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Abstract. The study identifies consumer and household characteristics that determine the expenditure on fresh
apples, the most important fruit in terms of volume consumed. Using data from the national household panel and
applying the quantile regression five equations were estimated for households with the different income level and
source. Low income households lower their expenditure on apples in response to the increase in the aggregate
measure of the price level, but increase their expenditure to a larger extent in response to an increase in their
income than households from higher income categories.

Introduction
Poland is the largest apple producer in the European Union (EU) and apples lead the country�s

fruit production. Between 2005 and 2009 Poland produced an average of 2,215,000 tons of apples
[FAOstat 2011]. Although the annual production fluctuates due to weather events, the variety of
apples supplied to Polish consumers is substantial. About 50 different varieties are produced com-
mercially in Poland and about 25 varieties are produced in large volume [£ysiak 2011]. Polish growers
continually test and adapt new varieties, improve storage facilities, and strive to apply marketing
programs and merchandising techniques to effectively compete with the increasingly divers fresh
fruit market in Poland. In 1990 the average per capita fruit consumption was 28.9 kg, reached 51.1 kg
per capita in 2000 and amounted to 55 kg per capita in 2008 [Rocznik Statystyczny... 1999, 2010], but
was still below the level of fruit consumption recommended by the Instytut Zywienia i Zywnosci (the
Institute of Food and Nutrition). The dramatic increase in fruit consumption occurred mainly due to
an increase in the consumption of imported fruit. The consumption of apples in the period 1991-1995
was 21.2 kg per capita and 23 kg in the period 2000-2002 [Strojewska 2004]. More recently, the per
capita apple consumption which amounted to 18 kg in 2009 declined to 14 kg per capita in 2010
[Anonymous 2011], while the average consumption in the EU was 21 kg of apples per person.

This article examines the expenditures on apples by Polish households between 1998 and 2008, the
period immediately preceding and after the accession to the EU. Poland as a large apple producing
country would gain access to the large fresh fruit market within the EU. The objective is to identify the
profiles of households and their expenditures on apples between two groups of households, namely
those at or below the poverty level and those above it, wile accounting for the effects of joining the EU.
The identified household characteristics provide insights about the importance of apples to house-
holds that could be affected by the changes in the domestic supply of apples following the broadened
access of Polish apples to markets within the EU. Because domestic apples are available year-round and
typically are less expensive than other fresh fruit (except for the late spring-early summer period or years
of crop failure), low income households may have a different apple purchase pattern than the higher
income households. Results of the analysis serve multiple purposes, from the formulation of marketing
strategies by growers and distributors to welfare policy formulation aimed at assuring adequate and
nutritious diet of all consumers. Although growers benefit from price increases, households which
heavily depend on apples in their fresh fruit consumption are negatively affected by rising prices.

1 Acknoledgement: The authors acknolwedge the financial support of the FT7 Program for this project
conducted as a part of the AgroFoodTrade Project
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The modeling approach
A quantile regression technique offers insights that the ols technique cannot provide by

painting a more comprehensive picture of the effect of the predictors on the response variable than
those offered by a linear regression. In a linear regression, an estimated coefficient represents the
change in the response variable produced by a unit change in the predictor variable associated
with that coefficient. The quantile regression parameter quantifies the change in a specified quan-
tile of the response variable produced by a unit change in the predictor variable [Despa 2007].
Consequently, the effects account for the variation in the predictor variable alleviating the poten-
tial bias resulting from assessing the impact using the mean value. Such approach offers potential-
ly valuable practical insights.

Koenker and Bassett [1978] proposed the quantile regression approach which turned out to be
a breakthrough in regression analysis. They extended the Laplace�s median regression (least
absolute deviation estimator) and generalized the ordinary sample quantiles to the regression
setting [Chernozhukov 2005]. Each quantile regression characterizes a particular (center or tail)
point of the conditional distribution, thus, together results of different quantile regressions provi-
de a complete description of the underlying conditional distribution. Such analysis is particularly
useful when the conditional distribution is heterogeneous and does not have a �standard� shape,
such as an asymmetric, fat-tailed, or truncated distribution. Quantile regression has gained much
attention in the literature, recently [Kuan 2007].

For an outcome Y and set of factors D affecting the outcome, the conventional linear conditio-
nal quantile model may be defined as:

Y = D`g(U*), U*|D ~ Uniform (0, 1) (1)
where: t 7� D�g(t) is strictly increasing and continuous in t. Doksum [1974] interprets the

disturbance U* as individual ability or proneness. By construction, D�g(t) is the t-quantile of Y
conditional on D. This model generalizes the usual linear regression model Y = D�g0 + g1(U*) by
allowing quantile-specific effects of covariates D. For a given quantile indexed by t �(0, 1), the
quantile specific effects g(t) can be estimated using quantile regression methods [Chernozhukov,
Hansen 2005].

The results of the quantile regression estimation are particularly useful in generating insights
applicable in policy formulation. A policy-maker prefers to know the difference between the ten
percent and the 90 percent quantiles in terms of expenditure on apples in anticipation of the
increase of the main fresh fruit prices that will determined the fresh fruit consumption by the
poorest households.

The data and variable selection
The study uses data from a household panel collected between 1998 and 2004. The data are

collected annually by the Main Statistical Office (GUS) from a nationally representative panel of
about 30,000 households. The exact number of households varies slightly from year to year, from
31,756 in 1998 to 36,163 in 2000. The summary of the panel data is publicly available, but the
detailed household data used in this study had to be extracted from the GUS data base at the
request of researchers. The data were collected from each of the 16 administrative provinces or
�wojewodztwo,� the largest unit in the administrative division of the country. The sample was
divided into two groups according to the level of income. The threshold was the value of minimal
income published by the Instytut Spraw Socjalnych as listed for year 2006 times 2.5. Households
with that level of income or lower were classified as poverty households.

