
QAIDS Model Based on Russian Pseudo-Panel Data: 

Impact of 1998 and 2008 Crises 1,2 

Maria D. Ermolovaa, Henry I. Penikasb 

a International Laboratory of Decision Choice and Analysis, National Research University 

Higher School of Economics, Moscow, Russia.  

mermolova@hse.ru 

 
b Department of Applied Economics, National Research University Higher School of 

Economics, Moscow, Russia. 

penikas@hse.ru 

Abstract: The aim of this work is to compare shifts in the consumer behaviour 

of Russian households since the mid-nineties till nowadays. The research con-

siders the consumer behaviour of the Russians over almost the maximum possi-

ble available data RLMS period, focusing on the crisis years. Special attention 

is paid to analysis of the effects of crises in 1998 and 2008. To reveal effects as 

shifts in consumer behaviour in the aftermath of two crises panel data analysis 

is used to estimate QAIDS model. Due to the complete sample attrition ob-

served in RLMS dataset since 1994, pseudo-panel approach is used. 
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1 Introduction 

Economic recessions change consumer behaviour through consumers’ expectations 

that can be also formed by economic policy, economy structure or distribution of 

households. Structural or temporal shifts determine the subsequent economic policy, 

whose efficiency, in turn, also evaluated by the change in the welfare of different 

households. Therefore, analysis of shifts in consumer behaviour needs to be deter-

mined accurately. However, any research about life quality is highly dependent on the 

data used. Data may not always be suitable for study for the following rea-

sons: selection bias (no poorest or richest people), distrust of statistical authorities 

(respondents often refuse to answer questions or deliberately distort the data), the lack 

                                                      
1  The study was implemented in the framework of the Basic Research Program at the Nation-

al Research University Higher School of Economics. 
2  The authors are grateful to Rustam Zakirov for conducting initial calculations and to Sergey 

Vinjkov for research assistance. 
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of representativeness relative to the general population,  and a depletion of the sample 

over a long period of time. 

The aim of this work is to compare shifts in the consumer behaviour of Russian 

households since the mid-nineties till 2011. In this paper, the data from the survey 

"Russian Longitudinal Monitoring Survey HSE" (hereafter RLMS) is used.3 The pa-

per shows that descriptive statistics or model using panel data do not provide enough 

information about whether 1998 or 2008 crises leads to structural or temporal effect 

on consumer behaviour. Using pseudo-panels it was found that the effect of 1998 

crisis was stronger in consumer behaviour than the crisis of 2008. 

The paper is organized in the following way. Section 1 is introduction. Section 2 

discusses the works based on QAIDS model briefly. In Section 3 the theoretical de-

mand model is described. Section 4 explains data processing. Model estimation is 

given in section 5. Section 6 provides the conclusion about the effects of economic 

shocks and the evolution of consumer behaviour in Russia. 

2 Literature review 

As far as the authors know, there are no works devoted to the study of consumer 

behaviour of Russian households for such a long time interval (due to the problem of 

sample depletion).4  

There are articles covering a relatively short period of time 2000 – 2005 [Penikas, 

2008] or focusing on specific aspects of consumer behaviour (differentiation of real 

incomes of the population on the basis of consumer choice) [Matytsin et al., 2012]. In 

foreign literature the number of publications on consumer behaviour is much higher, 

because it is closely associated with the doctrine of welfare of the population. 

The article [Deaton et al., 1980] firstly provides a theoretical description of the 

Almost Ideal Demand Model (AIDS). AIDS has proven its viability and vitality using 

the British data from 1954 to 1974. [Gardes et al., 2005] concludes using AIDS model 

that the estimates obtained using the pseudo-panel approach is less biased compared 

to the cross-section data the usage of cross-section data. 

 [Tovar et al., 2012] pseudo-panel estimation takes into account the time depend-

ence of the different cohorts, because the same households may be in different house-

holds over time. 

