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Abstract. Panel data research constitutes a new methodological approach to studies covering the area of
food consumption. The modelling procedure described in this article was carried out taking into account
the cross-section of individual types of households and product categories. Product categories included:
bread and cereals, cakes and bakery products, meat, fish, milk, yoghurts and dairy drinks, cheese, oils and
other vegetable fats, animal fats, fruits, vegetables, confectionery products and juices. Surveys focusing
on households’ budgets in the period of 2003-2019 and provided by the Central Statistical Office of Poland
(CSO0) were the source of information used for the panel data analysis applied in this work.

The author has undertaken the task of building all the presented models for panel data, namely fixed effects,
random effects and pooled regression. It turned out that the correct models are those with fixed individual
effects.

In conclusion, it was established that panel models are a useful tool for modelling the consumption of food
products. When analysing the constructed models, it is possible to observe significant differences in the
consumption of the examined products between the correspondent quintile groups. This study confirms the
tendency in food consumption in Poland, observed in 2003-2015.
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LWBauka-Mokwuuka M.

JOKTOP EKOHOMIYHMX HayK, Npodecop, kadeapa noNiTMKU PO3BUTKY Ta MAPKETUHTY,

IHCTUTYT ekOHOMIKM Ta diHaHCIB, BapluaBcbkuii yHiBepcuTeT Hayk npo xutTta (SGGW), Bapluaga, lNMonbla
KoHuenuis naHenbHOI perpecii B MoaenioBaHHi CIOXXUBaHHSA

AHoTauifa. AHani3 NnaHenbHOI perpecii — ue HOBWUI METOAMYHWUIA Nigxig, A0 AOCNIOXEHb, WO OXONOTb
06n1acTb CMNOXMBAHHA Xap4yoBMX NpoaykTiB. [pouenypy MOAOEnoBaHHA, onucaHy B Ui cTaTTi, Oyno
NPOBEAEHO 3 ypaxyBaHHSM OKPEMUX TUMIB 4OMOIrOCNOAaPCTB i kaTeropi Toapis. Kateropii 4ocnigxysaHUx
TOBApiB BKJIIOYAIOTbL: XJ1i0 Ta Kpynu, TOpTWM Ta xNibobynoyHi Bupobu, m’sico, pmby, MOJIOKO, MOrypTn Ta
MOJIOYHI Hanoi, cupw, onii Ta iHWI POCAVHHI XUPW, TBAPUHHI XMPK, GPYKTU, OBOYI, KOHAUTEPCHLKI BUPOOU,
coku. Ixepenom iHbdopmauii, ska BUKOPUCTOBYBaNacy AJis NaHebHOro aHanisdy gaHux, Wo MiCTATLCA B
Lin pobOTi, € ONUTYBaHHSA AOMOIOCNOAapPCcTB, NPoBeAeHi LieHTpanbHUM cTaTUCTUYHUM odicom lMonblii B
nepion 2003-2019 pocki.,

3aBpaHHAM OochnigXeHHs ctana nobygoBa Moaenein onsa aHanisy naHefnbHUX OaHuX, a came: Mopeni
3 ¢ikcoBaHUMMK edekTamu, MoAeni BMNagkoBux edekTiB Ta Moaeni 06’egHaHOi perpecii. Pedynstatn
DOCHIOXEHHS NOKasasu, WO KOPEKTHUMU € MoaeNi 3 PiKCOBaHUMU iHAMBIAYyaIbHUMN edeKkTamMn.

Byno sBcTaHOBNEHO, WO MOAENi aHanidy naHenbHUX JaHNX € KOPUCHUM IHCTPYMEHTOM L1 MOLENIOBaHHA
CMOXMBAHHSA Xap40BUX MPOAYKTiB. AHaNi3ytoun nobyaoBaHi MOAENi, MOXHA CNOCTEPIraTy CYTTEBI BiAMIHHOCTI
B CMNOXMBAHHI O0CAIAKYBaHOI NpoAayKuii MiXX BiAMOBIAHUMU KBIHTUABHUMWU rpynamun. Lle aocnigXeHHs
niaTBEepOXYE TEHAEHLLIIO CrOXMBaAHHS iXi B MNMonbLui, ska cnocTepiranack y 2003-2015 pokax.