The data are the expenditure on specific foods or food categories as well as expenditures on
other goods and services. The explanatory variables included expenditure on major foods or food
categories, fruit or fruit categories that could substitute for apples, and the expenditure on all other
goods and services. All expenditure were measured in zlotys per month and referred to the month
preceding the month of data collection by the Main Statistical Office (GUS). To identify what
factors influence the expenditure on apples, the consideration was given to expenditure on main
types of foods and on other types of fruits, which could substitute for apples. In addition, the data
accounted for the various types of main household income, among them, income from wages,
pensions, disability payments, and farm income. The differences in main income source are impor-
tant because income determines the ability to exercise the preferences for a particular food. To
account for the potential effect of inflation, the consumer price inflation index (CPI) was added.
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The effect of the location of the respondent�s residence matters in food consumption. The 16
provinces of Poland were divided into three groups according to their production of apples.
Districts consistently producing large volume of apples include Mazowiecke and Lubelskie [Przy-
byla 2011].  Regions were specified as the binary variables and to avoid the identification problem
one region was omitted from the estimation.

Results
Table 1 shows the estimation results for four quintiles, namely 40th, 50th, 75th and 90th quintiles. The

selection of tau values was arbitrary and corresponds to 40 percent of the sample observations (0.4), one
half (0.5) and the top ten percent of the observations (0.9), among others. The set of explanatory variables
was the same for each quantile regression.

The differences in the statistical significance of variables across quintiles and between income
groups were limited. The expenditures on several foods and food categories appear to repeatedly
influence the expenditures on apples regardless of the classification of household according to
income or the quintile. From the standpoint of exploring the differences between households classi-
fied according to the poverty threshold income and the likely interest of apple producers and distri-
butors, the focus is on the effects of income types, CPI, the EU accession and location considering
the typical apple crop of the district. Consistent positive effect on apple expenditures was exerted by
the farm income in all quintiles in both groups of households. The effect showed the tendency to
decrease across quintiles. Among better-off households, the pension also positively influenced
apple expenditures in the three lower quintiles. Overall, the results indicate that among farm and
pensioner households the expenditures on apples will increase in response to income increase.

The CPI significantly affected the expenditure on apples in the two lowest quantiles in both
groups of households, but the directional effect was quite different. It is plausible that the price
inflation forced the poorest households to increase the expenditures on apples because apples
dominated the fresh fruit purchase of such households due to their accessibility and price-compe-
titiveness. In the lowest quintile of households from the higher income category the increasing
price level negatively influenced the expenditure on apples, possibly because such households
likely considered other fresh fruit as a substitute for apples if prices increased asymmetrically. The
market expansion opportunity created by the EU accession lowered the expenditures in the two
lowest quintiles among poor households suggesting that perhaps apples have become more
expensive and less available to them. Although insignificant statistically, the coefficient of the EU
accession was negative in the other two quintiles of the low income group.

The regional location influenced the expenditure on apples. Households of the two highest
quantiles among those below the minimal income level spent more on apples if they resided in
regions with low apple production. Among households with more than minimal income level, the
expenditure on apples increased (except 50th quintile) if they were located in regions with limited
apple production or large apple production as compared to the regions with the in-between pro-
duction level. In the first case, apples likely were supplied in smaller volume leading to slightly
higher prices and reflected in higher expenditures, while in the latter case, in the presence of large
supply, prices were low encouraging higher purchases captured by the positive influence on
expenditures.

Implications
Low income households, especially those with the sever budget constraint (from the 40th and 50th

quintile) seem to be most affected by factors inducing a decrease in apples supply leading to higher
prices. Their apple expenditures decreased in response to an increase in the price level increase, the
expansion of market after the accession to the EU, and by the limited apple production in their region.
Apples are the most popular fresh fruit and for poor household likely the most often consumed fruit,
therefore, such household become vulnerable to price increases that are not compensated by a
proportionate income increase. The case of poor households and apple expenditures in Poland is not
unique, but rather consistent with the effects observed in other countries. The asymmetry of effects
from price increases induced by supply changes on households with different income levels is
difficult to remedy. It is likely that poor households already receive transfer payments from the
government and increasing them in response to price fluctuations is complicated, especially if the
price increase is transitory. However, if the decrease in apple expenditure leads consumption chan-
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ges and health problems, than, under conditions of the government-paid health system, some form
of intervention may be justified. Until recently the EU provided funds for schools enabling them to
serve apples to children, some inevitably from the poor households, but the program was terminated
in Poland. Moreover, the last few years were characterized by poor crops if not in Poland then in other
EU countries maintaining a high apple price level.
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Streszczenie
Celem artyku³u by³o zidentyfikowanie cech konsumenta oraz gospodarstwa domowego, które istotnie wp³y-

waj¹ na wielko�æ wydatków na zakup jab³ek, najwa¿niejszego �wie¿ego owocu spo¿ywanego w Polsce. Wykorzy-
stuj¹c dane za lata 2001-2008 zebrane z GUS, obliczono piêæ równañ metod¹ regresji kwantylowej, aby porów-
naæ istotno�æ zmiennych obja�niaj¹cych dla gospodarstw domowych o ró¿nej wielko�ci i �ródle dochodów.
Gospodarstwa domowe o najni¿szych dochodach zmniejszaj¹ wydatki na jab³ka w odpowiedzi na rosn¹cy
poziom cen. Natomiast zwiêkszaj¹ wydatki kiedy rosn¹ ich dochody w wiêkszym stopniu ni¿ gospodarstwa
domowe z wy¿szych kategorii dochodow.
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