3 Quadratic almost ideal demand model (theoretical model) 

Dynamics of consumer behaviour by consumption group and by various consump-

tion directions is considered from the perspective of analysis of coefficients of income 

                                                      
3  Source: “Russia Longitudinal Monitoring survey, RLMS-HSE”, conducted by the National 

Research University Higher School of Economics and ZAO “Demoscope” together with 

Carolina Population Center, University of North Carolina at Chapel Hill and the Institute of 

Sociology RAS. URL: http://www.cpc.unc.edu/projects/rlms-hse 
4  A gradual decrease in the number of observations. 
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elasticity derived from QAIDS (Quadratic Almost Ideal Demand System) (Banks et 

al., 1997): 

 

𝑤𝑖ℎ𝑡 = 𝛼𝑖 + ∑ 𝛾𝑖𝑗

𝐽

𝑗=1

ln 𝑝𝑗 + 𝛽𝑖 ln(𝑥ℎ𝑡 𝑃𝑡⁄ ) + 𝑐𝑖 (ln(𝑥ℎ𝑡 𝑃𝑡⁄ ))2 𝑏(𝑝)⁄ + 𝑍ℎ𝑡𝑑𝑖 + 𝑢𝑖ℎ𝑡 (1) 

 

Where 𝑤𝑖ℎ𝑡 – share of household’s expenses ℎ for sets of goods 𝑖 = 1,2,3 in the 

moment 𝑡, 𝑃𝑡 – Stone Price Index (𝑙𝑛 𝑃 = ∑ 𝑤𝑘 𝑙𝑛 𝑝𝑘), 𝑥ℎ𝑡 – household’s income 

(the costs are usually used as an equivalent because respondents in surveys tend to 

understate their own revenues), 𝑍ℎ𝑡 – the matrix of socio-economic characteristics, 

𝑏(𝑝) = ∏ 𝑝𝑘
𝛽𝑘

𝑘  price index, ensuring the integrability of the entire system, 𝑢𝑖ℎ𝑡 

includes both individual effect and random error. To estimate the elasticities it is nec-

essary to take derivatives of the above equation 𝑙𝑛 𝑥 and 𝑙𝑛 𝑝𝑗: 

 

𝑢𝑖 = 𝜕𝑤𝑖 𝜕 ln 𝑥⁄ = 𝛽𝑖 + 2𝑐𝑖 [ln(𝑥ℎ𝑡 𝑃𝑡⁄ ) − ln(𝑏(𝑝))] (2) 

  

𝑢𝑖𝑗 = 𝜕𝑤𝑖 𝜕 ln 𝑝𝑗⁄ = 𝛾𝑖𝑗 − 𝑢𝑖 (𝛼𝑗 + ∑ 𝛾𝑗𝑘 ln 𝑝𝑘

𝐾

𝑘=1

)

− 𝑐𝑖𝛽𝑗 (ln(𝑥ℎ𝑡 𝑃𝑡⁄ ))2 𝑏(𝑝)⁄  

(3) 

 

The income elasticity for each household will be defined as 𝑒𝑖 =
𝑢𝑖

𝑤𝑖
+ 1  (4), and 

compensated price elasticity for good 𝑗 as  𝑒𝑖𝑗
𝑐 = 𝑒𝑖𝑗

𝑢 − 𝑤𝑗  (5), where 𝑒𝑖𝑗
𝑢 =

𝑢𝑖𝑗

𝑤𝑖
− 𝛿𝑖𝑗 is 

uncompensated elasticity (𝛿𝑖𝑗 is the Kronecker symbol, that is equal to 1 when 𝑖 = 𝑗 

and 0 in all other cases). 

4 Data 

This work is based on the second phase RLMS data, covering the period of 1994–

2011. The RLMS surveys constitute an unbalanced panel, i.e. a household can vary 

from year to year in the survey (sample attrition). Only 35 % of the household (1 366 

/ 3 975 of observations) that took participation in the survey of 1994 remain in the 

polls by 2011.5 77% of households in the survey of 2008 are presented in the sample 

of 2011. The observations are placed in the same income group after data processing. 

It is the prevalent challenge in studying the effects of crises on different groups of 

households. In connection with these problems, the paper proposes to use pseudo-

panels, namely to generate quasi-households on the basis of real data. Further, data 

processing will be described. 