Knio4ogi cnoea: naHensHa perpecisi; 61o0XeTr 4OMOrocnogapcTs; iHAVBiIAyanbHi eekTn ANns Kareropin
TOBapiB; MOOENIOBAHHS CMOXVBAHHS XapPYOBUX MPOAYKTIB.
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LWBauka-Mokwuuka W.

[OKTOP 3KOHOMUYECKMX HayK, Npodeccop, kadeapa NoNNTUKN Pa3BUTUS U MaPKETUHTa,

MHCTUTYT 9KOHOMWKM 1 dUHAHCOB, BapLuaBckunii yHMBEPCUTET eCTECTBEHHbIX HayK (SGGW), Bapwasa, Monblia
KoHuenuusa naHenbHOI perpeccun B MoaeIMpoBaHUU NoTpeoeHns

AHHOTauma. AHaIM3 NaHEeNbHOM perpeccun sBNSeT COOOM HOBLIM METOAMYECKUIA noaxon K
nccrnenoBaHmaMm B obnactu notpebneHus npoaykToB nutaHms. OnmcaHHas B cTaTbe npouenypa
MOOEeNMpPOBaHUSA NPOBOAMAACL C YHETOM OTAEJIbHbIX TUMOB OOMOXO3SMCTB U TOBAPHbIX KaTeropui.
KaTeropuun nccnenoBaHHbIX TOBApPOB BKJ1IOYAIOT: X/1€0 1 KPYynbl, TOPTbI U X/1€600YN104YHbIE N3AENUS, MSACO,
pbIBY, MOMOKO, NOFYPTbl U MOJIOYHbLIE HANMUTKW, CbiPbl, MAacna 1 APYrne pacTUTENbHbIE XNPbI, XXUBOTHbIE
XUpbl, GPYKTbl, OBOLWM, KOHOUTEPCKME mn3nenus, cokn. MiccnepoBaHnsa B610OXETOB AOMOXO3SNCTB,
npoBefeHHble LleHTpanbHbiM cTaTucTudeckum oducom Monbwn B nepmog 2003-2019 rr., asnsaioTca
NCTOYHNKOM MHOOPMALINUM, NCNOIb30OBAHHOW A1 NAHENbHOrO aHanu3a, NPeacTaB/IEHHOrO B JAHHOMN
paboTe.

3apayen nccnegoBaHus Cctano NOCTPOEHNE MOAENEN AN aHann3a NaHesnbHbIX JaHHbIX, BKOYast MOAEsb
C PUKCUMpoBaHHbIMK 3addekTamu, Moaesnb clydaliiHbix 3ddPEKTOB 1 Moaenb 0O0beaVHEHHOW perpeccun.
PeaynbTratbl UCCnegoBaHmMs nokasanu, YT0 KOPPEKTHBIMU MOAENSMU ABASIOTCA MOAENU C GUKCUPOBAHHbLIMU
nHauBmayansHeiMn addekTamu.

BblNO yCTaHOBMEHO, 4YTO NaHefbHble MOAENW — TMONE3HbIA WHCTPYMEHT Ong MOAeNupOoBaHUSA
noTpebrieHnsa MUWEBbLIX MNPOAYKTOB. AHaNM3NpPys MOCTPOEHHble MOAEeNM MOXHO Habnoaarb
CYLLLECTBEHHbIE pa3NnNyna B NOTPeONeHMN UCCNefyeMbIX NPOOYKTOB B CpefAe COOTBETCTBYIOLMX
KBMHTUNbHbIX FPYNMN. 3TO UCcnenoBaHne NoaTBepXAaeT TEHAEHLUMUIO NoTpebneHns NnpoaykToB NMTaHUS
B Monblie, Habnoaaswytocs B 2003-2015 ropax.

