under 

what conditions on the micro expenditure share functions ( h
iw ) does an aggregate expenditure share 

function ( iW ) exist as a function of aggregate income (Y) and the mean price ( ip )? That is: 
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We focus on the case of non-linear aggregation. We try to generalize case (i) in equation (A2) to apply 

when prices, in addition to income, vary across consumers. We assume the function h
ig  is independent 

of prices (cf. the discussion of the consequences for aggregation of an endogenous leisure decision in 

Deaton and Muellbauer 1980a), and depends only on income. Additionally, we define a function, h
km , 

which describes the heterogeneity in the price derivative with respect to the price of good k. In 

addition, we assume that all coefficients in the demand function are equal across consumers:14 
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Can the micro function in (A7) ensure the existence of an aggregate expenditure share function as a 

function of the mean price and aggregate income when prices, as well as income, vary across 

consumers? The micro expenditure share function associated with the demand function in (A7) is 

given by: 

                                                      
13 See, for example, Forni and Brighi (1991) for a discussion. 
14 In order for the micro function in (A7) to be integrable, and in particular for it to satisfy the adding-up condition, we also 

need to assume that ∑ =
i

ii pb 1 and ∑ =
i

ii pc 0 . 
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Checking the right-hand side of equation (A6) by inserting equation (A8) into the criterion for the 

existence of an aggregate expenditure share function, we obtain: 
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.15 To 

determine whether equation (A6) holds, which enables us to write the aggregate expenditure share as a 

function of aggregate income and mean prices, we check whether the right-hand side of the equation 

equals the left-hand side. To do this, we need to find the aggregate demand function when prices are 

allowed to vary across consumers. Hence, we have: 
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Inserting (A10) into the right-hand side of the aggregate expenditure share function in (A6) yields: 

                                                      
15 The term ∑=

h

h
kkikki PaPa  is the effect on aggregate consumption of good i of the price on good k. 
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Since (A9) equals (A11), the micro expenditure function in (A8) ensures the existence of an aggregate 

expenditure share function as a function of mean prices and aggregate income. The aggregate 

expenditure share can either be written as a function of individual prices and income, or as a function 

of a representative price, ( o
ip ), and a representative income, ( oY ).The representative price and 

income is found implicitly by finding the values of o
ip  and oY  that satisfy the functions 
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Equation (A9) shows that price and income derivatives differ across consumers because the functions 

( )hh
i yg  and ( )h

k
h
ik pm  vary across consumers. That is, assuming the existence of an aggregate 

expenditure share function (and Muellbauer’s representative agent) when prices are allowed to vary 

across consumers does not ensure reverse aggregation. 



29 

References 
Blackorby, C., and A. F. Shorrocks (1995), Separability and aggregation – Collected Works of W. M. 
Gorman Volume I, Oxford, Clarendon Press. 
 
Blundell, R., P. Pashardes, and G. Weber (1993), “What do we learn about consumer demand patterns 
from micro data?” The American Economic Review 83(3): 570–97. 
 
Blundell, R., C. Meghir, and G. Weber (1993), “Aggregation and consumer behaviour: some recent 
results”, Ricerche Economiche 47: 235–52. 
 
Buse, A. (1992), “Aggregation, distribution and dynamics in the linear and quadratic expenditure 
system”, The Review of Economics and Statistics, 74: 45–53. 
 
Deaton, A., and J. Muellbauer (1980a), Economics and Consumer Behaviour, Cambridge, Cambridge 
University Press. 
 
Deaton, A., and J. Muellbauer (1980b), “An Almost Ideal Demand System”, The American Economic 
Review, 70(3): 312–26. 
 
Denton, F. T., and D. C. Mountain (2001), “Income distribution and aggregation/disaggregation biases 
in the measurement of consumer demand elasticities”, Economics Letters 73: 21–28. 
 
Denton, F. T., and D. C. Mountain (2004), “Aggregation effects on price and expenditure elasticities 
in a quadratic almost ideal demand system”, Canadian Journal of Economics 37(3): 613–28. 
 
Forni, M., and L. Brighi (1991), “Aggregation across agents in demand systems”, Ricerche 
Economiche XLV(1): 79–114. 
 
Gorman, W. M. (1953), “Community preferences fields”, Econometrica 21: 63–80. 
 
Greene, W. H. (2002), Limdep Version 8.0 – Econometric Modeling Guide Vol. 2, Econometric 
Software Inc., Australia. 
 
Halvorsen, B., B. M. Larsen, and R. Nesbakken (2001), Hvordan utnytte resultater fra 
mikroøkonometriske analyser av husholdningenes energiforbruk i makromodeller? En diskusjon av 
teoretisk og empirisk litteratur om aggregering, Rapporter 2001/2, Statistisk sentralbyrå. 
 