                                                      
5  Only 7.5% of households remain after data processing. 
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4.1 Outliers 

If the difference between a one-year distribution of costs and incomes is more than 

45 percentiles for a household, then the observation is recognized as atypical and 

removed. The threshold of 45 percentiles has been chosen in such a way to eliminate 

the problem of underestimating revenues, but at the same time to keep most of the 

sample. For example, 30 percentiles are not applicable because the sufficient sample 

part (16.3% of outliers) is removed in comparison with 45 percentiles (6.1 % of outli-

ers). 

4.2 OECD equivalence scale 

The welfare of individuals of the household can be measured either "per capita" or 

"per consumption unit". The first approach is not applicable due to economies of 

scale. Two people do not consume two times more goods, because they have both 

public (car, refrigerator) and private goods (food) within a family. Therefore, it is 

necessary to implement the concept of "per consumption unit" that will depend on 

public-to-private goods ratio in the household.  

The public-to-private goods ratio varies depending on time and country. Time is 

introduced through the function that depends on the age of household members. The 

function is a linear combination of the number of family members belonging to dif-

ferent groups. In our research the Oxford modified equivalence scale [Lubrano, 2010] 

will be used, as it is the most popular in research on consumer behaviour (see [Banks 

et al., 1997] and [Penikas, 2008]). 

Table 1. Modified equivalence scale 

Family member Coefficient 

The head of the household 1.0 

All others, age > 14 0.5 

All others, age < 14 0.3 

 

Different measurement scales can lead to different estimates of elasticities by in-

come. 

Table 2. The effects of equivalence scales 

 Equivalence scale 

Composition of household 
per 

capita 

Oxford 

scale 

Modified Oxford 

scale 

Household 

income 

1 adult 1 1.0 1.0 1 

2 adults 2 1.7 1.5 1 

2 adults, 1 child 3 2.2 1.8 1 

2 adults, 2 children 4 2.7 2.1 1 

2 adults, 3 children 5 3.2 2.4 1 

Elasticity 1 0.73 0.53 0 
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4.3 Welfare 

Fig. 1 makes clearly visible the recession of 1998 and 2008 (effect is delayed by a 

year in 2009) in terms of real income and expenditures. The dynamics of real income 

for the RLMS sample is in line with trends in real income, represented by Federal 

State Statistics Service, which is in favour of the representativeness of the study sam-

ple. 

 

 

Fig. 1. Real income and expenditures (in 1994 prices) 

 

Fig. 2. Weights of expenditures by the groups of goods 

The effects of the crises do not appear explicitly if weights of expenditures by 

good classes are examined. Fig. 2 shows that the share of expenditures on food de-

creased over time, which is consistent with the growth in real incomes because the 

proportion of expenditure on food is a common first approximation of living stand-

ards. Over the beginning of the two thousandth's the share of durable goods was ac-

tively growing. In recent years an increase in the relative costs of services exceeded 

all other. 
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4.4 Homogeneous groups of income using cohort identification 

Both multi-criteria index of poor-rich (IMPR) and cluster analysis (k-means) are 

used to identify homogeneous groups by material welfare. The hypothesis of statisti-

cal independence of the IMPR and k-means approach is rejected at 1 % significance 

level, because sample correlation coefficient of quadratic conjugacy [Ayvazian et al., 

1983] is X2 = 29 841 (p − value = 0.0000). Further, it was decided to abandon the 

use of k- means. Using k-means there were two cases: (1) insignificant coefficients or 

(2) their sign does not coincide with the sign of model coefficients based on IMPR 

and with the sign of the correlation. 

Multi-criteria index of poor-rich. 

 
This method was proposed in [Gardes et al., 1999]. It was used in [Penikas, 2008]. 