KnioueBble cnoBa: naHenbHas perpeccus; 610aXeTbl AOMOX03SNCTB; MHANBUAyanbHble 3ddeKkTbl ans
TOBaPHbIX KAaTEropuin; MoaenMpoBaHne NoTpedbneHns NPoayKTOB NMUTaHUS.

Szwacka-Mokrzycka J.

Prof.dr hab., Katedra Polityki Rozwoju i Marketingu, Instytut Ekonomii i Finansow,

Szkota Gtéwna Gospodarstwa Wiejskiego w Warszawie (SGGW), Warszawa, Polska

Koncepcja regresji panelowej w modelowaniu konsumpcji

Streszczenie. Badania panelowe stanowig nowe podejscie metodologiczne do badan obejmujacych
obszar spozycia zywnosci. Procedura modelowania opisana w artykule zostata przeprowadzona z
uwzglednieniem przekroju poszczegoélnych typéw gospodarstw domowych i kategorii produktow.
Kategorie produktéw obejmowaty: pieczywo i produkty zbozowe, wyroby ciastkarskie, migso ogoétem,
ryby ogotem, mileko, jogurty i napoje mleczne, sery ogétem, oleje i pozostate ttuszcze roslinne, ttuszcze
zwierzece, owoce ogotem, warzywa ogotem, wyroby cukiernicze, soki ogétem. Zroédtem informacji
wykorzystanych do analizy panelowej zawartej w niniejszej pracy byty badania budzetéw gospodarstw
domowych GUS w latach 2003-2019.

Autor podjat sie zadania zbudowania wszystkich zaprezentowanych modeli panelowych (model szacowany
KMNK, model ze statymi efektami — REM, model z efektami losowymi — FEM). Okazato sie, ze prawidtowe
sg modele z ustalonymi efektami indywidualnymi.

Podsumowujgc, ustalono, ze modele panelowe sg uzytecznym narzedziem do oceny spozycia produktow
zywnosciowych. Analizujgc skonstruowane modele mozna zaobserwowac istotne roznice w spozyciu
badanych produktow pomiedzy odpowiadajgcymi im grupami kwintylowymi. Niniejsze badanie potwierdza
tendencje konsumpcji zywnosci w Polsce obserwowang w latach 2003-2015.

Stowa kluczowe: regresja panelowa; budzety gospodarstw domowych; efekty indywidualne dla kategorii
produktéw; modelowanie spozycia produktéw zywnosciowych.

1. Introduction

At present, the methods which are most frequently applied to examine the rate of development
of food consumption and changes occurring with regard to its structure are those which belong to
the category of econometric analyses. The studies to date have focused on the substantive ana-
lysis of the development processes of food consumption, and they were mainly related to the as-
sessment of the adequacy of various econometric models to describe the empirical processes of
food consumption development in Poland. It emerges that the most adequate measures to de-
scribe and analyse food consumption processes are those that include demand functions with the
asymptote which determines the empirical level of consumption saturation with the assumption
that consumer income increases unlimitedly.

As far as the food market is concerned, regularities formulated by Keynes and Engel, refer-
ring to the specific expenditure trends consisting in a change in the general relations in con-
sumption expenditure and savings as well as the change in the structure of expenditure, have
been confirmed many times. Studies verifying the abovementioned Engel’s law are of interest to
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many scientists, and this tendency has been reflected in numerous Polish and foreign scientific
publications (Kehlbacher, 2012; Kwasek, 2015; Szwacka-Mokrzycka, 2018), including Klonaris
(2001, pp. 31-41) and Kwasek (2008, pp. 39-51). The studies carried out so far have confirmed
the adequacy of the logarithmic-hyperbolic model for establishing a hierarchy and general as-
sessment of the direction of changes related to food consumption needs in 2003-2015. When
assessing the degree of satisfaction of basic food needs, we may observe the occurrence of
Engel’s regularity. At the same time, the research confirmed that income elasticity coefficients
of demand are the basic measures for assessing the level of consumers’ meeting their food
needs, the scope of qualitative changes and the degree of substitution within individual product
categories.