Lau, L. J. (1981), “A note on the fundamental theorem of exact aggregation”, Economics Letters 9: 
119–26. 
 
Lau, L. J., and H. Wu (1987), “Exact aggregation when prices are variable across individuals”, 
Economics Letters 25: 3–7. 
 
Lau, L. J., and H. Wu (1996), “Exact aggregation under summability and homogeneity with 
individually variable prices”, Economics Letters 50: 329–35. 
 
Mas-Colell, A., M. D. Whinston, and J. R. Green (1995), Microeconomic Theory, New York, Oxford 
University Press. 
 
Statistisk sentralbyrå (1996), Forbruksundersøkelsen 1992–1994, NOS C 317. 
 



30 

Stoker, T. M. (1986), “Simple tests of distributional effects on macroeconomic equations”, Journal of 
Political Economy 94(4): 761–95. 
 
Russell, R. R., R. V. Breunig, and C-H. Chiu (1998), “Aggregation and econometric analysis of 
demand and supply”, in A. Ullah and D. E. A. Giles, eds., Handbook of Applied Economic Statistics, 
New York, Marcel Dekker. 
 



 31

Recent publications in the series Discussion Papers

360 R. Aaberge (2003): Mean-Spread-Preserving 
Transformation. 

361 E. Halvorsen (2003): Financial Deregulation and 
Household Saving. The Norwegian Experience Revisited 

362 E. Røed Larsen (2003): Are Rich Countries Immune to 
the Resource Curse? Evidence from Norway's 
Management of Its Oil Riches 

363 E. Røed Larsen and Dag Einar Sommervoll (2003): 
Rising Inequality of Housing? Evidence from Segmented 
Housing Price Indices 

364 R. Bjørnstad and T. Skjerpen (2003): Technology, Trade 
and Inequality 

365 A. Raknerud, D. Rønningen and T. Skjerpen (2003):  A 
method for improved capital measurement by combining 
accounts and firm investment data 

366 B.J. Holtsmark and K.H. Alfsen (2004): PPP-correction 
of the IPCC emission scenarios - does it matter? 

367 R. Aaberge, U. Colombino, E. Holmøy, B. Strøm and T. 
Wennemo (2004): Population ageing and fiscal 
sustainability: An integrated micro-macro analysis of 
required tax changes 

368 E. Røed Larsen (2004): Does the CPI Mirror 
Costs.of.Living? Engel’s Law Suggests Not in Norway 

369 T. Skjerpen (2004): The dynamic factor model revisited: 
the identification problem remains 

370 J.K. Dagsvik and A.L. Mathiassen (2004): Agricultural 
Production with Uncertain Water Supply 

371 M. Greaker (2004): Industrial Competitiveness and 
Diffusion of New Pollution Abatement Technology – a 
new look at the Porter-hypothesis 

372 G. Børnes Ringlund, K.E. Rosendahl and T. Skjerpen 
(2004): Does oilrig activity react to oil price changes? 
An empirical investigation 

373 G. Liu (2004) Estimating Energy Demand Elasticities for 
OECD Countries. A Dynamic Panel Data Approach 

374 K. Telle and J. Larsson (2004): Do environmental 
regulations hamper productivity growth? How 
accounting for improvements of firms’ environmental 
performance can change the conclusion 

375 K.R. Wangen (2004): Some Fundamental Problems in 
Becker, Grossman and Murphy's Implementation of 
Rational Addiction Theory 

376 B.J. Holtsmark and K.H. Alfsen (2004): Implementation 
of the Kyoto Protocol without Russian participation 

377 E. Røed Larsen (2004): Escaping the Resource Curse and 
the Dutch Disease? When and Why Norway Caught up 
with and Forged ahead of Its Neughbors 

378 L. Andreassen (2004): Mortality, fertility and old age 
care in a two-sex growth model 

379 E. Lund Sagen and F. R. Aune (2004): The Future 
European Natural Gas Market - are lower gas prices 
attainable? 

380 A. Langørgen and D. Rønningen (2004): Local 
government preferences, individual needs, and the 
allocation of social assistance 

381 K. Telle (2004): Effects of inspections on plants' 
regulatory and environmental performance - evidence 
from Norwegian manufacturing industries 

