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Abstract. The paper presents an analysis of potatoes yields variability in provinces of Poland. The data used
comes from Central Statistical Office for the period 1990-2009. The aim of this paper is to compare the average
level and variability of potatoes yield and production of Polish provinces. Particular attention is paid to the
following question: how does variability of potatoes yield change with decreasing production area?

Introduction
One of the most specific risks to agriculture sector, particularly to plant cultivation is the

production risk. The yields are influenced by factors like weather conditions, pest and diseases.
While the size of Poland is moderate, the weather patterns and soil conditions are quite diverse.
For this reason aggregating yields across whole country when assessing production risk in plant
cultivation may lead to serious inaccuracy and should be avoided.

In previous work of the author [Kobus 2009] it was shown that variation coefficient for wheat
yield (after trend elimination) takes values from 5.6% in Warmiñsko-Mazurskie to 16.5% in Lubuskie.
It suggests that Poland cannot be treated as a uniform entity in the case of plant production risk.

In [Kobus 2010] it was shown that on a country level there was positive relationship between
yield level and its variability in the case of wheat. Another conclusion from that paper was that
small production area goes in pair with high variability of yield. If such relationships exists on
lower level of aggregation and are universal to other plants one would expected that in case of
potatoes production in Polish provinces the production risk should grow. The reason for such an
expectation is reduced production area and higher yields.

The main aim of this paper is to compare changes of average level and variability of potatoes
yields in Polish provinces. Particular attention is paid to the following question: what is the
relationships between the average level of yield and its variability?

Apart of that author want to check influence of reduced production area on yields variability.

Data and research methods
The statistical data used in these analysis concern the average yields and production area of

potatoes in Polish provinces in years 1990-2009 and are taken from the official statistics of Central
Statistical Office of Poland (CSO). One of the simplest ways of measuring crop variability is to use the
standard deviation estimator (1):
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where:
Sx � estimator of the standard deviation sx of variable X,

[ � sample mean,
n �  sample size,
xi �  ith observation of variable X.
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Contrary to standard deviation, which is expressed in the same units as the variable conside-
red, coefficient of variation (2), expressed in percents, is a relative measure with the average value
as the reference point:
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In the case of yield trend, the variability measured without taking this trend into consideration
is overestimated [Kobus 2009]. The amount of the bias is proportional to the strength of the trend.
Let us define the trend as a function of time which explains the conditional expected value:
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where:
t � time moment,

� �_� W7;(  � expected yield in time moment t.

The function  f(t) could take any form but in short time series it is usually safe to use for its
approximation the simplest linear form:
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The formula for calculation of the standard deviation estimator becomes:
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where:
xt � observation of yield in time moment t,

��Ö W
[ � estimate of f(t).

To check the significance of regression coefficient b1 test F was used with statistic defined as
follow:
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As the sample size in analysis was 20 the critical value for testing the hypothesis:
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was 95% quantile from distribution F(1, 18) namely 4.414.
For testing the hypothesis:
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the F statistic was defined as follows:
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where:
 S1

2 and S2
2 were estimators of variation for two time periods 1990-1999 and 2000-2009 respectively, the critical

value was 95% quantile from distribution F(9, 9) namely 3.179.

Results
During years 1990-2009 area of potatoes production changed dramatically. In year 1990 the

total area of potatoes production in Poland was 1.835 million hectares while in 2009 it was only
0.508 million hectares. It was reduction to 27.7% of previous size, but the changes of production
size were noticeably different in particular provinces.

The smallest reduction of production area was observed in three provinces in the north-
western part of Poland: Pomorskie, Zachodniopomorskie, Lubuskie and two provinces from the
opposite side of Poland namely Podkarpackie and Ma³opolskie.
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Values of standard deviations and coefficients of varia-
tion of potatoes yields in Poland�s provinces are presented
in Table 2. For the sake of comparison the average yields
are also given, though they are not measures of variability.