Subsequent studies have pointed to the importance of econometric models estimated on
the basis of panel data in order to identify unobservable factors. This method creates a pos-
sibility to apply them in the analysis of critical economic problems. It is important to point out
that the research carried out by N. Islam (1995, pp. 1127-1170) is of pivotal importance in terms
of using panel data in order to estimate a dynamic growth model. When we consider the use of
the dynamic panel model in the area of microeconomic research, the dynamic specification of
Cobb-Douglas production function played a significant role in the development of research in
this area (Blundell & Bond, 2000).

In this paper, the author presents the relevance of the use of panel regression models in
food consumption research based on panel data obtained from the statistics on households’
budgets. The use of panel data in modelling food consumption constitutes its new application
(Szwacka-Mokrzycka, 2018). In this study, the author uses panel models for econometric mo-
delling of the consumption of selected food products. This work is a continuation of the panel re-
search initiated in 2017. The correctness of the findings has been confirmed for the models with
fixed individual effects.

2. Brief Literature Review and Methodology

Panel studies have many advantages. They allow for conducting analyses both in terms of mi-
cro and macro consumption. Micro panels are conducted to cover the situations of individual
households, while macro panels can cover a selected sector of the economy. A typical example
of a micro panel is data obtained from households. In turn, macro panels are usually characte-
rised by a limited number of cross-sectional observations and a longer timespan of the sample.
Typically, these are data used in macroeconomic research. Panel studies provide the opportu-
nity to increase the data set and thus expand the analysis. They make it possible to identify the
causes of the phenomena examined in the study, observe the dynamics of these phenomena, as
well as control unobservable individual effects in regression models. The term «panel data» re-
fers to data sets that contain information about the same objects (cross-sectional information)
in several periods in time (Maddala, 2001). B. Danska-Borsiak (2009, pp. 25-41) considers panel
data to be a specific type of cross-sectional data. In this case, the number of T periods is much
smaller than the n number of objects. Literature studies (Baltagi, 2013) confirm the advantage of
the panel data analysis over the analysis of cross-sectional data sets or several cross-sectional
data sets containing unique, single-reference objects. Its advantage consists in observing units
in subsequent periods. A data analysis carried out in this way allows for reducing measurement
errors and problems that result from omitting unobservable variables or variables correlated with
the explanatory variable in the constructed model (Osinska, 2007). Two approaches to modeling
cross-sectional dependence in economic panel data are often used: the spatial dependence
approach, which explains cross-sectional dependence in terms of distance among units, and
the residual multifactor approach, which explains cross-sectional dependence by common fac-
tors that affect individuals to a different extent. Special attention is paid to the theory and esti-
mation and statistical inference for stationary and nonstationary panel data with cross-sectional
dependence, particularly for models with a multifactor error structure (Bruno, 2004; Karabiyik,
Palm & Urbain, 2019). In addition, conducting this type of analysis enables the authors to identify
the causes of certain phenomena.

Panel models can be divided into two types. The first is a balanced panel, i.e. a set of data
where all information from each year of the examined period is available for each object. If the
data set has deficiencies in observations, then the panel is unbalanced (Danska-Borsiak, 2009,
pp. 25-41). The easiest way to estimate panel data is to use the method of classical least squares
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(CLS). The consequence of using this method is that the specific structure of the applied da-
ta is not taken into account. The estimation of the sample using this method does not take into
account the division of observations by a unit of time and cross-section. In such a case, there is
no division of observations, and they are all mixed. The model estimated in such a way is called
the simple regression model or the pooled regression model. The condition for this model to be
correct is the lack of correlation between the individual effect and the explanatory variable. The
estimation of model parameters is considered acceptable if the model lacks an individual effect.
The panel is then considered a cross-sectional data set.