Unlike simpler methods, it includes three main factors, each of which is assigned a 

score from 1 to 3 depending on the poverty group (1 – poor, 2 – average, 3 – rich): 

Table 3. IMPR factors 

 Population 

Factors Poor (score = 1) Rich (score = 3) 
Medium 

(score = 2) 

Non-satiated 

preference relation 

Food costs > 4/3 

average 

Food costs < 2/3 

average 
Otherwise 

Marginalization 
Total costs < 2/3 

average 

Total costs > 4/3 

average 
Otherwise 

Insufficiency of 

financial resources 

Below 25 percentile 

of cost distribution 

Above 75 percentile 

of cost distribution 
Otherwise 

Note: average = group averages for each year; distribution of costs is adjusted by modified 

equivalence scale. 

Example: the total score of observation with marked characteristics (gray cells) equals 6 

(=1+3+2). 

 

Scores for each factor were assigned within one year. Based on the obtained rat-

ings for each criterion, IMPR takes 5 different values: 3 if poor, 4 if quasi-poor, 5–8 if 

middle class, 8 if quasi-rich, and 9 if rich. Using IMPR scoring the following distribu-

tion of households by its types was obtained. Each class has a fairly constant weight 

(12%, 19%, 47%, 8% and 14% respectively for poor, quasi-poor, average, quasi-rich 

and rich). Also, clear differences in consumption are visible for the classes. The ex-

penditure on food exceeds all other expenses for the two poorest groups over whole 

time period, while the main item of expenditure is durable goods for the richer house-

holds. The highest share of expenditure on services is observed for the two poorest 

groups. Probably, it is the cost of housing services. All households pay for the hous-

ing services, but the impact of these services is stronger for the poor population. 
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Splitting the sample by income groups allows to identify the impact of the crises 

on income per consumption unit for the richest three groups (Fig. 3). The constant 

sample (presented over whole period since 1994) is added to show that the constant 

sample differs insignificantly from quasi-poor households, but absolutely not identi-

fied two richest groups for which changes in consumer behavior are obvious particu-

larly. It suggests that the original observations cannot provide sufficient variability to 

examine differences in consumption behavior deeply. It stresses the relevance of us-

ing pseudo-panels.6 

 

Fig. 3. Income per unit of consumption in 1994 prices 

4.5 Quasi-households developing 

The basic idea of pseudo-panel [Deaton, 1985] is the formation of cohorts that 

meet certain constant characteristics, such as belonging to a certain income group. 

Each cohort represents a quasi-household with the average values for cohort: 

 

�̅�𝑐𝑡 = 𝛼𝑐 + �̅�′𝑐𝑡𝛽 + �̅�𝑐𝑡 , 𝑐 = 1, … , 𝐶; 𝑡 = 1, … , 𝑇, (4) 

 

Where �̅�𝑐𝑡 is the average of dependent variable in cohort с in time t, �̅�′𝑐𝑡 is the 

average of explanatory variables, 𝛼𝑐 is fixed effect for each cohort, с is cohort’s 

number, and t is time. For QAIDS model 𝑦𝑐𝑡  means w𝑖𝑐𝑡  (the average weight of 

good i for cohort c at time t). Average revenue and descriptive statistics of the cohort 

are included in the vector of explanatory variables. 

In the current paper the type of settlement and the average age of the household are 

used to identify cohorts. The optimal number of groups is formed in such way that the 

number of households in each group must be positive and the variation should not 

exceed a reasonable limit. 

RLMS surveys indicate 4 main types of settlements: regional center, town, urban-

type settlement, and village (44%, 27.7%, 5.7%, and 22.5% of observations, respec-

tively). Two categories are combined into one to obtain approximately constant 

weights over time for each quasi-households. Urban-type settlement (town) and vil-

                                                      
6  The budget coefficients also differ for the three groups of goods insignificantly. 
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lage were joined, because there is no fundamental difference to interpret consumer 

behaviour (in both types there is a possibility of employment in agriculture). The 

weights of each settlement type are relatively stable over time (in average 44%, 28%, 

and 28% for the regional center, cities, and towns/villages, respectively). Expected 

differences concerning consumer behaviour are:  

 the average income level for each settlement type is different. The larger the set-

tlement, the greater the expected income that affects welfare. Then people who live 

in cities are rich people, and they need to be differentiated; 

 the food expenditures are less in the rural population due to agriculture. The major-

ity of expenditures are on services for the urban dwellers. 