The highest standard deviation (35.4 dt) is observed
for Lubuskie province and Pomorskie province (34.3 dt).
The highest coefficient of variation (19.8%) is also obse-
rved for Lubuskie province. It does result in almost the
same ranking given by standard deviation as variation co-
efficient (Spearman rank correlation is equal 0.93). It may be
noted that contrary to wheat yields [Kobus 2009, 2010]
potatoes average yields are quite similar across provinces.

The average variation coefficient of potatoes yields equ-
als 14.8 % while average variation coefficient for wheat equ-
als 9.7 % [Kobus 2009] and is higher by 5.1 percent points.

One of the conclusions from the analysis of Figure 2 is
that provinces in the north-western part of Poland show
the highest yield variability measured by coefficient of
variation, while the provinces in the Eastern part of Po-
land show the lowest yield variability.

When one think about reliability of estimates presented
in table 2 and figure 2 the question may arise: aren�t these
numbers affected by neglecting possible trends? The an-
swer is negative, in almost all provinces trends are not signi-
ficant and average value of determination coefficients is be-
low 10%. There are only two exceptions: Pomorskie and
Zachodniopomorskie with values of F statistic 9.16 and 5.30
respectively. For all other provinces values of F statistic were
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Figure 1. Index of change for Potatoes
production area in percents (1990-2009)
Source: own study.
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Figure 2. Variation coefficient of
yield in percents (1990-2009).
Source: own study.



87POTATOES YIELD VARIABILITY IN POLAND AT NUTS 2 LEVEL

lower then 2 while critical value was 4.414. In
author opinion it confirms validity of results
shown in table 2 and figure 2.

But as was mentioned in the introduction one
of the aims of this paper is to find out how is
changing variability in the analysed time period.
For that purpose estimates of variability measu-
res were calculated separately for two time pe-
riods: years 1990-1999 and 2000-2009. In table 3
average yields for those two periods are presen-
ted. While differences between average yields are
not significant for all provinces separately it must
be noted that only for Podlaskie an index of chan-
ge was below 100. It suggests this increase of
average yields cannot be effect of randomness.

The highest increase of yield was observed
in two provinces Pomorskie and Zachodniopo-
morskie. It agrees with significance of trends  in
those two provinces. What�s more those two
provinces were among provinces with smallest
reduction of production area.

In tables 4 and 5 estimates of variability me-
asures are presented. When using test F for te-
sting hypothesis H0 : s1 = s2 only in two provinces
significant values of test statistic were observed
namely in �wietokrzyskie and Warmiñsko-Mazur-
skie respectively 3.67 and 3.62, for all other provin-
ces statistic values were below critical value 3.18.