Another model, the fixed effects model (FEM), assumes that there are differences between the
objects. They are included in the constant term. Consequently, the constant term occurring in the
model is different for each examined object and constant over time. When estimating the parame-
ters of the model with fixed effects, zero-one variables are used. Then each of the binary variables
represents the i-th object. When estimating the FE estimator, intra-group diversity is used. Con-
sequently, the fixed effects estimator is also called the within estimator. Estimating model para-
meters in this way can be challenging or troublesome if the explanatory variable does not change
over time. In such a case, one cannot determine the effect of the independent variable on the de-
pendent variable.

Another method of analysing panel data is the Random Effects Model (REM). In this model, the
estimated parameters with explanatory variables are treated as variable coefficients, not as con-
stants, as in the case of the FEM model. The REM model is used where differences between ob-
jects can be represented by different constants (Madala, 2001). In particular, when the cross-sec-
tional units are randomly selected from among the population, then it is assumed that the indivi-
dual effect is carried out by a random variable. The model with random effects is also called the
variance component model.

A test which helps to establish the significance of the group effect, also called the Wald test,
enables researchers to select the correct form of the model to be used in the case of panel da-
ta (Osinska, 2007). Thus, the group effect significance test should be applied to choose the cor-
rect form of the model, namely, to select between the regression model and the model with fixed
effects. The test assumes that the random component has a normal distribution with an average
equal to zero and a standard deviation. The pooled regression model should be used to perform
the test. The pooled regression model takes the following form:

Yi=atxif tei, i=1,.., n, (1)

where:

y, is the value of the response variable in the ¢ period for the i-th object;

x, is the value of the explanatory variable in the ¢ period for the i-th of this object;

S is a vector with N structural parameters of the model;

v, is the total random error, consisting of: pure random component _ and individual effect u_,
which is assigned to a specific i-th unit of the panel and FE model:

Vi =& +,lem +182x2ir +"'+:kakit +é&,, i=1,...,n. (2)
Analysing the significance of the group effect, the following hypotheses are formulated:

HO: .= ,=..= = (nodifferences between the examined objects); i=1,..., n.

H1: at least one of the parameters | is different from

The next step is to establish residuals for both models, i.e. the pooled regression and FE
models. The value of the empirical statistics - F, which is the basis to verify the hypotheses, is
calculated according to the following formula:

nl'

("Ze?—Zu?]/(n—D
F=fp—7 , (3)
Zu,z/(nT—k—n)
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where:

e is a residual in the model of simple regression;
u,is a residual in the FE model;

n is the number of objects;

T'is the number of time periods;

kis the number of explanatory variables.

The test value should be compared with the F | . critical value from the Fisher-Snedecor dis-
tribution tables for the predetermined significance level and m, = n-1and m, = nT-k-n degrees
of freedom. When the F statistic value is greater than the = . critical value for a given signifi-
cance level, the null hypothesis HO should be rejected. The regression model is not the correct
model to be applied in this case. However, when F< F ., there are no grounds for rejection
of the null hypothesis. It should then be concluded that the S|mple regression model better de-
scribes the studied phenomenon.

To compare the estimated classical least squares (CLS) model with the REM model, it is
necessary to perform a test to establish the significance of the random effect. The Breusch-
Pagan test can be carried out for this purpose. In this test, the following hypotheses are veri-
fied:

HO: ¢ = 0 (no individual effects);
H1: o’ # 0 (with individual effects).

Based on the model estimated with the application of the least squares method, we determine
the residuals and then calculate the test statistics according to the following formula:

2(T ) (S—— n?, (4)

where:

S Z (ZIIu") S _2,1211 1/ ’

i, represents the residuals from the regression equation estimated by the least squares method.