382 T. A. Galloway (2004): To What Extent Is a Transition 
into Employment Associated with an Exit from Poverty 

383 J. F. Bjørnstad and E.Ytterstad (2004): Two-Stage 
Sampling from a Prediction Point of View 

384 A. Bruvoll and T. Fæhn (2004): Transboundary 
environmental policy effects: Markets and emission 
leakages 

385 P.V. Hansen and L. Lindholt (2004): The market power 
of OPEC 1973-2001 

386 N. Keilman and D. Q. Pham (2004): Empirical errors and 
predicted errors in fertility, mortality and migration 
forecasts in the European Economic Area 

387 G. H. Bjertnæs and T. Fæhn (2004): Energy Taxation in 
a Small, Open Economy: Efficiency Gains under 
Political Restraints 

388 J.K. Dagsvik and S. Strøm (2004): Sectoral Labor 
Supply, Choice Restrictions and Functional Form 

389 B. Halvorsen (2004): Effects of norms, warm-glow and 
time use on household recycling 

390 I. Aslaksen and T. Synnestvedt (2004): Are the Dixit-
Pindyck and the Arrow-Fisher-Henry-Hanemann Option 
Values Equivalent? 

391 G. H. Bjønnes, D. Rime and H. O.Aa. Solheim (2004): 
Liquidity provision in the overnight foreign exchange 
market 

392 T. Åvitsland and J. Aasness (2004): Combining CGE and 
microsimulation models: Effects on equality of VAT 
reforms 

393 M. Greaker and Eirik. Sagen (2004): Explaining 
experience curves for LNG liquefaction costs: 
Competition matter more than learning 

394 K. Telle, I. Aslaksen and T. Synnestvedt (2004): "It pays 
to be green" - a premature conclusion? 

395 T. Harding, H. O. Aa. Solheim and A. Benedictow 
(2004). House ownership and taxes 

396 E. Holmøy and B. Strøm (2004): The Social Cost of 
Government Spending in an Economy with Large Tax 
Distortions: A CGE Decomposition for Norway 

397 T. Hægeland, O. Raaum and K.G. Salvanes (2004): Pupil 
achievement, school resources and family background 

398 I. Aslaksen, B. Natvig and I. Nordal (2004): 
Environmental risk and the precautionary principle: 
“Late lessons from early warnings” applied to genetically 
modified plants 

399 J. Møen (2004): When subsidized R&D-firms fail, do 
they still stimulate growth? Tracing knowledge by 
following employees across firms 

400 B. Halvorsen and Runa Nesbakken (2004): Accounting 
for differences in choice opportunities in analyses of 
energy expenditure data 

401 T.J. Klette and A. Raknerud (2004): Heterogeneity, 
productivity and selection: An empirical study of 
Norwegian manufacturing firms 

402 R. Aaberge (2005): Asymptotic Distribution Theory of 
Empirical Rank-dependent Measures of Inequality 

403 F.R. Aune, S. Kverndokk, L. Lindholt and K.E. 
Rosendahl (2005): Profitability of different instruments 
in international climate policies 

404 Z. Jia (2005): Labor Supply of Retiring Couples and 
Heterogeneity in Household Decision-Making Structure 

405 Z. Jia (2005): Retirement Behavior of Working Couples 
in Norway. A Dynamic Programming Approch 



 32

406 Z. Jia (2005): Spousal Influence on Early Retirement 
Behavior 

407 P. Frenger (2005): The elasticity of substitution of 
superlative price indices 

408 M. Mogstad, A. Langørgen and R. Aaberge (2005): 
Region-specific versus Country-specific Poverty Lines in 
Analysis of Poverty 

409 J.K. Dagsvik (2005) Choice under Uncertainty and 
Bounded Rationality 

410 T. Fæhn, A.G. Gómez-Plana and S. Kverndokk (2005): 
Can a carbon permit system reduce Spanish 
unemployment? 

411 J. Larsson and K. Telle (2005): Consequences of the 
IPPC-directive’s BAT requirements for abatement costs 
and emissions 

412 R. Aaberge, S. Bjerve and K. Doksum (2005): Modeling 
Concentration and Dispersion in Multiple Regression 

413 E. Holmøy and K.M. Heide (2005): Is Norway immune 
to Dutch Disease? CGE Estimates of Sustainable Wage 
Growth and De-industrialisation 

414 K.R. Wangen (2005): An Expenditure Based Estimate of 
Britain's Black Economy Revisited 

415 A. Mathiassen (2005): A Statistical Model for Simple, 
Fast and Reliable Measurement of Poverty 

416 F.R. Aune, S. Glomsrød, L. Lindholt and K.E. 
Rosendahl: Are high oil prices profitable for OPEC in 
the long run? 

417 D. Fredriksen, K.M. Heide, E. Holmøy and I.F. Solli 
(2005): Macroeconomic effects of proposed pension 
reforms in Norway 