Three age groups are formed (Table 4). One can observe relatively stable weight 

for each group over time but still with a slight tendency to increase the percentage of 

senior households. 

Table 4. Age groups 

 Households 

 Young Older Mature 

% 28 % households 33 % households 39 % households 

Age <28 years 28 – 45 years >45 years 

 

Two criteria (settlement type and age) create 45 quasi-households (45 = 5 income 

groups * 3 settlement types * 3 age groups) in each wave. Totally, there are 720 ob-

servations for the entite period (720 = 45 quasi-households in a year *16 years). The 

average composition of quasi-households is 87 real households. 

5 Model estimation 

Quadratic Almost Ideal Demand Model is estimated for quasi-households both 

based on income groups (5 quasi-households) and joint groups taking into account 

income, settlement type, and age of households (45 quasi-households). The model 

presented in Section 3 also includes the number of consumption units for each house-

hold and dummy variables for each year to account for time effect (1994 as a base). 

5.1 5 quasi-households 

The model with the fixed effect is the most preferred model, since every quasi-

household is unique and cannot be regarded as the result of a random selection from 

the general population. Although, consumer behavior is influenced by psychological 

factors, then the random effect model may be more preferred. 

According to the results of F-test the model with a fixed effect is more preferred 

than pool model for all goods at 1% significance level. Lagrange multiplier test con-



Maria D. Ermolova and Henry I. Penikas 

 
56 

firms the model with a random effect is chosen for food and durable goods, while a 

final choice for services is the model with the fixed effect. Hausman test identifies 

that the model with a random effect is the most preferred specification for food and 

durable goods consumption. The results are in Table 5. 

Table 5. Model specification choice (5 quasi-households) 

5 quasi-households Fixed vs. Pooled Random vs. Pooled Fixed vs. Random 

Model F-statistics P-value χ2 − stat 
P-

value 
χ2 − stat 

P-

value 

Foods 57.87 0.00 187.16 0.00 1.51 1.00 

Durable goods 25.82 0.00 115.39 0.00 0.98 1.00 

Services 66.86 0.00 0.27 0.30 - - 

 

Hausman test used to check the null hypothesis about whether the variables are ex-

ogenous shows that the instrumentation of variables is not necessary (no evidence to 

reject the null hypothesis).7 

Table 6. Hausman’s statistics for testing endogeneity (5 quasi-households) 

Model 𝛘𝟐 − 𝒔𝒕𝒂𝒕 
P-

value 

Foods 6.46 0.97 

Durable 

goods 
14.66 0.48 

Services 3.32 0.99 

 

5.2 Analysis of structural changes 

The homogeneity of three time periods (before the first crisis, between crises and 

after the second crisis) was studied using correlation analysis and Chow test. The 

dynamic of correlations of the basic model factors shows that correlation has changed 

over time. There is the probability to identify a structural change. Chow test rejects 

the null hypothesis, i.e. there is heterogeneity, and there are two structural breaks that 

confirms the potential impact of crises of 1998 and 2008. The result is consistent for 

both 5 and 45 quasi-households. 

Table 7. Chow’s test for 3 subsamples 

Model 𝛘𝟐 − 𝒔𝒕𝒂𝒕 
P-

value 

Foods 119.9 0.00

                                                      
7  It should be noted that covariance matrix for every type of goods was not positive definite. 

It makes difficult to make a strong conclusion. 
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Model 𝛘𝟐 − 𝒔𝒕𝒂𝒕 
P-

value 

00 

Durable 

goods 
92.88 

0.00

00 

Services 60.91 
0.00

00 

The change in the model coefficients is observed for each group of goods in the dy-

namics. The coefficients of demand model for services have the greatest variation.  

Table 8. The dynamics of estimates for 5 quasi-households. 

5.3 Elasticity analysis 

Below the results of income elasticities analysis are presented using the model out-

puts for 5 quasi-households. The income elasticity for 45 quasi-households repeats the 

case with 5 quasi-households for the respective income groups. 