The critical value Z: can be read from the Chi-square distribution tables for the predeter-
mined significance level and k=1 degrees of freedom. If the value of test statistics is greater
than the critical value for a given significance level, HO should be rejected. If < X , then there
are no grounds for rejection of the null hypothesis. The consequence of rejecting the null hy-
pothesis is the estimation of parameters using the random effects model. This does not mean,
however, that this is the correct model. To verify whether the model with random effects is cor-
rect, it is necessary to perform the Hausman test. This test helps to establish the statistical sig-
nificance of differences between parameter evaluations using random effects and fixed effects
estimators. These estimators have the properties presented in Table 1.

Table 1:
Hypotheses for the Hausman test
Hypotheses Random effects (RE) Fixed effects (FE)
Ho: Cov(u;, x;) =0 consistent, efficient consistent, inefficient
H;: Cov(u;, x;) # 0 inconsistent Consistent

Source: Bigrn (2016)

Not rejecting the null hypothesis means that the estimates of both estimators should produce
similar results. However, in the case where significant discrepancies in estimator values are ob-
served, an alternative hypothesis should be adopted. To verify this test, empirical statistics are de-
termined. They take the following form:

— (ﬁﬁl- — ﬁkh‘)z 2 5
Va’”(ﬁ/fu) - Va”(ﬁku) oA ( )
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where:

A, represents a fixed effects estimator;

B, is a random effects estimator;

Var (4,,) is a variance of the fixed effects estimator;

Vazr(BRF) is a variance of the random effects estimator;

X is a critical value of the chi-square distribution, the k-number of model parameters, estab-
lished using both estimators.

The Htest statistics should be compared with the critical value of the chi-square distribution for
a given significance level of and kdegrees of freedom (X« ). If the value of the empirical statistics
is greater than the critical value for a given significance level, then the null hypothesis should be
rejected. The consequence of HO rejection is that it is not possible to estimate model parameters
correctly using the random effects estimator. In such a case, the fixed effects estimator should be
included in the analyses (it does not have to fulfil the requirements related to the lack of correla-
tion between individual effects and explanatory variables - X).

During the verification of the constructed model, researchers apply typical model fit measures
used in standard regression (residual standard deviation, the coefficient of determination and in-
formation criteria (the Hannan-Quinn information creterion, the Akaike information criterion, etc.).
During the statistical verification of the model, they also use standard tests, such as the #test.

3. Purpose
The purpose of the paper is to present the possibility of using panel regressions in order to
model the consumption of food products.

4. Results

The study covered the years 2003, 2009, 2015 and 2019. While conducting the study, the author
used data from the research into households’ budgets provided by the CSO. The analysed data
are form a balanced panel. Panel models were used for econometric modelling of the consump-
tion of selected food products. The author has undertaken the task of building all the presented
models for panel data. In the course of the research it was discovered that the correct models are
those with fixed individual effects. The presented study depicts panels for households in total in
the analysed period of 2003-2019.

Based on the analysis of panel data for households in total, three categories of models were
created. They include the estimated model of the method of classical least squares (CLS), the
model with fixed effects and the model with random effects. The next step of panel research was
the stage of statistical verification, which enabled the author to make the final decision regarding
the choice of the correct model. At this stage of the study, the author used the tests described
above. Table 2 presents the results of the tests for households in total, together with the final de-
cision on the choice of the model applied in the study. The categories of products where it is jus-
tified to assign individual effects for each of the quintile groups are in bold (see Table 2). The final
stage of the analyses of panel data for product consumption was the presentation and interpreta-
tion of established individual effects for selected product categories.