hsiloPniseotatopfosdleiyegarevA.3elbaT
)9002-0991(secnivorp

ecnivorP ]ah/td[dleiyegarevA foxednI
egnahc

]%[9991-0991 9002-0002

eiks¹l�onloD 0.481 0.602 0.211

-okswajuK
eiksromoP 6.671 5.491 1.011

eikslebuL 8.471 6.281 4.401

eiksubuL 7.271 1.581 2.701

eikzdó£ 3.071 0.871 5.401

eikslopo³aM 8.951 4.761 8.401

eikceiwozaM 4.661 3.571 3.501

eikslopO 0.581 6.802 8.211

eikcaprakdoP 4.071 7.971 5.501

eiksaldoP 2.281 7.771 6.79

eiksromoP 6.071 6.602 1.121

eiks¹l� 8.081 6.291 5.601

eiksyzrkotêiw� 9.651 3.761 6.601

-oksñimraW
eiksruzaM 8.171 3.881 6.901

eikslopokleiW 7.181 3.591 5.701

-oindohcaZ
eiksromop 9.771 0.502 3.511

.ydutsnwo:ecruoS

sdleiyseotatopfosnoitaiveddradnatS.4elbaT
)9002-0991(secnivorphsiloPni

ecnivorP dradnatssdleiY
]ah/td[snoitaived

foxednI
egnahc

]%[9991-0991 9002-0002
eiks¹l�onloD 3.92 9.22 1.87

okswajuK
eiksromoP 4.93 0.22 9.55

eikslebuL 7.62 1.51 7.65

eiksubuL 7.04 2.03 1.47

eikzdó£ 0.63 8.82 0.08

eikslopo³aM 6.22 2.81 6.08

eikceiwozaM 9.82 2.91 4.66

eikslopO 0.03 9.02 9.96

eikcaprakdoP 0.02 4.61 8.18

eiksaldoP 1.22 6.51 8.07

eiksromoP 3.33 7.52 3.77

eiks¹l� 1.22 1.22 0.001

eiksyzrkotêiw� 8.62 0.41 2.25

-oksñimraW
eiksruzaM 5.23 1.71 6.25

eikslopokleiW 1.83 1.52 8.56

-oindohcaZ
eiksromop 0.83 3.22 7.85

.ydutsnwo:ecruoS

sdleiyseotatopfostneiciffeocnoitairaV.5elbaT
)9002-0991(secnivorphsiloPni

ecnivorP noitairavsdleiY
]%[stneiciffeoc

foxednI
egnahc

]%[9991-0991 9002-0002
eiks¹l�onloD 9.51 1.11 8.96

-okswajuK
eiksromoP 3.22 3.11 7.05

eikslebuL 3.51 3.8 3.45

eiksubuL 5.32 3.61 2.96

eikzdó£ 2.12 2.61 6.67

eikslopo³aM 2.41 9.01 9.67

eikceiwozaM 3.71 9.01 0.36

eikslopO 2.61 0.01 0.26

eikcaprakdoP 8.11 1.9 5.77

eiksaldoP 1.21 8.8 5.27

eiksromoP 5.91 5.21 8.36

eiks¹l� 2.21 5.11 8.39

eiksyzrkotêiw� 1.71 4.8 0.94

-oksñimraW
eiksruzaM 9.81 1.9 9.74

eikslopokleiW 0.12 8.21 2.16

-oindohcaZ
eiksromop 4.12 9.01 9.05

.ydutsnwo:ecruoS



88 Pawe³ Kobus

But one should remember that
even for those 14 provinces for which
there was not significant difference
the probability of observing 13 or
more values lower in the second pe-
riod is lower then 0.001 in case equal
probability of higher value of stan-
dard deviation for each period.

The variation coefficients presen-
ted in table 5 show that reduction of
relative measure of variability is gre-
ater then for absolute measures. It is
a result of higher average yields in
years 2000-2009 then in 1900-1999.

Figure 3 shows that strength of variation coefficients in period 1990-1999 is similar to calcula-
ted for 20 years period (Fig. 2). The highest variability was in the north-western part of Poland. But
in period 2000-2009 not only the values of variation coefficient are lower but also the highest risk
area change to the centre of Poland.

Conclusions
During years 1990-2009 area of potatoes production was reduced to 27.7% of initial size i.e.

from 1.835 million hectares to 0.508 million hectares. The smallest reduction of production area was
observed in the north-west and south-eastern parts of Poland.

Although yield trends were for almost all provinces not significant the average yields were
higher in years 2000-2009 then in years 1990-1999 in all provinces with one exception of Podlaskie
province.

Contrary to expectations variability of potatoes yields decreased in the years 2000-2009. The
variability was reduced by one third when measured by variation coefficients.

There was also a change of provinces with the highest production risk. In years 1990-1999 the
most risky were provinces in north-western part of Poland while in years 2000-2009 it were four
centre provinces with addition of Lubuskie.
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Streszczenie
Artyku³ po�wiêcono analizie zmienno�ci plonów ziemniaka w Polsce na poziomie województw. Wykorzystano

dane G³ównego Urzêdu Statystycznego za okres 1990-2009. Celem pracy by³o porównanie �rednich plonów oraz
zmienno�ci plonów ziemniaka w poszczególnych województwach. Szczególn¹ uwagê zwrócono na wp³yw zmniej-
szenia powierzchni uprawy ziemniaka na poziom plonów?
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Figure 3. Variation coefficients of yield in percents
(1990-2009)
Source: own study.