418 D. Fredriksen and N.M. Stølen (2005): Effects of 
demographic development, labour supply and pension 
reforms on the future pension burden 

419 A. Alstadsæter, A-S. Kolm and B. Larsen (2005): Tax 
Effects on Unemployment and the Choice of Educational 
Type 

420 E. Biørn (2005): Constructing Panel Data Estimators by 
Aggregation: A General Moment Estimator and a 
Suggested Synthesis 

421 J. Bjørnstad (2005): Non-Bayesian Multiple Imputation 

422 H. Hungnes (2005): Identifying Structural Breaks in 
Cointegrated VAR Models 

423 H. C. Bjørnland and H. Hungnes (2005): The commodity 
currency puzzle 

424 F. Carlsen, B. Langset and J. Rattsø (2005): The 
relationship between firm mobility and tax level: 
Empirical evidence of fiscal competition between local 
governments 

425 T. Harding and J. Rattsø (2005): The barrier model of 
productivity growth: South Africa 

426 E. Holmøy (2005): The Anatomy of Electricity Demand: 
A CGE Decomposition for Norway 

427 T.K.M. Beatty, E. Røed Larsen and D.E. Sommervoll 
(2005): Measuring the Price of Housing Consumption for 
Owners in the CPI 

428 E. Røed Larsen (2005): Distributional Effects of 
Environmental Taxes on Transportation: Evidence from 
Engel Curves in the United States 

429 P. Boug, Å. Cappelen and T. Eika (2005): Exchange 
Rate Rass-through in a Small Open Economy: The 
Importance of the Distribution Sector 

430 K. Gabrielsen, T. Bye and F.R. Aune (2005): Climate 
change- lower electricity prices and increasing demand. 
An application to the Nordic Countries 

431 J.K. Dagsvik, S. Strøm and Z. Jia: Utility of Income as a 
Random Function: Behavioral Characterization and 
Empirical Evidence 

432 G.H. Bjertnæs (2005): Avioding Adverse Employment 
Effects from Energy Taxation: What does it cost? 

433. T. Bye and E. Hope (2005): Deregulation of electricity 
markets—The Norwegian experience 

434 P.J. Lambert and T.O. Thoresen (2005): Base 
independence in the analysis of tax policy effects: with 
an application to Norway 1992-2004 

435 M. Rege, K. Telle and M. Votruba (2005): The Effect of 
Plant Downsizing on Disability Pension Utilization 

436 J. Hovi and B. Holtsmark (2005): Cap-and-Trade or 
Carbon Taxes? The Effects of Non-Compliance and the 
Feasibility of Enforcement 

437 R. Aaberge, S. Bjerve and K. Doksum (2005): 
Decomposition of Rank-Dependent Measures of 
Inequality by Subgroups 

438 B. Holtsmark (2005): Global per capita CO2 emissions - 
stable in the long run? 

439 E. Halvorsen and T.O. Thoresen (2005): The relationship 
between altruism and equal sharing. Evidence from inter 
vivos transfer behavior 

440 L-C. Zhang and I. Thomsen (2005): A prediction 
approach to sampling design 

441 Ø.A. Nilsen, A. Raknerud, M. Rybalka and T. Skjerpen 
(2005): Lumpy Investments, Factor Adjustments and 
Productivity 

442 R. Golombek and A. Raknerud (2005): Exit Dynamics 
with Adjustment Costs 

443 G. Liu, T. Skjerpen, A. Rygh Swensen and K. Telle 
(2006): Unit Roots, Polynomial Transformations and the 
Environmental Kuznets Curve 

444 G. Liu (2006): A Behavioral Model of Work-trip Mode 
Choice in Shanghai 

445 E. Lund Sagen and M. Tsygankova (2006): Russian 
Natural Gas Exports to Europe. Effects of Russian gas 
market reforms and the rising market power of Gazprom 

446 T. Ericson (2006): Households' self-selection of a 
dynamic electricity tariff 

447 G. Liu (2006): A causality analysis on GDP and air 
emissions in Norway 

448 M. Greaker and K.E. Rosendahl (2006): Strategic 
Climate Policy in Small, Open Economies 

449 R. Aaberge, U. Colombino and T. Wennemo (2006): 
Evaluating Alternative Representation of the Choice Sets 
in Models of Labour Supply 

450 T. Kornstad and T.O. Thoresen (2006): Effects of Family 
Policy Reforms in Norway. Results from a Joint Labor 
Supply and Child Care Choice Microsimulation Analysis 

451 P. Frenger (2006): The substitution bias of the consumer 
price index 

452 B. Halvorsen (2006): When can micro properties be used 
to predict aggregate demand? 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