Table 2:
Statistical verification and adopted panel models - households in total
Product Walda Breuch-Pagan Hausman Selection of
Test Test Test the model
Bread and cereals We reject HO No grounds for rejection of HO | No grounds for rejection of HO REM model
Cakes and bakery products We reject HO No grounds for rejection of HO | No grounds for rejection of HO | REM model
Meat (in total) We reject HO No grounds for rejection of HO | No grounds for rejection of HO | REM model
Fish (in total) We reject HO | We reject HO We reject HO FEM model
Milk We reject HO | We reject HO We reject HO FEM model
Yoghurts and dairy drinks We reject HO No grounds for rejection of HO | No grounds for rejection of HO | REM model
Cheese (in total) We reject HO | We reject HO We reject HO FEM model
Oils and other vegetable fats | We reject HO | We reject HO We reject FEM
Animal fats We reject HO | We reject HO We reject HO FEM model
Fruit (in total) We reject HO | We reject HO We reject HO FEM model
Vegetables (in total) We reject HO | We reject HO We reject HO FEM model
Confectionery products We reject HO No grounds for rejection of HO | No grounds for rejection of HO | REM model
Juices (in total) We reject HO No grounds for rejection of HO | No grounds for rejection of HO | REM model

Source: Compiled by the author
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In households, the total consumption of six of the analysed food products is not differentia-
ted according to the quintile group. They include bread and cereals, cakes and bakery products,
meat, yoghurt, confectionery and juices. The statistical verification carried out for these product
categories suggests that the use of the model with random effects would be a viable solution. Itis
not possible to interpret individual effects for these product categories.

After analysing the panels of each of the presented product categories using the Wald test, it
emerges that individual effects should be considered in the study. However, only for some of the
product categories, these effects are fixed and can be interpreted. Moreover, due to the change of
consumption patterns among the Polish population (a higher level of meeting their needs with re-
gard to food products), which is reflected in the consumers’ behaviour towards certain products,
such as cakes and bakery products, meat, yoghurt and dairy drinks, confectionery and partially
milk and juices, the fixed individual effects cannot be determined.

Subsequently, the author calculated the predicted (average) level of consumption of the
examined food products in the analysed period. The results of these calculations are presen-
ted in Table 3. The greatest diversity in the area of consumer behaviour can be observed for the
product categories including fruits, vegetables, meat and juices. In turn, the smallest (expec-
ted) differences in consumer behaviour occur for the categories of milk, confectionery, oils and
other vegetable fats and fish in total.

In the next stage of research, individual effects were determined for selected food products
for each of the quintile groups - as presented in Table 4. The individual effects which are relevant
from the point of view of the interpretation of the findings are presented in bold. If we treat the
constant term as the expected consumption of a selected product category, then, as can be seen
based on the presented data, the individual effects describe the consumption of these products
in relation to the predicted level (Table 4). In other words, individual effects represent differences
in consumption between individual quintile groups. Due to the lack of established individual ef-
fects it is not possible to interpret all the presented parameters. When examining the cross-sec-
tion of households in total in the category of vegetables, considering the analysed period, the
largest individual consumption effects were recorded for the first quintile group. The volume of
the vegetable consumption in this group was 20.96 kilograms higher than the expected volume
of vegetable consumption, which was estimated at the level of 8.73 kilograms for this quintile
group. In subsequent groups one can observe a systematic decrease in the individual effects of

Table 3:
The expected (average) level of consumption of selected food products for households in total
Food product Quintile group
1 2 3 4 5
Bread and cereals 6.62 6.66 6.90 7.09 7.01
Cakes and bakery products 0.51 0.62 0.73 0.86 1.03
Meat (in total) 4.56 4.99 5.47 5.88 5.93
Fish (in total) 0.23 0.29 0.36 0.44 0.53
Milk 3.52 3.52 3.63 3.74 3.62
Yoghurts and dairy products 0.29 0.37 0.44 0.53 0.70
Cheese (in total) 0.61 0.72 0.85 1.00 1.24
Oils and other vegetable fats 1.15 1.23 1.33 1.41 1.37
Animal fats 0.30 0.36 0.44 0.52 0.55
Fruits (in total) 2.44 2.97 3.58 4.37 5.52
Vegetables (in total) 8.73 9.24 9.82 10.57 10.67
Confectionery 0.49 0.52 0.57 0.60 0.65
Juices (in total) 0.55 0.76 0.93 1.12 1.64