All income groups perceive food as basic necessity goods. However, the richer the 

group, the smaller the elasticity of food by income (that is, the less necessary the 

goods become). For the income group "Rich" there is a negative elasticity for the 

Period Total sample Before 1998 Over 1998–2008 After 2008 

Foods 

lnexp -0.39 -0.09 -0.50 -0.37 

s.e. 0.07 0.23 0.06 0.13 

t -5.32 -0.40 -8.13 -2.89 

lnexp2 0.01 -0.01 0.02 0.01 

s.e. 0.01 0.02 0.01 0.01 

t 1.95 -0.61 4.80 1.25 

Durable goods 

lnexp 0.30 -0.43 0.35 0.00 

s.e. 0.07 0.18 0.07 0.16 

t 4.38 -2.34 5.36 -0.02 

lnexp2 -0.01 0.04 -0.01 0.01 

s.e. 0.01 0.01 0.01 0.01 

t -1.87 3.25 -2.66 1.09 

Services 

lnexp 0.19 0.06 0.25 0.42 

s.e. 0.05 0.05 0.03 0.11 

t 4.24 1.07 9.82 3.82 

lnexp2 -0.01 -0.01 -0.02 -0.03 

s.e. 0.00 0.01 0.00 0.02 

t -4.95 -1.92 -7.79 -1.74 
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period up to 1998. However, the estimated coefficients are statistically insignificant. 

Then we can argue of perfectly inelastic demand on food before 1998, i.e. a change in 

income has no effect on the food bought (“sticky good“). However, after 2008 a nega-

tive elasticity (calculated using the statistically significant coefficients) confirms the 

conclusion made previously that food products are inferior goods for rich groups. 

The income elasticity of demand for durable goods has increased strongly in 1998 

and then gradually decreased until 2011 mostly for poor and quasi-poor households. 

Over the most period durable goods are luxury goods for all income groups. The 

model estimates for durable goods after 2008 are statistically insignificant, then the 

durable goods can be recognized as “sticky good“ after 2008 until 2011. 

 

  

Fig. 4. Elasticity for food (5 quasi-

households) 

Fig. 5. Elasticity for durable goods (5 

quasi-households) 

The calculation with structural shifts for services showed that up to 2000 the de-

mand for services was inelastic (statistically insignificant model estimates for the 

period before 1998). The calculations taking into account the structural changes also 

show that the services were luxury goods for the three poorest groups and normal 

goods for the others. Changes of the elasticities become visible at the moment of the 

1998 crisis, namely the increase of elasticities in a time of crisis. The households 

spent their additional income on services less. 
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Fig. 6. Elasticity for services (5 quasi-households) 

6 Conclusion 

[Varian, 2014] draws attention to the need to explore new methods of data analysis 

for economics. Such necessity is explained by the fact that many modern solutions, 

including economic policies, require more complex data analysis tools than using 

only ordinary linear regressions. Our article provides an example of real data analysis 

problems motivated by the problem of the variability of consumption. 

The work is aimed to study the effects of the crises of 1998 and 2008 on the con-

sumer behaviour of Russian households. The research is based on pseudo-panels, 

which allowed to get rid of the sample attrition effect (a gradual decrease in the num-

ber of observations). Pseudo-panels have allowed us to examine the evolution of con-

sumer behaviour for different groups of households according to two classifica-

tions: only by income group; and by income group, type of settlement and age of 

household members. 

Descriptive statistics does not provide any evidence of significant impact of crises 

1998 and 2008 on Russian consumption (costs weights have not changed significant-

ly), although there was a decline in real income. The elasticity analysis and structural 

breaks identification shows that some effects are observed for the 1998 crisis, and 

there were no significant influence by the crisis of 2008. The estimation of the coeffi-

cients of dummy variables demonstrates that the effect of 1998 is the highest com-

pared with all other years: a negative value for food products suggests that these 

goods became more and more necessary for the Russians while the remaining goods 

become relatively more luxurious. 1998 was preceded by unfavourable years after the 

collapse of the Soviet Union, when the population practically had no savings. There-

fore the crisis affected consumer behaviour. In 2008 and 2009, the Russians have 

sufficient savings after favourable period for the economy during the period of 2000–

2008.  
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