Source: Compiled by the author

Table 4:
Individual effects for selected food products

Quintile group

Food product first second third fourth fifth
Fish (in total) 2.23 -0.10 -0.21 -0.33 -0.59
Milk 7.16 -0.36 -0.90 -1.58 -3.31
Cheese (in total) 2.44 -0.12 -0.25 -0.41 -0.67
Oils and other vegetable fats 3.43 -0.19 -0.41 -0.66 -1.17
Animal fats 2.44 -0.11 -0.25 -0.40 -0.68
Fruits (in total) 8.52 -0.59 -1.26 -2.13 -3.55
Vegetables (in total) 20.96 -1.43 -3.13 -5.29 -10.11

Source: Compiled by the author
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consumption in this category by quintile group (Table 4). A similar pattern can be observed in the
categories of fruit, milk, oils and other vegetable fats. In the category referring to fish (in total),
the first quintile group recorded the consumption level which was higher than expected by 2.23
kilograms. In contrast, referring to other groups, the findings indicate that consumption is at a
lower level than it was predicted (Table 4). For animal fats, cheese and fish in the following quin-
tile groups, the values are lower than the expected consumption levels by 0.68 for animal fats,
0.67 for cheese, 0.59 for fish, 3.31 and 3.55 kilograms for milk and fruit, respectively (Table 4).

To sum up, random effects models are useful for analysing the differences in food consump-
tion at the level of quintile groups. For those food product categories that show random indivi-
dual effects, fixed effects models are used. This indicates a changing trend in food consump-
tion. Furthermore, the tendency in decreasing food consumption in relation to increasing in-
comes, concerns mainly basic products. They are characterized by a relatively high level of sa-
tisfaction of needs.

5. Conclusions

Based on the conducted research, it is established that panel models are a useful tool for
analysing the consumption of food products. Some of the selected product categories mani-
fest random individual effects. It is possible to note a changing tendency in the consumption
of these products. When analysing the constructed models, it is possible to observe significant
differences in the consumption of the examined products between the correspondent quintile
groups. At this point, it is important to indicate that the above-mentioned disproportion is usual-
ly the largest for the two extreme groups. The findings of the present study point to the fact that
the consumption behaviour of the Poles is significantly differentiated by their level of income. In
the case of low-income households, the demand for food is relatively high, while the situation in
high-income households is different. The latter exhibit low consumption sensitivity in relation to
the increase in their income. Based on the panel research, the regularity of the increasing level
of satisfaction of food needs depending on the increase in households’ income has been con-
firmed. There is also a considerable differentiation in terms of shaping the consumption of food
products depending on product categories. In relation to absolutely basic products, the author
has observed a relatively small buyers’ response to changes in their income, which could be re-
garded as an increase in consumption. However, the demand for products with a higher degree
of food processing is still at a relatively high level. Changes in nutritional needs demonstrate that
quality changes result in a large extent from the intensification of substitution processes rela-
ting to different groups of food products. The conducted analysis of changes in food consump-
tion demonstrates that quality changes lead to the intensification of substitution processes bet-
ween food products groups. The conducted analysis of the changes in food consumption of
Polish households in the period of 2003-2019 demonstrates the continuation of the trend which
emerged during the period of transformation of the Polish economy.

To sum up, an important observation which arises from the study is that, at present, the panel
regression models based on panel data obtained from the CSO statistics are used in research on
food consumption more and more frequently. This study constitutes a relatively new application
initiated in 2017 in order to analyse the needs of the food market. All models for panel data were
built as part of the procedure. Nevertheless, the research shows that only models with fixed indi-
vidual effects are correct and can be considered relevant.
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